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Introduction
Atrial fibrillation, a commonly encountered arrhythmia,
has in recent years, been the subject of increased interest
and intensive clinical research. There is also increasing
awareness that atrial fibrillation is a major cause of
embolic events which in 75% of cases are complicated by
cerebrovascular accidents[1,2]. Atrial fibrillation is often
associated with heart disease but a significant proportion of patients (about 30%) have no detectable heart
disease[3]. Symptoms, occasionally disabling, haemodynamic impairment and a decrease in life expectancy
are among the untoward effects of atrial fibrillation,
resulting in an important morbidity, mortality and an
increased cost for the health care provider[4].
The Working Group of Arrhythmias of the
European Society of Cardiology created a Study Group
on Atrial Fibrillation in order to establish recommendations for the better management of this arrhythmia
and to promote multicentre studies. The purpose of this
paper is to briefly outline the state of our knowledge on
the clinical presentation, the causes, the mechanisms and
therapeutic approaches currently available and to propose recommendations for management. Although
atrial flutter can coexist with atrial fibrillation, it is
considered a different arrhythmia and will not be
covered in the present paper.
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Clinical manifestations and
classification of atrial fibrillation
Definition
In atrial fibrillation, there is a complete absence of
coordinated atrial systole. This arrhythmia is characterized on the ECG by the absence of consistent P waves
before each QRS complex; instead there are rapid oscillations of ‘f’ waves which vary in size, shape, and timing
and there is usually an irregular ventricular rate[5].
However, the presence of fixed RR intervals is possible
and should prompt consideration of the presence of
idioventricular or idiojunctional rhythms associated
with conduction system disease or drug therapy. The
RR may also be regular in ventricularly-paced patients
and the diagnosis in this circumstance may require
temporary pacemaker inhibition in order to visualize
underlying atrial fibrillatory activity.

Symptoms associated with atrial fibrillation
Atrial fibrillation may be symptomatic or asymptomatic.
Both symptomatic and asymptomatic episodes of atrial
fibrillation may occur in the same patient[6]. Asymptomatic atrial fibrillation may be discovered incidentally
during cardiac auscultation, 12-lead ECG recording or
ambulatory ECG recordings undertaken for reasons
unrelated to this arrhythmia. The duration of atrial
fibrillation may be unknown if not correlated with
symptoms. Atrial fibrillation may present for the first
time with an embolic complication or aggravation of
congestive heart failure related to underlying heart disease. In most patients, atrial fibrillation is symptomatic
and represents the most common arrhythmia responsible for hospitalizations according to a recent study[7].
The complaints associated with atrial fibrillation include
rapid beating of the heart often perceived as palpitations
(at rest and/or precipitated by exercise or emotion),
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chest pain, shortness of breath on exertion, fatigue and
dizziness. Atrial fibrillation may be associated with
inappropriate chronotropic ventricular response. In
some patients, an uncontrolled rapid heart rate may
induce ventricular cardiomyopathy[8]. In the absence of
an accessory atrioventricular connection, the ventricular
response during atrial fibrillation depends on atrioventricular node conduction properties and concealed conduction (see section on rate control). Syncope is a rare
but serious complication of atrial fibrillation and is
particularly common in patients with sinus node dysfunction or obstructive structural heart disease, such as
hypertrophic cardiomyopathy. Symptoms vary with the
ventricular rate, the underlying functional status of
the heart and the duration of atrial fibrillation. In some
patients, irregularity of heart rate seems to play an
important role in the genesis of symptoms.
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Table 1 Classification system of paroxysmal atrial
fibrillation
Group I: First symptomatic episode of atrial fibrillation*
(a) Spontaneous termination
(b) Requiring pharmacological or electrical cardioversion
Group II: Recurrent attacks of atrial fibrillation (untreated)
(a) Asymptomatic
(b) Symptomatic<1 attack/3 months
(c) Symptomatic>1 attack/3 months
Group III: Recurrent attacks of atrial fibrillation (treated)
(a) Asymptomatic
(b) Symptomatic<1 attack/3 months
(c) Symptomatic>1 attack/3 months
*if asymptomatic first discovery of atrial fibrillation.

formal anticoagulation must be undertaken prior to
cardioversion (see anticoagulation therapy section).

Nomenclature
The nomenclature of atrial fibrillation will be covered as
a separate issue as there is, at present, no general
agreement on the terminology to be used. In current
literature, atrial fibrillation is generally subdivided into
two forms: paroxysmal and chronic. The term chronic is
either used to categorize the history of atrial fibrillation
or to describe the last episode. In this report it will be
used to describe atrial fibrillation in which the episodes
last for several days or years. The term acute may
describe an episode of atrial fibrillation related to an
acute curable cause[9] and is also used to describe an
attack of atrial fibrillation[10]. Chronic (or established or
permanent) atrial fibrillation may be the final stage of
paroxysmal atrial fibrillation or may represent the initial
aspect in a significant proportion of patients. Provided
the patient is symptomatic, the differentiation of paroxysmal from chronic atrial fibrillation is based on the
history given by the patient and/or the electrocardiographic documentation of recurrent episodes (in the
paroxysmal form) and the duration of the last episode of
atrial fibrillation. In some cases, no history is available,
particularly in asymptomatic or mildly symptomatic
patients, and the term recent onset or recently discovered atrial fibrillation is used. The latter is particularly
appropriate for atrial fibrillation of unknown duration.
In the paroxysmal (recurrent) form of atrial fibrillation,
the episodes are generally self-terminating or persistent.
The latter may require urgent medical, pharmacological
or electrical, intervention. The term permanent implies
that atrial fibrillation has been present for a long time,
that cardioversion has not been indicated or that one or
several attempts have failed to restore sinus rhythm.
There is no agreement on the time frame used to
characterize various forms of atrial fibrillation. A period
of 7 days, has been proposed as a cut-off point to
differentiate paroxysmal (<7 days) from chronic atrial
fibrillation (>7days)[9]. In the paroxysmal form, an
episode lasting more than 48 h may be called persistent.
This time frame represents the duration beyond which

Classification of paroxysmal atrial
fibrillation
The paroxysmal form of atrial fibrillation comprises a
heterogeneous group of patients in whom atrial fibrillation may differ by its frequency, duration, mode of
termination and the presence and severity of symptoms.
In the same patient, the arrhythmia presentation may
change over time.
A clinical classification system has been recently
proposed[9] which aims at stratifying the clinical aspects
of paroxysmal atrial fibrillation, as shown in Table 1.
Paroxysmal atrial fibrillation is subdivided into three
groups. Group I includes a first symptomatic attack of
atrial fibrillation either with spontaneous termination or
requiring pharmacological or electrical cardioversion.
Group II refers to recurrent attacks of atrial fibrillation
when first seen, in an untreated patient and includes
three subgroups; (a) no symptoms during the attack. In
the latter, paroxysmal atrial fibrillation is not identified
by the patient and is discovered incidentally on the ECG
or the ambulatory electrocardiographic recording; (b)
with an average of less than one symptomatic attack
every 3 months; and (c) with more than one symptomatic attack every 3 months; Group III includes recurrent attacks of atrial fibrillation in patients despite the
use of antiarrhythmic agents aimed at prevention of
recurrences (e.g. sodium or potassium channel blockers)
and consists of three subgroups: (a) no symptoms; (b) an
average of less than one symptomatic attack per 3
month period; and (c) an average of more than one
symptomatic attack per 3 month period.
These classifications characterize a patient at a
given point in time. During follow-up, a patient may
remain in the same group, be controlled with therapy,
change from one group or subgroup to another or may
evolve to chronic atrial fibrillation. As with other classifications, this classification may not cover all aspects of
atrial fibrillation. However, it stresses the necessity to
Eur Heart J, Vol. 19, September 1998
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better define the characteristics of a patient population
of atrial fibrillation at a given time, e.g. before inclusion
in a study.

Epidemiology of atrial fibrillation
The Framingham Study still represents the major source
of data on the incidence and prevalence of atrial fibrillation in the general population[4,11–13]. In 1982, the
incidence of atrial fibrillation in subjects over 22 years
was 2%, being slightly more common in men (2·2%) than
in women (1·7%). The prevalence was 0·5% for subjects
in the age range 50–59 years and 8·8% in subjects in the
age range 80–89 years. The more recent Cardiovascular
Health Study on Americans older than 65 years reported
a prevalence of about 5%[14,15]. An important observation resulting from the biennial examinations in the
Framingham Study is that the prevalence of atrial
fibrillation has increased, particularly in men, from 1950
to 1980 (unpublished data, P.A. Wolf 1995).
Cardiovascular risk factors associated with atrial
fibrillation include diabetes and left ventricular hypertrophy. Atrial fibrillation occurs commonly in rheumatic
heart disease, hypertension, coronary artery disease and
in cardiac failure. Statistical analysis has demonstrated
that the best predictors for atrial fibrillation are stroke,
heart failure, rheumatic heart disease and hypertension
in men whereas in women, the only two significant
predictors are heart failure and rheumatic heart disease[4,11]. In 30% of cases, atrial fibrillation occurs in
the absence of organic heart disease (lone atrial
fibrillation)[16].
A two-fold mortality risk has been reported in
patients with atrial fibrillation compared to controls.
Stroke is the most important cause of mortality and
occurs in 1·5% of patients aged 50–59 years and in 30%
of patients aged 80–89 years. An increased risk of stroke
has been reported in lone atrial fibrillation only in
patients older than 60 years[11,16].

Causes of atrial fibrillation
Atrial fibrillation may be related to acute causes and
may not recur should the cause disappear or be cured.
The term ‘transient’ atrial fibrillation is often applied to
this situation but is confusing as it is also used to
describe paroxysmal atrial fibrillation. The acute causes
of atrial fibrillation include acute alcoholic intake (‘holiday heart syndrome’), electrocution, acute myocardial
infarction, acute pericarditis, acute myocarditis, pulmonary embolism, hyperthyroidism and acute pulmonary disease. Atrial fibrillation is a common complication
of cardiac surgery (e.g. coronary bypass surgery, mitral
valvulotomy and valve replacement) or thoracic surgery.
In some patients, particularly the young, atrial fibrillation may be related to the presence of another supraventricular tachycardia. The successful treatment of the
Eur Heart J, Vol. 19, September 1998

cause or of the acute episode may result in the disappearance of the arrhythmia and no recurrence[17].
In approximately 80% of patients, atrial fibrillation is
associated with organic heart disease including valvular
heart disease (mostly mitral valve disease), coronary
artery disease, hypertension particularly if left ventricular hypertrophy is present[18,19], hypertrophic or dilated
cardiomyopathy[20,21] or congenital heart disease and,
particularly in adults, atrial septal defect. The long list of
possible aetiologies includes restrictive cardiomyopathies (e.g. cardiac amyloidosis, haemochromatosis and
endomyocardial fibrosis), cardiac tumours and constrictive pericarditis. Other heart diseases, such as mitral
valve prolapse (without mitral regurgitation), calcification of the mitral annulus and idiopathic dilation of
the right atrium have been reported to be associated
with a higher incidence of atrial fibrillation. The relationship between these findings and the arrhythmia are
still unclear. Although atrial fibrillation may occur in the
absence of detectable organic heart disease[22], in a
number of patients, underlying heart disease may appear
as time progresses reducing the incidence of lone atrial
fibrillation in the elderly. However the development of
heart disease in the elderly may be coincidental i.e. not
related to the cause of atrial fibrillation. The term
‘idiopathic atrial fibrillation’ suggests the absence of any
detectable aetiology including heart disease, hyperthyroidism, chronic obstructive lung disease, overt sinus
node dysfunction, phaeochromocytoma and overt or
concealed pre-excitation (Wolff–Parkinson–White syndrome) to mention only a few of the possible causes of
atrial fibrillation. In every instance of recently discovered atrial fibrillation, hyperthyroidism should be
ruled out.
Atrial fibrillation may be associated with a
variety of arrhythmias including atrioventricular reentrant tachycardias, atrioventricular nodal re-entrant
tachycardias or atrial tachycardia. A cure for junctional
re-entrant tachycardias may result in curing atrial fibrillation in selected patients in whom the associated
arrhythmia triggers atrial fibrillation.
Recently, Brugada et al.[24] described a family of
26 members in which 10 members had atrial fibrillation
segregating as an autonomal dominant disease. A mutation on chromosome 10 was identified as the possible
genetic cause of atrial fibrillation. These findings raise
the question to what extent are genetic defects risk
factors for the development of atrial fibrillation.

Recommendations
A careful history should be taken from the patient with
atrial fibrillation to determine the presence and type of
symptoms, the circumstances of their occurrence, the
type of atrial fibrillation (for example paroxysmal,
chronic or recent onset), the frequency and duration of
symptomatic atrial fibrillation episodes, the date of the
first episode, the duration of the current or last episode
and previous drug treatment including dosage, duration
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Minimum work-up of the patient with atrial fibrillation

(1) History and physical examination
1.1 Define the presence and nature of symptoms
1.2 Define the clinical type of atrial fibrillation: paroxysmal, chronic or recent onset
1.3 Define the onset of the first symptomatic attack and/or date of discovery of atrial fibrillation.
1.4 Define the frequency, duration (shortest and longest episodes), precipitating factors and modes of termination (self-terminating
versus persistent) of symptomatic episodes.
1.5 Define the presence of an underlying heart disease or other possible identifiable cause (e.g. alcohol consumption, diabetes,
hyperthyroidism) which could be cured.
(2) Electrocardiogram
2.1 Left ventricular hypertrophy
2.2 Duration and morphology of the P waves in sinus rhythm
2.3 Evidence of repolarisation changes, bundle branch block, old myocardial infarction and other abnormality.
(3) Echocardiogram (M mode and bidimentional)
3.1 Evidence and type of underlying heart disease
3.2 Size of the left atrium
3.3 Left ventricular size and function
3.3 Left ventricular hypertrophy
3.4 Intracavitary thrombus (poor sensitivity).
(4) Thyroid test function
If first discovery of atrial fibrillation, if the ventricular rate is difficult to control or if amiodarone has been used in the past.

of administration, effect of the drug and recurrence rate
of symptoms. If the patient complains of angina, one
should carefully establish whether this occurs only during attacks of atrial fibrillation or may occur independently of the arrhythmia. The latter would strongly
suggest the presence of coronary artery disease. In
recently discovered atrial fibrillation, the minimally
acceptable work-up should include a 12-lead ECG,
estimation of the basal thyroid-stimulating hormone
level which if not suppressed, excludes hyperthyroidism
with a high probability (Table 2). When appropriate,
serum electrolytes should be checked. The presence of
underlying heart disease should be detected by physical
examination, M-mode and two-dimensional echocardiography evaluating left ventricular function, the size
of the left atrium and the presence of intracardiac
thrombus. In selected patients, documentation of atrial
fibrillation may require 24 h ambulatory electrocardiographic recordings, the use of event recorders or exercise
testing. Such tests may also be useful in some cases to
evaluate the role of autonomic nervous system in atrial
fibrillation initiation.

Mechanisms of atrial fibrillation
The mechanism of atrial fibrillation has been the subject
of speculation for many years. Two theories have been
advanced: enhanced automaticity involving one or more
foci firing rapidly or re-entry involving one or more
circuits[25,26]. The focal origin is supported by experimental models of aconitine-induced atrial fibrillation and
by pacing-induced atrial fibrillation. Recent studies[26]
support the multiple re-entrant wavelet hypothesis of
Moe et al.[25] and the concept that atrial fibrillation may
involve a critical number of re-entrant circuits. Recently,
it has been shown that rapidly firing atrial foci may be

responsible for atrial fibrillation, at least in a selected
group of patients[27]. Ablation of such foci may result in
the cure of atrial fibrillation. Despite recent advances,
many questions on the mechanism of atrial fibrillation
remain unanswered. Thus, in a recent model of experimental atrial fibrillation, a mixed form of functional
and anatomical re-entry was found with a consistent
involvement of Bachman’s bundle[28].

Mapping of atrial fibrillation
There is substantial evidence showing that most atrial
fibrillation are related to re-entry. Unlike other arrhythmias in which a single circuit is generally identified,
atrial fibrillation can involve a minimum of five or more
circuits[29]. Thus, smaller circuits (the product of conduction velocity and refractoriness) on larger atria
favour the development of atrial fibrillation. Using
mapping techniques during atrial fibrillation in patients
undergoing surgery for the Wolff–Parkinson–White syndrome, three patterns of induced atrial fibrillation were
identified[28]. Type I showed single wavefronts propagating across the right atrium. Type II showed one or two
wavefronts and type III multiple activation wavelets
propagating in different directions. This study demonstrated that a number of re-entrant circuits with different
dimensions account for these different types of atrial
fibrillation. More recently, the role played by anisotropy
in atrial fibrillation, possibly related to the orientation of
atrial fibres and to the presence of pectinate muscles
within the atria was investigated[30]. Using video imaging and an original experimental and an epicardial
optical mapping technique, heterogenous breakthrough
patterns over the epicardium, wave collisions and
incomplete re-entry were found.
Eur Heart J, Vol. 19, September 1998
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Development of atrial fibrillation in an
experimental model
Atrial fibrillation has a tendency for self-perpetuation.
Pharmacological and electrical cardioversion of atrial
fibrillation have a higher success rate when atrial fibrillation has been present for less than 24 h[31]. The presence of atrial fibrillation for longer periods adversely
affects the ability to restore and maintain sinus rhythm.
These clinical observations have recently been substantiated by experimental studies. Wijfells et al.[32] used a
goat model in which an automatic fibrillator detected
spontaneous termination of induced atrial fibrillation
and re-induced it by delivering a burst of electrical
stimuli. They noted that initially, electrically-induced
atrial fibrillation terminated spontaneously but following repetitive inductions, progressively longer episodes
occurred and finally sustained atrial fibrillation with an
increase in atrial rate ensued (‘atrial fibrillation begets
atrial fibrillation’)[32]. The increasing propensity for
long-lasting atrial fibrillation was related to progressive
shortening of effective refractory periods with increasing
duration of episodes, a phenomenon known as ‘electrophysiologic remodelling’. These observations are in
agreement with previous clinical observations by Attuel
et al.[33] who showed that the atrial effective refractory
period is short in atrial fibrillation patients and that a
lack of physiological rate adaptation of the atrial effective refractory period exists, particularly at slow heart
rates, in patients with paroxysmal atrial fibrillation.
These observations were confirmed by recordings of
action potentials in isolated tissue from fibrillating
atria[33]. A good correlation was found between the
atrial fibrillation intervals (FF intervals) and atrial functional refractoriness[35]. The duration of atrial monophasic action potentials in atrial fibrillation patients was
found to be short following cardioversion and correlated
with the instability of sinus rhythm[36]. Decreased inward current through L-type calcium channels is likely
to play a major role in action potential shortenings[37].

Factors involved in the mechanism of atrial
fibrillation in man
Studies in man[38–40] have shown that increased inhomogeneity of refractory periods and conduction velocity is
present in atrial fibrillation patients. Increased dispersion of refractoriness has been considered to be one of
the major factors linked to inducibility and persistence
of atrial fibrillation[36]. Slowing of conduction is also
involved in the genesis of atrial fibrillation, particularly
in diseased hearts[40]. Structural changes in atrial tissue
may be one of the underlying factors for dispersion of
refractoriness in atrial fibrillation. Other factors involved in the induction or maintenance of atrial fibrillation include premature beats, the interaction with the
autonomic nervous system, atrial stretch[41], anisotropic
conduction[42], and the ageing process. Among the
Eur Heart J, Vol. 19, September 1998

anatomical and histological changes that take place
in atrial fibrillation, interruption of sympathetic and
parasympathetic fibres may cause supersensitivity to
catecholamines and acetylcholine, and contribute to
increased dispersion of refractoriness[41].
Another important concept is that a critical mass
of atrial tissue is necessary for atrial fibrillation to be
sustained. This is supported by the success of the operative Maze procedure[44] and of catheter ablation of the
atrial myocardium, both in experimental atrial fibrillation and in humans, which aim at reducing the mass of
contiguous atrial tissue to the degree that it is no longer
able to sustain atrial fibrillation. The maintenance of
atrial fibrillation, once it is initiated, may involve the size
of the atria and the distance between depolarization
wavefronts. The concept of the wavelength, i.e. the
product of effective refractory period and conduction
velocity, was recently introduced[26]. The length of the
electrical wave should not exceed the length of the path
since it would otherwise extinguish itself. For an electrical impulse to propagate around an area of block, slow
conduction must be present to allow the fibres located
ahead to recover and become excitable again. A short
refractory period or/and slow conduction will shorten
excitation wave length, and thus, maintain reentry.
Aside from the changes related to the underlying
heart disease, structural changes are present in atrial
fibrillation including fibrosis, necrosis, fat and amyloid
infiltration and inflammation[45]. Histological examination of atrial tissue of patients with atrial fibrillation
has shown patchy fibrosis resulting in juxtaposition of
diseased atrial fibres with normal atrial fibres which may
account for inhomogeneity in atrial refractoriness[46,47].
Fibrosis may be a reaction to an inflammatory or
degenerative process which is difficult to detect. The
sinus node may also be involved by fibrosis or by fatty
infiltration. Atrial fibre hypertrophy has also been described as a major and sometimes the sole histological
change in atrial fibrillation patients[46]. Infiltration of the
atrial myocardium may be suspected in amyloidosis,
sarcoidosis or haemochromatosis. Histological changes
were recently reported in lone atrial fibrillation[47] biopsy
specimens and were consistent with myocarditis in 66%
of patients. Other anatomical predisposing factors to
atrial fibrillation include atrial hypertrophy and atrial
dilatation. However, in most patients with atrial fibrillation, it is seldom possible to identify the underlying
anatomical process responsible for the arrhythmia.
The role of the autonomic nervous system in the
initiation of atrial fibrillation has been emphasized by
Coumel et al.[48]. Atrial fibrillation may result from
increased vagal tone (vagally-induced atrial fibrillation)
and may occur during the night or after meals particularly in male patients without organic heart disease. In
contrast, some patients may have atrial fibrillation induced by exercise, emotion and isoproterenol infusion
(catecholamine-induced atrial fibrillation). In some
patients one or the other mechanism may be predominant. However, frequently no clear distinction can be
made between the various components based on a single
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Table 3 Prevention of recurrences of atrial fibrillation following
cardioversion
Mechanism of arrhythmia: random reentry
Vulnerable parameters: Atrial refractoriness
Sympathetic or parasympathetic tone
Premature atrial contractions or premature
ventricular contractions (to be suppressed)
Therapeutic choice:
(1) Increase atrial refractoriness
(2) Decrease sympathetic orparasympatheti tone
(3) Decrease ectopic activity
Targets:
(1) Sodium channels or/and potassium channels
(2) Beta-adrenergic receptors, muscarinic receptors
(3) Decrease automaticity
Drugs:
(1) Sodium and potassium channel blockers
(2) Beta-antagonists, muscarinic antagonists
(3) Sodium and potassium channel blockers

history. The mode of initiation of atrial fibrillation may
also differ in the same patient over time. Premature beats
play an important role as the initiating event in most
cases of atrial fibrillation[48].
Heart rate variability has been used recently to
study the role of the autonomic nervous system in atrial
fibrillation patients. Signs of vagal predominance have
been observed in patients with vagally-mediated atrial
fibrillation and signs of sympathetic predominance were
detected in approximately half of the patients with
suspected cathecholamine-induced atrial fibrillation[49].
Experimental work in dogs has shown that vagal denervation of the atria could prevent induction of atrial
fibrillation[8].

Clinical Implications
A better understanding of the mechanisms of atrial
fibrillation would be an important step for future
progress in defining appropriate therapy. The finding
that atrial refractory periods are short in patients with
atrial fibrillation has prompted the use of antiarrhythmic
agents which prolong atrial refractoriness. According to
the Sicilian Gambit approach[50], the target should be
sodium channels or potassium channels (Table 3). In
order to increase atrial refractoriness, sodium channel
blockers such as quinidine, procainamide, disopyramide,
propafenone or flecainide or antiarrhythmic agents
whose major effect is to block potassium channels.
Quinidine and disopiramide work by their effect on
potassium channels. Flecainide works by blocking conduction. Agents which prolong action potential duration
such as amiodarone or sotalol, are also appropriate antiarrhythmic agents. Some agents, such as ibutilide prevent the inactivation of the slow inward sodium current.
Electrophysiological and possibly structural
changes take place within the first 24 h following atrial
fibrillation, resulting in an electrical ‘remodelling’ and
shortening of the refractory periods in the atria. In order
to prevent or reverse these changes, prompt cardioversion of atrial fibrillation seems desirable. it may result in
a higher success rate in restoration of sinus rhythm and

possibly in prevention of atrial fibrillation recurrences.
This new concept suggested by animal experiments
remains[34] to be proven in man and may have important
clinical implications.

Prevention of embolic complications
and indications of anticoagulation in
atrial fibrillation
Evaluation of embolic risk
Prevention of embolic complications is one of the major
end-points of the therapeutic strategy of atrial fibrillation. The embolic risk is related to the presence and
nature of underlying heart disease[11,13]. According to
the Framingham study, there is a 5·6-fold embolic risk in
non-rheumatic atrial fibrillation as compared to controls
and a 17·6-fold risk in atrial fibrillation of rheumatic
origin[4]. This is also consistent with the Reikjavik[51] and
the Whitehall[52] studies which showed that the overall
embolic risk is seven-fold higher when atrial fibrillation
is present. Non-rheumatic atrial fibrillation is held responsible for a large percentage of strokes, being present
in about 15–20% of cerebrovascular accidents of ischaemic origin[52,53]. There is no general agreement as to
whether paroxysmal atrial fibrillation or chronic atrial
fibrillation are associated with differences in embolic
risk, although some data suggest that chronic atrial
fibrillation carries a higher risk (6% per year) than
paroxysmal atrial fibrillation (2–3% per year)[54]. Analysis of pooled data from five randomized controlled trials
showed that the type of atrial fibrillation (paroxysmal or
chronic) and the length of time the patient was in atrial
fibrillation, had no discernible effect on stroke rate. The
embolic risk seems to be highest after the onset of atrial
fibrillation, during the first year and early after conversion to sinus rhythm. Cerebrovascular accidents associated with atrial fibrillation occur in a higher percentage
in the elderly. They were found to represent 6·7% of the
total number of cerebrovascular accidents in the 50-to59-year-old group and 36·2% in the 80-to-89-year-old
Eur Heart J, Vol. 19, September 1998
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group[12]. Patients with a history of embolic stroke are at
a higher risk of recurrence. Other clinical variables that
were found to increase embolic risk, are a history of
hypertension, coronary artery disease or congestive
heart failure and cardiomegaly on chest roentgenogram and duration of atrial fibrillation for more than
1 year[52]. In the pooled data set, independent risk
factors for stroke identified with multivariant analysis
were increasing age, previous stroke or transient ischaemic attack, left atrial size, history of hypertension and
diabetes. Transoesophageal echocardiographic findings
such as left atrial thrombi, spontaneous echo contrast,
‘low-flow’ left atrial appendage and altered left ventricular function were suggested to be associated with an
increased embolic risk[57–59]. Several studies have estimated the risk of embolic events in non-rheumatic atrial
fibrillation to be around 5% per year, being lower in
younger patients[55].

Controlled trials on prevention with warfarin
or aspirin
Large trials have been conducted in recent years on the
primary prevention of embolic events in patients with
atrial fibrillation[60–66]. The primary end-point was to
evaluate whether warfarin or aspirin reduced systemic
embolism. The results of these trials were concordant
showing a risk reduction ranging from 44% to 81%[59–62]
with warfarin. Anticoagulation was also effective in the
secondary prevention of embolic complications in
patients with non-rheumatic atrial fibrillation who had a
recent cerebrovascular accident[65–67]. Warfarin reduced
the incidence of cerebrovascular accident from 12%
(placebo group) to 4% (warfarin). However, the use
of warfarin was associated with an increased risk of
bleeding. This risk was higher when the international
normalized ratio was above 4. The Boston Area Anticoagulation Trial (BAATAF)[61] has shown that warfarin
was effective at international normalized ratio levels
(between 2 and 3) which were not associated with an
increased risk of haemorrhage. This study[61] also
showed that the use of warfarin was associated with a
decreased mortality.
There have been several randomized trials comparing the efficacy of warfarin to that of aspirin. In
the Atrial Fibrillation Aspirin and Anticoagulation
(AFASAK) trial[58], patients on low-dose aspirin
(75 mg . day 1) did not do better than patients on
placebo whereas in the Stroke Prevention in Atrial
Fibrillation (SPAF) trial[60], the use of aspirin at higher
does (325 mg . day 1), was associated with some
benefit. In the SPAF II trial[68], warfarin and aspirin
resulted in a low-risk of stroke (1·3% and 1·9%, respectively) in patients under 75 years of age. Minor haemorrhagic events were higher in the warfarin group (20%)
than in the aspirin group (11%) in patients over age 75.
Major bleeding in the elderly was 5% per year in the
warfarin group as compared with 1·6% in the aspirin
group.
Eur Heart J, Vol. 19, September 1998

Table 4 Predisposing clinical factors to stroke in nonrheumatic atrial fibrillation
Prior history of embolic event or stroke
History of hypertension
Age over 65 years
History of myocardial infarction
Diabetes mellitus
Left ventricular dysfunction and/or congestive heart failure
Increased left atrial size (>50 mm), left atrial thrombus or left atrial
mechanical dysfunction

Based on the results of SPAF III trial[68] in atrial
fibrillation patients at high risk of stroke, the combined
use of low-dose warfarin international normalized ratio
1·2–1·5) and aspirin (325 mg . day 1) is not recommended since the mortality and incidence of stroke were
higher in the group using the combination than in
the group on warfarin conventional therapy alone
(international normalized ratio: 2–3).

Predictive factors for embolic events
The trials on anticoagulation have identified patients at
higher risk of emboli as mentioned above (Table 4).

Strategies for prevention of embolic events
Anticoagulation represents the last available strategy to
prevent embolic events. It reduces the risk by an average
of 68% but is associated with the risk of serious haemorrhage (about 1% per year). In non-rheumatic atrial
fibrillation, the best compromise between efficacy and
risk of haemorrhage is at international normalized ratio
levels between 2·0 and 3·0. Restoring and maintaining
sinus rhythm is another important strategy which is
likely to be beneficial, although the risk-benefit ratio,
especially with respect to the risks of antiarrhythmic
drug therapy, has not yet been established.

Recommendation
Controlled trials have demonstrated that anticoagulation with warfarin significantly reduces the incidence of
ischaemic strokes. However, the risk of haemorrhagic
events is increased. The risk–benefit ratio should be
evaluated for each patient and the targeted international
normalized ratio levels should be between 2·0 and 3·0 in
patients with non-rheumatic atrial fibrillation. In atrial
fibrillation patients who have a higher embolic risk e.g.
patients with valvular heart disease and cardiac prosthesis, higher international normalized ratio levels (3–4)
may be required.
Guidelines to select patients for anticoagulation
are summarized in Table 4. Patients with a history of
transient ischaemic attack or an embolic event are at
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even a higher risk of recurrence and should be anticoagulated. Anticoagulation should be considered in
patients with chronic atrial fibrillation in whom cardioversion failed or is not indicated, particularly if factors
predisposing to stroke are present. The presence of a
thrombus in the left heart cavities or of left atrial
spontaneous contrast echos is another indication for
anticoagulation. In patients with paroxysmal atrial fibrillation, the indication for anticoagulation should also
be based on the presence and type of underlying heart
disease and of other predisposing factors. The decision
to anticoagulate has to be taken on an individual basis.
The results of trials utilizing aspirin are not
convincing. Therefore, aspirin should only be used when
anticoagulation is needed but contra-indication to warfarin is present or when the risk of stroke is low, for
example in a patient younger than 60 years with no
evidence of heart disease. Other coagulant or antiplatelet
strategies have not yet been evaluated in patients with
atrial fibrillation.

Conversion of atrial fibrillation to sinus
rhythm
Restoring sinus rhythm has several potential benefits:
relief of patient symptoms, improved hemodynamic
status and possibly reduced embolic risk. Spontaneous
conversion to sinus rhythm is observed in up to 48% of
patients with paroxysmal atrial fibrillation and patients
with recent onset (within 24 h) atrial fibrillation[69–71].
The duration of atrial fibrillation is the most important
determinant of spontaneous conversion to sinus rhythm,
with a decreasing tendency to spontaneous conversion
with increasing duration of atrial fibrillation. The decision whether and when to cardiovert atrial fibrillation
pharmacologically or electrically remains an important
clinical problem, for which sufficient data are not yet
available from large studies.

Pharmacological cardioversion
Pharmacological therapy aimed at restoring sinus
rhythm may play a role in patients with atrial fibrillation
of less than 48 h duration since the conversion rate falls
dramatically when the arrhythmia has lasted longer.
When atrial fibrillation exceeds 48 h duration, the
current recommendation is to provide anticoagulant
therapy for 3 weeks before attempting arrhythmia conversion to prevent embolic events[72]. If atrial fibrillation
persists more than 48 h, the efficacy of pharmacological
cardioversion decreases and electrical cardioversion is
the most likely therapy to be successful. In a hospital
setting, it is recommended to start heparin therapy
immediately upon admission of a patient with recent
onset atrial fibrillation, since the duration of the
arrhythmia cannot be predicted.
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In recent onset atrial fibrillation of less than 48 h,
several antiarrhythmic agents have been proposed for
restoration of sinus rhythm. In evaluating efficacy, the
high spontaneous conversion rate of recent onset atrial
fibrillation and the time needed for cardioversion must
be taken into account[73]. Placebo-controlled data are
therefore needed to confirm the efficacy of a given
treatment. The antiarrhythmic efficacy must be evaluated within a few hours according to the pharmacokinetics and the pharmacodynamics of the drug itself[73].
Overall efficacy evaluated at 24 h following drug administration is potentially inaccurate and misleading since it
might include in both the drug-limb and placebo, a high
proportion of patients with spontaneous cardioversion.
Atrial fibrillation may profoundly affect the
quality of life of the patients due to its abrupt onset and
frequent recurrences. It has been suggested but not yet
proven that an effective treatment administered within a
short period of time after the onset of atrial fibrillation
may reduce the number and duration of the attacks,
may shorten the duration of hospitalizations and be
cost-effective.
Since atrial fibrillation is not a life-threatening
arrhythmia, every treatment offered should be safe and
should not have deleterious effects. Several drugs influence the electrophysiological atrial substrate such as
quinidine, procainamide, disopyramide, propafenone,
felcainide, cibenzoline, amiodarone, sotalol and others.
Digoxin was the favoured drug to terminate atrial
fibrillation until controlled studies[69–71] demonstrated
that it was no better than placebo. However, in almost
all previous positive but uncontrolled studies, digoxin
was used for atrial fibrillation termination in patients
with congestive heart failure, a setting in which the drug
may restore sinus rhythm indirectly by improving the
haemodynamic status through its positive inotropic
effect rather than by a direct electrophysiological effect.
A review of the literature on episodic treatment
aimed at restoring sinus rhythm in recent onset atrial
fibrillation, showed that there is no placebo-controlled
study demonstrating the safety and efficacy of the use
of intravenous or oral quinidine, procainamide or disopyramide. Open studies and placebo-controlled studies
using intravenous flecainide or intravenous propafenone
have shown that these agents were able to restore sinus
rhythm within hours in up to 81% of patients[74–77]. One
of the advantages of the pharmacological cardioversion
of atrial fibrillation using the intravenous route is that
it is performed under medical supervision and electrocardiographic monitoring.
Oral flecainide and propafenone have proved
useful in the acute termination of recent onset atrial
fibrillation[78–80] and in long-term therapy[81]. A single
oral loading dose of 600 mg of propafenone or 300 mg
of flecainide was studied in placebo-controlled groups
with success rates of 50% at 3 h and 70–80% at 8 h
for both drugs within a mean of 2 to 3 h after
administration[78–80]. The treatment of atrial fibrillation
with class IC antiarrhythmic drugs may be complicated
by conversion of atrial fibrillation into atrial flutter or
Eur Heart J, Vol. 19, September 1998
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tachycardia which may lead to a fast ventricular response (2:1 or 1:1 atrioventricular conduction). This has
been reported in up to 5% of patients on long-term
treatment[81]. Combination therapy with beta-blocker is
advised in order to protect the ventricle from this effect.
It is still a matter of controversy whether the slight
beta-blocking effect of propafenone could be useful
in preventing this complication[82,83]. No instance of
atrial flutter with 1:1 atrioventricular conduction, however, has been reported so far in several hundred
patients treated with an acute oral dosing with either
drug[73,78–80]. Class IC drugs should not be administered
in patients with heart failure, low ejection fraction or
major conduction disturbances.
A bolus of oral amiodarone is frequently used
for acute termination of recent onset atrial fibrillation
(15 mg . kg 1) although no controlled study is available
on the efficacy and safety of such treatment. A recent
study[83] showed that 600 mg . day 1 of amiodarone
converted about 20% of patients, who failed serial
cardioversion and alternative drugs, with no adverse
effect. Intravenous amiodarone has been used in the
treatment of recent onset atrial fibrillation with reported
efficacy rates ranging from 25 to 83%[85,86]. It is generally
used in patients with atrial fibrillation and acute myocardial infarction or with left ventricular dysfunction in
whom class IC drugs are contraindicated. Ibutilide,
a class III antiarrhythmic agent, has been approved in
the U.S.A. for intravenous termination of atrial
fibrillation[87]. Ventricular proarrhythmia, torsades de
pointes or sustained ventricular tachycardia, ranged
from 1% to 4%[88]. Dofetilide, a class III antiarrhythmic
agent, has shown a good efficacy in the termination of
atrial fibrillation[88]. It has been recently reported that it
did not affect mortality in patients with heart failure and
depressed systolic function and in post-myocardial infarction patients at high risk of sudden death. Torsades
de pointes is a potential risk of the use of class III
antiarrhythmic agents.
When atrial fibrillation is secondary to hyperthyroidism, cardioversion should be delayed until thyroid
function has returned to normal. Atrial fibrillation complicating cardiac surgery is common and tends to be a
self-limited phenomenon. Calcium antagonists and betablockers have been used in atrial fibrillation following
cardiac surgery but their role remains to be defined in
this setting.

Recommendations
Pharmacological cardioversion of recent onset atrial
fibrillation requires a careful consideration of the clinical
setting and knowledge of the pharmacological properties
of the antiarrhythmic drugs to be used. For restoration
of sinus rhythm, class IC drugs administered either
orally or intravenously seem efficient and safe in patients
without underlying heart disease. In patients with ischaemic heart disease, low left ventricular ejection fraction, heart failure or major conduction disturbance,
Eur Heart J, Vol. 19, September 1998

class IC drugs should be avoided for restoring sinus
rhythm. In any event, in atrial fibrillation occurring in
patients with acute myocardial infarction, with low
ejection fraction or after cardiac surgery, the role of
antiarrhythmic therapy for restoration of sinus rhythm
remains to be ascertained.

Electrical cardioversion
Electrical cardioversion may be indicated in patients
with an episode of persistent (non-self terminating) atrial
fibrillation associated with haemodynamic deterioration,
either after failure of pharmacological cardioversion or
as first line therapy[89–94]. External (transthoracic) direct
current electrical cardioversion remains the technique of
choice for restoring sinus rhythm in patients with
chronic atrial fibrillation[89]. One or several[2–5] shocks
may be delivered during the same session. Technical
aspects concerning external direct current cardioversion[90,91] deserve important consideration including
electrode size and position of electrodes (antero-apical
versus antero-posterior), transthoracic impedance
(which may be influenced by pressure on electrodes,
conductive electrode gel, previous shocks), output
waveform (most available external defibrillators use a
monophasic truncated exponential waveform) and
stored energy (50–400 J). The recommended initial
energy is 200 J as 75% or more patients are successfully
cardioverted with this energy[31]. Higher energies (360 J)
are needed if a 200 J shock fails to restore sinus rhythm.
Proper R wave synchronization is essential to avoid the
rate occurrence of shock-induced ventricular fibrillation.
Success rates with external cardioversion range
from 65% to 90%[89–95] provided that the abovementioned technical conditions are met. There are more
secondary failures (early recurrences) than primary failures. The immediate success rates for external cardioversion predominantly depend on the duration of the
arrhythmia. Other factors which may affect the success
rates of external cardioversion include the weight of the
patient and the presence of pulmonary disease[92] which
may affect transthoracic impedance. The size of the left
atrium is more related to the maintenance of sinus
rhythm than to the immediate success rate. There is little
evidence at present on the effect of antiarrhythmic
agents on energy requirements, and the success rates of
cardioversion.
Electrical external cardioversion is a simple,
efficient and safe technique provided it is performed
under proper anticoagulation, the patient is properly
prepared, and the shocks are R-wave synchronized.
Complications are rare but include systemic embolism,
ventricular extrasystoles, non-sustained or sustained
ventricular arrhythmias, sinus bradycardia, hypotension, pulmonary oedema and transient ST-T segment
elevation. Restoration of sinus rhythm may unmask
sinus node dysfunction or advanced atrioventricular
block. If atrioventricular block or sinus dysfunction are
suspected, prophylactic temporary ventricular pacing is
recommended.
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A technique of high energy (200 J or 300 J)
electrical direct current internal cardioversion was
shown to be particularly useful in patients who failed
both external and pharmacological conversion[95,96]. The
technique uses the proximal electrode of a quadripolar
catheter as a cathode and a backplate as anode. In high
energy internal cardioversion, barotrauma (stretch in
cardiac structures) may play a role. In a study which
randomized external versus internal cardioversion[95],
the latter proved to be superior with no more recurrences over long-term follow-up. This technique may be
useful in obese patients and in patients with chronic
obstructive lung disease. More recently, a technique for
low-energy (<20 J) cardioversion of atrial fibrillation
using biphasic shocks and two large surface electrode
catheters positioned in the right atrium (cathode) and
the coronary sinus (anode) has been described[97–101]. An
electrode-catheter in the left pulmonary artery may be
used as an alternative after failure to catheterize the
coronary sinus or as first choice[98]. Low-energy cardioversion restored sinus rhythm in 70–89% of various
subsets of patients with atrial fibrillation including
patients who failed external cardioversion and atrial
fibrillation complicating diagnostic or ablation procedures[102]. This technique which does not require general
anaesthesia, is under intensive evaluation and may also
be useful for pre-implantation testing of patients in
whom an atrial defibrillator is considered. For internal
cardioversion, both proper R wave synchronization and
delivery or shocks following RR intervals d500 ms are
essential in order to avoid ventricular proarrhythmia. In
the two cases of ventricular proarrhythmia so far reported[101,103], one or both of these important technical
precautions were neglected.

Anticoagulation for restoration of sinus
rhythm
In patients with atrial fibrillation lasting 48 h or more,
oral anticoagulation for a minimum of 3 weeks before
and one month after cardioversion is recommended.
There is little good evidence for these specific recommendations, however, the risk of embolic event ranges from
1% to 5·3%[104] in non-anticoagulated patients. These
embolic complications were initially attributed to dislodgement of pre-existing intracardiac thrombi. There is
evidence showing that anticoagulation prior to cardioversion results in resolution of left atrial thrombi and
reduction of embolic complications following cardioversion of atrial fibrillation[104]. As transoesophageal
echocardiography can detect atrial thrombi with a high
sensitivity, it was initially suggested that transoesophageal echocardiography could obviate the need for anticoagulation[105]. Reports of embolic events despite
absence of thrombus at transoesophageal echocardiography showed that this was not the case[106]. More
recently, it was shown that cardioversion of atrial fibrillation may be associated with transient mechanical
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dysfunction of the left atrium, a phenomenon described
as ‘atrial stunning’[107]. The left atrial appendage in
which contractile function may be impaired, has been
suggested as a source of emboli[108]. Following electrical
cardioversion, spontaneous echo contrast developed or
increased in 35% of patients[107]. The available data on
the relationship between the mode of cardioversion and
the worsening of the left atrial appendage function
following cardioversion of atrial fibrillation, are conflicting. The ‘stunning’ phenomenon has also been observed
in spontaneous cardioversion and is likely to occur with
pharmacological cardioversion as well. The ‘stunning’
may be more related to the previous duration of atrial
fibrillation than to the cardioversion process itself.
An interesting approach combines transoesophageal echocardiography and pre-transoesophageal
echocardiography heparin in patients with atrial fibrillation longer than 48 h, a strategy which reduces duration of hospitalization and may be cost-effective[109]. In
the absence of intracardiac thrombus, early cardioversion is performed. When a thrombus is detected, anticoagulation is undertaken for 6 weeks or more and
transoesophageal echocardiography repeated. If the
thrombus resolves, direct current cardioversion is performed. As a rule, persistence of a thrombus constitutes
a contra-indication to cardioversion.
The use of warfarin is still needed for a minimum
of 1 month after successful cardioversion as resumption
of mechanical atrial function may be delayed as late as
3 weeks after sinus rhythm has been restored. The
superiority of the systematic use of transoesophageal
echocardiography prior to cardioversion has not yet
been established. The answer may be given by the
ongoing ACUTE (Assessment of Cardioversion Using
Transesophageal Echocardiography study), the pilot of
which showed that the transoesophageal echocardiography approach allows identification of patients who can
safely undergo cardioversion without prior prolonged
anticoagulation[109].

Recommendations
Restoration of sinus rhythm is a desirable end-point in
patients with persistent (non-self terminating) paroxysmal atrial fibrillation and selected patients with chronic
atrial fibrillation. Electrical cardioversion is the technique of choice provided there is no temporary contraindication such as digitalis toxicity, hypokalaemia, acute
infectious or inflammatory diseases or non-compensated
heart failure. External cardioversion may be hazardous
in patients with severely depressed left ventricular
function because of the risk of pulmonary oedema.
Anticoagulation is recommended for 3 weeks before
cardioversion in patients with atrial fibrillation of 48 h
or more duration and for a minimum of 4 weeks
afterwards. As general anaesthesia is required for
external cardioversion, contra-indications to general
anaesthesia should be ruled out. Another approach,
using
transoesophageal
echocardiography
and
Eur Heart J, Vol. 19, September 1998
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Table 5 Relapse rate for different antiarrhythmic drugs
reported in the literature
Relapse
(mean, range)
No drug
Quinidine
Disopyramide
Propafenone
Flecainide
Sotalol
Amiodarone

69%
59%
51%
61%
38%
58%
47%

(44–85)
(46–89)
(46–56)
(54–70)
(19–51)
(51–63)
(17–64)

Studies
(n)
10
11
3
3
3
3
4

Only studies which concern patients with chronic atrial fibrillation
who were followed for at least 6 months after cardioversion were
selected.

pre-transoesophageal echocardiography heparin may
be an alternative. Transoesophageal echocardiography
is also recommended in patients at particular risk
of thromboembolism such as patients with a history of
cerebrovascular accident, left ventricular dysfunction or
valvular heart disease. The transoesophageal echocardiography with pre-transoesophageal echocardiography
heparin approach may be useful when internal (high or
low-energy) cardioversion is considered after failure of
external cardioversion. Laboratory tests such as thyroid
function test, serum creatinine and serum potassium are
required before elective electrical cardioversion.

Prevention of recurrences of atrial
fibrillation
Prevention of recurrences following
cardioversion
Antiarrhythmic therapy
In the absence of prophylactic antiarrhythmic therapy,
atrial fibrillation relapses are common (44–85% after 12
months) after cardioversion. With treatment, recurrence
rates are lower but still high (17–89%), predominantly
occurring during the first month after cardioversion
(Table 5)[93–96,109,110]. The efficacy of different antiarrhythmic agents is comparable, with the possible
exception of amiodarone. Quinidine has been predominantly studied in the prophylaxis against recurrences of
chronic atrial fibrillation. A meta-analysis[110] has shown
that 50% of patients on quinidine maintained sinus
rhythm at 12 months as opposed to 25% of controls at
the price of increased mortality on quinidine, suggesting
a negative effect of this drug on survival. A few trials
evaluated the efficacy of flecainide or propafenone in the
prevention of recurrences of atrial fibrillation[111,112].
These drugs have comparable effects in preventing
recurrences in patients without overt heart disease.
However, due to their dose-related negative inotropic
properties, care should be taken in patients with a
history of heart failure and with a low left ventricular
Eur Heart J, Vol. 19, September 1998

ejection fraction. In addition, at the moment of a relapse
of the arrhythmia, the class IC drugs may slow and
organize the atrial rate, allowing more atrial impulses to
be conducted through the atrioventricular node, which
may result in a fast ventricular rate due to 1:1 conduction. Whether the combined use of verapamil or
diltiazem or a beta-blocker (to slow atrioventricular
conduction) with a class IC drug may prevent this
complication, has not yet been proven.
Recently, much interest has arisen in class III
antiarrhythmic agents[111–114]. In the setting after cardioversion of atrial fibrillation, a few controlled studies
have been performed. One study[115] comparing sotalol
with quinidine showed comparable efficacy of both
drugs on maintenance of sinus rhythm. However, sotalol
was significantly better tolerated. The ventricular rate at
relapse was significantly lower with sotalol if combined
with digitalis but not with sotalol alone, whereas
patients on quinidine had significantly higher ventricular
rates at relapse whether or not treatment was combined
with digitalis. Prospective comparative data on amiodarone are relatively rare. A favourable outcome has been
reported when amiodarone was instituted as a last resort
in patients in whom other antiarrhythmic drugs had
failed[113,114]. This may suggest a superiority of amiodarone over other antiarrhythmic drugs. However, its use is
limited by its potentially severe adverse events, but at
low dose (100–200 mg daily), amiodarone is effective
and well tolerated[114]. Repeated cardioversion with programmed serial administration of antiarrhythmic drugs
has been recently introduced[112]. In this approach, after
the first cardioversion, patients do not receive an antiarrhythmic drug. After a recurrence, cardioversion is
repeated as early as possible. Patients are then started on
sotalol, subsequently on flecainide, and finally on amiodarone. Despite this aggressive approach, the cumulative percentage of patients maintaining sinus rhythm
was 42% and 27% after 1 and 4 years, respectively.
Another study investigating the efficacy of the serial
cardioversion approach using sotalol and propafenone
showed that 55% of the patients were still in sinus
rhythm after 1 year[116]. In many studies, the follow-up
has been relatively short. The maximal duration of
follow-up in most studies investigating the efficacy of
disopyramide, flecainide, propafenone and sotalol, was
6–12 months and 24 months for amiodarone (Table 5).
All these studies showed a progressive increase in relapses during follow-up, but gave no information on
longer follow-up. A comparison of these studies with the
serial drug study by Van Gelder et al.[93] who followed
patients for a mean of 4 years, indicates that the
duration of follow-up has often been too short to
correctly describe patients as ‘cured’ because many will
suffer a relapse of the arrhythmia after 6–12 months.
Clinical variables affecting maintenance of sinus rhythm
The chance of maintaining sinus rhythm after cardioversion depends on several clinical variables. Patients prone
to recurrences have a longer arrhythmia history, a larger
left atrial size or a greater proportion of rheumatic
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mitral valve disease than those without. In addition, a
low functional capacity may predict a poor arrhythmia
prognosis. Due to the important role of the duration
of the arrhythmia, restoration of sinus rhythm should
be achieved quickly. An arrhythmia duration of only
3 months has been shown to impair the success of the
serial cardioversion approach[93,116]. Remodelling of the
atria during atrial fibrillation may lead to persistent
morphological changes which may develop within a
relatively short time period, and to tachycardia-induced
electrical changes that may be more easily reversible.
This suggests that cardioversion should be performed as
early as possible after onset of the arrhythmia. Efficacy
of cardioversion may be enhanced by patient counselling
by explaining the symptoms suggestive of arrhythmia
recurrence. Nevertheless, this approach still needs to be
substantiated by a prospective randomized trial.
Clinical trials on atrial fibrillation
A number of clinical trials on pharmacological therapy
of atrial fibrillation are ongoing including PAFAC and
PIAF in Germany, RACE, MEDCAR and VERDICT
in The Netherlands, and AFFIRM and the U.S.
Veterans Administration study in the U.S.A.[117]. The
results of these trials and some of the protocols have not
yet been published.

Prevention of recurrences of paroxysmal
atrial fibrillation
In paroxysmal atrial fibrillation (defined as attacks
lasting less than 7 days), the majority of attacks are
self-terminating within 48 h. Others will have episodes
which persist long enough to require cardioversion. The
ideal end-point of therapy is to prevent attacks of atrial
fibrillation but it may be satisfactory to reduce the
frequency of occurrence and/or the duration of episodes.
Another option is to slow heart rate during atrial
fibrillation episodes, thereby alleviating patient symptoms. The superiority of one or the other approach, as
mentioned above, has not yet been established[117].
To prevent recurrences of atrial fibrillation, one
may choose to suppress the trigger mechanism (premature atrial depolarizations) or to change the atrial substrate by modifying atrial refractoriness, which may be
another vulnerable parameter[118].

In which patients and when to use
antiarrhythmic agents?
In the classification system described above[9], three
clinical aspects of paroxysmal atrial fibrillation were
identified in such a way as to have implications for
therapy. In the first attack of atrial fibrillation (group I),
the likelihood of recurrences cannot be determined,
and therefore, pharmacological treatment for prevention
of recurrences may not be justified. Recurrent atrial
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fibrillation (group II) may be asymptomatic, and recorded by Holter monitoring (IIA), or symptomatic and
categorized according to the frequency of attacks (subgroups IIB or IIC). In asymptomatic paroxysmal atrial
fibrillation (group IIA), the role of pharmacological
treatment to prevent recurrences and stroke has not
been established. In group IIB (infrequent symptomatic
episodes), episodic treatment to terminate or slow the
heart rate of the attack may be an acceptable option as
opposed to long-term prophylaxis of recurrences. In
group IIC (frequent symptomatic episodes), prevention of recurrences with sodium or potassium-channel
blockers may be warranted. Atrial fibrillation resistant
to antiarrhythmic drug therapy (group III) may lead to
further investigations to uncover a possible mechanism,
to the use of agents which have an effect on the atrioventricular node (e.g. calcium blockers, beta-blockers,
digitalis) in order to slow the ventricular rate or to
consider non-pharmacological therapy including atrioventricular node modification or ablation, surgery
(Maze procedure), or implantable devices.
The evaluation of antiarrhythmic therapy in
patients with paroxysmal atrial fibrillation is difficult
because as previously stated, patients vary and the
pattern of the arrhythmia (frequency, duration and
mode of termination of attacks) may change over time.
An interesting approach was reported by Anderson
et al.[119] in patients with symptomatic paroxysmal atrial
fibrillation using trans-telephonic monitoring. They randomized the patients to the largest tolerated dose of
flecainide or placebo and evaluated the time to first
recurrence and the interval between attacks. These two
parameters were found to be significantly prolonged by
flecainide. Similar results were also reported by Pietersen
et al.[120] in a placebo-controlled study and by Clementy
et al.[121] in a large cohort of patients. Propafenone was
found to be effective in reducing the rate of recurrences
of atrial fibrillation attacks in placebo-controlled
studies[122,123] and to be as effective as sotalol in preventing recurrences of atrial fibrillation[124]. No controlled
studies on the long-term efficacy and safety of sodium
channel blockers (class I agents) in paroxysmal atrial
fibrillation is presently available.

Proarrhythmic effects of antiarrhythmic
agents
The decision to start antiarrhythmic drug therapy
should consider the risk of recurrence on the one hand,
and the risk of severe side-effects, e.g. ventricular proarrhythmia, on the other. The most severe proarrhythmic effect in atrial fibrillation patients is new onset
ventricular fibrillation, ventricular tachycardia or torsade de pointes. Whereas class IA and class III antiarrhythmic drugs predominantly cause polymorphic
ventricular tachycardia or torsades de pointes[125,126],
class IC drugs usually induce monomorphic ventricular
tachycardia, mostly in the setting of poor left ventricular
Eur Heart J, Vol. 19, September 1998
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function[127,129]. A challenging clinical problem is the
prediction and recognition of proarrhythmia early after
initiation of drug therapy as well as the prevention of
late out-of-hospital proarrhythmia during chronic treatment. Electrocardiographic signs, potentially useful in
the prediction of proarrhythmia with class IA and III
agents, include acute and excessive QT prolongation,
pause-related TU wave changes and increased QT dispersion. Torsades de pointes may occur especially if
there is a pre-existing QT prolongation, and the risk is
enhanced by bradycardia (e.g. occurring after sudden
conversion of ‘rapid’ atrial fibrillation) and hypokalaemia. Late proarrhythmia may occur after addition of
drugs, like diuretics or during intercurrent bradycardia.
Ventricular proarrhythmia with class IC drugs is more
common in patients with a history of sustained ventricular tachycardia and in those with structural heart disease
receiving a high dose[129]. It is important to note that in
contrast to the quinidine-like drugs, ventricular proarrhythmia or sudden death is virtually absent in patients
without overt heart disease treated with a class IC
antiarrhythmic drug. Torsades de pointes are a potential
proarrhythmic complication of sotalol particularly in
patients with ventricular hypertrophy, cardiomegaly
heart failure and of female gender[126]. Amiodarone has
a low proarrhythmia rate[113,114].

Recommendations
Following repeated cardioversion of atrial fibrillation,
prophylactic antiarrhythmic therapy using sodium or
potassium channel blockers should be considered. The
indication for therapy and selection of the antiarrhythmic agent should take into account the presence and
nature of underlying heart disease, a history of congestive heart failure or myocardial infarction, left ventricular function, mode of initiation of atrial fibrillation, and
frequency and duration of episodes (see proposed management strategy). The risk–benefit ratio related to the
use of antiarrhythmic agents should be considered in
every patient.

Rate control during atrial fibrillation
Rate control may be indicated in patients who failed
antiarrhythmic therapy aimed at preventing recurrences
or as an alternative therapy to the maintenance of sinus
rhythm. Although the results of studies comparing these
two strategies (maintenance of sinus rhythm versus rate
control) are not yet available[117], it seems likely that
restoring and maintaining sinus rhythm should be highly
desirable.

exhibits concealed conduction characteristics[130–134].
Fast ventricular rates cause symptoms because stroke
volume is impaired, and may be responsible for heart
failure in different forms. Sympathetic drive and vagal
tone will modify conduction, and hence, ventricular
rate[133,134]. In the absence of atrioventricular node or
His-Purkinje system impairment of conduction, ventricular rate in atrial fibrillation should be considered as
‘uncontrolled’. The presence of accessory pathways with
antegrade conduction (as in the Wolff–Parkinson–White
syndrome) will also modify the ventricular rate. Although symptoms are often related to fast ventricular
rates, irregularity of heart action may also play an
important role in some patients[130].

Definition and criteria for rate control
Rate control during atrial fibrillation is poorly defined.
It can be judged from clinical symptoms but also from
ECG criteria. Haemodynamic data, e.g. based on
echocardiographic measurements, are rare[135]. It can be
assumed that ‘controlled heart rate’ during atrial fibrillation at rest does not imply an appropriate rate during
exercise. Inappropriate fast heart rates may occur during
even minor exercise in patients with atrial fibrillation,
even when resting heart rates are ‘controlled’[133,134].
Criteria for rate control may also vary according to age.
Rate control is (arbitrarily) considered to be present
when heart rate ranges between 60 to 80 beats . min 1
at rest, and between 90 to 115 beats . min 1 during
moderate exercise[134,135]. It is useful to consider heart
rate trends on Holter recording in order to assess rate
control, as proposed by Atwood et al.[136]. Exercise
testing can be used to analyse heart rate at submaximal
and maximal exercise. Furthermore, heart rate variability during atrial fibrillation provides additional
insight in the heart rate control, and may bring
independent information on survival[137–139].

Haemodynamic consequences of rapid heart
rate
Rapid heart rate in atrial fibrillation may have an
untoward effect on cardiac function resulting in a
tachycardia-induced cardiomyopathy which may be reversed after control of heart rate[140,144]. Activation of
neurohumoral vasoconstrictors and secretion of atrial
natriuretic peptide may occur in atrial fibrillation. The
loss of the atrial contribution to ventricular filling may
also contribute to the hemodynamic changes that take
place in atrial fibrillation.

Determinants of ventricular rate during
atrial fibrillation

Interventions for rate control

Heart rate during Af is determined by the structure and
electrical properties of the atrioventricular node which

Control of heart rate may be achieved with pharmacological intervention or with atrioventricular node
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modification or ablation using radiofrequency current
(see ablation section). In the absence of antegradely
conducting accessory pathways, drugs are needed which
depress atrioventricular conduction. The effective refractory period of the atrioventricular node correlates very
well with ventricular rates during atrial fibrillation, and
drugs prolonging the atrioventricular node effective refractory period should be effective. Cholinergic activity
is another pharmacological determinant that is sought in
a drug[143]. In paroxysmal atrial fibrillation patients,
sinus bradycardia and heart block may occur in certain
conditions, and particularly in the elderly as an unwanted effect of pharmacological intervention especially
with glycosides or calcium channel antagonists.

Digoxin
Digoxin is generally considered to be effective for rate
control in atrial fibrillation, particularly when congestive
heart failure is present[144]. This has not been proven for
other atrial fibrillation patients. However, digoxin does
not control the ventricular rate during exercise[142] and
this is not related to inadequate serum digoxin levels[143].
Both findings are related to an indirect vagomimetic
effect of glycosides. Recent data on ventricular rate in
converters and non-converters (in a group with recent
onset atrial fibrillation, without overt heart failure)
supports the idea that digoxin indeed lowers the ventricular rate[70]. The effect is visible early after initiation
of digoxin therapy, and could be explained by an early
vagotonic effect on the atrioventricular node. However,
the level of rate control with digoxin is not impressive.
It takes about 6 to 12 h to achieve rates >100
beats . min 1[72]. Therefore, additional drugs to control
atrioventricular nodal conduction were often prescribed
in recent trials designed to convert atrial fibrillation with
dioxin[142]. A controlled study has not found digoxin to
be effective in the prevention of recurrences of atrial
fibrillation[145].

Non-dihydropyridine calcium antagonists
The most commonly used agents are verapamil and
diltiazem. Intravenously, both drugs are effective in
emergency settings[146,147]. The negative inoptropic effect
of oral calcium antagonists require their cautious use in
patients with heart failure. Calcium antagonists are
preferred to beta-blockers in patients with chronic obstructive pulmonary disease. It has been shown that
exercise duration increases when verapamil or diltiazem
are used to control heart rate[148]. However, it has been
suggested that calcium antagonists might prolong
paroxysms, making chronic use in paroxysmal atrial
fibrillation less desirable. This contrasts with other
investigational data showing that electrical remodeling is
prevented by calcium channel blockers, making its use
for rate control acceptable[148].
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Beta-receptor blockers
Beta-receptor blockers are also used to control heart
rate in atrial fibrillation patients[149–153]. Intravenous
beta-blockade with propanolol, atenolol, metoprolol or
esmolol can be of value in specific settings[153]. Chronic
beta-blockade is a safe therapy, and will prevent the
effects of excessive sympathetic tone. Atenolol provided
better control of exercise-induced tachycardia than
digoxin alone[150]. Pindolol with digoxin offered better
rate protection than digoxin alone or combined with
verapamil during exercise, and did not affect resting
heart rate to the same extent[155]. Xamoterol, having
more intrinsic sympathetic activity than pindolol, offered more rate control than digoxin and placebo during
exercise, and avoided pauses and slow heart rates[151]. It
tended to improve exercise duration and made patients
less symptomatic. In chronic atrial fibrillation, it is also
better in this respect than verapamil. In another study,
xamoterol and atenolol were compared and exercise
performance was lower with atenolol[150]. Beta-blockers
should be used with caution in patients with heart
failure. Clonidine (having anti-adrenergic properties)
can be an alternative for hypertensive patients, as it
reduces standing heart rates by 15–20%[153].

Other antiarrhythmic agents
Sodium and potassium channel blockers (primarily used
for conversion to sinus rhythm or for maintenance of
sinus rhythm) are not advocated for rate control. Class
IA agents (quinidine and disopyramide) may even improve atrioventricular conduction, thereby facilitating
fast rates, due to anticholinergic effects. Propafenone
may control heart rate when paroxysms of atrial fibrillation recur, due to its effect on the atrioventricular
node. Nevertheless, if atrial rhythm becomes more regular and slower, faster atrioventricular conduction may
occur. In one study, dl-Sotalol was better than quinidine
in controlling ventricular rate[115].
Amiodarone, which has both sympatholytic and
calcium antagonistic properties, depresses atrioventricular conduction and is effective in controlling ventricular
rate. However, it has not been properly investigated in
this indication. It should not be used as a first line agent
in this indication because of its side-effect spectrum.
New antiarrhythmic drugs (dofetilide, ibutilide)
are effective for acute conversion of atrial flutter and
atrial fibrillation[87,88] but are not effective as rate
control agents.

Special considerations for the
Wolff–Parkinson–White syndrome
The intravenous use of agents that slow atrioventricular nodal conduction and particularly calcium antagonists are contra-indicated in Wolff–Parkinson–White
Eur Heart J, Vol. 19, September 1998
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Table 6

Temporary or permanent pacemaker indications in patients with atrial fibrillation in different clinical settings

(1) To prevent bradyarrhythmia in permanent or drug treated paroxysmal atrial fibrillation
1.1. to prevent symptomatic bradyarrhythmia during permanent atrial fibrillation
1.2. to limit prolonged sinus node pauses (prolonged sinus node recovery time) after spontaneous termination of atrial fibrillation
(bradycardia-tachycardia syndrome)
1.3. to prevent sinus bradycardia or atrioventricular block in drug suppressed atrial fibrillation
1.4. in patients with spontaneous total atrioventricular block with atrial fibrillation, after atrioventricular nodal ablation or surgical
interruption of atrioventricular conduction in atrial fibrillation
1.5. to prevent intermittent bradyarrhythmia in surgery near vagal nerves, acute (inferior) myocardial infarction, pulmonary
embolism, in acute hemorrhage, shock of different origin, intoxication with drugs inducing bradyarrhythmia (digitalis,
antiarrhythmics, beta-blockers, calcium channel blocking agents), cardioversion in known severe sinus node disease,
percutaneous transluminal coronary angioplasty, other interventional procedures, cardiac surgery.
(2) To prevent recurrences of paroxysmal atrial fibrillation (not yet proven, see text)
2.1. in pause-dependent (bradycardia-induced, vagal, nocturnal) atrial fibrillation
2.2. pacing modality to prevent paroxysmal atrial fibrillation (AAI, DDD, rate responsiveness)
2.3. role of new options of devices (mode-switch, rate-smoothing)
2.4. multisite atrial pacing (dual-site single chamber pacing, dual chamber (dual atrial) pacing)
(3) To terminate paroxysms of atrial fibrillation (under evaluation)
3.1. burst pacing using external pacemakers
3.2. external cardioversion and post-shock pacing
(4) For haemodynamic reasons
4.1. in left heart failure with atrial fibrillation in chronic heart disease or in advanced dilated cardiomyopathy (patients in NYHA
class IV)
4.2. to reduce outflow tract gradient in hypertrophic obstructive cardiomyopathy with atrial fibrillation
4.3. to increase cardiac output in hypertrophic non-obstructive cardiomyopathy with atrial fibrillation
(5) Special situations (under evaluation)
5.1. patients after heart transplant
5.2. hypersensitive carotid sinus syndrome
5.3. social indications (selected professions, driving, limited compliance of the patient, drug abuse, limited prognosis, limited control,
travellers in countries with limited health care)
5.4. syncope of unknown cause and atrial fibrillation

patients, since it has been demonstrated that antegrade
conduction via the accessory pathway during atrial
fibrillation is improved[154,155]. If antiarrhythmic agents
are to be given, intravenous class I or class III agents
may be indicated in haemodynamically stable patients.
If the arrhythmia is associated with haemodynamic
deterioration, early direct-current cardioversion is
required.

Conclusions
Combination therapy is often necessary to achieve rate
control in atrial fibrillation patients. It may require
careful titration but some patients may develop symptomatic bradycardia which may require permanent pacing.
When pharmacological interventions fail to prevent recurrences of atrial fibrillation or/and to control heart
rate, non-pharmacological therapy may be considered.

Recommendations
In patients with permanent atrial fibrillation control of
heart rate both at rest and during exercise is desirable as
rapid heart rate may limit exercise capacity and affect
cardiac function. Pharmacological interventions for rate
control include mainly the use of digoxin, nondihydropyridine calcium antagonists (verapamil and
diltiazem) and betablockers. Except for patients with
heart failure or left ventricular dysfunction in whom
Eur Heart J, Vol. 19, September 1998

digoxin is the drug of choice, rate control at rest and
during exercise is better achieved with nondihydropyridine calcium antagonists and betablockers.

Pacemaker therapy in atrial fibrillation
Four principal aspects are discussed: (1) antibradycardia
pacing for symptomatic low heart rate, (2) the incidence
and consequences of atrial fibrillation in patients chronically implanted with dual chamber pacemakers, (3) the
potential role of cardiac pacing for atrial fibrillation
termination and (4) atrial fibrillation prevention.

Pacing for rate support
In atrial fibrillation patients, the implantation of an
antibradycardia device may be discussed in several
clinical situations as listed in Table 6.
Sick-sinus syndrome
Atrial fibrillation represents a possible manifestation of
the sick-sinus syndrome. A subset of patients have
alternation of tachycardia (mainly paroxysmal atrial
fibrillation and bradycardia episodes. It is not known if
cardiac pacing favourably influences the natural history
of this syndrome since no prospective randomized study
has compared the effects of pacing and of medical
treatment alone. The only available information
concerns the outcome of paced patients. Several
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non-randomized studies have compared the long-term
effects of atrial and of ventricular pacing modes[156–160].
Results suggest a significant decrease in the incidence of
evolution towards chronic atrial fibrillation with atrial
pacing. After pooling the results of these different
studies, the average annual incidence of chronic atrial
fibrillation was 1·5% in atrially paced patients and 12%
in the ventricularly paced groups. Some studies also
showed a significant reduction in the incidence of
thrombo-embolic events and a lower mortality rate[157].
These preliminary results were confirmed by a recently
published prospective randomized study[161] which
showed a trend for a lower incidence of atrial fibrillation
in the atrially paced group. The incidence of chronic
atrial fibrillation in patients surviving more than 1 year
was 7% compared to 13% (ns) in the ventricular group.
Interestingly, the incidence of thrombo-embolic events
was significantly (P=0·0083) lower 5·5% vs 17·4%) in the
atrially paced group. Finally, there was no significant
difference in the mortality rate between the two groups.
These data strongly suggest pacing the atrium when
permanent pacing is indicated in patients with the
‘brady-tachy syndrome’, because of a lower incidence of
thromboembolism and atrial fibrillation.
Chronic atrial fibrillation with symptomatic
bradycardia related to atrioventricular block or to the
concomitant use of necessary atrioventricular nodal
depressant drugs may require pacing for rate support. A
VVIR pacing mode is indicated.
Chronic atrial fibrillation with symptomatic
chronotropic incompetence during exercise represents
another possible indication. More than 50% of chronic
atrial fibrillation patients have an abnormal response of
heart rate during exercise. In some patients, the abnormal behaviour consists of an inappropriate bradycardia,
resulting in a significant limitation in exercise capacity
in the absence of drugs that slow heart rate. This situation may require the implantation of a rate-adaptive
VVIR pacemaker even in the absence of significant
bradycardia at rest[162].
Atrioventricular block resulting from atrioventricular nodal ablation or from attempted atrioventricular nodal modification for control of ventricular rate in
patients with chronic or paroxysmal atrial fibrillation
requires permanent pacing[163,164]. In the case of permanent atrial fibrillation, the choice of the pacing mode is
clearly VVIR. In the case of paroxysmal atrial fibrillation, there is a general consensus to implant a rateresponsible DDDR pacemaker and to program a DDIR
or a DDDR (with mode-switch and/or fallback algorithms) pacing mode. However, there is no definite
evidence that the dual-chamber pacing mode will significantly contribute to the prevention of paroxysmal atrial
fibrillation recurrences.

Atrial fibrillation and dual-chamber pacing
The incidence of atrial tachyarrhythmias and especially
of atrial fibrillation, is generally underestimated in
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patients chronically paced in a dual-chamber mode.
Data from pacemaker and defibrillator Holter functions
have shown an incidence of sustained atrial tachyarrhythmias. In 265 unselected patients, Guarrigue
et al.[165] observed a 48·8% incidence of sustained atrial
tachyarrhythmias (one or more episodes) during a
follow-up ranging from 3 to 41 months. The relative
incidence was 43·5% in patients without atrial tachyarrhythmias documented prior to implant and 64·7%
in patients with previously documented atrial tachyarrhythmias. Most of the episodes were asymptomatic
and lasted less than 24 h. A major consequence of these
observations is a potentially high risk of pacemaker
mediated tachycardias, by tracking the paced ventricular
rate up to the programmed upper rate limit. This may
result in severe symptoms especially in patients with
structural heart disease and poor left ventricular function. To prevent this risk, most of the recent DDD/
DDDR pacemakers are equipped with algorithms for
ventricular protection (fallback, dual-demand, mode
switching). Such algorithms should be used in patients
with electrically unstable atria.

Pacing for termination of atrial fibrillation
Despite the clear evidence of a reentrant mechanism in
atrial fibrillation and the strong presumption of a (short)
excitable gap, there is no evidence today that rapid burst
atrial pacing reproducibly terminates atrial fibrillation in
humans.

Pacing for prevention of atrial fibrillation
Several mechanisms have been postulated which might
suggest a potential role of cardiac pacing in atrial
fibrillation prevention. Atrial pacing may prevent the
arrhythmogenic effect of bradycardia and of marked
variation of heart rate causing dispersion of refractoriness. This may particularly apply in arrhythmia related
to/or associated with bradycardia, such as vagallymediated atrial fibrillation[48]. Atrial fibrillation may be
prevented by increasing the coupling interval of the
initiating premature beat in the abnormal substrate. This
result may be achieved either by pre-exciting the zone
where reentry occurs, or by pacing at one or more sites
which are opposite to the activation of the premature
beat. This is the rationale for multi-site atrial pacing in
atrial fibrillation prevention. Atrial fibrillation may also
be prevented by suppressing the premature beats. Such
an effect could be achieved by overdrive suppression of
automatic foci.
The clinical relevance of theses concepts remains
to be proven by prospective randomized trials, several
of which are currently ongoing. Permanent atrial pacing
has been shown to prevent atrial fibrillation recurrences
and to reduce the need for antiarrhythmic drugs
in a majority of patients. Patients with major atrial
Eur Heart J, Vol. 19, September 1998
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Table 7

Indications for pacing in atrial fibrillation

Class I: (Agreement that pacemakers should be implanted)
1. symptomatic bradyarrhythmia in atrial fibrillation
2. bradyarrhythmia after drug treatment that cannot be avoided
3. symptomatic pauses after spontaneous termination of atrial fibrillation
4. total atrioventricular block in atrial fibrillation
5. temporary pacing in selected clinical situations (after cardiac surgery, in acute myocardial infarction, shock, intoxication,
postshock pacing and others)
6. to prevent atrial fibrillation in pause dependent atrial fibrillation
7. in spontaneous or induced symptomatic total atrioventricular block
8. social indications for pacing (professions, sport, travellers)
Class II: (Conditions for which permanent pacemakers are frequently used but there is divergence of opinion with respect to the necessity
of their insertion)
1. Paroxysmal atrial fibrillation in obstructive cardiomyopathy
2. Advanced left heart failure and atrial fibrillation
3. Syncope of unknown origin without documentation of arrhythmia, large time intervals of spontaneous occurrence and abnormal
but not severe invasive electrophysiologic findings
4. Multi-site atrial pacing to prevent atrial fibrillation recurrences in decremental atrial conduction and atrial fibrillation. The
amount of delay in atrial conduction that may be successfully treated by this opinion is unclear at the present time
5. Burst pacing to terminate atrial fibrillation or to sustain atrial fibrillation
Class III: (Conditions for which there is general agreement that pacemakers are unnecessary)
1. syncope of unknown origin with documented stable rhythm during symptoms
2. in patients with paroxysmal atrial fibrillation and preexcitation syndrome
3. in patients with fascicular block, or first degree atrioventricular block without symptoms
If a pacemaker is indicated in paroxysmal atrial fibrillation:
1. AAI/DDD pacing reduces recurrences of atrial fibrillation
2. Rate responsiveness depresses spontaneous atrial fibrillation recurrences
3. Mode switch function results in better haemodynamic outcome in paroxysmal atrial fibrillation
4. rate-smoothing function results in better haemodynamic effects in recurrent atrial fibrillation

conduction block and drug refractory atrial tachyarrhythmias (atrial fibrillation and/or atrial flutter)
may benefit from multi-site atrial pacing and especially
biatrial synchronous pacing[166,167]. Multi-site atrial pacing was associated with 75% of patients free of arrhythmia over a 2 year follow-up period[166]. Only a limited
number of patients has been treated so far and this
concept is now under further evaluation. Proposed indications and mode of pacing in atrial fibrillation patients
are summarized in Table 7.

The atrial defibrillator
Sinus rhythm can be restored by repeated external
electrical[94] or pharmacological cardioversions. In order
to facilitate repeated cardioversions, a device, similar in
many respects to the ventricular implantable cardioverter defibrillator, is currently under clinical evaluation[168]. It has the advantage of restoring sinus rhythm
as early as possible and may prevent the remodeling
associated with prolonged episodes of atrial fibrillation.
The atrial implantable defibrillator or more
appropriately the implantable atrioverter as it delivers
low-energy (c6 J) shocks, is designed to re-establish
sinus rhythm as effectively and comfortably as possible,
with a minimum risk of provoking ventricular tachyarrhythmias. Experimental studies in sheep[97] and clinical experience in humans have shown that low-energy
internal defibrillation is effective in about 80% of
paroxysmal atrial fibrillation, and in 75% of recent onset
atrial fibrillation or chronic atrial fibrillation[98–102,169].
Eur Heart J, Vol. 19, September 1998

About 2–3 J (240 V) are usually needed when delivered
in the form of a biphasic exponential discharge of 3 ms
phase duration. The intracavitary shock is best delivered
between large electrodes in the right atrium (cathode)
and the distal coronary sinus (anode) which bracket the
mass of the atrial tissue between them. Atrial defibrillation has been shown to be safe as no significant ventricular arrhythmias have been provoked when shocks of 6 J
or less were delivered, synchronously with the QRS
complex and following an RR interval of 500 ms or
more[170]. It has been demonstrated in an animal model
that it is essential to synchonize to an R wave which falls
at least 300 ms after a previous R wave (which might
otherwise be superimposed on a previous T wave)[170].
The available device (Metrix System 3020, InControl, Redmond, U.S.A.) uses three electrodes, one in
the right atrium and one the coronary sinus for atrial
defibrillation and one ventricular electrode for reliable R
wave synchronization and post-shock ventricular pacing
(if necessary). Detection of atrial fibrillation with this
device is performed through sophisticated algorithms
allowing a high specificity for atrial fibrillation detection. Two important concerns include safety and possible shock-related discomfort. The device is initially
programmed to a ‘physician activated’ mode. Thus,
although the device must recognise and confirm that
atrial fibrillation is present, it will not discharge unless
activated by a physician. Thus far, no ventricular arrhythmias have been provoked using the device during
this initial ‘physician activated’ phase[171]. In a second
phase, the device will be programmed in a patient
activated mode or possibly in an automatic mode. To
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check the safety of atrial fibrillation termination, it is
recommended the device initially to be used in a given
patient, in a ‘physician activated’ mode.
At present, the capacitor discharge is felt as a
‘kick in the chest’. Patients do not like the sensation but
many will tolerate the treatment to rid themselves of
an uncomfortable and incapacitating arrhythmia. With
modification of electrode design and position, new waveform configuration and the combination of this therapy
with other treatments such as ablation or pacing, it may
be possible to render the shock easily tolerable whilst
maintaining high efficacy[99–101].
Prompt defibrillation may prevent electrophysiological remodelling associated with rapid atrial rates or
with atrial fibrillation which promotes the perpetuation
of atrial fibrillation[32]. The atrioverter when associated
with measures designed to preserve ventricular function
and with drugs to stabilize the atrial myocardium, may
be useful in the treatment of this ubiquitous arrhythmia.
This new therapy is currently under evaluation and a
limited number of patients have been treated with the
available stand-alone device. The initial experience with
the device in the physician activated mode needs to be
extended to the patient-activated mode and to the
automatic mode.
A double-chamber defibrillator (Medtronic
AMD 7250 Minneapolis, U.S.A.) is currently under
evaluation in patients requiring a ventricular defibrillator and who also have atrial fibrillation[172]. A ventricular defibrillator may induce atrial fibrillation. An
unsynchronized attempt at atrial defibrillation may
cause ventricular fibrillation. Therefore, a device which
is capable of recognizing and terminating both atrial and
ventricular fibrillation and which can reliably distinguish
between the two arrhythmias may be useful in selected
patients. This device uses tiered therapy to prevent and
terminate atrial arrhythmias. Atrial pacing allows concomitant drug therapy without risk of bradycardia and,
thereby, may reduce the likelihood of atrial fibrillation.
If an atrial arrhythmia occurs, rapid atrial pacing may
be programmed as an initial attempt to terminate atrial
tachycardia or flutter. A high energy shock is also
envisaged as a final therapy for the termination of atrial
fibrillation.
The recent field of atrial defibrillation using
implantable devices is promising. However, most
patients will require combined pharamcological therapy
in order to reduce the number of episodes and the
frequency of device intervention.

Recommendations
Atrial implantable defibrillators are currently under
evaluation. The initial experience with the stand-alone
atrial defibrillator in a ‘physician activated’ mode is
encouraging and has shown high safety and efficacy of
atrial defibrillation. The dual-chamber defibrillator is at
present only available for investigational use in patients
who need a ventricular defibrillator. Devices for atrial
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fibrillation termination will prove to be useful in selected
groups of patients with atrial fibrillation.

Surgery for atrial fibrillation
During the last decade, surgeons have applied surgical
therapies to treat atrial fibrillation. Two promising
approahces include the (modified) Cox maze
procedure[44,173–175] and the left atrial isolation procedure[176]. The aim of surgical treatment of atrial fibrillation should be: eliminate the arrhythmia, maintain
sinus node function, maintain atrioventricular conduction, and to restore atrial contraction. These aims may
be achieved by both surgical interventions.
Since atrial fibrillation is characterized by the
presence of multiple reentrant circuits in both the left
and right atria, Cox et al.[173] developed a procedure
based on the principle of a maze. This technique places
several appropriate incisions in both atria, excises both
atrial appendages and isolates the pulmonary veins in
order to obtain compartments none of which is large
enough to sustain atrial fibrillation. Moreover, these
incisions will direct the sinus impulse to all parts of the
atrium including the atrioventricular node and may
restore atrial contractile function. By abolishing atrial
fibrillation, the chance of thromboembolic complications and of bleeding complications related to the use
of oral anticoagulants will decrease. Success rates of the
original and modified Maze procedures are 80–90% but
long-term results are awaited. Adverse events include
massive fluid retention (5%), probably related to the loss
of atrial natriuretic peptide secondary to the extensive
atriotomies. It may be prevented by routine administration of spironolactone during the first weeks after
surgery. The high incidence of sinus node dysfunction
requiring permanent pacing[44,173] may have been related
to the high number of patients with sinus node dysfunction preoperatively. Others have also reported this complication and the latest mofdification, the Maze III
procedure[177–180], omits an atriotomy in the proximity
of the sinus node artery. Mortality related to the surgical
interventions is approximately 2%[165].
After a mean follow-up of 8 months, restoration
of right atrial contractile function was detected in 38
patients (83%) and of the left atrial contraction in 28
patients (61%)[174–175,181]. Right atrial contractile function was comparable to normal controls whereas that of
the left atrium was significantly lower. Thus, the chance
of thromboembolic complications may be reduced but,
as restoration of the atrial contractile function occurs
late after surgery, oral anticoagulation should be continued for 3–6 months after surgery and until the presence
of active atrial transport function has been documented.
Immediately after surgery, the sinus node response to
exercise is often attenuated. After 6 months of followup, this impaired response has been restored concomitantly with an improvement of exercise tolerance[182].
This feature probably relates to denervation of the sinus
node due to multiple incisions in the atrial wall and to
Eur Heart J, Vol. 19, September 1998
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surgical trauma to the sinus node and the sinus node
artery. A denervated sinus node may eventually be
reinnervated and its function may be restored late after
surgery.
Left atrial isolation[176] may be even more attractive for patients scheduled for additional surgery. This
technique also effectively reduces the mass of contiguous
atrial tissue, thereby reducing the possibility of atrial
fibrillation. Left atrial isolation was effectively performed in 88 patients (88%) in a recent report[183] with
70 patients remaining in sinus rhythm after a follow-up
of 14 months. Complications included low output syndrome, respiratory insufficiency and permanent atrioventricular block that required pacemaker implantation
(3%). More data are needed on restoration of atrial
contractile function.
The corridor operation isolates the sinus node
area, a corridor of atrial tissue and the atrioventricular
junction from the remaining atrial tissue[184]. Using this
technique, sinus node function and hence the physiological control of heart rate is well restored. However, atrial
contractile function is not restored and the risk of
thromboembolic complications remains present implying the necessity for continuous oral anticoagulant
therapy.
So far, both the (modified) Maze procedure and
the left atrial isolation procedure have only been performed in a limited number of patients and by a small
number of surgeons. However, both techniques are
promising for the cure of atrial fibrillation. The Maze III
modification[180] seems preferable as it reduces the risk
of sinus node dysfunction and the need for pacemaker
implantation. Future modifications may further improve
the Maze technique eventually leading to a reduced
complication rate and even a higher success rate. More
data on left atrial isolation are warranted as this procedure may be attractive to perform in addition to other
surgical interventions. Many surgical variations are currently being evaluated, some of which seem especially
quick, safe and effective.

Recommendations
As the number of patients treated so far by surgery is
still limited, surgery is not considered a routine nonpharmacological treatment of atrial fibrillation. Its indications are at present limited to a selected group of atrial
fibrillation patients, particularly to those who have
failed pharmacological therapy but will evolve to include
other patients over time.

Catheter ablation
Ablation and modification of atrioventricular
conduction
Catheter ablation (interruption or modification) of the
atrioventricular junction is an alternative therapy for
those patients with symptomatic atrial fibrillation in
Eur Heart J, Vol. 19, September 1998

whom the arrhythmia has been refractory to preventive
drug therapy or who cannot tolerate the treatment. It is
also used to alleviate symptoms in patients with atrial
fibrillation associated with a rapid ventricular rate not
controlled by drug therapy[163,164].
The initial technique for ablation of the His
bundle by direct current (direct current shock ablation)
has been abandoned due to complications which included cardiac perforation, tamponade, acute depression of left ventricular function, proarrhythmia and
sudden death[150,185–189]. Therefore, catheter ablation of
the atrioventricular junction is now performed with the
delivery of radiofrequency energy[190–195]. Radiofrequency catheter ablation of the atrioventricular node or
of the proximal His bundle have been shown to be
effective in almost all cases using the right-sided approach, or in rare cases of failure, the retrograde
transaortic left-sided approach. Compared to direct current shock ablation, radiofrequency ablation appears to
be safer as it creates smaller and more homogenous
lesions with no electrical arcing or barotrauma. Radiofrequency catheter ablation of the atrioventricular node
does not require general anesthesia. Another advantage
of radiofrequency ablation is the persistence of a junctional escape rhythm[190–194]. It should be emphasized
that catheter ablation of the atrioventricular junction is
not curative since the patients remain in atrial fibrillation with its potential thrombo-embolic sequelae, and
they require permanent cardiac pacing. However, it
allows good rate control to be achieved which is undoubtedly superior to that obtainable by drugs. Radiofrequency catheter ablation of the atrioventricular node
has proved to be particularly efficacious in controlling
symptoms, mainly palpitations, both in paroxysmal or
chronic atrial fibrillation forms[196–199]. Additional important benefits may also be obtained, such as a decrease
in number of hospitalizations after ablation[208]. For
patients with impaired left ventricular function, atrioventricular ablation may improve left ventricular function and reduce heart failure with moderate to marked
improvement of exercise capacity[196–198].
The choice of pacemaker is important following
or prior to atrioventricular node ablation (see pacemaker section). Usually, a rate-responsive pacemaker is
preferred to a fixed rate device. In paroxysmal atrial
fibrillation, a dual-chamber rate-responsive pacemaker
should be used in order to maintain atrioventricular
synchronization during periods of sinus rhythm even
though a significant percentage of patients developed
chronic atrial fibrillation[199].
Complications of radiofrequency catheter ablation of the atrioventricular node occur infrequently[200].
No evidence of an increased risk of sudden death has
been reported during follow-up, but the long-term outcome is still not well known[199]. Programming the pacing rate at a minimum of 80 in order to prevent torsades
de pointes and sudden death has been suggested.
In order to reduce the ventricular rate during
atrial fibrillation while preserving normal atrioventricular conduction (and avoiding pacemaker implantation),
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modification of the atrioventricular node has been
developed[201–207]. Initially, attempts to modify atrioventricular nodal conduction were directed at the ‘fast
pathway’, anterior to the compact atrioventricular node
with a relatively high incidence of complete atrioventricular block. The alternative approach, ablation of the
‘slow pathway’, which has a shorter refractory period
than the fast pathway, resulted in a very low incidence of
complete atrioventricular block[203]. Its success was due
to a slowing of the ventricular response due to prolongation of the refractoriness of the atrioventricular
node. The technique is similar to that of slow pathway
ablation in patients with atrioventricular nodal reentry.
Methods utilizing an anatomical or an electrophysiological approach have been proposed. Radiofrequency
current delivery is usually performed until the resting
ventricular response during atrial fibrillation falls
below 100 beast . min 11. This is followed by further
assessment of the ventricular rate after atropine and
isoproterenol infusion. Effective modification of the
atrioventricular node is obtained in 65 to 75%
of patients[201–205]. The criteria of success, the type of
patients who are the best candidates, the causes of
failure and the exact mechanisms of atrioventricular
node modification are still a matter of controversy.
Inadvertent complete heart block occurs in up to 16% of
patients at the time of the procedure or later during
follow-up[201,204–208].

Recommendations
At the present time, atrioventricular node modification
or ablation in patients with atrial fibrillation should be
reserved for patients in whom complete heart block and
pacemaker implantation are an acceptable treatment.
Used as the last resort procedure, in selected drugresistant or drug-intolerant patients, this procedure
has been shown to be effective in improving patient
symptoms and quality of life.
Long-term follow-up of patients undergoing
atrioventricular nodal modification is required before
recommendations can be made about the routine use of
this technique and the need for permanent pacemaker
implantation.

Atrial ablation for atrial fibrillation
Recently, there has been a growing enthusiasm to apply
the concepts underlying the surgical Maze procedure to
the development of a catheter-based technique in which
radiofrequency ablation is used to create linear nonconductive barriers to prevent the intra-atrial reentry
responsible for atrial fibrillation. Various techniques of
creating linear lesions, in the right or/and in the left
atrium were reported to be effective in reducing either
paroxysmal or chronic atrial fibrillation in preliminary
series[209–211]. Limitations of atrial ablation are related to
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the inability to accurately assess the precise anatomical
location and extent of lesion formation. More experience and development[212,213] are needed to demonstrate
successful conversion and maintenance of sinus rhythm,
improved survival, decrease of embolic events and improved quality of life. Very recently, a group of young
patients with no detectable heart disease and atrial
fibrillation felt to be related to rapidly firing atrial foci
most often located near the orifice or within the left
pulmonary veins, has been identified[27]. Ablation of the
atrial focus using a trans-septal approach was able to
cure atrial fibrillation in this selected group of patients.

Recommendations
Map-guided ablation of a rapidly firing atrial focus is
possible and may be a potential therapeutic approach in
selected patients with atrial fibrillation in the absence of
apparent structural heart disease. Ablation of the atrium
based on the concept of the Maze procedure remains
highly experimental and its efficacy and safety require
further evaluation.

Proposed management strategy of
atrial fibrillation
The preceding sections have illustrated the remarkable
complexity of the classification, presentation and management possibilities for atrial fibrillation. Despite atrial
fibrillation being one of the commonest arrhythmias to
affect man, remarkably little research in the form of
randomized, controlled studies has been performed.
Management strategies are based on what little evidence
there is and upon extrapolations from drug use in other
situations. With more attention being paid to atrial
fibrillation, it is likely that new information will modify
management strategies. For the present, Figs 1–3 provide a suggested management scheme for the use of
drugs and non-pharmacological therapies.

Paroxysmal atrial fibrillation (Fig. 1)
Some types of paroxysmal atrial fibrillation involve
infrequent and well-tolerated episodes for which reassurance may be a sufficient therapy. When reassurance is
inadequate, when the paroxysms are associated with
symptoms requiring treatment and when there is no or
only minimal heart disease, the first therapeutic intervention should be either a beta-blocker or a class 1C
antiarrhythmic drug (propafenone or flecainide). Betablockers are relatively ineffective in these circumstances
but have the advantage of occasionally being effective
and they are well-tolerated. Beta-blockers might be
tested in all such patients but the patients should be
aware that the likelihood of successful control of
paroxysms is relatively modest. Of all antiarrhythmic
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PERMANENT

PAROXYSMAL
Infrequent and tolerated

No or minimal
heart disease

Reassure
propafenone
or flecainide

Significant heart
disease

betablocker

Likelihood of
sinus rhythm low

AF short duration, LA small

Recurrence

Ventricular
Rate Control

Medical and/or electrical cardioversion

Prophylactic drug treatment. Choose as for paroxysmal AF
Class 1c, II, III
Satisfactory clinical situation

Figure 2 Management algorithm of permanent or
chronic atrial fibrillation.
agents, the class 1C drugs have the highest reported
success rates for preventing paroxysmal atrial fibrillation. In the event that they fail and beta-blockers have
proved not useful, amiodarone should be the next approach. When this drug fails or is inappropriate, then
non-pharmacological strategies such as ablation with
rate control, alternative drugs or pacing should be
considered.
When paroxysmal atrial fibrillation produces
symptoms that require treatment and there is significant
heart disease, management is much more difficult. Class
I antiarrhythmic agents, due to the potential for proarrhythmia are unlikely to be tolerated in this circumstance. For a few patients, beta-blockers may be worth a
trial, particularly with the reports of the benefits of
cautious, selective use of low-dose beta-blockade in
patients with heart failure. For many individuals,
however, amiodarone will be the drug of choice.
In all categories of atrial fibrillation, there is a
risk of thromboembolism. The antiarrhythmic strategy
must be allied with consideration of the thromboembolic risk. In situations of moderate to high risk, oral
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Substitute verapamil/diltiazem for
beta-blocker
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Immediate medical
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Add beta-blocker

Satisfactory clinical situation

Figure 1 Management algorithm of paroxysmal atrial
fibrillation.

Structural heart
disease

Inadequate rate control. Exercise intolerance

AV node ablation + VVIR pacing

Consider:
ablative therapies,
alternative drugs,
pacing, etc.

Satisfactory clinical situation

No structural
disease

digoxin

beta-blocker
Amiodarone

Amiodarone

ventricular rate control

Symptoms requiring treatment

Figure 3 Management algorithm of persistent atrial
fibrillation.
anticoagulation with international normalized ratios
between 2 and 3 is appropriate. In very low risk
circumstances, aspirin may be an alternative.

Permanent atrial fibrillation (Fig. 2)
In patients in whom sinus rhythm cannot be reestablished, ventricular rate control should be assessed
and optimized. As discussed, digoxin monotherapy is
the traditional starting point and for some patients, this
produces a satisfactory clinical situation. When rate
control with digoxin is inadequate either a beta-blocker
or a non-dihydropyridine calcium antagonist such as
verapamil or diltiazem should be added. When these
approaches fail, consideration should be given to atrioventricular node ablation with rate responsive pacing. In
this category of patients, thromboembolism is a significant problem and risk. Appropriate anti-thrombotic
measures should be offered.

Persistent atrial fibrillation (Fig. 3)
Persistent (non self-terminating) atrial fibrillation is the
most difficult to manage. The aim should be to establish
sinus rhythm if possible. When a patient with lone atrial
fibrillation is seen within 48 h of the onset of the attack
which does not terminate spontaneously, it is acceptable
to proceed to either medical or electrical cardioversion
without prior anticoagulation. The use of heparin is
recommended on hospital admission in this patient.
Subsequently oral anticoagulation for a minimum of
four weeks should be started as the thromboembolic risk
in sinus rhythm extents for that time. Immediate medical
cardioversion is probably best offered by class IC drugs,
propafenone and flecainide, with new evidence accumulating about the possibilities of single oral dose cardioversion using propafenone[78,79]. However, the safety of
oral pharmacological cardioversion in the individual
patient, must be ascertained in a hospital setting before
prescribing patient-initiated outpatient antiarrythmic
drug use.

Task Force Report
If the episode of atrial fibrillation has been
present for more than 48 h (persistent) or when the
duration of the episode is unknown, a minimum of three
weeks of effective anticoagulation should be provided
prior to either pharmacological or electrical cardioversion. In that intervening period, rate control should be
offered with digoxin, with or without concomitant betablocker or calcium entry blocker therapy. An alternative
could be to anticoagulate the patient with heparin and to
exclude an intracardiac thrombus with transoesophageal
echocardiography before cardioversion.
In patients with a first episode of persistent atrial
fibrillation which has been reverted to sinus rhythm, it is
reasonable to prescribe no prophylactic antiarrhythmic
therapy. In the event of a relapse and the need for
further electrical or medical cardioversion, prophylactic
drug-treatment should be considered. The effective
agents are those used for the prophylaxis of paroxysmal
atrial fibrillation (see section on prevention of recurrences) and include betablockers, class 1C agents
(propafenone and flecainide), sotalol and amiodarone.
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Appendix
The Study Group on Atrial Fibrillation was established
in 1995 by he Working Group on Arrhythmias of the
European Society of Cardiology.It had a one day meeting on 12 January 1996 in the European Heart House on
current knowledge and management strategies of atrial
fibrillation chaired by Günter Breithardt and Samuel
Lévy. Each particular topic on atrial fibrillation was
assigned to a group of two authors. The contributions
were collated by Samuel Lévy, chairman of the Study
Group, who wrote the first draft and put together the
different sections. The manuscript was then submitted to
the members of the Study Group, to the members of the
Nucleus of the Working Group on Arrhythmias and to
other experts who contributed by their suggestions and
comments. Despite the efforts to obtain a consensus as
large as possible among experts, this report still reflects
the opinion of the authors and does not necessarily
reflect the official opinion of the European Society of
Cardiology. This manuscript underwent the usual review
process of the journal.
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