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Dear Readers

Hope everyone had a great summer. With the kids 
back in school I am sure life has restored its nor-
malcy. We are at the half way point of the year. In 
Kansas City, we are looking forward to the World 
Atrial Fibrillation Awareness Day on September 
8th and the Kansas City Heart Rhythm Symposium 
on August 17th and 18th.

In this issue of journal, there are amazing featured 
reviews and case reports. Ranolazine has histori-
cally been an angina drug. Thanks to its antiar-
rhythmic properties, we have an additional choice 
to the limited arsenal in the antiarrhythmic drug 
arsenal in treating atrial fibrillation. James Reiffel 
and group presented a case report where Ranola-
zine has been successfully used for rhythm con-
trol. Boolani et al have presented their case about 
the use of stereotaxis for the successful navigation, 
mapping and ablation of arrhythmias involving 
complex anatomic chambers of congenital heart 
disease.

We learn about the role of echocardiography and 
CT/MRI for evaluation of AF and periprocedural 
aspects of AF ablation. The current state of primary 
prevention of AF has been elegantly described by 
Massimo Imazio in his featured review. Daoud et 
al discuss the importance of AF burden in further 
risk stratification for stroke prophylaxis in patients 
with AF. None of the traditional scoring systems 
currently incorporate AF burden in the stroke risk 
assessment. Post AF ablation atrial tachycardia 
is not an uncommon problem. Pappone et al re-
viewed the diagnosis and management of AT their 
excellent review article.

Akutsu et al presented a very comprehensive im-
aging view point on the role of atrial structural 

remodeling in patients undergoing AF ablation.  
Fish oil is a dietary supplement of great interest 
in the cardiovascular disease prevention. Results 
on the role of fish oil in AF prophylaxis have been 
conflicting. Kassotis et al present the current lit-
erature on the use of fis oils in the prevention of 
AF. On the same note Fauchier et al discuss the 
role of statins in AF. Mansour et al discussed the 
current evidence on the safety and efficacy of 
Apixiban for stroke prophylaxis in patients with 
AF. In their original paper Jonsson et al present-
ed their experience on the use of microwave ab-
lation in mitral valve surgery for AF. This seems 
to be a very promising approach in patients with 
longstanding persistent AF who have simultane-
ous mitral valve issues. A 35% improvement in 
rhythm control using the additive microwave ab-
lation strategy is worth noting.

Have a great rest of the summer and will talk to 
you all in Fall.

Best wishes

Dhanunjaya (DJ) Lakkireddy MD, FACC, FHRS
Associate Editor
JAFIB
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Introduction

Atrial fibrillation (AF) is the most common cardiac 
arrhythmia in clinical practice. Multiple therapeutic 
approaches exist for the management of AF, includ-
ing strategies for “rate-control” and “rhythm-control” 
.1-5  Increasingly, catheter ablation is utilized, par-
ticularly for those patients with highly symptom-
atic AF refractory to or intolerant of antiarrhythmic 
therapy.6  However, ablation therapy is also limited 
by recurrent arrhythmias in 10-40%, necessitating 
repeat ablation or continued antiarrhythmic medi-
cations.6, 7  Ranolazine, an atrial-selective, sodium-
channel blocker approved by the Food and Drug 

Administration for its antianginal properties, has 
clinical effects that are useful for the suppression 
of AF.8-17  We report a case of a patient with per-
sistent AF who failed traditional antiarrhythmic 
medications and radiofrequency ablation (RFA).  
However, after initiation of ranolazine, she has 
remained in sinus rhythm for at least 18 months 
without additional rhythm-control interventions.

Case Report

A 60 year-old woman with a history of hyperten-
sion, non-obstructive coronary artery disease, and 
symptomatic persistent atrial fibrillation of five 

Corresponding Address : Angelo Biviano, MD, MPH, 161 Ft. Washington Avenue, Suite 546, New York, NY 10032. Phone: (212) 
305-8559 .
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Abstract

Long-term medical treatment options for atrial fibrillation (AF) include rate-control as well as rhythm-
control therapy with various antiarrhythmics.  However, because of the limited efficacy and potential 
side effects of these medications, percutaneous and surgical ablations in AF patients have evolved as 
alternative or additional approaches to achieve rhythm-control.  Nonetheless, arrhythmia recurrences 
may also occur after these procedures.  Thus, the search for complementary treatment options continues. 
Ranolazine possesses antiarrhythmic effects in atrial myocytes via blockade of sodium channels.  These 
properties facilitate AF suppression in animal models and human subjects.  We report a patient with 
persistent AF that was refractory to medical management and percutaneous catheter ablation.  She has 
remained in sinus rhythm for at least 18 months after the initiation of ranolazine.
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year’s duration was initially treated with a rate-
control strategy.  However, despite adequate 
heart rate control she continued to experience 
significant palpitations, fatigue, light headedness, 
and diminished exercise tolerance.  She under-
went direct-current cardioversion (DCCV) three 
times in January and February of 2009 for recur-
rent persistent AF.  After each cardioversion she 
reported feeling much better with an improve-
ment in exercise tolerance.  After her second 
DCCV in February 2009, sotalol was initiated in 
an inpatient setting and titrated to 160 mg orally 
twice daily with a QT-corrected (QTc) interval 
of approximately 470 milliseconds (ms).  Class 
1C antiarrhythmics were avoided due to her hy-
pertension and known non-obstructive coronary 
artery disease.  The patient’s left atrium was di-
lated (4.9 cm) and the left ventricle was normal in 
size (including thickness) and function.  The pa-
tient remained in sinus rhythm for ten days and 
completed an uneventful one week outpatient 
cardiac rhythm monitoring.  At a one month fol-
low-up visit, she described pre-syncope and then, 
during an outpatient evaluation in her cardiolo-
gist’s office, she experienced cardiac arrest sec-
ondary to torsades de pointes.  She was success-
fully defibrillated and sotalol was discontinued.  

She was ultimately referred for percutaneous 
RFA and underwent uncomplicated pulmonary 
vein isolation in May 2009.  After ablation she was 
maintained on diltiazem 360 mg orally once daily 
and warfarin.  Calcium channel blocker therapy 
with diltiazem was used for atrioventricular nodal 
rate-control because of a history of symptomatic 
asthma on beta-blocker therapy.  However, after 
two weeks she reverted to symptomatic, persis-
tent AF requiring DCCV. AF recurred again two 
weeks later.  The heart rate was well controlled 
and a repeat ablation was planned if AF persisted 
at three months after the initial ablation.

While awaiting repeat RFA, she was cardioverted 
again and started on ranolazine 1000 mg orally 
twice daily in addition to diltiazem and warfarin.  
Symptoms improved and follow up ECG demon-
strated sinus bradycardia with QTc interval of 450 
ms.  Twenty-one day rhythm monitoring revealed 
sinus rhythm throughout with no significant ar-
rhythmia.  Given the improvement in symptoms 
and the success of her oral pharmacologic regi-

men, she decided not to undergo repeat ablation.  
She has continued on diltiazem and ranolazine 
(now decreased to 500 mg orally twice daily due 
to intermittent dizziness on the higher dose).  
Her QTc interval at follow-up remains 440-480 
ms.  Serial outpatient cardiac rhythm monitoring 
showed no significant arrhythmia and she contin-
ues to be free of symptoms and AF.

Discussion

This report documents the long-term mainte-
nance of sinus rhythm using ranolazine as adjunc-
tive therapy in a patient with recurrent AF after 
catheter ablation.  It is likely that pulmonary vein 
isolation contributed to the favorable outcome.  
However, she continued to manifest AF requiring 
repeat DCCV three months after the initial RFA.

Ranolazine was initially studied for its antiangi-
nal effects,18-20 and as an adjunct to medical thera-
py for acute coronary syndromes.21 Interestingly, 
subgroup analysis revealed significant reductions 
in episodes of non-sustained ventricular tachy-
cardia, supraventricular tachycardia, and new-
onset atrial fibrillation.22  Increasingly, ranolazine 
is being investigated as a relatively atrial-specific 
antiarrhythmic.8-17  Ranolazine blocks a number 
of cardiac ion channels including early INa, late 
INa, IKr, and late ICa.9, 10  Experimental data dem-
onstrated inhibition of sodium-channel activity 
in canine pulmonary vein sleeves by ranolazine, 
which suggests it may be useful in suppressing 
AF triggers that arise from the pulmonary veins.12, 

23  Importantly, ranolazine is atrial-selective and 
has little effect in the ventricle at clinical concen-
trations.10  Despite IKr blockade and minimal QT 
prolongation, torsades de pointes has not been 
reported with ranolazine.  This makes ranola-
zine an attractive choice for management of atrial 
tachyarrhythmias. 

Several observational studies suggest that ranola-
zine may herald a safe and well-tolerated option in 
the medical management of AF.12-17, 22  Ranolazine 
has been studied in a variety of clinical scenarios 
including paroxysmal, persistent and post-oper-
ative AF.  A small case series focused on a vari-
ety of patients with AF, all refractory to medical 
therapy, some refractory to ablation.  Of the seven 
subjects studied, four had long term maintenance 
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of sinus rhythm on ranolazine, ranging from a 
follow-up period of 12 to 42 weeks.  However, the 
two subjects who had experienced recurrent AF 
after RFA did not derive any significant long-term 
antiarrhythmic benefit from ranolazine.16

Another study explored the use of ranolazine 
as a “pill-in-the-pocket” treatment for parox-
ysmal AF.  Thirty-five subjects with episodes 
of new onset or paroxysmal AF lasting 3-48 
hours were administered a large dose of rano-
lazine (2000 mg); approximately 70% patients 
converted to sinus rhythm within 6-8 hours.17

Not dissimilar from the case reported herein, anoth-
er case of multidrug resistant AF responsive to ra-
nolazine has been reported. 24  However, unlike the 
case reported here, ablation had not been utilized.
Most recently, a retrospective analysis of 393 pa-
tients undergoing coronary artery bypass graft-
ing examined the relative efficacy of amiodarone 
and ranolazine.  The group treated with ranola-
zine had significantly less post-operative AF than 
the amiodarone group (17.5% versus 26.5%).15 

Although the antiarrhythmic effects of ranolazine 
have never been studied in a large, prospective co-
hort of patients, data from the antianginal studies 
compiled in an open-label fashion demonstrate the 
safety of ranolazine in patients with cardiac comor-
bidities, and a relatively benign side effect profile, 
mainly consisting of dizziness and constipation.22

With regard to QT prolongation, ranolazine has 
been found to have relatively small effects on the 
QTc interval, prolonging it by anywhere from ap-
proximately 2-9 ms.19, 20, 25  Data from population-
based analyses including approximately 2700 
patients treated with ranolazine show a linear 
relationship between the QTc interval and the 
plasma concentrations of ranolazine, translating 
into an average increase in QTc of approximately 
2 to 5 ms for the dose range of 500 to 1000 mg 
orally twice daily.20, 25  The absence of significant 
QT prolongation and minimal risk of torsades 
de pointes with ranolazine was important in our 
patient due to her history of long QT-induced 
torsades de pointes when treated with sotalol.

Building on the results of studies demonstrating 
the antiarrhythmic effects of ranolazine in the 

management of AF, our case illustrates an excit-
ing opportunity for further investigation.  Not 
only does ranolazine stand to become an impor-
tant player in rhythm-control of patients with new 
onset or uncomplicated paroxysmal AF, but it has 
potential in the maintenance of sinus rhythm even 
in challenging and complex cases of AF patients 
who recur despite catheter ablation.  Nonetheless, 
the scientific evidence for the use of this atrial-se-
lective, multiple ion-channel inhibitor is derived 
from in-vitro studies and limited clinical series, 
generally with small numbers of subjects.  Large 
trials for ranolazine have only been designed to 
study its antianginal properties and little is known 
about its long term safety.  Further investigation 
with randomized clinical trials and extended fol-
low up should be undertaken to establish the safe-
ty and efficacy of ranolazine as an antiarrhythmic.

Disclosures

• Dr. Reiffel:     Consultant for Gilead
Pharmaceuticals
• Steering Committee and national PI for the HAR-
MONY trial (ranolazine plus dronedarone for AF).

Conclusions

This case report describes the successful use of 
ranolazine in a patient with recurrent AF despite 
percutaneous catheter ablation.  Ranolazine pos-
sesses potential for use as a rhythm-control agent 
in the management of AF.  Further study with ran-
domized clinical trials is required to evaluate both 
the safety and efficacy of ranolazine for the treat-
ment of AF.
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Introduction

Atrial arrhythmia is a common, late complication 
after atrial switch (Mustard or Senning) procedures 
for d-transposition of the great arteries (d-TGA).  
Atrial switch involves excision of the atrial septum.  
A baffle directs caval vein flow to the mitral valve 
and subpulmonary left ventricle.  Pulmonary vein 
flow passes posterior to the baffle to the tricuspid 
valve and systemic right ventricle.  Ablation in 
the pulmonary venous neo-atrium (PVA) has re-
quired baffle puncture, risking possible damage 
to the baffle, embolization of debris, and a persis-
tent intracardiac shunt.  Retrograde approach to 
the tricuspid isthmus in Mustard patients has been 

accomplished with conventional catheters in ex-
perienced hands.1-3 However, it could be difficult 
to maneuver a conventional catheter in the Neo-
Left Atrium (LA).  Remote magnetic navigation 
system improves the ability to navigate, and there-
fore shortens procedure and fluoroscopy time.

Case Report

A 30 year old female with d-TGA post Mustard 
procedure presented with a 2-year history of 
episodic palpitations requiring electrical cardio-
version on 5 occasions.  ECGs showed a narrow 
complex tachycardia with distinct P waves and 
variable AV conduction.  Atrial cycle length ranged 
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& EP Research, Bloch Heart Rhythm Center, Mid America Cardiology @ University of Kansas Hospitals, 3901 Rainbow 
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Abstract

Atrial arrhythmias are delayed manifestations after atrial switch procedures for d-transposition of the 
great arteries. Often times, these arrhythmias are intraatrial reentry tachycardias that arise in the pulmo-
nary venous neo-atrium.  Access and ablation in the pulmonary venous neo-atrium may require baffle 
puncture, risking damage to the baffle. We describe a case of neoatrial arrhythmia ablation in d-transpo-
sition of the great arteries using remote magnetic guided catheter navigation system using a retrograde 
approach without doing a baffle puncture.

Keywords: d-Transposition of Great Arteries, Atrial arrhythmia, magnetic navigation, ablation.

 www.jafib.com 9  Aug-Sep, 2012 | Vol 5 | Issue 2                          



from 230-320ms with negative P waves in inferior 
leads and V1, positive P waves in I & aVL indica-
tive of possible cavo-tricuspid isthmus dependent 
tachycardia (Figure 1A). Calcium channel and beta 
receptor blockers were avoided due to sinus node 
dysfunction. Disopyramide and dofetilide were 
not effective and ablation was recommended. It 
was expected that the access to the cavotricuspid 
isthmus could be difficult as the right atrium was 
reconstructed.

Operative report from 1979 was reviewed. A Da-
cron baffle and pericardial patch was used to per-
form the Mustard procedure (Figure-1B). A 64 
slice CT scan of the heart showed a baffle directing 
the SVC and IVC into the left atrium to the mitral 

chambers on the systemic venous side (Figure-
2B). The tachycardia was reproducibly induced 
and sustained with atrial burst pacing at 250ms 
and 3-D intra-cardiac mapping performed.  The 
systemic venous neo-atrium (SVA) was mapped 
with a 3.5mm Biosense-Webster Thermocool cath-
eter (Biosense Webster, Inc., CA, USA) via the IVC, 
accounting for only half of the tachycardia circuit.  
The PVA was mapped using remote magnetic 
navigation system technology via a retrograde 
approach (femoral artery to RV to PVA) (Figure-

Figure 1A: 12 lead surface electrocardiogram showing intra 
atrial reentry tachycardia

Figure 1B: Line diagram of the creation of the Mustard Sur-
gery and the creation of the baffle to create the neo atria to 
divert the systemic and venous returns appropriately

Figure 2A:  64 slice CT scan of the heart showing a baffle 
directing the SVC and IVC into the left atrium to the mitral 
valve

valve (Figure-2A). The pulmonary veins were di-
rected to the right atrium leading to the tricuspid 
valve, systemic RV, and aorta. Mild tapering was 
noted at the SVC/RA junction. Transthoracic echo-
cardiogram showed no baffle obstruction and no 
increase in Doppler velocity.

Procedural Details

Four femoral venous sheaths and one arterial 
sheath were placed and patient was anticoagu-
lated for retrograde approach. A catheter was 
placed through the baffle (the inferior horn of the 
systemic venous neo-atrium), via the IVC, into the 
systemic venous neo-atrium (SVA) that drains into 
the sub-pulmonary LV and a second catheter was 
advanced into the LV apex. Intracardiac echo was 
used to assess the anatomy of the heart and the 
baffle and the switched great vessels and dilated 
hypertrophied subaortic RV were noted. Baffle 
cine angiography was performed to outline the 
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Figure 3A:  Right anterior oblique fluoroscopic view of the cath-
eters with the remote magnetic navigation system RMT abla-
tion catheter in the neo-left atrium and the Thermocool Navis-
tar Catheter in the neo-right atrium on either side of the baffle

3A). The rest of the circuit was identified. The two 
maps were merged, demonstrating cavo-tricuspid 
isthmus (CTI)-dependent flutter.  The CTI ex-
tended from the PVA to the SVA. The arrhythmia 
circuit was confirmed with pace mapping and en-
trainment mapping. Ablation was performed on 
both sides of the baffle (Figure-3B).  A Navistar 
RMT catheter (Biosense-Webster, Inc., CA, USA) 
was used to ablate from the tricuspid annulus to 
the baffle (PVA).  A Navistar ThermoCool cathe-
ter was used to ablate from the baffle to the IVC 
(SVA).  The tachycardia terminated during abla-
tion as the lesions sets met towards the wall of the 

Figure 3B: The 3-dimentional activation map of the tachy-
cardia circuit distributed on either side of the baffle sug-
gesting the critical isthmus is distributed between the two 
neo-atria and tachycardia terminated as the lesions sets 
meet towards the wall of the baffle

Figure 4A: CARTO image of the merged activation maps 
of the tachycardia and ablation lesions in the right anterior 
oblique projection

baffle on both sides and was no longer inducible.
The CARTO images of the merged activation  
maps and the ablation lesions are shown in Fig-
ure 4A and 4B.

Discussion

TGA is the most common form of cyanotic con-
genital heart disease and late complications of 
atrial repair include right ventricular dysfunc-
tion, tricuspid dysfunction, baffle-related prob-
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Figure 2B: Baffle cine angiography outlining the chambers on 
the systemic venous side



lems, and rhythm disturbances .4 It is intuitive that 
the atrial switch surgery has a higher risk of atrial 
tachycardia compared to arterial switch, the latter 
leaving no atrial scars. A large number of patients 
have survived to their adulthood, and are expect-
ed to have more atrial tachyarrhythmias as their 
ages increase.6 Intraatrial reentry tachycardias 
(IART) have been reported in 10-20% of patients 
at 10 years after Mustard and Senning operations 
and are often poorly tolerated. Ablation therapy 
in these patients has success rate of 70 – 80%.3

 It is important to rule out baffle obstruction or 
RV failure as a cause of arrhythmia and under-
stand the anatomy before considering RF abla-
tion. Ablation of the IART in repaired congenital 
heart disease is mostly limited by proper access 
to the target chamber due to occlusion of vessels 
or abnormal vascular anatomy.5 The complicated 
anatomy and lack of proper tools that can facili-
tate catheter entry and manipulation to the target 
sites limits success rates and operator’s ability to 
successfully ablate these arrhythmias, which have 
significant morbidity for these patients. Ablation 
in the PVA is usually needed and has required 
baffle puncture, risking damage to the baffle and 
a persistent intra-cardiac shunt.  Although, baffle 
punctures have been demonstrated to have been 
done safely, the possibility of persistent shunt 
and systemic embolization always remains.  Re-
mote magnetic guided navigation systems make 

Figure 4B: CARTO image of the merged activation maps 
of the tachycardia and ablation lesions in the left anterior 
oblique projection

catheter manipulation in these complicated re-
paired chambers much amenable and help reach 
the target site more precisely and predictably. In 
our case we avoided baffle puncture by using a 
retrograde approach with remote magnetic tech-
nology and were able to successfully identify and 
ablate the second half of the tachycardia circuit. 

Conclusions

Remote magnetic guided catheter navigation sys-
tems aid greatly in reaching the target chambers 
with greater precision and ease. In patients un-
dergoing repair procedures for d-TGA malforma-
tions, manual ablation without the use of remote 
magnetic navigation system would be very diffi-
cult and in some cases can be impossible due to the 
unusual configuration of the cardiac chambers af-
ter surgery. Complications like trans-baffle punc-
tures could be avoided by using remote magnetic 
navigation system to ablate the tachycardia circuits 
which without the use of this technology could 
have been difficult to approach.
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Introduction

Atrial fibrillation (AF) has a prevalence of 1% in 
the general population,1 with a dramatic increase 
reaching 30-50 % in patients scheduled for mitral 
valve surgery.2 Growing evidence has emerged 
showing that restoration of SR at the time of car-

diac surgery is associated with an improvement 
in Quality of Life (QoL) and clinical parameters,3, 

4 and although not yet supported in prospective, 
randomized trials, reduced mortality and mor-
bidity.5 In patients with preoperative continous 
AF > 3 months or longstanding persistent AF, 
valve surgery alone restores SR in only 5% to 43 
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Abstract

Objective: Microwave ablation in conjunction with open heart surgery is effective in restoring sinus-
rhythm (SR) in patients with atrial fibrillation (AF). In patients assigned for isolated mitral valve sur-
gery no prospective randomized trial has reported its efficacy. Methods: 70 patients with longlasting AF 
where included from 5 different centres. They were randomly assigned to mitral valve surgery and atrial 
microwave ablation or mitral valve surgery alone. Results: Out of 70 randomized, 66 and 64 patients were 
available for evaluation at 6 and 12 months. At 12 months SR was restored and preserved in 71.0 % in the 
ablation group vs 36.4 % in the control group (P=0.006), corresponding figures at 6 months was 62.5 % vs 
26.5 % (P=0.003). The 30-day mortality rate was 1.4 %, with one death in the ablation group vs zero deaths 
in the control group. At 12 months the mortality rate was 7,1 % (Ablation n=3 vs Control n=2). No sig-
nificant differences existed between the groups with regard to the overall rate of serious adverse events 
(SAE) during the perioperative period or at the end of the study. 16 % of patients randomized to ablation 
were on antiarrhytmic drugs compared to 6 % in the control group after 1 year (p=0.22) Conclusion: Mi-
crowave ablation of left and right atrium in conjunction with mitral valve surgery is safe and effectively 
restores sinus rhythm in patients with longlasting AF as compared to mitral valve surgery alone.
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% of the patients, as compared to 44 % to 80 % 
when performing adjunctive left or biatrial abla-
tion using microwave, radiofrequency or cryoen-
ergi.6-10 By employing the classical cut and sew 
Maze operation in patients scheduled for mitral 
valve surgery and chronic AF, restoration of SR is 
achived in a higher degree, 74% to 90 %.11  How-
ever, even if the Maze technique is regarded as 
the gold standard it is considered too complicated 
and has gradually been replaced by surgical abla-
tion methods where endo and/or epicardial abla-
tion lines replaces surgical incisions. Concomitant 
microwave ablation of AF has succesfully been 
used in cardiac surgery, with SR at follow up in 
the range of 52% to 87 %,11-14 including one ran-
domized, prospective trial.10 We wanted to study 
how effectively microwave ablation restores SR in 
a homogenous population, i.e. patients assigned 
for mitral valve surgery with longlasting AF, and 
therefore performed a multicenter, prospective, 
randomized, controlled clinical trial comparing 
microwave ablation in conjunction with mitral 
valve surgery versus mitral valve surgery alone. 

1.Materials and Methods

1.1 Patient population

The study was performed at five different Univer-
sity Hospitals, with two centres situated in Swe-
den and three centres situated in Finland, during 
the period between November 2002 and Decem-
ber 2006. Patients aged over 18 years old primarily 
scheduled for mitral valve surgery with longlast-
ing atrial fibrillation of more than twelve months 
duration prior to surgery were considered eligble. 
Longlasting atrial fibrillation was defined as conti-
nous atrial fibrillation without clinically or by elec-
trocardiogram (ECG) documented evidence of si-
nus rhythm, also including a 24-hour Holter ECG 
performed within the last three months without 
any signs of sinus rhythm. One attempt of previous 
cardioversion resulting in immediate recurrence 
of atrial fibrillation (IRAF) or subacute recovery 
of atrial fibrillation (SRAF) was however allowed. 

The enrollment process became noticeably pro-
longed due to a scarcity of patients with a du-
ration of atrial fibrillation of more than twelve 
months. Therefore, the initial inclusion criteria 
was modified, with the amendment approved 

by the ethics committee, to the following word-
ing; “Longlasting atrial fibrillation for at least six 
months prior to surgery or atrial fibrillation ongo-
ing for at least three months prior to surgery and 
a history of previously failed cardioversion or re-
lapse after initially successful cardioversion”. The 
exclusion criteria were as follows, prior valve sur-
gery, concomitant aortic valve surgery, prior cath-
eter ablation for atrial fibrillation, documented 
torsade de pointes, permanent pacemaker treat-
ment, hyperthyroidism ruled out by blood-test, 
active endocarditis, severe calcifications of the mi-
tral anulus, unforeseen events developing during 
the surgical procedure whereby adding ablation 
imposes an unproportional risk to the procedure 
or inability, unwillingness to follow the protocol.  
Written informed consent was received from all 
patients. The protocol was approved the by the 
ethics committee in each participating institution.

1.2 Study Design, Endpoints, Randomization 
Procedure and Sample Size

Patients were randomly assigned to either mitral 
valve surgery and concomitant atrial microwave 
ablation or mitral valve surgery alone. The prima-
ry endpoint was defined as evidence of preserved 
sinus rhythm at the 12 month Follow Up (F/U) de-
termined by 12-lead ECG. Preserved sinus rhythm 
was defined as follows; SR on 12 lead-ECG with-
out any documented episodes (or cardioversion)
of atrial fibrillation (AF), atrial flutter (AFL) or 
atrial tachycardia (AT) since previous F/U. Sec-
ondary endpoints consisted of freedom from AF, 
AFL and AT at the 12 month F/U determined by 
24-hour Holter ECG, at 6 months after surgery
determined by 12-lead ECG, pacemaker require-
ment, antiarrhythmic treatment, QoL, and inci-
dence of adverse events according to protocol. The
computer-based randomization was performed
by an external resource and stratified by hospital.
Accordingly each hospital received sealed enve-
lopes in numbered series with a balance between
patients assigned for ablation vs. controls. At the
day of surgery the cardiac surgeon opened the en-
velope in order, designating the allocated study
treatment. Information regarding the latter was
during the time of the study kept out of the pa-
tient chart, i.e., all patients and with the exception
of the surgical team, all personnel involved in the
follow-up was blinded to the assigned treatment.
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The conversion rate from atrial fibrillation to sinus 
rhythm was estimated to 20 % in the group of patients 
undergoing mitral valve surgery alone, versus 60 % 
in the group of patients where intraoperative abla-
tion was added to mitral valve surgery. To reach a 
power of 90 % with a type I error of 5 % it was cal-
culated that 35 patients was needed in each group. 

1.3 Preoperative Screening and Evaluation

Consecutive patients scheduled for mitral valve 
surgery was screened and enrolled if they met 
the inclusion and exclusion criterias. Data was 
prospectively recorded regarding patient demog-
raphy, clinical history and QoL Atrial and ven-
tricular dimensions, left ventricular function and 
cardiac valve function was obtained by transtho-
racic echocardiography. The duration of longlast-
ing atrial fibrillation was determined by data in 
the patient chart. A 24-hour Holter ECG was per-
formed to rule out any periods of sinus rhythm. 
Heart failure was defined as clinical symtoms of 
heart failure and depressed left ventricular func-
tion on echocardiography. Presence of coronary 
artery disease (CAD) was defined as previous 
myocardial infarction, previous or planned percu-
taneous coronary intervention (PCI) or coronary 
artery by-pass grafting (CABG), respectively. Be-
fore surgery all patients were put on treatment 
with a beta-blocker, Bisoprolol, in a dose to main-
tain adequate rate control.

1.4 Surgical and Microwave ablation proce-
dure

All patients underwent mitral valve surgery dur-
ing cardioplegic arrest and on cardiopulmonary 
bypass (CBP). The route into the left atrium was 
made according to the surgeon’s preference, ie, ei-
ther by transeptal approach or via Sondergaard’s 
groove. Mitral valve repair or mitral valve replace-
ment and additional surgical procedures was per-
formed according to clinical routine. In the group 
randomised to concomitant ablation the left atrial 
appendage was either excised or excluded. After 
valve surgery was completed ablation took place 
using a microwave ablation system (Afx Inc., Fre-
mont, CA), including a microwave generator con-
nected to an ablation probe. The microwave gener-
ator produced electromagnetic waves with a fixed 
frequency of 2.45Ghz, however, with a variable 
power output. The ablation probe consisted of a 
malleable shaft with the ablation antenna emmit-
ting the microwave radiation located in the distal 
end of the probe. Two different probes were used, 
either the FLEX 2 with an 2.5 cm long antenna with 
a power output of 40 W for 25 seconds or the FLEX 
4 with an 4 cm long antenna with a power output 
of 65 W for 60 seconds. Ablation lines were under 
visual guidance created en bloc around the left up-
per and lower pulmonary vein (PV) and around 
the right upper and lower PV, respectively. In ad-
dition one interconnecting line between the two 
PV pairs and a second line connecting the left PV 
pair to the mitral anulus were created (Figure 1). 
In the right atrium a line between the inferior vena 
cava and the tricuspid anulus was performed. All 
individual ablation lesions were performed endo-
cardially and furthermore in an overlapping man-
ner to avoid gaps. If AF persisted after the comple-
tion of surgery, epicardial electrical cardioversion 
was performed.

1.5 Postoperative management and follow-up

According to protocol, atrial overdrive pacing 
(AODP) was performed during the first five post-
operative days in all patients with SR. Pacing mode 
was AAI, or if needed DDD using the epicardially 
placed pacing electrodes. The pacing rate was kept 
10 beats above the average native heart rate up to a 
maximum of 105 bpm. If postoperative atrial fibril-

Figure 1: Schematic view of the left and right atria demon-
strating the lesionset. Abbreviations: RA, right atrium; LA, 
left atrium; TV, Tricuspid valve; MV, mitral valve; PV, pulmo-
nary vein; SVC, superior vena cava; IVC inferior vena cava; 
LAA, left atrial appendage.
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lation appeared AODP was paused. Continous 
telemetry and daily 12-lead ECG were performed 
during the first five postoperative days, thereaf-
ter a 12 lead ECG was taken before discharge. Bi-
soprolol was the only antiarrhythmic drug used 
during the postoperative period, ie, no Class I 
or III drugs were given at this time. All patients 
with persistent atrial fibrillation underwent car-
dioversion the day before disharge. For patients 
with recurrence of paroxysmal AF during dis-
charge to 4 months postoperative period, antiar-
rhythmic treatment with Sotalol, or Amiodarone 
if contraindications against Sotalol existed, was 
recommended including at least two attempts of 
cardioversion in patients with persistent AF. All 
Class III drugs were discontinued at 6 months 
after surgery if previously sinus rhytm ensued. 
Warfarin was administered according to the local 
guidelines during the in-hospital period and con-
tinued for at least three months.

Follow up was conducted at 1, 3, 6 and 12 months 
after hospital discharge by a dedicated cardiolo-
gist in each participating center’s outpatient clinic. 
The medical history was reviewed including med-
ications, cardioversions, documented arrhyth-
mia events, serious adverse events, unscheduled 
visits/hospitalisations. A physical examination 
including a 12-lead ECG was performed. Trans-
thoracic echocardiography was performed at 6 
and 12 months, complemented by a bicycle exer-
cise test at 6 months and a 24-hour Holter ECG at 

12 months. QoL assessment using SF-36 was per-
formed at baseline, and at the 6 and 12 month F/U.

1.6 Statistical analysis

Data are presented as mean ±SD or percentages. 
Fisher’s exact test or Chi-square test were used 
for categorial variables, while continous variables 
were analyzed by unpaired t test or Mann-Whit-
ney test. All P-values were two-sided and consid-
ered significant if below 0.05.
2. Results

2.1 Study implementation

A flow chart describing the implementation of 
the study is shown in Figure 2. 72 patients were 
randomized.  Two patients designated to the abla-
tion group were withdrawn, one met the surgeons 
exclusion criteria; unforeseen events developing 
during the surgical procedure whereby adding 
ablation imposes an unproportional risk to the 
procedure, the other patient was withdrawn due 
to technical problems at the time of surgery with 
the microwave ablation system, i.e. 70 patients 
underwent the designated surgical intervention 
and are included in the analysis for morbidity and 
mortality. During the study five patients died and 
one was lost to follow up, resulting in 64 patients 
included in the analysis for primary and secondary 
endpoints.

2.2 Baseline characteristics

Baseline characteristics are given in Table 1. There 
were significantly more men and a lower frequen-
cy of tricuspid valve regurgitation in the ablation 
group, otherwise the two groups did not differ with 
regard to demographical and echocardiographic 
data, New York Heart Association classification, 
concomitant diseases or pre-operative medication.

2.3 Operative procedures, Perioperative (≤30 
days) Morbidity and Mortality

Reflecting the lower incidence of tricuspid valve 
regurgitation in the ablation group, a significantly 
lower proportion 3/31 (9.7%) underwent tricuspid 
valve repair as compared to the control group 12/33 
(36.4 %), (P = 0.01). Otherwise there were no signifi-

Figure 2: Flow chart through the study. Abbreviations: F/U, 
follow-up; MVS, mitral valve surgery; MWA,micro wave ab-
lation.
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cant differences in the type or number of surgical 
procedures, cardio pulmonary by-pass (CPB) and 
aortic cross clamp (AOC) times or hospital stay. 
The time needed for completing the microwave 
ablation was 17.5 ± 5.1 min (Table 2). The overall 
30-day in-hospital complication rate was 31.4%
(11/35) in the control group and 45.7 % (16/35)
in the ablation group, (P = 0.220) (Table 3). There
were no significant differences between the groups
with regard to the specified complications. In one
patient bleeding from an area in the right atrium
(RA) close to the inferior vena cava occurred dur-
ing weening from ECC. The right atrial wall was
on gross examination unusually thin and the per-
foration probably resulted from two microwave le-
sions overlapping. The perforation was succesfully
managed by patched sutures.  One patient died in
the ablation group resulting in a total in-hospital
mortality rate of 1.4 % (1/70). Death occurred after
surgery was completed when weaning of by-pass.
Autopsy revealed the cause of death  related to
heart failure, perioperative myocardial infarction
and prolonged surgery due to bleeding. No rela-
tion with the microwave ablation was seen. One
patient in the ablation group needed implant of an
permanent pacemaker due to sinus node disease

Table 1 Baseline Patient Characteristics

Characteristics
Ablation 
Group 
(n=31)

Control 
group 
(n=33)

P-value

Male, n (%) 26 (84) 18 (54) 0.011

Age, (years) 66 ± 7.7 67 ± 9.2 n.s.

History of AF (months) 87 ±110 
(6-240)

65 ±62 
(6-432) n.s.

Duration of  longlasting 
AF (months)

53 ±83 
(4-360)

34 ±49 
(4-240) n.s

Previous DC cardiover-
sion, n (%) 18 (58) 17 (52) n.s.

Hypertension, n (%) 12 (39) 11 (33) n.s.
Coronary artery 
disease, n (%) 5 (16) 7 (21) n.s.

Previous stroke/TIA,
 n (%) 2 (6) 4 (12) n.s.

Diabetes, n (%) 3 (10) 1 (3) n.s.
Pulmonary disease, n (%) 2 (6) 2 (6) n.s.
Heart failure, n (%) 5 (16) 5 (15) n.s.
NYHA class, n (%)
I 2 (7) 1 (3) n.s.
II-III 28 (90) 29 (88) n.s.
IV 1 (3) 3 (9) n.s.
LVEF < 50 %, n (%) 3 (10) 4 (12) n.s.
Left atrial size (cm) 5.8 ±0.7 5.8 ±0.6 n.s.
Mitral valve regurgita-
tion, n (%) 29 (94) 30 (91) n.s.

Combined mitral valve 
disease, n (%) 2 (6) 3 (9) n.s.

Tricuspid valve 
regurgitation, moderate 
or severe

7 (23) 15 (46) 0.054

Medication, n (%)
Beta-blocking agents 24 (77) 28 (85) n.s.
Calcim channel blocking 
agents 2 (6) 1 (3) n.s.

Digoxin 17 (55) 18 (54) n.s.
Class I and III 
antiarrhythmic agents 2 (6) 0 n.s.

Diuretics 14 (45) 17 (52) n.s.

ACE-inhibitors/ARB 19 (61) 22 (67) n.s.
Warfarin 29 (94) 32 (97) n.s.
Aspirin 2 (6) 2 (6) n.s.

n indicates number of patients (%). Figures are mean ±SD 
with ranges in brackets, unless otherwise stated. Abbre-
viations: TIA, transient ischemic attack; NYHA, New York 
Heart Association; LVEF, left ventricular ejection fraction; 
Class I and III, refers to Vaughan Williams classification of 
antiarrhythmic agents; ACE, angiotensin-converting en-
zyme; ARB, angiotensin II receptor antagonist.
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Table 2 Surgical data

Parameter
Ablation 
Group 
(n=31)

Control group 
(n=33) P-value

Mitral valve
replacement 3 (9.7) 8 (24.2) 0.123

Mitral valve 
repair 28 (90.3) 25 (75.8) 0.123

Tricuspid
valve repair 3 (9.7) 12 (36.4) 0.012

CABG 5 (16.1) 5 (15.1) 0.914
ASD closure 1 (3.2) 2 (6.1) 0.592

CPB (min) 146.1 ± 35.5 
(90-248) 132.5 ± 35.8 (76-248) 0.136

AOC (min) 109.0 ± 30.1 
(56-212) 95.0 ± 28.4 (49-177) 0.061

Microwave 
ablation 
time (min)

17.5 ± 5.1 
(8-28) - -

Hospital 
stay

15.4 ± 10.4 
(7-57) 12.0 ± 5.7 (5-36) 0.108

n indicates number of patients (%). Figures are mean ±SD 
with ranges in brackets, unless otherwise stated. Abbrevia-
tions: CABG, coronary artery bypass grafting; CPB, cardio 
pulmonary by-pass; AOC, aortic cross-clamp.
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(SND).

2.4 Rhythm outcome, prediction of rhythm 
and postoperative medication

The primary endpoint, preserved SR on the 12 
lead ECG at 12 months F/U, was seen in 22/31 pa-
tients (71.0%) in the ablation group as compared 
to 12/33 (36.4%) in the control group (P=0.006).  

The corresponding figures at 6 months was 20/32 
patients (62.5%) versus 9/34 (26.5%), respectively 
(P = 0.003). When analyzing 24-hour Holter ECG 
at 12 months, 21/30 (70.0%) in the ablation group 
versus 9/27 (33.3%) in the control group showed 
no episodes of AF, atrial flutter (AFL) or atrial 
tachycardia (AT) (P = 0.012). Table 5 shows the 
baseline characteristics, surgical data and postop-
erative medication of the patients in the ablation 

     Ablation Group (n=35) Control group (n=33) P-value

Perioperative morbidity/mortality, (≤30 days) n (%) 18 (54)

Re-operation (bleeding) 3 (8.6) 67 ± 9.2 n.s.
Re-operation (MR/PL) 4 (11.4) 65 ±62 (6-432) 0.114
Re-operation (AR) 0 34 ±49 (4-240) n.s.
Perioperative bleeding 1 (2.9) 17 (52) n.s.
Low cardiac output syndrome 2 (5.7) 11 (33) n.s.
Renal failure/hemofiltration 1 (2.9) 7 (21) n.s.
Sepsis 0 4 (12) n.s.
Pneumonia/Urinary tract infection 1 (2.9) 1 (3) n.s.
Pericardial effusion 4 (11.4) 2 (6) 0.356
Pleural effusion 0 5 (15) n.s.
Heart failure 1 (2.9) n.s.
Myocardial infarction 1 (2.9) 1 (3) n.s.
Sustained VT/VF 1 (2.9) 29 (88) n.s.
Permanent pacemaker implantation (SND) 1 (2.9) 3 (9) n.s.
Brainoedema 0 4 (12) n.s.
Superficial skin infection 1 (2.9) 5.8 ±0.6 n.s.
Nerve entrapment 0 30 (91) n.s.
Infection, without known agent 0 3 (9) n.s.
Hematoma (leg) 0 15 (46) n.s.
Mortality 1 (2.9) n.s.
Late postoperative morbidity/mortality, (>30 days)  n (%) 28 (85)
Re-operation (MR) 0 1 (3) n.s.
Pericardial effusion 0 18 (54) n.s.
Permanent pacemaker implantation (SND) 0 0 n.s.

TIA/Stroke 1 (2.9) 17 (52) n.s.

Pneumonia 1 (2.9) 22 (67) n.s.
Infection, without known agent 1 (2.9) 32 (97) n.s.
Chestpain and sternotomy wire removal 1 (2.9) 2 (6) n.s.
Heart failure 0 n.s.
Atrial tachycardia requiring catheter ablation 0 n.s.
Gastrointestinal bleeding 0 n.s.
Mortality 2 (5.7) n.s.

Table 3 30-day and 1-year postoperative morbidity and mortality

n indicates number of patients (%). Abbreviations: MR, mitral regurgitation; PL, paravalvular leakage; AR, Aortic regurgitation; 
VT, ventricular tachycardia; VF, ventricular fibrillation; SND, sinus node disease; TIA, transient ischemic attack.
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group with or without preserved SR at 12 month 
F/U. The history and duration of longlasting AF 
was significantly shorter in the group with pre-
served SR. The left atrial size was smaller but this 
difference did not reach statistical significance. Lo-
gistic regression analysis of the variables in table 
5 found that the only independent predictor for 
establishment of SR by microwave ablation was 
duration of longlasting AF, with an OR for AF af-
ter the procedure of 1.015 for each 1-month incre-
ment in duration of longlasting AF( 95% CI 1.000 
to 1.029, P = 0.043). 

The only antiarrhythmic agent in use at the one 
year F/U was Sotalol (Table 4), without any signifi-
cant difference in usage between the two treatment 
groups. The proportion of patients on Sotalol and 
in sinus rhythm  was 3/22 (13.6%) in the ablation 
group. versus 3/12 (25.0%) in the control group.

2.5 Late postoperative (> 30 days) Morbidity 
and Mortality

The complication rate during the remaining fol-
low-up period was after one year, 34.3 % (12/35) 
in the control group and 14.3 % in the ablation 
group (5/35), (P = 0.051) (Table 3). The mortality 
rate was identical for the two groups, 5.7 % (2/35). 
In the ablationgroup one patient had an episode of 
aborted sudden cardiac death (SCD) the day after 
discharge (postoperative day 16). A secondary se-
vere anoxic brain injury developed and the patient 

died postoperative day 40 from multiorganic fail-
ure. The case was revised by the external Adverse 
Events Advisory Committee who could not find 
any link to the microwave ablation. The second pa-
tient patient died 6.5 months after surgery due to 
cerebral infarction and secondary brain herniation. 
Sinus rhythm without clinical symptoms of parox-
ysmal AF was seen at the 6 month F/U and Warfa-
rin treatment was stopped. When presenting two 
weeks later at the emergency room with clinical 
signs of cerebral infarction, sinusrhythm was still 
present. A CT scan could not detect any pathologi-
cal findings. In the control group one patient died 
from SCD and one from a malignant brain tumor, 
3.5 and 9 months after surgery, respectively. One 
patient in the control group needed implant of an 
permanent pacemaker due to SND and another 
patient had a Stroke/Transient ischaemic attack 
(TIA) resulting in a similar pacemaker implant rate 
and stroke rate for the two groups (2.9 %).

Discussion

We were in this randomized, controlled trial table 
to demonstrate that biatrial microwave ablation in 
conjunction with mitral valve surgery effectively 
restored sinus rhythm in patients with long lasting 
atrial fibrillation compared to mital valve surgery 
alone. We found a conversion rate to stable SR at 
12 months (71.0%) which is in the mid-range of 
the 63,4% reported by the International Registry 
of AF Surgery 15 and the 78-88.9% reported by the 
four meta-analysis where both classical cut and 
sew Maze surgery and Maze like procedures are 
included.11, 16-18 The variations in conversion rate 
are assumed to reflect differences in patient popu-
lation, AF-type and duration, lesion sets, ablation 
technology and concomitant surgery.19 With regard 
to the nine randomized controlled trials(RCT)6-9, 20-

24 which address the adjunctive value of surgical 
ablation of AF in patients scheduled for open chest 
mitral valve surgery, and thus comparable to our 
study, again differences exists. The two studies us-
ing cut and sew Cox Maze III rendered the highest 
conversion rates to SR after 12 months, 80-92 %, 
however compared to our study, included young-
er patients, shorter AF-duration,22 paroxysmal AF 
and smaller left atrial size.21 In the remaining sev-
en studies, Maze like procedures were performed 
using alternative energy sources and different le-
sions sets, RF, Cryo-energy/Biatrial; n=6/56, 8, 9, 20, 23, 

Table 4 Medication at 12 months follow-up

Drug
Ablation 
Group 
(n=31)

Control 
group 
(n=33) P-value

Beta-blocking agents 25 (80.6) 27 (81.8) 0.904

Sotalol (Only Class I/III 
in use) 5 (16.1) 3 (9,1) 0.395

Digoxin 1 (3.2) 5 (15.2) 0.102
Diuretics 6 (19.4) 9 (27.3) 0.455
ACE-inhibitors/ARB 17 (54.8) 21 (63.6) 0.474
Warfarin 18 (58.1) 29 (87.9) 0.007
Aspirin 10 (32.3) 3 (9.1) 0.021

n indicates number of patients (%). Abbreviations:  Class I 
and III, refers to Vaughan Williams classification of antiar-
rhythmic agents; ACE, angiotensin-converting enzyme; ARB, 
angiotensin II receptor antagonist.
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24 and, Cryo-energy/Biatrial; n=1/0.(7) The sinus 
conversion rate varied from 44 to 80% and patient 
characteristics being more uniform with regard to 
age distribution, AF-duration, AF-type (no parox-
ysmal AF), left atrial dimensions, with the excep-
tion for the study presented by Srivastava et al,23 
and thus comparable with our results with SR in 
71% at 12 month F/U. Having said that, differenc-
es in definitions, postoperative rhythm strategies, 
antiarrhythmic treatment at F/U and potential 
bias due to a non-blinded F/U, still makes direct 
comparison difficult. To our knowledge only one 
RCT where microwave energy was used is pub-
lished.10 They reported a conversion rate to SR of 
80 vs. 33% at 12 months based on 24/41 patients. 

Compared to our study they had 24% of non-MVS 
surgery, smaller left atrial diameters, 60% of pa-
tients on antiarrhythmic treatment in the ablation 
group after 12 months which could partially ex-
plain the higher efficacy.

The rationale for replacing surgical incisions by 
alternative ablation techniques depends upon the 
capability of creating transmural lesions without 
collateral damage in an easier and faster way. Mi-
crowave energy creates lesions as a result of trans-
formation of electromagnetic energy to kinetic 
energy and dielectric heating, with lesion depth 
dependent on power and duration of delivery.25 

The potential advantages offered by microwave 

Table 5 Ablationgroup (n=31) with or without Sinusrhythm at 12 months, Baseline Patient Characteristics, 
Surgical Data, Medication

n indicates number of patients (%). Figures are mean ±SD with ranges in brackets, unless otherwise stated. Abbreviations: TIA, 
transient ischemic attack; NYHA, New York Heart Association; LVEF, left ventricular ejection fraction; Class I and III, refers to 
Vaughan Williams classification of antiarrhythmic agents.

Characteristics Sinusrhythm (n=22) No  sinusrhythm  (n=9) P-value

Male, n (%) 17 (77) 9 (100) 0.118

Age, (years) 66 ±7.9 66 ±7.6 0.938
BMI (kg/m2) 25.7±4.0 27.9±5.1 0.205
Duration of  longlasting AF (months) 28 ±50 (4-240) 113 ±114 (11-360) 0.014
Previous DC cardioversion, n (%) 11 (50) 7 (78) 0.155
Hypertension, n (%) 8 (36) 4 (44) 0.675
Coronary artery disease, n (%) 4 (18) 1 (11) 0.627
Previous stroke/TIA, n (%) 2 (9) 0 0.350
Diabetes, n (%) 2 (9) 1 (11) 0.863
Pulmonary disease, n (%) 2 (9) 0 0.350
Heart failure, n (%) 4 (18) 1 (11) 0.627
NYHA class, n (%) 0.351
I 1(5) 1 (11)
II-III 20 (90) 8 (89)
IV 1 (5) 0
LVEF < 50 %, n (%) 19 (86) 9 (100) 0.244
Left atrial size (cm) 5.6 ±0.7 6.1 ±0.7 0.069
Combined mitral valve disease, n (%) 2 (9) 0 0.350
Tricuspid valve regurgitation, mod or se-
vere, n (%) 4 (18) 3 (33) 0.360

MVR performed, n (%) 3 (14) 0 0.244
Microwave ablation time (min) 17.7±5.6 17.0±4.0 0.726
Medication at 12 months F/U, n (%)
Beta-blocking agents 19 (86) 6 (67) 0.208
Sotalol (Only Class I/III in use) 3 (14) 2 (22) 0.555
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energy is consistent penetration, low risk of tissue 
charring (temperatures < 100ºC) and a high degree 
of transmurality (>94%) using endocardial abla-
tion.26 The main drawbacks constitutes of, the risk 
of collateral damage although to our knowledge 
only isolated Featured Reviews have been pub-
lished27, 28 and lack of a feed-back system assess-
ing transmurality during surgery. The mean le-
sion depth reported in a dose-response study was 
4.1±1.3mm,26 however they used longer ablation 
time (90 s) compared to the recommended settings 
(60 s) that we used in our study. This reason and 
the fact that ablation in our study was performed 
in a human diseased atria, with supposedly thick-
er walls and fibrosis, could potentially have led to 
lower efficacy due to non-transmural lesions. 

The perioperative mortality rate of 1.4 % observed 
in our study is lower compared to the 5.1-7.1 %, 
previously reported in mitral valve surgery.29 No 
significant difference existed between the groups, 
even though the control group contained a higher 
proportion of women and tricuspid valve repair, 
known risk factors for increased mortality.29 An 
increased morbidity rate at 30 days in the abla-
tion group as compared to the control group was 
detected. The difference was not statistical sig-
nificant but similar findings has been reported by 
others.7 Among our patients, one perioperative 
complication, perforation of RA, was most likely 
caused by microwave ablation. Of the remaining 
complications observed in the ablation group, 
no obvious link could be established to the abla-
tion procedure. This however does not exclude 
that such a connection exists. During the remain-
ing follow-up period the mortality and morbidity 
rate did not differ between the groups. The need 
for pacemaker implantation, catheter ablation for 
atrial tachycardia and stroke was low. However, 
the observation of a stroke in one ablated pa-
tient with sinus rhythm and discontinued warfa-
rin treatment supports the prevailing strategy of 
maintaining warfarin based on clinical risk factors 
instead of the observed rhythm.19

To conclude, sinus rhythm was safely restored and 
preserved by performing microwave ablation in 
conjunction with mitral valve surgery in patients 
with long lasting continuous AF as compared to 
mitral valve surgery alone. These findings are in 

accordance with the current guidelines support-
ing surgical ablation in cardiac surgery.

Limitations

Since we only used 12-lead ECG and 24-hour Holt-
er ECG to determine rhythm outcome, episodes of 
asymptomatic paroxysmal AF, AT and AFL could 
have occurred during follow-up, i.e. underesti-
mating the true burden of atrial tachyarrhythmias. 
The fact that all patients were not of antiarrhyth-
mic drugs (Sotalol) when analyzing the primary 
endpoint at 12 months could act as a confound-
ing factor. However, the small proportion of pa-
tients on Sotalol, without differences between the 
groups and its modest efficacy ought to limit the 
influence on the rhythm outcome. The formation 
of a transmural lesion was not confirmed at sur-
gery by electrophysiological mapping.
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Background

AF is the most common sustained cardiac arrhyth-
mia, occurring in 1 – 2% of the general population. 
In the majority of patients there appears to be an in-
exorable progression of AF to persistent or perma-
nent forms, associated with further development 
of the disease that may underlie the arrhythmia.1

The rate of AF recurrence is 10% in the first year 
after the initial diagnosis (25–50% in the first 
month after restoration of sinus rhythm) and 
about 5% per annum thereafter. Co-morbidities 
and age significantly accelerate both the progres-
sion of AF and the development of complications.1 
Moreover, it was reported that only about the 30% 
of patients with recurrences of any type of AF at 
any time were symptomatic.2 Factors that predis-
pose to AF recurrence are age, AF duration before 
restoration of sinus rhythm, number of previous 

recurrences, an increased left atrial (LA) size or 
reduced LA function, and the presence of coro-
nary heart disease or pulmonary or mitral valve 
disease. Atrial ectopic beats with a long – short se-
quence, faster heart rates, and variations in atrial 
conduction increase the risk of AF recurrence.1

As well known, a complete echocardiographic 
exam of a patient with AF, in order to decide a 
therapeutical approach, includes measurements 
of  LV systolic function and dimensions, valvulop-
athiesdegree and LA dimensions. However echo-
cardiographic parameters to clearly predict AF 
recurrence are not known.  LV diastolic dysfunc-
tion degree has been associated with new-onset 
AF3 and in the last few years many new param-
eters to evaluate diastolic function were intro-
duced and validated, even in patients with  AF.4,5

Aim of this review was to summarize echo-
cardiographic parameters, focusing on new 
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Atrial fibrillation (AF) is a very common sustained arrhythmia. Co-morbidities and age significantly ac-
celerate the progression of AF to persistent and permanent forms and the development of complications. 
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Aim of this review was to summarize echocardiographic parameters, focusing on new tools, to evaluate 
patients with AF and to explore the role of echocardiographic evaluation to predict recurrence of the ar-
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tools, to evaluate patients with AF and to ex-
plore the role of echocardiographic evalua-
tion to predict recurrence of the arrhythmia.

Standard Echocardiography

In daily practice a standard echocardiogram was 
performed in patients with AF or with history of 
AF. LA enlargement has been identified as a risk 
factor for new onset  AF6 than for AF recurrence. 

Increased left atrial volume (LAV) is a well known 
indicator of chronic diastolic dysfunction. Com-
monly encountered AF in older patients with 
cardiovascular disease is preceded by atrial en-
largement and increased left ventricular filling 
pressures.7 In patients who underwent radio fre-
quency catheter ablation (RFCA) for lone AF, LA 
dimensions are associated with arrhythmia recur-
rence. In the study of Hussein et al8, LA area, LV 
ejection fraction and pre-procedural BNP (Brain 
Natriuretic Peptide) were independently associ-
ated with AF recurrence ain the 24 months follow 
up period in patients who underwent success-
ful RFCA. It is well known that BNP levels are 
closely related to LA and LV dimensions. Patients 
with AF recurrence had a significantly larger 
LA size, increased E-wave (early wave) velocity, 
and an increased E/e’ ratio (average between lat-
eral and septal wall) compared to patients who 
maintained SR.9 However, a more accurate esti-
mation of LA dimensions must include evalua-
tion of LAV. 2D LAV, in facts, represents  a more 
comprehensive evaluation of the ‘true’ LA size 
and it may improve the identification of patients 
with a high likelihood of maintaining of sinus 
rhythm. In a recent work by Marchese et al10 411 
patients who underwent successful cardioversion 
for AF were scheduled for a follow-up of at least 
6 months in order to assess rate of recurrence 
and value of 2D indexed LAV (iLAV) as predic-
tor of AF recurrence. About 250 patients (60.8%) 
developed AF recurrence after a median follow-
up of 345 days. Patients with AF recurrence had 
significantly greater iLAV than patients without 
AF recurrence. In a multivariable model, each ml/
m2 increase in iLAV was independently associ-
ated with a 21% increase in the risk of AF recur-
rence. A value of iLAV of 33.5 ml/m2 was charac-
terized by an 83% sensitivity and 76% specificity 
to predict AF recurrence. These findings were 

confirmed in patients undergoing RFCA.11 Sig-
nificantly dilated atria are generally thought to be 
associated with a high degree of atrial remodeling 
which limits the efficacy of RFCA.11  LA volumes 
can be measured at 3 points: 1) in ventricular sys-
tole just before mitral valve opening (LAV max); 2)  
before active atrial contraction volume at P-wave 
onset on ECG (LAV before P) ; and 3) minimal LA 
volume after mitral valve closure (LAV min). LA 
passive (LA PEF: LAV max- LAV before P/LAV 
max) and active emptying fraction  (LA AEF: LAV 
before P- LAV min/LAV before P)  can be used as 
parameters of atrial function. LA PEF is an index 
of passive component of LA pump function, while 
LA AEF of active component.12 LA total emptying 
fraction (LAV max- LAV min/LAV max), that is ex-
pression of either passive and active component of  
LA  pump function, was proposed in literature as 
predictor of first episode of AF or atrial flutter. It 
was demonstrated that,  in patients over 65 years 
old, this parameter was associated with risk for 
first AF or atrial flutter after adjusting for baseline 
clinical risk factors, left ventricular ejection frac-
tion, diastolic function grade, and LA volume.13 
However, an important limit of these parameters 
is that they are derivative parameters, and thus 
aincorrect detection of 2D LA volumes could po-
tentially determine a modification of emptying 
fractions.  Atrial ejection force and la kinetic en-
ergy14 can be assessed non invasively by combined 
two-dimensional imaging and A wave measure-
ment, obtained by Doppler echocardiography 
(mitral  annulus  dimension in 4 chamber apical 
view for LA ejection force and LA stroke volume 
for LA kinetic energy, respectively) . These param-
eters have been proposed in the last decades as 
direct measurements of LA mechanics after CVE 
cardiovascular events (CVE) and in chronic heart 
failure.15,16 However their clinical significance is 
poorly defined. 

Tissue Doppler

The ratio of early diastolic transmitral flow ve-
locity (E) to early diastolic mitral annular veloc-
ity (e′), a tissue Doppler imaging derived index of 
LV diastolic function, allows for the noninvasive 
assessment of left ventricular filling pressure and 
estimation of atrial pressure.17 The most recent 
guidelines for echocardiographic evaluation of 
diastolic function indicate  E/e’ ratio (average be-

 www.jafib.com 24 Aug-Sep, 2012 | Vol 5 | Issue 2                          

Journal of Atrial Fibrillation Featured Review



tween lateral and septal wall) as a key parameter 
in the estimation of degree of diastolic dysfunc-
tion (Figure 1).  E/e’ ratio has been well validated 
in the evaluation of outcome in patients with AF. 
18 The role of  E/e’ ratio as predictor of AF recur-
rence after successful electrical cardioversion was 
investigated in our previous study. We evaluated 
patients with persistent non valvular AF ,who 
underwent electrical cardioversion. After 1 year 
follow up 43% of patients showed AF recurrence. 
E/e’ ratio was an independent predictor of even 
early and late AF recurrence. In our study values 
of 5.6, 8.1, and 10.5 for E/e’ corresponded to es-
timated 25%, 50%, and 75% risks, respectively.19

These data are confirmed in patients undergoing 
RFCA for AF. Li et al20 enrolled 103 patients who 
underwent RFCA for symptomatic non- valvular 
persistent or paroxysmal AF. The E/e′ ratio mea-
sured before ablation was independent predic-
tor of early AF recurrence (3 months follow up). 
A cutoff value of 11.2 for the E/e′ measured be-
fore ablation was associated with a sensitivity of 
80.8% and specificity of 81.8% for AF recurrence. 
E/e′ measured in sinus rhythm 1 day after abla-
tion had an even better predictive power with a 
sensitivity of 88.5 % and a specificity of 87%.  Simi-
lar results were obtained in patients undergoing 
RFCA.21, 22  Patients with diastolic dysfunction 
had a lower mean LA voltage even after adjust-
ing for hypertension and the age  and multivariate 
analysis indicated diastolic dysfunction and LA 
voltage as independent predictors of recurrence. 
Authors hypothesized that diastolic dysfunction 
results in a chronic diastolic atrial pressure over-
load, and subsequent LA remodeling, and that 

decrease in LA voltage was expression of early 
atrial remodeling.22 Low (< 0.5 mV) or absent 
(<0.05 mV) electrographic recording, measured 
with extensive voltage mapping of the left atri-
um (LA) are defined as “scarring”. It was reported 
that presence and extension of LA scaring before 
RFCA is related with recurrence of arrhythmia.23

Strain and strain rate are parameters that can be 
obtained offline, with dedicated softwares. Strain 
rate (SR) is defined as the local rate of deforma-
tion of a tissue and strain the total amount of local 
deformation. Tissue Doppler imaging (TDI) data 
can be acquired during a standard echocardio-
gram. Strain and SR are then performed with of-
fline analysis. Peak regional and global longitudi-
nal strain are measured at the end of LV ejection, 
while LA SR is measured as peak systolic, during 
early and late diastolic (atrial contraction) LV fill-
ing. In patients with AF, late diastolic SR is absent. 
Di Salvo et al24 measured TDI strain and SR in mid 
segment of LA inferior wall  in 65 consecutive pa-
tients with lone AF  before electrical cardiover-
sion. In the subgroup of patients with AF recur-
rence  atrial myocardial properties assessed by SR 
and strain were significantly reduced respect to 
patients who remained in sinus rhythm after nine 
months. In the study of  Wang and colleagues25 LA 
transverse diameter was significantly larger and 
atrial early diastolic deformation was significant-
ly lower in patients who reverted to AF within 4 
weeks after electrical cardioversion for persistent 
AF. These parameters  were independent predic-
tors of failure of the procedure and their combi-
nation in a prediction model improve sensitivity 
and specificity to predict the likelihood of main-
tenance of sinus rhythm. Recently, strain and SR 
measurements have been measured with speck-
le tracking echocardiography (figure 2 and 3).

Speckle Tracking

Two-dimensional strain imaging is an echocar-
diographic technique that uses standard B-mode 
images for speckle tracking analysis. The dis-
placement of a speckled pattern is considered to 
follow myocardial movement. For speckle track-
ing analysis of LA chamber, apical four- and 
two-chamber views images are obtained using 
conventional two-dimensional gray scale echo-
cardiography, during breath hold with a stable 

Figure 1: Tissue Doppler measurements on LV lateral wall
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ECG recording.  In contrast to Doppler-derived pa-
rameters, speckle tracking has the advantage of be-
ing angle-independent, and to be less affected by 
reverberations, side lobes and drop out artifacts.26 
Nonetheless, intrinsic limitations of speckle track-
ing include strict frame rate dependency, potential 
errors in epicardial/endocardial border tracing in 
subjects with suboptimal image quality, and need 
for an appropriate learning curve to achieve ade-
quate experience in using analysis software.26 Atri-
al myocardial deformation properties have been 
investigated in  several clinical settings.27-29  It was 
reported that in patients with mitral regurgitation 
and clinical history of  paroxysmal AF, LA global 
strain is significantly reduced.30  In patients who 
underwent cardiac surgery it is well known that 
postoperative AF is an important and relatively 
common complication, occurring in up to 65% of 
patients.31  In 70 patients undergoing coronary ar-
tery bypass grafting, in sinus rhythm at the time 
of surgery, preoperative LA strain and strain rate 
by speckle tracking were significantly decreased 
in patients who developed  postoperative AF af-
ter 1 week follow-up.32  Hwang et al33 analyzed 
LA global longitudinal strain in 40 patients with 
paroxysmal AF who underwent RFCA compared 
with 40 age- and gender-matched healthy control 
subjects. Global strain and systolic SR in all eight 
segments, and its average values, were significant-
ly reduced in AF patients compared to controls. 
During 9 months of follow-up after RFCA  AF re-
currence was associated with gender, LA volume 
index, and global strain.  Even in the more recent 
study by Mirza et al34, reduction of LA strain  indi-
ces were independent predictors of AF recurrence 

after RFCA. LA strain was measured before RFCA 
(in sinus rhythm) and patients were followed up 
for 3 months. In patients that had AF recurrence 
(46%), LA global strain and SR were significantly 
reduced and particularly LA strain of lateral wall, 
that emerged as independent predictor of AF re-
currence, even in patients with paroxysmal AF. 
Interestingly, in this study both groups had simi-
lar 2D echocardiographic and Doppler features, 
including LA volumes, LV mass index, LVEF, and 
other parameters of systolic and diastolic function. 
It is possible that in these patients, despite similar 
atrial dimensions, there is greater chamber stiff-
ness and thus a reduced atrial reservoir function, 
as indicated by depressed global strain and SR.  
In the study by Hammerstingl et al,35  LA radial 
and longitudinal strain were obtained in 103 con-
secutive patients with paroxysmal or persistent 
AF before RFCA, to predict AF recurrence rate.
In Respect to matched controls, AF patients be-
fore RFCA had a reduction in global LA defor-
mation capabilities, assessed by strain indices.  
Machino-Ohtsuka T et al36 measured  LA stiffness 
as ratio of difference between LA maximum and 
minimum invasive pressure to peak of LA strain 
obtained with speckle tracking echocardiogra-
phy. This parameter was obtained in 155 patients 
who underwent RFCA.   Authors aimed to dem-
onstrate also that a similar non invasive parame-
ter  could be easily calculated with a combination 
of the atrial filling pressure (i.e. E/e’ ratio) and LA 
strain. Patients with recurrent AF had a signifi-
cantly higher LA stiffness index before ablation.  
The invasive LA stiffness index was correlated 
with the BNP, PIIIP (a collagen synthesis marker), 
E/e′ ratio, and LA dilatation, which are markers 
of LV diastolic dysfunction. Authors hypothesis 
was that this parameter could “read” structural 
and functional remodeling of LA that, in turn, 
might account for greater risk of AF recurrence. 
Hirose et al37 prospectively observed a cohort of 
580 adults without a history of atrial arrhythmias. 
32 of them developed  an episode of AF during 
a follow up of 28 months. In this subgroup  LA 
active ejection fraction, was an independent pre-
dictor of new onset AF, better than LA size. Au-
thors’ concluded that this parameter,  that reflects 
atrial booster pump function, is associated with 
LA functional remodeling stronger than LA size. 

2 D strain and strain rate measurements, if ade-

Figure 2: LA atrial strain curves by speckle tracking echocar-
diography. PALS: peak of atrial longitudinal strain.
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quately obtained, could represent a valid tool to de-
tect early modifications in LA substrate. However, 
multicenter studies are needed to define a unique 
method of measurements and reference values. 

Three-Dimensional Echocardiograpy

Recently, a more accurate evaluation of  LAV 
was introduced throughout 3 D measurements 
of LA size. The available three-dimensional 
imaging modalities include  magnetic reso-
nance imaging, and three-dimensional echo-
cardiography. These methods are useful to a 
better assessment of LA size, morphology and 
substrate, which may significantly improve pre-
diction of successful RFCA for AF, although 
limited by the necessity of sinus rhythm.38, 39 
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Conclusions

LV filling pressure is an important determinant of 
risk of AF recurrence and its evaluation must be 
part of a complete echocardiographic evaluation 
in patients with history of AF. Additional treat-
ment strategies for AF, including a more extensive 
ablation and/or a prolonged antiarrhythmic and 
anticoagulant treatment, should be considered in 
patients with more advanced diastolic dysfunc-
tion and elevation of  E/e’ ratio. New echocar-
diographic tools for evaluation of atrial myocar-

dial deformation properties, could be helpful to 
non-invasive characterization of abnormal atrial 
myocardial substrate and may aid to a more accu-
rate selection of patients  being considered for AF 
strategies of restoration of sinus rhythm. 
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Introduction

Atrial fibrillation (AF) is an increasingly common 
arrhythmia because of population ageing, the im-
provement in the survival of patients with heart dis-
eases, as well as progresses in medical and surgical 
therapies for cardiovascular diseases. On this basis, 
the number of patients with AF is expected to reach 
6 to 16 million by 2050 in the USA, while a similar 
proportion is also expected in Western Europe.1-3

The costs of managing AF is high. In a recently pub-
lished systematic review on the topic, direct cost 
estimates ranged from $ 2000 to 14,200 per patient-
year in the USA, and from € 450 to 3000 in Europe.4 
These costs are comparable with those of other 
chronic conditions, such as diabetes. In the UK, di-
rect costs of AF represented 0.9 to 2.4% of health care 
budget in 2000, and almost doubled over the previ-
ous 5 years. In-patient care accounted for 50-70% of 
annual direct costs, and in the USA AF-related hos-
pitalizations alone had $ 6.65 billion cost in 2005. In 
another review, the overall estimated average an-

nual system cost was $ 5450 (SD $ 3624) Canadian 
dollars in 2010 and ranged from $ 1,632 to 21,099. 
About one third of the costs were attributed to an-
ticoagulation management. The largest cost was 
attributed to acute care, followed by outpatient 
and physician, and medications related costs.5

Costs and hospitalizations attributable to AF have 
greatly increased over recent years and are ex-
pected to further increase in future due to popu-
lation ageing. On this basis, increased awareness 
and attention to AF prevention is warranted, espe-
cially for primary prevention, because while data 
from clinical trials have shown that preventing AF 
recurrence after it develops does not reduce ma-
jor adverse events, such as stroke and death, and 
there is controversial evidence that it is possible 
to prevent AF recurrences AF primary prevention 
may be feasible and efficacious for specific patients 
groups.6-8 Moreover, it might have the potentiality 
to affect major adverse events more than secondary 
prevention. This seems not surprising since the un-
derlying atrial remodelling may have gone too far 
to be successfully reversed after AF developing.8
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AF is associated with hypertension, congestive 
heart failure, ischemic heart disease, and diabe-
tes, that are also recognized risk factors for the 
arrhythmia.9 Specific conditions, such as cardiac 
surgery, are also associated with an increased risk 
to develop AF.10

AF involves a continuous remodeling of the atria 
with electrical and structural transformations. Spe-
cific therapies may have the potentiality to affect 
either the formation or the evolution of the sub-
strate for AF (upstream therapies), providing the 
basis for the primary prevention of AF (Figure 1).11

Several medications not traditionally considered 
as anti-arrhythmic agents (angiotensin-converting 
enzyme inhibitors-ACEIs, angiotensin receptor 
blockers-ARBs, aldosterone antagonists, statins, 
n-3 polyunsaturated fatty acids-PUFAs, cortico-
steroids, and colchicine) have been evaluated for
the primary prevention of AF. Aim of the present
review is to summarize current experimental and
clinical evidence on the primary prevention of AF.

Inhibitors of the Renin-Angiotensin-Aldo-
sterone System

The renin-angiotensin-aldosterone system is sug-
gested to play a key role in the development of 
AF through structural and electrical remodeling.

The key mechanism of antiarrhytmic action of 
inhibitors of the renin-angiotensin-aldosterone 

system (RAAS) is related to the opposition of the 
arrhythmogenic effects of angiotensin II, includ-
ing stimulation of atrial fibrosis and hypertrophy 
secondary to activation of mitogen-activated pro-
tein kinases, uncoupling gap junctions, impaired 
calcium handling, activation of mediators of oxi-
dative stress, and promotion of inflammation.12,13

Four meta-analyses have shown that ACEIs and 
ARBs may be effective for the primary preven-
tion of AF in the setting of heart failure. In these 
studies, the risk of new-onset AF in patients with 
chronic heart failure was reduced by 30-50%.14-17

These data are consistent with experimental find-
ings of atrial fibrosis as the leading mechanism 
of AF in chronic heart failure models and evi-
dence of the antifibrotic effects of RAAS inhibi-
tion. There are no data if such effects may also 
reduce morbidity and mortality in the setting 
of chronic heart failure, and if ACEIs and ARBs 
may reduce the incidence of AF in patients with 
heart failure and preserved systolic function.18

The effects of RAAS inhibition on primary preven-
tion of AF is less evident in hypertensive patients. 
Only one of four meta-analyses14-17 showed a sta-
tistically significant 25% reduction in relative risk 
of AF.16

The effects are less clear in patients with multiple 
risk factors such as hypertension, diabetes melli-
tus, CAD, cerebrovascular disease, peripheral ar-
tery disease, hypercholesterolemia, such as those 
reported in the HOPE and TRANSCEND trials.19,20

In the setting of postoperative AF, RAAS inhibition 
was not efficacious for AF primary prevention.21-24

In a recently published meta-analysis, including 
14 randomized controlled trials that reported on 
new onset atrial fibrillation (92,817 patients), and 
that compared at least one of the following drugs: 
angiotensin-converting enzyme inhibitors, angio-
tensin II-receptor blockers, and aldosterone an-
tagonists with conventional therapy or placebo, 
RAAS inhibition compared with conventional 
therapy or placebo reduced new onset atrial fibril-
lation (RR=0.79; 95% CI; 0.69-0.90, p-value<0.001). 
ARBs showed a strong effect in the reduction of 
onset atrial fibrillation (RR=0.78; 95% CI: 0.66-0.92, 
p-value=0.009), whereas results for ACE inhibi-
tors were not as clear but likely show no effect

Figure 1. Upstream therapies may affect the underlying dis-
ease (i.e. ACEi, ARB, statins), the substrate, the triggers (i.e. 
inflammation for statins, corticosteroids, and colchicine), and 
the remodelling process (all agents) preventing atrial fibrilla-
tion at different levels and mechanisms.
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(RR=0.79, 95% CI: 0.62-1:00, p-value: 0.05). Aldo-
sterone antagonists, did not appear to play a role 
in the prevention of new onset atrial fibrillation 
(RR=0.77, 95%CI: 0.55-1.08, p-value: 0.21). Risk re-
duction was highest among heart failure patients.19

RAAS inhibition has been proven efficiacious for 
AF primary prevention in the setting of significant 
underlying heart disease (e.g. left ventricular dys-
function and hyperthrophy). Current European 
guidelines recognize the utility of RAAS inhibi-
tion for AF primary prevention in patients with 
chronic heart failure (class I, level of evidence A) 
or hypertension , especially with left ventricular 
hypertrophy “(class IIa, level of evidence IIa)”.26

Statins

The exact mechanism by which statins may prevent 
AF is not fully understood. Statins may improve lip-
id metabolism, prevent atherosclerosis, endotelial 
dysfunction and neurohormonal activation, and 
exert anti-inflammatory and antioxidant actions.27

Moreover statins may antagonize the arrhythmo-
genic effects of angiotensin II by reducing oxi-
dized low-density lipoproteins, regulate metal-
loproteinanses (MMPs), and in that way play a 
regulatory role in atrial structural remodelling. In 
animal models with sterile pericarditis and pacing, 
statins may attenuate atrial electrical and structur-
al remodelling and reduce vulnerability to AF.28-30

Several retrospective analysis from RCTs and reg-
istries of patients with chronic heart failure have 
suggested a possible reduction in the incidence of 
new-onset AF.31-34

A 28-31% reduction in relative risk of developing 
AF has been reported in the Advancent registry31 
and SCD-HeFT (Sudden Cardiac Death in Heart 
Failure Trial).32

However in the GISSI-HF (Gruppo Italiano per 
lo Studio della Sopravvivenza nell’Insufficienza 
cardiaca Heart Failure) rosuvastatin significantly 
reduced the risk of AF only after adjustement for 
clinical variables, laboratory findings, and con-
comitant therapy (HR 0.820; 95% CI 0.680-0.989; 
p=0.038).33  There is also limited evidence for the 
role of statins in the primary prevention of AF 

in the setting of hypertensive patients and con-
flicting evidence in patients with coronary ar-
tery disease and acute coronary syndromes.18

More convincing data have been reported for the 
prevention of postoperative AF. 

Several retrospective studies and RCTs,35-42 a sys-
tematic review,43 and a meta-analysis44 have re-
ported a lower incidence of postoperative AF and 
a shorter hospital stay with statins. In the most 
recently published meta-analysis, 11 randomized 
controlled studies  were analyzed and included 
with a total of 984 participants undergoing on- 
or off-pump cardiac surgical procedures. Pooled 
analysis showed that statin pre-treatment before 
surgery reduced the incidence of post-operative 
atrial fibrillation (AF) (OR 0.40; 95%-CI: 0.29 to 
0.55; p<0.01), but failed to influence short-term 
mortality (OR 0.98, 95%-CI: 0.14 to 7.10; p=0.98) 
or post-operative stroke (OR 0.70, 95%-CI: 0.14 to 
3.63; p=0.67). Statin therapy was associated with 
a shorter length of stay of patients on the inten-
sive care unit (ICU) (WMD: -3.39 hours; 95%-CI: 
-5.77 to -1.01) and in-hospital (WMD: -0.48 days;
95%-CI: -0.85 to -0.11) where significant hetero-
geneity was observed. No significant side effects
were reported. There was no reduction in myo-
cardial infarction (OR 0.52; 95%-CI: 0.2. to 1.30)
or renal failure (OR 0.41; 95%-CI: 0.15 to 1.12).45
The role of statins for AF primary prevention has
been not definitively demostrated, more evidence
supports their use in the setting of postoperative
AF prevention. On this basis, the 2010 ESC guide-
lines on atrial fibrillation management gave a class
IIb recommendation for the use of statin in patients
with underlying heart diseases, especially chronic
heart failure (LOE B), and a class IIa recommenda-
tion for prevention of postoperative AF (LOE B).26

Polyunsaturated Fatty Acids

Polyunsaturated fatty acids (PUFA) are natu-
ral constituents of cell membranes and regu-
late their fluidity, also modulating the activ-
ity of multiple membrane proteins. PUFA may 
counteract the arrhythmogenic effects of atrial 
stretch and have direct eletrophysiological ef-
fects on ion channels (i.e. INa, IKur, IAch, Ito, and ICa 
as well as the Na+/Ca++ exchanger).46-49 Addi-
tional properties include anti-inflammatory and 
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antioxidant actions and the potentiality to regu-
late mitogen-activated protein kinase activity.50

Despite these theoretical premises and experi-
mental evidences in animal models such as 
those in experimental sterile pericarditis mod-
els, where PUFA reduced the inflammatory re-
sponse and the AF inducibility,51 epidemiologi-
cal studies have given controversial results.52-56

In a recently published meta-analysis on the ef-
fects of PUFA for postoperative AF prevention, 3 
RCTs were included in the analysis, enrolling a 
total of 431 patients. Overall incidence of postop-
erative AF ranged from 24 to 54%. Pooling data, 
n-3 PUFA did not show a significant effect on
the risk of postoperative AF [risk ratio 0.89; 95%
confidence interval (CI) 0.55-1.44; P = 0.63]. How-
ever, meta-regression analysis showed a trend
toward a benefit from n-3 PUFA supplementation
when the EPA/DHA ratio was 1:2 (Q model = 7.4;
p model = 0.02) and when preoperative β-blocker
rate was lower (Q model = 8.0; p model = 0.01).57

Thus, although the theoretical background and 
animal experimental evidences, PUFA efficacy for 
the primary prevention of AF still has to be prov-

en and ongoing clinical trials will provide further 
evidence for or against their use in this setting.

Corticosteroids 

Inflammation is a key mechanism of AF for some 
forms, especially in the postoperative setting.58 An-
imal studies have shown that corticosteroids may 
prevent electrical remodelling and inducibility of 
atrial tachyarrhythmias by attenuating inflamma-
tion in postoperative and atrial pacing models of 
AF, as well as sterile pericarditis models of atrial 
flutter.59-61 In these settings, use of corticosteroids 
was associated with C-reactive protein levels re-
duction, as well as reduced activity of endothe-
lial nitric oxide synthase and myeloperoxidase.59-61

These effects were not reproducible with the use 
of ibuprofen, probably because of the effect of 
NSAID limited to inhibition of cyclo-oxygenase.62

Three meta-analyses have shown that corti-
costeroids was associated with a 26-58% re-
duction in the relative risk of post-operative 
AF as well as hospital stay by one day.63-65

Intermediate doses of corticosteroids were more 
efficacious compared with low or high doses. 

Table 1        Pharmacologic agents for primary prevention of atrial fibrillation.

Drug Mechanism Evidence

Inhibitors of the renin-angiotensin-
aldosterone system (RAAS): ACEi
 ARB  Aldosterone antagonists

Anti-angiotensin II effects
Experimental data, more convincing data in 
the setting of postoperative AF prevention 
needed.

Statins

Combined actions (lipid metabolism, 
atherosclerosis prevention, endotelial 
function, anti-inflammatory and anti-
oxidant actions)

Favourable experimental data but conflicting 
data from epidemiological studies. Definitive 
proof of efficacy still lacking also in the set-
ting of postoperative AF prevention.

n-3 PUFA

Modulation of cell membrane fluidity, 
multiple membrane proteins function, 
including ion channels (i.e. INa, IKur, 
IAch, Ito, and ICa as well as the Na+/
Ca++ exchanger). Additional properties 
include anti-inflammatory and antioxi-
dant actions.

Clinical evidence supports a 26-58% reduc-
tion in the relative risk of POAF.

Corticosteroids Anti-inflammatory effects
Colchicine may halve several postoperative 
complications (PPS, postoperative effusions, 
POAF)

Colchicine Anti-inflammatory effects, possible 
direct effect on atria

ACEi= angiotensin-converting enzyme inhibitors, ARB= angiotensin receptor blockers; POAF= post-operative atrial fibrillation, 
PPS= post-pericardiotomy syndrome.
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However, use of corticosteroids was associated 
with an increased risk of hyperglycemia, post-
operative pneumonia, urinary tract infections, 
and gastrointestinal bleeding. High dose cortico-
steroids may also have a proarrhythmic effect.66,67

Also other epidemiological reports suggest that 
use of corticosteroids, especially at high doses, 
may be associated with an increased risk of AF.68,69

Nevertheless, based on available evidence, cur-
rent European guidelines gave a class IIb recom-
mendation for the use of corticosteroids for the 
prevention of AF after cardiac surgery (LOE B). 26

At present, two large randomised controlled trials 
are ongoing to further clarify the role of cortico-
steroids for AF prevention in the post-operative 
setting or after ablation (ClinicalTrials.gov Iden-
tifier: NCT01143129, ClinicalTrials.gov Identifier: 
NCT00807586).

Colchicine 

Colchicine is a potentially poisonous natural 
product and secondary metabolite, originally 
extracted from plants of the genus Colchicum 
(Autumn crocus, Colchicum autumnale, also 
known as the ‘meadow saffron’). The drug has 
been used for the treatment and prevention of 
gouty attacks for centuries. More recently, col-
chicine has been studied and used in several 
other inflammatory conditions, i.e. serositis. Fol-
lowing the successful use in prevention of peri-
carditis in the setting of Familial Mediterranean 
Fever, the drug has been used for the treatment 
and prevention of isolated and idiopathic peri-

carditis.65 After non-randomized studies and ini-
tial randomised trials in acute and recurrent peri-
carditis, 66-69 the efficacy and safety of colchicine 
for pericarditis treatment and prevention has been 
confirmed in a recently published meta-analysis.75

In this meta-analysis, five controlled clinical trials 
were finally included (795 patients): three studies 
were double-blind randomised controlled trials, 
and two studies were open-label randomised con-
trolled trials. Trials followed patients for a mean of 
13 months. Meta-analytic pooling showed that col-
chicine use was associated with a reduced risk of 
pericarditis during follow-up (RR=0.40, 95% CI 0.30 
to 0.54, p for effect <0.001, p for heterogeneity = 0.95, 
I(2)=0%) either for primary or secondary prevention 
without a significant higher risk of adverse events 
compared with placebo (RR=1.22, 95% CI 0.71 to 2.10, 
p for effect 0.48, p for heterogeneity = 0.44, I(2)=0%), 
but more cases of drug withdrawals (RR=1.85, 95% 
CI 1.04 to 3.29, p for effect 0.04, p for heterogene-
ity = 0.42, I(2)=0%). Gastrointestinal intolerance 
is the most frequent side effect (mean incidence 
8%), but no severe adverse events were recorded.
The exact mechanism of colchicine action is not 
fully understood. Most of the pharmacological ef-
fects of colchicine on cells involved in inflammation 
appear to be related to the capacity of colchicine to 
inhibit the process of microtubule self-assembly by 
binding tubulin with the formation of tubulin–col-
chicine complexes, thus interfering with several 
cellular functions (such as chemotaxis, degranula-
tion, phagocytosis) in leucocytes, thereby reduc-
ing the inflammatory response. Colchicine shows a 
preferential concentration in leucocytes, especially 
neutrophils, and the peak concentration of colchi-
cine in these cells may be more than 16 times the 

Table 2 Primary prevention of atrial fibrillation: recommendation from 2010 ESC guidelines.86 

Recommendation Class of 
indication

Level of 
evidence

ACE-inhibitors, ARBs for AF prevention in patients with heart failure and reduced EF. IIa A

ACE-inhibitors, ARBs for AF prevention in patients with hypertension and LV hypertrophy. IIa B
Statins for AF prevention after coronary artery bypass grafting with or without valvular surgery. IIa B

Statins for AF prevention in patients with underlying heart disease, especially heart failure. IIb B
Upstream therapies with ACEi, ARB, statins for AF primary prevention in patients without heart 

diseases. III C

ACE= angiotensin converting-enzyme, ARB= angiotensin receptor blockers, AF= atrial fibrillation, EF= ejection fraction, LV=left 
ventricle.
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peak concentration in plasma even when used 
at low oral doses, such as 0.5 to 1.0 mg daily.70,76

In the post-operative setting, colchicine used at 
low oral doses (0.5 to 1.0mg daily from the 3rd 
postoperative day for 1 month) is able to halve 
the incidence of several postoperative complica-
tions, including postpericardiotomy syndrome, 
postoperative pericardial and pleural effu-
sions, and postoperative atrial fibrillation.73,77,78

In the COPPS post-operative AF study, 336 pa-
tients were included (mean age, 65.7 years; 69% 
males). Patients were in sinus rhythm before 
starting the intervention (placebo/colchicine 1.0 
mg twice daily starting on postoperative day 3 
followed by a maintenance dose of 0.5 mg twice 
daily for 1 month in patients >70 kg, halved dos-
es for other patients or intolerant to the highest 
dose). Despite well-balanced baseline character-
istics, patients on colchicine had a reduced in-
cidence of post-operative AF at 1 month (12.0% 
versus 22.0%, respectively; P=0.021; relative 
risk reduction, 45%; number needed to treat, 
11) with a shorter in-hospital stay (9.4±3.7 ver-
sus 10.3±4.3 days; P=0.040) and rehabilitation
stay (12.1±6.1 versus 13.9±6.5 days; P=0.009).
Side effects were similar in the study groups. 78

In animal studies of experimental sterile peri-
carditis, profound epicardial neutrophil infiltra-
tion, which promotes gap junction remodeling, 
has been detected. Areas with significant neutro-
phil infiltration displayed necrotic changes and 
had a lower abundance of connexins 40 and 43.79 
Consistent with these observations, atrial my-
eloperoxidase levels (which reflect neutrophil/
macrophage infiltration) were associated with 
conduction slowing and conduction heteroge-
neity in another canine cardiac surgery model.80 

Colchicine attenuates neutrophil activation, en-
dothelial cell adhesion, and migration to injured 
tissues.81 In addition to the potential effects of 
colchicine on neutrophil activation/migration/
infiltration, colchicine may have relevant effects 
on atrial myocytes. Microtubules regulate the 
localization and interaction of adrenergic recep-
tors and adenylate cyclase in caveolae (special-
ized lipid domains in the cell membrane).81 As 
a result, microtubules modulate the phosphory-
lation of calcium channels and likely affect the 

response of the atria to autonomic stimulation.82 

Because autonomic balance is altered in the post-
operative state, drugs that attenuate sympathetic 
activity (eg, beta-adrenergic receptor blockers 
or colchicine) or increase parasympathetic activ-
ity may decrease the risk of calcium overload–in-
duced ectopy, which contributes to the initiation 
of post-operative AF. In that way colchicine may 
prevent post-operative atrial fibrillation with an-
tiinflammatory and non-inflammatory effects.83

Although, at present colchicine cannot be recom-
mended on the basis of a single positive clinical tri-
al, there is growing evidence supporting its use for 
the prevention of several post-operative complica-
tions.84,85 Further clinical trials will provide further 
evidence for or against this use in the perioperative 
setting. At present, the ongoing multicenter, dou-
ble-blind, randomised COPPS-2 trial (ClinicalTri-
als.gov Identifier: NCT01552187) is evaluating the 
efficacy and safety of colchicine given 2-3 days be-
fore surgery in order to prevent several postopera-
tive complications (atrial fibrillation, post-pericar-
diotomy syndrome, and post-operative effusions).
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Conclusions

Interventions targeted at the substrate of AF and 
the modification of risk factors for AF may prevent 
the onset of AF in specific patient groups (chronic 
heart failure, hypertension with LV hyperthrophy, 
postoperative course after cardiac surgery). Such 
medical interventions include non-arrhythmic 
drugs that are able to modify the atrial substrate 
and specific mechanisms promoting the develop-
ment of AF. Such treatments are also referred as 
upstream therapies and include ACE-inhibitors, 
ARBs, statins, PUFA, corticosteroids, and recently 
also colchicine (Table 1). These drugs may pre-
vent or delay atrial changes, including fibrosis, 
hypertrophy, inflammation, oxidative stress, but 
may have also direct or indirect effects on atrial 
ion channels, gap junctions, and calcium han-
dling. Experimental and clinical data have dem-
onstrated that ACE-inhibitors, ARBs may prevent 
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AF in patients with significant underlying heart 
disease (left ventricular dysfunction and hyper-
trophy), while statins, corticosteroids, and pos-
sibly colchicine may prevent postoperative AF. 
At present, specific recommendations on primary 
prevention of AF have been issued by the 2010 
ESC guidelines on the management of atrial fi-
brillation and are reported in details in table 2.81

On the contrary, 2011 AHA/ACC updated guide-
lines on the management of atrial fibrillation
conclude that there are insufficient data at this 
time to permit recommendations for primary 
prevention of AF in populations at risk using 
dietary interventions, pharmacological interven-
tions, or pacing or other devices. In the periop-
erative period, the American guidelines recom-
mend betablockers to prevent postoperative AF 
for patients undergoing cardiac surgery, and 
amiodarone as appropriate prophylactic therapy 
for patients at high risk for postoperative AF.82
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Introduction

Atrial fibrillation (AF) is a well known risk factor for 
cerebrovascular events and systemic emboli (SE).1-4  
Embolization can occur with all forms of AF and has 
been associated with a high level of morbidity and 
mortality. Most practitioners rely on the well vali-
dated risk assessment tools, CHADS2 and CHA2DS-
2VASc, to select the appropriate prophylaxis for SE 
with either aspirin, or an anticoagulant.  Remark-
ably, AF burden, when categorized as paroxysmal, 
persistent or permanent, has not been demonstrated 
to be a relevant distinction for SE risk.  Data support-

ing this conclusion has been based upon patient 
reporting of symptoms and/or physician determi-
nation of AF frequency.  However, it is unclear 
if AF burden, categorized by frequency and du-
ration of episodes when documented by stored 
electrograms from intracardiac devices, would 
be an additional risk factor for AF-related SE.  

Background & Prior Studies

It is often presumed that patients with brief epi-
sodes of AF are less likely to experience SE. Con-
sensus statements recommend anticoagulation 
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for AF of at least 48 hours.  By extrapolation, the 
AF guidelines do not mandate anticoagulation 
prior to cardioversion for AF of less than 48 hours.5 
The rationale for this recommendation is the pre-
sumption that prolonged episodes of discoordi-
nate atrial contraction are necessary to generate 
stasis and thus a thrombogenic left atrial milieu.6

This paradigm is based on multiple older studies 
which have noted fewer SE in patients with par-
oxysmal AF (PAF) as compared to “chronic AF”.  
The definition of chronic AF in many older stud-
ies implies more sustained episodes of AF with 
no clear distinction made between long stand-
ing persistent and permanent AF. Specifically, 
in the Framingham study, the risk of stroke was 
5.4% among patients with chronic AF and 1.3% 
in PAF patients.7 A similar conclusion and near-
ly identical SE incidence rates was also reported 
by Peterson et al. They analyzed the incidence of 
embolic complications among 426 patients with 
initial PAF.  After transition from PAF to persis-
tent AF, the incidence of SE rose from 2% to 5.6%, 
a nearly 3-fold increase.8 Also, Shimomura et. 
al. reported a systemic embolism rate of 15 per 
1,000 patient years with PAF, which was signifi-
cantly lower than a embolization rate of 28 per 
1,000 patient years reported with chronic AF.8,9 

The outcomes of more recent studies contradict 
prior results, showing that patients with PAF and 
persistent AF may have a similar risk of stroke.  In 
the Stroke Prevention in Atrial Fibrillation trial, 
there was no significant difference in the yearly 
stroke rate for patients with paroxysmal versus 
sustained AF (5.6 versus 5.9 percent without as-
pirin and 3.2 versus 3.3 percent on aspirin).10 

The Boston Area Anticoagulation Trial in Atrial Fi-
brillation also found a similar incidence of stroke 
in both groups - 13% in intermittent AF versus 
17% in sustained AF.11 In addition, a subset me-
ta-analysis found that the reduction in ischemic 
stroke with oral anticoagulation in patients with 
PAF (1.5 events per 100 patient-years on couma-
din versus 4.7 events on aspirin) was similar to 
that in patients with persistent AF (2.2 events per 
100 patient-years on coumadin versus 4.2 events 
on aspirin).12  Additional evidence of the embolic 
risk associated with PAF comes from AFFIRM 
and RACE trials that compared rhythm to rate 
control in patients with paroxysmal or sustained 

AF. These studies demonstrated that embolization 
occurred with equal frequency whether a rhythm 
control or a rate control strategy was adopted.13,14

A major limitation of each of these trials is that the 
design was not intended to specifically evaluate the 
impact of AF frequency and duration, which was 
incomplete/unavailable.  Furthermore, patients 
with presumably low AF burden, PAF, represented 
only a small percent (<15%) of the study population. 

AF Burden

Despite seemingly contradictory results, the cur-
rent standard of care is that decisions regarding ini-
tiation of anticoagulation do not differentiate par-
oxysmal or persistent AF.    That is, AF patients with 
high risk features (CHADS2 score ≥ 2), are generally 
prescribed anticoagulants, irrespective of AF bur-
den. This approach however, has been challenged.  
Stored electrograms retrieved from implanted car-
diac devices provide diagnostic information for 
even asymptomatic, short-duration, and infrequent 
AF.  Unlike the common presentation of AF, either 
by symptoms or incidental discovery, AF of even 
a mere few seconds is being identified among pa-
tients with an implanted device. However, it is un-
clear if patients with low AF burden, but with high 
CHADS2 score require anticoagulation. Is their risk 
of SE similar to patients with longer/more frequent 
episodes AF? Is there a lower AF burden threshold 
that would mandate initiation of anticoagulation 
therapy?

In 2003, Glotzer et. al evaluated a 312 patient sub-
group of the MOST (Mode Selection Trial) study 
with 27 months of follow-up.  Their analysis dem-
onstrated that the presence of any atrial high rate 
episode lasting >5 minutes was an independent 
predictor of death or nonfatal stroke 15. However, 
in 2005 Capucci et. al evaluated 725 patients with 
pacemakers, and found that AF episodes of 5 min-
utes to 1 day in duration were not associated with 
a significantly higher risk of SE. The risk of SE in 
patients with AF episodes of longer than one day 
though, was 3.1 times higher than patients with no/
brief AF episodes, after adjustment for known risk 
factors.16  

More recently, the TRENDS study evaluated the 
relationship between AF burden and stroke events.  
In this observational study, 3045 patients requir-
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ing device therapy with an implantable atrial lead 
(pacemaker or defibrillator) were enrolled from 
116 clinical sites.  Utilizing stored electrogram 
data retrieved from routine device interrogation, 
the AF burden (duration of AF per day) was cal-
culated and correlated to clinical SE.  Low atrial 
tachycardia/fibrillation (AT/AF) burden (defined 
as < 5.5 hours on any single day in the preceding 
30 days) conferred a risk for SE similar to having 
no AT/AF, whereas an AT/AF burden of >5.5 hours 
on any day during the antecedent 30 days doubles 
the risk for thromboembolism.17  This finding of a 
correlation between AF burden and stroke risk was 
also noted in the similarly designed ASSERT trial 
(Asymptomatic AF and Stroke Evaluation in Pace-
maker Patients and the AF Reduction Atrial Pacing 
Trial).  Greater than 2000 patients with no history 
of AF in whom a device was implanted were evalu-
ated over the course of 3 months.  Those with atrial 
high rate episodes lasting > 6 minutes were more 
than twice as likely to suffer a stroke even after 
controlling for other stroke risk factors.18 

Based on these studies, there is growing evidence 
that a quantitative relationship may exist between 
AT/AF burden and SE. This correlation would then 
imply that AF burden should be considered as a 
feature to guide anticoagulant therapy. To this 
end, when a retrospective study incorporated AF 
burden into risk stratification scheme, the specific-
ity, but not sensitivity, for predicting SE was im-
proved.19  An important study that will evaluate 
the clinical impact of AF burden on SE is the re-
cently initiated IMPACT study.  This multicenter, 
prospective, randomized study will utilize detec-
tion of AF by remote monitoring to guide initiation 
of anticoagulation therapy.20 

Mechanism of Stroke in Atrial Fibrillation

In addition to AF burden, there is further apprecia-
tion that the pathophysiology of SE in patients with 
AF may involve mechanisms more than merely 
protracted episodes of AF.  In a recently published 
sub-study of the 40 patients in the TRENDS study 
who sustained an embolic event, 29 of 40 (73%) pa-
tients had zero AT/AF within the 30 days prior to 
the event. Hence, in the majority of the TRENDS 
population, there was no temporal relationship be-
tween AT/AF episodes and SE. This suggests that 
the mechanism for AF-related embolic events was 
not solely due to AT/AF episodes leading to pro-

longed stasis in a poorly contractile left atrium.21

Furthermore, the overall rate of SE in patients 
with AF enrolled in TRENDS was only 1.1% for 
patients with low AT/AF burden and 2.4% for 
those with a higher burden.  All subsets were far 
below the 4% annual rate predicted based on old-
er studies. Similar low rates of SE in patients with 
AF have been reported in multiple other more 
recent studies. Investigators have suggested that 
the lower stroke rates found in more recent stud-
ies may be due to improved therapies for stroke 
risk factors including hypertension and diabetes, 
further supporting the concept that SE in AF is not 
simply due to the presence of AF.17  It is notewor-
thy that the risk factors for SE in AF reflected by 
the CHADS2 and CHA2DS2VASc scoring systems 
primarily reflect risk factors associated with vas-
cular disease. 

Embolic events in AF are likely due to a complex 
interplay of atrial tachyarrythmias, endothelial 
dysfunction, systemic hypercoagulable state, and 
atherosclerotic disease. Atrial fibrillation has been 
implicated as a risk factor for endothelial dysfunc-
tion by increasing oxidative stress and proinflam-
matory agents.  Mechanistically, AF impairs ace-
tylcholine-mediated augmentation of blood flow, 
reduces plasma nitrite/nitrate levels, and thus fa-
cilitates endothelial dysfunction.22 A systemic hy-
percoagulable state is also evident in patients with 
AF, with upregulation of multiple coagulation 
factors, including prothrombin fragments 1 and 
2, thrombin-antithrombin complexes, D-dimers, 
and fibrinogen.23  Multiple investigators have also 
noted an increased atherosclerotic plaque burden 
in patients with AF.  This increase is most readily 
identified in the thoracic aorta with transesopha-
geal imaging. In the echocardiographic substudy 
of the SPAF III trial, 57% of patients were noted 
to have thoracic aortic plaque.24  Furthermore, pa-
tients who do not have aortic plaque are noted to 
have lower than expected stroke rates (1.2%/year, 
95% CI 0.2% to 8.7%) despite the presence of other 
known risk factors for stroke.25 

Left Atrial Appendage Occlusion and Anti-
coagulation

Among patients with nonvalvular AF, many in-
vestigators have observed that the vast majority of 

Journal of Atrial Fibrillation                 Featured Review

 www.jafib.com 42 Aug-Sep, 2012 | Vol 5 | Issue 2                          



atrial thrombi are located in the left atrial append-
age (LAA).26 Thus, occluding the LAA through ei-
ther surgical ligation or use of the recently devel-
oped Watchman device (a self-expanding nitinol 
cage designed to completely occlude the LAA) may 
be attractive alternatives to chronic anticoagulation 
for reducing SE in patients with AF.27  However, in 
addition to inconclusive data to support LAA oc-
clusion (surgical or device) over anticoagulation,28 
the fundamental question regarding this strategy is 
if AF-related SE is solely related to thrombi origi-
nating from the LAA.  As discussed above, merely 
a history of AF may tip the balance to increase the 
risk of stroke arising from sources other than LAA 
thrombi.  Stopping anticoagulation in a patient in 
whom the LAA is occluded, but who has a high 
CHADS2 score may paradoxically enhance the risk 
for stroke. 

Anticoagulation after AF ablation

Recently, ablation has emerged as a potential 
method for eliminating symptomatic AF. A recent 
meta-analysis of over 15,000 patients revealed a 
success rate of 74% after more than 6 months of fol-
low-up.29 However, the appropriate management 
of anticoagulation post successful ablation remains 
uncertain. Since AF may promote stroke through 
mechanisms other than merely due to prolonged 
stasis in a poorly contractile left atrium, the risk of 
SE in a patient who is “cured” of AF may still be 
elevated.  Yet, many clinicians contend that in the 
absence of recurrent AF post ablation, anticoagula-
tion can be safely discontinued.30  Current recom-
mendations suggest that the management of anti-
coagulation after successful AF ablation be guided 
by the CHADS2 point system.31 

Conclusions

To date, risk assessment scoring tools such as 
CHADS2 and the more recent CHA2DS2-VASc, are 
conventional and accepted methods used to help 
guide initiation of anticoagulation in AF.  How-
ever, these acronyms likely over-simplify the com-
plex pathophysiology of AF-related SE.  Data from 
devices that provide continuous monitoring have 
further elucidated the relationship between AF 
and stroke and provide the growing evidence that 
a correlation exists between stroke risk and AF bur-

den.  However, calculating and incorporating AF 
burden into clinical practice and the exact thresh-
old that confers increased risk for SE and signals 
the need for initiation of anticoagulation remains 
uncertain. The authors are currently utilizing the 
TRENDS data of > 5.5 hours in a single day during 
a 30-day monitoring period as a risk factor for SE 17.  
However, paradoxically, simply because a patient 
has not had any recent episodes of AF, does not 
imply that anticoagulation can be safely discontin-
ued, as noted in the TRENDS stroke sub-study.21 
The pathophysiology of stroke in AF patients 
likely involves more than just AF-induced stasis. 
Hence, once AF is diagnosed and the risk-benefit 
ratio favors anticoagulation, therapy should likely 
be continued indefinitely unless a bleeding contra-
indication develops.  The role of anticoagulation 
after successful elimination of AF by ablation or 
deployment of a LAA closure device remains to be 
determined. 
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Introduction

Within the next twenty to thirty years, the num-
ber of patients suffering from Atrial Fibrillation 
(AF) is expected to double or triple due to an in-
creased AF incidence and aging of the populations 
in developed western countries. Radiofrequency 
catheter ablation (RFA) for AF has become one of 
the most common ablation procedures performed 
in many centers worldwide. At present, this new 
treatment option has gained prominence as an al-
ternative to chronic antiarrhythmic drug admin-
istration and has been incorporated into the cur-
rent guidelines for management of AF as class 1 
with level of evidence A.1 With the exponential 
increase in catheter ablation for AF more patients 
with persistent AF are undergoing extensive sub-
strate modification in an attempt to restore a stable 
sinus rhythm.2-7 Patients with persistent AF, how-
ever, frequently have associated comorbidities 

and larger atria requiring a greater amount of left 
atrial ablation than patients with the paroxysmal 
form, thus facilitating the occurrence of post-ab-
lation left Atrial Tachycardias (ATs). Unlike par-
oxysmal AF 8-21 where rapid firing from PVs is the 
main cause, the mechanisms of persistent long-
standing AF are complex involving a significant 
amount of arrhythmogenic substrate widely dis-
tributed in both atria in addition to PVs. As a re-
sult, a greater amount of substrate ablation creates 
an electrophysiologic milieu for both small circuit 
and macroreentry facilitating the development of 
ATs. 5-7, 22-28This has led to a significant increase in 
the incidence of ATs among patients with AF un-
dergoing catheter ablation and a need to re-eval-
uate our understanding of their mechanisms and 
management. The development of post-ablation 
left ATs after PV isolation alone (PVI) is consid-
ered to be an uncommon complication requiring 
a redo procedure in a minority of cases. 8-21 Typi-
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cally, after PVI patients complain of worsening 
symptoms due to a faster ventricular rate than 
during pre-ablation. However, symptoms at rest 
are easily controlled medically although in some 
cases a good rate control with activity may be 
challenging. Catheter mapping and entrainment 
pacing are able to identify the arrhythmia loca-
tion and mechanism frequently originating from 
reconnected PVs, resulting in successful catheter 
ablation. Left ATs occurring in patients with per-
sistent AF undergoing extensive catheter ablation 
of the arrhythmogenic substrate are more chal-
lenging to both map and ablate, often requiring 
repeat procedures because of unpredictable loca-
tion and extent of the substrate .5,6 Most of these 
ATs before AF termination convert to intermedi-
ate ATs with varying cycle length or location sup-
porting the presence of multiple drivers simul-
taneously operating to maintain the arrhythmia 
perpetuation. Currently, post-ablation ATs poses 
specific challenges to all electrophysiologists 
and this article reports new information about 
incidence, electrophysiological mechanisms and 
management of such ATs in patients with AF. 

Classification of ATs.

The classification of post-ablation left ATs is based 
on mechanism and anatomy. Left ATs are clas-
sified as tachycardias with a regular atrial rate 

arising from the left atrium and are further cat-
egorized as either focal or macro-reentrant. The 
differentiation has important implications for 
ablation therapy, because macro-reentrant ATs 
require mapping of large segments of the cir-
cuits and linear lesions by delivery of a single or 
multiple point-by-points RF applications for ar-
rhythmia termination. Focal ATs are due to auto-
matic, triggered, or micro-reentrant mechanisms, 
usually from reconnected PVs or LA. Focal AT 
is defined as follows: atrial activation radiat-
ing centrifugally in all directions from a single 
site of earliest activation and range of activation 
duration less than the AT cycle length. Macro-
reentrant AT is defined as follows: 1 continuous 
sequence of atrial activation, with earliest activa-
tion adjacent to latest activation; 2 range of acti-
vation times  > 90% of the AT cycle length; and3 
demonstration of entrainment with post-pacing 
interval approximated the AT cycle length in at 
least 3 disparate atrial sites. Typically, ATs are 
considered to be left atrial in origin if the distal 
coronary sinus atrial electrogram preceded the 
proximal coronary sinus atrial electrogram or in 
any case if left atrial electrograms are recorded 
throughout diastole with the ablation catheter.

Figure 1: A color-coded three-dimensional electroanatomic 
activation map as performed by CARTO system shows a fo-
cal left AT from a reconnected left superior PV in the poste-
rior-anterior (PA) view. Activation spreads away from this 
focal red region in all directions centrifugally

Figure 2: For the same patient in Figure 1, the activation map 
shows the activation sequence in the antero-posterior (AP) 
view.  The AT cycle length was 348 ms; the activation time 
during mapping covered  100 ms before to 40 ms after the 
reference point accounting for a total of 140  ms, which is 
less than 40% of the AT cycle length of 348 ms, consistent 
with a focal origin of AT. The deep red dots around LSPV 
ostium indicate the sites where radiofrequency current was 
applied
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Incidence of post-ablation left ATs 

The incidence of post-ablation left ATs occurring 
during and after catheter ablation of AF varies 
significantly ranging from 4 up to 50% and is 
critically dependent on the type and extent of the 
index ablation strategy, LA diameter, and com-
pleteness of lesion lines. 2-28 Catheter ablation 
of paroxysmal AF is associated with a low inci-
dence of left ATs (about 5%) predominantly as a 
result of PV reconnection. The incidence of ATs 
increases further if PV isolation is not confirmed 
as the electrophysiologic endpoint. In our experi-
ence, about 4% of patients with paroxysmal AF 
undergoing CPVA (Circumferential Pulmonary 
Vein Ablation) which is PVI plus additional lines, 
may experience post-ablation left ATs as com-
pared with 10% of patients who undergo PVI 
(Pulmonary Vein Isolation) alone suggesting that 
validation of bidirectional mitral isthmus block is 
critical to reduce the risk of macroreentrant ATs 
due to mitral isthmus reentry. 8 A more extensive 
ablation procedure, as performed by the stepwise 
approach in chronic AF, is associated with a fur-

ther significant increase in the incidence of post-
ablation ATs with studies reporting ATs > 50%.14 

Mechanisms of post-ablation left ATs 

The electrophysiological mechanisms underlying 
post-ablation ATs include abnormal automaticity, 
micro or macroreentry due to conduction gap on 
previous ablation lines. Distinguishing focal from 
macroreentrant ATs is crucial for a successful cath-
eter ablation. Iatrogenic ATs have been reported 
after either surgical or catheter ablation of AF as a 
proarrhythmic complication, if linear lesions are 
incomplete. Focal and/or localized microreentry 
from reconnected PV ostia are commonly seen in 
patients undergoing PVI alone (Figures 1-2) while 
macro-reentry is more likely to be seen following 
linear lesions in addition to PVI, as in CPVA (Fig-
ures 3-4).  In our experience, single or multiple 
gaps and foci may develop more frequently at 
the anterior aspect of the left PVs and at the sep-
tal aspect of the right PVs or at LA roof. 8,12 It is 
not surprising that the mechanisms underlying 
post-ablation left ATs in patients in whom mul-
tiple extensive ablation strategies are simultane-
ously used (PVI plus multiple sequential linear 
lesions and/or sites of complex fractionated elec-
trograms) are complex, often multiple and not yet 
well defined. 2-28 Ablation of persistent AF typi-
cally involves a more extensive arrhythmogenic 
substrate which increases the risk of iatrogenic 
ablation-related ATs due to multiple gaps and mi-

Figure 3: An activation map of a septal left macro-reentrant 
AT by NavX system in the antero-posterior (AP) view is 
shown. The map was created with a temporal reference lo-
cated in the coronary sinus. Orientation of the left atrium 
is indicated by the orientation of the body at the top of the 
panel. Activation propagates from the middle septum (area 
of earliest activation, white color) to the anterior septum 
(area of latest activation, violet color). AT cycle length was 
218 ms; the activation time during mapping covered 110 ms 
before to 85 ms after accounting for a total of 195 ms, which 
is more than 90% of the AT cycle length, consistent with a 
macro-reentrant circuit. Also shown is the reference catheter 
positioned in the coronary sinus

Figure 4: For the same patient in Figure 3, the activation map 
shows the late activation progression in scale color of the re-
entrant circuit in the postero-anterior (PA) view
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cro or macro-reentrant circuits. Using an exten-
sive complex fractionated electrogram ablation 
strategy, Nadamanee et al29  reported that 36% 
of patients had ATs, with half having macro-AT 
and half having focal mechanisms. The poten-
tially extensive nature of the CFAE (Complex 
Fractionated Atrial Electrogram) ablation strat-
egy based on “learning by burning” is potential-
ly proarrhythmic and post-ablation ATs may be 
more symptomatic than the index arrhythmia. 
In patients undergoing a step wise ablation ap-
proach for persistent long-lasting AF, multiple 
often-changing ATs are frequently encountered 
before restoration of normal sinus rhythm prob-
ably excluding the proarrhythmic mechanism in 
their genesis. Characteristically, such ATs may 
be localized to virtually all aspects of the atria 
and thoracic veins with circuits incorporating 
areas of slow conduction particularly in regions 
of fractionated atrial electrograms, but when oc-
curring after ablation, they are rarely dependent 
on or related to reconnected PVs.5 Occasionally, 
they can be localized around the fossa ovalis, 
the coronary sinus, the septum or the posterior 
wall. During the index procedure a progressive 
organization of AF is usually associated with an 
increase of AF cycle length until sinus rhythm 
conversion or to intermediate ATs which may 
become slower or may accelerate to a faster AT 

with or without CL or activation sequence changes. 
These observations suggest that an extensive se-
quential ablation in patients with persistent long-
standing AF may result in a necessary arrhythmia 
defragmentation to achieve a stable sinus rhythm, 
but the surrounding mechanisms are unknown. In 
our experience, direct transition to a new AT is fre-
quently seen before sinus rhythm conversion and 
then it may be considered as an “organization” of 
the arrhythmia from AF to AT requiring an accurate 
mapping and more ablation. However, mapping 
and successful ablation of such ATs are challeng-
ing requiring availability of multiple simultaneous 
recording sites and several entrainment attempts at 
the time of AT transition. In our experience, some of 
these macro-ATs have a very short cycle length (150-
200 ms), mimicking AF. Characteristically, before 
sinus rhythm is achieved, the cycle length of ATs 
gradually increases as the number of eliminated in-
termediate subsequent ATs increases. The reentrant 
circuits may be localized to multiple and unusual 
atrial areas and may not rotate around predefined 
anatomical obstacles. Single or multiple concealed 
AF driving circuits may become manifest by en-
trainment (reentrant circuits) or by overdrive (auto-
matic focal circuits). These observations are intrigu-
ing and suggest that although the proarrhythmic 
theory seems to be the widely favored hypothesis 
to explain the development of new post-ablation 
ATs, a contributing role of intermediate ATs to the 
AF process by multiple simultaneous mechanisms 
should be taken into account.

Figure 5: Same map as in Figure 4. The activation map shows 
changes in the color-coded activation sequence caused by 
changing window of interest settings.  Frames of the win-
dow of interest extend from 130 ms before to 65 ms after the 
reference point.  The reference point is the same as well the 
AT cycle length and the duration of window of interest, but 
the early area is markedly shifted from middle septum to the 
posterior wall with changes in activation sequence

Figure 6: AT ablation guided by an activation map of a left focal 
microreentrant AT from reconnected PVs by CARTO system in 
the antero-posterior (AP) view. A point-by-point long-linear le-
sion around LSPV ostium resulted in termination of AT 
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ECG characteristics in post-ablation AT

ECG localization of post-ablation macro-reentrant 
ATs is much more complex than localization of fo-
cal post-ablation ATs mainly because macro-cir-
cuits are influenced by altered anatomy, previous 
ablation lines, and conduction of the atrial wave-
front. Analysis of P wave morphology, duration, 
and AT cycle length may be highly useful in defin-
ing the likely mechanism and site of focal ATs. 31 
The 12-lead ECG may be also helpful in suggest-
ing a focal source for the LA tachycardia from a 
reconnected PV or macroreentry around the mi-
tral annulus.27 In our experience, ATs after exten-
sive LA ablation may create atypical surface ECG 
patterns during tachycardia making 12-ECG lead 
analysis limited. P-wave cycle length stability/
variability with clear isoelectric line between the 
P-wave in all 12 ECG leads may differentiate fo-
cal from reentrant AT. Stable AT cycle length with
long P wave duration without any or short iso-
electric intervals and concordant positive P-waves
from V1-V6 suggest the presence of a left atrial
macro-reentrant AT. ATs arising from the PVs are
characterized by entirely positive P waves in lead
V1 in 100% of cases, isoelectric or negative in lead
aVL in 86%, and negative in lead aVR in 96%. Lead
aVL can be biphasic or positive in right-sided PV
ATs. Left PV ATs have several characteristics (as
compared with right PV ATs): positive notching
in the P waves in two or more surface leads, an
isoelectric or negative P wave in lead I, P wave

amplitude in lead III/II ratio > 0.8, and broad P 
waves in lead V1. ATs arising from the superior 
PVs have larger amplitude P waves in the inferior 
leads than those in ATs arising from the inferior 
PVs. However, P wave morphology generally is 
of greater accuracy in distinguishing right-sided 
from left-sided PVs in contrast to superior from 
inferior PVs. Despite prior posterior LA ablation, 
the surface ECG morphology of ATs originating 
from the PV ostia in patients with prior AF ab-
lation procedures are similar to those in patients 
without prior ablation. However, ATs originat-
ing from the bottom of the right or left PVs after 
prior PV isolation can have a significant negative 
component or can be completely negative in the 
inferior leads. This may be related to prior abla-
tion in the supero-posterior LA or to a more infe-
rior origin of the tachycardia after prior ablation 
outside the PV ostium.  ATs arising from the right 
superior PV are associated with P waves that are 
narrow, positive in the inferior leads, of equal 
amplitude in leads II and III, biphasic or slightly 
positive in lead V1, and isoelectric in lead I . Re-
cently, it has been reported that achievement of 
mitral isthmus block is associated with change of 
P wave morphology in lateral leads which further 
emphasizes the usefulness of ECG analysis in the 
management of patients with ATs.32 

Mapping and Ablation of AT

To determine both mechanisms and location of 
post-ablation ATs conventional manual or 3-D 
electroanatomic mapping systems are currently 
used. Conventional mapping system requires 
several intracardiac catheters (usually up to 3 
catheters) to pace and map the direction of activa-
tion with a fixed atrial reference catheter. By com-
bining activation mapping and entrainment map-
ping at several sites under extensive use of 
fluoroscopy the mechanism of the arrhythmia 
may be identified. The advent of computer map-
ping techniques with a variety of 3-D mapping 
tools has allowed a more precise and rapid identi-
fication of arrhythmia mechanisms for better de-
fining sites guiding mapping and successful cath-
eter ablation, even in cases where multiple circuits 
are involved. 25 Many systems also offer algo-
rithms for the automatic analysis of complex frac-
tionated atrial electrograms (CFAEs). Image inte-
gration with cardiac CT or MRI may further 

Figure 7: For the same patient in Figure 3, a point-by-point 
long-linear lesion line on the septum resulted in termination 
of a macroreentrant septal AT. The yellow circle marks the 
successful site of AT termination
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improve the accuracy of left atrial anatomy, par-
ticularly in patients with left atrial enlargement. 
These mapping systems help determine the three-
dimensional position of the ablation catheter 
more accurately than fluoroscopy alone and are 
useful in evaluating the completeness of linear le-
sions minimizing unnecessary ablation. Before 
the advent of 3-D systems, a mapping strategy 
with at least 3 manual catheters and entrainment 
pacing at several sites under extensive use of fluo-
roscopy has been used and continues to be used. 
Since the use of manual catheters to map and ab-
late post-ablation left ATs is time consuming and 
frequently requires an extensive use of fluorosco-
py to demonstrate the arrhythmia site and mech-
anism, a practical approach combining both acti-
vation and entrainment mapping has been 
recently suggested. 24,33 Since 1999 we use a com-
bined strategy of 3-D mapping systems with en-
trainment pacing8,9 which is successful in almost 
all cases of post-ablation ATs without use of fluo-
roscopy so that manual mapping catheters are 
rarely used, if necessary. In the last 3 years we 
have performed about 800 successful procedures 
in patients with post-ablation left ATs in patients 
with AF. Three-dimensional electrical informa-
tion are collected by a specific mapping catheter 
all of which are projected into a detailed electro-
anatomic activation map, but a correct interpreta-
tion of the colors of the map requires an appropri-
ate choice of both the reference electrogram and 
window of interest as well as an appropriate 
number of points (Figures 1-4). An accurate re-
construction of focal or reentrant circuits before 
ablation is made by a meticulous analysis of data 
points which are continuously acquired during 
catheter movements (Figures 1-7). Different col-
ors on the map indicate early or late sites of acti-
vation relative to an arbitrarily chosen reference 
point. Depending on each 3-D mapping system, 
red or white colors indicate an early activation 
while yellow-green and finally the blue or violet 
colors indicate progressively late activation (Fig-
ures 1-9). In the presence of a focal mechanism, 
the earliest activation generally represents the op-
timal and successful site of RF application (Fig-
ures 1,2,6) and usually precedes the P wave by at 
least 30 ms. Interpretation of 3-D color-coded ac-
tivation maps of macroreentrant AT may be chal-
lenging since in reentrant ATs there is no true ear-
liest or latest activation. Therefore, the entire 

reentry circuit should be mapped with a total acti-
vation time equal to the AT cycle length with adja-
cent earliest and latest activation (head meets tail; 
Figures 3,4,8,9). In our experience, the substrate 
for left macro-ATs usually is represented by a large 
heterogeneous atrial fibrosis which on 3-D electro-
anatomic voltage map performed in sinus rhythm 
is manifested by a large area of low bipolar voltage 
(<0.1mV). The selection of a stable reference point 
during ATs mapping with an appropriate window 
of interest is indeed critical for a correct activation 
mapping sequence and successful ablation. We 
usually set the activation timing window to a val-
ue that encompasses the cycle length of AT mostly 
depending on the location of presumed reentrant 
circuit and on the distance from the chosen refer-
ence point (Figures 3,4,8,9). For example, in the 
presence of a macroreentrant AT with cycle length 
of 218 ms as in Figure 3, we set the timing window 
of interest for mapping to at least -120 ms (before 
the reference coronary sinus potential) to +80 ms 
(Figure 3) to be sure to include earliest and latest 
activation of the reentrant circuit. If an incorrect 
temporal reference is used for the same tachycar-
dia an uncorrected color-coded map is constructed 
(Figure 5).  Unlike reentrant ATs, focal ATs do not 
require a precise window of reference since the site 
of activation is rarely earlier than 50 ms from the P 
wave depending on its distance from the reference 
point. We use the coronary sinus catheter as stable 
reference point also in consideration that concor-

Figure 8: A color-coded activation map sequence by NavX 
system of a mitral macro-reentrant AT rotating around the 
mitral annulus in different views is shown. RAO indicates 
right anterior oblique; AP indicates antero-posterior and PA 
postero-anterior
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dant respiratory movement of the coronary sinus 
and left atrium is of benefit in facilitating respira-
tory gating. The local activation time, recorded 
from the catheter tip at each mapping site, is mea-
sured relative to the timing of the reference atrial 
potential. We routinely pace many sites within the 
LA for entrainment mapping as guided by electro-
anatomic activation maps and sites with the short-
est return cycle (generally < 20 ms longer than the 
tachycardia cycle length) are considered as critical 
for successful ablation. However, in our experi-
ence entrainment pacing has 2 major limitations 
which may preclude identification of critical isth-
muses for ablation. First, it may produce the same 
atrial activation sequence and P wave (concealed 
fusion) with post-pacing interval equal to AT cycle 
length at many sites and/or it may occasionally ter-
minate AT or may convert reentrant AT to another 
reentrant AT. In these cases, visualization of mul-
tiple reentrant or multiple focal circuits on electri-
cal activation maps may be challenging and time 
consuming as individual maps are required for 
each AT.  The use of multielectrode catheters with 
high-density 3-D electroanatomic mapping may 
be useful to rapidly create sequential activation 

maps every time the circuit location of ATs is 
changing to another AT which requires rapid re-
mapping of the new AT thus facilitating the iden-
tification of critical isthmuses for successful abla-
tion by a single RF application.25 Focal or 
microreentrant ATs are also represented on color 
coded activation maps with the earliest activation 
at the center of a spread of colors in an omnidirec-
tional fashion. Unlike macroreentrant ATs, focal 
ATs have a point source with centrifugal activa-
tion from the center and usually require discrete 
ablation at the critical spot as defined on 3-D elec-
troanatomic activation maps until AT is eliminat-
ed (Figures 1,2, 6). In localized reentrant ATs, the 
target site is the key isthmus as defined by an 
electroanatomic map, usually the latest activa-
tion.  In our experience, macro-reentrant ATs may 
be rarely ablated by a single RF application be-
cause identification and ablation of critical isth-
muses is challenging. We routinely use long lin-
ear lesions with irrigated tip catheters guided by 
detailed electroanatomic mapping systems for 
successful ablation of macro-reentrant ATs (Fig-
ures 1,2,6,7,9). For mitral isthmus ablation we per-
form a point-by-point 3-D electroanatomic-guid-
ed line which is drawn cranially from the mitral 
annulus to the left inferior PV (Figure 9). Irrigated 
ablation is always used with a power of up to 35 
W and continuous titration of flow from 2 to 30 
mL/min to achieve a target temperature of up to 
40 degree. Epicardial ablation in the coronary si-
nus with atrial voltage abatement on the endocar-
dial aspect is required in about 30% of cases to 
achieve completeness of block. During ablation 
within the coronary sinus we limit the power to 
25 W while increasing the flow up to 30 mL/min 
without serious complications. Roof dependent 
ATs also require a long linear line (roof line). Usu-
ally, focal ATs are ablated at earliest site with 
power setting up to 35 W in the anterior LA and 
up to 30 W in the posterior LA while localized re-
entry is ablated at slow conduction areas with 
shorter post-pacing interval. The endpoint of the 
ablation procedure is AT elimination and nonin-
ducibility. After sinus rhythm restoration we re-
assess completeness of linear block by differential 
pacing at the cavotricuspid isthmus, roof and mi-
tral isthmus.

Figure 9: For the same patient shown in Figure 8, perimitral 
AT ablation guided by three-dimensional electroanatomic ac-
tivation map is shown in the postero-anterior (PA) view. Ori-
entation of the left atrium is indicated by the orientation of 
the face at the top right corner of the panel. A point-by-point 
long-linear lesion (brown dots) connecting mitral annulus to 
the inferior left PV ostium resulted in termination of AT with 
restoration of normal sinus rhythm (bottom panel). The yel-
low circle marks the site of successful ablation.  On the bot-
tom: ECG, intracardiac recordings from coronary sinus (CS), 
and ablation catheter electrograms (ABL) during successful 
termination
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Conclusions

Unlike paroxysmal AF, mechanisms, progno-
sis and management of post-ablation left ATs in 
persistent AF are complex and not well defined. 
In this patient population a greater amount of bi-
atrial ablation by multiple linear lesions or abla-
tion of complex fractionated electrograms results 
in higher incidence of new iatrogenic or organized 
ATs either during or after the index procedure The 
mechanisms of such ATs are complex and may be 
simultaneously active in maintaining perpetua-
tion of the arrhythmia. Mapping and ablation of 
such complex ATs are technically challenging as 
they are unpredictable and can be widely distrib-
uted throughout the atria. In our experience, use 
of irrigated ablation guided by detailed 3-D elec-
troanatomic activation maps combined with en-
trainment pacing is effective with excellent acute 
and long-term success rates, rarely requiring mul-
tiple procedures.
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Introduction

Recognition that the triggering foci for atrial fibril-
lation (AF) frequently arise from the pulmonary 
veins (PVs) has lead to largely anatomic catheter 
ablation strategies to isolate these triggers from the 
atrial tissue.1-4 3D CT and MRI have helped under-
stand the variable nature of PV anatomy in relation 
to surrounding structures.  These modalities are 
now commonly used to plan and guide AF abla-
tion procedures. Post-procedure, CT and MRI are 
used to evaluate complications such as pulmonary 
vein stenosis and esophageal injury.  In its current 
state, AF ablation appears superior to pharmaco-
logic therapy for controlling AF.5 However, abla-
tion success rates remain in the range of 70% with 
worse outcomes reported for more persistent atrial 
fibrillation and with repeat procedures commonly 
required to achieve successful treatment.6 MRI and 

CT of detailed atrial tissue characteristics, such as 
fibrosis, are being studied to better understand the 
patient-specific atrial substrate that contributes to 
the success and failure of AF ablation. It is also 
recognized that ablation procedure failure is com-
monly associated with recovery of PV conduction 
despite acute PV isolation at the time of the proce-
dure.7, 8   In the future, 3D imaging of the pattern 
and permanence of ablation lesions could be used 
to guide additional ablation to fill in “gaps” in ab-
lation lines.  This review will discuss the current 
and emerging roles of MRI and CT before and af-
ter radiofrequency (RF) catheter ablation of AF.

Pre-procedure CT and MRI of Left Atrium 
and Pulmonary Veins for Guiding Ablation

Understanding the anatomic relationship of the 
left atrium (LA) and PVs is important for efficient-
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ly guiding successful AF ablation.  CT angiogra-
phy (CTA) and MRI angiography (MRA) provide 
a detailed 3D perspective of the left atrium and the 
number, location, size, and geometry of the pul-
monary veins.  CTA and MRA appear to character-
ize complex left atrial anatomy better than 2D im-
aging modalities such as fluoroscopy and echo.9, 10  
Since an early MRA study by Kato, et.al. outlined 
PV anatomic relationships,11 many CTA and MRA 
studies have confirmed the common occurrence 
of pulmonary vein variants. Supernumerary PVs, 
most often right sided but also potentially from the 
atrial roof or left side, occur in 10-39% of people in 
3D angiogram studies.11-14 AF triggering foci can 
be located within these additional veins requiring 
their isolation.15 Early branching from the PV os-
tium can also be seen and appears more common 
for the right PVs.16 Being alerted to the presence 
of such veins is important because ablating near 
small or early branching PVs increases the risk of 
pulmonary vein stenosis.17, 18 A left common PV 
trunk results in a broad PV junction and is present 
in 12 to 29% of people in 3D angiogram studies.11-14 
A recent study by Hunter, et.al. reported that com-
mon PV trunk anatomy may reduce single proce-
dure success rates.19 This could suggest a need to 
focus on better catheter contact during ablation 
around these veins or point to difficulty confirm-
ing true electrical isolation post-ablation due to 
sub-optimal circular mapping catheter position-
ing.  For such reasons, CTA or MRA is recognized 
as an appropriate pre-AF ablation study and two-
thirds of centers participating in the AF Consensus 
Task Force routinely perform such imaging.4, 20  

Pre-procedure 3D angiograms are now commonly 
imported into standard electroanatomic mapping 
systems (EAM) to provide a real-time sense of 
catheter position in relation to a patient’s specific 
LA and PV anatomy.  The topic of “image integra-
tion” with EAM as has been nicely discussed in a 
number of recent reviews.21-23 Early experiences 
suggested that image integration was qualitatively 
helpful for tailoring ablation to variant PV anat-
omy and for guiding lesion placement in areas 
where stable catheter positioning was difficult.17, 

24  (Figure 1) Increased confidence in catheter ma-
nipulation is supported by randomized studies, 
which have reported that less fluoroscopy is need-
ed when image integration is used.25-28 However, 
the consensus of these studies is that image inte-
gration does not reduce AF recurrence following 

ablation. This likely reflects that AF ablation out-
comes are limited by factors that are not addressed 
by use of detailed angiographic “road-maps”. It is 
also possible that some of this lack of efficacy is 
related to potential errors when registering EAM 
space with pre-procedure 3D angiograms. Inac-
curate registration can give a false impression of 
catheter/tissue contact, which affects the ability 
to reliably create permanent ablation lesions.29

Intra-procedure imaging could reduce registra-
tion errors that result from changes in volume 
status, respiratory phase, cardiac rhythm, and pa-
tient position that can occur after pre-procedure 
imaging.  Recently introduced C-arm CT, or ro-
tational angiography, generates a 3D angiogram 
using the same fluoroscopy system used to per-
form the AF ablation procedure.  This technology 
appears capable of accurately characterizing LA 
anatomy compared with conventional CT 30 and 
with a potentially lower radiation dose.31 Because 
rotational angiography is inherently registered 
to the fluoroscopy system, these 3D angiograms 
are more readily overlaid on conventional fluo-

Figure 1: Anatomy tailored ablation by merging 3D angio-
gram information with electroanatomic mapping catheter 
guidance.  Red dots indicate locations were ablation energy 
was delivered.  A) A procedure where pulmonary vein iso-
lation was achieved by circumferential ablation around the 
right and left pair of PVs followed by segmental ablation, en-
croaching closer to the veins, marked by yellow arrows. B) 
Ablation was guided to the PV side of a narrow left atrial ap-
pendage ridge, marked by white arrows.  C) A patient with 
a left common PV and D) ablation could be directed onto a 
wider left atrial appendage ridge. (Adapted from Dong, et.al. 
Circulation 2006)
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roscopic images.32 This feature may provide more 
informed catheter positioning within the LA and 
PVs independent of EAM guidance. (Figure 2)  In-
tracardiac echocardiography (ICE) is already com-
monly used for intra-procedure imaging and has 
recently been applied to generate 3D anatomy for 
EAM guidance.33 ICE depiction of 3D atrial anat-
omy is less detailed than that obtained by CT or 
MRI, but is inherently registered to the EAM cath-
eter position when an ICE catheter with an EAM 
position sensor is used.  A recent report described 
combining these two techniques to get the registra-
tion accuracy of ICE while retaining the anatomic 
detail of rotation angiography.34 To date, the abil-
ity of these intra-procedure imaging modalities to 
improve AF ablation outcomes has not been dem-
onstrated.  However these techniques appear capa-
ble of at least improving procedure efficiency com-
pared with pre-procedure image integration.31, 35

Beyond 3D angiography, imaging atrial wall char-
acteristics could provide additional information 
for guiding AF ablation.  CT has demonstrated 

significant variations in atrial wall thickness 
between different regions of the left atrium, 
ranging from 0.5 to 3mm with significant inter-
patient variability.36 Patient specific variations 
in regional wall thickness might be useful for 
directing increasing ablation power in thicker 
regions, such as the appendage ridge, mitral 
isthmus, and superior roof, in order to increase 
the likelihood of transmural lesion formation.  
Conversely, power could be decreased in thin-
ner regions, such as the superior posterior wall, 
to avoid complications such as perforation.  MRI 
is capable of visualizing atrial tissue changes fol-
lowing ablation.  In the future, such ablation le-
sion imaging could potentially guide additional 
ablation to fill in “gaps” between lesions.  The 
current state of ablation lesion imaging will be 
discussed in a later section of this review.  Im-
aging more detailed atrial tissue characteristics 
such as fibrosis might also be useful for guid-
ing ablation strategy as will be discussed below.

Pre-procedure CT and MRI for Evaluating 
Arrhythmogenic Atrial Substrate and Abla-
tion Patient Selection

AF requires not only a trigger but also an atrial 
substrate that is able to sustain the arrhythmia.37 
This understanding has motivated study of atrial 
substrate features that impact the success and fail-
ure of ablation procedures. Gross atrial volume 
and shape reflect some of aspects of pro-arrhyth-
mic atrial substrate.  For example, progressively 
larger atrial volume by CTA has been associated 
with incrementally higher odds of AF recurrence 
following ablation.38 A more flattened atrial roof 
shape may also identify patients who require 
additional trigger ablation or substrate modifi-
cation outside of PV isolation.39 Imaging more 
detailed tissue characteristics such as atrial fibro-
sis and pericardial fat are also being investigated 
as more specific predictors of ablation outcome. 

MRI shows promise as a more direct method of 
assessing the atrial fibrotic changes that paral-
lel the progression of atrial fibrillation to more 
persistent forms.40 Delayed gadolinium enhance-
ment MRI (DEMRI) is based on the preferential 
retention of intravenous gadolinium contrast 
within myocardium that has disrupted vascula-
ture.41 Oakes, et.al. first reported the possibility 

Figure 2: Illustrates how overlay of C-arm CT anatomy on top 
of conventional fluoroscopy may assist in catheter guidance.  
3D structures of interest, in this case the left atrium, spine (S), 
and esophagus (E), were first segmented from the C-arm CT 
image and then displayed on top of the fluoroscopic image.  
Additional registration was not required because the C-arm 
CT was acquired with the same X-ray system as the live fluo-
roscopy.  The underlying fluoroscopic image clearly depicts 
the ablation (C), lasso (L), and coronary sinus (CS) catheters, 
but contains minimal soft tissue detail.  However, the location 
of the ablation catheter and lasso catheter within the left infe-
rior PV is clear when anatomic structures from the C-arm CT 
are overlaid.  In this study, ablation locations (A) could also 
be displayed with the C-arm CT data. (Adapted from Li, et.al. 
Heart Rhythm 2009)
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of detecting atrial fibrosis using DEMRI.42 They 
found that the extent of pre-ablation LA DEMRI 
enhancement was 3 to 4 times more predictive of 
response to drug therapy and AF ablation than 
LA volume.  In this study, AF recurrence after ab-
lation occurred in 75% of patients with extensive 
enhancement, 43% of those with moderate en-
hancement, and only 14% of those with mild en-
hancement.  Follow-up studies by this group have 
supported this finding, leading to proposal of a 
“fibrosis” scoring system based on total amount 
of DEMRI atrial enhancement. (Figure 3) These 
studies reported no post-ablation AF recurrence 
in patients with very low (< 5%) enhancement but 
56% to 96% recurrence in those with more than 
35% enhancement.43, 44   This was despite 40% of 
patients with very low enhancement having per-
sistent AF and a quarter of patients with more 
than 35% enhancement having paroxysmal AF.   
These results suggest the limitation of relying on 
standard paroxysmal and persistant clinical cat-
egories for predicting response to AF ablation.  

To date, more widespread use of atrial DEMRI and 
confirmation of these findings have been limited 
by technical challenges.  Still, these studies suggest 
the potential of atrial substrate imaging to refine 
our understanding of AF in individual patients 
and to identify groups of patients for whom cur-
rent ablation strategies have a high likelihood of 
success or failure.

MRI and CT are also capable of localizing and 
quantifying pericardial fat, which is thought to 
play a role in local inflammation and could pro-
mote AF.  Studies by Batal, et.al. and Thanassou-
lis, et.al. provided evidence that the presence and 
quantity of pericardial fat measured by CT was as-
sociated with increasingly persistent forms of AF 
despite adjustment for other clinical factors includ-
ing non-pericardial fat deposits.45, 46  Most recently, 
using MRI, Wong, et.al. corroborated that pericar-
dial fat volume was associated with the presence 
and chronicity of AF.  They also found that peri-
cardial fat deposits were predictive of AF recur-
rence after ablation whereas systemic measures of 
adiposity such as BMI were not.47 Such studies will 
likely motivate further evaluation of the role peri-
cardial fat plays in AF.

Post-procedure Imaging for Assessing 
Ablation Lesions

Using imaging to establish creation of permanent 
ablation lesions at the time of the procedure could 
address an important limitation of current ablation 
procedures.  Recovery of PV conduction is typical 
in patients who undergo repeat AF ablation despite 
documentation of electrical pulmonary vein isola-
tion (PVI) after previous procedures.7, 8, 48, 49 This is 
likely due to resolution of transient factors such as 
edema that acutely affect conduction but can re-
solve in the days to weeks following ablation.50

Among imaging modalities, MRI has the most es-
tablished history for assessing lesion characteris-
tics following cardiac ablation.51-53 In 2007 Peters, 
et.al. introduced the concept of high-resolution 
atrial ablation lesion imaging following PVI us-
ing DEMRI.[54] McGann, et.al. expanded upon 
this technique and used a standardized workflow 
for 3D ablation lesion quantification and visual-
ization.55 They found that despite a uniform and 
extensive ablation protocol, there was significant 

Figure 3: Visualization of left atrial “fibrosis” based on pre-
ablation 3D DEMRI.  A) Illustrates a scoring system based on 
quantity of DEMRI enhancement that is proposed to reflect 
low (Utah Stage 1) to high (Utah Stage 4) amounts of atrial 
“fibrosis”.  Differential coloring was used to better distin-
guish contrast-enhanced atrium (green to red) from non-en-
hancing atrium (blue). B) Plots freedom from AF over days 
after ablation and shows that low, intermediate, and high 
amounts of enhancement differentiated patients with excel-
lent to poor outcomes despite C) significant number of pa-
tients with minimal enhancement having persistent AF and 
with higher amounts of enhancement having paroxysmal 
AF. (Adapted from Akoum, et.al. JCEP 2011)

Journal of Atrial Fibrillation Featured Review

 www.jafib.com 57 Aug-Sep, 2012 | Vol 5 | Issue 2                          



patient-to-patient variation in post-ablation LA 
enhancement.  They also found that a greater 
amount of post-ablation enhancement was as-
sociated with less AF recurrence after ablation.  
Looking more closely at the relationship be-
tween attempted ablation and actual lesion for-
mation, Taclas et.al. reported that 20% of lesions 
they marked with EAM did not have evidence 
of associated DEMRI atrial enhancement.56 (Fig-
ure 4) They also related more “gaps” in DEMRI 
enhancement to greater AF recurrence after 
ablation.  Conversely, Badger, et.al. found that 
achieving circumferential DEMRI enhancement 
around all pulmonary veins was difficult and 
only seen in 7% of patients after initial ablation.57 
However, all patients who achieved circumfer-
ential enhancement of all veins were free from 
AF at one year.  They also noted that in the 18 
patients undergoing repeat ablation, recovery 
of PV conduction was only seen in veins with 
non-circumferential ablation. Akoum, et.al. re-
cently refined these findings by combining pre-

procedure DEMRI fibrosis assessment and post-
procedure DEMRI lesion assessment.44 After PVI 
plus extensive substrate ablation, they found that 
achieving circumferential DEMRI enhancement 
around the PVs predicted procedural success only 
in patients with relatively less DEMRI atrial fibrosis.   
However, in patients with more atrial fibrosis only 
overall post-ablation atrial enhancement, including 
the posterior wall and septum, was predictive of 
success.  This study suggests that imaging detailed 
atrial tissue characteristics may be useful for identi-
fying patients who are likely to require an ablation 
strategy beyond PVI.  

One limitation of the studies above is that lesion 
imaging was performed weeks after ablation.  Fur-
ther investigation is required to identify permanent 
lesion characteristics at the time of the procedure 
when additional ablation could be targeted to lesion 
“gaps”.  Badger, et.al reported that the amount of 
DEMRI enhancement seen within 24 hours of abla-
tion was significantly greater than the enhancement 
seen at 3 and 6 months after ablation.58 This reflects 
that early post-ablation, gadolinium appears to be 
retained in areas of transient atrial injury that do not 
correlate well with eventual atrial scarring.  A recent 
follow-up study by McGann et.al suggested that, 
non-enhancing “dark” regions on DEMRI might bet-
ter reflect regions that will eventually form durable 
ablation lesions.59

Even if permanent ablation lesion characteristics 
can be visualized early post-ablation, the difficulty 
of transporting patients between the EP lab and 
MRI scanner limits the practicality of using DEMRI 
lesion imaging for guiding ablation.   This limita-
tion is one motivation for research into performing 
ablation procedures within the MRI scanner using 
real-time MRI guidance.51, 60-62 Lesion visualization 
using other modalities that may be more amenable 
to intra-procedure integration is also under inves-
tigation.  Recently, animal studies using C-arm CT 
have demonstrated the feasibility of RF ablation le-
sion imaging in the ventricle.63 However, reductions 
of radiation and contrast dose are needed for clini-
cal use and the ability to visualize atrial lesions re-
mains to be demonstrated.  ICE methods for cardiac 
ablation lesion imaging have also been studied.64, 65 
Though ICE currently has limited clinical utility for 
reliably imaging ablation lesions, new methods are 
in early stages of investigation.64, 66, 67

Figure 4: Atrial ablation lesion visualization using 3D DEM-
RI.  A) A 2D DEMRI slice through the left atrium.  The red 
arrow end marks an area of post-ablation enhancement.  B) 
Segmenting enhanced regions isolates ablated areas from 
the rest of the image.  The red arrow tip marks one area of 
ablation.  C) Segmented “lesions” from the whole 3D im-
age (colored purple) can be overlaid on the 3D angiogram 
(colored tan) to clarify the distribution of left atrial abla-
tion lesions.  Red dots indicate areas marked by the EAM 
mapping system where ablation energy was delivered.  The 
black arrow illustrates a region of incomplete ablation be-
low the right inferior PV.  The white arrow illustrates an 
area of ineffective ablation where RF energy was delivered 
but no resulting ablation lesion was seen. (Adapted from 
Taclas, et.al. Heart Rhythm 2010)
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CT and MRI for Avoiding and Evaluating 
Complications

In a recent worldwide survey, the risk of signifi-
cant complications following AF ablation was re-
ported to be around 4.5%.6 These complications 
include stroke, cardiac tamponade, pulmonary 
vein stenosis, and esophageal and phrenic nerve 
injury.  Appreciation of the left atrial structure 
and relationship to surrounding anatomy is im-
portant to minimize mechanical and ablation re-
lated complications.   Anatomic considerations 
of relevance to transseptal puncture include the 
relationship of the foramen ovale to the aorta, left 
atrial appendage, and posterior, superior, and 
lateral atrial walls.  The risk of catheter-mediated 
perforation can be mitigated by additional lo-
calization of the PV junctions and knowledge of 
regional variations in atrial thickness. Ablation 
injury of adjacent structures can be minimized 
by understanding the anatomic relationships of 
these structures such as the course of the right 
phrenic nerve between the right superior PV and 
superior vena cava/right atrium, the proximity of 
the left circumflex coronary artery to the mitral 
isthmus and coronary sinus, and the proximity 
of the bronchi to the atrial roof.  CT and MRI are 
useful for depicting these anatomic relationships 
and as previously discussed can be combined 
with EAM catheter tracking systems to assist pro-
cedure guidance. As reviewed next, CT and MRI 
have also been specifically evaluated for the pre-
vention of stroke and post-ablation evaluation of 
pulmonary vein stenosis, esophageal injury, and 
reduction of atrial function. 

Stroke can be a debilitating complication of AF 
ablation and left atrial thrombus is an absolute 
contraindication for the procedure.  Though TEE 
remains the standard for excluding left atrial ap-
pendage thrombus, an ability to combine throm-
bus evaluation with pre-procedure CT or MRI 
could avoid need for an additional study.  The 
largest study on this subject included 402 patients 
and suggested that absence of an appendage fill-
ing defect on CT angiogram may be sufficient to 
exclude thrombus in patients with a low CHADS2 
score.68, 69 Though MRI is excellent for detecting 
ventricular thrombus, it has been less studied 
for evaluating atrial thrombus.  There is some 
support that a negative non-contrast MRI may 

exclude atrial appendage thrombus.70 However, 
conflicting data from contrast MRI studies suggest 
that further investigation is needed.71 Beyond ex-
clusion of existing atrial thrombus, imaging could 
have a broader role in defining an individual’s 
stroke risk.  A recent report found that patients 
with prior stroke had significantly more atrial “fi-
brosis” by DEMRI than those without prior stroke 
and suggested that LA fibrosis was associated 
with stroke independent of CHADS2 risk factors.72 
If confirmed to be prospective predictors of stroke 
risk, such imaging measures of atrial remodeling 
may be useful for guiding the need for long-term 
anticoagulation.

Pulmonary vein stenosis is a well-recognized com-
plication of AF ablation that results from ablation 
within or near the PVs.  CT and MRI are the pre-
ferred modalities for assessing this complication 
and grade stenosis as mild (< 50%), moderate (50-
70%), and severe (> 70%).[4] The risk of PV ste-
nosis decreases with ablation further outside the 
PVs, but was reported as high as 42% after focal 
ablation of triggers within the PVs.73 Dill, et.al. 
reported a lower risk around 18% following seg-
mental PV isolation, but that the risk of stenosis in-
creases when ablation is delivered to increasingly 
circumferential regions of the PV ostia.74 With con-
temporary antral PV isolation, one group reported 
around a 3% risk of moderate stenosis and 1% risk 
of severe stenosis.75 Still, some advocate screening 
for PV stenosis three months following ablation 
because many patients with severe stenosis remain 
asymptomatic.75 This is relevant because stenosis 
can progress over time and the window for inter-
vention may be lost if total PV occlusion occurs.76 
Though most groups do not routinely perform PV 
stenosis screening, it has been recommended that 
centers beginning to perform AF ablation or those 
beginning to use new ablation modalities consider 
screening for quality control purposes.4 

Atrial-esophageal fistula is a rare but often fatal 
complication of AF ablation that can result from 
ablation along the posterior LA.  CT and MRI are 
the standard diagnostic modalities for assessing 
this condition.77 Because esophageal injury has po-
tentially devastating consequences, there has been 
recent interest in early detection that could prompt 
earlier intervention.  Badger, et.al. proposed that 
DEMRI might be able to identify esophageal injury 
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after ablation.78 However a follow-up study sug-
gested that esophageal enhancement at 24 hours 
did not correlate with EGD evidence of esophageal 
injury and that MRI appeared overly sensitive.79 
The primary strategy for preventing this serious 
complication is avoidance.  Pre-procedure CT and 
MRI have documented the nearly ubiquitous con-
tact of the esophagus with the posterior LA, sig-
nificant variability in esophageal course relative 
to the left and right PVs, and that the esophagus 
is often compressed and contact can span most 
of the posterior LA wall.80 However, because the 
esophagus can shift many centimeters from the 
time of pre-procedural imaging,81 more “real-time” 
measures of esophageal position such as esopha-
geal temperature probe monitoring, ICE, or po-
tentially C-arm CT are recommended.4, 30 

The shift to ablating larger regions of the atrium, 
particularly in cases of persistent atrial fibrilla-
tion, raises concern for adversely impacting atrial 
structure and function. Using post-ablation DEM-
RI to quantify LA  “scarring” after ablation, Wylie, 
et.al. found a linear correlation between increas-
ing amount of ablation and decreasing atrial ejec-
tion fraction (EF).82 Though a recent meta-analysis 
reported overall improvement in atrial function 
following successful ablation[83], a subsequent 
CT angiography study by Masuda, et.al. refined 
this finding.84 This study found that while post-
ablation LA volume and EF improved in patients 
with larger baseline LA volume and poorer base-
line EF, atrial function worsened in those with 
more preserved baseline atrial function. Gibson 
et.al. also recently described a “stiff left atrial syn-
drome” characterized by atrial diastolic dysfunc-
tion and worsening pulmonary hypertension in 
the absence of PV stenosis.85 This syndrome was 
noted after AF ablation in 1.4% of over a thousand 
patients.  Severe pre-ablation atrial scarring, along 
with diabetes and sleep apnea, were risk factors 
for this condition.  Though this study used inva-
sive mapping to identify pre-ablation atrial scar, 
MRI might be useful for non-invasive, pre-pro-
cedure characterization of atrial scarring as dis-
cussed above.

Additional CT and MRI Considerations 

Though in current use CT and MRI are often in-
terchangeable, these modalities have some rela-

tive advantages and disadvantages.  CT has the 
advantage of short imaging times and high spa-
tial resolution.  Current CT systems are capable 
of generating 3D angiograms with 0.5x0.5x0.5mm 
resolution within around 10 heart beats for 64 
detector systems and within one heart beat for 
320 detector systems.[86] In contrast, a 20 to 30 
second breath hold is typically required for 3D 
MRA with a resolution around 1.5x1.5x1.5mm.  
More significantly, much longer imaging times 
of several minutes are currently required for the 
“fibrosis” and ablation lesion DEMRI studies dis-
cussed above.  Reliably mitigating the effects of 
patient and physiologic motion over these lon-
ger imaging times remains a challenge.  Improv-
ing the speed and motion sensitivity of MRI is 
an area of active investigation that has seen a 
number of promising recent developments.87-89

An advantage of MRI over CT is that it does not 
require ionizing radiation. Minimizing radia-
tion exposure is a consideration in the AF abla-
tion population because prolonged fluoroscopy 
and repeat ablation procedures can result in sig-
nificant cumulative radiation dose.  MRI also has 
the advantage of more flexible soft tissue contrast 
compared with CT. This has lead to the more rapid 
advances in MRI of atrial substrate and ablation 
lesions that have been discussed in this review.

The use of both CT and MRI is limited in patients 
with significant renal dysfunction. The incidence 
and severity of renal dysfunction with iodine-based 
CT contrast agents markedly increases in patients 
with GFR < 30 ml/min.90 Gadolinium MRI contrast 
has been associated with a very rare but serious 
condition, nephrogenic systemic fibrosis (NSF).   
The occurrence of NSF has been limited to patients 
with GFR < 30 ml/min and typically dialysis de-
pendent.91 Non-contrast MRA has been proposed 
for left atrial and PV imaging in such patients.88

Conclusions

Pre-procedure CT and MRI are widely accepted 
for ablation planning to delineate the complex 
and variable anatomy of the left atrium, PVs, and 
surrounding structures. The information from 
pre-procedure 3D angiography is commonly in-
corporated into electroanatomic mapping systems 
to guide ablation lesion placement and can reduce 
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need for fluoroscopic radiation exposure.  Post-
procedure imaging using these modalities can 
also be useful for evaluating complications such 
as PV stenosis, esophageal injury, and reduced 
atrial function.  In the future, incorporating MRI 
or CT information about tissue characteristics 
such as regional fibrosis, pericardial fat, and local 
wall thickness may provide additional informa-
tion for selecting patients for different ablation 
strategies or for guiding ablation. A major limita-
tion of current ablation procedures is an inabil-
ity to consistently create permanent, transmural 
ablation lesions.  Ablation lesion imaging is a 
current focus of research toward the goal of de-
tecting incomplete regions of ablation in order to 
guide additional lesion placement. Together with 
advances in real-time imaging modalities such as 
ICE and MRI, alternate ablation delivery systems, 
and better understanding of AF pathophysiology, 
ablation promises to evolve into a more uniform-
ly successful treatment for atrial fibrillation.
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Introduction

Atrial fibrillation (AF) is the most common ar-
rhythmia in the United States, Europe, Japan and 
other developed countries. AF is associated with 
a significant morbidity and mortality, including a 
4- to 5-fold increased risk of stroke, a 2-fold risk
of dementia, a 3-fold risk of heart failure, and a
40% to 90% increased risk of overall mortality.

1 The mechanism of AF is not fully understood, 
but following Coumel’s triangle of arrhythmo-
genesis, some of the trigger factors, 2 the arrhyth-
mogenic substrate, 3 and modulating factors 4 are 
understood. These factors include the autonomic 
nervous system,5, 6 ischemia, 7 and hormones. 8 In-
vasive catheter ablation of AF has emerged as an 
effective therapy for patients with symptomatic 
AF. Atrial remodeling, particularly structural re-
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Abstract

Atrial fibrillation (AF) is the most common arrhythmia and is associated with a significant morbidity 
and mortality. Invasive catheter ablation of AF has emerged as an effective therapy for patients with 
symptomatic AF. Atrial remodeling, particularly structural remodeling, is important not only for AF per-
sistence but also for AF recurrence after ablation. Atrial dilation and fibrosis are two of the core processes 
involved in atrial structural remodeling. Increased automaticity and triggered activity occur in atrial 
structural remodeling, which may cause difficulty in maintaining sinus rhythm after ablation. Further-
more, an enlarged left atrium (LA) may increase the difficulty in achieving catheter stability and thereby 
require more energy to complete AF ablation. AF causes similar remodeling in both the left and right 
atria (RA), and myocardial changes in both atria influence AF recurrence. A non-invasive assessment 
of fibrotic structural remodeling helps predict the outcome of AF ablation. A variety of cardiac imaging 
modalities, such as two- or three-dimensional echocardiography or multi-detector row computed tomog-
raphy, have been used to estimate the magnitude of atrial structural remodeling by measuring atrial 
volume or LA function. Furthermore, delayed enhanced cardiac magnetic resonance imaging has been 
used to detect not only atrial fibrosis but also the effect of the ablation point. Thus, atrial remodeling, 
particularly structural remodeling, plays an important role in AF recurrence. These non-invasive imaging 
modalities are significant tools for estimating atrial enlargement to improve patient selection for AF abla-
tion at the point of paroxysmal AF, and for estimating atrial fibrosis to select the AF treatment including 
ablation strategy at the point of development to persistent or permanent AF.
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modeling, is important not only for AF persistence 
but also for AF recurrence after catheter ablation. 
Therefore, a non-invasive evaluation of the magni-
tude of atrial structural remodeling could be used 
to improve patient selection for AF ablation. We 
review the role of atrial remodeling in AF recur-
rence after catheter ablation from the perspective 
of using recent image modalities to estimate atrial 
structural remodeling.

Using Atrial Structural Remodeling to 
Predict AF Recurrence

AF results from continuous remodeling of the left 
atrium (LA), which involves electrical and struc-
tural transformations, altered metabolism, and 
autonomic changes. These changes are primar-
ily associated with the arrhythmia, but they are 
also secondarily associated with aging, progres-
sion of underlying heart disease, and genetic and 
environmental factors. 4 During the first week of 
AF, the atrial substrate is modified by electrical 
remodeling, with shortening of the atrial refrac-
toriness and slowing of the conduction velocity. 
Structural remodeling fascinates the maintenance 
of AF in the following months. Electrical remod-
eling is characterized by an AF-induced decrease 
in action potential duration and an increase in the 
risk of delayed after-depolarizations. In contrast, 
structural remodeling involves cell death, fibro-
blast proliferation, and excess extracellular ma-
trix production leading to fibrosis. Fibrotic lesions 
can impede electric propagation to favor reentry.9 
Fibroblast-cardiomyocyte interactions promote 
reentry and ectopic impulse formation. Thus, the 
fibrosis causes AF to progress to permanent forms, 
and AF itself may promote structural remodel-
ing, 10 creating a long-term positive feedback loop 
that contributes to the development of permanent 
forms of AF. Goette et al. 11 showed pathologically 
using the right atrial appendages from 259 patients 
undergoing open-heart surgery that increased atri-
al fibrosis is a direct cause of increased AF preva-
lence after surgery. Sanders et al. 12 demonstrated 
that patients with heart failure and no prior atrial 
arrhythmias have significant atrial structural re-
modeling characterized by anatomic and struc-
tural changes, including atrial enlargement, re-
gions of low voltage, and scarring, abnormalities 
in conduction, including widespread conduction 
slowing and anatomically determined conduc-

tion delay and block, and increased refractoriness. 
Chronic atrial fibrosis and scarring alter intra-
atrial conduction and increase atrial effective re-
fractory periods. Altered conduction and barriers 
formed by the scar may form the critical circuits for 
intra-atrial reentry that promote AF persistence. 
Indeed, structural remodeling with atrial fibrosis 
may be more important than electrical remodeling 
in maintaining AF, which is consistent with ani-
mal studies.13 Atrial dilation is closely associated 
with fibrosis14, and atrial size has been shown to be 
an important risk factor for AF persistence. Thus, 
atrial dilation and fibrosis are two of the core pro-
cesses involved in atrial structural remodeling.

Pulmonary vein (PV) ablation has become an im-
portant and increasingly effective treatment strat-
egy for AF, particularly paroxysmal AF. Previous 
studies have reported that 65% to 85% of patients 
are free from recurrent AF after ablation, but 
30% to 40% of patients require >1 procedure.15-17 
AF recurrence after catheter ablation depends on 
various factors, such as the left atrial diameter 
(LAD) or volume (LAV), 18, 19 left ventricular ejec-
tion fraction, 20 and LA scarring. 21 Pre-existing LA 
structural remodeling (scarring) is a strong inde-
pendent predictor of AF recurrence after catheter 
ablation because the structural change of the LA 
myocardium has been identified as an arrhythmo-
genic substrate that contributes to AF relapse. 22, 

23,24 Other important predictors have also identified 
the technical problems, such as the percentage of 
LA ablated 25 or vagal denervation, 26 and electrical 
block at linear lesions. 27 These factors, which in-
fluence AF recurrence, are all associated with a di-
lated LA, and the close relationship between dilat-
ed LA and AF recurrence has been understood on 
the basis of several concepts. First, the LA dilated 
by structural remodeling increases the automatic-
ity and triggered activity in atrial fibers, 28, 29 which 
is likely to cause AF recurrence after ablation. 30 
Second, based on the multiple reentrant wavelet 
hypothesis, AF can be more easily induced and 
maintained with a larger LA. 31, 32 Third, the en-
larged LA may increase the difficulty of achieving 
catheter stability and thereby require more energy 
and longer lesions to complete AF ablation. The in-
sufficient extent of ablation for the pre-existent LA 
scarring area concomitant with a dilated LA leads 
to re-connection between the LA and PVs after 
ablation33. Thus, AF recurrence is caused by more 

Journal of Atrial Fibrillation Featured Review

 www.jafib.com 67 Aug-Sep, 2012 | Vol 5 | Issue 2                          



extensive structural remodeling or less extensive 
ablation. Natale et al.21 demonstrated that exten-
sive LA structural remodeling with scar is likely to 
result in AF recurrence because of not procedural 
failure but an inability to achieve the end point of 
PV isolation. By identifying patients with exten-
sive LA remodeling before ablation, operators can 
immediately predict a high chance of procedure 
failure. Based on this finding, it may be possible to 
alter therapy in this select group to maximize suc-
cess. Patients with LA structural remodeling may 
require routine detailed mapping of the scar with 
ablation of all the potential isthmuses that could 
cause intra-atrial re-entry to minimize recurrence. 
A second procedure does not appreciably increase 
the cure rate, so perhaps repeat ablation should 
not be routinely offered. The goal of total freedom 
from antiarrhythmic therapy may also need to be 
revised in this group, and combination ablation 
with long-term drug therapy may be the most ef-
fective approach.

Is the right atrium (RA) a bystander in AF recur-
rence? RA structural remodeling has also been 
reported in patients with AF.34-36 Sanders et al. 37 
and John et al. 38 showed that both myocardial 
damage, as measured by voltage mapping, and 
an increase in atrial size were similar in magni-
tude between the LA and RA in patients with 
lone paroxysmal AF. These authors also showed 
a symmetrical change in electric remodeling be-
tween the LA and RA in patients with rheumatic 
mitral stenosis, suggesting a potential cause of 
AF. Using 64-multidetector computed tomog-
raphy (MDCT) in a 6-month follow-up study in 
patients with paroxysmal AF, we reported that 
both LA and RA structural remodeling are inde-
pendent predictors of AF recurrence. 39 Lo et al. 40 
studied patients with combined paroxysmal and 
persistent AF who underwent three-dimensional 
(3-D) mapping and circumferential PV isolation 
(CPVI) and LA linear ablation, followed by LA 
and RA electrogram-based (complex fractionated 
atrial electrogram) (CFAE) ablation. Their results 
showed that a larger LAD and the presence of 
RA non-PV ectopy during the index procedure 
could predict a late recurrence during the long-
term (13 ± 8 months) follow up. Although the PV 
is the major site of ectopic beats that initiate AF 
and isolation of the PVs and LA substrate modifi-
cations remain the keystones for AF ablation, 28 to 

47% of patients had non-PV ectopy that initiated 
AF. 41-43 Among the non-PV ectopic sites initiating 
AF, the superior vena cava AF accounted for one-
third of the population. Previously, atrial pacing 
or ablation in the high RA, interatrial septum, and 
Bachmann bundle had been used to prevent AF 
because multiple unstable reentrant circuits were 
observed in the RA. 3, 44, 45 Kalifa et al. 36 demon-
strated that the sources of rapid atrial activation 
during stretch-related AF were located in the PV 
region, and their level of spatio-temporal organi-
zation correlated with pressure. High pressure in 
the PV junction and pulmonary hypertension may 
play an important role in AF recurrence. Further-
more, a previous study demonstrated that both 
RA and LA pressures were significantly and simi-
larly increased in early and severe heart failure, 
and remodeling of both atria contributed to the 
development of atrial arrhythmia and pulmonary 
hypertension. 46 In addition, apart from the Bach-
man bundle, there are several muscular bridges 
that provide interatrial connections, such as the 
connections between the LA and the coronary si-
nus and those between the muscular sleeves of the 
right PVs and the RA. 47, 48 Those previous results 
indicate that the occurrence of AF causes similar 
structural and electrical remodeling in both atria, 
and as a result, the extent of LA and RA remodel-
ing influences AF recurrence after ablation. 12

Estimating Atrial Remodeling to Predict AF 
Recurrence

Atrial structural remodeling is estimated us-
ing atrial volume enlargement and myocardial 
fibrosis. As a common consequence of AF, LA 
enlargement caused by structural atrial remod-
eling has been proven to be associated with re-
current AF not only after ablation but also after 
spontaneous, chemical, or electrical cardiover-
sion in the AFFIRM study. 49 Atrial fibrosis is also 
known to lead to the triggering and persistence 
of AF through structural changes in the LA sub-
strate with electrical remodeling. A non-invasive 
assessment of fibrotic structural remodeling 
helps to predict the outcome of AF ablation. 50

Echocardiography

Echocardiography is widely used to measure the 
LAD because it allows real-time imaging. In 2003, 
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Table 1 Image Modality and Predictors of AF Recurrence
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Pappone et al. 51 reported a LAD >45 mm using M-
mode transesophageal echocardiography (TEE) 
to be a predictor of AF recurrence for median 2.4 
years after CPVI in 589 ablated patients with par-
oxysmal (69%) and chronic AF (31%) (Table 1). The 
success rate of 73.6% in ablated AF patients was 
defined as a result of repeated AF ablations. Ber-
ruezo et al.19 also examined risk factors for AF re-
currence in 148 combined AF patients (60.8% with 
paroxysmal, 23.6% with persistent, and 15.5% 
with permanent AF) undergoing CPVI with line 
ablation during 6 months and showed, using 2-D 
M-mode TEE, that a LAD >45 mm and a history of
hypertension (HT) were independent predictors
of AF recurrence. They used a one-month blank-
ing period for AF recurrence during the follow
up because late AF recurrence is distinguished
from early recurrence after ablation. Using 2-D
M-mode transthoracic echocardiography (TTE) in
474 Japanese patients with only paroxysmal AF,
Miyazaki et al.52 showed that the patients with
moderate (40-50 mm) and severe LA dilation (>50
mm) had a 1.30-fold and 2.14-fold increase, re-
spectively, in the probability of recurrent AF after
pulmonary vein antrum isolation (PVAI) with line
ablation, and/or elimination of all non-PV triggers
of AF, during a mean follow up of 30 ± 13 months
with a blanking period of 1 month compared to
patients with a normal LA diameter (≤40 mm).
The successful ratio of 67.1% was defined as a re-
sult of initial AF ablation. Those studies showed
the significance of M-mode echocardiography in
measuring LA size in patients with AF. However,
in 2009, Hof et al.53) demonstrated that the LAD
measured by M-mode TEE correlates poorly with
the LA volume (LAV) measured by 3-D CT in pa-
tients with AF and that 2-D echocardiography is
not useful for predicting AF recurrence. In con-
trast, in 2010, Parikh et al.54 demonstrated that a
LAD ≥49 mm using the 3-chamber view of TEE is
a more powerful predictor of AF recurrence after
repeated PVAI with line ablation, and/or CFAE
ablation, during 12-month follow up compared
to a LAV ≥99 mL in 88 combined AF patients us-
ing LAD in M-mode TTE, 2-, 3- and 4-chamber
views of TEE, and LAV measured by modified
Simpson’s rule. It is controversial whether the
LAD measured using 2-D echocardiography is
accurate, but in the least, those studies showed
that a LAD ≥50 mm by 2-D echocardiography is
a risk factor of AF recurrence as shown in ACCF/

AHA/HRS guideline 1 despite the type of AF (but 
mainly including paroxysmal AF), different body 
surface area by the race, different follow-up pe-
riods with different blanking periods, and differ-
ent ablation procedures, including whether the 
ablation procedure was repeated during follow 
up. Shin et al. 55 evaluated the LAV as a predic-
tor of AF recurrence after PVAI over a 6-month 
period without a blanking period. The LAV was 
measured using 2-D TEE but was assessed by 
biplane area-length methods from apical 4- and 
2-chamber views in 68 combined AF patients
(40 with paroxysmal and 28 with persistent AF).
They showed that a LA volume >34 mL/m2 (per
body surface area) had a sensitivity of 70% and
specificity of 91%, but the value of LAV for pre-
dicting AF recurrence was smaller compared to
the 2-D TEE study by Parikh et al (LAV ≥99 mL).

Previous studies have suggested that 2-D echocar-
diographic methods systematically underestimate 
LAV compared to CT or MRI quantitation.56,57,58 
Thus, 2-D echocardiography is limited for assess-
ing the LAV by significant geometric assump-
tions and has low reproducibility due to the di-
verging position and orientation of image planes. 
The recent advances in 3-D echocardiographic 
technology may make it possible to measure the 
LAV accurately. In contrast, 2-D echocardiog-
raphy can measure the LAD easily, simply, and 
similarly among every hospital or medical center, 
which may standardize the value of the LAD as 
a guideline for patient selection for AF ablation.

The value of LA function as a marker of struc-
tural remodeling was investigated using imaging 
modalities because LA dysfunction leads to LA 
enlargement in patients with AF. However, it is 
difficult to accurately diagnose the degree of LA 
dysfunction because the wall motion is smaller 
in the LA compared to the LV. The peak LA ap-
pendage (LAA) emptying flow using TEE has 
been previously validated as an indicator of LA 
function. Previous studies showed that a peak 
LAA emptying flow of <20 cm/s is associated with 
higher rates of AF recurrence, 59 whereas values 
>30 cm/s may predict the success of direct-current
cardioversion. 60 Recently, the intracardiac echo-
cardiography has been used to obtain on-line ac-
quisition of anatomic information regarding left
atrial and PV during catheter ablation, 61 potential
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Iodine-123 Meta-iodobenzylguanidine Scin-
tigraphy

Molecular cardiovascular imaging using iodine-
labeled radiotracers has an important role in im-
aging rhythm disorders at both the molecular 
and cellular levels. 72, 73 Cardiac iodine-123 meta-
iodobenzylguanidine (123I-MIBG) uptake on scin-
tigraphy represents the function of the cardiac 
sympathetic nervous system. In 2011, Arimoto et 
al. 74 showed using 123I-MIBG scintigraphy that 
the washout rate of cardiac 123I-MIBG uptake at 
4 hours after intravenous injection of tracer was 
a more powerful predictor of an AF recurrence 
after extensive PVAI with line ablation and/or 
SVC ablation with an hazard ratio of 2.0 for ev-
ery 7.7% increase of washout rate than LAD mea-
sured by M-mode echocardiography with hazard 
ratio of 1.75 for every 7 mm in 88 combined AF 
patients (48 with paroxysmal and 40 with persis-
tent AF) during a mean follow-up period of 13.5 
± 2.2 months with a 1-month blanking period 
(Table 1). They showed that 25.1% of the washout 
rate was a threshold value for AF recurrence with 
a 64% of sensitivity and 80% of specificity. Sym-
pathetic innervation is associated with PV triggers 
for AF recurrence in addition to the influence of 
structural remodeling on LA enlargement. 75 Our 
study previously showed that sympathetic inner-
vation correlates to the LAD measured by M-mode 
echocardiography in patients with paroxysmal AF 
and is associated with the development of AF. 6

The differences in cardiac 123I-MIBG uptakes by 
the different scintigraphic machine, including col-
limator type, and different scintigraphic protocols, 
including the time from the tracer injection to the 
collection, may make multi-center comparisons of 
123I-MIBG values difficult, and single-center results 
may not easily be extrapolated to other hospitals.

Three-dimensional Computed Tomography

Recently, MDCT has allowed multi-dimensional 
reconstruction of patient-specific cardiac anato-
my.76 Quantitative analysis of cardiac chamber 
geometry is an essential component of a com-
plete cardiac evaluation using 3-D cardiac imag-
ing, such as MDCT with iodine contrast medium. 
77, 78 In the area of arrhythmogenic heart disease, 
3D cardiac image registration using MDCT is cur-

to assess hemodynamic function and the moni-
toring of acute complications, such as pericardial 
effusion and PV occlusion. 62 Using intracardiac 
echocardiography in 102 patients with only per-
sistent AF, Verma et al. 63 showed a velocity of 
only 19 cm/s in those with AF recurrence versus 
29 cm/s in those without recurrence from 1 month 
to 6 months after PVAI (Table 1). These results 
indicate that <20 cm/s of LAA flow on Doppler 
echocardiography is a marker of AF recurrence. 
Chao et al. 64 showed using the time interval from 
the initiation of p-wave deflection to the peak of 
the mitral inflow a-wave (PA-PDI) on the pulse-
wave Doppler imaging as a marker of atrial re-
modeling in 132 paroxysmal patients with CPVI 
and elimination of all non-PV triggers of AF in-
cluding isolation of the SVC that a PA-PDI >160 
ms had a sensitivity of 80.6% and a specificity of 
70.8% for AF recurrence. Ultrasound-based, 2-D, 
speckle-tracking imaging allows for noninvasive 
quantification of the LA-myocardial deforma-
tion properties during the heart cycle, 65, 66, 67 and 
2-D speckle-tracking imaging analysis of the LA
has been shown to correlate with the extent of
structural LA remodeling in patients with AF. 68

Previous studies reported that LA deformation
estimated using 2-D, speckle-tracking imaging
predicted AF recurrence in patients undergo-
ing either external cardioversion of AF65 or abla-
tion procedures.69 More recently, Hammerstingl
et al.70 demonstrated in 103 combined AF patients
(76 with paroxysmal and 27 with persistent AF)
with PVAI that assessing global LA strain with
2-D speckle-tracking identified patients at high
risk for AF recurrence (sensitivity >85% and spec-
ificity >90.5%). Kupahally et al. 71 also showed 
that LA deformity using 2-D speckle tracking LA 
peak strain correlated with the quantity of LA 
fibrosis measured by MRI in patients with AF.
These unique data using Doppler echocardiog-
raphy or 2-D, speckle-tracking imaging was re-
ported as a predictor of AF recurrence, but in 
addition to the angle dependency of Doppler 
imaging and difficult analysis of LA systole 
with 2-D stain, it is hard to obtain strain imag-
ing due to the distance from the chest wall and 
the presence of pulmonary veins or the fossa of 
ovalis; therefore, the technique used to obtain 
the image and the analysis of the obtained im-
ages may require an expert with special software.
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rently being investigated and used clinically for 
AF catheter ablation.79,80 Computed tomography-
rendered volumes add 3-D to an otherwise 2-D 
ablation procedure, allowing for better delineation 
of the complex LA anatomy with precise volume 
estimation and increased electroanatomic map-
ping accuracy.78, 81 Abecasis et al. 82 used 64-MDCT 
in combined AF patients (78 with paroxysmal, 14 
with persistent, and 7 with permanent AF) over 
16.7 ± 6.6 months (6-month minimum) with an 
excluded blanking period of 3 months after PVAI 
with line ablation and demonstrated that a LAV 
>145 mL had a sensitivity of 78% and specificity
of 74% for AF recurrence (Table 1). Their study pa-
tients included 51.5% with HT, 9.1% with ischemic
heart disease, and 5.1% with diabetes. They mea-
sured the LAV using semi-automatic software with
atrium endocardial contours, automatic detection
and operator correction. Using 16-MDCT, Helms
et al. 83 also demonstrated in a 12-month follow-
up study with an excluded blanking period of 1
month in combined AF patients that the sensitiv-
ity of a LAV >135 mL for predicting AF recurrence
after repeated PVAI with line ablation was 36%,
and the specificity was 96%. Their study patients
included 48% with HT, 15% with ischemic heart
disease, 11% with diabetes, and 14% with mitral
valve disease. They measured the LAV by multi-
plying the area of each slice on the 2-D image by
its thickness and summing all of the volumes for
each slice (i.e., the Simpson method). Parikh et al.
54 also showed by a similar method to Helms at al.
using 64-MDCT in American patients with com-
bined AF patients that a LAV ≥117 mL was associ-
ated with an odds ratio (OR) for AF recurrence of
4.8. Their study patients included 60.2% with HT,
10.2% with ischemic heart disease, 8% with dia-
betes, and 3 patients with prior valve surgery. In
contrast, in our study, 39 each atrial volume (RAV
≥87 mL or LAV ≥99 mL) using 64-MDCT was pre-
dictive of AF recurrence (RAV: sensitivity 81.3%,
specificity 75.5%; LAV: sensitivity 81.3%, specific-
ity 69.4%) over 6 months with a 1-month blanking
period in Japanese patients with only paroxysmal
AF. We used quantitative 3-D measurement soft-
ware (OsiriX software) to measure both the LAV
and RAV before extensive PVAI. Our study pa-
tients included 48% with HT, 13.8% with diabetes,
and no one with a history of ischemic heart disease
or significant valve disease. The LAV values for AF
recurrence in the latter 2 studies were less than

those in the former 2 studies.

The 3-D MDCT is a best tool for spatial and es-
pecially in temporal resolution. It is possible to 
assess atrial volume enlargement accurately 
with less influence from the technique, software, 
and expert used because of high reproducibil-
ity. However, the accurate volume measurement 
may cause uneven result due to the differences in 
patient backgrounds, such as the history of struc-
tural heart disease, AF type, and ablation proce-
dure. First, using atrial enlargement as a power-
ful predictor of AF recurrence was intended for 
only patients with paroxysmal AF. In contrast, 
excluding patients with paroxysmal AF reduces 
84 or eliminates85, 86 the value of atrial enlargement 
for predicting AF recurrence because persistent 
or permanent AF is a predictor of AF recurrence 
itself. Paroxysmal AF is frequently a purely trig-
ger-dependent phenomenon with structural re-
modeling, whereas permanent AF is generally 
mechanistically complex, implicating a more dif-
fuse abnormality of the atrial substrate. 1 In other 
words, the role of both atrial electrical and struc-
tural remodeling is predominant over triggers in 
patients with persistent or permanent AF. 87 This 
difference is confirmed by the fact that a longer 
history of AF or shorter AF cycle length 84,85 is su-
perior for predicting the recurrence of persistent 
AF to LA enlargement as a marker of structural 
remodeling although the present image modali-
ties have not a capacity to assess the characteris-
tics of occurrence of AF. Second, successful cath-
eter ablation may be related to the ablation lesion 
targeting the substrate-roof line, mitral isthmus 
line, or CFAE ablation, particularly in permanent 
AF. Therefore, for patients that develop AF, dif-
ferent technical protocols or procedures may re-
sult in the different predictors of AF recurrence 
and different cut-off values for the predictors. 
Atrial enlargement on the whole represents struc-
tural remodeling, but a dilated atrium does not 
always lead to AF recurrence.

Park et al. 88 examined regional LAV using 3-D 
spiral CT in 70 combined AF patients. When each 
LA image on 3D spiral CT was divided into the 
venous atrium (VA), anterior LA (ALA), LA ap-
pendage (LAA), and antrum, recurrence after 
paroxysmal AF ablation was more common in pa-
tients with a disproportional enlargement of the 
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anterior portions of the LA than those with no re-
currence after PVAI with line ablation. Measuring 
regional volume on 3-D CT is unique, and these 
results indicate that the difference in regional LA 
enlargement may change the ablation strategy or 
ablation target lesion. 

Delayed Enhanced Magnetic Resonance 
Imaging

Atrial fibrosis or scarring have been invasively 
detected by contact voltage mapping with a mul-
tipolar circular catheter in the LA and have been 
evaluated by 3-D electroanatomic mapping. How-
ever, atrial fibrosis was recently estimated non-
invasively from delayed enhanced cardiac mag-
netic resonance (DE-MRI) imaging. DE-MRI is an 
established method for visualizing tissue necrosis 
in cardiac disease processes, including myocardial 
infarction and myocarditis. 89-91 Contrast enhance-
ment occurs as a result of altered washout kinet-
ics of gadolinium relative to normal surrounding 
tissue, which may reflect increased fibrosis or tis-
sue remodeling of the myocardium.89 Oakes et al. 
33 recently showed using a 1.5 Tesla scanner 3-D 
DE-MRI in 81 combined AF patients (41 with par-
oxysmal and 40 with persistent AF) that the extent 
of LA enhancement predicted AF recurrence after 
PVAI and posterior wall and septal debulking dur-
ing an average follow up of 9.6 ± 3.7 months (range 
from 6 to 19 months) (Table 1). They showed that 
the rate of AF recurrence was 6 patients (14.0%) 
with minimal enhancement (<15% of the LA wall), 
13 (43.3%) with moderate enhancement (>15% and 
<35% of the LA wall), and 6 (75%) with extensive 
enhancement (>35% of the LA wall, p<0.001), and 
extensive LA enhancement predicted more accu-
rately the AF recurrence with an OR of 4.88 com-
pared to a large LAV (>116.13 mL) measured by 
MRI with an OR of 1.02. The extent of LA enhance-
ment correlated with the electroanatomical voltage 
mapping data, which reflects the fibrosis. CARTO-
based voltage mapping studies have been associ-
ated with a high degree of spatial error, from 0.5 
to 1.0 cm, in comparative studies.92,93 In contrast, 
reconstruction with DE-MRI provides information 
on the anatomy and location of pathology with-
out spatial distortion. Akoum et al.50 examined 
the relationships of atrial fibrosis before ablation 
and atrial scarring after ablation to AF recurrence 
in 144 patients who were staged by the percent of 

fibrosis quantified with DE-MRI relative to the 
LAV (minimal or Utah stage 1, <5%; mild or Utah 
stage 2, 5–20%; moderate or Utah stage 3, 20–35%; 
and extensive or Utah stage 4, >35%). All patients 
underwent PVAI and posterior wall and septal 
debulking, LA scarring was quantified, and the 
PV antra were evaluated for circumferential scar-
ring 3 months post ablation. The extent of LA 
scarring post ablation was comparable across the 
4 stages, and most patients had either no (36.8%) 
or 1 (32.6%) of the 4 targeted PV antrums circum-
ferentially scarred. However, the extent of atrial 
fibrosis before ablation positively correlated with 
persistent AF (Utah stage 1, 40%; Utah stage 2, 
55%; Utah stage 3, 65%; and Utah stage 4, 75%) 
and with AF recurrence after ablation (Utah stage 
1, 0%; Utah stage 2, 28%; Utah stage 3, 35%; and 
Utah stage 4, 56%). More important in their study 
was the fact that the achievement of circumfer-
ential PV antral scarring caused by ablation pre-
dicted ablation success in mild LA fibrosis, while 
the achievement of posterior wall and septal scar-
ring was needed for success in moderate fibrosis. 
This result confirms that isolation of PV triggers 
may be acceptable in paroxysmal AF, whereas 
patients with more clinically advanced AF are 
likely to have a better long-term outcome with 
more extensive ablation. 94-96 Determining the ex-
tent of atrial fibrosis before ablation provides an 
opportunity to characterize the stage of disease. 
On the basis of the DE-MRI results, AF ablation 
in patients with extensive LA structural remodel-
ing is offered with a reduced expectation of long-
term success. Surely, this result would have been 
proposed by Natale et al. 21

DE-MRI is a most anticipated image modality 
for predicting AF recurrence by directly detect-
ing LA myocardial fibrosis. However, the pres-
ence of respiratory navigator artifacts and MRI 
noise may lead to the inappropriate detection 
and quantification of fibrosis because of compa-
rably longer examination time and LA wall thin-
ning. Furthermore, the algorithm used to detect 
and quantify fibrosis requires an experienced ob-
server to choose the threshold levels. Significant 
improvements in LA wall imaging with greater 
spatial resolution and improved signal-to-noise 
ratio are expected in the future. In the near future, 
DE-MRI will be used for estimating the extent of 
atrial fibrosis and determining the ablation point.
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Conclusions

Atrial remodeling, particularly structural remod-
eling, plays an important role in AF recurrence. 
These non-invasive imaging modalities are signifi-
cant tools for estimating atrial enlargement to im-
prove patient selection for AF ablation at the point 
of paroxysmal AF and for estimating atrial fibrosis 
to select the AF treatment including ablation strat-
egy at the point of development to persistent or 
permanent AF.
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Introduction

Atrial fibrillation (AF) is the most common sus-

tained atrial arrhythmia conferring a higher 
morbidity and mortality.1,2 As a result of an ag-
ing population with an increasing incidence of 
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Abstract

Atrial fibrillation (AF) is the most common sustained atrial arrhythmia conferring a higher morbidity 
and mortality. Despite the increasing incidence of AF; available therapies are far from perfect. Dietary 
fish oils, containing omega 3 fatty acids, also called polyunsaturated fatty acid [PUFA] have demon-
strated beneficial electrophysiological, autonomic and anti-inflammatory effects on both atrial and ven-
tricular tissue. Multiple clinical trials, focusing on various subsets of patients with AF, have studied the 
role of PUFA and their potential role in reducing the incidence of this common arrhythmia. While PUFA 
appears to have a beneficial effect in the primary prevention of AF in the elderly with structural heart 
disease, this benefit has not been universally observed. In the secondary prevention of AF, PUFA seems 
to have a greater impact in the reducing AF in patients with paroxysmal or persistent AF, stages of AF 
associated with less atrial fibrosis and negative structural remodeling. However, AF suppression has 
not been consistently demonstrated in clinical trials. In patients undergoing heart surgery, increasing 
PUFA intake has yielded mixed results in terms of AF prevention post-operatively; however, increased 
PUFA has been associated with a reduction in hospital stay. Therefore recommending the use of PUFA 
for the purpose of AF reduction remains controversial. This is in part attributable to the complexity of 
AF. Other conflicting variables include: heterogeneous patient populations studied; variable dosing; 
duration of follow-up; comorbidities; and, concomitant pharmacotherapy. This review article reviews 
in detail available basic and clinical research studies of fish oil in the treatment of AF, and its role in the 
treatment of this common disorder.

Abbreviations : AF=Atrial fibrillation, CHS=Cardiovascular Health Study,CABG=Coronary artery by-
pass surgery, d=Day, DHA=Docosahexaenoic acid, EPA=Eicosapentaenoic acid, ERP= Effective refrac-
tory period, g=Gram, PAF= Paroxysmal atrial fibrillation, PeAF= Persistent atrial fibrillation
PUFA= Polyunsaturated fatty acid.

Key words : Omega 3 fatty acid, PUFA, Atrial fibrillation. 
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both obesity and diabetes, the number of pro-
jected cases of AF is expected to increase.3 It 
is estimated that by the year 2050, twelve mil-
lion Americans will be diagnosed with AF.3 
The exact mechanism of AF is not fully under-
stood and therefore, a unifying pathogenic-
mechanism is lacking. Similarly, the treatment 
of rate or rhythm control in AF remains imper-
fect. Antiarrhythmic drugs often have side effects 
and show limited efficacy (approximately 5%-
40%) in providing freedom from AF. Recently 
radiofrequency ablation, focusing on  isolation 
of the pulmonary veins has emerged as a prom-
ising treatment of AF, especially in younger 
symptomatic patients with early stages of AF. 
Fish oil and omega-3 fatty acids, have been found 
to exert a beneficial effect by reducing triglyc-
erides and increasing high-density lipoproteins 
in patients with marked hypertriglyceridemia. 
Both bench research and clinical trials have 
shown anti-arrhythmic benefit associated with 
omega-3 fatty acid intake. In addition, omega-3 
fatty acids have been shown to have a benefi-
cial effect on various aspects of the cardiovascu-
lar system including heart rate, blood pressure, 
and autonomic tone. Recent studies have shown 
that a diet rich in omega 3 fatty acids reduces 
the incidence of both fatal coronary heart dis-
ease (CHD) and sudden cardiac death.4-7 Due 
to a large burden of AF, lack of effective phar-
macological agents and the relative safety of 
omega 3 fatty acid, there is a widespread inter-
est in omega-3 fatty acid in the prevention of AF. 

Omega 3 Fatty Acids

Omega 3 fatty acids are long chain hydrocar-
bons (ranging from 18-22 carbon atoms) contain-
ing multiple double bonds, referred to as poly-
unsaturated fatty acids (PUFA). Omega 3 fatty 
acids have the first double bond located on the 
3rd carbon from the –CH3 terminus (ω carbon). 
Omega 3 fatty acids (n-3 PUFA), include: alfa-lin-
oleic acid (ALA; 18:3n-3) commonly found in flax-
seed, canola, walnuts, soybeans;eicosapentaenoic 
acid (EPA) (20:5n-3) and docosahexaenoic acid 
(DHA) (22:6n-3) commonly found in fish prod-
ucts. Humans synthesize relatively little EPA 
and even less DHA, therefore seafood consump-
tion provides the major source of PUFA.8 Doc-
osapentaenoic acid (DPA) (22:5n-3), metabolite 
of EPA, can be found in smaller amounts in fish.  

Effects of Omega 3 Fatty Acid on Atrial Fi-
brillation

One of the most intriguing effects of omega-3 
fatty acid appears to be its antiarrhythmic effect. 
To date, research findings have been mixed, with 
some trials demonstrating a lower risk of arrhyth-
mias and others showing no significant effect9-16 

While, in vitro studies, animal experiments, and 
some human studies suggest an anti-arrhythmic 
effect of n-3 PUFA in AF, clinical data has remained 
elusive. It is also unclear whether such benefits, if 
present, are due to direct effects on myocyte elec-
trophysiology or more indirect influences such as 
improvements in myocardial efficiency, autonom-
ic tone, local inflammatory responses, and the like.
In order to fully understand the potential role of 
omega-3 fatty acids in the prevention of AF one has 
to understand the pathogenesis. This may prove 
challenging due to the complex mechanisms of AF.

Subtypes of Atrial Fibrillation

AF is classified as paroxysmal (PAF), persistent 
(PeAF), chronic, and permanent. PAF is atrial fi-
brillation which exhibits salvos of AF lasting less 
than 7 days. PeAF are episodes lasting longer than 
7 days, while chronic AF persists for greater than 
one year. Permanent AF is chronic when it has per-
sisted for longer than one year and is resistant to 
any form of cardioversion. Clinically, the chronic 
and permanent subtypes of AF respond poorly 

Figure 1: The Figure shows the major mechanisms by which 
PUFA reduces susceptibility of AF. 1. Δ=change, Decreases
Increases
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Table 1 The table shows the putative mode of action of PUFA at various biological levels as they relate to 
mechanism of AF

Site of Action Putative Antifibrillatory Action

Ion channels • Inhibition of the sodium current61

• Inhibition of calcium current62

• Enhancement of potassium currents (Ito and delayed rectifier current)62

Cell membrane • Hyperpolarization of RMP63

• Increases strength of the current necessary to ilicit AP63

• Reduces APD (APD at 75% repolarization) 63

• Increases sarcolemmal membrane fluidity64 

• Preservation of plasmalemma and mitochondrial membrane integrity65

Myocyte • Restoration of synchronous contraction of myocyte by PUFA64

Electrical properties • Prolongation of mean AF cycle length28

• Lengthening of ERPs in RA, LA and PVs28

• Lower incidence of AF initiated from PVs during ERP tesing28

• Reduced vulnerability of normal or ischemic myocardium to arrhythmias66,67

Neurohormonal axis • Reduction of resting heart rate68 and association with heart rate variability prabably
related to increased vagal activity68

• Attenuation of vascular response to angiotensin69

• Decreases inflammation and oxidative stress39-41

to both pharmacologic and ablative therapy. 
Omega-3 fatty acids appear to have a differen-
tial effect on the various subtypes of AF, show-
ing more of an effect in the suppression of PAF 
as compared to the more persistent subtypes.
The 3 clinical subtypes seem to possess different 
pathophysiological mechanisms. PAF, by defini-
tion self-terminating, results predominantly from 
focal mechanisms, most probably in combination 
with local reentrant circuits originating from spe-
cific regions such as the pulmonary veins. PeAF 
requires a substrate capable of accomodating mul-
tiple micro-reentrant circuits. In the long term, as 
AF and underlying cardiac conditions progress; 
structural remodeling leads to a complex, fixed 
substrate that is very resistant to therapy, ren-
dering AF permanent. Atrial remodeling favors 
the transition towards more-advanced clinical 
forms of AF, with distinct types of remodeling 
promoting structural over functional substrates.17 

The following section would describe major 
mechanisms and the role of omega 3 polyun-
saturated fatty acid (referred to as simply PUFA 
hereafter) as an antifibrillatory agent.18 The ef-
fect of PUFA on various physiological variables, 
are summarized in Table 1 and the mechanism 

which PUFA reduces AF is given in [Figure 1].

 Pathogenesis of AF and Role of Omega 3 PUFA

Factors which increase an individual’s propensi-
ty to develop AF include:  increase in atrial mass; 
decrease in conduction velocity; decrease in atrial 
refractoriness and increase in the atrial disper-
sion of refractoriness. In addition, tissue inflam-
mation and autonomic tone serve to facilitate the 
initiation and propagation of AF. [Figure 2] AF 
is commonly associated with structural heart dis-
ease, but in the absence of structural heart disease 
(lone AF), genetic factors resulting in abnormal 
channel function have been implicated. Non-car-
diac disorders (e.g. hyperthyroidism or pulmo-
nary disease) can result in either atrial pressure 
or volume overload resulting in atrial distension 
with fibrotic changes and eventual remodeling. 
Interstitial fibrosis disrupts the atrial architec-
ture, affecting the intercellular connexin density, 
reducing conduction velocity, decreasing atrial 
refractoriness while increasing the dispersion of 
refractoriness. These structural changes are the 
contributing factors which modify atrial tissue 

RMP=resting membrane potential, AP=action potential, Ito=transient outward potassium current, RP=refractory period, 
APD=action potential duration, PUFA=polyunsaturated fatty acid, AF=atrial fibrillation, RA=right atrium, LA=left atrium, 
PV=pulmonary vein, ERP=effective refractory period 
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resulting in a substrate which can predispose to AF.

AtrialFibrosis

Recently Kitamura et al has shown in a rabbit 
model that PUFA (EPA) can attenuate atrial fi-
brosis and AF induced by rapid ventricular pac-
ing. The attenuation of AF is associated with 
changes in anti-inflammatory markers, suggest-
ing that PUFA attenuates fibrosis by its anti-in-
flammatory action.19 However, a direct effect on 
mitigating fibrosis in humans has not been shown.

Atrial Stretch

One of the mechanisms of AF is a sudden increase 
in pressure in the atria leading to AF (i.e. acute 
myocardial infarction or acute mitral regurgita-
tion). Ninio et al.20 has demonstrated the benefi-
cial role of PUFA on stretch induced AF in rabbits. 
This study evaluated the effects of a standard diet 
versus tuna fish oil (contains PUFA) or sunflower 
oil (n-6 fatty acid) in rabbits. In perfused hearts, 
intraatrial pressures were increased in a stepwise 
manner and rapid burst pacing was applied to 
induce AF. Increased atrial pressure resulted in a 
reduction in the atrial refractory period and a pro-
pensity for induction of sustained AF. Higher pres-
sures were required to induce and sustain AF in 

the fish oil group compared to the other groups. 
The stretch induced drop in the atrial refractory 
period was also attenuated in the fish oil group.20 

Genetic Factors 

Studies have shown that human AF may be asso-
ciated with genes encoding for the gap junctional 
protein connexin-40.21  Sarrazin et al22 has shown 
that a daily intake of fish oil decreases the inci-
dence of AF in dogs and is associated with lower 
connexin-40 levels. Ramadeen et al23 reported 
that dogs receiving PUFA had reduction in genet-
ic markers associated with fibrosis, hypertrophy 
and inflammation. The authors suggested that 
PUFA-mediated prevention of AF may be due to 
attenuation of adverse remodeling at the genetic 
level in response to mechanical stress. At this time 
the role of PUFA in modulation of genetic factors 
responsible for AF in humans remains unknown. 

Pulmonary Vein Ectopy

Pulmonary vein (PV) ectopy is critical in the ini-
tiation, and propagation of PAF.24 In the land-
mark study by Haissaguerre et al,24 95% of pa-
tients with recurrent AF had ectopic foci in PVs. 
The depolarization of these foci preceded atrial 
ectopic beats. AF was initiated by a sudden burst 
of rapid depolarizations. A local depolarization 
could be recognized during sinus rhythm and 
abolished by radiofreqency ablation. In addi-
tion, the PVs of patients with PAF exhibit distinct 
electrophysiological properties (shorter effective 
and functional refractory period, decremental 
conduction, and anisotropic cellular orientation) 
that may form the “substrate” for re-entry.25,26 

In patients without structural heart disease or 
clinical AF, chronic fish oil supplementation 
prolongs both right atrial and coronary sinus 
refractoriness and decreases vulnerability to de-
velopment of AF.27 Recently it has been shown 
that the ingestion of high dose fish oil (>6 g/d 
for ≥1 month) in humans (with PAF) resulted 
in a prolongation of PV and LA effective refrac-
tory periods (ERPs) compared to controls. There 
was less dispersion of refractoriness in the PVs 
of patients receiving fish oil. This study revealed 
lower ERPs in the control group resulted in a 
higher incidence of PV-initiated AF in controls 
compared to patients on fish oil (71% vs. 33%, p 

Figure 2: Schematic representation of mechanism causing per-
sistent or recurrence of Atrial fibrillation. Trigger in terms of 
focal activity or automaticity and Substrate in terms of reen-
try are essential for AF. Both of these factors are influenced 
by modulating factors. Fibrosis and inflammation either from 
structural heart disease or AF itself can create a setting for per-
sistence or recurrence of AF.
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0.02). The cycle length of first induced AF in PVs 
was significantly longer as well in patients using 
fish oil compared to controls (209 ms vs. 133 ms, 
p 0.002). The authors suggested that, as a direct 
consequence of higher PV refractoriness, patients 
on fish oil had decreased susceptibility to PV-
initiated AF and longer cycle length AF in PVs.28

Autonomic Tone 

The role of the autonomic nervous system in the 
initiation of AF has been extensively studied. PAF 
can be initiated in the context of both, enhanced 
vagal or sympathetic tone. Approximately 25% 
of patients with paroxysmal AF have “vagotonic 
AF”, in which AF is initiated in the setting of high 
vagal tone, typically in the evening when the pa-
tient is relaxing or during sleep. In theory, drugs 
that have a vagotonic effect (such as digitalis) may 
aggravate vagally mediated AF. “Adrenergic AF” 
occurs in approximately 10%-15% of patients with 
paroxysmal AF in the setting of high sympathetic 
tone, for example, during strenuous exertion. Most 
patients have a mixed or random form of parox-
ysmal AF, with no consistent pattern of onset.29

Vagal stimulation shortens refractoriness and 
sympathetic stimulation increases calcium load-
ing and automaticity. In combination the auto-
nomic nervous system may cause pause-induced 
triggered activity in both PV and atrial tissue. 
Foci of triggered activity may be explained by 
the combination of very short action potential 
duration and increased calcium release during 
atrial systole. Fish oils have demonstrable effects 
on calcium current30 and cytosolic calcium31 and 
electrical automaticity and this may explain its 
antiarrhythmic effect.32 Sarrazin et al concluded 
that oral treatment with fish oil can reduce vul-
nerability to vagally induced AF in dog models.22

Structural and Electrical Remodeling

Both structural and electrical remodeling of the 
atria alters the substrate, creating the appropriate 
milieu for the maintenance of AF. On a microscop-
ic level, AF causes atrial fibrosis, while the myo-
cytes experience de-differentiation (regressing to 
a fetal morphology). De-differentiation includes 
an increase in cell size, accumulation of glyco-
gen, myolysis, alterations in connexin expression, 

changes in mitochondrial shape, and fragmen-
tation of the sarcoplasmic reticulum.33 How-
ever, such changes are not uniformly observed 
throughout the atria contributing substantially 
to the electrical instability. Electrical remodeling 
parallels the structural abnormalities and the de-
gree of fibrosis observed in AF. In addition, pro-
gressive shortening and dispersion of atrial re-
fractory periods are the major changes occurring 
during AF.34 Acute PUFA treatment (in dogs) has 
been shown to reduce the degree of shortening 
of atrial ERPs especially at high atrial rate, which 
may minimize paroxysms of AF.35  Lau and asso-
ciates36 have shown that in sheep, PUFA prevents 
the development of heart failure related left atri-
al enlargement and is associated with reduction 
in atrial interstitial fibrosis. Kumar et al.14 have 
shown that chronic PUFA therapy improves LA 
appendageal function, by improving the empty-
ing velocity, emptying fraction, reducing the inci-
dence of spontaneous echocardiographic contrast 
and atrial mechanical stunning, in patients un-
dergoing cardioversion of PeAF or atrial flutter.

Inflammation 

Clinical studies provide evidence for a role of 
inflammation as a contributing factor in patho-
physiology of AF, particularly in patients with 
persistent AF.37 PUFA supplementation has 
been associated with lower levels of eicosanoids 
(leuotriene E4), Interleukin 1-beta, tumor ne-
crosis factor-alfa and oxidative stress (as mea-
sured by F2-isoprostane).38-41 In contrast, Mad-
sen et al, showed that dietary supplementation 
of PUFA (2-7 g/d for 12 weeks) had no effect on 
the serum concentration of C-reactive protein (a 
marker of low grade inflammation), in humans.42 
Yusof et al43 investigated the effect of moderate 
doses of EPA (1.8 g/d) and DHA (0.3 g/d) admin-
istered for 8 weeks to healthy males. The change 
in plasma soluble intercellular adhesion mole-
cule (an inflammatory marker) was inversely re-
lated to change in DHA levels but less to change 
in EPA. At these doses PUFA demonstrated no 
marked effect on plasma lipids or inflammatory 
markers. There was a stronger association with 
reduction of inflammatory molecules with DHA 
compared to EPA suggesting that DHA may 
have more potent anti-inflammatory properties.43
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 Primary Prevention of AF

Various studies have reported on the primary pre-
vention of AF with PUFA, Table 2. Most of the data 
was derived from epidemiological studies and 
these have produced inconsistent results. The first 
study by Mozaffarian et al44 reported on (Cardio-
vascular Health Study group [CHS]), a prospec-
tive cohort study that enrolled 4,815 adults (men 
and women) of ≥65 years (mean 73 years) age. 
Food frequency questionnaires were administered 
at baseline to assess fish intake (tuna fish, other 
broiled or baked fish and fried fish or fish sand-
wich). Approximately 12% were smokers; 20% had 
coronary heart disease; 25% had diabetes and 45% 
had hypertension. AF was assessed during annual 
follow-up and from hospital discharge records. 
During a 12 year follow up, 20% developed AF. 
Consumption of tuna and other broiled or baked 
fish were inversely associated with AF, with a 35% 
lower risk associated with fish intake of ≥5 times 
per week as compared to <1 time per month. How-
ever, similar analyses from other population-based 
studies have not corroborated the findings.45-47 

The Danish diet, cancer and health study,45 a 
prospective cohort of 47,949 participants (age 
50-60 years) also looked at the effect of dietary
fish intake on AF. Dietary intake was obtained
from a detailed semi-quantitative questionnaire
and AF was assessed from the national regis-
try of hospital discharges. Approximately 36%
of enrollees were smokers and 11% were hyper-
tensive with no prior history of cardiovascular
disease. Consumption of fatty fish was not as-
sociated with a reduction in risk of AF or flut-
ter, when comparing patients with high and low
fatty fish consumption at 5.7 years of follow-up.

These inconsistencies are attributed to compari-
son of studies, recruiting patients with unmatched 
demographic profile, wide range of recruitment 
ages, underestimation of AF (i.e. AF estimation 
by annual check or hospital records), socio-eco-
nomic and lifestyle differences (i.e. frequency of 
smoking and alcohol use), dietary changes during 
follow-up, and incidental differences in underly-
ing heart disease. Studies that showed no benefit 
from high PUFA intake on AF included younger 
and healthier individuals with a lower preva-
lence of hypertension and diabetes and no sig-
nificant cardiovascular disease, whereas the CHS 

enrolled an older population of ≥65 years with a 
greater prevalence of cardiovascular disease and 
a greater incidence of subsequent AF (20%) com-
pared with a significantly lower incidence of AF 
in the Rotterdam Study (6%; mean age 67 years) 
or the Danish Study (1.1%; mean age 56 years). 
It is possible that anti-fibrotic and anti-inflam-
matory effects of PUFAs have a greater protec-
tive effect in older patients with structural heart 
disease, whereas the ability of PUFAs to increase 
parasympathetic tone may be proarrhythmic 
in younger individuals with normal hearts who 
are more likely to have vagally mediated AF.48

Post-operative AF in Patients Undergoing 
Coronary Artery Bypass Surgery

AF is a common complication of coronary artery 
bypass surgery (CABG). In a prospective 12 ran-
domized clinical trial, 160 patients undergoing 
CABG (mean age 66 years, males 136), were ran-
domized to either control (n 81, usual care) or in-
tervention group (n 79, usual care + PUFA, 2g/d 
for at least 5 days prior to CABG and continued 
until the day of discharge). All patients were in si-
nus rhythm upon enrollment and randomization. 
The PUFA group exhibited a 65% reduction in 
post-operative AF. 12, suggesting an anti-inflam-
matory action of PUFA in the prevention of AF.  
Smaller trials have evaluated the role of peri-
operative PUFA supplementation and its effect 
on post-operative AF, following cardiac sur-
gery.10,11,13,15 One trial found benefit11, one had 
mixed results15 and the other two10,13 showed no 
effect, however, the trials incorporated a smaller 
sample size (n 102 to 200) with differing study 
design limiting any unifying conclusion. Re-
cently, Sandesara et al.49 conducted a multicenter 
study  randomizing 260 patients to PUFA (EPA 
and DHA) versus placebo (corn oil) administered 
at least 24 hours prior to surgery (CABG with or 
without valve surgery). The patients were contin-
ued on the therapy for 14 days post-operatively. 
The patients were followed up to 30 days post-
surgery, and there was no significant difference 
in the incidence of AF between the two groups.49 

Recently, Armaganijan et al.50 published a meta-
analysis evaluating 538 patients from 4 studies. 
The patients were predominantly male with an 
average age of 62 years with normal LA size and 
left ventricular ejection fraction. The association 
of PUFA with a reduction of post-operative atrial 
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fibrillation did not reach statistical significance.50

Despite the lack of effect on the incidence of AF, 
the use of PUFA in the peri-operative setting has 
been associated with a shorter hospital stay,15 

shorter stay in the intensive care unit11 and a re-
duction in post-operative complications.12 In a 
study published by Heidersdottir et al13, which 
included patients who underwent valve repair, 
the use of PUFA did not significantly reduce the 
incidence of post-operative AF. In this study the 
authors noted that elevated levels of C-reactive 
protein correlated with a higher incidence of post-
operative AF.13 Although these studies suggest 
that tissue inflammation increases the incidence 
of AF, despite bench research suggesting an anti-
inflammatory effect with PUFA, PUFA does not 
significantly affect the incidence of post-operative 
AF. Therefore, the routine use of PUFA to pre-
vent post-operative AF is not universally sup-
ported by the evidence at this time. Currently, we 
await the results of the OPERA (Omega-3 Fatty 

Acids for the Prevention of Post-operative Atrial 
Fibrillation) trial.51 This randomized, placebo 
controlled clinical trial will enroll 1,516 patients 
scheduled for CABG comparing high dose PUFA 
consumption (10 g 3-5 days before surgery then 
followed by 2 g/d for 10 days post-operatively) 
versus placebo. The primary end-point will look 
at the incidence of AF up to 10 days post surgery.

Secondary Prevention of AF 

Several studies have evaluated the use of PUFA on 
the recurrence of AF. In these studies most of the 
patients had PAF and some had PeAF. The reason 
that permanent AF is under-represented is that 
PUFA may have a minimal impact on atria that 
have undergone irreversible remodeling. These 
studies are summarized in Table 3. Kumar et al28 
studied 36 patients without structural heart dis-
ease. The patients underwent electrophysiologi-

Table 2 Summary of studies in primary prevention of AF

Study (Year) Design (N) Active 
Group

Refer-
ence 

Group

Age 
(Yr)

F/U 
(Yr)

Outcome Favors
PUFA

Mozaffarian44 (2004) Prospective, cohort, 
(4,815)

tuna and 
broiled/
baked fish 
1-4 times/wk

1 time/
month 73 12

28% lower risk with intake 
1-4 times/wk, 31% with
≥5x/wk

Yes

The Danish Diet, 
Cancer, and Health 
Study45 (2005)

Prospective, cohort, 
(47,949) quintile 2-5 quintile 1 56 5.7

Consumption of fish was 
not a/w reduction of risk 
of AF/flutter

No

Physician Health 
Study70 (2006)

Prospective, cohort, 
no hx of cvd, 
(17,679)

Ate fish≥5 
meals/wk

Ate <1 
time/mo 15

7.1% developed AF during 
f/u, Fish consumption a/w 
risk of AF

No

The Rotterdam 
Study46 (2006)

Prospective, cohort, 
(5,148) tertile 3 tertile 1 67 6.4

No association of EPA, 
DHA or fish to AF, >20 g/d 
fish no effect vs. no fish

No

Macchia71 (2008) Population study, 
(2,239,205) PUFA use no PUFA 

use 65 1

PUFA reduced both all 
cause mortality and inci-
dence of AF in pt hospital-
ized with MI

Yes

Kuopio Ischemic 
Heart Disease Risk 
Factor Study16 (2009)

Prospective, cohort, 
(2,174) quartile 4 quartile 1 42-60 17.7

Increased PUFA lev-
els protect against AF, 
relationship stronger if no 
CHF/MI, only DHA a/w 
risk of AF

Yes

The Women's Health 
Initiative47 (2010) Cohort, (44,720) quartile 4 quartile 1 63 6

No evidence of association 
with fish or PUFA and 
incident AF

No

N=number of patients, Yr=year, F/U=follow up, a/w=associated with, hx=history, cvd=cardiovascular disease, AF=atrial fibril-
lation
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cal testing after therapy with PUFA (2 g/d for ≥ 
1 month). The investigators showed that patients 
treated with PUFA were more resistant to induc-
ible AF possibly attributable to prolongation in 
ERP, reduction in ERP dispersion and a prolonged 
mean AF cycle length. Additional studies by 
Biscione et al52 and Patel et al53 also showed the val-
ue of PUFA in the treatment of AF. While the for-
mer studies showed benefit, most other random-
ized trials have not supported these findings.54-58

Kowey et al55 performed a randomized, double 
blind, multicenter study, in which they evaluated 
the impact of PUFA (8 g/d for first 7 days then 4 g/d 
for 24 weeks) on time to first recurrence of AF in 
663 relatively young patients (mean age, 60 years). 
Inclusion criteria included patients with PAF or 
PeAF. However, the breakdown analysis of patients 
enrolled, at the end of the study, showed that the 
vast majority of patients (82%) had PAF. In the fi-

nal analysis, symptomatic AF recurrence occurred 
in 48% of the placebo group compared to 53% of 
PUFA treated participants (p 0.26). In patients with 
PeAF, the arrhythmia recurred in 33% of placebo 
compared to 50% of the PUFA group (p 0.09). Thus, 
neither PeAF nor PAF responded to PUFA therapy. 
This was a well-designed double blind, placebo-
controlled trial enrolling patients with comparable 
demographic characteristics. In addition, plasma 
omega-3 fatty-acid concentrations were mea-
sured to document effective supplementation; and 
intention-to-treat analysis was used. However, 
the limitations of the study were a: lack of infor-
mation on dietary sources of PUFA; only symp-
tomatic AF was assessed, and possibility of type 
II error due to overestimation of AF recurrence. 
Additional studies from Ergodan et al54, Nodari 
et al56 and Bianconi et al57 have failed to show a 
significant difference in AF relapse from PUFA use 
in patients with PeAF. However, in a retrospective 

Table 3 Summary of clinical trials in secondary prevention of AF

Study 
(Year)

Design (N) Clinical Setting PUFA/Dose Follow up Outcome Favors 
PUFA

Biscione52 
(2005)

observation, 
prospective, 
cross over 
(40)

PAF with dual 
chamber pcm

1 g/d 4 months 
on rx; 4 
months 
off rx

Powerful effect of PUFA in reduc-
tion of atach-fib, reduction in AF 
burden

Yes

Erdogan54 
(2007) RCT, tb, pc 

(108)

Persistent afib, 
post cvn,

PUFA vs. 
placebo 4 wk 
before and 1 yr 
after cvn

1 year No significant difference in AF 
relapse

No

Patel53 
(2009) retrospective, 

case con-
trolled (258)

paroxysmal 70%, 
non paroxysmal 
30% in PUFA gp 
both gp; PV abla-
tion

<655 mg of fish 
oil

8 wks lower early and late recurrence of 
AF in PUFA gp

Yes

Kowey55 
(2010) RCT, db, pc 

(663)

Paroxysmal AF 
(542) and Persis-
tent AF (121)

8 g/d for 7 d 
then 4 g/d x24 
wk

24 wks No significant difference in recur-
rent symptomatic AF/Fl

No

Nodari56 
(2011) RCT, db, pc 

(199)

persistent AF, at 
least 1 relapse 
post cvn

2 g/d 1 year Higher probability of mainte-
nance of SR in PUFA gp

Yes

Bianconi57 
(2011) RCT, db, pc 

(204)

chronic persistent 
AF, post cvn

3 g/m till cvn 
and 2 g/d for 
24 wk

24 wks No significant difference in recur-
rence of AF or mean time to AF 
recurrence in PUFA gp

No

Ozaydin58 
(2011) RCT (47)

Post cvn, com-
parison with 
amiodarone

PUFA & 
amiodarone vs. 
amiodarone

1 year No significant difference in AF 
relapse

No

pcm=pacemaker, atach-fib=atrial tachycardia or fibrillation, N=number of patients, PUFA=polyunsaturated fatty acid, 
rx=treatment, RCT= randomized controlled trial, db=double blind, tb=triple blind, pc=placebo controlled, cvn= cardioversion, 
gp=group, a/w=associated with, afib=atrial fibrillation
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study, Patel et al53 studied AF recurrence after PV 
ablation; PUFA supplementation was associated 
with a lower AF recurrence at 8 weeks of follow up.
Therefore, current clinical data is inconsistent 
regarding the role of PUFA in the secondary 
prevention of AF. We wait with anticipation for 
the completion of the several ongoing studies 
(NCT00597220, NCT01235130, NCT00552084, 
NCT00791089, NCT00841451 listed in http://
clinicaltrials.gov) especially, FORωARD (Fish 
Oil Research with ω-3 for Atrial Fibrillation Re-
currence Delay) study59, which is expected to 
enroll 1,400 patients with PAF or PeAF. This 
study will determine if supplementation of 1 g 
of PUFA can reduce the recurrence of AF in pa-
tients who have recovered normal sinus rhythm.

Recommendation 

Despite, beneficial effect of PUFA in experimen-
tal studies, there is neither consistent nor robust 
evidence that PUFA reduces either the incidence 
or recurrence of AF. However, in a clinical set-
ting of older patient with cardiovascular disease, 
without advanced atrial structural remodeling, 
on an optimum loading and maintenance dose, 
with close objective monitoring over a sufficient 
duration, PUFA may prove to be a useful agent 
in prevention of AF. We wait with anticipation 
the results of several large prospective random-
ized ongoing clinical trials. 

Conclusions 

AF is a very common arrhythmia and its thera-
py remains a challenge. Extensive experimental 
evidence points to potentially beneficial effects of 
PUFA on AF. Since PUFAs are a natural dietary 
constituent and have very few adverse effects, 
any efficacy of PUFAs against AF would have im-
portant clinical consequences. However, our ex-
tensive literature review does not demonstrate a 
significant and consistent clinical benefit of PUFA 
supplementation on AF prevention. The reasons 
for the discrepancies appear to be multi-factorial. 
The anti-arrhythmic potential of PUFA may be 
attributed to its action at the substrate level (e.g. 
anti-fibrotic and anti-inflammatory) and a direct 
electrophysiological effect on the ion channels, 
the potency of which is likely to depend on the 
clinical situation and AF milieu. Like the renin-

angiotensin-aldosterone system inhibitors and 
statins, PUFAs may produce a differential effect 
in the remodeled and un-remodeled atria. Despite 
compelling evidence from experimental models, 
there has been no study demonstrating reverse 
remodeling with PUFA.48 The doses used in clini-
cal trials have been generally lower than those 
applied in animal experiments, and the duration 
of treatment might have not been long enough for 
the antiarrhythmic effect to fully develop. There 
is suggestion that individual component of PU-
FAs may be more important than the total PUFA 
concentration because of the differences in the ef-
fects produced by DHA and EPA.16,43 At this time 
the optimum dose of fatty acid per day or the 
relative composition of EPA versus DHA or the 
specific formulation of PUFA remains to be estab-
lished. Study60 has shown that it takes weeks, of 
oral intake of PUFA, to reach a steady state level 
in tissues. Therefore, study subjects must be load-
ed with a sufficient dose and of sufficient dura-
tion to achieve a good tissue concentration. The 
presence of subclinical coronary heart disease, 
concurrent therapy with beta blockers and re-
nin-angiotensin-aldosterone inhibitor may have 
limited the perceptible magnitude of benefit. Fi-
nally, there are limited large randomized trials to 
allow for definite recommendation at this time.
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Introduction

Atrial fibrillation (AF) is a major global pub-
lic health problem because it is increasing in 
prevalence and is associated with increased risk 
of stroke, dementia, heart failure and death. 1-4 
VKA’s have been the mainstay for stroke pre-
vention in AF, their use is limited by various 
factors such as drug – drug interactions, narrow 
therapeutic window and the need of lifelong 
anticoagulation monitoring owing to marked 
variation from one patient to another and with-
in individual patient .5 An important limitation 
of Warfarin is the limited time in therapeutic 
range (TTR) measurable by INR. Randomized 
control trials have estimated that the INR was 

in the target range for approximately 36- 68 % 
.6, 7  Aspirin and clopidogrel have also been used 
as alternative agents to warfarin for stroke pre-
vention. Meta - analysis of six trials have shown 
that aspirin reduced the risk of stroke by 22 %.8 
In the ACTIVE A trial, combination of aspirin 
and clopidogrel was found to reduce the risk 
of stroke by 28% with an increased risk of ma-
jor extracranial and intracranial hemorrhage. 9

The ensuing search for safe, effective alterna-
tives with a lower associated risk of bleeding 
and no need for monitoring and dose adjust-
ment has focused attention on more specific in-
hibitors of the clotting cascade such as factor Xa 
inhibitors or direct thrombin inhibitors. The di-
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rect thrombin inhibitor dabigatran was approved 
by the US Food and Drug Administration(FDA) 
in October 2010 for the prevention of stroke in 
patients with AF. Rivaroxaban, a factor Xa in-
hibitor was also recently recommended by an 
FDA advisory panel as a therapeutic option for 
the prevention of stroke. This review focuses 
upon the pharmacological properties and clini-
cal trials and therapeutic potential of apixaban.

Methods 

We performed a comprehensive literature search 
in the PubMed database with the keywords; 
“newer anticoagulants”, “atrial fibrillation”, 
“apixaban”. Original and clinical studies describ-
ing apixaban were included. The language of clin-
ical studies was restricted to English. Previously 
published reviews describing apixaban were not 
included as a primary reference source, but were 
used to identify additional studies of interest. 

Apixaban: General aspects and mechanism 
of action

Apixaban is a reversible, direct and highly se-
lective inhibitor of factor Xa. It has been exten-

sively investigated in pre- clinical studies for the 
prevention of arterial and venous  thrombosis. 
These studies have demonstrated that apixaban 
is very efficacious for the prevention of arterial 
and venous thrombosis at doses which preserve 
hemostasis.10, 11 It has been shown to be a potent 
inhibitor of both free and cell bound factor Xa and 
activated prothrombinase. 12 These studies have 
also shown that apixaban causes a rapid inhibi-
tion of factor Xa, although it has no direct effects 
on platelet aggregation, it leads to indirect inhibi-
tion of this process by reducing thrombin genera-
tion.13

Factor Xa is an attractive target of anticoagula-
tion; it occupies a critical juncture in the coagu-
lation cascade and controls thrombin generation 
[Fig.1]. Activation of one molecule of factor Xa 
leads to generation of 1000 molecules of FIIa .14, 15 
Although factor Xa inhibition attenuates the pro-
duction of thrombin, it does not affect thrombin 
activity, thereby preserving haemostasis, which 
in clinical terms may translate to lower bleeding 
risk. 16 Compared with thrombin, factor Xa has 
limited functions outside the coagulation cascade 
which might contribute to increased efficacy and 
safety of factor Xa inhibitors.17 

Table 1 Comparison of Apixaban with Dabigatran and Rivaroxaban

Parameter Apixaban Dabigatran Rivaroxaban
Target Factor Xa Thrombin Factor Xa 

Prodrug No Yes No 
Oral Bioavailability 43- 46 % 6.5 % 80 %
Dosing Frequency Fixed, twice daily Once or twice daily Once or twice daily 

T (max)  3 hrs 1-2 hrs 2.5 – 4 hrs 
Half – life 8- 13 hrs 12-14 hrs 7- 13 hrs

Routine coagulation 
Monitoring No No No

Elimination 25 % renal, 75 % fecal and 
biliary 80 % Renal 67 % renal , 33 % fecal 

Potential drug interactions Potent CY3PA4 Rifampin, Amiodarone, 
Potent P-gp 

Potent inhibitors of CYP3A4 and 
P-gp

Clinical Status Awaits FDA review Approved for stroke pre-
vention in Oct 2010

Recommened by FDA advisory 
panel for future use for stroke 

prevention in Sept 2011

1. T (max) : Peak plasma levels, 2. CYP: Cytochrome P450, potent CY3PA4 inhibitors include azole antifungals, macrolide
antibiotics (e.g. clarithromycin), and protease inhibitors (atazanavir), 3. P-gp: P- glycoprotein, potent CY3PA4 and P-gp
inhibitors include azole antifungals (e.g. ketoconazole, itraconazole) and protease inhibitors such as ritonavir.
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Pharmacokinetics 

Apixaban is readily bioavailable, pre – clinical 
studies have demonstrated that it reaches its peak 
plasma concentration approximately 3 hours af-
ter administration, its bioavailability has been es-
timated to be about 43- 46 % .18 The absorption 
of apixaban is not affected by food, The various 
mechanisms of metabolism of apixaban has been 
demonstrated to be O- demethylation, hydroxyl-
ation and sulfation of hydroxylated O- dimethyl 
apixaban.18, 19 Estimated terminal half  life of apix-
aban has been found be 8- 13 hours.  Apixaban 
was not shown to cause significant inhibition or 
induction of cytochrome P450 enzymes making it 
relatively less likely to cause drug- drug interac-
tions. Experiments with human cDNA- expressed 
P450 enzymes and P450 enzyme inhibitors dem-
onstrated that the oxidative metabolism of apixa-
ban was predominantly catalyzed by CYP3A4/5 
with a minor contribution of CYP1A2 and CYP2J2, 
based on these studies CYP3A4 and CYP3A5 are 
expected to play an important role in apixaban 
metabolism. Apixaban was also metabolized by 
human intestinal microsomes and not by kidney 
microsomes suggesting that liver and intestines 
are the major organs involved in its metabolism .19

Pre- clinical studies have demonstrated that apix-
aban has multiple elimination pathways. Apixa-

ban is renally excreted to an extent of 25 %, fecal 
(55 %) and biliary excretion contribute as other 
mechanisms for excretion.18- 20 Multiple elimina-
tion pathways suggest that apixaban could be a 
superior therapeutic option in patients with he-
patic or renal impairment. Dabigatran, which 
was approved by the FDA for prevention of 
stroke in patients with AF is renally excreted 
upto the extent of 80 %, 21 Rivaroxaban which was 
also recently recommended by the FDA as an al-
ternative anticoagulant in patients with AF has a 
dual mode of elimination with one – third of the 
unchanged active drug eliminated renally; the re-
maining two- thirds of the drug are eliminated by 
the liver. 22  Compared with the other two newer 
anticoagulants, apixaban is a relatively safer op-
tion in patients with renal insufficiency owing 
to its multiple pathways of elimination.  Unlike 
dabigatran, its absorption is not affected by the 
presence of food. 23[Table 1]. 

Clinical Trials of Apixaban for stroke 
prevention in AF 

The AVERROES trial was the first major clinical 
study published in February 2011 which inves-
tigated the efficacy of apixaban compared with 
aspirin for stroke prevention in patients with AF. 
It was a randomized, multicenter, double – blind 

Table 2 Comparison of clinical trials of Apixaban for stroke prevention 

Trial Name AVERROES ARISTOTLE 

Comparison arms Apixaban vs. Aspirin Apixaban vs. Warfarin
Study dose of apixaban 5 mg bid or 2.5 mg bid † 5 mg bid or 2.5 mg bid †

Number of patients 5599 18,201 

Patient age  (years ) Mean: 70 ±9 Median: 70 

Mean CHADS2 Score 2.0 + 1.1 2.1 +1.1

Hazard ratio with 95 %confidence 
interval  of 1º outcome(stroke and 

systemic embolism)
0.45, 0.32 to 0.62; p <0.001 0.79, 0.66 to 0.95; p <0.001 for noninferi-

ority, p= 0.01 for superiority 

Hazard ratio with 95 % confidence 
interval for all- cause mortality 0.79, 0.62 to 1.02; p = 0.07 0.89, 0.80 to 0.99; p = 0.047

Hazard ratio with 95 % confidence 
interval for major bleeing 1.13, 0.74 to 1.75; p = 0.57 0.69, 0.60 to 0.80; p<0.001 

Hazard ratio with 95 % confidence 
interval for non major bleeding 1.15,0.86 to 1.54; p = 0.35 0.68, 0.61 to 0.75; p <0.001 

†: Reduced dose in patients with two of the following criteria (age > 80 years, body weight < 60 kg, or a serum creatinine of
> 1.5 mg/dl
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clinical trial which included 5599 patients with 
AF who were at increased risk of stroke and for 
whom VKA therapy was considered unsuitable.  
In the apixaban arm majority of the patients re-
ceived a dose of 5 mg twice daily. The dose of 
apixaban was reduced to 2.5 mg twice daily in 
about 6% of the patients in apixaban arm (pa-
tients > 80 years of age, body weight < 60 kg, or 
serum creatinine of > 1.5mg /dl).  In the compari-
son arm, aspirin was used in the dose of 81- 324 
mg. The mean age of the patients participated in 
both arms of the study was 70 ± 9 years, mean 
CHADS2 score of the patients in the study was 
2.0 + 1.1, the patients in both arms  were followed 
for average period of 1.1 years. The primary out-
come of the trial was the occurrence of stroke or 
systemic embolism, secondary outcomes mea-
sured in the study were overall mortality, hos-
pitalization due to cardiovascular causes. The 
primary safety outcome of the study was major 
bleeding, defined as clinically overt bleeding ac-

companied by one of more of the following; a de-
crease in the level of hemoglobin of 2 g per deciliter 
or more over a period of 24 hours, bleeding requir-
ing transfusion of 2 or more units of packed red 
blood cells, any bleeding at critical sites (intracra-

Table 3 Comparison of main clinical trials of the newer anticoagulants vs. Warfarin for prevention of thromboembolism 
in atrial fibrillation

Drug Name Apixaban Dabigatran Rivaroxaban
Drug Class Factor Xa inhibitor Thrombin Inhibitor Factor Xa inhibitor
Trial Name ARISTOTLE RE-LY ROCKET – AF 

Number of patients 18,201 18,113 14,264 

Dose of study drug 5 mg bid, or 2.5 mg bid* 150 mg bid, or 110 mg bid † 20 mg daily, or 15 mg dailyℓ

Patient age (years) Median: 70 Mean: 71.4 ±8.6 Median: 70 
Mean CHADS2 score 2.1 + 1.1 2.1 + 1.1 3.48 + 0.94

Mean time in therapeutic 
range for Warfarin 62 % 64 % 55%

Hazard Ratio with 95% 
confidence interval of 1º 

outcome (stroke and systemic
 embolism)

0.79; (0.66-0.95)
P < 0.01

0.66; (0.53-0.82)
 P<0.001 for 150mg dose, 

0.91; (0.74-1.11)
P=0.34 for 110 mg dose

0.88; (0.74-1.03)
P=0.12

Hazard ratio with 95% confi-
dence interval for all – cause 

mortality 

0.89; (0.80-0.99)
P = 0.047

0.88;(0.77-1.00)
P = 0.051 for 150 mg dose 

0.91; (0.80-1.03)
P = 0.13 for 110 mg dose 

0.92; (0.82-1.03)
P = 0.15

 Hazard ratio with 95% 
confidence interval for major 

bleeding 

0.69; (0.60-0.80)
P <0.001 1.03;(0.96- 1.11)

P=0.44

0.93; ( 0.81 -1.07);
P=0.31 for 150 mg dose, 

0.80;(0.69-0.93) for 110mg 

Hazard ratio  with 95% con-
fidence interval interval for 

major bleeding 

0.68;(0.61-0.75)
P<0.001

0.91;(0.85-0.97)
P<0.005 for 150 mg dose

0.79;(0.74-0.84)
P<0.001 for 110mg dose 

1.04; (0.96-1.13)
P=0.35

* Two different drug dosages were tested in the study, † Reduced dose used in patients with creatinine clearance of 30-49 ml/
minute, ℓ Reduced dose in patients with two of the following criteria (age > 80 years, body weight < 60 kg, or a serum creatinine
of > 1.5 mg/dl

Figure 1:  Mechanism of action of Apixaban in the coagulation 
cascade. 
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nial, intraspinal, intraocular, intraarticular, in-
traocular, pericardial, intramuscular with com-
partment syndrome, or,  retroperitoneal) or fatal 
bleeding. 

In this study, apixaban was found to signifi-
cantly reduce  stroke or systemic embolism as 
compared to aspirin (1.6 % per year in apixaban 
arm vs. 3.7 % per year in aspirin arm, hazard 
ratio with apixaban, 0.45; 95 % confidence inter-
val [CI] 0.32 to 0.62; p <0.001). Apixaban was not 
found to cause significant reduction in overall 
mortality as compared to aspirin (3.5 % per year 
in apixaban arm vs. 4.4 % per year in the aspirin 
arm, hazard ratio, 0.79; 95 % CI, 0.62 to 1.02 ; p 
= 0.07) [Fig. 2]. Apixaban was not found to have 
increased risk of bleeding as compared to aspi-
rin in this study. There were 44 cases of major 
bleeding (1.4 % per year) in apixaban arm vs. 39 
cases (1.2 % per year) in the aspirin arm (hazard 
ratio with apixaban, 1.13; 95 % CI, 0.74 to 1.75; p 
= 0.57) [Fig. 3]. 24 

The ARISTOTLE trial was another recently pub-
lished major clinical trial which investigated the 
efficacy of apixaban compared with warfarin for 
prevention of stroke in patients with AF. It was 
a randomized, multicenter, double – blind clini-
cal trial which included 18,201 patients with AF 
who had at least one additional risk factor for 

stroke. In the apixaban arm, majority of the patients 
received a 5mg bid dose. A reduced dose of  apixa-
ban (2.5 mg bid) was used in patients with 4.7 % of 
the patients  with at least 2 of the following criteria 
(age > 80 years of age, body weight < 60 kg, or a 
serum creatinine of > 1.5mg /dl). In the comparison 
arm the dose of warfarin was adjusted according to 
INR. The median age of the patients in the trial was 
70 years, with a mean CHADS2 score of 2.1, patients 
in the clinical trial were followed for a median du-
ration of 1.8 years. The primary efficacy outcome 
was ischemic or hemorrhagic stroke or systemic 
embolism. This trial was designed to test for nonin-
feriority, with key secondary objective of testing for 
superiority with respect to the primary outcome. 
The key secondary efficacy outcome of the study 
was death from any cause and myocardial infarc-
tion. Primary safety outcome of the study was ma-
jor bleeding (definition same as that in AVERROES 
trial), secondary safety outcome of the study was a 
composite of major bleeding and clinically relevant 
non major bleeding.

In this study, apixaban was found to be superior to 
warfarin for prevention of stroke and systemic em-
bolism. The rates of primary efficacy outcome was 
1.27 % per year in apixaban arm, as compared with 
1.60 % per year in the warfarin arm (hazard ratio 
with apixaban, 0.79; 95 % CI, 0.66 to 0.95; P <0.001 
for non inferiority; P = 0.01 for superiority) [Fig.4]. 
A highlight of the study was significant reduction 
in overall mortality in the apixaban arm (3.52 % in 

Figure 2: Cumulative Hazard rates for the Primary efficacy 
outcomes (stroke and systemic embolism) for apixaban vs. 
aspirin in the AVERROES trial (reproduced with permis-
sion from New England Journal of Medicine)

Figure 3: Cumulative Hazard rates for the Primary safety out-
comes (Major bleeding) for apixaban vs. aspirin in the AVER-
ROES trial (reproduced with permission from New England 
Journal of Medicine)
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the apixaban group vs. 3.94 % in the warfarin 
arm, hazard ratio, 0.89; 95 % CI, 0.80 to 0.99; P = 
0.047). Apixaban was also found to cause signifi-
cantly lesser bleeding as compared to warfarin 
(2.13 % per year in apixaban arm vs. 3.09 % per 
year in the warfarin arm, hazard ratio , 0.69 ; 95 
% CI, 0.60 to 0.80; P <0.001)[Fig 5].25 

Future of Apixaban

Following the successful clinical outcomes of 
apixaban in the AVERROES and ARISTOTLE tri-
al, it appears to be a promising novel anticoagu-
lant for prevention of stroke in patients with AF. 
In the various major subgroups of the patients, 
reduction in primary efficacy outcomes was con-
sistently maintained. Apixaban also seems to 
have an acceptable side- effect profile which is 
evident by lower rate of discontinuation as com-
pared with warfarin. Apixaban not only is more 
effective than warfarin for stroke prevention but 
also accomplishes the goal at a substantially low-
er risk of bleeding. 

Currently there are two alternative oral anticoag-
ulants to warfarin, the direct thrombin inhibitor 
dabigatran 26 and the factor Xa inhibitor rivarox-
aban.27 Rivaroxaban was recently recommended 
by an FDA advisory committee as a future thera-
peutic option for stroke prevention in patients 
with AF.  Each of these agents, like apixaban has 
the major advantage of convenience, since they 

Figure 4: Cumulative Hazard rates for the Primary efficacy 
outcomes (stroke and systemic embolism) for apixaban vs. 
warfarin in the ARISTOTLE trial (reproduced with permis-
sion from New England Journal of Medicine) 

Figure 5: Cumulative Hazard rates for the Primary safety out-
comes (Major bleeding) for apixaban vs. warfarin in the ARIS-
TOTLE trial (reproduced with permission from New England 
Journal of Medicine)

do not require anticoagulation monitoring. 
Dabigatran was evaluated in the Randomized 
Evaluation of Long- Term Anticoagulation Thera-
py trial (RE-LY), in this trial, the 150 mg twice dai-
ly dose was observed to reduce the rate of stroke 
and systemic embolism with a similar overall rate 
of bleeding, it is however worth mentioning that 
dabigatran was associated with higher rate of 
gastrointestinal bleeding.28 Dabigatran was also 
found to be associated with higher rate of dyspep-
sia (11.8 % of the patients in 110 mg dose group, 
11.3 % of the patients with 150 mg dose group) 
as compared with warfarin (5.8% of the patients). 
This might be attributable to the formulation of 
dabigatran which contains a tartaric acid moiety 
core to enhance intestinal absorption (the optimal 
bioavailability requires a low pH), which could 
also account for higher rate of gastrointestinal 
bleeding with dabigatran29, 30 As compared with 
warfarin, apixaban was found to have lower rates 
of gastrointestinal bleeding and with consistently 
lower rates of bleeding across age groups. Renal 
excretion of apixaban is estimated to be approxi-
mately 25% as compared to 80 % for dabigatran, 

30, 31 which suggests that apixaban could be a rela-
tively safer anticoagulant in patients with renal 
impairment.

Rivaroxaban is the second alternative to war-
farin which was recently recommended by an 
FDA advisory panel as a future therapeutic op-
tion for stroke prevention in patients with AF. In 
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the ROCKET AF trial, it was shown to be non-
inferior to warfarin for the prevention of stroke 
and systemic embolism. The rates of intracranial 
hemorrhage and fatal bleeding were observed to 
be lower with rivaroxaban, but there was no ad-
vantage with respect to other major bleeding. 27

Compared with the clinical outcomes of dabiga-
tran and rivaroxaban, apixaban seems to offer an 
additional advantage of significantly reducing 
all – cause mortality as compared with warfarin, 
as observed in the ARISTOTLE trial.

Limitations 

 Development of apixaban and other novel an-
ticoagulants have necessitated the need for de-
velopment of monitoring options so that their 
effect and patient compliance can be monitored. 
Currently there are no standardized monitor-
ing tests available for any of the newer antico-
agulant. Pre- clinical studies have shown that 
modified prothrombin time (m PT) and Hep Test 
seem to have the highest sensitivity to apixaban, 
and seem to be promising coagulation  assays to 
monitor the anticoagulant activity of apixaban, 
but further clinical validation is needed.8, 32 
Another important potential problem which will 
need to be addressed in the near future is the 
reversibility of novel anticoagulants in clinical 
situations which require immediate reconstitu-
tion of coagulation system (e.g. severe bleeding 
events). There are currently no recommenda-
tions or available antidotes to reverse the action 
of direct thrombin inhibitors or factor Xa inhibi-
tors. Recombinant factor VIIa (NovoSevenR) 
and activated prothrombin complex concentrate 
(FEIBAR) have been discussed to reverse the ef-
fect of direct factor Xa inhibitors, but there are 
no sufficient data to routinely recommend their 
clinical use for this purpose.33, 34, 35

The short half – life of apixaban may help to pre-
vent clinically relevant bleeding events (which 
are observed in over- anticoagulated patients 
treated with oral VKA) but also requires a good 
patient compliance, because missing 2-3 doses 
can lead to ineffective anticoagulation. Devel-
opment of new coagulation  assays will also be 
helpful in monitoring patient compliance to new 
anticoagulants. 

Conclusions

Apixaban seems to be a promising novel antico-
agulant as evident by recently published clini-
cal studies for stroke prevention in patients with 
AF. Further results of ongoing clinical trials with 
apixaban will establish its safety before practitio-
ners make fundamental changes in their clinical 
practice. Along with two other novel anticoagu-
lants, dabigatran and rivaroxaban, apixaban may 
replace warfarin as the preferred anticoagulant for 
stroke prevention in patients with AF. 
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Introduction

In the recent years, some clinical and experimental 
studies have suggested that the use of statins pro-
tect against atrial fibrillation (AF).1 Statin is gener-
ally included in the so called “upstream therapies 
for AF”, which also comprise a variety of agents, 
such as those targeting the renin–angiotensin sys-
tem (angiotensin-converting enzyme inhibitors 
and angiotensin receptor blockers), N-3 polyunsat-
urated fatty acids and steroids.2 The growing inter-
est in evaluating these agents in patients with AF is 
based on the recognition that pathologic remodel-

ing within the atria plays a critical role in promot-
ing and maintaining AF. In a meta-analysis pub-
lished in 2007, it was found that the use of statins 
was significantly associated with a 61% decrease 
in the risk of incidence or recurrence of AF in pa-
tients in sinus rhythm.3 Only randomized, rather 
small, short-term studies that compared statin 
with no-statin therapy were available at this time. 
It is possible that this early meta analysis was 
affected by a publication bias leading to a posi-
tive result. Moreover, the level of significance on 
some of these positive results was rather low, 
and the beneficial effect of statins was significant 
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neither in the subgroups of patients in secondary 
prevention of AF nor for primary prevention of 
new-onset or postoperative AF. Insufficient clini-
cal data are currently available for recommending 
statins for the prevention of AF.4 Moreover, there 
have been recent negative results in trials pro-
spectively evaluating the benefit of statins in AF. 
Several meta analyses (13 at least) have then been 
published on the effect of statin on incidence or 
recurrences of AF and they had surprisingly dif-
ferent conclusion .3, 5, 6, 7, 8, 9, 10 , 11, 12, 13, 14, 15, 16 A main 
reason for discrepancies in these meta analyses is 
that they focused on different types of AF. As a 
result, the clinician may thus be unconvinced that 
statin play a meaningful role to prevent AF in all 
the patients prone to this arrhythmia, unless he 
has some further explanations.

Possible Mechanisms of Antiarrhythmic Ef-
Fects of Statins against Atrial Fibrillation

Inhibitors of the 3-hydroxy-3-methylglutaryl co-
enzyme A reductase (statins) have been shown 
to decrease cardiovascular mortality and morbid-
ity in both primary and secondary prevention of 
cardiovascular diseases.17 More recently, studies 
have demonstrated statins to be beneficial beyond 
their cholesterol-lowering effects.18 The pleiotro-
pic effects of statins have also been postulated to 
have antiarrhythmic properties.1,19

It has been suggested that part of the mortality 
benefit conferred by statins is the result of a de-
crease in the development of ventricular tachyar-
rhythmias.7 The use of statins has also been sug-
gested to protect against AF in some experimental 
studies. A relation between inflammation and the 
development of AF has been described, and the 
potent anti-inflammatory and antioxidant proper-
ties of statins may make them effective in prevent-
ing the development of AF,20,21 as well as the effects 
on improving endothelial dysfunction.22,23 The po-
tential effect of statins as anti-inflammatory drugs 
might be unrelated to their effects on LDL parti-
cles.9 It is possible that low doses of statin may be 
effective in reducing inflammation independently 
of its effect on LDL cholesterol reduction. 

Mechanisms of AF may vary in different groups 
of patients. Benefit seen in some groups of pa-
tients may be due to different protective effects 

and results cannot be extrapolated to all clinical 
settings. Significant heterogeneity in odds ratio 
seen in published meta analysis reflect this het-
erogeneity of clinical settings. Moreover, some 
important pathophysiological information is of-
ten missing or is rather unclear in clinical studies, 
like the assessment of the degree of LDL lowering 
vs occurrence of AF (done with other events with 
statin therapy) or the determination of whether 
the benefit was seen because some type or dose of 
statins were used or because low LDL levels were 
achieved.

Primary Prevention of AF

Prevention of Post Operative AF

A significant issue when analyzing the effects of 
statin on AF may in part be related to the possible 
misclassification of post operative AF as new on-
set AF. A therapy decreasing the risk of a first epi-
sode of AF may be considered efficient for prima-
ry prevention. However, the obviously different 
problem of a first episode of acute post operative 
AF makes it different from new onset AF in others 
settings. Since the effect of statin is clearly more 
beneficial in these patients, it is really needed to 
analyze separately the 2 groups of patients with 
new onset AF not related to surgery, and those 
with post operative AF. 

If some efficiency of statin against AF is more ap-
parent in the literature, it is for the prevention of 
post operative AF. The benefit of statin therapy 
is significant in prevention of post operative AF 
and AF reduction ranges from 40 to 60% in this 
setting. 7,8,9,10,11,12 Almost all of the literature in the 
field pertains to cardiac surgery. Postoperative AF 
patients were monitored for at least 3 and up to 
30 days. Since the risk of developing postopera-
tive AF is greatest in the first postoperative days 
and lower after day 10, these periods of follow-up 
were sufficient. In the randomized ARMYDA-3 
trial enrolling 200 patients, treatment with atorv-
astatin 40 mg/d, initiated 7 days before surgery, 
significantly reduced the incidence of postopera-
tive AF after elective cardiac surgery with cardio-
pulmonary bypass and shortened hospital stay.24  
Of note, a surprisingly high rate of AF (60%) was 
seen in ARMYDA-3 and treated patient had a re-
sidual risk of 30%. Most other evidence is from 
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smaller studies or non-randomized experiments. 
Although these evidences should not be overstat-
ed as definitive, statins are overall associated with 
reduced risk of postoperative AF episodes and 
shorter hospital stay after cardiac surgery, and an 
earlier therapy results in more profound benefit.9  
Some mechanisms could account for the effect of 
statins in such setting. For example, myocardial 
damage is commonly encountered after coronary 
procedures and is a potential risk factor for AF. A 
reduction in AF might result from a short course 
of statin treatment if this abrogates myocardial tis-
sue injury. 

In addition to the findings in patients undergoing 
cardiac surgery, Bhave et al recently examined the 
association between treatment with statin medi-
cations and clinically significant postoperative AF 
following major noncardiac surgery.25 In a retro-
spective cohort of 370,447 patients, 10,957 (3.0%) 
developed clinically significant postoperative AF. 
Statin use was associated with a lower unadjusted 
rate of postoperative AF. After adjustment for pa-
tient risk factors and surgery type, odds for post-
operative AF remained significantly lower among 
statin-treated patients (adjusted odds ratio = 0.79; 
p < 0.001). Thus, treatment with statin agents also 
appears to be associated with a lower risk for clini-
cally significant postoperative AF following major 
noncardiac surgery.

Primary Prevention of AF (Excluding the Par-
ticular Case of Post Operative AF)

The GISSI HF investigators found a beneficial 
effect of rosuvastatin in reducing AF occur-
rence in patients with HF, but they suggested 
that larger populations were needed to provide 
a definite answer to the question. More pre-
cisely, although the difference was not signifi-
cant at unadjusted analysis for new onset AF, it 
became significant after adjustment for clinical 
variables, laboratory examinations, and back-
ground therapies.26 Such an adjustment is usu-
ally not needed in a randomized controlled trial, 
and several other unresolved issues were raised 
on the primary prevention of AF with statins.27

More recently, a large meta-analysis by Rahimi et 
al. has included published and unpublished data 
from 35 studies (including long-term trials) which 

together involve about 110,000 patients and 3200 
AF events.15  The hypothesis that statins may re-
duce the risk of AF was evaluated in these trials 
which have collected, but often not published, 
data on AF. Among these randomized trials, 
statin therapy significantly reduced the risk of AF 
in short term trials but did not reduce the risk of 
AF significantly versus control in long term tri-
als. A quick look on these results would suggest 
that statin may have a short term benefit which 
is no longer significant on a longer term basis. 
Splitting short and long-term trials may seem ap-
propriate to exclude some bias related to dura-
tion of follow-up or to eliminate negative study 
with insufficient effect of the active treatment. 
However, the patients and type of AF were very 
different in the short term and long term trials. 
Studies on post operative AF and secondary pre-
vention of AF were actually excluded of the large 
analysis focused on long term trials. In this pooled 
analysis, none of the included studies were per-
formed in patients with a specific history of AF 
and it was consequently an analysis on the ef-
fect of statin for primary prevention of AF. Statin 
therapy was not associated with any relevant 
benefit for the prevention of AF in these patients. 

One must bear in mind that many patients may 
have asymptomatic AF. As most of the long term 
trials in the article by Rahimi et al. did not pre-
define AF as a study endpoint, it was usually only 
reported as an adverse event. Therefore, AF de-
tection may have been underpowered although 
under-reporting of events was likely to occur 
similarly in all the patients. A study evaluating 
new-onset AF possibly requires a longer follow-
up than 1 to 4 years. Not surprisingly, there was a 
very low AF incidence in both treatment and con-
trol group (2.3% vs 2.5%) in the long term trials. 
Too short a follow-up duration in these patients 
might have disadvantaged the active statin. It is 
noteworthy that the incidence of AF was much 
higher when heart rhythm was monitored con-
tinuously using pacemakers in one study (5.8% 
vs 18.5%) which had a positive result.28 How-
ever, the evaluation of the treatment effect (with 
an OR very close to 1.00) in more than 100,000 
patients really suggests there is not a major ben-
efit for the primary prevention of AF with statin.

There are reasonably convincing data from clini-
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cal trials indicating that renin angiotensin aldoste-
rone system blockade is effective for the primary 
prevention of AF in some patients, while several 
other studies failed to show any benefit for an-
giotensin-receptor blockers in preventing recur-
rences of paroxysmal AF or evolution to more 
sustained forms of AF.29 In contrast, it is finally 
doubtful that the term of upstream therapy is re-
ally appropriate for the role of statin in prevention 
of AF, since their protective effect does not appear 
to be significant in long term primary prevention 
trial, while it seems more important in acute set-
tings like surgery to prevent post operative AF and 
in some patients in secondary prevention of AF.

Secondary Prevention of AF

In the pooled analysis by Bhardwaj et al, statins 
were not associated with an increased probability 
of maintaining sinus rhythm following electrical 
cardioversion of persistent AF.14 However, 2 ran-
domized trials have been more recently published. 
Xia et al. found that rosuvastatin decreased the 
early recurrence of AF following successful electri-
cal cardioversion (relative risk reduction of 65%),30  
and it was found in the STOP AF trial that high-
dose atorvastatin was associated with a similar, al-
though not significant, reduced risk of recurrence 
of AF after cardioversion of 62% when one consid-
ered patients free of events at the end of follow-up.31

In the meta analysis of the short term trials by Ra-
himi et al, a significant number of the included 
studies were performed in patients with a specific 
history of AF.15 Recurrences of paroxysmal AF or 
AF after cardioversion frequently occur within the 
first month, and all the patients with recurrent AF 
had a follow-up period longer than one month. 
Statin treatment reduced the odds of an episode of 
AF by 39% (odds ratio 0.61, p<0.001) but there was 
significant heterogeneity between the trials. If one 
focuses on the 8 randomized trials published to-
day providing information on the effect of statins 
for secondary prevention of AF in more than 1300 
patients, the mean risk reduction of AF episodes 
is 47%. This finally confirms the initial sugges-
tion that the benefit of statin therapy seemed more 
marked in secondary prevention of AF than for 
new-onset AF.3 However, the significant hetero-
geneity found in odds ratio calculations probably 
reflects the heterogeneity of the different clinical 

settings, AF mechanisms and magnitude of the 
benefit of statin therapy in the different groups of 
patients studied in secondary prevention of AF.

The fact that statin sometimes fail to prevent AF 
may in part be explained by a possible matter of 
target and timing. This has also been proposed 
when some disappointing results were seen with 
angiotensin-receptor blockers for preventing re-
currences of AF.32 It is possible that statin therapy 
only plays a role in condition with an intermediate 
risk of AF, and probably when there is some type 
of acute phenomenon in whom inflammation is 
present and can be efficiently decreased. Patients 
with a low risk of AF or with healthy heart will 
probably not benefit of statin therapy for the only 
matter of primary prevention of AF. Statin thera-
py may also have a less important role in patients 
highly prone to AF, with high mechanical or elec-
trical remodelling for other reasons. A self-perpet-
uating mechanism might be operative for patients 
in whom disease is old and the remodelling or 
substrate definitely established. Statin is unlikely 
to work very efficiently in this setting if patients 
are moreover treated for a rather short period.

Prevention of AF Following Left Atrial 
Ablation 

Of particular interest to illustrate these issues, the 
efficacy of statins in preventing AF recurrence has 
recently been evaluated following left atrial abla-
tion.33 One hundred twenty-five patients who had 
no statin indication undergoing catheter ablation 
due to drug-refractory paroxysmal or persistent 
were randomized in a prospective, double-blind, 
placebo-controlled trial to receive 80 mg atorvas-
tatin or placebo. At 3 months, 95% of patients in 
the atorvastatin group were free of symptomatic 
AF as compared with 93.5% in the placebo group 
(p=0.75) and 85% of patients treated in the atorv-
astatin group remained free of any recurrent atri-
al arrhythmia vs 88% of patients in the placebo 
group (p=0.37). Thus, the authors conclude that 
in patients with no standard indication for statin 
therapy, treatment with atorvastatin 80 mg per 
day following AF ablation does not significantly 
decrease the risk of AF recurrence in the first three 
months and should not be routinely administered 
to prevent peri-procedural arrhythmias. 
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Effect of Intensive Versus Standard Statin 
Regimens on AF

Since the anti-inflammatory effect of statins, one 
of the mechanisms for their potential anti-ar-
rhythmic capacity has been surmised to be more 
pronounced in high-dose statin therapy, some 
analysis based on the trials comparing a more 
intensive versus a standard statin regimen have 
also been performed. Their conclusions are quite 
homogeneous and disappointing. The results ob-
tained in the meta analysis by Rahimi et al about 
more versus less intensive statin therapy confirm 
the general finding that more intensive versus 
standard statin regimens are usually not associ-
ated with a reduction in the risk of AF.15,34

Statin may have a benefit on the risk of AF via 
some “pleiotropic effects” or mechanisms unre-
lated to LDL cholesterol lowering. For some of 
these effects (anti-inflammation, anti-oxidation), a 
dose-effect relation would be expected but might 
be less obvious and a low dose of statin might be 
as effective as high dose. This may explain the 
lack of benefit when one compares more vs. less 
intensive statin therapy. If a benefit of statin on 
AF ever exists, it does not seem to be related to a 
higher dose of statin. 

More generally, it has not been possible to estab-
lish the correlation between the degree of LDL re-
duction and the incidence or recurrence of AF at 
the individual level in the studies that compared 
the use of statins vs. no statins, as it has been done 
with other cardiovascular events involving statin 
therapy.17 However, based on the pooled analy-
sis of the studies that compared more vs. less in-
tensive statin regimens, it seems that no benefit 
is attributable to higher doses of statins or corre-
lated with lower LDL levels. Thus, it seems that 
patients’ success in lowering LDL to a given goal 
(<100 or <70 mg/dl) with statins or an increase 
in their statin dose has no significant impact in 
terms of AF events.

Conclusions

Overall, a global analysis of the literature suggests 
that the use of statins is significantly associated 
with a decreased risk of of AF in some patients 

in sinus rhythm. However, this beneficial effect 
is not seen for all types of AF in all the patients. 
The use of statins seems associated 1) with a lack 
of benefit in primary prevention of AF, 2) with a 
significant but heterogeneous decreased risk of 
recurrence of AF in secondary prevention, partic-
ularly following electrical cardioversion of persis-
tent AF, and 3) with a significant and promising 
reduction for the risk of post operative AF.  The 
magnitude of the antiarrhythmic effect of statins 
against AF is certainly lower than what was ini-
tially suggested and an intensive lipid lowering 
statin regimen appears not to provide greater 
protection against AF. Whether the benefit is both 
significant in some patients and clinically relevant 
is still another issue. Because of the increase in life 
expectancy as well as a rise in the prevalence of 
heart failure in most countries, the overall global 
burden from AF is likely to increase substantially 
in the coming decades. Although not acutely life-
threatening, the haemodynamic compromise and 
increased risk of stroke associated with AF cause 
significant morbidity and mortality.35 AF is there-
fore responsible for impairment of the quality of 
life and there is little reliable evidence on how to 
prevent it. Completely neglecting the benefit of 
statin would be a mistake. Patients with coronary 
heart disease are currently treated with statins in 
most cases, and this may not have an impact on 
their treatment. In contrast, it remains to deter-
mine more accurately if statins may bring some 
benefit for some AF patients without any type of 
established atherosclerotic disease or with a low 
risk of atherogenesis. Since it remains uncertain 
whether the suppression of AF in these patients 
is beyond doubt beneficial, prescribing statins for 
this purpose alone should not be recommended 
at the present time.
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