


Index

Title and Author Page 
No.

Editorial

AF Termination: the Holy Grail of Persistent AF Ablation?
-Dennis H. Lau, MBBS; Anthony G. Brooks, PhD; Prashanthan Sanders, MBBS, PhD 4-6

Original Research

Success of Radiofrequency Catheter Ablation of Atrial Fibrillation: Does Obesity Influ-
ence the Outcomes?
-Dhanunjaya R. Lakkireddy, George E. Blake, Dimpi Patel, Martin Rotter, Atul Verma, Kay Ryschon, 
Mohammed Khan,  Robert Schweikert, Michel Haissaguerre, and Andrea Natale

7-13

An Improved QT Correction Method for use in Atrial Fibrillation and a Comparison with 
the Assessment of QT in Sinus Rhythm
-Deepak Saluja, Jason A. Guyotte and James A. Reiffel

14-24

Case Report

Transesophageal echocardiography for detection of left atrial appendage thrombi: Is it 
good enough?
-Mazda Biria, Thomas Rosamond, Dhanunjaya Lakkireddy, and Louis Wetzel

25-29

Featured Reviews

Characterization of Left Atrial Tachyarrhythmias in Patients Following Atrial Fibrillation 
Ablation: Correlation of surface ECG with Intracardiac Mapping
-Sanjay Dixit

30-39

Rate versus Rhythm Control Pharmacotherapy for Atrial Fibrillation: Where are We in 
2008?
-James A. Reiffel

40-52

Surgical Treatment of Atrial Fibrillation
-Marc A. Gillinov 53-59



Journal Review

Long-term endurance sport practice increases the incidence of lone atrial fibrillation in men: a 
follow-up study 
-Michela Madalosso and Antonio Raviele

60-61

Antiarrhythmic Effect of Statin Therapy and Atrial Fibrillation A Meta-Analysis of Ran-
domized Controlled Trials
-Andrea Corrado and Antonio Raviele

62-63

Allied EP Professionals

Preparing The Electrophysiology Lab to Treat Atrial Fibrillation
-Wallace Ray 64-65

Classification, Etiology and Clinical evaluation of atrial fibrillation
-Ermengol Valles, Francis E. Marchlinski 66-71

Journal of Atrial Fibrillation                                                                           Content Page                 



Corresponding Address : Prashanthan Sanders, Cardiovascular Research Centre, Cardiovascular Investigation Unit, Royal Ad-
elaide Hospital, Adelaide, SA 5000, AUSTRALIA.

AF Termination: the Holy Grail of Persistent AF
Ablation?

Dennis H. Lau, MBBS; Anthony G. Brooks, PhD; Prashanthan Sanders, MBBS, PhD

Cardiovascular Research Centre, Department of Cardiology, Royal Adelaide Hospital and the Disciplines of
Medicine and Physiology, University of Adelaide, Adelaide, Australia

 www.jafib.com                                                     4                             May-Jun, 2008 | Vol 1 | Issue 1                             

Introduction

The optimal catheter ablation approach for long-
standing persistent atrial fibrillation (AF) remains
elusive despite significant advances made in our 
understanding of this arrhythmia. A recent sys-
tematic review highlighted the significant varia-
tion in procedural success rate both within and 
between techniques, necessitating repeat ablation 
procedures and anti-arrhythmic drugs to achieve 
improved outcomes in those with long-standing 
persistent AF.1 Indeed, current expert consensus 
statement recommended ablation beyond ostial 
pulmonary vein isolation for these patients.2 De-
spite incorporating various substrate modification 
techniques which commonly include linear lesions 
and targeting of complex fractionated electro-
grams, the reported success rates from various lab-
oratories are still below par to those in paroxysmal 
AF patients.1 Perhaps the often dilated and chroni-
cally remodeled atria in longstanding persistent 
AF patients harbor complex structural substrates 
capable of maintaining the arrhythmia beyond 
amelioration even with extensive catheter ablation 
in some. Certainly, this reflects our incomplete un-
derstanding of the complex mechanisms underly-
ing this arrhythmia. 

Regardless of the approach, electrophysiologists 

must be clear of the endpoints for their chosen ab-
lation strategy. Pulmonary vein ablation remains 
the cornerstone in most catheter ablation strategies
with complete electrical isolation accepted as its 
goal and if linear lesions are attempted, complete-
ness of lesion sets should be confirmed using ac-
tivation mapping with appropriate pacing maneu-
vers.2 Endpoints for electrogram guided ablation 
are less well defined but can include elimination of 
fractionated signals or transformation into discrete 
electrograms, and slowing or organization of local 
fibrillatory cycle length.3 Apart from the above-
mentioned electrophysiological endpoints, termi-
nation of AF to sinus rhythm or atrial tachycardia 
has been pursued as procedural endpoint with the 
stepwise ablation approach. Laboratories using 
this approach reported high long term success rate 
in up to 88% without anti-arrhythmic drugs despite 
the need for multiple procedures due to recurrent 
atrial tachycardias.3-6 Specifically, from a prospec-
tive study of 153 consecutive patients, O’Neill 
and co-workers demonstrated that 95% of those 
with AF termination remained in sinus rhythm at 
a mean follow-up duration of 32 months as com-
pared to just 52% in those without AF termination
following repeat ablation procedures.6 Likewise, 
in a smaller series of 88 patients by Rostock et al 
the overall success rate was 95% in those with as 
compared to 5% in those without termination of 



AF in two procedures and a mean follow-up dura-
tion of 20 months.5 Therefore, termination of AF 
appeared to be prognostically important in long-
standing persistent AF.

In a recent study published in Heart Rhythm enti-
tled “Atrial fibrillation termination as a procedural
endpoint during ablation in long-standing persis-
tent atrial fibrillation”, Elayi and colleagues un-
dertook a prospective multi-centre evaluation of 
the prognostic impact of AF termination during 
ablation in a large cohort of 306 patients over a 
mean follow-up period of 25 months.7 The ablation 
strategy in this study consisted of pulmonary vein 
antrum isolation followed by complex fractionated 
atrial electrograms ablation. They achieved AF ter-
mination in 178 patients (58%) at the first proce-
dure. In total, long term sinus rhythm maintenance 
off anti-arrhythmic drugs was not significantly 
different between those with (68%, 121/178) and 
without (70%, 90/128) AF termination at the first 
procedure. In addition, no difference was observed 
whether sinus rhythm or atrial tachycardia was 
achieved with AF termination during the initial ab-
lation. AF recurrence was seen in 57/178 (32%) and 
38/128 (30%) patients with and without initial AF 
termination: 46/57 (81%) and 28/38 (74%) of these 
patients underwent a second procedure whereby 
AF termination was again achieved in 26/46 (57%) 
and 15/28 (54%) respectively. Interestingly, long 
term success off anti-arrhythmic drugs after two 
procedures remained similar between those with 
(83%, 147/178) and without (82%, 105/128) AF 
termination. Further analysis showed that if AF 
was terminated into atrial tachycardia during abla-
tion, those with focal atrial tachycardia had better 
longer term success than those with macro-reen-
trant atrial tachycardia (83 vs. 57%, p=0.026).

The results presented by Elayi et al appear dispa-
rate to the experience of the Bordeaux and Ham-
burg laboratories. However, the following funda-
mental differences need to be considered: First, 
the study population differed amongst these three 
studies with a younger cohort in the O’Neill series
and what appears to be shorter duration of AF in 
patients from the O’Neill and Rostock reports. 
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Second, the mean baseline AF cycle length in the 
Elayi series was shortest amongst the 3 studies at 
128ms, perhaps implying more remodeled atria. 
Third, utilization of anti-arrhythmic drugs in the 
peri-procedural and follow-up periods was dif-
ferent with exclusively no amiodarone use in the 
Elayi series. Fourth, although all studies aimed to 
terminate AF during the procedure, different abla-
tion strategy was employed with pulmonary vein 
antrum isolation followed by complex fractionated 
atrial electrograms ablation in the Elayi report and 
stepwise ablation approach in the other two. Last, 
post-procedural management strategy appears dif-
ferent with the Rostock series reporting use of DC 
cardioversion in the first 3 months for any arrhyth-
mia recurrence. 

Indeed, both the duration of continuous AF and 
baseline AF cycle length have been found to be 
predictive of maintenance of sinus rhythm by cath-
eter ablation in a recent report.8 Perhaps the more 
advanced underlying electrical and structural re-
modeling due to longer AF duration (> 2 years) in 
patients from the Elayi series portends a greater 
prognostic burden than achieving termination of 
AF during catheter ablation. This may in part ac-
count for their observations that atrial tachycardias 
of a focal mechanism had a better outcome than 
those of a re-entrant type given the complex atrial 
substrate in their patients as evidenced by their 
short baseline AF cycle length further alluding to 
their arrhythmia chronicity. Another recent report 
on the reversibility of atrial electrical and structural
remodeling due to chronic atrial stretch following
removal of the stretch stimulus highlighted that the 
substrate predisposing to AF might be reversed.9 

On this note, the lack of use of amiodarone and DC 
cardioversion in the Elayi series would have re-
duced the opportunity for reverse atrial remodeling
thereby confounding the benefits of achieving AF 
termination following catheter ablation.

In summary, AF is a heterogeneous disease which
requires a tailored management approach in the 
individual patient based on their predisposing risk 
profile and the nature and duration of their ar-
rhythmia. Termination of AF during the stepwise 



ablation approach in patients with shorter duration 
of AF and longer baseline AF cycle length together 
with aggressive post-procedural rhythm control has 
shown great promise as a prognostically important 
ablation endpoint. Taken together with the findings 
by Elayi et al, the termination of AF as a procedural 
endpoint may not be the Holy Grail during the abla-
tion of long-standing persistent AF and will require 
further investigations.

References
1. Brooks AG, Stiles MK, Laborderie J, Lau DH, Kuklik P, Shipp 
NJ, Hsu LF, Sanders P. Outcomes of long-standing oersistent atrial 
fibrillation ablation: A systematic review. Heart Rhythm 2010; In 
press, doi:10.1016/j.hrthm.2010.01.017.
2. Calkins H, Brugada J, Packer DL, Cappato R, Chen SA, Crijns HJ, 
Damiano RJ, Jr., Davies DW, Haines DE, Haissaguerre M, Iesaka Y, 
Jackman W, Jais P, Kottkamp H, Kuck KH, Lindsay BD, Marchlin-
ski FE, McCarthy PM, Mont JL, Morady F, Nademanee K, Natale 
A, Pappone C, Prystowsky E, Raviele A, Ruskin JN, Shemin RJ. 
Hrs/ehra/ecas expert consensus statement on catheter and surgi-
cal ablation of atrial fibrillation: Recommendations for personnel, 
policy, procedures and follow-up. A report of the heart rhythm 
society (hrs) task force on catheter and surgical ablation of atrial 
fibrillation. Heart Rhythm 2007; 4:816-861.
3. Takahashi Y, O’Neill MD, Hocini M, Dubois R, Matsuo S, Knecht 
S, Mahapatra S, Lim KT, Jais P, Jonsson A, Sacher F, Sanders P, 
Rostock T, Bordachar P, Clementy J, Klein GJ, Haissaguerre M. 
Characterization of electrograms associated with termination of 
chronic atrial fibrillation by catheter ablation. J Am Coll Cardiol 

Journal of Atrial Fibrillation                                                                                   Editorial

 www.jafib.com                                                     6                            May-Jun, 2008 | Vol 1 | Issue 1                             

2008; 51:1003-1010.  
4. Haissaguerre M, Hocini M, Sanders P, Sacher F, Rotter M, 
Takahashi Y, Rostock T, Hsu LF, Bordachar P, Reuter S, Roudaut 
R, Clementy J, Jais P. Catheter ablation of long-lasting persistent 
atrial fibrillation: Clinical outcome and mechanisms of subse-
quent arrhythmias. J Cardiovasc Electrophysiol 2005;16:1138-
1147.
5. Rostock T, Steven D, Hoffmann B, Servatius H, Drewitz I, 
Sydow K, Mullerleile K, Ventura R, Wegscheider K, Meinertz 
T, Willems S. Chronic atrial fibrillation is a biatrial arrhythmia: 
Data from catheter ablation of chronic atrial fibrillation aiming 
arrhythmia termination using a sequential ablation approach. 
Circ Arrhythm Electrophysiol 2008; 1:344-353. 
6. O’Neill MD, Wright M, Knecht S, Jais P, Hocini M, Takahashi 
Y, Jonsson A, Sacher F, Matsuo S, Lim KT, Arantes L, Derval N, 
Lellouche N, Nault I, Bordachar P, Clementy J, Haissaguerre 
M. Long-term follow-up of persistent atrial fibrillation ablation 
using termination as a procedural endpoint. Eur Heart J 2009; 
30:1105-1112.
7. Elayi CS, Di Biase L, Barrett C, Ching CK, Aly MA, Lucciola 
M, Bai R, Horton R, Fahmy TS, Verma A, Khaykin Y, Shah J, 
Morales G, Hongo R, Hao S, Beheiry S, Arruda M, Schweikert 
RA, Cummings J, Burkhardt JD, Wang P, Al-Ahmad A, Cau-
chemez B, Gaita F, Natale A. Atrial fibrillation termination as a 
procedural endpoint during ablation in long-standing persistent 
atrial fibrillation. Heart Rhythm 2010; In press, doi:10.1016/j.
hrthm.2010.01.038.
8. Matsuo S, Lellouche N, Wright M, Bevilacqua M, Knecht S, 
Nault I, Lim KT, Arantes L, O’Neill MD, Platonov PG, Carlson 
J, Sacher F, Hocini M, Jais P, Haissaguerre M. Clinical predic-
tors of termination and clinical outcome of catheter ablation for 
persistent atrial fibrillation. J Am Coll Cardiol 2009; 54:788-795.
9. John B, Stiles MK, Kuklik P, Brooks AG, Chandy ST, Kalman 
JM, Sanders P. Reverse remodeling of the atria after treatment of 
chronic stretch in humans: Implications for the atrial fibrillation
substrate. J Am Coll Cardiol; 55:1217-1226.



Corresponding Address : DAndrea Natale MD, F.A.C.C, FHRS Executive Medical Director Texas Cardiac Arrhythmia Institute 
@ St David’s Medical Center, Austin, TX & Consulting Professor of Cardiovascular Medicine, Cardiovascular Medicine Depart-
ment, Stanford University, Palo Alto, CA

Abstract

Background
Catheter ablation of atrial fibrillation (AF) is an increasingly popular therapeutic option for symptomatic 
patients who have failed multiple antiarrhythmic drugs (AADs). Patients of higher body mass index 
often fail direct current cardioversion. The role of body mass index (BMI) on the success of AF ablation
is not well understood.

Methods
We prospectively studied 511 patients who underwent AF ablation at the Cleveland Clinic Foundation 
between 2002 and 2005. Patients were divided into four classes based on their BMI: Class I ( 25); Class II 
(25.1-30); Class III (30.1-35) and Class IV (>35). These groups were compared for baseline demographic 
and clinical characteristics. Any recurrence of AF after 3 months of ablation was considered as failure. All 
classes were followed for at least 12 months and rates of failure were compared.

Results
Based on their BMI, 25% of patients were assigned to class I, 37% in class II, 21% in class III and 16% in 
class IV. Patients of higher classification (class III or IV) were more likely to be male (p<0.001), diabetic 
(p<0.001), smokers (p=0.002), with coronary artery disease (=0.018), left atrial enlargement (p=0.015) and 
longstanding AF (p=0.007). Severity of obesity as measured by BMI had a direct correlation to early 
(p=0.05) and late (p=0.01) recurrence of AF.

Conclusion
Obesity is significantly associated with long-term AF recurrence after catheter ablation. Higher inci-
dence of smoking & left atrial enlargement may possibly contribute to higher failure rates in this sub-
group of patients.

Key Words: atrial fibrillation, ablation, obesity, risk factors, arrhythmia 
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Introduction

Background

World Health Organization’s latest projections 
for 2005 estimated that approximately 1.6 billion 
adults (age 15+) were overweight (Body Mass 
Index (BMI) 25) and at least 400 million adults 
were obese (BMI 30) among an estimated world 
population of 6.5 billion people.1,2 Obesity has 
currently reached epidemic proportions in the 
United States with nearly 65% of the population 
being overweight and about 31% obese.3 Atrial 
fibrillation (AF) is the most arrhythmia that is re-
sponsible for substantial worldwide morbidity, 
mortality and health care costs.4-11 It affects ap-
proximately 1% of the general population and its
prevalence appears to increase with age (0.1% 
among adults younger than 55 years to 9.0% in 
persons aged 80 years or older).12 Obesity (Body 
Mass Index – BMI, used as the surrogate marker) 
has clearly been identified as an independent risk 
factor for AF in multiple studies.13-18 The Fram-
ingham Heart Study clearly demonstrated that 
obesity was associated with a 50% increase in the 
risk of AF. In multivariable models adjusted for 
cardiovascular risk factors and interim myocardi-
al infarction or heart failure, a 4% increase in AF 
risk per 1-unit increase in BMI was observed in 
both men and women.13 The Danish Diet, Cancer 
and Health Study estimated the adjusted hazard 
rate ratio of AF or flutter to be 1.75 in overweight 
(BMI 25.0-30 kg/m2) men and 1.39 in overweight 
women and 2.35 in obese (BMI => 30.0 kg/m2) 
men and 1.99 in obese women, using the normal 
weight (BMI 18.5 to 25 kg/m2) as a reference.15 
These values underestimate the aggregate impact 
of obesity on AF risk, because they adjust for con-
ditions such as hypertension, diabetes mellitus 
(DM), congestive heart disease (CHF) and coro-
nary artery disease (CAD), which are common 
sequelae of obesity and well-known independent 
risk factors of AF.18 

Current management of atrial fibrillation includes 
anticoagulation, rate-control or rhythm-control 
strategies.19-23 Antiarrhythmic drugs and catheter 
ablation are the main methods of rhythm control. 
Arrhythmia does recur within one to two years 
in at least 50% of patients despite antiarrhythmic 
drug (AAD) therapy.24-26 Percutaneous catheter 
ablation has been demonstrated to provide an 
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effective, superior and safe curative therapy for 
atrial fibrillation.27-30 There is limited data on the 
impact of obesity on the success of AF ablation.31 
In this multicenter study, we assess the effect of 
obesity on the success of AF ablation by using BMI 
as a surrogate marker.  

Methods and Materials

Study Population

We prospectively studied 511 consecutive patients 
with symptomatic AF that was resistant to mul-
tiple antiarrhythmic drugs (AADs), who under-
went first time radiofrequency (RF) ablation at the 
Cleveland Clinic, Ohio and Hôpital Cardiologique 
du Haut-Lévêque, Bordeaux-Pessac, FRANCE be-
tween 2002 and 2005. All AADs were withdrawn 
five half-lives before the ablation, with the excep-
tion of amiodarone, which was discontinued at 
least 5-6 months before the procedure. We used 
BMI calculated from the patients’ weight and 
height as a surrogate marker of obesity. Based on 
BMI the entire study population was divided into 
class-I: BMI 25.0, class-II: BMI 25.1 to 30.0, class-III: 
BMI 30.1 to 35.0 and class-IV: BMI >35.0 

AF ablation

The AF ablation was performed with pulmonary 
vein antral isolation as described previously.32  Pa-
tients were continuously anticoagulated before, 
during and after the ablation with warfarin and 
enoxaparin bridging during the periablation pe-
riod. Patients who had known right atrial isthmus 
dependent flutter underwent additional cavo-tri-
cuspid isthmus ablation. At the end of the proce-
dure all 4 PVs were tested for complete electrical 
isolation. All patients who underwent ablation 
with a 8 mm-Biosense Webster Catheter were in-
cluded in this study for consistency. Patients who 
had ablation with a 4 mm and open irrigated or 
close loop catheters were excluded from the study.

Follow-up

After ablation, all patients were continued on oral
anticoagulation with warfarin for a minimum of 
3 months and restarted on their AADs on the day 
of PV isolation for a total of 8 weeks. Symptoms 
related to AF recurrence were verified during out-

Journal of Atrial Fibrillation                                                                  Original Research 



patient visits at 1, 3, 6 and 12 months after ablation 
and by monthly telephonic interviews. Recurrence 
of AF was assessed during the follow-up period 
by an external loop recorder worn for the first 6 
months by all patients. Computed tomography 
was done at 3 months and repeated at 6 months 
and 12 months if any evidence of PV narrowing 
was detected during the initial scan. Early recur-
rence is defined as any atrial arrhythmia (atrial 
fibrillation, atrial flutter and/or intraatrial reentry 
tachycardia) at three months and late recurrence 
at 12 months.

Results

Demographic characteristics of our study popula-
tion are summarized in Table-1. A comparison of 

the various BMI classes reveals a significant differ-
ence (p 0.05) in the types of AF observed amongst 
them. Specifically, higher BMI classes (such as class 
III or IV) had a higher percentage of persistent or 
permanent than paroxysmal AF (p = 0.007). The 
incidence of diabetes, smoking, obstructive sleep 
apnea and coronary artery disease was directly 
proportional to the severity of obesity. Echocardio-
graphic parameters, including left atrial (LA) size, 
left ventricular ejection fraction (LVEF), presence of 
mitral regurgitation, concomitant patent foramen 
ovale (PFO) and aortic valvular abnormality, were 
analyzed amongst the various BMI classes; only the 
left atrial enlargement significantly (p=0.015) cor-
related to the severity of obesity (Table-2). Prior to 
enrollment, patients were on multiple antiarrhyth-
mic medications (AAD’s). There was no signifi-
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Clinical
Variables

Class I
BMI < 25
N = 113

Class II
BMI 25.1 – 30
N = 201

Class III
BMI 30.1 – 35
N = 115

Class IV
BMI > 35
N = 82

p-value

Age 55.4±11.8 54.8±11.0 55.5±10.6 54.8±9.5 0.866

Gender (M/F) 139/61
(69.5%/30.5%)

287/44
(86.7%/13.3%)

143/40
(78.1%/21.9%)

107/33
(76.4%/23.6%) <0.001

Presenting Rhythm 0.396
Sinus rhythm 116 (58.3%) 170 (52.1%) 92 (50.3%) 69 (50.4%)
Atrial fibrillation 75 (37.7%) 142 (43.6%) 83 (45.4%) 65 (47.4%)
Atrial flutter 6 (3.0%) 14 (4.3%) 6 (3.3%) 2 (1.5%)
Other 2 (1.0%) 0 2 (1.1%) 1 (0.7%)
Type of AF 0.007
Paroxysmal 125 (62.5%) 186 (56.7%) 97 (53.0%) 61 (44.2%)
Persistent 20 (10.0%) 46 (14.0%) 23 (12.6%) 32 (23.2%)
Permanent 55 (27.5%) 96 (29.3%) 63 (34.4%) 45 (32.6%)
Smoking 4 (1.9%) 12 (3.5%) 15 (7.9%) 13 (9.0%) 0.002
Co morbidities
Hypertension 41 (19.2%) 66 (19.1%) 43 (22.5%) 35 (24.3%) 0.510
LVEF < 45% 17 (8.0%) 27 (7.8%) 16 (8.4%) 10 (6.9%) 0.971
OSA 1 (0.9%) 13 (6.4%) 15 (13%) 18 (22%) <0.001
DM 3 (1.4%) 9 (2.6%) 6 (3.1%) 14 (9.7%) <0.001
CAD 13 (6.1%) 49 (14.2%) 28 (14.7%) 16 (11.1%) 0.018
CABG 5 (2.3%) 11 (3.2%) 13 (6.8%) 4 (2.8%) 0.076
Hyperthyroidism 4 (1.9%) 5 (1.4%) 2 (1.0%) 1 (0.7%) 0.784
Sick sinus 12 (5.6%) 18 (5.2%) 9 (4.7%) 2 (1.4%) 0.239
VT 5.(2.3%) 7 (2.0%) 4 (2.1%) 3 (2.1%) 0.995
Hypothyroidism 5 (2.3%) 10 (2.9%) 6 (3.1%) 6 (4.2%) 0.801
CVA 4 (1.9%) 11 (3.2%) 3 (1.6%) 7 (4.9%) 0.244
COPD 2 (0.9%) 1 (0.3%) 4 (2.1%) 2 (1.4%) 0.235

Table 1
Differences in demographic variables amongst the four classes of patients. CAD-Coronary artery disease; 
CABG-Coronary artery bypass graft; VT-Ventricular tachycardia; CVACerebrovascular accident; COPD-

Chronic obstructive pulmonary disease



cant difference in the use of antiarrhythmic drugs 
amongst the four BMI classes (Table-3). Pulmonary 
vein activity was found in more than 90% of the 
veins. There was no significant difference in pul-
monary vein activity amongst the various classes 
(Table-4). On multivariate analysis, severity of obe-
sity as measured by BMI had a direct correlation 
to short- (p=0.05) and long-term (p=0.01) recur-
rence of AF. And smoking was found to be a sig-
nificant predictor of only late recurrence (p=0.002) 
(Table-5). Interestingly, history of obstructive sleep 
apnea (OSA) was not an independent predictor of 
AF recurrence after RF ablation.

Discussion 

Major findings

This is a large study that assessed the impact of 
BMI (as a surrogate marker of obesity) on the suc-
cess of RF ablation for AF using pulmonary vein 
isolation. Higher BMI was predictive of early and 
late recurrences after RF ablation. Contrary to pri-
or studies, our series did not show any significant 
correlation between history of OSA and procedural 
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success.31 Our review of the current literature sug-
gests that obesity is not just another physiologic 
parameter, rather a syndrome of anatomic, physi-
ologic and metabolic abnormalities, all of which 
act synergistically to induce and maintain atrial 
ectopic activity. Catheter ablation in such an elec-
trically unstable environment would then have its 
own limitations, as already indicated in our study 
by the lower success rates in permanently eliminat-
ing atrial fibrillation. 

First of all, obese individuals are at a higher risk 
of having diabetes mellitus, hypertension, dislip-
idemia, coronary artery disease, heart failure and 
valvular heart disease, which were all shown to be 
significant predictors of atrial fibrillation.15 Insulin 
resistance commonly observed in type 2 diabetes 
and obesity has been associated with molecular sig-
naling abnormalities (such as enhanced expression 
of interleukin-6 (IL-6), vascular cellular adhesion 
molecule-1 (VCAM-1) and monocyte chemoattrac-
tant protein -1 (MCP-1)) and marked decrease in 
nitric oxide bioavailability via increased formation 
of advanced glycation end products (AGE), lead-
ing to endothelial dysfunction and chronic vascular 
inflammation.33 Mechanical forces and shear stress 
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Table 3 Differences in drugs used by the various BMI classes

Clinical
Variable

Class I
N = 113

Class II
N = 201

Class III
N = 115

Class IV
N = 82 pvalue

Beta blocker 77 (36.2%) 149 (43.2%) 83 (43.5%) 58 (40.3%) 0.354
Calcium CB 18 (8.5%) 39 (11.3%) 10 (5.2%) 9 (6.3%) 0.071
Digoxin 12 (5.6%) 23 (6.7%) 13 (6.8%) 10 (6.9%) 0.927
Propafenone 32 (15.0%) 58 (16.8%) 35 (18.3%) 32 (22.2%) 0.345
Sotalol 99 (46.5%) 178 (51.6%) 106 (55.5%) 76 (52.8%) 0.326
Flecainide 87 (40.8%) 124 (36.0%) 86 (45.0%) 64 (44.4%) 0.288
Amiodarone 89 (41.8%) 142 (41.2%) 101 (52.9%) 63 (43.8%) 0.054
Dofetilide 42 (19.7%) 58 (16.8%) 45 (23.6%) 38 (26.4%) 0.068

Clinical
Variable

Class I
N = 113

Class II
N = 201

Class III
N = 115

Class IV
N = 82 pvalue

LA size (cm) 4.27±0.61 4.43±1.79 4.48±0.61 5.34±5.96 0.015
LVEF 53.7±8.6 53.1±7.8 52.2±7.8 54.7±8.8 0.060
MR (1+ or more) 43 (20.2%) 61 (17.7%) 48 (25.1%) 31 (21.5%) 0.231
Concomitant PFO 6 (2.8%) 11 (3.2%) 10 (5.2%) 4 (2.8%) 0.506
AR/AS (1+ or more) 7 (3.3%) 10 (2.9%) 11 (5.8%) 8 (5.6%) 0.285

Table 2 Differences in echo parameters amongst various BMI classes. MR – mitral regurgitation; AR – aortic regur-
gitation; AS –aortic stenosis
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from disturbed blood flow present in hypertensive 
states and in atheromatous coronary artery disease 
are other causes of endothelial dysfunction and in-
flammation. On their own or in conjunction with 
each other, diabetes mellitus, hypertension, dyslip-
idemia and coronary artery disease affect cardiac 
structure and function by causing left ventricular 
hypertrophy and/or dilatation, diastolic and/or 
systolic dysfunction and valvular abnormalities, 
most prominently mitral regurgitation, increasing 
the wall tension and size of the left atrium, chang-
ing myocyte action potentials and inducing chaotic 
electrical activity, the hallmark of atrial fibrillation. 

C-reactive protein (CRP) which is a marker of in-
flammation was found to correlate well with BMI 
and presence of AF and was an independent pre-
dictor of new onset AF.34-38 In obese patients ini-
tial cardioversion success (but not AF recurrence) 
was shown to be inversely related to hsCRP lev-
els.39 Although, no clear correlation was found in 
our study, obese individuals appear to have an in-
creased prevalence (40-60%) of depression which 
can stimulate neuroendocrine pathways leading to 
catecholamine and cortisol release sustaining a pro-
inflammatory state.40-42 As was shown by our study 
and others smoking is more prevalent in obese pa-
tients which can contribute to the systemic inflam-
matory response and account for relatively higher 
AF recurrence rates post RF ablation.43-45 As is well 
described in cardiomyopathy of obesity, gradual 
accumulation of adipose tissue among muscle fi-

bers with pressure-induced atrophy , lipotoxicity 
and myocyte apoptosis in combination with above 
pro AF milieu can promote negative atrial remod-
eling and arrhythmogenecity.46-47 

Several studies in the past have shown significant 
correlation between OSA, obesity and AF.48-50 In-
termittent hypoxemia, hypercapnia, chemorecep-
tor excitation, and surges in adrenergic tone result-
ing in elevated blood pressures, left ventricular 
afterload during an apneic episode can possibly 
contribute to AF in patients with OSA.51 Left atrial 
dilatation and probable fibrosis due to prolonged 
exposure to elevated left ventricular filling pres-
sures may contribute to the perpetuation of AF. 
Left atrial stretch has also been demonstrated to 
promote pulmonary vein arrhythmogenicity.52 Use 
of CPAP to treat OSA significantly decreased the 
recurrence of AF from 82% down to 42%. 48 Unlike 
a prior study by Jongnarasingan et al, our study 
did not show any significant correlation between 
AF recurrence after ablation in patients with a his-
tory of OSA. We believe that active treatment with 
postitive pressure ventilation measures might have 
significantly altered the trigger mechanisms which 
otherwise could have made them more prone for 
AF. 

Although, it is the largest multicenter study that 
looked at the impact of obesity on the success of 
catheter based intervention in AF, no inflamma-
tory markers were measured and hence not taken 
into consideration. We used BMI as a surrogate 
marker of the severity of obesity in our patient 
population; therefore, patients with high muscle 
mass (men more likely than women), could have 
been misclassified.

Conclusions
 
Catheter ablation is emerging as the preferred 
mode of treating atrial fibrillation with higher suc-
cess rates than AADs. Newer techniques and in-
creasing experience in catheter ablation of AF are 
promising. However, obesity with its epidemic 
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Table 4 Differences in PV activity amongst 4 classes

Clinical
Variable

Class I
N = 113

Class II
N = 201

Class III
N = 115

Class IV
N = 82 pvalue

Right 
Upper

73
(34.3%)

134
(38.8%)

82
(42.9%)

56
(38.9%) 0.361

Right 
Lower

44
(20.7%)

82
(23.8%)

53
(27.7%)

43
(29.9%) 0.171

Left 
lower

95
(44.6%)

161
(46.7%)

84
(44.0%)

66
(45.8%) 0.931

Left 
lower

39
(18.3%)

74
(21.4%)

40
(20.9%)

38
(26.4%) 0.339

Table 5 Differences in early and late recurrences amongst 4 classes

Clinical Variable Class I N = 113 Class II N = 201 Class III N = 115 Class IV N = 82 pvalue
Early recurrence 27 (12.7%) 66 (19.1%) 44 (23.0%) 25 (17.4%) 0.05
Late recurrence 11 (5.2%) 26 (7.5%) 27 (14.1%) 12 (8.4%) 0.01
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proportions is taking its toll on the incidence, per-
sistence and recurrence of AF, which makes the 
need for an aggressive public policy to reduce obe-
sity rates around the western world even more im-
perative.  
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Abstract

Background: Conventional QT corrections may be inappropriate inatrial fibrillation (AF) due to RR 
variability and QT lag. Existing formulashave been modified by the formula RRmod to account for this 
lag. Wedeveloped a novel correction formula for use in AF (QTAF) based onthe slope ∆QT/∆RRmod and 
report its performance in AF.We also compare QTAF obtained in AF with rate-independentcorrections 
in NSR.

Materials and Methods: A total of 3063 RR/QT pairs from 28 patients with AFwere measured, 22 of 
whom also had measurements during sinus rhythm. QTc (theBazett equation), QTLC (the Framingham 
linear correction), and QTAFwere calculated utilizing RRmod, and the rate-independence of eachfor-
mula in AF tested. Mean QTAF values in AF were compared to QTintervals corrected with QTLC in 
normal sinus rhythm.

Results: ∆QTc/∆RRmod and∆QTLC/∆RRmod slopes were significantlynon-zero whereas 
∆QTAF/∆RRmod was not. QTLCand QTc corrections were imperfect at extremes of RRmod whileQTAF 
was constant. QTAF corrections in AF were shorterthan QTc or QTLC corrections in NSR.

Conclusions: QTAF is a novel QT correction with adefined relationship to correction in NSR that per-
forms better than existingstrategies.

Introduction 

Background

Atrial fibrillation (AF) is a common problem for 
whichantiarrhythmic drugs (AADs) are often pre-
scribed.1,2 The most dangerous complication of 
AAD therapy isventricular proarrythmia, includ-
ing torsades de pointes, the risk of which islargely 

predicted by a prolonged QT.3 Theability to accu-
rately measure the QT interval before and during 
the AAD therapyof AF is therefore critical. 

Since QT duration varies with heart rate, formul-
asthat “correct” the QT based on the immediately 
preceding cycle (CL) are commonlyused. While 
universally accepted in sinus rhythm (SR), this ap-
proach has beenquestioned in AF. Previous stud-
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ies have shown that more remotely preceding 
CLsexert an additional, though smaller effect 
on the QT, a phenomenon known as QTlag.4-6 

Underconditions of relative CL stability such 
as SR, this effect can be ignored. InAF, how-
ever, an incident QT may be preceded by CLs 
of variable durations whoselagging effect on 
the QT may be manifest, and thus must be ac-
counted for inrate corrections to make them 
optimally meaningful.

Replacing the term “RR” (the R to R interval 
inseconds) in existing QT correction formulas 
with RRmod, a weightedaverage of the previ-
ous 5 RR intervals, has been shown to improve 
their abilityto normalize QT intervals in AF, and 
has been suggested as a method foraddressing 
QT lag.7 Recently, Larroude et.al. described the 
relationship between QTand RRmod (ΔQT/
ΔRRmod) in AF in patients withparoxysmal 
AF.8 ΔQT/ΔRR slopes have been successfully 
used in SRto construct correction formulas 
that improve on the inaccuracies in thecom-
monly used Bazett formula.9-12 Specifically, the 
Framingham correction (QTLC) was designed 
using ΔQT/ΔRRas measured in SR, and has 
been shown in that rhythm to yield corrected 
QTvalues that are more stable than those ob-
tained by Bazett’s formula over a widerange 
of cycle lengths.13 We hypothesized thatΔQT/
ΔRRmodcould be used to construct a linear QT 
correction formula (QTAF)that would similarly 
yield a rate-independent correction in AF. We 
chose tocompare it to conventional formulas 
modified by RRmod; QTLCbecause of its util-
ity in SR, and QTc given its ubiquity in QTcor-
rection (see Table 1 for list of QT correction for-

mula abbreviations).

Since AADs are often continued after conversion to 
SR,and previous studies have suggested intrinsic 
differences in repolarizationbetween AF and SR,14-

16 weadditionally sought to define the relationship 
between QTAF measuredduring AF and commonly 
used

correction formulas employed in SR. In this way, 
wehoped to define a rate-independent AF -specific 
formula that could be utilizednot only to judge AAD 
risk in AF, but also to approximate AAD risk in SR.

Population and data collection

Telemetry data was obtained from 28 randomly se-
lectedmedical and surgical inpatients at New York-
Presbyterian Hospital who had AFduring their hos-
pitalization.Approximately 60 seconds of telemetry 
data wasretrieved for each patient. For patients with 
paroxysmal AF data collectionstarted with the last 
five available sinus beats. Otherwise, the start time 
fordata collection was random. Deidentified data, 
along with demographic,medication, and echocar-
diographic information, were provided to theinves-
tigators. The IRB of Columbia University approved 
the protocol. Becausedeidentified data was used, the 
requirement for informed consent was waived.

QT and RR measurements

Telemetry was recorded using a five-lead wearable 
unitand wireless monitoring system (PatientNet 
Monitoring System, GE Healthcare,Piscataway, NJ) 
with a sampling rate of 200Hz and a 10mm/mV gain 
selection.Three-lead strips (I, II, and V1) were print-
ed at a paper speed of 25mm/sec.RRand QT inter-
vals were manually measured with a resolution of 
10ms in theclearest of the three leads available. Mea-
surements were performed by one oftwo readers 
(AS or JG).The RR interval was defined as the time 
elapsed betweenthe initial deflections of adjacent 
QRS complexes. The QT interval was definedas the 
time elapsed from the initial inscription of the QRS 
to the point wherethe T-wave of the same beat in-
tersected the isoelectric segment. In the casethat the 
T-wave did not return to baseline before the onset 
of the followingP-QRS in SR or QRS in AF, the QT 
interval was taken to be the onset of the QRSto the 
extrapolated point at which the T wave would have 
intersected theisoelectric point had the following P-

Table 1 List of abbreviations

Abbreviation Legend Formula

QTc9 Bazett correction QTc=QT/(RR)1/2

QTLC13 Framingham cor-
rection

QTLC=0.154*(1-
RR)+QT

   QTAF AF correction QTAF=0.126*(1-
RRmod)+QT

RRmod7 Modified RR 
interval

(5*RR1 + 2*RR2 
+ RR3 + RR4 + 
RR5)/10

QTx

Corrected QT 
intervals using 
QTc, QTLC, or 
QTAF



QRS or QRS not occurred.17 VPCs during AF were 
excluded, as were the 4subsequent RR/QT pairs.

QTx and RRmod calculations,and analysis 
of ΔQTx /ΔRRmod in AF

For each beat in AF, RRmod was calculatedas 
RRmod = (5*RR1 + 2*RR2 + RR3 + RR4 + RR5)/10) 
.7 In order to account for QT lag, the original for-
mulas for QTLC andQTc were modified from the 
original by substituting the term “RR”for RRmod 
as follows; QTc=QT/(RRmod)1/29 QTLC=(1- 
RRmod)*0.154+QT(13). Since the value for ΔQT/
ΔRRmod inAF has been reported as 0.126 (8), 
QTAFwas calculated as QTAF= (1-RRmod)*0.126 
+ QT. In order to allow forcomparisons between 
patients, QTx data from each patient (where QTx 
represents QTc, QTAF, or QTLC)was normal-
ized as deviation from that patient’s mean QTx. 
Normalized QTx vs. RRmod was then plotted 
for eachformula.ΔQTx/ΔRRmodfor each correc-
tion formula was calculated, and deviation from 
a slope of 0determined using linear regression. 
A perfect correction should be rate indepen-
dent; thatis, QTx should not vary withRRmod, 
and ΔQT/ΔRRmod should have a slope of 0.The 
primary hypothesis was that QTAF would yield 
a rate-independentcorrection in AF, whereas 
QTLC and QTc corrections wouldnot. In addition 
to pooled data, individual data was analyzed by 
averagingindividual ΔQTx/ΔRRmodslopes and 
comparing the means. Each correction formula’s 
performance at extreme RRmodvalues was ex-
amined by dividing RRmod into quartiles. De-
viation fromthe mean QTxin the first andfourth 
quartile of RRmod was calculated for each pa-
tient. The datafrom corresponding quartiles were 
then pooled and compared to an idealdeviation 
of 0.

QT corrections in Sinus Rhythm and com-
parison toatrial fibrillation

Since the equation describing the relationship be-
tweenQT and RRmod in AF has a nearly equal 
slope but a lower y-interceptthan that in SR (8), 
our secondary hypothesis wasthat optimally 
corrected QT values in AF would be lower than 
optimallycorrected values in SR, while compari-
sons made between AF and SR using a lessideal 

formula would fail to show a difference. We used 
QTAF as anexample of an optimal correction in 
AF, QTLC as an optimalcorrection in SR, and QTc 
as a less ideal correction.

For subjects with paroxysmal AF, QTc and QTLC 
valueswere calculated for each of the last five si-
nus beats preceding the initiationof AF using their 
original formulas, and the minimum QTc and 
QTLC from eachpatient was recorded (QTc(min) 
and QTLC(min)).Only AF initiations that did 
notinclude atrial ectopy during sinus rhythm were 
included for analysis. Minimumvalues were used 
in order to bias the results as much as possible to-
wards thenull hypothesis.

The mean SR QTc(min) in the population as a 
whole wascompared to the mean QTc in AF cal-
culated using RRmod. QTLC(min) was compared-
to the overall mean QTAF measured during AF. 
Since the slopes of therelationships describing QT 
and ΔRRmodin SR and AF are roughly equal even 
though their y-intercepts are not,8 QTAF was ap-
plied to the last five sinus beats, and theaverage 
QTAF calculated during SR was compared to the 
overall mean QTAF in AF.

Subgroup Analysis

Since some of the subjects were on drugs known 
toalter the QT interval at the time of data collection 
(digoxin, sotalol,amiodarone) and/or had baseline 
EKG abnormalities, we undertook a separateanal-
ysis of the subset of subjects with normal ejection 
fractions, normalbaseline QRS morphologies, and 
who were not on the above drugs.
traction sheet. Quality assurance was provided by 
a single nurse at a central coordinating centre. The 
first 30 patients chosen were reviewed by the co-
ordinating centre nurse to ensure accurate patient 
selection. Data on selected patients was then en-
tered into an electronic database. Although inter-
rater reliability was not formally assessed, before 
a specific ED was included in the trial, data from 
the first 25 patients entered into the database from 
that centre was reviewed by the coordinating cen-
ter nurse to ensure consistency and accuracy of 
data abstraction throughout the various centres in-
cluded in the study. The coordinating center nurse 
was also regularly in contact with the individual 
research nurses through phone calls and emails to 
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clear up any ambiguities in patient data. Unclear 
elements were resolved by the coordinating centre 
nurse in conjunction with the principal investiga-
tor, and missing elements were clearly identified 
as such. Finally, some pertinent information was 
included from those patients who had a primary 
diagnosis of recent onset atrial fibrillation or flutter 
but met exclusion criteria.

Data Analysis

Patients were first stratified into whether or not 
they received warfarin upon discharge from the 
ED. CHADS2 score was calculated for each patient. 
We then analyzed the compiled data with descrip-
tive statistics with 95% confidence intervals. Uni-
variate analyses were conducted using T-test or 
Chi-square to select factors, including CHADS2 
score, associated with anticoagulation initiation. 
Multiple logistic regression was employed to eval-
uate independent predictors of anticoagulation 
after adjustment for confounders. Only variables 
with p-values less than 0.05 were included in mul-
tivariate regression analysis. Data analyses were 
conducted with SAS statistical software. (version 
9.2; SAS Institute, Inc.).

Results

The initial RAFF study identified a total of 2,464 
RAFF patients at the 8 involved ED centers over 
the 12 month period. Of these, 1,068 met the ini-
tial inclusion criteria. After exclusion of patients 
already receiving warfarin prior to presentation to 
the ED, a cohort of 633 patients remained. Table 1 
describes the characteristics of this cohort. There 
were no significant differences between patients 
that received warfarin and those that did not.

Univariate analysis results are listed in table 2. 
Factors with the highest odds ratios were heparin 
administration in the ED (OR 10.14, 95% CI 5.77 
– 17.83), cardiology follow-up organized in the 
ED (OR 5.66, 95% CI 2.91 – 11.00), having a new 
prescription of Metoprolol at discharge (OR 4.02, 
95% CI 2.22 – 7.23), and having a new prescription 
of Diltiazem at discharge (OR 3.01, 95% CI 1.15 – 
7.91). Notably, having a CHADs score of 2 or high-
er, while doubling the odds of receiving warfarin 
at discharge (OR 2.01), was not significantly dif-
ferent from having a CHADS2 score of 1 or higher 

(OR 2.07). Major factors associated with lack of 
warfarin administration included electrical (OR 
0.37, 95% CI 0.21 – 0.65) and medical (OR 0.26, 
95% CI 0.16 – 0.44) cardioversion, and having a 
history of AF (OR 0.50, 95% CI 0.30 – 0.83).
Multivariate analysis demonstrated significant 
predictors of warfarin administration at discharge 
to again include heparin administration (OR 9.59, 
95% CI 4.88 – 18.87), Metoprolol prescription (OR 
9.59, 95% CI 4.88 – 18.87), cardiology follow-up 
(OR 5.61, 95% CI 2.62 – 12.02), and age by 10 year 
increments (OR 1.69, 95% CI 1.34 – 2.14). Odds ra-
tios and confidence intervals are shown in table 
3. Interestingly, it was found that while patients 
with a CHADS2 score of 1 or greater had double 
the likelihood of warfarin administration, it no 
longer became an independent predictor after re-
gression analysis.

Validation

A total of 58 RR/QT pairs were overread by a sec-
ondreader (JAR), and reread by the primary read-
ers. Inter- and intraobservervariability was calcu-
lated using coefficients of variation (r2).Overall, 
interobserver variability was r2=0.998 for RR 
intervals and0.856 for QT intervals, and intrao-
bserver variability was r2=0.995for RR intervals 
and 0.863 for QT intervals.

Statistical analysis

TComparisons of all continuous variables were 
performedusing paired Student’s t-tests. Deter-
minations of slopes and comparisons to aslope 
of 0 were performed using linear regression. Sta-
tistical significance wasdefined as p<.05. All tests 
were performed using a statistical softwarepack-
age (Prism 4.0c, GraphPad Software, San Diego, 
CA). Data is presented asmean ± SD. Since cal-
culations involving QT and RR intervals were 
rounded to thenearest millisecond, rounding er-
ror may occur.
Results

Patient Characteristics and Data Collection

Patient characteristics are presented in Table 2. 
The populationwas 57% male. Twenty-two pa-
tients (79%) were surgical, and 6 (11%) weremedi-
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corrections onaverage 15ms ± 32 greater than 
the mean QTc in the first quartile ofRRmod and 
11ms ± 28 less than the mean QTc in the lastquar-
tile. Compared to QTAF, QTc corrections were 
onaverage 14ms ± 1 greater in the first quartile of 
RRmod and 11ms ± 1shorter in the last quartile.
QTLC generated corrections that were 3ms ±19 
greater than the mean QTLC in the first quartile of 
RRmodand 2ms ± 19 shorter in the last. Compared 
to QTAF, QTLCcorrections were on average 1ms ± 
0.1 greater in the first quartile of RRmodand 2ms 
± 0.2 shorter in the last. QTAF corrections in the 
firstquartile of RRmod were 1ms ± 18 greater the 
overall mean normalizedQTAF. In the last quar-
tile, they were 0.1ms ± 18 greater than themean 
normalized QTAF. Neither difference was signifi-
cantly nonzero.

Subgroup analysis

TThere were 11 patients with normal cardiac 
function,EKG, and not on AADs. The mean ΔQT/
ΔRR slope was .086 ± .034 and the mean ΔQT/
ΔRRmodslope was .111 ± .060, similar to those in 
the group as a whole. The mean ΔQTc/ΔRRmod 
slope was significantly non-zero (p<.0001),as was 
the mean ΔQTLC/ΔRRmod slope (p<.005), where-
asthe average ΔQTAF/ΔRRmod was not (p>.05).

Comparison to Sinus Rhythm

Data for NSR was collected in 22 patients. The 
mean QTc(min)in SR was significantly less than 
the mean QTc in AF. Both QTLC(min)and QTAF 
in SR were greater than mean QTAF in AF (Fig.3). 
QTAF in SR was on average 22ms±11 greater than 
QTAFin AF, while QTLC(min) in SR was on aver-
age 20ms ± 10 greater.

Discussion

We report the performance of a novel QT correc-
tionformula for use in AF, constructed by utiliz-
ing the linear relationship betweenthe QT interval 
and RRmod, the RR interval adjusted to account 
forQT lag.8 QTAF yielded a more idealcorrection 
overall and at the extremes of heart rate than either 
QTcor QTLC, despite modifying these formulas 
by RRmod. Bystudying a subset with paroxysmal 
AF at the onset of arrhythmia, we werefurther 
able to investigate the relationship between opti-
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cal. The mean age was 72.4 ± 11.5. Five patients 
(18%) had an abnormal EF(< 50%), and 7 patients 
(25%) had conduction abnormalities on their sur-
faceEKG. Nine (22%) were on Class III antiar-
rhythmic drugs at the time ofconversion to AF, 
and 5 (18%) were on digoxin.

A total of 3063 QT/RR pairs were counted in AF, a 
meanof 109 ± 25 pairs/patient (range 63-153). Due 
to the way RRmod iscalculated, the QT intervals 
associated with the first four RR intervals fro-
meach patient, or 112 total (3.6%), were excluded 
from QT/RRmodanalysis. Thirty-eight intervals 
(1.2%) were excluded because of poor dataquality. 
Exclusion of PVCs and the subsequent RR pairs 
removed an additional116 beats (3.8%). There was 
no atrial ectopy noted. 2797 QT/RRmodpairs were 
therefore included in the final analysis. One hun-
dred ten QT/RRpairs were counted in SR, all of 
which were included in analysis.In AF, the mean 
RR cycle length was 543ms±155 (range270-1490), 
the mean RRmod cycle length was 538ms±124 
(range305-1211) and the mean QT was 348ms±48 
(range 250-620). In SR, the mean RRinterval was 
757ms± 115 (range 520-1010) and the mean QT 
was 408ms±51(p<.0001 for comparison of both 
mean RR and QT intervals between AF and SR).

QT Relationships and Correction slopes

Slopes and p-values are presented in Table 3. Thes-
lopes obtained for ΔQT/ΔRR and ΔQT/<ΔRRmod 
agree closely withpreviously reported values.12, 20 
The average of the individual ΔQTc/ΔRRmod and 
ΔQTLC/ΔRRmodslopes were both significantly 
non-zero, whereas the average ΔQTAF/ΔRRmod 
was not.

Normalized QTx vs. RRmod for the population 
as a wholeis shown in Fig. 1. The overall ΔQTc/
ΔRRmod slope was -0.081 ± 0.005and the ΔQTLC/
ΔRRmod slope was –0.014 ±0.003. Both were sig-
nificantly non-zero. The ΔQTAF/ΔRRmod slope 
was –0.003 ±0.003, which did not significantly de-
viate from 0.

Correction performance at the extremes of 
RRmod

The three formulas were tested for performance 
at theextremes of RRmod (Fig. 2). QTc produced 



Journal of Atrial Fibrillation                                                                  Original Research              

 www.jafib.com                                                     19                         May-Jun, 2008 | Vol 1 | Issue 1                          

Table 2

Baseline characteristics. Amio=Amiodarone. AVR=Aortic valve replacement p Op=Post-operative. 
BB=Beta blocker. CABG=Coronary artery bypass grafting. CCB= Calcium Channel Blocker. Dig=Digoxin. 
EF==Ejection fraction. EKG=Electrocardiogram. LAH=Left anterior hemiblock. LBBB=Left bundle branch 

block. LVH=Left ventricular hypertrophy. Maze=Maze procedure. MVR=Mitral valve replacement. 
PFO=Patent foramen ovale. RBBB=Right bundle branch block.

Patient Age M/F Operation/
Dx

p-Op 
Day EF EKG EKG 

LVH Amio So-
talol CCB BB Dig

1 58 M CABGx4 3 Nml Y
2 85 F AVR 1 Nml LBBB Y Y

3 82 M CABGx4/
MVR 7 30% RBBB/

LAH     Y  

4 72 M Urinary 
Retention  Nml     Y Y  

5 85 F MVR/Maze 2 45%    Y    

6 84 F CABGx1/
AVR/MVR 14 Nml RBBB  Y   Y  

7 50 M MVR 0 Nml  Y      
8 58 M PFO closure 3 Nml      Y  
9 76 F Dementia  Nml      Y  

10 79 F CABGx3, 
AVR 8 Nml      Y  

11 82 M AVR 2 Nml IRBBB    Y Y  

12 61 M AVR/CAB-
Gx4 7 Nml   Y  Y  Y

13 78 F CABGx5 3 Nml  Y Y   Y  

14 80 M CABGx3 2 35% RBBB, 
LAH       

15 71 F CABGx3 7 Nml   Y   Y  

16 76 M Elective 
Stenting  Nml      Y  

17 66 M Lymohoma  Nml      Y  

18 86 F MV mass 
excision 2 Nml   Y   Y  

19 89 F CABGx1, 
AVR 2 45%    Y    

20 77 M Lung CA  Nml      Y  

21 66 M
Altered 
Mental 
Status

 Nml     Y   

22 86 F CABGX2 1 45%      Y  

23 52 M MVR 1 Nml        

24 80 F CABGX3 12 Nml      Y Y

25 55 M CABGx3 3 Nml      Y Y

26 64 M CABGx3 3 Nml RBBB  Y     

27 61 M AVR 2 Nml      Y  

28 67 F ASD Closure 2 Nml RBBB     Y Y
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Figure 1: Pooled normalized QTx vs. RRmod

Figure 2: The performance of each formula at the first and last quartile of RRmod, representing the shortest and longest RRmod 
cycle lengths, respectively. P-values above and below bars are for comparisons with 0. P-values above and below brackets are 
for comparisons with QTAF

mally corrected QTintervals in AF and those in SR.

Linear QT corrections methods

Linear approaches to QT correction are based on 
theassumption that a first order relationship ex-
ists between QT and RR with aquantifiable slope 
(ΔQT/ΔRR). If, by convention, a patient’s “true”QT 
is taken to be equal to the QT measured at a “stan-
dard” heart rate of 60, anoptimal correction would 
transform a raw QT measured at any CL into the 

“true”QT . If ΔQT/< ΔRR is known, this is achieved 
by calculating the differencebetween RR=1 sec and 
the measured RR (1-RR), multiplying that differ-
ence by ΔQT/ΔRR,and adding that product to the 
measured QT. In a perfect correction, there isno 
relationship between the corrected QT and RR, 
and the corrected QT vs. RRplot yields a line with 
a slope of 0 that intersects uncorrected QT vs. RR 
atRR=1 sec (Fig. 4). QTLC is an example of a linear 
equation, and hasbeen shown to achieve a QT cor-
rection that is substantially morerate-independent 



than QTc13,18,19

Most studies, including a large series with over 
10000 patients, have validated a linear relationship 
between QT and RR for SR, bothon a population 
basis13,18 as well as individually19,20 and linear cor-
rection formulas perform at least equally well as 
non-linearmodels in SR.13 Although a linear rela-
tionshipbetween QT and RR appears to be present 
in AF as well, <ΔQT/ΔRR in SR is notequivalent 
to ΔQT/ΔRR in AF8,21 and does not account for QT 
lag. Corrections based onΔQT/ΔRRrelationships 
measured in SR will therefore be inaccurate in AF.

QT lag and RRmod

RRmod was proposed as a method ofaccounting 
for QT lag by Elhert, who showed that in AF, 
RRmodincreased the goodness-of-fit of three dif-
ferent QT-RR relationship models byanalysis of 
mean square residuals and Akaike information 
criteria.7 Larroude subsequently showed that 
it allows for themeasurement of QT dynamics 
in AF, and renders previously divergent ΔQT/
ΔRRrelationships in AF and SR nearly parallel. 
In that study, ΔQT/ΔRRmod in AF was reported 
to be 0.126 (8).The use of the formula QTAF = (1- 
RRmod)*0.126+QT wasbased on this data and the 
above rationale. RRmod considers only the five 
most proximalRR cycles. Thus, contributions of 
more distant RR intervals to an incident QTwill 
be ignored. The findings of pacing studies which 
have shown that an abruptand sustained change 
in cycle length causes an initial rapid adaptation 
in QTfollowed by a new steady state that requires 
several minutes to achieve, whilea brief interrup-
tion of the basic cycle length with a single prema-
ture stimuluscauses a perturbation in steady state 
that requires up to 10 beats to regain4,22 suggest 
that while the majorityof the QT adaptation is 

dominated by more proximal RR intervals, there 
is asubstantial late component that would not ac-
counted for using RRmod.It is notable, however, 
that these studies were done under conditions in 
whicha new steady state was allowed to develop. 
It is unclear what applicabilitythese studies have 
in AF, where sufficient variability may exist to 
precludethe development of a longer-term steady 
state. Thus, although RRmodincludes only the 
most proximal five RR intervals in correcting for 
QT lag, itlikely subsumes the most influential 
cycles, and presents a reasonable balancebetween 
corrective accuracy and ease of calculation.

QTAF

We confirmed that the relationship between QT 
and RRis adequately described by a first order 
equation, the slope of which (0.076)agrees well 
with the previously reported measurements of 
“7%” by Pai, et.al.21 and 0.068 by Larroude.8 We 
found that in distinction to the other correctionst-
ested, QTAF values had no correlation to RRmod, 
anessential property of an ideal correction. This 
remained true at the extremesof RRmod.

The data on which QTAF was based wasderived 
in a cohort of medical subjects, including some 
with CHF,AAD use, andbaseline conduction ab-
normalities.We studied a similar group of largely-
surgical subjects.Recognizing that it would be 
useful to determine theefficacy of QTAF in a pop-
ulation of otherwise normal subjects, wetested 
our primary hypothesis in our subset of subjects 
with normal EFs, no AADuse, and with normal 
baseline EKGs and found them to be no differ-
ent than thelarger group. Since our institution 
has previously reported on alteration inrepolar-
ization duration due to IVCD,23 we alsotested our 
primary hypothesis with these patients excluded 
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Relationship Mean Slope Range p-value

QT/ RR 0.076 ± 0.030 0.016 ¬– 0.144 <0.001
QT/ RRmod 0.114 ± 0.045 0.025 – 0.256 <0.001
QTc/ RRmod -0.239 ± 0.126 -0.390 – 0.162 <0.001
QTLC/ RRmod -0.045 ± 0.069 -0.314 ¬¬– 0.102 <0.01
QTAF/ RRmod -0.011 ± 0.043 -0.101 – 0.130 NS

Table 3 Mean values of individually determined slopes. P-values indicate significance of difference from a slope of 
0.egression Analysis
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Figure 3: Comparison of QT corrections in AF with corrections in SR. Min=Minimum. SR=Sinus rhythm. AF=Atrial fibrillation

Figure 4: PThe basis behind QTAF=(1-RR)*0.126+QT. In order to transform the QT at a given RR (QTraw) to the “ideal” QT at 
RR=1000ms, QT/RR is multiplied by the difference the two values recorded in seconds (1-RR). This value is then added to 
QTraw.

and found the sameresults. Although this study 
was not powered specifically to detect differences-
between subgroups and further studies are need-
ed to determine optimal QTcorrection strategies 
in individual populations, these data suggest that 
QTAFmay be applicable for a broad population of 
patients with AF.

Comparison to SR

Studies that have directly compared QT intervals 
in SRand AF using the Bazett correction have found 

the QT in SR to be either shorteror no different 
than that in AF.15,24,25 However, other observations 
are consistent with theinterpretation that the QT 
may be shorter in AF compared to SR. For exam-
ple, inthe study of Larroude et. al., although ΔQT/
ΔRRmodin SR was nearly parallel to that for AF, 
the AF relationship had both a lowery-intercept 
and a lower QT at the “standard” heart rate of 60 .8 

The observations that a gain-of-function mutation 
inKCNQ1, which would be expected to shorten 
repolarization, can cause AF,15 and that excessive 
QT prolongation16 and torsades de pointes14 can 
both be seen during infusion of Ikr blockers for the 



pharmacologiccardioversion of AF, but generally 
only after conversion to SR, are similarlyintriguing 
in this regard. QT hysteresis, the observation that 
the timeconstant for QT rate adaptation during pe-
riods of heart rate acceleration isshorter than that 
for deceleration, has been suggested as one poten-
tialmechanism for this difference .4 Such adisparity 
in adaptation might favor an overall shortening of 
the QT in anirregular rhythm such as AF

Our data showed that while QTc was shorterin SR 
than in AF, optimally corrected QT intervals in AF 
(using QTAF)were shorter than those in SR (using 
QTLC). One explanation for thisdiscrepancy may 
be the Bazett equation’s overcorrection of the QT 
at the fasterheart rates often seen in AF10-12.Since 
ΔQT/<ΔRRmod in AF has been reported to be ap-
proximatelyequal to that of SR,8 QTAF wasapplied 
to the last five sinus beats before the initiation of 
AF and comparedto QTAF in AF, and the same re-
sults were obtained (Fig. 3). Giventhat we collected 
limited data in SR, and heart rates were significant-
ly higherin AF than in SR, we were unable to di-
rectly compare QT intervals in SR and AFat similar 
values of RRmod.

Clinical Implications

These data imply that the use of QTc and,to a lesser 
degree, QTLC, fail to achieve rate-independentcor-
rections in AF, even after correction for QT lag. 
Clinicians using QTcin AF should account for an 
overcorrection of nearly 15ms compared with QTA-
Fin the fastest quartile of RRmod, rates likely to be 
encountered inAF. Similarly, QTAF values should 
be considered underestimations ofthe duration of 
repolarization to be expected after conversion to 
SR. Theseobservations will aid risk stratification of 
AAD therapy both during AF andafter SR is ob-
tained.

Limitations

The use of population-derived indices to construct 
acommon QT correction has the inherent limita-
tion of discounting individual variabilityin ΔQT/
ΔRR,producing skewed corrections in those indi-
viduals who differ substantially fromthe mean. 
Several studies have found substantial variability 
in ΔQT/ΔRRand some investigators have argued 
for an emphasis on individualized approachesto 

QT correction in key circumstances .19,20 Indi-
vidualizing QT corrections, however, may not 
be practical in mostcircumstances. For example, 
in our data set, the ΔQT/ΔRR slope of the first 
10 data interval pairsdiffered from the ultimate-
ly derived slope by an average of 55%, sugges-
tingthat relying on the limited number of QT/
RR measurements that, withoutautomation, 
would be realistically made in daily clinical use, 
could yieldsubstantially inaccurate corrections. 
Additionally, despite the individualvariability 
seen, there is a very high degree of correlation 
in thepopulation-averaged slopes measured in 
this and previous studies,5,19 suggesting that at 
least in AF,while individual variability may ex-
ist, the relationship is reasonably constantacross 
populations. Future work should concentrate 
on identifying the factors thatdrive this variabil-
ity and assessing their clinical impact in terms 
of theability of a correction formula to predict 
hard endpoints, such as propensityfor polymor-
phic ventricular arrhythmia. Similarly, although 
QTAFperformed as well in patients with cardiac 
comorbidities as well as thosewithout, further 
work should be done to prove its efficacy in pop-
ulations thatmight be expected to have variabil-
ity in repolarization dynamics.

In the comparison of SR with AF, we studied 
patientsat the time of conversion from in order 
to minimize the confounding effects ofdifferen-
tial autonomic tone between the two rhythms. It 
is possible, however,that the autonomic milieu 
present at the point of conversion from SR to AF 
maynot be generalizable. It is also possible that 
the degree of RR variabilityseen in a population 
of patients with newly incident AF may not be 
the same asthat seen in a more chronic popula-
tion. Similarly, while our population wasdiverse 
in terms of EF, diagnosis, use of antiarrhythmic 
drugs, and age, all ofthe patients in this subset 
had cardiac surgery. Whether these findings are-
generalizable to a larger population remains to 
be seen. 

Conclusions

QTAF is a novel QT correction formula,designed 
for use in AF, which exhibits correcting charac-
teristics superior tothe current strategy. Aver-
age QTAF values are shorter than QTLCvalues 
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measured in SR, suggesting that the optimally 
corrected QT in AF isshorter than that in SR.
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Introduction 

Transesophageal echocardiography (TEE) has be-
enconsidered the gold standard for visualization 
of left atrial appendage thrombiprior to electro-
cardioversion in patients with atrial fibrillation1. 
We report two cases in which 64-slice computed 
tomographic angiography (CTA)demonstrated 
prominent left atrial appendage thrombi in spite 
of a negativetransesophageal echocardiogram.

Case I

A 65-year old gentleman with a 10 year historyof 
paroxysmal atrial fibrillation and left ventricular 
dysfunction was beingprepared for 64-slice car-
diac CTA prior to planned pulmonary venous iso-
lation. In the interim however, he presented with 
symptomatic persistent atrialfibrillation and was 
submitted for elective cardioversion after trans-
esophagealechocardiography was performed 
and failed to demonstrate a left atrialappendage 
thrombus (Figure 1). He was successfully cardio-
verted with a sub-therapeuticINR. A subsequent 
64-slice CT angiogram was performed the same 
day as part ofpreparation for radiofrequency ab-
lation. Sixty-four slice CTA demonstrated alarge 

thrombus in the left atrial appendage (Movie 1).

Case  II

A 66-year old gentleman with a history of persis-
tentatrial fibrillation for six months with thera-
peutic INRs was admitted to thehospital for direct 
current electrical cardioversion. A previous cardio-
versionhad failed to maintain sinus rhythm. Trans-
esophageal echocardiogram wasperformed prior 
to cardioversion and did not show evidence for 
left atrialappendage thrombus (Figure 2). The pa-
tient was successfully cardioverted tonormal sinus 
rhythm without complications. The INR remained 
therapeuticthroughout the hospital stay. A 64-slice 
CTA was obtained the next day inorder to iden-
tify the pulmonary venous anatomy in preparation 
for pulmonaryvenous isolation but demonstrated 
the presence of a large mobile thrombus inthe left 
atrial appendage (Movie 2).

Discussion

Transesophageal echocardiography has recog-
nizedlimitations in the visualization of the left 
atrial appendage due to chambersize and shape 
variability.2 Nevertheless, studiesemploying trans-
esophageal echocardiography have been said to 
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show 100%sensitivity for the detection of left atrial 
thrombi.3 The chanceof thrombus formation in 
atria is high after cardioversion due to myocardial 
stunningand it has been considered as the cause 
of CVA/TIA after cardioversion. The twocases pre-
sented in this report however, demonstrate the 
limitation of transesophagealechocardiography to 
detect even large mobile thrombi in the left atri-
alappendage. Subtherapeutic INR in the first case 
may explain presence of thrombiin the left atrium 
at the time of CTA. However, in the presence of 
therapeuticanticoagulation with warfarin in the 
second case, left atrial appendage thrombuswas 
unrecognized by TEE. None of these cases had a 
known history of thrombosisthat suggests hyper-
coagualable state. Studies have shown limitations 
of CTA in diagnosis of left atrial appendage due to 
high interobserver variability,4 inability of distin-
guishing between thrombus and slow blood flow 
in the appendage,5 and low sensitivity in compari-
son to TEE5,6 Left atrial appendage sometimes is 
difficult to visualize in its entirety by TEE as was 
in the two mentioned cases. The tip of the LAA 
if very long, curved and with greater branching 
could pose a problem in identifying clots with TEE.

Discussion

We present a patient with co-occurrence of speech 
and respiratory induced AT, implying a common 
etiology most probably involving the ANS. The 
origin of arrhythmia was mapped to the SVC and 

RSPV area, similar to the findings of Yamamoto 
et al in seven patients with RCAT.2 The epicardial 
adipose tissue in this area contains a network of 
nerves and ganglia comprising most of the ANS 
traffic to the heart . Using electron micrographs 
from human preparations, Pausa et al demon-
strated nerve fibers in a sulcus between the SVC 
and the RSPV, which synapse within the closely 
located ARGP with other nerve fibers apparently 
innervating the sinus node and other RA tissue 
.6 This was the anatomical ablation area in our 
patient. Biopsies of epicardial fat collected at this 
location from eight human patients during car-
diothoracic surgery were analyzed for different 
neurotransmitters .7 It was found that the GP has 
a complex anatomy, which includes cholinergic 
and nitrergic phenotype for most of the neurons, 
noradrenergic markers in some neurons, and 
other neurochemical inputs. Nevertheless, electri-
cal GP stimulation in animals or humans elicits a 
strong vagal response.8

 Near the ARGP location, the heart and the great 
vessels are attached to the mediastinum by the 
pericardial reflections, and hence may be sus-
ceptible to local stretch, like movements of the 
diaphragm or the trachea while speaking or 
breathing. Notably, in our patient, the arrhythmia 
started literally with the first word and subsided 
even between sentences. It was initiated at mid-
inspiration as well. It is possible that activation 
of stretch receptors in the great vessels or in the 

Figure 1: Transesophagealechocardiogram negative for presence of thrombus.



carotid sinus induced a fast hypothalamic reflex 
within the nucleus of the solitary tract, with effer-
ent parasympathetic discharge through the dor-
sal medulla to the cardiac ganglia.9 Local physi-
cal irritation of a ganglion cannot be excluded as 
well. Studies in dogs demonstrate that electrical 
and cholinergic stimulation of the ARGP cause 
shortening of the ERP in the SVC and the RSPV 
myocardial sleeves, resulting in early after-depo-
larizations, rapid local firing and atrial tachyar-
rhythmia .10,11 This appears to be the mechanism 
of arrhythmia in our patient, who had clinically 
identical ATs originating from both the SVC and 
the RSPV. Interestingly, two out of the seven pa-
tients with RCAT reported by Yamamoto et al also 
had two different arrhythmias, initiating from the 
same locations .2 It is likely that a common trigger 
induced both ATs.

The arrhythmia in our patient occurred only dur-
ing talking or breathing, had different morpholo-
gies, did not respond to AAD and could not be 
induced during EPS by programmed electrical 
stimulation. All of these suggest triggered activ-
ity as the mechanism of the arrhythmia. The lack 
of response to beta-blockers and the inability to 
induce AT under isoproterenol infusion exclude 
a sympathetic etiology. Vagal response was evi-
denced during RF ablation at the site of AT origin 
by sinus pauses and increased sinus cycle length. 
Such a response to electrical stimulation is used 
to identify ganglion sites during AF ablation.3,8 

Similarly, the ARGP was probably stimulated by 

the RF energy, being in close proximity to the tip 
of the catheter and therefore, ablation at this loca-
tion was expected to involve the ganglion. Sinus 
tachycardia, which occurred after the ablation and 
lasted for a few months, is compatible with the 
expected vagal withdrawal after ablation of the 
ARGP, which mediates the parasympathetic traf-
fic to the SA node .6 Similarly, inappropriate sinus 
tachycardia has been reported in 23.5% of patients 
who underwent successful GP ablation as an ad-
junct to AF ablation.3 

Balloon cryo-ablation has been developed as an 
alternative to RF ablation for PV isolation in AF 
patients. To the best of our knowledge, this is 
the first report of using a cryo-balloon to treat AT 
near a single PV, or of manipulating this balloon 
through a PFO. The large contact area with the 
atrial wall adjacent to the ARGP location probably 
caused plexus ablation, involving the underlying 
pre-ganglionic vagal nerves running between the 
RSPV and the SCV.6 A reduction in heart rate vari-
ability parameters compatible with modulation of 
the intrinsic cardiac ANS has been reported after 
cryo-balloon PV isolation for the treatment of AF

Conclusions

We present a patient with AT induced by speech 
and by respiration. The trigger of the arrhythmia 
appears to be parasympathetic discharge from the 
ARGP, mediated either by a fast ANS reflex or by 
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Figure 2: Transesophagealechocardiogram in Case 2 was also negative for presence of thrombus.



another local mechanism. These vagal stimuli in-
duced rapid firing in the SVC and the RSPV myo-
cardial sleeves and initiated ATs in both sites. Bal-
loon cryo-ablation around the orifice of the RSPV, 
probably involving the ARGP and the pre-gangli-
onic vagal nerves, abolished the arrhythmia. Thus, 
targeting the cardiac ANS appears to have an im-
portant role in AT/AF ablation. Other mechanical 
stimuli have been reported as triggers of atrial 
tachyarrhythmias, including cough, swallowing or 
esophageal reflux.1,13 As in our patient, these ma-
neuvers may stretch the ARGP area, induce vagal 
discharge and initiate AT/AF. This possible etiol-
ogy should be kept in mind while ablating arrhyth-
mia in these patients.

We showed that balloon cryo-ablation might be 
used for the treatment of AT originating near the 
orifice of a single PV if a large contact area with 
the atrial wall is needed or if focal ablation failed. 
The feasibility of handling a large deflectable 15F 
(outer diameter) sheath and a 28 mm diameter 
Arctic Front cryo-balloon through a PFO is hereby 
demonstrated, as well as the good tolerability of 
the procedure in a non-sedated patient.
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Movie 1: CTAngiogram from Case 1 showing presence of thrombus.



Journal of Atrial Fibrillation                                                                             Case Report 

 www.jafib.com                                                    29                        May-Jun, 2008 | Vol 1 | Issue 1                         

thrombus: a comparative study with transesophageal echocar-
diography. J Comput Assist Tomogr. 2007 Nov-Dec;31(6):905-9

 Shapiro MD, Neilan TG, Jassal DS, Samy B, Nasir K, Hoffmann 
U, Sarwar A, Butler J, Brady TJ, Cury RC. Multidetector com-
puted tomography for the detection of left atrial appendage 

Movie 2: CTAngiogram from Case 2 showing presence of thrombus.



Introduction 

Catheter based ablation has become a popular
treatment strategy in the management of patients 
with atrial fibrillation (AF). Although patients 

undergoing AF ablation can expect success rates 
in excess of 80%, 1-3 the procedure is associated 
with a small risk of complications, the commonest 
of which is the development of organized atrial 
tachyarrhythmias i.e., atrial tachycardias (AT) and 
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Abstract

With expected success rates in excess of 80% for achieving long term arrhythmia control, catheter based 
ablation has become a popular treatment strategy in the management of patients with atrial fibrillation 
(AF). However, the success of AF ablation has been tempered by the occurrence of post procedure left 
atrial tachycardias and / or flutters, which can be seen in up to 30% of the patients. These arrhythmias 
are perpetuated either due to abnormalities of impulse formation (abnormal automaticity / triggered 
activity), or abnormalities of impulse conduction (micro / macroreentry). Regardless of the underlying
mechanism, these tachycardias manifest distinct “P” or flutter waves on the surface ECG, recognition of 
which may facilitate their characterization / localization. However, because of the frequent overlap in 
the morphology of P waves, intracardiac mapping is often the only way to distinguish them apart. This
is accomplished using a combination of activation, entrainment and electroanatomic mapping tech-
niques. Tachycardias resulting from abnormalities of impulse formation and / or microreentry are char-
acteristically focal and usually confined in and around pulmonary vein (PV) segments which have
reconnected (septal aspect of right PVs and anterior aspect of left PVs). In contrast, macroreentrant 
tachycardias manifest a large circuit dimension involving zone(s) of slow conduction. These are most 
commonly seen to occur around the mitral valve but can develop in any part of the left atrium where
“gaps” across prior ablation lesion sets create altered conduction. Successful ablation of focal tachycar-
dias is usually accomplished by isolating the reconnected PV segment(s). In case of macroreentrant ar-
rhythmias however, a more extensive ablation approach is typically required in order to achieve
conduction block across isthmus of the circuit. Using these strategies, the majority of left atrial tachycar-
dias occurring post AF ablation can be successfully cured with excellent long term results.
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/ or flutters.4 The latter includes both typical (isth-
mus dependent) and atypical (usually left atrial) 
flutter circuits. Common to all of these tachycar-
dias is the presence of well defined, regularly oc-
curring “P” waves which may help with localiza-
tion as well as provide insights into arrhythmia 
mechanism(s). Ultimately this information has 
implications for successfully mapping and ablat-
ing the tachycardia. The purpose of this paper is to 
provide the readers with a concise overview on the 
various organized atrial tachyarrhythmias seen 
post AF ablation and discuss their ECG manifesta-
tions vis-à-vis information obtained from intracar-
diac mapping / ablation. 

Incidence and Mechanisms 

The incidence oforganized atrial tachyarrhyth-
mias in patients undergoing AF ablationhas 
been reported as ranging from 2% – 30%.5-10 The 
mechanism(s) underlying development of orga-
nized atrial tachyarrhythmias in these patients as 
reported by various investigators remains incon-
sistent. One reason for this inconsistency is the 
use of terms atrial tachycardia (AT) and flutter 
interchangeably to describe these arrhythmias. By 
convention, AT implies abnormalities of impulse 
formation (triggered activity or abnormal automa-
ticity) or a microreentrant circuit which creates the 
appearance of a focal arrhythmia origin where as 
flutter implies abnormalities of impulse conduc-
tion that results in the formation of a sizableand 
mappable macroreentrant circuit. The scarred atri-
um following AF ablation can support any / all of 
these possible mechanisms. An interesting obser-
vation in this context is that centers utilizing wide 
area circumferential PV ablation without neces-
sarily confirming isolation report a higher preva-
lence (10- 24%) of macro-reentrant atypical LA 
flutters.2,5,9 In contrast centers that utilize PV isola-
tion alone have observed a low overall incidence 
of organized atrial tachycarrhythmias and these 
have predominantly been focal, originating from 
in and around the reconnected PV segments.1,7,8,11 
In a prospective randomized comparison of seg-
mental PV isolation versus wide area circumferen-
tial anatomical PV ablation, Karch et al reported 
a significantly higher occurrence of organized 
atrial tacycardias in the latter group (18% versus 
2%).5 The likely explanation for this discrepancy is 
that wide area anatomical ablation results in large 
scars with “gap” across incomplete lesion sets. 

This causes the development of zones of slow 
conduction that in turn can sustain macroreen-
trant circuit(s). The usual locations of macroreen-
trant circuits include, 1) around mitral annulus, 
2) around ostia of ipsilateral PVs 3) along the LA 
roof between the superior veins and, 4) around 
the fossa ovalis2,12-14 On the other hand focal ATs 
typically originate from PV ostial segments that 
have partially recovered conduction to the LA, 
the most common location being the septal aspect 
of right sided veins and anterior aspect of left sid-
ed veins.7,8 The mechanisms underlying these fo-
cal tachycardias include abnormal automaticity, 
triggered activity and / or microreentry. Typical 
cavo-tricuspid isthmus dependent right atrial 
(RA) flutter can also develop in patients post AF 
ablation, with a reported incidence of 16-23%.7,15 
Although this entity is easily recognized, some-
times the flutter wave morphology can be altered 
due to the presence of ablation related left atrial 
scarring and thus on the ECG, typical flutter can 
masquerade as atypical atrial flutter.15

Electrocardiographic Manifestations

The presence of well defined P waves or flutter 
waves is a characteristic of organized atrial ac-
tivity and all of these tachyarrhythmias manifest 
them. The ECG morphology of P waves can fa-
cilitate tachycardia localization, not unlike the 
approach that is frequently used when confront-
ing ventricular tachycardias. However, unlike the 
latter, characterizing P waves during organized 
atrial tachyarrhythmias can be challenging for a 
variety of reasons including, 1) QRST complex 
overlap, 2) reduced amplitude due to atrial scar-
ring and, 3) similarity in morphology amongst 
the tachycardias. Despite these limitations, vari-
ous organized atrial tachyarrhythmias manifest 
unique features on the surface ECG which can be 
helpful in distinguishing them apart.

Pulmonary Vein Tachycardias 

As discussed above, these tacycardias typically 
originate from reconnected segment(s) of previ-
ously  isolated PVs, the typical locations being 
septal aspect of right sided veins and anterior 
aspect of left sided veins. In general, because of 
the posterior location of PVs, these tachycardias 
manifest positive forces in the precordial leads 
(V1 – V6). However, P wave morphology in lead 



V1 can distinguish between right and left PV 
tachycardias with the former manifesting tall nar-
row peak with or without a preceding isoelectric 
segment whereas the latter typically manifests an 
“M” shaped morphology. Limb leads I and aVL 
can also be helpful. Typically right PV tachycar-
dias manifest positive forces in lead I and aVL al-
though the latter can sometimes be isoelectric or 
biphasic. In contrast, for left PV tachycardias, lead 
I is usually isoelectric or biphasic and lead aVL is
frequently negative (Figure 1). Distinguishing 
tachycardias originating from ipsilateral PVs (su-
perior versus inferior) is more challenging. In gen-
eral these tachycardias manifest positive P waves 
in the inferior leads (II, III, aVF) except when they
originate from the bottom of the inferior veins in
which case these leads may demonstrate either 
initial small negative forces or predominantly 
negative complexes (Figure 1, Table 1).16-18 

right and left PVs).2,12,13 ECG manifestations of 
reentrant circuits around the pulmonary veins fol-
low criteria outlined for PV tachycardias. In cases 
of more complex reentry, the ECG morphology 
is determined by the predominant circuit. Thus, 
reentry involving the LA roof manifests typical-
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RPV LPV MA
CCL

MA
CL

I + +/- - +
aVL +/- - - +
II, III, aVF + + + -

V1 + + 
“M“ + +

V2-V6 + + -/+
+

Table 2

Characteristic P wave morphology of organized 
atrial tachycardias / atypical flutter originating 
from various locations in the left atrium. RPV 
= right pulmonary veins, LPV = left pulmonary 
veins, MA = mitral annulus, CCL = counterclock-
wise, CL = clockwise

Macroreentrant Flutter Circuits

Mitral annular (MA) flutter (counterclockwise-
CCL or clockwise-CL) is the most common mac-
roreentrant arrhythmia encountered in patient 
post AF ablation. CCL MA flutter typically mani-
fests positive forces in the inferior limb leads, 
completely negative or predominantly negative 
forces in leads I and aVL and positive flutter 
wave morphology in the precordial leads (V1 – 
V6), although lead V2 may manifest a small ini-
tial negative component and this is an important 
characteristic that distinguishes it from left PV 
tachycardias (Figure 2 and Figure 5A). In contrast, 
CL MA flutter manifests negative forces in the in-

 

ferior leads, positive forces in leads I and aVL and 
predominantly positive complexes in the precor-
dial leads, although leads V5-6 may manifest ini-
tial negative forces (Figure 2). 

MA and cavotricuspid isthmus dependent RA flut-
ters do share similarities in their ECG manifesta-
tions. However, there are some features that can 
distinguish them apart. So the ECG morphology of 
CCL MA flutter can be identical to CL RA flutter 
except lead V1 which is predominantly or com-
pletely negative in the latter (Figure 3). Similarly 
CL MA flutter can mimic CCL RA flutter except 
lead I which is positive in the former and either 
biphasic or negative in the latter. Lateral precordial 
leads (V5-6) can also be helpful in distinguishing 
between the two – in the latter they manifest pre-
dominantly negative forces as compared with CL 
MA flutter where these leads are predominantly 
positive (Figure 4).16,18 Other less common circuits 
that are encountered post AF ablation include re-
entry around individual or ipsilateral PVs or more 
complex reentry (figure of “8” or double loop) in-
volving the posterior LA and the roof (between the 



ly as positive forces in inferior leads, biphasic or 
negative complexes in leads I / aVL and precordial 
leads demonstrate some transition. In contrast, 
for reentry involving the posterior LA, precordial 
leads manifest positive complexes that lack tran-
sition and the limb lead morphology varies based 
on the proximity of the exit site to the right or left 
sided veins (see above). Rarely focal tachycardias 
can originate in the scarred posterior LA, and in 
that scenario, the ECG morphology follows the 
same principles outlined above (Figure 6). In ad-
dition to the P wave or flutter wave morphology, 
some other ECG clues can also be helpful in deter-
mining the underlying arrhythmia mechanism. We 
have previously shown that in patients developing 
organized atrial tachyarrhythmias post AF abla-
tion, macroreentrant circuits are characterized by 
the lack of isoelectric intervals between the flutter 
waves on the 12 lead ECG and faster cycle length 
(239±7 msec) as compared with focal PV tachycar-
dias which are slower (259±34 msec) and manifest 
isoelectric segments between the P waves.16 De-
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Figure 2: Shows ECG morphologies of mitral annular (MA) flutter. Counterclockwise (CCL) MA flutter typically manifests 
positive forces in the inferior limb leads, completely negative or predominantly negative forces in leads I and aVL and positive 
flutter wave morphology in the precordial leads (V1 – V6), although lead V2 may manifest a small initial negative component. 
In contrast, clockwise (CL) MA flutter manifests negative forces in the inferior leads, positive forces in leads I and aVL and pre-
dominantly positive complexes in the precordial leads,although leads V5-6 may manifest initial negative forces.

 

spite these differences, there remains considerable 
overlap in the ECG manifestations of these two ar-
rhythmia mechanisms, hence the need for intracar-
diac mapping.

Intracardiac Mapping and Ablation

This is typically accomplished by constructing an 
electroanatomic shell during ongoing arrhythmia 
in order to characterize the substrate and perform-
ing entrainment / resetting maneuvers to deter-
mine the underlying mechanism (Figure 5). For 
macroreentrant rhythms, entrainment mapping 
is the gold standard to define critical components 
of the circuit. Upfront, it is important to establish 
whether the RA participates in the arrhythmia. 
Thus after deploying multipolar catheters in the 
RA / coronary sinus (CS) the recommended initial 
step is to perform entrainment from specific RA lo-
cations (cavotricuspid isthmus, lower lateral, mid 
lateral, posterior wall and high septal sites). Intra-
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Figure 3: Shows similarities and differences in the ECG mani-
festations of counterclockwise (CCL) mitral annular (MA) and 
clockwise (CL) typical right atrial (RA) flutter. The ECG mor-
phology of CCL MA flutter can be identical to CL RA flutter 
except lead V1 which is predominantly or completely negative 
in the latter. 

Figure 4: Shows similarities and differences in the ECG mani-
festations of clockwise (CL) mitral annular (MA) and counter-
clockwise (CCL) typical right atrial (RA) flutter. The ECG mor-
phology of CCL MA flutter can be identical to CL RA flutter 
except lead V1 which is predominantly or completely negative 
in the latter. The ECG morphology of CL MA flutter can be 
identical to CCL RA flutter except lead I which is positive in 
the former and either biphasic or negative in the latter. Lateral 
precordial leads (V5-6) can also be helpful in distinguishing 
between the two – in the latter they manifest predominantly 
negative forces as compared with CL MA flutter where these 
leads are predominantly positive.  

 

 

cardiac fusion with post-pacing intervals (PPI) 
≥30 msec of the tachycardia cycle length (CL) at 
these sites proves lack of RA participation (Figure 
5B). Rarely these maneuvers may cause complete 
RA dissociation during ongoing tachycardia. Af-
ter excluding RA participation thus, we generally 
perform entrainment from the proximal and dis-
tal poles of the multiploar catheter deployed in 
the CS (Figure 5C). If the PPI at these 2 locations is 
≤20 msec of the tachycardia CL then this suggests 
strongly that the arrhythmia is likely macroreen-
trant MA flutter and vice-versa.7 Following this 
maneuver, the next step is to perform transseptal 
puncture (preferably twice) in order to access the 
LA. Some centers deploy two lasso catheters8 and 
others use a duo-decapolar (Halo) catheter (per-
sonal communication). Our practice is to use the 
Lasso catheter for sampling individual veins. This 
allows us to establish upfront the extent and dis-
tribution of PV reconnections. A separate ablation 
catheter is utilized to create the detailed LA shell 
which can depict intracardiac activation pattern 
and / or the voltage distribution. Points of special 
interest (areas showing double potentials, sites 
with PPI ≤20 msec of tachycardia CL with our 
without concealed entrainment, etc) are tagged 
and can be displayed on the shell (Figure 6). Us-
ing this approach, different tachyarrhythmias 
(focal versus macroreentrant) manifest unique 
activation patterns, which can facilitate their rec-
ognition.

Focal PV Tachycardias

These are usually localized to the septal aspect of 
right sided veins or the anterior aspect of the left 
sided veins where there is segmental PV recon-
nection. Focal tachycardias display a centrifugal
activation pattern (Figure 6). At these locations it is 
not uncommon to identify a very early and often 
fractionated signal which can encompass ~70% of 
the tachycardia CL.7,18 Care has to be taken to dif-
ferentiate the true sites of tachycardia origin from 
areas of markedly delayed conduction around 
the previously ablated veins that can spuriously 
appear to be early. Entrainment mapping can be 
very helpful in making this distinction with the 
latter locations demonstrating PPI ≥30-40 msec. 
Once correctly localized, ablation at the appropri-
ate site usually terminates the tachycardia. Even 
when the tachycardia appears to emanate from 
within PV, the best strategy is to target the PV-
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LA junction and the recommended end-point is 
re-isolating (entry / exit block) the culprit vein.16,18 

Macroreentrant Flutter Circuits

As discussed above, MA flutter is the most
common type of macroreentrant circuit encoun-
tered in patients post AF ablation. Entrainment 
mapping demonstrating multiple locations 
around the MA with PPI ≤20 msec is proof of mac-
roreentry and the usual ablation strategy involves 
delivering lesions across the narrowest part of 
this circuit, i.e., from the MA to the left inferior PV 
(Figure 5D and Figure 5E).2,3 Sometimes lesions 
may need to be delivered within the CS in order 
to achieve block although this may not always be 
necessary to terminate the flutter.7,18,19 Lesions ex-
tending from septal MA to the right inferior PV 
may also achieve flutter termination but these are 
more difficult to deliver both on account of dif-
ficulty in catheter deployment in this area and the
relatively longer extent as compared with the 

Figure 5A: Panel A represents the electroanatomic shell of the left atrium in left anterior oblique projection showing the mac-
roreentrant circuit of counterclockwise mitral annular (MA) flutter circuit (arrows). Panel B shows shows the typical ECG 
morphology of this rhythm. MA flutter typically manifests positive forces in the inferior limb leads, completely negative or pre-
dominantly negative forces in leads I and aVL and positive flutter wave morphology in the precordial leads (V1 – V6), although 
lead V2 may manifest a small initial negative component. 

 

isthmus between the MA and LIPV.7,18,19 For 
macroreentrant circuits involving the roof and / or 
the posterior wall, lesions connecting the right and 
left sided PVs are effective and ideally block across 
these linear lesions should be the end point.2,3,19 
In rare instances involving reentry around the 
veins, following PV isolation additional lesions 
extending from right PVs to the fossa or left PVs to 
the appendage and / or the MA may be required 
to terminate the arrhythmia.7,18 In instances where 
one or more of the above macroreentrant circuit is 
suspected but not confirmed (changing tachycar-
dias, disorganization to AF or organization to si-
nus rhythm during entrainment), a combination of 
the above lesion sets can be empirically deployed. 
However, such a strategy results in extensive LA 
ablation which can potentially be pro-arrhythmic 
in the long run.

Conclusions

Organized atrial tachyarrhythmias are not uncom-



Journal of Atrial Fibrillation                                                                     Featured Review                

 www.jafib.com                                                     36                          May 2008 | Volume 1 | Issue 1                           

Figure 5B: Represents typical example of response to entrainment from the right atrium during counterclockwise mitral an-
nular (MA) flutter. From top to bottom the recordings are arranged as follows: ECG leads I, aVF and V1, 10 bipoles of circular 
mapping (Lasso) catheter located in the common ostium of the left sided veins, distal (MAPD) and proximal (MAPP) bipoles 
of mapping catheter located at lateral MA, 5 biploes of decapolar catheter located in the coronary sinus (cs) and 5 bipoles of 
decapolar catheter located in the right atrium (RA) along the crista terminalis (CT). Aactivation pattern in the CS is proximal to 
distal. Following termination of pacing drive from the RA catheter (CT) the postpacing interval is ≥30 milliseconds (ms) longer 
than the tachycardia cycle length (225ms) which proves that RA is not is not participating in the circuit.   

Figure 5C: Represents the same patient as in Figure 5B with identical arrangement of recordings. Following termination of pac-
ing drive from the proximal bipoles (near ostium) of the decapolar catheter located in the CS, the post-pacing interval is identical 
to tachycardia cycle length (225ms) which proves that proximal CS is in the circuit.
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Figure 5E: Represents the same patient as in Figure 5B with identical arrangement of recordings. Lesions were delivered 
extending from the inferolateral aspect of mitral anulus to the left inferior pulmonary veins (see inset) with additional lesions 
required within the coronary sinus that resulted in termination of the flutter (see arrow)

Figure 5D: Represents the same patient as in Figure 5B with identical arrangement of recordings. Following termination of pac-
ing drive from the distal bipoles of the mapping catheter (MAPD) which located at 12 0’clock on the mitral annulus, the post-
pacing interval is identical to tachycardia cycle length (225ms) which proves this part of the MA is in the circuit and proves that 
this is macroreentry.
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monly encountered after AF ablation. Depending 
on the ablation strategy utilized, these can either 
be focal or macroreentrant. These arrhythmias are 
associated with well defined P or flutter waves that 
manifest unique morphologies which can help in
correctly identifying them. This information is 
very useful in developing a strategy for mapping 
and successfully ablating them.
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Introduction

Atrial fibrillation (AF) is the most commonsus-
tained cardiac rhythm disturbance encountered 
in clinical practice.1 It is characterized by the ab-
sence of discreteorganized atrial activity on the 
electrocardiogram,uncoordinatedatrialactivati
on, disordered contraction of the atrium, and the 
deterioration ofatrial mechanical function. AF is 
currently estimated to affect between 2.3and 5.1 
million people in the United States alone, with ex-
pected rates of 5.6to 15.9 million by the year 2050 
as an even greater segment of our population-
reach older age,2,3 and marked multiples thereof 
worldwide. AFâ€™sprevalence has been estimat-
ed at 1% in the general population, with higher-

rates in both the elderly (>7% and >10% in women 
and men ≥80 yearsold, respectively) and in those 
with heart failure (HF) of progressivelyincreasing 
severity.2,4 AF often is associated with underlying 
structuralheart disease, including hypertension 
(~50-80% of AF patients in all recentlarge clinical 
trials), coronary artery disease (25%), HF (23%-
29%), andvalvular heart disease (17%).5

Symptoms of AF may include palpitations, 
angina,dyspnea, lightheadedness (and, rarely, 
syncope) [all of which may betachycardic related 
and/or secondary to the altered mechanics of AF]; 
chronicfatigue [which, in my experience, almost 
always requires restoration of sinusrhythm for 
resolution]; and/or impaired exercise tolerance. 
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Abstract
 
Atrial fibrillation (AF) is the most common sustainedcardiac rhythm disturbance encountered by phy-
sicians. The management of AF isfocused on control of heart rate, correction of rhythm disturbance, 
andrisk-determined prophylaxis of thromboembolism. The goals of AF therapy are, aswith other serious 
disorders, to reduce mortality (if possible) and morbidity(improve quality of life, [QOL]). To this end, 
several large studies haveexamined rhythm-control versus rate-control strategies. Although a survivalad-
vantage to using rhythm control with currently available antiarrhythmic drugshas not been proven, nei-
ther has there been a significant excess risk versusrate control. Therefore, using our current therapies, the 
results have notsupported rate control or rhythm control as being a preferable first-linetherapy for AF as 
regards survival; importantly, neither do they disprove the hypothesis thatmaintenance of sinus rhythm 
is preferable to the continuation of AF,particularly if rate control fails to restore adequate QOL. Many 
post-hocanalyses and substudies have assessed QOL, functional status, and exercisetolerance, with the 
majority demonstrating important benefits associated withachievement of rhythm control. This review 
examines rate and rhythm controloptions, the clinical outcomes of several important AF trials, discusses 
thelimitations in applying the major morbidity/mortality findings to everydayclinical practice, and sum-
marizes the lessons learned.
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However, AF may beasymptomatic at all times in 
some patients and at some times in patients wi-
thotherwise symptomatic periods or episodes. 
Irrespective of symptoms, all-causemortality is 
increased 1.5- to 1.9-fold in association with AF 
compared withmortality rates in individuals in si-
nus rhythm.6This may be the consequence of inter-
actions with underlying disorders,consequences 
of our therapeutic decisions, consequences of 
adversely alteredhemodynamics, and/or conse-
quences of uncontrolled tachycardic rates or em-
boli.Concordantly with the above, AF can cause 
hemodynamic impairment with decreasedcardiac 
output; can induce cardiomyopathy and HF, par-
ticularly when ventricularrates are rapid; and can 
be associated with an increased risk of stroke inse-
lected AF populations.7-9 Health-related qualityof 
life (QOL) is adversely affected by the presence 
of AF in most patients,with patients potentially 
experiencing discomfort due to symptoms, func-
tionalimpairment due to chronic fatigue, exercise 
intolerance, and/or the effect oftheir AF-related 
medications, and anxiety due to fear of antico-
agulationtherapy and the potential for bleeding.10, 

11 Furthermore, AFis associated with a significant 
economic burden. Healthcare costs areapproxi-
mately 5 times higher for patients with AF than 
for those without it,and hospitalizations are a key 
contributor to this burden.12, 13

 
Many studies have examined different treatment-
options (most notably, rhythm versus rate control 
strategies) and their successrates in patients with 
AF.14-19 Although thestudies conducted to date 
with currently available therapies have not demon-
strateda survival advantage using rhythm control 
strategies versus rate controlstrategies in AF, these 
results should not be interpreted to indicate that 
rate control is aspreferable a first-line therapy for 
AF as is the pursuit of sinus rhythm.Rather, QOL 
in AF and its daily impact on the patient must be 
considered inaddition to, and, perhaps, at a higher 
priority than, the issue of overallsurvival.Com-
monly, restoration of an acceptable QOL requires 
the pursuit ofsinus rhythm, despite the lack of any 
simultaneous beneficial survivaladvantage for the 
therapy employed. This review examines rate and 
rhythmcontrol approaches as well as the clinical 
outcomes of several important AFtrials, their limi-
tations, and the lessons learned from them. 

Patterns of AF and their impact on rate and-
rhythm control considerations

AF presents in specific patterns and can beclassi-
fied as paroxysmal (self-terminating) [with some 
authors adding thedictate that it last <7 days], per-
sistent (not self-terminating) [with someauthors 
adding the dictate that it last >7 days], and per-
manent (lasting>1 year, being refractory to cardio-
version, and/or with sinus rhythm nolonger to be 
pursued).20 Paroxysmal AF (PAF) andpersistent 
AF are not mutually exclusive as individuals may 
experience both atdifferent times. Treatment goals 
differ with presentation pattern (Table 1).

AF in patients without evidence of cardiopulmo-
narydisease, including hypertension, is generally 
referred to as lone AF. However,genetic factors 
that contribute to the development of lone AF are 
beingincreasingly recognized, as are associations 
between lone AF and sleepdisorders, autonomic 
contributors, and obesity Lone AF is more common 
inyounger patients with PAF than in older patients 
with persistent AF.21 Although patients with lone 
AF have a lower riskof stroke and mortality, their 
risk for thromboembolic events andcardiovascular 
comorbidities increases with age.22 

AF often is a progressive disease, and electrical or-
pharmacologic conversion of AF to sinus rhythm 
becomes less likely and morechallenging when 
the arrhythmia has persisted for more than 6-12 
months.Between 14% and 24% of patients with 
PAF have progression to persistent AF, andpersis-
tent AF not infrequently progresses to permanent 
AF.22,23 Both PAF and persistent AF can result in 
poor QOL, but thesymptoms that affect QOL of-
ten are different for these two AF variants. In the-
recently reported AFFECTS Registry palpitations, 
chest discomfort, anddizziness were found to be 
more commonly reported in patients with PAF 
whilefatigue and exercise limitations were more 
commonly reported in patients withpersistent 
AF.24 

The rate and rhythm treatment approaches to 
PAF areto reduce symptoms during episodes (rate 
control) and to reduce the number andduration 
of episodes when QOL so demands (rhythm con-
trol with a chronicallyapplied regimen). Patients 
whose symptoms during and pattern of PAF are-



acceptable to the patient, especially after rate con-
trol has been established,do not require chronic 
preventative antiarrhythmic therapy.

The rate and rhythm treatment approaches top-
ersistent AF episodes are to reduce the symp-
toms during the episodes (ratecontrol) and to 
restore sinus rhythm such that permanent AF is 
not established(cardioversion, either by pharma-
cologic or electrical methods), as well as toreduce 
the frequency of episodes when QOL so demands 
(rhythm control with achronically applied regi-
men). Infrequent but tolerable persistent AF may 
betreated with intermittent cardioversion (which 
is especially attractive when itcan be attained 
pharmacologically) and does not necessarily re-
quire chronic suppressiveantiarrhythmic therapy 
(either drug or ablative). This is an important but-
commonly overlooked treatment alternative, with 
oral class IC single dosetherapy being effective 
in up to 80% of patients with a mean conversion 
timeapproximating four hours.25, 26 

Permanent AF, by definition, requires rate control-
but not the pursuit of rhythm control; however, 
recent reports of some successwith restoring sinus 
rhythm with ablational approaches even in some 
patientswith long-standing ongoing AF may cause 
us to revisit our definitions of andour approaches 
to therapy of â€œpermanentâ€&AF. Finally, rate 
control is needednot only to reduce tachycardic as-
sociated symptoms during AF events (seeabove), 
but also to prevent the development of a tachy-
cardic inducedventricular myopathy, indepen-
dent of whether the AF event is itself symptom-
aticor not. 

Rate Control Therapies

Rate control, as has been well described 27 in 
many prior reviews, including themost recent 
ACC/AHA/ESC guidelines, 20 can beachieved 
pharmacologically in most patients using beta 
blockers, verapamil ordiltiazem, and digitalis, sin-
gly or in combination. Of these, only digitalisdoes 
not have the potential to simultaneously reduce 
blood pressure. Ingeneral, blood pressure is less 
likely to drop with beta blockers than withcal-
cium channel blockers in older patients. Clinical 
pearls concerning ratecontrol are relatively few, 
aside from knowing that: 1) clonidine can be used-

to potentiate the effect of the other above-named 
agents, when blood pressureallows, thus enhanc-
ing the possibility for adequate rate control but 
with thelikewise enhanced risk of sinus nodal and 
AV nodal dysfunction if/when sinusrhythm reap-
pears; 2) pindolol is less likely than verapamil, 
diltiazem, or anyother available beta blocker to 
produce worsened sinus node function inpatients 
with the brady-tachy syndrome, and hence, is the 
preferred agent inthis condition where its use may 
avoid the necessity of inserting a pacemakerto 
support the use of an alternative AV nodal block-
ing agent; 3) ablation of ordrug suppression of an 
antegradely conducting bypass tract is necessary 
inaddition to AV nodal blockade to attain rate con-
trol in patients withpreexcitation; 4) amiodarone 
can be effective in providing ventricular ratecon-
trol but is rarely indicated for this purpose alone 
given its toxic profile(whereas, the currently in-
vestigational and apparently less toxic derivative 
ofamiodarone, dronedarone, may be if and when 
it becomes available); [these twoagents can also 
provoke sinus nodal and AV nodal dysfunction 
in sinus rhythmwhen underlying dysfunction is 
present, and, in addition, amiodarone anddrone-
darone may effect pharmacological cardioversion 
beyond rate control, soanticoagulation manage-
ment is needed if/when these agents are given to 
patientswith persistent AF or to patients with PAF 
of uncertain or protractedduration]; 5) when drug 
therapy is ineffective or not tolerated, ablation of 
AVconduction and implantation of a permanent 
pacemaker is an appropriate andeffective alter-
native approach to achieving rate control. Physi-
ologically, thetarget for rate control should be the 
attainment of approximately the sameventricular 
rate for the same activity state as would be likely 
for the patientat hand in sinus rhythm. Thus, since 
patients are rarely entirely sedentary,it is not ap-
propriate to judge rate control only by the resting 
pulse or theventricular rate on the ECG. Rather, 
ambulatory ECG assessment, such as byHolter 
monitoring, is the optimal way to determine the 
status of rate controlin a patient in AF.20 If only a 
resting ECG isperformed, it is not possible to tell 
whether residual symptoms during dailyactivity 
or exercise are due to inadequate rate control or 
whether they persistdespite rate control and will 
necessitate the pursuit of sinus rhythm
for their further resolution.
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Rhythm Control Therapies

Rhythm control requires cardioversion in per-
sistentAF and often requires an antiarrhythmic 
strategy (drug or ablation, +/- pacingin brady-
tachy patients) for the maintenance of sinus 
rhythm in both persistentAF and PAF patients. It 
is beyond the scope of this review to discuss ei-
therthe available antiarrhythmic drugs used for 
this purpose or the current stateof ablative tech-
nology, approaches, and outcomes when used for 
AF patients. The interested reader is referred to 
the ACC/AHA/ESC management guidelines20 
and other recent therapeutic reviews for more de-
tailson specific therapies.

Restoration and Maintenance of Sinus 
Rhythm inPatients with AF

The treatment and management of AF are focused 
onfour main goals: management of any underly-
ing contributing disorder andreduction of its 
pathophysiology when feasible, control of ven-
tricular rate,correction of the rhythm disturbance 
when necessary, and prophylaxis ofthromboem-
bolism.20 Although it has often beendebated as 
to whether rate or rhythm control is a preferable 
strategy, thesestrategies are not mutually exclu-

sive and the debate is often artificial. Ratecontrol is 
necessary even when a rhythm control strategy is 
being considered. Abolition of symptoms with rate 
control may eliminate the necessity forsuppression 
of AF, and, rate control will be needed if antiar-
rhythmic therapyfails to prevent all AF and recur-
rences occur. Nonetheless, the choice of oneover 
the other as the primary strategy is a function of 
several factors,including the duration and pattern 
of AF, the type and severity of symptoms,the pres-
ence of cardiovascular disease, intrinsic AV node 
functionality, andthe safety profiles of the treat-
ments under consideration. Of note, prophylaxisof 
thromboembolism must be considered irrespective 
of treatment strategy; theneed for anticoagulation 
therapy is based on the overall risk of stroke –not 
on the restoration or maintenance of sinus rhythm, 
whether by pharmacologicor ablative approaches. 
[However, as anticoagulation is not a focus in this-
review it will not be covered further herein.

Defining Success in the Treatment of AF 

The treatment of AF is ultimately aimed at reduc-
ingmorbidity and improving QOL in AF patients, 
and, if feasible, reducing any riskof mortality as-
sociated with AF in the given patient. However, 
AF therapy isnot required for all patients with 
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PAF

Reduce symptoms during episodes (rate control) and
reduce the number and duration of episodes when
QOL so demands (rhythm control with a chronically
applied regimen)

Persistent AF
Reduce symptoms during episodes (rate control) and
restore sinus rhythm to reduce symptoms and to
avoid permanent AF (cardioversion) as well as to
reduce the frequency of episodes when QOL so
demands (rhythm control with a chronically applied
regimen). Infrequent but tolerable persistent AF may
be treated with intermittent cardioversion (preferably
pharmacologically if possible) and does not
necessarily require chronic suppressive drug or
ablative therapy.
After treatment of a precipitating cause such as acute myocardial infarction , cardiac
or thoracic surgery, hyperthyroidism, pneumonia, or pericarditis
Permanent AF
Reduce symptoms and prevent tachycardia-induced
cardiomyopathy (rate control)

Table 1 AF Patterns and Treatment Approaches(excluding anticoagulation)
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AF.For example, infrequent, transient,minimally 
symptomatic episodes probably do not require 
treatment. Moreover,recurrences of this type dur-
ing drug therapy may not constitute treatmentfail-
ure. Hence, therapy (drug or otherwise) should be 
matched to presentation characteristicsand should 
be focused on appropriate target goals with a si-
multaneous concernfor minimizing the potential 
for adverse effects. In addition to survival andQOL, 
our current state of medical costs and payments 
necessitates a thirdtreatment goal: that of reducing 
the economic and societal burden of AF.

The determination of whether the pursuit and-
maintenance of sinus rhythm should be the pri-
mary or default goal for mostpatients with AF has 
been the topic of several recent important trials 
(Table2).Between 2000 and 2003, five major pro-
spective trials – AFFIRM, RACE,PIAF, HOT CAFE, 
and STAF – compared outcomes with rhythm- ver-
susrate-control strategies.14-19 In each of thesetrials 
attainment of a significant difference in the primary 
endpoint -- amortality benefit or a composite end-
point benefit (or a survival benefit whenassessable 
as part of a composite endpoint) -- associated with 
rhythm-controlstrategy over a rate control strategy 
using intention-to-treat (ITT) analysesproved to be 
elusive (see more detailed discussion below). How-

ever, theseresults should not be taken to suggest 
that a rate-control strategy isequivalent to main-
tenance of sinus rhythm. It merely suggests that, 
using anITT assessment of currently available 
antiarrhythmic therapies, the rhythm- andrate-
control strategies appear to be equivalent with 
regard to length of lifeor composite assessments 
including survival. These trials do not disprove 
thehypothesis that if one were to attain and main-
tain sinus rhythm with safermethods than exist at 
present, NSR would be preferable to the continu-
ation ofAF. Moreover, and importantly, becauser-
hythm control did not carry a statistically signifi-
cant excess risk over ratecontrol in these studies, 
the results do not support rate control as asuffi-
cient strategy when it does not restore adequate 
QOL in patients with AF.

Different study design characteristics andap-
proaches to analysis can contribute to the chal-
lenge in interpreting resultsand pragmatically ap-
plying them to patients in clinical practice. Most 
clinicaltrials use an ITT approach as their primary 
analyses to compare one strategywith another. 
For example, in the recent AF trials discussed 
herein, allpatients were assigned to a therapeu-
tic strategy, and the outcome was dependenton 
the therapy path chosen, not on whether patients 

No significant difference in survival or primary
composite endpoint by ITT analysis

AFFIRM 16

RACE 17

STAF18

PIAF 44

HOT-CAFÉ 19

J-RHYTHM 36 Note : Sinus was associated with better event-free survival in PAF subgroup

AF-CHF 37

Improved survival or primary composite endpoints in association with rhythm control (see text)

AFFIRM 30 Subanalysis indicated better survival in sinus rhythm offset by worse survival with antiarrhythmic
drugs

RACE 33,34 Better survival with NSR if it was maintained, but not with antiarrhythmic drugs

DIAMOND Better survival if sinus rhythm was AF 15 attained and maintained

STAF 18 Despite balanced event rates between rate and rhythm control arms, 18 of 19 events occurred during AF; only 1 dur-
ing sinus rhythm
CHF-STAT 35 Survival was greater in amiodarone-treated patients who attained and maintained NSR than those who re-
mained in AF on amiodarone.

Table 2 Rate versus Rhythm Control Trials in Atrial Fibrillation



 www.jafib.com                                                   45                                May-June, 2008 | Vol 1| Issue 1  

Journal of Atrial Fibrillation                                                                    Featured Review

were in AF or sinus rhythmor whether they actually 
received and continued the therapy they wereran-
domized to receive. Once assigned to a treatment 
arm, all patients wereanalyzed as though they were 
fully compliant with their therapy and did notcross 
over to the alternative treatment, whether or not 
this was the case.Outcomes in clinical trials such 
as these are further biased by the innateproperties 
and adverse effects of the treatments. While the ITT 
approach may bestatistically desirable and provide 
information on the likelihood of a givenoutcome 
if a particular treatment strategy is chosen, it does 
not necessarilyprovide information on what actu-
ally happens if patients take and continuetherapy. 
When discontinuation or compliance rates differ 
markedly between twotherapies, this type of analy-
sis is biased. (For instance, a comparison of drugand 
nonpharmacologic therapies would inherently be 
biased to show greaterefficacy from the nonphar-
macologic approach.) 

In contrast to ITT analyses, efficacy analyses (also 
known as on-therapy or per-protocol analyses) can 
be used to evaluate outcomesfor patients who actu-
ally initiate and continue without interruption thei-
rassigned therapy. These analyses provide informa-
tion on the likelihood of aparticular outcome when a 
therapy is administered and complied with, but not 
onthe likelihood of overall outcomes for therapeu-
tic strategies being compared(i.e., the ITT popula-
tion). Because some patients may be excluded from 
efficacyor on-therapy analyses, such as those never 

started on therapy, those who donot continue 
therapy, etc., unequal group sizes and durations 
of therapy (forexample) may arise and confound 
the interpretation of findings. The innateprop-
erties and adverse-event profiles of the specific 
treatments also maycontribute to bias. For exam-
ple, patients who discontinue their assignedtreat-
ment early in a study, because of adverse events 
or insufficientefficacy create additional bias in 
the study results. In the case of AF, oneimportant 
contributing factor to the bias in an efficacy analy-
sis is thatcurrently it is usually not realistic to ex-
pect that patients will always bemaintained in si-
nus rhythm in real-world clinical practice (given 
the efficacyand adverse event profiles of current-
ly available drugs); thus, a stand-aloneefficacy 
analysis without the context of an ITT evaluation 
would be of limitedclinical usefulness. 

Other important biases may apply to both the ITT 
andefficacy/on-therapy analyses; for example, the 
definition of treatment successand failure. His-
torically, a recurrence of AF has been interpreted 
as treatmentfailure in AF clinical trials, such as in 
time to first event endpoints. Inclinical practice, 
such a sole definition of success and failure is no-
tappropriate. A change in the pattern of AF from 
"frequent and protracted" to"rare and briefâ" 
would constitute clinical success in actual prac-
tice. Forexample, in a  patient with frequent PAF 
if two therapies both reduced episodesto two per 
year, whether the first event occurred at 5 months 

1. Administer aspirin 81 to 325 mg daily for patients with no risk factors

2. Administer aspirin 81 to 325 mg daily or warfarin to maintain an INR between 2.0-
3.0 for patients with 1 moderate-risk factor

3. Administer warfarin to maintain an INR between 2.0-3.0 for patients with any high-risk factor or more than 1 moderate-
risk factor.

Moderate-risk factors include age ≥75 years, hypertension, heart failure, LV ejection fraction ≤35%, or diabetes mellitus

High-risk factors include prior stroke, transient ischemic attack or embolism, mitral
stenosis, prosthetic heart value*

*If mechanical valve, the INR should be maintained between 2.5-3.5 Adapted from
Fuster V et al [183]

Table 3 American College of Cardiology/American Heart Association/European Society for Cardiology Class I Indi-
cations for Treating Patients With Atrial Fibrillation With Antithrombotic Therapy
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or 6 months wouldbe of no real significance clini-
cally. And, perhaps, it may not really matterif 
there were two versus three episodes that year. 
As with angina, a decreasein the incidence of 
AF recurrence should be considered a treatment 
success inAF trials. The complete absence of AF 
recurrence may be unachievable andimpractical, 
whereas fewer and shorter AF episodes would be 
a more realisticgoal from the standpoint of every-
day clinical practice. 

Additionally when assessing a treatment 
strategy,the definition of success may confound 
clinical and trial impressions. Despitemy discus-
sion of a functionally clear assessment of attain-
ment of adequate ratecontrol above, there have 
been substantial differences concerning rate con-
trolassessment in different trials, and various tar-
get rates for resting and activestates have been 
used. The lack of a well-defined target rate may 
lead to lessaggressive titration of rate-control 
drugs, which can lead to underestimationof the 
adverse-event rates associated with these agents, 
and failure to fullyassess the optimum benefits 
attainable with these agents. [For example, low-
erdoses of beta-blockers are associated with low-
er rates of adverse eventsbecause many of the 
events are dose dependent.] Furthermore, heart 
rate mayvary by activity level, time of day, and/
or dosing schedule which can furthercomplicate 
interpretation of study results. Similarly, defini-
tions ofeffective therapy endpoints are important 
in rhythm control assessments. Forexample, in 
patients with infrequent persistent AF or pro-
longed PAF episodes,termination by intermittent 
cardioversion, especially if by oral out-patientsin-
gle dose pharmacologic conversion, may be more 
acceptable to the patientthan is the taking of daily 
suppressive therapy; yet, in trials such as AFFIR-
Mand RACE, this approach was not a focus of 
therapy or of endpoint analysis. 

Benefits of Suppressing AF: More than Just-
Prolonging Survival

As with the treatment of any disorder, in AF, 
lackof an adverse mortality profile associated 
with a therapy is an importantcriterion of success 
for any treatment. However, by itself, consider-
ation ofsurvival alone is not a sufficient measure. 
QOL in patients with AF has beenshown to be 

poorer than that of the general population and 
even worse than thatof patients with coronary 
heart disease.28 QOLis a subjective measure that 
is affected by many consequences of AF, as well 
asby its therapy and the patientâ€™s QOL can be 
affected on a daily basis by AFsymptoms, com-
plications, and/or therapy. Thus, while a therapy 
that reducedsymptoms but increased mortality 
would not likely be acceptable, one with noeffect 
on QOL with a neutral effect on survival would 
also be clinicallyuseless. In addition, as with all 
medical decisions, costs associated withtherapies 
to be employed must also be considered, and 
reduced economic burdenis another important 
measure of treatment success. Economic burden 
can beinfluenced and measured by hospitaliza-
tions, treatment costs, and costs relatedto compli-
cations, QOL issues, and the functional status of 
patients.

What Benefits Have We Demonstrated for Rhythm 
vs RateControl Therapy: A Contemporary Look 
at Classical Clinical Trials of AF

Effects on Mortality

AFFIRM

The AFFIRM study (N=4060) compared rhythm 
and ratecontrol in patients with AF and a high 
risk of stroke or death.16 At 5 years, the ITT analy-
sis showed an overall mortality rate (primary-
endpoint) of 23.8% in the rhythm-control group 
and 21.3% in the rate-controlgroup (P=0.08). 
Interestingly, the ratesof cardiovascular death 
(9% and 10%, respectively) and vascular death 
(3% and3%, respectively) were comparable be-
tween the two treatment arms, whereasnoncar-
diovascular deaths were significantly higher in 
the rhythm-control group(12% vs 8% for rate 
control; P=0.0008),29 driven primarily by pulmo-
nary and cancer-relateddeaths. The drug used 
most commonly in the rhythm-control arm was 
amiodarone(approximately 2/3 of the cases).
 
Rhythm- and rate-control strategy comparisons 
inAFFIRM were limited by the constraints of the 
prespecified ITT analysis.16 In AFFIRM, many 
patients randomized to therhythm-control arm 
remained in AF rather than attaining and main-
taining sinusrhythm (17.6%, 26.7%, and 37.4% at 
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1, 3, and 5 years), while many patients inthe rate-
control arm were in sinus rhythm for some or 
most of the time evenwithout an antiarrhythmic 
drug (34.6% at 5 years), having suffered only PAF. 
Thus, AFFIRM compared treatment algorithms 
based on currently availabletherapies and strat-
egies, not outcomes based on whether a patient 
was in AF orin sinus rhythm. Two additional ob-
servations made in AFFIRM are also importantto 
address. In AFFIRM, the use of antiarrhythmic 
drugs was associated with a 49% increase in the 
risk of death (P=0.0005),with the excess risk be-
ing non-cardiovascular deaths, presumed largely 
relatedto drug toxicity (see above). Notably, in 
AFFIRM, after adjusting for thepresence of sinus 
rhythm, sinus rhythm was associated with a bet-
ter survivalrate (P<0.0001). Importantly,however, 
this analysis included patients in the rate control 
arm with PAF whowere in sinus rhythm during 
follow up visits without the use of anantiarrhyth-
mic agent. The above results suggest that the an-
tiarrhythmic drugsused in AFFIRM were neither 
highly efficacious nor safe, at least in thepatient 
population enrolled in AFFIRM. Extrapolation of 
these results to otherpopulations, such as younger 
patients and those without associated riskfactors, 
in which therapy options other than those used 
in AFFIRM might beconsidered, would/could be 
hazardous/inappropriate. Approximately 60% of 
theAFFIRM population was male, and most had 
persistent AF (69%) rather than PAF(31%). Very 
few had lone AF (12%).16 About 23% ofpatients 
also had HF. The mean age approximated 70 
years. A subanalysis of datafrom AFFIRM sug-
gests that younger patients (<65 years of age) and 
those witha history of HF may derive a greater 
survival benefit with rhythm-control drugs.31 
Additionally one cannot exclude from AFFIRM 
thata survival benefit with rhythm control might 
occur were the trial to be doneagain with thera-
pies that possesses a better safety profile, should 
some becomeavailable. The role of rhythm con-
trol in AF patients with HF is being furtherin-
vestigated in the AF-CHF study (see below).32 
Notably,the other factor that was associated with 
better outcome in AFFRIM wasanticoagulation. 
The incidence of stroke, some of which were fa-
tal, wassomewhat lower in the rate control than 
the rhythm control treatment arm.Importantly, 
most strokes occurred in patients who had termi-
natedanticoagulation therapy or were receiving 
subtherapeutic levels of warfarin. Thesefindings 

have been taken to suggest that all patients with 
AF with risk markersfor stroke should receive 
anticoagulation therapy irrespective of treatment 
andrhythm outcome.
 
RACE

The RACE trial (N=522) studied patients withper-
sistent AF and mild to moderate HF who were rate 
controlled vs cardiovertedand assigned a rhythm 
control therapy.17 Acomposite outcome measure 
that included cardiovascular death, hospitaliza-
tionsfor HF, thromboembolic complications, se-
vere hemorrhage, pacemakerimplantation, and 
severe adverse events was the primary endpoint. 
Overall, nodifference in the primary endpoint 
was observed between the treatment arms.More-
over, in a subanalysis, patients who remained in 
sinus rhythm whilereceiving rhythm control and 
anticoagulation did not have a better prognos-
isfor survival.33 However, a post-hoc analysiss-
howed that those in sinus rhythm compared with 
patients in AF at the end ofthe study had lower 
rates of cardiovascular mortality (0% vs 9.5%), 
progressionof HF (2.1% vs 4.8%), bleeding (0% 
vs 4.8%), and pacemaker implantation (2.1%vs 
6.0%) but higher incidence rates of thromboem-
bolic complications (10.6% vs7.1%) and adverse 
drug effects (8.5% vs 3.6%).34 These datasuggest 
that several clinically important outcomes may 
improve when sinusrhythm is achieved and 
maintained. The trial was not adequately pow-
ered totruly assess mortality risk associated with 
treatment approach.

While AFFIRM and RACE taken together suggest 
that atpresent, a rhythm control approach has no 
survival benefit over a rate controlapproach in 
AF, several additional observations may provide 
"food for thought" about benefits if sinus rhythm 
is attained and maintained.

DIAMOND

The DIAMOND trials assessed the safety of dofet-
ilidevs placebo in heart failure patients. An AF 
substudy in DIAMOND, DIAMOND AF(N=506), 
investigated the potential of dofetilide to restore 
and maintain sinusrhythm in patients with AF or 
atrial flutter in this population.15 Differences in fa-
vor of dofetilide were observed for the primary 
endpoint:cardioversion occurred in 44% of dofet-



 www.jafib.com                                                   48                                May-June, 2008 | Vol 1| Issue 1  

Journal of Atrial Fibrillation                                                                    Featured Review

ilide-treated patients and 14% ofplacebo-treated 
patients over the course of the study (P<0.001). 
The 1-year probabilities of maintainingsinus 
rhythm were 79% with dofetilide and 42% with 
placebo (P<0.001). Importantly, while there was 
nosignificant difference in mortality between the 
two therapies, regardless oftreatment, the mortal-
ity rate was significantly lower in patients who-
experienced restoration and maintenance of si-
nus rhythm than in those who didnot convert to 
sinus rhythm (risk ratio: 0.44; 95%; CI: 0.30-0.64; 
P<0.0001).
 
STAF

The STAF pilot trial compared rate vs rhythm 
controlin 200 patients with persistent AF.18 There 
wasno significant difference between the treat-
ment groups in the primary endpoint,a composite 
of death, stroke or transient ischemic attack, sys-
temic embolism,and cardiopulmonary resuscita-
tion, occurring in 9 of 100 patients in therhythm-
control group and 10 of 100 in the rate-control 
group. Notably, however,only 1 of the 19 patients 
was in sinus rhythm at the time of the primary-
outcome event (P=0.049), reminiscent ofthe ben-
efit seen in DIAMOND AF if sinus rhythm were 
established on dofetilide,and to the AFFIRM sub-
study regarding the maintenance of sinus rhythm 
(seeabove). The above data sets taken in combina-
tion do not appear to indicatethat rate control is 
as good as rhythm control with respect to surviv-
al, butrather, that the benefit of sinus rhythm may 
be obscured by the adverse effectsof some of our 
rhythm control therapies, at least in some patient 
populations. There remains much still to learn.

PIAF and HOT-CAFE

TTwo additional small studies comparing rate ver-
susrhythm control, similar in magnitude to STAF, 
were also performed at a similarpoint in time: 
PIAF and HOT-CAFE.14,19 They, too,revealed no 
significant difference in their primary endpoints 
by a rate versusrhythm control strategy (using 
intention-to-treat analysis), were too small toas-
sess mortality events, and are not detailed further 
here. However, relevantinformation on quality of 
life derived from these trials is explored below in 
asubsequent section of this manuscript.

PIAF and HOT-CAFE

Two additional small studies comparing rate ver-
susrhythm control, similar in magnitude to STAF, 
were also performed at a similarpoint in time: 
PIAF and HOT-CAFE.14,19 They, too,revealed no 
significant difference in their primary endpoints 
by a rate versusrhythm control strategy (using 
intention-to-treat analysis), were too small toas-
sess mortality events, and are not detailed further 
here. However, relevantinformation on quality of 
life derived from these trials is explored below in 
asubsequent section of this manuscript.
 
CHF-STAT

TThe CHF-STAT trial, which compared ICD 
treatment,amiodarone, and best medical therapy 
in specific patient types with heartfailure, included 
a subgroup of 103 patients who had both AF and 
HF atbaseline. Deedwania and colleagues 35 re-
ported theeffects of amiodarone versus placebo in 
converting and maintaining sinus rhythmrelative 
to survival patterns in this subgroup. Sixteen of 
51amiodarone-treated patients (31.4%) and 4 of 52 
patients receiving placebo(7.7%) converted to and 
remained in sinus rhythm for the duration of the 
study(P=0.002). Although no difference inmortality 
rate was noted between the two treatment groups 
overall, the survivalrate was significantly higher 
among amiodarone-treated patients who convert-
edto and remained in sinus rhythm (n=16) than for 
amiodarone-treated patients whoremained in AF 
(n=35; P=0.04).The small numbers involved in this 
report are too insignificant to weighimportantly in 
their own right, but they are consistent with the 
sinus rhythmsurvival benefit story built from the 
AFFIRM substudy, the trend based uponreduced 
mortality (when examined as one component of 
the composite endpoint) in RACE, the DIAMOND 
AF data, the STAF report, and the J-Rhythm trial 
(see below).

J-Rhythm

In the J-Rhythm trial, QOL, a secondary endpoint, 
wasassessed using the Atrial Fibrillation Quality of 
Life Questionnaire. While thenumber of patients 
who completed the questionnaire was not reported 
when resultswere presented at the Heart Rhythm 
Society meeting in 2007, 36 maintenance of sinus 
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rhythm occurred more frequently in the rhythm 
controlgroup than in the rate control group 
(P=0.0027)and resulted in greater improvements 
in the frequency and duration of symptom-
samong patients with PAF. The severity of symp-
toms and AF-related anxiety andlimitations of 
activity were similar in the two therapeutic arms.
 
Maintenance of Sinus Rhythm and Pro-
gression of AF

Although results from the studies reviewed here-
insuggest, but do not yet prove, that there are 
benefits to achieving sinusrhythm with respect 
to overall mortality, and almost uniformly sug-
gest thatsinus rhythm is associated with a better 
QOL than is AF inmost patients, it ismore dif-
ficult to assess the important issue as to the role 
of sinus rhythmcontrol in preventing the pro-
gression of AF from the initial episode toperma-
nent AF. Dittrich and colleagues 48 showedthat 
maintenance of sinus rhythm at 1 month after 
cardioversion was more likelyin patients with 
an AF duration of <3 months than in those with 
AF durationof >12 months (P<0.05). This iscon-
sistent with the hypothesis that there is greater 
potential for reverse remodelingand long-term 
maintenance of normal sinus rhythm when 
normalization is achievedearly in the course of 
treatment. In addition, the PAF 2 trial showed 
thatpharmacologically controlled sinus rhythm 
after ablation and pacing therapylowered the 
risk of progression from PAF to permanent AF 
by 57% (P=0.02).49 Similarly,RACE demonstrat-
ed that maintenance of sinus rhythm was asso-
ciated with reducedatrial size (remodeling) and 
improved left ventricular function (P<0.05)50 
and in HOTCAFE, only patients in the rhythm-
control group had an increase in leftventricular 
fractional shortening (P<0.001).19

Just as the results of these studies are consis-
tentwith a progressive model of AF patho-
physiology and suggest a possible role forearly 
intervention to reverse and/or prevent the pro-
gression of AF, so too arethe observations in sev-
eral drug and ablation studies which have shown 
thatatrial size can regress toward normal and 
atrial function can improve with theattainment 
of sinus rhythm. However, complete normaliza-
tion of size and fullrestoration of function do not 

generally occur and further investigation intothese 
remodeling issues is required, and, in addition, little 
data existregarding restoration of atrial secretory 
function and reduction in biochemicalthrombo-
genic factors in patients who achieve and maintain 
normal sinus rhythm.Thus, discontinuation of anti-
coagulation should not be considered at this timefor 
AF patients with a significant CHADS2 score de-
spite theirconversion to and maintenance of sinus 
rhythm.

One additional observation

There are several additional important AF trialsbe-
yond those cited above. They have not been explored 
herein as they did notcompare rate versus rhythm 
control strategies, did not assess mortality as atarget 
(alone or part of a composite) in their primary end-
point, and/or did notprovide additional important 
analyses re quality of life outcomes. However,two, 
the RAFT and ERAFT trials, pivotal to the approval 
of sustained releasepropafenone for the mainte-
nance of sinus rhythm in AF patients,51,52 are worth 
mention for one additional purpose. RAFTwas a 
prospective, double-blind, placebo-controlled trial 
designed to test theefficacy and safety of 225 mg, 
325 mg, and 425 mg bid in reducing the frequencyof 
symptomatic recurrences in patients who were in 
sinus rhythm but had ahistory of symptomatic AF. 
ERAFT was a prospective, double-blind,placebo-
controlled trial designed to test the efficacy and 
safety of 325 and425 mg bid (but not 225 mg) effi-
cacy in reducing recurrent symptomaticparoxys-
mal AF in patients with prior symptomatic AF who 
were in sinus rhythm atdrug initiation. Both trials 
documented a superior efficacy for sustainedrelease 
propafenone over placebo (and contributed to FDA 
approval of theproduct) but the relative efficacy 
rates of identical doses were different inthe two tri-
als. In RAFT, the median time to the occurrence of 
a primaryoutcome event was 41 days for placebo, 
291 days for 325 mg bid, and >300days for 425 mg 
bid (the latter being a non-exact number because a 
largepercentage of patients did not have any recur-
rence on the 425 mg bid dose). InERAFT, the median 
time to occurrence of a primary outcome event was 
9 days forplacebo, 35 days for 325 mg bid, and 44 
days for 425 mg bid. Why is there sucha discrepancy 
in the time to first recurrence with the same drug 
and dose inthe two trials and what lesson is there to 
learn from this? The major reasonis the difference in 
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the patient demographics, with the ERAFT patients 
having amuch longer AF history and more frequent 
prior events than the patients inRAFT. The lesson 
to be learned is that one cannot safely or effective-
lycompare the magnitude results of drug outcomes 
across different trials, evenwhen using the same 
agent in the same dose(s). Only direct comparisons 
in asingle trial with a single population can be con-
sidered accurate. Furthermore,because beta block-
ers and, to some extent, verapamil, through sympa-
tholyticactions, can enhance the electrophysiologic 
and antiarrhythmic effects ofantiarrhythmic drugs 
(such as by preventing their reversal during times 
ofspontaneous increased sympathetic activity, e.g., 
stress, exercise),differences in concomitant rate con-
trol drugs across different clinical trialsmay also 
confound accurate assessment of magnitude of anti-
arrhythmic drugeffects in different trials, and even, 
at times, within a single trial. Nonetheless, direc-
tional similarities across trials do provide importan-
tobservations.

Conclusions: Lessons Learned

The clinical trials conducted to date in patientswith 
AF do not show an advantage to a strategy of 
rhythm control over ratecontrol. However, based on 
the available data, clear and thorough comparison-
sof outcomes between patients who achieve normal 
sinus rhythm and those whoachieve rate control 
are not possible because of the variety of limitation-
sdiscussed above. For example, use of the ITT ap-
proach to data analysis is notparticularly relevant to 
everyday practice, but is the primary method –and 
sometimes the only method – of analysis reported 
in peer-reviewedpublications. Also problematic is 
the fact that many patients will remain in AFdespite 
treatment with the currently available antiarrhyth-
mic drugs, and thislack of efficacy is frequently ac-
companied by adverse-event profiles that areless 
than ideal. In contrast, it is important to note that 
several non-ITTanalyses have found reductions in 
mortality and improvements in QOL, functional-
status, and exercise tolerance when sinus rhythm 
was achieved and maintained.From a theoretical 
standpoint, early restoration and maintenance of 
sinusrhythm also may result in reversal of atrial re-
modeling and in slowing or preventingAF disease 
progression, and this merits some consideration. 
Therefore, whenconsidering the currently avail-
able options for treatment, it should beremembered 

that no single strategy is universally beneficial, 
and treatmentmust be individualized for each 
patient. The development of new antiarrhyth-
micdrugs with improved efficacy and toler-
ability profiles and additional dataconcerning 
the absolute and comparable value of ablative 
approaches shouldfacilitate a more meaningful 
and detailed assessment of the benefits of sinus-
rhythm control strategies in patients with AF.
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Introduction 

Background

Atrial fibrillation (AF) is common in patients 
presenting for management of valvular heart 
disease or coronary artery disease. Developed 
by Dr. James Cox, the classic Maze procedure is 
the predicate operation for ablation of AF; long-
term data suggest that the Maze procedure elimi-
nates AF in more than 90% of patients.1-4  In spite 
of these unmatched results, the complexity and 
time associated with the Maze procedure have 
prevented widespread application by surgeons.

Recently, however, there has been increased inter-
est in surgical ablation of AF, fueled by technologi-
cal advances and demonstration that the pulmo-
nary veins and left atrium are the drivers of AF in 
most patients.5  New ablation technologies enable 
surgeons to perform pulmonary vein isolation, cre-
ate strategically-placed, linear left and right atrial 
lesions, and excise the left atrial appendage rapidly 
and safely.6-12  Alternate energy sources used to cre-
ate lines of conduction block and replace surgical 
incisions of the Maze procedure include radiofre-
quency, microwave, ultrasound, cryothermy, and 
laser.6-12  Applied primarily in patients with valvu-
lar heart disease, procedures using these ablation 
technologies add 15 to 20 minutes to operative time 
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Abstract

Atrial fibrillation (AF) is now commonly treated at the time of valvular heart surgery or coronary artery 
bypass grafting. Surgical ablation of AF, which is predicated upon the Maze procedure, includes creation 
of lines of conduction block and excision of the left atrial appendage. A full bi-atrial lesion set is associ-
ated with success in 80% to 95% of patients and virtually eliminates the risk of late stroke. A complex 
but safe operation, the classic cut-and-sew Maze procedure has been applied by relatively few surgeons. 
However, recent advances in understanding of the pathogenesis of AF and development of new ablation 
technologies enable surgeons to perform pulmonary vein isolation, create linear left and right atrial le-
sions, and remove the left atrial appendage rapidly and safely. Lesions are created under direct vision, 
minimizing the risk of damage to the pulmonary veins and adjacent mediastinal structures. Recently 
developed instrumentation now enables thoracoscopic and keyhole approaches, facilitating extension of 
epicardial AF ablation and excision of the left atrial appendage to patients with isolated AF and no other 
indication for cardiac surgery. In addition, novel devices designed specifically for minimally invasive 
epicardial exclusion of the left atrial appendage will broaden the range of treatment options for patients 
with AF, possibly eliminating the need for anticoagulation in selected patients. 
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and appear to cure AF in 70% to 85% of patients.  
In addition, recent adaptation of these ablation 
technologies for thoracoscopic and keyhole ap-
proaches now enables minimally invasive surgery 
in selected patients having stand-alone ablation.
In this report, we will 1) Review surgical tech-
nique and results of the Maze procedure, 2) De-
scribe new technologies and approaches for surgi-
cal AF ablation and,  3) Discuss the development 
of technology for minimally invasive epicardial 
ablation and ligation of the left atrial appendage.

The Maze Procedure
 
The Cox-Maze III operation, or Maze procedure, 
is the gold standard for surgical treatment of AF.  
In fact, it is the most effective curative therapy for 
AF yet devised, and it sets the standard for new 
surgical approaches to AF (1-4,13,14).  Cox and 
colleagues designed the procedure based on early 
experimental and clinical evidence concerning the 
pathophysiology of AF (1-4).  To improve results 
and simplify the operation, they modified the pro-
cedure twice, culminating in the Cox-Maze III.

The Maze procedure includes a complex, bi-atrial 
lesion set that is applied to all patients having the 
operation; therefore, it does not include an ablation 

strategy that is specifically tailored to individual 
patients15-19 In the Maze procedure, right and left 
atrial incisions and cryolesions are constructed to 
interrupt the multiple, disorganized reentrant cir-
cuits that characterize AF (Figure 1).  This is termed 
“cut-and-sew” technique.  These lesions direct the 
sinus impulse from the sinoatrial node to the atrio-
ventricular node along a specified route.  Multiple 
“blind alleys” off this main conduction pathway 
(the Maze analogy) facilitate coordinated electrical 
activation of the atrial myocardium.  Key compo-
nents of the Maze procedure include isolation of 
the pulmonary veins and excision of the left atrial 
appendage.  These features are maintained in most 
of the newer operations designed to ablate AF.

Although the Maze procedure can be completed 
minimally invasively through a small chest wall in-
cision, the operation entails cardiopulmonary by-
pass and cardiac arrest.  In experienced centers, the 
Maze procedure requires 45 to 60 minutes of cardio-
pulmonary bypass and cardiac arrest.4,13,14 The op-
eration may be performed alone or in conjunction 
with other cardiac surgical procedures, such as mi-
tral valve repair or coronary artery bypass grafting.

Cox and colleagues 4 have reported the largest se-
ries of patients undergoing the Maze procedure.  

Figure 1: Left atrial lesion set of the Cox-Maze III procedure. Schematic illustration of the posterior left atrium. White ovals rep-
resent mitral valve, and sets of 4 black ovals represent pulmonary veins. Dashed lines indicate surgical incisions. The pulmonary 
veins are encircled by a surgical incision, and there is a connecting incision to the mitral valve annulus. The left atrial appendage 
is excised, and this incision is connected to the pulmonary vein encircling incision.



Among 346 patients, operative mortality was 
2%.  Reported AF cure rate was 99%, and only 
2% required long-term postoperative anti-ar-
rhythmic medication.Of note, results were tabu-
lated by calculating freedom from “symptomatic 
AF”; long-term rhythm monitoring was not em-
ployed.  Therefore, these results likely over-state 
the effectiveness of the cut-and-sew Maze proce-
dure. Successful ablation of AF was unaffected 
by presence of mitral valve disease, left atrial 
size, and type of AF (paroxysmal, persistent or 
permanent).  Temporary postoperative AF, at-
tributed to a shortened atrial refractory period, 
was common and did not diminish long-term 
results.  Fifteen percent of patients required new 
pacemakers after surgery, and this was gener-
ally necessary in patients with underlying sinus 
node dysfunction.  In spite of multiple right and 
left atrial incisions, right atrial transport function 
was demonstrated in 98% and left atrial trans-
port in 93%.  However, there is some controversy 
concerning the extent to which atrial mechanical 
function returns after surgical ablation.  Perhaps 
most importantly, in addition to restoring sinus 
rhythm the Maze procedure virtually eliminated 
the risk of stroke or other thromboembolism.20,21 

Other centers have documented excellent results 
with the Maze procedure, with restoration of si-
nus rhythm in 75% to 95% of patients, low risk of 

late stroke, and very low operative morbidity and 
mortality.13,14,21  In recent series, the need for a new 
pacemaker has decreased to 5% to 10%.22  These re-
sults confirm the safety of the Maze procedure, its 
efficacy at restoring sinus rhythm, and its preven-
tion of late strokes.  In spite of these findings, the 
Maze procedure has been relatively underutilized. 
Today, few patients are referred for a surgical Maze 
procedure for stand-alone AF ablation, and, even 
in patients requiring cardiac surgery for other rea-
sons, surgeons are reluctant to add a Maze proce-
dure.  The perceived surgical complexity and mag-
nitude of the operation account for these practices. 

New Approaches for Surgical AF Ablation
 
The development of new surgical approaches to AF 
has been predicated upon 2 factors: 1) Recognition 
that the pulmonary veins and left atrium are critical 
to the initiation and maintenance of AF and 2) Devel-
opment of ablation technologies that use alternate 
energy sources to facilitate rapid and safe creation 
of lines of conduction block under direct vision.

Lesion Sets

While the Maze procedure was designed to inter-
rupt the multiple macro- reentrant circuits that 
characterize AF, new approaches are more precise-
ly anatomically focused.  There is general agree-
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Figure 2: Left atrial lesion set of the Cox-Maze III procedure. Schematic illustration of the posterior left atrium. White ovals rep-
resent mitral valve, and sets of 4 black ovals represent pulmonary veins. Dashed lines indicate surgical incisions. The pulmonary 
veins are encircled by a surgical incision, and there is a connecting incision to the mitral valve annulus. The left atrial appendage 
is excised, and this incision is connected to the pulmonary vein encircling incision.



ment that AF requires a substrate and a trigger, 
and that these substrates and triggers are usually 
located in the pulmonary veins and left atrium.23,24  

Haissaguerre and colleagues (5) demonstrated that 
paroxysmal AF originates from ectopic beats in the 
pulmonary veins in 94% of cases.  In addition, au-
tonomic innervation of these regions may contrib-
ute to the pathogenesis of AF.25  Catheter ablation 
of the posterior left atrium, including the antra 
surrounding the pulmonary veins, has proven ef-
fective at ablating both paroxysmal and permanent 
AF.25,26  These data suggest that modification of the 
left atrial substrate, in combination with pulmo-
nary vein isolation, is an effective therapy for all 
forms of AF. Surgeons have used alternate energy 
sources to create a variety of left atrial lesions sets, 
ranging from wide pulmonary vein isolation with 
excision of the left atrial appendage to a lesion set 
that resembles that of the Maze procedure (Figure 
2).  There is growing consensus that patients with 
persistent or long-standing persistent AF should 
receive a lesion set that incorporates more than 
simple pulmonary vein isolation.27,28 In such pa-
tients, the lesion from the right pulmonary veins 
to the mitral annulus may be particularly impor-
tant in prevention of post-procedure left atrial flut-
ter.29  The addition of right atrial lesions appears 
to increase freedom from recurrent AF and atrial 

flutter, but their importance is controversial (30).  
However, creation of right atrial lesions is simple 
and safe, and we currently favor their incorpora-
tion at the time of surgical ablation. 

Ablation Technology
  
Based upon these advances in understanding of 
the pathophysiology of AF, a variety of new abla-
tion tools have been developed to facilitate sur-
gical ablation of AF.  These probes and catheters 
rely on alternate energy sources to create long, 
continuous, linear lesions that block conduction.  
Energy sources that have been used clinically in-
clude radiofrequency, laser, ultrasound, micro-
wave, and cryothermy .10,11  Radiofrequency, laser, 
ultrasound and microwave are heat-based ener-
gy sources that create lines of conduction block 
through thermal injury.  Each of these modalities 
can be employed for ablation during concomitant 
open heart surgery or, alternatively, for stand-
alone, minimally invasive epicardial ablation.  

 Because the surgeon has the advantages of 1) 
direct visualization of cardiac structures and 2) 
catheters that facilitate rapid creation of transmu-
ral lesions, there is great interest in ablating AF in 
patients presenting for other cardiac surgical pro-
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Figure 3: Left atrial appendage clip. A cloth-covered, nitinol and titanium clip has been applied to the epicardial aspect of a 
canine left atrial appendage.



cedures.  Completion of left atrial lesion sets requires 
only 10 to 20 minutes.  This amount of time contrasts 
with the 1 hour required to perform the traditional 
cut-and-sew Maze procedure.  In addition, because 
incisions are replaced by heat- or cryo-based lesions, 
the risk of bleeding is virtually eliminated when al-
ternate energy sources are employed.           

Although approaches vary somewhat, results are 
similar with a variety of energy sources.  AF is ab-
lated in 70% to 80% of patients having concomitant 
heart surgery.10,11  Thus far, most treated patients 
have had organic heart disease and have received 
a mitral valve procedure in addition to AF ablation.  
For them, results with alternate energy sources fall 
just short of those reported for the classic cut-and-
sew Maze procedure.31,32 

After surgical ablation, perioperative AF is com-
mon, occurring in approximately 50% of patients. 
Although 30% to 40% of patients leave the hospital 
in AF, many return to sinus rhythm over the ensu-
ing 3 months.  Thus, discharge in AF is not an in-
dication of procedure failure.33  Given the high inci-
dence of perioperative AF, a strategy that includes 
3 months of routine postoperative anti-arrhythmic 
therapy and anticoagulation in all patients is recom-
mended.  Because heart rhythm varies in the first 
3 months after surgery, we recommend aggressive 
attempts to restore sinus rhythm during this time 
frame when patients develop AF or atrial flutter.  
Heart rhythm generally stabilizes by 3 to 6 months 
after surgery.  Factors that influence procedure suc-
cess include larger left atrial size, longer duration of 
AF, and choice of lesion set in permanent AF.16,34,35 

Future directions: Minimally invasive 
stand-alone ablation

Open surgical treatment of AF has a long track re-
cord of success.  The surgeon has the advantage of 
direct visualization of the left atrium and pulmonary 
veins, either from the epicardial or endocardial sur-
face of the heart, and this factor, coupled with new 
ablation technology, enables rapid and safe abla-
tion.  Because the surgeon can see cardiac structures, 
ablation lines can be placed safely on the left atrial 
cuffs adjacent to the pulmonary vein orifices, there-
by avoiding the dreaded complication of pulmonary 
vein stenosis.  Epicardial ablation eliminates the 
risk of esophageal injury; however, there is uncer-

tainty concerning the ability of unipolar energy 
sources to create continuous, transmural lesions 
from the epicardium of the beating heart.  With 
surgical approaches, the left atrial appendage is 
excised, and this is likely important in decreas-
ing the risk of late stroke.  Finally, the simplic-
ity of these techniques makes them generally 
applicable; all cardiac surgeons can now ablate 
AF.  In current clinical practice, almost all pa-
tients with AF who present for cardiac surgery 
should have both AF ablation and the intended 
cardiac procedure. Using this experience as a 
spring-board, surgeons have developed epi-
cardially-based, minimally invasive and tho-
racoscopic approaches to offer stand-alone AF 
ablation. While these procedures are currently 
in early stages of development and application, 
results are promising. Pulmonary vein isola-
tion and excision of the left atrial appendage 
can be performed using a minimally invasive 
“keyhole approach” or thoracoscopically; nei-
ther approach requires cardiopulmonary by-
pass.36-42 These minimally invasive procedures 
enable wide, circumferential pulmonary vein 
isolation, either with a single “box” lesion or 
separate oval-shaped ablations on the right and 
left.  Connecting lesions across the dome of the 
left atrium and to the mitral annulus can now 
be created using specially-designed unipolar 
energy sources.42 Procedure times are generally 
2 to 4 hours, and median length of hospital stay 
is 3 days. 

Early results, obtained primarily in patients 
with paroxysmal AF, demonstrate 80% to 90% 
freedom from AF 6 months after ablation.  With 
continued experience and further advances in 
instrumentation, procedure time is expected to 
fall to less than 2 hours, and hospital length of 
stay to decline to a single day.  Application of 
these minimally invasive, thoracoscopic and 
keyhole procedures will offer the potential for 
cure of AF, with improved quality of life and 
freedom from anticoagulation and anti-arrhyth-
mic medications, to large numbers of patients. 

Future directions: the left atrial appendage

Currently there is great interest in development 
and assessment of endocardial and epicardial 
procedures for exclusion of the left atrial ap-
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pendage.43,44 It is widely believed that formation 
and embolism of left atrial appendage thrombi 
are responsible for the increased risk of stroke in 
AF patients.43,44  In AF patients, warfarin inhibits 
formation of atrial appendage thrombi and reduc-
es cardioembolic strokes, while aspirin prevents 
smaller, noncardioembolic strokes.  Based upon 
data from the Stroke Prevention in Atrial Fibril-
lation (SPAF) trials, one-third of AF patients are 
at high risk for stroke and should be treated with 
warfarin.4,45,46  In spite of these observations and 
recommendations, warfarin is under-prescribed 
in AF patients.  Furthermore, many patients can-
not or will not take warfarin.  Therefore, interven-
tional therapies that specifically address the left 
atrial appendage in AF patients are being investi-
gated as potential alternatives to warfarin therapy.

Excision or exclusion of the left atrial appendage 
is currently performed during surgical ablation of 
AF and is recommended in ACC/AHA guidelines 
for patients undergoing mitral valve surgery.  
However, standard surgical exclusion by suture 
closure is incomplete in 30% of cases, and stapled 
closure or excision has been associated with bleed-
ing complications.47  Thus, there is a need for new 
surgical approaches to the left atrial appendage.  
Several devices for epicardial exclusion of the left 
atrial appendage are under development (Figure 
3).  Pre-clinical studies suggest that device-based 
epicardial exclusion of the left atrial appendage is 
rapid and safe and has the advantage of avoid-
ing placement of a foreign body in the fibrillating 
atrium.50  Early clinical results with this epicardial-
ly-based left atrial appendage clip are promising.  
This and other new technologies for minimally in-
vasive epicardial ablation of the left atrial append-
age will soon be available for widespread clinical 
use. Clinical trials are being designed to test the 
hypothesis that epicardial, device-based exclu-
sion of the left atrial appendage will reduce the 
risks of stroke and other thromboembolism in pa-
tients with AF.Should this hypothesis prove cor-
rect, physicians will be able to offer a new strategy 
for primary or secondary stroke prevention in AF 
patients. 
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Introduction

The study is aimed to determine the incidenceof 
lone atrial fibrillation in males according to sport 
practice levels and toidentify possible clinical 
markers that increase the risk of lone atrialfibrilla-
tion (LAF) among marathon runners.

Methods

A retrospective cohort study was designed witha 
group of 252 marathon runners recruited in 1990-
92 and a population sample of305 sedentary men 
recruited in 1994-96. The physical activity was 
evaluatedwith the Minnesota leisure time physical 
activity questionnaire. At therecruitment moment, 
a physical examination, a BP measure and an ECG 
wereperformed in all men. A maximal exercise 
test and an echocardiogram wasobtained only in 
the marathon runners. They were all contacted in 
2002-03 andinvited to attend an outpatients clinic 
to identify suggestive symptoms ofhaving experi-
enced an arrhythmia requiring medical attention. 
In those withsuggestive symptoms of atrial fibrilla-
tion, medical records were reviewed.Finally, LAF 
was diagnosed on the basis of the presence of atrial 
fibrillationin an electrocardiogram in the absence 
of structural heart disease and otheridentifiable 
cause of arrhythmia (i.e. alcohol, hyperthyroid-
ism). In the groupof marathon runners, a second 
two-dimensional echocardiogram was obtained 
atthe end of the follow up. Moreover, a new ques-

tionnaire to access the lifetimetotal physical activ-
ity practice was administered.

Results

EOf the initial 252 marathon runners, 183 com-
pletedthe follow up (72,9%) with a mean follow 
up of 11.6 years, while 290 (95.7%) ofthe 305 eleg-
ible sedentary men concluded the follow up with 
a mean follow up of6.4 years.
Marathon runners were younger and showed-
lower BMI, heart rate, blood pressure and high-
er consumption of alcohol,smoking prevalence 
and leisure time physical activity then the sed-
entary men.The annual incidence rate of LAF 
among marathon runners and sedentary men 
was0,43/100 and 0,11/100, respectively. Only par-
oxysmal or persistent LAF wasrecorded, and any 
atrial flutter episode was recorded during the 
follow up. Theonly statistically significant differ-
ence between participants with and withoutlone 
atrial fibrillation was that those with the arrhyth-
mia were thinner andpracticed more physical 
activity. In the group of marathon runners, the 
onlystatistically difference between groups ac-
cording to the presence of LAF, wasthe left atrial 
size measured in the follow up echocardiogram. 
Left atrialinferosuperior diameter and left atrial 
volume were both associated with ahigher risk of 
incident LAF. Endurance sport practice was as-
sociated with ahigher risk of incident LAF in the 
multivariate age- and blood pressure-adjusted 

Long-termendurance sport practice increases the 
incidence of lone atrial fibrillation inmen: 

a follow-up study
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Cox regression models (HR = 8.80; 95% confi-
dence interval: 1.26-61.29)

Conclusion and Comment

While an active lifestyle improveoverall health, 
this study demonstrate that the long-term endur-
ance sportpractice is associated with a higher risk 
of symptomatic LAF in men. Moreover,the risk of 
LAF is associated with a larger left atrial infero-

superior diameterand volume in physically active 
subjets. The atrial dilatation, may be aconsequence 
of increases in preload, autonomic changes (i.e. in-
creased vagaltone) and inflammatory changes due 
to sports participation. Treatment for theathletes 
with LAF has not been described previously, but 
catheter ablation isemerging as a potential cure for 
LAF, especially in symptomatic athletes withim-
paired athletic performance and poor quality of 
life.



Introduction

Methods and Results

Authors performed a systematic review of
randomized controlled parallel-design human tri-
als with statins published since January 1980 to 
June 2007.

Eligible trials had to have: 1) direct comparison
between a statin and control treatment or placebo, 
2)incidence or recurrence of AF as a specified event, 
3)follow up of at least 3 weeks.Search identified the 
following 6 trials with a total of3,557 patients: Tveit 
et al, Am J Cardiol 2004;MIRACL, Circulation 2004; 
Chello et al, Crit CareMed 2006; Ozaydin et al, Am 
J Cardiol 2006; ARMYDA-3, Circulation 2006; Der-
nellis and Panaretou, Am Heart J 2006.

Three of these 6 studies, investigated use of statins 
in primary prevention of new-onset of AF (two in
patients undergoing cardiac surgery and one in
patients after acute coronary syndrome). The other
three studies investigated the use of statins in
secondary prevention of recurrences of AF (two in
patients with persistent AF undergoing electrical

cardioversion and one in patients with history of
paroxysmal AF). The following statins (with a
variable daily doses between 10 and 80 mg) were
studied: atorvastatin in five studies and pravas-
tatin in one. Incidence or recurrence of AF oc-
curred in 165 of 1,775 (9.3%) in patients treated 
with a statin versus 221 of 1,782 (12.4%) in control 
subjects. Therefore, use of statins resulted asso-
ciated with asignificantly decreased risk of new 
onset or recurrence of AF compared with control 
group (OR 0.60, 95% CI 0.18 to 0.85, p= 0.02). The 
benefit of statin therapy seemed more marked in 
secondary prevention of AF (OR 0.33, 95% CI 0.10 
to 1.03, p=0.06) then in new onset AF (OR 0.60, 
95% CI, 0.27 to 1.37, p=0.23). When atorvastatin 
was considered alone, benefit was higher (OR 
0.30, 95% CI 0.12 to 0.78, p=0.01).

Conclusions and Comments

This meta-analysis provide some evidence that 
use of statins is associated with a significant de-
creased risk new onset or recurrence of AF.
However, clinical implications are limited by the 
fact that a coronary artery disease was present in 
most of the study population (93%). In this group 

Antiarrhythmic Effect of Statin Therapy and 
Atrial Fibrillation A Meta-Analysis of 

Randomized Controlled Trials
Andrea Corrado and Antonio Raviele

Cardiovascular Department, Umberto I Hospital, Mestre, Italy

Abstract

The aim of this meta-analysis was to improve the evaluation of the possible antiarrhythmic effect of
statins on atrial fibrillation (AF) incidence orrecurrence.
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of patients statin therapy is actually already indi-
cated for the treatment of underlying disease. In 
addition,mechanisms of AF certainly varied in 
the different subgroups of patients (recurrences 
in paroxysmal or persistent AF, new onset af-
ter acute coronary syndrome or surgery), so the 
mechanism of protective effect of statins therapy 

remains to be elucidated. Therefore, out of isch-
emic heart disease, data resulting from published 
studies, are not jet conclusive to establish whether, 
why and in which group of patients statins should 
be take in consideration as appropriate therapeu-
tic indication for the management of AF.
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Introduction

In the past few years every lab has been looking for 
new procedures to perform. The latest procedure 
is Atrial Fibrillation due to the number of patients 
which has this arrhythmia. Besides just ordering 
the catheters needed for treatment of atrial fibrilla-
tion, the equipment in the electrophysiology lab is 
another important aspect of performing this proce-
dure safely and efficiently.

Scheduling

The main impact of the treatment of atrial fibril-
lation is lab time. Only one procedure should be 
scheduled per day until the procedure time de-
creases to 4 hours or less. CT should be done on 
the patient with the left atrium segmented out and 
changed into a format which your 3D mapping 
system can import. Or you need to be able to dis-
play it on a monitor during the procedure for a vi-
sual reference.

Procedure setup

All patients undergoing this type of procedure 
should have a CT prior to the exam. This is needed 
for the physician to view the anatomy, check for 
pulmonary vein stenosis and to use as a visual 
guide or import into a 3D mapping system. It is a 
definite plus if the 3D mapping system can merge 
or fuse the CT to a workable map of the patients 
anatomy. Standard procedure equipment is used to 
monitor the patient during the procedure, includ-
ing blood pressures, Oxygen saturation, Respira-

tory rate, LA pressures from transeptal sheaths, 
ACT and Neurological function.

Radiation exposure

WAll precautions should be taken to reduce the 
amount of fluoro scatter by placing lead protec-
tive drapes along the patient table and providing 
lead shields for all staff members. It is very com-
mon to have fluoro time well above 60min, al-
though the uses of 3D mapping systems can help 
reduce the amount of fluoro used during these 
procedures. Adjusting you dose and managing 
the shutters and cardiac filters can also reduce the 
amount of radiation. When working on younger 
patients a protective lead drape should be used 
to protect the reproductive organs. During this 
procedure distance from the patient scatter will 
reduce the radiation dose the staff members may 
receive.

Recording system

The standard recording system, EPWorkMate 
(EPMedSystems), CardioLab IT (GE Healthcare) 
or Lab Systemâ„¢ PRO (Bard Electrophysiology) 
can be used as long as you have enough channels 
for the intercardiac electrograms. Any standard 
stimulator which works with your recording sys-
tem can be used without any modifications.

Intracardiac echocardiography

The use of Intacardiac Echocardiography (ICE) 
will be used multiple times during the proce-

Preparing The Electrophysiology Lab to Treat 
Atrial Fibrillation
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dure. It will be used to view the fossa ovals for the 
single or dual transeptal puncture. It will allow 
the user to take a look at the pulmonary veins to 
check for stenosis and verify location. It also gives 
the physician another tool to check for pericardial 
effusion, and atrial appendix clots before and af-
ter the ablation procedure.

Mapping systems

It is important to have a 3D mapping systems 
with the ability to import preoperative images for 

use with reconstruction of the patientâ€™s anato-
my. The mapping systems will be used to track the 
locate ablation lesions to provide a visual reference 
of areas which have been treated. There are two 
systems which are used most often today, ESI (En-
docardial Solutions) and Carto (Biosense Webster). 
Both of these 3D mapping systems give the abil-
ity to interact with the CT during the procedure. 
These two systems also give you the ability to take 
a few anatomical points and align the CT to the 
patientâ€™s anatomy.



Introduction 

Identificationof Atrial Fibrillation

Atrial fibrillation (AF) is a supraventricular 
tachyarrhythmiacharacterized by uncoordinat-
ed atrial activation. On the ECG fibrillatory (f)
waves (rapid oscillations with variable ampli-
tude, shape and timing) replacenormal P waves. 
Ventricular response becomes irregular and 
rapid depending ofthe intrinsic electrophysi-
ological properties of the AV node1and the bal-
ance between vagal and sympathetic tone1.

The presence of an irregularly pulse is a clinical 
signthat can be quickly and reliably identified in 
any healthcare situation and,indicates AF with a 
high sensitivity and specificity (95% and 75%,re-
spectively). If the irregularity last for more than 
20 seconds thespecificity reaches 98%.2-4 Identifi-
cation of AF can be done by using manual pulse 
palpation in thosepresenting with a variety of 
symptoms. It is desirable to check the blood-
pressure and pulse in all patients who present 
with breathlessness, dyspnea,palpitations, syn-
cope, dizziness or chest discomfort. Further-
more, manypatients presenting with an acute 
stroke are found to be in AF albeitasymptom-
atic with respect to non-neurologic complaints.

The finding of a sustained irregular wide QRS com-

plextachycardia may be suspicious of AF conduct-
ed with bundle brunch aberrancy orover an acces-
sory pathway, and in patients with A-V sequential 
pacemakers canreflect an inadequate configuration 
with ventricular tracking of sensed atrialactivity.

Classificationof Atrial Fibrillation1

Although the pattern of AF can change over time, at 
themoment of diagnosis it may be helpful to charac-
terize the arrhythmia. These arethe different patterns:
First-detected episode of AF. It can be self-limited 
or notand the symptoms can range from an ECG 
finding in absence of symptoms (up to30%5) to 
the development of heart failure orsyncope. In 
asymptomatic patients the uncertainty remains 
about the duration ofthe episode and the possi-
bility of previous undetected episodes. Thepos-
sibility of recurrent AF without significant symp-
toms must be taken intoaccount and ruled out.
Recurrent AF. After 2 or more episodes, AF is con-
sidered recurrent.When the arrhythmia terminates 
spontaneously, recurrent AF is designated parox-
ysmal; when sustained beyond 7 days, itis termed 
persistent. This last type includes those cases of 
long-standing AF, usuallyleading to permanent AF, 
in which cardioversion has failed to terminate AF.
It has been suggested that in most patients paroxys-
mal AFrepresents an earlier stage of the disease and 
that its natural history in theabsence of intervention 
is to progress to persistent/permanent types of AF.
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Etiologyof Atrial Fibrillation

Holter monitoring has shown that the major-
ity of episodesof paroxysmal AF are triggered by 
atrial premature beats6,7 while a small number of 
episodes are preceded by typicalatrial flutter or 
another supraventricular tachycardia7.Ectopic 
foci are most often located near the PVs6,which 
is the most common origin of the AF triggers.

Atrial fibrillation in patients with cardiovascu-
lardisease

AF isfrequently, but not uniformily, associated 
with underlying cardiovasculardisease or echo-
cardiographic characteristic features. The most 
importantfactors that may contribute to AF in the 
setting of cardiovascular diseases areincluded in 

table 1.

Atrial Fibrillation in patients without cardio-
vasculardisease

Up to 25-30% of cases of AF occur in young pa-
tientswithout demonstrable underlying disease1. 
This isthe reason why this pattern of AF is usually 
called lone AF. Patients with lone AF oftenassoci-
ate certain triggers with episodes of AF,22 and in 
up to 39% of them a family history of AF is present, 
suggesting thatinheritance may be of great impor-
tance in lone AF. Table 2 shows the mostimportant 
causes of AF in patients without known cardiovas-
cular risk factors orstructural heart disease.

Atrialfibrillation due to temporary causes

FAF can be related to temporary causes, includ-
ing some ofthe conditions appearing in both tables 
above. In such cases, successfultreatment of un-
derlying condition often eliminates AF. Some ex-
amples aredescribed below:

SleepApnea Syndrome (OSA)

Several lines of evidence support a possible causal-
relationship between OSA and AF. Observational 
studies have noted asignificantly larger proportion 
of patients with OSA between patients in AFun-
dergoing cardioversion compared with controls 
without AF referred for generalcardiology evalua-
tion (49% vs 32%).17 Thisobservation has been pro-
spectively confirmed in patients undergoing coro-
naryartery bypass surgery, in whom preoperative 
sleep studies and postoperative AFincidence were 
assessed (39 % in OSA patients vs 18% in non-OSA 
patients).18

The risk of cardiac arrhythmias with OSA appears 
to berelated to severity of the disease, such that 
the great majority of OSApatients presenting with 
significant arrhythmias have moderate or severe 
formsof the disease.20 In a heart susceptible toatrial 
fibrillation, the presence of OSA would predispose 
to the subsequentdevelopment of atrial fibrilla-
tion. Furthermore, the frequent presence ofatrial 
fibrillation in OSA may contribute to the increased 
risk for stroke andheart failure in this patient pop-
ulation.21 Ithas been speculated that factors direct-
ly related to OSA, such as repetitivehypoxemia, 
autonomic nervous system imbalance, systemic 
inflammation,fluctuations in intrathoracic hemo-

Cardiovascular risk factors

Obesity (BMI>30Kg/m2)8*62

Hypertension **
Structural heart diseases
Valvular heart disease (most commonly mitral valve)9

Hypertensive heart disease10

Myocardial infarction12

Hypertrophic cardiomyopathy13

Restrictive cardiomyopathy

Constrictive pericarditis

Congenital heart diseases14

Cardiac tumors

Chronic myocarditis (e.g. peripartum, lupus, etc)

Chronic pericarditis (e.g. idiopathic, uremic, etc)15

Cor pulmonale

Echocardiographic parameters

Left ventricle hypertrophy

Left atrium enlargement

Mitral valve prolapse/calcification of mitral annulus16

Other risk factors

Sleep apnea syndrome17-21

Age

Table 1 Risk Factors for Stroke in Elderly Patients 
With Atrial Fibrillation



dynamic, and diastolic dysfunction may serveas 
a trigger for atrial fibrillation and may favor the 
perpetuation of theatrial arrhythmia by altering 
the atrial substrate. Finally patients receiving-
treatment with continuous positive pressure ven-
tilation have a lower incidenceof AF recurrence at 
12 months (42 vs 82%).19 

Hyperthyroidism

Patients with hyperthyroidism have an increased 
risk ofdeveloping AF,28 and this risk is gender and 
age related.Thus AF due to hyperthyroidism is 
more likely to occur in men than in women(12,1 vs 
7,6%) and in patients over age 60 (up to 10 to 20% 
of patients overage 60), while patients under age 
40 have little or no increase in fold risk.29 Even pa-
tients with subclinical hyperthyroidism(normal 
serum thyroid hormone –T4- concentrations and 
low serum thyroidstimulating hormone –TSH-) 

represent a population with increased risk ofAF, 
similar to patients with clinical hyperthyroidism.30

SIncreased beta-adrenergic tone may be in part 
responsiblefor the development of AF in these pa-
tients, and certainly contribute to arapid ventricu-
lar response. In addition, excess thyroid hormone 
increases thelikelihood of AF in experimental ani-
mals.31 Ithas been hypothesized that ectopic beats 
initiating AF may be increased byenhanced auto-
maticity or triggered activity.32

Treatment consists of a beta-blocker to control the-
ventricular rate, and correction of the hyperthyroid 
state. Spontaneousreversion to sinus rhythm occur 
within six weeks in patients under age 60 whoare 
rendered euthyroid.28 Older patients show adecline 
in the frequency of spontaneous reversion. Cardio-
version, eitherelectric or pharmacologic, is not indi-
cated while the patient is thyrotoxic,since AF usu-
ally recurs.28 

Clinical evaluation of Atrial Fibrillation

Etiologicdiagnostic

A detailed history and clinical examination will 
providehelpful information. Other tests, including 
thyroid function and complete bloodcount, are rou-
tine.38 A serum TSH should bemeasured as part of 
the initial evaluation in all patient with AF, wheth-
erthere are symptoms suggestive of thyrotoxicosis 
or not. A transthoracicechocardiogram may pro-
vide useful information, identifying the presence 
ofstructural heart disease and an increase risk of 
thromboembolism39(e.g. significant left ventricular 
dysfunction, severe valvular disease orsevere myo-
cardial hypertrophy). Such information may influ-
ence subsequenttherapeutic management includ-
ing the need for anticoagulation treatment. Insome 
of the patients transoesophageal echocardiography 
may be needed in orderto rule out the presence 
of left atrial appendage thrombus, especially in 
thosepatients considering cardioversion without an 
adequate period of oral anticoagulation.

Use  of ECG monitoring to detect AF

Noninvasive ECG monitoring is used to detect AF40 
and to identify its characteristic pattern duringthe 
initial diagnosis. Such monitor may be important 
to assess the control ofthe rhythm and rate during 
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Autonomic influenced AF

Vagal or sleeping related23, 24

Sympathetic or exercise related23, 24
Related to temporary causes AF
Alcohol intake25
Other substances/medications (e.g. caffeine, theophylline, 
adenosine, digitalis)

Cardiac or thoracic postoperative period 26

Electrocution

Inflammation (elevated CPR)27

Acute pericarditis

Myocarditis

Acute pulmonary diseases (e.g. pulmonary embolism)

Metabolic disorders (e.g. hyperthyroidism28-32)

Familiar AF

Polygenic inhetirance33

Monogenic inheritance –channelopaties- (e.g. KCNQ1, 
encoding IKs current34; SCN5A, encoding INa current35) 

Supraventricular arrhythmias

Typical atrial flutter36

Paroxysmal supraventricular tachycardias37

Table 2  Risk factors for AF in patients without 
cardiovascular disease
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the follow up in patients under pharmacological-
treatment or after an ablation procedure. Extended 
ECG monitoring will alsohelp document asymp-
tomatic AF episodes and will held quantify the 
burden of AF.When symptoms are frequent a 24-h 
or 48-h Holter monitor may yield a diagnosisbut 
with less frequent episodes, a 7-days Holter or an 
event recorder, which iseither patient-triggered or 
auto-triggered, may be needed to document the-
arrhythmia. Implantable loop recorders and pace-
makers can record continuousdata over prolonged 
periods. All monitoring modalities have limita-
tions.Non-invasive ECG monitoring may provide 
useful information in only 10-40% ofcases, even 
with prolonged recordings.41-43

The current American College of Cardiology/
American HeartAssociation (ACC/AHA) guide-
lines for the use of Ambulatory ECG Monitor-
ingestablish the following indications for Holter 
monitoring in the setting of AF:

Therefore in patients with suspected paroxysmal 
atrialfibrillation undetected by standard ECG, a 
24–h ambulatory ECG monitorshould be used 
in those with suspected AF episodes less than 24 
hours apart. Inpatients with symptomatic episodes 
more than 24 h apart an event-recorder ECGshould 
be used.

Monitoring can also help with embolism preven-
tion. It isimportant to note that a 24 to 48-hour 

Holter monitoring identifies AF in 1 to5% of pa-
tients with previous stroke and undetected as-
ymptomatic AF by initialbasal ECG assessment44. 
Increased duration ofmonitoring appears to be 
associated with increased rates of detection of 
AF.Certainly patients with risk factors for stroke 
with AF should undergo moreextensive moni-
toring to exclude the presence of asymptomatic 
AF. We routinelyencourage patient participation 
in monitoring with with frequent pulse takingto 
supplement ECG recording efforts. 
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