ISSN 2313-7347 (print)
ISSN 2500-3194 (online)

Bknro4veH B nepeYveHb BegyLLmx
peueH3vipyeMbixX XXypHanoB n nsgarHuim BAK

\ ¥

/i Vg‘?
|
‘
|

K 7/ ] N/ \ |
OBSTETRICS, GYNECOLOGY AND REPRODUCTION

2022 Vol. 16 No 2 www.gynecology.su



o2

ISSN 2313-7347 (print)
ISSN 2500-3194 (online)

HayuHblit 0630p Review article

(ec (LRESEE https://doi.org/10.17749/2313-7347/0b.gyn.rep.2022.293

Anticoagulants: dose control methods
and inhibitors

Viktoria 0. Bitsadze', Ekaterina V. Slukhanchuk'?, Jamilya Kh. Khizroeva',
Maria V. Tretyakova', Valentina I. Tsibizova®, Nilufar R. Gashimova’,
Inga A. Nakaidze', Ismail Elalamy'*®, Jean-Christophe Gris'?,
Alexander D. Makatsariya'
'Sechenov University; 2 bldg. 4, Bolshaya Pirogovskaya Str., Moscow 119991, Russia;
2Petrovsky National Research Centre of Surgery; 2 Abrikosovskiy Lane, Moscow 119991, Russia;
*Almazov National Medical Research Centre, Health Ministry of Russian Federation; 2 Akkuratova Str., Saint Petersburg 197341, Russia;
‘Medicine Sorbonne University; 12 Rue de 'Ecole de Médecine, Paris 75006, France;
SHospital Tenon; 4 Rue de la Chine, Paris 75020, France;
University of Montpellier; 163 Rue Auguste Broussonnet, Montpellier 34090, France

Corresponding author: Ekaterina V. Slukhanchuk, e-mail: ekaterina@ginekologhirurg.ru
Abstract

These days, anticoagulants are in great demand. They are used as a prophylaxis for thromboembolic complications in various
diseases and conditions in general therapeutic practice, cardiology, neurology, as well as obstetrics to manage high-risk
pregnancies. The relevance of anticoagulants competent use has come to the fore in connection with the emergence of a new
disease — COVID-19 and its serious complications such as developing thrombotic storm, in which the timely applied anticoagulant
therapy is the key to the success of therapy. The risk of bleeding should be considered when using any anticoagulant. Age,
impaired renal function and concomitant use of antiplatelet agents are common risk factors for bleeding. Moreover, only vitamin K
antagonists and heparin have specific antidotes — vitamin K and protamine, respectively. Inhibitors of other anticoagulants are
universal presented as inactivated or activated prothrombin complex concentrate and recombinant factor Vila. Hemodialysis
effectively reduces dabigatran concentration, activated charcoal is effective in the case of recent oral administration of lipophilic
drugs. Research on new antidotes of currently available anticoagulants is under way, similar to testing of new types of anticoagulants
that are sufficiently effective in preventing and treating thromboembolic complications with minimal risk of hemorrhagic. The main
contraindication to anticoagulants use is the doctor's ignorance of the mechanisms of drug action and opportunities for suppressing
its effect.
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Pe3tome

AHTMKOArynsHTbl — KpaitHe BOCTPe6OBaHHbIE Npenapatsl B HaLW AHW. OHW UCTONb3YIOTCA B Ka4eCTBE NPOMUIAKTUKNA TPOMOOIM-
60NNYECKNX OCNOXHEHWI NPU PA3NIMYHbIX 3a00/71EBAHUAX U COCTOSHMAX B 0OLLETEPAneBTUYECKON NPaKTIKe, B KapAnonoruu,
HEBPOJIOrIY, @ TAKXKE B aKyLLIEPCTBE NPW BeLeHUN 6ePEMEHHOCTI BbICOKOTO pucka. AKTyanbHOCTb BONPOCa rpamMmOTHOrO UCMOJb-
30BaHUA aHTNKOATYNAHTOB BbILLA HA NEPEeLHUIA NaH B CBA3M C NOABNEHWEM HOBOI0 3a60J1eBaHMS — KOPOHABUPYCHON UHAEKLNY
COVID-19 v ee cepbesHbIX OCIIOXHEHNIA B BUAE Pa3BUTUS TPOMOOTUYECKOTO LUTOPMA, NPU KOTOPOM CBOEBPEMEHHOE Ha3HaYeHue
AHTUKOAryNAHTHOM Tepanuu SBMSETCS 3aI0roM ycrnexa Tepanun. PUCK KPOBOTEYEHUS CrIeAyeT Y4UTbIBATb NPU UCMOSb30BAHMN
N6bIX AHTUKOArYNAHTOB. M0OXWUNO0I BO3PACT, HApyLUeHUe (YHKLMW NOYeK 1 OLHOBPEMEHHDIA NPUEM aHTUArPEraHTOB ABMAIOTCS
06LLMMN hakTOpaMK pucka KpOBOTEHEHWIA. [py 3TOM ML A1 aHTarOHMCTOB BUTaMuHa K 1 renapuHa UMeoTcs cneluduyeckue
AHTUAOTbI — BUTAMUH K 1 TPOTaMuH, COOTBETCTBEHHO. IHTMOUTOPBI OCTalbHbIX @HTUKOATYNSAHTOB YHUBEPCANbHbI — 3TO HEAKTUBU-
POBAHHbIA WNN aKTUBUPOBAHHBIN KOHLIEHTPAT NMPOTPOMOMHOBOrO KOMMIEKca M PekOMOMHaHTHbIA dhakTop Vila. Femoananua
9(MMEKTUBHO CHUXAET KOHLIEHTPAUUIO faburatpaHa, akTMBMPOBAHHbIA Yrofb 3MEKTUBEH B Clly4ae HeAaBHEro nepopanbHoro
npuema nuNouNbHLIX npenaparos. MccnefoBaHns HOBbIX aHTUAOTOB MMEIOLLMXCA B HACTOSLLEE BPEMS aHTUKOATYNsHTOB
NPOAOMKAKTCSA, TAKXKE KAK UCMbITAHNS HOBbIX BULOB aHTUKOAry/sHTOB, 06MaJaroLLMX A0CTaTO4HON 3(h(HeKTUBHOCTHIO B NPON-
NaKTUKe 1 NIe4eHn TPOMO03IMO0MNYECKIX OCIOXKHEHNA NPU MUHUMANTBHOM pUCKe remopparnyeckinx. OCHOBHbIM NPOTUBOMOKA-
3aHMEM K WCMOMb30BAHUI0 AHTUKOArYNIAHTOB ABNAETCA HE3HAHME BPAYOM MEXaHW3MOB JeliCTBMS Mnpenapara W BO3MOXXHOCTH
nofasneHns ero addekra.

KntoueBbie ¢noBa: KpOBOTEYEHWE, AHTUAOT, NPAMbIE UHIMOUTOPLI TPOMOWUHA, MHTMOUTOPbLI Xa (hakTopa, BapapuH, renapuH,
HU3KOMOJIEKYNAPHBIE renapyHbl, aHTUKOArynsHTb

Ins uutuposanms: buuanse B.0., CnyxaHuyk E.B., Xn3poesa [1.X., TpetbsikoBa M.B., Lln6usosa B.1., Fawmmosa H.P., Hakanase 1.A.,
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1 Penpogykums. 2022;16(2):158=175. https://doi.org/10.17749/2313-7347/0b.gyn.rep.2022.293.

What is already known about this subject?

» Anticoagulants are highly demanded today for prevention of
thromboembolic complications in various diseases, both in
general therapeutic practice as well as cardiology, neurology,
and obstetrics.

» The risk of bleeding should be considered when using any
anticoagulant. Common risk factors for bleeding are advanced
age, impaired renal function, and concomitant use of
antiplatelet agents.

What are the new findings?

» All data currently known on the safe use of all types of
anticoagulants, the relevance of which has become especially
acute in connection with the emergence of a new coronavirus
infection COVID-19, are detailed and structured.

» Both actively used drugs and those that have recently begun to
be used, as well as drugs at the stage of clinical trials, are
presented.

How might it impact on clinical practice in the foreseeable
future?

» The main contraindication to anticoagulants use is the
doctor's ignorance of the mechanisms of drug action and
opportunity for suppressing its effect. Deepening and
expanding knowledge in this matter will increase
effectiveness of clinical practice.

OCHOBHbIE MOMEHTbI

Y10 yXe u3BeCTHO 06 3Toi TEME?

P AHTUKOArynsiHTbl KpaiHe BOCTPEOOBAHHbBIE B HALLIN [IHN B Kaue-
CTBE NPOMUIAKTUKN TPOMO03MOOSTNYECKIUX OCNOXKHEHNIA NPK
pa3nnyHbIX 3260N1eBaAHNAX KaK B 06LLETEPANEBTUYECKON NpaK-
TUKe, TaK 11 B KapANONOrnN, HEBPOJSIOTIK, aKyLLEPCTBE.

» [pn ncnonb3oBaHMmM NtO6bIX aHTUKOATYNIAHTOB CrefyeT YHUTbl-
BaTb pPUCK KpoBoTeyeHns. 06wmMmu haktopamn prucka KpoBo-
TEYEHUN ABNSAKOTCA MOXWUION BO3PACT, HAPYLUEHNE (DYHKLNN
MOYeK U 0JHOBPEMEHHBI MPUEM aHTUArPeraHToB.

YT0 HOBOrO f1aeT cTaTbA?

» [10Ap06HO U3N0XEHBI 1 CTPYKTYPUPOBAHbI BCE IaHHbIE, N3BECT-
Hble B HAaCTOsLLEEe BpeMs 0 6e30MacHOM WCMONb30BAHNN BCEX
BWOB aAHTMKOAryNsiHTOB, aKTyanbHOCTb KOTOPbIX OCOOEHHO
0CTPO BCTana B CBA3N C BO3HUKHOBEHNEM HOBOW KOPOHABMPYC-
HOi uHGekuumn COVID-19.

» [peacTaBreHbl KAk aKTUBHO UCMOMb3YeMble Npenapathbl, Tak n
T€, Y4TO HeJJaBHO Ha4anu NPUMEHSITbCS, a TaKe Mpenapatbl Ha
CTaJNN KNMHUYECKNX UCCNEL0BaHNI.

Kak 3aTo MoOXeT noBnuATbL Ha KIMHUYECKYH0 NPAKTUKY
B 0603pumom Gyaywem?

» OCHOBHbIM NPOTMBOMOKA3aHWEM K UCMOb30BAHNIO aHTUKOAry-
NAHTOB ABMAETCA HE3HAHME BPayoM MeXaHU3MOB [JErCTBUSA
npenapata U BO3MOXHOCTW MOAaBNeHUs ero adhdpekra. Yrmy-
61eHMe U pacCLUMPEHNe 3HAHWUA B 3TOM BOMPOCE MOBLICUT
DMEKTUBHOCTb KIIMHUYECKOI NPAKTUKN.
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Introduction / BBemenue

Bleeding is the main side effect of any anticoagulant
therapy. The risk of developing intracranial hemorrhage,
gastrointestinal or uterine bleeding often leads the
patient to refuse treatment.

In clinical trials regarding using vitamin K antagonists
(VKAS) in patients with atrial fibrillation, the mean rate
of major bleeding was 2.1 per 100 patient-years [1].
While using direct oral anticoagulants, the significant
bleeding risk was 30 %, apixaban — 38 % compared with
warfarin [2]. Patients with venous thromboembolism
(VTE) differ from those with atrial fibrillation in bleeding
risk factors: age, combination with antiplatelet therapy,
concomitant oncological diseases, starting doses of
anticoagulants. In patients receiving unfractionated
heparin (UFH) the risk of bleeding depends on the
patient baseline characteristics, surgery or trauma in the
near past, dose of heparin, use of other antithrombotic
drugs [3]. Randomizedand controlled trials comparing
low molecular weight heparin (LMWH) or UFH with
fondaparinux have shown a similar risk of major
bleeding (1-2 % patients) [4]. The gastrointestinal
tract is the most common source of bleeding while
taking oral anticoagulants. For a long time VKAs have
been used to treat and prevent venous and arterial
thrombosis. In recent years new oral anticoagulants
(NOACs) have been widely used. Some advantages over
VKAs include more predictable pharmacokinetics and
pharmacodynamics, less influence of drug interactions
and eating behavior, and no need for regular monitoring
as well as using fixed doses. However, unlike warfarin,
this group of drugs have no specific inhibitors, making
their use uncontrollable if it is necessary to quickly
cancel the anticoagulant action due to the development
of bleeding orif surgical treatmentis required. In addition,
compared to VKAs oral factor Xa (FXa) inhibitors
cause menorrhagia at higher rate reaching up to 30 %
of women [5]. This situation can be corrected with
hormonal therapy, tranexamic acid, or drug withdrawal
to return to warfarin use. The search for anticoagulants
with a less risk of bleeding became essential for safety
and improving patient compliance.

Anticoagulants. Mechanisms of action /
MexaHu3MBbI JeHICTBHS PA3THIHBIX
AHTHKOATY/STHTOB

Vitamin K antagonists / AHTaronucTbl BuTammia K

Vitamin K antagonists inhibit the vitamin K
regeneration. Vitamin K is a cofactor in reactions of

gamma-carboxylation of factors Il, VII, IX, X, proteins C,
S, and Z. The pharmacokinetics and pharmacodynamics
of VKAs have been studied in detail [6]. Genetic
variation in P450 cytochrome and vitamin K epoxide
reductase, drug interactions, food intake have an impact
on the anticoagulant effects of warfarin. In this regard,
taking warfarin should be accompanied by constantly
monitored the international normalized ratio (INR). The
results of previous studies have not demonstrated the
effectiveness of genotyping while selecting dose of
warfarin and optimizing warfarin therapy [7].

Heparins / lenapuHbl

Unfractionated heparin represents a mixture of
sulfated glycosaminoglycans of various molecular
weights that inhibit several factors of coagulation
after binding to antithrombin. This process causes
conformational changes with a 1000-fold increased
inhibition efficiency. LMWH is obtained by UFH
fractionation or depolymerization. It predominantly
suppresses FXa. Fondaparinux is a pentasaccharide.
Fondaparinux by binding to antithrombin enhances its
effect in suppressing FXa. After intravenous injection,
UFH half-life comprises 1-2 hours. The half-life of various
LMWHs varies from 3 to 12 hours. Pharmacokinetic
and biophysical properties of heparin limit its use [8].
Pharmacokinetic limitations are associated with various
anticoagulant effects of heparins. These effects linked to
antithrombin-independent binding of heparin to plasma
proteins as well as endothelial and platelet proteins.
Biophysical restrictions are presented by heparin-
induced thrombocytopenia and osteopenia, which are
less pronounced for LMWHs.

Direct oral thrombin inhibitors / MpsaMbie opanbHbie
MHrM6MTOpBLI TPOM6MHA

Thrombin plays a crucial role in the coagulation
cascade. It activates the protein C pathway, platelets,
clotting factors, endothelial receptors and promotes
the conversion of fibrinogen to fibrin. Ximelagatran
was the first oral drug developed. Subsequently it
was discontinued due to severe liver side effects [9].
Dabigatran etexilate is a prodrug lacking the risk profile
of its predecessor. The bioavailability of dabigatran is
6.5 %. The half-life of dabigatran is 12—17 hours under
normal renal function, and the maximum concentration
is reached in plasma within 1.5-3 hours after ingestion.
The kidneys excrete 80 % and 35 % of plasma proteins
[10]. Dabigatran has demonstrated efficacy comparable
to enoxaparin in preventing the risk of thrombosis in
the postoperative period after hip [11] and knee [12]

m http://www.gynecology.su
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arthroplasty. Its efficacy was comparable to that of
warfarin in acute care [13] and prolonged maintenance
therapy for VTE [14]. Studies have shown that dabigatran
was as effective as warfarin in preventing stroke in
patients with atrial fibrillation [15]. Dabigatran is
currently approved in Europe and North America for the
prevention of ischemia and stroke in patients with atrial
fibrillation (stroke prophylaxis in atrial fibrillation, SPAF),
as well as the VTE prevention after orthopedic surgery.

Oral Xa factor inhibitors / OpanbHble MHTMGUTOPDI
thakTopa Xa

The first drugs in this group, rivaroxaban and
apixaban, act by reversibly blocking an active site of
FXa. Bioavailability of them is higher than for dabigatran
(edoxaban — 50 %, rivaroxaban — 80 %, apixaban -
60 %). After 1-4 hours peak concentrations are reached.
The effect of drugs less depends on kidney function
[16]. Studies in patients after orthopedic surgery,
rivaroxaban vs. enoxaparin demonstrated higher
efficacy of thromboprophylaxis with similar bleeding
rate [17]. Its efficacy was also comparable to warfarin
with VTE [4] and atrial fibrillation [18]. The drug is
approved for thromboprophylaxis in orthopedic surgery
to treat SPAF and VTE. Apixaban vs. enoxaparin has also
been evaluated in patients undergoing knee [19] and
hip [20] replacement surgery. It is equally effective at
significantly lower bleeding rates. In studies, apixaban
was more effective than acetylsalicylic acid (ASA)
or warfarin in preventing stroke in patients with atrial
fibrillation, with superior (vs. warfarin) [21] or similar
(vs. ASA) [15] safety profile. It had lower bleeding
rate and was non-inferior to warfarin in VTE treatment
[22]. After orthopedic surgery, apixaban is approved
for VTE prevention and SPAF (North America, Europe).
Edoxaban is also approved as an alternative to warfarin
for the treatment of VTE [23] and atrial fibrillation [24]
with a significantly lower bleeding rate.

Factor Xla inhibitors / Unruoutopb! haktopa Xla

Factor Xla is an actively studied potential target for
anticoagulant therapy. The FXla inhibitors may be perfect
for patients with a high risk of bleeding (dialysis patients
with renal insufficiency). FXI is a part of the intrinsic
pathway (contact-activated) of coagulation, being
required for thrombus stabilization and growth [25]. FXI
can be activated by both FXlla and thrombin [26] via a
positive feedback amplification loop (Figure 1) [27].

Congenital deficiency of FXI is found rarely in the
general population (about 1 in 1,000,000) and is most
common in the Ashkenazi Jewish community [28]. This

deficiency is characterized by mild hemorrhagic diathesis
showing no correlation with plasma FXI concentration
[29]. Spontaneous bleeding due to its deficiency was
not observed, distinguishing it from the deficiency of
FXI, FVIII, FIX. Rarely, spontaneous bleeding also occurs,
usually after surgery or trauma in tissues with high
fibrinolytic activity, such as the mouth, nose and urinary
tract.

Studies have shown that FXI deficiency is associated
with reduced incidence of VTE and cardiovascular events
(transient ischemic attack, stroke, and myocardial
infarction) [30]. Individuals with lower plasma
concentrations of FXI due to genetic predisposition have
a 22 % reduced risk of ischemic stroke and venous
thrombosis without an increased risk of bleeding [31].

Several FXla and FXI inhibitors are currently under study
(Table 1). The FXla and FXI inhibitors examined in clinical
trials include the monoclonal antibodies osocimab, the
antisense oligonucleotide BAY 2976217 (IONIS FXI-LRx),
abelacimab, xisomab 3G3 (AB023), the small molecules
BMS-986177 and BAY 2433334. Small molecule inhibitors
are believed to have low renal clearance (8-20 %),
monoclonal antibodies and antisense oligonucleotides
are not excreted by the kidneys which provide additional
benefits for patients with renal insufficiency on
hemodialysis [32]. Dialysis does not remove antisense
oligonucleotides or monoclonal antibodies, and there is
no evidence that dialysis removes small specific molecule
inhibitors. They are highly protein-bound, this fact makes
the process unlikely.

There was a dose-dependent reduction in the risk
of venous and arterial thrombosis, while using an
antisense oligonucleotide (IONIS-FXI Rx), without
increasing bleeding time in mouse models [33]. In
addition, IONIS-FXI Rx administration in baboon models
leads to a sustained antithrombotic effect without
increased bleeding [34]. In a phase 2 IONIS-FXI Rx, there
has been studied patients after elective unilateral knee
arthroplasty [35]. Patients for 35 days before surgery
received IONIS-FXI Rx, 300 or 200 mg enoxaparin
(LMWH). I0NIS-FXI Rx 300 mg (200 mg dose was non-
inferior to enoxaparin) was superior to enoxaparin in
reducing VTE. Doses of IONIS-FXI Rx were associated
with fewer bleeding events [35].

BAY 2976217 is a ligand-conjugated version of
[ONIS-FXI Rx (also known as FXI-LICA and IONIS-FXI-
LRx). The tolerability, safety, pharmacodynamics, and
pharmacokinetics of BAY 2976217 were investigated in
healthy volunteers in double-blind, placebo-controlled
study phase 1 trial [36].

N
S
N
N
[ ]
S5
=
—
(=)
[ ]
Z
N

poxdoy pue A301000uAix) ‘so111918qQ)

uonon




Anticoagulants: dose control methods and inhibitors

AxymiepctBo, I'maekoaorusa u Pennpoaykiina RLrrAR v Ry

Initiation

Anti-Xla LmwH, uFH

rivaroxaban
apixaban

Spreading
activated
platelet

" .@Tv '\'

& e
‘m,/

vit. K antagonists

Amplification

Anti-lla  urH

dabigatran

Stabilization

Anti-XI, Anti-Xla

Figure 1. Anticoagulant application sites [27].

Note: vWF - von Willebrand factor; TF - tissue factor; vit. K — vitamin K; Anti-lla, Anti-Xa, Anti-XI, Anti-Xla — antagonists of lla, Xa, XI, Xla factors;
LMWH - low molecular weight heparin; UFH — unfractionated heparin; Fg — fibrinogen;, Fn — fibrin.

PucyHoK 1. TouKM NpUN0OXeHUs aHTUKOArynsHToB [27].

Tpumeyanne: vVIWF — chaktop ¢poH Bunnebparga; TF — TkaHeBou ghakTop, BuT. K — Butamur K; Anti-lla, Anti-Xa, Anti-X1, Anti-Xla — aHTaroHucTsi ¢haktopos lla,
Xa, XI, Xla; LMWH — HuskomonekynsapHbivi renapmH; UFH — HeghpakymoHnpoBaHHbI renapuH,; Fg — onbpuHoreH, Fn — gopubpuH.

Table 1. Factors Xl and Xla inhibitors under development.

Ta6bnuua 1. PaspabatbiBaemble npenaparbl MHrM6uUTOpoB Xl n Xla dhaktopos.

Name / Ha3Bauue

Type / Tun

BMS-986177 Mikveksian
BMS-986177 MuksekcuaH

Low molecular weight inhibitor of factor Xla
HnakomonekynsipHbI MHrnouTop hakropa Xla

BAY 2433334 Asundexian Low molecular weight inhibitor of factor Xla
BAY 2433334 AcyHfekcuaH HuskomonekynspHbIit MHrM6MTOP haktopa Xla
Xisomab 3G3 Low molecular weight inhibitor of factor Xla
AB023 Kcucomab HuskomonekynspHbIil MHrM6MTOp haktopa Xla
Osocimab Monoclonal antibody to factor XI

Ocounmab MoHoknoHansHoe aHTUTeno K ghaktopy Xl
Abelacimab Monoclonal antibody to factor Xla
Ab6enaummvab MoHoKnoHanbHoe aHTUTeN0 K dhaktopy Xla
IONIS-FXI Rx Monoclonal antibody to factors XI/Xla

MoHoknoHanbHoe aHTuTeNo K haktopam Xl/Xla

BAY 2976217 (FXI-LICA)

Factor Xl antisense oligonucleotide
AHTUCMbINOBOI 0NUTOHYKNeoTU haktopa Xl

Osocimab (BAY 1213790), the anti-FXla antithrom-
botic antibody, demonstrated antithrombotic effects
without increasing bleeding time in a rabbit model
of arterial thrombosis. In a study, administration of

abelacimab, the dual FXla/FXI monoclonal antibody,
reduced VTE by up to 5 % (75 mg dose) and 4 %
(150 mg dose) compared with 22 % in patients receiving
40 mg enoxaparin daily within 30 days after a total knee

m http://www.gynecology.su
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replacement. 30 mg of abelacimab was non-inferior
(VTE in 13 %) to enoxaparin [37].

FXlinhibitors may improve the safety record compared
to other oral anticoagulants. In the FOXTROT study,
osocimab reduced minor bleeding (0-3 % of patients
compared with 6 % in the group of enoxaparin) [38]. In
phase 2 of another study, 3 % of patients treated with
IONIS-FXI Rx developed clinically significant bleeding
compared with 8 % of enoxaparin group. Studies have
shown that dabigatran is less effective than warfarin in
patients with mechanical heart valves [39]. In addition,
decrease in FXI concentration in vitro reduces thrombin
formation induced by mechanical valve [40].

A phase 2 multicenter study in patients with renal failure
on hemodialysis showed that IONIS-FXI Rx reduced blood
clotting at the dialysis membrane compared to heparin in
standard regimens, however, these results require further
research [41]. Thus, there is an opportunity to use new
drugs that inhibit FXI in dialysis patients with renal failure,
not only to prevent stroke in atrial fibrillation but more
broadly to prevent cardiovascular complications.

Methods for controlling anticoagulants
dose and monitoring hemorrhagic
complications while using various
anticoagulants / MeTo bl KOHTPOJIA TO3BI
AHTHKOAT'Y/LIHTOB M MOHUTOPHHTI HaA (hoHe
T€MOPPATHIECCKHX OCTOKHEHUH IIPU
HCIIOIb30BAHHH PA3THIHBIX
AHTHKOAT'YJIAHTOB

Anticoagulant therapy is applied for at least 3 months
after the first episode of thrombosis, whereas for
patients at high risk of recurrent VTE long-term (possibly
incessant) therapy is recommended [42]. Stratification of
patients depending on the risk of recurrent VTE is carried
out primarily with the determination of a fibrin breakdown
product, D-dimer, and coagulation activation markers.
D-dimer / D-gumep

D-dimer is a strategical indicator of activated
coagulation and fibrinolysis and an indirect prothrombotic
marker. D-dimer is formed due to sequential reactions
involving thrombin, activated factor XIlI (FXIlla) and
plasmin [43]. Thrombin, formed upon activation of
coagulation, activates FXIIl and converts fibrinogen
to fibrin. FXllla binds D-domains in fibrin monomers.
Formed on the surface of fibrin as a result of plasminogen
activation, plasmin cleaves the fibrin substrate at certain
positions. The D-dimer is synthesized during the cleavage
of fibrin cross-linked with FXllla. The plasma D-dimer

half-life is about 8 hours, being excreted predominantly
by the reticuloendothelial system and kidneys. Residual
concentrations of D-dimer can be found in the
bloodstream in the normal state, while in any condition
associated with increased fibrin formation and fibrinolysis
pathologically elevated levels may be observed [43].
D-dimer concentration tests are best validated for the
diagnostics and monitoring of disseminated intravascular
coagulation as well as for exclusion of VTE.

High concentrations of D-dimer allow to identify
a group of a high relapse risk, in which long-term
anticoagulant therapy is justified [44]. Conversely,
low concentrations of D-dimer distinguish a group of
a low relapse risk, wherein long-term anticoagulant
therapy may not be warranted [45]. Many clinical
studies investigated and confirmed the use of D-dimer
for this purpose. In most studies, the concentration of
D-dimer was determined 3—-4 weeks after the cessation
of anticoagulant therapy. D-dimer was measured
consistently during anticoagulation and at different
times after anticoagulation was stopped in some studies
[46]. One study it measured during anticoagulant
therapy [47]. Monitoring the concentration of D-dimer
during anticoagulant therapy is necessary to select a
more correct and minimal dose of the drug, followed by
assessing its effectiveness and safety.

Although the use of anticoagulants is associated
with a risk of bleeding, anticoagulants increase survival
in patients with severe infection COVID-19. Dose of
anticoagulants is selected, among other parameters,
according to the magnitude of increased concentration
of D-dimer in patients with severe COVID-19.

Inthe case of developing hemorrhagic complications, an
express test while using VKAs is INR. For NOACs, general
measures of hemostasis parameters such as prothrombin
time (PT), activated partial thromboplastin time (APTT),
or thrombin time (TT), should be used, which can give a
rough qualitative estimate of the effect, to a greater extent
for dabigatran (with PT or APTT) or rivaroxaban (with
PT) than for apixaban and edoxaban [48]. In the group
of patients at high risk of thromboembolic complications,
level of D-dimer may contribute additionally to account
for resuming anticoagulant therapy, as well as drugs and
doses to be used.

Bleeding. Definition of concepts / KpoBoTeueHue.
OnpeneneHue NOHATHIA

The definition given to massive bleeding by the
International Society on Thrombosis and Hemostasis
(ISTH) has been widely used in the last decade [49].
There are other types of classifications of bleeding
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severity. In most definitions, the main criterion is
provided by decline in hemoglobin. A number of authors
separately distinguish a life-threatening bleeding. There
is also a separate group of bleeding — clinically relevant
non major bleeds (CRNMBs) corresponding to moderate
and minor bleeding (Table 2).

Bleeding frequency and risk factors for bleeding under
anticoagulant therapy / YacToTa KpoBoTEYEHMIA

u haKTOpbl PUCKA KPOBOTEHEHUIA NPU NpUEME
AHTUKOArynsHToOB

Vitamin K antagonists / AHTaronnctsl ButammHa K

Regardless of the therapeutic dose used and the
choice of anticoagulant, a risk of bleeding is always
present. VKAs use increases the risk of intracranial
hemorrhage by about 0.2 % per year and the risk of
significant bleeding by 2-3 % per year [51]. The main
risk factors for bleeding during anticoagulant therapy
include high anticoagulant doses, concomitant use of
other drugs that affect hemostasis, such as antiplatelet
agents, anti-inflammatory non-steroidal drugs or
cyclooxygenase inhibitors, characteristics of patient
(age and comorbidities such as diabetes mellitus,
hypertension, cardiovascular disease, cerebrovascular
disease, ischemic stroke, renal failure, liver disease,
alcoholism, malignancy), and therapy duration [52].

Table 2. Bleeding characteristics [49, 50].

Tabnuua 2. Xapaktepuctuka kposoteyenuii [49, 50].

Heparins / lenapuHbi

The significant bleeding risk due to heparins ranges
from 0to 2% [52] depending on the dose of anticoagulants,
the underlying disease, or taking other anticoagulants.
Renal insufficiency, age, and gender of the patient are also
considered as risk factors for heparin-induced bleeding
[52]. LMWHs in patients with impaired renal function
should be used with caution, as drug bioaccumulation may
lead to bleeding [53]. Prophylactic doses of fondaparinux
2.5 mg daily are associated with minor bleeding than
therapeutic LMWHSs doses [54] and the same risk as UFH
[55] or prophylactic LMWHSs doses [56].

New generation anticoagulants / HoBbie aHTuKoarynsHTbl

NOACs have a wider therapeutic window and a shorter
half-life. Theoretically, predictive risk factors for bleeding
for VKAs apply as well to NOACs. Renal failure is an
essential indicator, given that drugs are removed from
the body via kidneys. Age is an independent risk factor
[57]. Studies have shown that dabigatran applied at dose
150 mg twice a day was associated with a higher rate of
bleeding than 110 mg twice daily [58]. The incidence of
severe bleeding was 3.74 and 2.99% per year at a dose
of 150 mg and 110 mg, respectively. The risk of bleeding
increases dramatically when dabigatran and warfarin are
combined with antiplatelet agents [59]. Data analysis on
rivaroxaban use in patients with atrial fibrillation showed

Type of bleeding / Bup kpoBoTeueHus |

ISTH characteristics / Xapaktepuctukn ISTH

Bleedings outside of surgery / KpoBoTe4eHus BHe onepaTUBHbIX BMELIATENIbCTB

Massive bleedings
MaccuBHble KpOBOTEHEHUS

- severe bleeding;

— BbIPQXEHHOE KPOBOTEYEHME;

—decrease in hemoglobin concentration by 20 g/l and more;

— CHWKEHNe KOHLeHTpauum remorno6uHa Ha 20 r/n v 6onee;

—need for 2 or more doses of RBC mass/whole blood

— NOTPE6HOCTL B BEAEHMN 2 1 60Mee J03 3pUTPOMACChI/LENbHON KPOBH

Clinically relevant non major bleeds (CRNMBs)
He3HaunTenbHble/yMepeHHbIe KpOBOTEYEHMS

- bleeding requiring medical attention;

— KpOBOTEYEeHMe, TpebyloLee BpayebHOro BMeLLaTeNbCTBa;
- bleeding requiring hospitalization

— KPOBOTEYEHMe, TPebyHoLLee rocnuTanu3aumnm

Bleedings as a result of surgery / KpoBoTe4yeHus kak pe3ynbTar onepaTuBHbIX BMELIATENIbCTB

Massive bleedings
MaccuBHble KDOBOTEHEHNSA

- severe bleeding;

— BbIP@XEHHOE KPOBOTEYEHME;

- source of bleeding inside or outside of the operated organ;

— UCTOYHUK KPOBOTEYEHNS BHYTPM UMW BHE ONEPUPYEMOro OpraHa;

— decrease in hemoglobin concentration by 20 g/l and more;

— CHWXKEHNe KOHLeHTpauum remornobuna Ha 20 r/n u 6osee;

—need for 2 or more doses of RBC mass/whole blood;

— NoTPe6HOCTL B BeAEHUN 2 1 60Mee 03 3pUTPOMACCHI/LENIbHON KPOBY;
— bleedings requiring reoperation;

— KPOBOTEYeHUs, TpebytoLLe NOBTOPHOIO ONepaTBHOrO BMELLATENbCTBA;
— unstable hemodynamics

— HecTabunbHas remoanHammnka
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that risk factors for bleeding due to such therapy were
presented by high body mass index, older age, diabetes
mellitus, male sex, and low clearance of creatinine [60].

Anticoagulant therapy and correction of its hemorrhagic
complications / Koppekuus remopparu4eckmx
OCNOXHEHMIA HA (DOHE aHTUKOAryNAHTHOI Tepanuu

The correctionapproach of hemorrhagic complications
after using anticoagulants should be personalized in
each specific case, with a balance between the risk
of thromboembolic complications, indications for
anticoagulation and severity of bleeding, as well as
the degree of clinical urgency and indications for the
complete drug withdrawal. Table 3 summarizes main
characteristics of the anticoagulants on the market and
agents used to combat hemorrhagic complications.

Methods for correcting hemorrhagic complications upon
using vitamin K antagonists / Crioco6bi Koppekuynm
remopparnyeckux 0C/I0XKHeHU Ha GhOHe Ucrosib30BaHNs
aHTaroHncToB ButTammHa K

Vitamin K/ ButamuH K

Vitamin K is inexpensive, reliable, effective and safe
warfarin antidote. It can be used either intravenously or
orally [61]. Oral vitamin K at doses of 1 to 2.5 mg lowers
the INR within 24 hours for non-bleeding patients with
an INR > 4 [62]. Oral intake of vitamin K is also possible
in patients with an INR of 5-8, despite the high risk of
bleeding. Bleeding developed while taking warfarin, 2.5
mg of vitamin K leads to normal INR in most patients.
Only some patients have to increase the dose up to
10 mg with very high INR levels or concomitant liver
dysfunction (Table 4).

Although both intravenous and oral forms of vitamin K
are effective equally in correcting INR within 24 hours,
the intravenous form can do so within 6 to 8 hours [63].
In this regard, some recommendations for massive
bleeding include an intravenous route using of vitamin K
5to 10 mg as a slow infusion (over 30 minutes) after
using warfarin in combination with prothrombin complex
concentrate (PCC) [64]. The effectiveness of combined
use is achieved because PCC introduction provides a
temporary correction of INR due to the short half-life
of vitamin K-dependent clotting factors, particularly
FVII (6 hours). Supplementation with vitamin K further
provides a long-term correction of INR by restoring
hepatically produced clotting factors. Moreover, the use
of vitamin K at high doses is associated with developing
transient VKAs resistance and subsequently complicated
reach of therapeutic range INR values.

Fresh frozen plasma, prothrombin complex concentrate /

CBeXe3aMopOXEeHHASA 171a3Ma, KOHLEHTPAT
[POTPOMOMHOBOIO KOMII/IEKCA

Rapid hemostasis correction during bleeding
resulting from warfarin can be achieved by introducing
functionally active blood coagulation factors. Fresh
frozen plasma (FFP) is an affordable product containing
vitamin K-dependent clotting factors. It is used in large
volumes (> 1500 ml) to ensure a marked increase
in clotting factors in case of ongoing bleeding during
warfarin withdrawal. However, in elderly patients it
might be problematic to rapidly inoculate large volumes.
The danger is also posed by potential transmission of
several infections with donor plasma. Unlike FFP, PCC
contains factors VII, X, IX, and Il at about 25 times higher
concentration, which significantly reduces the total
infusion volume, minimizes the risk of transfusion-related
circulatory overload, and accompanying lung injury [65].
There are two types of PCC products. Three-factor PCC
contains a smaller amount of VII factor. Studies have
shown that three-factor PCC cannot sufficiently reduce
INR due to a lower concentration of factor VII. The
additional use of FFP and a three-factor PCC provides a
more significant reduction in INR [66]. The effectiveness
of four-factor PCC with a higher concentration of factor
VIl is much higher, but potential subsequent thrombotic
complications should be taken into account [67].

Recombinant factor Vlla / PexombuHaHTHbI chakTop Vila

Few studies have examined the use of recombinant
factor Vlla (rVlla) with warfarin in bleeding. One of these,
retrospective trial showed that rVila rapidly normalized
INR without influencing mortality rates [68]. Moreover,
the incidence of thromboembolic complications was
higher compared with standard therapy. Another
retrospective study showed an advantage rVlila vs. PCC
in correcting INR in intracranial hemorrhage treated with
warfarin [69]. A meta-analysis has shown that the use
of high-dose rVlla significantly increases the arterial but
not venous risk of thromboembolic events, primarily in
elderly patients [70]. Given the conflicting and limited
data on potential risk, the question of using rVlla in the
treatment of bleeding along with warfarin remains open.

Activated prothrombin complex concentrate /
AKTUBUPOBAHHBIA KOHLIEHTPAT [POTPOMOUHOBOIQ
Komiexca

Retrospective studies examining the use of activated
PCC in managing hemorrhagic complications along with
warfarin showed that this method is more effective than
FFP in reducing INR, showing no significant difference
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Table 3. Anticoagulants and their antidotes.

Tabnuua 3. AHTUKOArynsHTbI U UX AHTUAOTbI.

Preferred route of

Drug Site of action }.]glgt;r:atgtr]\[{];ilsﬁt HB?:]IL':;;B excretion Antidote
Mpenapar Touka npunoxenus MOHUTOYHT NONyBbIBEACHNS penmyLLecTBEHHbIA Autupor
nyTb BbIBE[EHNS
Vitamin K antagonists Synthesis of vitamin INR (PT) 20-60 h Metabolism in the Vitamin K
K-dependent (average 36-48 h) liver, excretion of Buramun K
coagulation factors metabolites by the PCC
CnHTe3 BUTaMMH kidneys KMK
AHTaroHucTbI K-3aBncumblIx MHO (MNB) 20-604 MeTabonuam B aPCC
BuUTaMmHa K (haktopos (B cpegHem 3648 4) | neyeHw, BbiBEAEHME aKMK
CBEPTbIBAHNA MeTabonmToB FFP
[51] noYyKamm c3n
[52]
Unfractionated heparin Factor lla APTT 1-2h Kidney Protamine sulfate
(UFH) ®akrop lla
HedpakLunoHNPOBaHHbII Factor Xa A4TB 1-24 [Moykm [MpoTamuHa cynbar
renapux (HOI) dakTop Xa [55]
Antithrombin
AHTUTPOMOUH
[52]
Low molecular weight Factor Xa Anti-Xa activity 3-13h Kidney Protamine sulfate
heparin (LMWH) — (average 3-7 h) rVila
enoxaparin
HuzkomonekynspHsblIi dakTop Xa AHTN-Xa aKTUBHOCTb 3-13y4 [Toyku [TpotamuHa cynbdoar
renapux (HMI) - [53] [54] (B cpeaHem 3-7 4) pVlla
JHOKcanapuH [56]
Fondaparinux Factor Xa Anti-Xa activity 17-21h Kidney rVila/ pVila
®oHJanapuHyke ®aktop Xa AHTN-Xa aKTUBHOCTb 17-214 Moykn [8]
Dabigatran Factor lla APTT 12-17 h 80 % kidney aPCC
[laburatpaH ®akrop lla A4TB 12-174 80 % noyku aKIK
[58] 1T FFP
TB c3n
Idarucizumab
ipapyumsymab
[59]
Rivaroxaban Factor Xa PT 9-15h 66 % kidney FFP
PneapokcabaH dakTop Xa nB 9-154 66 % no4Ku can
[60] Anti-Xa activity aPCC
AHTU-X2a aKTUBHOCTb aKIK
Andexanet alfa
AHpaekcaHeT anbga
rVila/ pVila
Apixaban Factor Xa Anti-Xa activity 8-15h 25 % kidney FFP
AnunkcabaH dakTop Xa AHTU-X2a aKTUBHOCTb 8-154 25 % noyKu can
aPCC
aKIK
Andexanet alfa
AHfieKcaHeT anbga
rVila/ pVila
(22]
Edoxaban Factor Xa Anti-Xa activity 6-11h 35 % kidney FFP
3nokcabaH dakTop Xa AHTU-Xa aKTUBHOCTb 6-114 35 % noyKm c3n
PT aPCC
nB aKIK
[32] Andexanet alfa
AHfiekcaHeT anbga
rVila/ pVila
[24]

Note: INR — international normalized ratio; APTT — activated partial thromboplastin time; PT — prothrombin time; TT — thrombin time; PCC — prothrombin complex
concentrate; aPCC — activated prothrombin complex concentrate; FFP — fresh frozen plasma; rVlla — recombinant factor Vila.

Tpumeyanmne: MHO — mexayHapoAHoe HOpMann3oBaHHoe oTHoleHne; AYTB — akTMBUpOBaHHOE 4acTMYHOe TPOMOONIACTMHOBOE BpeMs; [1B — mpoTpomMbnHoBoe
Bpems,; TB — tpomburosoe Bpems, KIK — KoHLeHTpat npoTpomMouHoBoro komnnekca; akllK — akTuBupoBaHHbIN KOHLEHTPAT MPOTPOMOUHOBOI0 KOMI/IEKCA;
C3I1 - cBexesamopoxenHas nnasma; pVila — pekombuHaHTHbI ghakTop Vila.

m http://www.gynecology.su




Bitsadze V.0., Slukhanchuk E.V., Khizroeva J.Kh., Tretyakova M.V., Tsibizova V.l.,
Gashimova N.R., Nakaidze I.A., Elalamy I., Gris J.-C., Makatsariya A.D.

Table 4. Recommendations on usage and dosage of vitamin K for under varying international normalized ratio (INR) [49, 52].

Ta6nuua 4. PekoMeHAaLMu N0 UCMOMb30BAHNIO W [O3MPOBAHIIO BUTAMIHA K MPK pPasinyHbIX 3HAYEHUSAX MEXAYHAPOAHOr0 HOPManM30BaHHOMO

oTHowweHus (MHO) [49, 52].

INR / MHO

Tactics / Taktuka

Dose of vitamin K /
[o3a Butamuna K

Above therapeutic values but
below 4.5
Bbiwe TepaneBTUYECKNX

3HAYEHUI, HO HIXe 4,5 therapeutic INR values

CHXeHWe [o3bl BapdhapuHa noj nabopatopHbIM KOHTPONEM [0
TepaneBTUYecKux 3Ha4eHuin MHO
Reducing the dose of warfarin under laboratory control to

Not used

He ncnonbayetcs

4,5-10 CHKeHne [03bl BapdhapuHa noj 1abopaTopHbIM KOHTPOMEM 10 In patients at high risk of bleeding,
TepaneBTMYeCcKNX 3HaveHnit MHO 1-2 mg orally
Reducing the dose of warfarin under laboratory control to Y NaLNeHTOB C BbICOKUM PUCKOM
therapeutic INR values KpoBOTEYEHMA 1-2 MI nepopasbHO
Over 10 Without canceling warfarin, take vitamin K under the control of INR, |2.5-5.0 mg orally at a time
repeat the intake of vitamin K according to indications
bonee 10 He oTmeHss BapdhapuH, npuHaTb BuTamMuH K noa koHtponem MHO, | 2,5-5,0 mr nepopanbHo

NOBTOPUTbL NPUEM BUTaMIUHA K MO NOKazaHUsM

32 0[IUH Npuem

in survival rate [71]. However, while using this group
of drugs, an increased risk of thromboembolic
complications was also noted.

Methods for correcting hemorrhagic complications
during heparins’ therapy / Crnocobbi Koppexymm
remopparuyeckux 0CII0XHEHNIA Ha GOHe UCI0Ib30BaHNS
renapuHoB

Protamine sulfate / [IpotamuHa cyrnbghar

Protamine sulfate is an alkaline positively charged
protein derived from fish sperm. It completely abrogates
the anticoagulant effect due to complexing with
negatively charged and acidic heparin [72]. For almost
30 years, protamine sulfate has been widely used for
hemorrhagic complications associated with the use of
UFH. Protamine sulfate at a dose of 1 mg/100 units of
heparin inhibits the action of UFH, while it just partially
neutralizes other heparinoids such as danaparoid
or LMWHSs, because protamine sulfate affects the
suppression of Flla (thrombin). Protamine sulfate has a
very short half-life (about 7 minutes). Repeated doses of
protamine sulfate may be required to altogether abolish
UFH, with a maximum dose of 50 mg [3]. To monitor
efficacy APTT may be used [3]. Protamine sulfate affects
anti-Xa activity with LMWHs only partially (60-80 %)
[73]. Thus, even if the APTT is fully normalized after
administration of protamine, measurement of anti-Xa
activity is necessary [73].

The use of protamine sulfate has been associated
in cardiovascular surgery with an increased risk of
anaphylaxis, in around 1% cases secondary to histamine
release [74]. The development of thrombocytopenia has
also been described while using it [75]. A study has shown
that its use can result in the antibodies against protamine

and heparin, which activate platelets being associated
with episodes of thrombocytopenia and an increased risk
of thromboembolism in cardiac surgery [76].

Protamine sulfate causes hypersensitivity reactions,
including anaphylaxis, in fish allergic patients with
previous exposure to protamine-containing drugs or
protamine such as insulin [72]. Patients with a verified
allergy to protamine sulfate should be treated in advance
with steroids and antihistamines [77].

Recombinant factor Vlla / PexombuHaHTHbI chakTop Vila

A large number of studies demonstrate that rVila is
effective in the correction of hemorrhagic complications
due to LMWHSs [78, 79], idraparinux [80] or fondaparinux
[81]. In these trials, 90 pg/kg was the dose at which a
positive clinical effect was achieved. Recombinant Vlla
is also effective in LMWHSs overdosage in patients with
pre-existing hypercoagulation and/or acute VTE [82].

Methods for correcting hemorrhagic complications
during pentasaccharides use / Cioco6b! KOppekuymm
remopparnyeckux 0CI0XHEHNA Ha (hOHE NC0Tb30BaHNS
reHTacaxapugos

Fondaparinux is the only pentasaccharide-based
anticoagulant used to treat and prevent VTE that binds
to antithrombin, and inhibits selectively FXa [79, 83].
Protamine is ineffective against the anticoagulant
effects of fondaparinux. Pentasaccharides have no
specific antidotes. Hemodialysis can reduce the
plasma concentration of fondaparinux by about 20 %.
Recombinant Vlla is effective in healthy volunteers and
in vitro studies [84, 85]. However, thromboembolic
complications remain a problem for using rVlla in
approximately 7 % of patients.
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Methods for correcting hemorrhagic complications after
using new oral anticoagulants / Cnoco6el kKoppekuymm
remopparnyeckux 0CII0XHEHNI Ha (hOHe NCI0/b30BaHNS
HOBbIX 0PaslbHbIX AHTUKOATY/IIHTOB

Management of the hemostasis system in the setting
of NOAGCs should be personalized in based on severity
of bleeding, indications for anticoagulation, patient
characteristics such as age, comorbidities, time after
the last dose, drug dose, and location of bleeding. While
using NOACs, a standard treatment and examination
regimen should be followed up in patients with bleeding,
including adequate fluid therapy and oxygenation,
hemostasis laboratory assessment, and general clinical
parameters, such as creatinine and complete blood count.
APTT is dependent on the concentration of dabigatran.
Normal APTT values preclude the use of NOACs as the
bleeding cause. Normal PT value excludes rivaroxaban
as a hemorrhage cause [86].

Simply discontinuing NOACs may be sufficient for
minor bleeding in patients with normal renal function,
given the short half-life of the drugs. According to
indications, it is necessary to stop the combined use
of antiplatelet agents and anticoagulants to begin
introduction of specific or non-specific hemostatic
agents. According to the indications, it is necessary to
use other hemostatic measures, such as mechanical
compression, surgical hemostasis, etc. It is also possible
to use antifibrinolytic drugs to develop hemorrhagic
complications due to NOACGs.

Methods for correction of hemorrhagic complications
due to direct thrombin inhibitors / Ciocobb! Koppexkymu
remopparnyecknx 0CII0XHeHUA Ha GoHe NCrob30BaHNA
MPSAAMbIX UHTNOUTOPOB TPOMOUHA

Activated oral charcoal / AKTUBUDOBAHHbIA Yok /171
[18p0PAaIbHOIO [PUMEHEHNS

Oral activated charcoal effectively absorbs up to
99.9 % of dabigatran [87]. It should be used dissolved
in acidified water within 1-2 hours after taking the drug.

Hemodialysis / [emoanamn3

Since dabigatran is not actively bound to plasma
proteins (35 %), it can potentially be removed from the
circulation by hemodialysis in case of life-threatening
bleeding, intoxication, or the need for surgical
emergency treatment [88]. Studies have shown that up
to 59.3 % of dabigatran is eliminated within 4 hours of
hemodialysis [89]. However, the need to create central
venous access with large diameter catheters in patients
on anticoagulant therapy is an additional risk factor and
a limitation of this strategy.

Prothrombin complex concentrate and activated
prothrombin complex concentrate / KoHueHTpat
[POTPOMOUHOBOIO KOMII/IEKCA Y AKTUBUPOBAHHbIN
KOHLIEHTPAT IPOTPOMOUHOBOI0 KOMIT/IEKCA

Several studies have demonstrated PCC effectiveness
in the treatment of hemorrhagic complications
associated with dabigatran in mice, rats, and rabbits
[90]. In studies involving healthy male volunteers,
no reliable data on PCC effectiveness along with
complications of dabigatran were found [91]. Therefore,
no evidence is available regarding effectiveness of PCC
in the dabigatran-related complications. At the same
time, the use of activated PCC seems promising [92],
as evidenced particularly by studies on gastrointestinal
bleeding, intracranial hemorrhages due to dabigatran
[93, 94]. An essential subject for further research is the
increased risk of thrombotic complications associated
with using activated PCC.

Activated recombinant factor Vlla / AKTnBnpOBaHHbIN
pekomouHanTHb1A ghakrop Vila

In mouse models, rVlla has been shown to be
effective with partial normalization of APTT in patients
receiving dabigatran [95]. However, other animal model
studies [90] and ex vivo rVlla studies have not confirmed
a neutralizing effect of dabigatran [92].

ldarucizumab / Vinapyum3ymab

Idarucizumab, an antidote to dabigatran, is a fragment
of a monoclonal Fab antibody that binds to dabigatran
and alters its anticoagulant properties [96]. The antidote
should be administered as a 5 g bolus dose intravenously
and is approved for use in massive bleeding as well
as when emergency surgical treatment is required to
prevent massive intraoperative blood loss.

Methods for correcting hemorrhagic complications
during therapy with factor Xa inhibitors / Crioco6si
KOPPeKynn remopparnyeckmx 0CI0XHeHN Ha ghoHe
UCIMOb30BAHNSA MHTMOUTOPOB (hakTopa Xa

The strategy for direct factor Xa inhibitors is similar
to dabigatran, except that direct FXa inhibitors bind well
to plasma proteins and are poorly removed from the
circulation by hemodialysis.

Activated oral charcoal / AKTuBnpoBaHHbIA Yrosb A8
1epopasibHOro NpUMeHeHns

No reliable data on the effectiveness of activated
charcoal as an antidote for rivaroxaban are currently
available. Studies have shown that the effect of apixaban
can be interrupted by oral administration of activated
charcoal in dogs even 3 hours after ingestion [97].
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Prothrombin complex concentrate / KoHuLeHTpar
IpOTPOMOUHOBOIO KOMII/1IeKCa

Animal studies have demonstrated the effectiveness of
PCC in the hemorrhagic complications due to rivaroxaban
and apixaban [98]. An in vitro study using human plasma
has demonstrated the efficacy of PCC in normalizing
laboratory parameters with rivaroxaban and apixaban
[91, 99]. Two cohort prospective studies have evaluated
the safety and efficacy of PCC for the major bleeding
treatment in patients treated with rivaroxaban or apixaban
[100, 101]. In the Swedish study, the drug's effectiveness
was 69 % [100]. Most patients in the study had
intracranial hemorrhages (61.5 %), two patients suffered
from ischemic stroke developed within 30 days after drug
correction. In the Canadian study, the effectiveness was
68 %; 8 % had a thromboembolic episode, and 14 % died
within 30 days after applying this approach [100].

Activated prothrombin complex concentrate and

activated recombinant factor Vlla / AKTuBupoBaHHbI
KOHLIGHTPAT POTPOMOUHOBOI0 KOMIIIEKCA U

AKTUBUPOBAHHbIN PEKOMOUHAHTHbIA hakTop Vlla

Activated PCC and activated rVIla were effective after
using edoxaban and rivaroxaban in animal models [91,
102].

Universal antidotes of new oral anticoagulants /
YHusepcanbHbie aHTUAOTbI HOBbIX OpanbHbIX
aHTUKOArynsHToB

Andexanet alfa / AHgekcaHer anbga

Anewrecombinantandexanetalfa protein (PRT064445
or PRT4445) structurally transforms the FXa by making
it hemostatically inactive [103, 104]. An andexanet alfa
is an inactive form of FXa that acts as a 'bait' by binding
to and inhibiting FXa inhibitors as well as fondaparinux
and LMWHs [105]. The drug effectiveness has been
studied and confirmed only in patients with massive
bleeding requiring no emergency surgery.

PER977 is another small synthetic molecule considered
a potential antidote for several NOACs, including
edoxaban, apixaban, rivaroxaban and dabigatran [106].
The candidate drug is effective in animal and ex vivo
human plasma models.

Management of patients with hemorrhagic

complications / TakTuka BeieHNA NALMEHTOB Npu
remopparuyeckux 0CJI0KHEHUAX

Fundamentals of bleeding control / OCHOBHbIE MPUHLNIBI
60pb0bI C KDOBOTEYEHUEM

If hemorrhagic complications occur during anti-
coagulant therapy, first of all, a detailed anamnesis

should be collected from both the patient and close
relatives. What anticoagulant was taken by a patient?
When was the last time applied? Did the patient have
kidney disease? Did patient also receive ASA or other
drugs that suppress platelet function?

The main approaches to the treatment of hemorrhagic
complications associated with using anticoagulants are
similar to the basic principles of managing hemorrhagic
complications of other etiologies (Figure 2). First of
all, these are measures aimed at stopping or reducing
bleeding, including local hemostasis (tamponade of the
nasal cavity, compression in case of arterial bleeding,
insertion of the Blakemore probe in case of bleeding from
varicose veins of the esophagus when urgent endoscopy
is unavailable), correcting consequences of blood loss
(intravenous infusion therapy, oxygen therapy, blood
transfusion, other types of hemodynamic support). For
trauma-related bleeding tranexamic acid should be used
[107]. At the same time, in hematuria tranexamic acid
is contraindicated due to the risk of thrombogenesis in
the ureter lumen and hydronephrosis. Any antiplatelet,
anticoagulant agent and non-steroidal anti-inflammatory
drug should be discontinued. Activated charcoal reduces
the effect of all NOACs, and therefore can be used for
several hours in case of bleeding due to an overdose or
accidental use of such agents.

At the next stage, a comprehensive hemostasis
assessment is required to select optimal therapy.

Intracranial hemorrhage / BHyTpunyepenHbie
KDOBOU3SINAHNSA

Subdural or intracerebral hematoma evacuation
should be performed only when effect of anticoagulant
drug is finished after its complete withdrawal [108].
Along with preventing VTE, intermittent pneumatic
compression should be used [108]. Prophylactic use of
LMWHs and heparin in stable patients is possible 2-4
days after the bleeding episode [109]. The decision to
resume full anticoagulation should be based on assessing
the risk of recurrent intracranial hemorrhage and the
risk of thromboembolic complications. Eight weeks is
the optimal timing for resuming anticoagulant therapy,
which has been studied with VKAs alone [110]: shorter
for post-traumatic intracerebral hemorrhage [111], but
longer for amyloid angiopathy or subdural hematoma
(which has a higher risk of recurrence). For patients with
warfarin-associated intracranial hemorrhage, switching
to NOACs is possible due to their lower risk of developing
intracranial hemorrhage. For patients with intracranial
hematomas, while using NOAGCs, consideration should
be given to resuming it at lower dose. In all cases,
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@ Stage 1. Collection of anamnesis h
What drug is patient taking? When was the last dose taken? Is patient taking anticoagulants, NSAIDs?
Does patient have kidney disease?
@ Stage 2. Laboratory studies h
. rivaroxaban, apixaban, anticoagulant
9 warfarin UFH LMWHs dablgatran edoxaban unknown )
[ ] [ APTT ] [ Anti-Xa ] [ APTT, TT ] [ PT, anti-Xa ] [ PT, TT, APTT, anti-Xa ]
Step 3. Non-specific correctlon methods
Stopping intake of anticoagulant, antiplatelet, NSAIDs; infusion therapy, oxygen therapy, pain relief, mechanical hemostasis;
tranexamic acid (out of hematuria); activated charcoal (if indicated)
( Stage 4. Specific correction methods )
idarucizumab
’ PCC, with
\gtPCKC PF(I::(IE’ PS PS, Vila aPCC, Fzﬁagxpfn%t%?’ [ prolonged 34 vit. K ]
hemodialysis

Figure 2. Strategy for managing hemorrhagic complications during antithrombotic therapy [drawn by authors].

Note: UFH — unfractionated heparin, LMWHs — low molecular weight heparins; NSAIDs — non-steroidal anti-inflammatory drugs; INR — international normalized
ratio; APTT — activated partial thromboplastin time, anti-Xa — anti-Xa activity; PT — prothrombin time; TT — thrombin time, vit. K — vitamin K; PCC - prothrombin
complex concentrate; aPCC — activated prothrombin complex concentrate; FFP — fresh frozen plasma; PS — protamine sulfate; rVlla — activated recombinant

factor Vlla.

PucyHok 2. CTpaternsi 60pb0bl C reMopparnyeckMn 0COXHEHNAMI Ha (DOHE NPOTUBOTPOMOOTMYECKON Tepanun [PUCYHOK aBTOPOB].

Tpumeyanne: UFH — HegbpakmornposarHsii renaput; LMWHS — HuskomonekynspHbie renaputsi; NSAIDS — HeCTEpOuAHbIE MPOTUBOBOCHAINTENIbHbIE
cpegetsa; INR — MexayHapoaHOe HOPMAanu30BaHHoe OTHOLLEHNE, APTT — akTUBMPOBAHHOE 4acTM4HOE TPOMOOMNIACTUHOBOE BPems; anti-Xa — aHTu-Xa
aKTUBHOCTb, PT — npoTpombnHoBoe Bpems; TT — TpombuHoBoe Bpemsi; Vit. K — ButamuH K; PCC — KOHLEHTpaT npoTpoMONHOBOro KOMIIeKca,

aPCC — aKkTUBMPOBAHHbIN KOHLEHTPAT NPOTPOMONHOBOr0 KoMrsekca, FFP — cBexe3amopoxeHHas nnaama; PS — npotamuna cynbepar; rVlla — akTuBupoBaHHbIv

PEKOMOUHaHTHbIN hakTop Vlla.

the decision should be preceded by a comprehensive
laboratory hemostasis assessment, including assessing
the concentration of plasma D-dimer.

Gastrointestinal bleeding / XKesny04HO-KNLLIEYHbIE
KPOBOTEYEHUS

The gastrointestinal tract is the most common source
of massive bleeding while taking anticoagulants, while
gastrointestinal bleeding can be a marker of the tumor
process. In this regard, endoscopic examination to
identify the source of bleeding and stop it, are the first
line measures in developed gastrointestinal bleeding.
The latter can be achieved by coagulation, ablation,
hemoclipping of very deep ulcers with a visible blood
vessel, local administration of epinephrine, coagulation
with argon plasma for angiodysplasia, or ectasia of
the gastric antrum, ligation of esophageal varices and
sclerotherapy [112]. In case of bleeding from a stomach
ulcer, intravenous administration of a proton pump
inhibitor is indicated. The use of anti-inflammatory non-
steroidal drugs should be avoided. The optimal time to

resume anticoagulation is within 3-6 weeks after an
episode of upper gastrointestinal bleeding, after a detailed
laboratory hemostasis assessment, including measuring
D-dimer concentration [113]. Early resumption of
anticoagulation therapy may be considered in case of
high thromboembolism risk.

A multidisciplinary approach is required involving
both a multi-field specialist and a hemostasis specialist,
a cardiologist and/or neurologist for all hemorrhagic
complications due to anticoagulant therapy, to
optimize hemostatic treatment and the timing to start
thromboembolism prevention.

Conclusion / 3axrroueHme

The complexity and versatility of antithrombotic
therapy are growing with the advent of more and more
advanced drugs. Bleeding is a formidable complication
resulting from using any anticoagulant. Antidotes are a
valuable addition to the arsenal of drugs used to treat
hemorrhagic complications related to anticoagulants,
but their importance should not be overestimated.
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Randomized controlled trials have not confirmed their
efficacy and safety. It all suggests that knowledge
about the risk factors for development of hemorrhagic
complications after taking various anticoagulants,
indications for their use, features of monitoring their
effectiveness and safety, as well as potential for complete
abrogation of their action, if necessary, are essential for
practicing physicians of various specialties.

New anticoagulants targeting coagulation factors
Xl and XII are undergoing clinical trials. Antibodies,
antisense  oligonucleotides, aptamers, polyanion
antagonists, and active site-binding molecules are
currently being developed to reverse the effects of
NOACs. The main goal of developing new anticoagulants
is to preserve the thromboprophylaxis effect with a low
risk of bleeding.
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