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Effect of SkQ1 Antioxidant on Structural and Functional Conditions
of The Brain in Post-Resuscitation Period

M. L. Lovat*, M. Sh. Avrushchenko', O. A. Averina? V. V. Pavshintsev?,
I. V. Ostrova', Y. V. Zarzhetsky', V. V. Moroz', M. B. Eropos®

'V. A. Negovsky Institute of General Reanimatology,
25, Petrovka Str., Build. 2, Moscow 107031, Russia
? «Research Institute of Mitoengineering of M. V. Lomonosov Moscow State University» Ltd.,
1, Leninskie Gory Str., Build. 73, Moscow 119192, Russia
* MLV. Lomonosov Moscow State University,
1, Leninskie Gory Str., Build. 12, Moscow 119991, Russia

ITess paGoThl — oreHKa 3GGEKTUBHOCTH MUTOXOHIPUAIbHO-HAIIPABJIEHHOTO aHTHOKcuaanTa SKkQ1 md npe-
JYTIPEK/IEHUS TIOCTPEAHNMAIIMOHHBIX HAPYIIIEHNI CTPYKTYPHO-(DYHKIIMOHAIBHOTO COCTOSIHUS MO3Ta.

Marepuassl 1 MeTobl. Y 19 110710BO3peIbIX caMIIOB KPBIC BrcTap BBI3bIBAIM OCTAHOBKY Cep/illa Ha 7 MUHYT C
nocseyioneil peannmaitueir. Yactsb skuBoTHBIX (7=9) mosyyana SkQ1 mepopanbio B 103e 500 HMOJTH/KT ¢ BOAOH
B TeyeHne 2-x Hezenb (1 Hezpermio 1o n 1 Henemo mocte peannmanyi ). KoHTposeM ciryskuin JI0;KHOOTIEPIPOBAH-
Hble xkuBoTHBIE (n=10). Ha 4—6-¢ cyTku 1ocsie peaHuMaiuu y KpbIiC OIIEeHUBAJIH IBUTATEIbHYIO0 AaKTUBHOCTD U TPe-
BOKHOCTD (TECT «IIPULIOAHITHINA KPECTOOOPA3HbIIl JTAGUPUHT ), & TAKKE CEHCOMOTOPHYO (DYHKIIUIO KOHEUHOCTEL
(Tect «cyskalomascs 10poxkKar ). Uepes 7 cyToK 1ocjie peaHMMaIMy Ha IIpernapaTax, okpaieHHbix 1o Huccaro, ori-
pellesisiin IVIOTHOCTh HepOHOB Ha 1 MM JUIMHBI UX CJIOS B BBICOKOUYBCTBUTEJIBHBIX K TUIIOKCUN HEHPOHAILHBIX
norysmuax (mupamu/aeie HelipoHsr mosrelt CA1 n CA4 runmokamia, kiretku [lypkuabe Mosskeuka). /list BeIsIB-
JIEHUSI BO3MOKHBIX MEXaHU3MOB JeiicTBust SKQ1 npoBOAMIM MMMYHOIMCTOXUMUYECKOE UCCIIeJOBAHUE DKCIIPEC-
cuu rimaiabHoro Heitporpoduueckoro dakropa (GDNF) mHenpsMbiM 11epOKCUIA3HO-AaHTUTIEPOKCUIA3HBIM METO-
JIOM C UCIIOJIb30BAHUEM TIEPBUYHBIX ITOJIMKIOHAIbHBIX aHTuTes npotus GDNE

Pesyabratei. O6GHAPYKEHO, YTO WIeMUsI-perepdy3ust MPUBOIUT K THOEAN HEHPOHOB BO BCEX MCCIEN0-
BAaHHBIX OT/I€JIaX MO3Ta, UTO COMPOBOXKAAECTCS CHUKEHUEM JIBUTATEJIbHON aKTUBHOCTH M Pa3BUTHEM CEHCOMO-
topHoro gedunura. [Ipumenenne SkQ1 npenynpexaaer pazButue MOCTPEAHUMAIIMOHHBIX JBUTATEIbHBIX U
CEHCOMOTOPHBIX HAPYLIEHUH, CYIIECTBEHHO yMeHbInaeT rubesb KiaeTok [IypkuHbe MO3KeuKa, MpeaoTBpalia-
et rubesb MupaMuAHbIX Heliponos B mosie CA4 runmokamma, Ho He B mojie CA1. ITokaszano, 4To B MOMYJIANNN
kietok ITypkunbe Moszkeuka mpuMenerre SkQ1 compososxkaaercs ysenndenneM unciaa GDNF-momoxnTe b-
HBIX HEHPOHOB, Oosiee ycTolunBbiX K ninemun (repexon yactu GDNF-oTpuiiaTebHbIX KJIETOK B KATErOPUIO
AKTUBHO HKCIPECCUPYIOMUX ITOT (HaKTOP HEHPOHOB), YTO CMOCOOCTBYET UX BBIKUBAHUIO B TTOCTPEAHIMATIIN-
OHHOM IIepHOJIe.

3akmouenne. [TosyueHHbsie B paboTe faHHbIC CBUAECTEABCTBYIOT O TOJOKUTETHHOM BosaeiicTBur SkQ1
Ha CTPYKTYPHO-(DYHKIMOHAIBHOE COCTOSTHUE MO3Ta B MOCTPEAHNMAIIMOHHOM [IEPHO/E, YTO 00yCIaBINBaCT

Anpec st KOPPECTIOHIEHIUH: Correspondence to:

Mapust ABpyIIeHKo Mrs. Maria Avrushchenko
E-mail: maria_avr@mail.ru E-mail: maria_avr@mail.ru
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OPI/II‘I/IHaAI)HI)Ie MCCACAOBaAHMUI

MEePCIeKTUBHOCTD MTPUMEHEHMS 9TOTO TIpenapara sl IPe0TBPAleHns 1 KOPPEKIUH TOCTTUIIOKCHYECKIX
aHTedaToTaTIi.

Kntouesvie cnosa: SkQ1; ocmanoexa cepoua; peanumayus; 0euzamenvHas aKmueHOCMb; CEHCOMOMOP -
Hole napyuenus; eubens neiiponos; GDNF

The aim was to assess the efficacy of mitochondria-targeted antioxidant SkQ1 in prevention of structural and
functional abnormalities of brain postresuscitation after cardiac arrest.

Materials and methods. Adult male Wistar rats (n=19) underwent cardiac arrest for 7 minutes followed by
resuscitation. Nine rats were administered with 500 nmol/kg SkQ1 per os with water for 2 weeks (1 week before
and 1 week after resuscitation). A control group consisted of sham-operated animals (n=10). At days 4—6 post
operation locomotor activity and anxiety («elevated plus maze» test) and sensorimotor function of limbs («beam-
walking» test) were examined. Total numbers of neurons per 1 mm of their layer length in vulnerable neuronal pop-
ulations (cerebellar Purkinje cells and piramidal neurons of hippocampus fields CA1 and CA4) were estimated by
histological analysis of the specimens stained with cresyl violet on day 7 postresuscitation. To identify possible
mechanisms of SkQ1 action, the immunohistochemical study of a glial-derived neurotrophic factor (GDNF)
expression in piramidal neurons of hippocampus was performed by indirect peroxidase-antiperoxidase method and
anti-GDNF primary polyclonal antibodies.

Results. Ischemia-reperfusion resulted in neuronal loss in all studied brain areas followed by reduction in loco-
motor activity and development of sensorimotor deficit. SkQ1 prevented development of postresuscitative loco-
motor and sensorimotor irregularities, significantly reduced Purkinje cells loss, prevented death of piramidal neu-
rons in hippocampal field CA4, but not in CA1. Data demonstrated, that iln Purkinje cells from resuscitated rats
treated with SkQ1 there was a significant increase in number of GDNF-positive neurons, which were more resis-
tant to ischemia (transition of GDNF-negative cells toward the category of cells actively expressing this factor)
that promoted their survival postresuscitation.

Conclusion. Data confirm the positive effects of SkQ1 on structural and functional status of the brain postre-
suscitation and suggest possible use of SkQ1 for the prevention or correction of post-hypoxic encephalopathies.

Key words: SkQ1; cardiac arrest; resuscitation; locomotor activity; sensorimotoric disorders; neuronal
loss; GDNF
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BBenenne

SkQ1 (mracroxunonuseruitTpubenuadoc-
dhonust 6pomu) — (HU3NOJOTUYECKH AKTUBHOE Be-
NIECTBO, KaTHOHHOE IIPOU3BOJHOE TLIACTOXWHOHA,
MPOSIBJISIIONIEe AHTUOKCUAAHTHYIO aKTUBHOCTD in
vitro v in vivo. B skcniepuMeHTax Ha JKUBOTHBIX ITOKa-
3ana addexruBrocTs SkKQ1 1pU KOppekIiu 60JIb-
IIOTO YUCJIA TATOJOTUIECKUX COCTOSTHUN — 3aboJie-
BaHWUIi 1J1a3, apUTMUil, UHGAPKTA, MHCYJIBTA, a TAKKE
npu crapernun [1—6]. Tak, BBegenue SkQ1 kpoicam
YIIYUITaJI0 BbIKMBAEMOCTb M30JMPOBAHHBIX CEPJICIl
pu uieMun-periepdysun [7], a Takke YMEHBIIAIO
rubeJib JKUBOTHBIX TIPU UIIEMUU-Penepy3un moueK
[8]. Ha Momest iepeskMBAIONIUX CPE30B TUIITIOKAMIIA
nokasaHa criocoOuocTh SkQ1 mpepoTBpariaTh pas-
BUTHE OJIOKAJIBI I0JTOBPEMEHHON MTOTEHI[HAIINH, BbI-
3BaHHOU B-amuioungoM [9]. XpoHuueckoe morpebiie-
Hue SkQ1 3aMeiyIsisio TEMITbI Pa3BUTUST MOTOPHBIX
TchYHKIUN B MOzies i GOKOBOTO aMUOTPO(IIECKO-
TO CKJIEpO3a y MBIIICH, a TakKe CHIKAJIO TPEBOXK-
HOCTb Y KPBIC W BBI3BIBAJIO YBEJUYCHUE WX J[BUTA-
TEJBHON W MCCIe0BATENbCKON akTuBHOCTU [3]. Y
6bicTpo crapetonux Kpbic guann Oxys SkQ1 mpe-
JIOTBpAIAJ pPa3BUTHE HAPYIICHUH MTPOCTPAHCTBEH-
HOro obOyueHust B BogHOM Tecte Moppuca [10].
[IpencraBieHnble JTaHHBIE CBUICTENLCTBYIOT O 3a-

Introduction

SkQ1 (10-(6’-plastoquinonyl) decyltriph-
enylphosphonium) — physiologically active agent,
a cationic derivative of plastoquinone, exhibiting
antioxidant activity in vitro and in vivo. Animal
experiments have demonstrated the efficacy of
SkQ1 for correction of a number of pathological
conditions including eye diseases, arrhythmias,
heart attack, stroke, and aging [1—6]. SkQ1
improved survival of isolated hearts in ischemia-
reperfusion injury [7] and re-duced animal lethality
during  kidneys ischemia-reperfusion  [8].
Histological studies of rat hippocampal slices
demonstrated the ability of SkQ1 to prevent the
development of a long-term potentiation blockade
induced by f-amyloid [9]. Chronic SkQ1 consump-
tion slowed down the pace of development of motor
dysfunction in a model of amyotrophic lateral scle-
ro-sis in mice and reduced anxiety in rats causing
an increase in their motor and exploratory ac-tivity
[3]. In rapidly aging rats SkQ1 prevented the devel-
opment of spatial learning disorders in Morris
water test [10]. However, an influence of SkQ1 on
the processes of neuronal death has not been clari-
fied so far. An efficacy of SkQ1 to improve the
recovery of brain function in postresuscitative peri-

OBINAA PEAHMMATOAOTI WS, 2016, 12; 2
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muTHBIX aderrax SKQ1 mpu pasiuvHBIX MaTOJIO-
TMYECKUX BO3/eicTBUAX. OIHAKO, BOIPOC O BJIUSA-
Huu SkQ1 Ha mporeccsl, NpUBOAsIINe K rubesn Hell-
POHOB, ocTaeTcs OTKpBITBIM. He wucciemoBana u
s dexruBHOCTS TpuMeHenust SkKQ1 st yrydiieHust
BOCCTAHOBJIEHUS (DYHKITUM MO3Ta B TOCTPEAHMMAIIH-
OHHOM Tiepuozie. HeocTaTouHO M3Y4YeHBI U MeXa-
HU3MbI HEHPOITPOTEKTUBHOTO JehicTBust SKQ1.

Panee, ripu uccieoBaHuy MOCTPEAHUMAITMOH-
HBIX U3MEHEHU KIeTOK [lypKuHbe, HaMu ObLIO 110-
Ka3aHo, YTO OJHUM U3 (haKTOPOB, BIUSIONINX HA yC-
TOMYMBOCTH 9TUX HEHPOHOB K UIlleMUHU-pernepdy3nn,
ABJISETCS YPOBEHD HKCIIPECCUN TJIMATBHOTO HEHPOT-
poduueckoro dakropa GDNF [11]. M3BecTHO, uTO
GDNF obsajiaetT HEHPOIPOTEKTUBHBIMU CBOUCTBA-
mu ripu Gosesnu Ilapkuucona [12-14] u Gosesnu
Autpirreiivepa [ 15], TOBpeXI€HIH CITMTHHOTO MO3Ta U
nepudepryeckux HepBoB [16], a Takke 1pu MCUXU-
yeckux 3aboseBanusix [17]. BoisiBiieHo yBenuueHue
skcrpeccurt MPHK GDNF u npoxaykiuu atoro 6eJi-
Ka B HEKOTOPBIX OT/eJaX MO3ra IocJie 04aroBON
UIIEMUU Y B3POCJBIX U HOBOPOXKIEHHBIX KpbIC |18,
19]. TTokazano, uto GDNF criocobcTByeT yBeanye-
HUIO YPOBHS aHTUOKCUAHTHBIX (DePMEHTOB B TAHT-
JINO3HBIX KJIETKAX KAMEUHUKA, UTO TIPEOXPAHSIET UX
ot rtubesun npu crapenun [20, 21]. B ¢Bsi3u ¢ atum
/ISl BBISIBIIEHNUS BO3MOKHBIX MEXaHU3MOB HEHPO-
nporekTrBHOTO AeiicTBust SkQ1 mpexcraBisiio wH-
Tepec UCCAeI0BATh ero BIAUSHUE HA TIOCTPEAHUMAITH-
oHHbIIl ypoBeHb akciipeccun GDNF B nomymsinu
kietok [lypkiHbe MO3:KeuKa.

ITesb paboTsr — oreHuTh adderTuBHOCTH SKQ1
NI TIPEJIOTBPAICHUS HapyHIEHWH CTPYKTYPHO-
(byHKIIMOHATTBHOTO COCTOSTHUS MO3Ta B TIOCTPEaHNMA-
IIMOHHOM TIEPHO/IE TIOCJIe OCTAHOBKH CEP/Illa Y KPbIC.

Marepuan u MeTobI

WccnenoBanme mpoBeieHO Ha KpbIcax-camiiax Brucrtap
kareropun SPF maccoit 200—250 1. Mcrounuk — HIITI
OUBX [TutoMHUK JaOOPATOPHBIX KUBOTHBIX «I1yIUHO>.
JKuBoTHbIE COEPKAIMCH B YCIOBUSAX CBOOOIHOIO J0OCTY-
1a K BOJIE U THUIIE, TPU CBETOBOM peskume 12/12, B mome-
HIEHUSIX ¢ KPATHOCTBIO BO3yXooOMeHa e Menee 12 obbe-
MOB B uac, ¢ Temnepatypoil Bo3mayxa 20—24°C (cyTouHbIit
nepernaz — He 6osiee 2°C), BaaskHOCTbIO Bozayxa 30—70%.

IKCIIEPUMEHTBI TIPOBO/IMJINCH COTJIACHO PEKOMEH]Ia-
nusm atudeckoro komurera OTBHY «HUMOP» B coot-
BercrBun ¢ «IIpaBuiamu poBesieHust paboT ¢ UCIIOJIbB30-
BaHWEM O9KCIePUMEHTAThHBIX KUBOTHBIX» ([Ipmkaz M3
PO Ne708 ot 23.08.2010 1. «O6 yTBEp/KACHUI TPABIIT Jia-
6oparopHoii npaktuku (GLP)»), a Takke BHYTPEeHHUMU
CTaHAAapTHBIMK orepannonHbiMuy ipotieaypamu (COII).

¥ 19 ’KMBOTHBIX, HAPKOTU3UPOBAHHBIX 30JICTUIIOM (J10-
3a 25 mMr/xr, o6bem 0,5—0,7 MJI/KT), BBI3BIBAIU OCTAHOBKY
CHCTEMHOTO KPOBOOOpAIEHHsI Ha 7 MUHYT IIyTEM BHYTPHU-
TOPaKaJIBHOTO TIEPeKATHs COCYAMCTOTO MydKa cepana [22].
PeannMariuio mpoBo/IJiN ¢ HOMOIIBIO HCKYCCTBEHHOI BEH-
TUJISAIMK JIETKUX BO3YXOM B PEKUME THUIIEPBEHTHUJISIINN
ammapatom «KRT-5» (Hugo Sachs Elektronik — Harvard

od as well as the mechanisms of neuroprotective
effect of SkQ1 have not been studied enough.

Previously, the studies of postresuscitative
alterations of Purkinje cells have shown that one of
the factors affecting the resistance of these neurons
to ischemia-reperfusion damage is the level of glial-
derived neurotrophic factor GDNF [11]. GDNF pos-
sesses neuroprotective properties in Parkinson's dis-
ease [12-14], Alzheimer's disease [15], spinal cord
injury and peripheral nerve injury [16] as well as in
psychiatric disorders [17]. After focal ischemia in
neonatal and adult rats the increased expressions of
GDNF mRNA and protein were observed in some
regions of the brain [18, 19]. GDNF was shown to
promote increasing the level of antioxidant enzymes
in the intestinal ganglion cells, which protects them
from destruction during aging [20, 21]. In this
regard, to identify possible mechanisms of neuropro-
tective action of SkQ1 it is of interest to investigate
its effect on the level of GDNF expression in neu-
ronal populations.

The aim of the study was to evaluate the effec-
tiveness of SkQ1 to prevent structural and function-
al brain disorders after cardiac arrest in rats.

Materials and Methods

Wistar male rats (200—250 g, SPF category) were
obtained from Nursery for laboratory animals
«Pushchinos. The animals were kept under following con-
ditions: free access to water and food, 12/12 light cycle, no
less than 12 ACH, 20—24°C (daily difference no more than
2°C), 30—70% humidity.

The experiments were performed according to the rec-
ommendations of the Ethics Committee of V. A. Negovsky
Research Institute for General Reanimatology in accor-
dance with the «Rules of the work using experimental ani-
mals» (Order of the Ministry of Healthcare of the Russian
Federation, Ne708 from 23.08.2010 «On approval of rules
for good laboratory practice (GLP)»), as well as the inter-
nal standard operating procedures (SOPs).

19 animals under zoletil anesthesia (25 mg/kg,
0.5—0.7 ml/kg) underwent cardiac arrest for 7 minutes
by intrathoracic clamping supracardiac bundle of ves-
sels with a special hook [22]. Resuscitation was per-
formed using mechanical ventilation mode in the air
hyperventilation apparatus «KRT-5» (Hugo Sachs
Elektronik-Harvard Apparatus GMBH, Germany) and
external heart massage with intratracheal administra-
tion of epinephrine (0.1 mg/kg). A group of resuscitat-
ed animals (n=9) were administered with SkQ1 at a
dose of 500 nmol/kg orally with a water 1 week before
and 1 week after resuscitation. SkQ1 concentration was
calculated that way that rats consumed the dose daily.
Dose and schedule were based on SkQ1 efficiency tests
with doses from 50 to 1250 nmol/kg in models of acute
renal, heart and brain ischemia [7—9]. The control
group included sham-operated animals (n=10).

To assess the motor activity and anxiety, video track-
ing of behavior in the test «Elevated Plus Maze» («Open
Science», Russia) was performed on day 4 postresuscita-
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Apparatus, Germany) u Hapy’KHOTO Maccaska cep/iIa ¢ BHY-
TpuTpaxeasbHBIM BBefeHneM anpeHanwHa (0,1 mr/xr).
YacTh peaHMMHUPOBAHHBIX JKUBOTHBIX (17=9) mosyuana
SkQ1 (nepopaibto, 500 HMOJIb/KT B TIOUJIKE C BOIOIT) B Te-
yenwie 1 Henenu 10 u 1 nezgenu nocsie peanumarn. Konren-
tparms SKQ1 6b11a moo6pana TakuM 06pasoM, YTOObI KPbI-
cbl norpebasimn 03y SkQ1 500 HMOJIb/KI €KeJHEBHO.
Jl03UpOBKa, a TakkKe PeKUM BBEJICHUS ObLIH BHIOPAHDLI HA
ocHOBaHuM uccsenoBanuil agdexruHoctn SkQ1, npume-
HsIBIITErocst B 103ax ot 50 110 1250 HMOJIb/KT, B MOJIEJISIX OC-
TPOH MIeMun 1ouek, cepana u mMosra [7—9]. Konrposuem
CITY’KWJIN JIOKHOOTIEpUpOBaHible KkuBoTHbie (7=10).

J1J1s1 OTleHKH IBUTATETBHON aKTHBHOCTH M TPEBOXKHO-
CTW Ha 4-e CYTKHU TI0CjIe PeaHNMAali TIPOBOJMIIN BHUIEO-
TPEKUHT 1oBeJieHus B Tecte «[[puiioansThiii Kpectoobpas-
Hbiit nabupunT> (HIIK «OTkpbiTas Haykas, Poccust) [23].
VYeranoBka mpejcTasisier coboil KpecTooOpasHyto ILiaT-
dopmy, cocTostyio U3 IBYX 3aKPBITHIX U IBYX OTKPBITHIX
PYKaBOB HO 50 ¢M, HOAHSITYIO HAJl OJIOM Ha BBICOTY
55 cm. B Tedenne 5 munyt nporpammoii Noldus Ethovision
8.5 aBTOMATHUYECKN PETHCTPUPOBAINCDH CIIEAYIONINE TTapa-
METPBIL: KOJMYECTBO MOCEIEHH KaKI0r0 U3 PyKaBoB, 00-
IMasT TPONIEHHAST AUCTAHIINS, BPEMS TTOBIKHOCTH, 3aM1-
pamusi, CpeiHsisi U MaKCUMaJIbHAsT CKOPOCTb, KOJUYECTBO
ATM30/10B TIOIBI;KHOCTH ¥ 3aMUPaHus. BusyanbHo onenn-
BAJIOCh YHCJIO CTOEK, aKTOB TPYMUHTA, MOBE/ICHNE PUCKA
(YMCITO CBENMBAHNI 1 CTOEK Ha OTKPBITHIX PyKaBax).

C 1eJIbIo OLIEHKU CeHCOMOTOPHOH (YHKINH KOHEUHO-
creil Ha 5-e CYyTKU 110CJie peaHuMaIy ObLl IPOBEIEH TECT
«Cyxatonasica nopoxkka» (HITK «Otkpeitas maykar,
Poccus) [24]. OniermBanach 10151 IPOMaX0B MEPETHIME U
3aIHUMU JIATIAMU TIpU Gere B YKPBITHE MO CysKatoleiicst 10-
poskke 1o dopmysie: 100 X (kosmdectBo nmpomaxos + 1/2
KOJIMYECTBA COCKAJIb3BIBAHUIT) / KOJMYECTBO MIArOB.

Yepes 1 Heseso mocie peaHuMAaIum JKHBOTHbBIX JleKa-
MUTUPOBAJIHN T0JT HAPKO30M (3oJieTnir). [ucTosmornyeckuit
AHAJIN3 ITPOBO/INITH HA MapadUHOBBIX CPe3ax TOJIINHON J-
6 MKM, OKpaIlleHHbIX KPE3UJIOBbIM (hrosieToBbIM 110 Huc-
cio. JIJist OLeHKM BBIPAsKEHHOCTH TIpoliecca rubesiu Held-
POHOB B BBICOKOUYBCTBUTEJbHBIX K THUIIOKCUH 00JIACTSIX
Mosra (nupamuznbie Heitponsl noJseit CA1 n CA4 runmo-
KamIia, kietku [lypKuHbe jarepaabHON 001acTy MOy IIa-
pUsI MO3KEYKa) ONpe/Iessiii OBIyo TJIOTHOCTh Helpo-
HAJIbHBIX MOTTYJISATINH (YMCTI0 HEHPOHOB Ha 1 MM JUTMHBI X
cos). McerepoBano 1o 2—3 cpesa Kaxaoi obmactu (1o
300—400 HelipoHOB B KaXKIOM Cpe3e).

MmmyHopeakTuBHOCTD KJ1eTOK [lypkuHbe Mo3keuka K
GDNF BbIsIBIISLIN HENTPSIMBIM TIEPOKCUIA3HO-aHTUITEPOKCH-
JIA3HBIM METOJIOM C TIOMOIIIBIO TOJMKIOHAIBHBIX AaHTHTE K
GDNF (passenenne 1:100; Santa Cruz, CIIIA) n Busyanu-
supyiomeii cucrembl EnVisionTM*Kit (DAKO, anus).
Cpesbl gokparBany remarokcusinaom (Shandon, CIITA) u
3aKkJa0vaIu B BojopacTBopumyio cpeay ImmuMount
(Shandon, CIIIA). MMMyHOrHCTOXUMHUYECKAs pPeEaKIIHst
KOHTDPOJINPOBATIACH MHKYOAIIMEIT CPE30B CO BCEMU pearenTa-
MH KpOMe TePBUYHBIX aHTHTe . 1Ipr MMMyHOTHCTOXUMITIe-
CKOM HncciesioBanny BusyasbHo Bbiiesisiin GDNF-nerarns-
Heie (GDNF~) u GDNF-nosutuBHbie HEHpPOHBI €
pasiuunbiM  ypoBHeM aKkcripeccun  GDNF:  ciabbim
(GDNF*) u unrencusabiv (GDNF ) (puc. 1) u paccuntoi-
BaJIM X YHCJIO HA 1 MM JUIUHBI KI€TOYHOTO c1os. [Ipu Mop-
(boMeTpriecKNX HMCCITEIOBAHNSAX HUCIOTB30BATH CHCTEMY
aHasM3a M300pakeHuit (KomibioTep, Mukpockon Olympus
BX-41, uporpammbr Image Scope M, MS Excel 2007).

tion [23]. The test is a cross-shaped platform with two
open and two enclosed arms 55 cm long and elevated 55 cm
from ground. Within 5 minutes, the program Noldus
Ethovision 8.5 automatically registered the following
parameters: number of visits of each arm, total distance,
time of activity, freezing behavior, average and maximum
speed, number of active and passive episodes. Numbers of
times of standing, acts of grooming, and risk behavior (e.g.
overhanging and standing in the open arms) were quanti-
tatively evaluated visually.

To evaluate sensorimotor function of limbs, a «Beam
Walking» test («Open Sciences», Russia) [24] was carried
out on day 5 postresuscitation. Number of misses of fore
and hind feet during running to a cover on a walking beam
was calculated by the following formula: 100 X (number of
misses +1/2 X number of slips)/number of steps.

One week after resuscitation the animals under zoletil
anesthesia were sacrificed and brain tissues were harvest-
ed for histology and immunohistochemistry. Histological
analysis was performed on paraffin-embedded sections,
5—6 um thick, stained with cresyl violet by Nissl proce-
dure. To evaluate the neuronal cell death intensity in
hypoxia-sensitive areas of the brain (CA1 and CA4 fields
of the hippocampus, Purkinje cells in the lateral area of
the cere-bellar hemispheres), we determined the overall
density of neuronal populations (number of cells per 1 mm
of the layer length). Two-three sections of each region
were analyzed (300—400 neurons in each section).

Immunoreactive GDNF protein in Purkinje cells was
identified by indirect peroxidase-antiperoxidase method
using polyclonal antibody against GDNF at a 1:100 dilution
(Santa Cruz, USA) and visualisation system
EnVisionTM*Kit (DAKO, Denmark). Sections were stained
with hematoxylin (Shandon, USA) and were embedded in
water-soluble medium ShandonTM Immu-MountTM
(Thermo Scientific, USA). Immunohistochemical reaction
was monitored by incubating sections with all reagents
except the primary antibody. The numbers of neurons with
different levels of GDNF (negative, GDNF~; weak,
GDNFT; intensive, GDNF*) (Fig. 1) per 1 mm of the layer
length, as well as the total population density were deter-
mined. We used image analysis system that included micro-
scope Olympus BX-41 (Japan), Olympus 500UZ camera
(Japan), Image Scope M program (SMA, Russia) and MS
Excel. The data were statistically processed by Student's t-
test or Mann-Whitney U-test.

Results and Discussion

The study of brain functions. In the test
«Elevated plus-maze» rats from resuscitated group
showed a significant decrease in general movement
and exploratory activity in com-parison with the
control. Resuscitated animals had significantly less
total distance, number of entrances into the center
zone, increased time of freezing (Fig. 2). The resusci-
tated rats had decreased time of the first leaving the
center of the labyrinth as well as spent less time on
the open arms, which may indicate increased anxiety.
SkQ1 administration prevented the devel-opment of
these disorders: there were no significant differences
between the experimental and control animals in any
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Crarucriyeckast 06paboTKa JAHHBIX ObLIIA BBITIOJIHEHA C
riomotiwio t-tecta CrpiofienTa n U-kputepust ManHa- YUTHI.

Pe3yabraTsl 1 00CYK/IEHHE

Uccaenosanue ¢pyukimu mo3ra. B tecre «IIpu-
MOJIHSATHI KPeCcTOOOPA3HBIN JTAOMPUHTS Y PeaHUMU-

measured parameters except for the time spent in the
open arms (Fig. 2).

The «Beam walking» test depends little on the
emotional status of the animal that al-lows measur-
ing the level of the sensorimotor system as a whole
animal and for each limb sep-arately. It was found
that the rats from all three groups showed significant

POBaHHbBIX KPBIC OBLIO BBISBJIECHO
3HAUNTEJNbHOE CHUXKEHUe 0o0muel
IBUTATEJIbHON UM WCCJAEL0BaTEIb-
CKOIl aKTHBHOCTH B CPaBHEHUU C
KOHTPOJIeM (JI0KHOOTIEPUPOBAHHbIC
JKUBOTHbBIE). Tak, 3HAYUMO MeHblle
ObLaa obIas IMpoiAeHHas AUCTaH-
11, YUCJIO BBIXOJ0B B ILIEHTP, yBe-
JINYeHo BpeMs 3amupanus (puc. 2).
Y KpbIC yMEHbIITACS JIATEeHTHBIN T1e-
pHOJL yXoa U3 TeHTpa JabuprHTa
[IPU TIOCA/IKE, CHUYKATIOCH BPEMST Ha-
XOKIAEHNA Ha OTKPBLITbIX pPYKaBaX,
YTO MOJKET CBUAETE/JILCTBOBATD O I10-
BbIIIEHUN TPEBOKXHOCTU. HpI/IMeHe'
nue SkQ1 npeaynpexnano passu-
THe 3TUX HapylleHWi: B JaHHOU
rpyime He ObLIO OOHAPYKEHO 3Ha-
YUMBIX OTJINYUI OT KOHTPOJIS (JI0XK-
HOOIIEPUPOBAHHBIC KUBOTHBIE) 10
BCEM TIOKA3aTeJIsIM, KPOMe BpeMeH!U
HaXOX/I€HUA B OTKPBLITBIX PYKaBaX
(puc. 2).

Tect «Cysxalommasics J10pOsK-
Ka» MAJIO 3aBUCUT OT IMOIMOHATb-
HOTO CTaTyCa YKUBOTHOTO, YTO I103-
BOJISIET OIIEHUBATH KAK COCTOSIHIE
CEHCOMOTOPHOU CUCTEMBI B IICJIOM,
Tak M JJIs1 KaK/I0H KOHEYHOCTH OT-
JIeJIbHO. YCTAHOBJIEHO, Y PEAHIMMU-
POBAHHBIX KpbLIC YBEJIUYMBAIACD
JI0JIs1 OIIUOOK, COBEPIIAEMbIX JI€BbI-
MU KOHeuHOCTsiMU (puc. 3); npaBas
CTOPOHA TeJia OT KOHTPOJISI He OTJIN-
yasacek. Jlatepanuzanus GyHKIni
y KPbIC XOPOIIO H3BECTHA: XOTS
GOJIbIIAS YACTh KPBIC MPEANOYnTa-
10T TI0JIb30BATbhCs IPAaBOU Jiaoi
IIpyW BBIITOJIHEHUN MOTOPHbBIX TeEC-
TOB [25], s1eBoe ToJryiiapue MeHee
yCTOfI‘{HBO K TUIIOKCHUU MO3ra, 4eM
npasoe [26]. ¥ peaHUMUPOBAHHBIX
Kkpbic, nosydaBmux SkQ1, wmcio
omnbOK, COBEPIIEHHBIX JIEBBIMU
KOHEYHOCTSIMH, HE OTJIMYaI0Ch OT
KOHTPOJIA U ObLIO 3HAYUMO MEHb-
e, 4yeM y peaHMMHPOBAHHBIX KW~
BOTHBIX (puc. 3).

HOJIy‘IeHHbIe HaMUu JaHHDbIE
MIO3BOJISTIOT 3aKJIIOYUTh, YTO y pea-
HUMUPOBAHHBIX KPBIC, [ICPEHECIINX

Puc. 1. Knerku Ilypkunbe ¢ pa3HbIM ypOBHEM 3KCIIPECCHH ITTHAIBHOTO HeiipoTpodu-
yeckoro ¢akropa GDNFE.

Fig. 1. Purkinje cells with different levels of glial-derived neurotrophic factor
GDNFE.

Note: For Fig. 1, 5: GDNF~ (white arrows) — GDNF-negative neurons; GDNF* (yel-
low arrows) — GDNF-positive neurons with weak expression of GDNF; GDNF*™*
(black arrows) — GDNF-positive neurons with intensive expression of GDNE
Peroxidase-antiperoxidase method, hematoxylin staining. X400.

Ipumeuanue: [[ns puc. 1, 5: GDNF ™~ (Genast crpesnka) — GDNF-orpunaresbHbre Heii-
ponbl; GDNFT (kenras crpesika) — GDNF-nosioxuTebHbIe HEHPOHDI co c1aboii aKc-
npeccueiit GDNF; GDNF' (uepnas crpesika) — GDNF-no/10uTebHble HeHPOHbBI ¢
nntencuBroil akcnpeccueii GDNE Ilepokcniazno-aHTHIIEPOKCHIIA3HBII METOJ, /10-
Kpacka remaTokcunHoM. X400.

[ Resuscitation (1) [ Resuscitation + SkQ1 (2)
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Puc. 2. IlapameTpsl n10BeieHusT KPbIC B TecTe <IIpUnoaHaThIii KpecTooOpasHslii Ja-
OGUPHHT> Ha 4-€ CYTKH I10CJIe PeaHNMAlUH.

Fig. 2. The parameters of behavior of rats in the test «elevated plus maze» on the
4th day after resuscitation.

Note: (1) — resuscitated rats; (2) — resuscitated rats treated with SkQ1. Data are the
% of animals of control. * — P,<0.05 compared to control; # — P,=0.07 vs. resuscitation.
Ipumeuanne: Total distance — oGmas npoiigennas aucraniws; Number of center
Crosses — KOJMYECTBO BBIXOMOB B NeHTp; Leaving the center, latency — marenTHbrit
nepuoj yxoa u3 Ientpa; Duration of moving — Bpems noasskHocTi; Duration of
immobilization — Bpems s3amupanus; Duration on the open arms — Bpemsi Ha
OTKpHITBIX pyKaBax. /st puc. 1—5: Control — konTtposp; Resuscitation: (1) — peanu-
MUPOBaHHbIE KPbICHI; (2) — peaHUMHUPOBaHHbIE KPbICHI, nouyuasine SkQ1. TanHbie
rpecTaBaensl B % K Kourpouio. * — p,<0,05 B cpasuenuu ¢ konrposem; * — p,=0,07
CPaBHEHNH € PEAHUMUPOBAHHBIMU KPBICAMH.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2016, 12; 2



DOI:10.15360,/1813-9779-2016-2-6-19

OPTAI‘MHQ.AI)HBIC MCCACAOBAHMI

7-MUHYTHYIO OCTaHOBKY Cep/lia, 60

npumenenue SkQ1 mpexynpexaaer
pasBUTHE HApYIIEHUIl [[BUTATE]b-
HOU aKTUBHOCTH U CEHCOMOTOPHBIX 50 |
hyHKIMNA 1/Uau criocoOCTBYET MX
BOCCTAHOBJIEHUIO.
TiicTostornueckoe uccienoBa-
nue. B nosie CA4 rurnimokamna y pea-
HUMHUPOBAHHBIX KPBIC OOIIAst TIOT-
HOCTb TOIYJSIIUN  HEHPOHOB B
CPaBHEHUM C KOHTPOJIEM CHUKAJIACH
ua 21,2% (puc. 4, a). Y peanuMupo-
BaHHBIX KpbIc, nosydaBnmx SkOA,
0011131 IVIOTHOCTH HEHPOHOB HE MMe-
JIa JIOCTOBEPHBIX OTJIMUMU OT KOH-
TPOJIst U ObLIA CYIECTBEHHO OOJIBIITE
(ma 23,4%), yeM y peaHuMUPOBAH-
HbIX Kpbic 6e3 SkQ1 (puc. 4, a). To- 0

Hindlimb faults, %
g 3

53
=}
T

10 |

|
1

O Median
1 25-75%
T— Min-Max |

.

[m]

€L

JlyyeHHble JIaHHble CBU/IETEJIbCTBY-
10T O TOM, YTO Y KPBIC K 7-M CyTKaM

Control Resuscitation Resuscitation+SkQ1

MOCTPEAHUMAIIMOHHOTO  [E€PUO/IA
MPOUCXOJUT BbInajieHre (rubesn)
YaCTU MUPAMU/IHBIX HEHPOHOB TOJIST
CA4 runnokamna. Ilpumenenue
SkQ1 crocobeTByeT mpemypexie-
HUIO rubein HeWPOHOB B 3TOU Heil-
POHAJIbHOH TOIYJISIIINH.

B none CA1 runmokamia pea-
HUMHUPOBAHHBIX KPBIC, HE TOJTYyYaB-
mux SkQ1, obas WIOTHOCTH MTUPAMUIHBIX HEHPO-
HOB ObLJIa CHI)KEHA B CPaBHEHUU C KOHTPOJIEM Ha
39,7% (puc. 4, a). Y peaHUMHPOBAHHBIX KPBIC, TIOJIY-
yapiux SkQ1, 061ast II0THOCTD UCCIeyeMO Hell-
POHAJIBHOI TOTYJISIIUU TakKe Oblla HIKE KOH-
TposibHOro ypoBHs (Ha 41,8%) u He oTmyanach OT
001Iell TIOTHOCTH MOIYJISIIUE Y PEAHUMUPOBAHHBIX
KpbIC, HE IMOJIyYaBIIUX ATOT npenapar (puc. 4, a).
CuaenioBaresibHo, puMenerre SkQ1 He mpenynpesk-
JIJI0 Pa3BUTHS MOCTPEAHUMAIMOHHON THOeIn Hell-
pouos B mosie CA1 runmokamra.

B Mo3zikeuke y peaHMMUPOBAHHBIX HeJIEYEHbBIX
KPBIC 001Iast IJIOTHOCTH MOMYJISIIIUE KJIeTOK TTypKu-
Hbe YMEHbBIIAIACH 110 CPABHEHWIO C KOHTPOJEM Ha
21,9% (puc. 4, 6). Y nonyuasuux SkQ1 pearnmupo-
BAHHBIX KPBIC 00IIast IIOTHOCTh KJIEeTOK [TypKuHbe
ObLIa CHIJKEHA TOJILKO Ha 6,5% OTHOCUTEIbHO KOH-
TPOJISI U TIPEBBINIAIA TAKOBYIO Y PEAHUMUPOBAHHBIX
skuBoTHBIX Oe3 SkQ1 (ua 19, 8%) (puc. 4, 6). Iony-
YeHHbIe JAHHbIE CBUIETENbCTBYIOT O TOM, YTO IIPU-
meterre SkQ1 T03BOJISIET CYIIECTBEHHO CHUBHUTH
BBIPKEHHOCTD Ipoliecca THOen HEHPOHOB B MOMTY-
ssinuu Kiaetok [lypkuibe Mo3ikeuka.

IMMyHOTHCTOXUMUYECKOE HCCeJ0BaHUe
yposHs skcripeccun GDNF B momysgium KieTok
[Typkunbe mokazano, 4TO y PeaAHMMHUPOBAHHDIX
kpbic yncsao GDNF™-HelipoHOB pe3ko yMeHbIa-
Joch (Ha 52,7%), B To BpeMms kak yncio GDNF*- u
GDNF**-neiipoHoB He UMeJIO 3HAYUMbIX OTJIHINI

resuscitation.

Puc. 3. JToxns oumbox B Tecte «CysKaomasicst JOPoKKa»> IPH JABUKEHUH JEBbIX KO-
HEYHOCTel Ha 5-€ CYTKHU I0CiIe PeaHuMalum.
Fig. 3. Hindlimb faulting on the «Beam Walking Test»> in rats on the 5th day post-

Note: The values are shown in percent of number of steps. * — P,=0.02 vs. resuscita-
tion; # — P,=0.08 vs. control.

Ipumevanne: Hindlimb faults — gosa onmmbok; Median — meauana. J{anmnbie npe-
CTaBJIEHbI B % K 4ncTy maroB. * — p,=0,02 — B cpaBHEHU C PEAHUMUPOBAHHBIMU KPbI-
camt; ¥ — p,=0,08 — B cpaBHEHNU € KOHTPOJIEM.

differences of sen-sorimotor functions between right
and left limbs: they made more errors (up to 5 times)
with the right limbs compared to the left limbs
(P<0.05; data not shown). Resuscitated rats demon-
strated the increased numbers of mistakes made by
the left limbs (Fig. 3); the right side of the body did
not differ from the control. Lateralization of func-
tions in rats is well known: al-though most of the rats
prefer to use the right paw when performing motor
tests [25], the left hemisphere is less resistant to
hypoxia of the brain than the right one [26]. The
number of left paw errors performed by the resusci-
tated animals treated with SkQ1 did no significantly
differ from the control group and was significantly
lower than in the group of resuscitated rats whitht no
treatment (Fig. 3).

Data emonstrate that oral administration of
SkQ1 at a dose of 500 nmol /kg to rats, which under-
went 7-minute cardiac arrest, prevents development
of disorders in movement activity and sensorimotor
functions.

Histology. In the hippocampal field CA4 of
resuscitated rats the total number of neurons
decreased by 21.2% compared to control (Fig. 4, a).
In resuscitated rats treated with SkQ1, the overall
density of the neuronal population did not differ
from the control, however, was significantly increased
(23.4%) than in a group of untreated resuscitated rats
(Fig. 4, a). The findings show that pyramidal neurons
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Puc. 4. OGuast IIOTHOCTH MOMYJISIUN MUPAMUIHBIX KIETOK.
Fig. 4. The overall population density of pyramidal cells.

Note: The hippocampal sectors CA1 and CA4 (@) and cerebellar Purkinje cells (b). Data are the mean + S.E.M. ** — P,<0,001; * — P,<0,05

vs. control; # — P,<0,001 — vs. resuscitation.

ITpumeuanne: Number of cells per mm of their length — umcao knerox Ha Mm amunb (To ke st puc. 5); Cerebellum — mozxedok. Cexro-
pa CA1 u CA4 runmnokamna (a) u kiaerku Iypkunbe Mosskeuka (b). [larmble NpeacTaBaeHbl B BUIE CPEAHETrO 3HAYCHUS + CTaHJapTHAsK
oumbka cpentero. ** — p,<0,001; * — p,<0,05 — B cpaBuernu ¢ Kourposem; # — p,<0,001 — B cpaBHEHUH C PEAHUMUPOBAHHLIMH KPbICAMH.

OT KOHTPOJIbHOTO ypoBHs (puc. 5). B coBokynnoctu
C TAHHBIMY TUCTOJIOTUYECKOTO aHAJN3A ATU PE3YJib-
TaThl CBUIETEIBCTBYIOT O TOM, YTO BBISBJIECHHOE Y
pPEeaHMMUPOBAHHBIX KMUBOTHBIX CHUJKEHME OOmIei
MJIOTHOCTU TONyJaAnuy KJaeTok Ilypkunbe mpowc-
XOJIUT, BEPOSITHO, 3a cuer BbimageHuss (Tubesn)
GDNF ™~ -HeilpoHOB, T.e. KJIETOK, HEIKCIIPECCUPYIO-
X 3TOT HelpoTpoduyeckuii (akrop. UHble pe-
3YJIBTATHI MOJYYeHbI y Kpbic, mouydasumx SkQ1:
ymenbirenne uncaa GDNF~-knerok (#a 52,7%) co-
MPOBOXK/JIAJOCH PE3KUM yBEJIWYEHUEM 4YHUCJIa
GDNF**-neiiponos (#a 45,7%) (puc. 5). [Ipu atom
guciao GDNF*-knerok He maMeHsimoch (puc. 5).
CrenoBaresibHO, B JIAHHOM CJy4ae yMeEHBIIEHUE
yuciaa GDNF-HeratuBHBIX KJIETOK ITPEUMYIIECT-
BEHHO OBLIO CBA3AaHO HE ¢ UX rnOesIbio, KOTOpast Obl-
Jia BeIpaskeHa c1abo, a ¢ «1epexoloM» B KaTeropuio
GDNF-1103uTUBHBIX, TPUYEM aKTUBHO 9KCIIPECCH-
pyiomux ganubiii haxkrop GDNF**-neiipomnos.
PesybraThl HaCTOAIEH PaOOThI CBUAETENLCT-
BYIOT O TOM, YTO y KPBIC, NI€PEHECIINX OCTAHOBKY
Cep/Iia, B IIOCTPEAHUMAITMOHHOM TIEPHO/Ie TIPOUCXO-
T TUGEb HEUPOHOB B BBICOKOYYBCTBUTEJHHBIX K
TUTOKCUE OOJIACTSIX MO3Ta, U TOT MPOIECC COIPO-
BOXK/IA€TCsl pa3BUTHEM HapyIIeHWil JBUTraTeJbHON
AKTUBHOCTU W CEHCOMOTOPHBIX (QDYHKIUN. ITO CO-
[JIACYETCS C TMOJIyYeHHBIMU HAMW paHee JaHHBIMU O
BO3HUKHOBEHHUH TTOCTPEAHUMAITMOHHBIX HAPYIIEHN
CTPYKTYPbI U (yHKIIMKU Mo3Ta [27—29]. YcranosIe-
HO, YTO MEPOPAJIBLHOE MPUMEHEHUE AaHTUOKCUAHTA
SkQ1 B mose 500 HMOIb/KI 3a 7 AHEl 10 peaHuMa-
1K U B TedeHue 7 JHel MoCTpeaHnMaImOHHOTO T1e-
pHUo/ia PeyIPeKRIAeT PA3BUTHE HAPYIICHU CEHCO-
MOTOPHBIX (DYHKIUI W/Ujin  crnocoOCTByeT ux
BoccraHoByieHmo. [TokazaHo takxke, uto SkQ1 cro-
COOCTBYET IPEAyNpPEKIEHNI0 IHOeI HEHpOHOB B

in the hippocampal field CA4 of resuscitated rats
died. SkQ1 seems to prevent the neuronal loss.

The total number of neurons in the hippocampal
field CA1 of resuscitated rats was reduced by 39.7%
compared to control (Fig. 4, @). In resuscitated rats
receiving SkQ1 the overall density of the neuronal
population was also lower than the control level (by
41.8%) and did not differ from the same one in
untreated rats (Fig. 4, a). Thus, SkQ1 did not affect
the neuronal cell death development in the hip-
pocampal field CA1 postresuscitation.

Total density of the cerebellar Purkinje cells
population in resuscitated rats was reduced by 21.9%
compared to control (Fig. 4, b). In resuscitated rats
treated with SkQ1 the total number of Purkinje cells
decreased in a lesser extent (by 6.5% vs. control) and
was significantly greater than in untreated animals
(19.8%) (Fig. 4, b). The data indicate that SkQ1
might reduce the neuronal death intensity in the
Purkinje cells population.

Immunohistochemical study of GDNF expres-
sion in the Purkinje cells population showed that in
resuscitated rats the number GDNF-neurons drasti-
cally decreased (52,7%), while the number of
GDNF'- and GDNF**-neurons had no significant
difference from the control (Fig. 5). In conjunction
with histological data, these results indicate that the
lower total density of this neuronal population
observed in resuscitated animals without SkQ1
administration is probably due to the death of
GDNF -neurons, i.e. cells not expressing this neu-
rotrophic factor. Different results were obtained in
rats treated with SkQ1: GDNF: there was a reduc-
tion in the number of cells (52,7%) accompanied by a
large increase in the number of GDNF**-neurons
(45,7%) (Fig. 5). The number of GDNF*-cells was not
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changed (Fig. 5). Therefore, reduced
number of GDNF-negative cells is
mainly due not to their death but
their «transition» toward the cells
actively expressing GDNF protein.
The results indicate that the
neuronal death occurs in the
hypoxia-sensitive areas of the brain
postresuscitation that is accompa-
nied by the development of distur-
bances of motor activity and senso-
rimotor  functions.  This is
consistent with our earlier data on
the occurrence of postresuscitative
alterations of structure and func-
tion of the brain [27—29]. Tt was
found that the oral administration
of SkQ1 in dose of 500 nmol/kg for
7 days before and after cardiac
arrest prevented sensorimotor
functional disorders and/or accel-
erated their recovery. It was also

14.5

*&

Puc. 5. Yucio kierok HypKnge MO3K€YKa C pa3/JIMYHbIM YPOBHEM JKCIPECCHHU

GDNF u 06masi IoTHOCTh HEHPOHAILHOM MOy JISIHHU.

Fig. 5. Number of cerebellar Purkinje cells with different expression level of GDNF

and total density of neuronal population.

shown that SkQ1 helped to prevent
the neuronal loss in the hippocam-
pal field CA4 and significantly
reduced its intensity in the popula-
tion of cerebellar Purkinje cells.

Note: Total — the overall population density. Results of histological analysis are the
means. # — P,<0.05; ## — P,<0.001 vs. control; $ — P,<0.05 vs. resuscitation. Results of
immunohistohemical analysis are the medians. *— Pu<0.05 vs. control; & — P,<0.05 vs.
resuscitation.

IIpumeuanne: Groups — rpymnimbl. Total — o6rmast mrotHOCTH MOMyJIsImU. JlanHbIe
THCTOJIOTHYECKOTO aHATN3a TPECTABIEHBI B BHUIE CPEAHNX 3HaveHuil. * — p,<0,05;
## — p,<0,001 — B cpaBHeHnn ¢ KoHTpoIEM; 3 — p,;<0,05 — B CpaBHEHUH ¢ PEAHUMU-
poBaHHBIMU KpbicaMu. /laHible HMMYHOTHCTOXUMUYECKOTO AHAJIN3A [PE/ICTABIEHD!
B BUJe Meuan. * — p,<0,05 — B cpaBHennu ¢ kourposem; & — p,<0,05 — B cpaBHe-

However, according to our data,
the use of the drug did not influ-
ence the death of pyramidal neu-
rons of the hippocampal field CA1
that might be due to the selective
vulnerability of these cells in
ischemia-reperfusion. The selective
susceptibility of CA1 pyramidal

HUM C peaHNMHUPOBAHHBIMU KPbICAMMU.

cexkrope CA4 rummokammna v CyNneCTBEHHO YMCHbB-
nIaeT ee BBIPAKEHHOCTb B TOIYJIAIUN KJIeToK 11yp-
KIUHbE MO3’KeUKa. BmecTe ¢ TeM, COTIaCHO TIOJTy4YeH-
HBIM HaMM JIAaHHBIM, IIPUMEHEHUE TIpernapara He
BJIMSIJIO HA TIPOIECC MOCTPEaHUMAIIMOHHON THOEN
HelipoHoB B cekTope CA1 Tummokamia, 4to, BO3MOXK-
HO, 00YCJIOBJIEHO CEJIEKTUBHON 4yBCTBUTEIBHOCTHIO
ATUX KJETOK K uineMuun-pernepdysun. CenekTUBHASA
YYBCTBUTEJIBHOCTD MMUPAMUIHBIX HEHPOHOB CEKTOPA
CA1 rumnmokamna K UIIEMAN — XOPOIIO U3BECTHBIN
(beHomen, moxazaHHBIM B IKCIIEPUMEHTAX KaK Y
B3POCJIBIX JKUBOTHBIX, TAK U B PAaHHEM TIePUHATAIH-
Hom niepuozie [30—33]. Kpome Toro, mmeroTcs cytie-
CTBEHHBIE OTJINYNSA HEHPOHAIBHBIX TTOMYJISINH, 1 B
YaCTHOCTH, MUpaMUIHBIX HelipoHoB CA1l U KjeTok
[lypkuHbe, Kak M0 MEXaHW3MaM TOBPEKICHUS TIPU
uiemMun-pernepdysnu, Tak U 10 ahGeKTUBHOCTA
pasIuuHbIX JieueOHBIX BoselcTBuil [34, 35], B ToMm
4ucJie, U B TOCTPEAaHUMAIMOHHOM Tiepuo/e [28, 29].

[TpoBe/ieHHBIE paHee HCCIEOBAHUS CBUJIE-
TEJTBCTBYIOT O TECHOW B3aMMOCBS3M BOCCTAHOBJIE-

neurons to ischemia is a well-

known phenomenon shown in
adult animals and in early perinatal period [30—33].
Lack of efficacy of SkQ1 to prevent postresuscita-
tive death of hippocampal CA1 neurons may also be
associated with significant differences between neu-
ronal populations, particularly, CA1 pyramidal neu-
rons and Purkinje cells, in mechanisms of their dam-
age during ischemia-reperfusion, and in effectiveness
of various therapeutic interventions [34, 35] as well
as in cardiac arrest |28, 29].

Previous studies suggest a close relationship
between the functional recovery and structural con-
dition of brain postresuscitation. There is a possibil-
ity to influence the neuronal populations, thus con-
tributing not only to prevention and/or mitigation
of postresuscitative neuronal damage, but also to
acceleration of neurologic recovery and correction of
behavior [28, 29]. The results of the present study
confirm this suggestion. Indeed, SkQ1 prevented the
neuronal loss in the ischemia-sensitive brain areas
that was accompanied by improvement in the recov-
ery of brain functions.
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HUA QYHKIIUYA MO3Ta B TIOCTPEAHUMAIIMOHHOM TIEPHU-
oJle ¢ U3MEHEHUSIMUA COCTOSHUSA HEHPOHATBHBIX T0-
nyasanui. Tak, ycTaHOBJIeHa BO3MOKHOCTD BJIUSITD
HA COCTOSTHUE HEWPOHAIBHBIX TOMYJISIIHIL, COCO6-
CTBYSI TIPU 9TOM HE TOJILKO MPEeAYIPEsKACHIIO U/ 1IN
CMATYCHUIO MOCTPEAHUMAITMOHHBIX TOBPEKICHUN
HEHPOHOB, HO I YCKOPEHUTO HEBPOJIOTUYECKOTO BOC-
CTaHOBJIEHUS, KOPPEKIUU HAPYIICHWH TTOBEICHUS
[28, 29]. TTosryuennbie B HacTOsIIIER paboTe TaHHbBIE
MOATBEPKAAIOT 3TO TOJOKeHue. JlelcTBUTENbHO,
SkQ1 mpeaynpexaan rubeib HEMPOHOB B BHICOKO-
YYBCTBUTEIBHBIX K WIIEMHUH OOJACTAX MO3Ta, YTO
COTIPOBOKIATIOCH YJYUIIEHUEM BOCCTAHOBJICHUS
(yukmuit mosra.

PaspaboTka MOIX00B K HEHPOIPOTEKIIUU [TPU
uieMuu-periepdy3un OCHOBaHA Ha MTOUCKe CIIOCOO0B
3aIUTHl HEHPOHA OT KOHKPETHBIX MATOJOTHYECKUX
BO3JICHCTBUI MM X Komiuiekca [36, 37]. sBecTHO,
4TO unieMus-pernepdysns BbI3bIBACT aKTUBAIINIO TTa-
TOJIOTUYECKUX KACKAJ0B, MPUBOANMX K rubesn
HEHPOHOB, CPEIN KOTOPBIX, HAPS/LY C HAPYIICHUAMU
MOHHOTO TOMEOCTAa3a, IKCAUTOTOKCUYECKUMHU BO3-
JEeMCTBUSMHU, aKTUBAIIEN BOCTIATUTEIBHBIX TIPOIIeC-
COB, TA/IEHUEM YPOBHsI CUHTE3a OENKa, BAKHYIO POJIb
UTPAIOT HAPYIIEHUST JHEPTETUIECKOTO0 METab0IU3Ma
u zeiictBre ¢cBoGOAHbBIX paarkanos. Kak 6b10 oT™e-
ueHO Boiiite, SkKQ1 — MUTOXOHIPUATBLHO-HATIPABJIEH-
HBbI AHTHOKCHUAHT, CIIOCOOCTBYIOLIMIT IOIEpsKa-
HUIO  BHepreTudyeckoro  merabosnmsma.  Tak,
unky6arus kiaetok HelLa B pactsope ¢ SkQ1 npenot-
Bpalaza pa3pyiieHne MUTOXOHIPUAIBLHOTO PETUKY-
JiyMa, BbI3bIBaeMoe Tiepeknchbio Bogopozaa [2]. [Toxka-
3ano Takke, uyro SkQ1 crmocobeTByeT KOppeKiun
MOBPEK/ICHUH, BBI3BAHHBIX HIIeMueii-pernepdysneii
M30JTMPOBAHHON TIEYEHU TP JTOJTOBPEMEHHOM Xpa-
HEHWW Tiepesl TpaHciiaHTaiueil (24 yaca mipu 4°C)
[38]. TIpu atom BbIsiBIEHA criocoOHOCTH SKQ 1 yMeHb-
marh 0Opa3oBaHKe aKTUBHBIX (hOPM KHCIIOPOJIA U aK-
TUBHOCTD MEPEKUCHOTO OKUCICHUS JTUTTH/IOB B Tieye-
HU, a TakKe TOBBIIATD JbIXaTEJIbHbI WHICKC
MUTOXOH/IpHIT U yBeanuuBaTh yposedb AT, T. e.
yJIydInaTh sHepreTudeckre hyHKny nedenu. Kpome
toro, SkQ1 mpoaeMOHCTPUPOBA TIONOKUTETHHOE
BJIMAHME HA MOP(OJIOTHIO TIEYEHHU, YTO TIPOSIBIISIIOCH
B YaCTUYHOM BOCCTAHOBJICHUY aPXUTEKTOHUKH OPra-
Ha ¥ YJIyYIIeHUH COCTOSHUS MEYCHOYHBIX CHHYCOB 1
rematoruToB. IIpy remnatuTe, WHIYIMPOBAHHOM Ta-
jgakrozamMuuoM, SkQ1 3HAYMMO CHUKAJI YPOBEHD
mucTpodun meYeHn 1 MapKepoB BOCHAIEHUS, U, KPO-
Me TOTO, 3aME/IJISATT TEeMIT Pa3BUTHS MOTOPHBIX JTHC-
(YHKIUI y TPAHCTEHHBIX MBIIIEH B MO/ HOKOBO-
ro aMuoTpouueckoro ckiaeposa [3].

[IpuBesieHHbIC BBINIE TAHHBIC CBUIETEIBCTBY-
I0T O TOM, 4TO II0JIOKUTeNbHOoe eicTBre SKQ1 Ha
CTPYKTYPHO-(DYHKITMOHAIBHOE COCTOSHIE MO3Ta MO-
JKeT OBITh OMOCPEIOBAHO €T0 BIMSHUEM Ha SHEPTeTH-
YeCKUI META0OJIU3M U ITPOIIECCHI TEPEKUCHOTO OKUC-
JICHUS JIUTTUIOB.

Development of approaches to neuroprotec-
tion in ischemia-reperfusion injury is based on
searching the ways to protect neurons against spe-
cific damaging influences [36, 37]. It is known that
ischemia-reperfusion induces activation of the
pathological cascade that leads to neuronal death.
This cascade includes impaired ion homeostasis,
excitotoxic effects, activation of inflammatory
processes and decreased protein synthesis. An
important role belongs to disorders of energy metab-
olism and effects of reactive oxygen species (ROS).
As noted above, the mitochondrial-directed antiox-
idant SkQ1 helps to keep the energy metabolism.
Thus, incubation of HelLa cells with SkQ1 prevent-
ed mitochondrial reticulum disruption caused by
hydrogen peroxide [2]. SkQ1 was shown to promote
correction of injuries caused by ischemia-reperfu-
sion of isolated liver during long-term storage (24
hours at 4°C) prior to transplantation [38]. At the
same time the ability of SkQ1 to reduce the forma-
tion of ROS and lipid peroxidation in the liver, as
well as to improve mitochondrial respiratory index
and increase the ATP level, i.e. improve the energy
function of the liver, were revealed. SkQ1 had
demonstrated also a positive effect on the liver mor-
phology, which was manifested by partial restora-
tion of organ architectonics and improved condi-
tions of the liver sinuses and hepatocytes. In
hepatitis induced by galactosamine, SkQ1 signifi-
cantly reduced the level of degeneration of the liver
and inflammatory markers, and also slowed the pace
of development of motor dysfunction in a transgenic
mouse model of amyotrophic lateral sclerosis [3].

The above data suggest that the beneficial
effect of SkQ1 on structural and functional state of
the brain may be mediated by its actions on energy
metabolism and lipid peroxidation.

Data presented in our study, suggest the exis-
tence of another mechanism of SkQ1 neuroprotec-
tion. Previously, we have shown the influence of a
number of neurotrophic factors on neuronal resis-
tance after resuscitation: heat shock protein (HSP)
family HSP70 (HSP72 and HSP73) [39, 40],
GRP78 [41], and brain-derived neurotrophic factor
(BDNF) [42, 43]. Tt should be emphasized that the
expression of the proteins depends not only on the
nature and severity of ischemia, but also on the type
of neuronal populations. Thus, the observations of
sensorimotor cortex and hippocampus (fields CA1
and CA4) area revealed the significance of high ini-
tial level of the constitutive form of HSP73, and
postresuscitative changes in the level of its inducible
form (HSP72) for resistance of neurons to ischemia-
reperfusion injury [40]. However, in the Purkinje
cells population the content of HSP70-positive cells
in intact animals was very low, and postresuscitative
changes of HSP70 expression were identified. These
data agrue for the existence of other mechanisms of
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[MosryyeHHbIE B HACTOSIIIEN paboTe Pe3yJIBTaThi
MO3BOJISIOT TIPEAIOJNIOKUTD HAIMYKE eIle OJTHOTO Me-
XaHM3Ma HeipornporekTrBHOTO jeiictBust SkQ1. Pa-
Hee HaMU OBLIO MOKA3aHO BJIMSHUE Psijia HEUPOTPO-
(bruecknx (hakTopoB Ha YCTOHUMBOCTH HEHPOHOB K
MOCTPEAHUMAIIMOHHBIM U3MEHEHUSIM: GETKOB TeILIo-
Boro 1oka cemeiicrea HSP70 (HSP72 u HSP73) |39,
40], GRP78 [41], a Tak:ke MO3rOBOTO HEHpPOTpOdIUe-
cxoro ¢axropa (BDNF) [42, 43]. Caenyet nouepk-
HYTb, 4TO SKCIIPECCHS HHYIIUPYEMbIX UIIeMUel Oe-
KOB 3aBHCUT HE TOJIbKO OT CIEIU(UKA U TIKECTU
BO3/IEUCTBUSA, HO TaK)Ke U OT TUTIA HEHPOHAJIBHOI T10-
nyasaiun. Tak, B CeHCOMOTOPHOM Kope ¥ TUIIoKamIle
(cexropet CA1 u CA4) Hamu OBLIIO TIOKA3aHO CYIIECT-
BEHHOE 3HAYCHUE BBICOKOTO MCXOIHOTO YPOBHS KOH-
CTUTYTUBHOI (opMbI  Gejika TEeIIOBOr0  IIOKa
(HSP73), a Takke mocTpeaHUMAIIMOHHBIX U3MEHEHU T
ypoBHst ero unaynubensuoit dhopmor (HSP72) s
YCTOWYMBOCTH HEMPOHOB K WIeMUU-pernepdysnu
[40]. OmnHako, B monyssanuu kiaetok [lypxkunbe co-
nepxanne HSP70-10o0KUTENBHBIX KJICTOK Yy WH-
TAKTHBIX JKUBOTHBIX OBLIO OUeHb HU3KUM, & B TIOCTPE-
AHUMAIMOHHOM TIepPHOJIc M3MEHEHUS 3KCIIPEeCCUu
HSP70 He ObLin BbIABJIEHBL. DTO CBUAETEIbCTBYET O
CYIIECTBOBAHUN WHBIX MEXaHU3MOB 3all[UThl JTUX
HEWPOHOB [39], uTO MOATBEPKAAETCSA U IPYTUMU aB-
topamu [44, 45]. B To jke BpeMst 0Kaz3ajoch, 4TO JJIsT
kietok IlypkuHbe BasKHBIM (HaKTOPOM, BIUSIONINM
HA WX YCTOUYUBOCTD K THOEJIH B MOCTPEAHUMAI[HOH-
HOM Tiepuo/ie, aBisieTcs ypoBeHb akciipeccun GDNE
[Ipu rucToNOTHYECKOM U UMMYHOTUCTOXUMUYECKOM
uccyeioBaHuy monyJsainun kiaetok [lypkunabe B mu-
HAMUKE [TOCTPEAHNMAIIMOHHOTO TIepUojia ObLIO ycTa-
HOBJIEHO, UTO CYIIECTBYET B3AaMMOCBSI3b MEK/LY M3Me-
HeHusIMU  ypoBHst sKcipeccun Geinka GDNF u
pasBuTHeM mpoitecca rubesm Heiiponos [ 11]. TlepBo-
HavaJIbHBIN 10/1beM ypoBHs akciipeccun GDNF B mo-
mysadaiun kietok [lypkuHbe 1M03BOJISAI TIpeyTpe-
IUTh TUOENb 9TUX HEHPOHOB, a IOCJenyIolee
yMeHnbltenne ypoBas akcripeccun GDNF conpoBox-
Janoch rubesbio Kaetok, a umenno — GDNF-orpu-
1aTesJbHBIX HeiipoHoB. HeiiporporekTnBHOe JeiicT-
Bue GDNF cBsg3bBalOT € €ro CrocoOHOCTHIO
YBEJUYUBATD HKCIIPECCHI0 TEHOB, WHTHOUPYIOIINX
aronito3 — Bcl-2 u Bel-w u cHmskars akcrpeccuto
npoarontoruyeckux reios Bax u Bad [12, 14], a Tak-
JKe BJIIMATH HA TPAHCIIOPT TJryTamara [46].

TakuM 06pas3oM, MOJydeHHbIE B HACTOSIIEH
pabore jaHHBIE MOATBEPKIAIOT PA3BUBAEMOE HAMU
MOJIOKEHUE O 3HAYMMOCTH YPOBHS 3KCIIPECCUU
GDNF B ycTOiYMBOCTH HEHIPOHOB K MOCTPEAHNMA-
HUOHHON Tnbenn. /lefcTBUTENbHO, KaK OBLIO ITOKa-
3aHO BBIIIE, Y HEJICUEHDBIX PEAHUMHUPOBAHHBIX JKU-
BoTHBIX TubGeu noasepraauch GDNF ~-HelipoHBbI.
ITpumenerne SkQ1 crmoco6CTBOBANIO YBETMUEHUTO
AKCIIPECCUU 3TOTO HeipoTpodudeckoro ¢akTopa:
GDNF-orpuiiatesnbubie, T.e., paHee HEIKCITPECCHU-
pytomiue GDNF kjeTku, «1mepexoauin» B KaTero-

neuronal protection in cerebellum [39] that is in
agreement with the data by other authors [44, 45]. Tt
was found that the level of GDNF expression is an
important factor of Purkinje cells resistance to
postresuscitative injury . Histological and immuno-
histochemical studies of Purkinje cells populations
in dynamics of postresuscitative period have
revealed a relationship between changes in GDNF
protein levels and the processes of neuronal death
[11]. The initial rise in the level of GDNF expression
in populations of Purkinje cells was capable to pre-
vent the death of these neurons, and the subsequent
reduction in the level of GDNF expression was
accompanied by neuronal loss, specifically GDNF-
negative neurons. GDNF neuroprotection is associ-
ated with its ability to increase expression of genes
inhibiting apoptosis — Bcl-2 and Bcl-w, reduce
expression of pro-apoptotic Bax and Bad genes [12,
14] and decrease glutamate transport [46].

Thereby, the data obtained in this study con-
firm our previous suggestion on the significance of
expression level of GDNF in resistance of neurons to
postresuscitative death. Indeed, as indicated above,
in untreated resuscitated animals the GDNF ™ -neu-
rons died. SkQ1 contributes to an increase in the
expression of neurotrophic factor: GDNF-negative,
i.e., previously non-expressing GDNF cells, are
«switchings toward the category of neurons actively
producing this factor (GDNF*") and suchwise are
not subjected to death. Thence we assume that at
least one of the mechanisms of SkQ 1neuroprotection
includes its ability to activate the expression of
GDNF in nerve cells. At the same time, SkQ1, main-
taining the energy metabolism of neurons, may pro-
vide a more efficient production of various proteins
including GDNF. It is possible also that both mecha-
nisms are existed. Thus, in the experimental model of
Parkinson's disease it was shown that physical exer-
cise increased both the expression level of GDNF
and improved mitochondrial function that con-
tributed to preservation of dopaminergic neurons
[47]. Similar data were obtained in the experimental
study of the efficacy of exercises for correction of
behavior [48].

Overall, the data suggest the positive impact
SkQ1 on the structural and functional status of the
brain postresuscitation. These data provide rationale
for using this drug for the prevention and correction
of posthypoxic encephalopathies.

PHIO AKTUBHO BBIPAGATHIBAIONIIX 9TOT (haKTOP Heli-
poroB (GDNF ') u xe moasepranucs rubesn. Ciie-
JIOBAaTEJIbHO, MOKHO T10JIaraTh, 4YTO, 110 KpaitHel Me-
pe, OJHUM W3 MEXaHW3MOB HEHPOIPOTECKTUBHOTO
neiicrBus SKQ1 gBisiercst ero crnocoGHOCTh aKTH-
BupoBath aKciipeccio GDNF B HepBHBIX KJeTKax.
B To ke Bpemst, SkQ1, nopnep:xuBast sHepreTUdec-
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K1l MeTabo/iM3M HEHPOHOB, BO3MOKHO, obeciieun-
BaeT GoJiee ahHEKTUBHYIO MPOAYKIIUIO PA3JTUTHBIX
6eskoB, B ToMm yncae 1 GDNF. He uckiouyeHo tak-
JKe, ITO MOTYT Peaim30BaThCst 062 ITUX MEXaHU3MA.
Tax, Ha BKCIIEPUMEHTANBHON Moenu Gonesnu [Tap-
KMHCOHA OBLIO MOKA3aHO, 4TO (GU3UUECKUE yIIPasK-
HEHUS TOBBIMAIOT ypoBeHb akcipeccuu GDNF u
YIYUMIAIT (QYHKIUIO MUTOXOHIPUH, 4TO CIIOCOOCT-
BYeT COXpaHEHUIO M0(haMUHEPTrUYeCKUX HEHPOHOB
[47]. Amamornunbie JaHHbBIE MTOJTYYEHBI U TPU IKC-
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Morphological Changes in Myocardial Blood Microvessels
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Iexb: oreHNTH CTPYKTYPHbIE N3MEHEHNS KAMJJITPOB, apTEPUOJI, BEHYJI, BHYTPHU- I BHECOCY/INCThIE HapyIIe-
HUS B MHOKap/e KPbIC, TIepeHecInX deperrHo-Mo3roByio Tpasmy (UMT).

Marepuan u metozpl. Ha 18 Gesrbix HesmHENHbIX Kpbicax-camkax Mozeanposaan YMT. Yepes 3, 7 u 12 cyTok
nocJie TpaBMbl Ha (hoHe BHYTPUOPIONIMHHOTO BBEJCHUS THOTICHTAIA HATPUST OCYIIECTBIISIIN IEKAMTUTAIIIO KPBIC,
IPOU3BOINIIN CPEIMTHHYIO TOPAKOTOMMIO M U3BJIEKAJIHN ceplie. TKaHb MIOKap/a JIeBOTO JKeJIyI0UKa NCCAe0BAIN
C IIOMOIIIBIO CBETOBOTO U 9JIEKTPOHHOTO MUKPOCKOIIA.

PesynbraTsl ncciegoBaHus 10Ka3ain, 4To y Kpbic, nepeneciiux YMT, B Muokapzie hopmMupyiorcest usMmeHeHust
CTEHKU MUKPOCOCY/IOB, KOTOPBIE MPOSIBJSIIOTCS. B HAPYIIEHUH €€ MTPOHUIAEMOCTH, TTEPUIIE/LITIONSIPHOM OTeKe, 00-
Pa3soBaHUU BBIPOCTOB HHIOTENUS B IPOCBET COCY/Ia, HaOyXaHUH, OTEKe, UCTOHUEHUH ¥ AeOPMAIIK TIOBEPXHOCTH
SHJIOTEIUAJIBHBIX KJIETOK, BaKyalu3alluu U BbIOyXaHUU (PParMeHTOB [UTOIIA3Mbl. BHYTPUCOCYIMCThIE U3MEHE-
HUSI [IPOSIBJISIOTCS] 00Pa30BaHUEM MMAIMHOBBIX TPOMOOB, MUKPOArPEraToB U CJajiKeil, B 0OHAPYKEHUU B IPOCBe-
Te COCY/I0B MEMOPAHHBIX CTPYKTYD, My3bIPE U JaKe IOJHOTO OTCYTCTBUS IIUPKYJISIIIUU B YaCTH Kanuuisipos (be-
nHomen no-refloy). Hapymenust 3a npeziesiaMu cocyIucToil CTEHKM NPOSIBISIIOTCS B (DOPMUPOBAHUH [IATIEI€3HBIX
KPOBOUBJIUSHUI 1 PA3BUTHI BBIPAKEHHOTO MEPUBACKYISPHOTO OTeKa. [[0BpesKIeHIsI MUKPOCOCYIOB U, 0COOEHHO,
MUKpopeJibeda JTIOMUHAIBHON TTOBEPXHOCTU HH/IOTEJNOIIUTOB SBJISIOTCS 3HAUUMBIMU (haKTOPAMU aKTUBAIUH CO-
CYMCTO-TPOMOOIUTAPHOTO 3BEHA CHCTEMBI T€MOCTA3a.

3axumouenue. Teparuist TpaBMATHUECKO# GOJIE3HN JJOJKHA OBITH HAMTPABJIEHA HA CBOEBPEMEHHYIO KOPPEKIIUIO
MATOreHETHYECKNX (PaKTOPOB, BBI3BIBAIONINX IIEPECTPOIKY IIUTOCKEIETA SH/IOTEINATBHDBIX KJIETOK, a TaKXKe 9H/10-
TeJMANbHON TUChHYHKITMY U HAPYITEHUI MUKPOITUPKYJISIIUH.

Kantouesvie cnosa: uepenno-mo32068as mpasma; noepercoeHusi KANUINSAPO8; ApMeEPUO0JL U 6€HYL MUOKAPOA

Aim of the research is to evaluate the structure changes of the capillaries, arterioles, venules and intra- and
extravascular alterations in myocardium of rats after traumatic brain injury (TBI).

Material and methods. Experiments were performed in 18 white male non-inbred rats. Midline thoracotomy
was performed, and the heart excised under intraperitoneal anesthesia (sodium thiopental) on 3, 7 and 12 days
after TBI. Myocardial tissue of the left ventricle was examined under light and electron microscopy.

Anpec /1151 KOPPECIIOH/ICHIIUH: Correspondence to:
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Tpasma

The results showed that following brain trauma there were changes of microvascular wall characterized by
alterations of permeability, paracellular oedema, outgrowths of vessel endothelium, swelling, edema, and thinning
of endothelial cells, intussusceptions, vacuolization of cytoplasm with fragmentation within the myocardium of the
rats with TBI. Intravascular changes were manifested by the formation of hyaline thrombi, microaggregates and
sludge of red blood cells in the lumen, altered vascular membrane structures, bubbles or even complete absence of
circulation in capillaries (no-reflow). Alterations outside of the vascular wall were manifested by the formation of
diapedetic hemorrhage and development of a strongly pronounced perivascular edema. The injury of microvessels
and the microrelief of the luminal surface of endothelial cells appeared to be important factors of activation of vas-

cular-platelet mechanism of hemostasis.

Conclusion. Treatment of traumatic disease should consider the need in timely correction of non-specific alter-
ations associated with TBI to optimize the restructuring of cytoskeleton of endothelial cells, abrogate endothelial

dysfunction and prevent microcirculatory complications.

Key words: traumatic brain injury; injury of myocardium capillaries; arterioles and venules
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BBenenne

W3BecTHO, 4TO OCTPBIN EPUOJL TSIZKEJION Yepen-
HO-M03r0BOI TpaBMbl (UMT) xapakrepusyercs ak-
TUBAIUENH COCYIUCTO-TPOMOOIUTAPHOTO TeMOCTa3a
[1], rmaBHBIM 06Pa30M B CHCTEME MUKPOIIUPKYJISIIIAN
[2—4]. Bce KOMIIOHEHTBI COCYTUCTON CTEHKHU (3HIO-
TeJINii, CyOaHIOTENUI, CPEIHSIS 1 HapysKHAst 000104~
KW) YYaCTBYIOT B IO/IEPKAHUN T€MOCTA3U0JIOTHYEC-
KOO TOMEOCTa3a ¥ B3aUMOCBS3€H CHUCTEMBI
PETYJIAINN arperaTHOrO COCTOSHUS KPOBH C IPYTUMU
(byHKIIMOHANTBHBIMYM CHCTEMaMU OPTaHU3Ma, OJTHAKO
COCY/IUCTBIN 9H/IOTEJINI TIPU 3TOM 3aCJIYKUBAET 0CO-
6oro Bunmanus [1, 2, 5, 6]. B uccienoBanusx, mocss-
IIEHHBIX IIpolleccy CBepTbiBaHUsl KpoBu mpu UMT,
Mpe/ICTaBJIeHA B OCHOBHOM XapaKTEPUCTUKA MOBPEK-
JICHHOTO 9H/IOTEJINS B ovare nopaskeHus mosra. [1pu-
HUMasi BO BHUMaHue TOT (haKT, 4TO MOBPEKICHIE IH-
JIOTEeJIUSL TIPU  KPUTHUYECKUX COCTOSHUSAX HOCUT
Hecrierudmueckuii xapakrep [1, 4—8], To JjormuHO
MIPE/IIOTIOKITD, YTO AHAJIOTUYHbIE HAPYIIEHUS 9H/I0-
TEJMOIIUTOB MOTYT (DOPMHUPOBATHCSA TIPU TPaBME TO-
JIOBHOTO MO3Ta M B MUKPOIUPKYJISITODHOM pYyCJe
JIpyTUX opraHoB. HakormieHo MHOTO JaHHBIX O TOM,
YTO [JIA3MOJIEMMA SH/IOTETMAJIbHBIX KJIETOK HE SABJIS-
€TCcs TOCTOSHHON U T0J] BAUSHUEM PAa3JIMYHBIX (hak-
TOPOB MOKET U3MEHSATH CBON JIIOMUHAJIBHBIH pesbed.
Daxropamu, UHAYIUPYIOIMUMI U3MEHEHUST MIKPO-
pesbeda JIOMIHAIBLHON TOBEPXHOCTH 9HIOTETNOIH-
Ta, MOTYT CJIYKUTH BHYTPUCOCYIUCTBIE PACCTPOICTBA
MUKPOIUPKYJISIIUH, TUIIOKCHs], U30BITOYHOE HAKOII-
JieHre akTuBHBIX (hopMm kuciaopona [6, 9, 10]. Ilpu
HTOM Ha SHJIOTEJIUH MOSBJSETCS GOJIBIIIOE KOJHUECT-
BO HEPOBHOCTEH B BUjie MUKPOBO3BBIIIEHUN U OYXTO-
00pasHbIX yriyOJeHn, BaKyal3aius 1 my3bipeo0-
pasoBaHMe, a TAKXKe IUTOTIIA3MATHIECKUE BBIPOCTBI
u ckiaaku. Takas mepecTpoiika IUTOCKeIeTa 3HA0Te-
JINATTBHBIX KJIETOK SBJSETCS 3HAYUMBIM (haKTOPOM
AKTHBAI[H COCYUCTO-TPOMOOIIUTAPHOTO 3BEHA CUC-
Tembl TeMocTaza [1, 2, 4, 9, 11] [lnsa noarBepaeHust
(hopmupoBanms HapyIIeHNT KPOBEHOCHBIX MUKPOCO-
CY/ZIOB BHE 30HBI TIEPBUYHOTO MTOBPEKACHUS MBI TIPO-
BEJW CBETO- M 3JEKTPOHHOMUKPOCKOITMYECKOE HC-

Introduction

It is well-known that acute period of traumatic
brain injury (TBI) is characterized by activation of
platelet-vascular hemostasis [1]. This activation
occurs mainly in microcirculation and plays an
important role in the hemostasis [2—4]. It is known
that all the components of the vascular wall
(endothelium, sub-endothelium, middle and outer
shell) are regulated by hemostasis and coordination
of the aggregate state of the blood with other func-
tional systems. Threfore, the vascular endothelium
deserves special attention [1, 2, 5, 6]. To date, only
limited number of studies of blood coagulation in
traumatic brain injury (TBI) described the damage
of brain vascular endothelium. Because the damage
of the vascular endothelium in critical conditions is
non-specific [1, 4—8], similar alterations of the vas-
cular wall can be formed within the microvascula-
ture of other organs. Currently a various data regard-
ing the impermanence of the plasma membrane and
its sensitivity to different factorsdemonstrate the
changes of luminal relief. Factors inducing changes
of microrelief of the luminal surface of endothelio-
cyte may cause intravascular disorders of microcir-
culation, hypoxia and excessive accumulation of
reactive oxygen species [6, 9, 10]. Thse events result
in vacuolization, cytoplasmic protuberances and
folds. These rearrangements of the cytoskeleton of
endothelial cells significantly contribute to the acti-
vation of vascular-platelet mechanism of hemostasis
[1,2,4,9, 11]. To support this thesis, we investigated
the components of the wall and the contents of the
vascular lumen of left ventricular myocardium in rats
after the traumatic brain injury by light microscopy
and ultrastructural studies.

Materials and Methods

An experimental study was performed on 18 white male
rats of 180—200 g body mass. The study was performed in
accordance with the normative documents «Guide for care
and use of laboratory animals. ILAR publication, 1996,
National Academy Press» and the requirements of the Order
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cjeloBaHNe KOMIIOHEHTOB CTEHKU U CO/IEPKUMOTO
MpOCBeTa KalnJJIsSIpOB, apTEePHUOJ U BEeHYJI MUOKap/ia
JIEBOTO JKeJyI0UKa y KpbIc, ieperectinx YMT.

Ilesb nccoeoBanms — OLEHUTH CTPYKTYPHbBIE
U3MEHEHUS KaluIJISPOB, apTEePUOJI, BEHYJI, BHYTPU-
¥ BHECOCYTUCTBIE HAPYIIeHUS B MUOKap/ie KPBIC, Tie-
penecuiux UMT.

Marepuan u MeTobI

IKCmepuMeHTAIbHOE UCCIE0BaHIe OBLIO BBITIOIHE-
HO Ha 18 GeJsibIX HEJMHEHHBIX KPbICAX-CaMKaX, MacCoi
180—200 r. Coneprkanue KUBOTHBIX U ITPOBOJMMBIC C HU-
MU MaHUITYJISIIMUA OCYIIECTBIISIN B COOTBETCTBUM € HOP-
MATHUBHBIMU JIOKYMeHTAMH, ITPE/ICTABIEHHBIMU B PYKOBO/I-
crBe «Guide for care and use of laboratory animals. ILAR
publication, 1996, National Academy Press» 1 TpeGoBaru-
amu [Tpukaza Munsapasa Poccun Ne 267 or 19.06.2003
«O6 yTBepKIeHNU TIPaBUl JTabOPATOPHOU IIPAKTUKU B
Poccuiickoit Meneparmuy». KUBOTHBIX GUKCHPOBAIN HA
mnanmere, YMT MozepoBay IyTeM ¢cBOOOJHOIO Hajie-
Hus rpy3a ¢ BeicoThl 80 cM Maccoit 100 T Ha TeMeHHO-3aTHI-
Jounyto o6aactb rososbl [12]. Ha 3-u, 7-e u 12-e cyTku ¢
MomeHTa HaHeceHusst UMT Ha (one BHYTPUOPIOIIMHHOTO
BBeZieHust TnonenTtasna Hatpus (100 Mr/Kr) ocyriecTBisin
JIEKAMUTAIMIO KPBIC, TPOU3BOIUIIN CPEJNHHYIO TOPAKOTO-
MUIO U u3BJeKan cepiile (1o 6 JKUBOTHBIX B YKa3aHHbIe
BpeMeHHble MHTEePBaJIbI). [lJIs TpoBeIeHNsT MCCTe0BAHNI
Ha CBETOOITHYECKOM YPOBHE CPa3y ke MOcCJIe CeKIINN Mate-
puas nomenanu B 10% 3a0ydepeHHblii pacTBOp HEHTpasb-
noro dopmanuna. Oukcanus Marepuaga TPOIOIKAIACH
72—96 yacos, 3aTeM 110cJie 00e3BOKMBAHUS KYCOUKU TKAHH
MHOKap/Ia JIEBOTO JKeJTy0uKa 3aK/odany B mapadun. s
0630pPHOTO MPOCMOTPA TPOUBBOIUIN OKPAIITMBAHUE CPE30B,
MPUTOTOBJIEHHBIX Ha caHHOM MuKporome MC-2 (Ykpau-
Ha), TeMaTOKCUJIMH-303UHOM. TOJIIIHA CPE30B COCTABJISLIA
7 mxm. [Ipocmotp u hoTorpadrpoBaHe roTOBBIX TIPENapaToB
MPOBOJIUJIN C MTOMOIIbIO MuKpoBusopa Vizo 101 (JIOMO,
C-Ilerepbypr). [list MpoBeAeHNsT MCCIe0OBAaHUN € TOMO-
IBIO AJIEKTPOHHOTO MUKPOCKOTIA TKaHb MHOKAp/a JIEBOTO
JKEJTYI0UKA TIOMEIAIN B 2,5% PACTBOP TJIIOTAPOBOTO aJlb-
JeTuzia ¢ Tmocenyionei rodukcarnmeit 1% pactBopom oc-
MUEBOM KUCJOTBI, AleTUpaTalueil B CIUpTax BO3PACTAIO-
el KPernocTy M 3aKJII0¥all B CMECh AIOKCHHBIX CMOJI
(apanmut u amon 812). YasrpaToHkue cpe3bl TOTOBUIA Ha
yasrpamukpotrome dhupmer Leica Microsystems (ABcTpust),
MIPOCMATPUBAJIN Ha 3JIEKTPOHHOM MHUKpockore Morgagni
268D (dbupmsr FEI CIITA), dortorpaduposasiu ¢ oMOoIbs10
Buieokameprl Mega View 111 1 usyuanau cTpyKTypHbBIe 13-
MEHEHUS TeMOKAIMJIJISPOB.

Pe3yabraThl 1 00CYK/IEHHE

CBETOMUKPOCKOITMYECKOE HCCJIEIOBAHNE MHO-
Kap/ia JIEBOTO JKeIyIoukKa yepe3 3 CyTOK MocJie HaHe-
cenua UYMT noxkasaiio, uTo 60JIbLIAd YaCTh KallWJLLd-
poB Obina paciupena. ONpeensiuch ananeaesHbe
KPOBOM3JIMSTHUST M BBIPAKEHHDBIN [TePUIIeJITION S PHBIN
orek (puc. 1, a). [Ipu ocMOTpe apTepuost Tak:Ke OTMe-
YaJiCs BBIPAYKEHHBIN TIEPUBACKYJISIPHDIN OTEK U OTEK
sHpoTeMst, B mpocBete 10% apTepros BBISIBISIIIICDH
ruanHoBbie TPOMOBI (puc. 1, b). B Beryiax Takxe on-

Puc. 1. MuKpouupKyIsaTopHOe PyCJ0 MUOKap/a JIEBOTO KEy-
JI0YKa Ha 3-M CYTKU MOCTTPAaBMaTHYECKOTO MEPUO/IA.

Fig. 1. Microcirculatory bed of the left ventricular myocardium
on 3rd day of post-traumatic period.

Note: Magnification: a, b, ¢ — ocular X 7, lens X 20.
Ipumeyanne: Yeeamuenue: a, b, ¢ — ok. X 7, 00. X 20.

of the Russian Ministry of Health, number 267, from 19.06.03
«On approval of the rules of a good laboratory practice in the
Russian Federation». Anesthesized animals were fixed on the
plate. TBI was modeled by applying free falls (height — 80 cm,
weight — 100 g) on parietal-occipital region of the head [5].
At 3,7 and 12 days after TBI the decapitation of rats was per-
formed under the intraperitoneal anesthesia with thiopental
sodium (100 mg/kg), the heart was excised by median thora-
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Puc. 2. TeMoKanmusipsl MHOKap/ia JIEBOTO JKeJIy/104Ka Ha 3-1 CYyTKU [HOCTTPABMATHYECKOrO IIEPUOJIA.
Fig. 2. The blood capillaries of the left ventricular myocardium on 3rd day post-traumatic period.

Note: Magnification: a, ¢ — X4400; b — X22000; d — X5600.
IIpumevanue: Ysenuuenue: a, ¢ — X4400; b — x22000; d — X5600.

PDeIesIsiICST BBIPAKEHHBII OTEK 9HIOTENS, B IPOCBETE
YaCTO BCTPEUAIIUCH arPETaThl 3PUTPOIUTOB, CBOOOIHO
JIEKATIIE DPUTPOIIUTHI U IIPUCTEHOUHO PACIIOIOMKEH-
Hble THAJIMHOBOIIOA00HbIE Macchl (puc. 1, ¢).

DJIEKTPOHHOMUKPOCKOIINYECKOE HCCIIEeN0Ba-
HUe TeEMOKAIIUJIISIPOB MUOKAP/Ia JIEBOTO JKEIYI0UKa
[O0KA3aJI0, YTO HA 3-M CYTKHU MOCTTPABMATUYECKOTO
nepuojia SHAOTEJUI B PsAle KANUJIAPOB ObLI Ha-
OyXIIuii, MeCTaMK OTEYHBII1, BBIABJIAIACH BAKYOJIH-
3a1ud IUTOIIA3Mbl (pHC. 2, a). B HEKOTOPBIX ciryda-
SIX HAOJIOIaJICST BBIXOJ[ SPUTPOIUTOB 32 ITIPEJIEJIbI
COCY/JICTOTO PYCJa, BEPOSITHO, AUAIEJEe3HOrO Xa-
pakrepa (puc. 2, d). B mpocsere psiia MUKPOCOCYIOB
06HAPYKMBATMCH MEMOPAHHBIE CTPYKTYPbI, y3bIPH
(puc. 2, a, d), TpoMObBI U3 HPUTPOIUTOB U TPOMOOIIHU-
ToB (puc. 2, b), MUKpoarperatbl 3pUTPOIIUTOB, HEUT-
poduiet (puc. 2, b). Hajinune MeMOpaHHBIX CTPYK-
TYp, Ty3bIpell U MUKPOTPOMOOB 3aTPYHAHSIIIO
MukpouupkyJsiuio. B 20% ciayyaeB mpocBerb Ka-
MUJIIIPOB He colepKaiu OcMUOMUIbHBIN MaTepH-
aJI, YTO YKA3bIBAJIO HA OTCYTCTBUE IUPKYJISIIUNA B
aTX MUKpococynax (penomen no-refloy).

cotomy (n=6, each experiment). After the section the samples
of heart tissue were placed into 10-percent buffered aqueous
solution of neutral formalin. Total fixation lasted for 72—96
hours, then after e dehydration the pieces of myocardium tis-
sue excised from the left ventricle were embedded in paraffin.
Sections were prepared with the aid of a sledge microtome
MS-2 (Ukraine) and stained with hematoxylin-eosin. Slice
thickness was 7 microns. Viewing and photographing of
preparations were carried out by «Microvizor Vizo 101»
(Lomo, St. Petersburg). For the electron microscopy the
myocardium tissue of the left ventricle was placed in a 2.5%
solution of glutaraldehyde followed by final fixation with 1%
osmium acid solution, dehydration in alcohols, and embed-
ding in a mixture of epoxy resins (Araldite and Epon 812).
Ultrathin sections were prepared on ultramicrotome «Leica
Microsystems» (Austria) observed by electron microscopy
(«Morgagni 268D», FEI,LUSA, «FEI»),photographed with a
video camera «Mega View III» and studied for structural
changes of the hemocapillars.

Results and Discussion

Alot of capillaries were dilated in the microvas-
culature of the myocardium of the left ventricle of
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Puc. 3. MuKpoIupKyIssTOpHOE PYCJI0 MHOKAp/a JIEBOTO JKeJry-
JI0YKa Ha 7-€ CyTKH II0OCTTPaBMaTUYECKOTO TIEPHOJIA.

Fig. 3. Microcirculatory bed of the left ventricular myocardium
on 7th day of post-traumatic period.

Note: Magnification: @ — ocular X7, lensx40; b, ¢ — ocular X7,
lens x20.

Ipumeuanue: Yseanuenne: a — oK. X7, 00. X40; b, ¢ — ok. X7, 00.
X20.

Ha 7-e cyrku mocsie TpaBMbl IIPU HU3YyUYEHUU
MUKpOIIpellapaToB MUOKap/a € IIOMOILBIO CBETOBOI'O
MUKPOCKOIIAa B 4acTU KallUJIAPOB OIpele/aUCh
PUTPOUUTAPHBIE CIAKU. OTMeYaycs BBIPAKEH-
HBII TIEePUBACKYJSIPHBI OTEK M OTEK 3SHIAOTeJNs

rats on day 3 after the injury. Diapedesis hemor-
rhages and intensity of paracellular edema were
determined (Fig. 1, a). Paravascular edema and
swelling of the endothelium were marked in the arte-
riole, hyaline clots were revealed in the lumen of 10%
arterioles (Fig. 1, b).

The expression of endothelial edema was deter-
mined in venules. Units of red blood cells, unconfined
red blood cells and parietally located gialine-like mass
were observed frequently in the veins (Fig. 1, ¢).

Electron microscopic study of hemocapillars of
the myocardium of the left ventricle showed that the
endothelium of some capillaries was swollen, and
vacuolization of the cytoplasm was identified on day
3 post-trauma (Fig. 2, a). The exit of erythrocytes
outside the vascular bed, probably by diapedesis was
observed in some cases (Fig. 2, d). Membrane struc-
tures, bubbles (Fig. 2, a, d), clots of red blood cells
and platelets (Fig. 2, b), microaggregates of erythro-
cytes, reticulocytes, neutrophils (Fig. 2, b) were
found in the lumen of some capillaries. The presence
of membrane structures, blood clots contributed the
difficulty of the microcirculation. Osmophilic mater-
ial didnot contain in 20% of the lumens of capillaries
that indicates a lack of circulation in the microvas-
culature (no-reflow).

The sludge of red blood cells was determined in
a portion of capillaries on day 7 after the trauma.
Strong paravascular edema and swelling of the
endothelium were observed (Fig. 3, a). Strongly
expressed paravascular edema and moderate edema
of the endothelium were detected in arterioles, units
of red blood cells were accumulated within the
lumen of most of the arterioles (Fig. 3, b). Freely
lying red blood cells were detected in the lumen of
some venules, blood cells were absent in most other
venules. Strongly expressed paracellular and par-
avascular edema were defined everywhere (Fig. 3, ¢).

The damage of hemocapillars of left ventricu-
lar myocardium was increased on 7th day after the
injury at the luminal surface of endothelial cells,
along with swelling, edema or thinning of the cells;
micro-outgrowths, and vacuolation of the cyto-
plasm with scaffold fragmentation were also
observed (Fig. 4, a). These patterns were markers of
alterations of rheological properties of blood capa-
ble to promote aggregation and thrombosis of
blood. Erythrocyte aggregation, altered membrane
structure, reduced osmiophilic amorphous material
were commonly observed within the capillaries
(Fig. 4, D), whereas the stasis of platelets were
found in a few cases (Fig. 4, ¢). The number of ves-
sels with no osmiophil amorphous material and
blood cells (no-reflow) were slightly decreased
compared to day 3 after the injury (Fig. 4, d).

Moderate edema of myocardial capillaries was
observed in the left ventricle on day 12 post-trau-
ma, erythrocytes were freely localized in the lumen
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Puc. 4. TeMOKanmusIpsl MHOKap/Ia JIEBOTO JKeJIy/I04Ka Ha 7-€ CYyTKU [OCTTPABMATHYECKOTO TIePUOJIa.
Fig. 4. The blood capillaries of the left ventricular myocardium on 7th day post-traumatic period.

Note: Magnification: a, b, d — X11000, ¢ — X5600.
Ipumeuanue: Ysenuuenue: a, b, d — X11000, ¢ — X5600.

(puc. 3, @). B aprepuosiax BbIABJILICS TaKKe CUIHHO
BBIPAKEHHBIN MEePUBACKYJISIPHBIA OTEK U YMEPEHHO
BBIPQKEHHBIA OTEK HHIOTENUs, B TPOCBETE (OJb-
NIMHCTBA apTEPUOJT OTIPEEIISAIICH arperaTbl dPUT-
pouutos (puc. 3, b). B npocsere HEKOTOPHIX BEHY.JI
BBISIBJISIIICH CBOOOJTHO JIEJKABIIIME SPUTPOIUTEI, O
HaKO B GOJIBIIMHCTBE BEHYJI OTCYTCTBOBAIU (hOPMEH-
HbIe 2JIeMEeHThI KpoBW. [loBceMecTHO ompezessics
BBIPAKCHHDIN TTEPUBACKYJIAPHBIN U TIEPUTIEILTIONSP-
HbIl oTek (puc. 3, ¢).

Ha 7-e cyTku nocJie TpaBMBbI IIPU 3JIEKTPOHHO-
MUKPOCKOITMYECKOM HCCIEIOBAHUN TIOBPEKICHUS
reMOKAIIJIJIIPOB MIOKAp/Ia JIEBOTO JKeJIy/04YKa OKa-
3a/Ch HoJIee BHIPAsKEHHBIMU: HA JIIOMUHAIBHOM 110~
BEPXHOCTH HJIOTEJUOIUTOB, HAPSI/Ly ¢ HAOyXaHUEM,
OTEKOM, UCTOHUEHUEM U jiehopMaliueii moBepxXHOC-
TU KJIETOK, TIOSBUJINCH MUKPOBBIPOCTBI, BaKyaJn3a-
1Us1 U BoIOyxaHue )parMeHTOB IIUTOILIA3MbI (pUC. 4,
a). BoigaBieHHble HapylieHUS SABUJIUCH NPUITHON
PAcCTPOUCTB PEOTOTMYECKUX CBOMCTB KPOBU U CIIO-
cOOCTBOBAJIM arperainu, CIasKuPOBaHUI0 (hOpPMeEH-

(Fig. 5, a). Blood cells were detected in most arteri-
olar lumen, mild swelling of endothelial and moder-
ate paravascular edema were determined (Fig. 5, b).
Not attached blood cells were determined in the
lumen of the most venules too, and mild paravascu-
lar edema and swelling of the endothelium were
observed (Fig. 5, ¢).

On day 12 of post-traumatic period the elec-
tron-microscopic examination showed a gradual
restoration of the structure of the microvasculature
compared to the previous stages of the research.

On the evaluation of the structure of the
microvasculature of the left ventricle of myocardium,
on days 3 and 7 post-trauma the changes in capillar-
ies, arterioles and venules and intra- and extravascu-
lar alterations were observed. Changes of the vascu-
lar walls included enhanced permeability,
paracellular edema, formation of endothelial out-
growths into the lumen of the vessel, swelling,
edema, or thinning of endothelial cells, intussuscep-
tions, vacuolization of cytoplasm with fragmenta-
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HBIX 3JIEMEHTOB KPOBH 1 TpoMboo6pasoBanmio. B va-
CTH KaNUJIJISIPOB ONPEEsSIIINCh arperaiust 3puTpo-
IUTOB, MEMOPAHHBIE CTPYKTYPbI, CHUKEHHUE COJIEP-
KaHusg aMophHOro ocMHOGUIBHOTO MaTepuasa
(puc. 4, b), B eIUHUYHDIX CJIydasix 0OHAPYKUBAJICS
cTas TpoMOoIUTOB (puUc. 4, ¢). Ynucmo cocynos, He co-
JIepyKaBIINX OCMUOMUIBHOTO aMOp(hHOro mMarepua-
Ja 1 (GOPMEHHBIX 2JIEMEHTOB KpoBU ((heHOMEH no-
refloy), HECKOJIbKO YMEHBIIUIOCH 110 OTHOIIEHUIO K
3-um cyrkam (puc. 4, d).

Ha 12-e cyTku mocTTpaBMaTUyeCcKOro mepuoja
C IIOMOII[HIO CBETOBOI MUKPOCKOIIUY B MUOKAP/IE Jie-
BOTO JKEJIyI0OUKA OMPE/EsIICs YMEPEHHBIN OTEeK 9H-
JOTEJHST KAlUJUISIPOB, B UX MPOCBETE CBOOOIHO Jie-
KAl SpUTPOUMTHL (puc. 5, a). B Goibmuncrse
apTEpUOJT B IPOCBETE BBISIBIISLINCH TAaKXKe CBOOOIHO
JexkaBiive (hopMeHHbIE dJIEMEHTHI KPOBH, OTMEYaI-
cst ¢J1abo BBIPAsKEHHBIN OTEK SHIOTENHS U YMEPEHHO
BbIPaKEHHBIN [IepUBACKYJISPHBIN oTek (puc. 5, b). B
pocBeTe OOJIBIIMHCTBA BEHYJI TAKAKE OMPEIEIISIIICH
cBOOOHO JieskaBie (hOPMEHHbBIE DIEMEHTHI KPOBH,
OTMEYAJICSI YMEPEHHO BBIPAKEHHBIN TePUBACKYJISAP-
HBII OTEK W OTeK dHI0Te s (PUC. J, ).

[Ipu 2J1eKTPOHHOMUKPOCKOITNYECKOM UCCIIEI0-
BaHUM Ha 12-e CyTKU MOCTTPaBMATUYECKOTO ITEPUOJIA
110 CPABHEHWIO C IPEANIECTBYIOIUMEI ITAAMU UC-
cJieoBaHusT HAOIIOIAI0Ch OCTEIIEHHOE BOCCTAHOB-
JieHIEe CTPYKTYPbI 9HOTEIUOIUTOB.

OreHuBast CTPYKTYPY MHUKPOIMPKYJISTOPHOTO
pycIa MUOKap/ia JIEBOTO KEJIyI0YKa, MOKHO 3aKJIIO-
YUTh, YTO HA 3-U U 7-€ CYTKU IIOCTTPABMATHIECKOTO
[ePUOIa OMPEIEJSIOTCS BbIPA)KEHHbIE NU3MEHEeHUsI
KaK caMUX cOCy/10B (KaIlUJIPOB, apTEPUOJI U BEHYJI),
TaK W BHYTPHU- U BHECOCYJMCTble HapylieHus. V3me-
HEHUsI COCYIUCTOU CTEHKH IPOSIBJISIIOTCS B HApYyIIe-
HUU ee TPOHUIAEMOCTH, ITEPUIIE/ITIONSIPHOM OTEKe,
(hopMUPOBAHIK BBIPOCTOB JH/IOTENMS B IIPOCBET CO-
cyna, HabyxaHuM, OTeKe, MCTOHYEHUU U iepopMarium
[TOBEPXHOCTH DHAOTENNANBHBIX KJIETOK, BaKyasn3a-
1K 1 BBIOyXaHuu (DParMeHToB MUTOIIa3Mbl, BHyT-
PUCOCYANCTBIE M3MEHEHHUST TIPOSIBJAAIOTCS 0OpasoBa-
HUEeM T'HNaJIMHOBDBIX TpOM6OB, MUKpOarperatoB mn
CHQJKEN KJIETOK KPOBH, B OOHAPYKEHUU B MPOCBETE
COCYZIOB MEMOPaHHBIX CTPYKTYP, Iy3bIpeil U jaxke
[IOJIHOTO OTCYTCTBUSI IIUPKYJISIIIUN B YACTU KA
pos (peromen no-refloy). Hapyuienus 3a npegenamu
COCY/IUCTOU CTEHKH, CBSI3aHHbIE C M3MEHEHUEM ee
[IPOHUIIAEMOCTH, TIPOSIBJISTIOTCST B (hOPMUPOBAHUY /11~
alle1e3HbIX KpOBOI/ISJII/IﬂHI/Iﬁ " Pa3BUTHUU BbIPAKEHHO-
ro IepuBacKyJsipHoro oreka. DopMmupyioirecs
CTPYKTYDHbIE MOBPENKAEHUST MUKPOIIUPKYIITOPHOTO
pycIa MEOKap/ia JIeBOTO JKeTyI0uKa Y KpbIC, IepeHec-
mux UMT, ycunuBaioT HapylieHUS PeOJOTHYeCKUX
CBOWCTB KPOBH U CIIOCOOCTBYIOT aJIle31H, arperaiun,
CHA/KUPOBAHUIO (DOPMEHHBIX 3JIEMEHTOB KPOBU U
TPOMO006PAZOBAHUIO.

Takum 0OpasoM, Pe3yJIBTaThl HCCIEI0BAHUS CBU-
JIETETLCTBYIOT O TOM, UTO B TIPOIIECCE PA3BUTH TPABMa-

Puc. 5. MuKpomupKyJ/siTopHOe pycio MUOKAp/a JIEBOTO KeJy-
JIOYKa Ha 7-€ CyTKU [OCTTPaBMaTUYECKOTO [IEPHO/IA.

Fig. 5. Microcirculatory bed of the left ventricular myocardium
on 7th day of post-traumatic period.

Note: Magnification: @ — ocular X7, lensx40; b, ¢ — ocular X7,
lens x20.

Ipumeuanue: Yseauuenne: a — oK. X7, 00. X40; b, ¢ — ok. X7, 00.
x20.

tion. Intravascular changes included accumulation of
hyaline thrombi, microaggregates and sludges com-
posed of blood cells, various membrane structures,
bubbles and even the complete absence of circulation
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THYECKOI OOJIE3HN JIOKAJIBHOE TIOBPESK/IEHIE MO3Ta BbI-
3BIBACT TIEPECTPOHKY aPXUTEKTOHUKNA MUKPOITUPKYJISi-
TOPHOTO PYCJIa HE TOJIBKO B OOIACTU TIOBPEKIEHUS TO-
JioBHOTO MO3ra [1, 13], HO U B MUKpOcCOCy/iaX cepaIa.
Conposozxatonpe IMT runonupKy/Isaims KpoBooo-
palieHus, TUIIOKCKs, arno3 | 14—18], mosbiienHoe 06-
pasoBaHue CBOOOAHBIX PaMKaIOB U dHAOTOKCeMUs |1,
19, 20] mpuBOAAT K MIBMEHEHUTO KOMIIOHEHTOB CTEKU Ka-
MTUJIJISIPOB, apTEPUOJI, BEHYJI, BHYTPU- M BHECOCY/INC-
TBIM HApYIICHUAM B MUOKapjie. [lepeunciieHnbie Boiie
(haxropsl, a Takke, hopmupytontmecs nociae YMT, Ha-
PYIIeHUsI Pe0JIOTHUECKUX CBOMCTB KpoBH [1, 4, 21] BbI-
3BIBAIOT AKTUBAIMIO JHIOTEJNONNTOB. CTUMYIMPO-
BaHHbIC  HHOTEJUAJIbHBIE  KJIETH  TIPOSIBJLIOT
ITPOKOATYJITHTHBIE CBOWCTBA, U BCJEACTBUE HTOTO MTPO-
UCXOAUT TIOTpebIieHrEe TPOMOOIIUTOB, T.€. AKTUBHPYET-
Cs COCYZICTO-TPOMOOIIUTAPHDIN TeMOCTa3. BbistBiieH-
Hble BHYTPUCOCYIUCTbIC U3MEHEHUS B MUOKAp/Ie KPbIC,
neperectix YMT, agresus u arperaryst (hopMeHHBIX
3JIEMEHTOB KPOBU MOTYT YKA3bIBATh HA CHUKEHHE TTPO-
JIYKITUU 9HIOTEIEM OKCH/IA a30Ta — MOIITHOTO aHTHAT-
peranTa. YMEHbIIICHUE CHHTE3a OKCHIA a30Ta MOKET
ObITH 00YCJIOBJICHO KaK MOBPEKIECHUEM CaMUX 9HJI0Te-
JIMOITUTOB, TaK 1 PA3BUBAIOIIEHCS B TIOCTTPaBMaTHUCC-
KOM TIEPHO/Ie TUTIOIUPKYJistieit kposu [13—17], ubo
M3BECTHO, YTO OCHOBHBIM PETYJIATOPOM €T0 9KCIIPECCHU
SBJIAETCS CUJIA, IEHCTBYIONIAS HA 9HOTEIUN TIPU JIBU-
JKeHun KpoBu [4, 22]. CHWKeHue reHeparyi OKCH/Ia
a30Ta TPUBOMUT K JUCOATIAHCY TIPO- U aHTHOKCHIAHT-
ubix cucteM anzoresus [10, 11], uto, B cBoIO ouepesib,
yCyTyOJIsieT TIOBPEKIEHNST COCY/IOB U aKTUBUPYET COCY-
JIACTO-TPOMOOTIUTAPHBIN TeMocTas. [1oaToMy cucteM-
HOE TTOBPEXK/ICHNE MUKPOCOCYZIOB U Hecelupuieckas
AKTUBAIUST COCYIICTO-TPOMOOIIMTAPHOTO T€MOCTa3a B
paHHEM MOCTTPABMATHYECKOM TIEPHO/IE SBJISIOTCS BaK-
HBIMHU TATOTeHETHYeCKUMHU (hakTopamu (HOpMHUPOBa-
HUS TIOJIMOPTaHHOM HEJIOCTATOYHOCTH ITPU TPaBMaTHde-
CcKoii bosestu. TTo TaHHBIM JIUTEPATYPBI, HOBPEKICHIE
SH/IOTENINSA TIPUBOINT K PA3BUTHIO CUCTEMHOTO BOCIIA-
JINTEIBHOTO OTBETA, SHIOTEHHOW MHTOKCUKAITUH, BOJI-
HO-3JIEKTPOJINTHBIX HAPYIIEeHWUH, MOJMOPraHHON HeZlo-
CTATOYHOCTH, TEMOCTa3NOJOTHYECKUX CUHIPOMOB |8,
23—25]. Iloaromy akTyasbHOI 3a/1aueil JIeYeHus TPaB-
MaTUYeCKOil GOJIE3HU SIBJISIETCSI CBOEBPEMEHHAsT KO-
pekius conpoBokaaonmx UYMT necrenmdpuyecknx
(hbakTOpOB, BBHI3BIBAIOIINX TEPECTPOHKY ITUTOCKETETA
SHIIOTEJIMAIBHBIX KJIETOK M aKTUBAIMIO COCYANUCTO-
TPOMOOIUTAPHOTO TEMOCTA3a, & TAK/KE SHIOTETHATLHOI
TCHYHKINN U HAPYIEHWI MUKPOITMPKYJISATIH.

3akiaoueHue

Paccrpotictsa pusnonorndeckux (pyHkimii op-
raHu3Ma Py TPaBMe FOJIOBHOTO MO3Ta HOCST YPE3BbI-
YaifHO PA3HOOOPA3HBIN XapaKTep U MPOTEKAIOT B PaM-
KaX JUHAMUYECKOTO CTEPUOTHIIA, Ha3BAHHOTO
60JIE3HDIO TTOBPEKIEHHOr0 Mo3ra. BosjieiicTBue Mexa-
Huyeckol sHepruu mpu UM T npuBOUT K IEPBUYHBIM

in capillaries (no reflow). Alterations localized out-
side of the vessel wall were associated with changes
in permeability, manifested in the formation of hem-
orrhages via diapedesis and significant perivascular
edema. Therefore, increased structural damage of the
microvasculature of the myocardium of the left ven-
tricle in rats undergoing TBI led to multiple alter-
ations of blood rheological patterns and contributed
to aggregation, sludges and thrombosis of blood cells.

Conclusion

Results of the experimental studies demon-
strate that localized brain damage causes the reorga-
nization of the architectonics of the microvascula-
ture not only in the area of brain damage [1, 13], but
also in the myocardium.

Accompanying concomitant head injury, the
hypocirculation and hypoxia [14—18] that is relat-
ed to increasing free radicals level and endotox-
emia [1, 19, 20] lead to the changes of components
of vascular wall in capillaries, arterioles and
venules. The latter changesresult in intra- and
extravascular myocardial disorders. These factors,
as well as hemorheology alterations after the TBI
[1, 4, 21], are considered as a result of activation of
endothelial cells. Procoagulant patterns appearing
in stimulated endothelial cells activate the con-
sumption of platelets duringof the vascular-
platelet hemostasis. Changes in rat myocardium,
adhesion and aggregation of blood cells may
demonstrate a consequence of a decreased synthe-
sis of endothelial relaxing factor - nitric oxide
(NO). Decreasing the NO production can be
caused by the damage of the endotheliocytes or
blood hypocirculation in posttraumatic period
[13—17] because generation of this substance is
associated with a stressful pressure on endothelium
during blood flow [4, 22]. Reducing tyhe NO gen-
eration leads to imbalance of pro- and antioxidant
systems of the endothelium [10, 11], which exacer-
bates the damage of blood vessels and activates the
vascular-platelet hemostasis. Therefore, systemic
microvessels damage and non-specific activation of
vascular-platelet hemostasis in early posttraumatic
period represents an important pathogenic mecha-
nism of multiple organ failure, complicating the
course of traumatic disease.

According to published data, generalized dam-
age of the endothelium leads to the development of
systemic inflammatory responses, endogenous
intoxication, fluid and electrolyte disorders, multi-
ple organ dysfunction, hemostatic syndromes |8,
23—25]. Therefore, to solve the problem of treat-
ment of traumatic disease it is necessary to in-time
correct the pathogenic mechanisms associated with
TBI causing, the restructuring of the cytoskeleton
of endothelial cells, activation of vascular-platelet
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CTPYKTYPHO-(DYHKIIMOHAIBHBIM OBPEKACHISAM TOJIO-
BHOTO MO3Ta, KOTOPbIE, B CBOIO 0Yepe/Ib, 3AITyCKATOT I1e-
JIBIM KacKa/l BTOPUYHBIX PEaKIMil Ha MOJIEKYJISIPHOM,
KJIETOUHOM, TKAaHEBOM, OPTAaHHOM, CICTEMHOM U OpTa-
HU3MEHHOM YPOBHSX. JTH PEAKIIUN BOBJIECKAIOT B Ta-
TOTEHE3 TPABMATUUYECKO# OOJIE3HN HE TOJIHKO TIEPBUY-
HO TOBPEXKJCHHDbIC, HO U M3HAYATHHO WHTAKTHBIC
CTPYKTYPBI H, BCJEJCTBUE HTOTO, PA3BUBACTCS [IUC-
(byHKITNSA OCHOBHBIX (DYHKIIMOHATIBHBIX CUCTEM, yda-
CTBYIOIIUX B MOJ/IepKanny romeoctasa. Heemotps Ha
3HAYUTEIBHYIO POJIb MUKPOCOCYZIOB B CUCTEME TE€MO-
cTasa U KU3HEOOECIIEYeHUH KJIETOK OPTaHOB, JI0 Ha-
crostiero Bpemenu mpu YMT B siutepatype ripecras-
JIeHA XapaKTePUCTUKA HAPYIICHWI UX apXUTEKTOHUKH
B OCHOBHOM B OOJIACTH TOJIOBHOTO MO3Ta U HEOCTa-
TOYHO y/IeJICHO BHUMAHUE TIOBPEKICHUIO COCYIOB MU-
KPOIIMPKYJIATOPHOTO PYCJa BHE OYara MOPaKCHMUS.
[ToaTomy nsydyenmne natopusnogornIecKux aclekToB
CHCTEMHOTO TOBPEXKICHUSA MUKpococynoB mpu UMT
SABJISIETCS BasKHOI 1TPOOJIEMOI, CTOSIIEN 1Iepet uccJie-
JIOBaTEeJISIMU TPABMATHIECKOU OOJIE3HU.

[TonyuenHbie pe3yabTaThl MOPHOJOTHIECKOTO
MCCeIOBAHUS KOMIIOHEHTOB CTEHKU W COJIEPIKIMO-
TO TTPOCBETA KANWJLJISPOB, aPTEPUOJ U BEHYJ MHUO-
Kap/a y kpbic, nepeneciux YMT, u ananus aurepa-
TYPHBIX JAHHBIX ITTO3BOJISIOT ClIEJATh CJeyioliee
3akyoueHue. B mporecce pa3BuTHA TpaBMaTuyec-
KOIi 60JIe3HU, BO3HUKAIOIINE B OTBET HA JIOKAJIbHYIO
MEXaHWYECKYI0 TPABMY T'OJIOBHOTO MO3Ta, BTOPHUY-
Hble (aKTOPBl TOBPEXKACHUSA (TUMTONUPKYJISIINAS
KPOBOOOpAIeHUsI, TUIIOKCHUS, al[/[03, TIOBBIIIEHHOE
obpasoBaHue CBOOOAHBIX PaJUKAIOB, dHIOTOKCE-
MUS ¥ JIP.) BBI3BIBAIOT MEPECTPONKY apXUTEKTOHMU-
KM MUKPOIUPKYJISITOPHOTO PycJia He TOJBKO B 06-
JIACTU TOJIOBHOTO MO3Tra, HO M B MHKPOCOCYaX
cepaua. O6pasyloniyecst U3MeHeHUs, 0COOEHHO MU-
KpopeJsibeda JIOMUHAIBHON TOBEPXHOCTH HIOTE-
JINOTIUTOB, ABJSAIOTCA CTPYKTYPHOU NMPUYMHOU Ha-
pyIIEHUS ~ PEOJIOTUYECKUX  CBOHCTB  KPOBH,
CIIOCOOCTBYIOT aJIT€3WH, arperariy, CJIaKIpoBa-
HUIO (DOPMEHHBIX 3JIEMEHTOB KPOBU U TPOMOOOOpa-
3oBanuio. IlepecTpoiika MUTOCKeNETAa IHIOTEIU-
AJbHBIX KJETOK CHUKAET aHTUTPOMOOTEHHDBIN
MOTEHIIUAJ COCYAUCTONH CTEHKH U CTUMYJIUPYET
TPOMOOITUTBI, YTO IIPOBOJUT K AKTUBAI[UHU COCYIUC-
TO-TPOMOOIIUTAPHOTO 3BEHA CHCTEMbBI TE€MOCTA3a.
[TockosnbKy 2TM HapylieHUS MUKPOIUPKYIAIUU
HOCAT HecTenmdUIecKuil XapakTep, ToO B TeUeHUE
TpPaBMaTHYECKOU 00Jie3HU OHU (HOPMUPYIOTCS He
TOJIBKO B TOJIOBHOM MO3T€, Cep/Iiie, HO B IDYTUX Op-
ra"ax, T. e. nocje YMT Bo3HUKaeT cuCTEMHOE I10-
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hemostasis, endothelial dysfunction and microcircu-
lation disturbances.

There are various alterations of physiological
functions after the brain trauma. They are associated
with dynamic stereotype and named as disease of
injured brain. In brain trauma the mechanic influence
leads to injury of primary structures and functional
consequences with secondary induction of reactions
cascade on molecular, cellular, tissue, organ, systemic
and whole organism levels. These reactions include
both initially injured amd intact structures that asso-
ciate with dysfunction of main systems of the organ-
ism contributing to homeostasis. Due to significant
role of microvessels in homeostasis and cellular life
cycle, there are no clear characteristics of microcircu-
lation disorders in brain traumatic disease in cere-
brum and not damaged, extra-brain locations. This is
why the clarification of pathophysiology of systemic
microvascular dysfunction represents a very impor-
tant problem for this trauma.

The results of our morphological study demon-
strated changes of vessels wall and content of capillar-
ies, arterioles an venules in rats myocardium after
traumatic injury. Secondary mechanisms of injury
(hypocircualtion, hypoxia, acidosis, hyperproduction
of free radicals, endotoxemia etc.) caused by a local
mechanic trauma lead to restructurization of micro-
circulation not only in the brain, but also in heart
microvessels. These changes are accumulating within
the luminal surface of endotheliocytes causing the
alterations of blood rheology, activation of adhesion,
aggregation and sludges of blood cells associated with
stimulation of trombogenesis. Cytoskeleton redistrib-
ution in endothelial cells decreases antitrombogenic
potential of vascular wall followed by trombocyte
stimulation. It causes activation of vascular and trom-
bocyte link of the hemostasis. These microcirculation
disorders are non-specific and demonstrate that trau-
matic brain injury induces systemic dysfunction of
microvessels. That is why the prophylaxis and target-
ed correction of hemostasis disorders in acute period
of brain traumatic disease should be an obligate, path-
ogenically based component of its complex treatment.

BpesK/eHe MUKPOCOCY/10B. B aToil cBsA3H, mpeay-
NpekeHne U 1ejeHanpaBieHHasd KOPPEKIUI TeMo-
CTa3MOJOTUYECKUX HAPYIIEHUN B OCTPOM IepUoje
nocine YMT gBingercd 00A3aTeIbHBIM ITATOTCHETU-
YeCcKU 000CHOBAHHOM KOMIIOHEHTOM KOMILJIEKCHOTO
JleyeHUst TpaBMaTHUeCKOil 00JIe3HN.
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PECIIMPATOPHBIE HAPYHIEHU
B OCTPOM ITEPUOJIE OCJIO;KHEHHOU TPABMbI
HIEMHOTO OTAEJIA IIO3BOHOYHHUKA
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Respiratory Disorders in Complicated Cervical Spine Injury

S. A. Pervukhin, M. N. Lebedeva, A. A. Elistratov, A. V. Palmasph, 1. A. Stacenko

Ya. L. Tsivyan Novosibirsk Research Institute of Traumatology and Orthopedics,
17, Frunze Str., Novosibirsk 630091, Russia

Iesb uccaenOBaHUS: ONIPEEUTh YACTOTY PA3BUTHUSI U XapPAKTeP PECIUPATOPHBIX HAPYLIEHUH Y GOJIBHBIX € 0C-
JIOKHEHHOI TPaBMOII MIEITHOTO OT/IesIa TIO3BOHOYHKKA B 3aBUCIMOCTH OT UCXO/IHOTO HEBPOJIOTHYECKOTO JIehUInTa.

Marepuaiubl 1 MeTozbl. [IpoBeieH peTpOCIIEKTHBHBIN CPABHUTEIBHbIN aHaIN3 TedeHust 3a60eBatust y 52 ma-
IMEHTOB C OCJIOKHEHHON TPAaBMOH MICHHOr0 OT/eia TO3BOHOYHUKA: IPyIia A — II0JIHOE MOBPEsKAeHIE CIIMHHOTO
Mmosra (ASIA A) — 37 6ombHbix; rpynna B — uenosinoe nospesxaenne (ASIA B) — 15 GosbHbix. OneHuBanu Tsi-
JKECTb COCTOSTHUS MAIMEHTOB 110 NHTETPAJIbHBIM IITKaJIaM, TIOKa3aTeIn PecipaTOPHOTo NaTTepHa M TOPAKOILYJIbMO-
HaJbHOHU TO/IATJIMBOCTH, Fa30BbII COCTAB U KUCJIOTHO-OCHOBHOE COCTOSIHUE KPOBHU. PeructprupoBain KOJIUYECTBO
GOJIBHBIX, HYKAABIIMXCS B TIposionrnposantoii UBJI, paurensHocts MBJI, 4acToTy pasBUTHS HO30KOMHUAIBHON
[THEBMOHWH, TUTeIbHOCTD 1pebbiBatust B OPUT, cpoku cTannoHapHOTO JIeYeHus], JIETATbHOCTb.

Pesyabratel. Cpennuii 6asr 1o mkanam APACHE IT u SOFA y 6osbrbix B rpyiiiie A umest GoJiee BBICOKHI
ypoBeHb. PasButune ocTpoil [bIXaTeNbHOI HEAOCTATOYHOCTH TPeGOBaJIO IpoBeaeHust auTeabuoit UBJI (6osee
48 u) B rpymme Ay 91,4% Goubtbix, a B rpyiie By 53,3% 60sbHbIX. BeHTUISTOP-aCCOIMUPOBAHHAS THEBMOHSI
ocsioxkHuIa Tedenne 3abonesanus y 81,3% GoabHbix rpymibl A u'y 62,5% rpynis B ¢ pazsuTtuem cencuca B 25%
u B 12,5% caydasax coorBercTBeHHO. CTATHCTHYECKU 3HAYMMOE YXY/IIIeHNe GUOMEXaHNYECKUX CBOMHCTB U Ta30-
06MeHHOW (BYHKINH JIETKUX BBISIBIEHO Y OOJBHBIX, OCTOKHEHHBIX CEITUYECKON TTHEBMOHUEI.

3akmouenne. OcoxxHeHHasT TpaBMa IeiHOTo oTiesia mo3Bonounnka tuna ASIA A u ASTA B onpezensier na-
JITYIE JIbIXaTeTbHOI HeI0CTATOYHOCTH HelporeHHOTO reresa. [Ipucoeantenie nHGEKITNOHHBIX OPOHXOTETOYHBIX
OCJIOKHEHU ycyrybJisieT TedeHue JbIxaTeIbHOIl Hegoctarounoctu y nanueHToB ¢ ASIA A B 70,3%, ¢ ASIA B B
33,3% caydae. PasButie 1myJIbMOHOTEHHOTO CETICHCA MTPUBOJUT K YXY/IIEHNIO GHOMEXaHUYECKIX U Ta3000MeH-
HOIT (QYHKIIUI JIETKUX ¥ YBEJIUYUBAET BEPOSTHOCTD HEOIATOIPUSTHOTO HCX0/1a 3ab0eBanust B 77,8% ciyuaes. Boi-
COKas 4aCcTOTa PEeCIUPATOPHDBIX HAPYIIEHUH Y TTAIIMEHTOB C OCJOKHEHHON TPaBMOU MIEHHOTO OT/ie/Ia TO3BOHOYHU -
Ka TpeOyeT CBOEBPEMEHHOTO IPUHSTHUS PEIIEHUs] 0 HEOOXOAUMOCTH PECITHPATOPHOI MONIEPKKH, 0COOEHHO Y
MAIMEHTOB C MTOJHBIM TTOBPEXkK/ICHIEM CIIMHHOTO MO3Ta.

Knrouegwte cnosa: ocnoscnennasn mpaema n0360HOUYHUKA,; pecnupamopHble 0CJI0HCHEHUA; 6EHMUNAMOP -
accouuuposantas NHEBMOHUA; Cenuc, jemajlbHoCMmsb

Objective. Evaluating the results of respiratory therapy in patients with complicated traumatic injury of the
cervical spine.

Materials and methods. A retrospective comparative analysis of the clinical course was carried out in 52
patients with complicated traumatic injury of the cervical spine: group A: complete spinal cord injury (ASIA A),
37 patients and group B: incomplete injury (ASIA B), 15 patients. The severity of patients' status on integral
scales, parameters of the respiratory pattern and thoracopulmonary compliance, gas composition, and acid-base
status of the blood were assessed. Data on patients who required prolonged mechanical ventilation, duration of
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mechanical ventilation, incidence of nosocomial pneumonia, duration of stay in the ICU, time of hospital treat-
ment, and mortality were included in the analysis.

Results. The average APACHE II and SOFA scores were higher in group A patients. The development of the
acute respiratory failure required long-term mechanical ventilation (more than 48 hours) in 91.4% of group A
patients and in 53.3% of group B patients. Ventilator-associated pneumonia complicated the disease in 81.3% of
group A patients and 62.5% of group B patients and was accompanied by sepsis in 25% and 12.5% of cases, respec-
tively. Statistically significant deterioration of biomechanical properties and gas exchange function of the lungs
was observed in patients complicated with septic pneumonia.

Conclusion. Patients with complicated ASIA A and ASIA B cervical spine injuries demonstrate the presence
of respiratory failure of neurogenic origin. In addition, the infectious bronchopulmonary complications aggravat-
ed respiratory failure in patients with ASIA A injury in 70.3% versus 33.3% in patients with ASTA B. Development
of pulmonogenic sepsis led to deterioration of the biomechanical and gas exchange functions of the lungs and
increased the likelihood of unfavorable outcome of the disease in 77.8% of cases. The high incidence of respiratory
disorders in patients with complicated cervical spine injury requires timely decision on ventilatory support, espe-
cially in patients with complete spinal cord injury.

Key words: complicated spinal injury; respiratory complications; ventilator-associated pneumonia; sep-
sis; mortality
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BBenenne

[Tepestombl 1IeitHOTO OT/ETA TIO3BOHOYHUKA CO-
craBystior npubnusuresnvHo 20—30% Bcex mepeno-
MOB T03BOHOUHMKA, 3 HUX 10—30% compoBoska-
I0TCSI TOBPEKJACHUEM CIIMHHOTO Mo3ra. llepesombr
C3—C7 103BOHKOB cOCTaBJSIOT OKOJo 80% Beex
TPaBM IIEHHOTO OT/iesia 03BOHOUHUKA. OcoOeHHO
yacTo noppeskaanrcesa Hanbosee nogsuxkubie C4—C5
u C5—C6 cermentnt [1, 2]. CrencrtBuemM TpaBMbI
CIIMHHOTO MO3ra sBJigercd pediekTopHas aenpec-
CUS HUXKE YPOBHS €O TMOBPEKICHUS B pe3yJbraTe
[IPEPbIBAHKMSA [IOTOKA HUCXOAIIEH BO30YKaaIomneil
HMITYJIbCAIIUN 13 BBIIIEJIEKAIUX IEHTPOB, YTO KJIH-
HUYECKW TPOSBJSETCS Pa3BUTHEM HEHPOTCHHOTO
moka. [Ipekpanienue achdepeHTHON cCuMITaTUYeCcKoi
UMITYJIBCAI[UE COTIPOBOK/IAETCS] CTOUKO OpajnKap-
Jeil, morepeil 6a3aJbHOI0 TOHYCA MBI COCYINC-
TOI CTEHKM C PAa3BUTHEM TUIIOTEH3UU U HAPYTIICHUEM
nepdysun opranoB u TkaHel [3]. [lapammu mexpe-
GEPHBIX MBIIIII] ¥ MBIIIII] JKHBOTA TIPUBOJIUT K aJIbBEO-
JISTPHOM TUTIOBEHTUJISIIIMY M HAPYIIIEHUIO JPeHaKHON
(OYHKIMU JIETKUX, 4TO 00YCJIABIUBAET 33/IEPKKY Ce-
KpeTa B TPaxeOOPOHXUAJIHHOM JIEPEBE U BOSHUKHO-
BeHUe TTHeBMOHUN. Pa3BuBaiomnascs cucreMHas -
MOKCEMUsI  CIIOCOOCTBYET — IPOTPECCUPOBAHUIO
MH(EKITMOHHO-BOCIIATUTEIbHBIX OCJIOKHEHNN € pa3-
BUTHEM TOJIMOPTAHHOW HEIOCTATOYHOCTH U YCYTYO-
JIEHUIO WIEMUU CIUHHOTO Mo3ra. PecnuparopHbie
OCJIOKHEHUST SIBJISIIOTCST HanboJiee YacThIMU CPeln
MAIUEHTOB C OCTPBIM MOBPEKAEHUEM CITUHHOTO MO3-
ra (10 80% o1 001Iero KoJu4ecTBa OCI0KHEHWIT) 1
CaMBIMU PACITPOCTPAHEHHBIMU TIPUYUHAMU CMEPTU Y
MAIMEHTOB C TI03BOHOYHO-CIIMHHOMO3TOBOM TpaB-
moii (IICMT) mieiinoro otmena (mo 86% caydaes
CMEPTH [OCJIe€ OCTPOTO MOBPEKACHUS CITMHHOTO MO3-
ra) [4—7]. Hanuuyme ocCTpo¥l mbIXaTEJbHOM
HEJIOCTATOYHOCTH TPEOYET MPOBEAECHUS JITUTENLHON

Introduction

Fractures of the cervical spine account for
approximately 20—30% of all spinal fractures and
10—30% of them are accompanied by spinal cord
injuries. Fractures of the C3—C7 vertebrae account
for about 80% of all cervical spine injuries. Most
commonly, injuries of the most flexible C4—C5 and
C5—C6 segments occur [1, 2]. Spinal cord injury
results in reflex depression below the level of injury
due to the interruption of the flow of descending
excitatory impulses from the upstream centers,
which clinically manifested by the development of
neurogenic shock. Termination of the efferent sym-
pathetic impulses is accompanied by persistent
bradycardia, loss of the basal muscle tone of the vas-
cular wall accompanied by the development of
hypotension and impaired perfusion of organs and
tissues | 3].Paralysis of the intercostal and abdominal
muscles leads to alveolar hypoventilation and distur-
bance of the drainage function of the lungs, which
causes secretion retention in the tracheobronchial
and pneumonia. Developing systemic hypoxemia
contributes to progression of infectious and inflam-
matory complications accompanied by the develop-
ment of multiple organ failure and aggravation of
spinal cord ischemia. Respiratory complications are
the most common causes of disease incidence in
patients with acute spinal cord injury (up to 80% of
the total number of complications) and the most
common causes of death in patients with traumatic
spinal cord injury (TSCT) of the cervical spine (up to
86% of deaths after acute spinal cord injury) [4—7].
The presence of acute respiratory failure causes a
need in prolonged mechanical lung ventilation [8, 9].
However, evidences on a nature and incidence of res-
piratory complications according to the severity of
existing neurological deficit are still scarce [10—13].
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NBJI [8, 9]. OnHako cBelicHUH 0 XapaKTepe U 4acTo-
Te Pa3BUTUS PECITUPATOPHBIX OCJIOKHEHUH, C YU4ETOM
TSKECTU UMEIOIIET0Cs] HEBPOJIOTUYECKOTO JlehUiiu-
Ta, 4BHO HezpoctatouHo [10—13].

Ilesib vccieloBaHMs: ONPEIEIUTD YACTOTY Pa3-
BUTHUSI U XapaKTep PECHUPATOPHBIX HAPYUIEHUN Y
GOJIBHBIX ¢ OCJIOKHEHHOW TPaBMOII LIEHOro OTea
MMO3BOHOYHMKA B 32aBUCUMOCTU OT UCXO/IHOTO HEBPO-
JIOTUYECKOTO Jlepuiiura.

3aaun UCCIeJOBAHIS:

1. OLeHUTb TAXKECTb COCTOSAHUA OOJBHBIX C
Pa3HoIi CTeNeHbIO UCXOHOTO HEBPOJIOTUYECKOTO Jle-
(punura B AMHAMUKE 110 UHTETPAJIbHBIM THKAJTIAM.

2. IlpoBecTn aHanmmM3 TOKasaTesjel pecrupa-
TOPHOTO MATTEPHA U PECITUPATOPHBIX OCJIOKHEHUI B
3aBUCUMOCTHU OT CTEIEHN UCXO/IHOTO HEBPOJIOTUYEC-
KOro jiepuiinTa.

3. BbIBUTbH 4acTOTY Pa3BUTHUsI BEHTUJISATOP-AC-
COIIMUPOBAHHOI TTHeBMOHUU Yy TariueHToB ¢ [ICMT
U OIIPENIESIUTD BJIVSTHUE TSXKECTU MTOBPEKIEHUS JIET-
KUX Ha UX OMOMEXaHWMYECKHEe M Ta3000MEeHHbIE
bynkmm.

Marepuan u MeTobI

ITpoBezieH peTPOCIIEKTUBHBII CPAaBHUTETLHBII AHAJII3 Te-
yeHwust 3a6071eBaHUs Y 52 NAIMEHTOB C TSHKEJION OCJI0KHEHHOM
TPaBMOH IIIETHOTO OT/iesIa TO3BOHOUHMKA, HAXOMBIINXCS HA
JieYeHU U B OT/IEIEHUN PEAHVMAITNI U MHTEHCUBHOM Teparin
Hosocubupckoro HUUTO wm. . JI. IluBbsia B mepuos
2009—2014 tr. TsprecTb MOBPEKAEHNS CITAHHOTO MO3Ta Olle-
HUBAJIN 110 KJIaccHDUKAIy AMEPUKAHCKOH acCOIUAIIN 110
CIIUHAJIBHBIM TIOBPEKACHUSAM U MeKIyHapoIHOro o0iect-
Ba 1o naparterun — ASIA/IMSOP (1992) [3]. B uccaeno-
Banue Bkmovancs manuenTsl ¢ [ICMT na yposae C4—C7
CErMeHTOB C TOBpexaeHreM crmaioro mosra ASIA A u B.
Kpurepun ucKIIIoueHIsT: TOCTPeaHNMAIIMOHHAST HOJIE3HB, ac-
TIUPAIT IIIIEBBIMU MAaCCaMH, JIETOYHOE KPOBOTEUECHHE.

B 3aBuCHMMOCTH OT CTEIIeHU UCXO[HOTO HEBPOJIOTHYE-

ckoro geduruta 6oJibHbIe ObLIN Pa3/eIeHbl Ha JIBE TPYIIIIbL:

rpymma A — TOJIHOe TOBPEKIEeHNe CIIUHHOTO MO3Ta
(ASTA A): nosinoe HapyiieHue MpOBOJAUMOCTH HUXKE YPOB-
HST TIOBPEKIEHHS C OTCYTCTBUEM JIBUTATEIBHBIX U UYyBCT-
BUTENBHBIX GYHKITHI — 37 GOTBHDIX;

rpymmna B — Henosnnoe nospeskaenue (ASIA B): asu-
ratesibHble (DYHKIIMU OTCYTCTBYIOT HUKE YPOBHS TTOBPEXK-
JIEHUsT, HO COXPAHEHbI 9JIEMEHTBI 4yBCTBUTEIBHOCTH — 15
GOJIBHBIX.

Cpeanuii Boszpact OOJNBHBIX B TPyIie A COCTaBHJI
32,9%13 siet, B rpynne B — 38,3+17,4 ner (p>0,05). Bosb-
HbBIX MYKCKOTO 110J1a 661710 35 (94,6%).

Pacripesiesieuie GOJIBHBIX B 3aBUCHMOCTU OT YPOBHSI
HOBPEXIEHUS MEeWHOr0 OT/Iesa TTO3BOHOUYHUKA MTPEICTAB-
JieHbl B Tabur. 1.

[TprunnaMu OCJIOKHEHHON TPaBMbI MIEHTHOTO OT/esa
SIBUJIVICH: TPABMA ITPU HBIPSTHIN B Bofty ¥ 22 (42,3%), maje-
Hue ¢ BeicoThl ¥ 15 (28,8%), ATIT y 11 (21,2%), ynap Ts1-
JKEJIBIM TIpesiMeToM cBepxy y 4 (7,7%) manmentoB. Bce
GOJIbHBIE MIOCTYIIJIN HA JIEYEHUE B OCTPOM IIEPUOJIE TPAB-
MaTHYecKOi HOJIE3HU CIIMHHOTO MO3Ta.

[Ipm mocTynuieHny B CTallMOHAP TTOCTPA/IABIINM IIPO-
BOJIMJIOCH aHAMHECTUUECKOE, OOIEKIMHUYECKOE, HEBPOJIO-

The aim of the study was to determine the inci-
dence and nature of respiratory failures in patients
with complicated cervical spine injuries depending
on the initial neurological deficit.

Scope of the study:

1. To assess the severity of condition of
patients with varying degrees of the initial neurolog-
ical deficit over time based on integral scales.

2. To analyze the respiratory parameters and
results of respiratory therapy depending on the ini-
tial neurological deficit.

3. To assess the incidence of ventilator-associ-
ated pneumonia in patients with TSCI and deter-
mine the impact of the severity of lung injury on the
biomechanical and gas exchange functions of the
lungs.

Materials and Methods

Retrospective comparative analysis of the disease
course in 52 patients with severe complicated injury of the
cervical spine was performed. Patients were treated at the
Intensive Care Unit (ICU) of the Ya. L. Tsiv'yan
Novosibirsk Research Institute of Traumatology and
Orthopaedics during the period from 2009 to 2014 years.
The severity of spinal cord injury was assessed according
to the classification of the American Spinal Injury
Association and the International Medical Society of
Paraplegia, ASTA/IMSOP (1992) [3]. The study included
patients with TSCI at C4—C7 segments with ASIA A and
B of spinal cord injury. Exclusion criteria included postre-
suscitation disease, aspiration of food masses, and pul-
monary hemorrhage.

The patients were divided into 2 groups depending on
the severity of the initial neurological deficit:

Group A, complete spinal cord injury (ASIA A): com-
plete loss of conductivity below the level of injury charac-
terized by the lack of motor and sensory functions, 37
patients;

Group B, incomplete injury (ASIA B): motor func-
tions are absent below the injury level, but the elements of
sensitivity are preserved, 15 patients.

The average age of group A patients was 32.9+13
years, the average age of group B patients was 38.3+17.4
years (P>0.05). Thirty five (94.6%) patients were males.

Distribution of patients depending on the level of cer-
vical spine injury is shown in Table 1.

Complicated cervical spine injuries were caused by the
following accidents: diving injury in 22 (42.3%) cases, fall
from a height in 15 (28.8%) cases, traffic accident in 11
(21.2%) cases, hit by a heavy object from above in 4 (7.7%)
patients. All patients were admitted at ICU during the
acute period of the traumatic disease of the spinal cord.

At admission, all the injurers were subjected to
anamnestic, clinical, neurological, and X-ray examination,
MRI and CT diagnostics. All patients underwent surgical
treatment aimed at decompression of the contents of the
spinal canal, restoring the biomechanical axis, and stabi-
lization of the injured spine. After surgery, patients were
transferred to the intensive care unit (ICU). Intensive
treatment in the ICU included administration of glucocor-
ticoids to reduce the secondary damage to the spinal cord
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TaGmmia 1. Pacnpenenenne GOJbHbBIX B 3aBHCHMOCTH OT YPOBHSI OBPESKAEHNS TIO3BOHOYHUKA.
Table 1. Distribution of patients depending on the level of spine injury.

Groups Level of spinal injury

C4—C5 C6—C7
A, n (%) 24 (64.9%) 13 (35.1%)
B, n (%) 11 (73.3%) 4(26.7%)

IIpumevanue: 3ech u st Tabur. 5: Level of spinal injury — ypoBeHb OBpeKIEHNsT TIO3BOHOYHUKA.

rmyeckoe, penTrenoiornueckoe obeaenosanne, MPT u KT
JIMArHOCTHKA. BeceM 60/IbHBIM OBLIO BBIIIOJIHEHO XUPYPru-
YecKoe JIeYeHUe, HATIPaBJICHHOE Ha JIEKOMIIPECCUIO COJIeP-
JKMMOTO HO3BOHOYHOTO KaHaJIa, BOCCTAHOBJIEHUE OroMexa-
HIYECKOI OCH M CTaOMIIN3AIUIO0 TPABMIPOBAHHOTO OT/EJIa
nosBonoynuka. Ilocse xupypruyeckoro BMemIaTesbCTBa
GOJIbHBIE [IEPEBOANIIUCH B OT/eJIeHUe PeaHMAlluy U WH-
teHcuBHOil Tepanun (OPUT). HTencuBHas Tepanusi B
OPUT Bruiouasia: HazHaueHUe TTIOKOKOPTUKOUIOB C Iie-
JIDIO YMEHDBIIIEHUSI BTOPUYHOTO TOBPEKAECHUS CIIMHHOTO
Mo3ra U 0becIieueHns] PereHepaliy TOBPeKIEHHbIX Heli-
pouoB (cormacuo pesyasratam wucciaegoBannst NASCIS
[II); mommep:xanme amexkBaTHOTO TephY3MOHHOTO aBJe-
HUST; PECIIUPATOPHYIO TEPAIUio; HYTPUTUBHYIO MOJIEPK-
Ky; TIPODUIAKTUKY CTPECCOBBIX sI3B U TPOMO03IMO0IMYec-
KHMX OCJIOKHEHWIT; KOHTPOJIb U JieyeHre MH(MEKIIMOHHbIX
OCJIO’KHEHUI U TIPOJIESKHEN.

Pecnimparopnas tepamnus IpoBoAKRIACh C NCIIOTb30BA-
HueM armapaTos i nmposenenust VIBJI Drager, lepmanus
(Savina, Evita XL, Infinity). Lleab pecriupatopHoii Tepa-
UK — JOCTUKEHUE U HOJIEPIKaHUE aleKBATHOTO ra3000-
MeHa, CHIKEHUE SHEPIeTUYECKOU 1eHbl PaGOTHI JIbIXaHUsT
HaleHTa 1 ONTHMU3AIs ero KomMdopTa, obeciiedeHre Ha-
uboJbIIell 6e30MacHOCTH B OTHOUICHUN TTOBPEKICHUS
aznbBeosi. [lapaMeTpbl BEHTHIISIIUKM TTOAOMPATUCH TAaKUM
06pasom, uTobbl obecrieunBanach HopMmokartusi ¢ PaCO, B
mpemenax 35—45 MM PT. CT. U IleJieBble 3HAYEHUS:
Pa0,>65 mMm pr. ct. u pH 7,35—7,45. [Ipeanourenne otaa-
BAJIOCh BEHTWJIAIMK ¢ yTpaBieHueMm 1o jaasienuio (PC,
BiPAP, APRV, CPAP). [l obecriedernst TPOJIOHTHPO-
BanHoi VBJI npuaepxuBaanch KOHIENITUN MPOTEKTUB-
nott BenTHAIIM Jlerknx: JJO 5—10 mi/xr, Pp,<35 oM
Boj. ct., [I/TKB 5—15 cMm. Bog. cr. [14]. IIpu Heo6xoauMO-
ctu jiutenbHoit MIBJI BbIOMHSAIM PaHHIOD TPaXeocTo-
muio. C 1espio TpoduIakTUKN BEHTHIISTOP-ACCOLNNPO-
BAHHOW  ITHEBMOHMHM  I[PUMEHSAJIUCH  OJHOPA30BbIE
JbIXaTeJIbHble KOHTYPbI, YBJIQKHHUTEJM — 0OOrpeBaresn
JbIXaTeJIbHOI cMecH, aHTubaKTepuaibHble (PUIIBTPBI, OCY-
HIECTBJIAIACH TOCTOSTHHAS ACITMPAIHs CEKPEeTa U3 HaJIMaH-
JKETOYHOTO TIPOCTPAHCTBA MHTYOAIIMOHHBIX U TPAXEOCTO-
MHUYECKHUX TPYOOK, [aBJeHIe B MaHKeTe HHTYOAIIMOHHbIX
TpybOK TTo/IepRUBaIOCh Ha yposHe 25—30 cMm Boj. cT. Ca-
HaIMsT TPaxeoOPOHXMATBHOTO JlepeBa MPOBOINIACH C HC-
MOJIb30BAHMEM CTEPUJIBHBIX PACTBOPOB C TOMOIIBIO 3a-
KPBITBIX aCHUPAIMOHHBIX CUCTEM.

[MTanuenTer HaxoAMaUCh HA (HYHKIIMOHAIBHBIX KPOBA-
TAX C IPOTHUBOIIPOJIEKHEBBIM MaTPAcOM B IIOJIOKEHUH C
IpUHoAHATON Toz yraoM 30—45° BepXHell YacTH TyTOBH-
1112 B YCJIOBUSIX (DUKCAINHU HIEHHOTO OT/IeJIa TO3BOHOYHIKA
soporaukom Dunanenvbusa. Tyamer poTOTIOTKE TPOBO-
JIJICS BOJIHBIM PACTBOPOM xJioprekcuanna. [Ipodunakru-
Ka 9K30T€HHOTO MH(MUIMPOBAHUS BKJIIOYa/a TUTHEHY PYK
MEIUIIMTHCKOTO NepCoHaNIa U JIe3NH(MEKIINI0 pecrinparop-
HOIT anmapatypsl U OPOHXOCKOMOB. [Ljist yorydiienust ape-

and facilitate regeneration of damaged neurons (according
to the results of NASCIS III study); maintenance of an
adequate perfusion pressure; respiratory therapy; nutri-
tional support; prevention of stress ulcers and thromboem-
bolic complications; control and treatment of infectious
complications and pressure sores.

Respiratory therapy was performed using Drager lung
ventilators, Germany (Savina, Evita XL, Infinity). The
objective of respiratory therapy was to achieve and main-
tain adequate gas exchange, reduce energy costs of
patient's work of breathing, and optimize his/her comfort,
provide maximum safety against damage to the alveoli.
The ventilation parameters were adjusted in such a way to
maintain eucapnia with PaCO, between 35 and 45 mm Hg
and targeted values PaO,> 65 mmHg and pH 7.35—7.45.
Pressure-controlled ventilation (PC, BiPAP, APRY,
CPAP) was a preferred option. We followed the protective
ventilation concept (tidal volume (Vt) 5—10 ml/kg,
P,.<35cm of water column, positive end-expiratory pres-
sure (PEEP) 5—15 c¢m of water column) in order to pro-
vide the prolonged mechanical ventilation [14]. When
long-term mechanical ventilation was needed, early tra-
cheostomy was performed. Disposable breathing circuits,
breathing gas heaters and humidifiers, and antibacterial fil-
ters were used, secretion was constantly aspirated from the
supra-cuff space of the intubation and tracheostomy tubes,
pressure in the cuff of endotracheal tubes was maintained
at 25—30 cm of water column in order to prevent ventila-
tor-associated pneumonia. Sanitation of the tracheo-
bronchial tree was carried out using sterile solutions and
closed suction systems. Patients were in functional beds
with anti-bedsore mattresses with their upper torso raised
at an angle of 30—45° and cervical spine fixed with
Philadelphia collar. Oropharynx toilet was made with an
aqueous solution of chlorhexidine. Prevention of exoge-
nous infection included hand hygiene of medical personnel
and disinfection of respiratory equipment and broncho-
scopes. Kinesotherapy, incentive spirometry, deep breath-
ing, and stimulated coughing were employed to improve
the drainage function of the lungs.

The mechanical properties of the lungs were evaluated
based on the following parameters: the frequency of hard-
ware breaths (F), tidal volume (Vt), respiratory minute
volume (MV), peak inspiratory pressure (PIP), positive
end-expiratory pressure (PEEP), thoracopulmonary com-
pliance (Cg,,). Thoracopulmonary compliance and other
parameters of the respiratory pattern were calculated
using ventilator automated tests.

Gas composition and acid-base status of the blood
(ABS) were monitored using GEM Premier 3000 gas ana-
lyzer (Instrumentation Laboratory, Bedford, MA, USA).
The following parameters were assessed: the partial pres-
sure of oxygen in the arterial blood (PaO,),partial pressure
of carbon dioxide in the arterial blood (PaCO,), oxygena-
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HAKHOH (DYHKIUH JIETKUX TNPOBOAMJIN KHHE30TEPAINIO,
MOOYIUTEBHYIO CIIMPOMETPHIO, TIIyOOKOE JbIXaHe, CTH-
MYJISIIIMIO OTKAIJINBAHUSI.

MexaHuveckue CBOICTBA JIETKUX OIIEHUBAJIM HA OCHO-
BaHUY CJAEYIONINX TAPAMETPOB: YACTOTA AMTAPATHBIX BJIO-
xoB (F), npixarenbrblii 06beM (Vt), MUHYTHBIH 06BEM JIbl-
xanust (MV), mnmkoBoe paBmenme Broxa (PIP),
TOJTIOKUTEbHOE MaBierne kouma Beiioxa (PEEP), Topa-
KomyJabMOHa/IbHAsE TTOAATINBOCTD (Cgy,). PacueTsr Topa-
KOITYJIbMOHAJIBHOW TIOAATIMBOCTH U JIPYTUX MOKa3aTesieit
PECITPATOPHOTO MATTEPHA BBITTOIHSIN C TIOMOIIBIO aBTO-
MATU3UPOBAHHBIX TECTOB BEHTUJISITOPA.

la30BBIil cOCTaB M KHUCJIOTHO-OCHOBHOE COCTOSTHUE
kpoBu (KOC) koHTpoMpOBaIN ¢ TOMOIIBIO Ta30aHATH -
datopa GEM Premier 3000, CIIA. OnenuBanuch: Ha-
npsiKeHne Kucjaopojga B aprepuanbuoit kposu (PaO,),
dbpaknusa kucaopoma BO BABIXaeMOU Ta30BOW cMecH
(FiO,), nanpsikenune yriekncjaoro ra3a B apTepuaibHoit
kposu (PaCO,), naznexc okcurenarnuu (O, PaO,/Fi0O,),
AJIbBEOJISIPHO-APTEPUATBHBIN TPAJUEHT II0 KUCJIOPOIY
(AaDO,), HachblleHNe apTePHAIbHON KPOBU KHCJIOPO-
nom (Sa0,), pH, naxrar, aktyanbHbiii 6ukapoonar (AB)
u u3bpiTok-gedunut ocuosanuii (BE) aprepuanbHoit
KDOBH.

Uccnenosanve nposoanan B 1-¢, 3-u, 7-e, 10-¢, 15-¢
cyTku HaxoxaeHus 60bpHbix B OPUT. s o6bexTrBU3a-
IIUU CTENEeHH TSKECTH COCTOSTHUS MAIIMEHTOB MCII0JIb30Ba-
m mikansl APACHE 1T (Acute Physiology And Chronic
Health Evaluation) u SOFA (Sequential Organ Failure
Assessment).

PeructpupoBain KoJau4ecTBO GOTBHBIX, HYKIABIIIX-
cs B mpostoaTuposannoit UBJI, nmrensnocts NBJI, vac-
TOTY Pa3BUTHS HO30KOMHUATBHON MHEBMOHWH, JJINTE]Ib-
Hocth TpebbBanus B OPUT, cpokm craimonapHoro
JiedeHus, TeTATbHOCTb.

CrarucTuveckuil aHaju3 TOJTYYEHHBIX PE3YJbTaTOB
BBITIOJTHEH C MCITOJIb30BAHUEM CTAHIAPTHOTO IaKeTa Mpo-
rpamMm «Microsoft Office 2007» mst TepcOHANBHBIX KOM-
nbiorepos. CTangaprias 06padoTKa BApHAIMOHHBIX PS0B
BKJIIOYAJIA TIOJICYET 3HAYCHUI CPEeIHUX apu(MeTHYeCKUX
Besiuud (M), cTaHgapTHBIX OTKJIOHEHUN (0) U /0Bepu-
TeJIbHBIX MHTEPBaAJIOB (m). JJocTOBEPHOCTD Pas/mymii Ko-
JINYECTBEHHBIX ITOKa3aTeseil MeX/y IBYMSI IPYIIIIAMU Olle-
HUBasach 1Mo kputepuio Manua-YurHu. CraTucTHYecKn
3HAYMMBIMU CUUTAJIICh pasanuus mpu p<0,05.

Pe3yabraThl 1 00CYK/IEHHE

[Ipu orerke MO MHTETPAIBHBIM IIKAJIAM HAM-
MEHbIITHE OTJINIUST MEKY TPYIITaMu HAOJIOaTICh
B 1-e cyrku (p>0,05) (puc. 1). B nanbueiiniem cpen-
nuii Gast no mkanam APACHE 1T u SOFA y 6ouib-
HBIX B TPyIIIe A UMeJ TEHAEHINIO K G0JIee BBICOKOMY
ypoBHIO. Y GoJIbHBIX B rpyiie B cpextuii 6amt mo
mkane APACHE II umes TEeHIEHIUIO K CHUKEHUIO
Ha 7-e u 10-e cytku, a o nrkase SOFA tenjenius K
YMEHbBIIEHUIO HAOJII0A/IACh HA BCEX MOCTEMYIONINX
aTanax uccaegaoBanus. lpu aTom cpeHuii 6asn npu
ouenke 110 mkajaMm APACHE IT u SOFA y GosbHbIX
rpyribl A GbUI BbIliie, 4eM Y O0JIbHBIX rpyiibl B, Ot-
smanst Mexay rpynnamu 1o mkaie APACHE 1T 6bi-
au 3aukcupoBanbl Takke Ha 7-e (p<0,05) u 10-e
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Puc. 1. /lunaMuka TAKECTH COCTOAHUA OOJNBHBIX M BbIPAsKEH-
HOCTDb oprannoil mucdynkimm mno mkantam SOFA n APACHE I1.
Fig. 1. The dynamics of the severity of the patients state and the
severity of organ dysfunction on the scale of SOFA and APACHE IL.
Ipumevanue: 3xech u s tadu. 2, 3, 6: Days — cytku. 31ech u
st Taba. 6: Score — Gasbl; 31ech, s puc. 2 u Taba. 1—6:
Group — rpyrmmna.

tion index (Pa0O,/FiQ,), alveolar-arterial gradient of oxy-
gen (AaDO,), pH, lactate, actual bicarbonate (AB), and
base excess-deficit (BE) in the arterial blood.

The study was conducted on days 1, 3, 7, 10, and 15 of
respiratory therapy. APACHE II (Acute Physiology And
Chronic Health Evaluation), and SOFA (Sequential
Organ Failure Assessment) scales were used for objective
assessment of the severity of patients' state.

The number of patients who required prolonged
mechanical ventilation, duration of mechanical ventila-
tion, incidence of nosocomial pneumonia, duration of stay
the ICU, time of hospital treatment, and mortality were
recorded.

Statistical analysis of the results was made using the
standard Microsoft Office 2007 software package for per-
sonal computers. Standard processing of the ordered series
included the calculation of arithmetic mean values (M),
standard deviations (¢), and confidence intervals (m). The
significance of differences in the quantitative values
between the two groups was evaluated using Mann-
Whitney test. Differences were considered statistically
significant at P<0.05.

Results and Discussion

The assessment on the integral scale demon-
strated the smallest differences between the groups
on day 1 (P>0.05) (Fig. 1). Later, the average
APACHE IT and SOFA scores in group A patients had
a tendency to higher levels. In group B patients, the
average APACHE 1T score tended to decrease on days
7 and 10, and SOFA score tended to decrease during
all subsequent stages of the study. The average
APACHE II and SOFA scores were higher in group A
patients compared to group B patients. The differ-
ences between the groups in APACHE II score were
also observed on days 7 (P<0.05) and 10 (P<0.01).
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cytku (p<<0,01). 3HaunMbIE OTIMYNL MEKIY TPYyIIIIa-
mu 1o mkane SOFA 6Gbuin 3aperucTpupoBaHbl Ha
BCEX MMOCJEAYIONNUX dTaraxX HaOJIOIEHUsT ¢ J0CTO-
BepHOCTHIO p<0,05 Ha 3-u u 15-¢ cytku, p<0,01 Ha
7-e u 10-e cyTku.

N3BecTHO, 4TO ABIXaTeIbHAS HEIOCTATOUHOCTD
SIBJISIETCST Be[lylllell MPUYMHON Pa3sBUTHUST OCJIOXKHe-
Huii. K OCHOBHBIM JIBIXaTEIbHBIM MBIIIIAM OTHOCST-
ca auapparma (C3—C5) u MeskpeOepHbIE MbIIIIbI
(Th1—Th11). /lonoHUTENbHBIE MBIIIIBI, YIACTBY-
IOIKEe B aKTe [bIXaHWUs, BKIIOYAIOT IPYAUHHO-KIIO-
YUYHO-COCIIEBU/IHBIC, TPANICIIUBU/IHbIE (MHHEPBUPY-
forest XI mapoit UYMH) u secTHUYHBIE MBIIIIIBI
(C3—C8). Biiox sBisgercs macCUBHBIM, HO (hopcu-
POBAHHBIN BBIIOX U Kallle/ib, HEOOXOUMbIE J[JIsT OUH-
CTKHU JIBIXATeIbHBIX TIyTeH OT ceKpeTa, TPeOyoT yua-
crusg bl 6promnoii crenku (Th6—Th12). ¥V
6osbHbIX ¢ [ICMT Ha 1meiiHOM ypoBHE CO CTETEHbIO
HeBpoJsiornueckoro gedurmta ASA A u ASTA B na-
GJI0IAI0TCST HAPYIIEHUsST WHHEPBAIMU YKA3AHHDBIX
YPOBHE bIXaTeIbHOM MycKyIaTypsl |3, 15].

ITo panubiv Como at al. mposenenue VIBJT B
CBSI3U C HEBPOJIOTMYECKON JIbIXaTeJbHON HepocTa-
TOYHOCTBIO Y TIAIIMEHTOB C MOJHBIM TTOBPEKICHUEM
MIETHOTO OT/eJia CIMHHOTO MO3ra TPebOBaioCh y
92% mnanueHToB U TOJIBKO y 35% IPU HEIOJIHOM II0-
spexaennn [10]. Berney at al. coobmaior o Heo6x0-
JIMMOCTH JITTUTEJILHOTO TIPOTE3UPOBAHUS JIBIXaHUSA Y
TAITUEHTOB C TPABMOU TIEITHOTO OT/IeJIa TO3BOHOYHU-
ka ASIA A y 66,7% manueHTOB, a y TAIIMEHTOB C
ASIA By 57,7% [11]. B namiem uccienosanuu pas-
BUTHE OCTPOU JABIXaTEIbHON HEJOCTATOUHOCTHU I[EHT-
PaJIbHOTO TeHe3a TPeGOBAIO TIPOBEACHUS JITUTEb-
ol UBJI (Gosee 48 u) y 40 (76,9%) nauueHToB.
[Ipu arom B rpynme A pmmrenpnas MBJI npoBoau-
nack y 32 (91,4%) 6oIbHBIX, B TO BPEMs Kak B IPyTI-
ne By 8 (53,3%) 6osbHBIX (PHC. 2), 4TO COMOCTABH-
MO C MCCJICIOBAHUSMHU JPYTUX aBTOPOB.

CpaBHuTesIbHAS OIICHKA TTapaMeTPOB pecrinpa-
TOPHOTO TaTTepHa y NalMeHToB ¢ junTtenabHoit 1BJI
(Gosiee 48 u) TOKa3bIBAA YBEJUUYEHHE B JIMHAMUKE
MMUKOBOTO JIABJICHUS B/IOXA, YACTOTHI JBIXaHUSA U T10-
JIO)KUTEJIBHOTO JIABJIEHUsT B KOHIIE BBIIOXA B 00enx
rpyIiax ¢ MaKCUMaJTbHBIMU 3HaYeHusIME Ha 7-¢ 1 10-
€ CyTKM HAOJIOIeHNUsT HAPALY C YMEHbIIEHUEM TOpa-
KOIYJIbMOHAJIbHOH TofiatiuBoctu (Tadut. 2). Y marm-
eHTOB Tpynmnbl B mHa 15-e cyTkum oTMeYasoch
VJIydIlleHre MEXaHUYeCKUX CBOHCTB JIETKUX, YTO OT-
paskasoch 0oJiee BBICOKOU TOPAKOIYJIbMOHATIBHON
MOJIATJINBOCTBIO M MEHBITUM 3HAYEHUEM ITHKOBOTO
naBenus Baoxa. OHAKO TIPU CTAaTUCTUYECKOM aHa-
Jin3e MapaMeTpOB PECIMPATOPHON TOAJEPKKNA Pas-
JIMUUST MEKY TPYIIaMU ObLIH CTATUCTUYECKH He
3HAYUMBL. BbIsIBIIEHHOE YXY/IIlleHHEe OUOMEXaHUKU
JIBIXaHUS HATPSIMYIO OBLIO CBSI3aHO C PasBUTHEM
GPOHXOJIETOUHBIX OCJOKHEHUH B PaHHEM MEPUOJE
I[ICMT, u4TOo TOJHOCTBIO COIJIACYETCS C JAHHBIMU
JIPYTHX aBTOPOB, KOTOPbIE COOOIIAIIHN, YTO HECTIOCOO-
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Puc. 2. Yacrora 1uTesIbHOI MCKYCCTBEHHOIN BEHTHJISIIINN JIeT-
KX Y 60IbHBIX TPy A u B.

Fig. 2. The frequency of long-term mechanical ventilation in
patients groups A and B.

Note: h — hours.

ITpumeuanue: mechanical ventilation — nckycerBentast BeHTHIIS-
U JIeTKNUX; h — vacol.

Significant differences between the groups on the
SOFA scale were recorded during all subsequent
stages of the study with confidence level P<0.05 on
days3 and 15 and P<0.01 on days 7 and 10.

It is known that respiratory failure is the pri-
mary cause of complications. Diaphragm (C3—C5),
and intercostal muscles (Th1-Th11) are the main
respiratory muscles. Other muscles involved in respi-
ration include the sternocleidomastoid, trapezoid
(innervated by the XTI pair of the cranial nerves
(CNs)), and scalene muscles (C3—C8). The exhala-
tion is passive, but forced expiration and cough that
are necessary to clean the airways of secretions,
require the participation of the abdominal wall mus-
cles (Th6—Th12). Patients with complicated trau-
matic cervical spine injury with ASTA A and ASTA B
neurological deficit have the impaired innervation of
the mentioned respiratory muscles [3, 15].

According to Como et al, mechanical ventila-
tion for neurological respiratory failure was required
in 92% of patients with complete cervical spinal cord
injury and only in 35% of those with incomplete
injury [10]. Berney et al. reported a need for pro-
longed artificial respiration in 66.7% of patients with
ASTA A cervical spine injury, and in 57.7% of
patients with ASTA B injury [11]. In our study, the
development of acute respiratory failure of central
origin required a long-term mechanical ventilation
(over 48 hours) in 40 (76.9%) patients. Out of them,
long-term ventilation was performed in 32 (91.4%)
group A patients and in 8 (53.3%) group B patients
(Fig. 2) that is comparable to other studies.

The comparative evaluation of the parameters
of the respiratory pattern in patients with long-term
mechanical ventilation (over 48 hours) showed an
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TaGmaina 2. JlunamMuka nokasaresieii peCliupaTopHOTo NaTTepHa U TOPAKOMYJIbMOHAIBHON TOaTIHBOCTH.
Table 2. The dynamics of the respiratory pattern and thoracopulmonary compliance.

Parameters Groups Values of parameters on the days of study
1st 3d 7th 10th 15t

PIP, mbar A 15.4%6.3 17.5+6 18.6%£6.7 19.9+7.3 20.1+7.1

B 14.1+4.3 17.1£7.5 19.9+8.6 20.3+6.4 16.2£8.1
V,, ml/kg A 7.6x1.2 77+15 8.1+1.9 8.2+1.3 8+1.2

B 7.312.1 7.8+1.7 7.3x1.1 7.7+0.8 7.6x1.5
F, breaths/min A 15.3+2.8 17.2+3.6 17.8+3.7 18.2£3.3 19.3+4.1

B 14.5+2.2 15%2.3 17+1.7 15.7+3 16.8+3.7
MV, |/min A 8.7+1.8 9.8+2.3 10.4%1.8 10.9+2 11.3£2.4

B 8.9+1.2 10.2+1.8 10.8+1.2 11.9+3.3 11111
PEEP, mbar A 6.3£2.4 8.1+2.4 8.6x£2.6 8.9+2.4 8.7x2.7

B 6.6:2.1 8.3+2.3 8.3%4.1 9.8+£2.6 8+2.6
Cuap, ml/mbar A 70.6+22.9 6845264 62.3522.1 62.7:25.9 59.4%24.4

B 75.7£15.1 67+22.9 70.7£35.9 78.8£28.7 74.3£25.3

Note: PIP — peak inspiratory pressure; V, — tidal volume; F — the frequency of hardware breaths; MV — respiratory minute volume;
PEEP — positive end-expiratory pressure; Cgy, — thoracopulmonary compliance.
IIpumevanue: 3nech u s 1abir. 2—6: Parameters — nokasaresit. 3zech u auist Tabu. 6: PIP, mbar — nnkoBoe nasienue Broxa, M6ap; Vi
ml/kg — npixarenbubiii 06bem, i /kr; F, breaths/min — wactora anmapatibix B1oxos, apix,/MuH; MV, |/min — MuryTHBI 00beM Jibixa-
uug, a/mu; PEEP — nosoxuresnsroe gasienne konua Boiioxa; Cy,, ml/mbar — topakonyibMoHaIbHAST HOAATINBOCTD, MJI/Mbap;
3nech 1 st Taba. 3, 6: Stages of the study — ararnbr rccaenoBamms.

HOCTb K 9BaKyallluu MOKPOTHI HAPSIIY C YBETMIeHneM
MPOAYKIMY OPOHXUAIHHOTO CEKPETA, BCIIE/ICTBUE Ha-
PYIIEHIST HEPOreHHOTO KOHTPOJISI CEKPETOPHBIX JKe-
Jie3, IPUBOJISIT K PA3BUTUI0 OOCTPYKTUBHBIX U PECT-
PUKTUBHBIX  HAPYUIEHWIT €  TIOCJTeLYIONM
MpUCOeIMHEHUEM WHMEKITMOHHBIX OCIOXKHeHui [9,
15—18]. Ilo maHHbIM pa3HbIX ABTOPOB YaCTOTA Pa3BU-
Tust mHeBMOHUY Y 60JibHBIX ¢ [ICMT 1eitroro orje-
sa Bapeupyet ot 60,8% mo 79% [9, 12, 13, 16—18]. B
HaleM HaOJIOIEHUN BEHTUJISITOP-aCCOIUMPOBAHHAS
ITHEBMOHUSI OCJIOJKHUIA TeueHue 3aboseBanust y 26
(81,3%) 60sbabIx TPyl A 1y 5 (62,5%) rpymibt B.
[TporpeccupoBanuie MHEBMOHUU IPUBEJIO K PA3BU-
THIO TTyJIbMOHOTEHHOTO cencuca y 8 (25%) GobHBIX
rpymmbl A uy 1 (12,5%) — rpymmsr B. Pesysisratom
3TOTO OOJIBHBIM TPYIIIbl A TpeboBasiach Oosee -
tesbHas UBJI 1o 27,6£21,1 cyTok, a 60JbHBIM IPyII-
el B cootBercTBenHo 17,8£15,3 cyTtok (p>0,05).

CuiencTBreM TTO3UTUBHBIX U3MEHEHUN MeXaHU-
YeCKUX CBOMCTB JIETKUX y TAIlMeHTOB TPYIIbl B Ha
15-¢ CyTKM SBJAAJIOCH yJIydllleHue ra3o00MeHHOM
(DYHKIIUHU, YTO MOATBEPIKIATIOCH MEHBITUMI 3HAYE-
HuSMU (DPAKIIUU KUCJIOPO/A BO BIBIXaeMOU CMeCH,
AJTbBEOJIIPHO — apTEPUAIbHON PA3HUIIBI 110 KUCJIO-
POJLY, HATIPSTKEHUs YIJIEKUCIOTO ra3a B apTepHalib-
HOU KpOBU U 0oJjiee BBICOKUM YPOBHEM CaTypaiiuu
apTepUaIbHON KPOBU KUCIOPOIOM, XOTS OTJIHYUS
MESK/Y TPYIIaMU SIBJISLUINCH CTATUCTUYECKU HE J0-
croBepubiMu (TabJ1. 3).

W3BecTHO, 9TO MOCTOSHCTBO KHUCJIOTHO — OC-
HOBHOTO COCTOSTHUS OIIpeesIsieTCsl MOIepKaHueM
pPaBHOBECHST KHUCJbBIX U IIeJOYHBIX KOMIIOHEHTOB
KPOBHU B OIPEJIEJEHHBIX Y3KUX OMYCTUMbIX TPAHU-
max. /laxxe HesHauuresbHble OTKIOHeHUsT B KOC
OKa3bIBAIOT BJUSIHUE HA AKTUBHOCTH (DEPMEHTOB, a
CJIeJIOBATENIBHO, M3MEHSIIOT CKOPOCTh OUOXMMUYEC-

increase in the peak inspiratory pressure, respiratory
rate, and positive end-expiratory pressure over time
in both groups, with the highest values on days 7 and
10 of the study along with decreased thoracopul-
monary compliance (Table 2). On day 15, group B
patients demonstrated improved mechanical proper-
ties of the lungs, which was reflected in higher thora-
copulmonary compliance and lower value of peak
inspiratory pressure. However, statistical analysis of
the parameters of respiratory support revealed no
statistical differences between the groups. The
observed worsening of respiratory biomechanics was
directly associated with the development of bron-
chopulmonary complications during the early period
of TSCI, which is fully consistent with the results of
other authors, who reported that the failure to evac-
uate mucus along with increased production of
bronchial secretions due to impaired neurogenic con-
trol of secretory glands lead to development of
obstructive and restrictive disorders followed by the
secondary infectious complications [9, 15—18].
According to different authors, the incidence of pneu-
monia in patients with cervical spinal cord injury
varies between 60.8% and 79% [9, 12, 13, 16—18]. In
our study, the ventilator-associated pneumonia com-
plicated the course of the disease in 26 (81.3%) group
A patients and in 5 (62.5%) group B patients. The
progression of pneumonia led to the development of
pulmonary sepsis in 8 (25%) group A patients and in
1 (12.5%) group B patient. As a result, group A
patients required longer ventilation up to 27.6£21.1
days, while in group B patients it was17.8£15.3 days,
respectively (P>0.05).

The positive changes in the mechanical proper-
ties of the lungs in group B patients on day 15 result-
ed in improved gas exchange function, which was

www.reanimatology.com

GENERAL REANIMATOLOGY, 2016, 12; 2



DOI:10.15360/1813-9779-2016-2-30-42

Tpasma
Ta6imua 3. /lunamMuka nokasareJieil razo00MeHa M KHCJIOTHO-OCHOBHOIO FOMEOCTa3a.
Table 3. Dynamics of gas exchange and acid-base homeostasis.
Parameters Groups Values of parameters on the days of study
1st 3d 7th 10th 150
PaO,, mm Hg A 125+40 131+37.4 123£35 123+30.6 123+38
B 114%42 107£42.8 139£33 123+24.3 12542
FiOy, % A 0.4%+0.08 0.44+0.1 044+0.11 0.47%0.13 0.46x0.14
B 0.41+0.11 0.44%0.05 0.43=0.12 0.45%0.16 0.43=0.11
(02} A 318+99 310+113 296498 282+105 290£116
B 285+103 249+119 337+80 300+108 288+52
AaDO,, mm Hg A 115£65 142+75 146+83 168+99 155111
B 128£82 162+67 110+88 146124 129+51
Sa0,, % A 97.8+2.4 98.3+£1.7 98+2.3 98.1+1.8 97.4+3.8
B 97.7%£2.1 97.1£2.5 98.7+1.4 98.5%1.1 98.6x1.5
PaCO,, mm Hg A 36.4+7.9 37.3£6.1 38.9+13.5 37.7+11.8 39.3+10.5
B 32.8+6.4 35.3+2.4 33.4%8.5 32+6.1 35.8+3.4
pH A 7.37+0.07 7.43%0.09 7.43%0.07 7.43%0.09 7.45%0.05
B 7.39£0.06 7.46%0.06 7.43%0.07 7.43%0.07 7.46£0.05
Lactate, mmol/1 A 1.6+1.7 1.1+0.4 0.7+0.3 0.7£0.3 0.7+0.4
B 29+1.4 1.5£0.9 0.8+0.1 0.7+0.2 0.9+0.5
AB, mmol/I A 22+3.5 25.5+5 26.1£3.4 25.4+4.5 26.5%3
B 20.8+1.7 25.6x4.1 24.2+1.4 23.4+1.7 26+4.3
BE, mmol /1 A -4.1£4.9 0.79+6.7 1.49%5 0.67+6.3 2.2+4.2
B -5.93+2.8 0.78+5.6 -1.5+2.6 -2.6+2.4 1.246

Note: PaO, — the partial pressure of oxygen in the arterial blood; FiO, — fraction of inspired oxygen in a gas mixture; Ol — oxygena-
tion index (PaO,/FiO,); AaDO, — alveolar-arterial gradient of oxygen; SaO, — oxygen saturation of arterial blood; PaACO, — the par-
tial pressure of carbon dioxide in the arterial blood; AB — actual bicarbonate, BE — base excess-deficit in the arterial blood.
IIpumevanue: 3nech u 1ist Tabir. 6: PaOy, mm Hg — HanpsikeHre KUCJI0po/ia B apTepUaibHOi KpoBH, MM CT. cT.; Fi0y — dpakiust Kuc-
JIopojia BO BiibIxaeMoii rasoBoit cMecn; Ol — mnpnekce okcurenarun (PaO,/FiO,); AaDO,y — anbBeosisipHO-apTepHalbHbII IPaJUeHT 110
kucsopopy; SaOy — HackleHne aprepuaabHoit Kposn kuciaopoznom; PaCO, — Hanpspkenne yrieKucjaoro rasa B apTepuajbHON KPOBU.
Lactate, mmol/l — maxrat, Mmosib/i1; AB — akryasibhbiii Gukapborat, BE — uz6bImok-aeduir ocHoBanuii aprepuaibHOil KPOBH.

KHUX TIPOTIECCOB, YTO B KOHEYHOM UTOTE BJICUET U3Me-
HeHue cocTosiHust 6osibHOTO B 1esiom |19, 20]. Uec-
cJeloBaHuEe KUCJIOTHO — OCHOBHOTO PaBHOBECHS
KPOBH B 1-€ CyTKHU HAOIO/IEHUST BBISIBUJIO COCTOSTHIE
KOMIIEHCUPOBAHHOTO MeTaDOJHUIECKOTO alli[03a
BeJle/ICTBUE JlepUIMTAa OCHOBAHUI, YTO SIBUJIOCDH
CJIEJICTBUEM CIIMHAJIBHOTO MIOKA Y OOJIBITMHCTBA Ma-
enToB obenx rpymi (Tabr. 3). B ganbreiiniem kuc-
JIOTHO — OCHOBHOTO PaBHOBECHE CMEIAJIOCh B CTO-
POHY aJKaJieMUH ¢ Pa3BUTHEM KOMIIEHCHPOBAHHOTO
MeTabOoIIMIeCKOT0 aJIKaio3a B PE3yJibTare TMOBbIIIe-
HUST KOHIIEHTPAIIUU aKTyaJbHOTo OrKapOoHaTa.

Boubrbie Tpymimbl A, HYKIATUCh B 3HAYUTEb-
HO OoJtee TN TeTbHOM TIPEObIBAHUN B OT/IEIEHUN Pe-
anuMaiuu u uHteHcuBHOU Tepanuun (p<0,05) u B
craruonape (p<0,01). TocnurasbHas JeTaIbHOCTD
cpeau OOJIbHBIX, BKJIOYEHHBIX B HACTOSIIEE UCCIIe-
nosanue, cocraBuia 8 (15,4%) us 52. Breicokas vac-
TOTA PA3BUTHs OPTaHHON AUCHYHKIUU U CEICUca
crajia TIPUYKMHON, onpesessiomneii 6omee BbICOKYIO
FOCHUTAJTIBHYIO JIETATBHOCTD Y OOJBHBIX IPYIIIBI A.
[To nmuTepaTypHBIM JAHHBIM CMEPTHOCTH ITPHU OCJIOK-
HEHHOH TpaBMe IIIeHHOro OT/ieJia CIIMHHOTO MO3ra
coctasiisiet ot 18 5o 48,3% [4, 9—10]. Pesysbrarst
UHTEHCUBHON Tepamuy B TPyHIax HaOIOIeHUs]
pejicTaBjieHbl B Ta0JI. 4.

C 1espio orpeiesieHUs BAUSHUS TSXKECTH T10-
BPEK/ICHUS JIETKMX Ha OMOMEXaHMYeCKHe U Ta3z000-

confirmed by lower values of oxygen fraction in the
inspired gas mixture, alveolar-arterial difference in
oxygen content, partial pressure of carbon dioxide in
the arterial blood, and higher saturation level of the
arterial blood. However, the differences between the
groups were not statistically significant (Table 3).

It is known that the constancy of the acid-base
status is determined by maintaining the balance of
acidic and alkaline components of the blood within
certain narrow permissible limits. Even slight varia-
tions in the ABS affect enzyme activity and therefore
alter the rate of biochemical processes, which ulti-
mately alters the general condition of a patient [19,
20]. The study of the acid-base balance in the blood
on day 1 of the study revealed compensated meta-
bolic acidosis due to the lack of bases, which was the
result of spinal shock in the majority of patients in
both groups (Table 3). Later on, acid-base balance
shifted toward alkalemia with the development of
compensated metabolic alkalosis due to increased
concentration of the actual bicarbonate.

Group A patients needed much longer stay in
the intensive care unit (P<0.05) and in the hospital
(P<0.01). Hospital mortality was 8 (15.4%) of 52
patients included in this study. High incidence of
organ dysfunction and sepsis determined higher hos-
pital mortality in group A patients. According to the
literature data, the mortality rate associated with
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Ta6imua 4. Pe3yabraTbl MHTEHCHBHOM Tepanuy B rpynnax HalJioaeHus.

Table 4. Results of intensive care in the study groups.

Parameters Values of parameters in groups of patients

A B
Incidence of pneumonia, 7 (%) 26 (70.3%) 5 (33.3%)
Duration of stay in ICU, days 30.1+23.1 14.2+16*
Duration of hospital treatment, days 52+38.1 29+16.4*
Number of deaths, 7 (%) 7 (18.9%) 1(6.7%)

Note: * — the significance of differences between groups A and B, P<0.05.

IIpumeuanue: Incidence of pneumonia — yactora pasBuTHs ITHEeBMOHKUHU. 371ech U iuist Tabu. 6: Duration of stay in ICU — auurenbHocTb
naxoskaenus 8 OPUT: Duration of hospital treatment — gimrenpHoctsb crarmonaproro aedenns; Number of deaths — kommuectso se-
TaJbHBIX UCXOA0B. 371ech U uist TabJr. 5: patients — GosbHbIE. * — OCTOBEPHOCTD pasandrii Meskay rpyrmnamMu A u B, p<0,05.

Ta6auna 5. Pacnipeznesienue GOBHBIX € Pa3BUTHEM BEHTHISATOP-aCCOIMAPOBAHHON ITHEBMOHHUEN H CETICHCOM.
Table 5. Distribution of patients with ventilator-associated pneumonia and sepsis.

Parameters Values of parameters in groups of patients
1 (pneumonia), n=21 2 (pneumonia+sepsis), n=9

Age, years 31.8+14.2 37.2+12.4
Level of spinal injury, n (%) C4—C5 14 (66.7%) 7 (77.8%)

C6—C7 7(33.3%) 2(22.2%)
Spinal cord injury, 72 (%) ASIA A 17 (81%) 8 (88.9%)

ASIA B £ (19%) 1(11.1%)
Duration of mechanical ventilation, days 26.5%20.4 35.6+23.6
Duration of stay in ICU, days 34.3+22.1 38.3+26.8
Duration of hospital treatment, days 65.9+36.6 46.7+40.9*
Number of deaths, 7 (%) - 7 (77.8%)

Note: * — the significance of differences between groups, P<0.05.

IIpumeuanue: Age, years — Boapact, rojbl; Spinal cord injury — nospeskaenue cnimrnoro mosra; Duration of mechanical ventilation —
JUIITEJILHOCTb MCKYCCTBEHHOM BEHTHMJISAIMHU JIETKHMX; pPheumonia+sepsis — IMHEBMOHUSI+CEICUC. * — JIOCTOBEPHOCTDb PAa3jInyumil MeXKILy

rpymmnamu, p<0,03.

MEHHYIO (DYHKITUU JIETKUX B OCTPOM TI€PHOJIE TTO3BO-
HOYHO-CITMHHOMO3TOBOI TpaBMBbI IIEHHOTO OT/eJsa
MO3BOHOYHWKA HAMU TIPOBE/ICH CPABHUTEIBHBIN aHa-
JIM3 KJIMHUYECKUX TTOKa3atesiell y OOJIbHBIX ¢ BEHTH-
JIATOP-ACCOIIMMPOBAHHON MTHEBMOHMEN — TpyIina 1 u
BEHTUJISITOP-aCCOIMMPOBAHHON THEBMOHUEH, oc-
JIOKHEHHOI cericucoM — rpyiina 2. OcHOBHBIE HccJie-
JlyeMble XapaKTEePUCTUKA B MCCJCIYEMBIX TPYIIIax
npe/craBieHsr B Tab1. 5. JIMarHo3 BEHTUIISITOP-acco-
IMUUPOBAHHON MTHEBMOHUM BBICTABJISAIN HA OCHOBA-
HUU TIOSBJICHUS <CBEKUX» OYAroBO-MH(MUIBTPATUB-
HBIX U3MEHEHUIT Ha pEHTTEeHOTPaMMe JIETKUX yepes 48
yacoB mocse Havyasa VBJI B coueTaHum ¢ Juxopaj-
KO, JIEHKOIIMTO30M, BbIIeJIEHEM THOWHON MOKPOTHI
U TATOTEHHBIX MUKPOOPTAaHU3MOB I10 TAHHBIM MUK-
POGHOIOTHYECKOTO MCCIIEI0BAHUSI aclIUpaTa U3 Tpa-
xeobpouxuaibHoro jgepesa [21, 22]. Jluarnocruka
cericuca MpoBOIUIIACH COTTIACHO KpUTepusM AMepu-
KaHCKOTO KOJUIE/JKA ITyJIbMOHOJIOTOB U OOIIECTBa
CHENUATNCTOB KpuTndeckoil meautiuabl — ACCP/
SCCM [23, 24].

Kak ciaemyer u3 tabir. 5 6oJibHbIE TPYIIIBI 2 Obi-
s 6ostee crapiero Bospacra (p=>0,05), y HuX 1npeod-
JIAlaTi TpaBMa 1mo3BoHouHuKa Ha ypoBHe C4—CS5 u
CTeIeHb TOBPEKIeHUS CUHHOTO Mo3Ta ASTA A.

B 1-e cyTku HabIIO/EHUS TAKECTh COCTOSHUS
Mmexy rpyrnmnamu o mkagam APACHE 1T u SOFA

complicated cervical spinal cord injury is 18—48,3%
[4, 9—10]. The results of intensive care in the study
groups are shown in Table 4.

In order to determine the influence of the
severity of lung injury on the biomechanical and gas
exchange function of the lungs in acute period of
cervical cord injury, we carried out a comparative
analysis of clinical parameters in patients with ven-
tilator-associated pneumonia (group 1) and venti-
lator-associated pneumonia complicated by sepsis
(group 2). The main studied characteristics in the
study groups are shown in Table 5. The diagnosis of
ventilator-associated pneumonia was established
on the basis of the appearance of «fresh» focal-infil-
trative changes on chest radiography 48 hours after
the beginning of mechanical ventilation in combi-
nation with fever, leukocytosis, and purulent expec-
toration with pathogens according to the microbio-
logical examination of tracheobronchial tree
aspirate [21, 22]. Diagnosis of sepsis was conducted
according to the criteria of the American College of
Chest Physicians and the Society of Critical Care
Medicine, ACCP/SCCM [23, 24].

As shown in Table 5, group 1 and group 2 patients
were of similar ages (P>0.05). In these patients the
traumatic spinal injuries at C4—C5 and ASIA A level
of spinal cord injury were similarly occured.
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TaﬁJmua 6. I[I/IHaMI/IKa TAKECTU COCTOAHUA, ToKasareJeit pecnMpaToOpHOro naTrepHa u razooOmeHa.

Table 6. Dynamics of severity state and parameters of respiratory pattern and gas exchange.

Parameters Groups Values of parameters on the days of study
1st 3d 7th 10th 150
APACHE II score 1 9.5£2.9 9.9+2.3 9.5£2.5 9.4%2.2 8.7£2.5
2 10+2.1 12.4+2.4* 14.4+4.4* 17.2+7.5* 18.9+7.3*
SOFA score 1 2.9+1.9 3.3x1.9 3.1£2.1 2.6+1.5 22+1.7
2 3.2+2.1 4.8+1.4% 5.7+1.3* 5.9+2.6* 7.3£2.8%
PIP, mbar 1 13.2+4.1 16.3+6 17.3+6.7 19.1+7.1 18.5+6.4
2 17.3£9.7 21.7+6.7# 22.7%6.6% 24.7+6.8 24+6.3
Vt, ml/kg 1 7.6:1.7 7.8+1.8 7.9+1.6 8.2+1.4 8.4%1.2
2 6.9+0.7 7.4%1.2 7.4+1 7.7+0.7 7.3£0.9
F, breaths/min 1 15.2+1.8 17+3.3 16.9£2.2 17.1£3.1 17+3.1
2 16.1+£4.2 18.4+3.8 20.6£3.1* 20.6£3.2* 22.2+39*
MYV, 1/mil 1 8.5+1.3 9.9+1.9 9.7+1.4 10.7+2.8 10.6+2.5
2 8.9+2.3 10.8£3.1 11.9+1.8* 12.3+1.3# 12.6+1.6%
PEEP, mbar 1 5.6%1.7 7.8%2.4 8.2+£3.4 9£2.3 8.4%2.4
2 6.4%2.7 8.7+2.4 9.1£2.8 9.4+2.6 9.7£2.8
Cstat, ml/mbar 1 75.3£21.4 73.7£27.3% 70.7£23.1* 70.2+23.8* 68.1£20.9*
2 65.7£28.1 47.6+14.9 43.4x11.2 45.6x18.4 43.3+19.9
PaO,, mm Hg 1 127+38 134+41.7# 127+32# 130+33.4 128+34
2 116+53 105£30.2 101+27 115£27.5 109+48
FiOy, % 1 0.4%0.08 0.45%0.07 0.42=0.11 0.44%0.09 0.42%0.09
2 0.4+0.13 0.5+0.1 0.5£0.13 0.58+0.17% 0.6+0.13*
Ol 1 318+90 305£107# 314+75.9* 309+106% 316x90.6*
2 312+136 222+93 214+72.5 215+90.6 191£99.7
AaDO,, mm Hg 1 110£56.8 142+68.5 121£77.5 137+82.2 119£67.6
2 132+103 202+74.4% 227+64.2* 259+123* 269+113*
Sa0,, % 1 98.1+£2.1 98.4+1.9# 98.3+1.4 98.5+1.4 98.6+1.1
2 96.8+3.5 97+2.2 96.4%3.2 97.3£2.4 94.9+5.8
PaCO,, mm Hg 1 36.8+6.6 38.2+4.5 36.6+£7.9 34+8.7 37.5£4.6
2 32.1£5.1 34.4%9.3 43.6+23.3 45.4+16.5# 43.4+18.8

Note: # — the significance of differences between groups; P<0.05, * — the significance of differences between groups, P<0.01.
Ipumeuanue: # — ocToBepHOCTH pasinduii Mesky rpymmamu, p<0,05; * — gocToBepHOCTD pazinuuii Mesky rpyrmamu, p<0,01.

jJocroBepHo He orandanach (p>0,05) (taba. 6).
Nasbreiiiee TeueHue 3abo0jeBaHUsT Y OOJBHBIX 2
IPYTIIBI XapaKTepPU30BAJIOCh YBEJIMIeHUEM OalIOB K
15 cytkam no mkase APACHE II moutu B 2 pasa, a
o mkase SOFA B 2,3 pasa. [Ipu cpaBHUTEIHOM HC-
caeIoBaHuK y GOJIbHBIX 2 TPYIIIBI IOCTOBEPHO HoJee
BBICOKHIT GAJIJT 110 MHTErPaIbHbBIM MTKajiaM ObLT Ha 3-1,
7-¢, 10-e u 15-e cytu (p<0,05). AHaau3 MexaHude-
CKHX CBOICTB JIETKUX U TIOKa3aTeJiell Ta3000MeHa BbI-
SABUJI OTCYTCTBHME JIOCTOBEPHBIX PAa3JMYMil MEKIY
rpymmamu B 1-e cyrku Habsmonenus (p>0,05) (Tabur. 6).
B maspHeiinieM, y G0JbHBIX 2 TPYIIIBI JOCTOBEPHO
GoJiee HU3KHME TMOKA3ATEU TOPAKOIMYJIbMOHAIBHOI
HOJIATIINBOCTH, MHJIEKCA OKCUTEHAIMY U O0JIee BBICO-
KUe 3HAYCHUS aJTbBEOJIIPHO-apTePUAIbHON pa3HU-
I[BI 110 KUCJIOPO/LY OBLIIM OTMEUEHDI Ha BCEX MTOCTIE/Y-
fomux  aranax  Habmogexus.  [puuynHamu
3apEruCTPUPOBAHHBIX U3MEHEHMUI, 110 HAIlIEMy MHe-
HUIO, SBUJIOCH CHUIKEHUE 3JIACTUYHOCTHU JIETKUX,
BCJIe[ICTBUE WH(MUIBTPAIMY U YIIOTHEHUS JIETKUX
Ha (oHE UHTEPCTUIMAILHOTO OTEKa U KOJLJIATICA AJTh-
BEOJI, YTO COTJIACYETCST € COOOIIEHUSIMU JIPYTUX UC-
creoBatenieil [25—27]. Tsukesoe coctostHue 00JIb-
HBIX C BEHTUJISITOP-ACCOIMMPOBAHHON ITHEBMOHMEH,
OCJIO’KHEHHOM CeTICUCOM, MPOTPECCUBHO HAapacTaro-
1iee B IMHAMUKE, COMTPOBOKIAAIOCH YXY/IIIIeHueM Ou-

On day 1 of the study, there was no significant
difference between the groups in the severity of con-
dition according to APACHE II and SOFA scores
(P>0.05) (Table 6). The further course of the disease
in group 2 patients was characterized by almost two-
fold increase in APACHE II score and 2.3-fold
increase in SOFA score by day 15. A comparative
study has shown significantly higher scores on the
integral scales on days 3, 7, 10, and 15 (P<0.05)in
group 2 patients. Analysis of the mechanical proper-
ties of the lungs and gas exchange parameters
revealed no significant differences between the
groups on day 1 of the study (P>0.05) (Table 6).
Later on, group 2 patients demonstrated significant-
ly lower values of thoracopulmonary compliance,
oxygenation index, and higher values of the alveolar-
arterial oxygen pressure difference in all subsequent
stages of the study. In our opinion, the recorded
changes were caused by decreased lung compliance
due to infiltration and in duration of the lungs along
with interstitial pulmonary edema and alveolar col-
lapse, which is consistent with reports of other inves-
tigators [25—27]. Severe condition of patients with
ventilator-associated pneumonia complicated by
sepsis progressively increased over time and was
accompanied by deterioration of biomechanical
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OMEXAHUYECKUX CBOICTB JIETKUX, HApAaCTAHUEM Ia-
PaMETPOB PECHUPATOPHON MOIEPKKY U HAPYIIIEHH-
eM razo00MeHHOU (yHKImu Jerkux. CrenacTBiem
nporpeccupyiolieil moJnopraHHON HesoCTaTOYHOC-
TH Ha (HoHe TAKeT0TO MHPEKITMOHHOTO TOKCUKO03a Y
7 (77,8%) OOJIBHBIX TPYIIIIBI 2 HACTYINJ JIETATbHBII
ucxoz (tabu. 5). Torga kak y GOJbHBIX rpyIb 1 Jie-
TaJIbHBIX UCXOA0B He Obuno. IIpu atom 28-gHeBHAS
JIETAILHOCTD Yy GOJIBHBIX IPpyIIIibl 2 coctaBuia 71,4%,
410 0OBsCHSIET GOJIee JJINTE/bHbIE CPOKHM CTAaIKO-
HApHOTO JiedeHus1 6osbHBIX Tpytme 1. Kak coobmra-
er Berlly apixarenbHast HeZOCTaTOYHOCTD SIBJISIETCS
MPUYUHON CMEPTHOCTU CPEJU TMAIMEHTOB € OCTPBIM
MOBPEXKIEHNEM CITMHHOTO Mo3Ta B 86% ciaydasx [8].
JlaHHbIE JPYTUX JIUTEPATYPHBIX UCTOUYHUKOB MOJI-
TBEP/K/AIOT, YTO JIETOUHBIE OCJIOKHEHUS SIBJISTIOTCST
BEJlYIIUMU [IPUYUHAMU CMEPTH y TTOCTPAJIABIINX C
OCJIOKHEHHOU TPaBMOU HIEWHOTO OT/eJia CITUHHOTO

Mmosra [4, 6, 8—13, 16—18].
3axiaoueHue

OcnoxxHEeHHAs TpaBMa MIEHHOTO OT/IeJIa TT03BO-
nounuka tura ASTA A u ASTA B onpenensier nanu-
yre JbIXaTeJbHOU HEeIOCTaTOYHOCTU HEWPOTEHHOTO
reresa. [10/j06HBIE peCTIMPATOPHbBIE HAPYIIEHUST pe-
ructpupyiores B 91,4% ciydaeB y MaieHnToB C He-
BposiorundeckuM peduiurom ASIA A u B 53,3% ciy-
YaeB y MAIIMEHTOB C HEBPOJOTHYECKUM e(HUITUTOM
ASTA B. TIpucoenutenue nuHGEKIHOHHBIX OPOHXO-
JIETOUHBIX OCJIOKHEHUII — ITHEBMOHUU, yCYTyOJsieT
TeUEHUE JIBIXaTeJbHON HEIOCTATOYHOCTU Yy TaIlUeH-
toB ¢ ASIA A B 70,3%, ¢ ASIA B B 33,3% ciyuaes.
PasBurne myJbMOHOTEHHOTO Cecuca y OGOJbHBIX C
IICMT mreiinoro ornesa, OCJIOKHEHHON BEHTUJIA-
TOP-aCCOIIMUPOBAHHON ITHEBMOHUEH, MPUBOAUT K
VXYIIIEHUI0 OMOMEXaHHYECKUX ¥ ra3000MeHHON
(byHKIMI JIeTKUX ¥ YBEJTMYUBAET BEPOSITHOCTD He-
GJIArOIPUSATHOTO ncxoza 3aboseBanust B 77,8% ciy-
yaeB. Bbicokas yacToTa pecriupaTOpHbIX HApYIIeHn
y HAIMEHTOB C OCJIOKHEHHOH TPaBMOU MIeHOTro OT-
JleJia TIO3BOHOYHKKA TPEOYET CBOEBPEMEHHOTO TIPH-
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properties of the lungs, the growth of the respiratory
support parameters, and disturbance of gas exchange
function of the lungs. Progressive multiple organ
failure with underlying severe infectious toxicosis
resulted in lethal outcome in7 (77.8%) group 2
patients (Table 5), while there were no lethal out-
comes in group 1 patients. The 28-day mortality in
group 2 patients was 71.4%, which explains longer
inpatient treatment of group 1 patients. According
to Belly [8], respiratory failure is the cause of death
among patients with acute spinal cord injury in 86%
of cases. Data from other literary sources suggest
that pulmonary complications are the leading causes
of death in patients with complicated cervical spinal
cord injury [4, 6, 8—13, 16—18].

Conclusion

Complicated ASTA A and ASTIA B cervical
spine injuries determine the presence of respiratory
failure of neurogenic origin. These respiratory disor-
ders are registered in 91.4% of patients with ASTA A
grade and in 53.3% of patients with ASIA B grade of
neurological deficit. Addition of infectious bron-
chopulmonary complication in the form of pneumo-
nia aggravates respiratory failure in patients with
ASTA A injury in 70.3%, in those with ASTA B — in
33.3% of cases. Development of pulmonogenic sepsis
in patients with cervical spinal cord injury leads to
deterioration of the biomechanical and gas exchange
functions of the lungs and increases the likelihood of
an unfavorable outcome of the disease in 77.8% of
cases. The high incidence of respiratory failure in
patients with complicated cervical spine injury
requires in-time decision making on the requirement
ofa ventilatory support, specifically, in patients with
complete spinal cord injury.

HATUS PelleHrs 0 HeOOXOAUMOCTH PECIIMPaTOPHOI
HOJJIEPKKN, OCOOEHHO Y HAIMEHTOB € HOJIHBIM I10-
BpPEKIEHUEM CITMHHOTO MO3Ta.
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ObIMIAAd PEAHUMATOJOI'UA

Hayuno-npaktuueckuii sxypran «O61mas peaHnMaToIorus»,
Bxozsuii B mepedenb BAK PD, npegnasnaven /it Bpadyeil aHeCTe3N0JI0TOB-PEAHUMATOIOTOB
U HAYYHBIX COTPY/IHUKOB.

Tematuka JKYpHaJa: rmaroretHes, KJIMHUKa, TINAarHOCTUKa, JIeUeHne, HpOCt)I/IJIaKTI/IKa " ITaTOJIOTN4YeCKasd aHaTo-
MUA KPUTUYECKUX, TECPMUHAJIBHBIX U ITOCTPECaHUMAIlMOHHBIX COCTOSTHU. BOHpOCbI OKa3aHuA ZIOFOCHI/ITa]IbHOI‘/JI 110~
MOIIH ITPU KPUTUYECKUX COCTOAHUAX. BOHpOCbI O6y‘1€HI/I${ HaceJieHA 1 MEIUITMHCKOTIO IepCcoHaJIa IIpueMaM OKa-

3aHUS HEOTJIOKHOHN ITOMOIITN IIpU KPUTUYECKUX COCTOAHUAX.

Aynuropust: siedeGHbIe YUPEXKICHUS; BBICITIE yIeOHbIe 3aBe/IeHUST MEANTIMHCKOTO TTPOMOUIIST; MEAUTTHHCKITE
YUPEKIEHMS MOCJAeUIITIOMHOT0 0OpasoBanus, DeepalibHble U PErHOHAJIbHBIE OPraHbl YIIPABJIEHUS 31[PABOOXPa-
HEHUEeM, MEeIMI[UHCKIE HAYYHO-UCCIIE0BATENbCKIE HHCTUTYTHI; MEUI[THCKIE OHOIMOTEKN.

MMOAIINCKA

B 11060M IOYTOBOM OT/IeJIEHHH CBS3H 10 Katajory «Pocmnedars»

* uHjiekc 46338 — /1t MHIUBU/YaIbHBIX TIOITMCYNKOB
* mHAeKC 46339 — i1 MpennpUATHIL I OpTaHU3aIUi

YUYEHBIX CTeNeHeH.

*  Obwas peanumamonozusi.

Jliccepranuy Ha COMCKaHUE YUYEHOH CTeNeHH A0KTOpa HayK 6e3 omy6.m-
KOBaHHSI OCHOBHBIX HAYUYHBIX PE3YJbTaTOB B BEYIIUX KyPHAJIaX U U3/IaHUSAX,
nepevyeHb KOTOPBIX yTBep:KAeH Bpicimiel arTecTanuoHHoil Komuccuei, GyayT
OTKJIOHEHBI B cBsI3U ¢ HapymeHueM 1. 10 ITosoxxenus o mopsake npucyskIeHust

[lepeuens sxypuanoB BAK, uzgaBaembix B Poccuiickoit Denepariuu 1o ce-
nuanbuoctu 14.01.20 «Anecte3anosiorus U peaHuMaToJIOTUsI», B KOTOPBIX PEKOMEH-
JyeTcs myOJMKaiys OCHOBHBIX Pe3YJIBTaToOB AMCCePTallii Ha COMCKaHue y4eHON
CTETeH! JIOKTOpa ¥ KaHu1aTa MeUIMHCKUX HAYK:

*  Anecme3uonozus u peanumMamonozusi;
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BbIbBOP PE;JKUMA TEMO®UJBTPAITNU ITPU CEIICUCE
A. H. Kyapssues, B. B. Kyznabyxos, A. I. Yuxos

WMucruryr xupypruu um. A. B. Bunmaesckoro Munsapasa Poccun,

Poccus, 117997, r. Mocksa, yi. B. CepriyxoBckas, a1. 27

The Selection Of Hemofiltration Regimen In Sepsis

A.N. Kudryavtsev, V. V. Kulabukhov, A. G. Chizhov

A. V. Vishnevsky Institute of Surgery, Ministry of Health of Russia,
27, Bolshaya Serpukhovskaya Str., Moscow, 117997, Russia

B crarbe npejacTaBieHbl pe3yJisTaThl IPUMEHEHUS PasJIMYHbIX PEKUMOB BHICOKOOOBEMHOI reMopUIbTpaium y
GOJILHBIX XUPYPTHYECKOTO MPODUIIS € CEIICHCOM.

]_ICJII) uccaegoBaHusd: yaydlieHrue pe3yJbTaToB JiedeHrs A MallMeHTOB € CEIICUCOM 3a CYET BRJIIOYEHHA B KOM-
TVIEKCHYIO UHTEHCUBHYIO TEPAITNIO PA3JIMYHBIX PEKNMOB BBICOKOOOBEMHOI I‘eMO(pI/IJII)TpaHI/II/I.

Marepuasst u Mmetoapl. Habmonanu 46 60sbHbIX. Y 24-X — NPOBOAUIN HHTEPMUTTUPYIOUIYIO CBEPXBBICOKO-
obbemuyio remodubrpaimio (IHVH) ¢ o6bemom samentenus 100 mMir/Kkr/4ac B Tedenue 4 9acoB. Y 22-X GOJbHBIX
[POBOIMJIN IPOJIEHHYIO BhICOKOOGBheMHYI0 remoduisrpanuio (CHVH), nosa dusbrpatmn — 50 Mi1/Kr/vac, A/m-
TeJIbHOCTD 48 yacos.

Pesyabratel. B rpymme IHVH 28-neBnas setambuocts coctaBuiia 29,2%, 4T0 3HAYMMO OTJINYATIOCH OT IPYII-
nst CHVH (40,9%, coorBercrtBenHO). B X0/1€ viccieoBanist ObLIM BbISIBJIEHBI TPOTHBOIIOKA3aHMsI K [IPOBEIEHIIO
ITHVH y manmenToB ¢ MHIEKCOM Macchl Tesra 6ogee 25 Kr/m>

3akmouenne. Ha ocHOBaHNY T10JTyYEHHBIX JAHHBIX MOKHO T10J1arath, uto nposeaenne IHVH nokaszano narm-
€HTaM C CENITUYECKUM IIIOKOM € MHEKCOM Macchl Teaa menee 25 kr/m? Tpu nposenenun IHVH y 60JbHBIX ¢ MH-
JIEKCOM Macchl Tesia 6osiee 25 Kr/mM” 00s13aTeIbHBIM YCITOBUEM BBIIOJHEHWSI TIPOIIEYPbI SIBJISIETCST MOJIEPIKAHIE
CKOPOCTH KPOBOTOKA B mpefenax 320—350 mur/ muH, 4ro obecriedrnBaet dhpakimio dhussrpanuu me 6omee 25% u
npegorspaiaer rpombuposanue remoduiabsrpa. CHVH nokasana GOJIbHBIM C TSIKEJIBIM CEIICHCOM, BbIPasKEHHOC-
ThIO OpraHHoii aucdyHKimu Gosee 5,3 Gana no mkase SOFA.

Knioueevte crosa: maicenslii Cencuc; cenmuneckuii wox; 6biCOK000seMHASL 2eMOPUNLMPAUUL; KOMNO-
HeHMbL CUCMEeMbL KOMNIeMEHMA; 0034 YIompPaDUuibmpauuu; pejicumot 2eM0PUILMPauun; CMEPMHOCMb

The results of a clinical trial using different high — volume hemofiltration regimens in surgical patients with
sepsis is presented.

Objective: improvement the clinical outcomes by inclusion the various regimens of a high-volume hemofiltra-
tion in the intensive therapy of patients with sepsis and septic shock.

Materials and methods: The study enrolled 46 patients. Twenty-four patients underwent intermittent very high-
volume hemofiltration (IHVH) with a replacement volume of 100 ml/kg/h for 4 hours and 22 patients were provid-
ed by continuous high-volume hemofiltration (CHVH) with an ultrafiltration dose of 50 ml/kg/h for 48 hours.

Results. In the IHVH group, 28-day mortality was 29,2% that was significantly differed from that in the
CHVH group (40,9%). The investigation revealed that a body mass index of more than 25 kg/m” was a con-
traindications to IHVH.

Conclusion. There were positive changes in the patient's condition associated with the stabilization of the cir-
culatory system and the normalization of the oxygen-transport function. These changes persisted during and after
the IHVH and were similarly observed in the CHVH group. Patients with high body weight (more than 25 kg/m?)
required special blood flow velocity regimen (320—350 ml per minute). Maintaining fraction of filtration for less
than 25% and preventing thrombosis hemofilter during IHVH was crucial for effective treatment.
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E-mail: katerpiller74@gmail.com E-mail: katerpiller74@gmail.com

GENERAL REANIMATOLOGY, 2016, 12; 2 www.reanimatology.com



44

Sepsis

DOI:10.15360,/1813-9779-2016-2-43-55

Key words: sepsis; septic shock; high-volume hemofiltration; complement system components; ultrafiltra-

tion dose; hemofiltration regimens; mortality

DOI:10.15360,/1813-9779-2016-2-43-55

BBenenne

CorsacHO COBPEMEHHBIM TPEICTABICHUSIM
CETICUC SIBJISIETCS CMEPTEIHHO OTACHBIM MATOJIOTH-
YECKUM IIPOIECCOM, TIPOSABJICHUEM KOTOPOTO SBJIS-
eTcss opranHas AUCMYHKIMS, BbI3BAHHAS CHCTEM-
HOW peaknueil Makpoopranuama Ha uHbekiuo. B
PYTUHHOW KJIMHWYECKON IPaKTHUKe BBIPAKEHHOCTD
OpraHHOU AuChYHKIIMHI MOKET OBITH OIIEHEHA C HC-
nosbzoBanueM 1kaiasl SOFA (Sequential [Sepsis-
related] Organ Failure Assessment — 1kasa oreH-
KU opraHHoii aucdyHkiuum nupu cercuce) [1].
Cercuc o6beunsier B cebe Bce YHUBEPCATIbHDIE Me-
XaHU3MbI KPUTUYECKOTO COCTOSTHUST: HEOOpaTUMbIe
pacctpoiicTBa MeTaboJIN3Ma, WHTOKCUKAIMOHHOE
MOBPEX/IEHUE OPTaHOB U TKaHEW, rio0aibHbII M-
MYHOJIOTHYECKUI KOHMINKT. Ps70M aBTOPOB CUH/I-
POM 9H/IOTOKCUKO3a ITPU3HAETCA BEAYIINM B I1aTOTe-
Hese cemncuca [2]. B xauectBe Hambousee
XapaKTEPHOU TOKCUYECKOI CyOCTAaHIIUU TIPU CETICH-
ce BBIJICJISAIOT TTPOAYKTDI KU3HEAEATEIBHOCTH MUK-
podiopsl (9K30- M 9HJOTOKCUHBI ) U3MEHSIOIIHIE pe-
TYJSATOPHYIO CHUCTEMY OPTAaHM3Ma, BKJIOYAIONIYIO
OGUOTeHHBIE AMUHBI, HEHPOMEAUATOPDI, TUPEOUTHBIE
U CTEPOUJIHBIE TOPMOHDBI, aHTUTEJA U WMMYHHBIE
KOMILJICKCBI, POCTATJIAH/INHBIL, (haKTOPBI CBEPTHIBA-
oteil u GubPUHOIUTHYECKON crucTeM. TOJBKO CO-
elMHeHnH, 00 beIMHEHHDBIX TT0/] TOHSITUEM «I[UTOKU-
HbI», MOKHO BbIZeaUTh Oojiee 30: MHTEPJIEHKIHDI,
nHTepGhEPOHDI, KOJTOHUECTUMYJINPYIolTue (haKkTopbl,
(baxropsl Hekposa omyxoneit u T.4. [3]. K mamnoii
IPYIIIe BEIECTB OTHOCUTCST U IPyIIa OeJIKOB T11a3-
MbI KPOBU crcTeMbl KoMIiLteMenTa. DyHKIUS cucTe-
MBI KOMIIJIEMEHTA — aKTUBAITUS TIPOIECCOB (haroiu-
TO3a W JM3nuca KJETOK (OaKTepUaJbHBIX U
JKMBOTHBIX), KOTOpbIE aTaKyloTcsl aHTuTejsamu. B
HOpME CHCTeMa KOMIIJIEMEHTAa HaXOJUTCS B HeEak-
TUBHOM cocTosgHuu. IIpu cerncuce ona urpaer cyiie-
CTBEHHYTO TIOBPEKAAOIIYIO POJIb U XapaKTEePU3yeT-
CA aKTUBAIMEH TMPOBOCIAIUTENBHBIX TUTOKWUHOB.
Kowmrmonentsr cucrembl komiiemerta C3, C4 obpa-
3yercst B edeHn, Makpodarax, pubpobdiactax, Jnm-
(ounnoii Tkanu u Koxke. B xo/1e cucTeMHOTO OTBeTa
Ha BoclajieHue WH(GEKIIMOHHOTO TeHe3a 3aIyCKaeT-
€S AJTBTEPHATUBHBIN MyTh aKTUBAIUN cucTeMbl. OH
OTJIMYAETCS TEM, YTO He HYKIAaeTCst B 00pasoBaHUU
KOMILJIEKCA AHTUTEH-AaHTUTEJO U CTUMYJUPYETCS
GaKTepUATbHBIMU AHTUTEHAMU, HATIPUMED, JIUIIOIO-
JmcaxapuaMu. AKTHBAIMS 3aBepIaeTcst 00pa3oBa-
HUEeM MeMOPaHO-aTaKyIIIero KJIETOYHOTO KOM-
IIJIEKCA, YTO OIPeJIeIIeT MACCOBBIH JTU3HUC HE TOJIBKO
GaKTepUATbHBIX KJIETOK, HO U COOCTBEHHBIX KJETOK
Yesl0BeKa, HaXOAAIMXCA B «30HaX» aKTUBHOTO MH-

Introduction

Sepsis is a lethal disease. According to current
concept, sepsis is based on organ dysfunction caused
by systemic response to infection. The organ dys-
function evaluation at two or more points on the
SOFA (Sequential [Sepsis-related] Organ Failure
Assessment ) score can be related to increased mor-
tality of patients with sepsis more than 10% [1].

Sepsis is a combination of the universal mech-
anisms of development of critical state: metabolic
disorders, intoxication damage to organs and tis-
sues, global immunological conflict. Endotoxemia is
recognized as a leading part in the pathogenesis of
sepsis [2]. The toxic substances in sepsis are purged
by microflora vital activities (exo- and endotoxins)
that alter the body's regulatory systems, including
biogenic amine, neurotransmitters, thyroid and
steroid hormones, antibodies, immune complexes,
prostaglandins, factors of coagulation and fibri-
nolytic systems. We can call as «cytokines» more
than 30 of these: interleukins, interferons, colony
stimulating factors, tumor necrosis factor, etc. [3].

The complement system is a group of blood
plasma proteins that consists of some 30 compo-
nents. The functions of the complement system
include activation processes of phagocytosis and
lysis of cells (bacterial and animals) that are attacked
by antibodies. In norm, the complement is in an inac-
tive condition. In sepsis complement plays a signifi-
cant role as one of the active pro-inflammatory fac-
tor. Components of complement (C3, C4) are
produced by the liver, macrophages, fibroblasts, lym-
phoid tissue and skin.

Alternative pathway of complement is activat-
ed during systemic inflammatory response during
infection. The antigen-antibody complexes and bac-
terial antigens such as lipopolysaccharides are stimu-
lated by an alternative pathway. Activation creates
attack complex of cell's membrane, which deter-
mines not only the massive lysis of bacterial cells, but
also a person's own cells in the areas of active infec-
tion. The molecular mass of C3a component is about
10 000 Da, C4a — 11,200 Da. Satisfactory elimina-
tion the level of C3a and C4a components of the
complement system may be achieved by high volume
hemofiltration. Normal blood values ( healthy volun-
teers) for C3a — 0.9—1.8 g /|, for C4da — 0.1—0.4 g/1
[4]. Traditional detoxication infusion therapy can
not to be used for toxins elimination at the failure of
the natural ways to eliminate toxins, «capillary leak»
syndrome, cardio-depressive syndrome, etc. [5].
Extracorporeal blood purification promotes correc-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2016, 12; 2



DOI:10.15360,/1813-9779-2016-2-43-55

Cencuc

(bexnmmonnoro mporecca. MoJsiekyJsipHas Macca
C3a dopmbl — oxosio 10 000 {a, C4a — 11200 [la.
Omnucana uX yAOBJETBOPUTEJbHAS SITUMUHAINS
IpU BBICOKOOOBEMHOU remoduiabrparuu. Hop-
MasibHble 3HaueHus koHilentpaiuu C3a m Cda B
KpPOBU 370poBbIX a06poBosbiieB 0,9—1,8 /i, u
0,1—0,4 v/21 cooTBEeTCTBEHHO [4].
HecocTosTebHOCTb eCTeCTBEHHBIX 1Ty Tel 3711-
MUHAIUN TOKCUHOB, CHH/[POM <KaIWJIJISPHOH yTey-
KWy, KapAMO/IECIIPECCUBHBIN CUHAPOM TIPU CeICcuce
He TI03BOJIAIOT B IMOJTHON Mepe UCIOJIb30BaTh TPAJIH-
IMUOHHYIO JE3MHTOKCUKAIIMOHHYI0 WH(DY3UOHHYTO
Tepanuio [5]. IKCTpaKopIOpaIbHOe OUUIIEHIE KPO-
BU CIIOCOOCTBYET KOPPEKIIUU HAPYIIEHUH TOMeOCTa-
3a 'y JaHHOII Kareropuu 00JbHbBIX. [T0 JaHHBIM HEKO-
TOPBIX UccaenoBanuii, ot 67-u 10 84-X MPOIEHTOB
GOJILHBIX B OT/IEJIEHUSX PEAHUMAIIUU HYKIAIOTCS B
MPOBE/IEHUN IKCTPAKOPIIOPATBHON JIeTOKCUKAIIAN
[6—8]. C 1993 roma remodusibTpaIus paccMaTpuBa-
€TCs KaK aTOTeHeTUYECKUI METO/L JIEYEHUS CeTicuca
U CENTUYECKOro moka. B HacTogiee Bpems cchopmy-
JiupoBaHbl 2 Haubosiee 3(h(HEKTUBHBIE CTPATETUH Te-
Mobuisrpanuu. IlepBast — nMpojieHHast BBICOKOOOb-
emHast remoduisrpaius (continuous high volume
hemofiltration, CVHV) nipescrasisier coboii Hempe-
pbiBHOE JieueHne (24—72 gaca) ¢ 06bEMOM 3aMeliie-
uust (mosoit yabrpaduiasrpaiun) 50—70 mi/kr B
yac. Bropag — MHTEepMUTTUPYIOIIAs CBEPXBBICOKO-
obbemHas remodussrpanust (intermittent high vol-
ume hemofiltration, IHVH) ¢ mo30ii yasrpaduisr-
pauru g0 100—120 mu/kr B uyac 1IPOBOJAUTCS B
Tedenue 4—8 yacos [9]. B nmocsennee Bpems Hakar-
JINBAIOTCS JIAHHDIE, YKA3bIBAIOINX HA BHICOKYIO KJIH-
HUYecKy10 9(h(PeKTUBHOCTD yKA3aHHBIX PEKUMOB Te-
MOGUIIBTPAIINH, YTO COOTHOCUTCSI C TOBBIICHUEM
BBIKHBAeMOCTH OOJIbHBIX ¢ cercucom [10—16]. Mc-
CJIe/IOBATENbCKAA TTPAKTUKA MOPOAUJIA P BOIIPO-
COB, KACAIOIUXCST IPAKTHYECKOTO TPUMEHEHUs IaH-
HBIX PEXUMOB y O0JbHBIX cerncucoM. Jlius ux
paspeliieHust ObLIO MPEANPUHSATO PAHIOMU3UPOBAH-
HOE TIPOCIIEKTUBHOE KJIMHWYECKOE HCCIe0BaHUE,
orernuBaoiiee 3PHEKTUBHOCTh BKJIIOYEHUST MTPOIIe-
JIyp HEMPEPBIBHON reMO(UIBTpauu 00JIbIIOTO 00b-
eMa ¥ UHTEPMUTTUPYIOIIEN CBEPXBBICOKOOOHEMHOM
reMO(UIIBTPAITNH B KOMIIJIEKCHYIO TEPAIHIO CeTichca
y 6osibHBIX Xupyprudeckoro mpoduiist. Vcciemnosa-
HUe BKJIIoYasno: 1) uayuyeHue AUHAMUKU CUCTEMHOTO
OTBETa Ha BOCITAJIEHUE, aCCOIMUPOBAHHOTO ¢ GakTe-
pUabHOIT MH(DEKIHE y GOJIBHBIX C CETICUCOM B X0OJI€
nposenennss CHVH u THVH; 2) onenky crenenu
M3MEHEHUS KOHIIEHTPAI[UHU ITPOBOCTIAJINTETHHBIX TIH-
toknHOB (C3a; C4a KOMIIOHEHTBI KOMILJIEMEHTa Ha
(hbone npoBeIeHNS IKCTPAKOPIIOPAIBHOM IETOKCHUKA-
1uY; 3) BbISIBIEHNE M3MEHEHUS BBIPAKCHHOCTH Op-
TaHHOW JUChYHKINU; 4) ONUCcaHhe TEXHUYECKUX
ocobennocreit mposeneruss CHVH u IHVH y 60Jib-
HBIX C CEINCUCOM; 5) BBIPAOGOTKY PEKOMEHIAINH K
MPUMEHEHUIO PA3JIMYHBIX PEKUMOB BBICOKOOOBEM-

tion of homeostasis in these patients. Patients in
intensive care units require extracorporeal detoxifi-
cation in 67—84% cases [6—8]. Hemofiltration has
been considered as pathogenetic treatment of sepsis
and septic shock since 1993. Currently, the two most
effective hemofiltration strategies are employed: (a)
continuous treatment with volume replacement
(ultrafiltration dose) 50—70 mL / kg per hour dur-
ing 24—72 hours (continuous high volume hemofil-
tration,CVHV) and (b) intermittent high volume
hemofiltration (IHVH) with ultrafiltration dose to
100—120 ml / kg per hour for 4—8 hours [9]. Recent
data demonstrate high clinical efficacy of these regi-
mens of hemofiltration, which correlate with
improved survival in patients with sepsis [10—18].
Research practice provides a number of problems
related to the practical application of these hemofil-
tration regimens in patients with sepsis. The ran-
domized prospective clinical study was undertaken
to resolve them. The tasks of the research included:

1. Investigate the dynamics of systemic inflam-
matory response in patients with sepsis and septic
shock in the course of CHVHand THVH.

2. To assess the degree of a changes in concen-
trations of pro-inflammatory factors (C3a; S4a com-
plement components) following the extracorporeal
detoxification procedure.

3. Determine changes in clinical parameters of
organ dysfunction.

4. Describe technical features of CHVH and
ITHVH in patients.

5. Develop recommendations for the use of dif-
ferent regimens of high volume hemofiltration in
patients with sepsis and septic shock.

The aim of study was the improvement the clin-
ical outcomes in patients with sepsis and septic
shock due to the inclusion in the intensive therapy of
various regimens of high volume hemofiltration.

Materials and Methods

The study was approved by the Problem's
Commission of the Anesthesiology and Intensive Care of
the A. V. Vishnevsky Institute of Surgery as a part of the
research program for developing and implementing the
innovative methods of treatment of infectious complica-
tions of surgical wound, burns and pathological scarring.
The additional consent by Local Ethics Committee has not
been required.

The inclusion criterion was the presence of the sepsis
in patient. Exclusion criteria were: agonal condition of the
patient; uncontrollable external or internal bleeding;
patient age below 18 years old.

The screening of patients was performed at admission
to the Intensive Care Unit (ICU). Fourty-eight patients
were selected for this study. The intra-abdominal infection
was observed in most cases as a source of sepsis. The intra-
abdominal infection was formed as complication of surgical
intervention for malignant tumors of the abdominal cavity
in 23 patients (47.9%), infection complications of pancre-
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HOU reMOGUIIBTPAIINE Y OOTIBHBIX € TSKEJBIM CEICH-
COM U CENTUYECKUM IITOKOM.

esnp mccnenoBanust — yJydllleHUe pe3yJibra-
TOB JiedeHUsT OOJIBHBIX C CEIICHCOM 3a CYET BKJIHOYE-
HUS B KOMIIEKCHYIO UHTEHCHUBHYIO T€PAITUIO PA3JIny-
HBIX PEKMMOB BBICOKOOOBEMHOI reMO(DIIBTPAIIAN.

Marepuan u MeTobI

[IpoBesenvie nceaenoBanust GbLTO 0J00PEHO Ha 3ace-
JaHuy POOJIEMHON KOMUCCUU «AHECTE3HOJIOTUS-PeaH -
marosorust> OI'BY «Mucruryt xupypruu um. A. B. Bur-
HeBckoro» MunsapaBa Poccum kak yacTth Hay-
YHO-MCCJIEI0BATENBCKON PaboThl yUpeKIeHrs [0 pas3pa-
GOTKE U BHEAPEHUI0 WHHOBAI[MOHHBIX METOJOB JICUCHMUsI
MHOEKIMOHHBIX OCJIOKHEHUH PaH, B TOM YUCJE XHPYPTH-
YECKHX, 03KOTOB U T1ATOJOTUUECKUX PYOIIOB C UCIIOJIb30BA-
HUEM WHBA3UBHBIX TEXHOJIOTUH, TEXHOJIOTUI 1 TPOJYKTOB
pereHepaTUBHON MeAUIIHLL. J{OMOTHUTENBHOTO COTTIACHS
JIOKAJIbHOTO HTUYECKOT0 KOMUTETA Ha ITPOBeJIeHIe HCCIie-
JIOBaHUS He TPeOOBATIOCH.

Kputepuem BKJIIOUEHHS B HCCIEOBAHNE SIBISAIOCH
HaJu4yKe y naiueHTa cerncuca. Kpurepuu MCKIOUYEHUS:
AroHAJbHOE COCTOSIHME OOJBHOTO; HEKOHTPOJIUPYEMOE
Hapy:KHOE WJIN BHYTpPeHHee KPOBOTeUeHne; BO3PACT Ia-
ruenTta 10 18 ser. CKpuHUHT GOJTBHBIX TIPOBOMAMIN TIPU
HOCTYIJIEHMH B OTJleJleHUe peaHuMmarojoruu. Bcero x
YUYaCTUIO B MCCJACTOBAHUE OBLIIO 0TOGPAHO 48 GOJIBHBIX.
B GousblinHCTBE HAOMIOJAEMbIX CJIYYA€B UCTOUHUKOM
GakTepuaNbHON MHPEKIUN ABIAICA UHTPAaaOIOMUHAIb-
Hblil ouar. Y 23 (47,9%) GOJbHBIX 3J10KAYeCTBEHHBIMU
HOBOOOPA30BAHUSIME OPraHOB OPIOIIHON IOJOCTH OH
chopMUPOBAJICI B X0/le OCTOKHEHHOTO TEeUEHUs TOCe-
OTepannonHoTo mepuoja, a y 16 6ompubix (33,3%) —
BBU/lY Pa3BUTHUS TTAHKPEOHEKPO3a B (hase THOIHO-CenTH-
yeckux ocaoxuenuit. Y 9 (18,8%) 60JbHBIX HCTOUHUKOM
ceTicuca sIBJISLJICS MHBA3UBHBIN MHMEKITUOHHBIN MTPOIECC
B 30HE TEPMUYECKOTO MTOPAKEHUSI.

[Ipu mocTyruieHun GOMBHBIX ObLIN BBISIBJIEHDI: TUTIEP-
tepmust 38,4 (SD 0,2)°C, taxukapans 95,1 (SD 5,4) ymapos
B MUHYTY, aprepuabias runotensus A/l 63,6 (SD 4,6)
MM PT. cT. V3 1a00paToOpHbIX MPUSHAKOB CHHAPOMA CHC-
TEMHOTO BOCIAJTUTENHLHOTO OTBETA OTMEYAIN HATUYNE Y
6osbHbIX JeiikonnTosa 10,7 (SD 4,8)X10° 1, ipu aTOM He-
3pestsie hopmbl coctaBisiu 18,9 (SD 4,3)%, noBbiiene
yposus npokangbsiuTonuna (PCT) — 4,6 (SD 2,1) ar/ma. B
CPe/IHEM TIOKA3aTe/ U [JIMKEMUU Y MOCTYIABIINX OOJIbHbIX
cocrasuau 8,8 (SD 0,4) mmosb/m1. Y BeeX OTOOPaHHBIX B
uccseoBanye GOJIbHBIX OTMEYAIN HaJInuie OPraHHOM JIiC-
dbynkiuu. Cpeziiiee aprepuaibHOe JaBJeHUe COCTABJISLIO
59,3 (SD 4,58) MM pT. CT., caTypaIiusi IeHTPpaIbHON BEHO3-
Hoit kposu (SVO,) — 63,21(SD 5,99)%. Conepskanue jak-
TaTa B apTepUaJbHONH KPOBM COCTABJISIIO B cpeiHeM 2,96
(SD 0,63) mmosb/s1. OTMeuan TakKe TSIKEJNYI0 apTepu-
ATbHYIO TUTIOKCEMHIO CO CHU)KEHUEM HMHIEKCA OKCUTeHa-
iuu 10 201,51(SD 50,92) MM pr. cr. Ha MomenT noctyiiie-
HEs y GOJIbHBIX ObLI0 0OHapyskeHo 1oBbinenne MHO 2,1
(SD 0,7), cpennamii ypoBenb KpeatnHuna pocturan 172,1
(SD 9,6) mxmouib /i1, a MoueButbl 17,6 (SD 6,6) Mmosib/J1.

B xoze nepsbix 60 MUHYT npeObIBaHMs B OTAEICHUN
peanuMaiu y 2-x 60abHbIX (1 G0JBHON ¢ IEPUTOHUTOM U
1 60s1bHOII ¢ pareBoil uHMeKIneil B 06JaCTH TEPMUYECKO-
ro nopaxeHus) GblJI0 OTMEYEHO Pa3BUTHE KPOBOTEYCHUS,

atic necrosis in 16 patients (33.3%). The burn wound
infection was the source of sepsis in 9 patients (18.8%).

Clinical signs of systemic inflammatory response syn-
drome (SIRS) included hyperthermia 38.4 (SD 0.2)°C,
tachycardia 95.1 (SD 5,4) beats per minute, hypotension —
MAP 63.6 (SD 4.6) mmHg. Laboratory signs of SIRS
included increased level of leukocytes more than 10.7 (SD
4.8) X 10°1 (with «young neutrophils» of 18.9 (SD 4.3)%),
raised level of procalcitonin (PCT) — 4.6 (SD 2.1) ng/mL.
The average level of glucose was 8.8 (SD 0.4) mmol/L. The
organ dysfunction have been found in all patients during
the study. The mean arterial pressure was 59.3 (SD 4.58)
mm Hg. The oxygen saturation of central venous blood
was 63.21 (SD 5.99)%. The level of lactate in arterial blood
was 2.96 (SD 0.63) mmol/L. Tachycardia was observed in
all patients. The index of oxygenation was decreased to
201.51 (SD 50.92) mmHg. We observed the elevated val-
ues of International Normalized Ratio (INR) to 2.1 (SD
0.7). The average creatinine level was 172.1 (SD 9.6)
mmol/l], and the urea level was 17.6 (SD 6.6) mmol/I.

The bleeding was observed in 2 patients (1 patient
with peritonitis and 1 patient with burn wound infection)
during the first 60 minutes after ICU admission. The
surgery was required in these patients and they were
excluded from the study.

All 46 patients (15 women, 31 men, average age 63.2
(SD 11.8), were divided by an adaptive randomization
with the aid of a random number generator into two
groups. Starting therapy combined with IHVH comprised
the first group (n=24). The dose of filtration was 100
ml/kg/hour for 4 hours in the first group. The complex
intensive therapy included CHVH (dose of filtration was
50 ml/kg/hour for 48 hours ) was implemented in the sec-
ond group of patients (n=22). The hemofiltration was
started one hour after the admission of patients from both
groups.

The average rate of the simplified assessment of acute
disorders of physiological parameters (Simplified Acute
Physiology Score, SAPS3) was 72.9 (SD 11.0) points at
the time of admission to the ICU. The forecast of lethali-
ty reached the level 67.6% (SD17,4). The average value
of SOFA (Sepsis-related Organ Failure) scores was 7,4
(SD 0.9) points.

The surgical treatment was performed for all patients
in the study prior to transfer to the intensive care unit.

Hemofiltration started 60 minutes after admission to
ICU after the completion of the screening time.

Hemofiltration was performed by veno-venous access,
mainly through the femoral vein with a diameter of dou-
ble-lumen dialysis catheter 13.5—14F. All patients under-
went a comprehensive clinical, laboratory and instrumen-
tal examination. Statistically significant decrease in
predicted mortality in this patient group served as adirect
measure of treatment efficiency.

The complex intensive therapy was performed in all
involved patients in accordance to recommendations of the
Surviving Sepsis Campaign, 2008—2012 [19]. Discharges
of the alleged source of infection were undergone by micro-
biological examination. Microbial associations were
detected in 46.4% of cases. Gram-negative microorganisms
dominated. Pseudomonas aeruginosa kept the leading posi-
tion in a high diagnostic titer — 10’—10° CFU/g. The
Methicillin-resistant Staphylococcus aureus (MRSA) was
observed in 17 cases. Fungal flora was also isolated in 17
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Ta6imua 1. MnTerpanbuas oneHka oprannoii aucynkuuu no mxaite SOFA.
Table 1. The integral assessment of organ dysfunction by SOFA.

SOFA, score in the groups

P-level

IHVH

CHVH

7.5 (SD 1.37)

7.4 (SD 0,01)

P>0.10

Note: CHVH — Continuous High Volume Hemofiltration; IHVH — Intermittent High Volume Hemofiltration.
IIpumevanue: Score in groups — Gaibl B rpyminax. 3zech, ais Tabir. 2, 3 u puc. 1, 2: CHVH — nenpepbiBhast reMopUIBTPAIins GOJIBIIOr0
obbema; THVH — nHTepMUTTHPYIONIAsk CBEPXBbICOKOOObEMHas reMO(UIIBTpaliis.

noTpeGOBABIIEro TIPOBEAEHMUST OIIEPATUBHOTO BMEIIaTe lb-
CTBa, OHU OB UCKIIOYEHBI U3 MCCIIe[OBAHNSI.

Braiouennbie B vccienoBanne 6osbHble, 46 Yer0BeK
(15 xenmwn, 31 MyxuwHa, cpeaHuit Bozpact 63,2
(SD11,8)), 66111 pasjeseHbl METOAOM aJAlTUBHON paH-
JNOMU3AINY C WCIOJIb30BAHUEM TeHepaTopa CIydailHbIX
yuces Ha 2 rpymibl. B 1-# rpynne (24 yenoBeka—rpymmna
IHVH) neyenne cogetasn ¢ THTEPMUTTUPYIOTIEH CBEpPX-
BBICOKOOOBEMHOII TeModuibrparueil (103a uibrpaim
100 mu1/Kr/4ac) B Teuenue 4 4acoB. Y 2-ii rpymnibl 60J1b-
Hbix (22 yenoBeka — rpynna CHVH) na done xomrrexc-
HOW MHTEHCUBHOI TePaIMK MTPOBOIUJIN TIPOJJIEHHYIO BbI-
cokoobbeMHyto TeModuibrpanuio (fo3a duasrpannu 50
MJI/Kr/4ac) B Tedenue 48 yacoB. Ha MOMeHT 1tocTyniennst
B OT/I€JICHUE PCAHUMATOJIOTHH CPE/IHNE TOKA3ATEN YIIPO-
[IEHHOW MIKAJIbI OIlEHKNU OCTPBIX PACCTPOUCTB (PU3N0JIO-
ruyeckux mapametpoB  SAPS3  (Simplified Acute
Physiology Score) cocrasumu 72,9 (SD11,0) Gamios.
[Tporuos seranprocTu gocturan yposus 67,6% (SD17,4).
CpeHss OlleHKa OPTAaHHOH HEeJOCTaTOYHOCTH COCTaBHJIA
no mkaine SOFA (Sequential Organ Failure Assessment)
7,4 (SD 0,9) 6amna (taba. 1).

BceM mocTynuBIIMM MalueHTaMm, 10 MOMEHTA IepeBo-
J1a B OT/IeJIeHUE PeaHrMaIii, GbIJTH BBITIOJTHEHBI CAHUPYIO-
e orepaTHBHbIE BMEIIATENbCTBA PA3JINYHON CTEreHn
CJIO3KHOCTH.

Temodusbrpanuio HaunHaau 4yepe3 60 MUHYT OT MO-
MeHTa TOCTYIIEHUsI B OT/eenre. B He3aBUCUMOCTH OT
pPEeKMMa, MCHOJb30BATH BEHO-BEHO3HBINM JOCTYII, TIpe-
HUMYIIECTBEHHO Yepe3 Oe/ipeHuyo BeHy (JMaMeTp JABYX-
mpocBeTHOTO auanu3noro katerepa 13,5—14F). Bosb-
HBIM  TIPOBOJIMJIM  BCECTOPOHHEE  KJIMHHUYECKOE,
aabopaTopHOe U MHCTPyMEHTaJbHOE 00cieoBaHue.
[TpsimbiM kpuTepueM 3HHEKTUBHOCTH CIYKIIO CTATUC-
TUYECKH 3HAUNMO€e CHUKeHUEe POTHO3UPYEMOIl JTeTash-
HOCTH B JIAHHO#T rpyIiie GOJIbHbBIX.

Bce yuactByiorue B viccae[0BaHIN GOJIbHBIE MOTYYa-
JIN KOMILJICKCHYIO MHTEHCUBHYIO TEPAIio B COOTBETCTBUN
¢ pexkomenzanusmMu Surviving Sepsis Campaign: 2008-
2012 [17]. MUKPOOHOIOrTYECKOMY HCCIIEIOBAHUIO MO~
BEPIJIN OT/IEJISIEMO€ TIPEIIIOJIATAeMOTr0 HCTOUHIKA MH(DEK-
mun. B 46,4% ciayvaeB  BBISIBJASUIN  MUKDPOOHbIE
ACCOIMAINH, B KOTOPBIX Mpeobiaiana TpaMOTPHIATEN -
Hag  MuKpoduopa. Bexymee MecTo  3aHMMaa
Pseudomonas aeruginosa B BbICOKOM JIMArHOCTUYECKOM
tutpe — 10'—10° KOE/r. Hasimune MeTUInIMH-pe3uc-
TEHTHOTO 30JI0TUCTOTO CTahUIOKOKKAa oT™Medanu B 17-u
caydasx. Ipubkosas diiopa Oblia BblgeseHa Takxke B 17-1
cIydasx, mpeobJaasiaii MUKPOCKOITMYECKHe TPUOBI poja
Candida noncemeiictsa albicans, non-albicans o6HapysKu-
JII B 3-X CIIydasix.

Ompenenenrie C3 u C4 KOMIIOHEHTOB KOMILJIEMEHTA
HPOBOAWJIU B TIPO0OAX TJIA3Mbl KPOBH, B3SITBIX [I0 U MOCJIE

cases. Candida albicans dominated among the microscopi-
cally detected fungi. Other Candida species were detected
only in three cases.

Quantification of the C3 and C4 components of com-
plement were determined in plasma samples before and
after hemofilter and also in specimens harvested from the
effluent prior to extracorporal detoxification and every
hour for 4 hours after the procedure started. The samples
were studied by immunoturbidimetric method using the
biochemical analyzer «<OLYMPUS AU 640». The efficien-
cy of the hemofilter was assayed by standard methods. The
urea was assayed for markers of low-molecular substances.
Monitoring parameters of the hemofiltration was per-
formed at the expense of hardware hemoprocessor. The
level of transmembrane pressure (TMP) was recorded
hourly in the study.

Microsoft Access database was used to register the
data from the study. Statistical analysis was performed by
«STATISTICA 6.0» software package (StatSoft, USA).
Data were presented as Mean with a standard deviation
(SD). The samples in the study compared to the mean
value (Mean) measures the variability in the form of stan-
dard deviations (SD-standard deviation). We Non-para-
metric alternative to the ¢-test,Mann-Whitney U-Test, was
employed or the Wilcoxon Matched Pairs Test for depen-
dent variables was used where necessary. Differences in the
shape of the data distribution in a categorized histograms
were properly rated.

Results and Discussion

Hyperthermia, tachycardia and hypotension
occupied the most important place in the structure of
clinical conditions in the studied groups of patients.
Average lactate levels were 2.4 (SD 1.6) mmol/l and
2.6 (SD 0.5) mmol/I at the beginning of hemofiltra-
tion in THVH and CHVH groups, respectively. The
levels of cardiac index values were low and amount-
ed to 2.4 (SD 0.1) and 2.4 (SD 0.3) 1/min/m* in
groups IHVH and CHVH, respectively. The critical-
ly reduced oxygen consumption index was 74.7 (SD
14.5) and 75.8 (SD 15.9) ml/(minXm?) in groups,
respectively. Vasopressor support was carried out in
both groups. Norepinephrine doses were ranging
from 0.08 to 0.43 mcg/kg/min. We found high levels
of systemic vascular resistance index (SVRI) in both
groups: 2700.7 (SD 62.9) in THVH group and 2653.5
(SD 196.2) dinxsecXcm™ in CHVH patients before
the start of hemofiltration. Index of global end-dias-
tolic volume (GEDVI) was defined as below the
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remouibTpa; B ahdiioanTe mepes; HavyaIOM IKCTPAKOP-
MOPAJIbHOM JIETOKCHKAINN 1 KaKIbIH Yac B TeuyeHue 4-X
YacoB OT Havasia mpoieaypsl. VcesenoBanue BbIMOTHSIN
UMMYHOTYPOMIMMETPUYECKUM METOIOM Ha OHOXMMUYEC-
koM aHasimzarope «<OLYMPUS AU 640». [To cranmapr-
HBIM METOMKaM orpeesisiiv 3hheKTHBHOCTD PAbOThI re-
MobuibTpa. B KadecTBe Mapkepa  AJIMMUHAIUKI
HU3KOMOJICKYJISIPHBIX BEIICCTB MCIIOIb30BAIN MOYCBUHY.
MOHUTOPUHT TTApaMETPOB MPOBEJIEHNUS TeMOMUIBTPAIINN
OCYIIECTBJISIIIN 33 CUET alllapaTHBIX CPEICTB TeMOIpPOIlec-
copa. [TokazaTesu Tpancmembpannoro gasiaenus (TMP) B
uccJseoBaHny (PUKCUPOBAJIH €KEYACHO.

[l perucrpanuy 1mMoJIly4eHHBIX JaHHBIX MCIIO0JIb30Ba-
s Gasy mannbix Microsoft Access. Craructuueckyio obpa-
GOTKY IIPOBO/IIJIK C TIOMOIIBIO akeTa nporpamm «STATIS-
TICA 6.0» (StatSoft, CIIIA). Boibopku B uccaeoBaHuN
CPaBHUBAJIM OTHOCUTETBHO cpenHux 3uadenuii (Mean) c
MepaMM M3MEHYMBOCTU B BU/IE CTAHJIAPTHBIX OTKJIOHEHWH
(SD-standard deviation), ncmosib3yst HelrapaMeTPHUYECKYIO
AJIBTEPHATUBY {-TECTY /I HE3aBUCUMBIX TPYII (YYUTHIBAs
oburee KommdecTBO Habmonennii B ncceaeposanuu 7<100)
U-xpurepuii Manna-Yurau (Mann-Whitney U-Test); npu
HEOOXOAMMOCTH TMAPHBIX CPaBHEHUII B Ipeaesax OmHON
IPYIIIBI IPUMEHSAIN KpUuTepuii Busikokcona /uis 3aBucH-
mbix nepemernbix (Wilcoxon Matched Pairs Test). B ciy-
"ae He TOATBEPIKACHHSI HYJIEBOI THIIOTE3bI 06 OJHOPOIHO-
CTH JIAHHBIX, TPAGUUECKIMU CPEJICTBAME MCCJIE/IOBATIN HE
TOJIKO CPE/IHUE BEJMYMHBI B KaTETOPU3MPOBAHHON J1a-
rpaMMe pa3maxa, Ho U pa3indus B (hopme pacrpenesieHus
JIAHHBIX B KaTErOPU3UPOBAHHOI IMCTOrpaMMe.

Pe3yabraThl 1 00CYK/IEHHE

¥V Bcex mccsieJoBaHHBIX GOJBHBIX OTMEYAU I'H-
HEePTEPMUIO, TAXUKAP/IUIO 1 APTEPUATBHYIO THITOTEH-
3uio0. K MoMeHTy Havyasma reMopuiabTpaluy cpeHmne
3HAUEHUSA COJIePKaHUs JIaKTaTa cocTaBsann 2,4 (SD
1,6) mmosib/m u 2,6 (SD 0,5) MMOJIB/J1, IPH 9TOM TI0-
KasaTeJn CEePAEeYHOr0 HHeKca ObLIM HUSKUMU U CO-
crasysiu 2,4 (SD 0,1) u 2,4 (SD 0,3) si/mun/m* B
rpynmax IHVH u CHVH cootBercTBeHHO. ITO OTI-
PeNesisio KPUTHYECKH CHIDKEHHbIE TOKA3aTe I HH-
lekca norpebieHus kucjaopoga o 74,7 (SD14,5) u
75,8 (SD 15,9) mu/(MunXxXm®), COOTBETCTBEHHO B
rpyrmax IHVH u CHVH. B o6eux rpyriax Ha (hoHe
IIPOBOJIMMOI Ba30INPECCOPHON TOJIepKKU (HOpaji-
perasut B 103ax ot 0,08 10 0,43 MKTr/Kr/MUH) OTMe-
YaJI JIOCTATOYHO BHICOKHE 3HAYEHUST WHJEKCA 00IIe-
ro nepugepnveckoro conporusienust: 2700,7 (SD
62,9) nunXcexXcm® — B rpymne IHVH u 2653,5 (SD
196,2) — B rpyme CHVH. Mnzekc riobanbHOro Ko-
HeuHO-nactosndeckoro oobema (MTKO), kax mo-
Kaszaressi MpeIHarpy3Ku, ONPeeJisicss HIKe HOp-
MaJIbHOTO 3HAYEHUSI U HE OTJINYAJICS B UCCJIELYyEMBIX
rpymnax (585,3 (SD 15,6) ma/m> — B rpymne IHVH
1 590,9 (SD 50,5) mui/m* — B rpyniie CHVH). O1me-
Y/ MOBBIIIEHE WHIEKCA BHECOCYIUCTON BOIbI B
gerkux (MBCBJI) mo suauenmst 10,02 (SD 0,52)
mi/kr B rpynme IHVH u no snavenns 10,2 (SD 0,6)
mi/kr — B rpynie CHVH. Undysuonnas tepanug y
Bcex OOJIbHBIX Obliia MpoJoJUKeHa Ha (oHE ceaHca

norm and did not differ in the studied groups (585.3
(SD 15.6) ml/m* in THVH group and 590.9 (SD
50.5) ml/m? in CHVH patients). We found increased
values of the extravascular lung water index (ELWT)
to the level of 10.02 (SD 0.52) ml/kg in the group of
IHVH and 10.2 (SD 0.6) ml/kg in CHVH group.
Infusion therapy was continued on a background of
extracorporeal detoxication in all patients. The sta-
tistically significant increase in GEDVTI values was
achieved after 4 hours of high volume hemofiltration
in both groups (662.6 (SD 11.2) ml/m* in THVH
group and 668.3 (SD30.3) ml/m®> in CHVH
patients). Satisfactory cardiac index values and sta-
bilization of oxygen status were both observed after
4 hours of high volume hemofiltration in both
groups. Differences between groups were absent.
ELWT values decreased by the end of the first day
therapy in IHVH group to the level of 8.5 (SD 0.4)
ml/kg, and in CHVH group — to 8.4 (SD 0.3) ml/kg.

The starting concentration of complement
component C3a in IHVH group was 2.1 (SD 0.4)
g/l,in CHVH group — 2.2 (SD 0.4) g/I; for C4da —
0.6 (SD 0.1 ) and 0.7 (SD 0.1) g/1, respectively. To
the end of the 1st hr from the beginning of the pro-
cedure, these concentrations decreased during
hemofiltration in both groups, with no inter-group
differences. The trend in reduced values of mediators
of inflammation continued until the third hour of
hemofiltration. The rate of falling of the levels of C3a
and C4a complement components sharply decreased
beginning from the fourth hour of hemofiltration in
both groups. The said cytokine concentrations in
effluent were not recorded staring from the third
hour of hemofiltration in both groups. Cardiac index
values were stabilized at increases by 50% in both
groups (3.4 (SD 0.1) l/min/m* and 3.3 (SD 0.2)
l/min/m? respectively) regardless of the type of the
procedure in all patients as was observed up to 48
hours of therapy. Oxygen consumption index values
were normalized to 134.4 (SD 17.0) ml/(minxXm?)
and 128.4 (SD 17.3) ml/(minXm?), respectively, at
the end of a second day of the therapy.
Vasopressor/inotropic support was stopped after 48
hours of the treatment.

All patients were treated at the same ICU dur-
ing the study. The level of the hemofiltertransmem-
brane pressure, speed and volume of ultrafiltrate gen-
eration were discrete factors in the treatment
program for all patients. Average rate ultrafiltrate in
CHVH group was 176 liters by procedure, in the
group of THVH — 29.7 liters. The speed of formation
of the ultrafiltrate in THVH group was almost 2
times higher (7.4 versus 3.6 liters per hour). Higher
starting rate of filtration clearance for the C3a and
C4a components of the complement system was
identified for the THVH group.

The study revealed peculiarities of hemofiltra-
tion in patients with an increased body mass index
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Ta6auua 2. /luHaMUKa HCCIeAyeMbIX apaMeTPOB.
Table 2. The dynamic of the study parameters.
Parameters The Means (SD) of the parameters at the hours of study
IHVH, n=24 CHVH, n=22
0 4 24 48 0 4 24 48

CI, L /min/ 24* (0,0) 3,0 (0,1)  3,0(02) 34(0,1)  24*(032)  30%(01)  29(02)  33(02)
SVRI, dinXsecXcm™ 2700,7* 2337,2 2291,0* 1893,2 2653,5* 2297,6 2280,3* 1914,9

(62,9) (123,3) (231,1) (119,8) (196,3) (55,37) (155,0) (97,9)
ELWT, ml/kg 10,025(0,5) 12,5 (0,6) 85" (04)  83(02) _ 102* (0,6) 126 (09) 84 (03) _ 82(L1)
Lactate, mmol,/L 24 (1,6)  24(0.2)  31(04) L7 (04)  26%(05)  24(00)  33(04)  L7* (0.1)

VO,i, ml/(minxm?)  74,7* (14,5) 102,5* (7,4) 1043 (27,3) 1344 (17,0) 758" (5,9) 107,2* (166) 94,4 (10,9) 128/ (17,3)

Note: CI — Cardiac Index; SVRI — Systemic Vascular Resistance Index; ELWT — Extravascular Lung Water Index; VO,i — Oxygen
Consumption Index. * — Differences are significant, Mann-Whitney U-Test, P<0.05.

IIpumeyanue: Parameters — napamerpsr; CI, L/min/m* — cepuednslii uuekc (taxoke s puc. 2); SVRI, — unzexc obiero nepudepu-
yeckoro conporusiaenus dinXsecXem?; ELWI, ml/kg — unzexc BHecocyancToil Boabl B Jerkux, mu/kr; Lactate, mmol/L — makrar,
mmout/n u VOoi, ml/(minXm?*) — unzekce norpebenst kocaopoa (takske aist puc. 2). The Means (SD) of the parameters at the hours

of study — 3nauyenue napamerpos (SD) 1o yacam nccie0BaHusl.

9KCTPAKOPIIOPATbHON feToKkcukanu. Yepes 4 gaca
MPOBE/IEHNST BBICOKOOOBEMHOI reMO(MUIBTPAIUN B
obeux rpymmnax HaGJIOJAIN JOCTUKEHUE IEJIEeBbIX
nokasatresieii npexnarpyskun (MTKIO 662,6 (SD
11,2) ma/m* B rpynme ITHVH u 668,3 (SD 30,3)
mi/m* — B rpynie CHVH), ynoBierBopuresbibie
3HAUEHUST CEPJEYHOTO HHJAEKCA U CTaOWIn3anuu
KUCJ0POAHOTO cTaTyca. K KoHIy 1-X cyTOK cHU3M-
JINCh TIOKA3aTesI WHJIEKCA BHECOCYUCTON BONBI B
gerkux B rpynie IHVH no snavenus 8,5 (SD 0,4)
Mmi/kr, a B rpyniie CHVH — no 3nauenus 8,4 (SD
0,3) mur/kr (tabum. 2).

CraproBast kouierTpaiusg C3a KoMIIOHeHTa
komiieMenTa B rpymnne IHVH cocrasmsana 2,1 (SD
0,4) v/a, B rpynie CHVH — 2,2 (SD 0,4) /7., Cda —
0,6 (SD 0,1) u 0,7 (SD 0,1) r/a, coorBercTBenHo. B
X07ie TeMO(UIBTPAIIN OTMEYaId CHUKEHNE Ha3BaH-
HBIX KOHIICHTPAIII Ha YPOBHE BXOJISAIIETO TPAKTA Te-
MOMUIBTPA YKe K TIePBOMY Y4acy OT Havyasia mpore/y-
pbl, OKazaBilleecd CTATUCTUYECKH 3HAYNMBIM.
JlocToBEpHBIX pazinyuuii Mexx/ly rpylnamMmu 3aperucT-
pPUPOBaHO He ObLI0. TeHIEHIUST YMEHbBIIEHHST KOH-
IEHTPAIUN MCCJICIOBAHHBIX MEINATOPOB COXPaHH-
JIach BIJIOTH /IO TPeTbero yaca remocdusisrpanmun. C
3TOTO MOMEHTAa CKOPOCTh majiennus ypoBHeidl C3a u
C4a KOMIIOHEHTOB KOMIIEMEHTA PE3KO 3aMeJlJIn-
sack. Ha ypoBHe TpeTbero yaca KOHIIEHTpaIuil yKa-
3aHHBIX ITUTOKUHOB B 3(D(DII09HTE MTPE/ITTOKEHHBIMU
MeTo/laMu He perucTpupoBain HU B rpynmne IHVH,
uu B rpyrnrie CHVH. Bue 3aBucumocTu ot THIia mpo-
Bozumoii tiporienypel (IHVH wiun CHVH) y Beex
GOJILHBIX K 48 wacaM Tepanuu yJIajgoch JOCTUTHYTh
CTabMIMBalMK COCTOSTHUS ¢ yBesndyeHneM Ha 50%
cepaeunoro mnzaekca (3,4 (SD 0,1) u 3,3 (SD 0,2)
JI/MUH/M”), HOPMA/IU3AIUK [TOKA3aTeslell WHIeKca
norpebsenust kuciaopoga (134,4 (SD 17,0) u 128,4
(SD 17,3) mu/(MunXm®), COOTBETCTBEHHO), OTMEHbBI
Ba30IIPECCOPHO K MHOTPOITHON MOJJIEPKKHU.

BesimunHa TpaHCMEMOPAHHOTO JIaBJICHUS Te-
MODUIBTPa, CKOPOCTh U 00beM 00Pa3yeMOro yJibT-

(more than 25 kg/m?). Velocity of a blood flow was
increased to 322.2 (SD 26.4) ml per minute in five
patients from the IHVH group thatwas significantly
higher than in patients with increased body mass in
CHVH group (n=4). Despite this, fraction of filtra-
tion was higher than the recommended 25% and
reached an average of 27.1+1.18% in the THVH
group? In which it was significantly higher than in
CHVH group. A further increase in blood velocity
led to significant problems with a vascular access and
a pause in the extracorporeal detoxification session.
The above circumstances contributed to significant
hemoconcentration in the exhaust tract of hemofilter
with increased hematocrit up to 38,6% (SD 4.6) one
hour after the start of the procedure. It led to throm-
bosis of hemofilter and demanded his replacement in
3 patients form the THVH group.

Starting filtration clearance of C3a and C4a
complement components was higher in THVH group
then in CHVH group. The elimination rate of tested
substances was reduced during the procedure in both
groups. The concentration of these substances
decreased in the blood of patients with no significant
difference between the groups. It did not correlate
with the value of the transmembrane pressure. There
were no significant differences between the THVH
and CHVH techniques in clearance of C3a and C4a
complement components starting from the second
hour of the hemofiltration. The membrane's sieving
coefficient for C3a and C4a complement components
acquired zero rate at the third phase of the study in
both group. We found only adsorption clearance for
these cytokines at the third hour of the procedure in
both group.

C3a and C4a complement components were
determined in subnormal concentrations in the blood of
all patients after the fourth hour of treatment (C3 —
0.6 (SD0.1) g/L, C4 — 0.2 (SD 0.1) g/1). These result
may demonstrate the continueing synthesis of inflam-
matory substances during SIRS. The rate of elimination
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paduibTpaTa OKa3aJduCh €JIMHCT-
BEHHBIMU [UCKPeTHbIMU (haKTOpa-
MU TIPOBOJIUMOI JiedueOHOU MPo-
rpaMMBbl B MCCJIEJYEMBIX TPYIINaXx. 70
I[Ipu CHVH B cpemanem 3a mpoiie-
nypy mnoxydamu jpo 176 autpos
yasrpaduibrpata, B rpynne IHVH 50
— 29,7 urpa, HO CKOPOCTH 06Pa3o-
BaHusl yJabrpaduibTpaTa B rpyIiie
THVH 06bLta ipakTHYeCKH B 2 pasa
Boitie (7,4 npotus 3,6 ji/yac). AT

ml per min
w
S

20
onpesensno 6ojee BHICOKMNA cTap-
TOBBII TIOKa3aTeJb (DUIBTPAIIOH- 10
noro kjupenca jiusg C3a u Cda 0

KOMIIOHEHTOB CUCTEMbBl KOMILIE-
MeHTa B rpynne IHVH.

B xome ucciemosanus ObLIn
BbISIBJIEHBI OCOOEHHOCTHU IIPOBEjIe-
HUst reMO(pUIbTpanuu y OOJbHBIX C
uHzeKcoM Macchl Tena (Gosee 25

C3IHVH

--4-- C4IHVH —— C3IHVH -+- C4CHVH

2 3 4
Time of hemofiltration (hours)

Kr/M?). Y 5-u OOJbHBIX TPYIIIIBI
IHVH ckopocTb KpOBOTOKa Ipu-
NUIOCh yBeanuuBath 10 322,2 (SD
26,4) mii/MuH, 4TO OBLIO TOCTOBEP-
HO BBIIIIE, YeM Y OOJIbHBIX C HOBBI-
IIEHHO Maccoil Teja B TpyIe
CHVH (n=4). HecmoTps Ha 2TO, IPU TIPOBE/ICHUN
IHVH ¢pakius dunbrpaium mpeBbiiiaga peKOMeH-
ayembie 25% wu jgocthrama B cpeaHem 27,1
(SD1,18)%, uT0 3HAYMMO IPEBBIIIAIO TIOKA3ATENN B
rpynrie CHVH. /lanbHediee yBesudeHne CKOpOCTu
KPOBOTOKA TIPUBOJIUJIO K 3HAUUTEIBHBIM [TPOOIEMaM
C COCYTUCTBIM JIOCTYTIOM U T1ay3aM B ITPOBEJICHUN Ce-
aHCa 3KCTPAKOPIIOPAIBHON /leTOKCUKaIu. Bolnrerie-
peurceHHble 0OCTOSATENBCTBA OMPEIEJUIN 3HAUM-
TeJIbHYIO0 TeMOKOHIICHTPAITUIO B BBIXOJIAIIEM TPAKTE
reMoUIBTPA C TOBBIIIIEHHEM TeMaTokpuTa 10 38,6%
(SD4,6), uepes yac nocJie Havama IPOIELyPhl, 4TO B
3-X cJIydasix IMpUBEJIO K TPOMOUPOBAHUIO reMO(pUIIb-
Tpa 1 OTPEOOBAIIO €70 3AMEHBI.

B rpynimie IHVH crapToBble okazaresu Gpuib-
TparmmonHoro kiaupenca C3a m Cda KOMIIOHEHTOB
KOMIIJIEMEHTA TPEBBIIAIN TaKOBbie B TPYIIIIe
CHVH. B nasbheiiieM, CKOPOCTU 3JIUMUHAIIY UC-
CJIeJlyeMbIX BEIIECTB YMEHBINAIUCh B 00E€UX TPyII-
nax. [Ipy 5TOM KOHIIEHTpaIlK YKa3aHHBIX BEIIECTB B
KPOBU OOJIBHBIX YMEHBINATINCH MapaJiiebHO, He
uMest JOCTOBEPHOTO Pasjinyusl MEXKIy TPyIIaMu, U
He KOPPUTHPOBAJIU € BEJIMYUHON TPAaHCMEMOPAHHOTO
nasienus. Ko BropoMy dacy reMouIbTpaliny Kim-
pEHC MapKepHBIX IUTOKMHOB B MCCJACIOBAHUU HE
uMes M0CTOBepHBIX otiaumunii mexay IHVH u
CHVH rpynnamu. K 3-y artamy uccienoBanug mnpu
06enx MeTopukax KOd(MAOUIMEHT IPOCEUBAHKM IS
C3a u C4a KOMIIOHEHTOB KOMILJIEMEHTA TPHOOPeTa
HyJieBbie 3HaueHus1. K 3-y uacy mpoiteypol pu 00e-
UX METOJIUKAX COXPAHSIIICS TAKIKE TOJBKO aicopOIu-
OHHBIN KJIMPEHC N3YYaeMBIX IIUTOKUHOB.

Puc. 1. Ouusrpanmonnsiii kianpenc C3a n C4a KOMIOHEHTOB KOMILIEMEHTA.

Fig. 1. Filtration clearance C3a and C4a complement components.

Ipumevanune: ml per min — ma B MuH. 31ech u s puc. 2: Time of hemofiltration
(hours) — Bpemst remodubTpaln (4acer).

of low molecular weight substances (as determined in
urea) remained constant during the study and had no
differences in both groups. The dynamic of clinical
changes in THVH group did not differ from the CHVH
group, even when THVH had been discontinued.
Threfore, the positive changes in hemodynamics, renal
function, elimination of nitrogen's metabolism products
and concentrations of markers of inflammation were
similar in both groups. The only statistically significant
differences between groups included the rate of an ultra-
filtrate and the level of a transmembrane pressure. These
differences demonstrated more clinical benefits in the
ITHVH group than in the CHVH group.

The average time of stay of patients in ICU was
13.9 (SD 13.4) days. 30 patients survived during the
90 day observation period, 16 patients died. Twenty-
eight day mortality in patients in IHVH group was
significantly lower than in patients from CHVH
group. Mortality was significantly lower than pre-
dicted by SAPS 3 scoring in both groups.

The data showed a statistically significant pos-
itive clinical response to the treatment program in
both groups of patients as determined by the main
criterion of the effectiveness for the study.

We observed the significant difference in the
actual and proportional 28 day mortality between
groups. Data argue for the superiority of intermit-
tent high volume hemofiltration (IHVH) in treat-
ment of patients with sepsis. These findings do not
contradict the results of previous studies of the dose-
dependent effect of hemofiltration in patients with
sepsis and septic shock [20—23].
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Puc. 2. CpaBauTtenpHas IMHAMIKA HCCIIEAYEMbIX TIOKa3aTeel.
Fig. 2. The comparative dynamic of study parameters.

IIpumeyanue: Mean arterial pressure mm Hg — cpeanee aprepuasibioe gasienue my Hg.

ITpu atom, B kpoBu y Beex Gosbabix C3a u C4a
KOMITOHEHTBI KOMILJIEMEHTA TIPOJIOJIKAIN  OTIpesie-
JIATh B cyOHOpManbHbIX KoHIeHTpanusax (C3 — 0,6
(SDO0,1) r/a1,C4 — 0,2 (SD 0,1) r/x1), uTO CBUZIETEIB-
CTBOBAJIO O COXPAHSIONIEHCS TeHepaluy BeNleCTB
JTAaHHOH TPYTIIIBI B XO/Ie CCTEMHON BOCTIAIUTEIbHON
peaxiuu. B xoje nccieoBaHus CKOPOCTh 3JMMUHA-
IUY HU3KOMOJIEKYJIIPHBIX BellecTB (MOYEBUHBI) OC-
TaBaJaCh OTHOCUTEIHHO TIOCTOSHHON M HE NMEJIa OT-
JYKUi B 06erX Tpymnax.

[TpuMedaTesIbHBIM SABJAETCS TO, UTO JMHAMUKA
3HAYCHUI KIMHUIECKHUX TTAPAMETPOB HE OTJINYAJIACD B
rpynmax IHVH u CHVH npaxe Toraa, roga cBepXBbI-
COK00OBeMHAsT TeMO(UIIBTPAIUst ObLIa TPEKpaIeHa.

TakuM 00pa3oM, B XOjie UCCJEN0BAHUS OBLIO
OTMEUYEHO, YTO, HECMOTPS Ha TPeKpalleHue CBepX-
BBICOKOOODBEMHOI TeMOGUJIbTPAIlUK B TPYIIIe
IHVH, no3utuBHble N3MEHEHUS B reMOJUHAMUKE,
A30TOBBIIEJUTENbHON (QYHKIIMY MMOYEK W KOHIICHT-
paluyu MapKepoB BOCIAJEHUS WMEJU PaBHO3HAY-
worii ¢ rpynnoit CHVH xapakrep. Craructuueckmnx
Pa3IMUUN MEKIY TPYIIHaMU BBISIBIEHO HeE ObBLIO.
Ckopoctb 06pasoBaHust yJbrpaduabTpata, ypo-
BEHb TPaHCMEMOPAHHOTO [ABJIEHUST, COOTBETCTBYO-
e YCJIOBUSM IPOBEIEHUST CBEPXBBICOKOOOHEM-

At the other hand, the hemofiltration regimens
showed similar effects in timing of hemodynamic para-
meters stabilization, rate of cancellation of vasopres-
sors and normalization of oxygen-transport function.
The obtained resuls comply the results of O. Joannes-
Boyau and colleagues in IVOIRE study [24].

Discrete factors between groups in the treat-
ment program in our study included the level of the
transmembrane pressure at the membrane of the
hemofilter, the volume of the ultrafiltrate and the
speed of the ultrafiltrate creation. We observed the
greater positive transmembrane gradient during of
IHVH than CHVH. However, the increase of the
transmembrane pressure was accompanied by an
increase in the ultrafiltrate production and leaded to
increasing the hemofilter AP (pressure gradient).
The latter was related to the increased risk of clot-
ting of the hemofilter. The difference between the
studied factors increased by the end of IHVH proce-
dure. It might be explained by more intensive forma-
tion of the «protein cake» by protein and blood cells
at the inside surface of a hemofilter membrane. This
situation could have a negative impact for the level
of the sieving coefficient for the membrane. Under
these condition, the further increase in the trans-
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TaGauna 3. CooTHONIEHHE YUCIIa BBI)KUBIIMX U YMEPIIUX NAIMEHTOB B HCCJIEYEMbIX IPyNnax.
Table 3. The proportion of survivor and non-survivor patients in the groups.

Groups Total Survivors N (%) Non-survivors N (%)
THVH 24 17 (70.83) 7 (29.17)
CHVH 22 13 (59.09) 9 (40.91)*

Note: * — Differences are significant, Mann-Whitney U-Test, P<0.05.

IIpumeuanue: Total — obiree KommuecTBO GOJIBHBIX; SUrVivors — BbUKUBIINX; NON-SUTVIVOTs — yMEpIIHX. * — Pasindusi 10CTOBEPHbBI

Mann-Whitney U-Test, p<0,05.

Hott remoduaprpaiiuu (IHVH), okazanuce onpeje-
JIFIOMUMY B OTHOIIIEHUU OCHOBHOTO KJITMHUYECKOTO
kputepusi 3(PHEKTUBHOCTH CPABHUBAEMBIX METO-
JIMK 9KCTPAKOPIIOPATBHOM IETOKCUKAIUH.

Cpentee BpeMst nipeObIBaHUsT OOJIBHBIX B OT/Ie-
JeHnn peannmaiinu coctapuiol3,9 (SD 13,4) nueii.
B rteuenne 90-aHeBHOTO Hepuoga HaOMIOAECHUS Bbi-
skuo 30 yesnoBek, ymepsio 16. 28-n1HeBHasg JeTaib-
HocTb B rpyiiie IHVH 6blia 10cTOBEPHO HIKE TIPO-
rHogupyemoii mo SAPS 3, a Takxke Huxe
seransHoctu B rpyrie CHVH (ta6u. 3).

Hamuume moctoBepHBIX pa3inyuii B hakTuyec-
KO 1 ITPOTIOPIMOHAJILHOM 28-1HEBHOM JIeTaIbHOCTU
MEXy TPYIIIAMU CBUJICTEIBCTBOBAJIO O MPEUMYIIE-
CTBE UHTEPMUTTHPYIOIIEH CBEPXBBICOKOOOBEMHOMN
remoduisrparmu (IHVH) B komIiekcHOM JiedeHnn
GOJILHBIX C TSIKEJBIM CercucoM. IloJrydeHHbIE JaH-
HbIE HE TIPOTUBOPEUYNIIN PE3yJIbTaTaM MPeIIeCTBYT0-
HIUX UCCJIEJ0OBAHUI O /10303aBUCUMOM 3 deKTe re-
MO(DUIBTPALINH, TPOBOIUMOIL Y OOJIBHBIX € CEIICHCOM
n centuyeckuM 1mokom [18—21]. B To xe Bpems,
BJIMSTHUE HCCJIEIOBAHHBIX PEKUMOB BBICOKOOODHEM-
HOU TeMO(GUIBTPAIlN HAa CPOKHM CTAOWIN3AIK Te-
MOJIMHAMUYECKUX TIOKa3aTesel, CKOPOCTb OTMEHBI
Ba30IPECCOPOB U HOPMAJIUIZAIUIO KIUCIOPOIO-TPAHC-
MOPTHOW (PYHKIIMU OKa3aJ0Ch PaBHO3HAYHBIM, YTO
cooTBeTcTBOBaNO pesynasraraMm O. Joannes-Boyau c
coasropamu, iosrydenHbivu B IVOIRE study [22].

BesmunHa TpaHCMeMOPAHHOTO JIABJICHUST TEMO-
dbussTpa, CKOpocTh U 00beM 00pPa3yeMOTO YJIbTpa-
(busTpaTa oxazauCh eIMHCTBEHHBIMU JAMCKPETHDI-
MU (DaKTOpaMU MPOBOAUMON JieueOHOI TIPOrPaMMbI
B WCCJIelyeMbIX Tpymnmnax. B 1esoM oxuzasoch no-
cTUKeHUe OOJIBIIETO MOJOKUTENHLHOTO TPAHCMEMO-
paHHoro Tpasuenta npu nposegennn [HVH, oxna-
Ko, (akTuyeckue JaHHBIE TIOKa3aju, 4YTO POCT
TPAaHCMEMOPAHHOTO JIABJIEHUS, COIMPOBOKIAEMBII
yBeJUYEHUEM TIPOU3BO/ICTBA yJIbTpaduiIbTpaTa B
e/IMHUILY BPEMEHU, MPUBOAUT K pocTy AP remo-
usTpa, yKazpIBaOIIEro Ha BO3PACTAIONIMI PUCK
TPOMOUPOBAHUS MOCJEIHETO. PasHUIA MEKLY TTOKa-
3aTeNISIMUA  MCcylelyeMbIX (haKTOpPOB Bo3pacTaia K
koHity iporerypot IHVH, uto, ckopee Bcero, 00bsic-
HSJIOCHh O0Jiee WHTEHCUBHBIM (hopMUpPOBaHHEM (e-
HOMeHa «protein cake» 13 ajcopOMPOBAHHOTO MOJIs-
PHU30BaHHOTO Gesika v GOPMEHHBIX 3JIEMEHTOB KPOBU
HA BHYTPEHHEH, 00paleHHOI K KPOBHU TIOBEPXHOCTH
MeMOpaHbl reMO(pUIBTPa IpH GoJiee BBICOKOI CKOPO-

membrane pressure can be provided only by the
increased blood flow. Howver, in reality it is restrict-
ed by opportunity of the vascular access, particular-
ly, for patients with a body mass index of 25 kg/m’
and more. These problems were not present in earli-
er studies [25, 26]. Concentrations of C3a and C4a
complement components decreased not evenly in
both groups. The starting clearance C3a and C4a
complement components by THVH exceeded those
in patients under the CHCH. Thereafter, the elimi-
nation rates of C3a and C4a complement compo-
nents decreased in both groups evenly. The concen-
tration of these substances decreased in parallel in
the blood of the patients. No significant differences
between groups were found. Concentrations of com-
ponents did not correlate with the value of the trans-
membrane pressure. This evidence is consistent with
the data by J. V. Di Carlo and colleagues [27] con-
firming the results by I. Yakovleva on significant
variability of plasma concentrations of cytokines in
sepsis patients under the hemofiltration [28]. The
parameters of inflammation showed a decrease in the
intensity of the flowing of systemic inflammation
patterns in patients in both groups. Changes inpro-
calcitonin values differed from the conventional
parameters in patients in this study. The most active
reduction of plasma levels of procalcitonin happened
at the fourth hour of the study. It was the result of
elimination of substances by hemofiltration and as a
result of anti-inflammatory effect of extracorporeal
detoxification [29]. The plasma concentrations of
procalcitonin did not exceed the value of 2 ng/ml by
the first day in both groups. The hemofiltration was
terminated in THVH group at that time. This was
probably due to effective influence of water-soluble
substances on intercellular communications within
the interstitial pool. In addition, lower level leukocy-
tosis was observed in the group of patients THVH on
24th hour of the study. The level of leukocytes has
not been changed significantly neither to 24th nor to
48th hour in patients from the CHVH group. The
findings showed the potential of THVH as highly
efficient, specialized treatment of systemic inflamma-
tion. It can prevent from the progression of organ
dysfunction. This statement is confirmed by the pos-
itive dynamics of parameters of the circulatory sys-
tem and normalization of the oxygen-transport func-
tion of the patients in this study.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2016, 12; 2



DOI:10.15360,/1813-9779-2016-2-43-55

Cencuc

ctu yasrpaduasrpaiuu. JlaHHOE 06CTOSATENBCTBO
MOTJIO HETaTUBHO CKAa3aThCsA Ha YpoBHE Koa(duim-
eHTa IPOCEUBaHMs JIIg JaHHOI MeMOpaHbl. B aTnx
YCJIOBUSX MAJIbHEHIINI POCT TpaHCMeMOPaHHOTO
JIaBJIEHUST MOT OBITH 0OECTIEUEH TOIBKO MOCTOSTHHBIM
YBEJUUEHUEM CKOPOCTU KPOBOTOKA, YTO OBLIO Orpa-
HUYEHO BO3MOKHOCTSIMU COCY/IUCTOTO IOCTYIIA, 0CO-
GEHHO B OTHOTIIEHUHU GOJIBHBIX B HHIEKCOM MAaCChI Te-
jga B 25 kr/m>. B 0Oojiee paHHUX WCCJIEOBAHUSIX
1o100HbIe TIPOGJIEMBI TIPECTABJIEHBI He Obutn |23,
24]. CKopoCTb CHUKEHUSI KOHIIEHTPAIIUIT Mccierye-
MBIX BEIIECTB B 0OEHX TPyIIaxX He Oblja paBHOMEP-
Hoit. B rpymnme IHVH craproBbie mokazatesnu (husb-
TPAIIMOHHOTO KJWPEHCA IPEBBINIAJN TAKOBBIC B
rpyriie CHVH, uro cBsizano ¢ 6oJiee BHICOKMM TUJI-
POCTATHYECKUM TPAHCMEMOPAHHBIM JIABJIEHUEM TPU
MIPOBEZICHUN TeMOMDUITBTPAIIAN TI0 TAHHON METOIHIKE.
B nanbueiiniem, ckopoctu annmunariun C3a u C4a
KOMITOHEHTOB KOMILJIEMEHTA CHIZKAIUCH B 0OErX
rpymmax. [Ipy aToM KOHIIEHTpaIluu yKa3aHHbIX Be-
IECTB B KPOBU OOJILHBIX YMEHBIIATUCH MTAPAJLIETHHO,
He UMest IOCTOBEPHOTO PA3INYH MEK/TY TPYTIIaMu, 1
KaK OKa3aJloCh B JIAJTbHENIIEM, HEe KOPPEJIUPOBAIH C
BEJINUMHON TPaHCMEeMOPAHHOTO jiaBjieHust. Hasmndme
10106HOTO (heHOMEHA B TTOJTHOM MEpPe COOTBETCTBOBA-
Jio rarHbiM, noydendbiM J. V. Di Carlo ¢ corpyntu-
KaMU B HCCJIEIOBAHUU MO TMOATBEPXKICHUIO (haKTa
BOo3MOXKHOCTH U dysHoro zpetiha BoIOpacTBOPH-
MBIX CBSI3aHHBIX C BOCHAJIEHUEM YaCTUIl U3 MEXKKJIe-
TOYHOTO ITPOCTPAHCTBA B CBOOOAHYIO IIUPKYJISIIUIO 38
cuet yBesandenus B 20—40 pa3 mumbaTueckoro ape-
Ha)ka Ha (hOHEe BBICOKMX 703 TIOCTAMMONNN [25]. /lan-
Hast IMHAMUKA TaK JKe TIOBTOPSLIA PE3YJIBTaThl PabOThI
1. N. dxoBreBoii, mokasasiiieil 3HAUUTEJNbHYIO Bapu-
abesIbHOCTD U PA3HOHANPABJIEHHOCTD TLJIA3MEHHBIX
KOHIIEHTPAIIIl IIUTOKUHOB y OOJIbHBIX CETICHCOM Ha
(one remodusprparu [26]. /Ilunamuka ucciemye-
MBIX TTaPaMETPOB BOCTAJIUTETHHOTO TIPOIECcca CBU/IE-
TEJILCTBOBAJIA 0O YMEHBIIEHUN UHTEHCUBHOCTH IIPO-
TEKAIOIET0 CUCTEMHOTO BOCHAJEHUs] Y OOJIbHBIX B
obenx Tpymiax. V3MeHeHne TIOKa3aTeel TPOKab-
[UTOHUHA Y OOJLHBIX B MCCJEOBAHUN OTJIMIAIACH
OT OOIIENPUHATHIX TTapamerpoB. Haubosiee akTus-
HOE CHIIKEHUE TJIA3MEHHOTO COZIEPIKAHUS TTPOKATH-
IIUTOHWHA TTPOUCXOIMIIO K 4-y Yacy MCCIEOBAHUS,
YTO SBJISAJIOCH PE3YJIBTATOM, KaK AJTUMUHAIIY Belile-
CTBa IpU TeMO(UIIBTPAIINH, TaK U TTPOTUBOBOCTIAIIN-
TEJILHOTO JIeWCTBUSI 3KCTPAKOPIIOPATIbHOMN /1eTOKCH-
karu [27]. Hecmotps na To, uto B rpynne IHVH
reMoUIBTpaIust ObLIA TIPEKpalieHa, yke Kk 1-m cyT-
KaM MCCJIeIOBAHNA TIJIa3MeHHast KOHIIEHTPAIIHS TIPO-
KaJIbIIUTOHMHA Y OOJIbHBIX JIAHHOW TPYIIIbI He TIpe-
BbIINIAJIA 2 HT/MJI U HE OTJINYAJIUCH OT TAKOBOH Y
GOJIbHBIX B TPYIIE CpaBHEHUs. BeposiTHO, 3TO OI1pe-
nenam0ch 3PdOEKTUBHBIM BO3/ICHCTBIEM CBEPXBbICO-
KOOOBEMHOI TeMO(DUIBTPAIINE Ha MHTEPCTUIHATD-
HBIA  IyJl  BOAOPACTBOPUMBIX  CYOCTAHIUIT
MeskkeTouHoro B3aumozpeictsus (cell-to-cell com-

Conclusion

CHVH and THVH similarly provided the lim-
iting effect on the course of SIRS during treatment
of patients with severe sepsis and septic shock.
THVH is more effective in removing C3a, C4a com-
plement components in the tested patients.
Beneficial changes in condition of patients were
associated with the stabilization of circulatory sys-
tem and the normalization of the oxygen-transport
function that both persisted during and after the
THVH. These changes were similarly observed in
patients of the CHVH group. Patients with high
body weight (more than 25 kg/m*) required main-
taining the levels of blood flow velocity within the
320—350 ml per minute. Maintaining fraction of fil-
tration less than 25% and preventing thrombosis
hemofilter during THVH seem critical for sepsis
patients.

For patients with a body mass index less than
25 kg/m* with septic shock THVH is recommended.
This regimen of hemofiltration should be considered
as beneficial for the sepsis patients since it pre-
vents/declines the organ dysfunction in sepsis. The
technical features of hemofiltration in this mode
requires a strict individual approach to its application.

CHVH is recommended for patients with
severe sepsis at organ dysfunction scoring more than
5.3 by SOFA.

munication), CHHTE3UPyEeMbIX aKTUBHBIMU TKAHEBbI-
MU MOHOIIMTAMHU, YTO CHUKAJIO CUHTE3 MPOKAIBIIH-
TOHWHA B TEMATOIUTAX U B KJIETKAX JKUPOBOU TKaHU.
Kpome Toro, k 24-m yacam 1poBejieHUsT UCCTIe0Ba-
HUST OBLIO OTMEYEHO CHUIKEHUE YPOBHS JIEHKOIUTO-
3a y 6ospHbix rpymmsl IHVH. ¥ GoJbHBIX TPYIIIIbI
CHVH paunblii mokasaTtesb JOCTOBEPHO He HM3Me-
HuJcs HU K 24-M, HM K 48-u vacam. Ilomydennbie
JTAaHHBIC CBUETEIHCTBOBAJIN O TAKUX IMOTEHIINAJb-
HBIX BO3MOXKHOCTSIX CBEPXBBICOKOOOBEMHOI TEMO-
dunsrpanuu (IHVH), kak mosydenue BbICOKOCIIE-
UaJU3UPOBAHHON  «00OpBIBAOLIEii» CUCTEMHOE
BOCIHAJIEHUE TEPAINK, CIOCOOHOI IPEIOTBPAIATh
POrPECCUPOBAHIE OPTAaHHOW MUCHYHKIHU, ITO ObI-
JIO TIO/ITBEPSKJICHO JIAHHBIMU O TTOJIOKUTENbHON /1~
HAMUKe MOKa3aTeJiell CHCTEMbI KPOBOOOPAIIEHHS 1
HOPMAJTM3aINK KUCJIOPOA0-TPAHCIOPTHON (hyHKIINU
y GOJIBHBIX B UCCJIEIOBAHUN.

3akiaoueHue

B pesyJsisraTe poBeieHHOTO UCCIE/IOBAHUS BbI-
asneno, yto CHVH u IHVH B xomIuiekcHoii tepa-
K OOJIGHBIX € TSKEJIBIM CENCHCOM U CElITUYECKUM
MIOKOM OKa3bIBAIOT PABHO3HAYHOE OTPAaHUYUBAIOIIECE
BJIMSIHUAE HA TEYEHUE CUCTEMHOTO BOCHATUTEIHHOTO
orsera, IHVH Gosiee achdexTrBHA B OTHOIIIEHUHN y/Ia-
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sennst C3a, C4a KOMIIOHEHTOB KOMILIEMEHTa y GOJIb-
HBIX B UCCJIEIOBAHHBIX IPYIITIAX.

Ha ocnoBanun ITOJIY4YE€HHDBIX JITAaHHBIX MOKHO

nosarath, 4to nposegeHune IHVH mnokazano npn
Pa3BUTUM CETITUYECKOTO MOKA Y MAIUEHTOB C WH-
JIEKCOM Macchl Tesia Menee 25 kr/m?. Ilpu mposee-
Huu ITHVH y 60JIbHBIX ¢ TIOBBIIIEHHON Maccoii TeJia
(uHzeke Maccnl Tesa Oosiee 25 Kr/m?) obsi3aTesib-
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«CTPECC-OTBET»> OPTAHU3MA I1PU PA3/INYHbIX BUJIAX
AHECTE3NUN B OHKOXUPYPI'IN
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«Stress-Response» of the Organism During Oncosurgery Depending
on Different Types of Anesthesia

A. O. Solovyev'?, V. T. Dolgikh', O. V. Leonov? O. V. Korpacheva'

' Omsk State Medical Univercity, Ministry of Health of Russia
12, Lenin Str., Omsk 644099, Russia
> Omsk Regional Clinical Oncology Dispensary,
9, Zavertyaev Str., Omsk-13 644013, Russia

Ilen» uccaeaoBaHus: U3YYUTh BHIPAKEHHOCTh CTPECCOBON PEAKIMK OPTaHU3Ma BO BPEMsI Olepaliii Ha ToJ-
CTOI KMIITKE TIYTEM ONPe/IeSIeHNs KOHIEHTPAIIMH «CTPECCOBBIX TOPMOHOBY» M YPOBHS IJIMKEMUU B YCJIOBUSIX Pa3-
JINYHBIX BUJIOB aHECTE3UIA.

MartepuaJbl u MeTobl. [larenTos, nepenecimx peseKIMoHHbIe Olepauy Ha TOJICTON KHUIIKE 110 TIOBOJLY 3J10-
KaueCTBEHHbIX 3a00JIeBaHN, pasziesIuIn Ha 2 TPYIIIbL OCHOBHYO (7=57) u rpyIiy cpaBHeHus (n=35). B ocHOBHOI
TPyIITie TIPOBOAMIIA MYJIETHMO/IATBHYIO aHECTE3UI0, BKIIOYABIIAst HETIYOOKYIO CHMITATHYECKYIO OJIOKALY B coYeTa-
HUU C IOBEPXHOCTHOI MHTAJISIIIMOHHON aHecTe3ueil. B rpyiiie cpaBHeHust Gbljia IPOBE/IeHA MHTASIMOHHO-BHY TPU-
BEHHAs aHecTe3Us Ha OCHOBE CHCTEMHOTO BBe/leHHs (DeHTaHUIA B YCJIOBUAX MUoIIernu u naeybdusimun ceBod-
Jopana. B Tpex uccie1oBaTebeKIX ToYKax (1epe MHAYKIMEH B aHeCTe31I0, B TPABMATUYHbBII MOMEHT Ollepaliiy
1 B MOMEHT OKOHYaHM$I Ollepaliii) B CbIBOPOTKE KPOBU OIIPE/IEJISIN COJIePsKaHe MHCYJIMHA, a/IpeHaINHa, HOPajipe-
HasInHa, Jo(haMuHa, KOPTHU30J1a U TJII0K03bL. [IpoBepka cTaTncTuyecknx runoTes mpoBe/ieHa ¢ ITOMOIIbIO Hellapame-
TPUUECKUX METOJIOB, JlaHHbIe 00pabOTaHbl ¢ UCTIOJIb30BaHUEM MIPOrpaMMbl Statistica-6.

PesyabraTel. B rpymie cpaBHenust Bo 2-if 1 3-ii TOUKaxX OTMETUJIN 3HAYUTEIBHOE YBEJNUYeHNEe CO/lePKaHUs B
CBIBOPOTKE KPOBU KOPTU30JIa M KAT€XOJAMUHOB. B OCHOBHOII IpyIITIe 9TH TOKA3aTe M He MTPEBBIIIAT HOPMaTHB-
HbIX 3HaueHuil. CogepskaHue HHCYJIMHA B OCHOBHOI rpyiine ObLIO TIOBbIIEHO B 1-if 1 2-ii TouKax, a B KOHIIE Olle-
panuyu — HOHIZKEHO 110 OTHOIIEHUIO K IPYIIIIe cpaBHEeHM. [inkeMndecKkuil 1poduib oKa3auics IpaKTHIeCKU UeH-
TUYHBIM C TEH/ICHIIMEN K THIEPIJIMKEMUH B IPYIITe CPABHEHUSI.

3akmoyenue. Ha ocHoBanum nmosy4enHbIX pPe3yIbTaToB MOJKHO YTBEPIK/IATh, YTO MYJIBTUMO/IAIbHAS aHecTe-
3ust o0sagaer GOJIBIIUM CTPECC-IIPOTEKTUBHBIM JEUCTBUEM BO BPeMs TPaBMaTHUHBIX oreparuil. CooTHOLIEHnEe
3HAUECHUIT MHCYJIMHA U TJIIOKO3bI B TPYIIIIAX YKA3biBAET HA CIIOCOOHOCTD MYJIBTUMOIAIBHON aHECTE3UU MIPEYIIPEK-
JIaTh 110CJIe0TIePAIMOHHYIO MHCYIMHOPE3UCTeHTHOCTD.

Kniouesote cnosa: pax moacmou xumku; Myavmumo0aivHas aHeCme3us; Cmpecc; KOPmu3oi; UHCYIum;
adpenanun; Hopaopenanun; 00Pamum; 210K03a

Objective: to investigate the severity of the stress response of the organism during surgery on the colon because
of a tumor by determining the level of stress hormones and glucose depending on various types of anesthesia.

Materials and methods. Patients who have undergone resection surgery because of the colon malignancy were
divided into two groups: the study group (n=57) and comparison group (n=35). In the study group a multimodal
anesthesia was performed that included a shallow sympathetic blockade in combination with surface inhalation
anesthesia. In the comparison group inhalation-intravenous anesthesia was performed on the basis of systemic
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administration of fentanyl when accompanied by myoplegia and sevoflurane insufflation. The levels of insulin, epi-
nephrine, norepinephrine, dopamine, cortisol and glucose in serum were eavaluated during three periods of the
study: prior to the induction of anesthesia, at the traumatic moment of operation and at the end of the surgery.
Statistical hypothesis testing was performed using non-parametric methods and the data were processed with the
aid of Statistica 6 software.

Results. A significant increase of the level of cortisol and serum catecholamines was observed in comparison
group during the 20d and 3rd stages. In the study group, these indicators did not exceed standard values. Insulin
level was higher in the study group during the 15t and 2nd stages compared to the comparison group. Insulin level
at the end of the surgery was lower in the study group. The glycemic profiles were almost identical with hyper-
glycemia trend in the comparison group.

Conclusion. Multimodal anesthesia provided most protective effect against stress during traumatic surgeries.
The ratio of glucose and insulin values in groups demonstrate the capability of a multimodal anesthesia to prevent
post-operative insulin resistance.

Key words: colon cancer; multimodal anesthesia; stress by a surgery; cortisol; insulin; adrenalin; nora-
drenaline; dopamine; glucose
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BBenenne

XUpypruueckoe BMENIATeIbCTBO OT MaJIOWH-
Ba3MBHBIX JI0 OOUIUPHBIX KOMOWMHUPOBAHHBIX OIle-
paIuii COPOBOKIAETCS HAPYIIEHUEM TIEJIOCTHOCTH
TkaHel [1, 2]. VI3 30HBI MOBPEXKACHUS TIyTEM Tpsi-
MO cuMmnatudeckoil addepeHTanuu Mo Ienu
«TPAHCIYKIUSA-TPAHCMUCCHUSA> TMPOUCXOJTUT AKTHU-
BallUsl OCH <THUIOTAJTAMyC-TUITO(U3-KOpa HaII0-
YEYHUKOB». Yepe3 HECKOIbKO MUHYT TapaJljieJIbHO
HaunmHaeT (GOPMUPOBATHCS MECTHBIN BOCTIATUTEIb-
HBIU TIpOIlecc BCJIEACTBUE TICPBUYHON ajibTepaluu
TKaHel (KJIeTOK) ¢ BbIJIeJIEHUEM KJIeTOYHBIX MeIna-
TOPOB BOCTIAJIEHUS TIeNTUAHON Tpuposl [3]. IluTo-
KUHBI (BKJIIOUast OEJIKU 0CTPOil Gasbl) — OCHOBHBIE
MPE/ICTABUTENIN CUCTEMBI «BOCIAJIeHUE/TIPOBOCTIA-
JieHre», pa3balaHCUPOBKA KOTOPOU MPUBOIUT K UX
BBIXOJIYy M3 30HBI TIOPAKEHUS B COCYIUCTOE PYCJIO
[2, 4, 5]. KomOuHamust peakiuii CUMIaTUIeCKOTO
OT/IeJia BeTeTATUBHON HEPBHOU CUCTEMBI C TIOCTEY -
IONIMM WJIM TIOYTH TapaJUIeIbHBIM 1TUTOKMHOBBIM
BBIOPOCOM TIPUBOAUT K (POPMUPOBAHUIO COCY/IUC-
TBIX U METAOOJUYECKUX PEAKIIUN, KOTOPbIE OTpe/ie-
JISIOT MHOTOKOMIIOHEHTHBINI OTBET OPTaHU3Ma, SB-
JSAIONINNCS ero 3al[UTHON peakiuen,
0003HAYaEMON «XUPYPIUUECKUM CTPECC-OTBETOM>
[1, 3, 6]. [Ipu aTOM B yCJI0BUSAX 3aTIHYBIIETOCH, JTU-
60 BBIIIEIIIETO 32 TPEIENbl (PU3UOTIOTUIECKOI HOP-
MBI, «cTpecc-oTBeTay (B Gopme aucrpecca) obyc-
JIOBJINBAET Pa3balaHCUPOBKY MPUHIIUAIIA 0OPaTHON
CBSI3U BBIPAOOTKU TOPMOHOB (HANPUMEp, aJPEeHO-
KOPTUKOTPOITHBIN TOPMOH — KOPTHU30.1) [7]. Boipa-
JKEHHOCTH OTBETHOU PEaKIMy OpraHu3Ma 3aBUCUT
TaK)Ke OT TSXKECTU MOBPEKIeHUS (TPAaBMAaTUYHOCTH
U JUIUTEJLHOCTH OTEPAIUU ), CIIOCOOHOCTH CaMOTO
opraHusaMa MoyJupoBath ahGepeHTHbIE CTUMYJIbI
Ha YPOBHE 33JIHUX POTOB CIIMHHOTO MO3ra (aKTHUBa-
1M JIOKAJTbHBIX TOPMO3HBIX HEMPOHOB, CYIIPACIIN-
HaJIBHBIX TOPMO3HBIX CTPYKTYpP), 3a/€lCTBOBATDH
9HJIOTCHHBIE OTMMOU/IBI 1 HOPAZPEHEPTUYECKHIE TOP-

Introduction

Any surgery from minimally invasive to vast
combined operations are accompanied by alter-
ations of the integrity of tissues [1, 2]. Activation of
the 'hypothalamic-pituitary-adrenal cortex axis
comes from the damaged area by direct sympathet-
ic afferent signaling along the transduction-trans-
mission chain. Simultaneously, the local inflamma-
tion responses start to form after a few minutes due
to alterations in primary tissues (cells) with the
release of cellular mediators of inflammation pep-
tide [3]. Cytokines (including acute phase pro-
teins) — are the main representatives of the
«inflammation/proinflammations system, which
are released from the affected area into the blood-
stream causing cytokine imbalance [2, 4, 5]. The
combination of reactions of the sympathetic part of
the autonomic nervous system followed by
cytokine release leads to the formation of vascular
and metabolic reactions that defines multicompo-
nent response of the organism, which is a protective
response of the body, referred to as 'surgical stress
response [1, 3, 6]. In the context of protracted or
physiologically abnormal stress response (in the
form of distress), it causes imbalance in hormones
feedback mechanism(e.g., adrenocorticotropic hor-
mone — cortisol) [7]. Intensity of responses also
depends on the severity of injury (trauma, duration
of the operation), the ability of the organism to
modulate afferent stimuli at the level of the posteri-
or horns of the spinal cord (the activation of local
inhibitory neurons, supraspinal inhibitory struc-
tures), and to use endogenous opioids and nora-
drenergic inhibitory pathways [6, 8]. At the same
time, there is sensitization with possible primary
hyperalgesia as an alteration of peripheral modula-
tion, and the phenomenon of 'inflation' as changing
the central modulation during frequent excitation
of nociceptor-neuron complex [8]. Powerful and
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Mo3Hble 1yTH |6, 8]. B TO ke BpeMs 1pu TOBTOPHOM
4aCcTOM BO30OYKIEHUU KOMILIEKCA <«HOIUIIENTOP-
HepOH» BO3HMKAeT CEHCUTHU3AIlUsl C BO3MOXKHOMN
IIepBUYHOM ruriepajre3neil Kak HapylieHueM mnepu-
(bepuueckoit Moy U GEHOMEHOM «B3BUHYMU-
BaHWS» KaK HAPYIICHUEM IEHTPATIbHON MO TSN
[8]. Momublii 1 3aTaHyBIIMICSA cTpece (JucTpece)
naryOHO BJusieT Ha TedeHne 3aboseBanust. Cucrema
OIIEHKU BBIPAKEHHOCTH «CTPECC-OTBETAY, 0COOEHHO
B YCJOBUSX PA3JUYHBIX BAPUAHTOB aHECTE3WU U
MpocTa, M CJOXKHA OJHOBpeMeHHO. OrpaHuveHnue
MEPIENINN B YCJIOBUSX <BBIKJIIOYEHHOTO» CO3HA-
HUS ¥ OTCYTCTBYSI SMOI[MOHAIBHOM OKPACKHU OOJIH B
COUYETAHUU C <HOPMAJIbHBIMU» ITOKA3ATEJISIMU CTAH-
JMapTHOTO HabGopa MOHUTOPUPYEMBIX BO BPEMsI Olle-
paruu napametrpoB (HemHBazuBHoe A/l ¢ mHTEpBa-
JIOM 5 MUH, IIYJbCOKCUMETpPUs, KamHorpadusi B
couetanuu ¢ doromreruaMorpadueil) UHOrIA CO-
3aet wo3nio Gaaromnouayuus. [Ipu Gosee Try6o-
KOM MOHWTOPHUHTE BBIABJSIOTCS TeMOJIMHAMUYEC-
Kie 0coGeHHOCTH TPOMUIS aHecTe3Un B BUIE
«zapeiidar ob1rero nepudepuuecKoro CompoTUBIIe-
HUS, YIAPHOTO 00beMa U YaCTOTBI CEPAEUHBIX CO-
KpallleH!i, IPU3BAaHHBIX 00ECHeYnTh ajleKBaTHBII
MUHYTHBIH 06beM KpoBoobGpatienus [9]. Ecau He-
MHBa3WBHAA OIleHKA TapaMeTPOB IICHTPAJIbHON Te-
MOJIMHAMWKH JIOCTYITHA MHOTUM aHECTE3MO0JIOoTaM,
TO J1abopaTropHasi OIeHKa «CTPECC-OTBETay — IIpe-
MMYIIECTBEHHO y/IeJl KPYIHBIX NCCIeI0BATENbCKUX
1eHTpoB. OtpejieieHre YPOBHSA KOPTHU30Ja, KaTe-
XOJIAMUHOB, TJIOKO3bl, MHCYJIMHA JaBHO SBJISETCS
MPU3HAHHBIM CIOCOOOM OIEHKH HAMPSIKEHUSI CHM-
MaTOA[PEHATIOBON CHCTEMBbI, XOTS M3HAYAJIbHO WX
pPOJIb paccMaTpUBaJach B KOHTEKCTE IOCTeoIepa-
nuonHoro karabosusma [10, 11]. B pesysbrare
MHOTOTPAHHOU  cTumysasiiiuu  (Gopmupyercs
«CTpeCC-0TBET», BBIPAKEHHOCTb KOTOPOTO, B TOM
YICJIe, 3aBUCUT OT YPOBHSI CTPECCOBBIX KATaDOJIH-
YECKUX TOPMOHOB, BJIMSIONINX HA COJEPKAHUE MH-
CyJIMHA B KPOBU U OMPEJESIONINX TIUKEMUIECKUN
npodub Ha pasHbIX aTanax jedeHud [12, 13]. Pas-
JINYHBIEC BUJIBI AaHECTE3UH B TIPAKTUKE XUPYPIUU KO-
JIOPEKTAJIILHOTO PaKa HUMET PasJUdHYI0 CHOCO0-
HOCTH BJIMSITH HA BBIPAKEHHOCTH <«CTPECC-OTBETA»
KaK IyTeM BO3/ICHCTBUS HA cuMIatnieckyio adde-
PEHTAINIO, TaK W HANPAMYIO, BO3/IEHCTBYS Ha CY-
pacHaIbHbIE IIEHTPDI (MHOT00Opasue cOaiaHCu-
POBAHHBIX, KOMOWHHPOBAHHBIX U  HPOUUX
BApUAHTOB aHECTe3Wi HAa OCHOBE CHCTEMHOTO BBe-
neHud aHanbreTukoB). Ha ceromHgamuuii meHb
6OJIbIIIOE KOJIUYECTBO WCCJIEOBAHUI MMOKA3bIBAET
BO3MOIKHOE MTOJIOKUTENbHOE BIUSHIE HA PE3YJIbTa-
THI JIEYCHUS TeX BAPUAHTOB AHECTE3Uii, KOTOPBIE
UMEIOT B CBOEM COCTaBE 3JIEMEHTBI CUMIIATHYECKON
GJioKa/Ibl pasiuaHOl Tiyounst [2, 14—16]. OxHako
c1abbIM 3BEHOM 3THUX UCCJIEJOBAHU SIBJISIETCST MHO-
roo6pasue JOKAJIbHBIX aHECTETUKOB, UX KOHI[EHT-
panuii, crtocob6oB U ypOBHEN BBeJEHUsI, HATMUUE U

protracted stress (distress) adversely affects the
disease course and treatment outcome. The evalua-
tion system of the 'stress response’ expression is
easy and difficult at the same time, especially in the
context of various anesthesia options. Limitation of
perception in a 'switched off' consciousness and
lack of emotional coloration of pain in conjunction
with the 'normal’ rates of the standard set of para-
meters monitored during operation (non-invasive
blood pressure at intervals of 5 minutes, pulsoxym-
etry, capnography combined with photopletismog-
raphy) sometimes create the illusion of prosperity.
More detailed monitoring reveals hemodynamic
features of anesthesia profile in form of total periph-
eral resistance drift, stroke volume and heart rate,
which are intended to ensure an adequate minute
volume [9]. While non-invasive evaluation of cen-
tral hemodynamic parameters is accessible to many
anesthesiologists, laboratory evaluation of 'stress
response’ is mostly for large research centers only.
Determining the levels of cortisol, catecholamines,
glucose and insulin has long been a recognized way
of assessing the tension of the sympathetic-adrenal
system, although their role has been originally con-
sidered within the context of postoperative catabo-
lism [10, 11]. 'Stress-response’ is formed as a result
of this versatile stimulation. The severity of 'stress-
response’ depends on the level of stress catabolic
hormones, influencing the insulin content in blood
and glycemic profile during different stages of
treatment [12, 13]. Different types of anesthesia in
the practice of colorectal cancer surgery differen-
tially affect the severity of the 'stress response’
through sympathetic afferentation and by affecting
the supraspinal centers directly (the variety of
well-balanced, combined and other variants of
anesthesia based on the systemic administration of
analgesics). To date, a large amount of studies
shows a possible positive effect on the treatment
outcome of those variants of anesthesia, which have
in their composition elements of various degrees of
sympathetic blockade [2, 14—16]. However, a weak
point of these studies is the variety of local anes-
thetics, their concentrations, methods and levels of
administration, diversity of frequently adminis-
tered «off-label» adjuvants. In addition, the major-
ity of studies are related to traumatology and
orthopedics, and perhaps often the results are
applied to abdominal surgery without any reason. It
is necessary to investigate the severity of the
«stress response» of organism during surgery on the
colon malignancies under multimodal anesthesia,
including a shallow sympathetic blockade and anes-
thesia based on system analgesia.

Objectives: to investigate the severity of the
stress response of the organism during surgery on the
colon by determining the level of stress hormones
and blood glucose under various types of anesthesia.
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BOHPOCI)I AHECTEC3MOAOTUN

pasHooOpasue aJbIOBAHTOB (3a4aCTYIO MCIIOJb3ye-
mbix «off label» ). Kpome Toro, 6osbumacTBO Hece-
JIOBaHUI OTHOCUTCS K TPABMATOJIOTUU W OPTOTIEIAN
1, BO3MOKHO, 3a4acCTYI0 Pe3yJIbTaThl 9KCTPAIOJIN-
pyIOTCs Ha abJIOMIHAIBHYIO XUPYPruto 6e3 0coObIx
Ha To ocHoBaHuil. [lesb nccaenoBaHNsS — U3YYUTD
BBIPAKEHHOCTb CTPECCOBON PEaKIMU OPraHnu3Ma BO
BpeMsI oTiepaluii Ha TOJICTOM KUIIKe IIyTeM oIlpejie-
JIEHUS YPOBHS CTPECCOBBIX TOPMOHOB U TJIUKEMUH B
YCTIOBUSAX PA3JUYHBIX BUIOB AHECTE3UI.

Marepuan u MeTObI

3a nepuoz ¢ 2011 o 2013 rr. B OMcKkoM o6acTHOM
KJIMHIYECKOM OHKOJIOTHYECKOM JIUCTIaHCePe 00CTeI0BATH
92 6oJIbHBIX B BO3pacTe OT 57 10 74 JIeT, MoJyYaBUIMX X1-
PYPrUUYEcKoe JieueHue 110 MOBOY HOBOOOPAa3OBaHUil TOJI-
croii kumiku. MccenenoBanue 6bI0 0100PEHO ITHUECKUM
KOMUTETOM, GOJIbHbIE OBbLIM HH(OOPMUPOBAHBI O TIPEACTO-
SITIUX OTIePAIlK W aHECTe3UH ¥ Tl TUCbMEHHOe COTJIa-
cue. Bce manueHTsl MMeJNW PUCK aHECTe3WH 3 KJjacca
(ASA). U3 uccnegoBanust ObLIM MCKJIIOUEHbI HAUEHTHI €
kposoriorepeit 6osee 500 M (acMpannoOHHO-TPaBUMET-
PUYECKUIT METO/1) M TIAIIUEHTHI, TIOJYYaBIINE HHOTPOITHYIO
HO/ZIEPIKKY, MMeBIIMe caxapHbiii auabet. Takke ObLIN HC-
KJIIOYEHDI TTAIUEHTBI, TIEPEHECIITE IHIOCKOTTNIECKUE BMe-
HaTeabeTBa. Bee manuenTsl ObUIN BBIMTUCAHBI U3 CTAIlHO-
Hapa 6e3 OIEeHKU [JINTEIbHOCTU NpebbiBanus. lenuepHoe
pasjie/ieHue TalMeHTOB He MPOBOAMIN. BosibHbIe OblLIK
pasjiesieHbl Ha 2 TPYIIbL: OCHOBHYIO ¥ TPYIITY CDABHEHS.
ITanreHTHI TPYIITIBI cpaBHEHUsT (1=35) B KAUeCTBE aHeCTe-
3UOJIOTHYECKOTO MOCOOUST MOTyHaTn KOMOUHUPOBAHHYIO
MHTAJSIITUOHHO-BHYTPUBEHHYIO QHECTE3UI0 B YCJIOBUIX
muomternu u UBJI. Bcem 60IbHBIM Ha3HaYa M BEYEPOM
HaKaHyHe OTePAINH CeJIATUBHBIN IIPEIapar nepopajbHo u
noakoxuo (mantenapun 2500 MEn). B menn omepanun
IpeMeIMKAIINS COCTOSITA U3 AaHTUTHCTAMUHHOTO TIperrapa-
ta (mumeapost 20 Mr B/M) u nipenapara /il 1pohuIaKkTh-
KM MHOEKINOHHO-BOCTIAIUTEIBHBIX OCJIOKHEHUI (BBO-
nuicst nedrpuakcon 1 T 3a 40 MuH 70 paspesa KOXKU).
WHAYKINIO B aHECTE3UI0 OCYIIECTBISIA BHYTPUBEHHbBIM
6010CHBIM BBezieHreM pacTBopa derranmia 0,0014 mr/kr
n nponodomna-munypo 2,14 mr/kr (B. Braun, Germany).
Muorieruio poBOAMIN JUCTEHOHOM (2,5 MT/T) U nuIe-
kyponueM (0,06 mr/kr). AHecTeswio IOJEPKUBAII
npobubsiM  Bemenuem  dentanmnra  (0,003—0,004
Mr/Kkr/4ac) na ¢oue unransnun ceBoduopana (MAK no
1) mo merouxe low flow ¢ moTOKOM CBEKUX ra30B He Me-
nee 0,5 j1/49ac. UBJI npoBoanin ¢ KOHTPOJIeM 110 00beMy,
¢ FiO, 40% ammaparom Aacmaiip (/Ix. daexrpuk, CIITA).
Kontpoauposamm yposens A/l, HCC, xamnorpammy, Ti1y-
6uny Heiipombiiiedroro 6soka u DKI, mpu atom BIS-mo-
HUTOPUHT HE MTPOBOJUJIH.

Y naiueHTOB OCHOBHON rpyIiibl (7=57) B KauecTBe
AHECTE3MOJIOTHUYECKOTO TI0COOMS TIPUMEHIIIN MYJIBTUMO-
HaJIbHYI0 aHecTe3mio. IIpemenukaiusi Obljia aHaJIOTHY-
HOll. B omepannoHHO KaTeTepuU3UpOBAIH 3MUAYPaJlb-
HOe TpocTpaHCTBO Ha ypoBHe T7—T8 c¢ mpoBemennem
karerepa (B. Braun, Germany) kpanuaibHo Ha 4 cM.
BblinosHsiin oOIenpuHAThIE TeCThl BepuduKaiuu Ha-
XOKJEHWsT KaTeTepa B IMUAYPAJbHOM IPOCTPAHCTBE C
ob6si3aTesibHbIM BBeleHeM 40 Mr 2% pacTBOpa JIUI0Kau-
Ha. B kadecTBe JIOKATBHOTO aHECTETHKA MCIIOTIH30BAJIN

Materials and Methods

During the period from 2011 to 2013 in the Omsk
Regional Clinical Oncology Dispensary 92 patients, 57 to
74 years old, were examined.Patients with colon cancer
were treated by a surgery. The study was approved by the
ethics committee; the patients were informed about the
upcoming surgery and anesthesia and provided the written
informed consent. All patients had anesthesia risk of 3rd
class (ASA). Patients with a blood loss of over 500 ml (as
determinjed by an aspiration-gravimetric method), and
patients who received inotropic support, or those who suf-
fered from diabetes were excluded from the study.
Endoscopic interventions were excluded. All patients were
discharged from the hospital without any assessment of the
duration of stay. There was no gender preferential for
inclusion into the study group. The patients were divided
into 2 groups: study group and comparison group. Patients
of comparison group (n=35) received a combined inhala-
tion-intravenous anesthesia under myoplegia and mechan-
ical ventilation as an anesthesia care. All patients received
oral sedative drugs and 2500 IU of dalteparin subcuta-
neously the evening before the surgery. On the day of oper-
ation premedication was prescribed that included anti-his-
tamines (diphenhydramine 20 mg intramuscularly, IM)
and treatment for prevention of infectious and inflamma-
tory complications (ceftriaxone 1 g administered 40 min-
utes before skin incision). Induction of anesthesia was per-
formed by intravenous bolus administration of solution of
fentanyl (0.0014 mg/kg) and propofol-lipuro (2.14 mg/kg)
(B. Braun, Germany). Myoplegia was performed with lis-
tenon (2.5 mg/g) and pipecuronium (0.06 mg/kg).
Anesthesia was maintained by fractional introducing of
fentanyl (0.003—0.004 mg/kg/h) with sevoflurane inhala-
tion (MAC to 1) based on the low flow technique with the
fresh gas flow (at least 0.5 1/h). Ventilation was carried out
with Aespire (J.Electricians, USA) with control by volume
and 40% FiO,. We controlled the blood pressure, heart
rate, capnogram, the depth of neuromuscular block, and
the ECG without BIS-monitoring.

Multimodal analgesia applied to patients of study
group (n=57) as an anesthesia care. Premedication was
similar. Epidural space was catheterized in the operating
room at the T7—T8 level with navigation of the catheter
(B. Braun, Germany) cranially up to 4 cm. Standard
tests of verification of the catheter presence in the
epidural space were carried out with the obligatory
introduction of 40 mg of 2% lidocaine. As a local anes-
thetic, 50 mL of ternary mixture (0.2% solution of ropi-
vacaine (AstraZeneca) up to 50 ml, 2 ml of fentanyl
0.005% and 0.1 ml of adrenaline 0.1%) was employed. In
all cases, the delivery system was represented by a Spase
Com (B. Braun, Germany) pumping station. The initial
infusion rate was 10 ml/h. Fentanyl (0.1 mg) was admin-
istered once before the skin incision. Later the anesthe-
sia was maintained by continuous infusion of local anes-
thetic with the sevoflurane inhalation according to the
scheme with a lower MAC (to 0.5). Myoplegia was also
carried out, as well as in the comparison group. Infusion
therapy was performed using a balanced isotonic
Sterofundin in a dose of 7—8 ml/kg/h. The mean duration
of surgery in the study group was 85 minutes and 90 min-
utes in the comparison group. Study points were defined as
10—15 minutes before induction of anesthesia, the
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50 MJI TPeXKOMIOHEHTHOU cMecw — pomnuBakanu 0,2%
pactBop (AstraZeneca) mo 50 mur., denranua 0,005% 2
M u aapenanud 0,1% 0,1 mu. CpeacTBoM 0CTaBKU BO
Bcex caydasax Opiia HacocHas cranmus Spase Com (B.
Braun, Germany). HauanbHast ckopocTh MH(MY3UHU CO-
craisiia 10 mu/gac. @enranna (0,1 Mr) BBOAMIN CHUC-
TEMHO OJTHOKPATHO Tiepejl pa3pe3oM Koxku. B pambheii-
[IeM aHEeCTe3WIO TO/IEPKUBANIN TIOCTOSIHHOM NHbY3neit
JIOKQJIbHOTO aHecTeTHKa Ha (poHe MHTAMIIUN CeBOMIIIO-
paHa mo ykasaHHON cxeme ¢ Menbmeir MAK (mo 0,5).
Muornieriio TpoOBOAMIN TaK JKe, KaK U B TPYIIIle cpaBHe-
Hust. IHQY3UOHHYIO Tepaluio 0CyIIeCTBIsIN cOaTaHCH-
POBAaHHBIM U30TOHUYECKUM IPenapaToM cTepodyHANH B
nose 7—8 mi/kr/4yac. CpesHss IMTEIbHOCTD OllepaInn
B OCHOBHOW TpYIIIe COCTaBJsiiia 85 MUH, B TPYIIIIE CPaB-
nenust 90 MmuH. VcciegoBaTeibcKUMU TOYKaMu ObLIU O11-
penenens: 10—15 mMun 10 wHAYKINN B anecte3uio (1-s
TOYKA); MOMEHT PEBU3UU OPIONIHON MOJOCTU U TPAKI[UH
KUIIEYHUKA KaK HauboJiee TpaBMAaTUUHBIN (2-51 TOUKA); 1
okoHYaHMe omeparun (3-1 Touka). V3yuenme pannero
MOCJIEONEPAITIOHHOTO TTIEPUO/Ia B YKA3AHHBIX TPYIIIAX He
BXOJIMJIO B 33/1a4M JTAHHOTO uccienoBanus. Onpeaesnsiain
YPOBEHD MHCYJIMHA U KOPTU30JIA IPU OMOIIH aBTOMATH-
yeckoro ananuzaropa IMMULITE 1000 (USA) meto-
ZIOM UMMYHOMEPMEHTHOTO aHAJIN3a € UCIOJIb30BAHIEM
crangapTHbix  peareHtoB  (Siemens  Healthcare
Diagnostics Prodakts Ltd. UK). Cozepskatue agpeHasiu-
Ha, HOpaJipeHasnHa, nodaMuHa B IJIa3Me OIpPeIesisin
CTaH/IADTHBIM METO/IOM MMMYHO(DEPMEHTHOTO aHaJIu3a
Opu  TIOMOIIM  MHKpOIIaHnieTHoro  (ortomerpa
Multiskan FC (Finland) ¢ ucnosbs3zoBanuem crangapt-
Hbix HabopoB (3 CATELISA, Germany). Cratucruyec-
KyI0 06pabOTKY JaHHBIX IPOBOAMIN C HCIOJb30BAHUEM
mporpaMMbl  Statistica-6. XapakTep pacmupeseseHus B
BapHUAIMOHHOM PsI/Iy OLEHUBAJIHU C TOMOIIBIO KPUTEPHST
Kosnmoroposa-CmupHoBa, a Takske MOCTPOEHUS] TUCTO-
rpaMM U 4acTOTHOTO aHanausa. [lockoIbKy nccienyembre
MOKa3aTes T He MOAYHHAINCH 3aKOHY HOPMAJIbHOTO (Ta-
YCCOBCKOTO) paclpesieJieH s, TO /IS IPOBEPKHU CTaTHC-
TUYEeCKUX THUIIOTE3 UCIOJIb30BATN HelapaMeTpruuecKue
kputepnn Manna-Yutau (77151 cCpaBHEHUS [[BYX He3aBU-
CUMBIX BBIOOPOK) U Buiikokcona (Iist cpaBHEHUS IBYX
3aBUCUMBIX BbIOOPOK), KOJIUYECTBEHHBIE [TaHHbIE TIPE]-
CTaBJISIIN B BUJle Me/inanbl (Me) 1 MHTEPKBAPTUIBHOTO
pasmaxa.

Pe3yabraThl 1 00CYK/IEHHE

TMoJryueHHbIE Pe3yIBTaThI IPECTABJIEHDI B TA0-
Juile ¥ Ha pucyHke. [/lo omeparu cTaTUCTHYECKU
3HAUMMBIX Pa3/JnYuil N3y4yaeMbIX ITOKa3aTeseil Mex-
[y TPYIIIAMU He BBISIBJIEHO, & B MOMEHT OIePAIUH 1
mocJie Hee UMEJIMCh CYIECTBEHHbIC Pa3JInyms. YCTa-
HOBJIEHBI CTATUCTUYECKU 3HAYUMBIC PA3JINYUS U3Y-
YeHHBIX TI0Ka3aTesell B JuHaMuke Habmogermii (1-4,
2-51, 3-s1 TOuKN) 10 0OeuM rpyimam (TabiL.).

Kontenrpaiust koptusosa BO 2-ii uccjenoBa-
TEJIbCKOW TOuKe (MOMEHT OIllepailli) B OCHOBHON
rpyIllie OKa3ajach CTATUCTUYECKU 3HAYUMO HUXKe
(una 21,1%), yeMm B rpyIiie cpaBHeHUsI, B KOTOPOI OT-
MeJasioch yBeJndeHue 3Toro mokasaress Ha 38,2%
[0 CPABHEHWIO C MCXOIHBIM, YTO MPEBBINIANO BEPX-

abdomen revision and intestinal traction, as the most trau-
matic moment, and the end of operation. The study of early
postoperative period in these groups is beyond the scope of
this study. Cortisol and insulin levels were determined by
ELISA with automatic analyzer IMMULITE 1000 (USA)
using standard reagents (Siemens Healthcare Diagnostics
Prodacts Ltd. UK). Adrenaline, noradrenaline, dopamine
in the plasma was determined by ELISA with a microplate
photometer Multiskan FC (Finland) using standard Kkits
(3 CATELISA, Germany). Statistical data processing was
performed in Statistica-6 program. The distribution of a
number of variations was assessed using the Kolmogorov-
Smirnov test, as well as histograms and frequency analysis.
Because the studied parameters were not the subject of
normal (Gaussian) distribution, the nonparametric Mann-
Whitney test (for comparison of two independent sam-
ples) and Wilcoxon (to compare two dependent samples)
were employed for testing the statistical hypothesis, and
quantitative data were expressed as median (Me) and
interquartile amplitude.

Results and Discussion

The results are presented in the table and fig-
ure. Before surgery, there were no statistically signif-
icant differences in studied parameters between
groups. At the time of and after the surgery the sta-
tistically significant differences during the observa-
tion (15t, 2nd, 3rd study points) were defined (Table).

As shown in the Table, cortisol level at the 2nd
study point (the time of a surgery) in the study
group was significantly lower (21.1%) than in the
comparison group that demonstrated an increase in
this parameter by 38.2% compared to a baseline
exceeding the upper normal values. At the 3rd study
point (at the end of operation), the cortisol level in
the comparison group had a tendency to further
increase (by 46.8% compared to baseline), and in the
study group hypercortisolemia was not observed.
The difference between groups was 32.3%.

Insulin level in the 2nd study point was signifi-
cantly higher (by 21.5%) in the study group than in
the comparison group. The level of adrenaline in the
20d study point was lower than the initial one by
35.9% for patients of the study group, whereas in the
comparison group it was higher by 35.9% exceeding
2-fold the level of adrenaline of the study group
patients. At the end of operation (31 study point)
the level of adrenaline continued to increase in the
comparison group, and the same indicator in the
study group decreased (the difference was 65.8%).

Level of norepinephrine in serum before the
induction of anesthesia in both groups did not differ
significantly. At the traumatic moment of the opera-
tion there was a significant growth of this indicator
(by 40.1%) in the comparison group and a decrease
in the study group (by 21.2%) compared to a base-
line. At the end of the operation (31 study point) in
both groups norepinephrine levels remained at the
level of the 20d study point. Level of dopamine in the
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BOHPOCI)I AHECTEC3MOAOTUN

«CTpeCC-OTBeT» OpraHu3Ma IIpHU Pa3JUYHBIX BUAAX 06€e3601MBaHus IIpH Oolepanysax Mmo 1moBoay pakKa TOJICTOro Ku-

meynnka, Me (QL; QH).

«Stress-response» of the organism with various types of anesthesia during surgery for colon cancer, Me (LQ; HQ).

Test indicators

Values of indicators on study stages

Befor operation

Traumatic moment of opertion

After operation

Groups of patients

Study Comparison Study Comparison Study Comparison

(n=57) (n=35) (n=57) (n=35) (n=57) (n=35)
Cortisol, pg/dl 2241 18.1 23.1 29.3 23.0 34.0
(5-25 pg/dl) (14.8,237)  (14.7;22.2)  (20.5;25.4) (26.1;34.9)**#%  (163;27.0)  (29.7; 36.5)"**
Insulin, pU/ml 7.73 6.30 7.90 6.20 6.43 7.08
(2—28.4 uU/ml) (5.05;12.50)  (3.92;8.76)  (4.0; 12.95) (4.18;7.29)* (4.50; 11.70) (5.10;9.83)
Adrenalin, pg/ml 85.85 88.4 55.0 112.0 42.3 124.0
(<100 pg/ml) (71.05;94.75)  (54.3;100.0) (22.45; 61.13)%  (83.5; 122.1)***##  (33.4;53.8)% (110.0; 136.3)***#
Norepinephrine, pg/ml 355.0 360.0 293.0 601.2 290.0 513.3
(<600 pg/ml) (309.5;415.0) (303.8;410.1) (228.5;319.0)% (520.0; 698.5)***### (249.0; 347)  (470.0; 606.1)***
Dopamine, pg,/ml 50.0 402 36.9 108.0 346 116.0
(<100 pg/ml) (43.0; 63.9) (36.4;55.2)  (33.0; 41.4)%*  (89.2; 116.0)***###  (25.0;37.9)  (91.1; 157.9)***
Glucose, mmol /L 5.60 5.50 6.70 7.20 6.90 7.10

(5.10;6.10)  (4.80;6.13)  (5.40; 7.20)%* (7.0; 8.25) (5.50; 7.50)##%  (6.55;7.60)

Note: * — differences between the groups were statistically significant at P<0.05; ** — P<0.01; *** — P<0.001 (Mann-Whitney test for
paired comparisons of independent samples); # — differences in comparison to the previous stage of the study are statistically significant
at P<0.05; #¥ — P<0.01; ### — P<0.001 (Wilcoxon test for paired dependent samples). Me — median (50%), QL — lower (25%) QU —
upper (75%) quartile (in brackets). Standard values and the dimension of parameters are given in parentheses.

IIpumeuanue: Test indicators — nccaemyembiii mokasarenn. 3neck u aus pucynka: Cortisol, ug/dl — xoprusou, mxr/mr; Insulin, pU/ml
— uncyant, MKME/mir; Adrenalin, pg/ml — aapenanus, nr/mr; Norepinephrine, pg/ml — nopanpenanun, nir/mir; Dopamine, pg/ml —
nodamun, nr/mir; Glucose, mmol/L — ruokosa, mmoss/i1; Study stages — aransl nuccsenoanus; Befor operation — g0 onepaigum,
Traumatic moment of operation — TpaBmaTuuHbIil MOMeHT onepanuy; After operation — nocite oneparn; Groups of patients — rpyrmbt
6oabHbIX; Study — ocnosHast; Comparison — cpaBHEHUs. * — Pasinyusa MeK/Iy TPYHIaMy CTaTUCTHYECKH 3HaYuMBbI 1ipu p<0,05; ** —
p<0,01; *** — p<0,001 (xpurepuii Manna-Yurau sl TapHOTO CPaBHEHWS HE3aBUCHMBIX BBIOOPOK); # — pasjnuuisi B CPAaBHEHUHU C
MOKA3aTeJIIMU TIPE/BIYIIEIT TOYKM HCCJe0BaHks cTaTucTHdecKu 3uadnMbl mpu p<0,05; ## — p<0,01; ### — p<0,001 (xpurepwmii
BUJIKOKCOHA ISl TTADHOTO CPABHEHIsI 3aBUCUMBIX BBIOOPOK). Me — mennana (50%), QL — wmwkuuit (25%), QU — Bepxuuii (75%)
KBapTIIIH (YKa3aHbl B CKOOKax). HopMaTnBHble 3HAYEHNS U Pa3MEPHOCTD MOKa3aTeJell YKA3aHbl PSIOM B CKOOKAX.

HUe 3HauYeHus HOPMbIL. B 3-i1 mccienoBaTesbCKoi
Touke (OKOHYAHUWE OTepaIlui) KOHIICHTPAIUS KOp-
TU30JIa B TPYIIlle CPABHEHUsI MMeJa TEHIEHIIUIO K
nasibHelieMy 1oBbiiienuio (yBesanudenue na 46,8%
[0 CPABHEHUIO C UCXOJHBIM), & B OCHOBHOII TPYIIIe
TUMIEPKOPTU30JeMHsT He Habioaanach. PasHuia
MEJKIy rpytnamu coctasuia 32,3%.

Conepsxanue WHCyJIWHA BO 2-i1 McclenoBa-
TEJILCKOI TOUYKE B OCHOBHOU TPYIIie ObLJIO CTATHC-
TUYeCKU 3Ha4nMO Bbilie (Ha 21,5%), yeM B rpyiiie
cpaBHeHus. KoHIleHTpaIus afjpeHasnHa Bo 2-ii uc-
CJIeJIOBATEIbCKON TOYKe Yy MallMeHTOB OCHOBHOM
IpYIIbI ObLIA HIKE UCXOMHON Ha 35,9%, a B rpyTie
cpaBHeHus1 — Bbilie Ha 35,9%, mpesbiinas B 2 pa3a
cojlepKaHye a[peHaJnHa y TAIeHTOB OCHOBHOI
rpynimbl. [To okonyanum oneparuu (3-4 ucciemaosa-
TEJIbCKAsl TOYKA) B TPYIINle CPABHEHUS IIPOJOJIKA-
JIOCH yBeJMueHue KOHIIEHTPAINU af[peHanHa, a y
MaIMeHTOB OCHOBHOM IPYIIIbl — CHU)KeHue (pasHu-
1a coctaBmia 65,8%).

Konmenrpariiusi HopajipeHaIiHa B CHIBOPOTKE
nepejil MHAYKIMEH B aHECTE3UI0 B OOEMX IpyIax
CTaTUCTUYECKN 3HAYMMO He pa3indayiach. B TpaBma-
TUYHBI MOMEHT OIEPAIUU 10 CPABHEHUIO C UCXO/I-
HBIM B TPYIIIIe CPABHEHUST OTMEYAJIU CYIIIeCTBEHHBII
pocT marHOTO Tokasatess (Ha 40,1%), a y manneHToB
ocHoBHOU Tpymmbl — cHmwkenne (Ha 21,2%). Ilo

traumatic moment of operation for patients of the
study group, compared to baseline, decreased by
26.2%, while for patients of the comparison group
this indicator increased 2.7-fold. After the operation,
the level of dopamine in both groups did not change.

Level of glucose in serum of patients of the
study group and the comparison group during the
traumatic moments of operations significantly
exceeded the initial values by 16.4 and 23.6%,
respectively. After the operation, the level of glucose
in both groups did not change demonstrating persis-
tence of hyperglycemia.

Therefore, the study of 'stress’ hormones,
insulin and glucose indicates activation of "hypothal-
amic-pituitary-adrenal cortex' system under the
stress caused by a traumatic surgical procedure in
cancer patients. Hypercortisolemia in the compari-
son group at the traumatic moment of operation is
explained by the fact that the targets of systemic
anesthesia-analgesia are supraspinal structures. Lack
of hypercortisolemia at this moment in the study
group demonstrates the reliable prevention of sym-
pathetic afferentation from the injury site, even with
a low concentration of local anesthetic solution.
Further dynamics of cortisol level increases at the
end of the operation confirms previous point of view.
Cortisol, as a major adaptive regulator of 'stress
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O1eHKa «CTpecc-0TBeTa» OPraHu3Ma IPH Pa3IM4HbIX BHAaX 00€300MBaHN IPU ONE€PALMSX 110 IOBO/Y PaKa TOJICTOrO KMIEYHHKA,
Me (QL; QH).

Evaluation of «stress-response» of the organism under various types of anesthesia during surgery for colon cancer, Me (LQ; HQ).
Note: 1 — Befor operation; 2 — Traumatic moment of operation; 3 — After operation. * — the comparison between the groups (Mann-
Whitney test for paired comparison of independent samples); # — the comparison with the previous stage of the study (Wilcoxon test for
paired comparison of dependent samples), the null hypothesis is rejected at P<0.05. Me — median (50%), QL — lower (25%) QU — the
upper (75%) quartile. Standard values and the dimension of parameters are given in parentheses.

IIpumeuanue: 1 — 110 onepaiyy; 2 — TPABMATHYHBIN MOMEHT OIIEPAIINIL; 3 — MOCJIe OTEPAIU. ¥ — CPABHEHIsI MEK/LY TPYIIaMu (KpUTepuii
Marta- YUTHI [UIsT TApHOTO CPAaBHEHUST HE3aBUCUMBIX BBIOOPOK); # — CPAaBHEHWS C MOKA3aTeISIMU TPEIBIIYIIEN TOUKH MCCITeT0BAHIIST
(kputepuii BUTKOKCOHA /1S TAPHOTO CPABHEHMS 3aBICUMBIX BRIGOPOK ), HyJieBast rurotesa orsepranach mpu p<0,05. Me — meaunana (50 %),
QL — mmsxnmii (25 %) QU — Bepxuuii (75 %) kBaprusmin. HopMaTuBHbIE 3HAYEHUS U PA3MEPHOCTH TIOKa3aTesieil yKa3aHbl B CKOOKaX.
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BOHPOCBI AHECTEC3MOAOTUN

OKOHYAHUU oriepaiiuu (3-s1 UCCIe0BaTeNbCKast TOU-
Ka) y MaIUeHTOB 00enX rPYIII COJleP/KaHIe HOPaJIpe-
HAJIMHA OCTaBAJIOCh HA YPOBHE 2-if TOUKU HAOJIIO/IE-
nus. Konmenrtpanus jpodaMuHa B TPaBMATUUHbBIN
MOMEHT OTIepalli y TaIllMeHTOB OCHOBHOW TPYIIIBI
10 CPABHEHUIO C UCXOHBIM CHUIKAIACH HA 26,2%, a'y
MAIMEHTOB TPYIIIbI CPABHEHUST — yBEJIUYUBAIACHh B
2,7 paza. [loce ornepaiiuu KoHIleHTpalus gjodamuna
B 00€HX IPyIIIax He U3MEHSIJIACh.

Cozeprkanue TJIIOKO3bI B CBIBOPOTKE KPOBH T1a-
IIUEHTOB OCHOBHOI TPYIINBI U TPYTIIIBI CDABHEHUS B
TPaBMATUYHBII MOMEHT OIEPallid CTATUCTHYCCKU
3HAYMMO IIPEBBINIAJIO UCXO/IHbIe 3HaUeHus Ha 16,4 u
23,6% cootBetcTBeHHO. [locie omeparu comepika-
HUE TJII0KO03bI B 00enX rPyIInax He U3MEHSIIIOCh — CO-
XPaHAJIACh TUTIEPTITUKEMUS.

TakuMm 006pPa3oM, HCCIEIOBAHUE <«CTPECCO-
BBIX» TOPMOHOB, MHCYJIMHA U TJIIOKO3bI CBUIETEJIb-
cTByeT 06 aKTUBAI[MU CUCTEMbI «THUIIOTATAMYC-TH-
mo(u3-Kopa HAJIIOYEYHUKOBY> B YCJIOBUSX CTpecca,
BBI3BAHHOTO JIOCTATOYHO TPABMATUYHBIM XUPYPTHU-
YeCKUM BMEIIATETHCTBOM Y OHKOJIOTHIECKUX GOJTb-
HBIX. [unepkopTusoseMusi B TpaBMAaTUUYHBIH MO-
MEHT OTIepalliy B TPYIIIE CPAaBHEHUS 00bSICHSIETCSI
TOUKON TPUIOKEHUT KOMIIOHEHTOB CHUCTEMHOU
AHEeCTE3UN-aHAJITe3UN — 3TO CyIpaclnHaJbHBbIC
CcTPYKTYpbl. OTCyTCTBUE TUMEPKOPTU3OTIEMUN B
3TOT MOMEHT B OCHOBHOI I'PYIIIie€ CBU/IETEIbCTBYET
0 HaJIEeKHOM TMPENOTBPAIEHUN CUMIIATUYECKON
adepenranmu n3 MecTa TOBPEKICHUS JaKe TIPU
npUMeHeHUH ¢J1ab0 KOHIIEHTPUPOBAHHOTO PACTBO-
pa JIoKaJbHOTO aHecTeTuKa. JlasbHeilas nuHaMu-
Ka KOPTU30JIEMUU 110 OKOHYAHWM OIEPAIUU TOJ-
TBEPXKJAET  TPEABIAYIIYI0O  TOYKY  3PEHUS.
Koprusos, 6yay4r OCHOBHBIM Al THBHBIM PeEry-
JIATOPOM «cTpecc-oTBeTa» [12], saBiasieTcs, Kpome
TOrO, BaKHEHIIUM TOpMOHOM Katabosimama [7].
Boicokuii ypoBeHb CBIBOPOTOUHOTO KOPTHU30Ja, C
OJTHOU CTOPOHBI, CIIOCOOCTBYET aKTUBAIMH TJIFOKO-
HeoreHesa [17], a ¢ apyroil — unrunbupyer mnepude-
PUYECKYI0 YTUJIU3AIUIO TJIOKO3bI CTPECC-3aBUCH-
MBIM  00pa3oM, MOAaBJsAsT €€  3axBaT U
HCIIOJIb30BaHue B TepuepuiecKnx TKaHAX TyTeM
JIICKOOpAMHAIIUN (BILIOTD JIO MOSIBJICHUST HEOOpa-
TUMOTO jlehekTa) paboOThl perentopa <«WHCY-
JIVH/BHYTPUKJIETOUYHBIN CUTHATBHBIN TTyTh> [7].

OnHuM U3 Ba)KHEHINNUX TPU3HAKOB BBIPAKCH-
HOCTH <«CTPECC-OTBETa» HA TMOBPEXKICHUE SBISETCS
M3MEHEHNE KOHIICHTPAINU TJIA3MEHHBIX KaTexosa-
MUHOB. [unepkarexonmammueMus: (IIpenMyIecTBeH-
HO 3a CYeT a/ipeHaJMHa) B TPYyIIe CPAaBHEHUS B
TpaBMAaTUUHbBII MOMEHT U JlaJIbHeHINNH ee pocT, 1o-
Ka3aHHbII B HAIllEeM MCCIE0OBAaHUN, YKA3bIBAIOT HA
HECIOCOOHOCTH CHUCTEMHOTO BBEJIEHUS MPENapaToB
NI aHeCTe3Uu TPeNOTBPaNlaTh CUMIATUYECKYIO
addepenTanmio ¢ NMOCTEAYIONUM <CTPECC-OTBE-
ToM». B TO ke Bpems oTcyTCTBUE «/ipeiidas comep-
JKaHUS KaTeXOJIAMUHOB B OCHOBHOM TPYIITIE YKa3bl-

response’ [12], is also the most important catabolic
hormone [7]. The high level of serum cortisol, on one
hand, contributes to the activation of gluconeogene-
sis [17], and on the other hand, inhibits peripheral
glucose disposal in stress-dependent manner, sup-
pressing its capture and utilization in peripheral tis-
sues by uncoordinated (up to irreversible defect)
insulin receptor — intracellular signaling [7].

One of the major signs of the severity of the
«stress responses to injury is the level of plasma cat-
echolamines. Hypercatecholaminemia (mainly due
to adrenaline) in the comparison group at the trau-
matic time and further growth of indicators point to
the failure of systemic administration of drugs for
anesthesia to prevent sympathetic afferentation fol-
lowed by «stress response». At the same time, the
absence of catecholamine level drift in the study
group indicates the ability of multimodal anesthesia
to prevent hypermetabolic response to stress [18].

The main reason for insulin resistance (the key
anabolic hormone) is considered to be a high level of
serum cortisol, which indirectly promotes gluconeo-
genesis in the later period presumably due to the
amino acids of skeletal muscle proteins. Dynamics of
insulin levels in our patients suggest the ability of
multimodal anesthesia to maintain a high level of
insulin in serum at traumatic moment in conjunction
with the lack of hyperglycemia. To ensure a stable
glycemic profile after operation in patients with an
epidural catheter less insulin is needed. Thereby, the
multimodal anesthesia prevents possible insulin
resistance. Postoperatively even a slight hyper-
glycemia may contribute to unfavorable outcome
after surgery on the colon (the results of a retrospec-
tive analysis of more than 7,500 colectomies) [19].

Thus, the effectiveness of various methods of
anesthesia can be judged by hormonal background of
intraoperative period, but these studies are quite
time-consuming and expensive for anesthesiologists
to use on a daily basis. Based on these data it can be
argued that multimodal anesthesia is more effective
method for traumatic surgery on the colon than
modern inhalation-intravenous anesthesia [20, 21].
Interrupting sympathetic afferentation from the
injury site, multimodal anesthesia reduces the sever-
ity of metabolic reactions to surgical stress and
thereby has a stress-limiting and stress-modeling
effect [22, 24].

BAaeT Ha CIIOCOOHOCTDH MYJIBTUMOAIBHOM aHeCTe3nn
PEOTBPAIIATh TUIIEPMETAOOTHUYECKYI0 PEAKIIHIO
Ha cTpecc [18].

OCHOBHO TPUYUHON PE3UCTEHTHOCTH K MHCY-
JiuHy (KJII04eBOMY aHAbOJHYECKOMY TOPMOHY ) CUH-
TaeTCs BBICOKAs KOHIIEHTPAIUS CBIBOPOTOYHOTO
KOPTHU30J1a, KOTOPBIN OMOCPEI0BAHHO CIIOCOOCTBYET
TJIIOKOHEOTeHe3y B OoJjiee MO3HUN TTEPUO]] 32 CUET
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AMUHOKHUCJIOT OEJKOB CKEJETHOU MYCKYJATYPBL.
JluHaMUKa COfEPKAHMSI MHCYJIMHA Y HAIIKX TTAI[eH-
TOB CBUJIETEJILCTBYET O CIIOCOGHOCTH MYJIGTUMO/IAJIb-
HOIl aHeCTe3nH MOJIEPKUBATD €ro GoJiee BBICOKYIO
KOHI[EHTPAIIUIO B CBIBOPOTKE B TPAaBMATHUYHBIA MO-
MeHT Ha (DOHE OTCYTCTBUS THIEprauKeMun. JIjist
obecriedeHusT CTabUIBHOTO TIIMKEMUYECKOTO podu-
JISL TIOCJIe OIepaIiy MAllueHTaM, UMEBIIUM SIIHTY-
pasIbHbIIT KaTeTep, HeoOXOMMa MEHbINAst KOHI[EHTPa-
ST UHCYJIMHA. TAKUM 06PasoM, MYJIBETHMOJATIbHAS
aHecTe3ust IPOGUIAKTUPYET BO3MOKHYO PE3UCTEHT-
HOCTh K WHCYJIMHY. B TOC/Ie0nepannoHHOM epuoje
Jlake HE3HAUUTEJbHAS TUIEPIIIUKEMUST MOKET CIIO-
coOCTBOBATh HEOJIATOMPUSATHOMY HCXOJLY TOCJIE Ole-
PATUBHBIX BMEIIATEIHCTB HAa TOJCTON KuIlke (pe-
3yJIBTAThI PETPOCIIEKTUBHOrO aHayimnza Oosee 7500
KoJiskTomuii) [19].
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Acute Blood Loss: Regional Blood Flow and Microcirculation (Review, Part I)

V. V. Moroz, I. A. Ryzhkov

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

B mepBoii wacti 0630pa MpeICTaBIEHbI TaHHbIE IUTEPATYPHI M0: CTPYKTYPHO-(DYHKIIMOHATBHON OpraHr3ainm
MUKPOIMPKYJISTOPHOTO PYCJIa; PETYJISIIIN COCYICTOr0 TOHYCa, BKITIOYast MeCTHBIE (MeTab0IMIeCKie, MUOTEHHBIE
MEXaHU3MBI, POJIb SHIOTEJIUS U SPUTPOLUTOB) U CUCTEMHbIE (HEPBHbBIE, TYMOPaJIbHBIE) (DAKTOPBI; OOIIIE BOIPOCH
HapYIIeHWT MUKPOIUPKYJISIUHN I1PU KpoBonoTepe u 1moke. OcTpas KpoBONOTePs paCCMOTPEHA B ACHEKTe CTaIHii-
HOTO TE€YEHUsI KOMITEHCATOPHO-TIPUCTIOCOOUTENBHBIX MTPOIECCOB C BOBJIEYEHHEM CHCTEMbI KDOBH, CEPIEYHO-COCY-
JIMCTOM, HEPBHOI 1 9HJIOKPUHHON cucTeM opranusma. Onucanbl H3MEHEHHs TPAHCIOPTa KUCJIOPO/ia, aToreHes
TUIIOKCUU U MeTabOIMUECKUX HApPYIIEHUET IIPK KPOBOTIOTEPE U TEMOPPArnuecKoM IoKe. IpeicTaBiieHbl pruMepbl
MOPOYHBIX KPYTOB ITaTOreHe3a 0CTPOil KPOBOIIOTEPHU, KaK OCHOBBI PA3BUTHS IEKOMIIEHCUPOBAHHOIO reMopparuye-
CKOTO III0Ka, a TaK)Ke OTMeUYeHa BakHasl PoJib HapyIlleHNH reMocTas3a 1 PeoJIoruy KPOBU B 3TOM IIpoliecce.

Kantouesste croea: ocmpas kpoeonomepsi; zeMOppazu4ecKuil wWox; namopu3uoious; MUKpOUUPKYAAUUsL;
mpancnopm xuciopooa

The first part of the review highlights the data on the structural and functional organization of the microvas-
culature; regulation of vascular tone including local (metabolic and myogenic mechanisms, role of endothelium
and red blood cells) and systemic (nervous, humoral) factors; general issues of microcirculatory alterations in
blood loss and shock. Acute blood loss is considered as a phasic development of compensatory and adaptive
processes involving the blood system, cardiovascular, nervous and endocrine systems. Changes in oxygen trans-
port, the pathogenesis of hypoxia and metabolic abnormalities in blood loss and hemorrhagic shock are described.
Examples of the vicious circles contributing to acute blood loss pathogenesis are considered as a base for develop-
ing decompensated hemorrhagic shock in which the role of hemostasis and blood rheology alterations are also con-
sidered.

Key words: acute blood loss; hemorrhagic shock; pathophysiology; microcirculation; oxygen transport
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Paszinunble 1m0 cBOel Mpupoje 3a00JI€BaHIS
(TpaBMa, 3a00JIeBAHUS JKEJYIOYHO-KUIIETHOTO
tpakra [JKKT], rHoiTHO-BOCTTA/IUTENbHDBIE, OHKOJIO-
TUYeCKUe U aKyliepckue 3aboJieBaHUsI) MOTYT OC-
JIO(KHUTBCS Pa3BUTHUEM MHTEHCUBHOTO KPOBOTEYe-
Hus. Bo3HuKaromas mpu 3TOM 0CTpasi KPOBOIIOTEPST
3aMyCKaeT B OPraHM3Me KOMILIEKC OOIIenaToIor -
yecKuX (KOMITEHCATOPHO-TPUCIIOCOOUTENBHBIX) pe-

Diseases of different etiology (trauma, alter-
ations of gastrointestinal tract, purulent infection
and cancer, obstetric pathology, etc.) may be compli-
cated by the development of intensive bleeding.
Acute blood loss triggers a complex of pathological
and compensatory reactions in the body. The ratio
and the severity of these reactions are determined
not only by the etiology of the underlying disease,
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AKITMi, COOTHOTIIEHUE U BBIPAXKEHHOCTH KOTOPBIX OTI-
peensioTcs He TOJBKO M He CTOJBKO 3THOJIOTHEH
OCHOBHOTO 3a00JIEBaHUsI, CKOJIBKO CKOPOCTHIO U 00-
UM 00bEMOM KPOBOTIOTEPHU, YCIOBUSIMHU OKPYIKAIO-
HIeil cpesibl, PEaKTUBHOCTBIO W (DYHKIIMOHATbHBIMU
pesepBaMu opranusmMa (11071, BO3PaCT, TCHETHYECKHE
0COOEHHOCTH, COMYTCTBYOIIAST TATOJOTHS 1 JIP. ).

[TyckoBbIM 3BEHOM IaToreHe3a OCTPON KPOBO-
HOTEPH SIBJISIETCST YMEHbIIEHHe 00beMa IIUPKYJIUpPY-
tomeii kposu (OILK), uTo mocienoBatebHO TPUBO-
JIUT K YMEHDBIIEHWIO BEHO3HOTO BO3BpaTa u
CepIEYHOTO BBHIOPOCA, CHUKEHUIO CHCTEMHOTO apTe-
puanbHoro aasienusg (A/l) u runonepdysun opra-
HOB U TKaneil. [Tocseannii hakTop B coueTannu ¢ Ha-
DYIIEHUSAMHU  PEOJIOTMM  KPOBW  TPUBOAUT K
paccTpoiicTBaM B CHCTEME MUKPOTEMOIUPKYIAINN
U Pa3BUTHUIO KAUJIAPOTPODUUECKON HEI0CTATOY-
HOCTH, SBJSIONIENCS HEMOCPEACTBEHHON TMTPUINHON
runiokcun Kiaetok [1]. I[Ipomosmkatonieecs KpoBoTe-
YeHMEe U HeCOCTOSATEIbHOCTD KOMITEHCATOPHBIX peak-
Uil opraHu3Ma u Je4eOGHBIX MEPOTIPUSITHIA, TPUBO-
NI4T K Pa3BUTHUIO TIATOJOTMYECKUX <«ITOPOUYHBIX
KPYTOB», aKTUBAIUH TIEPEKUCHOTO OKUCJICHUS JIUTIH-
JIOB, TIPOTPECCUPOBAHUIO TUTIOKCUU CMETIAHHOTO TH-
1, TSKEJIBIX MeTA00IMIeCKUX HapyIeHn i (aiumo3,
BO/JTHO-2JICKTPOJIUTHBIE HAPYIIEHUS, WCTOIIECHUE
9HEPreTUYECKUX U TIACTUYECKUX PECYPCOB KJIETOK)
U THGENN KJIETOK 110 MEXaHU3MYy HEKpPO3a WJIU alloli-
To3a [2, 3]. Pe3ysbraTroM OMMCAHHBIX ATOJIOTHYEC-
KHUX MPOIECCOB ABJIAIOTCS HapyIlieHne (OyHKIIMI Op-
TaHOB W Pa3BUTHE MOJUOPTAaHHON HEIOCTATOUHOCTU
C JIETATTHHBIM UCXOJIOM.

Temopparuueckuii MoK TPEACTaBIseT cOoOOM
KPaliHIOI CTeleHb TEePEUNCICHHBIX BbINIE TEeMOJIH-
HAMUYECKUX M MeTabOJMIECKUX PACCTPOICTB B pe-
3yJIbTaTe OCTPON MacCUBHOI KpoBomotepu. OH gB-
JIeTCH PAa3HOBUIHOCTBIO TUTIOBOJIEMUYECKOTO MTOKA
U JUISL €70 Pa3BUTHUST HEOOXOMUM Psi]| YCIOBUIL PO-
MEKYTOK BPEMEHM JIJI PA3BUTUS OTBETHBIX PEAKIINiA
OpraHu3Ma; HeajleKBaTHAs epdy3us TKaHeii; paccT-
policTBa KJIETOYHOTO MeTabO0JU3Ma; TOTEHIIUATBHO
CMEpTeJIbHBIN XapakTep nopaskenuii [3].

HapyieHust KpoBoOGpaIieHnst Ha MUKPOIUP-
KyJISTODHOM YPOBHE, BO3HUKAIOMIME TIPU OCTPOiA
KPOBOIIOTEPE U BCET/Ia BBIPAKEHHbIE TTPU TEMOPPAri-
YECKOM IIOKE, SBJISAIOTCS KIIOUEBLIM MATOTeHETHIeC-
KUM (haKkTOpOM PasBUTUA TMIIOKCUU U TUCHYHKIINN
opratos [4, 5]. OnHako, HeCMOTPsST Ha OOIIUE MATO-
Moposornueckue u GyHKIIMOHAIbHBIE TIPOSIBJICHUS
(cHUIKEHWE TIIOTHOCTH Tep(y3upyemMbIX KarluJiisi-
POB, TETEPOTEHHOCTD TIepQy3nn, 3aMeIeHe KauJI-
JIIPHOTO KPOBOTOKA, OBBINIIEHNE BA3KOCTH KPOBU U
MIPOHUTIAEMOCTH AHAOTEJNS U JIP.), HAPYIIEHNS MUK-
POTEMOITUPKY AN, TeM He MeHee, MMEIOT CBOIO
cnernUKy B 3aBUCUMOCTH OT COCY/TUCTOTO PETHOHA
opranusma. /lannas crenuduka onpenessieTcss Kak
aHaTOMO-(DYHKIIHOHAJILHBIMUA OCOOEHHOCTSIMU KPO-
BOCHAOKEHUSI TOTO UM UHOTO OpraHa (CHCTEMBI OP-

but also by the intensity and the total volume of
blood loss, environmental conditions, reactivity and
functional reserves of the body (sex, age, genetic
characteristics, comorbidities, and others).

The initiating factor in the pathogenesis of
acute blood loss is a decrease in circulating blood
volume (CBV), which successively leads to a
decrease in venous return, cardiac output (CO), sys-
temic blood pressure (BP) and to the hypoperfusion
of organs and tissues. The latter factor, coupled with
impaired blood rheology leads to microcirculation
impairment and development of a «capillary failure»
that represents a direct cause of cells' hypoxia [1].
The ongoing bleeding, failure of the body's compen-
satory reactions and therapeutic measures lead to the
development of pathological «vicious circles», the
activation of lipid peroxidation, the progression of
mixed type hypoxia, severe metabolic alterations
(acidosis, water and electrolyte imbalance, the
exhaustion of energy and plastic resources of cells)
and cells’ death by the mechanisms of apoptosis or
necrosis [2, 3]. Described pathological processes
result in organ dysfunction and development of mul-
tiple organ failure with fatal outcome.

The hemorrhagic shock is an extreme degree of
the above hemodynamic and metabolic disorders
resulting from severe blood loss. It is a type of hypo-
volemic shock and requires a number of conditions
for development: the interval of time for the devel-
opment of the body's responses; inadequate tissue
perfusion; disorders of cell metabolism; the poten-
tially lethal nature of the injury [3].

Circulatory disorders at the microcirculatory
level (microcirculation) arising in acute blood loss are
always severe in hemorrhagic shock and appear to be
key pathogenic factors in the development of hypoxia
and organ dysfunction [4, 5]. However, despite the
general structural and functional manifestations
(decreased in the density of perfused capillaries, the
heterogeneity of perfusion, slowing of capillary blood
flow, increased blood viscosity and permeability of the
endothelium etc.), the microcirculatory alterations,
nevertheless, have specific features depending on the
vascular region of the body. These features includes
the anatomicalandfunctional characteristics of blood
perfusion to an organ accompanied by local vascular
reactions of different intensity/direction of in
response to blood loss and resulted alterations.

Part T of the review discusses general problems
of the pathophysiology of acute blood loss and
microcirculation. Particular changes in the regional
blood flow and the microcirculation in several vascu-
lar beds will be addressed in part IT of the review.

Microvasculature

The exchange of substances between blood and
interstitial fluid is carried out at the level of the
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raHOB), TaK M Pa3JIMYHON BBIPAKEHHOCTbIO, a 4aCcTO 1
HAIPABJIEHHOCTBIO, MECTHBIX COCYIUCTBIX PeakIuii,
BO3HUKAIONINUX B OTBET HA KPOBOTIOTEPIO U CBSA3aH-
HbIE C HEll TATOJIOTMYECKIE TIPOTIECCHI.

B nanHOM 0630pe paccMOTPEHbBI HEKOTOPBIE 00-
I¥e BOIPOCHI MaTO(U3NOJOTHN OCTPON KPOBOIIOTE-
P ¥ MUKPOIMPKYJisiiuu (4actb 1) u ocobeHHOCTH
M3MEHEHU PErMOHAPHOTO KPOBOTOKA M MUKPOIUP-
KYJISIIIUU B Psijie COCYAUCTHIX GacceitHos (dactsb IT).

MukponupKyJIsiTOPHOE PYCIIO

HemnocpencrBeHHbIE 00OMEH BELIECTB MEKILY
KPOBBIO M WHTEPCTUITUAIBHON JKUIKOCTBIO OCYIIe-
CTBJISIETCSI HA YPOBHE MUKPOIUPKYJISTOPHOTO PycJa
(MP). ¥YesoBHo cuntaercs, uto MP cocTaBistioT co-
cynbl ¢ quamerpom Menee 200 mxm. K Hum otnocst
APTEPUOJIBI, METAPTEPUOJIBI € MPEKANTUIJISPHBIMU
c(UHKTEpaMu, OCHOBHOM KaHaJl M MICTUHHbIE KaTTWJI-
JIAPBI, BEHYJIBI U aPTEPUOJIO-BEHYISIPHBIC AHACTOMO-
3pl. OIHAKO B COBPEMEHHOM TIOHUMaHUU MUKPOITHP-
KYyJISAIUS BKJIIOYaeT B ceOst: ABMIKeHKre KpoBu 110 MP
(MUKDPOTEMOIIUPKYJISAINS ); IBUKCHIE JTUM(bBI B Ha-
YaJIbHBIX OT/IETaX TUM(DATUIECKON CUCTEMBI; JIBUIKE-
Hie (0OMEH) MHTEPCTUIHAILHON Kugkoctu [6]. B
KOMIIJIEKCE C TAaPEHXUMATO3HBIMU KJIETKAMU, COE/IH-
HUTEJIBHON TKAHBIO U PETYJSTOPHBIMU MEXaHU3Ma-
MU [PUBEJIEHHBIE KOMIIOHEHTBI 00pasylT MHKPO-
MUPKYJIATOPHO-TKAHEBYIO ~ cUCTeMY (CHHOHUM:
(byHKITMOHANBHBIN 2JIEMEHT OpraHa), SBJSIONIYIOCS
CTPYKTYPHO-(DYHKIIMOHAJIbHOW eJMHUIEN OopraHa
[7]. B 3aBucMMOCTH OT BBIIIOJIHIEMON B CHCTEME
KpPOBOOOpalieHust (PYHKIIUH BCE COCYIbI MOKHO MOJI-
pasjienuThb Ha mectb rpyni [8]: 1) amopTusupyonme
cocynpl (a0pTa U KPYIHBIE apTEPUN); 2) PE3UCTUB-
HBbIE COCY/IbI (MEJIKIE apTePUU U apTEPUOIIBI); 3) CO-
cyabl-cUHKTEPBI (MeTapTepuosibl); 4) oOMEHHbIE
coCy/Ibl (KalUJUISIPl U MEJIKUE BEHYJIbI); 5) eMKOCT-
HbIe COCY/IbI (BEHYJIbI U BEHBI); 6) HMIYHTHUPYIOIIAE
cocynpl (apTEepUOIO-BeHYJIIPHbIC aHACTaMOo3bI). Kak
BU/THO U3 TIPUBEJICHHON KJylacCH(UKAINY, HA YPOBHE
MUKPOIUPKYJISIIIAN TTPEACTABIEHO OOJIBITMHCTBO U3
«(YHKIMOHAJIBHBIX TPYIIT» COCY/IOB, U4TO ellle pa3
MOYEPKUBAET BA)KHOCTD 9TOTO OT/IENIa B O0IIIEl cuc-
TeMe KPOBOOOPAIIEHNSL.

K pe3ucTUBHBIM COCY/IaM OTHOCSIT TJIaBHBIM 00-
pPa3oM KOHIIEBBIC apTEPUHM W apTEPHUOJIbI, MMEIOIIIe
OTHOCHUTEJIbHO MAJIbI{l TIPOCBET U TOJICThIE CTEHKH C
Pa3BUTOI TJIAJKON MYCKyJIaTypoil. Aprepuosisl 00-
JIAIAIOT 3HAYUTENHHO OOJIBIITMM COCYTUCTBIM COIPO-
THUBJIEHUEM, YeM JIPYTUE OT/EJbI COCYUCTON CUCTe-
MBI, MO3TOMY OO0IIlee COCYIUCTOE COMPOTUBJIEHUE
JI00Or0 OpraHa OIpe/eJsSIeTCsl TPEUMYIIIECTBEHHO
CONPOTHUBJICHUEM apTepuoJi. V3MeHeHUd cTerneHu
COKPAIIICHUS TJIAKOMBIIICYHBIX KJIETOK 9TUX COCY-
JI0B (COCYZIUCTOTO TOHYCA) MPUBOJAT K OTYETIUBLIM
M3MEHEHUSM WX JIMaMeTPa H, CJIeIOBATEIBHO, COTIPO-
TUBJIEHU, YTO CJIYKUT OCHOBHBIM MEXaHU3MOM pe-

microvasculature (MV). The MV is considered to
include vessels with diameters less than 200 microns.
These are arterioles, metarterioles with the precapil-
lary sphincters, main channel and true capillaries,
venules and arteriovenous anastomoses. From the
modern sense of view, the microcirculation includes:
the movement of blood through the MV (microhe-
mocirculation); the movement of lymph within the
initial parts of the lymphatic system; the movement
(exchange) of interstitial fluid [6]. In concert with
parenchymal cells, connective tissue and regulatory
mechanisms these components form <«microcircu-
lary-tissue system» (synonym: the functional ele-
ment of an organ) representing a structural and func-
tional unit of the organ [7]. Depending on the
functions in the circulatory system, all the vessels
can be divided into six groups [8]: 1) elastic «damp-
ing» vessels (aorta and large arteries); 2) resilient
vessels (small arteries and arterioles); 3) sphincters
(metarterioles); 4) exchange vessels (capillaries and
small venules); 5) «capacious» vessels (venules and
veins); 6) shunt vessels (arteriovenous anasto-
moses). As seen from the classification, the majority
of «functional groups» of vessels is represented at the
level of microcirculation, which once again under-
lines the importance of this part for the entire circu-
latory system.

Resilient vessels are represented by terminal
arteries and arterioles of a relatively smaller diame-
ter, with thick walls and well-developed smooth
muscles. Arterioles have a significantly larger vascu-
lar resistance than other segments of the vascular
system, thus the total vascular resistance of any
organ is determined mainly by the resistance of the
arterioles. Changes in the degree of smooth muscle
contraction in these vessels (vascular tone) lead to a
distinct changes in their diameter and hence in resis-
tance. This is the principal mechanism of regulation
of a volume blood flow in different vascular beds [8,
9]. Precapillary sphincters are the ultimate short
parts of the precapillary arterioles (metarterioles).
Their constriction or dilation determines the number
of functioning capillaries, ie, exchange surface area of
the capillaries.

Capillaries are the smallest blood vessels with
an average diameter of 5—8 um, a wall thickness of
1 um and a length of about 0.5—0.75 um [8; 9]. There
are three types of capillaries [10]: the continuous (in
the muscles, connective tissue, nervous system,
skin), fenestrated (in the endocrine organs, small
intestine, nephrons) and sinusoidal types (in the
liver, spleen and bone marrow). Structural differ-
ences between these types define different types of
the exchange of various substances between blood
and interstitial fluid. The capillaries and partly
venules are represented by exchange vessels since the
processes of filtration and diffusion occur in their
walls. At the rest, blood circulates in about 25—30%
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ryJisiuu 00beMHON CKOPOCTH KPOBOTOKA B PA3JINY-
HBIX cocyaucThix Oacceiinax [8;9]. TIpekamuisip-
Hble C(OUHKTEPbI — TOCJAeIHUE KOPOTKUE OTEJIbI
MPEKANUJIIAPHBIX apTepuoJ (Metaprepuod). OT ux
CY’KE€HUS WJIN PACITMPEHUS 3aBUCUT YNCIO0 (DYHKITH-
OHUPYIOIIUX KAMUJISIPOB, T.€. TJIOMajb 0OMEHHOI
MTOBEPXHOCTH KAITUJLISPOB.

Kanwinsgpbl — Mebyaiiiime KpOBEHOCHBIE COCY-
nel. VIX cpeamii tuaMeTp — 5—8 MKM, TOJIIIITHA CTeH-
kK — 1 MKM, a iyiHa — okoto 0,5—0,75 MM [8, 9]. Boi-
nenstior 3 tuna Karmsigpos [10]: menpepbiBHOTO (B
MBIIIIIAX, COCTMHUTEIbHON TKAaHW, HEPBHOU CUCTEME,
KOJKe ¥ /Ip.), heHeCTPUPOBAHHOTO (HAOKPUHHBIEC Opra-
HbI, TOHKUI KUIIEYHVK, OYeYHbIe KIYOOUKN) U CHHY-
COMJTHOTO TUTA (B TICYEHH, CEIe3eHKE M KOCTHOM MO3-
re). CTPyKTYypHBIE OTJIMUUS MEK/Y HUMU OTIPEIETISIOT
pas/iuus THa 0OMEHA BEIECTB MEK/LY KPOBBIO U UH-
TEPCTUIMATIBHON JKU/IKOCTBIO. Kaniisipbl 1 B MEHb-
el cTereHr BEHYJIbI — 3TO OOMEHHBIE COCY/IbI, TaK
KaK IMEHHO B HUX OCYIIECTBJISIOTCS TIPOIECCHI (DHITBT-
pamu u auddysun. B 1mokoe KpoBb NUPKYIUPYET
Jutib IpuMepHo B 25—30% warmsuisipos. [lnorHocth
KamIsipoB (Kak W OTHOIIEHWe uyucia Tepdysupye-
MBIX KallWJIJIIPOB K Hetlepy3upyeMbIM) B Pa3IMuHbIX
OpraHax CyIIeCTBEHHO BapbUPYET, YTO ONPE/Ie/IseTCs
HpeK/Ie BCEro MOoTPeGHOCTSIMU TOTO WJIH WHOTO OpraHa
B KPOBOCHAO)KEHUM B TIOKOE U TIPH (DYHKITHOHAIBHOI
Harpyske. YBeJMUeHre YUca nepdysnpyeMbix KarmJi-
JISIPOB UMeeT OOJIBIIoe 3HAYEHUE, TAK KaK MPH 3TOM
yMeHbiaeTcd Andy3noHHoe paccToSHIE MEKILY Ka-
MAUISIPAMU U KJIeTKaMi. Karmuisipel He CIIOCOOHBI K
AKTUBHBIM cOKparieHsAM. COOTHOIIIEHNEe MEK/LYy Tpe-
U MOCTKAMWIISIPHBIM COTPOTHBJIEHUEM HMeET 0O0JIb-
1Ioe 3HaYeHue I THAPOCTATUIECKOTO JIABIECHIS B Ka-
MUJISPAX U, CIIEI0BATEIBHO, JIJIS TIPOIeCCOB (DUIIBTpa-
1 u peabeopbimu («cusbt CTapsmHras ).

Kamusuisipel 00beiuHsI0TCST B 60Jiee KPYITHbIE
COCY/Ibl — BEHYJIbL. BeHbI IeueHn, Me3eHTepUaTbHOTO
GacceiiHa ¥ MOJICOCOUYKOBOTO CILIETEHUST KOKU OTJIH-
YaloTcs 0COOEHHO GOJIBIION EMKOCTBIO, YTO OIpe/ie-
JIZeT WX BAKHYIO POJIb B KOMIIEHCATOPHO-TIPUCIIOCO-
OUTEJIBHBIX PEAKIIUSX OPraHU3Ma TP THIIOBOJIEMU.

ApreproBeHo3Hbie aHacToMo3bl (ABA), oco-
GEHHO XOPOIIIO PA3BUTHIE B KOXKE JAUCTAIHHBIX OT/IE-
JIOB KOHEYHOCTEH, BBIMTOJIHAIOT POJIb IIYHTUPYIONX
cocynoB. Korna aTut cocyzibl OTKPBITBI, KPOBOTOK Ye-
pe3 Kanuuisapbl b0 yMEHbIIAeTcst, MO0 MOJHO-
CTBIO npekpariaercs [8].

Ha ypoBHe MUKPOIMPKYJIAIIUN BO3HUKACT Psijl
(benHoMeHOB, KOTOpBIC HE XapaKTEPHBI /IS IPYTUX OT-
JIEJIOB COCYJIUCTO cucteMbl. [IpumMepoM MOKeT ObITh
abdexr Dapeyca-JIuHaKBUCTa, ¢ TOMOIIBIO KOTOPOTO
IIPU TIPOXOZKICHUN KPOBH MO Karmyuigpam ee addek-
THBHAST BI3KOCTh CHIKAETCST BIIBOE. ITOT 3hheKT 06b-
SCHSAETCS OPUEHTAIIMEH 9PUTPOITUTOB B/IOJTb OCH MUK-
pococy/ia, B pe3yJIbrate 4ero BOKPYT HUX 0Opasyercst
0060JI0YKa U3 TIJIa3Mbl ¢ HU3KOU BSI3KOCTBIO, OTHOCH-
TEJILHO KOTOPOM JIETKO CKOJIB3AT KJeTku Kposu [11].

of the capillaries. The capillary density, as well as the
percentage of perfused capillaries in different organs,
considerably varies that is primarily due by the needs
of an organ in the blood supply at rest and during
functional load. An increase in the number of per-
fused capillaries is of great value since it reduces the
diffusion distance between the capillaries and cells.
The capillaries are not capable of active contraction.
The ratio between the pre- and post capillary resis-
tance is important for the hydrostatic pressure in the
capillaries and, hence, for the processes of filtration
and reabsorption («starling forces»).

The capillaries are combined into larger vessels —
venules. The veins of liver, mesenteric region and the
papillary plexus of skin characterized by a particular-
ly large capacity that determines an important role of
these vessels in the compensatory reactions of the
body during hypovolemia.

Arteriovenous anastomoses (AVA), particularly
well developed in the skin of the distal extremities,
serve as shunt vessels. When these blood vessels
open, the blood flow through the capillaries either
decreases or ceases completely [8].

There are a number of phenomena at the level
of microcirculation that are not typical for other
parts of the circulatory system. For example, the
Fahraeus-Lindqvist effect is an effect where the pas-
sage of blood through capillaries is accompanied by a
decrease in its effective doubled viscosity. This effect
is explained by the orientation of red blood cells
along the axis of microvessels. As a result, the plas-
mal sheath with a low viscosity is formed around the
axial flow and red blood cells easily slide relatively to
the sheath [11]. Other examples include intravascu-
lar erythrocyte aggregation, a temporary block of
junctional sections of microvessels by leukocytes, or
the appearance of plasma capillaries filled with only
plasma [6].

Tissue perfusion and oxygenation are ultimate-
ly determined by the rate of capillary blood flow
(convective substance transfer) and the density of
the functioning capillaries, ie, their common
exchange surface (diffusive substance transfer)[12].
These two factors are determined not only by the
state of systemic hemodynamics, but mainly by the
tone of precapillary vessels (arterioles). Through the
regulation of vascular tone, the cardiac output is dis-
tributed between/inside organs in accordance with
metabolic needs of a particular tissue region at a
given time, for example, during functional hyper-
emia. In hypoperfusion state the adequate oxygena-
tion of a separate cell depends on the delivery of oxy-
gen by microvessels as well as on the intercapillary
distance (the latter increases with decreasing the
density of functioning capillaries) and the critical
oxygen diffusion distance (the maximum distance
the mitochondria can be away from an oxygen
source) [13].
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JIpyruMu ipuMepamMu MOTYT ObITh BHYTPUCOCYIHCTAST
arperarys 3pUTPOIUTOB, BDEMEHHAS 3aKYTIOPKA YCThe-
BBIX OT/ICJIOB MUKPOCOCY/IOB JIEHKOIUTAMU WU TIOSB-
JICHUE <TJIa3MATHYECKIX»> KalWJIISIPOB, 3AII0JTHEHHBIX
TOJIBKO TIJIa3MOi1 [6].

[lepdysus n okcurenanus TkaHel B KOHCUHOM
UTOTE OIPEIEJIIOTCS CKOPOCTBIO KaUJIISAPHOTO
KPOBOTOKA (IIE€PEHOC BEMIECTB 10 MEXaHU3MY KOH-
BEKI[UU) U TIJIOTHOCTHIO (PYHKITMOHUPYIONIMX KaTTKLJI-
JISIPOB, T.€. UX 00111ell 0OMEHHON TTOBEPXHOCTBIO (T1e-
peHOoC BemiecTs 1o Mexanusmy nuddysun) [12]. Itu
nBa (hakTopa ONpesensoTcs He TOIBKO COCTOTHIEM
CUCTEMHOI TeMOJAUHAMUKHN, HO U, B 3HAUYUTEJIbHOI
CTEIeHU, TOHYCOM TPEKAMIJIIPHBIX COCYIOB (apTe-
puou). ITocpeacTBoM peryssiiiii cocyIiCcTOro TOHY-
ca ceplevHbIH BBIOPOC «PACTIPEIETSIETCSI> MEKLY OP-
raHaMyd W BHYTPU OPraHOB B COOTBETCTBUM C
MeTabOJUIeCKUMU TOTPEOHOCTSIMU KOHKPETHOTO
pPETMOHA TKAHU B JIAHHBIH MOMEHT BPEMEHHU, HAIIPH-
Mep, TpH (PYHKITMOHATBHON TUIepeMun. B ycaoBusx
rurioniepdy3un ajeKBaTHAs OKCUTEHAIUS KOHKPET-
HOM KJIETKM 3aBUCUT OT JIOCTABKU KUCJIOPOJIA TI0 MU-
KpOCoCyJZiaM, a Takke OT TakuxX (haKTOPOB KaK pac-
CTOSHUE MEXKIY KanmnigpaMu (YBeJUINBACTCA TIPU
CHWKCHUM TJIOTHOCTH (DYHKITMOHUPYIONINX KaTTWJI-
JIIPOB) U KPUTHUYECKOe paccTosgaue s nuddysnn
KHUCJI0posia (MaKCUMATbHOE PACCTOSTHUE OT MUKPO-
cocyna 10 MUTOXOHJPUU KieTKu Tipu auddysnu
kucsaopona) [13].

PeI‘yJIHILI/Iﬂ COCYyaUCTOIO TOHYyCa

CocyMCTBIM TOHYCOM Ha3bIBAIOT MOCTOSIHHOE
HANPsKEHNE CTEHOK KPOBEHOCHBIX COCY/IOB, TIPOTH-
BOJICHICTBYIOIEE UX PACTSKEHUIO IO/ BO3/ICHCTBUEM
JaBJaeHus Kposu [14].

[l ontvcanys IBUKEHUS KPOBU 110 CUCTEME CO-
CY/ZIOB IPUMEHUMO OCHOBHOE ypaBHEHUE TH/IPOINHA-
MUKH, KOTOPOE YCTAHABJIMBACT B3aUMOCBA3b MEKIY
006BEMHOIT CKOPOCTBIO KPOBOTOKA B cocyzie Q, rpajm-
€HTOM JlaBJieHus B aToM cocyzne AP u ero runponuna-
mudeckuM corporusienneM R: Q=AP/R. O6bem-
Hasg  CKOpPOCTh  KpoBOTOKa  Q  oTpaxkaer
KpoBocHabxkeHue (T1epdy3no) TOTO UK HHOTO Opra-
Ha 32 OIpe/IeJIeHHbII TPOMEKYTOK BPEMEHH U 0ObIY-
Ho uamepsierca B Ma/mMuH/100 r Trkanm [11]. Tumapo-
JMHAMUYECKOE COIMPOTUBJIEHUE COCYy/la 3aBUCHUT OT
HECKOJBKUX (DaKTOPOB, B3AUMOCBSI3b MEK/Y KOTOPBI-
MU ompenessercd 3akoHoMm XareHa-Ilyazeiisns:
Q=AP(xr*)/(8yL), tme r — BHYTpeHHUI pajmyc co-
cylla, § — BSIBKOCTb KUAKOCTH, L — fymHa cocyna. 13
3TOTO YPAaBHEHUS U OCHOBHOTO 3aKOHA TH/IPOINHAMU-
Kku cienyet, uto R=(8yL)/(7r?), T. e. conporusienue
cocyna 06paTHO TPOMOPIHOHATIBHO YeTBEPTONl CTe-
1eHu ero pagunyca. IMeHHO 11osToMy cOCyINCThIH TO-
HYC MMEET KJII0UeBO€e 3HAUEHUE B PETYJISAINEI 00beM-
HOTO PETMOHAPHOTO KPOBOTOKA, TIOCKOJBKY OT HETO
3aBUCHT BEJMYNHA pajinyca cocyaos [9].

The regulation of vascular tone

Vascular tone is a constant tension of blood ves-
sel walls, which counteracts stretching them under
the influence of blood pressure [14].

To describe the movement of blood through the
vascular system, the the basic equation of hydrody-
namics is applicable. Tt establishes the relationship
between the volumetric blood flow rate in the vessel
(Q), the pressure gradient in the vessel (AP) and its
hydrodynamic resistance (R): Q=AP/R. The volu-
metric blood flow rate (Q) reflects the perfusion of
an organ for a certain period of time and is usually
measured in ml/min/100g of tissue [11]. The hydro-
dynamic resistance of a vessel depends on several fac-
tors, the relationship between which is determined
by the Hagen-Poiseuille law: Q=AP(zr")/(8yL),
where: 1 is the inner radius of vessel, 7 is the viscosi-
ty of fluid, L is the length of vessel. From this equa-
tion and the basic equation of hydrodynamics fol-
lows that R=(8yL)/(sar"), i.e. vascular resistance is
inversely proportional to the radius of the vessel by
the factor of four. Vascular tone is critical for the reg-
ulation of regional blood flow since it determines the
radius of vessels [9].

Vascular tone value is determined by the level
of individual smooth muscle cells activity in a given
region of the vasculature. Vascular smooth muscle
has the ability to maintain the active tension over a
long period of time [9]. Most vessels have some
amount of pacemaker cells that are spontaneously
depolarized and excite the neighboring cells.
Shortening pacemaker cells are not dependent on the
innervation of the vessel and observed even after
denervation. Due to this phenomenon the vessel
walls are at a certain tension even at rest (myogenic
basal tone). The tension of most vessels at rest is
determined not only by the basal tone, but also by
contracting of smooth muscle cells under the influ-
ence of vasoconstrictor impulses arriving on sympa-
thetic nerves. Such total tension of vessels at rest is
called the neurogenic tone [8, 9].

At rest, the regional blood flow is determined
by the metabolic needs of a particular organ: the
higher needs, the more volumetric blood flow in the
organ. Adaptive blood flow changes in the peripher-
al vessels are due to both the local and systemic
(humoral and nervous) factors, which in varying
degree affect the vascular smooth muscles tone in
different organs.

Metabolic and intrinsic myogenic mechanisms
are conventionally attributed to the local factors of
vascular tone regulation (autoregulation). Both of
these mechanisms are functioning on a base of princi-
ple of negative feedback: the deviation of any para-
meter of homeostasis (eg, decreased tissue pO, or the
vascular wall tension) triggers a chain of reactions
aimed at the return of deviated parameters to their
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Benuunna cocyauctoro tomnyca ornpesesisieTcst
YPOBHEM aKTHUBHOCTU OT/ETbHBIX IJIAJKOMBIIIEYHBIX
KJIETOK TOTO WJIK UHOTO PErMOHA COCYAUCTOU CeTH.
Tmajkast MyCKyJiaTypa cocyoB 0bJagaer crnocobGHO-
CTHIO COXPAHSITh AKTUBHOE HAIPsKEHUE Ha MPOTs-
JKEHUU JITUTEJILHOTO nieprojia Bpemenu [9]. B 6oJib-
HIMHCTBE COCYZOB €CTb HEKOTOPOEe KOJUYECTBO
[JIAJIKOMBIIIIEYHBIX KJIETOK-TIEICMEKEPOB, KOTOPbIE
CIIOHTAHHO JIETIOJISIPU3YIOTCS U BO30Y/KIAIOT COCEI-
Hue kieTkn. CoKpalleHnus KJIeTOK-TIeiiCMeKepoB He
3aBUCST OT HHHEPBAI[UK COCY/IA U HAOIIOMAIOTCS [1a-
JKe TIocJie ero jieHepBaryu. biarogaps atomy siBiie-
HUIO CTEHKHU COCY/IOB JIa’Ke B TIOKO€ HAXOJISATCS B CO-
CTOSHUM HEKOTOPOTO HampsiKeHus (MUOTeHHBIN
GasasbHbIN TOHYC). HanpsikeHue OOJIBIIMHCTBA CO-
CY/IOB B MOKOE OTIPE/IEJISIETCST He TOJBKO (Ga3aIbHBIM
TOHYCOM, HO U COKpAIlleHHeM TJIaKOMbBIIIETHBIX
KJIETOK MOJ[ BJUSIHHEM COCYAOCYKUBAIOMIUX M-
MYJIbCOB, TIOCTYTAIOIUM 10 CUMIATUYECKUM HEPB-
HBIM BOJIOKHAM. JTO CyMMapHOe HaIpsKeHUe Cocy-
JIOB Ha3bIBAETCS TOHYCOM TIOKO [ 8].

B noxoe pernoHapHbIil KPOBOTOK OIIpejiesisieT-
cs1 MeTabOJMYECKUMU TOTPEOHOCTSIMU TOTO UJIH
WHOTO OpPTaHa: YeM OHHU BbIIIle, TeM O0JIbIiie 0ObeMHAsT
CKOPOCTh KPOBOTOKA B 9TOM oprate. IIpucrnocobu-
TeJIbHbIC U3MEHEHUS KPOBOTOKA B Tiepu(eprnyecKnx
cocyiax 00yCJIOBJIEHBI KaK JIOKAJTbHBIMH, TaK M CUC-
TEeMHBIMU (TYMOPAJbHBIMUA U HEPBHBIMU) (haKTOpa-
MU, BJIMSHIE KOTOPBIX HA [JIAIKYIO MYCKYJIaTypy CO-
CY/IOB B Pa3HBIX OpTaHaX Pa3JIMyHO.

K mecthbiM (hakropam peryssimu (ayToperyJis-
I[N ) COCYIUCTOTO TOHYCA YCJIOBHO OTHOCSIT META0OJIH-
yecKue 1 COOCTBEHHO MUOTeHHbIe MexaHn3Mbl. O01mm
JUIST HUX SIBJISIETCS. TIPUHIMAI (DYHKIIMOHUPOBAHUS TI0
MeXaHU3MY OTPHIATEBHOI 0OPATHO CBSI3U: OTKJIOHE-
HIe KaKOro-imbo mapaMerpa ToMeocTasa (Harmpumep,
camkervie pO, B TKAHSIX WM HATIPSDKEHUST COCYIUCTOM
CTEHKM) 3aIyCKaeT IIeTb PEaKINi, HAIIPABICHHbIX Ha
BO3BpAllleHNe OTKJIOHUBINErOCsI MapamMeTpa K UCXO[-
HBIM 3HAYeHUSIM. Tak, MeTabOJMIecKast ayTOperyJisi-
1est iepuepuuecKoro KPOBOTOKA 3aKTIOUAETCST B TOM,
91O runornepdy3ust PErnoHa TKAHU IPUBOIUT K CHITKe-
a0 pO, U HAKOIUIEHWIO TIPOYKTOB MeTaboIM3Ma B
HTOM PErMOHE, KOTOPBIE OOJIAIAIOT COCYTOPACIIIUPSIIO-
UM JieficTBreM. Pa3BuBaoniascs B aTUX YCIOBUIX Ba-
30/IMJIATAIIMST BEJIET K YBEJMUEHUIO OOBEMHOIM CKOPO-
CTH KPOBOTOKA, &, CJIEIOBATENIHHO, K YBEIUYEHUIO
JIOCTaBKU KUCJIOPO/IA U «BBIMBIBAHUIO» HAKOITUBIIUXCSI
MeTabosmToB. [Ipu 5TOM MeTaboIMIeCKUe COCyI0pac-
HIUPSTIONUE BIUSTHUS YACTO JOMUHUPYIOT HA/l HEPBHbI-
MU COCYIOCYKUBAOMIMMU a(hheKTaMu 1 B HEKOTOPBIX
CJIy4asx TOJHOCTBIO oAaBystioT ux [8]. Ipsmoe Baso-
JIJIATUPYIOLIlee IENCTBIE HA TJIAIKOMbIIIIEYHbIE KJIeT-
KU cocyioB (TIPesKie BCETO apTePHoJI) OKAa3bIBAIOT CJie-
ayiorue (GaKkTOpbl: THUIIOKCEMIUS], PeCIUPATOPHbBII
(rumepkanHus) U MerabomuecKuil (rurepakrare-
M) alU/I03, THIIEPKATHEMIST U THIIEPOCMOJISIPHOCTD
BHEKJIETOUHOI sKuKOCTH. CTabbIM COCYTOPACIITUPSIIO-

initial values. Thus, the metabolic autoregulation of
peripheral blood flow consists in that the hypoperfu-
sion of tissue region reduces pO, and leads to the local
accumulation of metabolic products with vasodilata-
tion properties. Vasodilatation, which develops in
these conditions, leads to increasing in the volumetric
flow rate and, consequently, to increased oxygen
delivery and «washing outs of locally accumulated
metabolites. The metabolic vasodilator effects often
dominate over neural vasoconstrictor effects and in
some cases completely suppress them [8]. The follow-
ing factors have a direct vasodilating effect on the
smooth muscle cells of the vessels (mostly arterioles):
hypoxemia, respiratory (hypercapnia) and metabolic
acidosis (hyperlactatemia), hyperpotassemia and the
hyperosmolarity of the extracellular fluid. Pyruvate
has a relatively weak vasodilating effect, whereas
adenosine triphosphate (ATP), adenosine diphos-
phate (ADP), adenosine monophosphate (AMP) and
adenosine possess stronger effect. Currently, it is not
exactly known, which of these metabolic factors more
impacts the arteriolar tone in metabolic blood flow
autoregulation.

The special role of the endothelium in the regu-
lation of vascular tone should be highlighted, too.
Since the eighties of XX century, the endothelium
had been actively studied as an important factor in
the regulation of local and systemic blood circulation,
as well as a key element of the pathogenesis of various
cardiovascular (hypertension, atherosclerosis) and
other diseases (eg, inflammatory diseases) [9]. Blood
vessels react completely differently to certain impacts
in the absence of the endothelial lining. For example,
acetylcholine causes vasodilation of the intact vessel,
however, it causes vasoconstriction in the vessel
devoided of endothelial lining [15]. It has been found
that endothelial cells respond to different stimuli by
producing of endothelium-derived relaxing factor
(EDRF), which reduces the tone of the underlying
vascular smooth muscle. This substance was subse-
quently identified as nitric oxide (NO). [16]. With an
increase in concentration of intracellular Ca2*, NO is
synthesized from L-arginine by the enzyme NO-syn-
thase. The NO is a small fat-soluble molecule, so it
easily diffuse into the adjacent smooth muscle cells,
causing their relaxation by stimulating the produc-
tion of cyclic guanosine monophosphate (cGMP).

Acetylcholine, bradykinin, vazointestinalny
peptide (VIP) and substance P bind to specific mem-
brane receptors on endothelial cells and activate Ca2*
channels, thus stimulating the production of NO by
the endothelium. Another physiologically significant
factor for NO synthesis is the shear stress, which is
determined by the rate of blood flow and stimulates
the production of NO by endothelial cells, mainly due
to the activation of stretch-sensitive Ca2* channels
[17]. Tt is believed that in norm endothelial cells
always produce a certain amount of NO, which in
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UM JIeficTBUEeM 00JIa/IAeT MTUPYBAT, CUJIbHBIM — ajie-
nogunrpudochar (ATD), amenosunmudochar
(AJD), anenosunmonodochar (AMD) u azenosum.
TouHO HEU3BECTHO, KAKKE W3 3TUX WU JIPYTUX METab0-
JITYECKUX (DAaKTOPOB B HAUOOJIBIIEN CTEleHH OKA3bIBa-
0T BJIMSIHUE HA TOHYC apTEPUOJI TIPU META00IIMTIECKON
AyTOPETYJISIUI KPOBOTOKA.

OT1es1bHO CIeyeT BhIJICIUTD POJTh 9HI0TEIN B
perysanuu Tonyca cocyzioB. C 80-x romoB XX Beka
JHIOTEJINI AKTUBHO U3y4YaeTcs KaK BaXKHBIN (DaKTOp
PETyJISIIIUE MECTHOTO U CHCTEMHOTO KPOBOOGpaliie-
HU, a TaKXKe KJII0YeBOe 3BEHO MaTOreHe3a MHOTHUX
CEepPIEYHO-COCYIUCTBIX (apTepuasbHasg TUIIEPTEH3NS,
aTepoCKJIepo3) U Apyrux sabosieBaHuii (HAmpuMmep,
BocnanuTesapHbIx) [9]. KpoBenocHble cocyibl pearu-
PYIOT COBEPIIIEHHO WHAYE HA OTPe/IeJICHHbIC BO3/ICH-
CTBUS TIPU OTCYTCTBUU IHAOTETUATBHON BBICTUIIKH.
Harnpumep, anieTuixoiMH BbI3bIBAET BAa30UIATAITAIO
MHTAaKTHOTO COCY/Ia, HO B COCYJIE, JIUIIEHHOM 2HJI0-
TEJNATHHON BBICTUJIKU, BBI3bIBACT BAa30KOHCTPHUK-
1o [ 15]. Bbio BBISIBIEHO, UTO SHAOTETHOINTEI Pe-
arupyioT Ha Pa3JUYHbIE CTUMYJBI MPOAYKIUEH
JIOKAJIbHOTO (hakTOpa (9HIOTEJNNAJIbHBIN peslakch-
pytomuii daktop, auria. EDRF), koTopsrii cHukaet
TOHYC JIe;Kallell o/l 9HA0TETNEM TJIaIKON MyCKYyJia-
TYPBI COCy/Ia. DTO BEMIECTBO B MOCJIEAYIOIIEM OBLIO
npeatudunmrpoBado kak NO (okuch azora) [16].
[Ipu yBesmmueHnU BHYTPUKJIETOUHOM KOHIIEHTPAIIMT
Ca2*, NO cuntesupyercs ua L-aprununa 1oz aeii-
crBueM depmenta NO-cunTasbl. [lockosbky NO —
3TO HEeOOJIBINAS KUPOPACTBOPUMAsST MOJIEKYJIA, OHA
Jgerko nuddyHIIpyeT B coceIHUE TJAJAKOMBIIICY-
HbIE KJIETKH, BBI3bIBAS UX PEJTAKCAINIO, 32 CUET CTU-
MYJUPOBAHUS MPOAYKIIMU HHUKJIUYECKOTO TyaHO-
suamonodocdara (1M D).

AnernnaxonvH, OpaJUKUHIH, Ba30UHTECTH-
HaubHbi nentu (BUID) u cy6eranius P, cBsisbiBa-
SICB €O el UIECKUME PEIENTOPAMU Ha MeMOpaHe
JHIOTEJIMOIUTOB U aKTUBUPYS TOCPEICTBOM 3TOTO
Ca2* kanaJjibl, CTUMYIMPYIOT TIpoayKimio NO sH/10-
tesreM. /Ipyrum pusnonornueckn 3HaYMMBbIM (hak-
TopoMm cuHTe3a NO gBiseTcs onpesesiseMoe ypoB-
HEM KPOBOTOKA HaIpsSXeHUe CABUTA, KOTOpOE
CTUMYJIUPYET MPOJYKITUIO SHAOTEINATHHBIMU KJICT-
kamu NO TpeuMyIiecTBEHHO 3a CUYeT aKTHUBAIUU
4yBCTBUTENBbHBIX K pacTskennio Ca2* kananos [17].
Cunraercs, 4TO HAOTEIUAIBHBIC KJIETKH B HOPME
Bcerja BbIPabaThIBAIOT OIMPEIETEHHOE KOJHYECTBO
NO, 4T0 B coueTaHuu ¢ APYTUMHU (PAKTOPAMU UMEET
GOJIbIIIOE 3HAYEHUE B CO3/IAHUK HOPMAJIBHOTO pe-
3YJIBTUPYIOIIETO COCYAMCTOTO TOHYCA BO BCEM Opra-
Hu3Me [9]. DHAOTENATBHBIE KICTKU TIPOLYIIUPYIOT
TakKe JIPyTHe Ba3OAMJIATUPYIOIINUE BEliecTBa (<«9H-
JOTEJTMAJIbHBIN TUIIEPIIONAPUIYIONUi (hakTop») U
HECKOJIBKO COCYIOCYKUBAIOTINX (PAKTOPOB, BKIIO-
Yasi 9H/IOTEJUHBL.

B mnocsiesinee Bpemst Bee OoJiblliee BHUMAHUE B
CHEIUATU3UPOBAHHON JIUTEpaType Y/IEIsSeTcs Ta-

combination with other factors is important in the
establishment of normal vascular tone in the organ-
ism [9]. Endothelial cells also produce other vasodi-
lating substances (such as Endothelium-Derived
Hyperpolarizing Factor) and several vasoconstrictive
agents, including endothelins.

In recent years, increasing attention has been
attracted to studies of integrating factors of metabolic
blood flow regulation as a conducted vasodilatation
and release of ATP by red blood cells in response to
decreasing oxyhemoglobin saturation [18]. The red
blood cells are seen as a «sensors» of hypoxia. The
amount of ATP released by them is proportional to the
degree of oxyhemoglobin desaturation in the venous
part of microvasculature. ATP binds to purinergic
receptors on endothelium and causes the vasodilation
that conducts upstream via the capillaries to the arte-
rioles and small arteries, thereby regulating blood flow
distribution in the region [19]. Conducted vasodila-
tion is based on the NO secretion by the endothelium
in response to chemical (ATP) and mechanical (shear
stress) exposure, whereas the transmission of informa-
tion takes place along the vascular wall via the gap
junctions of cells, which involve changes in membrane
potential and ionic concentrations. Conducted
vasodilatation is carried out via both endothelial and
smooth muscle cells of vascular wall.

In addition to the local metabolic impacts on
vascular tone, many specific substances with cardio-
vascular effects have been defined, which are acting
primarily via auto- or paracrine mechanisms. [9].
Histamine, the polypeptides bradykinin and kallidin
possess a pronounced vasodilating patterns and
capacity to increase the permeability of capillaries.
Prostaglandins (PG) have different cardiovascular
effects and have a pathophysiological significance in
tissue injury and inflammation. PGA; and PGA,
cause the dilation of mesenteric arterioles, reduce
blood pressure, increase renal blood flow and urine
output. PGF narrows the blood vessels and increases
blood pressure. Prostacyclin inhibits and thrombox-
ane enhances platelet aggregation and haemostatic
vasoconstriction [8].

Some vessels (renal, brain, coronary) are able to
maintain a constant volumetric blood flow during
blood pressure fluctuations that is the base of the
myogenic autoregulation of peripheral blood flow.
This phenomenon is manifested by the contraction of
vascular smooth muscle with an increase of perfusion
pressure and the relaxation of the muscle with a
decrease in pressure (Bayliss effect). This mechanism
contributes to the stabilization of the blood supply to
the organ in a fairly wide range of perfusion pressure
changes. The myogenic autoregulation is indepen-
dent of autonomic influences, so it is retained even
after the transection of the vasomotor nerves [11].

The main role in the neural regulation of vas-
cular tone belongs to the sympathetic adrenergic
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KUM UHTErpupyomuM (haxropam MetaboJudecKoit
peryJsiuu KpOBOTOKA KaK MTPOBOIHAS Ba30/MJaTa-
st u BoicBoOOk ieHue aputporutamu ATD B orBeT
HA CHUJKEHIE COJIEPKAHUST B HUX OKCUTEMOTJIOOUHA
(necarypammio) [18]. DpurponnTs paccMaTpuBaOT-
Cs1 Kak CcBOeOOpasHble «CEHCOPbI» TUOKcHu. Koom-
4yecTBO BbiesisseMoro uMu ATD nponopiimoHaabHo
CTENEHU JlecaTypalui OKCUTEMOTJIOOUHA B BeHY-
JIADHOM OT[leJie MUKPOIUPKYJIATOPHOTO pYyCJa.
AT® cBs3bIBaeTCst ¢ IIyPUHEPTUUECKUMU PEIETITO-
paMu 3HOTEJHS W BBI3BIBACT BA30AMJIATAIINAIO, KO-
TOpasg PeTPOTPaHO Yepe3 KaUJIISAPBl PacpocTpa-
HAETCSd Ha apTepuoJibl U MeJKUe apTepuu, TeM
CaMbIM PETYJIUPYS MOCTYIICHUE W pacipeesieHue
KpoBU B JaHHOM peruone [19]. B ocnoBe npoBoHOi
Ba30/IUJIATAIINY JIEKUT cekperust anpoTeseM NO B
orBet Ha xumudeckue (ATD) u mexanuueckue (Ha-
NpsiKeHue cIBUTa) BO3/IeHCTBYS, IIPU 3TOM Iepejia-
ya nHGOPMAIUK BIOJIb COCYAIUCTON CTEHKHU B BUJIE
U3MEHEeHUsT MeMOPAHHOTO MOTEHITHAA 1 TPOHUTIAe-
MOCTU MOHHBIX KAaHAJIOB TIPOUCXO/IUT Yepe3 KIeTOY-
HBIE TeJIeBbIe KOHTAKTHI (anen. gap junctions). IIpo-
BOJZIHAS Ba30/IMJIATAIlN OCYIIECTBJSETCS KaK depes
SHIOTEJIUOIUTDI, TaK M 4Yepe3 TJIATKOMBIIIEYHbIE
KJIETKU COCYAUCTON CTEHKH.

I[ToMUMO MECTHBIX MeTabOJINYeCKUX BO3JCHCT-
BMI1 HAa COCYJIUCTBIN TOHYC yCTAaHOBJIEHBI MHOTHE CIie-
1 rIecKre XMMUYECKIE BEMECTBA, 00IAAI0IIIE CO-
cyuctbiMu addexTamu, 1 JelCTBYIONUE Yallle BCETO
10 ayTO- WM MapakpuHHOMY Mexanusmy [9]. [mcra-
MUH, TOJTUTIETNTH/IBI KAJUTUNH 1 OPaJInKUHUH 00JIa/1a-
10T BBIPAJKEHHBIM COCYI0PACHIUPSIONTUM 3(PheKTOM 1
YBEJIMYUBAIOT TPOHUIIAEMOCTH Kanuuispos. [Tpocrar-
sanuaet (Pg) 06/1aat0T pasHbIMU COCYUCTBIME 3(h-
(bexramu 1 nmeroT MaTodUMOIOTNYECKOE 3HAYCHUE
IIpU TIOBPEKJICHUN TKaHed U BocnaieHuu. PgAl u
PgA2 BbI3bIBAIOT PACIIMPEHHE apTEPUOJT YPEBHOI 00-
Jactu, cHKaloT A/l M yBeJTMUMBAIOT MOYEYHbIH KPO-
BOTOK 1 inypes. Pg rpymiel F cy:kuBaioT cocy/ipl 1 11o-
BoimaoT AJl. TIpOCTAIMKIMH TOPMO3UT, & TPOMOOKCAH
YCUJIMBAET arperaiuio TPOMOOIIMTOB U BBI3bIBAET Te-
MOCTATHYECKYIO BA3OKOHCTPUKIINIO [8].

Hexotopslie cocyzibl (ToyedHble, MO3TOBbIE, KO-
POHApHBIE) CHOCOOHDBI TOJIEPKUBATD TTOCTOSTHHYTO
00BEMHYI0 CKOPOCTH KPOBOTOKA IIPU KOJIEOAHUSIX
AJl, B OCHOBE YeTO JIE;KUT MUOT€HHAS 2y TOPETY IS
nepudepudeckoro Kpootoka. OHa 06ycI0BIEHA CO-
KpaIIeHUSMHU TJIAJKAX MBIIII] COCYZIOB ITPH TTOBbITIIE-
HUM 1IepY3UOHHOTO JIABJICHUST U UX paccaabieHneM
npu cHkenun gasienus (agdexr beitmuca). Iror
MEXaHU3M CIIOCOOCTBYET CTAOMJIM3AINN KPOBOCHAO-
JKEHWSI OpraHa B JIOCTATOYHO IMHPOKOM JIMAIa30He
n3MeHeHul 1ep@y3noHHOTO MaBjicHus. MuorenHas
AyTOPETYJIAIMS HEe 3aBUCUT OT BET€TATUBHBIX BJINS-
HUI, TIO9TOMY OHa COXPAHSETCS JasKe 1ocJie epepes-
KW COCYIOJIBUTATEIbHBIX HEPBOB [11].

OcHoOBHas poJib B HEPBHOU PETYJIAINUNA COCY-
JIUCTOTO TOHYCA OTBOJUTCH CUMIATUYCCKUM ajipe-

vasoconstrictor fibers, which release norepineph-
rine as a neurotransmitter. Increased efferent out-
put in the fibers of this type leads to an increase in
active stress of vascular muscles. Small arteries and
arterioles of the skin, kidneys and mesenteric
region are richly innervated by the vasomotor
fibers. In the brain and skeletal muscles these ves-
sels are innervated relatively weak [8]. The degree
of contraction of vascular muscle depends directly
on the impulsation frequency of vasomotor efferent
nerves. In the absence of tonic vasoconstrictor
nerve impulses (denervation), the vasodilation is
limited by the basal myogenic vascular tone. Thus,
the total vascular tone may be altered relative to
resting neurogenic tone both towards vasocon-
striction and vasodilation.

The parasympathetic cholinergic vasodilator
fibers innervate blood vessels of the external genitalia.
This same type of nerve fibers innervate pial and coro-
nary vessels, but their impact on the tone of the arte-
rioles in these organs seem to be not essential [9].

Humoral (hormonal) regulation is represent-
ed by dozens of biologically active substances,
which affect vascular tone and the permeability of
vessel wall through binding with specific mem-
brane receptors on endothelial and smooth muscle
cells. The catecholamines (epinephrine and norep-
inephrine), secreted by the adrenal medulla, circu-
late in blood in small concentrations under physio-
logical conditions. Vascular responses to these two
substances are different. The final effect of cate-
cholamines on vascular wall (vasoconstriction or
vasodilation) depends on the amount and the ratio
of @- and S-adrenergic receptors on vascular mus-
cle cells. The excitation of a-adrenergic receptors
is accompanied by vasoconstriction, while the
stimulation of fB-adrenergic receptors lead to
vasodilation. Norepinephrine acts primarily on a-
adrenergic receptors and epinephrine acts on both
a- and fB-adrenergic receptors. Both types of the
receptors are presented in most vessels.
Epinephrine causes vasoconstriction of a vessel, if
a-adrenergic receptors are dominated in the vessel,
and it causes vasodilation, if f-adrenergic receptors
are dominated. Epinephrine causes vasodilation at
low (physiological) concentrations and vasocon-
striction in high concentrations [8]. Such features
of catecholamines action on vascular tone partly
explain the differently directed blood flow changes
in a number of organs during hemorrhage (the cen-
tralization of circulation).

Other vasoactive hormones are the renin-
angiotensin-aldosterone system, antidiuretic hor-
mone (vasopressin) and serotonin. Their role in the
regulation of vascular tone is negligible in physiolog-
ical conditions, but they have a leading role during
blood loss and fluid and electrolyte alterations, that
will be discussed in more detail hereinafter.
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HEPTUYECKUM COCY/IOCY’KMBAIONUM BOJIOKHAM, Me-
JIMATOPOM KOTOPBIX sABJIsAeTcS HopaapeHaiauH. [lo-
BbITIeHre 3(h(HepeHTHON UMITYJIbCAIINNA B BOJIOKHAX
JAHHOTO THIIA TPUBOJIUT K YBEJIUYCHUIO AKTUBHOTO
HaIpsKeHWsT MBI cocyzioB. CocynonBuraresib-
HbI€ BOJIOKHA OOUJIbHO HHHEPBUPYIOT MEJIKUE apTe-
PHH U apTEPHUOJIBI KOKU, TOYEK U YPEBHON 00JIACTH.
B 1010BHOM MO3TY U CKeJIETHBIX MBIIIIIAX 3TH COCY-
JIbl THHEPBUPOBAHBI OTHOCUTEIBHO ciabo [8]. Cre-
MEeHb COKPAIEHUS MBIIII] COCY/OB 3aBUCUT HEIO-
CPEJICTBEHHO OT 4YaCTOTBl UMIIYJbCAllMU B
a(hdepeHTHBIX cocysoABUTATEIbHBIX HepBax. [lpu
OTCYTCTBUM TOHMYECKOU UMITYJIHCAITUU 110 COCY/I0-
CY’KMBAIOIIMUM HepBaM (JleHepBalllu), Ba3o/ujiaTa-
U1 orpaHryeHa Ga3aJbHBIM MUOTEHHBIM TOHYCOM
cocynoB. Takum 06pa3oM, pe3yJbTUPYIOLIHIT COCY-
JIACTBIA TOHYC MOKET OBbITh U3MEHEH (OTHOCHUTE b=
HO TOHYCA ITOKOA ) KaK B CTOPOHY Ba30KOHCTPUKITUU
Tak ¥ B CTOPOHY Ba30/[UJIATAIUN.

[Tapacumratuyeckue XOJTMHEPTHYECKUE COCY-
JIOpaCIIUpSIONIue BOJOKHA WHHEPBUPYIOT COCY/IbI
HAPY’KHBIX MTOJIOBBIX OPTaHOB. DTOT e TUI BOJOKOH
UHHEPBUPYET COCY/BI MSITKOI MO3rOBOil 060JI0YKH
TOJIOBHOTO MO3Ta ¥ KOPOHAPHBIE COCY/IbI, OTHAKO UX
BO3/ICIICTBIE HA TOHYC aPTEPUOJ HTUX OPTaHOB HECY-
niectBeHHo [9].

Iymopasibaasi  (ropMOHaJIbHAST) — PETYJISINS
HPEJICTABIEHA JIECITKaMU OMOJIOTHYECKH aKTUBHBIX
BEIECTB, KOTOPBIE MTOCPEACTBOM CHEIIM(PUIECKUX pe-
[ENITOPOB Ha MeMOPaHaX SHIOTEIMOIUTOB U TJIAIKIX
MUOITUTOB BIMSIOT HA COCYAMCTBIN TOHYC U IPOHUIIA-
eMocTb cTeHKH cocyzia. Cekperupyemble MO3TOBBIM
CJI0eM HA/IMOYEYHUKOB KaTeXOJAMWHBI (a/[peHAIMH 1
HOpaJpeHAINH) B (DU3MOTOTUUECKUX YCTOBUAX ITUP-
KYJUPYIOT B KPOBH B HEOOJBIINX KOHIEHTPAIIHSIX.
Peakimsa cocyioB Ha 9TH /1Ba BELECTBA PA3JINIACTCA.
Koneunbiit adekT BIUgHNSA KaTEXOJAMUHOB HA MU-
OITUTBI COCYIUCTON CTEHKW (BAa30KOHCTPUKIINA WJIN
Ba30/IMJIATAINS ) 3ABUCHUT OT KOJMYECTBA U COOTHOTIIE-
HUSI B Hell @- u B-anpeHoperientopos. Bos0y:kieHue
(-aJIPEHOPEIETITOPOB  COTIPOBOXKAAETCS BA30KOHCT-
PUKIIHEN, a -aIpeHOPENENTOPOB — Ba30[UIATAIIUEN.
Hopanpenanus jeficTByeT mperMyIiecTBeHHO Ha Q-
AJ[PEHOPEIIENTOPEL, A AJ[PeHAINH — U HA - U Ha B-af-
PEHOPETENTOPBL. B OOJIBITUHCTBE COCY/IOB MPE/ICTaB-
Jenbl oba Ttuma perentopoB. Eciu B cocymax
npeobIaaoT -aJPEHOPEIENTOPB, TO aJpPEHATNH
BBI3BIBAET MX BA30KOHCTPUKIIHUIO, & ecJiu B-afpeHope-
LENTOPbI, TO Auiaranuio. B auskux (dusuonoruyec-
KMX) KOHIIEHTPAIUAX aJIPEHAJINH BBI3bIBACT BA30IM-
JIATAIMIO, A B BBICOKUX KOHIIEHTpAlUgX —
Ba30KOHCTPUKIWIO [8]. Takumu 0cOOEHHOCTSIMU Jieii-
CTBUS KATEXOJIAMUHOB HA COCYIUCTBIH TOHYC MOKHO
YAaCTUYHO OOBSICHUTD PasHOHAIIPABJICHHBIE H3MEHE-
HUS KPOBOTOKA B Psjie OPraHOB IMPU KPOBOTIOTEPE
(TleHTpaIM3aIHst KPOBOOOPAIIEHST ).

[lpyruMu Ba30aKTUBHBIMM TOPMOHAMU SBJIS-
I0TCSI PEHUH-aHTMOTECH3UH-ATb/IOCTEPOHOBAS CUCTE-

Compensatory and adaptive reactions
of the organism in acute blood loss

Besides reducing the CBV (hypovolemia), a
decrease in the oxygen capacity of the blood (ane-
mia) is another important factor in pathogenesis of
acute blood loss. As a result, oxygen delivery (DO,)
to the tissues of the body decreases [20—21].
Circulatory disorders and tissue hypoxia are respon-
sible for the activation of compensatory and adaptive
reactions of the organism. Depending on the timing,
the following stages of activation of compensatory
processes during blood loss become usually evident
[1]; they sequentially include the alterations within
the ardiovascular system hydremia, protein synthesis
and bone marrow hematopoiesis.

The very first protective reaction of the organ-
ism is blood coagulation and thrombotic process.
Thrombus formation at the site of vascular injury
(local haemostasis) helps to stop bleeding. However,
in the cases of acute severe blood loss and extensive
traumatic tissue injuries, the excessive blood coagu-
lation becomes an independent pathogenic factor
and can lead to the development of disseminated
intravascular coagulation (DIC) [22].

Cardiovascular compensation is developing
from the very first minutes of bleeding. It is mani-
fested by stimulation of heart activity and changes in
vascular tone. These changes are largely due to the
reflex activation of the sympathetic system with the
participation of baro- and chemoreceptors of the aor-
tic arch and carotid sinus [1, 3]. Tt is known that the
tonic afferent impulses from vascular baroreceptors
inhibit the «pressors part of the cardiovascular cen-
ter in the medulla oblongata, whereas the activation
of chemoreceptors (during hypoxia) stimulates the
cardiovascular center. Arterial hypotension reduces
impulse activity of the baroreceptors of the carotid
sinus and aortic arch, and the developing circulatory
hypoxia activates the vascular chemoreceptors. As a
result, the «pressor» activity of the medullar cardio-
vascular center is increased, which leads to intensifi-
cation in the tonic impulse activity of the sympa-
thetic nerves that innervate the heart and vessels.
Catecholamine secretion in the adrenals is also
enhanced [11].

The stimulation of the heart is manifested in
the form of tachycardia and increased myocardial
contractility, that under the conditions of hypov-
olemia and decreased venous return is aimed to
maintaining an optimal level of CO. Already at an
early stage of blood loss (10—15% of CBV) the tone
of capacitive vessels (veins and venules) of the skin,
subcutaneous fat and abdominal organs increases as
a reflex reaction, which is accompanied by the
venous vasoconstriction and mobilization of deposit-
ed blood into the bloodstream [23, 24]. Further acti-
vation of the sympathetic nervous system leads to an
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Ma, aHTUJMYPETUYECKUIT TOPMOH, a TaKikKe CEPOTO-
HuH. VX pOJib B PEryJISIIIUU COCYUCTOTO TOHYCA B
(bU3UOJIOTHYECKUX YCJIOBUSIX HE3HAUMTETbHA, HO
MPUHUMAET OJIHO U3 BEYIIUX 3HAUYEHUN TIPH KPOBO-
HoTepe U BOIHO-3JIEKTPOJUTHBIX HAPYIIEHUSX, YTO
Gynet boJiee OAPOOGHO PACCMOTPEHO HITKE.

KoMnencatopHo-npucnocoourebHbie
peaky OpraHu3Ma
IIPU OCTPOIl KPOBOIIOTEPE

[MTomumo cumxennss OIK (rumoBosemun),
JIPYTUM BaKHBIM TIATOT€HETUYECKUM (haKTOPOM TIpU
OCTPOIi KPOBOTIOTEpE SBJSACTCS CHWKEHUE KHCJIO-
POHOI eMKOCTH KpOoBU (aHEeMMsI) U, KaK CJe/[CTBUe
aTOTO, CHIKeHue octaBku Kuciaopoaa (DO,) k Tka-
HsMm oprarusMa [20, 21]. HapyteHust kpoBooOpaiie-
HUST U TUTIOKCHUST TKAHeH 00YCJIOBIMBAIOT AaKTUBAIHIO
KOMITEHCATOPHO-TTPUCIIOCOOUTEIBHBIX PEAKIIUi Op-
ranusma. B cooTBeTCTBUU €O CPOKAMM aKTHUBAIIUU
JIAHHBIX PEAKIUI, YCIOBHO BBIIEJSIOT CJIELYIOIIe
CTaluy PAa3BUTHUA MPOIECCOB KOMIIEHCAITMU KPOBO-
norepH [1]: cepaeuHo-coCyIUCTYIO, THAPEMUYECKYIO,
GEJIKOBOCUHTETUIECKYIO U KOCTHOMO3TOBYIO.

Camoii 11epBoil 3aIUTHON peakIuell opraHus-
Ma SBJISETCA aKTUBAIMSA CBEPTHIBAIOIICH CHCTEMBI
KPOBU U OOIIENATOJIOTHYECKOTO poIecca TpoMGo-
obpasoBanusi. OOpasoBanue TpomMba B MecTe M0-
BpEXIEHUsT cocyia (MECTHBII reMocTas) crocobeT-
BYET OCTaHOBKe KpoBoTeueHus. OHAKO, TPU OCTPOIA
MAaCCHUBHOW KPOBOIMOTEPE M TPaBMATUYECKUX I10-
BPEXKIEHUSAX GOJIBIIOr0 0ObeMa TKaHel, upe3MepHast
TUIEPKOAryIsinus KPOBU CTAHOBUTCS CAMOCTOSI-
TEJIBHBIM MATOTEHHBIM (DAKTOPOM ¥ MOKET TPUBECTU
K Pa3BUTHIO IUCCEMIUHUPOBAHHOTO BHYTPHUCOCY/IHIC-
toro cBeproBanus (JIBC) [22].

Ceppeuno-cocycTas KOMIIEHCAITUS Pa3BUBa-
eTcs ¢ TIepBbIX MUHYT KpoBoTeueHus. [Ipossisercs
OHA B CTUMYJISIIIMU PABOTHI CEP/IIlAa U U3MEHEHUN CO-
CYJIUCTOTO TOHYCA, KOTOPBIE B 3HAUUTEJIBHON CTele-
HU 00YCJIOBJIEHBI PeDIEKTOPHON aKTHBAIIUEN CHUM-
MATOAJPEHATIOBOM CUCTEMBI, B TOM YHCJIE C yYACTHEM
6apo- U XeMOPEIENTOPOB JIyTH A0PThI U KAPOTUIHO-
ro cunyca [1, 3]. U3BectHO, uTO ToHUYeckas adde-
PEHTHAsT UMITYJIbCAIUST OT COCYAMCTBIX OGapoperier-
TOPOB  OKa3bIBaeT TOPMO3HOE, a aKTHBAIMA
XeMOPeIenTopoB (IIPU TUIOKCUU) — CTUMYJIUPYIO-
niee BIUSIHUE HA <[TPECCOPHBIIY OTEJ CePIeYHO-CO-
CYJIUCTOTO IEHTPA B IPOIOJITOBATOM MO3Te. ApTepu-
aJbHAs TUIIOTEH3WS YMEHbBIIACT HWMIIYJIbCHYIO
AKTUBHOCTDH GAPOPEIETNITOPOB KAPOTUHOTO CHHYCA U
JIyTH aOPTBI, & Pa3BUBAIOMIASCS TUPKYJIITOPHAS TH-
MOKCHUS aKTUBUPYET COCYAMCTBIE XeMOPEIeTOPbl. B
pes3yJbTaTe TMOBBIIACTCS «IIPECCOPHAs» aKTUBHOCTD
CEP/IEYHO-COCY/IUCTOTO IEHTPA MPOMOJTOBATOTO
MO3Ta, BCJEICTBUE YETO YCHJIUBAETCA TOHUYCCKAS
HUMITYJIbCHASd aKTUBHOCTH CHUMIIATUYECKUX HEPBOB,
WHHEPBUPYIOIIUX CEP/IIE U COCY/IBI, @ TAKKE CTUMY-

increase in the neurogenic tone of arterioles in the
skin, subcutaneous fat, abdominal organs, kidneys
and muscles. In these organs arteriolar vasoconstric-
tion develops, regional vascular resistance increases
and as a result, the regional blood flow decreases, i.e.
the hypoperfusion of the organs occurs. In contrast,
the coronary and cerebral arterioles undergo vasodi-
lation, which is due to the combined effect of factors
regulating vascular tone (metabolic, myogenic and
neurogenic). Therefore, the blood supply of the heart
and brain is maintained at the same level or only
slightly decreased that is a manifestation of the abil-
ity of these organs to autoregulate blood flow across
a wide range of blood pressure changes [11]. The
described changes of vascular tone are known as the
«centralization of circulations. During hypovolemia
the physiological significance of the centralization of
circulation comes from the redistribution of blood
flow from the tissues and organs, that are relatively
resistant to hypoxic damage, to vital organs, the
functioning of which depends on an uninterrupted
blood supply.

At the stage of cardiovascular compensation of
blood loss, the hypovolemia is «normocytemic»
(with Hb and Ht values remaining within the normal
ranges), and acute hemorrhagic anemia is therefore
still latent [1].

During the rapid progression of hemorrhage
the adaptive hyperventilation occurs as a reflex reac-
tion. The aim is to increase venous return to the
heart via the suction effect during inhalation. This
effect leads to respiratory alkalosis, which partially
compensates for the metabolic acidosis that develops
as a result of circulatory hypoxia |23, 24].

Hydremic compensation, aimed at restoring the
lost volume of circulating plasma, is also launched
from the first minutes of hemorrhage [25], but fully
develops within 1—2 days [24, 26]. There are several
mechanisms for its implementation. The main one is
autohemodilution, which develops due to the mobi-
lization of extracellular fluid from the interstitial
space into the bloodstream. Hypovolemia and arteri-
olar spasm lead to a decrease in hydrostatic pressure
in capillaries, and pericapillary fluid moves into the
lumen of capillaries by the action of Starling forces
(the differences of hydrostatic and oncotic pressures
inside and outside the vessel). The described mecha-
nism is illustrated by data demonstrating that from
the first five minutes of hemorrhage, a volume of
fluid correspondent to 10—15% of normal CBV is
moved to the bloodstream [23].

At the same time, the plasma osmotic pressure
increases rapidly as a result of hyperglycemia and
accumulation of carbohydrates and fat catabolism
products. This mechanism activates a flow of fluid
from the intracellular compartment into the extra-
cellular space (along the gradient of osmotic pres-
sure), into the lymph vessels and then further in the
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JINPYETCS CEKPeIns KaTeX0JaMIUHOB Ha/ITOUeYHUKA-
mut [11]. Crumysistiiust paboThI Cep/Iiia MPOSIBIISIETCST
TaxXUKapAueil U yBeJUYCHUEM COKPATUMOCTU MHUO-
Kap/ia, 9YTO B YCJIOBUSAX TUMOBOJEMUHM U CHUKCHUS
BEHO3HOTO BO3BpaTa HAIPAaBJICHO HA IMOJJICPKAHME
CB. ¥xe na pannux stanax kposororepu (10—15%
OILK) pedieKTOpHO TTOBBIIAETCS TOHYC eMKOCTHBIX
COCY/IOB (BEHBI U BEHYJIbI) KOXKH, TOJKOKHON 5KUPO-
BOI1 KJIeTYaTKH, OPraHOB OPIOIIHOM II0JIOCTH, 4TO CO-
MIPOBOXKIACTCS BEHO3HON BAa30KOHCTPUKIIMEH U MO-
Ouszanueil B KPOBOTOK JIETIOHMPOBAHHOW KPOBHU
[23, 24]. ManbHelimas akKTUBAIUS CUMIIATUYECKOTO
OT/Iesia HEPBHOM CUCTEMbI TPUBO/IUT K MOBBIIICHUIO
HEHPOTEHHOTO TOHYCA apTepHoJI KOKH, MOJKOKHON
JKUPOBOU KJIETYATKH, OPTAHOB OPIONIHOW MOJIOCTH,
MOYeK W MBINII. B ykazaHHBIX OpraHax pa3BUBaeTCs
Ba30KOHCTPUKITUA aPTEPHOJI, TIOBBITIICHUE PETTOHAP-
HOTO COCYICTOTO COITPOTUBJICHUS U, KaK CJIC/ICTBUE,
CHUZKEHHUE PETHOHAPHOTO 0GBEMHOTO KPOBOTOKA, T.€.
BO3HUKaeT ux runornepdysusa. HanpoTtus, aprepuo-
JIBI KOPOHAPHOTO U 11ePebPaIbHOTO COCYAUCTHIX Hac-
CEHHOB MO/IBEPTAIOTCS Ba3oAMIATAIINM, KOTOPas
00yCJI0BJIeHA COBOKYITHBIM JieficTBHEM (DaKTOPOB pe-
TYJISIIIAU COCYAIUCTOTO TOHYca (MeTaboMuecKue,
MUOTeHHbIe, HelporeHHble). B pesysbrare KpoBo-
cHabKeHMe Ceplila U MO3ra MOJIEPKUBAETCS Ha
MPEe’KHEM YPOBHE WJIM CHMIKAETCS HE3HAUNTEIHHO,
YTO SIBJISIETCSI MPOSIBJIEHUEM BBIPAKEHHO CII0C00-
HOCTHU 3THUX OPTaHOB K ayTOPETYJSAINNU KPOBOTOKA B
mmporoM nuanazone uamenenus A/l [11]. Onucan-
HbIe U3MEHEHUS COCY/IUCTOTO TOHYCA N3BECTHBI KaK
(beHOMEH <«IIeHTpaU3aIMK KPOBOOOpAIleHUs>, (-
3MOJIOTHYECKOE 3HAUYECHUE KOTOPOTO B YCJIOBUSX T'H-
MOBOJIEMUM 3aKJIOYaeTCsl B IepepaciipeicicHun
KPOBOTOKA OT TKAHEH M OPraHOB, OTHOCUTEJIBHO yC-
TOMYMBBIX K TUTIOKCHYECKOMY TTOBPEKAECHUIO, K K13~
HEHHO Ba)KHBIM OpraHaMm, (GhyHKITMOHUPOBAHUE KOTO-
PBIX 3aBUCUT OT OecriepeOOITHOrO KPOBOCHAOKEHMSL.

Ha cramum cepmeuyHo-cocynucToil KOMITeHCA-
UK KPOBOIIOTEPU TUIIOBOJIEMUS ABJSETCS HOPMO-
MUTEMUYECKON (KOHIIEHTPAIITMOHHBIE TOKa3aTean
Hb u Ht ocratorcst B npejieiax HOpMaJIbHBIX 3HAYE-
HUIT), a oCTpast mocTreMopparnyeckas aHeMus I10-
3TOMY HOCHT €IIle «CKPBITBII» xapakrep [1].

ITpu GBICTPOM TIPOTPECCUPOBAHIN KPOBOIIOTEPH
pedIIEKTOPHO BO3HUKAET MTPUCTIOCOOUTELHAS THITEP-
BEHTWJIATIMA JIETKUX, HAIIPABJICHHAS, B TOM YHCJIe, HA
yBeJIMUEHNE BEHO3HOTO BO3BpaTa IPUCACHIBAIONTIM
JICUICTBUEM TPYAHON KJETKH. IDTO BEAET K PecIupa-
TOPHOMY AJTKAJI03y, KOTOPBI YaCTUYHO KOMIICHCUPY-
€T Pa3BUBAIONIUICS B pe3yJbTaTe HUPKYJISATOPHOH T'1-
Hokcuu Metaboimdeckuil arunos |23, 24].

Tuapemudeckas KoMIeHCAIMS, HATIPAaBJIeHHASA
HA BOCCTaHOBJIEHUE YTPAYEHHOTO 00beMa IIUPKYJIH-
PYIOIIEi TIJIa3Mbl, TAK)KE 3AITyCKAETCS C MEPBBIX MU-
HYT KpOBOHOTEPU [25], HO TOJHOIIEHHOE PA3BUTHE
noJiydaeT B Tederune 1—2 cyrtok [24, 26]. Beigeadior
HECKOJIbKO MEXaHU3MOB ee peanusaiinu. OCHOBHBIM

blood [27]. Within an hour from the start of hemor-
rhage this osmotic mechanism is capable to provide
up to 60% of the total fluid volume when entering
the bloodstream [25]; it also facilitates the
«drainage» of interstitial fluid protein through the
lymphatic system into the blood. The degree and rate
of autohemodilution depends on the initial hydra-
tion of the organism and the quantity of fluid in the
intestinal lumen. For example, an experimental ani-
mal study by Darlington et al. [28] showed that in
the posthemorrhagic period the degree of Ht
decrease was less in the rats fasted during 24 hours,
compared to the animals that had been provided
with food and water ad libitum. The compensatory
mechanism was less effective in fasted animals.
Another important mechanism of the hidremic com-
pensation is an increase of antidiuretic hormone
(ADH) secretion, as well as the activation of renin-
angiotensin-aldosterone system [1]. ADH release by
the hypothalamus increases in response to changes in
afferent impulses from vascular baroreceptors (dur-
ing hypovolemia and hypotension) and osmorecep-
tors of the hypothalamus that results in increasing
the plasma osmolality [29]. The ADH stimulates the
reabsorption of water from the collecting ducts of the
kidneys causing renal arteriolar vasoconstriction,
which leads to a decrease in the glomerular filtration
rate and urine output. Hypoperfusion of the juxta-
glomerular complex of kidneys stimulates the pro-
duction of renin, followed by the synthesis of
angiotensin II (strong vasoconstrictor) and aldos-
terone. The latter stimulates sodium reabsorption in
the renal tubules and increases the osmotic-depen-
dent fluid flow into the bloodstream.
Hypoproteinemia is developing as a result of
replenishment of lost plasma volume with water and
electrolytes from the interstitium. Lymph mobilization
and protein synthesis activation (including clotting
factors) in the liver contribute to the restoration of
plasma protein deficiency usually within 1.5—3 weeks).
The described compensatory reactions, as well
as fluid resuscitation with crystalloid and colloid
solutions, lead to the development of hypo- or
oligocitemic normovolaemia. This is manifested by
decreasing Hb and Ht values per blood volume unit
and therefore by blood oxygen capacity reduction.
The circulatory, hemic and respiratory hypoxia stim-
ulates the production of erythropoietin in the juxta-
glomerular apparatus of the kidneys, which in turn
enhances erythropoiesis in bone marrow. It is consid-
ered that the bone marrow compensation develops
on the 4—5th days after the blood loss, and an
increase in reticulocyte content in the peripheral
blood (normal range is 5—10 cells per 1000 red blood
cells) is the criterion of bone marrow regenerative
capacity [24]. Several studies, however, have demon-
strated that the ratio of various populations of red
blood cells changes in the first minutes and hours of
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13 HUX SIBJISETCS Ay TOTEMOIUIIONNS BCJIEICTBIAE MO-
OUJIM3AIUN BHEKJIETOYHOW JKUAKOCTU U3 UHTEPCTH-
IUAJTBHOTO MTPOCTPAHCTBA B COCYAHMCTOE pycio. [u-
MOBOJIEMUSI W CIIa3M apTepuoJ TPUBOAAT K
CHWKEHMIO THIPOCTATUYECKOTO JIABJICHUS B KAIlUJI-
JIgpax M Mepexoy TMePUKANMUIISAPHON KUAKOCTH B
uX TpocBer noa aeiictBueM cui CrapauHra (pas-
HOCTb TU/IPOCTATUYECKOTO U OHKOTUYECKOTO JlaBJie-
HUI BHYTPH U BHE cocyia). EcTb mannbie, 4To 3a cyer
OTIMCAHHOTO MEXaHW3Ma B TIEPBbIE TSATh MUHYT KPO-
BOIIOTEPH B COCYJIUCTOE PYCJIO MOXKET TepeiT KO-
JIMYECTBO JKUAKOCTH, cooTBeTcTByMomee 10—15%
HopmasibHoro OIIK [23]. Hapsizy ¢ atum ObICTPO Ha-
pacTaeT OCMOTHYECKOE JIaBJIEHUE TIJIa3MbI B PE3YJIb-
TaTe TUIEePrJINKeMUH, HAKOTIEHUS TTPOJyKTOB KaTa-
6osiM3Ma JKUPOB U YIJIEBOIOB. AKTUBHPYETCS TOK
JKUJIKOCTH M3 BHYTPUKJIETOYHOTO TIPOCTPAHCTBA B
MEKKJIETOUHOE (110 TPALUEHTY OCMOTUYECKOTO J1aB-
JieHus), B JnMpaTrueckue cocynbl U Janee — B
KpoBb [27]. Takoii ocMOTUYECKUIT MEXaHU3M YK€ B
TedyeHUe OJTHOTO Yaca OT Havyasia KPOBOTIOTEPU MOXKET
obectieunth 10 60% OT 06IIETO 0OBEMA MOCTYAIO-
1ieil B COCybl AKUAKOCTH [25], a TakKe CrocoOCTBY-
€T <«JIPEHUPOBAaHUI» O€jiKa HHTEPCTUIUATHHON
SKUZIKOCTU Yepes3 JINM(paTHIecKyio CUCTEMY B KPOBb.
fAcHo, 4TO cTerneHb U CKOPOCTb Pa3BUTHUSA aAyTOTEMO-
JIUJTIOTIMY 3aBUCHUT OT MCXOAHOUN THpaTaliiyd opra-
HU3Ma U KOJIMYECTBA JKUJKOCTH B TIPOCBETE KUITIEY-
HuKa. Tak, B 9KCIEPUMEHTAJIBLHOM WCCJIEIOBAHNN
Darlington D. N. u coasr. 28] nokasaHo, 4T0 B [IOCT-
reMOpparnvyeckoM Iepuojie CTeleHb CHIKEHUS Te-
MaTOKpHUTa OblJIA MEHBIIE Y KPBIC, MPEABAPUTEIHHO
TOJIOZIABIIINX B TeUeHUE 24 4, 710 CPABHEHUIO C JKUBOT-
HBIMHY, HE JIMTITABIINXCS BOJBI U U, [ pyruM Baxk-
HBIM MEXaHU3MOM THPEMUYECKON KOMIIEHCAIIUU
SABJIAETCS TIOBBINIEHUE CEKPEIUH aHTHINypPeTudec-
koro ropmona (A/IT'), a Takke akTUBAIMS PEHUH-aH-
TMOTEH3UH-aTbI0cTepoHOBOI cucteMbl [1]. Cexpe-
musg Al runortamamycoMm — YBeJIUYUBACTCS
pedJieKTOpHO B OTBeT Ha u3MeHenune ahdepeHTHO
UMITYJIBCAIIUE OT COCY/IUCTBIX GapoperenTopos (ru-
MTOBOJIEMUS M TUTIOTEH3MST ) M OCMOPEIETITOPOB CaMO-
ro runorajgamyca (TIOBbIIIIEHNE OCMOJISIPHOCTH TLI1a3-
mbl) [29]. AIT yBesnuuBaet peabcopOIUIO BOJIBI U3
cobupaTesbHBIX TPYOOUEK TIOUEK, a TaKKe 00Ja1aer
COCYTOCYKUBAIOTIINM JICHCTBIEM, BLI3bIBAsI BA3OKOH-
CTPUKIIUIO TOYEYHBIX apTEPHOJ, YTO MPUBOIUT K
CHIKEHUIO KJIyOOUKOBOI (DUJIBTPAIIUH U TEMIIA JNY-
pesa. Tunonepdysus okcTarJioMepyJisspHOTO alia-
para MOYKU CTUMYJIUPYET BbIPAOOTKY PEHUHA, C 110-
caenyionuM cuHTe3oMm anruorensuna 11 (cusibHblii
BA30KOHCTPUKTOP) M asbaocTtepoHa. [locaennuii
CTUMYJIPYET peabcopOIUio MOHOB HATPHS B MTOYe-
HBIX KaHAJBIAX U YCUIUBAET OCMOTHYECKU 3aBUCH-
MBI TOK KMIKOCTH B COCYZIUCTOE PYCJIO.

B pesyJisrare BocrosiHeHNsT 00beMa TIOTEPSIH-
HOH TJ1a3MBbl BOJIOH M 2JIEKTPOJIMTAMU U3 UHTEPCTHU-
[[Us1, pasBUBaeTCsl TUHONpOTenHemusi. Mobuiusa-

acute blood loss[25, 30] . This is manifested by
changing the size (anisocytosis) and shape (poikilo-
cytosis) of red blood cells. In particular, the average
red blood cell diameter increases (releasing relative-
ly «young» cells into the bloodstream), but during
blood loss decompensation the percentage of red
blood cells of smaller diameter («aging» of blood)
and modified forms (stomatocytes, echinocytes et
al.) increases [31]. In severe trauma the degree of
anisocytosis and poikilocytosis, as well as changes in
the nanostructure of erythrocyte membrane surface,
dependon the amount of blood loss [32].

Along with increased erythropoiesis, leukocy-
tosis with a shift to the left and increased platelet
count are observed in peripheral blood. At the same
time, leukopenia and thrombocytopenia may repre-
sent the early signs of bleeding [24]. Depending on
the blood loss volume (assuming no blood transfu-
sions) the globular blood volume is restored during
1—2 months. The acute hemorrhagic anemia accord-
ing to hematological parameters becomes normocyt-
ic, normochromic and hyper/normoregenerative.

Hormonal changes during
acute blood loss

As mentioned in the previous section, the acti-
vation of the renin-angiotensin-aldosterone system
and the increased secretion of ADH significantly
contribute to reducing the renal loss of water and
sodium during hypovolemia. Angiotensin IT is a
strong vasoconstrictor, at the same time it stimulates
the thirst center of the hypothalamus and induces
the characteristic symptom of acute blood loss, the
strong thirst [33]. The activities of a number of other
hormonal systems are also significantly changing.
Frequently phasic in nature, these changes are
involved in compensatory reactions of the body
aimed at mobilization of resources and maintenance
of the integrity of the organism during the stress
response to acute blood loss [27, 34].

Simultaneously with the activation of the sym-
pathetic nervous system, the epinephrine secretion
in the adrenal medulla and the norepinephrine
release in peripheral tissues are sharply increasing.
Under these conditions, the catecholamines provide
complex hemodynamic and metabolic effects.
Peripheral vascular resistance, CO and BP is
increasing. Metabolic effects include the stimula-
tion of renin secretion, hyperglycemia (mainly as a
result of acceleration of hepatic glycogenolysis) and
lipolysis activation.

Hyperglycemia in the early stages of acute
blood loss is also caused by a decrease in insulin
secretion by pancreatic $-cells and an increase in
glucagon secretion by pancreatic a-cells.
Hypoglycemia develops in decompensated hemor-
rhagic shock and depletion of energy resources.
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st UMbl ¥ aKTUBAIUSI CUHTe3a OeJIKa B TeYeHN
(B T.4. HaKTOPOB CBEPTHIBAHUS ) CIIOCOOCTBYIOT BOC-
CTAHOBJIEHUIO JePUIUTA TTa3MEHHBIX OEJIKOB
(1,5—3 nemenn).

COBOKYIHOCTb OTMCAHHBIX KOMIIEHCATOPHO-
MPUCTIOCOOUTENLHBIX PEAKIIUN, a TaKKe HH(PY3UOH-
Hasg Tepanus KPUCTAJUIOMIHBIMA U KOJIJIOUTHBIMU
pacTBOpaMy MPUBO/IAT K PA3BUTHIO OJIUTOIIUTEMITYE-
CKOH THIIO- WJIM HOPMOBOJIEMUU, UTO TPOSBIISAETCS
cHmxenueM nokasareseir Hb u Ht B equnaune oobe-
Ma KPOBH |, CJIE/IOBATEIHHO, CHUKECHUEM KHUCTOPOJI-
HOI eMKOCTH KPoBHU. [urnokcns (IIUpKyIATOpHAL, re-
MUYECKast, [bIXaTeIbHAS) CTUMYJIUPYET BBIPAOOTKY
PUTPOTIOITUHA IOKCTATJIOMEPYJISPHBIM aIlapaToM
MOYEK, KOTOPDIiA, B CBOIO OUEPE/Ib, YCUITUBACT IPUT-
poI1I033 B KOCTHOM MO03ry. CumTaercs, 4To KOCTHO-
MO3TOBast KOMIIEHCAIUST PA3BUBAETCS HA 4—5 CYTKU
mocJie KPOBOIIOTEPH, a KPUTEPUEM pereHepaTOpHON
CIIOCOOHOCTH KOCTHOTO MO3Ta SIBJISIETCS YBEJINUEHTE
CONlepPKaHUS PETUKYJIONUTOB B Tepudepudeckoi
kposu (B nopme — 5—10 kmerok na 1000 apurporu-
T0B) [24]. OmHako, ectb pabots [25, 30], B KOTOPBIX
MOKA3aHO, YTO COOTHOIIIEHUE PA3TUYHDIX MOTTY AN
PUTPOIMTOB MEHAETCS YKe B IIEPBbIe MUHYTBI U Ya-
CBbI OCTPOM KPOBOIIOTEPH, YTO MPOABISETCS U3MEHE-
HUeM pazMmepa (aHU301UTO3) U (hOPMBI (TTONKUIIOIH-
TO3) KPaCHBIX KPOBAHBIX KJIETOK. B dacTHOCTH,
XapaKTepHO YBEJIWYEHUE CPEIHETO UaMeTpa dpUT-
poruToB (BBIOPOC B KPOBOTOK OTHOCUTEIHHO «MOJIO-
JIBIX» KJIETOK), a TIPU IEKOMIICHCAIUU KPOBOTIOTEPU
YBEJTMUNBAETCS TIPOTIEHTHOE CO/IEPsKAHNE PUTPOITH-
TOB MaJIoro jnaMeTpa («cTapeHue» KPoBH) 1 U3Me-
HEHHBIX (POPM KJIETOK (CTOMATOIMTOB, XUHOIIUTOB
u zap.) [31]. IIpu Tsa:kesnoif TpaBMe BBIPAKEHHOCTD
aHM30- U IMOUKUJOLNTO3a, a TaKKe M3MEHEHUN I10-
BEPXHOCTHOW HAHOCTPYKTYPHI MEMOPAH apUTPOIIH-
TOB 3aBUCUT OT 0ObeMa KpoBonorepu [32].

Hapsany c ycunennem apuTporoasa, B nepude-
pUYECKON KPOBU OTMEUYAETCS JIEUKOIIUTO3 CO CABU-
TOM JICHKOTIUTAPHOI (hOPMYJIBI BJIEBO, YBEJNUMBACT-
cs1 coJlepsKaHue TPOMOOIIUTOB, TIPH HTOM PAaHHUMHU
MPU3HAKAMU KPOBOTEUEHUsI MOTYT OBITh JeHKOIe-
Hust U TpomOorronietust [24]. B 3aBucumocTt ot
006beMa KPOBOTIOTEPU | ITPU OTCYTCTBUU TEMOTPAHC-
dy3uiil TIo0yISpHDIN 00beM KPOBH BOCCTAHABJIIBA-
eTcs B TeueHue 1—2 Mecsiies, a ocTpas MoCTreMOp-
parmyeckasi ~aHeMUs 10  TE€MaTOJOTHUYECKUM
MOKA3aTeJSAM SIBJISIETCS HOPMOIMTAPHOM, HOPMO-
XPOMHOMH U THIlep-/HOPMOpereHepaTopHoil.

TopMoHaJibHbIE U3MEHEeHUS
IIPU OCTPOIi KpOBOIIOTEPE

AXTUBAIMSA PEHNH-aHTHOTEH3WH-JIb/IOCTEPO-
HOBOI cucTembl U yBesmuenue cekperuu A/, kak
ysKe ObLIO CKa3aHO, UTPAIOT KJUEBYIO POJIb B CHU-
SKEHUU TIOYeYHBIX 1T0TePb BOJbI M HATPUSI TIPU TUTIO-
Bosiemun. Aurunorensud 11, Gyydn CuJIbHBIM Ba3o-

Blood loss and trauma stimulate the production
of adrenocorticotropic hormone (ACTH) in the
pituitary gland, which in turn stimulates the produc-
tion of glucocorticoids (cortisol) in the adrenal cor-
tex. The main effects of glucocorticoids are increased
lipolysis, gluconeogenesis, glycogenolysis in the liver
and muscles, the stabilization of lysosomal mem-
branes, decreased capillary permeability and
immunosuppression. As a result of describedhormon-
al changes and increased catabolism, the blood con-
centration of amino acids, fatty acids and plasma
osmolality increase.

The concentration and ratio of reproductive
steroid hormones in blood plasma are changing in
hemorrhagic shock and in other critical states.
Gender differences in the dynamics of these parame-
ters are observed in the postresuscitation period that
may affect the course and outcome of recovery
processes, particularly in the brain [35, 36]. In males
the plasma concentrations of progesterone and estro-
gens increase, but androgens levels decrease. In
females, along with an increase in progesterone and
estrone content, androgen levels also are increasing.

Paracrine vasoactive substances and arachidon-
ic acid metabolites also have pathophysiological sig-
nificance. Endothelin, PGF,, and PGA, have a vaso-
constrictor effect, but bradykinin, histamine, PGI,
and PGE, are vasodilators. These effects in blood
loss and hemorrhagic shock may have both protec-
tive and adverse effects on organ blood flow and
metabolism [34, 37].

Oxygen transport and metabolic
alterations in acute blood loss

The main parameters of oxygen transport in the
body are the delivery (DO,), consumption (VO,)
and oxygen extraction ratio (O,ER) [20, 21, 38].
Table 1 shows the simplified formulas for calculating
these parameters and their normal values for humans
at rest. The formulas for calculating the oxygen con-
tent in the arterial and venous blood (CaO, u CvO,)
do not include the oxygen physically dissolved in
blood plasma due to an insignificant contribution of
this fraction (about 3 ml/L) to the total oxygen
capacity of blood. In normal aerobic conditions, the
systemic VO, is determined by the rate of metabolic
processes (tissues demand for oxygen and nutrients)
and is varied within the average levels 200—250
ml/min at rest. In this case DO, exceeds VO, 4-fold,
and during the passage of arterial blood through the
microvasculature only 20—30% of oxygen volume is
extracted. These «reserves» of oxygen transport are
important for the development of compensatory
reactions of the organism in severe blood loss and
other critical states, and significantly contribute to
the transport of CO, (by bounding to hemoglobin)
from the tissues to the lungs.
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KOHCTPUKTOPOM, B TO K€ BPEMSI CTUMYJIUPYET HIEHTP
JKQUKJIBI TUTIOTAJIAMYCA ¥ 00YCJIOBJIMBAET TTOSIBJIEHITE
XapaKTepHOTO CHUMIITOMa OCTPOM KpPOBOIIOTEPU —
cunbHON Kaxkapl [33]. CyliecTBeHHO M3MeEHSETCS
AKTUBHOCTb Psifia JIPYTUX TOPMOHATBHBIX CHCTEM.
ITU U3MEHEHUS YaCTO HOCAT (Pa30BBIi XapaKkTep, CO-
HPSIKEHDBI ¢ KOMITEHCATOPHO-TIPUCIOCOOUTETHHBIMU
peakIuaMu Opranu3Ma (SBJISIOTCS UX YaCThIO) W Ha-
MPaBJIEHBI HA MOOMJIN3AIMIO PECYPCOB U TO/IEPKA-
HUE IEJOCTHOCTU OPTraHU3Ma B YCJIOBUSX CTPECCO-
BOIl peakiuu Ha OCTpPyio KpoBomortepto [27, 34].
OIHOBPEMEHHO € TTOBBINIIEHUEM TOHYCA CUMITATHYeC-
KOTO OT/eJia HEPBHOW CHUCTEMBI, PE3KO BO3pacTacT
CEKpelus aJIpeHAIMHA MO3TOBBIM CJIOEM HaJII0uey-
HUKOB U BbIJIeJIEHUE HOPAJpeHATHA B iepudepuye-
CKMX TKaHgX. KaTexoJaMUHbI B 9THX yCJIOBUSAX OKa-
3bIBAIOT  KOMILJIEKCHOE TE€MOJMHAMHMYECKOEC U
Metabosimueckoe jeiicrBue. IloBbiaercst nepude-
pudeckoe cocyaucroe cornporusienue, CB n A/l
Merabosmyeckue 3(h(eKTbl BKIOYAIOT B ceOs1 CTU-
MYJISIUIO CeKPEIUK PEHNHA, TUTIEPTINKEMUIO (TJIaB-
HBIM 00Pa30M KaK Pe3yJIETaT YCKOPEHUS TIIMKOTEHO-
Ju3a B T€YEHUW) U YCKOPEHUE JIUIOJIN3a.
TuneprimkeMnst Ha paHHUX CTAUSIX OCTPOI KPOBO-
notepu 00YCJIOBJIEHA TAKKe CHUKEHHEM CEKpPEIun
UHCYJIMHA fB-KI€TKAMU U TIOBBIIIEHUEM CEKPEInu
[JIIOKarOHA ¢-KJIETKAMU TOJ[KEeJTyIOUHOM KeJe3bl.
[Ipu nexommeHcanum reMopparnieckoro MoKa 1 1c-
TOIEHUN JHEPTETUYECKUX PECYPCOB Pa3BUBAECTCS
rutniorsaukeMus. KpoBoroTepst u TpaBMa CTUMYJIAPY-
10T BBIPAOOTKY aJ[PEHOKOPTHKOTPOITHOTO TOPMOHA
(AKTT) B runouse, KOTOPHIi, B CBOIO OUEpe/b, CTH-
MYJIIPYET BBIPAGOTKY TJIFOKOKOPTUKOUIOB (KOPTH-
30J1) B KOpe Ha/imouyedHnKkoB. OcHOBHBIMU adhdeKTa-
MU TJIOKOKOPTUKOWIOB TIPU 3TOM  SIBJISAIOTCS
YCUJIEHUE JIUTIONN3a, TJIIOKOHEOTeHe3a B MEYEHU U
[JIMKOTEHOJIM3a B MBIIIIAX, CTaOUIM3aIUsT JTH30C0-
MaJIbHBIX MeMOpaH, YMEHbIIEHUE TIPOHUIIAEMOCTH
KaluJIsipOB U MMMYHOCyIpeccusi. B pesysibrate
OTIMCAHHBIX TOPMOHAJIbHBIX TIEPECTPOEK U YCUJICHUS
KaTaboJIM3Ma, B KPOBH MOBBIIIAETCS TAKKE KOHIIEHT-
paIus aMMHOKHCJIOT, SKUPHBIX KUCJIOT, M YBEJININBA-
€TCSI OCMOJIIPHOCTD TITTA3MBI.

[Tpu remopparnyeckoMm IoKe 1 APYTUX TePMHU-
HAJbHBIX COCTOSHUSAX N3MEHSACTCS KOHIIEHTPAIUS U
COOTHOIIEHUE PENPOYKTUBHBIX CTEPOUTHBIX TOPMO-
HOB B Iyia3mMe Kposu. [Ipu aTom oTMedaroTcs moJio-
BbIC PA3IMYUs B IMHAMUKE 9TUX MOKa3aTeseil B 110-
CTPEAaHUMAIIMOHHOM TEPHUOJIe, YTO MOXKET OKa3aTb
BJIMSHUE HA TE€UYEHUE U MCXO]] BOCCTAHOBUTEIBHBIX
IIPOIIECCOB, Tpeske Bcero, B mo3re |39, 36]. Tak, y
CaMI[OB TOBBINIACTCS TJIa3MEHHAA KOHIEHTPAIUs
MIPOTeCTEPOHA, 3CTPOTCHOB U CHUIKACTCS YPOBEHD aH-
JIPOTEHOB, B TO BPEMs KaK y CAMOK HapsALy C yBeJU-
YEeHWEM COZIEP’KaHUS MPOTeCTePOHA M 3CTPOHA, T10-
BBIINAETCS TAKKE YPOBEHb aHPOTEHOB.

CymiecTBeHHOE TTATODU3UOTIOTUYECKOE 3HAYE-
HUE HUMEIOT TaKkKe Ba30aKTUBHBIC BEIIECTBA Iapa-

In the initial stages of severe acute blood loss.
the DO, decreases mainly due to hypovolemia and a
decrease in CO. VO, at the same time is remained at
the same level or even increased during metabolism
enhancement against the background of sympathetic
system activation [23]. Maintaining the systemic
VO, under these conditions is achieved through the
redistribution of blood flow to organs and tissues
with higher metabolic demands, ie, through the cen-
tralization of circulation [39]. The other main mech-
anism for maintaining aerobic metabolism under
conditions of reduced oxygen delivery is the increase
in oxygen extraction by tissue from the inflowing
blood. This is manifested by decreasing CvO,,
increasing the arteriovenous oxygen difference and
0O,ER (Table 1). Decreased affinity of hemoglobin
for oxygen under the conditions of metabolic acido-
sis plays an important role in this process [23].

The restoration of circulating plasma volume
through autohemodilution and fluid resuscitation
leads to lowering the values of Hb and Ht (anemia),
and hence reduces the oxygen capacity of the blood.
Under these conditions, a decrease in the DO, is due
to hypoxia of both hemic and circulatory types. The
normovolemic anemia is characterized by an increase
in CO, a decrease in peripheral vascular resistance
and a higher oxygen tension in the mixed venous
blood compared with the values of these parameters
during hypovolemia and hypoxemia [40].

At any stage of acute blood loss DO, level may
be reduced to values at which the oxygen demand of
cells is not enough, and VO, also begin to decline.
Such DO, values are called «critical level of oxygen
delivery» (DO, crit) [20], below which an «oxygen
debt» appears, ie metabolism from aerobic turns to
anaerobic. Experimental animal studies have shown
that the DO, crit is practically independent of the
factor causing a decrease in DO,, whether it is hypo-
volemia, anemia or hypoxemia [41, 42]. DO, crit was
about 10 ml/min/kg, while the blood loss volume
reached 50% of the CBV, normovolemic anemia
reached values of Ht <8% and Hb 4g/dL, and O,ER
increased to 0.8. When reaching these values, a sharp
decrease in VO, appears and the animal is dying soon
after. R. B. Weiskopf et al. [43] have shown that in
healthy volunteers Hb was decreased to 5 g/dL at
the conditions of normovolemic hemodilution with-
out disturbing the tissue oxygenation: VO, and
blood lactate levels did not change. The above data
were obtained in animal studies and apparently
healthy patients and reflected the large functional
reserves of the organism in the course of blood loss
compensation. However, extrapolation of these data
to critically ill patients might not quite appropriate.

Persisting mixed type hypoxia in acute blood
loss and hemorrhagic shock is accompanied by meta-
bolic alterations and cell death, which are manifest-
ed by organ dysfunction and homeostasis disorder
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Ta6ima. DuanosoruuecKye 3HaYeHNs NoKa3aTeei Tpancnopra Kuciaopoa u ¢popmysist ux pacuera [38].
Table. The normal values of oxygen transport parameters and formulas for their calculation [38].

Parameter Designation Formula Normal value

O, content in the arterial blood Ca0, 1.34XHbXxSa0, 200 ml/L

O, content in the venous blood CvO, 1.34XxHb x SvO, 148 ml/L

O, delivery DO, QXCa0, 520—600 mI/min/m”
O, consumption VO, QX(Ca0y—CvO,) 110—160 ml/min/m?
O, extraction ratio O,ER VO,/DO0O, or (CaOy—Cv0O,)/ CaO, 0.2—0.3

Note: Hb — hemoglobin concentration in the blood, g/L; SaO, and SvO, — hemoglobin oxygen saturation of arterial and venous blood,

respectively, %; Q — cardiac output, L/min/m’.

IIpumeuanue: Parameter — mokasaresp; Designation — ob6osnauenne; Formula — dopmyaa; Normal value — HopmasibHble 3HAUEHNST,
content in the arterial blood — conepskanue B aprepuasbHoii kposu; content in the venous blood — coaepskanue B Benosnoit kposu; deliv-
ery — Z0cTaBKa; consumption — norpebienue; extraction ratio — koadduiment sxcrpaxiuin. Hb — konmentparyst remorsiobuna B Kpo-
81, 1/71; SaOy 11 SvOy — KHCITOPOAHOE HACHIIIEHIIE TeMOTJIOOHA aPTEPHATBLHON 1 BEHO3HOIH KPOBH, COOTBETCTBEHHO, %; Q — cep/iedHbIit

VHJIEKC, JI/MUH/M”,

KPUHHOU TIPUPOJBI U METAOOIUTHI apaxu0HOBOI
KucaoThl. Tax, augoresus, npoctariaanaud (Pg)F,, n
PgA, okasbIBaloT cOCy/0Cy;KUBalollee JIeliCTBHE, a
OpaaukunuH, Tuctamut, Pgl, u PgE, — Basoauiara-
TOPBI, YTO B YCJOBUSIX KPOBOIIOTEPU U reMopparmnye-
CKOT'O I11I0Ka MOKeT OKa3bIBaTbh KakK 3alIUTHOE TaK 1
HeOJIATONPUSATHOE JIEHCTBUE HA OPraHHbBIH KPOBOTOK
u metabosusm |34, 37].

TpancnopTt KucIopojaa u MeTaboInuecKue
HapylIeHHs NP OCTPOii KpoBoMOTEpe

OCHOBHBIMU TTOKA3aTEISIMU TPAHCIIOPTA KUCJIO-
poma B opranuame sBigiorcs goctaska (DO,), mmo-
tpebmerne (VO,) u KoaPUIHeHT 9KCTPAKIIUN KUC-
gopona (O,ER) [20, 21, 38]. B tabuuiie mpuBeieHbI
yIpoIeHHbIe (DOPMYJIBI pacyeTa aTUX MOoKasaTeiei n
X HOPMaJIbHbIC 3HAYEHUS JIJId YeJoBeKa B 1moKoe. B
(bopmysiax pacuera copep;KaHUsa KICJI0PO/A B APTEPH-
anbHOM 1 BeHo3HOI kpoBH (CaO, u CvO,) He yIHUThI-
BaeTcd KUCJIOPOJ, (hU3MUECKU PACTBOPEHHBIN B T171a3-
Me KPOBH, BBUJIy HE3HAYMTEIHHOTO BKJIAJA JAHHON
dpakiuu (0KOJI0 3 MJI/J1) B OOIILYI0 KUCJIOPOIHYIO €M-
KOCTb KPOBHU. B HOPMAJIbHBIX a9POOHBIX YCJIOBHUSIX 00-
ee VO, OmpeessieTest CKOPOCThIO METabOIMIECKIX
nporieccoB (MOTPEOHOCTHIO TKAaHEH B KUCJIOPOJIE U HY-
TpueHTtax) u B cpezteM cocranisier 200—250 M/ Mun
B nokoe. IIpu atom DO, nipesbiimaer VO, B 4 pasa, a
IPU TIPOXOKICHUN apTePUAbHON KPOBU Yepe3 MUK-
POILMPKYJISATOPHOE PYCJIO 3KCTPATUPYETCS TOJIBKO
20—30% comepsKaIerocst B Hel KMCJI0POaa. ITH «pe-
3epPBbI» TPAHCIIOPTA KUCJTIOPO/IA UMEIOT BasKHOE 3HAYE-
HUISI JIJISI PA3BUTHUST KOMIIEHCATOPHO-TIPUCIIOCOOUTEb-
HBIX peakIuil opraHusMa IpH TsKeJI0i KpoBoroTepe
U JIPYTUX KPUTHYECKUX COCTOSTHUSIX, & TAK/KE HEOOXO-
mambl i Tpancnopra CO, (CBSI3aHHOTO ¢ TEMOTJIO-
OGUHOM) OT TKAHEW K JIETKHM.

Ha nauanbHBIX CTaUsAX TSKEJIONH OCTPON Kpo-
Boriotepu DO, cHIKaeTcd IPEeuMYIIeCTBEHHO 3a CUCT
TUTIOBOJIEMUY ¥ CHIZKEHUST cepieaHOro Beiopoca. VO,
IIPU 9TOM MOJKET OCTABATLCS HA ITPEKHEM YPOBHE WJIN
Jlake YBEJUUMBATHCS TPU YCUJIEHUU MeTaboJImdec-

(the deviation of laboratory parameters from normal
values). After declining of oxygen delivery to tissues
below DO, crit, ATP synthesis in the cells is carried
out by both aerobic (oxidative phosphorylation) and
anaerobic sources (glycolysis). During shock decom-
pensation these combined energy sources are not
enough to provide basic metabolic needs of the cells,
which leads to cell death [21]. Membrane ion pumps
cease to function that leads to a «rearrangement» of
the ions (the phenomenon of transmineralization).
K* leaves the cell, but Na* and Ca2* with the water
enter into the cell [3]. Cell swelling and membrane
defects (breaks) occur. In this regard, the fluid resus-
citation in acute blood loss (ionic compositions,
osmolality and volume of solutions) should be car-
ried out taking into account the type of arising
dyshydration (intracellular, extracellular and mixed
hypo- or hyperhydration). Of particular importance
is the correction of potassium homeostasis, as it is the
main intracellular ion. The other factors leading to
irreversible cell damage during hypoxia, are the
depletion of energy resources, acidosis, free radicals,
the cascade of enzymatic reactions (autolysis), mito-
chondrial damage and loss of nucleotides from the
cells [3, 21].

Cells of various organs differ in the degree of
resistance to hypoxia. Some cells die by apoptosis
mechanism, «sacrificing oneselfs in resource-limited
settings. Another important mechanism of cellular
adaptation is hibernation. The process of filtration in
the kidney cortex ceases before reaching hypoxia
level, in which necrosis develops. The intestinal peri-
stalsis ceases as well [2]. The skin and muscles, in
which the blood flow is significantly reduced during
the centralization of circulation, relatively resistant
to hypoxia and can tolerate it for several hours. On
the other hand, in the myocardium and particularly
in the brain, irreversible damage occurs within a few
minutes of severe hypoperfusion [44]. During acute
hemorrhage gastrointestinal cells switch to anaero-
bic metabolism (regional VO, starts to decrease)
prior to the decline in systemic VO, [42]. The region-
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KX TIPOIieccoB Ha (hoHE aKTUBAIMK CUMIIATOA/[PEHA-
JioBoii cuctembr [23]. [Topnepskanue cucremuoro VO,
B THX YCJIOBUSX JIOCTUTAETCS 34 CUET mepepaciipesie-
JIEHUST KDOBOTOKA B MOJIb3y OPTaHOB M TKaHEH ¢ H0JIb-
UMY METabOTMIECKUMU TIOTPEOHOCTSIMU, T.€. 3 CUET
HeHTpa3ai Kposoobpaienus [39]. Ipyrum oc-
HOBHBIM MEXaHU3MOM TIOJIJIEPKAHUS a9POOHOTO MeTa-
6OJI3MA B YCJIOBUSIX CHIZKEHHOI JIOCTABKU KUCJIOPO-
Jla SBJISETCS YBEJWYCHHWE DKCTPAKIUU KHUCIOPOA
TKaHSMU U3 TIPUTEKAIONIEH KPOBH, YTO MPOSBISACTCS
camkennem CvO,, yBeIMueHNEeM apTepPUOBCHO3HOM
pasHuIlpl 10 Kucsropoay u ysennuenuem O,ER (Tab-
Jimta). BasKHY10 poJib B 9TOM TIPoIlecce UTPaeT CHILKe-
HIE CPOJICTBA TeMOTJIOOMHA K KHCTIOPO/LY B YCJOBHSIX
MeTabo/ImYecKoro amugosa [23].

ITo mMepe BoccTaHOBJIEHUST 00bEMA TIUPKYJIHPY-
IOIIEH TIJIa3MBI 32 CUET ayTOTEeMOIMJLIIIONIH, TTPUEMa
SKUJIKOCTUA BHYTPb U MH(DY3MOHHON Tepary CHUKA-
forcst okazaresn Hb u Ht (aHemust), a, ciemnoBa-
TEJIBHO, CHUZKACTCS U KUCJIOPOJIHAS EMKOCTh KPOBH.
B rakux ycnoBusx camskenue DO, B 3HAUNTETHHON
crerieHu 00YCIOBJIEHO YiKe THIIOKCHEN TeMITYeCKOro,
a He TOJIbKO IUPKYJIATOPHOTO THA. /{15 HOPMOBO-
JIEMUYECKON aHeMWM XapaKTePHBbI yBeJIUYeHUe cep-
JIEYHOTO BBIOPOCA, CHUKEHHE MePUhEPUIEcKoro co-
CYJIUCTOTO CONPOTHUBJIEHUST U 0O0Jiee BBICOKOE
HalpssKeHue KHUCJIoPojia B CMeIlaHHOW BEHO3HOM
KPOBH T10 CPABHEHUIO CO 3HAUEHUSMU ATUX TTapaMeT-
POB I1pu TUTIOBOJIeMUH U ruTiokceMun [40].

Ha mo60oM U3 3TanoB OCTPOH KPOBOIOTEPH
ypoBeHb DO, MOXKeT CHU3UTBCS /10 TAKMX 3HAUEHUT,
IPU KOTOPBIX MOTPEGHOCTU KJIETOK B KUCJIOPOJIE YIKe
He OyIyT yIOBJEeTBOPSThCs, mpu atoM VO, Takike
HayHeT cHuKaThest. Takoe 3navenune DO, Ha3pIBalOT
«KPUTUYECKUM YPOBHEM JIOCTABKH KUCJIOPOJA»
(DO, crit) [20], HM:Ke KOTOPOTO BO3HUKAET «KUCJIO-
POZIHAS 33a/I0JKEHHOCTb>, T.€. MeTab0JIM3M 13 a9Po0b-
HOTO TIPEBPAIAETCST B aHa3POOHBINA. IJKCIEPUMEH-
TaJIbHBIE — WCCIAEJOBAHMS  Ha  J1aODOPATOPHBIX
JKUBOTHBIX TTOKa3asn, uto DO, crit mpakTudeckn He
3aBUCHUT OT (haKTOPa, BBI3bIBaIONIEr0 cHIKeHEe DO,,
Oy/Ib TO TUTIOBOJIEMUST, aHEMUST MJIH TUTIOKCeMUst [41,
42]. Tak, DO, crit cocraBus oxomno 10 mi/MuH/KT,
pu 3TOM 00beM KPOBOIIOTEPH HOXOAWI 10 50% OT
OIIK, HopMOBOJIeMUU€eCKasi aHEMUST JIOCTUTAJIA 3HA-
yennit Ht<8% u Hb 4 rv/m1, a O,ER yBenuuusascs
no0 0,8. TIpu pocTuskeHnu 3TUX 3HAYEHUN TPOUCXO-
o peskoe caHmkenne VO, U BCKope HacTyTasl Jie-
tanbHbiil ucxon. Mcenegosanus Weiskopf RB ¢ co-
aBT. [43] moOKa3zasu, 4TO y 3/0POBBIX 0OPOBOJIBIIEB
camwxkenne Hb 10 5 v/t B ycsoBusix HOpMOBOJIEMH-
YEeCcKOW TeMOAMJUIIONUN He TPUBOJIUIO K Hapylie-
HUIO OKcureHanuu Tkanei: VO, 1 ypoBeHb JJaKkTaTa B
KPOBU HE U3MEHSAIUCD. [IpruBeIcHHbIE JaHHbIE TTOJTY-
YEeHBI B MCCACIOBAHUSAX HA JKMBOTHBIX WJIA MTPAKTH-
YECKU 3/I0POBBIX TMAIMEHTAX M OTPAKAIOT GOJIBIIIIE
(byHKIIMOHAIbHBIE Pe3epBbI OPraHW3Ma B IIPoIlecce
KOMIICHCAIIUKM KPOBOIIOTEPH, OJHAKO, UX 9KCTPAIIo-

al increase in lactate level and the acidosis of mucous
membranes occur even earlier [45], which is the base
of the digestive tract dysfunction and translocation
of intestinal microflora in any kind of shock. An
important role in the development of endogenous
intoxication in the hemorrhagic hypotension plays
increasing the concentration of low/medium molec-
ular weight substances, as well as oligopeptides in
the portal vein system, particularly in the small and
large intestines [46].

Hyperlactataemia and lactic acidosis are the
main laboratory signs of anaerobic metabolism and
inadequate tissue perfusion in shock [3]. In the
experimental study, Torres Filho IP et al. [47] inves-
tigated the early functional and metabolic changes
during acute severe blood loss (40% of the CBV).
The severity of these changes in the initial stages of
blood loss was associated with the mortality in labo-
ratory animals, i.e. studied parameters possessed a
prognostic value. In the group of non-survivors dur-
ing the experiment, lower values of BP, minute ven-
tilation, CaO,, CvO,, pH and bicarbonate were as
significant as hypoglycemia was. At the same time,
base deficit, raised serum concentration of K+ and
the level of arterial blood glucose were greater in
non-survivors. Lactate level in arterial blood was sig-
nificantly greater in non-survivors only at later
stages of blood loss.

Hyperenzymemia is a marker of massive cellu-
lar damage in hemorrhagic shock and enhances dur-
ing reperfusion of ischemic tissues [34]. Among the
enzymes, the content and activity of which increases,
the lactate dehydrogenase (LDH), creatine phos-
phokinase (CK), CK-MB and transaminases have
the greatest diagnostic value. The isoforms of cardiac
troponins are also important as biomarkers of
myocardial damage.

In hemorrhagic shock, as well as in other types
of shock, the processes of free radical oxidation are
activated. The concentration of reactive oxygen
species in blood and tissues increases, antioxidant
system resources are depleted, lipid peroxidation and
cell damage is enhanced, the activity of enzymes
changes [25, 34]. With the progression of the shock,
as well as during reperfusion syndrome, free radical
alterations are most significant in cardiovascular sys-
tem [48] (myocardial and endothelial dysfunction,
microcirculatory alterations) and in blood cells itself
(leukocyte activation, the <«aging» of red blood
cells). These primary and secondary alterations, in
turn, become one of the major factors of inflammato-
ry response and organ dysfunction development.

An experimental study by Y. P. Orlov et al. [49]
has demonstrated the important role of iron metabo-
lism disorders in the pathogenesis of severe bone
injuries accompanied bya blood loss. The concentra-
tions of serum iron and transferrin in blood
decreased, but, on the contrary, ferritin content
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JIATAS HA TAIMEHTOB PEaHMMAIMOHHOTO MPOQUIIS
He BIIOJIHE TPABOMOYHA.

[Iepcuctupyioias TUIIOKCUS CMENIAHHOTO TH-
ma TpU OCTPON KPOBOIOTEPE M TeMOPPAarnyeckoM
MIOKE COTIPOBOKAAETCS HAPYIICHUSMU KJIETOUHOTO
MeTaboJM3Ma U rHOeJbl0 KJIETOK, YTO MPOSIBIISIETCST
muchyHKIMEH OpraHOB M HapyIIeHHEeM TOMeoCTa3a
(OTKJIOHEHUEM JIADOPATOPHBIX MTOKa3aTeseil 0T HOP-
MaJibHbIX 3Havyenuit). [locse cHUKeHUs JOCTABKU
KHUCI0posa K TKaHssM Hike DO, crit cuates ATD B
KJIETKaX OCYIIECTBJISIETCS KaK 3a CYeT asPOOHBIX
(oxucautenbHoe GochopummpoBanue), Tak U aHa-
9POOHBIX MCTOUYHUKOB (ryinKoJu3). TIpu JeKoMIteH-
CallUy [IOKA 3TUX OOBEUMHEHHBIX HCTOYHUKOB DHEP-
MU yKe He XBaTaeT Jisi obecriedeHust Ha30BbBIX
MeTaboIMIeCcKUX MOTPeGHOCTEN KJIETOK, 4TO U MPHU-
BojuT K ux rubenu [21]. TlpekpamaoT GyHKIMOHN-
poBarhb MeMOpaHHbIE MOHHBIE HACOCHI, YTO BEIET K
«IeperpynimpoBKe» MOHOB ((heHoMeH TpaHcMuHe-
pamuszannu): K™ nokupaer kierky, a Nat u Ca2*
BMECTE C BOJIOHM YCTPEMIISIOTCS BHYTPb KJIeTKH [3],
BO3HUKAET ee OTeK U JedeKTsbl (paspbiBbl) MeMOpa-
Hbl. B ¢Bg3u ¢ aTuM, nHQy3noHHO-TpaHchy3MOHHAS
Tepanus IpU OCTPOU KpoBomoTepe (MOHHBIN COCTaB,
OCMOJISIPDHOCTB U 0OBEM PACTBOPOB) JIOJIKHA TIPOBO-
JUTBCS C yY4ETOM BUJA BO3HUKAIONIEH ITUCTUPUN
(BHYTPUKJIECTOUHAS, BHEKJICTOUHAS U CMETIaHHAS TH-
0~ WJIU TUTIEPTUJIPATALINS ), TPU HTOM 0c000€e 3HAUe-
HEEe TPUOOPETAET KOPPEKIIUS KAJTMEBOTO TOMEOCTA3a,
KaK OCHOBHOTO BHYTPHUKJIETOYHOTO MOHA. [Ipyrumu
(akTopaMu, TPUBOISIUMU K HEOOPATUMOMY I10-
BPEXKICHUIO KJIETOK ITPU TUITOKCUU, SBJSIOTCS UCTO-
IIEHUE SHEPTETUIECKUX PECYPCOB, alu03, CBOOOI-
HBbIE PA/IUKATBI, KACKaJl (hePMEHTATUBHBIX ITPOIIECCOB
(ayTonu3), TMOBpeXIeHNE MUTOXOHIPUI M BLIXO[
HYKJICOTUIOB U3 KiIeTku [3, 21].

KiteTku pasHbIX OPTaHOB Pa3IMyaIOTCs 10 CTe-
HEeHU yCTOWYUBOCTH K THIIOKCHH. JacTh KJIETOK rub-
HET 110 MEXaHU3MY allolnTo3a, <IIPUHOCS ce0s1 B JKepT-
BY» B YCJOBUSAX OTPAHMUYCHHBIX pecypcoB. [Ipyrum
BaKHBIM MEXaHU3MOM KJIETOYHOUW a/laliTaIlliy SBJIS-
ercst ruGepHarust. Tak, mporiecchl (hUIBTpanuu B
KOPKOBOM CJIO€ TIOYKU TIPEKPAIIAIOTCS 10 JTOCTUKE-
HUSA YPOBHA THIIOKCHH, TIPU KOTOPOM DPa3BUBAETCS
HEKPO3; TaKKe OCTAHABJINBAETCS IEPUCTATBTUKA KU~
nreqamrKa [2]. Koska 1 MBITIIbI, B KOTOPBIX TIPU T[CHT-
pasusauyu KpOBOOOPAIIEHHST KPOBOTOK 3HAUNTEb-
HO CHVZKEH, OTHOCUTEBHO YCTOWYMBBI K TUTTOKCUU U
MOTYT MIEPEHOCHUTD €€ B TEYCHUM HECKOJbKHUX YaCOB.
C zpyroii cTOPOHBI, B MHOKap/ie U, 0COOEHHO, B MO3-
re HeOOpaTUMBbIE MTOBPEK/ICHUST BOSHUKAIOT YiKe de-
pe3 HEeCKOJIbKO MUHYT BBIPAKEHHON runonepdysnu
[44]. IIpu octpoii kpoBonotepe kaetku JKKT nepe-
KJIIOYAIOTCST Ha aHA9POOHDII MeTaboIM3M (HaunHAeT
cHIKaTbed pernonaproe VO,) /10 Havaja CHUKEHUS
cucremuoro VO, [42], a peruonapHas rumepaxraTe-
MUST U QIIU/I03 CIU3UCTHIX 000JI0UEK BOSHUKAIOT €I1le
pambiiie [45], 4TO JIe)KUT B OCHOBE MUCHYHKIIH

increased. At the same time, total iron content
(Fe2*) in the blood increased. Such changes lead to a
potentiation of free radical oxidation, blood rheology
alterations and an increase in the concentration of
low/medium molecular weight substances in the
blood of portal vein. This, in turn, leads to the pro-
gression of endothelial dysfunction and microcircu-
latory disorders.

The damaging effect of acute blood loss may
affect the cellular genome including blood cells [50].
Studies by V. L. Kozhura et al. [51] using the
micronucleus test had shown that the acute blood
loss followed by blood reinfusion caused the destabi-
lization of the genome of polychromatic immature
red blood cells in murine bone marrow. This destabi-
lization was maximally expressed at 24 hours from
the start of hemorrhage and after reinfusion. Similar
damage to the genetic material of cells occured fol-
lowing ionizing radiation that was mainly due to
activation of free radical processes.

Decompensation mechanisms
in acute blood loss

The mechanisms of acute blood loss compensa-
tion are aimed at restoring the impaired homeostasis.
However, during the massive, ongoing or untreated
blood loss the adaptive reactions are not able to com-
pensate the occurred alterations and decompensa-
tion starts. The metabolic manifestations of decom-
pensated hemorrhagic shock are described above in
the article. Formation of abnormal positive feed-
backs in the regulation of body functions stands in
the center of shock progression and development of
so-called vicious circles of pathogenesis of shock.
This is when the deviation of homeostasis parame-
ters via the intermediate chain of events leads to fur-
ther homeostasis alterations.

Reducing CO and persistent arterial hypoten-
sion in the later stages of hemorrhagic shock in com-
bination with tachycardia lead to a decrease in a
coronary blood flow. Myocardial hypoperfusion in
combination with the increased metabolic needs
(sympathoadrenal system activation, increased
afterload) as well as acidosis and other metabolic dis-
turbances cause decreasing myocardial contractility
and the development of acute heart failure. The lat-
ter in turn leads to a further reduction of CO and BP,
i.e. a vicious circle closes. Therefore, the acute heart
failure is the direct cause of death in hemorrhagic
shock in most cases [11, 52]. Not less dramatical
events develop at the microcirculatory level. At the
stage of acute blood loss compensation, the increased
sympathetic outflow leads to the contraction of both
arterioles and venules. The resistance of these vascu-
lar bed sections increases. At the same time, arterio-
lar resistance increases to a greater extent than venu-
lar one, which leads to reducing hydrostatic pressure
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JKKT u TpaHcioKanuu KUIIEYHOH MUKPO(IOPHI
npu J1000M BHJE MOKA. BakHYO POJib B PasBUTUH
SH/IOTEHHOW MHTOKCUKAIMU TIPU TeMOpparnyecKon
TUMIOTEH3UN UTPAET MOBbINIEHNE KOHIEHTPAIIUY Be-
IIeCTB HU3KOW M Cpe/Hell MOJIEKYJISIPHON Macchl, a
TaKKe OJIUTOIENTU/IOB B CUCTEME BOPOTHOI BEHHBI,
0COOGEHHO B TOHKOM U TOJICTOM KHIlledHuKe [46].

[unepiakrateMus U JTAKTAT-alUI03 SIBJISTIOTCS
OCHOBHBIMHU JIAOOPATOPHBIMU TIPU3HAKAMU aHAdPOO-
HOTO MeTabo/IM3Ma U HeaJleKBaTHON niepdy3un TKa-
Hell mipu moke [3]. B skcriepumeHTanbHOil pabore
Torres Filho IP ¢ coast. [47] uccienoBanuch paHHue
(OYyHKIIMOHAIbHBIE ¥ MeTabOJUYECKIe CIBUTU TIPU
octpoii Tsukenoit kposornotepe (40% ot OILK), BbI-
DPa’KEHHOCTb KOTOPBIX HA HAYAIBHBIX CTA[USX KPO-
BOIIOTEPH ACCOIUUPOBAIACDH C JIETATBHOCTBIO J1abo-
DPATOPHBIX JKUBOTHBIX, T.€. UMeEJIA [IPOTHOCTHYECKOE
3uavyenuve. Tak, B rpyiiie He BUKUBIINX B XOJI€ 9KC-
MePUMEHTA JKUBOTHBIX OTMEYAJIICh MEeHbIINE 3HAYe-
nusg AJl, munytHoii BenTuisiuu jerkux, CaO, u
CvO,, pH, 6ukapbonara, runorjiukemMus. B To xe
Bpemsi geduiut ocHoBauuii (BE), cpiBopoTounas
kontenrpaiusi K 1 ypoBeHb 9KCTPAKIIMU ITIOKO3bI
U3 apTepuaJbHON KPOBU B TPYIIIlEe HE BBIKUBIIUX
Obwtn GoJibllie. YPOBEHD JIaKTaTa B apTepUAbHOMN
KPOBU ObLJ CYIIECTBEHHO OOJIbINE Y He BHIKUBIIIX
JKUBOTHBIX TOJIBKO Ha OoJiee MO3[HUX CTaIUSAX KPO-
BOTIOTEPH.

lunepdepmenTemMust sSIBJIIETCS MAPKEPOM Mac-
CUBHOTO KJIETOYHOTO MTOBPEKIEHUsS TIPU TeMOpparu-
YeCKOM IIOKe U YCUJIMBAETCS TP perepdy3un uiire-
MU3upoBaHHBIX TKaHell [34]. Cpemm dhepmeHTOB,
COjiepsKaHue ¥ AKTUBHOCTD KOTOPBIX YBEJTUIIBAETCS,
HauboJIblllee JMATHOCTUYECKOE 3HAUYEHUE HMEKT
gakraraerugporenada (JIJT), kpearundocdornna-
3a (KOK), KOK-MB u Ttpamncamunasbl, a Takxke
u30(hOPMbI CEPIEYHBIX TPOIMOHUHOB KaK MapKepbl
MOBPEKIEHUST MUOKAP/IA.

[Tpu remopparuueckoMm IoKe, KaK U pu IPyTrux
BUJIAX IIOKA, aKTUBUPYIOTCS TIPOIECCHI CBOOOIHO-pa-
JIKATbHOTO OKUCJIEHVST: TTOBBINIAETCS CO/lepKanue B
KPOBU U TKAHSX aKTUBHBIX (POPM KUCIOPOJA, UCTO-
MIAIOTCST PECYPChI AHTHOKCUIAHTHBIX CHCTEM, YCUJIH-
BAIOTCST TIPOIECCHI TTEPEKUCHOTO OKUCTEHUS JIUIH-
JIOB, TOBPEXKIEHNe KJIETOYHBIX CTPYKTYp U
U3MEHsIeTCsT aKTUBHOCTD bepmentos [25, 34]. [Ipu
[IPOTPECCUPOBAHUN IIIOKA, & TakxKe mpu perepdysu-
OHHOM CHHJIPOME CBOOOHO-PAJINKAIbHBIE TOBPEK-
JIeHUsT HanboJiee BHIPAKEHBI B CEPIAETHO-COCYAUCTON
cucreme [48] (auchyHkImsa Muokapaa u sHI0TENHS,
MUKPOIMPKYJISITOPHbIE HAPYIIEHUsT) U B KJIETKAX Ca-
MOl KpOoBM (aKTUBAIMS JICHKOIIMTOB, <«CTapeHues
9PUTPOLUTOB). DTU TE€PBUYHbIE ¥ BTOPUYHBIE II0-
BPEX/IEHMs, B CBOIO OYepe[lb, SIBJSIOTCS OMHUMU U3
BeymX (DaKTOPOB PA3BUTHUST BOCIIAIUTETHHOU pe-
akiuu u AuchyHKIIMYU OPTraHOB.

B skcniepumentanbnom uccienosanun OpJio-
Ba lO. I1. ¢ coaBT. [49] moka3ana BaxKHasA POJIb HApY-

in the capillaries and contributes to entering inter-
stitial fluid into the bloodstream. However, the
metabolites with vasodilating properties accumulate
in tissues during the progression of hypotension and
shock. Precapillary vessels (arterioles) are more sen-
sitive to these metabolic impacts compared to the
venules and therefore dilate first. This leads to
increased capillary pressure and fluid displacement
already from the vascular bed into tissues [53]. The
result of the described process is increased concen-
tration and stasis of blood within the microvascula-
ture. The CBV and CO decrease progressively.
Hemostasis activation occurs from the first
minutes of tissue damage and the occurrence of
bleeding. In the later stages of blood loss and hemor-
rhagic shock alterations in hemostasis and blood
microrheology play a major role in the circulatory
decompensation, primarily at the microcirculatory
level. Coagulopathy in acute massive blood loss is
manifested by the successive hypercoagulation syn-
drome, hyper- and hypocoagulation phases of acute
DIC [22]. The hypercoagulation syndrome repre-
sents an increased likelihood of blood clotting in the
absence of thrombosis. It may represent a conse-
quence of a trauma and/or blood loss (eg, elderly
patients with atherosclerosis), and might even be
more aggravated by vascular wall injury, activation
of clotting factors and tissue thromboplastin enter-
ing the bloodstream. However, due to the simultane-
ous activation of anticoagulation and fibrinolytic
systems, thrombotic process is limited to the dam-
aged portion of vessel. Severe hypotension, slowing
of blood flow in the microvasculature (stasis) and
ongoing bleeding contribute to the development of
the hypercoagulation phase of DIC. This phase is
characterized by multiple microthrombi formation
mainly in the capillaries and venules, as well as by
the consumption of plasma coagulation factors,
platelets and the components of fibrinolytic system.
In the absence of adequate treatment the hypercoag-
ulation phase of DIC contributes greatly to the
development of multiple organ failure and is quickly
replaced by the next phase. The hypocoagulation
phase is manifested by the laboratory evidence of
hypocoagulation and clotting factors consumption,
elevated levels of fibrin degradation products and
diffuse bleeding (haematomas and petechiae) [22].
Disturbances of blood rheology in hemorrhagic
and other types of shock are caused not only by an
increase in blood viscosity due to its concentration or
slowing of blood flow, but also by the structural and
functional changes of red blood cells. These changes
determine microvascular blood flow and «responsi-
ble» for the development of microrheological alter-
ations [54]. The reduced deformability and increased
aggregation of red blood cells are the main microrheo-
logical alterations. The degree of alteration of these
parameters is proportional to the volume and severity
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HmeHwit 0OMeHa JKeJie3a B IaTOreHe3e TSKEJION KOCT-
HOU TPaBMbI C KPOBOTIOTepel. KoHIleHTpaIy CbIBo-
POTOYHOTO KeJsie3a U TpaHchepprHA B KPOBU CHU-
JKAUCh, a cojepxanue GepputunHa, HaoOOPOT,
yseanunsasnoch. Obmee conepsxanue xenesa (Fe2t)
B KPOBHU IIPU 9TOM YBEJUYUBAJIOCH. Takue nsmene-
HUS MPUBOJAAT K TIOTEHITMPOBAHUIO TIPOIECCOB CBO-
GOTHO-PAIUKATIBHOTO OKHCJIEHUST, HAPYIIEHUIO PEO-
JIOTUYECKUX CBOWCTB KPOBU U  IOBBIIIECHUIO
KOHIIEHTPAIINN BEMIECTB CPeAHEN U HU3KON MOJIEKY-
JIIPHOU MacChl B KPOBU BOPOTHOI BEHBI, UTO, B CBOIO
ouepe/ib, BEJIET K IIPOTPECCUPOBAHUIO TUCHYHKITNN
HIOTETNSA U MUKPOIUPKYJISATOPHBIX HAPYIICHU.

IToBpeskpatoriee neficTBUE OCTPON KPOBOTIOTE-
PU MOJKET PACIPOCTPAHATHCSA M HA KJIECTOYHBIN Te-
HOM, B T.4. KJIeTOK camoii kposu [50]. B uccrenosa-
uusix Koxypa B. JL. ¢ coasr. [51] ¢ ucnosibp3oBamnuem
MUKPOSIZIEPHOTO TECTA MOKA3aHO, YTO OCTPask KPOBO-
norepsi ¢ mocyaenayoneii penHdysrueii KPOBU BBI3bI-
BAIOT JIECTAOMIIN3AIINI0 TEHOMA TTOJUXPOMATO(DUIIb-
HBIX DPUTPOIUTOB, MaKCUMAJIbHO BBIPAKEHHYIO
yepes 24 9 0T HaYasa KPOBOIIOTEPH U 110cJie perH(y-
3Ud. AHAJIOTMYHbBIC TOBPEKICHUSA TEHETUYECKOTO
MaTepuasa KJICTKUA HACTYMAIOT TIPU JICHCTBUY MOHMU-
3UPYIONIEH pafialluil U B 3HAUYUTEIBHON CTENeHU
OIIPEIENISTIOTCST AKTUBAIMEN CBOOOIHOPAIMKAILHBIX
MIPOIECCOB.

MexaHu3Mbl IeKOMIIeHCAUU
IIPU OCTPOIi KpOBOIIOTEPE

MexaHu3Mbl KOMITEHCAI[UN OCTPON KpOBOIOTE-
pU HalpaBJieHbl HA BOCCTAHOBJIEHWE HAPYIICHHOTO
romeocrasza. OJHaKO, TPU MACCUBHOM, TTPOIOJIKATO-
1ieiicst nJM He BOBPeMsl BOCIIOJTHEHHON KPOBOTIOTEPe
MPUCTIOCOOUTETBHBIE PEAKITUHU He CIIOCOOHBI KOMITEH-
CUPOBATh BO3HUKINNE HAPYNIEHUS U HACTYTIAET Jie-
KoMmIieHcalust. MeTtabosmueckue MPOSIBJIEHUS Jie-
KOMIICHCUPOBAHHOTO ~ T€MOPPArnyeckoro  Ioka
OIMCaHbI Bbillie. B OCHOBe mporpeccupoBaHng MIOKa
1 Pa3BUTHS TaK HA3bIBAEMBIX MOPOYHBIX KPYTOB T1a-
TOreHe3a JIeKUT (hOPMUPOBAHUE TTATOJIOTHYECKUX T10-
JIO)KUTEJBHBIX OOPATHBIX CBsI3€il B peryistiuu (DyHK-
Uil OpraHu3ma, KOTJa OTKJIOHEHUE ITapaMeTpPOB
roMeocTasa uepes Ielb IPOMEKYTOUHBIX COOBITUI
MPUBOJUT K elite GOJIbIIEMY HAPYIIEHHIO TOMEOCTasa.
Tak, cumxenne CB u nepcucTupyonias apTepuaib-
Has TUIIOTEH3US HA TIO3/THUX CTAIUSX FeMOpparnyec-
KOTO TIOKA B COYETAHUM C TaXUKapAWel TPUBOAAT K
CHW)KEHUIO KOPOHAPHOTO KPoBOTOKA. [Mmonepdysus
MEOKAp/la B COYETAHUY C €70 BO3POCIIUME MeTa00J -
YEeCKUMU TTOTPEGHOCTSMU (aKTUBAIIUST CUMITATOA[PE-
HAJIOBOM CHCTEMBI, YBEJWYCHHUE ITOCTHATPY3KH), a
TaKJKe alUJ03 U JIPYTHe MeTab0INnIeCcKIe Hapy eH st
BBI3BIBAIOT CHIDKEHUE COKPATUMOCTA MUOKapja u
pasBUTHE OCTPOI CEPACYHON HEOCTATOUHOCTHU. JTO,
B CBOIO OYepelb, BeJleT K AaJIbHEHIEMY CHUKCHUIO
CB u A/l — mopounbIii kpyr 3ambikaercs. [loaTomy

of blood loss [55]. Such pathologic changes, exacer-
bated by aniso- and poikilocytosis, lead to the forma-
tion of cell aggregates («rouleaux»), the impossibility
of passing the rigid red blood cells through the capil-
laries, hemolysis and further progression of microcir-
culatory disorders and hypoxia [56]. Changing struc-
tural and functional properties of red blood cells in
blood loss and reinfusion is largely due to changes in
surface nanostructure of erythrocyte membrane,
revealed by atomic force microscopy [30, 57]. The
nanostructure of red blood cells membrane surface
(the <heights» of a different order) have a characteris-
tic temporal dynamics, which also depends on the vol-
ume of blood loss. It should be noted that the perfluo-
rocarbon emulsion ( «Perftoran») has a strong
corrective action to the nanostructure of erythrocyte
membranes, thereby improving the flow properties of
blood [58]. Moreover, in an experimental study [59], it
has been shown that in vitro the nanoparticles of
perftoran significantly accelerate the reduction of
methemoglobin to oxyhemoglobin (inside the red
blood cells), i.e. facilitate the transition of iron from
the trivalent state to the divalent (Fe3*—Fe2*). This
may additionally improve the oxygen transport func-
tion of red blood cells during hypoxia and long-term
storage of donated blood.

The development of multiple organ failure in
hemorrhagic shock is largely due to the systemic
inflammatory response of the body to emerging
ischemic and reperfusion cell damage [2, 60]. The ini-
tial hypoxic damage of cells contributes to entering
into the bloodstream of large amounts of toxic
metabolites (lactate, free radicals and other), which
are potent immune modulators, and induce the initial
activation of neutrophils and other immune cells. In
turn, this triggers a cascade of cellular signaling and
response (amplified response) with intensive release
of both pro-inflammatory and anti-inflammatory
cytokines and other mediators. Another vicious circle
is formed, since activated neutrophils and «cytokine
storm» contribute to the further progression of
microcirculatory disorders, cell damage of other
organs and the development of their dysfunction.

It should be noted that despite the complexity
and severity of microcirculatory alterations in hem-
orrhagic shock, they are largely reversible, and
respond better then in septic shock to intensive
treatment aimed to stabilize the systemic hemody-
namics and oxygen transport |5, 61].

Conclusion

Acute blood loss is a polyethiological patholog-
ical process. The major pathogenic factors are hypo-
volemia and anemia, which lead to mixed type
hypoxia and severe deterioration of cellular metabo-
lism. The homeostasis of the organism as a whole is
disrupted.
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HUMEHHO OCTPasi CepleuHast HeJJOCTATOYHOCTD B GOJIb-
NIMHCTBE CJIy4aeB ABJISETCS HEMOCPECTBEHHOM MTpH-
YIHOW CMepTH Ipu reMopparndeckom moke [11, 52].
He menee apaMaTudHO cOOBITHS Pa3BUBAIOTCS W Ha
YPOBHE MUKpOIUpKyJsaiun. Ha craamm komreHca-
IIUU OCTPOU KPOBOTIOTEPH, MOBBIIIEHUE CUMITATHYEC-
KON MMITYJIbCAIIUU TIPUBOJUT K CY;KEHUIO KaK apTe-
pHOJI, TAK U BEHYJI, U YBEJUYEHUIO COITPOTUBJICHUS B
ATUX y4acTKax cocyauctoro pycJua. [Ipu atom compo-
TUBJICHUE aPTEPUOJT YBEJUUUBAETCS B OOJIbIIEH CTe-
MIEHW, YeM BEHYJI, YTO MIPUBOJIUT K CHUKEHUIO TUPO-
CTATUYECKOTO  JIABJICHUS B  KaMWIIApax U
CIOCOOCTBYET TMOCTYIJIEHUIO WHTEPCTUIIHATBHON
JKUJIKOCTU B cocynuctoe pycio. OmHako, mpu mpo-
IPECCUPOBAHNN TMTIOTEH3UH U TIIOKA B TKAHAX HAKATI-
JIUBAIOTCSA MeTabOoJIUThI, 00JIaaf0lIKe COCYI0PACIIN-
psaonuM seiicteueM. I[Ipexkanuisipabie cOCYybl
(apreprosibl) 6GoJice UyBCTBUTEJHBI K TAKUM METa-
GOJIMUECKUM BO3/IEHCTBUSIM TI0 CPABHEHUIO C BEHYJIa-
MU ¥ PACIIUPAIOTCA MEPBBIMU. ITO MPUBOJIUT K T10-
BBIIIIEHUIO KATUJIJIIPHOTO JIABJICHUS U [IEPEMEIIICHITO
SKUJIKOCTHU YK€ U3 COCYAUCTOTO pycia B TKaHu [J3].
PesgysibraToM omMcaHHOTO Tporiecca SBJSETCH CTY-
HIeHWEe KPOBH, €€ 3aCTOM B MUKPOIUPKYJIATOPHOM
pycite, emie 6oabinee camxenne OITK u CB.

Kak y»ke yrmoMuHaIOCh BBIIIE, aKTUBAIUS CUC-
TEMBI TEMOCTa3a MPOUCXOUT C TIEPBLIX MUHYT I10-
BPEKJCHUS TKAHEH W BO3HUKHOBEHMS KpPOBOTEYe-
Hust. Ha GoJiee TIO3HUX CTAAUSAX KPOBOIOTEPH U TIPH
reMOpParmyecKoM IIOKe HApPYIIEHUS TeMOCTa3a 1 MH-
KPOPEOJIOTUH KPOBU UTPAIOT OJHY U3 OCHOBHBIX PO-
Jieil B JIEKOMIIEHCAI[MH KPOBOOOPAIIEHUST, MPEK/IE
BCETO HA yPOBHE MUKPOIMPKYJisAiun. Koarymonatus
MIPpU OCTPOU MAaCCUBHOI KPOBOIIOTEPE TMPOSBILICTCS
MOCJIEIOBATETHHO CMEHITIONUME JIPYT JIpyTa THUIep-
KOAryJISIIMOHHBIM CUHPOMOM, TUTIEP- W TUTIOKOAry-
JggoHHbIMEU (haszamu octporo JIBC-cunapoma [22].
TunepkoaryiSiimOHHBII CUHAPOM — IOBBIIIEHHAS
«TOTOBHOCTb» KPOBM K CBEPTBIBAHUIO TIPU OTCYTCT-
Bun TpoMO030B. OH MOKET OBITH UCXOMHBIM (DOHO-
BBIM COCTOSHUEM OPraHu3Ma, MOCTPAJIABIIETO OT
TPaBMbI 1 KPOBOIIOTEPH (HATIPUMED, Y TMOKUIIOTO Tia-
I[EHTa C aTEPOCKJIEPO30M) U B elite OOJIbIIel cTere-
HU YCUJIUBATBCA TIPU TOBPEKIACHUM COCYAMCTON
CTEHKH, aKTUBAIUU (PAaKTOPOB CBEPTHIBAHUS U TIOTIA-
JIaHUK B KPOBOTOK TKaHEBOro Tpomboruiactura. O1-
HAKO, BCJE/ICTBUE OJHOBPEMEHHON aKTHBAIMH TIPO-
TUBOCBEPTHIBAOIIEH 1 (PHOPUHOTUTHIECKON CHCTEM,
mpoiecc TPoMO0OOPAa3OBAHUST OTPAHUYEH MOBPEXK-
JICHHBIM YYaCTKOM cocy/ia. BeIpaskeHHas apTepuasib-
Has TUTIOTEH3U:, 3aMelJIeHIe KPOBOTOKA B MUKPOCO-
cyfax (cTa3) W IpojioJiKaloleecss KpoBOTedeHue
CIOCOOCTBYIOT PA3BUTHIO THIIEPKOATYJISIIIMOHHON
(azpr [IBC-cunmpomMa, KOTOpast XapaKTepu3yeTcst 00-
Pa30BAHUEM MHOKECTBEHHBIX MUKPOTPOMOOB, TIPEK-
Jie BCEro B KaUJIAPax M BEHYJIAX, a TAKyKe MTPU3Ha-
KaMu  1OTpeOJIeHUsT  MJIa3MEHHBIX  (HAKTOPOB
CBEPTHIBAHUST KPOBHU, TPOMOOIUTOB, KOMIOHEHTOB

Direct exchange of substances between blood
and interstitial fluid is carried out at the level of
microcirculation. Changes in vascular tone and
microcirculatory alterations are involved in compen-
satory reactions of the organism to acute blood loss,
and in the subsequent processes of decompensation.

The main compensatory reactions in acute
blood loss are activation of blood coagulation and
the sympathetic nervous system, stimulation of heart
activity, centralization of circulation, autohemodilu-
tion, protein synthesis and hemopoiesis activation.

Alterations in macrohemodynamics (hypov-
olemia, decreased myocardial contractility and CO,
hypotension) and microcirculation (reduction in the
density of perfused capillaries, slowing of blood flow,
concentration and stasis of blood, paresis of
microvessels, DIC and others) progress during acute
blood loss decompensation and development of
hypovolemic shock.

Decreased oxygen delivery to the tissues at
below critical level leads to cell metabolism switch-
ing to the anaerobic pathway, depletion of energy
and the plastic resources of cells, acidosis, lipid per-
oxidation, transmineralization and cell membrane
damage. The result of acute blood loss decompensa-
tion is cell death by necrosis or apoptosis followed by
the emergence of multiple organ failure.

Acknowledgements: The authors are sin-
cerely grateful to prof. A. M. Golubev, D. Sc.
Yu. V. Zarzhetsky, D. Sc. A. M. Chernysh and
Ph. D.I. S. Novoderzhkina for their help in writ-
ing this review and valuable comments.

cucrembl (hubpuHoMU3a. [Ipr OTCYTCTBUU ajleKBaT-
Horo siedeHns ata aza /I BC-cunapoma B 3HaUnTE H-
HOI CTereHu CIoCOOCTBYET PAa3BUTHIO MOJHOPTaH-
HOU HEJOCTATOYHOCTU U  OBICTPO CMEHSIETCSI
CTEYIONEel — TUTIOKOATYISITMOHHON (ha3oi, MposiB-
JISIOTIENCst TabOPAaTOPHBIMU MPU3HAKAMHU THIIOKOA-
ryJsiun U notpedsernst (HakTOPOB CBEPTHIBAHIS,
MOBBINIIEHUEM COJEP:KAHUS TPOIYKTOB JICTPAfaliin
dbubpuna u 1uddhy3HON KPOBOTOUUBOCTHIO TEMATOM-
HO-TIeTeXHaJIbHOTO THTIa [22].

Hapyiiienus peosioruu KpoBU TIPU TeMOPpParu-
YECKOM U JIPYTUX BUJIAX IIOKA 00YCJIOBJIEHBI HE TOJIb-
KO MOBBIIIIEHUEM BSA3KOCTH KPOBU BCJIE/ICTBUE €€ CTY-
NIEHUS WJIM  3aMEJJICHUS KPOBOTOKA, HO U
CTPYKTYPHO-(DYHKIIMOHAIBLHBIMUA U3MEHEHUSAMU IPU-
TPOITUTOB, KOTOPbIE OMPEIEJISIOT TEKYUYeCcTh KPOBU Ha
YPOBHE MUKPOIUPKYJSAIUN U <OTBETCTBEHHBI» 32
pa3BUTHE MUKDPOPEOJOTUIeCKUX HapylieHuil |54].
OCHOBHBIMU MUKPOPEOTOTHICKUMU HApPYyIICHUSAMU
ABJIAIOTCSA CHIKeHUE 1e(hOPMUPYEMOCTH U TIOBbI-
NIEHHAs arperanus SpUTPOIUTOB, TIPUYEM CTEIICHb
M3MEHEHUSI ITUX IapaMeTPOB IPOTOPIUOHAIbHA
obbeMy U TsRecTH KpoBomoTepu [55]. Takue matosio-
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rUYeCKre U3MEHEHUsI, yCyryOJieHHbIE aHU30- U TI0i-
KUJIOIIUTO30M, TIPUBOJISAT K 0OPA30BAHUIO KIIETOUHBIX
arperatoB («MOHETHBIX CTOJIOUKOB» ), HEBO3MOKHOC-
TU MPOXOK/ICHUS PUTHU/IHBIX 9PUTPOIUTOB Yepes Ka-
MUJIISAPBI, TEMOJIU3Y U ATbHEHIIEMY TTPOTPECCUPO-
BAHWIO MUKPOIUPKYJIATOPHBIX HApyUIEHUNH U
runokeuu [56]. Ykasantbie n3MeHEHMsI CTPYKTYPHO-
(byHKIIMOHAIBHBIX CBOWCTB 3PUTPOIIUTOB IIPU KPOBO-
norepe u peuH(y3ur BO MHOTOM 00y CJIOBJIEHBI H3Me-
HEHUSIMEI HAHOCTPYKTYPBI TOBEPXHOCTH UX MeMOPaH,
BBISIBJIEHHBIMU METOJIOM aTOMHOU CHJIOBOM MMKPO-
cxoruu [30, 57]. [lapameTpbl HAHOCTPYKTYPbBI IPUT-
POIIUTOB (BBICOTHI PA3JINYHOTO MOPSAIKA HA TTOBEPX-
HOCTH MeMOPaHBI) MMEIOT XapaKTePHYI [HHAMUKY
BO BPEMEHMU, KOTOPAst TAKIKE 3aBUCUT OT 00beMa KPo-
BOTIOTEPU. 3/1€Ch CJELYET OTMETUTD, 4TO MephTOPYT-
geponHast amyJibcus («Ilepdropans») okasbiBaeT BbI-
paxkeHHOe  KOppeKTupyiolee  jeiicTBue  Ha
HAHOCTPYKTYPY MeMOpaH 3pPUTPOIUTOB, TEM CAMBIM
yiydiias peoJjiorudeckue cBoiictBa kposu [58]. Bo-
Jiee TOTO, B 9KcriepuMenTe [ 59] 6b110 moKas3aHo, 4To in
vitro nHanovactuilpl «Ilepdropanas 3HAUNTENBHO yC-
KOPSIIOT BOCCTAHOBJIEHUE METTEMOTJIOONHA B OKCHUTE-
MOTJIOOMH (BHYTPU SPUTPOIUTOB), T.€. CIIOCOOCTBY-
10T TIepeXo/ly ’KeJie3a U3 TPEXBAJIEHTHOTO COCTOSHUS
B ByxBanentHoe (Fe3™—Fe2"), uto gonoanurenbHo
MOJKET YJIydIaTh KUCJIOPOJATPAHCIOPTHYIO (DyHK-
U0 HPUTPOIUTOB IIPU TUTTOKCUU U JITUTETTHHOM XPa-
HEHUU JIOHOPCKOH KPOBH.

PasButne monmmopraHHOW HEILOCTATOUYHOCTU
[IPU TEMOPPATHYECKOM IIIOKE BO MHOTOM 00YCJIOBJIe-
HO HEa/IeKBATHBIMU UMMYHHBIMU Y BOCHATTUTEIbHDI-
MU pPeaKIUAMU OPraHru3Ma Ha BO3HUKATOINIUE HIIe-
MUYeckue U perepdy3noHHbIE TIOBPEKICHUS KICTOK
[2, 60]. [lepBuuHOE TUIIOKCHYECKOE TOBPEKICHUE
KJIETOK CIOCOOCTBYET TOCTYIUIEHHIO B KPOBOTOK
GOJIBIIIOTO KOJIMYECTBA TOKCUYECKUX METaOOIUTOB
(1akTaT, cCBOOOJIHBIE PAJIMKAJIBL 1 JIP.), KOTOPbIE SIB-
JIFTOTCA CUJIBHBIMU UMMYHOMOJYJISITOPAMU U BBI3bI-
BAIOT TIEPBUYHYIO aKTUBAIIUIO HEUTPODUIIOB U JIPY-
I'MX KJIETOK MMMYHHOI cuctembl. B cBolo odepesb,
3TO 3aIlyCKaeT KacKaJl KJIeTOYHBIX B3aNMOICHICTBUN C
BOBJICUEHUEM BCe OOJIBIIIET0 KOJTUYECTBA MMMYHHBIX
kietok (awnen. amplified response) u UHTEHCUBHBIM
BBICBOOOJK/IEHIEM KaK IMTPOBOCIAIUTENbHBIX, TaK U
MIPOTUBOBOCIIATTUTEJBHBIX MEANATOPOB U IPYTUX 11~
tokuuoB. DopMuUpyeTcs elle OUH TTOPOUHBIN KPYT,
MOCKOJIbKY aKTUBUPOBAHHbBIC HEHTPOMUIIBI U ITUTO-
KUHOBast Oypsi» CIIOCOOCTBYIOT NaJIbHEHIeMy Ipo-
IPECCUPOBAHUIO HApPYIICHUN MUKPOIUPKYJIAINH,
MOBPEKAECHUIO KIETOK IEPBUYHO HE UTIIEMU3UPOBAH-
HBIX OPTaHOB U (HDOPMUPOBAHUIO UX TUCHYHKIINU.
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Cuetyer OTMETUTBH, YTO HECMOTPSI Ha BCIO
CJIOKHOCTD U TSIKECTD OTIMCAHHBIX HAPYIIEHUN MUK-
POIMPKYJISIUE [IPU FEMOPPArHIecKOM IIOKE, OHU
BCe JKe B OOJIbIeil cTereHn 00paTHMBbL U JIYUIIle pea-
TUPYIOT HAa MHTEHCUBHYIO TEPAIUIO, HATIPABJICHHYIO
Ha CTa0WIM3AIUI0 CUCTEMHONH TeMOIUHAMUKU U
TPAHCIIOPTa KUCJIOPOJIA, 0 CPABHEHUIO ¢ THITOBOJIE-
MUYECKUM IIIOKOM IIpu cericuce [5, 61].

3akiaoueHue

Octpast KpoBomoTeps: — TOJUITUOJOTUIECKUIA
MATOJIOTMYECKHI ITPOIECC, OCHOBHBIMY MATOT€HETUYe-
CKUMHU (PaKTOPaMK KOTOPOTO SIBJISTIOTCST TUTIOBOJIEMUS
U aHEeMWUS, IPUBOJISIIIUE K TUIIOKCUN CMENTAaHHOTO TH-
A U TSKEJIbIM HapyHIeHUSIM KJIEeTOYHOrO MeTabo/In3-
Ma 1 TOMeoCcTasa opranusma B 1iesioM. Ha ypoBhe Muk-
POIUPKYJISITOPHOTO pycia OCYIIECTBJISIETCS
HEIOCPE/ICTBEHHbBII OOMEH BEIIECTB MEXKILY KPOBBIO 1
MEKKJIETOUHOM JKUJIKOCTBIO, 2 U3MEHEHUST COCY/IUCTO-
IO TOHYCA U MUKPOITUPKYJISIINY 33/IeiICTBOBAHbBI KAK B
KOMIIEHCATOPHO-TIPUCIIOCOOUTEILHBIX PEAKIUAX Op-
raHM3Ma Ha OCTPYIO KPOBOIIOTEPIO, TAaK U B IIPoIleccax
nocJieyioiieii rekomrencaruu. OCHOBHBIMU KOMIIEH-
CaTOPHO-TIPUCIOCOOMTEIbHBIMU PEAKIIUSIMU SABJISIOT-
Cs1 aKTUBU3AIMS CBEPTHIBAIOINIEN CHUCTEMbI KPOBU U
CHMIIATO-a/IPEHaIOBON CHCTEMbI, CTUMYJISIIINS PaOOThI
cep/ilia, HeHTpaIn3alnst KpoBooOpalleH s, ayTOreMo-
JTIONN, aKTUBN3AIMA CUHTe3a OeIKa U TeMOII093a.
IIpu nexkommeHca ocTpoil KpoBOIIOTEPH U Pa3BuU-
TUU TUITOBOJIEMUUYECKOTO 1IIOKA TIPOTPECCUPYIOT HAPY-
IICHUS CUCTEeMHON TeMOJUHAMUKU (TUIIOBOJIEMUS,
cHUKeHue cokpaTumocT Muokapa u CB, aprepuaiib-
Hasl TUIIOTEH3US) U MUKPOIUPKYJISIUKY (CHUMKEHMEe
IIJIOTHOCTH 11eP(hy3UPYEMbBIX KAUJLISPOB, 3aMeJljie-
HUe KPOBOTOKA, CTYIIIEHUE U CTa3 KPOBU, [Iape3 MUKPO-
cocynos, /IBC-cunapom u np.). CHmkeHue J0CTaBKU
KHUCJIOPOJIa K TKAHIM HUKE KPUTHUYECKOTO YPOBHS
HPUBOAUT K HEPEKJIIOYEHUIO KJIETOUHOTO MeTabo 13-
Ma Ha aHadPOOHBIH IyTh, UCTOLIEHIIO SHEPIreTUIECKIX
U IJIACTUYECKUX PECYPCOB KJIETOK, PA3BUTHUIO al[1/103a,
MEPEKUCHOTO OKUCJIEHUST JIUTTUIOB, TPAHCMUHEPAJIU-
3aI(UK U [TOBPEXKIEHIUIO KJIeTOUHBIX MeMOpaH. MITorom
JIEKOMITEHCAIIUUA OCTPOU KPOBOIIOTEPH SIBJISIETCSI TH-
6eJib KJIETOK 110 MEXaHM3My HEeKpo3a WJIM allonTosa ¢
Pa3BUTHEM TTOJIMOPTAHHON HEJOCTATOYHOCTH.

BaaromapHocts: ABTOpPBI HMCKpEHHE IPH3HA-
TEJbHBI /1. M. H., npod. Tonybery A. M., 1. 6. n. 3a-
pkenxomy IO. B., 1. 6. 1., npod. Yepubiury A. M. u
K. M. H. HoBozep:kkunoii 1. C. 3a nomoip B Hamm-
canuu 0630pa ¥ c/ieJIaHHbIe I[EHHbIE 3aMEeYaHus.
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ITenp — nemoncTpays ahPEeKTUBHOCTI METO/Ia CETeKTUBHOM Mourpaduil 1 Pe30HAHCHON CTUMYJISIIINN Ke-
aynouno-kumieyHoro tpakta (JKKT) B koMIiekce MHTEHCUBHOH Tepalinyl B PaHHEM II0CJIC0IePAllHOHHOM IIepPHO-
e y GOJIBHOU ¢ OCTPOIl KUIIEYHON HENPOXOAUMOCTBIO, OCJIOKHEHHO IIEPUTOHUTOM.

Marepuaiubl ¥ MeTOAbI. Y 60JbHOM JI. 52 J1eT, HeOAHOKPATHO OMEPUPOBAHHON MO MOBO/Y OCTPON TOHKOKUIIIEY-
HOI1 HETIPOXOAMMOCTH, OCJIOKHEHHON cepo3HO-(PUOPUHOZHBIM [IEPUTOHUTOM B PAHHEM MOCJIE0IEPALIMOHHOM Hepu-
ozie (depes 7 HEH TOcyIe TIepBOH ollepaliuy) IPOBONIACD JIUTEIbHAS AMATHOCTUKA U Pe30HAHCHAS CTUMYJISIINS
JKKT ¢ 1enbio BOCCTAHOBIIEHUSI MOTOPHO-3BaKyaToOpHO# (yHkimu. Vcrosnb3oBaim asekrporactpoanteporpad
(paspelenrie Ha KJIMHIYECKOe ncToab3oBanre Munzapasinpoma, Ne 2268-19 ot 1998 r.).

Pesyabrarel. AMiinTyaa KojeOaHuil, BbI3BAHHBIX PE30OHAHCHBIMU BO3JAECHCTBUAMU HAa BO30YAUMBIE CTPYK-
typbl (BC) JKKT, nocrenenno napacrana (ot 8—22 mkB 10 20—44 MxB), ykasbiBas Ha TO, 4TO KOJUYECTBO HaC-
CUBHBIX 9JIEMEHTOB B TJIAJIKOMBIIIEYHBIX CTPYKTYPAX JKeIyAKa U KUNIETHUKA yBeandnBaercs. B komie 3-x 3a-
BepIIAIONIUX CEAHCOB JieYeHUsT aMIITUTY/Ia CUTHAJIOB B cpefneM coctaBuia: 93 MxB s BC kenynka; ~88 mxB
st BC IITK; ~90 mxB puis BC tomeit u moasanomuoit kumrku; u 87 MxB niis BC tosicroro kuimeynuka (crre-
nuduyecKkne peakinm).

3akmouenne. Takue 3HaYeHUs U aKTUBHOCTH TIOCJIE€ CTUMYJISIITUE YK€ COOTBETCTBOBAJIN HOPMAJIbHON (DYHK-
mun BC JKKT.

Knrouesvte crosa: pe3oHancHas CmumMyaiuusl; amnﬂumyaa 6uoaﬂexmpuuecrcoﬁ akmuenocmu 6036]/314-
MblX cmpyxmyp cheﬂyaouuo-xumenuoeo mpaxkma

Azpec 11l KOPPeCIIOH/IeHIMH: Correspondence to:
Wpuna Bobpurckast Mrs. Irina Bobrinskaya
E-mail: irinabobrinskaja@mail.ru E-mail: irinabobrinskaja@mail.ru
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Kaunandeckoe HabAOAEHUE

The aim of the study was to demonstrate the effectiveness of the method of selective polygraphy and resonance
stimulation of gastrointestinal tract (GIT) in the complex intensive therapy in early postoperative period in a
patient with acute intestinal obstruction complicated by peritonitis.

Materials and methods. The patient L., female, 52 years old, had numerous operations, because of small intes-
tine obstruction complicated by serous-fibrinous peritonitis in early postoperative period (7 days after the first
surgery). Patient was performed with a long-lasting diagnosis procedure followed by the GIT resonant stimulation
to restore the motor-evacuation function of GIT. An electrogastroenterography device was employed that was
approved for clinical use by the Ministry of Healthcare Industry Ne 2268-19, 1998).

Results. The amplitude of the oscillations due to resonant effects on the excitable structures gradually
increased from 8—22 mkV to 20—44 mkV that indicates the increase of the numbers of passive structures in
smooth muscles of the stomach and the jejunum). At the end of three final sessions the amplitudes of the signals
(specific reactions) demonstrated the following values: 93 mkV, 88 mkV, 90 mkV, 87 mkV (for the stomach, duo-

denum, jejunum and ileum, and large intestines, respectively).

Conclusion. These values and activity after the stimulation corresponded to the normal GIT motility.

Keywords: resonance stimulation; amplitude bioelectrical activity of excitable structures; gastrointestinal

tract
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BBenenne

OrneparuBHbBIE BMEIIATEIHCTBA, OCOOEHHO HAa
opraHax OpIOIIHOI MOJOCTH, TPAKTHYECKU BCET/A
OCJIOKHAIOTCA AUCHYHKITUEH JKeTy/[09HO-KUIIEeYHO-
ro Tpakta (ZKKT). Yacto ata nuchynkims npuso-
JIUT K Pa3BUTHIO KPUTHUECKUX COCTOSHWI, 3HAYU-
TeJAbHO CcHUXKaAg 3(HOGHEKTUBHOCTD XUPYPTUYECKUX
BMENIATEIBCTB U, HEPEIKO, YBEJTUUUBAS [TOCJIEOTIEPa-
IUOHHYIO JIETATTBHOCTb.

Hapyiienuss MOTOpHO-9BaKyaTOpHOH (DyHKIIUN
JKEJTYZIOUHO-KHUIIIEYHOTO TPaKTa SBJSIOTCS, CKOpee,
006s13aTeIbHBIM (DAKTOM HECHEIU(UIECKOTO TOBPEK-
JIEHVSI PETYJISIIIUN Y OOJIbHBIX B KPUTHIECKOM COCTO-
auun. Perynsanus motopuoit pynkmm JKKT ocyte-
cTBJIETCA 3a c4yeT PedIEKTOPHOTO BO3/EHCTBUSA
(MenuaTopel MapacCUMIIATHIYECKON U CUMITATHIEeCKON
HEPBHON CHCTeMbl); TYMOPaJbHOTO BO3/I€CTBUS
(60JIBIIIOE KOJIMUYECTBO TOPMOHOB, BBIPAOATHIBAEMBIX
pasmmunbiMu otiesnamMu JKKT) u mectHbiMM Mexa-
HU3MaMu (BO3/ICICTBUE TIMIEBOTO KOMKA, CJIIOHBI,
COJISTHOU KHCJIOTBI, TIPOJLYKTOB PACIIEIJIEHUST GETKOB,
SKUPOB U YTJICBOJIOB.

B MBITIIEYHBIX CTPYKTYPAX T€HEPUPYIOTCH 9JIEK-
TPUUYECKUE BOJIHBI, UMeEIOINEe CHenupuIHOCTh IS
kaxxzoro oraena JKKT [1, 2].

Ha ocHoBanuu paszinunii BOJTHOBBIX XapakTe-
puctuk kaxkaoro ydactka JKKT (kenynok, 12-mep-
crHas kwimka (JIIK), ToHKMiT U TOJCTBIN KUIIEY-
HUK), TOJY4aeMbIX C IOMOIIBIO racTporpados,
CTPOUTCS TUATHOCTUKA HAPYIIEHUH MOTOPHO-9BAKY-
atopHoii ¢dynknun KKT. CymiectByeT HECKOIbKO
Pa3HOBUIHOCTEI racTporpados, MO3BOJISIONUX BbI-
ABJISITH HAPYUIECHUS 2JIEKTPUUYECKON AKTUBHOCTU
B030ymuMbix ctpykTyp JKKT [3—5]

B nocsiesiHee Bpemst B 3apyOEKHBIX CTAThSIX TIPEJI-
CTaBJIeHA MAarHUTHAsI TTUJIIOJS, 3alUIIEeHHAS CUINKO-
HOBBIM 1OKpbITHEM, — Motility TrackingSystem — 1
(MTS-1), koTOpasi, MPOX0JId MO KETYAOUHO-KUITETHO-

Introduction

Surgery, particularly on the organs of the
abdominal cavity, is commonly complicated by
dysfunction of the gastrointestinal tract (GIT).
This dysfunction frequently causes critical condi-
tions, which significantly reduce the effective-
ness of surgery and often increase postoperative
mortality.

The alterations of motor-evacuation function of
the GIT are rather non-specific and bound to alter-
ations of regulatory mechanisms in patients in criti-
cal conditions. The regulation of the GIT motor
function occurs due to reflex effects (mediators of
the parasympathetic and sympathetic nervous sys-
tem); humoral effects (large number of hormones
that are produced by various parts of GIT) and local
mechanisms (the effect of the bolus, saliva,
hydrochloric acid and products of protein, fat and
carbohydrates destruction).

Electric waves specific for each part of the
GIT are generated in muscular structures [1, 2].

The alterations of motor-evacuation function of
the GIT were diagnosed based on the differences of
wave characteristics in each part of the GIT (stom-
ach, duodenum, small intestine and colon) as
obtained by a gastrography. There were several vari-
eties of gastrographs, which allowed to identify
abnormalities in electrical activity of excitable GIT
structures [3—5].

Recently, a magnetic pill protected with a silicon
coating, the MotilityTrackingSystem-1 (MTS-1), has
been suggested for clinical use. It passes through the
GIT and assesses the motility of its various parts,
when peristalsis remains [6, 7].

There are various devices, including electro-
gastroenterographs, for the non-invasive assess-
ment of bioelectrical activity of excitable struc-
tures [8—10].
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MY TPAKTYy, OLIEHUBACT MOTOPUKY PA3JIMUHBIX €TI0 OT/IE-
JIOB, KOT/Ia TIEPUCTAJIBTHKA cOXpaHeHa [6, 7].

Jly11 HeMHBA3UBHOW JIUATHOCTUKUA OUO3JICKT-
pHUecKoiil akTuBHOCTU BO30YMMbIX cTpyKTyp (BC)
CYIIECTBYIOT Pa3jinyHbie TPUGOPBHI, B TOM YUCIE —
anexTporacTpoauTeporpadsr [8—10].

Marepuan u MeTobI

Hamu ncmosip3oBajicst METOJ CeTeKTUBHOM MOJINTpa-
¢bun (CII)) st OnieHKH 2JIEKTPHUECKOM aKTUBHOCTHU Pa3-
mnunbix otesnoB JKKT, 6e3 KoTopoil HEBO3MOKHbI Tepu-
CTaJIbTUYECKUe JBMKeHus. VcesenoBanus mpoBouiM Ha
Jie4eOHO-INArHOCTUYECKOM KOMILIEKCE, COCTOSIIIIUM 13 Ce-
JIEKTUBHOTO TIOJIUTpada «DJIEeKTPOracTpOLyOIeHOIHTEPO-
xosoHOTpad» n peanancuHoro crumyssitopa JKKT (paspe-
HIeHUe Ha KJIMHUYECKOe MCI0JIb30BaHne MUH3IpaBIpoMa,
Ne 2268-19 ot 1998r.) Ilpu perucrpaiyu GUOIIEKTpUYEC-
KUX CUTHAJIOB KCIOIb30Bal DK -2/1eKTpo/ibl, cMa3aHHbie
9JIEKTPOJIHON TIACTOM ¥ HAKJIAIBIBAIN WX HA HUKHIOWO U
BEPXHIOI0 KOHEUHOCTH. [Ipn CTUMYJISAIINY IPIMEHSIITN T1eT-
JIEBBIE DIIEKTPO/IBI U3 TOCEPEOPEHHON THOKOI TPOBOJIOKH,
06epHYTbIe HECKOJIBKIMU CJIOSIMU MapJii, CMOYEHHOI (hu-
3M0JIOTHYECKUM PACTBOPOM.

[Ipu pabote ¢ ceneKTUBHBIM MOIUTrpacdoM, Ha UCILIEE
HOYTOYKa BO3HUKAIOT OJ[HOBPEMEHHO 4 KPUBBIE, OTPAKAIO-
e GHOdTEeKTPUIECKYI0 aKTHBHOCTD JKemryaka, JIITK, 06-
IIyI0 AaKTUBHOCTD TOIIEH M MOAB3/OIIHON KUIIKH, BCEX OT-
nenos toncroro kumewynnka. CII npencrasaser coboit 4
PE30HAHCHBIX (DUJIBTPA YJIBTPAHU3KUX YACTOT € OOJIBIION
nobporroctbhio: F — 0.05£0.006 T, 0.10+£0.009 I,
0.15%0.01 Ty, 0.2+0.09 T

Hauywunamm crumyssiuio ¢ Toka B 60 Mka 1 o 1uHaMu-
K€ PEriCTPUPYEMbIX CUTHAJIOB OIPEIEISIIA BETMUNHY TOKA
U JUINTEJIbHOCTh CTUMYJIMPYIOIUX CEPUil: MPU HU3KUX
aMIUTUTY/IaX perucTpupyeMbix curiano (20—30 mkB)
YBEJTMYMBAIIN CHJTY TOKA U TTUTETBHOCTD CTUMYJIUPYIONUX
cepuii 1o rosrydenust amnuty i He MeHee 60—80 Mk B.

JIMTeNbHOCT cepuil BBIOMPAJN 10 OCTATOYHBIM pe-
aKIusaIM Ha Hecrennduyeckue Bo3aeicTBusA. Ecan akTuB-
HOCTD JKeJIy/IKa DU CTUMYJISIIUU OCTAJbHbBIX OT/IEJIOB
JKKT He yracama 10 «0», 3T0 SBJISIIOCH TIOKa3aTeseM TIpa-
BUJIHOCTH BbIOPAHHBIX TapaMeTpoB. B ipoTuBHOM ciryuae
U3MEHSJIN TTApAMETPBl CTUMYJISIIUM B CTOPOHY YBeJIde-
HUS JUTUTENBHOCTH U HAPACTAHUS CTUMYJINPYIOIIETO TOKA.

[Tapamerpbl GHOZJIEKTPUYECKOIT AKTUBHOCTH, aMILIN-
TY/Ibl OTKJIOHEHWIA U JJINTEJIbHOCTH TIEPUOIOB, MOKHO HC-
MOJIB30BATh JIJIS1 OIMCAHUS (PU3UOJIOTMYECKIX 1T0Ka3aTesieit
dbynximonanbaoro cocrosinus opranos JKKT [11—13].

OTHoleHne ycpelHEHHbIX 3HAYeHU T GHOdIeKTpruYec-
KOl aKTUBHOCTHU B KOHIIE CEPHIH K MCXOIHOIL, TaeT BO3MOJK-
HOCTH OIEHUTH 3 HEKTHBHOCTD KaXkK/I0H CepUI KakK Jieued-
HO TTPOTIE/TYyPHI.

[Tox HabmoneHreM Haxouach 6osbHas J1. 52 Jer, mo-
cryruiias B TKB Ne 5 11.04 ¢ qiuarnozom: OcTpast Kutiey-
Hasl HEMpPOXOAUMOCTDb (CliaeuHast 00JIe3Hb?), MEPUTOHUT.
Omneparmsa 11.04: Jlamaporomus. Pasnenenne craek, Ha3o-
UHTECTUHAIbHAA MHTYOalusl, yCTpaHeHUue yIleMJIeHuUsI
ToHKOW Kuimkn. CaHanus, ApeHupoBatme GPIOITHOM MOJI0-
ctu. IlepeBesieHa B oT/e/IeHEE XUPYPrUYECKOi peaHnMa-
nuu. B ¢BsA3U ¢ 10gBJIEHUEM TTPU3HAKOB OCTPOIl TOHKOKU-
meunoit verpoxoaumoctn (OTKH) 17.04 6b11a mpoBeiena
JIMAarHOCTUYECKAsT PeIanapoToMust. VIHTpaoneparoHHbIit

Materials and Methods

We used the method of selective polygraphy (SP) in
order to assess the electrical activity of the GIT, with-
out which there are no peristaltic movements. The
research was conducted with the aid of a medical diag-
nostic complex, consisting of selective polygraph
«Electrogastroduodenoenterocolonograph» and resonance
stimulator of the GIT (approval for clinical use by
Ministry of Healthcare, # 2268-19 from 1998.)

In order to register the bioelectric signals, the ECG
electrodes with the electrode paste were used. They were
placed on the lower and upper limbs. In order to stimulate
the GIT, silver-plated flexible wires wrapped in several
layers of gauze moistened with saline were employed.

When working with selective polygraph, the display
on a laptop shows simultaneously 4 curves that reflect the
bioelectric activity of the stomach, duodenum, total activ-
ity of the jejunum and ileum and the parts of the colon.
Selective polygraph is a resonant filter of ultra-low fre-
quencies with great quality: F — 0.05%£0.006 Hz,
0.10£0.009 Hz, 0.15+0.01 Hz, 0.2+0.09 Hz.

The stimulation was started with the voltage of 60 mkA.
The amperage and the duration of the stimulating series were
determined by the dynamics of the registered signals. At low
amplitudes of the recorded signals (20—30 mkV) the amper-
age and duration of the stimulating series were increased in
order to obtain the amplitudes of at least 60—80 mkV.

The duration of the series was chosen by the residual
reactions to nonspecific stimuli. If the activity of the
stomach during stimulation of other GIT part doesn't
decrease to «0», the chosen parameters appeared to be cor-
rect. Otherwise the stimulation parameters were increased
(the amperage and the duration of the stimulation).

The physical parameters of bioelectric activity, the
amplitude of the deviation and duration of periods can be
used to describe physiological indicators of the functional
state of the GIT organs [11—13].

The ratio of the mean value of bioelectric activity at
the end of the session to the initial one enables to evaluate
the effectiveness of each session as a treatment option.

Clinical case: A patient L. (52 years old) was admitted
to State clinical hospital Ne 5 with the following diagnosis:
acute intestinal obstruction, peritonitis. 11.04. Surgery:
Laparotomy. Separation of adhesions, nazointestinal intu-
bation, elimination of the small intestine strangulation.
Sanation and drainage of abdominal cavity. The patient was
transferred to the Department of General surgical intensive
care. A diagnostic relaparotomy (17.04.) was performed
due to signs of the acute intestinal failure (AIF).

Intraoperative diagnosis: Internal strangulated small
intestine, AIF, diffuse serous-fibrinous peritonitis. Since the
April, 18, the correction of motor-evacuation GIT function
was begun, which was continuing until the June, 16. The
patient was performed with 28 sessions of stimulation.
During the first and the following procedures, the duration
of the stimulation varied from 3 to 4.5 hours. The duration
of the followed stimulation did not exceed 2 hours.

Clinical Observation and Discussion

At the beginning of the study (~10 minutes)
bioelectrical activity prior (baseline) the stimula-
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Puc. 1. McxoaHas aKTHBHOCTb M PEAKIIUS HA CTUMYJISIHIO BO30yaumbIx cTpykTyp JKKT (18.04.2014).
Fig. 1. The initial activity and the reaction on the stimulation of excitable structures of the GIT (04.18.2014).
Note. The initial activity [Time: 13.46.40—13.47.10]; Stomach [6; Time: 13.47.10—13.48.35]; Duodenum [2; Time: 13.48.35—13.49.40];

Small intestines [-2; Time: 13.49.40—13.50.40].

Ipumevanue. /st puc. 1—8: Stomach — xenynok; Duodenum — asenaanarunepcernas kumka (JI1K); Small intestine — Tonkuii ku-
meunuk; Colon — Toserprii kumeunnk. Mexoanas aktuBHOCTD — [Bpemst: 13.46.40—13.47.10]; sxeaymok — [6; Bpemst: 13.47.10—13.48.35];
JIIK — [2; Bpemst: 13.48.35—13.49.40]; Tonkuii kumeunuk — [-2; pemst: 13.49.40—13.50.40]. /lnst puc. 1—6: Time (h, min, sec) — Bpe-

M (4, MUH, CEK).

nuarno3: BayTpennee ymemsenue tonkoit knmrkn, OTKH,
passuToii ceposHo-hubpuHo3HbIi nepuronut. C 18 ampe-
Jist OblJIa HauaTa KOPPEKIIUst MOTOPHO-3BAKYaTOPHOI (DYHK-
nun JKKT, koropast npogosmkanacek no 16 uionst Bo4u-
TesbHO, GoJbHON TpoBesn 28 ceancos. [Ipu mposexerun
TIEPBBIX U ciIeayiomux (Bcero 14) 3a HUMU TIpoTeyp, II1-
TENLHOCTH HEMTPEPLIBHON CTUMYJIAIIINH BapbUpOBaia oT 4,5
10 3 4acoB. B mocsenHux ceaHcax JUIMTENBHOCTh CeaHca
CTUMYJISIIAN HE TIPEBBIINIAIA 2-X YaCOB.

Kinnnyeckoe Ha0mo1eHIe
U o0cy:KaeHne

B nauasie uccienoanus (~10 MunyT) 17151 JTna-
THOCTUKU XapakTepa HapyNIIeHWH PEerucTpupoBajn
OUOIJEKTPUYECKYIO AKTUBHOCTH 10 CTUMYJISAIUY
(McxofHasg) W TOCJE PETUCTPAMM TPUCTYHATH K
crumyigin (puc. 1).

Bo Bpemg crumysaiun CII omHoBpeMeHHO pe-
rUCTpUpYyeT 4 peakiinu (OHY CreludUIecKyio U Tpu
Hecneruuuecknx). TToBbImeHHbIN 06beM HHPOP-
MAIUH CIOCOOCTBYET OBICTPOIl UX MHTEPIIPETAIINH U
AHAJTM3Y, KOTOPbIE OTKPBIBAIOT ITyTh K WHANBUILYAJTh-
HOU Teparuu, u3MeHsist TOK 1 JVINTeJIbHOCTh Cepuil B
IIpoIlecce ceaHca.

NcexopHo, OMO2JIeKTpUYECcKast aKTUBHOCTh OC-
HoBHbIX otzesioB JKKT y 6osbHOI, Oblia 04eHb HI3-
koil. Tlpu crumysistinn (KoJieOaHUSIMU TOKA B TIPEie-
Jax 60 MKA) perucTpupoBaJv TOJIBKO €/[Ba 3aMETHbIE
peakiuu (~2 MkB). [Toatomy achdexTrBHBIC 3HAYCHUSA
TOKA CTUMYJITY yBesnuuiiu 10 170-tru MxA. Amiuim-
Tyna peakruii BC, HaBsA3aHHON PE30HAHCHBIMU BO3-
nerictBusiME Bodpactasia (8—13 MkB), Ho ocraBasach
BecbMa HU3KOM (pHC. 2). ITO 03HAYAECT, UTO IO CTUMY-

tion was registered and then the stimulation was
started (Fig. 1).

During the stimulation of the SP, 4 kinds of
reactions (including one specific and three non-spe-
cific) were simultaneously registered. An increased
amount of data caused its rapid interpretation and
analysis, which provided a window for an individu-
alized therapy by varying the amperage and the
duration of the session.

Initially, the GIT motility of the patient was
very low. When stimulated by the current amperage
of 60 mkA, only a faint reaction (~2 mkV) was detect-
ed. Therefore, the effective value of the amperage was
increased up to 170 mkA. The amplitude of the GIT
excitable structures reaction, imposed by the reso-
nant effects, increased (8—13 mkV), but remained
very low (Fig. 2). This means that only some the ele-
ments of small areas of the body (about 13%)
responded to the resonance effects prior to the stimu-
lation, Most of the GIT elements remained passive.
Tissue sensitivity of excitable structures to external
stimuli was very low. It was urgent to activate the
passive elements in GIT parts, with no overloading
those parts which initially respond to the series of
resonance effects. The condition of the GIT excitable
structures should be monitored, and the structures of
each GIT parts should be periodically stimulated.

The functional state of the intestine has rapidly
changed under the stimulation. After three complete
cycles of electrotherapy the excitable structures of the
duodenum, the small intestine, and colon exhibited
short periods of spontaneous activity (Fig. 3, 4). Each
cycle consisted of 4 series of sinusoidal oscillations. The
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Clinical Observation
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Puc 2. AxtusHoctb Bo3Gyaumbix crpykryp JKKT nocie 3-x mukinos crumyssiunn (18.04.2014).

Fig 2. The motility of excitable structures of the GIT after 3 cycles of stimulation (04.18.2014).

Note: Specific reactions: of duodenum [2; Time: 14.09.55—14.10.10]; of the other parts of small [-2; Time:14.10.10—14.12.12] and large
[-6; Time: 14.12.12—14.13.20] intestines. Non-specific reactions (For Fig. 2, 3, 5 represented by the arrows): of duodenum [2; Time:
14.11.35—14.12.20] and colon [-6; Time: 14.11.30—14.12.15] in case of the jejunum, ileum (-2) resonance stimulation. There is practical-
ly no reaction of the duodenum and colon, which indicates the uneven functional state of excitable tissues in different main parts of GIT.
The amperage of the stimulation ~170 mkA.

IIpumeuanue: Crerduueckue peakiuu: 11K [2; Bpems: 14.09.55—14.10.10]; ocranbHbix 0TH€0B TOHKOTO [-2; Bpemst: 14.10.10—
14.12.12] w tosicroro kumeunuka [-6; Bpemst: 14.12.12—14.13.20)]. Hecnerupuueckue peakunu (st pric. 2, 3, 5 yKazaHbl CTPEJIKaMn):
JIIK [2; Bpemst: 14.11.35—14.12.20] u Tosicroro kumreunuka [-6; Bpemst: 14.11.30—14.12.15] npu pe3oHancHON CTUMYJISIIUK TTO/B3/IOIII-
Ho¥ u Tomtei kumku (-2). [IpakTuueckoe orcyrerBue Hecnermbuyeckux peaxiuii mpu crumysstiinu [ ITK u Tosctoro kumeunnka cBu-

nererabeTByeT o HepaBHOMepHOCTH cocTtosHIs BC pasnpix otaesnos JKKT. Tok ctimymamm ~170 MxA.

JISITIVM, JIMITb 9JIEMEHTBI MAJIbIX 30H OpraHa pearupo-
BaJii Ha pe30HAHCHBbIe Bo3zeiicTBust (0Koo 13%).
BosbmuncTBO 251emenTOB I'M OCTaBaIMCh IACCUBHBI-
mu. YyBcrButesibHocTh BC K BHEITHUM BO3/I€HCTBU-
siM OblLia KpaiiHe HU3KOiL. [TacCuBHbBIE 3JIEMEHTBI BCEX
orznenos JKKT Heo6xoaumMo ObLIO CPOUHO aKTHBU3U-
poBarthb, He reperpyskag anemMeHTs! Tex 300 BC JKKT,
KOTOPbIE UCXOJIHO OTBEYAJIM HA CEPUU PE30HAHCHBIX
BoszeiictBuil. /g atoro cocrognue BC oCHOBHBIX
ornesioB JKKT ciemyer KOHTPOIMPOBATD, & CTPYKTY-
Py Ka)K/IOTO OT/Ie]Ia CTUMYJIMPOBATh TIEPUOJMUECKH.,
Iox BiusinveM cTuMy sty (byHKITUOHATBHOE
cocrostaue opranoB JKKT ObICTPO U3MEHSIIIOCH. YiKe
1oCJie TPeX IMOJHBIX ITUKJIOB 3JIEKTPOTEpaluu, MMpu
crumyJistiinn JITIK 8 BC cTpykTypax TOHKOI KUIIKH,
U TOJICTOTO KUINIEYHUKA BO3HUKAJIU KOPOTKUE TIepU-
OJIbI CIIOHTAHHOM akTUBHOCTH (puc. 3, 4). Kaskprii
[UKJI COCTOSLI U3 4-X CEPUl CUHYCOUIAJIbHBIX KOJIe-
GaHuil Toka. J[JIMTeIbHOCTD Kask /101l cepuu 3aBrcea
OT KOJINYECTBA MEPUOJIOB B HEH ¥ 4acTOThl KoJjeba-
HUIL. 3a UKJ PE30HAHCHBIM BO3/IEHCTBUSIM IO/IBEP-
ratorcst BC: sxenyzka, JITTK, moas3poinoit u toiei
KUIIIOK U BCEX OTJIEJIOB TOJICTOTO KUIIIEYHUKA. B mpo-
1ecce CeaHCoB aMILIUTYAbI KojeOaHuii, HaBsI3aHHbIX
HU3KOAMILIUTYTHOU CTUMYJISAINEH, TTOCTETIeHHO Ha-
pactamu. [lns I'M sxesryika OoHM BBIPOCJIN B CpeIHEM
Ha 80% (0THOCUTENBHO AKTUBHOCTHU B HaYaJIe TIPOIIe-
nyp). B mocienyiommx ceancax pocT aKTUBHOCTU
camxancs. IlogobHas TeHAeHIUs MMeJa MeCTO U
Juist octasibubix oTesioB JKKT. B konile nepBoro ce-

duration of each series depended on the number of peri-
ods and oscillation frequency. For a series of resonance
effects the following parts of GIT were exposed such as
stomach, duodenum, ileum and jejunum and all the parts
of a large intestine. During the sessions the amplitude of
the oscillations imposed by low-amplitude stimulation
gradually increased. For the stomach it increased by
80% (compared to the activity at the beginning of pro-
cedures). In subsequent sessions the increase in activity
slopped down. A similar situation was observed in the
rest parts of the GIT. At the end of the first session (the
duration was 4 hours 37 minutes) no stable motilities of
the GIT were observed (see Fig. 3).

Later, 14 sessions of the resonant GIT stimu-
lation were held irregularly (18 Apr., 19 Apr., 24
Apr., 26 Apr., 27 Apr., 29 Apr., 2 May, 7 May, 8 May,
12 May, 15 May, 17 May, 19 May, 21 May).

By 23.05.14 the patient’s condition was assessed
as extremely severe: multiple organ failure developed
on the background of the adhering abdominal sepsis.
This included respiratory failure (polysegmental
bilateral pneumonia, right-sided exudative pleuritis),
malnutrition (erosive-hemorrhagic gastritis, duode-
nal bulb ulcer, pseudomembranous colitis), endoge-
nous intoxication, persisting haemic and respiratory
hypoxia, severe anemia of mixed genesis, hypoalbu-
minemia, and polyneuropathy.

However, the symptoms of GIT function alter-
ations became less severe: the abdomen was soft to
palpation, no peritoneal symptoms were observed,
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Puc. 3. Axtusnocts Bo36yaumbix crpykryp JKKT nocae 5-ti nuknoB crumyasiuu (18.04.2014).

Fig. 3. The motility of excitable structures of the GIT after 5 cycles of stimulation (04.18.2014).

Note: Specific reactions of excitable tissues: of stomach [6; Time: 14.29.58—14.30.07]; of duodenum [2; Time: 14.30.07—14.31.09]; of the
other parts [-2; Time: 14.31.09—14.32.48] of small intestines.

Non-specific reactions of excitable tissues: stomach (6); jejunum, ileum (-2.) and colon (-6), which occurred within a short period of
time 14.30.36~14.30.40, as the reaction to spontaneous activity of nerve plexus in case of duodenum stimulation (2). The reactions
have various amplitudes, which indicates the uneven functional state of excitable tissues of the GIT. The amperage of the stimulation
~170 mkA.

IIpumeuanue: Crenuduueckue peaxinu BC: xenyzka [6; Bpemst: 14.29.58—14.30.07]; ATIK [2; Bpemst: 14.30.07—14.31.09]; ocranbibix
OT/IeJIOB TOHKOTO KulleuHuka [-2; spemst: 14.31.09—14.32.48]. Hecnerduueckne peaknun BC: xemynka (6); Toleil, moAB3/10UIHOIM
KUIIKY (-2.) U TOJICTOTO KumiieyHnKa (-6), BO3HUKIINE B KOPOTKOM uHTepBasie BpeMenn 14.30.36~14.30.40, B oTBeT Ha cIyyaiiHyIO aKTUB-
HOCTB HEPBHBIX crieTenuil mpu crumyssiiin JITTK (2). Peakimn ¢ pasHoii aMIinTy/10ii kosrebanuii CBUAETENbCTBYIOT O HEPAaBHOMEPHO-
ctu pynkunonansHoro cocrostinst BC JKKT. Tok crumyssiiinm ~170 MKA.

Stomach

Duodenum

Small intestine

Colon

Time (h, min, sec)

Puc. 4. AxtuBHocTb Bo36yaumbix crpykryp JKKT B konue nepsoro ceanca crumyJsiuu (07.05.2014).

Fig. 4. The activity of excitable structures of the GIT at the end of the first session of the stimulation (05.07.2014).

Note. The activity of the stomach (6), duodenum (2), jejunum, ileum (-2) and colon (-6) after the test for switching the stimulation off
[Time: 1.29.15—1.29.45] and on again. The pause lasted 11 min.

IIpumeuanue: AxTuBHOCTD xeaynka (6), 11K (2), Toureit n moaB3omHoi KUK (-2) ¥ TOJCTOTO KulileqHrnKa (-6) TmocJie TecTa Ha BbI-
kiiouenne crumyJisiiust [Bpemst: 1.29.15—1.29.45] u na ee moBropHoe BKIIOUeHMe. J{yuTenbHOCTD TTay3sl — 11 MUHYT.

aHca (JUIMTEJLHOCTD €ro cocTaBuiia 4 yac 37 MuHyT) | peristaltic noises were extremely weak (are heard not
crabuibhyio pabory I'M ocuoBubix otzaenoB JKKT | in all areas of the abdominal cavity). Enteral nutri-
Ham Habsmoaath He yaanochk (puc. 3). Ilepsoie 14 ce- | tion was acquired, without nausea and vomiting, the
ancos asiekrporeparuu (¢ 18.04 no 21.05) asexrpo- | defecations were rare. The results of diagnostic
Teparus npoBoauiach Heperyssipuo (18, 19, 24, 26, | research of bioelectric activity of a GIT excitable
27,29 anpens; 2,7, 8, 12, 15, 17, 19, 21 mas). structure showed the lowest values of bioelectric
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Puc. 5. Cnenuduyeckue u Hecneuuduyeckne peakuuy nocje nocae0BaTebHoil cTuMy i Bo30yaumbix crpykryp JKKT B reue-

nue 83 munyt (01.06.2014).

Fig. 5. Specific and non-specific reactions after serial stimulation of excitable structures of the GIT within 83 minutes (06.01.2014).
Note. Non-specific reactions of the stomach (6), duodenum (2), the other parts of small intestines (-2) and colon (-6). The amperage of

the stimulation ~74 MkA.

IIpumeuanune: Hecnennduueckne peakrmn skenyzaka (6), AIIK (2), ocTasbHBIX OT/ZE€TOB TOHKOTO KUIIEYHUKA (-2) M TOJICTOTO KUTITETHH-

ka (-6). Tok crumyssaimn ~74 MKA.

K 23.05.14 cocrosinue GOJILHOU OIeHUBAIN
KaK KpaliHe Tsukesoe: Ha (poHe TpUcoeInHUBIIETOCS
abJIOMUHAJIBHOTO CEMCHCA Pa3BUJIACH ITOJUOPTaH-
Hag HEMOCTaTOYHOCTH: JbIXaTesbHas (IBYCTOPOH-
HAS TOJIMCETMEHTApHAs ITHEBMOHUS, TTPABOCTOPOH-
HUH 9KCCYMATUBHBIM IJIEBPUT), HYTPUTUBHAS
HEIOCTATOYHOCTH (3PO3UBHO-TEMOPPArMYECKUil Tra-
ctput, si3Ba iykosuirsl JJTTK, nceBroMeMOpaHO3HBII
KOJIUT), 9HIOTCHHAS WHTOKCUKAIUSA, COXPAHAIACDh
TUTIOKCHS PECITUPATOPHOTO ¥ TEMUUYECKOTO XapaKTe-
pa (aHEeMUS TSKEJIOM CTETIeHN CMEeIIaHHOTO reHe3a),
TUIOAILOYMUHEMUS U OJTMHEH POTIaTHSL.

OnHako BBIPAKEHHOCTb HapyHieHU (QYyHK-
nuu JKKT crana Menee sipKOi: 1IpU HaJbIIaluN —
JKUBOT MATKUH, TEPUTOHUAJIBHBIX CUMIITOMOB HET,
HEPUCTAIBTUYECKIE TIyMbl KpaiiHe cjabbie (BbI-
CJIYIIUBAIOTCSI HE BO BCEX 30HAX OPIONIHON 1M0JI0C-
TH). JHTEpaJbHOE MHUTAHUE yCBamBaja, Ge3 Mmpu-
CTYIOB TOIIHOTBHI, «cOpoca» IO 30HAY U PBOTBHI,
CcTyJl penkuil. Pe3ysbraTsl AMAarHOCTUYECKNUX WC-
ciaeqoBaHUi OMOdJIEKTpUYecKOl akTuBHOCTH BC
JKEJTYIOUHO-KUIIIEYHOTO TPAaKTa CBHU/IETEIbCTBOBA-
JI O COXPAaHEHWM HU3KUX 3HAYEHUI OUO3JIEKTPU-
YeCKOH aKTUBHOCTH JI0 CTUMYJISIIMHU, HECMOTPS Ha
MOJIOKUTEJNBbHYIO IMHAMUKY B KQJK/IOM CeaHce HU3-
KOAMILIUTY/THON 3JIEKTPOTEPAITHH.

AHaJI3 JMaHHBIX, MOJYYEHHBIX Y OOJBHOI /10
21 mast (BKJIIOUYHUTEIHHO), MOKA3aJl, 4TO Haubojee
BEPOSITHON TNPUUYMHON Me/JIEHHOTO BOCCTaHOBJIE-
nus pyukiuu ['M KuiledyHuKa sBJsiioTCs JIJTUTENb-
HBIE TTay3bl MEK/Y CeaHCAMU, a TAK:Ke KOPOTKHUE ce-
pUM CTUMYJAIUAM I1OCJe TIPEeKpalieHus pocTta
BBI3BAaHHbBIX CUTHAJIOB. [TosToMy ¢ 23 Mast GbLI0 pe-
MIEHO CEaHCHl TPOBOJUTD €KEHEBHO M YBEJIUUNUTD

activity stimulation, despite the positive trend in
each session of low-amplitude electrotherapy.

Analysis of the data obtained from the patient
before the May, 21, showed that the most likely cause
of the slow recovery of GIT function was the long
breaks between sessions and short series of stimula-
tion after the cessation of induced signals increase.
Therefore, it was decided to perform the stimulation
daily and increase its duration after the amplitude of
induced oscillations reached the plateau.

The amplitude of oscillations due to resonant
effects gradually grew from 8—22 mkV to 20—44 mkV
in different parts of GIT, indicating the increased
number of passive structures. In the first session the
increase of recorded signals was slow. In the follow-
ing sessions the duration of the transition process
was rapidly decreasing (Fig. 5).

In the end of final three sessions of stimulation,
the amplitude of the signals was as follows: 93 mkV for
the stomach; 88 mkV for the duodenum; 90 mkV for the
ileum and 87 mkV for the colon (specific reactions).

Such values and activity after stimulation
(Fig. 6) were consistent with the normal GIT func-
tion [7]. The patient was transferred to therapy
unit and soon was discharged from the clinic.

Fig. 7 demonstrates that the initial activity
remains low for a long period of time, but at the end,
however, it is increasing significantly along the all
major parts of the GIT. The imposed stimulation
activity was significantly higher than the spontaneous
one that indicated that the procedure possessed a
stimulating effect on smooth muscle structures.

The duration of sessions in the first and two fol-
lowing groups varied from 4 to 6 hours, the stimulat-
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Puc. 6. Ciontannas aktusHOCTh Bo30yanmbix crpykryp JKKT yepes 12 munyt nocie 90-munytoro ceanca (06.06.2014).

Fig. 6. Spontaneous activity of excitable structures of the GIT 12 minutes after 90 min session (06.06.2014).

Note. Spontaneous activity of the stomach (6), duodenum (2), the other parts of small intestine (-2) and colon (-6). The rhythm of duodenum,
jejunum, ileum contractions is faster than the rhythm of stomach and large intestine contractions. The amperage of the stimulation ~70 mkA.
IIpnmevanue. CrionTanHas akTHBHOCTD skesyzka (6), 11K (2), octaqbHbIX OTIETOB TOHKOTO KUIIIEYHUKA (-2) ¥ TOJICTOTO KUewHuKa (-6).
VY ATIK, TOHKOIA, TTOAB3IOITHON KUK, PUTM COKPAIEHUH ObICTpee puT™Ma JKeJTy/IKa U TOJICTOro Kuinedruka. Tok crumyJsiinn ~70 mKA.

JUTUTETBHOCTD CTUMYJISATIMY TTOCJIe BBIXO/IA aMIIJTH-
TY/IbI BBI3BAHHBIX KOJIEOAHUI HA ILIaTO.

AMmiuinryzia KosebaHuil, BhI3BaHHAST PE30HAHC-
HBIMHU BO3/IeHICTBUSIMM, IOCTEIIEHHO HapacTasia (oT
8—22 mMkB 5o 20—44 mxB, na paszubix kananax CII
JKKT), yrkaszbiBad Ha TO, 4TO KOJTMYECTBO TTACCUBHBIX
aneMeHTOB B ' M-HbBIX CTPYKTYpax yBesnunBaeTcs. B
MIEPBOM CeaHCe HapacTaHUe PETUCTPUPYEMbIX CUTHA-
JIOB TIPOMCXOJUJIO ME/JIEHHO. B ciemyiomux ceaH-
cax, /UINTEJIbHOCTD MEPEXOHOTO TIPoIiecca OBICTPO
coKpaiaach (puc. J).

B koHIle Tpex 3aBepIIaONUX CEAHCOB Jieue-
HUS, aMIUIUTY/Ia CUTHAJOB B CPE/HEM COCTABUJIA:
93 MmxB — s BC xeaynka; 88 mxB nis BC ITTK;
90 mxB — mg BC tomeil n oAB30ITHON KUIITKH,
u 87 mxB — nyist BC TosicToro xuiieunuka (creru-
(puveckue peaxinum). Takue 3HAUCHUS W AKTUB-
HOCTb TIocJie cTumyJigiuu (puc. 6) yxe cooTBeTCT-
BoBasm HopMmasbHOU ¢ynknuu BC JKKT [7].
Bombaylo mepeBesin B TepaeBTUYECKOE OT/e/IeHNe
1 BCKOPE BBITMCATN U3 KIUHUKH.

Ha pucynke 7 BUAHO, YTO MCXOIHASd AKTUB-
HOCTb B T€UECHHUE [IJTUTEIBHOTO BPEMEHU OCTaBaIaCh
HU3KOH, HO B KOHIIE Kypca OHa 3aMEeTHO BO3POCJIa BO
Bcex ocHoBHbIX oT/enax KKT. Hasgazannas ctumy-
JIAIHeNd aKTUBHOCTD ObLJIA 3aMETHO BBIIIE CIIOHTAH-
HOI, yKa3bIBas Ha TO, YTO MPOIE/lyPa OKa3bIBAET BO3-
Oy:xmamoiiee JeficTBre Ha  TJAJKOMBIIIEYHBIE
CTPYKTYPbI OPTaHOB.

JlinurenbHoCcTh ceancoB B 1-ii 1 B 2-X mocie/y-
IOMIKX TPYTINIax BapbupoBajia B mpezeax (6—4) va-
COB, CTUMYJMPYIONUN TOK HAXOAWJICS B TIpejiesiax
(250—300) MxA. Ha 3aBepmiarorieii cTagnu JedeHmst
(B nocsieiHel Tpytine) TOK ObLI B 2—3 pasa MeHbIe
u He nipeBbiman 120 MKA, a JTUTETHHOCTD ceaHca He
IpeBbIIaia 3-X 4acoB. B KaxkaoMm ceaHce CTUMYJIS-

ing amperage was in the range of 250—300 mkA. At the
final stage of treatment (in the last group) the amper-
age was 2—3 times lower and did not exceed 120 mkA,
and the duration of the treatment did not exceed 3
hours. In each stimulation session the effective value of
the amperage was maintained at the same level.

The changes of electrical activity under the
influence of resonance stimulation correlated with
the clinical picture of the GIT functional state.
Low-amplitude oscillations (0—7 mkV) character-
ized the absence of peristaltic activity. The increase
in the amplitude oscillations after the resonant
stimulation was accompanied by the appearance of
peristalsis. However, various factors including
endogenous intoxication, hypoxic metabolism dam-
age that included the GIT cells, the use of opioid
analgesics and local anesthetics for epidural analge-
sia [15] reversed the bioelectrical activity to non-
effecient level prior to the beginning of the next
stimulation (3—12 mkV).

With the increase of the sessions number, the bio-
electric activity of excitable structures was increasing
within the last 7 days and its initial activity (before
the stimulation) remained within the range of 8—15
mkV corresponded to low peristaltic activity. The sus-
ceptibility of the excitable structures of the GIT
smooth muscles to the resonant stimulation increased
significantly, and the response amplitude reached the
value corresponding to the highest form of peristaltic
activity. Figure 6 shows the ongoing recovery of con-
stant peristaltic activities of all studied parts of GIT.

The analysis of the obtained results showed
that systematic stimulation is much more effective
compared to non-daily stimulation since it increases
the amplitude of bioelectric oscillations, on average,

by 34.8%.
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Puc. 7. [lunamuka aMiumry /| GuoajiekTpuyeckoii akrusHocti Bo30yuMeix ctpykryp JKKT B TeueHne BCex CeaHCOB CTHMYJISILMH.
Fig. 7. The dynamics of the bioelectric activity of excitable structures of the GIT during session of stimulation.

Note: Initially — prior to stimulation; Beginning — at the beginning of stimulation; End — at the end of stimulation.

ITpumeuanue: Initially — ucxoano; Beginning — B navase crumyssinnn; End — B koHue crumysisiin.

1un ah@eKTUBHbIE 3HAYEHUS TOKA TOJIEP:KUBAIN
HA OJTHOM U TOM K€ YPOBHE.

W3amenenust 2/1eKTPUIECKOIl aKTUBHOCTHU TIOJ
BO3/IEHICTBUEM PE30HAHCHOW CTUMYJISIINN UMeJn T1a-
paJliesid ¢ KIMHUYECKOU KapTUHOM (DYyHKIIMOHATBHO-
ro cocrostiust JKKT. HuskoamiuTy gable KojebaHust
(0—7 mkB) xapakTepu3oBajii OTCyTCTBUE IIEPUCTAJIb-
TUYECKOU JeATENBbHOCTH. YBEJIUUCHUE AMILIUTY/IBI
KoJebaHmii K KOHIy ceaHca Pe3OHAHCHON CTUMYJIsi-
I[UY COIPOBOK/IATIOCH TOSIBIEHUEM TIEPUCTAIBTIYEC-
kux 1ymMoB. OjiHako Takue (haKTOPbl KaK dHIOTeHHAs
MHTOKCHUKAIIUS, TUITOKCUYECKIE TIOBPEKIEHUsT MeTa-
6osm3Ma, B ToM uucie u kiaetok JKKT, ncrnosnb3osa-
HUE OIIMONAHBIX aHaJIbI'€TMKOB, MECTHbBIX aHeCTeTu-
KOB JUIsd  TepuaypaibHOil  aHaibresuu [15],
HPUBOIIIIN K TOMY, 4TO K HAYAJIY CJIEYIOIIETO Ceanca
CTUMYJISIIMK GUOAJIEKTPUYECKAst aKTUBHOCTH BO3BPa-
nasach K HeagexTuBHOMY YpoBHIO (3—12 MKB).

Conclusion

The presented clinical case clearly demonstrates
that the diagnostics of the GIT condition in abdomi-
nal surgery patients is a necessary manipulation
because it allows to assess the state of bioelectric
activity of excitable structures of smooth GIT mus-
cles within the different parts and to determine their
capability to restore neuromuscular conductivity
with in the smooth muscles of the stomach and
intestines. The diagnostic method is a «bedside» one.

ITo Mepe yBeTUYEHUST KOJUIECTBA CEAaHCOB (-
03JIEKTPUYECKAs AKTUBHOCTH BO30OYAMMBIX CTPYK-
TYp HapacTaJjia U B IocJie/iHue 7 IHell McXo/iHas ak-
TUBHOCTH (JI0 HAayaja CTUMYJISIIKN) ObLia yKe B
npeznenax 8—15 MkB, 94To0 COOTBETCTBOBAIO BSJIOH
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MEepUCTAIbTUIECKON aKTUBHOCTU. Bocmpummun-
Boctb BC ruagkoii myckynatypel JKKT & peso-
HAHCHOUW CTUMYJISAIMY 3HAUUTEIBHO YBEJINYUJIACD,
1 OTBETHAS aMIJIUTY/IA IOCTUTATIA BEJIMYUHBI, COOT-
BETCTBYIOIIEH BBICIICH (hopMe TepucTagsbTHiecKoi
aKTUBHOCTU. /laHHbIE, TIpe/icTaBIeHHbIC Ha pUC. 6,
CBUJIETETTLCTBYIOT O BOCCTAHOBJICHUU MOCTOSHHOM
MEePUCTATBTUYECKON aKTUBHOCTU BCEX HCCIEIye-
MbIx otnenoB JKKT.

AHann3 TOJIyIeHHBIX Pe3yJIbTaTOB IOKA3aJl,
YTO CUCTEMATU3UPOBAHHAS CTUMYJISAIINS 3HAUUTEb-
HO GoJiee aPeKTUBHA 110 CPAaBHEHUIO € HE e5Ke[HEB-
HOU CcTHUMYyJsIIMel, TOCKOJIbKY I03BOJISIET YBeJn-
YUTH aMILIUTY/y OMODJIEKTPUUECKNX KosebaHuii, B
cpemHeM, Ha 34,8%.
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3akiaoueHue

[TpuBeseHHOE KIMHUYECKOE HabJIOJEeHUE OT-
YeTJIMBO JEMOHCTPUPYET, UYTO 3JIEKTOTACTPOIHTEPO-
rpaduueckas auarnoctuka cocrosuusi JKKT y xu-
pyprudeckux  OOJIbHBIX  HPU  OIEPaTUBHBIX
BMeIIaTeIbCTBaX Ha OpraHax OpIOIIHON IOJIOCTH
ABJIETCS HEOOXOAMMOU METOAMKOM, IOCKOJIbKY
[I03BOJISIET OLEHUTH COCTOSIHNE OMO3JIEKTPUYECKOI
AKTUBHOCTH BO30OYJIMMBIX CTPYKTYP TJIaJKOH Myc-
KyJ1aTypbl pa3iandnbix otaenos KKT u onpepeants
UX CHOCOOHOCTb K BOCCTAHOBJIEHUIO HEPBHO-MbI-
IIEYHON TPOBOJUMOCTU B TJIAJIKOW MYCKYyJaType
JKeTyiKa v KUIIeuHuKa. /laHHbIi AUarHOCTUIeCKUt
METO/JI SIBJISIETCST <ITPUKPOBATHBIM>.
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O pa6ore Poccuiickoro HanponaipHoro cosera no peanumanuu B 2015 r.

Update on a Russian National Resuscitation Council in 2015

Hauunonanbubiii coser o peanumaiyu (HCP) 6but
coszgan B 2004 . 11 06beAMHEHIS HAYIHO-TIPAKTHYECKOTO
norenimana peruonoB PD B 061acTu peaHuMaToJIOT 1, aHa-
JIN32 HAKOIUIEHHOTO OIIbITA, CO3/IAHUS €IMHBIX MPOrpaMM
00y4eHUsT METOJIaM CEPIEYHO-JIErOYHON PeaHUMAllUH, YHI-
(bUMpPOBaHHBIX METO/MK, COOTBETCTBYIONIUX MEKIYHAPO/I-
HbiM TpeGoBanusM (puc. 1). HanmonanbHblil coBet 110 pea-
HUMAIU SABJISETCS TTOJHONPABHBIM ueHoM EBporieiickoro
cogera 110 peannmanuu (ECP) u ero akckio3nBHBIM mpe-
craBuresieM B PD. Corpyanmdectso ¢ ECP ocyiectsiistet-
Cs1 Ha OCHOBE JIOTOBOPA.

IIpesunent HanuonanbHOro coBeTa 10 peaHUMAIUu
— unen-koppecrnonzienT PAH, 3aciryskeHHbBII [esTesib HayKu
PO, mupexrop HUU obuieii peanumarosorun um. B. A. He-
roBckoro, npogeccop Mopos Bukrop Bacuibesuy.

Hamnpagnenus nesarenpnoctu HanponaisHoro cose-
Ta [0 peaHUMAaIVH:

1. PaspaboTka u BHe[peHue YHUDUIIMPOBAHHBIX 00-
Pa30BaTEIbHBIX MIPOTPAMM B COOTBETCTBUU C PEKOMEH/IAIH-
amu ECP fig yiydinenus pesysisraToB JiedeHust OCTAaHOBKU
cepaua.

2. IlpoBesieHrie 0OPa30BATENbHBIX KYPCOB [0 HABbI-
KaM Cep/IeuHO-JIETOYHON peanuMaiuu (cepTuduiimpoBaH-
Hble Kypebl EBporieiickoro coBera 1o peannmaiiuu 1 Harm-
OHAJIBHOTO COBETA 110 PeAHNMAIlnm).

3. Iloaroroska uncrpykropoB EBporeiickoro coseta
110 PeaHnMaIuu.

4. TlpoBejieHVE IKCIIEPTHOU OIEHKU yYeOHBIX IIPO-
rpaMM II0 IIepBOil MOMOIIH.

5. PasButie 1eHTPOB TPOBENEHUST KYPCOB B PETHO-
nax PO.

HanuoHa/ipHbli COBET MO peaHHMAIUH OPTraHU3yeT
Ha teppuropun PD caenyiomue Kypcsi:

*  CepIevHO-JIErOYHAs PEAHNMAIINST U ABTOMATHIECKAsT
Hapy:kHast gebubpuILIsus 1yist posaiinepos (¢ 2008 .);

*  CepIeYHO-JIErOYHAS PEAHNMAIINS U ABTOMATHIECKAsT
Hapy:KHast iebuOpUILISIS 1ist IHCTPYKTOpoB (¢ 2010 1);

*  KYPCBHI [0 PACIIUPEHHBIM PEAHUMAITHOHHBIM MEPO-
npustusm (¢ 2014 1.);

*  KYPCHI 10 HEOTJIOKHBIM PEAHUMAIIMOHHBIM MEPO-
npustuam (¢ 2014 1.);

o o6uumii urcTpyKTOpCKUii Kype (poBoautesi ¢ 2014 1.
coBMeCTHO c ripertoziaBaressim ECP).

JlaHHbIE KypCBHI TIPOBOJISATCS CTPOTO B COOTBETCTBUU C
Metoukamu 1 pekomergarusivu ECP, 1o emaomy 06pasity
Ha Bceil tepputopuu PD, ¢ KOHTPOJIEM KauecTBa CO CTOPOHbBI
Poccuiickoro HCP. Bce yuebHble MaTepuasbl, UCIOIb3Yye-
Mmble Ha Kypcax Poccuiickoro HCP, siBiistiorest obuianbHbI-
MU TlepeBoJiaMi 00pasoBaTeIbHbIX MaTepuanos Esporeii-

()=

HC)(P)

HALUMOHAABHbBIA COBET
no PEAHMMAUWMN

Puc. 1. Jlorotun Poccuiickoro HanmonaibpHoro cosera
10 peaHuMaIuu.

ckoro cosera 1o peannmaiu. Ha kypcax ECP obsizaresb-
HBIM SIBJISIETCS] UCIIOJIb30BAHKE CTAHAAPTHBIX HAOOPOB yueb-
HBIX MaTepuaioB U yueOHbix nporpamm ECP. Yenenito 3a-
BEPIUIMBIINE KYPC YYaCTHUKM mosydaior cepruduxar ECP
(1a pycckowm s3bike). Beero k nactosiiiieMy MOMEHTY Ha Kyp-
cax Poccuiickoro HCP noarorosieno 6osee 3000 mposaii-
nepoB u 6osee 500 UHCTPYKTOPOB.

IIpernopaBarensckuii coctaB Poccuiickoro HCP B na-
CTOsIlIiee BPEMsI BKIIIOYAET B cebsi O[HOTO IUPEKTOPA KYPCOB,
50 MHCTPYKTOPOB KypcoB 6a30BOM peaHuMaliiu, 9 MHCTPYKTO-
POB-TPEHEPOB KYPCOB TOJFOTOBKU TIPETIOfIaBaTesiell, 5 UHCT-
PYKTOPOB Kypca paclIMpeHHOH peaHumanuu. BosbimHeTBo
nHcrpykropoB HCP sBigiorcst crienmanucraMy ¢ BBICITHM
MEIUIUHCKIM 0OpasoBanueM, 90% 13 HUX — Bpavu aHecTe3u-
0JIOTH-PEaHNMATOJIONH, CPeid HUX 6 JIOKTOPOB MEIUITMHCKUX
Hayk (2 npodeccopa) u 16 KaHANAATOB MEIMIIMHCKUX HAYK.
Nudopmanust 06 unerpykropax HCP focrynsa 1o cebuike
http://www.rusnrc.com/#!portfolio/c1ttm

B 2015 1. 3HAUNTEIBHO YBETMIUIOCH KOJITYECTBO ITPO-
BosuMbix HCP KypcoB u pacimpuiicst ux CrekTp u, 3a C4eT
OTKPBITHS TIEHTPA 1pOBeieHusl KypcoB B MockBe, COOTHO-
menne Kypcos B Mockse u peruonos (Puc. 2, 3, 4, 5).

B 2015 r. B pamkax gorosopa mesxiy HCP u ECP 6bi-
JIO TIPOBEJICHO 2 KyPca 110 PACIIMPEHHBIM PeaHMMAIIMOHHBIM
mepornpusatuam (Advanced life support), 108 kypcos no 6a-
30BOH peaHMMalu ¥ aBTOMAaTHYECKO HapysKHOU aedub-
puwtstiinn st tposaiizepos (CPR/AED Provider) u 5
KypCOB 110 6a30BOI peaHuMalii U aBTOMATUYECKOM Hapy K-
Hoit pedpubpuiisguuu aas uncrpykropos (CPR/AED
Instructor), Ha kKoTOpBIX ObLIO 06yueHo 934 nposaiinepa. B
pesyJisTaTe HOATOTOBKU KOMAH/IbI [1PEIojiaBaTesei, CocTos-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2016, 12; 2



CoOprTH A

Kypco CJIP/AH]I npoBaiinep
I Kypchl pacmiupeHHON peaHnManin

M Kypcor CJIP/AH/I uncrpykrop 51
W O6wpuii nucTpykTOpCKHii Kype
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Puc. 2. O6mee unciao kypcos HCP B 2008—2015 rr.

Puc. 4. Jlosst kypcoB B pernonax crpansi B 2015 r.
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Puc. 3. Kosmmyecrso Boiiannbix ceprudukatoB ECP u
HCP B 2008—2015 rr.

1ieit U3 POCCUCKOro IMPEKTOPA KYPCOB U 5 HHCTPYKTOPOB,
¢ yuactuem npernoziaBaresieit ECP B 2015 1. HarmonaibHbIit
COBET 110 PeAHUMAIINH MTOJYYNUJI He3aBUCUMOCTb B OTHOIIIE-
HUW TIPOBEJICHUS KYPCOB pPACIIMPEHHOH peaHuMaIuu
(Advanced life support).

B 2015 r. HCP nponomxeno corpyaandectso ¢ Dene-
PAJIbHBIM MEIMKO-OUOIOrHYeCKUM areHTcTBoM Poccun (T.
Mocksa), DeepanbHBIM IIEHTPOM CEP/IIIa, KPOBU U HHJIO-
kpuHosoruu M. B. A. Anmazosa (r. Caukr-IlerepGypr),
Banrutickum Denepabibiv Yiusepceuterom M. . Kamra (.
Kaymuaurpan), TioMeHCKuM KapimosiornyeckiuM HeHTpoM (T
Tiomenn), KpacHosipckoii accorpanyeii aHecTe3noJ10roB-pea-
numarosioros (T. Kpacnosipek), Poceniickum Corozom criaca-
tesieir, OO0 «Apubpuc» 1 OO0 «Menucs. [ommnucan goro-
BOp O coTpyaHuyectBe ¢ TaMOOBCKUM TrOCYAapCTBEHHbBIM
yuuepcuteroMm uM. . P. [lepskasuna (1. Tam60B).

B nexabpe 2015 r. BBIIIOJIHEH T1EPEBOJT OCHOBHBIX U3Me-
Henuit B pekomenanusix ECP 2015 r., HauaTa MOArOTOBKA K
[EePeBO/ly ¥ U3AAHUIO TIOJHOIO TEeKCTa OOHOBJIEHHBIX PEKO-
mengaruii ECP 2015 1. u yue6HbIX 110c0o6uUil K Kypcam.

WMucrpyxroper HCP npunsin yyactue B IIpasanu-
ke [Tepsoii [Tomoru, nposesenHoro B napke COKOJIbHUKI
(18.06.2015), oOyueHM BCEro MEAUIIUHCKOTO MEPCOHAIA
kinaukn JIJ[I «Meauinnas B Hapo-@omuncke (Puc.),
BbIe3IHbIX MacTep-Kiaccax HCP B psane mkosn MockBbl u
Ha BbIcTaBKe 3zapaBooxpanenue 2015 (10—11.12.2015).
Bbla mpoBeieH ocBesKalonuii Kype 1mo 6a3oBoil peaHnma-
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Puc. 4. Yucao kypcos HCP B pernonax crpanbi B 2015 1.

MU ¥ aBTOMAaTUYeCKOI HapyKHOU AeUOPUIIAIIAN I/
COTPYAHUKOB MEIUITMHCKON Ciry:KObI MesKayHapoIHOTo
asponopta r. Coun (03.07.2016), a Tax:ke BbIIIOJIHEHO IIPU
yuactun kommanuu Zoll moocHamenne aspomnopra aBTo-
MaTHYECKMMU HapysKHbIMU AepubpuiiaropamMu (B Ha-
crosiiiee BpeMst — 8 1eubpusisATopos).

3acenanue Mockosckoro Hayunoro O6iecrsa Atec-
te3uosioroB 17.11.2015 6bLI0 1IOJHOCTBIO MOCBAIIEHO HO-
BbIM peanumannonubM asiropur™Mam ECP. B iporpammy 3a-
ceflanie ObLIO BKJIIOUEHO HECKOJBKO JIEKIUII 0 HOBBIM
anroputMam ECP u sleMoHcTpanus aaroputMa paciuimpeH-
HBIX PEAHUMAIIMOHHBIX MEPOTIPUSTHIA.

B 2015 r. Hauan pabory Hosbiii cailtt HCP — www.rus-
nrc.com. Ha sanHoM caiite nocrynHa uadopmaiust 060 Becex
kypcax u npenogasaressx HCP, peasmzoBana BO3MOKHOCTD
OHJIAMH-PErUCTPAIK HA KYPCBI, & TaKKe c(hOPMUPOBAH CIie-
1MaIU3UPOBAHHBIN pas/iest 1711 THCTPYKTOPOB. Taxke akTy-
asphyto udopmanmio npo HCP moskHo nosryunTs Ha caiite
HUU o6ueit peanumarosorun um. B. A. Herosckoro
(www.niiorramn.ru/council), B skypHase «O0ast peaHuma-
Tostorust> (Www.reanimatology.com) u B COOTBETCTBYIOIINX
rpymiax BKonrakre (https://vk.com/rusnrc) u B HOBOI
rpyrmie HCP B Facebook (https://www.facebook.com/
groups,/russiacpr/).

Jupexrop kypcoB EBponeiickoro cosera
10 PeaHUMAIMH,
1. M. H. Kysosznes A. H.
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ITamstu npodeccopa A. 1. Canranosa

In Memory of Professor
A. 1. Saltanov

Yien us sxusan Asnexkcanap Mocudosuu CanranoB —
O/IVH 13 IEPBBIX JIETCKUX aHECTE3N0JIOTOB-PEaHUMATOJIOTOB
CTPaHbI, IOKTOP MEAMIIMHCKUX HAYK, TPOodeccop, 4IeH-Kop-
pecrionzientT PAH, 3acnyskenubiii gesitens nayku PO, 3aBe-
AIYIOIINN OT[eJIeHUEeM aHeCTe3MOJIOTNN-PeaHnMaToIOTnN
HUMN perckoii onkosornu u remarojornn @I'BY «Poc-
cuiickuii onkosnornyecknit Hayunsrit nentp um. H. H. Bio-
xuHa» MunsapaBa Poccun, 4iieH pelakiiuOHHON KOJIIeTnu
skypHasa «O011ast peaHUMATOJIOTHST.

A. M. Canranos poguiics 9 nions 1938 r. B Mockse.
Okonunn neauarpuyeckuit dakyasrer 2-ro MOJITMU
uM. H. U. ITuporosa B 1962 r. n mayan csoro npodeccno-
HAJBHYIO JIeATEJBHOCTh B KAauecTBe Bpavya-aHeCTe3M0JI0ra
MOPpO30BCKON [ETCKON KJIMHUYECKOH OGOJBHUIBI. 3aTeM
nepemnies Ha paboty B VHCTUTYT 9KCIEPUMEHTAJIbHON 1
kiunndeckoit oukosornt AMH CCCP (ubine DI'BY
«POHII um. H. H. Broxunas> PAMH), rie akTuBHO BKJIIO-
uuicst B HayuHyto pabory. B 1969 r. A. . Canranos sauu-
TUJT KaHAUAATCKYIO, a B 1975 1. — MOKTOPCKYIO [uccepTa-
u. O6Ge HayuHble pabOThI ObLIM MOCBSIIEHBI TPOGIEMaM
AHECTE3MOJIOTUY U PEAHUMATOJIOTUH Y JIeTeld, GOIbHBIX OHKO-
JlormdeckumMu 3abonesanuamu. B nocienyiomem A. 1. Can-
TaHOB BO3IJIABJIA OT/eieHre anectezuostorut HU W kmnu-
YeCKOIl OHKOJIOTUM, a 3aTeM, BILIOTb JI0 IIOCJEIHUX JHE,
oTnesieHne aHecresuosiorun-peanunmaronornn HUUM pet-
ckoit onkosorun u remarosiornu MIBY «Poccniickunit onko-
sorndeckuii Hayunbiit nentp uM. H. H. Baoxunas. Ipodec-
cop A. . CanTtaHoB CTOSAJ Y UCTOKOB CO3/[AHUS TIEPBOTO B
Halllell CTpaHe OT/AEJIEHUS AHECTe3MOJIOTHU-PeaHNMAaTOIO-
MU, CHEMUAIU3UPYIONIErocs Ha MOMOIIN OHKOJIOTHYECKUM
GOJIBHBIM JIETCKOTO BO3PACTa.

Unen-koppecnonzsent PAH, npodeccop A. 1. Cainra-
HOB ObLJI BEIYIIMM CHEUAIUCTOM Poccuu 1o MmupoKoMy
CHEKTPY MPOGJIEM AHECTE3UOJIOTHU-PEAHUMATOIOTHU, OH-
KOJIOTUU U TMEINATPUN, BEJl UCCJIEJOBAHUA B CAMbIX IIPH-
OPUTETHBIX HAYYHBIX HarpaBieHusX. OH BHeEC BECOMBII
BKJIaJl B pelieHue mpobaeM aeKBaTHOro 06e360/MBaus,
JieueHust DOJIbHBIX B KPUTUYECKUX COCTOSIHUSIX 1 o0ectiede-
HUSI 3aIUTHI OpraHu3Ma 60JIbHOrO pebeHKa Ha BCeX dTanax
sedenus. 1IposBUB He3ayps/HbIE OPraHU3aTOPCKHUE CIIO-
cobHoctn, Asnekcanap MocudoBud ceirpas 3aMeTHYIO POJIb
B Pa3BUTHU CIYKObI aHECTE3UOJIOTMU-PEAHUMATONIOTUU B
JIeTCKOI OHKOJIOrnYecKkoil KanHuke u B Poccun B 1ies1om.

A. Y. Casrranos omy6nukoBan okoso 500 HaydHbIX
pabor, B ToM uuciie MOHOTpadbiu U PYKOBOJICTBA, KOTOPbIE
BCET/Ia OTJIMYAIM MAaKCHUMAaJbHAS aKTYyaJbHOCTb, HOBU3HA
TBOPYECKOTO TI0/IX0/Ia U OTPOMHOE ITPUKJIAIHOE 3HAYCHUE.
Tpyast A. 1. CantanoBa cTajay HACTOJbHBIMU KHUTAMU 171
HECKOJIbKUX MOKOJIEHWI Bpaueil U Hay4HbIX PabOTHUKOB.
[Tox pykosogctBoM A. V. CanranoBa 6bLI0 3amuiieHo 60-
aee 30 muccepraiuii. On ObLI rIABHBIM peakTopoM Haru-
OHAJILHOTO PYKOBOJICTBA «VIHTEHCHBHAS TepaIns».

Uanen-koppecnionzient PAH, npodeccop A. U. Canra-
HOB OpraHu30Bajl KypHasl «BecTHUK MHTEHCUBHOW Tepa-
U, TIOJb3YIOMIUIICS GOIBIION HOIYJISIPHOCTIO CPE/IU aHe-
CTE3UOJIOTOB-PEAHNMATOJIOTOB, ¥ Ha BCEM IPOTSIKEHUU
u3/[aHst Ky pHaIa ObLl ero riaBHbiM pegakropom. A. V. Cai-
TAHOB ObLI YJIEHOM DEIAKIMOHHBIX KOJUIETHH KypPHAJIOB
«Obiast peaHnMaTosIorust», « KilHimaeckast OHKOJIOTHsE U pe-
aHMMaToJIoTus», «Jlerckass oHkosorus», «CornpoBOANTEb-
Hast TepaIiist>; BeJl aKTHBHYIO OOIIECTBEHHYIO PAbOTY, SIBJISLII-
csa unenom IIpasnenus Denmepanuu aHeCTE3MOJOTHH U
peannmatosiornu P, skcrieprom Beiciieii artecTalluoHHOM
KOMUCCHH, YWIEHOM Psi/Ia MEKBEIOMCTBEHHDBIX TIPOOJIEMHBIX
KOMUCCHUI, YYEHBIX 1 JINCCEPTAIMOHHBIX COBETOB, B TOM YHC-
Jie CIeIaIn3MPOBAHHOTO COBETA 110 3alUTe IUCCePTalIfii B
OTBHY «HUMW obueit peannmarosnoruu um. B. A. Heros-
ckoro». 3aciyru A. V. CanranoBa GbLIi OTMEYEHbBI [I0YETHBDI-
MU 3BaHUSAMU 1 TOCYIAPCTBEHHBIMU HATPA/IaMU.

Tne 6b1 HK HaxXOAWIICA M KeM Obl HK pabotan AJek-
cannp Mocudosuy, oH Beeryia OTHOCUIICS K /Iy € OTPOM-
HOII OTBETCTBEHHOCTBIO, BBICOKUM TPO(eCCHOHAIN3MOM 1
TpeboBaTeIbHOCTBIO K cebe. BesyrpeuHblit BHEIIHUN Bu,
npaBuiibHast 1 6oratast pedb, MHTEPECHENIINE JIEKIUM JIJIst
YUaIUXCsl U He MEHee 3aXBaTbIBAIOIIME Oecelbl ¢ KOJLIera-
MU, KOPPEKTHOCTb — BCE TO ¥ MHOTOE J[PYTOe CBSI3aHO B HA-
meil mamsTu ¢ ero obpaszom. He 6bL10 yenoBeka, KOTOPOro
OH He TIOKOPIJI Obl CBOEIH 3Py IMPOBAHHOCTHIO U OT3BIBYUBO-
CTbBIO, CBOEH TOUHOCTBIO, JYIIEBHOCTBIO N 4YYBCTBOM IOMOPA.

5 cbepasnsa 2016 r. yien us skusan Yenosek ¢ 6oJbIION
OyKBbI, OJIECTAIINIT YYEHBIH, TaJaHTIMBLIA OPraHU3aToOp U
TIE/IATOT, a JIi MHOTUX — A0OPbIN, CKPOMHBIN 1 OT3bIBUMBbIi
Apyr. JKMBO#i IAaMATHIO O HEM CTAHET PA3BUTHE €ro HACJIe/s,
HOJI/IEPKKA TBOPYECKON MHUIIMATUBDI U JIBUXKEHHE BIIEPEL.

Penakuus xypHasa «O0masi peaHuMaToJIorusi> u
koutektuB <POHII um. H. H. Broxunas> uckpenne co-
00JIE3HYIOT POIHBIM, OJM3KUM M APY3bsM AJIEKCaHApa
Hocudosuua.
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IIpasuaa AAs aBTOPOB

Nudopmaius s aBTOPOB KypHaia <O0mas peaHuMaToJ0THsI>

IIpaBuia moauu u MyOJIMKAIMA PYKOIUCH, JTOTOJHEHHbIE B COOTBETCTBUH
c pexomengaiusamu ICMJE (International Committee of Medical Journal Editors)
ISl HAYYHBIX M3J[AaHUH, BXOASIIUX B MEKAYHAPO/[HbIE 0a3bl TAHHBIX

HpaBOBbIe ACIIEKThbI nyﬁﬂnxaunn PYKOIIUCH

Yenosus nybauxayuu pyxonucu

— Pykomuicu my6iukyoTes npu 06s13aTeNbHOM COOII0IE-
HIU aBTOPOM ITUKH U TIPaBIJI Imybnkarmn (Troxpobiee Ha caiite
JKypHasia www.reanimatology.com ).

— Pykomuicu myGiukyoTes ¢ cobI0IeHneM HOPM aBTOp-
CKOTO TIpaBa i KOHMHUAEHIIMATIBHOTO OTHOTIEHNUS K TEPCOHATBHBIM
JITAHHBIM aBTOPOB.

—  Pykonucu ny6mkyiorces 6ecriaTHo.

— Pykoriicu, TpUHSTHIE B KypPHAI, TIPOXOAST PEIEH3UPO-
BaHune Ha OPUTUHAITBHOCTD, 9TUYHOCTDH, SHAYNMOCTD, a/ICKBATHOCTH
CTaTHCTUYECKOH 06pabOTKY MAHHBIX HA YCJIOBUSX KOH(DUAEHIIN-
QIBHOCTH 32 MCKJIIOYEHNEM BbISIBIEHUS (DanTbCHPUKAIINN TAHHBIX.

— Peaxomierust ocrasier 3a co60 TPABO COKPAIATh U
PENAKTHPOBATD PYKOIHCH.

Ipununor chsimusi ¢ neuamu u 3a0epicKu nyOIUKAUUY PYKONUCU

— Pyxormicy, He COOTBETCTBYIOIIIE TPOGUIIO KypHATIA,
He IPUHUMAOTCSL.

— Pykormiicu, paree omyGIMKOBaHHBIE, a TAKXKe HAIPaB-
JIEHHBIE B IPYTOI Ky PHAT MK COOPHUK, HE IPUHUMAIOTCS.

— 3a HekoppekTHOe 0(OpPMIIEHIE U HEJOCTOBEPHOCTD
MPeICTaBIISIEMBIX ONOIMOrpadUIecKX JAHHBIX aBTOPHI HECYT OT-
BETCTBCHHOCTD BIVIOTH /10 CHATHUSA PYKOIUCH C TIeYaTH.

— Hapymurenne npasus oopMIIeHHsT PYKOIIUCH, HECBOE-
BPEMEHHBII, & TaK/Ke Hea[eKBATHBIN OTBET HA 3aMEYaHUsI PereH-
3EHTOB M HAYYHBIX PEIAKTOPOB MIPUBOIAT K 3a/I€PIKKE My ONMKAIII
JI0 UCIHPABJIEHUS] YKA3aHHBIX HENOCTATKOB. [IpU UTHOPUPOBAHUK
3aMeyaHuil PEIeH3eHTOB 1 HAYYHBIX PETaKTOPOB PYKOINCH CHHU-
MaeTCst ¢ JalbHEeHIIero pacCMOTPEHNSI.

— Pykormuicy OTKJIOHEHHBIX PaboOT pefakiiueil He BO3Bpa-
I[AI0TCS.

Humepecvr cmopon: Aemop,/Pedaxiyus

Penakiniist octasisieT 3a co60ii PABO CUUTATH, YTO ABTOPBI,
MPEIOCTABUBIINE PYKOIICH ISt TyOarKanmu B skypHan «O6imast
PEAHIIMATOJIOTHST», COTVIACHBI C YCIOBISIME Iy OJINKAIINI U OTKJIO-
HEHUs PYKOTIUCH, & TAKKE C TIPABUIAMU €€ 0(DOPMIIEHISL.

Penakiniist octaBisieT 3a co00il TPaBO CYUTATH, YTO ABTOP,
OTBETCTBEHHBII 32 MEPENICKY ¢ PEAAKIHeli, BRIPAKAET TTO3UINIO
BCETO aBTOPCKOT'O KOJLIEKTHBA.

ABTOp TOIyYaeT nHGOPMAIMOHHbBIE 3JIEKTPOHHBIE MHCHMa
000 Beex aTamax npojBUKeHIsl PYKOINCH, BKIIOYasl yBEAOMICHUE
0 HECOOTBETCTBUU PYKOIMKCH MPOMUIII0 KypHAla ¥ MpaBUIAM
0(OPMITIEHTIST; TEKCTBI PEIIEH3UIT; PeTeHne PEIKOJIIETHH O My OIn-
Kaluu 1k OTKJIOHEHUN PYKOIINCH; BEPCTKY OTPEAAKTUPOBAHHOTO
BapHaHTa PYKOIKCH IS TIOJTYY€HUsT aBTOPCKOTO JIOTYCKA K Meva-
Ti. JlomoTHITENbHYIO0 HHGOOPMAIMIO O TPOABUKEHUI PYKOITICH
aBTOP MOET MOJy4nTh 1o azapecy: journal or@mail.ru;
www.reanimatology.com.

lapantun ABTopa

ABTOpBI JIOJDKHBI TAPAHTUPOBATH, YTO OHM HATINCAJIH T10JI-
HOCTBIO OPUTUHAIBHYIO PaboTy. VIcrosb30Bane 00X MaTepra-
JIOB JIPYTHX aBTOPOB JIOIYCKAETCS TOIBKO C MX pa3penienus i mpn
006513aTeIbHOIT CChLIKE Ha HTHX aBTOPOB.

ABTOPBI JIOJDKHBI TapAHTUPOBATh, YTO CIIMCOK aBTOPOB COZIEP-
SKUT TOJIBKO TeX JIMII, KOTOPbIEe BHECJIN ONTYTUMBII BKJIA/ B KOHIIET-
U0, TIPOEKT, MCIIOJHEHNE WM UHTEPIPETAIMIO 3aBJEHHON pabo-
TBI, TO €CTb TeX JIMI], KOTOPbIE COOTBETCTBYIOT KPUTEPHAM aBTOPCTBA.

ABTOPBI JIOJDKHBI TAPAHTHPOBATH COOTBETCTBHE KAUecTBa Ie-
PEBOJIA CTAaThU HA AHTTTMHCKHIIT SI3bIK MEKILYHAPOIHBIM TPEGOBAHISIM.

TapanTun pegakuuu

Penaxiiisi T0/oKHA TapaHTHPOBATH, YTO JIIOOBIE PYKOINCH,
MOJIYYCHHBIE [UISl PELEH3UPOBAHUS, OyyT BOCIPUHUMATHCS KaK
KoHbUAEHIMATbHBIE TOKyMeHTh. OHI He MOTYT OBITh MOKa3aHbI
JPYTHM JIFIAM 1 00CYKAEHBI ¢ HIM, 32 NCKIIOYEHNEM JIUII, YIIOJ-
HOMOUCHHBIX PelaKIieil.

Penakimist 10JKHA TaPAHTHPOBATH, YTO HEOITYOIMKOBAHHbBIE
MaTepHabl, HAXOSIINECS] B TPEIOCTABIECHHON CTaThe, He OyayT
UCIOJIb30BAHBI B COOCTBEHHOM HCCJICIOBAHUN HAYIHOTO PEAAKTO-
Pa U pereHsenToB 6e3 MIChMEHHOTO Pa3PeleHns aBTOPA.

Pemakimst 10/KHA TapaHTHPOBATD, YTO PEIEH3EHT He OyIeT
JIOIYIIEH K PAcCMOTPEHMIO DPYKOIIMCH, €CJIM MUMEET MECTO KOH-
(KT MHTEPECOB B Pe3yJibraTe €ro KOHKYPEHTHBIX, TTaPTHEPCKUX
J60 APYTUX OTHOIIEHNH MJIN CBSI3€ft ¢ KeM-JTH00 13 aBTOPOB, KOM-
MaHUil WM OPraHU3AIMH, CBS3aHHBIX ¢ MATECPHAIOM MyOINKAIUH.

Kongruxm unmepecos cmopon: Aemop,/Pedaxyust

Konduankr nntepecoB cropon Astop/Penaxius perraetcs
IIyTEeM [IEPErOBOPOB CTOPOH B COOTBETCTBUHY C JICHCTBYIOMINM 3aK0-
nozaresibetBoM PD 1 MexRIyHapOAHBIMU HOPMATHBHO-TIPABOBbI-
MU aKTAMH, PETYIUPYIOMNMHI TTyOINKAINIO PYKOINCEl B Men-
IIMHCKUX JKypHaJIaX.

CorJiacie Wi Hecorjacue Ha MyGINKAIIMIO OTPEIAKTHPO-
BAHHOTO BAPUAHTA PYKOIMCH BBIPAKAETCS B DJIEKTPOHHOM ITHChME
aBTOPA, OTBETCTBEHHOTO 3a HEPEINCKY € PEAAKIIUCIL.

Pepaxiust ¥ M3/1aTeIbCTBO He HECYT OTBETCTBEHHOCTH 32
MHEHVSI, M3JI0KEHHBIE B MyOIMKAIISX, a TAKXKe 3a COZlepKaHne
PEKJIAMBI.

Cpoxu npoABUKEHNS PYKONHCH

— ODKCIIepTH3a Ha COOTBETCTBHE TPOdUIIio JKypHaa 1 mpa-
Busiam oopmiieHust — He GoJiee 3-X JiHel ¢ MOMEHTa MOCTYIICHUST
PYKOIIMCH B PEIAaKIHIO.

— Penensupoanne — He 6osee 20-u [Hei ¢ MOMEHTa dJIeK-
TPOHHOM OTIIPABKH PEIIEH3EHTY PYKOIUCH.

— Orser aBTOpa perieHsenTaM — He GoJjiee 7-u aHel ¢ Mo-
MEeHTa 3JIeKTPOHHOI OTIIPABKU aBTOPY PEIleH3UH.

— 3acenanue pesikosiernn — 1 pa3 B 2 Mecsila He TO3/iHee,
yeM 3a 1 MecsIl /10 BBIILYCKA THPAKa JKyPHAJIA.

— OmoBerenne aBTopa O PENIEHNN PEIKOJJIETNN U O3Ha-
KOMJIEHUE C BEPCTKOI OTPEJIAKTHPOBAHHOTO BapUAHTa — HE TI03/1-
Hee 3-X JiHell ¢ MOMEHTa BBIX0/[a COOTBETCTBYIOMIEI NH(MOPMAIIH.

Marepuasbl 7ist MyGIMKAIMNA PYKOIICH TOAAIOTCST B Pe-
JIAKIMIO HA PYCCKOM M aHTJIMICKOM SI3BIKAX B BH/IE OYMAasKHBIX JIM-
CTOB M WJICHTUYHBIX UM 110 CO/JEPKAHUIO 3JIEKTPOHHBIX (DalIoB.
Marepnas crareil BKJIIO4aeT Mo-0T/[eIbHOCTH:

1) TUTYJBHBII JHUCT;

2) pesioMe U KJII0YeBbie CI0BA;

3) HasBaHMe U HOJTHBII TeKCT PYKOTINCH C TIO/[ITICSMHI BCEX
ABTOPOB, KaK B OyMaskHOII, TAaK U B 3JIEKTPOHHOIT Bepcun (B BHIC
CKaHa CTPAHMUI[BI), MOJATBEPK/AAONIUMI y4acTHEe B BBIIOJHEHNN
MPEICTAaBIISIEMON PABOTBI U YIOCTOBEPSIIONIMMHU COTJIACHE C COTIEP-
SKAaHUEM PYKOITUCH;

4) TalbJuIbl ¢ HOMEPOM, Ha3BAaHUEM U TIPUMEYaHueM (eciu
OHO MMeeTcs );

5) wmumoctpanun (rpabuku, auarpammsl, dororpadun,
PUCYHKHN) — IS KasKAOH WILTIOCTPAIUU OTACTbHbIH OyMasKHbIi
JIUCT U 9IEKTPOHHBIN (haii;
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Instructions for the author

6) TOANMCH K MILTIOCTPAIIAM;

7) GubmuorpaduyecKuii CrucoK;

8) compoBoguTENIbHOE IUCHMO Ha DYCCKOM SI3BIKE HA UM
[JIABHOTO PeJIaKToOpa JKypHaJIa, MOJIINCAHHOE PYKOBOIUTENIEM Y-
PEIK/IEHNSI, B KOTOPOM BBIIIOJIHEHA paboTa.

Mdopma conpoBOIUTETHHOTO MHCHMA
K MaTepuay A myOJIuKanum

Tnasromy pegakropy skypuasia «O01ias peaHnMaToporus»
3aciykeHHoMy zesiTesio Hayku Poceun,
ynen-koppecnonzienty PAH, mpodeccopy B. B. Moposy
IIpocnM paccMOTPeTh BOIPOC O MYOINKAINH ... (BIJ] PYKO-
nucu; @amunnn, Vimena, OTdyecTBa BceX aBTOPOB; Ha3BaHUE PYKO-
TIHCH).
ABTOpBI pyKOIIHCH 03HaKOMITeHbI ¢ VIHdopmarmeit st aBro-
DOB, TIPEIOCTABIEHHON sKypHATIOM «OOIIast PEAHUMATOIOTUSI», U CO-
TJTACHBI C TIPABUJIAMH TTOJTOTOBK, TIOAYH 1 IYOIMKAIIH PYKOTIHCH.
Jannast pyKonuch He ayGanpyer npepbiiynme myoinka-
UM, B Hell He 3aTParuBaioTCs HHTEPEChl TPETLUX CTOPOH U HE Ha-
PYIIAIOTCS ATHYECKUE HOPMbI Ty OJIMKATIII.
OTBeTCTBEHHBIIT 3a Hepenucky ¢ peaakiueit: ms, Oruect-
B0, Mamusius ofHOTO U3 aBTOPOB pyKoIucH, e-mail, resedon, mou-
TOBBIN azpec.
[Toamumcy PyKOBOAUTEIS yUPEKICHUSL.
CoIpoBOAUTENBHOE TIUCHMO JIOJKHO ObITh HAIlEYaTaHO Ha
6JTaKe yIpeKAEH s, B KOTOPOM BBITIOJIHEHA paboTa.

Anpec oTIipaBKU MaTepHAJIOB
IS Iy OIMKAIMH PYKOMHUCH

Jlna 6Gymasknoii Bepenn: Pocenst, 107031, Mocksa, ya. Iler-
poBKa, 25, ctp. 2, Pemakimst sxypuara «OBIITAA PEAHUMATO-
JIOTUS».

JL1s1 3JIEKTPOHHOIL BepCcuM: cailT sKypHaia: www.reanimatol-
0gy.cOM; WJIM 2JIEKTPOHHAS IOYTA PEJAKIUU  JKypHAJIa:
journal _or@mail.ru.

TpeOoBanus K neyatu

Ileuamv

OHOCTOPOHHSIS, OPUEHTAINST KHIKHAS, BBIPABHUBAHHE 110
HpuHe

bymaza

bBemas, bopmat Ad

HIpugpm

Times New Roman 12-ro pazmepa uepHoro msera

Hnmepesanvt u omemynol

MeskcTpouHblii nHTEpBast 1,5; nHTEpBaJI /10 U NocJe ab3ara —
HET; OTCTYII TIePBOI cTpoku 1, 25 cm

Ilona

2,5 ¢M €O BCeX CTOPOH

Hywmepayus cmpanuy,

B mpaBoM HUKHEM yTiay

Dopmam paiinos

Tekcr, Tabuuiet, oAmMcH K wtioctpanusy — Word;

I'paduxu, rnarpammer — Exel;

Pucynku u portorpacdun — jpeg BBICOKOTO pa3peleHust

Paspewenue npu ckanuposanuu

Pucynku u ipyrie n300paskeHnst ¢ NCTOIB30BAHNEM JITHIH
— 1200 dpi;

Dororpadus, pamrorpadust — ne meree 300 dpi;

Dororpadus, pamrorpadust ¢ rekerom — He Menee 600 dpi.

Edunuupr usmepenus

Besmmunibl u3MepeHnii I0JKHBI COOTBETCTBOBATh Mesky-
napoznoii cucreme exunuil (CI), temmepatypa — mkase Llenbcst.

Dopmyavt

B dopmyiax A0KHBL ObITh YE€TKO PA3MEYEHBI BCE 3JIEMEH-
TBI: CTPOYHBIE ¥ TIPOIICHBIE, & TAKIKE JIATHHCKIE 1 TpedecKie OyK-
BBI; TIOJICTPOYHBIE M HAJCTPOYHBbIE WH/EKCHL. B ciyuae mudp u
6yKB, cxozHbix 110 Hanncannio (0 — mudpa, O — GykBa), TOJKHbI
GBITD C/IETTAHBI COOTBETCTBYIOIINE TIOMETKI.

Haseanus

Ilpy ynmoMUHAHUY alapaTypbl B CKOOKAX YKa3bIBAKOTCS
(bupma 1 cTpaHa npou3BOJAUTEb.

Hanpumep: CBeToBOIl 30H/ OJIHOKAHAJBHOTO armapaTa
JIAKK-02 (HIIII «JIASMA>», Poccus).

B skypHasie MCHOIB3YIOTCS MEK/LyHAPO/IHbIE HElTATEHTOBAH-
npre HazBauusa (INN) sexapers u mpemapatos. Toprossie (TaTen-
TOBaHHbBIE) HA3BAHUsI, MO/l KOTOPBHIMHU IIPENAPaThl BBITYCKAIOTCS
pasynyHbIMU (hrpMaMu, IPUBOATCS € yKazaHueM (hUpMbI-U3ro-
TOBUTEJIST ¥ X MEXK/[YHAPOJHOTO HEMATEHTOBAHHOTO (TeHepuiec-
KOT0) Ha3BaHUSL.

Hanpuwmep: tapusuz (odsokcanun, «Xexct Mapuon Pyc-
cemb»).

JlaTuHCKNe Ha3BaHUS MUKPOOPIaHU3MOB IIPUBOJISITCS B CO-
OTBETCTBUH C COBPEMEHHOU Kiaccubukanueir, Kypcusom. llpu
[IePBOM YIIOMUHAHUN Ha3BaHUE MUKPOOPTaHM3MA JAETCS TTOJIHO-
CTBIO — POJI ¥ BUJL, [IPU TIOBTOPHOM YIIOMHHAHUK POJIOBOE HAa3Ba-
HIT€ COKPAIIAETCST /10 OIHOI OYKBBL.

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

HasBaHusi TEHETUYECKUX DJIEMEHTOB JIAIOTCSI B TPEXOYKBEH-
HOM 0003HAYEHNH JIATHHCKOTO aihaBUTa CTPOYHBIMU GYKBAMMU, KypP-
cuBoM (tet), KOAMPYEMBIMU COOTBETCTBYIOIIMMU T€HETHYECKUMU
aJIeMeHTaMK MIPOLYKThI — IPOMKUCHBIMU TipsiMbiMu GykBamu (TET).

Busbl 1 00beM pyKoOTIHCH

Ob63opnas cmamvs

He 6ounee 25 crpanui. CIUCOK IUTUPYEMOIT JTHTEpaTyphl —
ne meree 100 HauMeHOBaHUIA.

3axasannas cmamos

ITo pmoroBopenHoCTH.

Opueunanvnas cmamos

He 6osee 17 cTpanu, BKI0Yasa TabaMIbl M UJLTIOCTPAIMN.
O6ee KomyecTBo TabJuI U uimoctpaiuii — ne 6osee 7. Ciucok
[UTUPYEMOIT JTUTEPATYPHI — He MeHee 25 HanMeHOBAHMIA.

Kpamxas cmamos

He 6osee 8 crpanmuil, BK/IoYasd TabJUIbI U WITIOCTPAIIMU.
O6iee KoMuecTBO TabJIMI] M WITIOCTPAIil — He boJiee 2.

Huckyccuonnas cmamos (6xmouaem chopmyauposanmvie
0ast 06cyarcoenust 60npocoL)

He Gosiee 5 crpanmil, BKIoYast TabJIUIbI U WIIIOCTPAIMH.
O6ee Komm4ecTBO TabJIMIL M WLIIOCTpauii — He bosee 2.

CIICOK IIUTHPYEMOii tuTepatypbl — He 6oJsiee 16 HanmeHo-
Banuii. KosmuecTBo Bonpocos juist o6cyskaernust — He 6oee 3.

Pestome (wacmv cmamou)

He 6ozee 250 ciios.

TTucomo 6 pedaxyuio

He 6osee 600 caos. TTuchma, agpecoBaHHbIE COTPYIHUKAM
pesakiuu, He myOJIuKyioTes.

Cmpyxmypa cmamei:

1) TUTYJILHBIN JIUCT; 2) Pe3IOMe U KJIIOYEBbIE CJIOBA; 3) TEKCT
CTaThU, COCTOSIINI U3 pa3jiesioB: «BBeienues, «Marepuabl 1 Me-
Tozb», «Pesynsrarsiy, «O0cyKaeHes, «3akiioyenues; 4) tabuu-
1Bl U OANMCH K HUM; 5) WIIIOCTPAIIMU U TIOAMUCH K HuM; 6) 616-
smorpadus.

Cucremariyeckue 0630pbl PEKOMEH/IYeTCst TOTOBUTD 10 CTaH-
napram PRISMA (nozipoGuee na caiite www.reanimatology.com).

www.reanimatology.com
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SHARING EXPERTISE
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[penapatbl Bbi6Opa AfiA BO3MELLEHMA MAaCCMBHOW KPOBOMOTEPHU
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U Therapy
lenodysuH CrepocyHAUH M30TOHMYECKUI
KonnovpaHbiit pacTBop Ha ocHoBe 4% xupkoro  [lonHocTbio c6anaHCUPOBAHHBIA 3NEKTPONUTHBINA
(cyKumHunupoBaHHoro) xenatuHa pacTBOp, copepXallmin aleraTt u manat
= 06ecrneymBaeT KOHTPONMPYEMbIN BONEMUYECKNN = 03BONAET N36eXaTb rMNepXNopeMumn v runep-
3¢pekT B TeYeHne 3-4 yacos HaTpMemMum
= NMPEAOCTaBNAET BO3SMOXHOCTb BBEAEHNA B MaKCUN- . CT36I/IﬂI/I3VIpyeT KMCNOTHO-OCHOBHOW 6anaHc nauneHTa
ManbHOIA CyTo4YHOM fo3e Ao 200 mn/Kr Macchl Tena BO BPEMA MPOBEAEHNA MHGY3NMOHHON Tepanuu

= COBMECTMM C KOMMNOHEHTaMWN 1 npenapataMn KPOoBN = obecneynmBaeT MUHUMASbHbIN pacxoa Kucnopona
B npouecce OTCpOHeHHOVI KOppekunun MeTabosIMyeckoro
aunagosa

HapexxHas cTabun n3auuna reMmoamnHaMunKkun

000 «b.bpays Meankan» | www.bbraun.ru

196128, Cankr-lletepbypr, a/a 34, e-mail: office.spb.ru@bbraun.com, Ten.: +7(812) 3204004, dhakc: +7 (812) 3205071
117246, Mocksa, HayuHbiii npoesa, 4. 17, od. 10-30, Ten.: +7(495) 777 1272

£33 www.vk.com/bbraunrussia [fd www.fb.com/bbraunrussia



_ OBE3GO0J/INBAHUER

JekcketonpodeH
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CHWKaeT NoTpebHOCTb B onuongax
lMpepgHa3Ha4vyeH 4711 BHYTPUBEHHOIO U BHYTPUMBbILLUEYHOIrO BBE4EHUSI’
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He nognexwnt npegmMeTtHoO-KoJiIn4eCTBeHHOMY y4eTy'

1. Hanna, M.H. Br. J. Clin. Pharmacol. 2003;55(2):126-33.

2. IHCTpyKUmMA No MeanLMHCKOMY NpuMeHeHuio npenapata [lekcanruH® JICP-002674/08-100408 ¢ nameHeHuamm ot 30.11.11

3. Leman P. et al, Emerg Med J, 2003; 20: 511-513

4. NMpwkas MuHagpasa Poccun ot 22.04.2014 r. N 183H «O6 yTBEpXKAEHWUM NEpeUHsA IeKapCTBEHHbIX CPEACTB ANA MEANLIMHCKOTO MPUMEHEHNS, NOANEXaLUX NPEAMETHO-KONIMYECTBEHHOMY yUeTy»

C ¢ no AekcanrmH®. MHH: gekcketonpogeH.
MoKasaHWsA K NPMMEHEHNIo: KynpoBaHue 60/1eBOro CMHAPOMa PasfMyHOro reHesa (B T. 4. MocieonepaUoHHbie 6011, 60Ny Npy MeTacTasax B KOCTY, NOCTTpaBMaTuyeckie 6011, 601 NPy NoYeyHbIX KonnKax,
anbrogncMeHopen, NWNanNrnsa, pagukynnuT, Hespanrum, 3y6Haﬂ ﬁol'lb),‘ cMMnToMaTnyecKoe fieyeHne OCTpbIX N XPOHUYECKUX BOCNAannUTeNbHbIX, BOCNanuTenbHO-AereHepaTnBHbIX 1 MeTabonunyeckux 3aboneBaHnin
OrMOPHO-ABUraTeNbHOrO annapara (B T. 4. PEBMATOVAHDBIN aPTPUT, CIOHAUNOAPTPUT, apTPO3, OCTEOXOHAPO3). MPOTUBONOKa3aHUA: rMMNepyyBCTBUTENBHOCTb K KOMIMOHEHTaM npenapara, oboctperve ABX n ANK,
MKT-KpoBOTEUEeHMA B aHaMHe3e, aKTUBHbIE KPOBOTEUEHIA, HAPYLLEHWA KOAryiAaLmMK, TAXe/ble HapyLieH!A GyHKLUM NeYeHW, yMepeHHbIe/TAaxXenble HapyLweHua GpyHKLWN noyek, 6poHxXmuanbHas actMa, Taxenas
CcepAeyHas HEfJOCTaTOUHOCTb, A€TU 10 18 ieT,6epeMeHHOCTb, NakTaLysA 1 Ap. MpOTMBONOKa3aH ANns HeBPaKCUanbHOTO (3MWAypPanbHOTO U MOA0GONOYEUHOTO, BHYTPMOBOIOUEUHOr0) BBEJEHNS 13-3a BXOAALLErO
B COCTaB Mpenapara 3TaHona. Cnoco6 npumeHeHuns: 50 Mr B/B, B/M Kaxable 8-12 u. CyTouHas ao3a 150 mr, Kypc neueHus - 2 AHA. Mo6ouHble 3dpdekTbi: 6051b B MECTe MHbEKLUY, TOLLHOTA, PBOTA.

000 «bepnut-Xemn/A.MeHapuHu», 123317, MockBa, MpecHeHckas Hab., A.10, BL| «baluHs Ha HabepexHoi, 610k b. _

Ten.: (495) 785-01-00, dakc: (495) 785-01-01; http://www.berlin-chemie.ru ; EEP””H = X EM ”
ViHpopmaLma A cneLmaniicTos 3apaBooxpaHerua. OTnyckaeTca no pewienty. Mogpo6Has MHpopMaLWA COAEPXKUTCA B UHCTPYKLINM v

110 MeAVILIMHCKOMY NpuMeHeHuio npenaparta [lekcanrvH® JICP-002674/08-100408 ¢ nameHeHnamm ot 30.11.11. RU-Dex-10-2015. OpobpeHo 20.11.2015 MEHAPI/IHI/I





