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I. Introduction

During the past decade, catheter ablation of atrial fibrilla-
tion (AF) has evolved rapidly from a highly experimental
unproven procedure, to its current status as a commonly
performed ablation procedure in many major hospitals
throughout the world. Surgical ablation of AF, using either
standard or minimally invasive techniques, is also performed
in many major hospitals throughout the world.
The purpose of this Consensus Statement is to provide a

state-of-the-art review of the field of catheter and surgical
ablation of AF, and to report the findings of a Task Force,
convened by the Heart Rhythm Society and charged with
defining the indications, techniques, and outcomes of this
procedure. The Heart Rhythm Society was pleased to
develop this Consensus Statement in partnership with the
European Heart Rhythm Association and the European
Cardiac Arrhythmia Society.
This statement summarizes the opinion of the Task Force

members based on their own experience in treating patients,
as well as a review of the literature, and is directed to all
health care professionals who are involved in the care of
patients with AF, particularly those who are undergoing
or are being considered for catheter or surgical ablation
procedures for AF. This statement is not intended to
recommend or promote catheter ablation of AF. Rather
the ultimate judgment regarding care of a particular
patient must be made by the health care provider and
patient in light of all the circumstances presented by that
patient.
In writing a “consensus” document, it is recognized that

consensus does not mean that there was complete agree-
ment among all Task Force members. We attempted
to identify those aspects of AF ablation for which a true
“consensus” could be identified (Tables 1 and 2). Surveys
of the entire Task Force were used to identify these areas
of consensus. The main objective of this document is to
improve patient care by providing a foundation of
knowledge for those involved with catheter ablation of AF.
It is recognized that this field continues to evolve
rapidly; as this document was being prepared, further
clinical trials of catheter and surgical ablation of AF were
underway.
The Task Force writing group was composed of experts

representing six organizations: the American College of
Cardiology (ACC), the American Heart Association (AHA),
the European Cardiac Arrhythmia Society (ECAS), the
European Heart Rhythm Association (EHRA), the Society of
Thoracic Surgeons (STS), and the Heart Rhythm Society
(HRS). All members of the Task Force, as well as peer
reviewers of the document, were asked to provide disclos-
ure statements of all relationships that might be perceived
as real or potential conflicts of interest. These tables are
shown at the end of this document.

II. Atrial fibrillation: definitions, mechanisms,
and rationale for ablation

Definitions

AF is a common supraventricular arrhythmia that is character-
ized by chaotic and uncoordinated contraction of the atrium.
The common electrocardiographic (ECG) manifestations of AF
include the presence of irregular fibrillatory waves and, in
patients with intact atrioventricular conduction, the presence
of an irregular ventricular response. Although there are
several classification systems for AF, for this consensus
document we have adopted the classification system that
was developed by the ACC/AHA/ESC 2006 Guidelines for the
Management of Patients with Atrial Fibrillation (AF).1 We
recommend that this classification system be used for
future studies of catheter and surgical ablation of AF.
Paroxysmal AF is defined as recurrent AF (�2 episodes)

that terminates spontaneously within seven days (Table 1).
Persistent AF is defined as AF which is sustained beyond
seven days, or lasting less than seven days but necessitating
pharmacologic or electrical cardioversion. Included within
the category of persistent AF is “longstanding persistent
AF” which is defined as continuous AF of greater than one
year duration. The term permanent AF is defined as AF in
which cardioversion has either failed or not been
attempted. The term permanent AF is not appropriate in
the context of patients undergoing catheter and/or surgical
ablation of AF as it refers to a group of patients where a
decision has been made not to pursue restoration of sinus
rhythm by any means, including catheter or surgical abla-
tion. As noted in the ACC/AHA/ESC 2006 Guidelines, it is
recognized that a particular patient may have AF episodes
that fall into one or more of these categories. It is rec-
ommended that patients be categorized by their most
frequent pattern of AF. These AF definitions apply only to
AF episodes which are of at least 30 seconds’ duration and
do not have a reversible cause such as acute pulmonary
disease and hyperthyroidism.
It is recognized by the consensus Task Force that these

definitions of AF are very broad, and that when describing
a population of patients undergoing AF ablation, additional
detail should be provided. This is especially important
when considering the category of persistent AF. In particular,
investigators are urged to specify the duration of time
patients have spent in continuous AF prior to an ablation
procedure, and also to specify whether patients undergoing
AF ablation have previously failed pharmacologic therapy,
electrical cardioversion, or both.

Mechanisms of atrial fibrillation

For many years, three major schools of thought competed to
explain the mechanism(s) of AF: multiple, random propagat-
ing wavelets; focal electrical discharges; and localized
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reentrant activity with fibrillatory conduction.2

Considerable progress has been made in defining the mech-
anisms of initiation and perpetuation of AF.3–9 Perhaps the
most striking breakthrough was the recognition that, in a
subset of patients, AF was triggered by a rapidly firing
focus and could be “cured” with a catheter ablation pro-
cedure.10–12 This landmark observation compelled the
arrhythmia community to refocus its attention on the pul-
monary veins (PVs) and the posterior wall of the left
atrium (LA), as well as the autonomic innervation in that
region (Figure 1). It also reinforced the concept that the
development of AF requires a “trigger” and an anatomic
substrate capable of both initiation and perpetuation of AF.
In this section of the document, a contemporary under-

standing of the mechanisms of AF is summarized. As illus-
trated in Figure 2, some authors2 have proposed that, in
the presence of an appropriate heterogeneous AF substrate,
a focal trigger can result in sustained high frequency reen-
trant AF drivers (rotors). The waves that emerge from the
rotors undergo spatially distributed fragmentation and give
rise to fibrillatory conduction.13–15 Evidence suggests that
when high frequency atrial activation is maintained for rela-
tively long time periods, ion channel remodeling changes
the electrophysiologic substrate6–9 and increases the role
of triggers further contributing to AF permanence.
Sustained high rates in the atrium and/or the presence of
heart disease are associated with structural remodeling of
the atria and alter the substrate even further6,8 and help
to perpetuate AF. Although much has been learned about

the mechanisms of AF, they remain incompletely under-
stood. Because of this, it is not possible to precisely tailor
an ablation strategy to a particular AF mechanism.

Multiple wavelet hypothesis
Until the mid to late 1980s, the multiple wavelet hypothesis
for AF was widely accepted as the dominant AF mechan-
ism.16 This hypothesis was developed by Moe and colleagues
and subsequently confirmed by experimental work.17

According to this hypothesis, AF results from the presence
of multiple reentrant wavelets occurring simultaneously in
the left and right atria. According to this model, the
number of wavelets at any point in time depends on the
atrial conduction velocity, refractory period, and mass.
Perpetuation of AF is favored by slowed conduction, shor-
tened refractory periods, and increased atrial mass.
Enhanced spatial dispersion of refractoriness promotes
reentry by conduction block and conduction delay. It is
notable that the development of the surgical Maze pro-
cedure was predicated on this model of AF and the
concept that maintenance of AF requires a critical number
of circulating reentrant wavelets, each of which requires a
critical mass of atrial tissue.18

Focal triggers
Haissaguerre and colleagues are credited with making the
landmark observation that AF is often triggered by a focal
source, and that ablation of that focal trigger can eliminate
AF.10–12 This observation was reported in a series of three

Table 1 Areas of Consensus: Definitions, Indications, Technique, and Laboratory Management

AF Definition
† Paroxysmal AF is defined as recurrent AF (�2 episodes) that terminates spontaneously within 7 days.
† Persistent AF is defined as AF which is sustained beyond seven days, or lasting less than seven days but necessitating pharmacologic or

electrical cardioversion.
† Longstanding persistent AF is defined as continuous AF of greater than one-year duration.
† The term permanent AF is not appropriate in the context of patients undergoing catheter ablation of AF as it refers to a group of patients

where a decision has been made not to pursue restoration of sinus rhythm by any means, including catheter or surgical ablation.

Indications for Catheter AF Ablation
† Symptomatic AF refractory or intolerant to at least one Class 1 or 3 antiarrhythmic medication.
† In rare clinical situations, it may be appropriate to perform AF ablation as first line therapy.
† Selected symptomatic patients with heart failure and/or reduced ejection fraction.
† The presence of a LA thrombus is a contraindication to catheter ablation of AF.

Indications for Surgical AF Ablation
† Symptomatic AF patients undergoing other cardiac surgery.
† Selected asymptomatic AF patients undergoing cardiac surgery in whom the ablation can be performed with minimal risk.
† Stand-alone AF surgery should be considered for symptomatic AF patients who prefer a surgical approach, have failed one or more

attempts at catheter ablation, or are not candidates for catheter ablation.

Pre-procedure Management
† Patients with persistent AF who are in AF at the time of ablation should have a TEE performed to screen for thrombus.

Technique and Lab Management
† Ablation strategies which target the PVs and/or PV antrum are the cornerstone for most AF ablation procedures.
† If the PVs are targeted, complete electrical isolation should be the goal.
† For surgical PV isolation, entrance and/or exit block should be demonstrated.
† Careful identification of the PV ostia is mandatory to avoid ablation within the PVs.
† If a focal trigger is identified outside a PV at the time of an AF ablation procedure, it should be targeted if possible.
† If additional linear lesions are applied, line completeness should be demonstrated by mapping or pacing maneuvers.
† Ablation of the cavotricuspid isthmus is recommended only in patients with a history of typical atrial flutter or inducible cavotricuspid

isthmus dependent atrial flutter.
† If patients with longstanding persistent AF are approached, ostial PV isolation alone may not be sufficient.
† Heparin should be administered during AF ablation procedures to achieve and maintain an ACT of 300 to 400 sec.
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manuscripts. An initial series of three patients who under-
went successful catheter ablation of AF was published in
1994.10 In each of these patients, AF was determined to
arise from a “focal source.” The successful treatment of
these three patients with catheter ablation suggested that
in some patients, AF may result from a focal trigger and
that ablation of this trigger could eliminate AF. It is
notable that prior research in an animal model had demon-
strated that AF could be induced by local administration of
aconitine which triggered a rapid focal atrial tachycardia.19

This type of “focal AF” also was shown to be cured by
isolation of the site of the aconitine-induced focal atrial
tachycardia from the remainder of the atria. In a subsequent
report on 45 patients with frequent drug-refractory episodes
of AF, Haissaguerre and colleagues found that a purely right-
sided linear ablation approach resulted in an extremely
low long-term success rate.20 These investigators also
found that linear lesions were often arrhythmogenic due
to gaps in the ablative lines, and that many patients were
ultimately cured with ablation of a single rapidly firing
ectopic focus. These ectopic foci were found at the orifices
of the left or right superior PVs or near the superior vena

cava. The latter observation led these investigators to sys-
tematically attempt cure of paroxysmal AF by mapping
and ablating individual foci of ectopic activity.11,12 Many of
these foci were found well into the PVs, outside of the
cardiac silhouette, where myocardial sleeves are known to
extend.21 These observations of the importance of a focal
trigger in the development of AF have been confirmed by
others. Thus, it is now well established that the PVs
appear to be a crucial source of triggers which initiate AF.

Electrophysiology of the pulmonary veins
Nathan and Eliakim are credited with first drawing attention
to the presence of sleeves of cardiac tissue that extend onto
the PVs (Figure 1).21 The electrophysiologic properties of
the PVs and also the sleeves of myocardial tissue that
extend onto the superior and inferior vena cava were
studied in animal models by investigators who noted that
AF was recorded from these thoracic veins.22 Despite
these very early observations, detailed investigation of the
anatomic and electrophysiologic properties of the PVs
remained unexplored for many decades, until the impor-
tance of PV triggers in the development of AF was

Table 2 Areas of Consensus: Post procedure, Follow-up, and Clinical Trial Considerations

Post-procedure Management
† Low molecular weight heparin or intravenous heparin should be used as a bridge to resumption of systemic anticoagulation following

AF ablation.
† Warfarin is recommended for all patients for at least two months following an AF ablation procedure.
† Decisions regarding the use of warfarin more than two months following ablation should be based on the patient’s risk factors for stroke

and not on the presence or type of AF.
† Discontinuation of warfarin therapy post ablation is generally not recommended in patients who have a CHADs score �2.

Follow-up and Clinical Trial Considerations

Blanking period
† A blanking period of three months should be employed after ablation when reporting outcomes.

Definition of success
† Freedom from AF/flutter/tachycardia off antiarrhythmic therapy is the primary endpoint of AF ablation.
† For research purposes, time to recurrence of AF following ablation is an acceptable endpoint after AF ablation, but may under represent

true benefit.
† Freedom from AF at various points following ablation may be a better marker of true benefit and should be considered as a secondary

endpoint of ablation.
† Atrial flutter and other atrial tachyarrhythmias should be considered as treatment failures.
† An episode of AF/flutter/tachycardia detected by monitoring should be considered a recurrence if it has a duration of 30 seconds or

more.
† Single procedure success should be reported in all trials of catheter ablation of AF.

Minimal monitoring
† Patients should be seen in follow-up at a minimum of three months following the ablation procedure and then every six months for at

least two years.
† An event monitor should be obtained to screen for recurrent AF/flutter/tachycardia in patients who complain of palpitations during

follow-up.
† An AF/flutter/tachycardia episode is present if it is documented by ECG and lasts at least 30 seconds.
† All patients in a clinical trial should be followed for a minimum of twelve months.
† Patients being evaluated as part of a clinical trial or in whom warfarin may be discontinued should have some type of continuous ECG

monitoring performed to screen for asymptomatic AF/flutter/tachycardia.
† 24-hour Holter monitoring is an acceptable minimal monitoring strategy for patients enrolled in a clinical trial and is recommended

at three to six months intervals for one to two years following ablation.

Repeat procedures
† Repeat procedures should be delayed for at least three months following initial ablation, if the patient’s symptoms can be controlled

with medical therapy.

Complication reporting
† Major complications are defined as those that result in permanent injury or death, require intervention for treatment, or prolong or

require hospitalization.

Catheter and Surgical Ablation of AF 339

by guest on January 9, 2015
D

ow
nloaded from

 



appreciated. There is now general agreement that myocar-
dial muscle fibers extend from the LA into all the PVs for a
length of one to three centimeters; the thickness of the
muscular sleeve is highest at the proximal end of the veins
(1–1.5 mm), and then gradually tapers distally.23,24

It is also recognized that the muscular sleeves of the PVs
are an important source of focal firing that may trigger or
maintain AF. The mechanisms of this focal firing are incom-
pletely understood. Whereas classical cardiac anatomists do
not feel that specialized conduction cells or tissues are
present in the PV muscular sleeves, other more recent
studies have arrived at different conclusions. It is notable
that the location of the precursors of the conduction
system are defined, during embryological development of
the heart, by the looping process of the heart tube.25

Specialized conduction tissue, which is derived from the
heart tube and is destined to have pacemaker activity, has
been shown to be located within the myocardial sleeves of
the PVs.25,26 One recent study demonstrated the presence
of P cells, transitional cells, and Purkinje cells in the
human PVs.27 The presence of these tissues provides an
explanation for the observation that electrical activity
within the PVs is commonly observed after electrical

disconnection of the PVs’ musculature from the
atrium.26–28 Further studies identified spontaneous electri-
cal activity with phase 4 depolarization in the PVs of
guinea pigs.29 In this model, administration of digitalis
induced triggered activity in guinea pig PV tissue prep-
arations with the genesis of atrial tachyarrhythmias. More
recent studies have isolated cardiomyocytes from rabbit
and canine PVs and identified the abnormal automaticity
and triggered activity after isoproterenol infusion.30

Abnormal regulation of calcium current and sodium–calcium
exchanger has been identified as the major mechanism of PV
focal arrhythmogenicity.

Other studies have provided evidence to suggest that the
PVs and the posterior LA are also a preferred site for reen-
trant arrhythmias.14,31 One study, for example, examined
the electrophysiologic properties of 45 PVs from 33 dogs.
Optical mapping techniques were used to study the electri-
cal properties of the veins.31 Action potential duration was
shown to be longer in the endocardium of these PVs as com-
pared with the epicardium. In addition, these investigators
reported that the action potential duration of the PVs was
shorter than in the atrium. This study also demonstrated
marked slowing of conduction in the proximal portion of

Figure 1 Structure and mechanisms of atrial fibrillation. (A) Schematic drawing of the left and right atria as viewed from the posterior. The
extension of muscular fibers onto the PVs can be appreciated. Shown in yellow are the four major LA autonomic ganglionic plexi and axons
(superior left, inferior left, anterior right, and inferior right). Shown in blue is the coronary sinus which is enveloped by muscular fibers which
have connections to the atria. Also shown in blue is the vein and ligament of Marshall which travels from the coronary sinus to the region
between the left superior PV and the LA appendage. (B) Large and small reentrant wavelets that play a role in initiating and sustaining
AF. (C) Common locations of PV (red) and also the common sites of origin of non PV triggers (shown in green). (D) Composite of the anatomic
and arrhythmic mechanisms of AF. (Adapted from Circulation,13 Am J Cardiol,336 and Tex Heart Inst J.337)
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the PV as compared with the adjacent atrial tissue. With
rapid atrial pacing, 2:1 conduction block into the veins
was observed. These findings led the authors to propose
that AF resulted from a focal trigger arising from within
the PVs and was maintained as a rapid reentrant circuit
within the PVs. A somewhat different approach was used
by other authors who used a blood perfused heart prep-
aration to examine the electrophysiologic characteristics
of the PVs.32 Intracellular and extracellular recordings
were obtained. These authors identified zones of conduction
delay in all PVs. Fractionated signals were also found in
areas of slow conduction. They also examined PV histology
and reported that these zones of slow conduction were
related to sudden changes in fiber orientation. These
changes could facilitate reentry. Yet another study exam-
ined the impact of increasing atrial pressure on PV acti-
vation.33 They reported that as LA pressure was increased
above 10 cm H2O, the LA–PV junction became the source
of dominant rotors. These observations help explain the
clinical link between AF and increased atrial pressure.
Several studies have reported shorter refractory period

inside PVs compared to the LA, decremental conduction
inside PVs, and easy induction of PV reentry with premature
stimulation from the PVs. And other studies have demon-
strated the presence of rapid reentrant activities with
entrainment phenomenon inside the human PVs after suc-
cessful PV isolation as well as the important role of PV–LA
junction reentry in maintenance of AF.34,35 However,
despite ample evidence to support the understanding that
PVs and the PV–LA junction provide the reentrant substrate
for AF, the mechanism underlying the very first beat of spon-
taneous PV firing which initiates AF remains poorly under-
stood. One study investigated the effects of ibutilide on

PV firing using a canine model of pacing-induced AF.
Ibutilide suppressed reentry at the PV–LA junction but not
PV firing, indicating that PV firing is due to a non-reentrant
mechanism.36

Left-to-right frequency gradients in atrial fibrillation
organization
A number of well conducted experimental and clinical
studies have appeared over the last several years demon-
strating the importance of the local atrial activation rate
(cycle length) in the maintenance of AF,37–41 the role of
atrial remodeling in the perpetuation of AF,6–9 the impor-
tance of wavebreak and reentry in the posterior LA,42 and
the existence of a hierarchical organization and left-to-right
gradients of the electrical excitation frequency both in
animals39,43 and in humans.37,40,41 Such studies offer
mechanistic rationale for the empirical observation by clini-
cal electrophysiologists that the LA is the region that seems
to harbor the AF sources in the majority of patients.41 They
also afford an explanation for the need for circumferential
and linear ablation, as well as other anatomic approaches
that not only include the PVs but also a large portion of
the LA. Inclusion of the atrial myocardium in ablation strat-
egies is particularly important in patients with persistent AF,
who in fact represent the vast majority of patients present-
ing the arrhythmia. Recent data in patients provide compel-
ling evidence that the sources are in fact reentrant and are
located outside of the PVs.44 Other studies in patients have
used power spectral analysis and mapping to localize domi-
nant frequency sites of activation.41 They demonstrated
that in paroxysmal AF patients the PV ostial region does
harbor the highest frequency sites and AF can be terminated
successfully by targeting radiofrequency (RF) ablation to
those sites in up to 87% of patients.41 However, in longstand-
ing persistent AF patients it is rare to find dominant fre-
quency sites at the PV region and this agrees well with the
relatively poor success rate of RF ablation in such patients.41

The data suggest that in patients with longstanding persis-
tent AF, atrial remodeling somehow augments the number
of AF drivers and shifts their location away from the PV/
ostial region. Therefore, while eliminating focal triggers is
sensible, evidence in the clinic and the laboratory demon-
strates that focusing on understanding mechanisms of AF
initiation, maintenance and perpetuation in the atrial
muscle proper is of utmost importance if one wants to
increase the success of therapy in the majority of patients.

Cardiac autonomic nervous system and triggered
spontaneous pulmonary vein firing
It has been shown that an increase in both sympathetic and
parasympathetic tone precedes the onset of paroxysmal
AF in many patients.45 A subsequent study demonstrated
that although both sympathetic and parasympathetic
components play a role in AF, the cholinergic component
appears to be the main factor for spontaneous AF initiation
in an open-chest canine model.46 Using a superfused canine
PV preparation, other authors described rapid PV triggered
firing initiated by delivering high frequency electrical stimu-
lation to the PV preparation during atrial refractory periods.
Such triggered firing depends on both the sympathetic and
parasympathetic components of the cardiac autonomic
nervous system.47 Moreover, spontaneous PV firing followed
by AF could be induced by electrical stimulation of the

Figure 2 Focal triggers leading to initiation of reentry, Schematic
drawing which illustrates the manner in which focal triggers lead to
initiation of reentry (rotors). Eventually, atrial remodeling leads to
additional focal triggers and perpetuation of reentry.
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ganglionic plexi (GP) or the autonomic nerve endings that
retrogradely activate the GP and initiate AF from the PV–LA
junction.48 These findings provide experimental evidence
that the intrinsic cardiac autonomic nervous system facilitates
the formation of triggered PV firing that either initiates AF or
initiates reentry, which subsequently induces AF.

Electrophysiologic basis for catheter ablation of atrial
fibrillation
It is well accepted that the development of AF requires both
a trigger and a susceptible substrate. The goals of AF abla-
tion procedures are to prevent AF by either eliminating
the trigger that initiates AF or by altering the arrhythmo-
genic substrate. The most commonly employed ablation
strategy today, which involves the electrical isolation of
the PVs by creation of circumferential lesions around the
right and the left PV ostia, probably impacts both the
trigger and substrate of AF (Figure 3).49–51 In particular,
this approach seeks to electrically isolate the PVs, which
are the most common site of triggers for AF. Other less
common trigger sites for AF, including the vein and ligament
of Marshall and the posterior LA wall, are also encompassed
by this lesion set. The circumferential lesions may also alter
the arrhythmogenic substrate by elimination of tissue
located near the atrial–PV junction that provides a substrate
for reentrant circuits that may generate or perpetuate AF,
and/or by reduction of the mass of atrial tissue needed to
sustain reentry.52 And finally, the circumferential lesion set
may interrupt sympathetic and parasympathetic innervation
from the autonomic ganglia, which have been identified as
potential triggers for AF (Figure 1).53,54

Rationale for eliminating atrial fibrillation with
ablation

There are several hypothetical reasons to perform ablation
procedures for treatment of AF. These include improvement
in quality of life, decreased stroke risk, decreased heart
failure risk, and improved survival. In this section of the
document, these issues will be explored in more detail.
However, it is important to recognize that the primary justi-
fication for an AF ablation procedure at this time is the pre-
sence of symptomatic AF, with a goal of improving a patient’s
quality of life. Although each of the other reasons to perform
AF ablation identified above may be correct, they have not
been systematically evaluated as part of a large randomized
clinical trial and are therefore unproven.
Several epidemiologic studies have shown strong associa-

tions between AF and increased risk of cerebral thrombo-
embolism, development of heart failure, and increased
mortality.55–57 It is well known that AF causes hemodynamic
abnormalities including a decrease in stroke volume,
increased LA pressure and volume, shortened diastolic ven-
tricular filling period, AV valvular regurgitation, and an irre-
gular and often rapid ventricular rate.58 Persistence of AF
leads to anatomic and electrical remodeling of the LA that
may facilitate persistence of AF. Most importantly, many
patients, even those with good rate control, experience
intolerable symptoms during AF.
There have been multiple randomized clinical trials per-

formed that address the question of whether rhythm
control is more beneficial than rate control for AF patients.
In all trials, antiarrhythmic drugs were used for rhythm

control. The Pharmacological Intervention in Atrial
Fibrillation (PIAF) trial first demonstrated that rate control
was not inferior to rhythm control in the improvement of
symptoms and quality of life.59 Similar findings were
reported in RACE.60 The Strategies of Treatment of Atrial
Fibrillation (STAF) trial showed no significant difference in
the primary endpoints of death, systemic emboli and cardio-
pulmonary resuscitation between the two strategies.61

Another recent study demonstrated an improvement in
quality of life and exercise performance at 12 months’
follow-up in a series of patients with persistent AF.62 In
the Atrial Fibrillation Follow-up Investigation of Rhythm
Management (AFFIRM) trial, in which 4,060 AF patients
with high risk for stroke and death were randomized to
either rhythm control or rate control, there were no signifi-
cant differences in all-cause death between the two strat-
egies.63 However, a new on-treatment analysis of the
AFFIRM study revealed that the presence of sinus rhythm
was associated with a significant reduction in mortality,
whereas the use of antiarrhythmic drugs increased mortality
by 49%,64 suggesting that the beneficial effect of sinus
rhythm restoration on survival might be offset by the
adverse effects of antiarrhythmic drugs. Previously, the
Danish Investigations of Arrhythmia and Mortality on
Dofetilide (DIAMOND) study also showed the presence of
sinus rhythm was associated with improved survival.65 It
must be noted, however, that this was a retrospective analy-
sis, and the improvement in survival may have resulted from
factors other than the presence of sinus rhythm.

These clinical trials clearly show that the strategy of using
antiarrhythmic drugs to maintain sinus rhythm does not
achieve the potential goals of sinus rhythm mentioned
above. However, there are signals in these data to suggest
that sinus rhythm may be preferred over rate control if it
could be achieved by a method other than drug therapy.
Pappone et al compared the efficacy and safety of circumfer-
ential PV ablation with antiarrhythmic drug treatment in a
large number of patients with long-term follow-up, and
showed that ablation therapy significantly improved themor-
bidity and mortality of AF patients.51 Because this was not a
prospective randomized study, these findings must be con-
sidered preliminary. Three recent small randomized trials in
patients with paroxysmal AF demonstrated that catheter
ablation was superior to antiarrhythmic therapy in the pre-
vention of recurrent AF.66–68 Further, a recent small retro-
spective study suggests that some patients with successful
ablation may not require long-term anticoagulation.69 The
results of these studies suggest there are benefits to sinus
rhythm obtained by ablation techniques over rate control.
However, large prospective multicenter randomized clinical
trials will be needed to definitively determine whether
sinus rhythm achieved with ablation techniques lowers mor-
bidity and mortality as compared with rate control alone or
treatment with antiarrhythmic therapy.

III. Indications for catheter ablation of atrial
fibrillation and patient selection

The ACC/AHA/ESC 2006 Guidelines for the Management of
Patients with Atrial Fibrillation, written in collaboration
with the Heart Rhythm Society, state that “Catheter abla-
tion is a reasonable alternative to pharmacological therapy
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to prevent recurrent AF in symptomatic patients with little
or no LA enlargement” (Class 2A recommendation, level of
evidence C).1 It is noteworthy that the only Class 1 indi-
cation in this section of the document states that treatment
of precipitating or reversible causes of AF is recommended
before initiating antiarrhythmic drug therapy. Further, the
maintenance of sinus rhythm treatment algorithm lists cath-
eter ablation as second-line therapy for all categories of
patients.1

The Task Force supports these recommendations. In par-
ticular, the Task Force agrees that catheter ablation of AF
in general should not be considered as first line therapy.
There is a consensus among the Task Force that the
primary indication for catheter AF ablation is the presence
of symptomatic AF refractory or intolerant to at least one
Class 1 or 3 antiarrhythmic medication (Table 1). The Task
Force also recognizes that in rare clinical situations, it
may be appropriate to perform catheter ablation of AF as

first line therapy. Catheter ablation of AF is also appropriate
in selected symptomatic patients with heart failure and/or
reduced ejection fraction. The presence of a LA thrombus
is a contraindication to catheter ablation of AF. It is
important to recognize that catheter ablation of AF is a
demanding technical procedure that may result in
complications. Patients should only undergo AF ablation
after carefully weighing the risks and benefits of the
procedure.

Patient selection for catheter ablation of atrial
fibrillation

As demonstrated in a large number of published studies, the
primary clinical benefit from catheter ablation of AF is an
improvement in quality of life resulting from elimination
of arrhythmia-related symptoms such as palpitations,
fatigue, or effort intolerance (see section on Outcomes

Figure 3 Schematic of common lesion sets employed in AF ablation. (A) Circumferential ablation lesions, which are created in a circumfer-
ential fashion around the right and the left PVs. The primary endpoint of this ablation strategy is the electrical isolation of the PV muscula-
ture. (B) Some of the most common sites of linear ablation lesions. These include a “roof line” connecting the lesions encircling the left and
and/or right PVs, a “mitral isthmus” line connecting the mitral valve and the lesion encircling the left PVs at the level of the left inferior PV,
and an anterior linear lesion connecting either the “roof line” or the left or right circumferential lesion to the mitral annulus anteriorly. Also
shown is a linear lesion created at the cavotricuspid isthmus. This lesion is generally placed in patients who have experienced cavotricuspid
isthmus dependent atrial flutter clinically or have it induced during EP testing. (C) Similar to B but also shows the addition of additional linear
ablation lesions between the superior and inferior PVs resulting in a figure of 8 lesion set. Also shown is an encircling lesion of the superior
vena cava directed at electrical isolation of the superior vena cava. SVC isolation is performed if focal firing from the SVC can be demon-
strated. A subset of operators empirically isolate the SVC. (D) Some of the most common sites of ablation lesions when complex fractionated
electrograms are targeted. (Adapted from Circulation,21 Am J Cardiol,352 and Tex Heart Inst J.353)
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and Efficacy of Catheter Ablation of Atrial Fibrillation).
Thus, the primary selection criterion for catheter ablation
should be the presence of symptomatic AF refractory or
intolerant to at least one Class 1 or 3 antiarrhythmic
medication.
Other considerations in patient selection include age, LA

diameter, and duration of AF. The heightened risk of myocar-
dial perforation and thromboembolic complications in very
elderly patients, and the lower probability of a successful
outcome when the LA is markedly dilated should be taken
into account when considering ablation. Furthermore, cath-
eter ablation of AF is less likely to be successful when used
in the treatment of patients with longstanding persistent AF
(see section on Outcomes and Efficacy of Catheter Ablation
of Atrial Fibrillation).
In clinical practice, many patients with AF may be asymp-

tomatic but seek catheter ablation as an alternative to long-
term anticoagulation with warfarin. Although one study
demonstrated that discontinuation of warfarin therapy
after catheter ablation may be safe over medium-term
follow-up in some subsets of patients, this has never been
confirmed by a large prospective randomized clinical trial
and therefore remains unproven.69 Furthermore, it is well
recognized that symptomatic and/or asymptomatic AF may
recur during long-term follow-up after an AF ablation pro-
cedure.70–74 It is for these reasons that this Task Force
recommends that discontinuation of warfarin therapy post
ablation is generally not recommended in patients who
have a congestive heart failure, history of high blood
pressure, age (75 years), diabetes, prior stroke or transient
ischemic attack (CHADS) score �2.1,75 Either aspirin or
warfarin is appropriate for patients with a CHADS score of
1 following an ablation procedure. A patient’s desire to
eliminate the need for long-term anticoagulation by itself
should not be considered an appropriate selection criterion.
In arriving at this recommendation, the Task Force recog-
nizes that patients who have undergone catheter ablation
of AF represent a new and previously unstudied population
of patients. Clinical trials are therefore needed to define
the stroke risk of this patient population and to determine
whether the risk factors identified in the CHADS or other
scoring systems apply to these patients.

IV. Techniques and endpoints for atrial
fibrillation ablation

Historical considerations

Cox and colleagues are credited with developing and
demonstrating the efficacy of surgical ablation of AF.18,76

Subsequent surgeons evaluated the efficacy of surgical
approaches that limit the lesion set to PV isolation.77,78

The final iteration of the procedure developed by Cox,
which is referred to as the Maze-III procedure, was based
on a model of AF in which maintenance of the arrhythmia
was shown to require maintenance of a critical number of
circulating wavelets of reentry. The success of the Maze-III
procedure in the early 1990s led some interventional
cardiac electrophysiologists to attempt to reproduce the
procedure with RF catheter lesions using a transvenous
approach. Swartz and colleagues reported recreation of
the Maze-I lesion set in a small series of patients using
specially designed sheaths and standard RF catheters.79

Although the efficacy was modest, the complication rate
was high, and the procedure and fluoroscopy times were
long in their early experience, this report demonstrated a
proof of concept that led others to try to improve the cath-
eter based procedure. Although a large number of investi-
gators attempted to replicate the surgical Maze procedure
through the use of either three-dimensional (3D) mapping
systems or the use of multipolar ablation electrode cath-
eters, these clinical trials had limited success.80–86 Based
on these observations and the rapid advances in ablation
of AF targeting initiating focal triggers, electrophysiologists
lost interest in catheter based linear ablation for AF
ablation.

Ablation approaches targeting the pulmonary veins

The identification of triggers that initiate AF within the PVs
led to prevention of AF recurrence by catheter ablation at
the site of origin of the trigger.10–12,87 Direct catheter abla-
tion of the triggers was limited by the infrequency with
which AF initiation could be reproducibly triggered during
a catheter ablation procedure. A further limitation of this
approach is that multiple sites of triggering foci were com-
monly observed.

To overcome these limitations, an ablation approach was
introduced by Haissaguerre and colleagues88 which was
designed to electrically isolate the PV myocardium. This
segmental PV isolation technique involved the sequential
identification and ablation of the PV ostium close to the ear-
liest sites of activation of the PV musculature. This typically
involved the delivery of RF energy to 30% to 80% of the cir-
cumference of the PVs. The endpoint of this procedure was
the electrical isolation of at least three PVs. An anatomically
based ablation strategy of encircling the PVs guided by 3D
electroanatomical mapping was subsequently developed by
Pappone and colleagues.86,89

The recognition of PV stenosis as a complication of RF
delivery within a PV, as well as the recognition that sites
of AF initiation and/or maintenance were frequently
located within the PV antrum, resulted in a shift in ablation
strategies to target the atrial tissue located in the antrum
rather than the PV itself.49,90 Ablation at these sites was
either performed segmentally, guided by a circular
mapping catheter88,91 positioned close to the PV ostium,
or by a continuous circumferential ablation lesion created
to surround the right or left PVs.86,89 The circumferential
ablation line targeted either each ipsilateral PV separately
or both ipsilateral PVs together (Figure 3). The circumferen-
tial ablation/isolation line was either guided by 3D electro-
anatomical mapping,50,89,92 by fluoroscopy,93 or by
intracardiac echocardiography (ICE).49,94 The endpoint for
this procedure is either amplitude reduction within the
ablated area,89,92 elimination (or dissociation) of the PV
potentials recorded from either one or two circular
mapping catheters or a basket catheter within the ipsilat-
eral PVs,49,50,93,95–98 and/or exit block from the PV.99

Although ablation strategies, which target the PVs,
remain the cornerstone of AF ablation procedures for both
paroxysmal and persistent AF, continued efforts are under-
way to identify additive strategies to improve outcome.
One of these strategies is to create additional linear
lesions in the LA similar to those advocated with the Cox
Maze-III, the Swartz approach, and others (Figure 3).100–103
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The most common sites are the LA “roof” connecting
the superior aspects of the left and right upper PV isolation
lesions, the region of tissue between the mitral valve
and the left inferior PV (the mitral isthmus), and anteriorly
between the roof line near the left or right circumferential
lesion and the mitral annulus (Figure 3).100 Ablation of the
cavotricuspid isthmus is recommended by the Task Force in
patients with a history of typical atrial flutter or inducible
cavotricuspid isthmus dependent atrial flutter.104

Ablation approaches not targeting the
pulmonary veins

Non-PV triggers initiating AF can be identified in up to one
third of unselected patients referred for catheter ablation
for paroxysmal AF.12,34,105–108 Supraventricular tachycardias
such as AV nodal reentry or accessory pathway mediated
atrioventricular reciprocating tachycardia may also be
identified in up to 4% of unselected patients referred for
AF ablation and may serve as a triggering mechanism for
AF.109 Non-PV triggers can be provoked in patients with
both paroxysmal and more persistent forms of AF.107 In
selected patients, elimination of only the non-PV triggers
has resulted in elimination of AF.34,109,110 The sites of
origin for non-PV atrial triggers include the posterior wall
of the LA, the superior vena cava, crista terminalis, the
fossa ovalis, the coronary sinus, behind the Eustachian
ridge, along the ligament of Marshall, and adjacent to the
AV valve annuli (Figure 1).34,106,108,110,111 Furthermore,
reentrant circuits maintaining AF may be located within
the right and left atria.112 Provocative maneuvers such as
the administration of isoproterenol in incremental doses of
up to 20: mg/min, and/or cardioversion of induced and spon-
taneous AF, can aid in the identification of PV and non-PV
triggers. Linear LA lesions not aiming at PV isolation have
been demonstrated to successfully prevent AF recurrences
as previously introduced as a surgical approach.113

Areas with complex fractionated atrial electrograms
(CFAE) have been reported to potentially represent AF
substrate sites and became target sites for AF abla-
tion.52,54,114,115 CFAE are electrograms with highly fractio-
nated potentials or with a very short cycle length
(�120 ms). CFAEs usually are low-voltage multiple potential
signals between 0.06 and 0.25 mV. The primary endpoints
during RF ablation of AF using this approach are either com-
plete elimination of the areas with CFAEs, conversion of AF
to sinus rhythm (either directly or first to an atrial tachycar-
dia), and/or noninducibility of AF. For patients with paroxys-
mal AF, the endpoint of the ablation procedure using this
approach is noninducibility of AF. For patients with persist-
ent AF, the endpoint of ablation with this approach is AF
termination. When the areas with CFAEs are completely
eliminated, but the arrhythmias continue as organized
atrial flutter or atrial tachycardia, the atrial tachyarrhyth-
mias are mapped and ablated.
A tailored approach to catheter ablation of AF targets

specific drivers of AF and seeks to eliminate AF using the
least amount of ablation necessary.116 Recognizing that the
mechanisms of AF may vary from patient to patient, an indi-
vidualized, electrogram-based approach is used instead of a
standardized, predetermined lesion set. If the most rapid
electrical activity is within the PVs, the PVs are isolated.
PV isolation is then followed by CFAE ablation or serial

creation of linear lesions. In contrast, if the PVs exhibit a
slow, well organized rhythm, non-PV sites are targeted
including CFAE ablation. The endpoint of these procedures
in patients with paroxysmal AF is the inability to induce
AF. In patients with longstanding persistent AF, a step-wise
approach to ablation has been reported to successfully
convert AF to either sinus rhythm or atrial tachycardia
in .80% of patients,117,118 but an endpoint of noninducibil-
ity of AF does not appear to be feasible or even necessary.119

Adding GP to other ablation targets may improve ablation
success.53,54 The four major LA GP (superior left GP, inferior
left GP, anterior right GP, and inferior right GP) are located
in epicardial fat pads at the border of the PV antrum, and
can be localized at the time of ablation using endocardial
high frequency stimulation (HFS) (Figure 1). For ablation,
RF current can be applied endocardially at each site of posi-
tive vagal response to HFS. HFS is repeated and additional
RF applications can be applied until the vagal response to
HFS is eliminated.

Task Force consensus

Shown in Table 1 are the areas of consensus on ablation
techniques that were identified by the Task Force. The
Task Force recommends that:

(1) Ablation strategies which target the PVs and/or PV
antrum are the cornerstone for most AF ablation
procedures.

(2) If the PVs are targeted, complete electrical isolation
should be the goal.

(3) Careful identification of the PV ostia is mandatory to
avoid ablation within the PVs.

(4) If a focal trigger is identified outside a PV at the time of
an AF ablation procedure, it should be targeted, if
possible.

(5) If additional linear lesions are applied, line complete-
ness should be demonstrated by mapping or pacing
maneuvers.

(6) Ablation of the cavotricuspid isthmus is recommended
only in patients with a history of typical atrial flutter or
inducible cavotricuspid isthmus dependent atrial flutter.

(7) If patients with longstanding persistent AF are approached,
ostial PV isolation alone may not be sufficient.

V. Technologies and tools

Energy sources—radiofrequency energy

The presumed basis of successful AF ablation is production
of myocardial lesions that block the propagation of AF
wave fronts from a rapidly firing triggering source, or modi-
fication of the arrhythmogenic substrate responsible for
reentry. Successful ablation depends upon achieving
lesions that are reliably transmural.120,121 The conventional
approach employed by cardiac electrophysiologists to reach
the goal of AF ablation is RF energy delivery by way of a
transvenous electrode catheter.
RF energy achieves myocardial ablation by the conduction

of alternating electrical current through myocardial tissue,
a resistive medium. The tissue resistivity results in dissipa-
tion of RF energy as heat, and the heat then conducts pas-
sively to deeper tissue layers. Most tissues exposed to
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temperatures of 508C or higher for more than several
seconds will show irreversible coagulation necrosis, and
evolve into non-conducting myocardial scar.122 High power
delivery and good electrode–tissue contact promote the for-
mation of larger lesions and improve procedure efficacy.
High power delivery can be achieved with large-tip or
cooled-tip catheters.123,124 Optimal catheter–tissue
contact is achieved by a combination of steerable catheter
selection, guide sheath manipulation, and skill of the opera-
tor. Significant complications can occur during AF ablation if
high RF power is administered in an uncontrolled fashion.
The increased risk of AF ablation compared to ablation of
other arrhythmias may be attributable to the great surface
area of tissue ablated, the large cumulative energy delivery,
the risk of systemic thrombo-embolism, and the close
location of structures susceptible to collateral injury, such
as phrenic nerve,125 PVs,126 and esophagus.127 Thrombus
and char can be minimized by limiting power and/or
target temperature,128 by monitoring the production of
steam microbubbles at the catheter tip with ICE,129–131

and by cooling the electrode–tissue interface with saline
irrigated tips.132 Intramural steam pops can be reduced by
limiting power and the electrode–tissue contact pressure,
which is greater when the catheter is oriented perpendicu-
lar to the atrial wall.
Early reports of catheter ablation of AF employed conven-

tional 4-mm or 5-mm tip ablation catheters. Lesions were
created with point-to-point application of RF energy or
with continuous RF energy application while the catheter
was dragged across the myocardium. It was observed clini-
cally and experimentally that this approach resulted in mul-
tiple sites of non-transmural lesion formation. The majority
of the members of the Task Force now employ irrigated tip
catheters. Although comparative trials of irrigated tip and
large tip RF technologies versus conventional RF electrodes
have demonstrated increased efficacy and decreased pro-
cedure duration in the ablation of atrial flutter,133–135 com-
parative trials of large tip and open irrigation catheters have
not been performed in patients undergoing AF ablation.
Therefore, we are unable to make a firm recommendation
regarding the optimal RF energy delivery system and
catheter.
Various techniques have been proposed to minimize

collateral injury. Temperature sensors at the electrode cath-
eter tip can provide gross feedback of surface temperature,
but because of passive convective cooling from circulating
blood flow, or active cooling in a cooled tip catheter, the
peak tissue temperatures are sometimes millimeters below
the endocardial surface. Depending upon the ablation
technology employed many operators limit RF power to
25–35 watts. Limiting power will limit collateral injury but
at the expense of reliably transmural lesions. ICE has been
employed to monitor lesion formation. If the tissue shows evi-
dence of increased echogenicity, or if small gas bubbles are
observed, then power should be reduced or terminated.129–131

The time to steady-state tissue temperatures during RF cath-
eter ablation is approximately 60–90 seconds.122 Therefore,
limiting lesion duration may result in smaller ablative
lesions. Monitoring unipolar electrogram amplitude has been
proposed by W.M. Jackman, MD (via personal communication)
as an assay of lesion transmurality.

Alternative energy sources

Although RF energy is most commonly employed for catheter
ablation of AF, a number of alternative catheter ablation
systems that utilize different ablative energy sources have
been developed and currently are being evaluated in clinical
trials. These include cryoablation, ultrasound ablation, and
laser ablation.136–144 In the case of cryoenergy, delivery can
be performed with a conventional “tip” catheter, a circular
catheter, or a balloon device. For the remainder of these
alternative energy sources, a balloon system is available
which is typically positioned at the PV ostium either directly
by steering the shaft, using a steerable sheath, or using an
“over-the-wire” technique. Subsequently, energy is delivered
to achieve a full circumferential or sector ablation. The
primary endpoint for all new energy sources is PV isolation.

Multielectrode circumferential mapping catheter

Multielectrode circumferential mapping catheters have
been developed by several manufacturers to facilitate cath-
eter ablation procedures for AF.88 These circular multielec-
trode catheters (10 to 20 electrodes) are positioned either
at the ostium of the PVs or moved around the PV antrum
and simultaneously record electrical potentials from the
muscular sleeves of the PVs, referred to as PV potentials.
These circular electrode catheters are deflectable and are
available in either a fixed or variable diameter. This type
of electrode catheter is currently used by many centers to
verify electrical isolation of the PVs.50,88,145

Electroanatomic mapping systems

Catheter ablation of AF is currently being performed in most
centers using 3D mapping systems, which allow for non-
fluoroscopic catheter manipulation, activation and voltage
mapping, and precise identification and tagging of ablation
sites to facilitate creation of contiguous lesions around
anatomic structures such as the PVs and to also facilitate
creation of linear lesions. The two most widely used
systems are the CARTO (Biosense Webster, Diamond Bar,
CA, USA)67,146 and the NavX system (Endocardial Solutions,
Inc., Minneapolis, MN, USA).147 The Real Time Position
Management System and Loca Lisa also provide 3D mapping
information.148–151 The use of these 3D mapping systems
has been demonstrated to reduce fluoroscopy duration.147,152

A recent advance in the use of electroanatomic mapping
systems is the ability to register pre-acquired MR/CT images
to the real time mapping space during AF ablation pro-
cedures.153–155 It is important to recognize that there are
several potential sources of error, which may influence the
accuracy of the registration process, including differences
in the volume status, respiratory phase between the CT/MR
image and the electroanatomic map, cardiac rhythm differ-
ences, as well as the registration algorithm.

At this present time, it appears that each of the systems
currently available can be used to facilitate AF ablation pro-
cedures. To date (at publication), there have been no
head-to-head randomized comparisons of these systems.

Robotic catheter navigation
Catheter based ablation of AF places significant demands on
the skill and experience of the electrophysiologist. The
objectives of developing new technologies to facilitate
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these procedures include precise and stable catheter navi-
gation, reduced radiation exposure, shorter procedures,
and cost effectiveness. While new technologies generally
increase the cost of a procedure when they are introduced,
the costs may be justified if they improve outcomes. The
concept of remote catheter navigation is appealing for the
operator because these systems may reduce radiation
exposure of the physician and also the risk of developing
orthopedic problems related to prolonged use of protective
lead aprons. The two technologies developed to meet these
objectives include the magnetic navigation system designed
by Stereotaxis, Inc.156–158 and a robotic controlled catheter
system manufactured by Hansen Medical.159,160 While
neither is FDA-approved specifically for ablation of AF at
this point, the impetus to develop these technologies is to
use them for complex ablation procedures. The potential
utility of these remote navigation systems will need to be
determined. At the present time, studies are not available
to demonstrate that either of these systems shortens pro-
cedure time, improves outcomes of ablation, or improves
the safety profile of these and other complex ablation
procedures.

Intracardiac echocardiography

Historically, electrophysiologists have predominantly used
fluoroscopy as the imaging method during invasive pro-
cedures. However, fluoroscopy is unable to identify key ana-
tomic locations such as the fossa ovalis, the PVs, the LA
appendage, the valve apparatus, and extracardiac struc-
tures, which are relevant during ablative procedures for
AF. ICE is able to provide real time anatomic information
without the drawbacks of transesophageal echocardiography
(TEE), which is limited by the patient discomfort and the
need for airway management during prolonged pro-
cedures.49,161–163 A survey taken by the members of this
Task Force revealed that approximately 50% of centers rou-
tinely used ICE to facilitate the transseptal procedure and/
or to guide catheter ablation. The two available ICE systems
consist of mechanical/rotational and phased-array transdu-
cers. Mechanical transducers produce high quality images
at shallow depths. Therefore, they need to be advanced in
the LA to visualize LA structures. In contrast, a phased-array
system uses a 64 piezoelectric element linear transducer
operating at frequencies from 5.5 and 10 MHz, and it
provides high resolution 2D images with a penetration
ranging from 2 mm to 12 cm. This allows imaging of the LA
with the ICE probe placed in the right atrium. ICE provides
direct and real time imaging of structures relevant to the
ablation procedure. It facilitates the transseptal puncture
especially in the presence of anatomic variants or specific
clinical conditions such as large septal aneurysm, lipomatous
hypertrophy of the septum, previous cardiac surgery with
distorted anatomy or thickened septum, or prior surgical
or device closure of an atrial septal defect. Therefore,
the implementation of ICE may decrease the risk of
complications associated with the transseptal access. Once
in the LA, the success of the procedure depends on the
ability to properly position mapping and ablation catheters.
ICE can help the operator in visualizing the PV anatomy,
catheter–cardiac tissue interface, catheter placement and
can also be used for identification of thrombus formation.
In addition, ICE may help optimize RF energy delivery by

detecting microbubbles, which represent tissue super-
heating. ICE can also be valuable in prompt detection and
treatment of complications. Important drawbacks of the
technique are the need for an additional sheath for place-
ment of the catheter, cost, and the lack of 3D imaging.

Pulmonary vein venography

PV venography is performed by many centers at the time of
catheter ablation procedures.164,165 The purpose of PV veno-
graphy is to help guide catheter manipulation, determine
the size and location of the PV ostia, and also assess PV ste-
nosis, particularly among patients undergoing repeat abla-
tion procedures. A survey of the members of this Task
Force revealed that 50% of centers routinely employed PV
venography during their AF ablation procedures. There are
three techniques that have been described for PV venogra-
phy. The first is performed by injection of contrast
medium into the left and right pulmonary arteries or the
pulmonary trunk. The location of the PVs can then be
assessed during the venous phase of pulmonary artero-
graphy. The second technique involves the injection of con-
trast media in the body of the LA or at the roof of the right
or left superior PV ostium immediately after delivery of a
bolus of adenosine to induce AV block. The contrast media
will fill the LA body, PV antrum, and the proximal part of
PV during the phase of ventricular asystole. Moreover, the
third technique involves selective delivery of contrast
media into each of the PV ostia. This can be accomplished
by positioning the transseptal sheath in the region of the
right and left PV trunks and injecting contrast, or by selec-
tively engaging each of the four PV ostia using a deflectable
catheter or a multipurpose angiography catheter.

CT and MR imaging of the atrium and pulmonary
veins

Understanding the morphological characteristics of the LA in
detail can not only help achieve a more efficient and suc-
cessful ablation but also may prevent procedure-related
complications. CT/MR may facilitate AF ablation procedures
by:

(1) imaging the anatomic features of the PVs and LA
pre-procedurally

(2) disclosing the anatomic relationship between the LA,
esophagus, and adjacent vascular structures

(3) providing an understanding of the degree of morphologi-
cal remodeling of the PVs and LA, and

(4) assisting in the detection of post procedure
complications.

As will be discussed in the complications section of the
document, CT and MR are excellent tools for detection of
PV stenosis. A survey given to the Task Force members
revealed that approximately two thirds of centers are routi-
nely obtaining MR or CT scans in patients scheduled to have
an AF ablation.
The PV ostia are ellipsoid with a longer superio-inferior

dimension, and the funnel-shaped ostia are frequently
noted in AF patients.166–172 The right superior PV is
located close to the superior vena cava or right atrium,
and the right inferior PV projects horizontally. The left
superior PV is in close vicinity to LA appendage and the
left inferior PV courses near the descending aorta. Veins
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are larger in AF versus non-AF patients, men versus women,
and persistent versus paroxysmal patterns. The understand-
ing of these anatomic relationships is essential for accom-
plishing safe transseptal puncture, placement of a circular
mapping catheter, and application of energy around or
outside the PV ostia. The variability of PV morphologies
can substantially influence the success rate of catheter abla-
tion if the variant veins are inadequately treated. Several
studies reported the existence of supernumerary right PVs
with the incidence ranging from 18% to 29%.166–169,171,172

In addition, a significantly longer distance between the PV
ostium and first branch was demonstrated for left versus
right PVs. One study showed that multiple ramifications
and early branching were observed in right inferior PVs,
possibly accounting for lower incidence of focal origin of
AF from this vein.170 A common trunk of left or right PVs
also has been disclosed by the CT/MR images.168 Using CT
imaging, a common ostium is more frequently found on
the left-sided PVs (6%–35%) and results in a broad PV–LA
junction.173,174 More recently, 3D reconstruction of CT and
MR and intracardiac echo imaging have shown a common
ostium in both right and left PVs in more than 80% of
cases.175 These anatomic variations are important in plan-
ning catheter ablation of AF. Localization of the true
PV–LA, the LA appendage, and the ridge between PV and
LA appendage in these patients can be more accurate with
the assistance of the 3D images acquired prior to mapping
and ablation procedures.176

As described above, currently available electroanatomic
mapping systems allow previously acquired CT or MR
images to be imported into the mapping systems and regis-
tered with the LA real time. These systems help facilitate
AF ablation procedures by providing detailed information
about the anatomy.153,177 When using these systems, it is
critical to confirm accurate registration.

VI. Other technical aspects

Anticoagulation and strategies to prevent
thrombo-embolism

Careful attention to anticoagulation of patients before,
during, and after ablation for AF is critical to avoid the
occurrence of a thromboembolic event, which is recognized
as one of the most serious complications of AF and also of AF
ablation procedures. Anticoagulation, in turn, contributes to
some of the most common complications of the procedure,
including hemopericardium/pericardial tamponade and vas-
cular complications.178 Therefore, attention must be paid to
achieving the optimal safe level of anticoagulation through-
out the process.
As is the case with all patients with AF, patients under-

going ablation therapy are at risk for LA thrombus formation
and possible thromboembolic complications.179 It is for this
reason that the Task Force recommends that the anticoagu-
lation guidelines published as part of the ACC/AHA/ESC 2006
Guidelines for the Management of Patients with Atrial
Fibrillation be adhered to.1 In particular, the guidelines for
anticoagulation, both for long-term management and also
those that apply to cardioversion procedures, should be
followed. It is particularly important to recognize that the
recommendations for anticoagulation at the time of cardio-
version apply to patients who are in AF at the time of the

ablation procedure and in whom AF termination is sought
during an AF ablation procedure, either by catheter ablation
or by cardioversion. Not only are these patients expected to
achieve restoration of sinus rhythm, either by electrical or
pharmacologic cardioversion or by successful arrhythmia
termination with ablation, but also the ablation procedure
leaves patients with substantial areas of damaged LA endo-
thelium that may become a nidus for thrombus formation. In
addition to following these anticoagulation guidelines, there
is a consensus among the Task Force that patients with per-
sistent AF who are in AF at the time of ablation should have
a TEE performed to screen for a thrombus (Table 1) regard-
less of whether they have been anticoagulated with warfarin
prior to ablation. This reflects the fact that an ablation cath-
eter will be manipulated throughout the LA during an AF
procedure and that dislodgement of an in situ thrombus
would result in a thromboembolic complication. Recently,
64-slice CT scanning has been employed to identify LA
thrombus,180 but TEE remains the gold standard. Exclusion
of LA thrombus with preprocedure imaging is most important
in patients with significant atrial enlargement, particularly
if risk factors for stroke are present. The yield of LA throm-
bus identification with TEE among patients with paroxysmal
AF who are in sinus rhythm at the time of ablation is very
low, particularly in patients without structural heart
disease or risk factors for stroke. Some Task Force
members do not routinely perform pre-procedure screening
with TEE in this setting. In addition to performing a TEE to
screen for a LA thrombus in patients with persistent AF
who are in AF at the time of ablation, some Task Force
members recommend 0.5–1 mg/kg of enoxaparin twice
daily until the evening prior to the ablation procedure for
patients who have been anticoagulated with warfarin.

The ablation of AF is associated with placement of 1–3
catheters in the LA via transseptal puncture. The catheter
manipulation time in this chamber can be prolonged.
There is a prolonged dwell time in this chamber. Thus,
heparin anticoagulation with close attention to maintaining
therapeutic dosing during the procedure is important.
Because thrombi can form on the transseptal sheath
almost immediately after crossing the septum, many
operators administer a loading dose of heparin prior to or
immediately upon septal puncture. After a loading dose
of 100 U/kg, a standard heparin infusion of 10 U/kg/hour
can be initiated. Activated clotting times (ACT) should
be checked at 10- to 15-minute intervals until therapeutic
anticoagulation is achieved and then at 30-minute intervals
during the case. The lower level of anticoagulation should
be maintained at an ACT of at least 300–350 seconds
throughout the procedure, as it has been demonstrated
that less intense anticoagulation is associated with a high
prevalence of in situ thrombus adherent to the transseptal
sheaths.161,163,181 Sheath-related thrombi also may be
reduced by infusing heparinized saline continuously
through the transseptal sheaths.181 If significant atrial enlar-
gement or spontaneous echo contrast is observed, many
operators target a higher ACT range of 350–400 seconds.
The risk of systemic embolization of thrombus formed on a
sheath may be reduced by withdrawing the sheath to the
right atrium once a catheter is positioned in the LA. Single
catheter techniques may also reduce this risk. In order to
reduce bleeding complications, antiplatelet therapy
(especially IIB/IIIA glycoprotein receptor blockers and
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clopidogrel) should be avoided if possible. At the conclusion
of the procedure, sheath removal requires withdrawal of
anticoagulation for a window of time to achieve adequate
hemostasis. Heparin infusion can be discontinued and the
sheaths removed from the groin when the ACT is less than
200 seconds. Alternatively, some operators choose to
reverse heparin with protamine. If protamine is employed,
care must be taken to avoid this drug in patients who have
received NPH insulin, or have a fish allergy since they may
be sensitized to protamine and be at risk for an anaphylactic
reaction.182

After catheter ablation and sheath removal, anticoagula-
tion should be reinitiated promptly (within four to six
hours). Operators administer therapeutic loading doses of
heparin or subcutaneous enoxaparin. Warfarin is readminis-
tered post ablation, and heparin or enoxaparin are contin-
ued until a therapeutic INR is achieved. Many of the
members of this Task Force empirically and independently
arrived at a dose of 0.5 mg/kg twice daily for enoxaparin,
since an unacceptable incidence of bleeding complications
has been observed at a dose of 1.0 mg/kg BID. There was
a consensus among the Task Force that:

(1) Warfarin is recommended for all patients for at least two
months following an AF ablation procedure.

(2) Decisions regarding the use of warfarin more than two
months following ablation should be based on the
patient’s risk factors for stroke and not on the presence
or type of AF.

(3) Discontinuation of warfarin therapy post ablation is
generally not recommended in patients who have a
CHADS score �2 (Table 2).

The consensus Task Force acknowledges that the two-
month recommendation for warfarin post ablation regard-
less of their CHADS score is empirical and that practice
patterns may vary, particularly in patients with paroxysmal
AF who are at low risk for stroke, and who are in sinus
rhythm at the time of their AF ablation procedure. A small
number of operators have chosen an alternative approach
to procedural anticoagulation by initiating warfarin
therapy pre-procedure and continuing this drug in a
therapeutic range during the procedure. The obvious
benefits of this approach are that the patient is never
without therapeutic anticoagulation before or after the
procedure, and some of the vascular complications that
are exacerbated by the combination of enoxaparin and
warfarin may be avoided. The concern about this approach
is that acute bleeding complications, particularly pericardial
tamponade, may be more difficult to control if antico-
agulation cannot be immediately reversed in that setting.
Limited data are available regarding the risk of thrombo-

embolism with and without warfarin after AF ablation. The
long-term follow-up of patients undergoing the surgical
Maze procedure has shown a very low risk of stroke in this
population 12 years post procedure.183 However, 13% of
patients in that study were lost to follow-up. Importantly,
an essential component of the Maze procedure is amputa-
tion of the LA appendage, the putative source of most LA
thrombi. Intermediate-term follow-up of a population of
755 patients has shown that stroke risk after catheter abla-
tion is comparable to a matched population without a
history of AF.69 Most events occurred within two weeks of

the procedure, and both patients with late stroke were
therapeutically anticoagulated at the time of stroke presen-
tation. In this study, 73% of patients in apparent sinus
rhythm post-procedure discontinued warfarin after
3 months. Although this study suggests that discontinuation
of warfarin therapy after catheter ablation may be safe over
medium-term follow-up in some subsets of patients, this has
never been confirmed by a large prospective randomized
trial and therefore remains unproven.69 As noted previously,
it is well recognized that symptomatic or asymptomatic AF
may recur during long-term follow-up after an AF ablation
procedure,71,72,184 and that patients may have fewer symp-
toms during ongoing AF after an ablation procedure.185 It is
for these reasons that this Task Force recommends, as noted
above, that discontinuation of warfarin therapy post-
ablation generally is not recommended in patients who
have a CHADS2 score �2.1,70–72,184

Anesthesia/sedation during ablation

Patients undergoing catheter ablation of AF are required to
lie motionless on the procedure table for three or more
hours. Repeated stimuli from ablation of the thin-walled
atrium, often in close vicinity to regions of autonomic inner-
vation and/or the esophagus, are sometimes quite painful.
For these reasons, most patients are treated with conscious
sedation or general anesthesia. The choice of approach is
determined by the institutional preference and also by
assessment of the patient’s suitability for conscious seda-
tion. General anesthesia is generally employed for patients
at risk of airway obstruction, those with a history of sleep
apnea, and also those at increased risk of pulmonary
edema. General anesthesia may also be employed electively
in healthy patients in order to improve patient tolerance of
the procedure. Anesthesia or analgesia needs to be adminis-
tered by well-trained and experienced individuals with
monitoring of heart rate, non-invasive or arterial line
blood pressure, and oxygen saturation.186 Guidelines for
assessing levels of anesthesia and training requirements
for administration of intravenous sedation during procedures
have been developed by the American Society of
Anesthesiologists and may be found on their web site.187

A survey of the Task Force members of this consensus state-
ment revealed that approximately two thirds of centers use
conscious sedation for AF ablation procedures, and reserve
general anesthesia support for high-risk patients.

Esophageal monitoring

A rare but potentially devastating complication of AF abla-
tion is injury to the esophagus with the possible outcome
of atrial esophageal fistula or esophageal perforation
leading to mediastinal infection, stroke, and/or
death.188,189 More information concerning the incidence,
presentation, and management of this complication is pre-
sented under the complications section of this document.
Because of the severe consequence of an atrial esophageal
fistula, it is important to attempt to avoid this complication.
At the present time, a number of different approaches are
being employed to avoid the development of an atrial eso-
phageal fistula. The most common practice is to decrease
power delivery, decrease tissue contact pressure, and
move the ablation catheter every 10 to 20 seconds when
in close proximity to the esophagus. Some operators
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employ light conscious sedation and use pain as an assay for
potential esophageal injury. A variety of approaches have
been proposed to identify esophageal anatomic location,
including multidetector computerized tomography,190 topo-
graphic tagging of the esophageal position with an electroa-
natomical mapping system,191 use of a temperature probe to
detect heating during RF energy delivery,192 barium
paste,193 and ICE.162,194 Although these approaches are
used by many centers, it is important to note that, owing
to the rarity of this complication, it remains unproven
whether their use lowers or eliminates the risk of esopha-
geal perforation. Pre-procedure computerized tomography
or magnetic resonance imaging is valuable; however,
motion of the esophagus during the procedure (particularly
in patients under lighter sedation) can result in discordance
between the pre-procedure and intraprocedure anatomy.193

Topographical tagging of the esophageal location is static
unless an electrode remains in the esophagus during the
case. Temperature monitoring is useful to identify poten-
tially dangerous heating of the esophagus. However, since
the esophagus is broad, the lateral position of the tempera-
ture probe or mapping electrode may not align with the
ablation electrode, and the operator may have a false
impression of safety. Although there is general agreement
among those operators who employ temperature probes
that an increase in esophageal temperature should trigger
interruption of RF energy delivery, there is no consensus as
to what degree of temperature elevation should trigger RF
termination. Barium paste swallowed by the patient prior
to conscious sedation effectively outlines the esophageal
position real time.193 Because the barium paste remains in
the esophagus for the duration of the procedure, this
approach allows for a real time assessment of the relation-
ship of the location of the ablation catheter and the esopha-
gus. The risk of this technique is barium aspiration if the
patient becomes overly sedated and does not have airway
protection with endotracheal intubation. ICE allows real
time visualization of the esophagus.162,194 Operators experi-
enced in the use of this adjunctive tool have reported it to
be of value in monitoring the location of the esophagus rela-
tive to the ablation catheter.162 The optimal technique for
avoiding injury to the esophagus has not yet been deter-
mined, and awaits ongoing prospective evaluation of these
approaches.

VII. Follow-up considerations

ECG monitoring pre and post procedure

Arrhythmia monitoring is an important component of the
initial evaluation of patients who are to undergo catheter
ablation procedures for AF. Prior to undergoing a catheter
ablation procedure, it is important to confirm that a
patient’s symptoms result from AF and to determine
whether a patient has paroxysmal or persistent AF. This is
of importance as the ablation technique, procedure
outcome, anticoagulation strategies employed, and the
need for TEE prior to the procedure may be impacted by
the accurate characterization of the AF type and burden.
An assessment of the adequacy of heart rate control is par-
ticularly important in patients with depressed left ventricu-
lar function who may demonstrate evidence suggesting a
reversible tachycardia induced cardiomyopathy.195 In

addition, the strategy used for catheter ablation may vary
and the overall results of catheter ablation differ depending
on whether a patient does or does not have paroxysmal AF.
Pre-procedure arrhythmia monitoring is also useful to deter-
mine if a patient has evidence of regular supraventricular
tachycardia that degenerates to AF as a triggering mechan-
ism or has a pattern of repetitive “focal firing.”109 This
“focal firing” pattern is characterized by the presence of
frequent atrial premature beats (.1,000/24 hours) with fre-
quent rapid salvos of nonsustained atrial tachycardia. Either
of these triggering patterns of AF initiation identifies a
patient in whom a more limited ablation, targeted at only
the triggering arrhythmia focus or PV(s). may be appropri-
ate.109,116 Clinical factors such as younger age, small LA
size, the absence of hypertension, and the presence of par-
oxysmal AF may also identify patients in whom consideration
for a more targeted or limited ablation approach may be
appropriate.196

ECG monitoring also plays an important role in the
follow-up after an ablation procedure. Early recurrences of
AF are common during the first one to three months following
a catheter ablation procedure.197,200 For this reason,
arrhythmia monitoring to assess the efficacy of catheter
ablation is typically delayed for at least three months follow-
ing catheter ablation unless it is required to evaluate
arrhythmia symptoms during the early post ablation period.

The two main reasons to perform arrhythmia monitoring
following catheter ablation are clinical care and research.
From a purely clinical perspective, arrhythmia monitoring
is useful to determine if a patient’s complaints of “palpita-
tions” result from recurrent AF. Several studies have demon-
strated that complaints of “palpitations” often result from
atrial or ventricular premature beats and are not an accu-
rate predictor of recurrent AF.74,201 Arrhythmia monitoring
also has been shown to be of value in the asymptomatic
patient. Multiple studies have demonstrated that asympto-
matic AF commonly occurs in patients following catheter
ablation.72–74,96,185,201,202 Detection of these asymptomatic
episodes of AF may impact decisions regarding continued
anticoagulation and also may impact the characterization
of the procedure as “successful.” Arrhythmia monitoring is
also an essential component of clinical trials aimed at asses-
sing the outcomes of catheter ablation procedures. There is
general agreement that arrhythmia monitoring should be
incorporated in all clinical trials designed to assess the effi-
cacy of AF catheter ablation tools and techniques. The
suggested monitoring strategies and minimum standards to
be used as part of clinical trials are discussed in the
section on Clinical Trial Considerations. These strategies
and standards may be useful in tracking outcome of clinical
care when assessing an institution’s performance standards
related to success and complications of AF ablation pro-
cedures. However it is recognized that clinical endpoints
for defining success may include such important secondary
endpoints as elimination of symptomatic AF and control of
AF with previously ineffective antiarrhythmic drugs after
the AF ablation procedure.

Available methods for arrhythmia monitoring

Arrhythmia monitoring may be in the form of intermittent
sampling using a standard ECG or a patient activated
event monitor with or without a memory loop. Various
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types of continuous monitoring systems are also available
that range from 1 to 7 day Holter monitoring to monitors
that have the capability of “auto-detecting AF” and can
provide extended periods of continuous monitoring.
Implanted pacemakers with atrial leads also allow the
burden of AF to be assessed by tracking the number and dur-
ation of mode switch episodes.
It is well established that the more intensively a patient is

monitored and the longer the period of monitoring, the
greater the likelihood of detecting both symptomatic and
asymptomatic AF.72–74,96,185,201,202 Conversely, the more
complex and longer the method of monitoring that is used,
the lower the patient compliance.

Follow-up and monitoring guidelines for routine
clinical care

There is a consensus among the Task Force that all patients
who undergo catheter ablation of AF, regardless of whether
or not they are enrolled in a clinical trial, should be seen in
follow-up at a minimum of three months following the abla-
tion procedure, and then every six months for at least two
years (Table 2). ECGs should be obtained at all follow-up
visits and patients who complain of palpitations should be
evaluated with an event monitor. Frequent ECG recording
using a manually activated event recorder and counseling
patients to take their pulse to monitor for irregularity may
serve as initial screening tools for asymptomatic AF epi-
sodes. A one to seven day Holter monitor is the most effec-
tive way to identify frequent asymptomatic recurrences of
AF.67,150,170 A four-week auto-trigger event monitor or
mobile cardiac outpatient telemetry system may identify
less frequent AF.167 Prior to hospital discharge, it is rec-
ommended that patients receive detailed follow-up instruc-
tions and be provided with contact information that will
facilitate prompt evaluation of symptoms consistent with a
late complication of the ablation procedure. Although
there is no consensus among the Task Force on the role of
routine imaging studies to screen for PV stenosis following
ablation, there was general agreement that the threshold
for using imaging tools for symptom evaluation should be
low. Strong consideration should be made to perform such
imaging studies when centers are beginning AF ablation pro-
grams to confirm quality assurance. Recommendations for
follow-up of patients enrolled in clinical trials are discussed
in the Clinical Trial Considerations of the document.

Early recurrence of atrial fibrillation

Recurrence of AF is common early following catheter abla-
tion and is observed regardless of the catheter technique
used.197–200 After segmental PV isolation, AF recurrence
can be observed in about 35%, 40%, and 45% of patients by
days 15, 30, and 60 of follow-up, respectively.199 After LA
circumferential ablation, inclusive of right and left atria
linear ablation, arrhythmia recurrence can be observed in
about 45% of patients during the first 3 months of follow-up,
despite antiarrhythmic drug treatment, with .90% of events
being AF and the remaining being regular atrial tachycardia
of new onset.199 Compared to the immediate pre-ablation
period, the frequency of recurrent AF during the first days
post-ablation is variable; however, it should be noted that
about 15% of patients may complain of more frequent epi-
sodes than pre-ablation.199 In some studies, the incidence

of the AF early after the ablation procedure appears to be
higher in patients with persistent AF (47%) than in patients
with paroxysmal AF (33%),198 in patients �65 years old
(48%) than in patients ,65 years old (28%),198 and in
patients with structural heart disease (47%–74%) than in
patients without structural heart disease (29%–50%).197,198

At present, there are insufficient data to estimate the role
of individual catheter techniques and technologies on
early recurrence of AF.
Although early recurrence of AF carries an independent

risk of treatment failure,197–200,203 its occurrence should
not prompt immediate re-ablation attempts as up to 60%
of patients experiencing this event within the first months
post-ablation will not have any further arrhythmias during
long-term follow-up.197–200,203,204 One study identified a
history of persistent AF of greater than 30 days’ duration
as the only independent predictor of recurrent AF after an
initial blanking period in patients who had experienced an
early recurrence.199 In patients undergoing segmental PV
isolation, the absence of structural and electrical abnormal-
ities of the LA was shown to distinguish patients with acute
AF control from patients with a delayed AF control.204

Administration of antiarrhythmic drugs in patients at dis-
charge from hospital has been proposed to limit further
arrhythmia relapses in the first months after ablation,199,205

but the true efficacy of this strategy is unknown. Similarly, in
patients experiencing early recurrence of AF while on anti-
arrhythmic drugs, the benefit of a change in therapy to
limit subsequent relapses of AF has not been investigated.
The mechanisms of post-ablation early transient AF have

not been elucidated. Among possible causes are: (1) a tran-
sient stimulatory effect of RF secondary to the inflammatory
response developing after thermal injury and/or pericardi-
tis206,207; (2) a transient imbalance of the autonomic
nervous system ultimately acting as an arrhythmia
trigger53,208; and (3) a delayed effect of RF ablation, as pre-
viously observed with other arrhythmic substrates,209–211

likely attributable to growth or maturation of the ablation
lesions in the days immediately after the procedure.212 In
selected patients, a decrease in frequency of early transient
AF may actually represent a form of reverse atrial remodel-
ing due to partial AF control or AF control secondary to
added antiarrhythmic drug therapy.

Atrial tachycardias after atrial fibrillation ablation

Atrial tachycardias of new onset make up at least 10% of all
arrhythmias observed in the early phase following ablation
of AF.199,213–215 These tachycardias usually originate in the
LA, and although most have a short cycle length of
between 200 and 270 ms, longer cycle lengths have also
been noted.214,216 Patients with a regular atrial tachycardia
of new onset may complain of worsening symptoms due to a
faster mean ventricular rate than during their pre-ablation
AF. This arrhythmia is usually refractory to antiarrhythmic
drugs. Symptoms may be attenuated with drugs that
reduce AV nodal conduction. Similar to early AF after abla-
tion, spontaneous remission of regular LA tachycardia
occurs in approximately one third of patients within six
months of the ablation procedure.213

The mechanisms underlying post-ablation regular atrial
tachycardias of new onset appear to be dependent on the
catheter technique used. In patients with prior segmental
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PV isolation, a focal atrial origin, either located within PVs
exhibiting conduction recurrence or outside of PV (most
commonly from the LA roof or anterior to the right PVs),
has been reported as the dominant mechanism.214,216,217

Based on the response to pacing and adenosine infusion,
the focal PV rhythm appears to be due to microreentry invol-
ving at least part of the ostium of the PVs although auto-
matic or triggered focal PV rhythms have been defined.218

In patients with prior LA circumferential PV isolation,
regular atrial tachycardias have been shown to originate
from within the isolated PVs and activate the contiguous
atrial tissue through conduction gaps across isolating
lesions or due to larger macroreentrant circuits typically
around ipsilateral veins or the mitral annulus.216 In patients
with LA circumferential ablation plus left posterior and
mitral isthmus linear ablation, macroreentrant circuits
have been documented with critical isthmuses at various
sites, the mitral isthmus, the inter-atrial septum, the LA
roof and the coronary sinus.213,219,220 Detailed activation
and entrainment mapping of the tachycardia during a
second procedure results in effective ablation of atrial
tachycardia in approximately 90% of patients.213,214,216,220

Although right atrial flutter should be considered in the
differential diagnosis of regular atrial tachycardias observed
following AF ablation, most of these arrhythmias arise from
the LA.104

Antiarrhythmic and other drug therapy post
ablation

Suppressive antiarrhythmic drugs are commonly employed
during the first one to three months after ablation.199,205

The mechanism of AF in this setting may be different from
that of the patient’s clinical arrhythmia and may resolve
completely upon resolution of the inflammatory process.
Accordingly, some operators choose to treat all patients
with suppressive antiarrhythmic agents for the first one to
three months following ablation. The drugs employed for
this purpose vary, but most commonly are the drugs that
have been used unsuccessfully prior to ablation and
include the 1C agents, sotalol, dofetilide, or amiodarone.
Amiodarone is commonly selected because it is well toler-
ated, is unlikely to cause toxicity with short-term use, and
is also an effective agent for achieving rate control should
AF recur or an atrial tachycardia develop.199

The primary goal of ablative therapy for the treatment of
AF is elimination of symptomatic AF. Additionally, in many
patients it is desirable to eliminate all arrhythmias and to
be able to eliminate antiarrhythmic drug therapy. It should
be recognized, however, that many patients with a good
clinical response early after ablation with continued anti-
arrhythmic drug therapy may be reluctant to stop drug
therapy to evaluate the clinical efficacy of the ablation pro-
cedure alone. In addition, it is well recognized that catheter
ablation may be partially effective and allow a patient with
AF previously refractory to antiarrhythmic therapy to be
drug responsive. Therefore, if AF recurs following discon-
tinuation of antiarrhythmic drug therapy, it is common prac-
tice to reinitiate the antiarrhythmic drug. Many of these
patients will prefer to continue antiarrhythmic drug
therapy, rather than undergo a repeat ablation procedure.
For these patients, drug therapy following ablation is an
acceptable long-term management strategy.

The use of angiotensin converting enzyme (ACE) inhibitors
or angiotenson receptor blockers to promote atrial remodel-
ing is actively being investigated. Attention to control of
hypertension and addressing other AF risk factors such as
sleep apnea and obesity remain an integral part of AF man-
agement after the ablation procedure.

Repeat atrial fibrillation ablation procedures

Recurrences of AF or atrial tachycardia after an initial AF
ablation procedure lead to a reablation procedure in 20%
to 40% of patients.120 Since early recurrences of AF and/or
the development of an atrial tachycardia are common
during the first two to three months after AF ablation, and
may resolve spontaneously, there is a consensus that
repeat ablation procedures should be deferred for at least
three months following the initial procedure (Table 2). It is
also recognized, however, that some patients will develop
highly symptomatic atrial arrhythmias that cannot be con-
trolled with antiarrhythmic therapy or slowed with rate con-
trolling medications and are best managed with a reablation
procedure within the first three months post ablation.

In general, patients with larger LA size and longer AF dur-
ation typically experience a higher incidence of AF recur-
rence.120 Most studies have reported that patients who fail
an initial attempt at ablation and undergo a repeat ablation
procedure demonstrate recurrent conduction in previously
isolated PVs rather than new arrhythmogenic foci from non-
targeted PVs or outside of the PVs.94,221–223 PV triggers that
initiate AF can typically be provoked with isoproterenol
infusion from reconnected veins.94,221 Reconnection of PVs
does not consistently predict recurrent AF.224 Whether this
is due to partial PV denervation or effective partial PV iso-
lation and successful elimination of the AF trigger or
another mechanism is not known. Another study identified
uncommon or limited/delayed PV reconnection in patients
studied without recurrent AF.223 In contrast, patients with
recurrent AF nearly uniformly demonstrated PV reconnec-
tion, highlighting the importance of PV reconnection as
the probable etiology for AF recurrence. In patients with
arrhythmias due to reconduction from the PVs, reisolation
of the PV is frequently sufficient to treat these arrhyth-
mias.94 Additional linear lesions may only be required
when a macroreentrant mechanism is present.

Less commonly, the underlying mechanism of AF recur-
rences is a focal trigger or atrial tachycardia outside the
PVs. Non PV focal triggers can typically be identified by
high dose isoproterenol infusion and targeted for ablation.94

Alternatively some investigators have suggested that if the
PVs are found to be isolated during the re-ablation pro-
cedure and no atrial tachycardia is present or can be
induced, AF may be induced to identify and ablate sites
with continuous atrial fractionated electrograms or with
short atrial cycle lengths which may represent sites of main-
tenance for AF.117

Autonomic alterations

Mild changes in autonomic modulation of the sinus node
have been described following ostial PV isolation as well as
circumferential PV ablation.53,54,208,225,226 These changes,
including a slightly higher resting sinus rate, a decrease in
heart rate variability, and decreases in deceleration
capacity and acceleration capacity, often resolve within a
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month following ostial PV isolation, but may be present at
one year following circumferential PV isolation.
The alterations in autonomic control probable result from

injury to the autonomic GP or injury to axons extending from
the GP. Radiofrequency applications during circumferential
PV ablation are frequently delivered close to the superior
left GP and the anterior right GP, and occasionally produce
a transient profound vagal response.53,208 Radiofrequency
applications during PV ostial isolation probably injure
axons extending from the GP to the PV muscular sleeve.
Communication between GP is probably affected by both
approaches, which may alter autonomic input to the sinus
node. The observation that changes in sinus node activity
were similar in patients following circumferential PV
ablation (without GP ablation) to patients following GP
ablation (without circumferential PV ablation) supports
this hypothesis.226

The mild changes in autonomic regulation generally have
not been associated with inappropriate sinus tachycardia or
other symptoms. Therefore, evaluation in the post-ablation
period can be limited to patients presenting with symptoms
or persistent sinus tachycardia.

Very late recurrence (>1 year) after AF ablation

The incidence of very late recurrence (more than
12 months) after catheter ablation occurs in approximately
5% to 10% of patients.70,71,227 The incidence may be even
higher if the follow-up period is extended beyond two
years. The incidence also may be related to the extent of
ECG monitoring and earlier recurrence may be missed in
selected patients with no or minimal symptoms. In one
report, patients with weight .90 kg, were more likely to
develop very late AF recurrence.227 No other clinical
factors have been identified as clearly being associated
with very late AF recurrence. If the recurrence occurs in
the very late follow-up (after one year), much of the AF
appears most commonly to still be triggered by foci from
reconnected PVs.227 Importantly, however, non PV triggers
and, in particular, non-PV ectopy from the right atrium,
may play a more dominant role in AF initiation in this
setting.71,228

VIII. Outcomes and efficacy of catheter
ablation of atrial fibrillation

Overview

The efficacy of any type of ablation procedure can be deter-
mined from a variety of sources including: (1) single center
randomized or nonrandomized clinical trials, (2) multicenter
randomized or nonrandomized clinical trials, and (3) physi-
cian surveys. Among these sources of outcome data, it is
well recognized that data derived from large prospective
randomized clinical trials most accurately reflect the out-
comes that can be anticipated when a procedure is per-
formed in clinical practice. Unfortunately, as of the time
this document was prepared, there have been no large ran-
domized multicenter clinical trials performed to determine
the safety and efficacy of catheter ablation of AF.
The information that we will review in this document is

derived from three sources. First, we reviewed the results
of published single center studies which include a minimum of

50 patients51,52,70,72,96,97,102,116,118,184,185,200,229–239 Second,
we have summarized the results of five randomized clinical
trials.66–68,119,240 And third, we have summarized the
results of a physician survey.178

When considering the published literature on catheter
ablation of AF, it is important to recognize that until the
writing of this Consensus Report, there has been no stan-
dardization in the design of clinical trials of AF ablation.
There are many important aspects of an AF ablation trial
that can impact the results. Among the most important is
the patient population. It is now well recognized that the
outcomes of AF ablation differ considerably depending on
whether patients have paroxysmal, persistent, or longstand-
ing persistent AF. Similarly, variables such as age, concomi-
tant cardiac disease, and LA size are important
determinants of outcome. Other important considerations
are the duration of the blanking period, the frequency and
intensity of arrhythmia monitoring, whether patients with
atrial flutter during follow-up are classified as successes or
failures, the use of antiarrhythmic drugs, and the frequency
and timing of performance of repeat ablation procedures.
Each of these factors plays a role in how a particular study
defined “success.” Whereas some studies have defined
success as freedom from symptomatic AF during follow-up,
other studies have defined success as freedom from sympto-
matic and asymptomatic episodes of AF. A third definition
of success employed by other studies is a greater than 90%
reduction of AF burden, and a fourth definition of success
is the proportion of patients free of AF each month of
monitoring during follow-up. Each of these definitions can
be further modified based on whether patients who remain
on antiarrhythmic drugs at follow-up are classified as
having had a successful ablation procedure, a partially
successful ablation procedure, or a failed ablation pro-
cedure. It is also important to recognize that the frequency
of detection of asymptomatic AF is directly dependent on
the duration and intensity of arrhythmia monitoring during
follow-up.

Published literature review

Nonrandomized clinical trials
We reviewed the results of trials of catheter ablation of
AF.51,52,70,72,96,97,101,102,116,118,184,200,229–239 These trials
were identified using a literature search based on the enroll-
ment of at least 50 subjects. Each of these trials either com-
pared the results of two ablation strategies, or reported the
results of a single ablation strategy. Almost all of these
studies enrolled patients with a mean age of less than
60 years, the great majority of whom were men. The
reported single procedure efficacy of catheter ablation in
these trials varied widely. The single procedure success of
catheter ablation of patients with paroxysmal AF ranged
from 38% to 78%. For patients with paroxysmal AF, most
series reported a single procedure efficacy of 60% or
greater. In contrast, the single procedure success of cath-
eter ablation of patients with persistent AF ranged from
22% to 45%, with most centers reporting an efficacy of 30%
or less. The single procedure success of catheter ablation
of patients with mixed types of AF ranged from 16% to
84%. Not surprisingly, repeat ablation procedures resulted
in higher efficacy. The reported multiple procedure success
of catheter ablation of patients with paroxysmal AF ranged
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from 54% to 80%, with most series reporting a multiple pro-
cedure efficacy of 70% or greater. The multiple procedure
success of catheter ablation of patients with persistent AF
ranged from 37% to 88%, with most centers reporting a mul-
tiple procedure efficacy of 50% or greater. The multiple pro-
cedure success of catheter ablation of patients with mixed
types of AF ranged from 30% to 81%. The results of these
studies provide an appreciation for the marked variability
in the reported efficacy of catheter ablation of AF.

Randomized clinical trials
There have been five randomized clinical trials performed of
catheter ablation of AF. The first study was published in
2005.68 This was a prospective multicenter clinical trial,
which randomized 70 patients (18–75 years) with paroxys-
mal AF to treatment with antiarrhythmic therapy or cath-
eter ablation. Each patient in the antiarrhythmic drug arm
was treated with flecainide or sotalol. The primary endpoint
was recurrence of symptomatic or asymptomatic AF. No
patients received amiodarone. Three patients were lost to
follow-up. At one year of follow-up, 22 (63%) of 35 patients
randomized to antiarrhythmic drug therapy had at least one
AF recurrence as compared with 4 (13%) of 32 patients
treated with catheter ablation. The second study was pub-
lished in 2006.119 This was a prospective two-center clinical
trial that randomized 146 patients (18–70 years) with per-
sistent AF to treatment with catheter ablation versus cardi-
oversion alone. The primary endpoint was freedom from AF
or atrial flutter in the absence of antiarrhythmic drug
therapy one year after catheter ablation. An intention to
treat analysis revealed that 74% of patients in the ablation
group and 58% of those in the control group were free of
recurrent AF without antiarrhythmic drug therapy at one
year of follow-up. The third randomized study of AF ablation
was published in 2006.240 This was a prospective multicenter
clinical trial that investigated the adjunctive role of cath-
eter ablation in patients with paroxysmal or persistent AF.
The study population was comprised of 137 patients. At
12 months of follow-up, 9% of patients in the antiarrhythmic
drug arm were free of recurrent AF, as compared with 56% of
patients treated with catheter ablation and antiarrhythmic
drug therapy. The fourth randomized study of AF ablation
was published in 2006.67 This was a prospective randomized
single center clinical trial, which compared the outcomes of
catheter ablation with antiarrhythmic drug therapy in 199
patients with paroxysmal AF. Patients treated with catheter
ablation demonstrated a higher success rate (defined as
freedom from recurrent symptomatic or asymptomatic
AF). Eighty-six percent of patients treated with catheter
ablation were free of recurrent AF as compared with 22%
of patients treated with antiarrhythmic drug therapy. The
fifth and most recent randomized clinical trial found that
40 of 53 ablation patients (75%) were free of recurrent AF,
as compared with 7% AF freedom (4 of 59) with drug
therapy. In this trial, 63% of drug treated patients crossed
over to ablative therapy.66

Survey results
A worldwide survey on the methods, efficacy, and safety of
catheter ablation of AF was published in 2005.178 This survey
was based on a detailed questionnaire that was completed by
more than 180 centers located throughout the world. At the
time the study was completed in 2002, the median number

of AF ablation procedures that had been performed at these
centers was 38. At that time, each center was performing
catheter ablation for treatment of paroxysmal AF, 53% of
centers were performing ablation for treatment of persistent
AF, and 20% of centers were performing catheter ablation
for treatment of permanent AF. The outcomes of nearly
9,000 AF ablation procedures were reported by these
centers. More than one ablation procedure was performed in
27% of patients. The success rate, defined as freedom from
symptomatic AF in the absence of antiarrhythmic therapy,
was 52%. An additional 24% of patients were free of sympto-
matic AF in the presence of a previously ineffective
antiarrhythmic drug. The mean duration of follow-up of
these patients was 12+8 months. The incidence of major
complications was 6%.

Summary of the efficacy of catheter ablation of atrial
fibrillation
The results of the studies and surveys reviewed above
provide substantial evidence of the efficacy of catheter
ablation for treatment of patients with AF. However, it is
also clear that outcomes vary considerably. As noted pre-
viously, potential factors that may impact outcome
include: (1) differences in technique, (2) differences in
follow-up and definitions of success, (3) differences in the
use of antiarrhythmic therapy, (4) differences in experience
and technical proficiency, and so forth. This consensus
document should be utilized by future investigators
designing clinical trials to further define the efficacy and
safety of catheter ablation of AF in a variety of patient
populations.

Impact of catheter ablation of atrial fibrillation
on quality of life

A number of studies have incorporated some measure of
quality of life into their study design. Among these studies
which have examined the impact of catheter ablation on
quality of life, most are noncontrolled trials.102,230,238

Each of these nonrandomized trials has demonstrated a con-
sistent improvement in quality of life. It is important to
interpret these findings with caution because of the well-
known placebo effect.

Of much greater importance, however, are the results of
two randomized clinical trials that have also examined
quality of life. An initial study randomized 70 patients
with paroxysmal AF to treatment with antiarrhythmic
therapy or catheter ablation.68 Patients who were random-
ized to catheter ablation demonstrated greater improve-
ments in quality of life at six months, as assessed using
the Short-Form 36 health survey, as compared to those
treated with antiarrhythmic therapy. A subsequent study
randomized 146 patients with persistent AF to treatment
with catheter ablation versus cardioversion alone.119 The
results of this study demonstrated that catheter ablation
was more effective in maintaining sinus rhythm. Patients
who were in sinus rhythm demonstrated a greater improve-
ment in the symptom severity score than those patients with
recurrent AF or flutter. Although these findings demonstrate
an improvement in quality of life based on a randomized
clinical trial, these studies were unblinded and therefore
the possibility of a placebo effect can still not be
eliminated.
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Impact of catheter ablation of atrial fibrillation
on LA size and function

During the past decade, extensive animal based and clinical
research has demonstrated that AF results in electrical and
structural remodeling of the atrium.241–245 The results of
these studies, taken as a whole, suggest that AF can be
viewed in part as a rate related atrial cardiomyopathy. To
the extent that other types of rate related cardiomyopa-
thies lead to reversible chamber dilatation and dysfunction,
it was anticipated that reverse remodeling might also occur
in a subset of patients who underwent catheter ablation for
treatment of AF.
Consistent with this hypothesis, several studies have been

performed that have examined LA size prior to and following
catheter ablation.92,246–248 These studies have demon-
strated a 10% to 20% decrease in the dimensions of the LA
following catheter ablation of AF; regardless of whether
echocardiography, MR imaging, or CT was used for LA
imaging. Although the precise mechanism of this decrease
in size is not known, it appears consistent with reverse
remodeling. Alternatively scar formation by the ablation
procedure may cause the observed reduction in atrial size.
Because of these data, some electrophysiologists counsel
their patients that AF ablation is indicated, even in the
asymptomatic patient, because it will prevent progressive
atrial enlargement. The Task Force does not believe that
the potential reversal of atrial remodeling should by itself
be considered as an appropriate indication for AF ablation.
The impact of catheter ablation of AF on LA transport

function has been investigated in two studies with conflict-
ing results.249,250 The impact of catheter ablation of LA
function remains an active area of investigation. However,
to the extent that AF effectively results in no booster
pump function of the LA, there is general agreement that
restoration of sinus rhythm can improve atrial function.
The issue of whether catheter ablation of AF in patients
with paroxysmal AF who are predominantly in sinus rhythm
improves or impairs LA transport function requires further
study.

Impact of catheter ablation of atrial fibrillation
on left ventricular function

The impact of catheter ablation of AF on left ventricular
function has been examined in several studies.102,177,230,238

One study compared the outcomes of AF ablation in
58 patients with heart failure and an ejection fraction (EF)
,45% with 58 controls without heart failure. After a mean
follow-up of 12+7 months, 78% of heart failure patients
and 84% of controls remained in sinus rhythm.233 Among
patients with heart failure, AF ablation resulted in improve-
ments in LV function, left ventricular dimensions, exercise
capacity, symptoms, and quality of life. In this study, more
than 70% of heart failure patients demonstrated a marked
improvement in EF (an increase of 20% or more, or to a
value of .55%). Similar findings were reported by a
second study that compared the outcomes of 94 patients
with impaired ventricular function (EF ,40%) with 283
patients with normal ventricular function.230 Catheter abla-
tion of AF was successful in 73% of patients with impaired
ventricular function as compared with 87% of those with
normal ventricular function. A non-significant improvement
in EF of 4.6% was observed, combined with an improvement

in quality of life. Improvements in left ventricular function
were also reported in several other studies.119,177,238

These studies, taken as a group, provide strong evidence
that catheter ablation of AF, particularly among those
patients with impaired ventricular function, results in
improvement in ventricular function. Larger studies are
needed to determine exactly what component of this
improvement in ventricular function results from improve-
ment in rate control, as compared to restoration of sinus
rhythm per se.

IX. Complications of atrial fibrillation ablation

Catheter ablation of AF is one of the most complex interven-
tional electrophysiologic procedures. It is therefore to be
expected that the risk associated with AF ablation is
higher than for ablation of most other cardiac arrhythmias.
This section reviews the complications associated with AF
ablation procedures. Particular attention is focused on the
most frequently occurring complications and those likely
to result in prolonged hospitalization, long-term disability,
or death. We recognize that rarer complications with signifi-
cant sequelae can occur. It must be remembered that the
publications from which these data are derived originate
from large volume centers where complications would be
expected less frequently than in lower volume centers.
The world-wide survey of AF ablation reported that at
least one major complication was seen in 6% of patients
but with only four early deaths recorded in 8,745
patients.178 Although this might be regarded as providing
more representative complication rates, it must be recog-
nized that this was a voluntary survey and likely underesti-
mated the true complication rate. The Task Force strongly
recommends that standardized reporting of complications
be included in all published reports on the outcome of AF
ablation. A major complication is defined as a complication
that results in permanent injury or death, requires interven-
tion for treatment, or prolongs or requires hospitalization
(Table 2).

Cardiac tamponade

Cardiac tamponade is the most common potentially life
threatening complication associated with AF ablation. It is
a well recognized but infrequent complication of routine
cardiac electrophysiology procedures. The markedly higher
incidence of cardiac tamponade occurring in up to 6% of
AF ablation procedures177,178,251–254 can be attributed to a
number of important differences, including extensive intra-
cardiac catheter manipulation and ablation, the common
need for two or more transseptal punctures, and the need
for systemic anticoagulation.
Cardiac perforation leading to tamponade can result from

overheating during energy delivery with development of a
“pop” or from direct mechanical trauma, especially
through the LA appendage, a misdirected transseptal punc-
ture (including a puncture performed too posteriorly that
exits the right atrium into the pericardium before entering
the LA), with the needle exiting the LA via the roof, LA
appendage, or the lateral LA wall. Among the series of AF
ablation reviewed for this document, cardiac tamponade
was reported as a complication in two thirds, with an inci-
dence of up to 6%. One study recently reported cardiac
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tamponade in 10 of 348 AF ablation procedures (2.9%).177

Risk factors for tamponade in this study were linear ablation
lesions and higher ablation power. A “pop” was heard during
eight of these 10 cases. Another large series reported
cardiac tamponade during 15 of 632 ablation procedures
(2.4%).251 Two of these patients required surgical interven-
tion. In contrast to the prior study, no “pop” was reported.
The Worldwide Survey of AF Ablation reported a 1.2% inci-
dence of cardiac tamponade.178

Cardiac tamponade presents either as an abrupt dramatic
fall in blood pressure, or more insidiously, as a gradual
decrease in blood pressure. In the latter case, adminis-
tration of fluid may return the blood pressure to normal
before it subsequently declines. However, it is vital that
operators and staff be vigilant to the development of
cardiac tamponade as a delay in diagnosis may be fatal.
All members of this Task Force continuously monitor the sys-
temic arterial pressure during and following AF ablation pro-
cedures. The development of hypotension in any patient
should be assumed to indicate tamponade until proven
otherwise by immediate echocardiography. An early sign of
cardiac tamponade is a reduction in the excursion of the
cardiac silhouette on fluoroscopy with a simultaneous fall
in systemic blood pressure. ICE has been reported to allow
earlier detection of a pericardial effusion.251

The majority of episodes of cardiac tamponade can be
managed successfully by immediate percutaneous drainage
and reversal of anticoagulation with protamine. This is
best achieved by sub-xiphoid Seldinger puncture of the peri-
cardial sack and placement of an intra-pericardial catheter.
After initial aspiration, the blood pressure promptly returns
to normal. Once the pericardial space has been drained, the
patient needs to be monitored for ongoing bleeding with the
drainage catheter in place. Rarely, if there has been a tear,
percutaneous drainage may be inadequate and surgical drai-
nage and repair are needed.251 It is for this reason that AF
ablation procedures should only be performed in hospitals
equipped or prepared to manage these types of emergencies
with access to emergency surgical support when required.
Three cases have been reported of emergent drainage of a
pericardial effusion through a sheath either inadvertently
or purposely placed into the pericardial space using an
endocardial approach,253,254 although this would not be a
recommended approach.

Pulmonary vein stenosis

PV stenosis is a well-recognized complication of AF ablation
that results from thermal injury to PV musculature. Since
first reported in 1998, numerous studies have sought to
determine the incidence, cause, diagnostic strategy, and
treatment approach for PV stenosis.90,126,129,138,169,255–258

Although the precise pathophysiological mechanisms are
still uncertain, a progressive vascular reaction leading to
replacement of necrotic myocardium by collagen has been
reported after extensive radiofrequency energy application
to canine PVs.257 The published incidence of PV stenosis
varies widely from 0% to 38%.90,126,129,138,169,255–257 This
variation results from differences in the ablation technique,
definition of PV stenosis, intensity of screening for this com-
plication and the date at which the study was performed.
When PV ablation for treating AF began in the late 1990s,
investigators were unaware that PV stenosis was a potential

complication. In contrast, today, operators understand that
PV stenosis can be prevented by avoiding RF energy delivery
within a PV. This increased awareness and improvements in
imaging modalities (such as ICE and computerized imaging
systems with digital image fusion) have enabled better
identification of the true PV ostium and resulted in a dra-
matic reduction in the incidence of PV stenosis. It is
notable that less than one third of the members of this
consensus Task Force routinely screen for asymptomatic
PV stenosis during follow-up. Most only investigate for PV
stenosis in patients with suggestive symptoms, acknow-
ledging that even severe PV stenosis can be asymptomatic.
It is unknown whether early diagnosis and treatment
of asymptomatic PV stenosis provides any long-term
advantage to the patient. It is recommended that centers
beginning to perform AF ablation procedures, or those tran-
sitioning to a new AF ablation technique or approach,
routinely obtain follow-up CT or MR scans to screen for PV
stenosis during their initial experience for quality control
purposes.

CT or MR imaging of the PVs prior to, and several months
following, catheter ablation are the most precise methods
for detecting PV stenosis.126,129,166 Studies show that both
of these imaging modalities are equally accurate in deter-
mining PV size and detecting PV stenosis. According to the
percentage reduction of the luminal diameter, the severity
of PV stenosis is generally defined as mild (,50%), moderate
(50%–70%), or severe (.70%). Symptoms are more likely
with severe stenoses, but even severe PV stenosis or com-
plete PV occlusion may be asymptomatic. Late progression
of PV stenosis is reported, but the precise incidence is
poorly defined.259,260

Among the series of AF ablation reviewed for this docu-
ment, PV stenosis was reported in ,10%. Although these
may reflect the infrequency of PV stenosis, few performed
routine follow-up CT or MR imaging to screen for asympto-
matic PV stenosis. Saad et al recently reported severe PV
stenoses following 21 of 608 AF ablation procedures (3.4%)
where the development of symptoms correlated with
severe PV stenosis involving more than one PV.129 The
Worldwide Survey of AF Ablation reported a 0.32% of acute
PV stenosis and a 1.3% incidence of persistent PV stenosis.
Percutaneous or surgical intervention for treatment of PV
stenosis was required in 53 (0.6%).178

Symptoms of PV stenosis include chest pain, dyspnea,
cough, hemoptysis, recurrent lung infections, and those of
pulmonary hypertension.126,169 Patients undergoing AF abla-
tion should be warned of these possible symptoms to avoid
inappropriate subsequent presentation to respiratory or
other specialist physicians. Whether symptoms develop
may depend upon the number, length, and severity of the
stenoses and the time over which they develop. Cases
have been reported of even total PV occlusion being asymp-
tomatic because of compensatory dilatation of the ipsilat-
eral PV. A ventilation perfusion scan may be useful to
screen for severe PV stenosis126,169 when a CT or MR scan
cannot be obtained.

The preferred therapy for severe symptomatic PV stenosis
is PV angioplasty.129,169 Whether there is additional benefit
from elective PV stenting is uncertain but this may be
required if balloon angioplasty alone is inadequate acutely
or is followed by restenosis. However, restenosis can
develop despite stent placement. The role of surgery is
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not defined but may be considered for clinically important
PV occlusion where angioplasty and stenting has failed.

Esophageal injury/atrio-esophageal fistula

The development of an atrial-esophageal fistula is one of
the most serious complications of AF ablation. Although
its precise incidence is unknown, it has been estimated
to occur after less than 0.25% of AF ablation
procedures.178,189,192,194,257,261–263

The esophagus is close to the posterior wall of the
LA.127,193,194 Because of this, ablation procedures where
energy heats this region of the LA can result in direct
damage of the esophageal wall, or affect esophageal inner-
vation and its blood supply. The development of
atrio-esophageal fistula has been reported most commonly
following RF ablation127,189,193,194,261,263 with an 8-mm abla-
tion electrode.
Early diagnosis of an atrial esophageal fistula is difficult as

it typically presents two to four weeks after the ablation
procedure. The commonest symptoms are fever, chills, and
recurrent neurological events. Presentations that are more
dramatic are septic shock or death. If suspected, the best
diagnostic modalities are CTor MR imaging of the esophagus.
Although a barium swallow may detect a fistula, its sensi-
tivity is low. Endoscopy is a diagnostic modality that
should be avoided as insufflation of the esophagus with air
has resulted in a devastating massive cerebrovascular acci-
dent and death resulting from a large air embolus.
It must be recognized that most patients who have devel-

oped an atrial esophageal fistula have died, and the survi-
vors are often left with disability from cerebrovascular
events. Nevertheless, early diagnosis is important because
there have been a number of patients with esophageal per-
foration who have achieved full recovery by urgent surgical
intervention. There has been one case report of a favorable
outcome after placement of an esophageal stent.261

Because of the severe consequences of an atrial esopha-
geal fistula, it is vital to avoid this complication.
Currently, a number of different approaches are being
employed with this aim. Please refer the section on Other
Technical Aspects for a more detailed discussion of these
techniques. The most common practice decreases power
delivery, limiting energy to 25 to 35 watts, decreases
tissue contact pressure, and moves the ablation catheter
every 10 to 20 seconds when close to the esophagus.
However, owing to the rarity of this complication, it
remains unproven whether these practices lower or elimin-
ate the risk of esophageal injury.

Phrenic nerve injury

Phrenic nerve injury is an important but rare complication of
AF ablation.125,141,264–269 It results from direct thermal
injury, usually to the right phrenic nerve, which is located
near the right superior PV and the superior vena
cava.125,264,268 Less frequently, ablation within the LA
appendage can result in left phrenic nerve damage. The
development of phrenic nerve injury has resulted from AF
ablation using RF, cryoablation, ultrasound, and laser abla-
tion.125,141,264–269 The reported incidence of phrenic nerve
injury varies from 0% to 0.48% with RF energy.125,264

Despite the rarity of this complication, it is important for
those performing AF ablation to be aware of it and know

how to avoid it. Right phrenic nerve injury has been seen
more frequently with the use of balloon ablation catheters
in the right superior PV, irrespective of the energy
source.144,269

Phrenic nerve damage can be asymptomatic or can cause
dyspnea, hiccups, atelectasis, pleural effusion, cough, and
thoracic pain.125,141,264,270 When suspected, the diagnosis
can be confirmed by fluoroscopy showing unilateral dia-
phragmatic paralysis. Strategies to prevent phrenic nerve
damage include high output pacing to establish whether
the phrenic nerve can be captured from the proposed abla-
tion site before ablation; phrenic nerve mapping by pacing
along the superior vena cava (SVC) to identify the location
of the phrenic nerve; ensuring proximal/antral ablation
when ablating around the right upper PV; and fluoroscopic
monitoring of diaphragmatic excursion during ablation,
with/without phrenic nerve pacing from the SVC and
above the ablation site during energy delivery. Energy deliv-
ery should be interrupted immediately when diaphragmatic
movement stops.125,264 In most reports, phrenic nerve func-
tion recovered between 1 day and more than 12 months.
However, there have been some cases of permanent
phrenic nerve injury. There is no active treatment known
to aid phrenic nerve healing.

Thrombo-embolism

Embolism of air or thrombus is one of the most significant
complications of ablation of AF and both are potential
causes of cerebral, coronary, or peripheral vascular
compromise.
The incidence of thrombo-embolism associated with AF

ablation is reported to be between 0% and
7%.34,51,69,88,91,105,116,178,271 More than two thirds of the
clinical trials reviewed for preparation of this document
reported one or more cerebrovascular events. Thrombo-
embolic events typically occur within 24 hours of the
ablation procedure with the high risk period extending for
the first two weeks following ablation.69 Although silent
cerebral thrombo-embolism has been reported in one
study following AF ablation, its incidence is not known.272

A number of potential explanations for the development
of thromboembolic complications have been proposed.
These include the development of thrombi on stationary
sheaths161 or ablation catheters positioned within the LA,
char formation at the tip of the ablation catheter and at
the site of ablation, and disruption of a thrombus located
in the atrium prior to the ablation procedure. Diagnosis of
a symptomatic thrombo-embolic event is usually straightfor-
ward when ischemia or infarction results from arterial occlu-
sion interrupting perfusion of dependent tissue. The
manifestation depends upon where the occlusion occurs:
intra-cranial, coronary arterial, abdominal, or other periph-
eral arterial beds. We have previously discussed the preven-
tion of thrombo-embolism by intraprocedural and post
procedural anticoagulation in the section on Other
Technical Aspects. Treatment of a thrombo-embolic event
will vary according to the location of the embolus.
Peripheral arterial embolization may be amenable to
surgical thrombectomy, whereas cerebral embolization
has traditionally been managed conservatively and the
consequences accepted. However, there is growing
interest in aggressive early management of such events,
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with either thrombolytic drugs or percutaneous interven-
tional techniques.

Air embolism

The most common cause of air embolism is introduction
of air into the transseptal sheath. While this may be intro-
duced through the infusion line, it can also occur with
suction when catheters are removed. Air embolism has
been reported with coronary angiography and ablation
procedures.161,163,273,274

Air embolism to the cerebral vasculature can be associa-
ted with altered mental status, seizures, and focal neuro-
logic signs. The central nervous system dysfunction is
attributable to both mechanical obstruction of the arter-
ioles and thrombotic-inflammatory responses of air injured
epithelium.273,274 While the immediate diagnosis and treat-
ment is based on clinical suspicion, prompt MRI or CT scans
obtained before the intravascular air is rapidly absorbed
may show multiple serpiginous hypodensities representing
air in the cerebral vasculature, with or without acute infarc-
tion.161,163 A common presentation of air embolism during
AF ablation is acute inferior ischemia and/or heart block.
This reflects preferential downstream migration of air
emboli into the right coronary artery. Supportive care
usually results in complete resolution of symptoms and
signs of inferior ischemia within minutes.
It is imperative that all infusion lines be monitored closely

for bubbles. Whenever catheters are removed, they should
be withdrawn slowly to minimize suction effects and the
fluid column within the sheath should be aspirated simul-
taneously. The sheath should then be aspirated and irrigated
to ascertain that neither air nor blood has collected within
the sheath, because both are potential sources of embolism.
Treatment should be initiated immediately in the laboratory
if cerebral air embolism is suspected. The most important
initial step is to maximize cerebral perfusion by the admin-
istration of fluids and supplemental oxygen, which increases
the rate of nitrogen absorption from air bubbles. It may be
beneficial to briefly suspend the patient in a head down posi-
tion.274,275 Treatment with hyperbaric oxygen may reverse
the condition and minimize endothelial thrombo-inflamma-
tory injury if it is started within a few hours.273 Heparin
appears to limit injury in animal models of cerebral arterial
air embolism.276

Post-procedural arrhythmias

Regular atrial tachycardias of new onset may be observed
for the first time in 5% to 25% of patients who have under-
gone catheter ablation of AF.213,214,216–220,226 It is important
to recognize that many of these arrhythmias are self-limited
and will resolve spontaneously during the first three to six
months of follow-up. For this reason, initial efforts should
be focused at suppressing these arrhythmias with anti-
arrhythmic medications or controlling the ventricular
response with AV nodal blocking drugs. More detailed infor-
mation on the etiology and approach to management of
these arrhythmias is discussed in the section on Follow-up
Considerations.

Vascular complications
Vascular complications are common and include groin hema-
toma, retroperitoneal bleed, development of a femoral

arterial pseudoaneurysm, or a femoral arteriovenous
fistula. The published incidence of vascular complications
varies from 0% to 13%. One recent literature review on AF
ablation described a 13% incidence of hematoma and a 1%
incidence of an arteriovenous fistula at the puncture
site.277 A worldwide survey of 8,745 AF ablation procedures
found an incidence of femoral pseudoaneurysm and arterio-
venous fistulae of 0.53% and 0.43%, respectively.178 More
recently, a 4% rate of vascular complications, with 2 cases
of pseudoaneurysm and 1 case of arteriovenous fistula,
were observed in 64 patients.70

The high incidence of these complications likely reflects
the number and size of venous catheters used and the use
of an arterial line associated with intense anticoagulation
prior to and following the ablation procedures. In most EP
laboratories, patients are fully anticoagulated during and
following the ablation procedure with interruption of anti-
coagulation for less than four to six hours to allow for
sheath removal.

Although vascular complications rarely cause long-term
disability or death, they are important because they
prolong hospitalization, cause inconvenience and discomfort
to the patient, and may require a transfusion. The risk of
vascular complications can be minimized by technical
proficiency with vascular access, avoidance of very large
sheaths, and care with anticoagulation. Large hematomas
usually can be managed conservatively. Echo-guided
manual compression and percutaneous or surgical closure
are all effective treatments of femoral A-V fistulae or pseu-
doaneurysms after ablation of AF.278

Acute coronary artery occlusion
An uncommon complication of RF ablation of AF is acute cir-
cumflex coronary artery occlusion following RF energy deli-
very to create a “mitral isthmus” linear lesion. This occurred
once in 356 patients in whom RF energy was delivered inside
the coronary sinus to complete the line of block.279 The
diagnosis is made from the 12-lead ECG which changes
according to the distribution of the circumflex artery and
its dominance. Depending on the level of sedation, the
patient may complain of chest pain. A more posterior
mitral isthmus line may avoid this complication but may
increase the risk of injury to the esophagus. Haissaguerre’s
group has suggested the reduction of energy power if RF
applications are needed inside the coronary sinus to com-
plete the line of block.102 When treatment is required, stan-
dard percutaneous therapy for acute coronary occlusion
should be initiated.

Periesophageal vagal injury
A recent study described a series of patients with a new
extracardiac complication of AF ablation which was
termed acute pyloric spasm and gastric hypomotility.239

This complication was characterized by abdominal bloating
and discomfort developing within a few hours to two days
after the ablation procedure. The incidence was 1% in a
series of 367 patients. The authors supposed that RF
energy delivered in the posterior wall of the LA damaged
the periesophageal vagal plexi so that it might be avoided
by the same maneuvers suggested to avoid atrio-esophageal
fistulae (see above). Upper gastrointestinal investigation
showed pyloric spasm, gastric hypomobility, and a markedly
prolonged gastric half-emptying time. Two of four patients
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recovered fully within two weeks. Because pyloric spasm
was the prominent component of this syndrome, pyloric
dilatation was performed, mechanically in one patient,
and by local injection of botulinum toxin in the other, with
transient improvement.

Radiation exposure during catheter ablation of
atrial fibrillation

Catheter ablation of AF is often a complex and long pro-
cedure requiring long fluoroscopy exposure time and often
preceded and followed by CT scans. An important, less
easily recognized, and rarely considered potential compli-
cation of AF ablation is the delayed effect of the radiation
received by the patients, including acute and sub-acute
skin injury,280–282 malignancy, and genetic abnormal-
ities.280–289 Prolonged fluoroscopy is required for the
various components of the procedure such as double trans-
septal catheterization, PV angiography, and extensive RF
applications. One recent study reported mean fluoroscopy
durations for AF procedures of greater than 60 minutes in
both left anterior oblique (LAO) and right anterior oblique
(RAO) projections. The mean peak skin doses were
1.0+ 0.5 Gy in RAO and 1.5+ 0.4 Gy in LAO projection.
This translates into a lifetime risk of excess fatal malignan-
cies (normalized to 60 minutes of fluoroscopy) of 0.07% for
female and 0.1% for male patients. The relatively low
radiation exposure of the patients in this study despite the
prolonged fluoroscopy durations, was attributable to the
state-of-the-art very low frame rate pulsed fluoroscopy,
the avoidance of magnification, and the optimal adjust-
ments of fluoroscopy exposure-rates. The resulting lifetime
risk of malignancy was thus within the range previously
reported for ablation of junctional reentry tachycardias.
However, this study demonstrated that catheter ablation
of AF required significantly greater fluoroscopy duration
and radiation exposure than simpler catheter ablation pro-
cedures. Thus, and especially because AF ablation pro-
cedures often need to be repeated, electrophysiologists
should make every attempt to minimize radiation exposure.
Increasing availability and familiarity of electrophysiolo-

gists with 3D mapping systems148–151 should significantly
reduce fluoroscopy time and the need for biplane fluoro-
scopy. The use of remote navigation systems is also likely
to significantly reduce radiation exposure of the patients
and especially of the electrophysiologists who perform
these procedures.

Mitral valve trauma

Entrapment of the mitral valve apparatus by a curvi-linear
electrode mapping catheter is an uncommon complication
of AF ablation.290,291 It results from inadvertent positioning
of the circular electrode catheter into the ventricle with
counterclockwise rotation of the catheter resulting in
entrapment of the circular catheter in the mitral vale appar-
atus. When suspected, it is important to confirm the diagno-
sis with echocardiography. Although successful freeing of
the catheter has been reported with gentle catheter
manipulation and advancing the sheath into the ventricle,
great caution must be used as it is possible to tear the
mitral valve apparatus. It is recommended that if gentle
attempts to free the catheter fail, elective surgical
removal of the catheter should be performed.

X. Training requirements and competencies

The strategies, specific methods, and technology pertaining
to ablation of AF are evolving. Accordingly, the guidelines
for training to perform this procedure must be flexible in
recognition of different approaches and technologies that
will change with advances in the field. Training for ablation
of AF should encompass six fundamental principles:

(1) Appropriate selection of patients
(2) Knowledge of anatomy of the atria and adjacent

structures
(3) Conceptual knowledge of strategies to ablate AF
(4) Technical competence
(5) Recognition, prevention, and management of

complications
(6) Appropriate follow-up and long-term management.

The training required in each of these areas differs from
other ablation procedures because in comparison, ablation
of AF is technically more difficult, is associated with
greater risks, and requires more careful follow-up.

Appropriate selection of patients

The only absolute contraindication for catheter ablation of
AF is the presence of a LA thrombus. There are no other
areas of consensus about absolute contra-indications to
ablation of AF, but trainees should recognize clinical attri-
butes that may increase the difficulty of a transseptal punc-
ture, increase the risk of the procedure, and affect
long-term outcomes. These factors are discussed in a prior
section of this document. The trainee should also develop
the judgment to decide whether conscious sedation or
general anesthesia would be most appropriate for the case
under consideration.
It is also important to assess the severity of symptoms

related to AF and the potential benefit of an ablation pro-
cedure. Trainees should be experienced in counseling
patients about the potential risks and benefits of an ablation
procedure and should be able to apply this knowledge for
recommendations specific to the needs of individual
patients. They should also take into consideration the
prior use of antiarrhythmic drugs and pharmacologic
alternatives to ablation of AF.
It is also important for electrophysiologists involved with

catheter ablation to be knowledgeable about surgical abla-
tion techniques for AF. In particular, electrophysiologists
who perform AF ablation procedures must be aware of the
indications, techniques, and outcomes of surgical
approaches for ablation of AF. This applies both to the new
minimally invasive surgical approaches, AF surgery com-
bined with other cardiac surgical procedures, and the Cox
Maze-III procedure (see section on Surgical Ablation of
Atrial Fibrillation).

Anatomy of the atria and adjacent structures

Detailed knowledge about the anatomy of the LA and its
adjacent structures is crucial for performing the technical
aspects of transseptal puncture and cannulation, LA
mapping, and isolation of the PVs or modification of the sub-
strate that sustains AF. The trainee must recognize the ana-
tomic relationship of the atria, superior vena cava, and PVs
to the pulmonary arteries, aorta, mitral annulus, phrenic
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nerves, sympathetic and parasympathetic innervation, eso-
phagus, and other mediastinal structures. These anatomic
relationships affect the ability to perform the procedure
successfully and to avoid complications.

Conceptual knowledge of strategies to ablate
atrial fibrillation

Trainees should understand the pathophysiology of AF and
its implications for strategies to ablate AF. This includes
the role of the PVs, the superior vena cava, the musculature
of the LA, and the potential impact of autonomic stimu-
lation. They should understand the rationale for isolation
of the PVs and elimination of foci that trigger AF and the
basis for broad circumferential ablation of tissue or elimin-
ation of fractionated potentials that appear to alter the
substrate that sustains AF.

Technical competence

The technical skills needed for ablation of AF are substan-
tial. These include transseptal needle puncture and cannu-
lation of the LA, precise manipulation of the catheter for
mapping and ablation, identification of the pulmonary
ostia, adjustment of the energy used for ablation, and the
appropriate use of fluoroscopy, radiographic contrast for
imaging, 3D mapping systems, or intra-cardiac echocardio-
graphy. There are substantial differences among labora-
tories in the use of radiographic contrast imaging,
electroanatomic mapping, or intra-cardiac echocardiogra-
phy, the number and types of catheters used to identify
electrical endpoints and to perform ablation. The degree
of expertise gained in the use of a specific technology will
depend on where training is completed. Nonetheless, trai-
nees should be expected to understand the potential advan-
tages and limitations of these systems and should have the
ability to interpret basic images and electrical recordings
obtained from these different methodologies. They should
be well versed in the principles of radiation safety for
patients and the medical personnel who perform ablation
procedures.
Training programs should emphasize the interpretation of

intra-cardiac electrograms for recognition of PV potentials
and determination of when electrical isolation of a PV has
been achieved, the role of coronary sinus pacing in the
differentiation of far field electrograms from PV potentials,
identification of fractionated low-amplitude LA potentials,
and techniques required to map and ablate right and/or
left atrium tachycardias or atrial flutter. Trainees need to
be skilled in identifying the presence, mechanism, origin,
and ablation of other supraventricular tachycardias that
may act as triggering mechanisms for AF such as AV nodal
reentrant tachycardia and AV reentrant tachycardia.
Most laboratories use radiofrequency energy to ablate AF.

Several alternative energy sources and/or balloon-based
delivery systems are under evaluation. Trainees should
understand the potential advantages and disadvantages of
these alternative energy sources and delivery systems. The
use of remote navigation technologies is also evolving. As
these or other technical advances become integrated into
common usage, their utility and limitations should be incor-
porated into the body of knowledge that is required for
trainees.

The American College of Cardiology/American Heart
Association 2006 update of the clinical competence state-
ment on invasive electrophysiology studies, catheter abla-
tion, and cardioversion proposed a minimum of 30–50 AF
ablation procedures for those who undergo fellowships in
clinical cardiac electrophysiology.292 This number underesti-
mates the experience required for a high degree of profi-
ciency. Exact numerical values are difficult to specify
because technical skills develop at different rates.
Nonetheless, comparisons of high and low volume centers
suggest that outcomes are better at centers that have per-
formed more than 100 procedures.178 Trainees who intend
to perform ablation of AF independently should consider
additional training after the standard fellowship is
completed.

Electrophysiologists who have already completed fellow-
ship training and are proficient in performing ablation pro-
cedures may wish to develop the skills required to perform
ablation of AF. The technical proficiencies required for
these procedures exceed those employed for most standard
ablation procedures. Moreover, the risks of ablation pro-
cedures for AF are greater than other common procedures
performed in the electrophysiology laboratory. Accordingly,
electrophysiologists who have already completed a fellow-
ship and choose to undergo training for ablation of AF
should observe colleagues with a high degree of expertise
and a period of supervision is advisable. In the absence of
definitive data numerical requirements are arbitrary, but
as a guideline, it seems appropriate for experienced electro-
physiologists to be supervised when they begin to perform
these procedures. The exact number may depend on prior
experience with transseptal punctures and cannulation of
the LA. Electrophysiologists should perform several ablation
procedures for AF per month if they intend to remain active
in this area. All electrophysiologists should track the out-
comes of their procedures and verify that appropriate
follow-up has been arranged. It would be inappropriate
for cardiologists who are not trained in electrophysiology
to consider performing ablation procedures for AF.
The selection of patients and interpretation of atrial
flutter and other atrial tachycardias that are often seen in
patients with AF require training that is unique to electro-
physiology fellowships.

Recognition, prevention, and management of
complications

As previously discussed, ablation of AF is associated with
substantial risks that must be recognized. Training programs
must emphasize techniques that reduce these risks. This
includes careful manipulation of catheters, appropriate
use of anticoagulation, modification of energy delivered on
the posterior wall of the LA, and the risk of applying
energy within the PVs or LA appendage. Fellows should be
trained to suspect cardiac tamponade or internal bleeding
as a common cause of hypotension. Training should also
include management of these complications. It is preferable
for fellows to undergo training in pericardiocentesis. If trai-
nees do not gain proficiency in pericardiocentesis, they must
recognize the need for immediate access to a physician who
has mastered these skills. They should understand the risks
of conscious sedation, which include hypoventilation,
aspiration, and respiratory arrest. They should also
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recognize the delayed time course associated with the
development of atrial-esophageal fistulas or PV stenosis, as
well as the appropriate steps need to diagnose and
manage these problems.

Appropriate follow-up and long-term management

Management of patients after hospital discharge can be
complex and requires commitment from the following phys-
ician. Individuals undergoing training in AF ablation should
participate in a longitudinal clinic in which these patients
are followed. Experience must be gained in diagnosis and
management of post procedure complications including
esophageal injury, PV stenosis, and late hematoma, pseu-
doaneurysm or AV fistula. Since the prevalence of some
of these complications is very low, it is possible that the
trainee will not have first hand experience with patients.
Therefore, supplementation of clinical experience with
didactic presentations on diagnosis and management of
post ablation complications is required. Prophylaxis against
and management of post procedure atrial arrhythmias,
including timing of repeat ablation and use of concomitant
antiarrhythmic drugs, must be taught to trainees. Finally,
the training experience must address the risk–benefit
decision making regarding the use of intermediate and long-
term anticoagulation therapy.

XI. Surgical ablation of atrial fibrillation

Development of the Cox-Maze procedure

Following extensive experimental investigation, the Maze
procedure was introduced for the surgical treatment of AF
in 1987 by Dr. James Cox.18,293,294 This procedure was
designed to interrupt all macro-reentrant circuits that
might potentially develop in the atria, thereby precluding
the ability of the atrium to flutter or fibrillate.
Fortuitously, the operation also isolated all of the PVs and
posterior LA. In contrast to previous unsuccessful pro-
cedures, the Cox-Maze procedure successfully restored
both atrioventricular synchrony and a regular heartbeat,
and decreased the incidence of late stroke.183 This was
attributed to both the efficacy of this procedure and the
fact that the LA appendage was amputated. The operation
involves creating multiple strategically-placed incisions
across both the right and left atria. The surgical incisions
were placed so that the sinus node could “direct” the propa-
gation of the sinus impulse throughout both atria. It also
allowed most of the atrial myocardium to be activated,
resulting in preservation of atrial transport function in
most patients.295 The final iteration of this procedure, the
Cox-Maze III, has become the gold standard for the surgical
treatment of AF. In late follow-up from experienced centers,
over 90% of patients have been free of symptomatic
AF.296–299

New surgical ablation technology

Despite its proven efficacy, the Cox-Maze procedure did not
gain widespread application. Few cardiac surgeons were
willing to add the operation to coronary revascularization
or valve procedures due to its complexity and technical dif-
ficulty. In an attempt to simplify the operation and make it
more accessible to the average surgeon, groups around the

world replaced the incisions of the traditional cut-and-sew
Cox-Maze procedure with linear lines of ablation. These
ablation lines have been created using a variety of energy
sources including RF energy, microwave, cryoablation,
laser, and high-intensity focused ultrasound (HIFU).300,301

The various technologies can be organized into two major
groups: those that use a unipolar energy source and those
that use a bipolar clamp. The unipolar energy sources (cryo-
surgery, unipolar RF energy, microwave, laser, HIFU) radiate
either energy or cold from a single source. None of the uni-
polar devices provide the surgeon with an indication of when
the ablation results in a transmural lesion. Since most of
these ablation systems were released clinically without
dose-response studies, their use has led to occasional collat-
eral cardiac and extracardiac damage.302–304 Moreover, uni-
polar energy sources have had difficulty creating transmural
lesions when used from the epicardial surface on the beating
heart.305–308 This is because the circulating intracavitary
blood pool makes transmural lesions difficult to achieve.
With microwave energy, there is a direct relationship
between the depth of lesion penetration and the degree
of intracavitary blood flow.309 HIFU and laser result in a
focused delivery of energy. However, these energy sources
have a relatively fixed depth of penetration.
Bipolar RF ablation has been able to overcome some of

these shortcomings.310–313 Since energy is delivered
between two closely approximated electrodes embedded
in the jaw of a clamp device, the energy is focused and
results in relatively discrete lesions. The energy is confined
to within the jaws of the clamp, reducing the possibility of
collateral cardiac or extra-cardiac damage. By measuring
the tissue conductance between the two electrodes, algor-
ithms have been developed which have accurately predicted
lesion transmurality in the experimental labora-
tory.310,312,314 The weakness of these devices is that they
can only ablate tissue that can be clamped within the jaws
of the device. This has limited the potential lesion sets,
particularly in the beating heart. Moreover, in the clinical
situation, multiple ablations have often been required to
achieve entrance and exit block. These devices have been
incapable of fully ablating the right and left atrium
isthmus, and have required adjunctive unipolar ablation to
perform a complete Cox-Maze III lesion set.
Nevertheless, the development of these new ablation

technologies has benefited the surgical treatment of AF by
making a technically difficult and time-consuming operation
easier for all cardiac surgeons to perform. At present, the
majority of patients undergoing open-heart surgery who
have persistent AF are offered concomitant AF surgery at
experienced centers. Replicating the full Cox-Maze lesion
set with linear lines of ablation has been shown to be both
feasible and clinically effective. A number of groups have
reported excellent results with ablation-assisted Cox-Maze
procedures, with over 90% of patients free from sympto-
matic AF at one year.315–317 A propensity analysis, matching
patients who underwent an ablation-assisted Cox-Maze with
those having had a traditional cut-and-sew Cox Maze III,
showed no differences in freedom from AF at 3, 6, and 12
months.318

Currently the limitations of the energy delivery devices
and the attempt to deploy them through minimal access
incisions or ports place constraints on the location and
number of ablation lesions that can be performed. The
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impact of these alternative lesion patterns and the less inva-
sive surgical approaches on results requires further observa-
tional prospective analysis.
The term “Maze” procedure is appropriately used only to

refer to the lesion set of the Cox-Maze III. Less extensive
lesion sets should not be referred to as a “Maze” procedure.
In general, surgical ablation procedures for AF can be
grouped into three different groups: (1) a full Cox-Maze pro-
cedure, (2) LA lesion sets, and (3) PV isolation.

Surgical atrial fibrillation ablation concomitant
to other heart operations

In patients undergoing cardiac surgery, the issue that prior
AF might place the patient at risk for early and late mor-
tality has not been fully resolved. Patients who have AF
before cardiac surgery have been shown to be at an
increased risk, and are generally older, have worse ventricu-
lar function, and other comorbidities.319–322 Recent studies
have tried to assess whether AF is an independent risk
factor for death. Late survival was reduced as determined
from propensity matched studies and multivariable analysis
in patients undergoing coronary artery bypass graft-
ing.321,322 In one additional study, AF was associated with
a higher perioperative mortality as well.323 Similar findings
were identified for those undergoing aortic valve replace-
ment (AVR) and mitral valve repair (MVR).319,320

Therefore, AF is not just a marker for high-risk patients,
but is an independent risk factor for increased mortality.
The unproven implication is that efforts to eliminate AF at
surgery may improve survival or reduce late adverse
cardiac events. While this has not been supported by pro-
spective, randomized studies, retrospective studies have
shown improved late survival in patients with longstanding
AF and mitral valve disease in patients who underwent a
Cox-Maze procedure in addition to their mitral valve
surgery when compared to mitral surgery alone,324 but
others disagree.325 Another study showed that major
adverse cardiac events occurred more commonly in patients
with pre-operative AF versus matched controls in sinus
rhythm (70% vs 52% P ,.0001) and more late hospital admis-
sions (59% vs 31%, P ,.0001).321

The majority of patients with longstanding persistent AF
remain in AF if left untreated following cardiac surgery.
Five recent prospective randomized trials of patients with
longstanding persistent AF undergoing mitral valve surgery
showed that the control patients (no AF treatment) had
only a 5% to 33% chance of returning to sinus rhythm at
12 months or last follow-up.323,326–329 A retrospective
study yielded similar results, showing that at two years fol-
lowing mitral surgery, patients with persistent AF had only a
12% freedom from AF.330 Patients with paroxysmal AF are a
more heterogeneous group and resumption of sinus rhythm
depends upon other factors such as age, LA dilatation, and
the duration of AF before valve surgery. Two years after
surgery, only 47% of patients with paroxysmal AF were free
from AF if untreated.330

Since longstanding persistent AF rarely returns to sinus
rhythm if left untreated, and recent studies indicate that
untreated AF will affect late survival, it is considered advi-
sable to treat AF at the time of other surgery. The longest
follow-up and largest series with such treatments are using
the classic cut-and-sew Cox-Maze III operation. It is

important to note that these studies have all been retro-
spective and observational. Moreover, in these studies,
patients were principally followed for recurrence of symp-
toms only with intermittent ECGs. In reports from experi-
enced centers, the late freedom from recurrent
symptomatic AF has been over 90%.296–298,331 These
success rates have held up over long-term follow-up, with
a freedom from symptomatic AF of 97% at 10 years at one
center.297

More recent retrospective studies have documented
success using a variety of different technologies, most com-
monly bipolar radiofrequency ablation, for the treatment of
AF with concomitant mitral or other cardiac oper-
ations.315,326,332–339 In these series, success rates have
varied between 65% and 95% at six months.339 There has
been great variation in the results between different
centers. This can be attributed to many factors, including
surgeon experience, differing lesion sets, and the use of
different ablation technologies. The precise lesion set has
had the biggest impact on late results. Generally, more
extensive lesion sets have had better long-term freedom
from AF. There has been one randomized study in which
105 patients undergoing AF or valve surgery were randomly
assigned to three groups: PV isolation alone or two more
extensive LA lesion sets, both of which included a linear
ablation line to the mitral valve (LA isthmus).340 Mean
follow-up was 41+ 17 months. The percent of patients
who were in normal sinus rhythm at last follow-up was 76%
in the two more extensive LA lesion sets, but only 29% in
those patients who had PV isolation only. The poor efficacy
of PV isolation alone in patients with longstanding AF and
mitral valve disease has been supported by a number of
other retrospective studies.341–343 In the largest of these
studies, 101 patients underwent PV isolation with a spheri-
cal cryoprobe. At last follow-up, normal sinus rhythm was
seen in only 53% of patients.342 Normal sinus rhythm
without antiarrhythmic drugs was present in only
25 patients.

In general, more extensive LA ablation has yielded
higher efficacy, but the rates remain variable (21%–95%).
The success rate for LA ablation has been shown to be
improved for patients undergoing mitral valve surgery if a
lesion is added to the mitral valve annulus as opposed to
just performing PV isolation, particularly for patients with
longstanding persistent AF.336,340 A large meta-analysis of
retrospective studies demonstrated significantly better
late results with biatrial lesion sets when compared to LA
lesion sets alone.344 Patients undergoing surgical ablation
demonstrated significantly greater rates of freedom from
AF (85%–90%) than compared with those seen in control
patients (47%–61%). Three-year freedom from AF was
87+ 5% versus 73+ 4% (P ,.001) when comparing biatrial
to LA lesions.344 The biatrial lesion set was the Cox-Maze
III procedure.

Randomized clinical trials are also available to help guide
therapy regarding surgery for AF.323,326–329 In these five
studies using new ablation technologies including radio-
frequency, microwave, and cryoablation, there was a
statistically significant better return to sinus rhythm in
those treated compared to the untreated patients. Success
rates varied between 44% and 94% in these studies. This
wide range of efficacy is likely due to the differing effective-
ness of the energy sources, the differing lesion sets, and the
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small number of patients in each series. A biatrial Cox-Maze
procedure was used in only two of the studies. Restoration
of sinus rhythm in the surgically treated patients was associ-
ated with an improved shuttle walk distance, and a
reduction in plasma brain natriuretic peptide in one
study328 and a trend toward reduced stroke rate in
another.326 None of these studies was statistically powered
to determine a difference in survival between the two
groups.
The advantages of adding a full Cox-Maze procedure to

concomitant surgery, aside from the resumption of sinus
rhythm, primarily include a reduction in the risk of
stroke.183 For patients with a classic Maze operation, the
risk of stroke at 10 years has been less than 1% in large pub-
lished series.183,296,297,299 Whether this is related to resump-
tion of sinus rhythm and atrial systole, or due to closure or
removal of the LA appendage, is not certain, as both could
reduce the risk for stroke. The stroke reduction from
adding a Cox-Maze procedure also applies to patients who
undergo mitral valve surgery, including replacement with a
mechanical valve.345 The success of stroke reduction using
the newer techniques has not yet been demonstrated.
The determinants of failure following surgical treatment

of AF have also been examined in several studies. In
general, larger LA, advanced age, and longer duration of
AF were associated with a lower success rate.335–337 The
risks of adding surgical ablation have been low and primarily
associated with collateral damage that has been reported
primarily with unipolar radiofrequency ablation or micro-
wave. These have included esophageal perforation and
coronary artery lesions.303,304,346,347 PV stenosis has not
been reported after surgical cases, primarily because
lesions are placed at the PV antrum, and not directly on
the PVs.
In summary, all patients with AF undergoing other

cardiac surgery should be considered for AF ablation if
the risk of adding the procedure is low, there is a reason-
able chance for success, and the surgery is performed by
an experienced surgeon. A LA procedure should consist of
PV isolation ideally with a connecting lesion to the mitral
valve annulus. A biatrial procedure should be considered
for those with symptomatic AF and those with longstanding
persistent AF. When it can be safely performed, complete
occlusion of the LA appendage should be considered.
Since several studies now indicate that AF is more than
just a marker for patients at high risk, but also is an inde-
pendent risk factor for patients, hopefully the late survival
of these patients and/or freedom from adverse cardiac
events will be improved, but this has not been studied
prospectively.

Stand-alone surgery for atrial fibrillation

There has been a two-decade experience with surgery per-
formed for lone AF. The term “lone AF” is commonly
employed in the surgical literature to refer to stand-alone
surgery for AF, as compared with AF surgery performed in
conjunction with another type of cardiac surgical procedure
such as mitral valve replacement. This differs distinctly from
the use of the term “lone AF” to refer to a highly selected
subgroup of AF patients who are young and do not have evi-
dence of structural heart disease.1 The largest reported
series of stand-alone surgery for AF has been 112 patients

who underwent the Cox-Maze procedure. Follow-up was
90% complete, with a mean follow-up of 5.4+ 2.9 years.
Freedom from symptomatic AF was 92% at 14 years, with
80% of patients both free from arrhythmia and off anti-
arrhythmic drugs. There was one late stroke in this group,
and 88% of patients were off chronic anticoagulation at
last follow-up. The only risk factor for late recurrence was
the preoperative duration of AF.348

With the introduction of new ablation technology, there
has been renewed interest in less invasive procedures for
stand-alone AF. The only reported case series deal with
either PV isolation alone or a full Maze lesion set using abla-
tion technology. Most of the reports in the literature are
small, anecdotal, and have limited follow-up. Comparison
of outcomes is difficult. Guidelines for reporting clinical
results of surgical procedures for AF have been developed
to facilitate evaluation of various approaches.349 There
have been no randomized studies performed comparing
the stand-alone surgical treatment of AF with ablation
technology.

Pulmonary vein isolation
The PVs have been isolated either separately or as a large
box lesion incorporating the posterior LA. The first report
of surgical PV isolation was in 2005.350 A bipolar radio-
frequency clamp was used for PV isolation on the beating
heart in 27 patients. At three-month follow-up, 91% of
patients were free from AF and 65% were off all anti-
arrhythmic drugs.
A larger series of a “box” isolation of all four PVs using

epicardial microwave energy was performed endoscopically
on the beating heart in 50 patients.348 Thirty-three patients
had paroxysmal AF and 17 patients had continuous AF. At last
follow-up, 79.5% of patients were in normal sinus rhythm.
However, 27% of patients needed some type of late
re-intervention. The freedom from symptomatic AF and
re-intervention at last follow-up was only 49%. There was
no operative mortality in either series.

Full Cox-Maze Lesion Set
A full Cox-Maze lesion set has been performed with bipolar
ablation technology on 50 patients as a stand-alone pro-
cedure.351 This procedure was performed on cardiopulmon-
ary bypass through either a median sternotomy or a right
mini-thoracotomy. Thirty-eight percent of the patients had
had a previous catheter ablation. Mean LA diameter was
5.2+ 1.3 cm. There was no operative mortality. Mean
follow-up was 13.3+ 10.0 months. Freedom from AF at
last follow-up was 94% with a freedom from antiarrhythmic
drugs and AF at one year of 81%.

Current indications for atrial fibrillation surgery

In summary, surgery has been performed for 20 years for AF.
It plays an important role in selected patients with AF. With
present ablation technology, surgery can be performed with
low mortality and through limited access incisions. Programs
involved in the stand-alone surgical treatment of AF should
develop a team approach to these patients, including both
electrophysiologists and surgeons, to ensure appropriate
selection of patients.
It is the consensus of this Task Force that the following are

appropriate indications for surgical ablation of AF (Table 1):
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(1) Symptomatic AF patients undergoing other cardiac sur-
gical procedures,

(2) Selected asymptomatic AF patients undergoing cardiac
surgery in whom the ablation can be performed with
minimal risk,

(3) Stand-alone AF surgery should be considered for sympto-
matic AF patients who prefer a surgical approach, have
failed one or more attempts at catheter ablation, or are
not candidates for catheter ablation.

The referral of patients for surgery with symptomatic,
medically refractory AF in lieu of catheter ablation
remains controversial. There have been no head-to-head
comparisons of the outcomes of catheter and surgical abla-
tion of AF. The decision-making in these instances needs to
be based on each institution’s experience with catheter
ablation and surgical ablation of AF, the relative outcomes
and risks of each in the individual patient, and patient
preference.

Surgical ablation of atrial fibrillation summary

In summary, while surgery for AF has been performed for two
decades, prospective multicenter clinical trials are needed
to better define the relative safely and efficacy of various
surgical tools and techniques. It is critical for future
studies to better document the possible survival benefits
of adjunctive AF surgery. Moreover, surgeons need to
adopt consistent definitions of procedural success and
follow-up methodology, as defined in this consensus docu-
ment, in order to compare the different surgical series and
the surgical results to catheter ablation. It is important to
note that virtually all of the historical series reported only
the recurrence of symptomatic AF and have used only inter-
mittent ECG follow-up. The type and frequency of follow-up
also have varied widely between series. The true success
rates of these procedures are likely to be lower than has
been reported. Even considering these shortcomings, the
Cox-Maze procedure has had good long-term results in the
treatment of both lone AF and AF associated with organic
heart disease. The advent of ablation technology has simpli-
fied the surgical treatment of AF and expanded the indi-
cations, particularly for concomitant AF procedures in
patients undergoing other cardiac surgery. Minimally inva-
sive approaches presently in development could expand
the indications for stand-alone surgery AF in the future.

XII. Clinical trial considerations

Overview

It is clear that tremendous progress has been made in the
development of non-pharmacologic therapies for the treat-
ment of patients with AF. Most of what has been learned
about catheter and surgical AF ablation has been derived
from single center clinical studies. In most cases, these
studies reflect the experience of large academic centers,
the outcomes of which may or may not be replicated by
smaller centers. It is also clear that the inherent design of
such cumulative studies leave many questions unanswered.
At present, very limited data establishing the long-term

impact of catheter or surgical AF ablation on major morbid-
ity and mortality are available. Other unresolved questions
include:

(1) What are the long-term efficacy outcomes for ablation?
(2) What are the comparative success rates of various drug

and ablative techniques?
(3) What are the outcomes of AF ablation in patients with

persistent and longstanding AF?
(4) Does symptom state at enrollment contribute to trial

outcomes?
(5) What is the impact of ablation on atrial size, mor-

phology, and function?
(6) What is the benefit of AF ablation in patients with

varying types of underlying cardiac and noncardiac
disease?

(7) Do these interventions have an impact on the long-
term occurrence of stroke or peripheral
thrombo-embolic events?

(8) In which patients can warfarin be safely discontinued
following the ablation?

(9) Is there acceptable rationale for ablation applied as
first line therapy for AF?

(10) Is ablative intervention cost-effective, or is drug
therapy more economically efficient?

(11) Beyond placebo effect, what is the relative quality of
life benefit of ablation vs. drug therapy?

(12) What is the optimal ablative strategy for treatment of
persistent and longstanding persistent AF?

(13) What are the safety and efficacy outcomes of newer
ablation technologies such as cryo, ultrasound, and
laser ablation?

(14) What are the safety and efficacy outcomes of ablation
strategies that target complex fractionated electro-
grams or autonomic ganglia when used alone or as an
adjunctive procedure?

Moreover, a wide variety of other questions cannot be
answered by available data.

Investigational studies: current and future

These unresolved issues provide the strong incentive for
conducting additional clinical trials of specific design to
answer critical questions in the ablative arena. These
include: (1) sufficiently powered, randomized mortality
studies, (2) multicenter outcome trials, (3) industry-
sponsored device approval studies, and (4) carefully con-
structed single and multicenter registry studies.

Mortality trials
While large, multicenter randomized clinical trials are
expensive and require years for completion, they are
required to determine the impact of therapy on mortality
and other long-term outcomes. The randomized trial
design is most likely to provide an unbiased understanding
of the outcomes of ablative intervention and provide infor-
mation that can be extrapolated to the largest possible
number of patients. These studies are appropriately held
to a higher clinical trial standard or burden of proof, and
should require the comparison of ablative therapy against
best available drug therapy. At publication however, no
such studies have been conducted.

The Catheter Ablation versus antiarrhythmic Drug for
Atrial Fibrillation (CABANA) Trial, which is currently in
pilot phase, is designed to enroll a sufficiently large
number of patients, and continue for a long enough period
of time to determine if there is a mortality benefit to
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catheter ablation of AF. In addition, the CABANA study will
investigate other outcomes of AF ablation and drug
therapy including cardiovascular death, occurrence of dis-
abling stroke, serious bleeding and cardiac arrest. Rather
than comparing any specific drug therapy against an individ-
ual ablative intervention, this trial will examine pharmaco-
logic rate and rhythm control strategies and ablative
intervention with the intention of eliminating AF. It is
hoped that this study will collect mortality information
and will expand our understanding of the role of drug and
non-drug therapy in those with advancing age, underlying
heart disease, and more established AF, which will be appli-
cable to a broader range of patients commonly seen in real
life clinical practice. Finally, this trial will gather infor-
mation needed for assessing the impact of therapy on
quality of life and health care resource utilization.

Multicenter outcomes trials
The disadvantage of mortality studies is the accompanying
cost and length of time required for completion. As such,
the science of ablation will be more immediately fostered
by a variety of additional smaller, more agile multicentered
trials. These have the advantage of more quickly providing
answers to more specific questions as considered earlier.
The Radiofrequency Ablation vs. Antiarrhythmic drug for
AF Treatment (RAAFT) trial is one such multicenter study
that is currently underway to further evaluate the safety
and efficacy of RF catheter ablation as first line therapy
versus drug therapy in patients with AF. Similar trials in
patients with various types of AF or underlying disease, as
conducted in consortium research groups, could provide out-
comes data more applicable to a wider range of patients,
without the limitations of single center studies or requisite
randomization against drug therapy.

Industry-sponsored device approval studies
There currently are a number of prospective, randomized
clinical trials underway to evaluate the safety and efficacy
of AF ablation using investigational catheters and systems
as part of FDA and other regulatory agency approval pro-
cesses. Since most of these investigations are industry spon-
sored, these studies have almost universally limited
enrollment to patients with paroxysmal AF without under-
lying disease. A number of different standard or novel abla-
tion systems are being evaluated as part of these trials,
which should provide important insight into the safety and
efficacy of catheter ablation. These studies are limited,
however, by short follow-up durations, and restrictive
inclusion and exclusion criteria. Such studies could be sub-
stantially streamlined by the elimination of requisite ran-
domized comparisons with drug therapy.

Ablation registry studies

The use of registries to collect ablation data should also be
encouraged. The Worldwide Survey of AF Ablation, for
example, has provided an insightful look at ablation out-
comes outside of the largest academic centers.178 In this
regard, the registry format discloses outcomes of ablation
therapy as it is actually performed, rather than the way
guidelines suggest it should be. More importantly, registries
could be used to collect a sufficiently large patient experi-
ence to provide efficacy and safety information in the

setting of less common underlying disease, such as hyper-
trophic obstructive cardiomyopathy or valvular heart
disease, which is unlikely to be generated in any single
center. An extended understanding of the occurrence of
uncommon complications such as PV stenosis and atrial
esophageal fistula formation is also more likely to be forth-
coming from registries.

Standards for reporting outcomes in clinical trials

Arriving at a clear understanding of the safety and efficacy of
AF ablation is also impeded by the highly variable definitions
and endpoints used in reports of single center clinical
experience. There are substantial differences in treatment
modalities, endpoints of acute and long-term success, post-
ablation blanking periods, follow-up, redo and cross-over
treatments, as well as variability in accounting for asympto-
matic AF, and incomplete accounting for adverse events occur-
ring beyond the firstweek of therapy (see section onOutcomes
and Efficacy of Catheter Ablation of Atrial Fibrillation).
For example, the mean or median duration of follow-up in

published studies has ranged from six months to 2.5 years.
Assessment of efficacy has been based either on symptoms
reported by the patient, daily or weekly patient-activated
event monitor recording, Holter monitoring (range from 1
to 7 days),1,242 or auto-triggered event monitors used for
periods of up to 30 days. Studies have used post-ablation
blanking periods of several weeks to several months. The
definition of a successful outcome also has varied, with
some studies requiring freedom from AF, atrial flutter, and
other regular atrial tachycardias in the absence of anti-
arrhythmic drug therapy, while other studies require
freedom from AF or a reduction in AF burden independent
of drug therapy as a primary endpoint. Most commonly,
freedom from AF at any particular time point has been
derived from survival curve analysis, whereas other studies
report freedom from AF on a month by month basis.4,119

To overcome these barriers, this Task Force proposes the
following minimum reporting standards for conveying the
results of catheter ablation (Table 2):

(1) The general trial design should depend on the questions
being answered.

(2) Trials assessing ablation outcomes should not necess-
arily require randomization against drug therapy.

(3) Randomization against an accepted state-of-the-art
ablation catheter may be sufficient for efficacy and
safety assessment in device approval studies.

(4) Sham procedures as a part of these studies are ill
advised.

(5) Clear description of baseline demographics, including
duration of AF, occurrence of cardioversion within the
context of the duration of that event, the type of AF,
LA size, and the extent of underlying heart disease
including ventricular function.

It is also important to clearly define the clinical character-
istics of the patients enrolled in a clinical trial. As noted pre-
viously in this document, additional detail needs to be
provided concerning the patient’s history of AF. This is
especially important when considering the broad category
of persistent AF. In particular, we would urge investigators
to specify the duration of time patients have spent in
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continuous AF prior to an ablation procedure, and also to
specify whether patients undergoing AF ablation have pre-
viously failed pharmacologic therapy and/or cardioversion.
Also suggested are:

(6) Adoption of the definitions of paroxysmal, persistent,
and longstanding persistent AF as described earlier.

(7) Reporting of data based on a consistent initial post-
ablation blanking period of three months, even if
other blanking periods are chosen and reported.

(8) Reporting of recurrences or events during the post-
ablation blanking period as “early events.”

(9) Clear delineation of extent of underlying cardiac and
noncardiac disease.

(10) Requisite ECG documentation of recurrent AF in
patients with persistent symptoms.

(11) Event monitor recordings in patients with intermittent
symptoms that are thought to be arrhythmia-related.

(12) A minimum assessment of symptomatic AF and search
for asymptomatic AF at six months intervals thereafter
using one of the following:

(i) Trans-telephonic monitoring for four weeks
around the follow-up interval for symptom-
triggered recording with a minimum of weekly
transmissions to detect asymptomatic events.

(ii) 24 to 72 hour Holter monitoring.
(iii) Thirty-day auto triggered event monitoring or

mobile cardiac outpatient telemetry.

Although it is recognized that the endpoints of a parti-
cular study have to be related to the design and purpose
of the study, consistent monitoring techniques should
be employed. It is critical that an indication of percentage
compliance with monitoring requirements be included in
every published study of AF ablation. The duration of
recommended monitoring may vary depending on the type
of AF that was ablated. If the AF was paroxysmal, optimally
multiple 24-hour Holter monitors, and/or four weeks of
monitoring, preferably with an auto-trigger event monitor
or by mobile outpatient cardiac telemetry, is recommended
to optimize identification of asymptomatic episodes. The
Task Force acknowledges that monitoring tools are a work
in progress and may not be uniformly available or practical
for all patients. The suggested monitoring techniques rep-
resent a target standard for evaluating procedural efficacy.

(13) A minimum follow-up duration of 12 months.
(14) Recurrences should include both AF and atrial flutter or

atrial tachycardia with the recommendation that the
breakdown of the predominant arrhythmia type be
stated in all reports.

(15) Any episode of AF, atrial flutter, or tachycardia of at
least 30 seconds duration that occurs after the blanking
period should be classified as a recurrence even if other
durations are reported.

(16) The primary efficacy endpoint of ablation should be
freedom from AF and atrial flutter/tachycardia in the
absence of antiarrhythmic drug therapy. As noted
above, the frequency and patient compliance with
monitoring should be reported.

(17) When results are reported as freedom from AF/flutter/
atrial tachycardia without antiarrhythmic drugs, the
follow-up period for reporting purposes should begin

5 half lives after the antiarrhythmic drug has been
stopped or at least three months after stopping
amiodaron.

(18) Because of the clinical relevance of this information,
the secondary endpoint of freedom from AF and atrial
flutter/tachycardia in the presence of previously inef-
fective antiarrhythmic therapy also should be clearly
stipulated.

(19) Patients experiencing recurrent AF with a subjective
improvement in AF burden should not be included in
the category “free of AF” after the ablation procedure,
although the percentage of patients in this category
may be noted to provide readers with an understanding
of the differing levels of improvement that patients
can report after AF ablation.

(20) Because of the importance of symptomatic AF as a
primary indication for AF ablation, studies should
incorporate standardized tools to allow assessments
of quality of life.

(21) All studies of AF ablation should include a complete
reporting of major complications. A major compli-
cation is defined as a complication that result in per-
manent injury or death, requires intervention for
treatment, or prolongs or requires hospitalization
(Table 2).

The Task Force believes that having all categories of
outcome reported allows the readers to determine the rele-
vant outcome for themselves and may provide important
insights into the role of AF ablation in AF management and
also into the pathogenesis of AF. However, the gold standard
for assessing the efficacy of new techniques and technology
should remain freedom from AF/flutter/tachycardia of
greater than 30 seconds duration off all antiarrhythmic drugs.

Although Kaplan–Meier analyses are commonly used to
report outcomes of AF ablation, particularly in randomized
clinical trials, this methodology may underestimate the
true effectiveness of AF ablation. This underestimation
results from the fact that isolated recurrences of AF follow-
ing catheter ablation beyond the blanking period are com-
monly observed. The members of this writing group accept
the notion that patients with these types of sporadic recur-
rences may go on to achieve excellent long-term AF control
and clinical benefit from the procedure. Because this
pattern of benefit will be missed by a Kaplan–Meier analysis,
it is recommended that other alternative and/or secondary
endpoints be reported in clinical trials. We would therefore
propose that clinical trials also report AF/flutter/tachycar-
dia at various points following ablation.119 It is essential
that the method used for monitoring in the treatment and
control arms be reported as part of this type of analysis.

It is anticipated that well designed clinical trials will con-
tinue to provide a solid evidence base upon which to formu-
late practice guidelines in the future. The above reporting
standards will lead to sufficient comparability to facilitate
that goal.

A comment regarding the funding of clinical trials is consist-
ent with the overarching goals of this AF Ablation Guideline
document. While the value of programs ensuring funding of
basic investigation in cardiac electrophysiology is central to
understanding arrhythmogenesis, funding of translational
and clinical studies provides the critical means of extending
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and applying that information to the patient care arena.
Industry, third party payers, and the NIH should be strongly
encouraged to provide the increasingly critical dollars
needed to conduct these trials. The academic community
should solidly support the paradigm of partnerships between
these groups and private foundations, and clinicians
should extend their patient advocacy to the level of these
agencies and organizations to lobby for the necessary
support for funding meritorious trials. This requires more
than passive support. It mandates active intervention from
the cell lab to the clinic and from industry to insurance
companies.

XIII. Conclusion

Catheter and surgical ablation of AF are commonly per-
formed procedures throughout the world. This document

provides an up-to-date review of the indications, tech-
niques, and outcomes of catheter and surgical ablation of
AF. Areas for which a consensus can be reached concerning
AF ablation are identified. It is important to note that this
statement summarizes the opinion of the Task Force
members based on their experience and a review of the
literature. It is also important to note that when we use
the term “consensus” in this document, this does not
mean that there was complete agreement among all Task
Force members. It is our hope that this document can
improve patient care by providing a foundation for those
involved with ablation of AF. It is recognized that this field
continues to evolve rapidly and that this document will
need to be updated. Successful AF ablation programs opti-
mally should consist of a cooperative team of electrophysiol-
ogists and surgeons to ensure appropriate indications,
procedure selection, and follow-up.
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