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Anticoagulant agents are mainstay
therapies in the prevention and treat-
ment of arterial and venous thrombo-

sis. Available anticoagulants include the
direct and indirect thrombin inhibitors
(Table).1 The direct thrombin inhibitors
(DTIs; lepirudin, desirudin, bivalirudin,
argatroban) exert their anticoagulant effect
by sole inhibition of thrombin, whereas the
indirect inhibitors (unfractionated heparin
[UFH] and low molecular weight heparins
[LMWH]) need a cofactor (antithrombin III)
to exert their anticoagulant effect and
block both thrombin and activated factor X
(FXa) (Figure).1,2 The heparins (UFH and
LMWH) exert their anticoagulant effect on
fluid phase thrombin and FXa, and are
resistant to clot-bound thrombin and clot-
bound prothrombinase-associated FXa.3

Although UFH and the DTIs suppress exist-
ing thrombin activity, thrombin generation
is largely unaffected.4

The benefit of UFH is accepted and well
documented in the treatment of arterial and
venous thrombosis; however, its use is
fraught with many limitations. UFH is asso-
ciated with variable anticoagulant effect,
requires routine monitoring and dose adjust-
ment, and carries the risk of heparin-
induced thrombocytopenia.1 The LMWH
were developed to overcome some of the
limitations of UFH. These agents have a
higher affinity for inhibiting FXa compared
with that of thrombin, and are less complex
to use in the clinical setting compared with
UFH.5 The more favorable benefit–risk pro-
file (ie, better side-effect profile) of LMWH,
with a higher affinity for FXa inhibition com-
pared with UFH, has triggered interest in the
search and development of more selective
anticoagulant agents, such as the FXa
inhibitors.6

As the penultimate enzyme in the coagu-
lation cascade, FXa has a critical role by
ultimately regulating thrombin production
(Figure).1 FXa converts prothrombin to

thrombin via the prothrombinase complex,
leading to platelet activation and formation
of the fibrin clot. FXa is generated via the
intrinsic or extrinsic pathways, and 1 mole-
cule of FXa can generate more than 1000
thrombin molecules. In addition, a massive
burst of thrombin generation is caused by
prothrombinase-bound FXa because its
reaction rate is 300 000-fold higher com-
pared with free FXa.6,7 The inhibition of
thrombin generation by blocking FXa has
been validated as an effective antithrombot-
ic approach with the use of the highly
selective, direct and indirect FXa in-
hibitors. The indirect FXa inhibitors (eg,
fondaparinux) exert their effect via a cofac-
tor (antithrombin III), whereas the direct
inhibitors (eg, DX-9065a, otamixaban) block
FXa directly.1,2,6,7

Ample clinical evidence now supports the
role of the FXa inhibitors as anticoagulants
and as effective therapeutic agents for the
prevention and treatment of venous and
arterial thrombosis. Fondaparinux, an indi-
rect FXa inhibitor, has equivalent or greater
efficacy than the LMWH enoxaparin in the
prevention of venous thromboembolism
(VTE) after orthopedic surgery,8 similar effi-
cacy to dalteparin in prevention of VTE after
abdominal surgery,9 better efficacy than
placebo in prevention of VTE in medical
patients,10 similar efficacy to enoxaparin
and UFH in treatment of deep vein thrombo-
sis and pulmonary embolism,11,12 and similar
efficacy to UFH and enoxaparin in treatment
of patients with acute coronary syndromes
(ACS).13,14 In addition, in patients with ACS,
there is a safety and mortality benefit in favor
of fondaparinux compared with enoxaparin.14

Although these newer agents have higher
acquisition costs than warfarin or UFH, their
use has grown rapidly, making them among
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the highest ranked drug classes in terms of
hospital pharmaceutical expenditures.15

With the expansion in the number of antico-
agulant agents and the indications for which
they can be used, clinicians can be chal-
lenged by selecting the most appropriate
agents, optimal dosing regimens, and the
most cost-effective options. This supplement
will review the medical and economic
impact, new treatment options, and cost-
effectiveness of novel therapies for ACS.
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Table. Pharmacologic and Clinical Profiles of Anticoagulant Agents

Characteristic Warfarin UFH LMWH FXa Inhibitors DTIs

No. of targets in cascade Multiple Multiple Few Few Few

Specificity of activity Nonspecific Nonspecific Specific Specific Specific

No. of daily doses 1 2-3* 1-2 1 1-2

Route Oral IV or SC SC SC, oral IV, SC, oral

Laboratory monitoring INR aPTT, platelet Platelet count, None aPTT,* liver 
count anti-Xa in some function†

patients

Response variability High High Low None Low

Risk of HIT None 2%-5% 1%-2% None None

*Or continuous infusion for select indications.
†In some agents in this class.
UFH indicates unfractionated heparin; LMWH, low molecular weight heparin; FXa, factor Xa; DTIs, direct thrombin inhibitors; IV, intra-
venous; SC, subcutaneous; INR, international normalized ratio; aPTT, activated partial thromboplastin time; HIT, heparin-induced throm-
bocytopenia.
Source: Adapted with permission from Reference 1.

Figure. The Coagulation Cascade and Modes of Action of
Anticoagulant Agents
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The coagulation cascade comprises 2 independent pathways: intrinsic and
extrinsic. These pathways converge at the activation of factor X and initiate the
common pathway that leads to thrombin generation and fibrin formation.
Roman numerals represent clotting factors.
AT indicates antithrombin; UFH, unfractionated heparin; LMWH, low molecu-
lar weight heparin; FXa, factor Xa; DTI, direct thrombin inhibitor.
Source: Adapted with permission from Reference 1.
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