




Circumferential PV ablation is a purely anatomical approach
that does not require the endpoint of electrical disconnection
of the encircled area. Since no simultaneous mapping within
the PVs is performed, only a single trans-septal puncture is
required. No waiting time is required after successful isolation,
thereby shortening the procedure time. Using this technique,
up to 45% of PVs are not isolated, PV–LA conduction persists,
and PVs remain potentially arrhythmogenic. In addition, organized
arrhythmias are more common after this type of ablation. A
recent study reports that incomplete encircling lesions (‘gaps’)
were the most predictive factor for the development of
organized arrhythmias. This finding argues further in favour of
achieving complete lesions.

Endpoint of pulmonary vein isolation
A recent expert consensus stated that ablation strategies that
target the PVs and/or the PV antrum are the cornerstone for
most AF ablation procedures. If the PVs are targeted, complete
electrical PV isolation should be the goal of the procedure.33 For
such procedures, complete isolation of all PVs is currently the
most accepted and best endpoint. Further evidence of the need
for PV isolation is provided by studies that have evaluated AF
recurrence after ablation and demonstrated that the majority of
patients with AF recurrence demonstrate PV re-connection.
Repeat PV isolation has been associated with the elimination of
all AF in up to 90% of selected patients during short- to medium-
term follow-up.

Despite exclusion of triggers initiating AF, most patients with
persistent or long-standing persistent AF may need additional sub-
strate modification. The conceptual basis for substrate modifi-
cation by compartmentalization of the atria is based on the
multiple wavelet hypothesis (see Section 2.2.2). Linear ablation is
performed connecting anatomical or functional electrical obstacles
in order to transect these regions and thereby prevent re-entry. A
variety of different linear configurations have been investigated;
however, prediction of which line is more suitable in a given
patient remains elusive.

Linear ablation lesions may need to be transmural in order to
accomplish complete conduction block. This is often difficult to
achieve.

Alternative ablation technologies and energy sources for pulmonary vein
isolation
To overcome the limitation of sequential, ‘point-by-point’ lesion
creation and the imminent risk of incomplete lesion formation,
several ‘single-shot’ devices have been proposed to achieve PV iso-
lation, ideally with one (or few) energy application. Different
devices either on the basis of balloon technology, or expandable
circumferential or mesh designs, have been studied, mostly in
patients with paroxysmal AF in the absence of structural heart
disease or significant dilatation of the left atrium. While these
devices operate mostly using radiofrequency current in monopolar
or bipolar fashion, alternative energy sources are available, such as
cryothermia, ultrasound, and laser energy. Since no randomized
trial data yet exist, superiority over the ‘conventional’ sequential
ablation has not been demonstrated. Potentially causing excessive
collateral damage such as atrio-oesophageal fistula formation, all of
these devices still have to be shown to be ‘safe and simple’.

Right atrial flutter ablation
Any clinical evidence of common atrial flutter should prompt the
placement of a linear lesion to produce bidirectional block in the
inferior right atrial isthmus connecting the tricuspid annulus to
the inferior caval vein as an additional step during catheter ablation
of AF.

Alternative techniques for substrate modification
Atrial tissue generating complex fractionated atrial electro-
grams (CFAEs) has been ablated, without any attempt to isolate
the PVs. While reports from single centres are favourable, pro-
spective randomized trials have not shown benefit. Interestingly,
arrhythmia recurrences after such procedures are dominated by
arrhythmias originating in the PVs. Several groups have described
radiofrequency ablation of ganglionic plexi as an add-on to PV
isolation. The value of this technique is not yet established.

Complications
Catheter ablation of AF is associated with significant complications
(Table 17).129 –131 Major complications are defined as those that
result in permanent injury or death, require intervention for
treatment, or prolong or require hospitalization. It must be empha-
sized that rarer complications with significant sequelae can also
occur, especially when using energy sources other than
radiofrequency.

Follow-up considerations
Anticoagulation. Initially post-ablation, LMWH or i.v. UFH should
be used as a bridge to resumption of systemic anticoagulation,
which should be continued for a minimum of 3 months,136

although some centres do not interrupt anticoagulation for the
ablation procedure. Thereafter, the individual stroke risk (see
Section 4.1) of the patient should determine whether oral antic-
oagulation should be continued. Discontinuation of warfarin
therapy post-ablation is generally not recommended in patients
at risk for stroke (see Section 4.1), as AF is a chronically progres-
sing arrhythmia, especially in patients at risk for stroke (see
Section 3).
Monitoring for atrial fibrillation recurrences. The assessment of clinical
mid- and long-term outcome after AF ablation remains a subject of
discussion. Symptom-based follow-up may be sufficient, as
symptom relief is the main aim of AF ablation. To obtain infor-
mation to compare success rates following different procedures
and to improve ablation techniques, systematic, standardized
ECG monitoring is needed.3 Expert consensus recommends an
initial follow-up visit at 3 months, with 6 monthly intervals there-
after for at least 2 years.33 The true recurrence rate will be mark-
edly underestimated (see Section 3.4).

Results of meta-analysis and randomized trials of ablation vs. anti-
arrhythmic medication
Although medical therapy remains the foundation of the treatment
of AF, catheter ablation is assuming an increasingly greater role. A
recent meta-analysis found a 77% success rate for catheter ablation
strategies vs. 52% for antiarrhythmic medication.131 Similar results
have been reported in other meta-analyses,134,140,141 one of which
showed that PV isolation for paroxysmal or persistent AF was
associated with markedly increased odds of freedom from AF at
1 year (OR 9.74; 95% CI 3.98–23.87; P ,0.001).140
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Several prospective multicentre trials have now confirmed the
superiority of catheter ablation compared with antiarrhythmic
medication. Many patients enrolled in the ablation arms under-
went multiple procedures, underlining the current limitations of
the procedure. Besides reconnection of previously isolated PVs,
iatrogenic atrial re-entrant tachycardia due to incomplete lines
of ablation is the major cause of post-ablation arrhythmia,
which may require another ablation procedure. Results from
ongoing prospective multicentre trials in patient subgroups such
as AF in congestive heart failure [e.g. Catheter Ablation versus
STandard conventional treatment in patients with LV dysfunction
and Atrial Fibrillation (CASTLE-AF), AF Management In Conges-
tive heart failure with Ablation (AMICA)] are still pending.
There is no evidence so far that successful AF ablation will
result in reduced mortality, but a large prospective worldwide
trial is already underway [Catheter Ablation versus Anti-
arrhythmic Drug Therapy for Atrial Fibrillation (CABANA)]. It
is conceivable that AF ablation embedded in a comprehensive
rhythm control intervention is most effective and most beneficial
when performed early during the course of disease.23 The clinical
benefit of such an ‘early rhythm control therapy’ is tested in the
Early treatment of Atrial fibrillation for Stroke prevention Trial
(EAST). Both trials are expected to report in 2015.

4.3.5.3 Surgical ablation
AF is an independent risk factor for poor outcome after cardiac
surgery and is associated with higher perioperative mortality, par-
ticularly in patients with LVEF of .40%.139 Preoperative AF is a
marker for increased surgical risk of mitral repair, and predicts
late adverse cardiac events and stroke. Although the independent
contribution of AF to late survival is uncertain, restoration of sinus
rhythm improves outcome.139 Compared with catheter-based
techniques, surgical ablation can easily achieve complete isolation
with transmural lesions and also allows LAA exclusion/excision.

Surgical incisions
‘Cut-and-sew’ techniques are used to isolate the PVs, extending to
the mitral annulus, right and LAAs, and coronary sinus. The tech-
nique is known as the ‘maze procedure’ in reference to the
complex branching passage through which the sinoatrial node
impulse finds a route to the atrioventricular node.

Freedom from AF is 75–95% up to 15 years after the pro-
cedure. In patients with mitral valve disease, valve surgery alone
is unsuccessful in reducing recurrent AF or stroke, but a concomi-
tant maze procedure produces similar outcomes compared with
patients in sinus rhythm and has favourable effects on restoration
of effective LA contraction.

The procedure is complex, with risk of mortality and significant
complications, and consequently has been sparsely adopted.143,144

Surgical PV isolation is effective in restoring sinus rhythm in perma-
nent AF associated with mitral valve disease.

Alternative energy sources
Alternative energy sources can replicate the maze lines of atrial
conduction block without surgical incision, permitting faster and
less invasive procedures without need of heart arrest. In small,
randomized studies, these techniques demonstrate increased
rates of sinus rhythm and walking distance, and reduced plasma
brain natriuretic peptide concentrations and stroke rate.140

Radiofrequency: sinus rhythm is restored in �85% of cases at
1 year and 52% at 5 years. The duration of AF and the LA size are
predictive of recurrence.

Cryoablation induces transmural lesions by freezing atrial
tissue. Freedom from AF is 87% at 1 year.

High-intensity focused ultrasound results in deep heating,
coagulation necrosis, and conduction block. Freedom from AF or
flutter is 86% at 18 months.

Factors reducing success of the procedure include large LA size,
advanced age, longer duration of AF (permanent vs. paroxysmal
AF), hypertension, and sleep apnoea.33

Other advances, including thoracoscopic access and video assist-
ance, show promise but have not been formally compared against
stand-alone surgical treatment of AF.

Role of the autonomic nervous system
Ganglionated plexus ablation and vagal denervation are methods
for controlling or curing paroxysmal AF. Long-term success is
not yet established and initial studies show no advantage over
PV isolation alone.

Treatment after surgical ablation
Reverse remodelling takes place after surgical ablation and is fre-
quently complicated by arrhythmia. Antiarrhythmic and anticoagu-
lation drugs are continued for at least 3 months and withdrawal is
based on clinical, ECG, and echocardiographic assessment at 3-, 6-,
and 12-month follow-up.

4.4 Upstream therapy
Upstream therapy to prevent or delay myocardial remodelling
associated with hypertension, heart failure, or inflammation (e.g.
after cardiac surgery) may deter the development of new AF
(primary prevention) or, once established, its rate of recurrence
or progression to permanent AF (secondary prevention).143

Recommendations for surgical ablation of AF

Recommendations Classa Levelb Ref.c

Surgical ablation of AF should 
be considered in patients with 
symptomatic AF undergoing cardiac 
surgery.

IIa A
139, 

141, 142

Surgical ablation of AF may be per-
formed in patients with asymptoma-
tic AF undergoing cardiac surgery if 
feasible with minimal risk.

IIb C

Minimally invasive surgical ablation 
of AF without concomitant cardiac 
surgery is feasible and may be per-
formed in patients with symptomatic 
AF after failure of catheter ablation.

IIb C

aClass of recommendation.
bLevel of evidence.
cReferences.
AF ¼ atrial fibrillation.

ESC Guidelines2412

 by guest on January 6, 2014
http://eurheartj.oxfordjournals.org/

D
ow

nloaded from
 

http://eurheartj.oxfordjournals.org/
http://eurheartj.oxfordjournals.org/


Treatments with angiotensin-converting enzyme inhibitors
(ACEIs), angiotensin receptor blockers (ARBs), aldosterone antag-
onists, statins, and omega-3 polyunsaturated fatty acids (PUFAs)
are usually referred to as ‘upstream’ therapies for AF.

4.4.1 Angiotensin-converting enzyme inhibitors and
angiotensin receptor blockers
ACEIs and ARBs inhibit the arrhythmogenic effects of angiotensin
II, which include stimulation of atrial fibrosis and hypertrophy,
uncoupling gap junctions, impaired calcium handling, alteration of
ion channels, activation of mediators of oxidative stress, and pro-
motion of inflammation. There is good experimental evidence of
antifibrillatory and antifibrotic actions of ACEIs and ARBs in
various AF models.144,145

Primary prevention
Congestive heart failure. Several retrospective analyses from

large randomized trials in LV dysfunction and heart failure have
reported a lower incidence of new-onset AF in patients treated
with ACEIs and ARBs compared with placebo. Several
meta-analyses of these studies have shown a significant 30–48%
reduction in risk of AF associated with ACEI and ARB thera-
pies.145– 148 This benefit of ACEIs and ARBs is less evident in
patients with heart failure and preserved systolic function.149

Hypertension. In meta-analyses, the overall trend was in
favour of ACEI- or ARB-based therapy, but only one meta-analysis
has shown a statistically significant 25% reduction in RR of incident
AF.147 This trend was mainly driven by a marked 33% reduction in
the incidence of new-onset AF observed with losartan compared
with atenolol (6.8 vs. 10.1 per 1000 person-years) in the Losartan
Intervention for Endpoint reduction in hypertension (LIFE) study,
which enrolled patients with LV hypertrophy.150 Nevertheless,
subsequent reports from the Valsartan Antihypertensive Long-
term Use Evaluation (VALUE) trial151 and two retrospective ana-
lyses from administrative databases in the USA and the UK have
suggested that ACEI- or ARB-based treatment for hypertension
can delay the occurrence of AF, including the usual care setting.

Cardiovascular risk factors. The effects are less clear in
patients with multiple risk factors including hypertension, diabetes
mellitus, coronary artery disease, cerebrovascular disease, PAD,
hypercholesterolaemia, etc., such as those enrolled in the Heart
Outcomes Prevention Evaluation (HOPE) and Telmisartan Ran-
domized Assessment Study in ACE Intolerant Subjects with Cardi-
ovascular Disease (TRANSCEND) trials.143 In these trials, ramipril
and telmisartan, respectively, had no protective effect on new-
onset AF compared with placebo.

Secondary prevention
Several relatively small prospective randomized controlled trials
have demonstrated that therapy with ACEIs or ARBs conferred
an additional benefit on risk of recurrent AF after cardioversion
when co-administered with antiarrhythmic drug therapy, usually
amiodarone, compared with an antiarrhythmic drug alone152,153.
Meta-analyses driven by these studies have reported a significant
45–50% reduction in RR of recurrent AF.145 – 148 Conversely, a
double-blind, placebo-controlled study—Candesartan in the Pre-
vention of Relapsing Atrial Fibrillation (CAPRAF)—failed to

demonstrate any benefit of therapy with candesartan for pro-
motion of sinus rhythm after cardioversion in patients who did
not receive antiarrhythmic drug therapy.154

Evidence to support the use of ACEIs or ARBs in patients with
paroxysmal or persistent AF who are not undergoing electrical
cardioversion remains controversial. The results of randomized
controlled trials in patients with hypertension have pointed to a
lower incidence of recurrent paroxysmal AF with ARB- or ACEI-
based therapy compared with atenolol or amlodipine or when
added to amiodarone.145 Several relatively small studies have
reported some benefit from ACEI/ARB treatment in patients
with minor underlying cardiac pathology (mainly hypertension
without LV hypertrophy) and paroxysmal or recent-onset persist-
ent AF.155,156

However, the largest secondary prevention study, Gruppo Ita-
liano per lo Studio della Sopravvivenza nell’Insufficienza cardiaca
Atrial Fibrillation (GISSI-AF), in 1442 patients with cardiovascular
risk factors (mainly hypertension, 85%) and paroxysmal or recently
cardioverted persistent AF, demonstrated no effect of valsartan
added on top of optimal medical therapy (including antiarrhythmic
drugs and ACEIs) on the primary endpoint of time to first AF
recurrence (HR 0.99; 95% CI 0.85–1.15; P ¼ 0.84) and the
number of patients with more than one AF recurrence (26.9%
vs. 27.9%) compared with placebo at 1-year follow-up.157 There
was also no added benefit from valsartan in a small proportion
of patients without co-existing cardiovascular disease but with
dilated left atria.

The preliminary results of the Japanese Rhythm Management
Trial for Atrial Fibrillation (J-RHYTHM) II study in 318 patients
with hypertension and paroxysmal AF showed no benefit of treat-
ment with candesartan compared with amlodipine on the fre-
quency and duration of AF recurrence detected by daily
transtelephonic monitoring or progression to persistent AF (8%
vs. 14%) during 1 year of follow-up. Retrospective analyses have
found no beneficial effect of therapy with ACEIs or ARBs on recur-
rent AF after PV ablation.

Effects on major cardiovascular outcomes
An important observation from the LIFE study was that, compared
with atenolol, losartan-based therapy improved major cardiovascu-
lar outcomes in patients with AF. Thus, the occurrence of the
primary composite endpoint of cardiovascular mortality, stroke,
and myocardial infarction was reduced by 42%, as were its com-
ponents (42% reduction in cardiovascular death and 45% reduction
in stroke), and there was a trend towards lower all-cause mortality.
However, neither the VALUE151 nor the GISSI-AF157 study has
shown improved outcome with ARB-based therapy compared
with amlodipine or placebo. In the Atrial fibrillation Clopidogrel
Trial with Irbesartan for Prevention of Vascular Events–Irbesartan
arm (ACTIVE I) in 9016 patients with AF and risk factors, therapy
with irbesartan did not reduce the primary composite endpoint of
stroke, myocardial infarction, and vascular death, but significantly
reduced hospitalizations for heart failure.

In summary, there is a sustained reduction in new-onset AF in
patients with significant underlying heart disease (e.g. LV dysfunction
and hypertrophy) treated with ACEIs or ARBs, but evidence is less
robust in patients with moderate structural heart disease and
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recurrent AF. No superiority of one class of renin–angiotensin–
aldosterone system inhibitors over another has been convincingly
demonstrated.146,147,155 The antiarrhythmic effect of ACEIs and
ARBs on AF either as a primary endpoint or as part of larger mortality
and morbidity studies will be assessed in several ongoing trials.

4.4.2 Aldosterone antagonists
Patients with primary hyperaldosteronism have a 12-fold higher
risk of developing AF than their matched counterparts with essen-
tial hypertension. Increased aldosterone levels have been reported
in patients with AF. Pre-treatment with spironolactone in a dog AF
model reduced the amount of atrial fibrosis and inducibility of AF.
The role of aldosterone antagonists has not been specifically
studied in humans, but preliminary data suggest that spironolac-
tone reduces the incidence of recurrent AF after electrical cardio-
version in patients with hypertension and mild LV dysfunction.
Several trials with spironolactone and eplerenone are ongoing.

4.4.3 Statins
Inflammation can be a key mechanism for some forms of AF.
Increased levels of C-reactive protein and inflammatory cytokines
(interleukin-1b and 6, and tumour necrosis factor-a) in patients
with new-onset or recurrent AF have been reported in epidemio-
logical and observational studies.

The preventive effect of statins on AF is thought to be the net
benefit derived from improvement of lipid metabolism and preven-
tion of process of atherosclerosis, anti-inflammatory and antioxi-
dant actions, reduction of endothelial dysfunction and
neurohormonal activation, altered membrane fluidity, and ion
channel conductance.158 Statins are employed in regulating the
variety of metalloproteinases, the effect that may play the role in
regulating structural remodelling associated with AF, e.g. dilatation
and fibrosis. In animal models of AF, statins have been demon-
strated to attenuate electrical and structural atrial remodelling
and reduce inducibility of AF.159

Primary prevention
High-quality studies of statins in AF are sparse, and most evidence
comes from the observational studies and retrospective ana-
lyses.159 Some studies, particularly in patients with LV dysfunction
and heart failure, have shown a 20–50% reduction in the incidence
of new-onset AF, but reports in patients with hypertension, coron-
ary artery disease, and ACS were less consistent, although the
overall trend was in favour of statin use.159 There is evidence
that statins may reduce the occurrence of AF in patients with per-
manent pacemakers by 57%, but the studies were retrospective
and too small to support the use of statins specifically for preven-
tion of AF in pacemaker patients.160

Post operative atrial fibrillation. Several retrospective, obser-
vational, and randomized controlled studies,159 including the Ator-
vastatin for Reduction of MYocardial Dysrhythmia After cardiac
surgery (ARMYDA-3) trial161 and a recent systematic review,162

have reported a lower incidence of post-operative AF in associ-
ation with statin therapy. However, several large retrospective ana-
lyses reported no reduction in the incidence of post-operative AF
and even hinted at their proarrhythmic potential. Nevertheless,

Recommendations for primary prevention of AF with
‘upstream’ therapy

Recommendations Classa Levelb Ref.c

ACEIs and ARBs should be 
considered for prevention of new-
onset AF in patients with heart 
failure and reduced ejection fraction.

IIa A 145–149

ACEIs and ARBs should be consi-
dered for prevention of new-onset 
AF in patients with hypertension, 
particularly with left ventricular 
hypertrophy.

IIa B 147, 150,
151

Statins should be considered for 
prevention of new-onset AF after 
coronary artery bypass grafting, 
isolated or in combination with
valvular interventions.

IIa B 161, 162

Statins may be considered for pre-
vention of new-onset AF in patients 
with underlying heart disease, 
particularly heart failure.

IIb B 164, 165

Upstream therapies with ACEIs, 
ARBs, and statins are not recom-
mended for primary prevention of 
AF in patients without cardiovascu-
lar disease. 

III C

aClass of recommendation.
bLevel of evidence.
cReferences.
ACEI ¼ angiotensin-converting enzyme inhibitor; AF ¼ atrial fibrillation; ARB ¼
angiotensin receptor blocker.

Recommendations for secondary prevention of AF with
‘upstream’ therapy

with recurrent AF undergoing 
electrical cardioversion       receiving
antiarrhythmic drug therapy.

Recommendations Classa Levelb Ref.c

Pre-treatment with ACEIs and ARBs 
may be considered in patients 

IIb B
145–147, 
152–153

ARBs or ACEIs may be useful for 
prevention of recurrent paroxysmal 
AF or in patients with persistent 
AF in the absence of significant 
structural heart disease if these 
agents are indicated for other
reasons (e.g. hypertension). 

IIb B
145,

155–156

and

aClass of recommendation.
bLevel of evidence.
cReferences.
ACEI ¼ angiotensin-converting enzyme inhibitor; AF ¼ atrial fibrillation; ARB ¼
angiotensin receptor blocker.

ESC Guidelines2414

 by guest on January 6, 2014
http://eurheartj.oxfordjournals.org/

D
ow

nloaded from
 

http://eurheartj.oxfordjournals.org/
http://eurheartj.oxfordjournals.org/


with all studies in the surgical setting pooled together (three ran-
domized controlled trials and 10 observational studies including a
total of 17 643 patients), the OR for any AF was 0.78 (95% CI
0.67–0.90; P ,0.001) and 0.66 (95% CI 0.51–0.84; P ,0.001)
for new-onset AF in favour of statins.162 A dose-dependent
effect of statins was observed.

Secondary prevention
Statins have been reported to be more effective for prevention of
paroxysmal AF or recent-onset AF than in patients with recurrent
persistent AF or after LA ablation.159 Randomized controlled trials
showed no benefit from statin therapy after cardioversion.163

Consequently, meta-analyses of the efficacy of statins in
prevention of AF in different clinical settings have yielded different
results depending on the type of studies and study popu-
lations.164,165 The greatest effect was seen in earlier, observational
studies.

In summary, evidence in support of the use of statins for primary
or secondary prevention of AF, except for post-operative AF, is
insufficient to produce any robust recommendation. There is as
yet no consensus regarding the intensity and duration of treatment
and type of statins.

4.4.4 Polyunsaturated fatty acids
Omega-3 or n-3 PUFAs (mainly eicosapentaenoic acid and doco-
sahexaenoic acid) are universal constituents of biological mem-
branes, where they produce a stabilizing effect, counteract
stretch-induced shortening of cardiac refractoriness, reduce mem-
brane fluorescence anisotropy by increasing membrane fluidity,
and reduce oxidative stress.161 In addition, PUFAs produce
direct electrophysiological effects on several ion channels, includ-
ing the sodium and ultra-rapid potassium currents, and the
sodium–calcium exchanger. In experiments, PUFAs reduced
atrial electrical remodelling and attenuated structural changes in
the atria.159

Primary prevention
General population. Reports from epidemiological studies

have been controversial.159 While the Cardiovascular Health
Study and Kuopio Ischaemic Heart Disease Risk Factor Study
have reported significant reductions in risk of AF by 30–35%
associated with greater intake of PUFAs, other large, population-
based studies failed to reproduce these results. There is limited
evidence to suggest that the preventive effect on AF may
depend on the use of a specific acid, e.g. docosahexaenoic acid.

Post-operative AF. Although the initial reports from two
open-label studies have suggested that treatment with PUFAs
was associated with a significantly lower incidence of AF after cor-
onary artery bypass grafting, these results have not been repro-
duced in double-blind, placebo-controlled, randomized
controlled trials.166,167 There was no difference in time spent in
AF and length of hospital stay between groups.

Secondary prevention
There is limited evidence of the efficacy of PUFAs in secondary
prevention in AF, and the results are controversial. One retrospec-
tive analysis has shown that the use of PUFA supplements was

associated with a lower incidence of AF recurrence after PV iso-
lation. The preliminary results from two small size randomized
controlled trials have demonstrated no effect of treatment with
PUFAs starting 1–4 weeks before electrical cardioversion on the
subsequent recurrence rate during 6 months to 1-year follow-up.
Several prospective, randomized clinical trials are under way.
At present, there is no robust evidence to make any recommen-
dation for the use of PUFAs for primary or secondary prevention
of AF.

Recommendations for rate control during AF with
heart failure

Recommendations Classa Levelb Ref.c

β-Blockers are recommended as 
first-line therapy to control the 
ventricular rate in patients with 
heart failure and low LVEF.

I A 169, 171

Where monotherapy is inadequate 
for heart rate control, digoxin should 
be added.

I B 171, 172

In haemodynamically unstable 
patients with acute heart failure 
and low LVEF, amiodarone is 
recommended as the initial 
treatment.

I B 173

If an AP is excluded, digoxin is 
recommended as an alternative to 
amiodarone to control the heart 
rate in patients with AF and acute 
systolic heart failure.

I C

AV node ablation should be 
considered to control the heart 
rate when other measures are 
unsuccessful or contraindicated in 
patients with permanent AF and an 
indication for CRT (NYHA class 
III–IV, LVEF <35%, and QRS width 
>130 ms).

IIa B
105, 

109, 110, 
174

In patients with heart failure and
preserved LVEF, a non-dihydropyridine 
calcium channel antagonist may be 
considered.

IIb C

A β-blocker may be considered 
as an alternative to a non-
dihydropyridine calcium  channel 
antagonist in heart failure with 
preserved ejection fraction.

IIb C

A non-dihydropyridine calcium 
channel antagonist is not 
recommended to control the heart 
rate in patients with systolic heart 
failure.

III C

aClass of recommendation.
bLevel of evidence.
cReferences.
AF ¼ atrial fibrillation; AP ¼ accessory pathway; AV ¼ atrioventricular; CRT ¼
cardiac resynchronization therapy; LVEF ¼ left ventricular ejection fraction;
NYHA ¼ New York Heart Association.
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5. Specific populations

5.1 Heart failure
Several mechanisms operating in heart failure can predispose to AF
by creating either a substrate or a trigger for this arrhythmia.44,168

AF constitutes a strong and independent risk factor for the devel-
opment of heart failure, and both conditions frequently co-exist,44

partly because of common risk factors.
Development of AF in a patient with heart failure often leads to

symptomatic deterioration, predisposes to episodes of worsening
heart failure, increases the risk of thrombo-embolic episodes, and
worsens long-term outcome. In the initial approach to heart failure
patients with AF, the following issues need to be considered:44

(1) Potential precipitating factors and secondary causes should be
identified and if possible corrected.

(2) Background heart failure treatment should be optimized.

As in other conditions in which ventricular rate control is required,
b-adrenoreceptor blockers are preferred over digitalis glycosides
due to their rate-controlling effect during exertion rather than
only at rest. A combination of digoxin and a b-blocker may be
more effective than a single drug for heart-rate control at rest.
Therapy with b-blockers alone or in combination with digoxin
was associated with lower mortality rates compared with treat-
ment with digoxin alone.169 b-Blockers have favourable effects
on mortality and morbidity in patients with systolic heart failure.
A recent meta-analysis also showed a 27% reduction in the inci-
dence of new-onset AF in patients with systolic heart failure
treated with b-blockers.170

Although diltiazem effectively controls excessive heart rate
during exercise, it adversely suppresses myocardial contraction
and increases the risk of heart failure. Nonetheless, for patients
with heart failure and preserved ejection fraction, these drugs
used in combination with digoxin appear to be more effective in
controlling heart rate over 24 h and during exercise than digoxin
or non-dihydropyridine calcium channel antagonist monotherapy.

The rhythm control strategy has not been shown to be superior
to rate control in heart failure patients with AF.90 Catheter-based
LA ablation procedures in heart failure patients may lead to
improvement in LV function, exercise tolerance, and quality of
life in selected patients (see Section 4.3.5.3).93,94

The prevention of thrombo-embolism is covered in Section 4.1,
but the presence of heart failure due to systolic dysfunction is itself
a risk factor for stroke and thrombo-embolism, and OAC therapy
is generally indicated when AF is present. The use of aspirin is not
recommended due to the increased risk of bleeding in combination
with OAC therapy and some evidence that aspirin may increase
the risk of hospitalizations for heart failure.

5.2 Athletes
In population-based studies, the intensity of physical activity
showed a U-shaped relationship with incident AF, which may indi-
cate that the positive antiarrhythmic effects of physical activity are
partially negated when exercise is too strenuous.177,178 There are
increasing data showing that AF is 2–10 times more prevalent in
active or former competitive athletes and those performing
intense recreational endurance sports.179,180 The reasons for this
association are probably both functional (increased sympathetic
activity, volume load during exercise, vagotonia at rest) and struc-
tural (atrial hypertrophy and dilatation). The role of
performance-enhancing drugs is largely unknown.

The therapeutic goal of rate control is difficult to reach in ath-
letes: b-blockers are not well tolerated (or are even prohibited
in some competitive sports), and digoxin or non-dihydropyridine
calcium antagonists will not be potent enough to slow heart rate
during exertional AF. When the heart rate during AF is acceptable
at maximal physical performance for a given athlete without signs
of haemodynamic impairment (dizziness, syncope, sudden fatigue),
(competitive) sports activity can be resumed.

Caution is necessary when using sodium channel-blocking drugs
as monotherapy in athletes with AF.181 These drugs may lead to
(slow) atrial flutter, with 1 to 1 conduction to the ventricles
during high sympathetic tone. Therefore, ablation of the flutter
circuit may be needed in athletes with documented atrial flutter.

Recommendations for rhythm control of AF in heart
failure

Recommendations Classa Levelb Ref.c

DCC is recommended when a rapid 
ventricular rate does not respond 
to pharmacological measures 
in patients with AF and ongoing 
myocardial ischaemia, symptomatic 
hypotension, or symptoms of 
pulmonary congestion.

I C

In patients with AF and severe 
(NYHA class III or IV) or recent 
(<4 weeks) unstable heart failure, 
the use of antiarrhythmic therapy 
to maintain sinus rhythm should be 
restricted to amiodarone.

I C

Administration of amiodarone 
is a reasonable option for 
pharmacological cardioversion 
of AF, or to facilitate electrical 
cardioversion of AF.

IIa B
46, 74, 
80, 175

In patients with AF and stable 
heart failure (NYHA class I, II) 
dronedarone should be considered 
to reduce cardiovascular 
hospitalizations.

IIa C

For patients with heart failure and 
symptomatic persistent AF despite 
adequate rate control, electrical 
cardioversion and rhythm control 
may be considered.

IIb B
90, 

93, 94, 
97, 176

Catheter ablation (pulmonary vein 
isolation) may be considered in 
heart failure patients with refractory 
symptomatic AF.

IIb B 93, 94

aClass of recommendation.
bLevel of evidence.
cReferences.
AF ¼ atrial fibrillation; DCC ¼ direct current cardioversion; NYHA ¼ New York
Heart Association.

ESC Guidelines2416

 by guest on January 6, 2014
http://eurheartj.oxfordjournals.org/

D
ow

nloaded from
 

http://eurheartj.oxfordjournals.org/
http://eurheartj.oxfordjournals.org/


Continuation of drug therapy for AF will often be required despite
successful ablation (‘hybrid therapy’).

In some athletes with paroxysmal AF, flecainide or propafenone
can be used for acute conversion (the ‘pill-in-the-pocket’ approach;
see Section 4.2.1.2.).67 These patients should refrain from sports as
long as the atrial arrhythmia persists and until one to two half-lives
of the antiarrhythmic drug have elapsed. In others, non-
pharmacological options such as catheter ablation can be
considered.182

Anticoagulation may be necessary depending on the presence of
risk factors for thrombo-embolic events (see Section 4.1).
However, anticoagulation cannot be used in individuals participat-
ing in sporting activities with a risk of bodily collision.

5.3 Valvular heart disease
AF frequently accompanies valvular heart disease. LA distension is
an early manifestation of progressive mitral valve disease, and the
presence of paroxysmal or permanent AF is an accepted indication
for early percutaneous or surgical mitral intervention.64 AF is also
frequently seen in later stages of aortic valve disease when LV dila-
tation and elevated end-diastolic pressure exert secondary effects
on LA function.

Management of AF follows conventional recommendations in
the setting of valvular heart disease, although a rate control strat-
egy is usually adopted because of the low likelihood of maintaining
sinus rhythm in the long term. Principal concerns surround the
high risk of thrombo-embolism in subjects with valvular heart
disease, and a low threshold for anticoagulation is recommended
(see Section 4.1).

5.4 Acute coronary syndromes
AF occurs in 2–21% of patients with ACS.49 The widespread use
of PCI, especially during the acute phase, has been associated
with a decline in the incidence of AF. Similarly, the use of ACEIs,
ARBs, or b-blockers early after acute myocardial infarction has
probably reduced the incidence of AF.49 AF is more commonly
associated with ACS in older patients and those with heart
failure, higher heart rates on admission, and LV dysfunction, and
is independent of the mode of reperfusion therapy (none, throm-
bolysis, or PCI).49 AF complicating ACS is associated with
increased in-hospital and long-term mortality, and increases the
risk of ischaemic stroke during hospitalization and follow-up.
Specific recommendations for the management of patients with
AF in the setting of ACS are based primarily on consensus, since
adequate trial data do not exist.

Urgent DCC may be considered in ACS patients presenting with
AF and intractable ischaemia or haemodynamic instability. I.v.
b-blocker or non-dihydropyridine calcium antagonist therapy
may be indicated for rate control in patients with ACS to reduce

Recommendations for AF in athletes

Recommendations Classa Levelb Ref.c

When a ‘pill-in-the-pocket’ approach 
with sodium channel blockers 
is used, sport cessation should 
be considered for as long as the 
arrhythmia persists, and until
1–2 half-lives of the antiarrhythmic 
drug used have elapsed.

IIa

Isthmus ablation should be 
considered in competitive or leisure-
time athletes with documented 
atrial flutter, especially when therapy 
with flecainide or propafenone is 
intended.

IIa C

C

Where appropriate, AF ablation 
should be considered to prevent 
recurrent AF in athletes.

IIa C

When a specific cause for AF is
identified in an athlete (such as
hyperthyroidism), it is not
recommended to continue
participation in competitive or
leisure time sports until correction
of the cause.  

III C

It is not recommended to allow
physical sports activity when
symptoms due to haemodynamic
impairment (such as dizziness)
are present.

III C

aClass of recommendation.
bLevel of evidence.
cReferences.
AF ¼ atrial fibrillation.

Recommendations for AF in valvular heart disease

Recommendations Classa Levelb Ref.c

OAC therapy (INR 2.0–3.0) is 
indicated in patients with mitral 
stenosis and AF (paroxysmal, 
persistent, or permanent).

I C

OAC therapy (INR 2.0–3.0) is 
recommended in patients with 
AF and clinically significant mitral 
regurgitation.

I C

Percutaneous mitral balloon 
valvotomy should be considered 
for asymptomatic patients with 
moderate or severe mitral stenosis 
and suitable valve anatomy who have 
new-onset AF in the absence of LA 
thrombus.

IIa C

Early mitral valve surgery should 
be considered in severe mitral 
regurgitation, preserved LV function, 
and new-onset AF, even in the 
absence of symptoms, particularly 
when valve repair is feasible.

IIa C

aClass of recommendation.
bLevel of evidence.
cReferences.
AF ¼ atrial fibrillation; INR ¼ international normalized ratio; LA ¼ left atrial; LV ¼
left ventricular; OAC ¼ oral anticoagulant.
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myocardial oxygen demand. Digoxin and/or i.v. amiodarone is an
appropriate alternative for patients with ACS associated with
severe LV dysfunction and heart failure. For details on anticoagula-
tion management of AF patients with ACS, as well as recommen-
dations, see Section 4.1.

5.5 Diabetes mellitus
Diabetes and AF frequently co-exist because of associations such
as coronary artery disease, hypertension, and LV dysfunction,
and possibly as a result of autonomic dysfunction and ion channe-
lopathy. Community studies demonstrate the presence of diabetes
in 13% of patients with AF. Diabetes is an independent risk factor
(RR 1.4–1.8) for incident AF. The presence of diabetes confers an
adverse prognosis in AF with an increase in death and cardiovascu-
lar events. A comprehensive approach to risk management, includ-
ing blood pressure control, statin therapy, etc., is desirable. The
significance of diabetes is recognized in each of the major stroke

risk stratification schemes, and antithrombotic therapy is rec-
ommended in diabetic subjects (see Section 4.1).

5.6 The elderly
The prevalence of AF is �10% at the age of 80 years, and 18% in
those aged ≥85 years. In the primary care setting, the Screening
for AF in the Elderly (SAFE) study43 found that opportunistic screen-
ing by the general practitioner, followed by an ECG when the pulse
was irregular, is as effective as systematic screening with an ECG.

All patients aged .75 years with AF have an individual yearly
risk of thrombo-embolism .4%, a level above which prescription
of a VKA is preferred unless there is too high a bleeding risk. Of
the individual components of the CHADS2 score, age ≥75
carries a worse prognosis for stroke and mortality, over hyperten-
sion, diabetes, or heart failure (see the CHA2DS2VASc score in
Section 4.1.1).

In general, VKA treatment is reasonably tolerated in the
elderly.56 Randomized controlled trials with VKA in AF have
shown sustained reductions in ischaemic stroke and cardiovascular
events, with only a slight increase in serious bleeds, resulting in a
clear positive net effect of VKA in the elderly, compared with
aspirin. In contrast, the beneficial effect of antiplatelet therapy on
ischaemic stroke appears to decrease with age and was no
longer apparent at the age of 77 years (see Section 4.1 for
recommendations).

DCC is little used in the elderly because sinus rhythm is often
difficult to maintain.183 For rate control, b-blockers and non-

Recommendations for AF in acute coronary syndrome

Recommendations Classa Levelb Ref.c

DCC is recommended for patients 
with severe haemodynamic 
compromise or intractable 
ischaemia, or when adequate rate 
control cannot be achieved with 
pharmacological agents in patients 
with ACS and AF.

I C

Intravenous administration of 
amiodarone is recommended to 
slow a rapid ventricular response to 
AF in patients with ACS.

I C

Intravenous β-blockers are 
recommended to slow a rapid 
ventricular response to AF in 
patients with ACS.

I C

Intravenous administration of 
non-dihydropyridine calcium 
antagonists (verapamil, diltiazem) 
should be considered to slow a 
rapid ventricular response to AF in 
patients with ACS and no clinical 
signs of heart failure.

IIa C

Intravenous administration of 
digoxin may be considered to slow 
a rapid ventricular response in 
patients with ACS and AF associated 
with heart failure.

IIb C

Administration of flecainide or 
propafenone is not recommended 
in patients with AF in the setting 
of ACS.

III B 124

aClass of recommendation.
bLevel of evidence.
cReferences.
AF ¼ atrial fibrillation, ACS ¼ acute coronary syndrome; DCC ¼ direct current
cardioversion.

Recommendations for diabetes mellitus

Recommendation Classa Levelb Ref.c

AF patients with diabetes are 
recommended to undergo full 
assessment and management of all 
cardiovascular risk factors, including 
blood pressure, lipids, etc.

I C

aClass of recommendation.
bLevel of evidence.
cReferences.
AF ¼ atrial fibrillation.

Recommendations for AF in the elderly

Recommendation Classa Levelb Ref.c

Every patient aged 65 years and 
older who attends their general 
practitioner should be screened by 
checking the pulse, followed by an 
ECG in case of irregularity.

I B 43

aClass of recommendation.
bLevel of evidence.
cReferences.
ECG ¼ electrocardiogram.
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dihydropyridine calcium channel antagonists are effective.
b-Blockers can be used cautiously for elderly patients with COPD.

An elderly patient with AF differs considerably from younger
patients:

† Fragile, multiple co-morbidities, including cardiovascular and
non-cardiac disease.

† High incidence and prevalence rates of AF.
† Higher thrombo-embolic and bleeding risks.
† Most often permanent and not recurrent (paroxysmal and/or

persistent) AF.
† Atypical symptoms and complaints are common.
† Less sensitive to sympathetic effects on ventricular response

rates in AF (‘aged’ conduction system).
† More sensitive to proarrhythmic effects of drugs (decreased

renal and hepatic function).
† More often underdiagnosed than in younger patients.

5.7 Pregnancy
AF is rare during pregnancy in women without previously detected
AF and without pre-existing heart disease. In patients with pre-
viously diagnosed AF, 52% experienced new episodes during preg-
nancy; in addition more foetal complications occur in those
women who develop arrhythmias during pregnancy. AF during
pregnancy is well tolerated in most patients without congenital
or valvular disease.

Rate control drugs
b-Blockers cross the placenta and are associated with various
adverse effects including intra-uterine growth retardation, neonatal
respiratory depression, bradycardia, and hypoglycaemia, especially
if treatment is initiated early in pregnancy (i.e. 12–24 weeks). In
pregnancies complicated by hypertension and treated with propra-
nolol, no congenital anomalies were seen,184 but growth retar-
dation has been reported. Atenolol given in the first trimester,
but not later, has been associated with foetal growth retardation.
A meta-analysis in patients with hypertension assessing risks of
b-receptor blockers in pregnancy found a borderline increase in
‘small for gestational age’ infants. Digoxin crosses the placenta
freely, and digitalis intoxication in the mother has been associated
with foetal death. Limited data exist for verapamil and diltiazem,
but oral use for rate control is generally safe.

Drugs for atrial fibrillation conversion
Flecainide has been used for converting foetal arrhythmias without
negative effects. Amiodarone has demonstrated negative foetal
effects when used in pregnant women, and should only be used in
urgent situations. All drugs should, if possible, be avoided during the
period of organogenesis in the first trimester of pregnancy.

Direct current cardioversion
Several case reports have demonstrated successful cardioversion
of maternal AF, without harm to the foetus. Energy requirements
in pregnant and non-pregnant women are similar.

Anticoagulation
VKA can be teratogenic and in many cases should be substituted
with UFH or LMWH for the first trimester.185 In one systematic
review, foetal malformations associated with warfarin occurred in

6.4% of cases when given throughout the pregnancy, compared
with no events when the treatment was changed to heparins
between weeks 6 and 12. Warfarin crosses the placenta freely,
and the foetus may be overdosed even when the mother is in
the therapeutic INR range.

Recommendations for AF in pregnancy

Recommendations Classa Levelb Ref.c

DCC can be performed safely 
at all stages of pregnancy, and is 
recommended in patients who are 
haemodynamically unstable due 
to AF, and whenever the risk of 
ongoing AF is considered high, for 
the mother or for the foetus.

I C

Protection against 
thrombo-embolism is recommended 
throughout pregnancy in AF patients 
with a high thrombo-embolic risk; 
the choice of agent (heparin or 
warfarin) should be made according 
to the stage of pregnancy.

I C

Administration of an oral VKA is 
recommended from the second 
trimester, until 1 month before 
expected delivery.

I B 185

Subcutaneous administration 
of LMWH in weight-adjusted 
therapeutic doses is recommended 
during the first trimester and 
during the last month of pregnancy. 
Alternatively, UFH may be given, 
to prolong the activated partial 
thromboplastin time to 1.5 times 
the control. 

I B 185

If rate control is necessary, a 
β-blocker or a non-dihydropyridine 
calcium channel antagonist should 
be considered.  During the first 
trimester of pregnancy, the use of 
β-blockers must be weighed against 
the potential risk of negative foetal 
effects.

IIa C

In haemodynamically stable 
patients with structurally normal 
hearts, flecainide or ibutilide given 
intravenously to terminate recent-
onset AF may be considered, if 
arrhythmia conversion is mandatory 
and DCC considered inappropriate.

IIb C

If rate control is indicated, and 
β-blockers or non-dihydropyridine 
calcium channel antagonists are 
contraindicated, digoxin may be 
considered.

IIb C

aClass of recommendation.
bLevel of evidence.
cReferences.
AF ¼ atrial fibrillation; DCC ¼ direct current cardioversion; LMWH ¼ low
molecular weight heparin; UFH ¼ unfractionated heparin; VKA ¼ vitamin K
antagonist.
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LMWH does not cross the placenta barrier, and has been used
extensively for treatment and prophylaxis of venous
thrombo-embolism during pregnancy, without adverse foetal
effects. In the third trimester, frequent laboratory checks for ade-
quate anticoagulation (e.g. every 10–14 days) and corresponding
dose adjustments are advised, given that in some women high
doses of both VKA and heparin may be needed to maintain ade-
quate anticoagulation.

Pregnant patients with AF and mechanical prosthetic valves who
elect to stop VKA treatment between 6 and 12 weeks of gestation
should receive continuous i.v. UFH, dose-adjusted UFH, or
dose-adjusted subcutaneous LMWH, and may start VKA in the
second trimester at an only slightly elevated teratogenic risk.

5.8 Post-operative atrial fibrillation
AF is the most common complication after cardiac surgery [30%
after coronary artery bypass graft (CABG), 40% after valve
surgery, and 50% after combined CABG/valve surgery]. The peak
incidence of post-operative AF is between post-operative days 2
and 4. A systematic review of 58 studies in 8565 patients has
shown that interventions to prevent and/or treat post-operative
AF with b-blockers, sotalol, or amiodarone and, less convincingly,
atrial pacing, are favoured with respect to outcome (AF, stroke,
and length of hospital stay) (OR 0.43; 95% CI 0.37–0.51).186

Prevention of post-operative atrial fibrillation
b-Blocker therapy is most effective when provided both before
and after cardiac surgery compared with only before or after
surgery.186,187,196 Withdrawal of b-blockers is a significant risk
factor for the development of post-operative AF and should be
avoided. Treatment should be started at least 1 week before
surgery with a b1-blocker without intrinsic sympathomimetic activity.

Prophylactic amiodarone decreased the incidence of post-
operative AF (OR 0.50; 95% CI 0.42–0.59) and significantly shortened
the duration of hospital stay, and reduced the incidence of stroke and
post-operative ventricular tachyarrhythmia, but not post-operative
mortality.188 AF occurred in fewer amiodarone-treated patients
than placebo-treated patients (OR 0.52; 95% CI0.34–0.69), in patients
aged ,65 or ≥65 years, with CABG only or in valve surgery with or
without CABG, and in patients receiving pre-operativeb-blockers and
inpatientswhodid not receive them. The adverseeffects of periopera-
tive prophylactic i.v. amiodarone include an increased probability of
post-operative bradycardia and hypotension.189 A meta-analysis of
14 randomized controlled trials failed to identify any relationship
between post-operative AF suppression and the total dose of amio-
darone.190 The beneficial effect of amiodarone has been consistently
demonstrated in another systematic review.186

Sotalol has been reported to reduce the incidence of post-
operative AF by 64% compared with placebo, but it had no
impact on length of hospital stay, risk of strokes, or mortality.186

However, the use of sotalol places patients at risk of bradycardia
and torsade de pointes, especially those with electrolyte disturb-
ances, and its use in post-operative AF is limited.

Hypomagnesaemia is an independent risk factor for post-
operative AF. A meta-analysis of 20 randomized trials including
2490 patients showed that prophylactic i.v. magnesium
reduced the probability of post-operative AF (OR 0.54; 95% CI
0.38–0.75).191 The clinical impact is not well established.

The use of statins is associated with a 22–34% lower risk of
post-operative AF (see Section 4.4).

Several retrospective studies have reported no effect of ACEIs
and ARBs on the occurrence of AF following cardiac surgery.
There are also safety concerns about the potential risk of renal
dysfunction associated with ACEIs and ARBs early after surgery.

Recommendations for post-operative AF

Recommendations Classa Levelb Ref.c

Oral β-blockers are recommended 
to prevent post-operative AF for 
patients undergoing cardiac surgery 
in the absence of contraindications.

I A 186, 187

If used, β-blockers (or other 
oral antiarrhythmic drugs for AF 
management) are recommended 
to be continued until the day of 
surgery.

I B 187, 196

Restoration of sinus rhythm by 
DCC is recommended in patients 
who develop post-operative AF and 
are haemodynamically unstable.

I C

Ventricular rate control is 
recommended in patients with AF 
without haemodynamic instability.

I B 196

Pre-operative administration of 
amiodarone should be considered as 
prophylactic therapy for patients at 
high risk for post-operative AF.

IIa A 186–188

Unless contraindicated, 
antithrombotic/anticoagulation 
medication for post-operative AF 
should be considered when the 
duration of AF is >48 h. 

IIa A 195

If sinus rhythm is restored 
successfully, duration of 
anticoagulation should be for a 
minimum of 4 weeks but more 
prolonged in the presence of stroke 
risk factors.

IIa B 195

Antiarrhythmic medications should 
be considered for recurrent or 
refractory postoperative AF in an 
attempt to maintain sinus rhythm.

IIa C

Sotalol may be considered for 
prevention of AF after cardiac 
surgery, but is associated with risk of 
proarrhythmia.

IIb A 186

Biatrial pacing may be considered 
for prevention of AF after cardiac 
surgery.

IIb A 186

Corticosteroids may be considered 
in order to reduce the incidence 
of AF after cardiac surgery, but are 
associated with risk.

IIb B 192

aClass of recommendation.
bLevel of evidence.
cReferences.
AF ¼ atrial fibrillation; DCC ¼ direct current cardioversion.
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Corticosteroids have potent anti-inflammatory effects and
their use in AF prevention has been explored in the context of car-
diothoracic surgery. Meta-analyses demonstrated that corticoster-
oid therapy was associated with a 26–45% reduction in
post-operative AF and shorter hospital stay.192 The effect was
greater in patients receiving intermediate doses (50–210 mg dexa-
methasone equivalent) compared with patients on lower or higher
doses. Owing to potential adverse effects on glucose metabolism,
wound healing, and infection, their use for prevention of AF is
controversial.

One meta-analysis of eight trials has shown that prophylactic atrial
pacing reduced the incidence of post-operative AF regardless of the
atrial pacing site or pacing algorithm used (OR 0.57; 95% CI 0.38–0.84;
P ,0.005),186 but other studies failed to confirm this.193 Malfunction-
ing atrial leads or inappropriate sensing may result in proarrhythmic
atrial extra-stimulation that increases the probability of AF.

Other therapies
Agents that have been studied in small populations with controver-
sial results include digoxin, verapamil, diltiazem, and naproxen.

Treatment of post-operative atrial fibrillation
In haemodynamically stable patients, the majority will convert
spontaneously to sinus rhythm within 24 h. Initial management
includes correction of predisposing factors (such as pain manage-
ment, haemodynamic optimization, weaning of i.v. inotropes, cor-
recting electrolytes and metabolic abnormalities, and addressing
anaemia or hypoxia) where possible.194

In the highly symptomatic patient or when rate control is difficult to
achieve, cardioversion may be performed. DCC is 95% successful but
pharmacological cardioversion is more commonly used. Amiodarone
and ibutilide were shown to be more effective than placebo in con-
verting post-operative AF to sinus rhythm (section 4.2.1.3).

Short-acting b-blockers (e.g. esmolol) are particularly useful
when haemodynamic instability is a concern. Other atrioventricular
nodal blocking agents, such as non-dihydropyridine calcium
channel antagonists, can be used as alternatives, but digoxin is
less effective when adrenergic tone is high. The agents used for
rate control of AF following cardiac surgery are listed in Table 15.

A number of studies have shown an increased risk of stroke in
patients after cardiac surgery. Anticoagulation with heparin or
VKA is appropriate when AF persists longer than 48 h.195 Standard
precautions regarding anticoagulation pericardioversion should be
used (see Section 4.1).

5.9 Hyperthyroidism
AF occurs in 10–25% of patients, with hyperthyoidism especially in
men and the elderly. Treatment is aimed primarily at restoring a
euthyroid state, which may be associated with a spontaneous
reversion to sinus rhythm. If a rhythm control strategy is selected,
thyroid function should be normalized prior to cardioversion to
reduce the risk of recurrence. Antiarrhythmic drugs and DCC
are generally unsuccessful whilst thyrotoxicosis persists.
b-Blockers may be effective in controlling the ventricular rate, and

i.v. b-blockers are useful in cases of thyroid storm, when high doses
may be required. Non-dihydropyridine calcium channel antagonists,
such as diltiazem and verapamil, are alternatives.

Despite lack of specific evidence, OAC therapy is recommended
for prevention of systemic embolism, in the presence of risk

factors for stroke. It remains controversial whether patients with
AF associated with previous (treated) thyrotoxicosis are at
increased risk of thrombo-embolism, in the absence of risk factors.

The occurrence of hyperthyroidism (as well as asymptomatic
changes in thyroid function tests) following treatment with amio-
darone is often encountered in clinical practice. There are two
types of amiodarone-induced hyperthyroidism: type I, where
there is an excess iodide-induced production of T4 and T3; and
type II, where there is a destructive thyroiditis with a transient
excess release of T4 and T3, and, later, reduced thyroid function.
Although amiodarone may be continued when hypothyroidism has
been successfully treated with replacement therapy, it is necessary
to discontinue amiodarone if hyperthyroidism develops. Thyro-
toxicosis may also occur after cessation of amiodarone therapy.

5.10 Wolff–Parkinson–White syndrome
Since most APs lack the decremental conduction properties of the
atrioventricular node, patients with overt pre-excitation and AF
are at risk of frequent conduction across the AP, resulting in fast
ventricular rates and possible sudden cardiac death (SCD)
because of degeneration into ventricular fibrillation. This makes
AF in this patient cohort a potentially life-threatening arrhythmia.
For information relating to acute and long-term pharmacological
rate control in patients with an AP, see Section 4.3.3.

Recommendations for AF in hyperthyroidism

Recommendations Classa Levelb Ref.c

In patients with active thyroid 
disease, antithrombotic therapy 
is recommended based on the 
presence of other stroke risk factors.

I C

Administration of a β-blocker is 
recommended to control the rate 
of ventricular response in patients 
with AF complicating thyrotoxicosis, 
unless contraindicated.

I C

When a β-blocker cannot be used,
administration of a 
non-dihydropyridine calcium channel 
antagonist (diltiazem or verapamil) 
is recommended to control the 
ventricular rate in patients with AF 
and thyrotoxicosis.

I C

If a rhythm control strategy 
is desirable, it is necessary to 
normalize thyroid function prior to 
cardioversion, as otherwise the risk 
of relapse remains high.

I C

Once a euthyroid state is 
restored, recommendations for 
antithrombotic prophylaxis are 
the same as for patients without 
hyperthyroidism.

I C

aClass of recommendation.
bLevel of evidence.
cReferences.
AF ¼ atrial fibrillation.
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Sudden death and risk stratification
The incidence of SCD in patients with the Wolff–Parkinson–
White syndrome has ranged from 0.15 to 0.39% over 3- to
22-year follow-up. A number of markers identify patients at
increased risk, including: shortest pre-excited RR interval
,250 ms during spontaneous or induced AF, a history of sympto-
matic tachycardia, the presence of multiple APs, or Ebstein’s
anomaly.

Pre-excited tachycardias occurring in patients with other supra-
ventricular arrhythmias such as atrial tachycardia or atrial flutter
with a bystander AP may present with a one-to-one conduction
over the AP, resulting in rapid ventricular activation with the risk
of degeneration into VF.

Since the efficacy of catheter ablation of APs is �95%, this is the
management of choice for patients with evidence of antegrade AP
conduction and AF.30 Patients who have survived SCD in the pres-
ence of an overt AP should have urgent AP ablation. Successful
catheter ablation in those patients eliminates the risk for SCD,
and implantation of an implantable cardioverter-defibrillator after
successful ablation is not required. Patients with overt pre-
excitation and high risk of AF, or patients with high-risk professions
such as public transport vehicle drivers, pilots, or competitive ath-
letes should be considered for ablation.

The indication for catheter ablation of an overt AP in an
asymptomatic patient is still controversial (especially in

children).197 Most patients with asymptomatic pre-excitation
have a good prognosis; SCD is rarely the first manifestation of
the disease. Approximately 20% of asymptomatic patients will
demonstrate a rapid ventricular rate during AF induced during
electrophysiological testing. During follow-up very few patients
develop symptomatic arrhythmias, or SCD. The positive predic-
tive value of invasive electrophysiological testing is considered
to be too low to justify routine use in asymptomatic patients.
Catheter ablation of an asymptomatic overt AP should remain
a case-by-case decision with detailed counselling of the patient
(and family) about the natural course and the risk of SCD
versus the risk of an ablation procedure.

5.11 Hypertrophic cardiomyopathy
Patients with hypertrophic cardiomyopathy (HCM) are at greater
risk of developing AF compared with the general population, and
around 20–25% develop AF with an annual incidence of 2%. AF
is the major determinant of clinical deterioration. Electrical or
pharmacological cardioversion is indicated in the absence of
atrial thrombus in patients presenting with acute onset AF.

Amiodarone may be the most effective agent for reducing the
occurrence of paroxysmal AF and for preventing recurrence.
The value of dronedarone is unknown. Disopyramide combined
with a b-blocker has additional value in reducing the outflow
tract gradient. In chronic AF, rate control can usually be achieved
with b-blockers and verapamil. Atrioventricular nodal ablation
with permanent ventricular pacing (to promote late septal

Recommendations for AF in hypertrophic
cardiomyopathy

Recommendations Classa Levelb Ref.c

Restoration of sinus rhythm by DCC 
or pharmacological cardioversion is 
recommended in patients with HCM 
presenting with recent-onset AF.

I B 200

OAC therapy (INR 2.0–3.0) is 
recommended in patients with 
HCM who develop AF unless 
contraindicated.

I B 200

Amiodarone (or alternatively, 
disopyramide plus β-blocker) should 
be considered in order to achieve 
rhythm control and to maintain 
sinus rhythm in patients with HCM.

IIa C

Catheter ablation of AF should 
be considered in patients with 
symptomatic AF refractory to 
pharmacological control.

IIa C

Ablation procedures (with 
concomitant septal myectomy if 
indicated) may be considered in 
patients with HCM and refractory AF.

IIa C

aClass of recommendation.
bLevel of evidence.
cReferences.
AF ¼ atrial fibrillation; DCC ¼ direct current cardioversion; HCM ¼
hypertrophic cardiomyopathy; INR ¼ international normalized ratio.

Recommendations for AF in Wolff-Parkinson-White
syndrome

Recommendations Classa Levelb Ref.c

Catheter ablation of an overt AP in 
patients with AF is recommended to 
prevent SCD.

I A 30

Immediate referral to an experienced 
ablation centre for catheter ablation 
is recommended for patients who 
survived SCD and have evidence of 
overt AP conduction.

I C

Catheter ablation is recommended 
for patients with high risk professions 
(e.g. pilots, public transport drivers) 
and overt but asymptomatic AP 
conduction on the surface ECG.

I B 30

Catheter ablation is recommended 
in patients at high risk of developing 
AF in the presence of an overt but 
asymptomatic AP on the surface 
ECG.

I B 198

Asymptomatic patients with 
evidence of an overt AP 
should be considered for catheter 
ablation of the AP only after a full 
explanation and careful counselling.

IIa B 198

aClass of recommendation.
bLevel of evidence.
cReferences.
AF ¼ atrial fibrillation; AP ¼ accessory pathway; ECG ¼ electrocardiogram;
SCD ¼ sudden cardiac death.
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activation) may be helpful in selected patients. Unless contraindi-
cated, OAC therapy should be administered to patients with
HCM and paroxysmal, persistent, or permanent AF.

Outcomes after AF ablation in patients with HCM are favour-
able, but not as successful as in unselected populations. LA ablation
is significantly better in paroxysmal AF than in persistent AF. In
addition, patients with marked atrial enlargement and severe dias-
tolic dysfunction are at high risk of recurrence. The use of radio-
frequency catheter ablation for refractory, symptomatic AF in
HCM despite medical treatment with various antiarrhythmic
agents including amiodarone resulted in 67% of patients being in
sinus rhythm, with marked improvement in NYHA functional
class in over 3 years post procedure.

Few data exist regarding surgical ablation of AF in patients with
HCM. The largest series concerns 10 patients who underwent the
maze-III procedure combined with myectomy when LV outflow
tract obstruction was present. There was no increase in operative
mortality and a high proportion of patients remained in sinus
rhythm over a mean follow-up of 15 months.199 Despite conflicting
data, there seems to be an overall beneficial effect of myectomy in
reducing the burden of AF in HCM patients.

The decision to implant a cardioverter-defibrillator in patients
with AF should be undertaken with caution since it is associated
with a higher risk of inappropriate shocks, especially in the first
year following implantation.

5.12 Pulmonary disease
AF is common in patients with chronic lung disease and has
adverse prognostic implications in the context of acute exacer-
bations associated with hypoxia. Treatment of the underlying pul-
monary disease and correction of metabolic imbalance are the
primary considerations, as antiarrhythmic therapy and electrical
cardioversion are likely to be ineffective until respiratory decom-
pensation has been corrected. Multifocal atrial tachycardia is
common in severe COPD and may be mistaken for AF.

Agents used to relieve bronchospasm, notably theophyllines and
b-adrenergic agonists, may precipitate AF, and controlling the rate
of ventricular response may be difficult in this situation. Non-selec-
tive b-blockers, sotalol, propafenone, and adenosine are generally
contraindicated in patients with bronchospasm, and non-
dihydropyridine calcium channel antagonists are the preferred
alternative. b-1 selective blockers (e.g. bisoprolol) in small doses

are often tolerated and effective. Intravenous flecainide may be
used to restore sinus rhythm, and DCC should be considered in
those who are haemodynamically unstable. In resistant cases, atrio-
ventricular nodal ablation and ventricular pacing may be necessary
to control the ventricular rate.

The CME text ‘Guidelines on the management of atrial fibrillation’ is accredited by the European Board for Accreditation in Cardiology (EBAC). EBAC works according to the quality
standards of the European Accreditation Council for Continuing Medical Education (EACCME), which is an institution of the European Union of Medical Specialists (UEMS). In
compliance with EBAC/EACCME guidelines, all authors participating in this programme have disclosed potential conflicts of interest that might cause a bias in the article. The Orga-
nizing Committee is responsible for ensuring that all potential conflicts of interest relevant to the programme are declared to the participants prior to the CME activities.

CME questions for this article are available at: European Heart Journal http://cme.oxfordjournals.org/cgi/hierarchy/oupcme_node;ehj and European Society of Cardiology http://
www.escardio.org/guidelines.

Most of the statements in these clinical practice guidelines are supported by published evidence. Only a minority of the publications that
support the written text can be listed in the following abridged reference list of the guidelines. A full list of the references, sorted by
chapter, is available on the dedicated Atrial Fibrillation Guidelines page of the European Society of Cardiology (www.escardio.org/guidelines).

Recommendations for AF in pulmonary disease

Recommendations Classa Levelb Ref.c

Correction of hypoxaemia and 
acidosis is recommended initial 
management for patients who 
develop AF during an acute 
pulmonary illness or exacerbation of 
chronic pulmonary disease.

I C

DCC should be attempted in 
patients with pulmonary disease 
who become haemodynamically 
unstable as a consequence of AF.

I C

A non-dihydropyridine calcium 
channel antagonist (diltiazem or 
verapamil) should be considered 
to control the ventricular rate in 
patients with obstructive pulmonary 
disease who develop AF.

IIa C

β-1 selective blockers (e.g. 
bisoprolol) in small doses should 
be considered as an alternative for 
ventricular rate control.

IIa C

Theophylline and β-adrenergic 
agonist agents are not 
recommended in patients with 
bronchospastic lung disease who 
develop AF.

III C

Non-selective β-blockers, sotalol, 
propafenone, and adenosine are 
not recommended in patients 
with obstructive lung disease who 
develop AF.

III C

aClass of recommendation.
bLevel of evidence.
cReferences.
AF ¼ atrial fibrillation; DCC ¼ direct current cardioversion.
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