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ABSTRACT



RESUM
E

The Canadian Cardiovascular Society (CCS) Atrial Fibrillation Guidelines Committee provides periodic reviews of new data to produce
focused updates that address clinically important advances in atrial
ﬁbrillation (AF) management. This 2018 Focused Update addresses:
(1) anticoagulation in the context of cardioversion of AF; (2) the
management of antithrombotic therapy for patients with AF in the
context of coronary artery disease; (3) investigation and management
of subclinical AF; (4) the use of antidotes for the reversal of nonvitamin K antagonist oral anticoagulants; (5) acute pharmacological
cardioversion of AF; (6) catheter ablation for AF, including patients with
concomitant AF and heart failure; and (7) an integrated approach to
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experts on this topic with a mandate to formulate disease-speciﬁc recommendations. These recommendations are aimed to provide a reasonable and
practical approach 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 change as scientiﬁc knowledge and technology advance and as
practice patterns evolve. The statement is not intended to be a substitute for
physicians using their individual judgement 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. Adherence to these recommendations will not necessarily
produce successful outcomes in every case.
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the patient with AF and modiﬁable cardiovascular risk factors. The
recommendations were developed using the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) standards. Individual studies and literature were reviewed for quality and
bias; the literature review process and evidence tables are included as
Supplementary Material and are available on the CCS Web site. Details
of the updated recommendations are presented, along with their
background and rationale. This document is linked to an updated
summary of all CCS AF guidelines recommendations, from 2010 to the
present 2018 Focused Update, which is provided in the Supplementary
Material.
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The contemporary management of atrial ﬁbrillation (AF) is
centred on a reduction in the morbidity and mortality associated with AF, as well as on symptomatic improvement with
consequent reduction in AF-related emergency room visits or
hospitalizations.1 The Canadian Cardiovascular Society (CCS)
Atrial Fibrillation Guidelines committee provides periodic
reviews of new data to produce focused updates that address
clinically important advances in AF management. The committee reviewed data published since the 2016 Focused Update
for the management of AF. This 2018 Focused Update
addresses:

trials of adjusted-dose warfarin vs NOACs,10-13 reports of
outcomes of cardioversions performed during these pivotal
trials,2-5 and reports of randomized trials of adjusted-dose
warfarin therapy vs NOAC therapy before cardioversion.6-8
Using these sources, the 1-month risk of stroke or systemic
embolism (SSE) after cardioversion is estimated to be 0.46%
for those treated with adjusted-dose warfarin and 0.31% for
those treated with a NOAC. These risks are approximately
twofold greater for a thromboembolic event in the month
after cardioversion compared with the background risk
(0.14% and 0.12% per month baseline stroke risk in those
treated with adjusted-dose warfarin and with a NOAC,
respectively). For those not receiving anticoagulant therapy
the risk of a thromboembolic event is increased approximately
fourfold (1.9% for the month after cardioversion vs 0.5% per
month baseline risk).9-13
The thromboembolic risk in the pericardioversion period
can be conceptually separated into 2 mechanistic phenomena. The ﬁrst is the generation of thrombi during persistent
AF, with subsequent embolization after restoration of an
organized atrial contraction.15 The second relates to a period
of transient atrial mechanical dysfunction after the restoration of sinus rhythm.16-18 This “atrial stunning” is responsible for the development of new thromboembolism post
cardioversion despite the restoration of sinus rhythm.19,20
This atrial mechanical dysfunction has been reported with
all modes of conversion (pharmacologic, electrical, and
spontaneous) and is at maximal in the period immediately
after cardioversion.19-22 The duration and severity of atrial
stunning varies depending on the duration of the atrial
arrhythmia, the atrial size, as well as the presence of comorbid structural heart disease.19-22

1. Anticoagulation in the context of cardioversion of AF;
2. The management of antithrombotic therapy for patients
with AF in the context of coronary artery disease (CAD);
3. Investigation and management of subclinical AF (SCAF);
4. The use of antidotes for the reversal of non-vitamin K
antagonist oral anticoagulants (NOACs);
5. Acute pharmacological cardioversion of AF;
6. Catheter ablation for AF, including patients with
concomitant AF and heart failure (HF);
7. Integrated approach to the patient with AF and modiﬁable
cardiovascular risk factors.
The recommendations were developed using the Grading
of Recommendations, Assessment, Development, and Evaluation (GRADE) standards with strength of recommendations
now classiﬁed as “strong” or “weak.” Details of the updated
recommendations are presented, along with their background
and rationale. The literature review process and evidence
tables are included as Supplementary Material, along with an
updated summary of all CCS AF Guidelines Recommendations on the CCS Web site.

OAC use before and after cardioversion
I. Anticoagulation in the Context of
Cardioversion
There have been no randomized clinical trials of oral
anticoagulation (OAC) therapy vs placebo for prevention of
thromboembolic events at the time of cardioversion. Because
of the stroke risk associated with cardioversion in the absence
of anticoagulation, it is unlikely that such a study will be
done.2-14 Contemporary estimates of the risk of thromboembolic events around the time of cardioversion can be obtained from analysis of the results of the pivotal randomized

Patients who present with acute (episode duration < 48
hours) nonvalvular AF (NVAF; ie, AF in the absence of
rheumatic mitral stenosis, moderate-severe nonrheumatic
mitral stenosis, or a mechanical heart valve) have long been
considered to have a low risk of thromboembolic events after
cardioversion on the basis of the rationale that left atrial
thrombi have not yet had time to form. This practice has
been supported by observational reports of short-term outcomes after cardioversion in patients with acute AF/atrial
ﬂutter (AFL).23-36 In these reports the post cardioversion
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30-day risk of SSE was reported to be 0.19% (4047 patients
who underwent 4503 spontaneous, pharmacologic, or electrical cardioversions). Although this risk is comparable with
that of elective cardioversion in more persistent AF/AFL
patients who receive anticoagulation therapy, it is important
to recognize that these reports describe cohorts of stable
patients at low risk of thromboembolism for whom cardioversion was considered to be an appropriate therapeutic
option by their treating physician. Speciﬁcally, these patients
had a low baseline stroke risk (69% of patients with a
Congestive Heart Failure, Hypertension, Age, Diabetes,
Stroke/Transient Ischemic Attack [CHADS2] score of 0-1;
28% receiving chronic OAC therapy) and presented early in
the 48-hour window (mean duration of acute AF/AFL of 8.0
hours). Nevertheless, these data suggest that it might be
possible to identify a population of patients with acute AF/
AFL who are at low risk of a thromboembolic event associated with cardioversion.
Conversely, previous CCS AF guidelines have suggested
that it is might be possible to identify a population of patients
with acute AF/AFL in whom immediate cardioversion
without preprocedural anticoagulant therapy presents an unacceptably high risk of thromboembolic complication. Such
patients were considered, in previous CCS AF guidelines, to
include those with a stroke or transient ischemic attack within
the previous 6 months, those with moderate to severe rheumatic mitral stenosis, and those with a mechanical heart
valve.37
The Finnish Cardioversion (FinCV) study was a retrospective, observational study that determined outcomes in
consecutive patients who underwent cardioversion of acute AF
(duration < 48 hours). This study included 7660 cardioversions in 3143 patients (mean age, 62.2  12.3 years;
36.5% female, median Congestive Heart Failure, Hypertension, Age ( 75 years), Diabetes, Stroke/Transient Ischemic
Attack, Vascular Disease, Age (65-74 years), Sex (Female)
[CHA2DS2-VASc] score, 2 (interquartile range, 1-3).38-41 To
date, several analyses have been performed and showed the
following key ﬁndings. First, the incidence of deﬁnite SSE was
lower in patients receiving anticoagulation therapy.40 In an
analysis of the total patient population, the incidence of SSE
in patients who were receiving anticoagulation therapy at the
time of their cardioversion attempt (0.1% in 2298
encounters) was signiﬁcantly lower than in patients not
receiving anticoagulation therapy (0.7% in 5362 encounters;
82% relative risk [RR] reduction; P ¼ 0.001).40 In patients
with a CHA2DS2-VASc score  2, the risk of SSE after a
cardioversion attempt was signiﬁcantly lower in patients
receiving anticoagulation therapy (3 of 1708 encounters;
0.2%) than in patients not receiving anticoagulation therapy
(28 of 2590 encounters; 1.1%; P ¼ 0.001). In patients with a
CHA2DS2-VASc score of 0-1, the risk of SSE after a cardioversion attempt was quantitatively lower in patients receiving
anticoagulation therapy (0 of 509 encounters; 0.0%) than in
patients not receiving anticoagulation therapy (10 of 2772
encounters; 0.4%), but this trend was not statistically significant despite the relatively large number of subjects.40 Second,
longer durations of AF before cardioversion, even in the
48-hour window of acute AF, were associated with a
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signiﬁcantly increased risk of SEE.38,41 In a cohort restricted
to the 5116 successful cardioversions performed in the
absence of periprocedural or postprocedural anticoagulation in
2481 patients, multivariable logistic regression analysis
showed an increased incidence of SSE in patients cardioverted
in the time window after AF onset of 12-24 hours (21 of 1840
encounters; 1.1%; odds ratio [OR], 3.3; 95% conﬁdence
interval [CI], 1.3-8.9; P ¼ 0.001) or in the time window after
AF onset of 24-48 hours (9 of 836 encounters; 1.1%; OR,
4.0; 95% CI, 1.7-9.1; P ¼ 0.02) compared with those cardioverted in < 12 hours after AF onset (8 of 2400 encounters;
0.3%).38 Third, the statistically signiﬁcant independent predictors of an increased incidence of SSE in the month after
cardioversion of acute AF in the complete cohort were
increasing age (per year; OR, 1.05; 95% CI, 1.02-1.09; P <
0.001), AF episode duration > 12 hours (OR, 3.89; 95% CI,
1.76-8.60; P ¼ 0.001), HF (OR, 3.37; 95% CI, 1.39-8.19;
P ¼ 0.007), diabetes mellitus (OR, 2.66; 95% CI, 1.25-5.69;
P ¼ 0.012), and female sex (OR, 2.11; 95% CI, 1.04-4.28;
P ¼ 0.038).39,40
A recent report from the Swedish National Patient Registry42 described outcomes in 10,722 patients who underwent
direct current (DC) cardioversion of AF (the duration of AF
being unavailable) between January 1, 2006 and December 1,
2010. The 30-day incidence of thromboembolic complication
in patients not receiving periprocedural anticoagulation therapy was signiﬁcantly higher than those receiving anticoagulation therapy (0.9% vs 0.3%; OR, 2.54; 95% CI, 1.703.79; P < 0.001); the increased OR persisted even after
matching patients on the basis of the components of the
CHA2DS2-VASc and Hypertension, Abnormal Renal/Liver
Function, Stroke, Bleeding History or Predisposition, Labile
INR, Elderly (> 65 Years), Drugs/Alcohol Concomitantly
(HAS-BLED) scores (OR, 2.51; 95% CI, 1.69-3.75; P <
0.001). Similar ﬁndings were observed in a recent observational analysis of the Danish National Patient Registry.14 This
analysis included 16,274 patients discharged from hospital
after a ﬁrst-time DC cardioversion for AF between 2000 and
2008. The 30-day incidence of a thromboembolic event after
DC cardioversion was 0.29% (32 of 11,190 patients) in those
who received a preprocedure OAC compared with 1.1%
(54 of 5084) in patients who did not receive a preprocedure
OAC.14 Although age > 75 years, previous SSE, and rehospitalization for AF were signiﬁcant risk factors for thromboembolism, the CHADS2 and CHA2DS2-VASc scores
offered no discriminative ability in those not receiving OAC
therapy (hazard ratio [HR], 2.21; 95% CI, 0.79-6.77 and
2.40; 95% CI, 1.46-3.95 with CHA2DS2-VASc score 0-1
and CHA2DS2-VASc score 2 or more). Conversely, the risk
of thromboembolism was low in patients who initiated OAC
therapy only after cardioversion and was comparable with
those who received OAC therapy before and after cardioversion (HR, 0.97 for those with only post cardioversion OAC
therapy vs those who received OAC therapy pre/post cardioversion; 95% CI, 0.33-2.86).
Overall, the available evidence suggests that the incidence
of a deﬁnite SSE in the month after cardioversion from acute
AF/AFL (< 48 hours) in patients who were not receiving
anticoagulation is approximately 0.7%,40 which is above the
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thromboembolic risk threshold that the CCS uses to recommend anticoagulation therapy.
The comprehensive recommendations regarding cardioversion follow and are summarized in Figure 1.
RECOMMENDATION
1. We recommend that in addition to appropriate rate
control, most hemodynamically stable patients with AF
or AFL for whom elective electrical or pharmacological
cardioversion is planned should receive therapeutic
anticoagulation for 3 weeks before cardioversion
(Strong
Recommendation,
Moderate-Quality
Evidence).
2. We suggest that pharmacological or electrical cardioversion of symptomatic AF or AFL without at least 3
weeks of previous therapeutic anticoagulation be
reserved for patients with the following characteristics
(Weak Recommendation, Low-Quality Evidence):
i. Patients with NVAF who present with a clear AF
onset within 12 hours in the absence of recent
stroke or transient ischemic attack (within 6
months);
ii. Patients with NVAF and a CHADS2 score < 2 who
present after 12 hours but within 48 hours of AF
onset.
3. We suggest that, as an alternative to at least 3 weeks of
therapeutic anticoagulation before cardioversion,
transesophageal echocardiography (TEE) may be used
to exclude cardiac thrombus (Weak Recommendation,
Moderate-Quality Evidence).

Practical tip. NVAF is deﬁned as AF in the absence of
mechanical heart valves, rheumatic mitral stenosis, or moderate to severe nonrheumatic mitral stenosis.
RECOMMENDATION
4. We recommend that immediate electrical cardioversion
be considered for patients whose recent-onset AF/AFL
is the direct cause of instability with hypotension, acute
coronary syndrome (ACS), or pulmonary edema
(Strong Recommendation, Low-Quality Evidence).
Values and preferences. This recommendation places
a high value on immediately addressing instability by
attempting cardioversion, and a lower value on reducing
the risk of cardioversion-associated stroke with a period of
anticoagulation before cardioversion. Therapeutic anticoagulation therapy should be initiated as soon as possible.
5. When a decision has been reached that a patient will be
undergoing unplanned cardioversion of AF/AFL, we
suggest that therapeutic anticoagulation therapy be
initiated immediately (preferably before cardioversion)
with either a NOAC, or with heparin followed by
adjusted-dose warfarin (Weak Recommendation, LowQuality Evidence).
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6. We suggest that, in the absence of a strong contraindication, all patients who undergo cardioversion of AF/
AFL receive at least 4 weeks of therapeutic anticoagulation (adjusted-dose warfarin or a NOAC) after
cardioversion. (Weak Recommendation, Low-Quality
Evidence). Thereafter, we recommend that the need
for ongoing antithrombotic therapy should be on the
basis of the risk of stroke as determined by the CCS
Algorithm (“CHADS-65”; Strong Recommendation,
Moderate-Quality Evidence).
Values and preferences. This approach places relatively greater emphasis on the beneﬁts of stroke prevention
compared with the risks of bleeding with a short course of
anticoagulation therapy. Although it might be possible to
parse these risks either on the basis of patient characteristics or the duration of acute AF/AFL, the CCS AF
Guidelines Committee at this point has chosen to simplify
by recommending anticoagulation for 1 month after cardioversion for all such patients in the absence of a strong
contraindication.

Practical tip. When oral anticoagulation is to be used for
only a short period (< 2 months) current evidence does not
substantiate either an efﬁcacy or safety advantage for use of a
NOAC over adjusted-dose warfarin. Nevertheless, the convenience of use of a NOAC over adjusted-dose warfarin in the
pericardioversion period is substantial and the onset of therapeutic anticoagulation is nearly immediate with a NOAC
whereas it is delayed in the case of adjusted-dose warfarin.
Accordingly, it is reasonable to use NOAC therapy in the
pericardioversion period.
The use of TEE to exclude left atrial thrombus
When early cardioversion is desired (ie, without a preceding
period of therapeutic OAC treatment) TEE can be performed
to exclude left atrial thrombi. The utility of this approach was
shown by Klein et al., who randomized 1222 patients with AF
of > 48-hour duration and assigned them to TEE-guided
cardioversion, or conventional treatment (eg, pretreatment
with warfarin for 3 weeks before cardioversion).43 Although
there was no signiﬁcant difference in the rate of embolic events
(0.8% in the TEE group vs 0.5% in the conventional group;
P ¼ 0.50), the TEE group had a signiﬁcantly lower rate of
hemorrhagic events (2.9% vs 5.5%; P ¼ 0.03), a signiﬁcantly
shorter time to cardioversion (3.0  5.6 vs 30.6  10.6 days,
P < 0.001), and a greater success rate (sinus rhythm restoration
of 71.1% vs 65.2%; P ¼ 0.03).
NOACs vs warfarin for cardioversion
Each of the pivotal trials that compared NOACs with
adjusted-dose warfarin reported short-term, prospective, nonrandomized efﬁcacy and safety outcomes after DC cardioversion
in study participants with persistent AF/AFL.2-5 Similarly, prospective, randomized trials have been completed that compared 3
of the currently available NOACs with adjusted-dose warfarin in
the setting of planned cardioversion.7,8 The data of the Randomized Evaluation of Long-term Anticoagulation Therapy
(RE-LY),10 Rivaroxaban Once Daily Oral Direct Factor Xa
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Figure 1. Oral anticoagulation pathway in the context of cardioversion for atrial ﬁbrillation or ﬂutter. AF, atrial ﬁbrillation; CCS, Canadian Cardiovascular Society; CHADS2, Congestive Heart Failure, Hypertension, Age, Diabetes, Stroke/Transient Ischemic Attack; LA, left atrial; NVAF,
nonvalvular atrial ﬁbrillation; OAC, oral anticoagulant; TEE, transesophageal echocardiogram.

Inhibition Compared With Vitamin K Antagonist for Prevention of Stroke and Embolism Trial in Atrial Fibrillation
(ROCKET-AF),11 Apixaban for Reduction in Stroke and Other
Thromboembolic Events in Atrial Fibrillation (ARISTOTLE),12 Effective Anticoagulation With Factor Xa Next
Generation in Atrial Fibrillation-Thrombolysis in Myocardial
Infarction 48 (ENGAGE AF-TIMI 48),13 Explore the Efﬁcacy
and Safety of Once-Daily Oral Rivaroxaban for the Prevention of
Cardiovascular Events in Patients With Non-Valvular Atrial
Fibrillation Scheduled for Cardioversion (X-VeRT),6 and
Edoxaban vs Warfarin in Subjects Undergoing Cardioversion of
Atrial Fibrillation (ENSURE-AF)7 trials formed the basis of a
comparative meta-analysis reported by Renda et al.44 In these
trials, 6148 patients underwent 6854 cardioversions for AF and
were followed for a mean of 42 days. Collectively, there were no
signiﬁcant differences between NOACs and adjusted-dose
warfarin with respect to either efﬁcacy (RR, 0.82; 95% CI,
0.38-1.75 for SSE) or safety (RR, 0.98; 95% CI, 0.51-1.87 for
major bleeding).
Published after the meta-analysis by Renda et al., Eliquis
Evaluated in Acute Cardioversion Compared to Usual Treatments for Anticoagulation in Subjects With Atrial Fibrillation
(EMANATE)8 randomized 1500 patients who were not
receiving OAC therapy to receive apixaban (753 patients) or
heparin followed by VKA (747 patients) before DC cardioversion of persistent AF/AFL. Mean time to cardioversion was
3.4 days in the apixaban loading dose group, 25.7 days in the
apixaban (no loading dose) group, and 17.8 days in the VKA
group. In an intention-to-treat analysis, no patient randomized
to receive apixaban had a SSE (0%) whereas 6 patients randomized to receive heparin/VKA therapy (0.8%) had a stroke
(log rank P ¼ 0.016). In patients who had received at least 1

dose of their assigned anticoagulant therapy there were 3 major
bleeding events and 11 clinically relevant nonmajor bleeding
events in 735 patients (total of 1.9%) in the apixaban group
and 6 major bleeding events and 13 clinically relevant
nonmajor bleeding events in 721 patients (2.6%) in the heparin/VKA group (P ¼ not signiﬁcant).
It should be noted that these trials, individually and in
their aggregate, were not sufﬁciently powered to exclude a
clinically meaningful difference in either safety or efﬁcacy. In
the absence of a signal suggesting inferiority in safety or efﬁcacy outcomes, the committee considered that NOAC therapy has advantages over dose-adjusted warfarin therapy
(rapidity of onset and offset, standard dosages, and lack of
need for therapeutic monitoring). Accordingly, NOAC therapy is preferred over adjusted-dose warfarin in the pericardioversion period in anticoagulation-naive patients.

II. Management of Antithrombotic Therapy in
Patients With AF and CAD
Up to 20%-30% of AF patients also have concomitant
CAD, with a signiﬁcant proportion requiring percutaneous
coronary intervention (PCI).45,46 An OAC is indicated for the
prevention of AF-related SSE, whereas antiplatelet therapy is
required for the prevention of coronary events after ACS or
PCI. Each offers a relative efﬁcacy beneﬁt (eg, dual antiplatelet
therapy [DAPT] is more effective than an OAC alone in
reducing ischemic coronary events in an ACS population, but
is inferior to an OAC for the prevention of SSE in an AF/AFL
population at increased risk of AF-related stroke).47 As such,
management requires a careful and balanced assessment of the
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individual risks of bleeding against the anticipated effect on
thrombotic outcomes.
The extensive evidence for antithrombotic therapy for the
prevention of SSE among patients with AF/AFL has been
thoroughly reviewed in previous CCS guidelines and is not
reviewed in depth herein.48-52 This section speciﬁcally focuses
on antithrombotic regimens for AF patients with coronary or
peripheral arterial disease, with an emphasis on the evidence
published since the previous AF guideline update in 2016.49
The recommendations for patients who undergo PCI with
AF are consistent with the 2018 CCS/Canadian Association
of Interventional Cardiology (CAIC) focused update of the
guidelines for the use of antiplatelet therapy.52
To clarify potentially confusing terminology in this area,
single-agent antiplatelet therapy (SAPT) refers to the use of a
single antiplatelet drug (eg, acetylsalicylic acid [ASA]), DAPT
refers to the concomitant use of 2 antiplatelet agents (eg, ASA
with clopidogrel), dual pathway therapy refers to the
concomitant use of a SAPT with an OAC agent (eg, VKA
with clopidogrel), and triple antithrombotic therapy (TT) the
combination of DAPT with an OAC (eg, VKA with ASA and
clopidogrel).

RECOMMENDATION
7. We recommend that patients who have concomitant AF
and coronary/arterial vascular disease (peripheral vascular
disease or aortic plaque), receive an antithrombotic
therapy regimen that is on the basis of a balanced
assessment of their risk of AF-related stroke, ischemic
coronary event, and clinically relevant bleeding associated with the use of antithrombotic agents (Strong
Recommendation, High-Quality Evidence [Fig. 2]).

Canadian Journal of Cardiology
Volume 34 2018

Practical tip. For patients who require combinations of
antiplatelet and OAC agents for concomitant AF and coronary/arterial vascular disease, we suggest that measures be used
to reduce the risk of bleeding, including careful consideration
of modiﬁable bleeding risk factors with vigorous efforts to
mitigate them; consideration of proton pump inhibitor use;
avoidance of prasugrel and ticagrelor in conjunction with
OACs; the use of warfarin in the lower target international
normalized ratio (INR) range (eg, 2.0-2.5); consideration of
the lower effective doses of NOACs in selected patients
(Fig. 3); speciﬁc measures during coronary invasive procedures
(radial access, small-diameter sheaths, early sheath removal
from femoral site, and minimized use of acute procedural
antithrombotic therapies); delaying nonurgent procedures
until dual pathway therapy is no longer required; use of
walking aids for those with gait or balance disorders; avoidance of nonsteroidal anti-inﬂammatory drugs or other drugs
that might increase bleeding risk; and, strict blood pressure
control.
Stable vascular disease and AF in patients at low risk of
SSE
SAPT (eg, ASA 81 mg/d) is recommended for patients with
AF who are at low risk of SSE (age < 65 years and CHADS2
score of 0) if vascular disease is present (CAD, peripheral arterial
disease, or aortic plaque). This is on the basis of the efﬁcacy of
ASA therapy for the prevention of coronary events among patients with stable CAD (RR reduction of 18% for primary
prevention and 20% for secondary prevention of MI), rather
than the small reduction in stroke observed in AF patients (RR
reduction, 22% vs placebo).9,53 Although there is extensive
evidence for the efﬁcacy of OAC therapy for prevention of
ischemic coronary events in patients with stable CAD (eg,
VKA), the CCS AF guidelines recommend SAPT in preference

Figure 2. Risk factors associated with an increased risk of bleeding, and an increased risk of ischemic coronary outcomes (recurrent myocardial
infarction, stent thrombosis). ACS, acute coronary syndrome; CKD, chronic kidney disease; eGFR, estimated glomerular ﬁltration rate; INR, international normalized ratio; LAD, left anterior descending artery; NSAID, nonsteroidal anti-inﬂammatory drug; NSTEMI, noneST-elevation myocardial
infarction; OHG, oral hypoglycemic agents; STEMI, ST-elevation myocardial infarction; TTR, Time in Therapeutic Range; UA, unstable angina.
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Figure 3. Management of antithrombotic therapy in patients with atrial ﬁbrillation (AF) and coronary artery disease (CAD)/peripheral artery disease
(PAD). ACS, acute coronary syndrome; ASA, acetylsalicylic acid; BID, twice per day; BMS, bare metal stent; BVS, bioabsorbable vascular scaffold;
CCS, Canadian Cardiovascular Society; CHADS2, Congestive Heart Failure, Hypertension, Age, Diabetes, Stroke/Transient Ischemic Attack; CrCl,
creatinine clearance; CV, cardiovascular; DES, drug-eluting stent; eGFR, estimated glomerular ﬁltration rate; INR, international normalized ratio;
NOAC, non-vitamin K antagonist oral anticoagulant; OAC, oral anticoagulant; PCI, percutaneous coronary intervention; PO, orally.

to OACs in those at low risk of SSE because of its safety proﬁle
and ease of use.
More recently, in a non-AF population, the Cardiovascular
Outcomes for People Using Anticoagulation Strategies
(COMPASS) trial showed that dual pathway therapy with
ASA and “vascular dose” rivaroxaban (2.5 mg twice per day
[BID]) was associated with a signiﬁcant reduction in cardiovascular mortality and ischemic stroke, albeit with a signiﬁcantly increased risk of major bleeding.54 As such the
combination of ASA and very low dose rivaroxaban might be a
reasonable alternative to ASA alone for NVAF patients at low
risk of stroke (age < 65 years and CHADS2 score of 0) who
also have coronary or arterial vascular disease.
Practical tip. For patients with NVAF/AFL aged < 65
years with no CHADS-65 risk factors, the risk of stroke

RECOMMENDATION
8. For patients with NVAF/AFL aged < 65 years with no
CHADS2 risk factors, we suggest no antithrombotic
therapy for stroke prevention (Weak Recommendation,
Moderate-Quality Evidence), with management of
their coronary or arterial vascular disease as directed by
the 2018 CCS/CAIC focused update of the guidelines
for the use of antiplatelet therapy.52

associated with AF is not sufﬁciently elevated to justify OAC
therapy. For this group treatment should be directed at the
underlying coronary/peripheral arterial disease as outlined in
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The comprehensive recommendations regarding antithrombotic treatment in AF patients indicated for an OAC with
concomitant coronary/peripheral arterial disease are summarized in Figure 3.
RECOMMENDATION
9. For patients with AF aged  65 years or with a
CHADS2 score  1 and coronary or arterial vascular
disease (peripheral vascular disease or aortic plaque), we
recommend long-term therapy with an OAC alone
(Strong Recommendation, High-Quality Evidence).
Values and preferences. For patients with AF and
stable coronary or arterial vascular disease, the CCS AF
Guidelines Committee believed that routine use of combination therapy (an OAC with a single antiplatelet agent)
was not justiﬁed because of the increased risk of bleeding
without a signiﬁcant reduction in ischemic coronary and
cerebrovascular thrombotic events.
Figure 4. The simpliﬁed Canadian Cardiovascular Society (CCS) algorithm (CHADS-65) for deciding which patients with atrial ﬁbrillation
(AF) or atrial ﬂutter should receive oral anticoagulant (OAC) therapy. It
recommends an OAC for most patients  65 years of age and for
younger patients with a Congestive Heart Failure, Hypertension, Age,
Diabetes, Stroke/Transient Ischemic Attack (CHADS2) score  1;
aspirin (acetylsalicylic acid [ASA]) for patients < 65 years of age with a
CHADS2 score ¼ 0 with arterial vascular disease (coronary, aortic, or
peripheral); and no antithrombotic therapy for patients < 65 years of
age with a CHADS2 score ¼ 0 and no arterial vascular disease.
Bleeding risks should be modiﬁed whenever possible. A non-vitamin K
antagonist oral anticoagulant (NOAC) is recommended in preference
to warfarin for OAC therapy in NVAF patients. CAD, coronary artery
disease; INR, international normalized ratio; NSAID, nonsteroidal antiinﬂammatory drug; TIA, transient ischemic attack.

the 2018 CCS/CAIC focused update of the guidelines for the
use of antiplatelet therapy.52 Therapeutic options include ASA
81 mg daily alone; or ASA in combination with either clopidogrel 75 mg daily, ticagrelor 60 mg BID, or rivaroxaban
2.5 mg BID.

Stable vascular disease and AF in patients at high risk of
SSE
In patients with AF who are aged  65 years or with
CHADS2 score  1, an OAC is indicated for stroke prevention
(Fig. 4). When such a patient also has stable CAD (deﬁned by
the absence of ACS for the preceding 12 months), OAC therapy
provides protection against stroke and ischemic coronary
events.55-60 The Warfarin-Aspirin Reinfarction Study
(WARIS)-II indicates that the additional use of antiplatelet
therapy with an OAC offers minimal beneﬁcial effect on
ischemic or thrombotic coronary outcomes (eg, combined end
point of death, myocardial infarction [MI], and stroke, 16.7%
with an OAC vs 15.0% with combination OAC and ASA
treatment; P ¼ 0.18), while conferring an increased risk of
adverse bleeding outcomes (overall bleeding 2.82% per year
with an OAC alone vs 3.27% per year with combination OAC
and ASA treatment).59,60

Practical tip. For patients with high-risk clinical or
angiographic features for ischemic coronary outcomes (Fig. 2)
who are at low risk of bleeding, some clinicians prefer a
combination of an OAC and single antiplatelet therapy (either
aspirin or clopidogrel) in preference to OAC therapy alone.52

RECOMMENDATION
10. When an OAC is indicated in the presence of coronary or arterial vascular disease, we suggest a NOAC
in preference to warfarin (Weak Recommendation,
Moderate-Quality Evidence).
Values and preferences. The suggestion for use of a
NOAC rather than warfarin places relatively greater
weight on the ease of use of NOACs vs warfarin, as well as
the data from randomized controlled trials of NOACs vs
warfarin for NVAF (eg, equal or greater reduction of
stroke, equal or greater reduction in all-cause mortality,
equal or less major bleeding, less intracranial bleeding, and
no net increase in CAD outcomes).
PCI or ACS in patients with AF
Patients who undergo PCI are generally prescribed DAPT
for a period that varies from 4 weeks with bare metal stent
(BMS) to more than 12 months after drug-eluting stent
(DES) implantation. Shorter durations of DAPT decrease the
risk of major bleeding, whereas premature DAPT discontinuation might increase the risk of stent thrombosis and MI.
There has been a trend to shorten DAPT duration as secondgeneration DESs with sustained antiproliferative action and
reduced thrombogenicity have become available.
For patients with AF and low stroke risk (age < 65 years and
CHADS2 score of 0), the post-PCI therapeutic DAPT regimen
should be provided as outlined in the 2018 CCS/CAIC antiplatelet guidelines, because an OAC is not recommended for
stroke prevention in these patients.52
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For a patient at higher risk of AF-related stroke (age  65 years
or with CHADS2 score  1) combination OAC and antiplatelet
therapy is required. In these patients the optimal therapeutic
regimen should be individualized on the basis of a balanced
assessment of their risk of AF-related stroke, ischemic coronary
event, and clinically relevant bleeding. The risk of AF-related SSE
can be estimated from the CHADS-65 illustrated in Figure 4.48,49
The risk of ischemic coronary events is modulated by the clinical
presentation (eg, ACS being higher risk than elective PCI), clinical
characteristics (higher risk with comorbid diabetes mellitus or
chronic kidney disease, current tobacco use, or previous stent
thrombosis), as well as PCI-related factors (higher risk with
multivessel disease, multiple stent implantation, total stent length
> 60 mm, bifurcation lesion, chronic total occlusion intervention, and stent type; Fig. 2).52,61 The risk of bleeding can be
estimated from clinical risk scores such as HAS-BLED, Predicting
Bleeding Complications in Patients Undergoing Stent Implantation and Subsequent Dual Anti Platelet Therapy (PRECISEDAPT), and Cardiovascular Disease Research Using Linked
Bespoke Studies and Electronic Health Records (CALIBER),
with the former validated in a VKA-treated population, and the
latter two in a population with CAD treated with PCI and
DAPT.52
The population of patients with ACS who do not undergo
revascularization (PCI or coronary artery bypass grafting), represents a heterogenous group. This population includes patients
with thrombotic plaque rupture (type I MI) as well as those with
supply-demand mismatch due to tachycardia, infection, sepsis,
etc (type II MI). For patients with type II MI it is unclear if there
is an advantage to routine use of combined OAC and antiplatelet
therapy. For patients who have true ACS (type I MI) and are not
revascularized, the management should take into consideration
the relative risks and beneﬁts of combination therapy.
Key trials of dual pathway therapy vs triple therapy in AF
with ACS/PCI
The Open-Label, Randomized, Controlled, Multicenter
Study Exploring Two Treatment Strategies of Rivaroxaban and
a Dose-Adjusted Oral Vitamin K Antagonist Treatment Strategy in Subjects with Atrial Fibrillation who Undergo Percutaneous Coronary Intervention (PIONEER AF-PCI) randomized
2124 patients with NVAF who underwent PCI for ACS (51%)
or for stable CAD to receive, in a 1:1:1 ratio: (1) A P2Y12 inhibitor (94% clopidogrel) with rivaroxaban 15 mg/d (dual
pathway) for 12 months; (2) DAPT with rivaroxaban 2.5 mg
BID (reduced-dose TT) for 1, 6, or 12 months; or, (3) TT with
warfarin (target INR, 2-3) with DAPT for 1, 6, or 12 months.62
The primary safety end point of clinically signiﬁcant bleeding
(eg, Thrombolysis in Myocardial Infarction [TIMI] major
bleeding and minor bleeding), was lower in the dual pathway
and reduced-dose TT groups compared with TT with warfarin
(16.8% in patients treated with dual pathway therapy, 18% in
patients treated with reduced-dose TT, and 26.7% in patients
treated with traditional TT [HR, 0.59 (95% CI, 0.47-0.76); and
HR, 0.63 (95% CI, 0.50-0.80, respectively)]). For the 2 TT
groups the relative reduction in bleeding with reduced-dose TT
persisted across all 3 durations of DAPT use (1 month: 19.4% vs
25.7% [HR, 0.68; 95% CI, 0.38-1.23]; 6 months: 17.5% vs
31.2% [HR, 0.51; 95% CI, 0.34-0.75]; 12 months: 17.9% vs
23.9% [HR, 0.74; 95% CI, 0.52-1.04]). There was a
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nonsigniﬁcant reduction in major bleeding with the dual
pathway and reduced-dose TT groups compared with the group
that received traditional TT with warfarin (HR, 0.66 [95% CI,
0.33-1.31]; and HR, 0.57 [95% CI, 0.28-1.16], respectively).
In a post hoc analysis, there was a reduction in the composite of
all-cause death and rehospitalizations with rivaroxaban-based
strategies compared with traditional TT with warfarin.63
The Randomized Evaluation of Dual Antithrombotic
Therapy with Dabigatran vs Triple Therapy With Warfarin in
Patients With Nonvalvular Atrial Fibrillation Undergoing
Percutaneous Coronary Intervention (RE-DUAL PCI) trial
randomized 2725 patients with NVAF who underwent PCI
for ACS (51%) or stable CAD to: (1) dual pathway therapy
with dabigatran 110 mg BID with a P2Y12 inhibitor (D110);
(2) dual pathway therapy with dabigatran 150 mg BID with a
P2Y12 inhibitor (D150); or (3) traditional TT with warfarin
(target INR, 2-3) with a P2Y12 inhibitor (predominantly
clopidogrel) and ASA.64 In the TT group aspirin was discontinued after 1 month (BMS) or after 3 months (DES),
however, the P2Y12 inhibitor was continued for 12 months
post-PCI. The primary outcome was International Society on
Thrombosis and Haemostasis (ISTH) major or clinically
relevant nonmajor bleeding, which was signiﬁcantly reduced
in both dual pathway therapy groups compared with the TT
group (11.5% absolute reduction with D110 [HR, 0.52; 95%
CI, 0.42-0.63], and 5.5% absolute reduction with D150
[HR, 0.72; 95% CI, 0.58-0.88]). In secondary analyses both
dual pathway therapy groups had signiﬁcant reduced ISTH
major bleeding (4.2% absolute reduction with D110 [HR,
0.52; 95% CI, 0.37-0.74], and 2.8% absolute reduction with
D150 [HR, 0.64; 95% CI, 0.43-0.94]), and TIMI major
bleeding (2.4% absolute reduction with D110 [HR, 0.37;
95% CI, 0.20-0.68], and 1.8% absolute reduction with D150
[HR, 0.51; 95% CI, 0.28-0.93]).
There are several notable limitations to these trials. First, a
large proportion of patients underwent elective PCI (44%72%), meaning the relative risk of coronary outcomes might be
underestimated. Second, measures to decrease bleeding risk
were underutilized, suggesting that the bleeding rate might have
been increased in the TT arm relative to contemporary practice.
Third, these trials compared dual pathway therapy using a
NOAC with TT using warfarin. It is unknown whether the
results would have been similar had the dual pathway therapy
groups used a VKA, or the TT group used a therapeutic-dose
NOAC. Last, each of the trials was powered to address safety
outcomes (ie, bleeding). Although each of these trials were
individually underpowered to assess efﬁcacy outcomes (eg,
mortality, stroke, and coronary outcomes) a limited metaanalysis of the What Is the Optimal Antiplatelet and Anticoagulation Therapy in Patients With Oral Anticoagulation
and Coronary Stenting (WOEST), PIONEER AF-PCI, and
RE-DUAL PCI trials showed that the use of dual pathway
therapy was associated with a signiﬁcant reduction in major
bleeding events, without an excess in the occurrence of MI,
deﬁnite stent thrombosis, and stroke.65 Studies of apixaban
(Apixaban Versus Warfarin in Patients with AF and ACS or PCI
[AUGUSTUS] trial; NCT02415400) and edoxaban (Edoxaban Treatment Versus Vitamin K Antagonist in Patients With
Atrial Fibrillation Undergoing Percutaneous Coronary Intervention [ENTRUST-AF-PCI] trial; NCT02866175) are
ongoing.
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Duration of TT
The beneﬁt of TT (reduction of recurrent MI and stent
thrombosis) must be balanced against the increased bleeding risk
with this therapeutic regimen. Importantly, the rate of bleeding
with TT peaks within the ﬁrst month of treatment, and thereafter
the risk of bleeding is relatively stable for the duration of TT.
In the AF population, it is possible that shorter durations of
DAPT might be reasonable when concomitant OAC therapy will
be used for the prevention of SSE. This concept was demonstrated
in the Intracoronary Stenting and Antithrombotic Regimen:
Triple Therapy in Patients on Oral Anticoagulation After Drug
Eluting Stent Implantation (ISAR-TRIPLE) study, which
showed no signiﬁcant difference in the primary end point of “net
clinical beneﬁt” (combination of death, MI, stent thrombosis,
stroke, or TIMI major bleeding) between those who received 6
weeks vs 6 months of TT. A post hoc landmark analysis from 6
weeks to 9 months (ie, excluding the period in which both groups
had received TT) showed a signiﬁcant reduction in any Bleeding
Academic Research Consortium (BARC) bleeding in the abbreviated TT group.66 Likewise, the PIONEER AF-PCI and REDUAL PCI trials showed no relationship between major
adverse cardiovascular events and TT duration or clinical presentation (ACS vs stable CAD).62,64 On balance, these ﬁndings
suggest that shortening the TT course to  6 months and
thereafter continuing therapy with an OAC and a single antiplatelet agent, might be reasonable in the context of elevated
bleeding risk.
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Practical tip. For some patients < 65 years of age with
CHADS2 score of 1 at the lower end of the stroke risk
spectrum (eg, isolated hypertension), some clinicians prefer
DAPT (eg, aspirin and ticagrelor or prasugrel) in preference to
triple therapy (an OAC with DAPT).
Practical tip. A PCI is considered high risk for ischemic
coronary outcomes on the basis of the clinical presentation
(eg, ACS), patient characteristics (comorbid diabetes mellitus
treated with oral hypoglycemics or insulin, chronic kidney
disease (estimated glomerular ﬁltration rate < 60 mL/min),
current tobacco use, previous ACS, or previous stent thrombosis), as well as PCI-related factors (multivessel PCI, multiple
[ 3] stents implanted, total stent length > 60 mm, complex
bifurcation lesion, chronic total occlusion intervention, and
stent type (eg, bioabsorbable vascular scaffold; Fig. 2).
Practical tip. All patients should receive ASA 81 mg (or a
minimum of 160 mg if ASA-naive) on the day of the PCI procedure. ASA may be continued as part of TT for up to 6 months
for patients with a high risk of thrombotic coronary events and
low risk of bleeding. ASA can be discontinued as early as the day
after PCI for patients with a low risk of thrombotic coronary
events and a high risk of bleeding. For patients at intermediate
risk of thrombotic coronary events and intermediate risk of
bleeding ASA can be continued as part of TT for 1-3 months.
AF patients at higher risk of stroke in association with
medically managed type 1 MI
RECOMMENDATION

AF patients at higher risk of stroke who undergo PCI
without high-risk features
RECOMMENDATION
11. For patients with AF aged  65 years or with a
CHADS2 score  1, we suggest dual pathway therapy
(an OAC with clopidogrel 75 mg/d) for at least 1
month after BMS implantation and at least 3 months
after DES implantation (Weak Recommendation,
Moderate-Quality Evidence).

AF patients at higher risk of stroke who undergo PCI for
ACS or elective PCI with high-risk features
RECOMMENDATION
12. For patients with AF aged  65 years or with a CHADS2
score  1, we recommend an initial regimen of TT (ASA
81 mg/d with clopidogrel 75 mg/d with an OAC) up to
6 months after PCI (Strong Recommendation,
Moderate-Quality Evidence). After ASA discontinuation, which may occur as early as the day after PCI, we
suggest that dual pathway therapy (an OAC with clopidogrel 75 mg/d) be continued for up to 12 months
after PCI (Weak Recommendation, Moderate-Quality
Evidence).

13. For patients with AF aged  65 years or with a
CHADS2 score  1, we suggest that dual pathway
therapy (an OAC with clopidogrel 75 mg/d, rather
than prasugrel or ticagrelor) be given without
concomitant ASA for 12 months after ACS (Weak
Recommendation, Low-Quality Evidence).
Values and preferences. For patients with AF and type 1
MI who do not undergo revascularization, the CCS AF
Guidelines Committee places relatively greater emphasis
on the reduction in ischemic coronary and cerebrovascular
thrombotic events, rather than the increase in bleeding
observed with combination therapy. When combination
therapy is used the preference for clopidogrel rather than
ASA is on the basis of the ﬁndings from the Clopidogrel vs
Aspirin in Patients at Risk of Ischaemic Events (CAPRIE)
study, in which clopidogrel was shown to be superior to
ASA (0.5% absolute reduction in composite of vascular
death, MI, or ischemic stroke; P ¼ 0.043), well as the
substantial efﬁcacy and safety data for combination therapy using clopidogrel and an OAC (clopidogrel used in
88% of patients in RE-DUAL PCI and 95% in
PIONEER AF-PCI).62,64,67

III. Investigation and Management of SCAF
The Asymptomatic Atrial Fibrillation and Stroke Evaluation in Pacemaker Patients and the Atrial Fibrillation
Reduction Atrial Pacing Trial (ASSERT) and A Prospective
Study of the Clinical Signiﬁcance of Atrial Arrhythmias
Detected by Implanted Device Diagnostics (TRENDS)
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studies showed that episodes of SCAF as short as 5-6 minutes
occur in 30%-40% of patients with implanted devices, and is
associated with a 2- to 2.5-fold increased risk of stroke.68,69
Although clinical risk factors inﬂuence the stroke risk
among patients with SCAF, this risk appeared lower than
among patients with clinical AF.70 Because patients with
SCAF tend to be older and at higher risk of OAC-associated
bleeding,71 the risk-beneﬁt ratio of using an OAC is
uncertain.
It appears that an increasing duration or burden of SCAF is
associated with an increase in the absolute risk of stroke.69,72
One study suggested that there was no increased risk of stroke
among patients with SCAF when their longest daily burden in
the past 30 days was < 5.5 hours.69 A more recent analysis
from the ASSERT trial suggests that the increased risk of
stroke with SCAF is driven by patients whose episodes exceed
24 continuous hours.72 There is also uncertainty about the
temporal relationship between SCAF and stroke, because
TRENDS and ASSERT showed no temporal association
between SCAF and stroke in most patients.73,74
The only randomized evaluation of an OAC in this setting
is the Combined Use of BIOTRONIK Home Monitoring
and Predeﬁned Anticoagulation to Reduce Stroke Risk
(IMPACT) study.75 IMPACT did not show any beneﬁt from
remote monitoring for SCAF with protocol-driven initiation
and cessation of OAC therapy.75 There are currently 2 randomized trials ongoing, which are randomizing patients with
SCAF to treatment with an OAC vs either aspirin or placebo:
Non-Vitamin K Antagonist Oral Anticoagulants in Patients
With Atrial High Rate Episodes (NOAH-AF-NET-6) trial76
and the Apixaban for the Reduction of Thrombo-Embolism
Due to Sub-Clinical Atrial Fibrillation (ARTESiA) trial.77
These 2 trials, due to complete in 2019 and 2021, respectively, will determine if and when patients with SCAF should
be treated with an OAC.

RECOMMENDATION
14. We suggest that it is reasonable to prescribe OAC
therapy for patients who are aged 65 years or older or
with a CHADS2 score of  1 (CHADS-65) who have
episodes of SCAF lasting > 24 continuous hours in
duration. Additionally, high-risk patients (such as
those with a recent embolic stroke of unknown
source) with shorter-lasting episodes might also be
considered for OAC therapy (Weak Recommendation, Low-Quality Evidence).

IV. Antidotes for NOACs/NOAC Reversal Agents
NOACs are the preferred agents for stroke prevention in
NVAF patients who merit anticoagulation. Although there was
less life-threatening bleeding with NOACs than with warfarin
in the randomized controlled trials,10-13 bleeding remains an
important risk. The availability of speciﬁc reversal agents has the
potential to mitigate the risks associated with major bleeding
events (eg, severe active hemorrhage, or bleeding in the context
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of emergent surgery) and, with it, patient and physician
acceptance of OAC therapy.
The CCS AF Guidelines Committee recommendation for
idarucizumab, the dabigatran-speciﬁc reversal agent, in
patients with active bleeding or those requiring surgery,
remains unchanged from the 2016 guidelines update. That
recommendation was on the basis of the interim publication
of the Reversal Effects of Idarucizumab on Active Dabigatran
(REVERSE-AD) trial,78 now further supported by the data
from the full cohort analysis of 301 patients with uncontrollable or life-threatening bleeding (group A) and 202 patients
who required urgent surgery (group B).79 The median
maximum percent reversal of the anticoagulant effect of
dabigatran within 4 hours of idarucizumab administration was
100% in those who had a prolonged dilute thrombin time
(DTT) or ecarin clotting time (ECT) at baseline. The reversal
was rapid and occurred independently of age, sex, renal
function, and dabigatran concentration at baseline. Reappearance of dabigatran levels > 20 mg/mL (below which
impairment of hemostasis is unlikely) was observed in 23% of
patients. This was likely due to redistribution of unbound
dabigatran from the extravascular to the intravascular space,
and was associated with recurrent or continued bleeding in 10
of the patients in the “life-threatening bleeding” group but
none of the patients in the “urgent surgery” group. It was
possible to assess time to cessation of bleeding in 134 patients
in group A; median time to hemostasis was 2.5 hours after
idarucizumab administration and all had conﬁrmed bleeding
cessation within 24 hours. Of the 197 patients in group B,
periprocedural hemostasis was assessed as normal or mildly
abnormal in 98.5%. At 30 days, thrombotic events occurred
in 4.8% of all patients, with a mortality rate of 13.5% in
group A, and 12.6% in group B.
Another speciﬁc reversal agent is andexanet alfa. Andexanet
is a recombinant modiﬁed human factor Xa decoy protein that
binds to the active site of factor Xa inhibitors and sequesters
them within the vascular space.80 The pharmacodynamic halflife is approximately 1 hour. In the Andexanet Alfa - a Novel
Antidote to the Anticoagulation Effects of FXA Inhibitors
(ANNEXA-4) study, patients with acute major bleeding who
had received 1 of 4 factor Xa inhibitors (apixaban, rivaroxaban, edoxaban, or enoxaparin) within the previous 18 hours
were treated with a bolus and 2-hour infusion of andexanet,
the dose of which was dependent on the timing of the last
dose of factor Xa inhibitor.81 In the published interim analysis
of 67 patients the median anti-factor Xa activity decreased by
89% (95% CI, 58%-94%) among the 26 patients who
received rivaroxaban and by 93% (95% CI, 87%-94%)
among the 20 patients who received apixaban.81 Four hours
after the end of the infusion, there was a relative decrease in
anti-factor Xa activity from baseline of 30%-39%. Clinical
hemostasis was adjudicated as excellent or good in 37 of 47
patients (78%) at the 12-hour postinfusion mark. At 30 days,
the overall mortality rate was 15% (10 patients died) and
thrombotic event rate was 18% (12 patients). The US prescribing information provides safety data for 185 patients,
citing a 30-day thrombotic event rate of 18% (33 patients)
and a mortality rate of 14% (25 deaths).82 Although promising, there are insufﬁcient data to recommend andexanet for
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Table 1. Characteristics of antiarrhythmic medications used for acute pharmacological cardioversion
Medication
Class Ia
Procainamide
Class Ic
Flecainide
Propafenone
Class III
Ibutilide

Dose

Time to conversion

Risks

15-18 mg/kg I.V. over 30-60 minutes

Approximately 60 minutes

Hypotension
Bradycardia
Ventricular proarrhythmia

300
200
600
450

2-6 hours

Hypotension
Bradycardia and conversion pauses
1:1 Conduction of atrial ﬂutter*

mg
mg
mg
mg

PO
PO
PO
PO

(>
(
(>
(

70
70
70
70

kg)
kg)
kg)
kg)

2-6 hours

1 mg I.V. over 10 minutes
May repeat once

30-60 minutes

Amiodarone

150 mg I.V. bolus then
60 mg/h for 6 hours then
30 mg/h for 18 hours

8-12 hours

Vernakalant

3 mg/kg I.V. over 10 minutes, followed by 2 mg/kg
I.V. if no conversion

12-30 minutes

QT prolongation
Torsades de pointesy
Hypotension
Bradycardia
Atrioventricular block
Torsades de pointes
Phlebitis
Hypotension
Bradycardia
Nonsustained ventricular tachycardiaz

ACS, acute coronary syndrome; AV, atrioventricular; I.V., intravenous; PO, orally.
* Class Ic drugs (ﬂecainide and propafenone) should be used in combination with AV nodal blocking agents (b-blockers or calcium channel inhibitors). Class Ic
agents should be avoided in patients with ischemic heart disease or signiﬁcant structural heart disease.
y
Consider pretreating with 1-4 mg of I.V. MgSO4. Ibutilide should be avoided in patients with hypokalemia, baseline QT prolongation, or signiﬁcant structural
heart disease.
z
Vernakalant should be avoided in patients with hypotension, recent ACS, or signiﬁcant structural heart disease.

reversal of life-threatening bleeding associated with factor Xa
inhibitors at this time.
RECOMMENDATION
15. We recommend administering idarucizumab for
emergency reversal of dabigatran’s anticoagulant effect
in patients with uncontrollable or potentially lifethreatening bleeding and/or in patients who require
urgent surgery for which normal hemostasis is necessary (Strong Recommendation, Moderate-Quality
Evidence).
Values and preferences. This recommendation places
relatively greater value on the ability of idarucizumab to
reverse coagulation parameters indicative of dabigatran’s
effect, its potential to decrease bleeding-related outcomes,
and risks of urgent surgery, and its safety and tolerability
proﬁle, and less value on the absence of a control group in
the REVERSE-AD trial and on the cost of the drug.
Practical tip. In acute, life-threatening bleeding situations
in which standard resuscitation (such as local measures,
transfusion, etc) is anticipated to be insufﬁcient (eg, intracranial hemorrhage), or in situations in which standard
resuscitation has not stabilized the patient, 5 g of intravenous
(I.V.) idarucizumab should be administered as soon as
possible. Activated partial thromboplastin time (aPTT) and
thrombin time may be used to qualitatively identify the
presence of active dabigatran at baseline in a patient, although
they are less sensitive than DTT and ECT; 92% of patients in
the REVERSE-AD trial had an elevated DTT or ECT,
whereas only 74% had an elevated aPTT. However, obtaining
these measures should not delay the administration of idarucizumab. In many instances of life-threatening bleeding,

clinicians have to make a treatment decision on the basis of a
history of dabigatran use rather than laboratory evidence.
Renal function and timing of the last dose of dabigatran
provide key information regarding the likely extent of
remaining dabigatran effect.
Practical tip. “Urgent” surgery as deﬁned in the
REVERSE-AD trial is surgery that cannot be delayed beyond
8 hours (amended from 4 hours in the initial version of the
protocol). The timing of surgery should be on the basis of the
clinical indication and stability of the patient. In instances in
which delayed surgery is appropriate, clinicians may obtain
coagulation parameters (eg, thrombin time or aPTT) to
identify patients who would be unlikely to beneﬁt from
idarucizumab (see the previous “practical tip”).
Practical tip. Reversing dabigatran therapy exposes
patients to the thrombotic risk of their underlying disease.
Oral anticoagulation should be reintroduced as soon as
medically appropriate.
V. Acute Pharmacological Rhythm Control
For patients with acute AF/AFL who are eligible for cardioversion, acute rhythm control can be established via either
pharmacological or electrical cardioversion. In general, DC
electrical cardioversion is more effective, with immediate
restoration of sinus rhythm, however, it requires the use of
general anaesthesia. Pharmacological cardioversion is less effective, but avoids the risks associated with procedural sedation, and
does not require a preceding period of fasting.24,28,33,83,84
Antiarrhythmic medication selection is typically dictated
by the patient’s comorbidities (eg, structural heart disease), as
well as physician preference. Characteristics of antiarrhythmic
medications used for acute pharmacological cardioversion are
shown in Table 1.
A commonly used I.V. medication for cardioversion of
acute AF/AFL in the emergency department setting is the class
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Table 2. PIP antiarrhythmic drug therapy
Appropriate candidates for PIP

(1)
(2)
(3)
(4)

Symptomatic patients
Sustained AF episodes (eg,  2 hours)
AF episodes that occur less frequently than monthly
Absence of severe or disabling symptoms during an AF episode (eg, fainting, severe chest pain, or
breathlessness)
(5) Ability to comply with instructions, and proper medication use
Contraindication to PIP
(1) Signiﬁcant structural heart disease (eg, left ventricular systolic dysfunction [left ventricular ejection fraction
< 50%], active ischemic heart disease, severe left ventricular hypertrophy)
(2) Abnormal conduction parameters at baseline (eg, QRS duration > 120 msec, PR interval > 200 msec, or
evidence of pre-excitation)
(3) Clinical or electrocardiographic evidence of sinus node dysfunction, bradycardia or advanced AV block
(4) Hypotension (systolic BP < 100 mm Hg)
(5) Previous intolerance of any of the PIP-AAD medications
PIP administration
Immediate release oral AV nodal blocker (one of diltiazem 60 mg, verapamil 80 mg, or metoprolol tartrate 25 mg) 30
minutes before the administration of a class Ic AAD (300 mg of ﬂecainide or 600 mg of propafenone if  70 kg;
200 mg of ﬂecainide or 450 mg of propafenone if < 70 kg)
Initial ED monitoring
Telemetry for at least 6 hours
Blood pressure monitoring every 30 minutes
12-Lead ECG monitoring every 2 hours
Determinants of initial treatment failure
(1) AF persistence > 6 hours after PIP-AAD administration or electrical cardioversion required for termination
(2) Adverse events including symptomatic hypotension (systolic BP  90 mm Hg), symptomatic conversion
pauses (> 5 seconds), symptomatic bradycardia after sinus rhythm restoration, proarrhythmia (conversion to
atrial ﬂutter/tachycardia, or episodes of ventricular tachycardia), severe symptoms (dyspnea, presyncope,
syncope), or a > 50% increase in QRS interval duration from baseline
Instructions for subsequent out-of-hospital use Patients should take the AV nodal agent 30 minutes after the perceived arrhythmia onset, followed by the class Ic
AAD 30 minutes after the AV nodal agent.
After AAD administration patients should rest in a supine or seated position for the next 4 hours, or until the
episode resolves
Patients should present to the ED in the event that:
(1) The AF episode did not terminate within 6-8 hours
(2) They felt unwell after taking the medication at home (eg, a subjective worsening of the arrhythmia after AAD
ingestion, or if they developed new or severe symptoms such as dyspnea, presyncope, or syncope)
(3) More than one episode occurred in a 24-hour period (patients were advised not to take a second PIP-AAD
dose within 24 hours)
(4) If the AF episode was associated with severe symptoms at baseline (eg, signiﬁcant dyspnea, chest pain, presyncope, or symptoms of stroke), even in the absence of PIP-AAD use
AAD, antiarrhythmic drug; AF, atrial ﬁbrillation; AV, atrioventricular; BP, blood pressure; ECG, electrocardiogram; ED, emergency department; PIP, “pill-inthe-pocket.”

Ia agent, procainamide.85 Procainamide is usually administered over 60 minutes at a dose of 15-18 mg/kg, although a
signiﬁcant amount of the clinical evidence has been on the
basis of the infusion of 1 g over 60 minutes.24,33,86 Procainamide is more effective for the conversion of acute AF (50%
conversion) than for AFL (30% conversion).86 Time to cardioversion is approximately 1 hour.86 The most common side
effect is hypotension (approximately 5%), although QRS
widening, premature ventricular contractions, and Torsade de
Pointes (TdP) might occur. This medication, like all drugs
with class I (Naþ channel-blocking) action, should be avoided
in patients with Brugada syndrome.87
Ibutilide is an I.V. class III agent that has been shown to
effectively terminate AFL (50%-75%) and AF (30%-50%),
with cardioversion typically occurring within 30-60 minutes.84 However, widespread clinical uptake has been limited
by a signiﬁcant risk of TdP, which occurs in approximately
2%-3% of patients. Consequently, ibutilide should not be
used in patients with prolonged QTc on electrocardiogram,
those with a history of HF or reduced ejection fraction, or
those with electrolyte disturbances (low serum potassium or
magnesium levels). Pretreatment with high-dose magnesium
( 4 g I.V.) might improve ibutilide cardioversion rates and
might reduce the risk of TdP.88-90 Patients must be observed
with continuous electrocardiogram monitoring for a minimum of 4 hours after ibutilide administration.

The atrial-selective antiarrhythmic drug vernakalant was
recently approved by Health Canada. In an emergency
department-based study of acute AF, the conversion rate was
59% and the median time to cardioversion was 12 minutes.83
The major potential adverse effects are hypotension, along
with bradycardia after cardioversion. Transient but fairly
common side effects include dysgeusia (abnormal taste),
paraesthesia, and nausea. Vernakalant should not be used in
patients with hypotension, severe HF (New York Heart Association classiﬁcation III/IV), recent ACS, or severe aortic
stenosis. It is less effective in the conversion of typical AFL.91
With the exception of patients with structural heart disease, amiodarone is not recommended for acute rhythm
control because of the delayed action in conversion (approximately 8 hours).92-94 The most common adverse drug reactions with I.V. administration are phlebitis, hypotension,
and bradycardia. Although there is potential for prolongation
of the QT interval the incidence of TdP is rare.95
An alternate approach is to consider oral administration of
ﬂecainide or propafenone in combination with an atrioventricular node-blocking agent (b-blockers or calcium channel
inhibitors; Table 2). Although the time to cardioversion (2-6
hours) is longer than with I.V. medications, the major clinical
beneﬁt is that patients are able to treat their subsequent AF
episodes using the “pill-in-the-pocket” approach, which reduces the need to visit the emergency department. A key

1384

caveat to this approach is that the ﬁrst dose must be administered in a monitored environment to exclude treatmentrelated adverse reactions.96,97 Indications, contraindications,
and monitoring details are presented in Table 2.
VI. Catheter Ablation of AF
The section on catheter ablation of AF was last updated in
2014. Since that time, there have been signiﬁcant developments in periablation management and clinical trial
evidence.
Uninterrupted OAC therapy with a VKA has been the
standard of care periablation since clinical trials showed less
bleeding and reduced thromboembolic complications
compared with VKA interruption with low molecular-weight
heparin bridging.98 The safety and efﬁcacy of uninterrupted
NOAC therapy periablation, was recently explored in 3 randomized trials that compared uninterrupted NOAC with
uninterrupted VKA treatment periablation. The ActiveControlled Multi-Center Study With Blind-Adjudication
Designed to Evaluate the Safety of Uninterrupted Rivaroxaban and Uninterrupted Vitamin K Antagonists in Subjects
Undergoing Catheter Ablation for Non-Valvular Atrial
Fibrillation (VENTURE-AF) trial was the smallest (n ¼ 248)
of these trials, which randomized patients to uninterrupted
rivaroxaban vs uninterrupted VKA treatment.99 The trial
showed that there was no difference in major bleeding or
thromboembolic events. In contrast, the Randomized Evaluation of Dabigatran Etexilate Compared to Warfarin in
Pulmonary Vein Ablation: Assessment of an Uninterrupted
Peri-Procedural Anticoagulation Strategy trial (RE-CIRCUIT; n ¼ 635) showed a signiﬁcant reduction in ISTH
bleeding with uninterrupted dabigatran 150 mg BID
compared with uninterrupted VKA (1.6% vs 6.9%,
P ¼ 0.0009).100 Of note, the number of patients with cardiac
tamponade and with groin hematoma was higher in the VKA
arm. There was no difference in the number of patients with a
thromboembolic event, with only 1 in the VKA arm. Finally,
the recently published Anticoagulation Using the Direct
Factor Xa Inhibitor Apixaban During Atrial Fibrillation Catheter Ablation (AXAFA) trial (n ¼ 674) showed no difference
between uninterrupted apixaban and uninterrupted VKA
treatment for either bleeding or thromboembolic events.101
This trial also performed a substudy of post-ablation cerebral
magnetic resonance images to look for subclinical cerebral
microemboli and again, there was no difference between strategies. The ongoing Evaluation of Edoxaban Compared With
VKA in Subjects Undergoing Catheter Ablation of Nonvalvular
Atrial Fibrillation (ELIMINATE-AF) trial will report on uninterrupted edoxaban vs uninterrupted VKA treatment
(ClinicalTrials.gov NCT02942576). On the basis of these data
we make the following recommendation.

RECOMMENDATION
16. We suggest that catheter ablation may be performed
using uninterrupted therapeutic oral anticoagulation
with either a NOAC or adjusted-dose warfarin (Weak
Recommendation, Moderate-Quality Evidence).

Canadian Journal of Cardiology
Volume 34 2018

Other important clinical trials included Substrate and
Trigger Ablation for Reduction of Atrial Fibrillation (STAR
AF II), which compared 3 techniques for ablation of persistent
AF.102 Although guidelines had made the assumption that
more extensive ablation was required for treating these patients, the trial showed that strategies of additional use of
empiric linear ablation or targeted electrogram ablation in
addition to pulmonary vein isolation did not improve freedom
from AF over pulmonary vein isolation alone.
Previous iterations of the CCS AF guidelines recommend a
trial of antiarrhythmic drugs (AADs) before considering an
ablation procedure for most patients, with ﬁrst-line ablation
therapy reserved for highly selected symptomatic patients with
paroxysmal AF. These recommendations are on the basis of the
results of several randomized controlled studies that showed
superior freedom from recurrent arrhythmia, a reduction in the
overall AF burden, and improvement in symptoms, exercise
capacity, and quality of life with catheter ablation relative to
AAD therapy.103-111 The Catheter Ablation vs AntiArrhythmic Drug Therapy for Atrial Fibrillation (CABANA)
trial was designed to evaluate the effect of ablation on mortality,
stroke, and bleeding end points.112 This study randomized
older, higher-risk patients to ablation (n ¼ 1108) or drug
therapy (n ¼ 1096). At the time of this guideline update, the
study had not been published, but the presented results showed
no difference in the primary composite outcome (death,
disabling stroke, serious bleeding, or cardiac arrest) at 5 years in
an intention to treat analysis (HR, 0.86; 95% CI, 0.65-1.15).
Despite a high rate of crossover (9.2% not receiving ablation in
the intervention arm and 27.5% of drug therapy patients
receiving ablation) a signiﬁcant reduction in the secondary end
point of death and cardiovascular hospitalization was observed
(HR, 0.83; 95% CI, 0.74-0.93). Moreover, the “on treatment”
analysis, which evaluated the patients who received ablation
showed a signiﬁcant reduction in the primary end point (HR,
0.67; 95% CI, 0.50-0.89) with associated signiﬁcant reductions
in all-cause mortality (HR, 0.60; 95% CI, 0.42-0.86) and death
and cardiovascular hospitalization (HR, 0.83; 95% CI, 0.740.94) compared with drug therapy. Until the full publication is
available, however, the Guideline Committee has not changed
its recommendation that AF ablation should be second-line
therapy for most patients and ﬁrst-line therapy only for highly selected patients.
Ablation in patients with AF and HF
AF and HF frequently coexist, with AF representing an
independent predictor of progression, hospitalization, and
death in the HF population.113-119 Although restoring and
maintaining sinus rhythm has been considered as a therapeutic target to improve clinical outcomes, large randomized
controlled trials of AADs have failed to support this
hypothesis.120-124 It is postulated that the attenuated beneﬁt
observed with AAD therapy is related to cardiac and
noncardiac toxicities (eg, proarrhythmia or negative inotropy).
As such, ablation has been proposed as a more efﬁcacious
means to improve outcomes.
To date, 7 randomized trials have been performed
(Table 3).125-131 Collectively these randomized studies have
shown a single-procedure success (eg, elimination of any AF
episodes > 30 seconds) in the range of 40%-69%, with

6-MW, 6-minute walk distance; AATAC, Ablation vs Amiodarone for Treatment of Persistent Atrial Fibrillation in Patients With Congestive Heart Failure and an Implanted Device; AF, atrial ﬁbrillation; ARC-HF,
Catheter Ablation vs Rate Control in the Management of Persistent Atrial Fibrillation in Chronic Heart Failure; AV, atrioventricular; CAMERA-MRI, Catheter Ablation vs Medical Rate Control in Atrial Fibrillation and
Systolic Dysfunction; CAMTAF, Catheter Ablation vs Medical Treatment of Atrial Fibrillation in Heart Failure; CASTLE-AF, Catheter Ablation vs Standard Conventional Therapy in Patients with Left Ventricular
Dysfunction and Atrial Fibrillation; CI, conﬁdence interval; HF, heart failure; LVEF, left ventricular ejection fraction; PABA-CHF, Pulmonary-Vein Isolation for Atrial Fibrillation in Patients With Heart Failure; RR,
risk ratio.
* Not statistically signiﬁcant.
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6
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100%
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12

Medical rate control
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52
100%
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41
100%
6

Medical rate control

81
48%
6

AV node ablation
with biventricular pacing
Comparator

Patient n
 Persistent AF
Follow-up, months
Outcomes159
 HF hospitalization,
RR (95% CI)
 All-cause mortality,
RR (95% CI)
Standard mean difference in:
 LVEF improvement
 6-MW distance

Medical
rate control
Amiodarone
rhythm control

CAMERA-MRI130
AATAC128
CAMTAF129
ARC-HF127
MacDonald et al.126
PABA-CHF125

Table 3. Randomized studies of AF ablation in heart failure

179
70%
37

multiple procedures improving the success up to 88%. Beyond
arrhythmia recurrence, catheter ablation of AF in HF patients
with left ventricular systolic dysfunction appears to be
associated with improvement in left ventricular ejection fraction (LVEF; improvement of 4.5%-18%; weighted mean
difference [MD] of 7.40; 95% CI, 3.37-11.43; P < 0.01),
improvement in exercise performance (maximal oxygen uptake
or VO2 max, MD of 3.17 mL/kg/min; 95% CI, 1.05-5.28; P <
0.01; I2 ¼ 0%; and 6-minute walk MD, 26.96 m; 95% CI,
6.39-47.54; P ¼ 0.01), and improvement in quality of life
(33% average improvement in Minnesota Living with HF
Questionnaire score), with no signiﬁcant increase in risks of
serious adverse events (RR, 1.05; 95% CI, 0.96-1.16; P ¼ 0.30)
compared with medical treatment.125-131
However, a more substantial quantiﬁcation of the utility of
catheter ablation in patients with AF and HF with reduced
systolic function is the objective outcomes, such as mortality and
hospitalization. Although CABANA failed to show signiﬁcant
mortality beneﬁt in unselected populations, recent randomized
trials have shown that catheter ablation of AF in HF patients
with reduced LVEF results in signiﬁcant improvement in allcause mortality as well as fewer HF hospitalizations.128,131,132
The ﬁrst of these studies was the Ablation vs Amiodarone for
Treatment of Persistent Atrial Fibrillation in Patients With
Congestive Heart Failure and an Implanted Device (AATAC)
study, which randomized 203 patients with New York Heart
Association functional class II-III HF and an LVEF < 40% to
catheter ablation (n ¼ 102) or amiodarone rhythm control (n ¼
101).128 After 24-27 months of follow-up, patients in the
ablation group had a signiﬁcantly greater freedom from recurrent AF (70% vs 34%; P < 0.001). In addition, the secondary
end points of unplanned hospitalization and all-cause mortality
were both signiﬁcantly reduced (45% and 56%, respectively),
corresponding to number needed to treat of 3.8 for unplanned
hospitalization and 10 for all-cause mortality. The second study,
Catheter Ablation vs Standard Conventional Therapy in Patients with Left Ventricular Dysfunction and Atrial Fibrillation
(CASTLE-AF), randomized patients with symptomatic paroxysmal or persistent AF, New York Heart Association class II-IV
HF, and an LVEF  35% to catheter ablation (179 patients) or
medical therapy (184 patients).131 All patients had a cardiac
implantable device (implantable cardioverter deﬁbrillator or
cardiac resynchronization therapy-implantable cardioverter
deﬁbrillator). After a median follow-up of 37.8 months, patients
in the ablation group were signiﬁcantly less likely to meet the
primary composite end point of all-cause mortality or HF
admission (16.1% absolute reduction; HR, 0.62; 95% CI, 0.430.87; P ¼ 0.006). Similar to AATAC, there was a 47% relative
reduction in all-cause mortality (HR, 0.53; 95% CI, 0.32-0.86)
and a 44% reduction in HF hospitalization (HR, 0.56; 95% CI,
0.37-0.83).
Taken together, these studies show that catheter ablation is
associated with an improvement in all-cause mortality (8.1% vs
15.9%; RR, 0.52; 95% CI, 0.35-0.76; P < 0.01), a reduction
in HF hospitalization (17.7% vs 31.3%; RR, 0.57; 95% CI,
0.45-0.72; P < 0.01) and ejection fraction, compared with
medical therapy. Ongoing randomized controlled trials in the
AF and HF population will assess the effect of AF ablation on
all-cause mortality (Rhythm Control - Catheter Ablation With
or Without Anti-arrhythmic Drug Control of Maintaining
Sinus Rhythm Versus Rate Control With Medical Therapy

Medical
therapy (rate or
rhythm control)
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and/or Atrio-ventricular Junction Ablation and Pacemaker
Treatment for Atrial Fibrillation [RAFT-AF]; NCT01420393)
and HF hospitalization (RAFT-AF, and Catheter Ablation vs.
Medical Therapy in Congested Hearts With AF [CATCH-AF];
NCT02686749).
Although these results are compelling, the committee decided
not to add a new recommendation for ablation in HF patients.
Instead, we believe that the existing recommendation to pursue
catheter ablation as a second-line treatment for symptomatic
patients applies to this group. Despite the lack of a new recommendation speciﬁcally for patients with HF and a reduced LVEF,
it is important to recognize that the consideration of patients with
structural heart disease as an appropriate ablation candidate does
represent a philosophical shift in practice because these patients
were previously discouraged from ablation because of concerns
regarding potential inefﬁcacy and harm.
VII. Integrated Approach to AF and Modiﬁable
Cardiovascular Risk Factors
There are several care gaps in AF management, speciﬁcally in
the domains of stroke prevention, in the timing/appropriateness of transitions between rate and rhythm control, as well in
the assessment for ablation procedure candidacy.133,134 Dedicated multidisciplinary clinics speciﬁcally focused on AF care
have recently been developed as a means to facilitate patient and
provider education, as well as to provide evidence-based care
centred on chronic disease management principles. Previous
studies have suggested that a combined specialist and nursebased AF clinic is associated with improved adherence to
guideline-based care, enhanced transitions of care (from the
emergency room to the specialty clinic and back to community
care), and signiﬁcant improvement in quality of life.51,135-138 In
addition, systematic multidisciplinary AF clinics have been
shown to reduce cardiovascular death (HR, 0.28 vs usual care)
and cardiovascular hospitalization (HR, 0.66 vs usual care).135
Analogous multidisciplinary models of care, such as HF
clinics, have shown similar beneﬁts in cardiovascular outcomes as well as cost-effectiveness.139,140 Greater coordination
of care with nursing interventions has been shown to result in
more efﬁcient use of resources,141 better coordination of heart
rhythm procedures,142,143 and better implementation of other
cardiac therapies for patients with HF.144,145 In the Canadian
context, reduced wait times, improved implementation of
recommendations, and more effective use of tertiary care resources has been shown.146
Although the genesis of AF clinics in Canada arises from
the Calgary model, similar programs now exist across the
country.147 Although individually tailored to the needs of
their communities, these Canadian AF clinics are broadly on
the basis of the principles of: (1) timely access to specialist
care, to reduce adverse outcomes (eg, stroke or rehospitalization) imposed by delays in treatment initiation; (2) knowledge
translation, because improved understanding of AF facilitates
active participation by the patient in their treatment pathway,
with secondary beneﬁts in treatment adherence and persistence; and (3) guideline adherence, in particular in the
domains of stroke prevention and comorbidity management
(eg, hypertension, obesity, and sleep apnea).70,147,148 This last
point is especially relevant as a systematic approach to patient
care, including protocol-driven management on the basis of
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contemporary guidelines, and offers an opportunity for
holistic management of the patient beyond the heart rhythm.
Recently, there has been a renewed focus on the contribution
of modiﬁable cardiovascular risk factors to the causation and
persistence of AF.149-151 Although the precise mechanistic links
between risk factors and AF occurrence remain somewhat
uncertain, information available from the literature provides
many potential insights. Hypertension, the most signiﬁcant
population-attributable modiﬁable risk factor for AF, causes
activation of the sympathetic and renin-angiotensin-aldosterone
systems, as well as structural and electrophysiological atrial
remodelling that enhances AF susceptibility. Diabetes mellitus
promotes AF via structural remodelling (possibly mediated by
advanced glycosylation end-products) and autonomic remodelling. Tobacco use promotes AF through a combination of the
direct effects of nicotine on the atrium (eg, altered atrial conduction and refractoriness), as well as structural remodelling,
inﬂammation, and oxidative stress. Alcohol, when consumed in
excess, promotes AF through the induction of arrhythmia triggers (increased sympathetic activity/impairment of vagal tone) as
well as atrial ﬁbrosis (from the direct toxic effects of alcohol
metabolites). Obesity promotes AF through weight-related
structural remodelling (changes in atrial dimensions and interstitial ﬁbrosis), weight-related electrophysiological remodelling
(conduction slowing and shortening of the effective refractory
period), autonomic dysfunction, and inﬂammation. Obstructive
sleep apnea promotes AF acutely through strongly negative
intrathoracic pressures leading to increased venous return
(AF-promoting left atrial volume loading) and hypoxia-induced
pulmonary vasoconstriction. Chronic obstructive sleep apnea
induces electrical and structural remodelling of the atria, autonomic dysregulation, oxidative stress, and inﬂammation.
Previous studies have shown that intensive risk factor management has beneﬁcial effects on AF.152,153 Rienstra et al. reported improved maintenance of sinus rhythm at 1 year with a
strategy of cardiac rehabilitation, HF medication optimization,
and aggressive blood pressure control (75% maintenance of
sinus rhythm on a 7-day Holter vs 63% in the control group;
OR, 1.77; P ¼ 0.042).153 The Long-Term Effect of GoalDirected Weight Management on Atrial Fibrillation Cohort: A
Long-Term Follow-Up Study (LEGACY) cohort study showed
that patients with a weight loss of > 10% was associated with a
6-fold increase in the likelihood of being arrhythmia-free over a
5-year follow-up period compared with those with lesser degrees
of weight loss (< 10%).154 Abed et al. reported that weight
reduction with intensive risk factor management resulted in a
signiﬁcant improvement in AF-related quality of life and
symptom scores, as well as AF burden (episode frequency and
duration).152 Aggressive Risk Factor Reduction Study for Atrial
Fibrillation and Implications for the Outcome of Ablation
(ARREST-AF) was a single-centre cohort study that showed that
patients who chose to undergo aggressive risk factor modiﬁcation
had better quality of life and symptom control, a signiﬁcant
reduction in AF burden, and greater arrhythmia-free survival
after catheter ablation compared with those who did not (OR,
4.8; 95% CI, 2.04-11.4).150 The Impact of Cardiorespiratory
Fitness on Arrhythmia Recurrence in Obese Individuals With
Atrial Fibrillation (CARDIO-FIT) study showed that a > 2
peak metabolic equivalents (METs) improvement in cardiorespiratory ﬁtness was associated with a signiﬁcantly reduced AF
burden compared with a gain of < 2 METs over long-term
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Table 4. Risk markers and comorbid conditions associated with AF
Conventional risk factors
 Advancing age
 Male sex
 Hypertension
 HF with reduced ejection fraction
 Valvular heart disease
 Thyroid disease
 Obstructive sleep apnea
Emerging risk factors
 Chronic obstructive pulmonary disease
 Excessive alcohol intake
 Pre-hypertension
 Increased pulse pressure
 HF with preserved ejection fraction
 Congenital heart disease
 Subclinical hyperthyroidism
 Obesity
 Coronary artery disease
 Morphometric (increased height, increased birth weight)
 Excessive endurance exercise
Potential risk factors
 Familial/genetic factors
 Tobacco Use
 Echocardiographic
Left atrial dilatation
LV hypertrophy
 Inﬂammation
 Diabetes
 Pericardial fat
 Subclinical atherosclerosis
 Electrocardiographic (atrial conduction delay, PR interval prolongation)
 Chronic kidney disease
AF, atrial ﬁbrillation; HF, heart failure; LV, left ventricular.

follow-up.155 This response was proportional to the increase in
cardiorespiratory ﬁtness, with an adjusted reduction in AF
recurrence of 10% for each MET gained (HR, 0.90; 95% CI,
0.83-1.00).155 These data suggest that a comprehensive management strategy that includes suppression of triggers (targeted
by risk factor modiﬁcation, AADs, and/or catheter ablation) and
amelioration of arrhythmogenic substrate (risk factor modiﬁcation) might lead to improved outcomes. Further research is
required to determine whether these interventions will effectively
alter the occurrence or progression of AF, when it is present.
It is the opinion of the AF Guidelines Committee that, for
now, the emphasis of risk factor modiﬁcation should focus on
cardiovascular event reduction with the optimal management
of risk factors and concomitant disorders (Table 4), following
the recommendations of the 2018 Canadian dyslipidemia,156
hypertension,157 and diabetes158 guidelines.

RECOMMENDATION
17. We recommend systematic and strict guideline-adherent
management of traditional modiﬁable cardiovascular risk
factors and/or conditions associated with AF, to reduce
cardiovascular events (eg, stroke, MI, etc; Strong
Recommendation, High-Quality Evidence).
Values and preferences. This recommendation places a
high value on a systematic approach to providing
guideline-directed therapy for any cardiovascular risk
factors and/or conditions associated with AF.
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Practical tip. The detection and optimal management of
risk factors and concomitant disorders together with appropriate rate/rhythm control and stroke prevention might
contribute to a reduction in cardiovascular-related emergency
department visits and hospitalizations. Addressing such risk
factors might be most comprehensively and efﬁciently
accomplished through a specialized clinic or other multidisciplinary management approach, and through use of a standardized, systematic protocol-based approach.
RECOMMENDATION
18. We suggest that, in addition to implementing
appropriate rate or rhythm control measures, an
approach targeting modiﬁable risk markers and conditions associated with AF should be applied to prevent recurrence of the arrhythmia and/or decrease its
symptom burden (Weak Recommendation, LowQuality Evidence).
Values and preferences. The aggressive treatment of
obesity and cardiometabolic risk markers/conditions
(including hypertension, HF, diabetes, and sleep apnea)
has been shown to reduce AF burden and improve quality
of life. This recommendation places a high value on the
recognized association between these potential risk
markers and conditions that are known to aggravate AF
and the possibility that treatment of these might result in
prevention and/or regression of the substrate that causes
AF as well as improvement of patient symptoms.

Acknowledgements
The authors thank Ms Christianna Brooks (CCS staff) for
her assistance and outstanding contribution throughout the
guideline writing process.
Secondary Panel Members: David Bewick, MD, Vidal
Essebag, MD, PhD, Peter Guerra, MD, Milan Gupta, MD,
Brett Heilbron, MBChB, Paul Khairy, MD, Bob Kiaii, MD,
George Klein, MD, Simon Kouz, MD, Daniel Ngui, MD,
Pierre Page, MD, Calum Redpath, MD, Jan Surkes, MD, and
Richard Whitlock, MD.
References
1. Gillis AM, Verma A, Talajic M, Nattel S, Dorian P. Canadian Cardiovascular Society atrial ﬁbrillation guidelines 2010: rate and rhythm
management. Can J Cardiol 2011;27:47-59.
2. Nagarakanti R, Ezekowitz MD, Oldgren J, et al. Dabigatran versus
warfarin in patients with atrial ﬁbrillation: an analysis of patients undergoing cardioversion. Circulation 2011;123:131-6.
3. Piccini JP, Stevens SR, Lokhnygina Y, et al. Outcomes after cardioversion and atrial ﬁbrillation ablation in patients treated with rivaroxaban and warfarin in the ROCKET AF trial. J Am Coll Cardiol
2013;61:1998-2006.
4. Flaker G, Lopes RD, Al-Khatib SM, et al. Efﬁcacy and safety of apixaban in patients after cardioversion for atrial ﬁbrillation: insights from
the ARISTOTLE Trial (Apixaban for Reduction in Stroke and Other
Thromboembolic Events in Atrial Fibrillation). J Am Coll Cardiol
2014;63:1082-7.

1388

Canadian Journal of Cardiology
Volume 34 2018

5. Plitt A, Ezekowitz MD, De Caterina R, et al. Cardioversion of
atrial ﬁbrillation in ENGAGE AF-TIMI 48. Clin Cardiol 2016;39:
345-6.

21. Sparks PB, Jayaprakash S, Mond HG, et al. Left atrial mechanical
function after brief duration atrial ﬁbrillation. J Am Coll Cardiol
1999;33:342-9.

6. Cappato R, Ezekowitz MD, Klein AL, et al. Rivaroxaban vs. vitamin K
antagonists for cardioversion in atrial ﬁbrillation. Eur Heart J 2014;35:
3346-55.

22. Mattioli AV, Tarabini Castellani E, Vivoli D, Molinari R, Mattioli G.
Restoration of atrial function after atrial ﬁbrillation of different etiological origins. Cardiology 1996;87:205-11.

7. Goette A, Merino JL, Ezekowitz MD, et al. Edoxaban versus
enoxaparin-warfarin in patients undergoing cardioversion of atrial
ﬁbrillation (ENSURE-AF): a randomised, open-label, phase 3b trial.
Lancet 2016;388:1995-2003.

23. Weigner MJ, Caulﬁeld TA, Danias PG, Silverman DI, Manning WJ.
Risk for clinical thromboembolism associated with conversion to sinus
rhythm in patients with atrial ﬁbrillation lasting less than 48 hours. Ann
Intern Med 1997;126:615-20.

8. Ezekowitz MD, Pollack CV Jr, Halperin JL, et al. Apixaban compared
to heparin/vitamin K antagonist in patients with atrial ﬁbrillation
scheduled for cardioversion: the EMANATE trial. Eur Heart J 2018;39:
2959-71.
9. Hart RG, Pearce LA, Aguilar MI. Meta-analysis: antithrombotic therapy
to prevent stroke in patients who have nonvalvular atrial ﬁbrillation.
Ann Intern Med 2007;146:857-67.
10. Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus
warfarin in patients with atrial ﬁbrillation. N Engl J Med 2009;361:
1139-51.

24. Michael JA, Stiell IG, Agarwal S, Mandavia DP. Cardioversion of
paroxysmal atrial ﬁbrillation in the emergency department. Ann Emerg
Med 1999;33:379-87.
25. Gallagher MM, Hennessy BJ, Edvardsson N, et al. Embolic complications of direct current cardioversion of atrial arrhythmias: association
with low intensity of anticoagulation at the time of cardioversion. J Am
Coll Cardiol 2002;40:926-33.
26. Gentile F, Elhendy A, Khandheria BK, et al. Safety of electrical cardioversion in patients with atrial ﬁbrillation. Mayo Clin Proc 2002;77:
897-904.

11. Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus warfarin in
nonvalvular atrial ﬁbrillation. N Engl J Med 2011;365:883-91.

27. Koenig BO, Ross MA, Jackson RE. An emergency department observation unit protocol for acute-onset atrial ﬁbrillation is feasible. Ann
Emerg Med 2002;39:374-81.

12. Granger CB, Alexander JH, McMurray JJ, et al. Apixaban versus
warfarin in patients with atrial ﬁbrillation. N Engl J Med 2011;365:
981-92.

28. Burton JH, Vinson DR, Drummond K, et al. Electrical cardioversion of
emergency department patients with atrial ﬁbrillation. Ann Emerg Med
2004;44:20-30.

13. Giugliano RP, Ruff CT, Braunwald E, et al. Edoxaban versus warfarin
in patients with atrial ﬁbrillation. N Engl J Med 2013;369:2093-104.

29. Jacoby JL, Cesta M, Heller MB, Salen P, Reed J. Synchronized emergency department cardioversion of atrial dysrhythmias saves time,
money and resources. J Emerg Med 2005;28:27-30.

14. Hansen ML, Jepsen RM, Olesen JB, et al. Thromboembolic risk in 16
274 atrial ﬁbrillation patients undergoing direct current cardioversion
with and without oral anticoagulant therapy. Europace 2015;17:18-23.
15. Roy D, Marchand E, Gagne P, Chabot M, Cartier R. Usefulness of
anticoagulant therapy in the prevention of embolic complications of
atrial ﬁbrillation. Am Heart J 1986;112:1039-43.
16. Irani WN, Grayburn PA, Afridi I. Prevalence of thrombus, spontaneous
echo contrast, and atrial stunning in patients undergoing cardioversion
of atrial ﬂutter. A prospective study using transesophageal echocardiography. Circulation 1997;95:962-6.
17. Manning WJ, Leeman DE, Gotch PJ, Come PC. Pulsed Doppler
evaluation of atrial mechanical function after electrical cardioversion of
atrial ﬁbrillation. J Am Coll Cardiol 1989;13:617-23.
18. Grimm RA, Stewart WJ, Maloney JD, et al. Impact of electrical
cardioversion for atrial ﬁbrillation on left atrial appendage function
and spontaneous echo contrast: characterization by simultaneous
transesophageal echocardiography. J Am Coll Cardiol 1993;22:
1359-66.
19. Manning WJ, Silverman DI, Katz SE, et al. Impaired left atrial mechanical function after cardioversion: relation to the duration of atrial
ﬁbrillation. J Am Coll Cardiol 1994;23:1535-40.
20. Fatkin D, Kuchar DL, Thorburn CW, Feneley MP. Transesophageal echocardiography before and during direct current cardioversion of atrial ﬁbrillation: evidence for “atrial stunning” as a
mechanism of thromboembolic complications. J Am Coll Cardiol
1994;23:307-16.

30. Decker WW, Smars PA, Vaidyanathan L, et al. A prospective, randomized trial of an emergency department observation unit for acute
onset atrial ﬁbrillation. Ann Emerg Med 2008;52:322-8.
31. Cristoni L, Tampieri A, Mucci F, et al. Cardioversion of acute atrial
ﬁbrillation in the short observation unit: comparison of a protocol
focused on electrical cardioversion with simple antiarrhythmic treatment. Emerg Med J 2011;28:932-7.
32. Xavier Scheuermeyer F, Grafstein E, Stenstrom R, et al. Thirty-day
outcomes of emergency department patients undergoing electrical cardioversion for atrial ﬁbrillation or ﬂutter. Acad Emerg Med 2010;17:
408-15.
33. Stiell IG, Clement CM, Perry JJ, et al. Association of the Ottawa Aggressive
Protocol with rapid discharge of emergency department patients with
recent-onset atrial ﬁbrillation or ﬂutter. CJEM 2010;12:181-91.
34. Vinson DR, Hoehn T, Graber DJ, Williams TM. Managing emergency
department patients with recent-onset atrial ﬁbrillation. J Emerg Med
2012;42:139-48.
35. Tampieri A, Cipriano V, Mucci F, et al. Safety of cardioversion in atrial
ﬁbrillation lasting less than 48 h without post-procedural anticoagulation in patients at low cardioembolic risk. Intern Emerg Med
2018;13:87-93.
36. Stiell IG, Clement CM, Rowe BH, et al. Outcomes for emergency
department patients with recent-onset atrial ﬁbrillation and ﬂutter
treated in Canadian hospitals. Ann Emerg Med 2017;69:562-571.e2.
37. Cairns JA, Connolly S, McMurtry S, et al. Canadian Cardiovascular
Society atrial ﬁbrillation guidelines 2010: prevention of stroke and

Andrade et al.
2018 Focused Update of the CCS AF Guidelines
systemic thromboembolism in atrial ﬁbrillation and ﬂutter. Can J
Cardiol 2011;27:74-90.
38. Nuotio I, Hartikainen JE, Gronberg T, Biancari F, Airaksinen KE.
Time to cardioversion for acute atrial ﬁbrillation and thromboembolic
complications. JAMA 2014;312:647-9.
39. Airaksinen KE, Gronberg T, Nuotio I, et al. Thromboembolic complications after cardioversion of acute atrial ﬁbrillation: the FinCV
(Finnish CardioVersion) study. J Am Coll Cardiol 2013;62:1187-92.
40. Gronberg T, Hartikainen JE, Nuotio I, et al. Anticoagulation,
CHA2DS2VASc score, and thromboembolic risk of cardioversion of
acute atrial ﬁbrillation (from the FinCV Study). Am J Cardiol
2016;117:1294-8.
41. Bah A, Nuotio I, Gronberg T, et al. Sex, age, and time to cardioversion.
Risk factors for cardioversion of acute atrial ﬁbrillation from the FinCV
study. Ann Med 2017;49:254-9.
42. Sjalander S, Svensson PJ, Friberg L. Atrial ﬁbrillation patients with
CHA2DS2-VASc > 1 beneﬁt from oral anticoagulation prior to cardioversion. Int J Cardiol 2016;215:360-3.
43. Klein AL, Grimm RA, Murray RD, et al. Use of transesophageal
echocardiography to guide cardioversion in patients with atrial ﬁbrillation. N Engl J Med 2001;344:1411-20.
44. Renda G, Ricci F, De Caterina R. Non-vitamin K antagonist oral anticoagulants for cardioversion in atrial ﬁbrillation: an updated metaanalysis. Am J Med 2017;130:457-61.
45. Lip GY, Laroche C, Dan GA, et al. A prospective survey in European
Society of Cardiology member countries of atrial ﬁbrillation management: baseline results of EURObservational Research Programme Atrial
Fibrillation (EORP-AF) Pilot General Registry. Europace 2014;16:
308-19.
46. Kralev S, Schneider K, Lang S, Suselbeck T, Borggrefe M. Incidence
and severity of coronary artery disease in patients with atrial ﬁbrillation
undergoing ﬁrst-time coronary angiography. PLoS One 2011;6:e24964.
47. Connolly S, Pogue J, Hart R, et al. Clopidogrel plus aspirin versus oral
anticoagulation for atrial ﬁbrillation in the Atrial ﬁbrillation Clopidogrel
Trial with Irbesartan for prevention of Vascular Events (ACTIVE W): a
randomised controlled trial. Lancet 2006;367:1903-12.
48. Andrade JG, Macle L, Nattel S, Verma A, Cairns J. Contemporary atrial
ﬁbrillation management: a comparison of the current AHA/ACC/HRS,
CCS, and ESC guidelines. Can J Cardiol 2017;33:965-76.
49. Macle L, Cairns J, Leblanc K, et al. 2016 Focused update of the Canadian Cardiovascular Society guidelines for the management of atrial
ﬁbrillation. Can J Cardiol 2016;32:1170-85.
50. Verma A, Cairns JA, Mitchell LB, et al. 2014 Focused update of the
Canadian Cardiovascular Society guidelines for the management of
atrial ﬁbrillation. Can J Cardiol 2014;30:1114-30.
51. Skanes AC, Healey JS, Cairns JA, et al. Focused 2012 update of the
Canadian Cardiovascular Society atrial ﬁbrillation guidelines: recommendations for stroke prevention and rate/rhythm control. Can J
Cardiol 2012;28:125-36.
52. Mehta SR, Bainey KR, Cantor WJ, et al. 2018 Canadian Cardiovascular
Society/Canadian Association of Interventional Cardiology focused
update of the guidelines for the use of antiplatelet therapy. Can J
Cardiol 2018;34:214-33.
53. Antithrombotic Trialists’ (ATT) Collaboration, Baigent C, Blackwell L,
et al. Aspirin in the primary and secondary prevention of vascular disease: collaborative meta-analysis of individual participant data from
randomised trials. Lancet 2009;373:1849-60.

1389

54. Eikelboom JW, Connolly SJ, Bosch J, et al. Rivaroxaban with or
without aspirin in stable cardiovascular disease. N Engl J Med
2017;377:1319-30.
55. Randomised double-blind trial of ﬁxed low-dose warfarin with aspirin
after myocardial infarction. Coumadin Aspirin Reinfarction Study
(CARS) Investigators. Lancet 1997;350:389-96.
56. Fiore LD, Ezekowitz MD, Brophy MT, et al. Department of Veterans
Affairs Cooperative Studies Program clinical trial comparing combined
warfarin and aspirin with aspirin alone in survivors of acute myocardial
infarction: primary results of the CHAMP study. Circulation 2002;105:
557-63.
57. Herlitz J, Holm J, Peterson M, et al. Effect of ﬁxed low-dose warfarin
added to aspirin in the long term after acute myocardial infarction; the
LoWASA study. Eur Heart J 2004;25:232-9.
58. Brouwer MA, van den Bergh PJ, Aengevaeren WR, et al. Aspirin plus
coumarin versus aspirin alone in the prevention of reocclusion after
ﬁbrinolysis for acute myocardial infarction: results of the Antithrombotics in the Prevention of Reocclusion In Coronary Thrombolysis
(APRICOT)-2 Trial. Circulation 2002;106:659-65.
59. Hurlen M, Abdelnoor M, Smith P, Erikssen J, Arnesen H. Warfarin,
aspirin, or both after myocardial infarction. N Engl J Med 2002;347:
969-74.
60. van Es RF, Jonker JJ, Verheugt FW, et al. Aspirin and coumadin after
acute coronary syndromes (the ASPECT-2 study): a randomised
controlled trial. Lancet 2002;360:109-13.
61. Angiolillo DJ, Goodman SG, Bhatt DL, et al. Antithrombotic therapy
in patients with atrial ﬁbrillation undergoing percutaneous coronary
intervention: a North American perspective-2016 update. Circ Cardiovasc Interv 2016;9:e004395.
62. Gibson CM, Mehran R, Bode C, et al. Prevention of bleeding in patients with atrial ﬁbrillation undergoing PCI. N Engl J Med 2016;375:
2423-34.
63. Gibson CM, Pinto DS, Chi G, et al. Recurrent hospitalization among
patients with atrial ﬁbrillation undergoing intracoronary stenting treated
with 2 treatment strategies of rivaroxaban or a dose-adjusted oral
vitamin K antagonist treatment strategy. Circulation 2017;135:323-33.
64. Cannon CP, Bhatt DL, Oldgren J, et al. Dual antithrombotic therapy
with dabigatran after PCI in atrial ﬁbrillation. N Engl J Med 2017;377:
1513-24.
65. Cavallari I, Patti G. Meta-analysis comparing the safety and efﬁcacy of
dual versus triple antithrombotic therapy in patients with atrial ﬁbrillation undergoing percutaneous coronary intervention. Am J Cardiol
2018;121:718-24.
66. Fiedler KA, Maeng M, Mehilli J, et al. Duration of triple therapy in
patients requiring oral anticoagulation after drug-eluting stent implantation: the ISAR-TRIPLE trial. J Am Coll Cardiol 2015;65:1619-29.
67. CAPRIE Steering Committee. A randomised, blinded, trial of clopidogrel versus aspirin in patients at risk of ischaemic events (CAPRIE).
CAPRIE Steering Committee. Lancet 1996;348:1329-39.
68. Healey JS, Connolly SJ, Gold MR, et al. Subclinical atrial ﬁbrillation
and the risk of stroke. N Engl J Med 2012;366:120-9.
69. Glotzer TV, Daoud EG, Wyse DG, et al. The relationship between
daily atrial tachyarrhythmia burden from implantable device diagnostics
and stroke risk: the TRENDS study. Circ Arrhythm Electrophysiol
2009;2:474-80.

1390

70. Gage BF, Waterman AD, Shannon W, et al. Validation of clinical
classiﬁcation schemes for predicting stroke: results from the National
Registry of Atrial Fibrillation. JAMA 2001;285:2864-70.
71. Ng KH, Shestakovska O, Connolly SJ, et al. Efﬁcacy and safety of
apixaban compared with aspirin in the elderly: a subgroup analysis from
the AVERROES trial. Age Ageing 2016;45:77-83.
72. Van Gelder IC, Healey JS, Crijns H, et al. Duration of device-detected
subclinical atrial ﬁbrillation and occurrence of stroke in ASSERT. Eur
Heart J 2017;38:1339-44.
73. Daoud EG, Glotzer TV, Wyse DG, et al. Temporal relationship of atrial
tachyarrhythmias, cerebrovascular events, and systemic emboli based on
stored device data: a subgroup analysis of TRENDS. Heart Rhythm
2011;8:1416-23.
74. Brambatti M, Connolly SJ, Gold MR, et al. Temporal relationship
between subclinical atrial ﬁbrillation and embolic events. Circulation
2014;129:2094-9.
75. Martin DT, Bersohn MM, Waldo AL, et al. Randomized trial of atrial
arrhythmia monitoring to guide anticoagulation in patients with
implanted deﬁbrillator and cardiac resynchronization devices. Eur Heart
J 2015;36:1660-8.
76. Kirchhof P, Blank B, Calvert M, et al. Probing oral anticoagulation in
patients with atrial high rate episodes. Rationale and design of the Non
vitamin K antagonist Oral anticoagulants in patients with Atrial High
rate episodes (NOAH - AFNET 6) trial. Am Heart J 2017;190:12-8.
77. Lopes RD, Alings M, Connolly SJ, et al. Rationale and design of the
Apixaban for the Reduction of Thrombo-Embolism in Patients With
Device-Detected Sub-Clinical Atrial Fibrillation (ARTESiA) trial. Am
Heart J 2017;189:137-45.
78. Pollack CV Jr, Reilly PA, Eikelboom J, et al. Idarucizumab for dabigatran reversal. N Engl J Med 2015;373:511-20.
79. Pollack CV Jr, Reilly PA, van Ryn J, et al. Idarucizumab for dabigatran
reversal - full cohort analysis. N Engl J Med 2017;377:431-41.
80. Siegal DM, Curnutte JT, Connolly SJ, et al. Andexanet alfa for the
reversal of factor Xa inhibitor activity. N Engl J Med 2015;373:
2413-24.
81. Connolly SJ, Milling TJ Jr, Eikelboom JW, et al. Andexanet alfa for
acute major bleeding associated with factor Xa inhibitors. N Engl J Med
2016;375:1131-41.
82. ANDEXXA (coagulation factor Xa [recombinant], inactivated-zhzo)
lyophilized powder for solution for intravenous injection [prescribing
information]. South San Francisco, CA, Portola Pharmaceuticals, Inc.
83. Stiell IG, Dickinson G, Butterﬁeld NN, et al. Vernakalant hydrochloride: a novel atrial-selective agent for the cardioversion of recent-onset
atrial ﬁbrillation in the emergency department. Acad Emerg Med
2010;17:1175-82.
84. Vinson DR, Lugovskaya N, Warton EM, et al. Ibutilide effectiveness
and safety in the cardioversion of atrial ﬁbrillation and ﬂutter in the
community emergency department. Ann Emerg Med 2018;71:96-108.
e2.
85. Stiell IG, Clement CM, Brison RJ, et al. Variation in management of
recent-onset atrial ﬁbrillation and ﬂutter among academic hospital
emergency departments. Ann Emerg Med 2011;57:13-21.
86. Stiell IG, Clement CM, Symington C, et al. Emergency department use
of intravenous procainamide for patients with acute atrial ﬁbrillation or
ﬂutter. Acad Emerg Med 2007;14:1158-64.

Canadian Journal of Cardiology
Volume 34 2018
87. Priori SG, Wilde AA, Horie M, et al. HRS/EHRA/APHRS expert
consensus statement on the diagnosis and management of patients with
inherited primary arrhythmia syndromes: document endorsed by HRS,
EHRA, and APHRS in May 2013 and by ACCF, AHA, PACES, and
AEPC in June 2013. Heart Rhythm 2013;10:1932-63.
88. Kalus JS, Spencer AP, Tsikouris JP, et al. Impact of prophylactic i.v.
magnesium on the efﬁcacy of ibutilide for conversion of atrial ﬁbrillation
or ﬂutter. Am J Health Syst Pharm 2003;60:2308-12.
89. Tercius AJ, Kluger J, Coleman CI, White CM. Intravenous magnesium
sulfate enhances the ability of intravenous ibutilide to successfully
convert atrial ﬁbrillation or ﬂutter. Pacing Clin Electrophysiol 2007;30:
1331-5.
90. Patsilinakos S, Christou A, Kafkas N, et al. Effect of high doses of
magnesium on converting ibutilide to a safe and more effective agent.
Am J Cardiol 2010;106:673-6.
91. Camm AJ, Toft E, Torp-Pedersen C, et al. Efﬁcacy and safety of vernakalant in patients with atrial ﬂutter: a randomized, double-blind,
placebo-controlled trial. Europace 2012;14:804-9.
92. Stiell IG, Macle L. Canadian Cardiovascular Society atrial ﬁbrillation
guidelines 2010: management of recent-onset atrial ﬁbrillation and
ﬂutter in the emergency department. Can J Cardiol 2011;27:38-46.
93. January CT, Wann LS, Alpert JS, et al. 2014 AHA/ACC/HRS guideline for the management of patients with atrial ﬁbrillation: a report of
the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines and the Heart Rhythm Society [erratum
in: 2014;130:e270-1]. Circulation 2014;130:2071-104.
94. Kirchhof P, Benussi S, Kotecha D, et al. 2016 ESC guidelines for the
management of atrial ﬁbrillation developed in collaboration with
EACTS. Eur Heart J 2016;37:2893-962.
95. Khan IA, Mehta NJ, Gowda RM. Amiodarone for pharmacological
cardioversion of recent-onset atrial ﬁbrillation. Int J Cardiol 2003;89:
239-48.
96. Alboni P, Botto GL, Baldi N, et al. Outpatient treatment of recentonset atrial ﬁbrillation with the “pill-in-the-pocket” approach. N Engl
J Med 2004;351:2384-91.
97. Andrade JG, MacGillivray J, Macle L, et al. Clinical effectiveness of a
systematic “pill-in-the-pocket” approach for the management of
paroxysmal atrial ﬁbrillation. Heart Rhythm 2018;15:9-16.
98. Di Biase L, Burkhardt JD, Santangeli P, et al. Periprocedural stroke and
bleeding complications in patients undergoing catheter ablation of atrial
ﬁbrillation with different anticoagulation management: results from the
Role of Coumadin in Preventing Thromboembolism in Atrial Fibrillation (AF) Patients Undergoing Catheter Ablation (COMPARE) randomized trial. Circulation 2014;129:2638-44.
99. Cappato R, Marchlinski FE, Hohnloser SH, et al. Uninterrupted
rivaroxaban vs. uninterrupted vitamin K antagonists for catheter ablation in non-valvular atrial ﬁbrillation. Eur Heart J 2015;36:1805-11.
100. Calkins H, Willems S, Gerstenfeld EP, et al. Uninterrupted dabigatran
versus warfarin for ablation in atrial ﬁbrillation. N Engl J Med
2017;376:1627-36.
101. Kirchhof P, Haeusler KG, Blank B, et al. Apixaban in patients at risk of
stroke undergoing atrial ﬁbrillation ablation. Eur Heart J 2018;39:
2942-55.
102. Verma A, Jiang CY, Betts TR, et al. Approaches to catheter ablation for
persistent atrial ﬁbrillation. N Engl J Med 2015;372:1812-22.
103. Pappone C, Augello G, Sala S, et al. A randomized trial of circumferential pulmonary vein ablation versus antiarrhythmic drug therapy in

Andrade et al.
2018 Focused Update of the CCS AF Guidelines

1391

paroxysmal atrial ﬁbrillation: the APAF Study. J Am Coll Cardiol
2006;48:2340-7.

Treatment of Atrial Fibrillation (STAF) study. J Am Coll Cardiol
2003;41:1690-6.

104. Wazni OM, Marrouche NF, Martin DO, et al. Radiofrequency ablation
vs antiarrhythmic drugs as ﬁrst-line treatment of symptomatic atrial
ﬁbrillation: a randomized trial. JAMA 2005;293:2634-40.

121. Hohnloser SH, Kuck KH, Lilienthal J. Rhythm or rate control in atrial
ﬁbrillation–Pharmacological Intervention in Atrial Fibrillation (PIAF): a
randomised trial. Lancet 2000;356:1789-94.

105. Jais P, Cauchemez B, Macle L, et al. Catheter ablation versus antiarrhythmic drugs for atrial ﬁbrillation: the A4 study. Circulation
2008;118:2498-505.

122. Roy D, Talajic M, Nattel S, et al. Rhythm control versus rate control for
atrial ﬁbrillation and heart failure. N Engl J Med 2008;358:2667-77.

106. Oral H, Pappone C, Chugh A, et al. Circumferential pulmonary-vein
ablation for chronic atrial ﬁbrillation. N Engl J Med 2006;354:934-41.

123. Van Gelder IC, Hagens VE, Bosker HA, et al. A comparison of rate
control and rhythm control in patients with recurrent persistent atrial
ﬁbrillation. N Engl J Med 2002;347:1834-40.

107. Packer DL, Irwin JM, Champagne J, et al. Cryoballoon ablation of
pulmonary veins for paroxysmal atrial ﬁbrillation: ﬁrst results of the
North American Arctic Front STOP-AF pivotal trial. J Am Coll Cardiol
2010;55:E3015-6.

124. Wyse DG, Waldo AL, DiMarco JP, et al. A comparison of rate control
and rhythm control in patients with atrial ﬁbrillation. N Engl J Med
2002;347:1825-33.

108. Stabile G, Bertaglia E, Senatore G, et al. Catheter ablation treatment in
patients with drug-refractory atrial ﬁbrillation: a prospective, multicentre, randomized, controlled study (Catheter Ablation For The
Cure Of Atrial Fibrillation Study). Eur Heart J 2006;27:216-21.
109. Wilber DJ, Pappone C, Neuzil P, et al. Comparison of antiarrhythmic
drug therapy and radiofrequency catheter ablation in patients with
paroxysmal atrial ﬁbrillation: a randomized controlled trial. JAMA
2010;303:333-40.
110. Cosedis Nielsen J, Johannessen A, Raatikainen P, et al. Radiofrequency
ablation as initial therapy in paroxysmal atrial ﬁbrillation. N Engl J Med
2012;367:1587-95.
111. Morillo CA, Verma A, Connolly SJ, et al. Radiofrequency ablation vs
antiarrhythmic drugs as ﬁrst-line treatment of paroxysmal atrial ﬁbrillation (RAAFT-2): a randomized trial. JAMA 2014;311:692-700.
112. Packer DL. Catheter Ablation vs Antiarrhythmic Drug Therapy in
Atrial Fibrillation (CABANA) trial. Heart Rhythm Society Scientiﬁc
Sessions 2018;199:192-9.
113. Ball J, Carrington MJ, McMurray JJ, Stewart S. Atrial ﬁbrillation:
proﬁle and burden of an evolving epidemic in the 21st century. Int J
Cardiol 2013;167:1807-24.

125. Khan MN, Jais P, Cummings J, et al. Pulmonary-vein isolation for atrial
ﬁbrillation in patients with heart failure. N Engl J Med 2008;359:
1778-85.
126. MacDonald MR, Connelly DT, Hawkins NM, et al. Radiofrequency
ablation for persistent atrial ﬁbrillation in patients with advanced heart
failure and severe left ventricular systolic dysfunction: a randomised
controlled trial. Heart 2011;97:740-7.
127. Jones DG, Haldar SK, Hussain W, et al. A randomized trial to assess
catheter ablation versus rate control in the management of persistent
atrial ﬁbrillation in heart failure. J Am Coll Cardiol 2013;61:1894-903.
128. Di Biase L, Mohanty P, Mohanty S, et al. Ablation versus amiodarone
for treatment of persistent atrial ﬁbrillation in patients with congestive
heart failure and an implanted device: results from the AATAC multicenter randomized trial. Circulation 2016;133:1637-44.
129. Hunter RJ, Berriman TJ, Diab I, et al. A randomized controlled trial of
Catheter Ablation Versus Medical Treatment of Atrial Fibrillation in
heart failure (the CAMTAF trial). Circ Arrhythm Electrophysiol
2014;7:31-8.
130. Prabhu S, Taylor AJ, Costello BT, et al. Catheter Ablation Versus
Medical Rate Control in Atrial Fibrillation and Systolic Dysfunction:
The CAMERA-MRI study. J Am Coll Cardiol 2017;70:1949-61.

114. Chugh SS, Havmoeller R, Narayanan K, et al. Worldwide epidemiology
of atrial ﬁbrillation: a Global Burden of Disease 2010 Study. Circulation
2014;129:837-47.

131. Marrouche NF, Brachmann J, Andresen D, et al. Catheter ablation for
atrial ﬁbrillation with heart failure. N Engl J Med 2018;378:417-27.

115. Ahmed MI, White M, Ekundayo OJ, et al. A history of atrial ﬁbrillation
and outcomes in chronic advanced systolic heart failure: a propensitymatched study. Eur Heart J 2009;30:2029-37.

132. Packer DL, Mark DB, Robb RA, et al. Catheter Ablation versus
Antiarrhythmic Drug Therapy for Atrial Fibrillation (CABANA) trial:
study rationale and design. Am Heart J 2018;199:192-9.

116. Cha YM, Redﬁeld MM, Shen WK, Gersh BJ. Atrial ﬁbrillation and
ventricular dysfunction: a vicious electromechanical cycle. Circulation
2004;109:2839-43.

133. Gladstone DJ, Bui E, Fang J, et al. Potentially preventable strokes in
high-risk patients with atrial ﬁbrillation who are not adequately anticoagulated. Stroke 2009;40:235-40.

117. Maisel WH, Stevenson LW. Atrial ﬁbrillation in heart failure: epidemiology, pathophysiology, and rationale for therapy. Am J Cardiol
2003;91:2D-8D.

134. Ogilvie IM, Newton N, Welner SA, Cowell W, Lip GY. Underuse of
oral anticoagulants in atrial ﬁbrillation: a systematic review. Am J Med
2010;123:638-45.

118. Mamas MA, Caldwell JC, Chacko S, et al. A meta-analysis of the
prognostic signiﬁcance of atrial ﬁbrillation in chronic heart failure. Eur J
Heart Fail 2009;11:676-83.

135. Hendriks JM, de Wit R, Crijns HJ, et al. Nurse-led care vs. usual care
for patients with atrial ﬁbrillation: results of a randomized trial of integrated chronic care vs. routine clinical care in ambulatory patients
with atrial ﬁbrillation. Eur Heart J 2012;33:2692-9.

119. Santhanakrishnan R, Wang N, Larson MG, et al. Atrial ﬁbrillation
begets heart failure and vice versa: temporal associations and differences
in preserved versus reduced ejection fraction. Circulation 2016;133:
484-92.
120. Carlsson J, Miketic S, Windeler J, et al. Randomized trial of rate-control
versus rhythm-control in persistent atrial ﬁbrillation: the Strategies of

136. Gillis AM, Burland L, Arnburg B, et al. Treating the right patient at the
right time: an innovative approach to the management of atrial ﬁbrillation. Can J Cardiol 2008;24:195-8.
137. Carter L, Gardner M, Magee K, et al. An integrated management
approach to atrial ﬁbrillation. J Am Heart Assoc 2016;5:e002950.

1392

138. Angaran P, Mariano Z, Dragan V, et al. The Atrial Fibrillation Therapies after ER visit: Outpatient Care for Patients with Acute AF - the
AFTER3 study. J Atr Fibrillation 2015;7:1187.
139. Ducharme A, Swedberg K, Pfeffer MA, et al. Prevention of atrial
ﬁbrillation in patients with symptomatic chronic heart failure by candesartan in the Candesartan in Heart failure: assessment of Reduction in
Mortality and morbidity (CHARM) program. Am Heart J 2006;151:
985-91.
140. Howlett JG, Mann OE, Baillie R, et al. Heart failure clinics are associated with clinical beneﬁt in both tertiary and community care settings:
data from the Improving Cardiovascular Outcomes in Nova Scotia
(ICONS) registry. Can J Cardiol 2009;25:e306-11.
141. Gross PA, Patriaco D, McGuire K, Skurnick J, Teichholz LE. A nurse
practitioner intervention model to maximize efﬁcient use of telemetry
resources. Jt Comm J Qual Improv 2002;28:566-73.
142. Shelton RJ, Allinson A, Johnson T, Smales C, Kaye GC. Four years
experience of a nurse-led elective cardioversion service within a district
general hospital setting. Europace 2006;8:81-5.
143. Boodhoo L, Bordoli G, Mitchell AR, et al. The safety and effectiveness
of a nurse led cardioversion service under sedation. Heart 2004;90:
1443-6.
144. Li D, Fareh S, Leung TK, Nattel S. Promotion of atrial ﬁbrillation by
heart failure in dogs: atrial remodeling of a different sort. Circulation
1999;100:87-95.
145. Malouf JF, Kanagala R, Al Atawi FO, et al. High sensitivity C-reactive
protein: a novel predictor for recurrence of atrial ﬁbrillation after successful cardioversion. J Am Coll Cardiol 2005;46:1284-7.
146. Andersen MK, Markenvard JD, Schjott H, Nielsen HL, Gustafsson F.
Effects of a nurse-based heart failure clinic on drug utilization and admissions in a community hospital setting. Scand Cardiovasc J 2005;39:
199-205.
147. Cruz JM, Mariano Z, Dorian P. Atrial ﬁbrillation clinics in Canada: a
nationwide project report. Can J Cardiol 2018;34:1219-24.
148. Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Reﬁning clinical
risk stratiﬁcation for predicting stroke and thromboembolism in atrial
ﬁbrillation using a novel risk factor-based approach: the Euro Heart
Survey on atrial ﬁbrillation. Chest 2010;137:263-72.
149. Andrade J, Khairy P, Dobrev D, Nattel S. The clinical proﬁle and
pathophysiology of atrial ﬁbrillation: relationships among clinical features, epidemiology, and mechanisms. Circ Res 2014;114:1453-68.
150. Pathak RK, Middeldorp ME, Lau DH, et al. Aggressive risk factor
reduction study for atrial ﬁbrillation and implications for the outcome

Canadian Journal of Cardiology
Volume 34 2018
of ablation: the ARREST-AF cohort study. J Am Coll Cardiol 2014;64:
2222-31.
151. Lau DH, Nattel S, Kalman JM, Sanders P. Modiﬁable risk factors and
atrial ﬁbrillation. Circulation 2017;136:583-96.
152. Abed HS, Wittert GA, Leong DP, et al. Effect of weight reduction and
cardiometabolic risk factor management on symptom burden and
severity in patients with atrial ﬁbrillation: a randomized clinical trial.
JAMA 2013;310:2050-60.
153. Rienstra M, Hobbelt AH, Alings M, et al. Targeted therapy of underlying conditions improves sinus rhythm maintenance in patients with
persistent atrial ﬁbrillation: results of the RACE 3 trial. Eur Heart J
2018;39:2987-96.
154. Pathak RK, Middeldorp ME, Meredith M, et al. Long-term effect of
goal-directed weight management in an atrial ﬁbrillation cohort: a longterm follow-up study (LEGACY). J Am Coll Cardiol 2015;65:2159-69.
155. Pathak RK, Elliott A, Middeldorp ME, et al. Impact of CARDIOrespiratory FITness on Arrhythmia Recurrence in Obese Individuals With
Atrial Fibrillation: The CARDIO-FIT Study. J Am Coll Cardiol
2015;66:985-96.
156. Anderson TJ, Gregoire J, Pearson GJ, et al. 2016 Canadian Cardiovascular Society guidelines for the management of dyslipidemia for the
prevention of cardiovascular disease in the adult. Can J Cardiol
2016;32:1263-82.
157. Nerenberg KA, Zarnke KB, Leung AA, et al. Hypertension Canada’s
2018 guidelines for diagnosis, risk assessment, prevention, and treatment of hypertension in adults and children. Can J Cardiol 2018;34:
506-25.
158. Diabetes Canada Clinical Practice Guidelines Expert Committee,
Stone JA, Houlden RL, et al. Cardiovascular protection in people with
diabetes. Can J Diabetes 2018;42(suppl 1):S162-9.
159. Kheiri B, Osman M, Abdalla A, et al. Catheter ablation of atrial
ﬁbrillation with heart failure: an updated meta-analysis of randomized
trials. Int J Cardiol 2018;269:170-3.

Supplementary Material
To access the supplementary material accompanying this
article, visit the online version of the Canadian Journal of
Cardiology at www.onlinecjc.ca and at https://doi.org/10.
1016/j.cjca.2018.08.026.

