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Dear Readers

Welcome to the winter issue of 2013. Congratula-
tions to Jeremy Ruskin MD and the organizing 
team on successfully concluding the 18th edition of 
Boston Atrial Fibrillation Symposium. Despite the 
beating cold weather the enthusiasm was unfet-
tered from the participants as well as the speakers. 
The quality of the symposium was superb with live 
cases transmitted from MGH on the Lariat LAA li-
gation. It was good to see all the exciting stuff that 
the frontiers men in the field have been working 
on. As everyone agreed on the importance of ac-
complishing durable pulmonary vein isolation, 
there was significant debate on how to get there 
and therapeutic strategies for non-paroxysmal AF.  
Left atrial appendage related technology and the 
newer anticoagulants took the center stage. A spe-
cial session on cardiovascular autonomics and its 
role in AF modulation was very informative. The 
three day premier event ended with an announce-
ment to shift the venue down to Orlando, Florida 
starting next year. This was a bitter sweet moment 
for all of those who braved the Boston Winters for 
several years now. It has almost become a ritual for 
a lot of us to be in Boston every January against all 
odds. Boston we are going to miss you!

In the current issue we have some exciting work 
being presented. Khan et al published their data 
on postoperative AF prevention strategies. Abdulla 
and group shared their meta-analysis of the role of 
exercise in AF. This is complemented by a very nice 
editorial by Peter Stirbys. The Hopkins group has 
published three excellent featured articles covering 
various topics. Atrial defibrillators have almost be-
come a forgotten bad dream. Deepak Bhakta and 
colleagues have presented a very comprehensive 

review of this historical strategy that had much 
promise but quickly proven to be problematic. 
Oral anticoagulation and antiarrhythmic drug 
reviews made the discussions more interesting. 
Deedwania et al provided amazing insights into 
where we stand on primary prevention of AF. 
Sanghmitra Mohanty and group outlined a very 
comprehensive review of the obesity-AF axis in a 
well written featured review article.

This obviously leads us into March. Both of us are 
very excited about our upcoming 1st International 
Symposium on Left Atrial Appendage on March 
1st and 2nd in Kansas City, MO. Over a two day 
course, the entire science of LAA will be reviewed 
by the who’s who of this frontier science. There 
are live cases demonstrated from the University of 
Kansas Hospital and the Montreal Heart Institute. 
We look forward to seeing some of you in Kansas 
City.

See you all in Spring!!!

Warm regards
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probably is some individual stress level threshold 
above which the risk of AF paroxysm in a specific 
lifetime may culminate.

The hypothetical scientific background predis-
poses that there is a connection between physical 
activity and AF.2 Recently some investigators (in-
cluding those cited by Nielsen et al. in their original 
article) hypothesized that regular physical activity, 
possibly acting through reductions in blood pres-
sure and body mass index, would reduce the risk 
of incident atrial fibrillation in women.3 Initially 
these researchers found out that in middle-aged 
women, physical activity was associated with a 
modestly reduced risk of AF, however, this rela-
tionship was no longer significant after controlling 
for body mass index. The reasons for increased risk 
of atrial arrhythmias in middle aged endurance 
athletes (healthy men, aged 35-59 years) can only 
be speculated.4 Some authors5 showed that among 
adults ( > 65 years of age) light to moderate physi-
cal activity, particularly leisure-time activity and 
walking, are associated with significantly lower AF 
incidence. Latest vast survey of the literature data 
by Muller-Riemenschneider et al.6 demonstrate the 
controversy in any relationship between these two 
entities; the overall quality of evidence indicating 
increases in risk of AF is low and most reports of 
large increases in risk appear to be substantially 
overestimated. Obviously, the abovementioned 
sources suggest that there are some discrepancies 
in the available data about whether physical activ-
ity in specific cohort is harmful or not. In light of 
the public importance of regular physical activity, 
contradictory recommendations concerning the 

Exercise is a major component of a healthy life-
style, and the benefits of regular physical activity 
are well established. However physical activity 
sometimes is accompanied by certain arrhythmias 
– premature beats or atrial fibrillation (AF). Less
often such activity may result in life-threatening
arrhythmias – specifically ventricular fibrillation.1 

The relationship between physical activity and
risks of AF continues to be a subject of scientific
debate. Sub sole nihil novi(lat.) – in a broad sense,
it would be wrong characteristics of the article by
Nielsen et al. (published in this issue of JAFIB).
In fact, numerous studies have been conducted
regarding (AF) occurrence and risks in healthy
people or in people with undefined health status
in statistically meaningful groups. Large-scale
meta-analysis of long-term studies and remark-
able comparative insights highlight an ambiguity
of AF behavior in different groups of individuals
(adults, athletes and non-athletes) with their dif-
ferent intensity levels of physical activity. Authors
have revealed that both long-term vigorous physi-
cal training as well as a lack of physical activity are
related to increased risk of AF. Their discrete hint
on the presence of U-shaped relationship between
physical activity and risks of outbreak of AF is very 
important for comprehension of AF. Conclusions
in fact elegantly reflect true reality emphasizing
that we deal with volatile and heterogeneous na-
ture of AF. At large, irrespective of the intensity of
physical activity, the new onset of AF paroxysm
is unpredictable. Deductively, the results of this
remarkable study reveal the presence of individ-
ual cardiac/atrial exercise tolerance or individual
sensitivity to physical stress. In other words, there



participation in physical activity should be con-
sidered cautiously before more rigorous studies 
have investigated this issue.6 Similarly, Nielsen et 
al. kindly invite the results of these meta-analyses 
to be interpreted cautiously. Such a discrete con-
clusion is of great importance. 

There is some uncertainty and even turmoil in the 
explanation of AF genesis and its overall regular-
ity, incipiency, maintenance, self-termination etc. 
An increasing number of reports suggest that isch-
emia, i.e. reduction of coronary blood flow, may 
significantly influence the genesis of AF.7-9 Various 
organs or major organ systems demonstrate their 
own response to ischemia and to physical stress. 
The human heart with its structural and functional 
peculiarities is an exceptionally unique anatomic 
unit. Complex regulating system (automaticity, in-
fluence of central nervous system and autonomic 
tone, neurohumoral regulation etc.) can produce 
important and rapid cardio-circulatory changes 
in response to physical stress and to ischemic ab-
normalities. Vigorous or moderate physical stress 
along with suffocated atria may be involved in the 
creation of arrhythmogenic substrate releasing AF 
drivers or any kind of arrhythmias. Vigorous ex-
ertion per se may be treated as a proarrhythmic 
contributory factor but individual tolerance may 
demonstrate some resistance to the provocative 
physical factor. With aging and with coronary 
blood flow reduction the tolerance of every kind 
of overstress as well as physical endurance tend 
to attenuate. Nevertheless, further systematic 
analysis might be valuable in terms of individual 
identification of physical capabilities just before 
the manifestation of arrhythmia. In other words, 
some tests, including workload treadmill testing 
(as a provocative tool) might clarify atrial behav-
ior in appreciable fashion. 

Retrospectively, an investigation of a large cohort 
of people divided into age groups with the same 
or different physical activity levels sometimes 
appears to be misleading. To a certain extent the 
conclusions and recommendations even of large 
scale trials may also be invalid. The prescription 
of proper physical activity or it's limitation for a 
specific group of people (be they patients, ath-
letes, non-athletes, students, teenagers or octoge-
narians) actually has some equivocal scientific or 
practical value. Only individual ("in person") ex-
amination, primarily of the cardiovascular system 

(electrocardiography, Holter monitoring, tread-
mill testing, even coronarography - if indicated, 
etc.) might provide the real answer in respect to 
profound motivation and subsequent prescription 
of a specific lifestyle for the specific individuum.
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Introduction

A 61-year-old African- American male with non-
ischemic cardiomyopathy (EF 30%) with ICD, hy-
pertension and chronic renal insufficiency was ad-
mitted to a VA hospital with multiple ICD shocks 
for incessant VT. He received a single shock 3 years 
ago for which he was started on sotalol. Six months 
ago he had multiple inappropriate shocks when 
his ICD was interrogated and replaced. Sotalol was 
also switched to amiodarone 200mg twice daily. 
Three months ago he had 2 shocks and his amio-
darone dose was increased.

The day before he presented to the VA hospital, he 
was in ventricular tachycardia (VT) storm and re-
ceived 13 shocks over 12 hours. The shocks were ef-
fective but he continued to have recurrent VT with 
changing morphology. His amiodarone dose was 
further increased to 400mg twice daily and was 

also started on lidocaine 3 mg/min and mexiletine 
150 mg twice a day .  He was then transferred to 
our hospital for possible VT ablation.

The patient upon arrival denied any chest pain. A 
recent stress thallium at his primary cardiologist 
office was negative for any reversible ischemia. 
His physical examination was unremarkable ex-
cept for a soft systolic ejection murmur. Baseline 
ECG revealed normal sinus rhythm with rate of 
75 beats per minute with normal axis, nonspecific 
intraventricular conduction delay, and nonspe-
cific ST-T wave changes. QT interval was normal. 
Labs were unremarkable with a  potassium of 4.1 
mEq/L, magnesium of 2.2 mg/dL and a  creatinine 
3.24 mg/dL Recent echocardiogram showed EF 
of 30% with diffuse left ventricular hypokinesis. 
LV end diastolic diameter was 6cm.EKG revealed 
monomorphic sustained VT which was left bun-
dle inferior axis at a cycle length of 360 msec (VT1). 

Corresponding Address : Dhanunjaya Lakkireddy MD, FACC, Director – Center for Excellence in Atrial Fibrillation and EP 
Research, Professor of Medicine, Bloch Heart Rhythm Center, Mid America Cardiology @ University of Kansas Hospitals, 
Kansas City, KS 66196.

Abstract

A 61 year old patient with non-ischemic cardiomyopathy and implantable cardioverter defibrillator pre-
sented with multiple shocks for ventricular tachycardia (VT).  EKG revealed monomorphic sustained 
VT which was left bundle inferior axis that spontaneously changed into sustained VT which was right 
bundle superior axis. This was suggestive of an outflow tract VT transforming into a VT probably re-
lated to reentry from LV scar. The patient was transferred to our university for VT ablation. However, 
further investigation revealed amiodarone induced hyperthyroidism which was the cause of his ven-
tricular tachycardia storm. Reversible causes of VT should be considered before proceeding with radio-
frequency ablation. 

Amiodarone Induced Thyrotoxicosis – Fluctuating 
RVOT and LV Scar VT

Jayasree Pillarisetti MD, Subba reddy Vanga MD, Dhanunjaya Lakkireddy MD.

Mid America Cardiology @ University of Kansas Hospitals, Kansas City, KS.
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That spontaneously changed into sustained VT at 
330 msec which was right bundle superior axis 
(VT2) (figure 1). This was suggestive of an outflow 
tract VT transforming into a reentrant LV scar VT. 
Further workup showed markedly reduced TSH 
levels at 0.01 IU/ and elevated free T4 at 5 ng/dL in-
dicating  hyperthyroidism.  Hyperthyroidism was 
most likely induced by amiodarone and was a re-
versible cause for his VT storm. All the VT episodes 
were always VT1morphology converting  into 
VT2. We suspected that hyperthyroidism could 
be the precipitating factor in initiating VT1 (out-
flow tract origin) which in turn initiated VT2 that 
was more suggestive of  reentry VT from LV scar. 

Amiodarone was then held, beta blockade was in-
creased and endocrinology was consulted. They 
started him on propylthiouracil (PTU) 200mg three 
times daily. The decision was made to treat his hy-
perthyroidism before considering radiofrequency 
ablation of his VT. VT frequency dramatically de-
creased within 12 hours of initiating propranolol 
and PTU. Patient continued to have nonsustained 
runs of VT2 and was restarted on amiodarone 
at a low dose of 200mg daily after consultation 
with endocrinology. After 6 weeks of follow 
up his TSH and free T4 levels remained slightly 
above the normal range and he was switched to 
quinidine 300mg BID and mexilitine 200mg BID. 
At six months follow up no more VT was noted.

Discussion

Our patient presented in RVOT VT which sub-
sequently kept fluctuating to a mid LV posterior 
break out consistent with the patients underlying 
LV scar. Most likely, Amiodarone induced thyro-
toxicosis caused the RVOT VT and also provided 
the necessary trigger to sustain a VT circuit on 
the left side related to the scar. Suppression of 
the thyroid with drugs essentially removed the 
VT trigger and patient became arrhythmia free.

Few case reports have mentioned the change in 
morphologies of VT in different circumstances. 
One case report showed the change in axis dur-
ing radiofrequency ablation from RBBB left axis 
to RBBB right axis. Another case reported alter-
nate beats of different morphologies, LBBB with 
superior axis converting to LBBB with inferior 
axis produced by two different pathways with 
different refractory periods.1,2 Our case was simi-
lar where LBBB with inferior axis converted into 
RBBB with superior axis.

Amiodarone is a known cause of hyperthyroid-
ism in 1%-23% of patients.3 In a Japanese study 
31% of the patients with amiodarone induced 
hyperthyroidism (AIH) developed ventricular 
tachyarrhythmias compared to 3% when they 
were euthyroid.4 Hence it is important to have 
strict thyroid surveillance on a regular basis after 
initiating amiodarone. In our case the patient’s 
only presentation of AIH was VT storm. Therapy 
for AIH should be individualized on a case by 
case basis. Because amiodarone has a long elimi-

 www.jafib.com 8 Feb-Mar, 2013 | Vol 5 | Issue 5

Journal of Atrial Fibrillation Case  Report                 

Figure 1 : EKG Demonstrating RVOT VT (VT1) Converting into Scar VT with Right Bundle Superior Axis (VT2)



nation half-life, discontinuation of the drug may 
not immediately resolve the thyrotoxicosis. Often, 
anti-thyroid medication is given in conjunction 
with continued amiodarone in case of recalcitrant 
arrhythmias.5

Though ablation can be a curative treatment of VT 
in some cases, potentially reversible conditions 
causing VT should always be excluded. Our case 
represents one of the best examples of iatrogenic 
VT which could have been easily diagnosed and 
treated prior to considering ablation. 

Conclusions

Reversible causes of VT should be considered be-
fore proceeding with radiofrequency ablation.

Disclosures 

No disclosures relevant to this article were made 

by the authors. 
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Abstract

Background: Atrial fibrillation/flutter (AF) is the most common arrhythmia following coronary artery 
bypass grafting (CABG) and it increases morbidity and mortality associated with this procedure. The 
purpose of this study was to evaluate the predictability of this arrhythmia using previously identified 
risk factors and to assess the efficacy of recommended prophylactic beta blocker (BB) therapy in the pre-
vention of post CABG AF. 

Methods: We performed a retrospective chart analysis of consecutive patients undergoing elective CABG 
during 1 year period. Patients who developed new onset AF after the surgery were designated as cases 
and those who did not, as controls. 41 different variables were analyzed using Chi-square test and inde-
pendent sample t-test. Multivariate analysis was carried out using logistic regression model.

Results: 23% patients undergoing CABG developed AF during post-operative period. Statistically sig-
nificant differences were observed between the two groups in terms of age, use of peri-operative Aspirin 
(ASA), current smoking, previous history of AF, left atrial size, history of congestive heart failure (CHF) 
and brain natriuretic peptide (BNP) levels. In terms of prophylactic therapy, preoperative BB did not in-
dependently protect against post CABG AF. On multivariate analysis, only age, use of ASA and previous 
history of AF remained as independent predictors of post CABG AF.

Conclusion: In our study population, the use of preoperative BB  did not independently decrease the risk 
of post-CABGAF. Age, peri-operative ASA use and previous history of AF remained strong independent 
predictors of post- operative AF.
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Introduction 

Atrial fibrillation/flutter (AF) is a common compli-
cation of coronary artery bypass grafting (CABG) 
with or without valve surgery that increases the 
morbidity, cost and the length of stay associated 

with this procedure.1,2 Post-CABG AF also identi-
fies a subset of patients with increased in-hospital 
and long-term mortality.1

The incidence of new onset post- CABG AF with-
out recommended prophylaxis is anywhere be-
tween 20 to 50% depending on the type of open 
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Study Design and Methodology
We performed a retrospective case control study 
of consecutive patients undergoing elective CABG 
with or without valve surgery during 1 year pe-
riod. The protocol was approved by our Institu-
tional Review Board (09/2007). Informed Consent 
was waived as this was a retrospective chart review 
study. 

All consecutive patients who had elective CABG 
(off-pump or on-pump) with or without valve sur-
gery between 1/1/06 and 12/31/06 were included in 
the study. Total of 247 patients were screened for in-
clusion. The patients who underwent isolated valve 
surgery (3 patients) and those who were in AF or 
other arrhythmia (13 patients) at the time of ,sur-
gery were excluded leaving 231 patients in the final 
analysis.

AF was defined as a rhythm with irregular QRS 
complexes without identifiable P waves.  Atrial 
flutter was defined as a rhythm with regular QRS 
complexes with flutter waves. All patients were 
monitored using 24 hour telemetry throughout the 
post-operative period.  AF was diagnosed on the 
review of EKG and telemetry strips and confirmed 
with physician’s notes. Postoperative period was 
defined as the time spent in the hospital after the 
open heart surgery.

The patients who either developed new onset post-
operative AF for more than 30 minutes in duration 
or had hemodynamic compromise due to AF epi-
sodes of any duration were designated as cases; and 
those who did not meet these criteria were desig-
nated as controls. The duration of 30 minutes was 
selected based on the previous studies and it seems 
appropriate as shorter lived episodes are likely 
clinically insignificant. Electronic and paper charts 
were reviewed to obtain the relevant data. We col-
lected detailed patient information with particular 
attention to demographics, the presence of previ-
ously documented risk factors for post- CABG AF, 
laboratory data including electrolytes, co-morbid-
ities, preoperative medications,  P-wave length on 
preoperative EKG, and , pertinent intra-operative 
and post-operative variables. These 41 different 
preoperative, and intra-operative  post-operative 
variables were derived from previous studies with 
similar objectives.

heart surgery i.e., CABG or the valve surgery.2-4

American Heart Association (AHA) and Ameri-
can College of Cardiology (ACC) 2006 and2011 
guide lines recommend preoperative or post-
operative oral BB (beta blocker) therapy for the 
prevention of post- CABG AF (Class 1a). Other 
recommended pharmacological prophylactic 
therapies include sotalol (Class IIb) and amioda-
rone (Class IIa).5, 6These guide- lines are mainly 
based on the results of previous studies and me-
ta-analyses which have shown that prophylactic 
BB significantly decrease the incidence of post- 
CABG AF as compared to the controls .7,8

However, several later studies failed to show the 
desired protective effect of BB against the devel-
opment of  post- CABG AF.9-11 Additionally the 
overall incidence of post- CABG AF is on the rise 
over the past few years.5

The risk factors predisposing to the development 
of post- operative AF have been identified in pre-
vious studies and include advanced age, previous 
history of AF, COPD (chronic obstructive pulmo-
nary disease), valvular heart disease, enlarged 
LA (left atrium), CHF (congestive heart failure),  
withdrawal of  BB or ACE (angiotensin convert-
ing enzyme) inhibitors ,4 on-pump CABG 12 obe-
sity,13 higher preoperative plasma concentration 
of BNP (brain natriuretic peptide) ,14 hypokale-
mia,15 hypomagnesemia,16 severe right coronary 
artery stenosis ,17 and preoperative increase in P 
wave duration on surface EKG (>116 msec) .18

As the techniques of CABG and the demographic 
features of the patients undergoing open heart 
surgery have evolved significantly over the last 
two decades, we decided to perform a retrospec-
tive study to confirm previously identified risk 
factors and the effectiveness of prophylactic BB 
therapy in the current era.

The purpose of this study is twofold

1. To evaluate the predictability of post-CABG
AF using previously identified risk factors.
2. To assess the efficacy of recommended prophy-
lactic BB therapy.



2nd and 4th post- operative day. On univariate 
analysis, risk factors for post- operative AF includ-
ed advanced age, previous history of AF, enlarged 
LA size (more than 4.5 cm diameter), history of 
CHF, elevated BNP levels (>500pg/ml), preopera-
tive BB or digoxin administration, and the absence 
of  peri-operative ASA (Table 1 and Graphs 1-6). 
According to these results, age, previous history 
of AF and the use of ASA were identified as the 
most significant predictors for the development of 
post- CABG AF. The mean age of the patients who 
developed AF was 72 +/- 9.2 years as compared 
to 64 +/- 11.5 years for that of controls (p-value < 
0.001). Additionally 28% of the cases had a history 
of AF as compared to only 2.8% for that of controls 
(p-value < 0.001). Similarly the use of ASA was as-
sociated with reduced incidence of post- CABG 
AF. Seventeen out of 33 patients (52%) who were 
not on ASA at the time of surgery developed AF 
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Table 1 Risk Factors for Post CABG AF

          Variables Post-op AF n=53 (%) No Post-op AF n=178 (%) p-value OR (95% CI) 

            Age, yrs (mean ± SD) 72 ± 9.2 64 ± 11.5 <0.001 3 (1.6 -5.8)
            Male sex 36(68) 123(69.1) 0.5 1.05 (0.55-2.0)
            Abnormal BNP 6 (11.3) 6 (3.4) 0.03 3.7 (1.1-11.9) 
            History of CHF 7 (13.2) 6 (3.4) 0.013 4.4 (1.4-13.6) 
            History of AF 15 (28.3) 5 (2.8) <0.001 13.6 (4.7-39.9) 

            EF ≤ 40 % 12 (22.6) 24 (13.5) 0.84 1.8 ( 0.8 4.0)

           Abnormal LA size  19 (38.8) 38 (23.5) 0.03 2 (1.1-4) 
           Pre-op Beta Blockers 35 (66) 87 (47.9) 0.02 2 (1.1-3.9) 
           Pre-op Digoxin 3 (5.7) 1 (0.6) 0.04 10.6 (1.1-104) 
          Off pump CABG 27(51) 97(54) 0.649 1.1 (0.6-2.1)
          CABG plus AVR 4(7.5) 7(4) 0.23 2(0.56-7.0)
          Clamp time (min± SD ) 72.8 ± 51.5 68.9 ± 30.5 0.42 1.0 (0.9-1.01)
          Number of Anastomoses 3.3 ±1.2 3.7 ±1.1 0.1 0.82 (0.6-1.07)
          Acitve Smoking 25(48) 113(64) 0.028 0.5 (0.27-0.96)
           Hypertension 42(79) 127(72) 0.168 1.5(0.73-3.2)
           Dyslipidemia 36(68) 124(70) 0.46 0.9(0.5-1.8)
           Diabetes mellitus 15(28) 55(31) 0.429 0.9(0.45-1.74)
            COPD 5(9.4) 16(9) 0.55 1(0.37-3)
             CAD 22(42) 73(41) 0.55 1(0.54-1.9)
             Pre-op Statin 29(56) 103(59) 0.40 0.9(0.5-1.6)
             ASA 34(67) 160(91) <0.001 0.2 (0.09-0.44)
            Pre-op ACEI/ARB 23(47) 97(55) 0.197 0.7(0.39-1.35)

*Patients received ASA on the morning of surgery and within 24 hours after arrival to SICU, †All patients on pre-operative BB
received 1st postoperative dose within 24 hours of surgery

Statistical Analysis

The data were gathered by two researchers (MFK 
and AH) separately which was later checked and 
corrected for any discrepancies.  It was initially re-
corded in Microsoft excel 2007 and subsequently 
entered into SPSS for further analysis.

Categorical variables were analyzed using Chi-
square test and Fisher’s Exact test, whereas Con-
tinuous variables were expressed as mean +/- SD 
(standard deviation) and were analyzed using 
independent sample t-test. Statistical significance 
was defined as a p-value of <0.05. Multivariate 
analysis was carried out using step wise Logistic re-
gression model. Variables seeming to predict post 
CABG AF on the univariate analysis were included 
in the Logistic regression model. All the statistical 
analysis was carried out using SPSS. (Chicago, IL. 
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Figure: Graphs 1-6: Analysis of Individual Risk Factors Except BB and Digoxin (Univariate Analysis)              

For history of AF: p-value < 0.001, OR 13.6 and 95% CI (4.6-39.8), For ASA : p-value <  0.001, OR 0.2 and 95% CI (0.09-0.44), 
For history of CHF: p-value = 0.013, OR 4.3 and 95% CI (1.4-13.6), For LA size >4.5 cm: p-value = 0.029, OR 2 and 95% CI (1.04-
4.0), For Smkores: p-value = 0.028, OR 0.5 and 95% CI (0.27-0.96), For BNP >500: p-value = 0.03, OR 3.6 and 95% CI (1.1-11.8) 



in terms of other co-morbidities. Despite more cas-
es being on preoperative BB, they were older, had 
higher incidence of history of AF, history of CAD, 
higher rate of previous CABG, HTN and dyslipid-
emia, all of which are well known risk factors for 
AF. The difference, in incidence of post- CABG AF 
between these two groups, did not remain statisti-
cally significant after adjustment of these risk fac-
tors with logistic regression model. 

Regarding other anti-arrhythmics, eleven out of 
231(5%) patients were on amiodarone preopera-
tively. Four out of 53 patients (7.5%) who devel-
oped post-CABG AF while seven out of 178 pa-
tients (4%) who did not develop AF were taking 
preoperative amiodarone. Postoperative amioda-
rone was used in 30 patients who developed post 
CABG AF while diltiazem was used in 18 patients 
who developed post-operative AF.    

Discussion

Post-operative AF affects up to 40 % of the 500,000 
patients per year undergoing CABG and results in 
$10,055  increase in cost per patient with incremen-
tal cost of about $2 billion annually.19 It increases 
the length of stay by 4 to 5 days and indentifies 
a subset of patients with increased risk of strokes 
and in-hospital and long term mortality.1,4,19

Although the exact mechanisms leading to the de-
velopment of post- CABG AF are not entirely clear, 
however several studies indicate that increased 
level of oxidative stress secondary to ischemia,20, 

21 heightened sympathetic tone,22,23 abnormal atrial 
conduction 24,25 and inflammation 26 associated with 
CABG leads to post-operative AF. Bruins   et al 27 

found maximum levels of inflammatory markers 
including CRP (C-reactive protein) on the second 
post- CABG day correlating with the occurrence 
of arrhythmias on the same day. Another study 
found a significant association between new onset 
AF and the elevation of white blood cell counts in 
post- CABG period.28 On- pump CABG has been 
associated with higher incidence of post- operative 
AF due to higher levels of inflammation resulting 
from cardiopulmonary bypass .12 In our study a 
direct relationship between the markers of inflam-
mation and post-operative AF was not evaluated, 
however, indirectly there was no difference in the 
incidence of AF between OP-CABG and on- pump 
CABG.
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as compared to 34 out of 194 (18%) who devel-
oped AF  were taking ASA at the time of surgery 
(p-value<0.001) (ASA use could not be confirmed 
for 4 patients). Use of logistic regression model 
showed that advanced Age (>70 years) OR (odds 
ratio) of 1.06 (p-value=0.007, 95% CI, 1.015-1.102), 
previous history of AF OR of 5.0 (p-value=0.015, 
95% CI, 1.37-17.57) and the use of peri-operative 
ASA OR of 0.35 (p-value=0.03, 95% CI, 0.13-0.91) 
independently predicted the development of 
post CABG AF. 

One twenty four out of 231 patients underwent 
off-pump (OP) CABG while remaining 107 pa-
tients had on-pump CABG. The incidence of 
post-CABG AF in patients with OP-CABG and 
on-pump CABG was 22% and 24% respectively 
but this difference was not statistically different 
between the two groups.

In terms of prophylactic therapy, on univariate 
analysis, preoperative BB administration appears 
to be associated with higher incidence of post- 
CABG AF. In this study group, 122/231 (52.8%) 
of the patients entered into the surgery on oral 
BB. 70 % of the patients were taking metoprolol 
tartrate or succinate, 24.5% were taking ateno-
lol and the rest were on carvedilol, propranolol 
or  labetolol. The remaining 109/231 (47.18%) of 
the patients did not get preoperative BB due to 
various contraindications including broncho-
spasm, bradycardia, hypotension or the use of 
other AV nodal blocking/anti arrhythmic agents. 
However, 101 out of 109 patients were ultimately 
started on BB in the post-operative period before 
the discharge. The typical starting time for new 
post- operative BB therapy was after 2nd post- 
operative day, so these were not considered as 
prophylactic for the prevention of post- opera-
tive AF. 

To further clarify relationship between preopera-
tive BB use and post- CABG AF, we performed a 
secondary analysis to compare patients with BB 
prophylaxis to those without prophylaxis. 

This sub-analysis (Table 2) showed that 35 of 122 
(28.6%) developed AF while on prophylactic BB 
whereas only 18 of 109 (16.5%) developed post-
operative AF in the absence of preoperative BB 
(p-value<0.05). However, these two groups had 
statistically significant differences between them 
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A role of ASA in the prevention of post CABG 
AF has not been determined due to the lack of 
literature in this regard. Risk factors for the de-
velopment of post- CABG AF has been very well 
studied however protective effects of ASA against 
post-operative AF have never been documented 
and ours is the first study to show this association. 

The underlying mechanisms for this protection 
against post- CABG AF are not entirely clear. As 
mentioned above, onset of post- CABG AF has 
been shown to be associated with higher levels 
of peri-operative inflammation, oxidative stress 
and ischemia; it is quite possible that ASA by vir-
tue of its anti-inflammatory and anti-ischemic ef-
fects may offer additional protection against AF. 
Furthermore, ASA, even in a lower dose inhibits 
cyclo-oxygenase enzyme resulting in an anti-
thrombotic state due to decreased production of 
thromboxane A2. Similarly, steroids, which exert 
anti-inflammatory effects by inhibiting initial step 
in the same pathway (Phospholipase A2),; and 
other NSAIDs have been shown to protect against 
post- CABG AF. 4,36 

Certain variables including large LA size, history 
of CHF and elevated BNP levels which appeared 
to predict post- CABG AF on univariate analysis, 

Age has been consistently shown as the most sig-
nificant risk factor for post-CABG AF,4 confirmed 
by this study as well. In a study of 915 patients 
who underwent isolated valve surgeries, the risk 
of development of post-operative AF increased 
with each decade of life (odds ratio of 1.51 per 
decade).29 The reasons for this predisposition are 
not entirely clear, however advanced age related 
changes in the atria including fibrosis, increased 
collagen content and loss of the atrial muscle mass 
appear to predispose to AF. 7, 30 

Similar to earlier studies,4 previous history of AF 
was also confirmed as one of the stronger predis-
posing factors for the development of post- CABG 
AF. Patients with a previous history of AF likely 
have underlying atrial abnormalities which are 
exacerbated by the insults from cardiac surgery, 
resulting in the recurrence of this arrhythmia. 

Use of ASA in the peri-operative period has been 
an area of controversy till 2004-2005 when major 
guidelines strongly recommended the use of ASA 
before and after the CABG. 31,32,33 Beneficial effects 
of ASA in CABG patients include reduced inpa-
tient mortality, lower risk of peri-opearitve MI 
and stroke .34,35 

Table 2 Comparison of Patients with BB Prophylaxis Versus without Prophylaxis

Variable Prophylactic BB (122) No Prophylactic BB (109) p- value (2 Sided)
Age, yrs (mean ± SD) 67.34 ± 10.6 64.3 ± 12.2 0.041
Abnormal BNP 7 5 0.77
EF <40% 16 20 0.28
Post op AF 35 18 0.029
CABG + AVR 5 6 0.9
Preoperative Digoxin 2 2 1
Anti-arrhythmic drugs 5 6 0.9
Statin 91 41 <0.001
Previous CABG 5 0 <0.001
History of AF 18 2 <0.001
CHF 7 6 1
CAD 60 35 0.008
COPD 11 10 1
Dyslipidemia 97 63 <0.001
HTN 105 64 <0.001
Smoking 69 69 0.3
Sex (male) 78 81 1
Death 2 2 1



have been confirmed in previous studies as well. 
On the other hand, we could not confirm few of 
the previously known risk factors like male gen-
der, HTN, peripheral vascular disease, CAD, du-
rationlength of aortic cross clamp time, number of 
anastomoses and COPD as the predictors of post- 
CABG AF in our population. Surprisingly, for un-
known reasons, active smoking seems to be asso-
ciated with lower incidence of post- CABG AF; a 
finding shown by other authors as well.13

Preoperative BB are routinely recommended for 
the prevention of post- CABG AF, however these 
agents have failed to show consistency among 
several previous studies.9-11,37,38 ACC/AHA recom-
mendation of starting BB as a prophylactic therapy 
for post- CABG AF is mainly based on the results 
of three meta-analyses. 7,8,39 Majority of the ran-
domized controlled trials (RCTs) included in these 
analyses were conducted in 1980s,  predating the 
major advancements in techniques and protocols 
of CABG and the medical management of CAD. 
And  there are several obvious differences between 
those RCTs and our study which could explain the 
relative inefficacy of preoperative BB found in this 
analysis. In many of the previous RCTs, patients 
with moderate to severe CHF (LVEF < 40%), histo-
ry of arrhythmias, severe COPD, combined CABG 
and valve surgery, were excluded. 37,40-46 Exclusion 
of these known risk factors for post- operative AF 
might have led to underestimation of AF incidence 
and possible overestimation of the protective abil-
ity of prophylactic BB. On the other hand, sub-
group analysis of our study population confirms 
that as compared to no- preoperative BB group, 
patient who were taking preoperative BB were ac-
tually at higher risk for developing post- operative 
AF (higher rates of known AF risk factors) which 
partially explains the relative inefficacy of prophy-
lactic BB.

In most of the previous studies, authors compared 
patients who were continued on post-operative 
BB to those patients whose BB were discontinued 
post-operatively. 70-100% of these patients (pro-
phylactic and control groups) were taking preop-
erative BB, 41,44,46-52 and the abrupt discontinuation 
of BB in the control groups created a BB with-
drawal phenomenon. BB withdrawal has been ex-
tensively studied and is well known to cause AF. 
2,4,19,24,53 So, results of such studies likely represent 

the effects of BB withdrawal rather than the true 
magnitude of protection offered by the prophylac-
tic BB. The withdrawal effect is more prominent 
with agents of shorter half- life like propranolol,54 
which was the most commonly used prophylactic 
BB in previous RCTs. meta-analyses .37,38,42,45,48,50,51,55-

57 This withdrawal phenomenon has been shown 
to last for 8-13 days ,40 which means that preopera-
tive discontinuation of a BB (withine seven days 
before the surgery) in a patient  to be enrolled in an 
RCT may create a BB withdrawal state in the post- 
operative period.  Abrupt discontinuation of BB 
results in rebound increase in sympathetic activity 
which may predispose to post- operative AF .23,24, 58

The mean age of our study group is is higher 
than the mean ages of the study populations of 
the most of the previous trials. 37,38,41-52,55-57 Age has 
been shown to be the most significant risk factor 
for post CABG AF. Advanced age of the patients in 
our study group may partially explain the relative 
ineffectiveness of BB.

Further RCTs with elimination of BB withdrawal 
are needed in this era of advanced techniques of 
CABG to prove prophylactic efficacy of BB against 
AF.

Limitations

In addition to usual limitations of a retrospec-
tive study there are several other shortcomings to 
these results. We studied only a limited number 
of patients at one cardiac surgery center and the 
data and population characteristics might not re-
flect other facilities, thus results cannot be gener-
alized to other cardiac surgery centers in the US. 
Incidence of supra-ventricular arrhythmias other 
than AF was not studied. During the study period, 
three surgeons independently performed CABG 
and/or valve surgeries and the data was not cor-
rected for the performance of an individual sur-
geon. The exact timing of administration of the 
drugs (especially BB or ASA) in the postoperative 
period was not known, however per the protocol, 
patients (already on BB or ASA) were supposed 
to get their medications within 24 hours of SICU 
arrival. Regarding prophylactic BB use,  it is pos-
sible that we could not find the desired protective 
effect due to a small sample size. The relationship 
between the dosages of BBs and the incidence of 
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post- CABG AF was not evaluated in this study.  
Similarly we did not evaluate the relationship be-
tween ASA dose (81mg vs. 325mg) and AF protec-
tion. Retrospective nature of this study along with 
smaller number of patients predispose to a selec-
tion bias which cannot be completely eliminated 
even with logistic regression model. 

Conclusions

In this analysis, we confirmed advanced age, the 
use of peri-reoperative ASA and a previous the 
history of AF as the strongest predictors of post- 
CABG AF.  Further RCTs are needed to confirm 
the efficacy of prophylactic BB in higher risk 
patients of this era. In accordance with current 
guidelines, we strongly suggest continuing peri-
operative ASA, as in addition to other benefits, it 
appears to protect against AF; however this find-
ing needs to be confirmed in larger studies.
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Abstract 

Aim: The aim of this systematic literature review and meta-analyses was to explore the relationship be-
tween physical activity and risk of new-onset atrial fibrillation (AF) or flutter (AFlu).

Results: The search revealed 10 published studies that were eligible for three different meta-analyses. A 
meta-analysis of six case-control studies showed that risk of AF increased more than 5-fold in athletes 
compared to non-athletic controls, OR=5.3 [(3.6, 7.9; 95% confidence interval (CI)], p<0.0001. A second me-
ta-analysis of three case-control studies showed a significantly higher prevalence of athletes among AF 
populations compared to their healthy controls, OR=4.7 (3.1-6.9; 95% CI), p<0.0001. A third meta-analysis 
of three prospective large-scale long-term studies showed that moderate/high habitual physical activity 
was associated with significantly reduced risk of AF compared with none or very low intensity physical 
activity OR=0.89(0.83, 0.96; 95% CI), p=002.

Conclusions: Long-term vigorous physical training or lack of physical activity both are associated with 
increased risk of AF, while habitual moderate physical activity may be associated with reduced risk. Fur-
ther large-scale prospective randomized controlled studies particularly in athletes are needed to further 
confirm these findings.

failure and up to 2-5% annual mortality.2 Several 
case-control studies and a meta-analysis thereof 
have reported a substantially increased risk of AF 
among athletes after long-term vigorous training.3 
However, this finding contradicts the general con-
cept stating that regular exercise is beneficial for 
health and may reduce hazards of cardiovascular 
morbidity and mortality.4,5 On the other hand, lack 
of physical activity and sedentary life style might 
be associated with adverse health problems and in-
creased risk of AF as well. In the context of two ex-
treme paradigms of vigorous physical activity and 
lack of physical activity, it has also been suggested 

Introduction

Atrial fibrillation (AF) is the most common ar-
rhythmia observed in the clinical practice. The 
prevalence of AF in the developed countries has 
been estimated to about 1.5 -2.0% of the general 
population.1  The recognized risk factors that may 
be responsible for AF include age, hypertension, 
left ventricular hypertrophy, left atrial dilatation, 
low left ventricular ejection fraction, diabetes and 
hyperthyroidism.1 AF is frequently accompanied 
by atrial flutter (AFlu) and is associated with a 
five-fold risk of stroke, a three-fold risk of heart 



that chronic or habitual moderate physical activ-
ity may be associated with reduced risk of AF.6,7 
Apparently, the relationship between physical ac-
tivity and development of AF is rather complex 
and displays paradoxical aspects of how physical 
activity may modify risk of AF. Furthermore, it is 
important for millions of healthy people, particu-
larly athletes, to understand the impact of physi-
cal activity on risk of AF and other cardiovascular 
morbidity and mortality. Accordingly, it is essen-
tial to highlight the evidence-based findings con-
cerning the likely beneficial and adverse effects 
of heavy or moderate long-term physical activ-
ity on risk of new-onset AF in different groups of 
the general population. In spite of the limited lit-
erature, this updated literature review since our 
publication of a meta-analysis in 2009,3 intended 
to add newly published studies and analyze the 
possible link between AF and different degrees of 
physical training.

Methods

We searched in the large electronic databases 
Pubmed, EMBASE and Cochrane for all available 
studies reporting events of AF in athletes or per-
sons practicing vigorous exercise compared with 
non-athletes. We have also searched for stud-
ies examining the effect of high physical activity 
compared with low or no activity. The search was 
conducted up to December 2012. The following 
keywords were used: AF, arrhythmia combined 
with athlete, sports, physical activity, endurance 
and exercise. References of the retrieved papers 
and papers published by expert authors were also 
screened for eligible studies.

Study Eligibility

We considered three types of studies eligible for 
inclusion and meta-analyses:

1. Case–control studies reporting number of inci-
dental AF or AFlu in athletes compared with non-
athletes. We included AFlu events as well because
AFlu may often accompany AF. Studies on athlet-
ic populations reporting arrhythmias/AF without
controls or those that have reported other types
of arrhythmias but no AF or AFlu were excluded.
2. Studies examining prevalence of athletes in con-
secutive populations with AF compared with con-

trols without AF.
3. Studies examining physical activities in the
general population in order to compare high ver-
sus none or low-moderate intensity of physical
activity.

Data Extraction and Synthesis

Numbers of patients with AF in athletes and con-
trols were extracted from each study.Numbers 
of athletes in groups with AF versus those with-
out were extracted as well.All authors (J.R.N. 
and K.W. and J.A.) contributed to the searching 
process, study evaluation and data extraction 
independently and any conflict was resolved by 
open consensus. J.A. was the adjudicating au-
thor. J.A. is senior cardiologist with more than 
15 years of experience with systematic reviews 
and meta-analyses and epidemiological studies.

Statistics

The reported numbers of AF and AFlu events in 
athletes compared with the numbers of controls 
were pooled together providing the overall odds 
ratio (OR) with 95% confidence interval (CI) for 
AF in the athletic population. Similarly, we com-
bined the studies reporting numbers of athletes 
in populations with AF versus controls without 
AF. By the same method AF events in the physi-
cal activity groups of the general population 
were compared. We compared the high intensi-
ty physical activity group with each of the four 
groups, which were comparable in two included 
studies.6,7 In the study by Frost the high intensity 
group was compared with only three groups.8 

We used weighted fixed or random effects model 
depending on data heterogeneity and size of stud-
ies.Heterogeneity was tested using X2 method 
(with a p-value of 0.05 considered significant) and 
I2 statistic. The I2 (measured as 0–100%) indicates 
the percentage of variation in the study results 
attributed to between-study heterogeneity rather 
than sampling error. A value of I2 exceeding 20% 
was considered significant. For the estimated 
overall OR, a p-value of 0.05 and a Z-score of 2 
were considered significant. Meta-analysis pack-
age of the statistic software program STATA ver-
sion 12 (STATA Corporation, Lakeway Drive, Col-
lege Station, TX, USA) was used for all analyses.
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Results

Search Results

The electronic search resulted in detection of 4097 
hits. A further manual search resulted in detection 
of 271 references. After exclusion by titles and ab-
stracts, 21 full-text studies were retrieved for inclu-
sion. Eleven studies did not provide relevant data 
and were excluded. Finally, 10 studies met inclu-
sion criteria and were selected to meta-analysis. 

Study and Patient Characteristics

Six case-control studies comparing number of AF 
events in each group (Athletes n=655 versus con-
trols n=895) were included in the meta-analysis .9-14 
Patient characteristics have been described previ-
ously.3 Three case-control studies provided data 
concerning the number of athletes participating 
in different types of sports and identified in popu-
lations with AF (n=210) versus matched controls 
without AF (n=320).9,13,15. One of these studies ex-
amined exclusively patients with AFlu.15

Three prospective large-scale long-term studies 
provided comparative data concerning the differ-
ent intensity levels of physical activities in general 
populations.6,7 The study by Frost8 included 38.400 
persons, who were divided in four groups: seden-
tary sitting position, sedentary in standing position, 
light and heavy work. Patients fulfilled a question-
naire for work and leisure-time physical activities 
(sports during summer and winter). The study by 
Mozaffarian included (n=5.446) adults ≥65 years 
[6], while the study by Everett included (n=34.759) 
adult women.7 The two latter studies had stratified 
the included populations into five subgroups ac-
cording to incremental levels of physical activity: 
none or very low intensity, low intensity, moder-
ate intensity, moderate-high intensity and high in-
tensity physical activity.The populations of these 
three studies were not athletes, therefore they 
were analyzed separately. Finally, a prospective 
study by Azier et al. had similar design and long 
follow-up but this study did not provide numbers 
of AF events in each subgroup therefore it was ex-
cluded from the meta-analysis.16

Definition of Athletes and Habitual Physical 
Activities in the Included Studies

Athletes in the included studies were defined 
as persons participating in competitive sport 
as young adults through several decades up 
to older age.The habitual or leisure time physi-
cal activities were reported either as Minne-
sota Leisure-time Activities questionnaire6 or 
a questionnaire reporting the different activi-
ties: walking, jogging, bicycling, dance, swim-
ming, weight lifting, and yoga or stretching.7 

Results of the Meta-Analyses

The meta-analysis of the six case-control studies 
showed an increased risk of AF in athletes com-
pared with controls with OR=5.3 (3.6-7.9; CI 95%), 
p<0.0001. These studies were homogeneous with 
insignificant p=0.63 for heterogeneity and with 
insignificant variation with I2=0% (fig.1).

The meta-analysis of three studies comparing 
numbers (prevalence) of athletes in patients with 
AF versus their matched healthy controls showed 
a significant increased prevalence of athletes 
among patients with AF OR=4.7 (3.13- 6.9; 95% 
CI), p<0.0001. The combined studies were homo-
geneous with p=0.36 for heterogeneity and insig-
nificant variation of I2=0% (fig.2).

Combining the three large-scale and long-term 
studies comparing the incremental intensities 
of physical activities stratified in five subgroups 
(none, low, moderate, moderate-high and high 
intensity physical activity) showed that high 
intensity physical activity was associated with 
11% reduced risk of AF, OR=0.89(0.83-0.96; 95% 
CI), p<0.0001 (fig.3). The risk reduction was even 
higher when comparing high physical activity 
subgroup was compared with those with none 
physical activity [OR=0.78(0.68-0.89; CI 95%)], 
p=0.007. A comparison of the high physical ac-
tivity with either low-moderate physical activity 
[OR=0.92(0.80-1.05; CI 95%)], p=0.22 or moder-
ate physical activity [OR=1.01(0.88-1.17; 95%CI)], 
p=0.86, did not show any significant difference. 
The included studies were heterogeneous with 
p=0.002 for heterogeneity and with a significant 
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variation I2=70% (fig.3).Despite heterogeneity, the 
analysis was run using fixed effects model in or-
der to maintain study weights.

Discussion

The results of this review and meta-analyses cov-
ered several aspects of the impact of physical 
activity on risk of AF. The case-controls studies 
demonstrated that vigorous exertion conferred a 
substantial increased risk of AF/AFlu in athletes 
(fig.1). An additional meta-analysis of studies pro-
viding the prevalence of athletes in populations 
with AF/AFlu compared to controls supported 
also the outcome of higher prevalence of athletes 
among AF patients (fig.2). A meta-analysis of three 
prospective large-scale studies showed increased 
risk of AF in populations with none or very low 
physical activity, while habitual moderate/high 
physical activity was associated with substantial 
reduction of risk of AF (fig.3). These findings il-
lustrated the relationship between physical ac-
tivity and risk of AF and suggested a U-shaped 
relationship between physical activity and risk of 
new-onset AF.

A prospective large-scale study by Aizer et al ,16 

which was excluded from the current meta-anal-
ysis, examined the risk of AF in 16.921 physicians 
divided into five groups of incremental intensity 

of physical activity levels. The study was conduct-
ed in a similar design as the studies by Mozaffarian 
and Everett 6,7. Aizer et al concluded that there were 
no significant differences among the five groups 
concerning the risk of AF. However, in subgroup 
analyses a significant increased risk of AF was ob-
served among men younger than 50 years and in 
joggers. Accordingly, the results of this study sup-
ported also the previously mentioned relationship 
between vigorous training and risk of AF.

Different pathophysiological mechanisms might 
play important role in the long-term impact of 
physical activity on general health, cardiovascular 
morbidity and in particular risk of developing of 
new-onset AF. The long-term structural and physi-
ological remodeling that occur in athletes and sed-
entary persons’ hearts take obviously two different 
pathways but both might potentially encourage 
AF/AFlu.17 This may depends on changes of the 
geometric pattern that myocardium and coronary 
arteries undergo and pave the way for development 
of arrhythmic substrates. 18 In the athletic heart, 
ventricular hypertrophy and dilatation, atrial dila-
tation and increased parasympathetic vagal tone 
and lower heart rate have been suggested as the 
most likely etiology of arrhythmias. 19-21 On the oth-
er end, sedentary life style associated with minimal 
physical activity can lead to obesity, hypertension, 
diabetes, coronary artery disease and increased 
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Figure 1:  Meta-Analysis of Lone Atrial Fibrillation Risk in Athletes Compared with Non-Athletes



ing and swimming, may be more beneficial as these 
types of athletes may comprise greatest structural 
and functional cardiac remodeling.

The evaluation of risk of AF in athlete women com-
pared to men is still lacking due to the fact that the 
vast majority of the participants in the published 
studies constituted of men. However, the correla-
tion between physical activity and risk of AF was 
evaluated in the study by Everett et al that exclu-
sively included women.7 This study showed that 
in women who achieved 7.5MET-h/week of physi-
cal activity the risk of AF was lower compared to 
those who did not. Another study by Frost8 that 
provided data on men and women showed no dif-
ference in the risk of AF between men and women 
experiencing none, light or heavy physical activi-
ties.This indicates that the pattern of relationship 
of physical activity and risk of AF in women may 
most likely be similar to men, nevertheless, inde-
pendent data in athletic women are still needed to 
further elucidate this issue.

Aizer et al 16 showed that jogging –a relatively 
vigorous sport– compared to less vigorous activi-
ties was associated with increased risk of AF. Most 
of the studies included mixed athletic populations 
or mixed physical activities of several types, but 
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heart rate that can in turn lead to increased risk 
of AF. In this context, it is reasonable to state that 
habitual high/moderate physical activity may be 
able to reduce the risk of AF by minimizing the 
aforementioned precipitating factors. 22-26

Age is an independent factor for development of 
new-onset AF and the prevalence of AF increases 
sharply by aging. 1 However, by aging the co-
morbidities also augment and it may become dif-
ficult to distinguish the precise etiology of AF in 
older persons. In younger healthy adults new-on-
set AF is rare and it may also be difficult to define 
the exact etiology. Interestingly, Mozafarrain et al 
6 showed that leisure-time physical activities was 
associated with reduced risk of AF in adults older 
than 65 years. Conversely, in the study by Aizer et 
al 16 this risk increased in young middle-age men 
and joggers. This might be explained by the fact 
that younger men have tendency to exercise more 
vigorously and thus comprise a higher risk of AF. 
Although the current data and analyses support 
the higher prevalence of lone AF in young ath-
letes, this debate will continue until future stud-
ies explore the pathphysiological, clinical back-
ground and possibly even the genetic aspects of 
AF. In this regard new studies focusing on young 
athletes, training competitive sports such as row-

Figure 2:  Results of the Meta-Analysis of Studies Comparing Number (Prevalence) of Athletes in Populations with Atrial 
Fibrillation (AF) Versus Matched Controls without AF



no further subgroup analyses were performed in 
order to explore the differences. Most likely, the 
intensity and not the type of the physical exertion 
may be the cause of increased risk of arrhythmias. 
Nevertheless, dynamic sport types may be more 
vigorous and may elevate the risk of arrhythmias 
more than static types. In this regard, comparative 
analyses are required to confirm this hypothesis. 
We speculate that the U-shaped relationship may 
be due to increased afterload and other hemody-
namic consequences of increased blood pressure 
burden in sedentary but also high intensity vigor-
ous every-day exercise.

Concerning survival analyses, only two of the in-
cluded studies in this meta-analysis had followed 
up patients for all-cause mortality. Karjalainen et 
al 11 found significantly lower mortality rate and 

fewer cases of coronary artery disease in athletes 
compared with controls. Baldesberger et al 14 found 
no significant difference in mortality between ath-
letes and controls. Thus, despite the higher preva-
lence of AF which is a promoting cause of death, 
the results of these studies may indicate that AF 
in athletes is not necessarily associated with in-
creased death. Presumably, the beneficial effects 
of physical training on health and cardiovascular 
risks can offset the adverse risks of AF.

Limitations

The results of these meta-analyses should be in-
terpreted cautiously. The included studies in ath-
letic populations were of small size and not of 
randomized controlled nature. Accordingly, se-
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Figure 3: Meta-Analysis of High Intensity Physical Activity (PA) Group Compared to None, Low, Moderate and Moderate-High 
Physical Activity Groups

lection bias is likely. The leisure-time physical ac-
tivity studies were heterogeneous in baseline and 
represented specific groups of the general popula-

tions like older people above 65 years or women. 
Confounding co-morbidities might have contrib-
uted with significant bias. Exclusion of the study 



by Aizer et al 16 may have contributed with bias. 
Despite our systematic search publications bias is 
still likely. 

Conclusions

Based on the results of this review, long-term vig-
orous exertion may be associated with AF/AFlu in 
athletes. An increased mortality and morbidity in 
athletes has not been found but future large-scale 
longitudinal studies are needed to follow up all-
cause mortality, cardiac mortality, stroke and hos-
pitalization due to AF. Lack of habitual physical 
activity may also be correlated to increased risk 
of AF, while active life-style with high/moderate 
physical activity seems to be beneficial and is as-
sociated with lower risk of AF. Overall, it seems 
that physical activity and the risk of AF have a U-
formed relationship.
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Introduction

Catheter ablation has evolved in recent years as 
one of the major therapeutic options for atrial fi-
brillation (AF), the commonest cardiac arrhythmia 
in clinical practice around the globe. Several abla-
tion strategies are currently available, each with 
its merits and limitations, the later being primar-
ily attributed to the complex pathophysiology of 
this multi-factorial disorder. Although AF itself is 
not a life-threatening condition, it greatly increas-
es the risk of stroke, heart failure and all-cause 
mortality.1 Additionally, it seriously impairs qual-
ity of life (QoL). Therefore, restoration and main-

tenance of sinus rhythm, prevention of thrombo-
embolic complications and improvement in QoL 
are the three main long-term outcome-measures 
of AF ablation. A number of factors influence 
ablation-outcome; one of those is metabolic syn-
drome (MS), a pro-inflammatory condition with 
a conglomeration of risk factors such as obesity, 
dyslipidemia, glucose intolerance, and hyperten-
sion.

Various organizations including World Health 
Organization (WHO) and Adult Treatment panel 
III (ATP III) have defined MS differently because 
of a lack of consensus on which components are 
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Abstract

Metabolic syndrome (MS), a pro-inflammatory state with hypertension, diabetes, dyslipidemia and obe-
sity is presumed to be a close associate of atrial fibrillation (AF). However, the exact mechanism by which 
MS facilitates perpetuation of AF is yet to be fully understood. Moreover, the impact of the components 
of MS as well as MS as a group, on ablation-outcome in AF is not clearly elucidated until now. This 
review has compiled the results from major studies that have looked into those risk factors and defined 
their significance in influencing ablation-outcome in AF. It has also overviewed the impact of life-style 
changes that might improve the success rate of AF-ablation by effectively addressing the different con-
stituents of MS.



fundamentally essential for the diagnosis. WHO 
defines insulin-resistance as a required compo-
nent for diagnosis of MS, although ATP III differs 
in considering it as a prerequisite for diagnosis.2 

All of the definitions nonetheless include the four 
major measures, e.g. hypertension, elevated glu-
cose level, obesity and dyslipidemia, to character-
ize MS.

Recent studies have not only documented a close 
association between MS and AF, but also have 
demonstrated MS to be an independent predictor 
of AF recurrence after catheter ablation.3, 4

This review examines major evidences on the cor-
relation of different components of MS and MS as 
a composite model with long-term outcome in AF 

ablation. Additionally, it also overviews the im-
pact of life-style changes that might improve the 
success rate of AF-ablation by effectively address-
ing different risk-factors of MS.

Association of Different Components of MS 
with AF

Diabetes and Glycemic Derangement

Diabetes and AF often coexist. Inflammation and 
oxidative stress are implicated in both of these 
conditions, which indicate a causal link between 
the two.
Results from previous studies are contradictory in 
depicting a clear association between diabetes or 
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Table 1 Studies Evaluating Association of Diabetes with Atrial Fibrillation

First Author Year
Published Study Design Sample Size Conclusion

Benjamin (5) 1994
Cohort study
(Framingham 
Heart Study)

4731 Significant association of diabetes with risk for AF in 
both sexes (OR, 1.4 for men and 1.6 for women)

Ostgren (10) 2004
Cross-sectional 
observational 
study

No DM=597
DM=318

Age and sex-adjusted OR for AF were 3.3 ( 95% CI 
1.6–6.7) in combined hypertension and DM and 2.0 
(0.9–4.7) in DM only.

Movahed (7) 2004 Case-control No DM= 552,624
DM= 293,124

Diabetes independently associated with AF with an 
OR of 2.13, (95% CI: 2.10 to 2.16; p <0.0001) and flut-
ter (OR 2.20, CI: 2.15 to 2.26; p <0.0001)

Aksnes (9) 2008
Prospective, ran-
domized clinical 
trial (VALUE)

No DM=7874
New-onset DM=1252
DM at baseline=4634

Patients with new-onset DM had a significantly 
higher event rate of new-onset AF with a hazard 
ratio of 1.49 (1.14 to 1.94, p _ 0.0031) and more per-
sistent AF (hazard ratio 1.87, 1.28 to 2.74, p _ 0.0014) 
compared with patients without DM

Nichols (6) 2009 Observational-
cohort

No DM=7159
DM= 10,213

Diabetics without AF at baseline developed AF at 
a rate of 9.1 per 1000 person-years (95% CI 8.6-9.7) 
compared with a rate of 6.6 (95% CI 6.2-7.1) among 
non-diabetic patients

Dublin (8) 2010 Case-control No AF= 2,203
AF= 1,410

Adjusted OR for AF was 1.40 (95% CI 1.15-1.71) for 
people with treated diabetes compared to those 
without diabetes. Among those with treated dia-
betes, the risk of developing AF was 3% higher for 
each additional year of diabetes duration (95% CI 
1-6%)

Ruigomez (13) 2005 Observational PAF=525 No major association between DM and PAF (OR 0.9, 
95% CI 0.6–1.4)

Smith (14) 2010 Prospective 
cohort study 30,447

DM was not significantly associated with AF in ei-
ther men(HR 1.1, 95% CI = 0.84–1.59) or women (1.4, 
95% CI = 0.95–2.05)

Fontes (11) 2012
Cohort study
(Framingham 
Heart Study)

3023

Insulin resistance was not significantly associ-
ated with incident AF (hazard ratio comparing top 
quartile to other 3 quartiles of homeostatic model 
assessment index 1.18, 95% confidence interval 0.84 
to 1.65, p= 0.34).



elevated blood glucose and AF Many demonstrat-
ed a definite relation between the two,5-10 while 
others did not find any11-16 (Table 1).
Although the pathophysiologic link between dia-
betes and AF is yet to be clearly elucidated, stud-
ies that demonstrated an association credited it to 
inflammation promoting myocardial fibrosis and 
diastolic dysfunction, left atrial enlargement lead-
ing to development and propagation of re-entrant 
circuits, coronary microvascular disease with 
ischemia, metabolic stress, cardiac autonomic 
neuropathy, cardiomyopathy, and many systemic 
infections associated with diabetes that cause elec-
trolyte abnormalities leading to irritability of the 
myocardium and triggering of AF.6,7,8,9

Studies that did not detect any significant link be-
tween AF and diabetes speculated the following 
explanations; 1) younger age of the study popu-
lation with modest prevalence of cardiovascular 
risk factors, 2) components of MS might be need-
ing to act in concert rather than diabetes alone to 
predispose to AF, 3) the association of diabetes 
with AF being not independent of the effect of 
obesity, ischemic heart disease, hypertension and 
congestive heart failure and 4) lower prevalence of 
diabetes in the study population.11, 15, 16

In addition to its association with AF incidence, 
diabetes is a well-known independent predictor of 
stroke in AF patients.17-19 It is a prothrombotic state 
that favors left atrial thrombus formation.19 It not 
only increases the prevalence of stroke in AF pa-
tients, but also heightens the risk of fatal strokes in 
patients with diabetes than those without.18  There 
are indications that in diabetics there may be hy-
percoagulability of blood, decreased fibrinolytic 
activity and altered platelet function that might 
contribute toward thrombi formation. Addition-
ally, diabetic cardiomyopathy might lead to car-
diac dysfunction resulting in stasis of blood and 
thrombus formation.18

Inconsistent findings have been reported by ear-
lier studies regarding the relationship between 
diabetes and patient-reported QoL.20 Some cor-
relational research have demonstrated worse life 
quality in diabetics and positive improvement in 
QoL with better glycemic control, whereas others 
did not find any association.20, 21,22 Forleo et al, in a 
pilot randomized study have shown catheter ab-
lation of AF in comparison with anti-arrhythmic 
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drugs, to be associated with better improvement 
in QoL among diabetics (42% in AAD group vs. 
80% in catheter ablation group off AAD, remained 
arrhythmia free at 1-year follow up; p=0.001).23

Given the rising prevalence of diabetes and emerg-
ing evidence on its potential role in development 
of AF, larger prospective randomized studies are 
required to establish the causal link between both. 
As it is a treatable and controllable morbidity, its 
effective management would plausibly not only 
curtail the incidence of AF but also reduce the risk 
of AF-related strokes, improve QoL and enhance 
the success rate of catheter ablation in AF.

Hypertension

Hypertension with consequent left ventricular hy-
pertrophy and atrial remodeling is known to be 
associated with increased incidence of AF.24, 25, 26 
To make matter worse, AF combined with hyper-
tension increases the risk of stroke almost 8-fold .26

Framingham Heart study reported hypertension 
to be an independent predictor of AF (OR, 1.5 for 
men and 1.4 for women),5 which was supported 
by few other studies published later.27

Wokhlu et al identified hypertension to be a uni-
variate predictor of ablation efficacy in AF, but the 
same was not observed in a multivariate model.28 
We did not detect significant association between 
hypertension and arrhythmia-recurrence after 
catheter ablation, in a large prospective study.22 
Plausibly, hypertension does not act alone in AF, 
but in alliance with other risk factors such as obe-
sity and diabetes etc.

In a recently published study conducted by 
Pokushalov et al, blood pressure control via re-
nal artery denervation added to PVI in patients 
with drug-resistant AF and hypertension, was 
reported to have a positive impact on AF recur-
rence. At 1-year follow-up, 69% of PVI plus re-
nal artery ablation group were AF-free whereas 
in PVI-only group 29% were arrhythmia-free off 
AAD (p= 0.033). They reasonably provided two 
explanations to be potentially responsible for this 
observation; 1) optimized blood pressure control 
in drug-resistant hypertension might have a sub-
stantial role at the substrate level of the atria in 
preventing AF recurrence, 2) ablation of afferent 
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renal nervous input decreases central sympathetic 
output , which might attenuate autonomic trig-
gers of AF in addition to improved blood pressure 
control and offer the potential for an antiarrhyth-
mic effect superior to medications.29

A deeper look at the association of hypertension 
and AF reveals another angle. In two recently pub-
lished articles, Sanders et al and Ramirez et al have 
concluded that restoration of normal sinus rhythm 
after successful catheter ablation improves blood 
pressure control in AF patients.24, 27 There are few 
assumptions that explain the possible mechanism 
behind blood pressure reduction with restoration 
of sinus rhythm; 1) irregular ventricular response 
in AF results in increased sympathetic activity 
that promotes hypertension, 2) AF is known to be 
associated with activation of rennin-angiotensin-
aldosterone axis, 3) endothelial dysfunction and 
impaired endothelial-dependent vasodilatation 
are recognized associates of AF and 4) decreased 
bio-availability of nitric oxide at rest and during 
exercise in AF patients. All these factors can con-
ceivably elevate blood pressure in AF and on the 
other hand, elimination of these factors by restora-
tion and maintenance of sinus rhythm can lead to 
reduction in blood pressure.

To summarize, hypertension is a potential risk fac-
tor of AF and AF-related stroke that can be easily 
altered by effective treatment. Therefore, aggres-
sive and timely steps to control blood-pressure 
would possibly arrest the cascade of atrial sub-
strate modifications that will facilitate better abla-
tion-outcome in AF.

Obesity

Obesity is not only the fastest growing health 
problem in United States; it is also associated 
with increased cardiovascular risk and could be 
responsible for nearly 60% of the increase in the 
incidence of AF.30 Although obesity can be defined 
by several factors such as body mass index (BMI), 
weight, waist circumference and waist-to-hip ra-
tio, in all of the below-mentioned studies, it was 
measured by BMI.

Dublin et al, in an independent study, identified 
BMI to be having a stronger association with sus-
tained AF (duration ≥ 6months) than transitory 
(duration < 8 days) or intermittent AF (duration ≥ 

8 days or recurrent) [risk was higher by 7% (95% 
CI, 3%-11%), 4% (95% CI, 1%-6%) and 1% (95% 
CI,−1% to +4%) respectively per unit BMI incre-
ment compared with those with normal BMI]. 
They attributed the obesity-AF association to be 
partially mediated by diabetes and minimally by 
other cardiovascular risk factors.31 

Wang et al reported a 4% increase in AF risk per 
1-unit increase in BMI in both men (95% confi-
dence interval [CI], 1%-7%; P=.02) and in women
(95% CI, 1%-7%; P=.009). Adjusted hazard ratios
for AF recurrence associated with obesity were
1.52 (95% CI, 1.09-2.13; P=.02) and 1.46 (95% CI,
1.03- 2.07; P=.03) for men and women, respective-
ly, compared with individuals with normal BMI.
They hypothesized the excess AF risk to be medi-
ated by left atrial dilatation.32

Tedrow et al, in the Women’s Health Study, ob-
served association of BMI with short and long-
term increase in AF risk (4.7% increase in risk of 
incident AF for each kg/m2 increase in BMI), in 
apparently healthy females.33

Furthermore, obesity was demonstrated to be as-
sociated with increase in the risk of developing AF 
by 49% compared to non-obese individuals (rela-
tive risk 1.49, 95% CI 1.36-1.64), in a meta-analysis 
published in 2008.34

Interestingly, although obesity is evidently a 
prominent risk factor for developing AF, it does 
not seem to negatively influence the outcome of 
AF-ablation. Comparable long-term success of 
catheter ablation between obese and non-obese 
AF population has been reported by several ear-
lier studies including one by our group [Mo-
hanty et al; 69% normal BMI, 63% high BMI, log-
rank P =0 .109, Cha et al; 75%, 72%, and 70% for 
the lean, overweight, and obese patients; p= 0.41 
and Letsas et al; 34.9% for normal weight, 46.2% 
for overweight, and 46.2% for obese patients; p= 
0.258].30,35,36 Obese AF patients tend to have a high-
er prevalence of non-pulmonary vein (non-PV) 
triggers and in our study; we speculated that the 
success rate could have been lower in the obese 
population, if the non-PV triggers were not tar-
geted for ablation.30

Additionally, Ardestani et al have demonstrated 
that obesity does not adversely affect either over-
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all survival in AF or all cause mortality [Rate of 
death from any cause was higher in the normal 
BMI group (5.8 per 100 patient-years) than in the 
overweight and obese groups (3.9 and 3.7, re-
spectively)].37 In accordance with the prior study, 
Badheka et al observed lower all-cause and car-
diovascular (CV) mortality as compared with 
the normal weight patients [ All-cause mortality: 
over-weight, HR 0.64; 95% CI, 0.48-0.84; P=0.001 
and obese HR 0.80; 95% CI, 0.68-0.93; P=0.005; CV 
mortality: overweight, HR 0.40; 95% CI, 0.26-0.60; 
P =0.001 and obese patients, HR 0.77; 95% CI, 0.62-
0.95; P=0.01].38

The pathophysiology behind the paradoxical re-
lationship between obesity and AF is unclear yet. 
Nonetheless, we have demonstrated not only 
comparable outcomes in terms of recurrence be-
tween obese and non-obese, but also a better im-
provement in QoL in high BMI than in the normal 
BMI cohort.30 In a prior study, Wokhlu et al39 re-
ported a less robust QoL improvement in patients 
with a higher baseline score and in agreement 
with that we saw insignificant change in QoL in 
the normal-BMI cohort, which had a higher pre-
ablation QoL score. In contrast, high-BMI group 
had a lower baseline score and it changed signifi-
cantly after AF ablation.30

Although comparable or favorable outcomes of 
catheter ablation seem to be associated with in-
creased body weight in AF, this observation does 
not underestimate the importance of purposeful 
weight reduction as constellation of data incrimi-
nate obesity in myriad of cardiovascular diseases.

Dyslipidemia

Dyslipidemia is defined as high-density lipopro-
tein (HDL) < 40 mg/dl (1 mmol/L) in men and < 
50 mg/dl (1.3 mmol/L) in women and serum tri-
glycerides ≥ 150 mg/dl (1.7 mmol/L).22 It has been 
suggested to increase the risk of AF.

Tang et al did not find any of the components of 
dyslipidemia to be independent predictors of AF 
[HR 0.85 (95% CI 0.63–1.15, p= 0.294) and HR 0.98 
(95% CI 0.71–1.36, p= 0.918) for high triglycerides 
(≥ 1.69 mmol/L) and low HDL (<1.03 mmol/L in 
male, <1.29 mmol/L in female) respectively].4 A 
report published by Chang et al stated compara-

ble results (HR 1.00, 95% CI 1.00–1.003, p= 0.48 for 
high triglycerides and HR 0.99, 95% CI 0.99–1.04, 
p= 0.40 for low HDL in men).40 In a large prospec-
tive study conducted by our group, dyslipidemia 
was not found to be an independent predictor of 
AF recurrence (HR 1.13, p= 0.141).22

Watanabe et al, in an observational cohort study 
conducted in Japan, examined the association of 
dyslipidemia with AF in 28,449 subjects who did 
not have AF at baseline. During a follow-up of 
4.5±2.7 years, 265 (0.9%) individuals developed 
AF. In multivariate analysis, they observed low 
HDL to be associated with new-onset AF more 
strongly in women (HR 2.86; 95% CI: 1.49–5.50) 
than in men (HR, 1.35; 95% CI: 0.77–2.38). They 
attributed this observation to inflammation, oxi-
dative stress and structural cardiac abnormalities 
consequent of reduced level of HDL. Difference in 
electrophysiological properties in men and wom-
en was hypothesized to be accountable for the 
observed gender-related difference. Furthermore, 
they reported an inverse relationship between 
LDL level and AF risk; a seemingly dyslipidemia 
paradox (risk of AF increased as LDL cholesterol 
decreased in women (HR, 1.08 per 10-mg/dl de-
cline; 95% CI: 1.02–1.14 per 10-mg/dl decline; 
P=0.01) and men (HR, 1.06 per 10-mg/dl decline; 
95% CI: 1.02–1.11 per 10-mg/dl decline; P=0.007). 
Clinical and subclinical hyperthyroidism result-
ing from low LDL cholesterol was speculated to 
be a potential cause for high AF risk.41

The above results strongly suggest that the under-
lying mechanism defining the variable association 
of dyslipidemia and AF is yet to be fully elucidat-
ed. Therefore, further studies are needed to clar-
ify the mechanistic link, if any, between the two. 
Understanding the mechanism would immensely 
help the electrophysiologists in patient selection 
and risk-stratification for AF ablation.

Association of MS as a Composite Model 
with AF

Impact of MS on AF Recurrence Following 
Catheter Ablation:

Although the individual components of MS dem-
onstrate conflicting association with AF, a signifi-
cant correlation of MS as a group of cardiovascular 
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risk factors with increased risk of AF recurrence is 
well evident from many prior studies.22, 4, 40, 42, 43

In 2009, Chang et al, reported MS, as a compos-
ite model, to be an independent predictor of AF 
recurrence (HR 2.56, 95% CI 0.20–0.79, p= 0.008).
They also evaluated the contribution of the meta-
bolic components to recurrent AF and found no 
association with any except for high BMI.41 A simi-
lar result was reported by Tang et al in the same 
year (association of MS with AF recurrence, HR 
=1.64, 95% CI 1.07–2.49, P=0.022).4

In 2011, in an original study conducted by Cai et 
al, MS was again demonstrated to be an indepen-
dent predictor of AF recurrence (OR=4.41, 95% 
CI 1.56–12.46, P=0.005). High BMI was the only 
metabolic component found to be correlated with 
ablation-outcome ((OR=4.71, 95% CI 1.71–12.98, 
P=0.003).42

Later in 2012, we published the results from a pro-
spective study on 1496 consecutive AF patients 
undergoing first catheter ablation, where we re-
ported MS, as a disease complex, to be a strong 
predictor of AF recurrence after first catheter abla-
tion (HR 1.28, p= 0.021).22 In accordance with the 
above studies, we also did not observe any sub-
stantial association between MS components and 
AF recurrence except for high BMI. Berkowitsch et 
al demonstrated a similar association of MS with 
ablation outcome in AF (HR1.49, 95% CI1.15–1.97, 
p=0.003).43

The above studies have demonstrated one impor-
tant finding; ablation fails more commonly when 
MS is associated with AF.44 Non-PV triggers are 
potential source of recurrence as shown by Di 
Biase et al45 and those are frequently observed in 
MS.22 Therefore, the role of targeting non-PV trig-
gers in achieving long-term success cannot be 
overemphasized.

Impact of MS on Stroke Risk

MS not only has its impact on ablation outcome 
in AF, but also is an important risk factor for isch-
emic stroke, by itself.

Boden-Albala et al reported a gender and race-
specific influence of MS on stroke incidence (risk 

of stroke, HR=1.5; 95% CI, 1.1 to 2.2; risk of vas-
cular events HR=1.6; 95% CI, 1.3 to 2.0; risk of 
stroke among women, HR=2.0; 95% CI, 1.3 to 
3.1; among men HR=1.1; 95% CI, 0.6 to 1.9 and 
among Hispanics HR=2.0; 95% CI, 1.2 to 3.4).46 In 
another study, Ashtari et al observed a similar 
association between MS and ischemic stroke.47 
Possible explanation for gender-related differ-
ence in stroke risk are; more vascular risk-factors 
in women than men and a greater impact of MS 
among post-menopausal women.46 

AF is known to cause a 5-fold increase in the risk 
of ischemic stroke.48 With the rising prevalence 
of MS and AF, risk of stroke remains a linger-
ing concern and should be identified early and 
addressed effectively with anticoagulants and 
treatment of MS components.

Impact of MS on QoL in AF

Both MS and AF seriously impair QoL. In a re-
cently published study, our group has reported 
an interesting finding regarding the association 
between MS, QoL improvement and AF ablation. 
In our study population, patients with MS had 
significantly lower baseline scores on all SF-36 
(Medical Outcome Survey) Health Survey sub-
scales. At 1 year follow-up, both mental compo-
nent summary (Δ5.7±2.5, p <0.001) and physical 
component summary (Δ9.1 ±3.7, p < 0.001) scores 
improved in those with MS, whereas only men-
tal component summary scores (Δ4.6 ± 2.8, p = 
0.036) were improved in those without MS.22 It is 
already known that patients with lower baseline 
QoL scores report a more robust improvement in 
their QoL score following interventions.39 Our re-
sult was in agreement with that observation.

From the information available so far, one can 
prudently conclude that the components of MS, 
rather than acting alone, act in concert in caus-
ing LA enlargement and disturbances of the 
intra-atrial conduction velocity and atrial refrac-
toriness that increase the genesis of ectopic trig-
gers, in AF.22, 40 Therefore, a strong association 
between MS as a complex and AF are depicted 
clearly whereas independent components of the 
syndrome majorly fail to do so.
The unique designation of metabolic syndrome 
identifies patients with higher metabolic risks 
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for AF among other cardiovascular diseases and 
warrants for aggressive strategies for treatment 
of the component parameters before catheter ab-
lation. That would certainly result in robust risk-
factor reduction in this population and enhance 
the success rate of AF-ablation.

Impact of Life-Style Changes on Ablation 
Outcome in Patients with MS:

MS is becoming a world-wide epidemic as a re-
sult of the increased prevalence of obesity and 
sedentary life style.

In a meta-analysis conducted by Yamaoka et al, 
life style modification such as dietary interven-
tions and moderate-intensity exercise was found 
to be effective in reducing the values for all com-
ponents of MS except HDL. The values were 
-11.5 mg/dl (95% CI -22.4 to -0.6) for fasting blood
glucose, -2.7 cm (95% CI -4.6 to -0.9) for waist cir-
cumference, -6.4 mmHg (95% CI -9.7 to -3.2) for
systolic BP, -3.3 mmHg (95% CI -5.2 to -1.4) for
diastolic BP, and -12.0 mg/dl: 95% CI -22.2 to -1.7)
for triglycerides. The reduced mean values were
not significant for HDL (1.3 mg/dl; 95% CI -0.6 to
3.1).49

The impact of life style changes such as alcohol 
consumption, exercise and smoking on AF is yet 
to be understood clearly with studies reporting 
inconsistent results.50

However, the evidences gathered so far strongly 
suggest that long-term life style modifications re-
duce the prevalence of MS and thus should be 
considered as a useful supplemental tool to con-
trol MS effectively which might lead to more ab-
lation success in AF.

Conclusions

From the day MS was identified as a prominent 
risk factor for AF, the debate is ongoing if the 
‘whole syndrome’ is a stronger predictor of in-
creased AF risk and arrhythmia recurrence, than 
its parts. In seeking answer to this question, this 
review has compiled evidences from major stud-
ies that have attempted in recent years to address 
it in one way or another. These results, on the 
whole, suggest that MS predicts higher AF re-

currence following ablation and MS as a compos-
ite model, is a better predictor of ablation-outcome 
in AF than its individual components. However, 
inconsistency between different studies makes it 
short of being conclusive evidence. Therefore, fur-
ther studies are needed to establish the mechanis-
tic link between the two conditions. In the mean 
time, physicians should continue emphasizing on 
improving lifestyle for their patients, which would 
help in curtailing the prevalence of obesity, the 
driving force for other components of MS.
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Introduction 

In recent years, the widespread availability of 
noninvasive imaging techniques has allowed for 
increasing insights into the role that ectopic fat 
plays in cardiovascular disease. This present re-
view discusses our current knowledge regarding 
the relationship between ectopic fat surrounding 
the heart and atrial fibrillation (AF). In particu-
lar, the role that such adipose tissue, the related 
pericardial and epicardial fat depots, have in the 
pathogenesis and outcome of AF will be reviewed.

The Interrelated Epidemics of Atrial 
Fibrillation and Obesity 

Numerous contemporary reports have described 

a rising prevalence of AF that is expected to con-
tinue.1-3  It has been predicted that there may be al-
most 16 million individuals with AF in the United 
States alone by 2050.2 Whilst the overall prevalence 
of AF is approximately one percent, this is greater 
in older individuals and rises to nine percent in 
those over 80 years of age.4  Given the ageing pop-
ulation structures in developed countries, a grow-
ing number of individuals are likely to be affected 
by the significant symptoms, impaired functional 
status and poorer quality of life that AF is associat-
ed with, primarily as a result of congestive cardiac 
failure and embolic stroke. Such complications can 
lead to excessive health service utilization,5,6 and 
ultimately increased mortality.7,8 It is clear that AF 
is a growing clinical and public health concern, 
and represents a significant burden on both the 
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Emerging evidence suggests that epicardial and pericardial fat are related to the presence, severity and 
outcome of AF. These associations, independent of generalized obesity, suggest that they may become 
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pokines, inflammation, fatty infiltration, modulation of AF drivers and left atrial dilatation. Given the 
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surrounding the heart has in the pathogenesis of AF. Further inquiries in this active area of investigation 
may ultimately lead to new insights in how to best combat these interrelated epidemics and reduce the 
societal burden of AF.
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individuals it affects and society as a whole. Fur-
thermore, once AF develops, management strate-
gies aimed at eliminating AF are of limited success 
and not without risk.9,10 Even when treatment is 
apparently successful, the risk of stroke may not 
be eliminated.11 As a result, the identification and 
management of modifiable risk factors for AF is of 
great importance.

Whilst traditional risk factors for AF such as hy-
pertension, ischemic heart disease, congestive 
cardiac failure and structural heart disease are 
well-known, obesity is becoming increasingly 
recognized as a novel risk factor that may be con-
tributing to the growing prevalence of AF. Several 
prospective studies have reported significant asso-
ciations between obesity and incident AF.12-17 The 
Framingham Heart Study showed that each addi-
tional unit of body mass index (BMI) conferred a 
4% increase in the risk of developing AF.13 Inves-
tigators from the Danish, Diet, Cancer and Health 
Study reported that each additional unit of BMI 
was associated with a 8% and 6% increase in the 
risk of AF over 5 years in men and women.12 Dub-
lin and colleagues reported that the association 
with BMI was stronger for sustained AF than for 
transitory or intermittent AF.15 Data from a mul-
ticenter registry showed that increasing height 
and body surface area was also associated with 
AF risk.16 Given the link between obesity and ob-
structive sleep apnea, Mayo Clinic researchers in-
vestigated the two conditions with regards to AF 
risk and found them both to be independent risk 
factors.17 Large body size in youth has also been 
shown to be associated with the development of 
later AF.18 Data from the Women’s Health Study 
has recently suggested that not only was BMI asso-
ciated with AF risk, but also that dynamic, short-
term increases in BMI conferred greater risk.14 In 
a meta-analysis of five population-based cohorts, 
baseline BMI was associated with a graded risk of 
AF.19 Furthermore, obesity has been shown to be a 
risk factor for paroxysmal AF progressing to more 
permanent AF.20 

The Importance of Regional Body Fat 
Distribution

The traditional measurement of obesity has been 
BMI and, as mentioned previously, a number of 
prospective studies have described relationships 
between BMI and cardiovascular disease mor-

bidity and mortality. Although it remains a use-
ful clinical and epidemiologic parameter, the 
observation that individuals with similar BMI 
may exhibit significant variation in cardiovascu-
lar risk has fuelled an increasing interest in body 
fat distribution.21,22  This initially began with the 
measurement of waist circumference and, later, 
waist-to-hip ratio as alternative measures of body 
fat distribution. Studies reporting stronger cor-
relations of these measures with cardiometabolic 
outcomes lent weight to the theory that it was re-
gional body fat distribution, rather than simply 
excess fat overall, that was more important in car-
diovascular disease risk.23, 24 

Waist circumference and waist-to-hip ratio re-
main in many obesity assessment guidelines 
given the ease in which they can be applied in 
the clinical setting and incremental predictive in-
formation they provide in conjunction with BMI. 
From a mechanistic point of view, however, they 
are limited in that they are unable to distinguish 
between the subcutaneous and visceral adipose 
tissue compartments. The widespread availability 
of imaging techniques, particularly, computed to-
mography (CT) and magnetic resonance imaging 
(MRI) has allowed for the separate quantification 
of these compartments. As a result, this has led 
to a number of studies examining the association 
between these ectopic visceral fat depots and car-
diovascular disease. 

Epicardial, Paracardial and Pericardial Fat

The terms epicardial fat, paracardial and pericar-
dial fat, have been used interchangeably through-
out the literature, despite differences in location 
and function. They are often collectively referred 
to as cardiac ectopic fat or cardiac adipose tissue. 
Pericardial fat consists of two layers: the visceral, 
epicardial fat layer and the parietal, paracardial 
fat layer. Epicardial fat is adipose tissue layer 
situated between the myocardium and visceral 
pericardium. Paracardial fat is the adipose tissue 
layer located external to the parietal pericardium. 
Give the different embryological origins and vas-
cular supply of these two fat depots, there is rea-
son to suspect they may have distinct biochemical 
properties. However, there is a lack of standard-
ized nomenclature and few reports have individ-
ually studied each depot in relation to metabolic 
parameters and outcomes. Keeping this in mind, 



in this section, we will nevertheless discuss in-
dividual fat depots as defined by the authors of 
each study.  

Cardiac Ectopic Fat and the Presence and 
Severity of Atrial Fibrillation

Investigators first suspected that that cardiac ecto-
pic fat may be associated with atrial arrhythmias 
in the 1960s and 1970s.25-28 Without the availability 
of modern imaging techniques, it was recognized 
in necropsy observations that some individuals 
demonstrated prominent amounts of fatty depos-
its both in the interatrial septum and in the epicar-
dial space. It was hypothesized that ‘lipomatous 
hypertrophy’ of the interatrial septum might in-
terrupt electrical pathways to facilitate atrial ar-
rhythmogenesis.29 

In recent years, a number of studies that were 
able to accurately quantify cardiac ectopic fat us-
ing modern imaging techniques were published 
almost simultaneously. These described similar 
associations between fat layers surrounding the 
heart and the presence and chronicity of AF and, 
taken together, have provided suggestive evi-
dence supporting a relationship between the two 
entities. 

In one study, Al Chekkaki and investigators an-
alyzed CT scans from 273 individuals.30 Pixels 
within the pericardial sac with Hounsfield units 
of -190 to -130 were defined as adipose tissue. In 
this way, they were able to measure total pericar-
dial fat volume and found that this was greater 
in persistent AF patients compared to those with 
paroxysmal AF, and those with any AF compared 
to those without AF. These associations persisted 
after adjusting for potential confounders, includ-
ing BMI.  In the largest study to date, Thanassoluis 
and other colleagues studied CT scans from 2317 
participants in the Framingham Heart Study Off-
spring and Third Generation Cohorts.31 Similar to 
Al Chekkaki et al, the Framingham investigators 
defined total pericardial fat volume as adipose 
tissue within the pericardial sac with Hounsfield 
units -195 to -45. A particular strength of this 
study is that both intrathoracic fat, defined as all 
other adipose tissue within the thorax, and viscer-
al adipose tissue, defined as visceral fat within the 
abdominal cavity, were quantified volumetrically 
in addition to pericardial fat. After adjusting for 

other AF risk factors, total pericardial fat, but not 
intrathoracic or visceral fat, was associated with 
prevalent AF. 

Other studies have sought to explore whether adi-
pose specifically surrounding the atria is related 
to AF. Batal and colleagues assessed 169 consec-
utive individuals who had had CT angiograms 
for either coronary artery disease or AF.32 They 
measured the thickness of peri-atrial epicardial 
fat in short-axis view at the mid-left atrium, and 
found that peri-atrial epicardial fat thickness was 
associated greater in patients with AF compared 
to those without. Similar to previously discussed 
studies, they also found that peri-atrial epicardial 
fat thickness was greater in persistent AF than in 
paroxysmal AF. These associations persisted af-
ter adjusting for potential confounders, including 
BMI. Whilst one limitation of this study was that 
they were unable to perform volumetric analysis 
to quantify fat volumes, a potentially important 
fact given conflicting data regarding the correla-
tion between epicardial fat thickness and volume,33  
others studies reporting volumetric data have pro-
vided corroborating evidence. Instead of using CT, 
our group used cardiac MRI to quantify peri-atrial, 
peri-ventricular and total pericardial fat volumes 
in 130 individuals.34 We found that peri-atrial fat 
volumes, but not measures of generalized adipos-
ity such as BMI or body surface area, were pre-
dictive of the presence and increasing chronic-
ity of AF. These associations persisted even after 
multivariable adjustment, including that for body 
weight.  In another study, Tsao and colleagues 
used CT images to describe the regional distribu-
tion of epicardial fat surrounding the left atrium in 
102 patients.35 They similarly found that patients 
with AF had a significantly increased volume of 
epicardial fat surrounding the left atrium, and 
there was a trend for patients with persistent AF to 
have greater volumes compared to those with par-
oxysmal AF. In comparison, BMI was not signifi-
cantly different between patients with or without 
AF. Shin and investigators also used CT imaging 
to study the regional distribution of epicardial fat 
in 80 subjects.36  In addition to finding that epicar-
dial fat volumes increased with greater chronicity 
of AF, they found that the thickness of peri-atrial 
epicardial fat, as measured at the atrioventricular 
groove and inter-atrial septum, was greater in AF 
patients. These studies have suggested that ectopic 
fat surrounding the atria may be more predictive 
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of the presence and chronicity of AF than general-
ized adiposity. Whether peri-atrial fat is more pre-
dictive than peri-ventricular fat remains unclear. 
Shin and colleagues found that peri-ventricular 
fat thickness over the right ventricular free wall 
was not significantly different between patients 
with and without AF.36 However, epicardial fat 
thickness may not be reflective of epicardial fat 
volume,33 and in comparison, we found that both 
peri-atrial and peri-ventricular fat volumes were 
predictive of the presence of AF.34 In addition to 
the observed associations between pericardial/epi-
cardial fat and the presence and chronicity of AF, 
our also group found that measures of pericardial 
fat volume were also associated with increased 
symptom severity.34

Potential Arrhythmogenic Mechanisms

Visceral ectopic fat depots are thought to exert 
systemic and local effects.21 Fat depots such as vis-
ceral adipose tissue, intrahepatic fat/fatty liver and 
intramuscular fat have been shown to be associat-
ed with a number of systemic metabolic derange-
ments, supporting the theory of their systemic 
pathological effect.37,38 The proximity of these 
fat depots to organs involved in insulin, glucose 
and lipid metabolism are speculated to facilitate 
these derangements. In contrast, fat depots such 
as epicardial fat, pericardial fat, perivascular fat 
and renal sinus fat are thought to have local toxic 
effects.21 With regards to investigations pertain-
ing to epicardial and pericardial fat, a number of 
studies provide increasing mechanistic evidence. 
Epicardial fat is a source of various inflammatory 
mediators and other bioactive molecules.39 As an 
endocrine and paracrine organ, in this way it has 
been hypothesized that released adipokines and 
free fatty acids could directly influence the adja-
cent myocardium and coronary arteries. Similar-
ly, epicardial fat has been demonstrated to have 
significant elevations in inflammatory infiltrates 
compared to subcutaneous fat, and the presence of 
lymphocytes, macrophages and mast cells.40 Epi-
cardial fat also demonstrates greater expression 
of key inflammatory signaling molecules such as 
inflammatory-nuclear factor kappaB and c-Jun N-
terminal kinase activity compared to subcutane-
ous fat.41  Others have also shown via proteomic 
analysis higher levels of reactive oxygen species 
and lower levels of catalase in epicardial fat com-

pared to subcutaneous fat.42

It has been previously suggested by epidemio-
logic studies that the relationship between body 
mass index and AF may be mediated by changes 
in cardiac structure.13  However, there is also con-
siderable evidence linking epicardial and peri-
cardial fat with cardiac structure. Pericardial fat 
volumes have shown to be independent predic-
tors of left atrial diameter and volume.34,43  Others 
have described infiltration of fat into the atria and 
ventricles and a correlation between epicardial 
fat and myocardial fat content by magnetic reso-
nance spectroscopic.44-46 Such structural lipid re-
modeling could lead to heterogenous conduction 
and non-uniform anisotropy, predisposing to ar-
rhythmogenesis.47-50 Furthermore, structural lipid 
remodeling and a mechanical effect of overlying 
adipose tissue might influence left atrial func-
tion.51 

Cardiac Ectopic Fat and Atrial Fibrillation 
Ablation: Further Mechanistic Insights

Since the relationship between cardiac ectopic fat 
and AF has become apparent, a few investigators 
have studied the relationship between epicardial 
or pericardial fat and AF ablation outcomes. Our 
group found that MRI-measured pericardial fat 
volumes was associated with an earlier AF re-
currence following radiofrequency catheter abla-
tion in a cohort of 110 patients with paroxysmal, 
persistent and permanent AF.34,35 Similarly, Tsao 
studied 68 patients with paroxysmal and persis-
tent AF and found that CT-measured epicardial 
fat volume surrounding the left atrium was asso-
ciated with AF recurrence.35  Finally, Nagashima 
reported that CT-measured epicardial fat volume 
surrounding the left atrium was associated with 
AF recurrence in a cohort of 40 patients with par-
oxysmal and persistent AF. 

In addition to those discussed in the preceding 
section, the findings of the above studies provide 
further insight into possible mechanisms under-
lying the relationship between epicardial fat, 
pericardial fat and AF. Cardiac ectopic fat contain 
numerous ganglionated plexi that have long been 
hypothesized to facilitate the occurrence of atrial 
fibrillation via their role in the cardiac autonomic 
nervous system.52 Studies have shown, albeit vari-
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they may become increasingly useful as markers 
for risk stratification or monitoring in the clinical 
setting. Mechanistically, studies have suggested 
the effects of epicardial and pericardial fat may be 
mediated by local adipokines, inflammation, fat-
ty infiltration, modulation of AF drivers and left 
atrial dilatation. Given the dual epidemics of AF 
and obesity, in the present paper we review the 
role that the ectopic adipose tissue surrounding 
the heart has in the pathogenesis of AF. Further 
inquiries in this active area of investigation may 
ultimately lead to new insights in how to best 
combat these interrelated epidemics and reduce 
the societal burden of AF.
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Introduction 

The relationship between obstructive sleep ap-
nea (OSA) and atrial fibrillation (AF) is well es-
tablished, and reports have shown a strong asso-
ciation between these conditions. OSA has been 
identified as a potential risk factor for both the de-
velopment of new-onset AF and the recurrence of 
AF following cardioversion or catheter ablation.1 

This review will answer a series of frequently 
asked questions concerning the impact of OSA on 
AF catheter ablation. The purpose of this report 
is to provide a review of the interrelationship be-
tween OSA and AF, mechanisms that contribute 
to their association, and the impact of OSA on 
catheter ablation of AF. First, we describe the eti-
ology and pathology of OSA. Second, we discuss 

the mechanisms that link OSA with AF. Finally, we 
conclude by identifying the impact of OSA on the 
current ablation strategies used to treat AF.   

Review of Obstructive Sleep Apnea

What is Sleep Apnea?

Sleep apnea is a prevalent, yet highly underdi-
agnosed, sleep disordered breathing pattern af-
fecting 6% of adults and 1% - 2% of children.2,3 It 
is characterized by abnormal pauses (apnea) in 
breathing or abnormally low rates of breathing 
during sleep. Full-night polysomnography or in-
home oligosomnography studies are gold stan-
dard modalities to evaluate the breathing and po-
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Abstract

Obstructive sleep apnea (OSA) is a growing epidemic in the United States and significantly contributes 
to the increasing prevalence of atrial fibrillation (AF) in the U.S. population.  Although a strong correla-
tion between OSA and AF has been demonstrated, a causal relationship between these two conditions 
has not been definitively established. Evidence of OSA is an important consideration of AF management 
and impacts the success rate of catheter ablation. The presence of OSA tends to predict a lower success 
rate and higher complication rate for catheter ablation of AF. However, recent studies evaluating OSA as 
an independent risk predictor of AF recurrence following an ablation procedure have yielded conflicting 
results. A greater understanding of these conditions would allow for a more specific therapy targeting 
the type of AF associated with OSA.  The following review provides a brief summary of obstructive 
sleep apnea etiology, focuses on the relationship between OSA and AF, and discusses the impact of OSA 
on the outcomes of catheter ablation of AF. 
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tential consequences of impaired air flow during 
sleep.4,5 A recent update of the American Academy 
of Sleep Medicine Manual (AASM) for the Scoring 
of Sleep and Associated Events score a respiratory 
event in adults as apnea if 1) there is a drop in the 
peak signal excursion by > 90% of pre-event base-
line using an oronasal thermal sensor (diagnostic 
study), a positive airway pressure device flow (ti-
tration study), or an alternative apnea senor; 2) the 
duration of the > 90% drop in sensor signal is > 10 
seconds.6 In children under 18 years, the AASM 
consensus recommends that the event meet re-
spiratory effort criteria and duration criteria for 
one of the three specific apneas as well: obstruc-
tive, central or mixed.  However, due to conflicting 
data, the current AASM scoring rule allows clini-
cians the option of using pediatric or adult scoring 
for patients between 13 and 18 years. 

What are the Three Types of Sleep Apnea?

Sleep apnea is classified as obstructive, central or 
mixed in children and adults based on the amount 
of respiratory effort.6 Obstructive sleep apnea 
(OSA) implies an intermittent mechanical ob-
struction of the upper airway during sleep in the 
presence of abdominal excursions, which leads to 
reduced airflow to the lungs with at least 5 respira-
tory events occurring per hour of sleep and a histo-
ry of SDB symptoms.4,5 Alternatively, central sleep 
apnea (CSA) is characterized by impaired flow 
without evidence of respiratory effort.4 Mixed ap-
nea is defined as a respiratory event that has both 
obstructive and central features; however, the ex-
act number of obstructive breaths allowed under 
mixed apnea is inconclusive.4,6 The appropriate di-
agnostic method for detection of sleep disordered 
breathing remains controversial. Overnight poly-
somnography is considered to be the “gold stan-
dard” for diagnosis of all sleep apneas.7,8  However, 
the Berlin questionnaire is a validated instrument 
designed to identify individuals with OSA.9 The 
AASM consensus recommends that the oronasal 
thermal sensor serve as the recommended sensor 
and the nasal pressure transducer serve as an al-
ternative sensor during diagnostic sleep studies in 
both children and adults.6 Esophageal manometry 
or thoracoabdominal respiratory inductance pleth-
ysmography belts are recommended to monitor 
respiratory effort in both children and adults.6 The 
task force states that reporting the “respiratory 
disturbance index (RDI)” to be optional when di-

agnosing all types of sleep apneas.6 The RDI is a 
metric of sum of “AHI” (combined total of apneas 
and hypopneas per hour of sleep) and “RERA” (re-
spiratory effort-related arousals per hour of sleep) 
indices.4,6  

What are the Mechanisms of OSA?

Obstructive sleep apnea is defined as at least 5 ob-
structive respiratory events per hour of sleep in 
which the upper-airway collapses and reopens.5,10 

Research has indicated six factors that are either 
responsible for or contribute to the pathogenesis of 
OSA: 1) upper-airway dilator muscle activity dur-
ing sleep, 2) upper-airway anatomy, 3) lung vol-
ume, 4) ventilator control stability, 5) sleep state 
stability, and 6) rostral fluid shifts contribute to 
the pathogenesis of OSA.10 The dilator muscles, 
responsible for keeping the upper-airway unob-
structed, reduce their activity and relax during 
sleep causing collapse of the duct.10-13 Anatomi-
cal factors such as increased airway length, lateral 
wall thickness, tongue volume, skeletal structure, 
and soft tissue structures determine the level of 
upper-airway collapsibility and the size of the 
airway lumen.10,14 Similarly, lower-end expiratory 
lung volume increases the tendency of the upper-
airway to collapse by the decreased “tug” of the 
trachea, which stiffens and dilates the upper air-
way as lung volume increases.10 Furthermore, if 
the negative-feedback loop of the respiratory sys-
tem is unstable during sleep, the ventilator drive 
will cause a greater fluctuation of muscle activity 
and promote upper-airway collapse.10,15  Often, this 
type of ventilator instability is caused by arousal 
from sleep.10,16,17 Additionally, fluid displacement 
from the legs to the neck reduces upper-airway 
size and increases airway collapsibility.10,18,19     

What are the Characteristics of People with 
OSA?

The AASM consensus suggest features such as in-
creased neck circumference (>17 inches men, >16 
inches women), BMI >30 kg/m2, presence of ret-
rognathia, lateral peritonsillar narrowing, macro-
glossia, tonsillar hypertrophy, elongated/enlarged 
uvula, high arched/narrow hard palate, nasal ab-
normalities and/or overjet are associated with the 
presence of OSA.5 Several research studies have 
also indicated obesity, male sex, family history, 
congestive heart failure, and hypertension as prev-



in three modes: 1) continuous (CPAP), 2) bilevel 
(BPAP), and 3) autotitrating (APAP).5 However, 
CPAP treatment is the gold standard treatment 
for moderate to severe OSA and optional for mild 
OSA.5 In a ground-breaking study, Sullivan et al 
investigated the effect that CPAP would have on 
OSA in five patients undergoing a sleep study.61 In 
this study, CPAP was applied through the nares 
and acted as a pneumatic splint that prevented up-
per airway occlusion.61  Following a sleep study, 
the investigators reported that CPAP completely 
prevented upper airway occlusion in each of the 
five patients.61 Additionally, by increasing or de-
creasing the amount of PAP, the occlusion of the 
patients’ upper airways was turned on or off.61  Re-
cent studies have shown that the appropriate use 
of CPAP in OSA patients can improve self-report-
ed sleepiness, improve quality of life, lower blood 
pressure in hypertensive patients, reverse atrial 
electrical remodeling by reducing signal-average 
p-waves, and increase memory function and other
frontal lobe functions.5,62-64 The AASM report that
when patients are educated about CPAP therapy
and work with a care team to treat their OSA,
CPAP therapy is safe with minor and/or reversible
side effects and adverse  events.5

If PAP therapy is not tolerated by the patients, oth-
er therapy options can be considered to treat OSA. 
Historically, surgical therapies that reconstructed 
or bypassed the upper airway were used to treat 
OSA. However, due to cost and risk, surgery is 
considered a secondary treatment for OSA today.5 

Behavioral treatment options include weight loss, 
positional therapy, and avoidance of alcohol and 
sedatives before bedtime.5 Additionally, custom 
made oral appliances, such as mandibular reposi-
tioning appliances and tongue retaining devices, 
may improve upper airway patency by enlarging 
the upper airway and/or reducing upper airway 
collapsibility.5 Regardless of the treatment option 
chosen by OSA patients, ongoing, long-term man-
agement is recommended by the AASM.5 

Interrelationship Between Obstructive Sleep 
Apnea and Atrial Fibrillation

What is the Overlap Between People with AF 
and OSA?

Several studies have demonstrated the relation-
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alent risk factors.4,5,7,20 Obesity has been indicated 
in several cross-sectional and population-based 
studies as the most important of the risk factors, 
with an increment of 1 SD in BMI associated with 
a 4-fold increase in OSA prevalence.7,20-38 The col-
lapsible tube theory and tracheal tug theory pos-
tulate that the distribution of body fat, especially 
in the neck area around the collapsible portion of 
the upper airway, results in reduction in the func-
tional residual capacity or vital capacity increas-
ing the risk of OSA.4,39  Men between the ages of 
40 to 55 years, pregnant woman, and postmeno-
pausal women are predisposed to this pattern of 
fat deposition as well.4,8,20,40-44   Several studies have 
suggested genetic factors, independent of lifestyle 
and obesity, have attributed to the predisposi-
tion of OSA.4,45-53 Genetic influence on craniofacial 
shape and size of bones and soft tissue is involved 
in the pathogenesis of OSA and may also explain 
the ethnic differences described in epidemiologic 
studies.51,54-56 Additionally, research suggests a 
correlation between cardiac dysfunction and OSA 
resulting from arterial oxyhemoglobin desatura-
tion, excessive stimulation of the sympathetic ner-
vous system, and the increases in systemic blood 
pressure.20,57-59 Secondary risk factors include 
pregnancy, age, race, smoking, alcohol consump-
tion, acromegaly, hypothyroidism, polycystic 
ovary syndrome, and testosterone therapy.4,5,7

How is Obstructive Sleep Apnea Treated?

Research indicates that obstructive sleep apnea 
has severe detrimental effects on physical and 
mental health; thus, long-term, multidisciplinary 
management of OSA must be undertaken. Sleep 
disordered breathing has been linked to hyper-
tension, cardiovascular disease, stroke, diabetes 
mellitus, depression, motor vehicle crashes, cog-
nitive impairment, diminished quality of life, and 
increased mortality.2,60  In its clinical guidelines, 
the AASM report that medical, behavioral, surgi-
cal, and adjunctive therapies are options for treat-
ment of OSA.5  Additionally, the AASM suggests 
that the patient and physician decide on the treat-
ment type based on severity of OSA, and the pa-
tient’s anatomy, risk factors, and preference.5 The 
AASM recommends that positive airway pressure 
(PAP) applied through a nasal, oral, or orona-
sal interface during sleep is the choice treatment 
for all types of OSA and should be offered as an 
option to all patients.5 PAP can be administered 



ship between OSA and AF by investigating the 
prevalence of OSA in AF patients, and of AF in 
patients with diagnosed OSA.  Gami et al first re-
ported this association in a prospective study as-
sessing the risk of OSA in 463 patients with and 
without AF.9 In this study, investigators found 
the presence of OSA in 49% of patients with AF 
compared to 32% of patients without AF.9 Subse-
quently, several studies further examined this rela-
tionship reporting that evidence of OSA appeared 
in 24% - 87% of patients with AF.9,65-72 The largest of 
these studies included 3,000 patients undergoing 
pulmonary vein isolation for AF. In this study, Pa-
tel et al screened patients for OSA and CPAP use. 
The investigators reported 21.3% of patients had a 
previous diagnosis of OSA by polysomnography 
prior to ablation.72 As far as we know, no prospec-
tive study exists where randomized patients un-
derwent polysomnography prior to a pulmonary 
vein isolation procedure. Additionally, research 
has shown that there is a higher prevalence of OSA 
in patients with therapy-resistant AF.70  In a recent 
study, Hoyer and colleagues compared the preva-
lence of OSA in 23 patients with recurrent AF after 
> 2 pulmonary vein isolation procedures with 23
patients who were successfully treated with one
PVI procedure.70 OSA was prevalent in 87% of pa-
tients in the therapy-resistant group compared to
48% of patients in the control group. However, the
association of AF and OSA is not two directional,
the presence of AF is far less common in cohorts of
patients with OSA. Research has reported that 5%
- 32% of patients with diagnosed OSA have con-
comitant AF.73-77 The largest of these studies evalu-
ated the presence of AF in a community cohort of
3,542 adults referred for an initial diagnostic poly-
somnogram.75 After a 5-year follow-up, AF oc-
curred in 4.3% of patients with OSA and in 2.1% of
patients without OSA.75 These data taken together
suggest possible causal relationship between OSA
and AF. However, due to varying study design, pa-
tient populations, and diagnosis methods of OSA,
a large, well-designed study is needed to confirm
this relationship.

What is the Impact of OSA and AF on each 
Other?

There is increasing evidence that demonstrates 
that mechanisms of OSA evoke AF through elec-
trical and structural remodeling of the left atrium 

resulting from arterial oxyhemoglobin desatu-
ration, excessive stimulation of the sympathetic 
nervous system, and increases in systemic blood 
pressure.20,78–80 Intermittent hypoxemia, hyper-
capnia, and chemoreceptor excitation resulting 
from collapse of the upper-airway activate a sig-
nificant sympathetic response and enhanced va-
gal tone.79,81 Sympathetic vasoconstriction during 
apneic episodes elevates blood pressure resulting 
in left ventricular overload and atrial stretching, a 
known risk factor of AF.80,81  Consequently, inves-
tigators have reported that once left atrial pressure 
rises above 10 cm H20, the rate and organization 
of AF waves from the superior pulmonary veins 
increases.82 Orban et al investigated the effect of 
the Mueller maneuver, which simulates OSA, 
on left-sided cardiac morphologic characteristics 
and function in healthy patients.83  Following the 
maneuver and 10-minute recovery period, pa-
tients exhibited a distinctly decreased left atrial 
volume, ejection fraction, stroke volume, and car-
diac index.83  In addition to structural remodeling, 
Demetri et al found evidence of significant electri-
cal remodeling in 40 patients with OSA undergo-
ing an initial PVI procedure for paroxysmal AF.78  
Compared to 40 control patients without OSA un-
dergoing PVI, patients with OSA had prolonged 
conduction times along the coronary sinus, more 
wide spread complex electrograms in both atria, 
longer P-wave duration, longer sinus node recov-
ery time, lower atrial voltage, and slower atrial 
conduction velocity.78  In another study, Maeno et 
al reported that OSA is associated with increased 
P-wave duration, a known precursor of AF, in 250
subjects.84 Although OSA and AF share multiple
risk factors and comorbidities, the strong asso-
ciation found between OSA and AF suggests a
unique interaction between the pathophysiology
of these two conditions.

Treatment of AF, OSA, or Both

Does OSA Impact the Outcome of AF 
Ablation?

The impact of OSA on the outcomes of AF abla-
tion is an area of intense research. The presence 
of OSA has been identified as a predictor of lower 
efficacy of radiofrequency catheter ablation and 
cryoballoon ablation in several studies.85-90  Jong-
narangsin et al first recognized OSA as a predic-
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for OSA on the BQ.88  Matiello and colleagues re-
ported similar results in their study which includ-
ed classification of OSA based on a sleep study in 
addition to the BQ.89  However, Tang et al report no 
significant difference in recurrence rate in patients 
with different risk profiles of OSA.90 It should be 
noted that the end point of ablation in both Chilu-
kuri and Matiello’s studies was complete electrical 
isolation of pulmonary veins, while the endpoint 
of ablation in Tang’s study was circumferential ab-
lation of the pulmonary veins.  Additionally, Na-
ruse et al found that restoration of sinus rhythm 
by radiofrequency catheter ablation significantly 
decreased the median AHI calculated from poly-
somnography in 25 patients with OSA and AF.91 

These findings taken together suggest a possible 
two way relationship between the severity of OSA 
and AF recurrence after catheter ablation.

Is Treating OSA Beneficial for Alleviating AF?

Recently, research has explored the effect of treat-
ing OSA with continuous positive airway pres-
sure (CPAP) to attenuate the risk of AF recurrence. 
Kanagala and colleagues initially reported the 
benefit of CPAP treatment of OSA on the AF recur-
rence rate following cardioversion.92 One year af-
ter successful cardioversion, 82% of patients with 
untreated OSA and 42% of patients with treated 
OSA had AF recurrence.92 Subsequently, several 
studies examined the effect of CPAP therapy on 
catheter ablation efficacy. The largest of these stud-
ies reported success rates of pulmonary vein iso-
lation (PVI) in patients with and without OSA as 
well as in OSA patients receiving or not receiving 
treatment with continuous positive airway pres-
sure (CPAP).72 At the end of the follow-up period 
(32 +/- 14 months), ablation success was achieved 
in 78% of non-OSA patients compared to 73% of 
OSA patients.72  Additionally, 79% of OSA patients 
treated with CPAP and 68% of OSA patients not 
treated with CPAP were free for AF. In another 
study, Naruse et al evaluated the efficacy of ap-
propriate treatment with CPAP on recurrence of 
AF following a PVI ablation in 153 patients.93  

Nineteen months after ablation, AF recurred in 
53% of patients with OSA who did not adhere to 
CPAP therapy, 30% of patients with OSA who did 
adhere to CPAP therapy, and in 22% of patients 
who were not diagnosed with concomitant OSA.93 
Limited research has examined the significance of 
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tor of AF recurrence following radiofrequency 
catheter ablation of CFAEs in 324 patients with 
paroxysmal and persistent AF.85 After a 7-month 
follow-up, 63% of patients without OSA and 41% 
of patients with OSA were free from AF without 
antiarrhythmic drug therapy.85  Multivariate anal-
ysis of this data indicated OSA was the strongest 
independent predictor of recurrent AF after cath-
eter ablation.85 A recent meta-analysis presents 
the findings from 6 studies on the role of OSA 
on AF recurrence after pulmonary vein isola-
tion. The results demonstrated that OSA patients 
have a 25% greater risk of AF recurrence follow-
ing catheter ablation compared to controls (RR 
1.25, 95% CI 1.08 to 1.45, p = 0.003).86  However, 
a subgroup analysis of diagnostic tools for OSA 
did not show an association between OSA and AF 
recurrence when using the Berlin Questionnaire 
for diagnosis.86 

More recently, Bitter and colleagues reported 
independent predictors of AF recurrence in 82 
patients undergoing PVI with the cryoballoon 
technique.87 Twenty-two patients presented with 
sleep-disordered breathing (SDB) of which 15 
patients had moderate to severe OSA and 7 had 
central sleep apnea. After a median of 12 months, 
sinus rhythm could not be maintained in 45.5% 
of patients with moderate to severe sleep disor-
dered breathing and 24.5% of patients with mild 
or no sleep disordered breathing.87 Although the 
results of this study indicate OSA as a predictor of 
cryoballoon ablation failure, additional research 
is needed to validate this correlation. 

Three studies have examined whether the sever-
ity of OSA was predictive of catheter ablation.88-90 

All studies administered the Berlin Questionnaire 
(BQ) to identify patients with OSA and classify 
the severity of OSA in each patient. The BQ has 
been validated as a diagnostic tool for OSA in a 
number of patient populations.5 In the first study, 
Chilukuri et al sought to determine whether OSA 
assessed by the Berlin Questionnaire (BQ) is use-
ful in predicting the efficacy of catheter ablation.88 

Patients were classified as high risk or low risk for 
OSA depending on their responses to the ques-
tionnaire. At a mean follow-up of 25 +/- 12 months, 
85% of low risk patients and 70% of high risk pa-
tients had clinical success. A multivariate analysis 
indicated that the only independent predictor of 
procedural failure was a classification of high-risk 
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2002;165(2):260-265.
15. Hudgel DW, Chapman KR, Faulks C, Hendricks C. Changes

CPAP therapy on preventing OSA-associated ar-
rhythmias prior to ablation procedure. Abe et al 
reported that CPAP therapy significantly reduced 
the occurrences of paroxysmal AF.94 However, 
further research is needed to determine the corre-
lation between CPAP therapy and AF prevention.  

Conclusions

AF and OSA are two rapidly growing epidemics in 
the United States. Over the past 20 years, research 
has established a strong association between the 
presence of OSA and AF. As a result of mechanis-
tic investigations of both conditions, hypotheses 
of bidirectional causality have been proposed. It 
is well established that OSA causes structural and 
electrical substrate remodeling in the left atrium. 
Data from epidemiological studies indicate that 
patients with AF are significantly more likely to 
have OSA compared to patients without AF. Ad-
ditionally, patients with diagnosed OSA have an 
increased risk of AF compared to patients without 
OSA, but to a much lesser degree.  

Studies also suggest that evidence of OSA pre-
dicts a lower efficacy of common AF therapies in-
cluding cardioversion, cryoballoon ablation, and 
radiofrequency catheter ablation. Studies investi-
gating the presence of OSA or the severity of OSA 
as an independent predictor of ablation failure 
have reported conflicting results. The modality 
used to diagnosis OSA, whether the BQ question-
naire or polysomnography, is a determinate of 
this controversy. Despite the present understand-
ing of the interrelationship between OSA and AF, 
several important questions remain unresolved 
that require large-scale, long-term randomized 
trials. Arguable, the most pertinent: Does treating 
OSA reduce the recurrence of AF following a pul-
monary vein isolation procedure?    
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Introduction 

Atrial fibrillation (AF) and  heart failure (HF) are 
two emerging epidemics in the cardiovascular 

field and are strictly inter-related since may di-
rectly predispose to each other. The prevalence of 
AF increases in more advanced  New York Heart 
Association (NYHA) class; in detail it is around 
4% in  NYHA functional class I, 10-27% in NYHA 
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Abstract

Atrial fibrillation (AF) and  heart failure (HF) are two emerging epidemics in the cardiovascular field and 
are strictly inter-related since may directly predispose to each other. Cardiac resynchronization therapy 
(CRT) has emerged as an important therapeutic option for selected HF patients with LV dysfunction and 
ventricular dyssynchrony. However almost all RCTs demonstrated the CRT effectiveness in patients in 
sinus rhythm (SR), including permanent AF among the exclusion criteria. 

In patients with paroxysmal or persistent AF strategies for rhythm control can be applied, but  usually 
with limited efficacy. Furthermore, rhythm control strategy did not result superior to rate-control in pa-
tients with heart failure. AF ablation in HF patients is usually performed only in selected centres.  In 
patients with permanent or long-standing AF and a CRT device the option of AVN ablation offers the 
advantage of allowing  >95% biventricular pacing.

AF implies a harmful increase in thromboembolic risk. Detection of AF in patients treated with a CRT 
device is enhanced by device diagnostic capabilities, that allow  detection of episodes of atrial tachyar-
rythmias, including silent AF. In these cases decision making on appropriate antithrombotic prophylaxis 
has to consider clinical risk stratification, usually  applying CHADS2 and CHA2DS2VASc scores.

 In summary, in order to maximise outcome, AF in patients with CRT prompts the need to appropriately 
decide on antithromboembolic prophylaxis (according to risk stratifications), as well as on rate and/or 
rhythm control strategies, with the aim to allow constant biventricular pacing. In this perspective, AVN 
ablation has an important role since by inducing pace-maker dependency guarantees continuous biven-
tricular pacing.
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class II -III, and up to 50% in NYHA class IV .1

AF may present in HF patients with different 
forms, with frequent evolution from paroxysmal 
or persistent AF to permanent AF (detectable in 
10-30% of HF patients) and this is frequently as-
sociated with increased morbidity and mortality.

Cardiac resynchronization therapy (CRT) has 
emerged as an important therapeutic option for 
selected patients with left ventricular ejection frac-
tion (EF) ≤ 35%, ventricular dyssynchrony (QRS 
duration ≥120 ms with NYHA class II-IV drug 
refractory HF and, according to  more recent ran-
domized trials, also in mild HF (NYHA II ).2 

The current indications to CRT in clinical practice 
are reported in Table 1.

Clinical Issues in Patients with AF and HF 
Treated with CRT

The spectrum of clinical issues related to AF in HF 
patients treated with a CRT device is wide, as sum-
marized in Table 2. Most of these issues have not 
been highlighted by RCTs evaluating CRT versus 
control, while they appear of major relevance in 
daily clinical practice, since appropriate manage-
ment and clinical decision making is required. 

Table 1
Current Indications of the European Society of Cardiology for Cardiac Resynchronization Therapy (CRT) 
in Heart Failure, using a Device with only Pacing Capabilities (CRT-P) or with Defibrillation Capabilities
 (CRT-D). Modified with Permission.2

Patients in NYHA Functional Class III and Ambulatory Class IV
- In patients with LBBB QRS morphology CRT-P/CRT-D is recommended in patients in sinus rhythm with a QRS duration
of ≥120 ms, LBBB QRS morphology, and an EF ≤35%, who are expected to survive with good functional status for >1 year, to
reduce the risk of heart failure hospitalization and the risk of premature death (class I recommendation, level of evidence A)

- In patients with non-LBBB QRS morphology CRT-P/CRT-D should be considered in patients in sinus rhythm with a QRS
duration of ≥150 ms, irrespective of QRS morphology, and an EF ≤35%, who are expected to survive with good functional
status for >1 year, to reduce the risk of heart failure  hospitalization and the risk of premature death (class IIa recommenda-
tion, level of evidence A)
Patients in NYHA Functional Class II
- In patients with LBBB QRS morphology CRT, preferably CRT-D is recommended in patients in sinus rhythm with a QRS
duration of ≥130 ms, LBBB QRS morphology, and an EF ≤30%, who are expected to survive for >1 year with good functional
status, to reduce the risk of heart failure hospitalization and the risk of premature death (class I recommendation, level of
evidence A)

- In patients with Non-LBBB QRS morphology CRT, preferably CRT-D should be considered in patients in sinus rhythm
with a QRS duration of ≥150 ms, irrespective of QRS morphology, and an EF ≤30%, who are expected to survive for >1 year
with good functional status, to reduce the risk of HF hospitalization and the risk of premature death (class IIa recommenda-
tion, level of evidence A)
Patients with Heart Failure and Permanent Atrial Fibrillation
CRT-P/CRT-D may be considered in patients in NYHA functional class III or ambulatory class IV with a QRS duration ≥120 
ms and an EF ≤35%, who are expected to survive with good functional status for >1 year, to reduce the risk of heart failure  
worsening if:

- The patient requires pacing because of an intrinsically slow ventricular rate (class IIb recommendation, level of evidence
C).

- The patient is pacemaker dependent as a result of AV nodal ablation (class IIa recommendation, level of evidence B).

- The patient’s ventricular rate is ≤60 b.p.m. at rest and ≤90 b.p.m. on exercise. (class IIb recommendation, level of evidence
C).
Patients with an Indication for Conventional Pacing and No Other Indication for CRT
In patients who are expected to survive with good functional status for >1 year:

- CRT should be considered in those in NYHA functional class III or IV with an EF ≤35%, irrespective of QRS duration, to
reduce the risk of worsening of heart failure (class IIa recommendation, level of evidence C).

- CRT may be considered in those in NYHA functional class II with an EF ≤35%, irrespective of QRS duration, to reduce the
risk of worsening of heart failure (class IIb recommendation, level of evidence C).



In the present review we will analyse some of the 
clinically relevant aspects related to use of CRT 
in HF patients with AF (paroxysmal, persistent 
and permanent) focusing on daily clinical man-
agement of CRT patients.

Efficacy and Effectiveness of CRT in HF 
Patients with AF

The efficacy of CRT in selected HF patients with 
LV dysfunction and ventricular dyssynchrony, as 
detected by wide QRS complex, was demonstrat-
ed by RCTs, initially focused on moderate to se-
vere HF and more recently on mild HF (NIHA II), 
as shown in Table 3. However,  it is noteworthy 
to stress that almost all RCTs on CRT included 
permanent AF among the exclusion criteria. 

MUSTIC (MUltisiteSTimulation in Cardiomy-
opathies) was a randomized study dedicated to 
assess the response to CRT in AF patients17 ver-
sus patients in sinus rhythm. It included  131 
patients,  67 in sinus rhythm and 64 in AF, all 
with NYHA class III. The results showed that 
CRT was associated both in sinus rhythm or in 
AF with a  similar improvement at the 6-minute 
walk test as compared to no CRT. The study had 
some limitations, since only 75 out of 131 patients 
completed the study till the 12-month follow up. 
Moreover its applicability to all HF patients with 
AF was low, since all patients in AF had a slow 
ventricular rate, due to spontaneous or induced 
atrioventricular (AV) block, thus allowing  a high  

percentage of biventricular pacing, with very low 
or absent spontaneous ventricular activations or  
fusion beats. 

Recently, the RAFT trial18 enrolled patients either 
in sinus rhythm or in AF and the  analysis showed 
that patients with AF who are otherwise CRT can-
didates appear to gain a minimal benefit from 
CRT-D compared standard ICD. However, the cor-
rect  interpretation of this study should consider 
that in RAFT AV node  ablation was  performed 
in only one patient and that optimal biventricular 
pacing (>95%) was achieved in only one third of 
the patients. Therefore this randomized study does 
not appear to give a clinically oriented answer to 
the question on what is the benefit of CRT in AF, 
which could benefit form the meta-analysis pre-
sented below.

Management of AF in CRT and Patient 
Outcome

In a general view AF effects in patients with HF 
are linked to loss of atrial kick, irregularity of ven-
tricular rate and fast ventricular rates (which at 
mid- or long-term may lead to the overt picture of 
“tachycardiomyopathy”). However in the specific 
context of a patient with HF and ventricular dys-
synchrony treated with CRT AF almost inevitably 
leads to loss of constant biventricular pacing, un-
less an AV block per se reduces or blocks spontane-
ous ventricular response during AF (Figure 1).
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Table 2 Clinical Issues Related to AF in HF Patients Treated with CRT

- AF with Symptomatic Bradyarrhythmias as an Indication to Biventricular Pacing in Patients with HF and LV Dysfunction;
- AF-related symptoms (palpitation, syncope, light-headedness, chest pain, etc.)
- AF-related thromboembolic risk (need for oral anticoagulant according to CHADS2 risk stratification)
- Hemorrhagic risk related to oral anticoagulants;
- Detection of “silent” AF by device diagnostics (algorithms, EGMs)
- Possibility of conversion of persistent/long-standing AF to SR secondary to CRT-related improvement in LV function);
- Worsening of HF (acute decompensation, chronic worsening) due to new onset or paroxysmal/persistent/permanent AF;
- Loss of biventricular pacing during AF: loss of CRT benefit (need for rhythm-control, including drugs or AF ablation, or
rate-control, including drugs or AVN ablation);
- Electrical conversion of AF for rhythm control (by external DC shock, by delivery of a manual shock by a CRT-D device)
- Inappropriate shocks delivered by a CRT-D device (need for device reprogramming/rate control)
- Induction/worsening of myocardial ischemia (secondary to AF with high ventricular rate)
- Facilitation of ventricular tachyarrhythmias (secondary to short-long-short ventricular cycles  during AF or to myocardial
ischemia )



In patients who have normal rate AF, phases of ef-
fective biventricular capture alternate with phases 
of competing AF rhythm which causes spontane-
ous, fusion or pseudo-fusion beats and this sug-
gests that the potential benefit in terms of effective 
resynchronization may be markedly reduced com-
pared with atrial synchronous rhythm with a short 
AV interval (as is achieved during sinus rhythm) 
since the number of effective biventricular cap-
tured beats are reduced.

In AF patients treated with CRT there is a growing 
body of evidence on the necessity of reaching the 
highest possible percentage of biventricular pacing 
, >95% but possibly in the range of  >98% according 
to recent data collected on around 37 000 patients 
using remote monitoring .19, 20

In patients with paroxysmal or persistent AF strat-
egies for rate control or rhythm control can be ap-
plied usually with limited efficacy, particularly at 
the onset of an AF recurrence when the increase in 
adrenergic tone induces fast ventricular rates with 
spontaneous ventricular activation (in the absence 
of AV block). Substrate AF ablation in HF patients 
is usually performed only in selected centres. In 
patients with heart failure the first experience on 
left atrial ablation was a non-randomized study 
on 58 patients, published by the Haissaguerre’s 

group.21 The authors reported an improvement 
in left ventricular function at 1-year follow up 
both in patients with and without structural heart 
disease, and  both in patients with and without 
adequate rate control, suggesting that correc-
tion of underlying tachycardiomyopathy played 
a major role in the improvement. A subsequent 
study, from MacDonald et al.22 on patients with 
advanced HF randomized to rhythm control with 
left atrial ablation versus pharmacological rate 
control showed that ablation resulted in only 50% 
of patients in sinus rhythm at 6 month-follow up 
(versus 0% in control group). In this study left 
atrial ablation did not improve exercise capacity, 
quality of life or pro-BNP, while controversial re-
sults were found on left ventricular ejection frac-
tion (improved at radionuclide angiography but 
not at cardiac magnetic resonance).  In summary, 
considering that these data derive from high-vol-
ume centres,  controversial data exist on the role 
of left atrial ablation in “real-world clinical prac-
tice”, when applied to patients with advanced 
heart failure, such as most of the candidates to 
CRT. 

In patients with permanent or long-standing AF 
the decision on rhythm versus rate control should 
be guided by clinical considerations. In patients 
with AF and a CRT device the option of AVN ab-
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Trial 
Number of 
Enrolled 
Patients 

NYHA class LVEF (%) at
Enrolment

SR/AF at 
Enrolment

QRS Width at 
Enrolment (ms) 

CRT Device with 
Defibrillation 
Capability

MUSTIC-SR3 58 III ≤35 SR ≥150 No
MIRACLE4 453 III, IV ≤35 SR ≥130 No
MUSTIC AF5 43 III ≤35 AF ≥200 No
PATH CHF6 41 III, IV ≤35 SR  ≥120 No
MIRACLE ICD 7 369 III, IV ≤35 SR  ≥130 Yes
CONTAK CD8 227 II, IV ≤35 SR  ≥120 Yes
MIRACLE ICD II9 186 II ≤35 SR ≥130 Yes
PATH CHF II10 89 III, IV ≤35 SR ≥120 Yes/no
COMPANION11 1520 III, IV ≤35 SR ≥120 Yes/no
CARE HF12 814 III, IV ≤35 SR ≥120 No
CARE HF Extension 200613 813 III,IV ≤35 SR ≥120 No
REVERSE14 610 I, II ≤40 SR ≥120 Yes/no
MADIT CRT15 1800 I, II ≤30 SR  ≥130 Yes

RAFT16 1800 II, III ≤30 SR/AF ≥130
(> 200 if AF) Yes

Table 3 Randomized studies on CRT



reasons for applying a rhythm control strategy but 
this strategy did not result superior to rate-control 
in patients with heart failure, selected indepen-
dently on indication to CRT.23 A rhythm control 
strategy based on pharmacological agents has to 
consider only amiodarone, since dronedarone is 
specifically contraindicated in heart failure pa-
tients. For left atrial ablation positive results have 
been reported in highly specialized centres, but the 

Journal of Atrial Fibrillation Featured Review

 www.jafib.com 57 Feb-Mar, 2013 | Vol 5 | Issue 5                          

lation offers the advantage of allowing  >95-98% 
biventricular pacing, therefore with all the clini-
cal advantages of CRT in terms of symptoms im-
provement, LV reverse remodelling, morbidity 
and survival.

Maintenance of left atrial contribution to ventric-
ular filling, as well as maintenance of a physiolog-
ical rate responsiveness, may be good theoretical 

Figure 1: CRT in AF Patients (Panel A) and AF Patients Treated with Atrioventricular Node (AVN) Ablation (Panel B)
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cal to analyse data derived from observational 
studies. Gasparini et al.19 reported the largest se-
ries and found that patients with AF treated with 
CRT had a worse outcome in comparison to com-
parable patients in SR (Figure 1 panel A). how-
ever, the negative prognosis associated with AF 
was no longer evident when AF patients treated 

possibility to replicate these results in daily prac-
tice, for the large amount of CRT patients present-
ing AF, is not defined.

With regard to the benefit of applying AV node 
ablation to CRT patients there is paucity of data 
derived from RCTs, therefore  it becomes topi-

 

Figure 2: Meta-analysis of the Relative Risk (RR) of Clinical Nonresponse to Cardiac Resynchronization Therapy (CRT) over 6 
to 12 months in Patients with Atrial Fibrillation (AF) Versus Sinus Rhythm (SR). P value for the Pooled RR _ 0.001. Heterogene-
ity P Values from the Cochran Q Statistic. CI _ Confidence Interval; I2 _ Proportion of the Variation in Relative Risk that is Due 
to Between-Study Heterogeneity (Panel A); Meta-Analysis of the Relative Risk (RR) of all-Cause Death in Patients with Versus 
those without Atrial Fibrillation (AF) Undergoing Cardiac Resynchronization Therapy. P Values for the Pooled RR in the 
Peer-Reviewed Articles, Abstracts, and Combined Groups are .06, .006, and .003, Respectively  (Panel B).

Panel A

Panel B



with CRT and atrioventricular node (AVN) abla-
tion were considered (Figure 1 panel B).This is in 
agreement with the general principle that CRT 
is effective and improves patients outcome only 
when the percentage of biventricular pacing is 
high, higher than 95% .20, 23 This observation is also 
supported by some  meta-analysis of all the studies 
performed on CRT in permanent AF. A systematic 
review and meta-analysis on AF, HF and CRT was 
recently published by Wilton et al.24Twenty-three 
observational studies were included and followed 
a total of 7,495 CRT recipients, 25.5% with AF, for 
a mean of 33 months. AF was associated with an 
increased risk of nonresponse to CRT (34.5% vs 
26.7%; pooled relative risk [RR] 1.32; 95% con-
fidence interval [CI] 1.12, 1.55; P = .001) and all-
cause mortality (10.8% vs 7.1% per year, pooled 
RR 1.50, 95% CI 1.08, 2.09; P = .015). The presence 
of AF was also associated with less improvement 
in QoL, 6-minute hall walk distance, and LV end-
systolic volume but not LV ejection fraction. (Fig-
ure  2, Panel A and B). With regard to role of AV 
node ablation a more recent meta-analysis was 
published in 2012 by Ganesan et al.25After a sys-
tematic search the authors identified 6 studies, in-
cluding 768 CRT-AF patients, composed of 339 pa-
tients who underwent AV nodal ablation and 429 
treated with medical therapy aimed at rate control 
alone. AV nodal ablation in CRT-AF patients was 
associated with significant reductions in all-cause 
mortality (risk ratio: 0.42 [95% confidence interval: 
0.26 to 0.68]), cardiovascular mortality (risk ratio: 
0.44 [95% confidence interval: 0.24 to 0.81]), and 
improvement in mean New York Heart Associa-
tion functional class (risk ratio: –0.52 [95% confi-
dence interval: –0.87 to –0.17]). AV nodal ablation 
was associated with a substantial reduction in all-
cause mortality and cardiovascular mortality and 
with improvements in New York Heart Associa-
tion functional class compared with medical ther-
apy in CRT-AF patients. This meta-analysis has 
several limitations since primarily based on obser-
vational data, rather than randomized controlled 
trial data.

AF, Silent AF  and Thromboembolic Risk  

It is well known how AF implies a harmful increase 
in thromboembolic risk, including invalidating 
stroke. Detection of AF in patients treated with a 
CRT device is enhanced by device diagnostic ca-

pabilities, since specific device algorithm may de-
tect episodes of atrial tachyarrythmias, including 
AF and store EGMs in device memory. In patients 
with a CRT device, device diagnostics allow to de-
tect silent AF and recent data26 show how device 
detected atrial tachyarrythmias are associated with 
a 2.5 fold increase in the risk of stroke. In these cas-
es decision making on appropriate antithrombotic 
prophylaxis has to consider clinical risk stratifi-
cation by applying CHADS2 and CHA2DS2VASc 
scores.27 These scores were not derived and vali-
dated in populations of patients implanted with a 
device; however,  there are no specific reasons for 
not applying them to CRT patients for guiding the 
prescription of anti-thromboembolic prophylaxis. 
In view of the negative impact  of both over- and 
under-treatment with oral anticoagulants,28 we 
think there is strict indication to apply a guideline-
based approach to oral anticoagulation, with the 
advantage of current availability of novel antico-
agulants.29 

Conclusions

AF and HF are two common epidemics and in 
view of progressive aging of the population an in-
crease burden is expected in the next decades. In 
HF patients with systolic dysfunction and ventric-
ular dyssynchrony. CRT has emerged in the last 
decade as a very effective treatment, with reduced 
morbidity and improved outcomes. 

AF is common in HF patients and therefore may 
present in different forms (new onset, paroxysmal, 
persistent, permanent) at different times of the 
“unnatural history” of a HF patients treated with 
CRT, ie before or at different time after implant of a 
CRT-P or CRT-D device. CRT devices increase the 
ability to detect AF since device diagnostics allows 
to detect “silent” AF, with important implications 
for clinical decision making and patients’ care.

As a matter of fact AF in patients with CRT prompts 
the need to appropriately decide on antithrombo-
embolic prophylaxis (according to risk stratifica-
tions) as well as rate and/or rhythm control strate-
gies whose aim is to allow constant biventricular 
pacing. In this perspective AVN ablation has an im-
portant role since by inducing pace-maker depen-
dency guarantees continuous biventricular pacing.
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Introduction

Over the past 15 years catheter ablation of atrial 
fibrillation (AF) has evolved from a novel rarely 
performed procedure to its role today as a com-
monly performed and widely accepted procedure 
throughout the world. The purpose of this article is 
to provide a state-of-art review of the techniques, 
outcomes, complications, and technologies in the 
field of catheter ablation of AF.Two major topic 
areas will be discussed. First, we will review the 
current techniques, outcomes, and risks of cath-
eter ablation for paroxysmal, persistent, and long-
standing persistent AF patients.Second, we will 
provide a critical review of new and emerging ab-
lation strategies and techniques. 

Techniques, Outcomes, and Risks of 
Ablation of Paroxysmal AF

After much debate and discussion about the op-

timal technique to perform AF ablation, most 
centers throughout the world use wide area cir-
cumferential pulmonary vein isolation (PVI) as 
the foundation of the procedure.1, 2 In 2007, the 
Heart Rhythm Society (HRS) released a consen-
sus document recognizing the electrical isolation 
of the pulmonary veins (PV) as the cornerstone 
of AF ablation.1 A revised consensus document 
published in 2012 also included this recommenda-
tion.2  This AF ablation approach is highly effec-
tive in patients with paroxysmal AF (recurrent AF 
that terminates spontaneously within 7 days). The 
2012 HRS consensus document presents a Class I 
recommendation for catheter ablation of paroxys-
mal AF that is refractory or intolerant to at least 
one class 1 or 3 antiarrhythmic medication.2 This 
ablation technique involves delivering a series of 
point-by-point radiofrequency (RF) lesions which 
encircle the two left and two right PVs either by 
creating a single circumferential lesion around 
the two right PVs and another around the two left 
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Abstract

Catheter ablation of atrial fibrillation (AF) is an important treatment modality for patients with AF. Al-
though the superiority of catheter ablation of AF over antiarrhythmic drug therapy has been demonstrat-
ed in middle aged patients with paroxysmal AF, the role of catheter ablation in other patient subgroups, 
particularly in the elderly, those with heart failure, and those with long standing persistent AF has not 
been as well defined. Furthermore, although AF ablation can be performed with reasonable efficacy and 
safety in experienced hands, late recurrences of AF a year or more following AF ablation are not uncom-
mon. Fortunately the techniques and tools used for AF ablation continue to evolve and it is likely that the 
outcomes of AF ablation will improve further in the future.
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PVs, or by including lesions between the ipsilat-
eral PVs resulting in a figure eight lesion set.Irri-
gated RF ablation catheters, used in conjunction 
with an electroanatomic mapping system are the 
most commonly employed tools. Cryoablation has 
emerged as another commonly used approach to 
isolate the PVs. The endpoint of PVI, whether per-
formed with RF energy or cryoablation, is com-
plete electrical isolation of the PVs confirmed by 
use of a circular multipolar electrode catheter.2,3 

Success rates for catheter ablation of AF depend 
on a large number of variables.2   Of particular im-
portance are the type of AF (paroxysmal, persis-
tent, or long standing persistent), the presence or 
absence of comorbid conditions such as obesity 
and sleep apnea, the definition of “success”, and 
the duration of follow-up. The 2012 HRS Consen-
sus Document on AF ablation recommends that 
success be defined as freedom from symptomatic 
or asymptomatic AF, atrial tachycardia, or atrial 
flutter lasting 30 seconds or longer 12 months fol-
lowing AF ablation.2   It is recognized that this is a 
very strict definition of success that is best used for 
clinical trials. A three-month “blanking period” is 
recommended. This results from the fact that it is 
common for patients to develop AF shortly after 
an ablation procedure, in part because of transient 
pericardial inflammation. From a clinical perspec-
tive, a marked reduction of “atrial fibrillation 
burden” associated with a reduction of symptom-
atic AF is commonly considered a clinical success 
from a patient and physician perspective. 

The results of catheter ablation of paroxysmal AF 
can be derived from a number of different sourc-
es. In our experience and based on our review of 
the literature we would estimate the single pro-
cedure efficacy of a PVI ablation in a patient with 
paroxysmal AF to be between 60% and 80%.4-8  A 
recent study reported the outcomes of two meta-
analyses of the safety and efficacy of catheter abla-
tion of AF and antiarrhythmic drug therapy.9   The 
results of 63 RF ablation studies were included in 
these analyses. The multiple procedure success 
rate off AAD was 71% (95% CI 65%–77%), and the 
multiple procedure success rate on antiarrhyth-
mic or with unknown antiarrhythmic drug usage 
was 77% (95% CI 73%–81%). It is important to rec-
ognize that performing a second or third ablation 
procedure results in an increase in the cumulative 
success rate. 

There recently have been a large number of stud-
ies which have published data concerning the 
long-term efficacy of AF ablation.10-16  The first of 
these studies was published five years ago and de-
scribed the long term outcomes of a series of 264 
patients who were AF free and off antiarrhyth-
mic drug therapy at the 12 month point follow-
ing an initial ablation procedure.10 During a mean 
follow-up of 28 +/- 12 months, AF recurred in 23 
patients (8.7%). The actuarial recurrence rate of 
AF at five years was 25.5%. AF recurrence was 
more likely in patients with hypertension and hy-
perlipidemia with a recurrence rate of 75% if both 
of these risk factors were present. Similar findings 
have been reported in each of the subsequent tri-
als.11-16 Of particular note is a recent report from 
a highly experienced EP lab which reported that 
only 29% of patients who underwent AF abla-
tion at their center were AF free at 5 years follow-
ing a single ablation procedure.14 Importantly, in 
this trial AF ablation procedures were performed 
in 2001 and 2002 using a segmental approach to 
achieve PV isolation. A more recent series which 
employed a circumferential approach to achieve 
PV isolation reported better long term outcomes 
with 47% of patients AF free after 4.8 years of fol-
low-up.15  It is now recognized that when a patient 
is brought back to the EP lab with recurrent AF, 
that recurrence of PV conduction in one or more 
veins is almost universally observed. This finding 
highlights the difficulty achieving permanent PV 
isolation with current ablation technologies and 
approaches being used for assessing PV isolation 
acutely. 

In 2010, the FDA approved Medtronic’s Arctic 
Front Cardiac CryoAblation system in the Unit-
ed States for clinical use for treatment of patients 
with paroxysmal AF. This balloon based ablation 
system isolates PVs by freezing the tissue that lies 
in contact with a balloon which is cooled to as 
low as -80oC.17-19   This ablation system has been 
approved for clinical use for many years in Eu-
rope and has recently been released for clinical 
use in the United States.The results of the clini-
cal trial that supported FDA approval have been 
published in abstract form but has not been pub-
lished as a manuscript.20 This study randomized 
245 patients to antiarrhythmic drug therapy or 
catheter ablation. Catheter ablation was success-
ful in 70% of patients (including repeat ablation 
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procedures) as compared with a 7% success rate 
for antiarrhythmic drug therapy. A large number 
of trials have been performed to evaluate the safe-
ty and efficacy of the cryoballoon ablation system 
in Europe. One of the largest and most recent of 
these studies was published in 2008.17 This study 
reported the outcomes of 346 patients with drug 
refractory predominantly paroxysmal AF. Dur-
ing a median follow-up of 12 months, after one 
or more procedures sinus rhythm was maintained 
without the need for antiarrhythmic drug thera-
py in 74% of patients with paroxysmal AF and in 
42% of patients with persistent AF.Although the 
results of these initial studies suggest promise 
for the cryoballoon ablation system, the ultimate 
clinical value of this system will be better defined 
once electrophysiologists in the United States 
have gained more experience with it.At the pres-
ent time it appears to be best suited for patients 
with paroxysmal AF. 

Although some operators have enthusiastically 
adopted this technology, many other operators 
prefer to use RF ablation. 

Techniques, Outcomes, and Risks of 
Ablation of Persistent and Longstanding 
Persistent AF 

The efficacy of PV isolation is suboptimal in pa-
tients with persistent and longstanding persis-
tent AF (> 12 months of continuous AF) due to 
the mechanisms underlying the more sustained 
arrhythmia.2 The 2012 consensus document sug-
gests catheter ablation is reasonable for persistent 
AF and may be considered for longstanding per-
sistent AF, when AF remains symptomatic and re-
fractory to at least one Class 1 or 3 antiarrhythmic 
medication. The optimal approach to catheter ab-
lation in patients with persistent and longstanding 
persistent AF remains an area of debate. Whereas 
many electrophysiologists (EPs) prefer to perform 
circumferential AF isolation as the initial proce-
dure in all AF patients, there are other EPs who 
feel strongly about creating linear ablation lesions 
and also targeted ablation of areas of the atrium 
demonstrating a high degree of complex fraction-
ated atrial electrograms (CFAE) during AF. A final 
group of EPs advocate for a step-wise approach 
to AF ablation whereby the procedure is contin-
ued until AF terminates.21  Critics of the more 
extensive ablation procedures argue that these 

approaches are in essence “atrial debulking.” Pro-
ponents of this approach argue that this results in 
substrate modification that is critical for the suc-
cess of the procedure.Whereas the primary goal of 
the vast majority of electrophysiologists perform-
ing AF ablation, in a patient with paroxysmal AF, 
will be to achieve PV isolation using a circumfer-
ential approach, the approaches used for ablation 
of patients with  non-paroxysmal AF is far more 
varied.1,2,21 – 25  

The quality and quantity of data concerning the 
outcomes of AF ablation in patients with persis-
tent and long standing persistent AF is consider-
ably less than for patients with paroxysmal AF 
described above. It is now increasingly well rec-
ognized that the duration of continuous AF is an 
important predictor of the efficacy of AF ablation. 
The single procedure success rate in a less optimal 
patient, such as a patient with persistent AF lies 
between 50% and 70%. The single procedure effi-
cacy of the procedure in a suboptimal patient such 
as a patient with continuous AF for four years is 
40% or less. Several studies that have reported 
the outcomes of catheter ablation of persistent 
and long standing persistent AF concluded that 
the single procedure success rates of the different 
strategies is similar, provided that circumferential 
PV ablation is performed with an endpoint of elec-
trical isolation of the PVs.22,26 –28   It is clear that this 
is an area where more research is needed to better 
define the optimal ablation approach and also the 
anticipated success rate in particular patient 
populations. 

In the last year, two studies have examined the ef-
fect of restoring sinus rhythm prior to catheter ab-
lation on procedure time and clinical success in pa-
tients with persistent and longstanding persistent 
AF.29,30 In the first study, Rivard and colleagues 
performed catheter ablation on 40 patients (and 40 
controls) in whom sinus rhythm was restored (SR-
restoration) by electrical cardioversion (CV) and 
maintained at least one month prior to ablation. 
During follow-up (21.1 +/- 9.7 months), no signifi-
cant differences were found between the clinical 
success of SR-restoration group (55%) compared 
to the control group (45%). However, procedure 
duration, fluoroscopy time, radiofrequency dura-
tion, and extent of ablation decreased in the SR-
restoration group compared to the control group. 
Additionally, AF was terminated by ablation more 
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frequently in the SR-restoration group. In the sec-
ond study, Kang et al found that successful CV per-
formed prior to ablation procedure was a predic-
tive method in determining the long-term outcome 
of catheter ablation in 94 patients with persistent 
and longstanding persistent AF.These results are 
consistent with reverse remodeling effects previ-
ously observed with antiarrhythmic drugs.31, 32 

Complications of AF Ablation

Catheter ablation of AF is a demanding and com-
plex interventional electrophysiologic procedure, 
which is associated with an important risk of major 
complications. An International Survey of AF abla-
tion procedures in 2005 reported a 6% incidence 
of major complication.33  The incidence of cardiac 
tamponade was 1.2 %, stroke or TIA was 0.94%, PV 
stenosis was 1.3%, and death was 0.05%. A recent 
update of this survey reported a 4.5% complication 
rate.34 The complication rate reported in the large 
recent meta-analysis of AF ablation was 4.9%.1   Of 
particular note is a report from the International 
Survey of AF ablation of 162 centers which report-
ed details on 32 deaths that occurred during and/
or following AF ablation procedures in 32,569 pa-
tients (0.1%).35  Causes of death included tampon-
ade in 8 patients (25% of deaths), stroke in 5 (16%), 
atrial esophageal fistula in 5 (16%), and pneumo-
nia in 2 (6%). There is more recent evidence sug-
gesting that the complication rate of AF ablation is 
falling.36-38  A recent consecutive series of patients 
undergoing AF ablation reported a major com-
plication rate of 0.8% with no instances of death, 
stroke/TIA, atrial esophageal fistula, or PV steno-
sis.36  A review of our complication rate reveals 
that it has decreased from approximately 11% in 
2002 to 1.6% in 2010.38  Based on our review and 
knowledge of the literature as well as our clinical 
experience with AF ablation we would estimate 
that the current incidence of major complications 
lies between 1% and 5%. The incidence of cardiac 
tamponade is 0.5% to 2%, stroke/TIA is 0.3% to 1%, 
vascular injury is 0.5% - 2%, pulmonary vein steno-
sis <1%, and the risk for development of an atrial 
esophageal fistula and/or death is less than 0.1%.

Critical Review of New and Emerging 
Technologies and Tools

Evolving Techniques

Although isolation of the PVs remains the cor-

nerstone of AF ablation procedures, alternative 
strategies targeting other structures have been 
developed. In 2004, Nademanee and colleagues 
first described CFAE-guided ablation.23  This tech-
nique involves detailed point by point atrial map-
ping using an electroanatomic mapping system.
CFAE sites are identified by inspection and were 
defined in this paper as “1) atrial electrograms 
that have fractionated electrograms composed of 
two deflections or more, and/or perturbation of 
the baseline with continuous deflection of a pro-
longed activation complex over a 10-s recording 
period; 2) atrial electrograms with a very short 
cycle length averaged over a 10-s recording peri-
od”.23 Studies reported that areas with CFAEs po-
tentially represent AF substrate sites, and these ar-
eas have become target sites for AF ablation.2,24,30,39 
However, the underlying mechanism of CFAEs 
remains controversial. Recent studies have shown 
that fractionated electrograms recorded during 
SR are normal findings in the left atrium due to 
wave-front collisions.40-44  A clinical trial is current-
ly underway that may facilitate the identification 
of CFAE sites critical to perpetuating AF using 
Ibutilide.45 The primary endpoints of the CFAE-
guided ablation approach are either complete 
elimination of the areas with CFAEs, conversion 
of AF to sinus rhythm (either directly or first to 
atrial tachycardia), and/or non-inducibility of AF 
as suggested by the 2012 HRS guidelines.2 In their 
first study, Nademanee and investors targeted 
and eliminated CFAE areas in 57 patients with 
paroxysmal AF and 64 patients with longstanding 
persistent AF.23  At a 1 year follow-up, 91% of all 
patients were free from symptomatic AF. How-
ever, these impressive results have not been rep-
licated by any other group. There is evidence that 
targeting CFAEs as an adjunctive technique to 
PV isolation may be of added benefit, especially 
in patients with persistent and longstanding per-
sistent AF.2,28,39  Conversely, several studies have 
concluded that the single procedure success rate 
is similar for the CFAE-guided ablation and PV 
isolation.22, 26, 27

The relationship between AF and the autonomic 
nervous system, first reported by Pappone et al, 
is another area of intense research.46-54  Investiga-
tors have developed data which suggest that the 
ganglionated plexi (GP) that are located on the 
heart play an important role in the pathogenesis 
of AF.In their landmark study, Pappone and col-
leagues suggested that adjunctive complete vagal 
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Recently, research has explored the effect that 
electrical rotors and focal impulses have on the 
perpetuation of the AF cycle.2,61-65 Experimental 
models have shown that organized reentrant cir-
cuits (rotors) or focal impulses can become dis-
organized and develop into AF.65-68 Sahadevan et 
al initially presented the possibility, using atrial 
electrograms, that drivers in the left atrium cause 
fibrillatory conduction or clinical AF.61 Subse-
quently, Chou and his colleagues determined 
that rotor ablation in dogs suppressed AF in-
ducibility.62 These two studies led Narayan et al 
to develop a clinical computational approach to 
mapping that physiologically interprets fibrilla-
tory wave activity by  analyzing widely sampled 
atria sites in the context of rate-dependent atrial 
repolarization and conduction.63,64 Spatiotempo-
ral analyses of AF were performed by analyzing 
electrograms to construct movies and individual-
ized isochronal maps of numerous AF activation 
cycles.64  These digital electroanatomic atrial maps 
created with a novel software mapping system 
and a basket catheter identified localized sources 
of AF in the form of sustained electrical rotors and 
repetitive focal impulses in humans.64  Narayan et 
al identified rotors as rotational activity around a 
center and focal impulses as a point of origin of 
AF from surrounding diastole.64  Using compu-
tational maps, the CONFIRM (conventional ab-
lation for atrial fibrillation with or without focal 
impulse and rotor modulation) trial demonstrat-
ed that ablation of patient-specific AF-sustaining 
sources terminated or consistently slowed persis-
tent and paroxysmal AF in 82.4% of patients after 
two years.63 Although these results are very pro-
vocative, this cannot be considered to be a proven 
strategy for AF ablation until adequately powered 
randomized clinical trials are performed which 
demonstrate the superiority of this approach to 
conventional ablation strategies.

 New and Evolving Tools

In additional to improving ablation strategy, in-
terest exists in developing new tools to improve 
the safety and efficacy of AF ablation.The major-
ity of AF recurrences result from electrical gaps 
surrounding PVs following an initial successful 
PVI.3, 69 In the absence of cell death, stunned myo-
cardial tissue can recover its conduction proper-
ties, which accounts for the discrepancy between 
the incidence of acute and chronic PVI.70-74  Con-
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denervation during PVI procedures significantly 
reduced AF recurrences at twelve months.46 Le-
mery et al found that ganglionated plexi (GP) pre-
dominately overlay, or were adjacent to, the PVs 
in fourteen patients with AF.47  Subsequently, sev-
eral small studies compared the efficacy of con-
ventional PVI ablation alone, anatomic GP abla-
tion alone, a combination of PVI and GP ablation, 
and ablation of sites where vagal reflexes could be 
induced by high frequency stimulation (selective 
GP ablation).48-53  PVI ablation alone resulted in a 
lower recurrence rate of AF compared to anatom-
ically guided GP ablation or selective GP abla-
tion.49, 50   The results of these studies are very dif-
ferent from other studies that found that anatomic 
GP ablation followed by PVI yielded significantly 
better clinical outcomes to PVI ablation alone.51,52 

More recently, Calo et al assessed the efficacy of 
GP ablation in the right atrium in patients with 
vagal AF.54  Previous investigators have observed 
the large number of ganglia in the right atrium 
extends into and can modulate distant GP in the 
left atrium.47,55-58  Ablation of these GP increased 
the effective refractory period, decreased the win-
dow of vulnerability, and eliminated AF induced 
by high frequency stimulation.58, 59  Based on these 
studies, Calo et al targeted anatomical GP and 
areas of vagal reflex evoked by high frequency 
stimulation for ablation in thirty-four patients 
with vagal AF. At one year, 88+/-9% of patients 
who underwent anatomically guided GP abla-
tion in the right atrium were AF-free compared to 
35+/-12% of patients who underwent selective GP 
ablation in the right atrium.54  To add to the stud-
ies on ablating GPs in the right and left atrium, 
Pokushalov and colleagues assessed the impact of 
PVI with renal artery denervation in thirteen pa-
tients with drug-refractory AF and drug-resistant 
hypertension.60  This novel method reduced the 
systolic and diastolic blood pressure by 25mmHg 
and 10 mmHg, respectively, and resulted in 69% 
of patients free of AF at twelve months.60 These 
studies taken together provide provocative data 
supporting ablation techniques targeting the gan-
glionated plexi. However, the field is still in need 
of a large, well designed, prospective, randomized 
study to better define the role of catheter ablation 
of autonomic ganglia in the treatment of AF. Until 
more consistent data is available, it is our opinion 
that the “autonomic hypothesis” does not directly 
impact the optimal approach to AF ablation.
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tact force between catheter tip and tissue is a key 
factor to effective lesion formation.72 Two contact 
force sensing catheters are currently available in 
Europe: the Thermocool SmartTOUCH Irrigated 
Catheter (Biosense Webster) and TactiCath Force-
Sensing Irrigated Ablation Catheter (Endosense). 
The SmartTOUCH consists of a spring coil near 
the catheter tip that is surrounded by a magnet-
ic signal emitter and three magnetic signal sen-
sors.75  Nakagawa et al presented findings using 
the SmartTOUCH catheter in canine models at 
the 2010 Boston atrial fibrillation symposium, and 
clinical trials are expected to start in the US within 
the year.75 This ablation system has been evaluated 
as part of an FDA sponsored clinical trial which 
has completed enrollment. The results of this trial 
should be available in 2013. Endosense developed 
TactiCath (TactiCath® Set; Endosense SA, Geneva, 
Switzerland), an open-irrigated RF ablation cath-
eter with a contact force sensor at the distal tip.73,74  
This ablation system is also currently being evalu-
ated as part of an FDA sponsored clinical trial 
(TOCCATA trial). This is a multicenter clinical trial 
which randomized ablation using the novel cath-
eter combined with Ensite NavX (St. Jude Medical, 
Inc, Minneapolis, MN) to ablation using a standard 
approach.73 The results of this clinical trial should 
be available in 2013.

The success of PVI has generated interest in the de-
velopment of balloon catheters that can be inserted 
in each PV and deliver a number of ablations. One 
of the advantages of these balloon catheters is that 
3D electroanatomic mapping systems are not re-
quired.Theoretically, balloon catheters should be 
easy to position and are able to create homoge-
neous ablation lesions with a single application of 
energy.The endoscopic ablation system (Cardio-
Focus Inc, Marlborough, Mass) is balloon-based, 
uses laser energy for ablation and involves three 
diameter balloon catheters (20 mm, 25 mm, or 30 
mm).76, 77  A diode laser is used to generate a wave 
of energy at 980 nm to burn myocardial tissue for 
60 seconds with a power density of 6.3, 6.9 or 7.6 W/
cm.76, 77   Four trials have been performed to evalu-
ate the safety and efficacy of the endoscopic abla-
tion system.76-79  One of the largest of these studies
was by Dukkipati et al.78  This study reports the
durability of PV isolation in 56 patients with drug
refractory paroxysmal AF using the endoscopic
ablation system. In this trial, 94.6% of PVs were

completely electrically isolated with the endoscop-
ic ablation system. The mean procedure time was 
198 minutes. During follow up at 12 months, the 
drug-free rate of freedom from AF or atrial tachy-
cardia was 71.2% Complications were reported in 
three patients, including one cardiac tamponade, 
one large groin hematoma, and one phrenic nerve 
injury. Reddy et al reported the outcomes of 30 par-
oxysmal AF patients who underwent AF ablation 
with the endoscopic ablation system.77 The mean 
procedure time decreased from 386 to 283 minutes 
over the thirty procedures. Electrical isolation was 
achieved in 92% of the pulmonary veins. Over a 12 
month follow-up period 60% of the patients were 
free from AF without AADs after one procedure.
Three complications were reported including one 
stroke, one cardiac tamponade, and one phrenic 
nerve injury. The endoscopic system is currently 
being evaluated for FDA approval in a prospective 
clinical trial which randomizes patients to ablation 
with the investigational system to conventional 
ablation using the ThermoCool Ablation System 
(Biosense Webster).

Conclusions

Catheter ablation is an important therapeutic mo-
dality for patients with AF.Although progress has 
been made in improving the safety and efficacy of 
the procedure, much research is still needed. In our 
opinion, the greatest challenge at this time is to im-
prove the long-term efficacy of a single procedure 
catheter ablation of paroxysmal, persistent and, 
particularly, longstanding persistent AF.Despite 
being superior in efficacy to antiarrhythmic medi-
cations, single procedure success rates, which 
currently vary between 35% and 70%, are subop-
timal. Improvements are likely to be achieved by 
both technological advances in the tools available 
to perform AF ablation procedures and increased 
understanding of the precise pathophysiological 
basis of AF. 

The second greatest challenge in the field of AF 
catheter ablation is to reduce the risks associated 
with the procedure. Atrial esophageal fistulas, 
although very rare (<0.1% of patients), continue 
to occur. Cardiac tamponade is more common 
(0.5–2.0% of patients) and accounts for many more 
deaths than atrial esophageal fistula. Cardiac tam-
ponade is unlikely to ever be completely elimi-

 www.jafib.com 67 Feb-Mar, 2013 | Vol 5 | Issue 5                           

Journal of Atrial Fibrillation Featured Review



nated, but our goal should be to reduce the risk 
of this complication (and of stroke and catheter 
access related complications) to less than 1 in 500 
procedures. 

The progress made in the field of AF catheter ab-
lation is truly remarkable. When radiofrequency 
catheter ablation of accessory pathways was being 
developed in the late 1980s, the use of this ablation 
technology in patients with AF was unimaginable. 
Now catheter ablation of AF is the most commonly 
performed ablation procedure in most major hos-
pitals.
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Introduction

The incidence of atrial fibrillation (AF) has in-
creased over the past several decades and is pro-
jected to continue its growth in the future as the 
population ages and risk factors for AF become 
more prevalent.1 It is well established that the pres-
ence of AF is associated with an almost five-fold 
increased risk of stroke.2 However, the precise role 
that AF plays in raising the risk of stroke is less 
well understood. Is AF merely a marker for other 
disease processes which predispose a patient to an 
increased risk of stroke or does a patients risk of 
stroke increase primarily during and shortly fol-
lowing the occurrence of AF? If a temporal rela-
tionship between AF and stroke does exist, it may 
be possible to improve stroke prevention strate-
gies by determining when patients might benefit 

most from oral anticoagulation. In this review 
article, we will present some of the early clinical 
trials and their limitations, explore the current 
landscape of studies which have incorporated 
more sophisticated monitoring of AF, and discuss 
potential future directions for clinical research on 
this important topic.

Early Efforts

As early as 1983, Wolf and colleagues asserted 
that the "onset of AF is clearly temporally related 
to imminence of stroke".3 This was based on their 
finding from the Framingham study that nearly 
one-quarter of AF-related stroke patients were in 
AF at the time of stroke onset. Other studies have 
also confirmed that AF is frequently diagnosed for 
the first time upon presentation for stroke4. If we 
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Abstract

It is well established that the presence of atrial fibrillation (AF) is associated with an increased risk of 
stroke; however, the precise role that AF plays in increasing this risk is less well understood. In particu-
lar, it is not fully known whether a temporal relationship between AF and stroke exists. Early clinical tri-
als in this field were limited by their rudimentary tools for monitoring of AF recurrences. More recently, 
studies employing implantable cardiac rhythm devices have brought greater precision to our ability to 
accurately detect and quantify episodes of AF but have been restricted to patient populations with clini-
cal indications for those types of devices. In the future, new monitoring modalities such as subcutaneous 
devices and external patches may allow us to extend precise arrhythmia monitoring to the broader AF 
population. Due to the relatively low rate of clinical events, large clinical trials or registries will be re-
quired to fully appreciate the temporal aspects of AF and stroke and alternative metrics for quantifying 
AF recurrences need to be explored.
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expand the definition of “temporally related” to 
also include AF episodes that occur shortly prior 
to the stroke (e.g., within 30 days), this proportion 
of strokes occurring near periods of AF will obvi-
ously increase. Furthermore, it is estimated that 
up to 40% of ischemic strokes have an undeter-
mined cause (i.e., cryptogenic) and many of these 
could be caused by undiagnosed, intermittent 
AF.5 Since stroke recurrences in the next 6 months 
are more than twice as likely if the first stroke was 
associated with AF3, it is important to accurately 
discern the presence of AF in order for appropri-
ate therapy to be administered.

Oral anticoagulation is a highly effective therapy 
which can reduce the risk of AF-related stroke 
by more than 60% relative to placebo in high risk 
patients.6 However, oral anticoagulation use is 
also associated with an increased risk of bleeding 
complications. Therefore it is important that the 
use of these therapies be limited to AF patients 
with additional stroke risk factors in whom the 
stroke reduction benefits outweigh the bleeding 
risks. These additional stroke risk factors include 
congestive heart failure, hypertension, age over 
75 years, diabetes, and a prior stroke or transient 
ischemic attack (TIA), forming the basis of the 
well-established CHADS2 score.7 In the CHADS2 
scheme, one point is assigned for each risk fac-
tor with the exception of prior stroke/TIA which 
is assigned two points.It has been shown that the 
risk of stroke increases monotonically as the score 
becomes elevated. More recently, the CHA2DS2-
VASc score has been proposed and includes ad-
ditional risk factors for vascular disease, female 
gender, and age between 65-74 years.8

In the Framingham era, the tools available for 
monitoring AF were largely limited to patient 
symptoms and intermittent in-office screening us-
ing external recordings. These rudimentary tools 
allowed AF to be classified as paroxysmal (self-
terminating episodes lasting less than 7 days), 
persistent (episodes lasting longer than 7 days or 
requiring termination via cardioversion),or per-
manent (when attempts at restoring sinus rhythm 
are unsuccessful or have been abandoned).9 There 
is some debate as to whether the risk of stroke is 
the same for patients with paroxysmal vs. persis-
tent or permanent forms of AF.An early study from 
Hart et al. suggested that the risk was similar.10  
However, it is important to consider how parox-

ysmal (or intermittent) AF was defined in that 
study.Their definition of paroxysmal AF meant 
that sinus rhythm was documented at some point 
in the 3-12 months prior to study entry. It is likely 
that paroxysmal AF patients in that study had a 
very high burden of AF and were quite different 
from patients in whom AF is only discovered via 
more aggressive monitoring techniques. The au-
thors also acknowledge that they were unable to 
accurately determine the frequency and duration 
of AF episodes in this study. 

In a more recent analysis from the Stockholm Co-
hort of Atrial Fibrillation, Friberg showed that the 
rates of ischemic stroke were significantly higher 
in non-anticoagulated patients with permanent 
compared to paroxysmal AF (defined as episodes 
which terminate spontaneously within 7 days and 
most often within 24 hours).11  This study suggests 
that the type or amount of AF may matter in deter-
mining a patient's risk of stroke. However to more 
fully appreciate the complex temporal relation-
ship between AF and stroke, AF must be quanti-
fied more precisely than afforded by assignment 
to one of three possible classifications. 

These AF classifications, while helpful, are limited 
by being based on incomplete information. Sever-
al studies have shown that patient symptoms are 
not a reliable surrogate for AF recurrence. Page et 
al. showed that for every episode of symptomatic 
paroxysmal AF, patients were likely to experience 
12 episodes of asymptomatic AF.12 A later study 
with implantable pacemakers confirmed that ap-
proximately 94% of stored atrial tachycardia/
AF (AT/AF) episodes were asymptomatic.13 This 
study and others further demonstrated that symp-
toms believed by the patient to be caused by AF 
actually correlated with atrial tachyarrhythmia 
episodes in approximately only 20% of cases.13,14 
Thus patients frequently do not realize when they 
are having AF and when they believe they are in 
AF, they are very often incorrect. Consequently, 
external monitors have been used to both search 
for asymptomatic AF as well as corroborate the 
presence of AF when the patient complains of 
symptoms. 

These external monitoring systems are useful but 
suffer from several major limitations.One inher-
ent limitation is the use of intermittent recordings 
to monitor for the presence of a disease which can 
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also be intermittent.It has been well established 
that intermittent monitoring is highly inaccurate 
for identifying the presence of AF in patients with 
paroxysmal AF.15 For example, performing quar-
terly 24-hour Holter monitors over the course of 
a year is likely to identify only about half of the 
patients who actually have AF. Increasing the fre-
quency or duration of monitoring sessions will im-
prove the sensitivity to detecting AF but comes at 
the cost of decreased patient compliance. Even in 
the context of a clinical trial, it has been shown that 
the average compliance rate with more aggressive 
external monitoring regimens was only 42%.16 In 
an elegant analysis, Charitos et al. illustrated that 
it is difficult to conclude with high certainty from 
a series of negative intermittent rhythm examina-
tions that the burden of AF is low.17 For example, 
a series of four negative 24-hour Holter monitors 
performed at random only provides 90% confi-
dence that a patient's AF burden is below 24% (an 
average of almost 6 hours per day).

Consequently, accurate assessments of the tem-
poral relationship between AF and stroke will be 
severely hampered if the measurement of AF is 
imprecise.  

Current Status

The advent of implantable cardiac rhythm devices 
such as pacemakers, implantable cardioverter de-
fibrillators (ICDs), and cardiac resynchronization 
therapy (CRT) devices introduced the unique op-
portunity to continuously monitor arrhythmias 
such as AT/AF for prolonged periods of time. 
These devices have been shown to accurately 
detect the presence of AT/AF and quantify the 
amount of AT/AF in patients who are indicated for 
cardiac rhythm devices.18,19 Examples of the diag-
nostics available from these implantable devices 
are shown in Figure 1 and include a) the percent-
age of time spent in AT/AF (i.e., AT/AF burden), b) 
daily trends of AT/AF recurrences, c) time of day 
of episode initiation, and d) histogram of episode 
duration.

Device diagnostics from implantable devices have 
been used to quantify the treatment effects of both 
non-pharmacologic and pharmacologic therapies. 
In their seminal paper, Martinek et al. described 
the use of continuous monitoring via pacemakers 

to quantify the effect of pulmonary vein isolation 
on AT/AF burden and temporal recurrence.20  More 
recently, the PASCAL study utilized implantable 
pacemakers to both demonstrate a dose response 
and quantify the AT/AF burden reduction ob-
served during the trial of a new antiarrhythmic 
drug.21 The monitoring capabilities of these de-
vices have also been used in recent years to more 
precisely understand the relationship between AF 
and stroke. 

One of the first studies to exploit the diagnostic 
features of implantable devices was a sub-analy-
sis of the MOde Selection Trial (MOST).22 In this 
sub-study, the presence of atrial high rate episodes 
(AHRE) from 312 pacemaker patients was corre-
lated with clinical outcomes. The investigators 
found that the presence of any AHRE (>5 min-
utes in duration) was an independent predictor 
of death or non-fatal stroke with a hazard ratio of 
2.79 [1.51, 5.15], p=0.0011. Due to technical limita-
tions of the devices employed in this early study, it 
was not possible to report or analyze the duration 
of AHRE with greater precision. Furthermore, the 
composite endpoint of death or non-fatal stroke 
was dominated by death (n=44) rather than stroke 
(n=10). However, this study was critical in bring-
ing the issue of device-detected AHRE and stroke 
risk to our attention. 

Subsequently, the Italian AT500 Registry Investi-
gators reported data from 725 patients with pace-
makers having specialized atrial arrhythmia di-
agnostic capabilities.23 After adjusting for known 
risk factors, they found that patients with device-
detected AT/AF episodes >24 hours in duration 
had an increased risk of embolism with a hazard 
ratio of 3.1 [1.1, 10.5], p=0.44. As with the MOST 
sub-analysis, this study reported on an association 
between device-detected atrial arrhythmias and 
stroke but did not fully explore the temporal rela-
tionship between them. 

The TRENDS trial analyzed data from 2486 pa-
tients with pacemakers, ICDs, or CRT devices.24  

In this study, 30-day rolling windows were evalu-
ated for the presence of AT/AF.The day with maxi-
mal AT/AF burden was tabulated within each 30-
day window and categorized as high burden (≥5.5 
hours of AT/AF), low burden (<5.5 hours of AT/
AF), or no burden. In order to maximize statisti-
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Figure 1: Examples of Atrial Tachyarrhythmia/Atrial Fibrillation (AT/AF) Diagnostics Available in Implantable Devices
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and patients were classified as either having sub-
clinical atrial tachyarrhythmias of at least 6 min-
utes in duration (10% of patients) or not (90% of 
patients). Patients remained fixed in these catego-
ries for the remainder of the trial (mean follow-up 
duration = 2.5 years) even if atrial tachyarrhyth-
mias were subsequently detected in those with-
out early episodes. Patients classified as having 
subclinical atrial tachyarrhythmias in the ini-
tial 3 months had an increased risk of ischemic 
stroke or systemic embolism with a hazard ratio 
of 2.49 [1.28, 4.85], p=0.007. However, there was 
no requirement for the atrial arrhythmia and the 
ischemic event to be temporally related. In fact, 
a patient could have a single AT/AF episode de-
tected during the first month and then have no 
further episodes for the duration of the trial. If 
this patient had a stroke at month 30, it would 
have been considered to be associated with that 
much earlier arrhythmic episode. Conversely, a 
different patient might not have had any AT/AF 
episodes in the first 3 months but could have had 
many long episodes in month 4 which were fol-
lowed almost immediately by a stroke and this 
event would not be considered to be associated 
with the arrhythmia. In addition, more than twice 
as many patients (24%) were discovered to have 
subclinical AT/AF episodes occurring only after 
the initial 3 month categorization period than 
during this initial 3 month period (10%) yet these 
patients were included in the no AT/AF group 
for analysis. The 3 month categorization period 
likely served the effective purpose of stratify-
ing those patients with a high burden of AT/AF 
from those patients with a low or no burden of 
AT/AF. As shown in prior studies, patients who 
are most likely to be identified during relatively 
brief periods of monitoring are those patients 
with the greatest arrhythmic burden.15  Indeed, in 
a secondary analysis of the ASSERT data which 
included all device-detected episodes over the 
entire follow-up period, the investigators found 
that the annualized rate of stroke or systemic em-
bolism was greatest in patients having episode 
durations in the longest quartile. Thus while the 
ASSERT study was instrumental in furthering 
our understanding of the relationship between 
subclinical AT/AF and stroke in patients without 
a prior history of AF, the published results to date 
have added relatively little to our knowledge re-
garding the temporal aspects of AF and stroke. 
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cal power, the cut-off between the high and low 
burden subgroups was selected as the median of 
the maximum day of burden among those 30-day 
windows with any AT/AF. The annualized risk of 
thromboembolism (stroke, TIA, and systemic em-
bolism) was 2.4% for the high burden subgroup 
and 1.1% for both the low burden and no burden 
subgroups.Compared to the no burden subgroup, 
the adjusted hazard ratios for thromboembolism 
were 0.98 [0.34, 2.82], p=0.97 in the low burden 
subgroup and 2.20 [0.96, 5.05], p=0.06 in the high 
burden subgroup.By using a time-varying expo-
sure which was updated daily, this represented 
one of the first attempts to more fully understand 
the temporal relationship between AF and stroke 
in patients with long-term continuous arrhythmia 
monitoring. 

Using similar techniques, Shanmugam et al. pro-
spectively analyzed data from 560 heart failure 
patients with CRT devices.25 The median value 
of daily AHRE burden among those with AHRE 
was 3.8 hours, resulting in three population sub-
sets: zero AHRE burden, low AHRE burden (<3.8 
hours), and high AHRE burden (≥3.8 hours). After 
adjusting for known stroke risk factors, the high 
AHRE burden group was independently associ-
ated with thromboembolic events compared to 
the zero burden group with a hazard ratio of 9.4 
[1.8-47.0], p=0.006. They also reported that 73% of 
patients did not exhibit a temporal association be-
tween their AHRE and the thromboembolic event. 
However, their definition of “temporal associa-
tion” required that the patient be in an atrial ar-
rhythmia at the time of thromboembolism diagno-
sis. This strict definition precludes the possibility 
that a patient could have had a long AHRE which 
terminated shortly before the onset of stroke 
symptoms or prior to presentation at the clinic. 
One could argue that such a scenario should be 
treated as temporally related, especially since the 
spontaneous conversion from AF to sinus rhythm 
may be an important factor in precipitating some 
thromboembolic events.26 

The ASSERT trial enrolled 2580 patients who were 
≥65 years old with hypertension and no history of 
AF.27 The vast majority of patients (95%) had re-
cently been implanted with a pacemaker while the 
remaining 5% received an ICD. During the first 3 
months of the study,  device data was analyzed 

Journal of Atrial Fibrillation Featured Review



Perhaps the study which most directly addressed 
the issue of a temporal relationship between AF 
and stroke was a recent sub-analysis from the 
TRENDS trial.28 In this post-hoc analysis, Daoud et 
al. leveraged the extensive diagnostic capabilities 
of the implantable devices. Among the 40 patients 
who experienced a thromboembolic event and had 
at least 30 days of device data available prior to the 
event, exactly half (n=20) had at least one episode 

of AT/AF detected prior to the event (Figure 2). 
Among these 20 patients, 6 were in AT/AF at the 
time of thromboembolism diagnosis and another 
5 had episodes of AT/AF detected within the 30 
days prior to the event. Thus, the majority (11/20 
or 55%) of patients who experienced device-
documented AT/AF prior to their thromboem-
bolic event had AT/AF episodes within temporal 
proximity of the event.While the other half of pa-
tients (n=20) did not have any episodes of AT/AF 
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Figure 2:  Full Disclosure of Atrial Tachyarrhythmia/Atrial Fibrillation (AT/AF) Recurrences Relative to Thromboembolic Events 
[denoted by Red Line(s)]



detected prior to the thromboembolic event, it is 
important to note that the duration of pre-event 
monitoring was significantly shorter in these pa-
tients without AT/AF detected prior (251±221 
days) compared to those patients with AT/AF 
detected prior (485±273 days). In fact, 35% of pa-
tients (7/20) without AT/AF detected by the device 
prior to their thromboembolism had ≤90 days of 
device data available. In the TRENDS study, the 
minimum duration of AT/AF was required to be at 
least 5 minutes as this duration has been shown to 
reduce the likelihood of erroneous detection.29 It is 
noteworthy however that 6 of the 20 patients (30%) 
who did not meet this threshold for device-detect-
ed AT/AF prior to the event did have shorter epi-
sodes of AT/AF recorded by the device prior to the 
event. Furthermore, 7 thromboembolism patients 
had a prior history of AF but no episodes longer 
than 5 minutes documented by the device prior to 
the event. Taken together, the TRENDS trial sug-
gests that multiple mechanisms are responsible for 
thromboembolism among patients with implant-
able devices and AF has a prominent role in a sig-
nificant proportion of them. However, since this 
study included a mixture of patients both with and 
without a prior history of atrial tachyarrhythmias, 
it is difficult to directly compare the percentage of 
thromboembolic events that were temporally as-
sociated with AF to that reported in other studies. 

The ongoing IMPACT study30 may help to address 
whether stroke prevention treatments can be safe-
ly started and stopped in patients when guided by 
the continuous arrhythmia monitoring features 
in their ICD or CRT device. The criteria for both 
initiation and interruption of oral anticoagulation 
are based on a combination of CHADS2 scores and 

the duration of AT/AF recorded over a consecu-
tive 2 day period (Table 1). This is an important 
study because it will address whether it is safe to 
discontinue oral anticoagulation in high risk pa-
tients who have been free of AT/AF episodes for 
prolonged periods of time.One could infer that if 
AF must be temporally related in order to increase 
stroke risk, this study should be successful. How-
ever, if AF is merely a marker for increased risk of 
ischemic stroke, it may not be prudent to discon-
tinue oral anticoagulation at any time following 
diagnosis of the arrhythmia. 

The aforementioned device-based studies have 
several characteristics in common which have lim-
ited our ability to fully appreciate the multifacet-
ed temporal relationship between AF and stroke. 
First, the number of stroke events in these trials 
has been very low. Even the two largest completed 
trials (TRENDS which enrolled 3045 patients and 
ASSERT which enrolled 2580 patients) each re-
ported a total of only 51 ischemic events. Pooling 
data across different trials is difficult due to dif-
ferences in inclusion criteria, clinical endpoints, 
and device capabilities/programming (Table 2). A 
second factor is that each of these previous stud-
ies with continuous arrhythmia monitoring has 
been limited to populations with a clinical indica-
tion for a pacemaker, ICD, or CRT device. While 
many of these patients do happen to also have AF, 
only a small percentage of the overall AF popula-
tion is indicated for one of these types of devices. 
Thus patients who are most representative of the 
broader AF population remain unstudied from the 
perspective of comprehensive AF monitoring. 

Future Directions
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Table 1 Criteria for Oral Anticoagulation Initiation and Interruption in the IMPACT Study

Initiation Criteria Interruption Criteria

AHRE Duration
(over 48 consecutive hours)

Consecutive days
free from AHRE

CHADS2 Score

1 and 2 48 hours 30 days
3 and 4 24 hours 90 days
5 and 6 or any prior stroke/TIA ≤12 hours Do not discontinue

ARHE = Atrial high rate episode, TIA = Transient ischemic attack 
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There are several reasons why patients with im-
plantable cardiac rhythm devices may not be rep-
resentative of the broader AF population. One 
reason is that these patients tend to be sicker and 
have more co-morbidities. Consequently, their 
risk of stroke may be different compared to non-
device patients with similar AF burden profiles 
due to the presence of these additional risk fac-
tors. Secondly, some studies have reported a sig-
nificantly higher incidence of cerebral ischemic 
events among patients receiving high amounts of 
ventricular pacing.31 In contrast, some have specu-
lated that atrial pacing may be cardio-protective 
by increasing the left atrial appendage emptying 
velocity. In either case, the device which is being 
used for arrhythmia monitoring also has the abil-
ity to perturb the cardiac system by delivering 
pacing therapy.Therefore, the ideal clinical study 
to assess the temporal relationship between AF 
and stroke might incorporate a monitoring device 
which fulfills the following requirements:

1. Capable of full disclosure arrhythmia monitor-
ing over long periods of time (i.e., years)
2. Presents minimal patient compliance concerns
3. Does not perturb the system which it is moni-
toring (i.e., no pacing)

4. Able to be used in the broader AF population
Small subcutaneous devices (Figure 3) are now
available 32 which meet these goals, can accurately
quantify AF33, and may facilitate additional re-
search into this broader AF population. Several
ongoing or planned studies have incorporated
these types of monitoring devices to investigate
the relationship between AF and stroke. In the area 
of secondary stroke prevention, the CRYSTAL-AF
study is being conducted to compare subcutane-
ous monitoring to standard of care monitoring
for the detection of AF in patients with a recent
cryptogenic stroke.34 In the area of primary stroke
prevention, the REVEAL AF35 and ASSERT II36

trials are being planned to explore the incidence
of newly diagnosed AF in patients at high risk of
stroke. These primary prevention studies, in par-
ticular, offer the possibility of providing a new
view into the temporal relationship between AF
and stroke in the broader population of „at risk
patients. External patches capable of monitoring
arrhythmias for days to weeks at a time have also
recently become available.37 In order to reliably
capture arrhythmias prior to an ischemic stroke
however, it may be necessary to frequently re-ap-
ply new patches as the device memory becomes
filled. This could potentially have an adverse im-
pact on patient compliance as well as cost.
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Table 2 Summary of Trials Using Continuous Arrhythmia Monitoring to Correlate AT/AF and Stroke Risk

Study Name Monitoring 
Device Prior AT/AF? AT/AF Burden 

Threshold Endpoint Event Hazard Ratio (C.I.)

MOST Sub-
study22

100% Pace-
maker

Allowed, but not 
required >5 minutes Death or non-fatal stroke 2.79 [1.51,5.15]

Italian AT500 
Registry23

100% Pace-
maker

History of
symptomatic AT >24 hours Ischemic stroke, TIA, or pe-

ripheral arterial embolism 3.1 [1.1, 10.5]

TRENDS24

TRENDS24
50% Pace-
maker
31% ICD
19% CRT

Allowed, but not 
required ≥5.5 hours Ischemic stroke, TIA, or 

systemic embolism 2.20 [0.96, 5.05]

Biotronik25 100% CRT Allowed, but not 
required ≥3.8 hours Ischemic stroke, TIA, or pe-

ripheral arterial embolism 9.4 [1.8, 47.0]

ASSERT27
95% Pace-
maker
5% ICD

Excluded ≥6 minutes Ischemic stroke or systemic 
embolism 2.49 [1.28, 4.85]

AT/AF = Atrial tachyarrhythmia/atrial fibrillation, C.I. = Confidence interval, CRT = Cardiac resynchronization therapy, ICD = 
Implantable cardioverter defibrillator, TIA = Transient ischemic attack  
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There are additional factors which could make it 
difficult to fully assess the temporal relationship 
between AF and stroke. First it must be recog-
nized that only 15- 20% of ischemic strokes are 
caused by AF2,38 although the true value might ac-
tually be somewhat higher due to the presence of 
occult AF. Thus for every 5-6 strokes that occur, 
only one is likely to be attributable to AF.In addi-
tion, even patients with documented AF can have 
strokes caused by other mechanisms such as large 
or small vessel disease. Secondly, while the asso-
ciation between AF and stroke is well established, 
it is important to note that AF does not directly 
cause a stroke. Rather,AF can lead to the forma-
tion of a thrombus which in turn can dislodge and 
actually cause a stroke.We are well aware of when 
a stroke occurs due to the presence of symptoms. 
We now also have the ability to accurately detect 
when AF occurs and quantify its magnitude in pa-
tients who have continuous monitoring devices.
However, less is known about the time-course 
surrounding thrombus formation and particu-
larly thrombus dislodgement, which is essential 
for AF-related stroke. It is likely that many factors 
contribute to thrombus dislodgement and thus 
the temporal relationship between AF and stroke 
is not straight-forward.Both the fact that not all 
strokes are related to AF and that AF may more 
directly govern thrombus formation but not nec-
essarily thrombus dislodgment introduces "noise" 
into our measurement (and thus into our under-
standing) of the temporal relationship between 
AF and stroke. 

To overcome these limitations, more sophisticat-
ed statistical models which consider alternative 
methods of quantifying AF are needed. But what 
is the right metric for quantifying paroxysmal 

AF? Prior studies have used the maximum day 
of AF burden24,25 and the duration of the longest 
episode.23,27 However, there are a variety of other 
metrics which could also be considered, including 
the cumulative AF burden, average AF burden, 
or the number (i.e., frequency) of AF episodes. 
Recently, the metric of AF density has been pro-
posed to describe the temporal aggregation of AF 
burden.17 This raises the question of whether the 
pattern of AF recurrences39 may also have clinical 
value. For example, there are an infinite number 
of ways in which a patient can manifest an aver-
age AF burden of 50% (Figure 4). It is unlikely that 
the stroke risk associated with each of these pos-
sible AF burden recurrence patterns is identical. 
Perhaps a certain amount of AF is required for 
thrombus formation while converting between AF 
and sinus rhythm states increases the likelihood of 
thrombus dislodgement. 

Regardless of the specific AF metric chosen, large 
numbers of stroke events will be required to per-
mit this sort of modeling. Given that strokes are 
relatively infrequent and the rates have been de-
creasing over time,40 this would require enormous 
sample sizes if conducted prospectively.Since 
the primary requirement for such an analysis is 
to have accurate knowledge of the temporal dis-
tribution of AF prior to a stroke, a large registry 
study among patients with existing implantable 
monitoring devices may be more practical. 

Conclusions

The introduction of implantable devices with con-
tinuous monitoring capabilities has dramatically 
expanded our view into the complex relationship 
between atrial fibrillation and ischemic stroke. It 
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Figure 3:  Example of a Subcutaneous Arrhythmia Monitoring Device
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is becoming clear from recent studies with im-
plantable devices that the amount of AF does 
impact the risk of stroke and that even a modest 
amount of AF can increase this risk.Less is un-
derstood about the temporal connection between 
AF and stroke for a variety of reasons. Due to the 
relatively low rate of clinical events, large clinical 
trials or registries will be required to better char-
acterize this relationship and determine if stroke 
risk is transiently increased during or near peri-
ods of AF. Alternative metrics for quantifying AF 
recurrences also need to be explored. Until larger 
trials or registries are conducted, it is important 
to follow established guidelines regarding anti-
coagulation.
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Introduction 

Epidemiology

The most part of morbidity and mortality associ-
ated with atrial fibrillation (AF) is due to throm-
bo-embolic complications, primarily involving 
the cerebrovascular system and resulting in isch-
emic stroke.

Compared to subjects with normal sinus rhythm 
(SR), those with AF have a 40 to 90% higher risk of 
overall mortality.1 AF increases the risk of stroke 
4-to-5 fold,2 is responsible for 15-20% of all isch-
emic strokes3 and an independent risk factor for
their severity and recurrence.4

The systematic review from the Stroke Risk in 

Atrial Fibrillation Working Group identified the 
following independent risk factors for stroke: 
prior stroke or transient ischemic attack, increas-
ing age, history of hypertension, diabetes mellitus, 
structural heart disease and obesity.5  Without anti-
thrombotics, the risk of ischemic stroke in patients 
with AF, is 5% per year.6

Pathophysiology

AF is a progressive disease that becomes more dif-
ficult to treat with increasing duration and as older 
cardiologists stated “AF begets AF”.This is known 
to be true and is a result of electrical, contractile, 
and structural remodelling of the atria, which cre-
ates a fertile environment for the propagation of 
AF.
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Abstract

Atrial Fibrillation (AF) is the most common clinically significant sustained cardiac arrhythmia, a ma-
jor risk factor for strokes whether it is symptomatic or silent. The older CHADS2 score and the newer 
CHA2DS2-VASc are well validated to determine stroke risk and guide initiation of antithrombotic ther-
apy, but haemorrhagic risk has to be respected as well, and scores such as HAS-BLED should be widely 
used. Old fashioned warfarin became standard of care outperforming antiplatelets in every trial but 
novel classes of anticoagulants that overcome many of warfarin drawbacks have been introduced and 
are already guideline recommended regiments. Nevertheless their use poses new questions that have to 
been answered in the near future.
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Electrical remodelling

At rapid atrial rates, such as those observed during 
fibrillation paroxysms, intracellular changes in cal-
cium handling shorten action potential duration. 
Even in the case of prolonged atrial fibrillation, 
electrical remodeling reverses quickly and com-
pletely once sinus rhythm is restored.

Contractile Remodelling

It occurs rapidly. The abnormal calcium handling 
at the high rates of contraction seen in atrial fibril-
lation may be responsible for loss of contractil-
ity. The contractile remodelling may be respon-
sible for the most destructive consequence of AF, 
stroke. Impaired atrial contraction leading to stasis 
of blood, primarily in the left atrial appendage, is 
thought to be the major contributor to the develop-
ment of blood clots, thus promoting thromboem-
bolic events.

Structural Tissue Remodelling

Occurs after periods of weeks or months and in 
this case we have macroscopic and microscopic 
changes in the myocardium, which contribute to 
contractile dysfunction and decreased cardiac 
output. 7

The remodelling changes may still be reversible 
during early phases of the arrhythmia, but may 
provoke relevant and permanent atrial damage 
during later stages of AF and associated diseas-
es. In the timeline AF becomes from paroxysmal 
(self-terminating usually within 48h or in fewer 
than 7 days) persistent (lasts longer than 7 days or 
required termination by cardioversion) and pos-
sibly more resistant to cardioversion and eventu-
ally permanent (exists for more than one year). On 
the other hand major risk factors for AF (such as 
HTN or HF) if left untreated continue to aggra-
vate the substrate for the genesis and the propa-
gation of the arrhythmia. By preventing AF (and 
effectively treating its risk factors) the remodeling 
may become less progressive, reducing fibrosis, 
inflammation, atrial hypertrophy, and other adap-
tation processes. This is the rationale of advocates 
of early and aggressive rhythm control strategies 
that may also lower the risk of complications as-
sociated with AF, like stroke and heart failure, but 
such an approach remains to be proved.8

Antithrombotic Treatment

Anticoagulation treatment should be given not 
only to eligible patients (according to their risk 
for stroke) with persistent or permanent AF, but 
also to those with paroxysmal AF, who should be 
regarded as having the same risk. Numerous risk 
factors have been used to formulate various AF 
stroke risk stratification scores. Due to its simplic-
ity and ease of use, the CHADS2 score has become 
the most commonly used in clinical practice.9 A 
refined version of the well established CHADS2 
score (1 point each for a history of HF, HTN, 
age>75 years, and DM, and 2 points for a history 
of stroke or transient ischemic attack), CHA2DS2-
VASc score [assigns one point each for a history of 
HF, HTN, age 65–74, DM, vascular disease (prior 
myocardial infarction, peripheral artery disease, 
aortic plaque), and female gender, and two points 
each for age ≥75 years, or a history of stroke/
transient ischemic attack], uses what was previ-
ously referred to as “less well-validated or weaker 
stroke risk factors” (female sex, age 65 to 74 years, 
and vascular disease), emphasizes to better clarify 
risk in CHADS2 score 1 category.10 The CHA2DS-
2VASc score outperformed the CHADS2 score in 
identifying ‘truly low risk’ individuals who do not 
need antithrombotic therapy, whilst those with >= 
1 stroke risk factors should be considered for oral 
anticoagulation therapy (either vitamin K antago-
nists, or newer oral antithrombotics).

The intensity of anticoagulation involves a bal-
ance between prevention of thromboembolism 
and haemorrhage. The use of HAS-BLED (Hyper-
tension, Abnormal kidney and/or liver function, 
Stroke, Bleeding, Labile INRs, Elderly, Drugs and/
or alcohol), score should be used in order to as-
sess the risk of bleeding in AF patients and is a 
good occasion to consider correctable risk factors 
for bleeding (eg. uncontrolled BP, concomitant 
NSAIDs etc).11 A risk score ≥ 3 deserves caution. In 
a 5-year retrospective study at Brigham and Wom-
en’s Hospital to determine aetiology and outcomes 
of anticoagulant-associated adverse events, 48.8% 
were medication errors, 30.5% adverse drug reac-
tions, 20.7% both, and 70% of them were prevent-
able.12

VKAs and Studies of VKAs vs Antiplatelets

In the SPAF (Stroke Prevention in Atrial Fibrilla-



tion) III study,13 1,044 patients with atrial fibrilla-
tion were randomized to standard adjusted-dose 
warfarin or low-intensity, fixed-dose warfarin 
plus aspirin. After a mean follow-up of 1.1 years 
the study was prematurely terminated due to an 
excessive rate of stroke and systemic embolism 
in the combination group compared to standard 
warfarin therapy (7.9% versus 1.9% per year; 
p<0.0001). In the CAFA (Canadian Atrial Fibril-
lation Anticoagulation) study,14 378 patients with 
atrial fibrillation were randomized to either war-
farin or placebo. The annual rate of stroke and 
systemic embolic events was more than halved in 
the warfarin group (2.5%) compared to placebo 
(5.2%). In the Veteran Affairs Stroke Prevention 
trial,15 525 patients with nonrheumatic atrial fi-
brillation and without history of stroke were ran-
domized to low-intensity warfarin or placebo. 
Stroke rates were reduced by 21% in the warfa-
rin compared to the placebo group (hazard ratio: 
0.79; 95% CI: 0.52-0.90). In the AFASAK-2 (Second 
Copenhagen Atrial Fibrillation, Aspirin, and An-
ticoagulation) study,16 677 patients with atrial fi-
brillation were randomized in four groups: fixed 
minidose warfarin, fixed minidose warfarin plus 
aspirin, aspirin, and adjusted-dose warfarin. The 
cumulative stroke and systemic embolic event 
rates were 5.8%, 7.2%, 3.6%, and 2.8% respec-
tively in the four groups, but statistical signifi-
cance was not achieved. In a randomized general 
practice primary prevention study performed in 
the Netherlands,17 729 patients with atrial fibrilla-
tion were randomized in three groups: standard 
anticoagulation, very low intensity coumarin or 
aspirin. Standard anticoagulation was associated 
with a 22% reduction of stroke risk compared to 
aspirin (hazard ratio: 0.78; 95% CI: 0.34-1.81). 

In a multicenter, randomized Italian study,18 

fixed minidose of warfarin was compared to ad-
justed dose warfarin in 303 patients with non-
rheumatic atrial fibrillation. Ischaemic stroke was 
significantly less frequent in patients assigned 
to standard therapy than in patients assigned 
to fixed minidose warfarin (3.7% versus 0% per 
year; p=0.025. In the SPAF-I (Stroke Prevention 
in Atrial Fibrillation),19 1,330 patients with non-
rheumatic atrial fibrillation were randomized to 
warfarin, aspirin or placebo if eligible for anti-
coagulation, and aspirin or placebo in ineligible 
for anticoagulation. Warfarin reduced the risk 
for ischemic stroke and systemic embolism by 

67% compared to placebo (95% CI: 27-85%). In the 
BAFTA (Birmingham Atrial Fibrillation Treatment 
of the Aged) study,20 973 old patients with atrial fi-
brillation were randomized to warfarin or aspirin. 
Warfarin therapy significantly reduced the risk for 
stroke and arterial embolism compared to aspirin 
(1.8% versus 3.8% per year; relative risk:0.48; 95% 
CI: 0.28-0.80; p=0.003). 

The atrial fibrillation Clopidogrel Trial with Irbe-
sartan for the prevention of Vascular Events-War-
farin arm trial (ACTIVE-W), compared clopidogrel 
plus aspirin with oral anticoagulation therapy with 
warfarin for prevention of vascular events in atrial 
fibrillation with an average of two stroke risk fac-
tors. Anticoagulation therapy was superior to the 
combination of clopidogrel plus aspirin (RR reduc-
tion for primary outcome 44%) with no differences 
in bleeding events between treatment arms.21 The 
aspirin arm (ACTIVE A) trial assessed whether the 
addition of clopidogrel to aspirin would reduce the 
risk of vascular events in atrial fibrillation patients 
who were considered unsuitable for therapy with 
oral anticoagulationwith warfarin. Major vascular 
events were reduced by 11% in patients receiving 
the combination aspirin–clopidogrel vs. aspirin 
alone, primarily due to a reduction in the rate of 
stroke with clopidogrel although at the price of 
increased risk of major haemorrhages.22

Oral anticoagulation with VKA (with target INR 
2–3) is the current guideline recommended stan-
dard of care for stroke prevention in AF in mod-
erate- and high-risk patients. VKAs are highly ef-
fective when INR is maintained at an appropriate 
therapeutic range (INR 2–3) for the majority of 
time (60-70%).

Nevertheless, VKAs come with a large list of draw-
backs that result in substantial mortality/morbidity 
and costs as well as underutilisation of anticoagu-
lation (under 60% of eligible patients), particularly 
in the elderly and in secondary stroke prevention 
patients.23 In a recent a time-trend analysis from 
1999 to 2008 within the UK General Practice Re-
search Database General Practice Research Data-
base there was a relatively high, and possibly in-
appropriate, level of anticoagulant prescribing in 
lower risk patients (those with a CHADS2 score 
of 0) and no increase in the use of anticoagulants 
with increasing stroke risk. In contrast, antiplatelet 
prescribing increased significantly with increas-
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ing CHADS2 score, indicating that GPs might be 
responding to increasing thromboembolic risk by 
prescribing an antiplatelet agent rather than an an-
ticoagulant.24

The aforementioned disadvantages and drawbacks 
in the use of VKAs have led to the development 
of novel oral anticoagulants with the potential to 
change the approach of AF- related thromboembo-
lism/stroke prevention.

New and Investigational Antithrombotic 
Agents

The new oral anticoagulants (NOACs) are direct 
thrombin (dabigatran) and factor Xa inhibitors (ri-
varoxaban, apixaban, edoxaban) and many trials 
examining their use in AF have published or are 
in final phase (RE-LY, ROCKET-AF, AVERROES, 
ARISTOTLE, and ENGAGE-AF).

RE-LY Trial (Randomized Evaluation of 
Long-Term Anticoagulation Therapy)

Dabigatran was evaluated in an open-label, Ran-
domized Evaluation of Long Term Anticoagulation 
Therapy (RE-LY) trial in which it was compared 
with warfarin in 18113 patients with non valvular 
AF.25 The mean CHADS2 score was 2.1. Two doses 
of dabigatran (110mg and 150mg BID) were evalu-
ated. The 150 mg BID dabigatran regimen was su-
perior to warfarin. The primary outcome of stroke 
or systemic embolism occurred in 1.71, 1.54(p=0.34) 
and 1.11% (p<0.001) of patients per year in the war-
farin group, in the 110 mg dabigatran BID and in 
the 150 mg BID dabigatran group respectively. 
The rate of major bleeding was 3.57% per year in 
warfarin arm, 2.87% in 110mg BID dabigatran arm 
(p=0.003) and 3.32% 150mg BID dabigatran arm 
(p=0.31). The rate of haemorrhagic stroke was re-
duced with both doses of dabigatran compared to 
warfarin treatment (0.12% and 0.10% per year with 
110 mg and 150 mg BID respectively vs. 0.38% 
with warfarin, p<0.001). Myocardial infarction had 
a trend to be more frequent with dabigatran 110mg 
(RR 1.29; 95% CI: 0.96 to 1.75; P=0.09) and 150 mg 
(RR 1.27; 95% CI: 0.94 to 1.71; P=0.12).

Dabigatran does not require INR monitoring. 
However, there is no specific antidote for it (t ½ = 
12-17 hours), but only supportive therapy for se-
vere haemorrhage. It was approved by the FDA

and EMA for the prevention of stroke and sys-
temic embolism in patients with non valvular 
AF. American College of Cardiology Foundation/
American Heart Association/Heart Rhythm Soci-
ety focussed update,26 gave dabigatran a class IB 
recommendation for AF Thus, it was the first new 
oral anticoagulant to become available for clinical 
use in >50 years.

In a Cost-Effectiveness analysis of Dabigatran for 
Stroke Prophylaxis in Atrial Fibrillation, for pa-
tients with the lowest stroke rate (CHADS2 stroke 
score of 0), only aspirin was cost-effective. For pa-
tients with a moderate stroke rate (CHADS2 score 
of 1 or 2), warfarin was cost-effective unless the 
risk of hemorrhage was high or quality of inter-
national normalized ratio control was poor (time 
in the therapeutic range <57.1%). For patients 
with a high stroke risk (CHADS2 stroke score ≥3), 
dabigatran 150 mg (twice daily) was cost-effective 
unless international normalized ratio control was 
excellent (time in the therapeutic range >72.6%). 
Neither dabigatran 110 mg nor dual therapy (as-
pirin and clopidogrel) was cost-effective. 27

In a recent meta-analysis of noninferiority RCTs 
seven trials were selected (N = 30,514), ( 2 stud-
ies of stroke prophylaxis in AF, 1 in acute venous 
thromboembolism, 1 in ACS, and 3 of short-term 
prophylaxis of deep venous thrombosis). Dabi-
gatran was significantly associated with a high-
er risk of MI or ACS than that seen with agents 
used in the control group (dabigatran, 237 of 20 
000 [1.19%] vs control, 83 of 10 514 [0.79%]; OR, 
1.33; 95% CI, 1.03-1.71; P=.03).28 Nevertheless, in 
another meta-analysis of the RE-LY trial, events 
pre-specified as “net clinical benefit” (all strokes, 
systemic embolism, MI, PE, major bleeding, all-
cause death) occurred 7.34%/yr on dabigatran 110 
mg, 7.11%/yr on dabigatran 150 mg, and 7.91%/
yr on warfarin (HR 0.92 (95% CI 0.81-1.01; p=0.09) 
for dabigatran 110 mg and 0.90 (95% CI 0.82-0.99; 
p=0.02 for dabigatran 150 mg).29

ROCKET-AF Trial (Rivaroxaban Once Daily 
Oral Direct Factor Xa Inhibition Compared 
with Vitamin K Antagonism for Prevention 
of Stroke and Embolism Trial in Atrial 
Fibrillation)

In this trial a total of 14264 patients with AF (87% 
with a CHADS2 score of ≥ 3) were randomised 
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5-mg dose (8.8% vs. 10.7%, P=0.03). Compared
with placebo, rivaroxaban increased the rates of
major bleeding (2.1% vs. 0.6%, P<0.001) and in-
tracranial hemorrhage (0.6% vs. 0.2%, P=0.009),
without a significant increase in fatal bleeding
(0.3% vs. 0.2%, P=0.66) or other adverse events.
The twice-daily 2.5-mg dose resulted in fewer
fatal bleeding events than the twice-daily 5-mg
dose (0.1% vs. 0.4%, P=0.04).31

ARISTOTLE Trial(Apixaban for Reduc-
tion In Stroke and Other ThromboemboLic 
Events in Atrial Fibrillation)

Apixaban was studied in a head-to-head compar-
ison 5.0 mg twice daily, versus warfarin (target in-
ternational normalized ratio, 2.0 to 3.0) in patients 
with AF. ARISTOTLE trial randomized 18,201 AF 
patients.32 After a median follow-up of 1.8 years, 
the rate of the primary outcome (risk of ischemic 
or hemorrhagic stroke stroke or systemic embo-
lism ) was 1.27% per year in the apixaban group, 
vs 1.60% per year in the warfarin group (HR with 
apixaban, 0.79; 95% confidence interval [CI], 0.66 
to 0.95; P<0.001 for noninferiority; P=0.01 for su-
periority). The rate of major bleeding was 2.13% 
per year in the apixaban group, as compared with 
3.09% per year in the warfarin group (HR, 0.69; 
95% CI, 0.60 to 0.80; P<0.001), and the rates of 
death from any cause were 3.52% and 3.94%, re-
spectively (HR, 0.89; 95% CI, 0.80 to 0.99; P=0.047) 
being the first study of this new kind of drugs to 
confer a mortality benefit.

AVERROES Trial (Apixaban versus Acetyl-
salicylic Acid to Prevent Strokes)

The AVERROES trial was a double-blind, ran-
domised comparison of the oral factor apixaban 
versus ASA for stroke prevention in patients with 
AF not suitable for OAC with a VKA. Patients 
were randomised to either apixaban 5 mg BID or 
ASA (81-324 mg daily). Patients on apixaban had 
lower rates of stroke and systemic embolism (HR 
0.45; 95% confidence interval [CI], 0.32 to 0.62; 
P<0.001) and overall mortality (HR, 0.79; 95% CI, 
0.62 to 1.02; P = 0.07) compared to ASA. There 
was no significant difference in the rate of major 
bleeding (1.2% for ASA and 1.4% for apixaban 
p=0.33) or haemorrhagic stroke (0.2% per year in 
both treatment groups).33
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in a double-blind, double dummy manner to 
either rivaroxaban 20 mg OD (15 mg if CrCl= 
30-49 ml/min) or dose adjusted warfarin (INR
2.0-3.0).30 The primary endpoint of stroke and
non-cerebral embolism occurred in 2.12% per
year of patients treated with rivaroxaban and in
2.42% of patients treated with warfarin (p=0.117).
Overall, rivaroxaban was non inferior to warfa-
rin. Although major bleeding occurred in com-
parable rates (3.6% for rivaroxaban, 3.45% for
warfarin p=0.576), rates of intracranial haemor-
rhage were significantly lower with rivaroxa-
ban (0.49% vs 0.74%, p=0.019). On November
2011, the FDA approved Rivaroxaban for stroke
prophylaxis in patients with non-valvular AF.

In a double-blind, placebo-controlled trial Anti-Xa 
Therapy to Lower Cardiovascular Events in Ad-
dition to Standard Therapy in Subjects with Acute
Coronary Syndrome–Thrombolysis in Myo-
cardial Infarction 46 (ATLAS ACS 2–TIMI 51), 
15,526 patients with a recent ACS were assigned 
to receive twice-daily doses of either 2.5 mg or 
5 mg of rivaroxaban or placebo for a mean of 13 
months. The primary efficacy end point was a 
composite of death from cardiovascular causes,

The Role of Contractile Remodelling

Contractile remodelling usually assessed by 
echocardiographic parameters plays a role most 
notably for pharmacological and electrical car-
dioversion and ablation of early AF types.52,56,57  It 
seems to be less important for surgical ablation 
of longstanding AF, although we could demon-
strate a weak trend in univariate analysis toward 
better atrial contractility in patients who regained 
sinus rhythm after AF ablation and mitral valve 
surgery.28 At least two reports on catheter abla-
tion of paroxysmal and persistent AF suggest 
that left atrial function assessed by 2D speckle 
tracking before ablation or by intracardiac Dop-
pler measurement after ablation predicts AF re-
currence.57,58 

Myocardial infarction, or stroke. Rivaroxaban 
significantly reduced the primary efficacy end 
point, as compared with placebo, (hazard ratio in 
the rivaroxaban group, 0.84; 95% confidence in-
terval [CI], 0.74 to 0.96; P=0.008), with significant 
improvement for both the twice-daily 2.5-mg 
dose (9.1% vs. 10.7%, P=0.02) and the twice-daily 
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device and test strips. Their final recommendation 
for patients in favor of oral anticoagulation is dab-
igatran 150 mg twice daily (since current evidence
suggests net clinical benefit at the 150-mg dose) 
rather than adjusted-dose VKA therapy (Grade 
2B). 

Canadian Cardiovascular Society Atrial Fibril-
lation Guidelines Focused 2012 Update suggest, 
that when OAC therapy is indicated, most pa-
tients should receive dabigatran, rivaroxaban, 
or apixaban (once approved by Health Canada), 
in preference to warfarin (Conditional Recom-
mendation, High-Quality Evidence). Compared 
with warfarin, both dabigatran and apixaban are 
more efficacious than warfarin for the prevention 
of stroke and systemic thromboembolism, while 
rivaroxaban is noninferior to warfarin. Apixaban 
causes less major bleeding than warfarin, while in 
comparison with warfarin there is no more major 
bleeding with either dabigatran 150 mg or rivar-
oxaban. 37 

European Society of Cardiology 2012 focused up-
date of the Guidelines for the management of atri-
al fibrillation 38 foreword is that there is still lim-
ited experience with these agents, therefore strict 
adherence to approved indications and careful 
post-marketing surveillance are strongly recom-
mended. Using data from Danish nationwide co-
hort study for dabigatran, rivaroxaban, and apix-
aban39 they conclude that at a CHA2DS2-VASc 
score of 1, apixaban and both doses of dabigatran 
(110 mg b.i.d. and 150 mg b.i.d.) had a positive net 
clinical benefit while, in patients with CHA2DS2-
VASc score ≥2, all three novel OACs were superior 
to warfarin, with a positive net clinical benefit, ir-
respective of bleeding risk. Briefly they recom-
mend that when adjusted-dose VKA cannot be 
used in a patient with AF where an OAC is rec-
ommended, due to difficulties in keeping within 
therapeutic anticoagulation, experiencing side ef-
fects of VKAs, or inability to attend or undertake 
INR monitoring, one of the NOACs, dabigatran, 
rivaroxaban, apixaban is recommended (Class I 
B). Finally the aforementioned ESC update gives 
priority to NOAC over VKAs stating that where 
OAC is recommended, one of the NOACs should 
be considered rather than adjusted-dose VKA 
(INR 2–3) for most patients with non-valvular AF, 
based on their net clinical benefit (Class II A).

Unlike ATLAS ACS 2 for Rivaroxaban, Apixaban 
for Prevention of Acute Ischemic Events (AP-
PRAISE-2) trial was terminated prematurely (N= 
7392) because of an increase in major bleeding 
events with apixaban in the absence of reduction 
in recurrent ischemic events.34 Major bleeding oc-
curred in 1.3% of patients who received apixaban 
vs 0.5% in those who received (hazard ratio with 
apixaban, 2.59; 95% CI, 1.50 to 4.46; P=0.001). A 
greater number of intracranial and fatal bleeding 
events occurred with apixaban than with placebo.

What Do the Guidelines – Recommenda-
tions Say about Novel Anticoagulants?

As mentioned before American College of Cardi-
ology Foundation/American Heart Association/
Heart Rhythm Society focussed update, gave 
dabigatran a class IB recommendation for AF 26 as 
follows : “Dabigatran is useful as an alternative to 
warfarin for the prevention of stroke and systemic 
thromboembolism in patients with paroxysmal to 
permanent AF and risk factors for stroke or sys-
temic embolization who do not have a prosthetic 
heart valve or hemodynamically significant valve 
disease, severe renal failure (creatinine clearance 
< 15 mL/min) or advanced liver disease (impaired 
baseline clotting function)”.

American College of Chest Physicians Antithrom-
botic Therapy for Atrial Fibrillation Guidelines 
35state that it would be reasonable for VKA-expe-
rienced patients who are well controlled (ie, INR 
within therapeutic range a high proportion of the 
time) to continue on VKA therapy if they are sat-
isfied with it and are tolerating it well rather than 
switching to dabigatran. They cite evidence from 
meta-analyses of RCTs36 (twenty-two trials, with 
a total of 8413 patients) that home monitoring of 
VKA therapy reduces thromboembolic events by 
42% compared with usual monitoring with no 
increased risk for a major bleeding event, which 
is similar to the 33% relative reduction in stroke 
achieved with dabigatran 150 mg bid compared 
with VKA therapy. Therefore they conclude that 
any advantages of dabigatran with respect to 
thromboembolism would likely not exist for pa-
tients able to home monitor their INRs. Neverthe-
less the burdens of VKA therapy related to dietary 
restrictions and drug interactions will still exist, 
and there will be a cost for the home monitoring 



Controversies and Points For Further Re-
search

There are many data now with more than 60.000 
patients showing that new oral anticoagulants 
that do not require INR monitoring, seems to be 
particularly promising according to recent stud-
ies. Nevertheless there are some interesting as-
pects in their use that deserve cautious use and 
further research.

1. The lack of widely available methods to mea-
sure the therapeutic inhibition of factor II or X
for a particular patient. This seems to be of minor
concern since other well established anticoagulant
regiments such as low molecular weight heparins
need specialized procedures (ie anti Xa levels) to
measure their efficacy. Nevertheless the latter are
easily available for the most hospitals.

2. The lack of specific antidotes to reverse their
actions will be an emerging problem as their use
increases.

3. The economical aspects of their use. Originally
approved for DVT prevention after orthopedic
operations (i.e. limited numbers of patients and
short duration of treatment) their new indication
for stroke – STE prevention in atrial fibrillation
broadens considerably their target group, and the
duration of treatment since they will be used for
lifelong prevention. So lower prices have to be
expected by the industry, particularly in times of
austerity.

4. The lack of data regarding arterial blood pres-
sure control of participants both in older anti-
thrombotic and NOAC trials. Information regard-
ing blood pressure is limited and fragmented,
and data for in-study and final blood pressure
levels, blood pressure control and concomitant
antihypertensive medication are lacking. Never-
theless, atrial fibrillation and arterial hyperten-
sion frequently coexist and are both associated
with increased stroke rates. A large number of
trials has shown that antihypertensive treatment
is accompanied by marked reduction in the inci-
dence of stroke40 and that the degree of protection
against stroke is related to the degree of BP reduc-
tion .41More importantly, it has been estimated
that even slightly (2 mmHg) lower systolic blood
pressure would result in about 10% lower stroke

mortality rates.41 Based on these findings, it seems 
rational to assume that even small differences in 
blood pressure might greatly affect the outcome 
of a study in which stroke is the primary end-
point, as is the case in atrial fibrillation studies. 

5. Almost all guideline updates mentioned above
favor a preferential but cautious use of NOACs
since their generalized use implicates exposure of
populations with characteristics far beyond those
studied in their major trials. For example there are
no data regarding dosages or efficacy – safety in
patients with severe CKD (excluded from trials),
low body mass index and in the presence of he-
patic dysfunction. On the other hand given their
relative short half lives compliance and adherence
to treatment is crucial, especially such that pa-
tients would be left without any anticoagulation
protection if more than one dose were missed.38  
Finally as with all newer drugs their off label use
e.g. for anticoagulation in the presence of mechan-
ical prosthetic heart valves,42 can be catastrophic.

6. Finally, there is an ongoing issue affecting all
antithrombotic strategies. There is extensive evi-
dence that the stroke-risk of paroxysmal AF pa-
tients is comparable to that among patients with
persistent or permanent AF. Is there a threshold
AF burden to require antithrombotic therapy? In
the TRENDS study 43 patients with cardiac rhythm
management devices and ≥1 stroke-risk factor
(mean CHADS2 = 2.2) were followed for a mean
of 1.4 years. Burden of AF was quantified as the
longest total daily duration of atrial tachycardia
(probable AF) during a 30-day monitoring period.
The risk ratio (RR) for AF-burden ≥ 5.5 hours was
2.20 (stroke/TIA/STE incidence 2.4% per year). In
the Asymptomatic AF and stroke evaluation in
pacemaker patients and the AF reduction atrial
pacing trial (ASSERT) they included hypertensive
patients older than 65 years old, under antihyper-
tensive treatment, without receiving anticoagula-
tion therapy. A total of 2580 patients were enrolled
and monitored for 3 months to detect subclinical
atrial tachyarrhythmias, and they followed them
for a mean of 2.5 years for the primary outcome
of ischemic stroke or systemic embolism. At three
months, subclinical atrial tachyarrhythmias had
been detected by the pacemaker in 10% 44 and
were associated with increased risk of clinical
atrial fibrillation (hazard ratio, 5.56; 95% CI, 3.78
to 8.17; P<0.001) and of ischemic stroke or system-
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cet 1996;348(9028):633–8.
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15. Ezekowitz MD, Bridgers SL, James KE, et al. Warfarin in the
prevention of stroke associated with nonrheumatic atrial fibrilla-
tion. Veterans Affairs Stroke Prevention in Nonrheumatic Atrial
Fibrillation Investigators. N Engl J Med 1992;327(20):1406–12.
16. Gulløv AL, Koefoed BG, Petersen P, et al. Fixed minidose war-
farin and aspirin alone and in combination vs adjusted-dose war-
farin for stroke prevention in atrial fibrillation: Second Copenha-
gen Atrial Fibrillation, Aspirin, and Anticoagulation Study. Arch
Intern Med 1998;158(14):1513–21.
17. Hellemons BS, Langenberg M, Lodder J, et al. Primary preven-
tion of arterial thromboembolism in non-rheumatic atrial fibrilla-
tion in primary care: randomised controlled trial comparing two 
intensities of coumarin with aspirin. BMJ 1999;319(7215):958–64.
18. Pengo V, Zasso A, Barbero F, et al. Effectiveness of fixed
minidose warfarin in the prevention of thromboembolism and
vascular death in nonrheumatic atrial fibrillation. Am J Cardiol
1998;82(4):433–7. 19. Stroke Prevention in Atrial Fibrillation Study. 
Final results. Circulation 1991;84(2):527–39.
20. Mant J, Hobbs FDR, Fletcher K, et al. Warfarin versus aspirin
for stroke prevention in an elderly community population with
atrial fibrillation (the Birmingham Atrial Fibrillation Treatment of
the Aged Study, BAFTA): a randomised controlled trial. Lancet
2007;370(9586):493–503.
21. Connolly S, Pogue J, Hart R, et al. Clopidogrel plus aspirin
versus oral anticoagulation for atrial fibrillation in the Atrial fi-
brillation Clopidogrel Trial with Irbesartan for prevention of Vas-
cular Events (ACTIVE W): a randomised controlled trial. Lancet
2006;367(9526):1903–12.
22. Connolly SJ, Pogue J, Hart RG, et al. Effect of clopidogrel

ic embolism (hazard ratio, 2.49; 95% CI, 1.28 to 
4.85; P=0.007), and remained predictive of stroke 
risk even after adjustment for stroke risk factors. 
These two studies demonstrate a clear association 
between device-detected AT and stroke/STE. The 
ASSERT trial demonstrates that episodes as short 
as 6 minutes are markers for the development of 
clinical AF and for stroke/STE risk. However, the 
absolute stroke risk was lower in ASSERT patients 
than in clinical AF patients and there was typical-
ly a delay of many months between the appear-
ance of device-detected AT and the occurrence of 
stroke/STE.37

Conclusions

The use of antithrombotics for stroke preven-
tion in AF has been historically suboptimal. The 
introduction and guideline adoption of NOACs 
is a step forward and should at least theoreti-
cally diminish any reluctance to provide such a 
treatment due to VKAs drawbacks. The use of 
currently used simplified scores for stroke and 
hemorrhagic risk assessment can lead to bet-
ter implementation of guidelines. Neverthe-
less there are some questions and concerns (as 
for every recently introduced drug) that have to 
be addressed and answered in the near future.
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Introduction

Over the past decade catheter ablation of atrial fi-
brillation (AF) has evolved from being a novel un-
proven procedure to being an important treatment 
option for patients with symptomatic AF. Accord-
ing to the 2012 HRS/ECAS/ECHRA Consensus 
document on catheter ablation of AF, AF ablation 
is an appropriate treatment option for patients with 
symptomatic AF, particularly if they have failed 
one or more trials of antiarrhythmic drug thera-
py.1-4  While much has been learned about the opti-
mal technique and outcomes for catheter ablation of 
paroxysmal AF; catheter ablation of AF in patients 
with long standing persistent AF (LSPAF) remains 

in its infancy. Very few studies have been pub-
lished which report the technique and outcomes 
of catheter ablation in patients who have LSPAF, 
defined as continuous AF for 12 months or longer

This review article seeks to accomplish three ob-
jectives. First we will review the various ablation 
strategies, which have been employed and pro-
posed for ablation of (LSPAF). Second, the meth-
odology, results and outcomes of the major stud-
ies were reviewed in detail, which have reported 
outcomes of ablation in this patient population. 
And finally, some conclusions were drawn re-
garding where we stand and where the knowl-
edge gaps remain as we seek to improve ablation 
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Abstract

Atrial fibrillation has evolved from being a novel unproven procedure to being an important treatment 
option for patients with symptomatic atrial fibrillation. Atrial fibrillation ablation is an appropriate treat-
ment option for patients with symptomatic atrial fibrillation, particularly if they have failed one or more 
trials of antiarrhythmic drug therapy. While much has been learned about the optimal technique and 
outcomes for catheter ablation of paroxysmal atrial fibrillation; catheter ablation of atrial fibrillation in 
patients with long standing persistent atrial fibrillation remains in its infancy. The following objectives 
would be accomplished in this review article. 

First, we will review the various ablation strategies, which have been employed and proposed for abla-
tion of long standing persistent atrial fibrillation. Second, the methodology, results and outcomes of the 
major studies were reviewed in detail, which have reported outcomes of ablation in this patient popula-
tion. And finally, some conclusions were drawn regarding where we stand and where the knowledge 
gaps remain as we seek to improve ablation outcomes in this population of AF patients.  
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outcomes in this population of AF patients.     

Catheter Ablation Strategies for Treatment of 
Long Standing Persistent Atrial Fibrillation

In catheter ablation of LSPAF, pulmonary vein iso-
lation (PVI) can be done alone or in combination 
with other methods like modification of the left 
atrium or pre-ablative preparation. There are four 
ablation strategies that incorporate these concepts 
and have been identified in ablation of LSPAF 

The first strategy is PVI alone. In the recent HRS/
EHRA/ECAS AF Ablation Consensus Document, it 
is notable that electrical isolation of the pulmonary 
veins (PV) is identified as the “cornerstone” for 
most AF ablation procedures.5  The importance of 
the PVs as the most common source for AF triggers 
was initially reported by Haissaguerre and col-
leagues in 1998.6 Since this landmark publication, 
other investigators throughout the world have 
confirmed these findings. Thus, it is now widely 
believed that the most important component of AF 
ablation today is achieving permanent electrical 
isolation of the PVs. This is most commonly accom-
plished with a wide area circumferential approach 
with electrical isolation of the PVs confirmed with 
a multipolar circular electrode mapping cathe-
ter. Not only does this approach seek to achieve 
electrical isolation of the PVs, thereby preventing 
rapid firing of the PVs from triggering AF, but the 
ablation trajectory is directed through many of the 
autonomic ganglia. Proponents of the PV isolation 
alone argue that until electrical isolation of the PVs 
is achieved, it is inappropriate to ablate other areas 
of the atrium, an approach they consider in a nega-
tive light as “atrial debulking”. 

A second approach, which has been developed for 
ablation of LSPAF, is the “stepwise approach” de-
veloped by Michel Haissaguerre and colleagues.7 
The stepwise approach combines in a stepwise and 
sequential fashion PVI, linear ablation at the roof 
and mitral isthmus, and left and right atrial CFAE 
ablation. The endpoint of ablation for the sequen-
tial approach is termination of AF. Observing a 
progressive lengthening of the AF cycle length as 
each step of the ablation strategy is completed can 
assess the progress of ablation. AF either termi-
nates directly to sinus rhythm, or more commonly 
converts to atrial tachycardia, which can then be 

mapped and ablated. The linear ablations in the 
left atrium have anti-fibrillatory effects in helping 
restore sinus rhythm. 

A third strategy, initially described by Steinberg et 
al is based on the concept that the preablative use 
of antiarrhythmic drugs (AAD) and cardioversion 
in patients with persistent AF with restoration of 
sinus rhythm would lead to reverse atrial remod-
eling thereby allowing conventional PV isolation 
to achieve a far higher long term efficacy than it 
otherwise would.8  In their initial report they ad-
ministered dofetilide before PVI isolation and 
1-3months post ablation. The ablation strategy
they employed was standard wide area circum-
ferential ablation to achieve pulmonary vein iso-
lation. More recently Haissaguerre and colleagues
have confirmed their findings. In this recent study
they compared two ablation strategies in patients
with persistent and long standing persistent AF.9

One group was brought to the EP laboratory in
atrial fibrillation whereas in the other group sinus
rhythm was restored prior to ablation using anti-
arrhythmic drug therapy and cardioversion.

A fourth strategy that has been recommended for 
ablation of LSPAF is targeting complex fraction-
ated atrial electrograms (CFAE) alone. Nadema-
nee and colleagues described this technique as 
detailed mapping of the right and left atria dem-
onstrated by CFAE electrograms. In their study, 
CFAE electrograms were defined as: 1) atrial elec-
trograms that have fractionated electrograms com-
posed of two deflections or more, and/or perturba-
tion of the baseline with continuous deflection of 
a prolonged activation complex over a 10 second 
recording period; 2) atrial electrograms with a 
very short cycle length (< 120 ms) averaged over a 
10 second recording period.9  It is notable that this 
technique, when applied in its purest form, does 
not involve electrical isolation of the PVs.

A Review of Major Studies in this Field

We performed an extensive literature search of elec-
tronic databases including PubMed, EMBASE and 
the Cochrane Library. Although we found a large 
number of papers that have reported outcomes of 
mixed populations of AF patients, which may or 
may not have included a small subset of patients 
with LSPAF, we identified very few manuscripts 



that have included only patients with LSPAF. In 
order to broaden our review of the literature we 
have decided to also review papers which report 
outcomes of AF ablation of patients with LSPAF 
as well as other types of AF provided the follow-
ing criteria are met: 1) the number of patients in 
the study who had LSPAF should be >50 and 2) 
the mean follow up after the first ablation should 
be approximately one year or longer.

Five studies satisfied our criteria for a detailed 
review. Among these five studies, 2 reported 
the outcomes of CFAE alone, 2 reported the 
outcomes of PVI or antrum ablation with CFAE 
while 1 reported the outcomes of stepwise ap-
proach. Each study will be summarized based on 
the year of publication with the oldest paper first 
and most recent paper last.

The first study was published by Oral et al in 
2007 in the Circulation. In this study 100 pa-
tients had radiofrequency catheter ablation 
for atrial fibrillation guided by CFAE. AF was 
present for about 5 + 6 years before ablation. 
CFAE were defined as electrograms with cy-
cle length <120ms or shorter than in the coro-
nary sinus or that were fractionated or displayed 
continuous electric activity.10-12 PV were mapped 
and areas that displayed CFAE were ablated 
with endpoint of elimination of CFAE not PVI. 
After ablation of CFAE in the left atrium, CFAE 
within the coronary sinus were ablated. The goal 
of ablation was AF termination or elimination of 
all identified CFAE. AF terminated with ablation 
in 16 patients (16%) while additional 40 patients 
terminated after infusion of ibutilide. The mean 
procedure and fluoroscopy times were 206 + 43 
and 51 + 16 minutes respectively. They found 
that during 14 + 7 months of follow up after a 
single procedure, 33% patients were in sinus 
rhythm without antiarrhythmic drugs. After 
repeat ablation and a mean follow-up of 13 + 7 
months, 57 patients (57%) were in sinus rhythm 
in the absence of antiarrhythmic drug therapy. 
Complications reported in the study included 
pericardial tamponade in 2 patients, which was 
treated with percardiocentesis, and transient 
ischemic attack in one patient, which resolved 
within hours after the procedure.11

The second study was published by Elayi et al. in 

Heart Rhythm journal in 2008. The outcomes of 3 
ablation strategies were compared in 144 patients 
with longstanding persistent atrial fibrillation 
(median AF duration 28 months).12  Group 1 un-
derwent circumferential pulmonary vein ablation. 
Group 2 also underwent circumferential PV isola-
tion plus antrum ablation. The antrum included 
the entire posterior wall and extended anterior to 
the right PVs along the left septum. Group 3 un-
derwent circumferential PV isolation with ablation 
of the antrum as well as ablation of CFAEs in both 
atria. After mean follow-up of 16 months, 11% of 
47 patients in Group 1, 40% of 48 patients in Group 
2 and 61% of 49 patients in Group 3 remained in 
sinus rhythm after one procedure and with no an-
tiarrhythmic drugs. Subsequent maintenance of 
sinus rhythm was increased to 28% (group 1), 83% 
(group 2), and 94% (group 3) after 2 procedures 
and with antiarrhythmic drugs. AF conversion to 
atrial tachycardia occurred more often for group 
3 (70%), less often for group 2 (38%) and rarely for 
in group 1 (11%).  Group 3 had a statistically lon-
ger fluoroscopy time (94 + 27 min) than group 2 
(76.9 + 21min) or group 1 (50.1 + 21 min), (P= 0.016). 
Procedure times were 131 + 82 min (group 1), 183 
+ 91 min (group 2) and 239 + 102 min (group 3).
They concluded that hybrid atrial fibrillation abla-
tion strategy including antrum isolation and CFAE
ablation had the highest likelihood of maintaining
sinus rhythm in patient with LSPAF. Complica-
tions reported in the study included pericardial
effusions in 2 patients and asymptomatic PV ste-
nosis in 2 patients.

A third study was published by Oral et al.  in Cir-
culation: Arrhythmia and Electrophysiology in 
2008.13  They studied 85 patients with LSPAF where 
the radiofrequency ablation (RFA) was directed at 
CFAE in the LA and coronary sinus until AF was 
terminated (19 patients) or all identified LA CFAEs 
were eliminated. They ablated only CFAE with no 
PVI. The end point of CFAE ablation in the RA was 
conversion of AF to sinus rhythm or atrial flutter or 
ablation of all identified CFAEs. Single procedure 
success rate off drugs after LA RFA for AF was 22% 
(19 patients). Sixty-six patients who remained in 
AF were randomly assigned to cardioversion and 
no further RFA (33 patients) or to RFA of the RA 
CFAEs (33 patients). After 16 + 7 months of follow 
up, 17 patients (52%) were in sinus rhythm with-
out antiarrhythmics, 8 patients (24%) in persistent 
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AF, 5 patients (15%) in paroxysmal AF, 3 patients 
(9%) in atrial flutter in the group with no further 
RFA. While in the group that had RA RFA, 19 pa-
tients (58%) were in SR without antiarrthymics, 8 
patients (24%) in persistent AF, 3 patients (9%) in 
paroxysmal AF, 3 patients (9%) in atrial flutter af-
ter 16 + 7 months follow up.13  They concluded that 
after RFA of CFAE in the LA and coronary sinus, 
ablation of CFAE in the RA provides little or no 
increment in efficacy among patients with LSPAF. 
The mean procedure and fluoroscopy times for the 
LA RFA were 198 + 74 minutes and 57 + 21 min-
utes, respectively while for the RA RFA mean pro-
cedure and fluoroscopy times were 25.2 + 13.6 and 
6.9 + 4.2 minutes, respectively. One complication 
was reported in the study, which was pericarditis 
after left atrial ablation that did not require any in-
tervention.

A fourth study by O’Neill et al was published in 
European Heart Journal in 2009 which prospec-
tively studied 153 consecutive patients who under-
went catheter ablation of AF (median duration 12 
months) using a stepwise approach with a desired 
end point of atrial fibrillation termination, found 
that AF terminated in 130 (85%) of the patients with 
ablation alone. 14 Repeat ablation was performed 
for patient with recurrent AF or atrial tachycardia 
after 1 month blanking period. The median dura-
tion of the sustained AF was 12 months with a min-
imum follow-up of 12 months after the ablation. 
Seventy-nine patients required repeat ablation 
procedures. At a median of 34 months of follow-
up, 124/130 patients (95%) in the AF termination 
group were in stable sinus rhythm after the last 
procedure while it was 12/23 patients (52%) in the 
AF Non-Termination group. The single procedure 
success rate was 48%, which improved to 74% after 
multiple procedures. The procedure time for RFA 
was 88 + 27 minutes. Complications reported were 
tamponade in 2 patients, femoral hematomas in 2 
patients and reversible phrenic nerve injuries in 2 
patients. They concluded that termination of per-
sistent AF by catheter ablation was associated with 
a better long-term clinical outcome than when AF 
was not terminated. 

The fifth study by Tilz et al was reported in the 
Journal of Cardiovascular Electrophysiology in 
2010. They studied the outcomes of 205 consecu-
tive patients who underwent catheter ablation for 
LSPAF.15  The median duration of continuous AF 

was 36 months (range 22 to 60). They performed 
circumferential pulmonary vein isolation (CPVI) 
in 205 (60.5%) patients while additional CFAE ab-
lation, left linear lesion ablation or SVC isolation 
was performed in others if direct-current cardio-
version failed after CPVI. The goal was conver-
sion to sinus rhythm or atrial tachycardia with 
subsequent ablation. After a mean follow-up of 
19 + 11 months, 67 of 199 patients remained in si-
nus rhythm. After a mean of 1.7 + 0.8 procedures, 
67.8% of the patients were in sinus rhythm.  The 
success rate following a single CPVI as first line 
was 33%, which improved to 68% in nearly half 
of the patients after multiple procedures for sinus 
rhythm (SR). The major complication rate found 
in the study was 4%, which included ischemic 
stroke (0.6%), transient ischemic attack (0.3%), 
groin hematomas (2.4%), aspiration pneumonia 
(0.3%), pneumothorax (0.3%) and pulmonary 
edema (0.3%). Mean procedure and fluoroscopic 
times were 210 + 72 and 28 + 13 minutes, respec-
tively. They concluded that CPVI alone is suffi-
cient to restore sinus rhythm in 43.2% of patients 
with LSPAF with possibility of needing multiple 
procedures in those who could not achieve SR.
The sixth study by Takahashi et al was reported in 
Circulation: Arrhythmia and Electrophysiology 
in 2010. They studied 93 patients who underwent 
left atrial ablation for persistent atrial fibrillation. 
The median duration of AF was 1 year. Left atrial 
ablation consisted of pulmonary vein isolation, 
linear ablation, and electrogram-based ablation. 
After the first procedure, 35 patients (38%) re-
mained free from tachyarrhythmias, 27 patients 
(29%) had atrial tachycardia, and 31 patients 
(33%) had AF. The 31 patients who AF recurred, 
electrogram-based ablation were performed in 
the right atrium in 26 patients. During the 2 year 
follow up and after a median of 2 procedures, 
82% of the patients were free from any tachyar-
rhythmias. The complication rate was 2% (2 pa-
tients), which included a stroke and a pericardial 
effusion. They concluded that persistent AF with 
shorter duration was more likely to be free from 
AF by LA ablation.16

Lessons Learned

For many years we have employed a strategy of 
trying to restore sinus rhythm prior to performing 
an AF ablation procedure in patients with contin-
uous AF. This often requires use of amiodarone, 
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dofetilide, and cardioversion initiated one or 
more months prior to the procedure. As a result of 
this approach almost all of our patients present in 
sinus rhythm, which some people may consider 
as selection bias. But, in our mind this both lowers 
risk of stroke and improves efficacy. During a first 
procedure we perform wide area circumferential 
PV isolation. If AF recurs following the blanking 
period patients are offered a repeat ablation pro-
cedure. If PV reconduction is observed we will 
reisolate the PVs. We also commonly perform a 
roof and floor line to create a posterior wall “box” 
lesion. We only employ a CAFÉ based approach 
if the PVs show no evidence of reconnection. With 
this approach we have achieved results compara-
ble to those published in the literature, but with a 
lower risk of complications. We also feel that our 
approach results in less destruction of healthy 
atrial tissue. 

Conclusions

This review on the technique and outcomes of 
AF ablation in patients with LSPAF suggests that 
catheter ablation of LSPAF remains in its infancy. 
Although a number of different ablation strate-
gies have been developed, little data exists to de-
termine the optimal approach. It is striking how 
limited the literature is which has focused on the 
technique and outcomes of catheter ablation of 
LSPAF. Those studies which have been published 
have important limitations. First, these studies 
were not large adequately powered studies which 
were performed in a prospective blinded fashion. 
Secondly, the duration of follow-up is relatively 
short. We are well aware of the important issue 
of late recurrences of AF more than one year fol-
lowing AF ablation. And third, many studies do 
not report the single procedure success rate off 
of antiarrhythmic drugs, as recommended by the 
2012 HRS Consensus Document on AF Ablation. 

Recent techniques like clinical mapping of elec-
trical rotors and focal impulse in humans have 
been developed to improve the efficacy of ab-
lation of persistent AF.17 We are hopeful that 
in the years ahead researchers in the field will 
keep focusing on the important topic of cath-
eter ablation of long standing persistent AF.
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Introduction

Pericardial adipose tissue is associated with in-
creased risk of cardiovascular disease, blood glu-
cose level, systolic blood pressure, and hypercho-
lesterolemia.1,2    Moreover, pericardial fat volume 
was greater in patients with high-risk coronary 
lesions compared to patients without coronary ar-
tery disease.3 However, the clinical significance of 
pericardial fat deposits in atrial fibrillation (AF) re-
mains unclear. 

Multiple studies have demonstrated that obesity 
contributes to increased AF prevalence and inci-
dence.4-6 Long-term follow-up data of over 5,000 
individuals in the Framingham Heart Study7 and 
nearly 48,000 subjects in the Danish Diet, Cancer, 
and Health Study8 showed that obesity is an inde-
pendent AF predictor. Although many studies have 
evaluated the relationship between systemic mea-

sures of total body adiposity and AF, pericardial 
adipose tissue deposits have only recently been 
shown to be associated with AF.9 The pericardi-
al adipose tissue deposit is correlated with body 
mass index10-12 or visceral adipose tissue amount13, 

14 in previous studies with multivariate analysis. 
In the present article, we review the relationship 
between the fat encircling the heart and AF.

Definition of Pericardial Fat

There seems to be confusion among clinicians 
and researchers on what “pericardial fat” actually 
means. Pericardial fat has to be distinguished from 
epicardial fat because epicardial and pericardial 
adipose tissue are anatomically different.15-17  Epi-
cardial fat is located between the outer wall of the 
myocardium and the visceral layer of the pericar-
dium. Pericardial fat is superficial to the epicardi-
al fat and is therefore located between the visceral 
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Abstract

Pericardial adiposity is strongly associated with increased cardiovascular risk, especially for coronary 
artery disease. However, until 2010 researchers have not focused on the mechanistic role of pericardial 
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recently emerged as a new independent AF risk factor. In this brief review, we discuss several potential 
mechanisms that might associate pericardial fat to AF pathogenesis.
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and parietal pericardia.18  Autopsy data showed 
that epicardial fat covers 80% of the heart’s sur-
face and constitutes 20% of the total heart weight. 
Epicardial fat is distributed along the coronary ar-
teries, over the right ventricle (especially along the 
right border) and the anterior cardiac surface, and 
at the apex.19  The absolute amount of epicardial fat 
tissue is similar in the right and left ventricles. As a 
result, epicardial fat on the right side of the heart is 
three times thicker than that on the left side.19

However, distinguishing adipose tissue around 
the heart by conventional imaging modalities is a 
difficult process, and many studies have errantly 
defined “pericardial fat” as adipose tissue between 
the myoepicardium and the parietal pericardi-
um.9,20-22  Therefore, in this review we use the term 
“pericardial fat” to define all adipose tissue pres-
ent within the pericardial sac, and use the term 
“epicardial fat” when specifically referring to the 
fat located between the myocardium and the vis-
ceral pericardium.  

Pericardial Fat Measurement

The growing appreciation of pericardial fat’s im-
portance in cardiovascular risk has led to interest 
in more directly quantifying different cardiac adi-
pose tissue depots. Echocardiography, multide-
tector computed tomography (CT), and magnetic 
resonance imaging (MRI) are conventional imag-
ing modalities that are well-suited for measuring 
pericardial fat amount. They have distinct advan-
tages and disadvantages when compared with 
each other. 

Echocardiographic measurement has several ad-
vantages, including its low cost, easy accessibil-
ity, rapid applicability, extreme safety, and good 
reproducibility.23  Iacobellis et al. first proposed 
measuring the epicardial fat rather than the peri-
cardial fat thickness. Epicardial fat was identified 
as the echo-free space between the outer wall of the 
myocardium and the visceral layer of the pericar-
dium. Pericardial fat thickness can be identified as 
the hypoechoic space superficial to the epicardial 
fat and parietal pericardium, and does not signifi-
cantly change size during the cardiac cycle.14  This 
group also suggested that median values of 9.5 
mm and 7.5 mm should be considered the thresh-
old values for AF high-risk echocardiographic 

fat thickness in men and women, respectively.24  
However, with echocardiography pericardial fat 
can only be measured over the right ventricle; this 
does not take into account fat distribution varia-
tions over the entire heart. Additionally, factors 
such as obesity may lead to a poor sonic window.

A significant advantage of CT over echocardiog-
raphy is the capacity to provide a wide field-of-
view of the entire chest. Unlike echocardiography 
and MRI, CT is capable of simultaneously provid-
ing information about coronary artery calcifica-
tion, nonobstructive and obstructive coronary le-
sions, and the size and distribution of epicardial 
adipose tissue.25 Disadvantages of CT include the 
use of intravenously-administered iodinated con-
trast material and exposure to ionizing radiation. 
Moreover, if CT is performed without ECG gat-
ing or triggering, as is often the case, imaged fat 
thickness can differ according to the cardiac cycle; 
thus cardiac motion artifacts can limit evaluation 
of the pericardium.26

In an MRI test, the pericardial line was identi-
fied as a curvilinear line of low signal intensity 
between the high-intensity pericardial fat and the 
medium-intensity myocardium or high-intensity 
epicardial fat.27 MRI is considered to be the gold 
standard in assessing visceral adipose tissue if im-
aging is performed with a fat-suppression tech-
nique. However, conventional MRI protocols are 
usually done without fat-suppression techniques, 
and fat and water both appear bright and are dif-
ficult to distinguish. It is also time consuming and 
costly to use MRI for only measuring pericardial 
fat.28 Moreover, when using MRI with ECG gat-
ing, arrhythmias such as AF can cause imaging 
artifacts.

There is controversy regarding where and at what 
period during the cardiac cycle to optimally mea-
sure fat thickness. Iacobelis et al. suggested that 
fat thickness should be measured perpendicular-
ly on the right ventricle free wall at end-systole in 
cardiac cycles, because this region is compressed 
during diastole.23   However, others have mea-
sured fat thickness at the end-diastolic phase in 
the cardiac cycle.20, 29   Recent studies on pericar-
dial fat are usually performed on patients at risk 
of cardiovascular disease utilizing the coronary 
CT protocol, so most measurements of pericardi-



al fat are performed during the diastolic phase.30 

Some studies did not use ECG-gated protocol.31  
This can be more complicated, especially in AF 
patients, because of beat-to-beat variations that 
occur in AF hearts. Furthermore, the spatial dis-
tribution of adipose tissue adjacent to the myocar-
dium is variable, which makes it difficult to use a 
single regional measurement as a representative 
surrogate of actual fat volume or distribution. 
Pericardial fat is mostly localized asymmetrical-
ly in the perivascular AV or interventricular (IV) 
grooves.30, 32   Therefore, the exact regional distri-
bution of fat may not be relevant, because there 
are no barriers in the pericardium separating the 
atria from the ventricles, thereby precluding lo-
cal effects. Currently, most study groups measure 
pericardial fat thickness over the right ventricu-
lar free wall by echocardiography or by total fat 
volume using CT. However, it remains unclear 
whether measuring local pericardial fat thickness 
or pericardial fat volume is optimal. 

Pericardial Fat and AF Prevalence

The role of pericardial fat on AF has not been a fo-
cus before 2010. Thanassoulis et al. reviewed the 
Framingham Heart Study, a middle-aged to el-
derly community-based cohort, and revealed that 
pericardial fat was associated with AF prevalence 
(odds ratio 1.30, 95% CI 1.05 to 1.60; p=0.02) even 
after adjusting for risk factors such as PR interval, 
hypertension, MI history, heart failure history, 
and body mass index.33  Interestingly, significant 
AF-association was found only with pericardial 
fat, but not with total thoracic or visceral abdomi-
nal fat volumes. 

In 2010, Chekakie et al. examined the association 
between pericardial fat and AF, and demonstrat-
ed a significant association of pericardial fat with 
both paroxysmal and persistent AF, completely 
independent of all major risk factors including 
age, hypertension, valvular heart disease, left 
ventricular function, obesity, and associated ob-
structive sleep apnea and LA enlargement.9 Peri-
cardial fat volume was measured using CT in 273 
patients. Among them, 76 patients showed sinus 
rhythm, 126 had paroxysmal AF, and 71 had per-
sistent AF. Patients with AF had significantly 
more pericardial fat compared to patients with-
out AF. Fat volume was associated with both par-

oxysmal AF (odds ratio 1.11, 95% CI: 1.01 to 1.23; 
p=0.04) and persistent AF (odds ratio 1.18, 95% CI: 
1.05 to 1.33; p=0.004). 

Batal et al. analyzed left atrial pericardial fat thick-
ness by multi-slice CT in 169 individuals: 73 with-
out AF, 60 with paroxysmal AF, and 36 with per-
sistent AF. Left atrial epicardial fat pad thickness 
was measured in consecutive cardiac CT angio-
grams performed for coronary artery disease or 
AF. They reported that increased posterior fat pad 
thickness between the left atrium and the esopha-
gus was associated with increased AF persistence, 
independent of age, BMI, and LA.34  However, het-
erogeneity of baseline characteristics and no stan-
dard measurement criteria for quantifying atrial 
encircling fat volume were important study limi-
tations. 

Unlike the studies mentioned above using CT to 
measure pericardial fat, Wong et al. chose MRI as 
their tool and showed that patients with AF had 
greater pericardial fat volumes than reference pa-
tients in their study with 110 patients who under-
went AF ablation. Adjusting for risk factors and 
weight, pericardial fat depots were individually 
predictive of the presence of AF (odds ratio 11.25, 
95% CI: 2.07 to 61.24, p=0.005). Both periatrial fat 
(odds ratio 5.35, 95% CI: 1.30 to 2.19; p=0.020) and 
periventricular fat (odds ratio 10.94, 95% CI: 1.69 
to 70.73; p=0.012) were predictive of AF.

Pericardial Fat and AF Outcome

Batal et al. mentioned about the relationship be-
tween epicardial fat over mid left atrium and atrial 
fibrillation burden in their work.34  There is a posi-
tive relationship between epicardial fat thickness 
between the esophagus and the mid left atrium 
and prevalence of AF. Additionally, patients with 
persistent AF have a significantly thicker fat pad 
than those with paroxysmal AF.

Wong et al. remarked that there is a strong dose-
response association, as assessed by AF chronicity 
and symptom burden.20 Wong recruited 110 pa-
tients undergoing first-time AF ablation and un-
derwent cardiac MRI a week before ablation. They 
also demonstrated that pericardial fat was an in-
dependent predictor of AF recurrence after abla-
tion.20  This was the first study relating AF ablation 
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pericardial fat. However, this hypothesis needs to 
be addressed in future studies.

Fatty Acid Cardiotoxicity and AF

Pericardial fat maintains fatty acid homeostasis 
in the coronary microcirculation, wherein there 
exists a high basal rate of fatty acid uptake into 
these blood vessels.50  Given the known toxicity of 
excess fatty acids on cardiomyocytes, epicardial 
fat may blunt fatty acid-induced cardiotoxicity 
by acting as a reservoir for these potentially toxic 
molecules.51,52  However, this hypothesis has not 
yet been thoroughly evaluated by in the AF popu-
lation.

Left Atrial Enlargement and AF 

Vaziri et al. reported that left atrial (LA) enlarge-
ment is an important precursor of AF.53 Teresa 
et al. showed that a larger LA volume is associ-
ated with a higher AF risk in older patients.54  Os-
ranek et al. revealed in a prospective study that 
LA volume is a strong and independent predic-
tor of post-operative AF.55  Recent studies confirm 
that pericardial fat is associated with LA dimen-
sions.20,22,56-58 Investigators tried to explain the 
mechanism how pericardial fat affects LA dilata-
tion. Fat deposit subepicardially in the free walls 
or atria and around the appendage and possible 
local interactions between these tissues could be 
the clue. However the pathogenic mechanism of 
these alterations is not well known yet and most 
studies included obese people as those subjects. 
Thus, the evidence is strong that left atrial en-
largement, including adiposity, correlates with 
an increased AF risk.

Elevated End-Diastolic Filling Pressures 
that Lead to Atrial Dilatation and AF

Obesity is an important and modifiable AF risk 
factor, and is associated with left ventricular (LV) 
diastolic dysfunction.7 Diastolic dysfunction is 
known to be a strong predictor of LA remodel-
ing and may contribute to electrical instability.59 

This is because diastolic dysfunction causes atrial 
pressure and volume overload, leading to struc-
tural remodeling. Previous studies revealed that 
diastolic dysfunction appears to be a potent pre-
cursor of AF.60 Recently, Iacobellis et al. showed 
that increased pericardial fat is associated with 
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outcome with pericardial fat, but it was a cross-sec-
tional study design and had limitation of causality.

Possible Mechanisms of Pericardial 
Adiposity-Induced AF

Adipose tissue is a highly active organ that secrets 
numerous peptides such as cytokines, chemokines, 
and hormone-like proteins.35  Pericardial fat is lo-
cated adjunct to the cardiac chamber wall and the 
epicardial fat and myocardium share the same 
blood supply. Therefore, they may be able to in-
teract with each other not only biochemically but 
mechanically.

Inflammation

Recent studies have strongly implicated inflam-
mation in the genesis and maintenance of atrial 
arrhythmias.36-41  Electrical remodeling by inflam-
mation with resultant atrial refractoriness ab-
breviation and shortening of the action potential 
duration appears to be responsible for the self-per-
petuation of AF. Structural remodeling by inflam-
mation, with features of interstitial fibrosis and cel-
lular degeneration, may also provide a susceptible 
substrate that promotes reentrant circuits and AF.42  
From the strong association between AF, obesity, 
and inflammation, and given the inflammatory 
characteristics of pericardial adipose tissue in its 
relationship to cardiovascular disease,1,43,44  we can 
speculate that pericardial fat is associated with AF 
prevalence and maintenance. In 1996, histopatho-
logic studies of lipomatous septal hypertrophy 
demonstrated an inflammatory infiltrate associat-
ed with myocardial fibrosis that surrounded infil-
trating adipose tissue.45  Mazurek et al. suggested 
that pericardial fat was associated with increased 
local expression of inflammatory markers in 2003.46 
Pericardial fat is an important local source of in-
flammatory mediators including tumor necrosis 
factor-α and interleukin-6,46  which may have direct 
arrhythmogenic effects on atrial tissue and have 
associations with AF initiation.47-49  Chekakie et al. 
proposed that the local effects of inflammatory cy-
tokines released from the pericardial fat may be a 
potential mechanism of the pathogenesis of AF.9  

In summary, pericardial adipose tissue is directly 
contiguous with atrial and ventricular myocardi-
um, and it releases inflammatory cytokines. These 
local inflammatory effects may provide a mecha-
nism to explain the association between AF and 



dysfunction, as detected by a correlatively reduced 
coronary blood flow reserve.71  White et al. think 
that atrial flow reserve limitation may lead to atrial 
ischemia, fibrosis, and, thereby, perpetuation of 
the arrhythmia.72 Connecting pericardial fat, atrial 
flow reserve, and AF will be an important future 
task.

Future Considerations

Pericardial fat has recently emerged as a new inde-
pendent AF risk factor.73  However, studies on AF 
prevalence or on the role of pericardial fat in AF 
pathogenesis are lacking. Further investigations 
are required into this clinically relevant associa-
tion, and will provide a better understanding of AF 
burden and outcome. 

The possible positive effects of fat tissue also re-
quire consideration. Pericardial adipose tissue has 
both inflammatory and anti-inflammatory charac-
teristics.74  Especially, epicardial fat is abundant of 
adiponectin and adrenomedullin, adipokines with 
anti-inflammatory properties that could locally 
modulate heart physiology and exert a protective 
effect through induction of anti-inflammatory cy-
tokines.75,76   Other studies have suggested that in-
creased epicardial adiponectin is associated with 
maintenance of sinus rhythm following cardiac 
surgery.77  These researchers think that regulating 
the inflammatory mediator balance in periatrial 
adipose tissue may have an important role in AF 
prevention. 

There are racial differences in AF prevalence. 
Borzecki et al. reported that, even after adjusting 
for risk factors, African Americans appear to be 
at a lower AF risk than Caucasians.78  Howard et 
al. reported that non-Hispanic Caucasians have 
more epicardial and pericardial fat than do Afri-
can Americans.79  Although pericardial fat deposit 
heterogeneity among races in relation to AF preva-
lence has not yet been studied, this is an attractive 
and potentially important focus of future research.

Conclusions 

Obesity is a well-known and important AF risk fac-
tor, though the relationship of AF and local peri-
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significantly impaired LV diastolic function.57 

Theoretically, Accumulation of fat pads around 
ventricles may theoretically increase ventricular 
stiffness and thus contribute to diastolic dysfunc-
tion within a poorly distensible pericardium.61 

Some possible mechanisms were suggested that 
that the increased epicardial fat mechanically 
affects LV and RV diastolic filling and conse-
quently induces atria enlargement.62 Thus, there 
appears to be a significant correlation between 
end-diastolic filling and AF. Impaired diastolic 
function might be a result of excessive pericar-
dial adiposity.

Pericardial Fat and the Autonomic Nervous 
System

Thanassoulis et al. suggested that increased peri-
cardial fat could locally influence autonomic 
ganglia, thereby enhancing vagal tone and in-
creasing AF propensity.33  Intrinsic autonomic 
nervous system modulation increases AF pro-
pensity. Animal models have demonstrated that 
parasympathetic nerve activity within cardiac fat 
pads promotes AF, primarily by shortening the 
atrial refractory period.63,64  Batal et al. supposed 
the additional involvement of cardiac fat pad 
parasympathetic ganglia in their study.34  How-
ever, reports on the implication of theepicardial 
anterior fat pad on postoperative AF patients 
have had conflicting results that maintaining the 
fat pad prevented attenuation of parasympathet-
ic tone after CABG but does not reduce post op-
erative AF65  Epicardial fat pad ablation in canine 
models did not suppress AF inducibility in the 
long term.66 Taken together, the role of the au-
tonomic nervous system in pericardial fat-medi-
ated AF remains to be conclusively determined.

Coronary Artery Disease

Coronary artery disease is present in over 20% 
of AF patients.67, 68   But whether atrial ischemia 
predisposes to AF and how AF is modulated by 
coronary perfusion are uncertain.69  Recently, 
there has been incremental evidence supporting 
a relationship between pericardial fat levels and 
coronary artery disease.3,31,70    Increased epicar-
dial fat appears related to cardiac microvascular 



Journal of Atrial Fibrillation Featured Review              

 www.jafib.com 104 Feb-Mar, 2013 | Vol 5 | Issue 5                          

risk factors for atrial fibrillation or flutter: The danish diet, 
cancer, and health study. The American journal of medicine. 
2005;118:489-495
9.Al Chekakie MO, Welles CC, Metoyer R, Ibrahim A, Shapira
AR, Cytron J, Santucci P, Wilber DJ, Akar JG. Pericardial fat is
independently associated with human atrial fibrillation. Journal
of the American College of Cardiology. 2010;56:784-788
10.Iacobellis G, Ribaudo MC, Assael F, Vecci E, Tiberti C, Zappa-
terreno A, Di Mario U, Leonetti F. Echocardiographic epicardial
adipose tissue is related to anthropometric and clinical param-
eters of metabolic syndrome: A new indicator of cardiovascu-
lar risk. The Journal of clinical endocrinology and metabolism.
2003;88:5163-5168
11.Fluchter S, Haghi D, Dinter D, Heberlein W, Kuhl HP, Neff W,
Sueselbeck T, Borggrefe M, Papavassiliu T. Volumetric assess-
ment of epicardial adipose tissue with cardiovascular magnetic
resonance imaging. Obesity. 2007;15:870-878
12.Willens HJ, Byers P, Chirinos JA, Labrador E, Hare JM, de
Marchena E. Effects of weight loss after bariatric surgery on
epicardial fat measured using echocardiography. The American
journal of cardiology. 2007;99:1242-1245
13.Wheeler GL, Shi R, Beck SR, Langefeld CD, Lenchik L, Wa-
genknecht LE, Freedman BI, Rich SS, Bowden DW, Chen MY,
Carr JJ. Pericardial and visceral adipose tissues measured volu-
metrically with computed tomography are highly associated in
type 2 diabetic families. Investigative radiology. 2005;40:97-101
14.Iacobellis G, Assael F, Ribaudo MC, Zappaterreno A, Alessi
G, Di Mario U, Leonetti F. Epicardial fat from echocardiography:
A new method for visceral adipose tissue prediction. Obesity re-
search. 2003;11:304-310
15.Iacobellis G, Corradi D, Sharma AM. Epicardial adipose tis-
sue: Anatomic, biomolecular and clinical relationships with
the heart. Nature clinical practice. Cardiovascular medicine.
2005;2:536-543
16.Sacks HS, Fain JN. Human epicardial adipose tissue: A re-
view. American heart journal. 2007;153:907-917
17.G. G. Cardiovascular system. Gray’s anatomy. Edinburgh:
Churchill Livingstone; 1995:1477.
18.Iacobellis G. Epicardial and pericardial fat: Close, but very
different. Obesity. 2009;17:625; author reply 626-627
19.Corradi D, Maestri R, Callegari S, Pastori P, Goldoni M, Lu-
ong TV, Bordi C. The ventricular epicardial fat is related to the
myocardial mass in normal, ischemic and hypertrophic hearts.
Cardiovascular pathology : the official journal of the Society for
Cardiovascular Pathology. 2004;13:313-316
20.Wong CX, Abed HS, Molaee P, Nelson AJ, Brooks AG, Shar-
ma G, Leong DP, Lau DH, Middeldorp ME, Roberts-Thomson
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cardial fat is associated with atrial fibrillation severity and ab-
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Horvat P, Liu CY, Vasan RS, Murabito JM, Meigs JB, Cupples
LA, D’Agostino RB, Sr., O’Donnell CJ. Abdominal visceral and
subcutaneous adipose tissue compartments: Association with
metabolic risk factors in the framingham heart study. Circula-

cardial fat has not yet been fully elucidated. Stan-
dardized definitions and measurement methods 
for pericardial fat remain to be consensually ar-
rived at. Although limited in number and scope, 
recent studies strongly suggest that extensive 
pericardial fat deposits are related to increased 
AF prevalence and a worse clinical outcome. To 
date, the propagative mechanisms of pericardial 
fat accumulation on AF pathogenesis remain con-
troversial, although numerous hypotheses have 
been put forth and discussed. Prospective, ran-
domized, and thoughtfully-designed trials will 
reveal the strongly suggested role of pericardial 
fat in AF.
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Introduction

Prophylactic Antiarrhythmic Drug therapy 
in AF

In patients with recurrent atrial fibrillation (AF), 
the hallmark of treatment has been the use of an-
tiarrhythmic drugs (AADs). These types of drugs 
are generally prescribed when AF episodes are 
frequent and/or symptomatic. Goals of therapy 
include reduction in the frequency and duration 
of episodes of arrhythmia as well an emerging 
goal of reducing mortality and hospitalizations 
associated with AF. Safety and efficacy are im-
portant factors when choosing an antiarrhythmic 
drug for the treatment of AF, hence, if AAD are 

required for maintenance of sinus rhythm, their 
safety profile, together with individual patient 
characteristics, should be of utmost concern. 

In the following paragraphs we would like to re-
view some aspects (electrophysiological effects, 
metabolism, side effects, current evidence and in-
dication) of the most commonly used AAD for the 
management of patients with AF.

Classification

AAD do not lend themselves to a strict classifica-
tion scheme. Many of these drugs have effects on 
multiple ion channels and adrenergic receptors. 
The majority of available drugs exert predominant 
effects on cardiac sodium or potassium currents. 
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Abstract

In patients with recurrent atrial fibrillation (AF), the hallmark of treatment has been the use of antiar-
rhythmic drugs (AADs). Goals of therapy include reduction in the frequency and duration of episodes 
of arrhythmia as well an emerging goal of reducing mortality and hospitalizations associated with AF. 
Safety and efficacy are important factors when choosing an antiarrhythmic drug for the treatment of 
AF, hence, if AAD are required for maintenance of sinus rhythm, their safety profile, together with in-
dividual patient characteristics, should be of utmost concern. In the next paragraphs we would like to 
review some aspects (electrophysiologic effects, metabolism, side effects, current evidence and indica-
tion) of the most commonly used AAD for the management of patients with AF, following the Vaughan-
Williams classification. However, this system is mainly based on ventricular activity, therefore, and due 
to its relatively atrial selective actions, some agents will not readily fit in the Vaughan Williams AAD 
classification. For that reason, in the final part of the manuscript, new promising agents will be reviewed 
separately. 



The Vaughan-Williams system (Table 1) groups 
drugs according to their major mechanisms of 
action, that is, according to which channels they 
bind and block on the cardiac cell membrane1. 
However, this classification has well-recognized 
limitations such as the oversimplification of con-
cepts about AAD, the common grouping of drugs 
with dissimilar actions, the inability to group cer-
tain drugs accurately, and the failure to take into 
account many actions of AAD.2  That is the rea-
son why new schemes have been approached: the 
“Sicilian Gambit” takes into account the type and 
degree of blockade of channels, the antagonistic 
and agonistic effects on receptors, the effects on 
the sodium–potassium pump, the time constants 
of binding to cellular sites, effects on second mes-
sengers, and the affinity for binding on the basis 
of whether the cell is in an active or inactive state.3 

This result in a tabular list of virtually everything 
that makes it more complex, and although certain-
ly helpful to basic researchers, it is less useful from 
the clinical point of view. Hence, the Vaughan-
Williams system, with all its limitations, remains 
the most useful means of categorizing AAD and it 
will be the system that will use throughout this re-
view. However, as it is known, this system is main-
ly based on ventricular activity, therefore, and 
due to its relatively atrial selective actions, some 
agents will not readily fit in the Vaughan Williams 
AAD classification. On the other hand, in the pres-
ent era, among current strategies for suppression 
of AF is the development of antiarrhythmic agents 
that preferentially affect atrial. Accordingly, Ant-
zelevitch recently introduced the concept of atrial-
selective sodium channel block as a novel strat-
egy for the management of AF. For that reason, 
in the final part of the manuscript, new agents 

will be review separately (section new AAD).

Commonly Used Drugs

Class I Antiarrhythmic Drugs

Flecainide

Electrophysiological effects: Flecainide produc-
es a substantial slowing in conduction velocity, di-
rectly related to the prolonged binding-unbinding 
time (i.e., the slow binding kinetics) of the drug 
(30 seconds). Thus, flecainide is virtually continu-
ously bound to the sodium channel, and therefore 
produces slow conduction even at low heart rates 
(i.e., at rest) although as a result of binding kinetics, 
the degree of sodium-channel blockade increas-
es as the heart rate increases (use dependence).2 

It has a pronounced negative inotropic effect.4

Metabolism: Flecainide is well absorbed from the 
gastrointestinal tract, and peak plasma levels are 
reached 2–4 hours after an oral dose. It is mainly 
metabolized by the liver (70%), but 30% is excret-
ed unchanged by the kidneys and has a long elim-
ination half-life (12–24 h).2 It may increase digoxin 
levels. On the other hand, flecainide levels are in-
creased by amiodarone, haloperidol, quinidine, 
cimetidine, and fluoxetine.5

Side Effects: Metallic taste, dizziness and visual 
disturbance represent the common non cardio-
vascular side effects (5% to 10%). Concomitant 
atrioventricular node blockade is recommended 
because of the potential of flecainide to convert 
AF to atrial flutter, which then may be conducted 
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Table 1 Vaughan-Williams Classification System of Antiarrhythmic Drugs

Class I: Sodium-Channel-Blocking Drugs

               Class IA: Moderately slow conduction and moderately prolong action potential 
               duration by increasing action potential duration:

Quinidine, Procainamide, Disopyramide.
Class IB: Minimally slow conduction and shorten action potential duration:
Lidocaine, Mexiletine, Tocainide, Phenytoin.
Class IC: Markedly slow conduction and minimally prolong action potential duration:
Flecainide, Encainide, Propafenone.

Class II: Beta-Blocking Drugs

Class III: Prolong Action Potential Duration 
Amiodarone, Sotalol, Ibutilide, Dofetilide.

Class IV: Calcium-Channel-Blocking Drugs
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Table 2 Summary of the Most Relevant Studies Performed with Flecainide

Study/Type Aim Type of Employed 
Drugs

Year
Publication

Number 
Patients

Follow 
Up

Adverse
Effects Conclusion

Nacca-
relli et al 12/ 
Randomized 
trial

To compare the 
efficacy and 
long-term toler-
ability of fle-
cainide acetate 
versus quinidine

Flecainide acetate 
versus quinidine 1996 239 1 year

Gastro-
intesti-
nal side 
effects.

Flecainide and 
quinidine are 
equally effective in 
the acceptable sup-
pression of symp-
tomatic paroxys-
mal AF; flecainide 
is better tolerated 
than quinidine and 
is less likely to be 
discontinued due 
to adverse effects.

CAST13/ 
Random-
izeded trial

To test the 
hypothesis that 
suppression 
of ventricular 
premature com-
plexes (VPCs) 
in survivors of 
acute MI would 
reduce arrhyth-
mic death risk

Encainide-flecainide-
moricizine  versus 
placebo

1991 725 10 
months

Proar-
rhyth-
mic 
event 
rate

Neither encainide 
nor flecainide 
should be used 
in the treatment 
of patients with 
asymptomatic or 
minimally symp-
tomatic ventricular 
arrhythmia after 
MI.

Alboni et 
al.14/ Cohort 
studies

To evaluated the 
feasibility and 
the safety of self-
administered 
oral loading of 
flecainide and 
propafenone in 
terminating AF 
of recent onset 
outside the hos-
pital

Flecainide- propafe-
none 2004 268 15+/-5 

months

Atrial 
flutter at 
a rapid 
ven-
tricular 
rate in 1 
patient 
and 
noncar-
diac side 
effects 
in 11 
patients

In a selected, risk-
stratified popula-
tion of patients 
with recurrent 
atrial fibrillation, 
pill-in-the-pocket 
treatment is fea-
sible and safe, 
with a high rate of 
compliance by pa-
tients, a low rate of 
adverse events, and 
a marked reduction 
in emergency room 
visits and hospital 
admissions

Alboni et 
al.15/
Cohort study

To investi-
gate whether 
tolerance to iv 
administration 
of flecainide or 
propafenone 
might predict 
the safety of pill-
in-the-pocket 
treatment-the 
out-of-hospital 
self-adminis-
tration of these 
drugs after the 
onset of palpita-
tions-in patients 
with AF of 
recent onset

Flecainide- propafe-
none 2010 122 11+/-4 

months

One 
syncope, 
two pre-
syncope, 
one 
sinus 
arrest

The patient's toler-
ance of intravenous 
administration 
of flecainide or 
propafenone does 
not seem to predict 
adverse effects dur-
ing out-of-hospital 
self-administration 
of these drugs



rapidly, resulting in 1:1 atrioventricular conduc-
tion with a wide QRS morphology due to slowed 
conduction which can result in hemodynamic col-
lapse. Another precaution that must be taken into 
account is that in patients with loss-of-function 
sodium channel mutations, as for instance, pa-
tients with Brugada syndrome, sodium channel 
blocking drugs can also present a risk of proar-
rhythmia. As a matter of fact, in our series, from 
611 patients with AF, 11 were unmasked after ini-
tiation of a class-I AAD, two of them with tragic 
consequences (resuscitated sudden cardiac death 
shortly after initiation of the drug).6

Finally, sodium channel blocking drugs slow con-
duction and, in susceptible patients, with preex-
isting scar or ischemia, can promote the develop-
ment of reentry and ventricular tachyarrhythmias.

Upon Initiation of Long Term Flecainide Thera-
py, Regular ECG Monitoring is Recommended 
an increase in QRS duration of 25% on therapy 
compared with baseline is a sign of potential risk 
of proarrhythmia, so, if that happens, the drug 
should be stopped or the dose reduced.7 Simi-
larly, when the flecainide dose is increased, QRS 
duration should be monitored.

Evidence: More than 20 years ago several studies 
demonstrated that flecainide delay the first recur-
rence of AF and also decreased time spent in AF.8 

Additionally, several uncontrolled studies found 
that flecainide delayed recurrence of AF.9,11   Most 
relevant studies are shown in table 2. 

Indication: Flecainide is currently recommended 
to acute restore sinus rhythm in patients with-
out structural heart and new onset AF. For this 
purpose it is available as an intravenous agent 
in Europe (but not in the United States). It can 
be administered orally at high-doses (200–300 
mg) or i.v. (usual dose is 2 mg/kg over 10 min) 
to patients with AF of short duration (specially, 
24 h). The same indications for propafenone are 
common for flecainide: in the long term, as first 
line therapy, for patients without or with minimal 
heart disease and also for patients with hyper-
tension but without substantial LVH. In selected, 
highly symptomatic patients with infrequent (e.g. 
between once per month and once per year) re-
currences, the ‘pill-in-the-pocket’ approach (with 

flecainide or propafenone) can be considered. In 
order to implement it, patients should be screened 
for indications and contraindications, and the ef-
ficacy andsafety of oral treatment should be tested 
in hospital.16

Propafenone  

Electrophysiological Effects: Propafenone pro-
duces potent blockade of the sodium channel, sim-
ilar to other Class IC drugs. Unlike other Class IC 
agents, propafenone also causes a slight increase 
in the refractory periods of all cardiac tissue. In ad-
dition, propafenone has mild beta-blocking (nega-
tive inotropic) and calcium-blocking properties ( 
negative chronotropic effects). 

Metabolism:  Propafenone is well absorbed from 
the gastrointestinal tract. The drug is 90% protein 
bound and it is metabolized by the liver.2,5 The 
elimination half-life is 6 or 7 hours after a steady 
state is reached. The initial marketed preparation 
was recommended to be taken 3 times daily due to 
the rapid absorption by the gut when taken orally 
and also the rapid metabolism by the liver. Since 
then, a sustained-release preparation of propafe-
none has been developed that allows the drug to 
be taken twice daily. With regards to the interac-
tions it may decrease the metabolism of warfarin 
and increase the digoxin levels.4 

Side Effects: Propafenone should not be used 
in patients with left ventricular dysfunction, as 
these patients are at high risk of suffering from 
proarrhythmic effects; Patients being treated with 
propafenone should be monitored for the poten-
tial development of ischemia or heart failure.7 The 
major non-cardiovascular adverse effects include 
metallic taste, as well as dizziness and visual dis-
turbances.

Current Evidence: Two interesting studies relat-
ed to the use of propafenone have been published 
in the last decade, the RAFT17 and a linked study 
conducted in Europe, the EHRA study.18 The first 
one (The Rythmol Atrial Fibrillation Trial) showed 
that 3 doses of sustained-release (SR) propafenone 
(425, 325, or 225 mg) given twice daily significantly 
lengthened the time to first symptomatic AF recur-
rence compared with placebo; the median time to 
recurrence was 41 days in the placebo group, and 
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ed by the kidneys, and 40% is metabolized in the 
liver.2 Hence, dose should be reduced in patients 
with renal or hepatic dysfunction.5 The elimination 
half-life is 8–9 hours. Drug interactions include the 
decreasing of plasma disopyramide levels by phe-
nobarbital, phenytoin, and rifampin. Other drugs 
with negative inotropic effects can exacerbate the 
myocardial depression seen with disopyramide. 

Side Effects: The major adverse effects of diso-
pyramide are related to myocardial depression 
and anticholinergic side effects; thus, it should not 
be used in patients with any degree of ventricular 
dysfunction. Non-cardiovascular toxicity second-
ary to the strong anti-muscarinic properties in-
clude dry mouth, eyes, nose, and throat, urinary 
difficulty or urinary retention; it can precipitate 
closed-angle glaucoma and can also produce hy-
poglycemia in occasional cases, apparently by in-
creasing insulin levels.20 

Evidence: In a retrospective series of 106 patients 
with thyrotoxicosis-induced fibrillation (87% 
of them had suffered from AF for more than 12 
months), cardioversion was attempted using di-
sopyramide and then electric shock: 98 of 106 pa-
tients (92.5%) underwent successful cardioversion, 
and 67.3% remained in sinus rhythm after 80.6+/-37 
months.21 The Cochrane Central Register of Con-
trolled Trials (CENTRAL) of The Cochrane Library 
suggested that disopyramide was one of the drugs 
that maintained sinus rhythm but was associated 
with increased AEs and increased mortality.22 

Finally, although in the setting of patient with ob-
structive hypertrophic cardiomyopathy (HCM), a 
Multicenter study of the efficacy and safety of diso-
pyramide in this specific population, showed that 
two-thirds of obstructed HCM patients treated 
with disopyramide could be managed only medi-
cally with amelioration of symptoms and about 
50% reduction in subaortic gradient over >/=3 years 
without proarrhythmic.21 

Indications: The role of disopyramide in treating 
patients with AF is unclear. Of note, disopyra-
mide prescriptions represent 1% to 2% of annual 
AAD prescriptions in the United States.23  Due to 
the strong anti-muscarinic properties, it is usually 
confined to patients with high vagal tone.7 Despite 
little supporting evidence, the European guide-
lines17 mention that it could be considered in those 
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more than 300 days, 291 and 112 with propafe-
none SR 425,325 and 225 mg respectively. 

The European Rythmol/Rytmonorm Atrial Fi-
brillation Trial (ERAFT), a double-blind, multi-
center, placebo-controlled (n=293) showed that 
the SR formulation of propafenone was superior 
to placebo in preventing symptoms of paroxys-
mal AF. There were significant increases in the 
arrhythmia-free periods from day 5 of random-
ization to the first recurrence of symptomatic 
atrial arrhythmia in both the propafenone SR 325 
mg and 425 mg also twice daily groups as com-
pared with placebo. The median arrhythmia-free 
time was 9 days in the placebo group, 35 days 
in the propafenone SR 325 mg and 44 days in 
the propafenone SR 425 mg. The percentage of 
patients with >/=1 serious adverse event was be-
tween 10.0% and 11.2% in the active group ver-
sus 1,1% in the placebo group. 

When compared versus amiodarone, propafe-
none seems to be less effective in a random-
ized multicenter study in which patients were 
assigned to amiodarone, or sotalol or propafe-
none.19 However, although no significant differ-
ence, adverse events requiring the discontinu-
ation of drug therapy occurred in 18% of the 
patients receiving amiodarone, as compared to 
the 11% of those treated with sotalol or propafe-
none (p=0.06). 

Indications: In the maintenance of sinus rhythm, 
propafenone is indicated as first line therapy (to-
gether with dronedarone, flecainide and sotalol) 
for those patients without or with minimal heart 
disease and also for patients with hypertension 
but without substantial left ventricular hyper-
trophy. These recommendations are common in 
both European16 and American guidelines.7

Disopyramide

Electrophysiological Effects:  Disopyramide 
is distinguished as a sodium channel blocking 
drug with potent anticholinergic and negative 
inotropic effects.4

Metabolism: Absorption is high (80–90%), and 
peak blood levels occur 2–3 hours after adminis-
tration. Approximately, 60% of the drug is excret-
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Table 3 Summary of the Most Relevant Studies Performed with Amiodarone

Study Aim
Type of 
Employed 
Drugs

Year 
Public
ation

Number 
Patients

Follow 
up

Adverse 
Effects Conclusion

CHF-STAT24/  
double-blind, 
placebo-con-
trolled study

To evaluate the long-
term effects of amio-
darone on morbidity 
and mortality in pa-
tients with congestive 
heart failure (CHF) 
and AF

Amio-
darone – 
placebo.

1998 667 12 
months

-----------
----

Dronedarone was signifi-
cantly more effective than 
placebo in maintaining sinus 
rhythm and in reducing 
the ventricular rate during 
recurrence of arrhythmia

CTAF25/ 
prospective, 
multicenter 
trial.

To test the hypoth-
esis that low doses of 
amiodarone would 
be more efficacious in 
preventing recurrent 
AF than therapy with 
sotalol or propafenone

Amio-
darone- 
sotalol-
propafe-
none.

2000 403 16 
months

Pulmo-
nary 
abnor-
malities, 
hypo-
hyperthy-
roidism.

Amiodarone is more effec-
tive than sotalol or propafe-
none for the prevention of 
recurrences of atrial fibrilla-
tion.

SAFE-T26/ 
double-blind, 
placebo-con-
trolled trial. 

To compared the 
ability of sotalol and 
amiodarone to restore 
and
maintain sinus rhythm 
in patients with per-
manent AF

Amioda-
rone- so-
talol- pla-
cebo

2005 665
For 1 
to 4.5 
years

-----------
----

Amiodarone and sotalol are 
equally efficacious in con-
verting AF to sinus rhythm. 
Amiodarone is superior for 
maintaining sinus rhythm, 
but both drugs have similar 
efficacy in patients with isch-
emic heart disease. Sustained 
sinus rhythm is associated 
with an improved quality of 
life and improved exercise 
performance

patients without or with minimal structural heart 
disease with “vagally mediated AF”. As previ-
ously mentioned, the negative inotropic effects of 
this drug make it a therapeutic option for patients 
with AF and hypertrophic cardiomyopathy.

Class III 

Amiodarone

Electrophysiological Effects:Amiodarone dis-
plays activity from all four antiarrhythmic classes. 
Its major electrophysiologic effect is a homoge-
neous prolongation of the action potential, and 
therefore of refractory periods, due to blockade of 
the potassium channels, reason why it is classified 
as a Class III antiarrhythmic drug. Additionally, it 
produces a mild-to-moderate blockade of the so-
dium channel (a Class I effect), a noncompetitive 
beta blockade (a Class II effect), and some degree 
of calcium-channel blockade (a Class IV effect).2 It 
is the most effective antiarrhythmic drug current-
ly available but its use is limited by a countless of 

non-cardiovascular side effects.

Metabolism: The clinical pharmacology of ami-
odarone is complex and not completely under-
stood. After an oral dose, 30–50% is absorbed from 
the gastrointestinal tract. It is distinguished by a 
half-life of weeks and significant distribution into 
adipose tissue. Administration with food is also 
recommended because it significantly increases 
the rate and extent of amiodarone absorption. 
Amiodarone is metabolized in the liver. Very little 
amiodarone is excreted in the urine or the stool; 
essentially, it is stored, not excreted. Hence elimi-
nation may actually be the gradual and natural 
sloughing of amiodarone packed epithelial cells. 
The half-life of the drug has been reported as be-
ing between 2 weeks and 3 months.5

The most important interaction of amiodarone 
occurs with the potentiation of the anticoagulant 
effect of warfarin through inhibition of CYP2C.9 
In addition, amiodarone inhibits P glycoprotein 
transport and can reduce digoxin clearance.4
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Table 4 Summary of the Most Relevant Studies Performed with Sotalol

Study Aim

Type of 
Em-
ployed 
Drugs

Year 
Publi-
cation

Num-
ber Pa-
tients

Follow 
Up Adverse Effects Conclusion

SWORD31/ 
random-
ized trial.

To investigated 
whether d-sotalol 
could reduce all-
cause mortality in 
patients left ventricu-
lar dysfunction after 
myocardial infarc-
tion .

Sotalol-
placebo. 1996 3121

the 
trial was 
stopped 
(148 
days 
average)

Arrhythmias.

The prophylactic use of 
sotalol in this particu-
lar population does not 
reduce mortality, and 
may be associated with 
increased mortality in 
high-risk patients after 
myocardial infarction.

Sotalol 
Atrial 
Fibrilla-
tion/Flut-
ter Study 
Group32/ 
random-
ized trial.

To evaluate the 
efficacy, safety, 
and dose-response 
relation of 3 fixed 
doses of d,l-sotalol 
(80, 120, and 160 mg 
twice daily) for the 
maintenance of sinus 
rhythm in patients 
with AF and/or atrial 
flutter

d,l-sotalol 
(80, 120, 
and 160 
mg)-pla-
cebo.

1999 253 12 
months

There were 
no reports of 
deaths, poly-
morphic ven-
tricular tachy-
cardia, torsade 
de pointes, sus-
tained ventricu-
lar tachycardia, 
or ventricular 
fibrillation. 
Bradycardia and 
fatigue

D,l-sotalol appeared to be 
both safe and effective in 
maintaining sinus rhythm 
in patients with symp-
tomatic AF and/or flutter. 
Further, the 120-mg twice 
daily dose appeared to 
provide the most favor-
able benefit and/or risk.

SAFE-T26/ 
double-
blind, 
placebo-
controlled 
trial.

To compared the 
ability of sotalol 
and amiodarone to 
restore and maintain 
sinus rhythm in pa-
tients with perma-
nent AF

Amioda-
rone- so-
talol- pla-
cebo

2005 665 For 1 to 
4.5 years

Amiodarone and sotalol 
are equally efficacious in 
converting AF to sinus 
rhythm. Amiodarone is 
superior for maintain-
ing sinus rhythm, but 
both drugs have similar 
efficacy in patients with 
ischemic heart disease. 
Sustained sinus rhythm 
is associated with an 
improved quality of life 
and improved exercise 
performance

Plewan A 
et al 33/
random-
ized trial.

To compare the effi-
cacy and safety of so-
talol and bisoprolol 
in the maintenance 
of sinus rhythm after 
electrical cardiover-
sion of atrial fibril-
lation.

Sotalol-
bisopro-
lol.

2001 128 12 
months

Proarrhythmic 
effects, in terms 
of torsades 
de pointes 
tachycardias, 
occurred in the 
maintenance of 
sinus rhythm 
after electrical 
cardioversion of 
atrial fibrilla-
tion.

This study demonstrates 
that sotalol (160 mg x 
day(-1)) and bisoprolol (5 
mg x day(-1)) are equally 
effective in maintaining 
sinus rhythm. Because of 
the side effects of sotalol, 
bisoprolol seems to be 
advantageous for main-
tenance of sinus rhythm 
after cardioversion of 
atrial fibrillation
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Side Effects: One major cardiovascular side effect 
of amiodarone is sinus bradycardia. QT prolonga-
tion is common but very rarely associated with 
torsades de pointes, possibly due to multiple ion 
channel inhibition. Hepatic toxicity is manifest as 
low-level transaminase elevation, which, if not 
detected and managed with discontinuation of 
amiodarone, can result in cirrhosis. Pulmonary 
toxicity can manifest as an acute hypersensitivity 
type of reaction with patchy infiltrates after weeks 
of therapy or as a more chronic process with in-
terstitial fibrosis. Amiodarone-associated thyroid 
dysfunction is an important clinical issue as it can 
cause major adverse cardiovascular events such as 

recurrence of arrhythmias and heart failure. Al-
though a clear-cut differentiation between the two 
main forms is not always possible amiodarone-as-
sociated thyrotoxicosis is divided into type I and 
II. Type I occurs mainly in patients with an un-
derlying thyroid condition, in which an excess of
thyroid hormone is produced. Type II is a form of
thyroiditis which is due to the direct toxic effect of
amiodarone, which releases an excess of thyroid
hormone.  Finally, in the setting of intravenous
administration, it can produce phlebitis and hy-
potension.

Evidence: Amiodarone prevents recurrent AF bet-

Study Aim

Type of 
Em-
ployed 
Drugs

Year 
Publi-
cation

Num-
ber 
Pa-
tients

Follow 
Up Adverse Effects Conclusion

SAFIRED36/ ran-
domized trial.

To determined 
the efficacy and 
safety of dofeti-
lide in convert-
ing AF or atrial 
flutter to sinus 
rhythm and 
maintaining it for 
1 year

Dofetlide-
placebo. 2000 325 1 year

Two cases of 
torsade de 
pointes oc-
curred (day 
2 and 3); One 
sudden cardiac 
death, classified 
as proarrhyth-
mic, occurred 
on day 8.

Dofetilide, a new class 
III antiarrhythmic agent, 
is moderately effective in 
cardioverting AF or AFl 
to SR and significantly 
effective inmaintaining 
SR for 1 year. In-hospital 
initiation and dosage ad-
justment based on QTc 
and Cl(Cr) are necessary 
to minimize a small but 
nonnegligible proar-
rhythmic risk

DIAMOND37/ 
randomized 
trial.

Dofetilide was 
investigate for 
effects on all-
cause mortality 
and morbidity 
in patients with 
left-ventricular 
dysfunction 
after myocardial 
infarction.

Dofetlide-
placebo. 2000 1510 12

months ---------------------

In patients with severe 
left-ventricular dysfunc-
tion and recent myocar-
dial infarction, treatment 
with dofetilide did not 
affect all-cause mortal-
ity, cardiac mortality, or 
total arrhythmic deaths. 
Dofetilide was effective 
in treating AF or flutter 
in this population

Danish Inves-
tigations of 
Arrhythmia and 
Mortality on 
Dofetilide Study 
Group38/ran-
domized trial.

To evalu-
ate whether 
dofetilide affects 
survival or 
morbidity among 
patients with 
reduced left ven-
tricular function 
and congestive 
heart failure

Dofetlide-
placebo. 1999 628 16 

months
QT prolonga-
tion

In patients with conges-
tive heart failure and 
reduced left ventricular 
function, dofetilide was 
effective in converting 
AF, preventing its recur-
rence, and reducing the 
risk of hospitalization 
for worsening heart 
failure. 

Table 5 Summary of the Most Relevant Studies Performed with Dofetilide
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ter than propafenone and sotalol. The number of 
patients needed to treat is 3 with amiodarone,4 
with flecainide,5 with dofetilide and propafenone, 
and 8 with sotalol.16 Most relevant studies are also 
shown in table (table 3).24-26 Prophylactic amioda-
rone therapy has shown to reduce significantly 
the incidence of AF after open heart surgery, re-
sulting in a shorter time of intensive care unit and 
hospital stay in the majority of studies performed 
in this field, and could also have a significant role 
in high-risk patients.27-30

Indications: Amiodarone is the most common-
ly prescribed antiarrhythmic drug for AF, even 
though it is not approved for AF in the US. The 
most common indications are the following:

• Amiodarone can be used to get an acute rate
control in those individuals with severely de-
pressed LV function.

• In long-term rhythm control, amiodarone is a
good therapeutic option in patients with frequent,
symptomatic AF recurrences despite therapy with
other AAD, at expenses of potentials severe extra
cardiac adverse events. In patients with heart fail-
ure, amiodarone is probably the drug of choice
after cardioversion for AF. In those with hyper-
tension and left ventricular hypertrophy it is rec-
ommend as second line therapy after dronedar-
one.

Sotalol 

Electrophysiological Effects: Sotalol is a non-
cardioselective beta blocker with Class III antiar-
rhythmic effect which produces prolongation of 
the cardiac action potential in both the atria and 
the ventricles. It produces a dose-related prolon-
gation in the QT interval, which appears to reflect 
both its antiarrhythmic properties and its pro-
pensity to cause torsades de pointes. Inherently, 
it displays reverse use dependence, so its effect—
including QT-interval prolongation— increases 
with lower heart rates.2 

Metabolism: Sotalol is well absorbed from the 
gastrointestinal tract, and peak plasma concentra-
tions occur within 2–3 hours after an oral dose. The 
drug is not metabolized; it is excreted unchanged 
by the kidneys, reason why dosage should be re-

duced in patients with renal insufficiency.2  The 
elimination half-life is 7–8 hours.

Side Effects: The major side effects of sotalol are 
related to its non-cardioselective beta-blocking ef-
fects (e.g., bradyarrhythmias, negative inotropy, 
and exacerbation of asthma) and to its propensity 
to cause torsades de pointes. Exacerbation of con-
gestive heart failure is most commonly seen in pa-
tients whose left ventricular ejection fractions are 
less than 0.35, especially if the patients also have 
a history of heart failure. The magnitude of QT-
interval prolongation must be assessed during si-
nus rhythm, that is, when the heart rate is slowest 
and the risk of torsades de pointes is highest. With 
regards to this, there is a study that evaluated the 
safety of sotalol in 3257 patients treated for car-
diac arrhythmias.31 The overall incidence of proar-
rhythmia was reported in 141 patients (4.3%), pre-
dominantly torsades de pointes (4.1%) and was 
more prevalent in patients with congestive heart 
failure and low ejection fraction. 

In the SWORD trial there were 10 episodes (one 
fatal) of torsade de pointes tachycardia, all associ-
ated with sotalol use.32   Hence, careful monitoring 
of the QT interval must be performed, and due 
to the fact that the risk of developing torsades de 
pointes with sotalol is clearly related to QT-inter-
val prolongation, QTc should be kept below 500.

Evidence: see table 4.

Indication: Sotalol can be used in outpatients in 
sinus rhythm with little or no heart disease, prone 
to paroxysmal AF, if the baseline uncorrected QT 
interval is less than 460 ms. In the EHRA guide-
lines,16 sotalol is recommended in the long-term 
rhythm control as second line (after beta-blockers) 
treatment for patients with AF and none or mini-
mal structural heart disease where the pattern of 
arrhythmia onset is suspected to be adrenergically 
mediated. In patients with underlying coronary 
artery disease sotalol can be used as first-line ther-
apy.7,16

Dofetilide

Electrophysiological Effects: Dofetilide is a 
“pure” Class III drug that acts blocking the potas-
sium channels resulting in prolongation of the ac-
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Study Aim

Type of 
em-
ployed 
Drugs

Year 
Pub-
lica-
tion

Num-
ber Pa-
tients

Follow 
Up Adverse Effects Conclusion

EURIDIS44/ 
randomized 
trial.

The primary end point 
was the time to the first 
recurrence of AF or 
flutter in patients with 
at least one episode of 
atrial fibrillation in the 
preceding 3 months, 
and in sinus rhythm 
for at least 1 hour be-
fore randomization

Dronad-
erone-
placebo

2007 828 12 
months

Elevation of serum 
creatinine

Dronedarone was sig-
nificantly more effective 
than placebo in main-
taining sinus rhythm 
and in reducing the 
ventricular rate during 
recurrence of arrhythmia

ATHE-
NA45/ 
Placebo-
Controlled, 
Double-
Blind, Paral-
lel Arm 
Trial

To evaluate the use of 
dronedarone in pa-
tients with AF who had 
additional risk factors 
for death

Dronad-
erone-
placebo

2009 4268 21+/-5 
months

The dronedarone 
group had higher 
rates of bradycar-
dia, QT-interval 
prolongation, nau-
sea, diarrhea, rash, 
and an increased 
serum creatinine 
level than the 
placebo group

Dronedarone reduced 
the incidence of hospital-
ization due to cardiovas-
cular events or death in 
patients with AF.

PALLAS46 /
randomized 
trial.

To test if dronedarone 
would reduce major 
vascular events in 
high-risk permanent 
AF.

Dronad-
erone-
placebo

2011 3236 1 year

Diarrhea, 
asthenic condition, 
nausea and vomit-
ing, dizziness, 
dyspnea, and 
bradycardia. 
An elevation of 
alanine 
aminotransferase

In patients with CHF, 
amiodarone has a 
significant potential to 
spontaneously convert 
patients in AF to sinus 
rhythm, with patients 
who convert having a 
lower mortality rate than 
those who do not

ERATO47/
randomized 
trial.

To test which was the 
change in mean ven-
tricular rate between 
baseline and day 14, 
as assessed by 24-hour 
Holter

Dronad-
erone-
placebo

2008 174 6 
months

Gastrointestinal 
disturbances
were also common 
in both groups oc-
curring in 20% of
patients receiv-
ing dronedarone 
versus 13.5% of 
those
receiving placebo

In addition to its report-
ed rhythm-targeting and 
rate-targeting therapeu-
tic actions in paroxys-
mal and persistent AF, 
dronedarone improves 
ventricular rate control 
in patients with perma-
nent AF. Dronedarone 
was well tolerated with 
no evidence of organ 
toxicities or proarrhyth-
mias in this short-term 
study

ANDROM-
EDA48/
randomized 
trial.

The primary end point 
was the composite of 
death from any cause 
or hospitalization for 
heart failure symp-
tomatic heart failure 
in patients with severe 
left ventricular systolic 
dysfunction.

Dronad-
erone-
placebo

2008 627

2 
months 
(prema-
turely 
termi-
nated 
for 
safety 
reasons)

Increases in the 
serum 
creatinine concen-
tration

In patients with severe 
heart failure and left 
ventricular systolic dys-
function, treatment with 
dronedarone was as-
sociated with increased 
early mortality related to 
the worsening of heart 
failure

Table 6 Summary of the Most Relevant Studies Performed with Dronedarone
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tion potential and of refractory periods in both the 
atria and the ventricles. It displays a dose-depen-
dent prolongation of the QT interval and reverse 
use dependence.2 

Metabolism: Dofetilide is fully absorbed af-
ter oral administration. While it is eliminated by 
both the kidneys and the liver, the renal route of 
elimination is particularly important clinically so 
it must be adjusted in patients with reduced cre-
atinine clearances.5 Drug interactions are very im-
portant with dofetilide. Hence, its coadministra-
tion is contraindicated with drugs that can reduce 
its elimination and thus increase its plasma con-
centration (verapamil, cimetidine, trimethoprim, 
prochlorperazine, and megestrol)4. Moroever, it 
should also be avoided in combination with drugs 
that can also prolong the QT interval, including 
all Class I and Class III AAD, tricyclic antidepres-
sants, erythromycin, phenothiazines, cisapride, 
bepridil. Hydrochlorothiazide increases dofetilide 
levels. Before dofetilide initiation, amiodarone 
must be discontinued at least 3 months before. 

Side Effects: Its major side effect is torsades de 
pointes. The incidence of torsades de pointes in 
dofetilide clinical trials ranged from 0.3% to 4.7% 
depending on dose administration and patient 
characteristics. Regarding the non-cardiovascular 
toxicity, the potential apparition of headache, gas-
trointestinal disturbances, sleep disorders, and 
“flulike” symptoms36  it should be mentioned.

The drug is available only to hospitals and physi-
cians that have been certified to administer it and 
is dispensed only by a limited number of pharma-
cies, moreover, is not approved for use in Europe. 
Patients must be hospitalized to receive dofetilide 
in order to monitor the QT interval and the dose 
must be adjusted for the creatinine clearance.

Evidence: See table 5.36-38

Indications: Dofetilide is indicated for conver-
sion to normal sinus rhythm, and especially for 
the maintenance of sinus rhythm, in patients with 
highly symptomatic AF or atrial flutter. It´s mod-
erately effective in converting AF, but it´s more 
useful in maintaining sinus rhythm after success-
ful conversion. Due to the fact that it has minimal 
hemodynamic effects, it can be used in patients 

with heart failure. In the current American guide-
lines,7 dofetilide is approved for maintenance of 
sinus rhythm, as second line therapy, together 
with amiodarone in patients without or minimal 
heart disease and also as second line in patients 
without substantial left ventricular hypertrophy.

New Antiarrhythmic Drugs

Among the current strategies for suppression 
of AF is the development of antiarrhythmic 
agents that preferentially affect atrial, rather 
than ventricular electrical parameters. Atrial-
specific strategies were conceived with the 
intention of avoiding the adverse effects of 
traditional agents in the ventricles.39 On the 
other hand, although no selective, in the last 
years another, new agents as dronedreone 
and azimilide have also be introduced in the 
therapeutic arsenal and will be discuss brief-
ly. 

Single and Multichannel Blockers

Azimilide

Mechanism: Azimilide is a selective class III an-
tiarrhythmic drug that blocks both the rapid (IKr) 
and the slow (IKs) components of the delayed rec-
tifier potassium channel. Azimilide prolongs car-
diac APD and refractory periods in both the atria 
and the ventricles.

Metabolism: Azimilide has very predictable 
pharmacokinetics, is predominantly hepatically 
metabolized, and has no significant drug interac-
tions with digoxin or warfarin. Its long half-life 
(up to 4 days) allows once-daily dosing and limits 
major fluctuations in blood concentrations.

Side Effects: The most frequent reported side ef-
fect is headache, with rare serious adverse events 
of early reversible neutropenia and Torsades de 
Pointes. In long-term follow up, the patient with-
drawal rate has been low.

Evidence: Several randomized placebo-con-
trolled clinical trials have demonstrated the effi-
cacy of azimilide in prolonging the symptom-free 
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interval in patients with AF or atrial flutter.40-42

Indications: At the present time the precise ef-
fects of the drug with respect to maintaining sinus 
rhythm remain unclear, so it´s not recommended 
in the present guidelines.  

Dronaderone

Mechanism: Dronedarone is a novel, non-iodin-
ated benzofuran derivative with class I, II, III, and 
IV antiarrhythmic properties: it blocks sodium 
channels at rapid pacing rates, and it lengthens 
the duration of cardiac action potentials and re-
fractoriness. It has Ca2+ antagonist activity, and 
has non-competitive anti-adrenergic activity. It 
is similar in structure to amiodarone with the ad-
dition of a methylsufonamide group and absence 
of iodine moieties. The former deletion is postu-
lated to result in little or no thyroid toxicity and 
the latter addition is said to decrease lipophilicity. 
Because of that dronedarone was thought to re-
semble and replace amiodarone due to fewer non 
cardiovascular side effects. 

Metabolism: Because it is less lipophilic than ami-
odarone, dronedarone tends to accumulate less in 
tissue and has a smaller volume of distribution. 
Dronedarone has an elimination half-life of only 
13–19 h and requires no dosing adjustment for 
patients with renal failure. Steady state is reached 
in 4–8 days. Regarding the interactions it is worth 
mentioning that dronedarone does not increase 
the international normalized ratio in association 
with warfarin use. It interacts with the P glycopro-
tein transporting system (digoxin should be dose 
reduced or discontinued) and with CYP3A.4 In 
combination with simvastatin it may increase the 
risk of myositis. 

Side Effects: Dronedarone is generally well tol-
erated although the incidence of gastrointestinal 
side effects is relatively frequent (10%). The ab-
sorption and gastrointestinal tolerance are im-
proved if administered with meals. Recently, the 
Food and Drug Administration released a warn-
ing for dronedarone based on 2 reported cases of 
severe hepatotoxicity occurring within 6 months 
of treatment initiation.43 Hence, signs and symp-
toms of liver disease should be monitored periodi-
cally. Evidence: See table 6.44-48

Indications: Based on the available data previ-
ously mentioned, dronedarone is recommended 
by the current European and American guidelines 
as one of the several first-line agents for the pre-
vention or rate control of recurrent AF in patients 
with minimal or no heart disease, hypertension 
with left ventricular hypertrophy, coronary artery 
disease, and stable New York Heart Association 
(NYHA) class I/II congestive heart failure. In the 
guidelines, dronedarone is not recommended for 
patients with recently unstable heart failure (with-
in 4 weeks), NYHA class IV (American guidelines), 
NYHA class III and IV (European) or ejection frac-
tion <35% (Canada).49  It is also not recommended 
for pharmacological conversion of recent-onset 
AF and for rate control of permanent AF. Finally, 
is remarkable the fact that the United States Food 
and Drug Administration (FDA) approved drone-
darone for the prevention of hospitalizations due 
to recurrent AF, only as a secondary endpoint.

Atrial-Selective Antiarrhythmic Drugs

Vernakalant

Mechanism: Vernakalant is an anti-arrhythmic 
agent that acts preferentially in the atria by pro-
longing atrial refractoriness and by rate-depend-
ently slowing impulse conduction. These anti-fi-
brillatory actions on refractoriness and conduction 
are thought to suppress reentry, and are potenti-
ated in the atria during AF.  Because of its rela-
tively atrial selective actions, vernakalant does not 
readily fit in the Vaughan Williams anti-arrhyth-
mic drug classification (which mainly is based on 
ventricular activity). Vernakalant does not appear 
to impede atrioventricular conduction; therefore, 
the addition of a rate-controlling agent during AF 
recurrences may become imperative.

Metabolism: Most studies were performed with 
intravenous administration, which is the recom-
mended administration route for the present ap-
plication. Cytochrome P450 2D6 appears to be the 
major isoenzyme able to transform vernakalant 
into the major metabolite (RSD1385). Plasma con-
centrations of vernakalant declined rapidly after 
administration half-life of 2 to 3 hours. Glucuroni-
dation and renal excretion are the main mecha-
nisms of elimination. 
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Side Effects: taste alterations, sneezing, and par-
esthesia. 

Evidence: Several trials have been published re-
garding the pharmacologic cardioversion of AF 
using the IV formulation. The AVRO (Active-Con-
trolled, Multi- Center Study of Vernakalant Injec-
tion vs. Amiodarone in Subjects with Recent Onset 
Atrial Fibrillation), the Atrial Arrhythmia Conver-
sion Trials (ACT I, II, and III), the CRAFT step-
dose50 (parallel-group phase 2 study) trial and the 
open-label ACT IV study.51 These studies showed 
promising results regarding conversion to sinus 
rhythm without remarkable proarrhytmic effects. 
However, the ACT V trial raised a safety concern, 
a cardiogenic shock was experienced by a patient 
with AF receiving vernakalant. Very recently, in 
a phase 2/3, randomized, double-blind, placebo-
controlled trial Vernakalant did not restore sinus 
rhythm in patients with AFL and modestly slowed 
AFL and ventricular response rates.52

Indications: Although not mentioned yet in the 
current guidelines, vernakalant has been recently 
approved in the European Union, Iceland, and 
Norway for the rapid conversion of recent-onset 
AF to sinus rhythm in adults for nonsurgical pa-
tients with AF of duration 7 days or less and for 
post cardiac-surgery patients with AF of duration 
3 days or less.

Ranolazine

Mechanism: Ranolazine is an innovative anti-
ischemic and antianginal agent that inhibits the 
late Na current, thereby reducing the Na-depen-
dent Ca-overload, which improves diastolic tone 
and oxygen handling during myocardial isch-
emia. In addition, a beneficial atrial selectivity of 
ranolazine has been suggested that may be helpful 
for the treatment of AF. Ranolazine exerts antiar-
rhythmic capacities very likely via inhibition of 
late INa, but also peak INa and rapid delayed rec-
tifier potassium current IKr.

Metabolism: Ranolazine is metabolized in the 
liver, particularly by one of the cytochrome CY-
P3A enzymes, a member of the cytochrome P450 
system.

Side Effects: QT prolongation.

Evidence: In the MERLIN TIMI-36 trial, patients 
treated with ranolazine were less likely to have a 
new onset of AF. While 75 patients developed new 
AF in the placebo group, only 55 individuals had 
new-onset AF during treatment with ranolazine. 
However, this trial was not designed and statisti-
cally powered to investigate new onset of AF.53

Miles et investigated the effects of ranolazine com-
pared to amiodarone to prevent AF following by-
pass surgery: Ranolazine (generally 1,500 mg pre-
operatively followed by 1,000 mg twice daily for 
10 days) was given to 111 patients and 145 patients 
were treated with amiodarone (generally 400 mg 
preoperatively followed by 200 mg twice daily for 
10 days). Patients treated with ranolazine were 
significantly less likely to experience AF, with an 
incidence of 15 % compared to 26 % in patients 
treated with amiodarone.54 

Finally, although in a small series of patient 
(n=33), addition of ranolazine to standard amio-
darone therapy has shown to be equally safe and 
appears to be more effective compared to amioda-
rone alone for conversion of recent-onset AF.55 

Indications: At the present time there is no a 
categorical indication. Actually it can be said 
that there is a need for clinical studies to inves-
tigate the effects of ranolazine on persistent and 
paroxysmal AF. Two placebo-controlled studies 
were recently initiated, the Ranolazine in Atrial 
Fibrillation Following An Electrical Cardiover-
sion (RAFFAELLO) trial (www.ClinicalTrials.gov; 
NCT01534962) and the HARMONY trial (www.
ClinicalTrials.gov: NCT01522651). Once available 
they will bring light to a coadjutant strategy in the 
management of patients with AF.

Conclusions

AADs play an important role in the management 
of AF. A thorough understanding of the patient 
groups most appropriate for individual therapies 
is critical for the safe and effective use of these 
drugs. Moreover, selection of an AAD is based 
on several factors, as the AF type and duration, 
symptom type and severity, associated cardio-
vascular disease, patient age, associated medical 
conditions and short and long-term treatment 
goals.60 For instance, patient presenting with a 
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single previous episode, rare, hemodynamically 
well-tolerated and short-lasting AF episodes, in 
the perioperative setting or during acute myo-
cardial infarction or other acute diseases, could 
avoid any antiarrhythmic therapy. On the other 
hand, for patients with infrequent hemodynami-
cally well-tolerated AF episodes (< 1 per month), 
long enough to require emergency room interven-
tion or hospitalization, the "pill-in-the-pocket" 
treatment could be an appropriate approach to be 
taken. As mentioned above, if this approach is se-
lected, some cautions should be undertaken. 

In the present review we have emphasized the im-
portance of the selection of the most suitable AAD 
according to patient’s characteristics. Summariz-
ing, in individuals with coronary artery disease, 
sotalol can be given as initial therapy unless con-
traindicated, followed by amiodarone as the sec-
ond choice. Flecainide can be safely administered 
to patients without significant structural heart 
disease, but should not be used in patients with 
coronary artery disease or in those with reduced 
left ventricular ejection fraction. Dronedarone has 
emerged as an alternative in patients with AF with 
minimal or no heart disease, hypertension without 
left ventricular hypertrophy, or coronary artery 
disease unless there were left ventricular hyper-
trophy or heart failure, when it is specifically con-
traindicated. The European Society of Cardiology 
guidelines suggest dronedarone or amiodarone 
for severe left ventricular hypertrophy, whereas 
the US guidelines suggest only amiodarone. In 
patients with structural heart disease, amioda-
rone represents an appropriate choice because of 
its safety profile4. The European guidelines7 sug-
gest that disopyramide should be considered for 
patients with a vagal trigger associated with AF, 
whereas quinidine, procainamide, and disopyra-
mide are completely omitted from the US guide-
lines.17  Finally, Dofetilide is not approved for use 
in Europe but is indicated in all clinical categories 
in the US guidelines. 

New AADs are under evaluation and could have a 
place in a near future. However, newer end points 
including stroke risk, hospitalization, cost and 
mortality will all likely play important roles in the 
development of new drug therapies. Very prom-
ising are the newer atrial-selective agents which 
will offer safety as well as effectiveness especially 

in the context of rational and judicious combina-
tion therapy.
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Introduction

Background

Atrial fibrillation (AF) is the most common ar-
rhythmia seen in clinical practice and has several 
unfavorable implications, mostly systemic and 
cerebral embolism, reduced cardiac output and 
death.1-3 Symptoms related to AF include palpi-
tations due to irregularities in the heart rate, and 
hemodynamic impairment due to reduced stroke 
volume related to the loss of atrial contribution to 
ventricular filling. The cornerstones of the manage-
ment of AF are treatment of symptoms related to 
irregular heart rhythm and reduced stroke volume 

as well as thromboembolism prophylaxis. While 
rhythm and rate control are considered equivalent 
in terms of long-term clinical end points,4,5 main-
tenance of sinus rhythm is sought in highly symp-
tomatic patients. Pharmacologic therapies have 
been used for rhythm control but can be associ-
ated with long-term side effects as well as clinical 
failure. Other approaches include atrioventricular 
junction ablation, surgical or percutaneous radio-
frequency ablation, as well as device therapies 
such as atrial defibrillators (ADs). The latter were 
developed and approved before left atrial ablation 
became widely available. The purpose of this ar-
ticle is to describe the role of ADs in the current 
armamentarium of AF therapies. 
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Abstract

Atrial fibrillation (AF) is a common disorder associated with significant morbidities and presents several 
challenges for the control of symptoms and prevention of long-term implications. Atrial defibrillators 
(ADs), used for rhythm control in patients with symptoms refractory to medical therapy, can detect re-
currences of the arrhythmia, allow prompt patient-directed treatment, and have the potential to reduce 
hospitalizations and improve quality of life. The efficacy of this form of therapy is highest in patients 
with paroxysmal AF, and with the use of a coronary sinus shocking lead. While R-wave synchronized 
shocks are a prerequisite for a safe use, the procedure is well tolerated and usually not associated with 
long-term psychological side effects. Limitations of ADs include acute and chronic complications related 
to cardiac rhythm device implantation, the requirement in some cases for more than one shock to termi-
nate AF, the discomfort from shocks, as well as the need for sedation to alleviate pain from the shocks. 
With the ever-expanding role of catheter-based therapies for AF, it seems that the role of ADs in this 
regard is rather limited.

 www.jafib.com 124 Feb-Mar, 2013 | Vol 5 | Issue 5                          



Indication, Description of the Implantation 
Procedure and the ADs Systems 

Candidate patients for the implantation of an 
atrial defibrillator are those with recurrent symp-
tomatic atrial fibrillation who have failed phar-
macologic therapy.6 Other selection criteria ex-
ist as well, such as an acceptable number of AF 
episodes that would warrant implanting a per-
manent device, but without excessive burden re-
sulting in repetitive therapies. An atrial defibril-
lator includes one or two coils in the atria and a 
ventricular lead for sensing and synchronization 
purposes. In most cases, this requires cannula-
tion of the coronary sinus, adding another layer 
of complexity to the implantation procedure. In 
simpler configurations, standard single or dual 
chamber ventricular defibrillators have been used 
for atrial defibrillation purposes. In such systems, 
the shock vector configuration between the ventri-
cle and the pectoral ICD usually includes the atria 
and therefore, successfully terminates atrial fibril-
lation. While original studies suggested that such 
devices have the drawback of relatively higher 
defibrillation thresholds, more recent ones did not 
find a particular advantage to CS shocking leads. 
7,8 This approach is particularly appealing since 
it can be used in patients who could not receive 
a coronary sinus lead for technical reasons, and 

would open the door for using standard ICDs for 
cardioversion given the high incidence of atrial fi-
brillation in patients with such systems. Patients 
with heart failure who receive ventricular defibril-
lators with or without resynchronization therapy 
may be candidates as well for atrial defibrilla-
tors, were devices with both capacities available. 

Several generations of ADs were commercially 
available. Metrix (Incontrol – Redmond, WA) was 
the first such device to be developed, and had 
shocking leads in the right atrium and the coro-
nary sinus.10 Subsequent generations of ADs such 
as Jewel AF and GEM III AT (Medtronic – Minne-
apolis, MN) had additional features. Compared to 
the Metrix Activator, Jewel AF was a dual cham-
ber defibrillator capable of ventricular defibril-
lation, and had the advantages of greater pro-
grammability and superior diagnostic abilities, 
with a patient activator for rhythm confirmation 
and shock delivery capabilities [Figure 1]. On the 
other hand, GEM III AT was a dual chamber defi-
brillator that shared many of the features of Jewel 
AF, but did not include a coronary sinus lead. 

Efficacy

While electrical cardioversion of atrial fibrillation 
is usually performed by applying energy across the 
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Figure 1: Medtronic Jewel AF Atrial Defibrillator and Patient Activator 32 (with Permission)



chest, endocardial leads can be used to terminate 
AF, with some evidence suggesting that it is effec-
tive in patients who fail external cardioversion.11  
It is also well known that patients with ventricular 
defibrillators receive inappropriate shocks due to 
rapidly conducted AF, and multi-programmable 
dual chamber ICDs can discriminate between su-
praventricular and ventricular tachycardia and 
terminate AF by pacing.12 The efficacy of using 
low-energy atrial cardioversion has been evalu-
ated in several studies that included patients with 
persistent or paroxysmal AF, as well as those with 
structural heart disease and reduced left ventricu-
lar function.13 When studied in the electrophysi-
ology lab, the success rate of conversion to sinus 
rhythm is 70% in cases of persistent AF, and up to 
90% with paroxysmal AF, using catheters in the 
right atrium and either the coronary sinus or the 
branch pulmonary artery.14,15 The recurrence rate, 
on the other hand, is not minimal and can be as 
high as 37% over an average follow up period of 
9 months. Energy requirements for successful car-
dioversion differ among the different subsets of 
AF, ranging from 1.8 J for paroxysmal AF to 3.6 J 
for persistent AF.15  Other factors that are associat-
ed with lower energy requirements include short-
er duration of AF, smaller left atrial size, absence 
of structural heart disease, higher left ventricular 
ejection fraction, and smaller left ventricular cav-
ity dimensions.14,15 Delivering sequential biphasic 
waveforms over dual-current pathways can lead 
to lower defibrillation threshold as well.16 

Using ADs to deliver R-wave synchronized 
shocks as a long-term treatment strategy for re-
current drug-refractory AF is successful in 90-95% 
of cases .17 Approximately 27% of episodes re-
quire more than one shock, and an average of 1.6 
shocks is needed per episode for termination.10,17 
Determinants of first-shock success are the use of 
a coronary sinus electrode, absence of a class III 
anti-arrhythmic drug, and the absence of early re-
currence of AF.18 It is notable that early cardiover-
sion (within 3 hours of onset of AF) was a nega-
tive determinant of first shock success in some 
studies,18 but when taking into account episodes 
that have lasted for weeks, the longer the waiting 
time, the higher the required energy for success-
ful cardioversion.19 Atrial anti-tachycardia pacing 
is generally considered a poor strategy to termi-
nate atrial fibrillation, with the GEM III AT ICD 
able to terminate AF in only 26% of cases.20  50 Hz 

atrial burst pacing does not seem to add much ad-
ditional benefit with success rates of 25-30%, and 
a worse result if the atrial cycle length is less than 
160 ms.

Terminating AF with these devices translated 
into an improvement in symptoms, quality of life 
and ability to perform physical activities, as well 
as a reduction in arrhythmia-related hospitaliza-
tions.21

Safety

From a safety standpoint, ventricular arrhyth-
mias are rarely induced when shocks are synchro-
nized, even in patients with history of ventricular 
tachycardia and left ventricular dysfunction. Rare 
episodes of ventricular fibrillation (VF) have been 
induced in cases of T wave oversensing, shock ad-
ministration during ventricular-paced rhythm or 
ventricular tachycardia (VT). Cardioversion of AF 
using low-energy R-wave synchronized shocks is 
therefore considered safe, if delivered during nar-
row-complex rhythm, even in patients with his-
tory of VT.17,22  One other potential safety concern 
is the development of post-shock bradycardia in 
up to one third of patients.Since these devices are 
capable of dual chamber pacing, this issue poses 
minor clinical consequence.

Benefits and Limitations

In addition to symptom control, advantages of 
implanted ADs are the ability to perform cardio-
version in the outpatient setting, at a time that is 
socially and physically acceptable, and possibly 
without the direct involvement of a health care 
professional. Thus, it avoids hospitalization, em-
powers patients to control atrial fibrillation symp-
toms, and allows for their direct participation in 
the health delivery process. The projected effects 
are improvement in quality of life and health care 
savings. 

On the other hand, implanted devices can have 
specific disadvantages that can be divided into 
immediate and long-term limitations. Immediate 
disadvantages include infection and mechanical 
complications from the implantation procedure 
such as pneumothorax, cardiac perforation and 
tamponade. The rate of such complications can 
be as high as 4%.17 In the long term, there is the 
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possibility of inappropriate shocks, the discom-
fort from appropriate discharges, and vascular 
complications such as venous occlusion. Clinic 
visits are also required on a regular basis for de-
vice monitoring and management. It should also 
be noted that appropriate anticoagulation must 
be maintained at all times since cardioversion can 
be performed at any moment, and theoretically 
should be stricter than in the general population 
of patients with atrial fibrillation. Not all patients 
receiving atrial defibrillators for recurrent, symp-
tomatic and drug-refractory AF can be transi-
tioned to an ambulatory delivery of shocks and 
most patients do not become free of anti-arrhyth-
mic medications.17 

Other limitations include shock failures, AF 
storms leading to repetitive shocks, unexpected 
shocks if the device is programmed to automati-
cally treat AF, treating asymptomatic episodes 
(asymptomatic AF burden may be as high as 10-
fold compared to symptomatic episodes), inap-
propriate diagnosis of ventricular arrhythmias 
due to far-field R wave sensing or misclassifica-
tion of rapidly conducted AF as ventricular fibril-
lation. 

The long-term psychological and physical effects 
are applicable to any implantable device and in-
clude physical concerns, driving restrictions, 
over-protectiveness from family, requirement for 
generator changes, and potential for device mal-
function and recalls. It has been estimated that 
many patients who receive ventricular defibrilla-
tors develop symptoms of anxiety and depression 
post implantation.While this has not been shown 
in patients with atrial defibrillators and no cor-
relation was seen between shock frequency and 
development of anxiety, this could be due to the 
relatively smaller number of patients studied and 
may also be related to the fact that ICD shocks are 
less predictable and are used to treat life-threaten-
ing arrhythmias. 

The efficacy of beta-adrenergic blocking agents 
for rate control in AF and maintenance of sinus 
rhythm after cardioversion is well-established.17,18 
However, their role in the primary prevention 
of AF is less defined. Maladaptive adrenergic 
stimulation is postulated to contribute to the 
electrophysiologic and structural atrial remodel-
ing mechanisms that initiate and perpetuate AF. 

Blunting this excessive sympathetic response, in 
theory, may help prevent the development of this 
disease.

Tolerability and Means to Improve it

Pain perception is one of the main factors that af-
fect the widespread use of the atrial defibrillator. 
The type of pain that patients perceive is described 
as a dull sensation in the anterior chest that is rela-
tively short-lived, typically disappearing within 
30 seconds.9  Pain level usually correlates with in-
creasing voltage, with marked inter-individual 
variation.14,23 It is unusual that sinus rhythm is re-
stored before the tolerability threshold is reached. 
In one study, the average discomfort score was 
5.2 on a 1-10 scale for successful therapy, and was 
slightly lower for unsuccessful therapy. As expect-
ed, satisfaction score was much higher for success-
ful therapy.10 The vast majority of patients perceive 
shocks of 3J or more to be intolerable.24 In a differ-
ent study, patients were usually unable to distin-
guish between shocks of 0.4 to 2 J and perceived 
the shocks as uncomfortable and rated the second 
shock as more painful irrespective of the actual en-
ergy level. Still, more than 80% of patients mention 
that they would tolerate such shocks at a rate of 
one per month and around 45% felt a weekly shock 
is acceptable. This implies that patients are willing 
to accept the shocks for symptomatic treatment as 
long as the number of shocks needed to terminate 
each episode is minimized and the discharges are 
infrequent.25  In the majority of cases however, only 
few patients tolerate internal cardioversion while 
fully conscious.23

Since pain perception is a major impediment, 
achieving an atrial defibrillation threshold that 
is lower than the discomfort threshold is of para-
mount importance.Unfortunately, this is rarely 
feasible. In many instances, it has been shown that 
the comfort threshold is 0.1 joules or more, which 
is considerably lower than the atrial defibrillation 
threshold of implanted devices.To alleviate this 
burden, adjunctive therapies such as antiarrhyth-
mic medications to decrease the defibrillation 
threshold, manual controllers for self-administra-
tion of shocks, programming nocturnal therapies 
or even using self administered premedication may 
be needed, each approach with its own limitations. 
Automatic nighttime cardioversion has been shown 
to be effective and is generally well tolerated, but 
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Impact on Quality of life (QOL)

When the quality of life of patients with drug 
refractory symptomatic AF who receive ADs is 
followed over time, the baseline score is usually 
reduced compared to the general population, 
but all components of the questionnaire improve 
with time. The benefit seems to affect all patients, 
irrespective of whether they actually received 
shocks during the follow up period. While this 
implies a partial placebo effect, the shocks do 
not negate any improvement in the QOL.32  Lev-
els of anxiety and depression do not worsen and 
most patients mention that they would have the 
device implanted again.33 When spouses and 
partners are asked, they do not have specific un-
favorable opinions about the devices either.34

Conclusions

With newer anti-arrhythmic drugs enhancing 
safety and efficacy, and ablation becoming widely 
accepted, it is unlikely that the use of ADs will 
increase.The need for permanent device im-
plantation has been less attractive, particularly 
in younger patients, due to long-term consider-
ations such as chronic risk of infection, vascular 
complications, device longevity, and avoidance 
of magnetic resonance imaging. These issues are 
more acceptable with ventricular-based ICDs 
given the life-saving potential of such devices; 
atrial-specific defibrillators lack this benefit. Evi-
dence comparing outpatient cardioversion versus 
ADs is lacking, and cost, convenience, and patient 
acceptance would need to be directly compared, 
but this is unlikely to happen. The 2011 ACCF/
AHA/HRS guidelines for the treatment of atrial 
fibrillation do not present a specific set of recom-
mendations for their use, and acknowledge that 
only a small subset of patients may benefit from 
them.36 In our opinion, ADs may have a specific 
role in those with recalcitrant, paroxysmal AF 
where other treatment strategies have failed, and 
in those who are willing to undergo unsedated, 
self-administered cardioversion. Given that a 
very small population would derive benefit from 
ADs, it is uncertain if manufacturers would con-
tinue to offer such therapy in their future prod-
uct lines. The most feasible approach would be 
to incorporate ADs in standard ICDs or cardiac 
resynchronization devices, though this may be 
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many patients are not suitable for this strategy 
because of their irregular sleep habits with some 
who qualify remaining awake when the shock 
is administered; for some, the sleep pattern may 
become disrupted.26 While nocturnal cardiover-
sion may decrease the anxiety associated with the 
shocks, the pain perception is usually the same. 
Sedation is required to prevent the pain and dis-
comfort associated with shock delivery,especially 
in patients who are expected to receive frequent 
cardioversions, and in those where therapies are 
administered automatically rather than by patient 
activation. Among the medications tried, the best 
approach includes a benzodiazepine, possibly 
combined with an analgesic. In that regard, orally 
administered midazolam has been shown to be 
the most effective due to of its amnestic effect. An 
analgesia only strategy usually fares worse com-
pared to sedation.27 Knowing that the success of 
atrial defibrillation becomes markedly reduced 
with repeated cardioversions, and that high-en-
ergy requirements might preclude patients with 
long-lasting AF from receiving ADs, anti-arrhyth-
mics have been used to lower the atrial defibril-
lation threshold and decrease pain perception. 
Both flecainide and sotalol have been evaluated in 
such settings. Intravenous flecainide significantly 
decreases the energy requirement and improves 
the chance of successful cardioversion in patients 
with AF, irrespective of the subtype.This trans-
lates into a significant reduction in pain scores in 
patients not using sedation28 Sotalol may play a 
role as well in improving the chances of maintain-
ing sinus rhythm after cardioversion. As many as 
30% of patients with persistent atrial fibrillation 
have very early recurrence after cardioversion, 
and more shocks and higher energy delivery do 
not decrease the recurrence rate. Therefore, us-
ing medications to decrease this rate is an attrac-
tive approach. Since recurrent atrial fibrillation is 
triggered by premature atrial contractions (PACs) 
in the vast majority of cases, intravenous sotalol 
has been shown to decrease the number of PACs, 
prolong their coupling interval and prevent early 
recurrence in 83% of patients.19,29-31 In addition, 
when sotalol is used after cardioversion of atrial 
fibrillation, the mean defibrillation threshold is 
decreased from 6.7 to 3.8 J using the same lead 
configuration. This translates into a lower seda-
tive dose with the second procedure, as well as 
lower average pain score (5.1 vs. 2.7 on scale of 0 
to 10).19
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what some would consider a prohibitively expen-
sive approach. Despite these limitations, research 
in this field remains active.37-40 Consideration for 
future therapies may include devices directed 
towards more tolerable therapy such as those of-
fering superior shock waveforms (allowing lower 
shock energy/voltage) or novel pacing strategies 
to effectively suppress AF triggers. Such innova-
tions may ultimately allow for a revival of these 
devices.
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Introduction

Background

Atrial fibrillation (AF) is the most prevalent of the 
clinically-significant cardiac arrhythmias, with an 
estimated 2.7 million individuals afflicted in the 
United States (US). This number is expected to 
exceed 12 million by 2050 as the population gets 
older, since the elderly are particularly at risk for 
developing the disease.1 AF is closely associated 
with stroke, a leading cause of death and long-
term disability. AF increases the risk of ischemic 
stroke 5-fold, and is responsible for nearly half of 
all fatal embolic cerebrovascular events.2 AF is also 
linked with increased hospitalization and mortal-

ity from ischemic heart disease and heart failure.3 
Given the attendant mortality and morbidity risks, 
AF is a serious public health burden that would re-
main as such for the foreseeable future unless treat-
ment patterns change drastically. Recent progress 
in antiarrhythmic and antithrombotic pharmaco-
therapeutics, as well as innovations in mechanical 
approaches to AF treatment, has greatly improved 
the overall efficacy and safety of modern AF ther-
apy.4 This has little impact, however, in deterring 
the emergence of new AF cases, with an incidence 
currently estimated at 75,000 each year. Clearly, 
a better effort towards the avoidance of develop-
ment of new AF cases is required in curbing this 
epidemic, and more focus toward primary preven-
tion strategies is in order.
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Abstract

The prevalence and incidence of atrial fibrillation (AF) is on the rapid rise. To slow down the AF epi-
demic, effective primary prevention strategies need to be instituted. Unfortunately, this is an area that 
has not been well-explored. There is a multitude of risk factors that predispose to the development of AF. 
Of these, the most common from an epidemiologic perspective are advanced age, hypertension, diabetes, 
ischemic heart disease, and heart failure. The first-line pharmacologic therapies for these predisposing 
conditions (e.g. beta blockers, renin-angiotensin system inhibitors, statins, and omega-3 fatty acids) ap-
pear to also have potential roles in the primary prevention of AF. Definitive data, however, is lacking as 
to efficacy of these drugs for this particular purpose. Large-scale, high-quality randomized clinical trials 
on AF primary preventive strategies are urgently required in order to guide clinical practice. For now, ad-
herence to the guideline-based therapies of each individual risk factor appears to be the most reasonable 
approach for the primary prevention of AF.
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Risk Factors

In epidemiologic terms, primary prevention refers 
to the avoidance of development of a particular 
disease or event through treatment or interven-
tions directed towards the risk factors of said con-
dition. It is, therefore, imperative to understand 
the main causes of AF in order to prevent its oc-
currence.

Advanced age is the most important predictor of 
AF, with a lifetime prevalence of 0.5% in subjects 
younger than 60 years, to nearly 10% in those 
above 80 years of age. For each advancing decade 
of age, the risk of developing AF increases 2-fold. 
Males are 1.5-times more likely to develop AF 
than women, independent of age and other co-
morbidities.Other independent risk factors for AF 
include hypertension (odds ratio [OR] 1.5), dia-
betes (OR1.6) left ventricle hypertrophy (OR 1.4), 
myocardial infarction (OR 1.4), congestive heart 
failure (OR 5.9), and valvular heart disease (OR 
3.4).5 

Other reported but relatively uncommon cardiac 
causes of AF include myocarditis, hypertrophic 
cardiomyopathy, conduction system disease (e.g. 
Wolff-Parkinson-White syndrome, sick sinus syn-
drome), congenital heart disease (e.g. atrial septal 
defect, patent ductus arteriosus), and pericardial 
disease. Possible non-cardiac etiologies include 
thyrotoxicosis, pheochromocytoma, obesity, ob-
structive sleep apnea, severe infections, pulmo-
nary pathology (e.g. pulmonary infections, pul-
monary embolism, chronic lung disease), alcohol 
use (“holiday heart syndrome”), electrolyte dis-
orders, cardiothoracic surgery, hypothermia, and 
electrocution. 

Treatment of the underlying predisposing 
condition/s is key to preventing AF. While some 
risk factors are unmodifiable, the recognition 
of such is nevertheless important in the identi-
fication of individual patients and population 
groups at greatest risk. Patients with multiple 
risk factors have the highest susceptibility to 
AF, and are the most appropriate primary tar-
get population for primary prevention measures.

Pathophysiology

While mechanisms for arrhythmogenesis in AF 

are still not completely understood, it is recog-
nized that certain ectopic foci of atrial tissue in 
the muscular sleeve of the pulmonary veins can 
initiate and maintain paroxysms of AF.6 Repeated 
firing of these foci lead to a marked shortening of 
the atrial refractory period and the loss of the nor-
mal lengthening of atrial refractoriness at slower 
heart rates, a phenomenon termed termed “atrial 
electrical remodeling”7,8.Also, triggers propa-
gating into the atrial myocardium may induce 
multiple reentry wavelets, which are small cir-
cuits that constantly collide and combine, spawn-
ing more wavelets that perpetuate the process.9 

Conditions that increase atrial size, decrease the 
conduction velocity or decrease the refractory pe-
riod permit multiple wavelets and promote AF. 
This suggests that, in addition to the pathologic 
electrophysiologic processes, a complex interac-
tion of atrial mechanical, structural and cellular 
signaling mechanisms significantly contribute to 
AF pathogenesis. When the atrium dilates and its 
myocardium is stretched (as seen in AF-associ-
ated disorders such as mitral valve dysfunction, 
congestive heart failure, or hypertension), the 
action potential is altered and afterdepolariza-
tions occur causing extrasystoles.10 Furthermore, 
this mechanical strain induces adverse neuro-
hormonal reactions, including adrenergic stimu-
lation and enhanced synthesis of angiotensin-II 
that cause cellular calcium dysregulation and 
contribute to arrhythmogenic electrical disper-
sion.11 Stretch-activated myocyte strain has also 
been shown to disturb the cell-signaling mecha-
nisms by modifying the cytoskeletal connections, 
membrane ion channels and receptors which reg-
ulate atrial excitation-contraction coupling.12 The 
function of these ion channels is also susceptible 
to metabolic changes, such as hypoxia, ischemia, 
adrenergic stimulation, inflammation or oxida-
tive stress, which increase the propensity to AF.13 

With chronic atrial hemodynamic load and 
stretching, fibrosis and scarring occurs to pro-
tect the myocytes from stress and strain. Exten-
sive interstitial fibrosis, also seen with advanced 
age (another risk factor for AF), promotes myo-
cardial macroreentry and fibrillatory conduc-
tion.14 In addition to fibrosis, apoptosis is also 
believed to contribute substantially to the ultra-
structural substrate of AF. Under pathophysi-
ologic conditions, inappropriate programmed 
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myocyte death occurs which permanently alters 
the electrophysiologic activity of the myocar-
dium and causes irreversible atrial damage.15 

There is also ample data point to the role of inflam-
mation in the pathogenensis and maintenance of 
AF. During the inflammatory process, cytokines 
such as tumor necrosis factor and interleukins 
are released and complement is activated, chron-
ic exposure to which is implicated in myocyte 
necrosis and fibrosis. Atrial structural remodel-
ing ensues, which favors arrhythmogenesis.16 

Pharmacotherapeutic Strategies for AF 
Primary Prevention

A few pharmacologic agents have roused inter-
est for their potential roles in the primary preven-
tion of AF. The antihypertensive and lipid-low-
ering classes of drugs make up the bulk of these 
agents, and the evidence for their efficacy mostly 
comes from retrospective analysis of trial data.

Beta Blockers

The efficacy of beta-adrenergic blocking agents for 
rate control in AF and maintenance of sinus rhythm 
after cardioversion is well-established.17,18  Howev-
er, their role in the primary prevention of AF is less 
defined. Maladaptive adrenergic stimulation is 
postulated to contribute to the electrophysiologic 
and structural atrial remodeling mechanisms that 
initiate and perpetuate AF. Blunting this excessive 
sympathetic response, in theory, may help prevent 
the development of this disease.

There is data pointing to a 27% risk reduction 
in AF incidence with the use of beta blockers in 
heart failure patients, in addition to their known 
mortality and morbidity benefits in this popu-
lation.19 Majority of the evidence suggesting a 
primary preventive effect of beta blockers was 
in the setting of cardiac surgery as prophylaxis 
against postoperative AF. It is hypothesized the 
beta blockers attenuate the excessive periopera-
tive adrenergic stimulation that induce atrial ar-
rhythmogenesis during cardiac surgery. In this 
surgical population, prophylactic beta blocker 
use was associated with a 15-20% reduction in 
postoperative AF incidence,20,21 and is currently 
the recommended first-line strategy for this pur-

pose, in lieu of stronger antiarrhythmic agents.22

Outside of the perioperative milieu, however, 
there is not enough convincing evidence that es-
tablishes a primary preventive role of beta block-
ers against AF. Some suggest that these agents 
may only have significant anti-atrial fibrillatory 
effects in those with hypertension.23 But even in 
the hypertensive population, beta blockers were 
shown to be inferior to renin-angiotensin system 
(RAS) inhibitors in preventing new-onset AF.24 

RAS-Inhibitors

Excessive activation of angiotensin-II and other 
neurohormones induce atrial myocyte fibrosis 
and electrophysiologic remodeling that create 
substrates for supraventricular arrhythmogen-
esis,25 including AF. RAS agents, such as angio-
tensin-converting enzyme inhibitors (ACEI) 
and angiotensin receptor blockers (ARB), are 
able to reverse this maladaptive neurohormon-
al process, hence they can potentially prevent 
the occurrence of new AF in individuals at risk. 

Retrospective analyses of large randomized tri-
als suggest a possible role of RAS-inhibitors in 
the primary prevention of AF. In the Trandolapril 
Cardiac Evaluation (TRACE) study, for instance, 
treatment with the ACEI trandolapril was associ-
ated with a 47% lower incidence of new-onset AF 
in patients with systolic dysfunction after MI .26 

Also, in a subanalysis of the Studies of Left Ventri-
cle Dysfunction (SOLVD), a 78% risk reduction in 
AF was seen in patients with heart failure who re-
ceived the ACEI enalapril compared to placebo.27 

A similar observation was noted in post-hoc analy-
ses of ARB trials. For example, losartan was asso-
ciated with a 33% risk reduction in new-onset AF 
compared with atenolol in hypertensive patients 
enrolled the Losartan Intervention for Endpoint 
Reduction in Hypertension (LIFE) study13. On the 
other hand, a 37% lower incidence of AF was seen 
in heart failure patients who were treated with val-
sartan in Val-HEFT (Valsartan Heart Failure Tri-
al).28 A more modest 18% reduction in AF occur-
rence was seen with candesartan in the CHARM 
trial (Candesartan in Heart Failure: an Assessment 
of Reduction in Mortality and Morbidity) which 
enrolled patients with symptomatic heart failure.29 

The Ongoing Telmisartan Alone and in Com-
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bination with Ramipril Global Endpoint Trial 
(ONTARGET) of high-risk hypertensive patients 
demonstrated a trivial trend towards lower inci-
dence of new-onset AF with combination ther-
apy using telmisartan (an ARB) and ramipril 
(an ACEI) compared to either treatment alone. 
These differences, however, were statistically 
insignificant.30 Furthermore, analyses of more 
recent randomized trials, provide contradic-
tory evidence on the anti-AF properties of RAS 
antagonists. For instance, ramipril therapy had 
no effect on AF incidence compared to placebo 
in the Heart Outcomes Prevention Evaluation 
(HOPE) study involving high-risk cardiovascu-
lar patients.31 Similarly, in the Telmisartan Ran-
domised Assessment Study in ACE-intolerant 
Subjects with Cardiovascular Disease (TRAN-
SCEND), no difference AF incidence was seen 
between treatment with telmisartan or placebo in 
patients with high-risk cardiovascular diseases.32 

Statins

Inflammation, lipid oxidation, and neurohor-
monal mechanisms have been implicated in the 
arrhythmogenesis and perpetuation of AF. There 
is growing evidence role of HMG-CoA reduc-
tase inhibitors (statins) in AF prevention, the 
anti-fibrillatory effects of which are presumed 
to result from the modulation of these mecha-
nisms.33 Increasing levels of C-reactive protein 
(CRP), a marker of inflammation was associated 
with a 36% increased risk of incident AF in the 
JUPITER trial (Justification for the Use of Statins 
in Primary Prevention: An Intervention Trial 
Evaluating Rosuvastatin ). Among over 17,000 
arrhythmia-free individuals who participated in 
the study, treatment with the statin rosuvastatin 
resulted in a 27% reduction in the risk of AF.34 

A subanalysis of data from the GISSI-HF trial 
(Gruppo Italiano per lo Studio della Soprav-
vivenza nell'Infarto Miocardico) found modest 
reductions in AF occurrence after rosuvastatin 
treatment in nearly 3,700 patients with chronic 
heart failure (CHF).35 In a similar cohort of CHF 
patients, analysis of data from the ADVANCENT 
Registry involving more than 25,000 individuals 
with LV systolic dysfunction showed that lipid-
lowering therapy was associated with a 31% re-
duction in the prevalence of AF, which is larger 

than that seen in beta blockers and ACE inhibitors.36 

There have been several small randomized tri-
als which pointed to the efficacy of pre-operative 
statin therapy, mostly utilizing high-dose atorv-
astatin, in the prevention of post-operative AF in 
patient undergoing cardiac surgery.37,38 A meta-
analysis of 8 of these trials involving nearly 800 
patients undergoing cardiac surgery showed that 
pre-operative statin prophylaxis resulted in a 43% 
reduction in post-operative AF.Earlier therapy 
appeared to be result in a more profound benefit 
(3% risk reduction per day), while higher statin 
doses was not shown to alter the outcomes.39 

While the preponderance of data support the ef-
ficacy of statins in the primary prevention of AF, 
there have been no large prospective, random-
ized, multicenter trials conducted to definitively 
establish such observations. An intensive analysis 
of existing published and unpublished evidence 
from 42 trials involving almost 140,000 patients 
found that, in general, the smaller studies with 
shorter follow-up period reported significant ben-
efit with statin therapy, while the larger, longer-
term trials showed no reduction in risk of AF.40

Omega-3 Fatty Acids

Similar to statins, n-3 polyunsaturated fatty acids 
(n3-PUFA), such as fish oil, also exert anti-inflam-
matory properties in addition to its beneficial ef-
fects on the lipid profile.41 Fish oil may reduce 
C-reactive protein and cytokine levels, which is
a possible mechanism for its purported anti-ar-
rhythmic properties. Higher levels of circulating
n3-PUFA was found to be associated with lower
risk of incident AF in a cohort of over 3300 older
individuals who were followed for 14 years in the
Cardiovascular Health Study .42 Prospective obser-
vational data from the same study also suggested
that dietary consumption of broiled or baked fish,
a common source of n3-PUFA, was linearly linked
to a lower incidence of AF.43 This finding, how-
ever, was refuted by larger epidemiologic stud-
ies that could not show a beneficial effect of fish
intake on atrial arrhythmias.44,45  Small random-
ized trials of oral46  and intravenous47  n-3 PUFA
treatment prior to coronary artery bypass graft
surgery found significant reductions of occurrence
of postoperative AF. More recent randomized tri-
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that perhaps the best strategy in the primary pre-
vention of AF is the optimization and strict ad-
herence to the evidence-based therapies recom-
mended for each individual risk factor , especially 
in the highest risk individuals with multiple pre-
disposing conditions. From the limited amount of 
high-quality literature

Conclusions

The increasing prevalence and incidence of AF 
needs to be urgently curtailed. To achieve this 
goal, sufficient large-scale studies, of high qual-
ity and adequate power, on the primary preven-
tion of AF are required to guide clinical practice. 
While the most common risk factors for AF de-
velopment have been identified, the efficacy of 
prevailing preventive measures remains unclear. 
This is the path untread that needs to be resolved 
sooner rather than later. For now, adherence to 
the guideline-based therapies of each individual 
risk factor appears to be the most reasonable pri-
mary preventive approach for AF.
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Introduction

With the advent of new therapies for cardiovas-
cular disease the epidemiology of cardiovascular 
complications has changed. The global population 
is living longer, resulting in myocardial dysfunc-
tion and arrhythmia becoming growing pandem-
ics. Impairment of left ventricular function with 
or without an ischemic etiology is significantly as-
sociated with the development of atrial fibrillation 
(AF). This is exemplified by the increasing preva-
lence of AF with incremental progression of New 
York Heart Association (NYHA) class of heart fail-
ure (HF). Ultra-structural changes in atrial myo-
cytes leads to atrial remodeling and result in the 
development of multiple re-entry circuits that cul-
minate in AF. It is therefore thought that AF is an 
important clinical manifestation in the setting of 
left ventricular dysfunction (LVD) where it serves 
as a precipitant and harbinger of increased mor-

bidity and mortality.1-3

Epidemiology of Atrial Fibrillation and 
Congestive Heart Failure

Congestive HF is increasingly common, with 
an estimated prevalence of 20 million people 
worldwide; similarly, AF has the highest preva-
lence of all sustained arrhythmias, affecting 1.5% 
of the population of the United States.4 AF may 
be found in isolation; however, more often than 
not, AF is both a marker and cause of LVD.2 The 
prevalence of AF in LVD ranges from 5 to 65% 
and appears to depend on both the severity of 
HF and patient age.5,6 The incidence of AF com-
plicating myocardial infarction is estimated to 
be between 2.3 and 21%.7 The close association 
between AF and myocardial infarction relates to 
shared common risk factors such as age, hyper-
tension, diabetes, coronary artery disease and HF.8
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Atrial Fibrillation in Left Ventricular 
Dysfunction

AF has a well-established association with sys-
tolic and diastolic LVD, both with and without 
acute myocardial infarction (Table 1). In systolic 
dysfunction the prevalence of AF increases al-
most linearly with rising NYHA class of HF, ap-
proaching 50% at class 4 (Figure 1).9 Diastolic 
dysfunction accounts for approximately one half 
of new cases of HF in large clinical studies and 
has a similar prevalence of associated AF as seen 
in systolic dysfunction.10,11 Several mechanisms 
have been proposed to help explain the high in-
cidence and prevalence of AF in the setting of 
LVD: 1) risk factors such as increased age, hyper-
tension, diabetes, and coronary artery disease are 
common to both conditions;6-8 2) AF complicates 
upwards of 20% of cases of myocardial infarction 
and is most frequently found in patients with in-
creased age, higher Killip class, HF symptoms, 
increased heart rate and documented LVD; 7 3) 
Congestive HF and LVD are strong independent 
risk factors for development of AF both inside 
and outside the setting of myocardial infarction.7

Pathophysiology of Atrial Fibrillation

The pathophysiology of AF complicating LVD is 
complex and relies on a combination of factors: 
resultant atrial stretch, neuro-hormonal changes, 
reactive atrial remodeling and impairment in dia-
stolic filling, all feed back to compromise left ven-
tricular function.12 Special attention must be given 
to the finding of left atrial enlargement as it carries 
important clinical and prognostic implications.13,14 
The left atrium may be seen as a morpho-physi-
ologic barometer of diastolic dysfunction. As de-
scribed by the myocardial ischemia cascade, dia-
stolic dysfunction precedes that of systolic, often 
manifesting as left atrial electrical and/or mechan-
ical dysfunction. Such findings help to explain the 
similar prevalence of AF in HF patients with both 
systolic and diastolic dysfunction. Furthermore, in 
LVD, with or without an associated MI, increased 
left atrial size is becoming a well-recognized 
predictor for the development of AF, HF and all 
cause mortality.13,14 15 Prospective data from the 
Framingham study has shown that a 5 mm incre-
mental increase in left atrial anterior-posterior di-
ameter confers a 39% increased risk for the devel-
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Figure 1:  Prevalence of Atrial Fibrillation in Studies Assessing Heart Failure



opment of new AF.16 These findings are supported 
by the Cardiovascular Health Study which dem-
onstrated subjects initially in sinus rhythm with 
a left atrial anterior-posterior diameter >50 mm 
had a four fold risk of developing new onset AF.17

In the setting of HF the underlying cause of AF has 
been attributed to stretching of the atria second-
ary to increased volume and pressure. This “atri-
al stretch” activates stretch-mediated channels, 
which enhance calcium binding to myo-filaments. 
This in turn induces calcium currents that produce 
delayed after-depolarizations and an increase in 
triggered activity, which act as a potent substrate 
for AF.18 Atrial stretch is also associated with slow-

ing of electrical conduction and increased refrac-
toriness throughout the atria, which together may 
promote re-entry and propagation of AF. The 
presence of chronic atrial stretch, as seen in HF, 
results in calcium overloading of the atrial myo-
cytes, further propagating abnormal electrical ac-
tivity. Persistent AF results in atrial remodeling 
where ultra-structural changes in atrial myocytes 
occur via increased cell volume, misalignment 
and loss of contractile elements, gap-junction re-
modeling and electrophysiological changes at the 
cellular level. These AF-induced ultra-structural 
changes promote multiple re-entry circuits, con-
tinued AF-induced changes, and lead to impaired 
diastolic filling. Thus, atrial remodeling becomes 
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Table 1 Landmark Trials in Atrial Fibrillation and Left Ventricular Dysfunction

Study 
Name Study Design Population 

studied

Num-
ber of 

patients
Intervention Duration Outcome

SOLVD [22]

Single center retro-
spective analysis, 
non-prespecified 
variable

Patients with 
EF <35%, 
NYHA class 
I - III

374

Enalapril (5 
to 20 mg/
day) vs. 
Placebo

2.9 years

Decreased incidence of AF in 
enalapril group. Incidence of 
AF 5.4% in Enalapril vs. 24% in 
placebo group

Val-HeFT 
[23]

Retrospective 
analysis, non-pre-
specified variable

Patients with 
EF <40%, 
NYHA class 
II - IV

5010

Valsartan 
(160 mg 
BID) vs. 
Placebo

1.9 years

Decreased incidence of AF in val-
sartan group.  Incidence 5.27% 
in valsartan group vs. 7.86% in 
placebo group

CHARM 
[25]

Prospective, ran-
domized, double 
blinded Pre-spec-
ified end point of 
AF

Patients EF 
<40% or EF 
>40%, NYHA
II - IV, no prior 
AF

6379
Candesartan 
(32 mg/day) 
vs. Placebo

3.2 years

Decreased incidence of AF in 
candesartan group.  Incidence 
5.6% in candesartan group vs. 
6.7% in placebo group

TRACE 
[XX]

Retrospective 
analysis, non-pre-
spesified variable

Post myocar-
dial infarction, 
EF <36%, no 
prior AF

1577

Trandolapril 
(2 - 4 mg/
day) vs. 
Placebo

2 to 4 
years

Decreased incidence of AF in 
trandolapirl group.  Incidence 
2.8% in trandolapirl group vs. 
5.3% in placebo group

CAPRI-
CORN [27]

Retrospective 
analysis, non-pre-
spesified variable 

Post myocar-
dial Infarction, 
EF <40%

1959

Carvedilol 
(6.25 - 25 
mg BID) vs. 
Placebo

1.3 years

Decreased incidence of AF in 
carvedilol group.  Incidence 2.3% 
in carvedilol group vs. 5.4% in 
placebo group

DIAMOND 
[7]

Retrospective 
analysis

NYHA III-IV or 
recent myocar-
dial infarction, 
EF <35%

3028

Dofetilide 
(250 mcg- 
500 mcg 
BID) vs. 
Placebo

1 year

Decreased incidence of AF in 
dofetilide group.  Probability 
of maintaining sinus rhythm in 
dofetilide group 79% vs. 42% 
in placebo group. No mortality 
benefit.

STAT-CHF 
[37]

Prospective, ran-
domized, double 
blinded control 
trial

NYHA II - IV, 
EF <40%, 
patients with and 
without baseline 
AF

667 (564 
no base-
line AF, 
103 with 
AF)

Amiodarone 
(target 300 
mg QID) vs. 
Placebo

4.5 years

Of patients without baseline AF 
decreased incidence of AF in 
amiodarone group.  Incidence 4.1% 
in amiodarone group vs. 8.4% in 
placebo group. Of patient with pre-
existing AF increased conversion 
to sinus rhythm with amiodarone 
31.3% vs. 7.7% placebo



the structural substrate for cellular changes favor-
ing the propagation of further AF.12,19

Effect on Cardiac Function

AF can impair myocardial function through four 
primary mechanisms. Principally, heart rate re-
sponse to AF at either extreme is the most clini-
cally obvious complication seen in HF. Rapid ven-
tricular response may compromise cardiac output 
by impairing diastolic filling time, while slow 
ventricular response may result in symptomatic 
bradycardia and syncope. Although the exact in-
cidence is not known, prolonged and sustained 
elevation in heart rate can result in tachycardia-
induced cardiomyopathy.20 Secondly, the irregu-
larity of the ventricular response, independent of 
rate, has been shown to decrease cardiac output 
while increasing both right atrial and pulmo-
nary capillary wedge pressures.20 Third, loss of 
the atrial systolic contribution to ventricular fill-
ing is associated with impaired diastolic filling, 
elevated atrial pressures and reduced stroke vol-
ume, which may lead to a 20% decrease in car-
diac output.21 The loss of “atrial kick” directly 
impacts cardiac function and is most detrimental 
when complicating HF with LVD. The sufficiently 
delayed, mis-timed or total absence of left atrial 
contractions seen in AF ineffectively contributes 
to left ventricular ejection fraction and severely 
impairs left ventricular filling capacity. During 
AF, left ventricular filling is further impaired 
when the left atrial emptying is obstructed by 
an incompletely open or closed mitral valve. The 
fourth complication of AF and arguably the most 
deleterious is that the resultant reduced ventric-
ular function can feedback into a maladaptive 
neuro-hormonal cascade. Excessive production of 
catecholamines, vasoconstrictors and adrenergic 
stimulants all result in further deleterious effects 
in the setting of LVD. Through electrical, mechan-
ical and neuro-hormonal activation, AF creates 
the perfect storm of physiologic inefficiency. 

Studies and Clinical Trials in Heart Failure 

The Framingham Heart Study was a large pro-
spective study and has contributed greatly to our 
understanding of the etiology of AF. During the 
38-year study period 2090 men and 2641 women
without a prior diagnosis of AF were followed;

there were 562 incident cases of AF.  Independent 
risk factors for AF were found to be age, diabetes, 
hypertension, HF and valvular heart disease. This 
study clearly demonstrated the increasing inci-
dence of AF with age, approximately doubling for 
every increment decade. The attributed risk of AF 
from HF was 10-12%, translating into an odds ratio 
of 4.5 in women and 5.9 in men of developing AF in 
the presence of HF. The attributed risk of AF from 
myocardial infarction was 1-5%.6 The Framingham 
study was the first large prospective investigation 
showing a clear association between HF and AF. 
The authors even speculate that the study may un-
derestimate the risk of AF in HF as the impact of 
HF may be attenuated by its correlation with other 
variables/risk factors in their multivariate model.6 
More recent data from the Framingham study re-
ported by Wang et al. examined 1470 patients who 
developed AF, HF or both, over a 47-year period, 
and the association of these conditions with mor-
tality. There were 708 patients with HF who sub-
sequently developed AF (5.4% / year). Wang et al. 
found an increased mortality in individuals with 
AF or HF who subsequently developed the other 
disorder. Patients with pre-existing AF who devel-
oped HF had a hazard ratio for mortality of 2.7 in 
men and 3.7 in women; conversely, patients with 
pre-existing HF who developed AF had a hazard 
ratio for death of 1.6 for men and 2.1 for women.1 

Growing evidence from large clinical trials has 
shown that the presence of AF complicating LVD 
is associated with increased mortality. The SOLVD 
prevention and treatment trials examined 6517 
patients with HF (ranging from asymptomatic to 
NYHA Class III) with ejection fraction < 35% over a 
3-year follow up period. The results demonstrated
that the presence of AF was a statistically signifi-
cant, independent predictor of all cause mortal-
ity (35% vs. 23% in patients without AF).3 A ret-
rospective analysis of the SOLVD trial composed
of patients enrolled at the Montreal Heart Institute
looked specifically at the effect of enalapril on the
occurrence of new AF. This retrospective, single
center sub-study examined 374 patients with
left ventricular ejection fraction < 35%, and vary-
ing degrees of symptoms (NYHA I to III). Half of
these patients were randomly assigned to receive
enalapril and followed for approximately 3-years.
This analysis demonstrated a decreased incidence
of new AF in patients with systolic dysfunction
chronically treated with enalapril (an angioten-
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Mountantonakis et al reported their results from 
a large, multicenter study in the United States fo-
cusing on AF in acute HF hospitalizations. In this 
study 99 810 patients admitted to 255 hospitals 
with new or decompensated HF from January 1 
2005 to December 21 2010 were followed. They 
found, in patients hospitalized with HF that AF 
was present in approximately 31% of cases, with 
21% having a new diagnosis of AF. The fining of 
AF during admission for HF was independently 
associated with longer hospital stays, discharge to 
an institution other then home and increased in-
hospital mortality.25

Considerations in Acute Heart Failure

Acute decompensated HF creates an ideal en-
vironment for development of AF, via left atrial 
stretch from compromised diastolic function to 
increased sympathetic drive and effects from ino-
tropic medications. Once established, AF may 
then go on to further undermine ventricular func-
tion. Precautions to prevent AF in these acute HF 
patients have not been explicitly studied; howev-
er, data from many clinical trials would favor the 
use of ACEi or ARB and beta-blockers in the more 
stable cohort. Judicious use of inotropic medi-
cations may limit the occurrence of supra-ven-
tricular arrhythmias, but their avoidance is not 
always possible. Extrapolating data from physi-
ologic studies, treatment of volume overload and 
minimizing atrial stretch in the congested state 
may improve diastolic pressures and decrease 
AF induction. Once diagnosed, divergent strate-
gies may be implemented to manage AF, through 
either rate or rhythm control. AF may be treated 
through cardioversion or with anti-arrhythmics 
to try and maintain sinus rhythm and optimize 
ventricular function and cardiac output. Rate con-
trolling medications such as beta-blockers and 
calcium channel blockers are not ideal in decom-
pensated HF as they carry negative inotropic ef-
fects.

Studies and Clinical Trials in Myocardial 
Infarction

AF is commonly found in the peri-infarction pe-
riod as well as in the post-discharge setting and 
was originally thought to complicate 2.3 to 21% 
of cases. A recent review by Schmitt et al. dem-
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sin converting enzyme inhibitor [ACEi]). The 
reported incidence of AF was 5.4% in the ACEi 
arm and 24% in the placebo arm (RR 0.22, 95% CI 
0.11-0.44).21 Interestingly, this study also demon-
strated a greater risk reduction for development 
of AF in asymptomatic patients with impaired 
systolic function  treated with enalapril com-
pared to placebo (3.2% vs. 24.6% in the placebo 
arm).21

A sub-study of the Val-HeFT trial examined the 
incidence of AF complicating HF (EF <40%) in 
5010 patients followed for more than 23 months. 
The use of valsartan resulted in a 37% relative 
risk reduction in AF. This trial also reported that 
the development of AF conferred a 40% increase 
in all-cause mortality and a 38% increase in the 
combined endpoint of death, sudden death with 
resuscitation, hospitalization due to HF, or ad-
ministration of intravenous inotropic or vaso-
dilator drugs for  >4 hours without hospitaliza-
tion.22 

The CHARM series of trials were the first to pro-
spectively evaluate the effect of angiotensin II 
receptor blockers (ARBs) on cardiovascular out-
comes in patients with HF and AF. In addition, 
the CHARM trials also included patients with 
preserved ejection fraction (>40%), giving fur-
ther insight into the effects of AF in diastolic HF. 
The CHARM series were large, sequential pro-
spective studies that included 7599 patients with 
symptomatic HF with both impaired and pre-
served ejection fraction. The baseline incidence 
of AF was approximately 18%. Over a 38 month 
follow-up period AF was found to be an inde-
pendent predictor of all-cause mortality regard-
less of ejection fraction (37% vs. 28% for ejection 
fraction <40%, 24% vs. 14% for ejection fraction 
>40%).23 A sub-study of CHARM followed 6379
patients without pre-existing AF for 38 months,
and found the use of candesartan was protective
against the development of new AF regardless of
ejection fraction. This work demonstrated a 6.2%
incidence of new AF in their patient population,
with 5.6% in the candesartan group and 6.7%
in the placebo group (p = 0.039).24 Interestingly
these results mirror that that of the SOLVD data,
indicating that blockade of angiotensin effect
may help prevent AF clinically.



onstrates clearly that AF after myocardial infarc-
tion is associated with adverse clinical outcomes 
regardless of treatment for myocardial infarc-
tion.7 The CHARISMA study used implantable 
loop recorder monitoring over a 2 year period to 
evaluated the long-term development of AF post 
discharge in 271 patients with myocardial infarc-
tion and ejection fraction <40%. The study found 
an impressive 39.3% incidence of new AF, with the 
highest incidence in the first 2 months post infarc-
tion (16%). In patients who developed AF, over 
50% had episodes lasting >30 seconds which were 
associated with a statistically significant increased 
risk of major cardiovascular events (re-infarction, 
stroke, hospitalization for HF and cardiac death). 
The high incidence of AF in the CHARISMA study 
is likely due to the identification of asymptomatic 
AF by implantable loop recorded that may have 
been missed by other studies, as more then 90% of 
patients who developed AF were entirely asymp-
tomatic.8

The TRACE trial was the first large randomized 
clinical trial to demonstrate a decreased incidence 
of AF due to ACEi use in the post-myocardial in-
farction setting. The trial followed for 2-4 years 
1746 patients post-myocardial infarction with left 
ventricular ejection fractions <40% and found a 
55% relative risk reduction in the incidence of AF 
with the use of trandolapril compared to placebo 
(2.5% absolute risk reduction). The TRACE study 
also demonstrated a statistically non-significant 
trend towards increased mortality in patients who 
developed AF.26 

In the CAPRICORN trial the use of beta-blockers 
in addition to ACEi was shown to decrease the 
incidence of new onset AF after acute myocardial 
infarction. This study enrolled 1959 patients post 
myocardial infarction with LVD, with 98% already 
on ACEi therapy. A relative risk reduction of ap-
proximately 58% in AF with use of beta-blocker 
in addition to ACEi was reported, (absolute risk 
reduction 3.1).27

Treatment

Prevention and Treatment of Underlying 
Disease

Several studies have suggested treatments that 

may over the long term prevent AF in patients 
with HF and post-infarction. Neuro-hormonal 
activation and angiotensin II play a large role 
in the pathophysiology of atrial remodeling. El-
evated angiotensin II levels in AF cause successive 
phosphorylation events that stimulate mitogen-
activated protein kinases which in turn promote 
atrial remodeling through myocyte hypertrophy, 
fibroblast proliferation, increased intracellular 
collagen and cellular apoptosis.28 ACEi, ARBs and 
beta-blockers have been found to reduce the inci-
dence of new AF in large clinical trials; however, 
in the acute setting the occurrence of AF may not 
be preventable. Strategies to manage new onset 
acute AF once present include: cardioversion, 
anti-arrhythmic medications such as amiodarone, 
digoxin and beta-blockers. Despite the manage-
ment of AF in the acute setting, its mere presence 
portends adverse clinical outcomes and patients 
with AF need to be followed and managed ac-
cordingly. Although most patients with myocar-
dial infarction and HF have other indications for 
ACEi/ARB or beta-blocker use, these medications 
play more than one role in health maintenance 
and further disease progression prevention.

General Approach

There exists much debate in the optimal treatment 
of AF in the setting of LVD. Opposing schools of 
thought argue for and against rate and rhythm 
control. The concept of rhythm control seems at-
tractive as it theoretically confers the advantages 
of atrial-ventricular synchrony, optimization of 
diastolic filling as well as physiologic rate con-
trol. Despite the physiologic superiority of sinus 
rhythm, its maintenance has not translated into 
improved outcomes in clinical trials. Several major 
clinical trials including HOT CAFÉ, STAF, PIAF, 
RACE, and AFFIRM were unable to show supe-
riority of rhythm control.29-33 In general, trends 
toward increased survival and lower cardiovas-
cular complications were seen in the rate control 
groups. The paucity of data supporting rhythm 
control for AF management has been scrutinized 
and generated much criticism related to trial de-
sign, inability to truly maintain sinus rhythm and 
inadequate anticoagulation for stroke prevention. 
34 In a sub-group analysis of the AFFIRM trial the 
authors report benefit conferred by rhythm con-
trol in patients with HF and LVD. Interestingly, 
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patients with impaired ventricular systolic func-
tion had improved survival with re-establishment 
and maintenance of sinus rhythm. The retrospec-
tive “on treatment” analysis of the AFFIRM trial 
demonstrated a considerable reduction in the risk 
of death (hazard ratio 0.53) in the presence of si-
nus rhythm.35 The more recent AF-CHF trial was a 
large multicenter randomized trial that compared 
rhythm to rate control in patients with left ventric-
ular ejection fraction <35%, symptoms of HF and a 
history of AF. The trial enrolled 1376 patients and 
followed them over a 37-month period, with the 
primary outcome being death from a cardiovascu-
lar cause. The study found no significant difference 
in primary outcome in the rhythm vs. rate control 
strategy. The patients in the rhythm control group 
remained in sinus rhythm 75-80% of the time on 
repeat assessments; however, the patients in the 
rhythm control group were more likely to be re-
hospitalized compared to their rate control coun-
terparts. Interestingly, the study demonstrated no 
trend toward increased rate of death or stroke as-
sociated with rhythm control. The authors explain 
this finding by their exclusion of patients on class I 
antiarrhythmics and more frequent anticoagulant 
use in the rhythm control group (88%) compared 
to other studies.36 The results from the AF-CHF tri-
al suggest a rate control strategy be considered as 
the primary approach in patient populations with 
HF and LVD. 

Rate Control

The foundation of a rate control strategy is based 
on slowing conduction through the atrio-ventric-
ular (AV) node. Commonly employed pharmaco-
logic agents for such an approach include beta-
blockers and calcium channel blockers. However, 
as previously alluded to, such agents must be used 
judiciously in patients with impaired left ventricu-
lar function. There is no standard method for rate 
control; goals recommended by the ACA/ACC in-
clude target heart rates of 60 to 80 beats per min-
ute at rest, and 90 to 115 beats per minutes with 
exercise.37 The optimal pharmacologic regimen is 
highly patient specific but usually requires mul-
tiple agents. Beta-blockers and calcium channel 
blockers are considered class I recommendations 
by the AHA/ACC in both acute and chronic set-
tings. In cases of chronic and decompensated HF 

the AHA/ACC further recommends the use of di-
goxin and/or amiodarone due to fewer negative 
inotropic effects.37

Rhythm Control

Antiarhythmic medications have had a contro-
versial role in the management of AF. The goal of 
maintaining sinus rhythm in an effort to improve 
survival and morbidity has been questioned due 
to numerous clinical trials showing its ineffec-
tiveness.29,30,32,33 Despite this, the pathologic states 
created by LVD with AF are as individual as the 
patients they affect. In some cases, maintenance 
of sinus rhythm may be the goal of care; as such, 
selection of an antiarrhythmic medication is im-
portant in trying to minimize adverse effects.  
However, in the patient population with struc-
tural heart disease the Singh-Vaughn-Williams 
class IA and IC drugs are problematic, due in 
part to their reduced efficacy and pro-arrhythmic 
predisposition. Amiodarone is a class III antiar-
rhythmic that has a long track record for both its 
efficacy and relative safety. Despite the fact that 
protracted use of amiodarone risks numerous 
side effects with no proven benefit in mortality, 
its ability to maintain sinus rhythm in patients 
with HF has been shown repeatedly. Data from 
the STAT-CHF trial demonstrated an increased 
conversion to sinus rhythm using amiodarone 
compared to placebo (31.3% vs. 7.7%). In this 
study patients were less likely to develop AF on 
amiodarone, and if AF did develop the frequency 
of its recurrences was decreased.38 Newer anti-
arrhythmics such as dronedarone, also a class 
III antiarrhythmic, initially showed promise for 
maintenance of sinus rhythm; however, findings 
from the ANDROMEDA study showed an in-
crease in mortality in patients with HF and LVD.39

Dofetilide, a class III antiarrhythmic, has been 
shown to decrease the incidence of AF in patients 
with HF as well as myocardial infarction. The 
DIAMOND studies looked at 3028 patients with 
severe HF or recent myocardial infarction treated 
with dofetilide vs. placebo and demonstrated in-
creased likelihood of maintaining sinus rhythm 
at 1 year (79% vs. 42%). The DIAMOND study 
also showed the utility of dofetilide in prevent-
ing new onset of AF (1.98% vs. 6.55% in placebo 
arm). Although dofetilide had no effect on all-
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cause mortality, the DIAMOND study did show 
improved survival in patients who maintained si-
nus rhythm.2 

Non-Pharmacologic Approach

The feasibility of either rate or rhythm control 
may not always be possible in some patients and 
therefore mechanical control of rhythm may be 
required.  Arguably, the definitive treatment for 
rate and rhythm control is AV node ablation and 
implantation of a permanent pacemaker. This 
strategy is highly successful but exposes patients 
to procedural risks and ventricular pacing depen-
dence. In the setting of LVD, right ventricular pac-
ing may undermine ventricular synchrony and 
affect cardiac output.40 Such undesirable effects of 
right ventricular pacing may be mitigated with the 
use of cardiac resynchronization therapy (CRT); 
however, the efficacy of this strategy has not been 
well tested.

Newer techniques for pulmonary vein isolation 
(PVI) are gaining popularity for treatment of AF 
in the LVD population. A retrospective study by 
Chen et al. looked at 377 patients undergoing 
catheter based PVI, with 94 having LVD (LVEF 
<40%). This study demonstrated sinus rhythm was 
maintained in 73% of patients with LVD vs. 87% 
of controls at 14 moths of follow-up (p= 0.03). The 
patients with LVD experienced a non-significant 
increase in LEVF and a significant improvement 
in quality of life after PVI. Complication rates 
were similar between groups and included a 1% 
risk of pulmonary vein stenosis.41 A small prospec-
tive study done by Hsu et al. followed 58 patients 
with LVEF < 45% (NYHA class 2 or higher) and 58 
controls, all treated with catheter based PVI. This 
study showed modest success in maintaining si-
nus rhythm at mean follow-up of 1 year after PVI 
without antiarrhythmic medication  (69% of LVD 
patients vs. 78% of controls; p = 0.34). The patients 
with LVD had a significant improvement in LVEF 
(21 +/- 13%; p <0.001), decreased left ventricular 
systolic and diastolic dimensions, improved ex-
ercise capacity, symptoms and quality of life af-
ter PVI. Complication rates were similar between 
groups ranging from 2 to 3% and included tam-
ponade and stroke.42 Despite enthusiasm over a 
true “cure” for AF, PVI carries with it procedural 
risk and no guarantee of long-term sinus rhythm 
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maintenance. Further long-term studies may help 
to clarify the true durability of this procedure in a 
population at such high risk of recurrence. 

Anticoagulation

Anticoagulation in patients with LVD is a sub-
stantial topic in and of itself. Needless to say the 
goal of anticoagulant therapy is reduction in risk 
of stroke. Due to the electrical and mechanical 
disarray of the atria during AF, blood circulating 
through the atria may remain static, predisposing 
to formation of clot.  Atrial thrombus is a well-
established risk factor for stroke in patients with 
AF. Most patients with LVD and HF fulfill criteria 
for long-term anticoagulation due to the increased 
risk of thrombo-embolism, regardless of the rate 
or rhythm control strategy employed. 

Complications and Risk of Treatment

Though there are increasing treatment options for 
AF in LVD, iatrogenic complications are not infre-
quent and may in turn exacerbate matters. Clini-
cians must always consider the risks and benefits 
of each treatment, as many medications used to 
treat AF frequently have unwanted side effects. 
Chronotropic medications may result in negative 
inotropic effects in the LVD population while an-
tiarrhythmics used to maintain sinus-rhythm are 
fraught with pro-arrhythmic risk. Non-pharmaco-
logic procedures should also be approached with 
caution as both CRT and PVI are not universally 
successful and carry with them procedural risk.

Future Directions

Ongoing research into therapy for AF brings with 
it insights into the management of patients with 
AF and LVD. The CABANA study, pioneered by 
the Mayo Clinic, has been designed to compare 
percutaneous left catheter ablation of AF to phar-
macologic therapy (rate or rhythm control). The 
CABANA study is a randomized trial aiming to 
include 3000 patients. The primary end point of 
the study being reduction in total mortality.43,44 A 
subset of the study patients enrolled will have HF 
and LVD; as such study findings may provide a 
better understanding into the management of AF 
in this patient population.
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Conclusions

AF frequently complicates LVD and myocardial 
infarction resulting in physiologic turmoil com-
promising ventricular function. In a somewhat 
self-fulfilling prophecy, AF results in cellular 
changes that further propagate AF and ventricular 
dysfunction. Once present, AF portends increased 
morbidity and mortality, though it is not always 
clear if it is simply a marker of worsening hemody-
namic function or the instigator. Treatment for AF 
comprises a multifaceted approach: 1) blockade of 
the neuro-hormonal changes in the atria; 2) control 
of ventricular rate and/or rhythm; 3) anticoagula-
tion to reduce risk of stoke. The best treatment ap-
proach is far from universal and treatment efficacy 
is also variable. Ongoing and future research into 
therapy for AF brings with it new understand-
ing into the management patients with LVD and 
AF. New therapies are more and more frequently 
employing mechanical techniques as therapeutic 
intervention for AF. In time we will gain insight 
into this more invasive approach and its long-term 
success in patients with pre-existing and ongoing 
myocardial dysfunction. As the population ages, 
more people develop and survive with LVD, en-
suring that AF will continue to be an ongoing com-
plication. Indeed, when considering the manage-
ment of AF, an ounce of prevention may be well 
worth a pound of cure.
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Introduction

Atrial Fibrillation (AF) is a growing public health 
problem expected to affect up to 15 million patients 
by 2050.1  While AF can be highly symptomatic, the 
risks associated with the arrhythmia determine 
long-term outcome. AF increases mortality 1.5 fold 
in men and 1.9 fold in women and confers an ap-
proximate 4% yearly risk for stroke and systemic 
embolism of approximately 4 % per year.2-3  Many 
new therapies and strategies for comprehensive 
AF risk management are being developed.  Many 
of these offer the potential for greater stroke risk 
reduction with fewer bleeding complications. 

Predicting Thromboembolic Risk in Atrial 
Fibrillation

Stroke is the most important and feared sequalae of 
AF.  AF increases stroke risk 5-fold across the spec-
trum of patients.  However, the stroke risk from AF 
is not equal in all patients.  It is important to dif-

ferentiate low risk patients who will not benefit 
from oral anticoagulation from intermediate and 
high-risk patients who likely will.  There are four  
strong independent clinical risk factors for stroke 
in AF patients:  prior stroke or transient ischemic 
attack (TIA) [5% risk per year], advanced age, hy-
pertension, and diabetes.3 Left ventricular (LV) 
dysfunction or history of congestive heart failure 
has also been associated with increasing stroke 
risk.4   More limited data have shown other clini-
cal risk factors linked to stroke risk in AF.  These 
include:  female gender, peripheral vascular dis-
ease, coronary artery disease, and history of prior 
myocardial infarction (MI).5-6 Also left atrial ap-
pendage  (LAA) clot, severe spontaneous echo 
contrast ,  a LAA emptying velocity < 20 cm/s, left 
ventricular dysfunction (EF < 40%), and aortic 
atheroma are echocardiographic features associ-
ated with thromboembolism.7  Numerous inflam-
matory and hypercoaguable markers are elevated 
in AF.  Elevated C-reactive protein (CRP) levels 
have been shown to be an independent predictor 
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Abstract 

Atrial Fibrillation (AF) is an epidemic that is increasing in size and scope.  AF can have many symptoms 
and cause a variety of negative health impacts.The most important health risk of AF is the increased risk 
of stroke and systemic thromboembolism.Oral anticoagulation with warfarin has been the gold standard 
for stroke risk reduction in AF, but new drugs and treatment strategies for AF are changing clinical prac-
tice.  These new advances could offer better tailoring of treatments to patients with high risk of stroke 
while reducing the potential bleeding complications.  



Journal of Atrial Fibrillation Featured Review     

 www.jafib.com 149 Feb-Mar, 2013 | Vol 5 | Issue 5            

of stroke in AF.8  Also, recent studies have shown 
that certain genetic variants (polymorphisms of 
chromosome 4q25 and 16q22) are associated with 
increased stroke risk.9-10  

The CHADS2 score is the cornerstone of stroke 
risk stratification in AF.  It was initially formu-
lated from the combination of prior risk stratifi-
cation algorithms.  The Atrial Fibrillation Investi-
gators (AFI) scheme used a pooled analysis from 
the control groups of five trials, and the Stroke 
Prevention in Atrial Fibrillation (SPAF) classifi-
cation was derived from a retrospective analysis 
of risk factors from aspirin treated cohorts of the 
SPAF trials. The CHADS2 score assigns one point 
for congestive heart failure; one point for hyper-
tension, one point for age > 75 years, one point 
for diabetes mellitus, and two points for history 
of prior stroke or TIA .4   Currently, a score of zero 
is considered low risk, a score of 1 is intermediate 
risk and a score of 2-6 is considered to be high 
risk for developing a future stroke.  The CHADS2 
score was prospectively validated in a cohort of 
Medicare beneficiaries.Its primary advantage is 
the simplicity of categorizing patients into differ-
ent groups that warrant therapy to reduce stroke 
risk.   

The newly published CHA2DS2-VASc score uses 
a larger spectrum of risk factors in an attempt to 
better indentify a low risk population that does 
not need any antithrombotic therapy.  The new 
system modifies the original CHADS2 score by as-
signing 2 points for age ≥ 75 years, and one point 
for age 65 years to 74 years, history of vascular 
disease (prior myocardial infarction (MI), pe-
ripheral arterial disease or aortic atheroma), and 
female gender (a score of zero is low risk, one is 
intermediate risk and 2-9 is high risk).  This was 
initially validated against the European Heart 
Survey on AF, and recently in the Danish national 
patient registry.  It showed a marginal improve-
ment over the original CHADS2 score in stroke 
predication.   The main benefit of the CHA2DS2-
VASc score is that its low risk cohort had a very 
low rate of stroke and intermediate risk patients 
had a 0.6% to 1.45% per/year rate of stroke.5, 11   The 
CHA2DS2-VASc score is part of the 2010 sp(ESC) 
guidelines on management of AF. 12   

Modern implantable cardiac devices have the 
ability to detect arrhythmia and monitor AF bur-

den. The TRENDS study suggested that a thresh-
old duration of 5.5 hours of atrial fibrillation per 
month conferred an increased stroke risk for that 
given month.13  Data from two studies combining 
the degree of AF burden detected from dual cham-
ber pacemakers with CHADS2 and CHA2DS2-VASc 
scores showed improved accuracy of stroke risk 
prediction.  This potentially allows for more preci-
sion with prescribing oral anticoagulation (OAC).14, 

15  The IMPACT study will examine whether early 
detection and treatment of AF with remote device 
monitoring can reduce stroke rates.  Another po-
tential strategy for select patients would be to only 
prescribe OAC at times when AF burden would 
predict a higher embolic rate.   

Managing AF patients also includes assessment 
of their bleeding risk.  Many of the same factors 
that predict increased bleeding risk also predict in-
creased stroke risk, making it difficult discriminate 
in which patients the risk of bleeding outweighs 
the risk of stroke.  The HAS-BLED criteria have 
been developed to assess bleeding risk.  One point 
is assigned for hypertension (SBP > 160 mm Hg), 
abnormal renal or liver function, stroke, bleeding 
history or predisposition, labile INR (therapeutic 
< 60% of the time), older age (> 65 years), or use of 
certain drugs (platelet inhibitors, nonsteroidal an-
ti-inflammatory drugs [NSAIDs], or concomitant 
alcohol use). A score of 0 is considered low risk, 1-2 
is intermediate risk, and >2 is high risk.16  OAC can 
be reconsidered if the HAS-BLED score is greater 
than the CHADS2 or CHA2DS2-VASc score.   The 
HAS-BLED criteria also appear in the ESC guide-
lines on management of AF.12

Preventing Stroke in Atrial Fibrillation

OAC with warfarin is the foundation of stroke pre-
vention in AF.  OAC results in an approximate 60-
70% reduction of stroke, with an average absolute 
3% reduction of thromboembolic events.13  This ef-
fect has been consistent across multiple trials and 
different populations.  Treatment with warfarin in 
AF patients is associated with an increase in major 
bleeding episodes (0.3-0.5% for absolute increase 
for major bleeding and 0.2% increase in intracra-
nial hemorrhage.).17  The net benefit of warfarin 
also extends to elderly patients (>75 years), which 
was shown in the BAFTA trials comparing aspirin 
(ASA) to Coumadin.18   All major guidelines recom-
mend OAC with a goal INR of 2-3 for patients with 



a CHADS2 score of 2 or greater.  

Managing the risks and benefits of OAC in inter-
mediate risk patients (CHADS2 score of 1) is chal-
lenging..  Guidelines have historically offered the 
choice of warfarin or ASA for intermediate risk 
patients.  Data from the early OAC trials for AF 
and cohort data suggested that the bleeding risk 
on warfarin cancelled the benefit from reduction 
in ischemic stroke in intermediate risk patients 
.19  Contemporary data suggest that intermediate 
risk patients may benefit from warfarin.   In the 
Active W trial, patients with CHADS2 score of 1 
had a reduction of ischemic stroke from 1.25%/
year in the ASA-clopidogrel arm vs. 0.43%/year 
in the warfarin arm.20  Data from a Korean cohort 
of CHADS2 score of 1 patients showed a 20.9% 
stroke rate in the no therapy cohort, 10.7% in 
the antiplatelet group, and 4.2% in the warfarin 
cohort.21 Also, analysis of a French cohort of in-
termediate risk AF patients showed a 8.4% event 
rate in warfarin arm and 17.9% in the non-warfa-
rin arm.22 The primary event driving the outcome 
in this study was death and not stroke. Both tri-
als showed a low incidence of major bleeding, 
which did not negate the benefit of OAC.  Data 
from a cohort of patients that received coronary 
stents showed that patients with a CHADS2 score 
less than or equal to 1 had a beneficial stroke re-
duction with OAC .23  There was a trend toward 
increased bleeding in the patients that received 
OAC. The spACCP and ESC guidelines for AF 
suggest that OAC be considered for intermedi-
ate risk 
patients.  

Guidelines include aspirin for treatment of pa-
tient with low to intermediate risk AF patients.  
A meta-analysis showed that aspirin resulted in 
a 20% relative risk reduction for stroke in the AF 
population.24 The data for aspirin’s benefit in AF 
stroke reduction is with 325 mg, and not from 
lower doses.25  Recent data suggest the aspirin 
may only have a small beneficial role in AF.  In 
the BAFTA trial, warfarin was superior to ASA 
in elderly patients, and was not associated with 
an increased risk of major bleeding.18  The WA-
SPO trial showed a higher rate of adverse events 
with ASA than with warfarin.26  A Japanese trial 
showed no benefit of ASA (dose 150-200 mg) vs. 
control in the prevention of stroke in AF. There 
was also a trend toward increased major bleed-

ing episodes 1.7% vs. 0.4% for placebo (p=0.10).25  
The 1.7% bleeding rate is similar to the warfarin 
arms of BAFTA and ACTIVE W.  Furthermore, the 
addition of aspirin to warfarin has been shown 
to increase bleeding rates without the benefit of 
thromboembolism reduction. Newer guidelines 
have shifted toward the use of OAC in intermedi-
ate risk AF patients.

Recent trials have shown clopidogrel’s role in AF 
stroke prevention, and it was recently added to the 
2011 update to the ACC/AHA/HRS AF manage-
ment guidelines.  The ACTIVE A trial showed ASA 
plus clopidogrel was superior ASA alone in reduc-
ing major vascular events (6.8% per year vs. 7.6% 
per year) for patients deemed unable to take war-
farin.  This result was due to a reduction in strokes 
in the clopidogrel plus ASA arm (2.4% per year vs. 
3.3% per year).27 There was an increased risk major 
bleeding episodes (2.0% vs. 1.3%).  The Active W 
trial showed that treatment with clopidogrel plus 
ASA was inferior to warfarin in the prevention vas-
cular events (3.93% to 5.60%, p=0.0003.)  Further-
more, the combination of clopidogrel plus ASA 
was associated with an increased risk of bleeding 
episodes (15.4% vs. 13.2%, p<0.001).28

Another key to risk reduction in AF is adequate 
monitoring of anticoagulation,  maintaining pa-
tients in the target therapeutic range (INR 2.0-3.0).  
Data  suggest that incremental stroke reduction 
benefit starts to plateau at an INR of 1.8-2.0, and 
an increased risk for intracranial hemorrhage and 
major bleeding begins to significantly increase 
with INR > 3.0-3.5.29 Increasing the amount of time 
in therapeutic range (TTR) has been shown to im-
prove patient outcomes.   Recent data have shown 
that patients who spent more than 70% of the time 
with an INR between 2.0-3.0 had a significantly re-
duced rate of stroke and mortality, and those who 
spent < 30% with an INR between 2.0-3.0 had a 
trend toward worse outcome compared with con-
trol patients not taking warfarin.30 Specialized war-
farin clinics have been shown to improve control 
of INRs, and while home INR testing slightly im-
proved INR control; it did not improve outcomes.31  
Pharmacogenetic assisted management of warfa-
rin may help enhance warfarin control, especially 
during initiation of warfarin when adverse events 
are most common .32 

New Anticoagulants for Treatment of Atrial 
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Dabigatran (Pradaxa) is a new oral anticoagulant 
that has been approved by the FDA (150 mg bid 
dose, 75mg bid for creatinine clearance 15-30ml/
min) for management of stroke risk in AF.  Dabiga-
tran is an oral direct thrombin (IIa) inhibitor (DTI) 
that blocks thrombin mediated generation of fibrin 
from fibrinogen and prevents the thrombin-medi-
ated activation of factors V, VIII, XI, and XIII.   Dab-
igatran is renally excreted (80%), and has a half-life 
of 12-17 hours.33  It had been extensively studied 
in the prevention of venous thromboembolism 
(VTE) before the RE-LY trial demonstrated its ef-
ficacy in prevention of stroke in AF.  The RE-LY 
trial randomized patients with AF and risk factors 
for stroke risk to warfarin or Dabigatran (110 mg 
or 150 mg bid). The primary outcome was stroke 
or systemic thromboembolism.  The trial showed 
that Dabigatran 110 mg was noninferior to warfa-
rin (event rate 1.53% per year vs. 1.69 per year, p 
<0.001 for noninferiority).  Dabigatran 150 mg was 
superior to warfarin (event rate 1.11% P <0.001 for 
superiority).  The dabigatran 110 mg group had 
a significantly lower risk of major bleeding than 
warfarin (3.36% vs. 2.71%, p=0.003), and the higher 
dose of dabigatran (150 mg)  had a similar major 
bleeding rate (3.1%).   Dabigatran  significantly 
reduced  intracranial hemorrhage (0.7% warfarin, 
0.3% dabigatran 150 mg, and 0.2% dabigatran 110 
mg).  There was a trend toward lower mortality in 
the dabigatran treated patients.  There was a small 
increase in the incidence of myocardial infarction 
that reached marginal significance with dabiga-
tran 150 mg (0.5% vs. 0.7% p=0.048).33  

Rivaroxaban (Xarelto) is the first of many oral 
direct factor Xa inhibitors in development.  Fac-
tor Xa is at the confluence of the intrinsic and ex-
trinsic pathways and promotes the conversion of 
prothrombin (factor II) to thrombin (factor IIa).  It 
is currently approved in the US for prevention of 
deep venous thrombosis in patients undergoing 
knee or hip replacement.     The Rocket-AF trial 
randomized rivaroxaban 20 mg daily (15 mg for 
a creatinine clearance 30-49 ml/min) against dose 
adjusted warfarin in patients with > 2 risk factors 
for stroke or a history of thromboembolism.  The 
trial was double-blinded and the average CHADS2 
score was 3.5.   Rivaroxaban was shown to be non-
inferior to warfarin with an event rate 1.71% per 
year (rivaroxaban) vs. 2.16% per year (warfarin) 

(p<0.001).  A prespecified secondary on-treatment 
analysis showed rivaroxaban to be superior war-
farin (event rate 1.70% per year vs. 2.15% per year 
p= 0.015 ).  Major bleeding and adverse events 
were similar between groups.  Intracranial hem-
orrhage (0.49% vs. 0.74% (p= 0.0149)) and fatal 
bleeding (0.24% vs. 0.48%, p=0.003) was signifi-
cantly lower in the rivaroxaban group.34   

Apixaban is another direct factor Xa inhibitor.  
It is CYP3A4 metabolized (75%) and renally ex-
creted (25%).  Two recent trials  demonstrated its 
efficacy in AF stroke prevention.   In AVERROES, 
apixaban 5 mg twice daily was compared to ASA 
(81 -364 mg) for prevention of stroke in AF pa-
tient deemed not candidates for warfarin therapy.  
The average CHADS2 score was 2.1. The primary 
outcome was the incidence of stroke or systemic 
embolic event.   The trial was stopped early due 
to the efficacy of the study drug.   The primary 
event rate was 4.0% per year on ASA and 1.7% 
per year on apixaban (p=0.000004). Major hem-
orrhage was 1.2% per year on ASA and 1.5% per 
year on apixaban (p=0.330, ICH was 0.4% per year 
on apixaban and 0.3% per year in the ASA group 
(p=0.79).  There was a trend toward decreased 
mortality with apixaban compared with ASA 
(3.4% vs. 4.4%, p 0.07).35 In the ARISTOTLE trial, 
patients with AF and at least one stroke risk factor 
were randomized to apixaban 5mg bid or warfa-
rin therapy.  The primary outcome was a compos-
ite of ischemic or hemorrhagic stroke or systemic 
embolism.  The primary event rate was 1.27% per 
year in the apixaban group versus 1.60% per year 
in the warfarin group (p<0.001 for noninferiority; 
p=0.01 for superiority). The rate of major bleed-
ing was 2.13% per year in the apixaban group vs. 
3.09% per year in the warfarin group (P<0.001), 
and the all cause mortality rate was 3.52% for 
apixaban and 3.94% for warfarin (P=0.047). The 
rate of hemorrhagic stroke was 0.24% per year in 
the apixaban group, as compared with 0.47% per 
year in the warfarin group (P<0.001).36 

There are many other new anticoagulants in early 
development. AZD0837 is a direct thrombin in-
hibitor in phase II development. Edoxaban is an 
oral direct Xa inhibitor that will be studied against 
warfarin for AF stroke prevention in the ongoing 
phase III ENGAGE TIMI 48 trial.37  Betrixaban is 
also a Xa inhibitor that is almost completely elim-
inated in bile and is in phase II development.37 
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sin converting enzyme inhibitors. 42-43

Since the left atrial appendage (LAA) has been 
implicated in up to 90% of strokes in AF, LAA 
occlusion has been proposed as an alternative to 
anticoagulation for patients with AF. 44  Outcomes 
data with surgical LAA occlusion are limited and 
frequently (30-50%) the occlusion is incomplete 
due to the variable nature of LAA anatomy and 
technique used. 44  Multiple percutaneous de-
vices for LAA closure are in advanced stages of 
clinical development.  In the PROTECT-AF study, 
the Watchman device for LAA occlusion was 
compared to warfarin.  The device patients took 
warfarin for at least 45 days post implant.  The 
Watchman device was noninferior to warfarin in 
the prevention of all strokes (hemorrhagic or isch-
emic).   There was a significant increase in adverse 
events, but most were due to procedural related 
pericardial effusion.45   An FDA panel recommend-
ed approval of the Watchman, and a second phase 
III randomized trial is underway.   The PLAATO 
device has been studied in patients who are not 
candidates for warfarin.  The 5-year follow-up 
data showed a 3.8% yearly rate of stroke, which 
was lower than the 6.6% stroke risk predicted by 
the CHADS2 score for the cohort.46   Both devices 
had high success rates with LAA closure as as-
sessed by transesophageal echocardiography. 45, 46

Maintaining sinus rhythm may also reduce stroke 
risk. Data from the SPAF trials showed that par-
oxysmal and persistent AF had similar stroke 
rates (3.2% paroxysmal per/year vs. 3.3% with 
persistent AF).  Recent data from the ximelega-
tran trials SPORTIF III and SPORTIF V showed a 
stroke rate of 1.73% per year for persistent AF and 
a 0.93% per year for paroxysmal AF (p= 0.037).47 
Also, recent data from a meta-analysis of trials 
for dronedarone showed a stroke rate of 1.2% in 
the dronedarone treated group and 1.8% in the 
placebo group (p= 0.027%). 48  After successful 
atrial fibrillation ablation, patient who maintain 
sinus rhythm have a very low risk of stroke with 
cessation of OAC. 49 This includes patients with 
CHADS2 score of 2 or greater.    However, the data 
are retrospective and nonrandomized.  Currently, 
the major guidelines for AF recommend continu-
ing anticoagulation for all AF patients with a high 
risk for stroke regardless of whether the ablation 
was successful. 
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It is being developed with a Factor Xa reversal 
agent PRT064445.38  Tecafarin is a novel Vitamin 
K antagonist that is not metabolized by the cyto-
chrome P450 system, reducing drug interactions 
and dosing variability associated with warfarin. 

Factor Xa inhibitors and direct thrombin inhibi-
tors (DTIs) do not need routine monitoring since 
they offer reliable anticoagulation with a wide 
therapeutic window.   DTIs and Xa inhibitors pro-
long PT and aPTT, but the values do not correlate 
with a specific drug level; however, these tests can 
show drug activity 39, 40  A thrombin clotting time 
(TT) is very sensitive for detecting DTI activity, 
but standardized reagents must be used to pre-
cisely monitor DTI effect.  A Hemoclot Thrombin 
inhibitor assay (Hyphen BioMed, Neuville-sur-
Oise, France) is a standardized TT assay that al-
lows for a direct assessment of DTI activity and 
level.  The ecarin clotting time (ECT) measures 
thrombin generation, thus directly measuring 
DTI effect.39   Factor Xa inhibitor levels can be 
measured with a one-step heparin clotting time 
(HepTest, American Diagnostica, Stamford CT) 
or a prothrombinase-induced clotting time with 
short incubation periods. 40  However, these tests 
are mostly research tools currently with limited 
widespread commercial availability.     In cases 
of overdose, or life threatening bleeding there are 
no specific antidotes for DTIs or Xa inhibitors.  
Activated charcoal can be given to inhibit absorp-
tion, and hemodialysis can remove dabigatran 
from the blood.  Recombinant factor VII (rFVIIa; 
NovoSeven) has been shown in some reports to 
be able to reverse the effects of dabigatran; how-
ever, it may take several doses, depending on the 
clearance of dabigatran.   Prothrombin complex 
concentrate can reverse the effect of rivaroxaban 
in healthy volunteers. 41  Specific reversal agents 
for DTI’s and factor Xa inhibitors are being de-
veloped. 

Non-Anticoagulant Strategies to Reduce 
Stroke Risk in Atrial Fibrillation

Hypertension is a key risk factor for the develop-
ment of AF and thromboembolism in AF.  Man-
agement of systolic hypertension has been shown 
to significantly reduce the rate of stroke in pa-
tients with AF. This has been particularly shown 
with angiotensin receptor blockers and angioten-
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Atrial fibrillation is growing public health prob-
lem, and stroke is the most important cause of 
morbidity and mortality in AF.  Proper risk strati-
fication can identify the patients most likely to 
benefit from anticoagulation.  Addition of data 
from implantable cardiac devices and identifica-
tion of new risk factors for stroke in AF can lead 
to further refinement in calculating  stroke risk in 
AF.  This will help in properly directing therapy 
for AF patients while minimizing adverse events.  
While OAC with warfarin has been the mainstay 
of therapy in AF, many new anticoagulants and 
device therapies offers the potential for greater 
stroke reductions with a lower incidence of bleed-
ing for patients  with AF. 

Conclusions

Atrial fibrillation is growing public health prob-
lem, and stroke is the most important cause of 
morbidity and mortality in AF.  Proper risk strati-
fication can identify the patients most likely to 
benefit from anticoagulation.  Addition of data 
from implantable cardiac devices and identifica-
tion of new risk factors for stroke in AF can lead 
to further refinement in calculating  stroke risk in 
AF.  This will help in properly directing therapy 
for AF patients while minimizing adverse events.  
While OAC with warfarin has been the mainstay 
of therapy in AF, many new anticoagulants and 
device therapies offers the potential for greater 
stroke reductions with a lower incidence of bleed-
ing for patients  with AF.  
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Overview 

The purpose of this symposium is to update medical practitioners on the future of Left Atrial Append-
age (LAA) Procedures. Participants will learn about various research studies regarding Left Atrial 
Appendage exclusion that includes both occlusion and ligation types of devices and gain a better 
understanding of the role that the LAA plays in atrial arrhythmias. An evolution of percutaneous 
techniques in LAA occlusion or exclusion will be discussed. An overview of the role of cardiac imag-
ing in Left Atrial Appendage exclusion will be reviewed. The balance of anticoagulation and bleeding 
in the high risk patient population will be provided. A variety of topics will provide specialists and 
generalists an update on the evolution of left atrial appendage strategies and patient care.

Target Audience 

The International Symposium on Left Atrial Ap-
pendage is designed for physicians, nurses, and 
allied health professionals in the elds of electro-
physiology, cardiology, family and internal medi-
cine.

Objectives 

At the completion of this symposium, participants 
should be able to:
• Demonstrate an understanding of the left atri-
al appendage (LAA) including the anatomy and
pathophysiology.
• Describe systemic thromboembolization and the
role of LAA in patients with atrial brillation.

• Express a working knowledge of the role of the
left atrial appendage in atrial arrhythmias origin
and maintenance.
• Examine LAA ligation and occlusion technol-
ogy.
• Discuss the past, present and future of surgical
left atrial appendage exclusion.
• Evaluate the use of LAA ligation as an adjunc-
tive therapy for AF ablation.
• Review the role of oral anticoagulation in stroke
prophylaxis.
• Understand the systemic side eects of LAA liga-
tion/occlusion technologies.
• Discuss practical issues related to procedural
performance.
• Appropriate case selections for pharmacological
and interventional therapies for stroke prophy-
laxis.
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Accreditation 

All participants are required to sign attendance 
rosters at the beginning of each day. A certicate of 
completion will be provided to all activity partici-
pants based on documentation of actual attend-
ance time, meeting minimum attendance require-
ments specic to the activity, and payment in full. 
If you are not paid in full, your certicate will be 
mailed to you upon receipt of payment.

Physicians: The University of Kansas Medical 
Center Oce of Continuing Medical Education is 
accredited by the Accreditation Council for Con-
tinuing Medical Education to provide continuing 
medical education for physicians. The KU Medi-

cal Center Oce of Continuing Medical Education 
designates this live activity for a maximum of 
16.25 AMA PRA Category 1 Credits™. Physicians 
should claim only the credit commensurate with 
the extent of their participation in the activity.

Nurses: Up to 16.16 contact hours will be awarded 
to all individuals based on documentation of actu-
al attendance time, meeting minimum attendance 
requirements specic to the activity, and payment 
in full. University of Kansas School of Nursing 
is accredited as a provider of continuing nursing 
education by the American Nurses Credentialing 
Center’s Commission on Accreditation.

Exhibits 

Commercial vendors are invited to exhibit at this 
meeting. Limited exhibit space will be available. 
Call Julie Darrington at 913-588-4581 or e-mail 
jdarrington@kumc.edu for an application or more
information. 
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VeniceArrhythmias 2013: On-line Abstract Submission & Registration now open!

The next edition of VeniceArrhythmias will feature an updated, high-level scientific program, a worldwide-
renowned Faculty, as well as in-depth scientific sessions on the most relevant topics in today’s cardiology 
- and also over 3,000 expected attendees and 400 invited speakers!
Haven’t registered and sent your abstract yet? Well, don’t wait any longer... DO IT NOW via VA2013 On-
line Abstract Submission and Registration system!

Visit VeniceArrhythmias 2013 website for further information www.venicearrhythmias.org

13th International Workshop on Cardiac Arrhythmias - Venice Arrhythmias 2013
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training at Johns Hopkins. He also trained in electrophysiology at Johns Hopkins and
at the University of Michigan. Dr Calkins has published more than 400 manuscripts
and more than 50 book chapters. He has lectured extensively throughout the world. Dr
Calkins has published more than 400 manuscripts and more than 50 book chapters. He
has lectured extensively throughout the world.  He is on the editorial board of several
international Journals.

Dr Hugh Calkins, MD
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Deepak Bhakta, MD FACP FACC FAHA FHRS



Journal of Atrial Fibrillation Authors Profile

 www.jafib.com 162 Feb-Mar 2013 | Vol 5 | Issue 5                         

Chairman of Code Blue Committee and Staff Physician (academic hospitalist), 
Southern Arizona VA Health Care System, Tucson, Arizona. Assistant Professor of 
Clinical Medicine, University of Arizona. Chairman of Arizona American College 
of Physician- International Medical Graduates (ACP-IMG) Committee Fellow of 
American College of Physicians (FACP)

Muhammad F Khan, M.D. FACP

Dr. Mohanty’s research is focused on exploring different risk factors that influence ab-
lation outcome in Atrial Fibrillation (AF). Under her leadership and with the guidance 
of her mentor, Dr. Andrea Natale, several clinical studies are undergoing currently 
at Texas Cardiac Arrhythmia Institute, St. David’s Medical Center. She has two very 
important studies ongoing in collaboration with investigators at University of Texas 
at Austin; evaluating the role of several AF-related single-nucleotide polymorphisms 
in prediction of ablation outcome and assessment of change in exercise capacity in 
chronic AF patients after successful catheter ablation. Dr. Mohanty’s research has led 
to several scientific abstract presentations in national cardiology conferences as well as 
publications in peer-reviewed journals. She is also a highly-respected teaching faculty 
at University of Texas, Austin.

Sanghamitra Mohanty, MD, MS

Dr. Jayasree Pillarisetti is currently a cardiology fellow at the University of Kansas. She 
will be pursuing cardiac electrophysiology fellowship this year. She is active in clini-
cal research and has presented at various regional and national conferences. She has 
received the Manohar Gowda award for her research work in 2010 at Kansas city heart 
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est scoring fellow abstract at Heart Rhythm in 2012.

Dr. Jayasree Pillarisetti, MD

Jane Dewire is a research assistant in electrophysiology at the Johns Hopkins Hospital, 
Baltimore, MD, USA. She attended Georgetown University, Washington, DC prior to 
working at Johns Hopkins Hospital. At Georgetown University, Jane assisted in Dr. 
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Dr. Vignendra Ariyarajah earned his medical degree from the University of Alberta in 
Canada. He then completed his residency in Internal Medicine at Saint Vincent Hospi-
tal/University of Massachusetts in Worcester, Massachusetts. He continued his training 
in Cardiology at The University of Manitoba in Canada. Dr. Ariyarajah is now an at-
tending interventional cardiologist at The Brooklyn Hospital Center, New York Pres-
byterian Healthcare System/ Weill Cornell Medical College in Brooklyn, New York. Dr. 
Ariyarajah has published over eighty papers and authored several book chapters in 
cardiology textbooks.

Dr. Vignendra Ariyarajah, MD
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Dr Christopher X Wong, MBBS, is a research fellow at the Royal Adelaide Hospital 
and Centre for Heart Rhythm Disorders, University of Adelaide. His research in-
terests focus on the mechanisms, clinical treatment and public health implications 
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