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[Tpu 3a60JieBaHUSAX IEYeHN, 0COOEHHO B TEPMUHAIBHON CTAINH I€YEHOYHOU HEJOCTATOYHOCTH, PA3BHU-
BAIOTCSI pa3HOOOpa3HbIe reMOCTaTHYeCKUE Te(PEKThI, KOTOPBhIE 3aTPAruBaI0T IIPAKTUYECKU BCE 3BEHbSI CBEP-
TLIBaIOIIIteI CHUCTEMBI KPOBHU. Jrto OpUBOOUT K TOMY, YTO IMMalTUEHTHI C 3360JIeBaHI/IHMI/I nevYeHu NMeroT Y3KYIO
TI0JIOCY TOIEPYKAHMSI TEMOCTATUYECKOTO OaTanca.

TsoKeCcTh HAPYIIEHUH TeMOoCTasa 3aBUCUT OT HO30JOTUUYECKON (DOPMBI U CTETIEHU MOBPEKIEHUS
nevyeHu. B 3aBucuMocTH OoT nucHasaHca CUCTEMBI TeMOCTas3a, 0COO0eHHOCTEN KIUMHUKO-T1a00paTOPHBIX
JaHHBIX, IAIMEHTOB C 3360.HeBaHI/IHMI/I ne4YeHn YCJAOBHO MOYKHO pa3Jie/JIMTh Ha TPU I'PYNIIbIL: 1. HexouJie-
CTaTUYeCKre MOBPEKIEHUs TIeuyeHy; 2. X0oJiecTaTu4eCKue MOBPeXIeHusI medenu u 3. [loBpeskaeHus
TeYeH COCYAUCTOrO reHe3a.

B mepBoii yacTu 0630pa 06Cy>KIAF0TCsI BOIIPOCHI U3MEHEHUSI B CUCTEME T€éMOCTa3a y MalfieHTOB C HEX0-
JIECTaTUYECKUMHU 3a00JIeBaHUsIMU TTIeYeHH, KOTOPBIE KaK ITPABUJIO, COMTPOBOSKIAIOTCS TUIIOKOATYISIIIAEH.

Karouesvtle crosa: cucmema 2emocmasa; ceepmoledroulas cucnema kposu,; Hexojecmamuuecrue 3abo.e-
8dHUs neyeHu

In liver diseases, most commonly in the terminal stage of liver failure, a variety of hemostatic defects affect-
ing almost all parts of the blood coagulation system are developing. This leads to diminishing the capabilities
of patients with liver diseases to correctly maintain the hemostatic balance.

The severity of hemostatic disorders depends on the nosological form and degree of a liver damage. De-
pending on the imbalance of the hemostasis system and accumulated clinical/laboratory data, patients with
liver diseases can be subdivided into three groups as exhibiting: 1. non-cholestatic liver damage; 2. cholestatic
liver damage and 3. liver damage of vascular origin.

The first part of the review discusses multiple alterations in the hemostasis system in patients with non-
cholestatic liver diseases, which are commonly accompanied by hypocoagulation.

Keywords: hemostatic system; coagulation system; noncholestatic liver diseases
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V3aMeHeHMs B cicTeMe reMoCcTa3a alfieHTOB
C XpoHUYeCKUMH 1P Py3HBIMEU 3a00I€eBaHUAMU
IeYeHH 3a4acTyIO IPeACTaBIIAIOT 3HAYUTETbHBIN
PUCK pa3BUTHA KaK KPOBOTEYEHUSA, TaK U TPOM-
603a B IIpoliecce pa3BUTHA U IPOTPECCUPOBAHUSA
3abosieBanusA [1-5]. 3aMeueHO, UTO y MAI[eHTOB C
Hex0JIeCTaTHYeCKUMHU 3ab0JIeBaHUSIMU ITI€YeHH B
mpoltiecce pa3BUTHsA 3aboJjieBaHUA TOSABJISAETCA
CKJIOHHOCTb K KPOBOTEUYEHUIO (3, 4], B TO Bpems,
KaK IIPU X0JIeCTaTUYeCKUX 3a00J1eBaHUAX ITeYeHN
B IIpoIiecce IporpeccupoBaHusl 60/Ie3HN OTMeYa-
€TCsI CKJIOHHOCTBb K PA3BUTHIO TPOMOO30B [5-7].
[IpUYUHBI CTOJb CYIIECTBEHHBIX PA3JTUUYAN 10
HAaCTOSIIIer0 BpeMeH! He U3BEeCTHBI, KaK U MeXa-
HU3MBI, IPUBOJISAIINE K Pa3BUTHIO TPOMO03a NIIH
KpPOBOTeYeHUsI NPU XPOHUUYECKHUX IUPPy3HBIX
3aboJsieBaHMAX MeYeHN. B 1Byx yacTax o63opa aHa-
JIN3UPYIOTCA COOCTBEHHBIE U JTUTEepaTyHble 1aH-
HbIe II0 9TOMY BOIIPOCY.

IleyeHns M cBepTHIBaIOIIAsA CHCTEMA KPOBH.
TemocTas (ot rpeueckoro ayooraon: aiuc — blood,
KpOBB + otdlon — stasis, halting, ocranoBka) ompe-
JleJisieTcs Kak OCTaHOBKA KPOBOTEUEHMU S, IIPe/IIo-
Jiararoiiasi ObICTpOe B3aMMOJIENCTBHE Psifia TECHO
CBSI3aHHBIX U perVIaMEHTUPOBAHHBIX MEKTY COO0H
nporueccos [8]. [ledeHb sIBJIAETCA OJJHUM U3 II€HT-
paIbHBIX OPraHOB B TOMEOCTa3e CBePTHIBAOIIEH
crcreMbl KpoBU. [leueHb cCHHTE3UPYET OOJIBIIIH-
CTBO 0€JIKOB IJIa3Mbl, Y4aCTBYIOIIIUX B TEMOCTA3e,
BKJIIOYAsi NIPO- U aHTUKOATYJISHTHBIE (PaKTOPHI,
npo- W aHTUPUOPUHOIUTHUYECKUE (HAKTOPBHI,
TpoMOo109THH [8-10]. VicK/II04eHNe COCTaBJIAIOT
daxropst I, IV u VIII [8]. OCHOBHBIM MECTOM CUH-
Te3a OEJIKOB CBepTHIBAIOIEH CHCTEMBI KPOBU
SIBJISIETCS II€POXOBATBIN 9HAONIa3MaTUIeCKUI
peTuryayM renaronuToB. CHHTE3 TPOTPOMOMHA U
¢arropos VII, IX 1 X 3aBUCUT OT HAJIMYHSI BUTAMU-
Ha K, skmpopacTBOpUMOro BUTaMHHA, BbIpadaThI-
BaeMOro MPEeuMYIIeCTBEHHO KUIIIeYHOH MHUKpPO-
ouotoii. Comepsranne BuTamMuHa K conpsiskeHo ¢
BCAaCbIBaHWEM SKMPOB B KUIIIEYHUKE [9].

ITpu HOpMaILHOM KPOBOTOKE KOMITIOHEHTHI
KPOBH 6eCITPeIsITCTBEHHO MTPOXOSAT Yepes 000
Y4aCTOK COCYIMCTOTO pycJjia CUCTEMBI KPOBOOOpa-
meHns. Bce KpoBeHOCHBIE COCY[bI BBICTJIAHBI
OJTHUM CJIOEM 9H/I0TETNAJIBHBIX KJIETOK, KOTOPhIE
HaxoJATCA B IOCTOSTHHOM KOHTaKTe C KOMIIOHEH-
TaMH KPOBH, ITPOTEKAIOIIIeH uepes IIPOCBET COocya
[11]. ITpr ”HTAKTHOM KPOBOTOKE 3HI0TeINA/IbHBIE
KJIETKH TIOCTOSHHO CEKPEeTUPYIOT MHTUOUTOPHI
CBepPTHIBAHUA U (pUOPUHOIN3A; MHTUOUTOPBI I
IIpeloTBpAIlleHus] aKTUBAIlUM TPOMOOIIMTOB;
AKTHUBATOPBHI, IPEIATCTBYIOIINE 3AIYCKY ITepBUY-
HOT'0 ¥ BTOPUYHOTO 'eMOCTa3a; U 00ecrieunBaioT
TeM CaMbIM aTPOMOOT€HHOCTE IIOBEPXHOCTH COCY-
noB (8, 11]. HampoTus, cy69HI0TEINAIBHBIA CJION
COCYJMICTOU CTEHKH SIBJISIETCSA BBICOKO TPOMOOTEH-

Introduction

Alterations of the hemostasis system of pa-
tients with chronic diffuse liver diseases commonly
represent a significant risk of both bleeding and
thrombosis during the development and progres-
sion of the disease [1-5]. It has been observed that
patients with non-cholestatic liver diseases possess
a tendency to bleeding during the development of
the disease [3, 4], whereas the patients with
cholestatic liver diseases exhibit a trend to devel-
oping thrombosis when the diseases progresses
[5-7]. The reasons for these significant differences
are still unknown, as well as the mechanisms that
lead to the development of thrombosis or bleeding
in chronic diffuse liver diseases. The two parts of
the review represent the analysis of available data
on these issues.

Liver and the blood coagulation system. He-
mostasis (from the Greek aiucoraon: aiua — blood,
otdon — stasis, halting) is defined as the arrest of
bleeding and requires the rapid interaction of a
number of closely regulated processes [8]. The liver
is a central organ in the homeostasis of the hemo-
static system. The liver synthesizes the majority of
plasma proteins involved in hemostasis including
pro- and anticoagulant factors, pro-and antifibri-
nolytic factors, and thrombopoietin [8-10]. The ex-
ception constitutes factors III, IV and VIII [8]. The
rough endoplasmic reticulum of hepatocytes is the
main site of synthesis of proteins related to the co-
agulation system. The synthesis of prothrombin and
factors VII, IX and X depends on the presence of vi-
tamin K, a fat-soluble vitamin produced by intes-
tinal microbiota. The content of vitamin K is asso-
ciated with the absorption of fats in the intestine [9].

Under normal circumstances blood compo-
nents pass unhindered through the circulatory sys-
tem. All blood vessels have a single layer of en-
dothelial cells (ECs) that are in constant contact
with blood flowing through the vessel lumen [11].
In the intact circulation ECs constitutively secrete
platelet inhibitors, coagulation inhibitors and fib-
rinolysis activators preventing the initiation of pri-
mary and secondary Hemostasis and also to pro-
vide a non-thrombogenic vascular surface [8, 11].
In contrast, the subendothelial layer is highly
thrombogenic and contains collagen, von Wille-
brand factor (VWF) and other proteins such as
laminin, thrombospondin and vitronectin that are
involved in platelet adhesion [12,13]. When the vas-
cular endothelial layer is interrupted, VWF is re-
leased, collagen is exposed and tissue factor (TF) is
expressed on the surface of endothelial cells [12].

Platelets play a pivotal role in primary Hemo-
stasis and alongside the vessel wall and adhesive
proteins, lead to the formation of an initial «platelet
plug» [8]. At the site of vessel injury, platelets recog-
nize disruption of endothelial cells lining the blood
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HBIM U COIEPIKUT KoJIareH, hakTop Busiiedbpan-
na (VWF) u npyrue 06eJikd, Takve Kak JIJaMUHUH,
TPOMOOCIIOHINH ¥ BUTPOHEKTHUH, KOTOPhIE y4a-
CTBYIOT B afre3uu TpombonuToB [12, 13]. Korma
COCYIMCTBIN 9HI0TETNAIBHBIHN CJI01 TIOBPEYKIAET-
cs1, To BEICBOOOKTaeTcst VWE TkaHeBOH (haKTop
(TF) akcrpeccupyerca Ha TIOBEPXHOCTb 9HA0TEJIH-
aJIbHBIX KJIETOK, KOJIJIareH CTAaHOBUTCA NOCTYII-
HBIM JJI1 KOMIIOHEHTOB KpoBHU [12].

[Ipu HapyeHnu 1eJIOCTHOCTH COCyia TPOM-
OOIUTHI UTPAIOT KJIIOYEBYIO POJIb B IEPBUYHOM
reMocrase, 1 Hapsay ¢ COCyIUCTBIM 9HIO0TeIneM
U aire3aNBHLIMU OeJTKaMU TPUBOIAT K 00pa3oBa-
HUIO TIEPBUYHON «TPOMOOITUTAPHON TPOOKM» [8].
B MecTe MOBpeXKIEHUS COCYIOB TPOMOOITUTHI pac-
MMO3HAKOT Je3WHTerpamnuio 9HAO0TEeJUOIUTOB,
BBICTHJIAIOIIAX KPOBEHOCHBIE COCY/IbI M OOHAKEH -
HBIU MO HUMH (pUOPO3HBIN MaTpuKC. ITpoucxo-
AT aKTUBAIIMsI TPOMOOIIMTOB, UX aITe3UsI U arpe-
rauuss Ha TOBEPXHOCTH MOBPEXKAEHHOTO
aHmoTe usA ¢ (GopMUpoBaHHEM siapa Tpomba
[14-16]. Kpome TOro, akTUBHUPOBaHHbIE TPOMOO-
IUTHl 9KCIPECcCUpyoT Gochoaunuabl TaKUM
006pa3oM, YTO OHU CITOCOOCTBYIOT IPOIIECCY KOary-
JIAIINY C oOpasoBaHueM TpoMbuHa u pubpuHa [8].

lemocTa3s cymiecTBeHHO 3aBUCHUT OT pocdo-
JINTIU/IOB KJIETOYHBIX MEMOpaH, B3aUMO/IECTBYIO-
mux ¢ pakTopaMu CBePThIBAHUS KpoBU [17-19].
Basknasa ¢yskuusa pocdoaunugos B CBepThIBA-
HUU KPOBHU CTajla U3BECTHOHU IIOCJE TOTO, KakK
OBLIO TIOKa3aHO, 4YTO cMeCh (QochogunumIoB
MOKET WMUTUPOBATH NPOPUIbL TMMOBEPXHOCTHU
TPOMOOIIMTOB TPU AaKTUBAIIUM CBEPTHIBAHUS
KPOBH in vitro [20-22]. UHumanus cBepThIBAHUS
KpOBU TpeOyeT BEICOKOCTEIM(PUIHBIX B3aUMOJIEH -
CTBUU MesKly (haKTOpaMU CBEPTHIBAHUS 1 KOMIIO-
HEHTaMU KJIEeTOYHOU MeMOpaHbI [22-27]. BbLIO
II0KA3aHOo, YTO Y KasKI0ro (hakTopa CBepThIBAHUS
KPOBU B CTPYKTYype UMEETCA y4aCTOK, ComepyKa-
AN Y-KapOOKCUIUIyTAMUHOBYIO KHUCJIOTY —
gamma-carboxyglutamic acidrich (GLA) domain,
B3aUMOJEHCTBYIOIIUNA CO  clelnupuiIecKkumMu
JIUTIAIaMU KJIETOYHOUW MeMOpaHbl, MHUIIMUPYS
XUMUYEeCKHUE TMPOIEeCCh], OTBeYaoIle 3a CBePThI-
BaHUe KpoBH [23, 26]. K atuMm crnenuduieckum
JIMNHUAAM OTHOCSITCS MOJIEKYJBI pocdaTuauice-
puHa (PS) kieTouyHoi MeMOpaHbI [17-19].

TraneBoi akrop, parrop Vau dakrop VIlla
UMEIOT IIEHTPHI CBA3bIBAHUS C (pochoIUnIUIaAMU
MeMOpaH 7151 00pa3oBaHUsA COOTBETCTBYIOIINX
¢depmenTHbIXx KOMILTEKCOB: TF/VIla, VIlla/IXa u
Va/Xa [28]. IIpu cBsAI3bIBaHUU C OeJIKaMU-aKTHUBa-
TOpaMU B pe3y/bTaTe KOH(MOPMAIMOHHBIX U3Me-
HEHUI aKTUBHOCTD 9TUX (PEPMEHTOB MTOBBINIIAETCS
[28]. BsaumopeiicTBUsI epMEHTHBIX KOMILJIEKCOB
C KJIETOYHBIMU MeMOpaHaMH TPOUCXOIAT IO
nmercTBreM KaTuoHOB Ca?*.

depMeHTHbIE MeMOpaHHbIe KOMILJIEKCHI ITPO-
KOAryJIsTHTHOTO MyTH 00pPas3yloTCs TOJIBKO TP

vessels and the exposed underlying fibrous matrix.
They subsequently form a core of thrombi through
a process of adhesion, activation, secretion of the
contents of intracellular storage organelles, and ag-
gregation [14-16]. In addition, activated platelets ex-
press phospholipids, which promote localized co-
agulation and generation of thrombin and fibrin [8].

Hemostasis significantly depends on the cell
membrane phospholipids interacting with blood
clotting factors [17-19]. Studies have demonstrated
that a mixture of phospholipids can mimic the pro-
file of platelets and endothelial cell surfaces in ex-
perimental conditions, so that hemostasis can be
activated in vitro [20-22]. Initiation of clotting re-
quires highly specific interactions of domains of co-
agulation factors with the cell membrane compo-
nents [22-27]. Each blood coagulation factor
possesses a gamma-carboxyglutamic acid-rich
(GLA) domain that interacts with specific lipids in
the cell membrane to initiate the biochemical cas-
cade of blood clotting [23, 26]. These specific lipids
include the phosphatidylserine (PS) molecules of
the cellular membrane [17-19].

Tissue factor, factor Va and factor VIIIa have
binding centers for membrane phospholipids and
the enzymes TF/VIla, VIlla/IXa, and Va/Xa, respec-
tively [28]. Upon binding to the activator proteins,
conformational changes are induced to increase
the activity of the enzymes [28]. The interactions of
enzyme complexes with cell membranes occur
under the action of Ca?* cations.

Enzyme membrane complexes of the proco-
agulant pathway are preferentially formed in the
presence of both tissue factor and negatively-
charged phospholipids on the outer surface of the
cell membrane. Specifically, the transverse asym-
metry of cell membranes is determined by the pre-
dominance of neutral phospholipids (phos-
phatidylcholine and sphingomyelin) within the
outer layer and by negatively-charged phospho-
lipids (phosphatidylcholine and sphingomyelin) in
the internal layer [17-19]. A special enzyme system
facilitates the transmembrane transfer and medi-
ates the distribution of phospholipids in the cell
membranes, with the outer surface of the plasma
cell membranes being uncharged, usually.

Negatively-charged phospholipids, PS and
phosphatidylethanolamine (PE) provide the major-
ity of procoagulant activity [19]. The GLA domain
interacts with PS as a part of the cell membrane [23,
27]. The weak binding of PS to the clotting factor
becomes much stronger in the presence of another
phospholipid — PE. Both phospholipids, PS and
PE, are localized to the inner petal of the cytoplas-
mic membrane’s lipid bilayer, at high concentra-
tions in the resting cell [17-19]. This location pre-
vents contact with the clotting factors; however,
when the cell membrane becomes damaged, PS
and PE interact with coagulation factors, initiating
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HaJW4YUM TKaHeBOro (pakTopa M OTpPUIATE]BHO
3apsibKeHHbIX  (PocdOUNUIOB HA BHEITHEHN
MTOBEPXHOCTH TIa3MaTUYeCKON MeMOpaHbI KJe-
ToK. [lonepeyHas acuMMeTpHs IJIa3MaTUdeCKUX
MeMOpaH, B YaCTHOCTH, OTIpeiesisieTcsI mpeobJraaa-
HUEM B Hapy>KHOM CJIOe HeUTpaJibHbIX (pocosu-
0B (pocdaruauaxoarHa u cGUHTOMUENHA), a
BO BHYTpPEHHEM — OTPHUIIATEJIbHO 3aPSyKeHHBIX
(dpocharnammaranonamMuaa u pocdaruauacepu-
Ha) [17-19]. CnennanbHasg pepMeHTHAsA cCUCTeMaA
obecrieynBaeT TpaHCMeMOpPaHHBI ITEPEHOC U OTI0-
cpenyeT pacrpepesienrue ¢hocpoIUnuIoB B Kie-
TOYHBIX MeMOpaHax, IpU KOTOPOM B HOpMe BHEIII-
HsIsT TIOBEPXHOCTHh IJIa3MaTUYeCcKnX MeMOpaH
KJIETOK He 3apsi’KeHa.

Hanbosbiieli  KOAryJIsIMMOHHOW — aKTHB-
HOCTHIO 00JIa/IaI0T OTPUIIATETHHO 3apsyKEHHBIE
dochoaunuabl: pocharuauiceput, pocharumam-
aaranoaamuH (PE) [19]. GLA-goMeH B3auMopeli-
cTByeT ¢ PS, BXOIAIIMM B COCTaB MEMOPAHBI KJIET-
Ku [23, 27]. Camo 110 ceOe HETPOUYHOEe CBSI3ShIBAHUE
docharuguacepura ¢ GakToOpoM CBEPThIBAHUS
CTaHOBUTCSI ropa3no 00jiee TPOYHBIM B IIPUCYT-
ctBuM nipyroro ¢ocdosmmmma — PE. O6a docdo-
gunuaa — PS u PE B OOJBITUX KOHIIEHTPAITASX
MPUCYTCTBYIOT HAa BHYTPEHHEM JIEIIeCTKe I[UTO-
IJIA3MaTUYeCKON MeEMOPaHbI TOKOSIIIENCST KITETKI
[17-19]. U aTO 3aTpynHSET UX KOHTAKT C haKkTopa-
MU CBepThIBaHUsA. [Ipyu NOBpeskAeHNN KIETOUYHON
MeMOpansbI PS 1 PE B3anMopeicTByIOT ¢ hakTopa-
MU CBEPTHIBAEMOCTH, NHUIIUUPYS IPOLIECC KOary-
Januu. [IpeAnosioyKUTeJIbHO IIPU  aKTUBAIUU
TPOMOOITUTOB W 9H/IOTEJUOIHUTOB ITPOUCXOIUT
nepementienue PS u PE ¢ BHyTpeHHero Ha BHEIITHUN
JIETIECTOK €r0 IIUTOIJIa3MaTHYeCKO MeMOpaHbI U
IIPOUCXOUT IKCIIOHMPOBAaHHE OTPUIATEBHO
3apsKEeHHBIX (POCchOIUNUIOB HAPYIKY.

lemocrarnyeckas cucremMa HaX0JJUTCSI B TOH-
KOM PaBHOBECHUH MEYKTY TPOTPOMOOTUYECKUMHU 1
AHTUTPOMOOTHYECKMMM TIpOIleccaMu, Hampas-
JIEHHBIMU Ha [Ipe/IoTBpallleHle Ype3MeEPHOU KPO-
BOIIOTEPU M3 IOBPEKIEHHBIX COCYIOB U IIpe[-
OTBpAIlleHusI CIOHTAaHHOTO Tpombo3a [29].
Hapyiienue 11€JI0CTHOCTUA COCYAMCTOTO 9HJ0Te-
JIVS1 3allyCKaeT B3auMoielicTBUe (pr3noIornye-
CKUX ITPOIIECCOB, K KOTOPBIM OTHOCATCS 06pa3o-
BaHUE MEPBUYHOU «TPOMOOIIMTAPHOU MPOOKM»
(mepBUYHBIN reMoCTas), aKTUBAIMA KOATYJIAINN
c obpasoBaHueM (pUOPUHOBOU CETKY (BTOPUYHBIN
remocras), (UOPUHOIN3 U BOCCTAHOBJIEHUE
11eJIOCTHOCTH COCYIUCTOH cTeHKH [8, 11, 30].

Hapyimenusi remocra3a npu 3a0oJ/ieBaHH X
neuyeHH. [Iporpeccupyroiiue 3aboaeBaHUs eye-
HU ACCOIMUPYIOTCS CO CHIDKEHUEM B IIJIasMe
KPOBU YPOBHSI MHOTHUX, XOTsI U HE BCEX (HaIIpuMep,
¢akropa VIII), ¢pakTopoB koaryasamuu [31, 32].
TepMuHabHBIE CTAaguM 3a00J€BAaHUN TE€YEeHU
paccMaTpuBaloTCs Kak IPOTOTHI TPUOOPETEHHO-

'O Hapylni€eHud B CUCTEME IreM0oCTa3d, COIIPOBOK-

the coagulation process. Presumably, movement of
PS and PE from the inner to the outer leaflet of the
membrane occurs upon the activation of platelets
and endotheliocytes, so that negatively-charged PS
and PE become exposed to the outside surface of
the cells.

The hemostatic system is in a delicate balance
between prothrombotic and antithrombotic
processes, aiming to prevent excessive blood loss
from injured vessels and to prevent spontaneous
thrombosis [29]. Disruption of the vascular endothe-
lium triggers this interplay of physiological
processes, which include (a) formation of an initial
platelet plug (primary Hemostasis), (b) activation of
coagulation to form a fibrin mesh (secondary Hemo-
stasis), (c) fibrinolysis and (d) vessel repair [8, 11, 30].

Hemostatic disorders in liver diseases. Ad-
vanced liver diseases are associated with reduced
plasma levels of most, though not all (e.g. factor
VIII), coagulation factors [31, 32]. Advanced liver
diseases are considered as a prototype of an ac-
quired bleeding disorder, and especially gastroin-
testinal bleeding events contribute significantly to
the mortality of patients with liver cirrhosis. Yet,
there is increasing evidence that a decrease of nat-
ural anticoagulants such as antithrombin or pro-
tein C in parallel to coagulation factors may result
in arebalanced coagulation system in liver cirrhosis
patients, and even an increased risk of thromboem-
bolic events has been reported in patients with ad-
vanced liver diseases [7, 33, 34].

Damage to the liver, which led to the state
when liver transplant became required, can include
various etiology forms of liver diseases. Based on
the severity of the condition and features of the pa-
tient’s clinical and laboratory data, liver damage
can, conditionally, be divided into three groups. For
the first, the damage predominantly involves the
hepatocytes, such as liver cirrhosis of various eti-
ologies and fulminant toxic liver damage, among
others; this is noncholestatic liver damage. For the
second, the disease shows the endothelial cells of
the intrahepatic bile ducts being primarily dam-
aged, with hepatocyte damage being secondary (i.e.
PBC or PSC); this is cholestatic liver damage. For
the third, the damage to the liver is due to either
thrombosis of hepatic artery, portal vein or hepatic
veins (i. e. APS with BCS); this is liver damage of
vascular genesis. Damage to the liver in the latter
case is not the cause, rather it is the consequence
of alterations of hemostasis (thrombosis). The ter-
minal stage of these diseases leads to the need for
liver transplantation.

Manifestations of the terminal stage of a he-
patic failure are very diverse. They include signifi-
cant changes in central and peripheral hemody-
namics, disorders of external respiration and
disruption of gas exchange, development of renal
insufficiency, altered water and electrolyte balance,
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Jlalolerocss KpoBOTedeHUsiMU. B uacTHOCTH,
SKeJTyJJOYHO-KUIlIeYHble KPOBOTE€YEHUSI IPUBOAAT
K yBeJIMUEeHUIO IT0Ka3aTeJisi CMEPTHOCTH IallleH-
TOB C IIUPPO30M ITedeHu. TeM He MeHee, BCe 60JTb-
IlIe TaHHBIX CBUJETEeIbCTBYET O TOM, UYTO CHUKE-
HHe eCTeCTBEHHBIX AaHTUKOATYJISTHTOB, TAKUX KaK
aHTUTPOMOWH MK poTenH C, C OMHOBPEMEHHBIM
yMeHbIIleHeM (PaKTOPOB KOAryasiliud MOYKeT
MIPUBECTU K OTHOCUTETbHON cOaTaHCUPOBAHHO-
CTU CBePTHIBAIOIIIEH CUCTEMBI KPOBH y TAIIUEHTOB
C LUppO30M Ileuenu [7, 33, 34].

TepMUHaJ/IbHBIE CTAIUY TIOBPEKAEHUSA IIeUe-
HH, KOTOpble NPHUBOIAT K HEOOXOJUMOCTU ee
TPaHCIJIAHTANINY, BKJIIOYAIOT B ce05 pa3/ImaHbIe
HO30JI0TUYeCKHe (pOopMBblI, KOTOpPhIe, UCXOAs U3
TSYKECTU COCTOSIHUS U 0COOEHHOCTeH KINHUKO-
JTabOpaTOPHBIX IaHHBIX, YCJIOBHO MOYKHO pasje-
JINTh Ha TPU PYIIIBL:

1. 3abosieBaHMs IEYEHH, IPU KOTOPHIX ITpe-
HMMYILECTBEHHO CTPAal0T relaToUThI (IUPPO3bI
Ie4yeH! BUPYCHOU U AJIKOTOJbHOU 39THOJIOTHH,
TOKCUYeCKUe IOBPEKAeHUsI IIe4eHu ¢ (pyabpmu-
HaHTHOW (popMOU TeueHUsI) — HeXoJecTaTu4de-
CKUeE [TOBPesKeHNsI IeYeHY;

2. 3aboneBaHUs TNE€YEeHU, NIPU KOTOPHIX, B
IIepBYIO OYepeb, TIOBPEKIAIOTCS KJIETKU BHYTPU-
IeYeHOYHBIX SKeJTYHBIX IPOTOKOB, a IOBPEsKAeHNe
renaTonUTOB BTOPUYHO (TepBUYHBINA OMIMAPHBII
XOJIQHTUT, IePBUYHBIH CKJIEpPO3UPYIOIIUHI X0JIaH-
TUT) — X0JlecTaTu4decKue MOBPesKIeHNUs [IeYeHH;

3. IloBpeskaeHus neyeHu, KOTOpble Pa3BuU-
BAIOTCS BCJIEJCTBHE HAPYIIEHUSI TPOXOIUMOCTHU
(TpoM003a) cOCyHoB IeYeHn: IIeYeHOYHON apTe-
puu, NOPTAJBHOUN 1 IEYeHOUHBIX BeH (aHTUdOC-
doMunuIHBIA CUHAPOM C CUHApPOMOM baapa-
Kuapu) — moBpeskieHUs IeYeHU COCYAUCTOTO
reHe3a. [loBpeskeHue Ne4yeHU B ITOM cCJjydae
SIBJISIETCSI HE IPUYUHOM, a CJIe/ICTBUEM Hapyllle-
HUI TeMocTasa (TpoMOO30B).

TepMuHa/bHAsA CTaAus ITHX 3ab00JI€BaHUN
MPUBOAUT K HEOOXOAMMOCTH TPAHCILIAHTAIIUN
Ie4YeH!.

[IposiBaIeHUs1 TepMUHAJIBHOU CTaqUM Ieve-
HOYHO-KJIETOYHOU HEeJJOCTAaTOYHOCTH BeCbMa pas-
HOOOpasHbI U BKJIOYAIOT B ce0si: BhIpa’KeHHbBIE
U3MeHeHUsI IeHTPAaJbHOU U mepudeprudecroi
reMOJUHAMUKH; PACCTPOMCTBA BHEIIHETO JIbIXa-
HUS ¥ HapyIIeHUsI Ta3000MeHa; pa3BUTHE TI0Yey-
HOU HeJJ0CTaTOYHOCTH; HAPYIIEeHUsI BOJHO-3JIeK-
TPOJIMTHOTO OajlaHca; pas3BUTHE IeYeHOYHOH
(mopTo-cucTeMHOM) aHIle(danonaTuy; HapyIIeHus
CO CTOPOHBI KPOBM U CUCTeMbI reMocTasa. Hapy-
IIIeHN s MeTab0IMIeCKOr (PYHKITUU TeraToIUTOB
IIpU I1e4eHOYHO-KJEeTOUHON HeJ0CTaTOYHOCTU
NIPUBOJAT K PAa3BUTHUIO CJIOKHBIX U3MEHEHUU B
CHUCTEMe CBEPTHIBAHNUS KPOBH.

Tak Kak MexaHU3Mbl Pa3BUTUS IIeUEHOYHO-
KJIETOUHOU HEJJOCTaTOYHOCTH B TPeX BBIIIIE YKa-
3aHHBIX IpylNIlax pasjWdyYHbl, TO U IPOSBJIEHUS

development of hepatic (portosystemic) en-
cephalopathy, and disturbances of blood parame-
ters and hemostasis. Disorders of the metabolic
function of hepatocytes in hepatic failure lead to
the development of complex changes in the blood
coagulation system.

Since the mechanisms underlying the devel-
opment of hepatic failure in all three of the groups
mentioned above are different, the manifestations
of disorders in the hemostatic system show distinc-
tive profiles for each group. As a rule, in the course
of the development of the disease a balance be-
tween the coagulation and anti-coagulation sys-
tems remains, but at a reduced extent [6, 35]. In the
terminal stage of hepatic failure, the balance is eas-
ily destabilized, which can lead to both bleeding
and thrombosis [29].

Table presents changes in the blood coagula-
tion system that promotes bleeding or thrombosis
associated with liver damage in various etiologies
of liver diseases. When the terminal stage of hepatic
failure is developing, liver transplantation becomes
the only option for treatment and to restore the he-
mostatic system, even in the presence of genetic
defects involving the blood clotting system.

Hemostatic changes in liver diseases are man-
ifested by:

* thrombocytopenia and functional platelet
defects [36, 37];

* low content of coagulation proteins and
coagulation inhibitors [10, 32, 38, 39];

* low level of fibrinolytic proteins [10, 40]

* high content of von Willebrand factor, fac-
tor VIII, tissue plasminogen activator (tPA) and plas-
minogen activator inhibitor type-1 (PAI-1) [10, 35].

One of the formidable signs of terminal-stage
hepatic failure is portal hypertension, which leads
to formation of varices of the esophagus and
stomach [41]. The most common complication of
portal hypertension is bleeding from varices. As
such, bleeding is not a consequence of a disorder
in the hemostatic system.

Orthotopic liver transplantation is the only
cure for a wide range of end-stage liver diseases,
such as liver cirrhosis of viral etiology, liver cirrhosis
of alcoholic etiology, primary biliary cholangitis,
primary sclerosing cholangitis, fulminant liver fail-
ure, malignant liver tumors, Badd—Chiari syndrome
and a number of diseases manifested by metabolic
disorders of the liver [42—49].

Based on altered functions of the blood coag-
ulation system, patients with liver damage that
need transplantation can be conditionally divided
into two groups: those and those.

* Patients with a tendency to bleed.

e Patients who are prone to thrombosis.

The overall profile of clinical and laboratory
manifestations of hemostatic system disorders, show-
ing patterns of manifestations and degrees of severity,
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HN3MeHeHHUs B cUCTEMeE reMocTa3a npu 3a00J/IeBaHUAX II€4YCHHU, Cl'lOCOﬁCTByIOI].lI/Ie Pa3BHUTHIO KpOBOTe‘leHHﬁ

HJTH TPOMOO030B [29].

Changes in the system of hemostasis in liver diseases that promote the development of bleeding or thrombosis [29].

HN3meHeHus, CHOCOﬁCTByIOII.lPIe PasBUTHUIO KPOBOTE€YECHUA

H3MeHeHHs1, CIIOCOOCTBYIOIINE Pa3BUTHIO TPOMO030B

1. TpombonuToneHust

2. Hapymenue pyHKIMM TPOMOOIIUTOB
Y B3aUMOJIeICTBHSI TPOMOOIIUT-COCYJUCTAsI CTEHKA

3. TloBrIIIeHNE MHTUOMPOBAHUS TPOMOOIIUTOB
okcuoM azora (NO) ¥ IpoCTalUKINHOM

4. Huskuil ypoBeHb (paKTOPOB CBEPTHIBAHUS
kposu (11, V, VII, IX, X, XI)

5. KauecTBeHHbIE U KOJINYECTBEHHbIE
aHOPMaJILHOCTH (hUOPHHOTeHa

6. Huskuii ypoBeHb 2-aHTUILJIA3MUHA, THTHOUTOpA
TPOMOUH-UHAYIHPYyeMoro pubdpuHoIM3a

1. TloBbIlIeHHBIH YpoBeHD (akTopa VIII
u pakTopa Busiedbpanga
2. Husknii yposeHs nporensa C, nporensa S,
anturpombuHa 11, ¢2-makpormobyirnHa
3. CHIKeHHBIN YPOBEHb I1JTa3MUHOTeHa
4. IloBeIIeHHBIH ypoBeHb KodakTopa Il remapuna
5. AHTHd OChONMUIIIHBIE AHTUTEIA

Changes that contribute to the development of bleeding

Changes that promote thrombosis

1. Thrombocytopenia

2. Impaired platelet function and platelet-vessel
wall interaction

3. Enhanced platelet inhibition by nitric oxide (NO)
and prostacyclin III, ¢2-antiplasmin

4. Decreased level of coagulation factors I, V, VII,
IX, X and XI

5. Quantitative and qualitative abnormalities
of fibrinogen

6. Low level of ¢2-antiplasmin, the thrombin-inducible
fibrinolysis inhibitor, histidine-rich-glycoprotein levels
of tPA, with small increase of PAI-1 levels

1. Elevated levels of factor VIII and von Willebrand factor
2. Low level of protein C, protein S, antithrombin ITI
and a2-macroglobulin
3. Decreased levels of plasminogen
4. Heparin cofactor II elevated
5. Antiphospholipid antibodies

HapylIIeHu B CHUCTeMe reMOCTa3a UMeT CBOU
0COOEHHOCTH [IJIST KasKA0H rpynmbl. B mporecce
pa3BuTUsA 3ab0JieBaHUs, KaK MIPaBUJIO, COXpa-
HsIETCS1 paBHOBeCHe Me)KIy CBepThIBAlOIIEN U
MMPOTUBOCBEPTHIBAIOIIEN CHCTEMAaMM, HO CO CHU-
sKEHHBIM OaJtaHcoM [6, 35]. B TepMuHaIBHOM CTa-
IUN TEeYeHOYHO-KJETOYHOH HeI0CTaTOYHOCTH,
OaJstaHC JIETKO HApYIIAeTCs B TY, TIUOO APYTYIO CTO-
POHY, YTO MOKET IIPUBOJUTH KaK K KpOBOTEYe-
HUAM, TaK U K pa3BUTHIO TPOMO030B [29].

B Tabisminie mpencTaB/ieHbl M3MEHEHUs B
CBEPTHIBAOIIEH CHCTEME KPOBH, CIIOCOOCTBYIO-
IIyie pa3BUTUIO KPOBOTEYEHUN MU TPOMOO30B,
CBSI3AHHBIX C NOBPEKIEHUAMU [IeYeHU IIPU pPa3-
JIMYHBIX HO30JIOTHYECKUX (popMax 3aboIeBaHUI
neveHu. [Ipu pa3BUTHUU TepMUHAJIBHOU CTaquuU
Me4YeHOYHO-KJIETOUHON HEJIOCTaTOYHOCTH, TPaHC-
IJIaHTAllMs IIedeHU SBJSAETCS eIUHCTBEHHBIM
METOJIOM JieueHUsI, KOTOPbII IPUBOIUT K BOCCTA-
HOBJIEHUIO CUCTEeMbI TeMOCTa3a, B TOM YHCJIe TIPU
HaJINYUY TeHeTUYeCKUX JIe(peKTOB CBEPThIBAHUS.

lemMocTarnyeckue n3MeHeHUs mpu 3aboJe-
BAHUSIX IIEYEeHU NPOABJIAIOTCA:

* Tpombornuronenueii 1 GyHKIIMOHAIHHBI-
Mu nedeKTaMu TPoMOOITUTOB [36, 37];

* HuskuM conmepskaHueM KOary/IsiUuOHHBIX
0eJTKOB 1 MHTHOUTOPOB CBepThIBaHYs [10, 32, 38, 39];

* HwuskuM ypoBHEM (pUOPUHOIUTHYECKUX
o0esakos [10, 40];

* Bricokum copepskanueM ¢aktopa (oH
Busutebpanma (VWF), ¢pakropa VIII, TATI, uHTHOU-
TOpa aKTUBAlMU IlJ1adMuHoreHa-1 [10, 35].

are due to the etiology form of the liver disease and
the operation stage of the liver transplantation.

In the first part of the review, the alterations of
the hemostatic system in non-cholestatic liver dis-
eases will be presented.

Non-cholestatic liver damage and hemosta-
sis. In patients with liver cirrhosis of viral, alcoholic
or toxic etiology, the compounding effects of the
viruses, the alcohol toxicity and other toxic sub-
stances induce the death of hepatocytes [50-52].
Immune cytolysis of hepatocytes in viral chronic
liver diseases is due to immune responses to viral
antigens and development of autoantibodies to
liver autoantigens. In the terminal stage of the dis-
ease, this leads to the appearance of multiple de-
fects in the hemostatic system, resulting ultimately
in hypocoagulation [7, 53, 54]. The latter is due to:

* decreased protein-synthetic function of
hepatocytes, leading to a decrease in the level of co-
agulation factors;

e formation of abnormal inferior proteins of
the coagulation system, some of which have anti-
coagulant activity;

* increased fibrinolytic activity;

* decreased synthesis of normal inhibitors of
fibrinolysis;

* decreased excretion of fibrinolysis activa-
tors; and

e impaired absorption of vitamin K.

In parallel to the progression of liver diseases,
procoagulation and anticoagulation elements syn-
thesized by the liver become reduced. In contrast,
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OnHUM 13 TPO3HBIX IPU3HAKOB TEPMUHAb-
HOM CTaguy IMeYeHOYHO-KJIETOYHON HeJ0CTaTou-
HOCTHU SIBJIAE€TCS TOPTAbHAA TUTIEPTEH3US, IPU-
BOAAIAasg K BAPUKO3HOMY paclIMPEHUIO BEH
nuIeBoaa u skesynaka [41]. Haubosiee pacmopo-
CTpPaHEeHHBIM OCJIO’KHEHNEM TOPTATbHOU TUIIED-
TEH3UH SIBJSIETCA KPOBOTeUeHNE N3 BAPUKO3HO
pacimpeHHbIX BeH. KpoBoTeueHne He ABJIAETCS
cJIeCTBUEM HapylIeHUs B CUCTeMe I'eMOCTasa.

OpToTonnyeckasi TpaHCIJIAHTAIWS TeYeHN
ABJISIETCSA eJUHCTBEHHBIM 3((PEKTUBHBIM CIIOCO-
O0M JieueHUsI B TEpMUHAJIBHOM cTaguu 3a00J1eBa-
HUU IleYeHHU, TAKUX KaK: [[UPPO3 IeYeH! BUPYC-
HOW M QJKOTOJIbHOM 3THUOJIOTHU, TEPBUYHBIN
OUIMApPHBIA XOJIAHTUT, TMEPBUYHBIA CKJIEPO3U-
PYIOIINI XOJIAHTUT, (PYIIbMUHAHTHAS IIeYeHOYHas
HEeJOCTAaTOYHOCTh, 3JI0KaYeCTBEHHBIE OIIyXOJId
revyeHu, cuHapoMm bann-Kuapu u psin 3abosieBa-
HUH, TPOSBJISIONINXCS MeTab0JIMIecCKUMU Hapy-
IIIEHUAMU Ha YPOBHe IleyeHu [42-49].

Hcxonsa u3 HapymeHUil (yHKIUU CBEpPThI-
BaOIIlEN CUCTEMBI KPOBH, MAllMEHTOB C MOBPEXK-
JeHreM IIeYeHH, Hy KIaIOIUXCs B ee TPaHCILJIaH-
Talliy, YCJIOBHO MOKHO pasfejnTb Ha JBe
TpYIIIBL:

e [lanmeHTHI, UMeEIOIINE CKIOHHOCTD K KPO-
BOTEYEHUSIM.

e JlamueHTsl,
TpoMbO3aM.

COBOKYITHOCTh ~ KJIWHUKO-J1aO0paTOPHBIX
NpOSIBJIEHNH HapylIeHUsl CUCTeMbl reMOCTas3a,
0COOEHHOCTHU MPOSIBJIEHUN U UX CTEINeHb BbIpa-
SKEHHOCTH 00YyCJIOBJIEHBI HO30JIOTHYECKOH (pop-
MOIi 3a00J/IeBaHUA.

B mepBoii vactu 0630pa pacCMOTPUM Hapy-
IIIEHVS B CUCTeMe TeMOCTa3a IIPY HeXoJiecTaTh4de-
CKUX 3a00J/IeBaHUSAX [IEYEHU.

HexosecTaTudeckue MoBpeskAeHUA NeIeH!
M remocTtaa. [Ipu nupposax neueHU BHUPYCHOH,
AJIKOTOJIBHOM U TOKCHUYECKOU 3TUOJIOTUU TIPO-
HUCXOIUT TOBPEKIeHNEe U TMOeJib TermaToIUuTOB
Jrb0 3a cUeT pa3MHOKEHUs] BUPYCOB, ubO 3a
CYyeT TOKCUYECKOT0 BO3IeICTBUSA aJIKOT0JIS U IPY-
I'UX FenaTOTOKCUYHBIX BemlecTs [50-52]. IMMyH-
HBIU ITATOJIN3 TEeNaTOIUTOB MPU XPOHUUYECKUX
3a00J1eBaHUSIX IeYeHN BUPYCHOM 9THOJIOTUH CBSI-
3aH KaK C HaJIMYMeM B HUX BUPYCHbBIX aHTUT'CHOB,
Tak U C BO3/IeliICTBHEM IeYEeHOUHbBIX ayTOAHTUTe-
HOB M ayTOAHTUTeJ. B TepMUHAJBHON CTanuu
3aboJsieBaHUSI 3TO TMPUBOJUT K TOMY, YTO
MOSIBJISIIOTCSI MHOSKECTBEHHBIE Je(DEeKThI B CUCTE-
Me reMOoCTa3a, KOHEYHbIM Pe3yJIETaTOM Pa3BUTUA
KOTOPBIX ABJAETCA TUIOK0AryIAnua [7, 53, 54].
[Mocnenusiss obycaoBieHa:

e CHU)KEHHEM 0eJIKOBO-CUHTEeTUYEeCKOM
(pYHKIIMY renaToTOB, YTO IPUBOAUT K CHUKE-
HUIO YPOBHsI (DaKTOPOB CBEPTHIBAHUS;

e obOpasoBaHWeM aHOMAJbHBIX HEIIOJHO-
IIeHHBIX 0€JTKOB CBEPTHIBAIOIIEH CCTEMBI, YaCTh

nMeIme CRJIOHHOCTh K

fibrinolysis activity becomes enhanced, which is
expected to lead to an imbalance between blood
clotting and anticlotting factors [7, 53].

Alterations of protein synthesis in patients
with noncholestatic liver cirrhosis lead to an inad-
equate synthesis of fibrinogen and factors II, V, VII,
IX, X, XI and XII. Deficiency of vitamin-K-depen-
dent coagulation factors (factors II, VII, IX and X)
occur commonly as a result of reduced synthesis.
Usually insufficiency of all four of these factors si-
multaneously develops. However, the most com-
mon deficiency is factor VII deficiency since it has
the shortest half-life (3-5 hours) compared to other
factors [7].

Mild and moderate thrombocytopenia (platelet
count 50-150%109/1) occurs in both chronic and
acute liver failure [7]. Low platelet levels are mainly
associated with clinical manifestations of portal hy-
pertension, including ascites and splenomegaly, as
well as with a reduced liver thrombopoietin synthe-
sis. Isolated reduction of platelet count to 50-70
thousand/mm? is usually well tolerated by patients
and does notlead to hemorrhagic manifestations in
the absence of concomitant qualitative pathology of
platelets [7]. In patients with cirrhosis of the liver, the
main cause of thrombocytopenia is increased se-
questration of platelets in the spleen. In patients
with hepatitis C or under treatment with antiviral or
anticancer drugs, the decrease in platelet levels is fa-
cilitated by an increased rate of platelet consump-
tion and suppression of platelet generation in the
bone marrow. The number of platelets due to their
consumption during the disease is one of the most
demonstrative parameters, which reflects not only
the cellular link of hemostasis, but also actively par-
ticipates in all its phases [55].

Due to splenomegaly and diminished produc-
tion of thrombopoietin and hematopoietic growth
factor in the liver, thrombocytopenia begins to de-
velop in patients with hepatic insufficiency [7, 56,
57]. In patients with alcoholic cirrhosis thrombocy-
topenia develops due to direct toxic effects of
ethanol on megakaryocytopoiesis, as well as be-
cause of a deficiency of folic acid and vitamin B12
[7]. Another mechanism of reduced numbers of
platelets in liver pathology is the development of
autoimmune processes. Antiplatelet antibodies are
also frequently found in the plasma of these pa-
tients [58].

Along with these changes, a decrease in the
number and functional activity of platelets leads to
alterations in primary hemostasis. The aggregation
capacity of platelets decreases, caused by impaired
signal transduction mechanisms [59]. Thrombocy-
topenia grows along with the disease progression
and development of splenomegaly. By itself, throm-
bocytopenia does not increase the risk of bleeding,
including bleeding from varices; rather, it correlates

with the amount of blood loss during surgery [60].
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KOTOpBIX 00J1aJJaeT aHTUKOATYJIsTHTHON aKTHB-
HOCTBIO;

* IIOBBLIIIEHHEM
AKTUBHOCTY;

* YyMeHbUIEHWEM CHHTe3a HOPMaJIbHBIX
WHTUOUTOPOB (PUOPUHOJIHN3A;

* YyMeHbIICHHEM BbIBEICHUs aKTUBATOPOB
dubpuHOIU3a;

* HapylleHueM BcacblBaHUA BUTaMuHa K.

[TapaJuiesIbHO C IpoTrpeccupoBanreM 3a60-
JIeBAHUsI IeYeHH, TPOUCXOIUT CHUYKEHNE CUHTE3a
IIPO- ¥ aHTUKOATYJITHTHBIX COeJUHEeHNH, a TaKKe
Bo3pacTtanve GUOPUHOIUTUIECKON aKTUBHOCTH.
Bce aTo mpuBOANT K qrCOATAaHCY MEKTYy CBEPTHI-
BAIOIIMMU U aHTUCBEPTHIBAOIINMU (pakTOpamMu
CHCTEeMBI reMocTaaa [7, 53].

Hapy1ieHne 6eTKOBO-CUHTETHYECKOH (DYyHK-
MU OPU [TUPPO3aX NMeYeHU HeX0IeCTaTuIeCKOn
NIPUAPOABI IPUBOAUT K HEJOCTAaTOYHOMY CHUHTE3Y
¢ubpunorena u ¢arxropos II, V, VII, IX, X, XI u XII.
Yacro BcTpedaercsi 1euIuT BUTaMuH-K-3aBucu-
MbIX (pakTOPOB cBepThIBaHus (parTopos II, VII, IX
n X) B pe3yJisrare yMeHbIIIeHUsI MX ciHTe3a. O0bI4-
HO OTHOBPEMEHHO PAa3BUBAETCA HEJOCTATOUHOCTD
BCeX YeThIPeX aTUX (PaKTOPOB, OJHAKO HanboJIee
4acTo BbIsABJsieTcsA neduiut pakropa VII, Tak Kak
OH MMeeT HauMeHbIIUU epruof NoJayKU3Hu (3-5
YaCcoB) 10 CPABHEHUIO € IPYyruMu pakTopamu [7].

Jlerkass 1 yMepeHHasi TPOMOOIIUTOIIEHUS
(koTuecTBO TPOMOOIUTOB 50-150X10°/ 1) MOKET
BCTpPEYaAThCsI KaK IIPU XPOHUUYECKOH, TaK U OCTPOH
Ie4YeHOYHOU HeJlocTaTOuYHOCTH [7]. Hu3koe copep-
sKaHue TPOMOOIIMTOB, KaK IPaBUJIO, CBSI3aHO C
KJIMHUYECKOU MaHudecTanueid TMopTaJbHOU
TUTIePTEeH3WH, BKJII0Yasi aCIIUT U CIIJIEHOMEeTaJINIo,
a Tak)Ke CO CHUIKEHNEM CUHTe3a TPOMOOIIOITHHA
MeveHblo. M1301MpoBaHHOE CHUYKEHN e YUCJIEHHO-
ctu TpomM6OonuTOB A0 50-70 TBIC./MM? OOBIYHO
XOPOIIO MTEPEHOCUTCA MallueHTaM1 U He TIPUBO-
JUT K FTeMOpparu4ecKuM IIPOsABJICHUAM IIPU yCJI0-
BUM OTCYTCTBHUS COITyTCTBYIOIEeH KaueCTBEHHON
MTaTOJIOTUH TPOMOOITUTOR [7]. Y MaIlueHTOB C IUP-
pO30M TeYeHU OCHOBHOM MPUYUHOUN TPOMOOITH-
TOIIEHUM SIBJIIETCSI MOBBIIIIEHNE CEKBECTpaIin
KPOBSHBIX IIJTACTUHOK B cesjie3eHKe. CHUYKEHUIO
cofiepskaHusi TPOMOOITUTOB CITOCOOCTBYET (haKTOP
nmoTpedJieHnsT TPOMOOIIMTOB U IIOJaBJIEHUE WX
CHMHTe3a B KOCTHOM Mo03re mipu remarute C,
HCIIOJb30BAaHNUHU HEKOTOPBIX IIPOTUBOBUPYCHBIX
WJIM TPOTUBOPAKOBBIX NpenaparoB. CHUKeHUe
YKCJIa TPOMOOITUTOB IEMOHCTPATUBHO OTPa’KaeT
UX aKTUBHOE y4acTHe BO Bcex (pazax remocTrasa B
X0/ pa3BUTHUSA I1aTOJOTUH [55].

CrumeHOMerasivsi ¥ CHUSKeHUE CUHTe3a TPOM-
060M03THHA, FeMaTOIIO3THIECKOT0 (haKTOpa pOCTa B
TleYeHH, BHOCUTCSI CBOH BKJIAJl B pa3BUTHE TPOMOO-
LIUTONEHUN Y TAllMEeHTOB C Ie4YeHOYHOU HeloCcTa-
TOYHOCTBIO [7, 56, 57]. Y O0JILHBIX C AJIKOTOJIbHBIM

pubpuHOIIMTIYECKON

oOuppo3oM TpOM6OI_II/ITOl'IeHI/IH Pa3BUBAETCsA BCJIE -

In liver cirrhosis of noncholestatic nature, dis-
orders in the fibrinolysis system are common. The
plasma concentrations of plasminogen, a2-an-
tiplasmin, factor XIII and the thrombin-inducible
fibrinolysis inhibitor also become decreased. The
level of tPA becomes increased in liver diseases due
to a decrease in its clearance, whereas the level of
PAI-1 stays nearly normal or rises only slightly above
the normal range. Thus, PAI-1 concentration is not
a sufficient feature for neutralization of tPA, which
leads to increased fibrinolysis [61]. It is assumed
thatin increased fibrinolysis, the abnormal fibrino-
gen, which binds to the platelet membrane, disrupts
platelets reactivity. In patients with liver diseases,
dysfibrinogenemia (characterized by reduced
amount of sialic acid in fibrinogen) occurs and con-
tributes to the development of bleeding [62].

Plasma concentrations of factors VIII and von
Willebrand are not decreased in noncholestatic
liver diseases, and may even be increased [63]. An
increased plasma concentration of factor VIII and
von Willebrand factor in concert with reduced lev-
els of ADAMTS-13, the von Willebrand factor-cleav-
ing protease, may compensate the thrombocytope-
nia [64-66].

Hyperfibrinolysis in liver pathology is not ac-
companied by bleeding syndrome. However, dur-
ing surgical interventions, patients with liver dis-
ease may develop increased bleeding in surgeon
manipulation areas of the body, especially in liver
transplantation [10, 35]. Premature lysis of fibrin
clot may cause delayed bleeding in the early post-
operative period. All this ensures the requirement
for the perioperative hemostatic monitoring of the
blood coagulation system in patients with non-
cholestatic liver diseases undergoing surgery [67].

Platelet dysfunction, as a manifestation of
hematological disturbances, is a common phe-
nomenon in patients with chronic viral liver dam-
age [55, 68]. Liver cirrhosis of viral etiology is the
main form of liver disease, which in the terminal
stage requires orthotopic liver transplantation
(OLT). Operations in this group of patients are most
difficultin technical terms, due to severe portal hy-
pertension and blood coagulation disorders. Re-
portedly, 30-60% of OLT operations are performed
in patients with viral liver cirrhosis [67, 68], and
these patients exhibit improved long-term progno-
sis following the transplant.

Prevention of recurrence of the viral hepatitis
posttransplantation remains an important clinical
focus [69]. Prophylaxis of viral hepatitis B has proven
highly effective [70-72], and drugs with greater effi-
cacy for treatment of viral hepatitis C were devel-
oped and successfully is used [73-76]. Recurrence of
viral hepatitis in the transplanted patient can cause
severe liver dysfunction, leading to abnormalities in
the hemostatic system and other complications, up
to the need for retransplantation [69].
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CTBHE IMPSIMOT0 TOKCUYECKOTO BO3/IEHUCTBYS 9TaHO-
Jjla Ha MEerakapuoIMTOII033, a Takke AedunuTa
¢oJieBo KUCIO0THI ¥ BUTaMuHa B, [7]. Eliie omauM
MeXaHN3MOM YMEHbBIIIEHNS KOJIMIECTBA TPOMOOITH -
TOB IIpU NATOJIOTMM IIEYEHU CJIY;KUAT pa3BUTHE
ayTOMMMYHHBIX IIPO1eCcCOB. Hepenko BBIABIIAIOTCA
aHTUTpPOMOOIIUTapPHbIE aHTUTE A [58].

Hapsany co cHuM)XKeHHeM KOJIM4YecTBa, IIpo-
HCXOAUT HapyllleHue (PyHKIIMOHAJIbHOU aKTUBHO-
CTU TPOMOOIIMTOB, YTO BeJEeT K HAPYIIIEHHIO TIepP-
BUYHOTO reMocTa3a. CHUYKaeTCs arperaliioHHast
CITOCOOHOCTH TPOMOOITUTOB, YTO OOYCJIOBJIEHO
HapylleHueM MeXaHu3MOB TPaHCAYKIIMY CUTHaJIa
[59]. TpoMOGOIIMTOIIEHUST HApaCTaeT MapaJiieJbHO
C IIporpeccupoBaHreM 3a00JIeBaHUSA U PA3BUTHU-
eM cruteHoMeraJsimu. Cama 1o cebe TpoMOOITUTO-
TeHVs He MOBBIIIaeT PUCK Pa3BUTHUS KPOBOTeUe-
HVs, B TOM YHCJIE U N3 BAPUKO3HO PACIINPEHHBIX
BEH, HO KOPPEJUPYET C 00'bEMOM KPOBOIIOTEPH BO
Bpems onepauuu [60].

[Ipu nuppo3ax nevyeHu HexXoJJeCcTaTUUEeCKOU
MIPUPOABI OTMEYEHBI HAPYIIEeHUsI B cucteMe (prod-
puHon3a. CHUKeHA KOHIIeHTpaIus B ILJa3Me
MJIa3MUHOTeHA, a2-aHTUIIa3MuHa, pakropa XIII
Y MTHTUOUTOPA TPOMOWH-MHAYIIUPyeMOro puopu-
Hosim3a. ConepskaHWe TKAHEBOIO aKTHUBAaToOpa
rtadamuHorena (TAIT) moBbwIIIeHO Mpu 3ab0JeBa-
HUX [I€YEeHHU BCJICICTBUE YMEHBIICHUSA €r0 K-
peHca, B TO BpeMs Kak coliepyKaHre MHTMOUTOpa
axktuBanuu mrasamuHoreHa 1 (MAIT-1) HopmasibHOe
WUJIU CJIETKA BbIIIe HOPMBI. TakUM 06pa3oM, KOH-
nentpanuu MAII-1 HeqoCcTaTOYHO JJIs1 HEUTPAJIH-
3aruu TATI, 4TO BeleT K OBBIIIIEHUI0 (DUOPUHO-
auaa [61]. IIpeamnonararT, 4TO IIPY NOBBIIIIEHHOM
¢ubprHOIM3Ee aHOMAJbHBIN (PUOPUHOTEH, KOTO-
pBIN CBSISBIBAeTCSI ¢ MEMOpPAHOU TPOMOOITUTOB,
HapyulaeT MX PeaKTUBHOCTb. llpu marosoruun
TeYeH! BO3HUKaeT TuchubpuHoreHeMusl (IIOHU-
sKEHHOEe CojlepsKaHre CHAJIOBON KUCJIOThI B (pub-
PUHOTEHE), YTO TaK’Ke CIIOCOOCTBYET PAa3BUTHIO
KpOBOTeYeHUs [62].

[lnasamenHast koHleHTpanusa gaxkropon VIII
u ¢oH BusiebpaHaa He CHUYKAETCsI TP HeX0J1e-
CTaTUYEeCKUX 3a00JIeBaHUSIX MEYEHH, a MOMKET
OBITH Jaske IIOBLINIEeHA [63]. YBeauyeHHe KOH-
neHTpanuu B nja3me ¢akropa VIII u ¢akropa
BunnebpaHmia, a TakyKe CHUKEHUE CONlePsKaHUS
ADAMTS-13 MO>KkeT KOMITIEHCUPOBATh TPOMOOIIU-
TONEeHUIO [64-66].

TumepuOPUHOJINS TIPU MTATOJIOTUY TTeUeH!
He CONPOBOKIAETCSA CUHIPOMOM KPOBOTOYUBO-
cru. OIHAKO NpU XUPYPrUYECKUX BMellareib-
CTBax y TaKUX MAIMEHTOB MOKET Pa3BUTHCA
MOBBIIIIEHHAsA KPOBOTOUMBOCTh B MeCTax HeNo-
CpeJCTBEHHBIX MAHUTTYJIAINN XUPYPTa, 0COOEHHO
IIpY IPOBEIEeHUU TPaHCIJIaHTaluu IedeHu [10,
35]. TIpeskneBpeMeHHbIN JIM3UC (PUOPUHOBOIO
CT'YCTKAa MOSKET OBITh NPUYMHONW OTCPOYEHHBIX
KPOBOTEUYEHUU B PaHHEM I10CJIEe0NeparioHHOM

Liver cirrhosis of alcoholic etiology is usually
not isolated, and is commonly associated with
damage to the lungs, heart and brain. In this re-
gard, it is necessary to carefully select candidates
for OLT. For these cases, the mental and social sta-
tus of the candidate recipient must be assessed, es-
pecially in terms of the risk of resumption of alco-
hol abuse after surgery and noncompliance with
medical recommendations [77]. Fortunately, the
reported long-term results of the operation are
quite satisfactory [43, 49, 78].

In acute liver failure, concentrations of factors
with a short half-life (factors V and VII, followed by
factors II and X) are reduced first [63, 79]. With ful-
minant hepatic insufficiency, platelet aggregation
often increases; this is due to an increase in the
level of von Willebrand factor, synthesized by the
endotheliocytes, and a reduced concentration of its
inactivator, the metalloproteinase ADAMTS13 that
is synthesized in the liver [64, 80].

The level of factor VIII, like that of von Wille-
brand factor, is usually elevated in fulminant he-
patic failure. At the same time, a high level of cy-
tokines leads to an increase in the level of tissue
factor and in the activation of factors II, V, VII and
X, and to a decrease in the concentration of the lat-
ter. The resulting thrombin is rapidly inactivated by
antithrombin III, which prevents the activation and
consumption of factors VIII, XI and IX, so that their
plasma concentrations remain unchanged [63].

In acute liver failure, a high level of PAI-1 has
been found, and the balance shifts toward hypofib-
rinolysis [81]. In fulminant hepatic insufficiency,
the level of factor V along with other indicators can
be used to determine indications for liver trans-
plantation [82].

The progression of fulminant hepatic failure
can quickly lead to development of severe en-
cephalopathy (up to coma) and uncontrolled coag-
ulopathy. In such cases, OLT should be performed
as soon as possible, before the onset of irreversible
changes in the central nervous system. The possi-
bility of monitoring and correcting disorders of the
hemostatic system should also be considered. An
extension of the waiting time for the liver donor
might result from the intensive use of cell-free
detoxification systems, including the molecular ad-
sorbents recirculation system or fractionated
plasma separation and absorption (known as
Prometheus) [83].

Conclusion

T. Lisman et al. expressed the concept of com-
pensatory balance of hemostasis system in liver le-
sions of different etiologies [84]. Despite the fre-
quently detected changes of liver function by
routine coagulation tests in patients with hepatic
cell insufficiency, there is a compensated balance
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nepuoje. Bce aTo TpebyeT nepronepanmunoHHOTO
reMOCTa3Mu0JI0TUYEeCKOTO0 MOHUTOPUHTA CBEPTHI-
BaloIel CUCTeMbl KPOBH Y ITAI[EHTOB C HEX0JIe-
cTaTmyecKuMU 3a60JIeBaHUSAMU TTeYeHH, TIOIBEP-
rarouxcs olnepaTuBHOMY BMeIIaTeabCTBY [67].
TpombonuTapHble AUCHYHKIINM, KaK MPO-
sABJIEHWE TeMaToJIOTUYeCKUX MaHudecTanui,
SIBJISIIOTCST YAaCThIM (p€HOMEHOM Yy IAIlUEHTOB C
XPOHUYECKUMHU BHUPYCHBIMHU IOBPEXKIEHUAMU
neuenu (55, 68]. Lluppos neuyeHn BUPYCHOU 3THO-
JOTUU SBJIAETCS OCHOBHOW HO30JIOTUYECKOU
dopmoii 3aboeBaHU IeYeHU, KOTOPBIN B TEP-
MUHaIBLHOU ctagun Tpebyer OTII. Onepanuu B
9TOM rpyIIIie MareHTOB HanboJiee CI0KHBI B TEX-
HUYECKOM OTHOIIIEHUY BCJIE/ICTBUE BIPAYKEHHON
MOPTaIbHOU IUIlepTeH3NH U HapyIIeHUl CBePThI-
BaHusA KpoBu. Hecmorpsa Ha aTo, 30-60% onepa-
umii OTII mpoBogUTCS MaIleHTaM C IIUPPO30M

Ie4yeHu BUPYCHOU aTtmoJioruu [67, 68], u oHuU
UMEIOT XOPOIIINH OT/IaJIeHHBIM MPOTrHO3. BaskHOM
KJIMHUYECKOU Mp0o06JIeMoli ocTaeTcss IpoduIaK-
THUKa peliAnBa BUpycHoro remnarurta [69]. [Ipodu-
JIJaKTHKa BUPYCHOIO renatuta B BeicOKO aPek-
TuBHA [70-72]. B HacTosiee BpeMs paspadoTaHbI
U 3¢ (peKTUBHO NPUMEHSIOTCSA Hpenaparbl IJis
JedyeHus BupycHoro renarura C [73-76]. Penyunus
BUPYCHOTI'O Telarura B TPAHCIIAHTAaTe MOSKeT
BBI3BATh TSXKEJIYIO TUC(YHKINIO, TPUBOISIIYIO K
HapylUIeHUusIM B CHUCTEME IeMoCTa3a U JIPyruM
OCJIO’KHEHHSM, BIJIOTH [JI0 HEOOXOAMMOCTH
BBIIIOJIHEHVA peTpaHCIlIaHTanuu [69].

[Huppo3 medyeHU AJTKOTOJIBHOU 3THOJIOTHU
00BIYHO He OBIBAET N30JIMPOBAHHBIM, a COYETAET-
Cs1 C IOBpPEYKIEHUEM JIETKUX, Cepilia, TOJI0BHOTO
Mo3ra. B cBs3u ¢ aTMM HEOOXOUMO OCYIIECTB-
JIITH TIIATeJIbHBIA O0TOOP KaHaumaToB Ha OTII.
Heo6x01rMo TPOBOIUTH OIEHKY IICUXUYECKOTO 1
COIMAJIBHOTO CTaTyca PeNUnreHTa, 0COOEHHO C
TOYKM 3PEHUs] PHUCKa BO30OHOBJIEHUS 3JIOYIIO-
TpebJIeHUsT aJTKOTOJIEM TTOCJIE OTIepaIliy U HEBBI-
MOJTHEHUsI MEeJUIIMHCKUX peKoMeHjanuil [77].
HenocpencrBeHHble OTOajieHHblE pPe3YJIbTaThl
oleparyy OKa3bIBAIOTCSI BIIOJIHE Y OBJETBOPU-
TeJbHBIMU [43, 49, 78].

[Ipu ocTpoiil meueHOUYHO! HeL0CTaTOUHOCTU
B IIEPBYIO O4Yepelb CHUYKAETCS KOHIIEHTpalus
(¢akTOpOB € MajJbIM IepUOAOM MHoJypacmaga
(dparropoB V u VII, a 3atem dakropos Il u X) [63,
79]. Ilpu pyIbMUHAHTHON MEY€HOYHOU HeJJ0CTa-
TOYHOCTH YaCTO TOBBIIIIAETCS arperarysi TpoMoo-
IIUTOB. ITO 0OYCJIOBJIEHO ITOBBIIIIEHNEM KOHIIEHT-
pamuu darTopa don Bunnebpanna,
CUHTE3MPYEMOT0 3HAOTEJUEM, U CHUKEHHBIM
collepsKaHueM ero UHaKTUBATOPa — METAJIJIONPO-
TenHa3bl ADAMTS-13, cuHTe3upyeMoii B IIe4eHN
(64, 80]. Comepskanue ¢aktopa VIII, kak u ¢poH
Bunnebpanna, npu QpyIbMUHAHTHOH IT€YeHOYHOMN
HEeJIOCTAaTOYHOCTU OOBIYHO MOBBIIIEHO. [Ipy aToM
BBICOKOE COJlepyKaHNe IIUTOKUHOB BeJIeT K POCTY

in the hemostasis system. Skewing the imbalance
toward the hypocoagulation may occur under cer-
tain clinical circumstances, especially in the later
stages of hepatic failure [85]. In non-cholestatic
liver damage, decompensation of the non-bal-
anced hemostasis system may result in bleeding.

The possibility of decompensation of hemo-
static balance with reduced reserve and its conse-
quences should be considered when preparing pa-
tients for a surgery. Before surgery, no absence of
damage to the vascular wall contributes to com-
pensation of the non-balanced blood coagulation
system. Alterations of the integrity of the vascular
wall during surgery can quickly disrupt the fragile
compensated balance of the hemostasis system.
Therefore, at various stages of surgery, it is neces-
sary to carefully consider the hemostasis system
disorders of the patient [9].

cojiepsKaHUsI TKAHEBOTO (paKTOpa, aKTUBAITAN UM
daxropos 11, V, VI, X 1 CHUsKEHUIO KOHIIEHTPaIluU
mocjenHuX. B TO ke Bpems, obOpasyroomiuiics
TPOMOWH OBICTPO NMHAKTUBUPYETCS aHTUTPOMOU -
HoMm III, 4TO mpemoTBpalliaeT aKTUBALAIO U
norpedsenne paxropos VIII, X, IX, u ux mrasmeH-
Hasi KOHIIEHTPAIMs 0CTaeTCsl HEU3MeHHOH [63].

[Ipu ocTpoii TIe4YeHOUHOU HEIOCTATOYHOCTU
oTMeudaeTcs BBICOKoe copepsykanue HWAII-1, u
HaslaHC cMeIIaeTcsI B CTOPOHY ruogroprHOIM3a
[81]. IIpu y1bMHUHAHTHOI IEYEHOYHOU HelocTa-
TOYHOCTHU cofiepskaHue pakTopa V, Hapsay ¢ Ipy-
TAMU [10KA3aTeJIAMU, MOYKET CJIyKUTh AJI OIlpe-
JleJIeHUs TIOKa3aHUU K TPaHCIJIaHTAIIUU TIeYeHn
[82]. IIporpeccupoBaHue GpyIbMUHAHTHOU Ieue-
HOYHO-KJIETOYHOH HEJOCTAaTOYHOCTU MOSKET
OBICTPO MPUBOAUTH K PA3BUTHIO BHIPA’KEHHOU
aHIledasonaTum (BIJIOTH JO KOMbI) 1 HEKOHTPO-
JupyeMoH Koarysnonatuu. B rakux caydasx OTII
TIOJI’KHA OBITH BBITIOJTHEHA B KPaTYaKUIIe CPOKH,
IO HACTYIIeHUsT HeoOpaTuMbIx ndaMeHenunii [THC
U yTpaThl BO3SMOKHOCTU KOHTPOJIA U KOPPEKINU
HapylleHud CcUucTeMbl remocrasa. IlpopauTts
CPOKM OYKUIAHMSI TOHOPCKOM IeYeHr MOSKET IPU-
MeHeHHe 9KCTPAKOPIIOPAJTbHBIX METOIOB JEeTOK-
CHUKAIUM — aJIbO0YMUHOBOTO AWaIN3a, BRJIIOYAs
cucteMbl MARS (molecular adsorbents recircula-
tion system) uiau Prometeus (fractionated plasma
separation and absorption) [83].

3akJrouenue

Lisman T. et al. BbICKasajau KOHIIEOIIUIO O
KOMITEHCATOPHOM cOATaHCUPOBAHHOCTU CCTEMBI
reMoCTa3a npu MOBPEXKAECHUSIX NTeUeHN Pa3anyd-
HOU aTrosioruu [84]. HecMoTpsi Ha 4acTo BhIsSIBJIsie-
Mbl€ M3MEHEHHUA B PyTUHHBIX KOATryJIAIAOHHBIX
TecTax y IalMeHTOB C I1€4YeHOUYHO-KJIEeTOYHOU
HEJIOCTaTOYHOCThI0O MMeeT MEeCTO KOMIEeHCHUPO-
BaHHBIH OaJjiaHC B cucTeMe reMocTasa. Jucbaanc
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B CTOPOHY T'MIIOKOAry/JIAAN MOKET BOSHUKHYTh
MIPU OmpeleIeHHbIX KIMHUYECKUX 00CTOSTEIh-
CTBaX, 0COOEHHO Ha 0o0Jiee HO3THUX CTAAUAX IIede-
HOYHO-KJIETOYHOW HejocTatrouHocTu [85]. [lpu
HEXO0JIeCTaTUYECKUX TMOBPEKIEHUAX I[eYeHU
JeKoMIIeHcalusa OaJjiaHca CHCTEMBI I'eMOCTasa
MOSKeT TPUBOJIUTH K Pa3BUTHIO KPOBOTEYEHU.
B0O3MOKHOCTh pa3BUTHUS AeKOMIEHCAUU
basraHCca reMoCTa3a Co CHUYKEHHBIM pe3epBOM U
ero MoCJIeJICTBUI HEOOXOAMMO YUYUTHIBATH IPHU
IIOATOTOBKE ITAIMEHTOB K XUPYPrU4eCKUM BMe-
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TTOBPESKAEHUS COCYANUCTON CTEHKH, YTO CIIOCO0-
CTBYET KOMITEHCAIuy 6ajlaHca B CBEPTHIBAIOIIEH
cucreMe KpoBu. Hapymenus 1jeJJ0CTHOCTH COCY-
JIUCTOM CTEHKM BO BpEMs OIlepaTUBHOTO BMeIlla-
TeJbCTBA MOMKET OBICTPO HAPYIIUTHh XPYNKUH
KOMIIEHCUPOBAHHBIA Oa/JIaHC CUCTEMBI T€EMOCTA-
3a. [IoaToMy Ha pas3/IMYHBIX ITAllaX XUPpypru4de-
CKOT'0 BMeNIaTe/IbCTBA HEOOXOAUMO YUYUTHIBATh
BCe MMewplnuecs y NalueHTa HapylleHus B
CHUCTeMe reMocTasa [9].
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