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Ileaw paGomot. Boisiienne paHHIX U3MEHEHHIT B CHCTEMe reMOCTasa PU Tepaniy BaphapuHoOM y KapHOXUPYPIUYeCKUX GOIBHBIX
IyTeM KOMILIEKCHOIi OLIeHKH FeMOCTATHYECKOTO CTaTyca nauyenros. Mamepuaist u memoowt. VicciaeoBato 75 nauyeHTos, poxo-
IIMBIINX Kap/IMOXUPYpPridecKoe Jeyetne. Bee nanpentnt nomyyam apdapuH (IIPOIOLKUTEIBHOCTH JIeYeHus! GoMbHBIX — 51,5 cy-
TOK). JUJI51 OLIEHKH F€MOCTATHYECKOTO CTaTyca GOJIbHBIX HCIIOIb30BAN JaG0PATOPHBIE METO/Ibl, BKIIOYAIONIME ONpe/ieIeHHe PYTHH-
HBIX NOKasareleil koaryJorpammsl, TpombomHamuky (Bpemst 3anep:xku Tlag u cxopocru pocra crycrka (Vs), HccienoBanust
kouuenrpamun II, VI, IX, X dakropos). Pesyaomamo:. YcraHoBIeHO, uTo Y 28% GoibHbIX nokasareas MHO Haxomuics B o6ractu
cebme 3.0. Yeranosnena koppensimust Tlag ¢ MHO (R?=0,66). O6a nokasareJisi (MEIOT CPABHUTEIBHO BHICOKYIO KOPPEJISIIHIO € KOH-
uenrpamueit FIT u FX (R*=0,50 u 0,40 nns Tlag, R*=0,53 u 0,48 1yt MHO) u He koppempyior ¢ konnentpanueii FIX (R*=0,20 s
Tlag u 0,34 s MHO). Onnako HaGmoznaercst pacxoskaeHue B ciaydae kouuenrpaiuu FVILE: koppensmus s Tlag orcyrerByer
(R*=0,20), Torna kak aast MHO ona nocrarouno Beicoka (R*=0,42). ITapamerp Vs He koppemmpyer ¢ MHO (R’=0,24) u koHeHTpa-
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mueii paxropos ceeproBanus (R’<0,1). OGHapy:keHa BbICOKasi KOppeJsiusi Mexay komuenrpamusivu gaxropos FII u FX
(R?=0,87), Koppesiusi MEK/Ty KOHIEHTPAIMSIMU BCeX APYruX nap (akropos ceeprbiBanus cymecrsenno Huske (R’<0,45). Oteyr-
CTBUE KOPPEJISINH TAKOTO IIOKA3aTEs TPOMOOIMHAMUKH KAK CKOPOCTh POCTA CTYCTKA OT KOHIIEHTPAIUU (haKTOPOB YKa3bIBaET Ha TO,
yro Bap(apHH JeiCTBYeT PeUMyIecTBeHHO Ha (a3y aKTHBAIMH CBEPTbIBaHKsI, HO He Ha (ha3y PaclpoCTPaHeHHsI CTyCTKa. 3aKiio-
uenue. Cabast Koppessiuysi paKTopoB cBepTHIBAHMSI MEK/LY c000ii (3a nckmouenrem napol dakrop II — dakrop X) ykassiBaer Ha
HH/IUBH/Iy AJIbHBIA OTBET GOJbHBIX HA JieueHue Bap(hapuHOM U HEOOXOUMOCTh MOHHTOPHHIA COCTOSIHIS TEMOCTa3a He M0 OTAEJbHbIM
OeskaM, a rodanbHbiMu Tectamu. Ilapamerp Tlag B tpomGoanHamuke otpakaer apdekr Bapdapuna nponopiponanmsio MHO. Bap-
¢apuH npakTHYECKH He BIMSIET Ha CKOPOCTh POCTA CTYCTKa VS, I09TOMY /IAaHHBII TapaMeTp MOKHO HCIIOJIb30BATb /IS OLIEHKH POKO-
aryJISIHTHOTO COCTOSIHYSI NIAIMEHTa, He KoMIleHcupyemoro npremoM Bapdapuna. Knouegoie cnosa: Bapdapu, remocras, pakropbt
CBEPTBIBaHHU, TPOMOOIUHAMUKA.

Objective: to reveal early changes in the hemostatic system during warfarin therapy in cardiac surgical patients, by comprehensive-
ly evaluating their hemostatic status. Subjects and methods. Seventy-five patients receiving cardiac surgical treatment were exam-
ined. All the patients took warfarin for 5+1.5 days. Laboratory studies involving the determination of routine coagulogram readings
and thrombodynamic indicators (lag time (Tlag) and rate (Vs) of clot growth, and concentrations of individual Factors II, VI, IX,
and X) were used to evaluate the patients' hemostatic status. Results. 28% of the patients were found to have an international nor-
malized ratio (INR) of above 3.0. There was a correlation of Tlag with INR (R*=0.66). Both indicators were comparatively highly
correlated with Factor IT and Factor X concentrations (R*=0.50 and 0.40 for Tlag; R*=0.53 and 0.48 for INR) and were uncorrelat-
ed with Factor IX levels (R?=0.20 for Tlag and 0.34 for INR). However, there was a difference in Factor VII concentrations: no cor-
relation for Tlag (R?=0.20) whereas it for INR was rather high (R*=0.42). The index Vs was uncorrelated with INR (R*=0.24) and
the concentration of blood coagulation factors (R’<0.1). There was a high correlation between Factor IT and Factor X concentra-
tions (R*=0.87); the correlation between the concentrations of all other pairs of coagulation factors was substantially lower
(R?<0.45). The lack of correlation of a thrombodynamic indicator, such as clot growth rate, with the concentration of coagulation
factors points to the fact that warfarin acts mainly on the phase of coagulation activation rather than that of clot propagation.
Conclusion. The weak correlation between coagulation factors (except that of a pair of Factor IT and Factor X) is indicative of the
individual response of the patients to warfarin treatment and the need to monitor the hemostatic status by global hemostatic tests
rather than by individual proteins. The thrombodynamic indicator Tlag reflects the effect of warfarin in proportion to INR. Warfarin
virtually fails to affect the rate of clot growth so this indicator may be used to evaluate the patient's procoagulant status uncompen-
sated for with warfarin intake. Key words: warfarin, hemostasis, coagulation factors, thrombodynamics.
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BBenenne

AHTUTPOMOOTHYECKAST TEPAITUS IUPOKO IPUMEHSIET-
Cs1 B KJIMHUYECKOI TIPAKTUKE [ TPOMUIAKTUKY U Jiede-
Hust TpoMboambonnueckux ocnoxuenuii (TIO). C nesbio
poBe/ieHnst nTeabHoi npoduaktukn TIO mmpoko
NCTIONB3YIOTCST HenpsiMble aHTukoary istHTel (HAK). Han-
6ouiee apexTuBHbII Tpenapar us rpynmnsl HAK — Bapda-
puH. COrJacHO COBPEMEHHBIM KJIMHUYECKUM PEKOMEH/1a-
usiM, HAK mimpoko npuMeHsiioTest B JiedeHun OOJIbHBIX ¢
MIPOTE3UPOBAHNEM KJIAMTAHOB CEP/IIA, /IJIsI KOTOPBIX OH SIB-
ssiercst GesabrepHATUBHBIM IpenapatoM [ 1, 2, 4—9].

OCHOBHYI0 ONACHOCTb VISt KU3HU GOJIBHBIX C HC-
KYCCTBEHHBIMH KJIallaHAMU CEP/Ia MPECTABISIOT TPOM-
6oambosmueckre ocaokHeHus. Puck passurus Tpom6o-
32 MCKYCCTBEHHOTO KJallaHa — JKM3HEYTPO’KAIOIIero
ocsiokHeHwus, npu otcytcTBun Tepanun ABK nocturaer
8—22% o1 001ero 4ucjaa BBIIOJIHEHHBIX OlEPATUBHBIX
BMeIaTesabeTB B rog [10—12].

B macrosmee BpeMs 0Ka3aHo, 4To JedeHue Bapda-
PUHOM pEAYIUPYET PUCK BO3HUKHOBEHMS] CHUCTEMHBIX
TpoMO0aMOboIMii Ha 75% TI0C/Ie epecagkn MEXaHnIeCKUX
kyamanos [2, 5, 6]. BmecTe ¢ TeM, CTOJTH ke OUeBUIHO, UTO
MMEHHO YKa3aHHas IPYIINa OCJAOXKHEHUI B 3HAUNTETbHOM
CTETEeHN yXY/IIIAeT IPOTHO3 TeUEHUSI TIOCIe0NePAIIMOHHO-
IO II€PUOJIA BCIEACTBUE 0OBEKTUBHOIL CIOKHOCTU BBITIOJI-
HEHUS TIOBTOPHBIX XUPYPruuecKux BMmerartesnbcT. Ciie-
JIyeT OTMETHUTH, 4TO y OOJbHBIX ¢ Guonporesamn 6e3
dhakTopoB pucka TPOMGOIMOOTIUIECKUX OCJHOKHEHUH,
murenbHocTh Tepanun ABK cocraBisier ne menee 3 me-

carnes [3, 10, 13—15].

Introduction

Antithrombotic therapy is commonly employed in
clinical practice in order to prevent and treat thromboem-
bolic complications. Indirect anticoagulants (IAC) are
commonly used for the long-term prophylaxis. The most
effective drug from the TAC group is warfarin. According
to current clinical guidelines TAC are commonly used for
treatment of patients with artificial heart valves; in these
cases only warfarin is indicated [1, 2, 4—9].

The main risk factor for the life of patients with arti-
ficial heart valves is thromboembolic complications. The
risk of thrombosis of artificial valve without anticoagula-
tion therapy reaches 8—22% of the total number of surgi-
cal interventions per year [10—12].

Warfarin therapy has been proven to reduce the risk
of systemic embolism by 75% after the transplantation of
artificial valves [2, 5, 6]. However, it has become clear that
this group of complications significantly worsens the prog-
nosis of postoperative period because of the objective diffi-
culties of performing of repeated surgical interventions.
The anticoagulation therapy with TAC is to last not short-
er than 3 months in patients with bioprotesis without
additional risk factors of thromboembolic complications
[3, 10, 13—15].

The effectiveness and safety of the early stages of
warfatin therapy is bound to the issues of adequate control
of hemostasis system condition. To minimize the risk of
haemorrhagic and thromboembolic complications when
selecting the initial warfarin dose, the correct methods of
laboratory diagnostics should be used indicating the
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Bonpocer addexTuBHOCTH 1 6E30MaCHOCTH PaHHUX
ATANoB BaphapuHOTEPAITII TECHO COTIPSIKEHBI ¢ BOIIPOCa-
MU a/IEKBATHOTO KOHTPOJISI COCTOSTHUS CHCTEMbI TEMOCTa3a.
C 11e/1b10 MUHUMU3AIUN PUCKA PA3BUTUS TeMOpparmiec-
KMX U TPOMOOIMOOIMYECKUX OCTOKHEHUI mpy moabope
HavyaJIbHOI 7103bl Bap(apuHa 11e1eco000pasHo UCIOIb30Ba-
HUE KOPPEKTHBIX METOAO0B JabOPATOPHON AMArHOCTHKM
M3MEHEHWIT B CHCTEME TEMOCTa3a, CBUECTENBCTBYIOMNX 06
0COGEHHOCTSX MHAMBUYATIbHOI UYBCTBUTEIbHOCTH O0JIb-
HOTO K npernapary. VI3BecTHO, Ipu JOCTUKEHIE He0OXO01u-
MOTO YPOBHsI TUIIOKOAryJIsIU TpebyeT HasHaueHne OKOH-
yaTeJSbHON JIO3UPOBKHU TIperiapaTa, XapakTepU3yIOIIXCs
20-KpaTHBIM TIPEBBITIIeHIEM HCXoaHoM (0T 1,25 10 25 MT B
cytkn) [7-9, 15—17].

B nacrosmuii BpeMs B 1aG0paTOPHON MPAKTHKE HC-
MOJIB3YIOTCSl TECTBI CHCTEMBI TEMOCTAa3a, KOTOPBIE MOXKHO
pasziesuTh Ha Ba BuAA. [1epBblii — <«JIOKaJIbHbBIE» TECTHI,
pe3yJIBTaThl KOTOPBIX MO3BOJISIOT OXapaKTePU30BaTh CO-
CTOSIHUE OT/IETIbHBIX (DAKTOPOB MJIN 3BEHbEB KACKA/THOH pe-
akiuu. B ¥X 4KcI0 BXOAST PYTUHHBIE, €3Ke/THEBHO UCTIOJIb-
3yembie TecTbl, Takue kak AUTB, nporpoMOuHOBOE BpeMst
(IIB), nporpomburossbiii unaexc (ITTI), mexkayHapoaHoOe
HopMmas3oBaHHoe otHomieHre (MHO), ¢ubputoren u
Psill IpyTUX noKazareseid. Bropoit — «roGasnbHbie» Koary-
JIOTMYECKHE TECThI, Pe3YJIBTaThl KOTOPBIX TO3BOJISIOT OIle-
HUTb PabOTy CUCTEMBI reMOoCTa3a B 1eioM [18—25].

[IpoBenennbrit HaMy JTUTEPATYPHBIN MTONCK TIO pac-
cMaTpuBaeMoil 1pobieMe IOKa3a, 4TO IMePCIeKTUBbI
HOBBILIEHUS] 00BEKTUBHOCTH M KAUECTBa B OIIEHKE COCTO-
SIHUSI CUCTEMbl T€MOCTa3a BO3MOXKHO TIPU BbITIOJHEHUN
KOMILJIEKCa JJaDOPATOPHBIX UCCIEA0BAHUN, BKIIOUAOIIIX
KakK IHPOKO MCIIOJb3yeMble B PYTUHHOI MTPAKTUKE «JIO-
KaJIbHbIE» TECThI, TAK U «IJI00AIbHBIE» KOATYJOINYECKUE
metosl [18—25].

[TpuHuMasi BO BHUMaHUE W3JIOKEHHOE, 1€JIbI0 Ha-
crostiieil paboThI SIBJISIIOCH BBISIBJICHHE PAHHUX U3MEHE-
HUI B CHCTEME TeMOCTa3a IMpH JiedeH BaphapuHOM y
KapAUOXUPYPIrUUECKUX OOJIbHBIX MyTeM KOMILIEKCHOI
OIIEHKU X TeMOCTATUYECKOTO CTATyCA.

Marepuan u MeTObI

BbIMmoTHEeHO MHOTOIEHTPOBOE KJIMHUKO-Tab0PaTOpHOE TIC-
CJIEJIOBAHUE COCTOSTHUSI CUCTEMBI TEMOCTasa y 75 GOJBHBIX Kap-
JMOXUPYPTHIECKOT0 TPOGUIIS B CTAMMHU TTOA60PA CTAPTOBOIA 10351
BapdaprHa B MOCTONEpaliioHHOM Tiepuoze. VccsenoBanme BbI-
[OJIHEHO Ha CJeAYIOMIX KianHndecknx 6asax: GITBHY «Hayu-
HBII TIEHTP cepevHo-cocyaucToit xupypruu um. A. H. Bakyuse-
Ba», (OIBY «3-ii 1eHTpaTbHBI BOEHHBIN KIMHUYECKUIT
rocrimtanb uM. A. A. Buimnesckoro» MunncrepcerBa 060pOHbI
Poccuiickoit Mepepanuu, OI'BY «Denepaibhblii HaydHO-KJIH-
HUYECKHIT IIEHTP AETCKOI TeMaTOJIOTHI, OHKOJIOTUN 1 IMMYHOJIO-
run umenu J[mutpus PoraueBa» MuHUCTEPCTBA 3/[paBOOXpaHe-
nust Poccuiickoit Menepariui.

[TokazanmeM K TOCITUTAIU3AINI SIBJSLTACH HEOOXOINMOCTh
MPOBE/ICHUS OTIEPATUBHOTO BMEIIATEIBCTBA B 0OBEME MTPOTEZNPO-
BaHU KJIAllaHOB (A0PTaJIbHOTO, MUTPAJIbHOTO), COYETAHHBIX Olle-
panuii KOpOHApHOTO NIYHTUPOBAHUSA W TIPOTE3NPOBAHUS Kjarla-
nos. Cpeanmii Bozpact GosbHbIX coctaBui 59,7£9,75 ner. Bee
GoJIbHbIE BIIEPBbIE HAYAIM MOJYYaTh BaphapuH IO CYIIECTBYIO-
memy crangapry [1].

patient's individual sensitivity to the drug. Sometimes a
dosage of warfarin needed to achieve the anticoagulation
effect is 20 times greater than the initial one (ranging from
1,25 mg to 25 mg per day) [7—9, 15—17].

The laboratory tests of the hemostasis system that
are employed nowadays can be divided into two types. The
first group includes so-called «local» tests. They indicate
the condition of individual coagulation factors or definite
stages of cascade coagulation reaction. These tests include
such routine tests as APTT, prothrombin time (PT), pro-
thrombin index (PTI), international normalized ratio
(INR), fibrinogen, and several other indicators. The sec-
ond group includes «global» tests that allow evaluating the
function of the whole coagulation system [18—25].

According to published data, the prospects for
improving the accuracy and quality of the assessment of
hemostasis is performing complex laboratory tests, includ-
ing both «local» tests commonly used in routine practice
and «global» coagulation tests [18—25].

Therefore, the aim of this study was to detect early
changes in the coagulation system during warfarin therapy
in cardiac surgery patients through a comprehensive
assessment of their hemostatic status.

Materials and Methods

A multicenter clinicaland laboratory study of hemostasis was
performed in 75 cardiac surgery patients initiated at the stage of
selection of the initial warfarin dose in postoperative period. The
patients for the study were collected from thefollowing clinical
institutions: Scientific center of cardiovascular surgery named after
A. N. Bakulev, The Third Central military clinical hospital named
after A. A. Vishnevsky, Federal scientific clinical centre of pediatric
Hematology, Oncology and immunology named after Dmitry
Rogachev.

The main indication for hospitalization was the need in valve
replacement (either aortic, or mitral), combined coronary bypass
grafting and valve replacement. The mean age of the patients was
59.7£9.75 years. All the patients started warfarin therapy accord-
ing to the existing guidelines [1].

All the patients were divided into three groups in accordance
to. The first group (with INR values lower than 2) included 24
patients; the second (values of INR varied from 2,0 to 3,0) included
30 patients, and the third (INR values were greater than 3,0) includ-
ed 21 patients. The duration of warfarin therapy was 5+1,5 days.

All the patients underwent complex clinical, instrumental and
laboratory examinations during the postoperative period. The labora-
tory tests included determination of coagulation indicators (APTT,
INR, fibrinogen level) in dynamics; thrombodynamics (estimated
parameters of spatial fibrin clot growth: the delay time of clot growth
(lag-period, Tlag), the initial and stationary rates of clot growth (Vi
and V5s), clot size after 30 minutes (CS) and intensity of light scatter-
ing from fibrin clot (D); laboratory analysis of concentrations of
selected coagulation factors (11, VII, IX, X). Statistical processing of
the data was performed using the program STATISTICA 7.0.

Results and Discussion

In 28% of patients (21 of 75) INR values were
greater than 3,0 that exceeded the limits of the reference
values. In 9,5% of patients (2 of 21 patients) had boundary
values of INR (varied from 3.5 to 4). In all the patients the
time of delayed clot growth was either normal, or hypoco-
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B saBucumocTu or 3HaveHuil mokasarenss MHO 6brio
copmupoBano Tpu rpymibl 6osabHBIX: HepBast rpynmna ¢ MHO
Menee 2 — 24 GoabHbIX; Bropas — ¢ MHO or 2,0 x0 3,0 — 30
6osbHBIX 1 TpeThbs — ¢ MHO 6osee 3,0 — 21 6osbHoii. [Tpogoi-
SKUTEJIbHOCTD JiedeHnst Bap(MapuHOM TIPU TIPOBEIEHIH NCCIIE0-
BaHUs coctaBuia 5+1,5 cyTok.

BosbHbBIM TPOBOINIIOCH KOMIIJIEKCHOE KJIMHUKO-HHCTPYMEH-
TasxbHOE, TabopaTopHOE 0OCIEOBAHNE B T€UEHNE TOCTOEPAIII-
OHHOTO HepHo/a.

JlaGopaTopHOE UCC/IeIOBAHNE CHCTEMBI TEMOCTA3a IPOU3BOII-
s Ha aBToMaTndeckoM koaryiaomerpe ACL 9000 (Instrumentation
Laboratory, CIITA) ¢ ucrosib3oBatuem peareHtos Instrumentation
Laboratory, CIITA. BoirosiseHo uccseioBaine cTaHAapTHBIX TTOKa-
3areseii koarymorpammsl (AYTB, MHO, ¢hubpnnorena); KOHIEHT-
paruu oTesbHbIX (hakTtopoB ceprhiBanust — 11, VII, IX, X; npoana-
JIM3UPOBAHBI  TTOKA3aTeq  TPOMOOAUHAMUKN  (OIEHUBAJNCDH
MapaMeTphbl MPOCTPAHCTBEHHOTO pocTa (hUOPHMHOBOTO CIyCTKA: Bpe-
Msl 33JIEPJKKH POCTa crycTka (Jar-iepuot, Tlag), cKopocTb pocta
crycrka (V). Tect TpoMOOMHAMUKK BBINOJIHEH Ha «Perucrparope
Tpomboamuammkn T-2» (Temakop, Poccnst). Cratnctundeckast o6pa-
6orka 1 posoro Marepuasa Boinosisena Ha I1K ¢ ncnosp3oBanuem
mporpammbl OriginPro 8.5, Bbranc/isiim cpejiHee 3HaYeHe BeJTNYN-
Hel (M), cTaHmapTHOE OTKJIOHEHHE OT cpefHero (o), KoadhuImenT
koppessituu Criipmena (7) u koaddurment aerepmunanmu (RY).
JL1s1 cpaBHEHUS KOIMYeCTBEHHBIX TT0Ka3aTelell B TPYIIIaX 1 olpeie-
JIEHUST PA3INYIil MEXKLy HUMH HMCIIOJb30BATN HETTAPAMETPUYECKIIT
U xpurepuit Manna- Yutnu. Pasinuuus cuntany J0CTOBEPHBIMU IIPU
yposte 3uaunmoctu p<0,05.

[Tpu ycraHOBIIEHIH KOPPEJISIIINU PYKOBO/JICTBOBAJIIICH CTaH-
naptHoit kiaacendukanueit: 7 or 0,0 1o -0,25 u 1o +0,25 — orcyr-
creue cBsizu; r ot 0,26 no 0,5 (or -0,26 o -0,5) — ymepennas
cBs3b; 70T 0,51 10 0,75 (o1 -0,51 710 -0,75) — cpe/Heii CuIIbl CBA3D;
ror 0,76 no 1,0 (ot -0,76 no -1,0) — cusbHast CBSA3b.

PesyabraThl U 00CyK/IEHHE

VY 28% 60mbmbix (21 13 75) mokazarens MHO naxo-
auiicst B o6sactu egbiie 3.0, UTO NPEBbIIIAIO TIPEAEbl pe-
dbepencroro snavennsa. Cpean atoit rpynmst st 9,5% ma-
nueHToB (2 OGOJIbHBIX) JOCTUTAINCH IOTPAaHUYHbBIE
sagennss MHO — ot 3.5 10 4. Y Bcex GOJBHBIX BpeMs 3a-
JEPKKH POCTA CIyCTKa HaXOAUIOCh OO0 B TIpeesax Hop-
MblI, 1160 B 06stactu runokoaryJstiuu. OHaKo 1Mo CKOpo-
CTH POCTA CTYCTKA BBISABIEHO 5% GObHBIX (1 marmuent) ¢
TUIEPKOAryYJISIKell; B YKa3aHHOU rpyiine O0JbHbBIX ObLia
BBITIOJTHEHA KOPPEKINST JICUCHMS.

[Ipn mpoBeseHNN aHajIM3a M3JI0KEHHOTO HAMU
(hakra ciemyer OTMETUTH, UYTO B COOTBETCTBUY C BEJIUYH-
noit MHO na done npuema Baphapuna BbiesieTcst TPU
YPOBHS WMHTEHCHUBHOCTU THIIOKOATYJSIUU: BBICOKUI
(MHO 2,5-3,5), cpennuit (MHO 2,0—3,0) u nusxuit
(MHO ot 1,6 no 2,0). IlepeuncienHble KpUTEpUN SIBIIS-
foTcs MHAUKaTopaMu 2¢hGEKTUBHOCTH BaphapuHOTEpa-
nuu: B epuos noabopa ao0sbi (1—3 Hegenn) u B Hecra-
OUITBHBIIA TIeproJT (MOKET ITTUTCs 110 12 Hezesib 0T Havasa
npuemMa BapdapuHa), B CTaOUIbHbIN HEPHOJ UJIU TIEPUO/L
noJyiepskUBatonieil 103l (mocsie 12 Hemenb OT Havasa
mpuema mipenapara) [3, 4—9, 15, 16].

[Tpu npumenennn BapdaprHa 1eJ1eBoii ypOBEeHb aH-
TUKOAryJISIUKA B TOAABJISIONEM OOJBIITMHCTBE CJyYaeB
JOJKEH COOTBETCTBOBAThH amamazony MHO 2,5—35, 3a
UCKJII0UeHHEM OOJIbHBIX T10CJIE€ UMILIAHTAIIUN COBPEMEH-
HOTO JIBYCTBOPUYATOTO MPOTE3a A0PTATBHOTO KJIATIaHA TP
OTCYTCTBUY Yy HUX APYruX (hakToOpoB prucka TpomM60aM6G0-

agulation was observed. However, there were 5% of
patients (1 patient of 21) with a tendency to hypercoagu-
lation; in these cases the correction of the treatment was
performed.

Analyzing the above mentioned fact, there were
three levels of anticoagulation intensity: high (INR 2.5
to 3.5), medium (INR 2.0—3.0) and low (INR of 1.6 to
2.0). These criteria served as indicators of the effective-
ness of warfarin therapy when selecting the dose (1—3
weeks), during unstable period (may take up to 12
weeks from initiation of a warfarin therary) and in a sta-
ble period (after 12 weeks from the start of a therapy)
[3,4—9, 15, 16].

In majority of patients receiving waefarin the target
level of INR varied within the range of 2.5—3.5 except the
patients after the implantation of modern bileaflet pros-
thetic aortic valve without additional risk factors of
thromboembolism. For the latter group of patients the tar-
get range of INR was 2.0—3.0 [3, 4—9, 15, 16].

The errors of laboratory tests caused a deviation of
INR from the therapeutic range: insufficient anticoagulant
effect (INR less than 2) increased the risk of thromboem-
bolic complications, and excessive one (INR more than 3)
increased the risk of bleedings, including intracranial ones.
According to the literature, the annual frequency of life-
threatening bleeding in patients receiving anticoagulation
therapy ranged from 0.2 to 5.2%; the frequency of fatal
bleeding was from 0.07 to 0.7%. The frequency of bleeding
depends on the intensity of anticoagulation, which reflects
the level of the INR [17].

This kind of errors is known to occur when INR is
above the therapeutic range. According to the study SPIR-
IT, the increase of INR by 0.5 units above the therapeutic
range increases the risk of hemorrhagic stroke 1.37 times
[17]. Another problem is the instability of INR even in the
case of a good laboratory control [15].

Our analysis of mean values showed a two-fold
decrease in the concentration of factor IT (from 44£16% to
23+9%), factor IX (from 86+26% to 48+21%), factor X
(35£19 to 15+8) and a three-fold increase in the concen-
tration of factor VII (32+15% to 11+5%) with associated
increase of INR higher than 3.0. Thus, the greatest
decrease in the concentrations of all four coagulation fac-
tors was observed in the group of patients with INR above
3,0 (table 1).

Taking into account the risk of development of dis-
turbances in the haemostatic system, we consider that it is
necessary to pay attention to the tendency of two-fold
increase in the initial phase of clot formation indicator
(Tlag), which was found in the study; clot growth rate Vs
tended to decrease. The initial clot growth rate (Vi), the
integral indicator of plasma level of coagulation (CS) and
the density of fibrin clot (D) with increasing INR above
3,0 remained within the reference values. It is important,
that routine indicators of coagulation, such as APTT and
fibrinogen concentration, with increasing INR above 3,0
changed slightly: APTT decreased from 33+5 sec. for INR
1—2 to 3948 sec. for INR greater than 3,0 respectively, and
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Ta6Jmua 1. [lokasaTenn remMmocrasza Y nNaneHToB B 3aBUCUMOCTHU OT 3HAYEHUA MEKAYHAPOAHOI0O HOPMAJIU30BAaHHOTO

otHomenusa (MHO) (M=o).

Table 1. The indices of haemostasis in patients depending on international normalized ratio (INR) (M=0).

Parameters INR

<2 (n=24) 2—3 (n=30) >3 (n=21)
APTT, sec 33%5 36£6 39+8
Fibrinogen, g/1 5,0+1,6 50+1,4 53+1,2
Factor II, % 44+16 29+8* 23+9%*
Factor VII, % 32+15 22+10* 114£5%*
Factor IX, % 86+26 69+22%* 48+21%*
Factor X, % 35+19 20+£7* 15+8%*
Tlag, min 1,3+0,3 1,8+0,4* 2,8+1,0%*
Vi, um/min 55+6 50+6* 44+9%*
Vs, um /min 26+4 24+4* 21+5%*
CS 30, um 1107+127 1017+£140* 883+193%*
D, units 26167+4484 26174+4184 26868+4641

Note (npumeuanne): For Tables 1—3 (mas TaGauu 1—3): Parameters — mapamerpsr; INR — MHO; APTT, sec — AUTB, cek;
Fibrinogen, g/1 — dubpunores, r/x; factor — paxrop; Tlag (the delay time of clot growth), min — Bpemst 3azepkku pocra crycrka,
mui; Vs (the stationary rate of clot growth), pm/min — cramronapuas ckopocTh pocta cryctka, Mkm/Mun; Vi (initial clot growth
rate), um/min — HavaJbHasg CKOPOCTh pocta crycrka, Mmkm/mMul; CS 30 (clot size after 30 minutes), pm — pasmep crycrka yepes 30
MUHYT [0cJe Hauasa ucciaeposanus, mkm; D (the density of fibrin clot), units — motaocTh GUOPUHOBOTO CTyCcTKa, eanHuUIBL. Mean
values and standard deviations from the mean values are presented — npuBesenbl cpeanne 3HaYeHUsI U CTaHAAPTHBIE OTKJIOHEHUST OT
cpeanero.* — P<0.05 between groups with INR<2 and INR 2—3 — mesxkay rpynmamu ¢ MHO<2 u MHO 2—3; ** — P<0.05 between
groups with INR>3 u INR 2—3 — mexay rpynunamu ¢ MHO>3 n MHO 2-3.

5,
4] . ° e o
E 3‘ '. .l .
£ S
‘é’}z— ﬁﬂ’é" H
=T
i R?=0.66

0 2 4 6 8 10
INR (relative units)

40+
oy 304 :.ﬁo.' c. °
.E @ 00‘ go
*E ol LY .
3.‘ . L] @
o 104
=

R?=0.24

0 . ; : ; ;
0 2 4 6 8 10
INR (relative units)

Puc. 1. Koppensiuys MeKy moKa3aTeIsiMi MesKIAyHapoaHOro HopMaausosanHoro orHomenusi (MHO) u tpoMOoauHaMuKu.

Fig. 1. The correlation between international normalized ratio (INR) and indicators of thrombodynamics.

Note (npumeuanue): Tlag (the delay time of clot growth), min — Bpems 3amgepiku pocra crycrka, mus; V (the rate of clot growth),
pm/min — cKkopocTh pocTa cryctka, MkM/Mui; INR (relative units) — MHO (oTHOCHTEIbIbBIE €ANHUIIBL).

JIWiA; IS TIOCTI€IHE TPYIIIbl GOJIbHBIX 1IEJICBOIl uara3oH
MHO — 2,0-3,0 [3—9, 15, 16].

[TorpentHocTH 1a6OPATOPHOIO KOHTPOJISI BIEKYT OT-
KJIOHEHUe OT TepareBTHYeckoro auarazona MHO: neno-
CcTaTouHbIil anTUKOAryIssHTHBIN addext (MHO menee 2)
HOBBIIIAET PUCK TPOMOO0IMOOIMIECKUX OCTIOKHEHNH, a U3~
6brtounblii — MHO 6ostee 3 — yBesmumrBaeT PUCK KPOBO-
TeueHuil, BKoYast BHyTpuuepernnbie. 1o aurepatypHbiM
JTAHHBIM €3KETOJIHASI YACTOTA JKUBHEYTPOKAIONINX KPOBOTE-
venuii Ha dome mpuema HAK cocrasiser ot 0,2 10 5,2%, B
WX CTPYKType 4acToTa (haTajabHbIX KPOBOTEYEHUN — OT
0,07 n0 0,7%. JacTora BOSHUKHOBEHUSI KPOBOTEUEHIT Ha-
MPSIMYIO 3aBHCUT OT MHTEHCUBHOCTU AHTUKOATYJISIUH, KO-
Topyio oTpaxkaior 3Hauernss MHO [17].

X0poIIo U3BECTHO, UTO HAUGOJIEe YA3BUMOMN 110 HECO-
OTBETCTBUIO JIAHHBIX siBJsietcst 3oHa MHO Bbittie TepareBTu-

the concentration of fibrinogen grew from 5.0£1.6 (INR
1—2) to 5.3+1.2 g/1 (INR greater than 3.0) (table 1).

The correlation between Tlag and INR was defined
(7=0.66) (fig. 1). Both the indicators have a relatively high
correlation with the concentration of FII and FX (=0.50
and 0.40 for Tlag, 7”=0.48 and 0.53 for INR, respectively)
and do not correlate with the concentration of F IX
(7=0.20 for Tlag and 0.34 for INR). However, there is a
discrepancy in case of F VII concentration: the correlation
for T lg is absent (7=0.20), whereas for INR it is high
enough (*=0.42). The parameter Vs did not correlate with
INR (*=0.24) and the concentration of coagulation factors
(#<0.1) (Fig. 2).

A high correlation between the concentrations of fac-
tors FII and FX (°=0.87) was found, the correlation between
the concentrations of all the other pairs of coagulation factors
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4yeckoro uHTepsasa. [1o ranHbIM rccse-
nosaamst SPIRIT, mpn xaskmom yBesm-
vennu 3Hadenna MHO na 0,5 equamis
BBIIIIE TEPATIEBTUYECKOTO /[MATTa30Ha
PHCK TeMOPParnyecKoro HHCYJIbTa BO3-
pacraer B 1,37 pasza [17]. Eme ozxHoit
po6GIEeMON ABJIACTCS HeCTAOMIBHOCTD
MHO nmaxe mipu XopoIeM KOHTPOJE U
TIPOBeIeHNH M3Meperntii [15].

[IpoBenennslit HaMU aHATU3
CPEIHUX 3HAYEHUI BBISIBUJI J[BYKpaT-
HOE CHUIKEHME KOHIIEHTPAIK (hakTo-
pa II (c 44£16% no 23+9%), haktopa
IX (¢ 86£26% mo 48+21%), dakropa
X (¢ 35£19% mo 15+8%) u Tpexkpat-
Hoe cHWKenne daxrtopa VII (c
32+15% mo 11+5%) npu yBesmuenun
MHO Bbme 3.0. Takum o6pasom, Ha-
uboJsiee BBIPAKEHHOE T1ajleHUE KOH-
IEHTPAIMKU BCEX 4YeThIpex (HaKTOPOB
CBEPTHIBAHUS HAOJIOAIOCH B IPYIIIE
¢ MHO Bpmme 3.0 (tabar. 1).

C nosuium MporHO3MPOBAHUS
PasBUTHUSI HAPYIIEHUN B CUCTEME Tre-
MOCTa3a CYUTAeM HEOOXOAMMBIM 00-
paTuTh BHUMaHME HA BbISIBJCHHYIO B
pesyJiprate MCCJIE0BAaHUN TEHJICH-
M0 JIBYKPATHOTO Y/UIMHEHUS] Ha-
JabHON (ha3bl GOPMUPOBAHMS CTYCT-
ka (Tlag); ckopoctb pocta crycrka Vs
nMeJia TEHJEHINIO K CHIKeHuto. Ha-
yaJsibHas CKopocThb pocta crycrka (Vi),
UHTErpajibHbIl 1OKa3aTesb paboThl
IJIA3MEHHOTO 3BEHA CBEPTHIBAHUS
(CS) u nokasaresb 1mi0THOCTU (HUO-
putosoro cryctka (D) mpu ysesnue-
unu MHO Bbimie 3.0 ocraBanuch B
npesiesiax pedepeHCHbIX 3HAYEHUI.
Cy111ecTBeHHO, UTO PYTHHHbBIE MTOKA3a-
TeJIU KOATyJOrPaMMbl, TaKuUe Kak
AYTB u xonnenrtpaums hubpuHoTE-
Ha, npu ysernyennun MHO sorre 3.0
U3MeHsINCh HesHaunTeabHo: AUTB
CHIKAIIOCH ¢ 33£5 cek. it MHO 1—
2 110 39+8cek. g MHO 6Goaee 3.0, a
KOHIeHTpalust (pMOPUHOreHa Pociia ¢
5,0+1,6 mpu MHO 1—2 no 5,3+1,2
r/a upu MHO 6oasee 3.0 (taba. 1).

YcraHoBieHa cuyibHas Koppe-
asuus Tlag ¢ MHO (R*=0,66;
r=0,80) (puc. 1). Oba nokasareins
HUMEIOT CPEHIO KOPPEJISIHUIO ¢ KOH-
mentpanmein FII u FX (R’=0,50;

=-0,67 u R*=0,40; =-0,62 pys Tlag,
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Puc. 2. Koppeusiiysi MekAy MOKa3aTelsiMH MeKIyHapOJHOr0 HOPMAIH30BAHHOTO
ornourennsi (MHO) u koHnenTpaimeii paxtopoB cBepThIBaHHUS.

Fig. 2. The correlation between international normalized ratio (INR) and the concen-
tration of coagulation factors.

Note (npumeuyanue): 1/INR (relative units) — 1/MHO (oTHOCHTENbHbIE €IUHUIIB).
For Figures 2—3 (ns Pucynkos 2—3): F (factor) — ¢axrop.
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Puc. 3. Koppesinus MKy CTAMOHAPHOI CKOPOCTBIO POCTA CTYCTKA H KOHIEHTPAIH-
eit pakTOpPOB CBEPTHIBAHHUS.

Fig. 3. The correlation between the stationary clot growth rate and the concentration
of coagulation factors.

Note (npumevanue): Vs (the stationary rate of clot growth), um/min — cranmonapuas
CKOPOCTH POCTA CIYCTKA, MKM,/MHH.

R*=0,53; r=-0,62 u R*=0,48; r=-0,60 a1 MHO cootserct- | was considerably lower (7°<0.45). The lack of the correlation
BeHHO) (puc. 2) Boissiiena ymepertas Koppessiius ypos- | of such indicator of thrombodynamics as the rate of clot
Ha FIX ¢ Tlag (r=-0,43) u cpeansist koppessuus ¢ nokasa- | growth and the concentration of coagulation factors indi-

terem MHO  (r=-0,57). Opxnako

Habuonaercst | cates that warfarin acts primarily on the activation phase of
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Ta6mmnua 2. Koppeusiiusi CTaHAAPTHBIX TECTOB € TPOMOOIMHAMUKOM.
Table 2. Correlation between the results of standard tests and thrombodynamics.

Parameters Tlag Vi Vs CS D
INR 0,80 -0,60 -0,50 -0,55 —
APTT 0,41 -0,44 -0,35 -0,45 —
Fibrinogen — — — — 0,65
Factor 11 -0,67 0,51 0,37 0,45 —
Factor VII -0,38 0,28 0,31 0,31 —
Factor IX -0,43 0,36 0,31 0,36 -
Factor X -0,62 0,39 0,28 0,35 —

Note (npumeuanue). Here and in Table 3 (3gech u B Ta6a. 3): P<0.05 the Spearman rank coefficients — npusenennr KoauimenTs

koppesain CriimpMmeHa.

Ta6muua 3. Koppessiius cTaHzapTHbIX TECTOB MESKLy COOOiA.

Table 3. Correlation between the results of standard tests.

Parameters INR APTT Fibrinogen Factor II Factor VII Factor IX Factor IX
INR 1 0,42 — -0,62 -0,62 -0,57 -0,60
APTT 1 - -0,48 — -0,39 -0,46
Fibrinogen 1 — — — —
Factor 11 1 0,40 0,61 0,91
Factor VII 1 0,70 0,37
Factor IX 1 0,51
Factor X 1

pacxosknenne B ciaydae kounentparuu FVII: ymepennas
koppessinus ¢ Tlag (r=-0,38), Torna kak ansa MHO Bbisas-
JeHa cBa3b cpemHedl cuabl (1=-0,62). [lapametp Vs yme-
penrro koppeaupyer ¢ MHO (r=-0,50) u xomHIeHTparmei
(axropos ceepreBanus (r=0,37 nas daxropa II; =0,31
st dakropa VII 7=0,31 mns daxropa [X; 7=0,28 mas
(dakropa X). OGHapyKeHa CUJIbHAS KOPPEJSIUS MEKILY
romtenTpanusavu daxropos FII u FX (R*=0,87; =0,91),
KOPPEJISIUS MEXK/IY KOHIIEHTPAIUSIMHU BCEX JAPYTHX Tiap
(axTopoB cBepThIBaHUA cymecTBeHHO HIKe (R’<0,45):
CBA3b cpemHell cmibl ypoBHS (daxrtopa X ¢ ypoBHAMEI
daxropos II, VIT u X (=0,61; 7=0,70; 7=0,51 cooTBeTCTBEH-
HO) (Tabu. 2, 3 u puc. 3) IlomyuyeHa cpeaHsist KOPPEIAIUs
(axropa VII ¢ pakropom IX (7=0,70) u ymepeHHast cBsi3b
¢ akropom X (r=0,31). Yposuu dakropos IX u X koppe-
JUpoBaIU MeXIy coboil co cpemted cuioi (r=0,51)
(Tabu. 3)

Cirabasi KOppeJISIIiUU CKOPOCTH POCTA CIYCTKA OT
KOHIIeHTpanuu (hakTopoB, 110 HAllleMy MHEHUIO, YKa3bIBAET
Ha TO, 4TO BaphapuH AeiCTBYET NPEUMYIIECTBEHHO Ha (ha-
3y aKTUBAIIMU CBEPTBIBAHUS, HO He Ha (ha3y pacrpocrpaHe-
HUs pocta cryctka. [IpuHumas Bo BHUMaHUE U3JI0KEHHOE,
C IIEJIbI0 BCECTOPOHHETO KOHTPOJISI COCTOSIHUS CHCTEMBI T'e-
MOCTa3a B MOCTONEPAIMOHHOM TIePHOjie MPU KapAHOXu-
PYPTHUECKUX BMEIIATEIbCTBAX CYIIECTBEHHON SIBJISETCS
JIOTIOJIHUTEIbHASL OI[eHKaA Ipoliecca TpoMO00OpasoBaHusT B
(asy pocra crycrka (puc. 3).

Baskno, uto Mesxay co0oii (hakTopbl CBEpThIBAHUS
KPOBH KOPPEJIUPYIOT ¢/1ab0 3a UCKJIIOUEHUEM Tapbl: (hak-
Top II — daxrop X, n305keHHOE CBUIETETBCTBYET O BBIpA-
JKEHHOM WHIUBH/YaJbHOM OTBeTe OOJIbHBIX Ha JIeUeHUe
Bap(hapuHOM U HEOOXOAMMOCTH MOHUTOPHHIA COCTOSIHUS
reMoCTa3a He 110 OTAEJIbHBIM (DaKTOPaM CBEPTHIBAHUS, & C

coagulation, but not on the phase of the bunch spread.
Therefore, in order to control the state of the hemostatic sys-
tem in the postoperative period after cardiosurgical inter-
ventions, it is important to evaluate additionally the process
of thrombosis in the growth phase of the clot (Fig. 3).

It is important that the concentrations of coagula-
tion factors correlate very poorly except the pair of factor
I1, factor X, which indicate individual responses of patients
to warfarin therapy and the need for monitoring of hemo-
stasis state not only by individual coagulation tests, but
using laboratory methods — «global» coagulation tests.
The individuality of the patient response dictates the need
for complex use of «local» and «global» methods of clinical
assessment of the status of the hemostasis system.

Conclusion

Our study has shown that routine laboratory tests
have significant limitations in early diagnosis of distur-
bances in the haemostatic system. For the prevention of
complications in patients upon cardiac surgery, who starts
warfarin therapy, comprehensive laboratory monitoring is
needed, including the use of «local> and «system» meth-
ods, clinical and laboratory evaluation of changes in the
hemostasis system.

UCIIOJIb30BaHKEM JTAGOPATOPHBIX METOJ0B — IIOOAIbHbIX
KOaryJOTMYeCKUX TeCTOB. TakuM 06pa3oM MOHHUTOPUHT
UHIMBUYAJTbHOCTH OTBeTa OOJIBHBIX JAUKTYET HEOOXOAuU-
MOCTb KOMILJIEKCHOTO HCIOJb30BAHUS <«JIOKAJTBHBIX> U
«IJI06AJIBHBIX> METOJ0B KIMHUYECKOI OIEHKU COCTOSTHUS
CUCTEMBI TEMOCTA3a.
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3akiaoyeHue

PyTuHHbIe 1aGOpaTOPHbIE METO/IbI UMEIOT CYIIECTBEH-
HBIE OTPAHNYEHUS B PaHHEH AMarHOCTHKe HApYIIEHIH B CH-
creMe remocraza. C 1esbio TPOoMUIAKTUKN OCJIOKHEHUH Y
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