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According to contemporary guidelines, standard
antithrombotic therapy for secondary prevention of
ischemic events following acute coronary syndrome
(ACS) consists of dual antiplatelet therapy, namely
acetylsalicylic acid (ASA) combined with a P2Y12 receptor antagonist. However, significant residual risk remains
in these patients treated with contemporary therapy,
which may be mediated in part by ongoing thrombin generation. The use of oral anticoagulants, which can be
used beyond the period of acute presentation, is therefore a potentially attractive strategy. Anticoagulant drugs
shift the balance towards less thrombus formation;
however, the cost of this benefit is increased bleeding.
Development of a new anticoagulant must be considered
in terms of a favourable balance between efficacy and
bleeding. Studies of these oral anticoagulants in ACS,
particularly the recently presented Phase III Anti-Xa
Therapy to Lower Cardiovascular Events in Addition to
Standard Therapy in Subjects with Acute Coronary
Syndrome-Thrombolysis in Myocardial Infarction 51
(ATLAS ACS 2-TIMI 51) Trial, and their clinical implications for practicing physicians will be reviewed in this
issue of Cardiology Scientific Update.
Patients who suffer from an ACS remain at risk of recurrent ischemic events despite contemporary management
including the use of dual antiplatelet therapy, namely acetylDivision of Cardiology
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salicylic acid (ASA) combined with a P2Y12 receptor antagonist.1,2 This residual risk may be mediated in part by excess
thrombin generation that persists beyond the period of acute
presentation.3 The use of oral anticoagulants, which can be
used beyond the period of acute presentation, is therefore
potentially attractive. Indeed, the use of an anticoagulant for
secondary prevention, in addition to antiplatelet therapy, has
been explored in the past 20 years, but with limited success.
For example, the vitamin K antagonists, either alone or in
combination with ASA, are effective in reducing ischemic
events provided that the target for the international normalized ratio (INR) was >2, but frequently at the cost of
increased risking of bleeding. Furthermore, overall mortality
was not affected.4,5 Standard antithrombin therapies of
non-ST-elevation ACS have included the unfractionated
heparin (UFH) or low-molecular-weight heparin (LMWH),
especially enoxaparin.6,7 In patients with ST-elevation
myocardial infarction (STEMI), UFH remains the primary
antithrombotic regimen employed when primary percutaneous coronary intervention (PCI) is pursued. As an adjunct
antithrombin to thrombolytic therapy, enoxaparin has been
demonstrated to be more efficacious than UFH with comparable bleeding rates, and is widely used in practice.8 Limitations to UFH include its variable pharmacokinetic and
pharmacodynamic profile, inability to inhibit fibrin-bound
thrombin, sensitivity to platelet factor 4 with risk of heparininduced thrombocytopenia (HIT) and marked interindividual variability in therapeutic response requiring frequent
monitoring and dosage titration.9 The LMWHs have some
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Figure 1: Pharmacological targets for anticoagulant
therapy in the clotting cascade
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drugs with the ability to bind clot-bound coagulation factors,
have predictable pharmacological profiles that allow for oral
dosing and negate the need for frequent monitoring, have
fixed and convenient dosing regimens, and have rapid onset of
action with the potential for high efficacy and low bleeding
risk. Among agents under investigation for use in ACS, and
potentially with these properties, direct inhibitors of thrombin
and factor Xa appear to fit these criteria, with good bioavailability and reliable anticoagulant effects shown for the prevention of deep venous thrombosis and thromboembolism.15
However, none of these newer agents are yet approved by
Health Canada for the treatment of patients with ACS.
Dabigatran Etexilate

Fibrin

AT = antithrombin; LMWH = low-molecular-weight heparins.
a
Other targets for warfarin and tecarfarin are factor VII, protein C, and
protein S;
b
Other targets for heparin are factors VII, XIa, and XIIa.
Adapted from Turpie AG. Eur Heart J. 2008;29:155-165.

similar limitations as those of UFH, and both UFH and
LMWH require parenteral administration, making them
impractical for long-term use.
In the past few years, new antithrombins have been
investigated in patients with ACS (Figure 1).10 Based on
favourable data obtained from large prospective, randomized, controlled trials, the indirect anti-Xa inhibitor fondaparinux and the direct thrombin inhibitor bivalirudin have
been included into the updated guidelines of the American
College of Cardiology/American Heart Association (ACC/AHA)
and the European Society of Cardiology (ESC).1,11-14 Fondaparinux is selective for factor Xa inhibition, unlike UFH and
LMWHs. However, like these agents, it does not directly
inhibit factor Xa or platelet-bound factor Xa. Fondaparinux
has a long half-life (17–21 hours), has no direct reversal
agent, and may require additional heparin boluses during
PCI to prevent coronary-guided catheter thrombus formation.11 Bivalirudin is currently the only parenteral direct
thrombin inhibitor approved for use in PCI in patients with
HIT and thrombosis syndrome. It has a half-life of 20–30
minutes, but requires reconstitution for administration, as
well as dosage adjustments in patients with renal dysfunction. Both fondaparinux and bivalirudin must be administered parenterally.
To overcome some of the limitations of traditional parenteral and oral antithrombotics, there has been continual
interest in the development of new agents that are highly selective for specific coagulation factors blocking the synthesis of
thrombin. The impetus has been to develop anticoagulant

The reversible oral direct thrombin inhibitor dabigatran is
administered in double prodrug form (dabigatran etexilate),
which undergoes esterase conversion through 2 intermediate
prodrugs to dabigatran.16,17 Dabigatran etexilate is absorbed
rapidly, but oral bioavailability is low (~6.5%).17 Dabigatran
etexilate was evaluated in ACS patients in the double-blind,
placebo-controlled, dose-escalation RE-DEEM trial.18 Subjects
(N=1861) were randomized within a mean of 7.5 days after
either a STEMI or non-STEMI (NSTEMI) to either one of the
4 bid doses – 50 mg, 75 mg, 110 mg, or 150 mg – or to
placebo. During the 6-month study period, the primary
outcome – a composite of major or clinically relevant minor
bleeding – was increased in a dose-dependent fashion in the
dabigatran groups compared with placebo (Table 1). Hazard
ratios (HRs) of primary outcome events ranged from 1.77
(95% confidence interval [CI], 0.70 to 4.50) for the 50-mg
group to 4.27 (95% CI, 1.86 to 9.81) in the 150-mg group.
The rates of the secondary efficacy outcome – a composite of
cardiovascular (CV) death, nonfatal MI, and stroke – were not
Table 1: RE-DEEM Trial:18 Occurrence of major events at
6 months (intention-to-treat analysis)
Dabigatran

Event

a
b
c

50 mg 75 mg 110 mg 150 mg
Placebo
bid
bid
bid
bid
(n=371) (n=369) (n=368) (n=406) (n=347)

Primary
endpointa

2.4%

3.5%

4.3%

7.9%

7.8%

Major
bleedingb

0.5%

0.8%

0.3%

2.0%

1.2%

Secondary
outcomec

3.8%

4.6%

4.9%

3.0%

3.5%

Composite of major or clinically relevant minor bleeding;
International Society of Thrombosis and Haemostasis criteria;
Composite of cardiovascular death, nonfatal myocardial infarction,
and stroke
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significantly improved with dabigatran (4.6% with 50 mg,
4.9% with 75 mg, 3.0% with 110 mg, and 3.5% with 150 mg)
compared with placebo (3.8%). Median D-dimer concentrations were significantly (P<0.001) lower after 1 and 4 weeks
in all 4 dabigatran dose groups, compared with placebo.

rivaroxaban, 29.4% receiving the 5-mg dose of rivaroxaban,
and 26.4% receiving placebo. Baseline characteristics of the
patients reflected contemporary practice of the management
of ACS and were similar in the study groups (Table 2).

Rivaroxaban

Rivaroxaban reduced the primary composite efficacy endpoint of death from CV causes, MI, or stroke, as compared
with placebo, with rates of 8.9% and 10.7% respectively (HR
0.84; 95% CI, 0.74 to 0.96; P=0.008; Figure 2). These results
were consistent in the intention-to-treat analysis (P=0.002). In
the evaluation of the individual components of the primary
efficacy endpoint, rivaroxaban reduced the risk for CV death,
MI, but not for stroke. The reduction in the primary efficacy
endpoint with rivaroxaban was consistent among the subgroups except for patients with a history of stroke or transient
ischemic attack. Both rivaroxaban doses reduced the primary
efficacy endpoint: the HRs were 0.84 (95% CI, 0.72 to 0.97;
P=0.02) and 0.85 (95% CI, 0.73 to 0.98; P=0.03) in the
2.5-mg and 5-mg doses, respectively. The 2.5-mg dose of
rivaroxaban significantly reduced the risk of CV death (HR
0.66; 95% CI, 0.51 to 0.86; P=0.002) and the risk of death
from any cause (HR 0.68; 95% CI, 0.53 to 0.87; P=0.002). No
such significant reductions were observed with the 5-mg
group for CV death (HR 0.94; P=0.63) or death from any cause
(HR 0.95; P=0.66), and results differed significantly from the
2.5-mg dose of rivaroxaban (P=0.009 for both comparisons).
Rivaroxaban also reduced the secondary composite efficacy endpoint (death from any cause, MI, or stroke), as compared with placebo, by 9.2% and 11.0%, respectively (HR
0.84; 95% CI, 0.74 to 0.95; P=0.006). In addition, rivaroxaban reduced the risk of stent thrombosis (HR 0.69; 95% CI,
0.51 to 0.93; P=0.02).

Rivaroxaban is an oral, reversible direct factor Xa
inhibitor that is rapidly absorbed and has high bioavailability (~100% for the 10-mg dose). Maximum concentrations
are reached within 2–4 hours and a half-life of 5–13 hours in
healthy and elderly subjects.19 In the Phase II dose-finding
trial, Anti-Xa Therapy to Lower Cardiovascular Events in
Addition to Standard Therapy in Subjects with Acute Coronary Syndrome –Thrombolysis in Myocardial Infarction 46
(ATLAS ACS – TIMI 46),20 rivaroxaban was tested in 3491
patients with a recent ACS at total daily doses ranging from
5 mg to 20 mg. Compared with placebo, rivaroxaban
reduced the primary efficacy endpoint (a composite of death,
MI, stroke, or severe recurrent ischemia requiring revascularization during 6 months; relative risk reduction [RRR] 21%;
P=0.1) and significantly reduced the secondary endpoint
(death, MI, or stroke; RRR 31%; P=0.027), with the lowest
ratios seen at the lowest bid doses. There was a dose-dependent increase in bleeding events (HR 2.21 for 5 mg, 3.35 for
10 mg, 3.60 for 15 mg, and 5.06 for 20 mg; P<0.0001).
Based on these observations, a Phase III trial to evaluate bid
rivaroxaban at doses of 2.5 mg and 5 mg as adjunctive therapy
in patients with a recent ACS, with the aim of determining a
clinically effective low-dose regimen, was undertaken.21
ATLAS ACS 2 – TIMI 51 Trial
The results of ATLAS ACS 2 – TIMI 51, completed in September 2011, were presented during a Late-breaking Clinical
Trials session at the 2011 AHA Scientific Sessions.22 This trial
included patients presenting with symptoms suggestive of an
ACS (N=15 526) in whom STEMI (50.3%), NSTEMI (25.6%),
or unstable angina (24.0%) were diagnosed. Patients were randomly assigned (mean 4.7 days after the index event) in a
1:1:1 ratio to rivaroxaban 2.5 mg bid or 5 mg bid, or placebo.
All patients were to receive standard medical therapy, including low-dose ASA with or without a thienopyridine (clopidogrel or ticlopidine), according to national guidelines. The
primary efficacy endpoint was a composite of CV death, MI, or
stroke. The primary safety endpoint was TIMI major bleeding
unrelated to coronary-artery bypass grafting (CABG).
The mean duration of treatment with a study drug was
13.1 months. Among patients who received at least 1 dose of
a study drug, premature discontinuation of treatment
occurred in 26.9% of patients receiving the 2.5-mg dose of

Efficacy endpoints

Safety endpoints
Rivaroxaban significantly increased the rate of TIMI
major bleeding unrelated to CABG, as compared with
placebo, with rates of 2.1% and 0.6%, respectively (HR 3.96;
95% CI, 2.46 to 6.38; P<0.001). There were no significant
interactions between the measured characteristics of patients
and the study group. Also greater in the combined rivaroxaban group, as compared with placebo, were rates of TIMI
minor bleeding (1.3% versus 0.5%; P=0.003), TIMI bleeding
requiring medical attention (14.5% versus 7.5%; P<0.001),
and intracranial hemorrhage (0.6% versus 0.2%; P=0.009).
However, there was no significant difference in the rates of
fatal bleeding associated with rivaroxaban as compared with
placebo (0.3% versus 0.2%; P=0.66).
In the comparison between the 2 doses of rivaroxaban,
the rates of TIMI major bleeding unrelated to CABG tended
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Table 2: ATLAS ACS 2 – TIMI 51 Trial:22 Baseline patient characteristics
Rivaroxaban
2.5 mg bid (n=5174)

Rivaroxaban
5 mg bid (n=5176)

Placebo
(n=5176)

61.8±9.2

61.9±9.0

61.5±9.4

≥65 yr — no. (%)

1905 (36.8)

1921 (37.1)

1835 (35.5)

≥75 yr — no. (%)

466 (9.0)

441 (8.5)

498 (9.6)

3875 (74.9)

3843 (74.2)

3882 (75.0)

Previous MI

1363 (26.3)

1403 (27.1)

1415 (27.3)

Hypertension

3470 (67.1)

3499 (67.6)

3494 (67.5)

Diabetes

1669 (32.3)

1648 (31.8)

1647 (31.8)

Hypercholesterolemia

2498 (48.3)

2544 (49.1)

2496 (48.2)

STEMI

2601 (50.3)

2584 (49.9)

2632 (50.9)

NSTEMI

1321 (25.5)

1335 (25.8)

1323 (25.6)

Unstable angina

1252 (24.2)

1257 (24.3)

1221 (23.6)

PCI or CABG for index event —
no. (%)

3138 (60.6)

3123 (60.3)

3126 (60.4)

ASA

5105 (98.7)

5099 (98.5)

5108 (98.7)

Thienopyridine

4790 (92.6)

4812 (93.0)

4811 (92.9)

Beta-blocker

3426 (66.2)

3394 (65.6)

3444 (66.5)

ACE inhibitor or ARB

2022 (39.1)

1977 (38.2)

2050 (39.6)

Statin

4304 (83.2)

4342 (83.9)

4321 (83.5)

Calcium-channel blocker

820 (15.8)

742 (14.3)

764 (14.8)

Characteristic
Age
Mean — yr

Male sex — no. (%)
Medical history — no. (%)

Index diagnosis — no. (%)

Medications — no. (%)

* Plus–minus values are means ± standard deviation. There were no significant differences among the 3 groups.
ATLAS ACS 2 – TIMI 51 = Anti-Xa Therapy to Lower Cardiovascular Events in Addition to Standard Therapy in Subjects with Acute Coronary
Syndrome – Thrombolysis in Myocardial Infarction; MI = myocardial infarction; STEMI = ST-segment elevation MI; NSTEMI = non-STEMI;
PCI = percutaneous coronary intervention; CABG = coronary-artery bypass grafting; ASA = acetylsalicylic acid; ACE = angiotensin-converting
enzyme; ARB = angiotensin-receptor blocker
Reproduced with permission from Mega JL et al. N Engl J Med. 2012;366:9-19. Copyright © 2012, Massachusetts Medical Society.

to be lower in patients receiving the 2.5-mg dose than in
those receiving the 5-mg dose (1.8% versus 2.4%;
P=0.12), and the lower dose resulted in significantly
lower rates of TIMI minor bleeding (0.9% versus 1.6%;
P=0.046), TIMI bleeding requiring medical attention
(12.9% versus 16.2%; P<0.001), as well as fatal bleeding
(0.1% versus 0.4%; P=0.04).
Apixaban
Apixaban, another oral, reversible direct factor
Xa inhibitor, has a bioavailability of 66%, and Cmax is

reached ~3 hours after administration.19,23 In the Apixaban for Prevention of Acute Ischemic Events 1
(APPRAISE-1) trial24 apixaban demonstrated a trend
towards a reduction in CV events. However, the Phase III
APPRAISE-2 trial25 concluded that the addition of 5 mg
bid of apixaban to antiplatelet therapy in patients with
ACS increased the number of major bleeding events (HR
2.59; 95% CI, 1.50 to 4.46; P=0.001) without a significant reduction in the rate of recurrent ischemic events
(HR 0.95; 95% CI, 0.80 to 1.11; P=0.51). As a result, the
trial was stopped prematurely.

Cardiology

Scientific Update

Death from CV causes, MI,
or stroke (%)

Figure 2: ATLAS ACS 2 – TIMI 51 Trial:22 Primary
efficacy endpoint – CV death, MI, or
stroke
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Reproduced with permission from Mega JL et al. N Engl J Med.
2012;366:9-19. Copyright © 2012, Massachusetts Medical Society.

Darexaban
Darexaban exhibits similar pharmacokinetic properties as the other oral factor Xa inhibitors, namely
rapid absorption (Cmax in ~2 hours) and an elimination
half-life ranging from 18–20 hours.26 Bioavailability is
highly variable (25%–82%). The randomized, doubleblind, placebo-controlled Phase II RUBY-1 trial27 evaluated the efficacy and safety of 6 doses of darexaban – 5
mg bid, 10 mg qd, 15 mg bid, 30 mg qd, 30 mg bid,
and 60 mg qd – in 1279 patients with recent high-risk
STE or NSTE ACS. While darexaban was observed to
dose-dependently increase the primary outcome of
major or clinical relevant nonmajor bleeding events
(P=0.002 for 30 mg bid), it did not confer a benefit in
the main efficacy outcome (composite of death, stroke,
MI, systemic thromboembolism, and severe recurrent
ischemia); in fact, patients in the 30-mg and 60-mg
groups experienced increases in these outcomes. No
Phase III trial is underway.
Discussion of Trial Results
and their Clinical Implications
Anticoagulant drugs shift the balance towards significantly lower thrombus formation at the cost of increased
bleeding. The clinical usefulness of an anticoagulant
therefore depends on its efficacy to prevent thrombosis in
relation to its effect to induce bleeding projected on the

background of the absolute thromboembolic risk from
the underlying disease for which the agent is intended to
treat. Clinical trial data are accumulating on the efficacy
and safety of novel oral anticoagulants in patients who
have experienced an ACS. The relative effectiveness of
these agents to reduce further CV events are highly variable, and as previously discussed, all Phase II programs
investigating these oral anticoagulants revealed dosedependent increases in bleeding.
ATLAS ACS 2-TIMI 51 is the first Phase III trial to
demonstrate efficacy of an oral new anticoagulant in
patients with ACS, albeit with increased bleeding.
Results of the ATLAS ACS 2–TIMI 51 trial demonstrate
that in patients who suffer a recent ACS, both rivaroxaban doses reduce the primary endpoint of CV death, MI
and stroke, but perhaps at the cost of increased bleeding
rates. The rates of adverse events, other than bleeding
events, are similar in the combined rivaroxaban group
and the placebo group. The 2.5-mg bid dose appears to
have a better benefit to risk ratio, significantly reducing
CV and total mortality, with a lower bleeding risk than
the 5-mg twice-daily dose. This 2.5-mg bid regimen
appears to produce the efficacy benefit with a modest
increase in major bleeds and no significant increase in
fatal bleeding events. The overall number needed to
treat to prevent one all-cause death is 63, which is
favourable and with a substantially lower number than
that needed to produce harm.
While these results are relevant to the vast majority
of patients with recent ACS who are treated with ASA
and clopidogrel, the safety of oral anticoagulation in the
growing number of patients with ACS treated with the
newer and more powerful antiplatelet drugs prasugrel
and ticagrelor is still unclear. The safety and efficacy of
rivaroxaban when added to treatment with prasugrel or
ticagrelor will need to be addressed in future studies. For
the majority of patients with ACS, the balance favours a
net benefit from adding rivaroxaban to standard therapy.
References
1. Van de Werf F, Bax J, Betriu A et al. Management of acute myocardial
infarction in patients presenting with persistent ST-segment elevation:
the Task Force on the Management of ST-Segment Elevation Acute
Myocardial Infarction of the European Society of Cardiology. Eur Heart
J. 2008;29:2909-2945.
2. Wallentin L, Becker RC, Budaj A, et al. Ticagrelor versus clopidogrel in
patients with acute coronary syndromes. N Engl J Med. 2009;361:
1045-1057.
3. Merlini PA, Bauer KA, Oltrona L, et al. Persistent activation of coagulation mechanism in unstable angina and myocardial infarction.
Circulation. 1994;90:61-68.

Cardiology

Scientific Update

4. Haq SA, Heitner JF, Sacchi TJ, Brener SJ. Long-term effect of chronic oral
anticoagulation with warfarin after acute myocardial infarction. Am J Med.
2010;123:250-258.
5. Rothberg MB, Celestin C, Fiore LD, Lawler E, Cook JR. Warfarin plus aspirin
after myocardial infarction or the acute coronary syndrome: meta-analysis
with estimates of risk and benefit. Ann Intern Med. 2005;143:241-250.
6. Antman EM, McCabe CH, Gurfinkel EP, et al. Enoxaparin prevents death and
cardiac ischemic events in unstable angina/non-Q-wave myocardial
infarction. Results of the thrombolysis in myocardial infarction (TIMI) 11B
trial. Circulation. 1999;100:1593-1601.
7. Cohen M, Demers C, Gurfinkel EP, et al. Low-molecular-weight heparins in
non-ST-segment elevation ischemia: the ESSENCE trial. Efficacy and Safety of
Subcutaneous Enoxaparin versus intravenous unfractionated heparin, in nonQ-wave Coronary Events. Am J Cardiol. 1998;82:19L-24L.
8. Gibson CM, Murphy SA, Montalescot G, et al. Percutaneous coronary
intervention in patients receiving enoxaparin or unfractionated heparin after
fibrinolytic therapy for ST-segment elevation myocardial infarction in the
ExTRACT-TIMI 25 trial. J Am Coll Cardiol. 2007;49:2238-2246.
9. Pham SV, Pham PC, Pham PM, Miller JM, Pham PT, Pham PA. Antithrombotic
strategies in patients undergoing percutaneous coronary intervention for
acute coronary syndrome. Drug Des Devel Ther. 2010;4:203-220.
10. Turpie AG. New oral anticoagulants in atrial fibrillation. Eur Heart J. 2008;
29:155-165.
11. Anderson JL, Adams CD, Antman EM, et al. ACC/AHA 2007 guidelines for
the management of patients with unstable angina/non-ST-Elevation
myocardial infarction: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines (Writing
Committee to Revise the 2002 Guidelines for the Management of Patients
With Unstable Angina/Non-ST-Elevation Myocardial Infarction) developed in
collaboration with the American College of Emergency Physicians, the Society
for Cardiovascular Angiography and Interventions, and the Society of
Thoracic Surgeons endorsed by the American Association of Cardiovascular
and Pulmonary Rehabilitation and the Society for Academic Emergency
Medicine. J Am Coll Cardiol. 2007;50:e1-e157.
12. Bassand JP, Hamm CW, Ardissino D et al. Guidelines for the diagnosis and
treatment of non-ST-segment elevation acute coronary syndromes. Eur Heart
J. 2007;28:1598-1660.
13. Antman EM, Hand M, Armstrong PW et al. 2007 Focused Update of the
ACC/AHA 2004 Guidelines for the Management of Patients With STElevation Myocardial Infarction: a report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines:
developed in collaboration With the Canadian Cardiovascular Society
endorsed by the American Academy of Family Physicians: 2007 Writing
Group to Review New Evidence and Update the ACC/AHA 2004 Guidelines
for the Management of Patients With ST-Elevation Myocardial Infarction,
Writing on Behalf of the 2004 Writing Committee. Circulation. 2008;117:296329.
14. Kushner FG, Hand M, Smith SC, Jr. et al. 2009 Focused Updates: ACC/AHA
Guidelines for the Management of Patients With ST-Elevation Myocardial
Infarction (updating the 2004 Guideline and 2007 Focused Update) and
ACC/AHA/SCAI Guidelines on Percutaneous Coronary Intervention
(updating the 2005 Guideline and 2007 Focused Update): a report of the
American College of Cardiology Foundation/American Heart Association Task
Force on Practice Guidelines. Circulation. 2009;120:2271-2306.
15. Eriksson BI, Quinlan DJ, Eikelboom JW. Novel oral factor Xa and thrombin
inhibitors in the management of thromboembolism. Annu Rev Med. 2011;
62:41-57.
16. Blech S, Ebner T, Ludwig-Schwellinger E, et al. The metabolism and disposition
of the oral direct thrombin inhibitor, dabigatran, in humans. Drug Metab
Dispos. 2008;36:386-399.

17. Stangier J, Rathgen K, Stahle H, et al. The pharmacokinetics, pharmacodynamics and tolerability of dabigatran etexilate, a new oral direct thrombin
inhibitor, in healthy male subjects. Br J Clin Pharmacol. 2007;64: 292-303.
18. Oldgren J, Budaj A, Granger CB, et al. Dabigatran vs. placebo in patients with
acute coronary syndromes on dual antiplatelet therapy: a randomized,
double-blind, phase II trial. Eur Heart J. 2011;32:2781-2789.
19. Eriksson BI, Quinlan DJ, Weitz JI. Comparative pharmacodynamics and
pharmacokinetics of oral direct thrombin and factor xa inhibitors in
development. Clin Pharmacokinet. 2009;48:1-22.
20. Mega JL, Braunwald E, Mohanavelu S et al. Rivaroxaban versus placebo in
patients with acute coronary syndromes (ATLAS ACS-TIMI 46): a randomised,
double-blind, phase II trial. Lancet. 2009;374:29-38.
21. Gibson CM, Mega JL, Burton P, et al; TIMI Study Group. Rationale and design
of the Anti-Xa therapy to lower cardiovascular events in addition to standard
therapy in subjects with acute coronary syndrome-thrombolysis in
myocardial infarction 51 (ATLAS-ACS 2 TIMI 51) trial: a randomized,
double-blind, placebo-controlled study to evaluate the efficacy and safety of
rivaroxaban in subjects with acute coronary syndrome. Am Heart J. 2011;161:
815-821.
22. Mega JL, Braunwald E, Wiviott SD, et al. Rivaroxaban in patients with a recent
acute coronary syndrome. N Engl J Med. 2012;366:9-19.
23. Wang L, Raghavan N, He K, et al. Sulfation of o-demethyl apixaban: enzyme
identification and species comparison. Drug Metab Dispos. 2009;37:802-808.
24. APPRAISE Steering Committee and Investigators; Alexander JH, Becker RC,
Bhatt DL, et al. Apixaban, an oral, direct, selective factor Xa inhibitor, in
combination with antiplatelet therapy after acute coronary syndrome: results
of the Apixaban for Prevention of Acute Ischemic and Safety Events
(APPRAISE) trial. Circulation. 2009;119:2877-2885.
25. Alexander JH, Lopes RD, James S, et al; APPRAISE-2 Investigators. Apixaban
with antiplatelet therapy after acute coronary syndrome. N Engl J Med. 2011;
365:699-708.
26. Mehta RS. Novel oral anticoagulants for prophylaxis and treatment of venous
thromboembolism. I. Factor Xa inhibitors. Expert Rev Hematol. 2010;3:227-241.
27. Steg PG, Mehta SR, Jukema JW, et al. RUBY-1: a randomized, double-blind,
placebo-controlled trial of the safety and tolerability of the novel oral factor
Xa inhibitor darexaban (YM150) following acute coronary syndrome. Eur
Heart J. 2011;32:2541-2554.

Dr. Moe has no disclosures to report in association with the contents
of this issue.

SNELL Medical Communication acknowledges that it has received
an unrestricted educational grant from Bayer Inc. to support the
distribution of this issue of Cardiology Scientific Update. Acceptance of
this grant was conditional upon the sponsors’ acceptance of the policy
established by the Division of Cardiology, St. Michael’s Hospital,
and SNELL Medical Communication guaranteeing the educational
integrity of the publication. This policy ensures that the author and
editor will at all times exercise unrestricted, rigorous, scientific independence free of interference from any other party. This publication
may include discussion of products or product indications that
have not been granted approval by Health Canada. This content is
intended for medical, scientific, and educational purposes only.

© 2012 Division of Cardiology, St. Michael’s Hospital, University of Toronto, which is solely responsible for the contents. Publisher: SNELL Medical Communication Inc. in cooperation with the Division of Cardiology,
St. Michael’s Hospital, University of Toronto. ™Cardiology Scientific Update is a Trade Mark of SNELL Medical Communication Inc. All rights reserved. The administration of any therapies discussed or referred to
in Cardiology Scientific Update should always be consistent with the approved prescribing information in Canada. SNELL Medical Communication Inc. is committed to the development of superior Continuing Medical Education.

Publications Post #40032303

SNELL

202-110E

