View metadata, citation and similar papers at core.ac.uk

European Heart Journal (2007) 28, 880-913
doi:10.1093/eurheartj/ehl492

EUROPEAN
SOCIETY OF
CARDIOLOGY®

P
brought to you by i CORE

provided by University of Southern Denmark Research Output

ESC position paper

Anticoagulants in heart disease: current status

and perspectives*

Raffaele De Caterina*' (Italy), Steen Husted' (Denmark), Lars Wallentin® (Sweden),

Giancarlo Agnelli (Italy), Fedor Bachmann (Switzerland), Colin Baigent (United Kingdom),
Jorgen Jespersen (Denmark), Steen Dalby Kristensen (Denmark), Gilles Montalescot (France),
Agneta Siegbahn (Sweden), Freek W.A. Verheugt (The Netherlands), Jeffrey Weitz (Canada)

Table of Contents

List of abbreviations. . . . . ... ... .......
Preamble: purposes and scope of the task force . .
Blood coagulation . . .. ... ............
Haemostasis . .. .................
Arterial thrombosis . . . ... ... .......
Tissue factor . . . .. ... ... ... L.
Tissue factor pathway inhibitor . . . ... ...
Cellular control of coagulation . . . ... .. ..
Cross-talk between coagulation and
inflammation . . . ... ... L Lo oL
Epidemiology of anticoagulant therapy in heart
disease . . ... ... ... e
Coronary heart disease . . ............
Non-valvular atrial fibrillation . . ... ... ..
Prosthetic heartvalves . . . ... ... .....
Heart failure . . . ... ... ... ... ....
Parenteral anticoagulants: general pharmacology .
Heparin derivatives . . . . ... .........
Unfractionated heparin . .. .........
Mechanism of action. . . . ... ......
Pharmacokinetics . . ............
Dosing and monitoring. . . . .. ... ...
Sideeffects. . . .. ... ... ......
Low molecular weight heparins . . . . . ...
Mechanism of action. . . . ... ......
Pharmacokinetics . .. ...........
Dosing and monitoring. . . . .. ... ...
Sideeffects. . . ....... ... .....
Pentasaccharides: fondaparinux and
idraparinux . . .................
Mechanism of action. . . ... ... ....
Dosing . . . ... ... ... ...
Monitoring . . . ... ... ...,
Sideeffects. . . ... ... ... . ....
Parenteral direct thrombin inhibitors . . . . . .
Compared pharmacological properties of
unfractionated heparin, low-molecular weight
heparins, pentasaccharides, and direct
thrombin inhibitors . . . .. ... ... .....
Vitamin K antagonists: general pharmacology . . .
Mechanism of action. . . . .. ... ... ....

881
881
882
882
882
882
882
882

883

884
884
884
885
885
885
885
885
885
886
886
887
887
887
887
888
888

888
888
888
888
888
889

889
890
890

Vitamin K anticoagulant therapy: interference

with foodsanddrugs . .............. 890
Laboratory control . . . .. ... ... ...... 890
Dosing . . . ... i 891
Point-of-care testing and prothrombin time
monitors . . . . ... e 892
Self-management of oral anticoagulation . . . . 892
Oral direct thrombin inhibitors: general
pharmacology . .. ....... ... ... ..., 893
Parenteral anticoagulants: clinical indications . . . 893
Unfractionated heparin . . ... ......... 893
Low molecular weight heparins . ... ... .. 893

Non-ST-elevation acute coronary syndromes. 893
ST-elevation acute myocardial infarction

treated with fibrinolytics . . ... ... ... 894
Elective percutaneous coronary
interventions . . .. ... ... .. ... 894
Percutaneous coronary interventions in the
setting of acute coronary syndromes . . . . . 895
Pentasaccharides. . . . ... ........... 895
Fondaparinux . . ................ 895
Idraparinux . . ................. 896
Intravenous direct thrombin inhibitors . . . . . 896
Vitamin K antagonists . . . . ... .......... 898
Coronary heart disease . . . ... ........ 898
Primary prevention . . . ... ... ...... 898
Acute coronary syndromes. . . .. ...... 898
Coronary bypass graft surgery . . . . ... .. 898
Percutaneous coronary interventions . . . . . 898
Atrial fibrillation . . . ... ... ... ... ... 898
Artificial heart valves . . . ... ... ... ... 898
Heart failure . . . . .. ... ... ... ..... 899

Oral direct thrombin inhibitors: clinical developments 899
Oral Factor Xa inhibitors: clinical developments . . 899
Bleeding risk and bleeding management during

anticoagulant therapy . . . . . ... ... ...... 900
General risk factors for bleeding. . . . ... .. 900
Unfractionated heparin and low-molecular
weight heparins. . . . .. ... ... ..... 900
Pentasaccharides . . . .. ... ........ 900
Direct thrombin inhibitors . . . . . ... ... 900

* Corresponding author. Institute of Cardiology, ‘G. d’Annunzio’ University—Chieti, Ospedale S. Camillo de Lellis, Via Forlanini 50, 66100 Chieti, Italy. Tel: +39

0871 415 12; fax: +39 0871 402 817/498217.
E-mail address: rdecater@unich.it
TThese authors are the Coordinating Committee.

*The content of parts of this position paper overlaps with that of the forthcoming guidelines on NSTE-ACS, and unavoidably, some sections are similar, for

the sake of consistency, between these documents.

© The European Society of Cardiology 2007. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org

/T0Z ‘6 Afenuer uo 1s9nb Aq /B10'seulnolpioxo’ ireayne)/:diy woly papeojumoq


https://core.ac.uk/display/50651107?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://eurheartj.oxfordjournals.org/

ESC Working Group on Thrombosis: Task Force on Anticoagulants in Heart Disease

881

Vitamin K antagonists . . ... ........ 901
Management of bleeding complications . . . . . 901
Unfractionated heparin and low-molecular
weight heparins. . . . . ... ... ...... 901
Pentasaccharides . . . . ... ... ...... 901
Direct thrombin inhibitors . . . . . ... ... 902
Vitamin K antagonists . . ... ........ 902
Special situations . . .. ...... ... .. ..., 902
Vitamin K antagonists in pregnant patients with
artificial heart valves . . . .. ... ... .... 902
Renal failure and haemodialysis . . ... .. .. 902
Surgery, percutaneous coronary interventions,
biopsies, and dental procedures . ... ... .. 902
Cancer . ... e 903
Anticoagulant therapy in combination with other
drugs interfering with haemostasis . .. ... ... 904
Anticoagulant therapy in combination with
antiplatelet therapy . . . .. ... ... ..... 904
Anticoagulant therapy in combination with
fibrinolytic therapy . ............... 904
Current needs and future developments . ... .. 906
Acknowledgements . . ... ... ... ....... 906
References . . ... ... ... ... ... . ..., 906

NYHA New York Heart Association

NSTE-ACS non-ST elevation acute coronary syndromes

OASIS Organsization to Assess Stratgies for
Ischemic Syndromes

PAR protease-activated receptor

PCI percutaneous coronary intervention

POCT point-of-care test(s)

PF4 platelet factor-4

PT prothrombin time

SK streptokinase

STEMI ST elevation acute myocardial infarction

TAFI throbin-actvitable fibrinoloysis inhibitor

TF tissue factor

TFPI tissue factor pathway inhibitor

TIMI Thrombolysis In Myocardial Infarction

™ thrombomodulin

TNF tumor necrosis factor

tPA tissue plasminogen activator

UFH unfractionated heparin

VKA vitamin K antagonist

VTE venous thromboembolism

WHO World Health Organization

List of Abbreviations

ACCP American College of Chest Physicians

ACS acute coronary syndrome(s)

ACT activated clotting time

AF atrial fibrillation

ALAT alanine amino transferase

APC activated protein C

APSAC anisoylated plasminogen streptokinase
activator complex

aPTT activated partial thromboplastin time

ASIS active site-inhibited seven (FVlla)

AT antithrombin, formerly antithrombin IlI

CABG coronary artery bypass graft

CcD cluster of differentiation

CDSS computerized decision support system

CHF chronic heart failure

CrCl creatinine clearance

ECAA European Society of Cardiology

F factor

FDA Food and Drug Administration

GFR glomerular filtration rate

GP glycoprotein

GUSTO Global Utilization of Streptokinase and
Tissue Plasminogen Activator for Occluded
Coronary Arteries

HIT heparin-induced thrombocytopenia

ICH intracranial hemorrhage

IL interleukin

INR International Normalized Ratio

ISI International Sensitivity Index

ISTH International Society on Thrombosis and
Haemostasis

LDL low-density lipoproteins

LMWH low molecular weight heparin

MI myocardial infarction

MNPT mean normal prothrombin time

NAPC2 nematode anticoagulant peptide C2

Preamble: purposes and scope of the task force

Drugs interfering with blood coagulation are a mainstay of
cardiovascular therapy. Despite their widespread use, there
are a number of unmet needs for current parenteral and
oral anticoagulants in cardiovascular diseases. This thera-
peutic area is undergoing unprecedented changes with the
clinical introduction of new drugs. This document, initiated
by a committee appointed by the European Society of Cardi-
ology (ESC) Working Group on Thrombosis, intends therefore:

e to review the current mechanism of action, pharmaco-
logical properties, indications, side effects, ongoing
trials, and areas of current investigations for drugs inter-
fering with coagulation as applied to atherothrombosis
and arterial thrombo-embolism in heart disease, namely:
e coronary heart disease and percutaneous coronary

interventions (PCls);
e atrial fibrillation (AF);
e artificial heart valves;
e chronic heart failure (CHF);

¢ to do so with a ‘pharmacologically based’ approach rather
than a ‘disease-oriented’ one, complementary with what
other Guidelines Groups and Task Forces have done or are
in the process of doing in indicating and recommending
therapeutic options for specific cardiovascular diseases;

e to do so by putting together a group of coagulation
experts and clinical cardiologists, mostly—but not exclu-
sively—from Europe.

This document is intended to follow-up on the Task Force
Document on the use of antiplatelet agents in cardiovascular
disease, proposed by the committee of experts appointed
similarly by the ESC Working Group on Thrombosis' and is
intended to be regularly updated. The Writing Committee
of this document has decided against issuing graded rec-
ommendations on the use and dosing of drugs, because
this might conflict with the task of guidelines, some of
which are being finalized at the same time by the ESC.
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Blood coagulation
Haemostasis

When a blood vessel is damaged, the site of disruption must
be rapidly sealed to prevent blood loss. Haemostasis
requires the formation of an impermeable platelet and
fibrin plug at the site of injury. Preventing clot propagation
through the vascular tree also requires localizing platelets
and coagulation at the site of injury. The clot is later dis-
solved by another protease reaction, fibrinolysis, which
also prevents the vessel from being occluded by the clot
during its formation. In order for the blood to stay fluid
within the circulation, a delicate balance between the
carefully regulated systems of coagulation and fibrinolysis
is needed. Disturbances in either system will cause a ten-
dency towards thrombosis or bleeding, respectively.?

Arterial thrombosis

Arterial thrombosis can occur from at least two main differ-
ent mechanisms, endothelial erosion or plaque rupture.3”>
Superficial erosion or denudation of the endothelial cells
lining the plaque accounts for about 25% of all cases of
fatal coronary thromboses. Plaque rupture causes ~75% of
major coronary thromboses. Plaque rupture results in the
exposure of thrombogenic material, e.g. collagen and
tissue factor (TF), to the flowing blood. Upon plaque
rupture, the lipid gruel, containing TF, and the underlying
connective tissue matrix are exposed to the blood, leading
to the activation of platelets and the coagulation system
as well as to the simultaneous release of vasoactive sub-
stances. This induces thrombus formation and vasoconstric-
tion, which may cause myocardial ischaemia and acute
coronary syndromes (ACS).

Tissue factor

Today coagulation is considered to be a highly regulated
reaction that takes place on cell surfaces.®” The main
initiator of coagulation is TF, a transmembrane glycoprotein
(GP). TF is a member of the class Il cytokine receptor super-
family, and functions both as the receptor and as the essen-
tial cofactor for factors (F) VIl and Vlla. Assembly of the TF/
FVlla complex on cellular surfaces leads to the activation of
FX and initiates coagulation. TF is constitutively expressed
in cells surrounding blood vessels and large organs to form
a haemostatic barrier, but can also be induced in vascular
cells in response to a number of inflammatory stimuli,
such as adhesion molecules [among which P-selectin and
CD40 ligand (CD40L)], cytokines, and oxidized/modified
low density lipoproteins (LDLs).® Total lethality in homozy-
gous TF knock-out mice embryos provides convincing evi-
dence for TF to be indispensable for life. In addition to its
role in haemostasis, the TF/FVIla complex has been shown
to elicit intracellular signalling resulting in the induction
of various genes, thus explaining its role in various biological
functions, such as embryonic development, cell migration,
inflammation, apoptosis, and angiogenesis.’ !

Tissue factor pathway inhibitor

TF pathway inhibitor (TFPI) is a potent serine protease
inhibitor of TF/FVlla-induced coagulation. It functions by
neutralizing the catalytic activity of FXa and, in the

presence of FXa, by feedback inhibition of the TF/FVlla
complex.'? TFPI contains three Kunitz-type domains: the
first domain binds to FVlla and the second to FXa. The
third domain is involved in binding of TFPI to lipoproteins.
The C-terminal end of TFPI is required for the binding to
cell surfaces (" and references therein). The primary site
of synthesis of TFPI is the vascular endothelium,™ but also
a number of other cell types have been reported to be
production sites, including platelets. In vivo, ~80% of
plasma TFPI circulates in complex with plasma lipoproteins.
A major pool of TFPI, free TFPI, is associated with the endo-
thelial surface and is released into circulating blood upon
the intravenous (i.v.) administration of unfractionated
heparin (UFH) as well as after the subcutaneous (s.c.)
injection of low molecular weight heparins (LMWHs)."®

Cellular control of coagulation

The cell surface-based coagulation process can be currently
described in three overlapping phases: initiation, ampli-
fication, and propagation.””'®'” The process starts on
TF-exposing cells and continues on the surfaces of activated
platelets.

The initiation phase is localized to TF-bearing cells that
are exposed from the subendothelial tissue to flowing
blood upon vascular injury. The proteolytic TF/FVila
complex activates small amounts of FIX and FX. On
TF-exposing cells, FXa then associates with FVa to form
the prothrombinase complex (Figure 1). FVa derives from
several sources, including activated platelets adhering at
injury sites, as well as from plasma, where FV can be acti-
vated by FXa. The prothrombinase complex then cleaves
prothrombin to generate small amounts of thrombin, the
enzyme responsible for clot formation. The concentration
of TF/FVlla complex and of TFPI regulates the duration of
this initiation phase. When a certain amount of FXa has
been generated, it is bound by TFPI, and a quaternary
complex with TF and FVlla is formed.

In contrast to FXa, FIXa is not inhibited by TFPI, and only
slowly inhibited by antithrombin (AT). FIXa moves in the
fluid phase from TF-bearing cells to nearby platelets at
the injury site.

In the amplification phase, low concentrations of throm-
bin activate platelets adhering to the injury site to release
FV from their a-granules. A positive feedback loop is
initiated, whereby thrombin activates released FV, and
FVIII bound to von Willebrand factor. Such activated
factors bind to platelet surfaces, which provide enough scaf-
folding for the large-scale thrombin generation that occurs
during the propagation phase. Thrombin also activates FXI
bound to platelets (Figure 1). The role of FXla, a member
of the intrinsic pathway of coagulation, can be considered
as a booster of FIXa production on the platelet surface and
thus increases thrombin generation.'”

In the propagation phase, the phospholipid surface of acti-
vated platelets acts as a cofactor for the activation of the
FVllla-FIXa complex (termed ‘Xase’) and of the FVa-FXa
complex (‘prothrombinase’), which accelerate the generation
of FXa and thrombin, respectively. In addition, FXla bound to
the platelet surface activates FIX to form more Xase. FXa,
thus produced, associates rapidly with FVa on the platelet
surface, resulting in a burst of thrombin, ultimately leading
to the bulk cleavage of fibrinogen to fibrin. Soluble fibrin is
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finally stabilized by FXllla, also activated by thrombin, to
form a fibrin network, i.e. a thrombus (Figure 7).

Thrombomodulin (TM), a transmembrane molecule
expressed on endothelial cells, also binds thrombin, and
the thrombin-TM complex activates the protein C anticoa-
gulation system. Activated protein C limits the FXa/FVa
activity on the endothelial surface of the injured vessel
and thus the propagation of coagulation reactions."
However, the burst of thrombin also induces activation of
the carboxypeptidase thrombin-activatable fibrinolysis
inhibitor (TAFl), which removes the plasmin(ogen)-binding
C-terminal lysine residues, and thereby increases the resist-
ance of the clot to lysis.

Possible targets of coagulation inhibitors (anticoagulants)
are depicted in Figure 2.

Classical targeting of coagulation is done with heparins
and vitamin K antagonists (VKAs). To target the initiation
phase of coagulation, a number of drugs that inhibit the
activity of TF/FVIla complex are under evaluation, including
recombinant TFPI (tifagosin), recombinant nematode anti-
coagulant (NAPC2), and active site-inhibited FVlla (ASIS).
Under development are a number of novel drugs targeting
TF-FVlla (Figure 2).

Drugs directed to target coagulation proteases that drive
the propagation phase include agents that block the coagu-
lation proteases FIXa or FXa, directly or indirectly. These
drugs decrease thrombin formation. On the other hand, acti-
vated protein C and soluble TM are aimed to inactivate the
cofactors FVa and FVllla that are critical for the generation
of thrombin. FIXa blockers include monoclonal antibodies
and active site inhibitors. However, these new drugs have
not yet (http://www.clinicaltrials.gov) reached phase llI
and will not be further reviewed here. The synthetic penta-
saccharides mediate an indirect, AT-dependent, inhibitory
effect on FXa. A number of orally active direct FXa inhibitors
are under clinical testing in phase Il studies. One advantage
with these inhibitors is the capacity to block not only free
FXa, but also FXa within the prothrombinase complex at
the platelet surface. Other possible advantages of these

inhibitors are that they target a molecule, FXa, which has
fewer functions outside coagulation compared with throm-
bin, they have a wider therapeutic window than thrombin
inhibitors, and they do not apparently lead, upon discon-
tinuation, to the rebound hypercoagulability that is regu-
larly observed upon stopping thrombin inhibitors.

New inhibitors of fibrin formation are direct thrombin
inhibitors (DTIls) that bind to thrombin and block its inter-
action with substrates, preventing the formation of fibrin
and activation of platelets and FV, FVIII, FXI, and FXIII.
These drugs may also inhibit thrombin-induced intracellular
signal transduction pathways, including thrombin-induced
platelet activation. The DTls also block thrombin bound to
fibrin in addition to thrombin in plasma.'®

Cross-talk between coagulation and inflammation

Coagulation and inflammation are integrated processes
through a network of components.'2' They contribute
together to diseases, as illustrated by the thrombus for-
mation on ruptured atherosclerotic plaques, which contain
abundance of inflammatory cells. Coagulation proteases
modulate inflammation by activation of protease-activated
receptors (PARs) and also by TM and binding of activated
protein C to endothelial protein C receptor.?>?® PARs are
seven transmembrane domains, G protein-coupled receptors
expressed on a variety of cells, such as platelets, endothelial
cells, and leukocytes. Platelets express PAR1 and PAR4, to
which thrombin binds and thereby induces the activation
of platelets, the expression of P-selectin and CD40L, and
the release of inflammatory cytokines and growth factors.
Cross-talk between the cells in platelet-leukocyte com-
plexes via P-selectin and CD40L leads to TF-expression and
further cytokine release. PAR1 may also bind the ternary
complex TF/FVlla/FXa. PAR2 cannot bind thrombin, but
TF/FVlla complex and FXa can activate this receptor.?*
Binding of the different coagulation proteases to the PARs
results in the upregulation of a number of genes involved
in inflammation, including interleukin (IL)-8 and tumor

Initiation » Amplification ——— Propagation
Prothrornbin Free vVWF Fibrinogen
N t
. X
Thrombln — V|IIIVWF I

TF-Vila Xia *

Prothrombin = Thrombin

|

Xllla

Fibrin

Figure 1 Scheme of current concepts on the coagulation process. The cell surface-based coagulation process includes three overlapping phases; upon vascular
injury, TF-expressing cells and microparticles are exposed to the coagulation factors in the lumen of the vessel and thereby initiate thrombosis. In the initiation
phase, the TF/FVlla complex initiates blood coagulation. Platelets, which are partially activated by vascular injury, such as plaque rupture, are recruited and
adhere to the site of injury. The TF/FVlla complex further activates the coagulation FIX-1Xa and X-Xa and trace amounts of thrombin are generated. In the ampli-
fication phase, this small amount of thrombin is a signal for further platelet activation and aggregation. On the surface of platelets, thrombin activates FV, FVIII,
and FXI. In the propagation phase, FVIlla forms a complex with FIXa (Xase) and FVa forms a complex with FXa (prothrombinase) on the platelet surface, which
accelerate the generation of FXa and thrombin, respectively. When FXa associates with FVa, it is protected from TFPI and AT. In the propagation phase, a burst of
thrombin is generated, which is sufficient for the clotting of fibrinogen and formation of a fibrin meshwork. A thrombus is formed.
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apixaban, DU 176-b, LY 5157117,
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Figure 2 Targets of coagulation inhibitors (anticoagulants). To target the initiation of coagulation, inhibitors towards the TF/FVIla complex have been devel-
oped, such as recombinant TFPI (Tifagosin), recombinant nematode anticoagulant protein(NAP)C2, active site-inhibited recombinant (r) FVIla (ASIS), and mono-
clonal antibodies against TF. Blockers of the propagation phase include FIXa and FXa inhibitors. FXa inhibitors include UFH and LMWHs, which exert their effects
equally on thrombin and on FXa (UFH) or prevalently on FXa (LMWHs), both by potentiating the natural inhibitor AT (antithrombin Ill). They are therefore indirect
FXa inhibitors. The new synthetic pentasaccharides also exert their effects through the interaction with AT, but exert an effect exclusively on FXa. These drugs
include fondaparinux and idraparinux. A number of oral direct (i.e. non-AT-mediated) FXa inhibitors are in clinical trials. Thrombin inhibitors include the indirect
inhibitors UFH and LMWHs. DTls bind directly to thrombin and prevent fibrin formation as well as thrombin-mediated activation of FV, FVIII, FXI, and FXIIl. They
also prevent thrombin-mediated activation of platelets and thrombin-mediated inflammation and anti-fibrinolysis, as well as thrombin-mediated inhibition of
coagulation through the activation of the protein C/protein S/TM pathway. Parenteral DTls include hirudin, bivalirudin, and argatroban. Oral direct inhibitors
are pro-drugs that generate an active compound able to bind directly to the catalytic site of thrombin: examples include ximelagatran (now withdrawn from
development), as well as dabigatran etexilate and AZD0837, now under evaluation.

necrosis factor-a (Figure 3). On the basis of these findings,
new drugs that will prevent activation of these PARs are
under development.

Epidemiology of anticoagulant therapy
in heart disease

Coronary heart disease

Population-based surveys conducted in Europe during 1999-
2001 have shown that most (>90%) patients presenting with
an ACS receive aspirin during hospital admission and that
most (~80%) also receive either unfractionated heparin
(UFH) or low molecular weight heparins (LMWHs), with the
proportions receiving these two forms of heparin approxi-
mately equal.?>?” The frequency of use of heparin varies
little according to the presence of ST-elevation on admission
or by final diagnosis [Q-wave myocardial infarction (M),
non-Q-wave MI, or unstable angina], but there is consider-
able variation in usage between European countries. At
hospital discharge, most patients (>90%) receive an anti-
thrombotic agent, generally aspirin, but in one survey
around 6% were prescribed warfarin and around 9%
LMWHs.%” The most recent cardiological survey of European
prescribing practice, the EUROASPIRE-II study, examined
treatment of patients who had undergone a coronary pro-
cedure (coronary bypass surgery or PCls) or who had been
hospitalized with acute MI or myocardial ischaemia.?® On

admission, around one half were taking an antiplatelet
agent and 7% an anticoagulant (which must be supposed to
have been oral in most instances). On discharge, 90% were
taking an antiplatelet regimen and 12% an anticoagulant
regimen [which could have been an oral anticoagulant or a
subcutaneous (s.c.) LMWH]. There was evidence of variation
in the frequency of use of anticoagulants between European
countries.

Non-valvular atrial fibrillation

The Euro Heart Survey on Atrial Fibrillation examined pre-
scribing patterns among European cardiology practices
during 2003-04.2° Most patients surveyed had a risk factor
for stroke, and hence an oral anticoagulant was indicated.
Around 80% of those with persistent or permanent AF
received an anticoagulant, and 50% of those with paroxys-
mal did so. Only around 4% of patients with persistent or
permanent AF did not receive any antithrombotic therapy.
These rates are likely to be an overestimate of the use of
anticoagulants in general practice. In a survey of UK-based
general practitioners in 2003, around 40-50% of patients
were taking warfarin (which was up from around 20-25% in
1994), whereas the remainder were taking an antiplatelet
regimen.3® However, only around one half of those at very
high risk of stroke were taking warfarin, so there remains
ample scope for better targeting of therapy.
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Figure 3 Cross-talk between coagulation and inflammation. Coagulation proteases modulate inflammation by binding to PARs, which mediate intracellular sig-
nalling, resulting in the induction of genes involved in inflammation. PARs are expressed on a variety of cells, among which platelets, monocytes/macrophages,

and endothelial cells.

Prosthetic heart valves

Oral anticoagulants are widely prescribed and used in
patients with prosthetic heart valves and irregularly rec-
ommended and used in patients with rheumatic mitral ste-
nosis in sinus rhythm, but there is little data on the
consistency of use and on how closely available recommen-
dations are followed in different countries®' (see http://
americanheart.org/downloadable/heart/ 1150461625693
ValvularHeartDisease2006.pdf).

Heart failure

In the PRIME-II trial of ibopamine in CHF [New York Heart
Association (NYHA) functional classes Ill and IV], drug use
was surveyed among 1825 patients in 13 participating
countries.3? Overall, 43% of patients were taking anticoagu-
lants, but the proportion varied from 19% in France to 70% in
the Netherlands. There was indirect evidence that anticoa-
gulants were being used instead of antiplatelet therapy,
since in areas of high anticoagulant use there was
lower-than-average use of antiplatelet therapy. These data
suggest the need for further randomized trials to establish
whether oral anticoagulant therapy is preferable to aspirin
among suitable patients with heart failure.

Parenteral anticoagulants: general
pharmacology

Thrombin has an active site and two exosites, one of which,
exosite 1, binds to its fibrin substrate, orientating it towards
the active site. Figure 4 displays the mechanisms of action
of the different thrombin inhibitors described here below.

Heparin derivatives

The heparin derivatives in current use include UFH, LMWHs,
and the synthetic pentasaccharide derivatives fondaparinux
and idraparinux. These are all parenteral drugs that must be
administered by i.v. or s.c. injection, and they are classified
as indirect anticoagulants because they require a plasma
cofactor (essentially AT) to exert their anticoagulant

activity. Thus, heparin derivatives bind to AT in plasma, a
naturally occurring serine protease inhibitor, and enhance
its capacity to inhibit FXa and thrombin. Each of the
heparin derivatives will be briefly described.

Unfractionated heparin

As an agent discovered almost 90 years ago, UFH is the
prototype of its derivatives. It is a natural product that
can be isolated from beef lung or porcine intestinal
mucosa. Because of the danger of transmission of prion
disease from bovine tissues, most of the heparin used
today is from porcine intestinal tissue.3?

Mechanism of action
Heparin consists of a family of highly sulfated polysaccharide
chains ranging in molecular weight from 3000 to 30 000 with a
mean of 15000, which corresponds to about 45 saccharide
units.>3> Only one-third of the heparin chains possess a
unique pentasaccharide sequence that exhibits high affinity
for AT, and it is this fraction that is responsible for most of
the anticoagulant activity of heparin.3®* Heparin chains
lacking this pentasaccharide sequence have minimal anticoa-
gulant activity when heparin is given in the usual prophylactic
or therapeutic doses. With higher doses, heparin chains with
or without a pentasaccharide sequence activate heparin
cofactor Il, a second plasma cofactor.>* Unlike AT, however,
heparin cofactor Il only inhibits thrombin.3* At even higher
concentrations, heparin attenuates FXa generation in an AT-
and heparin cofactor Il-independent fashion. 33

Heparin catalyses thrombin inhibition by AT by simul-
taneously binding to both AT, via its pentasaccharide
sequence, and thrombin, in a charge-dependent fashion.
Formation of this ternary heparin/AT/thrombin complex
bridges the inhibitor and the enzyme together, and acceler-
ates their interaction.3® The arginine reactive centre of AT
then binds covalently to the active site serine of thrombin
to form a stable thrombin/AT complex. Heparin dissociates
from this complex and is able to activate additional AT mol-
ecules (Figure 4A-C).

Only heparin chains consisting of 18 or more saccharide
units, which correspond to a molecular weight of about
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Figure 4 Mechanisms of action of the different thrombin inhibitors. (

A) The ternary UFH/thrombin/fibrin complex increases the affinity of thrombin for its fibrin

substrate and lessens the ability of the heparin-AT complex to 1nh1b1t thrombm Heparin binding to thrombin occurs through a domain of the thrombin molecule
termed exosite 2, whereas binding of thrombin to its substrate fibrin, allowing the steric configuration of the complex necessary for thrombin to exert its enzy-
matic action, occurs through a thrombin domain known as exosite 1. (B) UFH and LMWHs (the latter is not shown in this context) both possess the pentasaccharide
unit (azure dot) necessary for their interaction with AT. The UFH/AT complex is able to block thrombin active site, with AT blocking the active site and UFH
keeping thrombin in the proper steric configuration (through its binding to exosite 2) for AT to exert its action (C). Short chains of LMWHs do not bind to
exosite 2 of thrombin, contrary to the longer UFH chains. However, all LMWH/AT complexes can still bind to factor Xa (D). The synthetic pentasaccharides fon-
daparinux and idraparinux, like LMWHs, bind and activate AT and allow AT to efficiently inhibit FXa (E). Hirudin and bivalirudin bind to thrombin via the active site
as well as exosite 1, displacing thrombin from fibrin (F). The synthetic DTls argatroban, melagatran and dabigatran bind only to the active site, without displacing

thrombin from its substrate (G).

5400, are of sufficient length to bridge AT to thrombin.
However, shorter pentasaccharide-containing heparin can
catalyse FXa inhibition by AT because this reaction does
not require bridging. Instead, to catalyse FXa inhibition,
heparin needs only to bind to AT via its pentasaccharide
sequence.>? This binding evokes conformational changes in
the reactive centre arginine of AT that accelerate its inter-
action with FXa.

Pharmacokinetics

UFH must be given parenterally. The preferred routes are by
continuous i.v. infusion or by s.c. injection. When given s.c.
for treatment of thrombosis, higher doses of heparin than
those administered by i.v. infusion are needed to overcome
the fact that the bioavailability of heparin after s.c. injec-
tion is only about 30%.%* This is, however, highly variable
among individuals.®” The committee therefore recommends
against the use of s.c. UFH, even as a bridging therapy for
the short-term use after interruption of VKAs.

In the circulation, a number of plasma proteins compete
with AT for heparin binding, thereby reducing its anticoagu-
lant activity. The levels of these heparin-binding proteins
vary among patients. This phenomenon contributes to the
variable anticoagulant response to heparin and to the

phenomenon of heparin resistance.3* Heparin also binds to
endothelial cells and macrophages, a property that further
complicates its pharmacokinetics.

Heparin is cleared through a combination of a rapid
saturable phase and a slower first-order mechanism.3* The
saturable phase of clearance likely reflects heparin binding
to endothelial cells, platelets, and macrophages. Once
bound, heparin is internalized and depolymerized. When
the cellular binding sites are saturated, heparin enters the
circulation, from where it is cleared more slowly via the
kidneys. At therapeutic doses, a large proportion of
heparin is cleared through the rapid saturable mechanism.33

The complex kinetics of heparin clearance render the
anticoagulant response to UFH non-linear at therapeutic
doses, with both the peak activity and duration of effect
increasing disproportionately with increasing doses. Thus,
the apparent half-life of UFH increases from 30 min after
an i.v. bolus of 25 U/kg to 60 min with a bolus of 100 U/kg
and to 150 min with a 400 U/kg bolus.33

Dosing and monitoring

The efficacy of UFH for the initial treatment of venous
thrombo-embolism (VTE) is critically dependent on the
dose.?®3% Heparin can be given in fixed or weight-adjusted
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doses, and nomograms have been developed to facilitate
dosing.?® The doses of UFH recommended for the treatment
of ACS are lower than those typically used to treat VTE.
Because heparin can bind to fibrin, this difference may
reflect the smaller thrombus burden in arterial thrombosis
compared with venous thrombosis.

Because the anticoagulant response to UFH varies among
patients, UFH therapy is monitored and the dose is adjusted
based on these results. The test most often used to monitor
heparin is the activated partial thromboplastin time (aPTT).
The activated clotting time (ACT) is used to monitor the
higher doses of UFH given to patients undergoing PCls or
cardiopulmonary bypass surgery.

A retrospective study done many years ago suggested that
an aPTT ratio between 1.5 and 2.5 was associated with a
reduced risk for recurrent VTE.“° On the basis of this
study, an aPTT ratio (calculated by dividing the reported
therapeutic aPTT range by the control value for the
reagent) of 1.5-2.5 was adopted as the therapeutic range
for UFH. However, the clinical relevance of this therapeutic
range is uncertain because it has never been validated in
prospective studies and because the aPTT reagents and coa-
gulometers have changed over the years. With most aPTT
reagents and coagulometers in current use, therapeutic
heparin levels correspond to an aPTT ratio of 2.0-3.0.%'
The committee agrees with the ACCP statement that the
therapeutic range should be adapted to the reagent
used.>* The committee recommends against the use of a
fixed aPTT target in seconds for any therapeutic indications
of UFH.

Side effects

Bleeding is the major complication of heparin therapy and
will be dealt with in a specific paragraph together with man-
agement of bleeding with other anticoagulants (discussed
subsequently).

Other complications of heparin include heparin-induced
thrombocytopenia (HIT) and osteoporosis. HIT is caused by
antibodies that are directed against a neoepitope on plate-
let factor 4 (PF4) that is exposed with the formation of
heparin/PF4 complexes. By binding to Fc receptors on the
platelet, these antibodies, which are of the IgG subclass,
can activate the platelets.*?** Activated platelets are
then removed from the circulation, which causes thrombo-
cytopenia. In addition, activated platelets and microvesicles
arising from them can provide a surface onto which clotting
factors assemble to promote thrombin generation. This
phenomenon likely explains why HIT is a prothrombotic
condition.***

Osteoporosis is a complication of long-term treatment
with therapeutic doses of heparin. This appears to be the
result of heparin binding to osteoblasts with subsequent
osteoclast activation.3® It is not clear whether heparin-
induced osteoporosis is reversible when heparin treatment
is stopped.

Low molecular weight heparins

LMWHs are gradually replacing UFH for most indications.
Like UFH, LMWHs are natural products that are derived
from UFH by chemical or enzymatic depolymerization.33
LMWHs have pharmacological and biological advantages
over heparin that render them more convenient to adminis-
ter and less likely to cause HIT.334

Mechanism of action

As fragments of heparin, the mean molecular weights of
LMWH preparations are about one-third that of heparin
and range from about 4000 to 5000, which corresponds to
about 15 saccharide units. Like UFH, LMWHs are hetero-
geneous and consist of polysaccharide chains that range in
molecular weight from 2000 to 9000. About one-fifth of
the chains possess a pentasaccharide sequence, and the
anticoagulant activity of LMWHs is restricted to this frac-
tion3>** (Figure 4).

A number of LMWH preparations are available for clinical
use. Each is prepared using a different method of depoly-
merization, and each has a unique molecular weight profile
that endows it, at least to some extent, with distinct phar-
macokinetic and anticoagulant properties. Consequently,
the various LMWH preparations are not interchangeable.

Like UFH, LMWHSs produce their anticoagulant effects by
activating AT and accelerating the rate at which it inhibits
FXa and thrombin. Because only pentasaccharide-containing
chains composed of at least 18 saccharide units are of suffi-
cient length to bridge AT to thrombin, at least 50-75% of
LMWH chains are too short to catalyse thrombin inhibition.
However, these short chains retain the capacity to
promote FXa inhibition because this reaction does not
require bridging. Consequently, LMWH preparations have
greater capacity to promote FXa inhibition than thrombin
inhibition and have anti-Xa to anti-lla ratios that range
from 2:1 to 4:1 depending on their molecular weight pro-
files. In contrast, by definition, UFH has an anti-Xa to
anti-lla ratio of 13> (Table 7). LMWHs have been shown
to reduce significantly the release of von Willebrand
factor, which has been shown to be a predictor of outcome
in non-ST-elevation ACS (NSTE-ACS) and in ST-elevation
acute myocardial infarction (STEMI),*” when compared
with UFH.*® LMWHs also produce enhanced release of TFPI,
which inhibits the factor Vila-TF complex.*® However, the
clinical relevance of these properties is uncertain.

Pharmacokinetics

LMWHs have pharmacokinetic advantages over UFH. The
bioavailability of LMWHs after s.c. injection is over 90%,
likely reflecting the better absorption of shorter heparin
chains from the s.c. injection site. LMWHs produce a more

Table 1 Various LMWHSs and their respective antiXa/lla ratio

Anti-Xa (IlU/mg dry  Anti-lla (IU/mg dry Ratio

substance) substance)
Enoxaparin' 103 725 4.1
Nadroparin' 104 30 3.5
Reviparin? 127 36 3.5
Dalteparin* 167 64 2.6
Tinzaparin' 100 54 1.9
Certoparin’ 106 45 2.4
UFH? 193 193 1.0

Anti-Xa activity measured using an amidolytic assay (chromogenic
substrate S-2222).

Anti-lla activity measured using aPTT.

1. European Pharmacopeia Commission (March 1994).

2. Knoll Pharma.

3. see ref.®

4. see ref.*
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predictable anticoagulant response than UFH because
the shorter heparin chains exhibit reduced affinity for
heparin binding proteins in the plasma. In addition, LMWHs
have a longer half-life than UFH and the half-life is
dose-independent. These phenomena reflect reduced
binding of LMWHs to the endothelium.

LMWHs are cleared via the kidneys and the drug can
accumulate in patients with impaired renal function.

Dosing and monitoring
Typically, LMWHSs are given in fixed or weight-adjusted doses
without monitoring. However, monitoring is recommended
in obese patients, in those with renal insufficiency, and
when therapeutic doses of LMWHSs are required during preg-
nancy. When monitoring is required, the anti-Xa level is the
recommended test.3* LMWHs also slightly prolong the aPTT,
but this occurs to a much lesser extent than with UFH, and
the aPTT cannot be used for monitoring.33

Recent studies suggest that LMWHSs can be given in weight-
based doses to obese patients and a meta-analysis that
included data on 921 patients with a body mass index over
30 did not find any increase in major bleeding when
LMWHs were administered in this fashion.’® Appropriate
dosing of LMWHSs in patients with renal sufficiency is less
clear. There is an inverse relationship between creatinine
clearance and anti-Xa levels®'? and the risk of bleeding
complications with LMWHs is higher in patients with
impaired renal function.>®>? In patients with severe renal
insufficiency, UFH may be a better choice than LMWHs.

Side effects

Like any anticoagulant, the major side effect of LMWH treat-
ment is bleeding. This is dealt with below in a specific para-
graph (discussed subsequently).

HIT is less common with LMWHSs than with UFH.*?>* This
reflects the fact that LMWHSs have lower affinity for platelets
and cause less PF4 release than UFH. In addition, if PF4 is
released, the lower affinity of LMWHs for PF4 results in
the formation of fewer heparin/PF4 complexes, the anti-
genic target of HIT antibodies.*? However, LMWHs can form
complexes with PF4 that are capable of binding HIT anti-
bodies. This phenomenon likely explains the cross-reactivity
with LMWHs in patients with HIT. Therefore, LMWHs should
not be used as an alternative to heparin in patients with sus-
pected or established HIT.

The risk of osteoporosis is lower with LMWHs than with
heparin. This probably reflects the lower affinity of LMWHs
for bone cells. In small clinical trials, LMWHs did not
appear to reduce bone density when given in prophylactic
or treatment doses.>>>’

Pentasaccharides: fondaparinux and idraparinux

A new heparin derivative is fondaparinux, a synthetic
analogue of the pentasaccharide sequence present in UFH
and LMWHs that mediates their interaction with AT.%%%°
Fondaparinux shares all the pharmacological and biological
advantages of LMWHs over UFH. However, compared with
LMWHSs, fondaparinux selectively inhibits FXa, without
specific inhibition of thrombin activity. As a synthetic
molecule, fondaparinux is highly standardized and has no
antigenic properties. A derivative of fondaparinux, termed
idraparinux, is a synthetic, long-acting, highly sulfated
analogue of fondaparinux, with prolonged half-life.

Mechanism of action

Fondaparinux has a molecular weight of 1728.%%>° Com-
pared with the natural heparin-derived pentasaccharide,
its structure has been modified so as to enhance its affinity
for AT. The specific anti-Xa activity of fondaparinux is about
seven-fold higher than that of LMWHSs (about 700 anti-Xa U/
mg and 100 anti-Xa U/mg, respectively). Fondaparinux
reversibly binds to AT, producing irreversible conformational
changes at the reactive centre loop of AT that enhance its
reactivity with FXa by at least two orders of magnitude. As
the molecule is too short to bridge AT to thrombin, fonda-
parinux has no effect on AT-mediated thrombin inhibition
(Figure 4).

The bioavailability of fondaparinux after s.c. injection is
100%, higher than LMWHs and much higher than UFH. The
drug is rapidly absorbed and has a half-life of about 17 h in
young subjects and 21 h in the elderly. This difference in
half-life likely reflects the reduced renal function in the
elderly. Fondaparinux is excreted unchanged in the
urine®®®® and should therefore not be given to patients
with a creatinine clearance of <30 mL/min.

Fondaparinux produces a predictable anticoagulant response
and exhibits linear pharmacokinetics when given in s.c. doses
ranging from 2 to 8 mg.>®>’ It does not bind to other plasma
proteins, a finding that explains why it produces a more pre-
dictable anticoagulant response than heparin.

Like fondaparinux, idraparinux is a selective indirect FXa
inhibitor.®" The idraparinux affinity for AT is more than 10-
fold higher than that of fondaparinux. The higher affinity
for AT probably explains its long plasma half-life, similar
to that of AT, i.e. around 80 h. The anti-FXa activity and inhi-
bition of thrombin generation of idraparinux are dose-
dependent.

Dosing

Fondaparinux is given s.c. once daily in fixed doses. A dose
of 2.5mg is used in patients with non-ST-elevation and
ST-elevation ACS and for thromboprophylaxis in medical
and orthopaedic surgery patients. A dose of 7.5 mg is used
for treatment of VTE. Because of the long half-life, idrapar-
inux can be given s.c. once a week.®"

Monitoring

Fondaparinux and idraparinux have not been monitored in
the clinical studies that evaluated their utility. Both drugs
have little or no effect on routine tests of coagulation,
such as the aPTT or ACT.®% These tests are therefore unsuita-
ble to monitor the clinical use of these drugs. If monitoring
is required, their anticoagulant activity can be measured
with anti-Xa assays using fondaparinux or idraparinux as
the reference standard.

Side effects

Besides bleeding (see the specific paragraph below), side
effects of fondaparinux and idraparinux are largely
unknown. In contrast to UFH or LMWHSs, fondaparinux does
not cause HIT and has actually been used successfully to
treat HIT. It also has been used successfully in a patient
who had urticarial reactions at the LMWH injection sites.
Finally, although patient data are lacking, in vitro and in
vivo studies suggest that fondaparinux will have less effect
on bone than UFH or LMWHSs. %364
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Table 2 A comparison of relevant pharmacological properties of the different thrombin inhibitors in current clinical use

UFH LMWH Pentasaccharides DTls
Presence of cofactor required SIS -+ 4t _
Renal clearance of clinical relevance 4+ ++ o S+t
Non-specific protein binding SIS + + _
Bioavailability by s.c. or oral administration +(for s.c. UFH) ++ +++ +(for oral DTIs)
Predictability of pharmacological effect = Ak TS 4+
Inhibition of thrombin generation dedk 4+ 4t +
Inhibition of thrombin activity et e - RIS
Inhibition of bound-thrombin = - - S+
Rebound of thrombin generation after discontinuation 44+ dede = 44
Platelet activation SIS + - _
Immune thrombocytopenia S IF — _
Decreased bone density S + — _

Properties are semiquantitatively graded as —: absent; +: barely present; +: present-to a low degree; ++: present-to an intermediate degree; +++:

present-to a high degree.

Parenteral direct thrombin inhibitors

In contrast to indirect thrombin inhibitors, such as UFH,
LMWHs, and the heparin-derived pentasaccharides, which
act by catalysing the naturally occurring thrombin inhibition
by AT and/or heparin cofactor Il, DTls bind directly to throm-
bin and block its interaction with substrates, thus prevent-
ing fibrin formation, thrombin-mediated activation of FV,
VIII, Xl, or Xlll, and thrombin-induced platelet aggregation
(Figure 4F). By interfering with these feedback mechanisms,
DTls also interfere with thrombin generation.

Hirudins are polypeptides first isolated from the salivary
glands of the medicinal leech. Hirudins are bivalent inhibi-
tors that typically bind both to the active site and the fibrin-
binding site of thrombin (Figure 4F). Consequently, they
form an essentially irreversible 1:1 hirudin/thrombin
complex. They are cleared via the kidney with a half-life
of 90-120 min when given i.v., and of 120-180 min by s.c.
injection. There are two commercially available recombi-
nant hirudin preparations, desirudin and lepirudin. Lepiru-
din, with a half-life of 90 min, is approved for the i.v. use
in HIT. There is no selective antagonist that can reverse
over-anticoagulation with hirudins.

Bivalirudin, formerly known as hirulog, is a 20-amino acid,
synthetic version of hirudin and is—like original molecules—a
bivalent inhibitor of thrombin (Figure 4F). However, bivalir-
udin is slowly released from thrombin, restoring active site
function of the enzyme. Bivalirudin has a half-life of 25 min
and is degraded primarily by a combination of hepatic metab-
olism and proteolytic cleavage. Only a small proportion is
eliminated via the kidney. There is no selective antagonist
that can reverse the anticoagulant action of bivalirudin.

Argatroban is a small, synthetic, univalent molecule that
competitively and reversibly inhibits the active site of free
and fibrin-bound thrombin (Figure 4G). It has a half-life of
45 min and is metabolized in the liver via a process that gen-
erates three active intermediates. There is no selective
antagonist that can reverse the anticoagulant action of
argatroban. As a class, DTIs have potential biological and
pharmacokinetic advantages over heparins. Unlike UFH and
LMWHs, DTIs inactivate fibrin-bound thrombin, in addition
to fluid-phase thrombin. Consequently, DTIs may attenuate
thrombus accretion more effectively. In addition, DTIs
produce a more predictable anticoagulant effect than

heparins because they do not bind to plasma proteins and
are not neutralized by PF4 (Table 2). Three parenteral
DTls have been licensed in North America and Europe for
limited indications. Hirudin and argatroban are approved
for the treatment of HIT, whereas bivalirudin is licensed as
an alternative to heparin in patients undergoing PCls.

Compared pharmacological properties of
unfractionated heparin, low-molecular weight
heparins, pentasaccharides, and direct thrombin
inhibitors

A comparison of the pharmacological properties of the main
classes of thrombin inhibitors is shown in Table 2.

The AT action of UFH is limited by variable efficacy and
stability, mainly due to a poor bioavailability when given
s.C., non-specific protein binding, neutralization by PF4,
and a lack of efficacy on fibrin-bound thrombin.*® Moreover,
UFH exhibits prothrombotic properties related to platelet
activation®® and thrombin generation rebound after
discontinuation. >3

LMWHs have a more predictable pharmacological profile
than UFH, removing the need for therapeutic drug monitor-
ing. This is mainly due to reduced non-specific protein
binding and reduced neutralization by PF4. Limiting the
amplification of clotting formation by inhibiting thrombin
generation is a possible theoretical advantage. Various
LMWHs differ according to their anti-Xa:anti-lla ratio
(Table 1) as well as to other biological effects.

Fondaparinux and idraparinux have features that dis-
tinguish them from LMWHs. Because they are too short to
bridge AT to thrombin, fondaparinux and idraparinux
enhance the rate of FXa inactivation by AT, thereby blocking
thrombin generation, but have no effect on thrombin activity.
Both agents have almost complete bioavailability after s.c.
injection. Neither fondaparinux nor idraparinux interact
with plasma proteins other than AT. Consequently, these
drugs produce a predictable anticoagulant response that
eliminates the need for routine coagulation monitoring.®®

DTls (Figure 4 F and G, Table 2) do not bind to plasma pro-
teins, providing a more predictable pharmacological
response than UFH. They are not affected by PF4 and are
active against fibrin-bound thrombin. However, because
they exert a direct action on thrombin, in a 1:1
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Prothrombin
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Figure 5 Mechanism of action of coumarinic VKAs. Coumarinic VKAs exert
their anticoagulant effect by interfering with the cyclic interconversion of
vitamin K and its 2,3 epoxide (vitamin K epoxide), modulating the
vy-carboxylation of glutamate residues (Gla) on the N-terminal regions of
vitamin K-dependent proteins, including the coagulation factors Fll (pro-
thrombin), FVII, FIX, and FX, as well as of the anticoagulant proteins C and
S. Vitamin K1 (phytonadione) is reduced to the reduced form of vitamin K
(vitamin KH;) by two warfarin-sensitive enzymes (KO-reductase to K-
reductase) and the nicotinamide adenine dinucleotide-dependent reductase
system that is insensitive to warfarin. The ~y-carboxylation is required for
the activity of all the above-mentioned factors, and treatment with cou-
marins results in the hepatic production of partially carboxylated and decar-
boxylated proteins with reduced coagulant activity. Carboxylation allows a
calcium-dependent conformational change in such coagulation proteins that
promotes binding to cofactors on phospholipid surfaces. The inhibition of
the ~y-carboxylation of the regulatory anticoagulant proteins C and S has
the potential to be procoagulant. However, under most circumstances the
anticoagulant effect of the coumarins is dominant. Carboxylation requires
vitamin KH,, molecular oxygen, and carbon dioxide. The oxidation-reduction
reaction between vitamin KH, and vitamin K epoxide involves a reductase
pair. The first, vitamin K epoxide reductase (1), is sensitive to coumarins,
whereas vitamin K reductase (2) is less sensitive. Therefore, the anticoagu-
lant effect of VKAs can be overcome by low doses of vitamin K1. Glu
designates the amino acid glutamine, Gla the amino acid glutamic acid (modi-
fied from ref. 67).

stoichiometric fashion, the amount of thrombin inhibited is
proportional to the concentration of the DTI. This is the
main limitation of their action, as increasing their con-
centration to achieve a greater inhibition of thrombin is
associated with prohibitive bleeding rates.*

Vitamin K antagonists: general pharmacology
Mechanism of action

VKAs exert their anticoagulant effect by interfering with the
y-carboxylation and thereby activation of the vitamin K-
dependent coagulation factors II, VII, IX, and X’ (Figure 5).

Vitamin K anticoagulant therapy: interference with
foods and drugs

Environmental factors such as drugs and diet can impor-
tantly alter the pharmacokinetics and pharmacodynamics
of VKAs.®” Influence on absorption, clearance, and plasma
protein binding of VKAs or their effect on the synthesis of
vitamin K-dependent coagulation factors has been documen-
ted for numerous drugs and food. Change of dosage of VKAs
and a more frequent control of the international normalized
ratio (INR) are important in the management of the
increased risk of bleeding and thrombo-embolic compli-
cations, when interaction may occur. The direction of inter-
action and the supporting level of evidence have been
reviewed recently.®”-68

Laboratory control

The prothrombin time (PT) assay is sensitive to the inhibition
of factors the carboxylation of which is inhibited by VKAs,
and has been used for decades to monitor the intensity of
oral anticoagulant therapy. The PT is performed by adding
calcium and thromboplastin to citrated plasma. The PT
monitoring of VKA treatment is not standardized when
simply expressed in seconds or as a simple raw ratio of the
value of patient’s plasma (in seconds) to that of plasma
from healthy control subjects (also in seconds). Dosage of
warfarin, the main oral anticoagulant drug, has been
shown to differ significantly in different countries,%%7"°
depending on the thromboplastin used to perform the PT.
As a result, there was a great risk of bleeding from overdo-
sage and of ineffective treatment from underdosage. The
problem was shown to be due largely to the use of different
thromboplastins.  Thromboplastins indeed vary in
responsiveness to a reduction in the vitamin K-dependent
coagulation factors. An unresponsive (‘insensitive’) throm-
boplastin produces less prolongation of the PT for a given
reduction in vitamin K-dependent clotting factors than a
responsive (‘sensitive’) one. To meet the challenge of the
lack of standardization, the World Health Organization
(WHO) in 1983 produced a ‘gold standard’ by the introduc-
tion of a PT standardization scheme based on the INR.®%”"
The responsiveness of a thromboplastin was measured by
assessing its international sensitivity index (ISI). Highly sen-
sitive thromboplastins (ISI, approximately 1.0), which are
composed of human or rabbit TF produced by recombinant
technology and defined phospholipid composition, are now
available. Reporting of PT values is now done by converting
the PT ratio measured with the local thromboplastin into an
INR, calculated as follows:

INR = (patient PT/geometric mean normal PT)"

or

log INR = ISI (log observed PT ratio)

where ISI denotes the ISI of the thromboplastin used at the
local laboratory to perform the PT measurement. The ISI
reflects the responsiveness of a given thromboplastin to
the reduction of the vitamin K-dependent coagulation
factors compared with the primary WHO international refer-
ence preparations, so that the more responsive the reagent,
the lower the ISI value.®”
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The history of standardization of the PT has been
reviewed by Poller,”> and the reader is referred to this
review for a detailed discussion of principles and implemen-
tation. The INR system of PT standardization was, however,
originally based on manual determination of PT and envi-
saged the assignment of a single ISI value for each batch
of thromboplastin reagent.®®’® However, in recent years,
the manual PT has been almost universally replaced by coa-
gulometers, and many studies have shown that the ISIs of
thromboplastin reagents differ according to the type of
instrument used.”®>"”® Some manufacturers have introduced
‘instrument-specific’ ISIs, but this does not overcome
the problem completely because of the many possible
instrument/reagent combinations and because ISIs often
differ with the same thromboplastin even among instru-
ments of the same type. ISl calibration with local PT
system (i.e. thromboplastin/coagulometer combination),
therefore appears essential. ISI calibration using the
WHO-recommended procedure is not usually possible in
routine hospital laboratories for a variety of reasons, includ-
ing the requirement for manual PT testing with a WHO
reference standard thromboplastin. WHO standard thrombo-
plastin is not readily available to routine hospital labora-
tories. Furthermore, the WHO procedure requires a sample
of 60 fresh plasmas from stabilized orally anticoagulated
patients, and 20 fresh plasmas from normal subjects (see
Table 3 for definitions of terms).

To avoid the above-mentioned constraints, laboratories
may now calibrate their own local system (i.e. instru-
ment/reagent combination) using certified plasmas supplied
by manufacturers or reference laboratories. A working group
of the International Society of Thrombosis and Haemostasis,
Subcommittee on Control of Anticoagulation, has very
recently worked out guidelines on preparation,

Table 3 Definitions and nomenclature of test reagents and
indices for VKA monitoring””

Certified plasma Plasma with assigned PT (in
seconds) or INR value.

Determination of ISI according to
1999 WHO Guidelines

The geometric (logarithmic)
mean of the PTs of the healthy
adult population. For practical
purposes, the geometric mean
of the PT calculated from at
least 20 fresh samples from
healthy individuals, including
those of both sexes, is a
reliable approximation of
MNPT

Combination of thromboplastin
and instrument for PT
determination

Determination of local test
system ISI using certified
plasmas

Alternative approach to INR
determination using certified
plasmas without employing an
ISI and MNPT

ISI calibration
Mean normal prothrombin

time (MNPT) according to
1999 WHO Guidelines

Test system

Local test system ISI
calibration

‘Direct’ INR determination

certification, and use of certified plasmas, and these are
intended to provide guidance to both manufacturers and
users of certified plasmas.””

Currently, there is one procedure for local calibration with
certified plasmas, which is a modification of the WHO
method of ISI determination. In a European Concerted
Action on Anticoagulation (ECAA) study of lyophilized
plasmas and of individual VKAs, it has been shown that the
number of 60 lyophilized abnormal samples required for a
full WHO calibration can be reduced to 20 if combined
with results from seven lyophilized normal plasmas.”®
Further reductions below this number were associated
with decreased precision of the calibration line and hence
increased variability of the INR.” However, the use of
pooled VKA plasmas may reduce the scatter of values from
individual plasmas,”® and with pooled plasmas and repeat
testing it is possible to use an even lower number. For
example, acceptable precision has been achieved with six
pooled VKA plasmas containing at least 50 patient samples
in each pool and two pooled normal plasmas if these were
analysed on at least three different days.®

In the other procedure, named ‘direct’ INR determi-
nation, certified plasmas are used to calculate a line relating
log (PT) to log (INR),”” and the use of orthogonal
regression’”'®" (Table 3). External quality control for INR
performances are available with a number of national and
international schemes, including that from the WHO.

Dosing

World-wide increase in the use of VKA treatment in recent
years has followed the publication of studies demonstrating
its value in a widening spectrum of clinical disorders.
Improved benefit/risk ratio has resulted from the increased
use of lower-dose VKA administration, pioneered in the UK
and the Netherlands, combined with the introduction of
the WHO INR system of laboratory control.®*7° With such a
great increase in demand, medical, technical, nursing, and
administrative staff in hospitals and clinics in many
countries are being overwhelmed by the numbers of patients
requiring regulation of anticoagulant dosage, with an
increasing tendency to devolve management to community-
based centres. One possible way of preserving standards
achieved in specialized centres is by the computerization
of anticoagulant dosages. The ECAA computerized dosage
study is the first multicentre randomized evaluation of the
safety and effectiveness of computerized treatment with
VKAs.82 The results of this study favour computer dosage,
with a highly significant overall benefit in achieving the
target INR in the clinical groups randomized to this modality
at the five centres in that study.®?

The usual practice is to start with the expected mainten-
ance dose (stabilization period) and adjust the daily dose
according to the INR results from blood samples taken over
the following 5-7 days. Because there is a delay before
the onset of the clinical effects of warfarin, heparin
should be given concomitantly in the initial stages of treat-
ment if patients are thrombosis-prone or carriers of a throm-
bosis. Once the patient has achieved the target INR,
treatment is continued with a maintenance dose (stable
period) of warfarin. Time in therapeutic range varies con-
siderably both in the stabilization and in the stable
periods. In the ECAA computer study, the time in the
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therapeutic range varied in the stabilization period between
44 and 69%, and in the stable period between 26 and 70%. In
daily clinical practice, the success figures are likely to be
considerably lower.®2

Thus, there is a clear need for improvement. Patients
must undergo periodic blood tests to ensure that their
target INR is maintained. With long-term treatment after a
stabilization period of 3-4 weeks, the interval between
laboratory tests can be increased to 4-6 weeks or even
longer. The dose of VKAs required to achieve the desired
INR can be estimated using algorithms and treatment
tables. Computerized decision support systems (CDSS) have
been developed in order to simplify the process of anticoa-
gulation monitoring and to improve the dosing decisions.
CDSS systems can also help in identifying patients with
inadequate INR control, and in addition suggest intervals
for the re-testing.®? The reliability of the CDSS systems is
currently being evaluated in the European Action on Antic-
oagulation (EAA), the successor to the ECAA, under the EC
Quality of Life and Management Programme, entitled ‘Cost-
Effectiveness of Computer-Assisted Anticoagulant Dosage’,
using the clinical endpoints of bleeding and thrombosis,
and not only the surrogate endpoints of time in the thera-
peutic range. This is a randomized clinical endpoint trial
of computer-assisted oral anticoagulant dosage. It is a
massive study aiming at recruiting 16 000 patient-years at
33 expert centres across the European Union. The EAA has
already recruited over 12 000 patient-years, which makes
it by far the largest clinical study ever undertaken in the
field of oral anticoagulation. Upon completion, this trial
should have a major impact on the clinical management of
VKA administration.

Point-of-care testing and prothrombin time
monitors

The high demand for VKAs have increased the interest for
new testing procedures, such as the determination of the
INR at the point of care on whole blood samples. There is
a general consensus that these procedures do not need the
technical expertise of traditional methods. However, both
optimal calibration and quality control systems and connec-
tion with expert centres are mandatory in order to keep an
acceptable quality standard and ensure the transferability
to a higher order of calibration (discussed subsequently).
Point-of-care test (POCT) monitors must, however, give
dependable INR values because the safety and effectiveness
of treatment with VKAs depends on keeping patients within
the target INR ranges. Thrombotic events increase dispro-
portionately at INR <2.0 and bleeding complications at
INR >4.5.

It has been shown that it is possible to calibrate home PT
monitors to conform to the WHO standard.®* To find out how
accurately two POCT systems, the CoaguChek Mini and the
TASPT-NC (RapidPointCoag), measured INRs at 10 ECAA
centres, such systems were tested and compared on 600
patients on long-term warfarin therapy.®* The mean INR dis-
played differed by 21.3% between the two POCT monitoring
systems. The INR on one system was 15.2% higher, on the
average, than the ‘true’ INR, but on the other system it
was 7.1% lower. The percentage difference between the
mean displayed INR and the ‘true’ INR at individual
centres also varied considerably with both systems. Reliable

quality assessment procedures have been developed,® and
their feasibility was recently evaluated in the Netherlands
within the framework of the European Concerted Action
on Thrombosis.®%” In Germany, such devices are claimed
to be currently in use in 100 000 households for self-testing
and self-dosage. It has been estimated that if half of the
patients in Europe currently treated with VKAs were to
adopt self-monitoring systems, over 1000000 devices
would be in use within the next 5 years. A comparable
expansion may also take place in North America and, in
time, in other parts of the developed world. For patients,
there is the greater convenience of testing at home or at
a local community clinic. In general, such a system would
provide savings of time and transportation costs. However,
these POCT PT monitors also need appropriate control
regarding calibration, quality control, and reference with
expert centres. Moreover, the quality control scheme
needs to be adequate to ensure accordance with the WHO
PT standardization. The same holds true for hospital
routine laboratories. Simplified procedures have been devel-
oped in order to improve local ISI calibration and also to
ensure accordance with the WHO procedure and a coherent
reference system in terms of INR.”” These policies should
result in a decrease in the bleeding risks, and better
prevent or cure thrombosis, in the daily clinical practice.

Self-management of oral anticoagulation

In the self-management of oral anticoagulation, the patients
themselves—using a finger stick sample of capillary blood
inserted into a point-of-care monitoring device such as the
Coagucheck—perform a PT test. They then decide them-
selves whether a dosing adjustment of the anticoagulant is
necessary. Prior to participating in a self-management of
oral anticoagulation programme, patients have to follow
an intensive training course on how to use the point-of-care
device, on the management of their diet (content of vitamin
K in various foods), drug interactions of VKAs, effect of
excessive alcohol consumption, etc. In Germany, over
100 000 patients on long-term VKAs participate in self-
management of oral anticoagulation programmes. In many
other European countries, this form of VKA control is catch-
ing on. In a recent meta-analysis of 14 randomized trials of
self-management of oral anticoagulation, significant
reductions were found for thrombo-embolic events (OR
0.27; 95% ClI 0.12-0.59) and death (0.37; 0.16-0.85), but
not for major bleeding (0.93; 0.42-2.05). In 11 studies INR
values were more often in the desired therapeutic range
in the self-management of oral anticoagulation arm.®®
However, it should be underlined that only highly selected
groups of patients were included with a high level of compli-
ance and capability to operate the coagulometer. In addition
the studies exhibited various methodological problems and
were not weighted in the meta-analysis. A major positive
element of self-management of oral anticoagulation is the
empowerment of the patient, the better insight of factors
that might influence VKA therapy, and a feeling of security®
(reviewed in Ansell et al.®” and Siebenhofer et al.”®). All
these elements eventually result in a better quality of
life.”! Despite these promising aspects, there is a need for
high-quality randomized controlled studies involving well-
defined clinical and laboratory endpoints.
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Oral direct thrombin inhibitors: general
pharmacology

The oral DTlIs evaluated in phase Il so far, ximelagatran and
dabigatran etexilate, are synthetic low molecular weight
peptidomimetics that bind directly and reversibly to the cat-
alytic site of the thrombin molecule®* ¢ (Figure 4D). They
are administered orally as pro-drugs, which are rapidly
metabolized to the active compound; ximelagatran is
converted to melagatran in several organs, including the
liver, the lungs, the intestine, and the kidneys, whereas
dabigatran etexilate is rapidly and completely converted
to dabigatran primarily by serum esterase-catalysed
hydrolysis. Pharmacokinetic data for dabigatran etexilate
in healthy volunteers show peak plasma levels within 2-3 h
after oral administration®”’°® and a half-life in healthy sub-
jects of 3-4 h for melagatran and around 12-14 h in patients
for dabigatran.’® Both are eliminated primarily by the
kidney, therefore plasma concentrations are increased for
both compounds in patients with impaired renal function
(creatinine clearance, CrCl <50 mL/min). The therapeutic
window, however, is fairly wide, and they have therefore
been tested in fixed doses (ximelagatran 24 or 36 mg bid;
dabigatran etexilate 110 and 150 mg bid), in patients with
a glomerular filtration rate (GFR) above 30 mL/min.%%%>

In long-term use, ximelagatran has been associated with
transient elevations of liver function tests [alanine amino
transferase (ALAT) three or more times the upper normal
limits] in around 8% of patients, in the majority of cases
occurring between 1 and 6 months after the start of treat-
ment, which also led to protocol-mandated cessation of
treatment in a non-trivial proportion of patients.'® It was
therefore decided to withdraw ximelagatran from the
market and terminate its development. The withdrawal
was triggered by new patient safety data with an adverse
event report of serious liver injury in a clinical trial. The
long-term treatment with dabigatran etexilate has been
evaluated so far only in a limited number of patients. On
the basis of current information, ALAT elevations (more
than three times the upperlimit of normal) have only been
observed in ~2% of patients,'' but no severe hepatic
events (ALAT more than three times the upper limit of
normal-+bilirubin more than two times the upper limit of
normal) have occurred.

The oral DTl AZD0837 is a pro-drug, which is metabolized
to the active thrombin inhibitor via an intermediate form.
On the basis of encouraging results from the first phase lla
study, further development of AZD0837 is continuing, with
the decision to develop this product through an extended
release formulation for prophylaxis of thrombo-embolic
events.

Parenteral anticoagulants: clinical indications
Unfractionated heparin

A pooled analysis of six trials in patients with NSTE-ACS
testing short-term UFH vs. placebo or untreated controls
showed a 33% significant risk reduction of death and MI
(OR 0.66, 95%CI 0.44-0.99, P = 0.045).33 The risk reduction
for MI accounted for practically all of the beneficial effect.
In trials comparing the association of heparin plus aspirin vs.
aspirin alone in NSTE-ACS, a trend towards a benefit was
observed in favour of the heparin-aspirin combination, but

at the cost of an increase in bleeding. Recurrence of
events after interruption of UFH explains why this benefit
is not maintained over time, unless the patient was revascu-
larized before the interruption of UFH.'®? On the basis of
this currently available (admittedly relatively weak) evi-
dence, it is now generally acknowledged that UFH should
be recommended in the treatment of NSTE-ACS.

Adjunctive UFH use in the setting of STEMI, together with
the use of fibrinolytic agents, has a narrow therapeutic
window. UFH adjunct to streptokinase (SK) does not
reduce mortality at 35 days or 6 months, but leads to an
increase in major or severe bleedings (ISIS-3 and GISSI-2).
The evidence for the use of UFH with tissue-plasminogen
activator (t-PA) is somewhat stronger,'® and became stan-
dard therapy after the superiority of front-loaded tPA with
UFH over SK was demonstrated in the GUSTO-I trial.'® I.v.
UFH using a bolus of 60 U/kg (maximum 4000 U) followed
by a maintenance infusion of 12 U/h (maximum 1000 U) for
48 h is recommended with t-PA and other fibrin-specific fibri-
nolytic agents.'?®

UFH is the most commonly used anticoagulant during PCI.
ACT monitoring is used in this case because the required
level of anticoagulation is beyond the range that can be
measured using aPTT. Several retrospective studies'®® 1%
and randomized trials'®'"® have shown UFH to reduce
ischaemic complications. On the basis of these data, UFH
in a dose of 60-1001U/kg and a target ACT between 250
and 350's are recommended.!'" A target of 200s is advo-
cated for UFH dosing in conjunction with a GP IIb-llla inhibi-
tors."'2"" After completion of the PCI procedure, UFH is
not indicated, as continued treatment does not reduce
ischaemic complications and is associated with a higher
risk of bleeding.''>11¢

Low molecular weight heparins

Non-ST-elevation acute coronary syndromes
The efficacy of LMWHSs in aspirin-treated patients suffering
from NSTE-ACS has been evaluated vs. placebo, showing a
pronounced reduction in the risk of death and MI associated
with a modest increase in the risk of bleeding.'”""® More
trials have tried to establish the respective efficacy and
safety of various LMWHs in comparison with UFH (Table 4).
Dalteparin and nadroparin did not show any superiority
over UFH in aspirin-treated patients.""®'?° Enoxaparin has
been studied extensively in several trials [Thrombolysis
in Myocardial Infarction (TIMI) 11B, ESSENCE, INTERACT,
ACUTE 2, AtoZ, SYNERGY]."?'~"2® The meta-analysis of these
six trials, totalling 21 946 patients, and testing enoxaparin
vs. UFH head-to-head showed no significant difference
between the two compounds for death at 30 days (3.0 vs.
3.0%, OR 1.00, 95%Cl 0.85-1.17).' However, a slight
reduction in the combined endpoint of death or MI at 30
days was observed in favour of enoxaparin vs. UFH (10.1 vs.
11.0%, respectively, OR0.91, 95% C10.83-0.99). No significant
difference in blood transfusions was observed (OR 1.01, 95% ClI
0.89-1.14) or for major bleeding (OR 1.04, 95% Cl 0.83-1.30)
at 7 days after randomization in the overall population, as
well as in the population of patients who received no
anti-thrombin therapy prior to randomization.

In the SYNERGY trial, which analysed 9978 high-risk
patients planned to undergo early revascularization, no sig-
nificant difference was observed in terms of death and MI at
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Table 4 Randomized controlled comparative trials between LMWHs and UFH in addition to aspirin (ASA) in NSTE-ACS including more than

300 patients in each group

Study, publication year, Tested Control Background Death+MI 30 days test/ More than moderate
(number of patients) treatment treatment treatment control (%), P-level bleeding test/control (%),
reference P-level

FRIC, 1997 (1482)'"° Dalteparin UFH ASA 4.3/4.7, N.S. 1.6/1.4, N.S.

ESSENCE, 1997 (3171)'%2 Enoxaparin  UFH ASA 6.1/7.7, N.S. 3.3/6.5, N.S.

TIMI 11B, 1998 (3910)'% Enoxaparin  UFH ASA 7.4/8.3, N.S. 1.0/0.6, N.S.

FRAX.I.S, 1998 (2317)'%° Nadroparin UFH ASA 8.6/7.9, N.S. (3 months) 1/1, N.S.

INTERACT, 2003 (746)'3 Enoxaparin UFH ASA, eptifibatide ~ 5.0/9.0, P=0.03 2.0/3.1, N.S.

Ato Z, 2003 (3629)'** Enoxaparin  UFH ASA 7.4/7.9, N.S. 1.0/0.8, N.S.

SYNERGY, 2004 (9978)'%°  Enoxaparin  UFH ASA, clopidogrel 14.0/14.5, N.S. 13.0/13.6, N.S.

30 days.'?® However, in this study, using the current stan-
dard treatment strategies with a high rate of invasive pro-
cedures, there was a trend towards an excess of bleeding
with enoxaparin when compared with UFH, according to
the TIMI definition of major bleeding.'?

LMWHs have been used in combination with various thera-
pies: aspirin, thienopyridines, and GP lIb/Illa inhibitors
without initial safety concerns. The association of LMWHs
and GP lIb/llla inhibitors has been tested in several older
randomized trials'237'2%1297131 gand, more recently, also in
trials (ACUTE 2, INTERACT, and SYNERGY) better reflecting
current standards of treatments.'?3"'2% Overall, few safety
concerns have been reported about the risk of bleeding
with LMWHs (mostly enoxaparin) in association with GP
lIb/Illa inhibitors in comparison with UFH plus GP llb/llla
inhibitors.

ST-elevation acute myocardial infaction treated

with fibrinolytics

ASSENT-3, with an open-label design, compared enoxaparin
with UFH after fibrinolytic therapy with tenecteplase, and
in addition tested this LMWH against half-dose tenecteplase
with UFH in combination with a 12 h infusion of abcixi-
mab."3? There was a lower incidence of the composite of
30-day mortality, in-hospital re-infarction, with in-hospital
refractory angina in the enoxaparin and abciximab groups
than in the UFH group. There were no significant differences
in 30-day mortality, in-hospital intracranial haemorrhage
(ICH) or major bleeding between the enoxaparin and UFH
groups. The 1-year follow-up demonstrated no difference
in mortality rates among the three groups.'3? The
ASSENT-3 PLUS trial tested the efficacy and safety of pre-
hospital treatment with enoxaparin or UFH in patients
receiving tenecteplase, and demonstrated a similar differ-
ence in the efficacy endpoint as shown in ASSENT-3, but
here the risks of ICH (2.2 vs. 0.97%; P=0.048) and of
major bleeding (4 vs. 2.8%; P=0.17) in the enoxaparin
group were increased. '3 The risk for ICH and major bleeding
was mainly confined to patients >75 years of age. In a
meta-analysis of the combined ASSENT-3 and ASSENT-3
PLUS trials, there was an excess in major systemic bleeding
evident with enoxaparin (3.3 vs. 2.4%, P=0.01). Whereas
the total ICH rate was not different between enoxaparin
and UFH (1.3% vs. 0.9%, P=0.258), an excess of ICH,
primarily in females >75 years, occurred with enoxaparin
in the pre-hospital ASSENT-3 PLUS trial (6.7 vs. 0.8%,

P=10.013)."** A trend to more major bleedings in patients
treated with LMWHs for 4-8 days compared with UFH
(given for 2-4 days) is also found in a meta-analysis of all
(n=6) randomized trials performed before 2005, but this
was compounded by significantly greater efficacy on
re-infarction. '3

In the EXTRACT-TIMI 25 trial, 20 506 patients with STEMI
scheduled to undergo fibrinolysis were randomized to
receive either enoxaparin throughout the index hospitali-
zation or weight-based UFH for at least 48 h.'*® Patients
>75 years of age did not receive the i.v. bolus of enoxaparin
and only had 75% of the s.c. injection dose. At 30 days,
death and nonfatal recurrent MI occurred in 4.5% of
the UFH patients and 3.0% of the enoxaparin patients (P <
0.001), but the risk of major bleeding was increased in the
enoxaparin-treated patients (2.1 vs. 1.4%, P < 0.001), and
fatal bleeds were also increased (0.55 vs. 0.33%, relative
risk 1.64; 95% Cl 1.07-2.51)."*"37 The incidence of ICH
was 0.8% and 0.7% in the enoxaparin and UFH groups,
respectively.’®® The composite of death, non-fatal
re-infarction, or non-fatal ICH (a measure of net clinical
benefit) occurred in 12.2% of patients given UFH and 10.1%
of those given enoxaparin (P < 0.001).

Elective percutaneous coronary interventions

In elective PCls, several studies have examined the use of
i.v. LMWHs in patients not previously treated by any form
of anticoagulant. Small and/or non-comparative trials have
shown the feasibility of a single i.v. bolus of enoxaparin 1,
0.75, and 0.5 mg/kg in patients undergoing PCl with or
without the administration of GP llb/llla inhibitors. In a
small study,'*® two doses of dalteparin (40 or 60 IU/kg i.v.)
in combination with abciximab were compared in patients
undergoing PCI. The patients who received the higher dose
had less procedural thrombosis and a lower incidence of
major bleeding than those with the lower dose. A close
relation between the rise in aPTT and ACT was seen in
patients receiving dalteparin 80 IU/kg with or without abcix-
imab."3® Major PCI studies with dalteparin have not been
performed. A meta-analysis of the data from randomized
studies comparing the use of i.v. LMWHs and i.v. UFH in
patients undergoing PCls found no difference in the occur-
rence of ischaemic events and a non-significant trend
toward a reduction in major bleeding with LMWHs."*®
In the randomized STEEPLE trial (Safety and Efficacy of
Enoxaparin in PCI Patients, an International Randomized
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Evaluation), a single i.v. bolus of enoxaparin (0.5 or
0.75 mg/kg) was evaluated in comparison with UFH in 3528
patients treated mostly on an elective basis.'* Enoxaparin
was used as a single i.v. bolus before the start of PCI,
without anticoagulation monitoring, with a similar dose
with or without GP lIb/llla inhibitors. Enoxaparin 0.5 mg/kg
significantly reduced the primary endpoint of non-coronary
artery bypass graft (CABG)-related bleeding compared with
an ACT-adjusted UFH regimen (5.9 vs. 8.5%, P=0.01). This
arm was prematurely terminated because a significant
difference in mortality was observed, at an interim analysis,
between the two enoxaparin arms, whereas no difference
was observed with the control UFH arm. This finding was,
however, not confirmed in the final analysis. The enoxaparin
0.75mg/kg arm also showed a trend to reduced bleeding
(6.5 vs. 8.5%, P=0.051). In terms of ischaemic events,
there were no significant differences among the three

groups. '

Percutaneous coronary interventions in the setting

of acute coronary syndromes

Few studies evaluated LMWH management in the transition
from medical to interventional therapy. Collet et al.'
examined the safety and efficacy of performing PCl in the
setting of NSTE-ACS on enoxaparin therapy without interrup-
tion of, or addition of, anticoagulation for PCI. The only rule
was to perform PCl within 8 h of the last s.c. enoxaparin
injection, when anti-Xa levels are still sufficiently elevated.
Four hundred and fifty-one consecutive patients with
NSTE-ACS received at least 48 h treatment with s.c. enoxa-
parin (1 mg/kg/12 h), and 293 (65%) underwent coronary
angiography within 8 h of the morning enoxaparin s.c. injec-
tion with PCl in 132 (28%), with no further enoxaparin. The
mean anti-Xa activity at the time of catheterization was
>0.51U/mL in 97.6% patients. There were no instances of
in-hospital acute vessel closure or urgent revascularization
following PCIl. Recent data from more than 350 patients indi-
cate that anti-Xa levels similar to those found after 48 h of
s.c. treatment are achieved after just two s.c. doses of
enoxaparin.'#

In the open-label, observational NICE-3 study,'' 628
NSTE-ACS patients were treated with enoxaparin s.c.
1 mg/kg plus abciximab, eptifibatide, or tirofiban at stan-
dard doses. Forty-three patients received enoxaparin
alone. The following in-hospital clinical outcomes were
observed: death: 1 and 0%; MI: 3.5 and 4.7%; urgent revascu-
larization: 2.7 and 9.3%; and the combined outcome death/
MI/urgent revascularization: 7.0 and 14%, respectively, in
patients receiving enoxaparin plus one of the GP lIb/llla
inhibitors vs. those receiving enoxaparin only. In the 283
patients undergoing PCl, the incidence of non-CABG-related
major bleeding was 1.9%, comparable with that reported in
trials administering UFH plus a GP llb/llla inhibitor.

In the SYNERGY trial described above, comparing enoxa-
parin and UFH in almost 10000 NSTE-ACS patients
managed with current early invasive strategy, 92% patients
underwent coronary angiography, PCl was performed in
47%, and 57% received GP lIb/llla inhibitors. The main
result was that enoxaparin was non-inferior to UFH for
the treatment of high-risk patients with NSTE-ACS concern-
ing ischaemic events, but was associated with an
increased risk of major bleeding. When stratifying by
pre-randomization therapy, enoxaparin had some benefit

on ischaemic events among patients without anticoagulant
therapy before randomization (12.6 vs. 14.8% for death
and MI at 30 days) without any difference in bleeding.'?¢

UFH should be preferred in high-risk NSTE-ACS patients
with planned invasive strategy because of its shorter half-
life and easier reversibility. However, switching from UFH
to a LMWH and vice versa should generally be avoided. If
a LMWH has been administered prior to PCl, the adminis-
tration of additional anticoagulant therapy depends on
the timing of the last dose of LMWH. If the patient is
already being treated with a LMWH, the following manage-
ment (tested in trials with enoxaparin) is recommended:
in patients undergoing PCI within 8 h of the previous
s.c. dose, no additional anticoagulation is required; when
PCl is performed within 8-12 h following an s.c. LMWH injec-
tion, supplemental treatment with a lower dose either
of i.v. LMWH bolus (enoxaparin 0.3 mg/kg i.v. bolus) or
of UFH could be given. There is so far no conclusive
evidence on the use of LMWHSs in the setting of primary
PCI for STEMI.

Pentasaccharides

Fondaparinux

In ACS, fondaparinux was first evaluated in two dose-finding
phase Il trials in NSTE-ACS, PENTUA™ and STEMI-
PENTALYSE, ' respectively, and in two phase Il elective
PCl studies.''¢ These studies identified the lowest dose
of 2.5mg s.c. once daily to be the safest, with at least
similar efficacy as higher dosages. This dose was therefore
carried forward into the two large-scale phase Ill trials.

In the Organization to Assess Strategies for Ischemic
Syndromes (OASIS)-5 trial, 20 078 patients with NSTE-ACS
were randomized to s.c. fondaparinux 2.5 mg qd vs. s.c.
enoxaparin 1 mg/kg body weight bid for a mean of 6
days.'” The primary efficacy outcome of death, MI, or
refractory ischaemia at 9 days was 5.8% with fondaparinux
compared with 5.7% with enoxaparin, which satisfied the
pre-specified criterion for non-inferiority (P = 0.007).
Major bleeds were halved with fondaparinux (2.2%) com-
pared with enoxaparin (4.1%, P <0.001). The composite
outcome of death, MI, refractory ischaemia, or major bleed-
ing therefore favoured fondaparinux (7.3%) compared with
enoxaparin (9.0%, P < 0.001). Major bleeding was an inde-
pendent predictor of long-term mortality, which was lower
with fondaparinux (5.8 vs. 6.5% at 6 months, P = 0.05). At
6 months, also the composite outcome of death, MI, or
strokes was significantly reduced (11.3 vs. 12.5%, P=
0.007). There were low rates of catheter-related thrombi,
but these were higher with fondaparinux than with enoxa-
parin (0.9 vs. 0.4%, P < 0.001) and a trend to more clinical
PCl-related coronary complications (9.5 vs. 8.6%, P=
0.21). However, because of the lower rate of bleeding com-
plications at the access site (3.3 vs. 8.1%, P < 0.001), the
overall procedure-related complications of death, MI, or
bleeding were significantly lower with fondaparinux than
with enoxaparin (16.6 vs. 20.6%, P <0.001). Thus, the
trial demonstated that fondaparinux was equivalent to
enoxaparin in reducing ischaemic events at 9 days, but
with a substantially lower rate of major bleeding, which
translated into a significantly lower long-term (6 months)
mortality and morbidity. The conclusions from the OASIS-5
are that in NSTE-ACS fondaparinux 2.5 mg qd is the first
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anti-thrombotic treatment that reduces the risk of bleeding,
lowers long-term morbidity, and improves survival compared
with today’s standard treatment. At PCl, there is a slightly
increased risk of catheter-related thrombi, which seems
avoidable by pre-treatment with UFH at the procedure.

The OASIS-6 trial evaluated the effect of fondaparinux,
given for up to 8 days, compared with standard adjuvant
anticoagulant treatment in 12 092 patients with STEMI."®
The trial had a complicated design with two strata. In
stratum | with no indication for UFH, 5658 STEMI patients
were randomized to fondaparinux vs. placebo. In stratum
Il, 6434 patients were randomized to fondaparinux for 8
days vs. UFH for up to 48 h, followed by placebo for up to
8 days. Both strata contained subgroups with and without
reperfusion treatments and also with the use of different
types of reperfusion, i.e. SK (73% of thrombolysis), uroki-
nase, t-PA agents, and primary PCl. In the overall popu-
lation, the endpoint of death or re-infarction at 30 days
was significantly reduced from 677 (11.2%) of 6056 patients
in the control group to 585 (9.7%) of 6036 patients in the
fondaparinux group (P = 0.008). The benefit was, however,
only seen in stratum | (no indication for UFH), with 11.2
vs. 14.0% (P < 0.001) in the fondaparinux vs. placebo
groups, respectively. In contrast, there were no significant
differences in stratum Il (patients with indications for
UFH): 8.3 vs. 8.7% in the fondaparinux and UFH groups,
respectively. In the 3768 patients treated with primary
PCI, who all were in stratum Il, there was no benefit—and
actually a trend to harm—of fondaparinux, with a 30-day
rate of death or MI of 6.1% with fondaparinux vs. 5.1% in
the UFH group (P=0.19). There was a higher rate of
guiding catheter thrombosis (22 vs. 0, P < 0.001) and more
coronary complications (270 vs. 225, P = 0.04) with fonda-
parinux. However, among the 496 patients who received
UFH prior to primary PCl, these differences were not
noted. In the other 2666 patients in stratum Il (with an indi-
cation for UFH and without primary PCl), fondaparinux
tended to be superior to UFH in preventing death or
re-infarction at 30 days, with event rates of 11.5 and
13.8%, respectively (P = 0.08). There was a trend to fewer
severe bleedings with fondaparinux combining both strata,
and interestingly, severe bleeds were even less common
with fondaparinux than with placebo in stratum | patients.
The conclusions of the OASIS-6 trial are that: first, in
acute STEMI without indication for UFH fondaparinux is
more effective and as safe as no anticoagulant treatment
regardless of whether any reperfusion treatment is used or
not; secondly, in STEMI patients treated with thrombolysis,
fondaparinux is at least as effective and as safe as UFH,
although at present a claim of superiority is doubtful;
thirdly, in STEMI patients treated with primary PCl, fonda-
parinux used as the only anticoagulant seems associated
with a risk of harm, based on an increased rate of coronary
complications. This risk seems avoidable by pre-treatment
with UFH before PCI.

Idraparinux

This drug has been developed for long-term anticoagulation.
The AMADEUS (AF trial of Monitored, Adjusted Dose VKA, com-
paring Efficacy and safety with Unadjusted SanOrg34006/
idraparinux) enrolled patients with AF at high risk of stroke
with an indication for VKAs. Patients were randomized to

receive idraparinux 2.5 mg once weekly s.c. or VKAs (INR
2-3) for 6-24 months. This trial has been prematurely inter-
rupted for safety reasons (unpublished results).

Intravenous direct thrombin inhibitors

Bivalirudin was approved in the European Union in 2004 to
be used as an anticoagulant during PCI. The clinical pro-
gramme pertinent to the PCl indication consisted of five
studies. An early open-label, dose-finding trial in patients
undergoing PCl (n=279) indicated that the incidence of
abrupt vessel closure at 24 h was low in patients receiving
bivalirudin in doses of 0.45-0.55 mg/kg bolus followed by
1.8-2.2 mg/kg/h infusion.™ A dose of 1 mg/kg bolus fol-
lowed by a 4 h infusion of 2.5 mg/kg/h was consequently
brought forward and compared with high-dose UFH in a ran-
domized, double-blind study in 4098 patients requiring
urgent PCl because of unstable or post-infarction angina
[Bivalirudin Angioplasty Trial (BAT)]."®° In a Food and Drug
Administration (FDA)-endorsed analysis of the results of
the BAT trial, done on the entire intention-to-treat cohort
of 4312 patients with more complete follow-up information
and a more contemporary definition of MI, there was a sug-
gestion that bivalirudin significantly reduced the combined
endpoint of death, MI, or repeat revascularization in the
entire cohort at 7 days (OR 0.78, 95% Cl 0.62-0.99, P=
0.04) and at 90 days (OR 0.82, 95% CI 0.70-0.96, P=
0.01)."®" Major bleeding events were significantly less fre-
quent with bivalirudin than with heparin (3.5 and 9.3%,
respectively; P < 0.001).

These studies were completed by 1993, and therefore
reflected the standard of care in PCl at the time. Two
randomized trials [The Comparison of Abciximab Compli-
cations with Hirulog for Ischemic Events Trial (CACHET)'>2
and the Randomized Evaluation of PCI Linking Angiomax to
Reduced Clinical Events (REPLACE)'*] were undertaken to
gain experience with bivalirudin at revised, lower doses
and to estimate the rate of complications with bivalirudin
used with provisional GP 1IB/llla inhibitors in the
contemporary PCl setting.

The clinical efficacy and safety of the revised dose
(0.75 mg/kg bolus followed by 1.75 mg/kg/h) was demon-
strated in a large double-blind trial, REPLACE-2, in patients
undergoing elective or urgent PCl. UFH plus GP lIb/llla
inhibitors were compared with bivalirudin. For the latter
arm GP lIb/Illa inhibitors were added only if complications
occured during the PCl procedure. The trial demonstrated
that the intra-procedural administration of bivalirudin with
provisional GP lIb/llla blockade (required in 7.2% of patients)
provides similar protection from acute ischaemic events
with significantly fewer haemorrhagic complications as a
regimen of UFH plus planned GP lla/lllb inihibion during
elective or urgent PCI.">* Among the 6010 patients (both
stable and unstable) randomized in this trial, the composite
ischaemic endpoint of death, MI, or urgent repeat revascu-
larization by 30 days occurred in 7.6 and 7.1% of those
treated with bivalirudin and heparin plus GP lla/lllb,
respectively, meeting the formal criteria for non-inferiority.
Major in-hospital bleeding rates were significantly reduced
with bivalirudin (from 4.1 to 2.4%)."** It should, however,
be pointed out that ACT values higher than those recom-
mended by the guidelines were used in the control arm of
the study, which might have favoured the study drug in
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this comparison. The substantial equivalence of bivalirudin
in comparison with heparin plus GP Ila/lllb blockade was
sustained at 6 months and 12 months of follow-up, with a
non-significant trend towards a lower mortality in the
bivalirudin group.'>

Recently, the results of the ACUITY trial were pub-
lished."™® This study randomized 13 819 patients with mod-
erate/high-risk unstable angina or NSTE-ACS undergoing an
invasive strategy to one of three treatment groups—stan-
dard combination treatment with either UFH or enoxaparin
with GPIIb/Illa inhibitor (n=4603) or bivalirudin with
GPlIb/llla inhibitor treatment (n=4604) or bivalirudin
alone (n=4612). Concerning the two arms with GPIIb/llla
inhibition, there was a subrandomization to starting this
treatment either upstream or in the catheterization labora-
tory. The randomization was stratified for pre-treatment
prior to angiography with a thienopyridine (clopidogrel in
the vast majority of cases), which was used in ~64% of
patients. Coronary angiography was performed in 99%, PCl
in 57%, CABG in 11%, and 33% of patients had no procedure.
In the comparison between the respective standard combi-
nation treatment (heparin and a GPIIb/llla inhibitor) and
the combination of bivalirudin and GPIIb/llla, there was
neither any difference in the ischaemic composite endpoint
(death, MI, or unplanned revascularization) at 30 days (7.3
and 7.7%, respectively), nor major bleeding (5.7 and 5.3%,
respectively). Concerning the comparison between the
respective standard combination treatment and bivalirudin
alone, there was no difference in the ischaemic composite
endpoint (7.3 and 7.8%), but a lower bleeding rate (5.7
and 3.0%, P < 0.001). Therefore, the net clinical outcome
(ischaemic events+major bleeds) at 30 days was signifi-
cantly lower in the bivalirudin alone group compared with
the standard combination (10.1 vs. 11.7%, P=0.015), and
consistently in favour of bivalirudin across all pre-defined
subgroups such as age classes, gender, presence of diabetes,
presence of reduced renal function, etc. Among patients
pre-treated with a thienopyridine, the net clinical
outcome was 9.2 vs. 12.2% in the bivalirudin alone group
vs. standard combination treatment. In patients without
clopidogrel pre-treatment, the corresponding event rates
were 11.3 vs. 11.1%. Although there is always a risk of
random findings with multiple subgroup analyses, this
finding might indicate a positive ‘additive’ effect when
combining a thienopyridine with bivalirudin. There were
no differences in efficacy or safety results in relation to
the randomization to upstream treatment with GP IIb/llla
inhibition. In conclusion, the ACUITY trial results show
that bivalirudin is non-inferior to UFH in moderate-to-high
risk NSTE-ACS receiving GP llb/Illa inhibitors. Bivalirudin
alone in comparison with UFH together with GP llIb/llla
inhibition was associated with significantly less bleeding,
although the rate of ischaemic events in the overall
population was similar. The lesser bleeding rate, at variance
from OASIS-5, here did not translate into reduced hard
endpoints at 30 days. At the current state of knowledge,
it can only be concluded that bivalirudin is at least as
effective and safe as UFH with and without GP llb/llla
inhibition in moderate-to-high risk NSTE-ACS patients.

Currently, the use of bivalirudin in STEMI patients under-
going primary PCl in comparison to using UFH with a
GPIIb/llla is being tested in a large randomized controlled
trial (HORIZONS).

Table 5 Randomized aspirin-controlled studies of warfarin plus aspirin in ACS, coronary bypass surgery and PCls

FU (months)

P-value

RR

INR reached  Aspirin dose (mg/day) Death/re-infarction

INR target

n

Year

After ACS

Aspirin

Warfarin+aspirin

Study (reference)

0.22

0.46 (0.14-1.49)
0.87 (0.73-1.04)

9/109 (8.3%)

332/3 393 (9.8%)

4/105 (3.8%)

173/2 028 (8.6%)%

163

2.03

1.01

214 2.0-3.0

8803

1994
1997

ATACS'6®

14

0.18

80
160

1 mg qd

CARS'®”

14
5
33
3
12
48

0.065277778
0.052083333
0.046527778 60

—~ e~~~ o~~~

0.90-1.09

A

0.99
0.95
1.04
0.41
0.64
0.71
0.98
0.89

6.8%)
8.6%)

—_——— = = — —

137/1 864
700/2 537
10/147
29/336
241/1 206
473/1 641
1931/11 233

9.7%)
7.0%)
28.8%)
2.6%)
5.7%)
15.0%)°
28.1%)°
15.3%)

- = = — — = —

4/153
19/332
181/1 208
466/1 659

328/3 382
2 029/13 237

129/1 848
725/2 522

80
80
80
160/75°
75

160/80°

1.05
n.a
09
2.06
2.04
02

2
n

il

3mg qd
2.0-2.5
1.5-2.5
2.8-4.5
2.0-3.0
2.0-3.0
1.25 mg qd

3712

5059

300

668

2414
3.3

24 470

2001
2002
2002
2002
2002
2004

APRICOT-2"7°
ASPECT-2"""
WARIS-2"72
LOWASA'73

0ASIS-2168
CHAMP'6°
Total

After coronary bypass surgery

Post-CABG'°

0.001 90

0.69 (0.57-0.85)

1781677 (26.3%)

123/674 (18.2%)

325

1.04

1351 <2.0

2000

Before and after PCls

BAAS161

12

0.12

0.65 (0.50-0.84)

31/528 (5.1%)

20/530 (3.7%)

1058 2.1-4.8 2.07 100

2000

n.a., not analysed; FU, follow-up.
2Estimate for 14 months follow-up.

®The aspirin alone/combination groups.

“Including stroke.
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Vitamin K antagonists

After the 2004 publication of the ACCP Guidelines on
Antithrombotic Drugs, 67 new data have become available
on VKAs in the long-term prevention and treatment of cardi-
ovascular disease.

Coronary heart disease

Major complications of coronary heart disease are usually
caused by coronary plaque rupture followed by coronary
thrombosis. Besides antiplatelet therapy, oral anticoagula-
tion with VKAs has shown to be effective in the prevention
of coronary thrombosis.

Primary prevention

Primary prevention of coronary heart disease with warfarin,
with a mean INR intensity of 1.5 reduced the risk of fatal Ml
by 39%, with an acceptable bleeding risk in over 2500
healthy high-risk males."'>”

Acute coronary syndromes
Several major old studies have demonstrated the benefit
of VKAs in patients with a previous MI.">® VKAs on top of anti-
platelet therapy with aspirin vs. aspirin alone have been
studied in at least eight randomized controlled trials in
patients who survived ACS, both with STEMI and with
NSTE-ACS (Table 5). For these indications, adding VKAs to
antiplatelet therapy does not seem to show benefit when
the INR reached is below 2.0. When INR is above 2.0,
there is a significant reduction of re-infarction and death,
with acceptable safety. '’

Two of these studies (ATACS and OASIS-2, Table 5) were
performed in only NSTE-ACS patients.

Coronary bypass graft surgery

Combining low-intensity warfarin (INR <2.0) with aspirin
(325 mg daily) after CABG has only been studied in one
single large long-term trial. The combination does not
seem to lead to better graft patency, but on the long
term, unexpectedly, it led to a highly significant 35%
reduction in all-cause mortality and 24% in non-fatal MI'®°
(Table 5).

Percutaneous coronary interventions

Early and late complications of PCls are probably related to
the occurrence of peri-procedural coronary thrombosis.
Therefore, VKAs (essentially warfarin) have been evaluated
in the prevention of these sequelae. One trial in over 1000
patients compared aspirin 80 mg daily plus warfarin (INR
2.1-4.8), started at least 1 week before PCI, with aspirin
alone on peri-procedural outcomes, the angiographic
outcome at 6 months and clinical events at 1 year, when
trial medication was discontinued.'®' Death, MI, stroke, or
urgent revascularization were significantly diminished by
warfarin by 47% at 30 days and 29% at 1 year (Table 5).
Bleeding was increased: there was a 1% excess of major peri-
procedural bleeding and 1% excess major bleeding during
the follow-up, but life-threatening bleeding was similar.
Interestingly, the clinical benefit of VKAs was shown not
only in non-stented, but also in stented patients, in
whom—by protocol—warfarin was switched to ticlopidine.

Atrial fibrillation

The yearly incidence of stroke in patients with AF is about
5%,12 which is five times higher than that in comparable
populations in sinus rhythm. The stroke risk largely depends
on the underlying heart disease. In ‘lone’ AF (absence of
heart disease) the stroke risk is only 0.5%/year,'®> whereas
in AF associated with rheumatic valvular heart disease,
especially mitral valve stenosis, it is very high. Oral anticoa-
gulation with VKAs (warfarin, acenocoumarol, and phenpro-
coumon) has been shown effective in the prevention of
thrombo-embolism in patients with valvular and non-valvular
AF."* Severe bleeding with warfarin is seen in one out of 100
patients per year, which is double the risk of stroke in lone AF.
Therefore, anticoagulation is only indicated in AF patients
with a stroke risk of 2% or more per year, calculated as
summarized in Table 6.'®> For patients with low risk,
aspirin 75-325 mg daily is recommended. For patients with
one moderate-risk factor either aspirin or VKAs are
recommended. For patients with any high-risk factor or
more than one moderate-risk factor, VKAs are recommended.
The target INR should be between 2.0 and 3.0. In patients
with AF with high risk of stroke, VKAs have been recently
shown to be superior to the combination of aspirin and clopi-
dogrel in the large open-labeled randomized ACTIVE-W,
including 3335 patients randomized to clopidogrel plus
aspirin and 3371 randomized to VKA. The study was stopped
early due to clear evidence of superiority of VKAs, especially
in those already taking oral anticoagulation therapy at the
time of enrolment. There were however no differences in
total mortality between the arms.'”*

Artificial heart valves

The development of artificial heart valves with better flow
profiles has diminished haemolysis and the development of
valve thrombosis. Although always indicated, the desirable
intensity of oral anticoagulation with VKAs has been
adjusted down in recent ESC guidelines, '®> which is summar-
ized in Table 7.""

Table 6 Grading of thrombo-embolic risk in intermittent
(paroxysmal) or permanent/persistent atrial fibrillation

High-risk patients (approximately >6 major thrombo-embolic
events/100 patients/year)
Previous stroke, TIA or systemic embolism
Mitral stenosis
Prosthetic heart value
Intermediate-risk patients (approximately 2-6 major
thrombo-embolic events/100 patients/year)
Age >75 years
Hypertension
Heart failure
Left ventricular ejection fraction <35%
Diabetes mellitus
Low-risk patients (approximately <2 major thrombo-embolic
events/100 patients/year)
Female gender
Age 65-74 years
Coronary artery disease
Thyrotoxicosis

TIA, transient ischaemic attack.
Source: Fuster et al."®
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Table 7 Recommendations for target intensity of anticoagula-
tion with vitamin K antagonists in patients with mechanical
heart valves

Without With risk
risk factors factors

Adjust target INR to SR AF
intracardiac LA LA
conditions and prosthesis <50 mm >50 mm
thrombogenicity MV gr 0 MV gr +

LV normal  EF <35%

SEC 0 SEC +

AVR MVR, TVR,
PVR

Prosthesis thrombogenicity Low 2.5 3.0
(as determined by valve  Medium 3.0 3.5
thrombosis rates) High 3.5 4.0

Low: Medtronic Hall, St Jude Medical (without Silzone), Carbomedics
AVR; medium: bileaflet valves with insufficient data, Bjork-Shiley valves
high: Lillehei Kaster, Omniscience, Starr Edwards. SR, sinus rhythm; LA,
left atrium; MVgr, mitral valve gradient; LV, left ventricle; EF, ejection
fraction; SEC, spontaneous echo contrast; AVR, MVR, TVR, PVR, aortic,
mitral tricuspid and pulmonary valve replacement, respectively. From
Butchart et al., 2005.'7>

Heart failure

In patients with CHF caused by either dilated cardiomyopa-
thy or ischaemic heart disease, there is a cardio-embolic risk
of 1.5-4.5%/year, with the highest risk related to very low
EF and severe clinical heart failure. There are no major ran-
domized studies demonstrating the beneficial effect of VKAs
in these patients, and the WATCH trial,"”® which was
planned to randomize more than 5000 patients, was prema-
turely stopped because of problems with patient recruit-
ment. In post-infarction patients, the cardio-embolic risk
is especially high in patients with ejection fraction
<30%'"7178 and patients with persisting or protruding
thrombus.'”® Also in dilated cardiomyopathy, ventricular
thrombi increase the risk of thrombo-embolism. '8

On the basis of the available data, VKA treatment should
be considered in patients with CHF in case of very low
ejection fraction, severe clinical heart failure, ventricular
thrombi, and prior cardio-embolic episodes. In addition,
VKAs are strongly recommended in patients with CHF and AF.

In conclusion, oral anticoagulation in the form of VKAs is
likely helpful in the secondary prevention of ischaemic
events after MI in patients taking aspirin, although not
widely used and still with an uncertain risk/benefit ratio.
VKAs are currently indicated, and are standard treatment,
in patients with artificial heart valves and in those with AF
at medium-to-high thrombo-embolic risk. VKAs should be
considered in patients with CHF with very low EF, severe
clinical heart failure, ventricular thrombi, and prior
thrombo-embolic episodes.

Oral direct thrombin inhibitors: clinical
developments

The clinical efficacy of ximelagatran in preventing stroke and
thrombo-embolic events in AF when compared with warfarin
at INR 2-3 was evaluated in one open-label (SPORTIF-IIl) and
one double-blind (SPORTIF-V) prospective randomized trial

including altogether 7329 patients.'®'~'® The event rates in
SPORTIF Il were 1.64 vs. 2.30%, corresponding to a difference
of —0.66% (95% Cl —1.4, 0.13) and in SPORTIF V were 1.61 vs.
1.16%, corresponding to a difference of +0.45% (95% Cl =
—0.13, 1.03). These results were not considered to fulfil
the current US FDA requirements to prove non-inferiority in
efficacy. In addition, in the trials of prevention of venous
thrombo-embolic disease, there was a suspicion of a slightly
raised risk of Ml in patients on ximelagatran in comparison
with LMWHs and/or warfarin. These two findings, in combi-
nation with evidence of liver toxicity, prevented the regis-
tration at the first application in the USA in 2004. Finally, on
14 February 2006, the company developing ximelagatran
decided to withdraw it from the market (for the indications
in orthopaedic surgery) and terminate its further develop-
ment. The withdrawal was triggered by new patient safety
data with an adverse event report of serious liver injury in a
clinical trial. Concerning dabigatran etexilate in the indi-
cation of stroke prevention in AF, only the results from a
small randomized dose-finding phase Il trial in around 430
patients are available.'® These results are encouraging, as
they have formed the basis for a large phase Ill programme
(RE-LY), randomizing 15 000 patients with AF in a direct com-
parison of dabigatran etexilate with warfarin.

Long-term oral thrombin inhibition with ximelagatran has
also been evaluated in a dose-finding trial comparing four
different bid doses (24, 36, 48, and 60 mg) with placebo
on top of routine treatment with aspirin, in 1883 post-MI
patients without early revascularization procedures
(ESTEEM)."® The results showed a significant 24% relative
reduction in death, MI, and severe recurrent ischaemia on
all tested doses of ximelagatran, with no dose-effect
relationship.'® There was, as expected, a low, but
dose-related, increased risk of total bleeding, with around
a 50% increase on the lowest dose, and a doubling on the
highest dose, in comparison with placebo. The occurrence
of transient elevation of liver enzymes was similar to other
long-term studies with the compound.’® As ximelagatran
has been withdrawn and all further development termi-
nated, any further evaluation of the promising concept of
oral thrombin inhibition in coronary artery disease needs
to be performed with other compounds.

In conclusion, oral thrombin inhibition is a promising
concept for anticoagulation that might replace VKAs in all
indications. The clinical results with the first available com-
pound ximelagatran were encouraging, showing similar
anticoagulant efficacy as warfarin at INR 2-3, at a somewhat
lower risk of bleeding.

Oral Factor Xa inhibitors: clinical developments

After the results with the parenteral fondaparinux proved the
concept of the antithrombotic effect due to FXa inhibition, a
number of oral FXa inhibitors have entered clinical develop-
ment. These agents have a molecular weight of ~500 Da,
are direct inhibitors of FXa, as they do not require a plasma
cofactor for their action, and are selective for FXa, as their
Ki is at least 5000 times lower than that for any other
serine protease. The direct inhibitors of FXa are inhibitors
of the catalytic site of FXa. It has been shown that the
direct inhibitors of FXa can inhibit FXa both in the fluid
phase and in the context of the prothrombinase complex.
The clinical relevance of this biochemical feature is unclear.
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Clinical data are currently available for at least four oral
inhibitors of FXa: razaxaban,'® rivaroxaban (BAY 59
7939),"87:188 |y 5157117'8 and YM 150 '®°. Other oral
inhibitors of FXa are known to be under clinical develop-
ment, including apixaban and DU 176-b. The available clini-
cal data are related to the assessment of the efficacy and
safety of the oral inhibitors of FXa in phase Il studies on
the prevention of VTE after major orthopaedic surgery.
Rivaroxaban is currently under evaluation in two phase Il
studies in the treatment of deep vein thrombosis. In
general, these agents have shown a reasonably large thera-
peutic window. Doses of rivaroxaban between 20 and 30 mg
once a day'® "8 and of LY 5157117 between 100 and 150 mg
once a day'® have been proved to be as effective as enox-
aparin in the prevention of deep vein thrombosis after major
orthopaedic surgery without being associated with excessive
bleeding.

The currently available clinical data on the oral inhibitors
of FXa only derive from short-term studies (maximum 10
days of drug administration). Thus, only after the presen-
tation of long-term studies it will be possible to draw any
conclusion of the potential hepatotoxicity of these com-
pounds. The favourable results achieved by the oral inhibi-
tor of FXa in studies on the prophylaxis of VTE in major
orthopaedic surgery promoted the development of these
compounds in indications where a prolonged administration
is required. In particular, studies on the prevention of stroke
in patients with AF, and at least one (with apixaban) in ACS
are either planned or ongoing.

Bleeding risk and bleeding management
during anticoagulant therapy

General risk factors for bleeding

By their very mode of action, all anticoagulants are
endowed with a certain risk for haemorrhagic complications.
With all anticoagulants currently in use, the bleeding risk is
dose-related. Age >70 years was found to be a risk factor for
major bleeding with UFH, LMWHSs, VKAs, and probably with
all other anticoagulants. Recent surgery, trauma, or invasive
procedures also increase the bleeding risk.** Table 8 lists

Table 8 Bleeding risk categories in patients undergoing surgery
or procedures

Low risk High risk

Diagnostic endoscopy

Cataract surgery

Oral surgery/dental
extraction

Arthrocentesis

Cutaneous surgery

Hernia repair

Scrotal surgery

Coronary angiography

Major intra-abdominal surgery

Major vascular surgery

Major orthopaedic surgery

Prostatectomy or bladder surgery

Neurosurgical procedures

Heart valve replacement

Coronary artery bypass graft
surgery

Major intrathoracic surgery

Major cancer surgery

Pacemaker insertion/implantation

Biopsy in a non-compressible
tissue

Puncture in a non-compressible
artery

surgical interventions associated with a low and high risk
for bleeding complications. Underlying diseases contributing
to a higher risk of bleeding include hypertension, cerebro-
vascular disease, ischaemic stroke, serious heart disease,
cancer, and renal failure. Occult pathological lesions, par-
ticularly in the gastrointestinal or genito-urinary tracts
were found in about 30% of bleeding patients exhibiting a
prothrombin ratio >2.5.

Unfractionated heparin and low-molecular weight
heparins

With UFH, there appears to be a relationship of bleeding risk
with prolonged aPTT or ACT. In one study, it was found that a
10 s increase in the aPTT resulted in a 7% increase in the risk
of bleeding (reviewed in Levine et al.""). Meta-analyses of
studies comparing LMWHSs with UFH for the treatment of VTE
or ACS suggest that LMWHs have a benefit-risk profile that is
comparable to—or slightly better than—that of UFH.'9%1%3
Patients who have taken aspirin in addition to heparins
bleed more during cardiovascular interventions. Therapy
with thrombolytics and GP IIb/llla antagonists also increase
the heparin-associated bleeding risk.

Pentasaccharides

For treatment of NSTE-ACS in the huge OASIS-5 trial, fonda-
parinux, at a daily dose of 2.5 mg (a prophylactic dose),
resulted in a bleeding rate of 2.2%, whereas enoxaparin at
a dose of 1 mg/kg twice daily (a therapeutic dose) produced
4.1% major bleeds." It is likely that the reduced bleeding
seen with fondaparinux in this setting reflects the low
dose used, because the bleeding risk with fondaparinux
was clearly dose-related in the ASPIRE trial.'* The bleeding
rate in the fondaparinux group receiving 2.5 mg daily was
3.4% and that in the 5 mg daily group was 9.6%."* Clinical
results using the very-long-acting idraparinux (half-life of
about 80 h) in cardiovascular medicine are not yet available.
In the phase Il PERSIST trial, 659 patients with deep vein
thrombosis were randomized to receive one s.c. weekly
injection of 2.5, 5, 7.5 or 10 mg of idroparinux or warfarin
adjusted to attain an INR of 2.0-3.0. There was a clear
dose-response for major bleeding with idraparinux (P=
0.003). However, the lowest weekly dose of 2.5 mg of idra-
parinux was as effective as warfarin in the secondary pre-
vention of deep vein thrombosis and was not associated
with major bleeding.'®*

Direct thrombin inhibitors

Bleeding with the use of the parenteral DTI bivalirudin was
evaluated in several studies. A meta-analysis of the BAT,
CACHET, REPLACE-1, and two other trials compared bivalir-
udin with UFH-based regimens. The following incidences
were significantly lower in the bivalirudin groups: death
(0.1 vs. 0.2%; P=0.049), revascularization (2 vs. 2.7%;
P=0.02), and major bleeding (2.7 vs. 5.8%; P < 0.001)
(reviewed in Moen et al.'?).

Ximelagatran, a synthetic oral DTI now withdrawn from
development also provoked less bleeding than VKAs or
LMWHSs in several trials (reviewed in Mohapatra et al.'%).
Dabigatran etexilate, an oral DTI with a longer half-life
but lower bioavailability than ximelagatran, has been
studied in 1973 patients undergoing total hip or knee repla-
cement (BISTRO Il trial). In this double-blind study, patients
were randomized to dabigatran etexilate 50 mg bid, 150 mg
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bid, 300 mg qd, 225 mg bid or enoxaparin 40 mg qd. A signifi-
cant dose-dependent decrease in VTE was observed with
increasing doses of dabigatran. Composite major or clini-
cally significant bleeding in the 50 mg bid group (2.6%) was
lower than in the enoxaparin group (4.6%) and the incidence
of VTE was 5.0 and 5.6% respectively.®” Results of a phase I
trial with dabigatran in AF (PETRO) have not yet been pub-
lished. Preliminary data suggest that dabigatran might
have a favourable risk/benefit ratio.

Vitamin K antagonists

The major complication of VKAs is bleeding (reviewed in
Levine et al.""). In randomized controlled studies, major
bleeding in patients exhibiting an INR of 2.0-3.0 is quite
low (in five large AF studies: 1.3 vs. 1.0% in the control
group'). The bleeding risk is increased considerably in
patient groups with a target INR >3.0. In one study, the
risk for ICH doubled with each increase of approximately 1
INR units.'”® The importance of the intensity of anticoagula-
tion with VKAs as a determinant of bleeding is particularly
well illustrated in the Leiden anticoagulation study,'’
where target ranges were reduced for three indications in
1998. In over 400 patients with mechanical heart valves,
the INR target range was reduced from 3.6-4.8 to 3.0-4.0,
and in over 1800 patients treated for AF or cerebral
ischaemia the INR target range was lowered from 3.0-4.5
to 2.5-3.5. This resulted in a 30% overall reduction in
major bleeding episodes from 3.6 to 2.7/100 patients/year
and, in the higher target group, from 6.1 to 3.0/100
patients/year (50% reduction).'® Although a high INR
(>3.0) is epidemiologically related to a strongly increased
rate of bleeding, in the individual patient, an increased
INR without bleeding does not indicate the need of an
antidote.

Many drugs interact with or enhance the bleeding risk of
VKAs, the most common being aspirin. Representative of
many similar studies is the Veterans Administration study,
in which 5059 survivors of acute Ml were randomized to war-
farin (target INR 1.5-2.5) plus aspirin treatment vs. aspirin
alone. In the combination therapy group, major bleeding
occurred in 1.28%/year, and in the aspirin alone group in
0.72%/year."®® Many other drugs and natural substances
interact with VKAs. The reader is referred for this to a
recent review.2%

Several studies have reported a higher incidence of hae-
morrhagic complication in the early phase of treatment
with VKAs, where probably the fluctuations of the INR are
larger. These fluctuations diminish with increased duration
of VKA treatment. The incidence of haemorrhagic compli-
cation appears also to be higher in patients treated by
family physicians than in patients followed by an antico-
agulation clinic or practicing self-management of oral
anticoagulation,88:201,202

Management of bleeding complications

The treatment of choice of major bleeding due to anticoagu-
lant therapy is the administration of a specific rapidly acting
antidote. This is unfortunately not available for many of the
currently used anticoagulants. The availability of a specific
antidote is particularly desirable for anticoagulants with
long half-lives. In the absence of a specific antidote, bleed-
ing may be reduced or stopped by the administration of

fresh frozen plasma, prothrombin complex preparations or
activated blood coagulation FVII (FVlla), but there is
recent evidence that the administration of recombinant
FVlla can be associated with increased risk of thrombotic
events.?% Because LMWHSs, the pentasaccharides, and DTI
are mostly cleared by the kidney, acute haemodialysis
should be considered in patients with renal failure.

Unfractionated heparin and low-molecular weight
heparins

In UFH-treated patients with bleeding episodes, the anticoa-
gulant effects can be reversed with i.v. protamine sulfate, a
cationic protein derived from fish sperm that binds heparin
to form a stable salt. Each mg of protamine sulfate neutral-
izes about 100U of UFH. Patients with a history of fish
allergy and those who have received protamine-containing
insulin may suffer allergic reactions to protamine.>* The
risk of anaphylactoid reactions can be reduced by adminis-
tering the drug slowly.?**

Controversy exists concerning the neutralization of UFH
after open-heart surgery with cardiopulmonary bypass.?
Overneutralization of UFH with protamine may cause
decreased platelet aggregation, probably due to inhibition
of the platelet membrane GP Ib-von Willebrand factor inter-
action necessary for normal haemostasis.2°®2%7 Protamine
itself produces a haemostatic defect by prolonging blood
clotting times.?® The half-life of protamine sulfate is
quite short (about 5min).2® UFH binds reversibly to a
number of proteins and endothelial cells, but protamine
does not. After neutralization of high doses of circulating
UFH (half-life about 90 min) after cardiopulmonary bypass,
protein- and tissue-bound UFH is released slowly and pro-
duces a heparin rebound.?'® Ideally, after cardiopulmonary
bypass or off-pump coronary artery bypass surgery, prota-
mine corresponding to about half of the heparin adminis-
tered should be given by slow (2-3 min) injection. A
control of the ACT is indicated. ACT should reverse to
pre-heparin values. To prevent heparin rebound, it is
recommended that a continuous infusion with 20-25 mg of
protamine per hour is then administered by continuous
infusion for 6 h.2'°

When bleeding occurs with LMWHSs, there is no proven
method for neutralizing fully its anticoagulant effects. Pro-
tamine sulfate reverses all of the anti-lla activity of
LMWHSs, but only about 60% of the anti-Xa activity because
protamine sulfate does not bind to shorter heparin
chains.®® In such cases, 1 mg neutralizes 100 anti-Xa units
of LMWHs. A full dose of protamine sulfate should be given
if the LMWH was administered within 8 h, whereas a lower
dose can be used if more than 8 h have elapsed since the
last LMWH injection. If the bleeding continues, a second
injection of protamine sulfate can be given; this dose of pro-
tamine sulfate should be half that of the first. Furthermore,
there is a case report of the successful use of recombinant
FVlla to control bleeding in a post-operative patient with
renal failure who was receiving a LMWH.2""

Pentasaccharides

If major bleeding occurs with fondaparinux or idraparinux,
there is no specific antidote. Protamine sulfate does not
bind to these pentasaccharides, and therefore this agent is
of no value. Recombinant FVlla reverses the anticoagulant
effects of fondaparinux and of idraparinux in healthy
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volunteers,%%212:213 byt the usefulness of this agent in
patients with major haemorrhage has only been documented
in single cases.?’* The ongoing development of a biotiny-
lated idraparinux derivative should allow the quick neutral-
ization of the compound by the i.v. administration of avidin.

Direct thrombin inhibitors

No antidote exists for DTlIs. Theoretically, it should be poss-
ible to construct an inactive thrombin molecule with intact
binding sites for hirudin, ximelagatran, and dabigatran.
Vitamin K-dependent clotting factor concentrates were
more effective than FVlla to counteract the bleeding ten-
dency in animals treated with very high doses of DTls.2">

Vitamin K antagonists

Over-anticoagulation with VKAs is best treated with vitamin
K-derivatives (Konakion, phytomenadion, or phytonadion)
given orally or by i.v. injections. S.c. administration is to
be avoided.?'® However, in order to be active, these drugs
must induce the synthesis of functional vitamin K-dependent
clotting factors, and therefore act slowly. For rapid action
in cases with serious bleeding, it is better to transfuse
fresh-frozen plasma or plasma fractions containing vitamin
K-dependent clotting factors (prothrombin complexes,
such as Feiba® or Autoplex®).2'” FVlla also has been effec-
tive to stop major bleeding.

Special situations

Vitamin K antagonists in pregnant patients with
artificial heart valves

Pregnant women with an indication for oral anticoagulation
with VKAs for artificial heart valves must interrupt VKAs in
early pregnancy and switch to a s.c. LMWH according to
current guidelines,'”® as summarized in Table 9.2'%2"°

Renal failure and haemodialysis

Patients with renal dysfunction, renal failure, and haemo-
dialysis have an increased risk of thrombotic cardiovascular
events and a substantially raised cardiovascular mortality.
They also have a raised risk of bleeding complications both
with and without anticoagulant treatments. Since many
anticoagulant drugs are renally excreted, patients with
renal failure are often excluded from clinical trials of new
antithrombotic agents. Therefore, our knowledge on the
effects of anticoagulant treatment on event rates and risk
of bleeding in this patient group is limited. Of the routinely
used anticoagulants, UFH, LMWHSs, fondaparinux, bivaliru-
din, and the newer oral DTIs are all renally excreted.
Dose reduction and close monitoring of anticoagulation
by the appropriate means (i.e. aPTT, ACT, or anti-Xa

Table 9 Anticoagulation in pregnant patients with artificial
heart valves

First 12 weeks LMWH? bid
Weeks 12-35 Warfarin (INR 2.0-3.0)
Week 35 to delivery LMWH? bid

After delivery Restart warfarin (INR 2.0-3.0) in 4-8 h

@Anti-Xa level of 1.0 U/mL 4 h after dosing, or 0.6 U/mL pre-dosing.

activity according to the drugs used) are needed at a GFR
<30 mL/min.?2°222 Even in patients with moderately
reduced GFR (30-50 mL/min), a cautious approach is rec-
ommended, considering the opportunity of monitoring the
anticoagulant response. VKAs can commonly be managed
with the standard dosing, as the anticoagulant response is
influenced by many other factors and always adjusted by
frequent INR controls.??? Although it might seem safer to
use UFH, which is easily monitored by the aPTT, there are
no clinical trials indicating any difference in bleeding com-
plications with LMWHSs, provided that adequate dose adjust-
ments are performed.?23:2%4

Surgery, percutaneous coronary interventions,
biopsies, and dental procedures

Oral anticoagulant therapy with VKAs for patients needing
surgery or invasive procedures may be problematic
because many patients require discontinuation of VKAs in
the peri-procedural and peri-operative period to reduce
the risk of bleeding. Surgery and procedures can be safely
performed with an INR <1.5, but in patients with a high
risk of thrombo-embolism the simple discontinuation of
oral therapy with VKAs may not be acceptable during the
period (5 days in the case of warfarin) necessary for the
effect of the antithrombotic therapy to subside.

Some of these patients may need bridging therapy with a
LMWH s.c. to minimize the risk of thrombo-embolism. This
strategy has been shown to be feasible, safe,?2>228 and
with significantly lower cost than with the use of weight-
adjusted i.v. UFH.%?° The thrombo-embolic risk in different
patient groups is shown in Table 10. For patients with a
low risk of thrombo-embolism, oral therapy with VKAs can
be withheld in the peri-procedural period, whereas high-risk
patients require continuous anticoagulation involving ‘brid-
ging’ during periods of sub-therapeutic levels of anticoagu-
lation with VKAs.

On the other hand, it has to be considered that the risk of
bleeding during anticoagulant therapy with VKAs varies in
relation to specific operations and procedures (Table 8),
when strategies for anticoagulation are planned. During
procedures with a low bleeding risk, such as diagnostic
endoscopy, cataract surgery, arthrocentesis, coronary

Table 10 Thrombo-embolic risk profile in patients undergoing
surgery, PCls, biopsies, and dental procedures

Low risk High risk

Biological prosthetic heart valve  Mechanical prosthetic heart
(>3 months) valve

Mitral valve repair (>3 months) Biological prosthetic heart
valve (<3 months)

Mitral valve repair (<3
months)

VTE (<3 months) and severe
thrombophilia®

AF without any high? or without
>1 moderate risk factor(s)"

VTE (>3 months) and mild
thrombophilia

#Prior ischaemic stroke, transient ischaemic attack or systemic embo-
lism, mitral stenosis or prosthetic heart valve.

PAge >75 years, hypertension, heart failure, left ventricular ejection
fraction <35%, diabetes mellitus.

“Active cancer, antiphospholipid antibody, AT deficiency, protein C or S
deficiency, homozygous FV Leiden, or prothrombin 20210 mutation.
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arteriography, and oral surgery/dental extractions, an
alteration of oral anticoagulant therapy with VKAs is not
needed. However, in high-risk situations, such as major
cancer or vascular surgery, neurosurgical procedures, as
well as diagnostic endoscopy, arterial punctures or biopsies
in organs where compression is not possible, oral anticoagu-
lant therapy with VKAs must be discontinued and ‘bridging
therapy’ with a s.c. LMWH in either standard prophylactic
and/or therapeutic dosages (Table 11) has to be initiated.

Table 11 Bridging therapy of VKAs with LMWHSs in high- and low-
risk patients/procedures

Low thrombo-embolic risk Procedures with low bleeding

risk

Discontinue VKA therapy 5 days
before procedure®

Standard LMWH prophylaxis
administered
peri-procedurally

Start VKAs on the day of surgery

Stop LMWH with INR in
therapeutic range or after at
least 5 days

Continue VKA therapy with
INR in therapeutic range

High thrombo-embolic risk Procedures with high

bleeding risk

Discontinue VKA therapy 5 days
before procedure®

Discontinue VKA therapy and
treat with a LMWH as
described for low- or
high-risk patient

Start a therapeutic LMWH 3 days
before procedure with last
dose 24 h before procedure

Standard LMWH prophylaxis
administered peri-
procedurally

Post-procedural start of VKAs on
the day of surgery and LMWH
on day 1, 2 or 3, depending on
haemostasis

Stop LMWH when INR in
therapeutic range (after at
least 5 days)

#For phenprocoumon 4 days, for acenocoumarol 2 days.

Table 12 LMWHs vs. VKAs for treatment of VTE

In patients with a high risk of bleeding, oral anticoagulant
therapy with warfarin is stopped 5 days before surgery
(Table 11). In patients with a low risk of thrombo-embolism,
warfarin therapy is re-started on the day of surgery.
Standard prophylactic LMWHs may be used and should be
continued until a therapeutic INR is obtained during warfarin
therapy or warfarin has been resumed for at least 5 days. In
patients with a high risk of thrombo-embolism, a thera-
peutic LMWH is started 3 days before surgery and the last
dose administered 24 h before surgery. Depending on hae-
mostasis, a therapeutic LMWH can be started 1, 2, or 3
days after surgery and warfarin on the day of surgery.
Prophylactic LMWHs can be used 12 h before and in the
evening after surgery. LMWH therapy is continued until
a therapeutic INR is obtained during warfarin therapy.
Phenprocoumon, which has a longer therapeutic half-life
than warfarin, is stopped 7 days before surgery.

Cancer

Cancer patients have an increased risk of spontaneous VTE
and of thrombo-embolic complications during surgery.?°
Cancer chemotherapy and radiotherapy also increase the
risk of VTE.2*""232 |n cancer patients, the risk of bleeding
and thrombo-embolic complications are increased during
oral anticoagulant therapy with VKAs, and it is more difficult
to keep the INR in the therapeutic range than in patients
without cancer.?*323* Anorexia, vomiting, drug interac-
tions, thrombocytopenia, and interruption of anticoagulant
therapy in relation to procedures are important for the
increased risk and monitoring difficulties in cancer patients.

Alternative treatment regimens with LMWHs have been
tested in three studies comparing s.c. LMWHs with VKAs in
cancer patients with VTE or pulmonary embolism.235-2%7
Altogether, these studies demonstrated less VTE recurrence
and lower risk of bleeding with LMWHs than with VKAs during
a treatment period of 3-6 months (Table 12).

In addition, LMWH treatment may influence tumour
growth and metastasis in cancer patients,?*® and may thus
prolong survival in these patients.?3°"24! Therefore, a tight
INR control during therapy with VKAs or an alternative treat-
ment regimen with a LMWH are recommended in cancer
patients.

Number (n) of LMWH treatment Treatment Thrombo-embolic Bleeding complications Reference
patients (daily) duration complications
n=167 Tinzaparin 3 months Tinzaparin 6.3%; VKA 11.5%, Tinzaparin 6.3%, VKA 8.0%, 237
(post-hoc 175 IU/kgx1 s.c. P <0.05 NS
analysis) DVT
n=146 DVTand Enoxaparin 1.5 mg/kg 3 months VTE+bleeding: Enoxaparin Enoxaparin 7.0% (0/5 235
PE x1s.c. 10.5%; VKAs 21.1%, fatal); VKAs 16.0% (6/12
P=0.09 fatal); NS
n=676 DVTand Dalteparin 200 IU/kg for 1 6 months Dalteparin 8.0%; VKAs 15.8%;  Dalteparin 6.0%; VKAs 4%; 236

PE month; then reduced

by 25%

RR 0.48 (95% Cl 0.3-0.77;
P =0.002)

NS

DVT, deep vein thrombosis; PE, pulmonary embolism; VTE, venous thromboembolism; NS, not significantly different.
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Anticoagulant therapy in combination with
other drugs interfering with haemostasis

Anticoagulant therapy in combination
with antiplatelet therapy

Although mechanistically sound, the combination of VKAs
and antiplatelet therapy has not been convincingly shown
to have a favourable benefit/risk profile for the long-term
management of coronary heart disease patients. Aspirin
increases the risk of warfarin-associated bleeding by inhibit-
ing platelet function.'' The size of this increased risk
depends on the intensity of anticoagulation as well as on
the daily dose of aspirin.’®' Although aspirin completely
blocks thromboxane(TX)A,-dependent platelet function at
any dose in excess of 30 mg daily, its deleterious effects
on the gastroduodenal mucosa are clearly dose-
dependent.?* Thus, daily doses in the range of 75-100 mg
do not produce significantly more gastroduodenal ulcer
lesions than placebo?*® and double the risk of upper gastro-
intestinal bleeding largely through the impairment of
primary haemostasis.2*? In contrast, higher doses of aspirin
dose-dependently increase the risk of upper gastrointestinal
bleeding by inducing new mucosal lesions as well as by inhi-
biting platelet function.?*?

Concomitant use of aspirin and VKAs has been associated
with a higher risk of bleeding, even in patients treated
with warfarin with a mean INR <2.0."167:1%° |n a large
randomized trial in patients with a recent MI, the rate of
spontaneous major haemorrhage during the first year of
therapy was increased to 1.4% in patients treated with
3 mg of warfarin (INR 1.2) and aspirin 80 mg/day, compared
with 0.7% in patients treated with aspirin 160 mg/day (P =
0.01)." In a primary prevention trial in approximately
5000 men at high risk for coronary heart disease, the rate
of haemorrhagic stroke was 0.09%/year in those treated
with low-dose warfarin (INR 1.5) plus aspirin 75 mg/day;
0.01%/year in those treated with low-intensity warfarin
alone, and 0.02%/year in those treated with low-dose
aspirin alone.' Similarly, in a trial that compared warfarin
(INR 1.8) plus 81 mg of aspirin with 162 mg of aspirin alone in
approximately 5000 patients with a recent MI, major bleed-
ing was more common in the warfarin and aspirin group than
in the aspirin-only group (1.28 vs. 0.72 events/100 persons/
year of follow-up, respectively; P < 0.001)."®® The percen-
tage of patients with a recent MI who suffered a serious
bleed was also doubled by the combination of 1.25 mg of
warfarin and 75 mg of aspirin vs. 75 mg of aspirin alone in
the recently reported LoWASA study.'”?® Interestingly, in
three separate trials after MI,"®”"%173 the increased risk
of major bleeds was recorded in the face of no differences
in the rates of major vascular events, suggesting that the
threshold for the intensity of anticoagulation with warfarin
to increase the risk of bleeding in aspirin-treated patients
may be somewhat lower than the threshold for protecting
against arterial thrombosis.'”?

In a literature survey of 14 articles reporting on the com-
bination of aspirin and VKAs (mostly warfarin) vs. aspirin
alone, enrolling 25 307 patients, Andreotti et al.?** recently
reported that the combination of aspirin and VKAs, pooling
data irrespective of the achieved INR, did not significantly
affect the risk of major adverse events (all-cause death,
non-fatal MI, and non-fatal thrombo-embolic stroke)
when compared with aspirin alone [OR 0.96 (0.90-1.03),

P =0.30], but increased the risk of major bleeds OR 1.77
(1.47-2.13), P < 0.00001. However, in studies with INR of
2-3, aspirin plus VKAs was associated with a significant
reduction of major adverse events [OR 0.73 (0.63-0.84), P
< 0.0001, number needed to treat to avoid one major
adverse event=33], albeit at an increased risk of major
bleed [OR 2.32 (1.63-3.29), P < 0.00001; number needed
to harm by causing one major bleed=100]. In both
analyses, intracranial bleeding was not significantly
increased by aspirin plus VKA when compared with aspirin
alone. Therefore, for patients recovering from an ACS, a
combined strategy of aspirin plus warfarin at INR values of
2-3 doubles the risk of major bleeds, but is nonetheless
superior to aspirin alone in preventing major adverse
events. Whether this combined regimen is also superior
to a ‘double’ antiplatelet strategy with aspirin plus
clopidogrel or to newer evolving treatments warrants
further investigation.

In a small trial combined treatment with clopidogrel,
aspirin, and VKAs in ACS patients gave more major bleeding
complications than clopidogrel and aspirin in combi-
nation.?** In a population-based observational cohort study
using linked administratve databases, triple therapy in
elderly patients after a myocardial infarction only gave a
small increase in bleeding risk.?*® In a retrospective analysis
of 66 PCl-treated patients who received aspirin in combi-
nation with clopidogrel for 4 weeks and continued treatment
with warfarin, six patients (9.2%) experienced bleeding
events.?* These results were later confirmed in a separate
study of 107 consecutive patients.?*® In patients receiving
a drug-eluting stent, treatment with aspirin and clopidogrel
for a period of at least 12 months is necessary to reduce the
risk of stent thrombosis, whereas the treatment period may
be shortened to 1 month if bare metal stents are used. Thus,
such latter type of stents may be a better choice in patients
who need continued treatment with VKAs.

In patients who are treated with a combination of aspirin
and dipyridamole because of a previous stroke or transient
ischaemic attack, treatment with VKAs may be indicated
for other reasons. In these patients, dipyridamole is usually
suspended, as the risk and benefit of these three drugs in
combination is unknown. Dipyridamole has no documented
effect in patients with coronary heart disease, and in patients
with ACS and/or PCl with stent implantation dipyridamole
treatment is stopped and dual platelet inhibition with
aspirin  and clopidogrel initiated. Treatment with
dipyridamole can be resumed when clopidogrel is stopped.

Further prospective trials are needed to evaluate safety
and efficacy of long-term treatment with dual platelet inhi-
bition in combination with VKAs.

Anticoagulant therapy in combination
with fibrinolytic therapy

In patients with acute MI treated with SK, no clear advan-
tage was seen by the adjunctive treatment of i.v. UFH in
the GISSI-2, ISIS-3 and GUSTO-I trials.?*’ The evidence for
the use of UFH with t-PA is only slightly stronger.'®® In the
GUSTO-I trial, the combination of front-loaded t-PA with
UFH was found to be superior to SK and resulted in five
fewer deaths, three fewer re-infarctions, and one less pul-
monary embolism per 1000 patients treated. It has to be
remarked, however, that the study did not include a
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t-PA-only group.'® As a consequence of GUSTO-I, however,
later clinical trials, such as GUSTO-IIb, TIMI-9B, COBALT,
and GUSTO-IIl, all utilized a 5000 U bolus of adjunctive
UFH, followed by 1000 U/h of UFH. However, the incidence
of ICH in these studies still was unacceptably high
(0.7-0.9%), and later studies began using body weight-
adjusted UFH doses (reviewed in Menon et al.?*). The
most recent recommendation of the seventh ACCP confer-
ence on antithrombotic and thrombolytic therapy for
patients with AMI treated with alteplase, tenecteplase, or
reteplase is 60 U/kg UFH as a bolus, but maximally 4000 U,
followed by 12 U/kg/h (1000 U maximum) for 48 h, adjusted
to maintain the aPTT in the 50-75s range (Grade 1C).
However, in a meta-analysis of UFH trials, UFH has not
been shown to prevent death or re-infarction in STEMI
patients receiving thrombolytic therapy and aspirin.'*

In the HERO-2 trial, the effect of bivalirudin vs. UFH
together with 1.5 million units of SK and 150-325 mg of
aspirin was examined in 17 073 patients with STEMI. Bivalir-
udin did not reduce mortality at 30 days compared with
UFH. It did, however, reduce the rate of re-infarction
within 4 days by 30%. Small increases were seen in mild
and moderate bleeding in the bivalirudin arm.?®® No
further trials were undertaken with bivalirudin in STEMI.

Of the four randomized, double-blind studies comparing
LMWHSs with placebo in STEMI patients undergoing thrombo-
lytic therapy with SK, three (AMI-SK, FRAMI, BIOMACS II)
resulted in favourable outcomes in the LMWH group; due
to the limited size of these studies, few outcome par-
ameters (death and re-infarction at 7 and 30 days) were
significantly different in the LMWH group compared with
placebo (reviewed in Eikelboom et al.'®®). The large ran-
domized, double-blind, placebo-controlled CREATE study in
15570 STEMI patients from China and India administered
the LMWH reviparin twice a day (<50kg: 3436 1U; 50-
75 kg: 5153 IU; >75 kg: 6871 1U). The choice of the thrombo-
lyrtic agents was left to the investigator; SK, UK, and t-PA
were used. Most patients (97%) received aspirin, 55% clopi-
dogrel, or ticlopidine. Thrombolytic therapy was given to
73% and direct PCl was used in 6% of patients. At 30 days,
the death rate was 9.8% in the reviparin group and 11.3%
in the placebo arm (95% Cl 0.79-0.95), re-infarction 2.0
vs. 2.5% (0.62-0.95), stroke 1.0 vs. 0.8 (0.89-1.73), and life-
threatening bleeding at 7 days 0.7 vs. 0.3% (P < 0.001). The
authors concluded that the small absolute increase of life-
threatening bleeding was outweighed by the reduction in
mortality and re-infarction without a substantial increase
in the overall stroke rate.?*'

Until 2003, six studies were reported comparing LMWHs with
UFH in STEMI patients treated with thrombolysis (ASSENT-2,
ASSENT-3, ASSENT-3 PLUS, HART Il, ENTIRE-TIMI and Baird
et al.). In five studies, therapeutic doses of enoxaparin were
given, in one dalteparin was used. Thrombolytic agents
included SK or anisoylated plasminogen SK activator complex
in one, t-PA in two, and tenecteplase (TNK) in three
studies. A meta-analysis of these six studies revealed a signifi-
cant (45%) reduction in re-infarction and a non-significant
reduction in death at day 7 in patients treated with a LMWH.
Similar results were obtained at 30 days. There was a
non-significant increase of strokes at day 7, and a
significant increase in minor bleeding, as well as a small
increase in major bleeding in the LMWH arm (reviewed in
Eikelboom et al."®).

In the EXTRACT-TIMI 25 trial, 20 506 patients with STEMI
were randomly allocated to receive enoxaparin throughout
the index hospitalization or i.v. UFH for 48 h. All patients
were to receive aspirin, and—at the discretion of treating
physicians—SK, TNK, t-PA, or reteplase according to the
manufacturer’s instructions. The primary efficacy endpoint
was death or non-fatal re-infarction through 30 days. This
occurred in 12% in the UFH group and in 8.9% in the enoxa-
parin group (17% reduction in relative risk; P < 0.001). Major
bleeding was more common in the enoxaparin arm (2.1%)
than in the UFH group (1.4%; P < 0.001). The composite of
death, non-fatal re-infarction, and non-fatal ICH (a
measure of net clinical benefit) occurred in 12.2% of
patients given UFH and in 10.1% of those given enoxaparin
(P <0.001)."3¢

One study evaluated the effect of fondaparinux in con-
junction with thrombolysis. In the double-blind OASIS-6
trial, 12 092 patients with STEMI were randomized to fonda-
parinux, 2.5 mg once daily for 8 days, or placebo or UFH for
48 h followed by placebo for up to 8 days. Forty-five percent
of patients were given a fibrin-specific thrombolytic agent,
and 31% underwent primary PCIl. Death or re-infarction at
days 9 and 30 were lower in the fondaparinux than in the
placebo/UFH group (7.4 vs. 8.9%, P=0.003; 9.7 vs. 11.2%,
P =0.08). Severe haemorrhage was less common in the fon-
daparinux arm compared with the placebo/UFH groups (1.0
vs. 1.3%)."*8 A subanalysis within the group of patients being
treated with fibrinolysis (n > 3000) showed that there was
no difference whether the fondaparinux patients got SK or
fibrin-specific lytics.

Thus, in treatment regimens using thrombolytic therapy, a
clear tendency appears to exist in replacing UFH with
LMWHs, particularly enoxaparin, given for up to 1 week.
Results with fondaparinux are also encouraging.

Finally, one study, the Antithrombotics in the Prevention
of Reocclusion in Coronary Thrombolysis (APRICOT)-2 trial
evaluated the impact of a prolonged anticoagulation
regimen as adjunctive to aspirin in the prevention of reoc-
clusion and recurrent ischaemic events after fibrinolysis
for STEMI.'”® Here, 308 patients receiving aspirin and i.v.
heparin had a patent infarct-related artery (TIMI grade 3
flow) at coronary angiography <48 h after fibrinolytic
therapy. They were randomly assigned to standard heparini-
zation and continuation of aspirin alone or to a 3-month
combination of aspirin with moderate-intensity VKAs,
including continued heparinization until the target INR of
2.0 to 3.0 was reached. Angiographic and clinical follow-up
were assessed at 3 months. Median INR was 2.6 (25-75th
percentiles 2.1-3.1). Reocclusion (<TIMI grade 2 flow) was
observed in 15% of patients receiving aspirin and VKAs com-
pared with 28% in those receiving aspirin alone [relative risk
(RR), 0.55; 95% CI 0.33-0.90; P < 0.02]. TIMI grades 0-1 flow
rates were 9% and 20%, respectively (RR 0.46, 95% Cl 0.24-
0.89; P < 0.02). Survival rates free from re-infarction and
revascularization were 86 and 66%, respectively (P<
0.01). Bleeding (TIMI major and minor) was infrequent: 5
vs. 3% (P=NS)."7° Therefore, as adjunctive to aspirin, a
3-month regimen of moderate-intensity VKAs, including
heparinization until the target INR is reached, markedly
reduces reocclusion and recurrent events after successful
fibrinolysis. This conceptual study provides a mechanistic
rationale to further investigate the role of prolonged antic-
oagulation after fibrinolytic therapy.

/T0Z ‘6 Afenuer uo 1s9nb Aq /B10'seulnolpioxo’ ireayne)/:diy woly papeojumoq


http://eurheartj.oxfordjournals.org/

906 ESC Working Group on Thrombosis: Task Force on Anticoagulants in Heart Disease

Current needs and future developments

Anticoagulants are a mainstay of cardiovascular therapy,
both in the acute phase (mainly heparins) and in the long
term (VKAs). They have allowed the take-off of cardiac
surgery, permitting extracorporeal circulation, and are
important adjuvant therapy in the performance of PCls
and in the management of ACS. Despite these certain
merits, currently available anticoagulants have several
shortcomings, including potentially improvable rates of
bleeding and additional side effects not necessarily linked
to their activity in inhibiting coagulation. Especially of
concern is the use of VKAs. These drugs, despite widespread
diffusion, remain problematic, mainly for the narrow thera-
peutic window, the extent of interactions with foods and
other drugs, the need of frequent monitoring and adjust-
ments of dosages, and poor patients’ acceptance. Pharma-
cological research is currently making new anticoagulants
available, of which the pentasaccharides and DTls (including
orally active molecules) have reached extremely promising
phase Il development. This document has been finalized a
few months after the announcement that one such drug,
the orally active DTI ximelagatran, has been voluntarily
withdrawn by the manufacturer from further development,
after having already been approved for the prevention of
deep vein thrombosis in the setting of orthopaedic surgery,
and after having been favorably tested in large phase I
and phase Il trials in NSTE-ACS and AF, due to hepatic side
effects. Although the committee supports this prudent
decision by the manufacturer, this leaves many hopes for
alternative drugs unfulfilled. It is expected that newly
developed orally active DTIs, similar to ximelagatran in
terms of pharmacodynamic and pharmacokinetic properties,
but potentially better tolerated, will not make their appear-
ance on the market before 3 years from now. An even longer
wait will probably be necessary for orally active FXa
inhibitors, for which phase-lll trials in heart disease are
just starting. The committee underscores the therapeutic
relevance of this area of pharmacological research and
welcomes clinical trials of a number of newcomers, includ-
ing the pentasaccharides, oral FXa inhibitors and DTls.
Eighty-three years after the first clinical use of heparin,??
and 66 years after the clinical introduction of VKAs,*>* we
are at the verge of an unprecedented pharmacological revo-
lution in this area, whereby safer drugs with low potential
for food and drug interaction and simple, fixed dosing,
without need of monitoring, are being evaluated. There
are now several research developments that will likely
lead to drugs finally able to meet many of the current
needs. For the moment, the cardiologist needs to master
currently available drugs, understanding mechanism of
action, side effects, relative advantages, and management
problems in depth. The cardiologist also needs to be
aware of new developments and, while remaining alert in
scrutinizing new drugs for the balance between real advan-
tages and new problems connected with their use, should
actively participate in the ongoing discussion on proper com-
parisons with older generation drugs.

Acknowledgements

This work has been supported by unrestricted grants from Astra-
Zeneca, Boehringer Ingelheim, Nycomed, Glaxo-SmithKline and

Sanofi-Aventis, who provided funding for the four meetings of the
Committee. The Committee acknowledges the support of Asa
Eliasson (AstraZeneca), Georg van Husen (Boehringer Ingelheim),
Lise Linde and Kristina Allikmets (Nycomed), Jean-Philippe Verbist
and Isabelle Richard-Lorderau (Glaxo-SmithKline) and Frédérique
Bigonzi (Sanofi-Aventis), for technical help in the revision of the
manuscript. The Committee declares no influence of the sponsors
on the substantial content of this manuscript.

Conflict of interest: R.D.C. reported receiving research grants from
AstraZeneca and Servier and performing consulting work for Astra-
Zeneca, Sanofi-Aventis, and Boehringer Ingelheim. C.B. reported
not to receive honoraria or other payments from the drug industry,
except reimbursement of costs to participate in scientific or advi-
sory committee meetings by Bayer, Merck, Novartis, GlaxoSmith-
Kline, and AstraZeneca. F.W.A.V. reported receiving research
grants from Sanofi-Aventis and performing consulting work for
Sanofi-Aventis, AstraZeneca, Bristol-Meyer-Squibb, and Lilly AG.
L.W. reported receiving research grants from AstraZeneca, Boehrin-
ger Ingelheim, Lilly AG, Bristol-Meyer-Squibb, Schering-Plough,
Sanofi-Aventis, Pfizer, and Merck Sharp and Dohme. S.H. reported
receiving research grants from Boehringer Ingelheim, AstraZeneca,
Bristol-Meyer-Squibb, and Sanofi-Aventis and performing consulting
work for Pfizer, Sanofi-Aventis, GlaxoSmithKline, and AstraZeneca.
None of the other authors reported financial disclosures. Full dis-
closure available at http://www.escardio.org/ Thrombosis.

References

1. Patrono C, Bachmann F, Baigent C, Bode C, De Caterina R, Charbonnier B,
Fitzgerald D, Hirsh J, Husted S, Kvasnicka J, Montalescot G, Garcia
Rodriguez LA, Verheugt F, Vermylen J, Wallentin L, Priori SG, Alonso
Garcia MA, Blanc JJ, Budaj A, Cowie M, Dean V, Deckers J, Fernandez
Burgos E, Lekakis J, Lindahl B, Mazzotta G, Morais J, Oto A, Smiseth OA,
Ferreira R, Steg PG, Teixeira F, Wilcox R. Expert consensus document on
the use of antiplatelet agents. The task force on the use of antiplatelet
agents in patients with atherosclerotic cardiovascular disease of the
European society of cardiology. Eur Heart J 2004;25:166-181.

2. Davie EW, Fujikawa K, Kisiel W. The coagulation cascade: initiation,
maintenance, and regulation. Biochemistry 1991;30:10363-10370.

3. Libby P. Coronary artery injury and the biology of atherosclerosis:
inflammation, thrombosis, and stabilization. Am J Cardiol 2000;86:
3J-8J; discussion 8J-9J.

4. Fuster V, Moreno PR, Fayad ZA, Corti R, Badimon JJ. Atherothrombosis
and high-risk plaque: part I: evolving concepts. J Am Coll Cardiol
2005;46:937-954.

5. Hansson GK. Inflammation, atherosclerosis, and coronary artery disease.
N Engl J Med 2005;352:1685-1695.

6. Hoffman M, Monroe DM IlI. A cell-based model of hemostasis. Thromb
Haemost 2001;85:958-965.

7. Monroe DM, Hoffman M, Roberts HR. Platelets and thrombin generation.
Arterioscler Thromb Vasc Biol 2002;22:1381-1389.

8. Eilertsen KE, Osterud B. Tissue factor: (patho)physiology and cellular
biology. Blood Coagul Fibrinolysis 2004;15:521-538.

9. Belting M, Dorrell MI, Sandgren S, Aguilar E, Ahamed J, Dorfleutner A,
Carmeliet P, Mueller BM, Friedlander M, Ruf W. Regulation of angiogen-
esis by tissue factor cytoplasmic domain signaling. Nat Med 2004;10:
502-509.

10. Rao LV, Pendurthi UR. Tissue factor-factor Vlla signaling. Arterioscler
Thromb Vasc Biol 2005;25:47-56.

11. Siegbahn A, Johnell M, Sorensen BB, Petersen LC, Heldin CH. Regulation
of chemotaxis by the cytoplasmic domain of tissue factor. Thromb
Haemost 2005;93:27-34.

12. Broze GJ Jr, Warren LA, Novotny WF, Higuchi DA, Girard JJ, Miletich JP.
The lipoprotein-associated coagulation inhibitor that inhibits the factor
VII-tissue factor complex also inhibits factor Xa: insight into its possible
mechanism of action. Blood 1988;71:335-343.

13. Lwaleed BA, Bass PS. Tissue factor pathway inhibitor: structure, biology
and involvement in disease. J Pathol 2006;208:327-339.

14. Bajaj MS, Kuppuswamy MN, Saito H, Spitzer SG, Bajaj SP. Cultured
normal human hepatocytes do not synthesize lipoprotein-associated
coagulation inhibitor: evidence that endothelium is the principal site
of its synthesis. Proc Natl Acad Sci USA 1990;87:8869-8873.

/T0Z ‘6 Afenuer uo 1s9nb Aq /B10'seulnolpioxo’ ireayne)/:diy woly papeojumoq


http://eurheartj.oxfordjournals.org/

ESC Working Group on Thrombosis: Task Force on Anticoagulants in Heart Disease 907

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Sandset PM, Abildgaard U, Larsen ML. Heparin induces release of extrin-
sic coagulation pathway inhibitor (EPI). Thromb Res 1988;50:803-813.
Mann KG. Thrombin formation. Chest 2003;124:45-10S.

Monroe DM, Hoffman M. What does it take to make the perfect clot?
Arterioscler Thromb Vasc Biol 2005;26:41-48.

Linkins LA, Weitz JI. New anticoagulant therapy. Annu Rev Med 2005;56:
63-77.

Cicala C, Cirino G. Linkage between inflammation and coagulation: an
update on the molecular basis of the crosstalk. Life Sci 1998;62:
1817-1824.

Esmon CT. Inflammation and thrombosis. J Thromb Haemost 2003;1:
1343-1348.

Levi M, van der Poll T. Two-way interactions between inflammation and
coagulation. Trends Cardiovasc Med 2005;15:254-259.

Esmon CT. Crosstalk between inflammation and thrombosis. Maturitas
2004;47:305-314.

Coughlin SR. Protease-activated receptors in hemostasis, thrombosis
and vascular biology. J Thromb Haemost 2005;3:1800-1814.

Ruf W, Dorfleutner A, Riewald M. Specificity of coagulation factor signal-
ing. J Thromb Haemost 2003;1:1495-1503.

Fox KA, Cokkinos DV, Deckers J, Keil U, Maggioni A, Steg G. The ENACT
study: a pan-European survey of acute coronary syndromes. European
Network for Acute Coronary Treatment. Eur Heart J 2000;21:
1440-1449.

Fox KA, Goodman SG, Klein W, Brieger D, Steg PG, Dabbous O, Avezum A.
Management of acute coronary syndromes. Variations in practice and
outcome; findings from the Global Registry of Acute Coronary Events
(GRACE). Eur Heart J 2002;23:1177-1189.

Hasdai D, Behar S, Wallentin L, Danchin N, Gitt AK, Boersma E, Fioretti
PM, Simoons ML, Battler A. A prospective survey of the characteristics,
treatments and outcomes of patients with acute coronary syndromes in
Europe and the Mediterranean basin; the Euro Heart Survey of Acute
Coronary Syndromes (Euro Heart Survey ACS). Eur Heart J 2002;23:
1190-1201.

Lifestyle and risk factor management and use of drug therapies in coronary
patients from 15 countries; principal results from EUROASPIRE Il Euro
Heart Survey Programme. Eur Heart J 2001;22:554-572.

Nieuwlaat R, Capucci A, Camm AJ, Olsson SB, Andresen D, Davies DW,
Cobbe S, Breithardt G, Le Heuzey JY, Prins MH, Levy S, Crijns HJ. Atrial
fibrillation management: a prospective survey in ESC member countries:
the Euro Heart Survey on Atrial Fibrillation. Eur Heart J 2005;26:
2422-2434.

DeWilde S, Carey IM, Emmas C, Richards N, Cook DG. Trends in the
prevalence of diagnosed atrial fibrillation, its treatment with anticoagu-
lation, and predictors of such treatment in UK primary care. Heart 2005;
92:1064-1070.

Salem DN, Stein PD, Al-Ahmad A, Bussey HI, Horstkotte D, Miller N,
Pauker SG. Antithrombotic therapy in valvular heart disease—native
and prosthetic: the Seventh ACCP Conference on Antithrombotic and
Thrombolytic Therapy. Chest 2004;126:4575-482S.

van Veldhuisen DJ, Charlesworth A, Crijns HJ, Lie KI, Hampton JR.
Differences in drug treatment of chronic heart failure between Euro-
pean countries. Eur Heart J 1999;20:666-672.

Hirsh J, Raschke R. Heparin and low-molecular-weight heparin: the
Seventh ACCP Conference on Antithrombotic and Thrombolytic
Therapy. Chest 2004;126:1885-203S.

Tollefsen DM, Majerus DW, Blank MK. Heparin cofactor Il. Purification
and properties of a heparindependent inhibitor of thrombin in human
plasma. J Biol Chem 1982;257:2162-2169.

Barrow RT, Parker ET, Krishnaswamy S, Lollar P. Inhibition by heparin of
the human blood coagulation intrinsic pathway factor X activator. J Biol
Chem 1994;269:26796-26800.

Sheehan JP, Kobbervig CE, Kirkpatrick HM. Heparin inhibits the intrinsic
tenase complex by interacting with an exosite on factor I1Xa. Biochemis-
try 2003;42:11316-11325.

Dawes J, Bara L, Billaud E, Samama M. Relationship between biological
activity and concentration of a low-molecular-weight heparin (PK
10169) and unfractionated heparin after intravenous and subcutaneous
administration. Haemostasis 1986;16:116-122.

Hull RD, Raskob GE, Hirsh J, Jay RM, Leclerc JR, Geerts WH, Rosenbloom D,
Sackett DL, Anderson C, Harrison L. Continuous intravenous heparin com-
pared with intermittent subcutaneous heparin in the initial treatment of
proximal-vein thrombosis. N Engl J Med 1986;315:1109-1114.

Raschke RA, Reilly BM, Guidry JR, Fontana JR, Srinivas S. The weight-
based heparin dosing nomogram compared with a ‘standard care’

40.

M.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.
60.

nomogram. A randomized controlled trial. Ann Intern Med 1993;119:
874-881.

Basu D, Gallus A, Hirsh J, Cade J. A prospective study of the value of
monitoring heparin treatment with the activated partial thromboplastin
time. N Engl J Med 1972;287:324-327.

Bates SM, Weitz JI, Johnston M, Hirsh J, Ginsberg JS. Use of a fixed acti-
vated partial thromboplastin time ratio to establish a therapeutic range
for unfractionated heparin. Arch Intern Med 2001;161:385-391.
Greinacher A, Warkentin TE. Recognition, treatment, and prevention of
heparin-induced thrombocytopenia: review and update. Thromb Res
2005;

Arepally GM, Ortel TL. Clinical practice. Heparin-induced thrombocyto-
penia. N Engl J Med 2006;355:809-817.

Weitz JI. Low-molecular-weight heparins. N Engl J Med 1997;337:
688-698.

Hirsh J, Warkentin TE, Raschke R, Granger C, Ohman EM, Dalen JE.
Heparin and low-molecular-weight heparin: mechanisms of action,
pharmacokinetics, dosing considerations, monitoring, efficacy, and
safety. Chest 1998;114:4895-510S.

Bergqvist D, Burmark US, Flordal PA, Frisell J, Hallbook T, Hedberg M,
Horn A, Kelty E, Kvitting P, Lindhagen A. Low molecular weight
heparin started before surgery as prophylaxis against deep vein throm-
bosis: 2500 versus 5000 Xal units in 2070 patients. Br J Surg 1995;82:
496-501.

Montalescot G, Philippe F, Ankri A, Vicaut E, Bearez E, Poulard JE,
Carrie D, Flammang D, Dutoit A, Carayon A, Jardel C, Chevrot M,
Bastard JP, Bigonzi F, Thomas D. Early increase of von Willebrand
factor predicts adverse outcome in unstable coronary artery disease:
beneficial effects of enoxaparin. French Investigators of the ESSENCE
Trial. Circulation 1998;98:294-299.

Montalescot G, Bal-dit-Sollier C, Chibedi D, Collet JP, Soulat T, Dalby M,
Choussat R, Cohen A, Slama M, Steg PG, Dubois-Rande JL, Metzger JP,
Tarragano F, Guermonprez JL, Drouet L. Comparison of effects on
markers of blood cell activation of enoxaparin, dalteparin, and unfrac-
tionated heparin in patients with unstable angina pectoris or
non-ST-segment elevation acute myocardial infarction (the ARMADA
study). Am J Cardiol 2003;91:925-930.

Antman EM. The search for replacements for unfractionated heparin.
Circulation 2001;103:2310-2314.

Spinler SA, Inverso SM, Cohen M, Goodman SG, Stringer KA, Antman EM.
Safety and efficacy of unfractionated heparin versus enoxaparin in
patients who are obese and patients with severe renal impairment:
analysis from the ESSENCE and TIMI 11B studies. Am Heart J 2003;
146:33-41.

Goudable C, Saivin S, Houin G, Sie P, Boneu B, Tonthat H, Suc JM. Phar-
macokinetics of a low molecular weight heparin (Fraxiparine) in various
stages of chronic renal failure. Nephron 1991;59:543-545.

Becker RC, Spencer FA, Gibson M, Rush JE, Sanderink G, Murphy SA, Ball
SP, Antman EM. Influence of patient characteristics and renal function
on factor Xa inhibition pharmacokinetics and pharmacodynamics after
enoxaparin administration in non-ST-segment elevation acute coronary
syndromes. Am Heart J 2002;143:753-759.

Cestac P, Bagheri H, Lapeyre-Mestre M, Sie P, Fouladi A, Maupas E,
Leger P, Fontan B, Massip P, Montastruc JL. Utilisation and safety of
low molecular weight heparins: prospective observational study in
medical inpatients. Drug Saf 2003;26:197-207.

Warkentin TE, Levine MN, Hirsh J, Horsewood P, Roberts RS, Gent M,
Kelton JG. Heparin-induced thrombocytopenia in patients treated
with low-molecular-weight heparin or unfractionated heparin. N Engl
J Med 1995;332:1330-1335.

Casele HL, Laifer SA. Prospective evaluation of bone density in pregnant
women receiving the low molecular weight heparin enoxaparin sodium.
J Matern Fetal Med 2000;9:122-125.

Pettila V, Leinonen P, Markkola A, Hiilesmaa V, Kaaja R. Postpartum bone
mineral density in women treated for thromboprophylaxis with unfrac-
tionated heparin or LMW heparin. Thromb Haemost 2002;87:182-186.
Wawrzynska L, Tomkowski WZ, Przedlacki J, Hajduk B, Torbicki A. Changes
in bone density during longterm administration of low-molecular-weight
heparins or acenocoumarol for secondary prophylaxis of venous throm-
boembolism. Pathophysiol Haemost Thromb 2003;33:64-67.

Bauer KA. Fondaparinux: a new synthetic and selective inhibitor of
Factor Xa. Best Pract Res Clin Haematol 2004;17:89-104.

Tan KT, Lip GY. Fondaparinux. Curr Pharm Des 2005;11:415-419.
Lisman T, Bijsterveld NR, Adelmeijer J, Meijers JC, Levi M, Nieuwenhuis
HK, De Groot PG. Recombinant factor Vlla reverses the in vitro and

/T0Z ‘6 Afenuer uo 1s9nb Aq /B10'seulnolpioxo’ ireayne)/:diy woly papeojumoq


http://eurheartj.oxfordjournals.org/

908

ESC Working Group on Thrombosis: Task Force on Anticoagulants in Heart Disease

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

ex vivo anticoagulant and profibrinolytic effects of fondaparinux.
J Thromb Haemost 2003;1:2368-2373.

Herbert JM, Herault JP, Bernat A, van Amsterdam RG, Lormeau JC,
Petitou M, van Boeckel C, Hoffmann P, Meuleman DG. Biochemical and
pharmacological properties of SANORG 34006, a potent and long-acting
synthetic pentasaccharide. Blood 1998;91:4197-4205.

Linkins LA, Julian JA, Rischke J, Hirsh J, Weitz JI. In vitro comparison of
the effect of heparin, enoxaparin and fondaparinux on tests of coagu-
lation. Thromb Res 2002;107:241-244.

Handschin AE, Trentz OA, Hoerstrup SP, Kock HJ, Wanner GA, Trentz O.
Effect of low molecular weight heparin (dalteparin) and fondaparinux
(Arixtra) on human osteoblasts in vitro. Br J Surg 2005;92:177-183.
Matziolis G, Perka C, Disch A, Zippel H. Effects of fondaparinux com-
pared with dalteparin, enoxaparin and unfractionated heparin on
human osteoblasts. Calcif Tissue Int 2003;73:370-379.

Salzman EW, Rosenberg RD, Smith MH, Lindon JN, Favreau L. Effect of
heparin and heparin fractions on platelet aggregation. J Clin Invest
1980;65:64-73.

Weitz JI, Bates SM. New anticoagulants. J Thromb Haemost 2005;3:
1843-1853.

Ansell J, Hirsh J, Poller L, Bussey H, Jacobson A, Hylek E. The pharma-
cology and management of the vitamin K antagonists: the Seventh ACCP
Conference on Antithrombotic and Thrombolytic Therapy. Chest 2004;
126:2045-233S.

Wittkowsky AK. Drug interactions update: drugs, herbs, and oral antic-
oagulation. J Thromb Thrombolysis 2001;12:67-71.

WHO Expert Committee on Biological Standardization. Thirty-third
report. World Health Organ Tech Rep Ser 1983;687:1-184.

WHO Expert Committee on Biological Standardization. World Health
Organ Tech Rep Ser 1999;889:ii-vi, 1-111.

Kirkwood TB. Calibration of reference thromboplastins and standardis-
ation of the prothrombin time ratio. Thromb Haemost 1983;49:
238-244.

Poller L. Progress in standardisation in anticoagulant control. Hematol
Rev 1987;1:225-241.

Poggio M, van den Besselaar AM, van der Velde EA, Bertina RM. The
effect of some instruments for prothrombin time testing on the Inter-
national Sensitivity Index (ISl) of two rabbit tissue thromboplastin
reagents. Thromb Haemost 1989;62:868-874.

Peters RH, van den Besselaar AM, Olthuis FM. A Multi-centre study to
evaluate method dependency of the international sensitivity index of
bovine thromboplastin. Thromb Haemost 1989;61:166-169.

Ray MJ, Smith IR. The dependence of the International Sensitivity Index
on the coagulometer used to perform the prothrombin time. Thromb
Haemost 1990;63:424-429.

van den Besselaar AM, Houbouyan LL, Aillaud MF, Denson KW, Johnston M,
Kitchen S, Lindahl TL, Marren M, Martinuzzo ME, Droulle C, Tripodi A,
Vergnes C. Influence of three types of automated coagulometers on the
international sensitivity index (ISI) of rabbit, human, and recombinant
human tissue factor preparations—a multicenter study. Thromb
Haemost 1999;81:66-70.

van den Besselaar AM, Barrowcliffe TW, Houbouyan-Reveillard LL,
Jespersen J, Johnston M, Poller L, Tripodi A. Guidelines on preparation,
certification, and use of certified plasmas for ISI calibration and INR
determination. J Thromb Haemost 2004;2:1946-1953.

Poller L, Barrowcliffe TW, van den Besselaar AM, Jespersen J, Tripodi A,
Houghton D. Minimum lyophilized plasma requirement for ISI cali-
bration. European Concerted Action on Anticoagulation. Am J Clin
Pathol 1998;109:196-204.

van den Besselaar AM, Witteveen E, Schaefer-van Mansfeld H, van Rijn C,
van der Meer FJ. Effect of plasma pooling on the International Sensitivity
Index of prothrombin time systems. Blood Coagul Fibrinolysis 1998;9:
645-651.

Tripodi A, Chantarangkul V, Manotti C, Poggi M, Braga M, Akkawat B,
Bucciarelli P, Mannucci PM. A simplified procedure for thromboplastin
calibration—the usefulness of lyophilized plasmas assessed in a colla-
borative study. Thromb Haemost 1996;75:309-312.

Poller L, van den Besselaar AM, Jespersen J, Tripodi A, Houghton D. A
comparison of linear and orthogonal regression analysis for local INR
determination in ECAA coagulometer studies. European Concerted
Action on Anticoagulation. Br J Haematol 1998;102:910-917.

Poller L, Shiach CR, MacCallum PK, Johansen AM, Munster AM, Magal-
haes A, Jespersen J. Multicentre randomised study of computerised
anticoagulant dosage. European Concerted Action on Anticoagulation.
Lancet 1998;352:1505-1509.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Tripodi A, Chantarangkul V, Clerici M, Negri B, Mannucci PM. Determi-
nation of the International Sensitivity Index of a new near-patient
testing device to monitor oral anticoagulant therapy—overview of the
assessment of conformity to the calibration model. Thromb Haemost
1997;78:855-858.

Poller L, Keown M, Chauhan N, van den Besselaar AM, Tripodi A, Shiach C,
Jespersen J. Reliability of international normalised ratios from two point
of care test systems: comparison with conventional methods. Bmj 2003;
327:30.

Poller L, Keown M, Chauhan N, van den Besselaar AM, Tripodi A, Shiach C,
Jespersen J. European concerted action on anticoagulation. Quality
assessment of the CoaguChek Mini and TAS PT-NC point-of-care whole-
blood prothrombin time monitors. Clin Chem 2004;50:537-544.

Meijer P, Kluft C, Poller L, van der Meer FJ, Keown M, Ibrahim S, van den
Besselaar AM, Tripodi A, Jespersen J. A national field study of quality
assessment of CoaguChek point-of-care testing prothrombin time moni-
tors. Am J Clin Pathol 2006;126:756-761.

Poller L, Keown M, Ibrahim SA, van der Meer FJ, van den Besselaar AM,
Tripodi A, Jespersen J, Meijer P, Kluft C. Quality assessment of Coagu-
Chek point-of-care prothrombin time monitors: comparison of the Euro-
pean community-approved procedure and conventional external quality
assessment. Clin Chem 2006;52:1843-1847.

Heneghan C, Alonso-Coello P, Garcia-Alamino JM, Perera R, Meats E,
Glasziou P. Self-monitoring of oral anticoagulation: a systematic
review and meta-analysis. Lancet 2006;367:404-411.

Gadisseur AP, Breukink-Engbers WG, van der Meer FJ, van den Besselaar
AM, Sturk A, Rosendaal FR. Comparison of the quality of oral anticoagu-
lant therapy through patient self-management and management by
specialized anticoagulation clinics in the Netherlands: a randomized
clinical trial. Arch Intern Med 2003;163:2639-2646.

Siebenhofer A, Berghold A, Sawicki PT. Systematic review of studies of
self-management of oral anticoagulation. Thromb Haemost 2004;91:
225-232.

Gadisseur AP, Kaptein AA, Breukink-Engbers WG, van der Meer FJ,
Rosendaal FR. Patient self-management of oral anticoagulant care vs.
management by specialized anticoagulation clinics: positive effects on
quality of life. J Thromb Haemost 2004;2:584-591.

Sarich TC, Eriksson UG, Mattsson C, Wolzt M, Frison L, Fager G, Gustafs-
son D. Inhibition of thrombin generation by the oral direct thrombin
inhibitor ximelagatran in shed blood from healthy male subjects.
Thromb Haemost 2002;87:300-305.

Eriksson UG, Bredberg U, Hoffmann KJ, Thuresson A, Gabrielsson M,
Ericsson H, Ahnoff M, Gislen K, Fager G, Gustafsson D. Absorption, dis-
tribution, metabolism, and excretion of ximelagatran, an oral direct
thrombin inhibitor, in rats, dogs, and humans. Drug Metab Dispos
2003;31:294-305.

Gustafsson D, Elg M. The pharmacodynamics and pharmacokinetics of
the oral direct thrombin inhibitor ximelagatran and its active metab-
olite melagatran: a mini-review. Thromb Res 2003;109(Suppl. 1):
$9-515.

Johansson LC, Andersson M, Fager G, Gustafsson D, Eriksson UG. No
influence of ethnic origin on the pharmacokinetics and pharmacody-
namics of melagatran following oral administration of ximelagatran, a
novel oral direct thrombin inhibitor, to healthy male volunteers. Clin
Pharmacokinet 2003;42:475-484.

Sorbera LA, Bozzo J, Castaner J. Dabigatran/dabigatran etexilate. Drugs
Future 2005;30:877-885.

Eriksson Bl, Dahl OE, Biiller HR, Hettiarachchi R, Rosencher N, Bravo ML,
Ahnfelt L, Piovella F, Stangier J, Kalebo P, Reilly P. A new oral direct
thrombin inhibitor, dabigatran etexilate, compared with enoxaparin
for prevention of thromboembolic events following total hip or knee
replacement: the BISTRO Il randomized trial. J Thromb Haemost 2005;
3:103-111.

Stangier J, Eriksson Bl, Dahl OE, Ahnfelt L, Nehmiz G, Stahle H, Rathgen K,
Svard R. Pharmacokinetic profile of the oral direct thrombin inhibitor
dabigatran etexilate in healthy volunteers and patients undergoing
total hip replacement. J Clin Pharmacol 2005;45:555-563.

Eriksson BI, Dahl OE, Ahnfelt L, Kalebo P, Stangier J, Nehmiz G, Her-
mansson K, Kohlbrenner V. Dose escalating safety study of a new oral
direct thrombin inhibitor, dabigatran etexilate, in patients undergoing
total hip replacement: BISTRO I. J Thromb Haemost 2004;2:1573-1580.
Lee WM, Larrey D, Olsson R, Lewis JH, Keisu M, Auclert L, Sheth S.
Hepatic findings in long-term clinical trials of ximelagatran. Drug Saf
2005;28:351-370.

/T0Z ‘6 Afenuer uo 1s9nb Aq /B10'seulnolpioxo’ ireayne)/:diy woly papeojumoq


http://eurheartj.oxfordjournals.org/

ESC Working Group on Thrombosis: Task Force on Anticoagulants in Heart Disease 909

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114,

115.

116.

117.

118.

119.

120.

The PETRO-EX Investigators. Safety and efficacy of extended exposure
to several doses of a new oral direct thrombin inhibitor dabigatran etex-
ilate in atrial fibrillation. Cerebrovasc Dis 2006;21(Suppl. 4):2.

Collins R, MacMahon S, Flather M, Baigent C, Remvig L, Mortensen S,
Appleby P, Godwin J, Yusuf S, Peto R. Clinical effects of anticoagulant
therapy in suspected acute myocardial infarction: systematic overview
of randomised trials. Br Med J 1996;313:652-659.

Collins R, Peto R, Baigent C, Sleight P. Aspirin, heparin, and fibrinolytic
therapy in suspected acute myocardial infarction. N Engl J Med 1997;
336:847-860.

The GUSTO Investigators. An international randomized trial comparing
four thrombolytic strategies for acute myocardial infarction. N Engl J
Med 1993;329:673-682.

The In TIME-1I Study Investigators. Intravenous NPA for the treatment of
infarcting myocardium early. InTIME-1I, a double-blind comparison of
single-bolus lanoteplase vs. accelerated alteplase for the treatment
of patients with acute myocardial infarction. Eur Heart J 2000;21:
2005-2013.

Ferguson JJ, Dougherty KG, Gaos CM, Bush HS, Marsh KC, Leachman DR.
Relation between procedural activated coagulation time and outcome
after percutaneous transluminal coronary angioplasty. J Am Coll
Cardiol 1994;23:1061-1065.

Narins CR, Hillegass WB Jr, Nelson CL, Tcheng JE, Harrington RA, Phillips
HR, Stack RS, Califf RM. Relation between activated clotting time during
angioplasty and abrupt closure. Circulation 1996;93:667-671.

Chew DP, Bhatt DL, Lincoff AM, Moliterno DJ, Brener SJ, Wolski KE, Topol
EJ. Defining the optimal activated clotting time during percutaneous
coronary intervention: aggregate results from 6 randomized, controlled
trials. Circulation 2001;103:961-966.

Boccara A, Benamer H, Juliard JM, Aubry P, Goy P, Himbert D, Karrillon
GJ, Steg PG. A randomized trial of a fixed high dose vs. a weight-
adjusted low dose of intravenous heparin during coronary angioplasty.
Eur Heart J 1997;18:631-635.

Koch KT, Piek JJ, de Winter RJ, Mulder K, David GK, Lie KI. Early ambu-
lation after coronary angioplasty and stenting with six French guiding
catheters and low-dose heparin. Am J Cardiol 1997;80:1084-1086.
Avendano A, Ferguson JJ. Comparison of Hemochron and HemoTec acti-
vated coagulation time target values during percutaneous transluminal
coronary angioplasty. J Am Coll Cardiol 1994;23:907-910.

Kereiakes DJ, Lincoff AM, Miller DP, Tcheng JE, Cabot CF, Anderson KM,
Weisman HF, Califf RM, Topol EJ. Abciximab therapy and unplanned cor-
onary stent deployment: favorable effects on stent use, clinical out-
comes, and bleeding complications. EPILOG Trial Investigators.
Circulation 1998;97:857-864.

Kaluski E, Krakover R, Cotter G, Hendler A, Zyssman I, Milovanov O,
Blatt A, Zimmerman E, Goldstein E, Nahman V, Vered Z. Minimal hepar-
inization in coronary angioplasty—how much heparin is really war-
ranted? Am J Cardiol 2000;85:953-956.

Silber S, Albertsson P, Aviles FF, Camici PG, Colombo A, Hamm C, Jorgen-
sen E, Marco J, Nordrehaug JE, Ruzyllo W, Urban P, Stone GW, Wijns W.
Guidelines for percutaneous coronary interventions. The Task Force for
Percutaneous Coronary Interventions of the European Society of Cardi-
ology. Eur Heart J 2005;26:804-847.

Ellis SG, Roubin GS, Wilentz J, Douglas JS Jr, King SB IlI. Effect of 18- to
24-hour heparin administration for prevention of restenosis after
uncomplicated coronary angioplasty. Am Heart J 1989;117:777-782.
Friedman HZ, Cragg DR, Glazier SM, Gangadharan V, Marsalese DL,
Schreiber TL, O’Neill WW. Randomized prospective evaluation of pro-
longed versus abbreviated intravenous heparin therapy after coronary
angioplasty. J Am Coll Cardiol 1994;24:1214-1219.
Low-molecular-weight heparin during instability in coronary artery
disease, Fragmin during Instability in Coronary Artery Disease (FRISC)
study group. Lancet 1996;347:561-568.

Eikelboom JW, Anand SS, Malmberg K, Weitz JI, Ginsberg JS, Yusuf S.
Unfractionated heparin and lowmolecular-weight heparin in acute cor-
onary syndrome without ST elevation: a meta-analysis. Lancet 2000;
355:1936-1942.

Klein W, Buchwald A, Hillis SE, Monrad S, Sanz G, Turpie AG, van der
Meer J, Olaisson E, Undeland S, Ludwig K. Comparison of low-molecular-
weight heparin with unfractionated heparin acutely and with placebo
for 6 weeks in the management of unstable coronary artery disease.
Fragmin in unstable coronary artery disease study (FRIC). Circulation
1997;96:61-68.

Comparison of two treatment durations (6 days and 14 days) of a low
molecular weight heparin with a 6-day treatment of unfractionated
heparin in the initial management of unstable angina or non-Q wave

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

myocardial infarction: FRAX.L.S. (FRAxiparine in Ischaemic Syndrome).
Eur Heart J 1999;20:1553-1562.

Antman EM, Cohen M, Radley D, McCabe C, Rush J, Premmereur J,
Braunwald E. Assessment of the treatment effect of enoxaparin for
unstable angina/non-Q-wave myocardial infarction. TIMI 11B-ESSENCE
meta-analysis. Circulation 1999;100:1602-1608.

Cohen M, Demers C, Gurfinkel EP, Turpie AG, Fromell GJ, Goodman S,
Langer A, Califf RM, Fox KA, Premmereur J, Bigonzi F. A comparison of
low-molecular-weight heparin with unfractionated heparin for unstable
coronary artery disease. Efficacy and Safety of Subcutaneous Enoxaparin
in Non-Q-Wave Coronary Events Study Group. N Engl J Med 1997;337:
447-452.

Goodman SG, Fitchett D, Armstrong PW, Tan M, Langer A. Randomized
evaluation of the safety and efficacy of enoxaparin versus unfractio-
nated heparin in high-risk patients with non-ST-segment elevation
acute coronary syndromes receiving the glycoprotein lIb/lIlla inhibitor
eptifibatide. Circulation 2003;107:238-244.

Blazing MA, de Lemos JA, White HD, Fox KA, Verheugt FW, Ardissino D,
DiBattiste PM, Palmisano J, Bilheimer DW, Snapinn SM, Ramsey KE,
Gardner LH, Hasselblad V, Pfeffer MA, Lewis EF, Braunwald E, Califf
RM. Safety and efficacy of enoxaparin vs. unfractionated heparin in
patients with non-ST-segment elevation acute coronary syndromes
who receive tirofiban and aspirin: a randomized controlled trial. JAMA
2004;292:55-64.

Cohen M, Theroux P, Borzak S, Frey MJ, White HD, Van Mieghem W, Sena-
tore F, Lis J, Mukherjee R, Harris K, Bigonzi F. Randomized double-blind
safety study of enoxaparin versus unfractionated heparin in patients
with non-ST-segment elevation acute coronary syndromes treated with
tirofiban and aspirin: the ACUTE Il study. The Antithrombotic Combi-
nation Using Tirofiban and Enoxaparin. Am Heart J 2002;144:470-477.
Ferguson JJ, Califf RM, Antman EM, Cohen M, Grines CL, Goodman S,
Kereiakes DJ, Langer A, Mahaffey KW, Nessel CC, Armstrong PW,
Avezum A, Aylward P, Becker RC, Biasucci L, Borzak S, Col J, Frey MJ,
Fry E, Gulba DC, Guneri S, Gurfinkel E, Harrington R, Hochman JS,
Kleiman NS, Leon MB, Lopez-Sendon JL, Pepine CJ, Ruzyllo W, Steinhubl
SR, Teirstein PS, Toro-Figueroa L, White H. Enoxaparin vs. unfractionated
heparin in high-risk patients with non-ST-segment elevation acute coron-
ary syndromes managed with an intended early invasive strategy: primary
results of the SYNERGY randomized trial. JAMA 2004;292:45-54.
Petersen JL, Mahaffey KW, Hasselblad V, Antman EM, Cohen M, Goodman
SG, Langer A, Blazing MA, Le-Moigne-Amrani A, de Lemos JA, Nessel CC,
Harrington RA, Ferguson JJ, Braunwald E, Califf RM. Efficacy and bleed-
ing complications among patients randomized to enoxaparin or unfrac-
tionated heparin for antithrombin therapy in non-ST-segment elevation
acute coronary syndromes: a systematic overview. JAMA 2004;292:
89-96.

Antman EM, McCabe CH, Gurfinkel EP, Turpie AG, Bernink PJ, Salein D,
Bayes De Luna A, Fox K, Lablanche JM, Radley D, Premmereur J,
Braunwald E. Enoxaparin prevents death and cardiac ischaemic events
in unstable angina/non-Q-wave myocardial infarction. Results of the
thrombolysis in myocardial infarction (TIMI) 11B trial. Circulation
1999;100:1593-1601.

Mukherjee D, Mahaffey KW, Moliterno DJ, Harrington RA, Yadav JS,
Pieper KS, Gallup D, Dyke C, Roe MT, Berdan L, Lauer MS, Manttari M,
White HD, Califf RM, Topol EJ. Promise of combined low-molecular-
weight heparin and platelet glycoprotein llb/llla inhibition: results
from Platelet lIb/llla Antagonist for the Reduction of Acute coronary
syndrome events in a Global Organization Network B (PARAGON B).
Am Heart J 2002;144:995-1002.

James S, Armstrong P, Califf R, Husted S, Kontny F, Niemminen M, Pfis-
terer M, Simoons ML, Wallentin L. Safety and efficacy of abciximab com-
bined with dalteparin in treatment of acute coronary syndromes. Eur
Heart J 2002;23:1538-1545.

Ferguson JJ, Antman EM, Bates ER, Cohen M, Every NR, Harrington RA,
Pepine CJ, Theroux P. Combining enoxaparin and glycoprotein lIb/llla
antagonists for the treatment of acute coronary syndromes: final
results of the National Investigators Collaborating on Enoxaparin-3
(NICE-3) study. Am Heart J 2003;146:628-634.

Efficacy and safety of tenecteplase in combination with enoxaparin,
abciximab, or unfractionated heparin: the ASSENT-3 randomised trial
in acute myocardial infarction. Lancet 2001;358:605-613.

Wallentin L, Goldstein P, Armstrong PW, Granger CB, Adgey AA, Arntz
HR, Bogaerts K, Danays T, Lindahl B, Makijarvi M, Verheugt F, Van de
Werf F. Efficacy and safety of tenecteplase in combination with the
lowmolecular-weight heparin enoxaparin or unfractionated heparin in
the prehospital setting: the Assessment of the Safety and Efficacy of a

/T0Z ‘6 Afenuer uo 1s9nb Aq /B10'seulnolpioxo’ ireayne)/:diy woly papeojumoq


http://eurheartj.oxfordjournals.org/

910

ESC Working Group on Thrombosis: Task Force on Anticoagulants in Heart Disease

134.

135.

136.

137.

138.

139.

140.

141,

142.

143.

145.

146.

147.

148.

149.

150.

New Thrombolytic Regimen (ASSENT)-3 PLUS randomized trial in acute
myocardial infarction. Circulation 2003;108:135-142.

Armstrong PW, Chang WC, Wallentin L, Goldstein P, Granger CB,
Bogaerts K, Danays T, Van de Werf F. Efficacy and safety of unfractio-
nated heparin versus enoxaparin: a pooled analysis of ASSENT-3 and -3
PLUS data. CMAJ 2006;174:1421-1426.

Eikelboom JW, Quinlan DJ, Mehta SR, Turpie AG, Menown IB, Yusuf S.
Unfractionated and low-molecular-weight heparin as adjuncts to throm-
bolysis in aspirin-treated patients with ST-elevation acute myocardial
infarction: a meta-analysis of the randomized trials. Circulation 2005;
112:3855-3867.

Antman EM, Morrow DA, McCabe CH, Murphy SA, Ruda M, Sadowski Z,
Budaj A, Lopez-Sendon JL, Guneri S, Jiang F, White HD, Fox KA, Braun-
wald E. Enoxaparin versus unfractionated heparin with fibrinolysis for
ST-elevation myocardial infarction. N Engl J Med 2006;354:1477-1488.
Sleight P, Eikelboom JW, Bassand JP. Enoxaparin versus unfractionated
heparin in ST-elevation myocardial infarction. N Engl J Med 2006;354:
2830-2831; author reply 2831-2832.

Kereiakes DJ, Kleiman NS, Fry E, Mwawasi G, Lengerich R, Maresh K,
Burkert ML, Aquilina JW, DeLoof M, Broderick TM, Shimshak TM. Dalte-
parin in combination with abciximab during percutaneous coronary
intervention. Am Heart J 2001;141:348-352.

Borentain M, Montalescot G, Bouzamondo A, Choussat R, Hulot JS,
Lechat P. Low-molecular-weight heparin vs. unfractionated heparin in
percutaneous coronary intervention: a combined analysis. Catheter Car-
diovasc Interv 2005;65:212-221.

Montalescot G, White HD, Gallo R, Cohen M, Steg PG, Aylward PE, Bode C,
Chiariello M, King SB Ill, Harrington RA, Desmet WJ, Macaya C, Steinhubl
SR. Enoxaparin versus unfractionated heparin in elective percutaneous
coronary intervention. N Engl J Med 2006;355:1006-1017.

Collet JP, Montalescot G, Lison L, Choussat R, Ankri A, Drobinski G,
Sotirov I, Thomas D. Percutaneous coronary intervention after subcu-
taneous enoxaparin pretreatment in patients with unstable angina pec-
toris. Circulation 2001;103:658-663.

Collet JP, Montalescot G, Golmard JL, Tanguy ML, Ankri A, Choussat R,
Beygui F, Drobinski G, Vignolles N, Thomas D. Subcutaneous enoxaparin
with early invasive strategy in patients with acute coronary syndromes.
Am Heart J 2004;147:655-661.

Simoons ML, Bobbink IW, Boland J, Gardien M, Klootwijk P, Lensing AW,
Ruzyllo W, Umans VA, Vahanian A, Van De Werf F, Zeymer U. A dose-
finding study of fondaparinux in patients with non-STsegment elevation
acute coronary syndromes: the Pentasaccharide in Unstable Angina
(PENTUA) Study. J Am Coll Cardiol 2004;43:2183-2190.

. Coussement PK, Bassand JP, Convens C, Vrolix M, Boland J, Grollier G,

Michels R, Vahanian A, Vanderheyden M, Rupprecht HJ, Van de Werf F.
A synthetic factor-Xa inhibitor (ORG31540/SR9017A) as an adjunct to
fibrinolysis in acute myocardial infarction. The PENTALYSE study. Eur
Heart J 2001;22:1716-1724.

Mehta SR, Steg PG, Granger CB, Bassand JP, Faxon DP, Weitz JI, Afzal R,
Rush B, Peters RJ, Natarajan MK, Velianou JL, Goodhart DM, Labinaz M,
Tanguay JF, Fox KA, Yusuf S. Randomized, blinded trial comparing fonda-
parinux with unfractionated heparin in patients undergoing contempor-
ary percutaneous coronary intervention: Arixtra Study in Percutaneous
Coronary Intervention: a Randomized Evaluation (ASPIRE) Pilot Trial.
Circulation 2005;111:1390-1397.

Vuillemenot A, Schiele F, Meneveau N, Claudel S, Donat F, Fontecave S,
Cariou R, Samama MM, Bassand JP. Efficacy of a synthetic pentasacchar-
ide, a pure factor Xa inhibitor, as an antithrombotic agent—a pilot study
in the setting of coronary angioplasty. Thromb Haemost 1999;81:
214-220.

Yusuf S, Mehta SR, Chrolavicius S, Afzal R, Pogue J, Granger CB, Budaj A,
Peters RJ, Bassand JP, Wallentin L, Joyner C, Fox KA. Comparison of fon-
daparinux and enoxaparin in acute coronary syndromes. N Engl J Med
2006;354:1464-1476.

Yusuf S, Mehta SR, Chrolavicius S, Afzal R, Pogue J, Granger CB, Budaj A,
Peters RJ, Bassand JP, Wallentin L, Joyner C, Fox KA. Effects of fonda-
parinux on mortality and reinfarction in patients with acute ST-segment
elevation myocardial infarction: the OASIS-6 randomized trial. JAMA
2006;295:1519-1530.

Topol EJ, Bonan R, Jewitt D, Sigwart U, Kakkar VV, Rothman M, de Bono D,
Ferguson J, Willerson JT, Strony J, et al. Use of a direct antithrombin,
hirulog, in place of heparin during coronary angioplasty. Circulation
1993;87:1622-1629.

Bittl JA, Strony J, Brinker JA, Ahmed WH, Meckel CR, Chaitman BR,
Maraganore J, Deutsch E, Adelman B. Treatment with bivalirudin
(Hirulog) as compared with heparin during coronary angioplasty for

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

unstable or postinfarction angina. Hirulog Angioplasty Study Investi-
gators. N Engl J Med 1995;333:764-769.

Bittl JA, Chaitman BR, Feit F, Kimball W, Topol EJ. Bivalirudin versus
heparin during coronary angioplasty for unstable or postinfarction
angina: final report reanalysis of the Bivalirudin Angioplasty Study. Am
Heart J 2001;142:952-959.

Lincoff AM, Kleiman NS, Kottke-Marchant K, Maierson ES, Maresh K,
Wolski KE, Topol EJ. Bivalirudin with planned or provisional abciximab
versus low-dose heparin and abciximab during percutaneous coronary
revascularization: results of the Comparison of Abciximab Complications
with Hirulog for Ischemic Events Trial (CACHET). Am Heart J 2002;143:
847-853.

Lincoff AM, Bittl JA, Kleiman NS, Sarembock IJ, Jackman JD, Mehta S,
Tannenbaum MA, Niederman AL, Bachinsky WB, Tift-Mann J 3rd,
Parker HG, Kereiakes DJ, Harrington RA, Feit F, Maierson ES, Chew DP,
Topol EJ. Comparison of bivalirudin versus heparin during percutaneous
coronary intervention (the Randomized Evaluation of PCI Linking Angio-
max to Reduced Clinical Events [REPLACE]-1 trial). Am J Cardiol 2004;
93:1092-1096.

Lincoff AM, Bittl JA, Harrington RA, Feit F, Kleiman NS, Jackman JD,
Sarembock |J, Cohen DJ, Spriggs D, Ebrahimi R, Keren G, Carr J,
Cohen EA, Betriu A, Desmet W, Kereiakes DJ, Rutsch W, Wilcox RG, de
Feyter PJ, Vahanian A, Topol EJ. Bivalirudin and provisional glycoprotein
lIb/1lla blockade compared with heparin and planned glycoprotein IIb/
Illa blockade during percutaneous coronary intervention: REPLACE-2
randomized trial. JAMA 2003;289:853-863.

Lincoff AM, Kleiman NS, Kereiakes DJ, Feit F, Bittl JA, Jackman JD,
Sarembock 1J, Cohen DJ, Spriggs D, Ebrahimi R, Keren G, Carr J,
Cohen EA, Betriu A, Desmet W, Rutsch W, Wilcox RG, de Feyter PJ,
Vahanian A, Topol EJ. Long-term efficacy of bivalirudin and provisional
glycoprotein Ilb/llla blockade vs. heparin and planned glycoprotein
lIb/llla blockade during percutaneous coronary revascularization:
REPLACE-2 randomized trial. JAMA 2004;292:696-703.

Stone GW, McLaurin BT, Cox DA, Bertrand ME, Lincoff AM, Moses JW,
White HD, Pocock SJ, Ware JH, Feit F, Colombo A, Aylward PE,
Cequier AR, Darius H, Desmet W, Ebrahimi R, Hamon M, Rasmussen
LH, Rupprecht HJ, Hoekstra J, Mehran R, Ohman EM. Bivalirudin for
patients with acute coronary syndromes. N Engl J Med 2006;355:
2203-2216.

The Medical Research Council’s General Practice Research Framework.
Thrombosis prevention trial: randomised trial of low-intensity oral antic-
oagulation with warfarin and low-dose aspirin in the primary prevention
of ischaemic heart disease in men at increased risk.. Lancet 1998;351:
233-241.

Husted SE, Ziegler BK, Kher A. Long-term anticoagulant therapy in
patients with coronary artery disease. Eur Heart J 2006;27:913-919.
Brouwer MA, Verheugt FW. Oral anticoagulation for acute coronary syn-
dromes. Circulation 2002;105:1270-1274.

Knatterud GL, Rosenberg Y, Campeau L, Geller NL, Hunninghake DB,
Forman SA, Forrester JS, Gobel FL, Herd JA, Hickey A, Hoogwerf BJ,
Terrin ML, White C. Long-term effects on clinical outcomes of aggressive
lowering of low-density lipoprotein cholesterol levels and low-dose
anticoagulation in the post coronary artery bypass graft trial. Post
CABG Investigators. Circulation 2000;102:157-165.

ten Berg JM, Kelder JC, Suttorp MJ, Mast EG, Bal E, Ernst SM, Verheugt
FW, Plokker HW. Effect of coumarins started before coronary angio-
plasty on acute complications and long-term follow-up: a randomized
trial. Circulation 2000;102:386-391.

Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation: a major contributor to
stroke in the elderly. The Framingham Study. Arch Intern Med 1987;147:
1561-1564.

Kopecky SL, Gersh BJ, McGoon MD, Whisnant JP, Holmes DR Jr, Ilstrup
DM, Frye RL. The natural history of lone atrial fibrillation. A population-
based study over three decades. N Engl J Med 1987;317:669-674.
Hart RG, Benavente O, McBride R, Pearce LA. Antithrombotic therapy to
prevent stroke in patients with atrial fibrillation: a meta-analysis. Ann
Intern Med 1999;131:492-501.

Fuster V, Ryden LE, Cannom DS, Crijns HJ, Curtis AB, Ellenbogen KA,
Halperin JL, Le Heuzey JY, Kay GN, Lowe JE, Olsson SB, Prystowsky
EN, Tamargo JL, Wann S. ACC/AHA/ESC 2006 guidelines for the manage-
ment of patients with atrial fibrillation-executive summary: a report of
the American College of Cardiology/American Heart Association Task
Force on practice guidelines and the European Society of Cardiology
Committee for Practice Guidelines (Writing Committee to Revise the
2001 Guidelines for the Management of Patients with Atrial Fibrillation).
Eur Heart J 2006;27:1979-2030.

/T0Z ‘6 Afenuer uo 1s9nb Aq /B10'seulnolpioxo’ ireayne)/:diy woly papeojumoq


http://eurheartj.oxfordjournals.org/

ESC Working Group on Thrombosis: Task Force on Anticoagulants in Heart Disease 911

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

Cohen M, Adams PC, Parry G, Xiong J, Chamberlain D, Wieczorek I, Fox
KA, Chesebro JH, Strain J, Keller C, et al. Combination antithrombotic
therapy in unstable rest angina and non-Q-wave infarction in nonprior
aspirin users. Primary end points analysis from the ATACS trial. Antith-
rombotic Therapy in Acute Coronary Syndromes Research Group. Circu-
lation 1994;89:81-88.

Coumadin Aspirin Reinfarction Study (CARS) Investigators. Randomised
double-blind trial of fixed low-dose warfarin with aspirin after myocar-
dial infarction. Lancet 1997;350:389-396.

The Organization to Assess Strategies for Ischemic Syndromes (OASIS)
Investigators. Effects of long-term, moderate-intensity oral anticoagula-
tion in addition to aspirin in unstable angina. J Am Coll Cardiol 2001;37:
475-484.

Fiore LD, Ezekowitz MD, Brophy MT, Lu D, Sacco J, Peduzzi P. Depart-
ment of Veterans Affairs Cooperative Studies Program Clinical Trial com-
paring combined warfarin and aspirin with aspirin alone in survivors of
acute myocardial infarction: primary results of the CHAMP study.
Circulation 2002;105:557-563.

Brouwer MA, van den Bergh PJ, Aengevaeren WR, Veen G, Luijten HE,
Hertzberger DP, van Boven AJ, Vromans RP, Uijen GJ, Verheugt FW.
Aspirin plus coumarin versus aspirin alone in the prevention of reocclu-
sion after fibrinolysis for acute myocardial infarction: results of the
Antithrombotics in the Prevention of Reocclusion In Coronary Thrombo-
lysis (APRICOT)-2 Trial. Circulation 2002;106:659-665.

van Es RF, Jonker JJ, Verheugt FW, Deckers JW, Grobbee DE. Aspirin and
coumadin after acute coronary syndromes (the ASPECT-2 study): a ran-
domised controlled trial. Lancet 2002;360:109-113.

Hurlen M, Abdelnoor M, Smith P, Erikssen J, Arnesen H. Warfarin,
aspirin, or both after myocardial infarction. N Engl J Med 2002;347:
969-974.

Herlitz J, Holm J, Peterson M, Karlson BW, Haglid Evander M, Erhardt L.
Effect of fixed low-dose warfarin added to aspirin in the long term after
acute myocardial infarction; the LoWASA Study. Eur Heart J 2004;25:
232-239.

Randomized controlled trial of clopidogrel plus aspirin versus oral antic-
oagulation in patients with atrial fibrillation: The Atrial Fibrillation Clo-
pidogrel Trial With Irbesartan For Prevention Of Vascular Events
(ACTIVE)—The ACTIVE Steering Committee on behalf of the ACTIVE
Investigators. 2006;

Butchart EG, Gohlke-Barwolf C, Antunes MJ, Tornos P, De Caterina R,
Cormier B, Prendergast B, lung B, Bjornstad H, Leport C, Hall RJ,
Vahanian A. Recommendations for the management of patients after
heart valve surgery. Eur Heart J 2005;26:2463-2471.

Massie BM, Krol WF, Ammon SE, Armstrong PW, Cleland JG, Collins JF,
Ezekowitz M, Jafri SM, O’Connor CM, Packer M, Schulman KA, Teo K,
Warren S. The Warfarin and Antiplatelet Therapy in Heart Failure trial
(WATCH): rationale, design, and baseline patient characteristics.
J Card Fail 2004;10:101-112.

Stratton JR, Resnick AD. Increased embolic risk in patients with left ven-
tricular thrombi. Circulation 1987;75:1004-1011.

Cregler LL. Antithrombotic therapy in left ventricular thrombosis and
systemic embolism. Am Heart J 1992;123:1110-1114.

Turpie AG, Robinson JG, Doyle DJ, Mulji AS, Mishkel GJ, Sealey BJ,
Cairns JA, Skingley L, Hirsh J, Gent M. Comparison of high-dose with
low-dose subcutaneous heparin to prevent left ventricular mural throm-
bosis in patients with acute transmural anterior myocardial infarction.
N Engl J Med 1989;320:352-357.

Falk RH, Foster E, Coats MH. Ventricular thrombi and thromboembolism
in dilated cardiomyopathy: a prospective follow-up study. Am Heart J
1992;123:136-142.

Albers GW, Diener HC, Frison L, Grind M, Nevinson M, Partridge S, Hal-
perin JL, Horrow J, Olsson SB, Petersen P, Vahanian A. Ximelagatran vs.
warfarin for stroke prevention in patients with nonvalvular atrial fibril-
lation: a randomized trial. JAMA 2005;293:690-698.

Diener HC. Stroke prevention using the oral direct thrombin inhibitor
ximelagatran in patients with nonvalvular atrial fibrillation. Pooled
analysis from the SPORTIF Il and V studies. Cerebrovasc Dis 2006;21:
279-293.

Olsson SB. Stroke prevention with the oral direct thrombin inhibitor
ximelagatran compared with warfarin in patients with non-valvular
atrial fibrillation (SPORTIF Ill): randomised controlled trial. Lancet
2003;362:1691-1698.

Wallentin L, Ezekowitz M, Simmers TA, Pedersen KE, Stangier J, Nehmiz G,
Hettiarachchi R, Reilly P. Safety and efficacy of a new oral direct thrombin
inhibitor dabigatran in atrial fibrillation: a dose-finding trial with

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

comparison to warfarin. Eur Heart J 2005; Poster presentation at Euro-
pean Society of Cardiology Congress 2005.

Wallentin L, Wilcox RG, Weaver WD, Emanuelsson H, Goodvin A,
Nystrom P, Bylock A. Oral ximelagatran for secondary prophylaxis
after myocardial infarction: the ESTEEM randomised controlled trial.
Lancet 2003;362:789-797.

Lassen MR, Davidson BL, Gallus A. A phase I, randomized, double blind,
five-arm, parallel-group, doseresponse study of a new oral
directly-acting Factor Xa inhibitor, Razaxaban, for prevention of deep
vein thrombosis in knee-replacement surgery—on behalf of the Razaxa-
ban Investigators. Blood 2003;102: Abstract 413.

Eriksson Bl, Borris L, Dahl OE, Haas S, Huisman MV, Kakkar AK, MisselwitzF,
Kalebo P. Oral, direct Factor Xa inhibition with BAY 59-7939 for the
prevention of venous thromboembolism after total hip replacement.
J Thromb Haemost 2006;4:121-128.

Turpie AG, Fisher WD, Bauer KA, Kwong LM, Irwin MW, Kalebo P, Missel-
witz F, Gent M. BAY 59-7939: an oral, direct factor Xa inhibitor for the
prevention of venous thromboembolism in patients after total knee
replacement. A phase Il dose-ranging study. J Thromb Haemost 2005; 3:
2479-2486.

Agnelli G, Haas SK, Ginsberg J, Krueger KA, Bedding AW, Brandt JT. A
phase Il study on the factor Xa inhibitor LY517717 for the prevention
of venous thromboembolism following major orthopedic surgery. Blood
2005;104(Suppl): Abstract 613.

Eriksson Bl, Turpie AG, Lassen MR, Prins MH, Agnelli G, Gaillard ML,
Meems L, for the ONYX study group. YM150, an oral direct Factor Xa
inhibitor, as prophylaxis for venous thromboembolism in patients with
elective primary hip replacement surgery: a dose escalation study.
Blood 2005;104(Suppl.): Abstract 813.

Levine MN, Raskob G, Beyth RJ, Kearon C, Schulman S. Hemorrhagic
complications of anticoagulant treatment: the Seventh ACCP Confer-
ence on Antithrombotic and Thrombolytic Therapy. Chest 2004;126:
287S-310S.

Magee KD, Sevcik W, Moher D, Rowe BH. Low molecular weight heparins
versus unfractionated heparin for acute coronary syndromes. Cochrane
Database Syst Rev 2003;CD002132.

Quinlan DJ, McQuillan A, Eikelboom JW. Low-molecular-weight heparin
compared with intravenous unfractionated heparin for treatment of
pulmonary embolism: a meta-analysis of randomized, controlled trials.
Ann Intern Med 2004;140:175-183.

The PERSIST Investigators. A novel long-acting synthetic factor Xa inhibi-
tor (SanOrg34006) to replace warfarin for secondary prevention in deep
vein thrombosis. A Phase Il evaluation. J Thromb Haemost 2004;2:47-53.
Moen MD, Keating GM, Wellington K. Bivalirudin: a review of its use in
patients undergoing percutaneous coronary intervention. Drugs 2005;
65:1869-1891.

Mohapatra R, Tran M, Gore JM, Spencer FA. A review of the oral direct
thrombin inhibitor ximelagatran: not yet the end of the warfarin era.
Am Heart J 2005;150:19-26.

Risk factors for stroke and efficacy of antithrombotic therapy in atrial
fibrillation. Analysis of pooled data from five randomized controlled
trials. Arch Intern Med 1994;154:1449-1457.

Hylek EM, Singer DE. Risk factors for intracranial hemorrhage in outpa-
tients taking warfarin. Ann Intern Med 1994;120:897-902.

Torn M, van der Meer FJ, Rosendaal FR. Lowering the intensity of oral
anticoagulant therapy: effects on the risk of hemorrhage and throm-
boembolism. Arch Intern Med 2004;164:668-673.

Greenblatt DJ, von Moltke LL. Interaction of warfarin with drugs,
natural substances, and foods. J Clin Pharmacol 2005;45:127-132.
Lesho EP, Michaud E, Asquith D. Do anticoagulation clinics treat patients
more effectively than physicians? Arch Intern Med 2000;160:243.
Wilson SJ, Wells PS, Kovacs MJ, Lewis GM, Martin J, Burton E, Anderson
DR. Comparing the quality of oral anticoagulant management by antic-
oagulation clinics and by family physicians: a randomized controlled
trial. CMAJ 2003;169:293-298.

0O’Connell KA, Wood JJ, Wise RP, Lozier JN, Braun MM. Thromboembolic
adverse events after use of recombinant human coagulation factor Vlla.
JAMA 2006;295:293-298.

Park KW. Protamine and protamine reactions. Int Anesthesiol Clin 2004;
42:135-145.

Gatti G, Pugliese P. Heparin reversal in off-pump coronary artery bypass
surgery: complete, partial, or no reversal? Cardiovasc Surg 2002;10:
245-250.

Mochizuki T, Olson PJ, Szlam F, Ramsay JG, Levy JH. Protamine reversal
of heparin affects platelet aggregation and activated clotting time after
cardiopulmonary bypass. Anesth Analg 1998;87:781-785.

/T0Z ‘6 Afenuer uo 1s9nb Aq /B10'seulnolpioxo’ ireayne)/:diy woly papeojumoq


http://eurheartj.oxfordjournals.org/

912

ESC Working Group on Thrombosis: Task Force on Anticoagulants in Heart Disease

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

Barstad RM, Stephens RW, Hamers MJ, Sakariassen KS. Protamine sul-
phate inhibits platelet membrane glycoprotein Ib-von Willebrand
factor activity. Thromb Haemost 2000;83:334-337.

Mittermayr M, Margreiter J, Velik-Salchner C, Klingler A, Streif W, Fries D,
Innerhofer P. Effects of protamine and heparin can be detected and easily
differentiated by modified thrombelastography (Rotem): an in vitro
study. Br J Anaesth 2005;95:310-316.

Butterworth J, Lin YA, Prielipp R, Bennett J, James R. The pharmacoki-
netics and cardiovascular effects of a single intravenous dose of prota-
mine in normal volunteers. Anesth Analg 2002;94:514-522; table of
contents.

Teoh KH, Young E, Blackall MH, Roberts RS, Hirsh J. Can extra protamine
eliminate heparin rebound following cardiopulmonary bypass surgery?
J Thorac Cardiovasc Surg 2004;128:211-219.

Ng HJ, Koh LP, Lee LH. Successful control of postsurgical bleeding by
recombinant factor Vlla in a renal failure patient given low molecular
weight heparin and aspirin. Ann Hematol 2003;82:257-258.

Bijsterveld NR, Moons AH, Boekholdt SM, van Aken BE, Fennema H,
Peters RJ, Meijers JC, Biiller HR, Levi M. Ability of recombinant factor
Vlla to reverse the anticoagulant effect of the pentasaccharide fonda-
parinux in healthy volunteers. Circulation 2002;106:2550-2554.
Bijsterveld NR, Vink R, van Aken BE, Fennema H, Peters RJ, Meijers JC,
Biller HR, Levi M. Recombinant factor Vlla reverses the anticoagulant
effect of the long-acting pentasaccharide idraparinux in healthy volun-
teers. Br J Haematol 2004;124:653-658.

Dao A, Tuan B, Carlson N. Reversal of a potent investigational anticoa-
gulant: idraparinux with recombinant factor Vlla. Am J Med 2005;118:
1172-1173.

Elg M, Carlsson S, Gustafsson D. Effect of activated prothrombin
complex concentrate or recombinant factor Vlla on the bleeding time
and thrombus formation during anticoagulation with a direct thrombin
inhibitor. Thromb Res 2001;101:145-157.

Dezee KJ, Shimeall WT, Douglas KM, Shumway NM, O’Malley PG. Treat-
ment of excessive anticoagulation with phytonadione (vitamin K): a
meta-analysis. Arch Intern Med 2006;166:391-397.

Haverkamp D, Hutten BA, Biiller HR, Gallus AS, Lensing AW, Prins MH.
The use of specific antidotes as a response to bleeding complications
during anticoagulant therapy for venous thromboembolism. J Thromb
Haemost 2003;1:69-73.

Elkayam U, Bitar F. Valvular heart disease and pregnancy. Part I: native
valves. J Am Coll Cardiol 2005;46:223-230.

Elkayam U, Bitar F. Valvular heart disease and pregnancy: part II: pros-
thetic valves. J Am Coll Cardiol 2005;46:403-410.

Robson R. The use of bivalirudin in patients with renal impairment.
J Invasive Cardiol 2000;12(Suppl F):33F-36.

Hulot JS, Vantelon C, Urien S, Bouzamondo A, Mahe |, Ankri A,
Montalescot G, Lechat P. Effect of renal function on the pharmacoki-
netics of enoxaparin and consequences on dose adjustment. Ther
Drug Monit 2004;26:305-310.

Grand’Maison A, Charest AF, Geerts WH. Anticoagulant use in patients
with chronic renal impairment. Am J Cardiovasc Drugs 2005;5:291-305.
Lim W, Cook DJ, Crowther MA. Safety and efficacy of low molecular
weight heparins for hemodialysis in patients with end-stage renal
failure: a meta-analysis of randomized trials. J Am Soc Nephrol 2004;15:
3192-3206.

Thorevska N, Amoateng-Adjepong Y, Sabahi R, Schiopescu I, Salloum A,
Muralidharan V, Manthous CA. Anticoagulation in hospitalized patients
with renal insufficiency: a comparison of bleeding rates with unfractio-
nated heparin vs. enoxaparin. Chest 2004;125:856-863.

Douketis JD. Perioperative anticoagulation management in patients who
are receiving oral anticoagulant therapy: a practical guide for clini-
cians. Thromb Res 2002;108:3-13.

Douketis JD, Johnson JA, Turpie AG. Low-molecular-weight heparin as
bridging anticoagulation during interruption of warfarin: assessment
of a standardized periprocedural anticoagulation regimen. Arch Intern
Med 2004;164:1319-1326.

Kovacs MJ, Kearon C, Rodger M, Anderson DR, Turpie AG, Bates SM, Des-
jardins L, Douketis J, Kahn SR, Solymoss S, Wells PS. Single-arm study of
bridging therapy with low-molecular-weight heparin for patients at risk
of arterial embolism who require temporary interruption of warfarin.
Circulation 2004;110:1658-1663.

Jafri SM. Periprocedural thromboprophylaxis in patients receiving
chronic anticoagulation therapy. Am Heart J 2004;147:3-15.
Spyropoulos AC, Frost FJ, Hurley JS, Roberts M. Costs and clinical out-
comes associated with low-molecularweight heparin vs. unfractionated

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

heparin for perioperative bridging in patients receiving long-term oral
anticoagulant therapy. Chest 2004;125:1642-1650.

Gallus AS. Prevention of post-operative deep leg vein thrombosis in
patients with cancer. Thromb Haemost 1997;78:126-132.

Levine MN, Gent M, Hirsh J, Arnold A, Goodyear MD, Hryniuk W, De Pauw S.
The thrombogenic effect of anticancer drug therapy in women with
stage Il breast cancer. N Engl J Med 1988;318:404-407.

Holm T, Singnomklao T, Rutqvist LE, Cedermark B. Adjuvant preopera-
tive radiotherapy in patients with rectal carcinoma. Adverse effects
during long term follow-up of two randomized trials. Cancer 1996;78:
968-976.

Hutten BA, Prins MH, Gent M, Ginsberg J, Tijssen JG, Biiller HR. Inci-
dence of recurrent thromboembolic and bleeding complications
among patients with venous thromboembolism in relation to both malig-
nancy and achieved international normalized ratio: a retrospective
analysis. J Clin Oncol 2000;18:3078-3083.

Prandoni P, Lensing AW, Piccioli A, Bernardi E, Simioni P, Girolami B,
Marchiori A, Sabbion P, Prins MH, Noventa F, Girolami A. Recurrent
venous thromboembolism and bleeding complications during anticoagu-
lant treatment in patients with cancer and venous thrombosis. Blood
2002;100:3484-3488.

Meyer G, Marjanovic Z, Valcke J, Lorcerie B, Gruel Y, Solal-Celigny P, Le
Maignan C, Extra JM, Cottu P, Farge D. Comparison of low-molecular-
weight heparin and warfarin for the secondary prevention of venous
thromboembolism in patients with cancer: a randomized controlled
study. Arch Intern Med 2002;162:1729-1735.

Lee AY, Levine MN, Baker RI, Bowden C, Kakkar AK, Prins M, Rickles FR,
Julian JA, Haley S, Kovacs MJ, Gent M. Low-molecular-weight heparin
versus a coumarin for the prevention of recurrent venous thromboembo-
lism in patients with cancer. N Engl J Med 2003;349:146-153.

Hull RD, Pineo GF, Brant RF, Mah AF, Burke N, Dear R, Wong T, Cook R,
Solymoss S, Poon MC, Raskob G. Long-term low-molecular-weight
heparin versus usual care in proximal-vein thrombosis patients with
cancer. Am J Med 2006;119:1062-1072.

Fareed J, Leong WL, Hoppensteadt DA, Jeske WP, Walenga J, Wahi R,
Bick RL. Generic low-molecular-weight heparins: some practical con-
siderations. Semin Thromb Hemost 2004;30:703-713.

Kakkar AK, Levine MN, Kadziola Z, Lemoine NR, Low V, Patel HK,
Rustin G, Thomas M, Quigley M, Williamson RC. Low molecular weight
heparin, therapy with dalteparin, and survival in advanced cancer:
the fragmin advanced malignancy outcome study (FAMOUS). J Clin
Oncol 2004;22:1944-1948.

Lee AY, Rickles FR, Julian JA, Gent M, Baker RI, Bowden C, Kakkar AK,
Prins M, Levine MN. Randomized comparison of low molecular weight
heparin and coumarin derivatives on the survival of patients with
cancer and venous thromboembolism. J Clin Oncol 2005;23:2123-2129.
Klerk CP, Smorenburg SM, Otten HM, Lensing AW, Prins MH, Piovella F,
Prandoni P, Bos MM, Richel DJ, van Tienhoven G, Biiller HR. The effect
of low molecular weight heparin on survival in patients with advanced
malignancy. J Clin Oncol 2005;23:2130-2135.

Patrono C, Garcia Rodriguez LA, Landolfi R, Baigent C. Low-dose aspirin
for the prevention of atherothrombosis. N Engl J Med 2005;353:
2373-2383.

Laine L, Maller ES, Yu C, Quan H, Simon T. Ulcer formation with low-dose
enteric-coated aspirin and the effect of COX-2 selective inhibition: a
double-blind trial. Gastroenterology 2004;127:395-402.

Andreotti F, Testa L, Biondi-Zoccai G, Crea F. Aspirin plus warfarin com-
pared to aspirin alone after acute coronary syndromes: an updated and
comprehensive meta-analysis of 25 307 patients. Eur Heart J 2006;27:
519-526.

Konstantino Y, lakobishvili Z, Porter A, Sandach A, Zahger D, Hod H,
Hammerman H, Gottlieb S, Behar S, Hasdai D. Aspirin, warfarin and a
thienopyridine for acute coronary syndromes. Cardiology 2006;105:
80-85.

Buresly K, Eisenberg MJ, Zhang X, Pilote L. Bleeding complications
associated with combinations of aspirin, thienopyridine derivatives,
and warfarin in elderly patients following acute myocardial infarction.
Arch Intern Med 2005;165:784-789.

Orford JL, Fasseas P, Melby S, Burger K, Steinhubl SR, Holmes DR, Berger
PB. Safety and efficacy of aspirin, clopidogrel, and warfarin after coron-
ary stent placement in patients with an indication for anticoagulation.
Am Heart J 2004;147:463-467.

Khurram Z, Chou E, Minutello R, Bergman G, Parikh M, Naidu S, Wong SC,
Hong MK. Combination therapy with aspirin, clopidogrel and warfarin
following coronary stenting is associated with a significant risk of bleed-
ing. J Invasive Cardiol 2006;18:162-164.

/T0Z ‘6 Afenuer uo 1s9nb Aq /B10'seulnolpioxo’ ireayne)/:diy woly papeojumoq


http://eurheartj.oxfordjournals.org/

ESC Working Group on Thrombosis: Task Force on Anticoagulants in Heart Disease 913

249.

250.

251.

Menon V, Harrington RA, Hochman JS, Cannon CP, Goodman SD, Wilcox
RG, Schunemann HJ, Ohman EM. Thrombolysis and adjunctive therapy
in acute myocardial infarction: the Seventh ACCP Conference on Antith-
rombotic and Thrombolytic Therapy. Chest 2004;126:549S-575S.

White H. Thrombin-specific anticoagulation with bivalirudin versus
heparin in patients receiving fibrinolytic therapy for acute myocardial
infarction: the HERO-2 randomised trial. Lancet 2001;358:1855-1863.
Yusuf S, Mehta SR, Xie C, Ahmed RJ, Xavier D, Pais P, Zhu J, Liu L. Effects
of reviparin, a low-molecular-weight heparin, on mortality,

252.

253.

reinfarction, and strokes in patients with acute myocardial infarction
presenting with ST-segment elevation. JAMA 2005;293:427-435.
Mason EC. A note on the use of heparin in blood transfusion. J Lab Clin
Med 1924;10:203-206.

Butt HR, Allen EV, Bollman JL. A preparation from spoiled sweet
clover [3,3’-methylene-bis-(4-hydroxycoumarin)]  which  prolongs
coagulation and prothrombin time of the blood: preliminary report of
experimental and clinical studies. Proc Staff Meet Mayo Clinic 1941;
16:388-395.

/T0Z ‘6 Afenuer uo 1s9nb Aq /B10'seulnolpioxo’ ireayne)/:diy woly papeojumoq


http://eurheartj.oxfordjournals.org/

