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Epidemiology

Atrial Fibrillation (AF) is the most common sustained cardiac 
arrhythmia, occurring in 1-2% of the general population.1  Its 
prevalence increases with age from 0.5% at 40–50 years to 
5–15% at 80 years.1-5  The lifetime risk of developing AF is 
25% in those who have reached the age of 40.6

Prognosis

Death rates are doubled in patients with AF, independent of 
all other known predictors of mortality. Only antithrombotic 
therapy has been shown to reduce AF-related deaths.7-9  A 
fifth of strokes are attributed to AF with AF-related strokes 
being more severe.  Undiagnosed ‘silent AF’ is a likely 
cause of some ‘cryptogenic’ strokes.7,10 Asymptomatic 
cerebral emboli are common in patients with AF with an 
increased incidence of cognitive impairment and dementia 
being seen.11,12  Paroxysmal AF carries the same stroke risk 
as permanent or persistent AF.13  AF patients have a worse 
quality of life, with reduced exercise tolerance,  even if 
believed to be asymptomatic.14  The quality of life is worse 
in AF patients compared with those having a history of 
myocardial infarction.15  It is thought in some patients AF 
results in impairment of left ventricular systolic function, with 
improvement of function after maintenance of sinus rhythm.16

Mechanisms

AF is a chronically progressive condition, ‘AF begets 
AF’.17  It requires both triggers (for onset) and substrate 
(for maintenance).   The trigger is usually an atrial 
extrasystole or a rapid firing focus of atrial tachycardia, most 
frequently originating from the Pulmonary Veins (Figure 
1).18  The frequency of extrasystoles increase within the 
minutes prior to the onset of AF (Figure 2).19  Electrical, 
contractile, and structural atrial remodelling occurs during 
AF further promoting it.17 These occur within days (Figure 
3).20  Aggressive early management is critical to prevent 
progression.

Natural Progression

There is a 10% recurrence rate within the first year after 
diagnosis of AF, with a 5% recurrence per annum afterwards.  
Paroxysms of AF tend to occur in clusters.7  Only 2-3% of AF 
patients will remain paroxysmal over several decades.21 Five 
classes of AF are recognised (Table 1). Typically progression 
is seen through these classes over the years.22

Management

Thirty seconds of ECG documentation is required to make the 
Fig 1. Diagram showing the sites of 69 foci triggering atrial 

fibrillation in 45 patients during study by Haïssaguerre et al (foci 
designated as black spots). Note the clustering in the pulmonary 
veins, particularly in both superior pulmonary veins. Numbers 

indicate the distribution of foci in the pulmonary veins.18

Fig 2. Tracing from cardiac holter showing high burden atrial 
ectopy occurring in the seconds prior to the onset of AF.  This 

patient has a high ‘trigger’ burden with low ‘substrate’
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diagnosis of AF.7 After assessment for potentially treatable 
drivers of AF, and concomitant diseases, three important 
issues should be considered in the management of patients: 
stroke risk, symptom control and for those patients at risk of 
tachycardiomyopathies, optimal heart rate control.

Stroke Risk

Asymptomatic episodes of AF are common even in patients 
who have symptoms.22  Patients with paroxysmal AF should 
be considered as having the same stroke risk as those patients 
with persistent / permanent AF.  Seven risk factors of stroke 
can be identified in the patient with non-valvular AF: a 
history of Congestive heart failure (admission with heart 
failure or left ventricular ejection fraction ≤ 40%); history 
of Hypertension (even if treated), Age (> 65 or > 75 years 
both being risk factors, with age > 75 years carrying a higher 
risk); Diabetes, a history of Stroke (TIA or thrombo emboli); 
Vascular disease (previous MI, PVD or aortic plaque) and 
being female (Sex category).  Each risk factor is given a 
score of 1 or 2 and the cumulative score denotes the risk of 
having a stroke over the next year (CHA2DS2-VASc; Table 
2).23  If a patient’s cumulative CHA2DS2-VASc score is 
> 2 oral anticoagulation is required. If their score is 0, no 
anticoagulation is required.  If a CHA2DS2-VASc score is 
1 the European Society of Cardiology’s guidelines state the 
patient should be taking aspirin or oral anticoagulation, but 
preferably oral anticoagulation (rather than aspirin whose 
antiplatelet effect has little, if any, effect in stroke prevention 
in non valvular AF).22  The most recent Royal College of 
Physicians Guidelines have gone further removing aspirin 
entirely for stroke prevention in AF, stating if a patient has 
a CHA2DS2-VASc score of zero they need neither aspirin or 
oral anticoagulation and if the score is 1 or above then oral 
anticoagulants should be prescribed (unless contraindicated).24  

The addition of clopidogrel to aspirin does reduce major 
vascular events but with an associated increase in major 
associated bleeds is generally is not recommended for routine 
therapy.25  Patients who are on warfarin have a lower risk of 
stroke and a lower risk of bleeding than those patients on 
aspirin / clopidogrel combination.26 In special circumstances 
for a defined period, for example after percutaneous coronary 
intervention in patients at moderate or high risk of stroke, 
triple therapy with aspirin, clopidogrel and warfarin may be 
required22

Novel Oral Anticoagulants (NOACs) have recently proven to 
be an attractive option over vitamin K antagonists (warfarin) 
as their anticoagulation effect / dose is more consistent and as 
a result regular blood test monitoring of levels is not required.  
NOACs fall into two main classes, the oral direct thrombin 
inhibitors (dabigatran) and the oral direct factor Xa inhibitors 
(apixaban and rivaroxaban).  

Dabigatran was compared to Warfarin in a large prospective, 
randomised, open label study with two blinded doses of 
dabigatran (110mg and 150mg b.d.) against warfarin.  For 
the larger dose (150mg bd) the reduction of stroke and 
systemic emboli was greater than that seen by warfarin, 
with no significant difference in major bleeding.  The lower 
dose (dabigatran 110mg bd) was non inferior to warfarin in 
reducing stroke whilst there was a 20% reduction in major 

Fig 3. Prolongation of the duration of episodes of electrically 
induced atrial fibrillation (AF) after maintaining AF for 

respectively 24 hours and 2 weeks. The three tracings show a 
single atrial electrogram recorded from the same goat during 

induction of AF by a 1-second burst of stimuli (50 Hz, 4 x 
threshold). In the upper tracing the goat has been in sinus 

rhythm all the time and atrial fibrillation self-terminated within 5 
seconds. The second tracing was recorded after the goat had been 

connected to the fibrillation pacemaker for 24 hours showing a 
clear prolongation of the duration of AF to 20 seconds. The third 

tracing was recorded after 2 weeks of electrically maintained atrial 
fibrillation. After induction of AF this episode became sustained 

and did not terminate.17

Table 1
The five classifications of AF.  Patients typically progress 

from paroxysmal to persistent and finally permanent 
over various time scales.  Each patient may not progress 

sequentially through each class but may skip certain 
classes. For example paroxysmal AF may progress directly 

to permanent AF in some patients.

Category Atrial 
Fibrillation

Definition Time

First Diagnosed First episode of AF 
documented on ECG.  
This is frequently not the 
patients first episode

Paroxysmal Episodes last up to 7 days 
long, but usually less than 
48hrs

Persistent Episodes last greater than 
7 days or require either DC 
or chemical cardioversion

Long-standing 
persistent or 
chronic persistent

Episode ≥ 1year duration 
when a heart rate rather 
than heart rhythm control 
strategy is usually pursued

Permanent When both physician and 
patient accept that heart 
rate control is preferable 
over maintenance of sinus 
rhythm
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bleeds.  The risk of haemorrhagic stroke or intracranial 
haemorrhage were lower for both doses of dabigatran.27  A 
75mg dose is available for those patients with severe renal 
impairment. 

Rivaroxaban 20mg o.d. (or 15mg if creatinine clearance was 
30-59 ml/min) was compared in the double blind ROCKET-
AF trial with warfarin in high risk AF patients.  Patients were 
at a higher risk of thrombo-emboli than patients in the other 
NOAC trials. Additionally those patients on warfarin spent 
less time the therapeutic range (mean 55%). Rivaroxaban 
reached significance when considering non-inferiority but did 
not show a significant benefit in demonstrating superiority.28

Apixaban has been compared against aspirin (81-324mg 
daily) and warfarin (target INR 2.0 – 3.0).  The dose of 
apixaban was either 5mg b.d. or 2.5mg b.d.(if patient 
> 80years old, weight < 60Kg or serum creatinine > 
133µmol/L).  Apixaban demonstrated a significant reduction 
in stroke and thrombo-emboli over both aspirin and warfarin.  
The risk of major bleeding was lower than in the warfarin 
group and was similar to that seen in the aspirin group.  Rates 
of haemorrhagic stroke and intracranial haemorrhage, but not 
ischaemic stroke, were lower in the apixaban group than the 
warfarin group.29, 30

The European Society of Cardiology now recommends 
NOACs as ‘broadly preferable’ to Vitamin K antagonists in 
the vast majority of patients with non-valvular AF.31  There 
are no direct head to head trials between the various NOACs 
and in their absence it is hard to know which is best.31  Indirect 

comparisons suggest no profound differences in efficacy 
endpoints, however, major bleeding does appear to be lower 
in the dabigatran 110mg b.d. dose and apixaban.32  With 
a CHA2DS2-VASc score of 1, apixaban and both doses of 
dabigatran (110 mg b.i.d. and 150 mg b.i.d.) had a positive 
net clinical benefit while, in patients with CHA2DS2-VASc 
score ≥2, all three NOACs were superior to warfarin, with 
a positive net clinical benefit, irrespective of bleeding risk.31

Symptom / Rhythm Control

In patients who have symptoms attributed to their AF, 
a rhythm control strategy is preferable, with the aim of 
management being maintenance of sinus rhythm.  One of 
two strategies can be employed: medical therapy or catheter 
ablation (consisting of Pulmonary Vein Isolation with or 
without extensive substrate modification).  

Anti arrhythmic medications should be used as first line 
therapy, but are frequently limited by the patient’s other 
medical conditions or if there is a history of significant 
structural heart disease.  Anti-arrhythmic medications 
effectively control AF only in a minority of patients.   
Recurrence of AF occurs in 2/3 of patients taking sotalol 
(class 3 anti-arrhythmic with beta blocking activity) and 
propafenone (class 1c agent; sodium channel blocker) within 
16 months of starting, whilst AF recurrences occur in 1/3 of 
patients taking amiodarone.33  Dronedarone is a multichannel 
blocker that inhibits the sodium, potassium, and calcium 
channels, it also has non-competitive anti-adrenergic activity.  
Like other anti-arrhythmic drugs, its efficacy to maintain 

Table 2
The CHA2DS2-VASc Score system (top) with the adjusted stroke risk (% risk per year) for each score designated 

(0-9).  See text for definitions.25

Risk factor expressed as a point based scoring system.  Maximum score of 9 since age may contribute 0, 1 or 2 points.
Congestive heart failure (admission with symptoms or left ventricular function ≤ 0.45% 1
Hypertension (current or treated) 1
Age ≥75yrs 2
Diabetes Mellitus 1
Stroke / TIA / Thrombo-embolic history 2
Vascular disease (prior myocardial infarction/peripheral vascular disease/aortic plaque) 1
Age 65 – 74 yrs 1
Sex category (i.e female sex) 1
Maximum Score 9
Adjusted stroke risk according to CHA2DS2-VASc Score

CHA2DS2-VASc Score Number of patients (n=7329) Adjusted stroke rate (%/yr) based on Lip et al
0 1 0
1 422 1.3
2 1230 2.2
3 1730 3.2
4 1718 4.0
5 1159 6.7
6 679 9.8
7 294 9.6
8 82 6.7
9 14 15.2
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sinus rhythm is lower than that of amiodarone.  Median time 
to first recurrent episode of AF was 116 days in patients 
taking dronedarone in comparison to placebo (53 days; 
p<0.0001).34  Dronedarone should not be used in patients with 
a history of heart failure, moderate to severe left ventricular 
systolic dysfunction or NYHA class III and IV symptoms.22 
Dronedarone should be stopped in patients with permanent 
AF due to an increased risk of cardiovascular events.35

Percutaneous catheter ablation is performed under conscious 
sedation or general anaesthetic using an approach performed 
via the right femoral vein.  An atrial septal puncture is used 
to gain access to the left atrium and pulmonary veins (PV’s).  
The PV’s are electrically isolated from the left atrium using 
either cryotherapy or radiofrequency ablation.  The most 
frequently used technique is performed with radiofrequency 
ablation using a double transeptal approach.  One transeptal 
puncture is used to position the duo-decapolar spiral catheter 
in the left atrium and pulmonary veins whilst the second 
puncture is used for an ablation catheter.  A 3-dimensional 
geometric map is created using the spiral catheter and either 
an impedance or magnetic based mapping system.  The ostium 
of the PV’s can then be clearly demarcated and markers 
placed onto the 3D map to highlight where an ablation lesion 
has been applied (Figure 4).  Using this technique it is easy to 
isolate the pulmonary veins from the body of the left atrium 
(Pulmonary vein isolation; PVI).  Electrical isolation of the 
PV’s from the left atrium is confirmed by placing the duo 
decapolar spiral catheter inside the pulmonary veins.   PVI 
alone is usually enough for the treatment of paroxysmal AF, 
however for patients with persistent AF, extensive substrate 
modification is usually required in addition.  Substrate 
modification may require additional ablation throughout the 
right and left atrium, as well as the coronary sinus. 

PVI is more effective than medical management in patients 
with atrial fibrillation. Most patients who receive catheter 
ablation have failed or been intolerant to medical therapy.  
Sinus rhythm is obtainable in the majority of patients, but 
frequently requires repeat procedures or continuation of 
anti-arrhythmic drugs.36 In a recent meta analysis two thirds 
of patients were reported free of atrial arrhythmias or not 
requiring a repeat procedure at 12 months.37 Patients who 
have catheter ablation, as first line treatment, have less AF 
at 24 months and a better quality of life at both 12 and 24 
months38  .

For patients who received PVI as first line therapy, instead 
of anti arrhythmic drugs, 85% were free from AF at 24 
mths.38  The European Society of Cardiology argue in their 
2012 guidelines that this supports their 2010 statement that 
“it is reasonable to recommend catheter ablation as first-line 
therapy for AF rhythm control in selected patients, i.e. those 
with paroxysmal AF preferring interventional treatment with 
a low risk profile for procedure-related complications”.22,31 
The American College of Cardiology, American Heart 
Association and Heart Rhythm Society’s combined guidelines 
recommend catheter ablation for symptomatic patients who 
have failed anti-arrhythmic drug therapy, with near structural 

normal heart (Class I recommendation) and as a reasonable 
alternative to pharmacological therapy in patients with little 
or no left atrium enlargement (Class 2a, Level C evidence).39 

Little data is available of arrhythmia-free outcomes in the 
longer term.  Ganesan et al37 published a meta analysis earlier 
this year looking at outcomes at ≥ 3years after AF ablation. 
When grouped by AF type, single‐procedure success data 
were available for paroxysmal AF - 68.6% (95% CI 58.9% to 
77.0%) at 1 year, 61.1% (95% CI 49.8% to 71.2%) at 3 years, 
and 62.3% (95% CI 39.8% to 80.5%) at 5 years.  For non 
paroxysmal AF single‐procedure success was 50.8% (95% 
CI 34.3% to 67.2%) at 1 year and 41.6% (95% CI 24.7% to 
60.8%) at 3 years. With multiple procedures, the long‐term 
success rate for all patients was 80%, with the average number 
of procedures per patient being 1.51.  Patients in this meta-
analysis were young (mean ages varying from 51 – 65 years) 
with normal to moderately dilated left atriums and without 
heart failure.

Catheter ablation is not without significant risk with 
major peri procedural complications occurring in 5% of 
cases.40, 41 The majority of complications are vascular 
(1.5%) or pericardial tamponade (1.3 – 2.5%) followed by 
cerebrovascular accident (0.23 – 2.4%) and a 0.15 – 0.8% 
risk of death.40-43  Late complications include pulmonary 
vein stenosis (whose historic incidence of 1-3% has fallen 
to less than 1% due to modern techniques for PVI) with 
patients developing symptoms at 103 ± 100 days following 
the index procedure and the often fatal atrio oesophageal 
fistula (0.04%).43-45 In patients who maintain symptomatic 
control post PVI with an elevated CHA2DS2-VASc score oral 
anticoagulation therapy should be continued.

Heart Rate Control

In those patients who are symptom free or who have failed in 
a Rhythm Control Strategy or who are deemed not appropriate 
for the rhythm control strategy the maintenance of sinus 
rhythm is not required.  In these patients adequate heart rate 
control (Rate Control strategy) may be preferable to reduce 

Fig 4. A 3-dimensional geometric map (EnSite Velocity™ 
Cardiac Mapping System; St Jude Medical; left sided image) 

and reconstructed CT (right sided image), taken from the same 
patient, of the left atrium and pulmonary veins.  The ostium of the 

pulmonary veins can then be clearly demarcated and red marks 
placed where ablation lesions have been applied.  Note the left 

sided pulmonary veins (in blue) are seen to arise from a common 
trunk.  Images courtesy of PEI; Ireland.
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symptoms, improve haemodynamics and in the prevention of 
tachycardiomyopathy. 

The optimal level of heart rate control remains unknown. 
Previous strict rate control was recommended (resting heart 
rate between 60–80 bpm and 90–115 bpm during moderate 
exercise). This strategy resulted in the requirement for 
permanent pacing in 7.3% of patients, while higher resting 
heart rates did not appear to be associated with an adverse 
prognosis.46

In RACE- II, 614 patients with AF of >12 months duration 
were randomized to lenient rate control (resting heart-rate 
goal <110  bpm) or the strict approach (resting heart-rate 
<80  bpm; heart-rate during moderate exercise <110  bpm).  
The mean heart rate was 93 bpm in the lenient group and 
76 bpm in the strict group.   Nearly all patients in the lenient 
group reached their assigned heart-rate target, whilst only 
two-thirds in the strict group did.  Symptoms, adverse events, 
and quality of life were similar in both groups.  Patients 
assigned to lenient rate control had fewer hospital visits.47  

European Society of Cardiology guidelines now suggest 
that an initially lenient rate control approach should be 
used (resting heart rate <110 bpm).  If patients remain 
symptomatic, especially if complaints relate to excessive rate 
or irregularity, a stricter rate control target should be pursued. 
The ventricular rate should be reduced until the patient 
becomes asymptomatic or symptoms become tolerable, or 
when it is recognized that symptoms are due to the underlying 
disease rather than the ventricular rate or rhythm.22  

AV Node Ablation and Permanent Pacing

In patients who remain symptomatic due to their atrial 
fibrillation (paroxysmal / persistent  / permanent)  and have 
failed alternative therapies (where appropriate) the AV node 
may be ablated and a permanent pacemaker inserted.  This 
does however leave the patient dependent on the pacemaker, 
but can be very good at assisting symptom control in a small 
group of patients.

Overview

Atrial fibrillation is the most common sustained cardiac 
arrhythmia with a lifetime risk of occurring in 1 in 
4 of the population who have reached the age of 40.  
Management should firstly focus on stroke risk followed 
by symptoms and assessing a patient’s risk of developing 
a tachycardiomyopathy.  Stroke prevention is the only 
management strategy that has demonstrated survival benefit 
and should be assessed using the CHA2DS2VASC scoring 
system.  Aspirin does not confer any reduction in stroke 
risk in patients with atrial fibrillation.  In patients who 
have symptoms attributed to their AF maintenance of sinus 
rhythm should be the main stay of treatment.  This should 
first be performed using medical therapy, but if this fails, or a 
patient’s burden becomes rapidly progressive, urgent referral 
for catheter ablation should be considered.  In those patients 
who persist in AF a target heart rate of <110bpm should be 
obtained.  If symptoms persist initially an increase in rate 

control therapies should be attempted.  If symptom control 
has failed using other methodologies then AV node ablation 
and permanent pacing can be considered.  

The author has no conflict of interest

References

1.	 Stewart S, Hart CL, Hole DJ, McMurray JJ. Population prevalence, 
incidence, and predictors of atrial fibrillation in the Renfrew/Paisley 
study.  Heart. 2001; 86(5): 516–21.

2.	 Go AS, Hylek EM, Phillips KA, Chang Y, Henault LE, Selby JV, et al. 
Prevalence of diagnosed atrial fibrillation in adults: national implications 
for rhythm management and stroke prevention: the AnTicoagulation and 
Risk Factors in Atrial Fibrillation (ATRIA) Study. JAMA. 2001;285(18): 
2370-5.

3.	 Miyasaka Y, Barnes ME, Gersh BJ, Cha SS, Bailey KR, Abhayaratna 
WP, et al. Secular trends in incidence of atrial fibrillation in Olmsted 
County, Minnesota, 1980 to 2000, and implications on the projections 
for future prevalence. Circulation. 2006;114(2): 119–25.

4.	 Heeringa J, van der Kuip DA, Hofman A, Kors JA, van Herpen G, Stricker 
BH, et al. Prevalence, incidence and lifetime risk of atrial fibrillation: 
the Rotterdam study. Eur Heart J. 2006;278(8):949–53.

5.	 Naccarelli GV, Varker H, Lin J, Schulman KL. Increasing prevalence 
of atrial fibrillation and flutter in the United States. Am J Cardiol. 
2009;104(11):1534–9.

6.	 Lloyd-Jones DM, Wang TJ, Leip EP, Larson MG, Levy D, Vasan RS, et 
al. Lifetime risk for development of atrial fibrillation: the Framingham 
Heart Study. Circulation. 2004;110(9):1042–6.

7.	 Kirchhof P, Auricchio A, Bax J, Crijns H, Camm J, Diener HC, et al. 
Outcome parameters for trials in atrial fibrillation: executive summary. 
Recommendations from a consensus conference organized by the German 
Atrial Fibrillation Competence NETwork (AFNET) and the European 
Heart Rhythm Association (EHRA). Eur Heart J. 2007;28(22):2803–17.

8.	 Stewart S, Hart CL, Hole DJ, McMurray JJ. A population-based study of 
the long-term risks associated with atrial fibrillation: 20-year follow-up 
of the Renfrew/Paisley study. Am J Med. 2002; 113(5):359–64.

9.	 Hylek EM, Go AS, Chang Y, Jensvold NG, Henault LE, Selby JV, et al. 
Effect of intensity of oral anticoagulation on stroke severity and mortality 
in atrial fibrillation. N Engl J Med. 2003; 349(11):1019–26.

10.	 Knecht S, Oelschlager C, Duning T, Lohmann H, Albers J, Stehling C, 
et al. Atrial fibrillation in stroke-free patients is associated with memory 
impairment and hippocampal atrophy. Eur Heart J. 2008;29(17):2125–32.

11.	 Kempster PA, Gerraty RP, Gates PC.  Asymptomatic cerebral infarction 
in patients with chronic atrial fibrillation. Stroke. 1988, 19(8):955-7.

12.	 Santangeli P, Di Biase L, Bai R, Mohanty S, Pump A,  Cereceda Brantes 
M, et al. Atrial fibrillation and the risk of incident dementia: A meta-
analysis. Heart Rhythm. 2012; 9(11):1761-8.

13.	 Friberg L, Hammar N, Rosenqvist M. Stroke in paroxysmal atrial 
fibrillation: report from the Stockholm Cohort of Atrial Fibrillation. Eur 
Heart J. 2010; 31(8): 967–75.

14.	 Savelieva I, Paquette M, Dorian P, Lüderitz B, Camm AJ.  Quality of 
life in patients with silent atrial fibrillation.  Heart. 2001; 85(2): 216–7.

15.	 Dorian P, Jung W, Newman D, Paquette M, Wood K, Ayers GM, et al. The 
impairment of health-related quality of life in patients with intermittent 
atrial fibrillation: implications for the assessment of investigations of 
therapy.  J Am Coll Cardiol. 2000; 36(4): 1303-9.

16.	 Gentlesk PJ, Sauer WH, Gerstenfeld EP, Lin D, Dixit S, Zado E, et 
al.  Reversal of left ventricular dysfunction following ablation of atrial 
fibrillation.  J Cardiovasc Electrophysiol. 2007; 18(1): 9-14. 

17.	 Wijffels MC, Kirchhof CJ, Dorland R, Allessie MA. Atrial fibrillation 
begets atrial fibrillation.  a study in awake chronically instrumented 
goats.  Circulation. 1995; 92(7): 1954-68.  



©  The Ulster Medical Society, 2013.

140 The Ulster Medical Journal

www.ums.ac.uk

18.	 Haïssaguerre M, Jaïs P, Shah DC, Takahashi A, Hocini M, Quiniou G, et 
al.  Spontaneous initiation of atrial fibrillation by ectopic beats originating 
in the pulmonary veins.  N Engl J Med. 1998; 339(10):659-66

19.	 Hnatkova K, Waktare JEP, Murgatroyd FD, Guo X, Baiyan X, Camm 
AJ, Malik M.  Analysis of the cardiac rhythm preceding episodes of 
paroxysmal atrial fibrillation.  Am Heart J. 1998; 135(6 Pt 1):1010-9

20.	 Schotten U, Duytschaever M, Ausma J, Eijsbouts S, Neuberger HR, 
Allessie M.  Electrical and contractile remodelling during the first days 
of atrial fibrillation go hand in hand. Circulation. 2003; 107(10):1433-9. 

21.	 Jahangir A, Lee V, Friedman PA, Trusty JM, Hodge DO, Kopecky 
SL, et al. Long-term progression and outcomes with aging in patients 
with lone atrial fibrillation: a 30-year follow-up study. Circulation.  
2007;115(24):3050– 6. 

22.	 European Heart Rhythm Association; European Association for Cardio-
Thoracic Surgery, Camm AJ, Kirchhof P, Lip GY, Schotten U, Savelieva 
I, Ernst S, et al. Guidelines for the management of atrial fibrillation: the 
Task Force for the Management of Atrial Fibrillation of the European 
Society of Cardiology (ESC). Eur Heart J. 2010;31(19):2369-429

23.	 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(2): 263-72 

24.	 Stott DJ, Dewar RI, Garratt C J, Griffith KE, Harding NJ, James M A, 
et al., Royal College of Physicians of Edinburgh.  RCPE UK Consensus 
Conference. Approaching the comprehensive management of atrial 
fibrillation: evolution or revolution?  J Roy Coll Physicians Edinb. 
2012; 42 (Suppl 18).

25.	 ACTIVE Investigators, Connolly SJ, Pogue J, Hart RG, Hohnlose SH, 
Pfeffer M, Chrolavicius S, et al. Effect of clopidogrel added to aspirin 
in patients with atrial fibrillation.  N Engl J Med. 2009; 360(20):2066-78

26.	 ACTIVE Writing Group of the ACTIVE Investigators,  Connolly SJ, 
Pogue J, Hart RG, Hohnlose SH, Pfeffer M, Chrolavicius S, 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(9526): 1903–12 

27.	 Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J, Parekh 
A, et al. RE-LY Steering Committee and Investigators. Dabigatran 
versus warfarin in patients with atrial fibrillation. N Engl J Med. 
2009;361(12):1139–51  

28.	 Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, et al., 
ROCKET AF Investigators. Rivaroxaban versus warfarin in nonvalvular 
atrial fibrillation. N Engl J Med. 2011;365(10):883–91.

29.	 Connolly SJ, Eikelboom J, Joyner C, Diener HC, Hart R, Golitsyn S, 
et al., AVERROES Steering Committee and Investigators. Apixaban 
in patients with atrial fibrillation. N Engl J Med. 2011;364(9):806–17.    

30.	 Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek EM, Hanna M, 
et al. ARISTOTLE Committees and Investigators. Apixaban vs. warfarin 
in patients with atrial fibrillation. N Engl J Med. 2011;365(11):981–92.

31.	 Camm AJ, Lip GY, De Caterina S, Savelieva I, Atar D, Hohnloser SH, et 
al., ESC Committee for Practice Guidelines (CPG). 2012 focused update 
of the ESC Guidelines for the management of atrial fibrillation: an update 
of the 2010 ESC Guidelines for the management of atrial fibrillation 
Developed with the special contribution of the European Heart Rhythm 
Association.  Eur Heart J. 2012; 33(21): 2719–47

32.	 Lip GY, Larsen TB, Skjoth F, Rasmussen LH. Indirect comparisons of 
new oral anticoagulant drugs for efficacy and safety when used for stroke 
prevention in atrial fibrillation. J Am Coll Cardiol. 2012;60(8):738–46.

33.	 Roy D, Talajic M, Dorian P, Connolly S, Eisenberg MJ, Green M, et al. 
Amiodarone to prevent recurrence of atrial fibrillation.  Canadian Trial 
of Atrial Fibrillation Investigators. N Engl J Med. 2000; 342(13):913-20

34.	 Singh BN, Connolly SJ, Crijns HJ, Roy D, Kowey PR, Capucci A, et 
al. Dronedarone for maintenance of sinus rhythm in atrial fibrillation or 
flutter. N Engl J Med. 2007; 357(10): 987–99

35.	 Connolly SJ, Camm AJ, Halperin JL, Joyner C, Alings M, Amerena J, 
et al., PALLAS Investigators. Dronedarone in high-risk permanent atrial 
fibrillation. N Engl J Med 2011;365(24): 2268–76.

36.	 Medi C, Sparks PB, Morton JB, Kistler PM, Halloran K, Rosso R, et 
al. Pulmonary vein antral isolation for paroxysmal atrial fibrillation: 
results from long-term follow-up. J Cardiovasc Electrophysiol. 2011; 
22(24): 137–41

37.	 Ganesan AN, Shipp NJ, Brooks AG, Kuklik P,  Lau DH, Lim HS, et al.   
Long term outcomes of catheter ablation of atrial fibrillation: a systematic 
review and meta analysis.  J Am Heart Assoc. 2013; 2(2): e004549

38.	 Cosedis Nielsen J, Johannessen A, Raatikainen P, Hindricks G, 
Walfridsson H, Kongstad O, et al.   Radiofrequency ablation as 
initial therapy in paroxysmal atrial fibrillation.  N Engl J Med. 2012; 
367(17):1587-95

39.	 Wann LS, Curtis AB, January CT, Ellenbogen KA, Lowe JE, Estes 
NA, et al., ACCF/AHA/HRS Focused Update.  2011 ACCF/AHA/HRS 
focused update on the management of patients with atrial fibrillation 
(Updating the 2006 Guideline): a report of the American College of 
Cardiology Foundation/American Heart Association Task Force on 
Practice Guidelines. Circulation. 2011; 123(1): 104-23

40.	 Shah RU, Freeman JV, Shilane D, Wang PJ, Go AS, Hlatky MA.  
Procedural complications, rehospitalizations, and repeat procedures 
after catheter ablation for atrial fibrillation. J Am Coll Cardiol. 
2012;59(2):143–9 

41.	 Hoyt H, Bhonsale A, Chilukuri K, Alhumaid F, Needleman M, Edwards 
D, et al. Complications arising from catheter ablation of atrial fibrillation: 
temporal trends and predictors. Heart Rhythm. 2011;8(12):1869-74

42.	 Piccini JP, Sinner MF, Greiner MA, Hammill BG, Fontes JD, Daubert JP, 
et al.  Outcomes of Medicare beneficiaries undergoing catheter ablation 
for atrial fibrillation.  Circulation. 2012; 126(18): 2200-7

43.	 Cappato R, Calkins H, Chen SA, Davies W, Iesaka Y, Kalman J, et al. 
Updated worldwide survey on the methods, efficacy, and safety of catheter 
ablation for human atrial fibrillation. Circ Arrhythm Electrophysiol. 
2010;3(1):32–8

44.	 Sorgente A, Chierchia G, de Asmundis C, Sarkozy A, Capulzini, Brugada 
P.   Complications of atrial fibrillation ablation: when prevention is better 
than cure. Europace. 2011; 13(11):1526-32.

45.	 Holmes DR, Monahan KH, Packer D. Pulmonary vein stenosis 
complicating ablation for atrial fibrillation: clinical spectrum and 
interventional considerations. JACC Cardiovasc Interv. 2009;2(4):267-76

46.	 Wyse DG, Waldo AL, DiMarco JP, Domanski MJ, Rosenberg Y, Schron 
EB, et al., Atrial Fibrillation Follow-up Investigation of Rhythm 
Management (AFFIRM) Investigators. A comparison of rate control 
and rhythm control in patients with atrial fibrillation. N Engl J Med. 
2002;347(23):1825–33

47.	 Van Gelder IC, Groenveld HF, Crijns HJ, Tuininga YS, Tijssen JG, 
Alings AM, et al. Lenient versus strict rate control in patients with atrial 
fibrillation. N Engl J Med. 2010;362(15): 1363-73.


