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Classical antithrombotic agents include vitamin K antagonists
(VKAs) and heparin products. Long-term anticoagulation is
mostly provided with VKA in clinical practice. Disadvantages
of VKA include delayed onset of action, need for close monitoring
of the international normalized ratio (INR) and diet restriction.
New direct thrombin inhibitors (DTTIs) and factor Xa inhibitors
do not share the disadvantages of VKAs and may provide equal
or superior thromboembolic prevention. The main disadvantages
of DTIs and direct factor Xa inhibitors are the limited clinical
experience with these agents. This article reviews the mechanisms
of action and current role of DTIs and factor Xa inhibitors in
patients with cerebrovascular disease with a focus on dabigatran,
rivaroxaban and apixaban for which Phase III trials have been
completed.

Mechanism of action

Thrombus formation requires platelet endothelial adhesion, plate-
let aggregation, clot formation and stabilization. The coagulation
cascade has three main pathways: the intrinsic (contact activation
pathway), the extrinsic (tissue factor pathway) and a final com-
mon pathway (thrombin pathway). The common end point of
the intrinsic and extrinsic pathways is the activation of factor X,
also known as ‘prothrombinase’ or ‘Stuart—Power factor’. Factor
Xa along with factor Va (prothrombinase complex) activates pro-
thrombin (factor II) into thrombin (factor Ila). The main role
of thrombin is the conversion of fibrinogen into fibrin and the
activation of factor XIII. Factor XIIIa crosslinks fibrin polymers,
stabilizing the hemostatic clot. Other functions of thrombin
include activation of factor VIII and factor V. In addition, throm-
bin activates protein C. Ficure 1 summarizes the classification of
anticoagulant drugs. A summary of the coagulation cascade and
the site of action of factor Xa inhibitors and DTTs is illustrated in
Ficure 2. Tae 1 compares pharmacological differences of apixaban,
rivaroxaban, dabigatran and warfarin.

Vitamin K is essential for the hepatic carboxylation of glutamic
acid residues of coagulation factors by y-glutamyl carboxylase.
Vitamin K-dependent factors are factor VI, factor IX, factor X,
factor II, protein C, protein S and protein Z. Protein C (half-life
14 h) and protein S (half-life 48 h) are natural anticoagulants.
The half-life of factor 11, the main stimulant for clot formation, is
72 h. Activated vitamin K-dependent factors are not inhibited by
VKA. This explains the delayed onset of action of VKA, requiring
approximately 72 h to achieve a therapeutic INR.

Factor Xa inhibitors prevent the formation of thrombin. Factor
Xa is part of the prothrombinase complex that also includes fac-
tor Va and requires the presence of calcium. Indirect factor Xa
inhibitors bind to antithrombin. Fondaparinux and idraparinux
are indirect factor Xa inhibitors. In contrast to heparin and other
heparinoids, fondaparinux selectively inhibits factor Xa. Direct
factor Xa inhibitors antagonize the active site of the free-form
and prothrombinase-bound forms of factor Xa. Apixaban and
rivaroxaban are examples of direct factor Xa inhibitors.

The action of direct thrombin inhibitors (DTTs), as opposed to
heparin products, is independent of antithrombin. DTTs bind to
both soluble and fibrin-bound thrombin but heparin only inhibits

the soluble thrombin molecule. Thrombin has one catalytic site
and two exosites. Direct thrombin inhibitors can be univalent or
bivalent. Univalent DTTs inhibit the action of thrombin by bind-
ing to the catalytic site. Bivalent DTTs inhibit the action of throm-
bin by binding to both the catalytic site and exosite [1]. Univalent
DTTs include argatroban, ximelagatran and dabigatran. Bivalent
DTTs include hirudin, lepirudin, desidurin and bivalirudin [1].

Factor Xa inhibitors & direct thrombin inhibitors in
atrial fibrillation-related strokes
Atrial fibrillation (AF) is a major cause of stroke in the elderly
2]. The estimated prevalence is 4.5 million people in the EU and
3.03 million people in the USA. The 2050 projected prevalence
is 7.56 million persons [3]. The frequency of AF is predicted to
increase 2.5-fold in the next 50 years [4]. The risk of AF increases
with age, affecting 9% of patients older than 80 years of age [4]. AF
is more common among women, and more common in whites than
in blacks [4]. Elderly patients (>75 years of age) on anticoagula-
tion have higher bleeding event rates than younger anticoagulated
patients [5]. AF, whether paroxysmal, permanent or persistent,
is an independent stroke risk factor. The presence of congestive
heart failure, arterial hypertension, >75 years of age, diabetes mel-
litus, prior strokes or transient ischemic attacks (CHADS?2 score)
further increases the risk of stroke in patients with nonvalvular
AF (NVAF) [2]. The American College of Cardiology, American
Heart Association and the Heart Rhythm Society 2006 practice
guidelines recommend aspirin for a CHADS2 score of 0 (low
risk), aspirin or warfarin for a CHADS?2 score of 1 (intermediate
risk), and warfarin for CHADS?2 scores of 22 (high risk) [2]. The
major limitation of the CHADS?2 scoring system is that many
patients often fall in the intermediate risk category. A new scoring
system, the congestive heart failure — hypertension — age >75 years
— diabetes mellitus — stroke, transient ischemic attack or throm-
boembolism — vascular disease (previous myocardial infarction,
peripheral arterial disease or aortic plaque) — age between 65 and
74 years — female Sex (CHA2DS2-VASc) score takes into account
specific age groups (>75 years vs ages 65—74), the presence of vas-
cular disease (history of myocardial infarction, peripheral arterial
disease or aortic plaque) and female gender. The CHA2DS2-VASc
scoring system has better predictive value when placing patients
into high- or low-risk categories.

Patients with high CHADS2 and CHA2D2-VASc scores have
a higher mortality risk from ischemic stroke [6,7]. These additional
risks must be taken into account when interpreting trials of new
anticoagulant agents. In addition, factors contributing to bleeding
risk should be considered. The hypertension, abnormal renal/liver
function, stroke, bleeding history or predisposition, labile INR,
elderly (age over 65 years) and drugs/alcohol score (HAS-BLED)
concomitantly had a better performance than any other contem-
porary scoring system in a large cohort study [8]. Each component
of HAS-BLED scores one point with a maximum score of nine. A
HAS-BLED score of > three indicates an increased risk of bleeding
at 1 year with the use of anticoagulation.

For over 30 years, warfarin has been the only anticoagulant for
primary and secondary stroke prevention in patients with AF.
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Disadvantages of warfarin therapy include
the need for frequent monitoring of INR,
a narrow therapeutic index and exten-
sive dietary and drug—drug interactions.
Because of these difficulties, up to one
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PETRO was a Phase II clinical trial that
was the first trial to investigate effects of
dabigatran etexilate for stroke preven- l l 1 l l
tion in patients with AF [14]. In this trial, Apixaban Betrixaban Edoxaban Otamixaban Rivaroxaban

502 patients were randomized to either
dabigatran etexilate (50, 150 or 300 mg
twice daily [b.i.d.], alone or combined with
aspirin) or warfarin (INR 2.0-3.0). There
was a 6% rate of major bleeding in the dabi-
gatran 300 mg b.i.d. plus aspirin group. Elevation of liver enzymes
occurred in 0.9% of dabigatran recipients. Dose ranging data
from PETRO and an extension (PETRO-EX) trial, suggested
that dabigatran doses of up to 150 mg daily were inadequate [14].

The Phase IIT RE-LY trial randomized 18,113 patients with
AF to either blinded-use dabigatran etexilate at dosages of 110
or 150 mg b.i.d. versus open-label use of warfarin with a target
INR of 2.0-3.0 15]. The RE-LY trial design was prospective,
randomized and open-label with blinded end point adjudica-
tion. The primary objective was to establish the noninferiority
of dabigatran etexilate compared with adjusted warfarin (INR
2.0-3.0). Eligible patients had NVAF with a moderate-to-high

risk for thromboembolic events. Inclusion and exclusion criteria

Figure 1. Classification of anticoagulant drugs. Examples of specific drugs are cited.
Note: this is not meant to be an exhaustive list of all agents.
LMWH: Low-molecular-weight heparin.

of the RELY trial are summarized in Box 1. The primary outcome
was pooled stroke (ischemic or hemorrhagic) and systemic embo-
lism. Major bleeding was the primary safety outcome. Taie2 sum-
marizes main results of the RE-LY trial. The primary outcome
was similar in the dabigatran 110 mg b.i.d. and warfarin groups.
The primary outcome was less frequently seen in the dabigatran
150 mg b.i.d. compared with the warfarin group.

Hemorrhagic stroke was less frequent with both dosages of
dabigatran as compared with warfarin. Major bleeding, excluding
hemorrhagic strokes, was more frequent with dabigatran 150 mg
b.i.d. and with warfarin rather than with dabigatran 110 mg
b.i.d. Gastrointestinal bleeding was higher with both doses of
dabigatran compared with warfarin. There was a nonstatistically
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Figure 2. Coagulation cascade and the site of action of apixaban, rivaroxaban and dabigatran.

significant decrease in all-cause mortality in the dabigatran
150 mg b.i.d. group but a statistically significant decrease in vas-
cular mortality was observed in the dabigatran 150 mg b.i.d.
group. There was a small but statistically significant increased
risk of myocardial infarction with dabigatran 150 mg b.i.d.. The
most commonly reported adverse events with dabigatran were
dyspepsia, dizziness, dyspnea and peripheral edema. Moreover,
amiodarone increased the serum concentration of dabigatran [16].

The quality control of INR levels with warfarin therapy related
to the influence of the relative effects of dabigatran (110 and
150 mg b.i.d.) was evaluated in a post-hoc analysis [17]. Outcomes
were evaluated with center-based INR control. Quartiles were
evaluated based on the time in treatment range (TTR) defined as
INR 2.0-3.0. The average TTR for warfarin in RE-LY was 64%.
For stroke prevention, dabigatran 150 mg b.i.d. was superior and
dabigatran 110 mg b.i.d. was noninferior to warfarin irrespective
of INR control. Regarding the secondary outcomes of mortality
and all vascular events, dabigatran (110 and 150 mg b.i.d.) was
superior to warfarin with poor INR control but similar in those
with good INR control.

In October 2010, dabigatran etexilate received US FDA
approval for stroke prevention in patients with NVAF [104]. The
FDA approved the 150-mg b.i.d. dose, but not the 110-mg b.i.d.
dose owing to higher stroke rates observed with the lower dose.

In addition, patients with major bleeding who resumed the use
of dabigatran were not at higher risk of recurrent bleeding with
dabigatran 150 mgb.i.d. as compared with 110 mgb.i.d. (18]. There
are ongoing concerns about bleeding risk, especially in trauma
patients, and the FDA is engaged in ongoing surveillance about the
bleeding risks of dabigatran outside of clinical trials [19]. Based on
pharmacokinetic modeling and pharmacokinetic data from a sub-
study of RE-LY in patients with impaired renal function, the FDA
also approved dabigatran 75 mg b.i.d. The 75-mg b.i.d. dose of
dabigatran was approved for patients with an estimated creatinine
clearance of 15-30 ml/min [16]. Patients with major bleeding who
resumed dabigatran were not at higher risk of recurrent bleeding
with dabigatran 150 mg b.i.d. compared with 110 mg b.i.d. [18].
ROCKET-AF was a randomized, ‘double-dummy’ and dou-
ble-blind trial of 14,269 patients [20]. Tasie 3 summarizes the trial
results. Eligible patients had a history of stroke, transient isch-
emic attacks or systemic embolism, and at least two risk factors
(heart failure, >75 years of age, hypertension or diabetes mellitus).
Patients were randomized to receive either rivaroxaban 20 mg once
daily (15 mg daily if creatinine clearance was 30—49 ml/min) or
warfarin (target INR of 2.0-3.0). The primary end point was
stroke or systemic embolism. The main safety outcome was major
bleeding and clinically relevant bleeding. The primary aim of this
study was to establish noninferiority of rivaroxaban compared
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Box 1. Inclusion and exclusion criteria of the RE-LY trial.

Exclusion criteria

e Cardiac valvulopathy

e Any stroke within 14 days prior to possible randomization
e Disabling stroke

¢ Conditions associated with high bleeding risk

e Contraindications to warfarin therapy

e Reversible causes of atrial fibrillation

¢ Planned ablative or surgical treatment for atrial fibrillation
e Creatinine clearance <30 mg/dl

e Active endocarditis

e Active liver disease

* Pregnant women

e \Women of child-bearing age not willing to use oral contraception

Inclusion criteria

e Two symptomatic episodes, at least 24 h apart, of atrial fibrillation occurring within

6 months

e Two symptomatic episodes, at least 24 h apart, of atrial fibrillation occurring within

6 months of randomization
e >18 years of age
¢ One of the following:

— History of stroke, transient ischemic attack or systemic embolism
— Ejection fraction <40% documented within 6 months of randomization

— Symptomatic heart failure within 6 months of randomization
— >75 years of age

— 265 years of age with history of diabetes mellitus, coronary artery disease or

hypertension
Data taken from [15].

with warfarin. Results showed that rivaroxaban was noninferior to
warfarin, but not superior to warfarin in a subsequent intention-
to-treat analysis. Nonetheless, on-treatment analysis showed a
21% risk reduction with rivaroxaban in comparison to warfarin.
Difference between the intention-to-treat and the on-treatment
analysis may be explained by poorer adherence to rivaroxaban.
Major bleeding was similar among the groups. Although there
was a statistically significant reduction in intracranial and fatal
bleeding in the rivaroxaban group, no difference in mortality was
observed.

ROCKET-AF, in contrast to RE-LY, had a double-blind and
double-dummy (sham INR adjustment) instead of an open-label
design with blinded adjudication. In the ROCKET-AF trial, 55%
of patients had a history of prior stroke and 90% of patients had a
CHADS?2 score of >3. On November 4, 2011, the FDA approved
rivaroxaban to reduce the risk of stroke and systemic embolism
in patients with NVAF. One concern was that in the 4 weeks
after completion of ROCKET AF study drug, as the patients were
transitioned to other anticoagulants at the end of the clinical trial,
there was an increased risk of stroke in those in the rivaroxaban
arm, presumably related to the short half life of rivaroxaban and
the resultant lack of anticoagulation during the transition to war-
farin [2].

The Phase III study of the AVERROES trial randomized

5599 patients with AF who were not candidates for warfarin

therapy to either apixaban or to aspirin
(21]. Patients had AF and at least one addi-
tional risk factor for stroke. The study end
point was met prematurely; the study was
stopped after a mean follow-up of only
1 year. Tase 4 summarizes the key find-
ings of this trial. The composite outcome
of stroke and systemic embolism was sig-
nificantly lower in the apixaban compared
with the aspirin group, while the primary
safety outcome of major bleeding was simi-
lar in both groups. Mortality did not differ
among the two groups

The ARISTOTLE, a Phase III, ran-
domized, double-blind, double-dummy
control clinical trial comparing apixaban
5 mg b.i.d. (or 2.5 mg b.i.d. in vulner-
able patients) to warfarin with an (INR
target of 2.0-3.0) [22.23]. The vulnerable
population included patients 80 years of
age or older, with bodyweight < 60kg, or a
serum creatinine 21.5 mg/dl. The primary
efficacy outcome was stroke and systemic
embolism. A total of 18,201 patients were
enrolled. TasLe 5 summarizes the results of
this trial. The stroke rate and systemic
embolism were lower in the apixaban group
(1.27% per year) compared with warfarin
(1.6% per year). The rate of major bleeding
was also noted to be lower with apixaban
(2.13% per year with apixaban vs 3.09% per year with warfa-
rin). Likewise, hemorrhagic stroke rate was lower with apixaban.
Mortality rates were also lowered with apixaban (3.52 vs 3.94%
with heparin). The investigators concluded that apixaban was
superior to warfarin in stroke or systemic embolism prevention.

The ENGAGE AF-TIMI 48 trial is a Phase III, double-blind
and multinational randomized clinical trial comparing edoxaban
(DU-176b) versus warfarin in patients with NVAF [24]. Estimated
enrollment is 20,500 patients. Patients will be randomized to
receive either edoxaban 60 mg daily, edoxaban 30 mg daily or
warfarin with a target INR 0f 2.0-3.0. Required CHADS?2 score
is 22. The primary goal is to test the noninferiority of edoxaban
as compared with warfarin for the prevention of thromboembolic
events in patients The primary end point is the composite of
stroke and systemic embolic events. The primary safety outcome
is major bleeding, including intracerebral hemorrhage.

Betrixaban (Portola Pharmaceuticals/Merck) is an oral, direct
factor Xa inhibitor shown to be safe in the Phase Il EXPLORE-Xa
study (25.26]. The study enrolled 508 patients with NVAF and at
least one additional stroke risk factor. Dosages of betrixaban were
40, 60 and 80 mg daily and were compared with adjusted-dose
warfarin (INR: 2.0-3.0). There was a reduction in major bleeds,
particularly with the 40-mg betrixaban daily dose, as compared
with adjusted-dose warfarin. Pharmacological advantages of
betrixaban include its elimination as an unchanged molecule and
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its lack of interactions with other molecules metabolized by the
cytochrome P450 enzyme. Moreover, betrixaban is being devel-
oped with an intravenous antidote (PRT064445). There are no

m §>: < ongoing Phase I1I clinical trials of betrixaban for stroke prevention.
=} S (=) As previously discussed RE-LY and ROCKET AF had a non-
N a2 o inferiority to warfarin as a primary end point with an INR target
of 2.0-3.0. ROCKET AF study warfarin was given in a blinded
fashion, whereas warfarin administration was unblinded in
. . RE-LY. Furthermore, patients in ROCKET AF had a CHADS2
~ = @ score of 3 whereas RE-LY enrolled patients with a CHADS2
\2’ \E S/ score of 1.
~ I~ o Comparison of the RE-LY and ROCKET AF studies both
showed that dabigatran (hazard ratio [HR]: 0.26; p < 0.001)
and rivaroxaban (HR: 0.59; p = 0.024) offered a reduced risk of
PR R hemorrhagic stroke compared with warfarin. Both drugs were
o 3 = noninferior to warfarin in reducing the primary end point of
g/ g/ \E’ stroke and systemic embolism. In an intent-to-treat analysis, dabi-
i @ = gatran 150 mg was superior to warfarin while rivaroxaban was not,
although in a prespecified secondary on-treatment analysis, rivar-
oxaban was superior to warfarin. Dabigatran 150 mg also reduced
P R the risk of ischemic stroke (HR: 0.76; p = 0.03) whereas rivaroxa-
T 8 3 _ ban did not (p = 0.58). Furthermore, in the intent-to treat analysis
g/ S/ S/ S there was an observed robust trend for reduction in mortality with
g N = ;ﬁ dabigatran (p = 0.051), and only a modest trend for reduction in
=z mortality with rivaroxaban (p = 0.152). However, the validity
f of comparing mortality rates is limited, because ROCKET AF
Z enrolled subjects with higher CHADS?2 scores.
5 3 g c
s S o = Lack of studies assessing factor Xa inhibitors & direct
= © = s thrombin inhibitors in other ischemic stroke syndromes
g The WASID trial showed no evidence of the previously ‘assumed’
E (by some experts) superiority of warfarin over aspirin for pre-
S venting strokes among symptomatic patients with large vessel
8 ¥ o g intracranial atherosclerotic cerebrovascular disease. Moreover,
- S S = _ = warfarin was less safe than aspirin [27.28]. The WARSS study
'g © N @ c';% : = showed no differences in the rate of stroke prevention between
> é g £ g aspirin and warfarin therapy. However, warfarin was associated
o So = R with a greater benefit among patients with posterior circulation
i _ 5;’ é E % . § strokes without brainstem infarction [29,30]. Warfarin had a higher
< 3 s K 2 8o = 25 risk of adverse outcomes compared with aspirin. Thus, it is pos-
"'g = = (= é § o %E E g sible that DTTs or factor Xa inhibitors may offer greater benefit
v = & ® 8 i % 5 = g R &g for secondary stroke prevention in symptomatic patients with
g i 53527 o 3 5 intracranial arterial stenosis.
2 58 E B2S5% fiu g Whether anticoagulation is superior to antiplatelet therapy
1'; Eg 52'2' g?_ 52 for stroke prevention in cervical arterial dissections (CADs) is
2 . _ 2 S rf_c $% g 2 5 § not known. The CADISS is an exp%oratory open-label, .ran.dom—
%5 A = 3 q;)g Eggg s g r_E % ized controll'ed clln}cal trial for patients with recent (within t}'le
> - | e ~§ g «5 ~§ £ g 28 past 7 days) ischemic strok'es du'e to extracr%mal internal car'otld
© © 22 2 So599¢ £ g = o artery or vertebral artery dissection [31]. Subjects are randomized
E = g% gg §§ 5 w- % % o E to receive either antiplatelet therapy or warfarin (target INR of
3 | . % %E £ § § gé% ;§ 1—%% 2.0-3.0). There are no stud'les evgluatmg the efficacy of either
~ E = < 55555555 % Sgs DTI or factor Xa inhibitors in patients with CAD. ’ ’
> Ss o0 5 ZEEEEESC 2 %% E% The ISCVT showed the potential benefit of anticoagulation
'g -5 23 ER REEESTR in patients with cerebral venous sinus thrombosis [32]. Low-
[ 0l oL = ¥BBJRLIZEETSA

molecular-weight heparin appeared to be more effective than

WWW.expert-reviews.com 185



Morales-Vidal, Schneck, Flaster & Biller

Table 3. Summary of the ROCKET-AF trial.

Rivaroxaban (7111) 188 (1.7)* 184 101 (1.43)
269 (2.1)8 (2.61)

Warfarin (7125) 241 (2.2)* 1.65 221 126 (1.78)
306 (2.4) (3.12)

fPrimary outcome.

5(0.07)

22 (0.317)

170 (2.41) 582(4.5) 395(5.6) 55(0.8)

193 (2.73) 632(4.9) 386(56) 84(1.2)

*Per-protocol, as-treated population (6958 patients in the rivaroxaban group; 7004 in the warfarin group).
SIntention-to-treat population (7081 patients in the rivaroxban group; 7090 in the warfarin group).

Data taken from [20].

unfractionated heparin in a subgroup analysis of the ISCVT study
(33]. However, there are no randomized controlled trials evaluating
the potential benefit of anticoagulation versus other interventions
in cerebral venous thrombosis. Whether novel anticoagulants may
offer advantages as alternative anticoagulant treatment in patients
remains untested.

Although anticoagulation is indicated for cerebral venous throm-
bosis in patients with antiphospholipid antibody syndrome, antico-
agulation has not been proven to be superior to aspirin for arterial
ischemic stroke prevention in these patients [34]. Trials evaluating
the efficacy of novel DTTs or factor Xa inhibitors for arterial stroke
prevention in patients with APAS are cleatly needed.

The use of warfarin for stroke prevention in patients with systolic
heart failure with a low ejection fraction (<35%) remains contro-
versial. The WARCETF trial is currently recruiting patients, and is
estimated to be further completed by February 2012 [3s]. Results
of WARCEF may fuel further interest in novel anticoagulants for
stroke prevention in that setting. The safety of intravenous (iv.)
tissue plasminogen activation for acute ischemic stroke in patients
receiving dabigatran, apixaban or rivaroxaban is unknown.

Comparison, cost-effectiveness & future perspectives
of DTI versus factor Xa inhibitors

Direct comparisons of DTIs and direct factor Xa inhibitors are
needed. At present, the only novel agent approved by the FDA for
stroke prevention in patients with NVAF is dabigatran. For apixa-
ban and rivaroxaban, FDA approval is still pending. In contrast to

apixaban and rivaroxaban, dabigatran has an initial slow absorp-
tion during the postoperative period and food may delay absorp-
tion for up to 2 h. Freeman et a/. performed a Markovian deci-
sion analysis for a hypothetical cohort, 60-year-old patients with
NVAF based on current prices of warfarin and dabigatran in the
UK and reported outcomes based on quality-adjusted life years
(QALYs) [36]. The investigators suggested that incremental cost—
effectiveness ratio for high-dose dabigatran was superior to low-
dose dabigatran. The investigators estimated a cost of US$ 45,372
per QALY for the high-dose dabigatran versus warfarin which is
generally considered to be within the acceptable cost-effective
range. Moreover, there was a gain in QALY of the high-dose dabi-
gatran compared with warfarin. Patients at higher risk of ischemic
stroke or intracerebral hemorrhage, including those with high
CHADS?2 score had particular incremental benefit (36].

Future opportunities exist for testing these new agents among
patients with an array of cerebrovascular disorder including
intracranial arterial atherosclerotic steno-occlusive disease, cer-
vicocephalic arterial dissections, mobile aortic arch atheroma,
free-floating thrombus of the carotid artery, vertebrobasilar doli-
choectasia artery and potential high-risk cardioembolic disorders
(e.g., prosthetic heart valves).

Conclusion

Dabigatran is an effective alternative to warfarin for stroke pre-
vention in patients with NVAF. Rivaroxaban is another promis-
ing alternative to warfarin in these patients. Apixaban appears

Table 4. Summary of the results of the AVERROES trial.

Apixaban 51 patients (1.6) 44 (1.4) 3.5
2.5 mg b.i.d.

Aspirin 113 patients (3.7) 39 patients (1.2) 4.4
81-324 mg

daily

53 12.60

7.2 15.90

There was a 55% relative risk reduction of primary end point with apixaban and less cardiac hospitalizations in the apixaban group. Mortality was nonstatistically

significant between groups.

fIschemic stroke, hemorrhagic stroke or systemic embolism.
b.i.d.: Twice daily.

Data taken from [21].
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Table 5. Summary of the ARISTOTLE trial.

Apixaban 212 (1.27) 199 (1.19) 90 (0.53) 15 (0.09) 1.8 603 (3.53) 327 (2.13) 52(0.33)
(9120)
Warfarin (9081) 265 (1.60) 250 (1.51) 102 (0.61) 17 (0.10) 2.2 669 (3.94) 462 (3.09) 122 (0.8)

"Primary outcome.
Data taken from [23].

superior to aspirin for stroke prevention in patients with NVAF
that are not candidates for warfarin therapy.

Expert commentary

DTTs and factor Xa inhibitors will probably serve as alternatives to
long-term anticoagulation with warfarin for patients with NVAF.
The main advantage of dabigatran over warfarin is its lower bleed-
ing risk. These novel agents should also be studied among patients
with intracranial atherosclerotic arterial disease, cervicocephalic

arterial dissections and the antiphospholipid antibody syndrome.
These agents have a lower bleeding risk than warfarin. However,
the current lack of available antidotes may limit their immediate
rapid acceptance into general practice.

Five-year view

Within the next few years, direct thrombin inhibitors and factor
Xa inhibitors will likely supplant warfarin for long-term antico-
agulation in selective patients with NVAF.

Key issues

* RE-LY showed dabigatran to be as safe as warfarin with less intracranial bleeding.
¢ In a substudy of RE-LY, stroke rates were lower when patients were treated with dabigatran.

¢ Dabigatran has a higher gastrointestinal bleeding risk and a small but statistically significant increased risk of myocardial infarction

compared with warfarin.

e Apixaban was superior to aspirin in patients with nonvalvular atrial fibrillation who could not tolerate warfarin.
¢ Disadvantages of these novel anticoagulant agents are current unavailability of antidotes, and limited long-term safety data.
¢ ROCKET-AF showed rivaroxaban to be noninferior to warfarin for the prevention of stroke and systemic embolism in patients with

nonvalvular atrial fibrillation.
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1. You are considering novel anticoagulant therapy for your patient, a 66-year-old woman with NVAF. On the basis
of the review by Dr. Morales-Vidal and colleagues, which of the following statements about the role of dabigatran

in stroke prevention is most likely correct?
[0 A Dabigatran is a bivalent DTI

[0 B Compared with warfarin, dabigatran has a lower gastrointestinal bleeding risk

[1 € Compared with warfarin, dabigatran has a lower myocardial infarction risk

[1 D The RE-LY study showed dabigatran to be as safe as warfarin, with lower stroke rates and less intracranial bleeding

2. You are considering treating the patient described above with rivaroxaban. On the basis of the review by Dr.
Morales-Vidal and colleagues, which of the following statements about the role of rivaroxaban in stroke
prevention among patients with NVAF is most likely correct?

[0 A Rivaroxaban is a univalent DTI

1B

In ROCKET-AF, rivaroxaban was noninferior to warfarin for stroke prevention

[0 € The FDA has not approved rivaroxaban for stroke prevention in patients with AF

(1D

In ROCKET-AF, intention-to-treat analysis showed that rivaroxaban was superior to warfarin for stroke prevention

3. On the basis of the review by Dr. Morales-Vidal and colleagues, which of the following statements about the role
of apixaban in stroke prevention among patients with NVAF is most likely correct?

[1 A Apixaban appears to be superior to aspirin for stroke prevention in patients with NVAF who are not candidates for warfarin

therapy
[0 B Apixaban is a bivalent DTI
e

aspirin
1D

In the AVERROES trial, the composite outcome of stroke and systemic embolism was not significantly lower with apixaban vs

In the ARISTOTLE trial, apixaban was not superior to warfarin in stroke or systemic embolism prevention
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