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INTRODUCTION

Venous thromboembolism (VTE), including deep vein thrombosis (DVT) and pulmo-
nary embolism (PE), is the third most common cardiovascular disease, after acute cor-
onary syndromes and stroke.1 The estimated incidence of VTE is 1 to 2 per 1000
person-years, with DVT accounting for two-thirds and PE accounting for the remaining
one-third of the episodes.2 VTE is a potentially fatal disorder, with an in-hospital case
fatality rate associated with PE of approximately 10%, and it also carries a substantial
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KEY POINTS

� The direct oral anticoagulants have favorable pharmacologic profile: specific target on
thrombin or factor Xa, rapid onset of action and short half-life, and predictable anticoag-
ulant response.

� In the acute treatment of venous thromboembolism, they were noninferior in efficacy
compared with the standard treatment and were associated with less major bleeding
complications.

� In the extended treatment of venous thromboembolism, they showed superior efficacy
compared with placebo. Clinically relevant bleeding was increased; however, the number
of major bleeding was small.

� The benefit of the direct oral anticoagulants was confirmed also in special subgroups (eg,
fragile patients) and in preliminary data from real-life clinical practice.
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risk of short- and long-term recurrent events as well as morbidities such as the post-
thrombotic syndrome and postembolic pulmonary hypertension.3,4

For many years, the standard of treatment for the large majority of VTE patients has
been based on the use of heparins, either unfractionated heparin (UFH) or low-
molecular-weight heparin (LMWH) followed by the oral vitamin K antagonists (VKA).5

However, all these compounds had some limitations, including parenteral administra-
tion for heparins and the need for routine coagulation monitoring and dose adjust-
ments for VKAs.6 The direct oral anticoagulants (DOACs) have been developed to
overcome some of these limitations.7 The DOACs have a favorable pharmacologic
profile (eg, fast onset and offset of action) and a predictable anticoagulant response,
thus making their use particularly interesting for both the acute phase treatment and
the long-term secondary prevention of VTE.

PHARMACOLOGIC PROPERTIES OF THE DIRECT ORAL ANTICOAGULANTS

The DOACs act on specific targets in the coagulation cascade. According to their spe-
cific target, they are classified as direct thrombin inhibitors (eg, dabigatran) and direct
factor Xa inhibitors (eg, apixaban, rivaroxaban, and edoxaban).6

The onset of action ranges between 1 and 4 hours, thus allowing their use in the
acute phase treatment of VTE, and the half-life ranges between 9 and 14 hours,
thus allowing for a sufficiently rapid disappearance of the anticoagulant effect after
discontinuation.6 When compared with the VKAs, the DOACs have also a lower poten-
tial for food and drug interactions and a lower interindividual and intraindividual vari-
ability in dose response; thus, routine coagulation monitoring is not needed. The
pharmacologic characteristics of the DOACs are summarized in Table 1.

Table 1
Pharmacologic properties of the direct oral anticoagulants

Dabigatran Rivaroxaban Apixaban Edoxaban

Mechanism of
action

Direct thrombin
inhibitor

Direct factor Xa
inhibitor

Direct factor
Xa inhibitor

Direct factor
Xa inhibitor

Administration Oral
BID

Oral
OD

Oral
BID

Oral
OD

Oral bioavailability w 6.5% 66% (without
food)

>80% (with food)

50% 62%

Time to peak
plasma
concentration

0.5–2 h 2–4 h 1–3 h 1–2 h

Mean half-life 12–14 h 5–9 h (young
adult)

11–13 h (elderly)

w12 h 10–14 h

Renal clearance 85% 66% (only half as
inactive
metabolite)

27% 35%

Plasma protein
binding

35% (dialyzable) w90% 87% w 55%

Cytochrome P450
metabolism

No Yes Yes Minimal

P-gp transport Yes Yes Yes Yes
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