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Prevalence of AF in a population of 1.89 million members of a large 
health maintenance organization in California. The error bars represent 
95% confidence intervals. The numbers represent the number of men 
and women with AF in each age category.
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• Anticoagulant for Stroke Prevention

• Rate or Rhythm control

Principle of Treatment
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Definition of AF
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Statements 
Treatment of Atrial Fibrillation AHRQ 2012 (8) 
Oral Antithrombotic Agents for the Prevention of Stroke in 
Nonvalvular Atrial Fibrillation: a Science Advisory for 
Healthcare Professionals 

AHA/ASA 2012 (28) 

Expert Consensus Statement on Catheter and Surgical 
Ablation of Atrial Fibrillation: Recommendations for Patient 
Selection, Procedural Techniques, Patient Management and 
Follow-Up, Definitions, Endpoints, and Research Trial 
Design 

HRS/EHRA/ECAS 2012 (29) 

*Includes the following sections: Catheter Ablation for AF/Atrial Flutter, Prevention and Treatment of AF Following 
Cardiac Surgery; Rate and Rhythm Management, Prevention of Stroke and Systemic Thromboembolism in AF and Flutter; 
Management of Recent-Onset AF and Flutter in the Emergency Department; Surgical Therapy; The Use of Antiplatelet 
Therapy in the Outpatient Setting; and Focused 2012 Update of the CCS AF Guidelines: Recommendations for Stroke 
Prevention and Rate/Rhythm Control. 
 
AATS indicates American Association for Thoracic Surgery; ACC, American College of Cardiology; ACCF, American 
College of Cardiology Foundation; ACP, American College of Physicians; ACCP, American College of Chest Physicians; 
AHA, American Heart Association; AHRQ, Agency for Healthcare Research and Quality; ASA, American Stroke 
Association; AF, atrial fibrillation; CCS, Canadian Cardiology Society; ECAS, European Cardiac Arrhythmia Society; 
EHRA, European Heart Rhythm Association; ESC, European Society of Cardiology; HRS, Heart Rhythm Society; JNC, 
Joint National Committee; NHLBI, National Heart, Lung, and Blood Institute; PCNA, Preventive Cardiovascular Nurses 
Association; SCAI, Society for Cardiac Angiography and Interventions; STS, Society of Thoracic Surgeons, and TOS, The 
Obesity Society. 
 

2. Clinical Characteristics and Evaluation of AF 

2.1. AF—Classification 
AF may be described by the duration of episodes and a simplified scheme revised from the 2006 AF full-text 

guideline is given in Table 3 (29, 30). Implanted loop recorders, pacemakers, and defibrillators offer the 

possibility to report frequency, rate, and duration of abnormal atrial rhythms including AF (31, 32). Episodes 

often increase in frequency and duration over time. 

 

 
 
Table 3. AF Definitions: A Simplified Scheme 

Term Definition 
Paroxysmal AF  
 

• AF that terminates spontaneously or with intervention within 7 d of onset.  
• Episodes may recur with variable frequency. 

Persistent AF • Continuous AF that is sustained >7 d. 
Longstanding 
persistent AF 

• Continuous AF of >12 mo duration. 

Permanent AF • Permanent AF is used when there has been a joint decision by the patient and clinician 
to cease further attempts to restore and/or maintain sinus rhythm.  

• Acceptance of AF represents a therapeutic attitude on the part of the patient and 
clinician rather than an inherent pathophysiological attribute of the AF.  

• Acceptance of AF may change as symptoms, the efficacy of therapeutic interventions, 
and patient and clinician preferences evolve. 
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• Warfarin

• NOACs

• Aspirin

• Clopidogrel

Anticoagulants
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AF and Risk for Stroke

• The annual rate of ischemic stroke is approximately 5% among 
people with nonvalvular AF, 2 to 7 times that of people without AF

• The rate of brain ischemia (TIAs and "silent" strokes) exceeds 7%

• Long-term follow-up studies:

– In the Framingham study, people with rheumatic heart disease and AF 
had a 17-fold increase in stroke risk compared with age-matched 
controls and a 5-fold increase compared with those who had 
nonrheumatic AF

Fuster V, et al. Circulation. 2006;114:257-354.
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Stroke Rates in Placebo-Treated 
Patients With AF
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categorization and recommended a risk factor-based approach to
stroke risk assessment, with the CHA2DS2-VASc score used to
complement the CHADS2 score.78 The guideline treatment algo-
rithm used the CHA2DS2-VASc risk factors to further refine
stroke risk stratification in those with a CHADS2 score 0–1.

The 2012 ACCP guidelines recommend stroke risk assessment
initially using the CHADS2 score, where oral anticoagulation is
recommended for CHADS2 score of ≥1, and then considering
age 65–74, female gender, and vascular disease as additional
‘non-CHADS2 risk factors’, as the presence of multiple
‘non-CHADS2 risk factors’ would again merit anticoagulation.6

The 2012 focussed update of the Canadian Cardiovascular
Society guidelines recommends the use of oral anticoagulation
for a CHADS2 score≥1, and amongt those with a CHADS2
score ¼ 0, the consideration of age 65–74, female gender, and vas-
cular disease, where the absence of all these risk factors merited
‘no antithrombotic therapy’.27 The ACC/AHA/HRS guidelines
and the UK NICE guidelines are still being updated from their
full 2006 text that discusses stroke risk stratification, although a
focused update of the American guidelines incorporated sections
on new drugs, such as dabigatran and dronaderone, into a 2011
limited update.50

The 2012 focused update of the ESC guideline only recom-
mends the CHA2DS2-VASc score for stroke risk assessment.1

Very importantly, this guideline strongly recommended a clinical
practice shift towards more focus on identification of ‘truly
low-risk’ patients with AF, instead of trying to focus on identifying
‘high-risk’ patients. These ‘truly low-risk’ patients were defined as
‘age ,65 years and lone AF (irrespective of gender) or CHA2DS2-
VASc score ¼ 0’, and these do not need any antithrombotic
therapy. Oral anticoagulation (whether as well-controlled VKA
or a NOAC) is recommended for patients with a CHA2DS2-VASc
score ≥2 (Class I recommendation), while oral anticoagulation
should be considered for patients with a CHA2DS2-VASc
score ¼ 1 (Class IIa recommendation) (Figure 2).

In the setting of ablation, stroke risk assessment is recom-
mended when deciding on whether oral anticoagulation can be

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Stroke and bleeding risk stratification with the CHA2DS2-VASc and HAS-BLED schemas

CHA2DS2-VASc Score HAS-BLED Score

Congestive heart failure/LV dysfunction 1 Hypertension, i.e. uncontrolled BP 1

Hypertension 1 Abnormal renal/liver function 1 or 2

Age ≥75 years 2 Stroke 1

Diabetes mellitus 1 Bleeding tendency or predisposition 1

Stroke/TIA/TE 2 Labile INRs (if on warfarin) 1

Vascular disease (prior MI, PAD, or aortic plaque) 1 Age (e.g. .65, frail condition) 1

Aged 65–74 years 1 Drugs (e.g. concomitant aspirin or NSAIDs) or alcohol excess/abuse 1

Sex category (i.e. female gender) 1

Maximum score 9 9

CHA2DS2-VASc, C—congestive heart failure or left ventricular dysfunction, H—hypertension, A2—age≥75, D—diabetes mellitus, S2—previous stroke/TIA/systemic embolism,
V—vascular disease, A—age 65–74, Sc—sex category female; HAS-BLED, Hypertension (i.e. uncontrolled blood pressure), Abnormal renal/liver function, Stroke, Bleeding
history or predisposition, Labile INR (if on warfarin), Elderly (e.g. age. 65, frail condition), Drugs (e.g. aspirin, NSAIDs)/alcohol concomitantly; LV, left ventricular; BP, blood
pressure; INR, international normalized ratio; TIA/TE, ; MI, myocardial infarction; PAD, peripheral artery disease; NSAIDs, non-steroidal anti-inflammatory drugs.

Figure 2 Flow diagram from the 2012 European Society of
Cardiology focused update guideline on atrial fibrillation. Initial
focus on identification of ‘truly low risk’, i.e. age ,65 and lone
atrial fibrillation (irrespective of gender) or CHA2DS2-VASc
score ¼ 0. Female patients who are aged ,65 and have lone
atrial fibrillation (but still have a CHA2DS2-VASc ¼ 1 by virtue
of their gender) are at low risk and no antithrombotic therapy
should be considered.

G.Y.H. Lip1046
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Anticoagulation in AF: Stroke Risk Reductions

aOnly SPINAF used placebo-controlled, double-blind design; no women included.
Hart et al. Ann Intern Med. 1999;131:492-501.

Warfarin Better Control Better
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Anticoagulation in AF: Stroke Risk Reductions

aOnly SPINAF used placebo-controlled, double-blind design; no women included.
Hart et al. Ann Intern Med. 1999;131:492-501.
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Reduction of
all-cause mortality 

RRR 26%
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Anticoagulation in AF: Stroke Risk Reductions
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Warfarin
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Warfarin

Substantial risk of major bleedings 

(approximately 1.2% per year)

Albers GW, Dalen JE, Laupacis A, Manning WJ, Petersen P, Singer DE. 
Antithrombotic therapy in atrial fibrillation. Chest 2001; 119:194S–206S.

BACKGROUND
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Warfarin

Substantial risk of major bleedings 

(approximately 1.2% per year)

Albers GW, Dalen JE, Laupacis A, Manning WJ, Petersen P, Singer DE. 
Antithrombotic therapy in atrial fibrillation. Chest 2001; 119:194S–206S.

Bleeding

BACKGROUND
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Hylek, EM et al. N Engl J Med. 2003;349:1019-2614 12
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NOVEL ANTICOAGULANTS  FOR STROKE PREVENTION IN AF

* Adjusted based on renal function  1. Connolly SJ, et al. N Engl J Med 2009;361:1139-1151; 2. www.clinicaltrials.gov, clinical trial 
identifier: NCT00781391; 3. Eikelboom JW, et al. Am Heart J 2010;159:348-353; 4. ROCKET-AF Investigators. Am Heart J 
2010;159:340-347; 5. Lopes RD, et al. Am Heart J 2010;159:331-339; 6. AMADEUS Investigators et al. Lancet 2008;371:315-321; 7. 
Sanofi-aventis press release: http://en.sanofi-aventis.com/binaries/20091221_rdupdate_en_tcm28-26977.pdf Accessed March 2010.

Table 4 Summary of the clinical trials involving novel anticoagulants vs. warfarin for stroke prevention in non-valvular
AF

Dabigatran (RE-LY)70, 71 Rivaroxaban (ROCKET-AF)3 Apixaban (ARISTOTLE)4

Drug characteristics

Mechanism Oral direct thrombin inhibitor Oral direct factor Xa inhibitor Oral direct factor Xa inhibitor

Bioavailability, % 6 60–80 50

Time to peak levels, h 3 3 3

Half-life, h 12–17 5–13 9–14

Excretion 80% renal 2/3 liver, 1/3 renal 25% renal, 75% faecal 

Dose 150 mg b.i.d. 20 mg o.d. 5 mg b.i.d.

Dose in renal impairment 110 mg b.i.d. 15 mg o.d. (if CrCl 30-49 mL/min) 2.5 mg b.i.d.

Special considerations Intestinal absorption is pH-dependent and is 
reduced in patients taking proton pump inhibitors

Higher levels expected in patients 
with renal or hepatic failure

Increased risk of bleeding in patients taking 
verapamil/amiodarone/quinidine/ketoconazole

Activity lower in fasted patients so 
should be taken after food

Study characteristics

Study design Randomized, open-label Randomized, double-blind Randomized, double-blind

Number of patients 18 111 14 264 18 201

Follow-up period, years 2 1.9 1.8

Randomized groups Dose-adjusted warfarin vs. blinded doses of 
dabigatran (150 mg b.i.d., 110 mg b.i.d.)

Dose-adjusted warfarin vs. 
rivaroxaban 20 mg o.d.

Dose-adjusted warfarin vs. apixaban
5 mg b.i.d.

Baseline patient characteristics

Age, years 71.5 ± 8.7 (mean ± SD) 73 (65–78) [median (interquartile 
range)]

70 (63–76) [median (interquartile range)]

Male sex, % 63.6 61.3 64.5

CHADS2 (mean) 2.1 3.5 2.1

Outcomes (% per year)

Warfarin Dabigatran 150 Dabigatran 110 Warfarin Rivaroxaban Warfarin Apixaban

(n = 6022) (n = 6076) (n = 6015) (n = 7133) (n = 7131) (n = 9081) (n = 9120)

(RR, 95% CI; 
P value)

(RR, 95% CI;
P value)

(HR, 95% CI;
P value)

(HR, 95% CI;
P value)

Stroke/systemic embolism 1.69 1.11 (0.66, 
0.53–0.82; 
P for superiority 
<0.001)

1.53 (0.91, 
0.74–1.11; 
P for non-inferiority 
<0.001)

2.4 2.1 (0.88, 0.75–1.03; 
P for non-inferiority 
<0.001, P for 
superiority = 0.12)
(ITT)

1.6 1.27 (0.79, 0.66–0.95;
P <0.001 for non-inferiority, 
P = 0.01 for superiority)

Ischaemic stroke 1.2 0.92 (0.76, 
0.60–0.98; 
P = 0.03)

1.34 (1.11, 
0.89–1.40; 
P = 0.35)

1.42 1.34 (0.94; 0.75–1.17; 
P = 0.581)

1.05 0.97 (0.92, 0.74–1.13; 
P = 0.42) 

Haemorrhagic stroke 0.38 0.10 (0.26, 
0.14–0.49;
P <0.001)

0.12 (0.31, 
0.17–0.56; 
P <0.001)

0.44 0.26 (0.59; 0.37–0.93;
P =0.024)

0.47 0.24 (0.51, 0.35–0.75; 
P <0.001)

Major bleeding 3.36 3.11 (0.93, 
0.81–1.07;
P = 0.31)

2.71 (0.80, 
0.69–0.93;
P = 0.003)

3.4 3.6 (P = 0.58) 3.09 2.13 (0.69, 0.60–0.80;
P <0.001)

Intracranial bleeding 0.74 0.30 (0.40, 
0.27–0.60;
P <0.001)

0.23 (0.31, 
0.20–0.47; 
P <0.001)

0.7 0.5 (0.67; 0.47–0.93;
P = 0.02)

0.80 0.33 (0.42, 0.30–0.58;

– – – –

P <0.001)

Extracranial bleeding 2.67 2.84 (1.07, 
0.92–1.25;
P = 0.38) 

2.51 (0.94, 
0.80–1.10; 
P = 0.45)

(continued)

ESC Guidelines Page 9 of 29
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NOVEL ANTICOAGULANTS  FOR STROKE PREVENTION IN AF
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Table 4 Summary of the clinical trials involving novel anticoagulants vs. warfarin for stroke prevention in non-valvular
AF

Dabigatran (RE-LY)70, 71 Rivaroxaban (ROCKET-AF)3 Apixaban (ARISTOTLE)4

Drug characteristics

Mechanism Oral direct thrombin inhibitor Oral direct factor Xa inhibitor Oral direct factor Xa inhibitor

Bioavailability, % 6 60–80 50

Time to peak levels, h 3 3 3

Half-life, h 12–17 5–13 9–14
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Dose in renal impairment 110 mg b.i.d. 15 mg o.d. (if CrCl 30-49 mL/min) 2.5 mg b.i.d.

Special considerations Intestinal absorption is pH-dependent and is 
reduced in patients taking proton pump inhibitors

Higher levels expected in patients 
with renal or hepatic failure

Increased risk of bleeding in patients taking 
verapamil/amiodarone/quinidine/ketoconazole

Activity lower in fasted patients so 
should be taken after food

Study characteristics

Study design Randomized, open-label Randomized, double-blind Randomized, double-blind

Number of patients 18 111 14 264 18 201

Follow-up period, years 2 1.9 1.8

Randomized groups Dose-adjusted warfarin vs. blinded doses of 
dabigatran (150 mg b.i.d., 110 mg b.i.d.)

Dose-adjusted warfarin vs. 
rivaroxaban 20 mg o.d.

Dose-adjusted warfarin vs. apixaban
5 mg b.i.d.

Baseline patient characteristics

Age, years 71.5 ± 8.7 (mean ± SD) 73 (65–78) [median (interquartile 
range)]

70 (63–76) [median (interquartile range)]

Male sex, % 63.6 61.3 64.5

CHADS2 (mean) 2.1 3.5 2.1

Outcomes (% per year)

Warfarin Dabigatran 150 Dabigatran 110 Warfarin Rivaroxaban Warfarin Apixaban

(n = 6022) (n = 6076) (n = 6015) (n = 7133) (n = 7131) (n = 9081) (n = 9120)

(RR, 95% CI; 
P value)

(RR, 95% CI;
P value)

(HR, 95% CI;
P value)

(HR, 95% CI;
P value)

Stroke/systemic embolism 1.69 1.11 (0.66, 
0.53–0.82; 
P for superiority 
<0.001)

1.53 (0.91, 
0.74–1.11; 
P for non-inferiority 
<0.001)

2.4 2.1 (0.88, 0.75–1.03; 
P for non-inferiority 
<0.001, P for 
superiority = 0.12)
(ITT)

1.6 1.27 (0.79, 0.66–0.95;
P <0.001 for non-inferiority, 
P = 0.01 for superiority)

Ischaemic stroke 1.2 0.92 (0.76, 
0.60–0.98; 
P = 0.03)

1.34 (1.11, 
0.89–1.40; 
P = 0.35)

1.42 1.34 (0.94; 0.75–1.17; 
P = 0.581)

1.05 0.97 (0.92, 0.74–1.13; 
P = 0.42) 

Haemorrhagic stroke 0.38 0.10 (0.26, 
0.14–0.49;
P <0.001)

0.12 (0.31, 
0.17–0.56; 
P <0.001)

0.44 0.26 (0.59; 0.37–0.93;
P =0.024)

0.47 0.24 (0.51, 0.35–0.75; 
P <0.001)

Major bleeding 3.36 3.11 (0.93, 
0.81–1.07;
P = 0.31)

2.71 (0.80, 
0.69–0.93;
P = 0.003)

3.4 3.6 (P = 0.58) 3.09 2.13 (0.69, 0.60–0.80;
P <0.001)

Intracranial bleeding 0.74 0.30 (0.40, 
0.27–0.60;
P <0.001)

0.23 (0.31, 
0.20–0.47; 
P <0.001)

0.7 0.5 (0.67; 0.47–0.93;
P = 0.02)

0.80 0.33 (0.42, 0.30–0.58;

– – – –

P <0.001)

Extracranial bleeding 2.67 2.84 (1.07, 
0.92–1.25;
P = 0.38) 

2.51 (0.94, 
0.80–1.10; 
P = 0.45)
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Dose in renal impairment 110 mg b.i.d. 15 mg o.d. (if CrCl 30-49 mL/min) 2.5 mg b.i.d.

Special considerations Intestinal absorption is pH-dependent and is 
reduced in patients taking proton pump inhibitors

Higher levels expected in patients 
with renal or hepatic failure

Increased risk of bleeding in patients taking 
verapamil/amiodarone/quinidine/ketoconazole

Activity lower in fasted patients so 
should be taken after food

Study characteristics

Study design Randomized, open-label Randomized, double-blind Randomized, double-blind

Number of patients 18 111 14 264 18 201

Follow-up period, years 2 1.9 1.8

Randomized groups Dose-adjusted warfarin vs. blinded doses of 
dabigatran (150 mg b.i.d., 110 mg b.i.d.)

Dose-adjusted warfarin vs. 
rivaroxaban 20 mg o.d.

Dose-adjusted warfarin vs. apixaban
5 mg b.i.d.

Baseline patient characteristics

Age, years 71.5 ± 8.7 (mean ± SD) 73 (65–78) [median (interquartile 
range)]

70 (63–76) [median (interquartile range)]

Male sex, % 63.6 61.3 64.5

CHADS2 (mean) 2.1 3.5 2.1

Outcomes (% per year)

Warfarin Dabigatran 150 Dabigatran 110 Warfarin Rivaroxaban Warfarin Apixaban

(n = 6022) (n = 6076) (n = 6015) (n = 7133) (n = 7131) (n = 9081) (n = 9120)

(RR, 95% CI; 
P value)

(RR, 95% CI;
P value)

(HR, 95% CI;
P value)

(HR, 95% CI;
P value)

Stroke/systemic embolism 1.69 1.11 (0.66, 
0.53–0.82; 
P for superiority 
<0.001)

1.53 (0.91, 
0.74–1.11; 
P for non-inferiority 
<0.001)

2.4 2.1 (0.88, 0.75–1.03; 
P for non-inferiority 
<0.001, P for 
superiority = 0.12)
(ITT)

1.6 1.27 (0.79, 0.66–0.95;
P <0.001 for non-inferiority, 
P = 0.01 for superiority)

Ischaemic stroke 1.2 0.92 (0.76, 
0.60–0.98; 
P = 0.03)

1.34 (1.11, 
0.89–1.40; 
P = 0.35)

1.42 1.34 (0.94; 0.75–1.17; 
P = 0.581)

1.05 0.97 (0.92, 0.74–1.13; 
P = 0.42) 

Haemorrhagic stroke 0.38 0.10 (0.26, 
0.14–0.49;
P <0.001)

0.12 (0.31, 
0.17–0.56; 
P <0.001)

0.44 0.26 (0.59; 0.37–0.93;
P =0.024)

0.47 0.24 (0.51, 0.35–0.75; 
P <0.001)

Major bleeding 3.36 3.11 (0.93, 
0.81–1.07;
P = 0.31)

2.71 (0.80, 
0.69–0.93;
P = 0.003)

3.4 3.6 (P = 0.58) 3.09 2.13 (0.69, 0.60–0.80;
P <0.001)

Intracranial bleeding 0.74 0.30 (0.40, 
0.27–0.60;
P <0.001)

0.23 (0.31, 
0.20–0.47; 
P <0.001)

0.7 0.5 (0.67; 0.47–0.93;
P = 0.02)

0.80 0.33 (0.42, 0.30–0.58;

– – – –

P <0.001)

Extracranial bleeding 2.67 2.84 (1.07, 
0.92–1.25;
P = 0.38) 

2.51 (0.94, 
0.80–1.10; 
P = 0.45)
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NOVEL ANTICOAGULANTS  FOR STROKE PREVENTION IN AF

* Adjusted based on renal function  1. Connolly SJ, et al. N Engl J Med 2009;361:1139-1151; 2. www.clinicaltrials.gov, clinical trial 
identifier: NCT00781391; 3. Eikelboom JW, et al. Am Heart J 2010;159:348-353; 4. ROCKET-AF Investigators. Am Heart J 
2010;159:340-347; 5. Lopes RD, et al. Am Heart J 2010;159:331-339; 6. AMADEUS Investigators et al. Lancet 2008;371:315-321; 7. 
Sanofi-aventis press release: http://en.sanofi-aventis.com/binaries/20091221_rdupdate_en_tcm28-26977.pdf Accessed March 2010.

Table 4 Summary of the clinical trials involving novel anticoagulants vs. warfarin for stroke prevention in non-valvular
AF

Dabigatran (RE-LY)70, 71 Rivaroxaban (ROCKET-AF)3 Apixaban (ARISTOTLE)4

Drug characteristics

Mechanism Oral direct thrombin inhibitor Oral direct factor Xa inhibitor Oral direct factor Xa inhibitor

Bioavailability, % 6 60–80 50

Time to peak levels, h 3 3 3

Half-life, h 12–17 5–13 9–14

Excretion 80% renal 2/3 liver, 1/3 renal 25% renal, 75% faecal 

Dose 150 mg b.i.d. 20 mg o.d. 5 mg b.i.d.

Dose in renal impairment 110 mg b.i.d. 15 mg o.d. (if CrCl 30-49 mL/min) 2.5 mg b.i.d.

Special considerations Intestinal absorption is pH-dependent and is 
reduced in patients taking proton pump inhibitors

Higher levels expected in patients 
with renal or hepatic failure

Increased risk of bleeding in patients taking 
verapamil/amiodarone/quinidine/ketoconazole

Activity lower in fasted patients so 
should be taken after food

Study characteristics

Study design Randomized, open-label Randomized, double-blind Randomized, double-blind

Number of patients 18 111 14 264 18 201

Follow-up period, years 2 1.9 1.8

Randomized groups Dose-adjusted warfarin vs. blinded doses of 
dabigatran (150 mg b.i.d., 110 mg b.i.d.)

Dose-adjusted warfarin vs. 
rivaroxaban 20 mg o.d.

Dose-adjusted warfarin vs. apixaban
5 mg b.i.d.

Baseline patient characteristics

Age, years 71.5 ± 8.7 (mean ± SD) 73 (65–78) [median (interquartile 
range)]

70 (63–76) [median (interquartile range)]

Male sex, % 63.6 61.3 64.5

CHADS2 (mean) 2.1 3.5 2.1

Outcomes (% per year)

Warfarin Dabigatran 150 Dabigatran 110 Warfarin Rivaroxaban Warfarin Apixaban

(n = 6022) (n = 6076) (n = 6015) (n = 7133) (n = 7131) (n = 9081) (n = 9120)

(RR, 95% CI; 
P value)

(RR, 95% CI;
P value)

(HR, 95% CI;
P value)

(HR, 95% CI;
P value)

Stroke/systemic embolism 1.69 1.11 (0.66, 
0.53–0.82; 
P for superiority 
<0.001)

1.53 (0.91, 
0.74–1.11; 
P for non-inferiority 
<0.001)

2.4 2.1 (0.88, 0.75–1.03; 
P for non-inferiority 
<0.001, P for 
superiority = 0.12)
(ITT)

1.6 1.27 (0.79, 0.66–0.95;
P <0.001 for non-inferiority, 
P = 0.01 for superiority)

Ischaemic stroke 1.2 0.92 (0.76, 
0.60–0.98; 
P = 0.03)

1.34 (1.11, 
0.89–1.40; 
P = 0.35)

1.42 1.34 (0.94; 0.75–1.17; 
P = 0.581)

1.05 0.97 (0.92, 0.74–1.13; 
P = 0.42) 

Haemorrhagic stroke 0.38 0.10 (0.26, 
0.14–0.49;
P <0.001)

0.12 (0.31, 
0.17–0.56; 
P <0.001)

0.44 0.26 (0.59; 0.37–0.93;
P =0.024)

0.47 0.24 (0.51, 0.35–0.75; 
P <0.001)

Major bleeding 3.36 3.11 (0.93, 
0.81–1.07;
P = 0.31)

2.71 (0.80, 
0.69–0.93;
P = 0.003)

3.4 3.6 (P = 0.58) 3.09 2.13 (0.69, 0.60–0.80;
P <0.001)

Intracranial bleeding 0.74 0.30 (0.40, 
0.27–0.60;
P <0.001)

0.23 (0.31, 
0.20–0.47; 
P <0.001)

0.7 0.5 (0.67; 0.47–0.93;
P = 0.02)

0.80 0.33 (0.42, 0.30–0.58;

– – – –

P <0.001)

Extracranial bleeding 2.67 2.84 (1.07, 
0.92–1.25;
P = 0.38) 

2.51 (0.94, 
0.80–1.10; 
P = 0.45)
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excretion, especially dabigatran. Thus, assessment of renal function
(by CrCl) is mandatory for all NOACs, but especially for patients
taking dabigatran. Indeed, renal function should be assessed annu-
ally in patients with normal (CrCl ≥80 mL/min) or mild (CrCl 50–
79 mL/min) renal impairment, and perhaps 2–3 times per year in
patients with moderate (i.e. creatinine clearance 30–49 mL/min)
renal impairment. Dabigatran may also cause dyspepsia, which
may perhaps be ameliorated by taking the drug with food or the
use of a proton pump inhibitor.

The NOACs do not require dose adjustment on the basis of a
specific coagulation test (in contrast to the INR for VKAs). There
are non-specific coagulation tests that can be used to check for the
presence of an anticoagulation effect (rather than anticoagulation
intensity per se).28,83 These should not be used for dose adjust-
ment). For dabigatran, the ecarin clotting time and thrombin clot-
ting time are useful tests, and directly reflect thrombin inhibition;84

however, an activated partial thromboplastin time (aPTT) can also
be used (especially in an emergency setting), although the correl-
ation is not linear, particularly at higher concentrations.84,85 Rivar-
oxaban prolongs the prothrombin time (PT) and this might be used
as a rough estimate of an anticoagulation effect.86 A better esti-
mate for an anticoagulant effect for the oral Factor Xa inhibitors
is an anti-Xa assay.86,87

These novel drugs do not have specific antidotes and manage-
ment of bleeding is thus largely supportive, given that these
drugs have a relatively short (5 to 17 hours) half-life.85,88 One
small study suggested normalization of coagulation tests with non-
activated prothrombin complex concentrate (Cofactw, Sanquin
Blood Supply, Amsterdam, the Netherlands) administered to
healthy and relatively young individuals taking rivaroxaban, but
no effect was seen with dabigatran.89 Another study found that
low-dose FEIBAw (Baxter AG, Vienna, Austria) reversed the anti-
coagulant activity of rivaroxaban and dabigatran.90 However, the

lack of normalization of coagulation tests does not necessarily cor-
relate with the absence of an anti-haemorrhagic effect, as shown in
animal models.84

Perioperative management is another important consider-
ation.88,91 Given the rapid onset and offset of action of dabigatran
etexilate, no bridging therapy with low molecular weight heparin
(LMWH) is required for the majority of interventions, although
this is dependent upon balancing the risks of stroke/thrombo-
embolism vs. bleeding (where the HAS-BLED score has been
shown to be useful).92 Following surgery, NOACs can be restarted
as soon as effective haemostasis has been achieved. The NOAC
effect will be evident within a few hours after the first dose.

The available data suggest that elective cardioversion can be safely
performed on dabigatran,93 with the requirement for 3 weeks of
therapeutic anticoagulation pre-cardioversion, the cardioversion per-
formed, and anticoagulation continued for a minimum of 4 weeks
post-cardioversion. Event rates were not different between conven-
tional and trans-oesophageal echocardiogram-guided cardioversion;
however, drug compliance is crucial for the anticoagulation period
peri-cardioversion as, unlike the INR for VKAs, there is no easy
means to assess therapeutic anticoagulation. In patients with stroke
risk factors or at high risk of recurrence, OAC should be continued
long-term, whether with a VKA or a NOAC. No published data on
cardioversion with rivaroxaban or apixaban are yet available.

There are currently no controlled data on the risk–benefit
profile of catheter ablation on uninterrupted NOACs. Ablation
of a patient whilst still taking uninterrupted NOACs may carry a
small theoretical risk, given the lack of a reversal agent, should a
major bleeding complication arise. Data from limited case series
suggest that appropriate post-ablation management with dabiga-
tran is associated with a low risk of embolic or bleeding complica-
tions,94 although brief interruption of dabigatran use is associated
with more thromboembolic and bleeding complications.95

Table 4 Continued

Dabigatran (RE-LY)70, 71 Rivaroxaban (ROCKET-AF)3 Apixaban (ARISTOTLE)4

Outcomes (% per year)

Gastrointestinal bleeding 1.02 1.51 (1.50, 
1.19–1.89;
P <0.001)

1.12 (1.10, 
0.86–1.41;
P = 0.43)

2.2 3.2 (P <0.001) 0.86 0.76 (0.89, 0.70–1.15;
P = 0.37)

Myocardial infarction 0.64 0.81 (1.27,
0.94-1.71;
P = 0.12)

0.82 (1.29, 
096-1.75;
P = 0.09)

1.1 0.9 (0.81; 0.63–1.06; 
P = 0.12)

0.61 0.53 (0.88, 0.66–1.17; 
P = 0.37)

Death from any cause 4.13 3.64 (0.88, 
0.77–1.00; 
P = 0.051)

3.75 (0.91, 
0.80–1.03; 
P = 0.13)

2.2 1.9 (0.85; 0.70–1.02; 
P = 0.07)

3.94 3.52 (0.89, 0.80–0.99;
P = 0.047)

% Discontinuation at the 
end of follow-up

10.2 15.5 14.5 22.2 23.7 27.5 25.3

% Discontinuation/year 5.1 7.8 7.3 11.7 12.5 15.3 14.1

AF ¼ atrial fibrillation; b.i.d. ¼ bis in die (twice daily); CHADS2 ¼ congestive heart failure, hypertension, age ≥75, diabetes, stroke/TIA [doubled]; CI ¼ confidence interval;
CrCl ¼ creatinine clearance; HR ¼ hazard ratio; ITT ¼ intention-to-treat; o.d. ¼ once daily; RR ¼ relative risk; SD ¼ standard deviation; TIA ¼ transient ischaemic attack;
VKA ¼ vitamin K antagonist.
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cardiovascular mortality, which corresponds to an NNT of
244 patients to prevent 1 death and to an NNT of 500 patients
to prevent 1 cardiovascular death. The observed advantage of
the NOACs is consistent for all outcomes, including stroke
and SE reduction (RR reduction, 23%; NNT, 137) and MB
reduction (RR reduction, 14%; NNT, 157).

Following the favorable results of the individual clinical
trials, dabigatran and rivaroxaban have received approval
from the regulatory agencies and apixaban is expected to be
licensed in the near future. However, the cost-effectiveness of
these compounds remains unclear. This lack of clarity exists,
in part, as a result of the observation that single studies have
reported small and often nonstatistically significant differ-
ences between the NOACs and warfarin for hard end points
such as overall mortality and vascular mortality.
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In this meta-analysis, we have combined the results of
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some important differences in terms of mechanisms of action;

Figure 2. Stroke or systemic embolism (A) and ischemic stroke (B) during oral anticoagulant treatment. NOAC indicates novel oral anti-
coagulant; VKA, vitamin K antagonists; M-H, Mantel-Haenszel; CI, confidence interval; RE-LY, Randomized Evaluation of Long-Term
Anticoagulant Therapy; ARISTOTLE, Apixaban for the Prevention of Stroke in Subjects With Atrial Fibrillation; J-ARISTOTLE, Japanese
Apixaban for the Prevention of Stroke in Subjects With Atrial Fibrillation; ROCKET-AF, An Efficacy and Safety Study of Rivaroxaban
With Warfarin for the Prevention of Stroke and Non-Central Nervous System Systemic Embolism in Patients With Non-Valvular Atrial
Fibrillation; and J-ROCKET-AF, An Efficacy and Safety Study of Rivaroxaban With Warfarin for the Prevention of Stroke and Non-
Central Nervous System Systemic Embolism in Patients With Non-Valvular Atrial Fibrillation in Japan.
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1 drug (dabigatran etexilate) is a direct thrombin inhibitor and
3 drugs (rivaroxaban, apixaban, and edoxaban) are direct
factor Xa inhibitors. Moreover, there are some differences in
the mechanisms of excretion, in their mean half-lives, and in
the drug-drug interactions, among others.37 These differences
may suggest that combining the results of these drugs may
not be appropriate. However, there were no signs of hetero-
geneity when the outcomes of total and cardiovascular
mortality, stroke, or SE were analyzed, thus suggesting that
the advantages in terms of efficacy are consistent among all
the new agents included in our study. On the other hand,
significant heterogeneity was documented when the outcome
of MB was analyzed.

This finding may be due in part to some drug-specific or
regimen-specific differences in terms of safety, although none
of the NOACs were less safe than warfarin, and to patient-

specific characteristics. Indeed, some studies enrolled an
intermediate-risk population with a mean CHADS2 score of
!2,8,10,22,27–29 whereas other studies enrolled a population at
higher risk not only for thromboembolic but also for bleeding
complications, with a mean CHADS2 score "3.9,23

When the analysis was repeated with the exclusion of the
lower dose of dabigatran, which is not approved in the United
States and is recommended for more fragile patients in other
countries, the results were fully comparable to those of the
main analysis in terms of total mortality and safety, whereas
a tendency toward a greater benefit in the reduction of IS was
observed.

There is great interest in the potential increased risk of MI
with the use of the NOACs, particularly dabigatran. The
results of a recent meta-analysis of trials involving dabigatran
for the primary and secondary prevention of cardiovascular

Figure 3. Major (A) and intracranial (B) bleeding during oral anticoagulant treatment. NOAC indicates novel oral anticoagulant; VKA,
vitamin K antagonists; M-H, Mantel-Haenszel; CI, confidence interval; RE-LY, Randomized Evaluation of Long-Term Anticoagulant
Therapy; ARISTOTLE, Apixaban for the Prevention of Stroke in Subjects With Atrial Fibrillation; J-ARISTOTLE, Japanese Apixaban
for the Prevention of Stroke in Subjects With Atrial Fibrillation; ROCKET-AF, An Efficacy and Safety Study of Rivaroxaban With
Warfarin for the Prevention of Stroke and Non-Central Nervous System Systemic Embolism in Patients With Non-Valvular Atrial Fibril-
lation; and J-ROCKET-AF, An Efficacy and Safety Study of Rivaroxaban With Warfarin for the Prevention of Stroke and Non-Central
Nervous System Systemic Embolism in Patients With Non-Valvular Atrial Fibrillation in Japan.
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Patients taking the NOACs may present with an acute coronary
syndrome (ACS) and/or undergo percutaneous coronary interven-
tion (PCI). Concomitant use of antiplatelet therapy with the
NOACs significantly increases bleeding risk,96 as is the case with
combining any OAC with antiplatelet therapy. In AF patients at
risk of stroke, and irrespective of HAS-BLED score, OAC still
confers benefit (reduced mortality and major adverse cardiac
events) but with more bleeds.97 In the absence of robust data, in
AF patients with an ACS or PCI/stenting, recommendations
based on expert consensus on the management of such patients
should be followed, as found within the 2010 ESC Guidelines or
current European or North American consensus documents.98–100

Thus, a period of triple therapy is needed (OAC plus aspirin plus
clopidogrel), followed by the combination OAC plus single antipla-
telet drug and, after one year, management can be with OAC
alone in stable patients, where OAC can be adjusted-dose VKA

therapy or probably a NOAC.Notably, the only trial where clopido-
grel use was not contraindicated was RE-LY, so the data on triple
therapy with a NOAC (when given at stroke prevention doses in
AF patients) are limited.

A patient taking dabigatran may present with an ACS and, given
the non-significant but small numerical increase in MI events with
dabigatran compared with warfarin,71,72 the concerned clinician
may consider the use of a VKA or an alternative NOAC (e.g. riv-
aroxaban or apixaban). There is little evidence to support this, as
the relative effects of dabigatran vs. warfarin on myocardial ischae-
mic events were consistent in patients with or without a baseline
history of MI or coronary artery disease. Although twice-daily
low-dose rivaroxaban (2.5 mg or 5 mg b.i.d.) has been used with
some benefit in ACS,101 there are no data on ACS relating to
the dose of rivaroxaban used for anticoagulation in AF (20 mg
o.d.). Apixaban, used in the stroke prevention dose (5 mg b.i.d.)
in the ACS setting in combination with aspirin plus clopidogrel,
was associated with no reduction in cardiovascular events but an
excess of major bleeding.102 Patients with AF and stable vascular
disease (i.e. no acute events or revascularization for .12
months, whether coronary or peripheral artery disease) can be

Antiplatelet therapy with aspirin plus clopidogrel, or—less effectively—aspirin 
only, should be considered in patients who refuse any OAC, or cannot tolerate 
anticoagulants for reasons unrelated to bleeding. If there are contraindications to 
OAC or antiplatelet therapy, left atrial appendage occlusion, closure or excision 
may be considered.
Colour: CHA2DS2-VASc; green = 0, blue = 1, red ≥2. 
Line: solid = best option; dashed = alternative option.
AF = atrial fibrillation; CHA2DS2-VASc = see text; HAS-BLED = see text; 
NOAC = novel oral anticoagulant; OAC = oral anticoagulant;  
VKA = vitamin K antagonist.
aIncludes rheumatic valvular disease and prosthetic valves.

Valvular AFa

<65 years and lone AF (including females)

Oral anticoagulant therapy

Assess bleeding risk
(HAS-BLED score)

Consider patient values
and preferences

NOAC VKANo antithrombotic
therapy

Assess risk of stroke
(CHA2DS2-VASc score)

No

No (i.e., non-valvular AF)

0 1 2

Yes

Yes

Atrial fibrillation

Figure 1 Choice of anticoagulant.

aPTT = activated partial thromboplastin time; NOAC = novel oral anticoagulant; 
PCC = prothrombin complex concentrate; PT = prothrombin time;
rFVIIa = activated recombinant factor VII.
aWith dabigatran.

Check haemodynamic status, basic coagulation tests
to assess anticoagulation effect (e.g. aPTT for 
dabigatran, PT or anti Xa activity for rivaroxaban),
renal function, etc.

Minor

Moderate–severe

Very severe

Delay next dose or
discontinue treatment

Symptomatic/supportive
treatment

Mechanical compression

Fluid replacement

Blood transfusion

Oral charcoal if recently
ingesteda

Consider
rFVIIa or PCC

Charcoal filtrationa/
haemodialysisa

Patient on NOAC presenting with bleeding

Figure 2 Management of bleeding in patients taking novel oral
anticoagulants.
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4. Following coronary revascularization (percutaneous or surgical) in patients with AF and a 
CHA2DS2-VASc score of 2 or greater, it may be reasonable to use clopidogrel (75 mg once daily) 
concurrently with oral anticoagulants but without aspirin (83). (Level of Evidence: B) 

 
Class III: No Benefit 

1. The direct thrombin inhibitor, dabigatran, and the factor Xa inhibitor, rivaroxaban, are not 
recommended in patients with AF and end-stage CKD or on hemodialysis because of the lack of 
evidence from clinical trials regarding the balance of risks and benefits (74-76, 84-86). (Level of 
Evidence: C) 

 
Class III: Harm 

1. The direct thrombin inhibitor, dabigatran, should not be used in patients with AF and a 
mechanical heart valve (87). (Level of Evidence: B)  

 
*See the 2011 percutaneous coronary intervention guideline for type of stent and duration of dual antiplatelet 
therapy recommendations (13).  
 
Table 5. Summary of Recommendations for Prevention of Thromboembolism in Patients With AF 

Recommendations COR LOE References 

Antithrombotic therapy based on shared decision-making, discussion of 
risks of stroke and bleeding, and patient’s preferences I C N/A 

Antithrombotic therapy selection based on risk of thromboembolism I B (64-67) 
CHA2DS2-VASc score recommended to assess stroke risk I B (68-70) 
Warfarin recommended with mechanical heart valves. Target INR intensity 
should be based on the type and location of prosthesis I B (71-73) 

With prior stroke, TIA, or CHA2DS2-VASc score !2, oral anticoagulants 
recommended. Options include: 

• Warfarin I A (68-70) 
• Dabigatran, rivaroxaban, or apixaban I B (74-76) 

With warfarin, determine INR at least weekly during initiation and monthly 
when stable I A (77-79) 

Direct thrombin or factor Xa inhibitor recommended, if unable to maintain 
therapeutic INR I C N/A 

Re-evaluate the need for anticoagulation at periodic intervals I C N/A 
Bridging therapy with LMWH or UFH recommended with a mechanical 
heart valve if warfarin is interrupted. Bridging therapy should balance risks 
of stroke and bleeding 

I C N/A 

Without a mechanical heart valve, bridging therapy decisions should 
balance stroke and bleeding risks against the duration of time patient will 
not be anticoagulated 

I C N/A 

Evaluate renal function prior to initiation of direct thrombin or factor Xa 
inhibitors, and re-evaluate when clinically indicated and at least annually I B (80-82) 

For atrial flutter, antithrombotic therapy is recommended as for AF I C N/A 
With nonvalvular AF and CHA2DS2-VASc score of 0, it is reasonable to 
omit antithrombotic therapy IIa B (80, 81) 

With CHA2DS2-VASc score !2 and end-stage CKD (CrCl <15 mL/min) or 
on hemodialysis, it is reasonable to prescribe warfarin for oral 
anticoagulation 

IIa B (82) 
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Antithrombotic therapy selection based on risk of thromboembolism I B (64-67) 
CHA2DS2-VASc score recommended to assess stroke risk I B (68-70) 
Warfarin recommended with mechanical heart valves. Target INR intensity 
should be based on the type and location of prosthesis I B (71-73) 

With prior stroke, TIA, or CHA2DS2-VASc score !2, oral anticoagulants 
recommended. Options include: 

• Warfarin I A (68-70) 
• Dabigatran, rivaroxaban, or apixaban I B (74-76) 

With warfarin, determine INR at least weekly during initiation and monthly 
when stable I A (77-79) 

Direct thrombin or factor Xa inhibitor recommended, if unable to maintain 
therapeutic INR I C N/A 

Re-evaluate the need for anticoagulation at periodic intervals I C N/A 
Bridging therapy with LMWH or UFH recommended with a mechanical 
heart valve if warfarin is interrupted. Bridging therapy should balance risks 
of stroke and bleeding 

I C N/A 

Without a mechanical heart valve, bridging therapy decisions should 
balance stroke and bleeding risks against the duration of time patient will 
not be anticoagulated 

I C N/A 

Evaluate renal function prior to initiation of direct thrombin or factor Xa 
inhibitors, and re-evaluate when clinically indicated and at least annually I B (80-82) 

For atrial flutter, antithrombotic therapy is recommended as for AF I C N/A 
With nonvalvular AF and CHA2DS2-VASc score of 0, it is reasonable to 
omit antithrombotic therapy IIa B (80, 81) 

With CHA2DS2-VASc score !2 and end-stage CKD (CrCl <15 mL/min) or 
on hemodialysis, it is reasonable to prescribe warfarin for oral 
anticoagulation 

IIa B (82) 
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4. Following coronary revascularization (percutaneous or surgical) in patients with AF and a 
CHA2DS2-VASc score of 2 or greater, it may be reasonable to use clopidogrel (75 mg once daily) 
concurrently with oral anticoagulants but without aspirin (83). (Level of Evidence: B) 

 
Class III: No Benefit 

1. The direct thrombin inhibitor, dabigatran, and the factor Xa inhibitor, rivaroxaban, are not 
recommended in patients with AF and end-stage CKD or on hemodialysis because of the lack of 
evidence from clinical trials regarding the balance of risks and benefits (74-76, 84-86). (Level of 
Evidence: C) 

 
Class III: Harm 

1. The direct thrombin inhibitor, dabigatran, should not be used in patients with AF and a 
mechanical heart valve (87). (Level of Evidence: B)  

 
*See the 2011 percutaneous coronary intervention guideline for type of stent and duration of dual antiplatelet 
therapy recommendations (13).  
 
Table 5. Summary of Recommendations for Prevention of Thromboembolism in Patients With AF 

Recommendations COR LOE References 

Antithrombotic therapy based on shared decision-making, discussion of 
risks of stroke and bleeding, and patient’s preferences I C N/A 

Antithrombotic therapy selection based on risk of thromboembolism I B (64-67) 
CHA2DS2-VASc score recommended to assess stroke risk I B (68-70) 
Warfarin recommended with mechanical heart valves. Target INR intensity 
should be based on the type and location of prosthesis I B (71-73) 

With prior stroke, TIA, or CHA2DS2-VASc score !2, oral anticoagulants 
recommended. Options include: 

• Warfarin I A (68-70) 
• Dabigatran, rivaroxaban, or apixaban I B (74-76) 

With warfarin, determine INR at least weekly during initiation and monthly 
when stable I A (77-79) 

Direct thrombin or factor Xa inhibitor recommended, if unable to maintain 
therapeutic INR I C N/A 

Re-evaluate the need for anticoagulation at periodic intervals I C N/A 
Bridging therapy with LMWH or UFH recommended with a mechanical 
heart valve if warfarin is interrupted. Bridging therapy should balance risks 
of stroke and bleeding 

I C N/A 

Without a mechanical heart valve, bridging therapy decisions should 
balance stroke and bleeding risks against the duration of time patient will 
not be anticoagulated 

I C N/A 

Evaluate renal function prior to initiation of direct thrombin or factor Xa 
inhibitors, and re-evaluate when clinically indicated and at least annually I B (80-82) 

For atrial flutter, antithrombotic therapy is recommended as for AF I C N/A 
With nonvalvular AF and CHA2DS2-VASc score of 0, it is reasonable to 
omit antithrombotic therapy IIa B (80, 81) 

With CHA2DS2-VASc score !2 and end-stage CKD (CrCl <15 mL/min) or 
on hemodialysis, it is reasonable to prescribe warfarin for oral 
anticoagulation 

IIa B (82) 
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With nonvalvular AF and a CHA2DS2-VASc score of 1, no antithrombotic 
therapy or treatment with an oral anticoagulant or aspirin may be 
considered 

IIb C N/A 

With moderate-to-severe CKD and CHA2DS2-VASc scores of !2, reduced 
doses of direct thrombin or factor Xa inhibitors may be considered IIb C N/A 

For PCI,* BMS may be considered to minimize duration of DAPT  IIb C N/A 
Following coronary revascularization in patients with CHA2DS2-VASc 
score of !2, it may be reasonable to use clopidogrel concurrently with oral 
anticoagulants, but without aspirin 

IIb B (83) 

Direct thrombin, dabigatran, and factor Xa inhibitor, rivaroxaban, are not 
recommended with AF and end-stage CKD or on hemodialysis because of 
the lack of evidence from clinical trials regarding the balance of risks and 
benefits    

III: No 
Benefit C (74-76, 84-

86) 

Direct thrombin inhibitor, dabigatran, should not be used with a mechanical 
heart valve III: Harm B (87) 

*See the 2011 percutaneous coronary intervention guideline for type of stent and duration of dual antiplatelet therapy 
recommendations (13). 
AF indicates atrial fibrillation; BMS, bare-metal stent; CKD, chronic kidney disease; COR, Class of Recommendation; 
CrCl, creatinine clearance; DAPT, dual antiplatelet therapy; INR, international normalized ratio; LOE, Level of Evidence; 
LMWH, low-molecular-weight heparin; N/A, not applicable; PCI, percutaneous coronary intervention; TIA, transient 
ischemic attack; and UFH, unfractionated heparin. 
 

3.2. Risk Stratification Schemes (CHADS2, CHA2DS2-VASc, and HAS-BLED) 
One meta-analysis has stratified ischemic stroke risk among patients with nonvalvular AF using either the AF 

Investigators (88), the Congestive heart failure, Hypertension, Age !75 years, Diabetes mellitus, Prior Stroke or 

TIA or Thromboembolism (doubled) (CHADS2) (89), or the Congestive heart failure, Hypertension, Age !75 

years (doubled), Diabetes mellitus, Prior Stroke or TIA or thromboembolism (doubled), Vascular disease, Age 

65 to74 years, Sex category (CHA2DS2-VASc) point score systems (Table 6) (16). 

 

Table 6. Comparison of the CHADS2 and CHA2DS2-VASc Risk Stratification Scores for Subjects With 
Nonvalvular AF 

Definition and Scores for CHADS2 and CHA2DS2-
VASc  

Stroke Risk Stratification With the CHADS2 and 
CHA2DS2-VASc scores 

  Score    
Adjusted 

stroke rate (% 
per y) 

CHADS2 acronym  CHADS2 acronym* 
Congestive HF 1  0 1.9% 
Hypertension 1  1 2.8% 
Age !75 y  1  2 4.0% 
Diabetes mellitus 1  3 5.9% 
Stroke/TIA/TE 2  4 8.5% 
Maximum Score 6  5 12.5% 
CHA2DS2-VASc acronym  6 18.2% 
Congestive HF 1  CHA2DS2-VASc acronym† 
Hypertension 1  0 0% 
Age !75 y 2  1 1.3% 
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With nonvalvular AF and a CHA2DS2-VASc score of 1, no antithrombotic 
therapy or treatment with an oral anticoagulant or aspirin may be 
considered 

IIb C N/A 

With moderate-to-severe CKD and CHA2DS2-VASc scores of !2, reduced 
doses of direct thrombin or factor Xa inhibitors may be considered IIb C N/A 

For PCI,* BMS may be considered to minimize duration of DAPT  IIb C N/A 
Following coronary revascularization in patients with CHA2DS2-VASc 
score of !2, it may be reasonable to use clopidogrel concurrently with oral 
anticoagulants, but without aspirin 

IIb B (83) 

Direct thrombin, dabigatran, and factor Xa inhibitor, rivaroxaban, are not 
recommended with AF and end-stage CKD or on hemodialysis because of 
the lack of evidence from clinical trials regarding the balance of risks and 
benefits    

III: No 
Benefit C (74-76, 84-

86) 

Direct thrombin inhibitor, dabigatran, should not be used with a mechanical 
heart valve III: Harm B (87) 

*See the 2011 percutaneous coronary intervention guideline for type of stent and duration of dual antiplatelet therapy 
recommendations (13). 
AF indicates atrial fibrillation; BMS, bare-metal stent; CKD, chronic kidney disease; COR, Class of Recommendation; 
CrCl, creatinine clearance; DAPT, dual antiplatelet therapy; INR, international normalized ratio; LOE, Level of Evidence; 
LMWH, low-molecular-weight heparin; N/A, not applicable; PCI, percutaneous coronary intervention; TIA, transient 
ischemic attack; and UFH, unfractionated heparin. 
 

3.2. Risk Stratification Schemes (CHADS2, CHA2DS2-VASc, and HAS-BLED) 
One meta-analysis has stratified ischemic stroke risk among patients with nonvalvular AF using either the AF 

Investigators (88), the Congestive heart failure, Hypertension, Age !75 years, Diabetes mellitus, Prior Stroke or 

TIA or Thromboembolism (doubled) (CHADS2) (89), or the Congestive heart failure, Hypertension, Age !75 

years (doubled), Diabetes mellitus, Prior Stroke or TIA or thromboembolism (doubled), Vascular disease, Age 

65 to74 years, Sex category (CHA2DS2-VASc) point score systems (Table 6) (16). 

 

Table 6. Comparison of the CHADS2 and CHA2DS2-VASc Risk Stratification Scores for Subjects With 
Nonvalvular AF 

Definition and Scores for CHADS2 and CHA2DS2-
VASc  

Stroke Risk Stratification With the CHADS2 and 
CHA2DS2-VASc scores 

  Score    
Adjusted 

stroke rate (% 
per y) 

CHADS2 acronym  CHADS2 acronym* 
Congestive HF 1  0 1.9% 
Hypertension 1  1 2.8% 
Age !75 y  1  2 4.0% 
Diabetes mellitus 1  3 5.9% 
Stroke/TIA/TE 2  4 8.5% 
Maximum Score 6  5 12.5% 
CHA2DS2-VASc acronym  6 18.2% 
Congestive HF 1  CHA2DS2-VASc acronym† 
Hypertension 1  0 0% 
Age !75 y 2  1 1.3% 
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Diabetes mellitus 1  2 2.2% 
Stroke/TIA/TE 2  3 3.2% 
Vascular disease (prior MI, PAD, or aortic 
plaque) 1  4 4.0% 

Age 65–74 y 1  5 6.7% 
Sex category (i.e., female sex) 1  6 9.8% 
Maximum Score 9  7 9.6% 
   8 6.7% 
   9 15.20% 
* These adjusted-stroke rates are based on data for hospitalized patients with AF and were published in 2001 (89). Because 
stroke rates are decreasing, actual stroke rates in contemporary nonhospitalized cohorts might vary from these estimates. 
†Adjusted-stroke rate scores are based on data from Lip and colleagues (90). Actual rates of stroke in contemporary cohorts 
might vary from these estimates. 
 
AF indicates atrial fibrillation; CHADS2, Congestive heart failure, Hypertension, Age !75 years, Diabetes mellitus, Prior 
Stroke or TIA or Thromboembolism (doubled); CHA2DS2-VASc, Congestive heart failure, Hypertension, Age !75 years 
(doubled), Diabetes mellitus, Prior Stroke or TIA or thromboembolism (doubled), Vascular disease, Age 65–74 years, Sex 
category; HF, heart failure; LV, left ventricular; MI, myocardial infarction; PAD, peripheral artery disease; TE, 
thromboembolic; and TIA, transient ischemic attack (90, 91). 
 

3.3. Considerations in Selecting Anticoagulants 
For patients with CKD, dose modifications of the new agents are available (Table 7); however, for those with 

severe or end-stage CKD, warfarin remains the anticoagulant of choice, as there are no or very limited data for 

these patients. Among patients on hemodialysis, warfarin has been used with acceptable risks of hemorrhage 

(82).  

 

Table 7. Dose Selection of Oral Anticoagulant Options for Patients with Nonvalvular AF 
and CKD (Based on Prescribing Information for the United States)*  

Renal Function Warfarin (92) Dabigatran† (74) Rivaroxaban† (75) Apixaban† (76) 

Normal/Mild 
Impairment 

Dose adjusted for INR 
2.0–3.0 

150 mg BID 
(CrCl >30 mL/min) 

20 mg QD with the 
evening meal 
(CrCl >50 mL/min) 

5.0 or 2.5 mg BID‡ 
 

Moderate 
Impairment 

Dose adjusted for INR 
2.0–3.0 

150 mg BID or 75 mg 
BID§ 
(CrCl >30 mL/min) 

15 mg QD with the 
evening meal 
(CrCl 30–50 mL/min) 

5.0 or 2.5 mg BID‡ 
 

Severe Impairment  Dose adjusted for INR 
2.0–3.0" 

75 mg BID§ 
(CrCl 15–30 mL/min) 

15 mg QD with the 
evening meal 
(CrCl 15–30 mL/min) 

No recommendation, 
See section 4.2.2.2.¶ 

End-Stage CKD Not 
on Dialysis 

Dose adjusted for INR 
2.0–3.0" 

Not recommended¶ 
(CrCl <15 mL/min) 

Not recommended¶ 
(CrCl <15 mL/min) 

No recommendation, 
See section 4.2.2.2.¶ 

End-Stage CKD on 
Dialysis 

Dose adjusted for INR 
2.0–3.0" 

Not recommended¶ 
(CrCl <15 mL/min) 

Not recommended¶ 
(CrCl <15 mL/min) 

No recommendation, 
See section 4.2.2.2.¶# 

*Renal function should be evaluated prior to initiation of direct thrombin or factor Xa inhibitors and should be re-
evaluated when clinically indicated and at least annually. CrCl should be measured using the Crockoft-Gault method. 
†The concomitant use of P-glycoprotein inducers or inhibitors with dabigatran, or the concomitant use of dual P-
glycoprotein and strong CYP3A4 inducers or inhibitors with either rivaroxaban or apixaban, particularly in the setting of 
CKD, may require dosing adjustment or avoidance of concomitant drug use (see the FDA drug label at 
http://www.accessdata.fda.gov/drugsatfda_docs/label/2014/202155s002lbl.pdf; Section 8.6).   
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Theoretical Benefit of Rhythm Control

• Improved hemodynamics

• Relief of symptoms

• Improved exercise tolerance

• Reduced risk of stroke

• Avoidance of anticoagulants
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Rhythm Control Strategies

• Electrical

• Pharmacological

• Radiofrequency ablation

• Upstream therapy
30

Wednesday, July 8, 2015



PMK Cardiology ReviewPMK Cardiology Review

Electrical cardioversion

• Cardioversion is recommended when a rapid ventricular 
response to AF or atrial flutter does not respond 
promptly to pharmacological therapies and contributes 
to ongoing myocardial ischemia, hypotension, or HF. 

• Cardioversion is recommended for patients with AF or 
atrial flutter and pre-excitation when tachycardia is 
associated with hemodynamic instability. 

• Elective case

31
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Rhythm Control
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AFFIRM  Trial

• -No survival advantage to rhythm control.
• -Rhythm control patients were more likely to be hospitilized   
•    with adverse drug effects.
• - Both groups had similar stroke risk (1% per yr)

– Majority of strokes when warfarin stopped or INR subtherapeutic
– Warfarin required long term even if sinus rhythm restored

• -Torsades, bradycardic arrest more common with rhythm 
control.

•
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Class III

• Antiarrhythmic drugs for rhythm control should not 
be continued when AF becomes permanent (Level 
of Evidence: C) including dronedarone 

• Dronedarone should not be used for treatment of 
AF in patients with New York Heart Association 
(NYHA) class III and IV HF or patients who have had 
an episode of decompensated HF in the past 4 
weeks 

35
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Upstream Therapy
• Class IIa 
• An ACE inhibitor or angiotensin-receptor blocker 

(ARB) is reasonable for primary prevention of new-
onset AF in patients with HF with reduced LVEF 

• Class  IIb 
• Therapy with an ACE inhibitor or ARB may be 

considered for primary prevention of new-onset AF 
in the setting of hypertension (150). (Level of 
Evidence: B) Statin therapy may be reasonable for 
primary prevention of new-onset AF after coronary 
artery surgery . (Level of Evidence: A)

36
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Upstream Therapy
• Class  III

• Therapy with an ACE inhibitor, ARB, or 
statin is not beneficial for primary 
prevention of AF in patients without 
cardiovascular disease 

37

Wednesday, July 8, 2015



PMK Cardiology ReviewPMK Cardiology Review

     ACC 2014

MANUSCRIP
T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
January, CT et al.  
2014 AHA/ACC/HRS Atrial Fibrillation Guideline 
 

 Page 25 of 56 
!

Figure 2 shows an approach to the integration of antiarrhythmic drugs and catheter ablation of AF in patients 

without and with structural heart disease.  

 
Figure 2. Strategies for Rhythm Control in Patients with Paroxysmal* and Persistent AF† 

 
*Catheter ablation is only recommended as first-line therapy for patients with paroxysmal AF (Class IIa recommendation).  
†Drugs are listed alphabetically. 
‡Depending on patient preference when performed in experienced centers. 
§Not recommended with severe LVH (wall thickness >1.5 cm). 
!Should be used with caution in patients at risk for torsades de pointes ventricular tachycardia. 
¶Should be combined with AV nodal blocking agents. 
AF indicates atrial fibrillation; CAD, coronary artery disease; HF, heart failure; and LVH, left ventricular hypertrophy. 

5.7. Surgery Maze Procedures: Recommendations 
 
Class IIa 

1. An AF surgical ablation procedure is reasonable for selected patients with AF undergoing cardiac 
surgery for other indications. (Level of Evidence: C) 

 
Class IIb  

1. A stand-alone AF surgical ablation procedure may be reasonable for selected patients with highly 
symptomatic AF not well managed with other approaches (168). (Level of Evidence: B) 

6. Specific Patient Groups and AF 
See Table 12 for a summary of recommendations for this section. 
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Figure 2 shows an approach to the integration of antiarrhythmic drugs and catheter ablation of AF in patients 

without and with structural heart disease.  

 
Figure 2. Strategies for Rhythm Control in Patients with Paroxysmal* and Persistent AF† 

 
*Catheter ablation is only recommended as first-line therapy for patients with paroxysmal AF (Class IIa recommendation).  
†Drugs are listed alphabetically. 
‡Depending on patient preference when performed in experienced centers. 
§Not recommended with severe LVH (wall thickness >1.5 cm). 
!Should be used with caution in patients at risk for torsades de pointes ventricular tachycardia. 
¶Should be combined with AV nodal blocking agents. 
AF indicates atrial fibrillation; CAD, coronary artery disease; HF, heart failure; and LVH, left ventricular hypertrophy. 

5.7. Surgery Maze Procedures: Recommendations 
 
Class IIa 

1. An AF surgical ablation procedure is reasonable for selected patients with AF undergoing cardiac 
surgery for other indications. (Level of Evidence: C) 

 
Class IIb  

1. A stand-alone AF surgical ablation procedure may be reasonable for selected patients with highly 
symptomatic AF not well managed with other approaches (168). (Level of Evidence: B) 

6. Specific Patient Groups and AF 
See Table 12 for a summary of recommendations for this section. 
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Lenient
Hr < 110 bpm

Strict
Rest hr < 80
Mod exerc hr < 110
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Primary Outcomes

Cardiac death
CHF
Stroke
Systemic embolism
Major bleed
Syncope
Sust VT
Cardiac arrest
Life threat compl of antiarrhythmic
Pacemaker

Secondary Outcomes

Symptoms
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• Class I

• Control of the ventricular rate using a beta blocker or nondihydropyridine 
calcium channel antagonist is recommended for patients with paroxysmal, 
persistent, or permanent AF  (Level of Evidence: B)

•  Intravenous administration of a beta blocker or nondihydropyridine calcium 
channel blocker is recommended to slow the ventricular heart rate in the 
acute setting in patients without pre- excitation. In hemodynamically 
unstable patients, electrical cardioversion is indicated. (Level of Evidence: B)

• In patients who experience AF-related symptoms during activity, the 
adequacy of heart rate control should be assessed during exertion, 
adjusting pharmacological treatment as necessary to keep the ventricular 
rate within the physiological range.

 Rate Control: Recommendations
ACC/AHA 2014

42
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• A heart rate control (resting heart rate <80 bpm) strategy 
is reasonable for symptomatic management of AF 

• Intravenous amiodarone can be useful for rate control in 
critically ill patients without pre- excitation 

•  AV nodal ablation with permanent ventricular pacing is 
reasonable to control the heart rate when 
pharmacological therapy is inadequate and rhythm 
control is not achievable

•

Class IIa

43
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Class IIb
• A lenient rate-control strategy (resting heart rate 

<110 bpm) may be reasonable as long as patients 
remain asymptomatic and LV systolic function is 
preserved 

• Oral amiodarone may be useful for ventricular rate 
control when other measures are unsuccessful or 
contraindicated.

44
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• 1. AV nodal ablation with permanent ventricular pacing should not 
be performed to improve rate control without prior attempts to 
achieve rate control with medications. (Level of Evidence: C)

• 2.Nondihydropyridine calcium channel antagonists should not be 
used in patients with decompensated HF as these may lead to 
further hemodynamic compromise. (Level of Evidence: C) 

• 3.In patients with pre-excitation and AF, digoxin, 
nondihydropyridine calcium channel antagonists, or intravenous 
amiodarone should not be administered as they may increase the 
ventricular response and may result in ventricular fibrillation 

•  4.Dronedarone should not be used to control the ventricular rate in 
patients with permanent AF as it increases the risk of the combined 
endpoint of stroke, MI, systemic embolism, or cardiovascular death

Class III

45
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What is atrial fibrillation ablation?
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Atrial fibrillation
   a. Triggers
 p. veins

   b. Sustainer
 left atrium
            enlarged
            fibrosed
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Anatomic Carto Map of Let atrium – ablation 
points

From: Dong et al.: Nature Clinical Practice Cardiovacular Medicine 2005, 2, 159-166
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When to consider ablation?
ACC/AHA 2014

• Class I
•  1. AF catheter ablation is useful for 

symptomatic paroxysmal AF refractory or 
intolerant to at least 1 class I or III 
antiarrhythmic medication when a rhythm 
control strategy is desired 

• 2. Prior to consideration of AF catheter 
ablation, assessment of the procedural risks 
and outcomes relevant to the individual patient 
is recommended. 
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• Class IIa
• AF catheter ablation is reasonable for selected 

patients with symptomatic persistent AF refractory 
or intolerant to at least 1 class I or III 
antiarrhythmic medication 

•  In patients with recurrent symptomatic paroxysmal 
AF, catheter ablation is a reasonable initial rhythm 
control strategy prior to therapeutic trials of 
antiarrhythmic drug therapy, after weighing risks 
and outcomes of drug and ablation therapy 

50
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• Class IIb
• AF catheter ablation may be considered for 

symptomatic long-standing (>12 months) 
persistent AF refractory or intolerant to at least 1 
class I or III antiarrhythmic medication, when a 
rhythm control strategy is desired 

• AF catheter ablation may be considered prior to 
initiation of antiarrhythmic drug therapy with a 
class I or III antiarrhythmic medication for 
symptomatic persistent AF, when a rhythm control 
strategy is desired.

51
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• Class III

• AF catheter ablation should not be 
performed in patients who cannot 
be treated with anticoagulant 
therapy during and following the procedure. 

•  AF catheter ablation to restore sinus rhythm 
should not be performed with the sole intent of 
obviating the need for anticoagulation. 52
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Paroxysmal AF

Younger (<70 years)

Minimal structural heart disease

Able to tolerate procedure and follow-up
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Atrial fibrillation ablation issues

• Complication rate 1-5%
– Tamponade – atrial perforation
– TIA, stroke
– Major bleed
– Creation of atrial flutter (up to 8%)
– Vascular access complications
– Pulmonary vein stenosis (lower incidence than initial)
– Aorto-esophageal fistula
– Fatal 1/1000

• Lengthy procedure
– 4-5 hours
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