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ABSTRACT
The stroke rate in atrial fibrillation is 4.5% per year, with death or
permanent disability in over half. The risk of stroke varies from under
1% to over 20% per year, related to the risk factors of congestive heart
failure, hypertension, age, diabetes, and prior stroke or transient is-
chemic attack (TIA). Major bleeding with vitamin K antagonists varies
from about 1% to over 12% per year and is related to a number of risk
factors. The CHADS2 index and the HAS-BLED score are useful sche-
mata for the prediction of stroke and bleeding risks.

Vitamin K antagonists reduce the risk of stroke by 64%, aspirin
reduces it by 19%, and vitamin K antagonists reduce the risk of stroke
by 39% when directly compared with aspirin. Dabigatran is superior to
warfarin for stroke prevention and causes no increase in major bleed-
ing. We recommend that all patients with atrial fibrillation or atrial
flutter, whether paroxysmal, persistent, or permanent, should be strat-
ified for the risk of stroke and for the risk of bleeding and that most
should receive antithrombotic therapy. We make detailed recommen-
dations as to the preferred agents in various types of patients and for
on this topic with a mandate to formulate disease-specific recommendations.

0828-282X/$ – see front matter © 2011 Canadian Cardiovascular Society. Published
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RÉSUMÉ
L’incidence annuelle de l’accident vasculaire cérébral (AVC) at-
tribuable à la fibrillation auriculaire (FA) est de 4.5 %, causant la mort
ou l’invalidité permanente dans plus de la moitié des cas. Cette inci-
dence varie de moins de 1 % à plus de 20 % par année en fonction des
facteurs de risque: insuffisance cardiaque, hypertension, âge, diabète
et antécédents d’AVC ou d’ischémie cérébrale transitoire. Le risque
d’hémorragie majeure sous traitement avec les antagonistes de la
vitamine K varie entre 1 % et 12 % par année et s’avère lié à beaucoup
d’autres facteurs. L’index de CHADS2 et le score HAS-BLED sont utiles
pour la prédiction du risque d’AVC ou d’hémorragie. Le risque d’AVC
est réduit de 64% avec le traitement aux antagonistes de la vitamine
K et de 19% avec l’aspirine. Comparativement à l’aspirine, les antago-
nistes de la vitamine K réduisent ce risque de 39%. Le Dabigatran est
supérieur à la warfarine pour la prévention du risque d’AVC sans aug-
mentation du risque de saignement majeur. Nous recommandons que
le risque d’AVC et de saignement majeur soit déterminé chez tous les
patients avec FA ou flutter auriculaire (paroxystique, persistant ou
permanent) et que la plupart reçoivent un traitement antithrom-

botique. Nos recommandations font état des agents antithrom-

These recommendations are aimed to provide a reasonable and practical ap-
proach to care for specialists and allied health professionals obliged with the
duty of bestowing optimal care to patients and families, and can be subject to
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evolve. The statement is not intended to be a substitute for physicians using
their individual judgment in managing clinical care in consultation with the
patient, with appropriate regard to all the individual circumstances of the
patient, diagnostic and treatment options available and available resources.
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Risk of Stroke

Risk factors and risk estimation schemes

In the 5 landmark randomized clinical trials of oral antico-
agulants (OACs) among patients with nonvalvular atrial fibril-
lation (AF),1-6 most of whom had no previous stroke or TIA,
control subjects had a mean 4.5% annual incidence of stroke
(range, 3%-7%), over half of which resulted in death or per-
manent disability.7 The mean annual incidence of the compos-
ite of stroke or other systemic emboli was 5% (range, 3%-
7.4%). These subjects had no contraindications to warfarin
and no echocardiographic evidence of rheumatic valvular dis-
ease. The observed rates of stroke and other systemic embolism
were similar to those reported in earlier cohorts8 and likely are
representative of individuals in the general population with AF
and not receiving antithrombotic therapy. In the United
States, the annual risk of stroke attributable to AF is 1.5% in
the age group 50 to 59 years, rises to 23.5% in the age group 80
to 89 years, and overall is 15%.9

An overview of the randomized control trials of warfarin
therapy in AF7 determined that previous stroke or TIA, in-
creasing age, history of hypertension, and diabetes were statis-
tically significant multivariate predictors of stroke. Annual
stroke risk ranged from 0 (patients younger than 60 years) to
1.3% (patients younger than 80 years with no other risk fac-
tors) and to 11.7% (patients with prior stroke or TIA). A recent
systematic review10 examined the evidence identifying inde-
pendent risk factors for stroke as reported in 7 studies selected
according to rigourously defined criteria. The absolute annual
risk of stroke varied 20 fold among patients grouped by various
risk factors. Independent risk factors for stroke were the same as
those previously identified7: stroke or TIA (relative risk [RR]
2.5), age (RR 1.5/decade), history of hypertension (RR 2.0),
and diabetes mellitus (RR 1.7). Female sex was an independent
risk factor in 3 of 6 cohorts, but coronary artery disease and
clinical congestive heart failure were not found to be indepen-
dent risk factors in any of these studies. Even though congestive
heart failure and reduced ejection fraction have been identified
only as univariate risk factors,7,10-12 they are included in cur-
rent risk classification schemes.13,14 The review10 emphasized a
variety of shortcomings of the studies, including inconsisten-
cies in definitions of some of the risk factors, the use of anti-
platelet therapies, and the stroke outcomes (ischemic strokes
only, all strokes, strokes plus other systemic emboli, and strokes
plus TIAs).

The CHADS2 index14 (see Table 1 for the components of
the acronym) assigns 1 point each for congestive heart failure,
hypertension, age 75 years or older, and diabetes mellitus and 2
points for a history of stroke or TIA (Table 1). The scheme was
validated and compared with 2 other schemes among 1733
Medicare beneficiaries aged 65 to 95 years who had been dis-
charged from hospital with nonrheumatic AF and had not been

the management of antithrombotic therapies in the common clinical
settings of cardioversion, concomitant coronary artery disease, surgi-
cal or diagnostic procedures with a risk of major bleeding, and the
occurrence of stroke or major bleeding. Alternatives to antithrombotic
therapies are briefly discussed.
prescribed warfarin. The CHADS2 index was the most accu-
rate predictor of stroke, with the annual stroke rate increasing
by about 2.0% for each 1-point increase in CHADS2 score
(from 1.9% with a score of 0 to 18.2% with a score of 6). This
scheme was also evaluated in comparison with several others
among 2580 patients receiving aspirin in 6 prospective trials.15

The CHADS2 index identified increments in stroke risk simi-
lar to those identified in the prior validation and was better
than the other schema at discriminating medium- and high-
risk patients. Although a recent systematic review16 of 12 risk
stratification schemes noted that none has been compared in a
single cohort of adequate size and diversity, the CHADS2 index
has appropriately become the favoured choice for determining
risk of stroke and guiding choice of antithrombotic therapy.13

The European Society of Cardiology (ESC) has recently
updated its guidelines for the management of AF17 and has
incorporated the new Birmingham 2009 schema (known by
the acronym CHA2DS2-VASc) for the prediction of stroke
risk.18 The schema was validated and compared with standard
criteria in a subset of 1577 patients documented in the Euro
Heart Survey on AF population. The schema is similar to the
CHADS2, but gives 2 points for age of 75 years or older and 1
point for age between 65 and 74 years, 1 point for vascular
disease (prior myocardial infarction, peripheral artery disease,
or aortic plaque), and 1 point for female sex. The ESC recom-
mends that the widely used and easily remembered CHADS2
be applied first; only if the score is under 2 should the new
schema be applied to further grade risk of stroke in patients
at low risk. The degree of risk can be refined, and if any of
the additional risk factors embodied in the CHA2DS2-VASc
are present, the score will be increased and may influence the
physician to choose more potent antithrombotic manage-
ment. Conversely, if the score remains at 0, the patient is
clearly at very low risk of stroke and may not require any
antithrombotic agent. The ESC recommends that a patient

botiques à favoriser dans les contextes cliniques de cardioversion,
maladie cardiaque athérosclérotique concomitante, procédures diag-
nostiques ou chirurgicales avec risque d’hémorragie majeure asso-
ciée, et en cas d’AVC ou de saignement majeur. Les alternatives au
traitement antithrombotique sont brièvement discutées.

Table 1. The CHADS2 score for estimating stroke risk in patients
with atrial fibrillation according to the presence of major risk factors

CHADS2 risk criteria Score

C Congestive heart failure 1
H Hypertension 1
A Age �75 years 1
D Diabetes mellitus 1
S2 (Prior) stroke or TIA 2

Adjusted stroke rate, %/y
CHADS2 score (95% CI)

0 1.9 (1.2-3.0)
1 2.8 (2.0-3.8)
2 4.0 (3.1-5.1)
3 5.9 (4.6-7.3)
4 8.5 (6.3-11.1)
5 12.5 (8.2-17.5)
6 18.2 (10.5-27.4)
Data from Gage BF, et al.14
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with a score of 0 according to the CHA2DS2-VASc schema
should receive either aspirin or no antithrombotic therapy,
with the latter preferred; a patient with a score of 1 should
receive either aspirin or OAC, with the latter preferred; and
a patient with a score of 2 should receive OAC. This new
schema may eventually be useful for patient management,
but for the present, the CCS recommends ongoing use of
the CHADS2 schema.

Paroxysmal AF

The Stroke Prevention in Atrial Fibrillation (SPAF) trial6

found similar annual rates of ischemic stroke in patients with
“recurrent” (3.2%) and “chronic” (3.3%) AF. A report from
the Atrial Fibrillation Clopidogrel Trial With Irbesartan for
Prevention of Vascular Events-Warfarin (ACTIVE-W), based
on 1202 patients with paroxysmal AF and 5495 with persistent
or permanent AF, confirmed similar rates of thromboembolic
events.19 However, it is possible that the risk of stroke is less in
patients whose episodes of AF are brief (�1 day) and self-
terminating.20 The short-term risk of stroke appears to be
higher in patients with recent-onset AF than in those with AF
that first occurred more than 1 to 2 years ago.21,22 Among AF
patients with prior stroke, the annual recurrence rate is about
12% without antithrombotic treatment.7,23 Several case series
reported recurrence rates of 0.1% to 1.3% per day during the
first 2 weeks following a cardioembolic stroke.24

Thyrotoxicosis and hypertrophic cardiomyopathy

The risk of stroke in patients with thyrotoxic AF is substan-

Figure 1. Randomized controlled trials (RCTs) of adjusted-dose war-
farin (or other vitamin K antagonist in a small proportion of patients)
vs placebo or no treatment. Point estimates of the relative risk
reductions of stroke (ischemic plus hemorrhagic) with their associ-
ated 95% CIs are depicted for 5 trials of primary prevention and 1 of
secondary prevention. The overall relative risk reduction is 64% (95%
CI, 49%-74%). AFASAK, Atrial Fibrillation, ASpirin, AntiKoagulation;
SPAF, Stroke Prevention in Atrial Fibrillation; BAATAF, Boston Area
Anticoagulation Trial for Atrial Fibrillation; CAFA, Canadian Atrial
Fibrillation; SPINAF, Stroke Prevention in Nonrheumatic Atrial Fi-
brillation; EAFT, European Atrial Fibrillation Trial. Reprinted from
Hart RG et al26 with permission from Ann Intern Med.
tial, although the mechanism and the relative role of congestive
heart failure are uncertain. The risk of stroke is also substantial
among patients with hypertrophic cardiomyopathy and AF.
These risks have not been rigourously evaluated, and anti-
thrombotic therapies for patients with AF and thyrotoxicosis or
hypertrophic cardiomyopathy should be based on the presence
of validated stroke risk factors.9,13,17

Atrial flutter

There is a widespread perception that the risk of stroke is
less with atrial flutter than with AF. However, a retrospective
analysis of a large database of elderly hospitalized patients
found little difference in the risk ratios for atrial flutter (1.4)
and AF (1.6).25 By 8 years of follow-up, more than half the
patients with atrial flutter had developed AF, and these patients
were more likely to experience a stroke. The development of AF
was more likely among patients with congestive heart failure,
rheumatic heart disease, hypertension, and diabetes mellitus.

Trials of Antithrombotic Therapies

Oral vitamin K antagonists and antiplatelet agents

An overview7 of the initial 5 randomized trials of oral vita-
min K antagonists compared with no treatment found the in-
cidence of ischemic stroke was reduced from 4.5% per year to
1.4% per year (relative risk reduction [RRR] 68%; 95% CI,
50%-79%; P � .001). The rate of major hemorrhage with
vitamin K antagonists was 1.3% per year vs 1% per year in
controls. The most recent meta-analysis of such trials26 in-

Figure 2. Randomized controlled trials (RCTs) of aspirin vs placebo or
no treatment. Point estimates of the relative risk reductions of stroke
(ischemic plus hemorrhagic) with their associated 95% CIs are de-
picted for 4 trials of primary prevention and 3 of secondary preven-
tion. The overall relative risk reduction is 19% (95% CI, �1% to 35%).
AFASAK, Atrial Fibrillation, ASpirin, AntiKoagulation; SPAF, Stroke
Prevention in Atrial Fibrillation; EAFT, European Atrial Fibrillation Trial;
ESPS, European Stroke Prevention Study; LASAF, Low-dose Aspirin,
Stroke, Atrial Fibrillation; UK-TIA, United Kingdom Transient Ischemic
Attack; JAST, Japan Atrial fibrillation Stroke Trial. Reprinted from Hart

RG et al26 with permission from Ann Intern Med.
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cluded 1 additional trial (of secondary prevention of stroke)
and calculated an RRR of 64% (95% CI, 49% to 74%) for the
more clinically meaningful outcome of all stroke (ischemic or
hemorrhagic; Fig. 1). The absolute risk reduction (ARR) was
2.7% per year in primary prevention trials and 8.4% per year in
the only secondary prevention trial. There was an excess of
0.3% per year (P � not significant) of major extracranial hem-
orrhage with vitamin K antagonist therapy but a statistically
significant ARR of mortality of about 1.6% per year.

The overview included trials of aspirin vs no treatment26

and reported an RRR for all stroke of 19% (95% CI, 1% to
35%; Fig. 2), with an ARR of 0.8% per year in primary pre-
vention trials and 2.5% per year in secondary prevention trials.
There were no significant differences in major extracranial
hemorrhage or mortality. An update of this overview27 assessed
trials of vitamin K antagonists vs aspirin and reported an RRR
for all stroke of 39% (95% CI, 19%-53%) in favour of vitamin
K antagonists (Fig. 3), equivalent to an ARR of about 0.9% per
year for primary prevention and 7% per year for secondary
prevention. There were no significant differences in major ex-
tracranial hemorrhage or mortality. The inclusion of 3 further
trials comparing vitamin K antagonists with other antiplatelet
agents did not importantly alter the findings.

Warfarin adjusted to an international normalized ratio
(INR) of 2 to 3 has been compared with various regimens of
lower-dose warfarin plus aspirin28 and to warfarin at lower
intensity and low fixed dose,29-31 but none of these regimens
was as effective. It had been expected that in patients suitable

Figure 3. Randomized trials of adjusted-dose warfarin (or other vita-
min K antagonist in a small proportion of patients) vs aspirin. Point
estimates of the relative risk reductions of stroke (ischemic or hem-
orrhagic) with their associated 95% CIs are depicted for 7 trials of
primary prevention and 1 of secondary prevention. The overall relative
risk reduction is 39% (95% CI, 19%-53%). AFASAK, Atrial Fibrillation,
ASpirin, AntiKoagulation; BAFTA, Birmingham Atrial Fibrillation Treat-
ment of the Aged; Chinese ATAFS, Chinese Antithrombotic Therapy in
Atrial Fibrillation; EAFT, European Atrial Fibrillation Trial; PATAF, Pre-
vention of Arterial Thromboembolism in Atrial Fibrillation; SPAF,
Stroke Prevention in Atrial Fibrillation. Reprinted from Hart RG et al27

with permission from Ann Intern Med.
for warfarin therapy, the combination of aspirin plus clo-
pidogrel might be noninferior to warfarin for the prevention of
stroke, while offering the advantages of less bleeding and
greater convenience. However, the ACTIVE-W trial32 found
the RR for the composite outcome of stroke, non–central ner-
vous system embolus, myocardial infarction, and vascular
death was 1.44 (95% CI, 1.18-1.76; P � .0003) for the com-
bination of clopidogrel plus aspirin (75 mg and 75-100 mg/d)
vs warfarin (INR 2-3). Somewhat surprisingly, the RR for ma-
jor bleeding was 1.10 (95% CI, 0.83-1.45) with the combina-
tion.

It had also been expected that in patients not suitable for
warfarin therapy, the combination of aspirin and clopidogrel
might be more effective than aspirin alone. The ACTIVE-A
trial33 did find that after a mean of 3.6 years, the risk of major
vascular events was reduced by the combination (RR 0.89;
95% CI, 0.81-0.98; P � .01). However, major bleeding was
increased by the combination (2.0% vs 1.3% per year; RR
1.57; 95% CI, 1.29-1.92; P � .01).

New non–vitamin-K-antagonist anticoagulants

Ximelagatran is an oral direct thrombin inhibitor with pre-
dictable and stable pharmacokinetics and relatively low poten-
tial for interactions with other drugs and with foods. Coagula-
tion monitoring and dose adjustments are not required. This
agent was evaluated in 2 large trials employing noninferiority de-
signs.34,35 In both, it was concluded that ximelagatran was nonin-
ferior to warfarin. The incidence of major bleeding was similar
with the 2 agents, but all bleeding was significantly less with xi-
melagatran. However, both studies found a 6-fold excess of pa-
tients with elevations of alanine aminotransferase to greater than 3
times the upper limit of normal, usually within the first 6 months.
The Food and Drug Administration did not approve the new
agent, having concluded that the more convenient dose and mon-
itoring regimens and less total bleeding did not outweigh concerns
about hepatic toxicity and the inappropriately large noninferiority
margins.

Dabigatran is an oral direct thrombin inhibitor that is li-
censed for use in Canada and the United States. It was com-
pared with warfarin in the Randomized Evaluation of Long-
Term Anticoagulation Therapy (RE-LY) trial,36 in which
18,113 patients with AF (mean CHADS2� 2.1) were random-
ized to dabigatran 110 mg twice daily, dabigatran 150 mg twice
daily, or warfarin (INR 2-3) and followed for a median of 2.0
years. The mean time in the therapeutic range for warfarin was
64%. Rates of discontinuation of therapy by 2 years were
16.6% for warfarin, 20.7% for dabigatran 110 mg, and 21.2%
for dabigatran 150 mg. Approximately 20% of subjects were
taking aspirin in addition to their study drug. The rates of the
principal outcome of all stroke (ischemic or hemorrhagic) or
non–central nervous system embolus were 1.69% per year
with warfarin, 1.53% per year with dabigatran 110 mg (RR
0.91; 95% CI, 0.74-1.11; P � .001 for noninferiority), and
1.11% per year with dabigatran 150 mg (RR 0.66; 95% CI,
0.53-0.82; P � .001 for superiority; Fig. 4). The RR of stroke
or systemic embolus for dabigatran 150 mg vs 110 mg was 0.73
(95% CI, 0.58-0.91; P � .005). The rates of major bleeding
were 3.36% per year with warfarin, 2.71% per year with dab-
igatran 110 mg (RR vs warfarin 0.8, P � .003), and 3.11% per
year with dabigatran 150 mg (RR vs warfarin 0.93, P � .31 and
RR vs dabigatran 110 mg 1.16, P � .052). The rates of the net

clinical benefit outcome (a composite of stroke, systemic em-



78 Canadian Journal of Cardiology
Volume 27 2011
bolism, pulmonary embolism, myocardial infarction, death, or
major bleeding) were 7.64% per year with warfarin, 7.09% per
year with dabigatran 110 mg (RR vs warfarin 0.92; 95% CI,
0.84-1.02), and 6.91% per year with dabigatran 150 mg (RR vs
warfarin 0.91; 95% CI, 0.82-1.00). Hence, in this group of
patients with clear indications for warfarin therapy, dabigatran
110 mg twice daily was associated with rates of stroke and
systemic embolism similar to those associated with warfarin,
but with a rate of major hemorrhage that was lower. Com-
pared with warfarin, dabigatran 150 mg twice daily was
associated with lower rates of stroke and systemic embolism
and a similar rate of major hemorrhage. Compared with
dabigatran 110 mg, the 150-mg dose was associated with
lower rates of stroke and systemic embolus but a strong
trend toward more major hemorrhage.

The data for the comparative beneficial and harmful effects
of dabigatran vs warfarin among patients with AF are derived
only from RE-LY and a relatively small pilot study (Prevention
of Embolic and ThROmbotic events in patients with persistent
atrial fibrillation).37 However, RE-LY enrolled over 18,000
patients. The recommendations made by previous national
guidelines exercises have been based on a total of 2900 patients
in the randomized trials of warfarin vs control, 3990 patients in
the trials of aspirin vs control, and 3647 patients in the trials of
warfarin vs aspirin. The results of RE-LY and studies of other
newer anticoagulants, as they are published, must be taken into
account in all subsequent guidelines exercises.

Although dabigatran 110 mg twice daily was found to be as
effective as warfarin and caused less major bleeding, and dab-
igatran 150 mg twice daily was found to be more effective than
warfarin and with a similar risk of major bleeding, additional
considerations are necessary in arriving at sensible recommen-
dations for use. The subjects all had at least 1 risk factor for
stroke (mean CHADS2 was 2.0), and patients with CrCl �30
mL per minute and any condition that increased the risk of
bleeding were excluded. Dyspepsia was twice as common in the
dabigatran groups, gastrointestinal bleeding was more com-
mon, and patients receiving dabigatran discontinued study

Figure 4. Cumulative hazard rates (y-axis) vs time in years (x-axis) for
the primary outcome of stroke (ischemic or hemorrhagic) or systemic
embolism, according to treatment group (dabigatran 150 mg twice
daily, dabigatran 110 mg twice daily, or warfarin [INR 2-3]). RR,
relative risk. Reprinted from Connolly SJ, et al36 with permission from
N Engl J Med, © Massachusetts Medical Society.
therapy almost 50% more often in the first year of therapy than
did those receiving warfarin. Although there was a trend to a
reduction of the composite clinical outcome in the dabigatran
groups, there was a trend to more frequent myocardial infarc-
tion with dabigatran, which was significant at the 150-mg dose.
There was no hint of greater hepatic toxicity with dabigatran
than with warfarin, but the total clinical experience extends to
only a mean of 2 years, and careful long-term follow-up data
are needed. Dabigatran tablets are much more costly than war-
farin, but rigourous cost-effectiveness analyses will be needed
to assess total costs.

We recommend that when an OAC is indicated for stroke
prevention, most patients should receive dabigatran in prefer-
ence to warfarin. Possible exceptions would include patients
with a propensity to dyspepsia, gastrointestinal bleeding, or
both and those at substantial risk of coronary events (see more
detailed discussion under the heading Coronary Artery Dis-
ease). The dose of 150 mg twice a day is preferable to 110 mg
twice a day, except in patients of low body weight, decreased
renal function, or at increased risk of major bleeding.

Idraparinux is a specific inhibitor of activated factor X,
which may be given in a fixed, weekly subcutaneous injection
without coagulation monitoring. This agent was compared
with vitamin K antagonists (INR 2-3) in the AMADEUS trial
of 4576 patients.38 The trial was stopped early because of excess
clinically relevant bleeding with idraparinux (19.7% vs 11.3%
per year, P � .0001), at which point idraparinux was noninfe-
rior for the principal outcome of all stroke or systemic embo-
lism (hazard ratio 0.71; 95% CI, 0.39-1.30; P � .007). Elderly
patients and those with renal insufficiency were more at risk of
excess bleeding, but clearly at the dose regimen tested, idrapa-
rinux would not be a suitable alternative to vitamin K antago-
nist therapy in AF patients.

There are several available oral, direct-acting factor Xa in-
hibitor drugs that have proven effective and safe in studies of
deep venous thrombosis and offer promise in the setting of AF.
In the Apixaban Versus ASA to Reduce the Rate Of Embolic
Stroke (AVERROES) trial,39 apixaban (5 mg twice a day) was
compared with aspirin (81-324 mg daily) among patients with
AF at more than very low risk of stroke in whom vitamin K
antagonist therapy was unsuitable. The trial was terminated for
early efficacy in 2010. In the Apixaban for the Prevention of
Stroke in Subjects with Atrial Fibrillation (ARISTOTLE)
trial,40 apixaban (5 mg twice a day) is being compared with
warfarin (INR 2.5) among patients at somewhat higher risk of
stroke. The expected enrollment is 15,000 patients, with com-
pletion in 2010. In the Rivaroxaban Once daily oral direct
factor Xa inhibition Compared with vitamin K antagonism for
prevention of stroke and Embolism Trial in Atrial Fibrillation
(ROCKET-AF) trial,41 which enrolled over 14,000 patients,
rivaroxaban (20 mg/d) was compared to warfarin (INR 2.5)
among patients with AF at risk of stroke and suitable for war-
farin therapy. Rivaroxiban was noninferior to warfarin for the
principal outcome of all stroke or systemic embolus.

Atrial flutter

Although there are no rigourous prospective data on the
incidence of stroke among patients with atrial flutter, nor are
there randomized trials of the value of anticoagulation, it is
generally recommended that patients with atrial flutter be risk
stratified and treated in the same manner as patients with

AF.9,13
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Risk of Hemorrhage
The efficacy of any antithrombotic therapy for the preven-

tion of ischemic stroke must be balanced against the risk of
major hemorrhage, particularly cerebral hemorrhage, which is
often fatal. In each of the initial randomized trials of anti-
thrombotic therapies, the principal outcome was the composite
of ischemic stroke or systemic embolus. Although hemorrhage
and the subsets of intracranial and intracerebral hemorrhage
were generally reported, the net benefit for major clinical out-
comes was not always clear. More recent trials and overviews
have focused on the principal outcome of all stroke (ischemic
plus hemorrhagic) or systemic embolus, a more meaningful
outcome for patients and treating physicians. The incidence of
extracranial major hemorrhage (usually without long-term se-
quellae among survivors) can be subjectively compared to the
reduced incidence of all stroke in order to reach conclusions
about the net patient benefits of antithrombotic therapies.

The risk of hemorrhage depends on the specific antithrom-
botic agent (including dose and monitoring) and on a variety of
patient characteristics. The risks of hemorrhage are lowest with
either aspirin (75-325 mg/d) or clopidogrel (75 mg/d) alone,
higher when they are combined, higher still with dabigatran
110 mg twice a day, and highest with dabigatran 150 mg per
day and vitamin K antagonists, which carry similar risks. When
vitamin K antagonists are used, the bleeding risk depends on
the INR, the quality of monitoring, the duration of therapy
(the risk is higher during the initial few weeks of therapy), and
the stability of dietary and other factors that may alter the INR
at a given dose of the chosen agent. The risk of bleeding is likely
to be higher in common clinical practice than in the rigourous
setting of a clinical trial or a dedicated, expert anticoagulation
service.

For most patients who are candidates for warfarin, an INR
range of 2.0 to 3.0 with a target of 2.5 appears optimal.9,13 In
a large cohort of patients, the risk of ischemic stroke, severity of
stroke, and mortality rose sharply when INR fell to 1.5 to 1.9,
but the risk of intracranial hemorrhage did not rise until INR
values exceeded 3.9.42 A recent meta-analysis43 of studies that
assigned hemorrhagic and thromboembolic events in patients
taking anticoagulants to discrete INR ranges found that 44%
of hemorrhages occurred when INRs were above the therapeu-

Table 2. The HAS-BLED score for estimating the risk of major
bleeding among AF patients

Clinical characteristic Score

Hypertension 1
Abnormal renal or liver function (1 point each) 1 or 2
Stroke 1
Bleeding 1
Labile INRs 1
Elderly (eg, age �65 yr) 1
Drugs or alcohol (1 point each) 1 or 2

Risk factor score Major bleeds (%/y)

0 1.13
1 1.02
2 1.88
3 3.74
4 8.70
5 12.50

Data from Pisters R, et al.46
tic range, 48% of thromboembolic events took place when
INRs were below it, and the mean proportion of events that
occurred when the patient’s INR was outside the therapeutic
range was higher in the studies of shorter follow-up. Patients
with a previous TIA or minor stroke may benefit from a some-
what higher INR of 2.0 to 3.5, with a target of 3.0.13,17,44

Patients at higher risk of cerebral hemorrhage, particularly
those older than 75 years, may benefit from a somewhat lower
INR range of 1.6 to 2.5, with a target of 2.0,13 although pro-
tection against ischemic stroke drops off sharply when INRs
fall below this target.

The HEMORR2HAGES scheme45 was developed from 3
previously published prediction rules, a recent systematic re-
view, and a formal literature search. The scheme allotted 2
points for a previously documented episode of bleeding and 1
point each for hepatic or renal disease, ethanol abuse, malig-
nancy, age �75 years, reduced platelet count or function, re-
bleeding risk, hypertension (uncontrolled), anemia, genetic
factors (CYP 2C19 SNPs), excessive falls (including neuropsy-
chiatric disease), and stroke. When compared with the 3 earlier
prediction rules in a population of elderly patients with AF45

who were receiving warfarin, aspirin, or no antithrombotic
therapy, the new scheme provided good discrimination among
patients with an annual risk of hospitalization for hemorrhage
while receiving warfarin, which ranged from 1.9% to 12.3%.

The new ESC guidelines for management of AF46 suggest
the use of a new schema for the prediction of bleeding risk
(Table 2). It is based on the presence of hypertension, abnor-
mal liver or renal function, history of stroke or bleeding, labile
INRs, elderly age (�65 years), and concomitant use of drugs
that promote bleeding or excess alcohol use (HAS-BLED is the
acronym)46 and was derived from the Euro Heart Survey on
AF. The proposed schema relies on fewer and more readily
obtained risk factors than earlier schemata do and performs at
least as well as the HEMOR2RHAGES schema in the predic-
tion of bleeding events. Documentation of a HAS-BLED score
allows the clinician to assign the patient a risk of major bleeding
ranging from about 1% (score 0-1) to 12.5% (score 5) and can
be useful in decisions about the relative risks of stroke vs major
bleeding with various antithrombotic therapies. Patients at
high risk of major bleeding warrant caution in the use of anti-
thrombotic therapies and closer monitoring and follow-up. We
suggest the use of this new schema as a simpler alternative to the
HEMOR2RHAGES schema.

RECOMMENDATION

We recommend that all patients with AF or AFL (par-
oxysmal, persistent, or permanent) should be stratified us-
ing a predictive index for stroke (eg, CHADS2) and for the
risk of bleeding (eg, HAS-BLED) and that most patients
should receive antithrombotic therapy (Strong Recommen-
dation, High-Quality Evidence).

We recommend that patients at very low risk of stroke
(CHADS2 � 0) should receive aspirin (75-325 mg/d)
(Strong Recommendation, High-Quality Evidence).

We recommend that patients at low risk of stroke
(CHADS2 � 1) should receive OAC therapy (either warfa-
rin [INR 2 to 3] or Dabigatran) (Strong Recommendation,
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High-Quality Evidence). We suggest, based on individual
risk-benefit considerations, that aspirin is a reasonable al-
ternative for some (Conditional Recommendation, Moder-
ate-Quality Evidence).

Values and preferences. This recommendation places
relatively greater weight on the absolute reduction of
stroke risk with both warfarin and dabigatran compared
with aspirin and less weight on the absolute increased risk
for major hemorrhage with an OAC compared with as-
pirin.

We recommend that patients at moderate risk of stroke
(CHADS2 �2 should receive OAC therapy (either warfarin
[INR 2-3] or Dabigatran) (Strong Recommendation,
High-Quality Evidence).

We suggest that when OAC therapy is indicated, most
patients should receive dabigatran in preference to warfarin.
In general, the dose of dabigatran 150 mg by mouth twice a
day is preferable to a dose of 110 mg by mouth twice a day
(exceptions discussed in text) (Conditional Recommenda-
tion, High-Quality Evidence).

Values and preferences. This recommendation places a
relatively high value on the greater efficacy of dabigatran
during a relatively short time of follow-up, particularly
among patients who have not previously received an OAC;
the lower incidence of intracranial hemorrhage; and its ease
of use—and less value on the long safety experience with
warfarin.

Figure 5 is a flow chart outlining our recommendations for
the choice of antithrombotic therapy.

Recent practice guidelines9,13 stress the importance of ap-
propriate antithrombotic therapy for AF, and yet practice sur-
veys indicate that rates of compliance range from rather
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Figure 5. A summary of our recommendations for thromboembolic
management guided by the CHADS2 score. See Tables 1 and 2 for
definitions of CHADS2 and HAS-BLED. OAC, oral anticoagulant.
low47-51 to reasonably high.52
Selected Clinical Settings

Elderly patients

Advanced age (�75 years) has been consistently noted as a
risk factor for both ischemic stroke and major hemorrhage,
particularly intracranial. Hylek et al53 reported a series of 472
patients aged �65 years (153 patients aged �80 years), with
electrocardiogram-verified AF, newly started on warfarin at the
study institution, and managed by the on-site anticoagulation
clinic. Anticoagulation control was very good, with 56% of
person-time within the INR range of 2.0 to 3.0, 29% below
2.0, 11% within 3.0 to �4.0, and only 2% �4.0. Even within
this optimized setting, the rate of major hemorrhage (100%
follow-up) was 7.2 per 100 patient-years (intracranial hemor-
rhage 2.5 per 100 patient-years). The incidence of major hem-
orrhage was 13.1% for patients aged �80 years vs 4.75% for
those �80 years. The risk during the first 90 days of therapy
was 3 times that of the remainder of the year. The risk of major
hemorrhage was increased 20 times among patients with an
INR � 4.0. Most of the intracranial bleeds occurred in patients
aged �75 years. The rate of major hemorrhage was higher in
patients with higher CHADS2 scores. In contrast, the Birming-
ham Atrial Fibrillation Treatment of the Aged study54 found
that in patients aged �75 years, warfarin was more efficacious
than aspirin in preventing all strokes (ischemic plus hemor-
rhagic) and did not cause more major extracranial hemorrhage
(1.4% per year with warfarin vs 1.6% per year with aspirin).
The lower bleeding risk may be attributable to more restrictive
patient selection for a clinical trial than for the Hylek survey
and to the fact that 40% of them had been taking warfarin
safely prior to entering the trial. A more recent cohort study
found an annual incidence of major extracranial bleeding of
1.3% with careful INR management.55 These observations
point to the challenges in choosing the optimal antithrombotic
therapy for very elderly patients in order to ensure a favourable
risk-benefit ratio.56 For those with no stroke risk factors other
than age �75 years, some guidelines have recommended con-
sideration of aspirin in preference to warfarin.13 Nevertheless,
ischemic stroke, with its dire consequences, is relatively fre-
quent, and the competing risk of intracranial hemorrhage with
warfarin may be acceptable. If warfarin is to be used, great care
must be taken to rigourously maintain the selected therapeutic
INR with frequent monitoring in the first 3 months and more
often than the “standard” monthly interval subsequently.

Cardioversion

Although the randomized trials have shown no improve-
ment in major outcomes, including thromboembolism, with a
rhythm control strategy vs rate control, individual patients may
gain symptomatic benefit and even long-term freedom from
AF after electrical or pharmacologic cardioversion. The stron-
gest predictor of initial and persistent success with cardiover-
sion is short duration of the AF before cardioversion. In gen-
eral, it may be expected that AF occurring in conjunction with
surgery (see accompanying article titled “Prevention and Treat-
ment of Atrial Fibrillation Following Cardiac Surgery”57), viral
illness, alcohol excess, or in association with thyrotoxicosis or
pulmonary embolus has a high likelihood of reversion with
persistence of sinus rhythm if there has been resolution of the

precipitating cause. Successful and sustained reversion to sinus
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rhythm is associated with relatively young age and freedom
from underlying heart disease. Some patients have intolerable
symptoms and poor exercise tolerance during AF and may pre-
fer attempted rhythm control to rate control. The rate of initial
success in restoring sinus rhythm is high, but in the contempo-
rary Atrial Fibrillation Follow-up Investigation of Rhythm
Management (AFFIRM) trial, vigorous efforts to establish and
sustain sinus rhythm resulted in prevalences of only 82.5%,
73.3%, and 62.6% at 1, 3, and 5 years, respectively.58

Stroke risk with cardioversion

Cardioversion is appropriate for selected patients with AF or
AFL,57,58 necessitating consideration of the possibility of asso-
ciated thromboembolism. A well-designed prospective cohort
study reported a reduction of postcardioversion systemic em-
bolism of from 5.3% to 0.8% among anticoagulated pa-
tients.59 These observations have been supported by several
published case series.13 Two more-recent studies reported re-
markably similar incidences of cerebral embolization among
patients receiving OAC in the setting of electrical cardiover-
sion.60,61 It is generally believed that a newly formed thrombus
will become organized and adherent to the left atrial wall
within 2 weeks of formation. Transesophageal echocardiogra-
phy (TEE) reveals that in the majority of patients, thrombus
resolves, rather than simply becoming firmly adherent to the
wall of the left atrium or left atrial appendage.62 Accordingly, it
is generally recommended that documented systemic anticoag-
ulation at therapeutic levels be instituted at least 3 weeks before
cardioversion.9,13 An analysis that pooled data from 32 studies
found that 98% of thromboembolic events occurred within 10
days of cardioversion of AF or flutter.63 However, evidence
exists that even after successful electrical cardioversion, atrial
contraction may not normalize for weeks when AF has been
present for some time,64,65 and therefore maintenance of anti-
coagulation for at least 4 weeks after cardioversion seems pru-
dent.9,13 If AF or AFL persists or recurs after attempted cardio-
version, or if symptoms suggest that the presenting AF or AFL
has been recurrent, antithrombotic therapy should be contin-
ued indefinitely with either aspirin or OAC as appropriate. If
normal sinus rhythm is achieved and sustained for 4 weeks, the
need for ongoing antithrombotic therapy depends on the risk
of stroke, and in difficult cases, the practitioner may require
expert consultative advice. There is no evidence that the inci-
dence of thromboembolism is less with pharmacologic than
with electrical cardioversion,66,67 and accordingly, it is gener-
ally recommended that anticoagulant management should not
differ.13 New-onset AF is generally not thought to warrant
anticoagulation if cardioversion is undertaken within 48 hours
of its onset, based on case series showing an incidence of throm-
boembolism �1%9,13,68,69 without OAC. Even when the du-
ration of the current episode of AF is �48 hours, if the
patient is at particularly high risk of stroke (eg, mechanical
valve, rheumatic heart disease, recent stroke, or TIA), it
would be appropriate to delay cardioversion to allow the
patient to receive OAC for 3 weeks before the procedure and
to continue indefinitely. Following attempted cardiover-
sion, if AF persists or recurs or if symptoms suggest the
presenting AF or AFL has been recurrent, antithrombotic
therapy (OAC or aspirin) should be commenced and con-
tinued indefinitely. If normal sinus rhythm is achieved and

sustained, the need for ongoing antithrombotic therapy de-
pends on the risk of stroke. (See accompanying article titled
“Management of Recent-Onset Atrial Fibrillation and Flut-
ter in the Emergency Department.”70)

Atrial flutter

Retrospective studies of patients with atrial flutter undergo-
ing cardioversion suggest that the risk of thromboembolism
may not be importantly different from that for patients with
AF.68,69 Case series note a very low incidence of thromboem-
boli when patients with atrial flutter are adequately anticoagu-
lated prior to cardioversion.69-71 It is generally recommended
that patients with atrial flutter who are to be cardioverted re-
ceive an anticoagulant regimen identical to that for patients
with AF.9,13,17

Emergency cardioversion

Emergency cardioversion may be required because of ischemia
or hemodynamic compromise in some situations and should not
be delayed, even if the AF has been present for more than 48 hours
and the patient is not already anticoagulated. In such a situation,
concomitant anticoagulation with unfractionated heparin (UFH)
or low molecular weight heparin (LMWH) may offer some ben-
efit, but there are no published evaluations. (See accompanying
article titled “Management of Recent-Onset Atrial Fibrillation
and Flutter in the Emergency Department.”70)

RECOMMENDATION

We recommend that hemodynamically stable patients
with AF or AFL of �48 hours or uncertain duration for
whom electrical or pharmacologic cardioversion is planned
should receive therapeutic OAC therapy (warfarin [INR
2-3] or dabigatran) for 3 weeks before and at least 4 weeks
post-cardioversion.

Following attempted cardioversion,
If AF or AFL persists or recurs or if symptoms suggest

that the presenting AF or AFL has been recurrent, the pa-
tient should have antithrombotic therapy continued indef-
initely (using either OAC or aspirin, as appropriate).

If sinus rhythm is achieved and sustained for 4 weeks,
the need for ongoing antithrombotic therapy should be de-
termined on the basis of the risk of stroke, and in selected
cases expert consultation may be required (Strong Recom-
mendation, Moderate-Quality Evidence).

We recommend that hemodynamically stable patients
with AF or AFL of known duration 48 hours may undergo
cardioversion without prior or subsequent anticoagulation.
However, if the patient is at particularly high risk of stroke
(eg, mechanical valve, rheumatic heart disease, recent
stroke, or TIA), cardioversion should be delayed, and the
patient should receive OAC for 3 weeks before and at least
4 weeks post-cardioversion.

Following attempted cardioversion,
If AF or AFL persists or recurs or if symptoms suggest

that the presenting AF or AFL has been recurrent, anti-
thrombotic therapy (OAC or aspirin, as appropriate)
should be commenced and continued indefinitely.

If normal sinus rhythm is achieved and sustained for 4
weeks, the need for ongoing antithrombotic therapyshould
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be determined on the basis of the risk of stroke according to
CHADS2 score, and in selected cases expert consultation
may be required (Strong Recommendation, Moderate-
Quality Evidence).

We suggest that hemodynamically unstable patients
with AF or AFL who require emergency cardioversion be
managed as follows:

If the AF or AFL is of known duration 48 hours, the
patient may generally undergo cardioversion without prior an-
ticoagulation. However, if the patient is at particularly high risk
of stroke (eg, mechanical valve, rheumatic heart disease, recent
stroke, or TIA), the patient should receive IV UFH or LMWH
before cardioversion if possible, or immediately thereafter if
even a brief delay is unacceptable, and then be converted to
OAC for at least 4 weeks post-cardioversion.

If the AF or AFL is of �48 hours or of uncertain
duration, we suggest the patient receive intravenous UFH
or LMWH before cardioversion if possible, or immediately
thereafter if even a brief delay is unacceptable. Such a pa-
tient should then be converted to OAC for at least 4 weeks
post-cardioversion.

Following attempted cardioversion, the guidelines for
subsequent antithrombotic therapy are identical to those for
the management of hemodynamically stable patients under-
going cardioversion (Conditional Recommendation, Low-
Quality Evidence).

Figure 6 is a flow chart outlining our recommendations for
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The potential role of TEE to rule out the presence of atrial
thrombi and the avoidance of anticoagulation was studied in
several case series. An overview of these studies71 reported that
patients with no atrial thrombus who then underwent electrical
cardioversion had an unacceptably high incidence of emboli-
zation by comparison with anticoagulated patients in separate
case series. It is generally accepted that the absence of thrombi
on TEE does not eliminate the requirement for a period of 4
weeks of anticoagulation following cardioversion.
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phy (ACUTE) was a multicentre randomized prospective of
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ized to no TEE received warfarin for 3 weeks precardioversion
and a further 4 weeks post-cardioversion. There was no signif-
icant difference between the TEE and the no-TEE groups in
the rate of embolic events or prevalence of sinus rhythm. The
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minor. Right or left heart thrombi were identified in 13.8% of
patients who underwent TEE. Of those patients with thrombi
detected, 88.2% had a thrombus in the left atrial appendage.
Among those patients with atrial thrombi detected, the value of
repeat TEE after the initial 3 weeks of anticoagulation is un-
certain.72 The investigators subsequently reported the results
of a small randomized controlled trial which found no differ-
ence in safety outcomes between UFH and enoxaparin for the
acute anticoagulation phase.73 In centres where TEE is readily
available and the interpretations reliable, a TEE-guided man-
agement strategy may safely shorten the time to cardioversion
by comparison with standard anticoagulant regimens. The
cost-effectiveness of such an approach depends very much on
local and national patterns of practice and cost structures.

RECOMMENDATION

We suggest that hemodynamically stable patients with
AF or AFL of �48 hours or of unknown duration may
undergo cardioversion guided by TEE (following the pro-
tocol from the Assessment of Cardioversion Utilizing Echo-
cardiography trial as detailed in the text) (Conditional Rec-
ommendation, High-Quality Evidence).

Coronary Artery Disease
The clinician managing a patient with AF must often deal

with concomitant coronary artery disease in the settings of
primary prevention, stable coronary artery disease, an acute
coronary syndrome (ACS), or percutaneous coronary interven-
tion (PCI). There is good evidence for the use of aspirin for
primary prevention,74,75 for aspirin or clopidogrel for stable
coronary artery disease,76 for aspirin supplemented by clopi-
dogrel for up to 1 year following an ACS (with or without
PCI77-86) and for PCI (both elective83,84 and post-ACS80).
Warfarin alone or in combination with aspirin is less effective
than aspirin plus clopidogrel for patients post-PCI.81,82 There
is considerable evidence from randomized controlled trials,
that for primary prevention among patients at high risk of
coronary events, low-intensity warfarin (INR 1.5) is as ef-
fective as aspirin for the prevention of coronary events,87

and for secondary prevention following myocardial infarc-
tion, warfarin alone (INR 2.8-4.8)88 or warfarin (INR
2-2.5) plus aspirin (75-100 mg)89,90 is at least as efficacious
as aspirin alone in reducing subsequent coronary events.91

There has been no rigourous comparison of warfarin vs the
combination of aspirin and clopidogrel.

The benefits of antithrombotic therapies for the primary
prevention of coronary events must be balanced against the
risks of major bleeding attributable to both aspirin and vitamin
K antagonists. Although viewpoints vary, once the annual risk
of a coronary event exceeds 1% to 1.5%, antithrombotic ther-
apy is likely to confer more benefit than harm.75,92 Among
patients with known coronary artery disease, ACS, or recent
PCI, the benefits of appropriate antithrombotic therapy
strongly outweigh the harms. Both aspirin and warfarin are
appropriate for the primary prevention of coronary events in
those patients at higher risk and for secondary prevention in
most patients with known coronary artery disease. Accord-

ingly, when such patients also have AF or AFL, it seems rea-
sonable to choose the most appropriate antithrombotic therapy
for the prevention of stroke with the expectation that the cho-
sen therapy will also be protective against coronary events. For
primary prevention of coronary events and for stable coronary
artery disease, when the risk of stroke is very low (CHADS2 �
0), aspirin would be appropriate because of its lower bleeding
risk and greater ease of administration. When the risk of stroke
is higher (CHADS2 �1), warfarin would be appropriate, in-
stead of aspirin.

In the setting of elective PCI, aspirin plus clopidogrel are
required for optimal prophylaxis against stent thrombosis. If
the patient also has AF with a risk of stroke that is very low to
low (CHADS2 �1), then aspirin plus clopidogrel would be
appropriate for a minimum of 1 month for a bare metal stent,
3 months for a sirolimus drug-eluting stent, or 6 months for a
paclitaxel drug-eluting stent; subsequently, CHADS2 � 0 pa-
tients might continue on aspirin alone, and CHADS2 � 1
patient might stay on aspirin plus clopidogrel or be switched to
warfarin. If the risk of stroke is higher (CHADS2 � 2), OAC is
required for adequate stroke prophylaxis. Hence, for optimal
prophylaxis against both stroke and coronary events, a period
of therapy with a combination of aspirin, clopidogrel, and
OAC (“triple antithrombotic therapy”) may be required, even
though the risk of bleeding is considerably increased by this
combination.93 Whereas the optimal duration of dual anti-
platelet therapy post-PCI for patients without AF is up to 12
months, the duration of triple therapy in patients with AF is
uncertain and should be decided on the basis of balancing the
likely risks of a stent-related event vs the risk of bleeding. Those
patients at particularly high risk of bleeding should be consid-
ered for the use of a bare metal stent rather than a drug-eluting
stent, with the triple therapy continued for only 1 month.

Following an episode of ACS, aspirin plus clopidogrel ap-
pear optimal for up to 1 year. If the patient also has AF with a
risk of stroke that is very low to low (CHADS2 �1), then
aspirin plus clopidogrel would be appropriate for up to 1 year;
subsequently, CHADS2 � 0 patients might continue on aspi-
rin alone, and CHADS2 � 1 patients might stay on aspirin plus
clopidogrel or be switched to warfarin. If the risk of stroke is
higher (CHADS2 �2), warfarin is required for adequate stroke
prophylaxis. Hence, for optimal prophylaxis against both
stroke and coronary events, a period of therapy with combina-
tion aspirin, clopidogrel, and warfarin may be required, as for
the patients with elective PCI. Whereas the optimal duration of
dual antiplatelet therapy post-ACS for patients without AF is
up to 12 months, the duration of triple therapy in patients with
AF should be decided based on balancing the likely risks of a
stent-related event vs the risk of bleeding. There are no ran-
domized trials to guide the decisions, but it might be reasonable
to prescribe 1 month of triple therapy, followed by up to 1 year
of a combination of warfarin plus clopidogrel or warfarin plus
aspirin, followed by warfarin alone as suggested in other guide-
lines.91 The issues regarding antithrombotic therapies for pa-
tients with coronary artery disease plus AF have been exten-
sively evaluated in recent evidence-based guidelines.9,13,84,86,93

In the RE-LY trial, although the net clinical benefit out-
come (a composite of stroke, systemic embolism, pulmo-
nary embolism, myocardial infarction, death, or major
bleeding) was in favour of dabigatran 150 mg (hazard ratio
0.91; 95% CI, 0.82-1.00; P � .04), there was a higher

incidence of myocardial infarction with dabigatran (hazard
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ratio 1.38; 95% CI, 1.00-1.91; P � .048). There has not yet
been a trial of dabigatran to evaluate the agent for the pri-
mary or secondary prevention of coronary events. Given the
known benefits of warfarin for the reduction of coronary
events, which can be substantial in those patients at higher
risk, when OAC is indicated to prevent stroke in those who
have AF and are also at high risk of a coronary event (eg,
those without evidence of coronary artery disease whose
Framingham risk is �2% per year, those with stable coro-
nary artery disease with high risk features, and those with or
ACS in recent months), it seems prudent to recommend
warfarin in preference to dabigatran.

RECOMMENDATION

We suggest that patients with AF or AFL who have stable
coronary artery disease should receive antithrombotic ther-
apy selected on the basis of their risk of stroke (aspirin for
CHADS2 � 0 and OAC for CHADS2 �1). Warfarin is
preferred over dabigatran for those at high risk of coronary
events (Conditional Recommendation, Moderate-Quality
Evidence).

We suggest that patients with AF or AFL who have ex-
perienced ACS or who have undergone PCI should receive
antithrombotic therapy selected on the basis of a balanced
assessment of their risks of stroke, of recurrent coronary
artery events, and of hemorrhage associated with the use of
combinations of antithrombotic therapies, which in pa-
tients at higher risk of stroke may include aspirin plus clopi-
dogrel plus OAC (Conditional Recommendation, Low-
Quality Evidence).

Figure 7 is a flow chart outlining our recommendations
for the management of antithrombotic therapy in the set-
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Invasive Procedures
When a patient receiving an OAC or antiplatelet agent is

to undergo a surgical or diagnostic procedure that has a risk
of major bleeding, the risk of a thromboembolic event oc-
curring while the antithrombotic agent is reduced or
stopped must be weighed against the goal of a reduced risk
of major bleeding.94,95 We suggest that such patients be
stratified as to their risk of stroke, which can range from
�1% to �20% per year. If there is a very low to moderate
risk of stroke (CHADS2 � 2), the antithrombotic agent
should be discontinued before the procedure (aspirin or
clopidogrel for 7-10 days, warfarin for 5 days if the INR was
in the range of 2-3, and dabigatran for 2 days). Once post-
procedure hemostasis is established (about 24 hours), the
antithrombotic therapy should be reinstated. If the risk of
bleeding from the procedure is low, the clinician might
choose to continue the antithrombotic agent uninterrupted.

On the other hand, if there is a particularly high risk of
stroke (eg, prosthetic valve, recent stroke or TIA, rheumatic
valve disease, CHADS2 � 3) or of other thromboembolism
(eg, Fontan procedure), some form of antithrombotic ther-
apy should be continued until as close to the time of the
procedure as is judged to be safe in terms of the risk and
consequences of procedural bleeding, and it should be rein-
stated as soon as hemostasis is established post-procedure.
Consideration should be given to the risk of major bleeding
from the procedure in determining the antithrombotic reg-
imen. It is likely that most potentially hemorrhagic dental
procedures, if undertaken with appropriate surgical skill and
the use of hemostatic mouthwash, can be done without dis-
continuing warfarin, provided the preoperative INR is un-
der 3.0.96 Cataract extraction and minor dermatologic pro-
cedures may also be done without interrupting warfarin.95 A
randomized controlled trial is currently underway by a
group of Canadian investigators who are comparing the

OAC 

PCIS

nt of AF/AFL in CAD 

a�ents at high risk of coronary events 

bo�c 
 of risks 
s 

Choose an�thrombo�c 
based on balance of risks 

and benefits 

HADS2 ≥ 2 CHADS2 ≥ 2 CHADS2 ≤1 

aspirin +  
clopidogrel 

riple an�- 
rombo�c Rx 

Triple an�- 
thrombo�c Rx 

ment in settings of coronary artery disease. ACS, acute coronary
anticoagulant; PCI, percutaneous coronary intervention.
ent AC

geme

tran for p

n�throm
balance
 benefit

C 

 
l 

T
th

anage
strategies of uninterrupted warfarin vs bridging UFH or



2

ck; UF

Cairns et al
Stroke Prevention in Atrial Fibrillation

85
LMWH in the mangement of patients having a cardiac ar-
rhythmia device implanted.97

RECOMMENDATION

We suggest that patients with AF or AFL who are receiv-
ing aspirin, clopidogrel, or OAC and are scheduled for a
surgical or diagnostic procedure carrying a risk of major
bleeding be stratified by their risk of stroke:

If there is a very low to moderate risk of stroke (CHADS2
�2), patients should have their antithrombotic agent dis-
continued before the procedure (aspirin or clopidogrel for
7-10 days, warfarin for 5 days if the INR was in the range of
2-3, and dabigatran for 2 days). Once postprocedure hemo-
stasis is established (about 24 hours), the antithrombotic
therapy should be reinstated (Conditional Recommenda-
tion, Low-Quality Evidence).

If there is a particularly high risk of stroke (eg, mechanical
valve, recent stroke or TIA, rheumatic valve disease,
CHADS2 �3) or of other thromboembolism (eg, Fontan
procedure), further consideration should be given to the risk
of major bleeding from the procedure:

If there is an acceptable perioperative bleeding risk (ie,
risk of stroke outweighs risk of bleeding), patients should
have OAC therapy continued perioperatively or have their
OAC discontinued before the procedure and be bridged
with LMWH or UFH perioperatively (Conditional Rec-
ommendation, Low-Quality Evidence).

If there is a substantial risk of major and potentially
problematic bleeding (ie, risk of bleeding and risk of stroke
are both substantial), patients should have their OAC
discontinued before the procedure, with LMWH or
UFH bridging until 12 to 24 hours preprocedure. Once
postprocedure hemostasis is established (about 24
hours), the OAC should be reinstated with LMWH or
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Figure 8 is a flow chart outlining our recommendations for
the management of antithrombotic therapy in patients under-
going invasive procedures.

Stroke Management in Patients With AF
Among AF patients experiencing a stroke, the high rate of

recurrence suggested that there was some urgency in initiating
anticoagulation after the occurrence of embolic stroke. The
International Stroke Trial Collaborative Group randomized
18,451 patients with ischemic stroke within 24 hours of onset
to subcutaneous unfractionated heparin (5000 IU twice a day
or 12,500 IU twice a day), aspirin 300 mg per day, both, or
neither and maintained for 14 days or until prior hospital dis-
charge.24 CT scan was performed to exclude intracranial hem-
orrhage when possible and was mandatory in comatose pa-
tients. Among the 3169 patients with AF, both doses of
heparin were significantly more effective for the prevention of
recurrent stroke of ischemic or unknown type but resulted in
significantly more symptomatic intracranial hemorrhage.
There was no significant difference among the regimens in the
rate of the composite outcome of recurrent stroke or symptom-
atic intracranial hemorrhage or in the rate of all-cause mortal-
ity. Patients with AF had a higher mortality than did patients
without AF (16.9% vs 7.5%), probably because of greater
mean age and larger cerebral infarcts. The rate of recurrence,
within 14 days, of stroke of ischemic or unknown type was
3.9% among patients with AF, considerably lower than that
reported in earlier studies but still higher than in patients with-
out AF in this study. The results indicate that heparin is not
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patients with AF. Published guidelines for the management of
stroke in a patient with AF98-100 are based on extrapolations
from clinical trials97,101 and include recommendations for the
use of intravenous rtPA for selected patients within 3 hours of
onset. Patients who receive rtPA should not receive any anti-
platelet or anticoagulant therapy for at least 24 hours subse-
quently. If there is no evidence of hemorrhage on urgent CT
scan, and yet the patient is not to receive fibrinolytic therapy,
the patient should begin aspirin 325 mg per day immediately
thereafter, with conversion to OAC after 14 days, or sooner if
the infarct size is small and the patient is normotensive. If the
clinical and computed tomography picture are consistent with
a TIA, then immediate heparin therapy may be acceptable. If
stroke occurs in a patient with AF or AFL who is already re-
ceiving anticoagulation, the drug should be stopped and intra-
cranial hemorrhage should be excluded. If intracranial hemor-
rhage is present, the anticoagulation should be reversed, and
subsequent decisions to resume anticoagulation should be
made after reassessment of the risks of embolism and the risks
of recurrent intracranial hemorrhage. For those without intra-
cranial hemorrhage, it would be reasonable to start aspirin 325
mg per day when the INR falls below 1.5 and to restart the
anticoagulant at day 14, or sooner if the infarct is small and the
patient is normotensive.98,99 If warfarin is chosen as the anti-
coagulant, meticulous attention should be given to mainte-
nance of the INR in the range of 2 to 3. A double-blind ran-
domized trial102 of LMWH vs aspirin (160 mg/d) among
patients with acute ischemic stroke and AF showed a trend to
more recurrent ischemic stroke in the LMWH group (odds
ratio 1.13; 95% CI, 0.57-2.24), supporting the strategy of early
administration of aspirin to such patients in preference to heparin.

RECOMMENDATION

We recommend that patients with AF or AFL who ex-
perience a stroke be managed acutely according to the pub-
lished guidelines of the American Heart and American
Stroke Associations100 (Strong Recommendation, Moder-
ate-Quality Evidence).

Hemorrhage on OAC Therapy
The major determinants of OAC-induced bleeding are

the INR, patient characteristics, and the concomitant use of
drugs that interfere with hemostasis. The acute management
of hemorrhage in a patient receiving OAC requires a graded
response according to published guidelines,103 beginning
with the immediate measurement of the INR, stopping the
OAC, and assessment of the severity of hemorrhage. If there
is major bleeding, vitamin K may be given intravenously,
and if the bleeding is life threatening, vitamin K should be
accompanied by fresh frozen plasma, prothrombin complex
concentrate, or recombinant factor VIIa. If the INR is ele-
vated and no explanatory pathology is found, it may be
appropriate to restart the OAC, attempting to maintain the
INR in the usual therapeutic range with intensified moni-
toring and attention to patient factors that can increase the
INR in the setting of a given dose of OAC. If the bleeding is
not life threatening and occurs with an INR in the thera-

peutic range, once pathology is ruled out and if the
CHADS2 score is �2, it may be appropriate to reinstitute
the OAC, attempting to maintain a therapeutic INR.

RECOMMENDATION

We suggest that patients with AF or AFL who experience
hemorrhage while on OAC therapy be managed according
to the practice guidelines of the American College of Chest
Physicians103 (Conditional Recommendation, Low-Qual-
ity Evidence).

Pharmacogenomics
Eventually, pharmacogenomic algorithms may allow more

rapid and safe determinations of initial warfarin dosage, partic-
ularly among patients whose warfarin requirements are partic-
ularly low or high.104 For the present, routine genetic testing is
not advised in the management of therapy with a vitamin K
antagonist.

Alternatives to Antithrombotic Therapies

Rhythm control and stroke risk

An overview105 of the 5 trials that compared the strate-
gies of rhythm vs rate control in AF found a mortality of
13.0% with rate control vs 14.6% with rhythm control
(odds ratio 0.87, P � .09). The rates of ischemic stroke and
major hemorrhage were similar. The AFFIRM trial58 is by
far the largest, mandated anticoagulation (INR 2.0-3.0) in
the rate-control group (85% maintained warfarin) and
strongly encouraged in the rhythm-control group, while al-
lowing cessation at the physician’s discretion if sustained
sinus rhythm was achieved (70% maintained warfarin).
Ischemic stroke occurred at an annual rate of about 1% in each
group, and in most instances the patient was either off warfarin
or the INR was �2.0. The authors concluded that continuous
anticoagulation is warranted in all patients with AF and 1 or
more risk factors for stroke, whether or not sinus rhythm ap-
pears to be restored and maintained, and this approach is rec-
ommended by consensus groups.9,13

Left atrial radiofrequency ablation is increasingly used as a
rhythm control approach to treat AF, raising questions about
the role of long-term OAC therapy in such patients.106 The
issues are the risk of dislodgement of left atrium thrombus
during the ablation procedure, bleeding in association with the
invasive procedure, creation of thrombogenic areas of left
atrium endothelial damage, and the risk of embolization dur-
ing long-term follow-up. Recommendations are generally weak
and based on evidence of low or very low quality.106 TEE is
advised immediately preprocedure to ensure there is no impor-
tant left atrium thrombus. In general, the procedure is per-
formed with the patient adequately anticoagulated, either by
sustaining the preprocedure warfarin (usually allowing the
INR to fall to the lower end of the therapeutic range) or with
use of bridging LMWH both before and after the procedure. In
the latter case, UFH is given with access to the left atrium. The
UFH or LMWH are discontinued at the completion of the
procedure, and the sheath is removed when the ACT returns to

a safe level. Parenteral anticoagulation is reinitiated within
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hours of the sheath removal and maintained until therapeutic
anticoagulation is reestablished with warfarin or dabigatran,
which is continued for at least 3 months. Long-term OAC
should continue if AF recurs. In the presence of sustained nor-
mal sinus rhythm, OAC should be discontinued only if the
long-term risk of stroke is low (CHADS2 score �2). (See fur-
ther details in the accompanying article titled “Catheter Abla-
tion of Atrial Fibrillation and Flutter.”106)

Left atrial appendage-directed interventions

A range of surgical procedures focused on curing AF have been
developed and reported during the past 20 years.107 Left atrial
appendage removal or occlusion may be done in an attempt to
lower the risk of thromboembolism as part of a Cox Maze proce-
dure or as an adjunct to another cardiac surgical procedure. Only
case series are available in the literature, with levels of success very
specific to individual centres and the indications uncertain. The
long-term risk of stroke after such procedures appears to be low,
but the requirement for long-term OAC is unclear, and advice
should be provided by the expert centre conducting the arrhyth-
mia surgery. A Canadian collaborative group is currently con-
ducting a pilot study evaluating left atrial appendage occlu-
sion in conjunction with various cardiac surgical procedures
(clinicaltrials.gov, NCT00908700). (See detailed discus-
sion in the accompanying article titled “Surgical Therapy
for Atrial Fibrillation.”108)

Percutaneous closure of the left atrial appendage was evalu-
ated in a randomized, noninferiority comparison of conven-
tional warfarin vs the Watchman occluding device and subse-
quent discontinuation of warfarin.109 The composite primary
outcome (any stroke, cardiovascular or unexplained death, or
systemic embolism) at a mean of 18 months was nonsignifi-
cantly less in the Watchman group (RR � 0.62; 95% CI,
0.35-1.25), and the device was concluded to be noninferior to
conventional warfarin therapy. However, there were relatively
few events, the follow-up was short, there are substantial learn-
ing curve considerations, and the antithrombotic regimen used
with the device was complex and changing. Additional, ade-
quately powered studies, particularly in patients at higher
risk of stroke, are needed for adequate assessment of this new
technique.
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