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ue]lb pa60TbI — IPOBECTU aHaAJIN3 HAHOCTPYKTYPbI MHTUMbBI aOPTbI YEJIOBEKA ITPU aTEPOCKJIEPO3E U ITOKA3ATH
BO3MOJKHOE Z[eﬁCTBHe IIperapaTa «HMOAEKC» Ha aTEPOCKIIEPOTUIECKUE OMIAIIKY.

Marepuas u metozpr: O6pasiibl HHTUMbI A0PThI MOJIY YA 13 YYACTKOB C IIPU3HAKAME aT€POCKIEPOTUYECKUX U3-
MEHEHUIT Ha PA3JIMYHBIX dTanax ux hopmupoBatst. DparMeHTbl A0PT MHKYOHUPOBAIN B PACTBOPE, COIMEPIKAIIEM IHK-
JofiekeTprHbl. B pabore nenoszosanu pactBop npenapata HUOJIEKC — npornuieHrinKoeBblii a¢hup Geta-1ukiIo-
JekcTprHa. Ha mpeIMeTHBIX CTeKIaX ¢ MOMHIN3HHOM (hOPMUPOBATN CJIOH WHTUMBI a0pThl. OGpasIbl MOMEIIAIN B
pabouyio 30Hy aTOMHOTO CUJI0BOrO MUKpockora <« urerpa [Tpumas (NT-MDT, PD) u ckaHUpOBaiu OBEPXHOCTH UC-
caiestyeMbix 00pasios. Yucso touek ckanupoBarust — 512, mosist ckanuposatust: 100X100 mxm, 2000<2000 HM.

Pesyabrarel. [IpoBezena kiaccudukaryst 06beKTOB HAHOIIOBEPXHOCTH, BBIIEJIEHBI XapaKTepHble (hParMeHTHI:
Kparepbl, XpeOTbl, TpabeKy IsIpHbIe HUTH, JIaHbl KOJIMYECTBEHHbIE OLIEHKU X pasMepoB. Boigesnero 27 pparMeHToB,
KOTOpbI€ MICHTU(UIIUPOBAIUCH KAK PACTYIIHE X0JIeCTepUuHOBbie Ok, 13 Hux B 061actu XpeOTOB BbIIeIEHbI
16 dparmentos ¢ pasmepamu 900—1200 uwm, a B o6aactu kparepos — 11 (600—1050 um). [leiictBue mpemapara
<HUOJIEKC» BBI3BIBAIIO IECTPYKITHIO JIUTTUHBIX TISITEH U CIIAKIBAHUE TTOBEPXHOCTH NHTUMBL. V3 27 unentudurm-
POBaHHBIX 00BEKTOB OOJIbIIE TIOJIOBUHBL — 15 ymenbiuiu cBoii pasmep Ha 30% u 6osiee (B cperrem g0 340—400
um). Y 7 dparmentos crkenue coctapuiio (10—15)%, y ocrambubix 5 hparMeHToB CHUKEHNE BBICOTH 00pa3oBa-
s 6110 Menee 10%.

3akimoueHue. Hpel[BapI/ITeJIbeIe PE3YJIbTAThI TO3BOJIAIOT MPEAIIOJIOKUTD, YTO BO3/IEliCTBUE Iperaparta «H1uo-
JIEKC» Ha MHTHUMY aOpPThbI BEJAET K 3aM€/IJIEHUIO 1 CHUKEHUTIO MHTEHCUBHOCTU ITPOIECCOB (l)OpMI/IpOBaHI/IH aTE€POCK-
JIEPOTUYECKUX OaANIeK Ha (I)paI‘MeHTaX MHTUMBI.

Kmouesvte cnosa: unmuma aopmol 4ejnloeexka, amepockiepomuuecKue 6fmumu; Huoaeicc; HaHoCmMpyxmypa,
AmoMmMHas CUNL06a41 MUKPOCKONUSL

Anpec 15 KOPPECIOHIEHITUU: Correspondence to:

Apxanuii TonyGes Mr. Arkady Golubev
E-mail: arkadygolubev@mail.ru E-mail: arkadygolubev@mail.ru
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OPMI‘MHQAI)HLIC UCCACAOBAHWUI

Objective: to analyze the nanostructure of human aortic intima in atherosclerosis and demonstrate the poten-
tial effect of Niodex on cholesterol plaques.

Materials and methods. Samples of intima were taken from those parts of aorta, where different stages of ath-
erosclerotic chages were obvious. Aortic samples were incubated in a solution containing cyclodextrins. A solution
of NIODEX, a propylene glycol ester of beta-cyclodextrin, was used in the study. A layer of aortic intima was
formed on the glass slide surface with polylysine. The samples were placed into the working area of an atomic-force
microscope (Integra Prima, NT-MDT, Russian Federation), and their surfaces were scanned. The number of imag-
ing points was 512; and the imaging regions were as follows: 100X100 xm, 20002000 nm.

Results. Classification of nanosurface objects was performed and typical fragments (craters, ridges, and trabecu-
lar fibers) were identified, and quantitative assessment of their sizes was carried out. 27 fragments were identified as
growing cholesterol plaques. 16 of them measuring 900—1200 nm were identified near ridges, and 11 near craters
(600—1050 nm). Niodex caused destruction of lipid spots and smoothing of the intima surface. More than a half of
the 27 identified objects (15) demostrated a 30% and more decrease in size (median 340—400 nm). A 10—15%
decrease was registered in 7 fragments; in the remaining 5 fragments, the decrease in the lesion size was less than 10%.

Conclusion. Raw data permit to suppose that the effect of Niodex on the aortic intima results in decceleartion

and decreased intensity of atherosclerotic plaque growth on the intima fragments.

Key words: human aortic intima; atherosclerotic plaques; nanostructure; atomic-force microscopy
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Beenenue

KioueBas posib B 1arorenese arepockJieposa
OTBOJUTCS MOBPEKACHUIO 9HIOTEINATBHBIX KJIETOK,
B yacTHOCTH, rankokasimkey [1]. VI3BecTHO, uTO aTe-
POCKJIEpO3 a0PTHI PA3BUBAETCS B HECKOIBKO CTa/INI.
Brauaste a0 06pasoBatiie TUMHAHOTO msaTHA. Ha Ta-
KUX YYaCTKaX 00Pa3yIoTCst KOMILTEKCH COeMHEHHIT,
COCTOSIIIIE U3 JUMHAOB (MTPEeNMYTIECTBEHHO XO0JIec-
TepuHa), GETKOB U MTPOUCXOIUT WX OTIOKEHNE B WH-
THMe. 3aTeM 3TO pa3pacTaHie B YIaCTKaX >KUPOBBIX
OTJIOKEHUN MOJIOZION coenHuTeabHON TKanu. Ilo-
CTeTleHHO neT (OpPMHUPOBAHUE aTepOCKJIepOTHIeC-
KO¥i OJISIIIIKH, COCTOSIIIEN U3 KUPOB U COEAMHUTE b=
HOTKAQHHBIX BOJIOKOH.

B mocsietame TOBI OCYIIECTBIISETCST aKTUBHBIN
MOMCK (hapMaKoJOTUYECKNX IIPernapaToB, IMpery-
MIPEKTAIONTIX Pa3BUTHE aTepOCKIepo3a. B ombITax in
Vitro MOKa3aHo, YTO MUKIOAEKCTPUHBI CITOCOOHBI
pacTBOPSTE UG (hruGpodIacToB. Bosbimasd 4acTh
XOJIeCTepHHA YAAJISeTCs U3 KJIETOK B TepBble 1—2
vyaca wHKyGarwu [2]. IIpu mepopaibHOM BBeIECHUU
IIUKJIOZIEKCTPIHA Y MBIIIEH 0TMEJAIOCh CHIKEHNE B
IIa3Me KPOBH XOJIeCTePHHA 1 CIOKHBIX 3(DUPOB XO-
necteprHa Ha 14—20%, CHIUIKAMOCh COMEP/KaHME
1poaTeporeHHbIX Juitonporensos [3]. Bsexenue
MBITIaM ITUKJIOEKCTPITHA YMEHBINAT0 PasMep aTepo-
CKJIEPOTHYECKUX OJIAMIeK. 3a cYeT aKTHBAIINN MaK-
podaros u3 aTepOCKIEPOTHUECKUX OIISIIEK AKTUBHU-
pyercs orTok xosectepnHa [4]. Ilokasano, dTo
IIUKJIOJIEKCTPUHBI TTOTEHI[UUPYIOT aHTHATEePOCKJIe-
POTHUYECKYIO aKTHBHOCTD PAllaMHUIIMHA B Pe3yJbTaTe
cenexkruBHoro nurn6uposanus mTORC1 [4].

B macrosiiiiee Bpemst pazpaboTaH aHTHATEPOTEH-
HBII TIPeTapaT HOBOTO TTOKOJIEHNST Ha OCHOBE ITHKJIO-
JeKCTPIHOB — <«HHUOZeKc». VccmenoBanns cBuje-
TETHLCTBYIOT O €70 CTIOCOOHOCTH CHIKATD COZIEPIKAHIIE
KOJIJIareHa ¥ TI0JTNCAXapyuioB B aTEPOCKIEPOTHUECKUX

Introduction

Endothelial cell damage (in particular, glycoca-
lyx) plays a key role in the pathogenesis of athero-
sclerosis [1].The course of aortic atherosclerosis
includes several stages. First, a lipid spot appears.
Compound complexes consisting of lipids (mainly,
cholesterol) and proteins are formed at such sites,
and their deposit in intima takes place. Then young
connective tissue grows at lipid deposits. An athero-
sclerotic plaque consisting of lipids and connective
tissue is gradually formed.

Researchers have been actively searching for
pharmaceutical products that could prevent athero-
sclerosis. In vitro experiments demonstrated that
cyclodextrins can dissolve fibroblast lipids. The
greatest portion of cholesterol is eliminated from
cells within the first 1—2 hours of incubation [2]. A
14—20% decrease in cholesterol and cholesterol ester
plasma levels and a decrease in pro-atherogenic
lipoproteins were registered in mice following oral
administration of cyclodextrin [3]. Cyclodextrin
administration reduced the size of atherosclerotic
plaques in mice. Cholesterol outflow from the
plaques is activated due to macrophage activation
[4]. Cyclodextrins were demonstrated to potentiate
the anti-atherosclerotic of rapamycin as a result of
selective mTORC1 inhibition [4].

A new generation, cyclodextrin-based
antiatherogenic medicinal product, Niodex, has been
developed to date. Studies demonstrate its potential
to reduce the collagen and polysaccharide content in
atherosclerotic plaques. It is obvious from histologi-
cal and histochemical findings: the intensity of colla-
gen coloration and the intensity of PAS reaction are
decreased. First of all, these changes are registered in
the fibrous part of an atherosclerotic plaque and at
the sites where cholesterol crystals are located.

OBIJAA PEAHMUMATOAOTIM, 2016, 12; 5
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GsIITKaxX. JTO MOKA3AIN PE3YJIBTATHI THCTOIOTIYEC-
KOTO ¥ TUCTOXUMUYECKUX HMCCIETOBAHMIL yMEHbBIIIA-
€TCsl MHTEHCUBHOCTh OKPAITMBaHUS KOJIJIareHa, CHU-
kaetcsa mHTeHCHBHOCTD IIUMK-peakmun. Ilpexne
BCEr0, 9TH U3MEHEHHUST PETUCTPUPYIOTCS B GUOPO3HOI
YACTH aTePOCKIEPOTHUECKOH OJATIKK M B yYaCTKAX
JIOKAJIM3AINY KPUCTAJIIOB XOJIeCTePHUHA.

Bce crammm pasBUTHS aTepOCKIEPO3a IMTHPOKO
MPEJICTABJIEHbl B JIMTEPATYPE M300PAsKEHUSIME THCTO-
JIOTHYECKHX CPE30B TIPU OIITUYECKON MUKPOCKOITHH |5 ].

lucTonornyeckre MeTO/bI TIO3BOJISIIOT AHAJH-
3UPOBATh MUKPOCKOITUYECKUE N3MEHEHNUS B CTPYKTY-
pe UHTUMBI 20PTHI (pa3pelieHre He BbIllie MUKPOHA),
HO He /Ial0T BO3MOKHOCTH IIPOCJIEINTD, KaK MOSBIIS-
I0TCSI 9T M3MEHEHST Ha MOJIEKYJISIPHOM YPOBHE.

HauboJiee adeKTHBHO aHHast 3ajiaua MOKET
OBITh pelieHa ¢ MOMOIIBI0 ATOMHOI CHTOBOI MUKPO-
ckorm# [6, 7]. Vcrionb3ys MeTOANKYA aTOMHOW CUJIO-
BOWl MHUKPOCKOIIMH, MOKHO HaOJfofaTh HE TOJBKO
KaK 3apOKIAIOTCS ATEPOCKIEPOTHYECKIe OJISIIKM,
HO W PETUCTPUPOBATH TIPOTIECCHI UX TTOABIEHUS aH-
THATEPOTEHHBIMU TIPeapaTaMu.

ITesib paboThl — MPOBECTH AHAJIN3 HAHOCTPYK-
TYPbI MHTUMBI 20PThI Y€JIOBEKA TIPU aTEPOCKIIEPO3E U
MOKa3aTh BO3MOXKHOE JIEHCTBUE TIpernapara <HUO-
TEKC» Ha aTePOCKIEPOTHIECKIE OJISATIKHA.

Marepuan u MeTObI

[IpoBenen ananus cTpyKTypbl MHTUMbBI 20T (24 dpar-
MEHTa), U3bATHIX Y 5 GOIBHBIX, yMEPIIUX B PE3YJIbTaTe 0C-
JIOJKHEHUiT aTepockieposa. [Ipernaparsl HHTUMbBL A0PT Obi-
s ostydensl B KB Ne um. C. I1. BorknHa.

OG6pasibl UHTUMbI A0PTHI TIOJYYAJIH U3 yYaCTKOB C
[IPU3HAKAMU ATEPOCKJIECPOTUUECKUX H3MEHEHUI Ha pas-
JIMYHBIX aTanax ux ¢opmupoBanus. Ilpemaparsl MHTHMBI
obpabarpiBasii B (pU3NOTIOrNYECKOM PACTBOPE, COMEPIKa-
M IIUKJIOEKCTPaH. [UCToIOTHYeCKe cpe3bl OKpaIinBa-
JI TeMaTOKCUJIMHOM U 903WHOM, 10 Ban [m3ony, mpoBoan-
s I K-peaxiiuio. /[Jist THCTOIOrMYECKOTO UCCTIEI0BAHUST
cpe3oB ucnoab3oBann mukpockon Olympus BX41 (Slmo-
uist). KoHTposibHbie 00pa3iibl HHTHMBI 20PTHI He MOBEpra-
JIN BO3/IEHCTBUIO aHTHATEPOCKJIEPOTHYECKOTO TIperapara.
Bce uccnenoBanust mpoBOMIN B COOTBETCTBUU ¢ HOPMaMU
atudeckoro kKomurera OBTHY HUU OP. ®Oparmentst
A0pPT MHKYOUPOBAJIU B PACTBOPE, COIEPIKAIIIEM IIUKIIOIEKC-
TpuHbL. B pabore ncnosnbzosanu pacrsop mnpenapara HIO-
JEKC — nponuieHraukonesbiii aup Gera-1nKiIoaeKkcT-
puna. MakyO6atmio npoBoausu B redenue 30 muny, 1, 3, 24
gacoB. DparMenTsl A0pT (4X8 MM) DUKCHPOBATIN B HEHT-
pasibHOM (hopMmasnHe.

Jlist wicesieioBamst 06pasIoB B 10Jie AaTOMHOTO CHJIOBO-
'O MUKPOCKOIIA Ha ITPEIMETHBIX CTEKIaX (POPMUPOBAJIH CJIOH
UHTHUMBI 20PTbI, KOTOPbIN OT/AEJISUIN OT APYTHX cyioeB. OOpas-
I[bl MHTUMbBI A0OPTbl BBUICJISAIN M3 HEM3MEHEHHBIX OT/IETIOB
BHYTPEHHETO CJIOS1 A0PTbI, U3 30H JIMITH/HBIX TISITEH 1 U3 yJa-
CTKOB C(hOPMUPOBAHHBIX ATEPOCKIEPOTUUECKUX OJISIIEK.

B kaxkmpoit aopre Bbigessau (GparMeHT MHTHUMBI
(«obpaserr») pazmepom 10x5 mm. O6pasiisl purcuposa-
JIM Ha TPEJIMETHBIX CTEKJIAX C MOJMJIN3UHOM. 3aTeM, 06-
pasibl moMeIanu B pabouyio 30HY aTOMHOTO CHJIOBOTO

All stages of atherosclerosis are substantially
illustrated by microscopic sections [5].

Histological tests permit to analyze macroscop-
ic changes in the aortic intima (with the resolution of
not more than 1 micron), but they do not allow to
trace the manifestations of these changes at a molec-
ular level.

However, this problem may be solved using the
atomic-force microscopy [6, 7]. The atomic-force
microscopy permits to observe not only the early
stages of atherosclerotic plaques, but also to trace
their suppression by antiatherogenic agents.

The objective of the study is to analyze the
nanostructure of human aortic intima in atheroscle-
rosis and demonstrate the potential effect of Niodex
on cholesterol plaques.

Materials and Methods

The structure of aortic intima (24 fragments) taken
from 5 patients (who died of atherosclerotic complica-
tions) was analyzed. Aortic intima specimens were
obtained in S. P. Botkin's State Municipal Hospital.

Samples of intima were taken from those parts of
aorta, where different stages of atherosclerotic changes
were obvious. The intima specimens were treated with
cyclodextran dissolved in the saline. The microscopic sec-
tions were stained with hematoxylin and eosin (Van
Gieson staining), and the PAS reaction was performed.
The Olympus BX41 microscope (Japan) was used for the
histological study. Reference samples of aortic intima were
not exposed to the antiatherogenic agent. All studies were
performed in accordance with guidelines of the Ethic
Committee under the Scientific Research Institute of
General Reanimatology. Aortic samples were incubated in
a solution containing cyclodextrins. A solution of
NIODEX, a propylene glycol ester of beta-cyclodextrin,
was used in the study.

The samples were incubated for 30 minutes, 1,3, and
24 hours. Aortic fragments (4x8 mm) were fixed in neutral
formalin.

A layer of aortic intima was separated from other
layers and placed onto glass slides to be examined by an
atomic-force microscope. The intima samples were iso-
lated from unaltered portions of the internal aortic layer,
from lipid spot sites, and from grown atherosclerotic
plaques.

A 10x15 mm intima fragment («sample») was isolat-
ed in each aorta. The samples were fixed on glass slides
with polylysine. Then the samples were placed into the
working area of an atomic-force microscope (Integra
Prima, NT-MDT, Russian Federation), and their surfaces
were scanned. The imaging was performed in the resonant
semi-contact (tapping) mode using the microscope soft-
ware [8]. The fpN10 cantilevers (NT-MDT, Russian
Federation) with a <22° apex angle and ~3—5 nm radius.
The interaction force during the imaging was 0.1—5 nN.
The number of imaging points was 512; and the imaging
regions were as follows: 100x100 pum, 2000x2000 nm.
First, 100100 pm aortic intima nanostructures were
obtained. Then, the fragments were scanned in a
2000x2000 nm field, if necessary.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2016, 12; 5



DOI:10.15360,/1813-9779-2016-5-8-15

OPMI‘TAHQ,ABHBIC MCCACAOBAHM I -

mukpockona «Murerpa [Ipumas (NT-MDT, PD) u cka-
HUPOBAJIM MMOBEPXHOCTU HCCIeiyeMbix 00pa3ioB. Cka-
HUPOBaHUE IPOBOJIUIN B PE30HAHCHOM IOJYKOHTAKT-
HOM pEXHME C HCIOJTb30BAHMEM MaTeMaTHYeCKOTo
obecriedenusi aToro Mukpockoma [8]. Mcmoab3oBasiu
kanTuiesepsl fpN10 (NT-MDT P®) ¢ yriowm mpu Bep-
muHe <22° u paguycom ~3—5 HM. Cuiia B3auMojieicr-
Bus nipu ckanupoBanuu 0,1—5 wH. Yucsno touek ckanu-
posanus — 512, mons ckamumposanus: 100x100 Mrwm,
2000x2000 am. Bravyane momxyyann ¢parMeHThI HAHOCT-
pykTypbl uHTUMBI 20pThI 100x100 MxM. 3atem, ecsin Tpe-
60BasoCh, ckaHUpoBasiu yuacTku B moJe 20002000 Hwm.

PesyubraThl 1 00Cy>KAeHUE

AToMHAas cUI0Basi MUKPOCKOITUS B OTJIUYHE OT
OIITHYECKOI MO3BOJISIET TIOJTyYaTh H300pasKeHUsI 110-
BEPXHOCTH 00pasiia ¢ pasperieHneM 10 1 HM 110 m1o-
ckocry, u 710 0,1 u#M o ocu Z [9]. JlasamadT HaHO-
MOBEPXHOCTH MHTUMBI Q0PThI BeChMa BapraOeIbHbII
U cnoxkHbIi. [ToaTOMy HEOOXOAUMO GBIJIO BBIAETUTH
Ha HEM HEKOTOPbIe XapaKTepHble 00BEKTHI TS J1a/Ib-
Heiimero ananusa. B panHoil pabore paccmarpuBa-
I0TCS TOBEPXHOCTU B HaHoawamazoHe. [ToaTomy
GoJIbIIINE TIepenajibl CTPYKTYP MHTUMbI (HECKOJIBKO
COT MKM) 3/IeCh He YUYUTBIBAIOTCS. THITMYHAS HAHO-
MMOBEPXHOCTh MHTUMBI MTPeJICTaBIeHa Ha puc. 1, a.

Ha atom o6pasiie Bbigesenbl 061acti 60IbIINX
U MaJIbIX KpaTepoB, 06J1acTh XpedTa, TpabeKyJIsipHbIe
HUTH. DTH 00JIaCTH UMEIOT XapaKTepHble KOH(PUry-
panuu 1 pasmepsl. Pacemorpum ux 60Jiee nogpooHo.

O6nacTu 6OJIBIIMX M MaJIbIX KpPaTepPOB IPE/-
crasyienbl Ha puc. 1, b, ¢. 10 061aCTU ¢ TUIIUYHBIMK
KOJIBIIEBBIMU OOPA3OBAHUSIMH, PasMePbl KOTOPHIX
BapbUPYIOT B IMHUPOKUX Tpesesax. boJbime Kpare-
PbI MOTYT UMeTh gramerp oT 1—5 g0 100 u Gosiee Mu-
kpoH. IIpu atom ux riy6uHa gocturaer 200—500 HM.
[Tpy BOBHUKHOBEHUU JIMITUAHBIX TISITEH WX IJIyOUHA
MOKET JIOCTHTaTh HECKOJbKUX MWKPOH. [loBepx-
HOCTB OOJIBIIIMX KPaTepoB, KaK IPABHUJIO, HOCUT BbI-
pa’KeHHBIN mIepoxoBaThili xapaktep. llapameTpsr
mepoxoBaroctu coctasistior 30—150 um. Masbie
KpaTepbl BCTPEUYAIOTCS HA MHTUME CYIECTBEHHO Ya-
mre. Mx xapaktepnbie guamerpst 0T 120—150 1o 900
oM. OHM Mesibue, yeM GOJIbIIHE KPaTepbl U MOTYT
UMETh KaK KOJIbIEBYIO, TaK U BBITSHYTYIO KOHpUTY-
pario. bosbiiime n Masibie KpaTepbl HAKJIAIbIBAIOTCS
Ha JIpyTHE CTPYKTYPbI M 3aHUMAIOT MPAKTUYECKH
BCIO TIOBEPXHOCTH MHTUMBI.

JlanamadT HAHOMOMEPXHOCTH UHTUMBI B 00J1a-
cTi XpeOTa U TpabeKyISIPHBIX HUTEH TPe/ICTaBIeH Ha
puc. 1, d, e.

XpeOTbl — 3TO BBITSIHYThIE BBICOKHE CTPYKTY-
PbI UTATENBHOM TPOTsiZKeHHOCTH. OCOOEHHOCTD 9THX
00pasoBaHUil B TOM, 4TO UX BBICOTA Ha BCEH MPOTsI-
JKEHHOCTH MeHsteTcst He Oosiee ueM Ha 40%. Boicora
takux obpasosanuii 300—700 HM, a MX IPOTSKEH-
HOCTb — JI0 HECKOJIBKHX JECITKOB MUKPOH. Hureo0-
pasubie KoHpurypamuu BbicOTOH 10 50—150 HM,

Results and Discussion

Unlike the optic microscopy, the atomic-force
microscopy permits to obtain images of a sample
with a resolution of 1 nm in plane and up to 0.1 nm
along the Z axis [9]. The profile of the aortic intima
nanosurface is variable and composite. Therefore,
typical objects should be isolated for the further
analysis. This paper dwells on nanosurfaces.
Therefore, structural differences (hundreds of pum)
are not taken into account. A typical intima nanosur-
face is presented in Fig. 1, a.

In this sample, areas of large and small craters,
the ridge, and trabecular fibers are highlighted.
These areas have typical shapes and sizes. Let us con-
sider them in details..

Areas of large and small craters are presented in
Fig. 1b, c. These are areas with typical ring-shaped
objects whose sizes vary within a large range. Large
craters may be 1—35 to >100 microns in diameter. At
that, their depth may be equal to 200—500 nm. The
lipid spots may be several microns deep. The crater
surfaces are usually rough. The roughness degree is
about 30—150 nm. Small craters are more common
in the intima. Their typical diameters are from
120—150 to 900 nm. They are smaller than large
craters and may be ring-shaped or oblong. Small
and large craters overlap other structures and cover
almost the whole surface of the intima.

The profile of the intima nanosurface in the
area of the ridge and trabecular fibers is presented in
Fig. 1, d, e.

Ridges are oblong, high, long structures. The
feature of these objects is that their height varies
within the range of not more than 40% along their
lengths. The height of these objects is 300—700 nm,
and there length is dozens of microns. Thread-like,
curvilinear, trabecule-like objects up to 50—150 nm
high are called trabecular fibers (Fig. 1, ).

The formation of lipid spots is presented in
Fig. 2.

At the same time, lipid spots were identified
using standard histological techniques.

Lipid spot outgrowths appear on the typical
intima surface (Fig. 1) as a result of abnormal
processes described above. Such outgrowths were
observed as single (Fig. 2, b) and multiple objects
(Fig. 2, a) on the 100X100 pum surface. Since the
intima nanosurface is variable and composite, the
detection of lipid spots is quite a problem: it is nec-
essary to differentiate between the plaque out-
growth and normal surface. The following technique
was applied. If the object was near a crater, then the
value of 300—350 nm was taken as a midline. This
line was equal to 500 nm for the ridge. The spot
height was measured against this line. The lipid
spots projected above the profile surface by 600—
1200 nm. However, this approach was not a guaran-
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Puc. 1. JlanamadTt noBepXHOCTH HHTUMBI A0PTHI.

Fig. 1. The landscape of aortic intima surface.

Note. a — a typical profile of a normal aortic intima surface. 100X1000 pum image; b — large crater; ¢ — small craters. 3500%3500 nm
image. b7 and ¢7 — the profiles of b, ¢ surfaces; d — the area of the ridge. 10X10 pm image. ¢ — the area of trabecular fibers. 3X3 um image.
IIpumeuanue. a — TUTMYHBIN JaHAIADT TOBEPXHOCTH HUHTUMBI 20pThl B HOpMe. Ckan 100X 100 MmxM. b — GOJIbIION KpaTep; ¢ — Majibie
kparepbl. Ckarbl 3500X3500 um. b7 u ¢1 — npoduiu nosepxuocreil b u ¢. d — obnacts xpedra. Cranbl 10X10 MM, e — obsacTb Tpa-
Gexymsapubix HuTeil. Ckamnbr 3X3 mim. Crater areas — obmactn kparepos; Protuberance — Boimykmocts; Ridge — xpeber; Trabecular
fibers — TpaGexynspHbIe HUTH.
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a b

Puc. 2. @opmMupoBaHue JUIHIHBIX NSATEH.
Fig. 2. The formation of lipid spots.

Note. Multiple spots (a) and a single spot () are marked by arrows; ¢ — lipid spot growth.
IIpumeuanne. Muo)ecTBeHHbIE (@) 1 eAuHUYHOE (D) JUIHUIHBIE ITHA OTMEYEHBI CTPEIKAMU; ¢ — POCT JIMITHUHOTO TISITHA.

HMeIoIIe KPUBOJMHEIHY IO FeOMETPHIO U BUJ[ Tpabe-
KyJI, HazBaHbl TpabeKyaspHbBIMU HUTsIME (puc. 1, €).

OO6pasoBaHue JIMIUIHBIX ISATEH HAa HHTHME
aoPThI TIOKA3aHO Ha PUC. 2.

JlumiHble TATHA MapasuielbHO UAEHTUMUITPO-
BaJIM CTAHIAPTHBIMU IMCTOJIOTUIECKUMI METOIAMHU.

Ha tunmmanoit moBepxHOoCTH UHTUMEI (prc. 1) B
pesyJibTaTe TMaTOJOTHIECKUX TIPOTIECCOB, OMMCAHHBIX
BBIIIIE, BO3HUKAIOT BLIPOCTBI JIMTIA/HBIX TIsiTeH. Takue
BBIPOCTBI HAOMIOAAIN KaK OAMHOYHbIE 00PA30BAHMUS
(puc. 2, b), Tak U OJTHOBPEMEHHO 110 HECKOJIBKO 00pa-
3oBanuii (puc. 2, a) Ha nosepxuoctu 100X100 MkM.
Besenersue BapuabesibHOCTH M CJIOKHOCTH HAHOIIO-
BEPXHOCTU WHTUMBI BBISIBIEHUE JIMIHUIHBIX TISITEH
MIPEJICTABJISIET OT/IEBbHYTO 33/1a4y: UTO CYMTATD BBIPO-
CTOM OJISITIIKK, @ UTO MPUHAJIEKUT HOPMAJIbHOI T10-
BepxHoctu? Ecim o6pasoBaHue pacroJiaranioch B
paifoHe KpaTepa, TO 3a CPeIHIOI0 JIMHWIO CUUTAJIH
300—350 rm. g xpeOra sra unust cocrasiisiia 500
HM. OTHOCUTEJIHLHO ATON JTMHUHM OTCUUTBIBAIN BbICO-
Ty TisITHA. JIMTUIHBIE TISITHA BBICTYTIAJIN HAJl CPeTHEe
sunaneit mangmadra Ha 600—1200 um. Ho u takoii
MIOJIXO/T HE TAPAHTUPOBAJI OTHO3HAYHOTO PACIIO3HABA-
HUSI MCKOMBIX OOBEKTOB. BJISIIKH MOIJI Paciioia-
raThCst M BO BIQJIMHE W HAa CKJIOHAX KPAaTEPOB WJIH
xpe6ToB. Takue hparMeHTsl B paboTe paccMaTpuBaIm
Kak apTehakThl U He aHATU3UPOBAJIH.

Ha HavasbHBIX CTAIUSAX PA3BUTHS JUITHU/IHbIE
[ATHA UMeJTH OJIMBKIE MEKLY COOO0I pasMepbl U KOH-
uryparuio. VX ;KeCTKOCTh OTJIUYAIACH OT TAKOBOI
cpeHell CTPYKTYPbl HHTUMBI (M KpaTtepoB 1 xpeOrTa)
B 1,2—1,4 pasa.

ITo Mepe pasBuTHs Tpoiiecca 00pasoBaHM JIv-
MUHBIE TSTHA YBEJIWYUBAJIU CBOM pa3Mephl /10 4
MKM (Kak Ha puc. 2, ¢). OIHOBPEMEHHO POcJia UX XKe-
crroctb [10, 11]. Ona yBesnunsasach na 10—20% 1o
CpaBHEHMIO ¢ HaYaIbHOI (hazoii pocra (puc. 2, ¢). B

tee for identification of required objects. The
plaques could be located both in the cavity and on
slopes of craters or ridges. Such fragments were con-
sidered as artifacts and were not taken into account.

At early stages, the lipid spots had similar sizes
and shapes. Their stiffness differed from that of the
median structure of the intima (both craters and
ridge) by 1.2—1.4-fold.

Then, with the course of growth, the lipid spots
grew up to 4 pm (as seen in the Fig. 2, ¢). At the same
time, their stiffness increased [10, 11]. It increased
by 10—20% as compared to the initial stage (Fig. 2,
¢). In this study, for technological reasons, the stiff-
ness was measured by atomic-force spectroscopy
using a dry sample. Therefore, stiffness changes are
expressed only in relative units.

27 fragments were identified as growing choles-
terol plaques in 24 samples. 16 of them measuring
900—1200 nm were identified near ridges, and 11
near craters (600—1050 nm). The limited number of
findings is related, first of all, to diffiulties of identi-
fication of incipient plaques against the background
of a composite intima surface, as well as to labor-
intensiveness of anlayses of this nanosurface.
Differences in shapes and sizes fo the isolated frag-
ments do not permit to conclude that they are relat-
ed to craters or ridge, or that this or that object on
the nanosurface provokes the growth of atheroscle-
rotic plaques with a more or less degree of certainty.

Niodex caused destruction of lipid spots and
smoothing of the intima surface. More than a half of
the 27 identified objects (15) demostrated a 30%
and more decrease in size (median 340—400 nm). A
10—15% decrease was registered in 7 fragments; in
the remaining 5 fragments, the decrease in the lesion
size was less than 10%. The decrease in less than
10% was considered insignificant.
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JaHHOH paboTe B CHJIy TEXHOJOTHMUYECKUX MPUYMH
JKECTKOCTh ObLjIa M3MEPEHA METOOM aTOMHO-CHUJIO-
BOII CIIEKTPOCKOIIIH Ha cyXoM oOpasiie. [ToaTomy ns-
MEHEHUST JKECTKOCTH TPUBO/ISTCS TOIBKO B OTHOCH-
TENbHBIX €INHUIIAX.

Bcero B 24-x obpasuax ObLio BblaeseHo 27
(bparmeHTOB, KOTOpBIE WACHTU(DHUIMPOBAINCH KaK
pacryIiue XoirectepuHoBbie Orstiku. 13 Hux B 06J1a-
¢ty XpeGToB ObLIK BhigeaeHbl 16 pparMeHTos ¢ pas-
mepamu 900—1200 M, a B obaactu kparepos — 11
(600—1050 mm). OrpaHUUYeHHBIN 0OGBEM pE3yJIbTa-
TOB BbI3BaH, TIPEKIE BCETO, TPYAHOCTSIME WIEHTH-
duxanyy 3apoxgaommxca ossiex Ha GoHe CI0XK-
Horo JiaHmadTa HHTUMBI, a TaK JKe TPYI0EMKOCTHIO
aHa/Iu3a HTOM HAHOIIOBEPXHOCTU. Pazbpochl pasme-
POB U KoH(MUTYpaIus BbIIETEHHBIX (DPArMEHTOB He
MO3BOJISAIOT CYUTATh, YTO OHM Yallle TPUHAIIEKAT
xpebTaM U KpaTepam.

[leiicTBUE TIpemapaTa «HUOAEKC»> BBHIZBIBAJIO Je-
CTPYKIUIO JIMIUAHBIX TISITEH U CIJIQKUBAaHUE TI0-
BEPXHOCTU MHTUMBL. V3 27 uaeHTu(GUIIMpoBaHHbIX
00bEKTOB GOJIBIIE TIOJOBUHBI — 15 YMEHBIITIIIN CBOI
pasmep Ha 30% u 6ostee (B cpenreM no 340—400 Hwm).
Y 7 dpparmentos cumkenne coctapmio 10—15%, y
OCTAJIBHBIX 5 (PAarMEHTOB CHIIKEHUE BBICOTHI 0Opa-
3oBaHust 6bw10 Meree 10%. CHUZKeHME pasMepa Me-
Hee, yeM Ha 10%, cauTaIN HE3HAYUTETHHBIM.

IdbdekT peiicTBUS Tpenapara  «HUOMEKC»
IpejicTaBjIeH Ha puc. 3.

OO6umit nanmuadHplii Hepenajs Haj cpeaHen
JINHUEN TOPU30HTA HA TIPEBBIIaeT 1 MKM U €ro mo-
BEPXHOCTH HE NUMEET PE3KO BHIPAKEHHDIX BBICTYIIOB.

3akaoueHue

Jlannas pabora MMeEET IOMCKOBBINA KCIIEPH-
MEHTAJThHBIN XapakTep. C/emana MombITKA KJIaCCH-
(buranum HaHOOOGBEKTOB CIOKHON TOBEPXHOCTH MH-
TUMBl QOPTHI 4ejoBeKa. Pas3bpochl pazMepoB
BbIJIEJIEHHBIX (DPArMEHTOB HE TO3BOJISIOT CUNTATD,
YTO TO WM HHOE 00pa3oBaHUe HA HAHOMTOBEPXHOCTH
UHTUMBI (XpeOThI, KpaTepbl) B GOJIbINEH N B MEHb-
el crerneHyu MPOBOIMPYET 00pasoBaHue OJISIIIEK.
[IpenBapuTesbHbIe PE3YJbTATHI, COAEPIKAIIUECS B
pabote, TO3BOJSIOT HPEANOJIOKNATD, YTO BO3IAEHCT-
BH€ TIpernapaTa «HUOJEeKC» Ha UHTUMY aOPThI BEeT
K 3aMe/JIEHUIO W CHUKEHWIO WHTEHCUBHOCTHU TIPO-
1eccoB (POPMUPOBAHUS aTEPOCKIEPOTHIECKUX OJIsT-
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Puc. 3. HaHonoBepXHOCTb HHTUMBI A0PTHI IIOCJIE JAEHCTBUS Npe-
napara HHOJIEKC.

Fig. 3. The aortic intima nanosurface exposed to Niodex.
Note. 1000X1000 nm image.

IIpumeuanue. Cxan 1000x1000 mm.

The effect of Niodex is presented in Fig. 3.

The general difference against the midline
exceeds 1 pm, and its surface does not have marked
projections.

Conclusion

This is a research and experimental study. This
study made an attempt to classify nano-objects on a
composite surface of the human aortic intima.
Differences in shapes and sizes of the isolated frag-
ments do not permit to conclude that that this or
that object on the intima nanosurface (ridges,
craters) provokes the growth of atherosclerotic
plaques with a more or less degree of certainty. Raw
data permit to suppose that the effect of Niodex on
the aortic intima results in deceleration and
decreased intensity of atherosclerotic plaque growth
on the intima fragments. Further studies are required
to obtain more detailed information about the effica-
cy of this medicinal product.

mek Ha dparMeHTax WHTHMBL Ilonyuenue Gosee
HOJIHBIX CBeJleHUit 00 9(p(HEeKTUBHOCTU JAHHOTO IIpe-
napata Oy/1eT BO3MOKHO TIPH ITPOBEICHUH JajlbHel-
X UCCJIeTOBAHTIA.
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CIIOHTAHHAA N UTHAYIIUPOBAHHASA ATPETAIIVA
TPOMBOILUTOB ITP BEPEMEHHOCTU U POJIAX

T. II. bBougaps, A. IO. Myparosa, E. A. Menbuerko
Cesepo-Kaskasckuit DemepanbHbIil yHUBEPCHUTET,

Poccust, 355009, . CraBporosib, yii. [TymkuHa, 1. 1

Spontaneous and Induced Platelet Aggregation during Pregnancy and Labor

T. P. Bondar, A. Yu. Muratova, E. A. Melchenko

North Caucasus Federal University,
1, Pushkin Str., Stavropol 355040, Russia

Ieab. VI3yunTh naMeHeHue moKasaTeseil cioHTanHoi arperaiuu Tpomborutos (Tp) y marmenTok ¢ akyiep-
CKUMHU OCJIOKHEHUSIME, aCCOI[MUPOBAHHBIME ¢ TEHETHYECKOI TpoMOOduImeil.

Marepuai u MeTopl. B3situe KpoBu y 52-X POKEHUIL IPOBO/IMIIK B [IEPBbIE CYTKU 110CJIE POJIOB IIPK COOJIIOIE-
HUW TIPaBUJI TIpeaHaJIUTHYECKOro aTana uccienoBanusa. OrnpezeeHne reHoTHa 1o moaumopdusmy PlAt/ PlA2
IIPOBOJIMIIN aMIIN(DUKAIMOHHO-PECTPUKIIMOHHBIM METO/IOM. V3yuenne reoMeTpuyecKux rnoxkasaresieil arperaTton
Tp mepudepuyeckoii kposu manuenToB posoaun mpu nomor C3M «UuTterpa [Ipumas. Crenens gocToBepHO-
CTH Pa3In4Mil U3ydyaeMbIX MTOKasaTeJieil orpeessyin mo Kputepuio ¢-CThlo/IeHTa, YPOBEHb 3HAUUMOCTH CUNTAIN
nocroBepHbiM 1ipu p<0,05.

Pesyubrarsl u 06cyskaenne. B pesysibraTe cTaTHCTHYECKOTO aHAIM3A TOTYYEHHbBIX IAHHBIX BBISIBILIM, YTO MO~
KazareJiu JUTHHBL arperatoB TP 310poBbIX GepeMEHHBIX KEHIIUH JOCTOBEPHO BBIIIE MOKa3aTeseil 310pOoBbIX Hebe-
PEMEHHbBIX Ha BCEX aTalax MpoBe/ileHus ucciegaoBanus. OTMevann yBeJndeHrne MMPUHbBI, BBICOTBI U IIJIOTHOCTH ar-
peraroB Tp y mauuentox ¢ mnosumopdusmom P1A1/P14A2 g rene penentopos Tp GP I1lb/Illa. 3menenus B
HauGoJIbLIEIl CTEIIeHN BbIPAKEHDI HA ATalle MHKYOauu jaiauteabHocTbio 15 u 30 munyT. [lpu ucciiepoBanuu reo-
MeTPUYECKUX MOKa3aresell pasinyHbIX SKCIHO3UIUI BbISIBUJIM, YTO, Y€M [OJIbIe TIPOXOAIIa HHKybalus mpob B
TepMocCTaTe, TEM CUJIbHEe PA3JINYAINCh TeOMEeTPUIECKUe TOKA3aTeN arperaToB (Takie Kak BbICOTA, JINHA U TITH-
puHa).

3akmouenne. AHain3 MOJydYeHHbIX AHHBIX TI0Ka3aJ, 4TO Hasimyue nojaumopdusma P141/P1A2 B rene perier-
topos Tp GP 11b/IIla criocobcTBYeT CHUKEHUIO TOPOTa /1 TPOMOOIIUTAPHOTO OTBETA U YCUJIMBAET CIIOHTAHHYIO
arperanuio Tp. Busyasmmsanus arperatoB yoeuTeIbHO JOKa3bIBAET M ULTIOCTPUPYET YBEJINYeH e CKOPOCTH 06pa-
30BaHMUsT arperaToB IPU TPOMOOTHICCKUX OCIOKHEHUSX OEPEMEHHOCTH.

Kntouesvie caoea: azpezayuonnasi axmusHocmy mpomMOouumos; 6epemMentvle HeHUUHbL;, NOIUMOPPDUIM 2eHa;
CKaHUpYOwas 30H008as MUKPOCKONUSL, MPOMOODuaUs.

Objective: to evaluate changes in characteristics of spontaneous platelet (Pt) aggregation in patients with
obstetric complications associated with hereditary thrombophilia.

Materials and methods. Blood samples were taken from 52 recently confined women on the first day after
labor; at that, ethic regulations for the pre-analytical phase were followed. Determination of PlAt/ P1A2 poly-
morphism enotype was performed by means of amplification-restriction analysis. Geometrical characteristics of
patients' peripheral blood Pt aggregation were studied by means of AFM Integra Prima. The degree of confi-
dence of the parameters under test was determined using the ¢-test, and the significance level was considered
valid at P<0.05.

Results. A statistical analysis of the findings demonstrated that the length of Pt aggregates in healthy pregnant
women was significantly higher than that in healthy non-pregnant women at all study phases. Patients with the
P1A1/P142 polymorphism in the GP IIb/IIla Pt receptor gene demonstrated increased widthm height, and density
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of Pt aggregates. The changes were most significant during the incubation phase lasting for 15 and 30 minutes. The
study of geometric parameters of different exposures demonstrated the following: the longer the incubation period,
the greater the difference between geometric parameters of the aggregates (e.g. height, length, and width).

Conclusion. The analysis of obtained data demonstrated that the presence of P141/P142 polymorphism in GP
ITb/I11a Pt gene receptor contributes to the decrease in the platelet response threshold and enhances the sponta-
neous Pt aggregation. The imaging of aggregates provides strong evidence for the accelerated growth of the aggre-

gates in thrombotic complications of pregnancy.

Key words: platelet aggregation activity; pregnant women; gene polymorphism; scanning probe microscopy;

thrombophilia
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Beenenue

ITpo6Gaema paHHeil AMATHOCTUKM, JIEYEHUS U
MpOGUIAKTUKK apTepUabHbIX U BEHO3HBIX TPOMOO-
30B SBJISIETCS OJIHON M3 IPUOPUTETHBIX MEKIACITUTI-
JIMHAPHBIX TIPOGJIEM. AKTUBAIIUSI CHCTEMbBI FeMOCTa3a
SIBJISIETCS] BAKHEHTITUM MATOT€HETUYECKIM (haKTOPOM
TeJTI0TO psifia 3a60JeBaHNH BHYTPEHHUX OpraHoB [1].

Ocoboe 3nauenue ara upodiema puodpeTaer B
aKyniepcTBe. B aKOHOMHWYECKM Pa3BUTBHIX CTpPaHaX,
rzie 3a mocseaue 30 JieT yaaaoch CHU3UTh MaTepUH-
CKyI0 CMEPTHOCTh OT KPOBOTEUYEHWIH U CeTCcHca,
TPOMGOIMOOJIHH 3AHSIIN JIMAUPYIOLIIE MO3UIUH B €€
cTpyKrype [2—4].

BepemeHHOCTD € TIEPBBIX JTHEN COMTPOBOKIACTCS
PSZIOM TUHAMWYECKUX CHUCTEMHBIX aJIarTallMOHHBIX
usmenennit. OU3NOIOTNYECKIe MEXAHM3MBbI, JIE/Ka-
e B OCHOBE 3TOTO, HAIIPABJIEHbI HA TOJJIEPKAHIE
roMeocTasa 1 oOecrieyeHre HOPMAIbHOTO PasBHUTH
mwrofa. OnxHaKO HEOOXOAUMO YUUTBIBATh, 4TO Mpu Ge-
PEMEHHOCTH MOBBIIIEH PUCK PAa3BUTHsT TPOMOO30B [5].

B mocrennue mecsatniieTus B KIMHUYIECKYTO
[IPAaKTUKY BOIILJIO MOHSATHE TPOMOOMUIIIH, XapaKTe-
pu3yIolllee TeHeTHYECKH 00YCIOBICHHOE WITH TPUO0-
PETEHHOE COCTOSIHKE TIOBBIIIEHHOTO PUCKA TPOMOGO-
THYECKUX U TPOMOOIMOOTNIECKUX OCJIOKHEHMI [6].
[TprymHa 3TUX COCTOSHUI Yallle BCero — IaToJ0Tus
cucrembl cBepThiBanus wan Tpomborutos (Tp).

Hacneacrsennbie TpomMbonurapabie TpoMOO-
(ustmr MoryT OBITH CBSI3aHbBI ¢ MyTallMeil B TeHe pe-
rentopa Tp rimkonporenta I1b/I1Ta (GP IIb/111a)
[7]. Pererrropmniit kommiexe GP I1b/II1a siBastercs
TJIAaBHBIM cpei BeeX pertenrtopoB Tp. [ox BinsaueM
oTpe/ieJIEHHBIX CTUMYJOB (azeno3unaudocdara-
AIID, tpombuna, TpoMOOKCcaHa, KoJJIareHa u jp.)
komrtekce GP 11b/I11a aktuBupyeTcst 1 B3anMoieii-
CTBYET C PasMYHbIMU JUTaHAaMu ((huOPUHOTEHOM,
dubponexTuroM, paxropom Gon Busrebpana, Bu-
TPOHEKTHHOM, TPOMOOCIIOHIMHOM ), B PE3YJIBTaTe ue-
ro poucxoauT arperanus Tp [8].

J17151 BBISIBJIEHUS TTPEIPACIIONOKEHHOCTH K Pas-
BUTHIO TPOMOO(DUIUTHYECKIX COCTOSHUN TPeOyoT-
Ccsl METOJIbI, IO3BOJSIONINE aJeKBATHO OIECHUTD
(pyHKIIMOHAIBHYIO aKTUBHOCTD TP.

B kimHWYeckoil TpakTHKe IS ONpe/eseHus
(pyHKITMOHATBHON aKTUBHOCTH TP IPUHSTO NCTIOITH30-

Introduction

The problem of early diagnosis, treatment, and
prevention of arterial and venous thrombosis is one
of most wurgent interdisciplinary problems.
Activation of the hemostasis system is the most
important pathogenetic factor of a number of viscer-
al diseases [1].

This problem is of primary importance for the
obstetrics. In developed countries, the maternal mor-
tality rate due to bleeding and sepsis was reduced
within the last 30 years. At present, thromboembolism
has become the leading cause of mortality [2—A4].

From the very beginning, pregnancy is accom-
ponied by a number of dynamic systemic adaptive
changes. The underlying physiological mechanisms
are intended to support homeostasis and provide
normal fetal growth. However, it should be noted,
that the risk of thrombosis is elevated during preg-
nancy. [5].

The concept of thrombophilia has been intro-
duced into clinical practice lately. This term charac-
terizes a hereditary or acquired condition associated
with a high risk of thrombotic and embolic complica-
tions [6]. They are mainly caused by disorders of the
coagulation or platelet (Pt) system.

Hereditary thrombophilias may be related to
platelet glycoprotein IIb/IIIa (GP IIb/IIla) recep-
tor mutation [7]. The GP IIb/IIIa complex is the pri-
mary one among all Pt receptors. Under the effect of
certain stimuli (adenosine diphosphate-ADP, throm-
bin, thromboxane, collagen, etc.), the GP 1Ib/I1la
complex is activated and interacts with different lig-
ands (fibrinogen, fibronectin, von Willebrand factor,
and thrombospondin) leading to Pt aggregation [8].

Techniques that permit adequate evaluation of
Pt functional activity are required in order to deter-
mine a predisposition to thrombophilia.

In clinical practice, techniques testing Pt
aggregation induced by collagen, ADP, ristocetin,
and other inducers are commonly used to determine
the Pt functional activity. Techniques studying spon-
taneous Pt aggregations were used earlier; they per-
mitted to study Pt functional characteristics under
conditions imitating the natural ones. However, it is
difficlut to apply the existing techniques and to eval-
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BaTh METOJIbI OTIPe/Ie/ICHIS arperaryu 1p, HHIyIupo-
BaHHOM KostareHoM, A/l D, prcToneTHHOM ¥ IPYTUMI
MHAYKTOpaMu. PaHee TPUMEHSINCH METOIBI M3yde-
HUS CTIOHTaHHON arperariu Tp, MO3BOJISBIINE B YCJIO-
BUSIX, MPUOIMKEHHBIX K €CTeCTBEHHBIM, U3yYaTh UX
(ynkmmonagphble cBoiicTBa. OIHAKO, CYIIECTBYIOIIIE
METO/IbI TPY/IHBI B UCTIOJTHEHUH U OI[EHKE MOJTyYeHHBIX
PEe3yJIBTaToB. B cBA3M ¢ ueM, MONCK HOBBIX METO/IOB
OTIpe/IeJIeHNsT CHOHTAHHON arpeTaliy Mpe/CTaBJIseT
GOJBINOI MPAKTUYECKUT 1 HAYIHBIN HHTEPEC.

[TpenmytiecTBOM CKaHUPYIOIIE 30HIOBOI MU-
kpockoruu (C3M) MOXKHO cunMTaTh MOJIydeHne WH-
bopmar; 0 MEKpO- 1 HAHOAPXUTEKTOHNKE MOBEPX-
HOCTH KJIETKH, a TaKKe CTPYKTYP cyOMeMOpaHHbIX
CJ10€B, BKJIIOUas rutockenet [9].

OtcytcTBre paboT, BRIIOUYAIOIINX OIMCAHIE
(bopMBI, pasmepa 1 MOBEPXHOCTHOH apXUTEKTOHNUKH
Tp y TalueHToOK ¢ TeHeTHYeCKW 0OYCIOBIEHHOI
TpoMOOGbUINEN, TOCTYKUIO0 OCHOBAHWEM IS TIPO-
Be/IeHUST HACTOSIIETO FICCIeIOBAaHUSI.

[lenp nccremoBaHMS: N3YIUTh N3MEHEHUE I10-
KasareJiell CIIOHTAHHON arperanuu Tp y marmeHToK ¢
AKYTIEPCKUMHU OCTOKHEHWSIMH, aCCOINNPOBAHHBIMA
C TeHeTHYECKON TpoMOOhUIeii.

Marepuan u MeTObI

O6cnenoBaii 52 naleHTKy, HAXOMBIIUXCSI B [IEPU-
Ol POJIOPA3PeNIeH s B POANUIBHOM OTIEJIeHUH TOPOICKON
Gosprutsl . CraBporosst. Bospact poskenutr komebascst
or 20 1o 35 siet, cocTaBuB B cpegHeM 25,2+0,6 set. Basitne
KPOBM MPOBOJIMJIN B IIEPBbIE CYTKHU ITOCJE POJIOB € COTJIa-
st JIeYAIlero Bpaya [pu coOJIIOAEHUN IPABIII TIPeaHaI -
THYECKOTO JTAIa UCCJAEIOBAHMUS.

CrpyKTypa OCI0KHEHUI HACTOAIIEH GepeMEHHOCTH Y
HaIUeHTOK ¢ TpoMboduineil Oblia MpecTaBIeHa: MPeskK-
JIEBPEMEHHON OTCJIOWKONW HOPMAJBHO PaACIIOJOKEHHON
nateHtsl — 10 60sbHbIX (35,7%), CPEAHUMI U TSKEIIIME
recrozamu — 11 (39,2%), Tpombozamu rry6oKKX BeH Gel-
pa—7(25%).

O6c¢iieoBaHHbIE YCIOBHO ObLIN PA3/Ie/eHbl Ha CJELyIO-
IIe TPYIIbL 1 — MalMeHTKU ¢ TPOMOOTHYECKUMU OCTIOKHE-
HUSIMH U TeTEPO3UTOTHBIM mnoymmopdusmom P1A1/P1A2
(n=28); 2 — KeHIMHbI ¢ (PU3MOJOTUYECKUM TeueHreM Gepe-
MEHHOCTU ¥ POJIOB, HOCUTETHLCTBOM HOPMATIBLHOTO BAPHAHTA
reda cyowenunaui  perentopos  Tp  GP  IIb/Illa
(P1A1/P1A1) (n=24). TpeTbio (KOHTPOJBHYIO) TPYIITY CO-
CTaBUJIN 310POBbIe HehGepeMeHHbIE KEHIIUHbI 0€3 OJTUMOpP-
¢dusma pereriropa Tp GP IIb/I1la (n=18), cornacusiuunecs
J0OPOBOJILHO Y4ACTBOBATh B HallleM uccienoBanuu. U3 06-
CJIeI0BaHVst ObLIIA UCKJIIOYEHDI TIAIIMEHTKHU C JAPYTUMU MOJ(-
TBEPIKIEHHBIMI MYTAIIUSIMU FT€HOB CUCTEMBI TeMOCTa3a.

Ompezesienne  TeHOTHNA 1O  TOJIUMOPGUMY
P14l /P1A2 ipopoamm aMInUKAIMOHHO-PECTPUKIIOH-
HbIM MeTo/IoM. Vlctounnkom st Beiienenust JJHK coysxn-
JIY TIPOOBI 1EJIBHON KPOBU, OTOOPAHHOI 13 BEHDI TTAIIMEHTOB
B 1pobupku ¢ 6% pacrsopom D/TA (1:20). Boigenenue
JTHK ocymiecTBIisiim COPOIMOHHBIM METOIOM TIPU TOMOIIN
nabopa «/[HKcop6 B» B cOOTBETCTBUM € WHCTPYKITHEH.
AMIndUKaInoHHble CMECH TOTOBUJIM HA OCHOBE YHUBEP-
CaJIbHOrO Habopa PeaKTUBOB U penaparos st ITLIP «Amii-

uate the findings. Therefore, the search for new
methods of testing of spontaneous aggregation is of a
great theoretical and practical interest.

The ability to obtain data on micro- and
nanoarchitectonics of a cell surface, as well of the
structure of submembrane layers (including the
cytoskeleton) is one of advantages of the scanning
probe microscopy (SPM) [9].

Since no studies have been performed to
describe the shape, size, and architectonics of Pt sur-
face in female patients with hereditary thrombophil-
ia, this study was carried out.

The objective of the study is to evaluate
changes of parameters of spontaneous Pt aggregation
in patients with obstetric complications associated
with hereditary thrombophilia.

Materials and Methods

52 patients in labor in the maternity unit of the
Stavropol Minicipal Hospital were examined for this
study. The age of women varied from 20 to 35 years (medi-
an 25.2%0.6 years). Blood samples were taken on the first
day after labor; at that, ethic regulations for the pre-ana-
lytical phase were followed.

Complications of the ongoing pregnancy in throm-
bophilic women included premature detachment of placen-
ta (10 patients, 35.7%), moderate and severe gestosis (11
patients, 39.2%), deep vein thrombosis (7 patients, 25%).

The enrolled patients were divided into 3 groups: 1 —
patients with thrombotic complications and heterozygous
polymorphism P1A1/P1A2 (n=28); 2 — women with a
normal course of pregnancy and labor, carrying a normal
gene of GP IIb/Illa Pt receptor subunits (P1A1/P1A1)
(n=24). The third (reference) group consisted of healthy,
non-pregnant women without GP IIb/Illa Pt receptor
polymorphism (n=18), who were volunteers in this study.
Patients with other confirmed mutations of hemostasis
system genes were excluded from the study.

Determination of P141/P142 polymorphism genotype
was performed by means of amplification-restriction analy-
sis. Whole blood samples taken from veins into tubes with
6% EDTA solution (1:20) were the source for DNA. DNA
was isolated using the sorption technique by means of a
DNAsorb B kit in accordance with the instruction.
Amplification mixtures were prepared on the basis of a uni-
versal PCR reagents and products kit Ampli Sens-200-1
(manufactured by the Central Scientific Research
Institute of Epidemiology, Rospotrebnadzor). Primers
were synthesized by Litekh, LLC, in accordance with the
sequences described by S. E. Bojesen et al. (2003). The
identification of restriction fragments of DNA was per-
formed by comparison of their sizes with the reference ones
(commercial markers of molecular sizes of DNA frag-
ments). Genotype alleles were determined in accordance
with the sets of DNA restriction fragments [10].

The nanostructure of patients' peripheral blood Pt
aggregation was studied by means of SPM Integra Prima
in the Scientific and Educational Center of Fundamental
Problems of Diagnostic Medicine under the Northern
Caucasus Federal University. The technique of evaluation
of spontaneous Pt aggregation was invented by a team of
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au Cenc-200-1» mpoussogcta GTYH ITHUND Pocro-
Tpebraazopa. IIpaiimepsr 6ol curtesuposanbl B OO0
«JIuTex» B COOTBETCTBHUU C TIOCJEI0OBATEIBHOCTSIMU, OITHU-
cagabiMi S.E. Bojesen n coast. (2003). Unentndukario
pecrpukimonnbix ¢parmentos IHK npoBoansm, cpashu-
Bas MX Pa3Mepbl C ATAJIOHAMU B BUJIe KOMMEPYECKUX MapKe-
POB MoJIeKyJIIpHBIX pazmepoB (parmentos JTHK. Annenu
TEHOTUIIOB OTIPEJIEJISLI B COOTBETCTBUU € HAOOPAMIU PecT-
pukimonnbix ¢pparmentos JJHK [10].

V3ayuenne nanoctpoenwust arperatoB 1p nepudepudaec-
KOI KPOBU TMAIMEHTOB MTPOBOMJIN MIPU TOMOIIM CKAHUPY-
1o1ero 3oH10Boro Mmukpockoma (C3M) «Murerpa [Tpumas
B Hayuno-obpasoBaresiibHoM 1ieHTpe «DyHpaMeHTaIbHbIX
npobJsieM IMarHocTHYecKoil Menuiutbl» CeBepo-KaBKas-
ckoro (esmeparbHOrO yHUBepcHuTeTa. MeToAnKa OIeHKN
crioHTaHHO arperatuu Tp paspaborana Ha Kadenpe Meau-
[UHCKOW OMOXUMUU, KIMHIYECKON J1ab0paTOPHOIi ANArHo-
cruku n dapmarnuu (T. II. Bonxaps, A. 1O. Myparosa,
E. A. Menbuenko «IIpumenenue ckanupyioiieil 30H10BOI
MUKDPOCKOITUY TIPU UCCIIEA0BAHUN CIIOHTAHHOW arperaun
TPOMGOIUTOB Y MAIMEHTOK € MYTAIMEH B TEHE TIUKOMPO-
Tenna perenrtopa tpombonuros I1B/IITA». Hayka. MuHo-
Banuu. Texuomnoruu; 2014; 4; 199—208).

Ob6oramennyio Tp 1wiasmy nosydanu neHTpudyrupo-
Baruem kposu mpu 500 06/muH B Tevenue 10 munyT. /lanee
00pasipl I1a3Mbl HHKYOUpoBaiK B Tepmocrare 1pu 37°C.
3areM rOTOBWJIN TIpenaparsl st MUKpockonuu. [Ipu un-
KyOaruu 11pob B TepMocTate MeHee 5 MUHYT arperatsl Tp He
obuapyskusaau. Mceaenosanue nposoauin Ha 5, 10, 15, 20,
25, 30 MuHyTHBIX Maskax. IIpu axcrosuim 6osee 30 M-
HYT JIOCTOBEPHBIX U3MEHEHU He OGHAPY KL

[Tepen momenterreM 06pasifa B 30HAOBBIIT MUKPOCKOIT
€r0 TIPE/IBAPUTENHHO UCCIIEA0BAINA B ONITUYECKOM MHUKPO-
ckore pu yBesmuernn 40X0,65. TIpn HaxokgeHun Ha
CTEKJIE YIACTKA C arPeraToM, JIJist TIOMETIEHNUsT €r0 Ha TpejI-
MeTHbIi cTok C3M, ¢ TOMOIIBIO CTEKJIOPEe3a BBIIEAIN
nHTepecyiontyio 301y 10X10 Mm. Bbir BoIOpan pesknM 1mo-
JIYKOHTAKTHOI aTOMHO-CHUJIOBOH MHKPOCKOIINHI C MCIIOJIb-
3oBanueM kantusiesepa CSG 10 dupmsr NT-MDT.

C nomompsio C3M cTalo BO3MOXKHBIM IOJYYUTD
JIBYXMEPHOE ¥ TpexMepHoe uszobpakeHue arperato. B
KaskaoM Maske uccienosamn ot 10 go 25 arperaros. Ko-
HeYHble Pe3yJIbTaThl CKAHNPYIONIEH 30HI0BOI MUKPOCKO-
K arperatos Tp BKJouasn B cebsi: aHAIN3 UX TeOMETPU-
YecKMX TIapaMeTpoB (U3MepeHHe BBICOTHI, [JIUMHBI U
IIMPUHBI) U CTATUCTUYECKUE XaPAaKTEPUCTUKU.

Crerietib I0CTOBEPHOCTU PA3JINYUIT M3Y4AEMBIX MTOKA-
3aresieil onpeiesisiyiu o Kpurepuio ¢-CTbhioJIeHTa, yPOBEHb
3HAYMMOCTH CYUTAIN TOCTOBepHBIM mpH p<0,05.

PesyubraThl 1 00CyKAEHUE

AHayiu3 arperaToB MPOBOIIN Ha (PUKCUPOBAH-
HBIX TIpenapaTax oboraiieHHoit Tp miasmbl ¢ uc-
nosb3oBanreM Metoga C3M. ITo mo3BOIUIIO TTOITY-
YUTh OCHOBHYI WHGOpMAIU 00 W3MEHEHUU
MOPGOJIOTHYECKHUX TTOKa3aTeseil TpoOMOOIUTapHBIX
arperaToB y JKEHIIUH ¢ HOPMAJbHBIM TEHOTUIIOM W
npu nojuMopdusme P1A1/P1Al rena cyObenuHMI
pereniropos Tp GP 11b/I1Ta.

TeomeTpuyeckue MoKa3aTe N IJTUHBI arPETaTOB
[pe/ICTaB/IeHbl B TabI. 1.

the subdepartment of medical biochemistry, clinical labo-
ratory diagnostics, and pharmacy (T.P. Bondar’,
A.Yu.Muratova, E.A. Mel'nichenko. The Use of Scanning
Probe Microscopy in Evaluation of Spontaneous Platelet
Aggregation in Patients with Platelet Glycoprotein
IIB/IITA Receptor Gene Mutation. Nauka. Innovatsii.
Tekhnologii; 2014; 4; 199—208).

Platelet-rich plasma was obtained by centrifuging
blood at 500 rpm for 10 minutes. Then plasma samples
were incubated in a thermostat at a temperature of 37°C.
Then the specimens were prepared for the microscopy. No
Pt aggregates were found after a 5-minute incubation of
samples in the thermostat. The test was performed in
smears incubated for 5, 10, 15, 20, 25, and 30 minutes. No
significant changes were found after exposure for more
than 30 min.

Before placing the samples into the SPM, they were
carefully studied using an optical microscope with a
40%0.65 zoom. If there were a fragment with an aggregate
on the slide, then the area of interest was marked with a
glass cutter (10X10 mm) prior to placing it onto a SPM
stage. The test was performed at an AFM tapping mode
using the CSG 10 cantilever (manufactured by NT-MDT).

The SPM permitted to obtain 2D and 3D images of
aggregates. From 10 to 25 aggregates were examined in
each smear. The final results of the SPM of Pt aggregates
included: the analysis of their geometrical parameters
(changes in the height, length, and width) and statistical
characteristics.

The degree of confidence of the parameters under test
was determined using the ¢-test, and the significance level
was considered valid with P<0.05.

Results and Discussion

The analysis of aggregates was performed in
fixed Pt-rich plasma samples using the SPM tech-
nique. It permitted to obtain the general information
about changes in morphological characteristics of Pt
aggregates in women with normal genotype and
P1A1/P1A1l polymorphism of Pt GP ITb/IIIa receptor
gene subunits.

The geometrical characteristics (Iength) of the
aggregates are presented in Table 1.

A statistical analysis of the findings demon-
strated that the length of Pt aggregates in healthy
pregnant women was significantly higher than that
in healthy non-pregnant women at all study phases.
However, this increase may reflect processes of phys-
iological hypercoagulation taking place during the
normal course of pregnancy.

The length of aggregates in patients with
P1A1/P1A2 polymorphism of Pt GP IIb/IIIa receptor
gene subunits significantly differed from that in
healthy women in Groups 2 and 3. This phenomenon
is presented in Fig.1, b, c¢. Patients with the
P1A1/P1A2 polymorphism in the Pt GP IIb/Illa
receptor gene demonstrated increased width, height,
and density of Pt aggregates, as it is seen in the
images. The changes were most significant during
the incubation phase lasting for 15 and 30 minutes.
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Ta6muua 1. I3MeHneHue JiMHbI TPOMOOLUTAPHBIX arperatoB B rpynnax (X+m), MKkM
Table 1. Changes in the length of thrombotic aggregates in groups (X+m), um

Time, min Parameter in the groups of study
1 (n=28) 2 (n=24) 3 (n=24)

5 44.81%£2.15 22.85+0.68 16.19+0.68
10 59.32+£3.15 37.39+1.33 24.67+1.03
15 79.24+3.07 53.61£2.85 37.47+2.76
20 85.61+£1.92 74.97%2.42 45.74%1.29
25 93.66+3.81 84.02+2.41 57.32+2.67
30 101.6+1.3 94.24+1.83 87.54+2.03

Ipumeuanue. 3aech u s Tabu. 2, 3: Time, min — Bpems, Mu; Parameter in the groups of stude — mokasaresb B Tpynmax uccsieno-
Banus. p<0,001 — mesxxay rpynnamu 1 u 2; mexxay rpynmnamu 1 u 3; Mexxay rpynmnamu 2 u 3.
Note. P<0.001 — between Groups 1 and 2; between Groups 1 and 3; between Groups 2 and 3.

Ta6anua 2. IsMenenue MUpPUHbI TPOMOOLIUTAPHBIX arperatos B rpynnax (X+m), MkM
Table 2. Changes in the width of thrombotic aggregates in groups (X+m), um

Time, min Parameter in the groups of study
1 (n=28) 2 (n=24) 3 (n=24)

5 28.43+1.89 16.22+0.38 12.49+0.44
10 41.41£2.95 24.64+1.11 17.62+1.53
15 57.78+4.11 33.01+1.64 24.25+1.45
20 60.01+3.11 36.32+2.07 27.26+1.59
25 71.75+2.96 63.32+3.71 38.94+2.72
30 89.38+1.95 77.89%2.39 66.24+2.61

pumevanue. p<0,001 — mesxay rpynmamu 1 u 2 aist 5, 10, 15, 20, 30 mun; mexay rpynmnamu 1 u 3; mexxay rpynmnavu 2 u 3. p<0,005 —

Mexay rpymmamu 1 u 2 st 25 MuH.

Note. P<0.001 — between Groups 1 and 2 for 5, 10, 15, 20, 30 min; between Groups 1 and 3; between Groups 2 and 3. P<0.005 —

between Groups 1 and 2 for 25 min.

B pesyJibraTe cTaTHCTHYECKOTO AaHAIM3A TTOJTY -
YEHHBIX JJAHHBIX BBISBJIEHO, YTO TOKA3ATEH JITTAHBI
arperatoB Tp 3/0pOBbIX OEPEMEHHBIX JKEHIIUH J[0-
CTOBEPHO BbIIllE TIOKa3aTesiell 3J0POBBIX Hebepe-
MEHHBIX Ha BCEX ITamax IMPOBEIEHUS HMCCJIeI0Ba-
Husg. OfHAKO, 9TO YBeJIWYEeHUE MOJKET OTPasKaTh
MPOTECChl (DUBNOJTOTUUECKON TUMEPKOATYJISIINH,
HUMeIoIel MeCcTO TP HOPMAJTbHOM TE€YeHWH recTa-
IIMOHHOTO TIpoIiecca.

[Tokazarenu IJIMHBI arpeTaToB MAITMEHTOK C Ha-
JmureM mojuMopgusma P1A1/P1A2 rena cyGben-
Hutr perenropos Tp GP I1Ib/Illa B 3HaurTenbHOI
CTENEHU OTJUYAJINCHh OT IOKa3aTeseil 3[0POBBIX
sKeHNH 2 n 3 rpynn. Harssaao aTo niutoctpupyor
puc. 1, b, c. Ha uzobpazxenuu obpaiiaer Ha cebst BHU-
MaHUe yBeJWYeHUe IMUPUHBI, BBICOTHI W MJIOTHOCTH
arperatoB Tp y mammeHTOK, ¢ MOJUMOPHOUZMOM
P1A1/P1A2 g rene perenrtopos Tp GP IIb/IIla. W3-
MEHEeHUsI B HanGOoJIbIIell CTEIeHN BbIPasKeHbl Ha aTa-
ne wakyOary 15 1 30 MUHYT.

[Tpu ipoBejieHNN CPAaBHUTETHHOTO aHATIM3A 110-
KaszaTeJiell IUPUHBI TPOMOOIMTAPHBIX arperaToB
BBISIBUJTM JIOCTOBEPHBIE PA3JIMuusi BO BCEX TPYIIax
obcJIeryeMbIX JKeHIMH. Tak y 310pOBbIX GepeMeH-
HBIX JKEHIIIUH arperathl MeJu OOJIBIIUIL JHaMeTp B
CPaBHEHHW C TIOKA3aTESIMU JKEHITMH KOHTPOJbHOM
TPYIIIIBI, HO HEe IOCTUTAJIHU TIOKa3aTeJiell TTalueHToK ¢
reHeTnyeckoit rpomboduneit (tabi. 2).

Taxyke Oblia HCCIEOBaHA BBICOTA TPOMOOIH-
TapHbBIX arperatoB. [Ipm cpaBHeHUM Pe3yJBTATOB

A comparative analysis of the Pt aggregate
widths demonstrated significant differences in all
study groups. In healthy women, the aggregates had
a greater diameter than those in the reference group
women, but the greates diameter of aggregates was
found in women with herediatry thrombophilia
(Table 2).

The height of Pt aggregates was also examined.
A comparison of findings demonstrated significant
differences in all groups (Table 3).

The SPM study of samples demonstrated that
the number of aggregates in healthy women did not
differ from those with herediatry thrombophilia.
These findings were confirmed by a standrad tech-
nique for evaluation of Pt aggregation activity (Born
G.V.R. method). However, the study of geometric
parameters of different exposures demonstrated the
following: the longer the incubation period, the
greater the difference between geometric parameters
of the aggregates (e.g. height, length, and width).
This tendency may be traced in Fig. 1.

Conclusion

The analysis of findings demonstrated that geo-
metrical parameters of Pt aggregates in women with
anormal course of pregnancy and labor were slightly
higher than those in the reference group women.
However, it may be due to hyporcoagulation typical
for normal pregnancy. At the same time, the aggre-
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Tabmuna 3. I3MeHeHue BbICOThI TPOMOOIMTAPHBIX arperaTos B rpynmnax (X=m), MKkm
Table 3. Changes in the height of thrombotic aggregates in groups (X+m), um.

Time, min Parameter in the groups of study
1 (n=28) 2 (n=24) 3 (n=24)

5 1.18+0.03 1.07+0.02 0.961+0.017
10 1.26+0.02 1.18+0.02 1.044+0.017
15 1.31£0.02 1.21+0.02 1.072+0.019
20 1.47+0.02 1.34+0.04 1.096+0.025
25 1.32+ 0.04 1.21+0.04 1.161+0.036
30 1.51£ 0.02 1.43+0.02 1.282+0.034

Mpumeuanue. p<0,01 — mesxay rpynnamu 1 u 2; mesxay rpymmamu 1 u 3; meskay rpynnamu 2 u 3 st 5, 10, 15, 20, 30 mun. p<0,005 —

MEKIY TPyTIaMu 2 1 3 Jist 25 MUH.

Note. P<0.01 — between Groups 1 and 2; between Groups 1 and 3; between Groups 2 and 3 for 5, 10, 15, 20, 30 min. P<0.005 —

between Groups 2 and 3 for 25 min.

Puc. 1. 3D usoGpaskenne arperaToB TpOMOOIMTOB B IPYNIAX HCCIIEI0OBAHUS.

Fig. 1. 3D image of thrombotic aggregates in the groups of study.

Note. Spontaneous aggregation, 5, 15, 30 min. @ — in the reference group; b — in the healthy pregnant women; ¢ — in the pregnant women
with hereditary thrombophilia.

Ilpumevanne. CriontanHag arperaims ua 5, 15, 30 MUH. @ — MaIMeHTKN KOHTPOJIBHOIT TPYIITBL; h — 310pOBbIe GepeMEHHbIE 5KEHTIITHDI;

¢ — GepeMeHHbIe ¢ TEHETUYECKOl TpoMGoduInei.

Tak)Ke OBLIM BBISBJIEHBI JOCTOBEPHBIE OTJIHUYKSI BO
Beex rpymmax (Tabu. 3).

WccnenoBanue mpenapaToB ¢ UCIIOJTH30BAHUEM
CKaHUPYIOIIET0 30HA0BOTO MHKPOCKOTIA ITTOKAa3aJIo,
YTO KOJIMYECTBO arperaToB y 370POBBIX JKEHIIUH W
MAIMEHTOK C FTeHeTHYECKOI TpoMbodIIneil cytect-
BEHHO HE OTJIMYAJIOCh. DTH JaHHbIe ObLIN MOATBEPK-
JICHBI C TTIOMOIIBIO TPAAUIIMOHHOW METOJANKU UCCIie-
JIOBAHMS arperarimoHHONl aKTUBHOCTH Tp MeTomoM
Born G. V. R. Onako npu nccieiloBaHy reoMeTpu-
YeCKUX TIOKasaTesell Pa3uYHbIX KCIO3UITUI BbI-
SIBUJIM, YTO, YeM JIOJIbIe TIPOXOJUIa WHKYOAI[Us

gates in normal pregnancy are smaller than those
found in patients with obstetrical complications
caused by thrombophilia.

Therefore, the presence of P141/P1A2 polymor-
phism in Pt GP IIb/I1Ia receptor gene contributes to
the decrease in the platelet response threshold and
enhances the spontaneous Pt aggregation.

The study demonstrated that evaluations of
spontaneous Pt aggregation permitted to assess their
natural functional activity. The imaging of aggre-
gates provides strong evidence for the accelerated
growth of the aggregates in thrombotic complica-
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npob B TepMOCTaTe, TeM CUJIbHEE PasMyaich reo-
MeTpUYECKUE TTOKA3aTe/Id arperaToB (Takue Kak Bbl-
coTa, JUIMHA W MpuHa). Bojiee HATJSIHO JaHHYTO
TEHIEHITUIO MOKHO TIPOCJIEINTD Ha puc. 1.

3akiaoyeHue

AHanM3 TOJyYeHHBIX NaHHBIX I[MOKA3aJ, 4TO
reoMeTpuyecKre TapameTpbl arperatoB Tp skeH-
muH ¢ (GU3NOJIOTMYECKN IpoTeKaolieii Gepemen-
HOCTBIO M POJIaMH HECKOJIBKO BBIIIIE MMOKa3aTeJei
JKEHIIUH KOHTPOJbHON Tpymibl. OmXHAKO, 3TO MO-
JKeT ObITh CJIEICTBYEM IOBBIIICHUS KOArYJISIHOH-
HOTO TIOTEHIHAaJa KPOBU TP (HU3MOJOTUUECKOM
6epemenHocT. Ho B TO ke BpeMst pasMepsbl arpera-
TOB IIPU HOPMAJIbHOU GEPEMEHHOCTH He JOCTUTAIOT
reoMeTPUYECKUX TIOKa3aTesell arperatoB MalueH-
TOK C aKyIIEPCKUMH OCJIOKHEHUSIMU, 00YCIIOBJICH-
HBIMHI TPOMOODUIHEN.

Takum 00pasoM, Hajuuue MOJTUMOPGUIMA
P1A1/P1A2 g rene perenrropos Tp GP IIb/I1Ia cro-
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tions of pregnancy. The SPM technique is sufficient-
ly reliable to be used in fundamental studies of Pt
morphofunctional characteristics, as well as in clini-
cal and lab diagnostics of thrombotic conditions of
various origins.

cOGCTBYET CHUKEHUIO TOPOTa JIJIst TPOMOOIUTAPHOTO
OTBETa M YCUJIMBAET CIIOHTAHHYTO arperaruio Tp.

[TpoBeserHOE WCCaeOBaHUE TTOKA3aJ0, YTO
u3ydyeHue CIIOHTAHHOW arperaiuu Tp TO3BOJSET
OIIEHUTb WX €CTECTBEHHYIO (DYHKIMOHAJIBHYIO aK-
TUBHOCTb. BHU3yajusaliusi arperatoB yOeauTeJbHO
JIOKa3bIBAeT U UJTIOCTPUPYET YBeJUIeHNE CKOPOCTH
obpa3oBaHKs arperaToB Mpu TPOMOOTHUYECKUX OC-
noxuenusx 6epemennoct. Merog C3M moxer
ObITh MCIIOJIB30BaH ¢ GOJIBIION CTEIEHbIO HAEKHOC-
TH Jis (DYHAAMEHTATbHBIX UCCIeJOBAHWI MOPGhO-
(ynxuumonanpupix cBoiicts Tp, a Takxke B KIMHUKO-
JabopaTOPHOIl  JAMArHOCTUKE  TPOMOOTHYECKUX
COCTOSTHUI PAa3TMYHOTO TeHe3a.
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The Kinetics of Urea in the Body after Liver Resection in the Experiment
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He]lb. I/ISy‘{I/ITb KNMHETUKY MOYEBUHBI B OpraHu3Me I10CJI€ PE3EKIUY IT€YE€HU B IKCIIEPUMEHTE

Martepuan u Metoapl. OTBITH IPOBEAEHDI Ha 45 Genbix kpbicax (camkax) maccoil 180—220 r. Pesekiuio mede-
uu (PIT) npoBoauiu o acupHeiM HApKO30M, yaasssa 15—20% ot maccer oprana. MccegnoBanu copepkanue Mo-
YEBMHBI B OUOJIOTMYECKUX JKUJKOCTSIX (apTepuasibHasi KpOBb, KPOBb V. porta, v. hepatica, v. renalis, skeub xoJezo-
Xa, MOYa) M TKaHSX BUCIIEPATBHBIX OPTraHoB (IIMTOBUIHAS JKeJe3a, JIerKie, Ceplile, Meyelb, TOUKH, CeJie3eHKa,
JKeTYZIOK, KATIeYyHnK ) Ha 3-1, 7-e u 14-e cytku mocae PII.

Pesyabrarnl. PII, cHuKast KOHIEHTPAIMIO MOYEBUHBI B KPOBH V. hepatica, He IPUBOAUT K aHAJIOTMYHBIM U3Me-
HEHUSIM B apTePUaIbHON KPOBU. DTO CONPOBOXKIAETCS yBeInYeHneM ee peabcopOIuy B II0YKAX 1 MOBBIIIEHUEM
KOHIIEHTPAIMU B KPOBH V. porta, KOTOpPoe B 3aBUCUMOCTH OT CPOKOB MOCJIEONEPAIMOHHOTO eprojia JOCTUTAeTCS
60 CHUKEHUEM HKCKPEIUI MOYEBUHBI B IPOCBET TOHKOTO KUIIIEYHUKA, TGO yBETUYEHUEM ee 00pasoBaHus H-
TEPOLUTAMHU C JAJTbHENIINUM HOCTYIIEHHEeM MeTaboJIuTa B IOPTajibHblil KpoBoTOK. Eciu Ha 3-u cyTku nocae PII
MOCTYIIJICHUE MOYEBUHBI M3 TENATOIIMTOB B JKEIUYEBBIBOASAILYIO CUCTEMY IT€UYEHH HEe U3MEHSJIOCh, TO Ha 7-€ CYTKU
OHO YBEJMYNBAJIOCH, a Ha 14-e Topmosusioch. PII He BbI3bIBasla M3BMEHEHMS COJIEPsKAHUS MOYEBUHBI B TKAHU JKe-
JIyJIKQ, HO TIPUBO/IMJIO K YBEJIMUYEHHIO ee KOHIIEHTPAIIUK B TKAHU JIBEHA/IIATUIIEPCTHOH 1 ToJIcTOl kuiok. He Biu-
S5 Ha cojiepsKanne MOYeBUHBI B cepyieunoii Mbitiiie, PII Boi3biBasa yBesinyenne ee KOHIEHTPAIIMN B JIETKUX U 11U~
TOBUAHON Xese3e Ha 3-1, 7-e n 14- cyTku mocieonepannoHHoro nepuozaa. Ha done oTcyTeTBUs aHATOTMYHBIX
U3MEHEHUIT B apTepUaibHON KPOBU HTO YKA3bIBACT HA CTUMYJISAIIIO 00Pa30BaHKst MOYECBUHBI KJIETKAMU STUX OpTa-
HOB WJIM HA PETEHIIMOHHYIO 33/I€PAKKY MeTab0/INTa B HUX.

3axmouenne. PII e TopKO N3MeHAET KWHETUKY MOYEBUHBI B OPTaHaX MOPTAIbHON CUCTEMBI, HO I aKTUBUPY-
€T BHEIIEYEHOUHbIE MEXaHM3MbI, HAllPaBJICHHbIE HA TIPEI0TBPAIEHNE PA3BUTH 1e(DUIINTa MOYEBIHBI B apTEPUAb-
HOI1 KPOBM B Pe3yJIbTare HapyIIeHUs ee TIOCTYIIEHUS U3 ONePUPOBAHHOTIO OPraHa B IIEHTPAJIbHBII KPOBOTOK.

Kmouesvte crosa: PE3EKUUS NEUEHU; MOUEBUHA, BUCUEPAIDHBbLE OPZAHDBL, KPOBb, JHCEIUb; MOUA

Purpose. To study urea kinetics in the body after liver resection in the experiment

Material and Methods. Experiments were carried out on 45 white female rats weighing between 180 g and 220 g.
Liver resection (LR) was performed under ester anesthesia, wherein 15—20% of the organ weight was removed.
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Urea content was studied in biological fluids (arterial blood, venous — v.porta, v.hepatica, v.renalis — blood, chole-
dochal bile, urine), and tissues of visceral organs (the thyroid gland, lungs, heart, liver, kidneys, spleen, stomach,
intestine) on days 3, 7, and 14 after LR.

Results. LR, while reducing the urea content in the v. hepatica blood, does not lead to similar changes in the
arterial blood. This is accompanied by increased urea re-absorption in kidneys and higher v.porta blood urea con-
tent, which, depending on the postoperative time, results either from reduced urea excretion into the small intes-
tine lumen or from its greater production by enterocytes followed by metabolite intake into the portal blood flow.
The urea intake from hepatocytes into the hepatic bile ducts did not change on day 3 after LR; however, it
increased on day 7 and slowed down on day 14. LR caused no changes in the gastric tissues urea content; never-
theless, it led to its increased content in the duodenal and colonic tissues. Without affecting the cardiac muscle
urea content, LR entailed its increase in the lungs and thyroid gland on postoperative days 3, 7, and 14. At the
background of absence of similar changes in the arterial blood data indicates promotion of urea production by the
cells of these organs or metabolite retention therein.

Conclusions. LR not only changes urea kinetics in the portal system organs, but also activates extrahepatic
mechanisms aimed at preventing development of the arterial blood urea deficit because of its abnormal intake from

the resected organ into the central blood flow.

Key words: liver resection; urea; visceral organs; blood; bile; urine
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BBenenne

OnHrM 13 KOHEYHBIX MPOAYKTOB GETKOBOTO
obMeHa y MIIEKOTIUTAIOTINX SIBJISIETCST aMMUaK. YBe-
JIMYEHNe eT0 KOHIIEHTPAITIH OKa3bIBaeT TOKCIUECKOe
JleficTBHe Kak Ha KaeTKH [ 1, 2], Tak 1 opranmusM B Iie-
JaoM [3, 4]. OxnuM U3 OCHOBHBIX ITyTell HelTpaniusa-
Y aMMHUAKa SIBISIETCST €T0 HEOOPATHMOE CBSI3bIBA-
HUE Yepe3 CHUHTe3 MOYEBUHBI [J], KOTOpPbBIi
MIPOMCXO/INT B TEMATONNTAX MEePUIIOPTATHHON 30HBI
NOoMbKH Tiedern [6], e obHAPYKEH MOTHBIH HAOOP
(dbepmeHTOB OpHUTHHOBOTO IHKJIa Kpebea-XeHce-
qsiita [ 1], Bkmrogas apruaasy. JaHHbIN hepMenT Ka-
TATN3UPYeT MOCTEAHIO PEAKINIO IINKJIA- THAPOIIH-
THYECKOEe pacllellJieHe CHHTe3MPOBAHHOTO B HEM
APTUHUHA C PECHHTE30M OPHUTHHA U 0OPa30BAHIEM
MoueBunbl [5]. [TockombKy aprumasa oOHapyKeHa He
TOJIBKO B TI€YEHHU, HO W APYTMX OpraHaxX M TKaHSIX
MJIEKOTTATAIONTUX [7], TO MOKHO TOBOPHUTH O «BHeTIe-
YEHOUYHOM> 00PA30BAHUY MOYEBHMHBI, TTPH KOTOPOM
He TIPOUCXOIUT HeHTpaausaliil aMMuaka. Mexmy
TeM pa3JIMYHasl aKTUBHOCTb aprUHa3bl B TKaHAX [7],
MIO3BOJISIET OXKUIATh HEOJMHAKOBBIH BKJIA/L KasKIOTO
oprana B ¢opMupoBanue (HhU3MOJIOTHUECKON KOH-
IEHTpallny MOYeBWHBI B KpoBH. OpHAaKO, Kak 3TO
TMPOUCXO/INT B PEATHHOCTH Y 30POBOTO U HOJBHOTO
OpraHm3Ma B HacTosIee BpeMsT Heu3BecTHO. Llebro
HACTOSINETO MCCJAeIOBAHUS SBUJIOCH M3ydYeHNe KH-
HETUKHU MOYEBUHBI B OPTAHU3MeE TIOCJIe PE3EKITIH TTe-
YeH! B 9KCIIEPUMEHTE.

Marepuan u MeTObI

OnbIThl TIpoBeeHbl Ha 45 6Gesblx Kpbicax (caMKax)
Maccoii 180—220 r. Pesexiuio meyeHW MPOBOAWIN TIOT
a(UPHBIM HAPKO30M, ITyTEM YIAJICHUS 2JIEKTPOHOKEM Ya-
CTH JIEBOW J10J1H, 4TO cocTasiisiio 15—20% ot macchr opra-
Ha. JKusoTHbie OblLiu pazjesieHbl Ha 4 cepuu onbiToB: 1 ce-
pusi — MHTaKTHBIE JKUBOTHBIE (HOpMa), 2, 3 U 4 cepuu —
SKUBOTHBIE MCCJIeIOBAHHbIE, COOTBETCTBEHHO, HA 3-11, 7-€ 1

Introduction

One of the end products of protein metabolism
in mammals is ammonia. The increase in its concen-
tration has a toxic effect on cells [1, 2] and the whole
organism [3, 4]. One of the main ways of neutraliza-
tion of ammonia in mammals is its irreversible bind-
ing through synthesis of urea [5] that occurs in hepa-
tocytes of the periportal zone of liver lobules [6],
where a complete set of enzymes of Krebs-Henseleit
ornithine cycle [1], including arginase, is found. This
enzyme catalyzes the last reaction of the cycle: the
hydrolytic cleavage of arginine synthesized therein
accompanied with ornithine re-synthesis and pro-
duction of urea [5]. Since arginase was detected not
only in the liver, but also in other mammalian organs
and tissues [7], one can speak of «extra-hepatic» syn-
thesis of urea wherein ammonia neutralization does
not take place. Different arginase activity in tissues
of mammals [7] allows expecting a different contri-
bution of each organ to the formation of physiologi-
cal concentration of urea in the blood. However, it is
currently unknown how it happens in reality in the
healthy and sick body. The aim of the present study
was to investigate the kinetics of urea in the body
after liver resection in the experiment.

Materials and Methods

The experiments were performed on 45 albino female
rats weighing 180—220 g. Liver resection was performed
under ether anesthesia by removing, with an electrotherm,
a part of the left lobe that was 15—20% by weight of organ.
The animals were divided into 4 series of experiments: se-
ries 1 — intact animals (norm), series 2, 3 and 4 — the ani-
mals investigated, respectively, on the 314, 7th and 14th day
after LR. The objects of the study were: thyroid, lungs,
heart, left and middle lobe of the liver, spleen, stomach,
duodenum, colon, kidneys, arterial blood (aorta), venous
blood (v.porta, v.hepatica, v.renalis), bile, and urine. Blood
sampling was performed in animals previ-ously anes-
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14-e cyTku nociie pesexuuu redern. OObeKTaMU UCCIIEN0-
BaHUSI CITY>KUJIU: TITUTOBU/IHAS JKeJle3a, JIErKUe, CEP/IILE, Jie-
Bast M CPEIHSIS JIOJIU TIeYeH , CeJIe3eHKa, JKeTy 10K, JIBEHAI-
natunepctiasg kwmka (AIIK), toscras xwnmka, mouxwy,
apTepuajgbHas KpoBb (aopTa), BeHO3Has KPOBb (V. porta, V.
hepatica, v. renalis), xenub u Moua. 3a60p KPoBH OcCylIle-
CTBJISLIN Y TIPEJIBAPUTEILHO HAPKOTU3UPOBAHHBIX JKHBOT-
HBIX Fe[IaPMHU3NPOBAHHBIMU HHCYJIUHOBBIMU IITTPUTIAMU B
caeftyioneit mocsegaosarensrocTn: v. hepatica — v. porta —
v. renalis — aorta. B manpHelimem paccanThIiBaIM apTepro-
BEHO3HYIO Pa3HUILy 110 MOUYCBHHE: MEXKY apTepHaIbHOI
KPOBbIO 1 KpoBbio 1tedenounbix Bed (hABP); Mexmy apre-
pPUATBHOI KPOBBIO U KPOBBIO MovyeuHoii Beubl (rABP); ap-
Tepuo-niopranbhyio pazauily (AIIP) — mexny aprepnais-
HO KpPOBBIO ¥ KPOBBIO IIOPTAJIBHON BEHBl U
nopto-BeHo3HyTo pazauily (IIBP) — mexxmy xposbio mop-
TaJILHOI U NeueHOuHbIX BeH. [locse 3a6opa KpoBU U3 CO-
CY/IOB TIPOU3BOAUIN TIepGhY3UI0 OPTAHOB OXJIAXKIECHHBIM
0,145M pactsopom KCI. JKuBoTHbix 3a6uBam gekanura-
nueii Ha ¢oHe aTaMUHAIOBOTO Hapko3a (40 mMr sTamuHa-
ma-Na/xr maccel). OTMBITBIE OT KPOBU OPTaHbl U3BJIEKa-
JIM, 3aMOPaKMBAJIM B JKUJKOM a30T€ W PACTUPAIU [0
ITOPOIITKA, KOTOPbIH MCIOJIB30BAIN [IJIsI TPUTOTOBIEHUS
10% romorenata B 60% pacTBOpe TPUXIOPYKCYCHOH KUC-
gotel (TXY). Tomorenar skcTparupoBasi Ha X001t B Te-
yenne 30 MuHyT, nertpudyruposain mpu 3000 06/mMuH B
teuenue 10 MuH.

JL71s1 osTydeHust MOuH, JKUBOTHOTO TTOMeTain Ha 2—4
Jaca B KJIETKY-TI€HaJI, B IIPOOUPKHU, [IPeIHA3HAUECHHbIE J[JIst
3TOI 1estu, npenBapuresnsio BHocuu 0,1 M 60% pactBopa
TXY st ogaBieHnst ypeasHoil akTuBHOCTH MouH. [Tpoby
MOYH 7SI Olpe/iesieHnst MoyeBHHBI pasBoamin B 100 pas,
YTO YYUTHIBAIUA TIPU pacyere IMOJYYEHHOTO MOKa3aTesis.
Cojiepkanyue MOYEBUHBI B KPOBH, TKAHSIX, JKEJIYM M MOYE
OTIPe/IENISIN  IUAIleTUIMOHOKCUMOBBIM MeTozsioMm [8] Co-
JiepsKaHye MOUYEBUHBI BBIPAXKAIM B TKAHU MMOJTb/KT' BJIK-
HOIl TKaHu, B GUOJIOTMYECKUX JKUIKOCTSIX (KPOBbB, JKeJdb,
MOYa) B MMOJIb/JI. PesyssraTel 06paboTatbl cTaTucTIec-
K# ¢ yuetom kputepueB Crbiofienta n Busikokcona-Man-
Ha-Yurau. CTaTUCTUUECKUN aHaIn3 TPOBOAWIN C ITOMO-
MbI0 TIEPCOHATHHOTO KOMIIBIOTEPA € UCIOJIb30BAHIEM
nporpamm «Staistica 5.5» u «Microsoft Exel XP». Paziu-
YISl B CEPHSX OIBITOB CYUTANIN OCTOBePHBIMU ITpH p<0,05.

PesyubraThl 1 00CyKAEHUE

Kax Buano us tabs. 1, B HopMe cofiep:kaHme Mo-
YEeBUHBI B KPOBH V. hepatica 10CTOBEPHO MPEBHIMIIAET
AHATIOTUYHBIN TTOKa3aTeNh apTEPUATBHON KPOBHU
KPOBH V. porta, COOTBeTCTBeHHO, Ha 25 1 58%. [ToaTo-
My hABP u TIBP mo modueBmie SIBAAIOTCS OTPHUIIA-
TEeJbHBIMU BEJTMINHAM, YKa3bIBas Ha WHKPEIIUIO MO-
YeBUHBI WHTAKTHOW TE€YE€HBIO B KPOBOTOK. ITO
COTJIACYETCST ¢ COBPEMEHHBIMU TPEACTABIECHUSMI O
MeYenn, Kak TJIABHOM Oprane MOYeBHHOOOPA30BAHIIST
y Mekortaonwx [ 1]. B ormmune ot kposu v. hepat-
ica, KOHIIEHTPAIHsT MOYEBIHBI B JKEJTYH XOTIE0Xa /10~
CTOBEPHO HE OTJIMYATACH OT AHATOTHYHOTO TIOKa3aTe-
JIT B KPOBU MOPTATBHOIN BEHBI, HO MO CPABHEHWIO C
apTeprajibHON KPOBBIO M KPOBbIO V. hepatica ObLia
CHMZKEHa, cooTBeTcTBeHHO, Ha 19 1 35% (Tabu. 1). C
VYETOM CYIECTBOBAHUST Y MIJIEKOMHUTAIONINX TIede-

thetized using heparinized insulin syringes in the following
sequence: v.hepatica — v.porta -v. renalis-aorta. Thereafter,
the arteriovenous difference for urea was calculated
between blood and arterial blood of the hepatic veins
(hAVD), between arterial blood and the blood of the renal
vein (rAVD); arterio-portal difference (APD) — between
arterial blood and the blood of the portal vein, and porto-
venous difference (PVD) — blood between portal and
hepatic veins. After blood sampling from vessels, perfusion
of organs with chilled 0.145 M solution KCI was carried
out. The animals were sacrificed by decapitation at the
background of etaminal anesthesia (40 mg etaminal-
Na/kg). Washed from the blood, the organs were removed,
frozen in liquid nitrogen, comminuted, and the resultant
powder was used to prepare 10% homogenate in 60% tri-
chloroacetic acid solution. The homogenate was extracted
with cold for 30 minutes and centri-fuged at 3000 rpm for
10 min.

To receive urine, the animal was placed for 2—4 hours
in a cage-container, and 0.1 ml of 60% trichloroacetic acid
was previously added into tubes designated for this pur-
pose, in order to suppress urease activity of urine. A urine
sample for determination of urea was diluted 100 times
that was taken into account when calculating the resulting
figure. The content of urea in the blood, tissues, bile, and
urine were determined by the diacetylation method [8].
The content of urea was expressed in mmol/kg wet tissue
for tissue, and in mmol/L for biological fluids (blood, bile,
urine). The results were processed statistically by
Student's t-test and Wilcoxon-Mann-Whitney test.
Statistical analysis was performed using a personal com-
puter with the help of programs <«Staistica 5.5» wu
«Microsoft Exel XP». The differences in the series of
experiments were considered significant at P<0.05.

Results and Discussion

As can be seen from table 1, the normal content
of urea in the vhepatica blood significantly exceeds
the same indicator in the arterial blood and v.porta
blood, respectively, by 25% and 58%. So, hAVD and
PVD for urea are negative values, indicating urea
incretion by the intact liver into the bloodstream.
This is consistent with contemporary ideas of liver as
the main organ the synthesis of urea in mammals [1].
Unlike v.hepatica blood, the concentration of urea in
the common duct bile did not differ significantly
from the similar index in v. porta blood, but com-
pared to arterial and v. hepatica blood it was reduced,
respectively, by 19% and 35% (table 1). Taking into
account the existence in mammals of the enterohep-
atic circulation of urea [9] and its ability to tran-
scend the biological membranes [10], comparison of
the results suggests a different nature of urea in
v.hepatica the blood and common duct bile. This is
indicated by a significant difference between the
urea content in the bile of the common bile duct and
arterial blood found in healthy rats (table 1). On this
basis, we can assume that mainly urea produced by
hepatocytes in the Krebs cycle ornithine will be sup-
plied to v.hepatica blood, whereas mainly urea deliv-
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Ta6mauua 1. Comeprkanue MOu€eBHHBI (MMOJIb/JI) B KPOBH, JKeJIYH, MOYE MOCJIe pe3eKkuuu neuenu (M+m)
Table1. The content of urea in the blood, bile and urine (mmol/1) after resection of liver (M+m)

Object research Intact animals

The urea content in the days of study, n=10

(norm) n=10 3d 7th 14th

Blood (aorta) 3.40+0.12 3.55%0.37 4.06+0.19* 3.04+0.21
Blood v. hepatica 4.25%0.15%*#4# 3.07£0.13*### 4.19£0.24### 3.34+0.21*
Blood v. porta 2.71£0.13 3.91+0.33* 3.37 £0.27* 3.81+0.26*
Bile (Choledoch) 2.78+0.11%*## 2.92+0.11### 3.21 £0.12% %% ## 2.47+0.13 ***#4
hABP (hAVD) -0.83+0.11 # # #
PVD -1.22+0.38 0.92+0.23 # 0.64=0.18
APD 0.74+0.14 -0.42+0.12 0.88+0.15 -0.85+0.21
Blood v. renalis 2.63+0.19** 3.39£0.23* 3.84+0.31* 3.01+0.22
rABP (rAVD) 0.77+0.08 7 7 #
Urine 34.61£3.31 24.32 £3.12* 40.63+5.72 31.51+6.63

IIpumevanue. 3aech u aus 1abu. 2: Object research — o6bexT necaenosanust; Intact animals (norm) nxTakTHbBIE KUBOTHBIE (HOPMa);
The urea content in the days of study — conep:kanue mouesutsI 110 AHsIM ucciaenosanus. Blood — kposs; Bile (Choledoch) — emrun
(xonenoxa); Urine — mouya; hABP 1 TABP — cooTBeTcTBEHHO MeYeHOUHas U MoYedHast apTepro-BEHO3HbIE PA3HUIIBI 10 MOYEBHHE.
PVD — mopro-BeHo3Has pasHuIia mo Mouesnne; APD — aprepro-mopTaibHast pa3HiIa 10 MOYEBHHE; ¥ — pasJidne HeJOCTOBEPHO:
wEE# g #EE— p<(),05, TOCTOBEPHOCTD PA3Muuil B JAHHOU CEPHU OTBITOB [0 CPABHEHUIO € apTEPUAIbHON KPOBbIO, KPOBbIO V. hepatica
M KPOBBIO V. porta cooTBeTcTBeHHO; * — p<<0,05, 10CTOBEPHOCTD PA3IUUUIl TI0 CPABHEHHIO ¢ HOPMOIT

Note. hABP u rABP — accordingly, hepatic and renal arterio-venous difference for urea; PVD — porto-venous difference for urea:
APD — arterio-potyal difference for urea; # — the difference unreliable; **## and ### — P<(.05) significance of differences in this
series of experiments compared to data obtained with arterial blood, blood v. hepatica and blood v. porta respectively; * — P<0.05, sig-

nificance of differences compared to the norm.

HOYHO-KHUTIIEYHOTO KPYToo6opoTa MOYeBHHBI [9] 11 ee
CTOCOOHOCTH JIETKO TIPEOIOTEBATh OUOTIOTUYECKUE
MeMGpaHbl [10], MOKHO TOBOPHUTD O Pa3IMIHOMN TIPH-
po/ie MOYEBHHBI B KPOBH V. hepatica u skeJiuu XoJ1e10-
xa. Ha aT0 yKa3bIBaeT u IOCTOBEPHOE Pasjindre MexK-
NIy collep;KaHUeM MOYEBUHBI B JKETYU XOJIE0Xa U
apTEePUAIbHOI KPOBH, BBISIBJIEHHOE Y 3/IOPOBBIX KPbIC
(tabs.1). Vicxons u3 9TOro, MOKHO I0JaraTh, 4To B
KPOBD V. hepatica OyzeT mocTymaTh mpenMyTIecTBeH-
HO MOYeBHHA, 00pa3oBaHHAs IelaTolUTaMU B OPHHE-
tuHoBoM I1ukiae Kpebca-XeHcensiita, Torza Kak B
JKETTHBIE KATUJISPhI TTPEUMYIIECTBEHHO BbIIETISITh-
¢S MOYEBWHA, JIOCTABJIEHHAS C KPOBBIO V. porta.

Kaxk BuzsHO 13 Tabur. 1, KOHI[EHTPAIMs MOYEBHU-
HBI B KPOBH V. porta u v. renalis Obli1a, COOTBETCTBEH-
Ho, Ha 21 u 23% HIKe YeM B apTepuabHON KPOBH,
noatomy ATTP u rABP 110 MoueBHHe GBIITN TTOMOKHI-
TeJbHBIMU BesmunHaMmu. [lepBoil mpmymHO# 3TOTO
CJIe[lyeT PacCMaTpPUBATh CEKPEIUI0 YacTh <«apTepH-
AJIbHOW» MOYEBHUHBI B TIPOCBET OPTaHOB XKeIy0UHO-
KUIIeyHoro Tpakra. [IpuuamHoil BTOpolt — aKcKpe-
U0 MOYEBWHBI W3 OpraHu3Ma C MOYOW, TjIe
KOHIIEHTpAIUsT JTaHHOTO MeTabosuTa, OJarogaps
KOHIIEHTPAIIMOHHOW CHOCOOHOCTH TIOYEYHBIX Ka-
HasbiteB [11], B 10 pa3 mpeBocXoauT aHATIOTHYHBIN
MOKasaTeJib B apTepraibHOil Kposu (Tabir. 1).

Kaxk BuHO 13 Ta0I1. 2, y 30POBBIX JKMBOTHBIX B
TKaHSIX WMCCAEIOBAHHBIX BUCIEPAJBHBIX OPTAHOB
MaKCUMaJIbHasT KOHIIEHTPAIsl MOYEBUHBI OTMEUYeHa
B TIOYKaX, MUHUMAaJIbHAas B NIMTOBUAHON sKese3e. B
CBOIO OYepe/Ib, KOHIIEHTPAIMS MOYEBUHBI B JIETOY-
HOU TKaHW JIOCTOBEPHO HE OTJIMYATIACH OT aHAJIOTHY-
HOT'O MMOKa3arelist B CePAEYHON MBbIIIIe: He ObLI0 00-
Hapy’KeHO pPasjuuus U MeXIY KOHIIEHTPAIUSIMU
MOYEBUHBI B UCCJIEYEMBIX JIOJISIX TIeUeHU 3/[0POBBIX

ered by v.porta blood will be excreted into bile capil-
laries.

As can be seen from the table.1, the concentra-
tion of urea in the v.porta v and. renalis blood was,
respectively, 21% and 23% lower than in the arterial
blood, so APD and rAVD of urea were positive val-
ues. The first reason would be secretion of a part of
"arterial’ urea into the gastrointestinal lumen. The
second reason is urea excretion from the body with
urine, where the concentration of this metabolite,
due to the concentrating ability of the renal tubules
[11],is 10 times higher than the same indicator in the
arterial blood (table 1).

As can be seen from the table 2, in healthy ani-
mals' tissues of visceral organs studied, the maximum
urea concentration was noted in the kidneys, and the
minimal — in the thyroid gland. In turn, urea con-
centration in the tissue of lungs did not reliably dif-
fered from that of the cardiac tissue: no difference
was found in the urea concentration in the healthy
animals' liver lobes studied lobes (table 2). In the
intestine, urea concentration of in the colon tissue
was reliably lower than its content in the walls of the
stomach and duodenum, respectively, by 20% and
18% (table 2). Comparison of the results obtained
allows speaking about the original difference of urea
ki-netics in the organs of mammals, which is associ-
ated not only with different speed of its generation
therein, but, most likely, with different permeability
of the histohematical barrier of their tis-sues for this
metabolite.

The use of liver resection caused a decrease in
the concentration of urea in the v.hepatica blood on
the 34 and 14th postoperative day, respectively, by
28% and 21%, whereas its content in the arterial
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JKUBOTHBIX (Tabur. 2). B opraHax skejyI0uHO-KHUIIey-
HOTO TPaKTa KOHIIEHTPAIIUS MOYEBUHBI B CTEHKE TOJI-
CTO KHUIIKH, OBLIO JOCTOBEPHO HUXKE €e CojepsKa-
Hus B cTenkax xxenyaka u [IIIK, coorBercTBenHO, Ha
20 u 18% (Tabu. 2). ComocraBieHue MOJYIEHHBIX
PE3YJIbTaToOB MIO3BOJISIIOT TOBOPUTH 00 UCXOHOM Pas-
JIMYUY KUHETWKU MOYEBWHBI B OPraHax MJIEKOINTA-
IOMINX, KOTOPOE CBSI3aHO HE TOJBKO C HEOJUHAKOBOM
CKOPOCTBIO ee 00pa3oBaHKs B HUX, HO, BEPOSITHO, C
PA3JIMYHON TPOHUIIAEMOCTHIO THCTOTEMATHUYECKOTO
Gapbepa MX TKaHEH st JaHHOTO MeTaboInTa.
[IpumeneHne pe3eKIUM T€YEHU BBI3ZBIBAJIO
CHUJKEHUE KOHIIEHTPAIlUM MOYEBUHBI B KPOBH V.
hepatica Ha 3-u u 14-e CyTKH HOCJIEOTEPAITTOHHOTO
MepHo/ia, COOTBETCTBEHHO, Ha 28 1 21%, Tora Kak ee
coJiep;KaHue B apTePUATbHON KPOBU HE M3MEHSLIOCH
(taba. 1). KparkoBpemeHHas HOpMa/id3alus KOH-
IEHTPAIIUA MOYEBHUHBI HA 7-€ CYTKHU MOCJIe0TIePaly-
OHHOTO TIepHO/Ia COMPOBOKIATIOCH €€ yBeJInIeHUEM
na 19% B aprepuanbnoii kposu (tabu. 1). Hecmorps
Ha 10, hABP 110 MOYeBHHE OCTaBaIaCh HELOCTOBEP-
HOH BO Bce cpoku Habsogeruii (Tabu. 1). 1o yKa-
3bIBAET HA HAPYIIEHUE WHKPEIIMH MOUEBUHBI U3 OIle-
PUPOBAHHOIT TIeueHN B KPOBOTOK. B skesrum xosrenoxa
KOHIIEHTPAIIUs MOYEBUHBI Ha 3-W CYTKH IOCJEe pe-
3eKIIUU TIeYeHN OCTaBaJach B TIPeeiax HOPMBI, J[0-
CTOBEPHO HE OTJINYASICh OT AaHAJIOTUIHOTO ITOKa3aTe-
JIT B apTepuajJbHON KpPoBHM W KpoBu V. hepatica
(tabn. 1). ComocTaBieHre MOJYIEHHBIX PE3YIIbTa-
TOB TIOKA3bIBAET, YTO HA 3-U CYTKH TIOCJIEOIepaly-
OHHOTO IePUO/Ia CHUKEHNE NHKPEIMY MOYEBUHBI U3
MeYeHn B KPOBOTOK TIPOUCXOMUT Ha (hoHE coXpaHe-
HUS ee BbBIJIEJICHUST TelaToUTaMi B JKeJTUHbIe Ka-
nusipel. Ha 7-e cyTku mocjie pe3ekinuu edeHu mno-
CTyTIJIEHWEe MOYEBUHBI M3 €€ KJIETOK B JKeJTUHbIe
KaIWJISIPBI BO3PACTAJNIO, HAa UTO YKA3bIBAET yBeInde-
HUe ee COjep/KaHus B JKeadn xosemoxa Ha 15%
(tabu. 1). BeposiTHO, 9TO JOCTHUTAJIOCh 32 CYET «IOP-
TAJBHOI» MOYEBHUHBI, O YeM CBUJETETHCTBYET OTPH-
naresbras koppessiius (r=—0,88, p<0,05) mexxmy co-
JiepKaHreM MOUYEBUHBI B JKEJTYM XOJIe[0Xa W KPOBU
v.porta. Mesxxy Tem, cHrnkenne Ha 12% KOHIIeHTpaIiun
MOYEBUHDL B Kesluu K 14-M cyTkaM I10cie pe3eKiuu
nedyeHn Ha (oHe ee TOBBINIEHHOTO MOCTYIIEHUS K
OIIePUPOBAHHOMY OpPraHy ¢ KPOBbIO V. porta (Tabur. 1),
MO3BOJISIET TOBOPUTH O TOPMOKEHUU TIOCTYTLIEHUS
MOYEBUHBI U3 TENATOIIUTOB B JKETUHBIE KATTUJLISIPBI.
Eciv B aprepuasibHOI KPOBU co/lepsKaHne MO-
YEBUHBI MOCJIE PE3EKIUU MMEeYeHU CYIECTBEHHO He
M3MEHSJIOCh, TO B KPOBU V. porta OHa MpeBbIIIaia
HOPMY Ha 3-1, 7-e 1 14-e CyTKHM 1OCIeonepanuoHHo-
IO [Iepro/a, COOTBETCTBEHHO Ha 45, 25 1 41% (Tab. 1).
bnaromapst atomy IIBP mo moueBnne Ha 3-u n 14-e
CYTKU WCCJIEIOBAHWS CTAaHOBUJIACH TOJIOKUTETHHOM
BesmurHOH (Tabu. 1). C yueTtoM TOSBIEHHS Y OlepH-
POBAHHBIX JKUBOTHBIX IPe0O/IalaHust KOHIIEHTPAIIUT
MOYEBHUHBI B V. porta HaJl aHAJIOTUIHBIM [TOKa3aTeieM
B JKEJYM, MOKHO TOBOPUTH O PETEHIINU <«ITOPTAJTh-

blood remained was not changing (table 1). Short-
term normalization of urea concen-tration on the 7th
day of the postoperative period was accompanied by
its 19% increase in the ar-terial blood (table 1).
Despite this, hAVD for urea remained unreliable at
all observation times (table 1). This indicates dis-
turbed incretion of urea from the operated liver into
the blood flow. In the common duct bile, the urea
concentration on day 3 after LR remained within the
normal range without reliable difference from the
similar indicator in the arterial blood and v. hepatica
blood (table 1). A comparison of the results shows
that on the 3rd postoperative day, decreased urea
incretion from the liver into the blood flow takes
place against the background of its intact release by
hepatocytes into bile capillaries. On the 7th day liver
resection, flow of urea from its cells into the bile cap-
illaries increased as evidenced by increase of its con-
tent in the bile of the common bile duct by 15%
(table 1). This was, probably, due to «portal»> urea,
which is supported by a negative correlation (7=0.88,
P<0.05) between the urea content in the bile of the
common bile duct and v. porta blood. Meanwhile, a
(12%) decline of urea concentration of in the bile by
day 14 after liver resection against the background of
its increased inflow to the operated organ with v.
porta blood (table1l) suggests inhibition of urea
inflow from hepatocytes into bile capillar-ies.

Whereas the arterial blood urea content after
liver resection did not significantly changed, it was
above normal in v. porta on days 3, 7, and 14 after
liver resection, respectively, by 45%, 25%, and 41%
(table 1). Due to this, PVD for urea on the 3rd and
14th days of the study was a positive value (table 1).
Taking into account the occurrence in the operated
animals of predomi-nance of urea concentration in v.
porta blood vs. similar figure in the bile, we can speak
about 'portal’ urea retention in the liver part remain-
ing after resection. This, along with decreased incre-
tion of urea from the operated liver into the blood,
must lead to its accumulation in the organ part
remaining after resection. However, on the 314 day
after liver resection, the content of urea in the left
and middle lobes of the liver was reduced, respec-
tively, by 11% and 15%, whereas on the 7th and 14th
days of the study it was within the normal range
(table 2). This discrepancy can be ex-plained by two
factors: firstly, by urea synthesis dysfunction of hepa-
tocytes, which was detected after liver resection
[12]; secondly, by urea drop from the free into the
bound state. This process is one of the mechanisms of
cell adaptation to the action of an extreme irritant
[13] and repre-sents urea interaction both with
lipoproteins of subcellular organelles’ membranes
[14] and with enzymes [15], resulting in alteration of
the catalytic properties of the latter.

The formation of negative APD for urea after
liver resection (table 1) indicates stimulation by a
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Ta6mmnua 2. Comeprkanne MOYEBHHbBI (MMOJIb/KI BJIAXKHOI TKAHH) B BUCIEPAJbHBIX OPraHaX MOCJE Pe3eKIUH eYeHU

(M£m)

Table 2. The urea content (mmol/kg wet tissue) in visceral organs after liver resection (M+m)

Object research Intact animals

The urea content in the days of study, n=10

(norm) n=15 3d 7th 14th
Thyroid gland 2.73%0.15 4.41+0.22* 4.24+0.21* 3.53+0.30*
Lungs 2.91+0.20 3.77£0.23* 3.75+0.19* 4.07+0.43*
Heart 3.47+0.11 3.56+0.30 3.75+0.28 3.47+0.41
LLL 4.83+0.14 4.34+0.22* 5.01£0.19 4.63%0.24
MLL 4.64+0.16 3.91+0.21* 4.49+0.24 4.75+0.24
Stomach 3.70+0.20 3.31£0.12 3.82 £0.26 3.94+0.32
Duodenum 3.68+0.13 4.40+0.21* 3.79+0.21 3.63+0.30
Colon 3.03+0.21 3.96+0.15* 3.78+0.44 4.12+0.30*
Spleen 3.31+0.16 3.77£0.27 3.62 £0.20 3.360.21
Kidneys 11.2+1.01 12.5+0.77 11.9 £0.65 15.9+1.13*

IIpumeuanue. Thyroid gland — murosuanas xenesa; Lungs — nerkue; Heart — cepaue; LLL — sesag nons nedenn: MLL — cpeanss
nosst medenn, Stomach — sxenyzox; Duodenum — asenagnarunepcernast kumka; Colon — toscras kumika;, Spleen — cenesenka,;
Kidneys — moukn. *(»p<0,05) — 10CTOBEPHOCTH PA3INYUii IO CPABHEHUIO ¢ HOPMOL.

Note. LLL — the left lobe of the liver, MLL — middle lobe of the liver. * — P<0.05, significance of differences compared to the norm.

HO¥T» MOYEBHWHBI B OCTABIIEHCS TTOCTIE PE3EKITUHT Yac-
TH rneyenn. Hapsay ¢ ymMeHbllieHueM WHKPEITUU MO-
YeBUHBI U3 OTIEPUPOBAHHOI I€YeHU B KPOBb, ITO
JIOJIKHO TIPUBOJIMTD K €€ HAKOIIJIEHUIO B OCTaBIIEHCS
mocJie pe3ekinu Jactu oprana. OMHaKo, HA 3-U CyT-
KU TI0CJIe PE3EKINH TIeYeHU CoJiepKaHue MOYEBUHBI
B JIEBOIT U CPeIHEN OJISX TTeUeHr ObLITO CHUKEHO, CO-
orBercTBeHHO, Ha 11 1 15%, Torna kak Ha 7-e u 14-e
CYTKHU UCCJIE0BAHUS HAXOUJIOCh B TIpejesax HOp-
Mbl (Tabs. 2). Takoe HECOOTBETCTBUE OOBSICHSIETCS
nByMs hakropaMu. Bo-mepBbIxX, HapyIIieHrneM Moue-
BUHCHHTETHYECKOI (DYHKIIMU TENaTOIUTOB, OOHAPY-
JKeHHoe Iocje pesekuuu 1edenu [12]; Bo-BTOpBLIX,
[EPex0/l0M MOUYEBHMHBI 13 CBOOOIHOIO B CBS3aHHOE
cocrosiHue. JlaHHBIN TIpoTiece SIBJSETCS OXHUM W3
MEXaHNU3MOB J[ANTall KJIETKH K JIEHCTBUIO Upe3-
BBIYATHOTO pasapaskuTess [13] u mpencrasaser co-
60i1 B3auMoIeliCTBIE MOYEBHHBI KaK € JIUIIOMPOTEH-
JaMu MeMOpaH CyOKJIeTOYHBIX opranesut [14], Tak u
¢ hepmenTamu [15], 4TO MPUBOANUT K UBMEHEHHIO Ka-
TATUTHYECKUX CBONCTB TTOCTETHUX.

DopmMupoBaHue TOCIE PE3EKITUH [TEYEHI OTPU-
narenbHoil ATIP mo moueBute (Tabir. 1) ykasbiBaer
Ha CTUMYJISIIUIO ONEPAIMOHHBIM BMENIaTebCTBOM
WHKPEITUU MOYEBWHBI OPTaHAMMU KeTy0YHO-KUIIeY-
HOT'O TPaKTa B MOPTAJIbHBIII KPOBOTOK, OCOOEHHO Ha
14-e cyTkM TIOC/IEOTIEPAIIMOHHOTO TIepro/a. Kak Buj-
HO 13 TabJI. 2, B TKAaHW JKeJyAKa KOHIIEHTPAIAs MO-
YEBUHBI 1TOCJIE PE3EKITUN TIeUeHN He M3MEHSLIACH, HO
yBemmuuBasiach Ha 20% B Tkanu /[ITK. Ecin yuects,
YTO B HHTEPOIMTAX TOHKOTO KHUIIEYHUKA HETABHO
obHapysKeH TOJHBINH HaGop (epMEHTOB OPHUTHHO-
Boro nukiaa Kpebca-Xencensiita [1], TO MOXKHO T0-
BOPHTD O €r0 CTUMYJISIINY B YKa3aHHBIH TTepro;| Ha-
omonennit. B orimune ot /[IIIK, B cTenke TosicToi
KUIIKW YBeJUYeHWEe KOHIEHTPAIIUU MOYEBUHBI OT-
MeveHO Ha 3-1 1 14-e CyTKU 1mocje pe3eKIny neyeHu,
orsercTBeHHo Ha 31 u 36% (Tab6..2). [Ipuunnoii a10-
TO cJieflyeT pacCMaTpUBaTh TOPMOKEHHUE ee IKCKpe-

surgical intervention of urea gastrointestinal incre-
tion into the portal blood flow, especially on the 14th
day of the postoperative period. As can be seen from
table 2, the concentration of urea after liver resection
did not change in the stomach tissue while it
increased by 20% in the tissue of duodenum. In view
of the recently detected complete set of enzymes of
the Krebs-Henseleit ornithine cycle in the small
intestine enterocytes [1], we can speak about its
stimulation during the said observation period.
Contrary to duodenum, in the colon wall, the
increase of urea concentration was found on days 3
and 14 day after liver resection by 31% and 36%,
respective-ly (table 2). This should be seen as the
result of inhibition of its secretion into the colon
lumen. In normal conditions, secreted into the
intestinal lumen, urea, subjected to the effect of
intestinal microflora urease, secretes ammonia
actively involved in the work of their proton pump
that pro-vides energy to microorganisms [9].

Since liver resection promotes arginase activity
of splenocytes [16], a change in the splenic urea con-
centration had been reasonably expected. However,
it remained within the normal limits on postopera-
tive days 3 and 14 (table 2), which suggests either its
increased inflow into v. porta blood, or its transition
from the free into the bound state. The latter
explains the lack of urea ac-cumulation by spleno-
cytes on the 7th day after liver resection, when its
increased content in arte-rial blood was noted. Since
urea diffusing through a tissue barrier easily alter-
nates between the free and bound state [17], involve-
ment of this mechanism in stabilizing urea concen-
tration in op-erated body's splenocytes within the
normal range, irrespectively of its content in the
arterial blood, cannot be excluded.

As can be seen from the table 1, on the 3rd day
after liver resection, a 30% decrease of urea concen-
tration in urine was accompanied with its 29%
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I[[UK B IPOCBET JJAHHOTO OpraHa. B 0ObIYHBIX YCIOBH-
SIX, CEKPETUPOBAHHAS B MPOCBET KUIIEYHUKA MOYe-
BWHA, IO/IBEPTAsICh BO3JEUCTBUIO ypea3 KHUIIeTHOU
MUKPODJIOPHI, BBIIEJSET aMMUAK, MPUHUMAIOIINIA
aKTHBHOE ydacTue B paboTe MPOTOHHOW MOMIIbI,
obecrieunBarolleil aHeprueil MUKpoopranusMer [9].

[TockobKy pesekIny ImeYeHr CTUMYJIUPYET ap-
TUHA3HYIO aKTUBHOCTD CIJIEHOMTOB [ 16], To MOXKHO
OBbLIO OKUAATh U3MEHEHUST KOHIEHTPAIIMA MOYEBH-
HBI B ceniederke. OIHAKO, OHA OCTABAJIACH B ITpefieJiax
HopMbl Ha 3-u U 14-e cyTKuU 110c/1e0lepalMoHHOrO Iie-
puoga (tabr. 2). ITo JaeT OCHOBAHKE IIPEIION0KUTH
JinbO0 ee TMOBBIIIEHHOE TTIOCTYIIEHHE B KPOBb V. POTta,
Jinbo mepexoll 13 CBOOOAHOIO B CBSI3AHHOE COCTOSI-
Hue. TTocsenHee 0OBICHSIET OTCYTCTBHE HAKOTLJIEHIIS
MOYEBUHBI CIICHOITUTAMU HA 7-€ CYTKH TIOCTIe Pe3€eK-
WU TI€YEeHN, KOT/Ia OTMEYEHO yBeJUIYEeHNe ee Cofiep-
JKaHWS B apTeprasibHON KpoBU. [ToCKOJIbKY MOYEBH-
Ha, auddyHANPYST UYepe3 THUCTOTeMATUYECKUU
Gapbep, JIErKO TEPEXOANT 13 CBOOOIHOTO B CBSIBaHHOE
cocrostHre u Hao6opoT [17], TO HEJIb3sT UCKIIOUUTh
y4acTHe 9TOr0 MEXaHU3Ma B CTaOUJIM3AI[H B [TPEIe-
JlaX HOPMbI KOHIIEHTPAIIU MOUYEBUHBI B CILIEHOIU-
TaxX OMEPUPOBAHHOTO OPraHW3Ma, HE3aBUCUMO OT ee
coJIepsKaHMs B apTePUaTbHON KPOBU.

Kak Bumno u3 Tabu. 1, Ha 3-u cyTKH 1M0CjIe pe-
3eKIUN TleyeHn cHukenre Ha 30% KOHIIEHTpAIUN
MOYEBUHBI B MOUE COMTPOBOK/IATIOCH €€ YBeJTMIeHUEM
Ha 29% B KpoBH V. renalis. ITO CBUAETENBCTBYET O
MOBBIIIEHHOI peabcopOInu JaHHOTO MeTaboJIUTa 13
[OYEYHBIX KAHAJbBIEB B YKa3aHHBINA MepUo HabJII0-
nennii. Ha 7-e cyTku mmocsieonepaioHHOTo Teproia
CKOPOCTb peabcopOLmMy MOYEBUHBI B IIOYKAX, BU/IU-
MO, HOpMaJIM30Basoch. Ha aTo ykaspiBaeT BoccCTa-
HOBJIEHUE KOHIIEHTPALUU MOYEBUHBI B Moye (Tabur. 1).
Mesxay Tem, Ha 7-€ CyTKU TOCJe PE3EeKINN TIeueHn
00HaPY’KEHO YBeJUUEHUE KOHIIEHTPAIINH MOYEBUHBI
B apTepUaIbHOI KPOBY 1 KpoBH V. renalis, cooTBercT-
BenHo Ha 19 u 46% (tabu. 1). Takoe HECOOTBETCTBUE
MOKHO OOBSICHUTH CTHMYJIAIHENd 00pasoBaHMs MO-
YEeBUHBI KIETKAMU MTOYEUHBIX KAaHAJBIIEB C ee JaJb-
Helmrell WHKpenuelr B KPOBOTOK. MOKHO cIipaBesi-
JINBO TIOJIATaTh, YTO JAHHBI MEXaHU3M SIBJSETCS
OJTHOW M3 TPUUYNH OTCPOYEHHOTO HAKOILJICHHS MOYe-
BUHBI TIOYKaMU Ha 14-e CyTKH TOCIeonepannoHHOTO
nepuoga (tabsr. 2). B moukax e o6Hapyxkena MPHK,
Koaupyolas obpasoBanue KapbamounsdochaTcun-
teTasbl-1 [18], orBeyaloieil 3a BoBjieyeHe aMMuaKa
B cunTe3 MoueBunbl [5]. [Toatomy, HecMoTpst Ha Ha-
JinYre B KJIETKaX MMOYEYHBIX KAHAJBIIEB aprAHA3bI
[19], MoskHO rOBOPUTH 06 OOPasoBaHUHU HehPOIUTA-
MU MOYEBUHBI HE COTIPSIKEHHOTO ¢ HeUTpasn3anuen
aMMHaKa.

Kak BusHo u3 Tabi1. 2, pe3eKiys ne4eHu He Bbi-
3bIBAJIA JIOCTOBEPHBIX M3MEHEHUN COAEPIKAHUS MO-
YEBUHBI B CEPIEYHON MbITIe. B jlerouyHoll TKaHu ee
KOHIIeHTpalus Ha 3-1, 7-e u 14-e cyTku mocseonepa-
IIMOHHOTO TIEPUO/Ia TPEBBINIATa HOPMY, COOTBETCT-

increase the v. renalis blood. This is indica-tive of
increased reabsorption of the metabolite from renal
tubules during the said observation period. On the
7th postoperative day, the rate of urea reabsorption
in the kidneys became appar-ently normal. This is
indicated by the recovery of urea concentration in
urine (table 1). Mean-while, on the 7th day after
liver resection, showed an increase of urea concen-
tration in arterial blood and v. renalis blood by 19%
and 46%, respectively, was established (table 1). This
discrep-ancy can be explained by promotion of urea
production by renal tubules' cells and its further in-
cretion into the blood flow. It can be reasonably
assumed that this mechanism is one of the rea-sons
for delayed accumulation of urea in kidneys 14 days
postoperatively (table 2). In kidneys, mRNA that
encodes generation of carbamoyltransferase — I [18]
responsible for the involvement of ammonia in the
urea synthesis was not found [5]. Therefore, despite
the presence of arginase in the cells of renal tubules
[19], it is possible to speak about urea production of
by nephrocytes, which is not accompanied with
ammonia neutralization.

As can be seen from table 2, LR did not cause
reliable changes in the urea concentration in the
heart muscle. In the lung tissue, its concentration on
the 3rd, 7th, and 14th postoperative day was above
normal by 30%, 29%, and 40%, respectively (table 2).
Given the presence of lung tis-sue's arginase activity
[7], we can speak about stimulation of urea produc-
tion therein after liver resection. In turn, mapping
the dynamics of changes in the concentration of urea
in the lungs and arterial blood after liver resection
indicates its retention latency in the lung tissue.

Without exerting a significant influence on the
concentration of urea in arterial blood (table 1), LR
caused its increase in thyroid tissue on the 3rd, 7th,
and 14th postoperative day, by 62%, 55%, and 28%,
respectively (table 2). The lack in the available sci-
entific literature of data about the presence of
arginase activity in thyrocytes makes one think
about distortion of urea diffusion from blood thyro-
cytes after liver resection as the cause of its accumu-
lation by the thyroid tissue. It cannot be excluded
that urea accumulation in the thyroid gland, along
with activation of am-monia neutralization reactions
therein in the conditions of postoperative hyperam-
monemia [20], is one of the reasons for reduced hor-
monal activity of thyrocytes after liver resection that
has been detected earlier.

Conclusion

Thus, resection of normal liver alters the kinet-
ics of urea in the body. On the one hand, this is due
to the activation of extrahepatic mechanisms aimed
at preventing development of urea de-ficiency in the
arterial blood against the background of its distorted
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BeHHO, Ha 30, 29 u 40% (Tabur. 2). Eciu yuecTh Hasw-
ype y JIeTOYHON TKaHW apruHa3HON aKTUBHOCTH [7],
TO MOKHO FOBOPUTH U CTUMYJISIIIUU O0GPasOBaHUS B
Hell MOUeBUHBI TTocse pedekruu medeHn. ComocTas-
JIeHUe AUHAMUKU U3MEHEHUs KOHIIeHTPaInuu Mode-
BUHBI B JIETKUX U apTepUaIbHON KPOBU TIOCTE PE3eK-
MU TIeYeHUW YKa3blBaeT Ha ee PEeTEeHIIMOHHYIO
3a/IEPKKY B JIETOYHON TKaHMU.

He oxasbiBast cyiecTBEHHOTO BJANSHUS HA KOH-
IIEHTPAINI0 MOYEBUHBI B apTepPUaJbHONW KPOBU
(tabum. 1), pesekiiust IeYeHU BbI3bIBA/A €€ yBeJde-
HHUE B TKaHU IIUTOBUHOM sKeJie3bl Ha 3-1, 7-e 1 14-e
CYTKM TIOCJIEONePAIMOHHOTO TePHo/ia, COOTBETCT-
BeHHO Ha 62, 55 u 28% (Tabu. 2). OTcyTcTBUE B 10-
CTYTTHOW HAYYHOU JTUTEpaType CBeleHNH 0 HaInInn
apruHa3HON aKTUBHOCTUA B THUPOINTAX, 3aCTaBJSET
JlyMaTh O HapymieHuu nuddysun MOYeBUHBI U3 TH-
POIMTOB B KPOBB TTOCJIE PE3EKITNHU TTeUeH , KaK MPHU-
YUHY ee HAKOIJIEHNS TKaHbIO MIUTOBUIHON JKeJe3bl.
Henb3s UCKITOUNTB, UTO HAKOTIJIEHNE B IIUTOBUIHOM
JKeJiese MOYEBUHBI, HAPSI/Ly ¢ aKTUBaIMell B Hell pe-
aKIUH 110 HEWTpaIu3aIui aMMHIaKa B yCJIOBUSIX TIO-
ceonepaluonnoil runepammonriemuu [20], asmser-
cs OMHOHW W3 TPUYMH OOHAPYKEHHOTO paHee
CHIKEHUST TOPMOHAJBHOW aKTUBHOCTH TUPOIUTOB
TTocJjie Pe3eKIIny TeIeH .
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synthesis by hepatocytes and reduced inflow of urea
from the liver part remaining after resection into the
central blood flow. On the other hand, these are func-
tional and metabolic changes that taking place in
organs during adaptation of the body to operative
aggression. As a result, not only their permeability of
blood-tissue interface for urea alters, but the kinetics
and production of this metabolite therein, too. This
explains the mismatch between the changes of urea
concentration in visceral organs and the changes of
its arterial blood content discovered in the postoper-
ative period.

HOM CTOPOHBI, 9TO CBA3aHO C aKTUBalueil BHelleye-
HOYHBIX MEXaHNU3MOB, HAITPABJIEHHbIX HA TIPEIOTBPa-
HIeHUe Pa3BUTHS leDUITTa MOYEBUHBI B apTEPUATTH-
HOUI KpoBM Ha (oHe HapylleHus ee CHUHTe3a
TeraTonuTaMi U CHUKEHUS TIOCTYTLIEHUs] MOY€eBU-
HBI U3 OCTaBIIENCS TOCJe Pe3eKINN YaCTh TTeYeHH B
IeHTPaTbHBIM KPOBOTOK. C APYroil CTOPOHBI, 3TO
GOYHKITMOHATLHO-MeTA00TNYECKIEe N3MEHEH s, BO3-
HUKAIOIIMEe B OpraHax Mpy aJanTaliii OpraHn3Ma K
ollepallMoHHOM arpeccuu. B pesdyJibraTe u3MeHsercs
He TOJILKO MPOHUIIAEMOCTD THCTOTEMATIYECKOTO 6a-
pbepa st MOYEBIHDI, & TaK/Ke KHHEeTHKa U 00pa3o-
BaHMe JaHHOTO METabOIUTA B HUX. DTUM U OObSICHSI-
eTcst 0GHAPYKEHHOE B TTOCTEOTEPATTHOHHOM TTEPUO/IE
HECOOTBETCTBYE N3MEHEHNST KOHIIEHTPAIUA MOYEBHU-
HBI B BUCIIEPAIBHBIX OPTaHAX N3MEHEHUSIM ee Cojlep-
JKaHus B apTepuasbHOI KPOBU.
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ObIMIAAd PEAHUMATOJOI'UA

Hayuno-npaxtuueckuii xypHai «O01iast peaHuMaToJIOT s>,
Bxomsiuii B iepedens BAK PO, npennasnauen s Bpaueil aHeCTe3M0JI0T0B-PEAHNMATOJIOTOB
1 HAYYHBIX COTPYZIHUKOB.

Tematuka JKypHaJia: latoretes, KJIMHuKa, InarioCTuka, Jie4ieHue, HpO(bI/I.HaKTI/IKa 1 11aTOJIOMYEeCKasA aHaTo-
MUA KPUTUYECKUX, TEPMUHAJBHBIX 1 ITIOCTPEAHUMAIITMOHHDBIX COCTOSTHUIA. BOHpOCI)I OKa3aHusd Z[OI‘OCHI/ITE{]II)HOﬁ 110~
MOTIHN TPU KPUTHUIECKNX COCTOAHUAX. BOHpOCbI O6yquI/IH HaceJeHA 1 MeJUITMHCKOTO IepCcoHa/la ITpreMaM OKa-

3aHUS HEOTJIOKHOU TTOMOIIN TIPpU KPUTUYECKUX COCTOAHUAX.

Aynuropusi: jieueOHbIe YUPEKAEHUS; BbICIINE yueOHbIE 3aBeICHIs MEAUIUHCKOTO TPODUIIST; MEUIUHCKIE
YUPESKIEHUS TIOCIEUIITIOMHOTO 0OpasoBatusi, DeepaiibHble U PErMOHAIBHBIE OPTaHbl YIIPABJICHUS 3[PABOOXPa-
HEeHMeM, MeMINHCKIE HayYHO-UCCAeI0BATENbCKIUE HHCTUTY T, MEAUIIMHCKIE OUOTMOTEKN.

MMOAIINCKA

B 11060M IIOYTOBOM OTZ€JIEHHH CBS3H [0 KaTajnory «PocneyaTs»

e uHeKc 46338 — g MHAUBUIYaIbHBIX TIOJIITUCYUKOB
* uHjekc 46339 — s npennpusATUIL U Opranu3aruit
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Critical States in Newborns

KUCJOPOIHBIN CTATYC
IPU KPUTUNYECKUX COCTOSIHUSAX HOBOPOK/TEHHBIX

0. C. Anekcanaposud', E. B. ITapmun'?, K. B. ITmenucnos'?, C. A. binros'?

! Cankr-ITerep6yprekuii rocyIapcTBEHHBIN TIeANATPHYECKUN MENIIMHCKIE yrnBepcuteT Munsapasa Poccw,
Poccust,194100, r. Cankr-IlerepGypr, yi. JInToBckas, a. 2
> 6 K JI it 06 P 195009, . C -
[erckas kiaunuueckast 6osnpnua Komurera sgapaBooxpanenust Jlenunrpaackoit odmactu, Poccns, , . Cankr
[TerepOypr, yi. Komcomona, z. 6

Oxygenation Status in Critically Ill Newborns

Y. S. Alexandrovich!, E. V. Parshin'?, K. V. Pshenisnov'?, S. A. Blinov'?

! Saint-Petersburg State Pediatric Medical University, Ministry of Health of Russia,
2, Litovskaya Str, Saint-Petersburg 194100, Russia
* Children's Clinical Hospital, Leningrad Region Public Health Committee,
6, Komsomola Str., Saint-Petersburg 195009, Russia

HpOI‘HOSI/IpOBaHI/Ie HCXO0/la KPUTHUYECKOTO COCTOAHUA Y HOBOPOK/IEHHBIX B 3aBUCUMOCTH OT ocobeHHoCTel
K]II/IHI/IKO']I3.60paTOpHOFO CTaTycCa SABJIAECTCA OZIHOfI 13 HanboJree CAOKHDBIX 3a/1a4 COBpeMeHHOﬁ PeannMaTOJIOTUN.

Iexnb uccnenoBanusi. VzyueHue JUHAMUKY KJIMHUKO-IA00PATOPHBIX [IOKA3aTeJel ¢ 1eJIblo CO3aHUs MH/IUBU-
JIyaJbHBIX BPEMEHHBIX 1ITKAJT Y HOBOPOXK/ICHHBIX B KPUTHYECKOM COCTOSIHUU.

Marepuaist u Meroabl. Ob6caenoBaiu 229 HOBOPOKIECHHBIX JETEH CO CPOKOM recraiuu ot 25 10 42 HeJlelb.
CocrostHue jiereii OlleHUBaIU €Ke[IHEBHO B TeueHue Beero neprona Habmoaenuss 8 OPUT 1o 105 npusnakam. 13
HOBOPO’K/JICHHBIX, BKJIIOUCHHBIX B HCCJIE0BaHNE, 6 MAlMeHToB ymepaio, 223 Bbukuin. Vccaenosanu 24 Koindect-
BEHHBIX [IPU3HAKA, MO/IBEP;KEHHBIX 110 PE3YJIbTaTaM 0HO(MAKTOPHOrO JIUCIIEPCHOHHOTO AHAJIN3A BJAUSHIIO GaKTo-
pa-tniepeMenHoIl «Vcxom», oTpaskaioneil paHHIe UCXObI KDUTHIECKUX COCTOSTHUIL.

Pe3yJIbTaTbI HCCIeI0BaHUA. SICTaHOBIIeHOy YTO OCHOBHBIMU ITOKa3aTeJAMU, OTPAKAOIIUMU TAKECTb COCTOA-
HUA ITalflUeHTa U onpeaesIAIIUMU NCXOL KPUTUYECKOTO COCTOAHUA, ABJAIOTCA TaKNE XapPaKTEPUCTUKN KUCJIOPO/L-
HOT'O CTaTyCa, KaK CoJAepRaHrne KUCJ/I0POoO/ia B ﬂpTepHaJIbIIOﬂ KpOBH, NH/IEKC CHUCTEMHOM JIOCTaBKM KUCJIOPO/Ja, NH-
JIEKC OKCHUTE€HalluH, WH/IEKC CUCTEMHOI'O HOTpe6]IeHI/I${ KHUCJ0PO/a W HaIIPAKEHUE KUCJI0pOoJa B apTepI/IaJII)HOﬁ
KpOBHU. BI)IHBJIBHO, 49TO Y HOBOPOKIACHHBIX C 6]18_FOHpI/I$ITHBIM NCXO/IOM KPUTUYECKOTO COCTOAHUA MMEET MECTO
CTOWKOE yBesmmueHume IoKasareJsiei KHCJIOPOJHOTO CTaTyCa B AMHAMHUKE C OJ/THOBPEMCHHBIM CHUKCHUEM MH/IEKCA
OKCHUreHalu, B TO BpeM:A Kak IIpu H€6JIaI‘OHpI/I${THOM HCX0/ie UMEET MECTO BbIpaK€HHOE CHUKEHNE HOKaSaTe]Iefl,
OTpakalolnx KI/IC.HOPOZ[HbIﬂ CTaTyC Oprann3Ma Ipu 3HaYUTEJIbHOM YBEJIMYCHUN MHIEKCAa OKCUTEHAITUH. Yeranos-
JIEHO, YTO IOKa3aTeJIb HAIIPAYKEHUSA apTEPUATIbHOI'O KUCJI0PO/ia HE COOTBETCTBOBAJI pe(l)epeHTHI)IM 3Ha4Y€eHUAM Jla-
JKe IIpru 6JIaTOHpI/IHTHOM HCX0/1€ KPUTUYECKOTO COCTOAHUSL. HpOI[eMOHCTpI/IpOBaHO, 4YTO CHUKEHHE MHIEKCa CUC-
TEMHOTO HOTpC6]ICHI/I$I KHCJ0poJia B TpymIe HC6]IaI‘Ol'IpI/IHTHOI‘O NCXO0/Jla OTpaXaeT CHUXEHUE CKOPOCTH
MeTab0IMIECKIX IIPOIECCOB U CBUAECTEJILCTBYET O TEPMUHAJIBHOM COCTOAHUU ITAIlUEHTA.

3akimoueHue. OHeHKa HOTpe6JI€HI/IH KUCJIOPO/Zla TKAHAMU B IMHAMUKE a€T BO3SMOKHOCTD OII€HKU I-)Cp(i)eKTI/IB-
HOCTH ITPOBO/IMMBIX MepOHpVIHTHﬁ MHTEHCUBHOMN Tepalinu, Co3aaHusAd I/IH]II/IBI/I[IyaJTBHOﬁ BpeMeHHOﬁ HIKaJIbl 1 IIPO-
THO3MPOBAHMA NCXO/Ia KPUTHIECKOTO COCTOAHNA Y KOHKPETHOTO TTalleHTa.

Knioueevte cosa: 1060poicoeniviil; KpUmuueckoe coCmosue; KuciopoOHblil CIamyc; 6PeMeHHAs. WKALA; PaH-
HULL UCX00

Prediction of neonates' critical states outcome depending on lab test findings and clinical manifestations is one
of the most important and difficult problems of modern critical care medicine.

Aim of the study. To evaluate changes in lab test findings and clinical manifestations in order to create indi-
vidual timelines for critically ill neonates.

Azipec 1Sl KOPPECIIOH/IEHIIUM: Correspondence to:
Koucrantun [TmenucHos Mr. Konstantin Pshenisnov
E-mail: Psh_ K@mail.ru E-mail: Psh_ K@mail.ru
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Kpurnuyeckme cOCTOSIHUS HOBOPOSKAEHHBIX

Material and methods. We examined 229 neonates with a gestational age of 25—42 weeks. Babies' health was
assessed daily throughout their ICU stay using 105 parameters. Six patients enrolled in the study died, 220
enrolled patients survived. We analyzed 24 quantitative attributes affected by variable factor «Outcome» (accord-
ing to the univariate variance analysis) that reflects early outcomes of a critical state.

Results. The study demonstrated that the main characteristics reflecting the severity of patient's condition and
determining the outcome of a critical state are such parameters of the oxygenation status as total blood oxygen con-
centration, oxygen delivery index, oxygenation index, oxygen consumption index, and arterial oxygen extraction ten-
sion. The study demonstrated that neonates with favorable outcomes presented a steady increase in the oxygenation
status parameters with concurrent decrease in the oxygenation index. At the same time, neonates with unfavorable out-
comes presented a steady decrease in the oxygen status parameters along with a significant increase in the oxygenation
index. We determined that the arterial oxygen extraction tension did not comply with the reference limits even in case
of a favorable outcome. The study demonstrated that a decrease in the oxygen consumption index in the unfavorable
outcome group reflects a decrease in the metabolic rate in patient and indicates a terminal state of the disease.

Conclusion. The assessment of tissue oxygen consumption variations with time permits to estimate the effec-

tiveness of the intensive care, create individual timelines, and predict outcome on an individual basis.

Key words: neonate; critical state; oxygenation status; timeline; early outcome
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Beenenue

Bpemennas mikasa (anzi.: timeline, provisional
scale, scale of time) B HaubGoJiee pacpocTpaHeHHOM
MMOHVMMAHUK — METO/ BU3yaJIU3alluu TaHHbBIX, TIPE/I-
Ha3HAYEHHBIN 711 rpauIecKOTO TPENCTaBICHUS
Mepruojia BPpeMEHU WU XPOHOJOTUYECKON CBS3U
MESKILY COOBITUSIMU, HEOOXOMMMBI It Ipoliecca
00yYeHUsI UK UCCIICIOBAHKSI MHTEPECYIOTIeN TeMBbI,
MO3BOJISTIOIINI T1y0sKe 3arJITHYTh B CYyTh COOBITHIT 1
MOJIYYUTD TIEJIOCTHYIO KapTUHY [JTUTEJBbHOTO TIPO-
1ecca. BpeMeHHas 1mKaia peaynsyeTcs, Kak IpaBy-
JIO, B BUJIe BPEMEHHBIX rpaduueckux JuHeek (I10-
JIOC), Ha KOTOPBIX HAHECEHbI JaThl WJIH COOBITHS C
MMOMeTKaM¥ O BPEeMEHU UX TPOUCIIeCTBUSL. Bpemen-
Hasl [IKaJa MOKET TaK/Ke MPEACTABIATH cOO0i criuc-
KU W TabJIHIBE ¢ YKa3aHHo# xponouorueit [1].

Enunoit MeTomosornu MOCTPOEHUs, a TaKKe
o0IIeNpPU3HAHHONW ~KJjaccu(UKAIME BPEMEHHBIX
mkaia Her. HanGosiee yacTo BpeMEHHbIE IITKAJIbI HC-
MOJIB3YIOTCST B TYMAHUTAPHBIX HayKax U B 06pasoBa-
Huu. B moctymHOI JuTepatype yIanoch HalTh efu-
HUYHbBIC WMCCIAEJ0BaHUS B 00JACTH MEAMIIMHBI,
JIEMOHCTPUPYIOIITHE PEe3YJIbTaThl aHAN3A, B TOM YHC-
Jie ¢ UCTI0JIb30BAaHNEM TaliM-JIaliHOB.

Kontenmst BpeMeHHBIX NTKaJI JKUBBIX CYIIECTB
Obl1a chopMUPOBaHA B XPOHOOMOJIOTHU BO BTOPOI
MOJIOBUHE MPOLLIOTro cTojiethss. OHAKO KaKuX-JT100
MPaKTUYECKUX PEKOMEHANNI 110 HMCIOJIb30BAHIIO
BPEMEHHBIX IIKAJ JIJIsI PEIIEHUs 3a/1a4 3/[paBOOXpa-
HEHUsI TPeIoKeHo He Gbiiio. HoBbIil BUTOK MHTEpE-
ca K JIaHHOW Tpo6JieMaTKe BO3HUK B CBSI3H C IIHPO-
KUM BHEJ[PEHWEM, B TOM UYUCJEe W B €CTECTBEHHbIE
HAYKHU, BBIYMCAUTEIBHON TEXHUKU Ha pyOexke Mpo-
IIIJIOTO W HBIHEINTHero ctosieTuii. IMeHHO B 9TOT Tie-
PHOJI UCCTIE0BATESIMHU ObLIO €IIe Pa3 MOAYEPKHYTO,
410 K HAbOPY MapaMerpoB, (GOPMUPYIONUX OOLIHA
JKUBHEHHBIH MUD CYTIECTBA, OTHOCUTCS ¥ TA BpEMEH-
Has (CKOpPOCTHas) TTKaita, B KOTOPOH BOCIIpUHUMA-

Introduction

The timeline (provisional scale, scale of time) is
known as a method of data visualization intended for
graphic representation of a period of time and time
relations between events. This method is necessary
for the education process or for the investigational
purposes; it gives a thorough comprehension of the
events and permits to demonstrate an integral pic-
ture of a longstanding process. The scale is presented
in the form of timelines (bars) with the dates and
time of important events. At the same time, the time-
line could be visualized as a list or a table with the
event chronology [1].

There is still no standardized methodology of
timeline construction and widelyaccepted classifica-
tion. The timelines are used in humanitarian science
and education more frequently. The available litera-
ture contains only single examples of timelines
applied in medicine that demonstrate the analytical
results including the timelines.

A concept of timelines for living beings was
developed in chronobiology in the second half of the
20th century. However, no practical recommenda-
tions for their use in the healthcare have been pro-
posed. At the turn of the century, this problem again
was in the spotlight due to wide application of com-
puter technology in different fields, including natur-
al sciences. Back then, different researchers empha-
sized that the timeline is one of parameters arranging
the environment of a living being; and within the
timeline a living being perceives events, realizes
motions and responses, and even lives. In some cases,
the timeline demonstrates a trend toward brevity
and quickness, in other cases, towards extension and
slowness [2].

No investigations of timelines applied for criti-
cally ill patients have been available to date, there-
fore, this study has been carried out.
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I0TCsT COOBITHST, OCYIIECTBIISIIOTCS IBUKEHNUS U Peak-
11U, B LEJIOM JJIUTCS KU3Hb. Y OJHUX HIKala cMe-
TeHa B CTOPOHY CIKATOCTH ¥ OBICTPOTHI, ¥ APYTUX —
IIPOTSI)KEHHOCTHU U 3aMeI/IeHHOCTH [2].

B nacrosiiee Bpems ucciel0BaHus, HOCBSAIEH-
Hble IIPUMEHEHUIO KOHIEIIMY BPEeMEeHHbIX IIKal Y
[AIMEHTOB B KPUTUYECKOM COCTOSHUU, OTCYTCTBY-
10T, 4TO ¥ MOCJIY’KHMJIO OCHOBAaHUEM JIJISl BBIIIOJTHEHUS
HacTosiiei paboThL.

Ilenb uccienoBanus — U3ydyeHHe AUHAMUKU
KJIMHHUKO-1a00PaTOPHBIX I0Ka3aTeseil ¢ IeIbi0 CO-
3/1aHUS MHIUBU/IYaJIbHBIX BPEMEHHBIX 1IKaJ Y HOBO-
POXKAEHHBIX B KPUTUYECKOM COCTOSIHUU B 3aBUCUMO-
CTH OT PaHHEro UCXo/a.

Marepuan u MeTObI

Wccenenosanie BBITIOJIHUIA B OT/EIEHUN aHECTE3UO-
gorun-peannmanun Nel JIOTBY 3 «/[KbB» K3 JIO B me-
puoz ¢ 2006 o 2009 rox. B nunamuke obememosaro 229
HOBOPOKIEHHBIX fieTel (2550 nHabmoeHnii) co CpPOKOM Te-
craiuu ot 25 10 42 Hexenb. Cpeayr HabMOAABIINXCS MaJIb-
unkn coctaBuan 134 yenosexa (58,5%), neBoukn — 95 ve-
soBek (41,5%). Bce HoBOpOXK/eHHBIE HAXOIWJINCH B
KPUTUYECKOM COCTOSTHUH U HY’KAQJTHUCh B IPOBEACHUN MH-
Ba3MBHON MCKyCCTBEHHON BeHTmusAnun Jjerkux. Cocros-
HUe JieTell OIIeHNBAJIN €XKe/THEBHO B TeUeHHEe BCEro TepHo-
na nabmogenus 8 OPUT no 105 npusnakam.

J1J1s1 OTleHKM COCTOSIHMS TIAIMEHTA MCIOTb30BAIU PY-
THHHbBIE METO/bI KINHUKO-Tab0pPaTOPHOTO 00CIIe0BAHMST
1 TIOKA3aTeJIM KMCIOPOJHOTO CTaTyCa, METOINKA MCCIIE/0-
BaHMUSI KOTOPBIX TIOAPOOHO omrcana B GoJiee paHHUX pabo-
tax [3—35]. V13 HOBOPOSK/ICHHBIX, BKJIIOYEHHBIX B HCCJIE/I0-
BaHue, 6 MaueHToB yMepJio, 223 BbIKUIIN.

C uespio pazpaboTKU aJropuT™Ma MPOrHO3UPOBAHIIS
PAHHETO0 UCX0/1a KPUTHYECKUX COCTOSTHUI Y HOBOPOIK/IE€H-
HBIX OBLJT TPOBEJICH aHAIN3 KJIMHUKO-Ta00PATOPHBIX MO-
KasaTeJsieil MalueHToB, KOTOPBIH MO3BOJIMJI BBISIBUTH 3HA-
YUTEJbHBIC JMHAMUYECKUE PA3JNyus IPOTHOCTUYECKU
3HAYUMBIX KOJIMYECTBEHHBIX [T0Ka3aTeieil 0a3bl JaHHbBIX B
IpyIax paHHero MPOrHO3a Ha TepBble U TPETbU CYTKU
MoCJe MOCTYIJIEHUs. DTO U MOCTYKHJIO MOTUBOM JIJIST
JIATbHENINero n3ydeHus: N3MEHEHU JaHHBIX M0Ka3aTe-
Jieil BO BpeMeHN.

[TpoBesin aHa/IN3 AMHAMUYECKUX XapPAKTEPUCTUK HAU-
60siee MH(MOPMATUBHBIX B TIPOrHO3€ PAHHETO MCXO/A KPU-
THYECKUX COCTOSTHUI Yy HOBOPOKIEHHBIX JIETEIl KOJIIYeCT-
BEHHBIX IOKaszareseii Gasbl maHubix. Vccaegosaiu 24
Pe3YJIBTATUBHBIX KOJUYECTBEHHBIX MPU3HAKOB-OTKINKOB
HauboJiee MOJIBEPIKEHHBIX 110 PE3YJIbTaTaM 0HO(DAKTOPHO-
ro aucnepcronHoro ananusa (ANOVA) siausgHuio dhakropa
nepementoii «lcxony, orpaskarorieil paHHre UCXOIbI KPH-
THYECKHUX COCTOSIHUIA Y HOBOPOKAEHHBIX feTeii (Tabir. 1).

Vcnop3oBasu cirenyiomnne MeTOANKY CPABHEHNS 10~
KaszaTteJieil B TPyIIax MporHo3a:

*  CpaBHEHUE MCXOAHBIX (CTapTOBBIX) 3HAYeHUN
oKazareJieif 1o rpymiaM IIporHo3a mo 3HaAYeHIIO CPEHIX;

*  CpaBHeHMe 3HaYEeHUH IoKazaTeseill Ha COThII Yyac
SKU3HU JIeTell TI0 TPYIIIIaM IIPOrHO3aI0 3HAYEHUTO CPEIHUX;

*  OIleHKAa BEJMYMHBI U3MEHEHUs TI0Kaszareseil 1o
rpymmam rporuoda Ha 100-if yac skusHu gereil B cpaBHe-
HUU C UCXOJHBIMHU 110 3HAYCHUIO CPEIHUX;

The aim of study. The aim of the current inves-
tigation was to evaluate changes in lab test findings
and clinical manifestations in order to create indi-
vidual timelines for critically ill newborns depending
on early outcomes.

Materials and Methods

The current study was performed in the intensive care
unit of Children's Clinical Hospital Np.1 under the Leningrad
Oblast Public Health Committee from 2006 till 2009. We fol-
lowed 229 newborns at a gestational age of 25—42 weeks (in
total, 2550 observations), 134 of them were boys (58.5%) and
95 of them were girls (41.5%). All newborns were in a critical
state and required invasive artificial pulmonary ventilation.
Children's health condition was evaluated daily during their
ICU stay using 105 parameters.

For the assessment of patients' condition, routine clin-
ical and lab test methods were applied, as well as the
assessment of the oxygen status (the latter technique was
described in details in earlier works) [3—5]. Six enrolled
newborns died, 223 patients survived.

In order to develop an algorithm for prediction of
early outcomes in critically ill newborns, we analyzed clin-
ical data and lab test findings and found significant
changes in prognostically significant quantitative database
parameters in early prognosis groups on Days 1 and 3 after
admission. It motivated us for further studies of changes in
these parameters with the time.

The study analyzed dynamic characteristics of quantita-
tive database parameters which are most informative for pre-
dictions of early outcomes in critically ill newborns. We ana-
lyzed 24 quantitative attributes affected by a variable factor
«Outcome» (according to the univariate variance analysis)
that reflects early outcomes of a critical state. (Table).

We used the following methods of comparison of para-
meters in the prognosis groups:

*  Comparison of baseline values in prognosis
groups by mean values;

e Comparison of values at the 100th hour of new-
borns' life in prognosis groups by mean values;

e Assessment of values changes in prognosis groups
at the 100th hour of newborns' life compared to baseline
data by mean values;

e Comparison of values in prognosis groups at the
end of the early neonatal period by mean values;

e Comparison of time to achievement of reference
limits.

The parameter dynamics in the form of mean values
and variances (95% confidence interval around a sample
mean) of analyzed variables divided into groups of early
outcomes of critical states are presented as 2M aggregated
linear charts, where the Y axis presents values and the X
axis presents the age of newborns in hours.

The statistical analysis of the relations between para-
meter samples in groups of shortterm prognosis of critical
health condition was performed using Friedman two-way
analysis of variance by ranks (I*) and coefficient of multi-
ple rank correlation (Kendall's coefficient of concordance)
(W). The concordance estimation was based on the fact
that the proximity concordance coefficient (W) to unit
reflects poor concordance between values of quantitative
attributes in groups [6].
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PeSlebTaTI/IBHbIe KOJIMYECTBEHHbIE IPU3HAKU (OTKJII/IKI/I), MOo/ABEPKEHHDbIE BJUSIHUIO (baKTopa-nepeMeHHoﬁ <«HCXO0/[ Jie-

yenus B OPUT».
Effective quantitative attributes (responses), affected by a variable factor «Outcome of treatment in intensive care
unit».
Parameters Variance analysis Kruskal-Wallis test Median test
F 2 H p 2 p
Oxygenation index, mm Hg 161.8 0.000 139.3 0.000 67.1 0.000
NEOMOD, score 104.8 0.000 162.0 0.000 126.1 0.000
Arterial oxygen content, mmol /1 96.9 0.000 137.1 0.000 72.0 0.000
System oxygen delivery, ml/(min*m?) 84.2 0.000 155.0 0.000 87.2 0.000
System oxygen delivery index, ml/(min*m?) 80.1 0.000 160.8 0.000 88.5 0.000
Gestation age, weeks 73.9 0.000 93.7 0.000 82.4 0.000
Cardiac output, I/min 67.0 0.000 127.0 0.000 61.7 0.000
Age at admission to the ICU, hours 66.1 0.000 15.7 0.000 34.1 0.000
Arterial oxygen extraction tension, mm Hg 58.6 0.000 100.7 0.000 65.0 0.000
Ventilation efficiency index, standard unit 51.2 0.000 140.0  0.000 86.9 0.000
Averaged value in the profile «Irritation-oppression», score 49.7 0.000 111.2 0.000 65.2 0.000
Lactate plasma concentration , mmol /I 48.7 0.000 86.3 0.000 70.2 0.000
APGAR score at the 1st minute, score 44.3 0.000 70.3 0.000 64.9 0.000

Ipumevanue. Parameters — nokasares; Oxygenation index, mm Hg — unzexe okcurenanuu, MM pt. ct.; Appraisal by scale NEO-
MOD, score — onerka no mkase NEOMOD, 6amnbr; Arterial oxygen content, mmol/l — conepskanue Kuciaopoga B aprepuaibHOil
KpoBu, MMOJIb/J1; System oxygen delivery, ml/(minem?) — cucremuas gocraBka Kucaoposa, M/ (muHm?); System oxygen delivery
index, ml/(minem?®) — wuHAEKC cucTeMHOI pocTaBKU KHcaoponaa, mi/(Munem?’); Gestationage, weeks — cpok recranum, mHemenu;
Cardiac output, |/min — cepaeunsiii Boi6poc, n/mun; Hours of life at the moment of intensive care unit admission — yacer Kusnu Ha
momenT noctymienust B OPUT; Arterial oxygen extraction tension, mm Hg — nanpsixenie Oy B apTepuaibHOIl KPOBH, MM PT. CT.;
Ventilation efficiency index, standard unit — unzexc addextnBrOoCTN BenTHISIIINY, Y. efi.; Averaged value in the profile «Irritation-
oppression», score — ycpeIHeHHast oleHKa B npodusie «Pasapaxenue-yraereHues, 6auisy; Lactate plasma concentration, mmol/l —
KOHIIEHTpaIK JaKkTaTa B Iazme Kposu, MmoJib/J1; APGAR score at the 15t minute, score — orenka 1o mkase Anrap Ha 1-if MumyTe,
Gasurer; Variance analysis — aucnepcuonnniii ananns; Kruskal-Wallistest — tect Kpackena-Yosunca; Mediantest — Meuanubiii Tecr.

*  CcpaBHEeHME 3HAYEHMIl IOKas3areseil B TpyIIax
IIPOTrHO3a Ha KOHeIl paHHero HeOHATAJIbHOTO IHepuoja 110
3HAYEHUIO CPEJIHHX;

*  CpaBHEHUE BPEMEHU JIOCTHIKEHUS MOKA3aTeNSIMU
B IPYIIIax POrHO3a rpaHull pe)ePeHTHBIX MHTEPBAJIOB.

JlunaMuKy mokasaTesieil B BUjle Cpe/JHUX 3HaUeHUH 1
mucriepeuii (95%-Hblil I0BEPUTENBHBIIT HHTEPBAJ BOKPYT
BBIOGOPOYHOTO CPEAHET0) AHAIM3UPYEMBIX IT€PEMEHHBIX,
Pas/ieJIeHHBIX MO TPYIIIaM PAaHHUX MCXOJI0B KPUTUYECKUX
COCTOSIHUIA, OTPAa3UJIM B BU/le 2M arpernpoBaHHbIX JIMHEH -
HBIX IpaUKOB, r7ie Ha ocu Y TPe/ICTaBJIEHbl 3HAaUE€HUS 110-
KaszateJieil Ha ocu X — BPeMsl JKM3HH B 4acaxX MCCJIe/[OBaH-
HBIX HOBOPOK/ICHHBIX JIeTell.

JUJIst OLIEHKH CTAaTHCTUYECKOH CBSI3M MEK/LY BHIGOPKa-
MU TOKazaTeseil B TPYyIIax KpPaTKOCPOYHOTO IPOrHO3a
KPUTUYECKUX COCTOSIHUI MCIOJIb30BAJIN PAHTOBBIN [HC-
nepcuonnpiit ananun3d (ANOVA) @puamana (I*) u koad-
duimenT MHOKECTBEHHOU paHTOBOI Koppessiuu (Koad-
unment xwoukopaamuu Kenmenma) (W). B orenke
KOHKOPZAIUK UCXOJUIN U3 TOTO, 4TO Gan3ocTh Koaddu-
nuenra Koukopaauu (W) K eaunuile o3Hadaer ciabyro
CTENeHb COTJIACHST MEXK/y 3HAUEHUSMU KOJINYECTBEHHBIX
IIPU3HAKOB B rpymmax [6].

PesyubraThl 1 00CyKIE€HHE

Ha ocnoBanmm mpoBeneHHOTO aHAMNU3a 3 24-X
KOJIMYECTBEHHBIX MMPU3HAKOB 0TOOpAM 5, MOKa3aB-
e HarboJsiee BhIPasKeHHBIE AMHAMUYECKIE PasJIi-
Yus B TPYMIAaX paHHETO MPOTHO3a PAHHETO MCXO/a
KPUTUYECKUX COCTOSHUN Y HOBOPOKEHHBIX JI€TEH.

K HuM oTHOCATCS cofiep;kanne KUCJI0Poa B ap-
TepUaTbHON KPOBU, WHAEKC CHUCTEMHOHM IOCTaBKU

Results and Discussion

Based on the analysis performed, we selected 5
of 24 quantitative characteristics which showed the
most significant dynamic differences in groups of
shortterm prognosis of early outcome of critical
health condition in newborns.

They include arterial oxygen content, systemic
index of oxygen delivery, oxygenation index, index of
systemic oxygen consumption and partial pressure of
arterial oxygen extraction.

Fig. 1a demonstrates that the baseline arterial
oxygen content in the group of favorable outcome is
equal to 7.68 mmol/l; in the group of unfavorable
outcome, it is 7.81 mmol/I; and in the group of lethal
outcome it is 6.49 mmol/l. At the age of 100 hours,
we found an increase of this parameter in the group
of favorable outcome (7.93 mmol/l) and its decrease
in group of unfavorable outcome (7.63 mmol/1) and
in group of lethal outcome (6.13 mmol/1).

The dynamics of arterial oxygen content from
baseline value to the 100th hour value in prognosis
groups was as follows: in the group of favorable outcome,
it increased by 0.12 mmol/l; in the group of unfavorable
outcome, it decreased by 0.18 mmol/l; and in the group
of lethal outcome, it decreased by 0.36 mmol/I.

At the end of the early neonatal period, the arteri-
al oxygen content was 8.27 mmol /1 in the group of favor-
able outcome (increased by 0.64 mmol/I from the base-
line); in the group of unfavorable outcome, it was 7.34
mmol/l (decreased by 0.47 mmol/] from the baseline),
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KHUCJIOPO/Ia, WHJIEKC OKCUTEHAIMH, WHIEKC CUCTEM-
HOTo 1oTpebJIeHUsT KUCIOPOia U HalPsKEeHue KUC-
JIOPOJIa B apTEPUAIIbHOM KPOBH.

Ha pwuc. 1, a mokazaHo, 4To UCXO/HbIE 3HAYE-
HUS CO/IePKAHUS KUCTIOPO/a B apTEePHATBHON KPO-
B B rpylre GJarornpusSTHOIO MCXO/Aa COCTaBUJIN
7,68 MMOJIB/J1; B IpyIINie HeGIArOMPUITHOTO UCX01a
7,81 MMOJb/JT W B TPyMIe JeTaabHOTO UCXO/a —
6,49 mmosn/n. B Bozpacte 100 wacoB ormeueHo
yBeJUYEHUE MTOKa3aTe st B TPYIIIe 6JIaronpusiTHOTO
ncxona (7,93 MMoJIb/) U €ro CHU)KeHUe B TPyIITe
neb6aaronpugaTaoro (7,63 MMOJIb/JI) U JI€TAIbHOTO
ncxoza (6,13 MMoJb /).

[luHamuka conmepskaHus KUCJI0poJa B apTepu-
AJIbHOW KPOBH OT UCXOHOTO 3HAYEHMS TIOKA3aTE s K
100-y yacy sKusHu JeTell B IPyIITax MPOTHO3a Oblia
CIIelytoleil: B IpyIie OJaronpusaTHOTO MPOTHO3a
nmMesio Mecto yBeaumdenne Ha 0,12 MMosb/71; B TpyTI-
e HebMaronpusTHOro mcxojga cHukenwe wa 0,18
MMOJIb/JI, & B TPYIITIE JIETAIbHOTO NCXO0/1a CHUKEHIE
na 0,36 MMoTB /T

B KoHIte paHHero HeoHATAILHOTO TIEPHOJIA CO/IEeP-
JKaHWe KHUCJIOpPOoJla B apTepHaJibHONW KPOBH B TPYIIIE
6JIArONPUSATHOTO WCXOfla COCTAaBIIO 8,27 MMOJIb/JI
(yBesmuenue Ha 0,64 MMOJIBL/JI OT MCXOJHOIO 3Haue-
HUs); B Tpymie HeGIaronpustHoro wucxopa 7,34
MMOJb/ 71 (cHmkeHne Ha 0,47 MMOJIb/JT OT MCXOTHOTO
3HAYEHUs ); B TPYIIIIE JIETATBHOTO ncxofa 4,97 MMoJtb,/ 1t
(cHmkeHme Ha 1,52 MMOJIB/JT OT HCXOHOTO).

B rpymimax 6JaronpusTHOTO U HeGIaronpusI THO-
TO WICXO/IOB 3HAUEHWS apTepUabHON KOHIIEHTPAINN
KHCJIOPOJIA B KPOBU € MCXOIHOW TOYKU HAXO/UJIUCH B
npeziesiax pedepeHTHOr0 WHTepBajia MokasaTesis. B
rpyiie GIaronpUsTHOIO UCX0Aa 3HAUYEHHUST HTOTO T10-
KazaTeJisi MOCTETIeHHO YBEJIWYUBAIOCH /10 BEPXHEN
rpaHuIbl pepepeHTHOTO nHTepBaia. B rpyrie Heba-
TOTIPUSTHOTO WCXO/Ia 3HAUEHWS apTepUabHOW KOH-
IEHTPAIMK KUCIOPOJa B KPOBU 1O BPEMEHU KU3HU
HAO/MI0aeMbIX TMAIIMEHTOB CHUKAIOCh JI0 HIDKHEN
rpanuilbl pechepeHTHOTO WHTepBasia. B rpyrie Jie-
TAJIBHOTO MCXO0/Ia MCXO/IHOE 3HAUEHWE apTepUaIbHOM
KOHI[EHTPAIIUK KICJIOPO/a B KPOBH OBLIO rOpas/o Hil-
’Ke pehepeHTHOTO 3HAUEHWS U B JIaJIbHEHTIIEM UMEJIO
TEHJICHIINIO K CHUKEHUIO.

Ha puc. 2, a nokazaHo, 4T0 MMEIOTCS TOCTOBEP-
Hble Pa3Nuns 3HAYEHUN COMEPIKAHMS KUCIOPOIa B
apTepuaIbHON KPOBU B 3aBUCUMOCTU OT PAHHETO HC-
xo71a (pe3yJIbTaT PAHTOBOTO IUCTIEPCUOHHOTO aHAJIH-
3a (ANOVA) Dpuamana (1°)=47,1; xoaddurmert
koukopaaimn Kengemnma (W)=0,51; p=0,000).

Taxum 06pa3oM, OlleHKa JUHAMUKHU [OKa3aTeJIst
co/lepKaHUsSl KUCJIOPOJa B apTepUasbHON KPOBU
HMMeeT KOJIOCCATTbHOE 3HAYeHNE He TOJIHKO € TTPOTHO-
CTUYECKOIT TIeJIbIO, HO U C TeJIbI0 ONITUMU3AITIH TTPO-
BOJIUMOW WMHTEHCUBHON TE€PaINH.

OueBUIHO, YTO [OCTVIKEHHWE C TIOMOIIBIO
CPEJICTB UHTEHCHUBHOI Tepanuu (TrapamMeTphl Peciiu-
PaTOPHON TOJ/IEPKKY, WH(DY3MOHHAS Teparus, HOp-

and in the group of lethal outcome, it was 4.97 mmol/1
(decreased by 1.52 mmol/1 from the baseline).

In the groups of favorable and unfavorable out-
comes, the baseline arterial oxygen content was with-
in the reference limits. In the group of favorable out-
come, the value was increasing gradually up to the
upper limit of the referential interval. In the group of
unfavorable outcome, the parameter was decreasing
gradually down to the lower limit of the referential
interval during the lifetime of observed patients. In
the group of lethal outcome, the baseline arterial oxy-
gen content was lower of the lower limit of the show-
ing referential interval and decreased with the time.

Fig. 2, a demonstrates a significant difference in
arterial oxygen content values depending on early
outcome (Friedman two-way analysis of variance by
ranks (1*)=47.1; Kendall's coefficient of concor-
dance) (W) = 0.51; p=0.000).

Therefore, the estimation of arterial oxygen
content values dynamics is very important not only
for prognostic purposes, but also for optimization of
the intensive care.

It is obvious, that achievement of sustained
growth of this parameter up to the reference limits is
one of leading aims of newborn intensive care (respira-
tory support parameters, infusion therapy, and normal-
ization of hemoglobin concentration). At the same time,
if this parameter is close to the upper limit of referential
interval, it indicates the risk of hyperoxia, which is very
important for newborns with low and extremely low
birth weight. Variations of this parameter at the lower
limit of referential interval indicate insufficient stabi-
lization of oxygen transport blood function in patient.
When the arterial oxygen content values are lower the
limit of referential interval with the trend to decrease
with time despite the target therapy, it is considered an
unfavorable indicator for the patient survival.

The systemic tissue oxygen delivery includes
circulatory (cardiac index), hematic (hemoglobin,
oxygen saturation) and respiratory components (par-
tial pressure of oxygen) of oxygen transportation. At
the same time the main role is played by the circula-
tory component. All these components are interrelat-
ed and alteration of one leads to alteration of others.

Fig. 1, b demonstrates that the reference value of
the systemic oxygen delivery index in the group of
favorable outcome was 240 ml/(min*m?); in the group
of unfavorable outcome, it was 180 ml/ (min*m?), and
in the group of lethal outcome it was 130 ml/(min *m?).

At the age of 100 hours, there was an increase in
this parameter in groups of favorable outcome (240 ml/
(min*m?)) and unfavorable outcome (200 ml/
(min*m?*)), and a decrease in the group of lethal out-
come (110 ml/(minm?)).

In the group of favorable outcome, by the age
100 hours of life, the systemic oxygen delivery index
increased by 40 ml/(mine*m?); in the group of unfa-
vorable outcome, it increased by 20 ml/(mine*m?);
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Puc. 1. /lunamMuka nokasareJeii KHCIOPOIHOIO CTaTyca apTepHAIbHOI KPOBH HOBOPOSKE€HHBIX PH KPHTUYECKUX COCTOSIHUAX B 3a-
BHCHMOCTH OT HCXO/IA.

Fig. 1. Dynamics of the oxygen status of arterial blood parameters depending on outcomeof critical states in newborns.

Note. Here and for Fig. 2, a, b, ¢: a — ctaO, — arterial oxygen content, mmol/l. Dotted line — lower limit of referential interval. b —
DOy, — systemic oxygen delivery index, ml/(min*m?®). ¢ — OI — oxygenation index, mm Hg. d — pO,, — arterial oxygen extraction
tension, mm Hg. Dotted line — lower limit of the reference values. e — VOy;,q — systemic oxygen consumption index, ml/min/m’.
Mean+0,95 Conf. Interval.

IIpumeuanne. Newborn's age, hours — Bo3pact HOBOPOKICHHBIX, Yachl. 31€Ch U 1151 pHC. 2, a, b, ¢: favorable — 6aaronpusarhsiii; unfa-
vorable — neGraronpustabiii; lethal — nmetanbublil; outcome — ucxom. a — ctaOy — cozepkanue KICIOPOA B apTePUATbHON KPOBH,
MMouT/a1. IIyHKTHpHAS JTUHNS — HIDKHSS Tpannna pedepentroro nurepsata. b — DOy, — HHIEKC CHCTEMHON IOCTABKH KICIOPOJA,
wur/(mus *M?). ¢ — O — uHAEKC OKcureHanuu, MM pr. cT. d — pOy, — HATPSLKEHUE apTEPUATbHOTO KUCIOPO/Ia, MM PT. CT. IIyHKTUpHAsS
JIVHYISE — HUSKHSISE TpaHuiia pedepenTHoro nutepsaia. € — VOq;, | — HHAEKC CUCTEMHOTO OTPebIeHNsT KUCI0POoIa, Ml/(MuH * M?). 31ech
u Ui puc. 2: Mean — 3nadenue. Conf. Interval — soBepuresibHbIN HHTEPBAL.
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MaJIM3aIus KOHI[EHTPAIINT TeMOTTIO0NHA) yCTOdn-
BOTO TIOCTYIIAaTeTbHOTO POCTA 3TOTO TOKA3aTeNsI 10
3HAYEHWH pehepeHTHOTO NHTEePBAJIa SIBISIETCS OTHOMN
U3 BEAYIINX 3a/a4 JieueHus. B 1o jke Bpemst, mpubiiu-
’KeHHe 3TOTO TMOKasaTessl K BepxHell TpaHmIe pede-
PEHTHOTO WHTEPBaJIa, CBUIETEIBCTBYET 06 OMACHOCTH
TUTIEPOKCHH, YTO OCOOEHHO BAKHO /7SI HOBOPOK/IEH-
HBIX ZIeTell ¢ HU3KOU 1 AKCTPeMabHO HU3KOI Maccoi
tena. Komebammsi MaHHOrO MOKas3aTesst Ha HIDKHEH
rpaauile peepeHTHOrO UHTEPBaa CBUIETEbCTBYET
0 HEeNOCTATOYHON CTaOUIM3AINN KUCTOPOATPAHC-
MOPTHON (DYHKIMM KPOBU MaIMeHTa. JHAUYEHUS CO-
JiepsKaHMsT KUCJIOpPO/ia B apTepHaIbHON KPOBU HILKE
pedepeHTHOro MHTEpBaJIa C TPEHIOM K JabHENIIeMy
CHIDKEHHUIO, HECMOTPS Ha IleJIeHallpaBJeHHble Tepa-
MEBTHYECKHE MEPOIPHTHUS, CIy/KaT HeOJIaronpusiT-
HBIM JIJIST BBLKUBAHUST MHIUKATOPOM.

CucrteMHas [ocTaBKa KHCJIOPOAA TKAHIM
BKJIIOUAET B celst IIUPKYJISATOPHBIN (CepAeyuHblil WH-
JIeKC), TeMUYeCKWi (caTypanusi KUCJIOPOJIOM TeMO-
rJI06MHA) ¥ PECITUPATOPHBIN (HATIPSKEHUE KICJIOPO-
71a) KOMIIOHEHT TpaHCHopTa Kucjaoposa. Ilpm atom
OCHOBHAS JIOJII TPUXOJAUTCS Ha IUPKYJISTOPHBINA
KOMITOHEHT. Bce 3T KOMITOHEHThI B3aUMOCBSI3aHbI U
M3MEeHEHUEe OJIHOTO M3 HUX, KaK MPABUJIO, TIPUBOIUT
K U3MEHEHUIO JIPYTUX.

Ha puc. 1, b BumHO, 9T0 MCXOHbIE 3HAYEHIS
MHJEKCa CHCTEMHO I0CTaBKY KUCJI0PO/a B TPYIIIIe
GaronmpusATHOrO ucxoxa cocraBuiau 240 mi/
(MuH *M”) B TpyIIIe HEGJAaroMPUSATHOTO MPOTHO-
3a — 180 mu/(Mune*M’) U B TpyIIIle JE€TaIbHOTO
ucxoxa — 130 mur/(Mun e M?).

B Bospacre 100 yacoB :KU3HU OTMEYEHO yBeJIH-
YeHre 9TOTO TIOKA3ATENST B TPYIITE GIarOmpUsTHOTO
(280 mur/(MuHeM?)) ¥ HeOJATONMPUATHOIO HCXOJa
(200 mur/(MuH®M”)) U CHUKEHUE B IPYIIIIE JIETATb-
moro ucxona — 110 mur/(muH * M%),

B rpyme 6raronpusitHoro uexoma k 100 wacam
JKU3HU OTMeueHo yBejuuenue rnokasarests Ha 40 mi/
(MuH*M?); @ B TpyIIie HeGJIAromprsaTHOIO UCX0Ma —
uHa 20 mu/(Munem)® B rpyiime sertaabHOTO HCXoaa
oH cHusmiIcd Ha 20 M/ (MuH * M?).

B KoHIle paHHETO HEOHATAJILHOTO TIEPHOA WH-
JIEKC CUCTEMHOM IOCTABKY KUCTIOPOJIA B TPYTITIE H1aro-
MPUSATHOTO TPOTHO3a cocTaBua 250 Mir/(MuH*M”)
(yBemmuenwve Ha 10 My1/(MUH®M”) OT UCXOTHOTO 3HA-
YeHHst), a B TPyIIe HeOIaronpusTHoro ucxoma — 220
wi/(MuaeM’) (yBeamdenue Ha 40 mu/(MUH®M’) OT
MCXO/THOTO 3HAUYeHus). B rpymme JeTtagpHOrO MCxozia
oH cocTaBi 95 Mut/(MuH*M?), 4To OBIIIO HIDKE Ha 35
ML/ ( MUH ® M) OT MCXOIHOTO 3HAYEHUSI.

TepareBTUYecKoe BO3/EHCTBHE, B 3aBUCUMOCTH
OT KOHKPETHOI KJIMHIYECKOI CUTYaI[iH, Ha He06X0-
JIUMBIII KOMITIOHEHT TIOKa3aTessl CHCTEMHOM JIOCTaB-
KM KUCJIOPO/IA TKAHSM C I1eJThI0 IOCTHKEHUS €To He-
00XxoAMMOTO  TpeHpa Oyler  crmocoOCTBOBATH
OTITUMM3AINN WHTEHCUBHOW TE€PANUN TIPU KPUTHYE-
CKHX COCTOSTHUSIX Y HOBOPOSK/JIEHHBIX JIETEH.

cta0, ANOVA Chi Sqr. (n=46, df=2)=47.10989, p=0.00000

" Coeff. of Concordance=0.51206, Aver. rank =0.50122
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Puc. 2. Cpenuue 3HaueHus: U JUCIEPCUH MOKa3aTeleil KUCIo-
POJIHOTO CTaTyca apTepHaIbHONH KPOBU B 3aBHCHMOCTH OT CXO0-
12 KPUTUYECKHX COCTOSIHHI HOBOPOJK/IE€HHBIX.

Fig. 2. Mean values and variance of the oxygen status of arter-
ial blood parameters depending on outcome of critical states in
newborns.

Note. A: Heavy lines — lower and upper limits of showing refer-
ential interval. Aver. rank — average rank. df — degree of freedom.
IIpumeuanue. A: )KupHble TUHUY — HUKHSAS M BEPXHSIST TPAHUITBI
pedepentHoro unrepsana nokasaresst. Coeff. of Corcondance —
Koa(duImenT coorsercTBus; Aver. rank — cpeanuii panr (cpei-
Hee 3HavYeHue Koaddunmenta coorsercTust). df — crernens cBo-
60o/1bI (BeMUMHA TPOU3BOAHAST OT 00beMa BHIOOPKN )
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Kpurnyeckme cocTOSAHMSA HOBOPOIKAECHHBIX

Ha puc. 2, b BuaHO, 4TO UMEIOTCS JOCTOBEPHbIE
pasynuns 3HAYEHUN WHJIEKCA CUCTEMHON JTOCTaBKU
KHUCJIOPO/Ia B 3aBUCUMOCTHU OT PAHHETO MCXO0/la KPH-
TUYECKUX COCTOSTHN (Pe3yJIbTaT PAHTOBOTO JMCIIEP-
cuonnoro anammsa (ANOVA) Opuamana (1*)=45,6;
koaddunment xouxopaanuu Kengemma (W)=0,49;
p=0,000).

Taxum 06pas3oM, OI[eHKA MHAEKCA CUCTEMHOM 10~
CTaBKHU KHMCJIOPOJIA TAKKe UMEET He TOJBKO MPOTHOC-
TUYECKOe 3HAYEeHNe, HO 1 BasKHA JIJISI PellieHus 3a1aun
ONTUMU3AIMH [TPOBOIUMOI MHTEHCHBHOM TePaInu.

Ha puc. 1, ¢ HarISIHO OTpakeHa OTYETIBAS
pasHUIla MCXOHBIX TTOKA3aTeseil MHIeKca OKCUTeHa-
MU B TPYIIAX PAHHETO UCXO0/1a KPUTUIECKUX COCTO-
SHUN Y HOBOPOKIEHHBIX, & TAKKe OTUETINBAsT Pa3-
HUIIA B IUHAMUKE U B CPEeHUX 3HAYEHUSX JAHHOTO
nnjexca K 100-y yacy ku3Hu HOBOPOKJAECHHDBIX U Ha
KOHEI] pAHHETO HEOHATATTBHOTO MEPUOJIA.

B rpymie seTasbHOTO MCXO/Ia OTMEYAIOCh yC-
TOWYNBOE YBeJNIeHEe 3HAUCHUS TAaHHOTO UHJIEKCa, B
rpyiie OJaronpusaTHOTO MCX0Ja HAao0OPOT, YCTOl-
YIBOE CHUKEHHE, a B TPYIINe HeOJIarompusiTHOrO Uc-
Xo/[a — KoJieOaHne 3HaUeHNH 110 YacaM JKU3HHU.

Ha puc. 2, ¢ BunHO, 4TO MMEIOTCST JOCTOBEPHBIE
pasnuns 3HAYEHWH WH/IEKCA OKCUTEHAITNU B 3aBU-
CUMOCTH OT PAHHETO MCXO/Ia KPUTHUECKUX COCTOSI-
HUH Yy HOBOPOXK/IEHHBIX (Pe3yJbTaT PAHTOBOTO JIVC-
mepcuonHoro anammsa (ANOVA) Dpumgmana
(1*)=53,6; xoaddummenT KoHkopmamun Kenmgemrra
(W)=0,52; p=0,000).

[TokazaTesb HAPSKEHUs apTEePUATbHOTO KHUC-
JIOpOJIa KOCBEHHO OTPaKaeT yPOBEHb HATPSKEHUS
KHUCJIOPOJia B KOHIIE KallWJISIpa TIPU YCIOBUU HOP-
MaJIbHOM TKaHeBOW mepdy3uu M HOPMAJIbHBIX I10-
TpebHOCTEel TKaHed opraHmsMa B Kucjaopoze. Ero
pacyeT OCHOBaH Ha OTPEIeJICHUN TTOJI0KEH NS KPUBOI
JICCOIIMAIINN OKCUTeMOTIO0HA, 3HAYEHHS JAHHOTO
MoKazaTess HuKe peepPeHTHBIX 3HAaUeHUI 03HAYaeT
HEIOCTATOYHYIO JIOCTYITHOCTH KHCJI0POIa apTepUab-
HOW KPOBH JIJIst TKaHEW OpraHn3Ma, B TOM YKCJie U3-32
C/IBUTOB KPUBOH JMCCOIMAIINU OKCUTEMOTIO0MHA.

Ha puc. 1, d BugHO, 4TO MCXOIHbBIE 3HAYCHIIS
HaIPSDKEHUST apTEePUAIBHOTO KUCJIOPOAAa B TPYIIIe
GJIATOIPUSATHOTO UCXO/a COCTABUIN 23 MM PT. CT., B
rpyIie HeGIarompUATHOTO MPOTHO3a 22 MM PT. CT. U
B IpyIIIie JeTalbHOTro ucxona — 20 MM pT. CT.

B Bospacte 100 yacoB oT MOMeHTa POK/EHUS B
rpyiie GJArompUsTHOTO MCX04a HallPsKeHe apTe-
PUATHHOTO KUCJIOPOAA COCTAaBUJIO 24 MM PT. CT., B
rpyIiie HeOJIaronpusTHOTO HCX0oAa — 23 MM PT. CT. U
B IpyIIIie JeTaJIbHOTO ucxXoia — MeHee 20 MM PT. CT.

J/lnHamMuKa HanpsoKeHUsT apTepUabHOTO KHUC-
JIOpPOZIa OT MCXOHOTO 3HaueHns nokasatess k 100-y
yacy JKU3HU JieTell B TPyIax MporHosa Oblia ciemy-
[OIIeid: B TpyIIie 61arompusiTHOrO IPOrHO3a HapacTa-
HUe Ha 1 MM PT. CT.; B TPyIIIie HeOIaronpusiTHOrO UC-
Xo/la HapacTaHue Ha 1 MM pT. CT., B TpyIIe
JIETATTBHOTO MCXOJ/Ia CHUKEeHUEe Ha 1MM PT. CT.

and in the group of lethal outcome, it decreased by
20 ml/(mine*m?).

At the end of the early neonatal period, the sys-
temic oxygen delivery index in the group of favorable
outcome was 250 ml/(minem?) (increased by 10
ml/(min*m?) from the baseline); in the group of
unfavorable outcome, it was 220 ml/(minem?)
(increased by 40 ml/(minem?) from n/m” from the
baseline), and in the group of lethal outcome, it was
95 ml/(min*m?) (decreased by 35 ml/(minem?)
from n/m? from the baseline).

Depending on clinical situation, the therapeu-
tic effect onto the essential component of the sys-
temic tissue oxygen delivery index intended to
achieve its required trend will contribute to the opti-
mization of the intensive care in the case of critical
illness in newborns.

Fig. 2, b demonstrates a significant difference in
the systemic oxygen delivery index depending on
early outcome of a critical state (Friedman two-way
analysis of variance by ranks (1*)=45.6; Kendall's
coefficient of concordance) (W)=0.49; P=0.000)

Therefore, the estimation of the systemic oxy-
gen delivery index is also important not only for the
prognosis, but also for optimization of the intensive
care of such patients.

Fig. 1, c demonstrates a clear difference in base-
line values of the oxygenation index in groups of
early outcome of critical health condition in new-
borns and in its dynamic by the 100th hour of new-
borns' life and by the end of early neonatal period.

In the group of lethal outcome, there is a stable
increase of oxygenation index; on the contrary, its
decrease is observed in the group of favorable out-
come. In the group of unfavorable outcome, there are
variations of this parameter with time.

Fig. 2, ¢ demonstrates a significant difference of
oxygenation index values depending on early out-
come of critical state in newborns (Friedman two-
way analysis of variance by ranks (1*)=53.6; Kendall's
coefficient of concordance) (W)=0.52; P=0.000)

The arterial oxygen extraction tension repre-
sents the level of the partial oxygen tension at the end
of a capillary in normal tissue perfusion and normal
oxygen demand of body tissues. Its calculation is
based on the position determination of the oxyhemo-
globin dissociation curve. If its index is lower than the
reference values, it means that the accessibility of the
arterial blood oxygen is insufficient for body tissues
due to the oxyhemoglobin dissociation curve shift.

Fig.1, d demonstrates the reference values of
the arterial oxygen extraction tension; in the group
of favorable outcome, it was 23 mmHg; in the group
of unfavorable outcome, it was 22 mmHg; and in the
group of lethal outcome, it was 20 mmHg.

At the age of 100 hours, in the group of favor-
able outcome, the arterial oxygen extraction tension
was 24 mmHg; in the group of unfavorable outcome,
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B koHIle HEOHATAIILHOTO TIEPUO/IA HATIPSIKEHIE
apTEPUAIBLHOTO KUCJIOPO/A B IPYIIe OJIaronpusiTHO-
TO TIPOTHO3a TOCTUTJIO 27 MM PT. CT. (YBeJMUeHne Ha
4 MM PT. CT. OT UCXO/THOTO 3HAYEHNS ), a B IPYTITe He-
GJIATOIPUSATHOTO UCX0a — 25 MM PT. CT. (yBeJaude-
HUe€ Ha 3 MM PT. CT. OT KCXOJHOTO 3HAYEHNS ).

B rpymre sieTasbHOTO MCX0/Ia HATIPSIKEHUE ap-
TEPUAJIBLHOTO KHUCJIOPOJIa COCTABUIIO 22 MM PT. CT.,
YTO MPEBBICUJIO UCXO/IHbIE 3HAUEHUS BCETO JIUITh Ha
2 MM pT. CT.

HeobxoaumMo OTMETHTH, YTO 3HAYEHUU HU-
JKHEW TpaHUIbl peepeHTHOr0 WHTepBajia MoKa3a-
TeJIST HaNpsDKEHWsST apTepHalbHOTO KHCJIOPOJa He
OBLITIO IOCTUTHYTO HU B OJIHOI U3 IPYIIN PAHHETO UC-
X0/la KPUTUYECKUX COCTOSTHUH, OJHAKO B TPYIITe
61aroNpUsTHOIO HCXOJa OTMEYEHO YCTOMUYMBOE
yBeJInYeHne 3HaYeHUs JAHHOTO TIOKa3aTeJis 10 3Ha-
YeHUH GJUBKUX K HUKHEH IrpaHuIlbl pehepeHTHOTO
WHTEpBaJIa.

Ha puc. 1, e BugHO, 4TO UCXO/IHBIE 3HAUECHUS
HHJIEKCA CHCTEMHOTO MOTPeOJIEHUsT KUCI0Poaa U
3HaueHus atoro nokasatessa Kk 100-y vacy xusnn
HOBOPOJK/IEHHBIX B IPYIIax 61aronpusTHOTO U He-
6GJIarOIPUATHOTO HMCXOJa TPAKTHUECKNU OXMHAKO-
BBl. B TpyIine JeTasbHOr0 MCXO/a 3HAYEHUS WH-
JleKca CHUCTEMHOIrO MOTpebJeHusT KHCJI0poaa
3HAYUTENHHO MEHbIE, YeM B TIEPBHIX JBYX TPYII-
max ¥ MMeeT TEeHAEHINIO K MIPOrPeIueHTHOMY CHU-
skenuio. [Tpubausurensno ¢ 110 yaca xKu3HU HOBO-
POKIEHHBIX B TPyIIe OJarompusITHOTO MCXO0Ja
OTMeYaeTcst pe3Koe TOBbINeHNe 3HAYeHNS] MHIIEK-
ca CUCTEMHOTO noTpebienus Kucaopoaa 10 65—68
MJ/(MUH®M”) K KOHI[y PaHHEr0o HeOHATaJbHOTO
neprojia, a B Tpylie HeOJIarompusaTHOTO HCXO0/a
ATOT TIOKa3aTesib HAUMHAET MOCTENEHHOE CHUKe-
HUe CBOMX 3HAUEHWH.

Takum 06pasoM, CHUKEHIE WHAEKCA CUCTEMHO-
ro morpebJieHUsT KUCIOPoia B TPYIIe HeOIaronpu-
STHOTO MUCXO/Ia OTPAXKAET CHUKEHME CKOPOCTH MeTa-
GOJTMUECKUX IPOIECCOB ¥ CBUIETEIbCTBYET O
TEPMUHAJILHOM COCTOSTHUU TIallMeHTa Ha (DOHE CUH]I-
poMa MOJTMOPraHHON HeZI0CTaTOUHOCTH [7—9].

Orietka oTpebIeHrsT KICJI0PO/a TKAHAMM J1a-
€T BO3MOKHOCTD OTIEHUTD A(PHEKTUBHOCTL (DYHKITH-
OHUPOBAHUS KUCJIOPOIHOTO KaCKajia, BBIOPATh OIITH-
MaJIbHBI BapuaHT MEPONPUATUI WHTEHCUBHOU
Teparuu 1 TPOTHO3UPOBATDH UCXO/T KPUTHUECKOTO CO-
crosiaus [8, 10].

CiietyeT OTMETHTb, YTO MEXaHU3MbI PETYJISATIAN
KHUCJOPOIHOTO CTaTyca HOBOPOKIEHHBIX MOTYT pac-
CMaTpUBATHCS C PA3IMIHBIX mo3uimii [11—13].

3akiaoyeHue

Jluramuueckast oleHka Haubosee wH(pOpMa-
THUBHBIX B IIPOrHOCTUYECKOM IJIaHe TIoKa3aTeJei 1mo-
MOTaeT CTPaTu(GUIMPOBATD TPYIIIBI PAHHETO UCXO0/1a
KPUTUYECKUX COCTOSTHUI Yy HOBOPOKIEHHBIX JIeTel,

it was 23 mmHg, in the group of lethal outcome, it
was 20 mm. Hg.

The dynamics of arterial oxygen extraction
tension from baseline till the 100th hour of life was as
follows: in the group of favorable outcome, the arter-
ial oxygen extraction tension increased by 1 mmHg;
in the group of unfavorable outcome, it increased by
1 mmHg; and in the group of lethal outcome, it
decreased by 1 mm Hg.

At the end of the neonatal period, the arterial
oxygen extraction tension in the group of favorable
outcome reached 27 mmHg (the increase was 4
mmHg from the baseline), in the group of unfavor-
able outcome, it was 25 mmHg (the increase was 4
mm Hg from the baseline)

In the group of lethal case the arterial oxygen
extraction tension was 22 mmHg, which increased
only by 2 mmHg from the baseline.

It should be noted, that the lower limit of the
referential interval for arterial oxygen extraction
tension was achieved in no prognostic group; but in
the group of favorable outcome, there was a stable
increase of the values almost up to the lower limit of
the referential interval.

Fig. 1, e demonstrates that baseline systemic
oxygen consumption index and its values by the
100th hour of life are almost equal in groups of favor-
able and unfavorable outcomes. In the group of lethal
outcome, the baseline systemic oxygen consumption
index was significantly lower than in the groups of
favorable and unfavorable outcomes, and it demon-
strated a tendency toward a progressive decrease. A
precipitous increase of systemic oxygen consumption
index up to 65—68 ml/min/m?* is observed in the
group of favorable outcome beginning form approxi-
mately the 110th hour of life till the end of the early
neonatal period, but in the group of unfavorable out-
come, this index gradually decreased.

Therefore, the decrease of systemic oxygen con-
sumption index in the group of unfavorable outcome
reflects metabolic processes deceleration and indicates
a terminal condition and multiple organ failure [7—9].

The estimation of the tissues oxygen consump-
tion gives an opportunity to assess the effectiveness
of the oxygen cascade functioning and to find opti-
mal intensive care actions, as well as permits to pre-
dict the critical health condition outcome [8, 10].

It should be noted that mechanisms of new-
borns' oxygen status regulations are studied from
different viewpoints [11—13].

Conclusion

The dynamic estimation of the most informative
predictive factors helps to stratify groups of early out-
come in critically ill newborns (whereas the statistical
analysis sometimes fails to do that). It can be assumed,
that scaling and calibration of timelines could help to
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Kpurnyeckme cocTOSAHMSA HOBOPOIKAECHHBIX

YTO He BCerjla MO3BOJISIOT CEeNaTh «CTaTUYeCKHe»
METOIBl MATEMATUIECKOTO aHaT3a. MOKHO TIpejino-
JIOKUTH, YTO MacHITabUpOBaHUeE U KaJuOpPOBKa Bpe-
MEHHBIX TIKAJ MO3BOJUT YBU/IETh PA3JIMIHYIO TUHA-
MWKy TIOKazaTejieii B TIpyIaX paHHEro HCX0ja
KPUTUYECKUX COCTOSTHUI Y HOBOPOXKIEHHBIX JIeTelt, a
BO3MOKHO U OTPEIEJNUTD MOATPYIIBI B KaKI0H U3
TPYTIIT PaHHEro UCXO/I.

BrbisiBieHHbIE pPa3HOHAIIPABIEHHbBIE BDEMEHHbIE
TEH/IEHIIUN JAWHAMUKHN TIOKa3aTeseil KUCIOPOIHOTO
cTaTyca B 3aBUCHMOCTHU OT PAHHETO NCXO0/1a KpUTHYEe-
CKOTO COCTOSTHUSI Y HOBOPOK/IEHHBIX CBU/IETEJBCT-
BYIOT 0 HEOOXOAUMOCTH AaJIbHEHIITIX NCCIe0BAHNUI
JITST BBISIBJIEHUST YCTOMYMBBIX TPEHJIOB MOKA3aTesei
U paspaboTKN TPEHAOBBIX WHIUKATOPOB IS JIajIb-
HEWNIero CO3J[aHWsl KOHIEMIUNA WHIUBHUIYATbHBIX
BPEMEHHBIX TIKAJI, TPUMEHUMBIX JIJIsT KaXK/I0TO TIallH-
€HTa C 1[eJIbIO PEeTeHUST 33191 ONITUMU3AITIY HHTEH-
CHUBHOW Tepanumu.
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see the dynamics of different parameters in groups of
early outcomes in critically ill newborns and even to
identify subgroups in each early outcome group.

The multidirectional trends in the oxygen sta-
tus dynamic depending on early outcome of critical
illness in newborns demonstrate the need in further
investigations to discover stable trends and develop-
ment of trend indicators for further development of
the theory of construction of individual timelines
that could be applicable for each patient in order to
optimize the intensive care.
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Brain Injury

POJIb BTOPNYHDBIX ®AKTOPOB ITOBPEK/IEHUA MO3TA
B ARTUBAIIUU COCYANCTO-TPOMBOILIMTAPHOTO
IT'EMOCTAS3A ITPU YEPEIITHO-MO3I'0BOU TPABME
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Role of Secondary Brain Damage Factors in Activation
of Vascular-Platelet Hemostasis in Traumatic Brain Injury

G. A. Boyarinov', L. V. Boyarinova', A. V. Deryugina® O. D. Solov'eva’,
R. R. Zaytsev', O.V. Voyennov', E.V. Moshnina', A.V. Shumilova’
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Ienp uccnenoBanus. OeHUTb POJIb BTOPUYHBIX (DAKTOPOB MMOBPEXKAEHUS MO3Ta B aKTHBAI[MH COCYIUCTO-
TPOMOOTINTAPHOTO 3BEHA CUCTEMbBI TEMOCTa3a MPH YeperHo-Mo3roBoit Tpasme (UMT).

Marepuan u metoabl. B OPuT nposeaeno obcienobanue u stedenve 30 nocrpagasimx ¢ coderannoin YMT. B
[OCTTPaBMATHYECKOM TIePHO/IE Y OOJIbHBIX UCCIEA0BAIIM TIOKA3ATEH CEPAEIHON eI TeTbHOCTH 1 COCYIUCTOTO TO-
Hyca, cofiepKatie TPOMOOLKUTOB, TeMOIJIO0MHA, JJaKTaTa U aKTHBHBIX (JOPM KUCJIOPO/Ia B KPOBH.

PesyabraTel MCCIeI0OBaHUS 1T0KA3aJH, YTO CONpoBoXkAaonme codetaHHylo YMT Bropuunbie (hakTopsl 110-
BpeKAeHUsT Mo3Ta (HeA0CTaTOYHOCTh KPOBOOOPAIEHNsI, TUIIOKCHS], allUI03 1 MOBbIIIEHHOEe 00pa3oBaHue CBOOOI-
HBIX PaJIMKAJIOB) SBJISIOTCS B TO K€ BPeMs HecHenpuIecKUMI CTUMYJIaMU TPOMOOIIUTOB M 9HAOTEJTUOIUTOB KPO-
BEHOCHBIX COCYZIOB M, BCJEACTBUE ATOTO, BHI3BIBAIOT CHCTEMHYIO aKTUBAIIIO COCYAINCTO-TPOMOOIIMTAPHOTO 3BEHA
CHCTEMBI TeMOCTas3a.

3akimoueHue. HecneumbnquKas{ CUCTEMHadA aKTUuBal A COcyILI/ICTO-TpOM6OIlI/ITapHOl'O reMOoCTa3a BTOPUYHbI-
MK @aKTOpaMH y GOJIBHBIX Ipu couerannoii YMT sBisieTcst OJITHUM U3 IMAaTOreHETUYEeCKUX KOMIIOHEHTOB HUIIEMU-
YECKOr'o IMOBpEXACHUA MO3ra.

Kmouesvte crosa: yepenno-mo3eoeas mpasma, cocy@ucmo—mpom6ouumapnbzﬁ semocmas

Purpose of the study. To evaluate the role of secondary brain damage factors in activation of vascular-platelet
hemostasis in traumatic brain injury (TBI).

Material and methods. In the ICU, 30 patients with complex traumatic brain injury were examined and treat-
ed. In the posttraumatic period, in patient measurement of heart and vascular tone, platelets, hemoglobin, lactate,
and active forms of oxygen in the blood were investigated.

The study results have showed that damaged brain secondary factors accompanying concomitant TBI (circu-
latory insufficiency, hypoxia, acidosis and increased free radical formation) represent at the same time nonspecific
stimuli for platelets and cells of blood vessels that consequently, cause systemic activation of the vascular-platelet
link within the hemostasis system.

Aznpec /1151 KOPPECTIOH/IEHIIUM: Correspondence to:
Tennanuii Bospunon Mr. Gennady Boyarinov
E-mail: boyarin46@mail.ru E-mail: boyarin46@mail.ru

42 www.reanimatology.com GENERAL REANIMATOLOGY, 2016, 12; 5



DOI:10.15360,/1813-9779-2016-5-42-51

Yepenmno-mosrosas Tpasma

Conclusion. Non-specific systemic activation of the vascular-platelet hemostasis by secondary factors in the
patients with concomitant TBI is one of pathogenetic components of ischemic brain damage.

Key words: traumatic brain injury; vascular-platelet hemostasis
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BBenenue

N3yuenne moBpexeHUsT HEHPOHOB M MEXaHW3-
MOB WX 3IIUTHI TP KPUTHUYECKUX COCTOSTHUSX SIBJISI-
eTCsT aKTyasTbHOM TTpobeMoit pearnmaromorun [1, 2].
Y mocTpamaBOIUX € YePEmHO-MO3TOBOU TPaBMOI
(UMT) x darropaM, CHOCOOCTBYIOIIUM PasBUTHIO
BTOPUYHOTO TTIOBPESKIAEHIS MO3Ta OTHOCST: apTepUalib-
HYIO THUIIOTEH3HIO, THIIOKCHIO, H30BITOYHOE 00pasoBa-
HUe aKTUBHBIX (DOPM KUCJIOPO/Ia, aHEMUIO, 9HIOTOKCE-
MUIO, THUIEP- W  TUMNOKAIHUIO,  HapyIIeHUs
BOJIHO-3JIEKTPOJIUTHOTO M DHEPTETHYECKOTO OOMEHa
[3—5]. O6paiaer Ha cebs BHEMaHKEe TOT (hakT, 4TO
opmupyronmecst ipn YMT BropuuHble hakTopsl 1Mo-
BPEXK/ICHUST TOJIOBHOTO MO3Ta B TO JK€ BPEMsI MOTYT SIB-
JIATBCS] BHAUNMBIME CTUMYJIAMU, aKTUBUPYIOIIUMU CO-
CYAMCTO — TPOMOOIUTAPHOE 3BEHO CBEPTHIBAHI
KpoBuU [6—8], KOTOpOE OCYIIECTBIISIETCS, TIABHBIM 00-
pasoM, B cHCTeMe MUKDOIUPKYJISIIUNA U UTPAeT BaxK-
HyT0 posb B cucteme remoctasa [9, 10]. M3BectrO, uTO
BCE KOMITOHEHTBI COCY/IMCTOI CTeHKH (dHIOTEJHIA, CyO-
SHZIOTEJINI, CPEIHSS U HapysKHast 0O0JIOUKHN) YIaCTBY-
10T B TOJI/IEPYKAHUH TEMOCTA3NOJIOTHIECKOTO TOMEOCTa-
32 U B3aUMOCBSI3€H CUCTEMbI PEryJISIIIiN arperaTHoro
COCTOSTHVSI KDOBU C IPYTUMU (DYHKITMOHAJILHBIMUA CHC-
TeMaMU OPTaHW3Ma, OTHAKO COCYAMCTBIN IHIOTETNN
[IPU 9TOM 3acIyKuBaeT ocoboro BHuMaHust [6, 9, 11,
12]. B HeMHOTOUMCIEHHBIX WCCIE0BAHUSX, MOCBS-
MIIEHHBIX PA3BUTHUIO TIPOIIECCA CBEPTHIBAHMS KPOBHU ITPH
YMT, mpencTaBieHa B OCHOBHOM XapaKTEPUCTUKA U3-
MEHEHUS SHIOTEHS B COCY/IaX TIEPBUYHOTO OYara o-
BpEXKIEHUS 1 TeprUMOKATBLHON 30HBI TOJIOBHOTO MO3Ta.
[TpunuMast Bo BHUMaHWE TOT (haKT, YTO MMOBPEKACHUS
COCY/IUCTOTO SHJOTENHS TP KPUTHYECKUX COCTOSTHU-
SX HOCST Hecrelrubuaeckmii xapakrep [6, 11, 12], jo-
TUYHO MTPETOJIOKHITD, YTO U Y GOJIBHBIX TTOCJIE TPABMbBI
TOJIOBHOTO MO3Ta TaKkKe MOKET (hOPMUPOBATHCS CHC-
TeMHOE M3MeHeHne MUKpopesbeda JIOMIUHATBHON TT0-
BEPXHOCTH MHKpococyaoB. Hanbosee sHaAUMMbIMU
CTUMYJIAMU, AaKTUBUPYIONIMMU SHOTETHOIUTHI KPOBe-
HOCHBIX COCYJIOB SIBJISTEOTCS: TUTIOKCHsI, CBOOOJIHBIE aK-
TUBHBIE (DOPMBI KICJIOPO/IA, BOCTIAJTUTETbHBIE ITATOKH-
HbI, BA30KOHCTPUKIIMS,  alW03, 3aMe/JicHue
KPOBOTOKA, TYPOYJIEHTHBIE TIOTOKH KPOBH, YBETHUCHIE
BSI3KOCTH KPOBW, aJIPEHATIMH U HOPA/IPEHAJINH, TPOM-
OVH, THCTaMUH, UMMYHHBIE KOMIUIEKCBI, 9HIOTOKCHHBI,
MOBPEKICHNUST 1 GOJIE3HI SHAOTENUS COCYIOB U Jp. [6,
9, 11—13]. Crumyssaiys JFOMIHATBHON TOBEPXHOCTH
MUKPOCOCYZIOB HecrenupmieckuMu (hakTopamMu co-
MTPOBOYK/IAETCST TAKIKE CUHTE30M M HKCIIPECCUEH dHIO-
TEJIMOIUTAMI OCHOBHBIX MTPOJIYKTOB arperaiiy TPOM-
6oruToB: TpoMOOKcaHa A, (akTopa aKTUBALMK

Introduction

In injurers with traumatic brain injury (TBI)
factors contributing to the development of secondary
brain injury include: arterial hypotension, hypoxia,
excessive reactive oxygen intermediate, anemia,
endotoxemia, hyper- and hypocapnia, disorders of
water-electrolyte, and energy metabolism [3—5]. Tt is
noteworthy that secondary factors of brain damage
emerging by TBI at the same time can be significant
stimuli activating vascular — platelet blood clotting
link [6—8], which takes place primarily in the micro-
circulation system and plays an important role in the
hemostasis system [9, 10]. It is known that all vascu-
lar wall components (endothelium, subendotelium,
the middle and the outer coat) are involved in home-
ostasis maintainance and system interconnection of
the blood regulation with other functional systems.
In this case vascular endothelium is particularly note-
worthy [6, 9, 11, 12]. In few studies on blood clotting
process development in TBI the parameters of
endothelium changes in vessels of brain primary site
lesion and perifocal sites were described. Taking into
account the fact that the vascular endothelium lesion
in cases of the critical conditions were unspecific [6,
11, 12] it is logical to assume that in patients after
brain injury a systemic change of microvessel luminal
surface microrelief can also be formed. The most
important stimuli activating endothelial cells of the
blood vessels include: hypoxia, free reactive oxygen
intermediate, inflammatory cytokines, vasoconstric-
tion, acidosis, feebleness of circulation, turbulent
blood flow, increased blood viscosity, adrenaline and
noradrenaline, thrombin, histamine, immune com-
plexes, endotoxin, injuries and diseases of vascular
endothelium, etc. [6 9, 11—13]. Stimulation of the
microvessel luminal surface with unspecific factors is
also accompanied by synthesis and expression of the
endothelial cells of the platelet aggregation main
products: thromboxane A,, platelet-activating factor
and ADP, which lead to thrombocytopenia progres-
sion. Activation of adhesive and aggregating function
is not carried out only by the endothelial factors list-
ed above, but by hydroperoxides of polyunsaturated
fatty acids formed during free-radical-induced
autooxidation of phospholipids [10, 14, 15].
Literature data analysis substantiates our assumption
that the secondary factors of damaged brain formed
after TBI activate the platelet-vascular hemostasis.

The purpose of the study is to assess the role of
secondary factors of damaged brain in the platelet-
vascular hemostasis activation in TBIL.
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tpomboiuToB 1 AJIMD, 94TO NPUBOAUT K Pa3BUTHIO
TPOMOOITUTOTIEHNH. AKTHBAIIUS aAre3MBHO-arperaim-
OHHOU (DYHKIIMKM TPOMOOIIUTOB OCYIIECTBJISETCST HE
TOJIBKO BBITIETIePEUNCIEHHBIMI 9HI0TETHAIbHBIMU
(bakTopamu, HO TUIPOTIEPEKUCSIME TTOJUHEHACHIIIEH-
HBIX JKUPHBIX KHUCJIOT, 00PasyIoIuXcst B Xo/e CBOOOI-
HOpaIMKAIBLHOTO ayTookuciaenns dhochommmnos [10,
14, 15]. Anasus JiuTepaTypHBIX JAHHBIX TTOITBEPIKIAET
BbICKa3aHHOe HaMU IIpe/oJIosKeHue, 4YTo (hOpMUPYIO-
e rocsie YMT Bropuutbie (haKTOpPbI TTOBPEKIEHUST
MO3Ta SIBJSTIOTCST M AKTHBATOPAMHU COCYIUCTO-TPOMOO-
LIUTapHOrO 3BeHa reMocTasa.

[enp nuccieoBanuss — OMEHUTH POJIb BTOPUY-
HBIX (haKTOPOB MOBPEKIEHUS MO3Ta B AKTUBAIINN CO-
CYZUCTO-TPOMOOIIUTAPHOTO 3BEHA CUCTEMbBI TeMOCTa-
3a mpu UMT.

Marepuan u MeTObI

B HPTIL OKDB um. H. A.Cemamxo r. Husxnero Hos-
ropoza obcmenosanu 30 moctpazaBmux (MyskauH — 18,
SKeHIMH — 12, cpeinuii BozpacT 58+6 jieT) ¢ codeTaHHON
UMT, rocniuranusuposantbix B OPuT B cocTosinnnm Tpas-
Matndeckoro moxka [I—III ct. IIpn nmoctynienun onenka
obeit Tsikect cocrostiust 60JbHbIX 110 1Kaie APACHE
IT cocraBisma 21,5%4,0 Gastos. [Tanuentam TIPOBOIMIN
crangaproe jedenue. Cogep:kamie TPOMOOIIUTOB 1 TEMO-
rJI00MHA OIPeIeIsIM Ha TeMaTOJIOTMYECKOM aHaIu3aTope
«Mindray BC 2300». [lapameTpbl cepiedHoii esaTeabHoC-
TH U COCYIUCTOTO TOHYCA UCCIETOBAIU METOIOM WUHTET-
panbHoii peorpacdun Tesa no M. U. TuiieHko ¢ momoiibio
KOMITBIOTEPHOTO KomIltekca «/{mamant-M» (Poccust), ko-
TOPBIIT aBTOMATHYECKHU OTIPe/IesIsieT THIT KapAnoreMo/InHa-
Mukn. OIEeHNBAIN: MOIITHOCTD COKPAIIEHUST JIEBOTO JKEJTy-
nouka (MCJIJK) — mnokasaresb, oTpaskawoumii paboTy
cep/ilia TIPU POBUKEHUN OIIPEAETEHHOr0 00beMa KPOBH
B YCJIOBHSIX TIPEONIOJIEHUST COCYMCTOTO COMPOTUBIIEHIS,
06bemuyio ckopocTb BoiOpoca (OCB) — cooTHOlIEHNE Cu-
CTOJIMYECKOTO 00beMa U BpeMst H3THaHUs, ob1iiee repude-
puueckoe cocyauctoe conporusienne (OIICC) — Benu-
YIHY, 3aBUCSLIYID OT MHUHYTHOTO o0beMa cepiia u
MIPOXOAMMOCTH TIpeKanuasgpuoro pycaa. CojepxaHue
JIaKTaTta onpeesisin u3 mpob BeHo3Hoii (v. subclavia) xpo-
Bu Ha armmapare «Biosen ¢_lainy (Tepmanwst). J{st orieHKn
AKTUBHOCTH CBOOOIHOPAZANKAIBHOTO OKUCJEHHs OCyIle-
CTBJISLITM UI3MEPEHHEe UHIYITUPOBAHHOM JKeJIe30M U TIepeKu-
ChIO BOJIOPO/Ia XEMUJIIOMUHECIIEHITMU CHIBOPOTKY U3 P00
aprepuaibioii kposu Ha npubope BXJI-07 (Poccus).
Wzyvamm [, — CyMMapHyIO aKTUBHOCTb CBOOOAHOPAIN-
KaJIbHBIX peaxiuil. /17is1 orpesiesnierivst ypoBHst (DU3HOIOTH-
YeCKOWl HOPMBI BBIIIEYKA3aHHOTO 1TOKA3aTeJis TPOBOIUIN
uccseloBaHue KpoBu, 3a60p KOTOPO POU3BOANIIN U3 KY-
OUTAJIBHOI BEHbI, yTPOM, HaTom@AK y 60 3M0POBBIX JINIL
Crenna — 30, mysxkund — 30; cpearuii Bospact 56+5
Jiet), npoxuBaonux B Huskeroponckom pernote. Boirire-
MepeYnCIeHHbI KOMIIEKC MCCJIeI0BAHUI MTPOBOANIN B
1-e (mpu moctymaenun) u yepes 3, 5, 7, 10 cyTok JedeHms.

Craructuueckast 06paboTKa JaHHbIX BHINIOJIHEHA C 110~
Motbio tiporpamm Microsoft Excel u Statistica 6.0. Pe-
3YJIBTATHI TIPEICTaBJIeHDbl B Bune M+m, rie M — cpentee
apudMeTuUecKoe, m — CTaHAAPTHAsl OIIMOKA CPEIHEro.
J1J1s1 TPOBEPKM TUIIOTE3bI O BUJIE PACITPE/IETIEHHs TIPHMe-

Materials and Methods

In N. A. Semashko Regional Hospital of Nizhny
Novgorod, 30 injurers (men — 18, women — 12, average
age 58£6 years) with complex TBI admitted to the ICU at
II—IIT degree traumatic shock condition were examined.
At admittance, a general assessment of their severity con-
dition by APACHE 11 score was 21.5+4.0. Patients under-
went standard treatment. Platelets and hemoglobin were
determined by hematologic Analyzer «Mindray BC 2300.
Parameters of heart and vascular tone were studied by
integral body rheography technique by M.I. Tishchenko
using computer complex «Diamond-M» (Russia) which
automatically determines the type of cardiac hemodynam-
ic. Left ventricular contraction intensity (LVCI) is a value
of heart functioning in some moving blood volume in con-
ditions of vascular resistance overcoming. Volumetric
flow rate (VFR) is a ratio of systolic volume and ejection
time. Total peripheral vascular resistance (TPVR) —
value depending on cardiac output and precapillary blood
flow patency. Lactate was determined in samples of
venous (v. subclavia) blood using «Biosen ¢ lain» unit
(Germany). To assess the free radical oxidation activity
measurement of iron and hydrogen peroxide-induced
chemiluminescence of arterial blood samples serum was
carried out using BCL-07 unit (Russia). To study I,,, —
total activity of free radical reactions. To determine the
physiological norm level of the above-mentioned indice
we studied fasting blood which sampled from cubital vein
in the morning in 60 healthy individuals (30 women, 30
men; average age 56%5 years) living in the Nizhny
Novgorod region. The above listed set of studies was con-
ducted on day 1 (at admission) and at day 3, day 5, day 7,
and day 10 of treatment.

Statistical data processing was performed using
Microsoft Excel and Statistica 6.0. The results are present-
ed as M+m, where M — mean, m — standard error of mean.
To test the hypothesis that the distribution method
Shapiro-Wilk test was used. Study of statistical regulari-
ties in the samplings was carried out using Student's test.
Differences between average values were recognized sig-
nificant at P<0.05 statistical significance level. Correlation
analysis was performed using 7-Spearman criterion.

Results and Discussion

In the laboratory examination of patients, the
platelet count decrease was already found on the
first day of post-traumatic period (table).
Thrombocytopenia was reached maximum on the
day 3 and day 5 after the injury. Platelet count com-
pared to one on the first day was decreased 13% and
15%, respectively. On the day 7 and day 10 the
platelet count was increased and exceed the first
day level in 1.6 and 2.2 times respectively, but did
not reach the upper limits of due values.

It is known that hemodynamic improvements
have a significant regulatory impact on the endothe-
lial cells and platelet function [6—8], and injurers
with complex TBIwere hospitalized in ICU in a state
of IT—III rate traumatic shock. On the first day after
the injury, LVCI in patients was reduced by 17% rel-
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JlunamMuKa nokasatesieil cepievHoi 1eaTelbHOCTH U COCYIUCTOrO TOHYCa, COIEPKAHUS TPOMOOIUTOB, TeMOTIIO0HHA,
JIAKTATA U AKTHBHBIX (POPM KHCIOPOJA Y GONBHBIX B IOCTTPaBMATHYECKOM nepuone (M+m).
Dynamics of heart and vascular tone, platelets, hemoglobin, lactate, and active forms of oxygen in patients in post-

traumatic period.

Indices Regulatory Values of indices on the days of study
values 1st 3d 5th 7th 10th

LVCL, W 2.0—4.5 1.66+0.21 1.61£0.20 2.03%0.40 2.13+0.28 1.88+0.24
VFR, ml/sec 150—390 130.3£13.5 130.2+12.5 176.4+10.6* 179.7+7.3* 177.4+4.2*
TPVR, dyneecm”esec 892—1348 1416+47.3 1536+22.2* 1346+32.0 1295+28.2* 1203+32.5*%
Platelets X10°/L 150—450 143+9.0 125£7.0 122+8.0 229+13.0* 311+8.0*
Hemoglobin, g/L 13.5—15.5 10.2+0.5 9.4+0.6 10.8+0.7 11.0+£0.5 11.6+£0.5*%
Lactate, mmol /L 0.9—1.7 2.25+0.10 3.50+0.12* 2.70+0.12* 2.60+0.10* 2.40+0.12
I hax COUNts per sec 150+1.4 199+2.5% 209+1.9%# 217+1.9%# 197+1.1# 176+1.0%#

Ipumeuanue. Indices — nokasaresu; Regulatory values — nopmarusmbie Besmunnbl; Values of indices on the days of study — snaue-
HUA ToKasaTesiell mo ausm uceaenosanus; LIVCI, W — MCJIK, Bt; VFR, ml/sec — OCB, ma/c; TPVR, dynescm?®esec — OTICC,
muH ¢ cm e ¢; Platelets X10°/L — tpombornutst, X10°/1; Hemoglobin, g/1. — remorsiobus, r/i; Lactate, mmol /L — nakrat, MMOsIb /I Ty,
counts per sec — I, UMII/ceK. ¥ — OCTOBEPHOCTD IMHAMUKHU OLIEHUBAEMBIX [IOKa3aTeJeii B IPOIlecce Je4eHnst OTHOCUTEIbHO [EePHO-

1A MOCTYITIeHNsT GOTBHBIX; ¥ — JI0CTOBEPHOCTD AMHAMUKM I, o

OTHOCUTEJIbHO HOPMATHUBHBIX BEJINIYNH (3/10p01351e ﬂOépOBOJIbI.[bI)‘

Note. * — accuracy of measured outcome dynamics in treatment relative to patient admission term; # — accuracy of I, dynamics to

regulatory values (healthy volunteers)..

s Metoq [llamupo-Yuika. Vsydenne craTucTuyeckux
3aKOHOMEPHOCTEH B BEIGOPKAX OCYIIECTBIISIIN € IPUMEHe-
Huem kpurtepust CtbiojienTa. Pa3indus cpelHuX BeJNYNH,
MIPU3HABAJIN IOCTOBEPHBIMU TIPU YPOBHE CTATUCTUYECKOI
saaunmoctu p<0,05. Koppensinonupiii anaamns mpoBoIi-
JIU ¢ MICTIOJTb30BaHueM Kpurepust 7-CriupMena.

PesyibraThl U 00Cy>KA€HUE

ITpu naboparoproM o6caeg0BaHUKE OOJIBHBIX
yiKe B TIepBble CYTKHU MOCTTPABMAaTUYECKOTO TIEPHUO-
112 ObLJI0 0OHAPYIKEHO CHUYKEHIE COJEPIKaHUS TPOM-
6ouutos (rabn.). TpombouuToneHus pOCTUraIA
MaKCUMyMa Ha 3-U U 5-e CyTKHU 1mocJe TpaBmbl. [1o
CPaBHEHUIO C TIEPBBIMU CYTKAMU KOJIMUECTBO TPOM-
6o1nTOB, yMeHbInanoch Ha 13 u 15% coorBeTCcTBEH-
Ho. Ha 7-e u 10-e cyTku 4mcio TPOMOOIIUTOB BO3-
POCJIO U TIPEBBINIATIO YPOBEHD MEPBHIX CYTOK B 1,6
2,2 paza COOTBETCTBEHHO, HO He JIOCTUTAJIO BEPXHUX
IPaHUIL JIOJKHBIX BEJTMUNH.

NsBecTHO, 94TO Ha (DYHKIIUN SHAOTETUOINTOB
1 TPOMOOIITOB OKa3bIBAIOT CYIIECTBEHHOE PETYJIsI-
TOPHOE BJIUSIHUE TeMOJIWHAMUYecKue CABUTU [6—
8], a moctpamasmue ¢ couetannoit YMT, rocniura-
musupoBanabie B OPuT HaxoAMINCh B COCTOSTHUM
TpaBMaruyeckoro 1oka II—III cr. B nepsbie cyTku
nocyie TpaBMbl MCJIK cumskanocs na 17% orHocu-
TeJHbHO HIKHEHN TPaHUIIB! JOJKHBIX BendnH. Ha 3-
U CYTKH TOCTTPABMATHUYECKOTO MEPUO/IA, HECMOTPS
Ha IpPOBe/leHWe WHTEHCUBHOUW WH(HOY3MOHHO-Tpac-
(¢ysmoHHON Tepanuu, OHA MO-TIPEKHEMY OCTaBa-
Jach cHmkennoit va 19,5%. Ha 5-e, 7-e u 10-e cyr-
k1 TpaBMaTideckoii 6omesan MCJIK y manmenTos
YBEJUYNJIACH 10 CPAaBHEHUIO C TIEPUOJOM WX TIO-
CTYTJIEHWSI, U JIOCTUTAJa HUKHEW TPAHUIIbI JTOJIK-
HbBIX BEJUYNH,

OCB mnpu noctymyieHn” 1 Ha 3-W CyTKU TIOCTIe
TPaBMbl CHIZKAJIOCh Ha 13%, 10 CpaBHEHWIO C ee
JOoJEKHBIMU Besmunnamu. Ha 5-e, 7-e u 10-e cyTku
noctTpaBMartndeckoro nepuoga OCB y marmenToB

atively to the lower limit of the proper values. On
day 3 of post-traumatic period, despite the acute
infusion and transfusion therapy it was still reduced
by 19.5%. On day 5, day 7, and day 10 of traumatic
disease, IVCI in patients increased significantly by
22%, 28%, and 13%, respectively, compared to their
admission term and it reached the lower limit of the
proper values.

At admission and on day 3 after the injury the
VFR in injurers was determined as reduced by 13%,
compared to its proper values. On day 5, day 7, and
day 10 of post traumatic period, VFR in patients
increased significantly by 35%, by 38%, and by 36%,
respectively, compared to their admission term and it
reached the lower limit of the proper values.

On day 1 and day 3 after injury TPVR in the
injurers was determined by increased by 5% and 14%
respectively relative to proper values. On day 7 and
day 10 of traumatic disease, LVCI in patients
increased significantly by 22%, by 28%, and by 13%,
respectively, compared to their admission term and it
reached the lower limit of the proper values.

Trend analysis of cardiac activity and vascular
tone changes suggests that circulatory insufficiency
formed in patients in the early post traumatic period.
As a result of IVCI and VFR decline the blood flow
rate decreases, and as a result, and the lateral shift
effort in direction to the vessel wall, and this leads to
slower secretion of nitric oxide by endothelial cells.
The latter is a strong antiplatelet and vasodilator.
Imbalance of endothelium-depended vascular con-
tractility and relaxation arising from this is one of
the mechanisms of TPVR increase. In the slow flow-
ing blood with nitrous oxide decreased circulation
the platelet aggregation formed, red blood cells form
rouleaux [7, 13, 16].

As a result of developing circulatory ineffi-
cience and hemoglobin decrease in erythrocytes in
the body of patients after complex TBI the oxygen
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JOCTOBEPHO yBemuiiach Ha 35, 38 u 36% coorserct-
BEHHO, TI0 CPABHEHUIO € TIEPUOJIOM X MOCTYILJICHIS,
U IOCTUTAJIA HYZKHEH TPAHUIIBI JIOJDKHBIX BEJTUYNH.

B 1-e u 3-u cyrku nociue tpasmol OIICC y 11o-
CTPaJIaBIINX TOBBIIIAIOCH Ha 5 1 14% coOTBETCTBEH-
HO OTHOCUTEJbHO JOJKHBIX BesmunH. Ha 7-e n 10-e
cyTku TpaBmMaTndeckoit bomesun OTICC noctoBepHO
yMmenbimaoch Ha 9% 1 15% cOOTBETCTBEHHO, 110
CPaBHEHMIO C MEPUOIOM UX TIOCTYIIJICHUS, ¥ JIOCTUTA-
JIO BEPXHEN TPAHUIIBI IOJLKHBIX BEJTMYUH.

AHanu3 HaNPaBJIEHHOCTU U3MEHEHUI MoKa3a-
TeJeil cep/ieuHoN eI TeTbHOCTA U COCYAMCTOTO TO-
Hyca CBUJIETETBCTBYET, UYTO B PaHHEM TTOCTTPaBMa-
TUYECKOM Tiepuoje y OOJBHBIX (HOPMHUPYETCs
HEJIOCTaTOYHOCTh KpOBooOpaleHust. B pesyJibrare
camkernss MCJIJK u OCB ymenbIaeTcst CKOpocTb
JBYKEHMSI KDOBH, a BCJIEACTBHUE 9TOTO, U cHia HOKO-
BOTO C/IBUTA B HATIPABJIEHUN K CTEHKE COCY/a, & ATO
MIPUBOJIUT K 3aMe/IJIEHUIO CEKPEIUN IHJIOTETNOIIH-
TaMi oKcuza azota. [locaennuii SBsSeTCST MOIITHBIM
AQHTHUATPETAHTOM W Ba30JMJISATATOPOM. BosHuKaro-
LM TPK 9TOM JucOaIanC 9HAOTENNNA — 3aBUCUMOIA
COKPAaTUMOCTH U PEJTaKCAIINH COCYOB SIBJISIETCS OI-
HuM u3 MexaHusMoB nobiiieruss OIICC. B wmen-
JIEHHO TEKYIIel KPOBU CO CHMKEHHOU IUPKYJISIIH-
efi B Hell okcmma azora 0OPA3yIOTCs arperarhl
TPOMOOIIMTOB, IPUTPOIMTHI COOUPAIOTCS B MOHET-
Hble cTostOuKu [7, 13, 16].

BenenctBue pasBuBaronieiicss HEOCTATOYHOC-
TH KPOBOOOPAIIEHUST U CHIIKCHUST COJEP/KaHUsI Te-
MOTIJIOOHHA B 9PUTPOIIMTAX B OPTaHU3MeE TTAI[HEHTOB
nocJie niepenecernoit couerannoit YMT dhopmupy-
eTcsl KUCJAopoaHas 3anoskennocts [17]. Konnent-
parysi MOJIOUHOI KUCJTOTHI B BEHO3HOM KPOBHU yIKe B
MepBble CyTKH TOCJIE TPABMBI yBeTndIIach Ha 32%, a
Ha 3-u cytku Ha 106% OTHOCUTETHHO MOJIKHBIX Be-
jguund. Ha 5-e u 7-e cyTKM HOCTTPAaBMATHYECKOTO
MEPHOJIa, 10 CPABHEHWIO C TPEINIECTBYIONINM dTa-
[IOM WCCJIEZIOBAHUS, ONIPEEISITN CHIKEHUE YPOBHS
saktata Ha 23 1 26% coorBetcTBeHHO. HecmoTpst Ha
OTHOCHUTEJIbHOE BOCCTAHOBJIEHWE TOKas3aTeseil cep-
JIEYHON JIeITeTbHOCTH 1 COCyIMCTOro ToHyca Ha 10-
€ CYTKH TI0CJie TPaBMBbI COJIepKaHe MOJIOYHON KHC-
JIOTBI  MO-TIPEKHEMY OCTaBaJOCh BBICOKUM W
MIPEBBIIIANO er0 M0JLKHbIe 3HaYenus Ha 60%. Anasu-
3UPysl HAIPaBJE€HHOCTb WM3MEHEHWIl TpejicTaBJeH-
HBIX BBIIIE MMOKa3aTesel, JOTUIHO MPEIIOI0KNTD,
YTO KUCJIOPOIHAS 3a/[0/KEHHOCTh COXPAHATIACh W3-
3a HUBKOTO COIEPKAHUST TeMOrJIOOMHA B 9PUTPOIH-
Tax (Tabu.). BeIcTPO pasBUBAMOIIASCS U JJIUTEIBHO
COXPAHSIONIASICS THITOKCUST Y GOJIBHBIX, TIEPEHECIITHX
couerannyio UMT, okaspiBaja HeOJATONPUATHOE
BO3JIEIICTBIE HA COCYANCTO-TPOMOOIIUTAPHOE 3BEHO
CHCTEMBI TeMOCTa3a U CII0COOCTBOBAJIA TIOBBIIIEHHO-
My 06pa3sOBaHUIO aKTUBHBIX (POPM KHCJIOPOJIA.

AKTHUBHOCTH CBOOOTHOPAIMKAIBHBIX TPOIIECCOB
(1,,.x) B apTepUaIbHOM KPOBU B 1-€ CyTKH 1TOCIE TPaB-
MBI BO3pocia Ha 33% U Ha MPOTSHKEHUN TIOCIENYIO-

debt formes [17]. During the first day after injury
lactic acid concentration in venous blood of injurers
increased by 32% and it increased by 106% compared
to proper values on day 3. On day 5 and day 7 of
post-traumatic period compared to the previous
study phase the lactate decrease by 23% and by 26%,
respectively, was defined. Despite the relative indica-
tors of recovery of cardiac activity and vascular tone
on day 10 after the injury of lactic acid content
remained high and exceed its proper value by 60%.
By analyzing the trend of changes of the indicators
presented above it is logical to assume that such
hemodynamics indicates the oxygen debt in the
injurer bodies due to low hemoglobin in erythrocytes
(table). Fulminant and long-persistent hypoxia in
patients experienced complex TBI resulted in an
adverse effect on vascular-platelet link of hemostatic
system and contributed to increased formation of
reactive oxygen intermediate.

On day 1 after injry the activity of free radical
processes (I,..) in arterial blood increased by 33%
and over the next 10 days of post-traumatic period
was significantly higher than that in healthy individ-
uals. Such a high and long-maintained level of circu-
lating active forms of oxygen in arterial blood, in
turn, also helped trigger the effect on vascular-
platelet link of the hemostatic system.

The correlation analysis between the amount of
platelets circulating in blood and secondary factors
of brain damage (indicators of cardiac activity
(LVCI, VFR), vascular tone (TPVR), hypoxia (lac-
tate, hemoglobin), and total activity of free radical
reactions) showed that in patients after TBI an
interaction of their dynamics has place in the post
traumatic period. Thus, developing thrombocytope-
nia in injurers on 3—5 days post injury with a subse-
quent reduction in platelet count to physiological
values was accompanied by co-directional power
dynamics of left ventricular contraction intensity
and volumetric flow rate, as indicated by the pres-
ence of correlations between the average force
(7=0.36, and 0.59, respectively; P<0.05). In response
to changes of cardiac function in these patients, a
compensatory reaction of vasospastic reaction with
the subsequent peripheral vessel relaxation has been
observed in the post traumatic period. With the
change in platelet a count detection between a
strong negative correlation indicated the generality
of this trend (7=-0.84; P<0.05). In view of the detect-
ed severity dynamics of hypoxic manifestations
developing in patients after undergoing complex
TBI, the change in hemoglobin codirectional to
number of platelets and blood metabolic parameters
— concentrations of lactate and reactive oxygen
intermediate — was detected (#=0.80; -0.45 and -0.93
respectively; P<0.05).

Analysis of the study results showed that in the
injurers experiencing a complex TBI, already on the
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Yepenmno-mosrosas Tpasma

mux 10-1 cyTOK mocTTpaBMaTUYECKOTO TTepruoia J10-
CTOBEPHO IPEBbIIIANA TAKOBYIO Y 3M0POBHIX H06PO-
BOJIBbIIEB. TaKo# BBICOKUI 1 AJTUTETHHO TOIIEPKUBA-
IOIIUIACS YPOBEHD IIMPKYJIUPYIONTNX AKTUBHBIX (hopM
KHUCJIOPOJIa B apTEPUATIbHOM KPOBH, B CBOIO 0Yepe/ib,
TaKKe OKa3bIBAJ aKTUBUPYIOIIee JEeHCTBIE Ha COCY-
JCTO-TPOMOOITUTAPHOE 3BEHO CHCTEMBI TEMOCTa3a.

[IpoBesenHbBINT KOPPETATMOHHBIN AHAJIN3 MEXK-
NIy KOJIMYECTBOM IIMPKYJIUPYIOIIUX B KPOBU TPOMOO-
IIUTOB U BTOPUYHBIMU (haKTOPAMU TMOBPEKICHUS
MO3ra — IOKa3aTeJNsIMU CEPJEUHON esITeTbHOCTH
(MCJIIK, OCB), cocynuctoro tonyca (OIICC), tu-
nokcuu (copepsKanme TeMoryIoOMHa, JJAKTAaTa) U CYyM-
MapHOI aKTHBHOCTBIO CBOOOIHOPAAUKAIBHBIX PeaK-
nuii 1oxkasas, yro y nauuentos nocie UMT nmeer
MECTO COMPSZKEHHOCTh X AMHAMUKHN B ITOCTTPaBMa-
THYEeCKOM Tepuojie. Tak, pa3BUBAIOIIAsICS y MOCTpa-
JABHIMX TPOMOOIMTONEHMsI Ha 3—5-¢ CYTKM T0cIe
TPaBMBbI C TIOCJIEIYIONUM BOCCTAHOBJIEHUEM KOJIHYe-
cTBa TPOMOOIUTOB 10 (PUBMOJIOTUYECKUX 3HAYEHUH,
COMPOBOXKAAaZach COHAIPaBJEHHON JIUHAMHUKON
MOIIIHOCTH COKPAIIEHHIT JIEBOTO KeJIyA0uKa 1 00b-
€MHOI CKOPOCTH BBIOPOCA, HA UTO YKa3bIBAJIO HAJIM-
yue KOpPeJsIuil CpelHell CHJIbl MeXAYy HUMHU
(r=0,36 u 0,59 coorBercTBerHO; p<0,05). B oTBeT Ha
U3MEHEHUS CePJIeUHOI eI TeJIbHOCTU B TOCTTPaBMa-
THYECKOM TIeprojie HabJII0MaIn KOMIIEHCATOPHYIO
Ba30CTACTUYECKYTO PEAKITUIO C TTOCITeyIOIel pesak-
canueit nepudepuueckux cocynos. Ha o6uHOCTh
9TO TEHAEHIINU ¢ U3MEHEHUEM YPOBHSI TPOMOOIH-
TOB YKa3bIBaJIO BBISBJIECHUE MEXKIY HUMH CUJIBHOM
orpumnarenbuoit cszu (r=-0,84; p<0,05). C yuerom
BBISIBJIEHHOU IUHAMUKW BBIPA)KEHHOCTU THITOKCHYE-
CKHUX TIPOSIBJICHUH, Pa3BUBAIOIINXCST Y OOJBHBIX T10-
cre repenecentoit coderannoit UMT, obHapyskiBa-
JIN COHAIPABJEHHOE KOJUYECTBY TPOMOOIUTOB
H3MEHEHUEe COJeP/KaHMsI TeMOTJIOOMHA 1 MeTaboJ k-
YEeCKUX TIoKa3aTeseil KpoBM — KOHIIEHTPAIINH JIaKTa-
Ta U aKTUBHBIX (hopMm Kucaopoma (r=0,80; -0,45 u
-0,93 cootBetcTBeHHO; P<0,05).

AHaiu3 pe3yJbTaTOB TPOBENEHHOTO UCCIEN0-
BaHMS TOKA3aJl, 4YTO y TOCTPAAABIINX, TIEPEHECITUX
couetannyio UYMT, yxe B mepBble CYTKU MOCTTPAaB-
MaTUYECKOTO Tepruojia (GhOPMUPYIOTCS HU3MEHEHUS
CEePAEYHO-COCYANCTON U MeTabOJIMIECKOU CHCTEM,
pasBuBaeTCs TpoMbOonuTONEeHus . [IpuaiHamMmu apre-
PUATHHON TUTIOTOHUM Y TIOCTPAJABIINX C TKEJIOM
YUMT saBasroTcst HapylieHus eHTPATbHONW pPeryJis-
1y reMonHAaMuKN 1 tuttoBostemust [18, 19]. Hapy-
MIeHUs EHTPAJbHON PEryJsiui TeMOIUHAMUKH
BOBHUKAIOT BCJIEJCTBUE PACIIPOCTPAHEHUS JIUCIOKA-
IIMOHHOTO CUHJPOMa HA YPOBEHb IPOOJTOBATOTO
MO3Ta C BOBJIEUEHUEM B TATOJOTMYECKUI ITPOIecC
COCYIOJIBUTATEJILHOTO 1EHTPA WJIM MPU MEPBUYHOM
yumbe crBosia Mosra [20—23]. TunoBosemust 00yc-
JIOBJIEHA IIIOKOM U KPOBOTIOTEPENL, a TaKKe BHEUEPeI-
HBIMW MTOBPEXKAEHUSIME (TIepeioMaMy KOCTel ckeJie-
Ta, IOBPEX/JIECHUSIMHU BHYTPEHHUX OPTaHOB).

first day of post-traumatic period changes in cardio-
vascular and metabolic systems are forming and
thrombocytopenia is developing. Causes of hypoten-
sion in the injurers with severe TBI includes disorders
of hemodynamic central regulation and hypovolemia
[18, 19]. Central hemodynamic regulation abnormali-
ties are due to dissemination of dislocation syndrome
at the medulla oblongata level with vasomotor center
involvement in pathological process or in primary
brain-stem contusion [20—23]. Hypovolemia was
caused by shock and blood loss, as well as extracranial
injuries (fractures of the skeleton bones and internal
organs injury). Identified trends of functional
myocardium changes (LVCI, VFR) and vascular sta-
tus (TPVR) in post traumatic period indicate the for-
mation of the circulatory inefficience in patients with
complex TBI, and consequently, a decrease of
endothelial relaxing factor (nitric oxide) synthesis; it
is known that the main control of its expression is a
force acting on endothelium in blood flow [13, 16].
Reducing the nitric oxide generation leads to an
imbalance of pro- and antioxidant systems of endothe-
lium, which in turn exacerbates the vessel damage and
activates vascular-platelet hemostasis [13, 16, 24].

As a result of developing circulatory inefficien-
cy and hemoglobin decrease in injurers, the oxygen
transport is reduced and combined hypoxia develops.
In hypoxic conditions in organs a metabolic chaos
activates free radical oxidation and energy shortage
leading to disorder of tissue respiration at the mito-
chondrial level [17, 25—27] including the endothelial
cells in blood vessels and platelets. This causes a sig-
nificant reduction in ATP reservoir and increase of
ADP and AMP concentrations. Reduction in the
ATP/ADP+AMP defines phosphofructokinase acti-
vation that increases the reaction rate of anaerobic
glycolysis. Glucose begins to dispose predominantly
by anaerobic way, which leads to lactate accumula-
tion in cell cytoplasm and blood; there is intracellular
and systemic acidosis. The latter may cause some pro-
tein denaturation and granular degeneration, which
is a morphologic manifestation of severe hypoxia. In
addition, one of the negative consequences of intra-
cellular lactic acidosis is a depression of key enzymes
of glycolysis, the Krebs cycle and respiratory chain
(phosphofructokinase, NADH-dehydrogenase, succi-
nate dehydrogenase, cytochrome oxidase), which in
turn leads to aggravation of existing energy deficit
and closes the circulus vituosus of energy deficiency.
Persistent dysfunction of mitochondria of endothelial
cells and platelets reduces their functional activity
and induces cell death [21, 25, 26, 28].

In post traumatic period free radicals excessive
accumulation in bloodstream determines the oxida-
tive modification of proteins, lipids, nucleic acids, car-
bohydrates and in the reactions of superoxide-nitric
oxide a toxic compound-peroxynitrite which is able to
destroy vascular wall cells is formed [24, 29—31].
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BrisgBiennas HanrpaBIeHHOCTh U3MEHEHUH (DYHKIN-
OHaJMBHBIX ToKazaTteseir Muokapaa (MCJIK, OCB)
u cocrostaus cocynos (OITCC) B mocTTpaBmaTnyec-
KOM TIEpPUOJIe CBUETETHCTBYET O (DOPMHUPOBAHUH Y
60s1bHBIX ¢ codeTanHol UM T HeoCcTaTOYHOCTH KPO-
BOOOPAIIEHNUST U, BCJEACTBUE 9TOT0, 00 YMEHBIIICHUN
CHHTEe3a JHAO0TEINAIBbHOTO (haKkTopa pesakcarum —
OKCHjIa a30Ta, U0 U3BECTHO, YTO OCHOBHBIM PEryJisi-
TOPOM €T0 3KCIIPECCUU SIBJISIeTCS CHUJa, JAeUCTBYIO-
mast Ha 9HA0TeNNH Tpu ABMXeHnn kposu [13, 16].
CHW)KeHUe TeHepalud OKCHA a30Ta MPUBOAUT K
JichajiaHey Mpo- M AHTHOKCUIAHTHBIX CUCTEM 9HJI0-
TEJIWSI, YTO B CBOKO OYepe/lb YCyTYOJIsIeT MOBPeK/Ie-
HUSI COCYJIOB M aKTUBUPYET COCYIHCTO-TPOMOOIH-
TapHbIi remocTas [13, 16, 24].

BemreicTBrEe pasBuBaromieiicst HeIOCTATOYHOCTH
KPOBOOODAIIIEHNST 11 YMEHbBIIICHUST COIEPIKAHUST TEMO-
rJI00MHA CHUZKAETCsI TPAHCIIOPT KUCJIOPOJIa 1 Pa3BUBa-
€TCsI CMENIaHHAs TUITOKCHS. B yCJIOBUSIX THIIOKCHY B
opraHax pasBHBaeTCsI «MeTa0OJIMYEeCKUIl Xaoc», aK-
TUBaIUsE CBOGOJHOPAAUKATIBHOIO OKHUCJACHHUS U
HEPreTUYECKUil TOJIO/, YTO MPUBOJAUT K PACCTPOIi-
CTBY TKAHEBOTO JIBIXaHUS Ha YPOBHE MUTOXOHIPUIA
[17,25—27], B TOM unciie ¥ B SHIOTETHOIUTAX KPO-
BEHOCHBIX COCY/IOB M TPOMOOIUTAX. DTO BbI3bIBAET
3HaunTesbHOE cHIsKeHue 3amacoB ATD u yBennue-
uue koutentTparuu A/lD u AM®. Ymenbienue Ko-
adpunmenta ATDO/AID+AMOD omnpenensier akTu-
Baruio  ¢epmenta HochodDpPyKTOKMHAZEI, YTO
CIIOCOOCTBYET YBEJINIEHIIO CKOPOCTH PEAKIIUN aHa-
apo6HOTO TUMKO/M3a. [JI0K03a HauWHAET YTUIN3H-
POBaThCS MTPEUMYIIECTBEHHO aHA9POOHBIM IIYTEM, 4TO
IIPUBOIUT K HAKOILJIEHUIO JIAKTATA B IUTOTIIA3Me KJTET-
KM ¥ KPOBU — BO3HUKAET BHYTPUKJIETOUYHBII W CHC-
TeMHBIH anuao3. [lociaemauit MoKeT cTaTh TPUIMHOMN
JIEHATyPAIlUK HEKOTOPBIX OENTKOB M 3ePHUCTON JIuC-
TpouH, KOTOpast ABJSAETCS MOP(HOJOTHIECKUM TTPO-
sIBJIEHWEM OCTpOi TUokcun. Kpome aToro, omHUM 13
HETaTUBHBIX TTOCJIE/ICTBUI BHYTPUKIETOYHOTO JIAKTAT-
aIu/03a SBJISIETCS YIHETEHUEe OCHOBHBIX (hepMEHTOB
TIMKOJIN3a, 1ukIa Kpebca 1 apxaresibHoil nenu (poc-
odpykroxknnaza, HA/IH-nernnporenasa, cykimHat-
JIeTH/IPOTeHas3a, IIMTOXPOMOKCH]Ia3a), 4To, B CBOIO OUe-
petb, IPUBOAUT K YCYIyOJIEHUIO YKE MMEOIErocst
JeurTa SHEPTUH 1 3aMbIKAeT MOPOYHBII KPYT 9HEP-
ronedurra. /[mrenbHO coxpaHsronasics AnchyHK-
[¥isI MUTOXOH/IPUE 9HIOTEIUOIUTOB U TPOMOOIIUTOB
BBI3bIBAET CHIKEHME WX (DYHKIIMOHATBHOM aKTUBHOC-
i 1 THOe M Kietku [21, 25, 26, 28].

M36bITOUHOE HAKOTIIEHHE CBOOOIHBIX PAINKAJIOB
B COCY/IICTOM PyCJie B TIOCTTPAaBMATHUECKOM TIEPHUOIE
OIPEIEISIET OKUCJIUTEBHY0 MOAN(DUKAIIIO OEIKOB,
JIUTIAJIOB, HYKJIEMHOBBIX KHCJIOT, YTJIEBOJIOB, a B PEaK-
IIHSIX CYTEPOKCU/IA U OKCH/Ia a30Ta 0OPasyeTcst TOKCH-
YeCKOe COEJMHEHHe — TIEPOKCUHUTPUT, CIIOCOOHBIN
paspymaTh KJIEeTKH CTEHOK cocyoB [24, 29, 30, 31].

@opmupyiomiecss y OOJbHBIX € COYETAHHON
YUMT Bropuunble (HakTOPbI TOBPEXKAEHUS MO3Ta

Emerging in patients with complex TBI the
secondary factors of damaged brain (circulatory
insufficiency, hypoxia, acidosis, and increased forma-
tion of free radicals) cause system restructuring of
endothelial cell cytoskeleton and dysfunction of ves-
sel endothelial lining. The factors listed above and
endotoxemia developing after TBI, abnormalities of
blood hemorheology [6, 7, 9, 11] activate the
endothelial cells of blood vessels. Procoagulantiive
properties appear in stimulated endothelial cells and,
consequently, the consumption of platelets occurs,
i.e. it is included platelet link of hemostasis. Platelet
response to stimulating action of endothelial and
subendothelial substances activating the coagulation
processes develops uniformly: secretion of platelet
storage pool content (ADP, serotonin, adrenaline,
noradrenaline, dopamine, histamine, Ca2*, von
Willebrand factor, etc.) occurs into the external
environment; platelets change shape, pseudopodias
appear on theirs, they «flatten» and fix to the suben-
dothelial matrix and /or connect with each other, and
other blood cells (adhesion and aggregation); on the
outer surface of platelets a large amount of acidic
phospholipids with procoagulantive properties — f. 3
platelets appears [6—10)].

Non-specific systemic activation of vascular-
platelet link of hemostatic system is an important
pathogenetic mechanism of development of systemic
inflammatory response, endogenous intoxication,
fluid and electrolyte disorders, multiple organ failure,
hemostasiologic syndromes [9, 11, 32]. Therefore, tar-
geted correction of vascular-platelet hemostasis
abnormalities in the acute period after TBI is an oblig-
atory pathogenetically substantiated component of
the traumatic disease comprehensive treatment.

Conclusion

Analysis of the results and literature data
shows that secondary factors of the damaged brain
accompanying complex TBI (circulatory insuffi-
cience, hypoxia, acidosis, increased formation of free
radicals) are also nonspecific stimuli and, conse-
quently, can cause system platelet for platelets and
cells activation in hemostasis. Results of these
processes include microcirculatory complications
that trigger mechanisms of secondary ischemic brain
damage, thereby exacerbating the severity of the
primary damage.

(HEZOCTaTOYHOCTh KPOBOOOPAIEHNsI, THUIIOKCHSI,
aIM/I03 1 MOBBIIIIEHHOE 06pasoBaHe CBOOOIHBIX pa-
JINKAJIOB) BBI3BIBAIOT CHUCTEMHYIO TIEPECTPONKY U
JMUChHYHKIUIO IHIOTETHATBHON BBICTUJIKH COCYIOB.
[Tepeunciennsie Boiie (hakTOPHI, a TAaK)Ke Pa3BUBa-
tforuecst mocsie YMT anzioTOKCeMUsT, HapyTIeHns re-
Mopeosioruu Kposu [6, 7,9, 11] aktuBupyoT aHp0TeE-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2016, 12; 5



DOI:10.15360,/1813-9779-2016-5-42-51

I‘ICPel'[HO—l\/\OSI‘OBa}I TpaBma

JIMOTTUTHI KPOBEHOCHBIX COCY/IOB. Y CTHMYJIUPOBaH-
HBIX 9H/IOTEJNATBHBIX KJIETOK MOSIBJISIOTCS MTPOKOA-
TYJISTHTHBIE CBOMCTBA U, BCJIEICTBUE ATOTO, TPOUCXO-
1T notpebjieHne TPOMOOIIMTOB, T.e. BKJIOYAECTCS
TPOMOOIIUTAPHOE 3BEHO reMocTasa. Peakiiust TPOM-
GOIMTOB Ha CTUMYJIUPYIOIEe BO3AEHCTBIE DHTOTE-
JIMAJIBHBIX U Cy0aI0TeTMaIbHBIX CyOCTaHIIUH, aKTH-
BUPYIOTIHAX MPOTIECCHI reMOKOaTyJISI I,
pa3BUBaeTCs OJHOTUITHO: TIPOUCXOAUT CEKPEIs Co-
JEPsKUMOTO ITyJIOB XpaHeHust tpombormtos (AJ]D,
CEPOTOHWH, aJPEeHATNH, HOpaJpeHaInH, J0(haMuH,
ructamut, Ca2*, dakrop Busuiebpanma u ap.) Bo
BHEIITHIOK CPe/y; TPOMOOIMTBI MEHSIOT (GopMmy, y
HUX TTOSIBJISIIOTCS TICEB/IOTIOINH, OHU «PaCIIacThIBa-
10TCsT> 1 (DUKCUPYIOTCS Ha CYyOIHI0TETHATBHOM MaT-
pUKCe U/WJIN COEUHSTIOTCS IPYT C IPYTOM U JIPYTH-
MW KJETKaMW KpOBHU (IIPOMCXOAUT aNre3usi u
arperaiys); Ha HapysKHOI MOBEPXHOCTH TPOMOOIH-
TOB TOSIBJISIETCST OOMTBINOE KOJUUECTBO KUCIBIX Poc-
ommmmmoB ¢ TPOKOAryAATHBIMUA CBOHCTBAMHU — .3
TpoMbornuToB [6—10].

Hecnemmduyeckas cucteMHasi akTHBAIAS CO-
CYANCTO-TPOMOOIMTAPHOTO 3B€HA CUCTEMBI FeMOCTa-
3a SIBJSIETCS Ba’KHBIM TATOT€HETHMYECKUM MEXaHU3-
MOM Pa3BUTHS CUCTEMHOTO BOCTIAJIUTEIBHOTO OTBETA,
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HH/IOTeHHON MHTOKCUKALUU, BOJHO-3JIEKTPOJIUTHBIX
HapylIeHUH, II0JIMOPraHHoi HeZI0CTaTOYHOCTH, FeMO-
craszuoJiornyeckux cunzgpomos [9, 11, 32]. Iloatomy
LieJleHalpaseHHas KOPPeKIMs HapyleHuil cocyau-
CTO-TPOMOOIUTAPHOTO TEMOCTA3a B OCTPOM TIEPHOJIE
nociie UYMT sBisietcst 06513aTeNbHBIM MaTOTEHETIYe-
CKH 0OOCHOBAHHLIM KOMITOHEHTOM KOMILIEKCHOTO
JIEUEHNUST TPABMATHIECKON HOTE3HT.

3akiouyeHue

W3 ananmsa mosryuyeHHbIX pPe3yJbTaToB U JuTe-
paTypHBIX JIAHHBIX CJIEYeT, YTO COMPOBOKIAIOIIIE
couerannyio YMT BropuuHbie (hakTOpPBI TTOBPEK/IE-
HUSI MO3Ta: HEJJOCTaTOYHOCTh KPOBOOOPAIIEHSI, TH-
MOKCHSI, alli/I03, TIOBBIIIEHHOE 00pasoBaHue cBOGOI-
HBIX PaAJMKaJOB SBJISIOTCI B TO K€ BpeMs
HecnenupuIecKUMU CTUMYJIaMU TPOMOOIIUTOB U 9H-
JIOTEJTUOIUTOB W, BCJEICTBUE 3TOTO, MOTYT BBI3bI-
BaTh CHCTEMHYIO aKTHBAIIUIO TPOMOOIIUTAPHOTO 3BE-
Ha Tremocrtaza. CiexcTBueM 3THX TIPOIECCOB
SIBJISIETCST HApyTNIeHne MUKPOIIMPKYJISIINHT, a 3TO 3a-
MIyCKaeT MeXaHW3Mbl BTOPUYHOTO HIIEMUYECKOTO
MOBPEKAECHUST MO3Ta, YCyryOJsis TeM CaMbIM TsI-
JKeCTh TIEPBUYHBIX TOBPEKICHUI.
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Problems of Anesthesia

IMMPUMEHEHUE MYJIBTUMOJIAJIbHOM AHECTE3UU
ITPU XUPYPTUYECKHNX BMEIIIATEJIbCTBAX 110 IIOBO/JIY
3JTORAYECTBEHHbBIX HOBOOBPASOBAHUMU JIETKUX

C. B. Kauyp'*, B. T. [loarux', O. B. Kopmauesa', O. B. Jleonos’

" OMCKMiT TOCY/IaPCTBEHHBIN MEJINITUHCKUI YHUBEPCUTET,
Poccust, 644099, r. Omck, yir. Jlennna, .12
2 OMCKHUI 061aCTHON KIMHUYECKIiIT OHKOJIOTMYECKUI AncIancep,
Poccus, 644013, Omck-13, yn. 3aBeprsieBa, 1. 9

Application of Multimodal Anesthesia in Surgical Interventions for Lung Cancer

S.V. Kachur"?, V.T. Dolgikh', O.V. Korpacheva', O.V. Leonov’

' Omsk State Medical University,
12, Lenina Str., Omsk 644099, Russia
> Omsk Cancer Center,
9, Zavertyaeva Str., Omsk 644013, Russia

Ilens uccaenoBanls — IIaTOreHETHYECKHU 0O0CHOBATD 11eJ1ec000PasHOCTh UCIOIb30BAHUS MYIKTUMOAAIBHOIL
anecTesny y GOJIBHBIX CO 3J0KaYeCTBEHHBIMU HOBOOOPA30BAaHUSAMM JIETKUX IS TIOBBINEHUS 3((HEKTUBHOCTH
06e360IMBaHu.

Marepuaibt u MeToabl. O6ce[0BaHO U TIpoJiedeHo 74 maruenTa (59 My KuuH 1 15 JKeHIIMH) B BO3pacTe OT
46 110 60 JreT co 310KaYeCTBEHHBIMI HOBOOOPA30BaHUSAMU JIETKUX. 42 marenTa (OCHOBHAs TPYTINa) OB OMepH-
POBAHBI B YCJOBHSIX MYJIBTUMOQIBHON aHECTe3NH ¢ MUY PATbHOi GI0Kaiol, a 32 manuenTa (TpyIina cpaBHe-
HUSI) — B YCJIOBUSIX MHTAJISIIMOHHO-BHYTPUBEHHOI anecte3uu ¢ VIBJI. BeirosHeHb! cieiytoniye BUibl OiepaTuB-
HOrO JICUEHMS: ATUIUYHAsE PE3EKIUsl JIErKOro, JIOO9KTOMUSI ¥ ITHEBMOHIKTOMUS. B [100mepainoHHOM,
MHTPAOIIEPATINOHHOM U PAHHEM MOCJTEONEPAITMOHHOM TIEPUOJIE UCCAEIOBATI TTAPAMETPHI CHCTEMHON reMOInHA-
MUKH, ONPE/IEJISIIN B IJIa3Me KPOBU COZIEPIKaHNe a[peHaJnia, HopajpeHaninna, 1ohaMmmuna, KopTu3osia, HHCYIH-
Ha ¥ IJIIOKO3BI, & B apPTEPHAJIBHOI KPOBU — TTapaMeTPbl KUCIOTHO-OCHOBHOTO cOCTOSTHUS. C ITOMOIIBIO BU3YaJIb-
HO-aHAJIOTOBOI IIKAJIBI OIEHUBAIN HHTEHCHBHOCTD 60/ CTaTHCTIHYeCKYI0 00pabOTKY Pe3yJIbTaTOB ITPOBO/IIIN
¢ ucnoabzoBanueM nporpamm Microsoft Excel 2000, Statistica 6,0 n Biostat. HopmanbHoCTh pacnpemenenus
olleHnBaJM ¢ ToMolnbio kpurepus Kosmoroposa-Cmupnosa. [TockosibKy BapualiioHHbIN P/ He MOIYMHAIICS 3a-
KOHY HOPMAJIBHOTO PACIIPE/IeIEHNs, TAHHbIE TPE/ICTABIEHbI B BH/e Meananbl (Me) 1 MHTepPKBAPTHIILHOTO Pa3Ma-
xa (25 u 75 nepueHTun).

PesyabraTel. YCTaHOBIICHO, UTO BAKHEHIIINM MTATOr€HETUYECKUM (haKTOPOM, BBI3BIBAIONIUM Y TTAIIUEHTOB, OIe-
PUPOBAHHBIX 110 MIOBOJY 3JI0KAYeCTBEHHBIX HOBOOOPA30BAHMIi JIETKUX B YCJIOBUSX CTAHAAPTHOrO 06€300/1MBaHMs,
SBJISIETCS BBIPAKEHHAS aKTHBAIUA CUMIATOAPEHATIOBON CHCTEMBI BCJIEACTBUE BO3JCHCTBUS XUPYPrUYeCcKOTo
crpecca. JTO MPOSIBJISIETCS] HAPYIIEHUSIMU TAPAMETPOB IIEHTPAIBHO TEMOMHAMUKY, MeTab0IM3Ma, HOIUIENTTUT
U KUCJOPOIHOTO Gatarca opranuaMa. [1pu oneparusx, BHITOJHEHHBIX B YCIOBUIX MYJIBTUMOIATBHON aHECTE3UH,
BBISIBJISIIOTCSI MUHIMAJIbHBIE M3MEHEHNSI OCHOBHBIX TTapaMeTPOB TOMEOCTa3a, MMeToTie KPAaTKOCPOYHBIH, KOMIIEH-
CHPOBaHHBIIT 11 06paTUMbIil XapakTep. BojieBoil CMHAPOM 110 OKOHUAHUY OIIEPAIMU 1 B PAHHEM [OCJIEOIEPAIOH-
HOM Tiepurozie Ju60 OTCYTCTBYET, MO0 XapaKTepU3yeTcs: Kak cab0BbIPasKeHHbBIIA.

3axumouenue. Orepaiuy Mo yAAICHUIO 3JI0KAYeCTBEHHBIX HOBOOOPA30BAHMUIT JIETKUX, OTIUYAIONIHECS] BBICO-
KOl TPaBMATHYHOCTBIO 1 MMEIOINEe «TOHKYIO TPaHb» MEKIy KOMIIEHcAIeH 1 eKOMIIeHcallneli OCHOBHBIX BH-
TAJIbHBIX (DYHKIUII B [IEPUONEPAIIMOHHOM IEPUOJIE, 1eJiecO0bpasHee POBOAUTD B YCIOBUSAX MYJIBTUMOIAIBHON
AQHEeCTe3NN.

Kntouesvte cnosa: snoxauecmeenivie onyxoiu opzanos ovixanust; 00e300ausanue; CUCmeMHas. 2eMOOUHAMUKA;
memaborusm; KOC

Anpec 15 KOPPECIOHIEHITUU: Correspondence to:

Buaagumup Jlonrux Mr.Vladimir Dolgikh
E-mail: prof _dolgih@mail.ru E-mail: prof _dolgih@mail.ru

www.reanimatology.com GENERAL REANIMATOLOGY, 2016, 12; 5



DOI:10.15360,/1813-9779-2016-5-52-64

Bommpocer amecresmun

Objective. To prove pathogenically the reasonability of multimodal anesthesia in patients with lung cancer to
improve the efficacy of pain management.

Materials and methods. 74 patients (59 men and 15 women) aged 46 to 60 years with lung cancer were exam-
ined and treated. 42 patients (the main group) underwent surgery under multimodal anesthesia accompanied with
epidural blockade, and 32 patients (the comparison group) were subjected to a surgical intervention under inhala-
tion and intravenous anesthesia with mechanical ventilation. The surgeries including atypical lung resection,
lobectomy and pneumonectomy were performed. In preoperative, intraoperative and early postoperative periods,
the systemic hemodynamics parameters were determined; adrenaline, noradrenaline, dopamine, cortisol, insulin
and glucose were measured in plasma, and acid-base balance parameters — in arterial blood. Pain intensity was
assessed by the visual analog scale. Data processing was carried out using Microsoft Excel 2000, STATISTICA-6.0
and Biostat software. Normality of distribution was assessed by Kolmogorov-Smirnov test. Since the ordered sam-
ple did not follow the normal distribution law, the data are presented as a median (Me) and interquartile ampli-
tude (25 and 75 percentiles).

Results. It has been found that the most significant pathogenic factor in patients being operated due to lung
cancer under the standard anesthesia is the expressed activation of the sympathoadrenal system due to the impact
of surgical stress. This is manifested by disorders of the central hemodynamic parameters, such as metabolism,
nociception and oxygen balance. In surgeries carried out under multimodal anesthesia, the minimal changes of
basic homeostasis parameters are registered; these changes are short-termed, compensated and reversible. Pain
syndrome upon completion of surgery and in the early postoperative period is either absent or mild.

Conclusion. It is more expedient to perform surgeries to remove malignant tumors in the lungs under the mul-
timodal anesthesia, because these interventions are distinguished by high traumatic rate and having a «fine line»
between compensation and decompensation of the basic vital functions in the perioperative period.

Key words: malignant tumors of the respiratory organs; anesthesia; systemic hemodynamics; metabolism; ABS
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Beenenue

3a60J1eBaeMOCTh 3JI0KAUECTBEHHBIMEI HOBOOO-
Pa30BaHUSIMU JIETKUX C KAK/BIM TOJOM HEYKJIOHHO
Bospactaer [1, 2], okomo 50% Bcex 3abomeBITX —
JIMIA TPYAOCHOCOOHOTO ¥ COLMaJbHO-aKTHBHOTO
Bo3pacta (o1 46 10 60 et) [3]. MeToxabl MyabTHCTIN-
pabHOM KOMITBIOTEPHON TOMOTpadu, TO3UTPOHHO-
AMUCCHOHHON TOMOTpaduu JIETKUX 3HAYUTETHHO
PacCHIIpSIIOT BO3MOKHOCTU UATHOCTUKY 3JI0KAYECT-
BEHHBIX HOBOOOPA30BaHUII JIETKHUX [4, 5], 4TO 103BO-
JISIET BBISIBJISITD OIMYXOJIM HA PAaHHUX CTAAUIX, KOTA
OHU TOJJAIOTCS PAAUKAIBHOMY XUPYPTHIECKOMY
JedeHuio [6].

3ajlaya aHECTE3MOJOTHIECKOTO MOCOOMs 3a-
KJTI0YAaeTCsT B MAaKCUMAJTbHON 3alUTe OMEPUPYEMOTO
naluenTa oT Xupyprudeckoro crpecca [7, 8]. Onuum
13 BaKHENITMX KOMITOHEHTOB aHECTE3WH SIBJISETCS
00e3060/MBaHe B IEPUOTIEPAIIMOHHOM TIEPHO/IE.
YaureiBasi TpeGOBaHUS COBPEMEHHOIO IPOTOKOJIA
panHeil peabuautaruu [9, 10], crparerust 06e360.11-
BaHUS COCTOUT B MYJIBTUMOJIAJIbHOCTH, MaKCUMAJTh-
HOU ONTUMU3AINN 1 aflaliTallii K 00beMy XUPYPrit-
YecKOTO BMelaTeJbcTBa. [IpW  HeameKBaTHOI
AHTUHOIUIIEITUBHON 3allluTe MPOUCXOIUT BbIpa-
JKEHHAsl aKTUBAIUS CUMIIATOAPEHATIOBON CUCTEMBI
B paMKax ctpecc-peakiuu [11], yTo npusBoauT K 10-
BBIIIEHUIO COJIEPKAHUS B KPOBM OCHOBHBIX TOPMO-
HOB cTpecca (KaTeXxOJaMUHOB U KOPTU30Ja), U3Me-
HEHUIO TapaMEeTPOB IEHTPAIbHONW TeMOAMHAMUKH,
YCUJIEHUIO KaTaGOJMYECKUX TPOIECCOB, BBIPAKEH-
HBIM MeTa0OIMIEeCKUM M3MEHEHUSIM U HApYIICHHUIO

Introduction

The incidence rate of malignant neoplasms of
the lungs has been steadily increasing every year [1,
2], about 50% of all cases are working age and social-
ly active population (from 46 to 60 years) [3]. Multi-
layer spiral CT and PET considerably expand the
possibilities for lung malignant tumors diagnosis [4,
5] to detect the early stage tumors, when they
respond to the radical surgical treatment [6].

The aim of anesthetic support consists in maxi-
mal protection of the operated patient from the surgi-
cal stress [7, 8]. One of the most crucial components in
anesthesia is pain management in the perioperative
period. Taking into consideration the requirements of
modern protocol for early rehabilitation [9, 10], the
strategy for pain management is multimodality, and
maximal optimization and adaptation to the extent of
surgical intervention. In case of inadequate antinoci-
ceptive protection, an expressed activation of the sym-
pathoadrenal system occurs [11], leading to elevation
of basic stress hormones, such as catecholamines and
cortisol, change of the central hemodynamics parame-
ters, enhancement of catabolic processes, marked
metabolic changes and dyscrasia in the perioperative
period [12—14]. Studies on pathogenetic factors con-
tributed to anesthesia process are under way [15].

Surgeries due to lung malignancies are highly
traumatic; the failure of compensation mechanisms
accompanied by decompensation of basic vital functions
occurs easily in the perioperative period. While selecting
anesthesia, not only the initial functional status of the
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romeocTasa B liepuoliepaiionnoM repuoje [ 12—14].
BemyTcst mccieioBanus HOBBIX TMATOTEHETUYECKUX
(haxTopoB B mporiecce arnecre3uu [15].

Omepanyu 1Mo yAaJeHWIO 3J0KAYeCTBEHHBIX
HOBOOOPA30BaHUN JIETKUX OTJIMYAOTCS BBICOKOM
TPaBMATUYHOCTHIO, B MEPUONIEPAITIOHHOM MEPHOJIE
JIETKO TIPOMCXO/IUT CPbIB MEXaHU3MOB KOMIIEHCAITUH
C Pa3BUTHEM JIEKOMITEHCAIIUA OCHOBHBIX BUTATHHBIX
dynxruii. TIpu BeIOOpe aHECTE3NOJOIMIECKOTO 1M0-
co6ust HEOOXOMMO YUUTHIBATH HE TOJBKO HCXOIHOE
(DYHKIIMOHAJIBHOE COCTOSTHUE MalleHTa, 00beM u
TSKECTD TIAHUPYEMON OTeparnuy, HO ¥ UMETh YeT-
KOe TIPEJICTaBJIeHre O BJIUSHUU BUJIA aHECTE3UH Ha
naroreHeTndeckre (haKTOPbl  XUPYPrUUYECKOTO
cTpecc-oTBeTa.

ITesb ncce0BaHUsST — MATOTEHETHYECKH 060C-
HOBATh I11eJIeCO00PAZHOCTD MCIOJIb30BAHMS MYJIBTH-
MOJIaJIbHON aHeCTe3UH Y OOJIbHBIX CO 3JI0KaUeCTBEH-
HBIME HOBOOOPA30BaHMSIMHU JIETKUX JJISI TOBBIIIECHIIS
s dexTrBHOCTH 06€300IUBAHKSL.

Marepuan u MeTObI

B uccrienoBanme BKIIOUNIN 74 NAIMEHTa, TOCTYITNB-
mue B O0MaCTHOU KIMHUYECKHH OHKOJOTMYECKUN [IHC-
Harcep /sl ITAHOBOTO XUPYPTUUECKOTO JIEYEHHS [0 TOBO-
J1y 3JI0KaueCTBEHHBIX HOBOOOpasoBaHuii jierkux ¢ 2012 no
2014 rompl. Y Bcex MAIMEHTOB, 15 13 KOTOPBIX — JKEHIIH-
mbl (20,3%), 59 — mysxkunnbl (79,7%), 3/0Ka4eCTBEHHbIE
HOBOOGPA30BAHMUST JIETKUX OBLIM [UArHOCTUPOBAHBI BIIEP-
BbI€ M UMEJTH HEOCTIOKHEHHBII XapaKkTep.

Kputepnu BKIIOUEHUsT: BO3PACT MAIMEHTOB OT 45 10
65 JieT, IMarHoCTUPOBAHHOE 3JI0KAUeCTBEHHOE HOBOOOpa-
30BaHMe JIETKHUX, UMEIOTee TEPBUYHDIN XapaKTep U Heo-
CJIO)KHEHHOE TeueHue, H00POBOJIbHOE COrJIacHe TalleHTa
Ha yyacTue B uccjenoBanuu. Kpurepuu nckimodenus: Ha-
JINure HeKOMITIEHCHPOBAHHON COITYTCTBYIOMIEH MAaTOJOTUN
HeYeHH, TIoYeK, KPOBOOOpallleH s, TOCTUH(MAPKTHOTO Kap-
JIMOCKJICPO3a, METACTATHYECKOTO MOPasKEHUs] OPTaHOB, Ca-
xapHoro auabera 1 nam 2 Tuma, npueM JI0OBIX TOPMOHAIb-
HBIX [IPENapaToB, yyacTHe B JAPYTOM UCCIEN0BANNY, OTKA3
MAIMEeHTa OT YYACTHUSI B CCIIEIOBAHIH.

[TarenTsr GBLTH pacTpe/ieIeHbl Ha JIBE IPYIIIbL 0C-
HOBHYIO U rpyIiy cpaBHenust. OCHOBHAS IpyIia COCTOSLIA
u3 42 4eyloBEK, CPeHIIT BO3PACT KOTOPBIX COCTABUI 58,5
ger (54,0; 63,0). Ouu GbLIM ONMEPUPOBAHBI B YCJIOBUSIX
MYJIBTUMOJIAIbHOI aHECTE3UH C MUY PAIbHOU OIOKAION.
[Ipemenukais BraoYaia B cebs gpenasenam 0,1 Mr nepo-
pasbHO HaKaHyHe OTIePAIliH, IUMEIPOJT B BUle 2% PACTBO-
pa 2,0 Mt BHyTpUMBITIeYHO 32 30 MUHYT /10 oneparuu. st
MPOPUIAKTUKN TPOMOOIMOOTMIECKUX OCTOKHEHNN BBO-
i panrenapud Hatpust 2500 EJT noakoskHo. B nosozxke-
HUW NAIIMEHTa CUJIsl HA OIIEPAIIMOHHOM CTOJIE TTOCTIe MeCT-
HOI aHecte3nu JugokamHoM (40 MT B Bujie 2% pacTBopa)
BBITIOJTHSIJTM TIYHKIIMIO U KaTeTePU3AINIO ATIUIYPATBHOTO
npocrpancTBa Ha ypoBHe Th4—Th7. 3asegenue anuuy-
PaIBHOTO KaTeTepa OCYIIECTBISIIN KPAHUATIBHO Ha 4—5
CM, BBITIOJIHSIJIU ACIUPAIIMOHHY0 11po0Y, Karerep (GpUKcu-
poBaJIn acENTUYECKON TTOBA3KOM. /7151 MOCTAaHOBKY 211Uy -
pasbHOTO KaTeTepa mcrosb3oBaan Habop «Ilepuduke 18
G» (Iepmanus). B xavuecTBe TecT-/103bI McTIOMB30BATH 2,0
MJI 2% pacTBopa JinjioKkanHa. [Ipu oTcyTcTBUM TPU3HAKOB

patient, extent and severity of the scheduled surgery
should be considered, but there must be clear under-
standing of the impact of selected type of anesthesia on
the pathogenic factors of the surgical stress response.

Objective. To prove the reasons for multimodal
anesthesia in patients with lung cancer to improve the
efficacy of pain management.

Materials and Methods

The study included 74 patients admitted to the Omsk
Cancer Center for the scheduled surgical treatment due to
malignant neoplasms in the lungs from 2012 to 2014. All
patients, 15 of which were women (20.3%), 59 were men
(79.7%); lung cancer was diagnosed for the first time and
had an uncomplicated character.

The inclusion criteria were patients aged from 45 to
65, diagnosed lung malignancy having a primary character
and uncomplicated course, and patient's voluntary consent
to participate in the study. The exclusion criteria were the
presence of uncompensated concomitant pathology of the
liver, kidneys, blood circulation, postinfarction cardioscle-
rosis, metastatic lesions, diabetes mellitus type 1 and 2,
intake of any hormonal drugs, participation in another
study, and patient's refusal to participate in the study.

Patients were divided into the main and comparison
groups. The main group included 42 people aged 58.5 years
on average (54.0; 63.0). They were operated under multi-
modal anesthesia with epidural blockade. The premedica-
tion included, 0.1 mg phenazepamum orally the day before
surgery, and 2.0 ml diphenhydramine 2% i.m. 30 minutes
prior to operation.

To prevent the thromboembolic complications, dal-
teparin sodium 2500 TU was subcutaneously injected. The
patient in the siting position on the operating table after
local anesthesia with 2% lidocaine 40 mg was subjected to
puncture and catheterization of the epidural space at the
level Th4—Th7. Epidural catheter was inserted cranially
on 4—5 cm, aspiration test was performed, the catheter was
fixed with an aseptic bandage. «Perifix 18G» (Germany)
set was used to insert an epidural catheter. 2% lidocaine 2.0
was used as the test-dose. In the absence of spinal block
signs 10 minutes before anesthesia, a three-component
epidural mixture of Breivik consisting of fentanyl (2
mcg/ml), epinephrine (2 ug/ml) and ropivacaine (0.2%
solution up to 50 ml) was administered.

A pump station Space Com» B.Braun (Germany) with
the initial speed of 10—14 ml/h was used for epidural
administration of drugs. Induction into anesthesia was
performed by gradual bolus dosing of phentanyl 0.0014
mg/kg and propofol 2.0 mg/kg. Monomyoplegia was car-
ried out by rocuronium bromide at a dose of 0.6 mg/kg.
After tracheal intubation, mechanical ventilation (ALV)
was performed by Aespire Datex Ohmeda respirator in the
volume of 5 ml/kg/min and at a respiratory rate of 12
min1. Sevoflurane in minimal alveolar concentration 0.5—
0.7 was applied as an inhalation anesthetic for anesthesia
maintenance. Intraoperative analgesia was conducted by
intraepidural administration of three-component mixture
at a rate of 8—10 ml/hour. Upon completion of the opera-
tion, all patients were extubated in the operating room and
transferred to the ICU for a day with lasting epidural
blockade by three-component mixture.
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Bompocs amecresun .

CIMHAIBHOTO 6710Ka 32 10 MUHYT 10 MHAYKIIMK B aHecTe-
3MI0 B 9MUAYPAJIBHOE MTPOCTPAHCTBO HAYMHAIM BBOJUTDH
TPEXKOMIIOHEHTHYIO CMech DpeliBrKa, BKIIOUABIIYIO B Ce-
651 perTanmir (2 MKT/MIT), afipeHagnH (2 MKT/MJT) U POTIH-
Bakant (0,2% pactBop /10 50 Mr).

[l a1nIy pasibHOTO BBEJIEHUS TIPENAPATOB € Hayallb-
Hoit ckopoctbio 10—14 mii/yac UCHOJIB30BAIM HACOCHYIO
crannuio «Crmatic Kom» B.Braun (Iepmanust). Ungayknuio B
AHECTE3UIO BBITOJIHSIN TIOCIEI0OBATEILHBIM OOJIOCHBIM
BBezieHneM derTanuia u3 pacdera 0,0014 mr/xr n mpormo-
doma u3 pacuera 2,0 Mr/Kr. MOHOMUOILJIETHIO TTPOBOIUIII
pokyponust 6pomuziom B 103e 0,6 mr/xr. [locsie unryGanuu
Tpaxen MCKyccTBeHHy10 BeHTussnuio jerkux (MBJI) ocy-
mecTBIsI pectimpaTopom Aespire Datex Ohmeda ¢ 06be-
MOM 5 MJI/KI'/MUH ¥ 4acToTOl aibixanust — 12 mun™. B kave-
CTBE HHTAJSIIMOHHOTO aHECTETHKA [JIs ITO/IePsKaHUS
aHeCcTe3un PUMeHsIIN ceBO(IIypaH B MUHUMAJIBHOIT aTbBe-
ossiproit KoutenTparyu 0,5—0,7 06 %. VHTpaomepaioH-
HYIO aHAJITE3UIO OCYIIECTBIISLIN BHY TPUIITHILY PATLHBIM BBE-
JIleHeM TPEeXKOMIIOHEHTHOH cMecu co ckopocTbio 8—10
wu/gac. [Tocsie OkoHYaHST OIIEPAIMH Y BCEX MAIIUMEHTOB Obl-
JIa 9KCTYOMPOBaHa Tpaxesl B OlePAllMOHHOM U OHY ObLIY T1e-
peBeJIeHbI B OT/IETIEHNE PEaHUMAIINH Ha CYTKH, HA TIPOTSIKe-
HUKM KOTOPBIX IIPOJOJIKAIACH 3IMAYpabHas OJoKaga
TPEXKOMITOHEHTHON CMECHIO.

Ipynma cpaBuenust (n=32, cpexnuii Bozpact — 57,0
siet (52,8; 62,0)), BKIloUasa nmaiueHToB, ONeEPUPOBAHHBIX B
YCJIOBUSX HHTAJISIMOHHO-BHYTPUBEHHOI aHecTe3nu ¢
NBJI. Mnpyknuio B aHecTe3nio, MUOILJIETHIO U Pecnupa-
TOPHYIO MOIEPKKY TTPOBOMIIN B CTPOTOM COOTBETCTBUM C
ocHoBHO# Tpynmnoit. [Tomnepskanie anectesun oCyIecTs-
JISIA ceBO(ITYPAHOM B MUHMMAJIbHON AJTbBEOJISIPHON KOH-
nenrpanun 0,5—0,7 06 %. HTpaonepannonHyio aHajre-
3UI0 OCYLIECTBJIS/IM BHYTPUBEHHBIM JIPOOHBIM BBEJICHUEM
denranmma B goze 0,002 mr/xr/uac. [locse oxoHuanust
orepaly 1 9KCTyOalK Tpaxen B OIEPAIlUOHHON BCe T1a-
[EHTh! OBLIN TaKKe TIEPEBE/IEHBl B OT/IEJIEHIE PeaHnMa-
mun. MHTpaonepanonnyio WHOY3NOHHYIO Teparuio ma-
[MEHTOB 0OENX IPYIIIT OCYHIECTBIsLIN cOATAHCUPOBAHHBIM
TTOJIMMOHHBIM PACTBOPOM cTepOhyH/IMHA M30TOHUYECKOTO,
a TIa3Mo3aMellleHue — PAcTBOPOM MOAUMDUIIMPOBAHHOTO
sKesatua (resioy3uHOM ).

Boi6op Bujia onepaTHBHOTO JieueHust (aTUIUYHAST pe-
3EKIUS JIETKOTO, JIOOIKTOMUSI, TTHEBMOHIKTOMHUS ) ONpe/ie-
JISLTICST PACTIOIOJKeHeM HoBooOpasosanus. bosee momosu-
Hbl BBINOJIHEHHBIX —Olepaluii — JI009KTOMUM U
mHeBMoHIKTOMUN. OHU Yalie BBIMOJIHIINCH B OCHOBHON
IpyIIIie, aTUITNYHbIE PE3EKI[UH — B IPYIITe CPABHEHS.

[Tocste mocTymnieHus: MAIMEHTOB B ONEPAIMOHHYIO Y
HUX 3a0MPajii BEHO3HYIO KPOBb JIUISI OTIPEICTCHUS HCXO/-
HOTO COJIepsKaHnst TOPMOHOB cTpecca (aJipeHannHa, Hopa-
peHaJIMHa, KOPTU30J1a, fohaMuHa), ColepKaHus UHCYJIU-
Ha U IVIIOKO3bL. [l ollpesieieH1 sl OCHOBHBIX IToKazarteseil
KkucaoTHO-0cHOBHOTO coctostins (KOC) sabupasnu apre-
pHasbHyi0 KpoBb. /LI pacyeTta OCHOBHBIX IOKazaTeseil
IIEHTPATBHON FeMOIMHAMUKY B IOOTIEPAIINOHHOM TT€PUOIE
3aIMCBIBAJIN TETPANIOJISIPHYIO PEOBA30TPAMMY.

ITocsie OKOHYAHMS OTIEPAIIUY TAIIUEHTHI 0OEUX IPYIII
MOCTYTIAA B OT/IeJIEHIe PeAHNMAIINH, T/le HAXO/IMIUCh B
TeyeHue cyToK. VIM NPoOBOAMIACH KOMILJIEKCHAST TEPAITHs,
BKJIIOYABIIAS AaHTUHOIMIITHBHYIO 3AIUTY, TPODUIAKTUKY
TPOMO0OMOOINYECKUX OCJIOKHEHNH, dHTEepabHOE MUTa-
HUe, aHTUGAKTEPUABHYIO U UH(Y3MOHHO-TPpAaHC(hY3UOH-
HYIO Teparuio.

The comparison group (n=32, mean age 57.0 years
(52.8; 62.0)) included patients being operated under
inhalation-intravenous anesthesia with mechanical ventila-
tion. The induction into anesthesia, myoplegia and respira-
tory support was carried out strictly in accordance with the
main group. Anesthesia maintenance was performed with
sevoflurane in minimal alveolar concentration 0.5—0.7 V%.
Perioperative analgesia was conducted by intermittent
intravenous injection of fentanyl 0.002 mg/kg/hr. Upon
completion of the surgery, all patients were extubated in the
operating room and transferred to ICU. Perioperative infu-
sion therapy for the patients in both groups was carried out
by Sterofundin isotonic, a balanced polyion solution, and
plasma replacement was performed by Gelofusine, modified
fluid gelatine.

The surgical approach (atypical lung resection, lobec-
tomy, pneumonectomy) was chosen taking into account
the location of tumor. Lobectomy and pneumonectomy
were more than half of all executed surgeries. They were
performed in the main group, and atypical resections were
carried out in the comparison group.

Upon transporting the patients in the operation the-
ater, a sample of venous blood was taken to determine the
initial level of stress hormones (epinephrine, norepineph-
rine, cortisol, dopamine), including the parameters of
insulin and glucose. Samples of arterial blood were taken
to determine the main indicators of the acid-base status
(ABS). Tetrapolar rheovazogramme was recorded to calcu-
late the principal indicators for central hemodynamics in
the preoperative period.

Upon completion of surgery, the patients in both
groups were delivered to ICU and stayed there for a day.
They underwent a comprehensive therapy including
antinociceptive protection, prevention of thromboembolic
complications, enteral nutrition, antibacterial and infu-
sion-transfusion therapy.

To evaluate the efficacy of pain relief approaches, clini-
cal, laboratory and instrumental methods were used before
surgery (the pre-operative period), as well as the most trau-
matic phase such as resection of the lung, lobectomy, pneu-
monectomy (an intraoperative period) and one hour after
the end of operation (an early postoperative period).

While case history taking, special attention was paid
to complaints on central nervous system, cardiovascular
and respiratory systems, and exercise capacity. In the early
postoperative period the patients assessed the pain intensi-
ty by the visual analog scale (VAS).

Laboratory tests included the insulin test; adrenaline,
norepinephrine, dopamine, and cortisol level was deter-
mined by CLIA using IMMULISE 1000 analyzer (USA).
Glucose was detected by a standard technique. O, and
CO, partial pressure in the arterial and venous blood, pH,
excess or deficit of buffer bases (BB) were measured by gas
analyzer MEDICA Easy Blood Gas (US).

Instrumental techniques included determination of
central hemodynamic parameters by Kubichek's indirect
tetrapolar rheovasography followed by calculation of the
heart rate (HR), stroke volume (SV), circulatory minute
volume (MV), left ventricular ejection fraction (LVEF),
total peripheral resistance (TPR), oxygen delivery index
(ODI), and cardiac index (CI).

Data processing was carried out using Microsoft Excel
2000, STATISTICA-6.0 and Biostat software. Normality
of distribution was assessed by Kolmogorov-Smirnov test,
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[l ouenku 3 HEKTUBHOCTH METOA0B 06e3001MBa-
HUSI UCIIOJIb30BAJIN KJIMHUYECKHe, JIa00PaTOPHbIE 1 UHCT-
PYMEHTAJIbHbIE METOJBl UCCJIEOBAHUS HETIOCPEICTBEHHO
Tiepes; OTlepaTHBHBIM BMEITATEIbCTBOM (JI0OTIEPAITMOHHBIN
1epuoj), Ha HauboJiee TPAaBMATUYHOM STalle OllePalluu: pe-
3EKIUS JIETKOTO, JI0O9KTOMUSI, THEBMOHAIKTOMUsE (MHTPAO-
MeparnonHbIi MePUO) U Yepe3 OJMH Yac Tocjie OKOHYA-
Hud onepanuy (PaHHUIA MTOCJIE0NePATIIOHHbIN TTepUO]T).

IIpu cbope anamiesa ocoboe BHIMAHE Y/IeISIIN KaJo-
6am co croponbl ITHC, cepaeuro-cocyucToli u apxareib-
HOI1 crCcTeM, CIOCOOHOCTH MIEPEHOCUTD (PUBUUECKUE HATPY3-
k. B pamHem mocsieomnepannoHHoOM TEPUOie OMEeHNBAIN
YPOBEeHb GOJIN 10 BU3YaIbHO-aHaIoroBoil mKase (BAIII).

JlaboparopHbie HCCIENOBAHUS BKIIOYAIM OIpeIee-
HUe co/iepKaHus B IJIa3Me KPOBU MHCYJINHA, aIpeHATHHA,
HOpaJpeHATINHA, J0o(haMiHa U KOPTH30JIA UMMYHOXEMU-
JIIOMMHECIIEHTHBIM MeTO/IoM Ha ananusatope IMMULISE
1000 (CHIA). Couepskanue IJIIOKO3bI B IJ1a3Me KPOBH UC-
CJIe/IOBAITH CTAHIAPTU30BAHHBIM METO/IOM. C IMOMOIIIBIO ra-
3oBoro anasmsaropa MEDICA Easy Blood Gas (CIIIA)
onpezessn ranpspkenne O, m CO, B apTepuaabHOU U Be-
HO3HOIT KpoBH, pH, 136b1TOK nin aeduiut 6ydepHbIx oc-
nosanuii (BE).

WMHcTpyMeHTaIbHBIE METOIBI BKJIIOYAJIN OIIPEIe/IieHIe
[apaMeTpOB TEHTPAIBHON TeMOIUHAMUKU METOJIOM He-
MIPSIMOIA TeTpanoJisipHoii peoBasorpadun mo Kybuueky c
MOCJIEIYIONM PACUYeTOM YacTOTBI CEPIEYHBIX COKpAIle-
Huii (YCC), yaaproro obbema (YO) cepaiia, MUHYTHOTO
obpema kposoobpamenust (MOK), ppakimu BeiOpoca Jie-
Boro sxenynouka (DB), ungekca obiero nepudepuyecko-
ro conporusnenus cocynoB (MOIICC), unpekca pocras-
ku xkucnopona (M/IK), cepreunoro nupekca (CI1).

CraTucrideckyio 06paboTKy pesyJIbraToB IPOBONIN
¢ wucnoab3oBaHueM nporpamm Microsoft Excel 2000,
Statistica 6,0 u Biostat. HopmasibHOCTh pactpeesieHus
OIIEHUBAJIM C TOMOIIIO KpuTepus Koamoroposa-CMupHo-
Ba, @ TAKXKe COTJIACHO MPaBUJIY ABYX cUTM (0). [lockombky
BapUAIMOHHBIN PsIJ| He TOMUMHSIICS 3AKOHY HOPMAJILHOTO
(rayccoBCKOT0) pacipe/iesleHs, 1JIsl TPOBEPKH CTATUCTHU-
YECKHUX THIIOTe3 UCIOJIb30BAJIN HellapaMeTpUIecKue Kpu-
Tepuu ManHa-YuTHU (/7151 CPaBHEHUS IBYX HE3aBUCHMBIX
BbIGOPOK) U BuiKOKCOHa (M1J1si CPaBHEHUS JIBYX 3aBUCH-
MbIX BBIOOPOK ), KOJINUECTBEHHDBIE IAHHbBIE [IPE/ICTABJISIIN B
Bu/ie Meqranbl (Me) U MHTEPKBapTUIIbHOTO pazmaxa (25 u
75 neprienTrin). Kputnaeckuii ypoBeHb 3HAYNMOCTH CTa-
TUCTUYECKUX TUTOTE3 TpuHIMasy pasabiM 0,05.

PesyibraThl U 00CyK/IEHHE

[TokazaTemw IEHTPANIBHON TeMOIMHAMUKHU B
JIOOIIEPAIIMOHHOM TIepUojie B 00€UX IPYIIax COOT-
BETCTBOBAJIM HOPMATUBHBIM 3HAYEHWUSM U CTATUCTH-
YeCKH 3HAYMMO He pasjimyanuch (tadu. 1).

B Tpytime cpaBHEHWST CHCTOJIMYECKOE apTepH-
anmpHOe faByienne (A/lcuct.) B mHTpaoiepalimoHHOM
U [TOCJIEOTIEPAITIOHHOM TIepHo/ie YBeJTUIUIOCh Ha 8,7
1 10,3% cOOTBETCTBEHHO 110 OTHOILIEHUIO K UCXOLHO-
MY 3HAYEHUIO, 2 B OCHOBHON I'PYTITIe 9TOT TIOKA3aTeb
cHUBWIICS Ha 6,5% B MHTpaOIepalinoHHOM 1 Ha 7,3%
B TIOCJIEOTIEPAITMOHHOM TIepuojie. AHAJIOTUIHAS TeH-
JICHIIVST TIPOCJIEKUBAIACH B OTHOIIEHUU THACTOJIU-
YecKOro apTrepuaysibHOrO AaBierus (AJlxnacrt.), 4yto

and according to the two sigma rule (o). Since the ordered
sample did not follow the normal (Gaussian) distribution
law the Mann-Whitney tests were used to prove the sta-
tistical hypotheses (to compare two independent samples)
and the Wilcoxon test was applied to compare two depen-
dent samples. The data were presented as a median (Me)
and interquartile amplitude (25 and 75 percentiles). The
critical level of significance while proving the statistical
hypothesis was P=0.05.

Results and Discussion

The parameters of central hemodynamics in the
preoperative period in both groups corresponded to
standard values and were not significantly different
(Table 1).

In the comparison group the systolic blood
pressure (BP syst.) in the perioperative and postop-
erative periods increased by 8.7% and 10.3%, respec-
tively, with respect to the initial value, but this para-
meter dropped down by 6.5% in the perioperative
and by 7.3% in the postoperative period in the main
group. Similar tendency was observed in relation to
the diastolic blood pressure (BP dyast.) due to sym-
pathetic blockade. However, it should be noted that
the level of mean arterial pressure despite slight
decrease was within the range of standard values.

Heart rate in the comparison group in the peri-
operative period was higher than the initial one by
17.4%, and in the postoperative period by 7.5%. This
fact evidences the tension of the sympathoadrenal
system and inadequate antinociceptive protection at
the resection stage of the operation, as well as in the
early postoperative period. In patients, who under-
went surgery under multimodal anesthesia, heart rate
both in the perioperative and early postoperative
period did not differ significantly from the original
values, registering only a slight tendency to slowing
due to the sympathetic block. Intergroup comparison
of patients' HR revealed statistically significant dif-
ferences in all stages of the study (Table 1).

SV value in the comparison group in the peri-
operative period was significantly lower than the ini-
tial one by 14.8%, and a tendency to stabilization was
observed in the postoperative period. SV in patients
of the main group was not significantly different
from the original value, but a tendency to slowing
was detected (by 4% in the perioperative and 9% in
the early postoperative periods). Statistically signif-
icant differences between SV values were deter-
mined in both periods.

In comparison of MV values in the groups there
were no significant differences both between the
groups and initial values. A tendency to MV reduc-
ing in patients of the comparison group in the peri-
operative period could be detected. Stability of MV
value is probably stipulated by inclusion of cardiac
and extra-cardiac mechanisms of urgent compensa-
tion in response to surgical stress.
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Ta6auna 1. [lokasaTteu EHTPATBbHOI reMOIMHAMUKY 0OJIBHBIX, ONIEPUPOBAHHBIX N0 MOBO/IY 3JI0KAYE€CTBEHHOTO HOBO-
00pa30BaHuUs JETKOTO ¢ IPUMEHEHHEM MYJIBTUMOJAIBHON (OCHOBHAS IPYINIA) U HHTAJISAIMOHHO-BHY TPUBEHHOH (rpyIi-
na cpaBHeHusi) anecre3uu ¢ UBJI, Me (QL; QH)

Table 1. The parameters of central hemodynamics in patients being operated due to lung cancer under multimodal (a
main group) and inhalation-intravenous (a comparison group) anesthesia supported by mechanical lung ventilation,

Me (QL; QH)

Parameters

Groups

Value of parameters on stages of the study

Pre-operative

During surgery

Post-operative

BP systolic, mm Hg

Main
Comparison

129 (125; 139)
130 (119; 133)

121 (115; 123)*#
142 (138; 159)*

120 (115; 121)*#
145 (139; 161)*

BP diastolic, mm Hg

Main
Comparison

86 (83; 94)
84 (82;92)

80 (74; 82)**
97 (96; 101)*

79 (73; 80)**
92 (79; 100)

Mean BP, mm Hg

Main

109 (105; 116)

102 (94; 104)*#

99 (94; 102)*#

Comparison 106 (99; 114) 117 (115; 129)* 117 (114; 129)*
HR, min" Main 74 (67, 80) 68 (65; 72)* 68 (65; 71)*
Comparison 80 (70;91) 94 (93; 100)* 86 (76; 93)
SV, ml Main 75 (69; 80) 72 (64; 79)* 68 (61;79)*
Comparison 67 (65; 74) 57 (52; 58)* 65 (59; 75)
MV, | Main 5.1 (4.5;5.9) 4.8 (4.2;5.3) 4.7 (4.2;5.5)
Comparison 5.1 (4.3;6,) 4.4 (3.9;5.7)* 4.7 (3.8;5.5)
LVEE % Main 61.5 (55.3; 65.0) 61.0 (58.0; 64.8)* 60.0 (54.0; 63.0)
Comparison 57.0 (56.8; 61.3) 53.0 (50.0; 55.0)* 55.0 (51.8; 58.5)
TPR, dynes/cm’ Main 1608 (1369; 1833) 1609 (1505; 1900) 1643 (1260; 1867)

Comparison

1498 (1226; 1914)

1684 (1418; 1967)*

1595(1304; 1995)

ODI, ml/min*m’

Main
Comparison

443 (363; 487)
467 (358; 487)

405 (358; 475)
394 (342; 483)*

398 (342; 483)*
466 (347; 547)

CI'l/minem?

Main

3.00 (2.45; 3.21)

2.70 (2.50; 3.20)*

2.80 (2.30; 3.10)

Comparison

3.15 (2.50; .53)

2.80 (2.45; 3.25)* 2.85 (2.30; 3.33)*

Ipumevanue. 3aech u mas tadia. 2, 3: Parameters — mokasaresnn; Groups — rpynnbl; Value of parameters on stages of the study —
3HAYEHMsI TTAPaMeTPOB Ha CTA/IUSIX NCCIeaoBanust; Pre-operative — 1o onepartiin; During surgery — Bo Bpemst ontepariun; Post-operative —
nocsie onepain; Main — ocHosHasi; Comparison — cpaBHerusi. BP systolic, mm Hg — A/l cucr., mm pr. ct.; BP diastolic — A/l aunacr.,;
Mean BP — A/l cpennee; HR, min' — YCC, mun™; SV, ml — YO, mu; MV, | — MOK, i1; LIVEF — ®B; TPR, dynes/cm’ — NOIICC,
manececm’; ODI, ml/minem® — VJIK, mu/munem’ CIl/minem* — CU ai/mMunem®. * — gocroseprocts pasamanii (p<0,05) mo otHote-
HUIO K IOOTEPAIIHOHHOMY TIePHO/LY; # — socToBepHOCTD pasimyuii (p<0,05) Mesk/y rpyrmamu.

Note. * — statistically significant (P<0.05) in relation to the preoperative period; # — statistically significant (P<0.05) between

groups.

MOIJIO OBbITH OOYCJIOBJIEHO CHMITATHYECKOM OJIoKa-
noil. Bmecte ¢ TeM, cienyeT OTMETHTh, YTO YPOBEHb
cpendero AJl, HecMOTpsI Ha HEKOTOPOE CHUKEHUE,
HaXO/IMJICS B JIMAITIa30HE HOPMATHBHBIX 3HAUECHUT.

YCC y nanmeHTOB rpyIIIbl CPDABHEHUS B UHTPA-
OTIEPAITMOHHOM TIEPUO/IE 0KA3aJIach BhIIIE UCXOIHOM
Ha 17,4%, a B moCJI€0mepainoOnHOM TIEPHOie — Ha
7,5%. ITO MOKET CBUIETETHCTBOBATD O HAIPSIKEHUN
CUMIIATOAJPEHATIOBOM CUCTEMBI U HEa[eKBaTHON aH-
TUHOIIMIIENITUBHON 3aluTe Ha PE3eKIIMOHHOM JTare
oriepaliy, a Takyke B PaHHEM ITOCJIeOTePAITiOHHOM
nepuoze. Y marueHToB, ONEPUPOBAHHBIX B YCIOBUSIX
MyasruMozanbHon anecre3nn, YCC kak B MHTpao-
MEPANMOHHOM, TaK U PaHHEM IOCJEOTePAITHOHHOM
MepUojie IOCTOBEPHO HE OTJIMYATACHh OT WCXOIHOM,
UMest JINITh He3HAYNTENbHYIO TEHIEHIIUIO K ypexe-
HUIO BCJIEJCTBUE CUMIIATHYECKOTO O10Ka. MesKrpyt-
noBoe cpaBHenre YCC marmenToB BRISIBUIO CTAaTHC-
TUYECKW 3HAYMMble pa3judyus Ha JIBYX ITamax
uccaepoBanus (tabu. 1).

3nauenne YO cepiia B rpylilie cpaBHEHUs B
WHTPAOIEPAIIMOHHOM TIePUO/Ie 0KA3aJI0Ch JOCTOBEP-
HO HIKE MCXOIHOTO Ha 14,8%, a B mocIeonepannoH-
HOM TIeprojie HabJIo[anach TEHAEHIINUS K ero cTabu-
muzanuu. YO cepana y manueHTOB OCHOBHOU

LVEF value in the comparison group in the
perioperative period was significantly reduced (by
7%) regarding to the preoperative figures and had a
tendency to lowering (by 3.5%) in the postoperative
period. LVEF parameters in the main group were
approximately similar to the original ones in the
intraoperative and early postoperative periods, but
they were significantly different from the values in
the comparison group in the intraoperative period.

TPR values in patients in both groups had no
significant differences at any stage of the study. Since
the patients did not differ in MV value and the body
weight, so no differences in TPR parameters between
the groups evidenced a normal tonus of the precapil-
lary bed [16, 17], and the thoracic epidural blockade
caused no hemodynamically significant peripheral
vasodilation.

ODI value in both groups (Table 1) had a ten-
dency to a slight decrease in the intraoperative and
early postoperative periods due to reduction of the
lung respiratory surface because of removal of lung
tumor and pulmonary parenchyma. ODI in patients
of the main group dropped down by 8.6% in the
intraoperative period and by 10.2% in the postopera-
tive period in relation to the initial parameters, and
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TPYTIIBl CTATUCTHYECKU 3HAYUMO HE OTJINYAJICS OT
HCXO/IHOUM BEJIMYUHBI, XOTSI BBISBIISIACH TEHIECHITUS
K ero cHmwKenuio (Ha 4% B WHTPAOIEPAIIMOHHOM W
9% B pamHeM mocseonepauonHoM tepuoze). Cra-
TUCTUYECKHW 3HAYMMBble PA3JN4us BeJUIUHb YO
MESK/Ly TPYIIIaMK BbISIBJIEHBI B 0G0UX TIEPHO/aX.

[Ipn cpaBrennu 3navenniit MOK y marmeHTOB
0benx Py He ObLIO OTMEYEHO JOCTOBEPHBIX OTJIH-
YUl KaK MeXIy TPyHIaMy, TaKk ¥ 110 OTHONIEHUIO K
HCXO/IHBIM 3HAUEHUSIM. Y TAIlUEeHTOB TPYIIIbI CPaB-
HEHUS MOKHO OTMETUTD JIMIIb TEHEHIINIO K CHUXe-
o MOK B maTpaonepammmonnom mepuoze. Cra-
OUIBHOCTD BEJNYNHBI MOK, BEPOSITHO,
00YCJIOBJICHO BKJIFOUEHHEM KapAHaJbHbBIX U 9KCTPa-
KapJMaJIbHBIX MEXAaHIM3MOB CPOYHOI KOMITEHCATINH B
OTBET Ha XUPYPTUUYECKUIT cTpecc.

Bemmunna OB seBoro keiaymodxka B TPyIIIie
CpaBHEHHUST HA WHTPAOIIEPAIIMOHHOM dTalie ObLIa 10-
cTOBepHO cHMKeHa (Ha 7% ) 10 OTHOIIEHUIO K JI00TTe-
PAIMOHHOMY 3HAYEHWIO W UMeJia TEHAEHIINIO K CHU-
sKermnio (Ha 3,5%) B MOCIEOMEPAIIMOHHOM TIEPUOIE.
3uavenust OB B 0CHOBHOI TPyIIlle B MHTPAOIIEPAITH-
OHHOM U paHHEM TIOCJEONEePAIMOHHOM TIepUo/ax
MOYTHU HE OTJIUYAINCH OT UCXOJHOTO, OJTHAKO JIOCTO-
BEPHO OTJINYAJINCH OT 3HAYEHUIT TOKA3ATE S B IPYTI-
Tie CPaBHEHUST B MHTPAOTIEPAIIMOHHOM ITEPHUOJIE.

3uavennsg NOIICC (mokasaTeis, oTpaskarorie-
TO BBIPAKEHHOCTH TleprudepruiecKoil BA30KOHCTPHUK-
[[U1) Y TAI[HEHTOB 00enX TPYII He UMEJIU JOCTOBEP-
HBIX pa3juyuii HU Ha OJHOM W3 3TAIOB
uccaenosanus. [TocKoJbKY TAIIMEHTHI He pasJjinda-
auch 1o BeamumHe MOK, macce Tesa, oTcyTcTBHe
pasimunil Besmuunsl MOIIIICC mexay rpynnamu
CBUJIETEJILCTBYET O HOPMOTOHYCE TIPEKATTIIITPHOTO
pycaa [16, 17], a Take 0 TOM, 4TO TPy/HAS BIULY-
pasbHast GJIOKajla He BBI3bIBAJa TEMOAMHAMUYECKU
3HAYUMOI 1eprudepruIecKoil BasoauaaTaum.

Besnmunna MK B o6enx rpymmax (tabua. 1)
“MeJa TeHIEHITUIO K He3HAYUTeJIbHOMY CHUKEHUIO B
MHTPAONEPAIIMOHHOM W PAaHHEM TOCJeonepanoH-
HOM TEPUOJIE, YTO OOBSICHIETCS YMEHBIICHUEM JIbl-
XaTeJbHOI MMOBEPXHOCTH JIETKUX BCJIE/ICTBUE yajie-
nug orryxosu u jerounoit Tkanu. ITpu satom UK y
MAIMEeHTOB OCHOBHOM TPYIIIbI CHU3MIICS Ha 8,6% B
unTpaomepanoniom u wa 10,2% — B mocseonepa-
IIUOHHOM TIEPUO/IE TT0 OTHOIIEHWTO K NCXOIHOMY 3Ha-
YeHUIo, a B TpyIIIie cpaBuenus — Ha 15,2% u 0,2% co-
OTBETCTBEHHO. MesKIy TpynmamMu JJTOCTOBEPHBIX
OTJINYUI TIOKa3aTeJisl He BBISIBJIEHO.

3navenns CU Takke cTaTUCTUYECKN 3HAYUMO
He PasMJaJInCh B TPYIIaX BO BCEX MCCIEIOBATEITh-
CKMX TOYKaX. BHyTpU rpymi 3HaueHUe MOKa3aTess B
MHTPAONEPAIIMOHHOM W PAaHHEM TOCIe0nepanoH-
HOM TIepuoJiaX HAXOJUJIOCh B TIpefiesiax HOPMAaTUB-
HBIX 3HAUEHUH 1 He UMEJIO JOCTOBEPHBIX U3MEHEHUI
10 OTHOIIEHHIO K HCXOJAHOMY 3HAYEHU0. ITO 00bsIC-
Hgercs oTcyTcTBueM uaMenenuil noxasarenss MOK
U UCXOJTHO OJTHOPOJTHOCTBIO TPYIIII TI0 Macce TeJa.

by 15.2% and 0.2% respectively in the comparison
group. No significant differences were found between
the groups.

CI values were also not significantly different
between the groups during the study, as well as they
were within normative values and had no significant
changes in relation to the initial values within groups
in the intraoperative and early postoperative periods.
This is due to the lack of changes in MV and the orig-
inal homogeneity of the groups in body weight.

Therefore, the hemodynamic profile of the
patients in the main group (under thoracic epidural
block) is characterized by a more stable course of the
intraoperative and postoperative periods with
respect to the preoperative one. In patients being
operated under the standard anesthesia, the signs of
tension of the sympathoadrenal system in the intra-
operative and postoperative periods were detected.

Stress hormones cause temporary diabetes-like
reorganization in metabolism for priority supplying
glucose to tissues and organs, which are the most
important for body protection from stressor impact;
they mobilize the energy resources of the body,
increase the contractile function of the myocardium
and systemic arterial pressure, providing an overall
adaptive effect. However, under continued stressor
exposure the catabolic processes are aggravated,
body resistance is reduced, and homeostasis is dis-
turbed [18]. The level of stress hormones in the
blood allows assessing indirectly the severity of sur-
gical stress.

The level of catecholamines, cortisol, glucose
and insulin was determined to evaluate the stress
response in both groups. The initial level of the ana-
lytes in both groups was within the normal range
without any intergroup differences (Table. 2).
However, statistically significant differences were
revealed in the intraoperative and early postopera-
tive periods.

One of the factors that caused extra adrenaline
secretion is inadequate antinociceptive protection
[19, 20]. Adrenaline level in the comparison group in
the intraoperative period was higher than the initial
one by 193.4%, then decreased in the postoperative
period, but, nevertheless, exceeded the initial value
by 164.1%. Adrenalin level in patients of the main
group in the perioperative period exceeded the orig-
inal by 52.3%, and in the early postoperative period
by 48.8%. Intergroup differences in hormone level in
both periods were statistically significant.

Noradrenaline is also urgently released in case
of surgical stress and rapidly eliminated from the
blood [12, 21]. Noradrenaline rate in the blood of
patients in both groups at all stages was not over the
threshold level (<600 pg/ml). However, in the com-
parison group its level in the perioperative period
was higher the original values (by 38.4%), then
reduced in the postoperative period, but remained
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Tabuuna 2. YpoBeHb TOPMOHOB CTPECCA B BEHO3HON KPOBH OOJIbHbBIX, ONIEPUPOBAHHBIX 110 MOBO/Y 3J0KaY€CTBEHHOIO
HOBOOOPA30BaHMHsI JIETKOTO € NPUMEHEHHEM MYJbTHMO/IAIbHOIH (OCHOBHASI IPYINA) Y WHIAJSIMOHHO-BHYTPUBEHHOM

(rpynmna cpaBHenusi) anecresuu ¢ UBJI, Me (QL; QH).

Table 2. Stress hormones level in venous blood of patients being operated due to lung cancer under multimodal (a
main group) and inhalation-intravenous (a comparison group) anesthesia in combination with mechanical lung ven-

tilation, Me (QL; QH).

Parameters Groups Value of parameters on stages of the study
Pre-operative During surgery Post-operative
Adrenalin, pg/ml Main 73 (46; 80) 111 (88; 132)*# 108 (86; 130)*#
Comparison 72 (53;93) 213 (178; 318)* 192 (168; 318)*
Noradrenaline, pg/ml Main 358 (212; 432) 426 (232; 438)* 435 (315; 523)
Comparison 339 (210; 414) 497 (429; 710)* 443 (215; 595)
Dopamine, pg/ml Main 23 (15; 41) 29,5 (18; 31)* 23 (17; 32)*#
Comparison 31(19; 36) 37 (35; 75) 41 (39; 68)*
Cortisol, nmol/I Main 15 (12; 17) 24 (19; 30)* 29 (24; 34)*
Comparison 15 (11; 18) 26 (19; 30)* 28 (20; 34)*

Ipumevanue. Adrenalin, pg/ml — agpenamn, nr/mir; Noradrenaline — nopaapenaman; Dopamine — godamum; Cortisol, nmol /1 — kop-
TH30JI, HMOJIb/JI. * — jroctoBepHOCTh pasinuuii (p<0,05) 110 OTHONIEHUIO K J0OIEPAIIMOHHOMY TIEPHO/LY; ¥ — JH0CTOBEPHOCTD PA3JINYIMil

(p<0,05) Mex1y rpyrmnamu.

Note. * — statistically significant (P<0.05) in relation to the perioperative period; # — statistically significant (P<0.05) between groups.

Takum 06pasoM, reMOANHAMUYECKIIT TPOGUIIH
MaIMeHTOB OCHOBHOW TPyINbl (C MpUMEHEHUEM
IPYAHON SIHAYPabHON OJIOKA/BI) XapaKTEPU3YETCsI
GouibIlell cTaOMJIBHOCTBIO TEUEHUsST WHTPAOTIEPalli-
OHHOTO U TIOCJIEOTIEPAITMOHHOTO TIEPUOJIOB 110 OTHO-
MIEHUIO K ZI0OTIEPAITMOHHOMY. Y TAIIMEHTOB, ONEPH-
POBaHHBIX B YCJOBUSX CTAaHAAPTHOW aHECTE3WH,
BBISIBJISIJINCH TIPU3HAKY HANIPSKEHWST CUMIIATOa/ipe-
HAJIOBOI CHCTEMBI KaK B MHTPAOIIEPAIIMOHHOM, TaK 1
B ITOCJICOTIEPAIIMOHHOM TIEPUO/IE.

TopMOHBI cTpecca BBI3BIBAIOT BPEMEHHYIO /[Ha-
6eTOTOI06HYI0 TIEPecTPOiiKy 06MeHa BEIeCTB C Iie-
JIBIO TIPHOPUTETHOTO 00eCTIeUeH s TJIFOKO301 TKaHeh
U OpraHoB, HanGoJiee 3HAYMMBIX JIJIST 3alllUThl Opra-
HU3Ma OT BO3IEHCTBUS cTpeccopa, MOOWIHM3YIOT
SHEPreTUYECKUEe PECYPCHI OPraHU3Ma, MMOBBIIAIOT CO-
KpaTuTeJbHY0 (DYHKITUIO MUOKAP/A U CUCTEMHOE ap-
TepuajbHOE JaBJieHHE, 0OecIeunBasi B 1eJOM ajall-
TUBHBIH ¢ derT. OmHaKO TPU MPOAOKAOIIEMCS
BOBJEHCTBUN CTPeccopa MPOUCXOAUT yCyryOseHme
KaTabOMYECKUX MPOIECCOB, CHU/KACTCS PE3UCTEHT-
HOCTh OpraHu3Ma, HapymiaeTcst romeoctas [18]. Ypo-
BEHb TOPMOHOB CTPECCa B KPOBU MTO3BOJISIET KOCBEHHO
OTIEHUTD BBIPAKEHHOCTH XUPYPIUIECKOTO CTPecca.

J171s1 OTIeHKYM BBIPAKEHHOCTH CTPECCOBOTO OTBETA
y HAIMEHTOB 00€KX TPYIIT ONPEAEJISIA YPOBEHb KaTe-
XOJIAMUHOB, KOPTU30J13, TJIIOKO3bI U UHCYJIMHA B CBIBO-
pPOTKe KpOBW. VICXOIHBII ypOBEHb BCEX AHATMTOB B
IPYyINax HaXOAWICS B Ipejieiax HOPMbI O€3 MEKTPYII-
1oBbIX pasmyuii (Tabu. 2). OxHako B MHTpaolepaiu-
OHHOM U PaHHEM TIOCJIEOTIEPAITMOHHOM TIEPHOIaX BbI-
SIBJISITTV CTATUCTUYECKU 3HAYMMBIE Pa3JIIusL.

OnnuM 13 (HaKTOPOB, BLI3BIBAIONINX IKCTPEH-
HYIO CEKPEITNIO a/[PEHAINHA, SBIISIeTCs HealeKBaTHas
antunonuienTuBHad 3ammTa [19, 20]. Conepskanne
aJ[peHAJINHA B KPOBU TMAIMEHTOB IPYTIIIBI CPABHEHUS
B MHTPAOTEPAIIMOHHOM TIeprojie GbLJIO BBIIIE HCXO-
Horo Ha 193,4%, B TIoCI€0TIEepaIMOHHOM TIEPHOJIE He-

higher than the initial values (by 23.5%). A tenden-
cy to elevating of noradrenaline level in blood of the
patients in the main group was determined (19%) in
the perioperative period in relation to the preopera-
tive. Postoperatively, no statistically significant dif-
ferences either in comparison with the initial values
or between groups were detected.

No significant changes in dopamine levels in the
blood of patients of the main group were identified. In
the control group, dopamine elevation by 32.9% in
the intraoperative period and by 21.1% in the postop-
erative period compared with original was registered.
It should be emphasized that dopamine level in the
blood of patients in both groups at all stages of the
study did not exceed permissible values [19, 21].

Cortisol level had a tendency to increasing in
relation to the original in both groups of patients
(Table. 2). In patients of the main group its level
exceeded the initial value in the perioperative period
by 63.6%, in the postoperative period by 95.4%,
while the comparison group demonstrated 77.3%
and 90.7%, respectively. Nevertheless, cortisol level
in both groups did not exceed the standard values.

Thus, the course of intraoperative and early post-
operative periods in patients underwent surgery under
inhalation-intravenous anesthesia accompanied by
mechanical ventilation is characterized by expressed
«release» of catecholamines in blood. The level of cate-
cholamines in patients, where the primary method of
anesthesia was high thoracic epidural block, was distin-
guished by stability with respect to baseline parameters.

Enhancement of gluconeogenesis is among the
effects of stress hormones to promote the increasing
of glucose level in blood plasma [20]. Glycemic index
allows indirectly to evaluate the severity of stress as
a nonspecific response of the whole body to the fac-
tors threatening to homeostasis (in terms of surgical
stress, such as injury, pain, hypoxia, etc.).
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CKOJIPKO CHIKAJIOCh, HO, TEM He MeHee, TTPEeBBINIAIo0
ncxoanoe 3Havenne Ha 164,1%. Y manumenTos 0oCHOB-
HOI1 TPYIIIBI YPOBEHD aJIPEHAIMHA B UHTPAOTIEPAIIH-
OHHOM IIEPUOJIe TTPEBLINIAJ UCXOMHDIHN Ha 52,3%, a B
paHHeM IOCIEOEPAIIIOHHOM Tteproie — Ha 48,8%.
MesXrpyTIoBbie pas3indus CojepKaHus B KPOBU IOP-
MOHa B 002 TIeprojia ObLIN CTATUCTUYECKU 3HAYNMBI.

Hopaapenaani Takske 9KCTPEHHO 0CBOOOKIAET-
CsI TIPY Pa3BUTHH XUPYPIUYECKOTO CTPecca U TOABEP-
KeH ObICTpOil smMuHanuK 13 Kposu [ 12, 21]. Conep-
JKaHIe HOpaJpeHaiHa B KPOBH IIAIlIMEHTOB 00EUX
TPYII HA BCEX aTalax He MPEBBIIIAT0 TTOPOTOBOTO
gHauennd (<600 nr/mur). OnHako B rpynme cpaBHe-
HUS €r0 YPOBEHb B MHTPAONEPAIMOHHOM MEpPUO/Ie
okasasicst Bbilie ucxoauoro (Ha 38,4%), B mocJieore-
PAIMOHHOM TIepHOfie HeCKOJBKO CHIDKAJCS, HO BCe
PaBHO TIPEBLIITAT UCXOAHOe 3Hadenue (Ha 23,5%). Y
MAIMEHTOB OCHOBHON IPYIIBI OTMEYATACh TEHIECHITUS
K YBEJIMYEHUIO CO/IEPKAHMS B KPOBH HOPAIPEHAITHA
(ma 19%) B MHTpaOMEPAIIIOHHOM TIEPUOJIE 110 OTHO-
HIEHUIO K JI00TepariioHHoMYy. B moceonepaiinonnoM
Mepro/ie He BBISIBIEHO CTATUCTIHUECKH 3HAUUMBIX Pa3-
JIMYMIA KaK 110 CPABHEHUIO C MCXOIHBIMU BEJTMUMHAMMY,
TaK ¥ MEK/Y TPYIIIaMU.

[locToBepHBIX N3MEHEHUHT YPOBH: lohaMuHa B
KPOBU MAIMEHTOB OCHOBHOW T'PYTIITBI HE BBISBJIECHO.
B rpymre cpaBHEHUS OTMEUYAJOCh YBEJTUYEHUE €ro
coiepskanust Ha 32,9% B MHTPAOIEPAITIOHHOM U Ha
21,1% — B mocIeonepannoHHOM ITEPHUOJIE TI0 CPaBHE-
HUIO ¢ UCXOAHbIM. ClleZlyeT OTMETUTbh, YTO YPOBEHD
nodaMrHa B KPOBH MAIMEHTOB 00enX TPYIIN Ha BCexX
JTamax WCCAeOBAaHWS He MPEBBIMIAJ Oy CTHMBIX
snauenuit [19, 21].

Conep:xanne KOPTH30Ja B KPOBU NMEJO TEH-
JICHIIMTO K MOBBITIEHUTO TI0 OTHOIIEHUIO K MCXOTHOMY
y nmarueHToB obenx rpymi (tabi. 2). Y maiueHToB
OCHOBHOI TPYIITIBI €70 YPOBEHD MTPEBBICUIT UCXOTHBII
B MHTPAOIIEPaInOHHOM Ttepuose Ha 63,6%, B mociie-
oreparnuoHHoM — Ha 95,4%, a y NalneHToB rPyIIbl
cpaBHenust — Ha 77,3 n 90,7% coorBercTBeHHO. [Ipn
3TOM B 0GeMX TPYIIax YPOBEHb KOPTU30Ja B KPOBU
MAIMEHTOB He MPEBBINTAT HOPMATUBHbIX 3HAYEHUIA.

Takum 06pasoM, TedeHre HHTPAOTIEPAIIMOHHOTO
U PAHHETO MOCJIECOTIEPAITNOHHOTO TTEPUOIOB B TPYIITIE
MAIMEHTOB, ONIEPUPOBAHHBIX C MPUMEHEHWEM WHTa-
JISIMOHHO-BHYTpUBeHHOU anectesnn ¢ MIBJI, xapak-
Tepusyercss 0ojiee BBIPAKEHHBIM <«BBIOPOCOM» B
KPOBb KaTeXOJIAMUHOB. YPOBEHb KaTeXOJAaMUHOB B
KPOBH TIAI[EHTOB, IJlc OCHOBHBIM METOZOM 00€360-
JBaHMsT GbITa BHICOKAS HMUAypATbHAd OI0Kaza Ha
TPYHOM YPOBHE, OTIMIAICS OOMBINeN cTabUIBLHOC-
TBIO ITO OTHOTIEHWTO K UCXO/IHBIM TIOKA3aTEJISIM.

K uncay acddexTtoB TOpMOHOB cTpecca OTHO-
CUTCSI YCHJIEH e TIIOKOHEOTEHe3a, 9TO CIIOCOOCTBYET
MTOBBINIIEHUTO COJIEPKAHUS TJIIOKO3BI B TI7Ia3Me KPOBU
[20]. YpoBeub rimkemMuu I1103BOJIIET KOCBEHHO CY-
JIUTH O BBIPAKEHHOCTHU CcTpecca Kak Hecrenuduiec-
KOTO OTBEeTa IIeJIOCTHOTO OpraHu3Ma Ha JeicTBHe

The significant increase of glucose index in
blood serum with respect to the pre-operative period
was not detected in the patients of the main group. A
tendency to elevation was registered: in the periop-
erative period from 5.70 (5.30; 6.38) mmol / L to
6.40 (5.80; 7.40) mmol/l; and in the postoperative
period up to 6.70 (5.90; 7.15) mmol/l. In the com-
parison group more significant changes were record-
ed: in the perioperative period up to 6.65 (6.20; 7.50)
mmol/l, and in the postoperative period 8.40 (7.60;
9.10) mmol /1.

Insulin level was within the normative values
in patients of both groups. The changes had a ten-
dency to higher values in the main group, which was
explained by a compensatory response to elevation of
glucose rate in the blood. Patients of the comparison
group demonstrated lower insulin level in the early
postoperative period, which is considered a poor
prognostic sign, indicating the shifting in metabo-
lism from carbohydrate type to lipid one. Insulin
level in the patients of the main group in the periop-
erative period was 2.65 (2.0; 5.11) mU/I, in the post-
operative period 3.33 (2.0; 7.79) mU/I. In the same
periods in the comparison group the insulin level was
2.33 (2.0; 5.13) mU/I and 2.95 (2.0; 6.28) mU /ml,
respectively. The lack of statistically significant
changes in insulin level evidences an isolated eleva-
tion of glucose level in the blood of patients under
the impact of stress hormones.

In surgical treatment of patients with lung
tumors a large part of the organ is removed, which
could be a trigger for the development or exacerba-
tion of respiratory failure and homeostasis disorders.
The development of respiratory failure and decom-
pensation of homeostasis basic parameters are fre-
quently observed in the early postoperative period.

Clinical manifestations of respiratory failure
are registered even at the «off» stage while a lobe of
the lung or a whole lung is removed. The compen-
satory response is crucial, including the maintenance
of hemodynamics at the most traumatic phases of the
operation.

Success of the surgical treatment for patients
with lung cancer is strongly depended on anesthesia
aimed to protect a patient from the surgical stress. It
is not only a question in respect to turning off the
pain impulses from the zone of thoracotomy, but also
about the «blocking» of the key reflexogenic zones
(bifurcation of the trachea, root of the lung).
Herewith, it should be noted that the development
of coronary artery spasm with myocardial ischemia
enhancing risks of the severe complications such as
acute myocardial infarction and cardiogenic shock in
the perioperative period is possible. Tachycardia,
increased BP, and decreased SV indicate an inade-
quate antinoceptive protection against the surgical
stress and lead to the circulatory decompensation at
the most traumatic stages of the operation [22].
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(hakropa, yrpoxaioniero romeoctasy (B YCJIOBUSX
XUPYPIUYECKOro CTpecca — MOBPEKICHUE, O60JIb, TH-
TTOKCHUS U JIP. ).

Y nanmeHToB OCHOBHOH TPYIIIIBI IOCTOBEPHOTO
MTOBBINIEHNS] YPOBHS TJIFOKO3bI B CHIBOPOTKE KPOBH
10 OTHOIIEHUIO K JIOONEPAIIMOHHOMY TEPUOIY He
BbISIBUITH. OTIpeiesIsijiv JIUITh TEHIEHIIUIO K eT0 yBe-
JINYEHUIO: B MHTPAOIEPAIMOHHOM Tiepuoge ¢ 5,70
(5,30; 6,38) mmoub /11 10 6,40 (5,80; 7,40) MMoOTh/IT;
a B IocJeonepanuoHHoM mepuoge — 10 6,70 (5,90;
7,15) MMoJib/J1. B Tpyiinie cpaBHeHMs oTMevasu 60-
Jiee 3HAUMMbIe U3MEHEHUST COEPsKAHMS TITIOKO3BL: B
WHTPAOIIEPAIHOHHOM TIE€PUOJE OHO AOCTHUTAIO 6,65
(6,20; 7,50) MMoOsIb/JT, a B TIOCTEONEPAIIHIOHHOM —
8,40 (7,60; 9,10) mmoub /1.

Cozepskanuie WHCYJUHA B KPOBU MAIMEHTOB
00€enx TPYII HAXOAWIOCh B IIpeieiax HOpMaTUBHBIX
3HaYeHuil. VIsMeHeHust HOCHJIN XapaKTep TEeH/IeHITH
K O0Jtee BBICOKUM 3HAUYEHUSIM B OCHOBHOII TPYIITIE, 4TO
0OBSICHSIETCST KOMIIEHCATOPHOW peakiinell Ha TOBbI-
IIeHNe YPOBHS TJIIOKO3bI B KPOBU. Y MAI[MEHTOB TPYII-
ITbI CPAaBHEHUSI BBISIBJISLIIN O0Jiee HU3KIE 3HAUEHUS CO-
JiepsKaHus MHCYJIMHA B PAaHHEM ITOCJIEOTIEPAIIMOHHOM
Mepuo/ie, YTO MOKET CIYKUTh MPOTHOCTHYECKH He-
GJIArONPUSATHBIM IPU3HAKOM, CBUIETEIBCTBYSI O TIepe-
CTpoiiKe 0OMEHa BEIIECTB ¢ YIJIEBOHOTO HA JKUPOBOI.
YpoBeHb MHCYJIMHA B TIJIa3Me KPOBU MAIMEHTOB OC-
HOBHOM TPYIITIBI B MHTPAOTIEPAITMOHHOM TIEPUOJIE CO-
crasun 2,65 (2,0; 5,11) MmxE/l /M1, B mocieomnieparoH-
HoMm — 3,33 (2,0; 7,79) MxE/l/ma1. B Te e mepuozst y
MAIMEHTOB TPYIIbl CPABHEHUS YPOBEHb WHCYJIMHA
okaszajcs paBHbIM 2,33 (2,0; 5,13) MxE/l/Ma u 2,95
(2,0; 6,28) mxE/[/mn cootBercTBeHHO. OTCyTCTBUE
CTAaTUCTUYECKW 3HAYMMBIX U3MEHEHWIT YPOBHS UHCY-
JIMHA CBUIETEIbCTBYET 00 U30JMPOBAHHOM IMOBBIIIIE-
HUW YPOBHS TJTFOKO3bI B IIJIa3Me KPOBH TTAITUEHTOB TIOJT
BJIUSTHUEM CTPECCOBBIX TOPMOHOB.

[Ipu oriepaTUBHOM JIeYeHUH HAIUEHTOB ¢ HOBO-
00pa3oBaHUSIMU JIETKUX YIAJISETCS 3HAYMTETbHAS
YacTh OpraHa, 4YTO YPeBaTO PasBUTUEM WU yCyTyO-
JIEHWEM JIBIXaTeJbHON HEeJIOCTaTOUHOCTH, Hapylie-
HUII ToMeocTas3a. Pa3BuTue abIxaTeqbHOU HemIoCcTa-
TOYHOCTHU W JIEKOMIIEHCAIIUSI OCHOBHBIX MTApaMeTpoOB
rOMeoCTa3a vaille BCEro MPOUCXO/AST B PAHHEM IO-
CJIeonIePaIlnOHHOM TIEPHUOJIE.

Knvauyeckne TpOSBIEHUS [IbIXaTEJbHOW He-
JIOCTATOYHOCTH MOTYT BO3HUKHYTH €Ille Ha 3Tare
<BBIKJIIOUEHUS > YAQISIEeMON JIOJU WUJIN JIETKOTO U3
00111er0 KpoBOTOKA. B 9TOM CBA3M 04eHDb BasKHbI KOM-
[IEHCATOPHbIE PEAKIIMU, B TOM YHce 00ecreunBaio-
[ue TojjAepKaHe IeMOAMHAMUKN Ha Hambojee
TPaBMaTUYHBIX dTAlaX OTePaIliH.

Yenex XUpyprugeckoro JiedeHusl TMalueHToB co
3JIOKAYECTBEHHBIMU HOBOOOPA30BAHUSAME B 3HAUM-
TEJILHOI CTeIIeH! 3aBUCUT OT MeTo/1a 00e300/1MBaHus,
KOTOPBIH IIPU3BaH MAKCUMaJIbHO 3alIUTUTD HAIlHeHTa
OT XUPYPTUYECKOTO cTpecca. Peub wiaeT He TOJBKO O
BBIKJTIOUCHUH OOJIEBON WMMITYJIbCAIIUN HEIIOCPEACT-

Epidural thoracic blockade facilitates the dilatation
of coronary blood vessels, preventing development of
complications [23].

In absence of indications for the prolonged
mechanical ventilation, the early tracheal extubation
is recommended [24]. Tt is important that the patient
does not experience any painful feelings after extu-
bation; otherwise, the pain would prevent the ade-
quate cough and eupnoe. Thoracotomy is character-
ized by the development of expressed pain upon
awakening; the patients cannot take a deep breath,
and breathing has a shallow nature.

Subjective assessment of the pain severity was
carried out by interviewing the patients in both
groups immediately after admission to ICU using the
visual analog scale (VAS). The level of dynamic pain
in deep breathing and coughing was assessed. Pain
level in the main group ranged from 2 to 3 scores and
from 5 to 6 in the comparison group.

Violation of the respiratory act can lead to
hypoxia. To assess the oxygen status violations, ABS
indicators were determined before surgery and in the
early postoperative period (Table. 3).

Initial ABS parameters in both groups were
within the standard values. pO, decrease in relation
to the initial value was registered in the postopera-
tive period. However, in patients of the main group
pO, was 95 mmHg, notably within the standard val-
ues. Numbers of lobectomy and pneumonectomy
were performed in this group characterized by a sig-
nificant decrease of the lung respiratory surface com-
pared with atypical lung resection. pO, in the post-
operative period was reduced to 79 mm Hg in the
comparison group. Evidently, this difference can be
explained by physiological and adequate regulation
of the vascular tone of sympathoadrenal system in
patients of the main group.

pCO, values had no statistically significant
differences either in original values in each group
orbetween groups at all stages of the study
(Table. 3).

Arterial blood pH was also in normal in both
groups and did not have a statistically significant dif-
ference within the groups with respect to the pre-
operative value, and between the groups. BB para-
meters in patients of the main group were not
significantly different from the initial figures; a slight
tendency to shifting towards BB deficit (from -1.2
mmol/l before surgery to -2.0 mmol /1 in the post-
operative period) was observed. Stable metabolic
profile indicated a lack of compensation or metabol-
ic disorders. In patients of the comparison group BB
changes demonstrated a more distinctive character.
A tendency to a more manifested deficiency of BB in
the postoperative period (0.35 to -3.0 mmol /1) was
registered, and in case of metabolic disorders pro-
gression the supplementary alkalizing therapy was
required.
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Ta6muua 3. [okazaren KOC aprepuasibHOil KPOBH GOJIbHBIX, OIIEPUPOBAHHBIX 10 MOBO/Y 3J0KaY€CTBEHHOTO HOBO-
00pa30BaHusI JIETKOTO C IPUMEHEHHEM MYJIBTHMOAAIbHON (OCHOBHASI IPYNIA) U UHTAJISIIHOHHO-BHY TPUBEHHOIT (rpym-

na cpaBHeHusi) aHecreauu ¢ UBJI, Me (QL; QH).

Table 3. ABS parameters in the arterial blood of patients being operated due to lung cancer under multimodal (a main
group) and inhalation-intravenous (a comparison group) anesthesia accompanied by mechanical lung ventilation,

Me (QL; QH).
Parameters Groups Value of parameters on stages of the study
Pre-operative Post-operative
pH Main 7.38 (7.35; 7.40) 7.37 (7.35;7.39)
Comparison 7.39 (7.37;7.41) 7.37 (7.32;7.40)
pO,, mm Hg Main 119 (101; 140) 95 (84; 101)*#
Comparison 123 (103; 145) 79 (68; 82)*
pCO,, mm Hg Main 41 (37; 45) 37 (33; 42)
Comparison 42 (37; 48) 38 (33; 46)
BE, mmol/I Main 1.20 (-3.1; 0.85) -2.0 (-3.0;-0.75)
Comparison 0.35 (-2.08; 0.70) -3.0 (-3.7;-1.95)
Ipumevanue. * — goctoBepHOCTb pasimunii (p<0,05) 110 OTHOIIEHUIO K J0ONEPAIIMOHHOMY TIEPHOLY; ¥ — JIOCTOBEPHOCTb PA3JIMYmii

(p<0,05) mMesxty rpyImam.

Note. * — statistically significant (P<0.05) in relation to the perioperative period; # — statistically significant (P<0.05) between groups.

BEHHO 13 30HBI TOPAKOTOMHOM PaHbl, HO U 0 «BJIOKH-
POBaHUK» OCHOBHBIX PeIeKCOTeHHbIX 30H (GUbyp-
Karus Tpaxew, KOpeHb Jierkoro). [Ipu atom cremyer
MIOMHUTH O BO3MOKHOCTH Pa3BUTHSI CITa3Ma KOPOHAP-
HBIX apTepuii ¢ Pa3BUTHEM WIIEMUU MUOKAp/a, 4To
MOBBIIIAET BEPOSITHOCTD PA3BUTHUS B TIEPHOTIEPATIHOH-
HOM TIEPHOJI€ TAKMX I'PO3HBIX OCTOKHEHUH, KaK OCT-
poIii MHGMAPKT MUOKap/a, KapAMOTeHHbIH MoK, Taxu-
kapaus, noseimenne AJl, cumxenme YO cepaia
CBUJIETEJILCTBYIOT O HEQJIEKBATHOI aH THHOIETITUBHOM
3aIUTe OT XUPYPrUIECKOTO CTPEecca U MOTYT ITPHBO-
JIATh K JIEKOMIIEHCAIIUU KPOBOOOPAIIeH s Ha Hanbo-
Jlee TPaBMaTUYHBIX dTallax olepauuu [22]. dnuuy-
pasibHast GJIOKaAa Ha TPYJAHOM YPOBHE CHOCOOCTBYET
PaCHIMPEHNI0 KOPOHAPHBIX COCY/IOB, MPELYIPexK/ast
TEM CaMbIM Pa3BUTHE OCJIOKHEHUT [23].

ITpu orcyrcrBun NOKa3aHUil I IPOAJIEHHOM
WBJI uenecoobpasHa paHHsS 9KCTyOaI[sl Tpaxeu
[24]. TIpu aTOM BaskHO, UTOOBI TIOCITIE HKCTYOATINH TTa-
[[MEHT He WCIBITHIBAT OOJIEBBIX OILIYIIEHUH, B MPO-
TUBHOM CJIydae 00JIb TIOMEIIaeT aJeKBaTHOMY OTKa-
NIJTUBAHUIO U 9YIHO3I. TOPaKOTOMHBIE IOCTYIIBI
XapaKTePU3YIOTCS PasBUTHEM BBIPaKEHHBIX GoJie-
BBIX OIIYIIEHWUI 1ocsIe TPOOYKIACHUS, MAIIMEHThI He
MOTYT C/leJIaTh TIyOOKHI BJIOX, ¥ IbIXaHIe HOCUT Xa-
paxTep MOBEPXHOCTHOTO.

CyObeKTUBHYIO OIIEHKY BBIPaKEHHOCTH 00JIe-
BOTO CHHJIPOMa OCYTIECTBJISIITH TIyTEM OIIPOca Tary-
€HTOB 00erX IPYII Cpasy IMOcJIe MOCTYIIEHNUs B OT-
JleJIeHe PeaHrMalii M0 BU3YaTbHO-aHAJIOTOBOM
mkase (BAIT). OnenuBasics ypoBeHb JAMHaAMUYecC-
KOt 6Gosn TIpu TJIyOOKOM [IBIXaHWM W ITOKAILINBa-
HUW. YPOBeHb 00JI B OCHOBHOII IPYIIIIE HAXOMJICS B
JanasoHe ot 2 710 3 6aJIoB, B TPYIINe CPaBHEHUST —
ot 5 110 6 6asoB.

Hapyiiienre cTPyKTYpbl JBIXaTeNbHOTO aKTa
MOJKET TMPUBECTH K PA3BUTHIO TUTIOKCHU. [IJIsT o1leH-
KU HapyIIeHWH KUCIOPOJHOTO CTaTyca OTMPEIeIsi
nokazaTeau KOC apreprnanpbHON KPOBU MAITMEHTOB

Conclusion

It has been found that the most significant
pathogenic factor in patients being operated due to
lung cancer under the standard anesthesia is the
expressed activation of the sympathoadrenal system
due to the impact of surgical stress. This is manifest-
ed by disorders of the central hemodynamic parame-
ters, such as metabolism, nociception and oxygen
balance. In surgeries carried out under multimodal
anesthesia the minimal changes of basic homeostasis
parameters are registered; these changes are short-
termed, compensated and reversible. Pain syndrome
upon completion of surgery and in the early postop-
erative period is either absent or mild. In general, the
results of the study assert the multimodal anesthesia
with epidural blockade as preferred one compared to
standard inhalation-intravenous anesthesia with
mechanical ventilation since the former prevents the
excessive activation of the sympathoadrenal system
and maintains homeostasis.

JI0 HavaJia orepaiuy 1 paHHeM ITOCIe0IePalnOHHOM
nepuoje (tabi. 3).

HUcxonmnie mokazaren KOC B obenx rpymmax
ObLIM B IIpejesiaX HOPMAaTUBHbBIX 3HadeHuil. B nocie-
oTlepaIiOHHOM TI€PHOjie OTMevYasioch cHizkeHue pO,
[0 OTHOIIEHWIO K MCXOAHOMY 3HauUeHUi0. TeM He Me-
Hee, y TTAIIMEHTOB OCHOBHOM Tpytiiel pO, COCTABIISIO
95 MM PT. CT., YTO He BBIXOIUT 32 TPAHUIBI HOPMATHB-
HbBIX 3HaueHuil. VIMEHHO B 9T0ii rpyriie GbLIO BHITOJ-
HeHo GoJible JIOOIKTOMUI M ITHEBMOHOKTOMMUIA, Xa-
PaKTEPUBYIOMIIXCS boJiee 3HAYUTETbHBIM
YMEHDBIIEHUEM JIbIXaTeJIbHOI TTOBEPXHOCTH JIETKUX 110
CPaBHEHUIO C aTUIIMYHON pe3eKiueil erkoro. B rpy-
ne cpaBrenusi pO, B IMOCJEONEPAIMOHHOM TIEPUO/IE
CHIKAJIOCH /10 79 MM pT. cT. OueBUIHO, TaKyIO Pa3HU-
Iy MOKHO OOBSICHUTB OoJiee (hUBHOJOTIYHON 1 a/leK-
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BaTHON PEryJIsIiiieil COCYIUCTOTO TOHYCA CUMITATOA/I-
PEHAJIOBOI CHCTEMOH y TIAIIIeHTOB OCHOBHOM TPYTITIHI.
3navennst pCO, He MMeN CTaTUCTUYECKH 3Ha-
YUMBIX OTJIMYUI HU OT MCXOIHBIX 3HAYEHWI B KaxK-
JIO¥i M3 TPYIII B OTAENBbHOCTH, HU MEKY TPYIITIaMy B
KasK/I0i U3 ncciefoBarebckux todek (tabir. 3).
Besmmuuna pH aprepuanbHOil KpOBU Takke Ha-
XOJIMJIACh B IPAHUIIAX HOPMATUBHBIX 3HAYEHUN Y T1a-
[[MEHTOB O0EHX TPYNIl M HE UMeJa CTaTUCTHYECKU
3HAUMMBIX OTJIMYWI KaK BHYTPH TPYIIIT IO OTHOIIIE-
HUIO K JIOONEPAIMOHHOMY 3HAUYEHUIO, TaK U MEKIY
rpynmamMu. 3unadenuda BE y manueHToB OCHOBHOM
TPYTIIBl CTATUCTHYECKN 3HAYMMO HE OTJIUYAIUCH OT
HCXOAHBIX, HabJII0Jaach JIUIIb HEe3HAUYUTETbHAs
TEHJIEHIIUS K CMEIIEHUI0 B CTOPOHY jaedurmra Oy-
deprabIX OcHOBaHUH (0T -1,2 MMOJIB/JT /10 OTIepanun
1o -2,0 MMOJIb/T B TIOCJIEOTIEPAIIIOHHOM TIEPHOJIE).
CrabuiabHblil «MeTaboIMYecKuii Ipoduib> CBUje-
TEJBCTBYET 00 OTCYTCTBUU WJIM KOMITEHCAIIUN MeTa-
6OJTMUeCKUX HapyIIeHWil. Y IaiueHTOB TIPYIIIbI
cpaBHeHUs uaMeHeHus1 BemurHbl BE nmer Gosee
OTUETJIUBBIN XapakTep. B mocieomnepamonHoM Tie-
pHo/Ie BBISBJIEHA TEHIEHIM K G0Jiee BBIPAsKEHHOMY
nedurury ocuoBanuit (ot 0,35 mo -3,0 MMOIIB/ 1),
YTO B CJlydyae TPOrPeCcCUPOBAHUsST METabOMIMUECKUX
HapyIIeHWIT MOKeT MoTpeOGOBaTh MPOBENECHUST J0-
MTOJTHUTETHHON OIe/IAYBAIOTIEl TePaTTHH.
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3akiaouyeHue

[TaTtoreHeTnmueckuM (HaKTOPOM, OMperessIo-
IMUM pa3BUTHe HAPYIIEHWH IIeHTPATbHOH TeMOIH-
HAMUKU, MeTaboIN3Ma, HOTUIETIIUT 1 KUCIOPOI-
Horo Oajamca opraHmaMa |y  TAIHEHTOB,
OTIEPPOBAHHBIX TI0 TIOBOAY 3JIOKAUEeCTBEHHBIX HO-
BOOOPA30BAHUIT JIETKUX B YCIOBUSX CTAHIAPTHOTO
06e300TMBAHYIS, SIBJISIETCS BHIPAsKEHHAST aKTHBATINST
CHUMIIATOA/IPEHATOBOI CUCTEMBI B paMKaX XUPYpPIrH-
YeCcKOTO CTpecc-0oTBeTa. Y MaIl[MeHTOB, OTIePHPOBaH-
HBIX C IPIMEHEHNEM MYJIbTHIMO/IATTbHON aHeCTe3n !,
BBISIBJIIOTCS MUHUMAJIbHBIE N3MEHEHNSI OCHOBHBIX
[1apaMeTpoB roMeocTasa, MMelolllle KPaTKoCpoy-
HBII, KOMIIEHCUPOBAaHHBIN 1 0OPaTUMBII XapakTep,
60JIEBOI CUHAPOM B PaHHEM MOCIEONEPATTNOHHOM
meproje MO0 OTCYTCTBYET, THOO XapaKTEPU3yeTC st
Kak cl1abOBBIPAKEHHBIN. B 1e0M pe3ysTaThl BbI-
MTOJTHEHHOTO KJIMHNUKO-TATO(U3N0TIOTHIECKOTO HC-
CJIe/IOBAHUS MO3BOJIIOT YTBEPKAATh, YTO MYJBTH-
MOJIATTbHAST aHECTe3WsI C AMUAYPATLHON OI0KAIOM
MpeInoUuTUTeThHEee CTAHAAPTHOH HWHTAIAIIOHHO-
BHyTpUBeHHOI aHecte3nn ¢ VIBJI, mockombky mpe-
JOTBpAIaeT Ype3MepHyI0 aKTHBAIIWIO CHMIIATOAl-
PEHATOBO CHCTEMBI, 00OECTIEUNBAET COXPAHHOCTD
roMeocTasa.
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OCTPASI KPOBOIIOTEPA: PETUOHAPHBIN KPOBOTOK
1N MUKPOIINMPRYJIALIUA
(0630p, yacrs II)

B. B. Mopos, 1. A. PsixkoB

HUU ob6uieit peanumarosoruu umM. B. A. Herosckoro,
Poccus, 107031, r. MockBa, yu. ITetpoBka, . 25, cTp. 2

Acute Blood Loss: Regional Blood Flow and Microcirculation (Review, Part IT)

V. V. Moroz, I. A. Ryzhkov

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

B niepBoii wacti 0630pa ObLJIO TIOKAa3aHO, YTO HAPYIIEHUS] CUCTEMHOI TeMOIMHAMUKY 1 MUKDPOI[MPKYJISIIIUK TIPU
OCTPOIi KPOBOIOTEPE BEYT K PA3BUTHIO METAOOIMUYECKIX HAPYIIIEHUI 1 MOBPEKIEHIIO KIeTOK. Bo BTOpoii yactu
00630pa OCBEIEHbI METO/IbI NCCJIEAOBAHIST MUKPOIUPKYJISIIAN U OKCUTeHAInK TKaHeil. OCHOBHOe BHUMAHUE yjieJie-
HO COBPEMECHHBIM BU/IaM 6I/IOMI/IKp0CKOHI/II/I " METO/IaM, OCHOBAHHBIM Ha JIa3€PHBIX TEXHOJIOTUAX. B HYaCTHOCTH, 06‘
CYIKJIAETCSI METOIOJIOTHSI UCTIOJIb30BAHUSI MATEMATUUECKOTO aHaIM3a KoJleOaHil MUKPOKPOBOTOKA ((hrakeMoIiuii)
IS OLIEHKY MEXaHU3MOB PETYJISIIMU MUKPOTeMOIUPKYJISIiini. PaccMOTpeHbl 0COGEHHOCTH PETHOHAPHOTO KPOBOTO-
Ka ¥ MUKPOIUPKYJISIMU B PA3JIMYHBIX COCYAUCTBIX HacCcellHaX OpraHu3Ma P OCTPON KPOBOIIOTEPE, & TAKKE MTPU
nocsenyiomieit penepdysun. Ilokazano, 4To n3MeHEeHHsT HA MUKPOITUPKYJ/ISITOPHOM YPOBHE B TOM HMJIF HHOM OpraHe
B 3HAYUTEJIBHOI CTETEHH OMPEIEIISIOTCS CTPYKTYPHBIME 1 (QYHKIIMOHATBHBIMU OCOGEHHOCTSIMU €T0 KPOBOCHA0 Ke-
HUS, A TaKXKe POJIBIO IAaHHOTO OPraHa B IIATOreHe3e OCTPON KPOBOIOTEPU. DTH M3MEHEHII MOTYT UMeTh KaK ajial-
TUBHOE, TAaK U MATOJIOTUYECKOE 3HAYCHUE B 3aBUCHMOCTH OT CTAJIMU M TSKECTH MATOJIOTHYECKOTO MPOIiecca.

Knrouesoie cnosa: ocmpasi kposonomepsi; penep@y3sus; MUKPOUUPKYIAUUSL; 8A30MOUUU; (IAKCMOUULU; Pezuo-
napmwiil kposomox; JI/D; eudeomuxpockonus

It was shown in the first part of the review that the alterations of systemic hemodynamics and microcircula-
tion in acute blood loss led to the development of metabolic disorders and cell damage. The second part of the
review highlights the methods of microcirculation and tissue oxygenation investigation. The focus is on modern
biomicroscopy varieties and methods based on the laser technology. In particular, we discuss a method based on
the mathematical analysis of microvascular blood flow oscillations (fluxmotion) to evaluate the regulatory mech-
anisms of microcirculation. The features of regional blood flow and microcirculation in different vascular regions
of the body in acute blood loss, as well as during the subsequent reperfusion are considered. It was shown that
microcirculatory alterations in a particular organ are largely determined by the structural and functional features
of its blood supply, as well as by the role of this organ in the pathogenesis of acute blood loss. These changes can
possess both adaptive and pathological significance depending on blood loss stage and severity.

Key words: acute blood loss; reperfusion; microcirculation; vasomotion; fluxmotion; regional blood flow; LDF;
videomicroscopy
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MeTtozbl HCCIeJ0BaHUS Material and Methods
MHMKPOLUHPKYJISIHH
Current approaches to the investigation of
CoBpeMeHHbIEe TOAXOAbI K HccaepoBanuio co- | microcirculation include the following groups of
CTOSIHUST MUKPOIMPKYJISIIIUA BKJIIOYAIOT B cebst cae- | methods: (1) intravital video microscopy modifica-
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mytorie rpynibl MeTozioB: (1) momudukanum mnpu-
JKU3HEHHON BUICOMUKPOCKOTINY TKaHeH (CHHOHUMBI:
OUOMUKPOCKOIINSI, WHTPABUTAJIbHAS MUKPOCKOIIWS,
KaMIIIpocKomus ); (2) psii METOI0B, OCHOBAHHBIX
Ha JTa3€PHBIX TEXHOJOTUSX; (3) METOIBI OIIEHKHT OKCHU-
reHaIlny 1 MeTabOIMYeCKOrO COCTOSTHUS TKaHel (OK-
CUMETPUs, KaTHOMETPUsT, TOHOMETPHS U JIp.), KOTO-
pble KOCBEHHO OTPa’Kal0T YPOBEHb U a/IeKBATHOCTD
niepdysnun ccielyeMoro peruioHa uin oprana. Takke
CYTIECTBYIOT MO/IXOIBI K OIEHKE COCTOSTHUST MUKPOTe-
MOTIMPKYJISIIIIH ITyTeM NCCIE0BAHNS PEOTOTTYECKIX
CBOWCTB KPOBH (TeMOCTa3, arpernpyeMocTtb u seop-
MHUPYEMOCTb SPUTPOIIUTOB U JIP. ), OTMMCAHNE KOTOPHIX
He BXOJAUT B 3a/lauil IAaHHOTO 0630pa.

BuaeoMukpockonuyeckue MeTo/Ibl

BuieoMUKpOCKOIIUST HOTTEBOTO BaJIMKa W KOHb-
FOHKTHUBBI TJIA3HOTO S10JI0KA UCIIOIB3YETCs B KIIMHUYE-
CKUX YCJIOBUSIX JIJIST MOP(MOTOTHYEcKoil XapaKTepuc-
TUKU MHUKPOCOCY/IOB 3TUX PETHOHOB (MJIOTHOCTD,
pasMepbl U U3BUTOCTh MUKPOCOCY/IOB), & TaKyKe JIJIsT
MOJIYKOJTMUECTBEHHON OIEHKU KauecTBa MUKPOKPO-
BOTOKa W GapbepHON (DYHKI[UH COCYAUCTOIl CTEHKH.
W3meneHus B MUKPOIIUPKYJISITOPHOM PYCJIe 9TUX pe-
THOHOB B ONPEJEJEHHO CTEleH! OTpasKatoT obliee
COCTOSTHUE MUKPOTEMOIIMPKYJISIIH B OPTaHU3Me, T10-
ATOMY BUIEOMUKPOCKOTIHS YaCcTO UCTIONIB3YETCS Y Ta-
[[EHTOB ¢ XPOHMIECKIMU 3a00JIEBAHUSIME CEPACUHO-
COCYZIVICTOW CHUCTEMBI (TUTIEPTOHUSI, aTEPOCKIEPO3 U
ap.) [1, 2]. Paznmuynble BapuaHTbl WHTPABUTAIBHON
MUKDPOCKOIIMU UCIIOJIb3YIOTCST JIJIst U3yUYeHMs 0COOEH-
HOCTE MUKPOTIMPKYJISIH B JAPYTHX TKAHSX U Opra-
HaX B 9KCIEPUMEHTAIBHBIX MCCJEIOBAHUSX HA KH-
BOTHBIX, B TOM YHCJIe TIPA OCTPOH KposoroTepe [3].
OJIHAKO MTUPOKOE HCTOJIH30BAHUE ITHX METONOB B
KJIMHUYECKOW TIPAaKTUKE OTPAHUYEHO OTHOCUTEIHHO
GOJIBIIIMMIE pazMepaMu 060PYI0BaHUS, HEOOXOMMOC-
TBHIO WCIIOJIb30BAHUST TIPOXOASINETO CBeTa (TPAHCUJI-
JIIOMUHAINN ) 1 (DIIyopeciieHTHBIX Kpacutesen [2, 4].

Bce 6osibliryto TOMYISIPHOCT B HAYYHBIX HC-
CJIeIOBAHUAX U KIMHUYECKOI MpaKkTuKe mpruobpera-
IOT TaKWe OTHOCUTEIBHO HOBBIE METOIBI HCCJIEI0BA-
HUST MUKPONWMPKYJISIUA KaK OPTOTOHAJbHAs
HOJIIPU3AI[MOHHasT crieKTpocKomnust (aHri. orthogo-
nal polarization spectral (OPS) imaging) u temuo-
nosbHas cnekrpockonus (sidestream dark-field
(SDF) imaging) [5, 6]. Cyro OPS 3zaxmouaercs B
crenytomeM [7]. MccnenyeMblii y4acToK TKaHU 00-
JIydaeTcs MOJISIpPU30BaHHBIM cBeToM. CBeT, JI0CTHTA-
o1l Gostee TIyOOKUX CJIOEB TKAHU JIETIOJSIPU3YeT-
csl W, OTpakasiCh, MPOXOAUT OOpaTHO uepes boJiee
MOBEPXHOCTHBIE CJION TKaHH, 00eCcIieunBast UX BU3ya-
Jmzaryio. OTpakeHHbIe CBETOBBIE JIyYH (JIeTOJspu-
30BaHHbBIE U MMOJISIPU30BAHHBIE) TIOBTOPHO TIPOXO/ST
yepes MoJsipuaytoniue GUabTphl, B pe3yJibraTe 4ero
TOJIBKO JIETIOJIIPU30BAHHBIN CBET IOCTUTAET PETUCT-
pupyiolieil nsobpaskeHue BugeoKaMepbl. VIcmonb3o-

tions  (synonyms: biomicroscopy, intravital
microscopy, capillaroscopy); (2) a number of meth-
ods based on the laser technologies; (3) the methods
for assessing tissue oxygenation and metabolic status
(oximetry, capnometry, tonometry, and others),
which indirectly reflect the level and adequacy of
perfusion in the examined organ. There are also
approaches to microcirculation assessing by studying
the rheological properties of blood (hemostasis, red
blood cells aggregation and deformation, and oth-
ers), the description of which is beyond the scope of
this review.

Videomicroscopy techniques

Nail fold and conjunctiva videomicroscopy is
used in a clinical setting for the morphological
description of microvessels in these regions (density,
size and tortuosity of microvessels), as well as for the
semiquantitative assessment of microvascular blood
flow quality and the barrier function of the vascular
wall. Changes in the microvasculature of these
regions to a certain extent reflect the general state of
microcirculation in the body, so the videomicroscopy
is often used in patients with chronic cardiovascular
diseases (hypertension, atherosclerosis, etc.) [1, 2].
Different versions of intravital microscopy are used
to study the microcirculation in other tissues and
organs in experimental animal studies, including in
acute blood loss [3]. However, widespread use of
these methods in clinical practice is limited due to
relatively large sizes of the equipment and the need
of using transmitted light (transillumination) and
fluorescent dyes [2, 4].

The orthogonal polarization spectral imaging
(OPS) and sidestream dark-field imaging (SDF) are
becoming increasingly popular in the research and
clinical practice as a relatively new microcirculation
research methods [5, 6]. The essence of the OPS
includes the following [7]. Polarized light illumi-
nates the tissue to be examined. Light that pene-
trates the tissue more deeply becomes depolarized
and, after reflection, it passes back through the more
superficial layers of the tissue, ensuring their visual-
ization. The reflected light beams (polarized and
depolarized) pass through the orthogonal polarizer
again resulting in only depolarized light reaches the
video camera that records the image of the illuminat-
ed area. Polarized light with a wavelength of about
530 nm, which is absorbed by hemoglobin, is used to
illuminate the tissue. This allows imaging red blood
cells in microvasculature in the form of gray or black
bodies. SDF imaging was developed taking into
account a number of disadvantages of OPS [8]. In
SDF imaging, the light source is made up of light
emitting diodes surrounding the optics. The light
emitting diodes provide pulsed green light in syn-
chrony with the frame rate of video camera. This
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BaHUe JUIsT OOJIydeHWs] TKaHEH IOJSIPU30BAHHOTO
CBeTa ¢ AINHOM BOJIHBI 0K0J10 530 HM (TTOT/IoIaeTcs
reMOTJIOOMHOM) TI03BOJISIET BU3YATU3UPOBATH OPUT-
POIIUTBI B MIKPOCOCY/IaX B BU/IE€ YEPHBIX WU CEPHIX
tesert. C yuerom psizia HegoctaTkoB OPS 6ol paspa-
6oran merox SDF [8]. B anmapare SDF neckobpko
HMCTOYHUKOB CBETA PACIIOJIOKEHBI 110 Tepuhepun Ofl-
THYeCKOil yacTu npubopa. CBETOAMOABI M3JIyYaroT
MTyJIbCUPYIONTUI 3€€HbIH CBET, CHHXPOHU3UPOBAH-
HBIM € 9acTOTON CMEHBI Ka/IPOB BUIEOKAMEPHI, UTO
[O3BOJISIET TIOJIy4aTh Oojiee 4YeTKUE H300paKeHIs
IBYKYIUXCS OOBEKTOB M CHU3UTH UYBCTBUTE]Ib-
HOCTB K apTedaKTaM OT BHEITHUX ABMKeHw. [1puH-
IIUTT BU3YJIU3AIMH 9PUTPOITUTOB, a CJIEI0BATENBHO
1 MUKPOCOCY/IOB, Takol ke Kak B OPS.

O6e Metopuku OBLIM BaJMIUPOBAHBI OTHOCH-
TeJbHO KJACCUMYeCKOW BupeoMUKpockonuu [9], B
TOM YHCJIe TIPW Pa3JIUYHBIX YPOBHSX I'eMaTOKPHUTA
[10] u B pasubix opranax. Haubosee pactpocTpanes-
HOU 00JIaCThIO MCCJIEOBAHUS SIBJISICTCS CIMBUCTAS
000104Ka TT0T0CTH pTa (MOAbA3BIYHAS 00JIACTB, IIe-
ka) [5]. Oxnako, ¢ momombsio OPS u SDF wuccremno-
BaJIaCh MUKPOIIMPKYJISIINS W B IPYTUX OpraHax, Ha-
npuMmep, xkoxke [11], meuenn [12] u mosre [13]. C ux
MTOMOITIBI0 BO3MOKHO TIOJYKOJIMYECTBEHHO OIEHUTD
TaKKe ToKa3aTen Kak JuaMeTp, TIOTHOCTh MUKPO-
COCYJIOB M CKOPOCTb JIBUKEHUST IPUTPOITUTOB B HUX.
De Backer D u coas. [11] paspaboranu cucremy
GaJIbHOU OIEHKH COCTOSTHUSI MUKPOLUPKYJISAMUA C
WCIIOJTh30BAHUEM CJIEIYIONUX TapaMeTpPOB: TLIOT-
HOCTh MHUKpOcOCYZ0B (00m1ass u mepdysupyeMbix);
MPOIEHT TIep(Py3UPyeMbIX MHUKPOCOCYIOB; WHJIEKC
MUKPOKPOBOTOKA; WH/IEKC TETEPOTEHHOCTH MUKPO-
kpoBoToka (Tab.r. 1).

Cpennt HeIoCTaTKOB BUJIEOMUKPOCKOITMYECKUX
METOJIMK CJIEZYET OTMETUTH BBICOKYIO UYBCTBUTEIh-
HOCTb K apTedakTaM OT JBVKEHUS U J[aBJICHWS Ha
TKaHW; HECIIOCOOHOCTh M3MEPSITh KPOBOTOK TIPH €TI0
BBICOKHX CKOPOCTSIX; HEOOXOAUMOCTD y/Ia/IeHUsI Kall-
CyJIbI BHYTPEHHUX OPTaHOB (TIeYeHb U JIP.) JIJIS PETH-
CTPaIUK OPTAHHOTO MUKPOKPOBOTOKA; aHAJIU3 TIOJTY-
YEHHBIX M300paskeHU Tpedyer J0CTATOYHO MHOTO
Bpemenu [6].

Mertoapl ucciae10BaHus
MHUKPOIUPKYJISIIUA HA OCHOBE
Jla3epPHbIX TE€XHOJIOTHIt

[laHHast Tpymma MeTO0B B HACTOSIIEe BpeMs
MIPE/ICTAaBJIEHA CJIEYIOIUMI BapHaHTaMU: Jia3epHast
nonmeposckas  aoymerpust (JIAD, awen. laser
Doppler flowmetry — LDF), 1azepHast JONILIEPOBCKAst
Busyamisarust (anen. laser Doppler imaging — LDI) u
BU3yaJIM3aIHs HA OCHOBE KOHTPACTA JIA3EPHOTO CIIEKJTA
(anen. laser speckle contrast imaging — LSCI).

Merox JI/IO® uctiosnbayercst Jist U3y4eHus: Mu-
KPOTEMOIIUPKYJISAIUN B AKCIIEPUMEHTATbHBIX W KJTH-
HuYecKux yceaoBustx Haunnas ¢ 1980-x rogos [15, 16].

allows to prevent smearing of moving objects and
reduce the sensitivity to artifacts from external
movements. The principle of red blood cells and
microvessels imaging is the same as in the OPS.

Both methods have been validated by compari-
son versus classical videomicroscopy [9], including
performance at various hematocrit levels [10] and in
different organs. The most common area for research
is the mucosa of mouth (sublingual region, cheek) [5].
However, with the aid of OPS and SDF the imaging
of microcirculation was investigated in other organs,
such as skin [11], liver [12] and brain [13]. These
methods allow to assess semiquantitatively such para-
meters as microvessels' diameter and density, as well
as the velocity of red blood cells therein. De Backer D
et al [11] have developed a scoring system for the eval-
uation of microcirculation using the following para-
meters: microvessel density (total and perfused); pro-
portion of perfused microvessels; microvascular flow
index; flow heterogeneity index (Table 1).

Among the disadvantages of videomicroscopy
techniques, the following should be highlighted: high
sensitivity to movement and pressure artifacts;
inability to measure high blood flow velocities; cap-
sule of some internal organs (liver, etc.) that has to
be removed before measuring of organ microcircula-
tion; analysis of the obtained images requires a lot of
time [6].

Methods for studying microcirculation
using laser technologies

This group of methods is currently represented
by the following options: laser Doppler flowmetry
(LDF), laser Doppler imaging (LDI) and laser
speckle contrast imaging (LSCTI).

LDF has been used to study microhemocircula-
tion in experimental and clinical settings since the
1980s [15, 16]. LDF is a means of optically sensing tis-
sue using a monochromatic laser (generally in the red
or infrared spectrum) and analyzing the reflected
light. Measurement of the velocity of red blood cells in
the microvasculature is based on the registration of a
Doppler shift i.e., the frequency of light backscattered
from moving particles changes relative to the probing
beam frequency. There is no change in the frequency of
light backscattered from fixed tissue structures. The
Doppler shift is the difference in frequency between
the probing light and reflected light. Its magnitude is
proportional to the number of red blood cells in the
probed area and to their velocity. Thus, the amplitude
of a signal detected by an LDF device is formed as a
result of light reflected from an ensemble of red blood
cells, which move at different velocities and are dis-
tributed in arterioles, capillaries, venules and arterio-
lo-venular anastomoses in different ways.

In an LDF device, the received optical signal is
converted into an electrical impulse. As a result of
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Ta6auua 1. IlapameTpsi st 6aabHOI OllEHKM MUKPOIMPKYastuuu [11, 14]
Table 1. Parameters for the evaluation and scoring of the microcirculation [11, 14]

Parameters Information provided Measurement

Microvascular flow index (MFI) The image is divided into four quadrants;

a number is assigned for each quadrant according
to the predominant type of flow (0 = no flow;

1 = intermittent; 2 = sluggish; 3 = continuous).
The MFT results from the averaged values.

Total length of vessels is divided by the total
surface of the analyzed area.

Total length of perfused vessels (sluggish

or continuous) is divided by the total surface

of the analyzed area.

Number of perfused vessels is divided

by the total number of vessels X100.

The difference between the highest MFI

and the lowest MFT is divided by the mean MFL
MFTI is intended as the averaged MFT of each site.

Perfusion quality for small

(up to 20 microns),

medium (20—50 microns),

and large (50—100 microns) vessels.

Total vessel density, mm/mm?* Vessel density (for small, medium,
and large vessels).
Functional vessel density

(for small, medium, and large vessels).

Perfused vessel density (PVD),
mm,/mm’

Proportion of perfused
vessels (PPV), %
Flow heterogeneity index (FHI)

Perfusion quality (for small, medium,
and large vessels).
Perfusion heterogeneity

IIpumeyanue. Parameters — napamerpoi; Microvascular flow index (MFI) — ungexc mukpokposoroka; Total vessel density, mm/mm?* —
obmtas mroTHoCTh cocynoB, MM/Mm?; Perfused vessel density (PVD) — miotHocTb iepdysupyembix cocynos; Proportion of perfused ves-
sels (PPV) — muporent nepdysupyembix cocynos; Flow heterogeneity index (FHI) — uHIEKC reTepOreHHOCTH MHKPOKPOBOTOKA.
Information provided — npeagocrasasiemas urdopmarmst. Perfusion quality for small (up to 20 microns), medium (20—50 microns), and
large (50—100 microns) vessels — kadecTBo epdysun st cocyoB Masoro (1o 20 Mmrm), cpearero (20—50 Mxm) u 6osbioro (50—100
mrMm) auamerpa. Vessel density (for small, medium, and large vessels) — mmotHoCTb cOCy10B (7151 COCYIOB MAJIOTO, CPEHETO 1 GOJBIIO-
ro aquamerpa). Functional vessel density (for small, medium, and large vessels) — miotHocTb GyHKIMOHUPYIOMUX COCY/IOB (VIS COCYIOB
MaJioro, cpejrero u Gospinoro guamerpa). Perfusion quality (for small, medium, and large vessels) — kadectBo nepdysun (st cocynon
MaJIoro, cpeiHero u Gosbmoro auamerpa). Perfusion heterogeneity — rereporentocts nepdysun. Measurement — mporeaypa usmepe-
nus. The image is divided into 4 quadrants; a number is assigned for each quadrant according to the predominant type of flow (0 = no
flow; 1 = intermittent; 2 = sluggish; 3 = continuous). The MFT results from the averaged values — uzo6paxenue gesmurest Ha 4 kBajpan-
Ta; KaKIOMY KBAJIPAHTY JAaeTCst OallbHas OIIEHKA B COOTBETCTBUHU C IPENMYIIECTBEHHBIM THIIOM KpoBoTOKa (0 — HeT KpoBOTOKa; 1 — 1pe-
PBIBUCTBIN; 2 — 3amMeieHHbIN; 3 — nocrosgnubiil). MFI nosyyaercs B pesyJibrare yepearenus 1o ksagpantam. Total length of vessels is
divided by the total surface of the analyzed area — o6mas amna cocynoB nogeseHHas Ha 06MLYIO MIIOIIA/H AHATUZUPYEMON MOBEPXHOC-
tu. Total length of perfused vessels (sluggish or continuous) is divided by the total surface of the analyzed area — o6mas amina nepdy-
3UPYEMBIX COCYIOB (C 3aMeVIEHHBIM UJIU TIOCTOSTHHBIM KPOBOTOKOM) IMOJEIEHHAsT Ha OOIIYIO MIOIIA/lb aHAIM3UPYEMOIl TOBEPXHOCTH.
Number of perfused vessels is divided by the total number of vessels X100 — unciio nepdysupyembIx cOCy0B MojieIeHHOe Ha 001Iee Yrc-
g0 cocynos X100. The difference between the highest MFT and the lowest MFT is divided by the mean MFI. MFT is intended as the aver-

aged MFTI of each site — pasnuna mexay HanGosbinM 1 HaumerbiuM MFT (B kaxaoM kBaapanTe) nojesnentas Ha cpeanuii MFL

CyTb €ro cocTouT B 06JIyYeHUN TKaHeil MOHOXpOMa-
TUYECKUM JIa3ePHBIM H3JydeHreM (00bIUHO, B Kpac-
HOM Wi WH(pPAKPACHOM CIIEKTPe) M aHaJl3e OTpa-
JKEHHOTO  Uu3JydeHwsi. V3aMmepeHme CKOPOCTH
JIBUZKEHUST 9PUTPOITUTOB B MUKPOCOCY/IaX OCHOBAHO
Ha PErucTpaliy BeJIMYUHbI JJOTIIIIIEPOBCKOTO C/[BUTA:
4aCTOTA CBETA, OTPAKEHHOTO OT MO/IBUKHBIX YaCTHII,
MU3MEHSIETCSI OTHOCUTETHHO 30HIUPYIOIIEro M3JIyde-
Hus. Yacrora cBeTa, OTpaKeHHOTO OT HETIOABUIKHbBIX
CTPYKTYP TKaHeH, ocTaeTcs mpexHel. Beamanaa 10-
[IJIEPOBCKOTO C/IBUTA OTPAYKEHHOIO CBETA IIPOIOPIIH-
OHAJIbHA KOJUYECTBY IPUTPOIUTOB B 30HIUPYEMOI
obsracTu 1 uX cKopocTu. TakuM 06pasoM, aMIUIATY 1A
peructpupyemoro npubopom JIID curHama hopmu-
pyeTcsl B pe3yJibraTe OTPaKEeHUS U3TYYeHUs OT aH-
caM0JIs1 9PUTPOIIUTOB, ABMIKYIIIXCS C PA3HBIMHU CKO-
POCTSIMHU u O-pa3zHOMY KOJIMYECTBEHHO
pacrpeieJIeHHbIX B apTeproJiaX, Kaluispax, BeHy-
JIaX ¥ apTepHOJIO-BEHYISIPHBIX aHacToMo3axX. B pe-
3yJibrate TpaHchOpMaIliy MOJYYeHHOTO OMTHYECKO-
ro CUTHAJa B 3JIEKTPUYECKUN HUMIIYJbC U €Tro
KOMITBIOTEPHON 06paboTKi (hOpMHUPYETCs MoKasza-
tenb Mukpormpkyssaiun (11IM), orpaxkatonmuii ypo-

subsequent computer processing, the dynamic
changes of the impulse are displayed graphically on
the monitor and is referred to as the index of perfu-
sion (IP). This index reflects the tissue perfusion in
the test volume (about 1 mm?®) per unit time [17, 18].
The same indicator of tissue perfusion is also referred
to as blood flux (flow). Regional blood flow cannot
be measured by LDF as an absolute value (for exam-
ple, in ml/min/100 g tissue), therefore, the IP is mea-
sured in relative arbitrary units (AU). Among the
limitations of the method is a small residual blood
flow («biological zero»), recorded by the LDF device
after the cessation of blood supply to an organ, such
as during an occlusive functional test. This phenom-
enon is explained by the Brownian motion of red
blood cells in the microvasculature after afferent
artery occlusion [16]. Other disadvantages are the
high sensitivity to motion artifacts and the low spa-
tial resolution of single-channel LDF, because of the
spatial heterogeneity of organ perfusion, particularly
of the skin. However, LDF allows real-time monitor-
ing of organ perfusion in the investigated region and
evaluation of its dynamics as influenced by various
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BeHb 1epdy3un UCCIeLyeMoro oobema TKaHu (0OKO0JI0
1 mm®) B enunuity Bpemenu |17, 18]. B anrsiosizpra-
HOH CHeInuasbHON JUTepaType aHAJOTHYHBIN MTOKa-
3aresib epdysun Tkann o6osHavaT Kak blood flux
(flow). C nomouipro JIIMD Hesb3st UBMEPUTH PETHO-
HapHBII KPOBOTOK B aOCOJIIOTHBIX BEJIWYMHAX, Ha-
npumep, B mir/mMut/100r Tkanu, B cBg3u ¢ yem [IM
U3MepSIeTCsT B OTHOCUTETHHBIX Tep(Y3UOHHBIX €IH-
Hutax (1. en.). Cpean orpaHnYeHN METO/IA CIIeTy-
€T OTMETHTh PErucTparuio mpubOpoM HeGOIBIIOTO
OCTaTOYHOTO KPOBOTOKaA (<«OHOJIOTHUECKUH HOJIb> )
ocJjie MpeKpalieHst KPOBOCHAOKEHNsT OpraHa, Ha-
MpuUMep, TPU OKKJIIO3UOHHONW (DYHKIIMOHAJIBHOM
mpobe. DToT (heHOMEH OOBIICHSAETCST OPOYHOBCKUM
NBUZKEHUEM 3JPUTPOIMTOB B MUKPOCOCYJAX TOCTe
OKKJIT03UM IpuHocsieir aprepun [16]. Apyrumu He-
JIOCTATKAMU SIBJISTIOTCS BBICOKAsT UyBCTBUTEIBHOCTD
K JIBUTATEbHBIM apTedakTaM, a TakyKe HU3Kas mpo-
CTPaHCTBEHHAsI Pa3peliaroniast ClocOGHOCTD OJIHOKA-
HasnbHBIX TpuGopos JIJIM, BBULY NpOCTpaHCTBEH-
HOHU TeTeporeHHOCTH Tepdy3un OpraHoB, 0COOEHHO
koxu. Omgaaxo, JIJM mo3BoIsgeT B pesKuMe peanrbHO-
rO BPEMEHU MOHUTOPUPOBATH mepdy3uio ucciemye-
MOTO yYacTKa OpraHa ¥ KOJUYECTBEHHO OIIEHUBAThH
ee TMHAMUKY TIOJI BIAVSHUEM Pa3JIMYHBbIX BO3JEHCT-
BUI (TIaTOJIOTUYECKUH Tporiece, (HYHKINMOHATbHBIE
po0bl, TeKapCTBEHHbIE TIpenapaThl u ap.) [2].

Haubosee wacto JID wucmombsyercs st
OTIEHKN MUKPOIMPKYJISIINM B KOKe, BBUILY €€ JI0-
cTymHoCcTH M HewHBasuBHOCTH [2, 17]. OmHako, B
AKCIIEPUMEHTE Ha KUBOTHBIX WJIM B KJIMHUYECKUX
YCTOBUSAX (9HIOCKOMUYECKH, WHTPAOTIEPAIINOHHO)
ATUM METOJIOM HCCIEAYIOT MUKPOIUPKYJISIUIO U B
IPYTUX OpraHax, HallPUMEP, CAU3UCTHIX 000JI0UYKAX,
MBIIIIAX ¥ MO3T€, B TOM YHCJIE IPU OCTPOIT KPOBOIIO-
tepe [19, 20, 21].

[Tpu nepsuanom ananuse JIJDO-rpammMbr Bbize-
JISTIOT CJIeIYIOITe MOKA3ATEeN: CPEAHION BEJTMUNHY
nepdy3un UCCIelyeMOro yUacTKa TKAaHU B MHTEPBa-
Jie BpeMEHU PETUCTPAINN WK cpeiHeapupMeTniec-
koe 3Hauenue [IM (M, nd. en.); cpennexBampaTny-
HOE OTKJIOHEHWE KoJiebaHu i nephysun
otHOocutesbHo M (o, nd. en.), xapakrepusyioliee
BPEMEHHYIO0 M3MEHYMBOCTb KPOBOTOKA; KO3(hdUIN-
eut Bapuanuu (Kv=0/M,%) [17]. Ucnonb3oBanue
dbyHKIIMOHATBHBIX P00 (OKKIO3UOHHOIL, TEIJIOBOM,
271eKTPOdOpe3 Ba30aKTUBHBIX BEIIECTB 1 JIP.) MO3BO-
JISIET WCCJIEIOBATh U3MEeHEH s 6a3aJbHOr0 KPOBOTO-
Ka IO/ JIEHCTBUEM Pas3JInIHBIX CTAHAAPTHBIX CTUMY-
JIOB U, TEM CaMbIM, OTIEHUTDb PsI/l JOTMTOJHUTETbHBIX
rokasartejiell COCTOSTHUS MUKPOIMPKYJISAINH, Ha-
MIpuMep, pe3epB KaUJLISIPHOTO KPOBOTOKA U aKTUB-
HOCTB aHA0Tennd [2]. OTae bHbIN IMAaTHOCTUYeCKUN
MHTEPEC IMPEACTABJISAET HCCIeI0BaHNEe KoJebaTelb-
HBIX TIPOTIECCOB B MUKPOITUPKYISTOPHOM pyciie (CM.
paszaen «Bazomornnu u paakcMorums ).

ToT ke TPUHIMT JIA3€PHOTO 30HIUPOBAHUS
TKaHell ucnosubsyerca u B rexuosoruu LDI. Jlazep-

factors (pathological process, functional tests, med-
ications, etc.) [2].

LDE as a non-invasive method, is most com-
monly used to assess microcirculation in the skin,
due to the accessibility of this organ [2, 17].
However, in animal studies and in some clinical set-
tings (endoscopy, intraoperative) microcirculation
in other organs (mucosa, muscles and brain) is inves-
tigated with this method, including the case of acute
blood loss [19, 20, 21].

In the initial analysis of LDF records, the fol-
lowing parameters are taken into account: the aver-
age value of tissue region perfusion within the time
range of investigation, i.e. the arithmetic mean of the
IP (M, AU); the standard deviation of perfusion
oscillations about the M (o, AU), which character-
izes the temporal variability of blood flow; the coeffi-
cient of variation (Kv=0/M,%) [17]. Functional
tests (occlusive, thermal, electrophoresis of vasoac-
tive substances and others) allow investigation of
changes in basal blood flow in response to various
standard stimuli also assessment of a number of addi-
tional microcirculation parameters, e.g., capillary
blood flow reserve and the activity of endothelium
[2]. The investigation of oscillatory processes in the
microvasculature is of particular diagnostic value
(see «Vasomotions and fluxmotions» section).

The same principle of laser probing of tissue is
used in LDI technology. The laser beam, reflected by
a computer-controlled mirror, sequentially scans the
surface of the organ studied (usually skin). Detection
and computer processing of the reflected light allows
the investigator to visualize perfusion of the surface
layers of an organ (up to 1—1.5 mm deep) across sev-
eral tens of square centimeters [2, 6]. A color scale is
used to represent perfusion values of different parts of
the study area. The result is akin to microcirculation
map. Considering the heterogeneity of organ perfu-
sion, this feature significantly increases the spatial
resolution of the method compared to single-channel
LDF. At the same time, a relatively lengthy process of
scanning and data processing makes LDI unsuitable
for estimation of dynamic changes in blood flow, for
example, during functional tests.

LSCI is another technique for microcirculation
imaging relatively recently implemented in research
and clinical practice [22]. It is based on the laser
speckle contrast registration. Laser speckle arises as
a result of laser light backscattering from the irregu-
larities in the structure of the tissue, creating dark
and light interference patterns. These patterns can
be detected by a videocamera. The speckle pattern of
tissue changes during blood flow within microves-
sels, creating blurring of the image obtained. Speckle
contrast is a quantification of the blurring at a given
exposure time. Increased blood flow will increase
image blurring in a small square of pixels, thus
reflecting the velocity and concentration of red
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HBIH JTIy4, OTpakasich OT YIIPaBJISIEMOTO KOMIIbIOTE-
POM 3€epKaJjia, TOCTIe0BATEThHO CKAHUPYET MOBEPX-
HOCTb HCCJIelyeMoro oprata (00bIuHO KokH ). Peruc-
Tpalyst U KOMIIbIOTEPHasE 06paboTKa OTPaKEHHOTO
U3JIYyYeHUST TTO3BOJISIOT BU3yaJIu3upoBaTh Tepdy-
3110 IOBEPXHOCTHBIX CJI0eB opraHa (rayouHoi 10 1—
1,5 MM) Ha TLIOIIA/IH, TOCTUTAIONIEN HECKOJIbKUX JIe-
CATKOB KBaJpPaTHBIX caHTuUMeTpoB [2, 6]. [xa
OTPaKEHUS BEJIMUNHBI 1Tephy3un Pa3HbIX yIacTKOB
HCCJIelyeMoi 001acTH UCTTO/Ib3YeTCsI IIBETOBAs MIKa-
Jla, B pe3yJbTaTe 4ero IOJy4aeTcss CBoeoOpasHast
KapTa MUKPOKPOBOTOKa. C yueToM HepaBHOMEPHOC-
T 1epdy3un OPTaHOB, ATO 3HAUUTETHHO YBEJTNINBA-
€T TPOCTPAHCTBEHHYIO PA3PEIIAOIIYI0 CIIOCOOHOCTh
METO/[a 10 CpaBHeHUIo ¢ ogHoKanaabuoi JIJ[D. B To
JKe BpeMsI, OTHOCUTEIBHO JIJTUTEbHBIH MPOIIECC CKa-
HUPOBaHU 1 00pabOTKH MOJTYUYEHHBIX JAHHBIX JeJIa-
et LDI mempuromHO#l s OIEHKW AUHAMUIECKUX
M3MEeHEHUIT KPOBOTOKA, HATIPUMED TIPH MPOBEJIEHUN
(DYHKIIMOHATBHBIX TIPOD.

LSCI — emte oguu MeTo 1 BU3yaansauu MUK-
POIMPKYJISIINN, OTHOCUTENBHO HEaBHO BHEIPEH-
HBIIl B MCCJIEIOBATEHCKYIO U KJINHUUECKYTO TIPaK-
Tuky [22]. On ocHoBan Ha perucrpanuu
KOHTPACTa, TaK Ha3bIBAEMOTO, JIA3€PHOTO CIIeKJIa
(anen. laser speckle, speckle — ngrubliiko, kpamum-
ka). JlazepHBIl crleKs BO3HUKAET B Pe3yJibTaTe OT-
pakeHUs W paccerBaHUs Jia3ePHBIX Jydeill oT
CTPYKTYPHO HEOZHOPOAHOUN TKaHW, UTO CO3/laeT
MaTTEePH YepeJOBAHUS CBETJIBIX W TEMHBIX ydacT-
KoB (wHTEepdepeHIus ). ITOT MATTEPH JIE€TEKTUPY-
eTcst Bujeokamepoii. [lattepH crieksia nsmeHsiercst
BO BpeMsI JIBUKEHUSI KPOBU 10 MUKPOCOCYaM HC-
cjeyeMoll TKaHU, YTO MPUBOAUT K HEUYETKOCTH
(«pacIIBIBYaTOCTH» ) MOJYYAEMOTO U300PaKEHUSI.
KoHnTpacT creksia — 3TO KOJMUeCTBEHHAsT OIEHKA
CTENMEHU HEYETKOCTU TaKOTO M300pakeHUs 3a Oll-
pe/leJIEHHBINT TTPOMEKYTOK BPeMEeHU. YBeJnueHue
nepdysun TPUBOANUT K YCUJIEHUIO PACILIBIBYATOC-
TH Ha HeGOJIBIIIOM KBaJPAaTHOM ydacTKe U300pake-
HUSI, TEM CaAMBIM OTpaskasi CKOPOCTH JBVKEHUS U
KOHIIEHTPAIIMIO 9PUTPOIMTOB B UCCIEAYEeMOH 06-
gactu [6, 23]. LSCI npakTtuuecku oJHOMOMEHTHO
«KapTupyeTs nepdysuio uccieayemMoro opraHa Ha
JOCTATOUHO GOJIBIION TIOIAAN TOBEPXHOCTH, UTO,
B oTimune oT LDI, mo3Boisger mcmonb30BaTh ee
JUTSL OIIEHKY OBICTPBIX JAUHAMUUYECKUX M3MEHEHUN
KpoBoToKka. OHaKO, UMes. XOPOIIYI0 BOCIIPOU3BO-
nuMocTh pe3yabraToB nadmepennii, LSCI onenunsa-
€T KPOBOTOK JIUIIh B CAMBIX TTIOBEPXHOCTHBIX CJIOSIX
nccienyemoro oprana (10 300 MxM). ITOT MeTOI,
Tak ke Kak U LDI, uyBcTBUTE/NIEH K apTedhakTaM OT
JBUKEHUSI, XapaKTePU3YeTCsl HaJTnuneM «OroJIoru-
YeCcKOro HyJisl» U u3MepsieT nepdysnio B OTHOCH-
TEJbHBIX eIMHUTIAX.

CiretyeT OTMETUTD, YTO BaXKHBIM ITPEUMYIIECT-
BoM LDI n LSCI nepen BumeoMuKpoCKOTMYECKON
TEXHUKOU SIBJISIETCSI OTCYTCTBHE COITPUKOCHOBEHUS C

blood cells in that square [6, 23]. LSCI, unlike LDI,
nearly instantly «maps» the perfusion of examined
organ on a large surface area, that allows using it for
assessing the fast dynamics of blood flow. However,
having a good reproducibility of the measurement
results, LSCI assesses blood flow only in the most
superficial layers of the studied organ (about 300
microns). Like the LDI, this method is sensitive to
movement artifacts, has a biological zero signal and
measures perfusion in the arbitrary units.

An important advantage of LDI and LSCI over
videomicroscopy is the absence of contact with the
surface of studied organ that eliminates artifacts
from the pressure on the tissue.

Vasomotion and fluxmotion

LDF unlike most other methods allows assess-
ing the state and activity of different regulatory
mechanisms of microcirculation when assisted by
mathematical analysis of fluxmotion (flowmotion),
i.e. thythmical oscillations of blood flow in microvas-
culature [16, 24]. «Vasomotion» is another related
term, meaning the rhythmic oscillations in diameter
of microvessels (mostly arterioles) [25]. However,
fluxmotion is a broader concept, which includes the
whole range of blood flow oscillations in the ensem-
ble of microvessels in the tissue region.

When using LDF, the TP is displayed on the
computer monitor in the form of blood flow oscilla-
tions around the average value (Figure 1). Thus, the
LDF-gram represents a complex function, reflecting
changes in the IP over time. The regulatory mecha-
nisms of microcirculation include active and passive
factors [17, 18]. Active blood flow modulation fac-
tors include endothelial, neurogenic and myogenic
(in the narrow sense) mechanisms of vascular lumen
regulation. These factors are released through mus-
cular component of the vascular wall and create
oscillations in the blood flow through vasoconstric-
tion and vasodilation alternation. Passive factors
cause oscillations of blood flow outside the microvas-
culature. These are a pulse wave from the arteries
and the respiratory pump from the veins. They pro-
vide longitudinal flow oscillations.

Using mathematical analysis based on Fourier
transforms, one can identify the harmonic compo-
nents of LDF-gram, which differ in frequency and
amplitude. For this allotment, the wavelet analysis
has been deployed [16]. The spectral decomposition
of LDF-gram provides an opportunity to distinguish
fluxmotion components. Each component is charac-
terized by a particular frequency range (F, Hz) and
maximum amplitude of blood flow oscillation in the
range (A, AU). The frequency of blood flow oscilla-
tions in any given range is determined by the nature
of the particular regulatory mechanism of microcir-
culation, while the maximum amplitude reflects the
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IIpumep JI/IM-rpaMmpl JJOKaJIBHOTO MO3TOBOTO KPOBOTOKA B TEMEHHOIT 061aCTH KPbICHI.
An example of LDF-gram of the local cerebral blood flow in the rat parietal cortex.
IIpumevanue. Time, m, s — Bpems, muH, cek. The local cerebral blood flow, AU — jokanbHbI MO3roBOM KPOBOTOK, TI(h. €/1.

ITOBEPXHOCTBIO N3Yy4a€MOI'0 OpraHa, 4YTO HUBEJIMNPYET
apTe(l)aKTbI OT JaBJICHWA Ha TKaHU.

Basomonuu u prakcMoruu

JIID B orsmune oT GOJIBIIUHCTBA APYTUX METO-
JIOB ITO3BOJISIET OIEHUTD COCTOSTHNE ¥ AKTHBHOCTD Pa3-
JIMYHBIX MEXaHU3MOB PETYJISIINA MUKPOIUPKY TSN
MOCPEZICTBOM MaTeMaTUIeCKOTO aHAJIN3a TaK Ha3bIBa-
embIx (paakemonnit (anzz. fluxmotion, flowmotion) —
PUTMUYECKUX KOJeOaHUI KPOBOTOKA B MUKPOIIUPKY-
sagTopHOM pycae [16, 24]. Bauskum 1o 3HaYeHn o 8-
JIIeTCST TePMUH Ba3oMoIun (aHTJI. vasomotion) —
pUTMUYECKHe KOeOaHUs JruaMeTpa MHUKPOCOCYIOB
(mpexxe Bcero aprepuoin) [25]. Omnako, ¢uakcmo-
K — 3710 6oJIee MIUPOKOe MOHIATHE, BKIOUAOIIee B
cebst BeCh CIIEKTp KosieOaHuiT KPOBOTOKA B COBOKYII-
HOCTU MUKPOCOCY/IOB IAHHOTO PErMOHA TKAHMU.

[Tpu ucrionszoBarmu JI/D, IIM BoiBoauTCS Ha
MOHHUTOPE KOMITbIOTEPA B BUle KOJeOaHUH KPOBOTO-
Ka OKOJIO €T0 cpe/iHel BeJmYnHbI (PUCYHOK). Takum
obpasom, JIIMD-rpamma — CiOXKHAs HeJUHelHas
¢ynaknms, orpaxkaromas namenennst [IM Bo Bpeme-
Hu. Cpenn MeXaHU3MOB MOJIYJISIITAN KPOBOTOKA Pa3-
JIMYAIOT aKTUBHBIE W TaccuBHbIe dakTopsl [17, 18].
AxTuBHBIE (HDAaKTOPBI MOAYJISIINN KPOBOTOKA — 3TO
DHAOTEIUAIBHDBII, HEHPOreHHbII U COOCTBEHHO MHO-
TeHHBIH MeXaHU3MBbI PEryJISIUK TTPOCBETa COCY/IOB.
Itu (GaKTOPhl PeATUu3yIoTCsl 4epe3 TJa[KOMBIIIey-
Hble KJIETKU CTEHKH COCYJa M CO3/AI0T KOJIeOaHIs
KPOBOTOKA TIOCPE/ICTBOM Y€PEIOBAHIS HTTH30/[0B Ba-
30KOHCTPUKITNN ¥ Bazojuiatanuu. [laccuBhbre hak-
TOPBI, BHI3bIBAOLIME KOJIeOAHUST KPOBOTOKA BHE CHC-
TEeMbl MUKPOITUPKYJISAIUN, — JTO TyJIbCOBas BOJIHA

activity of this mechanism during the recording of
LDE The typical frequency ranges of blood flow
oscillations in human skin and the underlying regu-
latory mechanisms are shown in Table 2. For small
laboratory animals (e.g., rats), the analogous micro-
circulatory parameters are shifted toward higher fre-
quency values [26, 27].

The physiological significance of vasomotion and
fluxmotion remains a subject of scientific debate. Some
researchers consider vasomotion as an essential attribute
of the normal microcirculation [1, 28]. On the other
hand, in a number of experimental and clinical studies it
was shown that in most vascular beds vasomotion was
weakly expressed in the normal state of the body, but
considerably enhanced in a number of metabolic disor-
ders (acidosis) and hypotension, including acute blood
loss [29, 30]. Vasomotion is believed to be increased dur-
ing decrease of transmural pressure in the vessel to the
lower limit of blood flow autoregulation [25]. There is
experimental evidence that vasomotion and fluxmotion
activation can lead to the improvement of tissue perfu-
sion and oxygenation in hypoperfusion states that is con-
sidered as a local adaptive response [31, 32].

Some researchers distinguish two main types of
vasomotion/fluxmotion. These are «slow wave» (a
frequency of about 2—3 oscillations,/min, typical for
relatively large arterioles) and «fast wave» (a fre-
quency of 10—25 oscillations/min, typical for termi-
nal arterioles) [19, 33]. However, this approach does
not account for the whole frequency range of blood
flow oscillations, which limits its use for the assess-
ment of the activity of factors modulating blood flow.

Apparently, the oscillatory component of vas-
cular tone (vasomotion/fluxmotion) is regulated to
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Ta6auna 2. YacToTHbIE [HANa30HbI KOJEOAHUI KPOBOTOKAa B MUKPOCOCY/IaX KOKHU YejoBeka [24]
Table 2. The frequency ranges of blood flow oscillations in human skin microvasculature [24]

Frequency ranges

Physiological nature

Hz oscillations/min
0.005—0.0095 0.3—0.6 Endothelial
0.0095—0.02 0.6—1.2 Endothelial NO-dependent
0.02—0.046 1.2—-2.8 Neurogenic sympathetic adrenergic
0.047—0.069 2.8—4.1 Sensory peptidergic
0.07—0.145 4.2—8.7 Intrinsic myogenic (vasomotion)
0.16—0.18 9.6—10.8 Cholinergic parasympathetic
0.2—0.4 12—24 Passive respiratory
0.8—1.6 48—96 Passive cardiac

IIpumeuanue. Frequency ranges, Hz, oscillations/min — xacrorusiit unrepsai, I, Koaebaunii/mun. Physiological nature — dusuouio-
ruueckast npupona; Endothelial — sunorenmanshas; Endothelial NO-dependent — suporenmansuas NO-3asucumast; Neurogenic sympa-
thetic adrenergic — weiiporennas cummaTiyeckas ajgpeneprudeckass; Sensory peptidergic — ceHcopnas menrtuaeprudeckast; Intrinsic
myogenic (vasomotion) — co6cTBerHO MuorenHas (Basomormn); Cholinergic parasympathetic — xonmHeprudeckas, mapacummnaTndec-
Kas; Passive respiratory — naccuBHas abixaresibHas; Passive cardiac — maccuBHast cepieuHast.

CO CTOPOHBI apTepuil W INpucachBaiolee JAeiicTBre
«JIBIXaTeJIbHOTO Hacoca» co cTopoHbl BeH. OHu obec-
MEYMBAIOT IIPOIOJIbHBIE KOJleOaH!sT KPOBOTOKA.

[Tpu cnenmasbHOM MaTeMaTUYECKOM aHAJH3E,
OCHOBaHHOM Ha TipeoOpasoBaHusix Dypbe, MOKHO
BBISIBUTH TapMoHUYecKue cocTasisiomnme JIJdD-
IPaMMBbl, PA3THMYAIOIIAECS TI0 YaCTOTE W aMILIUTY/IE.
Jl1st 5THX 11€J1el UCTIONIb3YeT sl MaTEMAaTUIECK I arl-
napar BeiiBjer-tipeobpasosanus [16]. Takoe crexT-
panbHoe pasnoxkenne JIM-rpaMMbl 1aeT BO3MOK-
HOCTb  BBIJIEJIUTH KOMIIOHEHTBI  (hJIaKCMOIIHH,
KaK/IbIii M3 KOTOPBIX XapaKTePU3YeTCs OTpeiesieH-
HbIM auanazonoM ydactot (F Ir) m makcumanbpHON
aAMILIATY 0N KoJleOaH!st KPOBOTOKA B 9TOM JIHAIA30-
He (A, nd.ex.). Hacrora kKosiebaHUI KPOBOTOKA B TOM
WJIN MHOM JTMATTa30HE OTIPEIENISIeTCS IPUPOION KOH-
KPETHOTO MEeXaHW3Ma PEryJsSIiuy MUKDPOIMPKYJIsi-
MY, & MAKCUMAJIbHAS aMIJIUTY/Ia OTPaXKaeT aKTUB-
HOCTH JTAHHOTO MeXaHu3ma Bo BpeMst JI /I MD-merpun.
TwmyHbIe U1 KOJKU YeJI0BeKa YacTOTHBIE /THATIa30-
HBI KOJIeOaHMiT KPOBOTOKA ¥ JieXKalllie B UX OCHOBE
PEryJIAITOPHbIE MEXaHU3MBI TPUBEJAECHBI B TaOJ. 2.
Jlist MeJIKuX JTabopaTOPHBIX KUBOTHBIX (HAIIPUMEp,
KPbIC) aHAJIOTUYHBIE MTapaMeTPhl MUKPOTEMOITUPKY-
JIIIUM CMEIIEHbI B CTOPOHY 06o0Jiee BBICOKOYACTOT-
HBIX 3HaueHui [26, 27].

Dusuosornyeckoe 3HAYEHNE Ba3OMOIUN U
(rakcmonuii ocraercs IpeaMeTOM Hay4HbIX [HUC-
Kyccuit. HekoTopble rcciieoBaTes i CYUTAIOT Ba3o-
MOI[IH HEOTHEMIIEMbIM aTPUOYTOM HOPMAJIbHO M-
kpormpkyssaimu [1, 28]. C npyroit cTOpoHbBI, B psijie
OKCIIEPUMEHTANBHBIX U KJIUHHYECKUX PaboT ObLIO
MOKa3aHo, YTO B OOJIBIIMHCTBE COCYANCTHIX Gacceii-
HaX Ba3OMOIUH cJ1ab0 BBIPAKEHBI B HOPMAJIBHOM CO-
CTOSTHUM OPraHW3Ma, HO 3HAYUTEIBHO YCUINBAIOTCS
[pU psijie MEeTabONINYECKIX HapyIIeHwii (aluao3) u
TUTIOTEH3UHU, B TOM YHCJIe BBI3BAHHBIX OCTPOI KPOBO-
notepeti [29, 30]. Cunraercst, 4TO BA30OMOIINH YCUJIN-
BAIOTCS TIPU CHIZKEHUN TPAHCMYPATBHOTO JIaBJIECHUS
B COCY/Ie /IO HUKHEH TPaHUIIbl ayTOPETYJISIINI KPO-

some extent regardless of the stationary component,
i.e. vasomotion may grow stronger or fainter both in
vasodilation and vasoconstriction of the vessel [24].

Methods for studying oxygenation
and metabolism of tissues

Among the methods of this group, gastric pHi-
tonometry, sublingual capnometry, tissue reflectance
photometry and near-infrared spectroscopy (NIRS)
are most often used to assess the microcirculation in
blood loss and shock [34, 35].

Gastric tonometry and sublingual capnometry
are based on the determination of pH and pCO, in
the mucosa of the test organ. Reduction of mucosal
perfusion leads to CO, accumulation and pH
decrease in the mucosa. However, when interpreting
the results, it is necessary to take into account the
impact of other factors (systemic acidosis, gastric
acidity, perfusion heterogeneity). Measuring the gas-
tric-arterial pCO, difference (pCO,-gap) is more
informative in this regard.

Microvascular hemoglobin oxygen saturation
(SO,) and tissue hemoglobin concentration (so-
called, «capillary hematocrit») can be measured in a
particular region of skin or mucosa. These parame-
ters are calculated by the spectral analysis of the
light reflected from tissue, which contains informa-
tion about the ratio of oxygenated and reduced
hemoglobin. This method usually detects hemoglo-
bin oxygen saturation in the capillary and venous
blood depending upon the distribution of blood in
the microvasculature.

When wusing NIRS near-infrared light
(700—1000 nm) easily penetrates tissues and is
absorbed by hemoglobin, myoglobin and intracellu-
lar chromophore Aa3. Based on this absorption, the
average hemoglobin oxygen saturation in tissue
(tHbO, or tSO,) is calculated. This method is most
frequently used for non-invasive evaluation and
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O630p

BoTOKa [25]. EcTb 9KcIepuMeHTAIbHBIE JAHHDIE, YTO
AKTUBAIMST Ba30MOIMH 1 (hJIAKCMOIIMH MOXKET TTpH-
BOAWUTH K YJIYUIIEHUIO Tepdy3uu M OKCUTEHAIUH
TKaHel B YCJOBUSX TUNONepdy3nu, 4To MO3BOJISET
paccMaTpuBaTh UX KaK MECTHYIO aJIallTUBHYIO Peak-
o |31, 32].

HexkoTtopbie wcciieoBaTes i BBIZEJSIOT /[Ba OC-
HOBHBIX THUTIa Ba30MOINI/DIAKCMOIHNI: «MeIJIeH-
HO-BOJTHOBBIE» (4acToTOll OKojo 2—3 koseba-
HUI/MWH, XapaKTEPHBI JIJIT OTHOCUTETHHO KPYTTHBIX
aprepuos) u «ObICTPO-BOIHOBBIE» (yacToToi 10—25
KosleGaHWil/MUH, XapaKTePHBI [/ TEePMUHAIbHBIX
aprepuoa) [19, 33]. Onnako, Tpu 3TOM He yUUTHIBA-
€TCsT BeCh aMILIUTYIHO-YaCTOTHBII CIIEKTp KoJseba-
HUI KPOBOTOKA, UTO OTPAHUYMBAET MCIIOJH30BAHME
JAHHOTO TOJAXO/S JIJIsl OIEHKN aKTUBHOCTU (haKTo-
POB MOJYJISITIAN KPOBOTOKA.

ITo-BuamMoMy, KosiebaTeTbHBII KOMITOHEHT CO-
CYIUCTOTO TOHYca (Ba30MOITNH /(PIaKkCcMOITNN ) pery-
JIUPYETCST B OIPENeJIEHHON CTeleH HEe3aBUCUMO OT
€T0 CTAIMOHAPHOTO KOMIIOHEHTA, T.€. BA3OMOITUU MO-
I'yT YCUJIUBATHCS U ocabeBaTh Kak Ha (hOHE Ba3O/IH-
JlaTalluy, Tak U Ba30KOHCTPUKIMU cocyza [24].

MeToabl HCCIeJOBAHUS OKCHTeHAIINHI
U MeTa0oJM3Ma TKaHeil

Cpenyt METOIOB TAHHOW TPYTIIIBI, /IS OIEHKH
COCTOSTHUSI MUKPOIIUPKYJISAIIUNA TTPU KPOBOIIOTEPE U
[IOKe HanGOJIBIIYIO MOIMYJISPHOCTD HOJYUNIIN JKETy-
nmouHas ToHoMmeTpust (anen. gastric pHi-tonometry),
cyOJIMHTBAJIbHAST KAITHOMETPHSI, OTITHYECKast TKaHe-
Basg okcumerpus (awzn. tissue reflectance photome-
try) n oxkoJionH(ppaKkpacHas CIeKTPOCKONUs (aHTJI.
Near-infrared spectroscopy, NIRS) [34, 35].

Kesypoutast TOHOMETPUS 1 CYOIMHIBaIbHAS
KalTHOMETPUSI OCHOBaHbI Ha ompeneseHnn pH u
pCO, B cusucTOil 060I0UKE HCCTELYEMOTO OPraHa.
CHuskenre nepysur CIU3UCTON 060JOUKH TIPUBO-
muT K Hakoreruio B Helt CO, u camkenuio pH. Ox-
HAKO, MIPU WHTEPIPeTAliN MOJyYeHHBIX pPe3yJsbTa-
TOB CJIEJ[yeT YYWTBIBATHh BJWSHUE U JIPYTHUX
(hakTOpOB (CHCTEMHBIN alU/I03, KUCIOTHOCTD JKeJTy-
JIOUHOTO COKa, reTeporeHHOCTh repdysun). bomee
WHGOPMATUBHBIM B 9TOM aCII€KTe CUMTAETCS U3Me-
penue pazHoct pCO, MeXKILy CAU3NUCTON KeTyKa 1
aprepuanbHoil KpoBbio (PCO,-gap).

C moMoIIbi0 ONTHYECKON TKAaHEBOW OKCHUMET-
PHUM M3MEPSIOT caTypaluio reMOTJIO0MHa KHCJIOPO-
JIOM B MUKPOTIPKYIATOpHOM pycJie (SO,) u Tax Ha-
3bIBAE€MBII KaluIsIPHBIA ~ TeMaTOKPHUT B
OIPEIETIEHHOM YUYACTKe KOXKM WM CJM3UCTOH 060-
JIOuKH. /laHHbIe TIOKa3aTen PacCIYMTHIBAIOTCS B pe-
3yJIbTaTe CIEKTPATHHOTO aHAIN3a OTPAKEHHOTO OT
TKaHell CBeTa, cojiepsKaniero MHMHOPMaIUo O COOT-
HOTIIEHUN OKCUTEHUPOBAHHOTO M BOCCTAHOBJIEHHOTO
reMOTrJIO0MHA. DTUM METOJIOM, KaK [IPABHUJIO, PEIUCT-
pUpyeTcst caTypaliust TeMOrJIoOMHA KaIlIIIPHO-Be-

monitoring of brain and muscle oxygenation, but like
the previous methods has disadvantages (sensitivity
to artifacts, unknown tissue penetration depth and
bad spatial resolution).

Comparative aspects of regional blood
flow regulation in acute blood loss

In the first part of the review [36] the com-
pensatory and adaptive reactions of body to acute
blood loss were described in detail. One of these
basic reactions aimed at maintaining the blood flow
to vital organs is the centralization of circulation. It
is based on opposite changes in vascular tone in dif-
ferent vascular regions of the body, which leads to a
redistribution of blood flow during hypovolemia.

The relative role of a particular mechanism in
the regulation of vascular tone (myogenic, metabol-
ic, neurogenic, etc.) differs in different organs. In
terms of regional blood flow regulation, it is possible
to distinguish two groups of organs. In the first
group of organs (brain, heart, and, to some extent,
skeletal muscle), local metabolic mechanisms domi-
nate. In the second group (skin, kidneys, organs of
the abdominal cavity), the neurogenic sympathetic
influence prevails [37].

In the organs of the first group, the basal tone
of arterioles is usually high, and the blood flow at
rest only slightly higher than the minimum value
required to meet the metabolic needs of these
organs. Changes in the impulse activity of sympa-
thetic nerves have little effect on the blood flow in
these organs as compared to the effects caused by
changes in their metabolic activity. For example,
the increased sympathetic nerves activity is not
able to cause pronounced vasoconstriction since
this effect is leveled by vasodilating metabolites
accumulated in the tissues. On the contrary, an
increase in metabolic rate and the concentration of
vasodilating substances in tissue can cause a signif-
icant increase in blood flow by reducing the arteri-
olar tone. Well-developed metabolic and myogenic
regulation of vascular tone in cerebral and coronary
vessels determines the pronounced ability of the
brain and heart to blood flow autoregulation, i.e.,
keeping the blood flow relatively constant over a
wide range of changes in perfusion pressure [34].
During functional stress the blood flow rate in the
heart and skeletal muscles can be increased by sev-
eral times (active hyperemia).

In the organs of the second group, blood flow at
rest significantly exceeds small metabolic needs of
these organs. The arterioles of skin and abdominal
organs have a small basal tone. Therefore, the blood
flow in these organs increases almost to the maxi-
mum in the absence of sympathetic nerves effects.
On the other hand, the activation of the sympathoa-
drenal system leads to a significant blood flow reduc-
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HO3HOU KPOBH, UTO OTIPEEISETCS pacipeiesieHueM
KPOBU B MUKPOIIUPKYJISITOPHOM PYCJIE.

[Ipu ncnonp3oBarnu NIRS cBeT okosonabpa-
kpacrHoro auarnazona (700—1000 um) jerko mpoHu-
KaeT B TKaHU U IMOIJIOIIAETCS TeMOTIO0MHOM, MUOT-
JIOOMHOM W BHYTPUKJIETOYHBIM XpoModopom Aa3.
Ha ocHoBe 2TOT0 paccUnMThIBAETCS CPEMHSS carypa-
1Usl KUCJIOpoAoM remoriobuna B Tkanax (tHbO,
i tSO,). Haubosiee 4acTo aTOT METO/ UCIIOJIb3YET-
CsT ISt HEWHBA3UBHON OIEHKU 1 MOHUTOPUHTA OKCH-
TeHAI[MN MBIIII] U TOJIOBHOTO MO3Ta, OJHAKO, KaK U
MIPEBIYIITIEe METO/bI, UMEeT HEeJOCTATKU (UYBCTBU-
TEJIBHOCTh K apredakraM, HeW3BecTHasl TJIyOWHA
MIPOHUKHOBEHUS B TKAHU U TLIOXast IPOCTPAHCTBEH-
Hasl paspelnaniias criocoOOHOCTD).

CpaBHHTEIbHBIE ACTIEKTHI PeryJIsIIHH
PerioHapHOro KPOBOTOKA
IIPU OCTPOil KPOBOIIOTEPE

B nepBoii wactu ganHoro o63opa [36] 6bL1n 1mo-
JIPOGHO OIMUCAHBI KOMITEHCATOPHO-TIPHCIOCOOUTE -
Hble PEaKIMi OpraHu3Ma Ha OCTPYI0 KPOBOIIOTEPIO.
O/1HOIT M3 OCHOBHBIX TAKUX PEAKITHH, HAITPABIEHHbBIX
Ha TOJ/IepskaHre KPOBOTOKA B JKU3HEHHO BaKHBIX
opraHax, SBJIeTCs TEHTpaIn3aIus KpoBooOparie-
HUs. B ocHOBe ee JIe)KUT pasHOHATIPABIEHHOE U3Me-
HEHUE COCYIMCTOTO TOHYCA B Pa3HbIX COCYIUCTHIX
GacceifHax OpraHnW3Ma, YTO W MPUBOAUT K Iepepac-
MIpeJIeIeHNI0 TIOTOKA KPOBH BO BPEMSI THTIOBOJIEMU.

OrHocuTembHAS POJIb KOHKPETHOTO MEXaHU3Ma
peryJisiiiy COCyAAUCTOro Tonyca (MUOreHHbIH, MeTa-
6OIMYeCKUi, HEUPOTEHHBIN U JIP.) OTJIMYAETCI B Pas-
HBIX opranax. C TOUKM 3peHUs PETYJISAIUN PETHOHAP-
HOTO KPOBOTOKa MO’KHO YCJOBHO BbigeanTh (1)
TPyTILy OPTaHOB (TOJIOBHOM MO3T, CEP/IIIE U, B HEKOTO-
POl CTETIeHH, CKeJIETHBIE MBIIITIIBI ), B KOTOPBIX JIOMH-
HUpPYIOIlee 3HAUEHKE MMEIOT JIOKaIbHble MeTaboJIu-
yecKue MeXaHn3Mbl, 1 (2) opraubl (KOXKa, TOUKU, P
OPraHoB OPIOIITHOI TI0JIOCTH ), B KOTOPBIX TIpeodJiaga-
10T HellpoTeHHble cuMIIaTuYecKue BIusTHus [37].

B opranax mepBoil Tpymnibl Oa3aibHBI TOHYC
apTeprosl OOBIYHO BBICOKHH, a KPOBOTOK B IOKOE
JIUIITb HE3HAYUTEJNBbHO TPEBBINTAET MUHUMAJbHbIE
3HaueHUsT, HeOOXOAUMBIE [IJIsT YAOBJIETBOPEHMS MeTa-
6oJIMUeCcKUX MOTpeOHOCTEN 9THX OpraHoB. V3MmeHe-
HUSI UMITYJIbCHOM aKTHBHOCTH CUMITATUYECKUX HEP-
BOB OKAa3bIBAIOT HE3HAYMTEJbHBIE BO3/EHCTBUS Ha
KPOBOTOK B JIAHHBIX OpPTaHax MO CPaBHEHWIO C BO3-
JeHCTBUSAMI, 00YCIOBIEHHBIMI U3MEHEHHEM X Me-
Tabonmueckoil akTuBHOCTH. HampuMep, MoBbIIIeHIe
AKTUBHOCTH CHMIATHYECKUX HEPBOB HE CIOCOOHO
BBI3BATH BBIPAKEHHYIO BA30KOHCTPUKIIHIO, TOCKOJTh-
Ky WX JIeifiCTBUE HUBEJMPYETCST HAKAIJIMBAIOIIUMUCS
B TKaHIAX COCYAOPACHIMPSIONIMIMIA MeTaboJUTaMHu.
Hanporus, yBeinueHre WHTEHCUBHOCTH MeTaboJIu-
YeCKUX TPOIECCOB U TIOBBINIEHUE KOHIEHTPAIINN B
TKaHSX COCYOPACHIMPSIONINX BEIIECTB MOKET BbI-

tion in the organs, playing an important role in the
centralization of circulation during acute hemor-
rhage. Even reduced thereby blood flow is sufficient
to ensure minimal metabolic needs, and transient
interruptions in the perfusion and oxygenation of
these tissues have no significant clinical value [37].

The influence of neurogenic and hormonal fac-
tors on organ blood flow is largely dependent on the
types, density and distribution of receptors in the
vascular system [34]. For example, hemorrhage,
being a potent stress factor, can greatly reduce perfu-
sion of the skin and skeletal muscles due to the high
density of a-adrenoreceptors and V1-arginine vaso-
pressin receptors in the arterioles.

Among the organs relating to both the first and
second groups, there are significant differences in sus-
ceptibility to hypoxia. For example, skeletal muscle is
much more resistant to ischemia than the brain, and
the skin is more resistant compared to the kidneys.

Given the above, it seems appropriate to con-
sider changes in the microcirculation during acute
blood loss on the basis of organ belonging to the
group of «vital» or «sacrificed» organs. However, it
should be emphasized that this classification is con-
ditional, since severe acute blood loss and hemor-
rhagic shock are accompanied by a decrease in perfu-
sion and oxygenation of almost all organs, with the
possible exception of coronary blood flow [38].

Regional blood flow and microcirculation in
the skin, mucous membranes, skeletal muscles and
abdominal organs in acute blood loss.

Skin and oral mucosa are the most accessible
regions for the non-invasive investigation of micro-
circulation in clinical practice. Cold pale skin and
acrocyanosis are the classic signs of hemorrhagic
shock. However, when interpreting the results of the
investigation one should take into account a number
of features of cutaneous blood flow [17, 37].
Cutaneous blood flow at rest is greatly vareable
depending on the body part, skin temperature and
physiological state of the body (rest, stress, and oth-
ers). Changing the cutaneous blood flow is the pri-
mary mechanism for maintaining the temperature
homeostasis. Skin vessels in the distal parts of the
body (hands, feet and earlobes) are abundantly
innervated by the sympathetic adrenergic vasocon-
strictor fibers. This leads to a marked influence of the
autonomic status of the body on the blood flow in
these sites. The subpapillar venous plexus of the skin
contains approximately 1500 ml of blood, which can
be mobilized during the centralization of circulation
by means of neurogenic venous tone increasing [39].
Spatial heterogeneity of skin perfusion is caused by
the uneven distribution of microvessels in the skin
resulting in several arteriolar and venular plexuses,
as well as areas with good and bad vascularization
[40]. Clinically it is manifested as «marble» skin in
shock and other critical states.
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3BaTh 3HAYMTEIHHOE MOBBIIIEHNE KPOBOTOKA 32 CUET
YMEHBIIIEHWS] TOHYCAa apTephoJ. XOpOIIO pa3BUTast
MeTaboJmIecKast i MUOTEHHAs! PETYJISIHsI TOHYCa 1ie-
peOpaIbHBIX U KOPOHAPHBIX COCY/IOB OIPE/IEISET BbI-
PaKeHHYIO CITOCOOHOCTH MO3Ta U CePIla K ayTOPETy-
JISTIMY KPOBOTOKA B HUX, T.e. TOAJEPKUBATH €r0 Ha
OTHOCHUTEJTHHO TIOCTOSTHHOM YPOBHE B IITUPOKOM J[Ha-
Ma3oHe M3MeHeHul 1ep@y3noHHoro gaBieHus [34].
[Tpu dhyHKIIMOHATBHOIT HATPy3Ke CKOPOCTh KPOBOTO-
Ka B CepIle W CKEJETHBIX MBIIIIAX MOKET YBEJIUIH-
BaThCs B HECKOJIBKO Pa3 (aKTUBHAS TUTIEPEMMUST ).

B opranax BTOpOI rpyniel KPOBOTOK B MTOKOE
CYIIECTBEHHO MTPEBBIIIAET HX MUHUMAIbHBIE METab0-
JIMYECKHEe TMOTPEOHOCTH. APTEPUOJIbI KOKU U Opra-
HOB OPIOITHO# TT0/10CcTH 06J1aat0T HeOGOMbIITNM Oa-
3aJbHBIM TOHYCOM, I09TOMY KPOBOTOK B HHX
YBEJTUYUBAETCS TOYTH JI0 MAKCUMyMa TIPA OTCYTCT-
BUU BO3/IEHCTBUI cuMIaTnYecKnx HepBoB. C pyroit
CTOPOHBI, AaKTUBAIINST CUMIIATO-aIPEHAJIOBON CUCTe-
MBI BEJIET K CYNECTBEHHOMY CHUKEHHUIO KDOBOTOKA B
JAHHBIX OPraHax, YToO UTPAET BasKHYIO POJIb B Peasu-
3alliK [[EHTPaIM3auN KPOBOOOPAIIEHIS TTPH OCT-
poii kposoniotepe. [Ipu aTom maske peylImpoOBaHHBIN
TakUM 06Pa3oM KPOBOTOK JIOCTATOUEH JIJIsT obectede-
HUSI MUHUMaJIbHBIX METAa00INIEeCKUX MOTPEGHOCTEN,
a mpexojsIue nepebou B epdysun U OKCUTeHAIIUT
ATUX TKaHEeH He MMEIOT CYIIEeCTBEHHOTO KJIMHIYEC-
Koro 3HaueHwus [37].

Bimstae HeHPOTeHHBIX U TOPMOHAJIBHBIX (hak-
TOPOB Ha OPTaHHBIN KPOBOTOK B 3HAUNTEIHHON CTe-
MIEHU 3aBUCHT OT THUIIA PEIENTOPOB, UX IVIOTHOCTH W
paciipezenienys B cocyaucroil cucreme [34]. Hanpu-
Mep, KPOBOTEUEHUE, SIBJISSICh MOIITHBIM CTPECCUPYIO-
M (hakTOPOM, MOKET 3HAYUTENbHO CHU3UTH TEp-
(y3uio KoKW W CKeJeTHBIX MBI M3-32 BBICOKOI
TJIOTHOCTU @-ajipeHoperienTopos u V1 Bazompeccu-
HOBBIX PEIENTOPOB B aPTEPUOJIAX.

CieyeT TaksKe OTMETUTD, YTO CPEW OPraHOB,
OTHOCSIIITUXCST KaK K MEPBOI, TaK U KO BTOPOH IPyTI-
raM, UMEIOTCST CyIeCTBEHHbIE PA3JTUYUs B YYBCTBH-
TEJTHHOCTH K TUTIOKCUU. TaK, CKeJIeTHbIE MBITITITHI Ha-
MHOTO 0o0Jjiee YCTOWYMBBI K HINEMUH, YeM MO3T, a
KO’Ka — T10 CPAaBHEHUIO C TIOYKaAMU.

YuuTbiBasi BBINIECKa3aHHOE, IPEICTABIISIETCS
11eJ1eCO00PasHBIM PACCMOTPETh M3MEHEHUST MUKPO-
IUPKYJSAIUA TIPU OCTPOH KPOBOTIOTEPE C YYETOM
MPUHAJJIEKHOCTH OPTaHOB K TPYIIE <KU3HEHHO
BRKHBIX»> WJU «IIPUHOCUMBIX B KepTBY». O/HAKO,
cJIe/lyeT ellie pa3 Mo9epKHYTh, UYTO 3TO /leJieHue yc-
JIOBHO, IIOCKOJIbKY TsKeJlasi OCTpast KpOBOIIOTepsl U
reMOpparndecKuil MoK COMPOBOK/AAIOTCS CHUKEHU-
eM 1epy3nn U OKCUTEHAITUH TIPAKTHYECKN BCEX OP-
TaHOB, 32 BO3MOXHBIM HMCKJIIOUEHUEM KOPOHAPHOTO
KpoBoToKa [38].

Peruonapuslii KPOBOTOK H MUKPOIUPKYJISIUS
B KO’K€, CJIM3UCTBIX 000JI0YKAX, CKEJIETHbIX MBbIII-
1aX U OpraHax OpIOIHOM HOJOCTH IPH OCTPOI KPO-
BoIOTEpE.

In animal experiments it was shown that the
vasoconstriction of skin vessels is sustained in hemor-
rhagic shock. The authors concluded that cutaneous
vasoconstriction in these conditions is due primarily to
an increased level of catecholamines in the blood and
increased neurogenic output plays a lesser role [41].

During the development of hemorrhagic shock,
larger arterioles and venules of the skin and underly-
ing tissues are exposed to severe vasoconstriction,
whereas the small terminal arterioles tend to dilata-
tion [42]. During prolonged hypovolemia, cutaneous
blood flow is not restored to the baseline values even
after fluid resuscitation with autologous blood or
other fluids. This is a result of sustained vasocon-
striction [43].

Kerger H. et al. [44] in experiments on ham-
sters used the 4-h hemorrhagic shock model followed
by autologous whole blood resuscitation. Perfusion
and oxygenation of skeletal skin muscle and subcuta-
neous connective tissue in a dorsal skinfold were
investigated by videomicroscopy and phosphores-
cence decay. Animals did not survived 24-h after
resuscitation (nonsurvivors), were different from
survivors by more severe hypotension, hyperventila-
tion and metabolic acidosis. Nonsurvivors have also
had lower values of microvascular blood flow, func-
tional capillary density and oxygen tension in stud-
ied tissues. The differences in the microcirculatory
parameters were manifested both in the period of
hemorrhagic shock, and after resuscitation.
Moreover, the authors found the expressed distur-
bances of tissue perfusion and oxygenation in ani-
mals that survived day after resuscitation, but were
in poor condition. Whole blood resuscitation of
blood loss in most cases did not restore the studied
microcirculatory parameters in the skin fold to the
baseline values, and the severity of microcirculatory
disturbances was a predictor of the outcome in this
experimental hemorrhagic shock model.

Using LDI it was revealed that decreasing of
skin perfusion, as opposed to changes in systemic
hemodynamic (blood pressure and heart rate),
occurs in the first minutes of hemorrhage [45]. In
another experimental study the most sensitive para-
meters, responding to blood loss of 5—10% of the
CBYV, were changes in the pulse pressure and mean
arterial pressure as well as in hemodynamics of the
pulmonary circulation. In this study, the cutaneous
pO, was starting to decrease only at a blood loss
achieving 40% of the CBV. According to the authors,
such delayed decline in cutaneous oxygenation could
be attributed to the low metabolic needs of the skin,
which in the earlier stages of blood loss were met,
despite the decrease in oxygen delivery [46].

According to modern concepts, vasomotion and
fluxmotion increase at the development (or at risk of
development) of tissue hypoxia. Its activation is
aimed at optimizing the perfusion and oxygenation
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KoskHBbIil TOKPOB U cJU3ucTas 060J0YKa MOJI0C-
TH pTa — HarboJee JOCTYIHbIE 00JACTH JIJIsI HeMHBA-
3UBHOTO UCCJIEOBAHUS MUKPOITUPKYJISIINN B KIUHU-
yecKoW mpakTuke. KiaccuuecknMu TNpu3HAKaAMU
reMOPPArnyecKOro IMOKa SIBJISIOTCS XOJOAHBIN, OJ1e/-
HBIN KOXKHBIM TIOKPOB, a Takke akpornurano3. OpHaKko
[IPY MHTEPIIPETAIUN PE3YIBTaTOB UCCIEIOBAHUS He-
06XOIMMO YYUTBIBATH PSIZT 0OCOOGEHHOCTEN KPOBOCHAG-
sxeHus Koxu [ 17, 37]. KoskHbII KPOBOTOK B TIOKOE Xa-
PaKTEpU3YETCsl 3HAYMTENbHBIMU KOJEOAHUSIMU B
3aBUCUMOCTH OT y4acTKa TeJa, TeMIIEPATyPhl KOKHO-
rO MOKPOBa M (PUBMOJOTUIECKOTO COCTOSTHUS Opra-
Hu3Ma (TMOKOMH, cTpecc U 1p.). V3aMeHeHme KOKHOTO
KPOBOTOKA SIBJISIETCS OCHOBHBIM MEXaHU3MOM TOJI-
JiepKaHus TeMIiepatypHoro romeocrtasa. Cocybl Ko-
KU aKPAJTBHBIX YUACTKOB Tesia (KHCTH, CTOIBbI, MOYKH
yireit) 60rato HHHEPBUPOBAHBI CUMIATHYECKUMIE I~
PEHEPTUYECKUMU COCYIOCY;KMBAIONTUME BOJIOKHAMHU,
YTO TIPUBOJIUT K BBIPA)KEHHOMY BJIMSTHUIO BEreTaTHB-
HOTO CTaTyca OpraHu3Ma Ha KPOBOTOK B 3TUX y4YacT-
Kax. B T0/ICOCOYKOBOM BEHO3HOM CILIETCHUH KOKU
cozepxuTCss 0Koso 1500 M1 KpoBH, KOTOpast MOKET
ObITH MOOMIM30BAHA TIPU LIEHTPAIU3ALUU KPOBOOO-
paleHus 3a c4eT HEHPOTEHHOTO TOBBIIEHHST TOHYCa
Ben [39]. IIpocrpancrBennas reTeporeHHOCTb Iep-
(dysuu Koku 00yCII0BIEHAa HEPABHOMEPHBIM PacIpe-
JleJIeHreM MUKPOCOCY/IOB B Hell ¢ (hopMUpOBaHWEM
HECKOJIBKMX apTEPUOJISIPHBIX U BEHYJISIPHBIX CIIIETe-
HUI, a TaKXKe XOPOIO U TIJIOXO BaCKYJISIPU3UPOBAH-
nplx yuyacTkoB [40]. Kiunuuecku ato npossiisiercs
«MPaMOPHOCTBIO» KOKHOTO TIOKpOBa TIPU IIOKE U
JIPYTUX KPUTUIECKUX COCTOSTHUSIX.

B aKkcrieprMeHTaIbHBIX YCIOBUSIX OBLIO MOKa-
3aHO, YTO Ba30KOHCTPUKITUS KOKHBIX COCY/IOB TIPU
reMOpparnyeckoM IMOKe HOCUT CTONKWIT XapakTep.
ABTODPBI IPUTIJIN K 3aKJIIOUEHUIO, YTO KOXKHAST Ba30-
KOHCTPHUKIIUS B THX YCJIOBHUSAX OOYCIOBJIEHA TIpe-
MMYIIECTBEHHO TTOBBIIIEHHBIM YPOBHEM KaTexoJa-
MWHOB B KDOBH, a He TIOBBINIEHHON HEHPOTEHHOMN
nMIyabcanuent [41].

B xome pasBuTHS TEMOPPAruvyeckoro IIoKa
KPYITHBIE apTEPUOJIBI U BEHYJIBI KOKH U MOJJTEXKATINX
TKaHEel MOJ[BEPraioTCcsl BHIPAKEHHON Ba30KOHCTPUK-
MU, B TO BPeMs KaK MeJIKHe TepMUHAJIbHbBIE apTe-
pHOJIbL UMEIOT TenjeHuuio Kk aunatauuu [42]. Ilpu
JUTUTETHHON TUITOBOJIEMUH BCJIEACTBUE COXPAHSIO-
HIelicst BA3OKOHCTPUKIMK KOKHBIN KPOBOTOK HE BOC-
CTAHABJIUBAETCS /IO UCXO/IHBIX 3HAUEHUT /laske TIOCTIe
BOCIIOJTHEHUST KPOBOTIOTEPU ayTOJOTUIHON KPOBBIO
WM APYTUMU NH(PY3UOHHBIMU pacTBopamu [43].

Kerger H. ¢ coaBr. [44] B 9kcliepuMenTe Ha X0-
MsTKaxX HMCIIOJIb30BAIA MOJIENTh YETHIPEXUACOBOTO Te-
MOPParmvecKoro 1mokKa ¢ noceaymoiieil penHdysneit
aytosiornuyHoii kposu. llepdysusa m okcurenamms
MBITIIBI U TMOAKOXKHOW COEIMHUTENBHON TKAaHU B
KOXKHOW CKJIaJIKe UCCTIEeJOBAIUCH METOIAMU BUJIEO-
MUKPOCKOTINY 1 yracarotiei (pochopeciientun. Ku-
BOTHbIE, HE BBIKUBIITHIE B TeUeHNE 24 9 TIoCIeyTone-

of tissues under the conditions of redused oxygen
delivery [25, 33]. On the other hand, Colantuoni A et
al. observed rhythmic oscillations of arteriolar diam-
eter in the hamster skin at the initial state without
anesthesia. During hemorrhagic shock, the rhythmic
activity of microvessels disappeared and was
restored only after blood reinfusion [42]. In all prob-
ability, the difference in the results of the authors is
due to different methodological approaches to the
study oscillatory processes at the level of microcircu-
lation, as well as the experimental conditions (anes-
thesia, animal species, etc.).

In experiments on rats, fluxmotion dynamics in
the skin of ear was studied during acute blood loss
and after reinfusion of autologous blood using LDF
with wavelet analysis [47]. The animals were divided
into two groups depending on the amount of blood
loss needed to achieve blood pressure of about 50
mmHg. In both groups, the period of hemorrhagic
hypotension (60 minutes) was characterized by a
decrease in cutaneous blood flow and increase in
fluxmotion amplitude in the neurogenic frequency
range (An). At the end of this period the intergroup
differences consisted in a higher value of An in the
group of animals with smaller volume of blood loss.
These results indicate that the degree of fluxmotion
amplitude increase in the skin during hemorrhagic
hypotension is associated with the compensatory
ability to maintain blood pressure. The results of
reinfusion also indicated the poor tolerance of bleed-
ing in these animals. After blood reinfusion, in the
same group of animals the An was higher, while skin
blood flow and blood pressure were lower than in the
group with greater blood loss, which was needed to
reduce blood pressure to 50 mm Hg.

The same authors, but using a fixed volume
blood loss model (30% of the CBV), investigated the
effect of perftoran administration at a dose of 3 mL/kg
on the dynamics of cutaneous microcirculation [48].
In the first minutes after blood withdraw there was a
decrease in blood pressure, cutaneous blood flow and
an increase in the An. Perftoran administration com-
pared to normal saline resulted in a greater increase in
blood pressure and cutaneous blood flow. The An
remained above the baseline values in both groups. In
addition, perftoran administration caused an increase
in fluxmotion amplitude in the endothelial frequency
range (Ae). The Ae was remaining increased through-
out the period of hemorrhagic hypotension. This may
indicate a stimulatory effect of perftoran on the
endothelium associated fluxmotion mechanisms in the
skin during acute blood loss.

The features of cutaneous microcirculation in
patients with severe trauma and blood loss were
studied using LDF [49]. On the first day after ICU
admission, this category of patients was character-
ized by a decrease in cardiac index, the index of per-
fusion and fluxmotion amplitudes in myogenic and
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ro HaGJIIOIEHHUS, OTJHUYAINCH OT BBIKUBIINX 0COOEi
GoJiee BBIPaKEHHBIMU apTEPUATbHON IMITOTEH3MEH,
TUIIEPBEHTUIISIIINEH U MEeTabOMYECKIM allHI030M, a
TaKKe MEHBIIMMU 3HAYEHUSIMU CKOPOCTH KPOBOTOKA
B MHKPOCOCY/IaX, TJIOTHOCTU (DYHKITMOHUPYIONTUX
KaWJISIPOB M HATIPSIKEHUST KUCJIOPO/Ia B UCCJieye-
MBIX TKaHSX. Pa3imuus mo mapameTpaM MUKPOIUP-
KYJISIIMY TTPOSIBIISIIINCH KaK B IIEPHOJIE TeMOpparnye-
CKOTO MIOKA, TaKk ¥ IIOCJe  BOCIOJHEHUS
KkpoBomnorepu. Bosree TOro, aBTOpbI 0GHAPY KN BbI-
paskeHHbIe PACCTPOICTBA TKaHEeBON nepdy3un 1 OK-
CUTEHAINN Y KUBOTHBIX, KOTOPbI€ BBIKUJIU Yepe3
CYTKU 11ocJie perH(pY3UH, HO HAXOIUJTUCH B TSKEJIOM
cocrostarn. Takum 06pasoM, BOCIIOJIHEHIE KPOBOTIO-
TEpPH ayTOJIOTMYHON KPOBbBIO B GOJIBITIMHCTBE CTyda-
€B He BOCCTAHABJIMBAJIO WCCJELyeMble TTOKa3aTesn
MUKPOIUPKYJISIIAN B KOKHOI CKJIAJIKE /10 UCXOTHBIX
3HAYEHUH, a BBIPAKEHHOCTh MUKPOIMPKYJISTOPHBIX
HapyIIeHUI SBJISIACh TPOTHOCTUYECKUM (haKTOPOM
HCXO0/Ia TEMOPPArnYecKOro MoKa B JAHHOW 9KCIIEPH-
MEHTaJbHON MOJIEJTH.

Metonom LDI 6110 BBIABJIEHO, UTO CHIDKEHUE
nepdy3un KOKH, B OTJIMYNE OT U3MEHEHUs TTOKa3a-
teseit cucteMuoit remoguaamMuku (Al m HCC), mpo-
HCXOAUT C IEPBBIX MHUHYT KpoBoTeuenus [45]. B
JIPYTOM 9KCHEPUMEHTATbHOM HCCIIeI0BaHUN Hanbo-
Jiee YyBCTBUTEJbHBIMY ITApaMeTPaMHy, Pearnpyronu-
Mmu Ha Kposororepio B 5—10% ot OLIK, okazamuch
M3MeHeHNUs TyJIbcOBOTO U cpesinero A/l a Takske mo-
KaszaTeJd TeMOIMHAMUKU MaJIoro Kpyra KpoBooOpa-
menus. B njannom uccnenoBanuu pO, B KOKe HAUYH-
HAJIO CHUKATHCS TOJIBKO TIpU KPoBotioTepe B 40% oT
OILK. [To MmEeHMIO aBTOPOB TaKOe OTCPOYEHHOE CHU-
JKEHHe OKCUTEHAIH KOKH MOKeT ObITh OOBSICHEHO
HUBKUMHU MeTabOoIIMYeCKUME TOTPEOHOCTMU KOKH,
KOTOpble Ha OoJjiee PaHHUX dTalax KPOBOMOTEPU
VZIOBJIETBOPSINCh, HECMOTPST HA CHUKEHHE JIOCTaB-
KU Kucygoposa [46].

CorJyiacHO COBPEMEHHBIM MPEJICTaBIEHMSIM, Ba-
30MOTIMH W (hJIAKCMOIIMK YCUTTMBAIOTCS TIPU Pa3BU-
T (MW PUCKe Pa3BUTHsA) TUIOKCUU TKaHeil. Vx
aKTUBAITUS HATIPaBJieHa HA ONTUMU3AINIO Tephy3nn
U OKCUTEHAIUW TKAaHEH B YCJIOBUSIX OTPaHUYEHHOM
noctaBku kucjaopozaa [25, 33]. C mpyroit cTropoHb,
Colantuoni A. ¢ coaBT. HAOMIOAAT PUTMUYECKUE KO-
JieOaHusT InaMeTpa apTepProJl B KOKE XOMSIKOB B HC-
XOJ[HOM COCTOSTHUU Oe3 aHecTe3nu. B mepuo remMop-
parnyecKoro IoKa 9Ta PUTMUYECKasT aKTUBHOCTD
MHUKPOCOCY/ZIOB HcYe3aja U BOCCTAHABJIMBAJIACDH
TOJIBKO TIocie penHGysnn kposu [42]. ITo Bceii Bepo-
SITHOCTH, Pas3JInuie B pe3yJibraTax 00yCIOBIEeHO pas-
HBIMM METOJIOJIOTHYECKUMU TIOJIXO/IaMU aBTOPOB K
HCCJIEIOBAHUIO KOJIeOaTeIbHBIX MTPOIIECCOB HA YPOB-
He MUKDOIMPKYJISINN, a TAKKe YCIOBUSIMU dKCIIE-
puMeHTa (aHecTe3ust, BUJ JKUBOTHOTO U T.II.).

B skcniepumenTax na kpbicax MetozgoMm JIJD ¢
BelBIIET-aHATM30M U3yJaiach IMHAMUKA (DITAKCMOTTHIA
B KOKe yXa TIPH OCTPOI KPOBOTIOTEPE U PenH(pY3UH ay-

neurogenic frequency ranges. A direct correlation
was found between the parameters of systemic hemo-
dynamics and local cutaneous blood flow, i.e. correc-
tion of hypovolemia and normalization of systemic
hemodynamics were accompanied by improving
microcirculation in the skin. This correlation was not
typical for patients with peritonitis.

Many researchers use the skeletal muscle as
an object for study of microcirculatory changes in
acute blood loss in an experiment, especially when
studying vasomotion. This is due, apparently, to a
good and homogeneous vascularization of muscles.
Muscle blood flow is significantly reduced in hemor-
rhagic shock, despite the well-developed metabolic
blood flow autoregulation during exercise. The arte-
rioles and precapillary sphincters constrict. The
amount of plasmatic capillaries increases due to the
impossibility of red blood cells passage through the
constricted microvessels [50]. There is an assump-
tion that shock decompensation in the muscles
(vasodilatation) is caused by the inhibitory effect of
prostaglandins accumulating in the tissues on the
vascular sympathetic nervous system [41]. As it was
shown in an experimental study in rats, restoring of
microcirculatory blood flow in muscles after blood
reinfusion was a marker of survivability of animals
exposed to hemorrhagic shock. The survivors also
demonstrated progressive microcirculatory distur-
bances and microvascular insensitivity to norepi-
nephrine infusion [51].

Severe isovolemic anemia is accompanied by a
significant decrease in pO, in the muscle tissue. The
fact that pO, in venous blood flowing from the mus-
cles exceeds the value of this parameter in the tissue
indicates impairment of oxygen diffusion from the
microvasculature to cells [52]. However, one of the
local compensatory reactions in response to muscle
hypoxia is an increase in perfused capillary density,
aimed at increasing the exchange surface area and
minimizing the distance for oxygen transport from
microvessels to cells [53]. Presumably, this response
is realized under the conditions of mild centraliza-
tion of circulation.

In an experiment, arterial hypotension and
ischemia were accompanied by the dilatation of the
transverse and terminal arterioles in skeletal muscle.
In the course of perfusion pressure reducing, the ter-
minal arterioles exhibited alternation of periods of
regular vasomotion and absence of vascular activity.
Vasomotion ceased when blood pressure had
dropped to 30—50 mm Hg and resumed only during
reactive hyperemia [54]. However, other studies
have shown that regular <«slow wave»
vasomotion/fluxmotion are not characteristic for
normal muscle microcirculation, but appear with a
decrease in blood pressure below a certain level.
Borgstrom P. et al. [19] using LDF studied blood
flow dynamics in the rabbit skeletal muscle in a
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TOJIOTUYHON KpoBH [47]. JKuBOTHBIE OBLIH pasiiesieHbI
Ha JIB€ IPYIIIBI B 3aBUCHMOCTH OT 00beMa KPOBOIIOTe-
pH, HeOOXOAUMOTO ISt I0CTI KeHUsT Al CpeIHEro OKo-
Ji0 50 MM PT. 1. B 06enx rpymiax i nepuoaa reMop-
paruyeckoil TunoTeHsnu (60 MUHYT) OBLIO XapaKTEPHO
CHIKEHUE KOYKHOTO KPOBOTOKA U TIOBBIIIIEHUE aMILIH-
TYZIbI (hTAKCMOITHIA B HEHPOTEHHOM YaCTOTHOM J[Haria-
3oHe (An). K KoHIly TaHHOTO TIeprozia MeKTPYIITIOBbIe
PasIMYUs 3aKI0YINCh B GOJIbIEM 3HAYECHUU AH B
IPYIIIE JKUBOTHBIX ¢ MEHBIITM 0GHEMOM KPOBOIIOTEPH.
ITH pe3yJIbTaThl YKa3bIBAIOT, YTO CTEIIEHD YBETMIEHUS
aMITUTYIb (hJTAKCMOITUE B KOXKe TIPU reMopparnJec-
KOU THITOTEH3UHU COTPSIKEHA CO CIIOCOOHOCTBIO K KOM-
neHcatopHomy Tozzep:kannio A/l cpemrero. Ha mmo-
XyI0 MEPEHOCUMOCTb TIEPHO/Ia KPOBOTIOTEPH ATUMU
JKUBOTHBIMU YKA3bIBATM TAKKe PE3yJIBTaThl perHdy-
3un. [locse penHdy3nn KpoBU y KUBOTHBIX 3TON Ke
IPYIIBI AH OCTaJIach BBIIIE, a 3HAYEHUST KOKHOTO KPO-
BoToKa U AJl cpeirero ObLIM HUKE, YeM B TPYIIIE €
GoJIbIIEN KPOBOIIOTEPEii, HOTPeOOBABIIENCs It CHU-
xennst AJl cpenmero 10 50 MM prT. CT.

Toti xe rpynIOl aBTOPOB, HO HA MOJIEJIN OCTPOI
(bukcupoBarnHOil 10 00beMy Kposomorepu (30% ot
OIIK) uccrenosanocs BausHue nHbY3nn mepdropa-
Ha B /103€ 3 MJI/KT Ha IMHAMUKY KOKHOW MUKPOIUP-
KyJisiigun [48]. B mepBbie MUHYTBI TIOCIE 3a60pa Kpo-
BH TPOUCXOANIO cHIDKeHne A/l cpemHero, KOKHOTO
KPOBOTOKA 1 yBesnmueHne AH. BBenenue nmepdropana
o cpastenuio ¢ 0,9% pacrsopom NaCl npusoamio K
GoJiee BBIpaskeHHOMY yBeamueHuto AJl cpemasero u
KOKHOTO KPOBOTOKA. AH OCTaBajiach TOBBIIIEHHOM
OTHOCHUTEIBHO MCXO/a B 00eux rpyimax. Beeaerue
nepTopaHa BbI3BIBAJIO TAKKe YBEJIUIEHNE aMILTATY-
JIbl (prakcMOIIUil B 9HAOTETUATBHOM YaCTOTHOM JIHa-
nazoHe (A3). As ocTaBanach yBeJIMUEeHHON Ha MTPOTSI-
JKEHWU BCETO TIePUOJIa FeMOPParndecKoi THIIOTeH3NH.
ITO MOXKET YKa3bIBaTh HA CTUMYJIMPYIOIIee IefcTBIE
nepdTopaHa Ha SHAOTEJNN 3aBUCUMbBIE MEXaHU3MBI
dmakcMoInii B Koske TPU OCTPOH KPOBOIIOTEPE.

Merozmom JIJID uzyuasrch 0COGEHHOCTH MUK-
POIUPKYJISIIUA B KOKe Yy TAIUEHTOB C TSUKEJOi
TpaBMOIi n kpoBomnoTepeii [49]. B mepBbie cyTku mo-
cae mocrymiennst B OPUT nannas xareropus nanu-
€HTOB XapaKTepPU30BaJIach CHUKEHUEM CEPAEYHOTO
nnnekca, [IM n amnnuTtyn aakemMonnii B HeliporeH-
HOM U MUOT€HHOM YaCTOTHBIX JMara3oHax. Boissie-
Ha TIPSMasi KOPPEJISIUs MEXK/IY MOKA3aTeNSIMUA CUC-
TEMHOW TeMOJUHAMUKU U JIOKAJIBHBIM KOKHBIM
KPOBOTOKOM, T.€. KOPPEKINS TUITIOBOJIEMUN 1 HOPMa-
JIN3AIMST CUCTEMHON TEeMOIMHAMWKN COIPOBOK/IA-
JIUCD YJIy4IlleHuEeM MUKPOIMPKYJISINHN B Koxke. [1o-
noOHas Koppessiust Oblla He XapakTepHa st
MAIUEHTOB C TIEPUTOHUTOM.

MHorue wcciieoBaTesId UCIONb3YIOT CKeJIeT-
HbIE MBIIIIBI B KauecTBe 00bEKTa JIJIS U3YUEHUST U3-
MEHEHWH MUKPOIUPKYJISIIUU TPU OCTPOIl KPOBOIIO-
Tepe B IKCIEPUMEHTe, 0COOEHHO, MPU HM3YYEHUU
BaszoMoIuil. O6YCJIOBIEHO 9TO, O-BUIUMOMY, XOPO-

model of acute fixed volume blood loss (30% of
CBV). At the baseline, fluxmotion was not regis-
tered. After blood loss completing, the blood pres-
sure was an average of 35 mm Hg, and over the fol-
lowing 30 minutes, almost all of the animals
exhibited «slow wave» fluxmotion. The same
research group has demonstrated the modulating
influence of neurogenic and humoral factors on local-
ly controlled vasomotion. Denervation of the muscle
on the background of its hypoperfusion led to the
disappearance of regular vasomotion while vaso-
pressin infusion under these conditions induced
reappearance of the vasomotion [55].

According to the M. Intaglietta's concepts the
activation of vasomotion in hemorrhagic shock
simultaneously enables maintaining tissue perfusion
and mobilizing interstitial fluid into the blood-
stream. Increased sympathetic activity causes pro-
nounced vasoconstriction in most organs of the sec-
ond group (see above). The diameter of the terminal
arterioles may be reduced to the values at which red
blood cells can no longer pass through them into the
capillaries. Under these conditions, vasomotion can
provide intermittent perfusion despite the fact that
an average diameter of the arterioles would be signif-
icantly smaller than the diameter of the red blood
cells [33]. This mechanism is particularly relevant
under the conditions of impaired red blood cells
deformability and aggregation during shock.

In experiments on rats, arteriolar vasomotion
and corresponding fluxmotion were induced in mus-
cle tissue by the hind limb hypoperfusion. Under
these conditions, the perfused capillary density did
not change despite slowing of capillary blood flow.
Abrogation of vasomotion by a calcium channel
blocker resulted in a decrease in the perfused capil-
lary density. Based on these data, the authors con-
cluded that in the context of critical hypoperfusion,
vasomotion and fluxmotion in skeletal muscle pre-
served nutritive blood flow [56].

Hemorrhage is accompanied by a decrease in
perfusion of the oral mucosa and wall of the gas-
trointestinal tract [57, 58]. Vasoconstriction of the
mesenteric arterioles and decreasing of blood flow in
the microvasculature occur [59]. Using videomi-
croscopy it was revealed that blood flow was slowing
down and arteriolar spasm in the intestinal wall pre-
served even after reinfusion [60]. Increased adhesion
and extravasation of neutrophils are the additional
factors of ischemic and reperfusion injury under
these conditions [61].

Dubin A. et al. using videomicroscopy investi-
gated microcirculatory changes in the sublingual
region, serous and mucous membranes of sheep small
intestine during progressive acute blood loss. In this
study, it was noteworthy that the microvascular flow
indexes and red blood cell velocities in capillaries
progressively decreased in all three region from the
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el 1 paBHOMEPHOH BacKyJsipu3armeir Mol [Ipn
TeMOPPAarnIecKOM TITOKe KPOBOCHAGKEHNE MBITIII
3HAYNTETIBHO CHIKAETCS, HECMOTPST HA XOPOIIIO Pas-
BUTYIO METAOOIMUECKYIO Ay TOPETYJISIIINIO KPOBOTOKA
npn ($uU3NUecKoil Harpyske. ApTepuoJsibl W TpeKa-
MUJIIpHBbIE CPUHKTEPHI cykafoTcs. V3-3a HeBO3-
MOKHOCTH TIPOXO’KIEHUSI IPUTPOIUTOB dYepe3 Cy-
’KeHHBbIe MUKPOCOCYZBI YBETMINBAETCS KOTITIECTBO
magmMarnyeckux kammsipos [50]. Ects npemmosro-
JKeHWe, YTO B MBINIIAxX (daza JeKOMIIEHCAIUN MI0Ka
(BasoauaTanus) 00yCJOBIEHA HHIHOUPYIOUIUM
JeHCTBUEM HAKAIJTMBAIOIIUXCS B TKaHSX IPOCTar-
JIAHJIMHOB HA CUMITATHYECKYI0 MHHEPBAIIUIO COCY/U-
croil crerku [41]. Kak mokaszano akcriepruMeHTaIb-
HOe FccjeoBaHME Ha KPBICAX, BOCCTAHOBJIEHIE
MUKPOITUPKYJISITOPHOTO KPOBOTOKA B MBITIITIAX 1TOCIE
penH(dy3Un KPOBHU CIYKIIO MApPKEPOM BbIKBAEMO-
CTH JKUBOTHBIX ITOCJIE TIEPEHECEHHOTO TeMOopparmyec-
Koro moka. [1pu 9ToM y HEBBIKUBIINX KUBOTHBIX OT-
MeYajnch  IMpOTpeccUpyiolie  PaccTpoiicTBa
MUKDPOIUPKYJISIUN U HETYBCTBUTETHHOCTH MUKPO-
cocyzioB K uHby3uu Hopaapenaanaa [51].

Tsxenas m3oBoJeMIYECKass aHEMUS COTIPO-
BOJK/IAETCSI 3HAYMTEJNbHBIM CHUKeHreM pO, B MbI-
meunoit Tkauu. Tot ¢akt, yto pO, B OTTEKAIOIIEN OT
MBI BEHO3HOW KPOBU TIPEBBIIIAET 3HAUEHUS 9TOTO
IoKasaTesss B TKaHSX, YKa3blBaeT HA HapylleHHe
mubdy3nn KUCI0posa M3 MHUKPOIUPKYJISTOPHOTO
pycia k kierkam [52]. Tem He Mmenee, 0HON U3 JIO-
KaJbHBIX KOMITEHCATOPHBIX PEAKIUil B OTBET Ha I'M-
MTOKCHIO B MBITIIIAX SBJISIETCS YBEIUIeHNe KOJTUIeCT-
Ba nepdy3upyeMbIX KalWJISPOB, YTO HAIPABJIEHO
Ha yBeJMYeHUe TIOMAAn OOMEHHON OBEPXHOCTH U
MUHUMH3AINIO PACCTOSHUS [T TPAHCTIOPTA KNCJIO-
pozia 0T MEKPOCOCYZOB K KieTkaMm [53]. TTo-Bumammo-
MY, TOZTOOHBIN OTBET PeaTN3yeTCsT B yCIOBUAX C1ab0
BBIPAKEHHON MEHTPATU3ANNT KPOBOOOPATIEH .

AprepuasbHas TUTIOTEH3USI W UIIEMUS B 9KCITe-
PUMEHTE COTIPOBOK/IATMCH JMJIATAIell TOTEPETHBIX
U TEPMUHAJBHBIX apTEPHOJ CKeJIeTHBIX MbIL. 1o
Mepe TMPOTPECCUBHOTO CHUZKEHUS Tepdy3uOHHOTO
JIABJIEHUS, B TEPMUHATBHBIX apTEPUOJIaX OTMEYATIOChH
yepeloBaHe PETYJSPHBIX Ba3OMOIUN W TIEPUOJIOB
OTCYTCTBUSL COCYAUCTON akTtuBHOCTU. IIpm chuske-
HUU CPEIHET0 apTepuaibHOro aasienus g0 30—50
MM PT. CT. Ba30MOIIHH TPEKPAITATICH U BO30OHOBIIS-
JINCH TOJIBKO B MEPUOJ] PEAKTUBHOM ruriepeMun [S4].
OnHako, pe3ysbTaThl IPYTUX MCCIAENOBAHUN YKa3bl-
BaIOT, YTO PETYJISIPHBIE «MEJJIEHHO BOJTHOBbIE» BA30-
MOIHH,/(hJIAKCMOITNN He XapaKTePHBI /IS MbITIIEUHOM
MUKPOIMPKYJISAINNA B HOPME, HO TIOSIBJISIIOTCS TIPH
cHIKeHnu cpesinero A/l HUKe oTIpeziesieHHOTO YPOB-
mst. Tax, Borgstrom P. ¢ coasr. [19] ¢ momorbio JIJD
MU3YYIN TUHAMUKY KPOBOTOKA B CKEJIETHOH MBIIIIIE
KPOJIMKA B MOJIENTH OCTPOH (DUKCHPOBAHHON O 06be-
my kposomotepu (30% ot OLIK). B ucxoxtom cocro-
auun akcMonuu He peructpupoBasuch. [locre
OKOHYAHUS KPOBOIIOTEPU YPOBeHb cpemxHero A/l co-

early stages of blood loss. These microcirculatory
disturbances were accompanied by a decrease in the
cardiac output, systemic and «intestinal> oxygen
delivery and an increase in lactate levels in the arte-
rial blood. However, hypotension, metabolic acidosis
and acidosis within the intestinal wall (increase in
pCO,-gap) developed in a significant degree only in
the last stage of blood loss [58].

Some studies indicate that microcirculatory
disturbances in the intestinal mucosa during hemor-
rhagic hypovolemia are less pronounced than in sep-
sis. In experiments on rats against a background of
approximately the same levels of arterial hypoten-
sion, the hemorrhagic shock was accompanied by a
less pronounced decrease in perfused capillary densi-
ty than in the group of septic shock, and the capillary
red blood cell velocities were preserved in most
cases. Nevertheless, the identified microcirculatory
alterations in hemorrhagic shock were correlated
with mortality of the laboratory animals in this
experimental model [62].

Torres Filho I. P. et al. in the experiments on
rats studied vasomotion in the mesentery of the
small intestine in acute blood loss using videomi-
croscopy. At the baseline vasomotion was not detect-
ed. When blood pressure reduced to 50 mm Hg, 42%
of the animals were exhibiting arteriolar vasomotion,
which was presented both slow oscillations (an aver-
age of 1.7 oscillations per minute) with relatively
high amplitude and rapid oscillations (an average of
7 oscillations per minute) with low amplitude [59].
Similar results were obtained in a study of vasomo-
tion in a rat pancreas. Hemorrhagic hypotension
caused a decrease in perfused capillary density, inter-
mittent capillary perfusion and vasomotion enhance-
ment. The frequency of vasomotion (an average of
4.7 oscillations per minute) coincided with the fre-
quency of intermittent capillary perfusion [63].

In an experiment, changes in vascular tone in
the skin, muscle and mesenteric vascular beds were
compared under the conditions of compensated and
decompensated hemorrhagic shock [64]. Initially
neurogenic vasoconstriction was observed in all vas-
cular beds. However, in the skeletal muscle and
intestine, in contrast to the skin, blood flow autoreg-
ulation was maintained for a while during blood
pressure reducing to a level of 40—60 mmHg, and
delayed vasodilation was noted as well. During the
development of hemorrhagic shock, the vessels of
studied areas had different norepinephrine sensitivi-
ty, which was changing over time.

In the aforementioned experimental study [46],
the authors, along with an assessment of systemic
hemodynamics, studied pO, changes in the liver,
small and large intestines, as well as microcirculation
(using LDF) in the muscular and mucous mem-
branes of the small intestine. The fixed volume blood
loss model was used. Blood was withdrawn 5-10% of
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CTaBWJI, B CPEAHEM 35 MM PT. CT., ¥ Ha TIPOTSKEHIH
nocseylomux 30 MUH IIPaKTUYECKU Y BCEX JKUBOT-
HBIX PETUCTPUPOBAINCH <«MEJIJIEHHO-BOJTHOBBIES
(naxkemoruu.  ITON Ke MCCIeI0BATETBCKON TPYTI-
ol Gbljla TIPOJEMOHCTPUPOBAHA MOLYJIUPYIONIAst
POJIb HEHPOTEHHOTO M I'yMOPAJbHOTO (haKTOPOB Ha
JIOKAQJTIbHO KOHTPOJIUpyeMble BazoMmornuu. /lenepsa-
IIUs WCCTIelyeMOil MBITIITBI Ha (hoHe ee rumonepdy-
3UW TIPUBO/INJIA K NCYE3HOBEHUIO PETYJISPHBIX Ba30-
MoInii, a nH(Y3US Ba30IPECCUHA B 3TUX YCJIOBUSIX
MHZYIMPOBAJIA UX MOBTOPHOE MOsiBIeHwME [55].

CoryacHo nipencrasiaenusm Intaglietta M. ak-
TUBAIUS Ba3OMOIME TIPU TeMOPPArHuecKOM IIOKe
MO3BOJISIET OJIHOBPEMEHHO TIO/IIEP;KIBATH TIePMy3HT0
TKaHel U MOGUJIM30BATh TOCTYILIEHHE WHTEPCTUIIM-
AJTBHON JKUIKOCTU B COCYAMCTOE PYCJIO. YBETMUeH-
Hasi CUMTIaTHYeCcKasi UMITYJIbCAIMS BbI3bIBAET BbIpPa-
JKEHHYO BA30OKOHCTPUKIIUIO B OOJIBIIMHCTBE OPraHOB
BTOpOI Tpymmbl (cM. Bbilie). /luameTp TepMUHAIH-
HBIX apTepUOJ MOKET YMEHBITUTHCS 0 3HAUYEHUH,
[IPU KOTOPBIX 9PUTPOIUTHI GOJIBIIIE HE CMOTYT IIPOXO-
JIUTH Yepe3 HUX B KalWJULSIPhL. B aTHX ycioBUsX, Ba-
30MOIIMU MOTYT OGECHEUYHTh MPEPBIBUCTYIO mepdy-
3110 HECMOTPST HA TO, YTO CPETHII TaMETP apTEePUOJT
OylleT 3HAUYUTEJIBHO MEHBIIE JUAMETPA IPUTPOIIUTA
[33]. DTOT MexaHM3M TTpUOGPETAET 0COGYIO AKTyaTh-
HOCTB B YCJIOBUSIX HAPYIIEHHON e OPMUPYEMOCTH U
arperupyeMocTy SPUTPOITUTOB TIPU TTTOKE.

B skcriepuMeHTax Ha KpbICaX apTepUOJIIPHbIE
BA30MOIIMM M COOTBETCTBYIMOIINE WM (hIaKCMOIUiA
WHYIIUPOBAINCH B MBIIIEYHON TKAHU C TOMOIIBIO
runonepdysnn 3aHell KOHEYHOCTH >KMBOTHOTO. B
ATUX YCJOBUSX, HECMOTPS Ha 3aMe/JIeHUe KaIluJ-
JISPHOTO KPOBOTOKA, TIOTHOCTH Tep(hy3upyeMbIx
KaIJJIIPOB He U3MeHsIach. «BoIkimoyenne» Ba3o-
MOIIHIT ¢ TOMOIIIBI0 GJIOKATOPOB KAJIbIIMEBbIX KaHa-
JIOB COIPOBOK/IAJIOCH YMEHbBIIEHUEM <IIJIOTHOCTU»
nepdy3upyeMbix KanusipoB. Ha ocHoBanum aTux
JIAHHBIX aBTOPBI CHEJAJIN BBIBO/, YTO B YCJOBHSIX
KpUTHYeCcKoi runornepdysnn BazoMoruu n ¢Jiakc-
MOIIMY B MBINIEYHON TKAaHU MOJIEPKUBAIOT HYTPH-
TUBHBIN KPOBOTOK [56].

KpoBormoTepsi cONMpoBOKIAETCS CHUMKEHUEM
nepdy3un Kak CIU3UCTON TOJOCTH PTA, TAK U CTEHKU
JKeJIyZ0YHO-KUIIedHoro TpakTa [57, 58]. Ormeuaer-
5T BA3OKOHCTPUKITUST ME3EHTEPUATBHBIX apTePUoJI U
CHW)KEHUE KPOBOTOKA B MUKPOITUPKYJISTOPHOM PYyC-
Jie [59]. C moMoIipio BUACOMUKPOCKOIINN 00HAPYsKe-
HO, UTO 3aMejlJIeHre KPOBOTOKA M CITa3M apTepPHoJ B
CTEHKe KUIITKUA COXPAHSIOTCS JIaXke TI0cse peuHpy3nn
[60]. HomomanTenbHBIM (HaKTOPOM PAa3BUTHS WIIe-
MUYECKHUX U penep(y3uOHHBIX TTOBPEKIEHNUN B 9TUX
YCJIOBUSIX SIBJISIETCST YCUJIEHHE aJITe3UHN U 9KCTpaBas3a-
MU HeUTPODUITBHBIX JeHKoIuTOB [61].

Dubin A. ¢ coaBT. ¢ TOMOIIBIO BUIECOMUKPOCKO-
[TAU WCCIIEIOBATM U3MEHEHUST MUKPOIIMPKYJISIINH B
HOAbA3BIYHON 06J1aCTH, CEPO3HON U CAUUCTON 000-
JIOUKAX TOHKOW KUIIKU OBEI] B XOJIe TIPOTPECCUPYIO-

the CBV at an interval of 10 minutes. The oxygena-
tion of studied internal organs started to decrease
after reaching the blood loss of 20% of CBV. It is
noteworthy that in this study, in contrast to most
others, the microvascular blood flow in small intes-
tine mucosa did not decrease even when a blood loss
volume reached 40% of CBV. The authors attributed
this fact with good mesenteric blood flow autoregu-
lation. But features of the experimental model
should also be taken into account.

At the microcirculatory level, liver ischemia is
manifested as a decrease in perfused sinusoids densi-
ty, which develops due to endothelial edema and the
blockade of capillary blood flow. In experimental set-
tings, systemic blood pressure normalization did not
provide restoration of microcirculation in the liver.
The prevalence of hepatocyte necrosis during reper-
fusion is well correlated with the number of not per-
fused sinusoids [65].

Legrand M et al. showed in an experimental
study [66] that hemorrhagic shock was associated
with reducing of the renal blood flow, regional oxy-
gen delivery and consumption, as well as with a
decrease in pO, in the renal microvasculature. It was
noteworthy that the fluid resuscitation strategy tar-
geting mean blood pressure >80 mm Hg did not lead
to higher renal microvascular pO, compared with
fluid resuscitation targeted to mean blood pressure >
80 mm Hg. Moreover, the deterioration of renal tis-
sue oxygenation persisted even after blood auto-
transfusion and renal blood flow restoration.

Using LSCI Wu C. Y. et al. investigated
changes in microcirculation and oxygenation simul-
taneously in several rat organs (intestine, liver, kid-
ney, skeletal muscle) during hemorrhagic shock.
Microcirculatory blood flow decreased to the great-
est extent in the intestinal mucosa and kidneys.
Tissue oxygenation decreased almost equally in all
investigated internal organs. Microcirculatory alter-
ations after reperfusion were most pronounced in the
small intestine [67].

So, the severity of microcirculatory and meta-
bolic alterations in organs during acute blood loss
depends both on the severity of the blood loss (vol-
ume, duration of hypovolemia, reperfusion injury)
and the functional features of the organs. During
vasoconstriction, the activation of vasomotion can
provide intermittent organ perfusion despite the fact
that an average diameter of the arterioles would be
significantly smaller than the diameter of the red
blood cells, and red blood cells deformability
decreased as well.

Regional blood flow and microcirculation in
the myocardium and central nervous system.

During hemorrhage, the blood supply of the
myocardium and brain is maintained both by redis-
tribution of blood from other organs and by a pro-
nounced ability of the coronary and cerebral vessels
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el OCTPOl KPOBOTIOTEPH. B TaHHOM McCIe10BaHNN
MIPUMeYaTebHBIM OKA3aJI0Ch TO, YTO WH/IEKCHI MUK-
POKPOBOTOKA U JINHEHHBIE CKOPOCTH IPUTPOITUTOB B
KamWJISIPax MPOrPecCUBHO CHUIKATMCH BO BCEX TPEX
00J1aCcTAX € TEPBBIX ITAMOB KPOBOIOTEPU. YKazaH-
Hble HapyIIeHUsST MUKPOIUPKYJISIUA COIPOBOKIA-
JIUCh CHUZKEHUEM CEPAEeYHOTO BEIOPOCA, CUCTEMHOI U
<KHIIEYHOI» TOCTAaBKU KUCJIOPO/A W TIOBBIIIEHUEM
YPOBHS JIaKTaTa apTepuaibHoil KpoBu. OHAKO, ap-
TeprabHast TUITIOTEH3HST, METabOTNYECK Il allu103 U
anuno3 BHYTpu cteHkn kuimkn (poct pCO,-gap) B
CYIIECTBEHHOU CTENEeHN Pa3BUBAJINCH TOJIBKO HA MO-
cJIeiHeM JTarie Kposororepu [S8].

Ectb sanHble, 4TO MUKPOIUPKYJISTOPHbBIE HAPY-
IIEHUS B CJIMBUCTON 0O0IOUKE KUIIEYHIKA [IPK FeMOP-
parmyecKoi THTIOBOJIEMUN BBIPAKEHBI B MEHBIIIEH CTe-
MeHN, 4eM Tpu cericuce. Tak, B 9KCIlepUMEHTE Ha
KpbIcax Ha (hoHEe TPUOJUBUTETBHO OANHAKOBOTO YPOB-
HsI apTepUabHON TUTIOTEH3UN TeMOPPArnIecKuit MoK
COTIPOBOK/AJICSI MeHee BBIPAKEHHBIM CHUKEHUEM
<IJIOTHOCTUY TIep(y3UPYEMBIX KaWJIJISIPOB, YeM B
IpyIIlie CENTUYECKOTO MIOKA, & CKOPOCTH JIBUKEHUS
SPUTPOIIUTOB B KAIIMJUISIPaX B GOJIBIIMHCTBE CJAyYacB
coxpaHnsiyiach. Ml TeM He MeHee, BbISIBJIEHHBIE HApYIIle-
HUST MUKPOIIUPKYJISIIUN TIPU TEMOPPATUUECKOM IIOKe
COOTHOCHJIUCH € JIETAJIBHOCTBIO JTaGOPATOPHBIX JKH-
BOTHBIX B TAaHHON 9KCIIEPUMEHTATbHON Moiesn [62].

Torres Filho I. P. ¢ coaBT. B 9KCIIepUMEHTE Ha KPbI-
Cax ¢ MOMOIIBIO BIJICOMUKPOCKOITUY U3y4YaJsiil Ba30MO-
11K B OpbIKEIKe TOHKOIM KUIIKK IIPU OCTPOIL KPOBOIIO-
Tepe. B HCXOIHOM COCTOSHMM Ba3OMOIUU He
BBIABJISLTHCH. [Ipu cHISKeHM YpoBHS cpenero A/l o
50 MM PT. CT. y 42% SKUBOTHBIX BBISBJISLINCH APTEPUO-
JIIPHBIE Ba30OMOIIMH, KOTOPbIe OBLIM MPEACTABICHBI
MeIJIeHHBIMU KosteOarusimu (B cpereM 1,7 konebannii
B MIFH) C OTHOCUTEJIBHO BBICOKOU aMILTUTYION 1 OBICT-
pbiME KoJieGaHusAMU (B cpeiHeM 7 KoJieGaHuii/MIH) ¢
HUBKOI amruuTyioi [59]. TToxosxue pesy/israTsl ObLIH
TIOJIy9I€HBI TTPY UCCIEIOBAHNT Ba30OMOIIHIA B TIO/IKETY-
JIOYHON >Kesre3e KpbIC. leMopparnyeckast TUIOTEH3HS
BBI3bIBAJIA CHIDKEHNE TVIOTHOCTH TIEP(Y3UPYEMbIX Ka-
MTUJISIPOB, TPEPBIBUCTOCTH KPOBOTOKA B HUX M AKTHBH-
3aIMI0 Ba30MOITNH, 4acToTa KOTOPHIX (B cpeHeM 4,7
KoJieGaHui1/MIH) COBITajia/ia ¢ YaCTOTOI IPEPBIBUCTOMN
nepdy3un Kanmssipos [63].

B akcrepuMenTe cpaBHUBAINCH U3MEHEHMS CO-
CYIUCTOTO TOHYCA B KOKHBIX, MBIIIIEYHBIX U ME3EHTE-
PHAJIbHBIX COCYANCTHIX GacceiiHaX B YCJIOBUSAX KOM-
MIEHCUPOBAHHOTO u JIEKOMTIEHCUPOBAHHOTO
reMopparudeckoro moka [64]. Crauana Bo Bcex co-
CYAMCTHIX GacceifHaX OTMeYasiach HeHporeHHast Ba-
30KOHCTpUKITN. OHAKO, B OTJIUYKE OT KOXKH, B CKe-
JIETHBIX MBIIIIAX U KUNIEYHUKE HEKOTOPOE BPEMS
COXPAHSJIACh AyTOPETYJISAINS KPOBOTOKA IPU CHHU-
sxennu cpemrero A/l no yposust 40—60 mwm pT. cT., a
TaK)Ke OTMedYajach OTCPOYEHHasl Ba3oauiaraius. B
XOJI€ Pa3BUTHS T€EMOPPArHIECKOTO MOKa COCYIbI UC-
ciretyeMbIx obJstacTeil MesTn pasHblii (M MEHSTIOIIii-

to autoregulate the blood flow during perfusion pres-
sure decreasing [57]. Changes in vascular tone in
these organs are caused not only by the typical meta-
bolic and myogenic factors (acidosis, hypoxemia,
Bayliss effect), but also by a number of more specific
regulatory mechanisms. For example, in coronary
vessels the neuropeptide Y and ATP serve as
cotransmitters modulating effects of sympathetic
innervation [68]. In experiments on isolated coro-
nary arterioles, it was shown that the resulting vas-
cular tone is determined by a close interaction of
endothelium (flow dependent vasodilation) and
intrinsic myogenic response with pressure and flow
velocity changing in the vessel [69].

Hypoxia and elevated concentration of epi-
nephrine in blood increase the number of perfused
capillaries in the myocardium [70]. This adaptive
response is aimed at increasing of exchange surface
area of capillaries and decreasing oxygen diffusion
distance from the microvasculature to the cells.
Despite the well-developed adaptive mechanisms,
perfusion and contractile function of myocardium
are reduced in severe blood loss and hemorrhagic
shock. Reduced oxygen delivery to the myocardium
can not be compensated by increasing the rate of
oxygen extraction from the blood due to high values
of this parameter in normal state [71, 72].

Hemorrhagic shock is accompanied by a deple-
tion of endothelium-dependent mechanisms of
vasodilation in coronary vessels, while the
prostaglandin F, and K" -dependent vasoconstric-
tion mechanisms are not substantially changed [73].
In an experimental model of hemorrhagic shock (BP
40 mmHg) application of NO-synthase inhibitors
resulted in an increase in coronary and systemic vas-
cular resistance, as well as the blood concentration of
catecholamines. This was accompanied by increasing
of myocardial ischemia [74]. Some experimental
studies showed a decrease in the basal level of NO in
the body at an early stage of severe blood loss.
Exogenous sources of NO in these conditions con-
tributed to the improvement of cardiac function and
maintaining perfusion of other organs [75, 76].

Horton J. W. et al. studied the coronary blood
flow distribution and myocardial ischemic injuries
during hemorrhagic shock in dogs. At the baseline,
the subendocardial heart regions were perfused bet-
ter than epicardial, and the heterogeneity of left ven-
tricle wall perfusion was noted as well. In the initial
stage of blood loss the heterogeneity of myocardial
perfusion remained. However, 2 hours after severe
hemorrhagic hypotension (blood pressure of 30 mm
Hg) a total myocardial hypoperfusion developed.
Ischemic injuries were most pronounced in the
subendocardial regions of myocardium [77].
Coronary artery stenosis aggravates alterations of
regional blood flow distribution in the myocardium,
which occur in hemorrhagic shock [78].
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CsI CO BPeMeHeM) YPOBEHb YYBCTBUTEIBHOCTH K HO-
pasipeHaJINHY.

B yriomsinyTOM paHee 9KCIIEPUMEHTATBbHOM HC-
caenoBannm [46] aBTOPBI, HApPSAAY C OIEHKOU CHC-
TEMHOW TeMOJMHAMWKHU, n3yvyanu usmenenus pO, B
MeYeHN, TOHKOW U TOJICTOH KHUIIKaX, & TAKKe MUKPO-
upkyJsiiuio (Merogom JIJIMD) B MbiiedHol 1 ciiu-
3UCTOI 000I0YKAX TOHKOW KUITKHU. VICII0/Ib30BaIaCh
MoziesTb (DPUKCUPOBAHHOM 10 00beMY KPOBOMOTEPH:
KpoBb 3abupanach 110 5—10% or OIIK ¢ unrepsaiom
B 10 MuH. OKCUTEHAIUS UCCIETYEeMbIX BHYTPEHHUX
OPraHoOB HauMHAJIA CHUKATHCS TOCJE JTOCTUKEHUS
kposonotepn 20% ot OILK. IIpumeuarenbHo, 4TO B
9TOM WCCJIIOBAHUM, B OTJIHYME OT OOJBIIMHCTBA
IPYTUX, MUKPOKPOBOTOK B CJIM3UCTOH 0060JI0UKe
TOHKOW KHUIIKK He CHUYKAJICS Jaxe TP 00beMe Kpo-
Borotepu 40% ot OILK. ABTOpBI CBSI3BIBAIOT 3TOT
(hakT ¢ XOpOIIO Pa3BUTON ayTOPETYJIAINeN Me3eHTe-
pUATBHOTO KpPOBOTOKA. Ho ciemyer Takke y4uTbI-
BaTh 0COGEHHOCTH 9KCIIEPUMEHTAILHOM MOZIEH.

Ha MuKpoIupKyIsTOpHOM YPOBHE UIIEMUS Tie-
YEeHU TIPOSIBJISIETCST CHUKEHMEM TIJIOTHOCTH 1iepgy3u-
PYEMBIX CHHYCOUJIOB, B TOM YHCJIE 32 CUET PA3BUTHS
OTeKa PHAOTE M 1 OJIOKaAbl KPOBOTOKA B KATIMJLIsI-
pax. B akcriepuMeHTaIbHBIX YCJIOBHUSIX HOPMAaJn3a-
[[UsI CHCTEMHOTO apTePUAIBHOTO JIaBJIeHHUs He obec-
MeYnBajia BOCCTAHOBJIEHUS MUKPOIMPKYJISINU B
[eYeHH, a OOIIUPHOCTh HEKPO3a TellaTOIUTOB B IIEPH-
oq1 periepdy3nun XOPOIIO KOPPETMPOBAIA C KOJUIECT-
BOM Helep(y3upyeMbIx CHHYCOHI0B [63].

B akcrmepuMeHTANIBbHOM  HCCJIENOBAHUU
Legrand M. ¢ coast. [66] Gbu1o MokasaHo, 4To re-
MOPparuyecKuii MoK COMPOBOKIAAETCS CHUKEHUEM
MMOYEYHOTO KPOBOTOKA, PETMOHAPHON [OCTAaBKU WU
noTpebJIeHUsT KUCIOPO/Ia, a Takke cHiskeHreM pO,
B MUKPOIIMPKYJISATOPHOM pycie modek. [Ipumeva-
TEJTbHO, UTO CTpaTerust MHOY3UOHHON Teparuu, Ha-
npaBJieHHAas Ha MHojjep:KaHue 06ojiee BBICOKOIO
YPOBHSI CHUCTEMHOTO apTEePUATbHOTO JIaBJIEHUS
(cpemnee A/I>80 mm pT. cT.) He yBesmunBana pO, B
MUKPOIUPKYJISATOPHOM pycCJie, TI0 CPaBHEHUIO CO
cTparerneil moanep:kanus cpeanero AJ/[>40 MM pT.
ct. BoJtee Toro, HApyIIeHNUs] OKCUTEHAITUY TIOY€YHOM
TKaHW COXPAHSIUCH JasKe TIoCIe ayToreMoTpancdy-
3U1 ¥ BOCCTAHOBJIEHUS TIOYEYHOTO KPOBOTOKA.

Wu C. Y. ¢ coasr. ¢ momomnisio LSCI uccnenosa-
JIN U3MEHEHUSI MUKPOIMPKYJSAIUN U OKCUTECHAINN
IIPU TEMOPPAarmyeckoM IIOKe OJHOBPEMEHHO B He-
CKOJIBKUX OPraHax KPbIChl (KUIIEYHUK, TIeYeHb, M0Y-
KI, CKeJIeTHast MbIIIIA). MUKPOKPOBOTOK B HAUGOJIb-
el CTeneHW CHU3WJICS B CIAM3UCTOH 000J0YKe
TOHKOW KHUIIKU U B MOYKaX. YPOBEHb OKCUTEHAINN
TKaHell CHU3WJICS BO BCEX MCCJIElyeMbIX BHYTPEHHUX
opraHax MPHOJU3UTEIBHO OAMHAKOBO. Perepdysu-
OHHbIE HapyIIeHUs MUKPOLUPKYJISIIUN B HauGOJIb-
1ieii crernenn ObLIN BBIPaKEHbI B TOHKOH KuIike [67].

Takum 06pasoM, BHIPAKEHHOCTh MUKPOITPKY-
JISTOPHBIX ¥ METabOJINYECKIX HAPYIIEHNI B OpraHax

Myocardial hypoperfusion during hemorrhagic
shock causes rough metabolic disturbances, increas-
ing serum levels of cardiac enzymes and contractile
dysfunction, which may persist and progress after
resuscitation [79].

The blood supply to the brain is regulated most-
ly by the local metabolic and myogenic mechanisms
[80, 81]. However, it is not clear what is the relative
role of these components in the cerebral autoregula-
tion under normal and pathological conditions.
Cerebral vascular tone largely depends on pCO, and
pH of cerebrospinal fluid and to a lesser extent, on
pO,. Furthermore, the cerebral vessels innervated by
both sympathetic vasoconstrictor and parasympa-
thetic vasodilator nerves, but in the normal state the
cerebral blood flow changes very slightly under the
influence of these factors [37]. An average rate of
cerebral blood flow in humans is about 750 ml/min
(13% of the cardiac output) and is characterized by
constancy, because the whole brain exhibits almost
constantly high level of metabolic activity. However,
the activity of certain parts of the brain changes with
time, whereby the blood flow in these parts changes
as well. At the same time, the total cerebral blood
flow changes insignificantly [39].

Experimental studies of Kovdch AG showed
that under the conditions of prolonged hypovolemic
shock, limited ischemia areas occurred in the brain.
Their regional distribution determined not only by
the presence of boundary zones between the distrib-
ution fields of major cerebral arteries, but also by
metabolism increasing (for example, in some areas of
the thalamus and hypothalamus) under the influence
of increased afferent impulsation (irritation of the
sciatic nerve). The ischemic lesions identified during
hypovolemia persisted after reperfusion [82]. These
results are consistent with another study in which
the cerebral blood flow (total and local) was studied
in rats on the pressure controlled blood loss model
using autoradiography. During blood pressure reduc-
ing to 40 mm Hg, the authors recorded an increase in
the spatial heterogeneity of cerebral blood flow. In
some brain structures, the local blood flow remained
at control values, while severe hypoperfusion
occurred in other structures [83]. In another study,
the authors, using the method of labeled micros-
pheres, showed no significant differences between
blood flow in different parts of the dog's brain in
hemorrhagic shock. The total cerebral blood flow
significantly decreased compared to the control at
the end of hypovolemia and the beginning of reper-
fusion, but exceeded the control values 8 hours after
reperfusion [84]. However, this study has some
methodological limitations that may explain the dif-
ference of the obtained results from the majority of
other studies.

The dilation of small cerebral arteries and arte-
rioles is the main adaptive response, which ensures
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TIPU OCTPOI KPOBOIIOTEPE 3aBUCHUT KaK OT TSKECTH
KkpoBomnorepu (00beM, ITUTEIBHOCTh THITOBOJEMUH,
peniepdy3MOHHbBIE TIOBPEXKAEHNS ), TaK U OT (DYHKITH-
OHAJIBHBIX OCOOGEHHOCTEN caMHUX OpPTraHoB. B ycioBu-
sIX Ba30KOHCTPUKIIMN aKTUBU3AINS BAa30MOIUI MO-
JKeT 06eCIeyrTh TPEPBIBUCTYIO TIeP(Y31I0 OPraHoB
HECMOTPST Ha TO, YTO CPEHUHN aMeTp apTepuoJ Oy-
JIeT 3HAUNTEJSbHO MEHBIIe [raMeTpa 3PUTPOIUTA, a
neopMUpPyeMOCTb CAaMUX 3PUTPOIIUTOB CHUIKAETCS.

Peruonapuslii KPOBOTOK H MUKPOIUPKYJISIUS
B muokapze u ITHC.

KpoBocHabskeHre MUOKap/ia U MO3Ta MpH Kpo-
BOIIOTEpe HO/IePKUBACTCS KakK 3a cUeT lepepaclipe-
JleJIeHNsT KPOBU OT JPYTHUX OPraHOB, TaK M 3a CYET
BBIPasKEHHOU CHOCOOHOCTH KOPOHAPHBIX U I1eped-
PaAJbHBIX COCY/IOB K ayTOPETYJISINN KPOBOTOKA TTPH
cHmkenun mepdysnonnoro aasiaenus [57]. Mame-
HEHUsI COCYAMCTOTO TOHyCa B 3THX OpraHax oOyc-
JIOBJIEHBI HE TOJIBKO TUITUYHBIME MeTab0JTUYECKIMU
1 MUOTeHHBIMU (pakTOpaMu (amumao3, TUTIOKCEMUS,
s dexr Beitnmca), Ho u pagom Oosee crenuduyec-
KUX MeXaHu3MoB peryisinuu. Hanmpumep, B Kopo-
napubix cocyzax AT® u weiiponenrtug Y ciysKat
KaK KOTPAaHCMUTTEPbI, Moxayaupyionime 3¢ @eKTs
cuMmaTH4Yeckoit muHepBammu [68]. B akcriepumenTe
Ha M30JUPOBAHHBIX KOPOHAPHBIX apTEPHOJIax ObLIO
MTOKA3aHO, YTO Pe3YJIBTUPYIONINHI COCYNCTHIN TOHYC
ompeiesiIeTcsl TeCHBIM B3aWMOJIEHICTBUEM 3H/IO0Te-
sust (MOTOK 3aBUCHMAs BasoAWJaTallusl) u cobeT-
BEHHO MUOTEHHBIX PEAKIIMI ITPY M3MEHEHUN JaBJie-
HUST 1 CKOPOCTU KPOBOTOKA B cocye [69].

lumokcust U MOBBINIIEHHbBIE KOHIIEHTPAITUH ajipe-
HaJIMHA B KPOBY YBEJIUYUBAIOT KOJTMUECTBO Tiephy3u-
pyeMbIX KanmisspoB B Muokapze [70]. [lannas agarn-
TUBHASI peaknus HalpaBjeHa Ha yBeJIudyeHue
IO OOMEHHOI MOBEPXHOCTH KANUJISIPOB U
yMeHbIIIeHne paccTossHus nuddysnn Kucaopoaa m3
MUKpococyioB K kierkaMm. Hecmorps na xopoiuo
PasBHUTBIE aJANTUBHbIE MEXaHU3MbI, KPOBOCHAOKE-
HUE W COKpaTtuTesbHas (GByHKIUS MUOKap/a CHUXa-
IOTCSI TIPU TSKEJION KPOBOIIOTEpe M reMopparudec-
KoM 11oKe. [Ipr aToM cHUKEeHMe TO0CTaBKY KUCJI0PO/Ia
K MUOKap/Ly He MOKeT ObITh KOMIICHCHPOBAHO YBEJIH-
yeHueM Koa(h@uIlmeHTa sKCTPaKIUU KUCIOPOoIa 13
KPOBH, M3-32 BBICOKMX 3HAYEHWI 3TOTO TIOKA3aTeJs
Jlake B HOPMaJIbHBIX ycsoBusx [71, 72].

lemopparmdeckuii MoK COMPOBOKIAAETCS UCTO-
IMeHneM dHJI0TeNN-3aBUCUMBIX MEXaHU3MOB Ba30-
JIAJIATAINA KOPOHAPHBIX COCY/IOB, B TO BpPeMsI Kak
npocraraanani F, u K™ 3aBucumble MexaHn3Mbl Ba-
30KOHCTPUKIINM HE TIPEeTeprieBaioT CYNEeCTBEHHBIX
usMenenuii [73]. B akcriepumenTanbHOl MO/EIN Te-
Mopparmdeckoro 1moka (A/l cpegnee 40 MM pT. cT.)
npumeHerre HruOuTOpoB NO-CHHTa3hl IPUBOANIIO
K MTOBBITIIEHWIO KOPOHAPHOTO W CUCTEMHOTO COCY/IVC-
TOTO COTIPOTUBJIEHMS, & TAK)Ke TTOBBIIEHUI0 KOHIIeH-
TpaIun KaTexoJaMIHOB B KPOBU. JTO COIPOBOXKIA-
JIOCh yCUJIEHUEM CTelleH! WIeMun Muokapmaa [74].

the maintenance of cerebral blood flow during perfu-
sion pressure decreasing [80]. It was shown that the
vasodilation of pial arterioles in acute blood loss
occurs in parallel with the vasodilation of arterioles
in the brain parenchyma and reflects the state of
total cerebral blood flow [85]. Therefore, pial vessels
can be used to assess microcirculation in the brain
cortex. Wan Z. et al. used OPS and SDF to study
microcirculation in the pial vessels of rats in the
model of acute fixed volume blood loss. Blood with-
draw in the amount of 35% of the CBV led to a
decrease in cardiac output and blood pressure to 60
mm Hg. Under these conditions, the perfused capil-
lary density and microvascular flow indices in pial
vessels were not different from baseline values,
whereas severe hypoperfusion developed in the buc-
cal mucosa. Based on these data the authors con-
cluded that the cerebral microcirculation was pre-
served in acute blood loss despite the alterations of
systemic hemodynamics and the hypoperfusion of
other organs [57].

Discussing the preservation of cerebral micro-
circulation during acute blood loss one should take
into account a number of factors and, mainly, the
state of cerebral autoregulation mechanisms. Both in
animals and humans, the range of change in mean BP
in which cerebral blood flow is constant, ranging
from 60 to 140 mm Hg [81, 86]. However, these lim-
its can be considerably shifted according to the age
and state of the body. Changes in hormonal status,
traumatic brain injury, stroke and brain tumors can
greatly deteriorate the autoregulation and worsen
cerebral ischemia in hemorrhagic hypotension,
which is of great clinical significance [81]. The type
of anesthesia affects the limits of cerebral autoregu-
lation. For example, inhalational agents increase the
lower limit of autoregulation up to 70 mmHg [86,
87]. In rats under chloralhydrate anesthesia, the
autoregulation threshold is about 50 mmHg [88].
Interestingly, the use of barbiturates in an experi-
mental model of acute blood loss shifted the lower
limit of autoregulation to 40 mmHg, i.e. improved
cerebral blood flow resistance to hypotension [89].
In addition, it is necessary to take into account indi-
vidual and typological features of the body's reac-
tions to the blood loss and reinfusion [21].

As discussed above, it is not known exactly
which of the mechanisms of cerebrovascular tone
regulation is crucial in maintaining cerebral blood
flow, in particular during the development of hem-
orrhagic hypotension. Some authors believe that
the intrinsic myogenic response plays a leading
role in this process due to the myocytes aimed to
maintain the constancy of vascular wall tension
during blood pressure changing [88]. The myo-
genic response is caused by Ca2*-dependent mech-
anisms of vascular wall myocytes contraction [90].
In other studies the important role of NO home-
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Psin axcniepuMeHTaTbHBIX UCCTIE/IOBAHNIT YKa3bIBAET
Ha cHKeHHue GasajbHOro yposHst NO B opraHusme
y;Ke B paHHUE CPOKHU Pa3BUTHS TSIKETION KPOBOIIOTE-
pu. Ix3orennple ucrouHuku NO B 9TUX YCIOBUIX
CIIOCOOCTBOBAJIM  YJIYUIIEHUI0 (DYHKIIMK Cepiia u
noJiiepKanuio mepdysun Ipyrux opratos |75, 76].

Horton J. W. ¢ coaBt. nay4anu pacripesesieHue
KOPOHApHOTO KPOBOTOKA U MIIIEeMUYECKHUE TTOBPEK/Ie-
HUSI MUOKap/a IIPU TeMOPParn4ecKoM IIOKe Y COOaK.
B 1CXOMHOM COCTOSIHUM KPOBOCHAGKeHME CyOaH/I0-
KapMaJbHbIX OTJEJOB OBLIO JIydllle SIUKapIralib-
HBIX, a TAKXKe OTMEYAJIach TeTePOTeHHOCTD Tiephy3nn
CTEHOK JIEBOTO KeJIy/I0uKa. B panHeMm mepuojie Kpo-
BOTIOTEPU T'eTEPOTEHHOCTH Tepdy3nr MUOKapia co-
xpafstach. OnHaKo, gepe3 2 gaca TSKeJIol reMoppa-
rudeckoii runotensun (A/l cpenrnee 30 MM pT. CT.)
pasBUBAJIACH TOTAJIbHAs TUTIONEPhY3UsT MHUOKap/a.
ITpu aTOM HIIEMITYECKHE MOBPEKACHNS B HAOOIb-
el crereHn GbLIM BBIPAKEHBI B CYyOIHIOKAPINIIb-
HBIX oTnesax Muokapzaa [77]. CTeHo3 KOpOHApHBIX
aprepuil ycyryOJisieT BO3HUKAIOIIIeE [IPU TeMOppark-
YeCKOM IIOKe HapyIIeHUsT PETHOHATIBHOTO pacipejie-
JIEHUsI KPOBOTOKA B MUoOKape [78].

lTumontepdy3us muokapia mpu remopparmndec-
KOM IIIOKE BbI3bIBaeT rpyObie MeTabonvyecKrie Ha-
PYIIEHUs, MTOBbIIIEHNE CLIBOPOTOYHOM KOHIIEHTPA-
nnn  Kapauocnernududeckux  GepMeHTOB U
COKpATUTEIbHYTO AUC(HYHKITNIO, KOTOPBIE MOTYT CO-
XPaHATBCS U MPOTPECCUPOBATH B MOCTPEAHUMAIIH-
OHHOM Tiepuoze [79].

KpoBocHabskeHre TOJIOBHOTO MO3Ta PEryJiupy-
€TCsl IPEUMYIIECTBEHHO MECTHBIMI METa00INMIeCKI-
Mu 1 MuoreHHbIMU Mexanuamamu [80, 81]. Oxnako,
HE COBCEM SICHO, KAaKOBA OTHOCUTEJIbHAS POJIb ITUX
KOMIIOHEHTOB B ayTOPETYJISIIUA MO3TOBOTO KPOBOTO-
Ka B HOPMAJIbHBIX W TATOJOTUYECKUX yCJIOBUSX. To-
HyC 1[epeOpaibHBIX COCY/IOB B 3HAYNUTEIBHON CTere-
uu 3aBucut ot pCO, u pH sukBopa U, B MeHbIIEH
crenent, ot pO,. Kpome Toro, riepebpajibHbie COCY bl
MOJIyJaroT KaK CUMIATHYECKYIO COCYIOCYKUBATO-
NIyI0, TAK U MapacUMIATHUECKYI0 COCYI0PACITUPSIO-
NIyI0 WHHEPBAIIMIO, HO B HOPME MO3TOBOI KPOBOTOK
MEHSIETCST OueHb €1abo 10/ ACHCTBIEM 9THX (haKTO-
poB [37]. CpenHsist cKOpocTh MO3TOBOTO KPOBOTOKA Y
YyesoBeKa cocTaBsteT nmpumepHo 750 mu/mMuH (13%
OT CEPAEYHOro BHIOPOCA) M OTJMYAETCS MOCTOSTHCT-
BOM, ITOCKOJIbKY B TI€JIOM MO3T€ CYIIECTBYET MOYTH
TMOCTOSTHHO BBLICOKHUIT YPOBEHb MeTabOIMIeCKON aK-
TuBHOCTH. OIHAKO, AKTUBHOCTH OIPEEJICHHBIX OT/Ie-
JIOB MO3Ta U3MEHSIETCSI BO BPEMEHU, BCJIEJICTBUE YETO
KPOBOTOK B HUX TaKJKE M3MEHSIETCsI, [IPU 9TOM 00N
MO3TOBOI KPOBOTOK MEHSIETCSI He3HAUNTebHO [39].

IKcrepuMenTaibble ucciaegoBanus Kovach
A. G. mokazanu, 4To B yCJOBUSIX JIJTUTETbHOTO THIIO-
BOJIEMUYECKOTO ITOKA B TOJIOBHOM MO3T€ MOSIBJISIOT-
CsT OTPaHWUYEHHbBIE YIACTKY UiieMuH. VIX permoHasb-
HOE PACIOJIOKEHNWE OIPEEeNSIOCh He CTOJbKO
HaJIMYMeM [OTPAHMYHBIX 30H KPOBOCHAOKEHUS

ostasis disorders (endothelium-dependent mecha-
nisms) has been demonstrated in the deterioration
of cerebral autoregulation. For example, NO syn-
thesis inhibition in rat cerebral cortex was accom-
panied by increasing the lower limit of the autoreg-
ulation to 90 mm Hg [87]. On the other hand, an
excessive increase in the concentration of NO in
the brain compared to the basal level also worsened
cerebral blood flow autoregulation during inhala-
tional anesthesia with sevoflurane [86].
Sympathetic denervation of a carotid artery signif-
icantly reduced perfusion of the cerebral cortex in
acute blood loss as compared to the intact animals
in the experiment [91]. Presumably, as in the coro-
nary arteries, the adaptive capacity of cerebral ves-
sels during blood loss and shock are determined by
a complex integration of multiple regulatory fac-
tors of vascular tone.

Time is another important factor determining
organ blood flow and the outcome of acute blood
loss. In the model of pressure controlled blood loss
(blood pressure 40 mm Hg) reduction in cerebral
perfusion was noted only after 90 minutes of hemor-
rhagic hypotension and was been associated with
increased plasma and tissue concentration of
endothelin-1 [92]. On the other hand, 30 minutes
uncontrolled hemorrhage (liver injury) was accom-
panied by a decrease in brain tissue pO, in the exper-
iment. In the group of animals, in which the infusion
of vasopressors could rapidly increase cerebral perfu-
sion pressure and oxygenation, there was a signifi-
cant reduction in mortality [93].

In the experiment, brain oxygenation (tSO,)
was evaluated during progressive bleeding using
NIRS. tSO, index began to decline at the average
blood pressure level of about 78 mm Hg, i.e. at the
blood pressure greater than the expected limit of
blood flow autoregulation. Reducing the tSO,
delayed by a few minutes relative to the reduction of
blood pressure and mixed venous oxygen saturation,
though the tSO, well correlated with these parame-
ters [94]. Using a multimodal optical imaging of the
brain in the experiment showed that the 4-hour hem-
orrhagic shock caused not only a reduction in cere-
bral perfusion but also mitochondrial dysfunction. In
the same study, after blood reinfusion there was
delayed cerebral hypoperfusion [95].

Vasomotion and fluxmotion are presented in
the brain, as in most other vascular beds. The pattern
of vasomotion and fluxmotion changes with the
development of acute blood loss [21, 96]. Blood pres-
sure and metabolic status are the key factors influ-
encing the frequency and amplitude of fluxmotion in
the brain. In one of the earliest experimental studies
on the topic, the dependence of the local cerebral
blood flow and fluxmotion from changes in systemic
blood pressure and arterial blood pCO, was studied
using the LDFE The cerebral blood flow started to
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Mesky OacceilHaMU OCHOBHBIX IlepeOpasibHBIX apTe-
PHii, CKOJIBKO YCHJIEHHEM MeTabO0IMIeCKUX MPOIiec-
coB (Hampumep, B psizie objacteil TajaMyca W THITO-
TaJaMmyca) Mo/l  BJUSHUEM  TIOBBIIIEHHOM
addepentrolt mMmyabcaun (pasapaxkeHue ceja-
JIUIITHOTO HepBa). BhIsiBieHHbIE B TIEPUO/I TUTIOBOJIE-
MUU UIIEeMUYECKUEe 04arh MEePCUCTUPOBAIN U B pe-
nepdysnorHom Tnepuoge [82]. IDTu maHHBIE
COTJIACYIOTCS € Pe3yJibTaTaMu JPYToro HCCJeoBa-
HUSA, B KOTOPOM MO3TOBOI KPOBOTOK (00LIMiI 1 JI0-
KaJIbHBIN ) M3ydasicsi METOJIOM ayTopaauorpaduu Ha
MO/JIEJT KOHTPOJIUPYEMOIA 110 JIABJICHUIO KPOBOTIOTE-
pu y xpsoic. [To mepe camzxenus cpegnero A/l 1o 40
MM PT. CT. aBTOPBI PETHCTPUPOBAIN YCUIIEHUE CTeTie-
HU TIPOCTPAHCTBEHHON TETEPOTEHHOCTH MO3TOBOTO
KPOBOTOKA: B OJTHUX CTPYKTYPax MO3Ta JIOKAJbHBI
KPOBOTOK OCTaBAJICS HA YPOBHE KOHTPOJHHBIX 3Ha-
YEeHWH, B TO BpeMS KaK B JI[PYTUX CTPYKTypax oTMeya-
Jlach BbIpaskeHHast rurnonepdysus [83]. Eme B on-
HOM WCCJIEJIOBAHUM aBTOPBI, HUCIOJb3ys METO]
MEYEHHBIX MUKpOcdep, He BBISIBUIN 3HAYUMBIX Pa3-
JIMIUH MEKYy KPOBOTOKOM B Pa3HBIX OT/IEJIaX MO3Ta
cobaku mpu reMopparuyeckom moke. OOIuii Mo3ro-
BOIl KPOBOTOK CYIIECTBEHHO CHIKAJICS TIO CpaBHe-
HUIO C KOHTPOJIEM B KOHIIE TIEPUO/IA TUTIOBOJIEMUH 1
B Hauaje perepdysn, HO MPEBBIIAT KOHTPOJbHbIE
3HaueHusT yepe3 8 vacoB mocie pernepdysun [84].
OpHaxo, maHHast paboTa MMeeT Psiji METOAUYECKIX
OrpaHUYEHMIA, YTO, BO3MOKHO, OOBSICHSIET OTINYKE
[OJIyYEHHBIX B HEH PEe3yJbraToB OT OOJIBIIMHCTBA
IPYTux paor.

Pacrpenne MeKux apTepuil U apTepruos Mo3ra
SIBJISIETCSI TJIABHOW aJIalTMBHO peakifueii, obecreun-
Balollell MoJIepsKaHie MO3TOBOTO KPOBOTOKA IIPH
cHmxennn niepdysnornoro nasienns [80]. Bouto mo-
Ka3aHO, YTO Ba30/IUJIATAIINS MUATTBHBIX aPTEPHUOJT TIPH
OCTPOIT KPOBOIIOTEPE TIPOUCXOIUT TTAPAJIIEBHO C Ba-
30/IUJIaTaIell apTeProJI TAaPEHXMMbI MO3Ta U OTPasKa-
€T COCTOsTHHUE OOIIEero MO3roBoro kposoroka [85]. TTo-
ATOMY MTUAIBHBIE COCYIBI MOTYT MCIIOJB30BATHCS JIJIST
OIIEHKN MUKPOIUPKYJISIUN B KOPE TOJIOBHOTO MO3Ta.
Wan Z. ¢ coaBT. HCHOJH30BATA BUIECOMIUKPOCKOITHIO
(OPS u SDF) mia nsyueHns: MUKPOIUPKYJISAIUN B
MTUATBHBIX COCY/IaX KPBICHI HA MOJIEJIN OCTPOI (PUKCH-
POBaHHOHU 1O 0GBEMY KPOBOIOTEPH. 3a60P KPOBU B
obwbeMe 35% ot OITK npuBoANI K CHUKEHNIO ceped-
Horo BoiGpoca u cpeanero AJl 1o 60 Mmm pr. cr. B atx
YCJIOBUSIX TWIOTHOCTD TIepy3UPYEMbIX KaMJLISIPOB 1
WH/IEKCBI MUKPOKPOBOTOKA B MUAJBHBIX COCY/laX He
OTJIMYAJIACH OT UCXOHBIX 3HAYEHNUT, B TO BPEMSI KaK B
CJTUBUCTOI 000JIOUKE IEKU Pa3sBUBAJIACH BHIPAKEHHAS
runoriepdysus. Ha ocHOBaHUY MTOJTYYeHHBIX JAHHBIX
ABTOPBI C/IETAIN 3aKII0UYEHIE, YTO TIPU OCTPOU KPOBO-
rorepe MUKPOIMPKYJISIIAS B MO3Te COXPaHSIeTCs, He-
CMOTPSI Ha HAPYIIEHUS] CHCTEMHON TeMOJNHAMUKY W
runonepdysuio IPyrux opraos [57].

ToBopst 0 COXPaAaHHOCTU MUKPOITUPKYJISITUU B
MO3T€e TIPU OCTPOI KPOBOTIOTEPE, CIIEYET YUUTHIBATD

decrease with blood pressure reducing below 50—60
mmHg (i.e., the lower limit of the autoregulation). It
was shown that on the background of progressive
hemorrhagic hypotension fluxmotion frequency
decreased, while its amplitude showed a reversed U-
shaped curve with a peak at 60—80 mm Hg.
Hypercapnia reduced and hypocapnia increased
fluxmotion amplitude [97]. Subsequently, the same
authors showed that NO-synthase blockade led to a
reduction in fluxmotion frequency and an increase in
fluxmotion amplitude in the brain whereas the sym-
pathetic and parasympathetic denervation did not
influence significantly on them [91, 98].

However, the investigation of cerebral blood
flow using LDF and wavelet analysis showed that
hemorrhagic hypotension was accompanied by an
increase in fluxmotion amplitude primarily in neu-
rogenic frequency range [21, 99]. Noteworthy that
increasing of fluxmotion amplitude at an early
stage of acute blood loss was associated with the
ability of a group of animals to maintain higher
levels of blood pressure within the followed 60
minutes of hemorrhagic hypotension. These blood
pressure «compensated» animals are also better
tolerated the recovery period (after blood reinfu-
sion) in comparison with «decompensated» ani-
mals [21]. The same group of authors, but using
the model of acute fixed volume blood loss (30% of
CBV) investigated the effect of perftoran adminis-
tration at a dose of 3 ml/kg on the dynamics of
microcirculation in the pial vessels. Compared
with saline, perftoran administration at the 10th
minute of hypovolemia led to a decrease in flux-
motion amplitude in the neurogenic range.
Further, between the groups there were no signifi-
cant differences in the level of blood pressure or
local cerebral blood flow values. It was concluded
that perftoran led to a decrease in stress activation
of compensatory mechanisms in the regulation of
cerebral blood flow during hypovolemia [99]. It
should be noted that in another independent
study, hemorrhagic hypotension was accompanied
by increasing of fluxmotion amplitude not only in
the neurogenic range but also in the endothelial
one. Moreover, while decreasing blood pressure
below the limit of autoregulation an increase in
fluxmotion amplitude in the myogenic range was
noted as well [96].

At the end of this section, the results of compar-
ative studies of organ blood flow during acute blood
loss are presented. Considering the brain and heart
belong to one group of organs with similar functional
characteristics of blood supply, it was expected that in
the experiment similar dynamics of blood flow reduc-
tion was observed in this organs during decompensat-
ed hemorrhagic shock [92]. Wan J. J. et al. observed a
simultaneous decrease in perfusion and oxygenation
in the brain and skeletal muscles during haemorrhage.
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PSI 0OCTOSATENBCTB U, TIPEKIIE BCETO, COCTOSTHITE Me-
XaHNU3MOB ayTOPETYJSAINN MO3TOBOTO KPOBOTOKA.
Kak y *KMBOTHBIX, TaK 1 y 4eJI0BeKa, ANAMA30H N3Me-
HeHn# cpeHero A/l, Tpr KOTOPOM MO3TOBOI KPOBOTOK
OCTaeTCs MMOCTOSTHHBIM, cocTaBsteT oT 60 1o 140 MM pT.
ct. [81, 86]. OnHaxo 9Ty rpaHulibl MOTYT CYIIIECTBEH-
HO C/IBUTAThCST B 3aBICUMOCTH OT BO3PacTa U COCTO-
SHUS opraHmaMa. VI3MeHeHWsI TOPMOHAJIBHOTO CTa-
Tyca, 4YepermHO-MO3TOBas TpaBMa, WHCYJIBT W
obbeMHble 00pa30BaHKs IOJOBHOTO MO3ra MOTYT B
3HAYUTETHHON CTENEHU HAPYIIUThH ayTOPETYJISIIIIO
U yCcyryOuTh WIEMHUI0 MO3Ta TIPH TeMOPParnv4ecKoi
TUTIOTEH3WH, YTO UMeET HOJBIIOE KIMHIIECKOE 3HA-
yenue [81]. Bux anecreauu oxaszblBaeT BAMSAHUE Ha
TPaHMIIBI Ay TOPETYJIAIIII MO3TOBOTO KPOBOTOKA. Tak
WHTJISITUOHHbIE AHECTETHKU TIOBBIIAIOT HUKHIOIO
rpanuily ayroperyJssiuu 10 70 mm pt. ct. [86, 87]. Y
KPBIC MDY WCHOJIB30BAHNN XJIOPAITHIPATHOTO HAp-
KO3 II0POT ay TOPETYJISIIIUU COCTABJISIET OKOJIO0 50 MM
pT. cT. [88]. MluTepecHo OTMETUTD, YTO UCIIOJIb30BaA-
Hre 6apOUTYypPaTOB B IKCIEPUMEHTATHHON MOJEIH
OCTPOIl KPOBOTIOTEPH CMEINAT0 HIKHIOW TPAHUILY
aytoperyssaiuu 10 40 MM PT. CT., T.e. OBBINIAJIO yC-
TOWYMBOCTh MO3TOBOTO KPOBOTOKA K TUIIOTEH3WH
[89]. Kpome TOr0, HEOOGXOAUMO YUUTHIBATH WH/B-
NIyaTbHO-TUTIOJOTHYECKIE OCOOEHHOCTH PeaKnit
opraHmsMa Ha KPOBOTIOTepio U penHpy3mio [21].

Kak yske 06cyKIamoch BbIllle, TOYHO He U3BECT-
HO, KaKOW U3 MEXaHW3MOB PETYJLSIIINHT TOHyca 1eped-
PAJBHBIX COCY/IOB SIBJISIETCS KITIOUEBBIM B TOZIEPsKa-
HAU MO3TOBOTO KPOBOTOKA, B YAaCTHOCTH WpH
Pa3BUTUU TeMOPParudeckoii rumnoreHsnn. Hekotopoie
ABTOPbBI CYUTAIOT, YTO COOCTBEHHO MUOTEHHbBIE PeaK-
IIUH UTPAIOT BEAYIILYIO POJIb B 3TOM IIpOIiecce 3a CUeT
CTPEMJIEHUST MUOIIUTOB COXPAHUTH TTOCTOSTHCTBO Ha-
TSDKEHUST COCY/IUCTON CTEHKU B YCIOBHSIX MEHSIOINE-
rocst Al cpennero [88]. B ocHOBe Taknx MUOTEHHBIX
peaknuii nesxat Ca2* 3aBUCHMbIE MEXaHU3MbI COKPa-
nienus MuonuToB cocyauctoit crenku [90]. B xpyrux
paboTax ObITa MPOAEMOHCTPUPOBAHA BAsKHASI POJIH
Hapymieanit romeoctaza NO (9H10TENNH 3aBUCUMBbIE
MeXaHW3Mbl) B YXY/IIIEHIH ayTOPETYJISIINNA MO3TOBO-
ro kpoBoToKa. Tak, marn6uposanue cuareza NO B Ko-
pe TOJIOBHOTO MO3Ta KPBIC COITPOBOKIAIOCH TIOBBIITIE-
HUEM HUKHEN TPaHUIIBI ayToperyJisiinm 10 90 MM pr.
ct. [87]. C npyroii cTOPOHBI, Ype3MepHOe MTOBBITIIeHIe
komrenTpar NO B MO3Te OTHOCHTETBHO Ha3aIbHO-
TO YPOBHS TaK’Ke YXYAIIAT0 ayTOPEryJISINi0 MO3TO-
BOTO KPOBOTOKA IIPY MHTAJAIMOHHON aHeCTe3N! ce-
Borypanom [86]. Cummarwdeckas JeHepBaIlus
OJTHOU M3 COHHBIX apTepuil B AKCIIEPUMEHTE CYIIeCT-
BEHHO CHIDKala IMepdy3nio KOPBI TOJOBHOTO MO3Ta
IIPY OCTPOIT KPOBOTIOTEPE TI0 CPABHEHHIO C MHTAKTHBI-
mu sxuBoTHbIMU [91]. ITo-BuauMoMmy, Takke Kak U B
KOPOHAPHOM pycJie, a/lallTHBHBIE BO3MOKHOCTH Tiepe-
GpaTBHBIX COCYIOB ITPH KPOBOTIOTEPE U TIOKE OTPeIe-
JITIOTCST CJIOKHON WHTerpalneil HeCKOJIBKIUX (haKTo-
POB PETYJISIINN COCYANCTOTO TOHYCA.

However, the infusion of vasopressors under these
conditions improved the blood supply to the brain,
but reduced muscle blood flow [100].

Pulmonary blood flow and microcirculation.

Changes in blood flow and microcirculation in
the lungs during acute hemorrhage deserve special
consideration because the pulmonary circulation has
a number of significant features [101]:

1. The whole cardiac output of the right ven-
tricle is pumped through the pulmonary vasculature,
and the nourishment of pulmonary tissue itself is
performed through the bronchial vessels from sys-
temic circulation.

2. Pulmonary circulation compared with the
systemic one is a low pressure system with little
resistance to the blood flow.

3. Arteries and arterioles are thin-walled and
elastic; their smooth muscles are poorly developed
and richly innervated by the adrenergic vasocon-
strictor fibers.

4. Pulmonary arteries and veins have virtually
no collaterals.

5. Due to the high extensibility of pulmonary
vessels, hydrostatic factors (body position, airway
pressure, and others) greatly affect the regional dif-
ferences in lung perfusion.

6. Increased heterogeneity of pulmonary ven-
tilation and perfusion in a number of pathological
conditions can significantly impair pulmonary gas
exchange, primarily in the form of hypoxemia.

7. Capillary pressure increase (in acute left
ventricular failure), or alveolar-capillary membrane
damage can disrupt the balance of Starling forces and
lead to severe pulmonary edema.

In addition to the physical and structural fea-
tures of the pulmonary circulation, pulmonary ves-
sels have a unique response to local metabolic and
humoral factors circulating in the blood. A typical
example is the hypoxic vasoconstriction of pul-
monary arterioles with a decrease in alveolar pO,
(Euler-Liljestrand mechanism). This reaction is
aimed at restoring ventilation/perfusion ratio in
lungs, for example, in bronchial obstruction. This
reduces the severity of hypoxia. Hypovolaemia in
acute blood loss leads not only to the active con-
striction of pulmonary arterioles, but also to the
passive elastic recoil of the veins due to reducing of
hydrostatic pressure. As a result, the blood mobi-
lized from the pulmonary circulation, serves as a
reserve to fill the left heart [101]. The blood supply
to lung tissue by the bronchial vessels is also
reduced, that allows to consider lung as an organ,
«sacrificed» in conditions of the centralization of
circulation [102].

Lungs act as a filter for toxic metabolites, and
inflammatory mediators released by cells during
hemorrhagic shock, and also for the bacteria and
their toxins during the translocation of intestinal
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Bpewmst — npyroii BaskHbIH (hakTOp, ONIpeessio-
MW COCTOSTHIE OPTaHHOTO KPOBOTOKA M, B IIEJIOM,
HCXOJI OCTPOIi KpoBOTIOTEpHU. Tak, B MO/I€/ TN KOHTPO-
JupyeMoii o fnasieHnio kposornotepu (Al cpemnee
40 MM pT. cT.) cHUXKeHMe Tepdy3un Mo3ra OTMeva-
JIoch TOJbKO depe3 90 MUHYT reMOpparnieckoil ru-
MOTEH3UN 1 OBLIO ACCOIMUPOBAHO C IOBBIIIEHHEM
MJIA3MEHHOM W TKAaHEBOI KOHIIEHTPAITMH SH/IOTEJTH-
na-1[92]. C ngpyroii cTOpoHbl, HEKOHTPOJIUpYeMas B
tTeyerre 30 MUHYT KpoBomoTeps (TpaBMa TeueHn) B
9KCIepUMeHTe COTPOBOKIANAch cHIDKeHneM pO, B
TKaHW MO3Ta. B TpyIiTie JKUBOTHBIX, KOTOPBIM C TTIOMO-
b0 UHQY3UKU Ba3OMPECCOPOB YAABAIOCh OBICTPO
VBEJUUUTD Tiepebpaibioe mepdysnoHHOE JaBJIeHIe
U OKCHUTEHAIIWIO, OTMEeYaIOCh 3HAUNTEThHOE CHUXKE-
Hue jeTaigbHOCTH [93].

C nomomipio NIRS B akcnepnmenTe oreHnBa-
Jach okcureHarus mosra (tSO,) B xoze mporpeccu-
pytomiero kpoBotedenusi. [Tokazarens tSO, HaumHan
CHIZKATBhCS TIpu ypoBHe cpennero A/l okono 78 mMm
pT. cT., T.e. ipu A/l, IpeBbITIafonieM OXuaeMblii 10-
por ayroperyJssanuu kposoroka. Cumxenue tSO, 3a-
Ta3/[bIBAJIO HA HECKOJIBKO MUHYT OTHOCUTEJILHO CHHU-
skenug cpeanero AJl M caTypauuu cMellaHHON
BEHO3HOI KPOBHM, XOTSI M XOPOIIO KOPPEIHPOBAJIO C
9TUMMU 1ToKazaresamu [94]. Mcnonb3oBanue MyJIbTH-
MOJIATBHOM ONITUYECKOM BU3yaIU3aIli MO3Ta B 9KC-
MEePUMEHTE TIOKA3aJI0, YTO 4-X YaCOBOM reMopparmye-
CKWUIT TIOK BBI3BIBAJI HE TOJBKO CHIKEHUE Tiepdy3nn
MO3Ta, HO U AUC(hYHKITNI0 MUTOXOHIpUH. B aTom ke
WCCJIEIOBAHUY TIOCTIEe PenH(Y3UU KPOBU OTMEYAIAChH
orcpodenHas runonepdysust moara [95].

B Mosre, Kak ¥ B GOJIBITIMHCTBE APYTUX COCYAU-
cThIX OGacceflHaX, MpeACTaBJEHbl Ba3sOMOLMH U
(hmakemonmu, xapakTep KOTOPBIX MEHSeTCs TIpH
pazButuu octpoil kKposomnorepu [21, 96]. Yposenn
AJl 1 MeTaGoJIMYECKHIi cTaryc — KJIo4YeBbie (haKkTo-
PbI, BJIUSIONIAE HA aMIJIUTYHO-9aCTOTHBIE XapakK-
TEPUCTUKU (hJIaKCMOIUii B Mo3Te. B oHOIT U3 mnep-
BBIX DKCIEPUMEHTAJIbHBIX PadOT MO 3TOH TeMe ¢
momotipio JI/IM m3yyanmach 3aBUCUMOCTD JIOKAJIb-
HOTO MO3TOBOTO KPOBOTOKA 1 (hJIAKCMOITHIT OT M3Me-
neauit cuctemaoro A/l u pCO, B aprepmaiabHOUI
KpoBU. MO3TOBOU KPOBOTOK HAUMHAJ CHUKATHCS
npu cavskernn cpeanero A/l aiske 50—60 MM pT. cT.
(T.e., HLJKHETO TIOpOTa ayToperyssiuu). berto mo-
Ka3aHo, 4To Ha (hOHE TTPOTPECCUpyIoTIeli reMoppari-
YECKOUW TUIMOTEH3UN 4YacToTa (DIAKCMOIUI CHUXKA-
Jlach, a rpauk M3MEHEHUS WX aMILIUTYIbl UMeJ
[T-o6pasuyio $HopMy ¢ TTHKOM Ha YPOBHE CPETHETO
AJl 60—80 MM pr. cr. [mnepkanuns ymeHsbInamia, a
TUTIOKATTHUS YBEJUINBAJIA aMILJIUTY Y (DITaKCMOIINIA
[97]. B nanbmeiitmem TeMu e aBTOpaMU OBLIO TTOKa-
3aHo, uTo Ostokaza NO-CHHTa3bl MIPUBOAUIA K CHIU-
JKEHUIO YACTOTHI M MOBBITIIEHUIO aMILIATYIbI (hJiakc-
MOTIMI B MO3Te, B TO BPeMs KaK CUMIIATHUYeCKast U
mapacuMIaTndeckas JeHepBalis He OKa3blBasia Ha
HUX cylnecTBeHHOro BiustHusA [91, 98].

microflora into the bloodstream. Blood loss as an
indirect aggressive factor leads to lung damage
and, in particular, structures of the air-blood barri-
er (the endothelium, alveolar epithelium and their
basal membranes). In turn, the alteration of cellu-
lar and extracellular structures is accompanied by
increased vascular permeability of hemomicrocir-
culatory bed that leads to the development of non-
cardiogenic pulmonary edema (interstitial, alveo-
lar), which is a central element in the pathogenesis
of acute respiratory distress syndrome (ARDS)
[103]. ARDS develops, usually on the 1—3 days
after severe trauma and may require prolonged res-
piratory support in these patients [104]. One of the
factors of lung injury during blood loss is a distur-
bance of blood flow distribution at the level of the
of alveoli microvasculature [105].

In experiments on rats, the morphological
changes of pulmonary arteries were studied in the
long-term posthemorrhagic period. The authors
observed significant morphological changes compara-
ble to the age-related changes of vessels in old age rats.
This effect was manifested primarily in the reorganiza-
tion of connective tissue component of vascular wall
(increased amount of collagen fibers, destruction and
deformation of the elastic membranes in media) and by
the changes in morphometric parameters of the vessels
at all levels investigated. The intraorganic arteries
were characterized by a decrease in throughput [106].

Conclusion

Current approaches to the investigation of
microcirculation include intravital video microscopy
modifications, a number of methods based on the
laser technologies and the methods for assessing tis-
sue oxygenation and metabolic status. A relatively
new approach is using mathematical analysis of oscil-
lations in microcirculation (fluxmotion) to evaluate
the regulatory mechanisms of microcirculation.
Changes in regional blood flow and microcirculation
diring acute blood loss in a particular organ are
largely determined by structural and functional fea-
tures of organ's blood supply, as well as by the role of
the organ in the pathogenesis of acute blood loss. In
particular, the two groups of organs can be distin-
guished conditionally, depending on the direction of
blood flow changes in them during centralization of
circulation. These are «vital> and <«sacrificed»
organs. Changes in regional blood flow and microcir-
culation may have both adaptive and pathological
significance depending on the stage and severity of
the pathological process.
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O/HaKO WCCTe0OBAHISI MO3TOBOTO KPOBOTOKA C
nomortpio JIIM u BeiiBier-aHain3a IIOKa3ajl, YyToO
reMopparnveckasi THIOTEH3UsI COTPOBOKIAETCS yBe-
JINYEHUEM aMILTUTY/IbI (DJIAKCMOITUH, TTPEKe BCETO,
HeliporenHoro jauanasona [21, 99]. [Ipumeuarensro,
YTO CTETIeHDb TMOBBIEHNS aMILUIUTYIbl TaKuX (Jiakc-
MoTIH (y>Ke Ha HauaJbHOM 3Tarie OCTPOH KPOBOTIOTe-
pu) Obliia CONMpsZKEHa CO CIIOCOOHOCTBIO TPYIIITbL JKH-
BOTHBIX B janbHelimeM (B Teduernne 60 wMuH
reMOpParnvecKoil TUIOTEH3N ) MOAIEPKUBATD GoJiee
BBICOKHIT ypoBeHb A/l cpesHero. i ke «KOMIEeHCH-
poBaHHbBIe» 10 YPOBHIO A/l cpesiHero KUBOTHbBIE JIyd-
11e TIePEeHOCUJIN ¥ BOCCTAHOBUTEJbHBIN TIepuoj (T1o-
cie peundy3un KpPOBM) 10 CPaBHEHUIO C
<«[IeKOMIIeHCUPOBaHHbIMU» skuBOTHBIMU [21]. Toil ke
TPYTIION aBTOPOB, HO HA MOJIEIN OCTPOH, (PUKCHPO-
BaHHOI 110 06beMmy, kposomorepr (30% ot OIIK) uc-
CJIEZIOBATIOCH BIMsTHIE MH(Y3UH TiepdTopana B 103€ 3
MJI/KT Ha TMHAMUKY MUKPOITUPKYJISIINN B TTHAIBbHBIX
cocynax. ITo cpashenuto ¢ pacrsopom NaCl 0,9% mep-
(¢ropan, BBenennubii Ha 10-11 MUHYTE TUTIOBOJIEMUH,
MPUBOJWJI K CHIZKEHUIO aMIITUTYIBI (HJIaKCMOIIMIA
HEHPOTeHHOTo Ainana3zona. Mexy rpynmnamMu B J1ajib-
HellleM He HAOJIIOIAI0Ch CYIIECTBEHHBIX PasInInil
o ypoBHIO A/l cpemHero m BesnYMHE JOKAJIBHOTO
MO3TOBOTO KPOBOTOKA. BT clieial BBIBOJI, UTO Tiepd-
TOPaH MPUBOMJI K CHIKEHUIO HANTPSDKEHUS] KOMITEH-
CaTOPHBIX MEXaHU3MOB B PETYJISIIUN MO3TOBOTO KPO-
BoTOKa BO Bpemsa rtunoBosemun [99]. Cremyer
OTMETHTD, YTO B IPYTOM HE3aBUCUMOM UCCJIEI0OBAHUN
reMopparnieckasi TUIIOTEH3UsT COMTPOBOXK/IATACH YBe-
JINYEHNEM aMILTUTYbI (DIakCMOIUii He TOJIbKO HEl-
POTEHHOTO, HO U 9HJIOTEJINATIBHOTO inana3ona. boiee
Toro, pn cHIKeHnu A/l cpesHero HIKe Topora ayTo-
PETrYJISIIT OTMEYATIOCHh TAKKE YBETIMUEHUE aMILTATY-
bl (hTakCMOIIE MUOTEHHOTO Ainarna3oHa [96].

B zakurioueHny aHHOTO pasiesia MPUBEIEM pe-
3YJIBTaThl CPABHUTETBHBIX MCCJEOBAHUI OPraHHOTO
KPOBOTOKA TIPH OCTPOH KPOBOTIOTEPE. YUUTHIBAS TTPH-
HA/IJIEXKHOCTD MO3Ta U Cep/Ilia K OIHOM IPyTITie OPraHOB
M0 (DYHKIMOHATBHBIM OCOOEHHOCTSIM KPOBOCHAOKE-
HIIsI, BITOJIHE OJKUIAEMO, UTO B KCIIEPUMEHTE HAOJIIO-
JIaJIach CXOJKasl IMHAMIKA CHUKEHUST KPOBOTOKA B HUX
TIpU ZIEKOMIIEHCAINN TeMOpparnyeckoro Immoka [92].
Wan JJ ¢ coaBr. mpu KpoBomoTepe HabJIo[all OIHO-
BpPEMEHHOe CHIKeHue Tiepdy3un U OKCUTEHAIUH B
CKeJIETHBIX MbIIIIax 1 Mo3re. OHako nHMY3Us Ba3o-
[IPECCOPOB B 3TUX YCJIOBUSAX YJIydIliaga KpOBOCHAOKe-
HUe MO3Ta, HO CHIKaJla MbITIeuHbI KpoBoTok [100].

Peruonapuslii KPOBOTOK H MUKPOIUPKYJISIIUS
B JIETKUX.

M3MeHeHsT KpOBOTOKA U MUKPOIMPKYJISIINN B
JIETKUX TIPU OCTPOI KPOBOIOTEPE 3aCTYKUBAIOT OT-
JIETBHOTO PACCMOTPEHUs, TIOCKOJBKY MAaJIbIH KPYT
KPOBOOOPAIIECHUST UMEET Psifl CYLIECTBEHHBIX 0CO-
6ennocreii [101]:

1. Bech cepeuHbiil BBIOPOC U3 TIPABOTO KETY-
JI0YKa cep/iila HaTHETAeTCs Yepe3 COCYIUCTYIO CEeTh

JIETKUX, TPU HTOM TTUTAHWE CaMOW JIETOYHON TKaHU
OCYIIECTBJISIETCS OPOHXMAJIBHBIMU COCYAAMU OOJIb-
IIOTO KPyTra KPOBOOOPAIIEHHS.

2. Masbiii Kpyr KpoBoOOpallleH sl 10 CpaBHe-
HUIO ¢ OOJIBIINM SIBJISIETCSI CUCTEMOW HUBKOTO JIaBJie-
HUSI C HE3HAYUTEIbHBIM COITPOTUBJICHHEM KPOBOTOKY.

3. ApTepum u apTepUOJBI JETKUX TOHKOCTEH-
HBI U 9JIACTUYHBI; UX TJIAJKOMBIIIEYHbBIE AJIEMEHTBI
PasBUTHI €1ab0 U OOUIBHO HHHEPBUPOBAHbI COCYI0-
CY’KUBAIONTMU aJIPEHEPTUYECKUMU BOJIOKHAMHU.

4. JlerouHble apTepU¥ U BEHBI TPAKTUYECKH HE
UMEIOT KOoJIJIaTepaeil.

5. B cBsi3u ¢ BBICOKON PaCTsIZKMMOCTBIO JIETOY-
HBIX COCY/IOB THipocTaTndeckue GakTopel (TI0J105Ke-
HUeE TeJa, JaBJeHe B [bIXaTeJbHbIX IyTSX U JIP.) B
3HAUUTELHOW CTENEeHW BJUSIOT HAa PETHOHAPHBIE
pasynyust B iepy3un JEerkux.

6. Ycusenne HepaBHOMEPHOCTH BEHTUJLIS-
uu-nepdysnun JIETKUX MPU Psifie TTATOJTOTUIECKUX
COCTOSTHUI MOKET CYNIECTBEHHO HApyIIaTh razoo0-
MEHHYIO (DYHKIIHIO, TPEK/IE BCETO B BUJIE PAa3BUTHS
TUTTOKCEMUN.

7. lloBwbienne KanuspHOTO fAaBjieHus (pu
OCTPOH JIEBOKEJTYZI0UKOBON HEJOCTATOYHOCTH) WJIN
MOBPEsKAECHUE aThbBEOJIO-KAMISIPHON MeMOpaHbl
MOKeT HapymTh Gananc cu CrapirHra 1 mpuBec-
TH K TSDKETIOMY OTEKY JIETKUX.

[Tomrmo yKazaHHBIX (PU3UYECKUX U CTPYKTYP-
HBIX 0COOEHHOCTEH JIETOYHOTO KPOBOOOPAIIIEHUS, JIe-
TOYHBIM COCY/IaM CBOHCTBEHHA COBEPIIEHHO CBOEOO-
pasHas peakiys Ha MeCTHble MeTaGoJUYecKue u
[UPKYJIUPYIONIHE B KPOBU TyMOPaJIbHbIE (haKTOPHI.
XapakTepHbIM MPUMEPOM SIBJISETCS THITOKCUYECKAST
Ba30KOHCTPUKITUS JIETOUHBIX apTEPUOJI TIPU CHUXKe-
Huu asibBeosisipioro pO, (apdext ditnepa — JInib-
ecTpanzia). /lanHas peakiys HalpaBjeHa Ha BOCCTa-
HOBJIEHWE COOTHOIIEHUS MEXAY BEHTUJISIUEH u
nepdysueil JerouHoil TKaHK, HalpuMmep, Ipu 06CT-
pyKiuu GpoHXa. JTO YMEHBIIAET BBIPAKEHHOCTH
Pa3BUBAIOTIEHCS TUTTOKCEMUH.

[umoBoIeMusT TIpu OCTPOIT KpoOBOIIOTEPE TPH-
BOJIUT HE TOJBKO K aKTHBHOMY COKPAIlEHWIO apTe-
PHOJI JIETKUX, HO U K TTACCUBHO 3JIaCTUYECKOI OT/Ia-
ye (CHaZeHuIo0) BEHO3HBIX COCY/IOB BCJEACTBUE
CHWJKEHUS] THPOCTATUYECKOTO JaBJeHus B HUX. B
pesyJibraTe, MOOUIM30BaHHAS U3 MaJIOTO Kpyra Kpo-
BOOOPAIIEHNS, KPOBb CIYYUT PE3EPBOM JIJIST 3aII0JI-
HeHust JieBbIx kKamep cepaia [101]. KpoBocHabskenue
JIETOYHOH TKaHW 110 cucTeMe GPOHXHMabHBIX COCY-
JIOB TaKKe CHUIKAETCS, YTO MO3BOJISIET PacCMaTpH-
BaTh JIETKUE KaK OPTraH, <IPUHOCUMBIH B JKEPTBY» B
VCIOBUSX TIeHTpaTH3aIy KpoBoobparenvst [102].

Jlerkue BBICTYIAOT CBOCOGPA3SHBIM (DUIIBTPOM
JUIS TOKCUYECKUX MeTabOJMTOB U BOCIAJUTEIBHBIX
MEZIMATOPOB, BEICBOOOKIAEMbBIX KJIETKAMI TTPU FeMOP-
ParuyecKoOM IIOKe, a TaKsKe JJIst GAaKTepHil 1 MX TOKCH-
HOB P TPAHCTIOKAITN MUKPOMIIOPBI M3 KUTIIEYHUKA
B KPOBOTOK. KpoBoroTepst Kak HENPsMOii (hakTop ar-
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peccr BeJleT K TIOBPEKICHUIO JIETKUX U, B YaCTHOCTH,
CTPYKTYP asporeMaTtrudyeckoro Oapbepa (9HIOTEHS,
AJIbBEOJISIPHOTO JIHTENIHsT, UX GasabHBIX MeMOpaH ). B
CBOIO OYEPE/Ib aJBTEPAINsT KIETOUYHBIX W BHEKJIETOU-
HBIX CTPYKTYP COMPOBOK/IAETCS TIOBBIIIIEHUEM TTPOHU-
I[AEMOCTH COCY/IOB TEMOMUKPOIIUPKYJISTOPHOTO PyC-
JIa, YTO IPUBOJIUT K PA3BUTHUIO HEKAPIMOTEHHOTO OTEKA
JIETKUX (MHTEPCTUINATBHOTO, ATbBEOJIIPHOTO), SIBJISI-
IOIETOCST TIEHTPATIbHBIM 3BEHOM B TIATOT€HE3€ OCTPOTO
pecrimparopaoro auctpecc-cunzpoma (OPIC) [103].
OPI/IC pasBuBaeTtcs, Kak 1MpaBuiIo, Ha 2—3 CYTKH TIO-
CJIe TSIKEJIOM TPaBMbI U MOJKET MOTPe6oBaTh [JIUTE b
HOW PECTMPaTOPHON TTOIEPKKN Y TAKUX TTAIMEHTOB
[104]. Omaum 13 hakTOpOB MOBPEsKIAEHNS JETKUX TIPU
KPOBOTIOTEPE SIBJISIETCS] HapyIleHue paciipeiesieHust
KPOBOTOKA Ha YPOBHE MUKPOIMPKYJISITOPHOTO PyCa
asmeodt [105].

B skcneprMeHTax Ha KpbicaX U3YYJINCh MOP-
(hbosornueckre M3MEHEHUST apTepuii MaJoro Kpyra
KpPOBOOOPAIIEHUS B OTAAJICHHOM IIOCTIeMOPparniec-
KOM Tiepuojie. ABTOPbI HaOJIOMAIN 3HAUYNTEIbHBIE
MOpPGhOJIOTHUECKNEe W3MEHEHUs], COIMOCTABUMBIE C
BO3PACTHBIME TPEOOPAa3OBAHUSIMU COCYIOB Y KPBIC
CTapuecKoro BO3pacTa. IJTO TIPOSBIAIOCH, TPEXKIE
BCEr0, B PEOPraHM3AIUN COETUHUTETHBHOTKAHHOTO
KOMITOHEHTA CTEHKHU COCY/I0B (yBeJTUY€EHNE CoepKa-
HUS KOJIJTATEHOBBIX BOJIOKOH, JAECTPYKIHS U jedop-
MaIlyst 9JIaCTHUECKUX MEMOPaH ME/IN ) U H3MEHEH-
eM MOP(hOMETPUYECKUX TIApaMeTPOB COCYNOB Ha
BCEX MCCJE0OBAHHBIX YPOBHAX. /Ly BHyTpHOpran-
HBIX apTepuil ObLJIO XapaKTePHO yYMEHbIIEHIE MPO-
MycKHOU crioco6HocTH [106].
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3akiaouyeHue

CoBpeMeHHbIe TIOJXO0/Ibl K MCCJIEI0BAHUIO CO-
CTOSTHUSI MUKPOIIMPKYJISIIIUN BKJIIOYAIOT B ce0sT MO-
quduKauy TPUKU3HEHHONH BUIEOMUKPOCKOITHH,
PSLL METOJIOB, OCHOBAHHBIX Ha JIa3€PHBIX TEXHOJIOTH-
SIX; METOJIbl OLIEHKK OKCUI€HAIMK U METa00IMUECKO-
TO cocTogHUS TKaHel. OTHOCUTENTHHO HOBBIM TTO/IXO-
JIOM SIBJISIETCSI MCIIOJIb30BaHUE MaTeMaTHYeCKOro
aHajMza KojebaHui MUKPOKPOBOTOKa ((urakemo-
W) JIJTST OIEHKHW MEXaHU3MOB PETYJISIIUA MUKPOTe-
MOTIMPKYJISIW. VI3MeHeHrusT pernoHapHOTO KPOBO-
TOKA U MUKPOITUPKYJISIIIAN TIPU OCTPOIT KPOBOIIOTEPE
B TOM WJIK MHOM OpraHe B 3HAQYMUTEJbHOH CTEleHU
OTIPEAIEIISTIOTCST CTPYKTYPHBIMU U (DYHKITMOHAJbHbI-
MU OCOOEHHOCTSIMU €r0 KPOBOCHAOKEHMUs, a TaKKe
POJIBIO JJAHHOTO OpraHa B IaTOreHe3e OCTPOil KPOBO-
norepu. B 4acTHOCTH, YCIOBHO MOKHO BBIIEJTUTD JIBE
IPYTIIIBl OPTaHOB, B 3aBUCUMOCTH OT HAIIPaBJIEHHOC-
TH U3MEHEHUl KPOBOTOKA B HMUX IIPH IE€HTpaIn3a-
LUK KPOBOOOPAIEHUS: <KU3HEHHO Ba)KHBIE» WJIK
«IIPUHOCUMBIE B JKePTBY». VI3MeHeHNsT pernoHapHO-
rO KPOBOTOKA U MUKPOIMPKYJSIIMA MOTYT UMETh
KaK alallTUBHOE, TaK ¥ MATOJOIMYeCKoe 3HaYeHHe B
3aBUCUMOCTH OT CTAIUK U TSKECTU I1aTOJIOTUYECKO-
ro Ipoiiecca.

BaarogapHoctb: ABTOpPbI MCKpeHHE NpH3HA-
TesbHbl 1.0.H. 3ap:kenkomy FO.B. u 1.M.H., pod.
IMucapesy B.M. 3a nomouib B HanmucaHuu 0030pa u
c/eJIaHHbIE IleHHbIE 3aMeYaHusl.
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IO6uaen

IIpodeccopy
Banepuro Ipuropnesnuy BacuibkoBy
75 ner

Professor V. G. Vasilkov is 75 (in Rus)

28 mionst 2016 r. MCIIOMHUIOCH 75 JIET CO JHS
poxkaenus Banepus [puropreBuua BacnibkoBa, 10K-
TOpa MEJWITMHCKUX HAYK, TTPodeccopa, 3aBeLyIoTero
Kadeapoil aHeCcTe3noJIOTUN-PEAHUMATOJIOTHH W CKO-
poit MeuinHCKOM momonn [leH3eHCKOTO MHCTUTYTA
YCOBEPIIEHCTBOBAHUS Bpayei.

B 1964 r. Banepuii I'puroppeBuu ¢ otindnem
oxonuus Csepayiosckuil TocynaperBenHHblil Meau-
[UHCKUI HHCTUTYT, r/ie ObLT JICHUHCKUM CTUIIEH A~
TOM, 3aTeM 00yJaJicst B KIMHUYECKOI OpIuHAType U
aCTIUPAHTYPE M0 AHECTE3MOJIOTMH U PEAHUMATOJIOT N
1pu Kadepe rocnuTaaIbHON XUPYPIUH C KyPCOM aHe-
CTE3WOJIOTUM W PeaHuMaToJoruu. Ero yuurensmu
Obun akageMuk A.T. JIugckuit u npod. 9. K. Huko-
Jlaes.

B 1970 r. BacunmbkoB B. I 3amumrun xKauamaaT-
CKyI0 JmccepTamio «JIoKasbHast TUTIOTEPMUST B KOM-
TIJIEKCHOM JIEYEHUH PA3JIUTOTO THOWHOTO TIEPUTOHUTA,
B 1978 1. — nokropckyio muccepranuio «VHTeHCHBHAS
Tepanus i peaHuMaliys ¢ IpuMeHeHneM JIOKaJIbHOM TH-
MOTEPMUK B HEOTJIOKHOM XUPYPIUK OPraHOB OPIOIITHON
nosoctu». C 1969 no 1978 r. paGoran accucTeHTOM Ha
kadenpe anecreswosorny W peannmarosiornu Cepi-
JIOBCKOTO [OCYZIapCTBEHHOTO MEIUIIMHCKOTO WHCTUTY-
ta. Buezpenue paspaborantbix Bacuibkosbiv B. T me-
TOAMK JIOKAJbHOU abJOMUHAIBHON TMIIOTEPMUU B
KJIMHWYECKYIO TPAKTUKY MO3BOJIMJIO CYIIECTBEHHO
VILYUIIATh PE3YJIBTaThl JIeUeHHsT OOJBHBIX C PA3IUTHIM
TIEPUTOHUTOM, TTAHKPEOHEKPO30M U JIPYTIMU THOWHO-
CENTUYECKUMHI 3a00JIeBAHISIMU B KIUHUKAX T. CBepi-
JioBcKa, CBepTIOBCKOM 00JIaCTH U IPYTUX PETHOHAX.

Paspaborannbie Bacunbkossiv B. T. metoauku
JIOKaJIbHOI abIOMUHAJIBHOI THIIOTEPMUH, allliapaTy-
pa ISt UX JOCTHKEHWS] U PEe3YJIbTaThl KITMHIYECKOTO
[IPUMEHEHUsI OTMEUYEHbI 30JI0TOI 1 OPOH30BOI Me/a-
asvu BJIHX CCCP B 1978 r., Mmetasnibio u Jluiiomom

MEXKJYHAPOIHON BBICTABKU HAYYHO-TEXHUYECKOTO
tBopuecTBa Mosofiesknn « HTTM-78».

Hayunble wccienoBanus, poBejieHHbIe Base-
puem IpuropbeBuuem, He ocTaarCh (€3 BHUMAHUS
akazemuka B. A. Herosckoro, KOTOPbIH 110 CYLIECTBY
«BJIATOCTIOBUJI» MOJIOIOTO JIOKTOPA MEIUIIMHCKUX
HayK Ha OPraHu3aIinio Kaheapsl B TOJBKO YTO OTKPbHI-
ToM [leH3eHCKOM WHCTUTYTE YCOBEPITEHCTBOBAHUS
Bpaueii. /lo konma cBoux gHelt Baaammup Anexcan/i-
POBUY BHUMATEJIBHO CJIEANI 32 PabOTON 510l Kade-
PBI U TIOMOTAJT, 4eM MOT.

Cosmanne kadeapbl aHeCTe3WOJOTUN U pPeaHu-
MAaTOJIOTUHU B TOPOJIe, DOTATOM CBOUMHU KYJIBTYPHBIMU
1 MEAUIMHCKUME TPAAMIIUSAME, TTOTpeboBaio ot Ba-
Jgepusi [puropbeBUYa TOHKOTO COUYETAHUS OPraHu3a-
TOPCKUX, HAYYHBIX, TIeIarOTMYEeCKUX CIIOCOOHOCTEN 1
MTOJTHOH CAMOOT/IauM.

Kadenpa nauana cBoto nesteabHOCTD ¢ 1 ceHTS-
Ops 1978 1. 3a 8 sier Ha kadeape NPOLLIN OBIILEHNIE
KkBaJUKALUN Oojiee 7 ThICSY Bpadell aHeCTe3H0JI0-
rOB-PEAHMMATOJIOTOB CO BCEX YTOJKOB OBIBIIETO
CCCEP, t.e. Ha Kadeape 00yUayCcs «B CPEHEM»> KakK-
JIbIi TISITBIH aHECTe3MOJIOT-PEaHUMATOJIOT CTPaHbl,
noArorosjeno 6osee 100 KIMHUYECKUX OPAUHATOPOB,
[OCTOSTHHO paboTaeT MHTEPHATYPa U acliuPaHTypa.

B 1979 r. npodeccop Bacuibkos B. T. 6b11 HasHa-
YeH TPOPEKTOPOM TI0 yueOHOM 1 HayuHOl pabote TTeH-
3€HCKOTO MHCTUTYTA YCOBEPIIEHCTBOBAHMS Bpaveii.

Yuennku npodeccopa Bacunbkosa B. T. pa6o-
TAlOT BO BCeX perroHax Poccun u GbIBIIMX peciry6iiu-
kax CCCP, a Takske u 3a pyGeskom: B Tepmanum, 13-
paie, Memene, na Kurmpe.

Baaropapsa 6ogiee uem 38-jeTHeil gesaTebHOCTH
npocdeccopa Bacumbpkosa B. I. m pykoBoammoii nm
kadeape B Ilense u Ilensenckoil obmactu cospaHa
ITKOJTA aHEeCTEe3M0JIOTOB-PEAHUMATOJIOTOB, KOTOpAas
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» Anniversaries

MOJIB3YETCST 3aCTYKEHHBIM aBTOPUTETOM CPEIH KOJI-
JIET B CTPaHe.

[ToMMO KIMHWYECKON U TIearoTUUecKol /mes-
tespHOCTH TIpopeccop B.I. BacmiabkoB mpoBoaut
Gouiblyto HayuHyto pabory. OCHOBHOE Hay4yHOE Ha-
npasJienne Kageapbl: «AHecTe3usi, UHTEHCUBHAS Te-
pamust y GOJbHBIX ¢ THOHHO-cenTHYecKuMu 3aboJie-
BanusgMu». Kadezpa sBisieTcst TMOHEPOM BHEAPEHUS
COBPeMEHHBIX HH(MOPMAIMOHHBIX TEXHOJIOTUN B
yueOHBIIT 1 JIedeOHBIIT TPOIIeCC B MeUIIIMHE KPUTHYE-
CKUX COCTOSTHUM.

ITo sTuM mpobJsieMaM 110, PYKOBOJACTBOM IIPO-
deccopa Bacunpkosa B. I 3ammummeno 13 kangumart-
CKMX 1 4 TOKTOPCKUX AMCCEPTAIlNN, HATTHCAHBI 5 MO-
Horpaduu, omnybaukoBaHo 6osee 300 HayIHBIX
paboT, MHOTHE U3 HUX JI0JI0KEHbI Ha BCECOIO3HBIX, Pe-
CIyOJIMKAHCKUX Che3ax U KOH(PEPEHIUIX, Ha MEK-
JIlYHAPOJTHBIX CUMIIO3UyMaX.

[Ipodeccop Bacunbkos B. I. aBasercs anerom
ITpobremubix komuccuiit AMH P® «3Jkcrpemalib-
Hble ¥ TEpDMUHAJIbHbIE COCTOSTHUST> U «CKOpast Meiu-
[IMHCKasl TIOMOIIb»; BXOAUT B COCTaB PEAaKIIMOHHOTO
coBeTta 3-X MEHTPAIbHBIX HAYYHO-TIPAKTUIECKUX Me-

JMUIUHCKAX JKYPHAJIOB: «AHECTE3U0JIOTUS U PeaHu-
MaTOJIOTHUST», «BeCTHUK WHTEHCUBHOW Tepanmuu» u
«Heornoxuast meguinaas.

OH HeoMHOKpaTHO usbupascs uieHoMm IIpo-
rpammHoro Komurera W PyKOBOIUTENEM CEKITUU
MeskryHapoiHOl KOHMEPEHIIUN U TUCKYCCHOHHOTO
kiy6a «Hosble HH(GOPMAIIMOHHBIE TEXHOJIOTHN B Me-
JUIIIHE W OKOJIOTHH.

3a BBICOKME TIOKA3aTeNN B Ie9eOGHOMN, HAYIHON 1
opranusalmoHHoii pabore npodeccop B. T. Bacuibkos
HarpaxkaeH «Opaenom [louetay, Memganpio «Bertepan
Tpy/la», TIOYETHBIM 3HAKOM «OTJIUYHUK 37[paBOOXPa-
nenust», aumioMmoM «Ilodernoro uwmena Deneparun
aHEeCTEe3MO0JIOTOB-PEAaHNMATOIOTOB Poccuus.

Banepuii Ipuropresuu BacusibkoB nosib3yercs
YBaKEHWEM U aBTOPUTETOM Y COTPYIHUKOB UHCTHUTY-
Ta W KOJIJIET M3 MHOTHX YUPEXKIEHUN CTPAHBL

/lpysvsa, Koanezu, KOILEKMUE PeOaKUUL HCYPHALA
«Obwas peanumamonozus> cepoeuro no3opasisiiom
Banepus Ipuzopvesuua c 106ureem, xeraiom emy
Kpenkozo 300p06bsl, 00JI20Iemus, MALAHMIAUCHIX Yue-
HUKOB U HOBDLX TEOPUECKUX YJCNEeX08.

YYEHBIX CTeleHeu.

»  Obuas peanumamonozus.

Jliccepranuy Ha COMCKaHUE YYEHOH CTemeHu J0KTOpa HAyK 0e3 omyo.n-
KOBaHHUS OCHOBHBIX HAYYHBIX PE3YJIbTaTOB B BEAYNIUX KypHAJaX U U3AAHUSAX,
nepevueHb KOTOPhIX YTBep:KAeH Bbiciiell arTecTanuoHHOl KOMHCCHEH, OyayT
OTKJIOHEHBI B cBsA3M ¢ HapymieHneM 1. 10 Ilososkenus o mopsigke npucy:kaeHus

[Tepeuens sxypuanoB BAK, usnaBaembrx B Poccuiickoit Dezepaiuu 1o crie-
ruasbHocTu 14.01.20 «AHecTe3anosorns n peaHnMaToJIOTHST», B KOTOPBIX PEKOMEH-
IyeTCst TyOIUKAINST OCHOBHBIX PE3YJIBTATOB ANCCEPTAIIMH HA COMCKAHWE YYEHOI
CTETEeHN JOKTOPA U KaHAUAATa MEIUIIMHCKUX HAYK:

o Anecme3suonozus u peanumMamonozus;
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FObmuaen

IIpodeccopy
Tennagmio Aupeesuuy bosipunoBy
70 ner

Professor G. F. Boyarinov is 70 (in Rus)

25 asrycra 2006 r. ucnosinusiocs 70 set co jgHs
posKIeHus U 47 jieT BpaueOHOIl, HAyYHOH U Tiearoru-
yeckol mesTenbHOCTU lenHanms AnzapeeBmda bos-
puHOBa — 3aciy:keHHoro Bpaya Poccuiickoit MDene-
pannu, AOKTOpa MeAWIIMHCKUX Hayk, Ipodeccopa,
3aBemyroniero Kadeapoil aHeCTe3MOJIOTUN W peaHu-
MatoJsioruu HiKeropoackoit MeZWIIMHCKOM aKkaje-
mu, [louetHoro wiena Huskeropoackoro u Mopaos-
CKOTO HAyYHBIX OOINECTB aHECTE3MOJIOTOB U
peanumarosioros, Jlaypeara nmpemun Hmkrero Hos-
ropojia B 00J1aCTH MeUIINHBI, A€HCTBUTEIBHOTO ie-
Ha Poccniickoil akajieMn MeIMKO-TEXHIYECKUX Ha-
VK, TIOYEeTHOTO Tipe3nsienTa AznaTtcko- EBporneiickoro
€O003a 030HOTEPAIEBTOB W INPOU3BOIUTENENH Meu-
IIITHCKOTO 060PYIOBAHSL.

bBospunos lennaanit AuapeeBUd poancs B ce-
sie YxoBo ITounnkosckoro paiiona TopbKoBCKOit 06-
mactu. B 1969 1. okonunsn TopproBckuii rocymapcr-
Benubli Mepununckuil uncruryt um. C. M. Kuposa.
B atom ske roy ObLT n30paH 10 KOHKYPCY MJIaIINM
HayunpIM corpyanukoMm loppkosckoro HUNM Tpas-
MaToJioruu 1 OpTolieiny B OT/IeJIeHIe TEPMUIECKUX
nopaxenuil. B 1974 r. nocse okoHuanus aclupaniry-
PBI 3AMUTHII KAaHIUAATCKYIO aucceprauio «Metoj
BHYTPUBEHHOTO HAarHETAHUSI KPOBY MPHU TEPMUHAJb-
HBIX COCTOSIHUSIX, BBI3BAHHBIX O0GECKPOBJIMBAHUEM B
9KCIIEPIMEnTe» U ObLT M30paH TO KOHKYpCY CTap-
ITMM HAyYHBIM COTPYAHUKOM B IlenTpanbuyio Hayu-
HO-mccaenoBaTenbekyio Jlabopatopuio TopbKOBCKO-
ro MEAWIUHCKOTO HWHCTUTYTa, Tae paboTan
3aBeyIoNNM (GU3HOTIOTHIECKNM OTAeToM, a B 1978 1.
n36paH Ha OKHOCTD 3aBEYIOIIETO JAaHHOH JTabopa-
topueiil. B 1986 1. usbpas 1o KOHKypCy Ha J0JKHOCTD
accucTenTa, a B 1992 r. Ha momkHOCTD TIpodheccopa
Kypca aHeCTe3UOJIOTUN ¥ PeaHuMaTOJoTHu [OphKOB-
CKOro Meauuunckoro uucruryra. B 1987 r. samurun
JIOKTOPCKYIO JIMCCEPTalnio «Biusane aHTUTUTIOK-
CAHTOB Ha 0OPATUMOCTD MATOJOTHYECKIX U3MEHEHUI
mpu kposororepe». C 1992 mo 1995 r. 3aBemoBasn
KypcoM, a 3aTeM Kadeapoil aHeCTe3MOTIOTHHN 1 peaHu-

marosnorun Humkeropoackoit ITMA. 14 urona 1993 .
MIPUCBOEHO yueHoe 3BaHMe Mpodeccopa 1o Kadenpe
AQHECTE3UOJIOTUM U peaHuMaTojiorui. B ceHtsiGpe
1995 1. mpu3BaH Ha BOEHHYIO CIYKOYy HAYATHHIKOM
Kadeapbl aHECTE3WOJIOTHH, PEAaHUMATOJOTHU U
TpaHchy3noJOruu ¢ KypcaMu 00IIell TaToJOTuu U
KJIMHUYECKOI 1abopaTopHoil auarHocTuku Mucru-
tyta DCB Poccun, a B centsibpe 2010 1. yBoseH B 0T-
CTaBKy TI0 JIOCTHKEHUU TIPEIeIbHOTO BO3pacTa Tpe-
ObiBaHusT Ha BoeHHOIl cayxbe. C cenrsiopst 2010 r.
paboTajl IJIaBHBIM CIEIHAJUCTOM 10 AHECTE3HOJIO0-
run u peannmaronorun Hukeropoackoit OKB nwm.
H. A. Cemariiko u BbITOTHST (DYHKIIMOHAIbHBIE 00sI-
3aHHOCTH TUPEKTOPA KJIMHUKKM aHeCTe3UOJIOTHH, pea-
HUMATOJIOTMU U KJIMHUYECKOI JTab0paTOPHOA AnarHoc-
THKA. B aroM ke romy wu3bpaH 10 KOHKYPCY
BUBUTHHT-TIpodheccopoM locymapCcTBeHHON BBICIIEN
npoeccruonanbHoi mKosbl uM. IIpesugenta Cranu-
cnaBa Boiiniexosckoro (Ilompima), tae ynran sekmnum
10 aHECTE3WOJIOTUH, PEAHNMATOJIOTUH, WHTEHCUBHOM
Teparuu ¥ 030HOTepanuu. Vizman yaeOHUK st CTy/IeH-
TOB TI0 O30HOTEpANUU Ha IMOJbCKOM s3bike. B Mapre
2011 . usbpaH 110 KOHKYPCY 3aBEAYIOIMM Kadeapoil
anecresnosornu u peannmarosornn MITKB Hukero-
pouckoii TMA, rjie u paboTaer 110 HaCTOSIIEe BpeMsl.

Tennaauit Annpeesuy bospunos 3aciyskeHHbIi
Bpau Poccuiickoit Demeparinn, TOKTOP MEIUIHH-
CKUX HayK, ipodeccop, TToYeTHBIN ujieH BeeykpanH-
CKOI accolualumu 030HoTepaneBToB, Huskeropo-
cKOoro u  MOPJIOBCKOTO  Hay4HbIX  OOIIECTB
aHECTEe3MOJIOTOB U peaHuMarTosioros, Jlaypear mpe-
mun HukHero HoBropoma B 06J1acTét MeAMITUHBI,
npezicenatesnb Asznarcko-Espomneiickoro Corosza 030-
HOTEPAeBTOB U TTPOU3BOAUTEEH MEIUITUHCKOTO
000pyIOBaHNUSL.

lennannit AnzppeeBuuy BospnaoB — BbBIZAIO-
[IAHCS YYEeHBIH U megaror B 06JacTi nato(Gusmnoro-
WU, AaHECTE3UOJIOTUN-PEAHUMATOJIOTHH U 030HOTEpa-
MW, W3BECTHBIM W yBaskaeMbli B Poccum u 3a
py6eskom. HayuHble usbickanust TeHHamguss AHapee-
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BHYA MOCBSMIEHBI U3YYEHUIO MAaTOTeHe3a TeMOppari-
YECKOTO W TPaBMATUYECKOTO IMOKA, KIUHUIECKOI
CMEPTH, TIOCTPEAHNMAIIMOHHOI 60/Ie3HH, pazpaboTke
U COBEPIIEHCTBOBAHUIO METO/IOB aHECTE3UOJIOTHYEC-
KOTO mocobust, WH(Y3HOHHOH U addepeHTHOI Tepa-
[TAW YTPOXKAIONINX KU3HU COCTOSTHUHN, ONTUMU3AIINN
TEXHOJIOTUN TIPOBE/IEHNS aHECTE3UN M MCKYCCTBEH-
HOT'O KPOBOOOPAIIIEHKS [IPU OTEPAISIX HA OTKPHITOM
cepaiie, paspaboTKe W OpraHU3allui BHEAPEHUST HO-
BBIX TEXHOJIOTUI OKHUCJUTEIHLHON Tepanuy THOWHO-
cenTryecKux 3a60JeBaHUil U OCJIOKHEHHI.

[To marepuasiaM HayYHBIX WCCTIENOBAHUNA IS
CTY/IEHTOB, CJIyIaTes el U Bpadell N3/[aHbl MeTo[nve-
CKHe PEeKOMeHIaInu, yueOHbie mocobus, n30paHHbIe
JIEKIIMH, TIOCBSIIEHHbIE BOIIPOCAM PeaHUMAIlH, WH-
TEHCUBHOI Tepariuy U aHeCTe3UOJIOTHIECKOTO obec-
MeYEHNs KPUTHUECKUX COCTOSTHUI.

lernannit Angpeesuu BosipyHoB — mmonep
poccuiickoil o3oHOoTepanuu. Ilog ero pykoBogcTBOM
000CHOBaH W BHEAPEH B MPAKTHUECKYIO 030HOTEpa-
MU0 UHTPACOCYANCTBIH Ty Th BBEJICHUST HACBITIICHHBIX
030HOM PAcTBOPOB. BriepBbie B MUPE O30HUPOBAH-
HBII KapAMOIJIErHYeCKUil pPacTBOpP UM OBLT BBEIEH B
KOPOHApHOE PYCJIO JIJIS 3aIUThI MIOKap/a OT HIie-
MUK y GOJIBHOI MTPU KOPPEKITUH BPOKIEHHOTO TIOPO-
Ka cepziia. VM jke Briepsbie B MUpPe ObL10 060CHOBaH-
HO ¥ BHEJIPEHO B KapAMOXUPYPIUYECKYIO MPAKTUKY
030HUPOBAHHOE HCKYCCTBEHHOE KPOBOOGpAIEHHE,
Boubiioe 3Hauenme Bo BHEIPEHNE BHYTPUCOCYAUCTO-
TO U BHYTPHUIIOJOCTHOTO IyTeil BBEIEHUS O30HUPO-
BaHHOTO (DU3UOJOTUIECKOTO PACTBOPA CHITPAU pa-
6otbr podeccopa BosipuHoBa O BIMSHUN 030HA Ha
XUMHUYECKYIO  CTPYKTYPY  (HhapMaKOJOTHUUECKUX
CPE/ICTB, PACTBOPUMOCTHU ¥ pacriajie 030Ha B (husno-
JgoruyeckoM pactBope. IIpodeccop Bosipunos co
CBOVIMH YYEHUKAMU BHECJTH OOTBITON BKIAA B 060C-
HOBaHUE MPOTUBOTUIIOKCHYECKOTO, aHTUOKCUAHT-
HOTO, IETOKCUITUPYIOTIETO, UMMYHOMOIETUPYIOIIETO,
AHAJIBTETUYECKOTO U TIPOTUBOOTEYHOTO JE€HCTBUS
030HA ¥ PACHIMPUIIN ¢(hepbl ero MPUMEHEHUS: Kapuo
U HeMPOXUPYPTHUsL, OHKOJOTHS, AHECTE3UOIOTHS, pea-
HUMAIUS U MHTEHCUBHAS TePaIus, XUPYPrusi U Tpas-
MAaTOJIOTHST THOWHO-CEeNTUIeCKUX 3a60JeBaHUl 1 OC-
goxuennii. [lo nannmatuse lennannss AnapeeBuda
BosipuHoBa 1 1pu €ro HENnoCpe/ICTBEHHOM YJYacTUU
paspaboTaHa TporpaMMma M MPOBOAUTCS TeMaTHuec-
KO€ YCOBEPIIEHCTBOBAHUE Bpavyeil U MEIMITMHCKUX
cecTep PAasNWYHBIX crenuamsbHOCTell 1o «OcHOBaM
o3oHOTepanun». OH CTOSUI Y HUCTOKOB TOATOTOBKU
o3oHOTepaneBToB B Poccuu, [losbie 1 vHa Yipaunne.

[Tpodeccop Tennammii AnppeeBnd bBosipuHOB
co3/1aTeTh HAYYHOU TKOJIbI MATO(PUIMOTIOTOB, aHec-
TE3UO0JIOTOB-PEAHUMATOJIOTOB U O30HOTEPATIEBTOB.
[Tox ero pyKOBOACTBOM BBITTOIHEHO 15 TOKTOPCKUX 1
43 xanauparckux auccepranuil. Ou aprop 637 nayu-
HBIX pabot, 6 MoHorpaduii, 34 nusobperennii u 65 pa-
IMUOHAIN3ATOPCKUX TIpeioskeHnii. Hayunblie 1okia-
1bl ipoeccopa BosiprHoBa ObLIN IIPECTABJIEHBI B

MporpaMMax MexyHapOIHbIX KOHIPECCOB U CHMIIO-
suymoB (Tepmanws, Iloabma, Awrmausa, Opanrus,
snonus, Ky6a, CIITA, Yrpausna, [pysus).

[Ton Hemocpe/CcTBEeHHBIM ydacTheM leHHAIUS
Annpeesnya Bosgpunosa B8 Husxnem Hosropoge mpo-
BezeH X Beepoccniicknit [lnernym TTpasieHust obiie-
crBa 1 Deepaliny aHECTE3MOIOTOB U PEAHNMATOJIO-
ros; III, IV, V, VI m VII Bcepoccutickne
Hay4YHO-TIPaKTHYeCKHe KOH(hEPEHIINN ¢ MEKITYHAPO/I-
HbIM yuactreM «O30H 1 MeTo/ibl ahdhepeHTHOI Tepa-
nuny; I, 1T w 111 mayuno-npakTuyeckre KoHMepeHmn
Asmnarcko-EBporeiickoro coto3a 030HOTEparneBTOB U
[IPOU3BOAMTENIEH MEIMIIMHCKOTO 000PYAOBaAHUS
«O30H B 6uosornu 1 MeguIHE» U I-blil Yupeauresb-
HBII Che3]] aHECTE3NOIOTOB M peaHuMaToIoroB [1pu-
Bosmkckoro Denepanbroro okpyra. Ilox pemaxiueit
npogeccopa I. A. BosipunoBa usmaHbl MaTepUasIbl
3TUX Hay4YHBIX (popymoB. O HEM KaK M3BECTHOM yue-
HOM-Me/IMKe MMeeTcst ybmkaius B Guorpaduuec-
KoM cripaBoyHuKe «KTo ecth kTO B Humkeropopckoii
obsact». TeHHamuil AHIPEEBUY SIBJISIETCS UJICHOM
PENAKI[MOHHOTO coBeTa )KypHaaoB «O0Ias peaHnMa-
tonorus» (Poccus), «bruopamukanbl 1 aHTUOKCHIAH-
Toi» (Poccus), «Revista Ozonoterapias (Mekcuka) n
«Of Health Inegualities» (ITosbina). 3a MHOTOrpaH-
HYIO OOIIeCTBEHHYIO PaboTy, MOATOTOBKY KBa(u-
IIUPOBAHHBIX Bpauell U HAYYHBIX KAJAPOB Mpodeccop
I A. BosipuHOB Harpak/ieH: 3HAaKOM OTJINYUS «3a 3a-
CIIYTH B TIOTpaHm4HON caysxbe» II cremenn, narpy-
HbIM 3HakoM «Ormaank [Torparcay:kObr» 111 crere-
HU, 3HAKOM OTJIMYNS «3a 3acJyTd B TOTPAaHUYHOU
ciysk6es» I crenenu, Meabio «3a OTJIYIE B BOCHHOU
ciysxbe», rpamoroil J{upexropa MIIC u Jupekropa
ODIIC u DCB Poccun; 6/1arofapCTBEHHBIM TUCHMOM
3akonogarebHoro cobpanunsa Huskeropoackoit o6.ia-
ctu, AnmuaucTparuu ropoaa Huskaero Hosropoma n
JlemapramenTa 37paBoOXpaHeHus AJIMUHUCTPAIUN
roposa Hwxuaero HoBropona; BbICITUM HarpyAHBIM
3HAKOM 30JIOTOM MeJasibio uM. Tipodeccopa Yinskes-
CKOTO, Me/Iasiblo UM. akajzieMnka Herosckoro u 30i10-
To Menanmbio X1X MOCKOBCKOTO MEKIyHApOIHOTO
CastoHa M306peTeHIi 1 MHHOBAIIMOHHBIX TEXHOJIOTHI
«Apxumen-2016» 3a paspaborky «TexHoJ0THS ONITH-
MU3AIUHU Be[eH s GOJIBHBIX C BBICOKUM PHCKOM PEIi-
JINBA JKEJTY0YHO-KUIIIETHOTO KPOBOTEUEHUS».

lennanuit Annpeesny BosipuHOB He TOJIBKO BBI-
JAIOTIUICS YYeHbIH, Bpay, Mearor, HO W OTJIUYHbII
CeMbSTHUH — JTIOOSIIIAIT MysK W 3a0OTJIMBBII OTEI.
lernaguit AHIpeeBUY 3aMedaTeTbHbIN, OT3BIBUYNBBIH,
YECTHBIN U HOPAZLOUHBIN YeJIOBEK, KOTOPOIro JI0OAT 1
yBaxKaioT He Tosbko B Hisknem Horopoge, Ho 1 na-
JIEKO 3a ero TpejieJlaMU.

/lpysvs u mosapuugu, compyonuku, Koinezu u pe-
Oaxyus scypraia «Oouas peanumamonozuss cepoeu-
1o nosdpasisrom 100uLApa, cerarom emy 006pozo
300p06bSL, AKMUBHO20 QOJZOJLEMUS, CUACDSA, YCNEX08
U O1az20NONYUUSL.

www.reanimatology.com
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IIpaBuaa AAsT aBTOpPOB

Hndopmaius 1 aBTopoB skypHaita «O01mas peaHMMaToIOTHs»

IIpaBuia nogauu U MyGIMKAIMH PYKONUCH, AOIOIHEHHbIE B COOTBETCTBUU
c pexomenaamusamu ICMJE (International Committee of Medical Journal Editors)
JUIS HAYYHBIX M3IaHUi, BXOAANIMX B MEKIYHAPOIHbIE 0a3bl JaHHbIX

IIpaBoBble acneKThI IyOJMKAIMH PYKOIUCH

Yenosus nybnuxayuu pyxonucu

—  Pyxkomnucu myGankyiotest npu 06s3aTenbHoM cobIioze-
HUU aBTOPOM TUKHU U TPaBII mybsukaiuu (1onpobHee Ha calite
JKypHaa www.reanimatology.com ).

—  Pyxkomnucu myGanKyioTest ¢ coOIoAeHneM HOPM aBTop-
CKOTO TIPaBa U KOHDUIEHIIMATBHOTO OTHOIIEHUS K TIEPCOHATLHBIM
JIAHHBIM aBTOPOB.

— Pyxormucu my6amKyioTest 6ecIiiaTHo.

— Pykormicy, IpUHATBIE B 5KYPHAI, TIPOXOAT PEIEH3UPO-
BaHMe Ha OPUTHHAIBHOCTD, ITHYHOCTD, 3HAYNMOCTb, AIEKBATHOCTD
CTaTUCTUYECKON 06pabOTKN JaHHBIX HA YCJIOBHUIX KOH(MUICHIIU-
AJIIBHOCTH 32 VCKJIIOUEHNEM BbistBJIeHUs (panbcuuKanm JaHHBIX.

— Penxomrernst octaBmisier 3a cob0il TIPaBO COKPAIIATH 1
PEeaKTHPOBATh PYKOIIHCH.

IIpuuno: cusimust ¢ newamu u 3a0eparcky nyoIUKAUUU PYKONUCY

— Pykoriici, He COOTBETCTBYIOIIHE MPOGDIIIIO KypHATIA,
He IPUHUMAIOTCA.

— Pykomicy, patee omyGJIMKOBaHHBIE, @ TaK/Ke HAIPaB-
JIEHHBIE B IPYTOI Ky pHAT W COOPHIK, He TPHHIMAIOTCST.

— 3a HekoppekTHOoe O(GOopMIEHHE W HEIOCTOBEPHOCTD
[PEICTaBISIEMBIX OUOIMOrpahUUECKIIX JAHHBIX @BTOPBI HECYT OT-
BETCTBEHHOCTD BILIOTD [0 CHSITHS PYKOIIHCH C TTeYaTH.

— Hapymenne npasui odopmieHns pyKOINCH, HeCBoe-
BPEMEHHBIIl, a TakKe HeaJeKBAaTHBI OTBET HA 3aMEYAHUS PelleH-
3€HTOB 1 HAYYHbBIX PEIAKTOPOB TPUBOIST K 3a/I€PIKKE MyOIHKAIINT
ZI0 MCIIPABJICHUST YKA3aHHBIX HEJOCTATKOB. IIpM HrHOpHPOBaHUK
3aMeyaHuil PEIEH3EHTOB 1 HAYYHBIX PEIAKTOPOB PYKOIUCH CHU-
MaeTcst ¢ aTbHEHIIero pacCMOTPEHSI.

— PyKkomucH OTKJIOHEHHBIX paboT pefakiueii He Bo3Bpa-
IAIOTCSL.

Humepecvr cmopon: Aemop,/Pedaxiyus

Penakiust ocrasisieT 3a co00ii IPaBO CUNUTATH, UTO ABTOPHI,
[PENI0CTABUBIINE PYKOMUCH ISt IyOuuKarnuu B skypHan «O0iast
PEaHNMAaTOJIOTHST», COTJIACHBI C YCIOBHSMHE Ty OIMKAIINIT I OTKJIO-
HEHUST PYKOIINCH, A TAKIXKeE C IPABIIAMHI ee 0hOPMIICHIISL.

Penakiust ocraBisieT 3a co60ii MPaBO CYUTATH, YTO ABTOD,
OTBETCTBEHHBII 32 MEPEIICKY C PelaKifieil, BhIpakaeT MO3UIHIO
BCETO aBTOPCKOTO KOJITIEKTHBA.

ABTOp T0/yYaeT nHMGOPMAIMOHHbIE HJIEKTPOHHBIE MTHCHMA
0060 Bcex aTamnax MpoABIKEHNsT PYKOTINCH, BKITIOYasT yBEIOMIEHNE
0 HECOOTBETCTBHU PYKOIIMCH NPOMUII0 JKypHAlIa ¥ IMPaBUIaM
0(OPMIIEHNS; TEKCTBI PEIIEH3UI; PEleHNe PEIKOJIErHH O my0in-
KaIliH MM OTKJIOHEHUH PYKOIIHCH; BEPCTKY OTPEIAKTHPOBAHHOTO
BapHaHTa PYKOINCH JUISL MOTyYEeHUST aBTOPCKOTO OIYCKa K TIe-
vaTi. JIONOJIHUTEIbHYI0 UHGOPMAIUIO O TPOABIKEHUN PYKO-
MIICH aBTOP MOJKET IMOJYYUTDb 1Mo ajapecy: journal or@mail.ru;
www.reanimatology.com.

Tapantuu ABTopa

ABTOPBI JIOJKHBI TapaHTHPOBATH, YTO OHM HANNCAJIH TI0JI-
HOCTBIO OPUTHHAIBHYIO paboTy. cnonp3oBanue J0ObIX MaTepHa-
JIOB JIPYTUX aBTOPOB JIOILYCKAeTCs TOJBKO C X Pa3pelieHus u Ipu
006513aTeTbHOIT CCHITKE HA THX aBTOPOB.

ABTOPBI IOJKHBI TaPaHTHPOBATD, YTO CIICOK aBTOPOB COMEP-
SKUT TOJIBKO TeX JIMIL, KOTOPbIE BHEC/IN OLLYTUMBIN BKJIa/| B KOHILEII-
IMI0, TIPOEKT, UCIIOJIHEHNE UM HHTEPIIPETAINIO 3asIBIEHHO pabo-
TBI, TO €CTh TeX JINII, KOTOPBIE COOTBETCTBYIOT KPUTEPUSAM aBTOPCTBA.
ABTODBI JIOJDKHBI TAPAHTUPOBATh COOTBETCTBUE KauecTsa Ie-
PeBOJIa CTAThH HA AHIJIHIICKHIL SI3bIK MEK/LYHAPOIHBIM TPEOOBAHIISIM.

TapanTuu pemakiuu

Penakiys J0JKHA TapaHTUPOBATh, YTO JIIOObIE PYKOIUCH,
MOJIYYEHHBIE [UISI PEleH3UPOBaHUsI, OYIyT BOCIPUHUMATHCS Kak
KombuaeHIanbible ToKyMeHTs. OHI He MOTYT OBITh MOKA3aHbI
JIPYTUM JIUIAM 1 00CYK/IEHBI ¢ HUMH, 32 UCKJITIOYEHIEM JIUIL, YII0JI-
HOMOYEHHDIX Pe/IaKIHeil.

PenakIqist I0JKHA TAPAHTIPOBATH, 4TO HEOITYOIMKOBAHBIE
MarepHaJibl, HAXO/SIIIECs B MPEOCTABJIEHHON cTaThe, He OyiyT
UCIIOJIb30BAHbI B COOCTBEHHOM HCCJIEOBAHUI HAYYHOTO PEJAKTO-
pa 1 peren3enToB 6e3 MHChMENHOTO Pa3peNeHns aBTOPA.

Pepraxiust 1oJKHA TapaHTHPOBATD, YTO PEIEH3eHT He Oyer
JIONYIIEH K PACCMOTPEHMIO PYKOIMCH, €CJIi UMeeT MeCTO KOH-
(avkT MHTEpeCOB B pe3yJbraTe €ro KOHKYPEHTHBIX, ITaPTHEPCKUX
160 APYTUX OTHOIIEHUH WK CBsI3€il ¢ KeM-JIn00 13 aBTOPOB, KOM-
MAaHUI WM OPTraHU3AIKH, CBSI3aHHBIX ¢ MATEPUATIOM TTYOIMKAIUH.

Konguxm unmepecos cmopon: Aemop,/Pedaxyus

Konduaukr unrepecos ctopon ABtop/Pemaxiius peraercst
IIyTeM [1ePEroBOPOB CTOPOH B COOTBETCTBHH C JIEHCTBYIONINM 3aKO0-
nozarenbetBoM P@D 1 MeXKyHAPOAHBIMH HOPMATHBHO-IIPABOBbI-
MU aKTaMu, PEryJupylonMu yOIuKaiuio pyKomuceil B Mein-
IIHCKUX KypHAJIaX.

Coracre WM Hecoryiacie Ha MyOJHKAINIO OTPENAKTHPO-
BAHHOTO BapuaHTa PYKOIIUCU BBIPAKACTCA B 9JICKTPOHHOM ITMCbME
ABTOPA, OTBETCTBEHHOTO 32 EPEIUCKY C PeJaKIHeil.

Pejlakimst ¥ M3/1aTeIbCTBO He HECYT OTBETCTBEHHOCTH 32
MHEHUsI, U3JI0KEHHBIE B MyOJIMKAIMSX, @ TAKXKE 3a COEPIKaHUE
PEKJIaMBbI.

Cpoku npoABU:KeHUs pyKOIUCH

— DKCIepTH3a Ha COOTBETCTBHE MPOMIIIIO JKypHAIa 1 1pa-
Busam oopmIIeHns — He Gosiee 3-X IHeli ¢ MOMEHTa ITOCTYILICHHST
PYKOIIUCH B PEIAKIIHIO.

— Penensuposanue — ne 6osee 20-1 el ¢ MOMEHTa DJIeK-
TPOHHOI OTIIPABKH PEIEH3EHTY PYKOINCH.

— OrBer aBropa pereHsenTam — He 6osiee 7-u JHel ¢ MO-
MEHTA AJIEKTPOHHON OTIIPABKY aBTOPY PEIEH3UH.

— 3acenanue peakosuieruu — 1 pas B 2 Mecsia He mosmee,
yeM 3a 1 MecsI[ JI0 BBIITyCKa TUPaXKa JKypHAJIA.

— OroBerieHre aBTopa O PEMIEHNN PEAKOJJIErHA U O3Ha-
KOMJIEHUE C BEPCTKON OTPEIAKTUPOBAHHOTO BAPUAHTA — HE TTO03]I-
Hee 3-X JIHell ¢ MOMEHTA BLIXOJIA COOTBETCTBYIONIEH niipopmarum.

Matepuaspl st myOGJaMKaIMU PYKOIMMCH TOAAIOTCS B Pe-
JAKIUIO Ha pyCCKONI n aHI‘JII/II‘/JICKOM A3bIKaX B BHU/IE 6yM3>KHbIX JIn-
CTOB M WIEHTUYHBIX MM TI0 COJIEPKAHUIO DJIEKTPOHHBIX (hailioB.

IMoxpobree o MaTepuaiax st MyOJIUKAIMN U TPeOOBAHUSIX
K CTPYKTYPHBIM pasjie/iaM cTaTeil cM. Ha caiite www.reanimatol-
ogy.com.

OBIJAA PEAHMUMATOAOTIM, 2016, 12; 5
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» Py, .
ArcticSun'sooo ¢ " Medivance®

Committed to Restoring Life™

Hoselwas cucrema TepaneBTMYecKOM KOHTPONMPYEMOM runotepMuu Arclic Sun 5000 -

Medivance (CLL'A) OKQ3bIBAET NPOTEKTUBHOE AEUCTBME HA XU3HEHHO BAXHbLIE OPraHbl, NO3BOJIET CHU3UTD
CKOPOCTb U MHTEHCUBHOCTL METABONMUECKMX NPOLLECCOB, YMEHbLIAs NOTPeBHOCTL TKaHeH B KMCnopoge.

Ha ceropHswwHMi neHb TexHonorus cuctemsl Arclic Sun 5000 obecneynsaeTt Hanbonee TOYHbIN

1 BbICTPBIM YPOBEHL KOHTPONS TEMNEPATYPbI NALMEHTA 30 CHET LUPKYNALMM BOABI B KAHANAX MAHXET

HO rMAPOreneBoi OCHOBE, MMUTUPYIOLMX 3 PEKT NOTPYXKEHMUS TENA NAUMEHTA B BOJY M OBecreynBaiowmx
BbICOKO3DDEKTUBHBIN, BbICTPLIA TENTOOBMEH, 3a CYET MONHOTO U HEMPEPLIBHOTO KOHTAKTA MAHXETbI C KOXEH
NaumMeHTa.

MprMeHeH1e UCKYCCTBEHHOM rMNOTEPMMM
NO3BONAET YNYYLWMTb MCXOA Y NALUMEHTOB C:
OcraHoBko# cepaua (nocTpeaHMmMaunoHHas GonesHb)
TpaBmaT4eckMMM NOBPEXAEHUIMMU FONIOBHOTO MO3ra
' Uncynbtom
[NeyeHo4HOM sHUEdanonaTuen
MenukameHTO3HO He KynMpyemoi
NUXOPaAKOM
Undapkrom mmokapaa ¢ nogbemom ST

novalung”

Cucrema akcTpakopnopansHoi MeMbpaHHoM BeHTUnsumM iLA
(interventional Lung Assist) — Novalung

Cucrema iLA obecneunsaet adpdextusryio okcurenaumio u snummunaumio CO,,

3Q cyeT BbIcOKOTeXHonorn4Hoi membpatsl Novalung ¢ yHukanbHbIM NOKpLITUEM,

NO3BONSIOWMM B TedeHne 29 aHel NpoTe3npoBaTh QYHKLUMIO NErkux y NaLUUeHToB

C TAXENbIMU GOPMAMM AbIXATENBHON HEJOCTATOYHOCTH, HE MOAACIOLUMMMUCS )‘
NEYEHUIO TPAAULIMOHHBIMM pexmumamn MBJT. TR

Cucrema iLA cnyXut MOCTOM K BbI3AOPOBAEHMIO Y NAuMeHToB ¢ Tsxensim: PLCB, (
He Npuberas K arpeccuBHbIM PEXMMAaM BEHTUIISLIMK.

iLA noseonser ycnewHo ne4nts NaLMeHTOB C He KyNUPYEeMbIM OCTMATUYECKMM
crarycom, adpdektusHo yaanss CO, M3 OpraHnM3Ma B NPOTEKTUBHBIX PEXUMAX ‘
BEHTUNALMM.

MopcoennHenue crctems iLA ocywecTensietcs NyHKUMOHHBIM METOLOM Yepes
6eapenHyio aptepuio/ GenpeHHyio BeHy, NOTOK KpoBK obecnevmBaeTcs 3a cHer

QpPTepPMO-BEHO3HOM PA3HMLEI AABNEHMI, 6e3 Hacoca, YTO AeNaeT AQHHYIO ]
npoueaypy OTHOCUTENbHO NPOCTOM U AOCTYMHOM B LUMPOKOMN KITUHUYECKOM
NPAKTHKe.

=
O6vem 3anonHeHus cuctemsl cocrasnset 250 mn. ol
Motok kposu perynupyemsiit: ot 0,5 no 4,5 n/muH. /

WAIC)

www.schag.ru

Pexnama

— 3KCKMI03UBHbIY ANCTPUOBIOTOP B Poccum

3A0 «LLUAT» Q0O «lUAT Cesepo-3anan» 000 «JA-Or»
119002, . Mockea, 193318, r. CaHkT-Tetepbypr, 344091,
KapmaHuukuia nep., 4. 9 yn. Bopowwnoea, 4. 2 r. Poctoe-Ha-[loHy,
Apbat busnec LleHTp, oduc 501A Buznec LleHtp «Oxta», oduc 206 np-kT Craukm, 4. 245
T.+7 (495) 956-13-09, T.+7 (812) 440-92-21, T. +7 (863) 298-00-76,

¢. +7 (495) 956-13-10 ¢. +7 (812) 440-73-90 T/$. +7 (863) 266-74-36
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v onepau,ml nepeHoOCUTCA nerye.
® ﬂOCTOBepIIO YyMeHbllUaeT oﬁuwlo NeTanbHOCTb MO fAAHHbIM MeTa-aHanu3a'

® llpenynpellmaer KapAuanbHble 0CI0XHEeHUA B nepuonepayuoHHOM nepuo.qe’

Kpatkan nHpopmauma Ans MeguLMHCKNX CNeUnanmncToB. PeructpaunonHsil Homep: M1 NO14030/01-2002. Toprosoe Haseawue npenapata: Heoton. MHH: docdokpeatun. Mokazanma &
MIPMMEHEHNIO: HEOTOH NPUMEHAETCA B COCTaBE KOMGMHWPOBaHHOW Tepanii 3abonesaHit: MHTPAoNePaLMOHHON MWEeMI MMOKAP/a; OCTPOro MHdAPKTa MUOKAP/a; XPOHUYECKOI CePEYHON HElOCTATOUHO-
ci. MpoTusonokasaHus: MoBbiWEHHaR YyBCTBMTENBHOCTD K NPENapaTy; XPOHUYEeCKan No4evHan HefoCTaTOMHOCT (MPW NpUMEHeHWW Npenaparta & aosax 5-10 r/nexb); Bospact Ao 18 neT (3hdekTMBHOCTL W
6e30nacHOCTL He YCTAHOBNEHD). BEpEMEHHOCTL M NEPUOA NaKTaLMu: KNMHWYECKUX AaHHbIX O NpUMeHeHun HeoToHa npu BepemeHHOCTY HeT, OfHaKD MCCNEAOBAHINA Ha MBOTHbIX HE NOKA3aNK TOKCUYECKOro
AeiCTBMA Npenapara Ha GepTUAbHOCTL KPBIC ¥ 3MBpHCHEeTaNbHOR Pa3BUTUE KPOAWKOB. HEOTOH MOXHO Np npw Bep JCTM TONBKO TOTAA, KOTAA NONb3a ANA MaTEPH NPEBLILAET NOTEHUMANbHbIMA
PHcK Ana noAa. Mpw HeoBXxoAMMOCTH MPUMEHEHUA NPENapaTa 8 NePUO/ NaKTaLWM rpyAHOe BCkapmauBaHue HeobXoauMo npekpatus. MoboyHoe peiicteue: MoBbILEHHAA YYBCTBUTENLHOCTD K Npenapary,
CHIDKEHWE APTEPWaNEHOTD JABNEHUA (NpK GLICTPOM BHYTPMBEHHOM BBEAEHUH), MNepeo3npoBka: B HacToALes BPEMA O CNYJYaAX NEPEAOIMPOBKM Npenapata HeoToH He cooBwanoce. BaaumogeRcTene ¢
APYTUMK NEKapCTBEHHBIMA CpeacTBamu: [pn NPUMEHEHNI B COCTaBe KOMOMHMPOBAHHOM Tepanuu npenapat HeoToH cnocobCTBYeT NOBbILEHMI IPHEKTUBHOCTI aHTUAPUTMUHECKNX, AHTUAHTUHANBHBIX
CPEACTB W CPEACTB C NONOKMTENbHBIM MHOTPOMNHLIM AeicTBMEM. HeoTOH coxpaHaeT cTabunbHOCTL B BOAE ANA MHBEKUWIA, pacTeope 5% pexcTpo3s! (rnioko3bl) W 8 kapauonneriyeckux pacteopax. Ocobbie
ykasauwR: [penapar chepyer BBOAWTL B MAKCWMANbHO KOPOTKME CPOKW C MOMEHTA NOABNEHWA NPU3HAKDB yto obecneywsaer bonee BnaronpuATHEIA NporHos 3aboneeaqus. MpumexeHue
npenapata HeoToH B BLICOKMX Ao3ax (5-10 r/cyT.) CONPOBOMKAETCA NOBLIWEHHBIM 3aXBaTOM HOCHATOB B NOUKAX, YTO BAMAET Ha OBMEH KaNbLWA, CEKPELMI0 FOPMOHOB, PEryNMPYIOULINX FOMEOCTa3, GyHKUMIO
noyex 1 0BMEH NYPUHOB, NOITOMY HE PEKOMEHTYETCR ANMTENBHOE NPUMEHEHNE NpenapaTa HeoToH B Bbicokix fo3ax. Qopma Buinycka: MOPOLOK ANA NPUTOTOBNEHUA pacTBopa AnA uHdyaui 1r.Mo 1 un 4
nakoHa BMECTE C MHCTPYKLMER NO NPUMEHEHMID B KAPTOHHOM Nayke, YCNOBWA XpaHeHuA: XpaHuTe npy Temnepatype He exiwe 30 °C. Cpok rogHocTi: 3 roga. Npowseogutens: Anbtha Baccepmann Cn.A,
Bua E. ®epmw 1, 65020 Ananno (MNeckapa), Wranua / Alfa Wassermann 5.p.A. Via E. Fermi n. 1, 65020 Alanno (Pescara), Italy. bonee nogpoBHyio WHHOPMALMK CMOTPUTE B MHCTPYKUWM MO MPUMEHEHWIO MK
obpawaittecs 8 000 sAnbda Baccepmanis no agpecy: 115114, Mockea, [lepberesckan HabepexHan, a. 11A, cextop 2, odwc 524. Ten. (495) 913-68-39.

" Gigvanni Landoni, Alberto Zangrillo, Vadimir . E.omwomtuﬂalmlil:hvantw\f Jun Ma, Francesco De Simone and Evgenyfumnsm Cardiac protection with phosphocreatine: a meta-analysis, Interactive CardioVascular and Thoracic Surgery (2016) 1-10; doi:10.1093 /icvisvw171.
"bapaes (1.5. et al. Pesynbrarei np IpH one pe3epeamu muoxapaa. Becrimk HMXL| um. HA. Muporosa 2012;1.7, W 4, AW-RU-NED-04 (07/16) PEKNAMA
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; He nognexur npegmMmeTrHo-KoJIn4eCTBeHHOMY y4yeTty'
1. Hanna, M.H. Br. J. Clin. Pharmacol. 2003;55(2):126-33.
2. MiHcTp no KoMy T npenapara fekcanrun® fICP-002674/08-100408 ¢ namenenuamy o1 30.11.11
3. Leman P. et al, Emerg Med J, 2003; 20:511-513
4, Npuxaa Munagpasa Poccuw ot 22.04,2014 . N2 1831 «06 yTEEpHMAEHWA NEPEMHA NEKADCTBEHHBIX COEACTA ANA KOro nf , e NPEAMETHO-KONHYECTREHHOMY Y4eTy:
C b no Al wH". MHH: gexc pod
n K e GONEBORO CAHAPOMA PAANWYHOTO TeHEIa (B T. 4. NOCNEONEpaLMOHHBE BonW, BONW NP METACTA3aX B KOCTH, NOCTTRABMATHYECKWE GOnW, GONM NPW NOYEYHBIX KONWKAX,
ANLrOJUCMEHODER, MWWANTHA, PALWKYIT, HeBpanTHK, 3ybHan Gons); © THYSCKOR NEHEHNE DCTPbIX W X KX BOCTENM , BOC AEreHepaTHENbIX W MeTabonwueckux 3abonesanni
ONOPHO-ABATATENLHOTD ANNAPAaTa (8 T. Y. PEBMATOWAHLIR APTRWT, CNOHAWACADTRAT, 3pTPO3, OCT! ypos). NMp FHNEPYYBCTEMTENLHOCTE K KOMNOHEHTaM npenaparta, oboctperne AR v ATK,
KT 1A B , AKTUBHbIE KPO! KOBMYNALWK, TAKENBIE HADYWEHUA GYHKUMK MEUEHN, YMEDEHHbIE/ Hap: b novek, 6p BCTMa, TRHENAA
CEPAEYHaR HEDCTATOMHOCT, AeTH A0 18 ner, GeDewHanrb NAKTaUNA W AP, MPOTHBONOKA3AH ANA HEBPAKCUANBHOTO (INUAYPANEHOTD WK NOACGONOYEUHOTD, BHYT iora) u3-33 a

B COCTaR Npenapara ataHona, Cnocob npumenenna: 50 mra/e, /M kawse 8-12 u. CyTounan 1033 150 wmr, kypc nevennd - 2 gHA, MoBounsie addexTsi: HoNMb B MECTE MHBERLIMW, TOWHOTA, PBOTA,
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