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the Cox-Maze procedure utilizes bipolar radiofrequency ablation 
and cryoablation to create lesions, in addition to surgical excision of 
the left atrial appendage.  The Cox-Maze IV lesion set is comprised 
of multiple lesions in both the right and left atria.  The left atrial 
lesion set consists of: 1) right and left pulmonary vein isolation, 2) 
connecting lesions between the left and right superior and inferior 
pulmonary veins, and 3) a lesion from the excision site of the left 
atrial appendage to the pulmonary vein and a lesion to the mitral 
valve annulus.  The right atrial lesion set consists of: 1) ablation lines 
along the superior and inferior vena cavae and 2) the free wall of 
the right atrium down to the tricuspid valve annulus (2).  Initial 
studies demonstrate the success of the Cox-Maze IV procedure in 
AF with freedom from AF and antiarrhythmic drugs at 78-82% at 
12 months even in patients with increased left atrial size.5,6 Complete 
elimination of AF has been shown in more than 90% of patients 
treated with Cox-Maze procedures, establishing these procedures 
as the gold standard for treatment of AF.7 Additional studies have 
shown an added benefit of surgical ablation over catheter ablation of 
15.7-33.4% with excellent overall rates of AF elimination of 74.7-
88%.8 Surgical procedures have demonstrated increased success in 
termination of AF compared to percutaneous catheter ablations 
with one year post-procedure success rates of 65% compared to 36% 
in the FAST trial; however, procedural adverse event rate was also 
significantly higher in this group.9,10 The increased risk of procedural 
complications with surgical approaches has promoted continued 
development of catheter-based procedures using radiofrequency 
energy to create atrial lesions.

Catheter ablation is less effective than surgical approaches, but has 
fewer procedural complications and is significantly more effective 
than anti-arrhythmic medications alone.8,11,12 Landmark work 
documenting ectopic beat origination in the pulmonary veins13 
has served as the foundation for now-standard catheter-based 
approaches.  Consequently, catheter-based ablations have focused 
on the left atrium, with a particular emphasis on pulmonary vein 
isolation.14  Conventional catheter ablation has been shown to have 
one year success rate (elimination of AF without anti-arrhythmic 
drugs) of 40-60% for one procedure with a 70-80% maximal success 

Introduction
Atrial fibrillation (AF) is the most common sustained cardiac 

arrhythmia and associated with significant morbidity and mortality.  
AF is currently estimated to affect over seven million people 
worldwide and is predicted to increase in prevalence.1,2 Medical, 
surgical, and interventional approaches have been utilized to treat AF.  
Systemic toxicity and limited therapeutic efficacy of antiarrhythmic 
medications has resulted in extensive development of surgical and 
interventional techniques for treatment of AF.  In addition to 
limiting the use of antiarrhythmic medications, these approaches 
have the added benefit of restoration of normal sinus rhythm (NSR).  
Although restoration of NSR was not shown to be superior to a 
rate control management strategy in the AFFIRM trial, follow-up 
analysis indicated a 47% reduction in mortality associated with the 
presence of NSR.3  Maintenance of NSR presumably provides an 
increase in cardiac output due to restoration of atrial systolic function 
and allows for the possible cessation of anticoagulation thus reducing 
risk of bleeding.  

Surgical and interventional restoration of NSR has focused 
on disruption of abnormal atrial circuits thought to underlie AF. 
Historically the Cox-Maze procedure has involved multiple incisions 
across the right and left atria resulting in transmural lesions designed 
to block re-entrant currents, with incision sets evolving to the Cox-
Maze III set.  Although this procedure was widely successful in 
treatment of AF, it was not routinely performed due to technical 
complexity.  Subsequent studies revealed that lesions made during 
the Cox-Maze III procedure could be performed using bipolar 
radiofrequency alone safely and reproducibly.4  The latest variant of 
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atrial lesions are delivered.  Some of the reported benefits may be 
from a reduction of the critical mass of atrial myocardium available to 
sustain AF.  Since right atrial lesions are generally safer than left atrial 
lesions, adding these would be associated with minimal additional 
risk to the patient.  In our quest to improve the success rates and 
reduce the complications associated with catheter ablation of AF, 
the right atrium should not be forgotten.  The future is likely to be 
about individualization of therapies, partly from detailed mapping 
and targeted ablation lesions.
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rate for three or more procedures.11,12,14-16 Although catheter-based 
procedures are effective and have the benefit of minimal invasiveness 
they remain inferior when compared to Cox-Maze procedures.

One potential explanation for the relative success of Cox-Maze 
procedures III and IV compared to catheter-based ablation is electrical 
intervention in both left and right atria, which suggests a putative 
role for right atrial catheter ablation.  Although right atrial ablation 
approaches have been previously documented, more recent studies 
incorporating atrial mapping have further elucidated the role of the 
right atrium in AF.  Right atrial foci in the SVC, crista terminalis, and 
coronary sinus ostium have been speculated to initiate AF.  Since AF 
predominantly originates in the left atrium some studies have shown 
little additional benefit of right atrial lesions particularly in patients 
with long-lasting persistent AF.17 however, studies utilizing atrial 
mapping have suggested a role for focal right atrial ablation.  Atrial 
mapping, specifically of paroxysmal AF suggests that between 5-25% 
of AF may originate in the right atrium; once mapped, focal ablation 
of the right atrium can effectively treat this subset of paroxysmal 
AF with long-term success in maintenance of sinus rhythm without 
AADs of 79% of patients at 19.7 months.18-20 Right atrial foci have 
also been identified in idiopathic AF; mapping and right atrial linear 
ablations successfully eliminated or allowed AF to be medically 
managed in 56% of these patients.21 Logically, biatrial procedures 
have been shown to have the highest success rates of catheter-based 
approaches, with success rates of up to 85%22 approaching success 
rates seen with Cox-Maze procedures. 

The success of catheter-based ablation with specific targeted lesions 
is improving because of recent developments in the understanding of 
the generation and sustenance of AF.  The critical mass hypothesis 
describes the tendency of fibrillation to terminate in a finite-sized 
tissue; sustenance of fibrillation has been directly correlated with 
tissue area-- consistent with clinical data correlating increased atrial 
size with persistence of AF.23 Recent studies have revealed that AF is 
typically generated by a small number of localized sources that cause 
disorganization in the remaining atrial tissue.16,24,25  The CONFIRM 
study examined conventional ablation with and without focal 
impulse and rotor ablation.  Atrial mapping revealed electrical rotors 
and focal impulses in 97% of AF patients with a median number 
of 2.1+/- 1.0 sources (70% rotors and 30% focal impulses).  Focal 
impulse and rotor modulation (FIRM) ablation was used to eliminate 
these foci before conventional ablation.  Acutely 86% of persistent 
and paroxysmal either terminated or slowed AF and single procedure 
AF elimination rates were 82.4% in FIRM-guided compared to 
44.9% in FIRM-blinded cases. In addition, this approach resulted in 
improvement in long-term AF elimination compared to conventional 
ablation strategies.16 These findings suggest a critical role for novel 
atrial mapping technologies and targeted ablation to precisely deliver 
lesions to treat unique patient-specific foci.  In US centers using this 
technique, about a third of the rotors are found in the right atrium 
(unpublished data). 

It is important to review the history of catheter ablation of 
atrial fibrillation, and consider the judicious addition of potentially 
impactful right atrial lesions, at least in select cases.  Whether guided 
by mapping of rotors or complex fractionated atrial electrograms 
(CFAE), or simply anatomic lesion sets, these additional lesions 
have the potential to improve success rates and deserve further 
investigation.  Some of their benefit may derive from the proximity of 
the right superior pulmonary vein and other key structures, as right 
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