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RECOMMENDATIONS FOR MANAGEMENT OF

ATRIAL FIBRILLATION IN PATIENTS WITH

HYPERTROPHIC CARDIOMYOPATHY
Class I

1)Anticoagulate patients with paroxysmal, persistent or
permanent atrial fibrillation (AF) with warfarin
(international normalized ratio 2.0 to 3.0) (level of
evidence B).

Class IIa

1)Strategies to maintain sinus rhythm are generally
preferred over rate control (level of evidence C).

2)Amiodarone is generally the preferred antiarrhythmic
agent for maintenance of sinus rhythm (level of
evidence C).

DISCUSSION 
AF is the most common arrhythmia in hypertrophic car-
diomyopathy (HCM), ocurring in 20% to 25% of patients,
and is generally associated with increased risk of complica-
tions including sudden and nonsudden death, heart failure
and stroke (1-9). The results of the Atrial Fibrillation Follow-
up Investigation of Rhythm Management (AFFIRM) trial
notwithstanding (10), restoration and maintenance of sinus
rhythm has been considered an important priority because of
the increased morbidity and mortality associated with AF in

HCM (1,11). Although rigorous comparative studies are not
available, amiodarone has been considered the most effective
and safest drug for the maintenance of sinus rhythm (12-15).
Other antiarrhythmics have been used, but disopyramide has
been recommended (16) in the absence of large comparative
trials, possibly due to its reported favourable hemodynamic
effects in patients with obstruction (17). Rate-control, when
desired, is achieved with the usual agents, namely, beta-
blockers and calcium channel blockers such as verapamil.
Digoxin has theoretical disadvantages in obstruction and is
less effective in most contexts. Nonpharmacological thera-
pies including operative and catheter ablation have not been
specifically evaluated in HCM, but their role in management
of AF in this context is likely to increase.

Finally, the high incidence of stroke in HCM (4,11,18) has
led to a prevalent recommendation for anticoagulation with
warfarin (1,16) even in the absence of a large specific trial in
HCM. There are as yet insufficient data to recommend use of
oral antithrombin agents in this context.

Discrepancies with American College of Cardiology/
American Heart Association/European Society of
Cardiology guidelines
These recommendations are comparable with those of the
American College of Cardiology/American Heart Association/
European Society of Cardiology (ACC/AHA/ESC) (16). We do
not, however, recommend disopyramide specifically over other
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The present paper discusses the general principles of management of
atrial fibrillation and atrial flutter under special circumstances.
Management recommendations, which encompass initial assessment,
initial arrhythmia management and chronic pharmacological therapy,
are outlined for patients with hypertrophic cardiomyopathy, Wolff-
Parkinson-White syndrome and congenital heart disease.
Recommendations are also made for pregnant patients and pediatric
patients without congenital heart disease. Discrepancies between the
authors’ recommendations and those from the American College of
Cardiology/American Heart Association/European Society of
Cardiology are discussed.
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Arythmie auriculaire et situations particulières

Le présent article porte sur les grands principes du traitement de la
fibrillation auriculaire et du flutter auriculaire dans des situations
particulières. On y traitera plus précisément de la prise en charge
recommandée de ce type d’arythmie, comprenant l’évaluation initiale, le
traitement de départ et le traitement médicamenteux prolongé, dans les
cas de myocardiopathie hypertrophique, de syndrome de Wolff-Parkinson-
White et de cardiopathie congénitale. À cela s’ajoutent des
recommandations sur les femmes enceintes et les enfants non porteurs
d’une cardiopathie congénitale. Enfin, il sera question des différences entre
les recommandations des auteurs et celles de l’American College of

Cardiology, de l’American Heart Association et de la Société européenne de
cardiologie.
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agents due to insufficient data supporting its preferential use.
We also recommend a preferential rhythm control strategy
supported in the body of the text of the ACC/AHA/ESC
guidelines but not listed as a recommendation.

RECOMMENDATIONS FOR MANAGEMENT OF

AF IN THE WOLFF-PARKINSON-WHITE

SYNDROME
Class I

1)Catheter ablation of the accessory pathway is
recommended in symptomatic patients with AF (level
of evidence B).

2)Operative ablation of the accessory pathway is
indicated in patients with problematic or life-
threatening AF where catheter ablation is not feasible
(level of evidence B).

3)Antiarrhythmic therapy with amiodarone, sotalol,
disopyramide, flecainide, propafenone, quinidine or
procainamide is recommended when corrective ablation
is not feasible (level of evidence C).

4) Immediate electrical cardioversion is recommended
where AF occurs with a rapid ventricular response and
hypotension (level of evidence B).

5) Intravenous procainamide or ibutilide is recommended
in AF with predominantly preexcited complexes when
the patient is hemodynamically stable (level of
evidence C).

6)Verapamil, diltiazem or beta-blockers are indicated for
rate control when AF occurs without preexcitation
(level of evidence C).

Class III

Intravenous beta-blocking agents are not generally useful and
digitalis, diltiazem or verapamil is contraindicated in patients
with a rapid ventricular response related to preexcitation (level
of evidence B).

DISCUSSION
The unique feature of AF in the Wolff-Parkinson-White
(WPW) syndrome is the presence of one or more accessory
pathways in addition to the normal atrioventricular (AV)
conduction system that may allow conduction to the ventri-
cles. Accessory pathways may have extremely short effective
refractory periods, allowing very rapid ventricular rates in the
event of AF (19). This may result in ventricular fibrillation
and sudden death (20). AF in a patient with WPW may
result from any cause unrelated to the preexcitation, and
ablation of the accessory pathway in such instances may not
prevent subsequent AF (21). However, AF in WPW is most
frequently related to supraventricular tachycardia which then
degenerates into AF (20). A second unique feature in the
WPW syndrome is the nature of the accessory pathway.
Unlike the AV node, accessory pathways are composed of
working muscle fibres. Consequently, drugs that usually pro-
long AV node refractoriness such as digitalis, verapamil and
beta-blockers do not prolong refractoriness in accessory path-
ways. AV node-blocking drugs are contraindicated in patients
with AF and predominantly preexcited QRS complexes
because they do not slow the ventricular rate and may be

detrimental. Intravenous verapamil in particular may precip-
itate hemodynamic collapse due to its negative inotropic
effect and by accelerating the ventricular rate probably due to
a reflex sympathetic effect (22). Intravenous sodium- and
potassium-blocking drugs such as procainamide and ibutilide
prolong the refractory period of the accessory pathway and
slow the ventricular response in preexcited AF (22,23). They
may also result in conversion to sinus rhythm. Intravenous
amiodarone has not been extensively evaluated for acute
treatment of arrhythmias related to WPW. It has been shown
to terminate AV reentrant tachycardia and prolong the effec-
tive refractory period of the accessory pathway (23,24). At
best, it would not be expected to be very useful for acute
treatment because of the slow onset of its antiarrhythmic
effect. Ventricular fibrillation has been reported during
administration of intravenous amiodarone during preexcited
AF (25).

Catheter ablation of the accessory pathway is currently
the treatment of choice for symptomatic WPW syndrome.
Where catheter ablation is not feasible, surgical ablation of the
accessory pathway is advised in patients with life-threatening
AF.

The management of the asymptomatic individual with
WPW is only peripherally related to the current guidelines and
will not be discussed in detail. Although an argument can be
made for recommending catheter ablation in such an individ-
ual (26,27), the risk of catheter-related complications with
ablation is at least comparable with the risk of sudden death as
an initial presentation (28). Catheter ablation can nonetheless
be offered to the patient who, after a balanced discussion,
prefers a small procedural risk to a comparable but more long-
term risk related to WPW.

Discrepancies with ACC/AHA/ESC guidelines
These guidelines do not differ substantively from other guide-
lines. Some discrepancies are as follows:

1)Operative therapy is suggested where ablation is
technically not feasible.

2)Medical therapy is recommended where neither
catheter nor operative accessory pathway ablation is
feasible.

3)AV nodal blocking drugs are recommended in patients
with AF and non-preexcited QRS while ACC/AHA/
ESC guidelines do not include this in final
recommendations.

4)While AV node-blocking drugs such as verapamil are
contraindicated in preexcited AF with a rapid
ventricular response, the rationale cited in the text of
the ACC/AHA/ESC guidelines for this suggests that
the mechanism is related to prolonging AV node
refractoriness resulting in preferential accessory pathway
conduction (16). It is our view that the AV node is not
relevant when there is rapid preexcited AF (due to
repetitive retrograde concealment into the AV node
related to rapid preexcited response) and that the major
factors related to deterioration include the delay
resulting from an ineffective intervention combined
with the negative inotropic effect of verapamil in
particular.
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RECOMMENDATIONS FOR THE MANAGEMENT

OF AF IN PREGNANCY
Class I

1)Control the rate of ventricular response with digoxin, a
beta-blocker or a calcium channel antagonist (level of
evidence C).

2)Perform electrical cardioversion in patients who
become unstable due to AF (level of evidence C).

3)Administer antithrombotic therapy (anticoagulant or
acetylsalicylic acid [ASA]) throughout pregnancy in all
patients with persistent or paroxysmal AF (level of
evidence C).

4) In patients at risk of thromboembolism, administer
heparin during the first trimester and after 36 weeks’
gestation. Unfractionated heparin may be administered
by intravenous infusion or by twice-a-day subcutaneous
injection (dose adjusted to maintain an activated
partial thromboplastin time two to three times the
control value). Alternately, low molecular weight
heparin can be used (dose adjustment guided by anti-Xa
levels) (level of evidence C).

5)Administer warfarin or heparin during the second
trimester to patients with AF and at high
thromboembolic risk (level of evidence C).

Class IIa

1)For symptomatic patients or those with poorly tolerated
AF, pharmacological or electrical cardioversion may be
considered (level of evidence C).

DISCUSSION
AF during pregnancy is usually associated with the presence of
maternal structural heart disease or hyperthyroidism (29-32).
A rapid ventricular response to AF can have deleterious effects
on both mother and fetus.

In a pregnant women who develops AF, diagnosis and
treatment of the underlying condition causing AF is the
first priority (33). The ventricular rate should be controlled
with digoxin, a beta-blocker or a calcium channel antagonist
(33-35). All currently available antiarrhythmic drugs have the
potential to cross the placenta and to be excreted in breast milk.
Sotalol, quinidine, mexilitine, flecanide and amiodarone have
been used successfully during pregnancy in a small number of
cases (35-39). Amiodarone may impair neonatal thyroid func-
tion and should be reserved for situations in which alternative
antiarrhythmic agents are either contraindicated or ineffective
(40,41). In the event of hemodynamic instability, electrical car-
dioversion can be performed without fetal damage (42).

The optimal antithrombotic regimen for pregnant women
with AF has not been defined. Because the risk of thromboem-
bolism resulting from AF is high in the presence of structural
heart disease, anticoagulation should be administered in preg-
nant women with structural heart disease and AF.

Warfarin should be avoided especially in the first trimester
(risk of embryopathy) and last month (risk of intracranial hem-
orrhage during vaginal delivery) (43). The risk of embryopathy
may be dose-dependent; in one study (44), no embryopathy was
reported when the daily warfarin dose was 5 mg or less. Heparin,
which does not cross the placenta, is the anticoagulant of choice

at some centres as an extension of its use in pregnant women
with prosthetic heart valves or venous thromboembolism.
However, the relative efficacy of unfractionated heparin, low
molecular weight heparin, or warfarin in the prevention of
thromboembolism in pregnant women with AF has not been
defined.

AF in the absence of structural heart disease (lone AF) is
uncommon during pregnancy. Because serum levels of several
coagulation factors are increased during pregnancy (45), preg-
nant women with lone AF may not be at as low a risk of throm-
boembolism as nonpregnant individuals. Decisions for the
treatment of lone AF during pregnancy (no treatment versus
ASA) will need to be tailored for the individual patient.

RECOMMENDATIONS FOR MANAGEMENT OF

ATRIAL ARRHYTHMIAS IN PATIENTS WITH

CONGENITAL HEART DISEASE
Atrial tachycardias (ATs) are being recognized increasingly as
an important cause of morbidity in patients with repaired, pal-
liated or untreated congenital heart disease. The arrhythmia is
most frequently a macroreentrant AT. Although often labelled
as atrial flutter, it is now preferably called intra-atrial reentrant
tachycardia (IART). However, multiple mechanisms for atrial
arrhythmias exist in these patients and AF is also well
described. Many of the medical issues that are important in
adults with AF are relevant to the patient with congenital
heart disease and AT – the potential for 1:1 AV conduction, a
predisposition to thrombus formation and the potential for fur-
ther compromise of heart function. Therefore, the more generic
term (AT) will be used for the purpose of the following recom-
mendations to encompass these different arrhythmias.

Recommendations for cardioversion of AT
Class I

1) Immediately perform electrical cardioversion in patients
with AT who are hemodynamically unstable (level of
evidence C).

Class IIa

1)Electrical cardioversion for the early restoration of sinus
rhythm is advisable in patients with newly diagnosed
AT after appropriate anticoagulation. For patients with
pacemakers, cardioversion may also be accomplished by
overdrive pace termination of AT (level of evidence C).

2)All patients with congenital heart disease and AT
should be managed as patients with AF and structural
heart disease with respect to anticoagulation (level of
evidence C).

3) In addition, all patients with complex heart lesions
require a transesophageal echocardiogram before
elective cardioversion if no prior anticoagulation or if
anticoagulation is subtherapeutic, independent of
arrhythmia duration. (A complex heart lesion in this
setting is defined as one with excessive atrial
enlargement [in particular, right atrial enlargement] and
scarring, sluggish blood flow and predisposition to atrial
thrombus formation even in sinus rhythm, often
accompanied by systemic ventricular dysfunction and/or
right to left shunting – as such, it most commonly
applies to the patient post-Fontan operation but can
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also be encountered in other clinical situations such as
Ebstein’s anomaly) (level of evidence C).

4)Strategies to maintain sinus rhythm are generally
preferred over rate control (level of evidence C).

Class IIb

1)Pharmacological cardioversion of AT may be considered
in patients who are hemodynamically stable and who
have a controlled ventricular rate (level of evidence C).

Recommendations for pharmacological therapy to maintain
sinus rhythm
Class I

1)Patients placed on antiarrhythmic drugs require periodic
ambulatory monitoring to identify proarrhythmia, in
particular, bradycardia (level of evidence C).

Class IIa

1)Class III drugs (amiodarone and sotalol) are generally
the preferred antiarrhythmic agents for the
maintenance of sinus rhythm (level of evidence C).

Class IIb

1) If a class Ic drug is to be used for preventing recurrence
of AT, the concomitant administration of drugs to
modify AV node conduction is advised. Consideration
should be given to commencing antiarrhythmic drug
therapy under electrocardiographic monitoring in
hospital (level of evidence C).

Recommendations for heart rate control
Class I

1)Patients with persistent or permanent AT should have
heart rate control assessed at rest and with exercise
(level of evidence C). 

2)Beta-blockers or calcium channel blockers are to be
administered to slow the ventricular response rate in
patients with persistent or permanent AT with rapid
ventricular response not requiring immediate electrical
cardioversion (level of evidence C).

Class IIa

1)Adjunctive therapy with digoxin may be used to
control the ventricular rate. Use of digoxin alone is not
recommended (level of evidence C).

Recommendations for long-term antithrombotic 
management in patients with congenital heart disease 
and AT
Class I

1)Anticoagulation with adjusted-dose warfarin is advised
in patients with complex high-risk lesions who have
had an episode of AT (level of evidence C).

Class IIa

1)Anticoagulation with adjusted-dose warfarin should be
considered in all other patients with congenital heart
disease and recurrent episodes of AT (level of
evidence C).

Class IIb

1)The usefulness of anticoagulation or ASA in patients
with congenital heart disease who have minimal
residual lesions and who have experienced a single
episode of AT is uncertain. The decision to initiate
anticoagulation with adjusted-dose warfarin should then
be based on conventional risk factors (see Connolly and
Gillis, pages 71B-73B) (level of evidence C).

Recommendations for the nonpharmacological management
of patients with congenital heart disease and AT
Class I

1)Cardiac pacing should be considered in patients with
sinus node or AV node conduction disorders when
pharmacological management causes symptomatic or
hemodynamically relevant bradycardia (level of
evidence C).

2)Ablation therapy directed at the arrhythmia substrate is
beneficial and should be considered in selected patients
with recurrent episodes of AT in whom there is a
reasonable expectation of success (level of evidence C).

Class IIa

1)Ablation therapy directed at the arrhythmia substrate
can be useful in patients with recurrent AT following
the Fontan operation (level of evidence C).

Recommendations for surgery in patients with congenital
heart disease and recurrent AT
Class I

1)All patients presenting with AT require full clinical
assessment and investigation to evaluate anatomically
correctable abnormalities (level of evidence C).

2)Concomitant atrial arrhythmia surgery is recommended
in patients with symptomatic, recurrent AT who will be
undergoing an operative procedure to correct
anatomical abnormalities (level of evidence C).

Class IIa

1)Arrhythmia mapping and surgery as primary indications
for surgery are reasonable and may be considered in
patients with arrhythmias refractory to medical and
ablation therapy without a coexisting
anatomical/hemodynamic indication for surgery (level
of evidence C).

DISCUSSION
Description of mechanism of IART
The mechanism for the atrial arrhythmias in congenital heart
disease has been well studied and new insights have arisen with
the advent of current sophisticated mapping techniques. In
general, IART is considered to be a macroreentrant tachycar-
dia that is dependent on both functional and fixed barriers
such as scar tissue, suture lines and anatomical structures such as
the crista terminalis (46-48). Typical atrial flutter may coexist
with IART (49). Similarly, AF is also well described and has
been shown to occur in nearly one-third of patients being
referred for electrical cardioversion (50). While IART is
encountered in both children and adults with congenital heart
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disease, AF is uncommon in children. Risk factors for the
development of AF appear to be residual left-sided disease and
long-term palliation.

Description of electrocardiography findings of IART
IART is an atrial arrhythmia that is independent of the AV
conducting system. The marked variability of the reentrant
circuits makes the electrocardiographic appearance quite vari-
able. In general, there is discernable atrial activity with slower
rates than are seen with typical atrial flutter. The cycle lengths
are usually more than 260 ms and less than 450 ms. There is an
increased likelihood of 1:1 AV conduction with the longer
atrial cycle lengths (51).

Prevalence
Significant atrial arrhythmias occur with different prevalence
depending on the underlying anatomical and surgical sub-
strate. Examples of high-risk situations are previous
Mustard/Senning operation, previous Fontan operation, atrial
septal defect (ASD) repair and Ebstein’s anomaly. Long-term
follow-up data show that IART develops in 30% of patients
following the Mustard/Senning operation (52), in 50% fol-
lowing the Fontan operation (53,54) and in 23% following
ASD repair (54). Despite previous emphasis on ventricular
arrhythmias, patients with repair of tetralogy of Fallot also
appear to be at increased risk of symptomatic atrial arrhyth-
mias (55).

Clinical impact of atrial arrhythmias
There is a significant clinical consequence of atrial arrhyth-
mias in patients with congenital heart disease and IART;
reduction in exercise capacity has been well documented
and, in part, appears to be due to more rapid AV conduction
during exercise (56). Similarly, overall functional status dete-
riorates and is demonstrated by a reduction in Ability Index
(57). Important residual hemodynamic abnormalities are
found in over 80% of patients in some studies (57). Recurrent
IART is also associated with an increased risk of sudden
death (58).

Thrombus formation
Investigation by transesophageal echocardiogram has shown
thrombus formation in up to 33% of patients who are asymp-
tomatic after the Fontan operation (59,60). There appears to
be abnormalities of procoagulant and anticoagulant factors, as
well as increased factor VIII levels (58). Some of these have
been shown to precede surgery (61). These findings have
implications for the management of patients who may require
electrical or pharmacological cardioversion. A much higher
index of suspicion needs to exist to suggest that a clot may form
during an atrial arrhythmia, and appropriate steps need to be
taken. Thrombi have been identified by transesophageal
echocardiogram in up to 42% of patients with congenital heart
disease and nonfibrillation atrial arrhythmias (62). Recent
guidelines advise the same anticoagulation management for
patients with atrial flutter and AF (63).

Medical management
There have been few, if any, controlled trial data looking at the
efficacy of different antiarrhythmic agents in converting IART
to sinus rhythm, or looking at efficacy of control of ventricular

rate in chronic IART. Sotalol has been shown in one series
to convert atrial flutter to sinus rhythm in 85% of children,
with the majority occurring within 24 h (64). Long-term
management with sotalol showed that only 63% were free
from recurrence at two years (65). Amiodarone is considered
to be the most effective single agent in some studies (66) but
its use is limited by the well-known side effects. Adults with
congenital heart disease appear to be particularly susceptible
to amiodarone-induced thyroid abnormalities, with 36% of
patients demonstrating dysfunction in one report (67).
Because of the younger age of many of the congenital
patients with IART, and the slower atrial rate, 1:1 AV con-
duction may be seen in as many as 50% of episodes (68).
Recommendations for control of the ventricular rate includ-
ing using beta-blockers, calcium channel blockers and
digoxin are extrapolated from adult studies in AF. Ibutilide
and dofetilide have proven to be effective and relatively safe
for the conversion of atrial flutter in adults, with conversion
rates as high as 63% (69). However, no comprehensive data
are available describing their use in patients with IART and
congenital heart disease.

Pacemaker therapy
Pacemakers are predominantly inserted for sinus node or AV
node conduction disease, which is common in many postoper-
ative patients. Pacemakers may be required in patients who are
prescribed antiarrhythmic medication to treat IART. An
improvement in arrhythmia frequency has been observed after
pacing alone in patients in whom the IART appeared to be
bradycardia-dependent (70). Initial results with antitachycar-
dia pacemakers were encouraging before their withdrawal from
the market (71). The current generation of antitachycardia
pacemakers appears promising as an adjunctive therapy.
Overall efficacy is 54%, and there appears to be higher success
in Mustard/Senning operation patients (68). One limitation is
that episodes with 1:1 AV conduction are not treated for safety
reasons, and misclassification of arrhythmia is common.
Standard permanent pacemakers may be used to successfully
overdrive IART (72) and success with atrial defibrillators has
been described (73).

Catheter-based ablation therapy
Catheter techniques have evolved quite rapidly from a diag-
nostic to therapeutic tool. They have also been responsible
for a rapid increase in our understanding of the substrates
involved in the maintenance of macroreentrant circuits
within the atria of patients with repaired congenital heart
disease. Essentially, structural (eg, the orifices of the great
veins, crista terminalis, AV valve rings) and surgically
induced obstacles (eg, suture lines, scars) provide the path-
ways for circuits which are often dependent on narrow path-
ways between adjacent obstacles (74). These narrow
pathways, or isthmuses, are ideal sites for ablation of critical
parts of the arrhythmia circuit.

The exact location of these critical pathways varies with
the underlying anatomical substrate and the precise nature of
the surgery performed. Enough knowledge has been gained
that some prediction is possible and more focused attempts at
ablation considered. For example, the tricuspid valve region is
the critical region in the majority of patients with previous
Mustard/Senning operations and in those with repaired con-
genital heart disease (eg, tetralogy of Fallot) (75). Patients
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with previous Fontan operation tend to have IART, which is
dependent on the lateral right atrial wall (75).

Initial attempts at ablation using standard fluoroscopic
bipolar electrogram techniques showed a reasonable acute suc-
cess with a high recurrence rate. The evolution of sophisticated
computerized mapping techniques has resulted in improved
acute and long-term success (76,77). Acute, in laboratory suc-
cess is as high as 80% to 90% (77). Recurrence rate depends to
some extent on the underlying anatomy. Rates vary from 12%
in patients with previous Mustard/Senning operations (78) to
62% for patients with previous Fontan operations and multiple
circuits (79).

Overall, catheter ablation techniques are a reasonable
option in patients with recurrent IART in whom a relatively
high success rate, with low risk, can be anticipated.
Examples are patients with previous ASDs, repaired congen-
ital disease with IART or typical atrial flutter (eg, repair of
tetralogy of Fallot), and patients with previous Mustard/
Senning operations. The decision is less clear in patients
with previous Fontan operation who may have multiple cir-
cuits and who have a much higher chance of early recur-
rence.

Cardiac surgery and congenital heart disease

Surgery for hemodynamic indications: in the patient with
congenital heart disease, the onset of atrial arrhythmias often
heralds a change in the hemodynamic status of the patient –
for example, worsening pulmonary and/or tricuspid regurgita-
tion in the patient with previous tetralogy of Fallot repair. The
AT should therefore not be managed in isolation and it is rec-
ommended that all patients presenting with AT undergo full
clinical assessment and investigation to identify anatomically
correctable abnormalities.
Surgery for management of IART: The surgical approach to
the management of recurrent IART is receiving more atten-
tion. Although arrhythmia surgery alone is considered occa-
sionally, most reports describe the arrhythmia surgery taking
place with concomitant surgery to improve abnormal hemody-
namics or repair structural abnormalities (80-83). The actual
approach may differ with variations of the right atrial Maze
operation being most common.

Diagnostic electrophysiology and hemodynamic studies are
usually performed preoperatively, although this is not univer-
sal. The atrial lesions may be created by cryoablation (81),
radiofrequency ablation (84) or surgical incisions (83). Right-
sided surgery is usually done alone for IART, although the left
side may be included if there is left atrial dilation. Pulmonary
vein isolation or left atrial Maze operation may be performed if
there is clinical AF. The overall mortality rate may be as low as
0% (81,83), and as high as 13% for complex Fontan revision at
the time of arrhythmia surgery (82).

Recurrence rates also vary between 0% and 25%.
Although direct comparative data are not available, in gen-
eral, the arrhythmia recurrence rate appears to be less than
that after catheter-based ablation procedures. It has been
suggested that older patients having surgery to correct hemo-
dynamic abnormalities should have ‘prophylactic’ right atrial
Maze operation (81). There are no data to support this posi-
tion. It is recommended that arrhythmia surgery in this
patient population be performed at an appropriately experi-
enced centre.

AF AND ATRIAL FLUTTER IN THE PEDIATRIC

PATIENT WITHOUT CONGENITAL HEART

DISEASE
The strength of recommendations is compromised by the
absence of level I and level II studies, making all recommenda-
tions level of evidence C.

Recommendations: Acute management
Class I

1)Perform electrical cardioversion if there is severe
hemodynamic compromise.

2)Unless otherwise contraindicated, anticoagulate with
heparin for urgent cardioversion in patients in whom
the duration of arrhythmia is greater than 48 h or is
uncertain.

3)Administer beta-blockers, calcium channel blockers
and, less frequently, digoxin to achieve acute rate
control. Intravenous calcium channel blockers should
be avoided in infants who are more susceptible to their
negative inotropic effects.

4)Consider transesophageal atrial pacing, which has been
shown to be particularly effective in terminating
neonatal atrial flutter.

5) In patients not on anticoagulation or subtherapeutically
anticoagulated, perform transesophageal
echocardiography before cardioversion if arrhythmia has
been present for greater than 48 h or is of uncertain
duration.

6) In stable patients with duration of AF greater than 48 h
or of uncertain duration in whom a decision has been
made to attempt cardioversion, optimize rate control
and anticoagulate to an international normalized ratio
of 2.0 to 3.0 for three weeks before cardioversion.

Class IIa

1)Transesophageal echocardiography is recommended in
individuals in whom it is considered that the
transthoracic echocardiogram has not provided
sufficient imaging quality to rule out thrombus.

Recommendations: Chronic management
Class IIa

1)Consider drugs with class IC and class III actions as
preferred agents for prevention of recurrence of atrial
arrhythmias. AV node blockade should be considered as
adjunctive therapy when using class IC drugs.

2)Consider radiofrequency ablation of recurrent atrial
flutter.

3)Antithrombotic therapy with ASA, if not contraindicated,
may be considered in young patients with recurrent
episodes who are considered low risk of stroke.

Investigation
Class I

1)Echocardiography to rule out cardiomyopathy and/or
structural heart disease is recommended in patients with
newly presenting atrial flutter and AF.
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2)Holter monitoring and exercise testing should be
performed in young patients with chronic atrial
arrhythmia because of the increased occurrence of 1:1
conduction.

DISCUSSION
This review focuses on AF and atrial flutter in children, and in
young adults without congenital heart disease. Atrial arrhyth-
mias in children with congenital heart disease have been dis-
cussed in conjunction with the adult patient. Most of the
management issues have been addressed in detail elsewhere in
this consensus report. AF is rarely seen in the pediatric patient
without congenital heart disease, and the largest series, pub-
lished nearly 30 years ago, was able to identify only 35 cases
over a 22-year period (85). Other pediatric studies have com-
bined AF and atrial flutter, making it difficult to ascertain the
frequency of fibrillation in many conditions. 

PREDISPOSING FACTORS
Structurally normal heart
Children with structurally normal hearts may have atrial flut-
ter or AF. This is particularly true for fetal and neonatal atrial
flutter which is infrequently associated with congenital heart
disease (86). In older children, however, an underlying cardiac
abnormality is the norm. Lone AF was seen in only one patient
in Radford and Izukawa’s study (85), and a collaborative study
showed that only 8% of 380 children with atrial flutter had a
normal heart (60). Familial AF has been described (87), with
fetal presentation being documented in one case (88).

WPW
Children with WPW syndrome may develop AF, although this
is much more common in adults. Clinical AF was found during
follow-up in only three of 105 children with WPW syndrome
(89), and has only rarely been described in young children
(90,91). The inducibility of AF during an electrophysiology
study in children depends on the clinical circumstances. AF
was induced in 12 of 14 patients who presented with syncope
and preexcitation (92), and in more than 90% of those who
presented with a life-threatening event or clinical AF (93). AF
is induced infrequently in children younger than six years of
age, and most frequently in children older than 12 years of age
(94). There were two other important observations from the
paper by Bromberg et al (93). First, a slow ventricular response
during induced AF was not observed. Second, there was a large
discrepancy between the shortest preexcited RR intervals dur-
ing induced AF and the shortest preexcited intervals during
rapid atrial pacing. This last observation suggests that using
pacing techniques alone (such as esophageal pacing) may not
accurately risk-stratify children with an antegradely conduct-
ing accessory pathway. It is still advisable, however, to attempt
to define the conduction properties of an accessory pathway as
completely as possible.

Cardiomyopathy
AF occurs in children with various cardiomyopathies. Isolated
case reports have included cases of restrictive cardiomyopathy
(95); however, HCM and dilated cardiomyopathy are the most
important in this patient population. McKenna et al (96)
found an 8% incidence of nonsustained AT in 53 children
with HCM. One other child had pre-excitation and recurrent

AV reentry tachycardia and one developed AF during follow-up.
Invasive electrophysiological studies have helped to define
the mechanisms of supraventricular arrhythmia in HCM. In
55% of patents with clinical AF the arrhythmia could be
induced, whereas it was induced in only 7% of those without
the clinical arrhythmia.

There has been concern that AF heralds a poor prognosis
and that symptomatic deterioration occurs with the onset of
rapid atrial rates. Indeed, Stafford et al (97) reported a youth
who developed ventricular fibrillation as a consequence of rapid
ventricular conduction during AF. Overall, the current evi-
dence supports the observations of increased complications,
including sudden death, in patients with HCM who develop
AF. Therefore, the preferred management is for rhythm rather
than rate control as per these and other guidelines (1). Careful
assessment of hemodynamics is important after establishing
sinus rhythm.

Although a variety of supraventricular arrhythmias have
been described in dilated cardiomyopathy, AF is particularly
frequent and occurs in 10% to 20% of patients. Atrial arrhyth-
mias were diagnosed in 22% of the pediatric patients described
by Friedman et al (98). AF and atrial flutter were found in 70%
of these (16% of all patients), but were not predictive of a poor
prognosis. Ventricular arrhythmias were found in 24% of all
patients, with ventricular tachycardia being documented in
46% of these. Other studies (99) have shown that the presence
of arrhythmias (atrial and ventricular combined) is a risk fac-
tor and that AF was common. However, atrial arrhythmias
have not been shown to be an independent indicator of a poor
outcome in children. Although it is theoretically important to
maintain sinus rhythm in any child with dilated cardiomyopathy
for as long as possible, there is no data to support this strategy
as being superior to rate control if AF develops. In adults, the
AFFIRM trial (10) found that a rhythm control strategy was
associated with a higher risk of death in patients with conges-
tive heart failure.

Patients with some neuromuscular disorders may manifest
cardiac disease (100). AF has been described in patients with
cardiac involvement in Emery-Dreifuss muscular dystrophy
(101), fascioscapulohumeral muscular dystrophy (102) and
muscular dystrophy (103). Atrial flutter and AF were associated
with a worse outcome in pediatric patients following heart
transplant (104).

Miscellaneous factors
AF occurs in up to 40% of adults with rheumatic mitral valve
disease, and although progressive mitral valve disease may
occur in childhood, the incidence of AF is less than 5% (105).
Hyperthyroidism has only rarely been implicated in causing
AF in children (106). In one study (107), none of 92 hyper-
thyroid patients younger than 40 years of age developed AF.
Methylprednisolone pulse therapy has caused AF in children
(108). Other causes that have been implicated are electric
injury (109) and alcohol ingestion (110). Although pericardi-
tis has been suggested as an independent cause of AF (111),
this is disputed (112).

MANAGEMENT
The general principles of management of AF and atrial flutter
for children do not differ from those for adult patients.
Common ground will only be touched on, while any special
issues relating to children will be dealt with in more detail. As
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stated previously the strength of recommendations in this
patient group is compromised by lack of level I and level II
studies. Thus, the recommendations can only be classified as
level of evidence C.

Initial assessment
The immediate evaluation includes a clinical assessment of the
hemodynamic impact of the arrhythmia, electrocardiographic
documentation and basic blood work as suggested for adult
patients. Esophageal or epicardial wire studies, with or without
adenosine, can be used to sort out difficult diagnoses. This
technique is particularly useful in neonates who often have
rapid (300 beats/min) reentrant supraventricular tachycardias
that may be difficult to differentiate from atrial flutter by rou-
tine electrocardiography (113). A stable patient with atrial flut-
ter and AF who is being admitted for assessment should be
monitored with a 24 h Holter tape to assess periods of rapid
conduction that may not be apparent. Recommendations for
echocardiography are as for adult patients. Young children
with excellent transthoracic imaging may not require trans-
esophageal echocardiography.

Initial arrhythmia management
Immediate cardioversion may be required in a hemodynami-
cally compromised patient with rapidly conducting atrial
flutter or AF. Consideration should be given to initiating
anticoagulation before cardioversion. In more stable patients,
control of AV conduction can be achieved with intravenous
calcium channel blockers, or beta-blockers (114).
Intravenous calcium channel blockers should be avoided in
infants younger than one year of age because they are more
sensitive to their negative inotropic and vasodilator effects.
Intravenous digoxin may be used in young patients.
Esophageal pacing may also be used to terminate atrial flut-
ter, and is particularly effective in neonates (113). If trans-
esophageal pacing is not effective and rapid conduction

continues, cardioversion is the treatment of choice. Older
children can be managed with initial rate control and elec-
tive cardioversion. Children with AF who require anticoagu-
lation need AV rate control, and the principles do not differ
from those for adult patients.

Chronic pharmacological therapy
The question of using pharmacological therapy to maintain
sinus rhythm following successful reversion of AF in chil-
dren/adolescents has not been studied. It seems appropriate
to follow the adult management guidelines. AF due to
reversible causes (such as alcohol ingestion) does not require
ongoing therapy. Neonatal atrial flutter tends not to recur,
and ongoing therapy is usually not indicated. The choice of
rate or rhythm control depends to some extent on patient
preference, and whether there is a significant compromise of
quality of life during recurrence of AF. Appropriate attention
to rate control in the younger population who is more likely
to have rapid ventricular rates during exercise is required.
Analysis of the adult data indicates a preference for atenolol,
metoprolol, diltiazem or verapamil (115). Digoxin should
only be used as a secondary medication (116). The choice of
pharmacological therapy to maintain sinus rhythm is unclear
because no controlled studies have been performed in chil-
dren. Based on adult studies the type III drugs (sotalol or
amiodarone) could be considered the preferred initial pro-
phylactic drug therapy (114). Type IC agents (flecainide and
propafenone) may be used. The role of radiofrequency abla-
tion in this group of patients (excluding those with WPW)
has not been defined. Chronic anticoagulation with warfarin
may be required in some young patients but ASA can be con-
sidered if they do not have risk factors for thromboembolism.
Unfortunately, these factors have not been as clearly delin-
eated in the young patient as in the adult. Anticoagulation in
patients with congenital heart disease is discussed in the
relevent section.
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