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O630p 1nocesiiieH npodjeMe HapyIIeHNI B CHCTEMe TeMOCTa3a U UX KOPPEKIIUK B IIEPUOIIEPAIIMOHHOM [IEPHO/Ie
y TAIMEHTOB, MO/IBEPraoIUXCst TPaHCIIaHTauK tedenu. OOCyKaaTes: (GU3MOJIOTH CUCTEMbI TeMOCTa3a; Hapy-
nreHnst (PYHKITNN CBEPTHIBAIOIIEH CHCTEMBI KPOBU Y TTAIMEHTOB HA PA3JIMUHBIX CTA/IUAX OTIePAIIUN TPAHCIIJIAHTAITIN
revyeHr; KOPPeKIHs HapyIeHni TeMocTa3a Bo BpeMs U MocJie OPTOTOTTMYECKON TpaHCIJIaHTAIny medenn. Tpanc-
IJTAaHTAIMA TTeYEHN BBINOJIHSETCS MalnenTaM ¢ 3a00IeBaHUAMHI TIeYCH B TEPMUHAIBHON CTaJNN MTeYEHOYHO-KIe-
TOYHOW HEOCTATOYHOCTH. IIpr 9TOM M3MEHEHUS B CHCTEME FeMOCTa3a 9TUX GOJIBHBIX MTPEACTABIAIOT 3HAYNTETLHBII
PHCK Pa3BUTHS, KaK KPOBOTEUEHHIT, TaK ¥ TPOMOO30B BO BPEMsT U MTOCJIE TpaHCIIanTannu medenn. Koppekims na-
pyTUIeHu reMocTasa Mpy TPAHCIJIAHTAIINH TTeYeHN TOJKHA TPOXOAUTH € YUeTOM HO30JI0TMUeCKOH (hOPMBI TTOBPEIK-
JIeHWST TIeyeH, MeXaHN3MOB Pa3BUTHS HApPYIIeHNH reMocTa3a PeluienTa 1 aTamna ormeparim.

Knmioueswie caosa: zemocmas; mpancnianmauus neueHu; c6epmuleaiouyas CUCTEMA KPOBUL; NePUONEPaUUOHHbLL
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.
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BBenenue Introduction

[TepBast oproTOnIMYecKast TpaHCIIIAHTAINS TIeue- The first orthotopic liver transplantation (OLT)
Hu (OTII) yenoseky Obina BbinosHeHa 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 npumenenus OTII kosmuectso BhinonHseMbix  of its clinical application has become longer from sev-
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olepaiuii B MUpe IOCTOSIHHO PACTET M IOKAa3aHUsI
BryovaoT 6Gosee 50 Hozosmornueckux gopm. Mame-
HEHMs B CUCTEMe reMOCTa3a IAIUeHTOB C PA3JIUIHbI-
MU HO30JI0THYecKUMU hopMaMu 3a60IeBaHUH, TPU-
BOZAIINX K HEOOXOAMMOCTH TPAHCIIAHTAIINH TIEYEHH,
MOTYT IIPEJICTABJISITH COOOI 3HAUYNTEBHBIN PUCK Pa3-
BUTHUSA, KaK TPOMOO30B, TaK U KPOBOTEUECHUIT BO BPEMSI
U I10CJIe OTlepaliy TpaHcIIanTaiyy nedenu. [Ipuau-
HBl TPOMOO3a WJIM MACCUBHOW KPOBOIIOTEPH IIPU
TPAHCIJIAHTAIINY [T€YeHU HOCAT MHOTOMAKTOPHBII
XapakTep U OIPEesSIOTCs IPeAoNepaluoOHHbIM
COCTOSTHHEM IeMOCTa3a y PEIUIIEHTa, a TAKIKE POJIbIO
AHECTEe3UO0JIOTMIECKUX U XUPYPrUIeCKUX MEeTO/IOB.

MDu310JI0rNs CHCTEMbI TEMOCTa3a

IemocTtaz — 270 oziHa U3 3AMUTHLIX (DYHKINHT 1
CHCTEM OPraHi3Ma, 00eCTIeYMBAIOIIAs], C OJ[HO CTOPO-
HBI, COXpaHeHre KPOBU B KDOBEHOCHOM pycJie B JKUJI-
KOM arperaTHOM COCTOSIHWM, a ¢ IPyroil — obpa3oBa-
HEE TPOMOOB TIPH TIOBPEIKICHIH CTEHKHU COCYIOB LISt
OCTAaHOBKHU KPOBOTEUEHUS U IIPEAOTBPAIeHUS KPOBO-
HoTepU. YCIOBHO CHUCTEMA TeMOCTa3a MOXKET OBbITh
nojipasziesicHa Ha 3 KOMIIOHEHTA: CBEPThIBAHUS, TIPO-
THUBOCBEPThIBaHUsI 1 (GPHOPUHOII3A. YCJIOBHO, TAK KaK
B IEHCTBUTEIBHOCTH 3TU CUCTEMBI TECHO B3AMMOCBS-
3aHbl, a WX Pas3jleJIeHue SIBJSETCS JIUIIb CIIOCOOOM
M3JI0KEHUS MaTepraa.

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

[[TepoxoBatTblil aHIOIIA3MATUYECKUIN PETUKY-
JIYM TeNaTOIUTOB SABJISAETCS OCHOBHBIM MECTOM CHH-
Te3a GeKoB cBepThiBaoliell cucrembl. CHHTES TIPO-
tpombuna u daxropos VII, IX u X saBucur or
Hajan4yus BUTaMuHa K — skupopacTBOpUMBIN BUTA-
MWH, BbIPAOAThIBAGMBIN KUIIEYHBIMU OAKTEPUSIMU.
Conepskanue Butamuna K cornpsizkeHo ¢ BcacbIBAHUEM
SKUPOB B KUIIIEYHUKE.

Buramun K aktuBupyet dhepMeHTBI dHIOIIA3-
MATHYECKOTO PETUKYJyMa TelaTOIUTOB, KaTaJIlu3n-
pyIolirie rTaMMa-KapOOKCHIMPOBAHIE OCTATKOB TIyTa-
MUHOBOH KUCJIOTBI B TIPEINIECTBEHHUKAX (HaKTOPOB
cseprhiBanus [2—4]. Baarogaps raMma-kapOOKCUIIn-
POBaHUIO, B YaCTHOCTHU, BO3PACTAET CIIOCOOHOCTD MTPO-
TPOMOMHA CBA3BIBATH MOHBI KaJIbINs U hochonumu-
bl U OBICTPO TpeBpalaTbcss B TPOMOUH B
npucyrcteuu (akropoB V n X. HemocraTounocTtsb
puTamMuHa K npuBoMT K HApyIeHUT0 KapOOKCHIHPO-
BaHMs TPO(GEPMEHTOB MPOKOATYJSHTHOTO MYTH U
COITPOBOK/IAETCST KPOBOTOYMBOCTBIO, TIOIKOKHBIMU U
BHYTPEHHUMU KPOBOUBJIUSIHUSMU.

Bee depmeHTBI TPOKOAryJITHTHOTO TTYTH SIBILIOTCS
CEPUHOBBIMU TIPOTEA3aMH, CHHTE3UPYIOTCS B II€YCHU B
BHJIE HEAKTUBHBIX ITPO()epPMEHTOB U B TaKOIi (hopme 1T1p-
KYJIMPYIOT B KPOBU. B 1upKympyionieit KpoBu cozep-
sKaTcs PO epMeHTbl TPOTEOTUTUYECKUX (hePMEHTOB:

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 Peasim3ary TpOMOOTEHHOTO CUTHAA TTPOhepMeH-
ToI (paxropsr VII, IX, X u II) 3a cuer yacTrunoro mpo-
TeosM3a TIPEBPAIIAIOTCS B  aKTHBHBIE (DEPMEHTBL
Haxongmmecss B xpoBu daxktopsl Va (akienepun) u
VllIla (anTuremoduiibHbI (HaKTOP), a TaKxKe MeMOPaH-
Hblii Genok — Tkanesbii daxrop (TD, daxrop III)
SIBJIAIOTCS GETTKAMU-aKTHBATOPAMHE THX (DEPMEHTOB.

Txanessrit paxrop (dakrop I1I) nmpexcrasmusier
co60ii KoMILIeKC, cocTosdmuil u3 6eka u dpocdaru-
muncepuHa. OH sIBJISIETCST OZHOI U3 KITI0UEBBIX MOJIE-
KyJI cucTeMbl TeMocTtasa [5]. BenkoBast yacthb TKame-
Boro ¢akropa (anmonporenn I1T) axcrionuposana Ha
MOBEPXHOCTU MHOTHUX KJIETOK (MO3Ta, JIETKHX, IeYeH!,
CeJIe3eHKU U JIP.) M cBsa3aHa ¢ GochatngnicepuHoM
razMaTiHdecknx MemMbpan. OHaKO MOABJICHNE ano-
nporenna 11 Ha moBepXHOCTU KJIETOK, CONTPUKAcaio-
MIUXCS C KPOBBIO (9HIOTETMATBHBIX U MOHOITUTOB),
MPOUCXOIUT TOJBKO TIPU OIPEETeHHBIX YCIOBUSX:
IPY TOBPEXIEHUN COCY/A /WU HAPYIIEHUN HOP-
MaJIbHON aCHMMETPUY WX MIa3MaTHYECKUX MEMOPaH.
TkaneBwril (hakTOpP B MPOTEOJTUTUIECKON aKTUBATIUN
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 BBIOJHSIET PsI/T BAXKHBIX (GU3UOJIOTH-
yeckuX QYHKIUI: SBJIsIeTCS (PEPMEHTOM MPOKOAry-
JISHTHOTO ¥ KOHTAKTHOTO IIyTeil CBEPThIBAHM KPOBH,
UHUIUUPYET PEAKIUU AHTUKOATYJISIHTHOU ¢assl,
BBI3BIBAET arperanuio TPOMOOIMTOB U OKa3bIBAET
MUTOTEHHOE [eliCTBUE, YIACTBYS B PO EPAIIUH 1
penapanuu Kjaetok. TpoMOUH, SBJASICH OJIHUM 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 HU3KOoI KOHIIeHTpaIun
OH y4yacTByeT B akTuBIUU 1porenta C u sgBJsieTCs
AHTUTPOMOOTHYECKUM areHToM. [Ipu Bo3pacTaHuu B
KPOBU €ro KOHI[EHTPAIUI, OH KOHBEPTUPYeT (hubpu-
Horen B (pubpun, aktusupys daxropsr V u VIII. B
JIAHHOM CJlydae OH 9KCIPECCUPYET MPOTPOMOOTHYE-
CKY10 crTocOOHOCTB. [pr 04€Hb 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 KOHGOPMAIIUS U MOBbIIIIA-
eTcs CPOACTBO K hocdomnnmaam MeMOpaH 1 (hepMeH-
TaM, KOTOPBIE OHU AKTUBHUPYIOT.

®@axkrop V u daxrop VIII — nomennbie GeKi,
rupKyJmpyiomue B kposr. O6a hakTopa akKTHBUPYIOT-
Cs1 YACTUYHBIM TIPOTEOJIZ0M IO/ IEHCTBUEM TPOMOMHA.
Makrop VIII B 11a3me KPOBU HAXOJAUTCS B KOMILJIEKCE
¢ 6enkoM — axropoM on Buinebpana. axrop dhox
BusuieGpanzia B 95ToM KOMILIEKCE CTabuIn3upyer ak-
top VIII, mpensrcTByst ero pa3pyieHuio mpoTeoaInTh-
yecKUM (hepPMEHTOM aHTUKOATYJISTHTHOU (Dasbl.

®Daxkrop don Busrebpanga, KOTOpbiid urpaer
BaKHYIO POJIb B TEMOCTATIYECKIX MTPOIECccaX, CHHTe-
3UpyeTcs B 9H/I0TETNATBHBIX KJIeTKax, a hakrop VIII
CUHTE3UPYETCsl KaK relaToluTaMu, TaK U BHeIeve-
HOYHBIMU CHHYCOUJQJIBHBIMU DHIOTETUONUTAMU.
®Daxrop Busiebpania urpaet KIoueByio poJib B ajire-
3um u arperaiuut TpomboIToB. OH CIIOCOOCTBYET
CBSI3U TPOMOOIUTA ¢ CYOIHAOTEIMEM U CTAOMIUBIPY-
et daxrop VIII, 3amuinas ero oT WHAKTUBAIUA U
onHOBpeMeHHO Tpancrioprupyet dakrop VIII k mecty
nospexennst. Makrop VIII Bcerna cesizan ¢ akro-
pom Buiuiebpanna.

DusnosornyecKre HHrHOUTOPBI CBEPTHIBAHS
KPOBU UTPAIOT BAKHYIO POJIb B MOJIEPKAHUU TeMO-
CTa3a, TaKk KaK OHU COXPAHSIOT KPOBb B KUIKOM
COCTOSTHUH U MPEISITCTBYIOT PACIPOCTPAHEHUIO TPOM-
6a 3a ero npesesbl. CBEPTHIBAHUE KPOBH TOJLKHO OBITH
OTPAaHIYEHO HE TOJIbKO B IPOCTPAHCTBE, HO ¥ BO Bpe-
MeHU. AHTHKOATYJITHTHAs (pa3a OrpaHUIIBAET BPeMs
CYIIECTBOBAHMS AKTUBHBIX (DAKTOPOB B KPOBY U UHU-
uupyercss camum  TpoMm6unom. CiieloBaTesibHo,
TPOMOUH, ¢ OZIHON CTOPOHBI, YCKOPSIET CBEPTHIBAHUE
KPOBH, SBJISISICH TIOCTEeNHUM (DEPMEHTOM KacKaja

V and VIIL. 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
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peakiuili KoaryJasaiuu, a ¢ Ipyroil — TOPMO3UT €ro,
BbI3bIBast oGpasoBaHue (PepMEHTHBIX KOMILJIEKCOB
AHTUKOATYJIAHTHON (ha3bl Ha HETIOBPEKICHHOM 9H/10-
TEJUU COCYNOB. ITOT ITAN MPEACTAaBIAET COOOii
KOPOTKHI KacKajl peakiiuii, B KOTOPOM KpOMe TPOM-
GUHA y4acTBYIOT GEJOK-aKTHBATOP TPOMOOMOLYIUH
(Tm), Buramun K-3aBucumasi cepuHoBas 1poTreasa
nporeud C, Genok-aktusatop S u dakropsl Va u
VIlIa. EcrecrecTBeHHbIE aHTUKOATYJISTHTBI, BJIUSIO-
1iMe Ha KacKajl CBEPTBIBAHU, TAKKE CUHTE3UPYIOTCS
neyeHblo. AHTUKOArYJIAHTHAs (pa3a BbI3BIBAET TOPMO-
JKeHMe KacKa/la peaKIlnii cBepThiBaHng KPOBU, & MHTHU-
6uTOpbl (hEPMEHTOB CBEPTHIBAHUS WHAKTUBUPYIOT
AKTUBHbBIE (PePMEHTBI B KPOBIHOM pyCiIe.

Baxnag dynkimsa dhochoannumiosB B cBepThIBA-
HUM KPOBY CTajla U3BECTHOMW IMOCJIE TOTO, KaK OBLIO
[IOKa3aHo, 4TO cMech (HochOIUIINI0B MOKET 3aMe-
HUTb TPOMOOIUTHI MPU aKTUBAIMU CBEPTHIBAHUS
kpoBu in vitro [7—9]. Ixeitmc Moppuccu (James
Morrissey) uz Yuusepcurera VamnHoiica orMevaer,
4TO JIECATUNETUSIME OMOXUMUKHU 3HAJM, 4YTO JJISI
«3aI1yCKa» CBEPTHIBAHMS KPOBU HEOOXOIANMO B3aUMO-
neiicTBue 6eKOB — (PaKTOPOB CBEPTHIBAHKS — 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, B3aumMoaeiicTBYIOLI1ii CO Clienu-
(buYecKUMU JUTUAAMY KJIETOYHOW MeMOPAHbI, MHU-
UUPYS XUMHUYECKHEe IIPOLeCChl, OTBeyalole 3a
cBepThIBaHUE KpoBU [12].

Tkanessrit hakrop, pakrop Va u daxrop VIlia
MMEIOT IIeHTPbI CBA3bIBaHNA ¢ (hochonunmiaMm Mem-
6pan u pepmentamu VIla, IXa u Xa, cOOTBETCTBEHHO
(puc. 2). Ilpu cBga3piBatny ¢ OeJIKaMU-aKTHBATOPAMI
B pe3yJibTaTe KOH()OPMAIIMOHHBIX U3MEHEHU aKTHB-
HOCTbH 3TUX (pepMeHTOB noBbImaeTcst [11].

BaanmozeiictBue GepMEHTHBIX KOMILIEKCOB C
KJIETOUHBIMU MeMOPaHAMU TIPOUCXOAUT C YUaCTHEM
nonos Ca?'. Bce npodepMeHTsl TPOKOAryJ/IssHTHOIO
nytu (11, VII, IX, X) comepskaT octaTKu y-KapOOKCH-
Ty TAMIHOBON KHMCIOTHI, 00Pa3yIOTINIECsT B Pe3y IbTaTe
MOCTTPAHCASIINOHON MOAUMDUKAINN 3TUX OEJIKOB B
SH/IOTJIA3MATHYECKOM  PETHKYJyMe TelaTOINTOB.
OcTaTku y-KapOOKCUTITy TAMUHOBOMN KUCJIOTHI B (haKTo-
pax VIla, IXa u Xa obGecrieunBaioT B3anMo/ieiicTBre
atux depmeHTOB ocpencTBOM Ca’’ ¢ oTpuIare bHO
3apsiKeHHBIME (HOChOTUITHIAME KJIETOUHBIX MEMOPAH.

DepmeHTHBIE MEMOPAHHBIE KOMILJIEKCHI IIPOKOA-
TYJISTHTHOTO IYTH 06Pa3yIoTCst TOJIBKO MPU HATUYUT
Ha BHENIHe} IOBEPXHOCTH IJIa3MaTUYECKOI MeMbpa-
HBI KJIETOK TKaHEBOTO (haKTOpa U OTPUIIATEIBHO 3aps-
sKeHHBIX hochoaununos (puc. 2). [Tonepeunas acum-
METPHS IJIa3MaTHYeCKUX MeMOpaH, B YaCTHOCTH,
onpejiesisieTcst mpeodialaHieM B HapyKHOM CJIoe Hell-
TpasibubIX (ochomununos (dhochaTuganiaxoauna u
cchuHroMuenHa), a BO BHyTPEHHEM — OTPUIATETHHO
3apskeHHbIX ((ocharuannaaTanosamuna u pocdaru-
muncepuna). CroernuanpbHag (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 11, 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; Z= — 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.

IIpumeyanune. — — axTuBainus GakTopoB CBEPTHIBAHMS KPOBH; > — aKTHBAIMs (DAKTOPOB CBEPTHIBAHUS KPOBH II0 IPUHIHITY 110JI0-
JKUTEIBHOI 00paTHOl cBA3M; 77 — MeMOpammbiii hochomummumnbiii kommnonenT GpepmenTHux Komiuiekcos. TF — Tkanesoit dakrop
(tissue factor), Va, VIIIa — Gesku-axkrusaropsl. 1, 2 — dakrop VIIa membpantoro komiiekca VIIa-TF-Ca*" aktusupyer daxropst IX i
X; 3 — (axrop [Xa memGpanHoro komiuiekca [Xa-VIIIa-Ca®" axtusupyer dakrop X; 4, 5 — dakrop Xa MeMOpaHHOTO KOMILIEKca Xa-
Va-Ca?* npespaiiaer nporpom6ut (dakrop 1) B tpombui (paxrop [1a) u akrusupyer hakrop VII; 6—10 — tpombun (dakrop I1a) mpe-

BpAIllaeT HepacTBOPHMBIi hubprHOreH B pacTBopnMbIil 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 KoaryJIsiimoHHON aKTUBHOCTHIO
06JIaAI0T OTPUTIATENHFHO 3apsiKeHHbIe (hoChOTUTH-
nel: docharuauicepus, dochaTuanIITAHOTAMIH.
GLA-nomen B3aumojielictByet ¢ gochaTuganicepu-
HoM [phosphatidylserine (PS)], Bxosamum B cocTas
MeMmOGpatnbl kneTkn [10, 12]. Camo 1o cebe HempodHoe
cesasbiBanme docharuauicepuna (PS) ¢ dpakropom
CBEPTBIBAHUS CTAHOBUTCS TOPa3/o 6oiee TIPOYHbBIM B
MpUCYTCTBUM JIpyToTo hocdommnumaa — dhocharuam-
moranonamuna (PE). O6a dochomunuga — PS u PE
B GOJIBIINX KOHIIEHTPAIMSIX MPUCYTCTBYIOT HA BHYT-
PEHHEM JIeTeCTKe MUTOMIa3MaTHYECKOi MeMOpaHbI
MOKOSIIIeNicsT KIeTKU. V aT0 3aTpyAHsIeT NX KOHTAKT C
cdaxropamu cBepThiBaHus. [Ipu moBpexaeHun Kie-
touHoil Membpanbl PS u PE BzaumomeiicTByior ¢ (pak-

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. [TpearnonokutesnbHo MPH aKTHBAIIUY TPOM-
GOIUTOB ¥ HHAOTENUOIUTOB TPOUCXO/UT TIePEMelie-
Hue PS u PE ¢ BHyTpeHHero Ha BHenHuil JenecTok
€ro MUTOIIA3MATHYECKOH MEMOPAHBI U TPOUCXOUT
DKCIIOHIPOBaHIE OTPUIIATETBHO 3apsKeHHbIX (hocdo-
JIUTTIIOB 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,-anTurmiazmuna). Bee nporenssl,
BOBJICUEHHBIE B TIpoliece (hUOPHUHOIN3A, 32 HCKIHOUe-
HueM TAII 1 mHrHOUTOPA aKTUBATOPA TTA3MUHOTEHA
1 (MAII-1), cuaTtesupytorcst B neuenn. CHMKeHMe
(hUOPUHONUTHYECKON aKTUBHOCTH KPOBH COITPOBOJK-
JaeTcst TpoMOO3aMIL.

CyniecTByeT HECKOJIBKO TEOPUI CBEPTHIBAHUS
KPOBHU:

» Kilaccuueckas Teopust cseprboiBanus [13, 14];

* Teopust Bomomaa nim KackaaHast reopust [ 15, 16];
¢ [TepecmoTrpennast Teopus xoarymsaiun [17];

» Kirerounas mozens remoctasa [ 18].

Teopuu cBepPTHIBAHUS KPOBU PaCCMaTPUBAIOT
HOCJIEJOBATEIBHOCTD COOBITHH, KOTOPBIE IIPOMCXOAT
MoCJie TIOBPEKIEHUS COCYIUCTON CTEHKHU /IO MOMEHTA
obpaszoBanust GUGPUHOBOTO crycTKa. IIpu oBpeKIe-
HUW COCY/la <«BKJIOYAETCS» KACKaIHBII MEXaHW3M
aKTUBAIIK PEPMEHTOB C TIOCJIeI0BATEIbHBIM 00pa3o-
BaHUEM TPeX CBS3aHHBIX ¢ hochomumupiaMu KieTod-
HOI MeMOpambl (hePMEHTHBIX KOMILIEKCOB. Kaxbiii
KOMILIEKC COCTOUT M3 TPOTEOTUTHIECKOTO (DePMEHTa,
6enka-akTusaropa u nouos Ca?*: VIIa-TF-Ca?', IXa-
VIIla-Ca?" (tenasa), Xa-Va-Ca*" (nporpombuHasa)
(puc. 2). Kommieke Xa-Va-Ca?" (iporpoMOHHA3HbIIT
KOMILJIEKC) akTuBUpyeT nporpoMOun (daxrop IT).
Kackan ¢dhepMeHTATHBHBIX Ppeaknuii 3aBepiimaeTcs
06pazoBaHIEM MOHOMEPOB (hHOPHHA 1 MTOCTIELYIOMINM
dhopmupoBareM TpoMba.

B akTtuBanum (epmMeHTOB Kackana BBIZEISTIOT
TPU OCHOBHBIX MEXaHU3Ma: YACTHMUHBIN MPOTEOJINS,
B3aMOJIeHiCTBHE ¢ OeJIKaMU-aKTHBATOPAMU U B3aMO-
nieiicTBrE ¢ MOAUMUITUPOBAHHBIMU KJIETOYHBIMHI MEM-
6panamu. CBepThiBaHUE KPOBU 00€CTICUNBACTCS B3au-
MozeicTBreM 0e/KOB 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 K MOHOITUTBI) C TOBPEKIEHHBIM
BHJIOTEJINEM WJIN CYOIHIOTEINATBLHBIMU CTPYKTYPa-
mu. B HopMe Bce GeiKy U KJIETKU KPOBHU, y4aCTBYIO-
M€ B CBEPTHIBAHUY KPOBU, HAXO/SITCS B JIATEHTHOM
COCTOSTHUH M aKTUBUPYIOTCSI TP HAPYILIEHUN 1€JI0CT-
HOCTH CT€HKU cOCy10B. CUMTAETCSI, UTO IPU TIOBPEXK-
JIEHUH SHJIOTEJIVS, TIEPBBIMU PEATUPYIOT TPOMOOIIUTHL.
Croco6HOCTh TPOMOOITUTOB MPUIHUNIATH K MOBPEXK-
JIeHHOI TIOBEPXHOCTU CTEHKU cocy/a (are3ust) u Apyr
K apyry (arperanus), CBSI3bIBATbCS ¢ (QUOPIHOM,
06pasyst TPOMOOITUTAPHBII TPOMO, 1 CEKPETHUPOBATH B
MecTe MOBPEKIEHNS COCY/Ia reMocTaThuyeckie (hakTo-
PBL OIpenesisieT UX POJib B TeMocTasze. AKTHUBALIUS
TPOMOOIIUTOB ~ CONPOBOXKIAETCS TMOSBICHUEM Ha
MOBEPXHOCTU IJIa3MAaTHYECKOI MeMOPaHbl OTPHILA-
TEJIbHO 3apSIKEHHBIX YYACTKOB, 00pa3oBaHHbIX (oc-
daruanIcepuHOM.

OcHOBHbBIE UHYKTOPBI AKTUBALUN 1 arPeraruu
TpombonuTos — dakrop dhon Bumnebpanna, Koia-
red, tpombun, AJ]D. Ilrasmatudeckas MemGpaHa
TPOMOOIIMTOB COJEPKUT HECKOJIBKO THIIOB PEIENTO-
poB dakropa dhon Busurebpanga. IToT hakrop, B3au-
MOJIEHCTBYSI € PElenTopaMH, IeHCTBYET Ha TPOMOOTIN-
ThI Yepe3 uHosutosdocdaruyio cucrteMy nepeiradn
curnana. B pesyssrate aToro TpoMOOIUTHL IpHoGpe-
TaoT MUIoBUAHOChepudecKyio hopmy, obiaeryaro-
IIYI0 UX B3AUMO/JIENCTBUE APYT C IPYTOM U C TIOBEPX-
HOCTBIO TIOBPEXRIEHHOTO anpoTenus. Hawubosee
BasKHbIE IEPBUYHBIE WHYKTOPBI aKTHBAIIUU TPOMOO-
[IUTOB — TPOMOUH U KoJuiareH. Baanmoyieiictere aTux
6eIKOB €O crelupUUECKUME PEIENTOPaMH MIa3Ma-
THYECKO# MeMOpaHbl TPOMOOIMTOB MPUBOIUT K
moGumsaryy Ca®" U3 II0THOI TyOyISIPHOI CHCTEMBL
B IIUTOILJIA3MY, YTO B KOHEYHOM UTOTE BBI3bIBAET UX
AIT€3UIO0 ¥ arperauio.

AxTuBarust TpoMOOIMTOB COMPOBOKIACTCS U3ME-
HEHMeM X MeTaboIM3Ma U 0CBOOOSKIEHEM OUOJIOTH-
YeCKU aKTUBHBIX BEIeCTB. DTU BEIIECTBA BBI3bIBAIOT
MOpPQOJIOrnYecKrue M3MeHeHMs, a/Ile3UI0, arperauio
TPOMOOIMTOB U YYACTBYIOT B 06pa3oBaHUu TPOMOA.

Hapymienune  yHKIIMOHAIBHOW — aKTHBHOCTH
PEIIENTOPOB U CUCTEMbBI BTOPUYHBIX TOCPEIHIKOB TPOM-
GOIUTOB IPUBOUT K MBMEHEHUIO UX (DYHKITUH U MOSKET
SIBUTHCSI IPUYUHOM Psizia 3a0071€BaHNT, COTTPOBOK/IAIO-
Xcst TpoMOGO3aMu WK KpoBoTedeHusmMu. Tpomboriu-
TBI, CKAIJIMBAsICh B MECTE MOBPEKAEHUSI, 00PasyioT
TPOMOOIUTAPHYIO TTPOOKY, KOTOPask MOJKET OCTAHOBHUTh
KpOBOTeueHne u3 MeJKuX cocynoB. Crabusmsariist
TPOMOOB 3aBUCHUT OT TIOSIBJIECHUST TPOMOUHA, KOTOPBIii
BbI3bIBaeT 0OpasoBatue HuTeil hpubpuHa, cTabuIn3u-
pyIoIMX TPOMOOIMTAPHBIE arperaTbl B apTepUsIX U
SIBJISTIONIUXCST  OCHOBHBIM KOMIIOHEHTOM BEHO3HbIX
tpoM60B. O6pazoBaHuie TPOMOUHA MPOUCXOAUT B
pesyJIbTaTe CEPUU ITOCIe[OBATEbHbIX PEAKITHIA, B KOTO-
PbIX y4acTByIOT 12 6eKoB — (aKTOPOB CBEPTHIBAHUS,
nonbl Ca?" u pochosmnuapl. Bee dhakropsl cucrembr
reMoCTa3a, B aKTUBUPOBAHHOU (DOpMe SIBJISTIOTCS CIie-
[IATM3UPOBAHHBIMU (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; vVWF — von Willebrand factor.

IIpumeuanue. — — axruBanus GakTopos ceeprhiBaHus kposu (Activation of factors blood clotting);

~~~~~ > — akrTuBalug TpOM6OL[l/lTOB

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

IIECC CBEPTBHIBAHMS IIPUHATO JIEIUTH HA TIOCJIE/IOBATE b=
HbIE CTA/INN, KaXK/ast U3 KOTOPBIX COCTOUT B TIpeBpaliie-
HUW OIPE/IeJIEHHOTO KOMIIOHEHTa B €ro aKTHBHYIO
opmy. IIporiecc cBepTbIBaHUS — CJIOKHO PETyJINUpye-
MBIiT ITPOIECC CO MHOKECTBEHHBIMEI OOPATHBIMUY CBSI3SI-
M, 06ECIIEYNBAIOIIMMU OBICTPOE (IIOIOKUTEIBHBIE),
JIOKa/IbHOe (OTpULIATEIbHBIE) 1 BpeMenHoe (hubpumo-
JI3) TPOMOMPOBAHUE TOBPEKIEHHBIX COCYJIOB.

Ha puc. 3 npezcrasiena o0mas cxeMa akTHBA-
MU KacKajla TeMOKOATYJISAIIUH.

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

K yucay daxkropoB cBeprbiBaHUS OTHOCAT U
(bubpUHOTEH, KOTOPBIII 1101 BO3AeicTBUEM TPOMOMHA
npeBpaiaeTcst B HepacTBOPUMBIii (hubpuH, cocras-
JIIOIIUE CTPYKTYPHYIO OCHOBY TpomOa.

Arperaiusi 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-
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pasi MOKeT OCTAHOBUTH KPOBOTEUEHIIE [TPU TIOBPEIKIIE-
HUU MEJIKUX COCY/I0B. B arperanuu TpoM6o1nToB ¢hud-
PUHOTEH BBIMOJIHSIET POJIb MOCTUKOB, CBSI3bIBAIOIIIX
MEsKLy COO0iT aKTHBUPOBAHHbIE TPOMOOIHUTHL.

Jliist hpubpuHOTEHA ONUCAHBI CE30HHBIE U3MEHE-
HUST KOHIIEHTPAIIUY C MAKCUMYMOM B 3IMHUE 1 MUHU-
MyMOM B jieTHue Mecsitibl. Hanbosiee BeposiTHOM 1pu-
YUHOI MOBBIIEHUS (PUOPUHOTEHA B 3UMHUE MECSIIbI
SIBJIIETCST YBEJIMUEHUE YACTOThI PECIIMPATOPHBIX 3260-
JIEBAaHWH 1 KoJinuecTBa HeiTpodunos [19—21].

M Hoffman and DM Monroe I1I upeaioxuin
KJIETOUHYIO MOJieJib cBepThiBanus kposu (cell-based
model of coagulation). Ona npeamnosaraer, 4To 1IPo-
[[ecC KOATYJISIIIIK PETyJIUPYeTCs 32 CUeT U3MEHEeHMI
CBOICTB KJeTouHol rmoBepxHocTu [18]. Kierounas
MOJIeJIb CBEPTHIBAHUSI KPOBU BKJIIOUAeT TPU (asbl:

1. Muaunuanug. B nepsyio ¢aszy npoucxoaur
aktuBanus dakropa VII Ha moBepxHOCTH KJIETOK,
conepskarux tTkaneBoit hakrop (TF). K rakum kiet-
KaM OoTHOCATCSA (huOPO6IACTBI, TIAJKOMBIIIECYHBIE
KJIETKU COCY/IOB, MOHOIIUTHI, HeliTpoduibl. KieTku,
Hecyue TF, HAUMHAIOT KOHTAKTHPOBATH C IJIA3MON.
[Tpu NOBPEKAECHUN COCYAUCTON CTEHKU OOHAKAIOTCS
cyGaHI0TeMaIbHBIE CTPYKTYPBI (KOJUIAreH), 4TO
MPUBOJIUT K CKOIJIEHHUIO B ATOI 06J1aCTH TPOMOOIIUTOB
(agresus). TF cBaseiBaercs ¢ daxropom VII ¢ o6pa-
3oBanneM komiiekca TF/VIla, koropsiit 10KkambHO
Ha noBepxHocTH TF-Hecymnux KJIeTOK aKTHUBUDPYET
axropsr X u IX. Makrop [Xa Murpupyer u cBsi3biBa-
eTCs ¢ MOBEPXHOCTHIO TPOMOOIIUTOB, B TO BPEMsI KaK
caxTop Xa ocraercs HA MOBEPXHOCTU KJIETOK, HECY-
mmx TE @akrop Xa aktuupyer pakrop V. B pesyib-
tare, oOpazoBasiuiicst Ha nopepxnoctu TF-mecymnx
KJeToK KoMmIuieke Xa/Va paciierisier mpoTpoMOuH
(daxrop II) ¢ obpasoBanueM HeGOIBLIOTO KOJIMIECTBA
TPOMOHMHA, KITI0OUEBOTO (haKTOPa MOCITIEAYIONIETrO YCu-
JIEHWsI AKTUBAIUU CUCTEMBI CBEPTHIBAHMS.

2. Ammummdukanug. Peaknuu ¢aspr «Amriu-
(uKarmu» TPOUCXOAT HA TOBEPXHOCTH TPOMOOIIHU-
toB. Heboubiioe kosmmyectBo TpoMbuHa, 06pa3soBas-
merocsi B dazy «Muunuanuu», aKTUBUDPYET
tpombouuTsl, haxtopsr V, VIII, XI. TpomOuH c1roco6-
cTByeT BhicBOOOsKIeHnIo hakropa VIII 3 komiuiekca
¢ hakropom Busiebpana, B pesysbsrare o6pasyercs
VIIla. AKTuBupOBaHHble HEOOJBIIMM KOJIMYECTBOM
obpaszosasierocst B hasy «Muunmanuu» tpoMbuna
akropsr B cinenytontyio dazy (hasy «Pacipocrpane-
HUsT» ) obecriednBaioT (hOPMUPOBAHUE HA TPOMOOIIHU-
TapHOU MATPHIlE OTPOMHOTO KOJHYECTBA TPOMOUHA,
KOTOpOE CII0COOHO TepesecTr (pubpuHOreH B GrOPUH.

3. Pacnpocrpanenue. Ha moBepxHocTu akTuBu-
POBaHHBIX TPOMOOIMTOB (HOPMUPYIOTCS TEHAZHBII
(VIIla/IXa) u nporpombunasmbiii (Va/Xa/Kajb-
it/ axrop 111 TpoMOOIMTOB) KOMILIEKCHI, YTO IIPO-
BOI[UPYET TaK HAa3bIBAEMbII «TPOMOUHOBBIN B3PBIB».
Tpom6us nepesoaut @ubpunoren B Dubpu, a Takke
axTusupyet dakrop XIII, obecneunBaromuii crabuim-
3a1uio (PUOPUHOBBIX HUTEH 1 06PA30BaHNIE MHOKECTBA
KOBJIEHTHBIX [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 CBEPTHIBAHMS KPOBU IIPOUCXO/SIT HA PA3INIHBIX OBEPXHOCTsIX KieTku: VHunmnarnums — Ha TM-Hecymux kierkax;
Amindukaigst — Ha TpoMOOIHUTAX, 110 Mepe UX aKTUBUPOBaus; 1 Pacripocrpareniie — Ha aKTHBUPOBAHHOMN TTOBEPXHOCTU TPOMOOIUTOB.

Tpu dasbl cBepTHIBAaHUSA KPOBH MPOUCXOJAT Ha
Pa3JIMYHBIX TIOBEPXHOCTAX KJeTku: Hunmanmsg — Ha
TD-Hecymux KieTkax; AMIINGUKAIMs — Ha TPOMOO-
IIUTaX, 10 Mepe X aKTUBUPOBaHu; 1 Pactipoctpanenue
— Ha aKTUBUPOBAHHON TIOBEPXHOCTH TPOMOOIUTOB.

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

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

*  KoarysngimonHnslii npotiecc B pusnonornye-
CKUX YCJIOBUAX JIOKQJIN30BaH 30HOH flehekTa cocya.
Ero HepacrpocTpaHeHHIo crocOGCTBYIOT MPOTUBO-
CBEPTHIBAIONIAS CUCTEMA U HOPMAJIbHO (DYHKITMOHU-
pYyIOIIHe SHIO0TEINOIUTDI.

e M36bITOK TpOMOMHA B OpraHU3Me 4eI0BeKa
UHAKTUBUPYeTCs aHTUTpoMOuHoM 111, KoTOpbIii Takke
akTuBeH B oTHommennu 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 TlomepKaHUio KPOBH B JKUIKOM COCTOSIHUN
CIIOCOOCTBYIOT PETUKYIOIHAOTEINANbHAS CUCTEMA U
renaToIUThl TTOCPEACTBOM CHennpUIecKoro yaane-
HUST aKTUBUPOBAHHBIX (DAKTOPOB CBEPTHIBAHMS KPOBU
u ¢pubpuHoreHa 6e3 KaKoro-aubo BIMSHII Ha IPe-
IIECTBEHHUKH, ITyTEM OTPAaHUYEHUS PACTIPOCTPAHEHUS
KOAryJISIUK IPH y9aCTUU MHTMOUTOPA Iy TH TKAHEBO-
ro akropa (tissue factor path way inhibitor, TFPI),
TPOMOOMO/LYJIMHA, TeNAPUHONOA00HBIX TIMKO3aMUHO-
IJIMKAHOB OBEPXHOCTH 9HIOTETHMOIUTOB.

B HOpMe crcTeMa reMocTasa HaXOAUTCs B IMHA-
MUYECKOM paBHOBecHH. VI30bITOUHOE MM HeL0CTa-
TOYHOE KOJMYECTBO TPOMOOTEHHBIX (haKTOPOB WK
HEZ0CTaTOYHOCTh AHTUKOATYJISAHTHBIX — OCHOBHAsS
[PUYMHA HAPYIIEHUIi reMOCTasa.

N3meHeHus B cucremMe reMocrasa
Ha pa3JUYHbIX JTallaX OoIle€paluu
TPpaHCIVIAHTAIIUH II€YECHHU

TpancrianTanusi Me4eHn TMPOBOAUTCS TIOJ
o6Imeit anecTesueli ¢ IpuMeHeHreM TPoTiodoa, HHra-
JISIIMOHHBIX aHECTETUKOB, KCEHOHA W IPYTUX Iperna-
patoB [22]. ITpu TepMUHATBHON CTAUN T€4EHOUYHO-
KJIETOYHOW HEeJZO0CTaTOuHOCTU (OPMUDPYETCS P
OOIIMX MEXAHU3MOB, HAPYIIAIOINX (haPMAKOKIHETHU -
YecKue CBOICTBA JIEKAPCTBEHHBIX MTPENAPaTOB:

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

* Hapyiienue BHyTPHUIIEU€HOUHOI T€MOIIUPKY-
JISIIUU ¥ PA3BUTHE TIOPTATIBHOM TUIIEPTEH3UN TTPUBO-
IUT K TIOMAJaHUIO BCOCABIIUXCS B KHUIIEYHIKE
JIEKAPCTBEHHBIX TIPETIAPATOB CPa3y B CUCTEMHBII KPO-
BOTOK, MHHYSI TI€4€Hb.

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

* VBesmueHue J0J¥ HECBA3AHHBIX C aIbOyMU-
HOM JIEKAPCTBEHHBIX BEIIECTB MOKET COITPOBOKAATH-
CsI TIOBBIIIIEHNEM X aKTUBHOCTH UJIU CIIOCOOCTBOBATH
Gosiee OBICTPOIT SIUMUHALIMH.

Baskneinmm mpuHIIMIIOM aHECTE3U0JIOTUIECKO-
TO TIOCOOUS SABJISIETCST OTIEPEKATONIIA WU TIPEBEHTHB-
HBIT XapakTep JedeGHBIX Mep, BHIOOP KOTOPBIX OCHO-
BaH Ha Pe3yJIbTaTaxX JAeTaJbHOI MPeloTepPaIlHOHHO
OIIEHKM COCTOSTHUS TaIlueHTa. TsKecTb UCXOIAHOTO
COCTOSTHUS U TPABMATUYHOCTH OTIEPAIIUU OTIPEEISIOT
MHOTr000pasue 1 BHIPaKEHHOCTh OCTPBIX PACCTPOICTB
BUTAJTBHBIX (DYHKIUI TTPU TPAHCILIAHTAIINY TT€UEHU.
YauThIBast, 4TO BHIPAKEHHOCTD (hapMaKognHAMUYE-
cKux 3¢ HEKTOB U JIJTUTETBHOCTD IENCTBUST AaHECTE3HO-
JIOTMYECKUX MPENnapaToB MPU TPAHCIIAHTAIIUY TIeve-
HU HEJOCTATOYHO TIPEICKA3YeMbl, 1eJ1ecO06pasHo
HCIIOJIb30BATh HE TOJIHKO MOHUTOPUHT TJIyOMHbI aHe-
CTE3UU U HEPBHO-MBIIIEYHOU 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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TpancnanTanus ne4eHu sSIBJIETCs onepalyeit
C BBICOKUMU (haKTOpaMu PUCKA MACCUBHOI KPOBOIIO-
Tepu 1 He0OXOMMOCTBIO TPaHC(HY3UOHHON Teparui.
O6beM KPOBOTIOTEPH CUJIBHO BapbUPYeET, U B HOJIb-
MIMHCTBE WCCJENOBAHUI KOPPEJUPYET C BBICOKOI
JIETAJILHOCTBIO, TJIOXOH DYHKIIMEH TpaHCIJIAaHTaTa 1
pucKoM MH(EKITMOHHBIX OCJIOKHEHU [23, 24].

ViydieHust B aHeCTE3UOJIOTYecKOM obecrieye-
HUW, COBEPIIIEHCTBOBAHNE XUPYPTUUECKON TEXHUKHU 1
KOHCEPBAIMK OPraHa, yJIydllieHue MeTO[0B MOHUTO-
PUHTA U KOPPEKIIMK CUCTEMbBI FeMOCTa3a COKPATUIN
06BEM KPOBOTIOTEPHU 1 TIO3BOJIUIIN B TIOCIIE/IHIE TOJIbI
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 aCCOIUUPYETCS ¢ HeOIArOPUATHBI-
Mu ucxogamu y nanuenTtoB npu OTII [27, 28]. B
HACTOsillee BPeMs TPAHCIJIAHTAINS I[€YE€HU DPEIKO
CONIPOBO’K/IAETCS MACCUBHOI KPOBOIIOTEPET U B Psijie
CJIy4aeB OIepalyist BBIMOJIHAETCS BoobIe 6e3 TpaHc-
(y3uu KOMITOHEHTOB AJIIIOTEHHON KPOBL.

TpancryanTanusi ITeYeHH XapaKTePHU3yeTcst
YeTKO OYepPUYEHHBIMU ITAllAMU €€ BBIIOJHEHMSI.
Havasnbuslit aTam oreparuy, BIJIOTh /10 JIUTUPOBAHUS
BODOTHOI BEHBI U I€YEHOUHOIl apTepuu, MPUHSTO
Ha3bIBaTh «[06ecnedeHouHbIM» . Corelyomuii atamn —
«BecredeHOYHBIN >, TIPOIOJIKAETCS 10 Havasla pernep-
dys3un TpaHCIIAaHTAaTa. 3aBepUIAONINI dTam —
«nocrbectieueHouHbli». C MO3UIUN aHECTe310I0ra
BaKHO PACCMOTPETD TAKIKE U [IEPUO]] HETTOCPEICTBEH-
HOH MOATOTOBKH K OIlepaliuu u o01ell aHeCTe3 .

[171s1 ipe iy npeskIe s OCTIOKHEHMIA CO CTOPOHBI
CBEPTHIBAIOIIEN CUCTEMBI KPOBU (Pa3BUTHE KPOBO-
TeYeHUH WK TPOMOO30RB), Ha KayK[OM U3 HTUX HTATIOB
Ba)KHO YYHMTBIBATH COCTOSIHUE CHUCTEMBI 'eMOCTa3a.
Hapyrenus reMoctasa Bo BpeMsi OllepaIuu — CJIeji-
CTBUE UCXOHOI KOATYJIOIATUH, MACCUBHOW KPOBO-
HOTEPU U reMOAMJIIONNY, TATOJOTHIECKIX U3MeHe-
HUI CHCTEMbI TeMOCTa3a BO BpeMst HeCIie4eHOUHOTO
nepuozia u Ha arame pernepdys3uy TPAHCIIIAHTATA, &
TAK JK€ MPOTPECCUPYIONMNX MeTabOIMUECKUX pac-
CTPOIACTB U rUIoTepMuK. Bo BpeMst XUpypruueckoro
BMEIIIATEbCTBA AKTUBUPYIOTCS IPOIECCHI CBEPTHIBA-
Hust v bubpuHOIN3A.

JloOecneyeHoYHbIi IeproI

KpoBoriorepst Ha riepBoM aTarie orepariy 3aBu-
CHUT OT UCXOJIHOTO 3a00JIeBaHsI, BBIPAKEHHOCTH TIOP-
TaJIbHOI rUIIePTEH3NH, U3MEHEHU I B CICTEME TeMOCTa-
3a U XUPYpPruyueckoii rexuuku. Hu nmpenonepariontbie
KOAryJISIIIMOHHbBIE TECTBI, HU MapKepbl (GhuOPUHOII3A
BO BPeMs OIePAIUU He MO3BOJISIOT MPEIIOI0KITD
00beM MHTpaolepannoHHoi kposonorepu [29]. On
MOJKET BO3PACTaTh MPHU HAJIMYUU Y MAIUEHTA CIIAeK
(o/1HA W3 IPIYUH — OTIEPAIIY B AHAMHE3€) UJIU MHO-
JKECTBEHHBIX KOJIJIATePaJieil BCJeCTBYIE TOPTATIBHOM
rUnepTeH3Uu.

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 II, 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
IPEIIOJIATaeMOI HHTPAOIIEPAIMOHHON KPOBOIIOTEPH
B TIOCJIEJIHUX MCCJIEIOBAHUIX TIOJBEPraeTcsi 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
orteparuu [35—38].

CoBeplileHCTBOBAaHIE XUPYPTUUECKIX METOIAUK
U HAKOIJIEHUE OTIBITA TIPU TPAHCILJIAHTAIIMY TTIeYeHN
UMeeT OIpe/essioliee 3HAYEHUE [JISI CHUKEHUS
MHTPAOIEPAMOHHOI KpoBoroTepu. Vcrosib3oBanue
METOIUKU BEHO-BEHO3HOTO IITYHTUPOBAHUS SIBJISIETCST
axTOopoM yBeIMYEHUsT KPOBOIIOTEPU U F€éMOTPAHC-
dysunu [39, 40]. Ucnonb3oBanue Xupyprudeckoi
TexHukn «piggyback» (kombuHMpoBanHas, coBMe-
I[EHHasT) TI03BOJIMIIO COKPATUTh 0ObEM TEMOTPAHC-
dysuit [41—43] no cpaBHEHUIO C KJIACCUYECKOU
METOMKOI B YCJIOBUSX IIPUMEHEHWSI BEHO-BEHO3HO-
ro MyHTUpOBaHus. [laHHas TeXHUKA OAPa3yMeBaeT
oTHeJIeHNe MTeYeHH OT 1103a[UIeYeHOYHOTO OTHesa
HIUKHEN TM0JI0N BEHBI, YTO HEPEIKO IPeNCTaBJIsIeT
3HAYUTeJIbHbIE TEXHUYECKUE TPyAHOCTH. Bee Meskue
HeYeHOYHbIE BEHBI, IPEHUPYIONINE XBOCTATYIO 10J1I0,
1 106aBOYHBIE TIPaBbIe MEYEHOYHBIE BEHBI PA3/EJIbHO
JIUTUPYIOTCST M TI€PECeKAIOTCs 10 HAMPaBJIEHUIO
CHU3Y BBEPX /[0 YPOBHsI OCHOBHBIX [1€4€HOYHBIX BEH.
Takum 06pa3oM, HUKHSISI [10J1asi BEHA PEIUITHEHTA
COXPAHsIETCsI HA BCEM MPOTsKEHUU. Boimosnsercs
renarskToMust 6e3 mepeKaTsi HUKHEN 1M0JI0N BEHBL.

Hapyienus B reMOKOAryJisiiiiOHHOM CTATyCe BO
BpeMst 106eCIeYeHOUHOTO TIEPUOJIA OTIEPAIK KOppe-
JIUPYIOT C TIPEJIONEePAMOHHBIMI W3MEHEHUSIMU B
cucTeMe TeMocTa3a perunuenTa (6a30Bas TUITO- WK
TUTIEPKOATY AT, yCuIeHHast (PUOPUHOMUTUYECKAsT
AKTUBHOCTb U T. I1.) U (JapMaKOJIOTHYECKIMI BO3/I€¥i-
CTBUSIMHU, KOTOPBIME COITPOBOKIAETCST JI0Oast 001Iast
anecresus [44]. Kak npaBuio, HabI01ai0TCs yMepeH-
Hble HAPYIIEeHUs KOATYJISIUN U YMePEeHHAsT KPOBOIIO-
Tepst, KOTOPast KOPPEIUPYET CO CJAOKHOCTBIO TeITaTIK-
TOMUU, CTETIEHBIO BBIPAKEHHOCTU IHIIOKOATYJISIIIHT 1
ee CKOPPUTMPOBAHHOCTHU /IO ONEPAIUU. JTUOJOTHUS
3aboJieBaHUsI TIeYeHU BJIMsIeT HA KPOBOIIOTEPIO U,
COOTBETCTBEHHO, Ha OTPeGHOCTD B Tpatcdysuu. Koa-
TYJIOTIATUU U BBIPAYKEHHOCTD [TOPTAJIbHON IUIIEPTEH-
3UH [IPU IIUPPO3AX IT€UEHN HE-X0JIeCTATHUECKOI 9THO-
Jorun B GOJIbINEl CTETeHN CoCOOCTBYIOT PA3BUTUIO
HMHTPAOIIEPAIIMOHHOTO KPOBOTEUEHUSI, YeM Hapylie-
HUSI B CUCTEME TeMOCTa3a [IPU X0JIeCTaTHIecKuX 3a00-
JIeBaHMSX IedeHu [45].

[Ipu TpaHCIIAHTAIIUY Y JIeTell 10 TOBOLY OUJu-
apHOIl aTpe3uy HapyIIEeHUs KOAryJsIuu He CTOJb
3HAYUTEJIBHBI, KaK IIPU IUPPO3€e IPYTOii 9TUOJIOTH.

becneyenouHbli Iepro/i

W3meneHust B cucteMe reMocTasa BO BpeMsa Oec-
IIe4YE€HOYHOIo 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 9JIUMITHAIOH-
Hoil yuknuii neyenu. TedeHnne GeCre4eHOYHOTO
Hepro/a XapaKTepU3yeTcst IIPOrPECCUPYIONIUM YMEHb-
IEHUEM COJIePKaHust B KPOBU (hubpuHorena u hakro-
POB CBEPTHIBaHUS, BbIpabaTbiBaeMbIX B ieyern — 1,V
VII, VIII, IX, X, XI, XII — B coueTanuu ¢ akTuBaruei
hubpuHOIM3a TIPU PE3KOM JIehUIUTE AaHTUILIA3MUHA
[46—48]. Ha GecriedeHOUHOM 9Tarie onepanui OTMeda-
eTCst CHUYKEHHOE BBIBE/IEHUE aKTHBUPOBAHHBIX OEJIKOB
CBEPTHIBAIONIEH CHCTEMbI KPOBU M MHTHOUTOPOB. Tak
KaK Iepuo]| MOJyBbIBEJIEHUST HEKOTOPBIX (haKTOPOB
CBEPTHIBAHUST KOPOTKUH, COCTOSTHUE THITOKOATYJISIIIN
Ha JIAHHOM 9Tarle ycuianBaercst. B aToT nepuon kpoBo-
HOTepst MUHUMAJIbHA, TAK KAK OCHOBHBIE COCY/IBI [Tepe-
JKaThl, HO BCJIEJICTBUE U3MEHEHUI B FeMOCTa3e MOKET
pasBUTbCs KpoBoTeyenue. OHOI 13 TIPUYNH KOATYJI0-
AT MOKET OBITh TIPE/ICYIECTBYIONIASA AJJIOUMMYHU-
3arust perunuenToB kK HLA-anturenam, 4to cHuzKaer
akTUBHOCTH TpomOouuTos ¢ HLA-anturemamamu I
Kiacca. [Ipu ucnosb30BaHNK BEHO-BEHO3HOTO 00X0/1a
(BBO) napacraeT TpoMOOLIUTOIIEHSI BCIEACTBUE a/ire-
3UM TPOMOOIUTOB Ha CTEHKAX MArUCTPAIbHBIX COCY/I0B
[49, 50]. TTocTyIienne B KpoBb relapuHa U3 MOKPBITHS
KaHioJ1b 1111 BBO MoskeT c1ioco6cTBOBATh HOBBIIIECHUTO
KPOBOTOUYUBOCTH.

Jlokazano nasuuue runepubPUHONN3A B 9TOT
nepuoj onepaiuu [46, 51]. IIpoucxoauT yBeandeHue
KOHI[EHTPAIIMK TKAaHEBOTO aKTUBATOPA ILJIA3MUHOTE-
HA, KOTOPBII HE SIMMIHUPYETCS [T€Y€HbIO, BBIKJIIO-
YeHHOIT 13 KPOoBOTOKA. /|0Ka3aTeIbCTBOM aKTHBHOTIO
(bUOGPUHONIUTHYECKOTO MPOTIECCa CAYKAT OJHOBpE-
MEHHOE CHIIKEHHE (1,-aHTUIIA3MUHA U TJIa3MUHOTe-
HA ¥ YBEJIMUEHIE TPOLYKTOB Jerpagaiiuy GpubprHa u
dbubpuHoTeHa.

Cy1ecTBeHHOE BIIMSTHUE HA COCTOSTHAE CUCTEMBI
reMOCTa3a OKa3bIBAET IMITOTEPMUST, KOTOPAS SBJISETCS
HEOTHEMJIEMBIM CITYTHUKOM JII0O0TO OTEPATHBHOTO
BMEIIATEThCTBA U aHEeCTe3N. BrIpaskeHHas THIOTEp-
MUS TIPY TPAHCTIIAHTAIIUN TTEYE€HU CBSI3aHA C JTUTEIb-
HOCTBIO OTIEPATUBHOTO BMEITATEIbCTBA U aHECTE3UH.
Yepes XUPYPrudecKuii JOCTYII, OTKPBIBAOIINAN O0JTb-
NIyI0 PaHEBYIO MOBEPXHOCTH, OCYIIECTBISIOTCS He
TOJIBKO TEILJIOBBIE TIOTEPU, HO U GOJIBIIUE MEPCIUpa-
IMUOHHBIE 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-
nepatypa B IPSMON KHTITKE U TIUTIEBO/IC PEITUTTHEHTA
cumskaercst ¢ 36,6° no 34,9°C, nepudepuueckast Ha
nanbite — ¢ 34° 10 26°C [ 52, 53]. Cuukenune Temmepa-
TYpBl TPOJOJIKAETCS Ha 3Tare OIMeparun, KOTAa
M3BJIEUEHHAS W30 JIb/Ia IOHOPCKAs TIeueHb TIOMETaeT-
Cs1 B OPIOIITHYIO TIOJIOCTh PEIUITHEHTA.

[umotepmMus BeieT K KOAryJIONaTu!, yBeJande-
HUTO BDEMEHU KPOBOTEUEHUS, yTHETEHUIO (DYHKITUN
TPOMOOIIMTOB 3a CUET U3MEHEHUS BHICBOOOKICHIS
TpoM6GoKcaHa A,. CHUKEHHE 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-
[HOHHYIO KPOBOMOTEPIO M TMOTPEGHOCTh B TEMO-
tpanchysuu [57, 58].

ITocr6ecneyeHOYHbI NEPHOI.
Penepdysus u nocrpenepdy3nOHHBIIH
nepuo;I

Uepes HEKOTOPOE BPeMs MOCJIe ITyCKa KPOBOTOKA
Yyepe3 TPAHCIIJIAHTAHT MOKHO IIPEIBAPUTETBHO CYAUTh
0 €ro (PYHKITHOHAIBHOI COCTOSITEILHOCTH 10 OKPACKe,
TYPTopY, HAJIMYHUIO WJIU OTCYTCTBHIO JKeJTUEOT eJIEeHNUSI.
W, xoneuHo e, 10 COCTOSTHUIO CBEPTHIBAIOIIIE CHCTe-
MBI KDOBH, KOTOPast O4€Hb UyTKO pearupyer Ha GhyHK-
I[MOHATBHYIO HEIOJIHOIIeHHOCTh TpaHcianTaTa. [lo
Mepe BOCCTAHOBJIEHUsT (DYHKIIMKM TPAHCITIAHTATA
(uepe3 30—40 mMunyT MOCcje Havyana penephysun)
MOKa3aTeJIl CBEPTHIBAEMOCTH KPOBH, KaK ITIPABUJIO,
HAYMHAIOT CTaOUIM3UPOBATHCS C MOCTEMEHHBIM WX
yayuinenueM. Periepdysust — KiioueBoit MOMEHT oTie-
paruu, KOTOPbIif MOXKeT TIPUBOJUTD K 3HAUUTETbHBIM
HAPYIIIEHUSIM CBEPTBIBAHUS KPOBU, TSKEJION KOAryJIo-
HaTHH TOCJIe TTyCKA KPOBOTOKA Yepe3 TPAHCILIAHTAT.
Hekymnupyioiasicst KoaryJionartusi ¢ Iporpeccupyio-
UM (GUOGPUHOIM30M XapakTepHa st MEepPBUYHO
He(YHKIINOHUPYIOIIEro TPAHCIIJIAHTATA.

[Tocute BKITIOUEHMS TIEYEHOUHOTO TPAHCILTAHTATA
B KPOBOTOK, HAPYIIEHUsI T€MOCTA3a OIPEIeJISTIOTCS
COCTOSITHUEM PA3JIMYHBIX CUCTEM OPraHNU3Ma PeIUIIi-
€HTa, KAYeCTBOM ITIePECAKEHHOr0 OpPraHa, BhIPAsKeH-
HOCTBIO pernepdy3MOHHOTO CUHPOMA, BbIIeJeHUEM
9K30T€HHOT0 Telapruia U 9HIOT€HHBIX TeITapUHONI0B
U3 JIOHOPCKOiT ieyenu [59].

Xpamnenue TOHOPCKOII TIEY€HN OT MOMEHTA U3bsI-
Tug 710 perepdy3un COMPOBOXKIAETCS UIIeMuei
tpancmrantata [60]. B aTtoT mepuos B joHOpcKoii
MevyeHn MOTYT HAKAIJTMBAThCSI eCTECTBEHHbIE aHTH-
KOATYJISTHTBI U HEWCHTU(DUITMPOBAHHBIE HHTUOUTOPHI
koaryssaiuu. OnpeeseHHblil BKJIAJ MOTYT BHOCUTb
rerapyiH U TeapuHONo00HbIE BEIECTBA, BHIMbIBAE-
Mble 13 foHopckoi nevenn [61]. Temapun, KoTopsIii
OPUMEHSIOT BO BpeMsl U3bATUS U KOHCEPBAIUU
JIOHOPCKOII TIeYeHH, MOoMnajiaeT B KPOBOTOK BO BPeMsi
periepdysun Tpanciiantata. Kpome Toro, nssecrno,
YTO JIOHOPCKAS TI€UEHb ABJISIETCS UCTOYHUKOM GOJTb-
IIOTO KOJIMYeCTBA TKAHEBOTO aKTUBATOPA IMJIA3MITHO-
reHa, a HU3KUI yPOBEHb €ro HHrMOUTOPa y pelunueH-
Ta crnocobcTByer aktuBaiuu GubpuHoausa [62].
Hapsny c atim oTMeuaercst Hu3Koe cozepanue hak-
TOPOB CBEPTHIBAHKS B KPOBU PEIUITUEHTa mocie Gec-
MEeYeHOYHOT0 MEPUO/IA OTIEPAIUH.

TunephubPUHOINS SIBISIETCS] CAMBIM BAKHBIM U
3HAYMTETBHBIM (DAKTOPOM, 06y CIABIUBAIONIUM 00BEM
KPOBOIIOTEPHU B TIOCTOECTIEYCHOUHBII TIEPUOJ| OTIepa-
. KpoBOTOUMBOCTH CTIOCOOCTBYET CEKBECTPATIUS
TPOMOOIIUTOB B TpaHCIIaHTate. B akcrmepumMenTax
MOKA3aHO, YTO PA3HUIA MEXK/TY COflepsKaHueM TPOMOO-
IUTOB B apTepPUAIbHOI ¥ BEeHO3HOI KPOBU mepeca-
SKEHHOI IOHOPCKOI Ie4eHN MOJKeT 0ocTUrath 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

GENERAL REANIMATOLOGY, 2018, 14; 5

www.reanimatology.com



74

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

Reviews

ATOT [EPUO]I BBISIBJIEHO YXYIIIEHUE arperaiuu TPOM-
6ouuTos [63]. Ilarorenes penepdysnornHoro Gubdpu-
HOJIN3a KOMILJICKCHBII: BHIOPOC TKAHEBLIX aKTHBATO-
poB (ubpuHOIN3a U TIA3MUHOTEHA, YMEHBIIEHIE
MEeYeHOYHOTo KJIMPEeHCa MIa3MITHA IPU OJHOBPEMEH-
HOM CHIKEHUH YPOBHS aHTHUILIA3MUHA. AKTHBHOCTb
dbubpuHoOIU3a CHIZKAeTCs B TedeHne 60 MUHYT IOCIe
periepdy3u, U OCTAETCs TOBBIIIEHHO MTPHU TIIIOXO0
(OYHKIIUU TPAHCILIAHTATA.

Hapymaior remocras rumoTepMus, aiujos,
TUIIOKAJTBIINEMUST U TeMOJAMHAMIYECKUE PACCTPOii-
ctBa [64]. ComyTcTBYIONIME TUTIOTOHUS, TUTIOKCHS,
aIUI03 U BO3MOKHAS TUCHYHKIUS TPAHCILJIAHTATA
BJIUSIIOT HA CUCTEMY IeéMOCTa3a BTOPUYHO U MOTYT
npuBoauTh K pazsutuio /[ BC—cunapoma B nHTpa-
oneparmonnom nepuojge. Cumnromst [IBC-cunapo-
Ma 1ocJjie perepdy3un CBUAETETBCTBYIOT O TLIOXOM
KauyecTBe TPAHCILIAHTUPOBAHHOTO opraHa. llpu
HeYHKIIMOHUPYIONEM TPAHCILJIAHTATE PUCK HEKOH-
TPOJUPYEMOTO HHTPAOIIEPAIINOHHOTO KPOBOTEUEHU ST
YBEJIMYNBAETCS MHOTOKPaTHO [65].

IlocneonepanOHHBINA EPHO/T

Pannue mnocaeonepaiimonuble KPOBOTEYCHUS
Berpevaiores B 7—19,9% HaburoieHuii 1 6bIBAIOT CBS-
3aHBI C HApYIIeHneM remocTasa [66, 67]. [locseorepa-
IIMOHHBIEC KPOBOTEUEHUS COIIPOBOK/IAIOTCS yBeJnye-
HUEM  KojudecTBa  reMmorpancdysuii  mocie
TPAHCIJIAHTAIINY TIeYeHd 1 GoJiee JTUTENbHBIM TIpe-
OGbIBAaHMEM TAIMEHTOB B OT/CJCHUU WHTEHCUBHOI
TepaIui, 4To, B CBOIO OU€EPe/lb, BIUIECT Ha TIOKA3ATEb
MOCJIEOTIEPAITMOHHON cMepTHOCTH [67].

[Tocneonepanmontpie MOKa3aTeJu CBEPThIBA-
HUS KPOBU 3aBUCAT OT COCTOIHUSA TPaHCIJIAHTHUPO-
BaHHOU JOHOpPCKOU meueHu. B Tex cayyasx, koraa
KpoBoTeueHne 06yCIOBIEHO HEJOCTATOYHON (DyHK-
el epecakeHHoN meyeHw, 1erecoobpasHa KoH-
cepBaTUBHAS TAKTHKA, HAllpaBJIeHHAS HA KOPPEKIIUIO
cBepTbIBalolell cuctemMbl kpoBu. Ecau dynkumsa
JIOHOPCKOTO OpraHa 0Kasajachb CKOMIPOMETHPOBAH-
HOM, 1ocJjie peBacCKyJIsIpU3alNU MOKET Pa3BUTHCS
BhIpaKeHHass aeubpUHAIMS € MOCJAEAYIONUM
HEKOHTPOJIUPYEMBIM KpoBOTeueHneM. K koHity BTO-
PBIX-TPETBUX CYTOK I10CJIE ONlepaluu TP aJleKBaT-
HOM (DyHKIIMM TPAHCIJIAHTATA TI0Ka3aTeJ I TeMOCTa3a
HOPMaJIU3YIOTCSI.

TpoMOOIUTOIEHNST YACTO COXPAHSETCS B PAHHEM
MOCJICOTIEPAITMOHHOM TIepUOJIe, B OCHOBHOM BCJIE]I-
CTBYE aKTUBAIMHU 1 TOTPEOIICHUST TPOMOOITUTOB TIOCTIE
periepdy3un TpaHCIJIAHTATA, U TI0 MEPe BOCCTAHOBJIE-
Hug GYHKIMY TTedeHn yMeHblaetcs. [Ipu Hopmaiib-
HOI CUHTETHYECKO (DYHKIINU [T€4eHU YPOBEHD TPOM-
GOMOATUHA B KPOBM 3HAYUTEJHHO MOBBINIAECTCS B
NEPBBIN JIeHD, YTO BEJIET K YBEJINUEHUIO YHUCJIA TPOM-
6o1uTOB ¢ 5-X cyTok. HopMasuzanus KoJudecTBa
TpoMOOIINTOB oTMedaeTcst iocse 14-x cyrok. Haburo-
nlaeMast y HEKOTOPBIX TIAIIUEHTOB CTONHKAst TPOMOOIIU-
TOIIEHUS 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 TpoMGonuTapHblii reMoCTa3 MOTYT OKa3bl-
BaTh BJUSIHUE CPEJICTBA, IPUMEHsieMble TIPU aHecTe-
3un [68]. iMetoTcst cBejienns, 4TO BHYTPUBEHHBIE,
WUHTAJISAIMOHHBIE ¥ MECTHBIE aHECTETUKU, WHTHOU-
PyIOT arperaiiio TpoM6onuToB [69]. DTo MOKeT TIpu-
BOJIUTH K BO3PACTAHUIO PHCKA PA3BUTH KPOBOTeUe-
HUsI BO BPEMsI OIEPAIUU U B IIOCTEOTIePAIIMOHHOM
nepuoze. B 1971 roxy Ueda ¢ coaBropamu BrepBbie
[POAEMOHCTPUPOBAJIN HTOT hheKT Ha TPOMOOIHUTAX
cobax [70]. Besmumna aToro nHrubupyiouero s dex-
Ta, TMO-BUAMMOMY, PA3JIHMYAETCS Y PA3HBIX areHTOB.
[Tosryuensl manHbie MOATBEPIKAAIONINE POJTIb AHECTE-
THKOB B CHCTEME TeMOCTa3a YKa3bIBaIoIHe Ha HeoOXo-
JIIMOCTb YYUTBIBATh BO3MOKHOCTH PA3BUTHUST METUKA-
MEHTO3HOTO KDOBOTEUEHUS B XUPYPIUU.

Tpom603 B 0o6sacTt aHACTOMO3a TIEYEHOUHOM
apTepuy U BOPOTHON BeHbI HamboJjiee Cepbe3Hble
OCJIOJKHEHUSI B PaHHEM IOCJIEOTIEPAITMOHHOM
nepuoze [71]. Tpom603 aprepuii medenn — ojaHa U3
OCHOBHBIX [IPUYMH IIOTEPH TPAHCIIAHTAHTA TTOCTE
omepanuii. Hapymienue B cucreme reMocTasa, CBs-
3aHHbIE ¢ AMCOATAHCOM MEKAY MPOKAOTYISIIIHOH-
HbIM ¥ QHTUKOATYJISIMOHHBIM KaCKaJOM HUIPAIOT
BaJKHYIO POJIb B PA3BUTHE ITOTO JKU3HEYTPOKAIOIIE-
ro ocJokHeHus. BeposaTrocTs pazsutus Tpombo3a
B IIOCJIEOINEPAIMOHHOM IIepHOJie Y TMallueHTOB C
X0JIECTATHYECKUM TIOBDEXKIEHUEM IIeYeHH U C
HOBPEXAEHUSIMU MeYeHU, KOTOPble Pa3BUBAIOTCS
BCJIEJICTBYE HAPYIIEHUs] ITPOXOJUMOCTU COCY/IOB
nedeHu, MOryT ObITh BbIIIIE, YEM [IPHU HE-XOJECTATU-
YECKUX MMOBPEKAEHUSIX EUEHH.

HacroposkeHHOCTh B DPa3BUTUH IIOCJIEOIIEPA-
[IMOHHBIX TPOMOGO30B JIOJUKHA OBITH B OTHOIICHUM
MAIMEeHTOB, UMEBIIMX CKJIOHHOCTh K TpoMOO3aM B
nepuoJ TOATOTOBKU UX K oOIepanuu. BoisiBienue
BBICOKUX YDOBHEH aHTHOCHOIUIIIHBIX AHTUTEN Y
MAIMEHTOB € TPOMOOTUYECKUMH OCJIOKHEHUSIMU J10
orepaiuu, TUKTyeT He0OXOIMMOCTb UX OIPe/eTeH s
B IIOCJI€OTIEPAIIIOHHOM Ttepuose. EcTh MHEHMe, 4TO C
KPOBOTEUEHHUEM CIIPABUTLCSA OBIBAET JIeTde, 4eM C
TPOMG030M BO3HUKAIOIINM, KaK OCJIOKHEHUE BO BPEMST
u nocsie orepanuu. Y ueM pambiie OyAyT BbISABICHbI
OTKJIOHEHUsI B CHCTEME IeMOCTa3a, TeM Jierde mpej-
VIIPEAUTh BOBHUKHOBEHUE OCJIOKHEHUI, COITPOBOK-
JIaeMBIX KPOBOTEUECHUSIMU VI TPOMOO3aMU.

[l7151 KOHTPOJIS 32 COCTOSTHIEM CHCTEMBI TEMO-
CTa3a IPY TPAHCIJIAHTAIUY [IeY€HU TTPOBOAAT MHO-
TOKpaTHOE OIlpe/iesieHne [ToKa3aTesell Koaryiorpam-
MBI,  BKJIOYasg  KOJMYECTBO  TPOMOOIUTOB,
POTPOMOMHOBBIN HHJEKC, MEKYHAPOAHOE HOPMa-
suzoBanHoe otHomenue (MHO), ypoBenp antu-
tpombuna III, kommieke GuOGpUH-MOHOMED, IIPO-
nykrel gerpaganuu pubpuna. Hanbosee pannue
NPU3HAKK HOPMAJIU3AIINY TeMOCTa3a MOKHO 3aperu-
CTPUPOBATh C IIOMOILbIO TpoMboamacTorpaduu [72].
Caeryet OTMETHTb, 4TO B GOJIBIIMHCTBE IIEHTPOB
TPaHCIJIAHTAIIMY MCIOIb3YI0TCsT COOCTBEHHBIE 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 perpocnekTuBHOM UCCJIEI0BAHUN [TOKA3AHO,
910 Kaxkple 10 ceKyH/I yAIMHeHUsT aKTHBIPOBAHHOTO
YACTUYHOTO TPOMOOILIIACTUHOBOTO BPEMEHH Y BEJIU M-
BAaIOT PUCK KPOBOTeYeHus Ha 7%. Bospact namuenra
sBJsieTcs: GaKTOPOM pUCKA KpoBoTeuyeHus. Tak, y
HOXKIJIBIX TTAIIUEHTOB PUCK KPOBOTEUEHS BO3PACTAET
B 2 pa3a, U IMEETCsI PUCK PAa3BUTHS TeMOPPATUYECKOT0
nHcysbra [74—76].

CoOTBETCTBEHHO TAKTHKA BeJIEHUS ITUX T1allU-
€HTOB, KaK [[0 OIlepaIliH, TaK 1 Ha PA3JIUYHbBIX dTATax
TPAHCIUIAHTAI[MN TTeYeHU TPeOYeT PA3IMIHBIX CII0CO-
GOB KOPPEKITMU HTUX HAPYIIEHUII.

IIpuHIUNBI KOPpPEKIU HapyIIeHU I
reMocTa3a BO BpeMs U mocJjie
OPTOTONMHUYECKOH TPAHCIJIAHTAIIUU TTeYeHU

JleuebHbIe MEPOTIPUSATHST, HATIPABJICHHBIE HA MTOJ[-
JiepsKaHye CUCTEMbI TeMOCTa3a, J0JKHBI TIPOBOAUTLCS
IIPU TIOJITOTOBKE TAIMeHTa K OTepalii U ¢ CaMoTo
Havajia aHeCTe3MOJMOTHYECKOTO Tocobust. Mamenenms
B cHICTEME TeMOCTa3a PeIUIenTa /10 ONepaluu, a Tak
JKe U3MEHEHUs, BbI3bIBAEMbIC aHECTE3UOJIOTMUECKUM
nocoOueM U TeXHUKOI XUPYPTHYECKOTO BMEIIATE -
CTBA JIOJKHBI OBITH BEAYIIMMU IS OTIPEAETCHUS
MPUHITMITIOB MOAGOPA U MPOBEACHUST KOPPUTUPYIONIEHT
Tepany HapylIeHUH B CBepPThIBAIOIIEH cricTeMe KPOBU
BO BpeMs TpaHCILIaHTaluu edenn. OproTornnyeckas
TPaHCIJIAHTAIIMS TIeYeHU aCCOIIMUPYETC C HEOThEM-
JIeMOH TIOTPeOHOCTHIO B TpaHchy3MOHHOMI Tepanui. B
cBs3u ¢ TeM, uTo OTII conpoBoskaeTcs 3HAYUTETBHOM
KPOBOTIOTEPEii, OCHOBY TpaHC(hY3MOHHON Tepannu
COCTaBJISAET TeMOTpaHcdy3usl.

B niporiecce cTanoBsieHnd U pa3BUTUSA XUPYPIH-
YEeCKUX OIlepaIuii o TpaHCIIaHTalluK TIeYeHU FeMO-
TpaHcdy3noHHAd WHTPAoINepallMoOHHas CTpaTerus
npeTeprieBasa MocTerneHHble U3MEHEHU: OT JTala
MPEBEHTUBHOW MaCCUBHOW remMoTpaHcdysuu, ¢
tpancdysueii 6osee 20 e KPOBHU 3a OIEPaINIo, 10 —
TpanciianTanuu 6es remorpancdysuu. B 80-e rogs
XX croserus cpeansist kposororepst Bo Bpems OTII
nocrurana 8—12 Ji., uto TpebOBaIO 3HAUUTENBLHOTO
nepeJiMBaHus TIpenapaToB Kposu [77]. B mportecce
pasBUTHs COCOOOB XUPYPIUUECKUX OIEpPaluil u
AHECTE3NOJIOTNYECKOTO MOCOOUS MPU TPOBEACHUM
TPaHCIJIAHTAIIUN TIeYeHU MEHAIach U TAaKTUKA TIPO-
BeJleHrst TeMoTpaHchy3noHHoi Tepanuu. B pabore
de Boer M.T. 6bL10 IIOKa3aHO CHUMKEHUE IIepeInBa-
HUST JII0O0TO KOMITOHEHTA KPOBHU BO BPEMSI OTIEPAIlUT
co 100% B 80—90-¢ rospr 10 74% B HavYase TPETHETO
Teicauesietust [78, 79].

B ciyuae, xorza ornpenengercd 0lHOMOMEHTHAs
MacCHBHAasg KPOBOIIOTEPS BO BpeMs OTlepallii, OlleHKa
COCTOSTHUSA KOaryJasaiuu u yposust Hb orpanuuena B
peasibHOM BpeMeHM, TeMOTpaHC(y3HIO CIe/lyeT IIPOBO-
JITH B COOTBETCTBUY C KIMHUYECKUMHU MTOKA3AaHUAMU
C UCTIOJTb30BAHMEM 3PUTPOIIUTAPHON MACChI, MJIa3Mbl
KPOBH, TPOMOOITUTOB U KPUCTAJTIOUIHBIX 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 AJIJIOT€HHBIX 9PUTPO-
IUTOB BO BPeMs OIlepalliy MO3BOJIUJIA METOIUKA
KpoBocOepeskeHnst — anmnaparas peuHpy3un ayTo-
KpoBHu ¢ noMouibio «cell-saver». Ee addekruBroctsh
y6eauTeNbHO MPOJEMOHCTPUPOBAHA PSAZOM UCCIIEN0-
Banuil [81—84]. Borpochl BbI3bIBaeT nMpuMeHeHUe
JNAHHOI METOIUKY MPU TPAHCIJIAHTAIIUU TIeYeHU Y
HAI[MEHTOB C renaTole/TI0IIPHON KapIIMHOMO 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
rernaTolesIosIpHoro paka [85, 86].

TemoTpanchysun  ABAAIOTCS  HeU36EKHON
COCTABJIAIONIEH aHECTE3UOJOIMYECKOTO TTOCOOUST BO
BpeMsl TpaHCIIaHTAIUU redenu. OIHAKO IIPU TOM
HEOOXOIMMO TOMHUTh, YTO TIePEJUBAHNE KPOBU U €€
IPENapaToB — TO TOXKE OIePAIMs TPAHCILIAHTAIINN
JIOHOPCKOI KpoBu. OHA I0JIKHA BBITIOJIHATHCS CTPOTO
[0 MTOKA3aHUSIM U TOJIbKO TOT/Ia OHA MOKET MMETh
MOJIOKUTENbHBII jtedebHbIil 9 dext. B mpoTusHOM
cJlydae TiepeIMBaHus KPOBU U €€ MPErapaToB MOTYT
OPUBOJIUTH K PA3BUTHUIO PA3JIUYHBIX OCJIOKHEHUIT 1
no6oYHbIX peakinii. [[09TOMy MeAUIIMHCKOE XUPYP-
TUYECKOe COODIIECTBO CTPEMUTCSI OTPAHUYUTH FEMO-
TpaHcdysur BO BpeMsl TPAHCIIAHTAIUU IEYEHU.
[Tokazano Tak ke, 4TO IepeIUBAHUIE IPUTPOIUTAD-
HOI1 B3BECU U JIPYTUX IIPOAYKTOB JOHOPCKOIT KPOBU
CBSI3aHO € HEGJIATONPUSTHBIMEI UCXOJAMU Y TTAI[HEH-
toB npu OTII [27, 28]. daxe ymepeHHbIl 00beM
reMoTpancdy3uy NPUBOJIUT K YBEJIUUEHUIO TIPOJOJI-
JKUTEJIBHOCTY TIPEOBIBAHYSI TAIIUEHTOB B CTAIIMOHAPE
U BIUSIET HA BhIKUBaeMocTb [27, 33, 39, 79]. Yeranos-
JIeHo, uTo Tpanchysus 6osee 2 103 TOHOPCKUX OPUT-
pOLUTOB sBJsgeTcs (AKTOPOM pPHUCKA Pa3BUTUS
XUpyprudyecknux mHdeknuit y penunuenTtonB [87].
MaccuBnast reMmotpancdysust MOKET ClIocOOCTBOBATD
Pa3BUTHUIO OCTPOTO MOBPEXKIEHMS TIOYeK U TTOKa3a-
HUIO /IS TIPOBEIEHUS 3aMECTUTEJbHON ITOYeYHOi
Teparuu B TocjeonepaliuonaoM nepuoje [33, 88].
[Tpu 9TOM BO MHOTHX UCCJIEIOBAHMIX KOHIIEHTPAITHS
[PE0IEePAIMOHHOTO YPOBHS reMorioburHa Huxe 70
I/J1 OTIpefieieHa KaK IIPeUKTOP NHTPAOIIePAIIUOHHOI
remorpancdysuu [24].

[Ipu ucnosb30BaHUU BO BPeMsI OTIePALIUU TIPe-
apaToB KPOBU OOJIBIIOE 3HAYEHUE UMEIOT CPOKH MX
xpanenust. [lokasano, uro noce 15 cyTok XxpaneHnus
9PUTPOIUTAPHOI B3BECH, CYIIECTBEHHO MEHSIIOTCS
CTPYKTYPHO-GYHKI[MOHAJIbHBIE CBONCTBA dPUTPO-
nutos [89—91]. B nporecce piurenbHoro xpaxe-
HUsA, GOJIBIIAS YACTh HSPUTPOIUTOB TEPSIET AUCKO-
BUIHYIO (OPMY, U HPEBPAIIAIOTCS B XMHOIUTHI
[89]. Ucnosnp3oBanue fyst Tpancdy3un TaKUX 9pUT-
POIIUTOB He IO3BOJISIET UM BBINOJHATH B MOJHOM
Mepe Ta30TPHCIOPTYIO pyHKIn0. COXPaHIONAsICs
U/W Pa3BUBAIONIASICS TUITOKCUSI MOXKET yCyTyh-
JIATH METabOINYECKIe HAPYIIEHKS B TPAHCIIIAHTATE
U CrIocoBCTBOBATH Pa3BUTUIO UHMEKITMOHHBIX
OCJIOKHEHU.

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
MCII0JIb30BAaHMS BO BPEMsI OTIepaIliy aJlJIOTEHHOH cBe-
skezamoposkennoil mnasmer (C3I1) mor mocturarthb
HECKOJIBKUX JIecATKOB 7103 [66]. Ha coBpemennoM
Jrarie KoJInuecTBo u BpeMs Hayasna tpancysun C3I11
OTIpe/IesISIeTCS OMBITHBIMU KITMHUYECKUMHU OI[CHKAMHU,
MECTHOU TMPAKTUKON U CBOEBPEMEHHOU TPOBEPKOM
KOAryJIsAINM, a TAK:Ke MCXOHBIM COCTOSTHUEM KOary-
sanuu y naruenrta. Cokpamennio Tpancdysuu C311
CII0COOCTBYET IUPOKOE UCTIOJIH30BAHNE MAKCUMAJTb-
HO JIOCTYITHOTO, <IPUKPOBATHOTO» T€MOCTATHYECKOTO
TecTa oNpeie/ieHUs: aKTUBUPOBAHHOTO BPEMEHU CBep-
TBIBaHUs ¥ TPOMOO0DJIACTOMETPHUSI/TPOMO0DJIACTOTPa-
¢usa (TEG, ROTEM) [92].

IbGEKTUBHBIM CPEJICTBOM JIeYEHUST KOAryJIoma-
TUH MOXKeT ObITh PEKOMOMHAHTHBII cebMOM (hakTOp
ceeprbiBanus (rFVIIa). Iror nmpemapar mossoJiger
BOCCTAHOBUTH HOPMAJIbHYTO KOATYJIAIHIO PU PA3JINY-
HBIX MexaHu3Max ee HapynieHus. B 2001t B nmuiotHoM
uccaenoBanuu Hendriks HG ¢ coaBt. Ha 6 narimeHTax
MOKA3aJIM, YTO WHTPAONEPAIMOHHOE MPUMCHEHHE
rFVIla canskaer KpoBoIoTepio B MHTPAOIIePAIllMOHHOM
nepuoge. Atopel npumendiu rFVIla B nose 80
MKT/KT [93]. B 2007 1. pe3yibTaTsl IBOHOTO CJIETIOTO
PaHZIOMU3UPOBAHHOTO TTPOCIIEKTUBHOTO MCCJIE/I0BaA-
Hus Ha 20 manueHTax nNoKasaju, YTo MHTPAOIIePAInOH-
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Hoe ucnosb3oBanue rEVIIa B nose 40 MKr/Kr c11oco6-
CTBYET YMEHBIIEHUIO UCIIOJIb30BAaHNUI KOMIIOHEHTOB
kposu [94]. IIpu aToM yBenueHus ciydaes Tpombosa
B [IOCJIEOTEPAIIMOHHOM TIEPUO/IE BBISIBIEHO He ObLIO.

Onnako nporiakTuaecku ncrnosb3osath rEVIIa,
B HCCJIEIOBAHUAX TOCTEAHUX JIET, HE PEKOMEHYIOT
[95—97].

[Tpu renaronesoNgpHOM KapimHOMe, X0J1ecTa-
TUYECKUX MOBPEXKICHUAX TTedeHn (IIepBUYHBIN CKJle-
PO3UPYIOLINI XOJAHTUT, IEPBUYHBIN OUIIMAPHBIN 1P~
PO3) HaBJIIOAETCS CKIOHHOCTD K THIIEPKOAryY IS,
ompesesisiemMast o Tpomboasiacrorpamme. I1o aHHBIM
TPOMGOINIACTOMETPUN MOXKHO OIPENCJTUTh HATUYNE
dbubprHOIM3a 1 HE0OXOAUMOCTh aHTU(MUOPUHOIUTH-
4yecKo# Tepanuu mpu TpancianTanuu nedenu [98]. C
HOMOIIbIO TpoMbGOsIacTOMeTpUN y HanuenTos ¢ [IBI]
u I[ICX ormeueHa MeHee BbIpaxKkeHHast PrOPUHOIUTH-
yeckas akKTMBHOCTDb. [loaToMy manuenTam ¢ remnaro-
HEJITIOJNAPHON KapIMHOMON M XOJIeCcTaTUYeCKUMU
MOBPEKACHUSAMU MeYeHU aHTU(DUOPUHOTUTHYECKUE
Iperaparbl B MHTPa- U IOCIEe0IepPaiiOHHOM TIepro/ie
00b14HO He HasHayaoTcs [99]. AHTUGUOPUHOIUTUKI
CJIEyeT IPUMEHSITh TOJBKO MPU HAIUIuK (hubpuHo-
smza, noareep:kaennoro rectamu TEG i ROTEM
1 HabJII01aeMOT0 KJIMHUYECKH B Buje Mudy3HOro
kpoBoteuenus [100, 101].

YuuTpiBas, 4TO OZHON U3 BO3MOKHBIX ITPUYUH
pazBuTud runepkoaryssanuu y nanueaTon ¢ [IBI] n
[ICX sBisieTcst HOBBIIEHHOE COZIEPIKAHME JKETUHbBIX
KUCJIOT B 001[eM KPOBOTOKE, TO HEKOTOPbHIE aBTOPBI B
epUo/l IOJATOTOBKHU UX K Ollepaliui, peKOMEHIYIOT
HMPUMEHSATD METO/Ibl 9KCTAKOPIIOPAJILHOM IeTOKCHKA-
nun (maasmadepes) mas yaadeHUs H30BITOYHBIX
JKEeTYHBIX KUCJIOT 13 001eit mupKyasuuu [102].

[lanHple  MHOTOUMCJIEHHBIX — HCCJEOBAHUIM,
HaIlpaBJeHHBIX HA KcroJb3oBanue Bo Bpema OTII
aHTU(DUOPUHOIUTUIECCKUX  CPEACTB  (APOTHUHH,
AICUIOH-aMUHOKAIIPOHOBAS KUCJIOTA, TPAHEKCAMOBAs
KHUCJIOTA) JAI0T TPOTUBOpeunBbie pe3ymbrarsl [103,
104, 99]. Hapsiny ¢ TepaneBtuueckoit adexkTus-
HOCTBIO OTMeYaloT U 110604HbIe a9(hdeKThl. Peub nmer
0 PACCTPONCTBAX MUKPOIUPKYJISAIUN, TPoMOO3ax
COCY/IMCTBIX aHACTOMO30B M TPOMOOIMOOIUYECKIX
ocioxuenusix [99]. [loatomy coBpemeHHbIE MEXK/TY-
HApO/IHble PEKOMEH/IAIIUKM HCKJIIOYAlOT PYyTHUHHOE
UCIIOJIb30BaHe aHTU(UOPUHOMUTUKOB. ExqnHcTBEH-
HOe IT0Ka3aHue ISl UX UCIOJIb30BAHUS — MCKJIIOUH-
TeJBHO aKTUBalus (GUOPUHOIN3A, HAOII0AAEMOTO
KJIMHUYECKN KaK MHUKPOCOCY/MCTOE KPOBOTeUYeHHE
i noaTBepxkaeHHoe rectom TIT.

TakTuyeckn BakKHbIM MOMEHTOM BO BpeMsd
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

(hakTOpHOE BIUSHIE HA FeMOCTAa3, SIBJIsIeTCS UHY-
3uOHHasg Tepanus. M3BecTHO, 4TO TEMOAUIIONUS
yeyrybJIsieT KoaryJsiiiuOHHble HAPYIIEHUST, & TAKKe
MOBBIIAET PUCK TPoMOGOOOpasoBaHus. 3a cuer
acdexTa «pazBeileHUs» CHUXKAETCS KOHIIEHTPAIUS
B KPOBU KaK KOATyJISIIMOHHBIX, TAK ¥ AaHTUKOATYJIsI-
IUOHHBIX (PAKTOPOB, YPOBEHb KOTOPBIX Y IMallMeH-
TOB C N€YEHOYHO-KJIETOYHOI HEJ0CTATOYHOCTHIO U
Tak cHuKeH. OcoGEHHO BaskKHO 9TO YUUTHIBATH Y
MAIUEHTOB € MOBPEXK/ICHUSIMH TIEY€HH, 00YCIOBIICH-
HBIMY TPOMGO3aM¥ COCYI0B TiedeHu. [eMoauonus
y 9TUX TIAIIEHTOB MOXKET MPUBECTU K HAPYIIEHUIO
XPYIIKOTO PABHOBECHOTO TEMOCTATUYECKOTO OasiaH-
ca, 32 CYET yMEHbIIEHUs B KPOBU KOHIIEHTPAI[UU
(hakTOpOB CBEPTHIBAHWS, U 3aIyCTUTh IMPOIlECC
TpoMGO0Opa3OBaHUSIL.

Hexoropble aBTOPBI ONUCHIBAIOT CTPATETUIO
HOJIIEP’KAHUS «HU3KOT0» IEHTPAIBHOTO BEHO3HOTO
nasienus (I1B/]), kak 103BOJISAIONIYI0 YMEHBITUTD
KPOBOIIOTEPIO BO BPeMsl TPAHCILIAHTAIUU TME€YeHU
[105, 106]. OxgHako ypesamMepHOe OTpaHUYEHME JKUJL-
KOCTU MOJKET MMEeTb OTPUIIATeJbHbIE TIOCIEICTBUS,
BKJIIOYAS TEMOJANHAMUYECKYIO HECTaOUIbHOCTD U
MOCJIEOTIEPAIIMOHHYIO [TOYEUYHYIO HEOCTATOYHOCTD.
Schroeder et al. npoBen peTpoCceKTUBHbBII aHAIUS,
B KOTOPOM CPaBHHMBAJIU [[BA [[EHTPA TPAHCILIAHTAIINH
HeYeH ! ¢ UCI0JIb30BaHeM «Hu3Kkoro» 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 MMEPEJUBAHUS KPOBU ObLIA HUXKE B
rpyiie «Huskoro» LB/, y aTux manueHnToB HabJI0-
JIQJINCH MTOBBIIIIEHHBIE TIOKA3ATENH [T0CIe0ePAI[IOH-
HOII To4yeuHoil HemocTaTouHOCTU U 30-cyTOuHAs
JIETAJIbHOCTb.

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

AnTUTpOMOUH 3 ABJAETCS OCHOBHBIM JHJIOTEH-
HBIM aHTUKOATYJISTHTOM. Ero sedunut BakubIil Map-
kep passutusi cenicuca u J[BC cungpoma. Haznauenne
anTuTpoMOMHa 3 TOKa3aHo HpH Hed(hPEKTUBHOCTH
refaprHa ¥ HU3KOMOJIEKYJISIPHBIX T'ellapUHOB JIJIsI
npoduaakTUK TPoMOO30B B PaHHEM TIOCIeonepa-
nronnoM niepuoyie [110]. Ho npu atom ucrnosb3osa-
HUEe aHTUTPOMOUHA 3 y TAIMEHTOB KPUTHYECKOM
cocroguuu ¢ cericucom 1 JIBC cunapomom He 11puBo-
JIUT K CHUKEeHUIO jietasbaocTu [111].
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obmactn AHECTE3NOJIOTNN-PEAHNMATOJIOTUN.

ObIIAA PEAHUMATOJOINA

Hayuno-nipaktndeckuii xkypran « O61mast peaHuMaToIorusi»,
Bxogamuii B nepederib BAK PD, B Scopus u sipyrue 6asbl JaHHBIX,
IIpe/IHa3HAvYeH JIJIsT Bpaueil aHecTe3n0I0TOB-PEAHNMATOJIOTOB 1 HAYYHBIX COTPY/IHUKOB.

Tematuka JKYpHaJIa: MaTOTeHE3, KIIMHNKA, INarHOCTUKaA, JICYCHNE, HpO(i)I/IJIaKTI/IKa 1 IIaTOJIOTHYECKAA aHAaTOMUA
KPUTUYECKUX, TEPMUHAJIbHBIX W TMOCTPpEaHUMaIIMOHHDBIX COCTOHHI/II;’I; OKa3aHue ﬂOFOCHI/IT&]IbHOﬁ rnmoMomu 1pu
KPUTUYECKUX COCTOAHUAX] 06y‘{eHI/Ie HaceysieHUuA U MEJUIUHCKOTO IIepCoHaJla IIpUueMaM OKa3aHuA HEOTJIOKHOMN
ToMomu 1Mmpu KpUTUYECKUX COCTOAHUAX; OIITUMU3allNA pa6OTbI OPHT, IOpUINYeCKrE 1N 3TUYECKHE BOIIPOCHI B

Aynuropusi: edeOHbIe YUPEKICHS; BbICIIMEe yIeOHbIE 3aBe/IeHIsT MEAUIIMHCKOTO TIPOMUIIS; MEAUIIUHCKIE
YUPEKIEHNUSI OCJEIMTITIOMHOTO 06pasoBanst, DejiepasibHble N PErHOHAIBHbBIE OPTaHbI YIPABJIEHHST 3[PABOOXPAHEHNEM,
MEIUIITHCKUE HAYYHO-UCCIIEI0BATEILCKIE HHCTUTYThI; MEAUIIUHCKYE OUGINOTEK M.

MOANMUCKA

B 11060M 1104TOBOM OT/IE/IeHUH CBs3U 110 KaTajory «Kuura-Cepsuc»

e uneke 46338 — /Uit UHANBUYAJIBHBIX MTOANUCYTKOB
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