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NeYeHMIo TPAaULIMOHHBIMKU pexumamu MBI

Cucrema iLA cnyXuT MOCTOM K Bbi3flopoBneHuio y naumenTos c taxensim: PACB, (
He npuberas K arpeccuBHbLIM PEXUMAM BEHTUMISILIMM.

iLA noseonser YCNewHo nevyrTb NauMeHTOB C HE KYNUPYEeMbIM QCTMATUHECKUM
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Infusion Therapy Optimization in Selective Abdominal Surgery
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Iens uccienoBanusi — OIleHKA BJIVSHUSA WHTPAOTEPAITMOHHON IleJIeHANlPABIeHHON NH(MY3MOHHON Teparuu,
YIIPaBJISIEMON HA OCHOBAHMU MOHUTOPUHTA BapHabeIbHOCTH YIAPHOTO 00beMa, Ha OCIE0IEPAIIUOHHBIE PE3YJIBTaThI
GOJIBIINX XUPYPTUUECKIX BMEIIATENbCTB HA OPraHAX JKEJIYA0UHO-KIIIEYHOTO TPAKTA.

Marepuassl M1 METO/bI. B IIpociieKTuBHOE uccieoBanme BKAOUNIN 80 MaleHToB, MOBEPIIIIXCs IJIAHOBbIM
OIlepPAaTHBHBIM BMELIATEIbCTBAM Ha OPraHax OPIOIIHOI 0JI0CTH ¢ (GOPMUPOBAHUEM MEKKHIIEYHOTO aHACTOMO3a. B
rpyiine ucciaenosanus (n=39) npoBoauiu HHGY3UOHHYIO TEPAIIUIO, COTJIACHO Pa3pabOTAHHOMY HPOTOKOJY LeJie-
HAIPABJIEHHON TePAIK, KJIOYEBbIM IaPAaMETPOM KOTOPOTO SIBJISLIACH BAaPUAOEIbHOCTD YAAPHOTO 00beMa. B KoHT-
posibHoIt Tpytie (n=41) nH(y3NMOHHYIO TEPANNIO MPOBOJAWIN HA OCHOBAHUU JIAHHBIX PYTUHHOTO MOHUTOPUHTA
reMOIMHAMUKH (Cpe/iHee apTepraIbHOE JIaBJICHUE, YaCTOTa CEPAEYHBIX COKPAIIEHUIT, CTEIIeHb KPOBOIIOTEPHU € YYETOM
UHTPAOIEePAIMOHHOIT cuTyarmu ). B 06enx rpyrinax ornepaTiBHOE BMENIATEIbCTBO TPOBOIUIIN B UAECHTHYHBIX YCIIO-
BUSX (COUETaHHAS aHECTe3Us, NIEHTUYHbIE TIPENapaThl I MHAYKIUU U TOJ/IePKaHs aHeCTe3Un ), pa3Hulla 3a-
KJII0YaJIach B 110/1X0/ie K MH(Y3MOHHOI Teparuu.

Pesyabrarel. B rpyrie uccienoBanus B CpaBHEHUU ¢ KOHTPOJIbHOI IPYIIIION, UHTPAOIIEPAIIMOHHbBIIT 00beM UH-
(y3un ObLI MEHDIIIE, IOCTOBEPHO HITKE OBLIO YUCJIO MAIMEHTOB ¢ OCJI0KHEHUSIME U 00Iee KOJIMYECTBO OCJI0KHEHUI],
a BOCCTAHOBJIEHUE (DYHKI[HIT JKeJIy[0YHO-KUIIIEYHOTO TPAKTA IIPOMCXOAUIIO B GoJiee PAaHHIE CPOKU.

3axmouenue. [leseHanpasientast uHGY3UOHHAS Tepatiusi, Ga3uPYIONIAsICs Ha MOHUTOPUHTE BapruabelbHOCTH
YIapHOTO 00beMa B KAUeCTBE KJI0UEBOTrO IIAPAMETPa, II03BOJISIET ONTUMU3UPOBATh MH(MY3UOHHYIO HATPY3KY U CIIO-
COOCTBYET CHUKEHUIO YMCJIA TAIIUEHTOB C OCJIOKHEHUSIMM, 8 TaKsKe GoJiee pAHHEMY BOCCTAHOBJIEHUIO (DYHKIUIT 5Ke-
JIyIOYHO-KHIIIEYHOTO TPAKTA MOCJIe OOJBIINX XUPYPrUdecKuX abOMIHAIbHBIX BMEIIATEIbCTB.

Kantouesvte cnosa: yeienanpasiennas ungysuonnas mepanusi; apuabesvrocms yoaprozo obsema (BY0); dymx-
UYUOHALLHDLE 2eMOOUHAMUYECKUE NAPAMEMPL; ZUNOBOLEMUSL; UNEPBOSEMUsL; 00CMABKA KUCIOPOOa

Purpose. Evaluation of the influence of intra-operative targeted infusion therapy managed by the monitoring
of stroke volume variability on post-operative results of major surgeries of gastrointestinal organs.

Materials and Methods. The prospective study included 80 patients subjected to selective operative in-
terventions of abdominal organs involving entero-enteroanastomosis. In the experimental group (n=39), the
infusion therapy was conducted according to the developed targeted therapy protocol, of which the key pa-
rameter was stroke volume variability. In the control group (n=41), infusion therapy was conducted based
on routine hemodynamic monitoring (average arterial pressure, heart rate, blood loss level with regard to
intra-operative situation). In both groups, operative intervention was carried out in identical conditions

Aznpecc i KOPPECHOHIEHIUH: Correspondence to:
WBan Cmenrnoii Ivan A. Smeshnoi
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(combined anesthesia, identical drugs to induce and maintain anesthesia); the only differences included in-

fusion therapy.

Results. In the experimental group versus the control group the intra-operative infusion volume was smaller,
the number of patients with complications and the total number of complications were reliably lower, and the gas-

trointestinal tract functional recovery occurred earlier.

Conclusion. A targeted infusion therapy based on a stroke volume variability monitoring as the key parameter
allows optimizing the infusion load and facilitates reduction of the number of patients with complications and earlier
recovery of gastrointestinal tract functions after major operative abdominal interventions.

Keywords: targeted infusion therapy; stroke volume variability (SVV); functional hemodynamic parameters; hy-

povolemia; hyperoolemia; delivery of oxygen
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BBenenue

CoBpeMeHHBIH 110/1X071 K nHGY3MOHHON Tepa-
MUY, KaK B MEPHUOINEPAIMOHHOM TIEepPHOie, TaK Tpu
KPUTHYECKUX COCTOSHUSAX, TPpebyeT 060CHOBAHHOTO
HasHaueHus MHGPY3UMOHHBIX cpell  (AHAJTOTHYHO
JIeKapCTBEHHBIM TipernapataM). HeobXoanmMo yuuThi-
BaTh MHOKECTBO (PAaKTOPOB — MOKA3aHUS U BO3MOXK-
Hble TPOTHBOTIOKA3aHUs, OCOOEHHOCTH TIAIMEHTa,
XapakTep OCHOBHOM M COIYTCTBYIOIICH TAaTOJIOTHH,
coctaB MH(MY3MOHHON Cpe/lbl M1 CBOEBPEMEHHOCTD ¢e
npuMeHenud. He MeHnee BakHOI sABJsieTCd OICHKA
pesyJsTaTa IpoBOMMO NHMY3MOHHO Tepanun.

OcHoBHOIl ~ 1esbI0  TIpoBe/ieHUd  UHQY3UU
SIBJIIETCS TIOJIIEPIKAHKE WM BOCCTAHOBJIEHNE 0ObeMa
nupkyaupyiomnieit kposu (OIIK), uro mosBosier
obectieunBaTh ONTUMAIBHYIO JIOCTABKY KHCJIOPO/IA
(DO,) 3a cuer TKaHeBoIl IePhY3UN 1 OKCUTEHAIUH.
3a rocJeiHe rojIbl TPOU30IILJIa OCTEIIeHHAs CMeHa
MapajiiTM B OTHOIIIECHUH TIOIXO0/IOB K TIepPUOTIEPAIIUOH-
Holt undysnonnoi repanun. Hakonuiock rocrarod-
HOE KOJIMYECTBO JIOKA3aTEJbHLIX CBUIECTEJILCTB B
MOJIb3y TPUMEHEHUS <«OTPAaHUYHUTEIBHBIX> CXEM
UH(Y3UOHHOI Tepanuy MpU OGIIUPHBIX XUPYprude-
CKUX BMeIaTeIbeTBax. Tak, HampumMep, iepecMoTpeHa
e71eCO00PAZHOCTD KOMIIEHCAIIUH TI0TEPh SKUKOCTH B
CBA3M C ee TPE/IoJaracMbIM IIEePeX0/IOM B «TpeThe
MIPOCTPAHCTBO». JJaHHBIII Mpoliecc He y1aao0Ch 10CTO-
BEPHO BepU(UITNPOBATD, B CBSA3H C YeM JIOTIOJTHUTEb-
Hag undysuonHas Harpyska me tpedyercsa [1]. Ha
OCHOBAHUU PE3yJBTaTOB Ps/la aKTYyaJIbHBIX HCCIE/0-
BaHUIi, MOKHO YTBEPK/IATh, 4TO CTPATETHs HYJIEBOTO
Gammanca uau ymepernoro gedurmra OIK umeer psin
NPEVMYIIECTB TMepej] «JIHOepabHBIMU»  CXeMaMHU
UH(Y3UOHHON Tepaniu, Hen36esKHO COTPOBOXKIAI0-
IUMIKCS Teperpyskoii oobemom [2, 3]. Taxxke sHaun-
TeJIHbHO PACHIMPUIIOCH TOHUMAHKE O IBUKCHUH SKU/T-
KOCTM  4epe3  9HAOTEIMANbHBIH  OGaphep. B
COOTBETCTBUM C COBPEMEHHBIMU IPE/ICTABICHUSIMU
BEJIyIIasl POJIb B PETYJIAIMU TPOHUIIAEMOCTH dHI0TE-
JIMAJIBHOTO CJI0 JIJIS1 KUJIKOCTH C PACTBOPEHHBIMU
HU3KOMOJIEKYJISIPHBIMU KOMIIOHEHTAMU, paHee OTBO-
JIMMast KOJJIOMTHO-OCMOTHYECKOMY JIaBIEHUIO HHTEP-
CTUINA, TTPUHAIICKUT IHAOTETUATHHOMY TJIMKOKA-
JuKcy.  MoJekyasapHoe  «CUTO»  TJITMKOKAJINKCA,
cocrosliee U3 TIANKOIPOTEMHOB U MTPOTEOTJINKAHOB,
HAXOJUTCS B MMOCTOSHHOM JIMHAMUYECKOM PaBHOBE-

Introduction

The modern approaches to infusion therapy, both
during the peri-operative period and critical care ther-
apy, require reasoned prescription of infusion media
similarly to drugs. Numerous factors must be carefully
considered: indications and possible counter-indica-
tions, patient’s peculiarities, the nature of the main
and concomitant pathology, infusion medium compo-
sition, and timely manner of its application. Not less
important is evaluation of the result of a performed in-
fusion therapy.

The main purpose of doing infusion is to main-
tain or restore the circulating blood volume (CBV),
which allows ensuring optimal delivery of oxygen
(DO,) due to tissue perfusion and oxygenation. Over
recent years, the paradigms of sophisticated peri-op-
erative infusion therapy have been gradually chang-
ing. Sufficient amount of evidence in favor of use of
‘restrictive’ regimens of infusion therapy during major
operative interventions has been accumulated. For ex-
ample, expediency of making up fluid lost due to its
presumable transition to ‘third space’ has been revised.
This process had not been verified reliably, so no ad-
ditional infusion load was required [1]. Based on the
results of a number of relevant studies, it can be as-
serted that the strategy of zero balance or moderate
deficit of CBV has a number of advantages over ‘lib-
eral’ regimens of infusion therapy inevitably accompa-
nied with overload by volume [2, 3]. Understanding
of fluid movement through endothelial barrier has
been also significantly increased. According to con-
temporary views, the leading role in the regulation of
endothelial layer permeability for a fluid with dis-
solved low-molecular components attributed to col-
loid osmotic pressure of interstitial tissue, belongs to
endothelial glycocalyx. The molecular ‘sieve’ of glyco-
calyx, consisting of glycoproteins and proteoglycans,
is in a state of continuous dynamic equilibrium with
circulating plasma being a key component of regula-
tion of the balance between forward and backward fil-
tration of fluid. This fact instigated revision of the
traditional Starling’s equation and formed the back-
bone of the contemporary double barrier concept [4,
5]. It is worth mentioning that a direct damaging ac-
tion on glycocalyx that results in dysfunction of en-
dothelium causes atrial natriuretic peptide released by

GENERAL REANIMATOLOGY, 2018, 14; 5
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CHHY C IUPKYJIUPYIOLIEl TJIa3MOIi U SIBJISIETCS KJTIoue-
BBIM KOMIIOHEHTOM peryJisiiuu Gajarca npsiMoil u
o0paTHOIl (uabTpanun KUAKOCTU. JJaHHBbIA (hakT
croco6CTBOBAI IEPECMOTPY TPAAUIIMOHHOTO YPaBHe-
Hust CTapJInHra 1 Jier B OCHOBY COBPEMEHHOI KOHIIET -
uu aBoiHoro 6apeepa [4, 5]. CTOUT OTMETHTD, YTO
HeTocpe/ICTBEHHOE TIOBPEXK/IAlolIee IeiCTBIE Ha TJIH-
KOKAJIMKC C TI0CJIeIyionieil TuchyHKIell 9HI0TeusI
BbI3bIBAET IIPE/CePAHBII HATPUI-YPETHYECKUI TTeTl-
TUI, BBIIEJISIEMBIN PACTSIHYTHIM TIPABBIM TIPECEPIIEM
B OTBET Ha 0OBEMHYIO MEPErpy3Ky. DTO MPUBOIUT K
HepeMeIieHuIo KUAKOCTH B UHTEPCTULINATIBHOE TIPO-
CTPAHCTBO ¥ PAa3BUTUIO UHTEPCTUIUATBHOIO OTEKA
OpraHoB U TKaHeii [6].

Takxum 06paszoM, GOJIBIIMHCTBO ABTOPOB 000CHO-
BaHHO CYUTAIOT IPUOPUTETHOI PECTPUKTUBHYIO CTPa-
Teruio MHMY3MOHHOI Teparnnuu, OCHOBBIBAIONLYIOCS HA
nojiepsKanuu 6asucHoO MOTPEOHOCTH TIAIEeHTa B
skugroctn (1—1,5 MJI/Kr/4) ¢ y4eToM reperupanioH-
HBIX 110Tepb oneparuoHHoro moJst (0,5—1,0 M /kr/4).
Bupnmble nmoTepu skugkoctu (KpOBOIIOTEPSI, IOTEPU
0 30H/IaM, IPEHAKAM ) BOCIIOJIHSIIOTCS IOTIOJTHUTE b~
Ho. HecMoTpst Ha TPOCTOTY 1 PU3UOIOTHIHOCTD JIaH-
HOT'O TI0/IX0/1a, COXPAHSIETCSI CEPbE3HBI PUCK TUIIOBO-
JIEMUHU, YeMy CIOCOOCTBYET MeJblil psif (hakTOpPOB,
CBSI3AHHBIX KaK C MAlUEHTOM (UCXOIHOE COCTOSIHUE,
0COBEHHOCTH MaTO(hU3NOJIOTHI OCHOBHOTO 3260J1eBa-
HUsI, XapaKTep COIYTCTBYIOIIEN MATOJOTUH, TPUEM
Pa3JIMYHBIX [TPENAPATOB, B T.4. TUIIOTEH3UBHBIX, MEXa-
HUYECKas TO/ITOTOBKA JKeJIyIOYHO-KUIIIEYHOTO TPAKTA
(UKKT) u npenonepaiiuoHHoe roJioflaHue), Tak U ¢
0COOEHHOCTSIMU ~ AHECTE3UOJIOTUIECKOTO  OCOOMsI
(coueTanvie obIIIel aHECTE3NH C PErMOHAPHBIMU METO-
JaM1) U XUPYPTUUYECKOTO BMEIIATeTbCTBA (JJINTEIb-
HOCTb OTI€PAIINY, XUPYPTUUECKasI TPABMa, KPOBOIIOTe-
pst). llpm  arom TpaguIuMOHHAS —IUATHOCTUKA
TUIIOBOJIEMUU HA OCHOBAHUU [AHHBIX PYTHUHHOTO
MOHUTOPHHTA MHTETPAJIBHBIX TAPAMETPOB TeMOINHA-
MUKH 324acTyi0 Hea(pdeKTUBHA, T.K. apTePHATIbHOE
nasyierue (AJl) m yactora cep/edHbIX COKpaIIeHni
(YCC) moryT ocTaBarhcsi B IIpejiesiax HOPMaJIbHbIX
3HauveHuil gaxke npu 3unadumom jpedurure OIIK, a
napamerp IeHTpaJbHOTO BeHo3Horo fnasienust (11B/1)
B GOJIBIITMHCTBE CUTYAIUI HE KOPPETUPYET CO CTeTIe-
Hbto Tugpatanuu [7, 8]. Heratusubie mocienacTBus
CKPBITOH TMIIOBOJIEMUH, MACKUPYIONIEHCS CTaOMIIb-
HOIT TeMOJIMHAMUKOI, KacaloTcs B IIEPBYIO OYEPEb
OPraHOB CIIAHXHUYECKOH 30HbL. [Jig HapylieHus
nepdysnn B gannoii 3one gocrarouro 10-15% necdu-
muta OIK, npu 3TOM cUTyanuio ycyryoysaer ceex-
THUBHAs Ba30KOHCTPUKIIMS Me3eHTePUATIbHBIX apTe-
pUOJI, SBJIAIOMASICST BAKHBIM KOMIIEHCATOPHBIM
MeXaHU3MOM mojjepkanus cucremuoro A/l npu
runioBoJiemuu [9, 10]. Pe3ynbsraToM MOXKET CTaTh JIHC-
dbynkiua opranos JKKT, maumnag ot yrHereHus
HEePUCTATBTUKY U 3aKAHYNBAsT HECOCTOSTEIbHOCTHIO
MEKKHUIIEYHbIX aHacToMo30B [11]. JlubepasubHbrii
NnoJX0/l K MH(PY3NOHHON Tepanuu y TaHHOI KaTero-
pHM MAIIMEHTOB He PelaeT mpodJeMy moaHoctsio. Ha

stretched right atrium in response to volume overload.
As a result, fluid moves to interstitial space and inter-
stitial edema of organs and tissues develops [6].

Most authors reasonably find predominant the
restrictive infusion therapy strategy, which is based on
maintenance of the patient’s basic requirement for
fluid (1-1.5 ml/kg/hr.) with regard to perspiration
losses of the operative field (0.5-1.0 ml/kg/hr.). Ob-
vious losses of fluid (blood loss, losses through
catheters, drain tubes) are made up additionally.
Though this approach is simple and adapted to human
physiology, there still remains a serious risk of hypov-
olemia promoted by a number of factors both related
to the patient (baseline condition, pathophysiological
peculiarities of the main disease, the nature of con-
comitant pathology, intake of various drugs including
antihypertensive drugs, mechanic preparation of gas-
trointestinal tract (GIT), and pre-operative fasting),
and specificity of anesthetic support (combination of
general anesthesia with regional techniques) and sur-
gical intervention (operation duration, surgical
trauma, blood loss). In this instance, conventional di-
agnostics of hypovolemia based on routine monitoring
of integral hemodynamic parameters is frequently in-
efficient because arterial pressure (AP) and heart rate
(HR) may remain within normal limits even during
considerable CBV deficit, while central venous pres-
sure parameter (CVP) does not correlate to hydration
level in most cases [7, 8]. Adverse consequences of la-
tent hypovolemia are masked by stable hemodynamics
affect, first of all, splanchnic zone organs. 10-15%
deficit of CBV is sufficient to disturb perfusion in that
zone, the situation being aggravated by selective vaso-
constriction of mesenteric arterioles, which is an im-
portant compensatory mechanism of maintaining
systemic AP during hypovolemia [9, 10]. The result
may include dysfunction of GIT organs starting from
suppressed peristalsis and ending with enteroen-
teroanastomotic leaks [11]. The liberal approach to in-
fusion therapy in this category of patients does not
fully resolve the problem. At the local level of a surgi-
cally damaged bowel wall, the amount of fluid in its
interstitium increases and even minimal volumes of in-
fusion might enlarge that edema many-fold [12]. The
consequences of hypervolemia for GIT are similar to
those during hypovolemia. Bowel wall edema, same as
its ischemia, account for disturbance of the barrier
function and synthesis of GIT mucous tissue of differ-
ent acute phase proteins, cytokines and hormones act-
ing local and systemically, which might lead to
development of organ dysfunction and severe compli-
cations [13, 14].

The concept of targeted infusion therapy based
on the use of functional hemodynamic parameters
might be an optimal solution to the issue of peri-oper-
ative infusion therapy during selective abdominal sur-
gery. Usual parameters of invasive hemodynamic
monitoring — stroke volume (SV), cardiac output
(CO), cardiac index (CI) — are of limited value be-
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JIOKQJIbHOM YPOBHE XUPYPIUYECKU IOBPEKICHHOMN
CTEHKU KUIIKW YBEJINYUBAECTCS COJIEPKaHNe KUIKO-
CTU B €e UHTEPCTHUIINH U JIAKE MUHUMATbHBIE O0BEMbBI
nH(Y3UU MOTYT KPaTHO YBEJTMUYUBATD 9TOT OTeK [12].
[Mocnencreus runtepsoniemun st JKKT ananoruanst
TAKOBBIM I1pU rumnoBosieMunt. OTeK CTEHKU KUIIKH,
KaK M ee UIIeMUsd, CJIyXKaT IPUYNHON HapylIeHUs
GapbepHoii pyHKIMu 1 cunTesa causucToil JKKT pas-
JIMYHBIX OCTPOGhA3OBBIX GENKOB, IIMTOKUHOB U TOPMO-
HOB, IEHCTBYIOIINX HA JIOKAJILHOM U CUCTEMHOM yPOB-
HAX, YTO MOXKET IPUBOJAUTb K Pa3BUTHUIO OPraHHOM
JMChYHKIINY U TSDKEJIbIM ocioxkHenusM [13, 14].

OnrnMaIbHBIM pereHneM mpobaeMsl Tiepuore-
pamuoHHOW WH(MY3MOHHOW Tepanuu B IJIAHOBOU
abIOMUHAIIBHOI XUPYPTUH MOKHO CUUTATH KOHI[E-
IUIO 1leJieHallpaBJaeHHoN nH(pY3UOHHON Teparnuu,
OCHOBAHHYIO Ha UCIOJb30BAHUU (PYHKIIMOHAIBHBIX
reMo/IMHaAMMYeCKUX 1apameTpoB. [Ipusbrunble napa-
MeTpbl UHBA3MBHOIO MOHUTOPUHTA TeMOJAMHAMUKU
— yaapubiii 06beM (YO), cepaeunsiii Beiopoc (CB),
cepneunbiii uugekc (CH), mmeoT orpaHUYEeHHYIO
IEHHOCTD, [IOTOMY YTO UX OlleHKa He JacT OJHO3HAY-
HOTO OTBETA Ha BOIIPOC CBA3AHbI JIM UX HU3KHE 3HaYe-
Hus ¢ gepunurom OILK, 1160 06ycaobaenn addex-
TaMy aHecTe3nu. B Takux cuTyanusax sMuupudeckas
uHdysuoHHas Harpyska O6yzer addekTruBHA JUIIb Y
[I0JIOBUHBI TIAIIMEHTOB, Ipyras sKe [I0J0BUHA He OTBe-
TUT yBeJndeHueM paboThl cepilla Ha yBeJudeHue
[pPeHArPY3KHU, 4TO OY/IET CIIOCOOCTBOBATH TIEPETPY3-
Ke 06bEMOM U TIePEXO/Y KUIKOCTH B MHTEPCTUIIHIT
[15, 16]. dust ouenku cocrosiiust OIIK u BbistBIICHUS
MAIMEeHTOB, Pearupyonmx Ha yBeJudeHue mnpejiHa-
rpysKu 3a cyeT uH(py3uu, OTINYHO OAXOAAT (hYyHK-
[MOHAJIbHbBIE TeMOANHAMMYECKIE ITapaMeTpbl Bapua-
6enpHocTu  ypapHoro obwema (BYO) uiam
nyJsbcoBoro aasiaenus (BILI). B ycaosuax VBJI
JAaHHbIE TapaMeTpbl IO3BOJISIOT [POTHO3MPOBATD
yBesimuenrie CB B orBeT Ha MH(Y3MOHHYTO HATPY3KY
C 4YBCTBUTEJIBHOCTHIO U CHENU(PUIHOCTBIO GoJee
80%, TeM camMbIM /1aBast BO3MOXKHOCTb WHIUBU/IY A~
3upoBaTh MHGY3UOHHYI0 Tepanuio [17]. Becombim
ApPTyMEHTOM [IJI1 Py TUHHOTO UCII0JIb30BAHUS JAHHbBIX
[apaMeTpoB $BJSETCS TO, YTO BO3MOXKHOCTb MX
[OJIyYEeHUS peaii30Bata B psijie CUCTeM MUHUMAJIb-
HO MHBA3MBHOT'O TeMO/IMHAMUYECKOTO MOHUTOPHHTA,
riae HeoOXOAMMA JIMIL KaTeTepu3alys Jy4eBoil
aprepuu u He TpebyeTcst KanubpoBKa. JlaHHblii mo/-
X0/l 3HAYUTEJbHO YIIPOIAET IIPOIECC MOJyYeHUs
MoKasaTesiell IeHTPAIBHOM TeMOIMHAMUKH, CIIOCO0-
CTBYs1 Kak 6oJiee MHUPOKOMY PacripoCTPaHEHUIO
MHBA3UBHOTO MOHUTOPHUHTA CPEU CIEIUAJHICTOB,
TaKk U pacHIMPEeHUIO MMOKA3aHUN K MCIIO0JIb30BAHUIO
MHBA3WBHOIO MOHUTOPUHTA Y IJIAHOBBLIX XUPypruye-
CKMX HAI[MEHTOB.

[lenp uccseoBanus: OlleHKA BJAMSAHUSA MHTPa-
oriepanoHHO 1esienarnpasyennoit repanuu (ILTHT),
yIpaBJigeMoii Ha ocHoBaHuu MoHuTopuHra BYO, na
MOCJIEOTIEPAIIMOHHBIE PE3YJIILTATHI GOJIBIIUX XUPYPIr-
yeckux BMelnaTesnbeTs Ha opranax sKKT.

cause their assessment does not give an unambiguous
answer whether their low values are related to CBV
deficit or caused by anesthesia effects. In such situa-
tions, empirical infusion load will be effective only in
half of patients, the other half will not respond by car-
diac function increase in response to increased pre-
load, and that will promote overload by volume and
fluid migration to interstitium [15, 16]. To assess the
CBYV condition and identify patients responding to in-
crease of preload through infusion, functional hemo-
dynamic parameters of stroke volume variability
(SVV) or pulse pressure (VPP) are perfectly suitable.
In ventilation environment, these parameters allow
forecasting increase of CB in response to infusion load
with sensitivity and specificity exceeding 80%, thus,
creating an opportunity for infusion therapy cus-
tomization [17]. A weighty argument for routine use
of these parameters is that the faculty of receiving
them is realized in a number of minimally invasive he-
modynamic monitoring systems, which require only
radial artery catheterization and do not need calibra-
tion. This approach simplifies considerably the process
of obtaining central hemodynamics parameters, assist-
ing both a wider use of invasive monitoring among
specialists and extension of indications for use of in-
vasive monitoring in selective surgery patients.

Purpose. To evaluate the influence of intra-oper-
ative targeted therapy (TT) controlled based on SVV
monitoring on post-operative results of major opera-
tive interventions on GIT organs.

Materials and Methods

The prospective study included 80 patients. The in-
clusion condition was selective operative intervention that
would presumably last for at least 3 hours, performed on ab-
dominal organs and involved solution of continuity of small
or large bowel and formation of enteroenteroanastomosis.

The exclusion criteria were patient’s refusal to partic-
ipate in the study, age younger than 50 years and older than
80 years, urgent nature of operative intervention, pro-
nounced concomitant pathology (higher than class 3 accord-
ing to ASA), cardiac rhythm disturbances, surgery on upper
GIT (esophagus, stomach, duodenum).

Patients were randomized into two groups: control
group and TT group. In both groups, operative intervention
was performed in combined anesthesia conditions (endotra-
cheal + epidural), using identical drugs to induce and main-
tain anesthesia. In the control group (n=41), infusion therapy
was done using Ringer’s solution, the baseline infusion rate
was 4—5 ml/kg/hr. The infusion rate increase and additional
bolus administration of solutions were performed based on
routine monitoring of hemodynamics (AP, HR) and blood
loss level taking into account the intra-operative situation.
When the mean arterial pressure (MAP) decreased below 60
mm Hg and there was no effect from additional bolus admin-
istration of fluid (5—10 ml/kg), administration of vasoactive
drugs (ephedrine 0.1-0.2 mg/kg, Mesatonum 0.25-0.5 mg)
was used. If it was not possible to resolve hypotension within
20 minutes, fractional infusion of dopamine was commenced
initially dosed at 5-10 g/kg/min. or noradrenaline initially
dosed at 0.1 g /kg/min followed by dose titration to maintain
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Marepuan u MeTo/Ibl

B npocnexktusHoe nccnenoBanue Briounim 80 naru-
eHTOB. VIHKIIIO3UBHBIM YCJIOBHEM SIBJISAJIOCH TIJIAHOBOE Ollepa-
THUBHOE BMEIIATEIbCTBO € TIPEIIOIATaeMOIl JTUTETIBHOCTHIO
He MeHee 3 4acoB Ha OpraHax OPIOIIHON MOJIOCTH € HApyIile-
HUEM TIeJIOCTHOCTU TOHKO WJIN TOJICTOM KUIIKK 1 (DOPMIPO-
BaHMEM MEKKHUIIEYHOTO aHACTOMO3A.

Kputepusgmu ncKII04eHUS SBIISJINCH: OTKA3 HAallMeHTa
OT yYacTusi B MCC/IeJOBaHu, Bo3pact MeHee 50 et u 6oJiee
80 JieT; aKCTPEHHBIN XapakTep OlepaTUBHOIO BMeIaTe b-
CTBa, BbIpaK€HHaA COIIYTCTBYIOMasA MaTOJOTUS (BI)IH_[e 3
KJyacca no mkane ASA); HapylIeHns puT™Ma Cep/iia; ornepa-
nnu Ha Bepxaux otaenax KKT (mumieBos, keaynok, ase-
HaJIIaTUIIepCTHAST KUIITKA).

[ManueHToB cayyaliHbIM 06PA30M Pas3e/UiIu Ha JBe
rpyIibE KoHTpoJbHyto u rpymiy [THT. B o6enx rpytmax
orepaTUBHOE BMEMIATEIbCTBO TIPOBO/IUIIN B YCJIOBUSX COYE-
TAHHOH aHecTe3nu (dHAOTpaxeasbHasl + dMUypaabHasI) ¢
NCIOJIb30BaAHNEM NACHTUYHDIX TIPETIapaToB AJId MHAYKITNN
U NIOJ/IepsKaHms aHecTe3un. B KoHTposibHOI rpytine (n=41)
UH(Y3UOHHYIO TEPANUIO TPOBOIUIN PacTBOpoM Punrepa,
GasucHbIil TeMit UHGY3UU 4—5 MJI/KT /4. YBeJIUUeHUEe TeMIia
uH(Y3UU U JOMOJHUTENbHOE GOJIIOCHOE BBEIEHUE PACTBO-
POB OCYIIECTBJIS/IN HA OCHOBAaHUM JJAHHBIX PYTHHHOTO MO-
nurtopunra remoguHamuku (A, UCC) wu crenenu
KPOBOTIOTEPU € YYE€TOM HHTPAOIEPAIMOHHON CHUTYyallMH.
[Ipu cumxennu cpepnero aprepuasibioro aasienus (CA/L)
MeHee 60 MM PT. cT. 1 oTcyTcTBUM 3P DEKTA OT AOMOJHU-
TeJbHOrO GOMIOCHOTO BBeAeHU KUAKOCTH (5—10 Mu/Kr),
WCIOJIb30BAJIM BBE/ICHNE BA30AKTUBHBIX ITperapaTosB (ades-
put 0,1-0,2 mr/kT, MesaTon 0,25—0,5 mr). Eciiu runoreHsnto
He y/JIaBaJloCh KOPPUTUPOBATH B TeueHue 20 MUHYT, epexo-
JIJIA K TIPOJIJIEHHON MH(pY3UN I0TIaMUHA ¢ HA4aJIbHOH /10~
3upoBkoil 5—10 MKr/Kr/mMuH win HopazapeHamwaa 0,1
MKF/KF/MI/IH 1 TIOCJIEAYIOIINM TUTPOBAHUEM /IO3bI JIJIS 1T0/1-
nepsxxanust CAJl B npenenax 70-90 mwm pt. ct. HCC noazep-
JKIBAJTH HA ypoBHe He MeHee 50 y7I. B MUH, TPU e CHIKEHIH
MCITI0JIb30BaI aTpoH (11pu HeahHEKTUBHOCTH — TPO-
ITeHHYIO WHGDY3UIO [oTTaMIHa 5 MKT/KT/MuH). B rpyrmie
IIHT (n=39) 6asucHyo uH(GY3HOHHYIO TEPAIUIO TPOBO-
NI pacTBOpoM PuHrepa aHajJOTUYHO KOHTPOJILHON
IpYIIIE, & JOIOJHUTEIbHOE OOJIIOCHOE BBEIEHUE PACTBOPOB
" IIPUMEHEHNE Ba30aKTHUBHDBIX IIPEIapaToB IIPOBOJAUIN Ha
OCHOBaHHUU JaHHBIX THBA3UBHOI'O MOHUTOPWHTA FreMOJIHA~
mukn (Vigileo FloTrac; Edwards Lifesciences Corporation,
CHIA). OcHOBHOII 11eJbI0 SABJIAIOCH Toepskanue BYO
Menee 13% myreM 6oJIF0CHOI UH(DY3UOHHOI HATPY3KK Pac-
TBOpoM Punrepa (3—5 MJI/KT), HATIPABIEHHO Ha TOCTIIKE-
une CU ne menee 2 j/vun/m% Ipu BYO menee 13% u
coxpasnsioniemcst CU menee 2 J1/MuH/M? JIJ1s1 OJEPKAHMST
MOCJIE/IHETO UCIIOAB30BaIN OOJIIOCHOE BBeieHNe aheprHa
0,1-0,2 mr/xr wiu mezatona 0,25—0,5 mr. TIpu HeadekTus-
HOCTH JJAHHBIX MEPOITPUATUI B TedeHue 20 MUHYT HaUuMHAJIN
MPOJIIEHHYI0 MH(Y3UIO I0TTaMUHA C HAYAJIbHOM JI03UPOBKOI
5—10 mkr/xr/muH niv Hopagpenanuna 0,1 MKr/Kr/MUH 1
HOCJIeLYIOIIM TUTPOBAaHUEM 03Bl 1L noanepskanust CAJL
B npegenax 70-90 mm pr. ct., a CU 6onee 2,5 1/Mun/m2.
IIpu BYO 6osee 13% 1 nHeahPeKTuBHOCTH 2 TOIBITOK 60-
JIOCHO¥ MH(pY3NOHHOIT Harpy3ku B couetanun ¢ CU menee
2 71/MuH/M? OCYIIECTBIISIIIN TPUMEHEHHE KaTeX0JAMITHOB 10
BbieonucanHoii cxeme. [Ipu atom YCC nomgep:ruBain
croco6amu, UCTIOJIb30BAaHHBIMU B KOHTPOJILHOM rpyiiie. AJi-
TOPUTM IeJIEHATIPABICHHON TEPAINU B XO/I€ UCCJIC/IOBAHUS
npejicTaBieH Ha puc. 1.

MAP within 70-90 mm Hg. HR was maintained at a level
not lower than 50 bpm, when it was lower, atropine was used
(if it was ineffective — fractional dopamine infusion at 5
g/kg/min). In the TT group (n=39), baseline infusion ther-
apy was performed using Ringer’s solution similarly to the
control group, while additional bolus administration of solu-
tions and use of vasoactive drugs were performed based on
invasive hemodynamic monitoring (Vigileo FloTrac; Ed-
wards Lifesciences Corporation, CIIIA). The main objective
was to maintain SVV less than 13% by means of bolus infusion
load with Ringer’s solution (3—5 ml/kg), in order to achieve
CInot less than 2 1/min/m2. At SVV lower than 13% and per-
sistent CI less than 2 1/min/m?, to maintain the latter, bolus
administration of ephedrine at a dose of 0.1-0.2 mg/kg or
Mesatonum 0.25—0.5 mg was used. When these measures were
ineffective for 20 minutes, fractional dopamine infusion was
commenced at the initial dose of 5—10 mkr/kg/min or nora-
drenaline at 0.1 g/kg/min followed by dose titration to main-
tain MAP within 70-90 mm Hg and CI — more than 2.5
1/min/m2 At SVV greater than 13% and 2 ineffective attempts
of bolus infusion load, combined with CI less than 2 1/min/m?,
catecholamines were used following the pattern described
above. In this instance, HR was maintained using methods ap-
plied in the control group. The algorithm of the targeted ther-
apy in the course of the study is shown on figure 1.

As a marker of tissue oxygenation, arterial blood lac-
tate concentration was assessed before onset of operative in-
tervention and after the main stage of operation, which was
formation of entero-enteroanastomosis. During the first 24
hours after operative intervention, all patients were ob-
served in the Anesthesiology and Reanimatology Unit
(ARU). During that period, the baseline therapy was
Ringer’s solution based on 1.5-2 ml/kg/hr. Next day after
ther surgery, the level of manifestation of organ dysfunctions
was evaluated by SOFA scoring.

As the main clinical endpoint, the frequency of com-
plications during 28 days after the surgery was assessed. As
secondary endpoints, arterial blood lactate concentration
after the main stage of operation, the level of manifestation
of organ dysfunction on the next day after operation, the
length of stay in ARU and hospital, the time of GIT func-
tional recovery were evaluated.

For statistical analysis, Microsoft Excel 2013, Stat-
Plus 6, IBM SPSS Statistics v.22. packages were used. Nor-
mality of distribution was evaluated by Shapiro-Wilk test.
Data were presented as arithmetic mean M*mean root
square deviation o or median Me and 25" — 75% percentiles,
depending on character of distribution of variables. Signifi-
cance of differences was evaluated with the help of paramet-
ric and non-parametric tests: Student ¢-test or
Mann-Whitney U test. For the analysis of qualitative char-
acters, y” test and Fisher’s exact test were used. For all tests,
p<0.05 was assumed statistically significant.

Results and Discussion

In both groups, patients were comparable in
terms of demographic and anthropometric characters,
laboratory test data, and concomitant pathology man-
ifestations. No significant difference between the
groups in terms of duration of operative intervention
or blood loss volume was noted. The operation time
median was 280 (230-395) minutes in the TT group
and 280 (225-407.5) minutes in the control group
(p=0.9). Blood loss in the TT group amounted to 200
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Puc. 1. [IpoTokoJs HHTpaOEPANUOHHON IeJIeHANIPABIEHHOH HH(DY3HOHHOI Tepanuu.

Fig. 1. Protocol of intra-operative targeted infusion therapy.

B kauecTBe Mapkepa TKaHEBOI OKCHT€HAIINN OIeHNU-
BaJIM KOHIIEHTPAINIO JIAKTATa apTePHUAIbHOM KPOBH /10 Ha-
Jajia ONEPATHBHOTO BMEIIATEJBCTBA M II0CTE OCHOBHOTO
JTala OlepaIii, KOTOPBIM YCIOBHO CYUTAIN (DOPMUPOBAHUE
MEKKHIIIEYHOTO aHACTOMO32. B TeueHre IIepBbIX CyTOK MocIe
OIIEPaTHBHOTO BMEIIATEIBCTBA BCEX MAIIMEHTOB HAOIIOAIIH
B YCJOBUSX OT/IeJIEHHsS] aHECTE3UOJIOTHU U PeaHMMAIlIH
(OAP). Basuchyio nH(pY3MOHHYIO TEPAITUIO B 9TOT MEPUOJ]
TTPOBOIUIN pacTBOpoM Pumrepa u3 pacuera 1,5—2 Mi/kr/4.
Ha cienyrommue cyTKu 1ocse onepaiuy GuKCHpoBasIy cTe-
[eHb TPOSIBJIEHUET opranHoil aucdyHkimm o mkaite SOFA.

B xavecTBe OCHOBHOTO KJIIMHIYECKOTO NCXO/IA OI[eHN-
BaJIM YaCTOTY OCJIOKHEHUI B TeueHue 28 mHell mocie ore-
panmuu. B kadecTBe BTOPUYHBIX MCXO/I0B OIIEHUBAIH
KOHIIEHTPAIIHIO JIAKTaTa apTePUAJIbHOI KPOBH IIOCJIE OCHOB-
HOTO 9Talla Ollepalini, CTelleHb IPOSIBIIEHISI OPraHHOM AnCc-
dbyHkINM Ha chemyione CyTKH IIOCJE  OIE€PAINy,
maresbrocTh npebbiBanust B OAP 1 craronape, cpoxu
Boccranoienus pynknnii JKKT.

J1J1s1 CTaTHCTIYEeCKOTO aHAIM3a NCTIOIB30BAJIH TTAKEThI
nporpamm Microsoft Excel 2013, StatPlus 6, IBM SPSS
Statistics v.22. HopMasibHOCTb pactipe/iesieHus1 OlleHUBAJIN
npu momomu Tecta [lanmmpo-Yunka. [lanHbie mpeacTas-
JIeHBI KaK cpefHee apumermdeckoe M + cpepHeKBazpaTHy-
HOe OTKJOHeHWe ¢ wianm Mexamana Me (25-if m 75-i
MePIEHTUIIN) B 3aBUCKMOCTH OT pacipesneenus. JloctoBep-
HOCTb PA3IUIUI OIEHUBAJIH C TIOMOTI[HIO TAPAMETPUUECKUX
U HeTIapaMeTPUIeCKuX TeCTOB: (-kputepust CThIOEHTA NITH
U-kputepust Manna-Yuruu. [l1s anannsa KayeCTBEHHbBIX
MTPU3HAKOB MCIIOIB30BAJIN TECT ) 1 ToUHbI kpuTepuit Ou-
mepa. 3uadenne p<0,05 151 BceX TeCTOB CUMTAIIM CTATHCTH-
YeCKU 3HAYNMBIM.

Pe3ybTarhl 1 00CYKAEHHE

B o6eux rpymmax nanueHTsbl ObLIN COMOCTaBU-
MBI 110 IEMOTPAUIECKUM U aHTPOIIOMETPUYECKIM
MOKA3aTeJIAM, JAHHBIM JJaO0PATOPHBIX TIOKA3aTes el 1
MPOSIBJIEHUSIM COITYTCTBYIONIEH TaTOJIOTU. 3HAYM-
MBIX PA3JIUYUIl MEXKIY IPYIIIIAMU I10 TTIPOOJIKITE b-
HOCTH OTIEPATUBHOTO BMENIATEIbCTBA U 06BEMY KPO-
BOIIOTEPU HE OTMETHUJIU. MejiaHa BpeMeHU Ollepalfii
cocraBuiia 280 (230-395) munyt B rpynme ITHT u

(100-400) ml, in the control group — 150 (100—300)
ml (p=0.5). The type of operative interventions per-
formed is given in table 1.

The ultimate volume of intra-operative infusion
in the TT group versus the control group was lesser
both in absolute figures and on conversion to body
mass and operation time: 2700 (2000—3700) ml versus
3400 (2500—4600) ml (p=0.02) and 6.6+0.8 ml kg /hr
versus 8.8£1.9 ml/kg/hr (p<0.001), correspondingly.
The intra-operative diuresis rate did not differ between
the groups: 73+20 ml/hr in the TT group and 69+31
ml/hr. in the control group (p=0.62). In the TT group,
based on SVV monitoring, 26 patients (67% of the
total headcount of the group) required bolus adminis-
tration of fluid to increase preload (based on SVV in-
crease > 13%); in total, 56 cases of such observations
were noted, including repeated ones. Only in 7 patients
such episodes were accompanied with decrease of
MAP<60 mm Hg; the remaining 19 patients experi-
enced hypovolemia episodes at MAP>60 mm Hg.

The infusion therapy during the first 24 hours
after operative intervention had no significant differ-
ences and equaled to 1.7+0.3 ml/kg/hr in the TT
group versus 1.6+0.3 ml/kg/hr in the control group
(p=0.41).

Arterial blood was sampled prior to surgical inci-
sion and after the main stage of operative intervention
(formation of entero-enteroanastomosis). In both
groups, examination of arterial blood acid-base balance
(ABB) prior to operative intervention did not found
any significant differences in any of monitored param-
eters. At the end of operative intervention, reliable in-
tragroup decrease of pH, HCOj; and BE was noted
(table 2). In the TT group, reliable decrease of pH from
7.35%0.05 to 7.3£0.06 (»p=0.01), HCOy5 from 24.4£2.7
to 21.5+2.3 mmol/1 (»p=0.03), BE from -1.8+3.2 to -4.8
(-6 —-2.9) mmol /1 (p<0.001) was observed. In the con-
trol group, pH decreased from 7.36+0.06 to 7.29+0.06
(»<0.001), HCO; from 24.5+2.4 to 21.0+3.0 mmol /1
(p=0.011), BE from -1.7£3.1 to -49 (-6 — -2.8)
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Ta6imua 1. OGbeM BbIOJHEHHBIX ONEPATHBHBIX BMEIIATEbCTB.

Table 1. Scope of Operative Interventions Performed.

Operative Interventions Groups
TT Control

Resection of right colon 6 7
Resection of left colon 7 8
Resection of rectum 9 10
Radical cystprostatectomy, according to Studer 6 6
Radical cystectomy, according to Bricker 9 7
Reparative operation on colon after previous resection 2 3
Total 39 41
Including combined intervention (bladder and colon) 3 2
Including laparoscopically assisted interventions on colon 10 9

Ipumeuanue. /[ taba.1-4: Groups — rpynmsr; TT — nenenanpasiennas tepanusi; Control — kontposs. Operative Interventions —
orepaTuBHbIe BMelaTesbeTBa; Resection of right/left colon — pesekiust mpaBbix /seBbIX 0T/I€M0B 0601049HOIT KKy, Resection of rectum —
pesexnus npsimoit knki; Radical cystprostatectomy, according to Studer — paankanpnast ncrnpoctaTakTomMusi, ornepanus [Ty nepa;
Radical cystectomy, according to Bricker — paaukanbhas nncrakromus, onepanust Bpukepa; Reparative operation on colon after previous
resection — peKOHCTPYKTHBHA OTlepalins Ha 00004HOI KUIIKe roce npeamniectsyionieil pesexinu; Total — Beero; Including combined
intervention (bladder and colon) — B T.4. codetannoe BMenaTebeTBO (MOYEBOI 1y3bIph 1 06004Hast Kuiika); Including laparoscopically
assisted interventions on colon — B T.4. JTAMAPOCKONINYECKU-ACCUCTUPYEMbIE BMEIIATENbCTBA HA 000JOUHON KUTITKE.

280 (225-407,5) MuHyT B KOHTPOJBHOU TPYIIIIe
(p=0,936). Kposonoreps B rpymie IITHT cocraBuia
200 (100—400) w1, B kKoHTpOJBHOM rpyTie 150 (100—
300) ma (p=0,48). Xapakrep BbITIOJHEHHbIX Ollepa-
TUBHBIX BMEIIATEIbCTB MPEACTABICH B TabI. 1.

VTorossiii 00beM MHTPAOIEPALIMOHHOI UHDY-
3un B rpynie [IHT B cpaBHeHMu ¢ KOHTPOJIbHOM
IPYyNHoii 6611 MEHbBIIIE KaK B aOCOMIOTHBIX 3HAUEHUSX,
TaK U B [I€pecyeTe Ha MACCY TeJa ¥ BPeMs OllepPaIliu:
2700 (2000-3700) mut potus 3400 (2500-4600) mu
(p=0,02) u 6,6+0,8 ma1/kr/4 npotus 8,8+1,9 mn/kr/u
(p<0,001) coorBeTcTBeHHO. TemI uype3a MHTpaoIie-
PAIMOHHO He OTJIMYaJcsd MeXIy rpynnamu: 73+20
mii/u B rpynie [ITHT u 69+31 mir/4 B KOHTPOJIBHOM
rpymie (p=0,62). B rpynne IIHT 26 narmentam (67%
OT OOIIero 4MCJIEHHOCTH TPYIIbI) HA OCHOBAHUHU
monuTtopunra BYO tpeboBasioch 60s0cHOE BBECHNE
JKUJIKOCTHU JIJIST YBEJIUYEH WS TIPeHArpy3Ku (Ha OCHO-
Banuu nosbimennst BYO>13%), Bcero ormeuerno 56
cjlydaeB TaKuX HAOJIOJEHUN, BKJIIOUAsT TTOBTOPHBIE.
Jlup y 7 naeHToB JaHHbIe STIU307IbI COITPOBOXK/IA-
siuck camkenneM CAJ[<60 mm pr. ct., y ocTanbubix 19
HAI[MEHTOB DIHM30/(bl I'MIIOBOJIEMUU OTMEYAJIN TPU
CAJ1>60 MM pr. CT.

WNudysnonnas tepamus B nepBble CyTKHU IIOCTe
OIIEPATUBHOIO BMEIIATEIbCTBA HE MMeJIa 3HAYMMBIX
otsmuuii 1 cocraBuna 1,7+0,3 miui/Kr/4 B rpyiiie
ITHT nporus 1,6+0,3 MJ1/Kr/4 B KOHTPOJIbHOU TpYTIIITE
(p=0,41).

3abop aprepraabHONl KPOBU MPOBOAUIN TIEPE]T
XUPYPrUYeCKUM Pa3pe3oM U [OCJie OCHOBHOTO Tama
OIIePATHBHOTO BMeIIaTeIbcTBa ((hOPMUPOBAHUE MEK-
KHUIIIEYHOT0 aHACTOMO3a). B 06enx rpymiax mpu uccJe-
JIOBaHUM KHUCJIOTHO-ocHOBHOTO cocTtostnust (KOC)
apTepUAJIbHOI KPOBU Tepel] HAuaJIoM OIepaTHBHOIO
BMEIATEILCTBA He ObLIO 3HAYUMBIX OTJIMYMIA HU 110
OJTHOMY 13 MOHUTOPHPYEMBIX ITapaMeTpoB. B koHile
OIIEPATUBHOTO BMEIIATEIBCTBA OTMETIIU JIOCTOBED-
HOe BHYTPHUIPYIIIOBOE CHIKeHue rapamerpoB pH,
HCOj; u BE (a6 2). B rpynne ITHT ormerniu

mmol/l (p=0.001). Also, by  the end of operative in-
tervention, there was reliable increase of potassium
compared to baseline figures: in the TT group — from
3.6£0.4 mmol/l to 3.9£0.6 mmol/l (p<0.001); in the
control group — from 3.8%0.3 to 4.0+0.6 mmol/]
(p=0.004). Reliable intergroup differences in these pa-
rameters were not observed. In the control group, de-
crease of pO,/FiO, correlation by the end of operation
compared to the baseline figure (p=0.047), which was
significantly lower compared to TT group: 371£92 and
419=£85, correspondingly, (p=0,02), draws attention.

Prior to onset of operative intervention, there
were no significant differences between the groups in
respect of lactate concentration that was used to assess
tissue perfusion and oxygenation status: 0.9+0.2
mmol/lin the TT group against 0.8+0.2 mmol /Il in the
control group (p=0.11). After the main stage, in the
control group, lactate equaled to 1.0 (0.7—1.4) mmol /1
and was significantly higher than in the TT group —
0.7 (0.6-0.8) mmol /I (p=0.02).

Mean length of stay in ARU in both groups was
1 day (1 (1—1) in the TT group, 1 (1-2) in the control
group (p=0.25)). The number of days of stay in the
hospital after operation did not reliably differ either
and amounted to 12 (8—15) days in the TT group and
14 (10—17) days in the control group (p=0.14).

The number of patients with organ dysfunction
symptoms (>1 points according to SOFA compared to
pre-operative assessment) on the next day after oper-
ation in the TT group was fewer than in the control
group: 15 versus 25, correspondingly (p=0.04). In the
structure of organ dysfunction, hepatic and renal dis-
orders were predominant (fig. 2)

GIT functional recovery, in particular, peristalsis,
occurred earlier in the TT group — 16 (12—18) hours
after operation on average, while in the control group,
that period amounted to 20 hours (18—36) (p<0.001).
Also, in the TT group, patients began eating proper
meals earlier — on day 3 (2—4) on average, while in
the control group — on day 4 (3-5) (p=0.004).
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Ta6amua 2. [lunamuka napamerpos KOC u copep:kanue JakraTa B apTepuaabHOi KPOBH.

Table 2. ABB and Arterial Blood Lactate Dynamics.

Parameters

Values of parameters in groups at study stages

TT (n=39) Control (n=41)

Prior to operation After main stage P Prior to operation After main stage P
pH 7.35+0.05 7.3+0.06 0.01 7.36 +0.06 7.29+0.06  <0.001
K+ 3.6+0.4 3.9+0.55 <0.001 3.8+0.3 4.0+0.6 0.004
Na+ 137.9+2.7 138.7+2.6 0.01 138.5+2.4 139.4+3.4 0.27
pO,/FiO, 418+109 428+82 0.14 415+90 371£92 0.047
BE -1.8+3.2 -4.8 (-6 —-2.9) <0.001 -1.7£3.1 -4.9 (-6 —-2.8) 0.001
HCO;3 24.4%2.7 21.5%2.3 0.03 24.5%2.4 21£3.0* 0.01
Lactate mmol/! 0.9+0.2 0.7 (0.6-0.8)* — 0.8+0.2 1.0 (0.7-1.4)* —

Note. Data are presented as arithmetic mean + mean root square deviation or median (25-75 percentiles) and analyzed using Student
t-test or Mann-Whitney U-test, depending on distribution. P — for intragroup differences; * — intergroup difference in lactate content
after the main stage, P=0.02. Differences are significant at P<0.05. For all other parameters, no intergroup differences at both stages of

the study were found (P>0.05).

IIpumeuanue. Values of parameters... at study stages — 3HaueHUs TAPAMETPOB... HA dTAIAX MCCIen0BaHus; Prior to operation — 10 Ha-
vaJa omreparny ; After main stage — mocJie OCHOBHOTO 9Tara. [[aHHble PeCTaBIeHbI B BUE CPEHETO 3HAYEHIST + CPeTHEKBAZPATUIHOE
OTKJIOHEHHE VI MeHanbl (25—75 MepIeHTH/In) U poaHajin3upoBanbl ¢ momMolbio t-recta Croiogenta uan U-tecta Manuna—Yutau
B 3aBUCUMOCTHU OT PACIPE/IEICHUS. p — JIJIst BHYTPUTPYHIIOBBIX OTIMYUIL; * — MEXIPYIIIOBOE OTIMYNE CO/lePKaHM JIaKTaTa I1ocJIe 0C-
HOBHOTO 3Tarna, p=0,02. Oranyust goctoBepus! mpu p<0,05. 1715t 0CTaTbHBIX TTAPAMETPOB MEKTPYTIIOBbIE OTJIHYIST HA 000TX Talax nc-

cienoBanus He BbisiByieHbl (p>0,05).

nocroseproe cHmkenne pH ¢ 7,35+0,05 mo 7,3£0,06
(p=0,01), HCO;3 ¢ 24,4+2,7 mo 21,5%2,3 mmMomb/ 1
(p=0,03), BE ¢ -1,8%3,2 10 -4,8 (-6 — -2,9) MmmoJib/J1
(p<0,001). B xouTposbHOll Tpymnme pH causnics ¢
7,36%0,06 no 7,29+0,06 (p<0,001), HCO3 ¢ 24,5%2,4 o
21,0+3,0 mmours /1 (p=0,011), BE ¢ -1,7+3,1 no -4,9 (-6
—-2,8) mmoutb/a1 (p=0,001). Takske K KOHILY OTIepaThB-
HOTO BMEMIATEIHLCTBA UMEJIO MECTO JIOCTOBEPHOE TIOBBI-
MIeHUE CO/IEPKAHUS KU B CPABHEHUH C NCXOHBIMA
gHavennamn: B rpynme [[THT ¢ 3,6£0,4 mmoas/m 10
3,940,6 mmomb/a1 (p<0,001), B KOHTPOJILHOI TPyTITIE C
3,8+0,3 no 4,0£0,6 mmoms/a1 (p=0,004). [locToBepHBIX
MEKTPYIIIOBBIX OTJIWYHIA MO JTAHHBIM TTOKa3aTessIM He
oTMeTHI. B KOHTPOJIBHOU TpyIiie oOpaliaeT BHUMA-
Hue camkenne otaomenus pO,/FiO, k KoHILy omepa-
1MW B CPAaBHEHWN ¢ NCXOAHBIM 3HaueHneM (p=0,047),
YTO OKA3aJI0Ch 3HAYMMO HIUKE B CDAaBHEHUU C TPYTITON
ITHT: 37192 u 419485 coorercrento (p=0,02).

[lepen HavasoM OMEPATHBHOTO BMETIATETHCTBA
KOHIIEHTPAIIHS JIAKTATa, ¢ TIOMOTIIBIO KOTOPOTO OICHM-
BaJIM COCTOSTHUE TKAHEBOH 1ep(y3nn 1 OKCUTEHAITNH, He
“MeJia 3HAUNMBIX OTInIui Mesky rpynmamu: 0,9+0,2
mmoutb/s1 B Tpymie IIHT mporus 0,8%0,2 Mmmoms/m B
koHTposbHOU Tpymme (p=0,11). Ilocre ocroBHOTO
aTara omnepauy B KOHTPOJILHO IPyTTie KOHIIEHTPA-
nus jgakrara coctasuaa 1,0 (0,7—1,4) MMouib/ i1, 94TO
0Ka3aJIoch 3HAUMMO GoJibite, ueM B rpymne ITHT — 0,7
(0,6—-0,8) mmousn/m (p=0,02).

CpelHsIst TPOAOJIKUTETBHOCTD MPEObIBAHNS B
OAP B o6enx rpymmax cocrasuia 1 gerb (1 (1-1) B
rpynne ITHT, 1 (1-2) B KOHTpPOJBHOW TpymIe
(p=0,25). KosaecTBo fiHel B cTAIHOHAPE TIOCJIE OTIe-
parmy Tak;ke He UMeJIO IOCTOBEPHBIX OTJIUYNIA, COCTa-
BuB 12 (8—15) nueii B rpymme ITHT u 14 (10-17) B
KOHTposbHOU TpyTe (p=0,14).

YUucmo manueHToB ¢ TPU3HAKaMU OPraHHOU
michyukiun (>1 6amna mo mkaine SOFA B cpaBHe-

In the TT group, the number of patients with
complications was reliably fewer than in the control
group: 11 (28% of patients) versus 21 (51% of pa-
tients), correspondingly (p=0.03). The total number of
complications in the TT group was 19 and in the con-
trol group — 40. Repeated operative intervention was
required to 2 patients in the TT group (1 case of en-
tero-enteroanastomosis leak, 1 case of ileoconduit leak)
and to 4 patients in the control group (2 cases — en-
tero-enteroanastomosis leak, 1 case — paraileostomic
abscess, 1 case — subcutaneous eventration). Besides,
2 patients of the control group experienced entero-en-
teroanastomosis leak after rectum resection that did
not require operative intervention (retroperitoneal sig-
moidorectostomy). GIT complications prevailed in
both groups, but in the TT group, the number of pa-
tients who had that type of complications was consid-
erably fewer compared to the control group: 8
patients/11 complications versus 17 patients/19 com-
plications, correspondingly (p=0.04). Most complica-
tions were post-surgical paresis (6 patients in the TT
group and 11 in the control group). Gastrointestinal
hemorrhage (GIH) developed in 1 patient of the TT
group and 4 patients of the control group. In both
groups, 1 lethal outcome was observed in each, which
resulted from progressing multiple-organ-failure syn-
drome (MOFS) after entero-enteroanastomosis leak
and developed peritonitis. The quantity and nature of
all complications are shown in table 3.

A large number of GIT complications in both
groups is quite logical. Firstly, the nature of operative
intervention implied direct mechanic impact on GIT
organs. Secondly, high sensitivity of GIT mucous tis-
sue to ischemia and poor correlation of routine hemo-
dynamic parameters with CBV volume resulted in
situations when splanchnic zone organs were exposed
to hypoperfusion and ischemia at the background of
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HUU C TIPeIOTIePAIMOHHOI OIIEHKOI ) Ha CJIeyIOIIIe
cyTku noce omnepaunn B rpynmne ITHT 6b110 MeHb-
1e, 4eM B KOHTPOJIBHOI rpyiime: 15 nmpotus 25 coor-
BercTBeHHO (p=0,04). B cTpykType opranHuoi nuc-
byHKIMY Mpeobiaiasu HAPYIIEHUs CO CTOPOHBI
nevyeHu u noyek (puc. 2)

Boccranosaenue dynkiumii JKKT, B vactHocT
nepucTaibruky, B rpyimne ITHT mpoucxomauio B 6oee
pannue cpoku: B cpejpiem depe3d 16 wacos (12-18)
mocJie Olepalfy, B TO BPEMsI KaK B KOHTPOJIbHOI
rpyIilie aHAJOTUYHBIN repuoj coctaBui 20 yacos
(18-36) (p<0,001). Taxxe B rpynne ITHT nannentst
B GoJiee paHHUE CPOKM HAUMHAJIU TTOJHOIEHHBI
MpueM NUNIK: B cpeiieM Ha 3 (2—4) CyTKH, a B KOHT-
pouibHoii rpytre Ha 4 (3—-5) cytku (p=0,004).

B rpynme ITHT 4ucso namueHnToB ¢ ocioxHe-
HUSIMU OBIJIO JOCTOBEPHO MEHBIIIE, YeM B KOHTPOJIb-
Hoti rpymie: 11 yenoBek (28% maiueHToB) mpoTus 21
(51% marentos) coorBerctBento (p=0,03). Obiee
kosimuecTBO ocsokHeHuii B rpynne [THT cocraBumio
19, a B kouTposabuoii rpynne 40. [ToBropHoe onepa-
THUBHOE BMEIIATENBCTBO TPEOOBATIOCH 2 TIAIMEHTAM B
rpynne ITHT (1 cayuait HecocTosITEIbHOCTY MEKKHU-
IIEYHOTO AHACTOMO3a, 1 CJIyYail HeCOCTOSATEIBHOCTH
UJIEOKOHIYUTA) U 4 NAI[eHTaM B KOHTPOJIBHOI TPyII-
ne (B 2 cydassx — HECOCTOSTENbHOCTb MEKKHIITIETHO-
ro aHACTOMO3a, B 1 cilyyae — mapausieocTOMUYeCKHii
abcuece, B 1 ciyyae nogkoxHas senTpais). Ilomu-
MO 9TOTO, y 2 MAIEeHTOB KOHTPOJIbHOI IPYIIIbI UMe-
JIaCh HECOCTOSITEIBHOCTh MEKKUIIIEYHOTO AaHACTOMO3a
[OCJIE PE3EKIMK MIPSIMOil KUITKH, He TpeGoBaBIast
OIEPaTHUBHOTO BMEMIATEIbCTBA (3a6PIOITMHHBIIN CUT-
MOPEeKTaJIbHBIN aHacToM03). OCIOKHEHMS CO CTOPO-
ubl JKKT npeobaaganu B 06enx rpyiinax, Ho B IPyIIIe
IIHT 4ywuciio maineHToB ¢ JaHHBIM BUIOM OCJIOXKHE-
HUIl 0KA3aJI0Ch 3HAYNTEIBHO MEHBIIINM B CPABHEHIH
€ KOHTPOJIBHOU rpytoit: 8 nanuentos/11 ocioxkue-
Huit potuB 17 nanmentos,/19 ocioxkuenunit cooTBet-
ctBerHo (p=0,04). OcHOBHYIO YacTh OCJIOKHEHUN
COCTaBHUJI [IOCJIEOTIePAIIMOHHBII TIape3 (6 naireHToB
B rpynme ITHT u 11 B kouTponbHoii rpyrie). sKemny-
nouHo-kunredHoe kpooreuenne (FKKK) pazsusiocs y
1 marmenTa rpynnet [THT u 4 nanuenToB KOHTPOITh-
HOIi rpymibl. B 06enx rpyrinax orMeruiu 1o 1 eraib-
HOMY HCXOJIy B Pe3yJIbTaTe IIPOrPECCUPOBAHMS CHH-
npoma nonmopranuoit Hepocratounoctu (CIIOH)
HOCJIe HECOCTOSITETBHOCTH MEKKUIIIEYHOTO AHACTOMO-
3a U pasBuBlIerocs nepuToHuTa. KosmuecTBo u
XapakTep BCeX OCJHOKHEHUTT TPeICTaBIeHbl B TabI. 3.

BoJbiioe KommyecTBO OCIOKHEHIIT CO CTOPOHBI
JKKT B 06eux rpynmax BIOJHE 3aKOHOMEPHO. Bo-
HEPBBIX, XapaKTeP ONEPATUBHOIO BMEIIATEIbCTBA
H0ZIPa3yMeBaJl HEIIOCPEICTBEHHOE MEXaHUYeCKOe BO3-
nerictBue Ha opranbl JKKT. Bo-BTopbIX, BEICOKAs UyB-
CTBUTENBHOCTD cusucToit obomouru KKT « wurie-
MM u caabasg  KOppeJsUs  PYTHHHBIX
reMoAMHAMUYECKUX IapaMeTpoB ¢ obbemoMm OIIK
NPUBOIUIIA K CUTYAIUSIM, KOT/IA OPTaHbl CIIAHXHUYe-
CKOI1 30HBI [TOJ[BEPTAJIUCH TUITOTIePhY3UN U UIIEMITH

40
35 -
30 &|
25
=
220 -
2 (=]
£15
10
5
0
TT Group Control Group
M Liver function [l Renal function
I Hemostasis [l Hemodynamics
I Breathing function

Puc. 2. Crpykrypa opranuoii aucdynknuu mo mxaie SOFA na
cJIelyIoIHe CyTKH 0CJIe OIePaTHBHOIO BMENIaTeIbCTBA.

Fig. 2. Organ dysfunction structure according to SOFA on the
next day after operative intervention.

Ipumevanue. /[na puc. 2 u taba. 1-4: TT/Control Group —
rpynma [ITHT /kourpoabhas; Incidence — wucso ciyyaes; Liver/
Renal/ Breathing function — ¢yHKIus ledeny/ mouek,/ AbIXaHust;
Hemostasis — remoctas; Hemodynamics — remognaaMuka.

stable routine hemodynamic parameters (MAP>60
mm Hg). The number of such ‘latent’ episodes of hy-
povolemia in the TT group amounted to 45 cases in 19
patients. Thanks to their early identification with the
aid of SVV monitoring, they were timely corrected by
infusion load. Obviously, there were similar episodes
in the control group, but they were not verified due to
absence of specific monitoring, while splanchnic per-
fusion disturbances occurring at that background
could be one of the most probable reasons for a greater
number of GIT complications. This hypothesis is sup-
ported by the organ dysfunction structure (SOFA
scale) next day after the operative intervention: in the
control group, liver dysfunctions prevailed. The rea-
son for high incidence of renal dysfunctions in the
organ dysfunction structure in both groups (9 patients
in the TT group and 11 patients in the control group),
to our opinion, is use of misbalanced solutions.

Reduction of the total quantity of complications
and lesser incidence of organ dysfunction in the TT
group can be explained similarly to GIT. An indirect
evidence of more adequate tissue perfusion and oxy-
genation in the TT group is a comparatively lower ar-
terial blood lactate at the end of operation in patients
of this group compared to control.

Pulmonary function at the end of operative in-
tervention deserves particular attention. In spite of
a relatively small difference in final infusion vol-
umes (700 ml or 2.2 ml/kg/hr), it turned out to be
enough for a significant decrease of pO,/FiO, rela-
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Ta6imua 3. KomuecTBo ¥ BHIbI BHISIBJIEHHbIX OCI0KHEHHH y Ha0II0/1aeMbIX NAIMEHTOB.
Table 3. Quantity and Types of Detected Complications in Observed Patients.

Operative Interventions

Groups

TT Control

GIT paresis

11

Gastrointestinal hemorrhage

Anastomotic leak

Atrial fibrillation paroxysm

Unstable angina pectoris

Deep venous thrombosis of lower limbs

== DN N = O
IS

ARDS

ARF

MOFS

Surgical site infection

ENIENCI N PN S U

Hydrothorax

== |

Subcutaneous eventration

\
_

Ileal perforation

—_

Adhesive small bowel obstruction

Total

19 40

Re-laparotomy /repeated operation

Patient’s death during the first 28 postoperative days

Note. ARDS — acute respiratory distress syndrome; ARF — acute renal failure.

IIpumeuanue. Nature of Complications — xapaxrep ocnosxuenuii; GIT paresis — napes JKKT: Gastrointestinal hemorrhage — xeoy-
JOYHO-KHIIIeYHOe KpoBoTeuenne; Anastomotic leak — HecocrostenpnocTs anactomosa; Atrial fibrillation paroxysm — napokcusm ¢pu6-
pusiiin ipeacepanii; Unstable angina pectoris — mecrabumnbnas crenokapauns; Deep venous thrombosis of lower limbs — Tpom603
riyGOKHX BeH HUKHUX KoHeurocTell; ARDS — octpbiii pecriuparophblii gucrpece-cunapom; ARF — octpas moyeunast HejocTaTO4HOCTD;
MOFS — CITOH; Surgical site infection — undexrs nocaeoneparponnoit pansl; Hydrothorax — rugporopaxc; Subcutaneous even-
tration — noakoxxnag ssentpanus; [leal perforation — nepdoparnua noassaomuoii kumku; Adhesive small bowel obstruction — craeu-
Hag TOHKOKuIIeuHas Henpoxoaumocth; Total — Bcero; Re-laparotomy/repeated operation — pesaniapoToMusi/moBTOpHast Oleparus;
Patient’s death during the first 28 postoperative days — cmepTb namuenTa B nepsbie 28 cyTOK MOCJAEOTEPAIIMOHHOTO TIEPUO/IA.

Ha (hoHe CTaOUIBHBIX PYTUHHBIX MOKa3aTeIeH reMo-
munamukn (CA/[>60 mum pr. ct.). KommyecTBo Takmx
«CKPBITBIX» 9MTN30/10B runoBosiemun B rpynme [THT
coctaBuiio 45 ciydaeB y 19 marenTtoB. baiarogapst nx
OTIePaTUBHOMY BBISIBJIEHHIO C TIOMOII[bIO MOHUTOPUHTA
BYO, onu ObLIM CBOEBPEMEHHO KOPPUTHUPOBAHBI
nHGY3NOHHON Harpy3koil. O4eBWIHO, YTO B KOHT-
POJIBHOI TPYIIIle aHAJOTHMYHBbIE SMU30/bl TaK K€
MMeJIN MECTO, HO He BEPU(MUITIPOBAINCH 13-32 OTCYT-
CTBUSI CHENM(PUIECKOr0 MOHUTOPUHTA U BO3HUKAB-
e Ha 3ToM (hoHe HAPYIIEHUS CIIAHXHIUYECKOI TTep-
dbys3un MO TOCHYKUTH OAHON u3 Hanboee
BEPOSITHBIX TIPUYUH YBEJIUYEHUST KOJTUYIECTBA OCI0K-
HeHuii co cropons! opranoB JKKT. [lannyto runoresy
MOJTBEPKAAET CTPYKTYPA OPraHHON IUCHYHKIINH
(mkana SOFA) Ha ciexymomnime cyTKy 1ocJie orepa-
TUBHOTO BMEIIATEIbCTBA: B KOHTPOJIBHOI IPYIITIE ITpe-
obsaganu HapyiieHus GYHKIUU T1edern. [IpudnHoi
BBICOKOU YacTOTBl HapylleHWi (yHKIUHM TMOYEK B
CTPYKTYPE OpraHHON AUCHYHKIIUU B 0OEHX TPyTHax
(9 nanmenToB B Tpynmne [THT u 11 B KouTpoabHONI
TPYIITie) HaM BUANTCS UCTONb30BaHUE HecOHaTaHCHPO-
BaHHBIX PACTBOPOB.

B 1ieioM cHuskeHwe 06111ero KoJTMYecTBa OCTIOKHe-
HUW W MEHBINENH YaCTOThl OPTaHHOW AMCHYHKIIUU B
rpymne ITHT ob6bsacaumo anamornunbiv st JKKT
o6pazom. KocBeHHBIM TTOATBEp K ICHIEM OOJIee ajleKBaT-
HO TKaHeBOH 1epdy3nn u okcureHarmu B rpyrme [THT
CJIYSKHT CPABHUTETHHO (G0JIee HU3KOE COIEPIKAHIE JIaK-
Tarta apTepUaIbHOI KPOBU B KOHIIE OTIEPAIIUH Y TTAllHeH-
TOB JIAHHO IPYTIITBI B CDABHEHHUHU C KOHTPOJIBHOI.

Ta6muia 4. IlanuenTsl ¢ mocjieonepaoOHHbIME OCJI0KHE-
HusIMH coraacHo Knaccupukanuu Clavien-Dindo.

Table 4. Patients with Postoperative Complications ac-
cording to Clavien-Dindo Classification.

Level Groups
TT Control

1 4 7
11 1 2
II1a 2 5
I11b 1 1
Iva 2 4
Ivb 0 1
\% 1 1

IIpumeuanue. Level — crenenb.

tion in the control group, which evidences high sen-
sitivity of lung tissue to excessive infusion load. In
spite of minimal quantity of breathing system com-
plications within this study, this peculiarity might
be decisive in certain situations [18]. Evaluation of
severity of post-operative surgical complications ac-
cording to the Clavien-Dindo classification is
shown in table 4 [19].

Conclusion

The study results show that a targeted infusion
therapy based on SVV monitoring as the key parame-
ter allows optimizing the infusion load, which helps to
reduce the number of patients with complications and
earlier recovery of GIT functions after major surgical
interventions on GIT organs.
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OTenbHO cTOUT 06PaTUTh BHUMaHKE Ha (hyHK-
IIUIO JIETKUX K KOHILY OIlePaTUBHOIO BMEIIaTe/bCTBA.
HecMmotpst Ha OTHOCUTENBHO MaJyI0 Pa3HUILY UTOTO-
BbIX 00beMoB uHdysun (700 yur wan 2,2 MI/Kr/4),
3TOr0 OKA3aJI0Ch JI0CTATOYHO JIJIs1 3HAYMMOTO CHUKe-
Hust oraomenust pO,/FiO, B KOHTPOJIBHOU TPYyTIIIE,
YTO CBUJIETEJBCTBYET O BLICOKON YyBCTBUTEJNBbHOCTU
JIETOYHOI TKaHUM K U30BITOYHOI UH(DY3UOHHON
Harpyske. HecMoTpss Ha MUHUMaJIbHOE KOJUYECTBO
OCJIOKHEHUI CO CTOPOHBI ABIXaTeJbHON CUCTEMbl B
paMKax JaHHOTO UCCIIEN0BAHMUS, TAHHAS 0COOEHHOCTD
MOJKET UMEeTb pellialolee 3HayeHne B Olpe/ie/IeHHbIX
cutyarusx [18]. Ouenka Ts5KeCcTH 1MOCIe0nepanon-
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3akiaoyeHue

PesynbraThl uccieoBanus Mo3BOJISTIOT CAETATh
BBIBOJI O TOM, UTO IleJIeHANPpaBIeHHass HHPY3UOHHAS
Tepanusi, ocHoBannast Ha Mmouutopunre BYO B kaue-
CTBe KJIIOUEBOTO MTAPAMEeTPA, TI03BOJISIET O TUMU3UPO-
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ITesb vccegoBanust — CPaBHUTH B3AUMOCBSI3b MEKLY 00HEMOM MEPTBOTO IIPOCTPAHCTBA 1 JbIXaTeIbHbIM 00be-
moM (VD /VT) metonom o6bemuoit kammHorpacdum (VCap) B peskiMax MCKYCCTBEHHOM BEHTUJISIINI JIETKUX C YIIPaB-
nsgembiM nasiaernem (PCV) u nognepskkoii naBienuem (PSV) B mocieonepannonHom mepuoyie.

MarepuaJbl u MeToAbl. B 00cepBainonHoe, MPOCIIEKTUBHOE UCCIE0BAHIE METOOM CJIYy4ailHOTO BbIOOpa
BKJIOUMsI 30 TTAIMEHTOB U3 OTAEJEeHUS CePAeUYHO-COCYIUCTOI XUPYPIUH, HEPEHECITNX OllepaInio a0PTOKOPO-
Hapuoro myHtuposanus (AKII) ¢ skcTpakoprmopa bHbIM KpoBoobparienueM. [TalineHToB MoaKI0YaIn K CH-
cTeMe BeHTHJISAIMY JIETKUX CPa3y MPHU MOCTYIJIEHUU B OT/eJieHne NHTEHCUBHON Tepanuu. 3aTeM MPOBOININ
mouutopunr VD /VT, npoxykumu CO, (VECO,), a Takske napaMmeTpoB BeHTUsATINU. [[apaMeTpbl BeHTUISATINN
B pexkxuMax ¢ ynpasiasembiM gaBiaenuem (PCV) u noanep:xkoit naBinenuem (PSV) cratuctuvecku omenuBain
110 (-KPUTEPHUIO.
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Pe3yabsratel. He Borasunm qoctoBepusix pasamunii kortentpanun CO, Bo BeipixaeMoM Bo3ayxe (ETCO,)
mexkny pexkumamu PCV u PSV (p=NS), xora kax VECO,, Tak n munytHas Bentussanus (MV) Bospacrann B
pesxkume PSV (p<0,01). Ornomenne VD/VT B peskume PSV 6b110 Hiske, uem B peskume PCV. Tazoo6meH, mipe-
CTaBJIEHHBIN abBeossaspHoil BeHTu s et (VA), 6bu1 ayuie B peskume PSV (p<0,01). ITokasaresnp VA GbLi
Takske BbIte B pexknme PSV (p<0,05). Pacuetnoe ornomerre VD /VT paszanuanoch mexay pesknmamu PCV u
PSV (p<0,01).

3akmouenne. O6nemuast kamnorpadus (VCap) ABaseTcst cpeficTBOM MOHUTOPHHTA 3((HEKTHUBHOCTH 0OMeHa
CO,. Ormevanu camxennie VD /VT ¢ ynyumennem anbBeossspaoii Beatuisaiun (VA) B pexxume PSV. VCap nipen-
CTaBJISIETCS MTOAXOSIIIM METO/IOM PETYJIMPOBAHI TPOTEKTHBHON BEHTHIISIIINHI JIETKHX.

Kanroueswte crosa: UBJI, obvemnas kannoepapus (VCap), senmunsyus ¢ ynpasisemvin oasieruem (PCV), sen-
munsyust ¢ konmpoiem oagienust (PSV)

The purpose of the study was to compare the relationship between the dead space volume and tidal volume
(VD/VT) using volumetric capnography (VCap) during pressure controlled (PCV) and pressure supported (PSV)
ventilation mode in the postoperative period.

Materials and methods. 30 randomly assigned cardiac surgical patients undergoing CABG (coronary artery
bypass grafting) using ECC (extracorporeal circuit) were included in an observational, prospective study. Patients
were connected to the ventilator immediately after ICU admission. After that, monitoring VD/VT, CO, production
(VECO,) as well as ventilation parameters was carried out. The parameters during PCV and PSV mode were sta-
tistically evaluated using ¢-test.

Results. Expiratory CO, (ETCO,) concentration were not significantly different in both PCV or PSV (p=NS),
although both VECO, and minute ventilation (MV) increased during PSV mode (»p<0.01). VD/VT in PSV mode
was lower than in PCV. Gas exchange represented by alveolar ventilation (VA) was better during PSV (p<0.01).
VA was also higher during PSV (p<0.05). The calculated VD/VT ratio differed between PCV and PSV mode

(p<0.01).

Conclusion. VCap represents a tool for monitoring of CO, exchange effectivness. We registered a decrease in
VD/VT with improved alveolar ventilation (VA) in PSV mode. VCap seems to be a suitable instrument for adjust-

ment of protective lung ventilation.

Keywords: MV, volumetric capnography (VCap); pressure controlled ventilation; pressure supported ventilation
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BBenenue

AJbBeosIsipHasi BEHTUJISAIINS OIKMCBIBACT MIEPHUO-
JIMYECKNii TTpoIecc B/loXa Bo3/lyxa 13 aTMocdepsl B
JIETKWE U €ro BBbIJI0XA, COOTBETCTBEHHO, U3 JIETKUX B
armochepy. Tazoobmen Mexy aTMocdepoil 1 Jerku-
MU XapaKTepu3yeTcs CJAeAYIONINMHI ITapaMeTpaMu:

— MunyTHOU BenTussiuein (MV);

— npixarenbabiv oobemoM (VT);

— BEHTUJIAINMEN MEpTBOTO MTPOCTPaHCTBa (aHa-
ToMuuecKoro u anbseosspaoro (VDaw, Vdalv));

— asbBeossipHoit BenTussiiueit (VA);

— yacroroii geixanus (f).

Jlums 06beM BO3/yXa, JOCTUTIIHNA aJbBeodl,
BasKeH JIJIA Ta3000MeHa, OCKOJIBbKY JIUIITh aJTbBEOJIbI
yuacTByer B HeM [1—4]. Ha o6beM aHATOMUYECKOTO
MepTBOTO npoctpancTsa (VDaw) (Bkiiouas BepxHue
W HUZKHUE JIbIXaTebHble MYTH BIJIOTD /IO JbIXaTeh-
HBIX GPOHXUOIT) ¥ (PUBHOJOTHUECKOTO MEPTBOTO TIPO-
crpancrsa (VDf) (asbBeosisspHOro 1 aHaTOMUYECKO-
T0O) BJIMSET MPOIIEHT BO3/1yXa, BIBIXaeMOTO 34 OJIUH
Brox (VT), nocraBisiemoro B asibBeoJibl (HAIIpUMED,
(VDf +VDaw)/VT =VD/VT) [4, 5].

Yem 6odtbiie 066EM MEPTBOTO MTPOCTPAHCTBA, TEM
MEHBIITE BO3/yXa JIOCTYITHO /It Ta3000MeHa B aJlbBEO-
gax. Jlamuplii Mexanu3m cHuKaeT 23(PdeKTUBHOCTD
nckyccrBennoi Bentussiiuu jerkux (MBJT). Tepmun
<«MEpTBOE TIPOCTPAHCTBO» (AaHATOMMYECKOE) KaK YacThb

Introduction

Alveolar ventilation describes the repeating
process of air inspiration and expiration to and from
the lungs into the atmosphere, respectively. Gas ex-
change between the atmosphere and lungs is charac-
terized by the following parameters:

— Minute ventilation (MV)

— Tidal volume (VT)

— Dead space ventilation (anatomical and alve-
olar (VDaw, VDalv))

— Alveolar ventilation (VA)

— Respiratory frequency (f)

Only the volume of air reaching the alveoli is im-
portant for gas exchange, because only alveolar seg-
ment is involved in the gas exchange [1-4]. The
volume of anatomical dead space (VDaw) (including
upper and lower respiratory airways up to respiratory
bronchioles) and the functional dead space (VDf)
(alveolar and anatomical) is influenced by percentage
of air inhaled during one breath (VT) that is delivered
to alveoli (e.g. (VDf + VDaw)/VT = VD/VT) [4, 5].

The bigger the dead space, the less amount of air
will be available for gas exchange in alveoli. This
mechanism decreases the effectiveness of the mechan-
ical lung ventilation (MV). The term «dead space»
(anatomical) as a part of the respiratory space is not
useless or harmful for respiration, it merely describes
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JBIXaTEJIBHOTO TIPOCTPAHCTBA HE O3HAYAET €ro Bpela
niin OeCTONe3HOCTH JIJIST JIBIXAHsT, OH JIMIIb OTPAKAET
TOT (baKT, YTO BO3/LYX B €ro0 TIpejiesiaX He yYacTBYET B
razoobmetie. OHO BBITIOJTHSIET JIPYTHE BsKHBIE (DYHKIMH
[3, 6—8]. Hopmasbroe 3nauenre VD /VT B nosoxennn
CTOs y B3POCJIbIX cocTaBlisteT nprmepHo 0,3. B mososke-
HUM JIeXKa Ha CIMHE TAHHOe 3HAYeHUe HECKOJIbKO BO3-
pacraet u Haxoautcst B mpezenax 0,33—0,35.

[Ipu 3alaHHOM TIOCTOSIHHOM OObEME MEPTBOTO
npocrparctBa (Vdaw) anbBeossapHas BeHTHIISALML
MOJKET 3HAYUTETBHO PA3JIMYAThCS IPU U3MEHEHUH
YaCTOTHI ¥ AMILJIUTY/IbI BIXAHUS, TOTA KAK MITHYTHAS
BEHTUJISILINS JIEFKUX OCTaeTCsl Hen3MeHHOM |4, 5]. Ciroxk-
HOCTb U3MEPEHUsT 00BEMOB AJIbBEOJISIPHOTO U AHATOMH-
YeCKOT0 MEPTBOTO [TPOCTPAHCTB TIPEICTABIISLIO TIPOdJIe-
My, He IO3BOJIABINYIO IMUPOKO WCIIOJAb30BATh ATH
nanHble B kimnHndeckoil mnpakrtuke [9, 10]. Oxnako,
UCIIOJIb30BAHKE TAaK HA3bIBAEMOI 0OBEMHON KarmHorpa-
un (VCap) u yuiiiee noHuManue ee KIMHIYECKOTO
3HAYEHUST TIOMOTJIH [TPEOJIOJIETh OTPAHIYEHVIs, CBSI3aH-
Hble ¢ onenkoit noroka CO, u 06beMa MePTBOro MpPo-
crpancrsa [11, 12]. B Hacrosiee BpemMst 00beM MEPTBOTO
MPOCTPAHCTBA MOKHO U3MEPHUTH Y MOCTEJIH OOJIBHOTO.
Jlanublii Buji MOHUTOPUHTA CTAHOBUTCS METOJIOM OIleH-
K1 9 (PEeKTUBHOCTU BEHTUJISIIN, TIPUMEHSIEMbIM JIJIsT
HACTPONKU CUCTEMbI BEHTUJIAIIMU,  TAKKE CPEACTBOM
NPUHATUS PELIEHUI U OIIEHKY TI0Ka3aTesIell reMO/IMHA-
MUKW B OT/IeJIEHUSIX MHTEHCUBHOH Tepanuu [13, 14].

O6bemuas kanaorpadus (VCap) — MeTon usme-
penust kunetuku CO, 3a O1H BIIOX. AHAIN3 0OBEMOB
KallHOTPAMMBI  JIA€T IIUPOKYIO (PU3UOTIOTHYECKYIO
undopmario 06 obpasosaruu CO, B 1rpolecce 0OMeHa,
€r0 TPAHCIIOPTUPOBKE, IJTUMIHAIINHU, OTYACTH O IIUPKY-
JISIIIAY, & TAKIKe TI03BOJISIET OIIEHUTh U3MeHeHe Pa3iny-
HbBIX 0OBEMOB B JIETKHX ¢ TeueHreM Bpemenu [15—17].

O6bemuas kannorpadus (VCap) — mydinuii
criocob nsMepenusi 06beMa MEPTBOTO MPOCTPAHCTBA
(VDaw u Vdf) B KIMHUYECKOIl IIPAKTHKE, I03BOJISIO-
U TPOBOAUTD TOAPOOHBIN aHaIu3 (PYHKIIMOHAIb-
HBIX KOMIIOHEHTOB B KaXK/IOM J[BIXaTeJIbHOM 0ObeMe
(VT). Ha puc. 1 nokazan nmpumMep MOHUTOPUHTA Pa3-
JIMYHBIX PYHKIIMOHATBHBIX 00bEMOB JIETKHX.

[Lesb uccyieroBanmst — CpaBHEHUE B3AUMOCBSI3U
MESKLy 00BEMOM MEPTBOTO TIPOCTPAHCTBA U JIHIXATEb-
ubM 06beMoM (VD /VT) meTogom 00beMHOM KarHo-
rpacuu (VCap) B pexxuMax UCKYCCTBEHHOM BEHTUJISI-
UM JIETKUX C yrnpasJsieMbiM jaBiaenuem (PCV) u
noziepskkoit nasiaenueM (PSV) B nocsieoneparmon-
HOM IIepUO/IE.

MaTepI/IaJI U METO/1bl

Wcnonwpzosanu anmapat VIBJI ¢ cucremoit aBromarn-
yeckoro ynpasienust (Aura-V Chirana Ltd., Crosakust), co-
JepsKalinii BCTPOEHHBIH MOy Ib 00beMHOI KanHorpadun
(VCap), KOTOpBIi TI03BOJISIET OTCJAEKUBATH 0OPasoBaHUE
CO, (VECO,), o6bem CO, 3a oxun Beigox (VTCO,), a
takske otHotenne VD /VT ¢ momomsio VCap. [1pu Beenun
TaIMenTa, HaXOAIIerocst 1ojl aHeCTe3neld, a TAKsKe B IocJre-
OIEPAIIIOHHOM TTePHO/Ie MBI UCIIOJIb3Y€EM CTPOTHIT TPOTOKOJI

.
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Fig.1. Monitoring of different functional lung volumes.

Note. Vdaw — the volume of the anatomical dead space; VT — tidal
volume; VTalv — alveolar tidal volume; EtCO, — concentration of
carbon dioxide (CO,) at the end of an exhaled breath; CO,Exp —
the volume of exhaled CO, (capnogram); PaCO, — partial pressure
of CO, in arterial blood; PCO, — partial pressure of CO,; Phase T
of the capnogram; phase II of the capnogram; phase III of the
capnogram; z — the specified part of the anatomical dead space; x
— the specified part of the volume exhaled from the alveolar space;
y — part of the alveolar dead space.

IIpumevanue. Vdaw — 06beM aHATOMHYECKOTO MEPTBOTO TPO-
crpanctBa; VT — apixarenbbiii o0bem; VTalv — anbBeossapHblii
nbixatenbHbiii 06beM; EtCOy — o6bem CO, B KOHIlE BBIIOXA;
CO,Exp — 06bem Boigbixaemoro CO, (kamnorpamma); PaCO, —
naprnasnpHoe garierne CO, B aprepnanbHoii kposu; PCO,y — nap-
nuanbroe gasiaenne CO,y. I dasa xannorpammsr; 11 dasa kanno-
rpamMmbr; Il ¢asa xamHorpamMmer; z — yKaszaHHas 4YacTh
AHATOMUUYECKOTO MEPTBOTO MPOCTPAHCTBA; X — YKA3aHHAS YaCTh
06beMa, BBIIBIXAEMOTO 113 AJIbBEOJISIPHOTO IPOCTPAHCTBA; Y — YaCTh
AJTbBEOJISIPHOTO MEPTBOTO TIPOCTPAHCTBA.

the fact that air inside the dead space does not partic-
ipate in the gas exchange. It has other important func-
tions [3, 6—8]. The normal VD/VT value in upright
position is approximately 0.3 in adults. In the supine
position, this value slightly increases and ranges be-
tween 0.33-0.35.

In constant dead space volume given (VDaw),
alveolar ventilation could vary significantly with
changing frequency and amplitude, while minute ven-
tilation will remained constant [4, 5]. Measurements
of alveolar and anatomical dead space volumes were
problematic that prevented from using them in clinical
practice [9, 10] However, recent achievements in so-
called volumetric capnography (VCap) and better un-
derstanding of its clinical impact helped in overcoming
restrictions related to the CO, flow and the dead space
[11, 12]. At present, we are able to measure the dead
space at the bedside. This monitoring tool becomes a
tool for decision-making as a method for assessment of
the ventilation efficiency used for adjustment of ven-
tilator settings as well as hemodynamic evaluation tool
in intensive care units [13, 14].

Volumetric capnography (VCap) is a method for
the measurement of CO, kinetics during one breath (in
expiration). Capnogram volume analysis provides wide
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Ta6auua 1. [lemorpaduueckue ganubie.
Table1. Demographic parameters.

Parameters Average+SD
Weight, kg 79+13
Height, cm 166+7
Age, year 63+10
BMI ( body mass index) 28+3
IBV (ideal body weight) 74+8
VDcalc 2 ml/kg IBV 147+16
LIS (lung injury score) 0.5+0.25
Men/Women 18/12

Ipumeuanue. /s tabr. 1-3 u puc. 1-4: Parameter(s) — mnapa-
merp(pr); SD — cranzaprioe orkiaonenue. Jljist rabor. 1, 2: Average
— cpennee; Weight — Bec; Height — pocr; Age, year — Bospacr,
siet; BMI — unpekc maceor Tesia; IBV — mjeasnbHbrii Bec tena; LIS
— GaJLITBI TI0 TITKAJIe MOBpeskAeHus Jerkux; Men/Women — My:x-
YUH />KEeHITAH.

MPOTEKTUBHOW BEHTUJISIIIUN JIETKUX C TIEJBIO IOCTUKEHUSI
MIHHUMAJTBHO BO3MOKHOTO TUKOBOTO faBierst (Paw<25 cm
H,0) (naBnenue B pesknme ympasisieMoro aaBienns (Ppc),
JIaBJieHNe B PeKUMe TIojIep:KKu fasiaerreM (Pps), yuesb-
HBIH apixatenpueiii 06bem (VTspec B ma/kr) — VTs >
6,0£0,5 mr/Kr st upeansHoit Macesr Tesa (MMT). TToso-
sKuTesIbHOe JaBienue B Konile Boiioxa (PEEP) sanaBanu B
mpenenax 0,8 — 1,1 em H,O/10 xr UMT (1e ke 5 cm
H,0), konnenrpanuio asixaemoro kucaopoja (FiO,) mo-
CTETMEeHHO OBOANIH /10 nocTukenust SpO, me meree 93%
(xax mpasuiio, FiO, = 0,4+0,05). Pe3yabraTsl cpaBHUBAIN
C TEOPETUYECKON U MATEMATUUECKON MOJIEIBIO, TOJTYYeHHOM
Ha OCHOBE JIeMOTpahUueCcKuX JAHHBIX HANIUX AIIMEHTOB.

B uccnenoBanue mocsienoBaTesbHO U METOJIOM CJIY-
yaiiHoro BbIOopa BKAYMIK 30 HAIMEHTOB U3 OTAEIEHI
CEPAEYHO-COCYIUCTON XUPYPIHUH, EPEHECIITUX OTIePAIUIO
aoprokoponaproro nryntuposanus (AKII) ¢ mckycerBen-
HbIM KpoBooOpaienueM (VK). Oneparyn poBoauIu B 1ie-
puox ¢ 15.11.2017 r. mo 31.01.2018 r. Kpurepusmu
nckmovenns 6o OBJDK < 30%, XOBJI III n IV cr.
(Gold), 6ponxuanbhast acTMa, HaJiM4YKue XPOHUUECKOI 110~
YEYHOIT HeIOCTAaTOYHOCTH, TPeOyIolel reMoran3a, 1 1mo-
BpesKIeHe JIerKX cperei Tskectr (bosee 0,75 6aios 1mo
mkasne LIS). Pacuetnoe 3nauenne VDaw B Hameii rpymnme
nanneHToB coctaBusio 147 mu. /lemorpacdudeckne nannupie
npusezierbl B Tabir. 1.

TTocJie gocTusKeHust CTabUIBHOTO COCTOSIHUST [IPK BEH-
TUJISIIAN JIETKUX B pesknuMe yipasisiemoro faasienus (PCV)
nan nojaep;kku aasiaeruem (PSV) mamepsnn ocnHoBHble
napameTpbl BEHTUJISIIINY, & TAKIKE, METOZI0M OOBEMHOM Karl-
Horpadun (VCap), — napamerpsi rasoobmera, VECO, u
VD/VT. Jlerkyio cepanuio HanueHTOB OCYIIECTBIISIN
myTeMm BBeleHust pactBopa 1% mporodosa (o Puamor-
ckoil mKrazne cemaruu-axkutainn RASS-2-0). B teuenne
nepBbix 30—35 MUHYT y MAIMEHTOB He ObIJIO TPU3HAKOB Ca-
MOCTOSITEJIBHOIN JIBIXaTeJIbHOM aKTUBHOCTU BCJEJICTBUE
OCTATOYHOW AHECTE3WH, PEJIAKCAITH U Ce/IAIlH.

Ocnonas Hactpoiika anmmapara VI BJI 6pL1a nckmoun-
TeJIbHO NPOTEKTUBHOI. [Ipy BO30OHOBJIEHNY Y MAIIUEHTOB
CaMOCTOSITEJIbHOM JIBIXaTeIbHON aKTUBHOCTH UCIIOJIb30BAJIN
MO/IZIEPSKKY AaBjeHneM (MOTOKOBBIN Tpurrep = 1 j/MuH,
nasienne oaaepskku (Pps) 3amasanu B npenenax VTspec
5,1—6,1 mu/xr UIMT).

Jlenaiv akIleHT Ha cCpaBHEHMe U3MEHEHN I TTapaMeT-
POB MCKYCCTBEHHOIN BEHTUJISIIINH JIETKUX, B OCHOBHOM T10
snavennio VD /VT, uamepennoro metosiom KammHorpadun
(VCap), ataxxke ETCO, n VECO, B ipotiecce ympasisie-

physiologic information regarding metabolic produc-
tion of CO,, its transport, elimination and partially in-
formation about its circulation; it also permits to assess
changes in different lungs volumes with time [15—17].

Volumetric capnography (Vcap) is the best clin-
ical tool for dead space (VDaw and VDf) measure-
ment allowing detailed analysis of functional
components in each tidal volume (VT). Fig. 1 presents
monitoring of different functional lung volumes.

The purpose of the study was to compare the re-
lationship between the dead space volume and tidal
volume (VD/VT) by using volumetric capnography
(VCap) during pressure controlled (PCV) and pres-
sure supported (PSV) ventilation mode in the post-
operative period.

Materials and Methods

We used a ventilator (Aura V—Chirana Ltd.SK, Slo-
vakia) that contains integrated volumetric capnography
(VCap) and up to now we are able to monitor CO, produc-
tion (VECO,), CO, volume in one breath (VTCO,), as well
as VD/VT using VCap. While managing a patient during
anesthesia and also postoperatively, we use a strict protocol
for protective lung ventilation aiming at the smallest peak
pressure possible (Paw<25 cm H,0) (Pressure of pressure
control (Ppc), pressure of pressure support (Pps), specific
tidal volume (VTspec in ml/kg) VTs <= 6.0+0.5 ml/kg for
the ideal body weight (IBV). Positive end expiratory pres-
sure (PEEP) is set for 0.8—1.1 cmH,0/10kg IBV, (not
lower than 5 cmH,0O) and we titrate inspiratory oxygen con-
centration (FiO,) to obtain saturation of O, (SpO,) of at
least 93% (usually FiO, = 0.4+0.05). We compared these re-
sults with theoretical and mathematical model that we ob-
tained from demographic data in our patients.

We randomly included 30 consecutive cardiac surgical
patients undergoing CABG surgery using extracorporeal
circulation (ECC). Surgical procedures were performed
over the period from 15.11.2017 to 31.1.2018. Exclusion cri-
teria were LVEF < 30%, COPD III and IV(Gold), bronchial
asthma, CRF patients requiring hemodialysis and patients
with lung injury score (LIS) of more than 0.75 (moderate
lung injury). The calculated VDaw was 147 ml in our pa-
tients group. Demographic data are presented in Table 1.

When the steady state was reached in pressure con-
trolled (PCV) or pressure support (PS) ventilation modes,
we measured basic ventilation parameters and gas exchange
parameters, VECO, and VD/VT using VCap. Patients were
slightly sedated using 1% propofol administration (Richmond
Agitation-Sedation Scale RASS-2-0). During the first 30—35
minutes, patients had no spontaneous respiratory activity as
aresult of residual anesthesia, relaxation and sedation.

Basic ventilator setting was strictly protective. When
patients resumed spontaneous respiratory activity, pressure
support was used (flow trigger = 1 1/min, Pressure of pres-
sure support (Pps) was set to obtain VTspec ranging from
5.1-6.1ml /kg IBV).

We focused on comparing changes in mechanical venti-
lation but mainly on VD/VT measured using VCap as well as
ETCO,and VECO, during controlled and spontaneous (sup-
ported) ventilation. Measurement was done 15 minutes after
the parameters were stable in the pressure controlled ventila-
tion (PCV) mode and we averaged the results. The duration
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MO M CaMOCTOSATEeIbHOU (TMOAepKUBaeMOI) BEHTUIIS-
nnn. Vamepenns mpoBoanau yepe3 15 MUHYT Imocie cTa-
OUIM3AIUN  MAPAMETPOB B  PEKUME BEHTUJSAIUH €
yupasasgembiM nasienuem (PCV), pesymsraTtsr ycpen-
HAN. JITNTeIbHOCTD M3MEPEHS TapaMeTPOB COCTABJISIIIA
15 munyT. [Tocire BoccTaHOBIEHMSI CAMOCTOSITEIbHON BEH-
TUJISIIUU Te JKe M3MepEeHWs MOBTOPSIN B Tedenwe 15
MUHYT B PEKIMe BEHTHJISIIIH C TOAJIEPKKOI TaBIeHNEM
(PSV). [lannsie, momyuennsie B pexxnmax PCV u PSV,
cpaauBaTH (70+£10 MUHYT TOCJIe TTOCTYTIJIEHUS U3 OTle-
pammoHHoil) 1o ¢t-kputepuio. PakTrdyeckue faHHBIE, TT0-
aydennsle mpu uamepenun VD/VT, cpaBuuBamm c
TAHHBIMH MaTeMaTHYeCKON MOJIEJIH.

[larnoe o6cepBaIoHHoe MecIeoBaHne ObIIO yTBEp-
JK/IEHO DTHUECKUM KomuTeToM Boctouno-CioBarkoro nt-
CTUTYyTa cepaedHo-cocyancToix bosesneit (VbSCH a.s.),
Komrmtte, m 3apeructpuposano 3a nomepom 15/11/2017
(TIpeziceaTesib KOMUTETA — JAOKTOP MeUITMHBI CTaHNCIaB
[Oxac (Stanislav Juhas)).

Pe3yibrarhl 1 00CyKAEHHE

CpaBHUMBAJIN UMEHHO MTapaMeTpbl BEHTUJIAINN
JIETKUX, a TakKe mapameTpsl kuueTnku oomera CO,
MEXK/y PeXKMMaMU YIIPABJISAEMOTO U OJ/IEPsKUBACMO-
r0 JIaBJIEHHs] METOMOM 00beMHOIT KamHorpadbun
(VCap). B pacueTtnoii maTeMaTruecKoi MOJIENHN TIPEJT-
CTaBJICHBI TEOPETUYECKUE 3HAUCHM. Pe3ybraTol mpu-
BejieHbl Ha puc. 1—4 u B Tabu. 2, 3.

W3mepennbie 1 3alaHHbIe TapaMeTPbI alliiapara
W BJI npezncrasiens: B Tad1. 2.

CpaBHWJIN y/eNbHBIH JBIXaTeNbHbIIH 00beM B
mi/kr (VTspec) u yacrory apixanus (f) B o6eux rpym-
Max MarueHToB U 0GHAPYIKUIIH, YTO TOJHKO YaCTOTA
JIBIXaHUS TOCTOBEPHO PA3JINYAIaCh MEKY PeKUMaMU
PCV u PSV (p<0,05), VTspec (p=NS). OueBumno,
YTO MAaTEMATHYECKU PACCUYUTAHHBIE 3HAUECHUS ObLIN
MOCTOSHHBIMU, XOTS U OTJNYATUCH OT U3MEPEHHDBIX
sgnauennit (p<0,01) (puc. 1).

Cpasnuim Takke cpeanue snadenust ETCO, B
pexuMax BeHTussaun PCV u PSV, Ho He o6Hapyx&u-
s loctoBepHbIxX pasanunii (p=NS) (puc. 2).

Cpasuuiu mapamerp obpasoanust CO, B MUHY-
1y (IVECO,) 11 00Hapy:KUJIM €T0 JOCTOBEPHOE PA3JIH-
yue nipu pesxkumax PCV u PSV (p<0,01). Ormerniu
nosbIneHHoe obpazosanue CO, B peskuMe T0JIePIK-
ku paBienrieM (PSV) nmpu Hamuum HeKoero Tpurrepa
[T TIAIMEHTa U TIPEeKPaIleHn ICHCTBUS OCTaTOYHOM
aHecresuu (puc. 3).

Cpasuusmmn 3Havenus VD/VT, usmepeHHbie
Metosiom VCap, B peskumax PCV u PSV u BoissBuin
nx nocroBepHbie pazanyusd (p<0.01) (puc. 4).

OTMETHIIM CTATUCTUYECKHU JIOCTOBEPHOE PA3JIv-
gne B 3HaueHusix VCap (p<0,01) u VA (p<0,05) nipu
BEHTWJISAIIUM ¢ ynpaBisiembiM jgaBiaenuem (PVC) no
CPABHEHUIO C PEKUMOM TIO/iIeP:KKH jiaBsieHueM (PSV).
Snauenusi VD/VT, usamepennsie metonom VCap, a
TaKKe pacyeTHbIE 1TOKA3aTeN aJlbBEOJISIPHON BEHTH-
naryn VA B pesknmax PCV u PSV nokasansl B 1abi1. 3.

[TpencraBienHble Pe3yaBTATDI TO3BOJILIOT IPE/L-
MOJIO’KUTD, YTO NPOTEKTUBHAA BEHTHUJIAIMSA JIETKUX C

Ta6iuna 2. IsMepenHble U 3aJaHHbIe TApaMeTPhI ara-

para UBJI.

Table 2. Measured and set ventilator parameters.
Parameters Average+SD
f (breath /min) mathematical model 17+0

f (breath/min) controlled ventilation 19+1.5
f (breath /min) ventilatory support 19+2.4
VT (ml) mathematical model 433£48
VT (ml) controlled ventilation 378+56
VT (ml) ventilatory support 400£68
MV (I/min) mathematical model 7+0.8
MYV (I/min) controlled ventilation 7+1.2
MYV (I/min) ventilatory support 8+1.2
VT spec (ml/kg) mathematical model 5.8+0.3
VT spec (ml/kg) controlled ventilation 5.1+0.4
VT spec (ml/kg) ventilatory support 5.4+0.7
IVECOyc (ml/min/m?) controlled ventilation 102+25
IVECOys (ml/min/m?) ventilatory support 109£26
PEEP (cm H,0) cca 1 cm HyO/10 kg 7+1
FiO, 0.420.05
Paw max (cm H,0) <20

ITpumevanune. Breath/min — gpixanuii B Mun. s tabm. 2, 3:
mathematical model — maTemaTuueckaga mozenn; controlled ven-
tilation — pesKMM BEHTHJIAIINY C YIPABAAEMBIM TaBJIECHUEM; VENn-
tilatory support — pekuM BEHTHJALNMH C IOJJEPKUBACMBIM
JlaBJIEHUEM.

Ta6muua 3. 3uauenuss VD/VT, usmepennbie METOa0M
VCap, u pacueTHble TOKa3aTeH aJIbBEOJSIPHON BEHTHIISI-
nuu VA B peskumax PCV u PSV.

Table 3. VD/VT values measured using VCap as well as
calculated alveolar ventilation VA parameters in PCV and
PSYV ventilation modes.

Parameters Value +SD P
VD calc/VT mathematical model 0.34 0.000 —
VCap VD/VT controlled ventilation  0.43 0.032

VCap VD/VT ventilatory support 0.39 0.028 <0.01
VA calc (I/min) mathematical model ~ 4.90 0.79 —
VA (I/min) controlled ventilation 4.25 0.69

VA (I/min) ventilatory support 4.60 0.72  <0.05

ITpumevanue. Value — sHauenue.

of the measurement was 15 minutes. After recovery of sponta-
neous ventilation, we repeated the same measurement over 15
minutes in the pressure support ventilation mode (PSV). We
compared our data obtained from PCV with data obtained in
the PSV mode (70+10 minutes after admission from the op-
erating theatre) using ¢-test. We compared actual measured
VD/VT data with data obtained using a mathematical model.

Our observation trial was approved by ethical com-
mittee of the East Slovakian Institute of Cardiovascular
Diseases in Kosbice registered under No. 15/11,/2017, with
Dr. Stanislav Juh6s being head of the committee.

Results and Discussion

We compared lung ventilation parameters as
well as kinetic parameters of CO, exchange between
controlled ventilation and support ventilation mode
using VCap. The calculated mathematical model rep-
resents the theoretical value. The results are presented
in tables 2, 3 and figures 1—4 below.

Measured and set ventilator parameters are pre-
sented in table 2.
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Breathing frequency f (breath / min) and VTspec. (ml / kg) during monitoring
;: Average value sfs
23 P<0.05
bl . ’
21 ’ [ !
20 i "\ ! Y A ‘l T
19 ‘\ 24 L
E 18 (BN ] L%
E oy oL v
2 / \/
15
14
13
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1
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- 9
g 8
g 7
E 6 . 2 ey F—" AN —
§ s = T S A N T - N S S
§ ‘; Average value «VTa»
P=NS
2
1
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 10 20 21 22 23 24 25 26 27 28 29 30
Patients 1-30
Parameter Mean SDt 2
) = f(d/min) model
f (breath/min) model 17.00 0.00 === {(d/min) controlled ventilation
f (breath/min) controlled 19.67 1.52 ~—— f (dimin) ventilatory support
f(breath/min) ventilatory support  19.10 2.40 = VT spec (mi/kg) model
VT spec (mifkg) model 5.88 0.00 === VT spec (mi/kg) controlied ventilation
VT spec (ml'kg) controlled ventilation 5.12 0.35 —— VT spec (mi/kg) ventilatory support
VT spec (mi'kg) ventilatory support 544 075

Puc.1. CpaBHenue yactoTsl Apixanusi 1 VIspec Mesxay pe:kuMamMy BEHTHISIIIHH C
yIpaBJsieMbIM U HOA/IEP3KHBAEMBIM JIaBICHUEM.

Fig. 1. Comparison of breathing frequency and VTspec between controlled venti-
lation and ventilatory support mode.

IIpumeyanwue. /L puc. 1-4: Patients — nanuentsr; Mean — 3HaueHue.

Changes of ETCO;

I:'Fm! [mmHEg)

1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 2B 29 30

Patienta 1-30
s ETCO; [mmHg) controlled ventilation
Parameter Mean sox === ETCO; [mmHg) ventilatory support
ETCO2 (mmHg) controlled ventilation 37.3 1.88 —— Linearr, [ETCO; (mmHg) controlled ventilation)
ETCO2 (mmHg) ventilatory suppest 364 185 e Linearr. [ETCO; (mmHg) ventilatory support)

Puc. 2. U3menenusi CO, B konue Bbiioxa (ETCO,) npu BeHTWISIIHU B PEsKUMAax €
YIPABJISIEMbIM U NO/JIEPKUBAEMBIM IABIEHHEM.

Fig. 2. Changes of end tidal CO, (ETCO,) between controlled ventilation and ven-
tilatory support mode.

HU3KHWMU [IbIXaTeJIbHbIMN oObeMaMy BbI3bIBAET IIOBbI-

We compared the specific tidal
volume in ml/kg (VTspec) and respi-
ratory frequency (f) in both patient
groups, and we found that only respi-
ratory frequency differed significantly
between PCV and PSV (p<0.05), VT-
spec (p=NS). It is obvious that math-
ematically calculated values were
constant, although different from
measures values (p<0.01) (Fig. 1).

We compared average ETCO,
values in PCV and PSV ventilation
mode, but these did not show signifi-
cant difference (p=NS) (Fig. 2).

We compared the specified pa-
rameter of CO, production per
minute (IVECO,) and found, that the
values were significantly different be-
tween PCV and PSV (p<0.01) (Fig.
3). There was an increased CO, pro-
duction during PSV with a certain
trigger for a patient as well as discon-
tinuation of residual anesthesia.

We compared VD/VT measured
using VCap during PCV and PSV, the
results were significantly different
(P<0.01) (Fig. 4).

There was a statistically signifi-
cant difference of VCap value
(P<0.01) as well as VA values
(P<0.05) in PVC vs. PSV ventilation
mode. Changes in the VD/VT values
measured using VCap as well as calcu-
lated alveolar ventilation VA parame-
ters in PCV and PSV ventilation
modes are presented in Table 3.

Comparison of VD/VT and VA
during controlled ventilation and
ventilator support using VCap.

The calculated values of VD
cale/VT and VAcalc obtained from
the mathematical model are pre-
sented.

The presented results suggest
that the protective lung ventilation
with low tidal volumes caused in-
creased VD /VT values, which is con-
sidered normal. There is a statistical
difference between VD/VT values in
PCV vs. PSV. The dead space
VD/VT is greater in the PCV mode

menne 3Haverns VD /VT, uto cunraercst HOpMaIbHBIM.
BeisgBuin cTaTHCTHYECKH JOCTOBEPHOE PA3HYUe MO
snavenusiM VD /VT mexnay pesxkumamu PCV u PSV.
O6bem MeptBoro npocrparcTsa VD /VT Gosbiiie pu
peskume PCV, uem ipu PSV. TIpn aToMm, Kak mokasaHo B
tabu. 3, B peskrmMe PSV Bospacrasia ajibBeosipHast BeH-
THUJISITINS, @ TaKsKe MOBbIanochk obpasosanue CO,.

than that in the PSV mode. At that, there was in-
creased alveolar ventilation, but also increased CO,
production during PSV as it is shown in Table 3.
Alveolar ventilation is ventilation taking place
in the alveolar segment which is responsible for gas ex-
change [1, 2]. Changes in tidal volume (VT) and fre-
quency with unchanged alveolar dead space (VDaw)
caused changes in alveolar ventilation. A higher res-
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A]IbBeO]IHpHaH BEHTUJIALIMA —

Comparison of IVECO:2

BEHTUJIALNS, TPOUCXOISIIAS B ajlb- 120
BEOJIIPHOM OT/IEJe, «<OTBETCTBEHHOM»
3a rasoobOmen [1, 2]. Vsmenenwus
nbixareabHoro oobema (VT) 1 yacro-
THI JIBIXaHUS TIPY HEU3MEHHOM 00be-
Me aJIbBEOJISIPHOIO MEPTBOTO IIPO-
crpanctBa (VDaw) npuBoanim K
U3MEHEHUSIM B aJIbBEOJISIPHOIN BEHTH-
sstiiuy. [oBbIleHe 4acTOTHI [IbIXa-
HUSI U yYMEHbIIIEHUE [bIXaTeJbHOIO

obbema (VT) BbI3bIBAIM yMEHbIIE- o
Hue anbBeosisipHoll BenTusimu (VA)
[1, 4, 15] VA = (VT — (VDaw + %

VDalv))ef). Bes manHbIX MOHHUTO-
punra kunetuku CO, metogom VCap

Parameter

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 1 22 23 24 25 26 27 23 29 30

IVECO, (mlim?) controlled ventilation
IVECO, (miim) venblatory support

Patients 1-30
Mean SD+
103.4904 2.44
109.0063 2.57

= [VECQ, (ml/m‘) controlled ventilation
=== IVECO, (mlim') ventilatory support

MBI OIIEHUBAIN 06BEM MEPTBOTO TIPO-
crpanctBa (VDaw) bIxaresbHbIX
nyTeil MPUMEPHO IPUMEPHO B 2
MT/KI, He PacroJiaras, OJHaKo, TaH-
HBIMU 00 00beMe aJbBEOJSAPHOTO
meprBoro mnpocrpancrsa (VDalv).

Puc. 3. CpaBHenne ykasanHoro napamerpa o6pasosanusi CO, (IVCO,) mexay pe-
JKMMaMH BEHTHJISIIIUA C praBJIﬂeMI)IM U noaaep;KuBaceMbIM /1aBJICHUEM.

Fig. 3. Comparison of the specified parameter of CO, production (IVCO,) between
controlled ventilation and ventilatory support mode.

AJIbBEOJISIPHYIO BEHTHUJISIIINIO OI[EHH-
BaJIM 110 aHAJIN3Y Ta30B KpoBu. VDaw

IpeCTaB/IAeT COOOM YacTh AbIXaTe b s
HOro 00beMa, 3aII0JIHSIOIIETO IIPOBO- 0as
JISAIIME JIbIXaTeJbHble TyTH, He yda- :i:
CTByIOLIEr0 B ra3oo0MeHa B 045
aimbBeosisipHoM  otnene  [16-18]. oA

VDaw urpaer BaKHYIO POJib B TIepe-
MEINBAHUY, COTPEBAHUN, YBJIAKHE-
HUU 1 OYUCTKe BIbIxaeMoro raza. C
APYroii CTOPOHBI, 00BHEM MEPTBOTO
ATHBEOJISIPHOTO MPOCTPAHCTBA
(VDalv) npeacrasisier co6oii 4acTh 035\

VD/VT measuredby VCap
]
Y
<]

Comparison of VD/VT (VCap) during controlled ventilation vs. ventilatory support

| -
Average value
of VONT
L~ P00t

-
4 <
\ L '
\ 3 v
1 f Al ]
(] ,f o (]
g \
L ]
LI

MEpPTBOTO 00beMa  aJbBEOJIAPHOTO
oT/ieJ1a, UMEIOIIYIOCS TIPU TIaTOJIOTUH 123
1 He IIPUHUMAIONLYIO YYaCTHs B ra3o-
o6MeHe (HarpuMep, TP 0OCTPYKINH
JIbIXaTeJIbHBIX IIyTel, HeO[HOPOIHO-

Parameter

VD cale/VT model 034 0,000
Veap VD/VT controlled ventilation
Vicap VD/VT ventilatory support

5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 X 21 22 23 M 25 X 27 B W I

Patients 1-30

— D /T modd

— Veap VDNT controlled ventilation

=== Veap VD/NT ventilatory support
Linear r. (Veap VDT controlled ventilation)
tinear r. (Veap VDT ventilatory support)

Mean SDE

0.426059 0.032
0.391335 0.028

CTH paclipejieJieHNsl Ta30B, HapyIIe-
HUW KalWJJIIPHOTO KPOBOTOKA) [ 19,
20]. @usnosorunuecKoe MePTBOE MPo-
crpanctBo (VDf) asisiercst cymmoit
o6bemos VDalv u VDaw. Kanxorpa-
us cama 110 cebe SIBIIAETCS IIEHHBIMU
MHCTPYMEHTOM JIJIST OIIeHKU BEH TUJIAIINY U TepQY3IH
3a cuet uamepenust ETCO, u nosryuenus KarHorpam-
Mbl [7, 21]. MokHO U3MepUTh 00bEM BbIIENSIEMOrO
CO, 3a onun Boigox (VTCO,) nmu o6pasosanne CO,
co Bpemenem (VECO,). Kannorpamma, perysspHo
OILlIEHMBAEMAsT B KJIMHUYECKON MPAKTUKE, OTPAKAET
CJIO’KHBIE (PUBMOIOTUYECKIE [TPOIECChI, B3BAUMOIEH -
CTBYIOIIME U BJIUSIONINE APYT Ha ApyTa. AHaIN3 06be-
MoB CO, 3a onu Bbiz1oxX (VTCO,) Ha KanmHOrpamMmme
M03BOJIIET U3YYUTh HEKOTOPBIE M3 JIAHHBIX IIPOLIECCOB
U TIOJIYYUTh JOMOJTHUTEIbHbBIE TIPECTABICHIS 00 1X
narousnonornyeckux Mexanusmax [3, 4]. B kaue-
CTBE OCHOBHOTO METO/Ia M3MePeHUsT PYHKIIMOHATBHO-

Puc. 4. CpaBuenue 3nayenusi VD /VT, uamepennoro meronom VCap, npu BeHTHIS-
IIUH B PEKUMAX € YIPaBJIsAEMBIM U OA/IeP:KHBaeMbIM /IaBJIeHHEM.
Fig. 4. Comparison of VD/VT measured by VCap between controlled ventilation

and ventilatory support mode.

piratory frequency and lower tidal volume (VT)
caused lower alveolar ventilation (VA) [1, 4, 15] VA =
(VT — (VDaw + VDalv))«f). Without CO, kinetics
monitoring by Veap, we estimated airway dead space
volume (VDaw) roughly to be 2 ml/kg. However, we
have no information about alveolar dead space
(VDalv). We estimated the alveolar ventilation based
on the blood gas test. VDaw is a part of tidal volume
filling up the conductive airways and not participating
in gas exchange in the alveolar segments [16—18].
VDaw plays important roles in mixing, warming, hu-
midifying and purifying the inhaled gas. On the other
hand, alveolar dead space (VDalv) represents the part

22 www.reanimatology.com
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IO MEPTBOTO TPOCTPAHCTBA UCTIONB3YIOT OOBEMHYIO
kanHorpadwuio (VCap), mocKoIbKy METO/I OCHOBAH Ha
anasuze KourenTpauun CO, BO BbIIBIXa€MOM ra3e i
ero o6weme. s ananusa VCap cyiecTByioT Heo0Xo-
JIIMbIe YCJIOBUS, KOTOPBIE CJIe/lyeT YIUThIBATh. BbI-
XaeMblii ra3 He 10JKeH cosep:xaTh CO, (TTpocpoyen-
Hasi HATpUeBas W3BECTh MOJKET MOBJIUATH Ha
JIOCTOBEPHOCTH pe3ynbraToB). Heobxoxnmo monu-
MaTb, YTO KQK/1as1 N3 MUJJINOHOB QJIbBEOJI IMEET CBOE
cootHomenne Bentussiuu v nepdysuu (V/Q) u
Kakue Obl TO HU OBLIO U3MEHEHUSI JIOKATBHOTO OTHO-
mennst V/Q COOTBETCTBYIOT HEKOTOPOMY 00beMy
MepTBOTO nipoctpancTBa. OtHomenue VD /VT, uzme-
pernoe MetozoM VCap, sBJsIeTCSI BEChbMa TOYHBIM
c1oco6OM OIEHKH BEHTUIISAIUI JIETKUX MTPU CTaOUIIb-
HoMm oGpaszosanuun CO, u nocrosunoit UBJI [10].
W3menenms MeXaHUKY JIETOYHOTO JIbIXAHUSI, BEYII[Ie
k uamenenuto mapamerpa VICO, (arenmekras, KoJ-
JIATIC, OTEK JIEFKOTO U T.IL.), C BBICOKOI YyBCTBUTEIb-
HOCTBIO onpesensaioTcd Metogom VCap. Cocrosinue
JIETKUX TI0 UBMEHEHUIM TIOJI0KUTEIBHOTO aBIEHUs
B koHIle Bbizioxa (PEEP) takxe MoskHO onpenennTtsb
Ha ocuoBe VD/VT. CO, nocrymnaer B aibBeObl
MOCPEICTBOM KPOBOTOKA B JIETOYHBIX KAIUJLIIPaX, 1
nokazartesb VICO,, kak u VD/VT, MoxeT cIyKuTh
UHAMKATOPOM HapPYIIEHUI TeMOAMHAMUKY (HU3KasT
JsierouHast nepdysust, SMOOJIUS COCYIOB JIETKUX U T. T1.)
[22, 23]. TlosryuenHble pe3yJibraThl YKa3blBalOT HA TO,
4TO cMaGOBBIPAKEHHAS JIETOYHASA HEAOCTATOYHOCTh
(LIS = 0,5 6amn0B) u nocroauuoe odbpasosanue CO,
(HampuMep, 1ocJie OnepaIy Ha Cep/ile) COMPOBOK-
JAI0TCSI CTATUCTHYECKU IOCTOBEPHBIMU U3MEHEHUSIMU
VD/VT npu BeHTUISAIINY C TOJIEPKKOH /laBIeHreM
(PSV). Ormeuaercs ymenbiienne VD /VT u, caieno-
BaTeJIbHO, YJIyUIIeHUE AJbBEOJIIPHON BEHTUJISIIUN
HOCJIe TIePEKTIOUEeHUST PEXKIMA BEHTUJISIIIUU C YIIPaB-
JISIEMOTO IABJIEHH HA MTOJIEPIKKY AABJIEHHUS.

3akaoyeHue

[TpencraBiennble JaHHBIEC TOATBEPXKIAIOT BaXK-
HOCTD napamerpa VCap, IpaKTUYecKu He JOCTYITHOTO
[T TIPUMEHEHUS B KIIMHNYeckoil npaktuke. [locuen-
HUE TeXHUYECKHe pa3paboTKy MO3BOJIMIIN BKIIOYUTH
anasms VCap B KOHCTPYKIIMIO U IPOrpaMMHOe 0bec-
nevyenue amnmnaparta VIBJI. [Tocie mepBoro 3HakomMcTBa
¢ MetozioM VCap MbI COTJIAaCHBI C aBTOPAMHU, CYUTAIO-
IIUMU JIAHHBIH METOJl XOPOIIUM CIIOCOOOM BBISICHEHVST
kuHetuku amumuHamu CO,. Metos He TOJbKO 1103-
BOJIIET OlleHUTh 0o6MeH u aymmuHaiuio CO,, HO U
IIPEZOCTABIIACT IIeHHbIE JIaHHbBIE JIJII HACTPONKHM T1apa-
MeTpoB annapata MBJI u monoxutebHOTO AaBIeHUS
B KOHIIE BbIIOXA.

[Tpu BEeHTUJISAIINY JIETKUX B PEKUME TTOJIEPIK-
ku pasiaenneM PSV ¢ Tpurrepom CrnoHTaHHOTO
JBIXaHUS MOKHO BU/IETh YMEHbIIIEHUE OTHOIIEHUSA
VD/VT u nossienue BoiBesienus CO, n3-3a pocra
anbBeossipHOl BenTuasAnmuu. [pepcrasisercd nede-
CO0Opa3HbBIM HMCIIOJIH30BATh PEKUMBI BEHTHUJISIITUN

of dead space in the alveolar segment, which is patho-
logical and does not take part in gas exchange (e.g. air-
ways obstruction, inhomogeneity of gas distribution
or impaired capillary perfusion) [19, 20]. Functional
dead space (VDf) is a sum of VDalv and VDaw.
Capnography itself provides valuable tool for evalua-
tion of ventilation and perfusion by measuring ETCO,
and by obtaining capnograms [7, 21]. We can measure
the volume of eliminated CO, in one breath (VT CO,)
or CO, production in time (VECQO,). A capnogram
routinely assessed in clinical practice reflects complex
physiological processes which interact with and affect
each other. The CO, volume analysis of one breath
(VTCO,) using a caprogram permits to analyze some
of these processes and provides further data on patho-
physiological mechanisms [3, 4]. VCap is used as a
main tool for the functional dead space measurement,
because it is based on CO, concentration analysis in
exhaled gas and its volume. There are preconditions
in VCap analysis, which need to be considered. In-
spired gas must not contain any CO, (sodium lime
after the expiry date can compromise the results). It
is necessary to realize that any of millions of alveoli
has its own ventilation perfusion (V/Q) ratio and any
changes in local V/Q ratio represent a certain dead
space volume. VD /VT measured by VCap represents
very precise tool for lung ventilation assessment dur-
ing stable CO, production and constant mechanical
lung ventilation [10]. Changes in lung mechanics that
make VTCO, changes (lung atelectasis, collapse,
edema etc.) are detected by Vcap with a high sensitiv-
ity. Lung condition based on changes in PEEP is also
well-detected by VD/VT. CO, is brought into the
alveoli by pulmonary capillary perfusion and VTCO,
but also VD/VT could be an indicator of impaired he-
modynamics (low pulmonary perfusion, embolism,
etc.) [22, 23]. Our results point out to the fact that
mild lung failure (LIS = 0.5 pts) and constant CO,
production (e.g. after cardiac surgery) is accompanied
with statistically significant changes in VD/VT in
pressure support ventilation (PSV). There is a drop in
VD/VT and therefore improvement in alveolar ven-
tilation after switching from pressure controlled to
pressure support ventilation.

Conclusion

The data presented confirm the importance of
VCap, which was not available for the use in clinical
practice. The recent technical achievements make it
possible to include the VCap analysis into the ventilator
hardware and software. After the first experiences with
VCap, we agree with those authors who consider VCap
a very good tool for assessment of CO, elimination ki-
netics. It is a tool for CO, exchange and elimination as-
sessment, but also provides valuable information for
adjustment of ventilator parameters and PEEP.

In the PSV mode with spontaneous respiration
trigger, we can see a decreased VD/VT ratio and in-
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Jgerkux ¢ noaxep:xkkoi mairenneM (PSV) Bo Bcex
BO3MOJKHBIX CJIyUasix.

Meron o6bemuoii kannorpadun (VCap) npexa-
CTABJISIETCS]  TIOAXOMASIINM  HUHCTPYMEHTOM  JIJIST
HACTPONKHM ¥ OI[EHKH IIPOTEKTUBHOM BEHTUJISIINN JIeT-
KHX He TOJbKO IIPU JIETOUHBIX TATO(DUINOTOTUIECKUX
IpoIeccax.
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baaronpusiTHBII UCXO0/T OCTPOTO TSKEJIOT0 OTPABJICHUS METaJOHOM
(KIMHMYECKOe HAOII0IeHHE )

I A. Jluanos', A. H. Jloxsarun!, A. A. Pasuna?, C. U. Inymikos!,
A. A. Banosa?, E. B. Bomukosa?®, b. B. batonpipeHos!

HUU ckopoii nomoru um. U. 1. [Ixxanenusse,
Poccust, 192242, r. Cankr-Ilerepbypr, yi. Bynanemrckas, . 3
2 CeBepo-3alajiHblil TOCyIapCTBEHHbIIT MeaulnHCKuil yHuepcuter um. V. V1. Meunukosa Munspasa Poccun,
Poccus, 195067, r. Cankr-IlerepGypr, [TuckapeBckuii np., 1. 47
3 Iepsoiii Cankr-ITerepOyprekuii rocyraperBennbiii Meaunnuckuii yausepeurer um. V. T1. ITasnosa Munsapasa Poccuu
Poccus, 197022, r. Cankr-IlerepOypr, yii. JIbsa Toscroro, 1. 6-8

Favorable Outcome of Severe Acute Methadone Poisoning (Clinical Case)

Georgy A. Livanov'!, Alexey N. Lodyagin!, Anna A. Razina? Sergey 1. Glushkov!,
Alexandra A. Ivanova?, Elizabeth V. Volchkova?, Bair V. Batotsyrenov'!
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6-8 Lev Tolstoy Str., 197022 St. Petersburg, Russia

Iens: criocoOCTBOBATH CHUKEHUIO CTETEHN METABOINYECKUX PACCTPOIICTB, CBSA3AHHBIX C THIIOKCHEN, TyTeM
BKJIIOUEHUSI B CXeMY HHTEHCUBHOI TepaIiy OCTPOrO TSIKEJIOTO OTPABICHHS METAJIOHOM, OCTIOKHEHHOTO CHHIPOMOM
HO3MI[OHHOTO C/IABJIEHNS, TTPerapaTa-KopPeKTopa TKAHEBOTO METAb0JIM3MA 13 TPYIIIIBI CYKI[HATOB.

MarepuaJsl 4 MeTO/bl. 113yunii B [MHAMUKe KJIMHIYECKYI0 KAPTUHY OCTPOTO OTPABJIEHUS METaJI0HOM, OCJIOK-
HEHHbBIM Pa3BUTHEM CUHIPOMA IO3UIIMOHHOTO C/IABJICHUST: U3MEHEH ST KIMHUKO-OMOXUMUUYECKUX TIOKAa3aTe el JaHHbIe
KOAryJIOrpaMMBl, Fa30BOT0 COCTAaBa KPOBU U KUCJIOTHO-OCHOBHOTO cocTosiHI, DKI 11 peHTreHo10rnueckoil KapTHHBL

Pesyusrarsl. K 7-m cyTkam ot MomenTa nocryivieHust naiperta B OPUT nabonanu crabuiinsaiuio reMojiu-
HAMMKH, BOCCTAHOBJIEHNE CIIOHTAHHOTO JIBIXaHUSI U CO3HAHUS, YMEHbBIIIEHHE OTEKOB U Havya0 (hOPMUPOBAHUS MTPO-
JIesKHEH, K 8-M cyTKaM — BOCCTaHOBJIEHNUe [IType3a 1 Xapakrepa Moun. Ha 12-e cyTku nanuenTa B COCTOSIHUE CpeiHelt
TSDKECTH, C ITOJIOKUTEIBHON IMHAMUKOI BeeX KJIMHUYECKHX II0Ka3aTeslell IIepeBesid B OT/le/leHre TOKCUKOIOTHN.

3axumouenne. Briouenne B cxeMy nHGbY3HOHHOI Tepariu mpenapara, 061a[aionero CBONCTBAMU aHTHOKCH-
JIaHTa/aHTUTUIIOKCAHTA, TI03BOJISIET CHU3UTh CTElleHb MeTa00INUECKUX PACCTPOUCTB, CBA3AHHBIX C THIIOKCUEH, U
TEM CaMBIM TIOBBICUTD 3((HEKTUBHOCTD JICUCHUS: YIIYUIIUTh KJIMHUKO-IA00PATOPHYIO KAPTUHY U COKPATUTh CPOKU
npebbiBanus napenta B nasare OPUT.

Kniouesote cnosa: ocmpoie ompasnenus; memaoor; CunopoM NOSULUOHHO20 COABLEHUS; SHMAPHAS KUCIOMA; Pe-
ambepun

Purpose: to contribute to relief of metabolic disorders associated with hypoxia by including a succinate correct-
ing tissue metabolism into the scheme of intensive care of acute severe methadone poisoning complicated by the
crush syndrome.

Materials and methods. We examined the dynamics of clinical manifestation of acute methadone poisoning
complicated by crush syndrome: changes in clinical and biochemical parameters, coagulation test findings, blood
gas composition and acid-base state, ECG and X-ray findings.

Results. By the 7 day after patient's admission in the ICU, stabilization of hemodynamics, recovery of sponta-
neous breathing and consciousness, reduction of swelling and the beginning of the formation of pressure ulcers were
observed; on the 8 the day, restoration of urination and characteristics of urine were registered. On the 12 day, the
patient was transferred to the toxicology unit being in a state of moderate severity and demonstrating positive
changes in all clinical parameters.

Conclusion. The inclusion of a drug with antioxidant/antihypoxant properties in the infusion therapy scheme
allows to relieve metabolic disorders associated with hypoxia, and thereby increase the effectiveness of treatment:
i.e. to relief clinical and laboratory manifestations and reduce the ICU stay.

Keywords: acute poisoning; methadone; crush syndrome; succinic acid; reamberin
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BBenenne

B mocienHee BpeMsi OTMeUeHbI M3MEHEHUS B
CTPYKTYPE OCTPBIX XMMIUECKUX OTPABJIEHUIT: CHUKe-
HIe 001I1ero KOJMYECTBA OTPABJICHNUH JIEKapCTBEHHBI-
MU TIpernapaTaMy ¥ TeXHWUECKUMU KUIKOCTSIMU U
yBeJTMU€eHNE — BEIeCTBAMI HEHPOIETPUMHIPYIOTIETO
nevictBug [1]. Kinamdeckoe teueHuWe MOCTETHUX
oTIyaeTcst Hosree YacThIM PasBUTHEM OCJIOKHEHUI 1
COXPaHSIONIEHCS HAa BBICOKOM YPOBHE JIETATTHBHOCTHIO
[2]. YI3BecTHO, YTO TSIKECTH COCTOSTHUST GOMBHBIX C
OCTPBIMH OTPaBJIECHUSMHU OMUOUIHBIMUA HAPKOTHYE-
CKMMU CPEICTBAMU IMOMUMO CIEIN(PUIECKUX MeXa-
HU3MOB JIEHCTBHS TOKCHKAHTa, 00YCIOBIE€HA Pa3Bu-
TeM TsKesmol rtumokcuu  [2, 3]. Hapsamy c
TUTIOKCUYECKUMU TIOPAKEHUSIMU TOJIOBHOTO MO3Ta,
JacTO WMEET MECTO OCTPO€ TOBPEXIEHHE TOYeK,
00y CJIOBJIEHHOE Pa3BUTHEM CHHAPOMA TO3UITHOHHOTO
CHIABJIECHUSI /UM CUCTEMHOTO pabpomuomsa [4—6].
B ciaryuae ocTporo nmoBpeskaeHus Moyek Ipu OTpaBJIe-
HUU ONMUOUIAMU, BAKHBIMU SIBJISTFOTCST BOIIPOCHI PaH-
Hell JIMarHOCTUKYM W KOPPEKIUH MeTadOTMUECKITX
HAPYIIEHUT C 11eJThI0 MPOMUIAKTUKY PA3BUTHUS TSKe-
JIOH OCTPOI TOYeYHOHN HeocTaTouHocTH [7—13].

[TpuBeeHHOE HIKE KIMHUYECKOoe Hab foieHe
[PEJCTaBAsSeT WHTEPeC € TO3UIMU  0COOEHHOCTEN
WHTEHCUBHO TEPAIUK TAIUEHTa C OCTPBIM TSKEJbIM
OTPaBJIEHUEM METAJIOHOM, OCJIOKHEHHBIM Pa3BUTHEM
CUH/IPOMA TIO3UITUOHHOTO c/IaBieHus. Komruieke Mepo-
MPUSATUH WHTEHCUBHOW Teparny JaHHOW TaTOJIOTHH,
BKJIFOUAIOIIMI TIPOBEeHIEe O0IepeaHMaIlHOHHBIX
MEPOTIPUSATHIT (MCKYCCTBEHHAS BEHTUJISIIMS JIETKUX
(BJI), nadysnonHas n CUHPOMAaJIbHAS Teparnu 1
T.11.), GBLJI JIOTIOJTHEH KOPPEKTOPOM TKAHEBOTO MeTabo-
JIF3Ma 13 TPYIIIIbI CYKIHATOB — peambeprom (OO0
<HTDOD «ITOJIMCAH> 1. Cankr-Ilerepbypr). Peam-
GepyH TpecTaBIIsIeT cOO0M cOATAaHCHPOBAHHBIN H(Y-
3MOHHBII PACTBOP, H30TOHUYEH IJTa3Me KPOBH U 00J1a-
naer OydepHbiMu cBoiicTBaMu. CONEPKUT HATPUid
N-MeTHJITTIOKAMITHOBYTO COJTh SSTHTAPHOM KUCJIOTHI, Mar-
HUST XJIOPU/I, KA XJTOPUJI, HATPUS XJIOPUJI, HATPUS
ruzipokcuyl. [Ipenapar siBisieTcsi HoCUTeIeM Pe3ePBHOA
IIEJIOYHOCTH, YTO CIIOCOOCTBYET OIIEIaYnBa0 MOUH H,
KaK CJe/CTBUEe — TIPEJOTBPAIIEHUIO JTaJbHEHTIeTo
MOBPEXKICHUS TTIOYEK, KOTOPOE Pa3BUBAETCS B PE3YJIbTa-
Te Iepexo/ia MUOrI001Ha Ha (hOHE aIli/I03a B HEPACTBO-
PUMBII COISTHOKUCIIBIN TeMaTHH, TTaryOHO BIUSIONIAI
Ha anuTenii kanasnbles [ 14]. Adntapuag kucsnora — ato
MOIITHBIN aHTHOKCUIAHT U aHTUTUTIOKCAHT. Kak MeM-
GPaHOMPOTEKTOP, MONOKUTETHHO 3aPEKOMEHIOBATA
cebst B KIMHUYIECKOH TOKCHKOJIOTHU, OCOOEHHO PU
OTpaBJIEHUSX HEHPOTPOIHBIMU silaMu. biaromaps
OTCYTCTBUIO KAaJIBIMS PACTBOP XOPOIIO MEPEHOCUTCS
GOJIBHBIME, He 00YCJIOBIMBAET HEKETATEIbHBIX COCY-
JIACTBIX PEAKIINI, COBMECTHM CO BCEMU JIEKAPCTBAMU.
BwmecTo KasibIust, KOTOPBI TpeodJiaiaeT B CocTaBe Kie-
TOYHBIX MUKPO3JIEMEHTOB B COCTOSIHUU THIIOKCUU U
aru03a, B peaMOeprHe COAEPKUTCSI €r0 aHTarOHUCT —
Martuii. ITo 1103BOJIIET PACTBOPY UMETb IIOJTHOLIEHHDIH

Introduction

Changes in the structure of acute chemical poi-
soning have been observed recently: a decrease in the
total number of poisonings with drugs and fluids and
an increase in the number of poisonings with neu-
rodepressing substances [1]. The clinical course of the
latter is characterized by more frequent development
of complications and a higher mortality rate [2]. It is
known that the severity of patients' state with acute
opioid poisoning depends on the development of se-
vere hypoxia in addition to the specific mechanisms
of action of the toxicant [2, 3]. Along with hypoxic
brain injuries, there is often acute kidney damage
caused by the crush syndrome or systemic rhabdomy-
olysis [4—6]. In the case of acute kidney damage in
opioid poisoning, issues of early diagnosis and correc-
tion of metabolic disorders for prevention of severe
acute renal failure are important [7—13].

The following clinical case is of interest due to
peculiarities of intensive care of a patient with severe
acute methadone poisoning complicated by the crush
syndrome. The intensive therapy of this disorder in-
cluding resuscitation measures (mechanical ventila-
tion, infusion and syndromic therapy, etc.) was
supplemented by a succinate Reamberin, a tissue me-
tabolism corrector (LLC «POLYSAN», Saint-Peters-
burg). Reamberin is a balanced infusion solution; it is
isotonic to blood plasma and has buffer properties. It
contains sodium N-methylglucamine salt of succinic
acid, magnesium chloride, potassium chloride, sodium
chloride, sodium hydroxide. The drug is a source of re-
serve alkalinity, which contributes to urine alkaliniza-
tion and, as a result, to prevention of further kidney
damage, which develops as a result of the transition of
myoglobin to insoluble acid hematin on the back-
ground of acidosis adversely affecting the tubular ep-
ithelium [14]. Succinic acid is a potent antioxidant
and antihypoxant. As a membrane protective agent, it
demonstrated positive results in clinical toxicology,
especially in case of neurotropic poisoning. Due to the
absence of calcium, the solution is well tolerated by
patients, does not cause adverse vascular reactions,
and is compatible with all drugs. Instead of calcium
which prevails among cellular minerals in the state of
hypoxia and acidosis, Reamberin contains its antago-
nist, magnesium. This allows the solution to have a
good ionic composition, which is especially important
for critically ill patients with underlying low plasma
magnesium concentrations; however, Reamberin
demonstrates the most pronounced effect on the body
oxygen balance, which is manifested at the tissue level
and is confirmed by the growth of such parameters as
oxygen consumption, oxygen use and utilization coef-
ficient, as well as an increase in the arteriovenous dif-
ference for oxygen [15, 16].

Purpose: to evaluate in a case study whether the
inclusion of a succinate drug correcting tissue metab-
olism into the scheme of intensive care of acute severe
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HOHHBII COCTAB, YTO OCOOEHHO AKTYAJIBHO JJist GOBHBIX,
HAXOJSIIUXCST B KPUTHYECKOM COCTOSIHUU Ha (poHe
UMEIOIIIXCST HU3KUX KOHI[EHTPAIIUI MarHUs B IJIa3Me
KPOBH, OJIHAKO HAMOOJIEE TTOJHO AHTUTHIIOKCUYECKUE
ad ekt peaMbeprHa OTPAKAIOTCS Ha TTOKA3ATEesAX
KUCJIOPOHOTO HajlaHca OPraHu3Ma, YTo MPOSIBJIAETCS
HA TKAHEBOM YPOBHE U MOATBEPKAAETCSI POCTOM TaKUX
nokasaresieii, kak rmorpebienue Kucaopoaa, Koahu-
IIFEHT er0 YTHJIN3AINH, & TAK)KE YBEJIMIEHUEM apTePHO-
BEHO3HOIT pa3HuUIlbl 110 Kucjaopoay |15, 16].

[lesab — €1OCOGCTBOBATH CHUIKEHUIO CTEMEHU
MeTabOoIMUECKUX PACCTPOICTB, CBSI3AHHBIX C TUIIOKCHU-
€if, ITyTeM BKJIIOUEHSI B CXeMY MHTEHCUBHOM TePaITii
OCTPOTrO TSIKEJIOTO OTPABJIEHUS METAJIOHOM, OCJIOXK-
HEHHOTO CUH/[POMOM TIO3UIMOHHOTO CABJIEHUSI, TIpe-
napaTa-KoppeKTopa TKaHeBOTo MeTaboIM3Ma U3 TpyTi-
bl CYKI[UHATOB.

MaTepI/IaJI U METO/1bl

OGbeM TIPOBEAECHHBIX UCCIIEOBAHUIT — MO MOKa3a-
HUSIM, B TUHAMUKE:

1. Wccaenosanue ra3oBoro cocTaBa, KMCJIOTHO-OC-
HOBHOTO COCTOSTHUST KDOBUBO BpeMst nposenennst MIBJI na
anmapare Engstrom, (CIIIA);

2. JlaboparopHble HCCJAEI0BaHMs B JIHHAMUKE: 00-
MIeKJNHUYECKUHN aHamu3 KpoBH ¢ omnpenenrerreM COD u
JieKonTapHoit (HopMyIIbl 1 GHOXUMHUIECKUE [TAPAMETPBI
(TparcamMuHa3bl, 00N OHINPYOIH, MOYEBIHA, KPEATUHIH,
kpearutdochornnaza (KOK), kpearnndochornnaza-MB,
TJTIOK03), aHAIU3bI MOUYH (OOIINIT AHAINS ¥ HA [TPUCYTCTBUE
MeTa/IoHa)

3. VHcTpyMeHTa/IbHbIE MCCIIeIOBAHI: PEHTTEHOIO0-
rUYecKoe UCCIIeI0BaHNe OPraHoB TPY/IHOM KIeTKH, YIbTpa-
3BYKOBOE HCCJIEOBAHUE OPraHOB OPIONIHOM MOJOCTH |
MAJIOTo Ta3a, aIeKTpPoKapaAnorpaduIeckoe nccae[oBaHme.

Boubnoit @., 27 set. [locTynus B oT/ie/ieHUe peanu-
Manuu u nHTeHcuBHON Tepanun Ne3 (tokcukosorust) [BY
«CII6 HUU CII um. N. U. [lxanennaze» 28.07.2017 18:00
B KpailHe TSKeJIOM COCTOSTHUN.

3 anamHesa 3abosieBanus (Co CJIOB Bpaya OpUTAibl
CMII): GoJsibHOIT ObL1 O6HAPYIKEH B KBapTHPe Ge3 CO3HAHMS
B TIOJIOKEHHH JIesKa Ha CIIMHE, PSIOM HAXOHJICS TPYII He-
M3BECTHOTO MYJKUMHBL B CBSI3M ¢ HaIM4YMeM OCTpOil IbIxa-
TesbHOIT  HegocTatouHocTH  (Opamunbos g0 4—6
JIBIXATEJIbHBIX JIBUKEHUH B MUHYTY ), GOJbHOMY Ha JIOTOC-
MUTAJIBHOM Tarle IPOBoANIN Macounyto VIBJI nmpu momorn
Merka AMOY, € 1eJIbI0 aHTUIOTHOW Tepauu — BHYTPHU-
BeHHo nubekius Sol. Naloxoni 1 mu (0,4 mr).

Ha moment nocryrmiennn B OPUT 110 gaHHbIM 06b-
€KTUBHOTO FCCIIEIOBAHMST: COCTOSTHIE — KpaitHe Tsikesioe. Co-
3HaHuMe Ha yposHe koma 1 (8 GalIoOB 110 HIKajze KOM
[nasro-ITurrcGypr). 3pauku D=S, M1o3, oropeakiyust oTcyT-
CTBYeT. ATOHUS CKeJIeTHOI MycKy1aTypbl. KoskHbIe TOKPOBBI
GJie/iHble, TETJIble U CyXue Ha OILyIib. BUujnMble CIM3ucThbIe
GrreiHOBaThIe, IIMAHOTHYHbIE. [TpH 0eMOTpE BBISIBUIIN 103U -
[MOHHOE C/[aBJieHne B 061aCTH 00enX HIJKHUX KOHEYHOCTEIT,
006EHUX JIOTATOK W SITOJIUTL, YYACTKU C/IABJIECHVST THIIEPEMUPO-
BaHbI, IJIOTHBIE HA OIILY1Th: B 00JIACTH MPABOIA JIONATKK Pa3Me-
pamu 16X17 em (272 em?), neBoii sonatkr — 14X17 cm (238
em?), kpecrua u siroauil — 10X15 em (150 cm?), oboux Geaep
10x10 (2+100cm?), 06enx MATOK ¢ NEPEXOA0M Ha JiaTepasib-
HbIe TOBEePXHOCTH cTol 3X7 cM (2 21em?). TTnormas nosepx-
HOCTH TeJia oripeziesisiiiu 1o ¢opmyse Mocrensepa [16], ona

methadone poisoning complicated by the crush syn-
drome may contribute to relief of metabolic disorders
in these patients with hypoxia.

Materials and Methods

The number of tests was performed as needed for the
follow up:

1. Blood gas composition, acid-base status of the cen-
tral circulation during mechanical ventilation (Engstrom,
United States);

2. Follow-up lab tests: complete blood count with
ESR, differential and blood chemistry tests (transaminases,
total bilirubin, urea, creatinine, creatine phosphokinase
(CPK), creatine phosphokinase-MV), glucose), urinalysis
(general test and test for methadone)

3. Instrumental tests: chest X-ray, sonography of the
abdominal cavity and small pelvis floor organs, electrocar-
diography.

Male patient F, 27 years old. The patient was admit-
ted to L. I. Dzhanelidze Saint Petersburg Research Institute
of Emergency Medicine in a grave condition at 6 pm on July
28, 2017.

Medical history (as told by a paramedic): the patient
was found unconscious in an apartment lying on his back,
next to the corpse of an unknown man. Due to acute respi-
ratory failure (bradypnea up to 4—6 respiratory movements
per minute), bag-valve-mask ventilation was performed at
the prehospital stage and Sol. Naloxoni 1 ml (0.4 mg) was
injected as an antidote.

Objective findings at admission to the ICU: critical
state. The consciousness is at the level of coma 1 (8 points
according to Glasgow-Pittsburgh Coma Scale scoring).
Pupils D=S, myosis; no photo-reaction is registered. Atony
of skeletal muscles. Skin is pale, warm and dry to touch. Vis-
ible mucous membranes are pale and cyanotic. The exami-
nation demonstrated the crush syndrome in the lower limbs,
both scapulae and buttocks; the compressed areas are hyper-
emic and dense to touch: around the right scapula — 1617 cm
(272 cm?), left scapula — 14X17 cm (238 cm?), sacrum and
buttocks — 10x15 c¢cm (150 cmI), both hips — 10X10 c¢cm
(2100 cm?), both heels with the transition to the lateral
surface of feet — 3X7 ¢cm (2+21 cm?). The body surface area
was determined using Mosteller formula [16] and it was
equal to 1.94 m% The area of edema was 4.6-5.0% of the
body surface area.

Central circulation parameters are stable: the heart
rate is 106 beats / min; the pulse is thythmic and full; BP is
120/70 mm Hg. Tracheal intubation was performed due to
acute respiratory failure, the patient was switched to the
ventilator (Engstrom, USA) in CMV mode according to the
parameters: MVL — 8 1/min, PEEP — 5 cmH,0, FiO, —
60%. There was severe impairment of gas-exchange func-
tions of the lungs, which manifested itself in a decrease in
the Horowitz oxygenation index to 131. The study of the
gas composition and acid-base state of the blood showed de-
compensated combined respiratory and metabolic acidosis:
pH — 6.996, paCO, — 59.9 mmHg, paO, — 79 mmHg, SatO,
—90.3%, HCO4 — 14.3 mmol /I, BEex — 19.3 mmol/I.

The blood test demonstrated signs of toxic damage: in-
creased hemoglobin to 18.3 g/dl and RBC count to
591102/, hematocrit ~was 55.7%, leukocytosis
(12.07+10°/1), neutrophilia (up to 10.1+10%/1 — 83.6%) with
a shift towards the stab forms (33%), the presence of metamye-
locytes up to 3%; ESR=10 mm / h. Blood chemistry test find-
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cocrasuia 1,94 M2 Tlnomans oreka cocrasuna 4,6—5,0 % or
TIJTOMIA/IN TIOBEPXHOCTH TeJa.

ITokasarenu kposooOpaienust crabuibtbl, YCC —
106 ya. B MuH, MyJIbC pUTMUYIHBIH, Y/I0BAETBOPUTEIBHOTO
nanosanennst; A/l 120/70 mum pt. cT. B cBsA31 ¢ Hanmamem
OCTPOH ABIXaTeNbHON HEAOCTATOYHOCTH GOJBLHOMY BBI-
MOJHIJIN HHTYOAIMIO TPAXeH € TIePEBOJIOM JbIXaHUsT GOJIb-
nvoro Ha IBJI (ammmapat Engstrom, CIIIA) B pesxkime CMV
c mapamerpamu: MOD — 8 i/muH., PEEP — 5 cMm Boz. cT.,
FiO, — 60%. OTmeuann BeIpakeHHbIe HAPYIIEHNS Ta30-
00MeHHBIX (YHKIIHMIT JTETKUX, KOTOPbIE MPOSIBISIINCH B
CHIKeHMM MHieKca okeurenannn [oposuna 10 131 mm pr.
ct. MlccaeoBanme ra3oBoro coCcTaBa U KMUCJIOTHO-OCHOB-
HOTO COCTOSTHUSI KPOBH ITOKA3aJI0 HAJINYHE JeKOMITEHCH-
poBanHOTO cMemanHoro anumnosa: pH — 6,996, PaCO, —
59,9 mm pr. cr., PaOy — 79 mm pr. ct., SatO, — 90,3%,
HCO3 — 14,3 mmonn/1, BEex — -19,3 Mmmomh /1.

WccnenoBanue KpOBY BBISIBUJIO HAJIMYUE TTPU3HAKOB
TOKCUYECKUX MTOBPESKACHUIL: TIOBBIIIEHIE COTEPKAHI Te-
Morsio6uHa 10 183 r/:1, spurpormros — 10 5,91 102/, re-
MAaTOKPHUT COCTaBUI 55,7%, metikonmros — 12,0710/,
Heiirpodpuies — 1o 10,110°/1 (83,6%) co casurom B cTO-
POHY ITAJIOYKOsIIePHBIX (hopM (33% ), HATTHIIE METaMHETIO-
o — 10 3%, CO9 — 10 MMm/u. B GuMOXUMHUYECKUX
TI0KA3aTeSIX OTMEYAN: BBIPA)KEHHOE MOBBIIIEHIE YPOBHS
MoueBUHBI — 10 13,9 Mmonb/n1 n Kpeatnnuaa — 10 383
MKMOJTb,/JT 1 ioBbItenue Tparncamuias (AJIT o 156,9 Ex/n
u ACT no 433,9 En/m).

[Ipu moctymeHun 110 Karerepy O0bLio moaydero 100
MJT MYTHOH MOYH, OTMEYaJIN TIPOTEHHypuio (5 T/7) U TJIio-
xo3ypwuio (=1,7 mmosn /). [1o pesyasraTamM XUMHUKO-TOKCH-
KOJIOTUYECKOTO MCCIIE/IOBAHUS B MOYE OOHAPYIKIIIH CIIE/IBI
METa/IOHA.

Vexozist u3 KIMHUKO-1a60paTOPHON KapTHHBI ITPH M0-
CTYIUICHUN BBICTaBUJIN quarto3: «OcTpoe oTpasiieHNE Be-
IIECTBOM HEHPOTPONHOTO JEHCTBUS TSIKETOIH CTETeHu.
Toxcuko-runokcnyeckast aniedanronarns. OcioKHEHNE:
Ocrpas tepebpanbias HeocTaTouHOCTh. OcTpast Jbixa-
TeJIbHAsT He0CTaTOUHOCTh. CHHAPOM MO3UIINOHHOTO C/IaB-
JeHust B objacTu 00enX HIKHUX KOHEYHOCTEH, 06erx
JIONATOK U SITO/IAIL>.

B OPUT mnpoomunu cremyiomee jsederne: nHOy-
3MOHHAs Tepanus BKaodasa B cebs Sol. Natrii hydrocarbon-
atis 5% — 200,0 Ne 4. Pacyer HeoOX0MMOTO KOJNYECTBA
rugpokapboHaTa IpousBoIIIn 1Mo dopmyae Mesienra-
apzia- AcTpyIia: KOJIMYecTBO MMOJIb THAPOKAapOOHATA HATPHST
pasno mpounssesennio BE Y macca tera 8 xr 4 0,3 [16]. Ilo
JAHHBIM PacyeTa, KOJTUYeCTBO HEOOXOANMOTO THAPOKapHo-
HaTa coCcTaBuIo 467,4 MMOJIb, TO €CTh B TiepecuyeTe Ha 5%
pactBop ruapokapbomara — 780 M.

Kpome Toro, manueHT moJydas BHyTpuBeHHO: Sol.
Glucosae 10% — 500 ml + Sol. Magnii sulf. 25% — 10 ml +
Insulini 12 ED Ne 3/cyT; Sol. Natrii chloridi 0,9% — 1000
ml/cyT; Sol. Reamberini 1,5% — 400 ml Ne 2 /cyT ¢ unrep-
Basiom 12 gacos; Sol. L-lysina Aescinati 0,1% — 10 ml + Sol.
Natrii chloridi 0.9% — 100 ml Ne 2/cyr. O6bem uHby3noH-
HOI TepaIiy paCYNTBHIBAIN C YUETOM IOTEPb *KUAKOCTH, KO-
TOPBIE COCTOSIN U3 I0JLKHOTO KOJTMIECTBA MOUH M3 PacyeTa
1 M /xr/B9ac (1X80%X24=1920,0 /cyT), a Tak:ke mepcmmpa-
IIMOHHBIX TOTePb U3 pacueTa 0,5 MJI/KT B 4ac 1 MOBbINIIEHUE
temmepatypsi Teqa 10 38°C (0,5X80%24+500,0=1460,0). B
urore oGbeM norepb cocrasua 3380 mu/cyt. [lanee pacuer
MHGY3UOHHOI TepPai KOPPUTHPOBAIH B 3aBUCUMOCTH OT
U3MEHEHUI EHTPATBbHOTO BEHO3HOTO JaBJICHHS, KOTOPOEe
no/iziepKuBaioch Ha ypoHe 8—10 ¢M Boz. CT., ¥ TeMna n-

ings: a pronounced increase in urea (up to 13.9 mmol/1) and
creatinine (up to 383 mmol/1) levels and increased transami-
nases (ALT up to 156.9 U/l and AST up to 433.9 U/1).

Upon admission, 100 ml of turbid urine was obtained
through a catheter; proteinuria (5 g/1) and glucosuria (>1.7
mmol/l) were found. Chemical and toxicological tests
demonstrated traces of methadone in the urine.

Based on the clinical and laboratory manifestations at
admission, the following was diagnosed: «Acute severe neu-
rotropic poisoning. Toxic-hypoxic encephalopathy. Compli-
cations: Acute brain failure. Acute respiratory failure. Crush
syndrome in both low limbs, both scapulae and buttocks.»

The following treatment was performed in the ICU:
infusion therapy included Sol. Natrii hydrocarbonatis 5%
(200.0, # 4). The required amount of sodium bicarbonate
was calculated using the Mellengaard-Astrup formula:
sodium bicarbonate (mmol) = BE x body weight (in kg) X
0.3 [16]. According to the calculations, the required amount
sodium bicarbonate was 467.4 mmol, that is, 780 ml of 5%
of sodium bicarbonate solution.

In addition, the following medications were adminis-
tered intravenously: Sol. Glucosae 10% — 500 ml + Sol.
Magnii sulf. 25% — 10 ml + Insulini 12 ED tid; Sol. Natrii
chloridi 0.9% — 1000 ml/day; Sol. Reamberini 1.5% — 400
ml bid with a 12-hour interval; Sol. L-lysina Aescinati 0.1%
— 10 ml + Sol. Natrii chloridi 0.9% — 100 ml bid. The vol-
ume of the infusion therapy was determined taking into ac-
count fluid loss, which consisted of a corresponding amount
of urine at a rate of 1 ml / kg / hour (1x80%24=1920.0 /
day), as well as perspiration loss at a rate of 0.5 ml / kg per
hour and an increase in body temperature to 38°C
(0.5%X80%24+500.0=1460.0). Eventually, the losses
amounted to 3380 ml/day. Then the volume of infusion ther-
apy was adjusted depending on changes in central venous
pressure, which was maintained at the level of 8—10 cmH,O,
and the urination rate, which averaged 50-100—150
ml/hour. In response to the infusion therapy on the first day,
the volume of daily urine output was 2900 ml /day.

Diuretics, corticosteroids, proton pump inhibitors, B
vitamins, antibacterial drugs of the cephalosporin family
(Ceftriaxone 2.0 twice a day), and a direct-acting anticoag-
ulant (heparin) were also included in the therapy. The fol-
lowing drugs were included in the treatment scheme within
the first 10 days: Reamberin (intravenous dripping, 400 ml
twice a day with a 12-hour interval) and L-Lysine Escinate
(diluted with 100 ml of 0.9% sodium chloride solution, in-
jected intravenously twice a day with a 12-hour interval).
The GIT was cleaned through a probe gastric lavage and lax-
atives were prescribed (duphalac 50.0 ml via nasogastric
tube) in addition to infusion-detoxification therapy, taking
into account the enterohepatic circulation of opioids.

Results and Discussion

On the 2 day of the ICU stay, worsening of pa-
tient's state was registered due to increased hemody-
namics instability, BP drop to 92/40 mm Hg, and
increased heart rate up to 115 beats/min. Biochemical
parameters: a marked increase in the activity of CPK
(up to 80,250 U/1), lactate level (up to 9.2 mmol /1) on
the background of slight positive changes in the ALT
(246.8 U/1, urea (13.4 mmol/l) and creatinine (255
mmol /1) levels. In this regard, along with the infusion
therapy, inotropic dopamine support was initiated at
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ypesa, KOTOpbIit cocTaBsii B cpexreM 50—100—150 mur/4ac.
B orBet Ha poBoNMYI0 HH(GY3HOHHYIO TEPAITHIO B ITEPBbIE
cyTKH 00beM CYyTOUHOTO Anypesa coctasui 2900 M /cyT.

Takske B TEpanuio BKIOUUIN JIYPETUKH, KOPTHKO-
CTEPOUIBI, WHIUOUTOPBI TPOTOHHOW MOMITBI, BUTAMUHBI
rpymisl B, antnbakrepuanbHbie MpernapaTs edanocnopu-
nosoro psna (Lleprpuakcon 2,0 Ne2 /cyT), aHTUKOATYISTHT
npsamoro aedictBus (remapwn). B Teuenne mepseix 10-um
CYTOK B CXEMY TEPAIUU BKIIOUMIIM: peaMOepuH (BHYTPHU-
BeHHO KarresbHo 10 400 MuT 2 pasa B CyTKH ¢ nHTEpBaIoM 12
yacoB) n L-JIuznna dcrmHat (B pasBeieHNN XJI0PUIOM HAT-
pusa 100 mx — 0.9% pacTBOpa, BBOAWJICS BHYTPHBEHHO Ka-
TesIbHO 2 pasa B cyTKU ¢ uHTepBasoM 12 gacos). [lomumo
MH(}Y3NOHHO-TETOKCUKAIIMOHHON Teparnu, ¢ y4eToM dHTe-
porenaTuyecKon IPKYJISIII OMHOUA0B, OOJIBHOMY IIPO-
Besn ouumienne JKKT myrem 30HZ0BOTO HMPOMBIBAHMS
JKEJTy/IKA, HasHAYMIH crabuTesbHbie cpeicTBa (modanak
50,0 MJT uepe3 Ha30TaCTPATBHBII 30H]T).

Pe3yibrarhl 1 00CyKA€eHHE

Ha ¢done npoBogaumoii Tepanun Ha 2-e¢ CyTKU
npebbiBarysg B OPUT orMeTnim yXyamuieHne cocTos -
HUS TIAIIMEHTA 32 CYET HAPACTaHUsT HECTAOMIBLHOCTH
remopimHaMUKH, cHukenus A/l 1o 92 /40 mm pr. cT. M.,
yuareHus myJbca 1o 115 ya. B Mun. BuoxuMunueckie
MOKa3aTeJ: BbIPA)KEHHOE TIOBBIIIICHUE aKTUBHOCTH
KOK (10 80 250 E/l /1), comepskanust nakraTa (10 9,2
MMOJIb/JT) Ha (hOHE HE3HAUNTETBHON MTOJIOKUTETHHON
nunamuku cogepskanvst AJIT (246,8 En/n, moueBUHBI
(13,4 mmostb/1) m KpeaTunnna (255 MKMoJb/). B
CBS3M C 9TUM, HApPSAY € TPOBOAUMON NHQPY3NOHHON
Teparuei, 60IbHOMY Obla HaYaTa HHOTPOITHAST MOJI-
nepxkKa qoamMuHoM B 103e 15 MKr/Kr/MuH. B teue-
HUU MOCJEYIONNX 2-X JHEH COCTOIHUE 0CTAaBaJIOCh
KpaiiHe TsKenbiM, co3nanre — koma 1 (7 6anios 1o
mkasie koM [asro-TTuTrebypr), reMoMHAMUKY CTa-
OunusupoBai 3a cueT BBelenus nodamuaa 20
MKT/Kr/MUH. COXpaHsA/INCh TPU3HAKU TO3UITHOHHOTO
cllaBJeHust B 00J1acTi 06€UX HIKHUX KOHEYHOCTEH,
JgonaTok u Aroauil. /lnypes ajgexkBaTHbiil. Coxpang-
JIaCh MpOTenHypHst. B GHOXMMUYECKHX TTOKA3aTeNsAX
ormerus poct copepkanuss ACT mo 1105,7 Exn/a,
AJIT no 229,3 En/n, moyeBunb — n0 17,3 MMouts /i1,
kpearuauHa /10 309 MKMOJTH /J1.

Ha 4-e cytku npeGbiBaHUMS Ha OTAETCHUM Y
nanueHTa Ha 0G30PHON pEHTreHOTpaMMe JIETKHUX
BBISIBUJIN TIPU3HAKH JIBYCTOPOHHEN HIKHEI0JEeBOM
nuesmonny. Ha Y 3U uccieoBatmy opranos Oproiii-
HOI TT0JIOCTHU U 3a0PIOTITMHHOTO TPOCTPaHcTBa — Jnb-
(bysHble U3MeHEHN TTOKETYI0YHON KeJle3bl U CBO-
GOJTHAS SKUIKOCTH B TIPABOM U JIEBOM TLJIEBPATBHBIX
CHHYCaxX B HEGOJIBIIIOM KOJUUYECTBE.

Ha 7-e cyTku tepanuu Ha (oHe cTaOUIBHON
reMOJIMHAMUKH OTMETHUJIN TTOJIOKUTEIbHYIO TMHAMMU-
Ky COCTOsTHUsT GOJMILHOTO (BOCCTAHOBJIEHHME CIIOHTAH-
HOTO JIBIXaHUS 1 MOSIBJIEHUE KalllIeBoro pedJiekca Ha
UHTYGAIIMOHHYIO TPYOKY ), TO3BOJUBIIYIO OTKIIOYHUTH
MHOTPOIIHYIO TOJ/IEPSKKY W OTKJIIOYUTH TAllMeHTa OT
WBJI. Ha atom ¢oHe oTMeTHIN yMeHbIIEHNE BbIpa-
JKEHHOCTH ABJIEHUN TOKCUKO-THIIOKCUYECKOH aHIe-

a dose of 15 pg/kg/min. During the next 2 days, the
condition remained extremely severe; the conscious-
ness was at coma 1 level (7 points according Glasgow-
Pittsburgh Coma scoring); the hemodynamics was
stabilized by the introduction of dopamine 20
ug/kg/min. Signs of crush syndrome in both low
limbs, both scapulae and buttocks persisted. The urine
output was adequate. Proteinuria persisted. The bio-
chemical parameters demonstrated an increase in the
AST (to 1105.7 U/I), ALT (to 229.3 U/I), urea (to
17.3 mmol /1), creatinine (to 309 umol/1) levels.

On the 4™ day of the ICU stay, the signs of bilat-
eral lower lobe pneumonia were found by lung X-ray.
Abdominal and retroperitoneal sonography demon-
strated diffuse changes in the pancreas and a small
amount of free fluid in the right and left pleural si-
nuses.

On the 7" day of therapy, positive changes in the
patient's condition were observed (restoration of
spontaneous breathing and the appearance of a cough
reflex to the intubation tube), which allowed to with-
draw the inotropic support and disconnect the patient
from the ventilator. There was a relief of toxico-hy-
poxic encephalopathy symptoms, from coma to obnu-
bilation (13-15 points according to the
Glasgow-Pittsburgh Coma Scale). The severity of the
crush syndrome (hyperemia and edema) decreased,;
formation of superficial bedsores was observed. ECG
demonstrated sinus tachycardia up to 110/min and
moderate early ventricular repolarization syndrome.

Lab test findings: hemoglobin — 10.4 g/dl, RBC
— 3.31+10"2/1, thrombocytopenia (94 ¢ 10°/1) lympho-
cytopenia (0.8+10°/1), AST — 604.6 U/, ALT — 195.3
U/I, creatinine — 165 pmol/l, urea — 15.9 mmol/I,
CPK — 11025 U/l, CPK-MV — 136 U/l. The average
daily urine output was 3.6 1/day.

Gas and acid-base state of the blood demon-
strated stabilization of the following parameters: pH
—7.451, PaCO, — 40.4 mmHg, PaO, — 157.3 mmHg,
SatO, — 99.4%, HCO, — 27.5 mmol/l, BEex — 3.3
mmol /1. FiO, was 50%; improvement in gas exchange
functions of the lungs was also observed, which was
registered by an increase in the Horowitz oxygenation
index to 315 mm Hg.

On the 12t day, the patient was transferred to
toxicology unit 1 being in a state of moderate severity
and demonstrating positive changes in all clinical pa-
rameters with the following diagnosis: «Main diagno-
sis: Acute severe poisoning by a mixture of neurotropic
substances (methadone, amphetamines, methamphet-
amines). Toxic-hypoxic encephalopathy. Complica-
tions: acute brain failure, acute respiratory failure,
bilateral pneumonia. Acute cardiovascular collapse.
Crush syndrome in both lower limbs, scapulae and
buttocks.»

Laboratory and instrumental data at the dis-
charge from the ICU: hemoglobin — 12.3 g/ dl, RBC
— 3.98+10'2/1, platelets — 368+ 107/1, lymphocytes—
2.050+109/1), AST — 121.1 U /1, ALT — 139.8 U/,
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anomarun — no ormymenus (1o mkaze koM [asro-
ITurTc6ypr — 13—15 Gasnos). BeipaxkeHHOCTh CHUH-
ZIpOMa TIO3UIIOHHOTO CIABIEHIS (TUTIEPEMUST 1 OTEK )
YMEHBIITIJIACh, OTMETHJIN (HOPMUPOBAHNE TTOBEPX-
HocTHbIX Tposiexneit. Ha IKI wuccnepmoBanum —
cunycoBast Taxukapaus m10 110, ymepeHHO BbIpaskeH-
HBIIl CUHIPOM PaHHEN PerosIpU3aiui JKeTy10UKOB.
N3 1abopaTopHBIX JaHHBIX: reMoriooun — 104
/a1, spurporutbl — 3.31¢10'2/11, TpoMOOIIUTONIEH I
(94+10°/01) mumdoruronenus (0,8¢10°/1), ACT —
604,6 En/n, AJIT — 195,3 En/a, kpeatunun — 165
MKMOJIb/J1, ModeBuHa — 15,9 mmoinb/n1 1 KOK —
11025 En/n, KOK-MB — 136 Ex/n. Cyrounbrit
Jmypes, B cpefiHeM, cocTaBisn 3,6 j1/cyT.
[Ipu ncceoBaHMY ra30BOTO U KUCJIOTHO-OCHOB-
HOTO COCTOSTHUSI KPOBM OTMETHJIH CTaOWMJIU3AINIO
nokasareneit: pH — 7,451, PaCO, — 40,4 m™m pT. cT.,
PaO, — 157,3 mm pr. ct., SatO, — 99,4%, HCO, — 27,5
mmoJib/J1, BEex — 3,3 mmoub /1. FiO, coctassiin 50%,
a TaKksKe OTMETHJIH YITydIieHue Ta3000MEHHBIX (hyHK-
U JIETKUX, YTO PETUCTPUPOBAIH MO YBETHMYEHHIO
nHaeKca okcureranuu Toposuia 10 315 MM pT. CT.
Ha 12-e cytkn oT MOMeHTa TIOCTYTIIIEHUS TIAIN-
€HTa B COCTOSTHUU CPeHEH TSIKECTH, C OJIOKUTEh-
HOW MWHAMUKOW BCEX KJIWHWYECKUX ITOKa3aTeJei
nepeBeJin B OT/ieienne ToKcuKooru Nel ¢ amaruo-
3oM: «OcHoBuoii: OcTpoe oOTpaBJieHHe CMeChio
BEIeCTB HEHPOTPOITHOTO JieiicTBus (MeTazioH, amde-
TaMUHbI, MeTaMdeTaMUHbI ) TsyKeIoH crerrenn. Tokcu-
Ko-TUTNoKcuyeckas auiedamonarus. OcCIOKHEHN:
octpast nepebpasbHast HeZIOCTATOYHOCTD, OCTPast /IbIXa-
TeJIbHAST HEJIOCTATOYHOCTD, IBYXCTOPOHHSST THEBMO-
Hus1. OcTpas cepAeyHO-COCYANCTAsT HEOCTATOUHOCTb.
CuHPOM MO3UIHOHHOTO CIABJICHUS B 06J1acTh 06enx
HWKHUX KOHEYHOCTEH, JIOTIATOK U SITOTHIT».
JlabopaTopHO-MHCTPYMEHTATIBHBIC JIAHHBIE Ha
MOMEHT TIepeBo/ia Ha oT/esIeHune: reMoryioous — 123 /11,
spurpormThl — 3,98« 10'2/51, tpoMGoImTH — 368 * 109 /11,
sumconnter — 2,050 10° /i), ACT — 121,1 En/m, AJIT
— 139,8 En/n, kpeatunun — 124 mxmonn/n1, KOK —
1507 Ex/n, KOK-MB — 43,4 En/n. PentrenorpamMma
OPraHOB TPY/IHOMN KIIETKH — MOJIOKUTETbHAST PEHTTEHO-
JIOTIYeCKast AMHAMUKA TTHEBMOHUU. TeMIT iy pesa coot-
BETCTBOBAJ 00BEMY U CKOPOCTH ITPOBOANMON MH(DY3UH.
BaxkubiM actiekToM 1oBbITIeHNsT 9(HEKTUBHO-
CTH Teparuu OTPABJIEHUI XUMUYECKOU ITUOJIOTUM
SIBJIIETCSl KOPPEKIIUS HAPYIIEHMIT MeTaboIn3Ma, CBs-
3aHHBIX C PA3BUTUEM THIIOKCHH U TUIIOBOJEMUU.
OcHOBHBIE 3BEHbS AITUOIATOTEHE3a OTPABJIEHUS
METa0HOM, OCJIO)KHEHHOTO CUHPOMOM ITO3UIINOH-
HOTO CJaBJIEHWs, COCTaBJISIIOT IIPEPEHAJIbHBIE WU
peHasbHble KATETOPUU TIPUUYUH, CIIOCOOCTBYIONINE
Pa3BUTHUIO OCTPOI TOYEUHOI HENOCTATOYHOCTU 3a
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creatinine — 124 ymol/ I, CPK — 1507 U/ I, CPK-
MV — 43.4 U/l. Chest X-ray demonstrated positive
dynamics of pneumonia due to reduction of its preva-
lence and intensity. The urination rate corresponded
to the infusion volume and rate.

Correction of metabolic disorders associated
with hypoxia and hypovolemia is an important aspect
of improving the effectiveness of treatment of chemi-
cal poisoning. The main elements of the etiopathogen-
esis of methadone poisoning complicated by the crush
syndrome include prerenal and renal causes that con-
tribute to acute renal failure due to damage to muscle
fibers, release of myoglobin and its transformation into
insoluble complexes with an adverse effect on the ep-
ithelium of the renal tubules. Prevention of acute renal
and cardiovascular insufficiency includes correction
of metabolic acidosis by the introduction of sodium bi-
carbonate, massive infusion therapy (taking into ac-
count all possible fluid losses), ensuring optimal
perfusion of organs and tissues and elimination of key
symptoms of hypoxia.

Conclusion

The inclusion of Reamberin, a drug with antiox-
idant/antihypoxant properties, in the infusion therapy
scheme resulted in a relieve of a metabolic alterations
associated with hypoxia, and thereby increased the ef-
fectiveness of treatment including the relief from clin-
ical and laboratory manifestations and reduction of
the ICU stay.

CUET MOBPEXKIEHUS MBINIEYHBIX BOJOKOH, BBIXOIY
MHOTIIOOWHA U TIPEBPAIEHUIO €T0 B HEPACTBOPUMBIE
KOMTILJICKCBI C TATYOHBIM BJIMSIEM HA AMTUTEUE movey-
HbIX KaHasbileB. [Ipodunaktika passutus ocrpoii
MIOYEYHOIT U CEePAEIHO—COCYIUCTOI HEZIOCTATOUHOCTH
BKJIIOYAET KOPPEKIIUIO METAO0IMIECKOTO allNI03a C
MOMOTIBIO0 BBEIEHUS THAPOKAapOOHATa HATPUS, Mac-
CUBHOU MH(MY3UOHHON Tepanuu (C y4eTOM BCeX BO3-
MOJKHBIX TIOTEPh JKUIAKOCTH), obecriedyeHue ONTH-
MaJIbHOU TIepdy3UN OPraHoOB U TKAHEH 1 yCTpaHeHue
KJIIOUEBbIX 3BEHBEB I'MITOKCUU.

3akjIoyeHue

Briiouenve B cxemy MH(QY3UOHHOU Tepanuu
AHTHOKCH/IAHTA,/aHTUTUTIOKCAHTA peaMbeprHa Mo3B0-
JISIET CHUBUTH CTETIEHb METabOMMYECKIX PACCTPOICTB,
CBSI3aHHBIX C TUIMOKCHEH, ¥ TeM CaMbIM TIOBBICUTb
3 hEKTUBHOCTD JIEUCHUS: YIYUIIUTD KIUHUKO-Ta60-
PaTOPHYIO KaPTUHY ¥ COKPATUTH CPOKU TIPEObIBAHS
maruenta B masare OPUT.
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JIuHaAMHKa KOHI[EHTPAIU{ HHIAISIIHOHHOTO TOOPAMHIIMHA B KPOBH
1 OPOHXO0AJIbBEOJIAPHOM JaBasKHOM JKHIKOCTH IPH HO30KOMHAIbHOM IHEBMOHHUH
(mpeaBapuTEIbHOE COOOIIEHHE )
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Dynamics of Inhaled Tobramycin Concentration in Blood
and Bronchoalveolar Lavage Fluid during Nosocomial Pneumonia
(Preliminary Report)

Artem N. Kuzovlev!, Aslan K. Shabanov'?, Igor A. Tyurin?

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

ITeanb uccnenoBanust — OllEHKA B IMHAMUKE KOHI[CHTPAIUY TOOPAMUIIMHA B OPOHXO0AIBBEOISIPHOI JIABAKHOI
SKUIKOCTH ¥ KDOBH IIOCJIE €70 MHTAJISIINN Y TIOCTPAJAABIINX C HO30KOMUATIBHON THEBMOHUEI.

Marepuaisi u MeToasl. VccieioBamiie IpeICcTaBIeHo B BUJIE CEPUY KIIMHUYECKIX HAOJIOIEHUIT: B MCCJIEI0BAHNE
BKJIIOYHJIN 5 TIATIMEHTOB C TSKEJION COYeTAHHON YepPerrHO-MO3TOBO TPaBMOIi, KOTOPbIE HAXOANIHMCh Ha JIEYeHUH B
oraesenun obuteit peanumarn (Myxautbl 4 (87,5%), xenmmubl 1 (12,5%); Bospact 36 £12 jiet; TsiKeCTb MOBPEXK-
nenwii o mikase Injury Severity Score (ISS) 40,9 + 8,3 6as110B; 06beM ocTpoil kpoBoroTepr 2356+997 mur; cpeanuit
KoiiKo-nenb 12,50 cyT.; metanbHocTb 16,7%). CTaTHCTHYeCKUIT aHAJIN3 TPOBEJIU € UCTIOJIB30BAHIEM ITPOTPAMMHOTO
obecmievenus Statistica 10.0. [loctoBepHocTb pasinunii npuHuMaan npu p<0.05.

Pesyabrathl. /lunamMuka KoHieHTpauii TobpaMuinia Obiia ciepyiomeii: 1 4. kposb/BAJI 0,96+0,44 Mkr/mi /
49,6 mkr/muir; 3 4. kpob/BAJI 0,98+0,82 mkr/mut / 15,5 Mxr/mi; 5 4. kpoBb/BAJI 0,79+0,83 Mxr/mi / 3,5 MKT/MJI.

3axmouenne. [TosyuenHble pe3yJIbTaThl MOATBEPKAAIOT 3HAYNTEIbHBIE JIOKAJIbHbIE KOHIIEHTPAIIMN TOOpaMu-
I[ITHA B MOKPOTE U HU3KHUE B KPOBHU, YTO KOPPECTIOHMPYIOT C IAHHBIMU (hapMaKOKMHETHUECKUX HCCJIEIOBAHNI U pe-
3yJIbTaTaMy KJIMHUYECKUX HUCCIef0oBaHuil 9 beKTUBHOCTH MHTASIIIMOHHOTO ToOpaMuIinia. B Hacrosiiee Bpemst
[POZI0JIKAETCsT HAOOP MaTephasia UCCIIe0BaHMS.

Knrouesvie cnosa: HosokomuaivHas NHEeBMOHUA, mo6pmuuun; KOHUeHmMpauus

This study was aimed to evaluate the dynamics of inhaled tobramycin concentration in bronchoalveolar lavage
fluid and blood in victims with nosocomial pneumonia.

Materials and Methods. The study is presented as a series of clinical observations: 5 patients with severe con-
comitant craniocerebral injury were included, who were treated in the general resuscitation unit (men 4 (87.5%),
women 1 (12.5%); age 36+12 years; Injury Severity Score (ISS) 40.9£8.3; acute blood loss volume 2356+997 ml;
mean bed-days 12.50 days; mortality 16.7%). Statistical analysis of data obtained was carried out using Statistica
10.0 software. Difference was considered significant at p<0.05.

Results. The dynamics of tobramycin concentrations was as follows: 1 hr. blood/BAL 0.96+0.44 pg/ml / 49.6 pg/ml;
3 hrs. blood/BAL 0.98+0.82 ug/ml / 15.5 ug/ml; 5 hrs. blood/BAL 0.79£0.83 pg/ml / 3.5 pg/ml.

Conclusion.The results obtained confirm significant local concentrations of tobramycin in sputum and low in
blood, which corresponds to the results of pharmacokinetic studies and clinical studies of inhaled tobramycin efficacy.
At present, gathering of material for the study continues.

Keywords: nosocomial pneumonia; tobramycin; concentration
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Kamangeckas mpaxTuka

BBenenne

Nurangauuonnsie antubuoruku (MA, tombpa-
MUIIWH, aMUKAIlUH, KOJUCTUH WU [JIp.) B KadyecTBe
JIOTIOJTHEHUST K CUCTEMHBIM PEKOMeHI0BaHbI B Poc-
CUICKUX HAITMOHATbHBIX pekoMeHaamsax «Hozoko-
MUaJIbHAs THEBMOHUS y B3pocbix» 2016 1. kak onuH
U3 PEKIMOB aHTHOMOTUKOTEPAIIII HO30KOMHUATbHOI
nuesmonuu (HIT). B ganubix nHanuoHa bHbIX PEKO-
MEH/IAIISX OTMeYeHa BO3MOKHOCTD HHTAJISTINOHHOTO
npumenenus npu HII nedrasupmma — 25 mr/kr 3
pasa B cyTku, amukanuia — 400-500 mr 2 pasa B
cytku (B Poccun HeT ouimaabHO 3aperncTpupoBaH-
HOIT JTeKapCTBEHHOI (hOPMBI TiedhTasunMa U aMuKa-
Ha); TobpamurHa — 300 Mr 2 pasa B CyTKH; KOJIU-
cTuMeTara HaTpust (KOJTUCTHH, MTOJUMUKCUH E) — 2-3
mitH. ME (160—240 mr) 2 pasa B cytku. Heobxoanmo
MPUHUMATh BO BHUMaHUE TO, YTO B COOTBETCTBUU C
Poccuiickum  3aKOHOZATENBCTBOM — pellieHue o
HasHAYEHUN WHTAJSIIMOHHON aHTHOMOTHKOTEPAITUI
JI0JKeH TPUHUMATh KOHCUIUYM (e/iepaabHON crie-
MUAJTN3UPOBAHHON MEJAMITMHCKON OpraHu3aiuy mpu
YCJIOBUU HAJTUYKA 10OPOBOJBHOTO HHMOOPMUPOBAH-
HOTO COTJIACHS TTaIleHTa NN er0 3aKOHHBIX ITPeficTa-
suteseti (I1pukasz Munsapascotpazsutns Poccnn ot
09.08.2005 1. Ne494 «O mpumMeHeHNN JIeKapCTBEHHBIX
CpeCTB y OOJIBHBIX 110 )KMU3HEHHBIM TTOKA3aHUSIM > )
[1-3]. B cooTBeTcTBUU ¢ pekoMeHAAIIAMI AMepH-
KaHCKOTO o0miecTBa MHMEKITMOHHBIX 3a00JIeBaHUI
(Infectious Diseases Society of America, IDSA) 2016
. 1A MOKHO TIPUMEHSITh B KOMOMHAI[UHU C BHYTPHU-
BEHHBIMU ITPU HAIUIUHU YYBCTBUTEIBHOCTH TOJBKO K
AMUHOTJIMKO3WU/IaM UJTN KOJUCTUHY [4].

K BaKHBIM TeOpeTHUYecKuM rpenmytiectBam VA
npu Jjedernn HII y mammeHTOB B KPUTHYECKUX
COCTOSTHUSIX OTHOCSIT JIOCTaBKY aHTHOAKTEPHAIbHOTO
mperaparta HeloCcpe/ICTBEHHO B JieTKre (BbICOKAst KOH-
[EHTpallist aHTHOMOTHKA B odyare WH(MEKIUN) TIPU
MUHUMAJIBHOM CUCTEMHOM BO3/eiicTBun. Kmnnnye-
CKUX WCCJIeJ0BAHNM, MOATBEPKAAIONINX BBICOKUE
JloKasibHbIe KoHTleHTparun VA npu HU3KNX cucrtem-
HBIX KOHIIEHTPAIUAX Y MAIMEeHTOB C TSIKEJ0N code-
TAHHOUW TPABMOW, IPAKTUIECKN HeT.

[Tesb uccneroBanus — OLeHKa B IMHAMUKE KOH-
HEeHTpalun ToOpaMHIiiHA B OPOHX0A/IbBEOJISIPHOI
JIABAYKHOW JKUIKOCTU W KPOBU TIOCJIE €T0 MHTAJISINN
y TIOCTPA/IaBIINX ¢ HO30KOMHUAJIbHPOU THEBMOHUEH.

UccnenoBanme mpecTaBieHo B BUJE CePUN KIH-
HUYECKUX HaOJIIOICHUIL.

Marepuan u MeTo/Ibl

JlanHoe 06cepBalMOHHOE O[HOIIEHTPOBOE UCCJIEI0BA-
Hue 6b1710 11poBeieHo B 2017-2018 rr. Ha 6aze HVIU obuieit
pearnmarosiorun um. B. A. Herosckoro @HKIT PP (Mocksa,
Poccusa) n Hayuno-uccie1oBaTesIbcKOr0 MHCTUTYTA CKOPOH
nomomm um. H. B. Ckmmdocoscekoro. B uccnenosanne 6oum
BKJTIOUEHBI 5 TTOCTPAIABIIIX C TSKEJIOH COYETAHHON YE€PEITHO-
MO3TOBOI TPaBMOI, KOTOPbIe HAXOIUJIUCH HA JIEYEHUH B OT-
nesieHnn oouiell peaHumaiu (My)KUUHbL 4, JKEHIIUHBL 1;
Bo3pact 36+12 jiet; TSLKeCThb HOBPesKIeHUIT 110 1Kaste Injury

Introduction

Inhaled antibiotics (IA, tobramycin, amikacin,
colistin etc.), as adjuvant to systemic therapy, are rec-
ommended in Russian National Guidelines «Nosoco-
mial Pneumonia in Adults», 2016, as one of the
regimens of antibiotic therapies for nosocomial pneu-
monia (NP). These national guidelines note possibil-
ity of use for NP of inhaled ceftazidime 25 mg/kg 3
times a day, amikacin 400—-500 mg twice a day (in
Russia, there is no officially registered dosage form of
ceftazidime or amikacin); tobramycin 300 mg twice a
day; colistimethate sodium (colistin, polymyxin E)
2-3 mln. TU (160—240 mg) twice a day. It should be
taken into account that pursuant to the Russian leg-
islation, the decision to prescribe inhaled antibiotic
therapy must be taken by a case conference of a fed-
eral specialist of medical organization subject to vol-
untary informed consent of a patient or his lawful
representatives (Order of the Russian Ministry of
Healthcare and Social Development «On Use of
Medicines in Patients for Life Saving» dated
09.08.2005, No.494) [1-3]. According to Guidelines
of Infectious Diseases Society of America (IDSA),
2016, TA can be applied in combination with intra-
venous thereapy when there is sensitivity only to
aminoglycosides or colistin [4].

Important theoretic advantages of IA for NP in
critically ill patients include antibacterial drug delivery
directly to lungs (high concentration of antibiotic in
nidus of infection) at minimal systemic impact [4-7].
There are almost no clinical studies supporting high
local concentrations of TA at low systemic concentra-
tions in patients with severe concomitant injuries.

The purpose of this study was to evaluate dy-
namics of tobramycin concentrations in bronchoalve-
olar lavage fluid and blood after its inhalation in
victims with nosocomial pneumonia.

The study is presented as a series of clinical ob-
servations.

Materials and Methods

This observational single-center study was carried out
in 2017-2018 in the facilities of V. A. Negovsky General Re-
suscitation Research Institute, Federal Research and Clinical
Center for Resuscitation and Rehabilitation (Moscow, Russia)
and N. V. Sklifosovsky Emergency Care Research Institute.
The study included 5 victims with severe concomitant cran-
iocerebral injury, who were treated in the general resuscitation
unit (4 men, 1 woman; age 36+12 years; Injury Severity Score
(ISS) 40.9 + 8.3; acute blood loss volume 2356997 ml; mean
bed-days 12.50 days; mortality 16.7%). Excluded from the
study were the deceased within 12 hrs. since injury, victims
suffering from combined injury, damages of hollow organs,
massive crushed wound of soft tissues and purulent-septic nidi
of non-pulmonary location, which formed early. In two obser-
vations, the mechanism of injury was road traffic accidents, in
two — fall from a height, in one — train injury.

As adjuvant therapy to systemic antibiotics
(ciprofloxacin 800 mg a day and metronidazole 1 500 mg a
day), all victims received inhaled tobramycin in a dose of
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Severity Score (ISS) — 40,9+8,3 Gasios; 06beM 0CTPOii Kpo-
Borotepn — 2356997 mut; cpenmii Koiiko-aers — 12,50 cyT,;
JeTambHOCT — 16,7%). 113 nccienoBaHmst NCKITIOYEHbI yMep-
e B TedeHre 12 4 ¢ MOMeHTa TPaBMBI, TOCTPA/IABIIIIE C KOM-
GUHUPOBAHHOW TPABMOM, TTIOBPEKIACHUSIME TIOJIBIX OPTAHOB,
MAaCCHBHBIM Pa3MO3’KeHIEM MATKUX TKaHeH U THOHO-CETITH-
YeCKUMU O4araMy BHEJIETOYHOH JIOKATN3AIHN, C(HOPMIPOBAB-
MIUMUCST B paHHne cpoki. B 55,6% HaburoieHnii MeXaH3MOM
TPaBMBI SIBJIINCH IOPOSKHO-TPAHCIIOPTHBIE TIPOHCIIECTBHS,
B 29,6% — mazmenue ¢ BeicoThl, B 11,1% — moesnast TpaBma, B
3,7% — GBITOBBIE IPOUCIIECTBHSI.

Bce noctpasiaBiie B KauecTBe 0MOTHEHNST K CHCTEM-
HbIM aHTHOHOTHKAaM (1unpodiokcat 800 MI B CyTKU U
Metporraa3oa 1 500 MT B CyTKW) TOMyYaan MHTATAIHOH-
HbIi ToGpamutiH B 1o3e 300 Mr 2 p/cyT. Pexknm cucreMHoi
AHTHOAKTEPUATBHON Tepanuu MPU Ha3HAYCHUH WHTAJs-
[MOHHBIX AaHTHOMOTUKOB He M3MeHsiics. [lepen Hauamiom
MHTAISIMN aHTUOHOTHKA TIPOBOIMIIN CAHAIIMIO TPaxeo-
GPOHXUAJIBHOTO JIepeBa U anmapatHoe yuinHeHne (Gasbl
BJIOXa J[BIXaTeJbHOTO INKJA. BBeseHNe MHTATSIIIIOHHOTO
TOOPAMUIIHA OCYIIECTBIISIOCH TIPH MTOMOIIHN Hebyraiizepa
«Aeroneb Pro» (Aeroneb, Vpsatus) B COOTBETCTBUHM C MH-
CTPYKIIMSIMU TIPOM3BOUTEIISL. VICTI0/Ib30BaIIH [IBIXATEIBHBII
KOHTYD 6e3 YBIaKHUTEIS; YAATSIN (GUIIBTP-TEIIOBIAro-
O0OMEHHUK Ha BPEMsI MHTAJSIIN, Pa3MEIIaln ero Ha Kjia-
maHe BbIOXa; HeOysaiidep TOMeajd Ha  armmapar
nckycctBenHoi BenTuAny jgerkux (MBJI) B mecte mpu-
COCIITHEHMS IMHUN B/IOXA WJIN Ha JIMHUIO BIOXa KOHTYpa B
30 ¢M OT TPOITHMKA; UCTOIB30BAIH [BIXaTCIBHBII 06HEM
ok0J10 500 MJI, TOTOK Tasza 0koJ1o 40 Ji/MITH, COOTHOIIEHNE
BJIOXA K BBIZIOXY OoJiee 1, BBIKJIIOYAIN IOTOKOBBII TPUTTED;
MHTasANNIo npoBoanyn B Tedenue 30 muH. ITocse 3aBepiie-
HUSI MHTAJISIIIAN TTPOBEPSIIIE OCTATOYHBIN 00BEM ITperapara
B Hebymaiizepe U MPOBOIUIN €ro Ae3nHdertmio [1-2].

VY Bcex manueHToB, BKIIOYEHHBIX B NCCJEIOBAHIE, B
JIeHb BKJTIOYCHUS B NCCIIE[OBAHNUE, HA 5-€ 1 7-€ CYT. HCCe-
JOBaHst GBI BBIMOJIHEH 3200D GPOHX0ATBBEOJISIPHOIT Jia-
BakHOU skuakoct (BAJI) nmma  xommuecTBeHHOTO
MUKPOGHOTIOTHYECKOTO HCcaeoBanust (HakTeproaornye-
ckuii ananuzarop «VITEK Compacts», Biomerieux, ®pan-
st ). /InarnocTHIecKuM CUNTAIICS TUTP MIKPOOPTAaHU3MOB
B BAJI 6osiee 10 KOE /mu. KpurtepueM mosimpesucTeHTHO-
CTH MUKPOOPraHu3Ma Obliia ero He4yBCTBUTEILHOCTD K TPEM
u GoJtee KiIaccaM aHTHOMOTHKOB. 3a60pP KPOBH Y MAI[MEHTOB
MIPOBOJIAIIN 13 TiepruepUYecKoil BEHbI ¢ COOTIOEHUEM Mpa-
BIJI acenTUKNU. 71 OTHOTO MCCIeI0BaHNST OTHOMOMEHTHO
ot6rpasu 1o 10 Mt KpoBH B Ba (hraKoHa: IS a9POOHBIX
Gakrepuii — BactecTM Plus Aaerobic/F Culture Vials; nis
aHadpOOHBIX MUKPOOprannamMoB — BactecTM Plus Anaero-
bic/F Culture Vials. [Tonyuennbie 00pasiibl 10CTABJISAIN B
JabopaTOPUI0 M MOMEIATN B aHAJTU3aTOP TEMOKYJIBTYD
Bactec 9050. CtaraapTHBIN TPOTOKOJ KYJIBETHBUPOBAHUS
(dhirakoHOB B ipubope — 7 CyTOK /111 a9POOHbBIX U aHadpOO-
HbIX (parakoroB. [Tpu orcyTeTBIM pocTa GakTepuii B TedeHue
7 CYTOK BBIIABAJIN OTPUIATEIBHBIN Pe3yJIbTaT MCCIe0Ba-
Hus. I1py BBISIBJIEHUH POCTa MIKPOOPTaHU3MOB TTPOBOINIIH
MHUKPOCKOITHIO Ma3Ka U3 COAEPKIMOro (hJIakoHa, OKpaIleH-
Horo 1o Ipamy. 3ateMm conepsknMoe rakoHa BBICEBATN HA
IJTOTHBIE TTaresbibie cpenbl (arap Hlamrepa, 5% kpossi-
HOW arap, MaHHUT-COJIEBOI arap, cpeasl dua0, Cabypo).
Nnentndurannio MEKPOOPTAHU3MOB U OTIpe/ieIeHIe UX
YyBCTBUTEIBHOCTH K AHTHONOTHKAM POBOANIIN C UCIIOJb-
30BaHUEM ABTOMATHYECKOTO MHKPOOUOTIOTHYECKOTO aHAJIH-
saropa WalkAway 40. OcxoBabiMu Bo3OyanTensvu HII
(pesysbratbl nocesoB BAJI) Oblin rpaMoTpUIlATEIbHBIE

300 mg 2 times/day. Prescription of inhaled antibiotics did
not change the systemic antibacterial therapy regimen. Prior
to antibiotic inhalation, tracheobronchial tree suction and
ventilator inspiratory phase elongation were performed. In-
haled tobramycin was administered with the aid of nebuliser
«Aeroneb Pro» (Aeroneb, Ireland) following the manufac-
turer’s instructions. Moistener-free breathing circuit was
used; for the period of inhalation, filter/heat and moisture
exchanger was removed and placed on the expiratory valve;
the nebuliser was placed on the lung ventilator (LV) at the
point of inspiratory line connection or on the circuit inspi-
ratory line at a distance of 30 cm from the T-piece; breathing
volume of about 500 ml was used, gas flow was about
40 1/min, inspiration to expiration ratio was more than S,
flow trigger was switched off; inhalation was carried out for
30 min. At the end of inhalation, the residual volume of the
drug in the nebuliser was checked and decontamination of
the latter was performed [1-2].

In all patients included in the study, on the inclusion
day, days 5 and 7 of the study, bronchoalveolar lavage fluid
(BAL) was sampled for microbiological assay (bacteriologi-
cal analyzer «VITEK Compact», Biomerieux, France). Titer
of microorganisms in BAL exceeding 104 CFU /ml was con-
sidered diagnostic. The criterion of microorganism’s multiple
drug resistance was its resistance to three classes of antibi-
otics and more. Blood was sampled from patients’ peripheral
vein by aseptic techniques. For one analysis, 10 ml of blood
was sampled into two vials each: for aerobic bacteria — Bac-
tec™ Plus Aaerobic/F Culture Vials; for anaerobic microor-
ganisms — Bactec™ Plus Anaerobic/F Culture Vials. The
specimens received were delivered to the laboratory and
placed into hemoculture analyzer Bactec 9050. The standard
protocol of vial culture in the instrument is 7 days for aerobic
and anaerobic vials. In the absence of bacterial growth during
7 days, a negative test result was issued. Upon detection of
growth of microorganisms, Gram-stained smear from the vial
was analyzed under microscope. Thereafter, the vial content
was plated on solid media (Schaedler agar, 5% blood agar,
mannitol salt agar, Endo agar, Sabouraud agar). Identifica-
tion of microorganisms and detection of their sensitivity to
antibiotics were performed using automatic microbiological
analyzer WalkAway 40. The main NP agents (BAL culture
results) were gram-negative bacteria and their associations
— Acinetobacter spp. (3 patients), K. pneumoniae (2 patients),
and P. aeruginosa (2 patients).

In all victims, blood serum and BAL were sampled be-
fore the next administration of antibiotics and in dynamics:
at 1 hour, 3 hours, and 5 hours after administration of in-
haled tobramycin. The concentration of antibiotic in the bi-
ological matrix was determined by HPLC-MS-MS
technique. Samples were analyzed using liquid chromato-
graph Agilent 1260 Infinity interfaced with mass-detector
Sciex QTrap 6500+ (Sciex, USA).

Preparation of samples. Samples were prepared by
precipitation with cold acetonitrile. Into 1.5-ml centrifuge
tube, 100 ml of analyzed sample plasma was placed, 400 ml
of acetonitrile was added, mixed on vibration shaker, kept
for one minute in a freezer at -20°C. Thereafter, samples were
centrifuged and supernatant was taken for subsequent
analysis; when concentration of analytes in a sample was be-
yond the calibration curve limits, the extract was diluted
with the mobile phase to an acceptable response, and con-
centration was re-calculated.

Chromatographic conditions — fixed phase: column
Kinetex C18 (particle size 2.6 mm, 100 mmXx3 mm, Phe-
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Gakrepun — Acinetobacter spp. (30,5%), K. pneumoniae
(22,0%), B. cepacia (13,2%) u P. aeruginosa (10,2%).

Y Bcex mocTpafiaBIiuX MPOBOANIN 0TOOP 06pasioB
CBIBOPOTKH KpoBU 1 BAJI 710 ouepesiHOTrO BBEICHUS aHTH-
GUOTHKA U B IHHAMUKE: TI0CJIE HHTAISAIMOHHOTO BBE/ICHYST
ToGpamuinHa yepes 1 yac, 3 u 5 yacos. [lyist onpeneneHus
KOHIIEHTPAINN AHTHOMOTHKOB B GHOJIOTHYECKOIT MaTpHIle
TIPUMEHSIIIF METO/T SKH/IKOCTHOM XPOMaTOMACC-CIIEKTPOMET-
pun (BOKX-MC-MC). I1po6bl aHaIN3UpOBAIN Ha KUJ-
koctHoM  xpomarorpade  Agilent 1260  Infinity,
COMPSIKEHHOM ¢ Macc-aeTekTopom Sciex QTrap 6500+
(dupma Sciex, CIIIA).

IIpoGonoaroroska o6pasuos. OOpasibl FOTOBUIN
MPENUIHUTANNEN XOIOHBIM alleTOHUTPHUIOM. B menTpu-
dyxHyio 1pobupky Ha 1,5 M BHocusu 100 MKJI 11asMbl
aHaIM3UpyeMoro o6pasiia, 1obasssn 400 MKJI alleTOHUT-
puJia, TTepeMeniuBaii Ha BUOPOBCTPSIXUBATEE, BBIIED-
SKUBAJHN B TeUeHUE MITHYTBl B MOPO3HJIbHOM KaMepe IpH
-20°C. 3arem o6pasiibl eHTpUYTUPOBANN U OTOUPATH
CYTIEPHATAHT JJIsI OCIEYIOIIero aHAIN3a, TIPU KOHI[EeHT-
paliy aHaIuTOB B 06pasiie, BBIXOJISIIEH 3a TPeebl Ka-
JMOPOBOYHON KPUBOH, 9KCTPAKT Pa3OaBIIsiiid MOABUKHOL
($hasoii 10 MpHEMIEMOTO OTKJINKA U TIEPECUYNTHIBAJIN KOH-
HEHTPALNIO.

YcnoBus xpomarorpaduyeckoro aHaaM3a — CTaIno-
HapHad dasa kosonka Kinetex C18 (pazmep wactui 2.6 MM,
100 mmx3 MM, Phenomenex, CIITA). [Toasuxhnas dasza A —
0,2% MypaBbprHAaS KHCJIOTa B Bozie, B — arnjerornTprur. [pamm-
ent Haunnaics ¢ 60% dassr A 1 goxomi 10 98%, cKopocTh
0,3 mu1/muH. Temneparypa koaouku — 30°C. OGbeM BBOAM-
Moro ob6pasiia — 5 MkJ1. O011ee BpeMst aHaInu3a — 5 MUH.

VYci0Bus Macc-CIEKTPOMETPUYECKOTO ONpe/leIeHIs
— JleTeKTop ¢ noHmsanuei anexrpopacnbitenneM (EST) pa-
GoTas B PEKUME TOJOKUTENBHON MOJSIPHOCTH, TeMIIepa-
Typa HarpeBaHUs MCTOYHNKA cocrapisiia 550°C, moTokn
WHEPTHOTO ra3a (a3orta) ot 35 10 45 71/MUH, CiIa TOKa Ha
nebymaiizepe 3A. JletekTop (DUKCHPOBAT CIEAYIONIHE
MRM-nepexonasl 468,2—163,1 ans rtobpamuiuHa u
267—74 nna arenosnosia (BHYTPEHHUH CTaHAAPT), TTOTEH-
nman fekyiactepusaruu (DP) ns onpenensieMbIx BemecTs
coctaBsan 40—-61B, morenmman Beixoma (EP) -10-18B,
aneprus cronkHoBenns (CE) nist onpezesisieMbIx aHATITOB
cocTasJisiia ot 25 10 35B. Bpems BbIxoga ToGpaMUIIMHA TIPH
JMaHHBIX yeaoBuax — 1,98+0,2 MyuH., BHyTpeHHETO cTaHapTa
2,25%0,2 Mun. MeTo1Ka COOTBETCTBOBaIA BceM TpeboBa-
HUSIM, TIPEABSIBISIEMBIM K aHATUTHYECKIM MeToaM. Mat-
pyaHBIN 9 (eKT 3HAUNMOTO BAUSHUS HE OKa3bIBAI.

CraTHCTUYeCKN aHATHU3 MTOJYYEHHBIX JIaHHBIX BBI-
TIOJTHUJIN TIpU oMot nakera Statistica 10,0. Mcmoabs3o-
BaJIH OGIICIPUHSITHIC MATEMATHKO-CTATUCTIHIECKIE METO/[bI
pacyera OCHOBHBIX XapPaKTEPUCTHK BBIOOPOYHBIX Pacipese-
neHuit: cpenree apudmerndeckoe (M), cTangapTHOE OTKIIO-
Henue (0), Mann-Whitney tect. /locToBepHbIM cunTamu
paznuune npu p<0,05.

Pe3ybTarhl 1 00CYy:KIeHHE

JIuHAMVKa KOHIIEHTPAIINK TOOPaMUTIMHA B KPOBU
1 MOKPOTe TIpeJICTaBJieHa Ha pUCYHKe. B TeueHme Bcero
neproia M3MepPeHUil KOHI[EHTPAIHsT TOOpaMUIINHA B
BAJI 6blia 3aKOHOMEPHO BBIIITe KOHIIEHTPAIIH TOOPa-
MUIIMHA B KPOBH. B CBsI3M ¢ Masioil BBIGOPKOU 10CTO-
BEPHBIX PA3INIUil MEKTY KOHI[CHTPAIIUSAME TOOPaMU-
1uHa B Kposu u BAJI BbisiBieHO He ObL10. Junamuka
KOHI[EHTPAI[MiT TOOpaMUIINHa ObLIa CJIELYOIIEH:
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JliHaMuKa KOHIIEHTPAILUI TOOPAMHULMHA B KPOBH 1 MOKPOTE.
Dynamics of tobramycin concentration in blood and sputum.
Note. * — reliable difference between antibiotic concentration in
blood and sputum in each point of measurement (P<0.05, Mann—
Whitney test). # — reliable difference in blood antibiotic concen-
tration between hr. 1 and hr. 5 after inhalation (P<0.05,
Mann—Whitney test).

IIpumeuanue. Tobramycin concentration, pg/ml — KoHIeHTpars
tOpamuita, Mxr/mi; Blood — kposb; Sputum — moxpora; hrs —
achl. ¥ — OCTOBEPHOE PA3INUIe MEKIY KOHIEHTPAIIEH aHTI-
6UOTHKA B KPOBH U MOKPOTE B KayK/10l ToukKe usmepenus (p<0,05,
tecT Manna—YuTHu). ¥ — 10cTOBepHOE Pasjinure MexK/1y KOHIIEHT-
parieil aHTHOMOTHKA B KPOBU Ha 1 9 M 5 ¥ MOCJe MHTAISIIN
(p<0,05, rect Manna—Yurun).

nomenex, USA); mobile phase A — 0.2% aqueous formic
acid, B — acetonitrile. Gradient was phase A 60% up to 98%,
flow rate was 0.3 ml/min. Column temperature was 30°C.
Injected sample volume was 5 ml. The total time of analysis
was 5 min.

Mass-spectrometry conditions — electrospray ioniza-
tion (ESI) detector ran in positive polarity mode, source
heating temperature was 550°C, inert gas (nitrogen) flow
rate was 35 to 45 1/min, current strength to nebulizer was
3A. The detector recorded the following MRM-transitions:
468.2—163.1 for tobramycin and 267—74 for atenolol (in-
house reference sample), declustering potential (DP) for an-
alytes amounted to 40—61V, exit potential (EP) -10-18C,
collision energy (CE) for assayed analytes was 25 to 35V. To-
bramycin exit time under these conditions was 1.98+0.2 min.,
that of the in-house reference sample — 2.25+0.2 min. The
method complied with all requirements to analytical meth-
ods. The matrix effect did not render significant influence.

Statistical analysis of data obtained was performed using
Statistica 10.0 software. Generally recognized mathematic and
statistical methods of calculating basic characteristics of sam-
pling distributions were used: arithmetic mean (M), standard
deviation (0), non-parametric tests (Mann-Whitney test).
Difference was considered significant at P<0.05.

Results and Discussion

The dynamics of tobramycin concentration in
blood and sputum is shown in Fig. During the whole
period of measurements, BAL tobramycin concentra-
tion was expectedly higher than blood tobramycin
concentration. A reliable decrease of sputum to-
bramycin concentration by hour 5 versus hour 1 was
recorded (P=0.0000, Mann-Whitney test).
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1 4. kpoBb/BAJI 0,96+0,44 mxr/ma / 49,6 MKr/MT;
3 4. kpoBb/BAJI 0,98+0,82 mkr/m1 / 15,5 MKT/MJT,
54. kpoBb/BAJI 0,79+0,83 Mxr/mit / 3,5 MKT/MJL.
[IprMeHeHre WHTATSIIMOHHOTO TOOPaMUITMHA B
KauecTBe JOTIOJHEHUS] K CHCTEMHBIM COTIPOBOXKIAETCST
CHIDKEHUEM THUTPAa MUKPOOPTAHU3MOB B MOKPOTE
BILIOTB /IO UX dpaauKaimu (72% MareHToB), 4To KOC-
BEHHO /[OKA3bIBAET BHICOKYIO MECTHYIO KOHIIEHTPAIUIO
AHTUOMOTHKA, MUHUMAJIBHBIM KOJUYECTBOM CHUCTEM-
HBIX TOOOUHBIX 9(PPEKTOB, YTO KOCBEHHO JI0KA3bIBAET
MUHUMAJIBHYIO CUCTEMHYTO aicOPOITMIO aHTHOMOTHKA
[3, 5]. I3BecTHO, YTO TIPU MHTAJISAIIMOHHOM [TPUMEHe-
HUU TOGPAMUIIH TIPEMMYTIIECTBEHHO OCTACTCS B JIbIXa-
TEJIbHBIX ITyTSX, He IPOHUKAET yepes anuTenaunii. buo-
JOCTYIHOCTh TOOPAMUIIMHA 3aBUCUT OT TEXHUKH
WHTAJISIIUUA ¥ COCTOSTHUS JIbIXaTeJIbHbIX 1TyTelt [6—7].
ITo aHHBIM HEMHOTOYKCJIEHHBIX CCIIEI0BAHMUIT, H0JIb-
MIMHCTBO W3 KOTOPBIX HOCST OYKCIIEPUMEHTAIBHBII
XapakTep WM BBIIOJHEHbl B KATETOPUM AIUEHTOB
MYKOBHUCIIUIO30M, €0 KOHIIEHTpAIUsT KOJIebIeTcst B
nmmpokux rpezenax [6—10]. Uepes 10 mun nocsie unra-
ssn 300 mr VT cpefitstst KOHIEHTpariyst ToOOpaMuIn-
Ha B MOKpOTe coctasiiger 1237 Mkr/T (jlaHHble KpaiiHe
Bapuabenbubl — 35-7414 Mxr/r) [6—11]. Yepes 2 u
MoCJe WHTAJSANMKM  KOHIIEHTpaIust ToOGpaMUIMHA
cocragiisiet 14% ot kontientparmu yepes 10 mun. Cpe-
HsIst CBIBOPOTOYHAST KOHIIEHTPAIIUS TOOPAMUIIMHA Yepes
1 4 nocsie nrrassiimn 300 mr I'T y 60/1bHBIX ¢ MyKOBHC-
mgosoM cocrasister 0,95 mxr/mi [12—15]. ToGpamu-
IFH, KaK ¥ BCe AMUHOTJINKO3H/IbI, B 3HAUNTEJIbHOI CTe-
MeHU CBS3bIBAETCS C TKAHSIMU, YTO OIPENeJisieT ero
TOKCUYHOCTb, HO HE HAKATLJIBAETCSI B MOKPOTeE. BbIBO-
JIUTCST ITPEUMYIIIECTBEHHO C MOKPOTOI, He3HAYUTEIbHAS
4acTb — IyTeM K/Iy0oukoBoii ussrpanun. T, , ToOpa-
MUIMHA U3 CIBOPOTKN — ripumepHo 2 4 [16-20].

3akiaoyeHue

[Tosryyennble pe3ybraTbl TOATBEPKAAIOT BBICO-
KHe€ JIOKATbHbIE KOHIIEHTPAIINN TOOPAMUIIHA B MOKPOTE
1 HU3KKE B KPOBH, YTO KOPPECIOHANPYIOT C TAHHBIMU
(hapmakoOKMHETHYECKUX UCCIIEI0OBAHIH 1 pe3yJibTaTaMu
KJIMHIYECKUX UCCIeA0BaHN ahHeKTUBHOCTH MHTAJIS-
[IMOHHOTO TOOGPAMUITMHA: KOHTIEHTPAIUs TOGPAMUI[IHA
B MOKpoTe 3HaunuTesbHO (B 20—25 pa3) npeBbiiiaeT
MUHUMAJIBHYIO TIOABJISAIONIYI0 KOHIIEHTPAINIO J1JIs
GospinnncTBa BoOyauTeseit HIT, mpu aToM KOHIIEHTpa-
1Mt TOGpaMUITHA B KPOBY MUHUMaUTbHA. [Ipoosskaet-
cst Habop MaTepraa IAHHOTO UCCIIEIOBAHMSI.
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The dynamics of tobramycin concentrations was
as follows:

1 hr. blood/BAL 0.96+0.44 mg/ml / 51.1£1.43
mg/ml (P=0.02, Mann-Whitney test);

3 hrs. blood/BAL 0.98+0.82 mg/ml / 13.7+0.98
mg/ml (P=0.02, Mann-Whitney test);

5 hrs. blood/BAL 0.79£0.83 mg/ml / 3.4£1.23
mg/ml (P=0.02, Mann-Whitney test).

Application of inhaled tobramycin as adjuvant
to systemic therapy is accompanied with decreased
titer of microorganisms in sputum down to eradica-
tion (72% of patients), which indirectly proves high
local concentration of antibiotic; minimal systemic
side-effects, which indirectly proves minimal sys-
temic adsorption of antibiotic [3, 5]. It is known that
when inhaled, tobramycin remains mostly in the res-
piratory tract, it does not penetrate through epithe-
lium. Tobramycin bioavailability depends on
inhalation technique and respiratory tract condition
[6-7]. According to few studies, most of them being
experimental or performed in muscoviscidosis pa-
tients, the concentration varies within a wide range
[6—10]. 10 minutes after inhalation of 300 mg of IT,
the mean concentration of tobramycin in sputum
equals to 1237 mg/g (the data are extremely variable
— 35-7414 mg/g) [6—11]. 2 hours after inhalation,
tobramycin concentration equals to 14% of the 10
min. concentration. Mean serum tobramycin con-
centration 1 hr. after inhalation of 300 mg of IT in
muscoviscidosis patients amounts to 0.95 mg/g [12—
15]. Tobramycin, as all aminoglycosides, largely
binds with tissues, which determines its toxicity, but
it is not accumulated in sputum. It is eliminated
mostly with sputum, a minor fraction — by glomeru-
lar filtration. Serum tobramycin T}, is 2 hours ap-
proximately [16—20].

Conclusion

The results obtained confirm high local concen-
trations of tobramycin in sputum and low concentra-
tions in blood, which corresponds to pharmacokinetic
studies and clinical studies of the efficacy of inhaled
tobramycin: sputum tobramycin concentration ex-
ceeds significantly (20-25 times) the minimal sup-
pressing concentration for most NP agents, blood
tobramycin concentration being minimal. Gathering
of material in this study continues.
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KomMmynukaius HeiipoHoB noJiss CA3 runmokamia roJiJoBHOTO MO3ra
0eJIbIX KPbIC IOCJIe OCTPOM HIIEeMUH

A. C. Crenanos, B. A. Akysnmnus, C. C. Crenanos, /. B. Aiees, A. B. TopGyHoBsa
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Neurons Communication in the Hippocampus of Field CA3
of the White Rat Brain after Acute ischemia

Alexander S. Stepanov, Victor A. Akulinin, Sergey S. Stepanov,
Dmitry B. Avdeev, Anna V. Gorbunova

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

Ienb: cpaBHUTEIBHOE U3YYEHIE TUPAMUIHBIX HEMPOHOB, UX OTPOCTKOB U CHHAIICOB B stratum lucidum, stratum
radiatum u stratum lacunosum mosekysiproro ciiost 1moJist CA3 TUIoKaMIia roJIOBHOTO MO3ra OeJibiX KPbIC B HOPME
U [IOCJIE OCTPON MIIEMUHU, BBI3BAHHON 20-MUHYTHON OKKJIIO3MEN 001X COHHBIX apTePHii.

Marepuasisl 1 MeTObI. B sKCIIepuMeHTe ¢ TIOMOIIBIO THCTOJIOTNYeCKUX (FeMaTOKCUIIMH U 3031H, OKPACKa 110
Huccio), ummyHorucroxumuyeckux (p38, MAP-2) MeTo/10B ¥ 2JIeKTPOHHOIT MUKPOCKOIIK ObLIN U3Y4€HbI TTUPa-
MuiHble HelpoHbl 11oJist CA3, ux oTpocTKH U cuHarchl B stratum lucidum, stratum radiatum u stratum lacunosum
MOJIEKYJIIPHOTO ¢s104. OCHOBHYIO TPYIILY COCTaBUJIN KUBOTHBIE B periepdysnontom repuoze (1, 3, 7, 14, 21 u 30
cyT; n=30), rpyIIy cpaBHEHUS — JIOKHOOTIEpUpOBaHHbIe KUBOTHBIC (1=20). MopdomeTpryeckuii aHa/In3 MpoBe/eH
¢ nomotpio mporpammbl Image] 1.46, mpoBepka craTUCTUYECKUX TUITOTE3 — IporpamMMsbl Statistica 8.0.

Pesyabrarel. [Tocie okkiosun o6imux contbix aprepuii (OOCA) B CA3 ruimokamiia OTMETUIIN PEAKTUBHYO,
KOMIICHCATOPHYIO ¥ PENapaTUBHYIO0 PEOPTaHU3AINUIO MUPAMUIHBIX HEHPOHOB M CTPYKTYP MX KOMMYHUKAIUU.
Chauasa (1 cyT) IpOMCXOANIIO yMeHbIIeHIe, a 3aTeM (3— 14 cyT) BoccTaHOBJIEHKE OOIIEr0 KOJINYECTBA CHHATICOB 1
IO/ CPe30B P38-TI03UTUTBHOTO MaTeprasa. 110 JaHHbIM 3JIEKTPOHHON MUKPOCKOINHY, B PAHHEM [TOCTUIIIEMH-
YeCKOM Iepuojie 00Iasi YMCIeHHAs TVIOTHOCTh CHHANITHYECKIX KOHTAaKTOB B stratum lacunosum MoJieKyJIsipHOro
CJI0s1 yMeHbIanach Ha 44,8%, a uepes 14 cyt BoccranaBiuBasach 10 KoHTposist. B stratum lucidum uepes 1 cyr muio-
ma/ib p38-TMO3UTUTBHOTO MaTepraia yMenbinanach na 8,8%, a uepe3 3—7 CyT BOCCTAHABINBAIACD.

3akmouenue. [Tocie OOCA npoucxoania peopranusaiisi CUCTeM KOMMYHUKAIMK ITMPAMUIHBIX HEHPOHOB
CA3 runmokamia 6esibix kpbic. Heiiporst CA3 obiaganu BHICOKOIT TOJEPAHTHOCTBIO K UIIEMUU U CIIOCOGHOCTHIO K
BOCCTAHOBJICHUIO MEKHEHPOHHBIX OTHOIIECHUI 11ocie pertepdy3ui. B coXpaHuBIINXCS HEPOHAX BBISBUIIM BBICOKOE
coziepkanne Mmapkepa iurtockesera (MAP-2) u cunanTudeckux mysplppbkoB (p38). ITO CBUIETEIBCTBOBAIIO O CTPYK-
TYPHO-(DYHKIIMOHAJILHOI COXPAHHOCTH BCEX KOMIIOHEHTOB CUCTEMbl KOMMYHUKAI[UN 3HAYUTEIBHON YaCTH TIHpa-
MUJHBIX HEHpPOHOB Tipu octpoil wmiemuu. Ilocie penepdysun Hanbojiee BBHIPAKEHO IEPECTPANBAIUCH
MesKHEPOHHbBIE CUHAICKHL B stratum lacunosum u radiatum MoJieKyIsIpHOTO CJI01.

Kntoueewte cnosa: 20106101 M03z; uuiemusi; noie CA3 2unnoxamna; Hetuponvl; CUHANCHL; UMMYHOZUCTIOXUMUSL; CU-
nanmogusumn; MAP-2; yrompacmpyxmypa; mopomempus

The aim of this study was to compare the pyramidal neurons, their processes and synapses in the stratum lu-
cidum, stratum radiatum and stratum lacunosum of the molecular layer of the field CA3 of the hippocampus of the
brain of white rats in the normal state and after acute ischemia caused by a 20-minute occlusion of the common
carotid arteries.

Materials and methods. In the experiment, using histological methods (hematoxylin and eosin, staining by
Nissle and immunohistochemistry for p38, MAP-2) and electron microscopy, the pyramidal neurons of field CA3,
their processes and synapses in stratum lucidum, stratum radiatum and stratum lacunosum of the molecular layer
were studied. The main group included animals in the reperfusion period (1, 3, 7, 14, 21, and 30 days; n=30), com-
parison group — falsely operated animals (n=20). Morphometric analysis was performed using Image]J 1.46, the ver-
ification of statistical hypotheses — Statistica 8.0.

Results. After occlusion of the common carotid arteries (CCAO) in the field CA3 of hippocampus, reactive,
compensatory and reparative reorganization of pyramidal neurons and their communication structures was noted.
On day 1, there was a decrease, and then (days 3—14) restoration of the total number of synapses and of P38-positive
material within the area of synapses. According to electron microscopy, in the early post-ischemic period, the total
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numerical density of synaptic contacts in the stratum lacunosum of the molecular layer decreased by 44.8%, and
after 14 days recovered to control. In stratum lucidum, the area of P38-positive material decreased by 8.8% after 1

day, and recovered after 3—7 days.

Conclusion. After the CCAQO, the communication systems of the pyramid neurons of the field CA3 hippocampus
of white rats were reorganized. Neurons of the field CA3 had high tolerance to ischemia and ability to restore interneural
relations after reperfusion. In the surviving neurons, high levels of the cytoskeleton (MAP-2) marker and synaptic
vesicles (p38) were detected. Data demonstrate structural and functional safety of all components of the communication
system of a significant part of pyramidal neurons in acute ischemia. After reperfusion, the most significant alterations
included the reconstructed interneuron synapses in the stratum radiatum and the lacunosum molecular layer.

Keywords: brain; ischemia; hippocampus field CA3; neurons; synapses; immunohistochemistry; synaptophysin;

MARP-2; ultrastructure; morphometry
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BBeneunne

[luTo- M CMHATITOADXUTEKTOHNUKA THIIIOKAMIIA
XOPOIIIO U3y4eHbl. I3BeCcTHO, YTO MOTI[HBIE AlTUKAJIb-
Hble JIEHPUTHI MUPAMUIHBIX HelpoHoB 1mosnss CA3
Pa3EeNAI0TCS HEJAIEKO OT MEPUKAPUOHA 1 TOKPBITHI
TUTAHTCKUMHU [IMITUKOBBIMU BBIPOCTAMU. DTU TIUITH-
KU IMpaMugHbIX HeliponoB CA3 00pasyioT CHHAIITH-
YecKre KOHTAKThI C TUTAHTCKIMY aKCOHAMU TPaHy-
JISIPHBIX HEHPOHOB 3ybOuaToil dacuuu (MIIUCTHIMU
BOJIOKHAMU ). AKCOHBI TUpaMuHbIX HeliponoB CA3
JIAIOT Tak Ha3biBaeMble Kostatepanu [ladbdepa, kon-
TaKTUPYIOIINE C ATUKATbHBIMU I€HIPUTAMU TUPAMHI]]
CA1. YnoMsgHyTbIe CBS3U SIBISIOTCS JIBYMST OCHOBHBI-
MU aCCOIMATUBHBIMU ITyTSIMU TUIIOKAMIIA, COEIH-
HSIONIMMY BOEJIMHO €r0 OCHOBHBIE 3JIEMEHTBI, U
COCTABJISIIOT TaK HA3bBIBAEMBIN TPUCHHANTUYECKUIT
myTh. [Tosne CA3 runmokamiia SBJsgeTcst TOUKOM KOH-
BEPreHIUH TIOTOKOB HH(MOPMAIINK OT ACCOIUATUBHOIM
KOpPBI U (DUIOTEHETHYECKN JPEBHUX 00pPa3oBaHMil
ctBosia Mmo3ra [ 1—-6]. Xopoliio nusyueHsl Helipomeina-
TOPHBIE cUCTeMBI TUToKamMa [7]. Bosbiioe 3Hayenne
IUUTsT PEOPTaHU3AINY MEKHEPOHHBIX OTHOIIEHUN 1
KOMMYHHKAIIMY THPAMUIHBIX HEIPOHOB TUITIOKAMIIA
MMEET €To BBICOKAs CHHAIITUYECKAs TIIACTUYHOCTS [8].

V3BeCTHO, YTO TUITIOKAMII SIBJISIETCST CTPYKTY-
POIi, urparoleil KIro4eByo POJIb B OCYIIECTBICHIN
KOTHUTUBHBIX DYHKIIMI rosoBHOro Mo3ra [9, 10]. B
CBSI3M C 9THM OH IIPUBJIEKAET BHIMAHUE HCCIIeIoBaTe-
Jiell B cylydasiX Pa3BUTUS KOTHUTUBHOTO JepUInTa
IIPU PA3JTMYHBIX TATOJOTUIECKUX COCTOSTHUSIX, BKJIIO-
yas u uniemuto moara [11, 12].

Hecmotpst Ha 6oJIbITIoe KOJMYECTBO MCCIeI0Ba-
HUH, TOCBSIIIIEHHBIX MOP(OJIOTUN TUIITIOKAMIIA FOJIOB-
HOTO MO3Ta GeJTbIX KPBIC, 0COGEHHOCTH KOMMYHUKA-
v nupamMugHeix HeliponoB mons CA3 mocie
20-MUHYTHON OKKJII03Uel 00LIMX COHHBIX apTepUil B
CPAaBHHUTEJBHOM acmekTe (aKCOAEHIPUTUYECKIE
cunarncel stratum lucidum, radiatum, lacunosum
MOJIEKYJISIPHOTO CJIOST U AaKCOCOMATHYECKUE CHHATICHI
CJIOS TTUPAMU/T) HE U3YYEHBI.

[lep WiccenoOBaHMsT — CPABHUTEIBHOE U3YYe-
HUe ITUPAMUIHBIX HEPOHOB, UX OTPOCTKOB U CUHATI-
coB B stratum lucidum, stratum radiatum u stratum
lacunosum mosiekyasproro cios mosus CA3 rurimo-
KaMITa FTOJIOBHOTO MO3Ta GETBIX KPBIC B HOPME ¥ ITOCJIE

Introduction

Cyto- and synaptoarchitectonics of hippocam-
pus have been well studied. It is known that the
strong apical dendrites of pyramidal neurons in field
CA3 are separated near perikaryon and covered
with giant synapses outgrowths. These spines of the
pyramid neurons in field CA3 form synaptic con-
tacts with giant axons of granular neurons of the
serrated fascia (mossy fibers). The axons of the field
CA3 pyramidal neurons give the so-called Schaffer
collaterals in contact with apical dendrites of field
CA1 pyramids. Mentioned relationships are two of
the main associative pathways in the hippocampus,
connecting together its major elements, which con-
stitute the so-called three synaptic pathways. The
field CA3 of the hippocampus is a point of conver-
gence of information flows from the associative cor-
tex and phylogenetically ancient brain stem
formations [1—6]. Neurotransmitter systems in the
hippocampus are well studied [7]. High synaptic
plasticity of hippocampal pyramid neurons is of
great importance for the reorganization of in-
terneural relations and communication [8].

It is known that the hippocampus is a structure
that plays a key role in the implementation of cogni-
tive functions of the brain [9, 10]. In this regard, it at-
tracts the attention of researchers in cases of cognitive
deficit in various pathological conditions, including
brain ischemia [11, 12].

Despite a large number of studies devoted to
the morphology of hippocampus of the brain of
white rats, the features of communication of pyram-
idal neurons within the field CA3 after 20-minute
occlusion of the common carotid arteries in the com-
parative aspect (axodendritic synapses of stratum
lucidum, radiatum, lacunosum of the molecular layer
and axosomatic synapses of the pyramid layer) have
not been studied.

The aim of this study was to compare the pyram-
idal neurons, their processes and synapses in the stra-
tum lucidum, stratum radiatum and stratum
lacunosum of the molecular layer of the field CA3 of
the hippocampus of the brain of white rats in the nor-
mal state and after acute ischemia caused by a 20-
minute occlusion of the common carotid arteries.
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OCTPOI1 UTIeMUH, BbI3BAHHOM 20-MUHYTHON OKKJTIO31-
eif 001X COHHBIX apTepuil.

MaTepI/IaJI U METO/1bl

Pat6ora soimosena Ha 6aze DTBOY BO Owmckoro ro-
CY/IapCTBEHHOTO MEJUIIMHCKOTO YHIBepcuTeTa. Jlannoe nc-
caefoBatue 0100peto stnueckum komurerom GTBOY BO
OMCKOTO roCyIapCTBEHHOTO METUITMHCKOTO YHIUBEPCUTETA.

B xavecTBe 9KCIIEpPIMEHTAIBHBIX JKHBOTHBIX HCIIOJIB30-
Bau Oesibix Kpbic jininn Wistar (camiibi) maccoit 180—200 r.
JKuBOTHBIE COMEPIKAIICH B OOBIMHOM BUBAPHUH B YCJIOBHSIX, PET-
JIAMEHTUPOBaHHbIX TpeGoBanusivu [Tocranosietus [nasroro
TOCYIAPCTBEHHOTO caHnTapHOro Bpaya Poccuiickoii Denepa-
i ot 29.08.2014 Ne 51 «CaHUTapHO-3THAEMIOIOTITICCKUE
TPeGOBaHYIS K YCTPOUCTBY, 060DPY/IOBAHIIO 1 COIEPIKAHITIO 9KC-
MEPUMEHTATbHO-OIOIOTYeCKIX KITMHUK (BUBapueB)». Mccore-
JIOBAaHMST TIPOBOAWJIM B COOTBeTCTBHM ¢  <«IIpaBmiamm
npoBezieHns1 paboT ¢ NUCIOJIb30BAHIEM HKCITEPUMEHTAIBHBIX
SKMBOTHBIX» (IIpuioskene k ipukady MUHICTEPCTBA 37paBo-
oxpanernnss CCCP ot 12.08.77 Ne755) u ¢ peKOMeHAaIHsIMI
Mesk/ry HapoIHOTO KOMHTETA TT0 HAYKE O JTAGOPATOPHBIX JKIBOT-
HBIX, Iozyiepskanabix BO3, mupextBoii EBponetickoro [Tapia-
menTa Ne 2010/63/EU ot 22.09.10 «O 3anmre ’KMBOTHBIX,
WICTIOJIB3YEMBIX JIJIs] HAYYHBIX T1eJIeTi».

B aKcrnepuMeHTaIbHOM HCCJEOBAHUN TIPOBEJIH
OIIEHKY CTPYKTYPHO-(DYHKIIMOHATIBHOTO COCTOSTHUSI CHCTEM
KOMMYHUKAINY THPaMUIHBIX HeiipoHoB 1ot CA3 rummo-
kamia Gesibix Kpbic (ocHOBHas rpyina, n=30) uepes 1, 3, 7,
14, 21 1 30 cyr nocsie 20-MUHYTHON OKKJIHO3UU OOIIUX COH-
weix aprepuit (OOCA; 2-cocyaucrass Mojiesib HETIOJHOMN
rnobanpHoll nmemun 6e3 runoronun) [13]. Konrposem
(rpynma cpaBHeHus, n=20) CJIy;KUIU JTOKHOOTIEPUPOBAH-
HbI€ JKUBOTHBIE, KOTOPBIM MIOCJIe AaHECTE3MH U Pa3pe3a KOXKH
KJINIIPOBAHIE COHHBIX apTepPHil He BBITOJMHSII. Moenu-
pOBaHNe OCTPOH UIIEMHUH TPOBOANIIH HA (hOHE TIPpeMe/IKa-
nuu (cyabdar arponuna 0,1 Mr/Kr, NOAKOKHO) U o0LIel
anecresun (Zoletil 100, 10 mr/kr).

TonoBHOIT MO3T KUBOTHBIX (DIKCHPOBAJIN TTYTEM TI€P-
dysun 4% pacrsopa napadopma na 0,1 M docharnom Gy-
depe (pH — 7,4) m 5% pacrtBopa caxapo3bl uepes
BOCXO/ISTIYIO YaCTh yTH a0pThl 107 1aByieHuemM 90—100 mm
PT. CT. B TeueHne 15 MUH. 3aTeM MO3T U3BJIEKAIH, BBIIEJISIIN,
cormacHo atyacy [14], mone CA3 runmokamma. /[sist ructo-
JIOTUYECKOTO M IMMYHOTHCTOXHUMHUYECKOTO MCCIIEI0BAHNUS
TIOJIy9€HHBII MaTepraJl 3aKJII0YaIN B TapadH, U3roTaB/Iu-
BaJI cepuiitHble (DPOHTAIBbHBIE CPE3bI TOIIUHON 2—4 MKM.
Oxkpacky reMaToKCHIMHOM&203uHOM 1 1o Hwuccmo wmc-
OJTb30BAJIHN JIJIs1 0030PHOIT KaueCTBEHHOI OIeHKN HEPBHOM
TKAHW U OIPE/Ie/IeHIs] KOJMYecTBa HeHpoHOB (001mast ync-
JIEHHAs TIJIOTHOCTD U IJIOTHOCTh HOPMOXPOMHBIX HEHPO-
HoB). C mMOMOIIBIO WMMMYHOTUCTOXUMWH  BBISIBIISIIH
CHHAITHYECKIE TEPMUHAJM 1 COCTOSTHIE ITUTOCKETIeTa Heli-
poHOB. JLJ1s1 3TOH 11e/11 UCTIOB30BAIN IEPBIYHbBIE AHTHTEIA
(Bond™ Ready-to-Use Primary Antibody) nporus cunarn-
todusuna (27G12) u Microtubule-Associated Protein-2
(ab32454) (mpousBoantenn: Leica Biosystems Newcastle
Ltd, BesmkoGpuranus ). OKpackKy MpOBOIMJIK COIJIACHO Pe-
KOMeH/IaIisIM (GUPMBI TIPOM3BOUTENS peareHToB. Ha nm-
MYHOTHCTOXUMHYECKHUX mpernaparax oTIpeIesIsin
KOJIMYECTBO U paclpe/iesieHre TpaHyJl MapKepa B TI0JIe 3pe-
Hust iperiapara [ 15, 16]. [Tpu cBeTOONTHYECKOM MMCTOJIOTH-
YeCKOM M HMMMYHOTHCTOXMMHYECKOM WCCIEOBAHUHI C
riomortibio Mukpockotna Leica DM 1000 gesnanu mudpossie
Mmukpodororpadun pasmepom uzobpaxkenus 2048x1536

Materials and Methods

The work was carried out at the Omsk State Medical
University facilities. This study was approved by the ethical
committee of the FGBOU VO, the Omsk State Medical
University.

White Wistar rats (males) weighing 180—-200 g were
used in experiments. The animals were kept in the tradi-
tional vivarium in conditions regulated by the requirements
of the Resolution of the Chief State Sanitary Doctor of the
Russian Federation No. 51 of August 29, 2014 «Sanitary and
epidemiological requirements for the device, equipment and
maintenance of experimental biological clinics (vivarium).»
The qualitative and quantitative composition of the ration
was determined according to the norms approved by the
Order of the Ministry of Health of the Russian Federation
No. 163 of 10.03.1996. The studies were carried out in ac-
cordance with the «Rules for carrying out work using exper-
imental animals» (Appendix to Order Ne 755 of the USSR
Ministry of Health of 12.08.1977) and with the recommen-
dations of the International Committee on Laboratory An-
imals Science, supported by European Parlament Directive
Ne 2010/63/EU from 22.09.2010 «On the protection of an-
imals used for scientific purposes».

The experimental study assessed the structural and
functional state of communication systems of the pyramid
neurons of field CA3 of the white rat hippocampus (main
group, n=30) 1, 3, 7, 14, 21, and 30 days after 20-minute oc-
clusion of the common carotid arteries (CCAQ; 2-vascular
model of incomplete global ischemia without hypotension)
[13]. Control (comparison group, n=20) were false-operated
animals, which, after anesthesia and skin incision, were not
subjected to clipping of carotid arteries. Modeling of acute
ischemia was performed against the background of premed-
ication (atropine sulfate 0.1 mg/kg, subcutaneously) and
general anesthesia (Zoletil 100, 10 mg/kg).

The brain of animals was fixed by perfusion of 4% so-
lution of paraformaldehyde on 0.1 M phosphate buffer (pH
— 7.4) and 5% solution of sucrose through the ascending
part of the aortic arch at a pressure of 90—100 mm Hg. for
15 minutes, then the brain was extracted, isolated, according
to Atlas [14], the field CA3 of the hippocampus. For histo-
logical and immunohistochemical studies, the obtained ma-
terial was enclosed in paraffin, serial frontal sections 2-4 pm
thick were made. Hematoxilin & eosin and Nissle staining
were used for qualitative review of neural tissue and deter-
mination of the number of neurons (total numerical density
and density of normochromic neurons). With the help of im-
munohistochemistry, synaptic terminals and the state of the
cytoskeleton of neurons were detected. For this purpose, pri-
mary antibodies (Bond™ Ready-to-Use Primary Antibody)
against synaptophysin (27G12) and Microtubule-Associ-
ated Protein-2 (ab32454) were used. Staining was carried
out according to the recommendations of the reagent man-
ufacturer. For immunohistochemical preparations, the num-
ber and distribution of the granules of the marker in the field
of view were determined [15, 16]. Histological and immuno-
histochemical examinations were performed with the aid of
Leica DM 1000 microscope and digital microphotographs
with image size of 2048%1536 pixels made for quantitative
evaluation of the material using Image] 1.46 software.

For electron microscopy, hippocampus field CA3 was
dissected into blocks 1, 5%1, 5X2 mm, contrasted for 1-2
hrs. in 1% non-buffered solution of osmium tetraoxide,
washed, dehydrated and enclosed in a epon-araldite mixture.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2018, 14; 5



DOI:10.15360,/1813-9779-2018-5-38-49

91{CH€pV1MeHTaAthIe MCCACAOBAHMA

LReTRe
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Puc. 1. IMose CA3 runnokamna 6esoii KPbIChl B HOPME: IKPaHHOEe 00pa30BaHue.

Fig.1. Field CA3 of the hippocampus of white rats in norm: screen education.

Note. The layers of pyramidal neurons — white arrows; a — review the hematoxylin&eosin; 5 — immunohistochemical colouring of the ter-
minals on synaptophysin (black arrows, labels, surround the dendrites and body of neurons). Lens X100 (@) and X40 (b), scale — 50 pm.
Ipumeyanne. C1oM TMPaMUIHBIX HEHPOHOB — OEJIble CTPENKH; @ — 0030PHAsT OKPACKA FeMaTOKCUIMHOM U 903MHOM; b — MIMMYHOTHCTOXHU-
MUYeCKas OKpacka TepMuHasieii Ha cuHanTo(GuanH (4epHbIe CTPEIKU, METKH OKPY KaIOT ACHAPUTHI U Tesia Heliponos). O6bexktus X100 (a) u

X40 (b), mkama — 50 MKM.

HHKCeIeH /1T KOJMYEeCTBEHHOI OIIEHKU MaTepraa ¢ IOMO-
mibio mporpamMmsl Image] 1.46.

g anextponnoit mukpockornmn CA3 runmokamima
paccekamu Ha 6s10ku 1,5X1,5X2 MM, KOTOpbIE KOHTPACTUPO-
By 1-2 4 B 1% HeszabydhepeHHoM pacTBOPE YeTHIPEXOKUCH
OCMUSI, TIPOMBIBAJIH, 0OE3BOKUBAIN U 3aKJIIOYAIN B CMECh
anona u apasauTa. Yasrpatonkue (70—100 am) cpessl okpa-
MINBATH YPAaHWJIAIIETATOM U IIUTPATOM CBHHIA. B Kasxmom
ciaydae ¢pororpaduponasnu o 10 mosreit 3penns (Ha MJIeHKT
9X12 c¢m) npu pasnom yseanuennu. Vcnosb3oBaan yiabsrpa-
mukporoM LKB-8800 (IlIsenust) u muxpockon Hitachi-
600H (Anonus). Ha onudpoBanibix 21eKTpOHOTpaMMax
IPOBOIMJIN KAUeCTBEHHYIO OIICHKY HEPOHOB, OTPOCTKOB,
CHHAIICOB, & TAK)Ke TOJCYUTHIBAIN OOIIYI0 YHCICHHYIO
IJIOTHOCTH CHHATITHYECKNIX KOHTAKTOB.

[TosrydeHne OCHOBHBIX KOJMYECTBEHHBIX MOKa3aTe-
Jieii, oTpe/iesieHre XapaKTepa pacrpesiesieHusT BapHaIioH-
HBIX  DPSIZIOB, IIPOBEPKY  CTAaTHCTHYECKUX  TUIOTE3
OCyIIEeCTBIIsN ¢ nomolibio mporpamm MedCalc© u Stat-
Soft Statistica 8.0 [17]. Vicriosib3oBasn HertapamMeTpuiecKne
kpurtepun (Manna-¥Yutnu, o1HohakTOpHbIH AUCIePCUOH-
Hbiii anasms Kpackena-Youuca, x> — kputepuii [lupcona).
Marepwuan nipeicraBiaen kak Meauana (Me), nvskanii (QI) n
BepxHuil (Qu) kBapTHiInU. B X0/1€ 1poBe/ieHUs cTaTuCTUye-
CKOTO aHaJM3a HyJIeByIo runotedy orseprasu mpu p<0,05.

Pe3ybrarhl 1 00Cy:KIeHHE

B vopme mupamugnble Helipoubl B mose CA3
TUIIIIOKAMITa — KPYITHbIE KJIETKH ¢ GOJBIIUM SIZIPOM,
1-2 gapbnmkamMu, pacmoiOKEHbl PBIXJIO, TJIOMA/lb
nmepukaprnona — 125,3 (113,7-165,5) mxm? (puc. 1, a).
Tena w anukasbHbIE AEHAPUTHI ITUX HEHPOHOB
MOKPBITHI IJIOTHO PACIIOJIOKEHHBIMU CHHATICAMH, TeP-
MUHAJIN KOTOPBIX 3AII0JTHEHBI TPAHYIAMH MEYEHHOTO
cunanrodusuna (puc. 1, b).

KomMmyHuKamnust mupaMuHbIX HEHPOHOB MTOJIS
CA3 c mpyrumMu oTzesiaMyd TOJIOBHOTO MO3Ta OCY-
IIECTBJISIETCS 32 CUET AKCOCOMATUYECKUX, AKCOJIEH/I-
PUTHYECKUX W aKCOMUITNKOBBIX CHHAIICOB, KOTOPBIE

Ultrathin (70—100 nm) sections were stained with uranyl
acetate and lead citrate. In each case, 10 fields of view (on
9x12 cm films) were photographed under different magni-
fications. We used ultramicrotome LKB-8800 (Sweden) and
microscope Hitachi-600H (Japan). The qualitative assess-
ment of neurons, processes, synapses, and calculation of the
total numerical density of synaptic contacts were carried out
on the digital electronograms.

Getting the basic quantitative indicators, determining
the nature of the distribution of the variation rows of the
verification of statistical hypotheses was carried out using
software MedCalc© StatSoft Statistica 8.0 [17]. Nonpara-
metric tests (Mann-Whitney, one-way ANOVA Kruskal-
Wallis, and Pearson correlations) were used. The data were
presented as median (Me), lower (Qf) and upper (Qu) quar-
tiles. In the course of statistical analysis, the null hypothesis
was rejected at p <0.05.

Results and Discussion

Normally, the pyramid neurons in hippocampus
field CA3 are represented by large cells with a large
nucleus, 1-2 nucleoli, located loosely within the peri-
carrion area — 125.3 (113.7-165.5) mm? (fig. 1, a).
The bodies and apical dendrites of these neurons are
covered with densely located synapses, the terminals
of which are filled with granules of labeled synapto-
physin (fig. 1, b).

The communication of the pyramidal neurons of
field CA3 with other parts of the brain become visible
due to axosomatic, axodendritic and axospine
synapses, which are located in the layer of the bodies
of pyramidal neurons, in the stratum radiatum (trunks
of apical dendrites) and lacunosum (terminal branch-
ing of apical dendrites) of the molecular layer. Im-
munohistochemical detection of synaptophysin
(p38-positive material) in the field CA3 clearly shows
a special zone (stratum lucidum), which consists of
apical sites of dendrites of pyramidal neurons and
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Puc. 2. ITone CA3 runmokamna 6eJioii KpbIChl B HOPME: OCHOBHbIE
30HBI JIOKAJIU3AIUH CHHAIICOB.

Fig. 2. Field CA3 of the hippocampus of white rats in the norm:
the main areas of localization of synapses.

Note. a — s.lac — stratum lacunosum; s.red — stratum radiatum;
s.luc — stratum lucidum; p.l. — layer of bodies of pyramidal neu-
rons; b — the giant terminals (marked by arrows) stratum lucidum.
Immunohistochemistry (synaptophysin). Lens X40, scale — 50 pm
(@) and 20 pm (b).

IIpumeuanue. a — s.lac — stratum lacunosum; s.rad — stratum ra-
diatum; s.luc — stratum lucidum; p.l. — cs10ii Tesr mupamMuAHbIX Heil-
ponos; b — rurantckue TepMuHanu (OTMEYEHO CTPEJIKAMMU)
stratum lucidum. mmynorucroxumus (cunanropusuu). O6b-
exTuB X40, mkana — 50 MM (@) u 20 mxm (D).

giant synapses formed by axons of the mossy fibers of
the serrated fascia (fig. 2).

Thus, the peculiarity of the hippocampal field
CA3 is the presence of giant synapses on apical den-
drites of pyramidal neurons in stratum lucidum (fig.
2, b). The area of sections of one p38-positive particle
varied from 1.5 to 6.6 pm? (diameter from 1.4 to 2.9
um). This was sufficient to perform an accurate mor-
phometric analysis of the terminal area in stratum lu-
cidum and the body layer of pyramidal neurons using
light microscopy of immunohistochemical prepara-
tions (fig. 2).

In stratum radiatum and lacunosum of the mo-
lecular layer of field CA3, only the largest p38-positive
particles (axospinal and axodendritic terminals) were
visible in the light-optical study, and the use of elec-
tron microscopy was necessary for the study of other
synapses (fig. 3, a, b, ¢).

A 20-minute CCAO resulted in a statistically
significant decrease in the density of pyramidal neu-
rons in field CA3 of white rat hippocampus (table 1).
Elimination of irreversibly damaged neurons by
phagocytosis has become evident due to increasing the
reactive, dystrophic (swelling, vacuolation, hypochro-
mia, hyperchromia without wrinkling and homoge-
nization) and necrobiotic (hyperchromia-wrinkling
with homogenization of the nucleus and cytoplasm,
transformation into shadow cells) processes of altered
cells within the nervous tissue field CA3. The maxi-
mum decrease in the number of normochromic neu-
rons was observed in 1, 3 and 7 days. Then, in the
process of structural and functional restoration of
nervous tissue, the content of normochromic neurons
in field CA3 increased after 30 days this relative figure
up to 91.6%. However, there was no recovery to the
control level. At the same time, the total numerical
density of pyramid neurons in the field CA3 decreased
only by 17.4% during the entire observation period
(30 days) (table 1).

Thus, within 30 days after 20-minute CCAO,
only a small part of field CA3 pyramidal neurons was
subjected to irreversible changes and complete utiliza-
tion by phagocytosis.

Throughout the studied post-ischemic period,
reversible dystrophic changes of neurons (acute
swelling of neurons, hydropic dystrophy of nerve cells
with moderate cytoplasm vacuolation, focal and
subtotal chromatolysis, hyperchromatosis) prevailed.
Dark not wrinkled and shrivelled neurons without ho-
mogenization of the core prevailed. In shrivelled neu-
rons, due to dehydration, there has been compression
of the cytoplasm without degradation of the cy-
toskeleton and nucleus. This was especially evident in
immunohistochemical verification of the cytoskeleton
with antibodies against MAP-2 (fig. 4, a, b).

According to electron microscopy, in the stratum
radiatum of the molecular layer, due to the presence of
large trunks of apical dendrites of pyramidal neurons,
the total numerical density of synaptic contacts (in the
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Ta6auua 1. O6mas wiotHocts (Ha 1 MM?) BCeX M HOPMOXPOMHBIX HeHPOHOB noJsi CA3 B HOPME M IIOCTULIEMHYECKOM

nepuoze, Me (QI-Qu).

Table 1. Total density (per 1 mm?) of all and normochromic neurons of the field CA3 in normal and postishemic period,

Me (Ql-0Qu).

Groups

Neurones

All

Normochromic

Comparison group, n=20

1983 (1755-2106)

1926 (1704-2045)

Main group, n=30

day 1, n=5 1754 (1541-1902)* 447 (356-543)*
day 3, n=5 1699 (1432—1712)** 517 (412-628)*
day 7, n=5 1650 (1415—1720)* 746 (587-901)*
day 14, n=5 1662 (1398—1734)* 1486 (1222-1653)**
day 21, n=5 1624 (1267—1658)* 1467 (1205-1653)*
day 30, n=5 1638 (1178—1702)* 1501 (1221-1709)*
ANOVA df=6; H=17.5; P=0.03** df=6; H=38.8; P=0.01**

Note. * — comparison with falsely operated animals; * —comparison with the previous term (Mann—Whitney and Kolmogorov—Smirnov
test); ** — comparison between all terms (ANOVA). Differences are statistically significant at P<0.05. Me — median; Ql — lower; Qu

— upper quartiles; ANOVA — one-way ANOVA Kruskal-Wallis.

IIpumeuanue. /s tabi. 1-3: Groups — rpynnbi; Comparison — cpasrenus; Main — ocuosnas; day — cyrtku; All — Bee; Normochromic
— HOPMOXPOMHBIE. * — cpaBHEHIIE C JIOKHOOTIEPUPOBAHHBIMHU KIBOTHBIMIT; * — CpaBHEHIE ¢ MPEIBIIYIINM CPOKOM (KpuTepuit ManHa—
Yuruu n Kosmoroposa—CmupHosa); ** — cpaBHenne mexy Bcemu cpokamu (ANOVA). Pazimuust ctaTucTHyeck 3HaYUMBbI TIPU
p<0,05. Me — meanana; QI — nmxnuit; Qu — Bepxuuii kBaptusin; ANOVA — oxnodakropublii auciiepcuonnblii anaaus Kpackena—

Yonnuca.

pacmoJiaraloTcst B ¢Jioe TeJl THPaMUHbIX HEHPOHOB, B
stratum radiatum (cTBOJIBI ANIMKAJIBHbIX JEHIPUTOB)
u lacunosum (TepMUHAIbHBIE BETBJICHUS alliKaJIbHbIX
JIEHZIPUTOB) MOJIeKyJIgapHOTO cios. [Ipn nmMmmyHorn-
CTOXMMHUYECKOM BBISBJIECHUY cruHanTohusnHa (p38-
nosutuBHbIi MaTepuan) B CA3 ueTko BuaHa ocobast
30Ha (stratum lucidum), koTopast cocrout us ammu-
KaJbHBIX YYaCTKOB /IEH/PUTOB MUPAMU/IHBIX HEHPO-
HOB U TUTAHTCKUX CHATICOB, C(OOPMUPOBAHHBIX AKCO-
HAMU MIIUCTBIX BOJIOKOH 3yOuartoil (acimm (puc. 2).

Takum o6pasoM, ocobennocTbIo noJs CA3 run-
MTOKAMIIA SIBJISIETCST HAJIMYMeE TUTAaHTCKUX CHHAIICOB HA
ANMKAJIBHBIX JIEH/IPUTAX MTUPAMUJIHBIX HEMPOHOB B
stratum lucidum (puc. 2, b). Ilnomanb cpesoB OAHOI
p38-103UTHBHOI YacTHUITH Bapbruposaia ot 1,5 10 6,6
MiM? (aramerp ot 1,4 10 2,9 MEM). DT0 OBLIO BIOJIHE
JIOCTATOYHO JIJIs1 IPOBEIEHNST TOYHOTO MOPhOMETPH-
YecKOTo aHaJn3a MJIOMAN TepMUHaNel B stratum
lucidum u cioe Tesr mupaMUAHBIX HEAPOHOB € TOMO-
IIHIO CBETOBOW MUKPOCKOITNYA UMMYHOTHUCTOXUMIYE-
CKUX TIperapatos (puc. 2).

B stratum radiatum u lacunosum mMoJieKyJIsIpHOTO
crost mosist CA3, Tpy CBETOOTITUYECKOM HCCIIEIOBAHU,
ObLIM BUHBI TOJIBKO CaMble KPYIIHbIE P38-II03UTHBHbIE
YacTUIhl (AaKCONTMITUKOBBIE W aKCOAEHIPUTUYECKIE
TEPMUHAJIN), a I U3YYEeHUsT OCTAJIbHBIX CHHATICOB
HeoOXO0IMMO TPUMEHEHHE 2JIEKTPOHHOI MUKPOCKOIINI
(puc. 3,a, b, ¢).

20-munayTHast OOCA nipuBOIIIa K CTATUCTUYECKN
3HAUMMOMY CHIZKEHUIO TIIIOTHOCTH TIMPAMU/IHBIX Heil-
poroB B 11ojie CA3 rurmokamiia 6esibix Kpoic (Tabar. 1).
JJIMMUHAIINS HeOOPATUMO TIOBPEKIEHHBIX HEIPOHOB
myTeM (harouTo3a Mporucxouia Ha (poHe yBesndaeHust
peakTUBHO, aucTpodryecky (HabyxaHue, BaKyoJ I3a-
L¥s], THIIOXPOMHUSI, THIIEPXPOMUS 6€3 CMOPIIMBAHUST U
TOMOTEHHU3ALNI) U HEKPOOUOTHYECKH (TUIIEPXPOMUSI-
CMOPIIIUBAHHUE C TOMOTEHU3AINeN SI/Ipa 1 IUTOIIIa3MBbl,

unit of field of view, 100 um?) was naturally 1.3—1.4
times lower than the stratum lacunosum (table 2).

In the acute post-ischemic period, synapses of
field CA3 were subjected to light (edematous) type of
destruction. The terminal was swollen, brightened, it
decreased the content of synaptic vesicles (SV), and
the remaining SV were agglutinated, grouped either in
the center or near the active zones. The most resistant
to ischemia was postsynaptic of the seal and the sub-
stance is the synaptic cleft. All kinds of synapses in the
layer of pyramidal neurons, stratum radiatum and stra-
tum lacunosum of the molecular layer — axosomatic,
axodendritic and axospines — suffered. Manifestation
of edema neuropile was noted. After 1 and 3 days from
ischemia, at all levels of the dendritic tree of neurons
in the studied parts of the brain, a large number of
swollen mitochondria appeared with destroyed crys-
tals, membranes, and matrix vacuolation. (fig. 5, a, b).

Part of the synapses of the molecular layer was
completely destroyed already on day 1:in the stratum
lacunosum — to 41.3%, in the stratum radiatum — to
17.8%. After 3 days, deficiency of synapses in both
zones reached its maximum — 44.9% and 41.5%, re-
spectively (table 2). Restoration of the total numerical
density of synaptic contacts to the level of the control
value in stratum lacunosum and stratum radiatum of
the molecular layer of field CA3 occurred 14—21 days
after acute ischemia (table 2).

According to the immunohistochemical study, 1
day after CCAOQ in stratum lucidum (apical dendrites)
of field CA3, the relative cross-sectional area of p38-
positive terminals was significantly reduced by 8.8%
(95% CI: 0.59-16.9%) compared to the control. After
3,7, 14 and 30 days from ischemia, this pattern did not
differ from the control value (table 3). It should be
noted that the relative area of p38-positive particles
decreased only in the zone of dendrities of the field
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Puc. 3. IToae CA3 runnokamna GeJioii KpbIChl B HOPMe: YJIbTPACTPYKTYPa BCEX COCTABJISIONMX HEHPOIHUIIsA, IEHPUTOB U IEPUKAPHO-
HOB.

Fig. 3. Field CA3 of the hippocampus of white rats in norm: ultrastructure of all components neuropile, dendrites and perikaryon.
Note. No signs of damage. Stratum radiatum (a), stratum lacunosum (b) of the molecular layer and the layer of pyramidal neurons (c).
I'9C — granular endoplasmic reticulum (Nissle body); /T — dendrites; JT — lysosomes; M — mitochondria; C — synapses; IT — cytoplasm;
ST — core; SIn — nucleolus. Coloring with uranylacetate and lead citrate. Magnification X15000 (a, b) and X8000 (¢), scale — 2 pm.
IIpumevanue. Bes npusnakos nospesxkaenus. Stratum radiatum (a), stratum lacunosum (b) MOJEKYJISIPHOTO CJIOSA ¥ CJIO MTUPAMU/IHBIX
uetiponos (¢). '9C — rpanysnsipHast suiomIazmMarndeckast cetb (tesbiia Huceast); 1 — neraputsr; JI — mmnzocomsr; M — muroxonapun; C
— cunarcor; [T — nuroriazma; A — saupo; S — sapoiiiko. OKpacka ypaHUIaeTaToM 1 uTpatom csutna. Yseaundenre X15000 (a, b) u
X8000 (¢), mkana — 2 MKM.

npeBpalleHre B KJIETKU-TEHN) U3MEHEHHbIX KJIETOK
HepBHoii Tkanu CA3. MakcumasibHOe yMeHbIIeHre
KOJITYECTBA HOPMOXPOMHBIX HEIIPOHOB OTMEYAIN Yepe3
1,3 u 7 cyt. 3arem, B ipoitecce CTPYKTYPHO-(YHKITHO-
HAJPHOTO BOCCTAHOBJIEHUS HEPBHOI TKAHH, COZIEPIKa-
HUEe HOPMOXPOMHBIX HellpoHoB B CA3 yBesmunBaioch
u uepe3 30 CyT aTOT OTHOCUTEIbHBIH TTOKA3aTe b COCTa-

CA3, and this feature was not revealed in the zone of
accumulation of bodies of pyramid neurons (table 3).

Thus, in the acute post-ischemic period (1, 3
days), in the field CA3 of the hippocampus there was a
significant increase in the share of afferents on neuronal
bodies due to uneven damage of axosomatic and axo-
dendpritic synapses. The destruction of the interneuron
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Puc. 4. ITutockesner nupaMuHbIX HeiipoHOB noJsa CA3 runmmno-
Kamia 6eJI0i KPbIChI B IOCTHLIEMHYECKOM IIEPHOIE.

Fig. 4. The cytoskeleton of the pyramidal neurons of the field
CAS3 of the hippocampus of white rats in the post-ischemic pe-
riod.

Note. a — day 3; b — day 30. Part of the pericarions has an in-
creased label density due to the dehydration compression of the cy-
toplasm without destroying the cytoskeleton, apical dendrites in
stratum lucidum are surrounded by light material (giant synapses).
Immunohistochemistry (MAP-2); lens X40; scale — 100 um.
IIpumeyanue. a — 3-u cyt., b — 30-¢ cyr. Yactb nepukapuoHos
HMeeT MOBBIIIEHHYIO IJIOTHOCTh METKU 32 CYET JIernpaTalioH-
HOTO CKATUS IIUTOIIA3MbI (e3 pa3pylIeHus] IINTOCKEIeTa, afm-
KaJIbHbIE JICHAPUTHL B stratum lucidum oxpyskeHbl cBeTIBIM
MarepuajsoM (TUTaHTCKUE CHHAICHI). VIMMYyHOTHCTOXUMUS
(MAP-2); o6bextuB X40; mrama — 100 MrM.

Bus1 91,6%. OHaKO, BOCCTAHOBJIEHHUST /10 KOHTPOJIBHOTO
ypoBHs1 He mpoucxonuio. Ilpu atom 3a Bech Tepuo
Habmonenust (30 cyr) obmiast yncaeHHas JIOTHOCTh
nupamMuinbIX HelipoHoB B mosie CA3 ymeHbuiach
TosbKO Ha 17,4% (Tabm. 1).

Takum o6pasom, B Teuerne 30 cyr mocie 20-
muayTHOM OOCA TOJMBKO HE3HAUUTeJbHAd 4YacTh
UIIEMUYECKH M3MEHEHHbBIX TTUPAMUIHBIX HEIPOHOB
CA3 noaseprasach HeOOGPATUMOIL ECTPYKIIUHU 1 T10J1-
HOU YTHJIU3AIUU TTyTeM (haroIuTo3a.

Ha nporstxennn Bcero u3yueHHOTO TIOCTUIIEMH-
YECKOTo Mepro/a mpeobaagann o6paTuMbie TUCTPO-
(dbuueckne usMeHeHs HeHPoHOB (ocTpoe HabyXaHue
HePOHOB, THAPOITUYECKAs AUCTPODUST HEPBHBIX KJle-
TOK C YMEPEHHOH BaKyOIM3aIMell ITUTOTIA3Mbl, OUa-
TOBBII U CyOTOTATBHBIN XPOMATOJIN3, TUIIEPXPOMA-

Puc. 5. TunnyHble yIbTpacTpyKTyPHbIE H3MEHEHHS CHHAIICOB.
Fig. 5. Typical ultrastructural changes of synapses.

Note. Stratum lacunosum (&), stratum radiatum (b) of the molec-
ular layer 1 day after acute ischemia. Edema and swelling of the ter-
minals (the light type of destruction) in axosomatic, axodendritic
and axospines synapses (a, arrows) on the background of neuropile
edema (b, arrows) of field CA3 of the hippocampus. Coloring with
uranylacetate and lead citrate. Scale — 500 nm.

IIpumevanue. Stratum lacunosum (@), stratum radiatum (b) mo-
JIEKYJISIPHOTO ¢JI0sT 4epe3 1 ¢y T mocste ocTpoii umremun. OTek i Ha-
Oyxanue rtepMuHajell  (CBETJBIA  THUI  JECTPYKIUHM) B
AKCOCOMATHYECKUX, AKCOAEHAPUTHYECKUX U AKCOIIUITHKOBBIX CH-
Haricax (@, crpesikn) Ha hoHe oreka Heipor/s (b, CTPeIKM) moJist
CA3 rumnmokamia. OKpacka ypaHU/IAIETATOM 1 IIUTPATOM CBHHIA.
Ikana — 500 mM.

synapses occurred at all levels of the molecular layer
(stratum lacunosum, radiatum and lucidum). However,
small synapses stratum lacunosum and stratum radia-
tum suffered to a greater extent. This can be considered
as one of the mechanisms of change of interneuronic re-
lations in the early period after acute ischemia.

The key structures associated with the activation
of necrosis and apoptosis of the nervous tissue of the
mammalian brain are the synapses between neurons.
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Ta6amua 2. O61as IIOTHOCTh MEKHEHPOHHBIX KOHTAKTOB MOJIEKYJISIPHOTO ¢1051 10151 CA3 runmnokamia GeJbix KpbiC B

HOpPMe U B IOCTHIIEMUYecKoM nepuoae, Me (QL—-QH).

Table 2. The total density of the interneuronic contacts of the molecular layer of the field CA3 of the hippocampus of
white rats in the normal and post-ischemic period, Me (QI-Qu).

Groups

Indicators in areas, per 100 um?

Stratum lacunosum

Stratum radiatum

Comparison group, n=5

36.1 (29.6-43.7)

25.3 (20.5-30.6)

Main group, n=18

day 1 21.2 (13.5-31.6) =0.001* 20.8 (9.2-25.1) p=0.01*

day 3 19.9 (9.6-21.6) P=0.0001% P=0.02* _ 14.8 (10.1-16.8) P=0.0001%, P=0.02*

day 7 20.8 (16.1-22.6) P=0.0001% P=0.1 __ 19.9 (12.4-22.5) P=0.001%; P=0.01"

day 14 311 (25.3-36.2) P=0.2%, P=0.001" 21.8 (16.8-33.4) P=0.2%; P=0.1

day 21 354 (29.4-37.2) P=0.1%; P=0.03" 24.8 (20.6-26.1) P=0.4%; P=0.3"

day 30 32.8(27.2-389) P=0.2%; P=0.06" 23.0 (19.1-27.5) P=0.4%; P=0.3"
ANOVA df=5; H=22.7; P=0.001** df=5; H=18.5, P=0.004"*

Note. Uranylacetate and lead citrate. * — comparison with falsely operated animals; * — comparison with the previous term (Mann—
Whitney and Kolmogorov—Smirnov test); ** — comparison between all terms (ANOVA). Differences are statistically significant at

P<0.05.

IIpumevanue. Jlas 1aba. 2, 3: Indicators in areas — nokasaresin B 3oHax. OKpacka ypaHuianeTaToM 1 IIMTPaTOM CBUHIIbL. ¥ — cpaBHEHUE
C JIO)KHOOTIEPIPOBAHHBIMHU XIUBOTHBIME; * — cpaBHEHHUe C MpebIAyIuM cpokoM (kputepuii Manna—Yuruu n Kosmoroposa—Cwmup-
HOBa); ** — cpaBHeHme Mexay BceMmu cpokamit (ANOVA). Pagnmanst cratncrideckn sHadnmMsl mpu p<0,05.

T03). BoJbite Bcero G0 TEMHBIX HECMOPIIEHHBIX 1
CMOPIIEHHBIX HEHPOHOB 6€3 TOMOTEHU3ANNY s/ipa. B
MIOCJIETHUX, 32 CYET IETUIPATAIINH, TIPOUCXOUIIO Pa3-
JIMYHOM CTEMEHU CKATHE IUTOIMIAa3Mbl 6e3 JeCTPYK-
K uTockesieta u anapa. OcobEeHHO HATISIHO 3TO
GBIIIO BUIHO TPU IMMYHOTHCTOXUMHUYECKOH Bepruu-
KallUK IIMTOCKEJIEeTa C MTOMOIIbIO AHTUTEJ MPOTUB
MAP-2 (puc. 4, a, b).

[To manHBIM 3TEKTPOHHOI MUKPOCKOIIUY, B stra-
tum radiatum MOJIEKYISIPHOTO CJIOs, M3-3a TIPUCYT-
CTBUSI KPYIHBIX CTBOJIOB aNUKATBHBIX [E€HAPUTOB
MUPAMUIHBIX HEHPOHOB, 001Mast YMCAeHHAs TLIOT-
HOCTh CHHANITHYECKUX KOHTAKTOB (B eIUHUIIE TIOJIS
spenus, 100 Mxm?) 3akonomepHo Obiia B 1,3—1,4 pasa
HIKe, 4eM B stratum lacunosum (tabu. 2).

B ocTpom mocTuiiieMuyeckoM 1epuoie CIHaI-
col monst CA3 monBeprasuch cBeTaoMy (OTeIHOMY)
Tuny gectpykuuu. Tepmunanb HabGyxana, MpocBeT-
JIL1ach, B Hell YMEHBINAJIOCh COeprKaHIe CUHAIITH-
yeckux my3eipbKoB (CII), a ocrasmmecst CII moasep-
rajuch arrJaiOTHHAIMY, TPYNIHPOBAIUCH JUOO B
IeHTpe, JaubO OKOJIO aKTUBHBIX 30H. HambGosee
YCTONYUBBIMY K UITIEMUY OBLITU MOCTCHHATITHYECKUE
VIJIOTHEHUSI U BEIIECTBO CUHANTUYECKON IIeJIN.
Crpasanu Bce BUIBI CHHATICOB B CJI0€ TTMPAMUIHBIX
HeitpoHoB, stratum lacunosum u stratum radiatum
MOJIEKYJISIPHOTO CJIOSI — aKCOCOMaTHYecKUe, akco-
NEeHIPUTUYECKUE W aKCOIUMUKOBBbIe. OTMevasn
nposBieHns oteka Heliponuis. Yepes 1 u 3 cyr
1ocJie UMEMUU Ha BCeX YPOBHSIX IEHAPUTHOTO Iepe-
Ba HEHPOHOB U3YYEHHBIX OT/EJOB TOJIOBHOTO MO3Ta
TOSABJISATIOCH OOJIBIIIOE KOJTMYECTBO HAOYXIITUX MUTO-
XOHJIPHIT ¢ Pa3pyIICHHBIMI KPUCTAMK, MEMOPaHAMY,
BakyoJM3anueii MaTpukca. (puc. 5, a, b).

YacTp CHHATNCOB MOJIEKYJISIPHOTO CJIOST TIOJI-
HOCTBIO Pa3PyIIAIach y:ke B Tedenue 1-X CyToK: B stra-
tum lacunosum — 41,3%, B stratum radiatum — 17,8%.
Yepes 3 ¢yt gedUIUT CUHATICOB B 00€UX 30HAX JOCTH-

This is due to the fact that excitatory neurotransmit-
ters, after damage to synaptic bubbles and release into
the intercellular space, trigger calcium-dependent ex-
citotoxic mechanisms of neuronal death [18, 19].

In this study, new data on the regularities of the
reorganization of interneuronic bonds in field CA3 of
the hippocampus after acute ischemia caused by 20-
minute occlusion of the common carotid arteries were
obtained. According to the literature, such informa-
tion is important for understanding the causes of
changes in cognitive functions of the brain in the post-
ischemic period [9, 10].

The study of interneuronal communication was
performed with the help of immunohistochemistry and
electron microscopy. It was found that after 1 and 3 days
from ischemia, a significant (up to 45%) part of the
synapses of the neuropyl was destroyed by light (ede-
matous) type of destruction. The most sensitive part of
the synapses was the terminal one, which swelled and
was brightened, characterized by decreased content of
synaptic bubbles. All types of synapses seemed altered,
mainly in stratum lacunosum and radiatum. With the
aid of immunohistochemistry (synaptophysin), we have
shown that after 1 day of reperfusion in the field CA3 of
the hippocampus, pathological changes were made to
the terminals of giant synapses on apical dendrites of py-
ramidal neurons. The area of p38-positive structures
(synaptic bubbles) in stratum lucidum decreased by
8.8% (95% CI: 0.59—16.9%) compared to control. How-
ever, these axodendritic synapses, unlike stratum la-
cunosum and radiatum synapses, were characterized by
rapid recovery after 3—7 days. Axosomatic synapses in
the layer of pyramids were subjected to minor changes,
while the content of synaptophysin in them were not
changed. Full recovery of the overall numerical density
of synapses in all field CA3 became evident only on days
14—21 after the ischemia through activation of neosy-
naptogenesis and reorganization of functionally mature
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TaGauna 3. OtHocutenbHas womaapb (%) yactun p38-nosurusHoro Mmarepuaia B mojie CA3 runmokamna GenbIx Kpbic

B HOPpME€ U B IOCTUIIEMHUYECKOM IEPUO/IE.

Table 3. Relative area (%) of p38-positive particles in the field CA3 of hippocampus of white rats in normal and

postishemic period.

Groups

Indicators in areas, per 100 um?

Stratum lacunosum

Stratum radiatum

Comparison group, n=20

24.6 (CI: 18.8-31.2)

14.9 (CI: 10.3-20.6)
%2=5.3; P=0.021*

Main group, n=30

day 1

15.8 (CI:11.0-21.6)
22=4.3; P=0.038*

16.5 (CI: 11.6-22.4)
%2=0.003; P=0.95*
x*=0.1; P=0.76*

day 3

22.0 (CI: 16.5-28.4)
x*=0.2; P=0.61%
x2=2.1; P=0.15**

14.8 (CI: 10.2-20.5)
%2=3.0; P=0.08*
%2=0.0; P=0.99*
72=0.1; P=0.74**

day 7

29.2 (CI: 23.0-36.0)
%°=0.9; P=0.36*
$2=2.4; P=0.12%*

16.8 (CI: 11.9-22.7)
%2=8.0; P=0.005*
%2=0.2; P=0.70*
x2=0.1; P=0.74**

day 14

22.3 (CI: 16.7-28.7)
%2=0.2; P=0.67*
x2=2.1; P=0.14**

17.1 (CI: 10.7-20.6)
y=1.4; P=0.23*
72=0.2; P=0.64*

72=0.0; P=0.96**

day 30

282 (CI: 22.1-35.0)
%2=0.5; P=0.48*
22=1.6; P=0.21**

16.7 (CI: 11.8-22.6)
%2=5.3; P=0.021*
x*=0.2; P=0.70*

2>=1.0; P=0.98**

Note. 200 fields of view for each term, immunohistochemistry against synaptophysin. * — comparison with stratum lucidum; * — com-
parison with false-operated; ** — comparison with the previous period. Differences are statistically significant at P<0.05 (criterion x2).

CI — 95% confidence interval.

IIpumeuanue. Pyramidal neurons bodies layer — cioii Tesr nupamuabix Heitponos. ITo 200 moJieil 3peHns Ha KasKAblii CPOK, IMMYHO-
THUCTOXUMUSI IPOTUB cuHanTou3nHa. * — cpaBHenue ¢ stratum lucidum; * — cpaBHeHNe ¢ JTOKHOOMEPUPOBAHHBIMY; ** — cpaBHEHIIE C
npeby M cpokoM. Pazimunst craructudeckn sHadnMel ipu p<0,05 (kpurepwuii x2). CI — 95% noBepuTeIbHbIN HHTEPBAJL.

ran Makcumyma — 44,9% u 41,5% cooTBeTCTBEHHO
(1abu. 2). Boccranoiienne ob1ieli YMCIeHHON II0T-
HOCTU CUHANTHYECKUX KOHTAKTOB JI0 YPOBHSI KOHT-
POJIBHOTO 3HaueHus B stratum lacunosum u stratum
radiatum mosexysstproro ciios nojst CA3 npoucxoau-
Ji0 uepes3 14—21 cyT nocste octpoit uimemun (Tadu. 2).
[To manHBIM UMMYHOTHCTOXMMHUYECKOTO HCCIIe-
nosanusg, yepes 1 cyr nocie OOCA B stratum lucidum
(ammmkaspabie enpuThl) CA3 oTHOCHUTENBHAS TIITIO-
IMIa/Ib CPE30B P38-TIO3UTUBHBIX TEPMIHAJIEN CTATHCTH-
YecKW 3HAYMMO yMeHbImaach Ha 8,8% (95% [U:
0,59-16,9%) 1o cpaBuenmio ¢ kKouTposem. Yepes 3, 7,
14 1 30 cyT nocJsie UIIeMUK ATOT MMOKA3aTesb HEe OTJIU-
YaJicst OT KOHTPOJIbHOTo 3HayeHus (Tabir. 3). Heo6xo-
IIIMO OTMETHUTh, YTO OTHOCHUTEIbHAS TLIONALb P38-
MO3UTHBHBIX YACTUI[ YMEHBINATACh TOJBKO B 30HE
nennputoB CA3, a B 30He CKOIITIEHUS TeJT ITHPAMITHBIX
HeliporoB CA3 aToro He ObLIO BbIsABIEHO (Tad1. 3).
Taxum 06pa3oM, B OCTPOM MOCTUIIEMUYECKOM
nepuoje (1, 3 cyt) B mone CA3 npourcxoiuso 3Haun-
TesbHOE yBesnueHue 101 ahdepeHToB Ha Teslax Hell-
POHOB 32 CYeT HePABHOMEPHOTO MTOBPEKIEHNST AKCOCO-
MaTHYECKUX U aKCOAEHAPUTHYECKUX CHHATICOB.
Paspy1renne MesKHelPOHHBIX CHHATICOB MTPOUCXOIIIIO
Ha BCEX YPOBHIX MOJIEKYJSIPHOTO cJjiosi (stratum
lacunosum, radiatum u lucidum). Oxnaxo B Gosbireit
CTEeTeHN CTPaaii MeJIKMe cuHarchr stratum lacuno-
sum u stratum radiatum. 9To MOKHO paccMaTPUBATh

synapses. Various variants of such changes have been de-
scribed earlier in the neocortex [11, 12]. It is likely that
after ischemia there was a restructuring of interneuronic
relationships in the local neural networks of field CA3
of hippocampus and within other parts of the brain (in
particular, toothed fascia). After the death of a signifi-
cant part of synapses in the acute period, all the basic as-
sociative connections in the hippocampus were rebuilt.
However, field CA3 of the hippocampus quickly re-
stored its primary function, the convergence of the flow
of information from associative cortex and the phyloge-
netically ancient formations of the brain stem.

Therefore, synapses of field CA3 of the hip-
pocampus are highly sensitive to ischemia and plastic-
ity after reperfusion. This provides recovery of
functions and compensatory restructuring of in-
terneural relations of the brain after ischemia. Re-
search in this direction is promising and may exhibit
a potential of practical value.

Conclusion

Thus, after a 20-minute CCAO there was a reor-
ganization of communication systems of the pyramid
neurons of the field CA3 of the hippocampus of white
rats. Neurons of field CA3 had high tolerance to is-
chemia and ability to restore interneural relations
after reperfusion. In the surviving neurons, high levels
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Experimental Studies

KaK O/IMH 13 MEXaHU3MOB U3MEHEHM S MEKHEHPOHHBIX
OTHOUIEHUI B PAaHHEM IIePUO/IE [10CTIe OCTPOI UIIeMUN.

KiioueBbIMU CTPYKTYpaMU, CBA3AHHBIMU C AKTH-
BalMell MexaHn3MOB HEKpPO3a U alolTo3a HEePBHOM
TKaHM FOJIOBHOTO MO3Ta MJIEKOIIUTAIONUX, ABJISIOTCS
MEKHEHPOHHBIE CHHATICHL. TO 06YCIOBJIEHO TEM, UTO
BO3OYsKAIOIINE HEPOMEAUATOPBI, TIOCIIE TTOBPEKIIE-
HUS CUHAIITUYECKUX ITy3bIPbKOB U BBIXO/IA B MEXKKJIE-
TOYHOE IIPOCTPAHCTBO, 3AILyCKAIOT KaJIbIUi-3aBUCH-
Mble  9KCAHTOTOKCHYECKHE MEXaHU3MBbl TIHOesH
Heliponos [ 18, 19].

B macrosiiem uccje[oBaHuu ObLIN TTOJTYyY€eHbI
HOBBIE JJAHHbIE O 3aKOHOMEPHOCTSX PeopraHu3alnu
MeXKHepOoHHBIX cBsi3elr B moJsie CA3 rumnmokamma
1ocJjie OCTPON UIIEMUU, BbI3BAaHHOU 20-MUHYTHOM
OKKJII03ueil 06mmx coHHbIX aprepuil. I1o maHHbBIM
JIATEPATYPBI, ToA06Hast HHPOPMAIHst UMeeT GOJIBIToE
3HaYeHHUe /171 TOHUMaHW TPUYUH U3BMEHEHUS KOTHU-
THUBHBIX (DYHKIIMI FOJIOBHOTO MO3T'a B IIOCTUIIIEMIYe-
ckoM niepuoze [9, 10].

N3yuenne MexxHEHPOHHON KOMMYHHUKAIIUU MBI
IIPOBOIMJIN C TIOMOII[BIO UMMYHOTHUCTOXUMUH U JIEK-
TPOHHOM MMKpocKonuu. Bbino ycranossieno, 4Tto
yepe3 1 u 3 cyr mocJie umeMun 3HaYUTENbHAS (710
45%) YacThb CHHAICOB HeWpONUJs paspyliaiach
yTeM CBeTJI0ro (0TeYHOTO) Tua jecTpykiuu. Hau-
GoJiee YyBCTBUTEIHHON YACTHIO CHHAIICOB Obliia Tep-
MUHAJb, KOTOPasi HabyXajia, IPOCBETJIANACh, B Heil
YMEHbBINAJIOCh COJIePKaHNe CHHAIITUYECKUX 1Ty3bIPb-
koB. Crpajain Bce BUJbI CHHAIICOB, HO B OOJIbIIEN
CTeleH — aKCOIIUIUKOBbIE B stratum lacunosum u
radiatum. C IIOMOIIbI0 UMMYHOIMCTOXUMUY (CUHATL-
Tou3MH) HaMK TTOKa3aHo, uyTo yepe3 1 cyT penepdy-
3un B 11osie CA3 1aTosornyeckKuM n3MeHeHUsAM 0/1-
BEeprajiichb M TEPMUHAJIM TUTAHTCKUX CHHAIICOB Ha
ANMKAJIbHBIX JIEHPUTAX ITUPAMUIHBIX HEHPOHOB.
[Tnomaap p38-103UTUBHBIX CTPYKTYP (CHHATITUYE-
CKUe€ My3bIpbKK) B stratum lucidum ymenbinmnacs Ha
8,8% (95% 11: 0,59—16,9%) 110 cpaBHEHHUIO C KOHT-
poseM. OaHAKO 7 3TUX aKCOAECHAPUTUYECKUX
CHHAIICOB, B OTJIMYKE OT CHHAICOB stratum lacuno-
sum u radiatum, 6bLIO XapaKTepHO OGBICTPOE BOCCTA-
HOBJIeHUE yiKe uepe3 3—7 cyT. AKcocoMaTuuecKue
CHHAIICBl B CJI0€ NMUPAMU/] 1I0/[BEPrajuch He3Hauu-
TeJIbHBIM U3MEHEHUSIM, IIPU 3TOM CoJlepKaHye CUHAIl-
todusnHa B HUX He nudMensioch. [lomnoe Boccranos-
JieHne obIel YMCIeHHON MIOTHOCTH CUHATICOB BO
Bcex 3oHax CA3 npoucxoanio Toibko yepes 14—21
CYT IIOCJIe UIIEeMUM 32 CUET aKTUBAIMU HEOCHHAIITO-
retesa U peopraHusanuyl GYHKIUOHAILHO 3PEJIbIX
cHHATICOB. Pasimunble BAPUAHTDI MOAO0OHBIX U3MEHE-
HUil onmcanbl panee B Heokoprekce [11, 12]. Briosine
BEPOSITHO, YTO I10CJIe UIIEeMUH ITPOUCXO/IUJIA Tepe-
CTpolika MeXHEHPOHHBIX B3aUMOOTHOIIEHUII B
JIOKAJIbHBIX HEHPOHHBIX ceTsix CA3 rurmmokamia u ¢
JIPYTUMU OT/IeJIaMH TOJIOBHOTO Mo3ra (B 4aCTHOCTHU
syOuaToil dacuumeit). ITocite rubenn 3HAYUTENBHON
YacTU CUHAIICOB B OCTPOM IIepro/Ie IIePeCTPanBATIICh
BCE OCHOBHBIE aCCOIMATUBHbIE CBS3U TUIIIIOKAMIIA B

of the marker of the cytoskeleton (MAP-2) and synap-
tic vesicles (p38) were detected. This testified to the
structural and functional safety of all components of
the communication system of a significant part of the
pyramidal neurons in acute ischemia. Reconstructed
interneuron synapses in the stratum radiatum and the
lacunosum molecular layer were most significant. The
potential significance of this study for clinics is con-
firmed by the post-ishemia presence of protection
mechanisms of the brain nervous tissue, targeted acti-
vation of which may reduce the level of irreversible
processes.

This work was supported by the Foundation for
the Promotion of Innovation under the program
«UMNIK>» No. 14 of December 15, 2012 and the In-
ternal Grant of GBOU VO Omsk State Medical Uni-
versity Ne 574 of 24.11.2017.

pamMKax TpucHHanTHYeckoro mytu. OpHaKo, ToJe
CA3 runmoxammna GbICTPO BOCCTAHABJIUBAIO CBOTO
OCHOBHYI0O (YHKIIMIO — KOHBEPTEHIIUIO MOTOKOB
nHGOPMAIIUU OT ACCOTMATUBHON KOPBI U (hUIOTeHe-
TUYECKHU JIPEBHUX 00Pa30BaHUI CTBOJIA MO3TA.
Takum ob6pasoM, cunatchl mojst CA3 obrazaior
BBICOKOI YyBCTBUTEJNBHOCTBIO K UTEMUU U TLIACTUY-
HOCTBIO TI0CJIe periepdys3un. ITo obecriednBacT BOCCTa-
HOBJIeHUe QYHKIUI 1 KOMIIEHCATOPHYIO TIEPECTPOITKY
MEKHEIPOHHBIX OTHOIIIEHUI TOJIOBHOTO MO3Ta MocJIe
umemuy. VccirenoBanus B 9TOM HalpPaBIEHUU TIEP-
CITEKTUBHBI U UMEIOT TIPAKTHYECKOE 3HAUEHHE.

3akjaoyeHue

[Tocne 20-munytaoit OOCA mpoucxoamnna
peopranusaiysi CuCTeM KOMMYHUKAIIMY [THPAMU/THBIX
HeiipornoB CA3 rumnmnoxamiia 6esbix Kpbic. Helipomsr
CA3 ob6saganu BEICOKOI TONIEPAHTHOCTBIO K MIIEMII
U CIOCOOHOCTHIO K BOCCTAHOBJIECHUIO MEKHEHPOHHBIX
oTHOUIeHWH 1ocsie peniepdys3uu. B coxpanupiuxcs
HellpOHaX BBISABJIAIOCH BBICOKOE COZlepyKaHue MapKe-
pa nurockesiera (MAP-2) u cuHanTuyeckux mysbipb-
k0B (p38). ITO CBUIETEIBCTBOBAIO O CTPYKTYPHO-
(byHKIIMOHATLHOM COXPAHHOCTH BCEX KOMIIOHEHTOB
CUCTEeMbI KOMMYHUKAIIMU 3HAYUTEJIbHOM 4acTH Iupa-
MU/IHBIX HEHPOHOB TIpu ocTpoil uiemun. Hanbosee
BBIPAKEHO IIepecTpanBaInuCch MeXKHEHPOHHbIE CUHATI-
chbl B stratum lacunosum u radiatum mMosexyasspHOro
cnod. IIpakTnyeckoe 3HayeHue JaHHOTO MCCJIeI0Ba-
HUS 3aKJII0YAETCS B TOM, YTO OHO IO/JITBEPK/IAeT HAJH-
Yyye eCTeCTBEHHBIX MEXaHM3MOB 3allUTbl HEPBHOM
TKaHM rOJIOBHOTO MO3Ta, IleJIeHAIIPaBIeHHas aKTHBa-
IMsT KOTOPBIX MO3BOJIUT YMEHBIIUTH CTENeHb Heobpa-
THUMBIX [IPOLIECCOB TI0CJIEe OCTPOI UILIEMUU.

Pabora Bbinosrena npu nojepxke MDomga
coJleficTBUST MHHOBAIUAM 110 iporpamme «Y MHUK»
Ne14 or 15.12.2017 1. u BuyTpennero rpanta [BOY
BO Owmckoro rocy1apcTBEHHOTO MEJIMITUHCKOTO YHU-
Bepcuteta Ne574 ot 24.11.2017 1.
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Experimental Studies

JKcrnepuMeHTaIbHOe 000CHOBaHNE IPUMEHEHHS KOJUIOUIHBIX KPOBE3aMeHUTE e
NpH ;KUPOBOH IJI00YIeMUH
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Experimental Justification of the Use
of Colloidal Blood Substitutes for Fat Globulemia

Alexey Yu. Yakovlev!, Mikhail S. Belous!, Alexey A. Pevnev!, Dmitry V. Ryabikov?

'N. A. Semashko Nizhny Novgorod Regional Clinical Hospital,
190 Rodionova Str., 603126 Nizhny Novgorod, Russia
2 City Clinical Hospital Ne 13,
51 Patriotov Str., 603018 Nizhny Novgorod, Russia

ITesb vcce10BaHus — OLEHUTD BJAMSHUE KOJIOUIHBIX KPOBE3aMeHUTe el Ha )KUPOBbIE IJI00YJIbl B KPOBU OOJIb-
HBIX C TSKEJION cOUeTaHHON TPaBMOT in vitro.

Marepuassi 1 MeToabl. [lepdropan, 5% pacTBop anbOymuta, gekcrpan-40, nekcrpat-60, MoauduIMpoBaHHbII
skestaThH, rugpokcuatuakpaxmaibr 200/0,5 u 130/0,42 sHOCHIN B KPOBb 19 MOCTpaaBIINX C TSKEION COYeTaHHOI
TpaBmoii B cootnomenun 1:20, 1:10, 1:5 u 1:3, uto coorBeTcTBOBaANO K0OaBAEHMIO K 0,3 M1 KpoBH B ipobupke 0,015
M, 0,03 ma, 0,06 mu, 0,1 Mo u3ygaemoro kpoBesaMeHuTe 1. MUKPOCKOTTMPOBaHNE ITPETapaToB ¢ OTIEHKOH KoJmde-
CTBa ¥ TIJIOTIAJIN KUPOBBIX TI00YIT TPOBOMIIH € TIOMOIIIBIO MUKPOBH30Pa METUIINHCKOTO TIPOXO/ISTIIETO cBeTa mVizo-
101 (JIOMO, Poccus) uepes 30 MUHYT 2CTIO3UIINT KPOBU 1 KPOBE3AMEHUTEJIST U TIOCIIEYIONIei OKPAaCKH TIpenapara
cyaanom IV. O6paboTKy pesyJIbTaToB OCYLIECTBIISIN C TIOMOIIbIO KOMIIbIOTEPHO iporpammbl JMicroVision 1.2.7.

Pesyasratel. /[[ekctpan-60, ruppokcuaruiakpaxmaist 200,/0,5  130/0,42 in vitro TpUBOAAT K CHUYKEHHIO KO-
YyeCcTBa JKMPOBBIX TJ100YJ1 B KPOBU MOCTPAAABLINX C TSZKEJION COUETaHHOI TPaBMOIi IPONOPIMOHANBHO CTEIIEHH Pas-
BejeHust. MoauduuupoBanHblil skenaTu, nekcrpan-40, 5% pacrtBop aabbymuna u 1epdropan obsagaoT
BBIPAKEHHBIM JIOTIOJHUTEIBHBIM 9MYJIbIUPYIOIIMM AeiiCTBUEM Ha KUPOBbIe TJI00YJIbl. MaKkcHMaIbHbINA 9MYJIbIU-
pytomuii apdekt nomyuen npu gobasaeHnn B Kposb Ilepdropana.

3akmouenue. [ToryueHHble B 9KCIIEPUMEHTE JAHHbIE O BJIUSHUK 5% PacTBOPa albOyMUHA, MOAN(DUIIUPOBAHHOTO
sKeJTaTuHa, ekcrpana-40 u [lepdropata Ha KMPOBbIE TTI00YJIbl OTKPBIBAIOT HEPCIIEKTUBY /IS UX AabHENIIEro KJu-
HUYECKOTO MPUMEHEHNS /151 TPO(UIAKTUKN U JIeYEHNS 5KUPOBOI aMO0IMN.

Kantouesvte caoea: scuposast am00.1ust; duposvie 2100y.nvl; neppmopan; oexcmpan-40; dexmparn-60; moduduiu-
posanmwlil gceramum; arvoymun; zudpoxcusmunkpaxmar 200/0,5 u 130,/0,42

The purpose of the study is to assess in vitro the effect of colloidal blood substitutes on fat globules in the blood
of patients with severe polytrauma.

Materials and methods. Perftoran, 5% albumin solution, dextran-40, dextran-60, modified gelatin, hydroxyethyl
starches 200/0.5 and 130,/0.42 were added to the blood of 19 patients with severe polytrauma at ratios 1:20, 1:10, 1:5 and
1:3, respectively, which corresponded to the addition of 0.015 ml, 0.03 ml, 0.06 ml, 0.1 ml of the blood substitute under test
to 0.3 ml of blood in a tube. Microscopy of the samples with assessment of the number and area of fat globules was carried
out using a transmitted-light medical microvisor mVizo-101 (LOMO, Russia) 30 minutes after the blood and blood sub-
stitute exposure and subsequent staining with Sudan I'V. The findings were processed using JMicroVision 1.2.7 software.

Results. Dextran-60, hydroxyethyl starch 200,/0.5 and 130,/0.42 in vitro lead to a decrease in fat globules in the
blood of patients with severe polytrauma in proportion to the dilution degree. Modified gelatin, dextran-40, 5% al-
bumin solution and Perftoran have a significant additional emulsifying effect on the fat globules. The maximum
emulsifying effect was obtained after addition of Perftoran to the blood.

Conclusion. The experimental data on the effect of 5% albumin solution, modified gelatin, dextran-40, and
Perftoran on fat globules justify the prospect for their further clinical application for prevention and treatment of
fat embolism in an extended clinical trials.

Keywords: fat embolism; fat globules; Perftoran; dextran-40; dextran-60; modified gelatin; albumin; hydroxyethyl
starch 200/0.5 and 130,/0.42.
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SKCHepMMeHTaAbeIe MCCACAOBAHMA

BBenenne

JKuposas am6osns (JKO) kinHuueckoe cocros-
HUE, KOTOPOEe XapaKTepu3yercsl HapylieHneM (hyHK-
IIUU JIETKUX U [IEHTPATbHON HEPBHON CUCTEMbI BCJIE]T-
cTBUE  OOTypaluu  MHKPOCOCYAOB  KPYIHBIMU
rJ00yTaMu JKHUPa, HacTyTaollee IPEUMYIeCTBEHHO
HOCJIE TSKEJIBIX TPABM € TIePeJIOMaMI JTHHHBIX TPY6-
YaTBIX KOCTeN MM KocTel Tasa [ 1, 2], Ho, BcTpeuaeto-
Ieecst TakKe W IPH APYTuX 3aboseBanusx [3—5].

HecmoTpst Ha TOT (hakT, 4TO TIepBbIe YIIOMUHA-
HIISI O HAJIMYKY 5KUPA B KaIMJLISIPax JIETKUX TTOTHOTIIe-
ro OT TOPaKoabAOMUHAIBHOI TPaBMbI JaTHPYIOTCS
cepennnoit XIX Beka, BOIIPOC THOJIOTHH, TATOTEHE3a,
JIeYeHUs U TPOGUIAKTUKHI JKUPOBOH 9MOOIUH 10 CUX
1I0p ocTaeTcsl OTKPLIThIM [6]. BesencrBue toro, uro
TMIOKa eI1le OCTAETCST HEN3BECTHBIM OCHOBHOM UCTOUHUK
HOSIBJICHUSI B KPOBH JKUPOBBIX TJIOOYJI IIPU TAKETON
COYETAaHHOH TpaBMe, HaPsIy C MEXaHUYEeCKOU Teopueit
1o cepenuubl X X Beka OBLIO MPEITOKEHO HECKOTBKO
teopuii pazsuTus ;RI. OiHa U3 HUX CBA3BIBAET HAPY-
meHre CTabUIbHOCTH 9MYJIBCUN DHIOTEHHBIX JKUPOB
B KPOBH C PE3KUM H3MEHEHHEeM €€ KOJJIOUHOTO
COCTaBa, B TOM YKCJIE U 3 CUeT [oTepu anbOymuHa [7].

PesyibraThl KIMHUYECKOTO TIPUMEHEHNsT Y GOJTb-
HBIX C TSKEJION CoYeTaHHON TPaBMO C HEJbIO TPodu-
JarTrKY 7K TIIIOKOKOPTUKOCTEPOU/IOB, FeTIAPIHA, 9TH-
JIOBOTO CITMPTa, JIUITOCTA0W/Ia, SCCEHITHAE, TIPEIapaToB
JUIST TAPEHTEPATLHOTO MIUTAHUS C PA3BETBIEHHBIMU AMU-
HOKHUCJIOTaMH, JiekcTpana-40 1 Ipyrux npenapaToB He
JIATOT OJIHOZHAYHOTO OTBeTa 00 a(h(heKTax n MeXaHU3MaxX
JIeNiCTBYS TIPUMEHSIEMbIX TIPETTapaToB Ha JKUPOBBIE TJI0-
Gyt [8—11]. [ToaToMy 10 CHX TTOP HET YETKUX PEKOMEH-
JIATA 110 JIEKAPCTBEHHON Teparnny 1 TPOMIIAKTHKA
K9 [12]. Undysuonnble mpernapaTsl IMUPOKO MTPIMe-
HSTIOTCS HA JIOTOCTTUTAJILHOM W PAHHEM TOCTTUTATIbHOM
JTarax OKa3aHUsl MOMOIIU TOCTPAIABIINM C TSIKEJIOM
coueTaHHOI TpaBMOIL. ITpu BEIOOPE MH(Y3HOHHOTO KOJI-
JIOWTHOTO TIperapara JIJisi KOPPEKIINHT TITOBOJIEMUH ITPU
TPaBMaTHUYECKOM IITOKE BPAYX B TIEPBYIO OUEPEb OPH-
€HTHUPOBAHBI HA OHKOTHYECKHE XapaKTEPUCTUKN KPOBe-
3aMEHUTEJIST, €TO BIHSHIE Ha CHCTEMY TeMOCTa3a U JKI3-
HEHHO BasKHbIe OpraHbl (€3 ydera BOBJEHCTBUS Ha
[UPKYJIUPYIOIIHe KUpoBbie T100yJibl [ 13]. Panee Hamu
OBLJIO IPOBEICHO MUIOTHOE 9KCIIEPUMEHTAIBHOE HCCIIe-
posanue sausHus 0,9% pacrsopa NaCl, moguduimpo-
BAHHOTO JKeJIATHHA, 6% PacTBOpa r’MPOKCUITUIIKPAXMA-
sa 130/0,42, nexcrpana 40 n nexcrpana 60 Ha JKUpOBbIe
106y BT B cOOTHOTIEHMN 1M KpoBH : 0,5 MIT riccienye-
Moro kpoBe3amenuTesist [ 14]. [Tosryuennsle pe3yasraTh
MOCTTY;KUJIA OCHOBAHUEM [IJISI JIETATBHOTO U3YYeHUsT
BIIMSTHUS KOJUTOM/THBIX KPOBE3aMEHUTEJIeiH Ha JKUPOBbIE
r7100YJIbl B COOTHOIIEHUSX, TO3BOJISIOIINX TPUMEHSITh
HCCTelyeMble PACTBOPBI B KJIMHUKE 0€3 MTPEeBbIIIeHIs
IIpe/iesIbHON CyTOUHOM JI03UPOBKU.

[lenb nuccieioBaHUsT — OIEHUTH BIAUSHUE KOJI-
JIOUTHBIX KPOBE3aMEHUTEIEH Ha JKIUPOBBIE TTI00YJIBI B
KPOBU MOCTPAJABITUX C TSKEJION COUETAaHHOM TpaB-
MO1 in vitro.

Introduction

Fat embolism (FE) syndrome is a clinical condi-
tion characterized by impaired lung and central nerv-
ous system functions due to obturation of microvessels
by large fat globules; it develops mainly after severe
injuries with fractures of long tubular bones or pelvic
bones [1, 2], but also develops in other diseases and
conditions [3-5].

Despite the fact that the first mentioning of the
presence of fat in the lung capillaries of the deceased
from thoracoabdominal trauma dates back to the mid-
dle of the XIX century, the question of etiology, patho-
genesis, treatment and prevention of fat embolism still
remains open [6]. Since the main source of fat globules
in the blood after severe polytrauma is still unknown,
several concepts of the FE have been proposed by the
middle of the XX century in addition to the mechan-
ical theory. One of them links the instability of the
emulsion of endogenous blood fats with a sharp
change in its colloidal composition, including that due
to the loss of albumin [7].

Results of the clinical use of glucocorticos-
teroids, heparin, ethanol, Lipostabil, Essentiale, drugs
for parenteral nutrition with branched-chain amino
acids, dextran-40 and other drugs in patients with se-
vere polytrauma for prevention of FE did not provide
a clear answer about their effects and mechanisms of
action on fat globules [8—11]. Therefore, there are still
no clear recommendations on the drug treatment and
prevention of FE [12]. Infusion drugs are widely used
at prehospital and early hospital stages of care for pa-
tients with severe polytrauma. When choosing an in-
fusion colloidal drug to correct hypovolemia in
traumatic shock, doctors are primarily focused on the
oncotic characteristics of the blood substitute, its ef-
fect on the hemostatic system and vital organs without
taking into account the impact on circulating fat glob-
ules [13]. Previously, we conducted a pilot experimen-
tal study of the effect of 0.9% NaCl solution, modified
gelatin, 6% hydroxyethyl starch solution 130/0.42,
dextran-40 and dextran-60 on fat globules at a ratio of
1ml of blood: 0.5 ml of the blood substitute under test
[14]. The obtained results became the basis for a de-
tailed study of the effect of colloidal blood substitutes
on fat globules at ratios that allow the use of the tested
solutions in the clinical practice without exceeding
the maximum daily dosage.

The purpose of the study is to assess in vitro the
effect of colloidal blood substitutes on fat globules in
the blood of patients with severe polytrauma.

Materials and Methods

A prospective, randomized, limited clinical study was
conducted on 665 specimens obtained from the blood of 19
patients with severe polytrauma. A day after the trauma, 15
ml of blood was sampled from the central vein into vacuum
BD Vacutainer tubes (Becton Dickinsonand Company,
USA) with 3.2% sodium citrate. 7 series of 7 tubes was
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Marepuan u MeTo/Ibl

ITpocieKTUBHOE PAHIOMU3UPOBAHHOE UCCIEI0OBAHNE
mpoBes Ha 665 TpenapaTax, moIyd4eHHbIX u3 Kposu 19 mo-
CTPAJIaBIINX C TSKEJIOHN coueTaHHOI TpaBMoii. Hepes cyTku
ocJjie TpaBMbl KPOBb B KosinuectBe 15 mui 3abupanu u3
[eHTPaJIbHOIT BEHBI B BakyyMHble Tpobupku BD Vacutainer
(Becton Dickinsonand Company, CIIIA) ¢ 3,2 % uurparom
Harpust. Beuio copmuposano 7 cepuii o 7 npoOUpOK, B
KaKAyIo U3 KOTOpbIX A00aBastan 1mo 0,3 M kposu. B 1-ii
cepuu B KPOBb 100aBJIsiu penapar MoAu(hUIuPOBaHHOTO
skemaruna («lenodysuny», B.Braun, lepmanus), Bo 2-it
cepun — npenapar gexkcrpana-40 («/lexcrpan 40», «Ucr-
dbapm», Poccus), B 3-ii cepun — npernapat gekcrpana-60
(«Ilonurmoxkuny, «buoxumuk», Poccus), B 4-it cepun —
npemapat 6% ruapokcusTuikpaxmaia (IFOK) 130/0,42
(«Benodyumuuy», B.Braun, lemanus), B 5-it cepuut — Tpe-
mapar 6% I'9K 200/0,5 («Temoxec», B.Braun, Tepmanust), B
6-ii cepuu — 5% pactBop anbOymuta («Mukporesns, Poc-
cust), B 7-it cepun — niepdropan (HITD «Ilepdropams», Poc-
cust). B ka 100l cepun B KPOBb J0OABJISIIA UCCIIELyEMbIe
TIpemapaThl B ciaeayomux coornormennsix: 1:20,1:10, 1:5, 1:3,
4TO COOTBETCTBOBAMO H0OaBaeHUIO K 0,3 MJI KPOBU B IIPO-
6upke 0,015 mi, 0,03 mit, 0,06 mir, 0,1 M1 U3yUaeMoro Kpo-
Be3aMenuTessa. [Ipemapat m KPOBDb MEPEMENTUBAIN MYTEM
MATUKPATHOTO [IEPEBOPAUYUBAHUS TIPOOUPKU. DKCIIO3UIIKS
KPOBHU U BBEJIEHHOTO Mperapara B mpoOupke cocrassiaa 30
MmunyT. ITocse atoro kpoBsb B Teuenne 10 MunyT renTpudy-
rupoBasu 1pu 2 Teic. 060porax. 13 caMoro moBepxXHOCTHOTO
CJI0sI MUKPOIHMIIETKO# 3a6upanu 50 MKJI T/1a3Mbl 11 BHOCUJIN
ee B 1pobupky ¢ 50 Mk kpacuresnst cyaan V. ITpoBoauiu
CMEIINBaHUE IJIa3Mbl 1 KPACUTEJIA TPEXKPATHBIM II€PEBO-
paunBaHueM 11pobupku. Yepes 1 MUHYTY U3 TOJTyYEHHOI
cMecu 3abupasu 10 MKJI, HAHOCHJIN Ha MPEAMETHOE CTEKJIO
U UCCIIEIOBANIN TIPETApaT MOl MUKPOCKOTIOM B JIyY€ JHEB-
noro cgeta. [Ipn yBesmuenuu B 100 pa3 1aHHOE KOJINYECTBO
npenapara obpasyer B cpeaHeM 16 noseii spenus. st Muk-
POCKOTINYECKOTO MCCIE0BAHIIS TIPOBOIIIHN TIH(HPOBOE MUK-
podororpadupoBanrie BCexX MOJeH 3PeHUs € MOMOIILIO
MUKPOBHU30pa MeIUIIMHCKOTO IIPOXO/sIero csera mVizo-
101 (JIOMO, Poccust) ¢ 06paboTKOil Pe3yJIbraToB ¢ IIOMO-
1[I0 KOMITBIOTEPHOIT 1TporpaMmbt J MicroVision 1.2.7.

ITpoBoAM/IN TIOACYET BCEX SKUPOBBIX 100y paszme-
pom Gostee 1 MkM, auddepeHIMPOBAHHbIIA T0/ICUET rI00YJI
pasmepom 1—7 mim, 8—20 MM, 21—-50 MM u Gostee 50 MKM.
OTe/bHO TIPOBOIMIIN MOCYET 3MOOJNOOMACHBIX TI00YI
pasmepom Oosiee 7 MKM, & TAKKe CyMMapHOU MLJIOMIA/N KU~
POBBIX 71001 pazmepom Gosiee 1 MKM.

Craructiyeckyro 06paboTKY TIOJyYEHHBIX Pe3yJIbra-
TOB TIPOBOJMJIK C TIOMOIIbIO rporpamm Microsoft Exel u
Statistica 6.0 mo kpuTepusM HelrapaMeTpUUECKOil CTaTH-
CTUKU, UCTOJIB3YsT KpuTepuil cpaBHenus [llanupo Yumka.
Pa3uuily canrtasu craTuctudecku 3nadnmoit mpu p<0,05.

PesyubraTsl 1 00Cy KI1€HIE

[TpoBeeHHbIE UCCIEI0BAHNS TIOKA3JIN, YTO TIPU
J00aBIEHUN B KPOBb OOJILHBIX IIPENAPaTOB AEKCTPAH-
60, '9K 200/0,5 u I'OK 130/0,42 Tponcxoamio CHI-
JKeHHUEe KOJIMYECTBa JKUPOBBIX TJI00YJI TOJBKO POIIOP-
[MOHAJIBHO BO3HUKaOMIeH reMoauroriuu (tabsr. 1).

ClreioBatesibHO, MOKHO CJI€IATh BHIBOJ 00 OTCYT-
CTBHH JIOTIOJTHUTENHLHOTO dMYJIBTUPYIOIIETO BJIUSTHUST
ATHUX MPENApPaToB HA JKUPOBYIO TJIOOYJIEMUIO U TIep-
CTIEKTHMB WX TeJIEHATIPABICHHOTO UCTIOJTBb30BAHUS JIJIST

formed; 0.3 ml of blood was added to each of them. In the 1%
series, a modified gelatin preparation was added to blood
(«Gelofusine», B. Braun, Germany); in the 2" series, dex-
tran-40 («Dextran 40», «East Pharm», Russia); in the 3rd
series, a dextran-60 preparation («Polyglucin», «Biokhimiks,
Russia); in the 4 series, 6% hydroxyethyl starch (HES)
130/0.42 («Venofundin», B. Braun, Germany); in the 5 se-
ries, 6% HES 200/0.5 («<Hemohes», B. Braun, Germany); in
the 6th series, 5% albumin solution («Microgen», Russia);
and in the 7t series, Perftoran was added (NPF «Perftoran»,
Russia). In each series, the drugs under test were added to
the blood at the following ratios: 1:20, 1:10, 1:5 and 1:3, re-
spectively, which corresponded to the addition of 0.015 ml,
0.03 ml, 0.06 ml, 0.1 ml of the blood substitute under test to
0.3 ml of blood in a tube. The drug and blood were mixed by
a five-fold inversion of the tube. The exposure of blood and
the introduced drug in the test tube was 30 minutes. After
that, the blood was centrifuged for 10 minutes at 2 thousand
rpm. 50 pl of plasma was taken from the surface layer with a
micropipette and introduced into a test tube with 50 pl of
Sudan IV. The plasma was mixed with the stain by a three-
fold inversion of the tube. 10 ul of the obtained mixture was
taken in a minute, then it was applied onto a slide, and the
specimen was examined by a microscope in a beam of day-
light. This amount of the drug forms an average of 16 fields
of vision at the 100-fold magnification. Digital microphotog-
raphy of all fields of vision was carried out for microscopic
examination using a medical transmitted-light microvisor
mVizo-101 (LOMO, Russia) with subsequent processing of
the findings using JMicroVision 1.2.7 software.

All fat globules larger than 1 pm were counted; dif-
ferential count of globules with a size of 1-7 pm, 8-20 um,
21-50 pm and 50 um was carried out. Globules with em-
bolic potential larger than 7 pm and the total area of fat
globules larger than 1 pm were calculated separately.

The statistical processing of the findings was per-
formed by means of Microsoft Excel and Statistica 6.0 soft-
ware by non-parametric statistics criteria using Shapiro
Wilk test. Differences were considered to be statistically sig-
nificant at P<0.05.

Results and Discussion

Studies have shown that the addition of dextran-
60, HES 200,/0.5 and HES 130,/0.42 to patient's blood
resulted in a decrease in the number of fat globules
only in proportion to the hemodilution (table ).

Therefore, it can be concluded that there is no
additional emulsifying effect of these drugs on fat
globulemia and there are no prospects of their targeted
use for the prevention and treatment of fat embolism
in severe polytrauma, because the daily dosage of these
drugs permitted in the clinic is less than the ratio of
1:3 studied in the experiment.

After in vitro addition of modified gelatin, dex-
tran-40 and 5% albumin solution to the blood, we ob-
served approximately the same effect on reduction of
the number of large globules larger than 50 um and 21-
50 um. A decrease in the number of globules larger
than 50 pm after introduction of modified gelatin to
the blood at a ratio of 1: 3 was equal to 79%, after ad-
dition of dextran-40 and 5% albumin solution it was
85.7% and 79.7%, respectively. At that, the number of
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Bimsinne undy3uoHHBIX CpeJl Ha COCTOSIHUE KUPOBbIX III00YI in vitro.

The effect of infusion media on the state of fat globules in vitro.

Series Infusion drug

Values of parameters

Baseline Infusion drug:blood ratio
1:20 1:10 1:5 1:3

The number of globules larger than 1 pm in the sample, pcs.
1 Modified gelatin 105.6£11.6 111.3+14.5347 116.7£10.5%47 149.8+16.8%3457 183.2+20.2%v
2 Dextran-40 104.7£10.5 116.4+14.0°%7 123.0+11.1#3457 151.0£18.1*3457 179.8+18.0%3457
3 Dextran-60 106.5+7.5 101.2+10.11267 95.9+8.6*1267 85.2+8.5%1267 74.6%5.2%1267
4 HES 130/0.42 102.8+13.4 97.7+12.71%67 92.5+8.3%1267 82.2+1(.7%1267 72.0+9.4%1267
5 HES 200/0.5 103.8£12.5 98.6+7.91267 93.4+8.41267 83.0+6.6%1267 72.7+8.7%1267
6 5% albumin solution 106.8+13.9 110.7+13.33%7 119.8+10.25457 141.3£17.0%367 155.8+2(.3%3457
7 Perftoran 103.1+13.4 190.5£17.1%123456  27().3+24.3%123156 471542 .4%123156 605.2+£78.7%123456

The number of globules larger than 50 pm in the sample, pcs.
1 Modified gelatin 11.4+1.1 9.9+1.2#3457 8.4%0.8*347 4.8+0.6%3% 2.440.2#36
2 Dextran-40 12.9+0.9 10.5+1.1%3457 9.0+0.8%3457 5.1£0.5%315 2.1+0.1%34
3 Dextran-60 12.6+1.6 12.0+£1.41267 11.3£1.01267 10.1+£1.3%1267 8.8+1.1%1267
4 HES 130/0.42 13.1£1.6 12.4+1.01267 11.8+1.11267 10.5+0.8*1267 9.2+1,1%1267
5 HES 200/0.5 11.4+1.5 10.8+1.31267 10.3£0.91%67 9.1+1.1%1267 8.0+0.8%1267
6 5% albumin solution 12.3+1.6 10.7+1.0%347 9.1+0.8*3457 4.9+0.4%365 2.5+(.3%345
7 Perftoran 11.5%1.3 5.1£0.7%123456 1.3+0.1#123456 — —

The number of 21-50 um globules in the sample, pcs.
1 Modified gelatin 14.3%£1.0 12.8+1.3347 11.3+1.0%347 6.5£0.6%3457 3.1£0.2%3457
2 Dextran-40 14.9+1.9 13.4+1.7°457 11.9+1.1#3457 7.5%1.3*%367 4.,3+1,1%34657
3 Dextran-60 15.7+1.8 14.9+1.21267 14.1+1.31%67 12.6£1.0%1267 11.0£1.3%1267
4 HES 130/0.42 15.4%2.0 14.6+1.81267 13.9+1.2%1267 12.3+1.5%1267 10.8+£1.4%1267
5 HES 200/0.5 15.9+2.1 15.1£1.41267 14.3+1.3%1267 12.7+1.1%1267 11 1£1.4%1267
6 5% albumin solution 15.2+1.7 13.7+1.8%47 10.9+1.1#3457 7.7£1.0%3457 4.5£().4%3457
7 Perftoran 14.4+1.4 10.141.2%123456 4.5+().4%123456 1.7+0.2%123456 0.540.1%123456
The number of 8—20 um globules in the sample, pcs.
1 Modified gelatin 25.6+3.3 24.5+3.2* 23.4+2.1% 21.2+2.8* 19.0+2.5*
2 Dextran-40 25.9+3.1 24.5+2.0* 23.1+2.1* 20.3+1.6* 17.5+2.1*
3 Dextran-60 26.1+3.4 24.8+3.0* 23.5+2.1* 20.9+2.5* 18.3+2.4*
4 HES 130/0.42 26.4+3.4 25.1+2.3* 23.8+2.1%* 21.1+1.9* 18.5+2.4*
5 HES 200/0.5 26.8+2.9 25.5+3.3* 24.1+2.2% 21.4+2.8% 18.8+2.1*
6 5% albumin solution 27.1+2.8 26.0+3.1* 24.9+2.2% 22.7+2.7* 20.5+2.1*
7 Perftoran 25.7+2.8 35.0+3.5%123456 41.4+3.7%123156 22.1+2.2% 15.2+1.1%123456
The number of 1-7 um globules in the sample, pcs.

1 Modified gelatin 54.3+6.5 64.1+5.1%3457 73.6£6.6*3157 117.3£9.4*3457 158.7+19.0%3457
2 Dextran-40 51.0£6.6 68.0+8.2%3157 79.0+7.1%3457 118.1+14.2%3457 155.9417.1%3457
3 Dextran-60 52.1%£6.8 49.5+4.5%1267 46.9+4.2%1267 41.7+3.8%1267 36.5+4.7%1267
4 HES 130/0.42 47.9%5.3 45.5+5.9%1267 43.13.9%1267 38.3+5.0%1267 33.543.3*1267
5 HES 200/0.5 49.7£5.0 47.2+5.7%1267 44.7+4.0%1267 39.8+4.8%1267 34.8+3.4%1267
6 5% albumin solution 52.2+3.9 60.3£6.0%3457 79.6£6.2%3457 106.0£10.1*3457 128.3+10.0*3457
7 Perftoran 51.5%6.7 124.3£16.2%123456 190,517 1*123456 417 3+54.2%123456 573 7+74,6%123456

The number of globules larger than 7 um in the sample, pcs.
1 Modified gelatin 51.3£6.7 47.2+5.7 43.1£3.9%3%5 32.5+3.9%3457 24.5+3,2%3457
2 Dextran-40 53.7£7.0 48.4+4.4 44.0%4,0%345 32.9+3.0*367 23.943.1#3657
3 Dextran-60 54.4%6.0 51.7+6.7 49.0+4.8*1267 43.5+5.7%1267 38.1+4.0%1267
4 HES 130/0.42 54.9£5.5 52.2%6.3 49.4+4.6%1267 43.9+5.3%1267 38.4+3.8%1267
5 HES 200/0.5 54.1£3.8 51.4%5.1 48.7+4.5%1267 43.3+4,3%1267 37.7+3.7%1267
6 5% albumin solution 54.6£7.1 50.4%6.6 42.4%5.5%34 35.3%4.6%3457 27.5%2.9%3457
7 Perftoran 51.6+6.2 50.2%4.0 38.4+4.6%1234 23.8+1.9%123456 15.7+1.9*123456

Note. * — statistical significance in relation to the baseline; 1234567 — statistical significance in relation to the corresponding experimental

series at the same study stages.

Ipumeuanue. [{is Tabi. u puc.: Series — cepuu; Infusion drug — undysuonusiii npenapat; Baseline — ncxoanpie snauenust; blood —
KpOBb; ratio — coornomenue; Values of parameters — snauenus napamerpos; The number of globules ... in the sample, pcs. — komyectso
r100yJ1 pa3MepoM ... B ipenapare, mrt.; larger than — 6osee yem; Modified gelatin — moguduinposanHblii skenaTuH. * — crarucTHUeCKast
3HAYUMOCTDH OTHOCUTEILHO UCXOAHOTO COCTOsIHUSE; 1234987 — craTtueTuyeckas 3HaYNMOCTD OTHOCUTEILHO COOTBETCTBYIONIEH cepun aKe-

TiepuMenTa Ha O/IMHAKOBBIX dTallaX NCCJIeI0OBaHNA.

NpOGUIAKTUKI U JIeYeHUs KUPOBOi aMOOJUK TIPU
TSIKEJION COUeTaHHOM TpaBMe, TaK Kak pa3pelieHHbIe B
KJIMHUKE CyTOYHbIE I03UPOBKU HTUX ITPEMNAPATOB MEHb-
11Ie U3y4aeMoro cootHolenust 1:3 B akcriepruMenTe.
[Ipu goGaBieHuu in vitro B KpOBb IIperapara
MOZM(UITTPOBAHHOTO JKeJIaTHHA, AeKcTpana-40 5%

globules larger than 1 um increased by 73.5%, 71.7%
and 45.9%, respectively. The growth in the number of
globules was due to an increase in the number of small
globules ranging in size from 1 to 7 pm, which confirms
the emulsifying effect of the studied drugs. The number
of globules with embolic potential larger than 7 um de-
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Experimental Studies

pacTBopa aibOyMUHA HAMU OTMEYEHO IIPUMEPHO O/TH-
HAKOBOE BJIUSTHUE HA CHIDKEHIE KOJIMIeCTBA KPYITHBIX
rio6y pasmepom 6osiee 50 MM u 21-50 mxM. Ilpu
BBeJIEHUU ITperapata MoIupUIITPOBAHHOTO XKeJIaTHHA
B KPOBb B COOTHOIIIEHNN 1:3 CHUKEHUE KOJIMYeCTBA
rio6ya pasmepom Gosee 50 MKM coctaBusio 79%,
nekcrpana-40 — 85,7 u 5% pactBopa anbOymMuHa —
79,7%. IIpu aToM KoJimuecTBO o6y pazmepom Hosiee
1 MKM yBesnuuioch Ha 73,5, 71,7 u 45,9% coorBer-
crBerHo. Poct uwnciia rioyst mpousoiies 3a cuet yBe-
JIMYEHMST KOJIMYECTBA MEJIKUX TJI06YJI pasMepom ot 1
[0 7 MKM, 4TO TIOATBEPIKAAET IMYJIbTUPYIOIIEee Jeii-
CTBUE U3y4YaeMbIX rperapaToB. KomdyecTBo noTeHim-
anbHO HMO0JI00TACHBIX 00y pazmepom Gosee 7
MKM ITPU 06ABICHUN MOAUDUITMPOBAHHOTO JKEIATH-
Ha B KPOBb B COOTHOIIEHWU 1:3 yMEHBIINJIOCh HA
52,3%, nekcrpana-40 — Ha 55,5 1 5% pacTBopa anb0y-
MuHa — Ha 49,7%. YuuTbiBasi, 4TO IpU H0OABIECHUN B
KPOBb IIpenapara MoAudUIIMPOBAHHOIO KeJaTHHA
o6Imast cyMMapHast M0 b JKUPOBBIX TI00YJI pa3me-
pom OoJiee 7 MKM B TIpeliapate CHU3UJIACH Ha 75,3%,
MOJKHO YTBEPIK/ATh, YTO KOJUYECTBO IMOOTIO0NACHO-
r0 JKHpa B KPOBU YMEHBIIMJIOCH COOTBETCTBEHHO
noJydeHHOMY pe3yJibraty. CXOMHYIO IUHAMUKY TI0JTY-
YU TIpU 06aBJIEHUY B KPOBb JAekcTpaHa-40 u 5%
pacTBopa aIbOyMHUHA.

OcHoBHOE JieficTBIE HA JKUPOBbIE IJI0OYJIBI TIpe-
napaTta MoaubUIINPOBAHHOTO JKeJIATUHA, IeKCTPaHa-
40 1 5% pactBopa anbOyMUHA BO3MOXKHO OCHOBAHO Ha
CBSI3BIBAHUY JOMEHAMU JKEJIATUHA, JI€KCTPAHA U aJTh-
GymMuHa CBOOOAHBIX JKMPHBIX KUCJOT, BXOJAINNX B
COCTaB JKUPOBBIX TJI00YJI U YYACTBYIOIIUX B CIUSTHUN
00y ¢ yBenndyeHueM ux pasmepa [15]. AnbOyMun
YYaCTBYIOT B MUIIEJIIPHOM KaTaJIn3€e Ba30AKTUBHBIX
dhopm okcua azora. Karamurnueckast cmocoOHOCTh
abOYMUHA TIPU CBSI3BIBAHMU CO CBOOOHBIMU KU PHBI-
MU KUCJIOTAaMU CHUKAeTcs1. B pesysibraTe 9TOro yMeHb-
IIAETCST KOJMYECTBO HU3KOMOJIEKYISIPHBIX S-HUTPO30-
THOJIOB, YTO MOJKET TPUBOJAUTH K YCYrybIeHUIo
HapyIleHnit MUKPOIIMPKYJIAIuu B Kiannuke [16, 17].

IIpu pobasaennu in vitro Ilepdropana B KpoBb
B cOOTHOIIeHNH 1:3 HAMM OTMEYeHO CHUIKEHUE KOJIH-
yecTBa 7100y pasmMepoM Oostee 7 MxM Ha 69,6%. [Tpu
cootHotenuu 1:10 KOIUYECTBO KPYITHBIX TI00YJI pas-
MepoM Bosiee 50 MKM yMEHBIIIOCh Ha 88,5%, a 1pu
YBEJIUYEHUH COOTHOIIEHS TTPENapaT:KpoBb — Hanbo-
Jiee OTacHble B OTHOIIEHUU 9MOOJIIH aPTEPUOJ CUCTE-
MBI MUKDPOIUPKYJISIIIUN KPYITHbIE TI00YJIbI HE OIpe-
JIeJISLTCh. DMyJibrupyioiiee jgeiictBue [lepdropana
Ha JKUPOBbBIE TJIOOYJIBI i Vitro MHOTOKPATHO MTPEBHI-
CUJIO TaKoBOe y Tpenapara MOAUGUINPOBAHHOTO
JKeaTuHa, iekcTpaHa-40 1 5% pacTBopa anbdyMuHa.
KosmuaectBo o6yt pasmepom Gosiee 1 MKM yBeTnum-
Jioch B 2,6 pasa 3a cueT MpOIOPIUOHAIBHOTO CHIKE-
HUST KOJIMYeCTBa TJI00YJI pazMepoM GoJiee 7 MKM, C
peskuM yBesmdeHueM o6y pasmepom ot 1 10 7
MKM. CHUKeHUE CyMMapHOI IO 1 KPYITHBIX IJI0-
Gy ocaie obasyenust [lepdropaHa B KpoBb B COOT-
HomreHuu 1:10 ObLIO COMOCTABUMO C Pe3yJIbTaTaMuy,

creased by 52.3% after addition of modified gelatin to
the blood at a ratio of 1:3, by 55.5% after addition of
dextran-40 and by 49.7% after 5% albumin solution.
Since the total area of fat globules larger than 7 um in
the specimen decreased by 75.3 % after addition of
modified gelatin to the blood, it can be concluded that
the number fat with the embolic potential in the blood
decreased in accordance with the obtained result. Sim-
ilar dynamics was obtained after adding dextran-40
and 5% albumin solution to the blood.

The main effect of modified gelatin, dextran-40
and 5% albumin solution on fat globules is possibly
based on the binding of free fatty acids (that are part
of the fat globules and involved in merging of globules
with a subsequent increase in their size) by gelatin,
dextran and albumin domains [15]. Albumin is in-
volved in the micellar catalysis of vasoactive forms of
nitric oxide. The catalytic ability of albumin is re-
duced while binding to free fatty acids. As a result, the
amount of low molecular weight S-nitrosothiols de-
creases that can worsen microcirculatory disorders in
the clinical practice [16, 17].

When Perftoran is in vitro added to the blood at
a ratio of 1: 3, we observed a 69.6% decrease in the
number of globules larger than 7 pm. At a ratio of 1:10,
the number of large globules larger than 50 um de-
creased by 88.5%; and with an increase in the
drug:blood ratio, large globules which were the most
dangerous ones for the embolism of the arterioles of
the microcirculation system were not determined. The
emulsifying effect of Perftorane on fat globules in vitro
exceeded that of modified gelatin, dextran-40, and 5%
albumin solution manyfold. The number of globules
larger than 1 pm increased 2.6-fold due to a propor-
tional decrease in the number of globules larger than
7 um, with a sharp increase in globules ranging in size
from 1 to 7 um. The decrease in the total area of large
globules after the addition of Perftoran to the blood
at a ratio of 1:10 was comparable to the results ob-
tained with the introduction of modified gelatin, dex-
tran-40 and 5% albumin solution in the blood at a
ratio of 1:3.

The effect of colloidal preparations on the total
area off fat globules is presented in the figure.

A significantly more pronounced emulsifying ef-
fect of Perftoran found in the study can be associated
not only with the binding of free fatty acids, but also
with the presence of the superficially active substance
proxanol-286 in the drug forrmulation [18]. In addi-
tion to the basic oxygen-transport properties of per-
fluorocarbon compounds, their corrective action on
RBC membranes is known, thus preventing the devel-
opment of the hypercoagulation phase of DIC syn-
drome [19, 20]. The reduction of the total area of fat
globules after addition of modified gelatin, dextran-
40, 5% albumin solution, and especially of Perftoran
is a direct evidence of the reduction of the amount of
fat with embolic potential in the blood, despite the in-
crease in the number of globules larger than 1 pm.
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Bumsinue KOJUIOMHBIX IPENapaToB HA CYMMAPHYIO IUIONIA/b }KUPOBBIX [100YJI B Ipenapare, MKM2.
The effect of colloidal preparations on the total area off fat globules in a sample, um?.
Note. * — statistical significance in relation to the baseline; 1234567 — statistical significance in relation to the corresponding experimental

series at the same study stages.

ITpumeuanue. Total area of fat globules, pm? — cymmapnast moma/b KUPOBLIX T100YII, MKM2 * — CTaTHCTHYECKast 3HAYUMOCTD OTHOCH-
TEJIbHO NCXOIHOTO COCTOSAHUS; 124567 — craTncTryeckas 3Ha4MMOCTH OTHOCUTEBHO COOTBETCTBYIONIEH CepUM HKCIIEPUMEHTA Ha OITHAKO-

BBIX 9TallaX NCCJIeI0BaHmsd.

MOJIYYEeHHBIMY TIPU BBEJEHUH MOIUMDUIIIPOBAHHOTO
JKeaTHa, JekcTpana-40 u 5% pacTBopa aqnbOyMuHa
B KPOBb B cooTHOIIIeHNN 1:3.

BiusiHue KOJTOMIHBIX TIPEIIapaToB HA CyMMap-
HYIO TJIOTIA/b JKUPOBBIX TI00YJI B TIpernapare mpe/-
CTaBJIEHO HA PUCYHKE.

O6HapyKeHHBII 10CTOBEPHO GoJiee BhIPAsKEH-
HbII amysibrupyionuii addexr IlepdTopana moxker
GBITH CBSI3AH HE TOJBKO CO CBSI3BIBAHUEM CBOOOHBIX
SKUPHBIX KUCJIOT, HO ¥ C HAJTMYUEM B COCTaBe Ipera-
para mOBEPXHOCTHO AKTUBHOTO BETIECTBA TPOKCAHOJI-
286 [18]. [lToMrMMO OCHOBHBIX KHCJIOPOHOTPAHCIIOPT-
HBIX CBOWCTB Tep(hTOPYTIEPOJHBIX COEIUHEHUN
M3BECTHO WX KOPPUTUPYIOIIEe JAeHCTBIE Ha MEMOPAHbI
IPUTPOIIUTOB, TIPETIITCTBYIONIEE PA3BUTUIO THIIEPKOA-
ryastitnonHoit daswt JIBC-cunapoma [19, 20]. Ymenn-
HeHrue CyMMapHOT TIIOMIAN JKUPOBBIX TIOOYJI TIPH
nobaBIeHNH TIpernapata MOANMUIIMPOBAHHOTO JKeJa-
THHA, JekcTpana-40, 5% pacTBopa arb0yMUHa U 0CO-
6enno Ilepdropana siBsIeTCS] PSIMBIM CBU/ICTEIb-
CTBOM YMEHBIIEHUS KOJMYECTBA ITOTEHIIMAIBHO
MO0JI00TIACHOTO JKUPA B KPOBHU, HECMOTPSI Ha yBe-
JIMYEHIE KOJMYECTBA III06yT pazmepoM Gosee 1 MKM.
B nporuoctudeckoM TIaHe AaHHAS CUTYAIUST IOTEH-
[MATEHO HAMHOTO GJIATOTTPUATHEE /7SI TOCTPAIABIIIX

From the prognostic point of view, this situation is po-
tentially much more favorable for patients with severe
polytrauma and other conditions dangerous for the
development of fat embolism. When using colloidal
drugs for the prevention and treatment of fat em-
bolism, it is necessary to take into account not only
the possibility of their potential impact on fat globules,
but also the impact on systemic hemodynamics, hemo-
stasis, organ dysfunction and the maximum permitted
dosage of blood substitutes in the clinical practice.

Conclusion

Dextran-60, hydroxyethyl starch 200/0.5 and
130/0.42 in vitro lead to a decrease in fat globules in
the blood of patients with severe polytrauma in pro-
portion to the dilution degree. Modified gelatin, dex-
tran-40, 5% albumin solution and Perftpran have a
pronounced additional emulsifying effect on the fat
globules. Addition of 5% albumin solution, modified
gelatin and dextran-40 to the blood at a ratio of 1: 3
leads to a decrease in the number of fat globules with
embolic potential larger than 7 pm by 52.3%, 55.5%
and 49.7%, respectively, which opens up prospects for
the use of these colloidal blood substitutes for the
early prevention of fat embolism in patients with se-
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Experimental Studies

C TSXKeJION cOueTaHHOIN TPaBMOU U IPYTUMU COCTOS-
HUAMM, OITACHBIMU B OTHOLIEHUM Pa3BUTHS *KMUPOBOI
ambosuu. TIpu UCTIOMB30BAHUT KOJUIOUIHBIX TIPEra-
paToB I TIPEAYIPEXKACHUS U JIeYeHUS] KUPOBOM
aMO0JIN HEOOXOMMO YUUTBIBATH HE TOJILKO BO3MOJK-
HOCTD UX ITOTEHIINAJIbHOTO BO3/IeHCTBUS HA JKUPOBbIE
17100y JIbl, HO ¥ BO3JIEHCTBIE HA CUCTEMHYIO FeMO/IU-
HAMUKY, TeMOCTa3, OPraHHyI0 AUC(hYHKIIUIO U MAKCH-
MaJIbHO paspelieHHble B KINHUKE J03UPOBKU KPOBe-
3aMeHuTesel.

3akiaoyeHue

[Tpenaparst gexcrpan-60, TOK 200/0,5 u TOK
130/0,42 in vitro NTPpUBOAAT K CHUKEHUIO KOJUYECTBA
JKMPOBBIX TJI00YJI B KPOBU TIOCTPAJIABIIIX C TSIKETON
COYETAHHON TPABMOM TIPOITOPITMOHAJIBHO CTETICHH Pa3-
Beztenus. MomnduinpoBaHHbIi )KeJaThH, ieKcTpaH-40,
5% pacTBop anbOyMuHa 1 iephTopan 06IaAI0T BbIpa-
SKEHHBIM JIOTIOJTHUTEJIbHBIM AMYJIbIUPYIONTNM IeHCTBU-
eM Ha KUpOBbIe TI00YIbL. [lobaBierue 5% pacTBopa
anbOyMUHA, MOAU(DUITUPOBAHHOTO JKeJaTHHA U JICKC-
Tpana-40 B KpoBb B cooTHOIIeHUU 1:3 IpUBOAUT K CHU-
JKEHUIO KOJIMYECTBA MOTEHIIUATBHO 9MOOJIOMACHBIX
JKUPOBBIX TI06YJ pasMepoM Gojiee 7 MKM COOTBET-
crBeHHo Ha 52,3, 55,5 1 49,7%, 4T0 OTKpHIBAET MEPCIIEeK-
TUBBI IPUMEHEHUS 9TUX KOJIIIOM/THBIX KPOBE3aMeHUTe-
JIell C 11eJbl0  paHHel MPOPUIAKTUKYA KUPOBOU
HaMO0IK Y GOJIBHBIX € TSKEJIOH COUueTaHHOI TPaBMOI ¢
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vere polytrauma, taking into account the maximum
permitted daily dosage of the drug. Among the studied
drugs, in vitro Perftoran has the maximum emulsifying
effect, reducing the amount of fat globules larger than
7 um by 69.6% when added to the blood at a ratio of
1:3 and completely emulsifying globules larger than 50
um, which allows to continue the research on the clin-
ical efficacy of this drug not only for the prevention of
fat embolism, but also for its treatment.

The obtained results open up new opportunities
for targeted use of infusion drugs in patients with se-
vere polytrauma.

YYETOM MAKCHUMAJIbHO Pa3pelieHHOll CyTOUHOI 1031-
poBku tipenapara. [lepdropan obagaer MaKCUMATb-
HBIM 9MYJIBIUPYIONINM JeICTBIEM CPEIU U3yYeHHBIX
NIPETapaToB in vitro, CHUKAsS KOJIMIECTBO KUPOBBIX 710~
6yJ1 pasmepoM 6osiee 7 MKM Iy 100ABIEHUH B KPOBb B
coorHomernu 1:3 Ha 69,6%, MOJHOCTBIO OMYJIBIUPYSI
r7106yJ1bI pasmepom Gosiee 50 MKM, 4TO TTO3BOJISIET MPO-
JOJIKUTD UCCIIEIOBAHUS KIIUHITYeCKOH a(hDeKTUBHOCTI
ATOTO TIPernapaTa He TOJBKO C IEJTbI0 TPODUTAKTHKI
JKUPOBOIT 9MOOJIUH, HO U JIJISE €€ JICUCHVIS.

[Tosryuennble pe3ysbTaThl OTKPBIBAIOT HOBBIE
BO3MOJKHOCTU  II€JIEHAIIPABJIEHHOTO IPUMEHEHUS
MHGY3NOHHBIX [IPENAPATOB Y IOCTPAJABIINX C TSKe-
JIOI coOYeTaHHO TpaBMOI.
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The System of Blood Coagulation in Normal
and in Liver Transplantation (Review)
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O630p 1nocBsiieH npodjeMe HapyIIeHUI B CCTEMe TeMOCTa3a U MX KOPPEKIIUK B IIEPUOIIEPAIIMOHHOM [IEpHO/Ie
y TAIMEHTOB, MO/IBEPraoIUXCst TPaHCIIaHTauK medenu. O0cyKaaTes: (GPU3MOJIOTHs CUCTEMbI TEMOCTa3a; Hapy-
nreHnst (PYHKITMN CBEPTHIBAIOIIEH CHCTEMBI KPOBU Y TTAIMEHTOB HA PA3JIMUHBIX CTA/IUSX OTIePAIIUY TPAHCIIJIAHTAITIN
revyeHr; KOPPEeKIHsT HapyIeHni TeMocTa3a Bo BpeMs U Tocjie OPTOTOTTMYECKON TpaHCIJIaHTAI[ny medenn. Tpanc-
IJTAaHTAIMA TT€YEHN BBIIOJIHSETCS MaluenTaM ¢ 3a00IeBaHUAMHI TIEYCH B TEPMUHAIBHON CTAJNN MTeYEHOYHO-KIe-
TOYHON HEOCTATOYHOCTH. IIpH 9TOM M3BMEHEHUS B CHCTEME FeMOCTa3a 9TUX GOJIBHBIX MTPEACTABIAIOT 3HAYNTETbHBII
PHCK Pa3BUTHS, KaK KPOBOTEUEHHIT, TaK ¥ TPOMOO30B BO BPEMsT U MTOCJIE TpaHCIIanTannu medenn. Koppekims na-
pyTIIeHu reMocTasa Mpy TPAHCIJIAHTAINY TTeYeHN I0JPKHA TPOXOAUTH € YUeTOM HO30JI0TMIeCKOH (hOpMBI TTOBPEsK-
JIeHWST TIeyeH, MeXaHN3MOB Pa3BUTHS HAPYIIeHWH reMocTa3a PpeluiienTa 1 aTamna ormeparim.

Knioueswie caosa: zemocmas; mpancnianmauus neueHu; c6epmuleaiouyas CUCTEMA KPOBUL; NePUONepatUOHHbLL
nepuoo

The review dwells on the problem of hemostatic disorders in patients undergoing liver transplantation and their
correction in the perioperative period. The physiology of the hemostatic system, disorders of the blood coagulation
system in patients at various stages of liver transplantation, correction of hemostatic disorders during and after ortho-
topic liver transplantation are discussed. Liver transplantation is performed in patients with liver diseases in the terminal
stage of liver failure. At the same time, changes in the hemostatic system of these patients pose a significant risk of de-
veloping bleeding and/or thrombosis during and after liver transplantation. The hypothesis is suggested that the per-
sonalized correction of hemostasis disorder in liver transplantation should be based on considerating the nosological
forms of the liver damage, mechanisms of development of recipient’s hemostatic disorders, and the stage of the surgery.

Keywords: hemostasis; liver transplantation; coagulation; perioperative period
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BBenenue Introduction

[TepBast oproTOnIMYeckast TpaHCIIIAHTAINS TIevue- The first orthotopic liver transplantation (OLT)
Hu (OTII) yenoseky Oblna BhinosnHeHa B Jensepe — was performed in Denver, CO (USA) in March 1963
(CHIA) B mapre 1963 rona [1]. 3a monseka kiaunnde-  [1]. The list of indications for OLT for half a century
cxoro npumenenust OTII kosmuectso BbinonHseMbix  of its clinical application has become longer from sev-
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orepaiuii B MUPe IOCTOSIHHO PACTET M IOKa3aHUsI
BryovaoT 6Gosee 50 Hozosmornueckux Gopm. Mame-
HEHMs B CUCTEME reMOCTa3a IAIUeHTOB C PA3JIUIHbI-
MU HO30JI0THYecKUMEU (hopMaMu 3a60IeBaHUH, TPU-
BOZAIIUX K HEOOXOAMMOCTH TPAHCIIIAHTAIINH TIEYEHH,
MOTYT IIPEJICTABJISITH COOOI 3HAYNTETBHBIN PUCK Pa3-
BUTHUSA, KaK TPOMOO30B, TaK U KPOBOTEUCHHUIT BO BPEMSI
U I10CJIe Ollepaliy TpaHcIIanTalyy nevenu. [Ipuau-
HBl TPOMOO3a WJIM MACCUBHOW KPOBOIOTEPH IIPU
TPAHCIJIAHTAIINY [T€YeHU HOCAT MHOTO(MAKTOPHBII
XapakTep U OIPEesSIOTCs IPeAonepaluoOHHbIM
COCTOSTHUEM IeMOCTa3a y PEIUIIEHTa, a TAKIKE POJIbIO
AHECTEe3UO0JIOTMIECKUX U XUPYPrUIeCKUX MEeTO/IOB.

MDu310JI0THs CHCTEMbI TEMOCTa3a

IemocTtasz — 270 o7iHa U3 3AMUTHLIX (DYHKINHA 1
CHCTEM OPraHi3Ma, 00eCTIednBAIOIIAs], C OJ[HO CTOPO-
HBI, COXpaHeHNe KPOBU B KDOBEHOCHOM pycJie B JKUJI-
KOM arperaTHOM COCTOSIHWM, a ¢ IPyroil — obpa3oBa-
HEE TPOMOOB TIPH TIOBPEIKICHUH CTEHKHU COCYIOB LISt
OCTAaHOBKHU KPOBOTEUEHUS U IIPEAOTBPAICHUS KPOBO-
HOTEpU. YCIOBHO CHUCTEMA TeMOCTa3a MOXKET OBbITh
nojipasziesicHa Ha 3 KOMIIOHEHTA: CBEPThIBAHUS, TIPO-
THUBOCBEPThIBaHUsI 1 (PUOPUHOII3A. YCJIOBHO, TaK KaK
B IEHCTBUTEIBHOCTH 3TU CUCTEMBI TECHO B3AMMOCBS-
3aHbl, a WX PasjieJIeHue SIBJSETCS JIUIIb CIIOCOOOM
M3JI0KEHUS MaTepraa.

B nedenu cmuresmpyiorcd MHOTHE (HaKTOPBI
cseproiBanust (puc. 1): pubpunoren (daxrop I), mpo-
tpombut (dakrop I1), hakrop V, dakxrop VII, phakrop
IX, pakrop X, dakrop XI, hakrop XII, paxrop XIII,
a TaKyKe MHTUOUTOPbI CBEPTHIBAHYS 1 (PUOPUHOIU3A.

[ITepoxoBatTblil 9HIOIIA3MATUYECKUI PETUKY-
JIYM TeNaTOIUTOB SABJISAETCS OCHOBHBIM MECTOM CHH-
Te3a 6eKoB cBepThiBaoliell cucrembl. CHHTES TIPO-
tpombuna u daxropos VII, IX u X saBucur or
HaJan4yus BUTaMuHa K — KupopacTBOpUMBIN BUTA-
MWH, BbIPAOAThIBAGMBINH KUIIEYHBIMU OaKTEPHUSIMU.
Copnepskanue Butamuna K cornpsizkeHo ¢ BcacbIBAHHEM
SKUPOB B KUIIIEYHUKE.

Buramun K aktuBupyet dhepMeHTBI dHIOIIA3-
MATHYECKOTO PETUKYJyMa TelNaTOIUTOB, KaTaJIl3n-
pyIolirie rfaMMa-KapOOKCHIMPOBAHIE OCTATKOB TIyTa-
MUHOBOH KUCJIOTBI B TIPEIIECTBEHHUKAX (HaKTOPOB
cseprhiBanus [2—4]. Baarogaps raMma-kapOOKCHIIn-
POBaHUIO, B YaCTHOCTHU, BO3PACTAET CIIOCOOHOCTD MTPO-
TPOMOMHA CBA3BIBATH MOHBI KaJIbINs U hochonumu-
bl U OBICTPO TpeBpalaTbcss B TPOMOUH B
npucyrctBuu (akropoB V n X. HemocraTounocTtsb
puTamMua K npuBouT K HApy eI KapOOKCUINPO-
BaHMs TPO(GEPMEHTOB MPOKOATYJSHTHOTO MyTH U
COITPOBOK/IAETCS KPOBOTOYMBOCTBIO, TIOIKOKHBIMU U
BHYTPEHHUMU KPOBOUBJINSHUSMU.

Bee depmeHTBI TPOKOAryJITHTHOTO TTYTH SIBISIOTCS
CEPUHOBBIMU TIPOTEA3aMH, CUHTE3UPYIOTCS B II€YCHU B
BH/IE HEAKTUBHBIX ITPO()epPMEHTOB U B TaKOIi (hopme 1THp-
KYJIMPYIOT B KPOBU. B 1upKympyiolieit KpoBu cozep-
sKaTcs PodepMeHTbl TPOTEOTUTUYECKUX (DePMEHTOB:

eral diseases (liver tumors, liver cirrhosis, congenital
pathology) to a large list of over 50 nosological forms.
Changes in the hemostatic system of patients with dif-
ferent liver disease that require it transplantation rep-
resent a significant risk of development of thrombosis
or bleeding during and after surgery. The causes of
thrombosis or massive blood loss in liver transplanta-
tion are multifactorial and are determined by the pre-
operative state of hemostasis in the recipient, as well
as the role of anesthesiological and surgical techniques.

Physiology of the hemostatic system

Hemostasis represents one of the protective
functions and systems of the body, ensuring, on the
one hand, blood preservation in the bloodstream in the
liquid aggregate state, and, on the other, the formation
blood clots in cases of vessel wall injury to stop bleed-
ing and to prevent blood loss. Hemostatic system in-
cludes three components: coagulation, anticoagulation
and fibrinolysis. In reality, however, majority of com-
ponents this system are closely interrelated, and their
separation is only a way to present the material.

Multiple coagulation factors are synthesized in
the liver: fibrinogen (factor I), prothrombin (factor II),
factor V, factor V1I, factor IX, factor X, factor XI, fac-
tor XII, factor XIII, and inhibitors of coagulation and
fibrinolysis. The rough endoplasmic reticulum of hepa-
tocytes is the main site of synthesis of proteins related
to the coagulation system. The synthesis of prothrom-
bin and factors VII, IX and X depends on the presence
of vitamin K, a fat-soluble vitamin produced by intes-
tinal microbiota. The content of vitamin K is associ-
ated with the absorption of fats in the intestine (fig. 1).

Vitamin K activates enzymes of the endoplasmic
reticulum of hepatocytes that catalyze the gamma-car-
boxylation of glutamic acid residues of coagulation fac-
tor precursors [2—4]. Due to gamma-carboxylation,
the ability of prothrombin to bind calcium ions and
phospholipids is increased and it rapidly converts into
thrombin in the presence of factors V and X. Vitamin
K deficiency leads to disruption of carboxylation of
pro-enzyme procoagulant pathways and is accompa-
nied by subcutaneous and internal hemorrhages.

Enzymes of the procoagulant pathway are serine
proteases that synthesized in the liver as inactive
proenzymes capable to circulate in the blood. The pe-
ripheral blood contains zymogenes of proteolytic en-
zymes: factor II (prothrombin), factor VII
(proconvertin), factor IX (Christmas factor), factor X
(Stuart factor). During thrombogenic signaling, the
zymogens (factors VII, IX, X, and IT) convert to active
enzymes via partial proteolysis. Blood factors Va (ac-
celerin) and VIIIa (antihemophilic factor), as well as
membrane protein tissue factor (TF, factor III) are the
activator proteins of these enzymes

Tissue factor (factor III) is a complex consisting
of protein and phosphatidylserine. It is one of the key
molecules of hemostasis [5]. The protein portion of the
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Fig. 1. Role of the liver in functioning of hemostasis system components.

daxrop I (mporpombun), pakrop VII (1ipokoHBepTHH),
axrop IX (Kpucrmaca), paxrop X (Crioapta). B mpo-
Tecce Peaim3aruy TpOMOOTEHHOTO CUTHAA TTPOhepMeH-
ToI (paxropsr VII, IX, X u II) 3a cuer yactiunoro mpo-
TeosM3a TIPEBPAIIAIOTCS B aKTHBHBIE (DEPMEHTHL
Haxongmuecss B xpoBu daktopsl Va (akiienepun) u
VllIla (anTuremoduibHbI HaKTOP), a TaKAKe MeMOPaH-
Hblii Genok — TkaHesblii daxrop (TD, daxrop III)
SIBJIAIOTCS GETTKAMU-aKTHBATOPAMHE THX (DEPMEHTOB.

Txanessrit paxrop (pakrop I1I) nmpexcrasmusier
co60ii KoMILIeKCe, cocTosmuii u3 6eka u dpocdaru-
muncepuna. OH sSIBIISIETCST OZHOI U3 KITI0UEBBIX MOJIE-
KyJI cucTeMbl TeMocTtasa [5]. BenkoBast yacthb TKame-
Boro ¢akropa (anmonporenn I11) axcrionupoBana Ha
MOBEPXHOCTU MHOTHUX KJIETOK (MO3Ta, JIETKHX, IeYeH!,
CeJIe3eHKU U JIP.) M cBsa3aHa ¢ GochatngnicepuHoMm
razMaTiHdecknx MeMbpan. OHAKO MOABJICHNE ao-
nporenna 11 Ha moBepXHOCTHU KJIETOK, COTTPUKAcaio-
MIUXCS C KPOBBIO (9HIOTETMATBHBIX U MOHOITUTOB),
MPOUCXOIUT TOJBKO TIPU OIPENETeHHBIX YCIOBUSIX:
PY TOBPEXIEHUN COCY/A ¥/UIN HAPYIIEHUN HOP-
MaJIbHON aCHMMETPUY WX MIa3MaTHYECKUX MEMOPaH.
TkaneBsril (hakTOp B MPOTEOTUTUIECKON aKTUBAIIUN
He HYK/IAeTCsI.

tissue factor (apoprotein III) is exposed on the surface
of different cells (brain, lungs, liver, spleen, etc.) and
is associated with phosphatidylserine of plasma mem-
branes. However, apoprotein III appears on the sur-
face of blood-contacting cells (endotheliocytes) only
under certain conditions: vessel damage and/or an al-
teration of the normal asymmetry of plasma mem-
branes. The tissue factor does not require proteolytic
activation for expressing the activity.

Thrombin performs a number of important phys-
iological functions. It is an enzyme of the procoagulant
and contact pathways of blood clotting that initiates
reactions of the anticoagulant phase, causes platelet
aggregation and provides a promitogenic effect con-
tributing to proliferation and repair of cells. Being one
of the key factors of coagulation, thrombin posseses
dual anti-thrombotic and post-thrombotic capabilities
that has been defined as a «thrombin paradox» [6].
The specificity of thrombin action is determined by its
concentration. At low concentrations, thrombin is in-
volved in inducing activity of protein C and is consid-
ered as an antithrombotic agent. Since the thrombin
concentration in the blood is increasing, it converts
fibrinogen into fibrin that leads to activation of factors
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TpoMOUH BBITIOJHSIET PSI/T BAXKHBIX (GQU3UOJIOTH-
yeckuX YHKIU: SBJIsIeTCS (PEPMEHTOM MPOKOAry-
JISHTHOTO ¥ KOHTAKTHOTO Iy Teil CBEPThIBAHM KPOBH,
UHUIUUPYET PEeAKIUU AHTUKOATYJISIHTHOU assl,
BBI3BIBAET arperanuio TPOMOOIMTOB M OKa3bIBAET
MUTOTEHHOE [eliCTBUE, YIACTBYS B PO EPAIITH 1
penapanuu Kjaetok. TpoMOUH, SBJASICH OXHUM W3
KJIIOYEBBIX (PAKTOPOB CBEPTHIBAHUS, B TOXKE BPEMSI
BBICTYIIAET KAK C aHTHU- TaK U ¢ TOCTTPOMOOTHIECKOiT
CIOCOGHOCTBIO, YTO OTPEIEIUIIO TEPMUH «TPOMOUHO-
BbII ITapagokc» [6]. KoHuenTpauus tpoMbuHa omnpe-
NieJIsieT ero crenn@UIHoCThb. B HU3Koi KoHIleHTpaun
OH y4yacTByeT B akTuBIUU 1porenta C u sgBJsieTcs
AHTUTPOMOOTHYECKUM areHToM. [Ipu BopacTaHuu B
KPOBH €ro KOHI[EHTPAIUK, OH KOHBEPTUPYeT (hubpu-
Horexn B pubpun, aktusupys daxropsr V u VIII. B
JIAHHOM CJlydae OH 9KCIPECCUPYET MPOTPOMOOTHYE-
CKY10 crIocOOHOCTB. [pr 04eHb BHICOKOH ero KOHIIEHT-
paluy SKCIPECCUPYETCss aHTU(PUOPUHOTUTHYECKAST
AKTUBHOCTD, 33 CYET aKTUBAIIUU TPOMOMHOM WHIHOH-
TOpa TPOMOUH-UHAYIUPOBAHHOTO (HUGPUHOIM3A
(TAFT) u dakropa XIII.

YHacTUYHBIM IIPOTEOJIN30M AKTUBUPYIOTCS TAKIKE
dakropsr V u VIII, npespartiasich, COOTBETCTBEHHO, B
akropsr Va u VIIla. B pesynbrate akTuBanuu sTux
(hakTOpOB M3MeHsIeTCsT UX KOH(GOPMAIIUS U MOBbIIIA-
eTcs CPOACTBO K hocdomnnmaam MmeMOpaH 1 (pepMeH-
TaM, KOTOPBIE OHU AKTUBHUPYIOT.

®axrop V u daxrop VIII — gomennbie GeKi,
rupKyJmpyiomue B kposr. O6a hakTopa ak TUBUPYIOT-
CsI YACTUYHBIM TIPOTEOJIM30M IO/ JIEHCTBUEM TPOMOMHA.
Makrop VIII B 11a3me KPOBU HAXOJUTCS B KOMILJIEKCE
¢ 6enkoM — axropoM ¢on Bunebpana. axrop dhox
BusuieGpanzia B 9ToM KOMILIEKCE CTabumsupyer ak-
top VIII, mpensrcTByst ero pa3pyieHuio mpoTeoaInTy-
yecKUM (hbepPMEHTOM aHTUKOATYJISTHTHOU (Dasbl.

®Daxkrop don Busrebpanga, KOTOpbIid Wrpaer
BaKHYIO POJIb B TEMOCTATIYECKIX MTPOIECcCaX, CHHTe-
3UpyeTcs B 9H/I0TETNATBHBIX KJIeTKax, a hakrop VIII
CUHTE3UPYETCsl KaK relaToluTaMu, TaK U BHeleve-
HOYHBIMU CHHYCOUJQJIBHBIMU DHIOTEIUONUTAMU.
®Daxrop Busiebpania urpaet KIoueByio poJib B ajire-
3um u arperaiuut TpomboIToB. OH CIIOCOOCTBYET
CBSI3U TPOMOOITUTA ¢ CYOIHAOTEIMEM U CTAOMINBIPY-
et daxrop VIII, 3amuinas ero oT WHAKTUBAIUA U
onHOBpeMenHO Tpancrioprupyet dakrop VIII k mecty
nospexennst. Makrop VIII Bcerna cesizan ¢ akro-
pom Busuiebpanna.

DusnosornyecKue HHrHOUTOPBI CBEPTHIBAHS
KPOBU UTPAIOT BAKHYIO POJIb B MOJJIEPKAHUU FeMO-
CTa3a, TaKk KaK OHU COXPAHSIOT KPOBb B KUIKOM
COCTOSTHUH M MPEISITCTBYIOT PACIPOCTPAHEHUIO TPOM-
6a 3a ero nipesesbl. CBEPTHIBAHUE KPOBH TOJLKHO OBITH
OTPaHIYEHO HE TOJIBKO B IPOCTPAHCTBE, HO ¥ BO Bpe-
MeHU. AHTHKOATYJITHTHAs (pa3a OrpaHUIIBAeT BPeMs
CYIIECTBOBAHMS AKTUBHBIX (DAKTOPOB B KPOBY U UHU-
uupyercss camuM  TpoM6unom. CiieloBaTesibHo,
TPOMOUH, ¢ OZIHON CTOPOHBI, YCKOPSIET CBEPTHIBAHUE
KPOBH, SBJISISICH TOCTeNHUM (DEPMEHTOM KacKaja

V and VIILI. In this case, thrombin exhibits strong pro-
thrombotic ability. Further, at a very high concentra-
tion, antifibrinolitic activity is expressed due to
activation of thrombin inducible fibrinolysis inhibitor
(TAFI) and factor XIII by thrombin.

Factors V and VIII are also activated by partial
proteolysis, being converted into factors Va and VIIIa,
respectively. Activation of these factors causes a
change in their conformation and an increase in affin-
ity for membrane phospholipids and enzymes, which
they activate.

The factor V and factor VIII are blood-circulat-
ing domain proteins. Both factors are activated by
thrombin via partial proteolysis. Factor VIII circu-
lates in plasma in complex with the von Willebrand
factor. The latter stabilizes factor VIII preventing it
from destruction by the proteolytic enzyme of the an-
ticoagulant phase.

Endothelial cells synthesize the von Willebrand
factor, which plays an important role in hemostatic
processes, whereas factor VIII is synthesized by both
hepatic and extrahepatic sinusoidal endotheliocytes.
The von Willebrand factor plays a key role in the ad-
hesion and aggregation of platelets.

It promotes platelet binding to subendothelium
and stabilizes factor VIII, protecting it from inactiva-
tion and simultaneously transports factor VIII to the
site of injury. Factor VIII is always associated with the
von Willebrand factor.

The physiological inhibitors of blood coagulation
play an important role in maintaining hemostasis, as
they keep blood liquid and prevent the spread of a
blood clot beyond its limits. The clotting of blood
should be limited not only within the local site, but also
by time. The anticoagulant phase limits the time of ac-
tive factors in the blood and is initiated by thrombin
itself. On the one hand, thrombin accelerates the coag-
ulation of blood being the last enzyme of the cascade
of coagulation reactions. On the other hand, it inhibits
the coagulation causing the formation of enzyme com-
plexes of the anticoagulant phase on the intact vascular
endothelium. This stage represents a short cascade of
reactions in which, in addition to thrombin, the acti-
vating protein thrombomodulin (Tm), the vitamin K-
dependent serine protease protein C, the activator
protein S and the factors Va and VIIIa are involved.
Natural anticoagulants that affect the coagulation cas-
cade are also synthesized by the liver cells (fig. 1). An-
ticoagulant phase causes inhibition of the cascade of
blood clotting reactions, and inhibitors of clotting en-
zymes inactivate active enzymes in the bloodstream.

The important function of phospholipids in
blood clotting became known since it was shown that
a mixture of phospholipids could replace platelets
when blood clotting was activated in vitro [7—9].
James Morrissey from University of Illinois notes that
biochemists have known for decades that the interac-
tion of proteins — coagulation factors with the cell
membranes is necessary to initiate clotting [10, 11]. It

GENERAL REANIMATOLOGY, 2018, 14; 5

www.reanimatology.com



62

DOI:10.15360,/1813-9779-2018-5-58-84

Reviews

peakiuii KoaryJasaiuu, a ¢ Ipyroii — TOPMO3UT €ro,
BbI3bIBast 0OpasoBaHue (PepMEHTHBIX KOMILJIEKCOB
AHTUKOATYJIAHTHON (ha3bl Ha HETIOBPEKICHHOM 9H/10-
TEJUU COCYNOB. ITOT 3ITAN MPEACTABIAET COOOii
KOPOTKHI KacKajl peakiinii, B KOTOPOM KpOMe TPOM-
GUHA y4acTBYIOT GEJOK-aKTHBATOP TPOMOOMOLYIUH
(Tm), Buramun K-3aBucumasi cepuHoBas 1poreasa
nporeud C, Genok-aktusatop S u ¢akropsl Va u
VIlIa. EcrecrecTBeHHbIE aHTUKOATYJISHTBI, BJIUSIO-
Hiye Ha KacKajl CBEPTBIBAHU, TAKKe CUHTE3UPYIOTCS
neyeHblo. AHTUKOATYJIAHTHAs (pa3a BbI3BIBAET TOPMO-
JKeHMe KacKa/la peakinii cBepThiBaHug KPOBU, & MHTHU-
6uTOpbl (hEPMEHTOB CBEPTHIBAHUS WHAKTUBUPYIOT
AKTUBHbBIE ()ePMEHTBI B KPOBIHOM pPyCJI€.

Baxnag dynkimsa dhochoannmumioB B cBepThIBA-
HUM KPOBM CTajla U3BECTHOMW IMOCJE TOTO, KaK OBLIO
[IOKa3aHo, 4TO cMech (HochOIUINI0B MOKET 3aMe-
HUTb TPOMOOIUTHI MPU aKTUBAIMU CBEPTHIBAHUS
kpoBu in vitro [7—9]. Ixeitmc Moppuccu (James
Morrissey) uz Yuuepcurera VannHoiica orMevaer,
4TO JIECATUNETUSIMU OMOXUMUKU 3HAJM, 4YTO JJIsST
«3aI1yCKa» CBEPTHIBAHMS KPOBU HEOOXOIANMO B3aUMO-
neiicTBue 6eIKOB — (PaKTOPOB CBEPTHIBAHMS — C MEM-
6panamu kiaetku [10, 11]. BbLIo I0Ka3aHo, 4TO y KakK-
noro ¢daxropa CBEpPTBIBAHUS KPOBU B CTPYKType
uMeeTcs y4acTok — gamma-carboxyglutamic acid-
rich (GLA) domain, B3aumMoaeiicTBYIOLIMii CO Clienu-
(buYecKUMU JUTNUAAME KJIETOYHOW MeMOPAHbI, MHU-
UUPYS XUMHUYECKHEe IIPOLeCChl, OTBeyalole 3a
cBepThIBaHUE KpoBu [12].

Tkanessrit hakrop, pakrop Va u dakrop VIlla
MMEIOT IIeHTPbI CBA3bIBaHN4 ¢ (hochonmunmiaMmm Mem-
6pan u pepmentamu VIla, IXa u Xa, cOOTBETCTBEHHO
(puc. 2). Ilpu cBgaspiBatny ¢ OeJIKaMU-aKTHBATOPAMI
B pe3yJibTaTe KOH()OPMaIIMOHHBIX U3MEHEHUIT aKTHB-
HOCTbH 3TUX (pepMeHTOB noBbImaeTcs [11].

BaanmozeiictBue GepMEHTHBIX KOMILIEKCOB C
KJIETOUHBIMU MeMOPaHAMU TIPOUCXOAUT C YUACTHEM
nonos Ca?'. Bce npodepMeHTbl MTPOKOAryJ/IssHTHOIO
nytu (11, VII, IX, X) comepskaT octaTKu y-KapOOKCH-
Ty TAMIHOBON KHMCTIOTHI, 00Pa3yIOTINIECsT B Pe3y IbTaTe
MOCTTPAHCSIIHOHON MOAUMDUKAINN 3TUX OEJIKOB B
SH/IOTIJIA3MATHYECKOM  PETHKYJyMe TeTaTOINTOB.
OcraTkn y-KapOOKCUTITy TAMUHOBOIN KUCJIOTHI B (haKTo-
pax VIla, IXa u Xa obGecrieunBaioT B3anMo/ieiicTBre
atux depmeHTOB ocpencTBOoM Ca?’ ¢ oTpuIaresbHO
3apsiKeHHBIME (HOChOTHUITHIAME KJIETOUHBIX MEMOPAH.

DepmeHTHBIE MEMOPAHHBIE KOMILJIEKCHI IIPOKOA-
TYJISTHTHOTO IIYTH 06Pa3yIoTCst TOJIBKO MPU HAJTUYUT
Ha BHENIHe} OBEPXHOCTH IJIa3MaTUYECKOI MeMbGpa-
HBI KJIETOK TKaHEBOTO (haKTOpa U OTPUIIATETBHO 3aps-
sKeHHBIX (hochosununos (puc. 2). [Tonepeunas acum-
METPHST IJIa3MaTHYeCKUX MeMOpaH, B YaCTHOCTH,
onpejiesisieTcst mpeodialaHieM B HapyKHOM CJIoe Hell-
TpasibHbIX (ochomununos (dhochaTuganiaxoauna u
cchuHroMuennHa), a BO BHyTPEHHEM — OTPUIATETHHO
3apskeHHbIX ((hocharuaunaaranosamuia u pocdaru-
muncepuna). CroernuanpHag (GepMeHTHas cucTeMa
obecrieunBaeT TpaHCMeMOPAHHBIN TIEPEHOC U TaKoe

has been shown that each blood coagulation factor in
the structure has a gamma-carboxyglutamic acid-rich
(GLA) domain that interacts with specific lipids in the
cell membrane, by initiating the chemical processes
that are responsible for blood clotting [12].

Tissue factor, factor Va, and factor VIIIa have
binding centers for membrane phospholipids and the
enzymes VIla, IXa and Xa, respectively (fig. 2). When
binding to the activator proteins due to conformational
changes, the activity of these enzymes increases [11].

The interaction of enzyme complexes with cell
membranes occurs with the participation of Ca**
ions. All zymogens of the procoagulant factors II,
VII, IX, X contain y-carboxyglutamic acid residues
arising from the posttranslation modification of
these proteins in the endoplasmic reticulum of he-
patocytes The residues of y-carboxyglutamic acid of
factors VIla, IXa and Xa are involved in interaction
with negatively charged phospholipids of cell mem-
branes with the aid of Ca®* cations. Enzyme mem-
brane complexes of the procoagulant pathway are
solely formed in the presence of both tissue factor
and negatively charged phospholipids on the outer
surface of the cell membrane (fig. 2). Specifically, the
transverse asymmetry of cell membranes is deter-
mined by the predominance of neutral phospholipids
within the outer layer, and by negatively charged
phospholipids in the internal layer. A special enzyme
system provides a transmembrane transfer and a dis-
tribution of phospholipids in the cell membranes, in
which the outer surface of plasma cell membranes is
usually not charged.

The interactions of enzyme complexes with cell
membranes occur under the action of Ca?* cations. All
the proenzymes of the procoagulant pathways (Fac-
tors I, VII, IX, X) contain the residues of y-carboxyg-
lutamic acid formed as a result of post-translational
modification of these proteins in the endoplasmic
reticulum of hepatocytes.

Negatively charged phospholipids, phos-
phatidylserine (PS) and phosphatidylethanolamine
(PE) provide the most procoagulant activity. The
GLA domain interacts with phosphatidylserine as a
part of the cell membrane [10, 12]. In itself, the frag-
ile binding of PS to the clotting factor becomes
much stronger in the presence of another phospho-
lipid - phosphatidylethanolamine. Both phospho-
lipids, PS and PE, at high concentrations are
localized in the inner petal of lipid bilayer of the
resting cell cytoplasmic membrane. This location
prevents them from contacting to the clotting fac-
tors. When the cell membrane is damaged, PS and
PE interact with coagulation factors initiating the
coagulation process. Presumably, under the activa-
tion of platelets and endotheliocytes, PS and PE
move from the inner to the outer petal of lipid bi-
layer of cytoplasmic membrane and the negatively
charged phospholipids become exposed to the out-
side surface of the cells.
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Fig. 2. Procoagulant blood coagulation pathway.
Note. — — activation of clotting factors; > — activation of coagulation factors by the positive feedback; 2= — Membrane phos-

pholipid component of enzyme complexes. TF-tissue factor, Va, VIIIa are activating proteins. 1, 2 — factor VIIa of the VIIa-TF-Ca®" mem-
brane complex activates factors IX and X; 3 — factor IXa of the IXa-VIIIa-Ca*" membrane complex activates factor X; 4, 5 — factor Xa
of the Xa-Va-Ca?" membrane complex converts prothrombin (factor IT) to thrombin (factor ITa) and activates factor VII; 6—10 — throm-
bin (factor ITa) converts insoluble fibrinogen into soluble fibrin, activates Factors VII, VIIIL, V and XTII.

IIpumeyanue. — — axTuBainus GakToOpoOB CBEPTHIBAHMS KPOBH; > — aKTHBAIMs (DAKTOPOB CBEPTHIBAHUS KPOBH I10 IIPUHIIHITY 110JI0-
JKUTEIBHOI 00paTHOl cBA3M; 77 — MemOpammbiii hocdomummamnbiii kommonenT GpepmenTHbX Komiuiekcos. TF — Tkanesoit dakrop
(tissue factor), Va, VIIIa — Genku-axktusaropsl. 1, 2 — dakrop VIIa membpantoro komiiekca VIIa-TF-Ca*" aktusupyer daxropst IX i
X; 3 — (axrop [Xa memGpannoro komiuiekca [Xa-VIIIa-Ca®" axtusupyer dakrop X; 4, 5 — dakrop Xa MeMOpaHHOTO KOMILIEKca Xa-
Va-Ca?* npespaiiaer nporpom6un (dakrop 1) B tpombui (pakrop [1a) u akrusupyer hakrop VII; 6—10 — tpombun (dakrop I1a) npe-

BpAIllaeT HePaCTBOPHMBIi hubprHOreH B pacTBopnMslil hubpu, aktusupyet daxropst VII, VIII, V u XIII.

pacnpenenenrie GochONUTUIOB B KJIETOUHBIX MEM-
Gpamax, pu KOTOPOM B HOPME BHEIITHSISI TOBEPXHOCTh
MIA3MAaTHYCCKUX MeMOPaH KJIETOK He 3apsiKeHa.
HauGonbiieil KoaryJIsiuoHHON aKTUBHOCTHIO
06JIaIAI0T OTPUTIATENBHO 3apsiKeHHbIe (hoChOTUTH-
nel: docharuauicepun, dochaTuanIITAHOIAMIH.
GLA-nomen B3anmojielictByet ¢ gochaTumanicepu-
HoM [phosphatidylserine (PS)], Bxoasamum B cocTas
MeMmOGpanbl kneTkn [10, 12]. Camo o cebe HenpodHoe
cesazbiBanme docharuanicepuna (PS) ¢ dpakropom
CBEPTBIBAHUS CTAHOBUTCS TOPa3/o 6oJiee TPOYHBIM B
MpUCyTCTBUM ipyToro docdommnumaa — dhocharuam-
moranonamuna (PE). Oba dochonunuga — PS u PE
B GOJIBIINX KOHIIEHTPAIMSIX MPUCYTCTBYIOT HA BHYT-
PEHHEM JIeTeCTKe MUTOMIa3MaTIHYECKOi MeMOPaHbI
MOKOSIIIeNcsT KIeTKU. V aT0 3aTpyAiHsIeT NX KOHTAKT C
caxropamu cBepThiBaHus. [Ipu moBpexaeHun Kie-
touHoit Membpanbl PS u PE BzanmomeiicTByior ¢ (hak-

Fibrinolysis

The thrombus is dissolving within a few days
after the formation. Fibrinolysis is the enzymatic
cleavage of fibrin fibers to form soluble peptides that
are removed from the vascular bed. The destruction of
fibrin in the thrombus is caused by the serine protease
plasmin. Dissolution of the fibrin clot occurs during
the interaction of fibrin, plasminogen and tissue-type
plasminogen activator (tPA). All proteins involved in
the fibrinolysis process, except tPA and the plasmino-
gen activator inhibitor type-1 (PAI-1), are synthesized
in the liver. The decrease in fibrinolytic activity of the
blood is accompanied by thrombosis.

There are several theoretical concepts of blood
clotting:

* The classical theory of coagulation [13, 14];

» Waterfall theory or cascade theory [15, 16];
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TOpaMU CBEPTHIBAEMOCTH, MHUIIUUPYSI TIPOIECC KOa-
ryssiyn. [TpearnonokutenbHO MPH AaKTHBAIIUY TPOM-
GOIUTOB ¥ HHAOTENUOIUTOB TPOUCXO/UT TIepeMelie-
nue PS u PE ¢ BHyTpeHHero na BHenHuii JenecTok
€ro MUTOIIA3MATHYECKOH MEMOPAHBI 1 TPOUCXOUT
DKCIIOHMPOBaHIE OTPUIIATETBHO 3apsKeHHbIX (hocdo-
JIUTIIOB HAPYKY.

DubpuHOIU3

TpoM6 pacTBOpsieTcsl B Te4eHUME HECKOJbKUX
nHeit mocsie obpazosanust. @ubpunonus — Gepmen-
TaTUBHOE pacllerieHne BOJOKOH ubpuHa ¢ o6paso-
BaHMEM PACTBOPUMBIX HENITHIOB, KOTOPBIE YIAIIIOTCS
u3 cocyaucroro pycia. Paspyuienue ¢Gubpuna B
cocrase TPoMOa POUCXOJIUT O/ ICHCTBUEM CEPUHO-
BOI TIpoTeass MiasmMuHa. PactBopenie (hpubpUHOBOTO
CrycTKa TIPOUCXOUT MTPU B3auMoieiicTBun pubpuna,
MJIAa3MUHOTEHA M TKAHEBOTO aKTUBATOPA MIJIa3MUHOTe-
Ha (TAII). Hapyuenue paspyiennst GubprHOBOTO
CTYCTKa MOKET OBITh BBI3BAHO HACJEIACTBEHHBIM
neUIMTOM TJIa3MUHOTeHA WJKW  TeHEeTHYCCKUM
neeKTOM ero CTPYKTYPBI, CHUKEHUEM TIOCTYIIJICHUS
B KPOBb aKTHBATOPOB IJIa3MUHOTCHA, TIOBBIIIEHUEM
cojiepKaHist B KPOBM MHTHOUTOPOB (hubpuHosmsa (1-
TAII-1, u-TAII-2, a,-antuniazmuna). Bee nporentsi,
BOBJICUEHHBIE B TIpoliece (hUOPHUHOIN3A, 32 HCKIF0Ue-
HueM TAII 1 mHrHOUTOPa aKTHBATOPA TTA3MUHOTEHA
1 (UAII-1), cunresupylorcs B nedenu. CHMKeHMe
(HUOPUHONUTHYECKON AKTUBHOCTH KPOBH COITPOBOJK-
JaeTcst TpoMOO3aMIL.

CyniecTByeT HECKOJIbKO TEOPUI CBEPTHIBAHUS
KPOBH:

» Kilaccuueckas Teopust cseproiBanus [13, 14];

* Teopust Bofomaia nim KackaHast reopust [ 15, 16];
¢ [TepecmoTrpennast Teopus xoarymsiun [17];

» Kirerounas mozens remocTasa [ 18].

Teopuw cBepPTHIBAaHUS KPOBU PACCMaTPUBAIOT
HOCJIEIOBATEIBHOCTD COOBITHH, KOTOPBIE IIPOMCXO/AT
MocJie IOBPEKIEHUST COCYTUCTON CTEHKHU /IO MOMEHTA
obpaszoBanust GuGPUHOBOTO crycTKa. [Ipu oBpeskK Ie-
HUW COCY/la <«BKJIOYAETCS» KACKaIHBII MEXaHW3M
aKTUBAIK (PEPMEHTOB C TIOCJIeI0BATEIbHBIM 00pa3o-
BaHUEM TPeX CBS3aHHBIX ¢ hochomumupiaMn KieTod-
HOI MeMOpaHbl (hePMEHTHBIX KOMILIEKCOB. Kasbiii
KOMILJIEKC COCTOUT M3 TPOTEOTUTHIECKOTO (DePMEHTa,
6enka-akTuBaropa u nouos Ca?*: VIIa-TF-Ca?', IXa-
VIIIa-Ca?" (tenasa), Xa-Va-Ca*" (nporpombuHasa)
(puc. 2). Kommieke Xa-Va-Ca?" (ipoTpoMOHHA3HbIIT
KOMILJIEKC) akTuBUpyeT nporpoMOun (daxrop IT).
Kackan ¢depMeHTATHBHBIX Ppeaknuii 3aBepiimaeTcs
06pazoBaHIEM MOHOMEPOB (PHOPHHA 1 MTOCTIELYIOMINM
dhopmupoBaHeM TpoMba.

B akTtuBanum (epmMeHTOB Kackana BBIJEISTIOT
TPU OCHOBHBIX MEXaHU3Ma: YACTHMUHBIN MPOTEOJINS,
B3aUMOJIeHiCTBHE ¢ OeJIKaMU-aKTUBATOPAMU U B3aMO-
JieiicTBrE ¢ MOAUMUITUPOBAHHBIMU KJIETOYHBIMHI MEM-
6panamMu. CBepThiBaHUE KPOBU 00€CTICUNBACTCS B3au-
MozeiicTBIeM Oe/IKOB 11a3Mbl ((PaKTOPOB) U KIETOK

¢ The revised coagulation theory [17];

¢ Cell-based model of hemostasis [18].

The theories of blood coagulation consider the se-
quence of events that occur after damage to the vascu-
lar wall until the formation of the fibrin clot. When the
vessel is damaged, the cascade mechanism of activation
of enzymes is initiated that includes sequential forma-
tion of three enzyme complexes linked to phospho-
lipids. Each complex consists of a proteolytic enzyme,
an activator protein, and Ca?" ions: VIIa-TF-Ca?’, [Xa-
VIIIa-Ca?* (tenase), Xa-Va-Ca?* (fig. 2). Complex Xa-
Va-Ca*>*  (prothrombinase complex) activates
prothrombin (factor IT). The cascade of enzymatic re-
actions is completed by the formation of fibrin
monomers followed by formation of a thrombus.

There are three main mechanisms of the activa-
tion of cascade enzymes that include partial proteoly-
sis, interactions with activator proteins, and
interaction with modified cell membranes. Blood co-
agulation occurs due to multiple interactions of
plasma proteins (factors) and blood cells (platelets
and monocytes) with damaged endothelium or suben-
dothelial components. Normally, all proteins and
blood cells involved in blood clotting are latent state;
they are activated when the integrity of the vessel wall
is damaged. It is believed that when the endothelium
is injured, the platelets react first. The ability of
platelets to adhere to the damaged surface of the vessel
wall (adhesion) and to each other (aggregation), bind
to fibrin, form a platelet thrombus, and secrete the he-
mostatic factors at the site of injury determine their
role in hemostasis. Activation of platelets is accompa-
nied by the appearance on the surface of the plasma
membrane of negatively charged local areas formed by
phosphatidylserine and phosphatidylethanolamine.

The main inducers of platelet activation and ag-
gregation are von Willebrand factor, collagen, throm-
bin, ADP. The platelet plasmatic membrane contains
several types of von Willebrand factor receptors. This
factor, interacting with the receptors, acts on the
platelets through the inositol phosphate signal trans-
fer system. As a result, thrombocytes acquire a spiked
shape that facilitates their interaction with each other
and with the surface of the damaged endothelium. The
most important primary inducers of platelet activation
are thrombin and collagen. The interaction of these
proteins with specific receptors of the plasmatic mem-
brane of platelets leads to the mobilization of Ca?*
from the tubular system into the cytoplasm, which ul-
timately causes their adhesion and aggregation.

Activation of platelets is accompanied by a
change in their metabolism and the release of biologi-
cally active substances. These substances cause mor-
phological changes, adhesion and aggregation of
platelets that contribute to formation of thrombus.

Alterations of the functional activity of receptors
and the secondary platelet mediators lead to a changes
of functional activity of platelets that might con-
tribute to pathogenesis of various diseases accompa-
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KPOBU (TPOMOOTIUTHI U MOHOITUTBI) C TOBPEKIEHHBIM
BHJIOTEJINEM WU CYOIHAOTEINANBHBIMU CTPYKTYPa-
mu. B HopMe Bce GeIKy U KJIETKU KPOBHU, y4aCTBYIO-
M€ B CBEPTHIBAHUY KPOBU, HAXO/SATCS B JIATEHTHOM
COCTOSTHUY M aKTUBUPYIOTCSI TP HAPYILIEHUN 1[€JI0CT-
HOCTH CT€HKH cOCy10B. CUMTAETCSI, UTO IPU TIOBPEXK-
JIEHUH SHJIOTEJIVS, TIEPBBIMU PEATUPYIOT TPOMOOIIUTHL.
Crnoco6HOCTh TPOMOOITUTOB MPUIHUINIATH K MOBPEXK-
JIEHHOI TIOBEPXHOCTU CTEHKU cocy/a (are3ust) u Apyr
K Apyry (arperamus), CBSI3bIBATbCS ¢ (QUOPIHOM,
06pasyst TPOMOOITUTAPHBIN TPOMO, 1 CEKPETHUPOBATH B
MecTe MOBPEKIEHNS COCY/Ia reMocTaThuyeckie (hakTo-
PBL OIpenesisieT UX POJib B TeMocTasze. AKTHUBALIUS
TPOMOOIIUTOB ~ COTMPOBOXKIAETCS TMOSBICHUEM Ha
MOBEPXHOCTU IJIa3MAaTHYECKOI MeMOPaHbl OTPHILA-
TEJIbHO 3apSIKEHHBIX YYaCTKOB, 00pa3oBaHHbIX (oc-
daruanIcepuHOM.

OcHOBHbBIE UHYKTOPBI AKTUBALUN 1 arPeraruu
TpombonuTos — dakrop dhon Bumnebpanna, Komia-
red, tpombun, AJ]D. Ilrasmarudeckas MemGpaHa
TPOMOOIIMTOB COAEPKUT HECKOJIBKO THIIOB PEILENTO-
poB dakropa dhon Busurebpanga. 1ot hakrop, B3au-
MOJIEHCTBYSI € PElenTopaMH, IeHCTBYET Ha TPOMOOTIN-
ThI Yepe3 uHo3utosdocdaruyio cucteMy nepeiradn
curnasa. B pesyssrate aToro TpoMOOIUTHL IpHoGpe-
TaoT MUIoBUAHOChEpUYecKyio dhopmy, obiaeryaro-
IIyI0 UX B3AUMO/IEVCTBUE APYT C IPYTOM U C TIOBEPX-
HOCTBIO TIOBPEXRIECHHOTO aHpoTenus. Hawubosee
BasKHbIE IEPBUYHBIE WHYKTOPBI aKTUBAIIUU TPOMOO-
[IUTOB — TPOMOUH U KoJuiareH. Baanmoyieiictere aTux
6eIKOB €O CreupUUECKUME PEIENTOPaMH MIIa3Ma-
THYECKOIT MeMOpaHbl TPOMOOIMTOB MPUBOIUT K
mobumsaryy Ca®* U3 I10THOI TyOYISIPHOI CHCTEMBL
B IIUTOILJIA3MY, YTO B KOHEYHOM UTOTE BBI3bIBAET UX
AJIT€3UIO0 ¥ arperauio.

AxTuBarmst TpoMOOIMTOB COMPOBOKIACTCS U3ME-
HEHMeM X MeTaboJIM3Ma U OCBOOOKIEHIEM OUOJIOTH-
YeCKU aKTUBHBIX BENeCTB. DTU BEIIECTBA BBI3bIBAIOT
MOpPQOJIOrnYecKre U3MeHeHMs, a/Il€3UI0, arperauio
TPOMOGOIMTOB U YYACTBYIOT B 06pa3oBaHuu TPOMOA.

Hapymienne  yHKIIMOHATBHOW — aKTHBHOCTH
PELIENTOPOB U CUCTEMbBI BTOPUYHBIX TOCPEIHIKOB TPOM-
GOIUTOB IPUBOIUT K MBMEHEHUIO UX (DYHKITUH U MOJKET
SIBUTHCSI IPUYUHOM Psizia 3a0071€BaHNT, COTTPOBOK/IAIO-
UXCst TpOMOO3aMU W KPoBoTedeHusmMu. Tpomboriu-
TBI, CKAIJIMBAsICh B MECTe MOBPEKAEHUSI, 00PasyioT
TPOMOOIUTAPHYIO TTPOOKY, KOTOPask MOJKET OCTAHOBHUTh
KpOBOTeueHne u3 MeJKux cocynoB. Crabusmsariist
TPOMOOB 3aBUCHUT OT TIOSIBJIECHUST TPOMOUHA, KOTOPBIii
BbI3bIBAaeT 0OpasoBatue HuTeil hpudpuHa, CTabuIn3u-
pyIoIMX TPOMOOIMTAPHBIE arperaTbl B apTepUsIX U
SIBJISTIONIUXCST  OCHOBHBIM KOMIIOHEHTOM BEHO3HBIX
tpoM60B. O6pazoBaHue TPOMOUHA MPOUCXOAUT B
PpesyJIbTaTe CEPUU ITOCIeIOBATEbHbIX PEAKITHIA, B KOTO-
PbIX y4acTByIOT 12 6ekoB — (haKTOPOB CBEPTHIBAHUS,
nonbl Ca?" u pochosmnuapl. Bee dhakropsl cucrembr
reMoCTa3a, B aKTUBUPOBAHHON (DOpMe SIBJISTIOTCS Clie-
[MATM3UPOBAHHBIMU (hePMEHTAME — CEPUHOBBIMU TIPO-
teazamu, a pakrop XIIT — Tpancrayramunaszoii. [Ipo-

nied by thrombosis or bleeding. Platelets accumulat-
ing at the site of injury form a platelet plug, which can
stop bleeding from small vessels. Stabilization of
thrombus depends on the appearance of thrombin,
which causes the formation of fibrin filaments stabi-
lizing platelet aggregation in the arteries or the ve-
nous. The formation of thrombin occurs as a result of
a series of consecutive reactions, which include inter-
actions of 12 proteins-clotting factors, Ca** ions and
phospholipids. All factors of hemostasis system in ac-
tivated form are serine proteases and factor XIII is
transglutaminase. The process of coagulation is com-
monly subdivided into sequential stages, each of
which ensures the activation of a certain component.
Thereby, the blood coagulation represents a self-reg-
ulating process with multiple feedbacks that provide
fast (positive), local (negative) and timing (fibrinoly-
sis) thrombosis of damaged vessels. The figure 3 shows
the general scheme of activation of the hemocoagula-
tion cascade.

Factors V and VIII significantly accelerate two
key stages of blood clotting: the activation of factor X
and prothrombin. Both factors ensure the formation
of multicomponent complexes on the surface of phos-
pholipids.

Coagulation factors include fibrinogen, which
under the influence of thrombin turns into insoluble
fibrin, which is the structural basis of thrombus. Ag-
gregation of platelets is one of the initial stages of the
haemostatic process, which can stop bleeding from in-
jured small vessels. In platelet aggregation, fibrinogen
acts as a bridge between activated platelets.

Seasonal changes in concentration of fibrinogen
are maximum in winter and minimum in the summer
months. The most likely causes of increased fibrinogen
in the winter months include increased incidence of
respiratory diseases and the number of neutrophils in
circulation [19—21].

M. Hoffman and D. M. Monroe propose a model
in which coagulation is regulated by cell surface pat-
terns [18]. Authors propose that coagulation occurs
not as a «cascade», rather as three overlapping stages:

1. Initiation, which occurs on surface of TF ex-
pressing cells. Coagulation begins from the TF ex-
pressing cells like fibroblasts. If the procoagulant
stimuli are sufficiently strong, optimal amount of fac-
tors Xa, IXa and thrombin are formed to successfully
initiate the coagulation.

2. Amplification, in which platelets and cofac-
tors are activated to generate thrombin on a large
scale. Amplification of the coagulant response occurs
as the «action» moves from the TF expressing cell to
the platelet surface. The procoagulant stimulus is am-
plified as platelets adhere, become activated and accu-
mulate activated cofactors on their surfaces (fig. 4).

Propagation, in which large amounts of thrombin
are generated on the platelet surface. In the propagation
phase, the active proteases combine with their cofactors
on the platelet surface best adapted for generating he-
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Puc. 3. Kackaanplii MeXaHU3M CBEPTHIBAHUS KPOBH.
Fig. 3. Cascade mechanism of hemocoagulation.

Note. — — Activation of factors blood clotting; > — activation of platelets; HMWK — High-molecular-weight kininogen; PK —

Prokallikrein; vWF — von Willebrand factor.

IIpumeyanue. — — axruBanus GakTopos cBeprhiBaHus kposu (Activation of factors blood clotting);

~~~~~ > — akrTuBalug TpOM6OL[l/lTOB

(Activation of platelets); HMWK — Boicokomoseky sipubiii kununoren (High molecular weight kininogen); PK — TIpokaminkpenn
(Prokallikrein); vWF — dakrop dbon Bumrebpanaa (von Willebrand factor).

IIECC CBEPTBHIBAHMS IIPUHATO JIEIUTH HA TIOCJIE/IOBATE b=
HbIE CTA/INN, KaXK/Ias U3 KOTOPBIX COCTOUT B TIpeBpallie-
HUU OIPE/IeJIEHHOTO KOMIIOHEHTa B €ro aKTHBHYIO
opmy. IIporiecc cBepTbIBaHUS — CJIOKHO PETyJIUpye-
MBIi1 TPOIECC CO MHOKECTBEHHBIMEI OOPATHBIMUY CBSI3SI-
MH, 06ECIIeYNBAIOIMMU OBICTPOE (IIOIOKUTEIBHBIE),
JIOKa/IbHOe (OTpULIATEIbHBIE) 1 BpeMenHoe (hubpuno-
JI3) TPOMOMPOBAHUE TOBPEKIEHHBIX COCYJIOB.

Ha puc. 3 npezcrasiena o0mas cxeMa akTHBA-
IIUU KacKajia TeMOKOATYJISAIIUH.

®Daxroper V u VIII 3HAYNTENBHO YCKOPSIIOT JIBE
KJIIOYEBbIE CTAJMU CBEPTHIBAHUS KPOBU: aKTUBAIIUIO
dakropa X u mporpombuna. Oba dpaxropa obeciedn-
BaOT 06Pa30BaHKE MHOTOKOMIIOHEHTHBIX KOMILJIEK-
COB Ha TOBEPXHOCTH (POCHOTUTTUIOB.

K uyucay daxkropoB cBeprbiBaHUS OTHOCAT U
(bubpuHOTEH, KOTOPBIII 1101 BO3AeicTBUEM TPOMOMHA
npeBpalaeTcst B HepacTBOPUMBbIii (hubpuH, cocrtas-
JIIOIIUH CTPYKTYPHYIO OCHOBY TpoMOa.

Arperaiiusi TpPOMOOIIUTOB SIBJISIETCSI OJHOU U3
HAYaJIbHBIX CTa/IMH TeMOCTATUYECKOTO TIPOIecca, KOTO-

mostatic amounts of thrombin. Increased procoagulant
complexes activities produce the burst-like thrombin
formation that results in fibrin polymerization.

M. Hoffman cell-based model of coagulation ex-
plains some aspects of hemostasis in vivo that should
be taken into account when interpreting the results of
laboratory coagulation tests.

* In vivo, the process of blood clotting is unified
and is associated with hemostatic reactions of
platelets. Platelets not only participate in the activa-
tion of coagulation factors, but also serve as a regula-
tory element for the entire blood clotting process.

¢ The coagulation under physiological conditions
is localized within the zone of the vessel injury. Its non-
spreading character is promoted by an anticoagulant
system and normally functioning endotheliocytes.

¢ Excessive thrombin amount in biological lig-
uids is inactivated by antithrombin III, which is also
active against factors IXa, Xa, XIa, XIIa.

¢ The maintenance of blood in the liquid state is
facilitated by the reticuloendothelial system and he-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2018, 14; 5



DOI:10.15360,/1813-9779-2018-5-58-84

O630pn
|

pasi MOKeT OCTAHOBUTH KPOBOTEUEHIE [TPU TIOBPEIKIIE-
HUU MEJIKMX COCY/I0B. B arperanuu TpoM6o1nTos ¢hud-
PUHOTEH BBIMOJIHSIET POJIb MOCTUKOB, CBSI3bIBAIOIIIX
MEsKLy COO0iT aKTHBUPOBAHHBIE TPOMOOIUTHL.

Jliist hubpuHOTEHA ONUCAHBI CE30HHBIE U3MEHE-
HUST KOHIIEHTPAIUY C MAKCUMYMOM B 3IMHUE 1 MUHU-
MyMOM B jieTHue Mecsitibl. Hanbosiee BeposiTHOM 11pu-
YUHOI MOBBIIEHUS (PUOPUHOTEHA B 3UMHUE MECSIIbI
SIBJISIETCST YBEJIMUEHUE YACTOThI PECIIMPATOPHBIX 3260-
JIeBaHWH 1 KosinuecTBa HeiTpodunos [19—21].

M Hoffman and DM Monroe I1I upeaioxuim
KJIETOUHYIO MOJieJib cBepThiBanus kposu (cell-based
model of coagulation). Ona npeamnosaraer, 4To 1IPo-
1[ecC KOATYJISIIINK PETyJIUPYeTCs 32 CUeT U3MEHEeHMI
CBOICTB KJaeTouHol rmoBepxHocTu [18]. Kierounas
MOJI€JIb CBEPTHIBAHUSI KPOBU BKJIIOYAET TPH (Dasbl:

1. Muaunumanug. B nepsyio ¢aszy npoucxoaur
aktuBaius (akropa VII Ha moBepxHOCTH KJIETOK,
conepskarux TkaneBoit hakrop (TF). K rakum kier-
KaM OTHOCATCSA (huOPO6IACTBI, TIAJKOMBIIIECYHBIE
KJIETKU COCY/IOB, MOHOIIUTHI, HeliTpoduibl. KieTku,
Hecytue TF, HAUMHAIOT KOHTAKTHPOBATH C I1JIA3MON.
[Tpu NOBPEKAEHUN COCYUCTON CTEHKU OOHAKAIOTCS
cyGaHI0TeMaIbHBIE CTPYKTYPBI (KOJUIAreH), 4TOo
MPUBOJIUT K CKOIJIEHHUIO B ATOI 06J1aCTH TPOMOOIIUTOB
(agresust). TF cBaseiBaercs ¢ daxropom VII ¢ o6pa-
3oBanneM komiiekca TF/VIla, kotopsrit 10KkambHO
Ha noBepxHOocTH TF-Hecymux KJIeTOK aKTHUBUDPYET
axropsr X u IX. Makrop [Xa Murpupyer u cBsi3biBa-
eTCs ¢ MOBEPXHOCTHIO TPOMOOIIUTOB, B TO BPEMsI KaK
axTop Xa ocraercst Ha MOBEPXHOCTU KJIETOK, HECY-
mwmx TE @akrop Xa aktuupyer paxrop V. B pesyib-
tare, oOpazoBasiuiicst Ha nopepxnoctu TF-mecymnx
KJIeTOoK KoMIuieke Xa/Va paciierisier mpoTpoMouH
(daxrop II) ¢ obpasoBanueM HeGOIBIIOTO KOJIMIECTBA
TPOMOHMHA, KITI0OUEBOTO (haKTOpa MOCITIEAYIONIETO YCU-
JIEHWsI aKTUBAIUU CUCTEMbI CBEPTHIBAHMS.

2. Ammummdukanusg. Peaknuu ¢aszpr «Amriu-
(buKaru» TPOUCXOAT HA TOBEPXHOCTH TPOMOOIIHU-
toB. Heboubiioe kosmmyectBo TpoMOuHa, 06pa3oBas-
merocsi B ¢azy «Muunuanuu», aKTUBUDPYET
tpoMbouuTsl, haxtopsr V, VIII, XI. TpomOuH c1roco6-
cTByeT BbicBOOOsKIeHunIo hakropa VIII 3 komiuiekca
¢ hakropom Busiebpanna, B pesysbsrare o6pasyercs
VIIla. AKTuBupOBaHHble HEOOJBIIMM KOJIMYECTBOM
obpaszosasierocst B hasy «Muunuanuu» tpoMbuna
akropsr B cinenyiontyio dazy (hazy «Pacipocrpane-
HUsT» ) obecriednBaioT (hOPMUPOBAHUE HA TPOMOOIIHU-
TApHOU MATPHIlE OTPOMHOTO KOJHYECTBA TPOMOUHA,
KOTOpOE CII0COOHO TepesecTr (pubpuHOreH B GrOPUH.

3. Pacnpocrpanenue. Ha moBepxHocTu akTuBu-
POBaHHBIX TPOMOOIUTOB (HOPMUPYIOTCS TEHAZHBIIT
(VIIla/IXa) u nporpombunasmbii (Va/Xa/Kajb-
it/ axrop 111 TpoMOOIIMTOB) KOMILIEKCHI, YTO IIPO-
BOIUPYET TaK HAa3bIBAEMbII «TPOMOUHOBBIN B3PBIB».
Tpom6us nepesoaut @ubpunoren B Dubpu, a Takke
axTusupyet dakrop XIII, obecneunBaromuii crabuim-
3a1uio (PUOPUHOBBIX HUTEH 1 06PA30BaHNE MHOKECTBA
KOBJICHTHBIX [IEPEKPECTHBIX CBSI3ell MEXKIy HIMU.

patocytes that specifically remove the activated clot-
ting factors and fibrinogen from circulation with no
effect on the precursors. The limitation of spreading
the coagulation is ensured by contribution of tissue
factor pathway inhibitor, thrombomodulin, and he-
parin-like glycosaminoglycans on the surface of en-
dotheliocytes.

In norm, the hemostasis system is in a dynamic
equilibrium. Excess or insufficient number of throm-
bogenic factors or lacks of anticoagulant are the main
cause of hemostasis disorders.

Changes in the hemostatic system
in surgery phases
of the liver transplantation

Liver transplantation is performed under general
anesthesia with propofol, inhalational anesthetics,
xenon and other drugs [22]. At the terminal stage of
hepatic failure, various mechanisms can impair the
anesthesia drug pharmacokinetics. Influence of anes-
thetics on the hemostatic system should be considered
because:

* activities of virtually all enzyme systems con-
tributing to hepatic metabolism and excretion of drugs
are suppressed;

* alteration of intrahepatic blood circulation
and the development of portal hypertension leads to
an increased concentration of drugs in the systemic
blood flow because of impaired metabolism in the
liver;

 impairment of the protein synthesis in hepa-
tocytes leads to decreased concentration of albumin
in the blood and a reduction in its ability to bind
drugs; and

¢ increase in the proportion of drugs not bound
to albumin is accompanied by increased activity
and/or faster elimination of the drug.

One of most important principles of anesthesia
is the anticipatory or preventive nature of treatment
options, the choice of which is based upon the results
of detailed preoperative assessment of the patient's
condition. Since the severity of pharmacodynamic ef-
fects and the duration of the action of anesthetic drugs
in liver transplantation are still not sufficiently pre-
dictable, it is advisable to monitor both the depth of
anesthesia and neuromuscular conduction, and the
state of the hemostatic system.

Liver transplantation is a surgical operation with
a high risk of massive blood loss, possibly necessitating
transfusion therapy. The volume of blood loss varies
significantly, and in most studies it correlates with
high mortality, poor graft function and risk of infection
[23, 24]. In recent years, improvements in anesthetic
maintenance, surgical techniques, methods of graft
conservation, and methods of monitoring and correc-
tion of the hemostatic system have reduced the aver-
age volume of blood loss and led to a significant
reduction in cases requiring hemotransfusions [25,
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Puc. 4. Kineroynasi MoJieJIb CBEPThIBaHUS KPOBH.
Fig. 4. Cell-based model of coagulation.

Note. The three phases of coagulation occur on different cell surfaces: Initiation on the tissue factor-bearing cell; Amplification on the
platelet as it becomes activated; and Propagation on the activated platelet surface.

IIpumeyanne. Tpu dhasbl CBEPTHIBAHUS KPOBU IIPOUCXO/IST HA PA3INIHBIX OBEPXHOCTsIX KieTku: VHunmnarums — Ha TD-Hecymux kierkax;
Ammndukaist — Ha TpOMOOIHUTAX, 110 Mepe UX aKTUBUPOBaHus; 1 Pacripocrpareniie — Ha aKTHBUPOBAHHOMN TTOBEPXHOCTU TPOMOOIUTOB.

Tpu dasbl cBepTHIBAaHUSA KPOBH MPOUCXOAT Ha
Pa3IMYHBIX TIOBEPXHOCTAX KJeTku: Hunmanmsg — Ha
TD-Hecymux KieTkax; AMIINGUKAIMS — Ha TPOMOO-
IIUTaX, 10 Mepe MX aKTUBUPOBaHu; 1 Pactipoctpanenue
— Ha aKTUBUPOBAHHON TIOBEPXHOCTH TPOMOOIUTOB.

Kiterounas mosiesib cBepThIBaHUST KPoBU (puc. 4),
IIPU3BaHa OMUCATH ITPOIIECCH TEMOKAOTYJISAINY i VIv0
U OOBSICHUTH OTPAHUYEHUsI, KOTOPbIE HEOOXOAUMO
YYUTHIBATH TPU MHTEPIPETAINH PE3YIBTATOB JJabopa-
TOPHBIX KOATYJIAIIMOHHBIX TECTOB.

* Invivo iporiecc CBEPTHIBAHNS KPOBH SBJISCT-
Cs1 €ZIMHBIM ¥ CBSI3aH C TeMOCTATUYCCKIMU PEAKITUAMU
TpoMOOTIITOB. TPOMOOITUTHI HE TOJIBKO YIACTBYIOT B
AKTUBAIMH KOATYJISIIIMOHHBIX (DaKTOPOB, HO U BBITIOJI-
HATOT (DYHKITUIO PETYJISAINN BCETO TPOIlecca CBEPThI-
BaHUs KPOBU.

»  Koaryngimonnslii potiecc B pusnonornye-
CKHX YCJIOBUAX JIOKQJIM30BaH 30HOM flehekTa cocya.
Ero HepacrpocTpaHeHHI0 cOCOGCTBYIOT MPOTUBO-
CBEPTBIBAIONIAS CUCTEMA U HOPMAJIbHO (DYHKITMOHU-
pYIOIIHe SHA0TEINOIUTDI.

e M36bITOK TpOMOMHA B OpraHU3Me 4eI0BeKa
UHAKTUBUPYeETCs aHTUTpoMOutoM 111, KoTOpbIi Takke
akTuBeH B oTHomennu gakropos XIla, XIa, [Xa, Xa.

26]. Minimizing blood loss in the intraoperative pe-
riod is a great achievement because the need for mas-
sive hemotransfusions is associated with adverse
outcomes in patients with OLT [27, 28]. Currently,
cases with very high blood loss during liver transplan-
tation are extremely rare, and in some cases it has be-
come possible to perform liver transplantation even
without transfusion of erythrocyte mass.

Transplantation of the liver is characterized by
clearly delineated stages of the procedural implemen-
tation. The initial stage of the operation, right up to
the ligation of the portal vein and the hepatic artery,
is typically called the «preanhepatic phase». The next
stage, the «anhepatic phase», continues until the be-
ginning of reperfusion of the graft. The final stage is
the «postanhepatic phase». From the point of view of
an anesthesiologist, it is also important to consider the
period of time immediately prior to the surgery begin-
ning, when the recipient is prepared for surgery and
general anesthesia.

To prevent complications due to blood coagula-
tion (bleeding or thrombosis), constant monitoring of
the hemostatic system is obligatory in each surgery
phase. Disturbances of hemostasis during the operation
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o TlomsepKaHUio KPOBH B JKMIKOM COCTOSIHUN
CIIOCOOCTBYIOT PETUKYIOIHAOTENANbHAS CUCTEMA U
renaToUThl TTOCPEICTBOM CHennpUIecKoro yaane-
HUST aKTUBUPOBAHHBIX (DAKTOPOB CBEPTHIBAHMS KPOBU
u ¢pubpunoreHa 6e3 KaKoro-aubo BAMAHII Ha IPe-
IIECTBEHHUKH, ITyTEM OTPAaHUYEHUS PACTIPOCTPAHEHUS
KOAryJISIUK IPH y9aCTUU MHTMOUTOPA Iy TH TKAHEBO-
ro akropa (tissue factor path way inhibitor, TFPI),
TPOMOOMOZLYJIMHA, TeNAPMHONOA00HBIX TIMKO3aMUHO-
IJIMKAHOB OBEPXHOCTH 9HIOTETHOIUTOB.

B HOpMe crcTeMa reMocTasa HaXOAUTCs B IMHA-
MUYECKOM paBHOBecHH. VI30bITOUHOE MM HeJoCTa-
TOYHOE KOJMYECTBO TPOMOOTEHHBIX (haKTOPOB WK
HEJ0CTATOYHOCTh AHTUKOATYJISAHTHBIX — OCHOBHAsS
[PUYMHA HAPYIIEHUIi reMOCTasa.

N3meHeHnus B cucremMe reMocrasa
Ha pa3JUYHbIX JTallaX OoIl€paluu
TPpaHCIVIAaHTAIIUHU II€YECHHU

TpancranTanusi Me4eHn TMPOBOAUTCS TIOJ
o6Imeit anecTesueli ¢ IpuMeHeHreM TPoTiodhoIa, HHra-
JIIIIUOHHBIX AaHECTETUKOB, KCEHOHA W IPYTUX Iperna-
patoB [22]. ITpu TepMUHATBHON CTAUN IT€4EHOYHO-
KJIETOYHON HEeJZ0CTaTOuHOCTU (POPMUDPYETCS P
OOIIMX MEXAaHU3MOB, HAPYIIAIOITNX (haPMAKOKHHETHU -
YecKue CBOICTBA JIEKAPCTBEHHBIX MTPENAPATOB:

* IlpoucxonuT nojasjeHre aKTHBHOCTH TIPAK-
THUYECKU BCeX (DEPMEHTHBIX CHCTEM, HEOOXOIUMBIX
JUISL TIEYEHOYHOTO MeTaboJM3Ma ¥ BBIBEICHUS
JIEKAPCTBEHHBIX CPEJICTB.

* Hapyiienue BHYTPHUITEU€HOUHOI T€MOIIUPKY-
JISIIUU ¥ Pa3BUTHE TIOPTATIBHOM TUIIEPTEH3UN TTPUBO-
IUT K TIOMAJAaHUI0 BCOCABIIUXCS B KHUIIEYHUKE
JIEKAPCTBEHHBIX TIPETIAPATOB CPA3y B CUCTEMHBII KPO-
BOTOK, MHHYI TI€4€Hb.

* CHukeHnue OEJKOBO-CHHTETUYECKOH (HYHK-
I[UY TeTIATOIUTOB IPUBOJIUT K YMEHBIIEHUIO KOHI[EHT-
paiuu anbOyMUHA B KPOBU U CBSI3BIBAHWIO C HUM
JIEKAPCTBEHHBIX MTPENapaToB.

* VBesmueHue 0¥ HECBA3AHHBIX C aIbOYMU-
HOM JIEKADCTBEHHBIX BEIIECTB MOKET COITPOBOKAATh-
CsI TIOBBIIIIEHNEM X aKTUBHOCTH UJIU CIIOCOOCTBOBATH
Gosiee OBICTPOIT SIUMUHALIMH.

Baskneinmm nmpuHIIMIIOM aHECTE3UOJIOTUIECKO-
TO TIOCOOUS SABJISIETCST OTIEPEKATONIIA WU TIPEBEHTHB-
HBIIT XapakTep JedeGHBIX Mep, BBIOOP KOTOPBIX OCHO-
BaH Ha Pe3yJIbTaTaxX JeTaJbHOI MPeloTePaIOHHOM
OIIEHKM COCTOSTHUS TaIueHTa. TsKecTb UCXOIHOTO
COCTOSTHUS M TPABMATUYHOCTH OTIEPAIIUU OTIPEEISIOT
MHOTr000pasue 1 BHIPaKEHHOCTh OCTPBIX PACCTPOICTB
BUTATBHBIX (DYHKIUI TTPU TPAHCILIAHTAIINY TT€UE€HU.
YauTbIBast, 4TO BHIPAKEHHOCTD (hapMaKognHAMUYE-
cKuXx 3 HEKTOB U JIJTUTETBHOCTD EHCTBUST AHECTE3HO-
JIOTMYECKUX MPENapaToB MPU TPAHCIIAHTAIIUY TIeve-
HU HEJOCTATOYHO TIPEJCKA3YEeMbl, 11eJ1eCO06pasHo
HCIIOJIb30BATh HE TOJIHKO MOHUTOPUHT TJIyOMHbI aHe-
CTE3UU U HEPBHO-MBIIMIEYHOU MPOBOAMMOCTH, HO U
COCTOSTHUE CUCTEMbBI FeMOCTA3a.

may constitute a consequence of the initial coagulopa-
thy, massive blood loss and hemodilution, pathological
alterations of the hemostatic system during the anhep-
atic phase and, later, during the reperfusion of the graft,
as well as from progressive metabolic disorders or hy-
pothermia. During surgical intervention, the processes
of clotting and fibrinolysis are activated.

Preanhepatic phase

Massive hemorrhage is a serious complication of
liver transplantation. Blood loss in the first phase of the
operation depends on the basic disease, severity of por-
tal hypertension, alterations of the system of hemosta-
sis, and surgical technique. Neither preoperative
coagulation tests nor fibrinolysis markers during sur-
gery are informative enough to suggest the volume of
intraoperative blood loss [29]. The latter depends on
the development of collateral circulation due to portal
hypertension and the presence of adhesions with organs
of the abdominal cavity because of previous operations.

Scoring by the Child-Turcotte-Pugh scale or nu-
merical scale has been used to prioritize adult liver trans-
plant candidates. The model for end-stage liver disease
(commonly known as MELD) score used in the preop-
erative period might be useful for prediction of blood
loss risk. However, data have demonstrated that MELD
scores do not predict blood losses nor an estimation of
required blood product for patients during the liver
transplant surgery [30]. On the other hand, levels of he-
moglobin [29, 31—33], thrombocytopenia [33, 34] and
hypofibrinemia, and increased international normalized
ratio values might serve as predictors of hemotransfu-
sion volume during the surgery [35—38].

The first stage of the operation is characterized
by enhanced traumatism due to dissection of the ad-
hesions and the intersection of a multitude of collat-
eral vessels. Alterations in the integrity of the vascular
wall can dramatically shift the fragile compensatory
balance of the hemostatic system, thereby increasing
the risk of bleeding or thrombosis. Comorbidities that
might impact the coagulation system presurgery in
concert with a degree of correction of preexisting dis-
orders prior to the operation might significantly affect
risk of bleeding or developing thrombosis.

The improvement of surgical techniques and the
accumulation of experience in liver transplantation
are of decisive importance for reducing intraoperative
blood loss. We now know that the use of venous-ve-
nous shunting is a risk factor for increased blood loss
and need for blood transfusion [39,40], and that use of
the alternative «piggyback» surgical technique results
in reduced volume of blood transfusions [41—43].

Disturbances in the hemocoagulation status dur-
ing the preanhepatic phase of the operation correlate
with preoperative changes in the hemostatic system of
the recipient (basic hypocoagulation or hypercoagu-
lation, increased fibrinolytic activity, etc.) and the
pharmacological effects that accompany any surgical
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TpancranTanus ne4eHu sSIBJIeTCs onepalyeit
C BBICOKMMU (haKTOpaMu PUCKA MACCUBHOI KPOBOIIO-
Tepu 1 He0OXOMMOCTBIO TPaHC(HY3UOHHON Teparu.
O6beM KPOBOTIOTEPH CUJIBHO BapbUPYeET, U B HOJIb-
IMIMHCTBE WCCJEN0BAHUI KOPPEJUPYET C BBICOKOI
JIETAJILHOCTBIO, TJIOXOH DYHKIIMEl TpaHCIJIAaHTaTa 1
pUCKOM MH(EKITMOHHBIX OCJIOKHEHU [23, 24].

ViydieHust B aHECTE3UOTIOTMYECKOM obecrieye-
HUW, COBEPIIIEHCTBOBAHNE XUPYPTUUECKON TEXHUKHU 1
KOHCEPBAIMK OPraHa, yJIydllieHue MeTO[0B MOHUTO-
PUHTA U KOPPEKIIMK CUCTEMbBI FeMOCTAa3a COKPATUIN
06BEM KPOBOTIOTEPHU 1 TIO3BOJIUIIN B TIOCIIE/HIE TO/IbI
3HAYUTEJILHO CHU3UTH MOTPEOGHOCTH B TeMOTpaHchy-
3usix [25, 26]. MuHMMM3aIUsT KPOBOIIOTEPH B MHTPA-
OTEPAIIOHHOM TIEPUOJIE SBJISIETCS OOJIBIITUM JIOCTHKE-
HUEM, B CBSI3U C TEM, YTO HEOOXOAUMOCTh MAaCCUBHOI
reMoTpaHchy3Un aCCOIMUPYETCS ¢ HeOIArOMPUATHBI-
Mu ucxosamu y nanuenTtoB npu OTII [27, 28]. B
HACTOsilllee BPeMs TPAHCIIAHTAIMS I[E€YE€HU DPEIKO
CONIPOBO’K/IAETCS MACCUBHOI KPOBOIIOTEPEI U B Psijie
CJIy4aeB OMepalyist BBIMOJIHAETCS BoobIe 6e3 TpaHc-
(y3uu KOMITOHEHTOB AJIIIOTEHHON KPOBL.

TpancranTanusi ITeYeHH XapaKTePHU3yeTcst
YeTKO OYepPUYEHHBIMU ITAlAMU €€ BBIIOJHEHUSI.
Havasnbuslit aTam oreparyy, BIJIOTh /10 JIUTHPOBAHUS
BODOTHOI BEHBI U I€YEHOUHOIl apTepuu, MPUHSITO
Ha3bIBaTh «[06ecnedeHouHbIM» . Corelyonmuii atamn —
«BecredeHOYHBIN >, TIPOIOJIKAETCS 10 Havasia pernep-
dbys3un TpaHcIIaHTAaTa. 3aBepUIAONINIT dTam —
«nocrbectieueHouHbli». C MO3UIUN aHEeCTe310I0ra
BaKHO PACCMOTPETD TAKIKE U [IEPUO]] HETTOCPEICTBEH-
HOH MOATOTOBKH K OIlepaliuu u 001iell aHeCTe3 .

[ pe iy nipeskIe st OCTIOKHEHMIA CO CTOPOHBI
CBEPTHIBAIOIIEN CUCTEMBI KPOBU (Pa3BUTHE KPOBO-
TeYeHUH WK TPOMOO30B), Ha KAXK/IOM U3 HTUX HTATIOB
BA)KHO YYHMTBIBATH COCTOSIHUE CHUCTEMBI 'eMOCTa3a.
Hapyrenus reMoctasa Bo BpeMsi Ollepauu — CJIeji-
CTBUE UCXOHOI KOATYJIOATUH, MAaCCUBHOW KPOBO-
HOTEPU U FeMOAMJIIONNY, TATOJOTHIECKIX U3MeHe-
HUIT CHCTEMbI TeMOCTa3a BO BpeMst HeCIie4eHOUHOTO
nepuozia u Ha arare pernepdys3uy TPAHCIIIAHTATA, &
TAK JK€ MPOTPECCUPYIONMX MeTaOOIMUECKUX pac-
CTPOIICTB U ruIoTepMui. Bo BpeMst XUpypruueckoro
BMEIIIATENbCTBA AKTUBUPYIOTCS IPOIECCHI CBEPTHIBA-
Hust v bubpuHOIN3A.

JloOecneyeHoYHbIi IeproI

KpoBoriorepst Ha riepBoM aTare orepariy 3aBu-
CHUT OT UCXOJIHOTO 3a00JIeBaHMsI, BBIPAKEHHOCTH TIOP-
TaJIbHOI rUIIePTeH3NH, U3MEHEHUI B CCTEME TeMOCTa-
3a U XUPYpPruyueckoii rexuuku. Hu mpenonepariontbie
KOATyJISIIMOHHbBIE TECTBI, HU MapKepbl (GubPUHOIIM3a
BO BPeMs OIePAIlUU He MO3BOJISTIOT MPEIIOI0KUTD
00beM MHTpaolepannoHHoi kposonorepu [29]. On
MOJKET BO3PACTaTh MPHU HAJIMYUU Y MAIUEHTA CIIAeK
(o/1HA W3 IPIYUH — OTIEPAIMY B AHAMHE3€) UJIU MHO-
JKECTBEHHBIX KOJIJIATEPAJIeil BCJeCTBYUE IOPTATIBHOM
TUNepTeH3UN.

intervention [44]. As a rule, moderate coagulation dis-
orders and moderate blood loss occur, associated with
the complexity of hepatectomy, the extent of hypoco-
agulation and the intensity of corrections before sur-
gery. The cause of a liver disease affects blood loss and,
accordingly, the need for transfusion. Coagulopathy
and the severity of portal hypertension in nonc-
holestatic cirrhosis are associated with the develop-
ment of intraoperative hemorrhage to a greater extent
than disorders of the hemostatic system in cholestatic
liver diseases [45].

In pediatric liver transplantation to address bil-
iary atresia, coagulation disorders are not as signifi-
cant as for patients with cirrhosis of another etiology.

Anhepatic phase

Changes in the hemostatic system during the an-
hepatic phase of surgery are due to the absence of syn-
thetic, detoxification and elimination functions of the
liver. The course of the anhepatic phase is character-
ized by a progressive decrease in the fibrinogen con-
tent in the blood and clotting factors synthesized by
the liver (factors I1, V, VII, VIII, IX, X, XI and XII),
in combination with activation of fibrinolysis and a se-
vere deficit of antiplasmin [46—48]. During the an-
hepatic phase of the operation there is a decreased
excretion of activated proteins belonging to blood co-
agulation components and their inhibitors. Since the
half-life of certain clotting factors is short, the state of
hypocoagulation at this stage is enhanced.

During this period, blood loss is minimal, since
the main vessels are constricted, but bleeding may de-
velop due to changes in the hemostasis. Sometimes,
persistent thrombocytopenia of unclear etiology per-
sists. One of the causes of coagulopathy in recipients
may include preexisting alloimmunization to class I
HLA antigens, which otherwise serve to reduce the
activity of HLA-expressing platelets. With the use of
venous-venous bypass, thrombocytopenia increases as
aresult of adhesion of platelets to the endothelial cells
of the main vessels [49, 50]. Moreover, bleeding may
be increased due to heparin leakage from the heparin-
coated venous-venous bypass cannula.

The presence of hyperfibrinolysis during this pe-
riod of the operation has also been demonstrated [46,
51]. There is an increase of tPA concentration in the
bloodstream, which is not eliminated by the liver. The
simultaneous decrease of a,-antiplasmin and plas-
minogen and increase of degradation products of fibrin
and fibrinogen might reflect the active fibrinolytic
process.

Hypothermia, which is considered an integral
companion of any surgical intervention and anesthesia,
significantly impacts the state of the hemostatic sys-
tem. Severe hypothermia in liver transplantation is as-
sociated with the duration of surgical intervention and
anesthesia. Through the surgical access point (a large
wound surface), thermal losses and fluid losses are re-
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[Tporuoctuueckoe 3uavenue mrkagabl MELD
(model for end-stage liver disease) B oTHOIIEHIM
IPEINOJIATaeMOI HHTPAOIIEPAIMOHHO KPOBOIIOTEPH
B TIOCJIEJIHUX MCCJIEIOBAHUIX TIOBEPraeTcsi COMHe-
Huio [30]. A yposenp remorsiobuna [29, 31—33],
tpombouuTonenus [33, 34], runnodubpunoreHeMus u
nosbiiienne MHO moryT cay:kuTh mpeauKkropaMu
IS oTIpeJiesieHust 00beMa reMoTpaHcdy3uu BO BpeMst
oreparuu [35—38].

CoBeplileHCTBOBaHIE XUPYPTUUECKIX METOAUK
U HAKOILJIEHUE OTIBITA TIPU TPAHCILJIAHTAIIMY TIeYeHH
UMeeT OIIpe/esisioliee 3HAYEHUE [JIS CHUKEHUS
MHTPAOIEPAMOHHOI KpoBonoTepu. Vcrosib3oBanue
METOIUKU BEHO-BEHO3HOTO IITYHTUPOBAHS SIBJISIETCST
axTOopoM yBeIMYEHUsT KPOBOIIOTEPU U F€éMOTPAHC-
dysun [39, 40]. Ucnonb3oBanue XuUpyprudeckoi
TexHuku «piggyback» (kombuHMpoBanHas, coBMe-
I[EHHasT) TI03BOJIUJIO COKPATUTh 0ObEM TEMOTPAHC-
dysuit [41—43] mo cpaBHEHUIO C KJIACCUYECKOU
METOAMKOI B YCJIOBUSX IIPUMEHEHSI BEHO-BEHO3HO-
ro MyHTUpoBaHus. [lanHas TeXHUKA 0Ipa3zyMeBaeT
oTHeJIeHNe MeYeHH OT 1103a[UIeYeHOYHOTO OTIesa
HUJKHEN TM0JI0ON BEHBI, YTO HEPEIKO MPeNCTaBJIIeT
3HAYUTEJIbHbIE TEXHUYECKUE TPyAHOCTH. Bee Meskue
MeYeHOYHbIE BEHBI, IPEHUPYIONINE XBOCTATYIO 10110,
1 106aBOYHBIE TIPaBbIe MEYEHOYHBIE BEHBI PA3/eJIbHO
JIUTUPYIOTCS M TI€PECeKAIOTCs 10 HAMPaBJIEHUIO
CHU3Y BBEPX /[0 YPOBHsI OCHOBHBIX [1€4€HOYHBIX BEH.
Takum 00pa3oM, HUKHSISI [10J1asi BEHA PEIUITHEHTA
COXPAaHsIeTCsI HA BCEM MPOTSKEHUU. BoimoHsercs
renarskToMust 6e3 mepeKaTsi HUKHEN 1M0JI0N BEHBI.

Hapyienus B reMOKOAryJisiiiiOHHOM CTATyCe BO
BpeMst 106eCIeYeHOYHOTO TIEPUOJIA OTIEPAIK KOPpe-
JIUPYIOT C TIPEJONEePAMOHHBIMI N3MEHEHUSIMU B
cHCTeMe TeMocTa3a perunuenTa (6a30Bas TUITO- WK
TUTIEPKOATY AL, yCuIeHHast (GUOPUHOMUTUYECKAsT
AKTUBHOCTb U T. I1.) U (JapMaKOJIOTHYECKIMH BO3/I€¥i-
CTBUSIMHU, KOTOPBIME COITPOBOKIAETCST JII0Oast 001Iast
anecresus [44]. Kak npasuio, HabI01ai0TCsl yMepeH-
Hble HAPYIIEHUs KOATYJISIUN U YMePEHHAsT KPOBOIIO-
Tepst, KOTOPast KOPPEIUPYET CO CJAOKHOCTBIO TeITaTIK-
TOMUU, CTETIEHBIO BBIPAYKEHHOCTU IHIIOKOATY IS 1
€e CKOPPUTUPOBAHHOCTHU /IO ONEPAIUU. JTUOJIOTHUS
3aboJieBaHUsl TIeYeHU BJIMsieT HA KPOBOIOTEPIO U,
COOTBETCTBEHHO, Ha OTPeGHOCTD B Tpatcdysuu. Koa-
TyJIOTIATUU U BBIPAYKEHHOCTD [TOPTAJIbHON UIIEPTEH-
3UH [IPU IIUPPO3AX IT€UEHN He-X0JIeCTATHUECKOI 9THO-
Jorun B GOJIbINEl CTETeHN COCOGCTBYIOT PA3BUTUIO
MHTPAOIIEPAIIMOHHOTO KPOBOTEUEHUSI, YeM Hapylie-
HUSI B CUCTEME TeMOCTa3a [IPU X0JIeCTaTHIecKuX 3a60-
JIeBaHMSIX ITedeHu [45].

[Ipu TpaHCIIAHTAIINY Y JIETell 110 TOBOLY OUu-
ApHOIl aTpe3uu HapYIIEHUs KOATyJsIUU He CTOJb
3HAYUTEJIBHBI, KaK P IUPPO3€ [PYTOii 9TUOJIOTHH.

becneyeHouHblit Iepro/I

W3meneHust B cucteMe reMoCcTasa BO BpeMsAa 6ec-
Ie4YEeHOYHOIo Iiepruoga O6yCJIOB]I€HbI OTCYTCTBUEM

alized, both of which require adequate replenishment.
Despite the use of thermal mattresses, foil wrapping
and heating of solutions, after 5—6 h of anesthesia, the
temperature in the rectum and esophagus of the recip-
ient decreases from 36.6°C to 34.9°C and the peripheral
temperature at the fingertip diminishes from 34°C to
26°C [52, 53]. The temperature decrease continues
through the operation stage, during which the donor
liver is extracted from ice storage and transferred to in-
side the abdominal cavity of the recipient.
Hypothermia leads to coagulopathy, increased
bleeding time and inhibition of platelet function by al-
tering the release of thromboxane A,. The decrease in
temperature by itself might inhibit the function of the
enzymes of the coagulation cascade [54—56]. Hypother-
mia more than 2°C severely increases intraoperative
blood loss and the need for hemotransfusion [57, 58].

Postanhepatic phase and the reperfusion
and postreperfusion stage

After a short period following the initiation of a
blood flow through the transplant, it is possible to
preevaluate the functionality of the transplant by con-
sidering the color, turgor pressure and presence or ab-
sence of bile secretion. Certainly, the parameters of the
blood coagulation system, which react sensitively to
the functional capabilities of the transplant, might also
be of informative value. Since the function of the
transplant is recovering in the 30—40 min after the
start of reperfusion, the coagulation index of the blood,
as arule, begins to stabilize, showing gradual improve-
ment at first. Reperfusion is the key point of the oper-
ation, and it can significantly alter the blood
coagulation, possibly resulting in severe coagulopathy
soon after the blood flow through the transplant be-
gins. Nonretractive coagulopathy associated with the
progressive fibrinolysis is typical for the primary non-
functioning graft.

After the liver transplant is included into the
bloodstream flow, disorders of hemostasis are deter-
mined by the condition of various systems of the re-
cipient’s body, quality of the transplanted organ,
severity of the reperfusion syndrome, and release of
exogenous heparin and endogenous heparin-like sub-
stances from the donor liver [59].

Storage of the donor liver from the withdrawal
time to the initiation of reperfusion initiation is ac-
companied by transplant ischemia [60]. In this period,
natural anticoagulants and unidentified coagulation
inhibitors can accumulate in the donor liver. A definite
contribution can be made by heparin and heparin-like
substances eluted from the donor liver [61]. Heparin,
which is used during the withdrawal and preservation
of the donor liver, enters the recipient’s bloodstream
during reperfusion of the graft. In addition, it is known
that the donor liver is a source of a large amount of
tPA; and, a low level of its inhibitor in the recipient
promotes activation of fibrinolysis [62]. Along with all
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CHHTETUYECKOH, IETOKCUKAIIMOHHON U 9JIUMITHAIIOH-
Hoil yuknuii neyenu. TedeHnne GeCre4eHOYHOTO
Hepro/a XapaKTepU3yeTcst IIPOrPECCUPYIONINM YMEHb-
IIEHUEM COJIePKaHust B KPoBU (hubpuHorena 1 hakro-
POB CBEPTHIBaHUS, BbIpabaTbiBaeMbIX B rieyern — 11,V
VII, VIII, IX, X, XI, XII — B coueTanuu ¢ akTuBaruei
hubpuHOIM3a TIPK PE3KOM JIeDUIUTE AaHTUILIA3MUHA
[46—48]. Ha GecriedeHOUHOM 9Tarie onepanui OTMeda-
eTcst CHUYKEHHOE BBIBE/IEHUE aKTHUBUPOBAHHBIX OEJTKOB
CBEPTHIBAIONIEH CHCTEMbI KPOBU U MHTHOUTOPOB. Tak
KaK Iepuo]| MOJyBbIBEJIEHNST HEKOTOPBIX (haKTOPOB
CBEPTHIBAHUST KOPOTKUH, COCTOSTHUE THITOKOATYJISIIIN
Ha JIAaHHOM 9Tarle ycuianBaercst. B aToT nepuon kpoBo-
HOTepst MUHUMAJIbHA, TAK KAK OCHOBHbIE COCY/IBI ITepe-
JKaThl, HO BCJIEJICTBUE U3MEHEHUII B TeMOCTa3e MOKET
pasBUTbCs KpoBoTedenue. OHOI 13 TIPUYNH KOATYJI0-
AT MOKET OBITh TIPE/ICYIECTBYIONIASA AJJIOUMMYHU-
3arust perunuenToB k HLA-anturenam, 4to cHuzKaer
akTUBHOCTH TpomOouuTos ¢ HLA-anturemamamu I
Kiacca. [Ipu uenosb30BaHNK BEHO-BEHO3HOTO 00X0/1a
(BBO) napacraer TpoMOOLIUTOIIEHS BCIEACTBUE a/ire-
3UHM TPOMOOIUTOB Ha CTEHKAX MATUCTPAIbHBIX COCY/I0B
[49, 50]. TTocTyIienne B KpoBb relapuHa 13 MOKPBITHS
KaH1oJ1b 1111 BBO MoskeT c1ioco6cTBOBATh HOBBIIIECHUTO
KPOBOTOUYUBOCTH.

Jlokazano nanuuue runepuOPUHONN3A B 9TOT
nepuoj onepaiuu [46, 51]. IIpoucxoauT yBeandeHue
KOHIIEHTPAIIMK TKAaHEBOTO aKTUBATOPA ILJIA3MUHOTeE-
HA, KOTOPBII HE SIIMMIHUPYETCS [T€Y€HbIO, BBIKJIIO-
YeHHOIT 13 KPoBOTOKA. /|0Ka3aTeIbCTBOM aKTHBHOIO
(bUOGPUHONIUTHYECKOTO MPOTIECCa CAYKAT OJHOBpE-
MEHHOEe CHIKEHUE (l,-aHTUIIA3MUHA U T1JIa3MUHOTe-
HA ¥ YBEJIMUEHIE TPOLYKTOB Jerpagaiiuy GpubprHa u
(dbubpuHoTEHA.

Cy1ecTBeHHOE BIIMSTHUE HA COCTOSTHAE CUCTEMBI
reMOCTa3a OKa3bIBAET IMITOTEPMUST, KOTOPAS SBJISETCS
HEOTHEMJIEMBIM CITYTHUKOM JII0O0TO OTEPATHBHOTO
BMEIIATEThCTBA U aHEeCTe3WN. BhIpaskeHHast THTIOTEP-
MUS TIPU TPAHCTIIAHTAIIUN TTEYE€HU CBSI3aHA C JTUTEIb-
HOCTBIO OTIEPATUBHOTO BMEITATEIbCTBA U aHECTE3UH.
Yepes XUPYPrudecKuii JOCTYTI, OTKPBIBAOIINAN O0JTb-
NIyI0 PAaHEBYIO MOBEPXHOCTH, OCYIIECTBJSIOTCS He
TOJIBKO TEILJIOBBIE TIOTEPU, HO U GOJIBIIUE MEPCIUpa-
IUOHHBIE TTOTEPH JKUAKOCTU, HYKIATOTTHECS B a/I€K-
BaTHOM BOCTIOJTHEHWH. HecMOTps Ha MCroib30BaHMe
TETITOBBIX MaTpaIleB, YKyThIBaHUS (hOJIBIOM, TO[0Tpe-
BaHUe PACTBOPOB, K MCXOy 5—6 dyaca aHecTe3nn TeM-
neparypa B IPSMOI KHTITKE U TIUIIEBO/IE PEITUTTHEHTA
cumskaercst ¢ 36,6° no 34,9°C, nepudepuueckast Ha
nanbite — ¢ 34° 10 26°C [ 52, 53]. Cumkenune Temmepa-
TYpBl TPOJOJIKAETCS Ha 3Tare OIeparun, KOTAa
M3BJIEUCHHAS W30 JIb/Ia IOHOPCKAs TIeUueHb TTOMETNaeT-
Cs1 B OPIOIITHYIO TIOJIOCTh PEIUITHEHTA.

[umotepmMus BeeT K KOAryJIONaTuy, yBeJande-
HUTO BDEMEHU KPOBOTEUEHUS, yTHETEHUIO (DYHKITUN
TPOMOOIIMTOB 3a CUET U3MEHEHUS BHICBOOOKICHMS
TpoMbOKcaHa A,. CHUKEHHIE TeMIIepaTypbl U CaMo
mo cebe yraeraeT GYHKINIO (PEPMEHTOB CBEPTHI-
BaroIero kackazaa [54—>56]. Tunorepmust 60see yem

of the above, the low content of coagulation factors in
the blood of the recipient is observed following the an-
hepatic phase.

Hyperfibrinolysis is the most important and sig-
nificant factor determining the volume of a blood loss
in the postanhepatic phase of the operation. The bleed-
ing is facilitated by the sequestration of platelets in the
transplant. Experiments have shown that the percent
difference between the content of platelets in the arte-
rial and venous blood of the transplanted donor liver
can reach 55%. Furthermore, this difference is report-
edly associated with worsened platelet aggregation
[63]. The pathogenesis of reperfusion fibrinolysis is
complex, including release of tissue activators of fibri-
nolysis and plasminogen, and decreases in hepatic
clearance of plasmin and level of antiplasmin. Fibrinol-
ysis activity decreases within 60 min after reperfusion,
and remains elevated in poor graft function.

Hypothermia, acidosis, hypocalcemia and hemo-
dynamic disorders alter the hemostasis [64]. Concomi-
tant hypotension, hypoxia, acidosis and possible
dysfunction of the transplant make a second hit on the
hemostatic system, possibly leading to the develop-
ment of disseminated intravascular coagulation in the
intraoperative stage. Symptoms of disseminated in-
travascular coagulation after reperfusion indicate poor
quality of the transplanted organ. With a nonfunction-
ing graft, the risk of uncontrolled intraoperative bleed-
ing increases by several fold [65].

Postoperative period

Early postoperative hemorrhages after liver
transplantation reportedly occur in 7—19.9% of cases
and are associated with altered hemostasis [66, 67]. In-
creased number of transfused packed erythrocytes and
prolonged stay in the Intensive Care Unit were re-
ported to be associated with postsurgery hemorrhages,
that in turn impacted the posttransplantation mortal-
ity rate [67].

Postoperative blood clotting rates depend on the
condition of the transplanted donor liver. In those
cases where bleeding is caused by insufficient function
of the transplanted liver, conservative tactics aiming
to correct the coagulation system of the blood seem
appropriate. If the function of the donor organ has
been compromised, a marked defibrination may occur
after revascularization, followed by uncontrolled hem-
orrhage. By the end of the second and third days after
the operation, if the transplant demonstrates adequate
functioning, the parameters of hemostasis are becom-
ing normalized.

Thrombocytopenia frequently persists in the
early postoperative period, mainly due to the activa-
tion and consumption of platelets after the reperfusion
of the graft, and as the recovery of liver function oc-
curs. With normal synthetic liver function, the level
of thrombopoietin in the blood increases significantly
on the first day, leading to an increase in the number
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Ha 2°C cylllecTBEHHO YBeJIWYMBAET MHTpaolepa-
[IHOHHYIO KPOBOMOTEPIO M TMOTPEGHOCTh B TEMO-
Tpanchysuu [57, 58].

ITocr6ecneyeHOYHbIH NEPHO.
Penepdysus u nocrpenepdy3nOHHBIIH
nepuo/I

Uepes HEKOTOPOE BPeMs MOCJIe ITyCKa KPOBOTOKA
Yyepe3 TPAHCIIJIAHTAHT MOKHO IIPEIBAPUTEBHO CYIUTh
0 €10 (PYHKITHOHAIBHOI COCTOSITEILHOCTH 10 OKPACKe,
TYPTOpY, HAJIMYHUIO WJIU OTCYTCTBHIO JKeJTUEOT/IeJIeHNUSI.
W, xoneuHo e, 10 COCTOSTHUIO CBEPTHIBAIOIIIEN CHCTe-
MBI KDOBH, KOTODPAst O4€Hb UyTKO pearupyer Ha GhyHK-
I[MOHATBHYIO HEIOJIHOIIeHHOCTh TpancianTaTa. [lo
Mepe BOCCTAHOBJIEHUsT (DYHKIIMKM TPAHCITIAHTATA
(uepe3 30—40 mMunyT MOcje Havyana penephysun)
MOKa3aTeJIl CBEPTHIBAEMOCTH KPOBH, KaK ITIPABUJIO,
HAYMHAIOT CTaOUIM3UPOBATHCS C MOCTEMEHHBIM WX
yayuienueM. Periepdysust — Kiio4eBoit MOMEHT oTie-
paiuu, KOTOPbIif MOXKeT TIPUBOJNTD K 3HAUUTEIbHBIM
HAPYIIIEHUSIM CBEPTBIBAHUS KPOBU, TSIKEJION KOAryJIo-
HaTHH TOCJIe TTyCKA KPOBOTOKA Yepe3 TPAHCILIAHTAT.
Hekymnupyioiasicst KoaryJonartusi ¢ Iporpeccupyio-
UM (GUOGPUHOIM30M  XapakTepHa st MEepPBUYHO
He(YHKIINOHUPYIOIIEro TPAHCIIJIAHTATA.

[Tocute BKITIOUEHMS TIEY€EHOUHOTO TPAHCILTAHTATA
B KPOBOTOK, HAPYIIEHUsI TeMOCTAa3a OIPEIeISIOTCS
COCTOSTHUEM PA3JIMYHBIX CUCTEM OPraHNU3Ma PeIuIIi-
€HTa, KAYeCTBOM ITIePECAKEHHOr0 OpPTraHa, BhIPAKeH-
HOCTBIO pernepdy3MOHHOTO CUHPOMA, BbIIeJeHUEM
9K30T€HHOT0 Telapruia U 9HIOT€HHBIX TeITapUHONI0B
U3 JIOHOPCKOiT ieyenu [59].

Xpamnenue TOHOPCKOII TIEY€HN OT MOMEHTA U3bsI-
Tug 70 pernepdy3un COMPOBOXKIAETCS UIIeMuei
tpancmrantata [60]. B aTtoT mepuos B joHOpcKoOi
MeYyeHn MOTYT HAKAIJTMBATHCSI eCTECTBEHHbIE aHTH-
KOATYJISTHTBI U HEWECHTU(DUITPOBAHHBIE HHTUOUTOPDI
koaryssaiuu. OnpeeseHHblN BKJIA[ MOTYT BHOCUTb
remapyiH U TelapuHONO00HbIE BEIECTBA, BHIMbIBAE-
Mble 13 foHopcko nevenu [61]. Temapun, KoTopsIii
OPUMEHSIOT BO BpeMsI U3bATUS U KOHCEPBAIUU
JIOHOPCKOII TIeYeHH, MOoMnajiaeT B KPOBOTOK BO BPeMsi
periepdysun Tpanciiantata. Kpome Toro, nssecrno,
YTO JIOHOPCKAS TI€UEHD ABJISIETCS UCTOYHUKOM GOJIb-
IIOTO KOJIMYeCTBA TKAHEBOTO aKTUBATOPA MJIA3MITHO-
reHa, a HU3KUH yPOBEHb €ro HHrMOUTOPa y pelunueH-
Ta crnocobcTByer aktuBaiuyu GubpuHoausa [62].
Hapsny c atim oTMeuaercst Hu3Koe cozepanue hak-
TOPOB CBEPTHIBAHKS B KPOBHU PEIUITUEHTa mocie Gec-
MEeYeHOYHOTO MEPUO/IA OTIEPAIUH.

TunephubPUHOINS SIBISIETCS] CAMBIM BAKHBIM U
3HAYUTETBHBIM (DAKTOPOM, 06 CIABIUBAIONIUM 0OBEM
KPOBOIIOTEPHU B TIOCTOECTIEYCHOUHBII TIEPUOJ| OTIepa-
. KpoBOTOUMBOCTH CIOCOOCTBYET CEKBECTPATIUS
TPOMOOIIUTOB B TpaHCIIaHTaTe. B aKkcrmepumMenTax
MOKA3aHO, YTO PA3HUIA MEXK/TY COflepsKaHueM TPOMOO-
IUTOB B apTepPUAIbHOIN ¥ BEeHO3HOII KPOBU mepeca-
SKEHHOI IOHOPCKOI IIe4eHN MOJKeT ocTurath 55%. B

of platelets starting from d 5 postsurgery. Normaliza-
tion of the number of platelets is observed at 14 d after
the operation. In some patients, persistent thrombo-
cytopenia is observed, associated with persistent
splenomegaly.

Impaired platelet-dependent hemostasis leads to
an increased risk of complications in patients undergo-
ing anesthesia and surgery [68]. Various intravenous,
inhaled and local anesthetics inhibit the aggregation of
platelets, thereby increasing the risk of bleeding during
surgery and in the postoperative period [69]. In 1971,
Ueda and coauthors [70] demonstrated anesthesia-
linked bleeding complications for the first time in dogs,
showing that the magnitude of this inhibitory effect
varied depending on the drug. The data confirmed the
role of anesthetics in the hemostatic system and high-
lighted the need of careful consideration of possibilities
of drug-induced bleeding in surgery.

Thrombosis in the area of an anastomosis of the
hepatic artery and portal vein represents the most seri-
ous complication of the early postoperative period [71].
Thrombosis of the arteries of the liver is one of the main
causes of graft rejection. Alterations of the hemostatic
system associated with an imbalance between the pro-
coagulation and anticoagulation cascades significantly
contribute to the development of this life-threatening
complication. The probability of development of
thrombosis in the postoperative period in patients with
cholestatic liver damage and with liver damage that has
developed because of altered blood flow through the
blood vessels of the liver may be higher than in patients
with noncholestatic liver damage.

Alertness to the development of postoperative
thrombosis should be very high when considering pa-
tients who were identified in the presurgery period as
being prone to thrombosis. The detection of high lev-
els of aPLs in patients with thrombotic complications
before surgery demonstrates the need for their deter-
mination in the postoperative period. There is an opin-
ion that it is easier to cope with bleeding than with
thrombosis that arises as a complication during or
after the surgery. In general, therefore, the earlier that
the deviations in the hemostatic system are revealed
the easier it is to prevent the occurrence of complica-
tions accompanied by bleeding or thrombosis.

To monitor the condition of the hemostatic sys-
tem during liver transplantation, multiple determina-
tions of coagulogram indices are made; these include
platelet count, prothrombin index, international nor-
malized ratio, antithrombin III level, fibrin-monomer
complex and fibrin degradation products. The earliest
signs of hemostasis normalization can be documented
with thrombelastography [72]. Most transplant cen-
ters use their own protocols to monitor the hemostatic
system parameters [73].

In a retrospective study, it was found that every
10 sec of prolonged activated partial thromboplastin
time increases the risk of bleeding by 7%. The age of
the patient has also been identified as a risk factor for
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ATOT [EPUO]I BbISIBJIEHO YXYIIIEHUE arperaiuu TPOM-
6ouuTos [63]. Ilarorenes penepdysnonHoro Gubdpu-
HOJIN3a KOMILJIEKCHBII: BHIOPOC TKAHEBLIX aKTHBATO-
poB (ubpuHOIN3a U IA3MUHOTEHA, YMEHBIIEHIE
MEeYeHOYHOTo KJIMPEeHCa MIa3MIHA IPU OHOBPEMEH-
HOM CHIKEHWH YPOBHS aHTHUILIA3MUHA. AKTHBHOCTb
dbubpuHOIU3a CHIZKAeTCs B TedeHne 60 MUHYT IOCIe
periepdy3ui, U OCTAETCs TOBBIIIEHHO TP TIIIOXO0H
(yHKIIUU TPAHCILIAHTATA.

Hapymaior remocras rumoTepMus, aiujos,
TUIIOKAJTBITNEMUST U TeMOJAMHAMIYECKUE PACCTPOii-
ctBa [64]. ComyTcTBYIONINE TUTIOTOHUS, TUTIOKCHS,
aIUI03 U BO3MOKHAS TUCHYHKIUS TPAHCILJIAHTATA
BJIUSIOT HA CUCTEMY IeéMOCTa3a BTOPUYHO U MOTYT
npuBoauTh K pazsutuio /[ BC—cunapoma B nHTpa-
oneparmonnom nepuoge. Cumnromsr /IBC-cunmapo-
Ma 1ocjie perepdy3un CBUAETETBCTBYIOT O ILIOXOM
KauyecTBe TPAHCILIAHTUPOBAHHOTO opraHa. llpu
HeYHKIIMOHUPYIONIEM TPAHCILJIAHTATE PUCK HEKOH-
TPOJUPYEMOTO HHTPAOIIEPAIINOHHOTO KPOBOTEUEHUSI
YBEJIMYNBAETCS MHOTOKPATHO [65].

IlocneonepanOHHBINA EPHO/T

Pannue mnocaeomnepaimonuble KPOBOTEYCHUS
Berpevaiores B 7—19,9% nabiioieHuii 1 66IBAIOT CBS-
3aHbI ¢ HApYIIeHneM remocTasa [66, 67]. Ilocseornepa-
IIMOHHBIEC KPOBOTEUEHUS COIIPOBOK/IAIOTCS yBeJInye-
HUEM  KojudecTBa  reMmorpancdysuii  mocie
TPAHCIIAHTAIINY TIeYeHn 1 GoJiee JTUTENbHBIM TIpe-
ObIBAaHMEM TIAIMEHTOB B OT/CJCHUU WHTEHCUBHOI
TepaIui, 4To, B CBOIO OU€ePe/lb, BIUIET HAa TIOKA3aTEb
MOCJIEOTIEPAITMOHHON cMepTHOCTH [67].

[Tocneomnepanontpie MOKa3aTeJu CBEPTHIBA-
HUS KPOBU 3aBUCAT OT COCTOIHUS TPaHCIJIAHTHUPO-
BaHHOU OHOpPCKOH meueHu. B Tex cayyasx, koraa
KpoBoTeueHne o6yCIOBIEHO HEJOCTATOYHON (DyHK-
el epecakeHHoN meyenw, 1eecoobpasHa KoH-
cepBaTUBHAS TAKTHKA, HAllpaBJIeHHAs HA KOPPEKIIUIO
cBepThIBaolell cucteMbl KpoBu. Ecau dynkumsa
JIOHOPCKOTO OpraHa 0Kasajachb CKOMIPOMETHPOBAH-
HOM, 1MocJjie peBaCKyJIsIPU3AlNU MOKET Pa3BUTHCS
BhIpaKeHHass AeubpUHANMS € MOCJAEAYIONUM
HEKOHTPOJIUPYEMBIM KpoBOoTeueHueM. K koHity BTO-
PBIX-TPETBUX CYTOK TIOCJIE ONlepalluu TP aJleKBaT-
HOM (DYyHKIIMM TPAHCIIJIAHTATA TIOKAa3aTeJ I TeMOCTa3a
HOPMaJIU3YIOTCSI.

TpoMOOIUTOIEH NS YACTO COXPAHSIETCS B PAHHEM
MOCJICOTIEPAITMOHHOM TIepUOJIe, B OCHOBHOM BCJIE]I-
CTBYE aKTUBAITMHU 1 TOTPEOIICHNST TPOMOOITUTOB TIOCTIE
perniepdy3nun TpaHCIJIAHTATA, U TI0 MEpe BOCCTAHOBJIE-
Hug GyHKIUK TTedeHnn yMenbinaetcs. [Ipu Hopmaib-
HOI CUHTETHYECKOM (DYHKIINHU [Te4eHN YPOBEHD TPOM-
GOMOATUHA B KPOBM 3HAYUTEJIHHO MOBBINIACTCS B
MEPBBIN JIeHb, YTO BEJIET K YBEJINUEHUIO YUCIIA TPOM-
Go1UTOB ¢ 5-X cyTok. HopMasuzanus KoJudYecTBa
TPoMOOTIUTOB oTMedaeTcst iocse 14-x cyrok. Haburo-
nlaeMast y HEKOTOPBIX TIAIIUEHTOB CTONKAst TPOMOOTIN-
TOTIEHUS CBSA3aHA C COXPAHAIONIeHcd CriJIeHOMeraanei.

bleeding. In elderly patients the risk of bleeding in-
creases two-fold, and there is an additional risk of he-
morrhagic stroke [74—76].

The management strategy for patients before the
liver transplant operation and at the various stages of
the liver transplantation requires various approaches
to correct the accompanying disorders in the hemo-
static system.

Principles of correction of hemostasis
disorders during and after OLT

The therapeutic measures aimed at maintaining
the hemostatic system should be performed pre-
surgery, from the very beginning of the anesthetic aid,
during the phases of operation and post-transplana-
tion. Changes in the hemostatic system of the recipi-
ent prior to surgery, as well as changes caused by
anesthesia and surgical technique, determine the se-
lection and conducting therapeutic correction of dis-
orders of the blood coagulation system in patients
undergoing liver transplantation. OLT is associated
with an essential need for transfusion therapy. Since
OLT is accompanied by significant blood loss, hemo-
transfusion remains the traditionally effective treat-
ment option.

In the process of development and improvement
of surgical operation strategies for liver transplanta-
tion, the hemotransfusion intraoperative strategy un-
derwent gradual changes. These strategies started
from the preventive massive blood transfusion with
transfusion of more than 20 units per surgery to the
transplantation without any hemotransfusion. In the
1980s years the average blood loss during OLT was
8—12 liters, which required a significant transfusion
of blood products [77]. During the improvements of
surgical operations and anesthesia in the course of
liver transplantation, the options for hemotransfusion
therapy have been changed. In a study by deBoer
M.T. areduction in the transfusion of any blood com-
ponent during surgery has been estimated as more
than 25%: from 100% in the 1980s — 1990s to 74% at
the beginning of the third millennium [78, 79].

Replenishment of blood loss should be carried out,
adhering to advancing tactics. In patients with initial
anemia or hypovolemia, the hemotransfusion should be
started already at the preparatory stage of anesthesia.
In the case of single-stage massive blood loss when dur-
ing the operation, evaluation of the coagulation state
and the level of Hb is limited by real time, then blood
transfusion should be performed in accordance with
clinical indications using erythrocyte mass, blood
plasma, platelets and crystalloid solutions [80].

To limit the use of allogeneic erythrocytes during
surgery, the method of blood saving was employed that
included reinfusion of self-blood with the help of «cell-
saver» technique. The effectiveness of cell-savers has
been convincingly demonstrated by a number of studies
[81—84]. Questions are raise about the use of this tech-
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Ha TpoM6onuTapHbiii reMoCTa3d MOTYT OKa3bl-
BaTh BJUSIHUE CPEJICTBA, IPUMEHsieMble TIPU aHecTe-
3un [68]. iMetoTcst cBejienns, 4TO BHYTPUBEHHBIE,
UHTAJISAIMOHHBIE ¥ MECTHBIE aHECTETUKU, WHTHOU-
PyIOT arperaiiio TpoM6ouToB [69]. 1o MOKeT Ipu-
BOJIUTH K BO3PACTAHUIO PHCKA PA3BUTH KPOBOTEUE-
HUsI BO BPEMsI OIEPAIUU U B IIOCTIEOTIePAIIMOHHOM
nepuoze. B 1971 roxy Ueda ¢ coaBropamu BiepBbie
[POAEMOHCTPUPOBAJIN HTOT AhheKT Ha TPOMOOIHUTAX
cobak [70]. Bemmumnna aToro nHrubupyiomuero s dex-
Ta, TMO-BUAMMOMY, PA3JIHMYAETCS Y PA3HBIX areHTOB.
[Tosryuensl manHbie MOATBEPIKAAIONINE POJTIb AHECTE-
THKOB B CHCTEME TeMOCTa3a YKa3bIBaIoIIHe Ha HeoOX0-
JIIMOCTb YYUTBIBATh BO3MOKHOCTH PA3BUTHUST METUKA-
MEHTO3HOTO KDOBOTEUEHUST B XUPYPIUU.

Tpom603 B obsacTt aHACTOMO3a TIEYEHOUHOM
apTepuy U BOPOTHON BeHbI HauboJjiee Cepbe3Hble
OCJIOJKHEHUS] B PaHHEM IOCJEOTIEePAIMOHHOM
nepuoze [71]. Tpom603 aprepuii medeHn — ojHa U3
OCHOBHBIX [IPUYMH IIOTEPH TPAHCITIAHTAHTA TTOCTE
omepanuii. Hapymienue B cucreme remMoctasa, cBs-
3aHHbIE C AMCOATAHCOM MEKAY MPOKAOTYISIIHOH-
HbIM ¥ QHTUKOATYJISIMOHHBIM KAaCKaJOM HUIPAIOT
BaJKHYIO POJIb B PA3BUTHUE ITOTO JKU3HEYTPOXKAIOIIE-
ro ocJoKHeHus. BeposaTHocTs pazsutus Tpombo3a
B IIOCJIEOINEPAIMOHHOM IIepHOJie Y TMaIllMeHTOB C
X0JIECTATHYECKUM TIOBDEXKIEHUEM TIeYeHH U C
HOBPEXAEHUSIMU eYeHU, KOTOPble Pa3BUBAIOTCS
BCJIE[ICTBYE HAPYIIEHUs] ITPOXOJUMOCTU COCY/IOB
neyeHu, MOryT ObITh BbIIIIE, YeM [IPHU HE-XOJECTaTh-
YECKUX MMOBPEKIAEHUSIX EUEHH.

HacrtoposkeHHOCTh B Pa3BUTUU IIOCJIEOIIEPA-
[IMOHHBIX TPOMOGO30B JIOJIKHA OBITH B OTHOIICHUM
MAIMEHTOB, UMEBIIMX CKJIOHHOCTh K TpoMOO3aM B
nepuoJ TOATOTOBKU UX K oOmepanuu. Beispienue
BBICOKUX YDOBHEH aHTHOCHOIUIIIHBIX AHTUTEN Y
MAIMEHTOB € TPOMOOTUYECKUME OCJIOKHEHUSIMU J10
orepaiuu, TUKTyeT He0OXOIMMOCTb UX OIPe/IeTeH s
B IOCJI€OTIEPAIIIOHHOM Ttepuose. EcTh MHEHMe, 4TO C
KPOBOTEUEHHUEM CIIPABUTLCSA OBIBAET JIETYe, 4EeM C
TPOMGO30M BO3HUKAIOIINM, KaK OCJIOKHEHUE BO BPEMST
u mocsie otepanuu. Y ueM pambiie OyAyT BbISBICHbI
OTKJIOHEHUsI B CHCTEME IeMOCTa3a, TeM Jierde mpej-
VIIPEAUTh BOBHUKHOBEHUE OCJIOKHEHUI, COIIPOBOXK-
JIaeMBIX KPOBOTEYECHUSIMU VI TPOMOO3aMU.

[l7151 KOHTPOJIS 32 COCTOSTHIEM CHCTEMBI TEMO-
CTa3a IPY TPAHCIJIAHTAIUY [IeYE€HU TIPOBOAST MHO-
rOKpaTHOE OIpe/esieHne [ToKa3aTesell Koaryaorpam-
MBI,  BKJIOYasgs  KOJMYECTBO  TPOMOOIUTOB,
IPOTPOMOMHOBBIN HHJEKC, MEKYHAPOAHOE HOPMa-
suzoBanHoe otHomenue (MHO), ypoBenp antu-
tpombuna III, kommieke GuOGpPUH-MOHOMED, IIPO-
aykrel gerpaganuu pubpuna. Hanbosee pannue
IPU3HAKK HOPMAJIU3AIINY TeMOCTa3a MOKHO 3aperu-
CTPUPOBATh C IIOMOILbIO TpoMboamacTorpaduu [72].
Caeyet OTMETHTb, 4TO B GOJIBIIMHCTBE IIEHTPOB
TPAHCIJIAHTAIIMY MCIOJIB3YIOTCsE COGCTBEHHBIE TIPO-
TOKOJIBI KOHTPOJISI CCTEMbI TEMOCTA3a U [TOKA3AHUI
K HUM [73].

nique in liver transplantation in patients with hepatocel-
lular carcinoma because of the high risk of recurrent can-
cer. However, Liang TB and Araujo RL with co-authors
have demonstrated the effective use of leukocyte filters
to prevent recurrent hepatocellular cancer [85, 86].

Hemotransfusions remain an inevitable part of
anesthetic aid during the surgical operation procedure
liver transplantation. However, it should be remem-
bered that blood transfusion and its products is also
represents the operation of transplantation of donor
blood. It should be carried out strictly according to
the indications and only then it will have a positive
therapeutic effect. Otherwise, transfusions of blood
and its preparations may lead to the development of
various complications and adverse reactions. Due to
risk of various complications and adverse reactions,
the medical community seeks to limit transfusions of
blood and its products during liver transplantation. It
has been shown that transfusion of erythrocyte sus-
pension and other blood donor products is associated
with unfavorable outcomes in patients with OLT [27,
28]. Even a moderate amount of hemotransfusion
leads to an increase in the length of hospital stay and
affects survival [27, 33, 39, 79].

It has been established that transfusion of more
than two doses of donor erythrocytes is a risk factor
for the development of surgical infections in recipients
[87]. Massive blood transfusion can promote the de-
velopment of acute renal damage increasing the indi-
cations for renal replacement therapy in the
postoperative period [33, 88]. In many studies, the
concentration of preoperative hemoglobin levels
below 70 g/1 is defined as a predictor of a need in in-
traoperative blood transfusion [24].

When using blood products during the operation,
the timing of their storage is of great importance. It has
been shown that after 15 days of storage of erythrocyte
in suspension, the structural and functional properties
of cells significantly change [89—91]. In the course of
long-term storage, most of the erythrocytes lose their
disk-shaped form, and are transformed into
echinocytes [89]. Data demonstrated that the use of
stored more than 15 days of red blood cells for trans-
fusion restricts their oxygen transport function. The
persisting and/or developing hypoxia can exacerbate
metabolic abnormalities in the transplant and con-
tribute to the development of infectious complications.

In the early stages of the development of TNA,
the volume of intra-surgery use of allogeneic fresh
frozen plasma (FFP) could reach several tens of doses
[66]. Curently, the number and time of initiation of
FFP transfusion is determined by clinical assessments,
local practice and timely coagulation testing, as well
as the initial coagulation profile of the patient. Reduc-
ing the total volume of FFP transfusion is facilitated
by the widespread use of the most accessible, «<bed-
side» hemostatic test for the determination of acti-
vated clotting time and thromboelastometry /
thromboelastography (TEG, ROTEM) [92].
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B perpocrnekTuBHOM UCC/IEI0BAHUN [TOKA3AHO,
910 Kaxkble 10 ceKyH/I yAIMHeHUsT aKTHBIUPOBAHHOTO
YACTUYHOTO TPOMOOILIIACTUHOBOTO BPEMEHH Y BEJIU M-
BaIOT PUCK KPOBOTeYeHus Ha 7%. Bospact namuenTa
sBJsieTcs: GAKTOPOM pUCKA KpoBoTeueHus. Tak, y
MOXKIJIBIX TTAIIUEHTOB PUCK KPOBOTEUEHS BO3PACTAET
B 2 pa3a, U IMEETCs PUCK Pa3BUTHS TeMOPPATUYECKOTO
nHcysbra [74—76].

CoOTBETCTBEHHO TAKTHKA BeJI€HUS 9TUX T1allU-
€HTOB, KaK [[0 OIlepallH, TaK 1 Ha PA3JIUYHbIX dTATax
TPAHCIUIAHTAI[MN TTedeHr TPeOYeT PA3IMIHBIX CII0CO-
GOB KOPPEKITMU HTUX HAPYITIEHUII.

IIpuHIUNIBI KOPppPEKIMU HAPYIIeHU I
reMocTa3a BO BpeMs U mocJjie
OPTOTONMHUYECKOH TPAHCIJIAHTAIIUU TTeYeHU

JleuebHbIe MEPOTIPUSATHST, HATIPABJICHHBIE HA MTOJ[-
JiepsKaHye CUCTEMBI TeMOCTa3a, J0JKHBI TIPOBOAUTLCS
IIPU TIOJITOTOBKE TAIlMeHTa K OIepalii U ¢ CaMoTo
Havajia aHeCTe3MOJMOTHYECKOTO Tocobust. Mamenenmst
B cHICTEME TeMOCTa3a PeIUIenTa /10 Olepaluu, a Tak
JKe U3MEHEHUs, BhI3bIBAEMbIC aHECTE3UOJIOTMUECKUM
nocoOueM U TeXHUKOI XUPYPTHYECKOTO BMEIIATE -
CTBa JIOJKHBI OBITH BEAYIIMMU IS OTPEAETCHUS
NPUHITMITIOB MOAGOPA U MPOBEACHUST KOPPUTUPYIONIEHT
Tepanuy HapylIeHUH B CBepPThIBAIOIIEH cricTeMe KPOBU
BO BpeMs TpaHCILIaHTaluu redenn. OpTroTornnyecKkas
TPaHCIJIAHTAIIMS TIeYeHU acCOIIMUPYETC C HEOThEM-
JIeMOH IOTPeOHOCTHIO B TpaHchy3MOHHOMI Tepanui. B
cBs3u ¢ TeM, uTo OTII conpoBoskaeTcs 3HAYUTETBHOM
KPOBOTIOTEPEii, OCHOBY TpaHC(hY3MOHHOH Tepannu
COCTABJISAET TeMOTpaHcdy3us.

B niportecce cTanoBsieHNd U pa3BUTUSA XUPYPIH-
YEeCKUX OIlepaIuii o TpaHCIJIaHTalluK TIeYeHU FeMO-
Tpancdy3noHHAd WHTPAoINepallMOHHas CTpaTerus
npeTeprieBasa MocTerneHHble U3MEHEHU: OT JTala
MPEBEHTUBHONW MaCCUBHON remMoTpaHcdysuu, ¢
Tpancdysueii 6osee 20 e KPOBHU 3a OIEPaINIo, 10 —
TpanciianTanuu 6es remorpancdysun. B 80-e rogs
XX crosetus cpeansist kposororepst Bo Bpems OTII
nocrurana 8—12 Ji., uto TpeboBaIO 3HAUUTENBLHOTO
nepesiMBaHus IpenapaToB Kposu [77]. B mportecce
pasBuUTHs CHOCOOOB XUPYPIUUECKUX OMEpaluil u
AHECTE3NOJIOTUYECKOTO MOCOOUS MPU TPOBEACHUM
TPaHCIJIAHTAIIUN TIeYeHU MEHAIAch U TaKTUKA TIPO-
BeJleHust TeMoTpaHchy3noHHoi Tepanuu. B pabore
de Boer M.T. 6bL710 TI0Ka3aHO CHUMKEHUE IIepeInBa-
HUST JII0O0TO KOMITOHEHTA KPOBHU BO BPEMSI OTIEPAIlUT
co 100% B 80—90-¢ rospr 10 74% B HavYase TPETHETO
Teicauesierust [78, 79].

B ciyuae, xorza ornpenengercd 0lHOMOMEHTHAs
MacCHBHAasg KPOBOIIOTEPS BO BPeMs OTlepallii, OlleHKa
COCTOSTHUSA KOaryJasaiuu u yposust Hb orpanuuena B
peasibHOM BpeMeHH, TeMOTpaHC(y3HIO CIe/lyeT IIPOBO-
JIUTH B COOTBETCTBUY C KIMHUYECKUMHU MTOKA3AHUSAMU
C UCTIOJTb30BAHMEM 3PUTPOIIUTAPHON MACChI, MJIa3Mbl
KPOBH, TPOMOOITUTOB U KPUCTAJTIOUHBIX PACTBOPOB
[80].

Recombinant seventh clotting factor (rFVIIa)
represents an effective molecule to treat coagulopathy.
This drug can restore to norm the coagulation that has
been altered by various mechanisms. In 2001, in a pilot
study in a limited cohort of six patients Hendriks HG
et al. showed that intraoperative application of rEVIIa
reduced blood loss in the intraoperative period [93].
The authors used rFVIIa at a dose of 80 mkg/kg. In
2007, the results of a double-blind, randomized, and
prospective study of 20 patients showed that the in-
traoperative use of rFVIIain a dose of 40 mkg/kg con-
tributes to a reduction in the use of the blood
component [94]. However, recent studies do not rec-
ommend the prophylactic use of rFVIIa [95—97].

In hepatocellular carcinoma and cholestatic liver
damages because of primary sclerosing cholangitis or
primary biliary cirrhosis there is a trend to hyperco-
agulation as determined by thromboelastogram.
Thromboelastometry data might determine the pres-
ence of fibrinolysis and the need for antifibrinolytic
therapy in patients undergoing liver transplantation
[98]. With thromboelastometry, patients with PBC
and PSC possess less significant fibrinolytic activity.
Therefore, in patients with hepatocellular carcinoma
and cholestatic liver damage the antifibrinolytic drugs
in the intra- and postoperative period are usually not
prescribed [99]. Antifibrinolytic drugs should be used
only if fibrinolysis is diagnosed as confirmed by TEG
or ROTEM tests and if observed clinically as diffuse
bleeding [100, 101].

Since the one of possible causes of hypercoagu-
lation in patients with PBC and PSC is an increased
content of biliary acids in the general blood stream,
the methods of extracorporeal detoxification (plasma-
pheresis) to remove excess bile acids from the general
circulation are highly recommended [102].

Numerous studies described the use of antifibri-
nolytic agents (aprotinin, epsilon-aminocaproic acid,
tranexamic acid) during TNA have provided contra-
dictory results [103, 104, 99]. Along with the thera-
peutic effectiveness, the side effects have also been
noted. The latter include alterations of microcircula-
tion, thrombosis of vascular anastomoses and throm-
boembolic complications [99]. Therefore, current
international recommendations exclude the routine
use of antifibrinolytic agents. The only indication for
their use is solely based on activation of fibrinolysis
observed clinically as microvascular bleeding, or con-
firmed by a TEG test.

Infusion therapy is considered as a tactically im-
portant procedure in liver transplantation since it pro-
vides multiple effects on hemostasis. It is known that
hemodilution aggravates coagulation disorders, and
also increases the risk of thrombosis. Due to the «di-
lution» effect, the concentration of both coagulation
and anticoagulant factors in blood decreases most ev-
idently in patients with liver damage caused by throm-
bosis of the blood vessels in the liver. Hemodilution in
these patients can lead to a breach of the fragile hemo-
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OrpannyuTh IPUMEHEHNE AJJIOT€HHBIX 9PUTPO-
IUTOB BO BPeMs OIlepalliy MO3BOJUJIA METOIUKA
KpoBocHepeskeHnst — anmnaparas peuHdy3uu ayTo-
KpoBHu ¢ noMouibio «cell-saver». Ee addekruBroctsb
y6eauTeabHO MPOJEMOHCTPUPOBAHA PSAZIOM UCCIIEN0-
Banuii [81—84]. Borpockl BbI3bIBaeT nMpuMeHeHUe
JNAHHOI METOIUKY MPU TPAHCIJIAHTAIUU TIeYeHU Y
HAI[MEHTOB C rernaTole/TI0JIPHON KapIIMHOMON 13-
3a BBICOKOTO PHCKa BO3BPATHOTO paka. B paborax
Liang T.B. et al. u Araujo R.L. et al. npogemoncTpu-
poBano a(hheKTUBHOE UCIIOTH30BAHNE JIEHKOIUTAP-
HBIX (QUIABTPOB 7151 MPODUIAKTUKUA BO3BPATHOTO
rernarolesIosIpHoro paka [85, 86].

TemoTpanchysun  ABAAIOTCS  HeU3OEKHON
COCTABJIAIONIEH aHECTE3UOJOIMYECKOTO TTOCOOUST BO
BpeMsl TpaHCIIaHTAuU redenu. OIHAKO IIPU ITOM
HEOOXOIMMO TOMHUTb, YTO TIePEJUBAHNE KPOBH U €€
IPENapaToB — TO TOXKE OIePAIMs TPAHCILIAHTAIINN
JIOHOPCKOI KpoBu. OHA I0JIKHA BBITIOJIHATHCS CTPOTO
[0 MTOKA3aHUSIM U TOJIbKO TOT/Ia OHA MOKET MMETh
MOJIOKUTENbHBII tedebHbIil 9 dext. B mpoTusHoM
cJlydae TiepeIuBaHus KPOBU U €€ MPErapaToB MOTYT
OPUBOJIUTH K PA3BUTUIO PA3JIUYHBIX OCJIOKHEHUIT U
no6oYHbIX peakinii. [[09TOMy MeAUIIMHCKOE XUPYP-
TUYECKOe COODIIECTBO CTPEMUTCSI OTPAHUYUTH FEMO-
TpaHcdysur BO BpeMsl TPAHCIIAHTAIUU IEYEHU.
[Tokazano Tak ke, 4TO TepeIUBAHUIE IPUTPOIUTAD-
HOI1 B3BeCU U JIPYTUX IIPOAYKTOB JOHOPCKOIT KPOBU
CBSI3aHO € HEGJIATOIPUSTHBIMEI UCXOJAMU Y TTAI[HEH-
toB npu OTII [27, 28]. daxe ymepeHHbII 00beM
reMoTpaHcdy3un NPUBOIUT K YBEJIUYEHUIO TIPOJOJI-
JKUTEJIBHOCTY TIPEOBIBAHMSI TAIIUEHTOB B CTAIIMOHAPE
U BIUSIET HA BhIKUBaeMocTb [27, 33, 39, 79]. Yeranos-
JIeHo, uTo Tpanchysus 6osee 2 103 TOHOPCKUX OPUT-
pOLUTOB sBJsgeTcs (AKTOPOM PHUCKA Pa3BUTUS
XUpyprudyeckux mHgeknuil y penunuenTtoB [87].
MaccuBnast reMmotpancdysust MOKET ClIOCOOCTBOBATD
Pa3BUTHUIO OCTPOTO MOBPEXKIEHMs TIOYEK U TTOKa3a-
HUIO /IS TIPOBE/IEHUS 3aMECTUTEJbHON ITOYeYHOi
Teparuu B TocjeotnepaliuonHoM nepuoje [33, 88].
[Tpu 9TOM BO MHOTHX UCCJIEIOBAHUIX KOHIIEHTPAIHS
[PEOIEPAIMOHHOTO YPOBHST reMoriobuHa Huxe 70
I/J1 OTIpejieieHa KaK IIPeUKTOP NHTPAOIIePAIIMOHHOI
remorpancdysuu [24].

[Ipu ucnosb30BaHUU BO BPeMsI OTIePALIUU TIPe-
apaToB KPOBU OOJIBIIOE 3HAYEHUE UMEIOT CPOKH MX
xpanenust. [lokasano, uto nocie 15 cyTok XxpaneHnus
9PUTPOIUTAPHOI B3BECH, CYIIECTBEHHO MEHSIIOTCS
CTPYKTYPHO-GYHKI[MOHAJIbHBIE CBONCTBA dPUTPO-
nutos [89—91]. B nporecce piurenbuoro xpaxe-
HUsA, GOJIBINAS YACTh HPUTPOIUTOB TEPSIET AUCKO-
BUIHYIO (OPMY, U HPEBPAIIAIOTCS B IXUHOIUTHI
[89]. Ucnosnp3oBanue fyst Tpancdy3un TAKUX 9PUT-
POIIUTOB HE IMO3BOJISIET M BBINOJHATH B MOJHOM
Mepe Ta30TPHCIOPTYIO pyHKIN0. COXPaHIONAsICs
U/WiK Pa3BUBAIONIASICS TUITOKCUSI MOXKET yCyTyh-
JIATH METabOINYECKIe HAPYIIEHVS B TPAHCIIIAHTATE
U CrnocobCTBOBATH Pa3BUTUIO MHMEKITMOHHBIX
OCJIOKHEHUI.

static balance equilibrium by reducing the concentra-
tion of anticoagulation factors in the blood to start the
process of thrombosis.

Some authors described the therapeutic strategy
of maintaining «low» central venous pressure (CVP)
to reduce blood loss during liver transplantation [105,
106]. However, excessive fluid restriction may possess
negative consequences including hemodynamic insta-
bility and postoperative renal failure. Schroeder et al.
performed a retrospective analysis comparing two cen-
ters of liver transplantation using <low» CVP (<5
mmHg) and «normal> CVP (7—10 mmHg) during
liver transplantation [107]. Despite the fact that the
frequency of blood transfusion was lower in the group
of <low» CVP, these patients had increased rates of
postoperative renal insufficiency and 30-day mortality.

Prothrombin complex (PC) includes procoag-
ulants and anticoagulants. It is known, that patient's
volemic status is not affected by the clinical use of
PC. Administration of PC within the intraoperative
period, however, decreased the blood loss [108, 109].
From the other hand, the deficiency of Antithrombin
3, the main endogenous anticoagulant, is considered
as an informative marker of critical illness including
sepsis or DIC syndrome. Antithrombin 3 is pre-
scribed when heparin or low molecular weight he-
parin is uneffective in thrombosis prevention in early
postoperative period [110]. Recent studies, however,
have demonstrated its limited effect in preventing
deaths [111].

Ha pannux stamax passutus OTII o6bem
MCI0JIb30BAaHMS BO BPEMsI OTIepAIliy aJlJIOTEHHOH CBe-
skezamoposkennoil miasmer (C3I1) mor mocturarth
HECKOJIBKUX JIecATKOB 7103 [66]. Ha coBpemennoM
Jrarie KoJimuecTBo u BpeMs Hayana tpancdysun C311
OTIpe/IesISIeTCS OMBITHBIMU KJITMHUYECKUMHU OI[CHKAMHU,
MECTHOU MPAKTUKON U CBOEBPEMEHHOU ITPOBEPKOM
KOAryJIsAINY, a TAKsKe MCXOHBIM COCTOSTHUEM KOary-
sanuu y naruenrta. Cokpaiennio Tpancdysuu C311
CII0COOCTBYET IUPOKOE UCTIOJIH30BAHNE MAKCHMAJTb-
HO JIOCTYITHOTO, <IPUKPOBATHOTO» T€MOCTATHYECKOTO
TecTa oNpeiesieHUsI aKTUBUPOBAHHOTO BPEMEHU CBep-
TBIBaHUs ¥ TPOMOO0DJIACTOMETPHUSI/TPOMO0DJIACTOTPa-
¢usa (TEG, ROTEM) [92].

ObGEKTUBHBIM CPEJICTBOM JIeYeHUST KOaryJIoma-
TUK MOXKeT ObITh PEKOMOMHAHTHBII cebMOI (hakTOp
ceeprbiBanus (rFVIIa). Iror nmpemapar mossoJiger
BOCCTAHOBUTH HOPMAJIbHYTO KOATYJIAIHIO TPU PA3JINY-
HBIX MexaHu3Max ee HapynieHus. B 2001t B nmuotHoM
ucciaenoBanuu Hendriks HG ¢ coaBt. Ha 6 narmenTax
MOKA3aJIM, YTO WHTPAONEPAIMOHHOE MPUMCHEHHE
rFVIla canskaer KpoBoIoTepIo B MHTPAOIIEPAIIMOHHOM
nepuoge. Atopol npumenssiu rFVIla B mose 80
MKT/KT [93]. B 2007 1. pe3yibTarTsl IBOHOTO CJIETIOTO
PaHZIOMU3UPOBAHHOTO TTPOCIIEKTUBHOTO MCCIE/I0BaA-
Hus Ha 20 marueHTax nNoKa3au, YTo MHTPAOIIEPAIUnOH-
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Hoe ucnosbzoBanne rEVIIa B nose 40 MKr/Kr c11oco6-
CTBYET YMEHBIIEHHUIO UCIIOJIb30BAaHNUS KOMIIOHEHTOB
kposu [94]. IIpu aToM yBesnueHus ciydaes Tpombosa
B [IOCJIEOTIEPAIIOHHOM TIEPUO/IE BBISIBIEHO He ObLIO.

Onnako nporaktuuecku ncnosb3osath rEVIIa,
B HCCJIEIOBAHUAX TOCTEIHUX JIET, He PEKOMEHYIOT
[95—97].

[Tpu renaroneoNgpHOM KapImHOMe, X0JIecTa-
TUYECKUX MOBPEXKICHUAX TTedeHn (IIepBUYHBIN CKJle-
PO3UPYIOLINI XOJAHTUT, IEPBUYHBIN OUIIMAaPHBIN 1P~
PO3) HaBJIIOAETCS CKIOHHOCTD K THIIEPKOAryJIsIUH,
ompesesisiemMast o Tpomboasiacrorpamme. I1o aHHBIM
TPOMGOIIACTOMETPUN MOXKHO OIPENEJTUTh HAJTUYNE
dbubprHOIM3a 1 HE0OXOAUMOCTh aHTU(MUOPUHOIUTH-
4yecKol Teparnuu mpu TpancianTanuu nedenu [98]. C
HOMOIIBIO TpoMbGOsIacTOMeTpUn y HanuenTos ¢ [IBI]
u I[ICX ormeueHa MeHee BbIpaxKkeHHast GrOPUHOIUTH-
yeckas akKTUBHOCTDb. [loaToMy manmenTam c remaro-
HEJITIOJNAPHON KapIMHOMON M XOJIeCTaTUYeCKUMU
MOBPEKACHUSMU MeYeHU aHTU(DUOPUHOTUTHYECKUE
Iperaparsbl B MHTPA- U IOCTIe0IePaiiOHHOM TIepro/ie
00b14HO He HasHayaoTcs [99]. AHTUGUOPUHOIUTUKI
CJIElyeT IPUMEHSITh TOJBKO MTPU HATUIuK (hubpuHo-
smiza, noareep:kaennoro rectamu TEG i ROTEM
1 HabJII01aeMOr0 KJIMHUYECKH B Buje MudQy3HOro
kpoBoteuenus [100, 101].

YuuTpiBas, 4TO OZHON U3 BO3MOKHBIX ITPUYUH
pazBuTud runepkoaryssnuu y nanueaTon ¢ [IBI] n
[ICX sBisieTcst HOBBIIIEHHOE COZIEPIKAHME JKETUHbBIX
KUCJIOT B 001[eM KPOBOTOKE, TO HEKOTOPbHIE aBTOPBI B
epuo/l IMOATOTOBKHU UX K Ollepaliui, peKOMEHIYIOoT
PUMEHSATD METO/Ibl 9KCTAKOPIIOPAJILHOM IeTOKCHKA-
nun (maasmadepes) mas yaaJdeHus H30BITOYHBIX
JKEeJTYHBIX KUCJIOT 13 001eit nupKyasuun [102].

[lanHple  MHOTOYMCJIEHHBIX — HCCJEeIOBaHUIM,
HaIlpaBJEeHHBIX Ha HcroJb3oBanue Bo Bpema OTII
aAHTU(DUOPUHOMUTUIECCKUX  CPEACTB  (APOTHUHWH,
3ICUIOH-aMUHOKAIIPOHOBAS KUCJIOTA, TPAHEKCAMOBAs
KHUCJIOTA) JAI0T TPOTUBOpeunBbie pe3ymbrarsl [103,
104, 99]. Hapsiny ¢ TepaneBtuueckoit addexkTus-
HOCTBIO OTMeYaloT U 110604HbIe a9(hdeKThl. Peub nmer
0 PACCTPONCTBAX MUKPOIUPKYJISIUN, TPoMOO3ax
COCY/IUCTBIX aHACTOMO30B M TPOMOOIMOOIUUECKIX
ocyoxuenusix [99]. [loatomy coBpemeHHbIE MEXK/TY-
HApO/IHble PEKOMEH/IAIUKM HCKJIIOYAlOT PYyTHUHHOE
UCIIOJIb30BaHue aHTU(DUOPUHOMUTUKOB. ExqnHcTBEH-
HOE IT0Ka3aHue JJIsl UX UCIOJIb30BAHUS — MCKJIIOUH-
TeJBHO aKTHUBalus (GUOPUHOIN3A, HAOII0AAEMOTO
KJIMHUYECKN KaK MHUKPOCOCY/MCTOE KPOBOTEUYeHUE
i noaTBepxkaeHHoe rectom TIT.

TakTuyeckn BaKHBIM MOMEHTOM BO BpeMd
TpaHCIJIAHTAIUU TI€YeHU, OKa3bIBAIOIIUM MHOTO-

Jluteparypa

1. Starzl T.E., Demetris AJ. Liver transplantation: a 31-year perspective.
Chicago, London, Boca Raton, Littleton, Mass: Year book medical pub-
lishers, Inc.; 1990: 206. ISBN: 0-8151-7931-6

2. Oldenburg J., Marinova M., Miiller-Reible C., Watzka M. The vitamin K
cycle. Vitam. Horm. 2008; 78: 35-62. DOIL 10.1016/S0083-
6729(07)00003-9. PMID: 18374189

(akTOpHOE BIUSHIIE HA FeMOCTA3, SABJISIeTCS UHY-
3uOHHasg Tepanusd. M3BecTHO, 4TO TeMOAMIIONUS
yeyrybJisieT KoaryJsiiiuOHHbIe HAPYIIEHUST, & TAKKe
MOBBIIIAET PUCK TPoMOGOOOpasoBaHus. 3a cuer
acdexTa «pazBeieHUsI» CHUXKAETCS KOHIIEHTPAIUS
B KPOBU KaK KOATyJISIIMOHHBIX, TAK ¥ AaHTUKOATYJISI-
IUOHHBIX (PAKTOPOB, YPOBEHb KOTOPBIX Y IMallMeH-
TOB C M€YEHOYHO-KJIETOYHOI HEJ0CTATOYHOCTHIO U
Tak cHukeH. OcoGEHHO BaskKHO 9TO YYUTHIBATH Y
MAIUEHTOB € MOBPEXK/ICHUSIMU TIEY€HH, 00YCIOBIICH-
HBIMY TPOMGO3aM¥ COCYI0B TiedeHu. [eMoauonus
y 9TUX TAIIEHTOB MOXKET MPUBECTU K HAPYIIEHUIO
XPYIIKOTO PABHOBECHOTO TEMOCTATUYECKOTO OasiaH-
ca, 32 CYET yMEHbIIEHUsS B KPOBU KOHIIEHTPAI[UU
(akTOpOB CBEpPTHIBAHWS, U 3aIyCTUTh IMPOIlECC
TpoM6G00Opa3OBaHUSIL.

Hexoropble aBTOPBI ONUCHIBAIOT CTPATETUIO
HOJIIEP’KAHUS «HU3KOT0» HEHTPAIBHOTO BEHO3HOTO
nasienus (I1B/]), kak 103BOJISAIONIYI0 YMEHBITUTD
KPOBOIIOTEPIO BO BPEeMsl TPAHCILIAHTAIUU TE€YeHU
[105, 106]. OxgHako upesmMepHOe OTpaHUYEHHE JKUJL-
KOCTU MOJKET MMEeTb OTPUIIATeJbHbIE TIOCIEICTBUS,
BKJIIOYAs TEMOANHAMUYECKYIO HECTaOUIbHOCTD U
MOCJIEOTIEPAIIMOHHYIO [TOYEUYHYIO HEIOCTATOYHOCTb.
Schroeder et al. npoBen peTpoCeKTUBHbBII aHAIUS,
B KOTOPOM CPaBHHMBAJIU [[BA [[EHTPA TPAHCILIAHTAIINH
HeYeHy ¢ UCI0JIb30BaHeM «Hu3Koro» LB/l (<5 MM
pr. c1.) u «<HopmanbHoroy [IB/l (7—10 mMm pT. cT.) BO
BpeMs TpanciianTaruu nedenn [107]. HecmoTpst Ha
TO, YTO YAaCTOTA MEPEJUBAHUS KPOBU ObLJIA HUXKE B
rpyiie «Huskoro» LB/, y aTux manueHnToB HabJIo-
JQJINCH MTOBBIIIIEHHBIE TIOKA3ATENH [T0CIe0ePAI[TOH-
HOII To4yeuHOo#l HemocTaTouHOCTU U 30-cyTOuHAs
JIETAJIbHOCTb.

[locne TpaHcHJaHTAIUU [EYEHU  TaKKe
UCTIOJIB3YIOT TPOTPOMOMHOBBINH KOMILIEKC U aHTH-
TpoM6uH 3. B cocTa mpoTpoMOMHOBOTO KOMILIEKCA
BXO/ISAT TPOKOATYJISTHTBI U AHTUKOATYJISTHTBI U €T0
UCII0JIb30BAHUE HE BJIUSIET HA BOJIEMUYECKUIT CTAaTyC
naruenTa. [lokasano, 4To ero npuMeHeHye B UHTpa-
OTIePALIMOHHOM II€PUOJIE NMPUBOAUT K CHUKEHUIO
kposoniotepu [108, 109].

AnTUTpOMOUH 3 ABJIAETCS OCHOBHBIM JHJIOTEH-
HBIM aHTUKOATYJITHTOM. Ero sedunut BakHbIil Map-
kep passutusi cenicuca u JIBC cungpoma. Haznauenne
anTuTpoMOMHa 3 TOKa3aHo HpH Hed(hPEKTUBHOCTH
reraprHa ¥ HU3KOMOJIEKYJISIPHBIX T'ellapUHOB JIJIsI
npoduaakTUK TPoMOO30B B PaHHEM TIOCIeonepa-
nronnoM niepuoyie [110]. Ho nipu atom ucrnosb3osa-
HUEe aHTUTPOMOUHA 3 y TAIMEHTOB KPUTHYECKOM
cocroguuu ¢ cericucom 1 JIBC cungpomom He 11puBo-
JIUT K CHUKEHUIO jietasbaocTu [111].
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Hemostasis Disturbances in Patients in the Acute Period
of Isolated Traumatic Brain Injury (Review)
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Ocrpas uzosmpoBanHas yeperrno-mo3rosas TpaBmMa (UMT) yacto cBsi3ana ¢ BO3HUKHOBEHMEM HAPYIIIEHUI CH-
CTEMBI FeMOCTa3a, YTO MOKET COIIPOBOXK/IATHCS FeMOPPArnYeCKUMU U UIeMUYeCKUMHU IIPOSIBJICHUSMY B BEIIECTBE
TOJIOBHOTO MO3T3Q, B CBSI3U C YeM HOPMaJibHOe (DYHKIIMOHMPOBAHKE CBEPTHIBAIOIIEH CUCTEMbl KDOBU MMeeT KPUTH-
yeckoe 3HavyeHue. [lTonumanue naroGuanosornyecKuX MeXaHu3MOB JIAaHHOTO SBJIEHUS MOXKET IIOMOYb a/IeKBATHOI
poduIaKTIKe BTOPUYHOTO TIOBPEKICHUS TOJIOBHOTO Mo3ra. Panee, pa3BuTre CHHAPOMA IMCCEMUHUPOBAHHOTO
BHyTpucocyauctoro ceeprbiBatus (JIBC-cunapoma) aBiasaoch 06MENPUHATON THIIOTE301 MeXaHU3Ma Hapy HIeH i
ceeptbiBaolieii cuctembl ipu YMT. Oraxo, 3a nocieHme gecsTUIeTHs TOSBIISINCH HOBbIE JAHHBIE O KJIIOUYeBOI
PoJIN TKaHEBOTO (haKTopa, CUCTEMHOIO BOCIAIUTENLHOTO OTBeTa, TpoMboruTonaTuu, apdekra nporenta C B Bo3-
HUKHOBEHUU [IaHHOU Koarysonaruu. [{esbio 1aHHOro 0630pa JIuTepaTypbl IBJISLICS [IPEIOCTABIEHUE HOBBIX JAHHBIX
0 KOHKPETHBIX 1aTO(U3NOJIOTUYECKUX MEXaHN3MaX, JIesKalllnX B OCHOBe Koarysonaruu nocjie YMT.

Knroueswte cnosa: YMT-accoyuuposannas koazyronamust; YIMT; uepenno-mo3zosas mpasma; zemocmas; koazy-
JLONAMUSL; 2eMOPPAZULECKUE 0UAZU; UULEMUUECKUE 0UaAZU; TPOMOOUUNONAMUSL, MUKPOMPOMODL; MUKDOBEIUKYILbL; MK~
HeBoll (haxmop; Heupoxupypeus

Acute isolated traumatic brain injury (TBI) is frequently associated with occurrence of hemostasis disorders,
which may be accompanied with hemorrhagic and ischemic events in the brain matter, hence, normal functioning
of the blood coagulation system is critical. Understanding of the pathophysiological mechanisms of this phenom-
enon might help adequate prophylaxis of secondary brain damage. Earlier, development of disseminated intravas-
cular coagulation syndrome (DIC) has been generally considered as a mechanism of coagulation disorders during
TBI. However, over the recent decades, new data emerged concerning the key role of tissue factor, systemic in-
flammation response, thrombocytopathy, protein C effect in the occurrence of this coagulopathy. This overview
of literature is aimed at providing the new data on specific pathophysiological mechanisms underlying coagulopa-
thy following TBI.

Key words: TBI-associated coagulopathy; TBI; traumatic brain injury; hemostasis; coagulopathy; hemorrhagic foci;
ischemic foci; platelet disfunction, microthrombs; microvesicles; tissue factor; neurosurgery
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BBenenue Introduction

OcTpasg wu30JMPOBAaHHAS YEPEITHO-MO3TOBask
tpaBma (UMT) gacTo cBsizaHa ¢ BO3HMKHOBEHUEM
HapyImieHuil cucteMbl TemMocTasa [1]. Oxnaxo, maTo-
usnomornyecke MeXaHM3MBl KOATYJOATUN TPH
UMT wusyueHbl He JI0 KOHIIA 1 MOTYT XapaKTepu3o0-
BaThCs COYETAHNEM T'HIIO- M TUTIEPKOATYJISIINN.

Acute isolated traumatic brain injury (TBI) is
frequently associated with occurrence of hemostasis
disorders [1]. However, pathophysiological mecha-
nisms of coagulopathy during TBI have not yet fully
studied and can be characterized by a combination of
hypo and hyper coagulation.
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B psize paGor [2—5], GbL1a IpOAEMOHCTPUPOBaHA
CBsI3b KOATYJIONATUU U (hDOPMUPOBAHUS BTOPUYHbBIX
moBpeRaeHni TojoBHOTO Mo3Ta ipu UMT B Buze
MOSIBJIEHUST WJTU TTPOTPECCUPOBAHUS TEMOPPATHIECKUX
ouaros (I'O), Bu3yasn3npoBaHHBIX 110 JAHHBIM KOHT-
posibHOI KoMmbIoTepHOI ToMorpadun (KT). B paGo-
te S.C.Stein u p. MPOAEMOHCTPUPOBATIH, YTO st 85%
MAIMEHTOB € MPU3HAKAMU KOAryJIONATUN HA dTare
MOCTYTLIEHUST B CTAIMOHAP XaPaKTEPHO BOBHUKHOBE-
HU€ BTOPUYHBIX IMOBPEKIEHUI TOJOBHOTO MO3Ta
(remopparnyeckux mjan uineMudecknx ouaros). [Ipu
JTOM, TIPU HOPMAJIBHBIX IapaMeTpax reMocTasa, aH-
HbIE TIOBPEKIEHNUST PA3BUBAJIICD TOJIBKO B 31% ciryya-
es [2]. C. B. Allard u p. [6], B cBO€ii paboTe onucanu
YeThIPEXKPATHOE YBEJIUYEHUE JIETATBHOCTH Y TIAllieH-
TOB C IMEBIITMMUCS TIPU3HaKaMu koarysonaruu u KT-
npusHakamu mporpeccupoBanus ['O. Kpome Toro,
(opmupoBaHue koaryjomaTuu B TepBble 24 yaca
nocsie YMT 6bLIO TIPUBHAHO OMHKMM U3 KJIHOYEBBIX
MOMeHTOB TporpeccupoBanust 'O. ABTOPBI yKa3bi-
BaioT Ha Koppessinuio yiauuenuss AYTB ¢ 100% puc-
KoM mporpeccupoBatusi 'O, TpoMOOIUTOIEHUN
(menee 100 Toic) — ¢ 90%, camskenne [TTU — ¢ 75%.

B TO e Bpewmsi, psiji aBTOPOB JIEMOHCTPUPYET
cBsa3b Mexxly UMT u noBbinieHeM prcka pa3BUTHS
UIIEMUYECKOT0 MHCYJIBTa [ 7], uTo 06bsicHsIeTcst (hopMu-
poBaHreM MUKpoTpoM60B (MT) B apreproiax u BeHy-
sax qrameTtpom ot 10 10 600 um [ 1, 8]. Mexanuam dop-
mupoBanust janHbix MT ocTaercsi criopHbIM, OJTHAKO
OCHOBHOM TMITOTE301 SIBJISIETCS JIOKATbHAS I CUCTEM-
Hasl TUTIEPKOATYJISIIINST, ACCOIIMUPOBAHHAS C HEITOCPE/I-
CTBEHHBIM TTOBPEsKIeHNEM TOT0BHOTO Mo3ra. S. C. Stein
u zip. [1, 9] B psizte paboT onucajn CBA3b TSKECTH UILie-
MUYeCcKUX MoBpeskaeHnii u niaotnoct MT B cocymax
MUKPOIUPKYJISITOPHOTO PYCJIa FOJIOBHOTO MO3Ta TTAIH-
entoB ¢ YMT. B akcnepnmenTanbabix Momensx YMT
MTPOIEMOHCTPUPOBAHO, UTO HEMEJJIEHHOE CHIKEHHE
KPOBOTOKA B TIEPUKOHTY3MOHHOI 30He CBSI3aHO ¢ (hop-
MEpoBaHKeM TpoMGorTapHbix MT B cocynax MUKpO-
nupkysigToproro pycaa [ 10]. [Tokazano, uto hopmmpo-
Barue MT mpomosmxaercss u orcpodero mociae UMT.
Hapy1iast mpoXoauMocTh COCYIOB U CHHZKAsI CKOPOCTh
TOKA KPOBU B MUKPOITUPKYJISITOpHOM pycye, MT BeyT
K (hOPMHUPOBAHUTO UITIEMUYECKUX 0YAarOB U BTOPUYHBIM
MTOBPEK/IEHUSIM TOJIOBHOTO Mo3ra [1].

N3menenus: cucrempl remocraza mpu UMT.
[TaTodusnoornuecke MeEXaHU3MBI, JIEKAIIIE B OCHO-
Be KoaryJjomnatuu, acconunpoBanHoii ¢ YMT, 3aaunmo
OTJINYAIOTCST OT MEXaHU3MOB HAPYIIEHUs] TeMOCTa3a
U coueTanHol TpaBMe. Kiaccrmueckue IpUYnHbI KOa-
IyJIOTIATHH TIOCJIE TTOJIUTPABMBI, TAKKE KaK KPOBOIIOTE-
psi, TUIIOTEPMUST, TEMOJIMIIIONUS W allU03, B Cydae
n3osupoBanHoil YMT urparot MeHee 3HAUNMYIO POJIb
[11, 12]. B nepBbix paboTax, IOCBSIIEHHBIX UCCIEI0-
BaHMIO cBepThIBaolieil cucremsl pu YMT, Hapyrre-
HISI TeMOcTaza 00bSACHSIN PasBUTHEM JUCCEMIHUPO-
BaHHOTO BHYTPHCOCYIHCTOTO CBEPTHIBAHUS
(ABC-cunppomom) [8, 13—-19]. Ommako B psne
nocjeHIX padoT MmpecTaBaeHbl 6ojee TOUHbIE JaH-

A number of papers [2—5] demonstrated a con-
nection between coagulopathy and formation of sec-
ondary brain damage during TBI such as appearance
or progress of hemorrhagic foci (HF) visualized by fol-
low-up computer tomography (CT). S.C. Stein et al.
showed that 85% of patients exhibiting symptoms of
coagulopathy during admission typically develop sec-
ondary brain damage (hemorrhagic or ischemic foci).
However, in case of normal hemostasis, such kind of
damage developed only in 31% of patients [2]. C. B.
Allard et al. [6] described in their paper a four-fold in-
crease in mortality of patients with established symp-
toms of coagulopathy and CT-signs of HF progressing.
Besides, formation of coagulopathy during the first 24
hours after TBI was recognized a key moment of HF
progressing. The authors point out a correlation of
APPT elongation with 100% risk of HF progressing,
thrombocytopenia (less than 100 thousand) — with
90%, PTI decrease — with 75%.

At the same time, several authors demonstrated
a connection between TBI and increased risk of is-
chemic stroke development [7], which was explained
by formation of microthrombs (MT) in arteriolas and
venules of 10 to 600 pm in diameter [1, 8]. The mech-
anisms of formation of those MT remains disputable;
however, the main hypothesis is local or systemic hy-
percoagulation associated with direct brain damage.
S. C. Stein et al. [1, 9] described in a number of papers
a relation between severity of ischemic damage and
MT density in brain microvasculature vessels of TBI
patients. It was demonstrated on TBI experimental
models that immediate decrease of blood flow in the
pericontusional zone is connected with formation of
thrombocytic MT in microvasculature vessels [10]. It
was shown that MT formation continues and is de-
layed after TBI. By impairing vessel patency and re-
ducing the blood flow rate in microvasculature, MT
result in formation of ischemic foci and secondary
brain damage [1].

Hemostasis disturbances in TBI. Pathophysio-
logical mechanisms underlying TBI-associated coagu-
lopathy significantly differ from the mechanisms of
hemostasis disturbances during a polytrauma. The clas-
sic reasons of coagulopathy after a polytrauma, such as
blood loss, hypothermia, hemodilution and acidosis,
play a less important role in case of isolated TBI [11,
12]. In the first papers dedicated to investigation of the
coagulation system during TBI, hemostasis distur-
bances were explained by development of disseminated
intravascular coagulation syndrome (DIC) [8, 13—19].
However, a number of recent papers presented more ac-
curate data about pathophysiological mechanisms un-
derlying coagulopathy after TBI. The generally
accepted hypotheses of coagulopathy pathogenesis are
changes of the local and systemic coagulation con-
nected with release of tissue factor (TF), development
of systemic inflammation response [20—23], thrombo-
cytopathy [24—26], and activation of protein C associ-
ated with  hypoperfusion [11-12]  (Fig.).
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Mechanism of development of ischemic and hemorrhagic foci in Traumatic Brain Injury.

HBIE O MTATO(PU3NOJOTUIECKIX MEXaHU3MaX, JIeKAIIUX
B ocHOBe KoaryJonatuu rnocjae YMT. ObuienpuHsThI-
MU TUIIOTE3aM!U MTATOTeHe3a KOATyJIONATUH SIBJISTIOTCST
M3MEHEHST MECTHOI M CUCTEMHOH KOATYJIAIINH, CBSI3aH-
HbI€ ¢ BBICBOOOsKIeHEM TKaHeBoro akropa (TD), pas-
BUTHEM CUCTEMHOTO BOCHIAJIUTETBHOTO OTBeTa [20—23],
tpoMbonuTonarueii [24—26], a Tak jke akTHBaIUel
nporenna C, cBga3anHoii ¢ runonepdysueit [11-12]
(puc. 1). [lonumanme naTopuU3nOJIOTHIECKUX MEXAHU3-
MOB JIAHHOTO SIBJIEHUS MOJKET ITOMOYb BBISIBIEHUIO
MAIMEeHTOB C BBICOKMM PHUCKOM IPOTPECCHPOBAHUS
KOAryJIonaTHH, a TaK K€ OCYIIECTBJIEHUIO alIeKBATHOI
IPOPUIAKTUKY KaK TeMOPPArnYecKuX, TaK 1 UIIEMI-
YeCKUX MPOsIBIeHU, cBg3anubix ¢ YMT [27].

Pouab TRaneBoro ¢pakropa B UMT-acconuupo-
BaHHOI1 Koarysonatuu. CTpyKTypa rematosniiedaiu-
yeckoro Gaprepa (I'9B) obecneunBaioT CyleCTBEH-
HYIO 3aIUTY TOJIOBHOTO MO3ra OT KPOBOM3JIMIHUH 32
CUET TAKUX KJIOYEBBIX CTPYKTYP, KaK MJIOTHBIE KOH-
TaKThl KJIE€TOK HIOTEJNs, IEPUITUTH U aCTPOIUTHI,
KOTOPBIE SIBJISTIOTCSI OCHOBHBIMU UCTOUYHIKAMHU TKaHe-
Boro (akropa (TD) — TpancmeMmbpanHHOro 6elka,
CJTY>KaIeTo TPUTTEPOM aKTUBAIIUYU CHCTEMbI TeMOCTA-
3a. [loBbrmennas akcnpeccus TA B ToJI0BHOM MO3Te
obecTieunBaeT JIOMOJHUTENBHYTO 3aIUTY OT KPOBOU3-
JUSHWI TP TpaBMaTHyecKoM moBpexaeHuu. T
9KCIIPECCUPYETCsT KIETKAMU, OKPY KAIOIIIMH KPOBe-
HOCHBIE COCY/IBI, TAKUM 00Pa30M, IHIOTETIUH MEXaHHU-
yeckn otnessger TMD u mpegoTBpaIiaeT HexenaTe N b-
HYI0 aKTUBAIMIO CUCTEMbI remoctasa. Hapymenue
HHIOTENATBHOTO Gapbepa TPUBO/INT K TTOSIBJICHUIO B
KPOBsTHOM pyciie BHecocyauctoro TM u GwicTpoii
aKTUBAIMM KaCKaJla CBEPThIBAHMS KpoBu [29].

[Tocaeanue 20 et acriextsl aktuBaimu TO cucre-
MbI reMocTaza ocie YMT cram 06beKTOM MHOTOUTIC-

Understanding of pathophysiological mechanisms of
this phenomenon might help identifying patients with
high risk of coagulopathy progressing and implement-
ing adequate prophylaxis of both hemorrhagic and is-
chemic events related to TBI [27].

Tissue factor role in TBI-associated coagulopa-
thy. The blood-brain barrier (BBB) structure provides
significant protection of brain from hemorrhages
thanks to such key structures as tight junctions of en-
dothelial cells, perithelial cells and astrocytes, which
are the main sources of tissue factor (TF) — transmem-
brane protein that serves as a trigger for activation of
hemostasis system. Increased expression of TF in brain
provides additional protection against hemorrhages
during traumatic injury. TF is expressed by cells sur-
rounding blood vessels; so, endothelium isolates TF
mechanically and prevents undesirable activation of
hemostasis system. Endothelial barrier damage results
in appearance of extravascular TF in the blood stream
and fast activation of clotting cascade. [29]

During the past 20 years, aspects of hemostasis
activation by TF after TBI have become a subject of
many investigations [20, 22, 30]. R. M. Keimowitz and
B. L. Annis [31], also S. H. Goodnight et al. [32] were
the first to suggest that brain tissue damaged as a re-
sult of TBI releases TF into systemic blood stream,
which, in turn, activates the clotting system. In recent
papers, there is more and more information about in-
creased content of intravascular TF during TBI and
its additional role in intensification of systemic acti-
vation of hemostasis after initial damage [33]. A num-
ber of investigations [21, 34] demonstrate a
significantly higher level of TF in the blood of TBI pa-
tients compared to the control group. It is suggested
that the degree of hemostasis activation depends on
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sernbix necnenosanuii [20, 22, 30]. R. M. Keimowitz u
B. L. Annis [31], aTakke S. H. Goodnight u 1p. [32] niep-
BBIMH ITPE/ITTOJIOKUIIH, UTO TIOBPEKIEHHAS B PE3YJIbTaTe
YMT mosrosas Tkanb BbicBOOOk1a2eT T B cucTeMHBII
KPOBOTOK, YTO, B CBOIO 0Y€PE]ib, AKTUBUPYET CBEPTHI-
BAIOTIYIO CHCTEMY KpPoBU. B paGoTax mocieHux et
TOSIBJISIETCST Bee GoJtbiie uH(opMaImu 06 yBETHYCHU
cozepxxanust Buytpucocyanucroro T mpu UYMT, a Tak
3Ke ero JOTIOJTHUTETBHON PO B YCUTIEHUN CUCTEMHO
AKTHUBAIINY T€EMOCTA3a TI0CIe TIEPBUYHOTO TOBPEKIEHNST
[33]. B psine uccanenosanuii [21, 34] nemoncTpupyetcs
3HaYMMO OoJiee BbICOKHH ypoBeHb TM B KpOBY MaIyeH-
ToB ¢ UMT 10 cpaBHEHMIO ¢ KOHTPOJBHOM TPYTTION.
[Tpepmonaraercst, 4To CTENeHb aKTHBAIMU TeMOCTA3a
3aBrcuT OT KosimdectBa TM, BHICBOGOKAAEMOTO TIPH
MOBPEKIEHUN TKAHW TOJIOBHOTO MO3Ta B PE3YJIBTaTe
UMT [21, 30—32]. [lanHast rumioTe3a OMMUChIBAETCS BO
MHorux paborax [21-23, 35—36], onHako rccie0BaHusl,
TIOCBSIIIEHHbIE KOJIMYECTBEHHOMY U3MEPEHUIO CTETIEHH
BBICBOOOsKIeHNST TMD TIPU MOBPEKACHIN TKAHK TOIOB-
HOTO MO3Tra, OTCYTCTBYIOT. BeposTHo, aTO cBsI3aHo C
MEeTO/IOIOTUYECKUMU CJIOKHOCTSIMI U3MEPEHUST YPOBHST
rmpkysmpyiotiero TM. Psix aBropos B cBonx paborax
IPEeINPUHST TOMBITKU UCIIOIb30BaTh ypoBeHb 1M B
KauecTBe MapKepa IOBPEKIEHUS TOJIOBHOTO MO3Ta, CTe-
MIeHU BBIPAKEHHOCTH KOATYJIONATUHU MJIT BO3MOKHOTO
nporaoctryeckoro gakropa npu UMT [37-39], Ho
GBI OrPaHITYEHBI METOIOTIOTHYECKIUMHE CJIOKHOCTSIMIL.

Bxaaa mukposesukys (MB) B popmupoBanue
YMT-accouunpoBaHHoOii koaryixonatuu. [1o nanHbM
TOCJIEIIHUX VCCJIEIOBAHII, TEHKOTIUTHI, TPOMOOTIUTHI
U CBs3aHHbIE C HIMU TIPOKoaryasuTHbie MB MoryT
CTaTh AJIBTEPHATUBHBIMU UCTOUHIKAMU ITUPKYIHPYIO-
mero TD [40—42]. MB npencrasiisgior co6oii IUpKy-
Jipytolnue B 1isa3Me Mesikue pocdonmmuinbie (par-
MEHTBI ~ KJEeTOK (HampuMmep, OHAOTENUS  WJIH
TPOMOOTINTOB), (POPMUPYIOIIUXCS B PE3YJIbTaTe aror-
To3a WK Ha (hoHe BO3/IEICTBUS CTPecca.

B 1967 roxy 6bL1u BriepBbie onmcarnbl M B, saBiisis-
mvecst (hparMeHTaMu TPOMOOTIUTOB, TIOJYYHMB TEPMUH
«TPOMOOIUTAPHAS TIBLTb>, UX (DYHKITUHU J0JITOE BPEMsT
OCTaBaJICh He 10 KoHIa sichbl. B 2016 M. J. Mooberry
u z1p. [43] B cBoeil paboTe IPOAEMOHCTUPOBAJIM, YTO
tpoMbGonuTaptbie MB comepskar dhochaTuamniceput,
COCOOCTBYIONIHIT CBSI3BIBAHIIO (DAKTOPOB CBEPTHIBA-
HYsE ¢ MeMGpaHaMu TPOMOOITUTOB, U POPMUPOBAHUIO
MPOKOATYJITHTHBIX KOMILJIEKCOB, KOTOPbIE MOTYT TIPH-
BECTHU K JAJIbHENIIEN aKTHBAIIUN CHCTEMbI TeMOCTa3a
npu UYMT. Uccaenosanss MB 06bIYHO BBIIOITHAIOTCS
C TIOMOIIBIO TIPOTOYHON ITUTOMETPHH C UCTIOB30BAHM-
eM (hryopecIieHTHBIX KPacuTesIell KOHBIOTHPOBAHHBIX
C KJIETOYHO-CTIEII(UIECKUMU aHTUTEIAMU [T U/IE€H-
tudukanun cyononysaunii MB. Tlokasano mosbiiie-
HUe KOHIIEHTPAIIH IUPKyIupyionix M B, Bo3nukaio-
1ee TIPU Psijie COCYAUCThIX 3abonesanuii [44]. N. Morel
u zip. [40] B cBoeii pabore uccaenosamn MB y nanuen-
TOB ¢ Tsikesoin UMT 1 mpoieMoHCcTprpoBaIn HATY e
Kak B iepudepryeckoii KpoBH, TaK U B CIIMHHOMO3TO-
BOH JKMJIKOCTH MPOKOAryasaHTHBIX M B, cBsA3aHHBIX €

the quantity of TF released during damage of brain tis-
sue as a result of TBI [21, 30—32]. This hypothesis is
described in many papers [21-23, 35-36]; neverthe-
less, there are no studies dedicated to quantitative
measurement of the degree of TF release during brain
tissue damage, which is probably due to methodolog-
ical difficulties of measuring the level of circulating
TF. In their papers, a number of authors made at-
tempts to use the TF level as a marker of brain damage,
coagulopathy severity, or as a probable prognostic fac-
tor during TBI [37—-39], but were limited by method-
ological difficulties.

Contribution of microvesicles (MV) to the for-
mation of TBI-associated coagulopathy. According
to recent studies, leukocytes, platelets and procoagu-
lantive MV related to them might become alternative
sources of circulating TF [40—42]. MV are small cir-
culating in plasma phospholipid fragments of cells (for
example, endothelial cells or platelets), which are
formed as a result of apoptosis or at the background of
stress impact.

MYV were described for the first time in 1967 and
represented fragments of platelets, so were named by a
term ‘thrombocytic dust’, and their functions remained
unclear for a long time. In 2016, M. J. Mooberry et al.
[43] demonstrated in their paper that thrombocytic
MYV contain phosphatidyl serine promoting binding of
blood coagulation factors with platelet membranes and
formation of procoagulant complexes, which might
lead to further activation of hemostasis system during
TBI. MV is usually investigated with the help of flow
cytometry using fluorescent dies conjugated with cell-
specific antibodies for identification of MV subpopu-
lations. A number of studies have demonstrated
increased concentration of circulating MV occurring
in some vascular diseases [44]. N. Morel et al. [40]
studied MV in patients with severe TBI and showed
presence, both in peripheral blood and in cerebrospinal
fluid, of procoagulant MV related to platelets and en-
dothelial cells. M. Nekludov et al. [45] investigated
MYV in 16 TBI patients by analyzing blood samples
taken simultaneously from a peripheral artery and
jugular vein bulb during the first 72 hrs. after trauma.
The authors demonstrated that soon after TBI a seven-
fold increase of the level of circulating MV related to
platelets, leukocytes and endothelial cells. Besides, in
TBI patients, an increased content of MV was ob-
served in cerebral blood flow compared to peripheral
arteries, which is connected with direct damage of
brain tissue. Later a tendency towards decrease of MV
content was noted. At the same time, in TBI patients,
an increased level of circulating MV persisted and was
twice higher than the level of MV circulating during
antiphospholipid syndrome [46].

The role of platelets in the TBI-associated co-
agulopathy. Lately, increasingly more information ap-
pears about connection between TBI and
development of thrombocytopenia and platelet activ-
ity decrease. According to the authors, thrombocy-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2018, 14; 5



DOI:10.15360,/1813-9779-2018-5-85-95

O630pn
|

TpoMbonuTamMu 1 Kiaerkamu angoresus. M. Nekludov
u ap. [45] uccaenopanu MB y 16 manuentos ¢ UMT,
AHAMBUPYS TTPOOBI KPOBH, B3SATHIEC OJHOBPEMEHHO U3
nepudepryeckoil apTepun 1 U3 JYKOBUIIBI SPEMHON
BEHBI, HA MTPOTSKEHUU TIEPBBIX 72-X Y TI0CJIe TPABMBI.
ABTOpbI HabMOAAIHM, uTO BeKope mocae YMT mpoucxo-
IIAT CEMUKPATHOE YBeJTUIeHIe COAEPKAHUS IIPKYJIU-
pyfoiiux MB, ¢BA3aHHBIX ¢ TPOMOOIIUTAMHE, JTEHKOIM-
TaMH U KJeTKaMu aHzporenus. Kpome Toro, y
narerToB ¢ YMT ormeyanocs OBbIIEHHOE COZIEPKa-
Hre M B B MO3roBoM KpOBOTOKE TI0 CPABHEHUIO C TIEPH-
epruecKMM apTepusiMU, YTO CBSI3AHO C HETIOCPE]I-
CTBEHHBIM MOBPEXKIEHNEM MO3roBoil Tkauu. [lasee
OTMEYaJIach TEHIEHITH K CHUKEHHIO cofiepskanust M B.
[Ipu arom, y narmentoB ¢ YMT coxpansioch mMoBbI-
IIEHHOEe COZlepKaHue IUpKyaupyomux MB, xortopoe
B 2 pasa mpeBbInaso cojepxanue M B, mupkynmpyro-
X mpu antudocdoautuHoM cuaapome [46].

Poub TpomOonuTaproro ssena B UM T-accouym-
poBaHHOI Koarysonatiu. B mociieHee BpeMst BO3HU-
KaeT Bce 6oJibiie nadopManui o stz UMT ¢ BO3HUK-
HOBEHMEM  TPOMOOIMTOTICHUH W CHUSKCHHEM
AKTUBHOCTH TPOMOOTIUTOB. 10 IAaHHBIM Psi/ia aBTOPOB,
TpoMGOIUTONIEH ST pasBuBacTcs y 2,9—33% manueHTon
c UMT [6, 47—48], npu aTOM paHHsIsT MaHU(ECTATTIS
TPOMOOTIUTONIEHUY CBsI3aHAa C TMPOTPECCUPOBAHUEM
MHTPAKPAHUAIBHBIX TEMOPPArMIECKIX OCJIOKHEHUT 1
SIBJISIETCST HE3ABUCHMBIM ITPEAUKTOPOM JIETATBHOTO
ucxoza pu Tskenoil YMT [6, 26]. M. E. Kutcher u p.
[49] wuccnenoBam HyHKIIMOHATIBHYIO AaKTUBHOCTH
tpombonuToB y 101 manmenTta ¢ YMT u nokasasu, 4to
y 45% manueHToB MPU3HAKU TPOMOOIIUTONATHI
BBISIBJISIIICH YoKe Ha 9Tare FOCIUTANTN3AIY B CTAINO-
Hap. /L7151 TaHHO# TPYTITIBI TTATIHEHTOB GBI XapaKTePHbI
<«HU3KUN» HEBPOJIOTUYECKU CTaTyC (OTIEHEHHBIN 110
mKase KoM [71a3ro), a Tak e JeCsITUKPATHOE yBeInde-
HUe PUCKa Pa3BUTHS JIETATBHOTO ucxoza. MHrepecHo,
YTO 32 BPEMsI JIEUEHUsI B OT/IEIEHNT peaHuMantui, y 91%
MCCJIEIOBAHHBIX TTAI[HEHTOB OBLJIM BBISIBJIEHBI T€ WJIH
unble npusHaky Tpomboruronatun. C. J. Vecht u zp.
[50] B cBOEI paboTe OOHAPY KM CHUKEHIE CIIOCOOHO-
CTH TPOMOOTINTOB K arperariit, KOTopoe JOCTUTIIO MaK-
cumyMa Ha 2-e cyTku rocsie UMT.

B nauase 1980-X 10108 ObLIM BIIEPBbIE OIUCAHBI
BEPOSATHBIE MATO(DU3UOTIOTUYECKUE MEXaHU3MBI,
JiesKane B ocHoBe TpomboruTonatuu mpu UMT.
Corzacto HuM, B ycaoBusx YMT tpoMOOIMTHI TOA-
BepraioTcst BozaeiicTuio TM u akTopa akTUBaum
tpomboiuToB (DPAT), KOTOpble aKTUBUPYIOT UX [0
YPOBH:I UCTOIIEHS U MTOCTIEAYIONIEH apeak THBHOCTH.
ITa TEOPUs ABJSAETCS MO-TIPEKHEMY TIPeobIaiaroei
[28, 51, 52]. AnbrepHATUBHBIM O0bICHEHIEM MOKET
OBITH HATMYKE HEM3BECTHOTO SHIOTEHHOTO MHTHOUTO-
pa TpoMOOIUTOB, akTuBUpYyIomerocs mpu YUMT [25].
Pst/1 aBTOPOB MpE/IosIaraet, 4to pasBUTHE TPOMOOITH-
TOMATHN MOXKET GBITh CBSI3aHO C BOBJICYCHUEM B ITPO-
1ecc MHrMOUTOPOB HUKJIOOKcureHass [25, 53]. Onna-
KO paBoThl, TOCBSANIECHHBIE UCCICTOBAHUIO JAHHBIX
MexaHu3MoB y nanuentoB ¢ YMT, orcyTerByior.

topenia develops in 2.9-33% of TBI patients [6, 47—
48], wherein early manifestation of thrombocytope-
nia is associated with progressing of intracranial
hemorrhagic complications and is an independent
predictor of lethal outcome in case of severe TBI [6,
26]. M. E. Kutcher et al. [49] studied functional ac-
tivity of platelets in 101 TBI patients and demon-
strated that in 45% of patients, symptoms of
thrombocytopathy had been detected already at the
stage of admission to hospital. Patients of that
group featured low neurological status (evaluated
according to the Glasgow coma scale), and ten-fold
increase of the risk of developing lethal outcome. In-
terestingly, during the whole period of treatment in
the intensive care unit, in 91% of examined patients,
some or other symptoms of thrombocytopathy were
found. In their paper, C. J. Vecht et al. [50] demon-
strated lessening of platelets’ ability to aggregate,
which reached maximum on day 2 after TBI.

Early in the 1980s, probable pathophysiological
mechanisms underlying thrombocytopathy during
TBI were described. According to them, in a situation
of TBI, platelets are exposed to the effect of TF and
platelet activating factor (PAF), which activate them
up to depletion and subsequent areactivity. This theory
is still predominant [28, 51, 52]. An alternative expla-
nation might be existence of an unknown endogenous
inhibitor of platelets, which activates during TBI [25].
A number of authors suppose that thrombocytopathy
development might be related to involvement of cyclo-
oxygenase inhibitors into the process [25, 53]. How-
ever, there are no papers dedicated to investigation of
these mechanisms in TBI patients.

Occurrence of thrombocytopenia and thrombo-
cytopathy is a key sscomponent of coagulopathy asso-
ciated with TBI because they significantly increase
the risk of hemorrhagic complications after TBI [25,
54—57]. It has been shown that moderate thrombocy-
topenia (less than 100x10°/1) is a predictor of an ad-
verse outcome and connected with a nine-fold increase
of the risk of lethal outcome development [58, 59].

Inflammation and TBI-associated coagulopathy.
In response to TBI, systemic inflammation response
forms, which leads, on the one hand, to restoration and
regeneration of damaged brain tissue, but, at the same
time, initiates synthesis and release of neurotoxic sub-
stances promoting further damage of brain tissue. Non-
infectious inflammation response starts as early as few
minutes after TBI and might last for a few months or
even years after the incident [60, 61]. One of triggering
mechanisms is release of molecular fragments associated
with damage (Damage-associated molecular pattern
molecules, DAMP) [60]. These substances are wide-
spread in cells, but expressed especially intensively dur-
ing necrotic (not apoptotic) damage of cells and cell
stress rendering effect on the immune system and acti-
vating dendritic cells. Mass death of cells caused by the
impact of adverse factors (that is not a result of apopto-
sis), activates systemic defensive response through re-
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BosHukHOBeHHE TPOMOOIIMTOIEHUN 1 TPOMGO-
IUTOIATUU SIBJISIETCS KITIOUEBBIM 3BEHOM KOAryJioma-
tiu accormupoBanHoil ¢ YMT, mockobKy 3HAUMMO
YBEJIMUUBAIOT PUCK TEMOPPArMYECKUX OCJIOKHEHMUI
[25, 54—57]. BbLio 1mokasato, 4T0 TPOMOOIIUTOICHISI
cpenneii Tsokectu (Menee 100X10°/01) siBaistercst mpe-
JAUKTOPOM HeGJIATONPUATHOTO MCXOJla U CBsI3aHA C
JEeBSITUKPATHBIM TIOBBIIIEHUEM PHUCKA Pa3BUTUS
JieTajbHoro uexoza [58, 59].

Bocnanenne n YMT-acconunpoBannas koary-
sonatuda. B orser na UMT dopmupyercs cucremuas
BOCITAJIMTEJIbHAST PEAKITHS, TIPUBO/ISINAS, C OJIHO CTO-
POHBI, K BOCCTAHOBJIEHUIO U PETreHePalluyl IOBPEK/IeH-
HOIl TKAaHW MO3Ta, HO, B TO K€ BPeMsl, HHUIIMUPYIOIIAsT
CUHTE3 1 BBICBOOOK/IEHIE HEHPOTOKCUYECKHX BEIIECTB,
4TO CHOCOBCTBYET JAJIbHEHIIEMY TIOBPEKICHUIO TKAH
royioBHOTO Mo3ra. Hewnndekimonnas BocmaanresbHast
peakius HAYMHAETCSI y’Ke Yepe3 HECKOJIBKO MUHYT
rocsie YMT 1 MokeT UINThCA 10 HECKOJIBKUX MECSIIEB
nin paxe Jiet rocye unimaenta [60, 61]. Oxnum us
TPUTTEPHBIX MEXAHU3MOB SIBJISIETCSI BBICBOOOK/IEHE
MOJIEKYJISIDHBIX (DParMeHTOB, ACCOLUUPOBAHHBIX C
nospexaenrem (Damage-associated molecular pattern
molecules, DAMP) [60]. [Janmble BemecTsa IMUPOKO
pacrpocTpaHeHbl B KJIETKAX, HO OCOOEHHO YCHJIEHHO
DKCIIPECCUPYIOTCS IPU HEKPOTUYECKOM (He aIoNTOTH-
YeCKOM ) MOBPEXK/IEHUN KJIETOK U KJIETOYHOM CTPecce,
BO3/IEICTBYs] HA MMMYHHYIO CHCTEMY M aKTUBUPYSI
neHppuTHbie KieTkn. MaccoBast rubenb KIETOK,
BbI3BaHHAsI JIeHCTBIEM HEOIATONPUSATHBIX (HaKTOPOB
(He SBIIIONIASICS PE3YJIBTATOM aIlolTo3a ), AKTHBUPYET
CHUCTEMHYIO 3al[UTHYIO PEAKIINIO 32 CUET BBIOpOca GOJb-
moro kosimaectBa DAMP. Kiierku muesnonHoro psja
pearupyioT Ha MosiBJIEHUe MOBbIIIEHHOTO KOJIIMYeCTBa
DAMP passutuem peakiiuii BpOXKJI€HHOTO UMMYHHTE-
Ta u hopMupoBanuem BocriasieHus [62].

Cucrema komiiemenTa (CK) siBisieTcst BasKHOM
YacThIO BPOSKIEHHOI MMMYHHO#T cucteMbl. Ona obec-
MeYrBaeT PeaIN3aInio harolTo3a u OKA3bIBAET XEMO-
TaKCUYEeCKoe JieiicTBre Ha JieHKouThl [63—64]. Kpome
toro, CK HampsiMmyio y4acTByeT B IIUTOJIN3€E TIOBPEXK-
JIEHHBIX UJTU Y4Y/KEPOHBIX KJIETOK ITyTeM 00pa3oBaHust
MeMmGpanoarakyioniero komiiekca (MAC, Membrane
attack complex, C5b-9) [65]. CK TecHo cBsizana c
cucTeMol remocTasa, 1mockosibky MAC aktuBupyer
TPOMOOIIUTHI, BBI3IBAsI BHICBOOOSKIEHUE MUKPOBE3U-
KyJI, ¥ HHAYIUPYET npeobpasoBaHie MeMOpaH TPOM-
GOIMTOB, UTO MTPUBO/KT K YCUIIEHUIO ATPEraIlui TPOM-
6ouuTos [66, 67]. ITpu UYMT npoucxoauT akTHBaLKsL
CK u nakoriearie MAC B 30HaX rpaHUIIbI TIOBPEK/IEH-
HOU u 3/0poBOl TKaHel [68—71]. Murepecuo, 4To
aktuBanus CK cBsizana He TOJIBKO C IEPBUYHOIT TPAB-
MOIi, HO TaKe ¥ BTOPHUYHBIMU IOBDPEXIECHUSIMHU,
BBI3BAHHBIMI IMITOKCUEI UM HAPYIIIEHISIME B MUKPO-
UPKYJISITOPHOM pyciie [72—73].

Poub nporenna C B MexaHH3Me BO3HHKHOBeE-
HUs KoaryJjonatuu. Pazsurtue runonepdysuu B cocy-
JIaX TOJIOBHOTO MO3Ta CTUMYJIHDPYET CBsI3bIBAHUE
TpoMOMHA ¢ TPOMOGOMO/YJIMHOM U IaJibHElIIee co3/a-

lease of a large amount of DAMP. Myeloid dendritic
cells respond to appearance of an increased number of
DAMP by development of innate immunity responses
and formation of inflammation [62].

The complement system (CS) is an important
part of the innate immunity system. It provides imple-
mentation of phagocytosis and renders chemotactic
action on leukocytes [63—64]. Besides, CS is directly
involved in cytolysis of damaged or foreign cells by
forming a membrane attack complex (MAC, C5b-9)
[65]. CS is closely related to the hemostasis system
since activates platelets causing release of microvesi-
cles and induces transformation of platelet membranes
resulting in intensified aggregation of platelets [66,
67]. In TBI, CS activates and MAC accumulates in
boundary areas between damaged and healthy tissues
[68—71]. Interestingly, CS activation is connected not
only with the primary trauma, but with secondary
damages caused by hypoxia or microvascular blood
flow disorders as well [72—73].

The role of protein C in the mechanism of co-
agulopathy development. Development of hypoper-
fusion in brain vessels stimulates thrombin binding
with thrombomodulin and subsequent formation of
thrombin-thrombomodulin complex that activates
protein C. Activated protein C blocks plasminogen ac-
tivator inhibitor (PAI-1), which results in hyperfibri-
nolysis and inactivation of factors Va and VIIIa [12].
At the same time, at a later stage of TBI, at the back-
ground of occurred systemic inflammation response,
protein C depletion leading to hypercoagulation is
possible [27].

Fibrinolysis in TBI. A number of authors surmise
that hyperfibrinolysis might be one of possible reasons
for hemorrhagic events during TBI, though exact patho-
physiological mechanisms are yet unclear. The fibrinol-
ysis system serves to prevent undesirable clotting and
functions through the negative feedback mechanism
upon activation of the hemostasis system. It was sug-
gested that excessive activation of the TF hemostasis
system might initiate hyperfibrinolysis [74]. During
TBI, same as during a polytrauma, increased tPA and
fibrinogen degradation products including D-dimer is
observed; besides, PAI-1 level decreases [13, 20, 30, 74—
81]. It has been noted that the above changes in the he-
mostasis system correlate with severity of the condition
and predict adverse outcome after TBI [74—81].

Conclusion

One of the main objectives in the therapy of pa-
tients with severe TBI is to prevent secondary brain
damages. Though the exact mechanisms underlying
development of TBI-associated coagulopathy have
not been fully studied yet, its contribution to forma-
tion of secondary brain damages, manifesting as both
hemorrhagic and ischemic foci, has been demonstrated
in a number of scientific papers. The dynamic nature
of this phenomenon and probable alteration of hyper-
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HEE KOMILIEKCAa TPOMOUH-TPOMOOMO/IYJINH, KOTOPBIii
aktuBupyet nporent C. AKTUBMPOBAHHBIN POTENH
C 6iokupyer MHrHOGUTOP aKTHBATOPA TIJIA3MUHOTEHA
(PAI-1), 4to npuBoANT K ruiepGuOPHMHOIN3Y U MHAK-
tuBanuu ¢daxropoB Va u VIlla [12]. IIpu arom, B
6osee mosaneit cragm YMT, Ha hoHe BO3HUKIIETO
CUCTEMHOTO BOCIAJIHUTENbHOTO OTBETA BO3MOXKHO
ucronienue nporenna C, Bexyiee K TUIIEPKOATYJIsI-
IIUOHHOMY COCTOSTHUIO [27].

®uépunoaus npu UYMT. Psag aBropos mpeano-
jgaraer, 4to TUNepOUOPUHONN3 MOKET SABIATHCS
OJTHO¥1 M3 BO3MOKHBIX TPUYKMH FeMOPParnyecKux rmpo-
apyieanit ipu YMT, XoTs Tounble UX 1aToOU3N0JI0-
ruyecKkue MeXaHU3Mbl OCcTaloTcs HescHbl. Cucrema
(bUbPUHOIM3A CIYIKUT JIJISL TTPEIOTBPAIICHIST HEsKea-
TEJIBHOrO TPOMGOOOPA3OBAHU U (HYHKIIHOHUPYET TI0
MEXaHU3My OTPHIATEIbHONW O6PaTHOI CBA3U TIpU
AKTUBAIMYU CHCTEMbI TeMocTaza. Bplo npeznosioxe-
HO, UTO YPe3MepHasi aKTUBAIIM CUCTEMBI FEMOCTA3a
T®D moxer uHUIUUPOBATh TunepdudpuHOIN3 [74].
[Tpu UYMT, kax u 11pu coueTaHHOI TPaBMe, OTMEYaeT-
cs1 moBblieHue ypoBHs tPA, a Takike NPOLYKTOB
nerpapaiyu pubpuHOreHa, BKIodass D-1umep, KpoMe
Toro mpoucxoauT cHmkenue yposust PAI-1 [13; 20, 30,
74—81]. Otmeuanoch, 4YTO BbIlIEeNEPEUNCIEHHbIE
U3MEHEHUsI CHCTEMBbI TEMOCTa3a KOPPEIUPYIOT C
TSKECTBIO COCTOSTHUSI WM SIBJISIIOTCS MPEIUKTOPOM
HeOmaronpusaTHoro ucxoga YMT [74—81].
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3akiaoyeHue

OnHO# M3 OCHOBHBIX 3ajla4 Tepalnuy MnalueH-
ToB ¢ Tskesmoir UMT aBisercst mpeaynpeskieHue
BTOPUYHBIX ITOBPEKAECHUI TOJOBHOTO MO3Ta. XOTsI
TOUYHbBIE MEXaHU3MBI, JIe;KAIMe B OCHOBE BOSHUKHO-
BeHust YMT-acconmmmpoBanHoOil KoaryJaomnaTuu o
CUX TIOP M3YyYeHbI HE JI0 KOHIA, ee BKJIaA B (GopMu-
poBaHKe BTOPUYHBIX IIOBPEKIEHUI TOJOBHOIO
MO3Ta, IPOSIBJISIONINXCS B IIOSIBJIEHUH KaK reMoppa-
IMYECKUX, TaK U NIIEMUYECKUX 04aroB, ObLI Ipojie-
MOHCTPUPOBaH B psijie HayuyHbIX paboT. JuHamuye-
CKMI1 XapakTep /[aHHOIO SBJIEHUs, a TaK J’Ke
BEPOSITHOE Yepe/0OBaHKE THIIEPKOATYJISIIMOHHBIX U
TUITOKOATYJISIIMOHHBIX COCTOSTHUI 00y CIaBInBaOT
HEoOXOAUMOCTD B pa3paboTKe alrOpUTMa MCCIe10-
BAaHUSI CHCTEMbI FeMOCTa3a, YIUThIBAIOIIEH B3aUMO-
HeNCTBUS MEXK LY TLIa3MEHHBIM, TPOMOOIUTAPHBIM U
(GUOPUHOMUTUYECKUMU 3BEHbAMU CBEPTHIBAIONLEH
CHUCTEMBI KPOBH.
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DenepabHOE TOCYIAPCTBEHHOE OIO’KETHOE HAYYHOE YUPEsKIEHUE
«MenepaibHblil HAYYHO-KIMHUYECKHUIA IIEHTP PEAHUMATOJIOTHHI U PEAOUTIUTOTIOTHI>
OCYHIECTRJISIET HA0OP Ha cepTU(UKANUOHHDII IIUKJI NOBbIIIEHUS KBaIU(pUKALUH BPaUeil
10 CIENHAIBHOCTH <AHECTEe3HOJIOTHS M peaHuMaTtosiorus» (144 1)

Croumocts 06yuenust — 20000 py6eii.
Hauauro miukara 5 Hostopst 2018 rosa.

ITo 3aBepluIeHnmn O6y‘{eHI/IH BbIJIAIOTCA: CepTI/I(bI/IKaT CIIennaJincTa 1 y10CTOBEPpEHNE O ITOBBIIIICHUN KBaJII/Iq)I/I-

Kalluu.

[Tepeuenb OKYMEHTOB jiJist ODOPMJIEHUS JI0TOBOPA Ha 00y UYEHME:

1. JIna pusuyecKux JMIL:
e Iacmopr;
e umioM 06 06pasoBaHuM;

*  JIOKYMEHT O NePBUYHON criennaansaiiy (OpAMHATYPa, UHTEPHATYPA, TTPOd. TEPENoroTOBKA);

*  cepruduKar CrenuajncTa;

*  YAOCTOBEpEHUE O TOBBIINEHNN KBATHGDUKAIIIN 32 TIOCJEHIE 5 JIET;
*  KOIUSI TPYINOBOII KHIZKKH, 3aBEPEHHAs B OT/IEJIE KaJPOB (JJIsk COBMECTHUTEJIEN — CIIPABKa ¢ MeCTa paboThl,

7SI BOEHHBIX — ITOCJTYKHOI CITHCOK).
2. Jlas opuanyecKuX JIHIL:

° I‘apaHTI/IfIHOC TIMCHbMO OT PYKOBOJAUTEJIA YUPCKACHUA C YKa3aHNEM PEKBU3UTOB OPTaHU3aIlN;

*  macmopr;
e aumioM 06 06pa3oBaHuM;

*  JIOKYMEHT O IIePBUYHOI criennannsay (OpJAMHATypa, UHTEePHATYPA, TPOd. IIePeroroToBKa);

° CepTI/I(i)I/IKaT ClieaJjancTa;
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MuKpoOHOTa KHIIEYHNKA PU KPUTHYECKHUX COCTOSTHUAX (0030p)
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Gut Microbiome in Critical Illness (Review)
Ekaterina A. Chernevskaya, Natalia V. Beloborodova
V. A. Negovsky Research Institute of General Reanimatology,

Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Bldg. 2, 107031 Moscow, Russia

Pajiikasibbie H3MEHEHUsI B COCTaBe, Pa3HOO0Opasuy 1 MeTaboIMIeCKON aKTUBHOCTH MUKPOOUOTHI KUIIEYHUKA
HAI[EHTOB B KPUTHYECKOM COCTOSIHUU € OOJIBIIOIT BEPOSITHOCTHIO OTPUIATEHHO BIUSIOT HA UCXO/ JTedenust. Jlvc-
(bYHKIMST MUKPOOGHOTBI MOJKET OBITH IIPEAMKTOPOM 1, BO3MOKHO, OCHOBHOI TIPUYMHO# HHMEKIIMOHHBIX OCTOKHEHU T
U cerncuca. B KIMHIKe HCIOMB3YI0T OObEKTHBHBIE HIKAJIBI OIEHKH TSJKECTH COCTOSTHUS MAI[MEHTa, BKIIOYAIOTINE CTie-
1 UYeCKIe TapaMeTPbl HAPYIIEH OPraHOB U CUCTEM, OJHAKO (QYHKIINSI MUKPOOHOTBI He CIUTAETCST CIIeUbITIHOI
U, TIOITOMY, He OlleHnBaeTcsl. TeXHnueckre BO3MOKHOCTH TIOCIIETHETO JIECSTUIETHS TO3BOJINIIA OXapaKTePH30BaTh
KUIIEYHYI0 MUKPOOHOTY, YTO CIIOCOOCTBOBATIO MOHMMAHUIO TPOUCXO/SIINX TIPOIECCOB. ABTOPBI TIPOBEJIH aHAJII3
JIAHHBIX O POJIU MUKPOOHOTHI KUIIEYHUKA KaK METAOOJMYECKOrO «PeakTopa MPH KPUTHYECKUX COCTOSTHUSX, BO3-
MOJKHBIX OCJIOKHEHUSIX, CBSI3AHHBIX C IMCOAIAHCOM «BPEIHBIX» 1 <II0JIE3HBIX> OAKTEPHIl, a TAKKE PACCMOTPEJIH MO~
TEHIIUAI I[eJIEBOIT TePATINH, HAIIPABJIEHHON HETIOCPEICTBEHHO Ha KOPPEKIIIO MUKPOOUOTHI KHUIIeYHUKA. JIJIst moncka
craTeil GBIIN MCTOTb30BaHbl 6a3bl MaHHBIX Scopus 1 Web of Science ¢ 2001 mo 2018 roza: (Gut Microbiota) AND
(Critically ill OR Intensive care unit), B3sTbl KJIOU€BbIe CI0BA JJIsI TOUCKA: MUKPOOMOTA KMIIEUHNKA, METa00IM3M,
CEIICUC, AHTHOMOTHKH, TTAIIMEHTHI B KDUTHYECKOM COCTOSTHIH, IOJIMOPTaHHAs HE[OCTATOYHOCTD. Psiji BOITPOCOB B 110~
HUMaHUU B3aUMOJIEHCTBISI KMIIEYHOI MUKPOOUOTHI M OPraHU3Ma XO3sMHA 0CTAeTCsl OTKPBIThIM. Heobxomumo yuu-
TBHIBATH BMEIIATEIBCTBO MUKPOGHOTO MeTaboJr3Ma IpH OlleHKe MeTaboJoMa MalueHToB ¢ cercucom. Cpean
HU3KOMOJIEKYJISPHBIX COEIMHEHNIT, OGHAPYKEHHBIX B KPOBH MAIEHTOB € CEIICUCOM, 0CO60e BHUMAHUE 3ACITY K-
BAIOT MOJIEKYJIbI, KOTOPbIE MOKHO OTHECTH K «00IINM MeTaboMTaM» YeoBeKa U OaKTepHil, HalpUMep TIPOLYKTHI
Guoerpaialiii apOMATUYECKIX COeIMHEHIH, cofiepsKaHie KOTOPBIX MHOTOKPATHO YBEJINYMBACTCS B KPOBH MAIlH-
eHTOB ¢ cericricoM. ClieyeT yIuThIBaTh M MOZIEIUPOBATH B OKCIIEPUMEHTAX U3MEHEeHNs BHYTPEHHEI CPeibl YeJI0BeKa,
KOTOPbIE TIPOUCXOJISIT BO BPEMsT PAMKAILHON TIepecTPONKI MUKPOOUOMA TIAIIHEHTOB B KPUTHYECKOM COCTOSTHU.
Takoii MoAX0/ OTKPBIBAET HOBBIE MEPCIIEKTUBBI JIJIsI 0OBEKTHBHOIO MOHUTOPUHTA 3a60JIeBAaHUH, TIPOBOJISI OLEHKY
MeTaboINYecKoro POMUIIst B ONpeie/IeHHbI MOMEHT BPEMEHH Ha OCHOBE MHTETrPAIbHBIX TIOKas3aTeJel, 0TpakKalo-
X COCTOSTHUE CHCTEMBI MUKPOOUOM/MeTab0JI0M, 4TO B OyyiieM 006ecrieqnT HOBbIe MUIIEHH [IJIsI TepaleBTIde-
CKOTO BO3/IEHCTBHUS.

Kmouesvie cro8a: MukpoOouom KUEUHUKA; KPUMUYECKUE COCTNOSIHUSL; APOMATIUYECKIUE MUKPOOHbLE MEMAboIumbl;
Memaborom; opeantas OUCHYHKYUsL; Cencuc

Radical changes in the composition, diversity and metabolic activity of gut microbiome in critically ill patients
most probably affect adversely the outcome of treatment. Microbiota dysfunction may be a predictor and presumably
the main cause of infectious complications and sepsis. Clinicists use objective scales for evaluation of patient condi-
tion severity including specific parameters of disorders of organs and systems; however, microbiota function is not
considered specific and, hence, not evaluated. Technical capabilities of the recent decade have allowed characterizing
the intestinal microbiota and that helped understanding the ongoing processes. The authors have analyzed data
about the role of intestinal microbiota as a metabolic 'reactor' during critical states, possible complications related
to misbalance of 'harmful’ and 'beneficial’ bacteria, and examined potential of a targeted therapy aimed directly at
correction of intestinal microbiota. Search for papers was carried out using Scopus and Web of Science databases
2001 to 2018 years: (Gut Microbiota) AND (Critically ill OR Intensive care unit), key words taken for the search
were: intestinal microbiota, metabolism, sepsis, antibiotics, critically ill patients, multiple organ failure. A number
of questions in understanding of the interaction between gut microbiome and host remain open. It is necessary to
take into account interference of microbial metabolism while assessing metabolome of patients with sepsis. Among
low-molecular compounds found in blood of sepsis patients, special attention should be paid to molecules that can
be classified as ‘common metabolites’ of humans and bacteria, for example, degradation products of aromatic com-
pounds, which many-fold rise in blood of septic patients. It is necessary to take into consideration and experimentally
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model changes in the human internal environment, which occur during radical transformation of microbiome in crit-
ically ill patients. Such approach brings in new prospects for objective monitoring of diseases by evaluating metabolic
profile at a particular moment of time based on integral indices reflecting the status of microbiome/metabolome sys-
tem, which will supply new targets for therapeutic intervention in future.

Keywords: gut microbiome; critical states; aromatic microbial metabolites; metabolome; organ dysfunction; sepsis
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MuKpOOHOM B HOpMe

MUKpoOMOM KHUINEYHUKA — <YEPHBI SIUK»,
MIPUBJIEKAIONINI B HACTOSIIIEEe BPEeMs BHUMAHUE UCCIe-
JloBatesielt i «pacmu@poBKu» U TOHUMAHUS 1aTO-
reresa MHOruX 3abosiesanuil. Bosee 70% BUIOB MUK-
POOPraHU3MOB HE TOJIAI0TCSI MUKPOOHOIOTHYECKOMY
KYJIETHBUPOBAHUIO, TO €CTh HE MOTYT OBITH BbIIEJEHBI
B YMCTOU KYyJIBTYPe Ha UCKYCCTBEHHBIX TTUTATETbHBIX
cpenax u neHTUOUINPOBaHbL. TeXHOJIOTMYEeCKUI TTPO-
PBIB MTO3BOJIMJI MATHYTH OT MPOCTOTO OTPEeeHUS
MUKPOOPTaHU3MOB /IO TIOHUMAaHWUS WX (DYHKIWH U
B3anMoO/IeiicTBUSI BHYTpU opranusMa. [lospoJistionine
MIPOAHATIM3UPOBATh BCIO COBOKYITHOCTH IPOIECCOB,
MTPOUCXOAAIINX B KJIETKE WJIH 1[eJIOM KMBOM OPraHn3-
M€ — OMUKCHBIE TeXHOJIOTHH (TeHOMUKA, TPAHCKPUII-
TOMUKA, METareHOMHOE CEKBEHUPOBAHUE, TPOTEOMUKA
1 MeTabOoJIOMIKA) TOJHOCTBI0 TPaHC(hHOPMUPOBAIN
HAIITU [TPEICTABJIEHUS O coCcTaBe W (DYHKIUN «HEBUJIM-
Mmoro opranas [1]. lupokoe pacnpocTpanenyie MUKPO-
OMOMHBIX MCCJIE0BAHUI CTAJI0 BO3MOKHBIM 0K0JI10 10
JIET Ha3a/l ¢ TIOIBJICHUEM BBICOKOIIPOU3BOAUTEIbHBIX
cexBeHaTopoB HOBOTO TokoJsieHus (NGS), koropbie
MO3BOJIAIOT 32 KOPOTKHE CPOKU MACCOBO PACIIU(POBDI-
BaTh COBOKYITHBII T€HOM MUKPOOMOMOB — METareHOM.
Ceronus /17151 BBICOKOITPOU3BOIUTENHLHOTO CEKBEHUPO-
BaHUA HYKJIEOTUIHBIX MOCIEI0BATETHHOCTEN MUKPO-
opranusmoB ucnosb3yercs ren 16S pPHK. 9rot ren
koqupyer oy usz PHK, cocraBistionux ocHOBY Oak-
TepPUALHBIX PHOOCOM, ¥ ITPUCYTCTBYET B TEHOMAX BCEX
M3BECTHBIX MUKPOOPranu3MoB. [Ipu aTom ero cTpykry-
pa JI0CTATOYHO KOHCEPBAaTHBHA, HO BapuabesbHbIe
BUzIoCTICTIM(UYHBIE YYACTKU TO3BOJISAIOT UAEHTU(DUITH-
pOBaThb MUKPOOPTAHU3MbI PA3JIMYHON CUCTeMaTHye-
CKOM TpuHaieskHocTh. Cxema Mccae[oBaHus J10CTa-
TOYHO MPOCTA, HO TPYJOEMKA: HA TIEPBOM 3Talle U3
ob6pasia seiessior JJHK, 3ateMm 1mosy4aior tak Hasbl-
BaeMyI0 TeHOMHYI0 OUOINOTEKY, COAEPIKAIILYIO KO
rera 16S pPHK, npuHajieaiiue pasindHbiM OaKTe-
pusiM. BUOIMOTEKY <«4UTAIOT» € UCIOJb30BAHUEM
BBICOKOITPOU3BOJIUTEBHBIX CEKBEHATOPOB, 0OeCIIeyn-
BAIONINX MTOJIyYeHNE HECKOJBKUX THICSY HYKJICOTH]I-
HbIX niocaenoBarenbnocreit rena 16S pPHK nist kask-
noro u3 o6pasios. Ciepyionuii sTan — aHAJIU3
OTPOMHOTO MACCHUBA MOIYYEHHBIX JAHHDIX C TOMOIITHIO
MeToI0B Ononn(opMaruku. Pe3ysbraTsl MpeacTas-
JIAI0T criocoboM, Hanbosiee MOAXOASAIMM B KasK0M
KOHKPETHOM cJiyuae. BHepeHue 6ojiee COBPEMEHHBIX
TEXHOJIOTHIA, B YaCTHOCTU HAHOIIOPOBOE CEKBEHNPOBA-
HI€ TI03BOJISIET GBICTPO BBIIOIHSTH UACHTU(DUKAIIIO

Microbiome in Health

Gut microbiome is a ‘black box’ currently attract-
ing attention of researchers for ‘decoding’ and under-
standing of pathogenesis of many diseases. Over 70%
of species of microorganisms are nonculturable, i.e. can-
not be isolated as a pure culture on an artificial nutri-
ent medium and identified. Technological
breakthrough has allowed to make a step from simple
identification of microorganisms to understanding of
their functions and interaction inside body. Allowing
analyzing the whole totality of processes occurring in
a cell or an intact live organism, omics technologies
(genomics, transcriptomics, metagenomic sequencing,
proteomics, and metabolomics) have fully changed our
concepts about the composition and function of the ‘in-
visible organ’ [1]. Widespread distribution of micro-
biomic studies has become possible about 10 years ago
with emergence of high-performance new-generation
sequencing (NGS), allowing transcribing in mass the
collective genome of microbiomes — metagenome. No-
vadays, for a high-performance sequencing of nu-
cleotide sequences of microorganisms the 16S rRNA
gene is employed. This genes encodes highly specific
RNA of bacterial ribosomes and is present in genomes
of all known microorganisms. Besides, its structure is
quite conservative, but variable orphan regions allow
identifying microorganisms of different species and
strains. The study pattern is quite simple, but rather
laborious: at the first stage, DNA is isolated from a sam-
ple, then a so-called genome library containing copies
of gene 16S rRNA belonging to different bacteria is ob-
tained. The library is ‘read’” using high-performance se-
quenators providing reception of several thousand
nucleotide sequences of gene 16S rRNA for each one
of samples. The next stage is analysis of a huge body of
received data with the help of bioinformatics tech-
niques. Results are represented in a way most suitable
in each particular case. Introduction of latest technolo-
gies, in particular, nanopore sequencing, allows fast
identification of bacteria in samples and finding mark-
ers of resistance to antimicrobial drugs within 5-10
minutes while a sequenator itself weighs less than 100
grams and can fit a pocket. This method is currently
undergoing clinical testing [2].

The human microbiome project (HMP) was ini-
tiated in 2008 by the US National Institute of Health
(NTH) aiming at isolation and characterization of mi-
croorganisms in health and disease [3]. The ultimate
goal of the project was finding a connection between
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Gakrepuii B 06pasIax 1 HaXO[UTh MapKepPhl PE3UCTEHT-
HOCTU K aHTUMUKPOOHBIM TIpernaparaM B teuenue 5—10
MUHYT, a caM cekBeHatop Becut mMeHee 100 rpamm u
MOJKET IIOMEeCTUTBCS B KapMaHe. B nactodiiee Bpems
UET KIMHUYeCKas alpobalus JaHHoro meroga [2].

[TpoeKT M3y4eH s 4eJ0BEUYECKOTO MUKPOOHOMA
(HMP) 6p11 uannuuposad 8 2008 HaunonaabHbIM
nucruryTom 3apaBooxpanenus CIITA (NIH) c iesbio
BblJIeJIEHNS Y XapAaKTePUCTUKU MUKPOOPIaHU3MOB B
HopMme u natonoruu [3]. Koneunoii 11e1p10 mpoexTa
ABJIAJIOCDH BBIBJIEHUE CBA3U Y€JI0BEYECKOTO MUKPO-
GroMa Co 3710pOBbEM UesioBeKa i Gosesnbo. OjrHa-
Ko cirycts 10 jieT Mbl O-TIpesKHEMY Ha ITIyTH K pelie-
HUIO [T0CTABJIEHHBIX 3a/1a4.

MukpobuoM YeoBeKa — COBOKYITHOCTH OoJiee
10" MukpoopranusMos (GaxTepuu, BUPYChI, TPUODIL),
KOTOPble KOJOHU3UPYIOT KOXY, POTOBYIO IOJIOCTD,
JIETKUeE, PENpPONYyKTUBHYIO CUCTEMY U JKeJyI0YHO-
KUILEYHBIH TPAKT, YTO B HECKOJIBKO IECATKOB pa3 Ipe-
BBIIIIAET KOJMYECTBO KJIETOK MaKpoopranusma [4, 5].

Vcenenys hyHKIMIO 1 pasHOOGpasue MUKPO-
GUOMa Y 37I0POBBIX B3POCJBIX ObIIIO OOHAPYIKEHBI TAK-
COHOMHUYECKHE U3MEHEHUsI B COCTaBe MUKPOOHOTO
coo01iecTBa B Pa3HbIX AHATOMHYECKUX YYACTKAX
OJTHOTO U TOTO K€ YeJIOBeKa, a TaKyKe CYILeCTBeHHbIe
M3MEHEHMS B OTHOUMEHHBIX JIOKYCaX Y Pa3HbIX JIo/ieid
[6]. IIpu 3TOM MUKPOOMOM KHUINEYHHUKA — CAMBbIil
CJIOKHBIH, Pa3HOOOPa3HbIil U METabOINYECKN aKTHB-
HBII «OpraH», OKa3bIBAOIINI KOMILJIEKCHOE BO3/eii-
CTBUE Ha OPTAHU3M YeJIoBeKa. MUKPOOUOM YHUKAJIEH
JUISL KaKJIOTO YeIoBeKa HAo001e «0TreyaTKa majib-
I€B>, O3BOJISIONIEr0 pactio3Hasarh 6osee 80% wHu-
BULYYMOB B TIOTYJIAIMN HE3aBUCUMO OT Cpejibl 06u-
tanus, obpasa JKM3HM, TIMTaHUA W TIpHEMa
JIeKapCTBEHHBIX IpenaparoB [7]. B amanornuynbix
1naTo(U3NOJIOTMUYECKUX YCIOBUAX, HECMOTPSl Ha
Bapuallly COCTaBa MEX/y MHAUBUIYYMaMU (DYHKIIUU
MHUKPOOHOMa coxpansiores [8].

B Mukpo6uore yenoseka npeobiaagaior 4 us 50
U3BECTHBIX THUIOB Oaxtepuii (Actinobacteria, Bac-
teroidetes, Firmicutes u Proteobacteria) [9], npu sTom
[PUCYTCTBYET MHOTO YHHUKAJIbHBIX GaKTEPUATBHBIX
renoB [10], 4To IPUBOAUT K BBICOKOH cTerienu (hyHK-
HUOHAAbHOI n3bbTouroctu [11]. Mukpobuom 1pe-
UMYIIECTBEHHO COCTOUT U3 GaKTEPHil, OTHOCAIINXCS K
nByM tuiiaM — Bacteroidetes n Firmicutes, yaacTByio-
WX B PETYJISIIUKE METAO0IU3MA JIMITH/IOB Y JKETUHBIX
KHUCJIOT U TOJIEPKUBAIOIINX FOMEOCTa3 dHepreTnye-
ckoro obomena [12]. IIpoduiay yruausaiuu moin- u
OJINTOCAXAPU/IOB PA3/IMYHbl Y MUKPOOPTaHU3MOB, BXO-
JSIIMX B COCTAB JIAHHBIX TUIIOB, YTO IIPEIIOJIOKUTEb-
HO HAXOJ/IUT OTPasKeHKe B METab0IMYECKON CTPYKTYPeE
CUHTE3a JIETYYUX JKUPHBIX KUCJIOT. B 1o1bITKe yIIpo-
CTUTH MOJIEJTb, OITMCHIBAIOILYIO MUKPOOUOTY, UCCIIE0-
BaTeJIN COCPEAOTOUNIIN CBOE BHUMAHUE HA XapaKTePH-
cruke cootHoumenus Bacteroides/ Firmicutes (B/F).
[Tokaszano, 4To B eBpoIIeHCKOI oMYA, YUCIEHHOE
cootHonienne B/F MoxeT usmensiercsi ¢ BoO3pacToM
[13]. CocTaB MUKpPOOMOTHI KUIIEYHUKA POCCHIICKOI

human microbiome and human health or disease.
However, 10 years later we are still on the way to-
wards solving the postulated problems.

Human microbiome is a totality of more than 104
microorganisms (bacteria, viruses, fungi), which colo-
nize skin, mouth, lungs, reproductive system, and gas-
trointestinal tract, and which several dozen times
exceeds the quantity of cells of a macroorganism [4, 5].

Study of the function and diversity of micro-
biome in healthy adults discovered taxonomical
changes in the composition of microbial community
in different anatomic areas of one and the same person
as well as significant changes in loci of the same name
in different people [6]. In addition to the above, intes-
tinal microbiome is the most complex, versatile and
metabolically active ‘organ’ rendering a comprehen-
sive impact on human body. Microbiome is unique for
each and every person like a ‘fingerprint’ allowing
identifying more than 80% of individuals in a popula-
tion regardless of habitat, lifestyle, nutrition, or use of
medicinal drugs [7]. In similar pathophysiological
conditions, in spite of composition variations between
individuals, microbiome functions are retained [8].

In human microbiota, 4 of 50 known types of
bacteria are predominant (Actinobacteria, Bac-
teroidetes, Firmicutes, and Proteobacteria) [9]; at the
same time, many unique bacterial genes are present
[10], resulting in a high functional redundancy [11].
Microbiome consists mostly of bacteria belonging to
two types — Bacteroidetes and Firmicutes, which are
involved in the regulation of lipid and bile acid metab-
olism and maintaining energy exchange homeostasis
[12]. The profiles of utilization of poly- and oligosac-
charides differ in microorganisms belonging to those
types, which is presumably reflected in the metabolic
structure of volatile fatty acid synthesis. Attempting
to simplify the model describing microbiota, re-
searchers focused their attention to characterization
of Bacteroides/Firmicutes (B/F) correlation. It has
been shown that in the European population, the nu-
meric correlation B/F may change with age [13]. The
composition of gut microbiome of Russian population
differs from European and Asian, a predominant quan-
tity of Firmicutes bacterial has been noted [14]. It is
difficult to divide these groups clearly into human
‘beneficial’ and ‘harmful’ microorganisms, but, tradi-
tionally, representatives of normal human microbiota
including bacteria species Bifidobacterium, Bac-
teroides, Ruminococcus, Lactobacillus are considered
‘beneficial’ while Bacillus spp., Streptococcus pyogenes,
Staphylococcus aureus, Clostridiums spp. etc. are con-
sidered ‘harmful’ /opportunistic pathogenic; a tabu-
lated summary is given in table 1.

Equilibrium (stability and diversity) of micro-
biota in normal physiological conditions is maintained
by symbiotic interrelations of hundreds of species of
bacteria with macroorganism cells, which plays an es-
sential role in supporting human ecosystem. Since the
first hours of baby’s life, bacteria interact with epithe-
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~ Enterococcus
Subdoligranulum
Veillonella

Acinetobacter
Alcaligenes
Brevundimonas
Burkholderia
Enterobacter
Escherichia
Moraxella
Pseudomonas
Ochrobactrum
Stenotrophomonas
Salmonella
Serratia
Shigella
Klebsiella

Citrobacter
Enterobacter
Escherichia
Klebsiella
Moraxella

Puc. 1. Yersipe THII2 MHKPOOPraHU3MOB, IPE0GIAIAIONINX B MUKPOOHOTE YeIOBeKa.

Fig. 1. Four dominant types of bacteria in human microbiota.

Note. The main representatives of the normal microbiota are shown inside the circle, opportunistic pathogenic microorganisms are shown

on the periphery.

IIpumeyanue. B nieHTpe — OCHOBHbIE MIPEACTABUTENN HOPMATLHON MUKPOGHOTDI, Ha 1ieprdepuit — yCJIOBHO-TIATOTeHHBIE.

TOMYJISITIAY OTJIHNYAETCST OT EBPOTIEHCKOIT U a3UaTCKOIA,
OTMEYEHO TIPEBATUPYIONIEE KOJMYECCTBO OakTepuii
tunia Firmicutes [14]. TpynHo 4eTko pasjesuTh 3TH
TPYIIIBI Ha <ITOJIE3HBIC» W «BPEIHBICY JIJIS YeJOBEKa
MUKPOOPTAHU3MBI, HO TPAJUITHOHHO TIPUHATO CUUTATH
«TIOJIE3HBIMI> TTPEJICTABUTEICH HOPMATBHON MUKPO-
6MOTHI YeJIoBeKa, BKIIoUalomye bakrepun poga Bifi-
dobacterium, Bacteroides, Ruminococcus, Lactobacillus n
«BPEIHBIE /YCIOBHO-TIATOTEHHBIE MUKPOOPTAHU3MbI —
Bacillus spp., Streptococcus pyogenes, Staphylococcus
aureus, Clostridiums spp. u 1p., cBogHas nHGOPMALIUA
npuBeseHa Ha puc. 1.

IAkBUIHOpIYM (CTAOUIBHOCTD U pasHOOGpasue)
MUKPOOUOTBHI B HOPMATBHBIX (PU3HONOTHYECKUX YCIIO-
BUSIX TTO/UICP/KIBACTCST CAMOMOTHYECKIMU B3aMOOTHO-
MEHUSIMU COTEH BUJIOB OaKTEPHUil C KIETKAMU MaKpO-
OpraHu3Ma, 4TO UTPAET KIIOYEBYIO POJIb B 0OCCTICUCHUT
aKocucTeMbl uesioBeka. C MEePBBIX YacoB JKU3HU peOeHKa
GaKTepry B3aUMOJIEHCTBYIOT C AIMUTENMATLHBIME 1
UMMYHHBIMU CTPYKTYPAMU KUIICYHUKA, AKTHBUPYSI
HMMYHHYTO CUCTeMy Makpooprauusma [ 15, 16].

Ps noknmmHndeckux paboT TOKa3bIBaeT 3aInT-
HYI0 (DYHKITIO MUKPOOUOMA B OTHOIIEHUY YCIOBHO-

lial and immune structures of bowels activating the
macroorganism’s immune system [15, 16].

A number of preclinical studies show the protec-
tive function of microbiome in respect of opportunistic
pathogenic bacteria during the whole life. In a study
on 500 healthy volunteers, differences in metabolic
microbiome-cytokine-associated pathways led to dif-
ferentiated triggering of immune response to specific
types of microorganisms, such as Staphylococcus au-
reus, Escherichia coli, Bacteroides fragilis, and Candida
albicans [17]. Supposedly, it is the proinflammatory
immunity that might be the necessary component of
establishing and maintaining homeostasis between the
human body and its microbiota [18].

Commensals (microorganisms that live in close
interrelation with the body without causing harm
thereto) are usually beneficial to the host. They regu-
late innate and adaptive immune responses, render in-
fluence on the threshold of activation of pathogenic
stimuluses largely thanks to small molecules mediat-
ing host-microorganism interaction [19]. By that, they
prevent colonization by pathogenic species. Short-
chain fatty acids (SCFA), which in domestic literature
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HATOTEeHHBIX MUKPOOPIaHU3MOB Ha MPOTSIXKEHUH BCeil
skusmi. Tax, B uccreposanuu y 500 310pOBBIX 100PO-
BOJIBIIEB PA3JIMYKSA B METAOOINYECKIX MUKPOOUOM-
IUTOKUH — aCCOIUUPOBAHHBIX ITYTIX MPUBOIUIN K
i depeHIITPOBAHHOMY 3aIIyCKy IMMYHHOTO OTBETA
Ha OIIpe/ieJIeHHbIE BU[bl MUKPOOPIaHU3MOB, TaKIe
Kak Staphylococcus aureus, Escherichia coli, Bac-
teroides fragilis n Candida albicans [17]. Ilpentono-
JKUTEJbHO, UMEHHO IIPOBOCIIATUTENbHBII UMMYHHUTET
MOJKET ObITh HEOOXOUMBIM KOMITOHEHTOM YCTAHOB-
JIEHUS ¥ TIO/IZIEP’KAHUS COCTOSTHUSI TOMEOCTa3a MEXKILY
OpraHr3MOM YeJIOBeKa U ero MUKpobuoroii [18].
KommencasbHbie MIKPOOPraHU3MbI (KUBYIITHE B
TECHOI B3aMMOCBSI3U C OPTaHIU3MOM, He IPUYUHSIS UM
IpU 3TOM Bpe/ia), KaK IPABUJIO, IPUHOCST II0JIb3Y
x03sguHy. OHU PEryJIupyIoT BPOKAEHHbBIE U Al THB-
Hble UMMYHHBIE OTBETBI, BJAUSIOT HA TOPOT AKTUBAIIH
[ATOrEHHBIX CTUMYJIOB B GOJIBIIEH CTENEHU 3a CUET
MaJIbIX MOJIEKYJ, KOTOPBIE OTIOCPEAYIOT B3AUMO/IEHi-
cTBUE X03sIMH-MUKpoopranuam [19]. Tem cambiM oHu
IPEIOTBPALIAIOT KOJTOHU3AIUIO MATOT€HHBIMU BU/IA-
mu. Koporkorenoueunsie skupubie kucaoTsl (SCFA),
KOTOPbIE B OTEUECTBEHHOI JINTEPATYPE Yallle HAa3bI-
BaioT Jjieryure skupuble kucaotsl (JIZKK), asasgiorcs
KJIACCHYECKUM ITPUMEPOM TOTO, KAK MOJIEKYJIbI OaKTe-
PHATIBHOTO MPOUCXOKAEHHUSI, CIOCOOCTBYIOT HMMYH-
Homy Tomeoctady kunreunuka [20]. JIKK caysxkar
UCTOYHUKOM IHEPTUH [IJIsI MUTENIUATBHBIX KJIETOK
KUIIEYHUKA, MOAYJIUPYIOT IPOLYKIUIO IUTOKITHOB,
UHAYIUPYIOT yBeJIUYeHUEe PEryJIATOPHBIX T-KIeToK.
Pstit ipyrux MeTaboIMTOB TaKKe OKa3bIBACT BIIMSHUE
Ha QYHKIIMOHUPOBAHNE OPraHNU3Ma, HalPUMeP apoMa-
TUYECKas aMUHOKICJIOTA TPUIITO(DAH, TOCTYIIAIONIAS C
nieit. Tpunrodan Metabousupyercs GakTepusmMu
KUIIEYHUKA, B PE3yJbraTe 4ero 06pasyroTcst pasind-
Hbl€ TIPOU3BOJIHbIE, B TOM YKCJIe UHIOJIPOIIOHOBAS
KHCJIOTa, KOTOPas JIErko abcopOupyeTcs yepes Kuiiey-
HBIIl SMUTEJINII U MOCTYNAeT B KPOBOTOK. IIpu atom
GUOIOrnYecKast aKTUBHOCTD HHIOJTPOITHOHOBOM KHC-
JIOTBI, KAaK ¥ MHOTHUX JIPYTUX MAJIBIX MOJIEKYJT MUKPOO-
HOTO TIPOUCXOK/IEHUS], UHTEHCUBHO u3ydaetcs [21].
[eHbI «110JI€3HBIX» PE3UAEHTHBIX MUKPOOPTaHU3-
MOB BKJIIOUEHBI B reHooH/] X03s1t1Ha [22], omHako,
[IPU ONIPEIETEHHBIX YCIOBUAX OOBIYHO GE3BPEAHbIE
GaKTepuy MPEOI0JeBAIOT 3aIUTY XO3SMHA, TPOHHU-
KaloT 4epe3 aHaTOMUYeCKUe Oapbepbl, MOKHUIAIOT
XapaKTepHbIE JIOKYChl M CTAHOBSITCS] NATOT€HHBIMU,
TaK KaK [PUBOJSAT K TSIKEJIOH MHMEKIIUU U CETICHCY
[23]. O606uIasg MHOrOYKC/IEHHbBIE TaHHbIe JIUTEPATY-
PBI, UCCJIEIOBATENH TPUXOAAT K IIOHMMAHUIO BAyKHO-
CTHU KOJIOHU3AIIMOHHO# PE3UCTEHTHOCTH 1 MeTaboIu-
4eCKON aKTUBHOCTH MUKPOOMOTHI KUIIEYHUKA JIJIsT
OINITUMAJIBHOTO (DH3UOJIOTHYECKOTO COCTOSIHUS OpTa-
HU3Ma, Ha3bIBasI ATO SIBJIEHIE UHTerpanueil merabo-
JIM3Ma YeJI0BEKa U ero Mukpobuoma [24].
MuUKpPOGHOM MPH KPUTHYECKUX COCTOSTHHUSAX.
TpaguiuoHHO B peaHUMAIIMOHHBIX OTAEIEHUSIX UIET
cepbestas Gopbba € MHUKPOOAMHU, HCIOJIB3YIOTCS
camMble MOIIIHbIE AHTUCENTHKU, MHOTOKOMITOHEHTHbIE

are more frequently referred to as volatile fatty acids
(VFA), are a classic example of how molecules of bac-
terial origin assist immune homeostasis of bowels [20].
VFA are a source of energy for epithelial cells of bow-
els, they modulate production of cytokines, induce in-
crease of regulatory T-cells. A number of other
metabolites also render influence on body functioning,
for instance, aromatic amino acid tryptophan entering
with food. Tryptophan is metabolized by intestinal
bacteria to produce various derivatives including in-
dole propionic acid that is easily absorbed through in-
testinal epithelium and enters blood flow. The
biological activity of indole propionic acid, same as of
many other small molecules of microbial origin, is in-
tensively studied [21].

Genes of ‘beneficial’ resident microorganisms are
included in the host’s gene pool [22]; however, in cer-
tain circumstances, usually harmless bacteria over-
come host’s defense, penetrate through anatomic
barriers, leave characteristic loci, and become patho-
genic because they lead to severe infection and sepsis
[23]. Generalizing numerous literature data, re-
searchers began to realize the importance of coloniza-
tion resistance and metabolic activity of gut
microbiome for optimal physiological state of the
body, referring to this phenomenon as integration of
human metabolism and his microbiome [24].

Microbiome during Critical Conditions. Tradi-
tionally, ICU carry out a serious struggle against mi-
crobes using the most potent antiseptics,
multi-component antibacterial therapies targeted
against resistant hospital strains. There is no end to
this confrontation and this fight cannot be won with-
out in-depth understanding of microbiome distur-
bance mechanisms in ICU patients.

Radical changes in the qualitative and quantita-
tive composition of microorganisms in critically ill pa-
tients are caused, first of all, by hypoxia, hypercapnia,
use of drugs suppressing gastric secretion, vasoactive
agents, sedation and analgesia compromising GIT mo-
tion, deficit of nutrients in bowels due to parenteral and
enteral feeding having a composition that is insufficient
for microbiota, for example, indigestible carbohydrates,
and, of course, use of antibiotics [25]. Microbiota strug-
gles intensively for survival in natural biocenoses, first
of all, in bowel, but during critical conditions of the
macroorganism, the activity of this ‘metabolic reactor’
in the patient’s body is aimed at survival of microbiota
— at the expense of the host [24]. It has been shown
that in critically ill patients disturbed microbiota com-
position in a proximal bowel is a predictor of nosoco-
mial infections, in which etiology of the same
microorganisms prevails, wherein a therapeutic inter-
vention targeting the bowel might reduce incidence of
infectious complications and mortality [26].

In adverse situations, microbial biofilms of sym-
biotic species are the first to be destroyed, for instance,
bifid, lactic bacteria stop their activity or disappear
completely (dysbiosis), while others, for example, En-
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CXeMbl aHTHOAKTEPUATLHON TePAITNH, HATIPABJIECHHBIE
IPOTUB PE3UCTEHTHBIX TIOCIHUTAIbHBIX IITAMMOB.
ITOMY IIPOTUBOCTOSIHUIO He BUIHO KOHIIA, U HEJb3sI
BBIIATH 1100OeUTEIEM B 9TOI Gophbe 6e3 riyOMHHOro
MOHUMAHWS MEXaHU3MOB HAPYIIEHUsI MUKPOOHOMA Y
HAIMEeHTOB PEAHUMAIMOHHBIX OT/I€JIEHUI.
PagykanbHble M3MEHEHWs KauyeCcTBEHHOTO U
KOJINYECTBEHHOTO COCTABA MUKPOOPTaHU3MOB Y TIAIIH-
€HTOB B KPUTHUYECKOM COCTOSTHHHU, 0OYCIIOBJIEHBI TIPESK-
Jle BCETO TUIIOKCHUEl, TUTIEPKAITHUE, NCII0Ih30BAHIIEM
[PEapaToB, yTHETAIOINX CEKPEIHIO JKeTy/IKa, BA30aK-
TUBHBIX areHTOB, CeIallnell 1 aHAIbre3uell, HapyIao-
mmx motopuky JKKT, HemocraTkoM HYTPUEHTOB B
KUIEYHUKE, BCJIEACTBUE MAPEHTEPATbHOTO U IHTeE-
PaJIbHOTO MUTAHWS C HEJOCTATOYHBIM 71T MUKPOOHOTHI
COCTaBOM, HAIIPUMep HellepeBapUBAEMbIMU YIJIEBO/A-
MH, ¥, KOHEYHO, IIPUMEeHeHneM aHTUONOTUKOB [25].
MukpobuoTa akTHBHO 6OPETCst 38 BHIKMBAHUE B €CTe-
CTBEHHBIX OUOIEHO3aX, TIPEK/IE BCETO — B KUIIEYHUKE,
HO IPU KPUTUYECKUX COCTOSTHUSIX MAKPOOPTaHM3Ma
JESITENbHOCTD TOTO «METabOIMIECKOTO PEAKTOPay B
opranuame 60JILHOTO HATIPABJIEHA HA BbIKUBAEMOCTh
MHKPOOMOTHI — 3a cuet xossuHa [24]. ITokaszano, uto y
HAIMEeHTOB B KPUTHYECKOM COCTOSIHUM HapyIleHue
coctaBa MHUKPOOGHOTHI B TIPOKCUMAJBHBIX OT/EJMaxX
KHUIIEYHUKA CITYKUT TIPEJAUKTOPOM HO30KOMUATIBHBIX
urbEKIUi, B 9THOJOTHU KOTOPHIX TTPEOOIAAIOT T€ JKe
MHKPOOPTaHU3MBI, TIPH 3TOM TePAIIEBTUYECKOE BO3IET-
CTBUE HA KHUIIEYHUK, CHOCOOHO CHHU3WUTH YaCTOTY
MHQEKITMOHHBIX OCJIOKHEHUH 1 JIETATbHOCTD [26].
[Tpu HEOMATONIPUATHBIX YCIOBUSX TPEKIE BCETO
paspyuanTcs MUKPOOHbIE GUOILIIEHKN CUMOUOTIYE-
CKMX BUJIOB, HATIpUMep GUuu/I0-, TaKTOOAKTePUH TIpe-
KpAI[aIOT CBOIO KU3HENESITENIbHOCTh UM HCYE3AI0T
coBceM (incOr03), a Apyrue, HAPUMeEP, SHTEPOOAKTE-
pun, cTapUIOKOKKH — BMECTO €CTECTBEHHBIX OMOTO-
0B (hopMUPYIOT GUOTIIIEHKH B BEPXHUX OT/IEJIaX TTHTIe-
BapUTENBHOTO  TpakTa (CHHAPOM  HM3OBITOYHOTO
GaKTEepUANLHOTO POCTa B TOHKOM KHINKE), 4TO TIPO-
SIBJISIETCST HECOCTOSITENIBHOCTBIO KUIIEYHOTO Oapbepa u
uHTOKCUKaiuei. [ToKuHyB GUOIIEHKY, BBIKHMBIINE
GakTepuu B IMJIAHKTOHHON (opMe MUPKYJIUPYIOT B
KPOBH <B TIOUCKe» HoJiee GIaronpusiTHBIX YCJIOBHI, 4TO
PErUCTPUPYETCST KaK «OaKTepueMust». YCTOUYUBbIE K
akTopaM 3amuThl (B TOM YUCIe — K aHTUOHOTHKAM)
GakTeprn «ocealoT> Ha MUKPOTpOMOax, B 9KCCy/are,
MOBPEXKJIEHHOM JIUTEJNNN/dHI0TeNun, (HOpMUpyst
THOMHO-BOCHIAIUTEIbHbBIE OYaTrd BO BHYTPEHHEH cpefie
OpraHu3Ma 4eJsioBeKa («CenTuKonuemMus» ) [24].
CoBpeMeHHbIE METO/IbI II03BOJISIIOT OLEHUTH
MHUKPOOHOE COOBIIECTBO B 1EJI0M, BKJIIOYAsT HEKYJTh-
TUBUPYEMbIe BUIbI MUKPOOPTAaHI3MOB, OJTHAKO Kpaii-
He OrPaHMYEHHOE YKCIIO PabOT MOCBAIIEHO U3YIEHUIO
MHUKPOOMOMA KUIIEYHUKA TIPH KPUTHUECKUX COCTOSI-
Husx [27, 28]. ExuanuHble nccyieIoBaHS XapaKTepy-
3YIOT INHAMUYECKUE U3MEHEHUST KUIIEYHOH MUKPO-
OUOTHI IIPH IPOOJIKITENbHOM IpebdbiBanuu B OPIT,
KOTJ[a MUKPOOPTaHU3Mbl OKA3bIBAIOTCI B YCJIOBUSIX
Gecripere/IeHTHON  9KOJIOTMYECKO  KaTtacTpodbl,

terobacteriaceae, Staphylococci — instead of natural
biotopes, form biofilms in upper alimentary tract (small
bowel bacterial overgrowth syndrome), which mani-
fests in intestinal barrier failure and intoxication. Hav-
ing left biofilms, survived planktonic bacteria circulate
in blood ‘in search for’ more favorable conditions,
which is recorded as ‘bacteriemia’. Resistant to defense
factors (including antibiotics), bacteria ‘settle’ on mi-
crothrombi, in exudate, damaged epithelium /endothe-
lium forming pyoinflammatory foci in the internal
environment of a human body (‘septicopyemia’) [24].

Modern methods allow assessing microbial com-
munity in general including nonculturable species of
microorganisms; nevertheless, very few papers are
dedicated to investigation of intestinal microbiome
during critical conditions [27, 28]. Sporadic investi-
gations characterize dynamic changes of gut micro-
biome during prolonged stay in ICU, when
microorganisms find themselves in a situation of an
unprecedented ecological catastrophe surviving in
hard competition for limited resources in a hostile mi-
croenvironment. A ‘microbial replica’ of intestinal mi-
crobiome of 14 ICU patients featured significant
disturbance of microbial community, low biodiversity,
and multi-drug resistance of pathogens, supporting
the hypothesis about intestinal microbiome being a
'damaged organ' in critically ill patients. In fact, the
main cellular mass of bacteria (normal microbiota) be-
comes destroyed and ‘pathobiota’ or a ‘time bomb’, a
source of persistent threat of pathogens spread, occu-
pies the dominant position [29]. For example, loss of
commensal bacteria, mostly, anaerobic, might induce
overgrowth of Enterococcus [30], which, according to
the authors, correlates with organ failure, length of
stay in ICU, and mortality [28].

Ojima et al. (2016) suggested using the Bac-
teroidetes/Firmicutes (B/F) correlation coefficient
during dynamic observation of 12 ICU patients. It has
been shown that changed B/F correlation is related to
adverse outcome in critically ill patients, differences
being statistically significant (P=0.022). In the de-
ceased patients, extreme values of B/F coefficient
were noted: prevalence of Bacteroidetes and B/F coef-
ficient exceeding 10 was observed in 4 deceased pa-
tients out of 6, while it being less than 0.1 in one
patient only. In all survived patients, B/F correlation
remained within the range of more than 0.1 and less
than 10 [31]. Still, the authors agree that the study has
anumber of limitations — small size of sample insuffi-
cient to establish reasons for microbiota composition
changes, and, most importantly, — analysis at the level
of types of bacteria including different species that
have significantly different metabolic direction.

A full-scale multi-center dynamic study of a mi-
crobiome harvested from three loci — bowels, skin,
and mouth in 115 ICU patients (1% endpoint — ad-
mission to ICU, 2" endpoint — discharge), has proved
that critical condition leads to considerable and fast
dysbiosis. 'Critical state microbiome’ was character-
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BBIKMBAs B OCTPON KOHKYDPEHIIUHU 32 OTPAHUYEHHbIE
pecypehl BO BpakaeOHOM MUKPOOKpYyskeHun. Tak,
«MUKPOOHBIN OTIIEYATOK» MUKPOOMOMA KUIIEUHUKA
14 nanquentoB OPUT xapakrepusoBajicst 3HAYNTEb-
HBIM HapyIleHneM MUKPOOHOTO COOOIIECTBA, HU3KUM
ypoBHEM 6UOpPazHo0Opa3usi U MyJbTUPE3UCTEHT-
HOCTbIO TIATOT€HOB, MOATBEPKIAAs TUIIOTE3Y O MUKPO-
GuoMe KUIIEeYHNKA KaK «[IOBPEKICHHOM OpraHe» y
HaIMeHTOB Ipu KpuTnueckoM coctosinn. Maxrye-
CKH, OCHOBHAs KJIETOUHASA Macca Gakrepuil (HOpMaib-
Hasi MUKPOOMOTA) OKa3bIBAETCSI Pa3pyIlIeHHON, a
JTOMUHUPYIOIIEE MOJOKEHIE 3aHUMAeT «I1aTobuoTas
wim «6omba 3aMeTIEHHOTO JeHCTBUS», UCTOYHUK
MOCTOSIHHOW YIPO3bl PACHPOCTPAHEHUS ITaTOTEHOB
[29]. Tak, HanpuMmep, HOTEPs KOMMEHCAIbHBIX OaKTe-
puil, IPEUMYIIECTBEHHO aHAAPOOOB, MOKET WHIIYITU-
poBartb upe3MepHbiit pocTt Enterococcus [30], uTo 110
JAHHBIM aBTOPOB, KOPPEJIUPYET C OPraHHON HeJ0CTa-
TOYHOCTBIO, MPOJOJLKUTEIBHOCTHIO TPEOBIBAHUS B
OPUT u neranbubiM ncxoaom [28].

Wccnenosarenu Ojima et al. (2016) npeasioxu-
JIN UCIIOJIb30BATh KOA(MMUINEHT OTHOIIEHNS TUIIOB
Gakrepuii Bacteroidetes/Firmicutes (B/F) npu nuna-
MudeckoMm Habsogernnn y 12 manumentos 8 OPUT.
[Tokazano, uto nuamenenue coornomenus B/F cpasa-
HO ¢ HEOJIArOMPUSTHBIM UCXOJIOM Y MAI[UEHTOB TIPU
KPUTUYECKOM COCTOSIHUU, PA3JINYMs CTATUCTUYECKH
sHaunmbl (p=0,022). Tak, y ymepuiux mnaiueHTOB
HabJIIOIAJINCh IKCTPEMAIbHBIE 3HAYCHUsT KOI(DDUIU-
enrta B/F: npeobanaganue tuna Bacteroidetes u 3nave-
nus B/F Gonee 10 — ormedeno y 4 us 6 ymepuiux, B
To BpeMs Kak MeHee 0,1 — TOJIbKO y OIHOTO MAIIMEHTa.
¥ Bcex BbUKMBIIMX HalMeHToB oTHOLIeHue B/F ocra-
Basockh B rpanunax 6osee 0,1 u menee 10 [31]. Oxnaxo
ABTOPBI COTJIACHBI C TEM, YTO MCCIIEA0BAHNE IMEET PSijL
OrpaHWYeHU — MaJIblid pa3Mep BbIOOPKHU, HEOCTA-
TOYHBIIT JI7IsE TOTO, YUTOOBI BBISIBUTH TIPUYUHBI U3MEHE-
HUI B cOCTaBE MUKPOOUOTHI, a TJIABHOE — aHAJIN3 Ha
ypOBHE THUIIOB OakTepuil, Kyjga BKJIIOUEHbBI BUJIbI,
CYIIECTBEHHO PasJuyaionuecss MeTaboJndecKoil
HAIIPaBJIEHHOCTHIO.

O6mmupHoe MyJIBTUIIEHTPOBOE HCCJAEOBAHIE
MHUKPOOMOMa TPEX JIOKYCOB — KHUIIEYHUKA, KOKU U
poroBoii osioctn y 115 narmenroB OPUT B iunamu-
ke (1-s Touka — nocrymienue 8 OPUT, 2-a Touka —
BBIIIICKA) MO3BOJIHUJIO J0Ka3aTh, 4TO KPUTHYECKOE
COCTOSIHUE TIPUBOJIUT K 3HAYUTETHHOMY 1 OBICTPOMY
nucbnosy. «MUKPOOGHOM KPUTHYECKOTO COCTOSTHUS>
XapaKTePU30BAJICS AUCOHATAHCOM HOPMATBHBIX («CTI0-
COOCTBYIOINIUX 3/I0POBBIO») U YCIOBHO- TTATOTCHHBIX
GaKTepHii, 4TO B CBOIO OUEPE/Ib JIEJIaeT MAIMEeHTOB BOC-
NPUUMYUBBIMU K HO30KOMUAIbHBIM MH(EKITHM, CETl-
CUCY U OPTaHHOU HejlocTaTouHoCTH [32].

PesyabraTsl pacimdpoBKy cOCTaBA MUKPOOUO-
Ma JIOKa3bIBAIOT €r0 BA)KHOCTh KaK [TUATHOCTHYECKOTO
u nporuoctudeckoro mapkepa B OPUT, u asagiorcs
OCHOBOI1 17151 pa3pabOTKK EPCIEKTUBHON TepaInH,
YIIydIIatonieil pe3ysIbTaTsl JeUeH s MalueHTOB Pu
KPUTHYECKUX COCTOSIHUSX. BasKHO OTMETHTD, YTO PsijL

ized by misbalance of normal (‘promoting health’) and
opportunistic pathogenic bacteria, which, in turn,
makes patients susceptible to nosocomial infections,
sepsis, and organ failure [32].

Results of microbiome composition transcription
have proved its importance as a diagnostic and prog-
nostic marker in ICU whereas serving a basis for de-
veloping a promising therapy to improve the outcome
of critically ill patient treatment. It is important to no-
tice that some papers are focused on rough mechanis-
tic evaluation of types of microorganisms and their
correlation, missing the fact that a type combines both
‘beneficial’ and ‘harmful’ species of microorganisms
and not allowing assessing their metabolic activity. In
our studies, dynamic evaluation of microbiome in ICU
patients showed prominent disturbances of intestinal
microbiome biodiversity, which also manifests in a
changed level of aromatic microbial metabolites
(AMM) in serum and bowel contents [33].

Microbiota's Metabolic Activity: from Struc-
ture to Function. Accumulation of knowledge about
species composition of microbiota is very important,
but insufficient to understand its function in the body.
During a critical condition, prominent disturbances
occur not only in the change of species diversity, but
in microbiota metabolism as well, which, in certain sit-
uations, might lead to nonreversible breakdowns of
homeostasis and death of the macroorganism.

An enormous number of studies proved the bio-
logical role of short-chain metabolites of anaerobes —
SCFA — in immune response regulation. SCFA act lo-
cally, mostly, in bowels, because these metabolites are
produced by anaerobic bacteria colonizing mucous
membranes and are consumed by epitheliocytes in
various niches (for example, by enterocytes in bowels),
almost never entering blood [34]. Basic short-chain
fatty acids (butyrate, propionate, acetate) promote
proliferation and differentiation of epithelial cells in
bowels, intensify blood circulation in bowel wall, im-
prove GIT motion [35]. Besides, butyrate possesses
anti-inflammatory effect by inhibiting NF-kB [36] and
increases mitochondrial activity [37]. The sum of
these three fatty acids was significantly lower in feces
of SIRS patients, intestinal pH was significantly closer
to alkaline. Decrease of butyrate, propionate, and ac-
etate was associated with a reliably lower quantity of
anaerobic bacteria, especially, Bifidobacterium and
Lactobacillus, and a higher content of Staphylococcus
and Pseudomonas in SIRS patients compared to
healthy volunteers [38]. It has been shown that micro-
bial communities of small bowel depend on the capa-
bility of fast intake and biotransformation of relatively
simple carbohydrate in the conditions of fast adapta-
tion and availability of nutrients. Large bowel micro-
biota features narrow specialization of effective
degradation of complex carbohydrate: lactate pro-
duced by Streptococcus spp. can be used as a source of
energy for Veillonella spp., the end products being
SCFA [39]. Identification of specific metabolites of mi-
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paboT cocpenoToueH Ha rpyOOl MeXaHUCTUYECKON
OLIEHKE THIIOB MUKPOOPTaHU3MOB U X COOTHOIIEHS,
yiryckast ToT hakT, 4To THIT OObEUHSIET KAK «I10JI€3-
HbIE», TAK U «BPEIHbIE» BUIBI MUKPOOPTAaHI3MOB, U He
MO3BOJISIET OIEHUTD UX METAOOIMYECKYTO aKTUBHOCTD.
B nammx nccsie[oBaHUsIX IPU IMTHAMUYECKOIT OTIEHKe
mukpobuoma y manuentos OPUT mokasansl BbIpa-
JKEHHbIE HApYIIeHst GHOpasHoo6pas3ust MUKPOOHOMa
KUIIEYHNKA, YTO MPOSBJSETCS TaKKe U3MeHEeHUeM
YPOBHSI apOMaTHYECKUX MHUKPOOHBIX MeTabOJUTOB
(AMM) B cBIBOPOTKE U KUIIIEYHOM COZIEPKUMOM [33].

MeraGoanyeckast aKTHBHOCTb MUKPOOHOTBI: OT
CTpYKTYpHI K pynkuuu. Hakonuenve 3uanuii o Bujio-
BOM COCTaBe MUKPOOHOTBI 0YeHb Ba)KHO, HO HE[OCTA-
TOYHO [IJIsI TIOHUMaHus ee GyHKIUY B opranusme. [1pu
KPUTUYECKOM COCTOSTHUU BBIPAJKEHHBIE HAPYIIEHUST
IPOUCXO/ISAT He TOJIBKO B U3MEHEHUU BUI0OBOTO PA3HO-
obpasusi, HO U B MeTaboJU3Me MUKPOOUOTHI, YTO
MOJKET IPUBOANTH, B OINPEIEJEHHBIX YCIOBUIX, K
HeOOPATHMBIM TIOJIOMKAM FOMEOCTa3a U rubesin Mak-
poopraHusMa.

B orpoMHOM 4nciie cceoBaHmii Jokazana 61o-
JIOTHYECKAst POJIb KOPOTKOIEMOYEUHBIX METAb0INTOB
anaspoboB — JIJKK — B peryssiiinn MMMyHOPEaKTHB-
noctu. Jleiictue JIZKK ocyiecTBiisieTcst TOKaJIbHO,
MPEUMYIIECTBEHHO B KUIIEYHIKE, TAK KaK 9T MeTabo-
JIATBI TPOAYIUPYIOTCA aHAdPOOHBIMU GAKTEPUSMH,
KOJIOHM3UPYIOIIUMHU CIU3UCTBIE OO0JIOUKH, U 3IECH Ke
HOTPeBIIAIOTCS SMUTETUOIUTaMK (HATIPUMED, SHTEPO-
[UTaMU B KUIIEYHUKE ), IPAKTUYECKU, HE TIOCTYTIAsT B
KpoBb [34]. OcHOBHBIE KOPOTKOIETIOYEUHbIE JKUPHBIE
KUCJIOTBI (OyTHPAT, TPOIMOHAT, AIIETAT) CTUMYJIUPYIOT
npoJsideparuio u b depeHIMPOBKY MU TETUATBHBIX
KJIETOK B KUIIIEYHUKE, YCUJIUBAIOT KPOBOOOpaIeHue
CTEHKU KUIIEYHUKA, yaydniaoT nepuctaistuky JKKT
[35]. Kpome Toro, GyTipar ob1anaeT IpoTHBOBOCHIANI-
TEJABHBIM A(DDHEKTOM MOCPEACTBOM HUHIMOUPOBAHMS
axtusHocT NF-kB [36] u yBemmurBaeT MUTOXOHIPH-
aJbHY10 aKTUBHOCTH [37]. CymMMa aTUX TPeX KMPHbIX
KUCJIOT Oblila 3HAYUTEIbHO CHUIKEHA B (PEKaIUsAX y
narenToB ¢ SIRS, pH kurieunoit cpeibl 3Ha4NMO CMe-
AJI0Ch B IeJ0uHyI0 cTtopony. CHmkenue 6yTupara,
IPOITMOHATA U AlleTaTa ACCOIIMUPOBATIOCH C JIOCTOBEPHO
6oJiee HUBKMM KOJIMYECTBOM aHadPOOHbBIX GaKTepHii,
ocobenno Bifidobacterium w Lactobacillus n 6Gonee
BBICOKUM coziepskanvieM Staphylococcus n Pseudomonas
y naruenToB ¢ SIRS, 1o cpaBHeHUIO €O 3/10POBBIMU
no6pososbiamu [38]. ITokasano, yTo MHKPOOHbIE
COO0IIECTBA TOHKOW KHUIITKK 3aBUCAT OT CIIOCOOHOCTH
GBICTPOTO MOCTYIIEHNST U OUOTPAHC(POPMAIIMU OTHO-
CHUTEJBHO MPOCTBIX YIJIEBOJIOB, B YCIAOBUAX ObICTPOIi
aIANTallid U JOCTYIIHOCTU HUTATENIbHBIX BEIIECTB.
MukpobuoTa B TOJCTOM KHUIIEYHHUKE 00IaaeT Y3KOi
crierras3anueii mo aheKTUBHOII erpagannm Caox-
HBIX YIJIEBOJIOB: JIAKTAT, TPOJYIIMPYeMbIit Streptococcus
SPP. MOJKET WCIIOJIb30BAThCS KaK dHEPreTHYeCKHii
ucrounuk s Veillonella spp. ¢ KoHeuHOI IpoayKIeit
JIJKK [39]. UzenTudukanus cienududeckux MeTado-
sutoB Mukpo6uorsl (JIJKK, HHIO0IOB, KeIUHBIX KUC-

crobiota (SCFA, indoles, bile acids, niacin, taurine,
retinoic acid, etc.), and assessment of their influence
on the immune system have allowed deciphering col-
onization mechanisms and co-regulation of immune
and microbial cells. This has led to understanding that
microbiota, via production of metabolites covering a
wide range of chemical groups and target cells, modu-
lates signal pathways assisting immune homeostasis of
mucous membranes [40].

Among metabolites of bacteria that are part of
human microbiocenosis, investigation of the role of
aromatic microbial metabolites (AMM) is of particu-
lar interest [41]. A number of recent studies have as-
signed the central role to metabolism and
biotransformation of aromatic amino acid — trypto-
phan — in decussation of microbial pathways and host
body during various diseases. In bowels, three main
pathways of tryptophan metabolism are directly or in-
directly controlled by microbiota to produce such end
products as serotonin (5-hydroxy-tryptamine),
kynurenine and indole derivatives, which play an im-
portant biological role in the human body [42].

Experimental and clinical studies prove biologi-
cal activity of AMM, their involvement in pathogen-
esis of bacterial infectious processes; particularly
interesting is these substances’ ability to render influ-
ence on the functions of mitochondria (production of
active oxygen species and oxidation rate of NAD-de-
pendent substrates) [43] and neutrophils by suppress-
ing phagocyte activity [44]. Disorders caused by the
effect of aromatic metabolites were similar to those
found in sepsis patients, on the basis of which the au-
thors mention increase in the concentration of these
acids as one of the reasons for mitochondrial dysfunc-
tions during sepsis [45]. The following acids might be
potentially involved in the pathological process:
phenyllactic (PLA), phenylpropionic acid (PPA),
phenylacetic acid (PAA), p-hydroxyphenylacetic acid
(p-HPAA), and p-hydroxyphenyllactic (p-HPLA)
[24]. AMM levels reflect severity of bacterial inflam-
matory process: they increase in patients with a local
pyoinflammatory disease and reach maximum during
sepsis [46]. Data about the bacterial origin of AMM
are supported by the results of a series of experimental
studies on pure cultures of clinically significant species
of bacteria [47]. S. aureus, K. pneumonia, and E. coli
produce PLA and p-HPLA, non-fermenting (aerobic)
gram-negative  bacteria  (Acinetobacter — and
Pseudomonas) are capable of forming p-HPAA [48].
Not only aromatic amino acids, but microbial bio-
transformation of polyphenols can also be a source of
p-HPAA [49]. In microbial associations, phenylcar-
boxylic acids (PCA) play an important role in the
mechanisms of interspecies competition. Phenylpro-
pionic and phenylacetic acids, being metabolites of
anaerobic bacteria of human microbiota, suppress
growth of E. coli and S. aureus. PLA and p-HPLA sup-
press growth and reproduction of fungi. In health,
AMM containing lactic acid residue (PLA and p-
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JIOT, HUAIIMHA, TAYPUHA, PETUHOEBO KICJIOTBI U IIP. ), 1
OLIEHKA VX BJIMSTHUSI HA IMMYHHYIO CUCTEMY MTO3BOJIFLIA
paciudpoBaTh KOJTOHU3AINOHHbIE MEXAaHI3MbI 1 KO-
PETYJIAIMIO UMMYHHBIX U MUKPOOHBIX KJIETOK. ITO
HPUBEJIO K TIOHUMAHKIO, YTO MUKPOOHMOTA, Yepe3 Mpo-
IYKIUIO MeTabOJIUTOB, OXBATHIBAIOIINX ITHPOKUN
CIIEKTD XMMUYECKIX TPYIII U KJIETOK-MUIIIEHE, MOZLY-
JIIPYET CUTHAJBbHBIE TYTH, KOTOPbIE CIIOCOOCTBYIOT
UMMYHHOMY TOMeOCTa3y cau3ucTbix [40].

Cpenu MetaboauToB GakTepuil, BXOASAIIMX B
cocTaB MUKPOOUOIIEHO3a YeJIoBeKa, 0COOBIN MHTepeC
IPEICTABJISIET U3YUYEeHUE POJIU APOMATHYECKUX MUK-
pobubIx MeTaboutos (AMM) [41]. Pax uccienosa-
HUN TIOCJTIEeHUX JIET OTBOJIUT ILEHTPAJIBHYIO DPOJIb
MeTabosusMy u GuorpachopMaluii apoMaTUIECcKoit
AMUHOKUCJIOTBI — TPUIITO(AHA B TIEPEKpPecTe MUKPOO-
HBIX IIyTell U OpraHu3Ma XO3sgWHa IIPU PABIUIHBIX
3abosieBaHusAX. B KulleyHrKe TPU OCHOBHBIX MYTH
MeTtabosuama TpunTodana HaxoAATCs IO/ TIPSMBIM
WJIM KOCBEHHBIM KOHTPOJIEM MUKPOOGHOTHI ¢ 06pa3o-
BaHUEM TaKUX KOHEUHBIX [TPOAYKTOB, KAK CEPOTOHITH
(5-rHIPOKCUTPUNITAMUHA ), KHHYPEHUH U TPOU3BOJI-
HbIe WHJ0JIa, KOTOPBIE UTPAIOT BaXKHYIO GUOJOTHYE-
CKYIO POJIb B OpraHu3Me uesoBeka [42].

IKCIIepUMeHTAIbHBIE U KJIMHIYeCKUe NCCIIe[0Ba-
HIST IIOATBEPIKAAIOT OMOJIOrMYECKYIO aKTUBHOCTD AMM,
UX y4yacTre B matoreHese 6akTepuaibHbIX WHMEKI[OH-
HBIX MTPOIIECCOB, OCOObIIT MHTEPEC BBI3BIBAET CIIOCO0-
HOCTb IAHHBIX BEIIECTB, BIUATh HA (DYHKIIUI MUTOXOH/I-
puit (IPOAYKIUIO aKTUBHBIX (OpM KHCIOpoga M
ckopocTh okuciaeHrs NAD-3aBUCUMBIX CyGCTPATOB)
[43] u meliTpoduiios, nogassisst haronuTapHyio aKTUB-
HOCTh [44]. Hapyiienusi, BbI3BaHHBIE BO3/EICTBIEM
APOMATHYECKUX METaOOIUTOB, GBLIN AHAIOTHYHBI TEM,
4TO OOHAPYIKUBAIOTCST Y GOJIBHBIX C CETICUCOM, HA OCHO-
BaHUU Y€ro OJHOI U3 IPUYNH MUTOXOH/IPUAIBHBIX JIUC-
(byHKIIUIT IPU CETICHCEe aBTOPBI HA3BIBAIOT MOBBIIIEHUE
KOHIIEHTpaIuK 3THX KUcIoT [45]. TToreHimanbHbIMu
YYACTHUKAMU  IIATOJIOTMYECKOTO TIPOIECCa MOTYT
SIBJISITBCST  CJIEAYIONIE KUCJOTHL:  (DEHIIMOTIOUHAS
(DOMK), penmmpormonosas (DIIK), hennmykcycnas
(DYK), n-ruapoxuchenmnnyrcyctuas (m-I'OYK) u -
ruapokcudenuamonounas (nm-I'OMK) [24]. Yposuu
AMM oTpaxalor TsKecTh OaKTepraIbHOIO BOCIIAJIN-
TEJILHOTO TPOIECCa: OHU TIOBBIIIAIOTCS Y OONBHBIX C
JIOKaJIbHBIM THOWHO-BOCIIATINTE/TbHBIM 3a00I€BAHUEM 1
JIOCTUTAIOT MAKCUMAJIbHBIX 3HAYeHUH TIpu cericuce [46].
Jaxmble 0 6akrepuaabHOM rpoucxoxaenn AMM moz-
TBEPIKIAIOTCS PE3YJIBTATAMU CEPUU IKCIIEPUMEHTAIIb-
HBIX MCCJIEJIOBAHUI C YUCTBIMU KYJIBTYPAMU KIIMHUYE-
CKU-3HAYMMBIX BUIOB Gakrepuii [47]. Tak, S. aureus,
K. pneumoniae n E. coli nipopyuupyior MK u n-ITOMK,
HedepmenTupyiorye (aapoGHbIE ) PAMOTPUTIATEILHbIE
Gaxrepuu (Acinetobacter u Pseudomonas) criocoOHbI K
o6pasosanmio n1-I'DYK [48]. Mcrounukom n-I'OYK
MOTYT OBITh He TOJIbKO ADOMATHYECKUE AMUHOKHCIIOTHI,
HO U MUKPOOHast 6GuorpatchopManus momheHoI0B
[49]. B Muxpo6HbIx acconuanusax (GpeHmaKapOOHOBbIE
kucaoTbl (DKK) urpaior BaxKHyio posib B MEXaHM3Max

HPLA) are not found in bowels because they undergo
deep biodegradation to end products under the action
of anaerobic bacteria [50, 51]. Given that AMM is in-
volved in the mechanisms of interspecies completion
of microorganisms, lengthy misbalance of AMM in the
interior environment of a macroorganism might affect
the composition, metabolic activity of gut micro-
biome, and, as a result, equilibrium in the ‘macroor-
ganism —microbiota' system. There is an opinion that
anaerobic bacteria within gut microbiome take part in
metabolism of phenylcarboxylic acids of endogenous
origin, i.e. suppression of metabolic activity of micro-
biota might promote PCA accumulation [52].

In 2014, the results of the American study aimed
at detecting metabolites — lethal outcome predictors
— in blood serum were published. In the course of the
study, 187 low-molecular metabolites were tested in-
cluding PLA, p-HPAA, and p-HPLA. In the end,
seven metabolites were singled out, which were asso-
ciated with adverse outcome and which concentration
statistically differed in survived and deceased patients,
among them — p-HPLA and PLA [53].

Based on the above, investigation of metabolic
activity, establishment of a relation between qualita-
tive and quantitative characteristics of microbiota, the
course and outcome of a disease in ICU patients is
highly relevant.

Gut — Brain Axis. Brain is one of the organs
that is in close metabolic communication with intes-
tinal community. Intestinal microbiome is essential for
normal functioning of brain [54]. There are more than
a hundred million nervous cells between esophagus
and bowels. The so-called intestinal nervous system is
the second most complex nerve cell cluster in human
body after brain and is related thereto by common ori-
gin. The process of brain communication with the ‘gut
brain’ was named ‘Gut-Brain Axis’ (GBA). Investiga-
tions of ‘microbiota — brain’ connection at metabolic
level of mutual regulation may be called among most
promising directions of scientific research.

At the same time, interaction between gut and
brain is regulated, inter alia, by microbiota, seemingly
two-way, implemented by means of nervous, immune,
and humoral links [55]. The bidirectional nature of in-
teraction is also supported by experiments on mice
during acute brain trauma resulting in dysbiosis, in-
testinal barrier dysfunction, and decreased GIT mo-
tion. Gut microbiome plays also the role of central
regulator of immune homeostasis through its influence
on the neuroinflammatory process and residual neu-
rologic deficit after brain trauma [56]. Stroke might
also lead to disturbed intestinal barrier function,
translocation, and systemic distribution of commensal
species of microorganisms from small bowel resulting
in the development of pneumonia, as was demon-
strated on mice using 16S pRNA sequencing [57].
Change of immune homeostasis in small bowel caused
in mice by induced dysbiosis resulted in increase of
regulatory T-cells and decrease of IL-17+yd-T-cells,
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MEKBUIOBOIT KOHKypeHInu. OeHMIIpPOoInoHoBas 1
(heHUIYKCYCHAst KUCIIOTHI, SIBJSASACH METabOJMTaMu
aHAdPOOHBIX GaKTEePUil MUKPOOUOTBI YETOBEKa, TO/IaB-
sstior poct E. coliu S. aureus. DMK u 1-TOMK nozas-
JIAIOT POCT U pasMHOkeHue rpubos. B Hopme AMM,
coziepKalire ocTaTok MosiouHoi kucaotsl (DMK u 1-
T'DOMK), B KumedyHuke He OOHAPYKUBAIOTCS, TAK KaK
TOJIBEPTratOTCs TIyOOKOI GHOIEerpaIaliiu Tojl ICHCTBHI-
eM aHa?POOHBIX OaKTEPHIA 10 KOHEYHBIX ITPOLYKTOB |50,
51]. YuursiBast, uto AMM y4acTBYIOT B MeXaHU3Max
MEKBU/IOBOI KOHKYPEHIIMU MUKPOOPTAaHI3MOB, JIJIH-
TeJIbHO CylIecTByIonmii aucbananc AMM Bo BHyTpeH-
Hell cpeJie MaKPOOPraHU3Ma MOJKET ITOBJIUSTh HA COCTAB,
MeTabOTMYECKYIO AKTUBHOCTD MUKPOOHOTBI KHITICYHIKA
U, KaK Pe3yJIbTaT, HA PABHOBECHE B CHCTEME «MAKPOOPra-
HU3M —MUKpoOuoTay. CyIecTByeT MHEHHUE, 4TO aHAd-
po6HbIe HakTeprn B COCTaBE MUKPOOUOTHI KUIIIEYHUKA
PUHUMAIOT yuacTue B Metabosmame heHnakapboHo-
BBIX KHUCJIOT 9HIOTEHHOTO IIPOMCXOXK/IEHUS, TO eCTb
yrHeTeHHe MeTaboINYeCKON aKTUBHOCTH MUKPOOHOTHI
MosKeT criocobeTBoBath Hakorernio KK [52].

B 2014 rozy omy61MKOBaHbI PE3YJIBTAThl AMEPHU-
KaHCKOTO WCCJIEJ0BAHUS, IEJbI0 KOTOPOTO OBLIO
BBISIBJICHHE B CBIBOPOTKE KPOBH METAGOJIUTOB — Tpe-
JIMKTOPOB JIETAJIBHOTO MCX0j1a. B nccaemnoBanuu ObLim
npoTecTupoBabl 187 HUBKOMOJIEKYISIPHBIX MeTab0-
smutos, B ToM uucie OMK, n-T'OYK u n-TOMK. B
pesyJibrare, 6bLI0 BbIIEJIEHO CeMb METaGOIUTOB, aCCO-
[IMUPOBABIIUXCS ¢ HEGIATOTIPUATHBIM UCXOIOM, KOH-
HEHTPAIUsT KOTOPBIX CTATUCTHYECKU 3HAYUMO Pa3-
JINYATIACH Y BBIKUBIIUX U YMEPIIUX OOJIBHBIX, B UX
qucyie — m-I'OMK u MK [53].

Vcxozst u3 BBINIEU3JI0KEHHOTO, YPE3BHIYAITHO
AKTYaJbHBIM SBJSAETCS M3y4eHHe MeTaboJnYecKoil
AKTUBHOCTH, BbIIBJIEHIE B3ANMOCBSI3U MEK/IY Kade-
CTBEHHO — KOJMYECTBEHHBIMU XAPAKTEPUCTUKAMMU
MUKPOOMOTHI, TEYEHHEM U UCXOIOM 3a60JIeBaHUS Y
maruentos OPUT.

Ocp kumevyHuk — Mo3r. OHUM U3 OPraHOB,
HaXOJSAIINXCS B TECHON METAO0INUYECKOI KOMMYHIUKA-
MU ¢ KUTIEYHBIM COODIIECTBOM, SIBJISIETCS TOJOBHOI
MO3T. MUKPOOGHOM KUIIEYHIKA UMEET BAKHOE 3HAUE-
HUeE JIJIs1 HOPMAJIBHOTO (DYHKIIMOHUPOBAHMS FOJIOBHO-
ro Moara |54 ]. BoJiee cTa MUJIMOHOB HEPBHBIX KJIETOK
PACIIOJIO}KEHO MESKJLY ITUIIEBOIOM U KUIIEUHIKOM. Tak
Ha3bIBaeMasl KUIIEeYHasl HePBHAs CUCTEMa — 3TO BTO-
pO€ TI0 CJIOKHOCTU CKOILIEHHE HEPBHBIX KJIETOK B
OpraHM3Me YeJIOBEKA I0CJIe TOJIOBHOTO MO3Ta, CBSI3aH-
HOe € HUM OOIIHOCTBIO mpoucxoxkaeHus. [Iporece
KOMMYHUKAIIUU TOJIOBHOTO MO3Ta C «KUIIEYHBIM MO3-
rOM» IIOJIyYUJI Ha3BAHUE «OCh KUIIEYHUK — MO3T»
(Gut-Brain Axis, GBA). UccnenoBanus cBsI3N «MUK-
pobroTa — MO3r> Ha METabOJIMYECKOM YPOBHE B3au-
MOPETYJISIIIUE MOKHO OTHECTH K YHCITy HanboJiee MHO-
rooGeIaioNuX HATPABJIEHUIT HAYYHOTO TIOUCKA.

B o ke Bpems1 B3auMO/IeNICTBIE MEKY KUIIIEY-
HUKOM U TOJIOBHBIM MO3TOM DEryJUPYeTCs B TOM
qucye U MUKPOGUOTOI, IPEICTABISAETCS JABYHATIPAB-
JIEHHBIM, OCYIIIECTBJISIEMbIM TIOCPEJCTBOM HEPBHBIX,

which, in turn, entailed lessening of the size of is-
chemic lesion site in brain [58].

It has been experimentally shown that gut mi-
crobiome is capable of modulating functioning and de-
velopment of microglia cells, astrocytes,
neurotransmission, preserve integrity of blood-brain
barrier [59]. In response to brain damage, microbiota
activates peripheral immune cells [60, 61]. Brain also
renders action on microbiota: biochemical processes
taking place in the nervous system can change com-
position of intestinal microflora, which, in turn, influ-
ences brain functioning and human behavior [62, 63].
The molecular mechanisms of interaction of these
three systems (nervous, immune, microbiota) have
been poorly studied, yet. It is known that 60% of im-
mune competent cells are located in bowel wall sub-
mucosa; when the bowel immune system is activated
in a situation of failed defense barriers, inflammation
is initiated that might be accompanied, inter alia, by
activation of the brain immune system. Chronic endo-
toxinemia leads to inflammation in periventricular
brain regions followed by destabilization of blood-
brain barrier and inflammatory process spreading to
other brain regions, which manifests in the develop-
ment of neurodegenerative processes [64].

It is known that over 400 metabolites come from
bowels to brain in health and pathologic processes.
During critical conditions, the metabolic composition
of the internal environment of the body changes con-
siderably, playing an important role in the pathogen-
esis of brain dysfunctions during a severe bacterial
infection, manifesting as so-called sepsis-associated
encephalopathy (SAE) [65, 66]. In experiments, bac-
teria and substances they release might exhibit oppo-
site effects: they both suppress and promote
development of pathological processes in nerve tissue
[67—69]. The fact of direct connection of SAE with in-
creased mortality, when among sepsis survivors more
than half of patients have lengthy cognitive distur-
bances, and difficulties concentrating and remember-
ing, is especially worrying [70].

Brain dysfunction is one of early symptoms of a
severe infection and sepsis, frequently preceding the
classical picture of bacterial infection generalization.
This fact allows suspecting that not only structural
components of cellular wall of bacteria (such as LPS)
might be involved in the development of disorders, but
low-molecular microbial metabolites as well. A most
interesting subject for investigation is products of mi-
crobial biotransformation of aromatic amino acids
(phenylalanine, tyrosine, tryptophan). It is known
that in the blood of septic patients with encephalopa-
thy, there is an excessive amount of aromatic amino
acids compared to branched-chain amino acids [71].
At the same time, the blood level of aromatic microbial
metabolites (AMM), in particular, phenylcarboxylic
acids, rises multi-fold during sepsis [72], which can be
explained by slowing down of microbial metabolism
of aromatic amino acids to end products at the back-
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DHIOKPUHHBIX, UMMYHHBIX M TYMODAJbHBIX CBSI3€il
[55]. AByHampaBIeHHOCTb B3aMMOIEHCTBHS IIOATBEP-
JKIIAETCS U B 9KCIIEPUMEHTAIBHBIX paboTax Ha MBIIIAX
IIPU OCTPOIT TPaBMe rOJIOBHOTO MO3Ta, IPUBOSIIEH K
nucbuosy, IMCHYHKIMU KAIIEYHOTO Gapbepa U CHU-
skennio moropuku JKKT. Mukpobuora KuledHIKa
BBICTYyIIAeT U B POJIM IIEHTPATBHOTO PETYJIATOPA
UMMYHHOTO TOMEOCTAa3a, BJIUsS HA HEeIPOBOCIHIAIM-
TeJIbHBIN MPOIECC U OCTATOUHBII HEBPOJIOTUIECKHUIT
neUIUT Tocae TPaBMbl TOJOBHOrO Mosra [56].
WNucynbr Takke MOXKET NMPUBOAUTH K HAPYIIEHUIO
GYHKIMU KUIIEYHOro HGapbepa, TPAHCIOKAIMU 1
CUCTEMHOMY PAaCIPOCTPAHEHUIO KOMMEHCAJIbHBIX
BUJIOB MUKPOOPraHM3MOB U3 TOHKOTO KHUIIEYHWKA,
HPUBO/ISL K PA3BUTHIO THEBMOHUH, YTO OBLIO TIPOJIE-
MOHCTPUPOBAHO Y MBbIIIIEH ¢ UCIIOIb30BAHUEM CEKBe-
uuposanus 1mo 16S pPHK [57]. V3menenne nmMmyH-
HOI'O FOMEOCTa3a B TOHKOM KHIIIeYHUKe, BbI3BAHHOE
MH/IYITUPOBAHHBIM AUCOMO30M Y MBIIIEH, TIPUBONIO
K YBEJINYEHUIO PETYJISATOPHBIX T-KI€TOK 1 CHUKEHUIO
[L-17+yd-T-kyeToK, 4TO CBOIO 04Yepe/ib TPUBOIUIO K
VMEHBIIIEHNIO PasMepoB ouara HWIIEMHUYIEeCKOTO
MTOBPESKIEHUsI TOJIOBHOTO MO3ra | 58].

B akcmepnMeHTATbHBIX paboTax MOKa3aHo, 4To
KUIIIeYHas MUKPOOMOTA CrmocobHa MOAYJIHPOBATH
(OYHKITMOHNPOBaHIE W Pa3BUTHE KJIETOK MUKPOTJINH,
ACTPOITUTOB, Mepelady HEPBHBIX UMITYJILCOB, COXPa-
HATH TETOCTHOCTD TeMaToaHIe(haTmIeckoro Gapbepa
[59]. B oTBeT ma moOBpexIeHE MO3Ta MUKPOOMOTA
AKTUBU3UPYET Mepudepunyeckie UMMYHHBIE KJIETKA
[60, 61]. Mosr Takske Bo3zeiicTBYeT Ha MUKPOGHOTY:
OGUOXUMIYECKYE TIPOIECCHI, TPOUCXOISIIIE B HEPB-
HOU cUCcTeMe, MOTYT MEHSITh COCTaB KUIIEYHON MUK-
poGIOPEI, YTO B CBOIO OYEPENh BIUSIET Ha PabOTy
MO3Ta 1 ToBejieHne YemoBeka [62, 63]. Moxexysip-
HbIe MEXaHU3MBI B3aUMOJICHICTBUS 9TUX TPEX CUCTEM
(HepBHasl, UMMYHHAs, MUKPOOWOTA) TTIOKA M3YUYEHBI
Mmasio. MsBectro, uto 60% WMMYHOKOMIIETEHTHBIX
KJIETOK HAXOANUTCS B TOJICTAU3NUCTOM CJI0€ KUTIIETHOH
CTEHKH, TP aKTUBAIMA UMMYHHOH CUCTEMbI KUTTIEY-
HUKa B YCJIOBUSX TAJCHUS 3AlIUTHBIX 0apbhePOB MHI-
IINUPYeTCs BOCTIATIEHNE, UTO MOKET COMTPOBOK/IATHCS,
B TOM YWCJIe, U aKTUBAIMEH MMMYHHOU CHUCTEMBI
TOJIOBHOTO MO3Ta. XPOHWYECKas 3HAOTOKCHHEMHUS
TMPUBOIUT K BOCTAJEHUIO B OKOJOKETYIOYKOBBIX
30HAX MO3Ta C TTOCTeyIoNelt recTabu3arieil rema-
TosHIe(haTNIeCKOTO Haphepa U PacTIPOCTPAHEHTEM
BOCITAJTNTESIFHOTO TIPoIlecca Ha PYyTHe YIaCTKU MO3Ta,
TIPOSIBJISTIONIETOCS PAa3BUTHEM HelpoieTeHepaTHBHBIX
mporteccoB [64].

WsBectHo, uto Gosee 400 MeTabOTUTOB TIOCTY-
MaeT U3 KUIETHIKA B MO3T B HOPMeE ¥ TTPH MTAaTOJIOTH-
JecKUX Ipoieccax. [Ipn KpUTHIECKIX COCTOSHUAX
MeTabOMMIECKHI COCTAB BHYTPEHHEN CPEIBI OPTaHm3-
Ma CYIIeCTBEHHO MEHSEeTCS, UTpast BAXKHYIO POJH B
TaToreHe3e HapyIIeHNH GYHKIINI TOJTOBHOTO MO3Ta
TIPU TSKETON GaKTepraTbHON WHQEKITNH, TIPOSTBIIS-
sSICh TaK Ha3bIBAE€MOII CETICHC-aCcCOIMIPOBAHHOI JHIIE-
danomarueii (SAE) [65, 66]. B skcriepumMenTax Gak-

ground of reduced species biodiversity of microbiome.
It has been earlier shown that main potential sepsis
agents (Staphylococcus aureus and coagulase-negative
staphylococci, E. coli, Klebsiella and other enterobac-
teria, anaerobic bacteria) produce AMM intensively
in vitro [73]. Generalization of the above facts allows
supposing that during sepsis, endogenous metabolism
of aromatic amino acids slows down with concurrent
active involvement of bacteria in their biotransforma-
tion. This hypothesis has been proven in respect of ty-
rosine metabolites. It was established that in all sepsis
patients, the profile of phenylcarboxylic acids drasti-
cally changes towards prevalence of such microbial
metabolites as para-hydroxyphenyllactic (p-HPLA),
phenyllactic (PLA), para-hydroxyphenylacetic (p-
HPAA) acids. Levels of these AMM, which were
named ‘sepsis-associated’, correlated with severity of
patients’ conditions and mortality [46]. In literature,
there are also data about the microbial metabolite of
another amino acid — phenylalanine, namely, about
phenylacetic acid (PAA), which is present in a signif-
icantly higher concentration in cerebrospinal fluid and
serum of patients exhibiting septic encephalopathy
symptoms compared to healthy people [74]. A number
of other papers have demonstrated that a severe brain
damage and impaired mental development was ob-
served in patients whose interior environment had in-
creased levels of phenyl-pyruvic acid, PLA and PAA
[75]. The above-listed AMM have phenolic nature.
Preliminary study results allow supposing that AMM
of indole nature, i.e. tryptophan metabolites, might
also contribute significantly to the development of en-
cephalopathy during sepsis, for example, based on
their structural similarity with serotonin. Behavior re-
lated to serotonin neurotransmission depends on gut
microbiome [76].

Gut Microbiome — Lungs Axis. The hypothe-
sis of existence of ‘gut-lungs’ vector correlates to the
data that cross influence of these two organs plays an
important role in pathogenesis of diseases — from al-
lergic asthma to pneumonia [77]. For example, in the
experimental model of traumatic and hemorrhagic
shock in rats, translocation of intestinal metabolism
products to lymphatic duct resulted in lungs damage
[78]. Chest lymphatic duct ligation offset that effect
while administration of lymph from septic animals to
intact animals induced lungs damage [79]. The pro-
tective role of normal intestinal microbiome is proven
by the fact that dysbiosis caused by use of antibiotics
has impaired immune responsiveness and increased
mortality in pneumococci pneumonia mice [80]. On
the experimental model of newborn mice, it has been
shown that postnatal colonization with intestinal
commensal bacteria plays a decisive role in the devel-
opment of defense of lungs in newborns. Administra-
tion of bacteria into bowels immediately after birth
was characterized by a drastic inflow into lungs of
group 3 innate lymphoid cells (ILC3) — key regula-
tors of inflammation and response to infection in mu-
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TEPUM ¥ BbIJeJsieMble UMU BEIIeCTBA MOTYT IPO-
SIBJISITh Pa3HOHAIPaBJeHHble 3(@EKThI: KaK M0/aB-
JISITh, TAK U CHOCOOCTBOBATH PA3BUTHIO TATOJIOTHYE-
CKHUX TIpOIleccoB B HepBHOIT Tkaru [67—69]. Ocoboe
6ecroKolicTBO BhisbiBaeT hakT npamoii cesasu SAE ¢
MOBBIIIEHHOI JIETATBHOCTHIO, & CPeIN BBIKHUBIINX
nocJie cercuca 6oJiee TOJOBUHBI MAIIUEHTOB UMEIOT
JUITUTEbHble KOTHUTUBHbIE PACCTPONCTBA, HApYIIe-
HUS TTAMSITH U KOHIleHTpaluu BuuManus [70].
JlucyHKIMsT MO3Ta SIBJISIETCS OJTHUM U3 PAHHUX
CHMIITOMOB TSIKEJIOH MHMEKIMY 1 CETICUCA, 3a4aCTYIO
orepeskasl KJIaCCUYECKyI0 KapTUHY TeHepaIu3aliiu
GakrepuaibHoil uHbeKIur. ITOT (GAKT II03BOJSIET
3aI10/103PUTh, YTO B PABBUTUU HAPYIIIEHUI MOTYT y4a-
CTBOBAaTh HE TOJIBKO CTPYKTYPHbIE KOMIIOHEHTHI KJle-
TOYHON cTeHku Gakrepuil (takue kak LPS), Ho 1 Hus-
KOMOJIEKYJISIPHbIE MUKPOOHBIE MeTaboJIUTHI.
Hawubosiee unTEpeCHBIM 0OBEKTOM JIJIsT KCCIIEOBAHUS
SIBJISTIOTCS TIPOJLYKThI MUKPOOHO#T GHOTpaHChOpMAIn
ApOMATUYECKUX AMIHOKHUCIIOT ((heHIIaIaHnHa, THPO-
3uHa, Tpurnrtodana). I3BecTHO, 4TO y CENTUUECKUX
GOJBHBIX ¢ aHIledaTonaTHell B KPOBU OTMEYAETCs
U30BITOK aPOMATHYECKUX AaMUHOKHCJIOT IO CPABHEHUIO
C AaMUHOKUCJIOTaMU C Pa3BeTBIeHHOM 11enbio [71]. B to
JKe BpPeMsi, ¥ YPOBEHb apOMAaTUYECKUX MUKPOOHBIX
metabosmtos (AMM), B yactHOCTH, (heHUIKApOOHO-
BBIX KHCJIOT B KDOBU — BO3PACTAET MHOTOKPATHO IIPH
cericuce [72], 4To MOKHO OOBSICHUTH 3aMe/JIeHUEM
MHUKPOOHOrO MeTaboJM3Ma apOMATUIECKUX aMUHO-
KHCJIOT JI0 KOHEYHBIX [TPOIYKTOB B YCJIOBUIX CHIKE-
HUS BUZOBOrO 6HopasHooOpasus MuKkpobuoma. Panee
MOKA3aHO, YTO OCHOBHBIE TIOTEHIUANbHbIE BO3OYIUTE-
Jn cericuca (30JI0TUCTBIM M KOAryJaa3o-HeraTHBHbIE
cTaUIIOKOKKH, KUIIEYHASA MagovKa, KiehGeuesia u
Apyrue sHTepobaAKTEPUH, aHadpoOHbIe DaKTepUn) in
vitro akTuBHO poayupyior AMM [73]. O606uienue
NPUBEIEHHBIX BbIllle (DAaKTOB IIO3BOJISIET IIPEATOJIO-
JKUTh, YTO TIPU CEICHCE MPOUCXOIUT TOPMOKEHUE
HHJIOTEHHOTO METab0JN3Ma aPOMATUYECKUX aMUHO-
KUCJIOT [IPU OJJTHOBPEMEHHOM aKTUBHOM y4acTuu Hak-
Tepuii B ux 6Guorpanchopmanum. ITa TUIoTesa Hallia
MOATBEPIKICHNE B OTHOIIEHUH METabOIUTOB THPO3HU-
Ha. YCTaHOBJIEHO, YTO y BCEX OOJBHBIX C CENCUCOM
Pe3Ko uaMeHeH poduiIb HeHUIKAPOOHOBBIX KUCIOT
B CTOPOHY TIPe0bIalaHnst TAKUX MUKPOOHBIX MeTabo-
JIUTOB, Kak mapa-ruapokcudenuamonounas (-
IF®MK), dpernnmonounas (DMK), napa-rugapokcu-
dbenmnykeycnas (nm-IT'OYK) kucaorsl. YpoBHU 3TUX
AMM, Ha3BaHHBIX <«CEICHUC-ACCOLMUPOBAHHBIMUY,
KOPPEJUPOBAIH C TSIZKECTBIO COCTOSIHUST OOJIBHBIX U
JleTasibHOCTRIO [46]. B smmreparype umelorcsa Takske
JIaHHBIE 0 MUKPOOHOM MeTaboIUTE IPYTON aMHOKHUC-
JI0THl — (peHUTTAIAHNHA, & UMEHHO — O (peHUIyKCyC-
Holi kuciore (DYK), KoTopslil B 3HaUNTEIBHO GOJIee
BBICOKOW KOHIIEHTPAIIUH TPUCYTCTBYET B 11epeOPOCTIN-
HAJIbHOM JKU/IKOCTU U CBIBOPOTKE Y MAI[EHTOB C IIPH-
3HAKAMU CETNITUYECKOI aHIIe(aonaTum o CpaBHEHUIO
€O 3[0poBbIMHU JiIoAbMU [74]. B psge apyrux pabot
MOKA3aHO, YTO TSIKEJIOe OPaXKeHue roJIOBHOTO MO3Ta

cous membranes [81]. Intestinal microorganisms were
found in lungs microbiota of acute respiratory distress
syndrome patients and during experimental sepsis in
mice, which evidences possible existence of poten-
tially common mechanisms of these diseases’ patho-
genesis [82]. ‘Healthy’ gut microbiome contains a vast
diversity of commensal bacteria interacting between
themselves and with the macroorganism, assisting im-
mune system homeostasis maintenance. Reduction of
biodiversity upon prescription of antibiotics entails a
less effective bacterial production of volatile fatty
acids and other metabolites promoting decreased im-
mune priming, which, in turn, assists increased sus-
ceptibility to secondary infections, in particular,
pneumonias [83].

Gut Microbiome — Heart Axis. More thorough
investigations have established a connection between
gut microbiome and heart. It has been shown that pa-
tients with intestinal inflammatory diseases are at a
higher risk of developing ischemic heart disease
(IHD), regardless of ‘classical’ risk factors, which in-
dicates a link between bowels and heart. Data have
been accumulated that impaired intestinal barrier
function results in bacterial translocation and entry of
bacterial products into blood flow, which might pro-
mote development of atherosclerosis and chronic car-
diac insufficiency [84]. At the same time, impaired
cardiac function during chronic cardiac insufficiency
affects intestinal microcirculation leading to compro-
mised barrier function of intestinal mucosa and in-
creased bacterial translocation. Such well-known risk
factors of developing hypertension and THD as obesity
and metabolic syndrome were related to relative
prevalence of Firmicutes over Bacteroidetes in gut mi-
crobiome [8]. Gut microbiome signals — microbial
metabolites, structural components of microorganisms
(for example, endotoxin, teichoic acid, microbial
DNA), factors induced and secreted by epithelial cells
or dendritic cells of bowels — seem to perform impor-
tant physiological and pathophysiological functions
influencing, inter alia, cardiac function [85]. Lam V. et
al. experimentally established on animals that some
metabolites (including hydroxyphenyllactic acid) are
directly involved in the development of myocardial
dysfunction and might precondition myocardium in-
farction morbidity and contribute to lesion site en-
largement [86].

Antibiotics and Microbiome. Antibiotics are
widely used in clinical practice — almost 70% of pa-
tients received antibiotics in ICU, as was shown in
EPIC II study containing data about 14,414 patients
in 1265 ICU all over the world [87]. Clinical data in-
dicate that more than 30% of prescriptions of antibi-
otics are not justified and, on the contrary, contribute
to morbidity and mortality from hospital infections
(frequently, antibiotic-resistant), like, for example,
Clostridium difficile [88]. Mass use of broad spectrum
antibiotics undoubtedly affects adversely gut micro-
biome. At the same time, the scale of impact of antibi-
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U HapyIleHue YMCTBEHHOTO PAa3BUTUS HabJIOAI0Ch Y
GOJIBHBIX C TIOBBINIEHHBIM YPOBHEM BO BHYTPEHHEIT
cpeze opranuaMa (permnnuposuHorpaanoi, O®MK u
@YK [75]. Ilepeuncinennbie Bbime AMM umeror
eHoBHYIO TIPUPOLY. Pe3ynbraTel MpeBAPUTETbHBIX
MCCeIOBAaHU TO3BOJIIOT TIPEIION0KUTH, 4T0 AMM
WHIOJIBHO TPUPOJIBI, TO €CTh METAOOIUTBI TPUIITO(hA-
Ha, TAK)KE MOTYT BHOCUTD CYIIIECTBEHHBII BKJIA/ B Pa3-
BUTHE 9HIIeDAIONATHH TIPU CEIICUCe, HAIIPUMED, Ha
OCHOBAHUU MX CTPYKTYPHOTO CXOJCTBA C CEPOTOHM-
HoM. [loBezieniie, cBsi3anHOE C CEPOTOHUHEPTUIECKOI
HEHPOTPAHCMUCCHEH, 3aBUCUT OT MUKPOOHOTHI
kuireyHuka [76].

Ocb MUKPOOHOTA KUIIEYHUKA — JieTKue. [urio-
TEe3a O CYNIECTBOBAHUY BEKTOPA «KUIIEUHUK-JIETKITe»
COOTHOCHTCSI C IAHHBIMMU, UTO TIEPEKPECTHOE BJIUSTHUE
ATHX JIBYX OPIaHOB UTPAET BAYKHYIO POJIb B [IATOTEHE3€
3ab0JIeBaHMil, OT AJJIEPTHYECKON aCTMBI 10 THEBMO-
Huu [77]. Hanpumep, B aKcriepuMeHTAIbHOM MOJIeIN
TPABMATHYECKOTO U FeMOPPATNYECKOTO I0KA Y KPBIC
[PU TPAHCJIOKAIMU TIPOJYKTOB KUIIEYHOTO MeTabo-
auaMa B JUM@ATUYECKUIl MPOTOK IIPUBOIUIO K
noBpesxiennio jgerkux [78]. JlurupoBanue rpyHoro
auMGbAaTHIeCKOTO TIPOTOKA HUBEJUPOBATIO TAHHBII
addexr, a BBeeHrEe TUMDBI OT CENTUYECKUX KUBOT-
HBIX MHTAKTHBIM IIPOBOI[UPOBAJIO MOBPEKIEHUE JIeT-
kux [79]. 3amuTHas posib HOPMaJIbHOIO MUKPOOHOMA
KUIIEYHUKA JIOKA3bIBAETCS TEM (haKTOM, 4TO AUCON03,
BBI3BAHHBIIT TIPUMEHEHIEM aHTUOUOTUKOB, TIPUBOJIUI
K HApYIIeHUIO IMMYHHOPEAKTUBHOCTHU U YBEJIMIEHUIO
CMEPTHOCTH Y MBIIIEN C THEBMOKOKKOBOIA ITHEBMOH-
et [80]. Mcronb3ys B KauecTBe 9KCIEPUMEHTATBHON
MO/IEJIT HOBOPOKIIEHHBIX MBITIAT, OBLIIO TOKA3aHO, 4TO
MOCTHATATbHAST KOJOHU3AIIMS KUIIETHBIMI KOMMEH-
CaJbHBIMU GaKTEPUSAME UTPAET PEIIAILYI0 POJb B
Pa3BUTHH 3AIUTHI JIETKUX Y HOBOPOKIEHHBIX. BBejie-
Huie GaKTepUil B KUIIEYHUK HETIOCPEACTBEHHO CPasy
HOCJIE POKIEHUST, XaPAKTEPU30BAJIOCH PE3KIM IIPUTO-
KOM B JieTKU€e JTUMMOUTHBIX KJIE€TOK 3 TPYIIIIbI BPOXK-
nexHoro umMmyHuTera (group 3 innate lymphoid cells,
ILC3), xi1ioueBbIX PeTyJISITOPOB BOCIAJIEHUS U OTBETA
Ha UHQEKLUIO B CAM3UCTHIX 00010uKax [81]. Muxpo-
OPraHU3MbI KUIIEYHUKA OBLIH OGHAPYKEHbI B MUKPO-
GUTE JIETKOTO Y MAIMEHTOB C OCTPBIM PECTTUPATOPHBIM
JIMCTPECC-CUHAPOMOM U TIPU 9KCIIEPIMEHTAIBHOM Cell-
CHCe Yy MBIIIIeil, YTO CBUETETHCTBYET O BOBMOKHOM
CYIIECTBOBAHUY MTOTEHIMATBHO OOIINX MEXaHU3MOB
naroreHesa sTux saboseBanuii [82]. «310pOBbIi» MUK-
POGHOM KHUILEYHHKA COAEPHKUT OOJIBIIOE pasHooOpa-
31€e KOMMEHCATBHBIX GaKTepHil, B3aNMO/ICHCTBYIOIIUX
MESKLY COO0iT U MAKPOOPTaHU3MOM, CIIOCOOCTBYST MO/
JIepsKaHuIo TOMEOCTa3a MMMYHHOI CUCTEMBL. YMeHb-
menne 6MOpasHooOpasys IPK HasHAYEHUH aHTUONO-
TUKOB IIPUBOAUT K MeHee 3 (MeKTUBHON TPOLYKIITI
JIETYUYUX KUPHBIX KUCJOT U IPYTUX METaboInTOB Hak-
TEPUSIMU, CIIOCOOCTBYSI CHUKEHUIO MIMMYHHOTO TIpaii-
MUHTa, YTO B CBOIO 0YEPE/IH CIIOCOOCTBYET TIOBBITIEHUIO
BOCIIPUUMYUBOCTH K BTOPUYHBIM UH(MEKIUSM, B 4aCT-
HOCTU TTHEBMOHUSIM [83].

otics and damage caused to species diversity of gut
microbiome are yet unknown. Delayed consequences
of mass antibiotic therapy experienced by ICU pa-
tients are hard to evaluate as evidenced by accumu-
lated facts. A simple course of ciprofloxacin destroys
quickly the bowels ecosystem resulting in consider-
able diminishment of microbial diversity [89]. Oral
vancomycin causes drastic and consistent changes in
human gut microbiome, and, upon its termination, the
rate of microbiota recovery varies greatly so that
some individuals showed loss of up to 89% taxonomic
units of microorganisms. Clinical dependence of ob-
served microbiota changes under the action of van-
comycin has also been demonstrated in mice that
developed similar changes of microbiota, recovery of
which depended on the baseline susceptibility to
bowels colonization [90]. A single dose of clindamycin
causes profound changes in the composition of mouse
microbiota and results in long-term susceptibility to
Clostridium difficile infection [91].

Proceeding from the fact that human body is
closely related to intestinal bacterial ecosystem, it is
difficult to imagine that destruction of that system by
antibiotics will not affect human physiology. Experi-
ments on mice support this idea; prescription of an-
tibiotics to pregnant female mice led to diminished
biodiversity of their offspring [92].

At the cellular level, organ insufficiency that ul-
timately lead to death in ICU has long been associated
with mitochondrial dysfunction. A number of studies
show that many antibacterial drugs usually applied in
ICU might damage mitochondria presumably con-
tributing to organ dysfunction development; they not
only lead to dysbiosis, but also alter the mechanism of
energy supply in host cells [43, 93].

Evaluating the ‘antibiotic pressure score', re-
searchers have shown that antibiotic therapy is to a
greater degree linked to mouth microbiota dysbiosis
and to a lesser degree — intestinal one; hence, distur-
bance of the species composition of intestinal micro-
biota in ICU is a consequence not only of antibiotics
use, but of a combined impact of endogenous and ex-
ogenous factors [94].

In the paper by Lankelma et al., induced antibi-
otic-associated disturbance of gut microbiome in
healthy volunteers caused by enteral broad-spectrum
antibiotics  (vancomycin, metronidazole, and
ciprofloxacin) for 7 days expectedly led to reduction
of microbiota biodiversity in all volunteers who re-
ceived antibiotics compared to the control group.
However, subsequent administration of lipopolysac-
charide that allowed imitating a sepsis-like syndrome
entailed no change in neutrophil count in volunteers.
Moreover, during blood exposition to most common
species of microorganisms in vitro, there was no differ-
ence in the cytokine response of leukocytes. This
paper demonstrates that in healthy people, even in a
situation of short-term endotoxemia, such microbiome
disturbances as disappearance of Bifidobacterium and
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Ocb MUKPOOHOTA KHIIEYHHKA — ceple. Yriyo-
JIEHHBIE VICCJIEI0OBAHNS BBISIBIIIN CBSI3b MEXK/LY MUKPO-
6uoTOl KUIIeyHnKa u cepireM. [lokasaHo, 4To maru-
EHTBI  C  BOCHAJUTEJABHBIMU  3a00JI€BAHUSAMU
KUIIEYHUKA UMEIOT (oJiee BBICOKHIT PUCK Pa3BUTHSI
uimemudeckoit 6onesuu cepana (MBC), HezaBucumo
OT «KJIACCMYEeCKUX» (DAaKTOPOB PHCKA, YTO YKA3bIBAET
HA HAJMYUE CBSI3U MEXIY KUIIEYHIKOM U CEPIIIeM.
Hakoruiens! gantble 0 TOM, 4YTO HapylieHue GyHKIUN
KUIIEeYHOTo Gapbepa TMPHUBOAUT K OaKTEPUAIbHOI
TPAHCJIOKAIUHU U TIOCTYIIEHUTIO GaKTepUabHbIX MPO-
JIYKTOB B KPOBOTOK, YTO MOKET CIIOCOOCTBOBATH Pas-
BUTHUIO aTEPOCKJIEPO3a U XPOHMYECKOU CepledHOit
Hegocrarounoctu [84]. B To xe Bpems, HapyleHnue
Cep/IevHOI JIeITeTbHOCTU IPU XPOHUYECKOIT cepiiey-
HOI HEIOCTATOYHOCTH BJIUSIET HA MUKPOIUPKYJISIUIO
KUIIEYHNKA, TPUBO/ISE K HAPYIIEHUIO 6apbepHOil (hyHK-
MU CJAMBUCTON 0GOJIOUKI KUITKU ¥ YBEJINYEHUTO GaK-
TepuabHON TpaHcaoKaluu. Takue n3BecTHbIe GaKTO-
pbl pucka pasutusg runepronnun u WBC, kak
OKUpeHne 1 MeTaboIMUeCKUil CUHPOM, OBLIIN CBSA3a-
HbBI C OTHOCUTEJILHBIM TTpeobaaganviem Firmicutes Haj
Bacteroidetes B coctaBe KuliedHoiH MUKPOOHOTHI [8].
CurHajibl KUIIEYHOTO MUKPOOMOMA — MUKPOOHbBIE
MeTaBOoJIUThI, CTPYKTYPHBIE KOMIIOHEHTBI MUKPOOPTa-
HU3MOB (HAIIPUMED dHIOTOKCUH, TEXOEBbIE KUCJIOTHI,
mukpobusie JTHK), daxropsl, nHAyLUpOBAHHbIE U
CeKpeTHUpyeMble AMUTENUATBHBIMI KJI€TKAMU WK
NEeHJPUTHBIMU KJIETKAMU KUIIEYHUKA, [10-BUAUMOMY,
UMEIOT BaXKHbIe (PI3NOTIOTHYECKIE U TTATO(DU3HOTIOTH-
yeckue (PyHKIMU, BJIUSISI, B TOM YUCJIE, ¥ HA CEPAEYHYIO
nesitesibHoCTh [85]. Lam V. ¢ Kosteramu B 9KCIiepu-
MEHTe Ha KUBOTHBIX BBISIBUJIH, YTO HEKOTODPbIE MeTa-
GOMTHI (CPeii HUX — MUAPOKCHDEHNIMONOUHAS KIC-
JIOTA) HEMOCPEACTBEHHO YYacTBYIOT B DPa3BUTUU
aucYHKIME MUOKapja, U MOTYT 00yCJIaBJIMBaTh
TSKECTh TeYeHUst nH(pAPKTAa MUOKap/a 1 CII0COOCTBO-
BaTh YBEJIMUEHUIO 30HbBI TOBpEK/eHus [86].

AHTHOHOTHKH U MHKPOOUOM. AHTUOMOTUKM
MIMPOKO MCIOJIB3YIOTCSI B KJIMHUYECKOI TIPAKTUKE —
npakTidecku 70% MarreHToB MOoIyYaar aH TUOHOTHKI
B OPUT. Ot10 611710 110Ka3ano B uccaenosanuu EPIC
I1, conepxxaium gannsie o 14 414 manuentax B 1265
OPUT Bo Bcem mupe [87]. Knunuueckue janubie yka-
3BIBAIOT Ha TO, 4To Gosiee 30% HazHayeHWH aHTHONO-
TUKOB HE ONpaBJaHbl, U, HAIPOTUB, CIIOCOGCTBYIOT
3a60JIEBAEMOCTH U CMEPTHOCTH OT WHMEKIUiT B cTa-
rronape (4acTo aHTUOMOTUKOPE3UCTEHTHBIX), Kak
nanpumep Clostridium difficile [88]. @opcuposannoe
UCIIOJIb30BAHNE aHTUOMOTUKOB MIMPOKOrO CHEKTPa,
HECOMHEHHO, OKa3bIBAET HETATUBHOE BIUSIHUE HA MUK-
pobuory Kuieynuka. [Ipu 9ToM CTereHb BO3IeHC TR
aHTUOUOTHKOB U yiiiep6, HAHECEHHBII BUIOBOMY Pa3-
HOOGPA3UIO KUIIEYHOH MUKPOOUOTBI, OCTAETCS MAJIO
U3Yy4eHHBIM BoIpocoM. OTHaaseHHble MOCJAeICTBUS
MAaCCUBHOU aHTHOMOTUKOTEPAIINH, C KOTOPOU CTAJIKH-
Batotcst nanuenTel OPUT, Tpyano onenuTs, HA 4TO
YKa3bIBaIOT HakoruieHHble (axThl. [IpocToii Kypc
urpodIokcaia ObICTPO HAPYIIAET HKOCUCTEMY

Roseburia bacteria and appearance of resistant to van-
comycin Streptococci and Lactobacilli do not cause
changes in systemic response on the part of innate im-
munity [95]. Nevertheless, considering problems re-
lated to use of antibiotics, many authors call for
finding alternative treatments of patients.

Target-Oriented Therapy: Transplantation of
Fecal Microbiota or Selective Digestive Decontam-
ination? In ICU, disturbances of physiological param-
eters caused directly by patient’s conditions and
multiple treatment-induced factors might render pow-
erful impact on gut microbiome. Finding a therapy
aimed at restoring the balance between ‘beneficial’ and
‘harmful’ microorganisms is highly relevant. At pres-
ent, there are two possible approaches:

1) put in ‘beneficial’ microorganisms using pro-
/metabiotics or through transplantation of fecal mi-
crobiota (FMT),

2) perform decolonization of bowels using selec-
tive spectrum antibacterial drugs (selective digestive
decontamination) to suppress ‘harmful’ microorgan-
isms and create favorable conditions for recovery of
one’s own ‘beneficial’ microorganisms.

Efficacy of probiotics in preventing diseases
causes no doubt. A randomized placebo-controlled
study on 4556 healthy newborns in India proved that
oral probiotics Lactobacillus plantarum combined with
fructo-oligosaccharides during the first postnatal
week helped reduce sepsis incidence during the first
60 days of life [96].

At the same time, there are no recommendations
for use of probiotics in ICU yet. In different studies
patient populations vary, different strains of microor-
ganisms are used, there is no uniform dosing. There is
no consensus concerning the beginning and duration
of treatment. As of today, the largest study of efficacy
of probiotics and symbiotics (a combination of probi-
otics and prebiotics) in ICU patients was carried out
by Manzanares et al. The sample of over 2700 patients
demonstrated that use of probiotics for microbiota re-
covery reduced incidence of infectious complications
(specifically, ventilation-associated pneumonias), it
was possible to reduce use of antibiotics without in-
crease of mortality or length of stay in ICU [97]. In
another study, use of symbiotics as an adjuvant ther-
apy in surgical patients reduced incidence of such
post-operative complications as wound infection [98].

One of the reasons for doubts concerning expe-
diency of applying probiotics in ICU is intestinal bar-
rier failure in critically ill patients. It is known that
translocation of bacteria to systemic blood flow and
lymph promotes a complex chain of events leading to
multiple organ failure [99]. In experimental CLP sep-
sis model (blind gut ligature and puncture) on mice,
seemingly beneficial bacteria Lactobacillus were de-
tected by NGS in blood as early as 6 hours after liga-
ture, and 12 hours after — Lactobacillus and
Bacteroides [100]. Along this line of reasoning, appli-
cation of live bioculture medicines (probiotics) in re-
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KHUIIEYHMKA, MPUBOJL K 3HAYMMOMY YMEHBIIEHUIO
MHIKPOOHOr0 pasHoobpasus [89]. IlepopaibHblii BaH-
KOMUIIMH BBI3bIBAET pe3KHe W I0CJeoBaTeJbHbIe
M3MeHEHUsT B MUKPOOUOTE KUIIIEYHUKA YeJI0BEKA, TIPU
3TOM 110CJIe IIPEeKpallleHns ero IpueMa CKopocTh BOC-
CTaHOBJIEHUS MUKPOOUOTbI 3HAYUTEILHO BAPBUPYET, U
Y 4acTu UHAMBULYYMOB HabJoianach moreps 10 89%
TAaKCOHOMMYECKUX e/[MHUIl MUKpOoopranusmMoB. Kiu-
HUYeCKass 3HAYMMOCTh HaGJI0faeMbIX W3MEHEHUit
MUKPOOHOTBI TI0/T BO3JIEHCTBUEM BAHKOMUITMHA Obla
TaK’Ke [TPOJIEMOHCTPUPOBAHA Uy MBIIIeH, pAa3BUBILIUX
AHAJIOTUYHBIE U3MEHEHUST MUKPOOHOTBI, BOCCTAHOBJIE-
HUE KOTOPOIl 3aBUCEJI0 OT UCXOAHOTO YPOBHS BOCIIPU-
MMYUBOCTHU K KoJsionuzanuu kuirednuka [90]. OmgHo-
KpaTHast 1032 KJIWMHIAMUIMHA BBI3BIBAET TIyOOKHE
U3MEHEHUSI B COCTABE MUKPOOUOTDI MBIIIN ¥ TPUBONT
K JI0JIFOBPEMEHHOI BocpuuMunBoctu K Clostridium
difficile nndexnuu [91].

OcHoBbiBasich Ha (haKTe, YTO OPTaHU3M UeJIOBeKa
HAXOJMTCS B TECHBIX B3AUMOOTHOIIEHUSAX C KUILIEY-
HOH GaKTepuasbHOI 9KOCHCTEMOM, TPYAHO IPEACTa-
BUTb, YTO Pa3PyLIEHUE STON CUCTEMbI aHTUOMOTHKAM
He GyJIeT BAUATH HA (PUBUOJIOTHIO YeJoBeKa. JKCIIe-
PUMEHTBI Ha MbIIIaX IOJATBEPKAAIOT 3Ty H/EIO,
Ha3HavYeHWe aHTHUOMOTUKOB OepeMEHHBIM CaMKaM
NPUBOJMIO K YMEHBIEHUIO OHOPasHO0Opasust Mx
notomctsa [92].

Ha kierounoM ypoBHe opranHasi He[oCTaTO4-
HOCTDb, KOTOPasi B KOHEYHOM cYeTe IIPUBO/IUT K CMEPTHU
B OPUT, y:xe naBHo accorumpyercs ¢ MUTOXOHJIPU-
anpHOM ucdynkimeil. Psj nccienoBanuii mokasbiBa-
eT, YTO MHOTMEe aHTHGAKTEpUAJIbHbIEC IPEraparhl,
006b14H0 ncnosb3yembie B OPUT, MmoryT moBpexaaTh
MUTOXOH/IDUM, TE€M CaMbIM, IIPEINOJOKUTEIbHO
BHOCS BKJI3JI B BO3HUKHOBEHNE OPraHHON AUC(hYHK-
M1, He TOJBKO MPUBOMST K JUCOUO3Y, HO 1 MOBPEIK-
JAI0T MeXaHW3M 0GeCIieYeHUst SHEPTHEN KIETOK MaK-
poopranusma [43, 93].

OteHnBast «aHTUMUKPOOHYIO HArPy3Ky» («anti-
biotic pressure score») uccsenoBaTeIN MOKA3AIM, YTO
aHTUOMOTUKOTEpAIVs B GOJIbINEl CTENeHN CBsI3aHa C
AUCOMO30M MUKPOOHOTBI POTOBOI TTOJIOCTH, U B MEHb-
et — KUIeYHoi, TakuM 00pa3oM, HapyIieHe BU/0-
BOrO cocraBa KuiledHoil Mukpoduorst B OPUT
ABJIAETCS CJEeNCTBUEM He TOJIbKO MCIIOJIb30BAHUSA
AHTUOUOTUKOB, HO BBI3BAHO KOMILJIEKCHBIM BO3/IEH-
CTBUEM HHJIOTEHHBIX U 9K30TeHHBIX (hakTOpPOB [94].

B paGore Lankelma et al. mnmyumuposanHoe
AHTUOUOTUK-aCCONMUPOBAHHOE HAPYIIIEHHE MUKPO-
OGUOTBHI  KUIIEYHWKA Yy 3/0POBBIX J0OPOBOJIBIIEB,
BBI3BAHHOE SHTEPAIBHBIM MPUEMOM AHTUOUOTHKOB
HIMPOKOTO CIIeKTpa (BAHKOMUIIMH, METPOHUIA30J1 U
uIpodJIOKCcaIut) B TedeHue 7 JHel 3aKOHOMEPHO
NPUBOMIIO K CHUXKEHUIO GHOPa3HOO6pa3ust MUKPO-
GUOTHI y BCEX TOOPOBOJIBIIEB TOJAYYABITHX AHTUONO-
THKU 110 CPAaBHEHUIO ¢ KOHTPOJIbHOH rpymmoit. OxHa-
KO IIocjeylollee BBeJCHME JUIOIOJINCAXapu/ia,
MO3BOJIsTIOIee UMUTUPOBaTh Sepsis-like cunapom, e
MPUBOJIIIIO K UBMEHEHUIO YKCJIa HeHTPpohuIos y 106-

animatology looks far from harmless and even danger-
ous. In randomized double-blind placebo-controlled
independent study on severe acute pancreatitis pa-
tients (n=298) — PROPATRIA (Probiotics in Pan-
creatitis Trial), one group (n=153), for prophylaxis of
suppurative complications, received a bio-medicine
containing 4 species of lactic bacterial (L.acidophilus,
L.casei, L.salivarius, L.lactis), and 2 species of bifid bac-
teria (B.bifidum, B.lactis) in a dose of 1010 daily, while
the control group (n=145) received placebo. The re-
sults disappointed the researches: in the group of pa-
tients who received probiotics, more severe course of
the disease was recorded, necrotizing pancreatitis de-
veloped more frequently, secondary bacteriemia and
other infectious complications occurred, multiple
organ failure developed reliably more frequently, mor-
tality was reliably higher (p=0.01). The authors of the
study were unable to provide convincing explanations,
but expressed their doubts concerning indications for
use of probiotics in critically ill patients [101]. In our
opinion, use of live microbial cultures of lactic-acid
bacteria might have aggravated metabolic distur-
bances and led to adverse consequences in initially se-
vere patients, in particular, because of excessive
production of PLA and HPLA — typical metabolites
of bifid- and lactic bacteria [24]. A group of authors
who used probiotics with positive effect in short bowel
syndrome patients have reached similar conclusions,
namely, the importance of metabolic status evaluation.
The colleagues associated high mortality in PROPA-
TRIA study with lethal combination of proteolytic en-
zymes of pancreas and high level of lactic acid caused
by bacterial fermentation of carbohydrates as a key
factor related to intake of probiotics. At the same time,
the authors believe that a probiotic therapy is not a
counter-indication for prophylaxis of secondary infec-
tions related to acute pancreatitis if a number of con-
ditions are observed: early onset of the probiotic
therapy, immediately after the first manifestation of
disease symptoms; restricted supply of fermentable
carbohydrates, and prevention of overgrowth of pa-
tient’s own intestinal flora [102].

An alternative to probiotics, ‘smart’ direction is
infusion of liquid filtrate of feces from healthy donors
or FMT (fecal microbiota transplantation — FMT).
The potential advantage of this method is enlargement
of microbial biodiversity, presence of biologically ac-
tive substances and metabolites, which might assist a
longer effect of microbiota recovery [103]. This pro-
cedure has been successfully used for treating the se-
vere infection caused by Clostridium difficile in more
than 1000 patients [104]. The recent meta-analysis
(n=284) has shown that FMT is significantly more ef-
fective in the treatment of such patients compared to
the control group in spite of heterogeneity of groups
due to the study sites (Europe vs North America), and
method of administration [105]. However, the current
experience of FMT application in ICU is limited just
to a few patients described in sporadic publications
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poBoJbileB. Bosee TOTO, P 9KCIIO3UITUU KPOBU C
CaMbBIMU PACIPOCTPAHEHHBIMU BUAAMU MUKPOOpra-
HU3MOB in 0itro, He MOJIyYUIU PA3HUIIbI B IIUTOKITHO-
BOM OTBETE JIEHKOIMTOB. ITa paboTa IIOKA3bIBAET, 4TO
y 3II0POBBIX JIIOJIEH JIa’Ke B YCIOBUSIX KPATKOBPEMEH-
HOI1 DHIIOTOKCEMIH, TaKUe HAPYIIEHsT MUKPOOHOMA,
Kak ncuesHoBenune baxrepuil rpyinsl Bifidobacterium
u Roseburia, v iosiBjieHre yCTOWYNBBIX K BAHKOMUIIU-
Hy Streptococci u Lactobacilli, e Bbi3bIBaeT U3MeHe-
HUsI CUCTEMHOIO OTBETA CO CTOPOHBI BPOKIEHHOTO
ummyHutera [95]. HecMoTpst Ha 9T0, MHOTHE aBTOPBHI,
YUUTBIBasE TPOGIEMBI CBA3aHHBIE C MPUMEHEHHEM
AHTUOUOTUKOB, MPU3BIBAIOT K MOUCKY aJbTEPHATHB
IS JiedeHUsT TallueHTOB.

Ilenp — opueHTHpOBaHHASI Tepamusi: TPaHC-
mianTanus $eKarbHOi MUKPOOHOTHI UM CEJIEKTHB-
Hasl JeKOHTaMUHanus? B orzenennu peaHumaimm
HapytieHus hU3N0I0rNIeCKUX TAPAMETPOB, BbI3BAH-
Hbl€ HETIOCPEICTBEHHO COCTOSTHUEM TIAIUEHTA U MHO-
TOYUCJIEHHbIE SITPOTEHHbIE (PAKTOPBI, MOTYT UMETh
MOII[HOE BO3/JEHCTBHE HA MUKPOOUOTY KUIIEYHUKA.
[Touck Tepanuu, HaNPaBIEHHOW HA BOCCTAHOBJIEHME
Gamanca MEKLY <IOJIE3HBIMI» U «BPEIHBIMIT» MUKPO-
OpraHM3MaMH MPe/ICTABJIsIET 3HAYNTEIbHBIN HHTEPeC.
Ha ceropusinuii 1erb CymecTByeT 1Ba BO3MOMKHBIX
MOJIXOJIA:

1) mozcenenme «I10I€3HBIX> BUIOB MIUKPOOPTa-
HU3MOB C TIPUMEHEHUEM TIPO-/METabUOTUKOB UJIK
[yTeM TPaHCIJIAHTAIUN (PEKATbHON MUKPOOUOTHI
(TOM),

2) neKOHTaMUHAIIMS KUIIEYHIKA C UCI0JIh30Ba-
HUeM aHTHOAKTEPUATBHBIX TIPETAPATOB CEJIEKTUBHOTO
CIIEKTPA JeNCTBUS (CeJIeKTUBHAS JEKOHTAMUHATIVS )
JUIST TIOJIABJICHUST <«BPEHBIX> ¥ CO3[aHus 6aronpu-
STHBIX YCJOBUI BOCCTAHOBJIEHUS COOCTBEHHBIX
«II0JIE3HBIX» MUKPOOPTaHU3MOB.

I PEKTUBHOCTD IIPOOUOTUKOB I IPEAOTBPA-
1eHus 3a60JeBaHKil He BBI3bIBAET COMHeHuit. B pan-
JIOMU3UPOBAHHOM TLIAIE60-KOHTPOJIUPYEMOM HCCIIe-
NOBAaHWM, TIPOBEAEHHOM Ha 4556  370POBBIX
HOBOPOXKIEHHBIX B MIHuN, 10Ka3aHO, 4TO HA3HAYEHUE
opanbHbIX 1IpoduoTUKOB Lactobacillus plantarum B
KoMOUHAIUU ¢ PPYKTOOTUTOCAXAPUAAMU B TIEPBYIO
HeJeJTIo JKU3HH TOMOTJIO CHU3UTh YaCTOTY CElcuca B
niepBbie 60 nHeit xxuznm [96].

B 10 ke Bpems, peKOMeHAAIUII 110 UCII0Ih30BA-
Huio npobuornkos B OPUT moka ner. B pasubix
paborax MOMYJSIUN [AIMEHTOB Pa3pO3HEHHDI,
UCIIOJIB3YIOTCS PA3JIMYHBIE IITAMMBI MUKPOOPraHU3-
MOB, 0e3 efnHON 03UPOBKHU. TaK ke HeT eAuHOro
MHEHWs O Hayaje U MPOJOJIKUTENbHOCTU JIe€UeHMs.
Camoe Goubloe uccirenoBanue 1mo 3pGeKTUBHOCTH
POOGUOTUKOB U CUMOMOTHKOB (COYeTaHue TIPOOHOTH-
KOB € IPeOMOTHKAMU ) HA CETOHSITHUNI IeHb Yy Mallu-
entoB OPUT nposesn Manzanares ¢ koJieramu. B
BbIGOpKe GoJiee yem 2700 marueHToOB MOKa3aHo, YTO
[P MCTIOJIb30BAHUH TIPOOMOTUKOB JIJIs1 BOCCTAHOBJIE-
HUSI MUKPOOMOTBI YMEHBIITMIIACH YaCTOTa UH(PEKI[OH-
HbIX ocJiokHeHu# (B wacTHOCcTH, BJI-acconuupo-

[106]. The limited quantity of data, absence of objec-
tive criteria for efficacy evaluation, and insufficient
knowledge of microbiota composition dynamics and
its metabolic activity preclude wide application of this
method in so vulnerable group of patients. Today, use
of FMT in critically ill patients can be compared, in
terms of state of knowledge and risk, to first blood
transfusion before ABO system was discovered.

Selective digestive decontamination (SDD) is
often considered a prophylactic mode of antibiotic
therapy allowing targeted prevention of bowels colo-
nization by ‘pathogenic’ microorganisms. The effect is
achieved thanks to selective impact on potentially
pathogenic aerobic and facultative aerobic bacteria by
means of enteral administration of antibacterial drugs
that do not suppress anaerobic microorganisms, thus
creating conditions for recovery of microbiota balance
and assisting its functioning even in the unfavorable
environment of a critically ill patient. Today, numerous
clinical studies and meta-analyses have shown than
SDD helps preventing hospital infection in ICU and
reducing mortality [107]. Wide implementation of
SDD was restricted, inter alia, because of fears of in-
creasing resistance of nosocomial microorganisms to
antibiotics [108]; however, convincing data have been
obtained evidencing absence of resistant bacterial
growth at the background of selective decolonization.
A number of major investigations are currently under-
way and their authors expect giving shortly new clin-
ical recommendations concerning use of this method
in ICU on their basis.

Perspective. Can we consider correction of ICU
patient’s microbiome as the objective of our therapy?
As it has been shown above, intestinal ‘bad /good’ bac-
teria misbalance is associated with high susceptibility
to hospital-acquired infections and worst forecasts. In-
fluence of negative factors related both to changed in-
ternal environment of the macroorganism and rather
aggressive therapy leads to a drastic change in the
species diversity of microbiota [109], and, as a conse-
quence, changed functional activity of microbial com-
munity, the maximal disorders being achieved during
critical conditions up to development of irreversible
breakdowns of homeostasis and host body death. A vi-
cious circle is created: disturbance of gut microbiome
function in critically ill patients leads to overproduc-
tion of certain microbial metabolites, which, in turn,
render pathological impact on macroorganism's organs
and systems (Fig.). Two potential points of effect in
sepsis treatment can be identified:

1. Forecasting negative dynamics of homeosta-
sis indices as critical condition progresses and maxi-
mally sparing regimens of antimicrobial therapy
taking into account the important role of microbiome.

2. Suppression of overgrowth and targeted cor-
rection of bacterial metabolism.

New, culturally independent technologies allow-
ing a fast accurate and comprehensive assessment of
microbiome will be adapted in the coming years for
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BaHHBIX ITHEBMOHUI) YIAI0Ch COKPATUTh IIPUMEHE-
HUE aHTUOMOTUKOB, TIPU HTOM He HabJII0aJI0Ch yBe-
JINYEHMeE JIeTATbHOCTH WJIU TIPOJIOJIKUTENBHOCTH TIpe-
obBanug B OPUT [97]. B apyrom ucciaegoBaHun
UCIIOJIb30BaHE CUMOMOTHKOB B KAY€CTBE BCIIOMOTa-
TEeJIbHOI TePAINK Y XUPYPrUYeCKHX IMalUeHTOB CHU-
3UJIO YACTOTY TAKUX MOCJIEOTIEPALINOHHBIX OCTIOKHE-
HUit kak paneBast ungekius [98].

O/HOiT U3 IPUYMH COMHEHMIT B 11e/1ecO06pa3Ho-
ctu npumenenust npobuornkos B OPUT sBistiercs
HECOCTOSTEILHOCTD KUIIIEYHOTO apbepa y MarueHToB
B KPUTUYECKOM COCTOSIHUU. VI3BECTHO, Y4TO TPAHCJIO-
Kaiust GakTepuil B CUCTEMHBII KPOBOTOK U JIUM(DY
COCOBCTBYET COKHOMN TETOYKe COOBITUN TIPUBOIS-
el k mosmopranHoi Hegocratounoctu [99]. B ake-
nepumMentaibHoit CLP mozenu cencuca (nmurupona-
HUe U ITyHKIIV CJIeIO0il KUK ) HA MbIIIaX, Ka3aJI0Ch
6b1 nosiestble Oaxrepun Lactobacillus, yxe obHapyxu-
Basuchb B KpoBu MeTosioM NGS nauunas ¢ 6 yacos ot
HaJIOKEHUS JIUTaTyphl, a ciyctd 12 vacoB — Lacto-
bacillus n Bacteroides [100]. C aTuX 10O3UIMiT IpUMe-
HEHUe MPEnapaToB KUBbIX OHOKYALTYD (TIPOoO6UOTH-
KOB) B  PEAHMMATOJIOTUU  IIPEICTABJISIETCS
He6e3006UIHBIM ¥ ke OomacHbIM. Tak, B paHI0MU3u-
POBaHHOM, JIBOWHOM CJIETIOM, TIareb0-KOHTPOJIHPYe-
MOM HE3aBUCUMOM HCCJIEI0BAHIE Y OOJIBHBIX C TSIKE-
JIbIM ocTpbIM nankpeaTutoM (1=298) — PROPATRIA
(Probiotics in Pancreatitis Trial — xaumHHYeckoe
uccuenosBanue «IIpoGUOTUKU TIPU MAHKPEATUTE» )
onua rpynma (n=153) ¢ 1esnbio TpohUIAKTUKN THO¥-
HBIX OCJIOKHEHUIT 1moJIydaia OGuorpenapar, cojepka-
muit 4 Buna nakrobdaxrepuii (L.acidophilus, L.casei,
L.salivarius, L.lactis), u 2 Buza 6udugodakrepuii
(B.bifidum, B.lactis) B no3e 1010 exkeHeBHO, a KOHT-
poJibHas rpyia (n=145) nosyyasa miaie6o. Pesyib-
TaThl OTOPYMJIH UCCJIeI0OBATENE: B rpyIiie GOJIbHbIX,
MOJTyYaBIIUX TPOOMOTUKH, 3aPErUCTPUPOBaHO HoJiee
TAXKeJI0e TeyeHue 3a60JIeBaHus, Yallle PasBUBAJICS
MAHKPEOHEKPO3, TPUCOCANHSIACH OaKTepueMust 1
apyrue UHQEKIMOHHbIE OCJOXKHEHWs, JI0CTOBEPHO
yanie ormevanoch passutue IIOH, 611 10CTOBEPHO
BbIIIIEe YPOBEHb JieTaibHbIX 1cx010B (p=0,01). ABTOpHBI
UCCIIEIOBAHUS HE CMOTJIH aTh YOeAUTENbHbIX 00b-
SICHEHUI1, HO BBICKA3aJIM MHEHUE O COMHUTEIbHOCTHI
MOKA3aHUIT IS TPUMEHEHWS TPOOUOTUKOB Y KPUTH-
yeckux 60nbHbIX [101]. TTo HalmeMy MHEHMIO, IPUMe-
HEHUE JKUBBIX MUKPOOHBIX KYJIBTYP MOJOUHOKMCITBIX
Gakrepuii Moro eie Oosiee yeyryouth Metabomye-
CKHe HapYIIEHUsT ¥ MPUBECTH K HeOGJArONPUATHBIM
HOCJIEICTBUSM Y MCXOIHO TSIXKEJbIX NAIMEHTOB, B
YaCTHOCTH, 3a cueT uzbbrounoii npoaykimun OMK u
T'DMK, xapakrepHbXx MeTab0IuTOB OUdUI0- U JaK-
tobakTepuii [24]. Ipyima aBTopoB, IpUMeHsBILAA
POGUOTUKY € TIOJIOKUTENBHBIM 3(h(HEKTOM y TIariueH-
TOB C CUHJPOMOM KOPOTKOU KHIIIKH, IIPUIILIA K CXO-
JKMM BBIBOJIAM, & UMEHHO BasKHOCTH OI[EHKU MeTabo-
Judeckoro craryca. Koserm —accorumpoBanin
BBICOKYIO JieTasibHOCTb B uccienoBannt PROPATRIA
CO CMepTeIbHONU KOMOUHATIMEH MTPOTEOTUTUYECKIX

convenient practical use and wide application and in-
troduction. Characterization of changes in ICU pa-
tient’s microbiome will enable advancement in the
development of diagnostic and therapeutic interven-
tions based on changes not only in the microbiota’s
composition, but in its metabolic activity as well.

(hepMeHTOB MOMKENYIOUHON KeJe3bl U BBICOKUM
YPOBHEM MOJIOUHO# KHMCJIOTBI, BBI3BAHHBIM GaKTepu-
aJIbHOM (hepMeHTaIeN YTJIEBOJOB KaK KJIIOUEBOTrO
(hakTOpa, CBA3AHHOTO € TIPUEMOM TPOOUOTUKOB. [Ipu
HTOM aBTOPBI CYUTAIOT, YTO TPOOUOTUUECKAST TEPAITUST
He SABJISAETCS TPOTUBOIIOKA3aHUEM [ TPOMUIaKTH-
KU BTOPUYHBIX MH(DEKITNH, CBI3aHHDIX C OCTPBIM IaH-
KPeaTuToM, Ipu cOOMIOEHUHN PsA/Ia YCAOBUIL PAHHETO
Hayasia MPOOUOTHYECKOIT Tepariuu, cpasy MocJe mep-
BOTO TOSIBJIEHUsI CUMIITOMOB OOJI€3HU, OTPAHUYEHUST
OCTaBKH (hePMEHTHUPYEMBIX YIJIEBOJIOB U TIPEI0TBPa-
[IEHU YPE3MEPHOTO POCTA COOCTBEHHON KUIIEYHON
noper naruenta [102].

AsbrepHaTHBHOE  TPOOHMOTHKAM — <«MOJHOE»
HarpaJjienrie — uHQy3us xKujaKoro ¢pusisrpara dpeka-
JIii 3710poBbIX 10HOPOB, ni TAM (anzn. fecal micro-
biota transplantation — FMT). IlorenuuanbHoe mpe-
WMYIIECTBO JIAHHOTO MeTo/la —  yBeJu4eHue
MUKPOOHOTO 61OpasHo0Opasust, Haaudre GUOI0rnde-
CKM aKTMBHBIX CyOCcTaHIUMI W MeTaboJUTOB, YTO
MOKET CII0COOCTBOBATD GoJIee AUTENLHOMY 2 dEKTY
BoccranoBsenuss Mukpoobuorst [103]. Januas mpo-
1e/lypa yCIeHO UCIIOIb30BAIACD TS JICUEHUS TSKe-
Jioit nudexiyy, BoisBantoil Clostridium dif ficile 6oee
yem y 1000 nmartmenTos [104]. HepaBuuii metaananus
(n=284) mokasayn, yro TAOM suaunrTenbHo Gosee
adgdexTrBHA B JIeYeHNN TAKUX TTAIUEHTOB 110 CPaBHE-
HUIO C KOHTPOJIbHON TPYNIION, HECMOTPS Ha reTepo-
FEHHOCTbH IPYIII, 06YCJIOBIECHHOI MECTOM MTPOBE/IEHMST
uccienosanus (Espona vs CeBepHoii AMepukn), u
nyTu BBenerus [105]. OaHako cymiecTBYIOINIA OIbIT
ucnionbzoBanust TAOM B OPUT orpanuven Bcero
JIUITb HECKOJIbKUMU MAlMeHTaMU, OIMUCAHHBIMHU B
orgenbubix nybaukanusx [106]. Orpanuyennoe
KOJINYECTBO JIAHHBIX, OTCYTCTBUE OOBEKTUBHBIX KPU-
TepueB oleHKU 3(hGHEKTUBHOCTU M OTPAHUYEHHbBIE
3HAHUSI O IMHAMUKE COCTaBa MUKPOOHOTHI U €€ MeTa-
GOJIMYECKOIT AKTUBHOCTH HE MO3BOJISIOT MCIOJIb30-
BaTb MIUPOKO TAHHBIN METO/ B CTOJIb YSI3BUMO TPyTI-
e narnuentoB. Ceroanst ucnosb3oBanue TAOM y
MalUeHTOB B KPUTUYECKOM COCTOSHUU 110 CTeleHU
U3YYEHHOCTH M PUCKY MOKHO CPABHUTDH C TIEPBBIMU
repeIMBaHusIMU KPOBHU JI0 OTKPbITUS cucteMbl ABO.

CesiekTUBHAS JEKOHTAMUHAIINASA KEJTYI0YHO-
xumeuynoro Tpakra (selective decolonization of the
digestive tract (SDD) uauie paccMaTpuBaercsl Kak
NPOPUIAKTUUECKUN PEKUM aHTHUOMOTUKOTEPAIIH,
MO3BOJIAIONIMI  TleJIeHAlIPABJIEHHO TIPEOTBPATUTD
KOJIOHU3AITUIO KUIIETHIKA «IIATOTeHHBIMU» MUKPO-
opranuaMamu. IHPEKT JOCTUTAETCS 32 CUET CeJeK-
THUBHOTO BO3/ICHCTBUS HA TIOTEHITMAIBHO MATOT€HHbIE
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Fig. 2. The vicious circle of gut microbiota dysfunction in critically ill patients.

ITpumeuanne. Metabolic changes of the gut microbiota — nsmenenune metabonmama mukpobuorsr; reduce of gut microbiota biodi-
versity — cHmkenne GnopasHoo0pasust MUKPOOHOTHI KuitedHrKa; host state — cocTosinne Makpoopranusma; treatment strategies —

neuebHbIE CTpaTeruu.

aspobuble 1 (haKyJIbTaTUBHO-a9pOOHbIE OaKTEpUU
MyTEM HTEPATHHOTO BBECHUS aHTHOAKTEPUATBHBIX
MPenapaToB, He MOAABJISIONINX aHad9POOHBIE MUKPO-
OPTraHU3MbI, TEM CaAMbBIM CO3/IaBasl YCJIOBUS JIJIST BOC-
CTaHOBJICHUsT HaTaHca MUKPOOHOTHI U CTOCOOCTBYSI ee
(YHKIIMOHMPOBAHWIO JIaKe B HEOIATOTIPUSATHON cpejie
narureHTa B KpUTUYeCKOM cocTostnuu. Ha ceropmsim-
HUTI IeHb MHOTOYHCJIEHHBIE KJIMHITYECKHE UCCIIeI0BA-
HUS ¥ METaaHa/ M3l IoKaszanu, uto SDD criocobeTsy-
eT TIPeJIOTBPAIIEHUIO0 TOCITUTAIBHON WH(PEKIUU B
OPUT, a rtaxxke cuHwkenuio jertambuoctu [107].
[upoxas peanusarysg SDD Gblia orpaHiyeHa, B TOM
YycJie ¥ 13-32 OMACeHWil MOBBICUTH YCTONYMBOCTH
HO30KOMHATbHBIX MUKPOOPTaHU3MOB K aHTHOUOTH-
kam [108], ogHaKo moJyueHbl yOeauTeIbHble JaHHbIe
06 OTCYTCTBUM POCTA PE3UCTEHTHBIX GaKTEpHil Ha
(hore ceseKTUBHON JEKOHTAMUHAIMH. PsijT KPYITHBIX
MCCJIEIOBAHNI ITPOXOIUT B HACTOSIIIIEE BPEMsI U BCKO-
pe Ha OCHOBe KOTOPBIX aBTOPHI TJIAHUPYIOT HOBBIE
KJIMHUYECKUE PEKOMEHANUH TIO WCIIOJIh30BAHIIO
nanuoro Mmeroga B OPUT.

ITepcnexTuBbl. MoskeM Jil MBI CYMTATH KOPPEK-
o Mukpobroma nanuenta 8 OPUT uesbio Hamreit

tepanuu? Kak 6bII0 TOKa3aHO BbIle, AucHaIaHc
KUIIEYHBIX GAKTEPHUil «TIOXKE,/XOPOIIHe» — acco-
IUUPYETCST C BBICOKON BOCIIPHIIMYMBOCTBIO K TOCITH-
TaJTBHBIM MHQPEKIUAM U XYAIINM TPOrHO30M. Bims-
HUE HETAaTUBHBIX (AKTOPOB, CBI3AHHBIX KaK C
U3MeHEHUEM BHYTPEHHeH cpeibl MaKPOOPTaHM3Ma,
TaK U I0CTATOYHO arpecCBHON Tepanueil, TpUBOIUT
K PE3KOMY N3MEHEHHTO BUIOBOTO Pa3HOOOPa3Ust MUK-
po6uotsl [109], u, Kak cireacTBre, U3MEHEHUIO (DYHK-
IIUOHATBHOW aKTUBHOCTH MUKPOGHOTO COOOIIECTBa,
JOCTUTAst MAKCHMAJTbHBIX HAPYIIEHUI TPU KPUTHYE-
CKHX COCTOSTHUSX, BIUIOTh 0 PA3BUTHSI HECOOPATHMBIX
MOJIOMOK TOMeOCTa3a 1 rubesiv opraHu3Ma XO3suHa.
CospnaeTcs TTOPOYHBIN KpPyT: HapylieHue QYHKINN
KUIIEYHOW MUKPOOMOTBI Y MAIMEHTOB MTPU KPUTHIE-
CKOM COCTOSIHUH TIPUBOJAUT K U3OBITOUHON TIPOAYK-
MU OTIPE/IEJICHHBIX MUKPOGHBIX METabOIUTOB, KOTO-
pble B CBOIO OYepelb OKAa3bIBAIOT IATOJOTUYECKOE
BO3JIEMICTBYIE HA OPTAHBI M CCTEMBI MAaKPOOPTAaHU3Ma
(puc. 2). MoXHO BBIZIEJTUTH [[BE€ TOTEHITUAJbHbBIE
TOYKU [IJIs1 BO3ZEHCTBUS B JIEUEHUH CETICHICA!
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Iuccepranyuu Ha COUCKAHNE YYEHOM CTENEHH JIOKTOPA HAYK (€3 oIy 0JIMKOBAHUSI OCHOBHbIX HAYYHBIX PE3Y.JIb-
TATOB B BeIyIIUX *KyPHAJaX U U3/IaHUSIX, IepeYyeHb KOTOPbIX YTBEP:K/eH Briciieii aTrecTallioHHOM KOMHUCCHEH,
OyayT OTKJIOHEHDI B CBsi3U ¢ HapyienueM 1. 10 IlosokeHus 0 Nopsi/iKe NPUCY>KAEHUS YYEHbIX CTEIEHEH.

[Tepeuens xxypuanoB BAK, nuznasaembix B Poccuiickoit @enepanun 1o crenranbroctu 14.01.20 «Anecresno-
JIOTHSI U PEAaHUMATOJIOTHsI», B KOTOPBIX PEKOMEHIYeTCsT IyOJINKAINs OCHOBHBIX Pe3yJIbTaToOB AUCCEpPTAlnii Ha
CONCKaHUe YUEHOH CTEIeH! JOKTOPa U KaHAUAATa MEAUIITHCKUX HAYK:

*  Anecmesuonozus u peanumamonozus;
*  Obwas peanumamonozus..
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YBaxkaembie ABTOPBI!

Kypran «O6mast peaHUMATONIOTHT» 0OBIBISIET KOHKYPC Ha JyUNIyio paboTy, mpej-
CTaBJEHHYIO Ha PYCCKOM M aHTJNIICKOM s3bIKax B ¢popMaTax:

— OpUTMHAJIbHAs Hay4YHas cTaThs (MIpeJCTaBIeHNe PE3yJbTaTOB JOTHIECKH 3aBEPIIEH-
HOTO HccyeoBaHust, 0Ko0 40 Thic. 3HAKOB, 5—8 MJIocTpauil (PUCYHKOB /UK TabIuIr),
25-40 cchlIoK;

— 00630p (KpuTHUYECKOE 0000IEeHIE UCCAE0BATETbCKON TeMbl, 0T 10 cTpaHUIl MAIIHO-
nucHoro Tekcra mpudrtom Times New Roman 12, ¢ uarepsasom 1,5, oT 5 miroctpamnuii
(pucyHKOB u/wian tabauir), ot 80 CChIIOK;

— KIMHUYECKOoe HaOmoaeHne (MpecTaBIeHne pe3yabTaTOB JOTHIECKN 3aBEPIIEHHOTO
KJIUHWYEeCKOro HabtoAeHus, He 6ojiee 5 cTpaHUIl MAIIMHOTUCHOTO TeKeTa mpudToM Times
New Roman 12, ¢ uarTepsasom 1,5, He 6osee 3-x nirrocTpainii (DUCYHKOB U/WJIN TabJINIL),
15-20 ccoLaok.

Cpoxu nogauu pykonucu: 01 utonst — 25 gexabps 2018 1.

KpnTepnn BKJIIOYEHUA B KOHKYPC: IIPE/ACTAaBJICHNE HOBbBIX CBelIeHI/If/’I, KOHIIENIIINnu, Opu-
TMHaJbHOU TPaKTOBKHN M3BECTHBIX JaHHBIX; BBICOKH I YPOBEHDb apryMeHTannuu, METO/INI€CKO-
ro, 6I/I6JII/IOFpa(1)I/I‘{€CKOFO COIIPOBOXJEHUA, ACHOCTD N3JTOKECHNA; B3BaUMOCBA3b C pEIIeHUEM
AKTYAJbHBIX, KPYIIHBIX 3a/la4; a/IEKBATHOE MMPEACTAaBJIECHNE MaTepUaJa Ha AHTJINHCKOM SI3BIKE.

Kpurepuu nckiouyeHus U3 KOHKypca: HeCOOTBETCTBUE KPUTEPUSIM BKJIOUEHW S, HAPY-
[meHne aBTOPCKOM aTuku (Iaruar, AyO0JaupoBaHue Mogayu pyKonucu, hparbcuduKaims
pPe3yJIbTAaTOB, MAHUITYJISAIUS JAHHBIMU, KOHMINKT THTEPECOB, JTOKHOE aBTOPCTBO, TPUTIACHI-
BaHUE IUTUPOBAHUS U JP.).

ITanpl ONEHKH My OJIUKAIMIA:

1. O1enka He MeHee 3-X BHEIIHUX PEIEH3EHTOB 110 OPUTUHAJIBHOCTH, aKTYaJbHOCTH,
MaciTaby ¥ yPOBHIO HCIOJHEHUST UCCIE0BAHNUS; COMEPIKATETbHOCTH U KAYECTBY U3J0KECHUS.

2. DKcIepTHas OIEeHKa YJIEHOB PEJIKOJIJIETUH 1TO0 COOTBETCTBUIO MOJUTHUKE Ky pHAJa.

3. 2-ropguunoe nutuposanue nybaukanuu (PUHI], SCOPUS, WoS).

OoGbsaeaenne nodenureinei kKoukypca no I u Il aTanam oneHku nyoauKamuii, a Takxe
0 TOPS/IKE BHIILJIATHI IpeMuilt — B JkypHase «O6mmas peanumaroaorusi»> Nel, 2019

IIpemuporanue noGeaureiei koukypca no I u Il atanam oneHku myoauKamuit
35 teic. py6. — B hopMaTe «OpuUTHHAIbHAS HAYUYHAS CTAThsI»

25 teic. py6. — B hopmare «0630p»

15 ThiC. py6. — B popMaTe «KIMHUYECKOE HaOM0IeHIE>

OGbsaaenne nodenuresnei Koukypca no IIl atany omenku nyGauKanuii — B TEKyIeM
HOMepe KypHaJjia [0 UCTeYEeHWH 2-X JIET ¢ MOMeHTa MyOauKauy Bcex paboT, IPUHATHIX Ha
KOHKypc. Bonyc mobeaurensam — npuraanrenune kK nyoaukanuu B xkypHaae «O06mas peanuma-
TOJIOTUS» ¢ GECIIaTHBIM NEPEBOAOM PYKOIIMCHU Ha AaHTJIMIACKUH S3bIK.

Bonpocsl no npoBeaeHuio Koukypca: journal or@mail.ru
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Dear Authors,

The Obshchaya Reanimatologiya (General Reanimatology) journal announces a con-
test for the best paper presented in Russian/English in the following nominations:

— original scientific paper (a report on the results of a logically completed study;
about 40 thousand characters; 5-8 illustrations (figures and/or tables), 25—40 references;

— review (critical discussion of the research topic; 10 and more pages; font: Times
New Roman, 12; interval 1.5; at least five (or more) illustrations (figures and/or tables); 80
or more references;

— clinical observation (a report on the results of a logically completed clinical obser-
vation; no more than 5 pages; font: Times New Roman, 12; interval 1.5; no more than 3
illustrations (figures and/or tables), 15-20 references.

Deadline for submission: July 1 — December 2018.

Contest eligibility criteria: presentation of new data, concepts; original interpreta-
tion of known data; strong evidence, clearly described methodology, prompt bibliographic
support and citations; clarity of presentation; relationship with the solution of relevant,
major problems; adequate presentation of the material in English/Russian.

Exclusion criteria: incompliance with the eligibility criteria; violation of the
author's ethics (plagiarism, duplicate submission of the manuscript, falsification of results,
data manipulation, conflicts of interest, false authorship, falsely-attributed citation, etc.).

Stages of the paper assessment:

1. Assessment of the originality, relevance, scope and level of execution of the study,
as well as the significance and quality of presentation at least by three external reviewers.

2. Evaluation of the compliance with the journal policy by the Editorial Board members.

3. 2-year paper citation (Russian Science Citation Index, SCOPUS, WoS).

Names of the winners based on stages I and II of the paper evaluation, as well as the
procedure of payment of awards will be published in Obshchaya Reanimatologiya No.1, 2019

Awards for the winners based on stages I and II of the paper evaluation
35000 roubles in the «Original Scientific Paper» nomination

25000 roubles in the «Review» nomination

15 000 roubles in the «Clinical Observation» nomination

The winners of the contest based on stage III of the paper evaluation will be
announced in an issue published 2 years after the date of publication of all papers accepted
during the contest. Bonus for the winners: an invitation to publish papers in the Obshchaya
Reanimatologiya (General Reanimatology) journal with a free translation of the manuscript
into English/Russian.

For more details, please, write: journal or@mail.ru
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