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Building Atrial Fibrillation Awareness: Is it Time to get Beyond the 
Top Line?

Sanjeev Saksena MD FHRS FACC FAHA FESC FRSM

Electrophysiology Research Foundation, Warren, NJ, and the Department of Medicine, UMDNJ- Robert Wood Johnson 
Medical School Warren and Piscataway, NJ

Abstract
Public awareness of atrial fibrillation and its consequences is increasing. In the current environment, this is driven largely by promotion of 

individual therapies. This editorial discusses the need for greater depth in the discussion of the disease state, its progression and economic 
consequences as well as the risk of death and disability. The adverse effects of therapies on cardiovascular outcomes is a major need in 
public education. New initiatives should address these important new insights and needs

Introduction
In 2013, promoting public knowledge of the disease state known 

as atrial fibrillation has become a major goal for a diverse set of 
medical groups and health care industry players. Arriving at this 
nexus is a result of a confluence of recent events. These have included 
increasing recognition of the impact of this disease on public 
health by governmental authorities, expanding medical capabilities 
for its detection and treatment and spiraling health care resource 
consumption in cash-strapped national health care systems across 
the globe. The burden of AF now has many faces to many different 
players in the health care arena. Serious efforts directed at enhancing 
its awareness in the general population of most developed nations 
are being put in place. Thus, any critical analysis of the need for more 
public awareness  must take into account what is already in progress. 
Is there a need to do more, and if so, in what manner and what should 
be the nature of its content?.

The Nexus in 2013
Epidemiologic studies in the late twentieth century initially 

highlighted expanding elderly segment of the population and their 
increasing vulnerability to AF, stroke and eventually, increased 
cardiovascular mortality.1-3 this latter observation when coupled with 

high profile mortality trials showing indifferent results with known 
antiarrhythmic therapies and repeated benefits of oral anticoagulant 
therapy in AF populations led to a series of clinical practice 
guidelines for physicians. Despite this, poor patient acceptance 
and compliance and spiraling economic costs of AF medical care 
have seriously galvanized the public health authorities. In 1998, 
a roundtable workshop of the National Heart, Lung and Blood 
Institute delved seriously into the epidemiology, basic and clinical 
science and potential new therapeutic directions in AF.4 By the turn 
of the millennium, AF had earned a place in the top five national 
public health priorities in the USA. Pithy statements warning that 1 
in 4 US citizens over the age of 40 years would develop AF captured 
the epidemic proportions of the disease. Other developed nations 
embraced have also this challenge.3 

The Euro Heart Survey highlighted the AF condition in 49 
nations in Europe.5

While medical knowledge has grown, public awareness efforts 
did not lag. Driven in part by development and availability of new 
therapies using new devices and drugs, the health care industry has 
embarked on public information campaigns in the lay media.6-8 this, 
in turn, has spurred lay groups, supported in part by health care 
industry, to undertake important public awareness campaigns. In 
2013, the convergence of these interests has been an important in 
enhancing public perception of this disease.

What is happening now?
 Prior efforts clearly identified that most patients lacked adequate 

knowledge of the disease state of AF, its risks, consequences and 
available modern therapies and AF monitoring. Initial efforts at 
developing a comprehensive campaign to enhance AF awareness 
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and heart and eye damage but rarely acknowledge its role as the most 
common disease state associated with AF in the developed world. 
Similar thoughts apply to the second most common disease state, 
coronary artery disease or conditions such as heart failure. Little 
is said about the subpopulations of AF defined by such disease 
states. In a pooled analysis of the Natural history of AF study and 
the ASPECT trial, we described the dichotomous nature of AF 
progression based on the underlying cardiovascular history.16 Patients 
with symptomatic drug refractory paroxysmal AF in the setting of 
bradyarrhythmias without the associated disease state rarely showed 
rapid progression to persistent or permanent AF in the intermediate 
term follow up. In contrast, those with a cardiovascular disease 
state would progress (22% within a mean period of 18 months) to 
persistent AF. Progression after the first episode of persistent AF was 
startlingly rapid occurring within 3-6 months to a state of continuous 
established AF in a majority of patients.17 This kind of data defines 
the urgency of primary and secondary prevention measures. 
    The importance of upstream and life style modification behavior in 
patients with cardiovascular disease states and manifest or potential 
AF assume a central role. For example, patients with hypertension 
or heart failure need to know that early and effective management 
would have the potential to impact AF development. In contrast, 
patients without such disease states can be reassured regarding major 
morbid outcomes in the immediate future. Patient guides to living 
with AF that now provide succinct clear information on all aspects of 
the disease, lifestyle issues, therapies, and expectations could expand 
to include the progression issue.11 
     The AF progression issue builds the rationale and ground work 
in the patient’s consciousness for the lifelong nature of AF, potential 
for its recurrence, the need for long term vigilance as well as the es-
sential role of continuous therapies such as antiarrhythmic drugs, and 
anticoagulants. In a report published in Stroke, black patients were 
less likely than whites to be aware of having AF or to be treated with 
warfarin.18 The report concluded that potential reasons for the racial 
disparity in warfarin treatment warranted further investigation the 
current disparities in AF knowledge among ethnic groups can be at-
tacked by disease education since hypertension is being particularly 
targeted for public health education in this ethnic group. 
    In the elderly, special initiatives are warranted as they are the ma-
jor subpopulation in AF. The relationship to cardiovascular mortality 
and sudden cardiac death is rarely emphasized. While the epidemio-
logic data that unearthed this association has stimulated research, it 
has rarely found its way into a lay forum.19 This element brings home 
the importance of careful attention to this co-morbidity in the car-
diac patient. The impact of progression of underlying disease states 
such as coronary artery disease and heart failure having secondary 
effects in atrial fibrillation patients resulting in hospitalizations and 
even increased mortality should be discussed.20 

    The high frequency of hospitalizations is of particular importance 
as this impact the quality of life of an elderly AF patient more than 
almost any other measure. 
    Finally, the use of antiarrhythmic drugs may have adverse effects 
such as increased hospitalizations, and in the case of amiodarone, 
increased mortality.20 While catheter ablation of AF is widely men-
tioned, its limited application to the elderly due to increased risk and 
disease progression often consigns them to rate control strategies. 

are taking shape. Common themes are emerging in these initiatives. 
These fall in four main categories:

1. Improving the knowledge base of patients and their caregivers
with respect to the disease states of AF and stroke, available therapies 
and monitoring of their disease. A wide array of patient and lay 
reading materials, handouts, online resources and how to promote lay 
awareness kits are now being disseminated.

2. Major medical society campaigns to highlight best clinical
practices and guidelines compliance. These are being reinforced 
and disseminated by lay groups to primary care physicians, patients, 
advocacy groups and media relations campaigns linked to medical 
congresses.

3. Sensitization and lobbying of policymakers for AF health care
support in health care delivery systems worldwide. The induction of 
health care economists into this discussion has been a key feature of 
the initiative. 

4. Critical efforts to raise the profile of AF in the media. Major
media outlets are now employing social media, medical spokespersons 
and physician bloggers to provide disease state information and 
current therapy updates 

What is in the works?
 There is overwhelming recognition by all stakeholders of the 

need for more data with respect to AF prevalence, detection, health 
care costs, practice patterns and outcomes worldwide. Clinical 
epidemiologic studies are now being conducted on a continental and 
national basis.9, 10 The increasing impact of AF on health care systems 
has prompted a global economic assessment especially in developed 
and emerging nations. Estimates of hospitalizations, stroke and 
other linked statistics are now becoming available through the NIH. 
Patient presentation and practice patterns have been addressed by 
important clinical studies.
     In the ALFA study, the behaviour of different types of AF and 
the response of French physicians was examined.12 In a more recent 
survey performed in Belgrade, Serbia, patients showed the impact of 
arrhythmia progression and a preference for restoration of rhythm 
control or sinus rhythm, particularly if more effective therapies were 
now available.13

     Organizing lay initiatives to highlight the disease are now a pri-
ority and are beginning to bear fruit and attract the public to local 
grassroots campaigns. In the UK, taking your own pulse for rate and 
regularity is now a major thrust of the Arrhythmia Alliance.14 Lo-
cal gatherings and events can and are sensitizing the layperson to 
the disease and its implications. In the United States and elsewhere, 
health fairs and wellness events, community charity events and na-
tional declarations of an AF awareness day bring attention to the 
condition.15 These efforts still remain in their relative infancy with 
only pockets of robust and fruitful initiatives.

What needs to still be addressed? 
 Despite the progressive initiatives outlined above, there is 

overwhelming need for much more to be done. Perhaps the 
most neglected area from the patient and public is the role of the 
disease state in determining risk for, progression of and prognosis 
of atrial fibrillation. While scoring schemes such as the CHADS2 
score in some measure bring this to the forefront, the importance 
of the underlying disease and the link to AF is still fragmented. 
Hypertension public health initiatives highlight stroke, death, kidney, 
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L.Progression of new onset to established persistent atrial fibrillation: an
implantable device-based analysis with implications for clinical classification of
persistent atrial fibrillation.J Interv Card Electrophysiol. 2011 Oct;32(1):7-15

18. Meschia JF, Merrill P, Soliman EZ, et al: Racial Disparities in Awareness and
Treatment of Atrial Fibrillation : The REasons for Geographic and Racial
Differences in Stroke (REGARDS) Study Stroke. 2010;41:581-587. 
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D.Impact of atrial fibrillation on the risk of death: the Framingham Heart
Study.Circulation. 1998 Sep 8;98(10):946-52.Middlekauff HR, Stevenson WG,
Stevenson LW. Prognostic significance of atrial fibrillation in advanced heart
failure: a study of 390 patients. Circulation. 1991;84:40–48.

20. Saksena S, Slee A, Waldo AL, Freemantle N, Reynolds M, Rosenberg Y, Rathod
S, Grant S, Thomas E, Wyse DG: Cardiovascular Outcomes in the AFFIRM
Trial (Atrial Fibrillation Follow-Up Investigation of Rhythm Management):
An Assessment of Individual Antiarrhythmic Drug Therapies Compared With
Rate Control With Propensity Score-Matched Analyses. J Am Coll Cardiol
2011;58:1975–85

21. Saksena S, Madan N: Hybrid therapy of atrial fibrillation: algorithms and outcome. 
J Interv Card Electrophysiol. 2003 Oct;9(2):235-47

22. Madan N, Saksena S:Long-term rhythm control of drug-refractory atrial
fibrillation with “hybrid therapy”incorporating dual-site right atrial pacing,
antiarrhythmic drugs, and right atrial ablation. Am J Cardiol. 2004 Mar
1;93(5):569-75

23. Rao HB, Saksena S: Impact of “Hybrid therapy” on Long – Term Rhythm Control 
and Arrhythmia Related Hospitalizations in patients with drug-refractory
persistent and permanent Atrial Fibrillation. J. Intervent. Card. Electrophysiol.
J Interv Card Electrophysiol. 2007 Mar;18(2):127-36.Mahoney P, Kimmel
S, DeNofrio D, Wahl P, Loh E. Prognostic significance of atrial fibrillation in
patients at a tertiary medical center referred for heart transplantation because of
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24. Saksena S,Slee A, and Nagarakanti R: Impact Of Sinus Rhythm Restoration On
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The options of other non-pharmacologic options in a hybrid ap-
proach are a major omission for this population. Our group has com-
bined limited ablation, multisite atrial pacing and drug therapy in 
this approach to successfully address this challenging but very large 
AF population.21-23 our long term data beyond five year of follow-up 
now confirms that this approach prevents AF progression and can 
reverse remodel the atrium in the long term. It is not uncommon for 
us to encounter patients who have expressed dismay that these op-
tions have not been mentioned by their physician or openly discussed 
in a public or lay forum so that they can make an informed judgment. 
We emphasize the fact that during the life history of the AF patient 
all forms of therapy may be needed to ensure rhythm control. The 
benefits of rhythm control continue to emerge from more detailed 
analyses of trials such as the AFFIRM trial.25

     Finally, the wave of new oral anticoagulant agents is just emerg-
ing from clinical trials. The importance of this advance cannot be 
overemphasized. The availability of options in anticoagulation after 
decades of stagnation is an enormous step. The importance of this 
advance cannot be diluted by misguided advertising focusing solely 
on the safety and adverse effects of these agents by special interest 
groups that seek to advance their own agenda. Balance and careful 
public discussion is now warranted to permit careful scientific scru-
tiny of these drugs.

Conclusions:
 In conclusion, a great deal of lay education and information 

dissemination about the disease state and potential therapies remains 
to be done in the public forum. It is responsibility of health care 
organizations and allied groups to continue their efforts in these 
important new directions to achieve both an informed populace and 
comprehensive patient education.
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Abstract
Objectives: We analysed the characteristics of patients with an acute peripheral embolic event considering the possible use of the 

CHADS2-Score and the CHA2DS2Vasc-Score
Patients and Methods: We retrospectively analyzed 163 cases of acute peripheral arterial embolism treated in the Department of Vascular 

Medicine of the HELIOS Klinik Krefeld, Germany, from 2008 to 2011. We retrospectively screened the medical form for information regarding 
atrail fibrillation (AF) and the risk factors necessary to calculate the CHADS2 and CHA2DS2vasc score.  

Results: Arterial hypertension and age > 75 years were the most frequent risk factors. Mean CHADS2 score was similar in males and 
females (2.3 ± 1.5 and 2.3 ± 1.4). 66% of the males and 63.3% of the females scored 2 and more points. Mean CHA2DS2Vasc score was 3.6 
± 2.0 in males and 4.6 ± 1.9 in females. 85.2% of the males and 95.4% of the females scored more than 2 points. 

In the medical forms AF was documented in 79 (48%) patients, of which 23 (43 %) were males and 56 (51%) females. Mean CHADS2 score 
and mean CHA2DS2Vasc score were slightly higher in those with AF compared to the total group, but not significantly different. The rate of 
patients with 2 and more points increased for both scores: CHADS2 score: males 82.6% and females 76.8%, CHA2DS2Vasc: males 100% and 
females 98.2%. Almost half of the patients with AF had anticoagulation with phenprocoumon before (males 12 (52%), females 24 (43%), 
but only every 10th was within the therapeutic range (INR ≥2) 

Conclusion: The number of those with AF is high amongst patients with acute peripheral embolism. According to the CHADS2 and 
CHA2DS2Vasc score, most of these patients had an indication for oral anticoagulation independent form the embolic event.

Introduction

Apart from atherosclerosis, arterial embolisms are the main causes 
of arterial occlusion leading to cerebral infarction and acute limb 
ischemia. Such embolisms themselves are frequently associated 
with atrial fibrillation (AF). To prevent arterial embolism is a great 
challenge in older patients suffering from AF. Much effort has been 
spent to implement a consistent anticoagulation strategy in the 

case of AF in the recent years1,2 and new anticoagulants have been 
developed and introduced to the market.3,4,5 Specific scores have 
been developed to predict the risk of embolic events, predominately 
embolic strokes.1,2,6,7 Usually most guidelines talk about systemic 
embolism in general and do not differentiate between embolic stroke 
and peripheral embolism in the upper or lower limb. Unfortunately, 
there is no data available regarding the predictive value of these 
scores for systemic peripheral embolisms as these embolisms are less 
frequent than cerebral embolisms. 

In general, data regarding peripheral embolisms is scarce. Usually, 
vascular surgeons or interventionalists talk about acute limb ischemia 
as a potentially devastating but treatable disease.8,9,10 Those papers 
deal with small number of patients only and do not give any 
information of a possible use of any score at the moment the event 
occurred. Due to the non-cardiac origin of the embolus occluding 
peripheral arteries, the classical scores accepted for the prediction of 
stroke in patients with AF might be less useful.

Therefore, we analysed the characteristics of patients with an 
acute embolic peripheral event considering the possible use of the 
CHADS2-Score and the CHA2DS2Vasc-Score.
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85.2% of the males and 95.4% of the females scored more than 2 
points. 

In the medical forms AF was documented in 79 (48%) patients, 23 
(43 %) of which were male and 56 (51%) of the female. Looking only 
at those patients with documented AF, arterial hypertension and age 
> 75 years were still very frequent in males, but the rate of patients
with diabetes mellitus and a prior stroke or embolic event increased
(Tab. 3). In contrast to the males, the rate of all risk factors included
in the different scores decreased in females. Mean CHADS2 score
and mean CHA2DS2Vasc score were slightly higher compared to the
total group, but not significantly different. The rate of patients with
2 and more points increased for both scores: CHADS2 score: males
82.6% and females 76.8%, CHA2DS2Vasc: males 100% and females
98.2% (Fig. 1)

Almost half of the patients with AF had had anticoagulation with 
phenprocoumon before (males 12 (52%), females 24 (43%), but only 
every 10th was within the therapeutic range (INR ≥2) (Tab. 3). 

Echocardiography, either trans-thoracally or trans-esophageally, 
was done in 62 (38%) patients only (in 41 (52%) of those with AF). 
Intra-cardial thrombus was documented in 13 (5 males and 8 females) 
patients only. 8 of them had documented AF. In addition, embolisms 

Patients and methods
Krefeld is a city of 240,000 inhabitants in West Germany, and the 

HELIOS Hospital in Krefeld has 1000 beds and treats about 46.000 
patients a year. 

We retrospectively searched for all cases treated surgically by open 
embolectomy for acute limb ischemia from 2008 to 2011 in the 
Department of Vascular Medicine. Cases were accepted as embolic 
event if:

-there was an acute onset of ischemia within 5 days before
admission to hospital.

-the sonographic or angiographic (intra-arterial digital subtraction
angiography, MR-angiography) imaging showed a short occlusion 
adjacent to a arterial bifurcation or trifurcation of the limb arteries 

-the intra-operative findings revealed a circumscript embolus and
no or only minor atherosclerotic narrowing of the affected artery.

In addition, we included some patients with acute embolic 
events affecting the visceral and renal artery if they became acutely 
symptomatic and the clinical work-up and CT or MR images 
diagnosed an embolic occlusion.  

We retrospectively screened the medical form for information 
regarding AF, a proven source of the embolus and the risk factors 
necessary to calculate the CHADS2 and CHA2DS2vasc score. 

Statistics
Data management and calculations were done using Microsoft® 

Excel 2003 and Microsoft® Access 2003. T-Tests were done to 
prove statistical significance and a p-value of 0.05 was accepted to 
be significant. 

Results
 163 cases were defined as acute embolic events (Tab. 1). Two 

thirds were females and females tended to be older, without it being 
significant. The left limb was affected more frequently (50%) than the 
right limb (37%), and the lower limbs (64%) more frequently than 
the upper limbs (26%). 

Looking at all patients, arterial hypertension and age > 75 years 
were the most frequent risk factors (Tab. 2). Mean CHADS2 score 
was similar in males and females (2.3 ± 1.5 and 2.3 ± 1.4). 66% of 
the males and 63.3% of the females scored 2 and more points. Mean 
CHA2DS2Vasc score was 3.6 ± 2.0 in males and 4.6 ± 1.9 in females. 
The difference is due to the risk factor “female” included in this score. 

Figure 1: Distribution of points estimated using the CHADS2 (left) and the CHA2DS2Vasc score (right) in all patients and those with documented AF, 
separated for males and females
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Table 1: Characteristics of the 163 cases accepted with the diagnosis 
of acute limb ischemia due to arterial embolism

Males Females

Number 54 109

age (mean ± SD) 71 ± 13 75 ± 15 

Mesenterial or renal artery 5 8

Aorta 2 1

Upper limb 12 34

Proximal (including cubital artery) 12 34

Distal (distal from cubital artery 0 0

Lower limb 37 67

Proximal ( iliac and femoral arteries 18 30

Distal (popliteal artery and more distally) 19 37

Limb embolims              Both sides 1 3

Right side 15 46

Left side 31 51
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Tofigh et al reported the incidence and outcome of all cases of upper 
and lower limb embolisms which were treated surgically from January 
2001 to June 2006: 58 for lower and 27 for upper limb ischemia.16 

Rates of AF mentioned in the literature reporting about acute limb 
ischemia varied from two thirds up to 95% without specifying the 
arrhythmias.11,12,15 In our population 43 % of the males and 51% of the 
females had documented AF. As we present a retrospective analysis, 
the number of patients with AF might be higher for different reasons. 
The main point is that we included patients treated in a vascular 
surgical department, with AF not being systematically looked for 
by Holter monitoring. AF was documented only if patients had a 
history of AF or if it was documented by routine ECG on admission. 
Thus, we could have missed some patients with non-permanent AF.

In contrast to other reports, this is the first report that looked for 
the role of the CHADS2 and CHA2DS2Vasc scores in patients with 
peripheral arterial embolisms. According to the CHADS2 score, 
around 80% of all patients with AF and an acute embolic peripheral 
event scored 2 or more points. According to the CHA2DS2Vasc score, 
nearly 100% of these patients scored 2 or more points and should 
have been on anticoagulation. Therefore, guideline-recommended 
anticoagulation in our patients with AF is less than optimal and 
needs to be improved. This fact is addressed in some recent papers as 
it is a general problem.17,18,19

Predominately vascular surgeons and in part interventionalists 
see those patients presenting with acute limb ischemia, but from an 
education point they are not familiar with AF and the predictive role 
of different scores. The low rates of echocardiography and Holter 
monitoring to document cardial thrombi and AF, respectively, in our 
population and in the literature show that a general clinical pathway 

might have been associated with 3 aortic thrombi, 2 infrarenal aortic 
aneurysms and one endocarditis. Unfortunately we do not have any 
follow up after discharge from hospital.

Discussion
Our data show that around 50% of the patients becoming clinically 

symptomatic for acute limb or organ ischemia due to peripheral 
arterial embolism present with AF. According to the CHADS2 or 
CHA2DS2Vasc score criteria, the majority of the patients presenting 
with AF should have been on anticoagulation, but that was the 
case for only 50%. In most of the patients on anticoagulation, INR 
was not within the therapeutic range when they became clinically 
symptomatic. 

Large registers giving a systematic description of distribution 
of peripheral embolic events and characteristics of affected people 
are missing. Peirara et al reported on 29 cases of peripheral arterial 
embolisms out of a total of 20,211 hospitalizations in a cardiology 
centre in the city of São Paulo.11 Karapolat reports on 730 patients 
who were seen between January 1984 and April 2004.12 Atrial 
fibrillation was documented in 59.3% of patients. HU reported on 
346 patients who were treated between January 1998 and October 
2008, 210 of which were males, with 56 events affecting the upper and 
290 the lower extremities.13 Causative factors included cardiogenic 
embolisms (n = 301), vasogenic embolisms (n = 33) and unknown 
origin (n = 12). Magishi et al reported on 21 patients treated from 
January 1993 to July 2007 with acute arterial occlusion in the upper 
extremity.14 Their average age was 73.0 years, with 66% being male. 
The main associated disease was arrhythmia in 95% of cases. Gossage 
et al. reviewed the prevalence and outcome of all surgically treated 
upper and lower limb embolisms presenting to one vascular unit for 
acute limb ischemia from January 2001 to June 2004: 27 for lower 
limb ischemia and 15 for upper limb ischemia.15 Two thirds of these 
patients were found to have atrial fibrillation at presentation (n = 28). 
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Table 2:
Characteristics of the 163 cases accepted with the diagnosis 
of acute peripheral arterial embolism. The numbers and rates 
are shown in per cent or mean ± SD

Males 
n = 54

Females n = 109

Congestive heart disease 15 (27.8) 28 (25.7)

Hypertension 37 (68.5) 80 (73.4)

Age > 75 years 22 (40,7) 67 (61.5)

Diabetes mellitus 15 (27.8) 27 (24.89

Stroke + prior embolism 18 (33.3) 29 (26.6)

Stroke 12 (22.2) 18 (16.5)

Prior embolism 6 (11.1) 11 (10.1)

Vascular diseases 35 66

 CHD 24 (44.4) 33 (30.3)

prior MI 9 (16.7) 13 (11.9)

Carotid stenosis 6 (11.1 10 (9.2)

 PAOD 23 (42.1) 36 (33.0)

CHADS2 2,3 ± 1,5 2,3 ± 1,5

CHA2DS2Vasc 3,6 ± 2,0 4,6 ± 1,9

Table 3:
Characteristics of the 79 cases suffering from AF accepted 
with the diagnosis of acute peripheral arterial embolism. The 
numbers and rates are shown in per cent or mean ± SD

Males
(n = 23)

Females
(n = 56)

Congestive heart disease 8 (34.8) 6 (10.7)

Hypertension 20 (87.0) 16 (28.6)

Age > 75 years 12 (52.2) 14 (25.0)

Diabetes mellitus 10 (43.5) 3 (5.4)

Stroke + prior embolism 14 (60.9) 9 (16.1)

Stroke 3 (13.0) 5 (8.9)

Prior embolism 11 (47.8) 4 (7.1)

Vascular diseases 30 11 (19.6)

 CHD 10 (43.5) 7 (12.59

prior MI 5 (21.7) 1 (1.8)

Carotid stenosis 2 (8.7) 1 (1.8)

 PAOD 13 (56.5) 2 (3.6)

CHADS2 2,8 ± 1,2 2,9 ± 1,6

CHA2DS2Vasc 4,3 ± 1,5 5,4 ± 1,8

On anticoagulation 11 (52) 22 (43)

INR ≥2 1 2
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regarding the role of AF in patients presenting with peripheral 
embolism in vascular departments has not been established. After the 
treatment of local ischemia, patients are dismissed as soon as possible. 
Treatment strategies depend on the intensity of ischemia and tissue 
viability. In the case of embolic strokes a strict diagnostic work-up, 
including neurologists, cardiologists and radiologists is the standard 
in most countries.20 A similar strategy has to be implemented in 
association with vascular departments treating patients with acute 
peripheral embolisms. Unfortunately, the necessity of such a strategy 
is not mentioned in the recent guidelines for peripheral arterial 
disease.21

The unresolved question is the therapeutic clinical strategy in 
the subgroup without documentable AF and CHADSVasc score 
more than 2 and those without any suspected source of embolism. 
The question is whether anticoagulation is justified and how long it 
should be performed. A longterm follow-up of these patients would 
be necessary to analyse the risk benefit ratio. We can not draw any 
conclusion from our data, but would recommend an anticoagulation 
for a specific time to see whether AF or any other suspected disease 
become clinically manifest.

The strength of this study is that the analysis has been done in 
a homogenous group of patients with well defined non-cerebral 
embolic events. Even the recent studies on new anticoagulants in 
patients suffering from atrial fibrillation do not definitively specify 
the embolic aetiology of each vascular event. Primary outcomes were 
either stroke or systemic embolism.3,4,5 “Stroke” covers each ischemic 
stroke without differentiation of embolisms of cardiac, aortic or 
carotid origin. “Systemic embolism” was defined as an acute vascular 
occlusion of an extremity or organ, documented by means of imaging, 
surgery or autopsy. 

Systemic embolism was not differentiated from acute local arterial 
thrombosis. 

As this is a retrospective analysis, the number of patients with AF as 
well the number of risk factors can be assumed to be underestimated.

Conclusions:
The number of those with AF is high amongst patients with acute 

peripheral embolism. According to the CHADS2 and CHA2DS2Vasc 
score, most of these patients had an indication for oral anticoagulation 
independent from the embolic event. 
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Abstract
The American College of Cardiology Foundation/American Heart Association task force on practice guidelines recommend therapeutic 

anticoagulation for at least 3 weeks prior to cardioversion in patients with atrial fibrillation of 48-hour duration or longer, or when the 
duration of atrial fibrillation is unknown. This case report demonstrates the presence of thrombi in the left atrial appendage despite 
adequate anticoagulation, challenging the current guidelines. Therapeutic anticoagulation for at least 3 weeks followed by transesophageal 
echocardiography in search of thrombus may enhance thromboembolic safety of elective cardioversion. Atrial fibrillation (AF) and heart 
failure (HF) have emerged as major cardiovascular epidemics in developed nations over the past decade. They share similar risk factors, 
seem to mutually accelerate progression and are associated with increased morbidity and mortality. Their relationship involves complex 
hemodynamic, neuro-hormonal, inflammatory and electrophysiologic mechanisms, which go beyond just mutual risk factors. This review 
focuses on updates in AF and HF with a hope of better understanding this relationship and the management of this complex duo.

Introduction
A 50-year-old man with a history of atrial fibrillation presented to 

the hospital with exertional dyspnea, lower extremity edema, and in 
atrial fibrillation with rapid ventricular response. His medical history 
included non-ischemic cardiomyopathy for which an implantable 
cardiovertor defibrillator (ICD) was implanted for primary prevention 
of sudden cardiac death, type II diabetes mellitus, dyslipidemia, and 
a prior transient ischemic attack so his CHADS2 (Cardiac failure, 
Hypertension, Age ≥75, Diabetes, and Stroke [Doubled]) score 
was 4. He was diagnosed with atrial flutter 5 months prior to this 
presentation when he underwent successful electrical cardioversion 
and was started on anticoagulation with a vitamin K antagonist 
for a goal International Normalized Ratio (INR) between 2.0 
to 3.0. Two months after cardioversion, the patient returned with 
recurrent atrial fibrillation. A pre-cardioversion transesophageal 
echocardiogram(TEE) showed no thrombus in the left atrium or 
left atrial appendage(LAA) (Image 1); however, multiple masses 
associated with atrial and ventricular defibrillator leads were 
observed. Thus, cardioversion was deferred. When the patient 
presented for the index admission, he had been on anticoagulation 
with an INR between 2.0 to 3.0 for 28 days. However, repeat TEE 

on this admission revealed new large lobulated thrombi in the left 
atrial appendage (Images 2 and 3). No cardioversion was performed 
and the patient was treated medically with increase in the goal INR 
to 2.5 to 3.5. A TEE a year later performed prior to pulmonary 
vein isolation and atrial fibrillation ablation showed LAA without 
thrombus.

Randomized studies of antithrombotic therapy are lacking for 
patients undergoing cardioversion of atrial fibrillation or atrial flutter. 
In case-control series, the risk of thromboembolism was between 
1% and 5%.1, 2 The risk was near the low end of this spectrum 
when anticoagulation (INR 2.0 to 3.0) was given for 3 to 4 weeks 
before and after conversion.3-5 Transesophageal echocardiography 
has been suggested as a useful screen to identify patients without 
left atrial thrombus as an alternative to anticoagulation prior to 
cardioversion,6-11 but a subsequent investigation12 and meta-analysis 
found this approach to be unreliable.13 In TEE-positive patients, left 
atrial thrombus can still be present in 11–50% of patients after a 
standard course of coumadin.2 Cardioversion of these patients may 
or may not be associated with an increased embolic risk. Patients 
undergoing cardioversion using this approach still require post-
conversion anticoagulation for at least 4 weeks. 

The American College of Cardiology Foundation/American 
Heart Association task force on practice guidelines14 recommend 
anticoagulation (INR 2.0 to 3.0) for at least 3 weeks prior to 
cardioversion in patients with atrial fibrillation of 48-hour duration 
or longer, or when the duration of atrial fibrillation is unknown 
(Class I Recommendation, Level of Evidence: B). As an alternative 
to anticoagulation prior to cardioversion, it is reasonable to perform 
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should probably be recommended to enhance thromboembolic safety 
of elective cardioversion. 

Conclusions:
AF and HF share common mechanisms and treatment strategies; 

consequently, therapies directed toward HF may protect the heart 
against the occurrence of AF. Although restoration of sinus rhythm 
in patients with HF may offer hemodynamic and clinical benefits, 
recent clinical trials have failed to demonstrate the clinical advantage 
of sinus rhythm over optimal rate control. The deleterious effects 
of currently available antiarrhythmic drugs, coupled with their low 
efficacy, may blunt the potential benefit of sinus restoration. A variety 
of therapies, including drugs, devices, and ablation procedures, are 
available to aid in the management of symptomatic and asymptomatic 
patients with both AF and HF. Recent advances in catheter-based 

TEE in search of thrombus in the left atrium or left atrial appendage. 
(Class IIa Recommendation, Level of Evidence: B).14 Our case 
demonstrates the presence of thrombi in the left atrial appendage 
despite adequate anticoagulation for 4 weeks. Review of all patients 
referred for TEE prior to atrial fibrillation ablation at our hospital 
identified 3 more patients in the past 4 years who were found to 
have thrombi in the left atrial appendage despite therapeutic 
anticoagulation for at least 3 weeks. 

At least one case of persistent thrombus in the left atrial appendage 
despite sufficient anticoagulation was described in the literature.15 

These findings challenge the current guidelines on prevention of 
thromboembolism in patients with atrial fibrillation undergoing 
cardioversion.14 The combination of the two approaches, namely, 
anticoagulation (INR 2.0 to 3.0) for at least 3 weeks followed by 
TEE in search of thrombus in the left atrium or left atrial appendage 
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Figure 2: Still frame of 2-D transesophageal echocardiogram showing left atrial appendage with a thrombus (arrow)

Figure 1: Still frame of 2-D transesophageal echocardiogram showing left atrial appendage without any thrombus (arrow)
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ablative therapies for AF have been demonstrated to be effective in 
well-selected patients with HF, resulting in significant improvements 
in cardiac function, symptoms, and quality of life.

Along with further advances in pharmacotherapy and catheter-
based ablative therapies, more trials comparing ablation with medical 
therapy in patients with AF and HF are needed before a standardized 
therapy for patients with AF and HF can be recommended. Based 
on the available therapies outlined above, it is fair to say that an 
individualized approach is a better strategy and might help improve 
symptoms and prognosis for patients with AF and HF. 
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Figure :3 Still frame of 3-D transesophageal echocardiogram showing left atrial appendage with a thrombus (arrow)
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Abstract
A 45-year-old woman with drug-refractory paroxysmal atrial fibrillation (AF) underwent AF ablation. She had a history of abnormal chest 

radiograph, which on review was consistent with congenital absence of pericardium and this was later confirmed on cardiac magnetic 
resonance imaging. She had extreme leftward and posterior rotation of the heart, resulting in abnormal fluoroscopic appearance of the 
electrophysiological catheters and orientation of the interatrial septum. This along with exaggerated beat to beat motion of the heart posed 
significant technical challenges for the electrophysiologist during left atrial access and pulmonary vein isolation.

Introduction
Atrial fibrillation (AF) ablation usually requires transseptal 

access to the left atrium. Safe transseptal catheterization requires 
appreciation of the anatomical orientation of the inter-atrial septum 
and its relationship to the aorta, right atrial posterior wall, and the 
left atrium. Congenital complete absence of the pericardium is 
a rare cardiac anomaly and may be complicated with a markedly 
rotated heart. We describe the technical challenges this anatomical 
anomaly presents for left atrial catheterization by illustrating a case 
that underwent pulmonary vein isolation (PVI) for drug-refractory 
symptomatic AF. 

Case
A 45-year-old woman with a history of atrial and ventricular septal 

defects repaired at the age of six was referred for catheter ablation of 
paroxysmal AF and atrial flutter. Prior ineffective medical therapy 
included flecainide and amiodarone. Written, informed consent 
was obtained, and an electrophysiological study was performed. 
Multipolar mapping catheters were positioned in the coronary 
sinus (CS), and His bundle (HB) region. Given the abnormal 
orientation of the heart on the chest radiograph (Figure 1A), a left 
ventriculogram was performed (Figure 2A and 2B) demonstrating 

marked leftward and posterior rotation of the cardiac silhouette. This 
was later confirmed with cardiac magnetic resonance imaging (MRI) 
(Figure 1B). Rapid pacing from the CS catheter easily induced 
counterclockwise cavo-tricuspid isthmus dependent atrial flutter 
confirmed by electroanatomical mapping and transient entrainment. 
A cavo-tricuspid isthmus ablation line was created and bi-directional 
conduction block was confirmed by differential pacing. After the 
ablation of atrial flutter, incessant atrial fibrillation was observed and 
transseptal catheterization was performed using biplane fluoroscopy 
without the use of intracardiac echocardiography. The inter-
atrial septum was oriented abnormally in the thoracic cavity and 
intracardiac landmarks such as the HB catheter were used to guide 
transseptal puncture (Figures 2C and 2D).
   A narrow superior vena cava and exaggerated cardiac motion 
within the thoracic cavity made transseptal puncture under biplane 
fluoroscopy challenging. After transseptal access was obtained, intra-
venous heparin was administered to maintain activated clotting time 
of greater than 400 sec. After pulmonary venograms were obtained, a 
20-mm, 20-pole circular mapping catheter was positioned selectively
at the ostium of each of the pulmonary veins and successful PVI was
achieved using irrigated radiofrequency current (ThermoCool, Bio-
Sense Webster, Diamond Bar, Ca, USA). Atrial fibrillation converted
to sinus rhythm during the ablation around the left-sided common
pulmonary vein. Following PVI, no further atrial arrhythmias could
be induced with rapid atrial pacing or during isoproterenol infusion. 
The total fluoroscopic and procedural times were 46 and 170 min-
utes, respectively. No complications occurred.

Discussion
Congenital absence of the pericardium is a very rare and usually 

asymptomatic cardiac anomaly. This congenital anomaly is frequently 
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transseptal puncture in this case although it might not be necessary 
if a well-experienced operator was aware of the anatomy on the pre-
procedural imaging and was comfortable with a procedure using 
only the HB landmark and biplane fluoroscopy. Catheter ablation 
was also made more challenging because stability of the ablation 
catheter was compromised by exaggerated beat-to-beat cardiac 
motion. Electrophysiologists should also be vigilant for the presence 
of coexistent congenital cardiac defects and valvular abnormalities 
associated with absence of the pericardium.8,9 There have been case 
reports of paroxysmal AF resulting from herniation of the left atrial 
appendage in patients with partial absence of pericardium requiring 
pericardial defect repair.10 However, the prevalence of AF in patients 
with absent pericardium is not clear. 

Conclusions:
Congenital absence of the pericardium presents challenges for 

catheter ablation because of the unusual orientation of the heart 
within the thorax and an exaggerated, pendulum-like cardiac motion. 
The use of pre-procedural imaging with cardiac MRI and intracardiac 
echocardiography may assist in the performance of these procedures.
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Figure 1:

A; Chest radiograph showing classical “snoopy dog” sign due to extreme levorotation and increased radiolucency between the aortic and 
pulmonary arteries (arrowhead). B; Cardiac magnetic resonance image exhibiting marked levorotation of the heart with the apex rotated 
posteriorly. Notice the inter-atrial septum   is shifted (white dotted line) as compared with normal positioning (red dotted line)Ant=anterior, 
Post=posterior, Lt=left, Rt=right.
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CS=coronary sinus, LAO=left anterior oblique, RAO=right anterior oblique, TS=transseptal sheath

Figure 2:

A and B:  Left ventriculogram in the RAO and LAO projections. Notice the leftward and posteriorly tilted left ventricle. Fluoroscopic images in the 
RAO and LAO projections exhibiting catheter positions during the trans-septal puncture in a patient with congenital absence of pericardium (C 
and D) as compared with normal heart (E and F). In LAO projection, the His bundle (HB) catheter was shifted leftward as compared with almost 
en face position in normal hearts. In RAO projection, the CS catheter appears markedly rotated.
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Abstract
The development of thyrotoxicosis following the administration of iodinated contrast is a rare occurrence. The effect, referred to as the 

Jod-Basedow effect, is often observed in patients with underlying thyroid disease who develop thyrotoxicosis subsequent to the exposure of 
exogenous iodide. An example of an iatrogenic cause for this event may be seen when a large iodide load is given intravenously for studies 
or procedures. Thyrotoxicosis can also lead to cardiac arrhythmias including atrial fibrillation. This is a case presentation of a 74 year old 
female who developed thyrotoxicosis as well as new onset atrial fibrillation approximately one week after receiving iodinated contrast dye for 
a diagnostic CT of the abdomen. We further review the prior published literature in regard to atrial fibrillation and thyrotoxicosis.

Introduction
Case Presentation

A 74-year-old Caucasian female, with no prior history of thyroid 
disease, presented to our facility for intractable abdominal pain and 
diarrhea. She had been diagnosed with diverticulitis by an outside 
hospital approximately one week prior to her presentation to our 
facility. She had undergone a diagnostic contrast CT of the abdomen 
and pelvis and was treated for one day with intravenous antibiotics 
before being discharged on a course of oral ciprofloxacin and 
metronidazole. She was unable to complete her prescribed regimen 
due to intolerance of the medications and presented to our hospital 
with persistent symptoms and failure of outpatient therapy. Her past 
medical history was limited to depression and hypertension. The only 
medication she had been taking was duloxetine 60mg daily.She had 
no known drug allergies and no known family history of thyroid 
disease. She also denied tobacco, alcohol, and illicit substance use.

Findings on Admission
Her vital signs on presentation were as follows: temperature 97.2F, 

heart rate 80 and regular, blood pressure 128/85, respiratory rate 22, 
pulse oximetry 95% on room air, weight 220lbs, and BMI 35.7. The 

patient was awake, alert, and oriented. She appeared dehydrated with 
dry mucous membranes. Cardiac auscultation revealed a normal heart 
rate without appreciable murmurs or audible extra heart sounds. 
Her abdomen was diffusely tender to palpation without guarding or 
rebound and bowel sounds were active. Laboratory data showed a 
white blood cell count of 13.1, otherwise BMP and CBC were within 
normal limits. Liver enzymes, amylase, lipase, albumin, total protein, 
and urinalysis were also within normal limits. A CT withoutcontrast 
of the abdomen and pelvis showed sigmoid diverticulitis, without 
abscess, perforation, or obstruction. Because of failed treatment as an 
outpatient, she was admitted to the internal medicine service for IV 
ciprofloxacin and metronidazole. 

Subsequent Findings
On her second day of admission she was found to be in atrial 

fibrillation with rapid ventricular response, which responded to IV 
beta-blockade. A workup for the etiology for her new onset atrial 
fibrillation included the following: 
Troponin I: Three serial enzymes were negative 
Echocardiogram: Mild left ventricular hypertrophy, preserved 
internal dimension and overall normal systolic function 60-65%, 
bi-atrial enlargement, left greater than right, thickening of the 
mitral leaflet with preserved excursion and moderate mitral annular 
calcification, mild mitral regurgitation, mildtricuspid regurgitation 
with right sided pressures estimated to be mildly to moderately 
elevated, trace aortic and pulmonic insufficiency
Thyroid stimulating hormone: 0.002 mIU/L (reference range 0.465-
4.68)
Free T4: 5.01 ng/dl (reference range 0.78-2.19)
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present in 5-15% of hyperthyroid patients.10 An observational 
study of 2007 patients >60 years old conducted over a ten year 
follow-up showed that low baseline serum thyrotropin levels 
were a significant risk factor for atrial fibrillation (AF).11 Patients 
with thyrotropin concentrations <0.1mU/L had a near three fold 
increased risk of developing AF when compared to individuals with 
normal thyrotropin concentrations (0.4-5mU/L; RR 3.1, CI 1.7-
5.5,P<0.001). Furthermore, there was a trend towards increased 
risk of AF even in those with slightly low thyrotropin levels (TSH: 
0.1-0.4mU/L; relative risk of 1.6, P=0.05). A series of 23,638 
patients revealed a >5 fold greater prevalence of AF in patients with 
subnormal TSH levels when compared euthyrotropic subjects (13.3% 
vs. 2.3% respectively).12 They did not discover a significant difference 
in the prevalence of AF between overt and subclinical hyperthyroid 
individuals (13.8% and 12.7%). The utility of screening for thyroid 
disease in patients with new onset atrial fibrillation was addressed 
in a study of 726 patients with recent onset AF (<3months).13 

Approximately 5% of their patients were found to have subnormal 
TSH levels, with only 1% of their cohort diagnosed with ‘clinical 
hyperthyroidism’. The results lead the authors to conclude that 
routine TSH screening would generally be of low yield in patients
with new onset AF. However, they pointed out that there might be 
greater utility in screening patients who have symptoms specific to 
thyroid disease, present with palpitations without documented heart 
disease, or without initial symptoms of AF. It is difficult to say how 
their recommendations may have differed had AF been considered for 
their diagnosis of ‘clinical hyperthyroidism’.A study looking at patients 
presenting with atrial fibrillation with no obviouscardiovascular 
cause, found that 13% had evidence of thyrotoxicosis.14 However, 
not all of their patients had elevated serum thyroid hormone levels 
and none of them showed signs of hyperthyroidism. Among these 
patients, treatment with either I-131 uptake or carbimazole resulted 
in 80% reverting to stable sinus rhythm.

Another study attempted to identify patient characteristics 
that may increase the risk of developing AF in association with 
hyperthyroidism. This study included 40,628 patients between the 
ages of 20 and 89 whose records were obtained from the Danish 
National Registry between 1977 and 1999.15 They found 3362 
(8.3%) had been newly diagnosed with AF/flutter +/- 30 days of 
their diagnosis of hyperthyroidism. Major risk factors for AF were 
male sex (OR, 1.8; 95% CI, 1.6-1.9), age (OR, 1.7; 95% CI, 1.7-1.8) 
per 10-year increment starting at 20, ischemic heart disease (OR, 
1.8; 95% CI, 1.6-2.0), congestive heart failure (OR, 3.9; 95% CI,3.5- 
4.4), and heart valve disease (OR, 2.6; 95% CI, 1.9-3.4). 

Proposed Mechanisms of Hyperthyroidism Inducing Atrial 
Fibrillation
  The mechanism by which hyperthyroidism may cause AF is 
still an active area of research.The biological effects of thyroid 
hormone appear to be principally mediated by combined nuclear 
and extranuclear activities of tri-iodothyronin.16 Tri-iodothyronin 
mediated nuclear activities include effects on components of the 
cardiac contractile machinery, proteins involved in the regulation of 
intracellular calcium, as well as cell surface receptor molecules.16-18 

Extranuclear effects of T3 may be related to alterations in the 
performance characteristics of ion channels in cardiac myocytes.10

A study that investigated the effects of thyroid hormone on the 
electrophysiological characteristics of single rabbit pulmonary vein 

Free T3: 13.8 pg/ml (reference range 2.3-4.2)
Thyroperoxidase antibody: Negative
Thyroglobulin antibody: Less than 20 IU/ml (reference range 0-40)
Thyroid ultrasound: Diffusely heterogeneous, hypoechoic, and 
hyperemic gland with a 1.3cm in greatest dimension nodule within 
the isthmus

Treatment and Short-Term Outcome
The patient was diagnosed with thyrotoxicosis secondary to 

contrast administration. Because of her thyrotoxicosis, she developed 
atrial fibrillation and was treated with propylthiouracil 100mg tid, 
propranolol 20mg tid, and digoxin 0.125mg daily. She was placed 
on anticoagulation with warfarin for a target INR of 2-3 given her 
CHADS2 score of two. Her hospital course was marked by frequent 
reversions between sinus bradycardia in the range of 50-60bpm, and 
atrial fibrillation with rapid ventricular rate in the range of 110-
150bpm.

Her medications were titrated and she remained asymptomatic 
with respect to her cardiac condition and without other stigmata 
of hyperthyroidism. She completed antibiotics for diverticulitis as 
an inpatient and was discharged in stable condition after having 
demonstrated several days of heart rate control. She was additionally 
instructed to follow up as an outpatient with a cardiologist and an 
endocrinologist for continued monitoring and management.

Approximately one month later when seen by her outpatient 
primary care physician, she had remained in rate controlled atrial 
fibrillation and was asymptomatic in regard to her thyrotoxicosis. 

Discussion Risk Factors for Atrial Fibrillation in Hyperthy-
roid Patients
Jod-Basedow Phenomenon
   There are numerous extrathyroidal and intrathyroidal adverse 
effects related to iodide exposure.The Jod-Basedow phenomenon 
describes an intrathyroidal induced thyrotoxic state precipitated by 
exogenous iodide. The impact of iodide on thyroid function is well 
documented.The extensive review by Fradkin and Wolff reported 
on the increased incidence of thyrotoxicosis, toxic nodular goiter, 
thyroidectomies, and deaths from hyperthyroidism in the United 
States shortly after the introduction of iodized salts in the 1920’s.1 
Similarly, they addressed the increased incidence of hyperthyroidism 
in Holland, Tasmania, Serbia, and Austria in the mid-1900s following 
the widespread introduction of iodide into consumer products. 
While the development of hyperthyroidism secondary to exogenous 
iodide has been well documented in iodide deficient regions, thyroid 
dysfunction has also been reported in iodide sufficient areas among 
patients with non-toxic goiters and in patients with otherwise 
normal thyroid glands.2,3 With the advent of iodide based contrast 
agents, there have been several other reports of contrast-induced 
hyperthyroidism.4-9 Contrast induced thyrotoxicosis could potentially 
occur in individuals who undergo pulmonary vein mapping for 
catheter ablation in patients who have atrial fibrillation, however 
there have been no reported cases to date. Patients on amiodarone 
therapy would be at further increased risk in this clinical scenario.

Risk Factors for Atrial Fibrillation in Hyperthyroid Patients
  There is a known relationship between atrial fibrillation and 
hyperthyroidism; however,sinus tachycardia is the most common 
cardiac manifestation of hyperthyroidism. Atrial fibrillation may 
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IV contrast agents, particularly in the elderly population. As a 
population, they are at higher risk for developing thyrotoxicosis after 
the administration of iodinated contrast. This would also include 
individuals who undergo pulmonary vein mapping for catheter 
ablation who have atrial fibrillation, especially for patients who are 
taking amiodarone. Thyrotoxicosis can precipitate other serious 
conditions including atrial fibrillation which could potentially 
lead to cerebrovascular accidents. Careful selection of patients for 
IV contrast should include screening for symptoms of underlying 
thyroid dysfunction and obtaining screening laboratory data in high 
risk patients who are scheduled for non-emergent contrast scans.
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cardiomyocytes found that incubation with L-tri-iodothyronin 
shortened the action potential duration of pulmonary vein and 
atrial cardiomyocytes.19 They postulated that these effects could 
facilitate the genesis of re-entrant circuits through shortening of 
the refractory period, which may account for the high incidence 
of atrial tachyarrhythmias in hyperthyroid patients. These findings 
are supported by another study that showed that patients with 
hyperthyroidism and paroxysmal AF have significantly shorteratrial 
effective refractory periods (ERP) than controls and those with 
lone AF.20 They hypothesized that the shortening of ERP in the 
context of the conduction delays that are seen more often among 
hyperthyroid subjects could increase the propensity of AF. It has 
also been found that hyperthyroid subjects with normal hearts have 
increased supraventricular ectopy, and that these arrhythmogenic foci 
may represent an important link between hyperthyroidism and AF.21

Prognosis and Mortality
There is significant cardiovascular and cerebrovascular related 

mortality associated atrial fibrillation in hyperthyroid subjects. The 
finding of a single low serum thyrotropin level in individuals over 
the age of 60 is associated with increased mortality from all causes, 
andparticularly from cardiovascular and cerebrovascular diseases.22 

Analysis of 551 AF patients within the first year of diagnosis of 
thyrotoxicosis with AF identified only age as a significant risk 
factor for cerebrovascular events.23 Atrial fibrillation and sex were 
not independent predictors of cerebrovascular events; however a 
trend towards more events was seen in the AF class. The impact 
of hyperthyroidism on the prognosis of AF was also investigated 
in a retrospective study of 162 patients for a mean follow up of 34 
months.24 Thyrotoxicosis was controlled with either radioactive 
iodine combined with anti-thyroid drugs in 143 patients (87 
percent), with anti-thyroid drugs alone in 15 patients (9 percent), 
and by thyroidectomy after initiation of anti-thyroid drugs in five 
patients (3 percent). Treatment of hyperthyroidism was associated 
with reversion of AF. In their study there were 101 patients who 
had spontaneous reversions to sinus rhythm and 62 patients who had 
persistent AF. Among those who did revert  to sinus rhythm following 
correction of thyrotoxicosis, 20% reverted despite elevated T3 and T4 
but at levels markedly decreased from baseline, and approximately 
75% reverted to sinus rhythm within 3 weeks of becoming euthyroid. 
If AF persisted beyond 15 weeks after establishing a euthyroid state 
there were no further reversions. The longest duration of AF prior 
to achieving a euthyroid state was 13 months. Therefore, it appeared 
that patients who were hyperthyroid and in AF for greater than 
13 months were unlikely to revert. Furthermore, had AF persisted 
beyond 15 weeks of being euthyroid, it was also unlikely to see 
spontaneous reversion. Among those with persistent AF (i.e. AF 
persisting beyond a year of being euthyroid) the shortest time before 
achieving a euthyroid state was 8 months, and the longest was 33 
months. Taken together, an earlier return to a euthyroid state may 
confer a benefit in promoting spontaneous reversion to sinus rhythm; 
however, spontaneous reversion may not be anticipated if the total 
duration of AFboth before and after stabilization of thyroid disease 
is prolonged.

Conclusions:
This case report and review demonstrates the importance of 

considering the potential repercussion of the widespread use of 



Journal of Atrial Fibrillation20 Case Report

Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com

20. Komiya N, Isomoto S, Nakao K, Hayano M, Yano K. Electrophysiological
abnormalities of the atrial muscle in patients with paroxysmal atrial fibrillation
associated with hyperthyroidism. Clin Endocrinol. 2002; 39-44.

21. Wustmann K, Kucera JP, Zanchi A, Burow A, Stuber T, Chappuis B, Diem
P, Delacretaz E. Activation of electrical triggers of atrial fibrillation in
hyperthyroidism. J Clin Endocrinol Metab. 2008;2104-2108.

22. Parle JV, Maisonneuve P, Sheppard MC, Boyle P, Franklyn JA. Prediction of
all-cause and cardiovascular mortality in elderly people from one low serum
thyrotropin result: a 10-year cohort study. Lancet. 2001; 861-865.

23. Petersen P, Hansen JM. Stroke in thyrotoxicosis with atrial fibrillation. Stroke.
1988;19:15-18.

24. Nakazawa HK, Sakurai K, Hamada N, Momotani N, Ito K. Management of atrial 
fibrillation in the post-thyrotoxic state. Am J Med. 1982;72:903-906.



Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com

Journal of Atrial Fibrillation21 Featured  Review

Disclosures:
None.

Corresponding Author:
Dr. med. Boris Schmidt, FHRS
Cardioangiologisches Centrum Bethanien
Wilhelm-Epstein Str. 4
60431 Frankfurt/Main

Catheter Ablation of Atrial Fibrillation in Females
Daniela Dugo, Stefano Bordignon, Laura Perrotta, Alexander Fürnkranz, KR Julian Chun, Boris Schmidt

Cardioangiologisches Centrum Bethanien – Markus Krankenhaus, Frankfurt, Germany

Abstract
Catheter ablation for the management of atrial fibrillation (AF) has evolved as a successful therapy widely used. Women with AF show 

a higher risk for AF-related morbidity due to stroke, a poorer tolerance to antiarrhythmic pharmacological therapy and a weaker quality of 
life; for this reason a curative, catheter-based approach for AF appears very attractive in women. Reported details on female AF population 
undergoing catheter ablation, as well as success and complication rates will be reviewed.

Introduction
Atrial Fibrillation (AF) is the most common cardiac rhythm 

disorder affecting 1-2% of general population and over 6 million 
Europeans. Furthermore, a great number of “silent”, asymptomatic 
AF cases remain longtime undiagnosed, so the real prevalence of AF 
is probably even higher. Previous studies indicated an increased risk 
of developing AF with aging,1-7 showing rates of AF prevalence from 
< 0.5% at 40-50 years to 5-15% at 80 years.1-3,6-9 For this reason, AF 
prevalence is estimated to at least double in the next 50 years.1-5,7  
Considering demographic projections, previous reports predicted an 
estimate of 16 million AF patients in 2050 over total U.S. population.6 

Gender-Related Differences in AF Patients
AF is associated with an adverse prognosis. Several studies 

documented AF morbidity due to stroke and thromboembolism. AF 
has been identified as an independent risk factor for stroke increasing 
the risk from 3 to 5-fold.10 Thus, it is the underlying cause for 15-
25% of all strokes.10-11 Finally, AF-stroke patients seem to have a 
worse outcome when compared to patients with non-cardioembolic 
stroke.12-13 Gender figures between risk factors related to higher 
stroke incidence in AF patients in several studies;14 in particular, an 
higher risk was assessed in women than in men15-22 and the European 
Society of Cardiology guidelines included female gender in “clinically 
relevant non-major” risk factors for CHA2DS2-VASc score.1

AF is also associated with a two-fold increased mortality rate.1 

Surprisingly, gender-related differences were reported, with a 
significantly higher cardiovascular mortality and morbidity in 
women.23-25

In the treatment of chronic conditions such as AF, quality of life 
(QoL) appears particularly relevant.26-30 Women with AF are known 
to have a worse outcome in this regard, with significantly poorer 
physical and functional health status.31

In the Rate Control versus Electrical Cardioversion (RACE) study 
women with AF had the lowest QoL. Moreover, a poorer outcome in 
women randomized to the rhythm control strategy was found.32 As a 
possible explanation for weak QoL faster heart rates and small body 
habitus were discussed.32-33 In addition, female gender, side effects 
from antiarrhythmic drugs (AAD) in the rhythm control arm may 
have increased symptomaticity for palpitations and fatigue.34 Besides, 
women are well known to have a higher incidence of proarrhythmias, 
in particular torsade de pointes with sotalol, expecially when elderly 
and with renal dysfunction.35-36

Catheter Ablation in Females
 Because of the weaker QoL irrespective of the treatment strategy, 

the higher recurrence rate after pharmacological or electrical 
cardioversion37 and the poorer tolerance to antiarrhythmic drugs,35-36 
a curative, catheter-based approach for AF appears very attractive in 
women.

AF incidence and prevalence increase with aging, and it’s known 
to be higher in men than in women; 38(size) however, because there 
are almost twice as many women as men aged > 75 years, the absolute 
expected number of men and women affected by AF is equal.39-40 

Nevertheless, like in other cardiac disorders such as coronary 
artery disease, arrhythmias requiring device implantation and heart 
failure41–47 women with tachyarrhythmias undergoing invasive 
procedures are poor represented and show a delayed referral.48

The underlying reason is not completely clarified; concerns 
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independent predictor of any complication and more specifically 
of vascular complications. Hoyt et al.64 confirmed this finding by 
univariate and multivariable analysis of 1190 procedures, associating 
females and CHADS2 score ≥ 2 with increased risk of complications. 
Finally, Shah et al.65 recently used data from the California State 
Inpatient Database to assess predictors of inpatient complications 
and 30-day readmission following AF ablation, including repeat 
hospitalization for arrhythmia recurrence: among 4156 enrolled 
patients, women showed significantly poorer outcome, essentially 
because of procedural complications in general and in particular 
vascular ones, as assessed in previous studies.

Conclusions:
Women with AF show a higher risk for AF-related morbidity 

due to stroke, a poorer tolerance to antiarrhythmic pharmacological 
therapy and a weaker quality of life.

Studies on catheter ablation in female gender report a poorly 
represented female population at higher age and with a delayed 
referral to invasive procedures.

While the outcome after AF catheter ablation in female does not 
differ from their male counterparts, the overall complication rate is 
reported to be two-fold, in particular due to a higher incidence of 
vascular access complications and tamponade.
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Table 1: Baseline demographics and results from the three female catheter ablation studies, from reference 57

Study 
(year)

Subjects (n) Age (years) Left atrial size 
(cm)

Time from diagnosis to 
ablation (months)

Failed AAD Paroxysmal 
AF

Persistent 
AF (n)

Longstanding 
persistent AF (n)

Non-PV 
firing(%)

Success(%)

Forleo et 
al. (2007)

71 61.6 ± 8.3 4.4 ± 6.5 60 2.9 ± 1.1 40 27 4 (Double 
Dagger)

83,1

Patel et al. 
(2010)

518 59 ± 13 4.3 ± 0.5 78 4 ± 1 237 140 141 50,4 68,5

Double Dagger: data not reported in the study
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Abstract
Age has a great impact in the development of atrial fibrillation, which is the most common arrhythmia found in the elderly. The higher risk 

of stroke, heart failure and mortality associated with atrial fibrillation highlights the need for successful therapeutic interventions that can 
translate in better outcomes in this population.

The introduction of catheter ablation has revolutionized the management of atrial fibrillation over the past decades with an undeniable 
impact in morbidity, mortality and quality of life. This benefit has not been fully extended to the older patients due to the lack of definitive 
data from randomized control trials assessing the impact of rhythm control strategies such as catheter ablation in this population, in whom 
a rate-control strategy has been suggested as a better therapeutic option.  

In this review, we summarize the pathogenesis of atrial fibrillation in the elderly, the benefits and complications of catheter ablation 
reported in the literature and the impact of age in the outcomes of ablation compared to younger populations.

Introduction
Epidemiology of Aging and Atrial Fibrillation

   Atrial fibrillation (AF) is the most common arrhythmia encoun-
tered in clinical practice, accounting for more than 2 million adults 
in the United States1 and becoming an emerging epidemic of car-
diovascular disease. Its prevalence is not only related to the presence 
of heart disease, as demonstrated in the Framingham Heart Study,2 
where the lifetime risk of developing AF in the absence of conditions 
such as chronic heart failure or coronary artery disease was 16.5% in 
men and 15.9% in women.

Besides its deleterious effect in morbidity and mortality, AF has 
a direct impact in quality of life and health economics, as patients 

are three and eight times more likely to be hospitalized for non-
cardiac and cardiac causes respectively, with an estimated national 
incremental AF cost from $6.0 to $26.0 billion in the United States.3

The elderly group imposes a new challenge in the treatment of 
this condition, especially because this is the age group that is mostly 
affected, with an estimated lifetime total risk of 24.3% in men and 
23% in women by the age 70.2 Data from Medicare beneficiaries4 

has shown that the prevalence of AF has doubled from 41.1 per 
1000 beneficiaries in 1993 to 85.8 per 1000 beneficiaries in 2007, 
with a mean annual increase in prevalence of 5.0%. The magnitude 
of the increase is greater in the elderly group with a mean annual 
increment of 5.4% among patients 90 years or older compared to 
4.3% in patients 66 to 69 years of age.

Age-related Pathogenesis of AF
The higher prevalence of AF in the elderly is a consequence of 

multiple insults that will eventually determine the pathologic 
substrate responsible for the perpetuation of the arrhythmia over 
time. Conditions such as hypertension, sleep apnea and coronary 
artery disease are all potential risk factors and its association is 
well established in the current literature. Specifically, diastolic left 
ventricular dysfunction, a condition that is well-linked with aging, 
leads to increased atrial filling pressures and wall stretch, ultimately 
associated with atrial fibrosis and remodeling, which make AF more 
likely to develop and to persist.5
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right PVI lesions, the mitral isthmus line between the left inferior 
pulmonary vein and the mitral isthmus and an anterior line between 
the roof line and the mitral isthmus. Other interventions include 
coronary sinus16,17,18 and superior vena cava19.20 ablation, alcohol 
ablation of the vein of Marshall,21 ablation of complex fractionated 
electrograms18,22,23 and isolation of the left atrial appendage.24

 The efficacy of catheter ablation of AF was described in a 
metanalysis25 that included eight randomized controlled trials in 
patients 51 to 62 years and with paroxysmal AF as the predominant 
presentation, where catheter ablation reduced arrhythmia recurrence 
by 71% (RR 0.29, 95% CI 0.20-0.41, p< 0.00001) when it was 
compared to antiarrhythmic therapy. These data suggest that catheter 
ablation could also have a potential role in the elderly, in an attempt 
to improve outcomes in the population most affected by AF; however, 
the lack of randomized controlled trials assessing the efficacy and 
safety of catheter ablation in the elderly has been one of the major 
limitations to expand its use in this age group. 

There is a tendency to have a more conservative approach when 
treating elderly patients, focusing on rate control strategies. One 
of the trials addressing this issue was the AFFIRM trial,26 which 
randomized patients older than 60 years of age to rate vs. rhythm 
control, demonstrating no clear survival advantage of restoring and 
maintaining the normal sinus rhythm vs. controlling the ventricular 
rate; more deaths occurred in the rhythm-control group likely related 
to pro-arrhythmic effects of antiarrhythmic therapy but the difference 
was not statistically significant (p=0.08; HR 1.15, 95% CI, 0.99 to 
1.34). Despite no differences in the two groups, antiarrhythmics and 
electrical cardioversion were the primary strategies in the rhythm 
control group, with only 62.6% of the patients remaining in sinus 
rhythm after 5 years, which could obfuscate any possible difference 
when the two groups were compared.

The real question is the impact of sinus rhythm in morbidity 
and mortality since it is possible that the unfavorable effects of 
antiarrhythmic therapy counteracted any possible benefit obtained 
from restoration of normal sinus rhythm. The on-treatment analysis 
of the AFFIRM trial27 demonstrated that maintenance of normal 
sinus rhythm was significantly associated with survival (HR 0.53, 
95% CI 0.39-0.72, p < 0.001), which is consistent with the results 
of the DIAMOND trial,28 where mortality was similar in patients 
receiving dofetilide or placebo but there was a significantly lower 
mortality rate associated to the presence of sinus rhythm regardless 
of the method used for conversion (spontaneous, pharmacologic or 
electrical cardioversion) (RR, 0.44; 95% CI, 0.30 to 0.64; P<0.0001). 

Despite the lack of randomized controlled trials in the elderly, few 
studies have shown the efficacy and safety of catheter ablation in this 
group (Figures 1 and 2).

Corrado et al.29 reported data in a retrospective study that included 
174 patients over 75 years with symptomatic AF (55% paroxysmal) 
refractory to antiarrhythmic therapy, in which catheter ablation 
was performed. The procedure consisted of pulmonary vein antrum 
isolation and isolation of superior vena cava. The success rate after a 
single procedure was 73% (n=127) over a mean follow-up of 20±14 
months while 47 patients had recurrence. Sinus rhythm was obtained 
after a second procedure in 80% of the recurrent patients. Major acute 
complications were reported in 1% of the patients and consisted of 
one stroke and one hemothorax. Minor vascular complications 
included three groin hematomas (1.5%).

Data has also shown the association of kidney disease with an 
increased incidence of AF, even in the group with a mild decrease 
in glomerular filtration rate.6 Specifically, in patients with advanced 
renal disease requiring dialysis, the incident rate is calculated as 148 
events per 1000 person-years according to data in older Medicare 
beneficiaries, and it is associated with a very high mortality rate of 
59% one year after the diagnosis of AF.7

From the mechanistic standpoint, the effects of aging on 
conduction of the electrical impulse are well known. Spach et al 
showed 4 decades ago how aging-induced fibrosis leads to so-called 
nonuniform anisotropy, and dramatic conduction velocity slowing 
(zig-zag conduction) in the transverse direction, enabling reentrant 
circuits in very small regions.8,9 This concept was later confirmed by 
optical mapping studies.10

AF Progression and Stroke Risk
Despite the challenges in the treatment of AF, the elderly 

group is the most vulnerable of all to develop short and long term 
complications such as stroke and progression of AF. A higher risk 
of stroke is well established with advanced age, with an annual risk 
attributable to AF of 1.5% in patients aged 50 to 59 years and 23.5% 
in those aged 80 to 89 years according to the Framingham study.11 In 
terms of progression from paroxysmal to persistent AF, age above 75 
years has been found to be an independent risk factor in a multivariate 
analysis along with congestive heart failure, hypertension, COPD 
and stroke, which are all more prevalent in the elderly.12

Aging and AF Treatment Options
 Age not only increases the prevalence of AF but imposes 

significant limitations in its treatment; the higher prevalence of 
conduction abnormalities limit the use of rate control agents, which 
in some occasions, make device therapy necessary to overcome the 
risk of bradycardia and chronotropic incompetence. The use of 
antiarrhythmic therapy is also limited by multiple comorbidities 
and there is an increased risk of bleeding complications secondary 
to antithrombotic therapy, which is especially problematic given the 
higher susceptibility for disabling stroke in this population.

A higher degree of atrial myopathy in older individuals leads 
to a more complex substrate, which may affect the success of the 
procedure and the probability of remaining in sinus rhythm. Studies 
using substrate mapping in patients with drug-refractory AF 
undergoing pulmonary vein isolation (PVI) have shown a larger left 
atrium diameter in older patients (36.21 ± 5.85 mm in < 50 years, 
39.03 ± 5.89 mm in 50-65 years and 40.41 ± 5.41 mm in > 65 years, 
p=0.002) and a lower mean peak-to peak bipolar left atrial voltage 
compared to younger patients (< 50 years: 2.07 ± 0.84 mV in < 50 
years, 1.75 ± 0.72 mV in 50-65 years and 1.86 ± 0.67 mV in ≥65 
years, p=0.024).13

In terms of catheter ablation of AF, there is extensive evidence 
of its efficacy in restoring and maintaining sinus rhythm over 
antiarrhythmic therapy. According to the current guidelines,14,15 

catheter ablation is indicated in symptomatic patients after failing or 
if intolerant to antiarrhythmic therapy, with electrical isolation of the 
pulmonary veins as main target. However, despite a common name, 
AF encompasses several disease stages, and as the disease progresses 
and persistent AF ensues, a more complex procedure with additional 
lesions is required to achieve success. These additional lesions include 
the left atrial roof line connecting the superior aspects of the left and 

Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com



Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com

Journal of Atrial Fibrillation27 Featured  Review
In a retrospective study by Bhargava et al,32 the impact of age on 

the outcome of PVI using a cooled-tip catheter was evaluated in three 
different age groups of patients with drug-refractory symptomatic 
AF (< 50, 51-60 and > 60 years, which included patients up to 79 
years of age). The rate of complications was similar between the 
groups, except for the risk of stroke, which was higher in patients 
above 60 years. The recurrence rates at one year of AF were similar 
(15.1%, 16.7% and 18.4%, respectively; p > 0.05) demonstrating the 
benefits of ablation across all groups.

 Traub et al.33 compared the outcomes after PVI in 15 patients ≥ 70 
years and 45 patients < 70 years. The presence of normal sinus rhythm 
was established as the primary outcome, with no difference between 
the two groups at 12 months of follow-up (60% elderly group vs. 
80%; p = 0.17). The need for redo ablation was similar in the two 
groups (20% elderly vs. 24%) as well as the complications rate.

In the search of additional procedures that can be beneficial for 
elderly patients, AV node ablation has retained clinical utility given 
its lower complexity and the lower complication rate. However, small 
studies in the elderly comparing the two techniques suggest that in 
the appropriate patient, catheter ablation targeting the pulmonary 
veins is still a better option. In a multicenter, randomized, controlled 
trial comparing PVI vs. AV node ablation and biventricular pacing 
(AVN+BiV) in 71 patients from 52-68 years old with symptomatic 
AF and LV dysfunction (LV EF ≤ 40%), the benefit of PVI was 
demonstrated in terms of quality of life, 6-minute walk distance and 
higher ejection fractions long term, with a higher rate of progression 
in AF and use of antiarrhythmic medications in the AVN+BiV 
group.34

Hsieh et al.35 compared catheter ablation vs. AV node ablation 
plus pacing either VVI or VVIR (AVN+pacing) in a small study of 
71 elderly patients with medically refractory paroxysmal AF. In this 
study, catheter ablation included isolation of the arrhythmogenic 

In a prospective analysis of a single center study30 of 752 
patients undergoing catheter ablation for drug-refractory AF, the 
characteristics of AF and outcomes of catheter ablation were analyzed 
in two different groups: ≥ 80 years (35 patients) and < 80 years. The 
rates of paroxysmal, persistent and permanent AF were similar in the 
two groups. Older patients were more likely to have congestive heart 
failure (20% vs. 10%, P = 0.06), coronary artery disease (31% vs. 9%, 
P < 0.0001), and –by definition- a higher CHADS2 score. Eighty 
percent of the patients in the elderly group and 78% of patients less 
than 80 years old required additional lesions besides pulmonary vein 
isolation. The procedure was successful in both groups, with 1-year 
survival free of AF or flutter without the use of anti-arrhythmic 
medications of 78% in patients ≥ 80 years and 75% in < 80 years (p = 
0.78). Hospital stay was longer in the elderly group (2.9 ± 7.7 vs 2.1 ± 
1.1 days, p = 0.001) but there were no differences in the rate of peri-
procedural complications or death at one year. The authors pointed 
out that probably this was a healthier cohort of elderly patients, but 
the benefit and safety of ablation were evident on these results.

 Zado et al.31 demonstrated the efficacy and safety of catheter 
ablation in an experienced single center study that enrolled 1165 
patients. The protocol included pulmonary vein isolation and focal 
ablation of non-PV AF triggers and analysis was done comparing 
three different age groups (< 65 years (n=948), 65-74 years (n=185) 
and ≥ 75 years (n=32). There was no significant difference in AF 
control (89%, 84% and 86% respectively, p=NS) during a mean 
follow-up of 27 months. However, more patients ≥ 75 years were 
maintained in antiarrhythmic therapy to achieve AF control (20%, 
29% and 37% respectively, p = 0.024) and more elderly patients 
remained on antiarrhythmic therapy even in the absence of AF 
recurrence. There were no significant differences in the percentage of 
major complications or repeat ablation; however, older patients were 
less likely to have redo procedures.
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Figure 1: Catheter ablation procedural success in different age groups.

* Long-term AF control at one year included patients with no AF off antiarrhythmics (AAD) or on ADD, no AF on AAD restarted after AF recurrence and rare AF on or off ADD. Percentage 
includes a redo procedure on 9% of patients ≥ 75 years, 27% of patients 65-74 years and 26% of patients < 65 years.
Δ p = 0.17
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pulmonary veins with a mean of 1.3 pulmonary veins isolated as well 
as non-PV vein areas with triggered activity in 27% of the patients in 
the ablation group. The authors reported freedom from symptomatic 
AF in 100% of the patients in the AVN+pacing group vs. 81% of the 
patients in the AF ablation group, but there was a higher incidence 
of heart failure in the AVN+pacing group (53% vs. 24%, p=0.001) as 
well as worsening left ventricular function from initial evaluation to 
end of follow-up period (44 ± 8% vs. 51 ± 10%, p = 0.01) compared to 
the catheter ablation group (46 ± 10% vs. 49 ± 10%, p = 0.37), likely 
secondary to right ventricular pacing. The progression to persistent 
AF after about 4 years of follow-up was higher in the AVN+pacing 
group compared to the ones that underwent ablation of pulmonary 
veins (69% vs. 8%, p < 0.001). There were no differences in ischemic 
strokes and cardiac deaths between the two groups.

There is still a need of randomized controlled trials focusing on 
the elderly group to measure the outcomes of catheter ablation. 
One of the ongoing studies is the CABANA trial,36 a randomized 
controlled trial currently enrolling patients from 18 to 90 years old 
with documented AF, which will further elucidate the role of catheter 
ablation vs. antiarrhythmic therapy. While more data is available, we 
consider that catheter ablation is still the best choice in the elderly 
as a rhythm control option, along with long-term anticoagulation 
for stroke reduction making the greatest impact in the population 
affected most by this condition.

Conclusions:
AF is for the most part, a disease of the elderly and there is still 

a need to find the best therapy that can lead to tangible results in 

these patients. The outcomes of catheter ablation of AF in the elderly 
are similar to the ones obtained in younger populations, and age has 
become an important reason to establish normal sinus rhythm as a 
primary goal. In the appropriate patient, catheter ablation is the most 
effective therapy and with the most impact in morbidity, mortality 
and quality of life in the elderly group.
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Abstract
Atrial fibrillation (AF) is a frequently encountered rhythm disorder, characterized by high recurrence rate, frequent hospitalizations, reduced 

quality-of-life and increased the risk of mortality, heart failure and stroke. Along with these clinical complications this type of arrhythmia 
is the major driver of health-related expenditures. Radiofrequency catheter ablation (RFA) of atrial fibrillation has been shown to improve 
freedom from arrhythmia survival, reduce re-hospitalization rate and provide better quality-of-life as compared with rate control and rhythm 
control with antiarrhythmic therapy. Efficacy of AF ablation in terms of outcomes and costs has an evolving importance.

In this review, we aimed to highlight current knowledge on AF ablation clinical outcomes based on results of randomized clinical trials and 
community-based studies, and overview how this improvement in clinical end-points affects costs for arrhythmia care and cost-effectiveness 
of AF ablation.

Introduction
Atrial fibrillation (AF) is the most frequently encountered 

arrhythmia,characterized by high recurrence rate, frequent 
hospitalizations, reduced quality-of-life (QoL) and increased the 
risk of mortality, heart failure and stroke.1,2 Along with these clinical 
complications AF is the major driver of health-related expenditures: 
its economic burden was estimated to be $6 -26 billion in US and 
€13.5 billion in EU. 3-6 AF might also exacerbate the clinical course 
and prognosis of underlying disease7-9 and consequently increase 
costs for its care.9, 10

The current standards of AF management include several strategies 
which might differ according to the type of AF and patient-specific 
characteristics: rate-control (RateC), including medical therapy or 
ablation of atrioventricular node with pacemaker implantation, and 
rhythm control (RhyC) with either antiarrhythmic drugs (AADs), 
electrical cardioversion, with further long-term AADs treatment 
for rhythm maintenance, or radiofrequency catheter ablation 
(RFA). All these strategies might include preventive therapy with 
antithrombotics according to the patient`s risk of stroke.

Evidence, based on results of randomized controlled trials (RCTs), 

suggests no differences between RateC and RhyC with AADs or 
electrical cardioversion in terms of major adverse outcomes, like 
mortality, risk of stroke and heart failure for patients with persistent/
paroxysmal AF.11-17 RhyC is not an appropriate management 
strategy for elderly patients with major comorbidities,12,15 because 
of increased risk of death. On other hand, RhyC is associated with 
symptoms improvement, better QoL, higher exercise tolerance, and 
improvement of left ventricular function and its benefits might be 
more pronounced in younger patients and those with paroxysmal 
AF.18-21

Real-time observations of AF management in unselected 
patients, presented in the community-based survey RECORDAF, 
demonstrated that RhyC was associated with 1.34 times (95%CI 
1.15-1.55, p=0.0002) higher likelihood of therapeutic success than 
RateC strategy, reducing probability of paroxysmal AF progression 
to permanent one by 80% (OR-0.20, 95% 0.17-0.25, p<0.0001).22

However, it is necessary to emphasize major limitations of RhyC 
strategy as the adverse effects of AADs and frequent hospitalizations 
due to arrhythmia recurrence.15-21

Ablation of AF is a potentially curative approach in arrhythmia 
treatment, characterized by higher rate of normal sinus rhythm 
(NSR) and better of QoL, less hospitalization rate and less drug- 
toxicity related complications as compared to conventional medical 
therapy.23-30

The goal of this review is to highlight the current knowledge on 
cost-effectiveness of AF ablation. 

Overview of AF Ablation Studies
Several clinical trials demonstrated RFA as an effective procedure 

in modification of clinical outcomes in patients with AF as compared 
to RhyC with AADs strategy. 23-30
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studies are comparable to those of RCTs, if performed in centers 
with certain volume of procedures. The main disadvantage of the pro-
cedure is invasive nature and certain percentage of peri-procedural 
complications. 

AF Ablation and Costs
 Total costs for AF care are constituted in major part by costs 

for hospitalizations, in-hospital procedures and expenditures for 
treatment of complications.3 In a study of expenditures for AF 
care in US, cost for hospitalization constituted 44% of general cost, 
followed by treatment of complications and other expenditures.3 
In Netherlands total annual cost of AF (prevalence 5.5%) care for 
250.470 patients over 55 years old was reported to be as high as €583 
million; the costs increased with age of the patients and treatment 
of complications like stroke.34 The analysis of AF care costs in 
Germany35 showed that majority of patients received RateC therapy- 
58% and 27% received RhyC with AAD. The average annual cost 
for AF care was equal to €827 per patient; of which 44% was due 
to re-hospitalizations and 20% - AADs. The annual cost for RhyC 
was as twice higher than for RateC (€1572 per patient vs €780 per 
patient). Overall annual cost for 800.000 patients with AF was equal 
to €660 million.

As mentioned above ablation of AF is associated with better 
outcomes, especially in terms of major driver of cost like re-
hospitalization rate; however equipment, catheters, navigation 
systems, peri-procedural care and physician expenses are the factors 
that increase the initial cost of procedure which might be higher as 
compared to AADs strategy initial costs. 

The costs for AF ablation in European countries, according to 
administrative data analyses and surveys vary between €8868 and 
€9600 per patient,36,37 being higher for AF with structural heart 
disease.38 However, hospital care costs tend to reduce significantly 
after procedure as compared with pre-ablation period. Comparative 
analysis of healthcare expenditures in US 39 6 months before and 3 
years after RFA in 3194 patients demonstrated significant reduction 
in number of hospitalizations; emergency department, in-hospital 
and out-hospital visits after ablation, saving expenses for hospital 
care by $3200-$9600 per patient. 

Cost-comparative studies40-44 analyzed the costs for RFA in 
comparison with RhyC and RateC in time-dependent manner 
accounting for the freedom from arrhythmia, re-hospitalizations and 
complications rates. Specifically, the analyses include the timing of 
costs equalization in long-term perspective when beneficial clinical 
outcomes might translate into saving or reduction of costs. 

As we previously summarized45 the initial costs of AF ablation 
varied between €1590-4715 per patient, $10465-18151 per patient 
and ¥1063200-4041289 per patient depending on the type of AF 
and complexity of procedures, exceeding the initial costs for RhyC 
with AADs by three times. However, during follow-up, the annual 
spending per patient after RFA was significantly lower than for AAD 
therapy (€634 vs €2263, 40 €448 vs €1590 ,41 $1597-2132 vs $4840-
44 $2358 vs 349743). As a result at the end-of follow-up the total 
costs for RFA and RhyC with AADs strategies equalized or become 
even smaller than for comparative strategy. The cross-over time 
points, when the costs for two strategies equalized showed difference 
according to the type of AF and indication for RFA, complexity and 
need for repeat procedures. The earliest equalization of costs at the 
second year was reported for RFA used as a first line of therapy in 

   RFA in patients with chronic or paroxysmal AF resistant to anti-
arrhythmic drugs was found to be superior to RhyC with AADs in 
terms of maintenance of sinus rhythm 1 year after procedure; 74-
89% of patients who underwent RFA and only 16-58% of patients 
on AADs therapy were in NSR.23-27 Among patients with symptom-
atic paroxysmal AF who underwent ablation as the first therapy of 
choice, 85-87% of patients were free from arrhythmia at the end of 
1-2 years of follow-up.28-30 Patients underwent RFA had reduction
of symptoms severity related to arrhythmia by 76%, greater improve-
ment in QoL and exercise tolerance as compared to those on RhyC
with AADs.24,27-29 It is worth mentioning, that number of hospital-
izations was significantly less in group of patients undergoing ab-
lation as compared to those on AADs therapy. The latter strategy
was accompanied by adverse effects related to AADs in 8-23.3%
patients.26,27,29 

 Despite invasive nature and higher initial cost of ablation, it is 
an attractive approach in cure of AF because of its association with 
higher NSR rates during follow-up, better indexes of QoL, larger 
reduction in symptoms severity, less rate of re-hospitalizations and 
adverse effects of AADs. 
     The current guidelines-based5,6,31 indications are as following: RFA 
is indicated in subgroup of patients with symptomatic drug-resistant 
paroxysmal AF (level of evidence/class IA), and it might be a reason-
able choice of therapy for patients with paroxysmal AF as the first 
line of therapy (level of evidence/class 2A); it might be considered 
for patients with persistent AF resistant to drugs (level of evidence/
class 2A), and as the first line of therapy for patients with persistent 
AF(level of evidence/class 2B), though evidence is not yet sufficient 
for the latter subgroup and is based on expert opinion.
   Recent AFAPS survey 32, 33 on outcomes of RFA in 10 European 
countries (Belgium, France, Germany, Netherlands, Greece, Italy, 
Spain, Denmark, Chech Republic and Poland, centers with >50 pro-
cedures/year) demonstrated that freedom from arrhythmia rates were 
close to those reported in RCTs. This survey included 1391 patients 
with paroxysmal/ persistent AF who underwent RFA. About 70% of 
patients had paroxysmal AF, 28% - persistent and the rest of patients 
had permanent AF; 60% of patients had underlying structural heart 
disease. The indications were symptoms in 89% and improvement in 
QoL -74%. About 91.4% of patients were discharged in NSR after 
3 days of hospitalizations. RFA related procedural complications oc-
curred in 7.7% of patients, including 1 death. One-year outcomes 
data for this survey were presented at ESC congress in 2012 – of 
1391 patients 6.5% were lost to follow-up and outcomes of 1300 
patients were as following: 88.1% of patients were in sinus rhythm, 
re-admission rate was 30% including 21% for recurrent AF and re-
peated RFA was applied to 18% of patients.33 Number of patients 
without symptoms increased from 13.1% to 55%. Adverse effects of 
RFA reduced to 2.6%. It is worth highlighting that about 13% of 
patients included in this survey were asymptomatic and the choice of 
RFA therapy was based on patients` willingness to improve QoL, to 
have a drug-free lifestyle and to maintain the NSR. 
    Thus, RFA is an effective approach in the treatment of paroxysmal/
persistent AF resistant to drug therapy and as a first line of therapy 
in symptomatic paroxysmal AF with clear advantages in sustaining 
NSR, improvement of quality of life, reducing re-hospitalizations 
and improvement of symptoms. The results of community- based 
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was selected as a reference strategy. Patients undergoing RFA would 
have higher QALy rates as compared with RateC and RhyC AAD 
treatment arms, which mean they would have gain more years free of 
unfavorable outcomes (11.55 vs 10.81 and 10.75, respectively). The 
sensitivity analysis conducted with the aim to define the variables 
which might increase the costs above acceptable values demonstrated 
that all variables` costs were within threshold limits. The threshold 
analysis of ICER values demonstrated that the AF ablation would 
be cost effective only when the risk of stroke is reduced by 42% in 
65 –year-old and 11% in 55-year-old groups. The strategies in the 
subgroups of patients with low risk of stroke were not cost-effective. 
  In another analysis from UK, 49 RFA was shown to be cost- effective 
for AF patients resistant to RhyC with AADs irrespectively of 
CHADS score and risk of stroke if their life-long QoL measure will 
be equal to those of general UK population.   
    McKenna et al.49 in their decision- model study made assumptions 
for patients of average age of 52 years (80% of male gender) with 
paroxysmal AF with and without risk of stroke (CHADS2 score 
varied between 0 and 3) undergoing either ablation after at least 
one unsuccessful attempt of treatment by AADs or long-term 
RhyC AADs therapy. The success rate at first year was assumed to 
be 84% for ablation and 38.6% for AAD arms, consequently the 
recurrence rate for AF was accepted as 3.35 and 28.8%, respectively 
for each group. The short-term outcomes included the freedom from 
arrhythmia, procedural complications and complications related to 
drug toxicity; long-term outcomes include NSR, stroke, mortality 
and AF recurrence rate. The outcome measure was QoL in presence 
of NSR, with assumption that strategy would be cost-effective if 
the patients achieve the quality-of-life standards for general UK 
population. The costs for treatment were retrieved from UK NHS 
database and personal social services. Analysis was performed for 
5-year and life-long effects. Cost analysis demonstrated the higher
life-long per patient values for ablation (for CHADS 0-3 - £25240-
£28343) than for medical therapy (£14415-£18107). The cost-
effectiveness threshold was accepted at £20000-£30000. The ablation
strategy was found to be cost-effective only for life-long outcomes
and costs. The patients in ablation arm would gain more QALy
(for CHADS 0-3 – QALY 12.37 -11.49) as compared to AADs
arm (10.98 -10.19). This gain in QALy would require additional
spending (ICER for CHADS 0-3 - £7763-£7910) within acceptable
threshold of £20000-£30000. The probability for ablation strategy
being cost-effective was 98.1-100%. The sensitivity analysis showed
that following scenarios might increase the costs above the threshold
value: increase in annual relapse of AF >15%, absence of difference
in outcome measures between ablation and medical therapy, and
prognostic significance of NSR.
    AF ablation plus antiarrhythmic drug therapy was also shown 
to be cost-effective in another AF population: average 60 years old 
male patients with symptomatic paroxysmal AF resistant to 1 or 
more AAD, without history of stroke, heart failure or structural heart 
disease.50

 In a study by Reynolds et al.50 the assumption of AF relapse 
rate patients undergoing RFA were: 40% and 25% would have AF 
recurrence after 1st and 2nd years of procedure, while patients in 
AADs arm would have recurrence rate of 75% and 60%, respectively. 
Freedom from arrhythmia and QoL constituted outcome measures. 
Analyses were done for 5-year projection of costs. The 5-year 

patients with paroxysmal AF,43 while for patients with paroxysmal/
persistent AF resistant to drug therapy and single ablation procedure 
the equalization occurred at 3-5 years, in cases of repeat and complex 
procedures it extended up to 9-14.3 years.40-42, 44 

Though these studies were performed in different countries with 
diverse costs for medical care, the dynamics of cost measures show 
similar pattern. Despite the higher initial cost of RFA as compared 
to drug treatment, in long-term perspective the total costs of 
RFA become less than total costs for drug therapy. This advantage 
is more prominent in group of young patients with paroxysmal 
AF undergoing RFA as the first line of therapy or patients with 
paroxysmal AF without need for repeat and complex procedures. In 
contrary, the drug-therapy cost remained unchanged because of high 
arrhythmia relapse rate requiring re-hospitalizations and in-hospital 
procedures. 

AF Ablation and Cost-Effectiveness
   Cost –effectiveness of any ``new`` intervention is assessed in 
comparison with so called ``old`` intervention with purpose to 
define whether each gain in clinical outcome lies within acceptable 
increments in costs to be paid and is measured as the incremental 
cost-effectiveness ratio (ICER) .44, 45 QAly– quality adjusted life years 
- is a measure of the number of healthy years lived gained as a result
of intervention. In other words the cost-effectiveness of AF ablation
vs medical therapy is the gains of RFA in terms of better outcome and 
the costs required to cover expenses to achieve this additional benefit. 
The intervention is accepted as effective only with achievement of
desired clinical outcomes at acceptable threshold values.
There are two types of cost-effectiveness studies: based on clinical trial 

data and decision-analytical models. Few decision-modeling studies
48-50 evaluated whether RFA would be cost-effective in special subsets
of patients with arrhythmia based on the data of RCTs, controlled
prospective studies, registry and survey data, as well economic data
based on healthcare and insurance expenditures (Table 1). 
   It has been found that RFA might be cost-effective as compared to 
reference RateC strategy in elderly patients with AF at moderate risk 
of stroke, if the risk of stroke would be reduced sufficiently.  
  Chan et al.48 demonstrated that RFA might be a cost-effective 
strategy in patients with AF of 55 -year- old and 65- year- old at 
a moderate risk of stroke as compared to RateC strategy. In their 
decision model authors assumed that RFA success would be equal to 
80% at the first year and AF would relapse in 2% of patients, while 
only 38% of patients in the RateC would achieve therapeutic success. 
The stroke, assumed to occur in 1.3 and 0.7% of patients of 65 and 
55 years of age at moderate risk of stroke receiving warfarin therapy. 
Analysis showed that lifetime costs per patient vary being the highest 
for RFA ($52369 and $59380 for patients of 65 years and 55 years) 
and the lowest for RateC ($39391and $50509, respectively), and 
RhyC with AADs in between ($43358 and $55795 respectively). 
The costs for 55- year- old also would be higher as compared to 
elderly because of longer life expectancy. Authors established that AF 
ablation is effective in reduction of unfavorable outcomes at the cost 
within accepted threshold limits ($50000 to $100000) only in elderly 
patients at moderate risk of stroke as compared to RateC strategy 
(ICER $51800/QALy and $28700/QALy for 65 - and 55-year-old, 
respectively). RhyC with amiodarone was shown to be ineffective in 
terms of costs and outcomes as compared with RateC, the latter one 
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cumulative cost of AF ablation per patient was higher than for medical 
rhythm control ($26584 vs $19898). However, the mean QALy was 
higher for RFA as compared to AAD strategy (3.51 vs. 3.38), which 
was explained by increase in costs for AAD treatment due to higher 
AF recurrence rate and need for adjustments in treatment. The AF 
ablation was found to be cost-effective with ICER value of $51431/
QALy being within the acceptable threshold range. Sensitivity 
analysis demonstrated that time (short-term 3 years), cost ($20000) 
and low success rate of RFA, higher need for rate control were factors 
that might increase the incremental value over threshold of $100000. 
  Recently published health technology reports for different countries 
on economic evaluation of RFA cost-effectiveness reported similar 
results .37, 51, 52 

  There are no published prospective clinical trial based cost-
effectiveness analyses of RFA vs RhyC with AADs/RateC. Currently 
ongoing CABANA trial 53 on the effects of RFA vs RhyC or RateC 
on mortality in untreated or incompletely treated patients with AF 
(patients >65 years old and <65years old with >1 risk factor for stroke) 
will assess also the costs, resource utilization and cost-effectiveness of 
the RFA intervention with follow-up up to 5 years. 
    It is also not known whether the newer generation of antiarrhythmic 
drugs might affect the cost-efficacy of AF ablation. 

Conclusions:
Thus, current knowledge based on the RCTs and community-

based studies suggests that AF ablation is associated with the 
higher freedom from arrhythmia rate, improvement of quality- of- 
life, reduction of symptom severity and re-hospitalization rate as 
compared with rate and medical rhythm control strategies.

These clinical gains of RFA might translate into benefits in costs 
for AF care as compared to reference strategies. Initial higher costs 

of RFA tend to reduce over the long-term follow-up and equalize 
with the medical rhythm control care costs, with the earlier cost 
equalization for younger patients, without comorbidities and less 
complex procedure.

Decision- analytical modeling studies allows suggesting successful 
AF ablation alone or with concomitant AADs therapy as cost-
effective strategy in special subgroups of patients if desired clinical 
outcomes/ quality of life measures will sustain at long-term, risk of 
stroke will reduce in elderly patients and AF relapse rate and cost of 
procedure will not exceed pre-specified levels.

Results of ongoing prospective clinical trials based analyses should 
be awaited to confirm current knowledge and extend it if the benefit of 
RFA in mortality reduction will be demonstrated. Additional analysis 
of cost-efficacy in subgroups of patients with broader contemporary 
guideline indications for AF ablation needs to be addressed.

References:
1. Benjamin EJ, Wolf PA, D’Agostino RB, Silbershatz H, Kannel WB, Levy D.

Impact of atrial fibrillation on the risk of death: the Framingham Heart Study.
Circulation 1998;98:946–52.

2. Stewart S, Hart CL, Hole DJ, McMurray JJ. A population-based study of the
long-term risks associated with atrial fibrillation: 20-year follow-up of the
Renfrew/Paisley study. Am J Med 2002;  113:  359-64. 

3. Coyne KS, Paramore C, Grandy S, Mercader M, Reynolds M, Zimetbaum P.
Assessing the direct costs of treating nonvalvular atrial fibrillation in the United
States. Value in Health 2006: 9: 348-56.

4. Kim MH, Johnston SS, Chu BC, Dalal MR, Schulman KL. Estimation of total
incremental health care costs in patients with atrial fibrillation in the United
States. Circ Cardiovasc Qual Outcomes. 2011; 4:313-20.

5. Fuster V, Rydén LE, Cannom DS, Crijns HJ, Curtis AB, Ellenbogen KA, et al.
2011 ACCF/AHA/HRS focused updates incorporated into the ACC/AHA/
ESC 2006 Guidelines for the management of patients with atrial fibrillation:
a report of the American College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines developed in partnership with the
European Society of Cardiology and in collaboration with the European Heart
Rhythm Association and the Heart Rhythm Society. J  Am  Coll Cardiol  2011;
57: e101-198. 

6. Camm J, Lip GYH, De Caterina R, Savelieva I, Atar D, Hohloser S, et al. 2012
focused update of the ESC Guidelines for the management of atrial fibrillation
An update of the 2010 ESC Guidelines for the management of atrial fibrillation. 
Developed with the special contribution of the European Heart Rhythm
Association. Eur Heart J 2012; 33: 2719-47. 

7. Pedersen OD, Bagger H, Køber L, Torp-Pedersen C. The occurrence and
prognostic significance of atrial fibrillation/-flutter following acute myocardial
infarction. TRACE Study group. TRAndolapril Cardiac Evalution. Eur Heart J. 
1999;20:748-54.

8. Pedersen OD, Bagger H, Køber L, Torp-Pedersen C. The occurrence and
prognostic significance of atrial fibrillation/-flutter following acute myocardial
infarction. TRACE Study group. TRAndolapril Cardiac Evaluation. Eur Heart
J. 1999;20:748-54.

9. Brüggenjürgen B, Rossnagel K, Roll S, Andersson FL, Selim D, Müller-Nordhorn 
J, et al. The impact of atrial fibrillation on the cost of stroke: the Berlin acute stroke 
study. Value Health. 2007 ;10:137-43.

10. Fak AS, Küçükoğlu MS, Fak NA, Demir M, Ağir AA, Demirtaş M, et al.Expert
panel on cost analysis of atrial fibrillation. Anadolu Kardiyol Derg. 2013;13: 26-
38.

11. The Atrial Fibrillation Follow-up Investigation of Rhythm Management
(AFFIRM) investigators. A comparison of rate control and rhythm control in

Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com

Table 1: Decision analytical studies on cost-effectiveness of AF ablation

Study Study popula-
tion Cost Years QALy ICER

Threshold
value

McKenna
et al.48

52y patients 
at different risk 
of stroke 
CHADS2 
0-3

RFA
£25240-
£28343

AAD
£14415-
£18107

Life-
long

RFA
12.37-1.49

AAD
10.98-10.19

£7763-
7910

£20000-
£30000

Reynolds 
et al.49

Paroxysmal AF 
refractory to 1 
or more AADs
No SHD, stroke, 
HF 

RFA +AAD
$26584

AAD
$19898

5 
years

RFA+AAD
3.51 

AAD
3.38

$51431/
Qaly

$50000-
$100000

Chan et 
al.50

55 y and 65 
y patients  at  
moderate risk 
of stroke

65 y
R - 
$39391
AAD- 
$43358
RFA  - 
$52369

55 y
R-$50509
AAD - 
$55795
RFA - 
$59380

life-
long

65 y
10.81
10.75
11.55

55y
13.95
13.81
14.26

65y
reference
domi-
nated
$51800/
QALy

55y
reference
domi-
nated
$28700/
QALy

$50000-
$100000
Stroke 
reduction by 
42%

Stroke 
reduction by 
11%



Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com

Journal of Atrial Fibrillation34 Featured  Review
and radiofrequency catheter ablation in patients with paroxysmal atrial fibrillation: 
a randomized controlled trial. JAMA 2010; 303: 333-40. 

28. Nielsen JC, Johannessen A, Raatikainen P, Hindricks G, Walfridsson H, Kongstad 
O, et al. A randomized comparison of radiofrequency ablation and antiarrhythmia 
drug therapy as first line treatment in paroxysmal atrial fibrillation. N Engl J Med 
2012; 367: 1587-95. doi: 10.1056/NEJMoa1113566

29. Morillo C, Verma A, Kuck KH, Champagne J, Nair G, Sterns L, et al.
Radiofrequency ablation vs antiarrhythmic drugs as first-line treatment of
symptomatic atrial fibrillation: (RAAFT 2): a randomized trial. Heart Rhythm
2012; 9: 1580. (abstr)

30. Wazni OM, Marrouche NF, Martin DO, Verma A, Bhargava M, Saliba W, et
al. Radiofrequency ablation vs antiarrhythmic drugs as first-line treatment of
symptomatic atrial fibrillation: a randomized trial. JAMA 2005; 293: 2634-40. 

31. Calkins H, Kuck KH, Cappato R, Brugada J, Camm AJ, Chen SA, et al. 2012
HRS/EHRA/ECAS Expert Consensus Statement on Catheter and Surgical
Ablation of Atrial Fibrillation: recommendations for patient selection, procedural
techniques, patient management and follow-up, definitions, endpoints, and
research trial design. Europace  2012; 14: 528-606. 27. 

32. Arbelo E, Brugada J, Hindricks G, Maggioni A, Tavazzi L, Vardas P, et al. ESC-
EURObservational Research Programme: the Atrial Fibrillation Ablation Pilot
Study, conducted by the European Heart Rhythm Association. Europace 2012;
14: 1094–103.

33. Arbelo E, Brugada P, Hindricks G, Maggioni A, Tavazzi L, Vardas P, et al.
EUROObservational Research programme. Atrial fibrillation ablation pilot
registry: 1-year follow-up results. Presented at ESC Congress 2012, Munich,
Germany. Available at: URL: www.escardio.org. 

34. Heemstra HE, Nieuwlaat R, Meijboom M, Crijns HJ. The burden of atrial
fibrillation in the Netherlands. Neth Heart J 2011; 19:373–8.

35. McBride D, Mattenklotz AM, Willich SN, Brüggenjürgen B. The costs of care
in atrial fibrillation and the effect of treatment modalities in Germany. Value in
Health 2009; 12: 293-301. 

36. Brabandt H, Neyt M, Devos C. Effectiveness of catheter ablation of atrial
fibrillation in Belgian practice: a cohort analysis on administrative data. Europace
2013: Feb 6. [Epub ahead of print]

37. Themistoclakis S, Tritto M, Bertaglia E, Berto P, Bongiorni MG, Catanzariti D, et 
al. Catheter ablation of atrial fibrillation: Health Technology Assessment Report
from the Italian Association of Arrhythmology and Cardiac Pacing (AIAC).G
Ital Cardiol (Rome) 2011; 12: 726-76. 

38. López Gude MJ, Rodríguez Bezos D, Rodríguez Barrios JM. Cost-benefit
analysis of concomitant atrial fibrillation management in Spain. Gac Sanit 2010;
24: 59-65.

39. Ladapo JA, David G, Gunnarsson CL, Hao SC, White SA, March JL, et al.
Healthcare utilization and expenditures in patients with atrial fibrillation treated
with catheter ablation. J Cardiovasc Electrophysiol 2012; 23: 1-8. 

40. Le Heuzey JY, Paziaud O, Piot O, Said MA, Copie X, Lavergne T, Guize L. Cost 
of care distribution in atrial fibrillation patients: the COCAF study.  Am Heart J
2004; 147: 121-126. 

41. Weerasooriya R, Jaïs P, Le Heuzey JY, Scaveé C, Choi KJ, Macle L, et al. Cost
analysis of catheter ablation for paroxysmal atrial fibrillation. Pacing Clin
Electrophysiol 2003; 26: 292-294. 

42. Khaykin Y, Morillo CA, Skanes AC, McCracken A, Humphries K, Kerr CR.
Cost comparison of catheter ablation and medical therapy in atrial fibrillation. J
Cardiovasc Electrophysiol 2007; 18: 907-913. 

43. Khaykin Y, Wang X, Natale A, Wazni OM, Skanes AC, Humphries KH. Cost
comparison of ablation versus antiarrhythmic drugs as first-line therapy for atrial
fibrillation: an economic evaluation of the RAAFT pilot study. J Cardiovasc
Electrophysiol 2009; 20: 7-12. 

patients with atrial fibrillation, N Engl J Med 2002; 347: 1825-33.
12. Testa L, Biondi-Zoccai GG, Dello Russo A, Bellocci F, Andreotti F, Crea F. Rate-

control vs. rhythm-control in patients with atrial fibrillation: a meta-analysis. Eur
Heart J 2005; 26: 2000-6. 

13. De Denus S, Sanoski CA, Carlsson J, Opolski G, Spinler SA. Rate vs rhythm
control in patients with atrial fibrillation: a meta-analysis. Arch Intern Med 2005; 
165: 258-62. 

14. Caldeira D, David C, Sampaio C. Rate versus rhythm control in atrial fibrillation
and clinical outcomes: updated systematic review and meta-analysis of randomized 
controlled trials. Arch Cardiovasc Dis 2012; 105: 226-38.

15. Jenkins LS, Brodsky M, Schron E, Chung M, Rocco T Jr, Lader E, et al. The
AFFIRM Investigators. (2005) Quality of life in atrial fibrillation: The Atrial
Fibrillation Follow-up Investigation of Rhythm Management (AFFIRM) study. 
Am Heart J  2005; 149: 112-20.

16. Carlsson J, Miketic S, Windeler J, Cuneo A, Haun S, Micus S, Walter S, et al.
STAF Investigators. (2003) Randomized trial of rate-control versus rhythm-
control in persistent atrial fibrillation: The Strategies of Treatment of Atrial
Fibrillation (STAF) study. J Am Coll Cardiol 2003; 41: 1690-6. 

17. Van Gelder IC, Hagens VE, Bosker HA, Kingma JH, Kamp O, Kingma T, et
al. Rate Control versus Electrical Cardioversion for Persistent Atrial Fibrillation
Study Group.  A comparison of rate control and rhythm control in patients with
recurrent persistent atrial fibrillation. N Engl J Med 2002; 347: 1834-40. 

18. Hohnloser SH, Kuck KH, Lilienthal J. Rhythm or rate control in atrial
fibrillation—Pharmacological Intervention in Atrial Fibrillation (PIAF): A
randomised trial. Lancet 2000; 356: 1789-94. 

19. Opolski G, Torbicki A, Kosior DA, Szulc M, Wozakowska-Kaplon B, Kolodziej
P, Achremczyk P; Investigators of the Polish How to Treat Chronic Atrial
Fibrillation Study. Rate control vs rhythm control in patients with nonvalvular
persistent atrial fibrillation: the results of the Polish How to Treat Chronic Atrial
Fibrillation (HOT CAFE) Study. Chest 2004; 126: 476-86. 

20. Shelton RJ, Clark AL, Goode K, Rigby AS, Houghton T, Kaye GC, Cleland JG.  
A randomised, controlled study of rate versus rhythm control in patients with
chronic atrial fibrillation and heart failure: (CAFE-II Study). Heart 2009; 95:
924-30. 

21. Ogawa S, Yamashita T, Yamazaki T, Aizawa Y, Atarashi H, Inoue H,et al;
J-RHYTHM Investigators.  Optimal treatment strategy for patients with
paroxysmal atrial fibrillation: J-RHYTHM Study. Circ J 2009; 73: 242-8. 

22. Camm AJ, Breithardt G, Crijns H, Dorian P, Kowey P, Le Heuzey JY, et al. Real-
life observations of clinical outcomes with rhythm- and rate-control therapies for
atrial fibrillation RECORDAF (Registry on Cardiac Rhythm Disorders Assessing 
the Control of Atrial Fibrillation). J Am Coll Cardiol 2011; 58:  493–501.

23. Oral H, Pappone C, Chugh A, Good E, Bogun F, Pelosi F Jr, et al. Circumferential 
pulmonary-vein ablation for chronic atrial fibrillation. N Engl J Med 2006; 354:
934-1. 

24. Jaïs P, Cauchemez B, Macle L, Daoud E, Khairy P, Subbiah R, et al. Catheter
ablation versus antiarrhythmic drugs for atrial fibrillation: the A4 study.
Circulation 2008; 118: 2498-505. 

25. Pappone C, Augello G, Sala S, Gugliotta F, Vicedomini G, Gulletta S, et al. A
randomized trial of circumferential pulmonary vein ablation versus antiarrhythmic 
drug therapy in paroxysmal atrial fibrillation: the APAF Study. J Am Coll Cardiol 
2006; 48: 2340-7. 

26. Pappone C, Vicedomini G, Augello G, Manguso F, Saviano M, Baldi M, et al.
Radiofrequency catheter ablation and antiarrhythmic drug therapy: a prospective, 
randomized, 4-year follow-up trial: the APAF study. Circ Arrhythm Electrophysiol 
2011; 4: 808-14. 

27. Wilber DJ, Pappone C, Neuzil P, De Paola A, Marchlinski F, Natale A, et al;
ThermoCool AF Trial Investigators. Comparison of antiarrhythmic drug therapy

Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com



Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com

Journal of Atrial Fibrillation35 Featured  Review
44. Noro M,  Kujime S, Ito N, Enomoto Y,  Nakamura K, Sakai T, et al.  Cost-

effectiveness of radiofrequency catheter ablation vs. medical treatment for atrial
fibrillation in japan. Circ J 2011;  75: 1860-6. 

45. Gorenek B, Kudaiberdieva G. Cost analysis of radiofrequency catheter ablation
for atrial fibrillation. Int J Cardiol. 2013 Feb 12. doi:pii: S0167-5273(13)00068-5. 
10.1016/j.ijcard.2013.01.028. 

46. Higgins AM, Harris AH. Health Economic Methods: Cost-minimization, cost-
effectiveness, cost-utility, and cost-benefit evaluations. Crit Care Clin 2012; 28:
11–24.

47. Fenwick E, Marshall DA, Levy AR, Graham N. Using and interpreting cost-
effectiveness acceptability curves: an example using data from a trial of management 
strategies for atrial fibrillation. BMC Health Services Research 2006; 6: 52-60.

48. Chan PS, Vijan S, Morady F, Oral H. Cost-effectiveness of radiofrequency
catheter ablation for atrial fibrillation. J Am Coll Cardiol 2006;  47: 2513-20. 

49. McKenna C,  Palmer S, Rodgers M, Chambers D, Hawkins N, Golder S, et al.
Cost-effectiveness of radiofrequency catheter ablation for the treatment of atrial
fibrillation in the United Kingdom. Heart 2009; 95: 542–9. 

50. Reynolds MR, Zimetbaum P, Josephson ME, Ellis E, Danilov T, Cohen DJ. Cost-
effectiveness of radiofrequency catheter ablation compared with antiarrhythmic
drug therapy for paroxysmal atrial fibrillation. Circ Arrhythm Electrophysiol
2009; 2: 362-9. 

51. Assasi N, Blackhouse G, Xie F, Gaebel K, Robertson D, Hopkins R, Healey J, Roy 
D, Goeree R. Ablation Procedures for Rhythm Control in Patients With Atrial
Fibrillation: Clinical and Cost-Effectiveness Analyses [Technology Report, No.
128]. Ottawa: Canadian Agency for Drugs and Technologies in Health; 2010.

52. Rodgers M, McKenna C, Palmer S, Chambers D, S Van Hout S, Golder S, et al. 
Curative catheter ablation in atrial fibrillation and typical atrial flutter: systematic
review and economic evaluation. Health Technol Assess. 2008; 12: 1-198.

53. Curative catheter ablation in atrial fibrillation and typical atrial flutter: systematic
review and economic evaluation. NIHR HTA Programme. November 2008.
Health Technology Assessment 2008; 12: 34. CABANA trial. Catheter Ablation
vs Anti-arrhythmic Drug Therapy for Atrial Fibrillation Trial (CABANA).
NCT00911508

Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com



Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com

Journal of Atrial Fibrillation36 Featured  Review

Disclosures:
None.

Corresponding Author:
Shih-Ann Chen, MD
Division of Cardiology
Taipei Veterans General Hospital
201, Sec. 2, Shih-Pai Road, 
Taipei, Taiwan.

Cardiac Remodeling After Atrial Fibrillation Ablation

Li-Wei Lo, MD., Shih-Ann Chen, MD

Division of Cardiology, Department of Medicine, Taipei Veterans General Hospital; Institute of Clinical Medicine, and 
Cardiovascular Research Institute, National Yang-Ming University.

Abstract
Radiofrequency catheter ablation procedures are considered a reasonable option for patients with symptomatic, drug refractory atrial 

fibrillation (AF). Ablation procedures have been reported to effectively restore sinus rhythm and provide long-term relief of symptoms. Both 
electrical and structural remodeling occurs with AF. A reversal of the electrical remodeling develops within 1 week after restoration to sinus 
rhythm following the catheter ablation. The recovery rate is faster in the right atrium than the left atrium. Reverse structural remodeling 
takes longer and is still present 2 to 4 months after restoration of sinus rhythm. The left atrial transport function also improves after 
successful catheter ablation of AF. Left atrial strain surveys from echocardiography are able to identify patients who respond to catheter 
ablation with significant reverse remodeling after ablation. Pre-procedural delayed enhancement magnetic resonance imaging is also able 
to determine the degree of atrial fibrosis and is another tool to predict the reverse remodeling after ablation. The remodeling process is 
complex if recurrence develops after ablation. Recent evidence shows that a combined reverse electrical and structural remodeling occurs 
after ablation of chronic AF when recurrence is paroxysmal AF. Progressive electrical remodeling without any structural remodeling develops 
in those with recurrence involving chronic AF. Whether progressive atrial remodeling is the cause or consequence during the recurrence of 
AF remains obscure and requires further study.

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

encountered in the clinical practice.1 It carries a significant risk to the 
patients and also brings a tremendous economic burden to the social 
and health care systems. AF initiates self-perpetuating changes in 
the electrophysiology, structure and functional properties of the atria, 
a phenomenon known as a remodeling.2 The process can happen in 
both the atrium and ventricle. Catheter ablation of AF has evolved 
from being a novel, unproven procedure, to a commonly performed 
procedure for treatment in symptomatic patients over the past 15 
years. Ablation does change the process of remodeling. In this paper, 
our aim was to review the recent understanding of the remodeling 
process that develops after catheter ablation of AF.

Remodeling Process During AF
The concept of ‘AF begets AF’ was postulated by Wijffels and 

coworkers in 1995 through long term rapid atrial pacing in healthy 

goats which created sustained AF in those animals.3 Shortening of 
the atrial refractory period (-35%) was noted after 24 hours of rapid 
atrial pacing. A reversion of the physiological rate adaptation and 
an increase in the rate, inducibility and stability of AF were also 
reported. A decrease in the conduction velocity with shortening of 
the atrial refractory period was also demonstrated by Morillo and 
colleagues.4 The remodeling process is secondary to ionic remodeling 
with an increase in the intracellular Ca2+. Evidence from a canine 
study showed that chronic atrial pacing progressively reduces the 
density of the L-type Ca2+ current and transient outward current, 
and the action potential duration (APD) and APD adaptation to the 
rate are also decreased.5 

In addition to electrical remodeling, structural remodeling also 
developed after the progression of AF. Macroscopic atrial enlargement 
and microscopic changes have also been previously documented. 
Mary-Rabine et al. reported a loss of myofilaments and that clusters 
of accumulated glycogen and lysosomal degeneration occur in 
patients with atrial arrhythmias.6 Morrillo et al. also characterized an 
increase in the mitochondrial size and number, and disruption of the 
sarcoplasmic reticulum in a canine model.4 Those changes may result 
in an inhomogeneous conduction and electrical uncoupling, which in 
turn may facilitate the maintenance of AF. 

Remodeling Process After Restoration to Sinus Rhythm
Are those remodeling processes reversible if restoration to sinus 
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Complex Remodeling Process After Catheter Ablation of 
AF

Reverse remodeling was observed after a surgical Maze or 
electrical cardioversion of AF. Because catheter ablation of AF has 
become an effective treatment for AF after the pioneering work of 
Haissaguerre et al. and Chen et al.13,14, whether or not the reverse 
remodeling process develops after catheter ablation is an interesting 
issue. However, recurrence of AF still remains a prevalent issue after 
pulmonary vein isolation.15-18 The atrial substrate turns into a more 
complex entity after the interventional procedure.
Electrical Properties After Catheter Ablation 

Sino-atrial Node
Widespread atrial myopathy with areas of low voltage and slowed 

conduction throughout the right atrium were observed by Sanders et 
al., and Chang et al. further reported that advanced regional substrate 
remodeling with a lower bipolar voltage and slower conduction 
velocity in the sinus node region occurred in patients with AF and 
sick sinus syndrome.19,20 Reverse remodeling developing after AF 
ablation was first reported by Hocini et al. when she observed that 
prolonged sinus pauses after paroxysms of AF could be eliminated 
by curative ablation of AF.21 This phenomenon is accompanied by an 
improvement in the parameters of the sinus node function, suggesting 
reverse remodeling of the sinus node after catheter ablation of AF.21

Atrium
After the development of the 3D electroanatomic mapping 

system, Pappone and colleagues used it to map the patients who 
received repeat ablation procedures due to recurrence.22 There was 
a significant decrease in the bipolar voltage and conduction velocity 
at the pulmonary vein-left atrial junction at the end of the index 
procedure. Recurrence after ablation was associated with an increase 

rhythm is achieved? In an animal study, Wijffels et al. observed a 
restoration of all electrophysiologic changes within 1 week after 
sinus rhythm was restored.3 Allessie demonstrated that the atrial 
effective refractory period returned completely to normal 2 months 
after restoration to sinus rhythm in a goat model.7 Lee. et al. 
demonstrated that the recovery of the shortened atrial refractoriness 
was slower in the left atrium than in the right atrium or Bachmann’s 
bundle.8 In humans, by applying cardioversion in patients with long-
standing AF (5 years), Yu and colleagues first reported that reverse 
remodeling did occur with a prolongation of the effective refractory 
period and progressively improved the rate adaptation response.9 The 
reverse remodeling effect reached a stable level on the third day after 
restoration to sinus rhythm. A similar finding was also reported by 
Raitt et al. in which they observed that the atrial refractory period 
increases, sinus node function improves and atrial conduction 
velocity goes up in the first week after cardioversion of long-standing 
AF.10 However, the recovery rate is faster in the right atrium than the 
left atrium. This transient dispersion of the atrial refractoriness may 
increase the risk for an early recurrence of AF. Therefore, recurrence 
occurs mostly within 3 to 5 days after restoration to sinus rhythm.

Reverse structural remodeling takes a longer time than reverse 
electrical remodeling. The remodeling process is still present 2 
and 4 months post-AF. The severe myolysis returned to almost 
normal within 4 months after restoration of sinus rhythm, but mild 
myolysis still remained and significantly increased.7 The reduction in 
the connexin 40 during AF completely reversed within 4 months 
after restoration to sinus rhythm.7 In humans, a study in patients 
undergoing a surgical Maze procedure revealed that the atrial 
mechanical dysfunction improved over time (2 months).11 The right 
atrium recovers faster than the left.11 Choi et al. found that the left 
atrial dimension and mean late mitral annulus velocity also increased 
from 1 week to 3 months after electrical cardioversion of AF.12 
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Panels A and B denote the right anterior oblique view of the left atrium in the first and second procedures. The color annotation shows a range of colors with a bipolar voltage of ≤0.5 mV shown in 
gray, all the way through to a voltage of > 2.0 mV shown in purple. During the second procedure (B), a newly developed low voltage zone occurred over the mid-to-lower anterior wall of the left atrium 
and right superior pulmonary vein antrum of the left atrium, and the high voltage area shown in purple decreased. LAA: left atrial appendage, MV: mitral annulus. (Reproduced with permission from 
Lo LW, et al. J Cardiovasc Electrophysiol 2007;18:258-265.23)

Figure 1: Electroanatomic bipolar voltage mapping in a patient with paroxysmal AF undergoing an initial catheter ablation and a repeat ablation of AF 
which recurred as paroxysmal AF
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conduction velocity. However,  there was a prolongation of the 
regional refractoriness and reversal of the left atrial dilation. This study 
indicated that progressive electrical remodeling still continued in 
spite of a curative ablation, and the remodeling process after ablation 
might be much more complex than the structural remodeling and 
may require a longer observational period and further investigation.
Structural Properties After Catheter Ablation

There are conflicting results regarding the reversibility of the atrial 
structural remodeling after catheter ablation. Reverse structural 
remodeling varies in different parts of the myocardium.

Atrium
Several studies have shown decreases in the left atrial volume 

(-8% to -15%) after catheter ablation of AF regardless of whether 
echocardiography or computed tomographic imaging was used for 
the measurements. Reverse structural remodeling is considered to be 
the mechanism of the decrease in the atrial size. Another possibility 
is that the scar formation from the ablation lesions decreases the 
atrial size. The study from Wylie et al. used the cardiac imaging to 
evaluate the patients receiving ablation and found a linear correlation 
between the decline in the left atrial systolic function and volume 
of radiofrequency ablation scar.26 But the study from Tsao et al. 
found the reverse electrical remodeling with a smaller low voltage 
area and scar were detected in the patients with a decreasing AF 
burden following the catheter ablation.25 From current evidences, it 
is still not sufficient to ignore the damage of the left atrial function 
caused by ablation. Avoidance of over-ablating the unnecessary atrial 
myocardium is important.

Tsao et al. reported an improvement in the left atrial transport 
function (+9%) after a successful catheter ablation of AF.27 The linear 
lesion applied in the procedure may influence the local motility of 

in the voltage and conduction velocity to an intermediate value in all 
left atrial sites.22 In this study, the recurrence of atrial arrhythmias 
was associated with a reverse process across the ablated area. In 
our laboratory, we further discovered that a progressive electrical 
remodeling occurred with a decreasing left atrial voltage in the 
paroxysmal AF patients with recurrent AF and a similar arrhythmic 
burden.23 The low voltage zone also increased during recurrence. 
Figure 1 is an example of an electroanatomic bipolar voltage map 
in a patient with paroxysmal AF who received an ablation and had 
a recurrence of paroxysmal AF. The low voltage area increased in the 
second procedure. Mesas et al. observed the development of a low 
voltage area over the left atrial posterior wall and mitral isthums 
during recurrent AF.22 

The pattern of remodeling varies in patients with chronic AF after 
ablation. Electrical reverse remodeling occurs with a greater left 
atrial bipolar voltage and smaller low voltage area in patients with 
a decreased AF burden during recurrence.24 Progressive electrical 
remodeling was noted in the patients with a similar or higher AF 
burden during recurrence. Figure 2 shows examples of electroanatomic 
bipolar voltage mapping for two different procedures. Panel A is a 
patient with a decreased AF burden during the recurrence, whereas 
panel B is a patient with a similar AF burden during the recurrence. 
Progressive electrical remodeling was noted in the second procedure 
in this patient. 

Whether progressive atrial remodeling is the cause or consequence 
during a recurrence of AF remains obscure. Kalman et al. evaluated 
the patients with lone AF undergoing catheter of AF and compared 
the electrical properties before and more than 6 months after the 
ablation.25 Unfortunately, the electrical substrate does not appear 
to reverse after a successful catheter ablation with a lower bipolar 
voltage and either no improvement or further slowing of the 
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The color annotation is the same as in Figure 1. In Panel A, there is a decrease in the low voltage area and an increase in the high voltage areas noted in the second procedure. In Panel B, a 
progressive electrical remodeling with an increase in the low voltage areas is noted in the second procedure. (Reproduced with permission from Lo LW, et al. J Cardiovasc Electrophysiol 2011;22:385-
393.24)

Figure 2: Electroanatomic bipolar voltage maps in patients with chronic AF undergoing catheter ablation in which one recurred as paroxysmal AF (A), and 
the other as persistent AF (B). Both panels represent the anterioposterior view of the left atrium in the first and second procedures
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the left atrial roof, but it could be offset by the reverse remodeling 
of the rest of the left atrium after a successful ablation. Recently, 
Tops and coworkers used the left atrial strain to identify the patients 
who responded to catheter ablation with significant left atrial reverse 
remodeling after ablation.28 Sixty-three percent of the patients 
exhibited a reverse structural remodeling after ablation with a 
concomitant improvement in the left atrial strain. The left atrial strain 
at baseline was an independent predictor of the left atrial reverse 
remodeling (odds ratio: 1.813). However, a recent study demonstrated 
that left atrial diastolic dysfunction and pulmonary hypertension 
developed in limited patients (1.4% incidence) following catheter 
ablation. It is the so-called stiff left atrial syndrome and should be 
carefully monitored in patients with severe left atrial scarring, a left 
atrial diameter of less than 45 mm, diabetes mellitus and obstructive 
sleep apnea syndrome undergoing catheter ablation.29

Delayed enhancement magnetic resonance imaging (de-MRI) is 
another tool to predict the reverse remodeling after ablation. Atrial 
fibrosis is a hallmark of atrial structural remodeling and Marrouche’s 
group had reported that mild (<10%) hyper-enhanced areas in the 
de-MRI, suggestive of a pathologic myocardium (presumed to 
be fibrosis), indicated that the preablation structural remodeling 
determined by de-MRI predicts a favorable structural and functional 
reverse remodeling and long-term success after catheter ablation of 
AF, irrespective of a paroxysmal or non-paroxysmal nature of AF.30

The structural changes in patients during a recurrence after 
catheter ablation exhibited controversial results in different studies. 
Reant et al. found that the left atrial area decreased during the 
recurrence of AF 11 months after the index ablation procedure, and 
Teh et al. reported the reversal of the left atrial dilation 10 months 

after the index procedure.25,31 Tsao et al. reported a increase in the 
left atrial volume and Chang et al. showed a increase in the left 
atrial appendage orifice area during a recurrence 21 months after 
the index procedure.32,33 Lemola et al. and Beukema et al. did not 
observe any left atrial structural changes during recurrences 4-6 
months after the index procedure.34,35 Lo et al. reported that the 
left atrial volume decreased if the AF burden decreased during 
recurrences, but remained the same if the burden increased after the 
index procedure.24 Table 1 shows the conflicting results published 
by different studies. The structural remodeling was not consistent 
with the changes in the electrical remodeling during recurrent AF. In 
addition, by using a wall motion analysis of the 18 segments of the 
left atrium , Tsao et al. demonstrated the dynamic motion of the left 
atrium remained reduced in patients with recurrent AF.27 Figure 3 
shows a Bull’s-eye plot in two patients without (A) and with (B) AF 
recurrences following ablation. The wall motion and volume of the 
left atrium were similar before and after the ablation in the patients 
with recurrences following ablation.

Pulmonary Veins and the Left Atrial Appendage
It has been reported that in patients with AF, there is significant 

dilation of both superior pulmonary veins.36 The structural remodeling 
process of the superior pulmonary veins was reversible after a 
successful ablation without an AF recurrence 1 year after ablation. 
A geometric alteration toward a round shape was noted in the 
ostia of the superior pulmonary veins during follow-up.32 A similar 
finding with a decrease (-10%) in the pulmonary vein ostial area 
was reported by the Michigan group.34 Recently, Tsao et al. reported 
the improvement in the pulmonary venous dynamic function using 
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Table 1: Structural remodeling of the left atrium and pulmonary veins after catheter ablation of atrial fibrillation

Trial
(Ref)

Patients (n) Diagnostic 
tools (n)

Arrhythmia type (n) AF duration 
(years)

Ablation sites Follow-up 
(months)

AF recurrence
n (%)

Atrial/PV remodeling

No recurrence group Recurrence 
group

Lemola et al. (34) 41 CT (41) PAF/PeAF 25/16 5±3 4PVs+MI+
Posterior LA

4±2 3 (7) LA volume↓15%↓
PV ostial area↓10%↓

LA volume↓↑
PV ostial area ↓↑

Beukema et al. (35) 105 TTE (105) PAF/PeAF
52/53

6.0±5.1/7.6±6.0
(PAF/PeAF)

4PVs±MI±
Posterior LA±CTI

6 23(22) LAD↓7.4%↓ (PAF)
↓9.1%↓ (PeAF)

LAD↓↑(PAF)
↑8.9%† (PeAF)

Tsao et al. (32) 45 MRI (45) PAF 45 N/A 4PVs 21±11 10 (22) LA volume↓7.9%*
PV ostial area↓9.1-10%**

LA volume↑28%†
PV ostial area↓↑

Chang et al. (33) 40 MRI (40) PAF 40 N/A 4PVs 20±11 10 (25) LAA orifice area↓12.5%↓
LAA neck area↓16.8%↓
LAA length↓8.7%↓

LAA orifice 
area↑14.4%*
LAA neck 
area↑17.4%*
LAA 
length↑6.0%*

Reant et al. (31) 48 TTE (48) PAF/PeAF 37/11 6.1±5.6/12±8.8 
(PAF/PeAF)

4PVs+CTI±MI±LA 
roof

11 13 (27) LA area↓19%**(PAF), 
↓24%* (PeAF)

LA area↓5%* 
(PAF), ↓7%(PeAF)

Teh et al. (25) 11 TTE (11) PAF/PeAF 7/4 5.6±4.8 4PVs±LA roof 10±13 0 (0) LAD↓6.7%↓
LA area↓7.4%↓
LA volume↓17%*

N/A

Lo et al. (24) 36 TTE (36)
CT (36)

PeAF 36 N/A 4PVs+CTI±MI±LA 
roof± CFE

27±3 N/A N/A LA volume↓20% 
(PAF) †
LA volume↓↑ 
(PeAF)

AF = atrial fibrillation, CFE = complex fractionated atrial electrogram, CT = computed tomographic imaging, CTI = cavotricuspid isthmus, LA = left atrium, LAA = left atrial appendage, LAD = LA 
dimension, MI = mitral isthmus, MRI = magnetic resonance imaging, N/A = not available, PAF = paroxysmal atrial fibrillation, PeAF = persistent atrial fibrillation, pts = patients, PV = pulmonary vein, 
SVC = superior vena cava, TEE = transesophageal echocardiography, TTE = transthoracic echocardiography.
↑ means an increase in the parameter compared to the value before the catheter ablation.
↓ means a decrease in the parameter compared to the value before the catheter ablation.
↓↑ means no significant change compared to the value before the catheter ablation.
* p ≤ 0.05, † p ≤ 0.01, ** p ≤ 0.001
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after a follow up of 20 months.33 In addition, the appendage velocity 
also improved after AF ablation.39 Similar results were also reported 
from echocardiographic findings with an improvement in the left 
atrial appendage wall velocity after a follow-up of 18 months, and 
the left atrial appendage wall velocity before ablation predicted sinus 
rhythm maintenance following ablation.40

Left Ventricle
Ventricular remodeling that develops during AF presents as 

systolic or diastolic dysfunction. Whether those changes are the 
cause or consequence of the arrhythmias remains debatable. Isolated 
paroxysmal AF is commonly associated with left ventricular diastolic 

multi-detector computed tomographic images. The contractile 
function of the superior pulmonary veins was impaired in patients 
with paroxysmal AF especially at the posterior wall. The hypokinesia 
improved after circumferential isolation of the pulmonary veins in 
the patients without a recurrence after a follow-up of 6 months.37

The left atrial appendage is also an important structure in AF. 
Di Biase and Natale had reported cauliflower and cactus type 
morphologies of the appendage are associated with a higher incidence 
of stroke.38 By applying magnetic resonance angiography, Chang et al. 
reported the morphometric remodeling of the left atrial appendage 
reversed after a successful ablation of AF. The morphology of the neck 
of the appendage became more eccentric during reverse remodeling 

The purple dots represent the end-diastolic left atrium and white dots the end-systolic left atrium. In the Bull's-eye figures, the blue parts indicate the areas with minimal wall motion (~1-3 mm) and 
the red parts indicate the areas with greater wall motion (~12-15 mm). There is a decreased wall motion of the anterior roof (segment 1,2,3), and an increased wall motion of the rest of the left 
atrium can be demonstrated in the patient without recurrence (Panel A). In Panel B, the wall motion and volume of the left atrium were similar before and after the ablation because a recurrence 
occurred in this patient. (Reproduced with permission from Tsao HM et al. J Cardiovasc Electrophysiol 2010;21:270-277.27)

Figure 3: Wall motion analysis with a Bull's-eye plot showing examples without (A) and with (B) recurrences after the AF ablation

dysfunction but normal systolic function. From the echocardiographic 
study, the Bourdeaux group demonstrated an improvement in the left 
ventricular diastolic and systolic function after restoration of sinus 
rhythm by catheter ablation. The left ventricular ejection fraction 
improved significantly at 1 month after ablation in the patients 
with nonparoxysmal AF.41 Further, it was evident in paroxysmal 
AF patients only at 11 months after the ablation. Improvement 
in the diastolic dysfunction was also greater in the patients with 
nonparoxysmal than paroxysmal AF.40 Similar findings with reverse 
remodeling were also report using a 2D strain technique and cardiac 
magnetic resonance imaging.42-44 That evidence suggested that AF 
may be partly the cause rather than the consequence of the systolic 
and diastolic dysfunction.

Recently, study from Pennsylvania group also reported the atrial 
functional mitral regurgitation did develop in AF, which improved 
after restoration to sinus rhythm following catheter ablation.45 

Similar report also published by Anselmino et al. that the grading 
of mitral regurgitation decreased after AF ablation in patients with 

impaired left ventricular systolic function during a follow-up of more 
than 4 years.46

Conclusions:
AF maintenance is promoted by an atrial substrate that is suitable 

for the initiation and perpetuation of the re-entering wavelet. Both 
electrical and structural remodeling go hand in hand during the 
progression of AF. Electrical remodeling develops within hours 
to days and structural remodeling is a much slower process. It is 
possible to stop and reverse the remodeling process electrically and 
structurally with catheter ablation of AF. Both reverse electrical and 
structural remodeling do occur after the successful elimination of 
AF without any recurrence. In the circumstances of recurrent AF 
following ablation, the electrical and structural remodeling changes 
are much more complex and require further investigation in those 
with recurrences after AF ablation. 
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Abstract
Although atrial fibrillation (AF) is the most common sustained arrhythmia seen during daily cardiovascular physician practice, its 

management has remained a challenge for cardiology physician as there was no single anti-arrhythmic agents proved to be effective in 
converting atrial fibrillation and kept its effectiveness in maintaining sinus rhythm over long term. Moreover all the anti-arrhythmic agents 
that are used in the treatment of AF were potentially pro-arrhythmic especially in patients with coronary artery disease and structurally 
abnormal heart. Some of these drugs also have serious non cardiac side effects that limit its long term use in the management of AF. Several 
new and investigational anti-arrhythmic agents are emerging but data supporting their effectiveness and safety are still limited.

In this review we examine the efficacy and safety of these medications supported by the major published randomized trials, meta-analyses 
and review articles.

Introduction
Atrial fibrillation is the most come type of sustained cardiac 

arrhythmias that is faced in daily practice of cardiovascular physician 
all over the world. The incidence and prevalence of atrial fibrillation 
increases age of the population. Atrial fibrillation comes in a wide 
spectrum of clinical presentations, ranging from being totally 
asymptomatic and discovered during routine medical checkup, to 
presentations related to AF itself like feeling of palpitation which 
can be sever and affecting the quality of life of the patient and more 
important that related to its complications including thrombo-
embolic complications and tachycardia induced cardiomyopathy. 
These complications are responsible for the major part of morbidity 
and mortality complications of AF and its impact on the quality of 
life of AF patients.1,2

Antiarrhythmic Drugs
Anti-arrhythmic drugs (AAD) for AF had been available for long 

time and used for different indications including cardioversion, as a 
prophylaxis for maintaining sinus rhythm and preventing recurrence 
or just controlling the ventricular rate. But at the same time there 
use was limited by there potential proarrhythmic cardiovascular and 
non-cardiovascular toxicity and their modest effect on maintaining 
sinus rhythm.3

The results of the recently published studies over the last several 
years that compared rhythm control to rate control in form of outcome 
on the quality of life, thrombo-embolic risk and cardiovascular 
complications, showed no significant difference in both ways of 
treatment (table 1).4-11 These results changed the concept and 
approach of AF management dramatically from continuous attempt 
for cardioversion and maintaining sinus rhythm which was difficult 
to achieve in most of the cases in addition to the potential risk of 
the treatment, to the rate control approach which is easier and more 
cost effective than the rhythm control approach. Still in certain 
circumstances, cardioversion and maintaining sinus rhythm is more 
recommended like in severely symptomatic patients, new onset AF, 
young patients and some structural heart conditions.3

Many AAD were used and several of them still currently used for 
different indications in AF patients including converting the rhythm 
back to normal, as a prohylaxix to maintain sinus rhythm or to 
control the ventricular rate. In addition several non-pharmacological 
treatment methods for the same purpose were used and some of 
them are still in use.

Because of the limited effectiveness and potential side effects 
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underlying heart rates. In less favorable circumstances, for example, 
at the wrong concentration, in less abnormal tissue, at slower heart 
rates, or in a different milieu, the drug may not only fail to be anti-
arrhythmic but may also be proarrhythmic. Theoretically, an ideal 
anti-arrhythmic drug for AF would safely (without producing 
ventricular proarrhythmia) and effectively terminate and prevent the 
recurrence of AF in patients with and without structural heart disease, 
would not exert negative inotropic effect or interfere with thrombo-
embolic prophylaxis, and would provide rate control (atrioventricular 
node blockade) during the recurrence of AF. Although currently 
available anti-arrhythmic drugs may theoretically satisfy several of 
these criteria, in practice, none is sufficiently effective and/or safe in 
the diverse settings in which AF occurs.1

Flecainide
Flecainide has local anaesthetic effects and belongs to the class 

1C AADs that block sodium channels, thereby slowing conduction 
through the heart. It selectively increases anterograde and retrograde 
accessory pathway refractoriness. The action of flecainide in the heart 

of the currently used drugs, several newly emerging novel and 
investigational drugs are under evaluation for their effectiveness and 
superiority in the management of AF.

In this review, we will try to go through different AAD that are 
used or still currently used and the newly coming drugs and to 
review their effectiveness, indications and their potential risks and 
side effects.

Anti-arrhythmic drugs are classified broadly in to four major 
groups according to their electrophysiological properties. They are 
traditionally defined as membrane active agents which modulate 
the opening and closing of ion channels, change the function of 
membrane pumps, and activate or block membrane receptors. In 
electrophysiological terms, such drugs may essentially increase 
refractoriness of the myocardium, decrease conduction velocity 
through the myocardium or completely block conduction at 
vulnerable points, and decrease the firing rate of automatic focal 
discharges. But a potentially valuable combination of these effects 
may only be achieved at appropriate concentrations in damaged 
tissue, with normal electrolyte and acid–base balance, and at certain 

Study # Pat
Follow-
up 
years

primary end point
Difference in primary endpoint
RhyC vs RC

ACM RhyC
vs RC

TE RhyC vs
RC

CHF RhyC
vs RC

Hospitalization
RhyC vs RC QoL RhyC 

vs RC

PIAF, 20004 252 1
Symptom
improvement

Symptoms improved in 70 vs
76 pts (p=0.317)

Not
assessed

Not
assessed

Not
assessed

69% vs 24%
(p=0.001)

No
difference

STAF, 20035 200 1.6
ACM, CV events,
CPR, TE 5.54%/yr vs 6.09%/yr (p=0.99)

2.5%/yr vs
4.9%/yr

3.1%/yr vs
0.6%/yr

Better with
RC

54% vs 26%
(p <0.001)

No
difference

HOT-CAFÉ, 20046  205 1.7
ACM, TE,
bleeding

No difference
(OR, 1.98; 95% CI, 0.28–22.3; 
p >0.71)

3 (2.9%) vs
1 (1%)

3 (2.9%) vs
1 (1%)

No
difference

74% vs 12%
(p <0.001)

Not
reported

RACE, 2002 7  522 2.3

CV death, hospitaliza-
tion
for CHF, TE, bleed-
ing, pacemaker, AAD 
adverse effects

22.6% vs 17.2% (HR, 0.73; 90% 
CI,
0.53–1.01; p=0.11) 6.8% vs 7%

7.9% vs 5.5%
RhyC vs RC

4.5% vs 3.5% 
More in RhyC

No differ-
ence 

AFFIRM, 20028 4060 3.5 ACM

23.8% vs 21.3%
(HR, 1.15; 95% CI,
0.99–1.34; p=0.08) As above

Stroke:
7.1% vs 5.5% 
(p=0.79)

2.7% vs
2.1%
(p=0.58)

80% vs
73%
(p <0.001)

No
difference

AF-CHF, 20089 1376 3.1
CV
mortality

27% vs 25%
(HR, 1.06; 95% CI,
0.86–1.3; p=0.59)

32% vs 33%
(p=0.68)

3% vs 4%
(p=0.32)

28% vs 31%
(p=0.17)

46% vs 39%
(p=0.0063)

Not yet
available

CRRAFT, 200410 144 1
Clinical
improvement Significant improvement with 

RhyC

0 vs 5
(p=0.023) 1 vs 0

Functional 
class improved
in 60% 
vs 17.5% 
(p=0.0014)

8.9% vs 15%
(p=0.51)

Improved 
in 86.7% vs 
50%
(p=0.033)

J-RHYTHM, 200911 823 1.6

ACM, TE, bleeding, 
hospitalization
for CHF, adverse
effects

15.3% vs 22%
(p=0.0128)

4 (1%) vs 3
(0.7%)

2.39% vs
2.97%

0.5% vs
1.5%

Not
reported

Better with
RhyC

Table 1: Summary of Randomized Trials Comparing Rhythm and Rate Control.
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pulmonary capillary wedge pressure. It prolongs the QT-interval but 
has no effect on the heart rate, blood pressure or QRS duration.22

Dofetilide
 Dofetilide Is a pure potassium channel blocking class III anti-

arrhythmic agent. It is a selective blocker of the rapid component of 
the outward delayed rectifier IKr channel which is responsible for 
terminal repolarization. It was approved for use in atrial fibrillation 
in United States in 2000. Dofetilide is well absorbed after oral 
administration, with an absolute bioavailability of 90%. It has 70%-
80% renal elimination therefore it needs dose adjustment according 
to creatinine clearance. Dofetilide has no effect on PR, QRS, or 
HV intervals. The QT interval and the functional and effective 
refractory periods of atrial and ventricular muscle are prolonged in a 
dose dependent fashion. Dofetilide mainly used for maintenance of 
sinus rhythm and was demonstrated to be safe in patients with left 
ventricular systolic dysfunction and myocardial infarction.23

Amiodarone
 Amiodarone is a class III antiarrhythmic drug and it has a complex 

profile of actions on the electrophysiological properties of the cardiac 
cells and has electrophysiological properties of all the antiarrhythmic 
classes. Its acute effect includes inhibition of both inward Na and 
Ca currents resulting in suppression of excitability and conductivity 
in both INa - and ICa-dependent cardiac tissues and outward IK 
(IKr and IKs), IK,ACh and IK,Na currents which is more complex 
to understand. Because of this complex action, its effect on action 
potential duration is variable depending on its predominant 
inhibitory action whether on the inward or outward current.24

      Amiodarone is a lipophilic compound with a large volume of 
distribution (66 liters per kilogram of body weight). This property 
results in a delayed onset of action (an interval of 2 to 3 days). It 
is metabolized to desethylamiodarone in the liver, and has no clini-
cally significant renal metabolism, and the dose is not affected by 
renal dysfunction or dialysis.25 Amiodarone crosses the placenta in 
pregnant women and is excreted in varying amounts in breast milk,26 

therefore it is not recommended to be given during pregnancy or 
breast feeding.

Dronedarone
Dronedarone is a new anti-arrhythmic agent that is used for 

prolongs the PR interval and widens the QRS complex. The effect 
on the JT interval is insignificant as flecainide does not lengthen 
ventricular repolarization.13,14

 Because of its electrophysiological properties, flecainide is safe 
and effective for termination of AF in patients with Wolff Parkinson 
White (WPW) syndrome. By reducing the conduction over the 
accessory pathway, flecainide blocks conduction and slows the 
ventricular rate. Flecainide infusion during AF in WPW patients is 
extremely safe and in addition to rate slowing, flecainide eventually 
converts AF to sinus rhythm.1

Propafenone
 Propafenone is a class Ic antiarrhythmic agent. It is a potent 

sodium channel blocker and substantial beta-adrenoceptor blocking 
activity at clinical doses. In addition it prolongs APD (class 3) in 
all cardiac tissues. It seems doubtful, however, whether any calcium 
antagonist action could contribute substantially to the effects of 
propafenone in the range of concentrations observed clinically.16 It 
has high bioavailability after oral administration (>95%) with > 95% 
of it is protein bond. It has extensive first pass hepatic metabolism 
in to two relatively active metabolites through the cytochrome 
P450 to 5-hydroxypropafenone and non-cytochrome P450 to 
N-desalkylpropafenone .17,18,19

Propafenone was used since long time in the treatment of different
types of arrhythmias including malignant ventricular arrhythmias 
and atrial fibrillation. But because of its potential proarrhythmic and 
increase cardiovascular mortality in patients with cardiomyopathies 
and heart failure as it was shown in CAST study,20,21 it is not 
recommended to be used in such patients.

Ibutilide
lIbutilide is an intravenous selective class III anti-arrhythmic 

agent. It is approved by the FDA for conversion of new onset 
atrial fibrillation. It needs to be given as rapid intravenous 
bolous or continuous intravenous infusion because of its unique 
pharmacokinetic properties as it has high plasma clearance rate that 
approximate the hepatic blood flow with a triexponential course. there 
is no oral formula for it because of low bioavailability for its extensive 
hepatic metabolism and needs to be given as intravenous infusion. 
In patients with low left ventricular ejection fraction, ibutilide had 
no effect on the cardiac output, mean pulmonary artery pressure or 

Study No. of patients Onset of AF Outcome Comparison Results

Donovan KD et a 1992 
[51] 102 72Hr Conversion to SR

IV flecainide vs placebo 
(digoxin added to all di-
goxin naïve patients)

67% vs 35% (6 h); p = 0.003

Capucci A et al 1992 [52] 62 Up to 1 Wk Conversion to SR

1) Flecainide vs amioda-
rone vs placebo
2) Flecainide vs amio-
darone

1) 91% vs 37% vs 48% (8 h); p < 0.01.
2) 95% vs 89% (24 h); p = insignificant; conversion time was shorter for flecainide

Donovan KD et al 1995 
[53] 95 72Hr Conversion to SR IV flecainide vs IV amio-

darone vs placebo 59% vs 34% vs 22% (2 h); p < 0.007

Martinez-Marcos FJ et 
al [54] 150 48Hr Conversion to SR

IV flecainide vs IV 
propafenone vs IV amio-
darone

90% vs 72% vs 64% (12 h); p = 0.008 for the overall comparison, p < 0.002 for 
flecainide vs amiodarone, p < 0.022 for flecainide vs propafenone, and p = 0.39 
for propafenone vs amiodarone

Romano S et al/2001 [55] 352 N/A Conversion to SR Propafenone vs flecainide 
vs placebo 92.1% vs 89.8% vs 46.3% (24 h); p < 0.05 (drug vs placebo), P=NS (drug vs. drug)

Table 2: Randomized Control Trials on Flecainide Compared with Placebo and Other AADs.
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conversion of paroxysmal or persistent AF to sinus rhythm or 
maintenance of sinus rhythm. It is one of the amiodarone derivatives 
devoid of the iodine which is present in amiodarone and responsible 
for several of its non-cardiac toxic effects on the thyroid, lungs and 
liver. A methylsulfonamide group added to it to make it less lipophilic 
to reduce its neurotoxic effect.27

    Dronedarone primarily is class III anti-arrhythmic agent but it 
has electrophysiological properties of all 4 Vaughan-Williams an-
tiarrhythmic classes.28 In experimental studies, using the whole-cell 
patch-clamp technique applied to human atrial myocytes, dronedar-
one inhibited transmembrane potassium currents: ultrarapid-delayed 
rectifier (IKur), delayed rectifier (IKs and IKr), transient outward 
(Ito), and inward rectifier (IK1).29

    Dronedarone is largely metabolized by the hepatic enzyme cyto-
chrome P450 3A4 isoform (CYP3A4). Only 6% of dronedarone is 
excreted renally; however, no trial has yet assessed its safety in pa-
tients with marked kidney dysfunction.30

   It was approved by the US Food and Drug Administration (FDA) 
in July 2009 for treatment of paroxysmal or persistent AF. It is avail-
able only for oral administration at 400 mg twice daily and dose ad-
justment or titration is not recommended.

Vernakalant (RSD1235)
Vernakalant, 3-pyrrolidinol, 1-[(1R,2R)-2-[2-(3,4-

dimethoxyphenyl) ethoxy] cyclohexyl]-, hydrochloride (3R)-, is a 
chemical entity that has been demonstrated to block multiple ionic 
channels in various atrial tissue models. Atrial and ventricular action 
potentials currents are not similar. The dominant underlying channels 
of the ionic currents responsible for generating atrial repolarization 

differ from the primary underlying channels of the ionic currents 
causing ventricular repolarization. Kv1.5 channels underlie the 
ultrarapid delayed rectifier potassium current (IKur), and Kv4.3 
channels underlie the transient outward repolarizing potassium 
current (Ito). The IKur and Ito currents contribute primarily to 
early atrial repolarization and do not significantly affect ventricular 
repolarization. Moreover, an atrial-tissue-specific acetylcholine-
activated potassium channel (IKACh) has been demonstrated to 
shorten phase 2 of the atrial action potential and thereby cause earlier 
termination of atrial repolarization. 
    In contrast, the late repolarizing delayed rectifier currents (IKr, 
IKs), with underlying hERG channels, have a much greater role in 
ventricular repolarization but contribute less to atrial repolariza-
tion.31,32,33 Vernakalant has a predilection for blocking atrial-specific 
potassium channels and atrial rate and voltage-dependent sodium-
channel blocking properties. Vernakalant is able to selectively affect 
the atrium because it targets 2 channels that are mainly found in the 
atria and not in the ventricles. The first is the Kv1.5 channel, which 
carries the ultra rapid delayed rectifier potassium current (IKur). The 
second is the Kir3.1/ 3.4 channel, which carries the acetylcholine 
dependent potassium current (IKACh).34

Ranolazine
Ranolazine is an anti-anginal agent, which inhibits normal and 

abnormal late Na+ channel currents in the ventricle and peak Na+ 
channel current in the atrium.35,36 By this inhibition, it affects 
intracellular calcium handling producing an energy sparing effect.38 

Ranolazine has also been shown to be a potent inhibitor of after 
depolarizations produced by a number of mechanisms.37 With this 
mechanism of action it can be a useful agent in the treatment of 

Study No. of patients AF onset outcome Comparison results

Capucci A et al 1994 [56] 87 <8 days Conversion to SR Oral Propafenone vs IV 
digoxine=quinidine vs placebo

(62% vs. 17%, 83% vs. 34%; 86% vs. 55%; P < 0.01. 6 h (62% 
vs. 38%; P < 0.05) dig. 12 h (83% vs. 48%; P < 0.05 dig+quin

Bellandi F et al, 1995 [57] 182 Conversion to SR IV Propafenone vs IV placebo 90.9% vs 32.1% , P<0.0005.

Boriani G et al 1995 [58] 87 <7 days Conversion to SR I.V. propafenone vs oral propafenone 
vs placebo 66% vs 69% vs 24% (8 h); p < 0.005

Botto GL et al, 1996 [59] 283 <72 hours Conversion to SR Oral propafenone vs digoxine and 
placebo. 57% vs 25%, P<0.001

Fesco et al 1996 [60] 75 <72 Hr Conversion to SR IV propafenone vs placebo 58.5% vs 29.4% (within 3 h or until conversion occurred); p < 
0.01

Azpitarte et al 1997 [61] 55 <7 days Conversion to SR Oral propafenone vs placebo 41% vs 8% (2h) p=0.005. 65% vs 31% (6h) P=0.015

Boriani G et al, 1997 [62] 240 Conversion to SR Oral propafenone vs placebo 45% vs 18%, P<0.001 (3he).

Bianconi L et al, 1998 [63] 123 <72 hours Conversion to SR I.V. propafenone vs I.V. digoxine vs
placebo. 50% vs 25%, P<0.01

Botto et al/1998 [64] 123 <72 h Conversion to SR IV propafenone vs oral propafenone 
vs placebo 53% vs 78% vs 48% (8 h); p < 0.03

Ganau et al/1998 [65] 156 <72 h Conversion to SR IV propafenone vs placebo 70.3% vs 17.3% (2 h); p < 0.001

Kochiadakis et al/1998 [66] 143 <48 h Conversion to SR
IV propafenone vs IV amiodarone vs 
placebo (digoxin added to all digoxin-
naive patients)

78.2% vs 83.3% vs 55.1% (within 1 h); p < 0.02 (drug vs 
placebo)

Blanc JJ et al/1999 [67] 86 <2 weeks Conversion to SR Oral propafenone vs oral amiodarone 56% vs 47% (24 h); p = non significant

Romano S et al/2001 [55] 352 N/A Conversion to SR Propafenone vs flecainide vs placebo 92.1% vs 89.8% vs 46.3% (24 h); p < 0.05 (drug vs placebo)

Table 3: Summary of Randomized Trials of Propafenone in New Onset Atrial Fibrillation.
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them showed significant cardioversion effect for it in acute AF.45,46 

Jordaens et al,47 studied the cardioversion effect of I.V. digoxin in 
comparison to placebo in acute AF (less than 7 days duration) and 
after 12 hours there was no significant difference in conversion to si-
nus rhythm between the digoxin and placebo-treated groups (47.4% 
vs 40%, respectively). DAAF trial which was a large RCT studied 
239 patients with recent onset AF (less than 7 days) and compared 
I.V. digoxin to placebo,48 showed that acute atrial fibrillation has
a high rate of spontaneous conversion to sinus rhythm within 16 h
and at 16 h follow-up there was no difference in the restoration of
sinus rhythm between the two groups (51% digoxin vs 46% placebo;
p = 0.37). However, a significant reduction in ventricular rate was
observed in the digoxin treated group at 2 h post therapy (105 beats/
min digoxin vs 117 beats/min placebo; p = 0.0001). An interesting
finding was reached by Sticherling C et al ,49 that digoxin not only is
not effective in conversion of AF to sinus rhythm but also potentiates
the shortening of atrial ERP and predispose toward further episodes
of AF that occurs after a short episode of AF and it may facilitate
or promote early recurrences of AF after conversion to sinus rhythm
not only in patients with vagotonic AF but also among the general
population of patients with AF.

Flecainide 
  Randomized controlled trials that studied flecainide and compared 
its efficacy in converting new onset AF to sinus rhythm to placebo 
and/or other AADs have confirmed its effectiveness in cardioversion 
of acute or new onset loan AF (Table 2).50 These trials showed that 
flecainide was more effective in converting atrial fibrillation to sinus 
rhythm compared with placebo51,52,53,55 and in comparison to amioda-
rone, conversion rate of flecainide was significantly higher and con-
version time was significantly shorter for flecainide compared with 
amiodarone.5,53

   Patients with coronary artery disease, cardiomyopathy, and hemo-
dynamic instability were excluded from these trials. This exclusion 
was decided because of the consistent results of the Cardiac Arrhyth-
mia Suppression Trial (CAST) study, which showed that encainide/
flecainide increased proarrhythmia risk and mortality in patients 
with coronary artery disease.20,21

Propafenone
Because of its favorable pharmacokinetics, single oral dose 

administration and its effectiveness in the conversion of acute 
or new onset AF was studied in several randomized trials (table 
3).56,57,68,59,60,61,62 Oral propafenone as compared to placebo was 
more effective and had significantly higher conversion rate and 
this difference was clearly significant even in the first 1-3 hours 
after oral administration of propafenone.61,62 Propafenone as oral 
administration was also compared with other AAD, a study done by 
Blanc JJ et al67 showed that the median time for restoration of sinus 
rhythm was shorter in the propafenone than in the amiodarone group 
(2.4 hours vs. 6.9 hours, p = 0.05), while there was no significant 
difference in the conversion rate between both drugs after 24 hours 
(56% in the propofenone and 47% in the amiodarone group). On the 
other hand oral propafenone shown to be superior to oral digoxine 
and quinidine in converting new onset AF to sinus rhythm.56,59

One study included patients with structural heart disease and 
compared oral propafenone to placebo conducted by Boriani G et 

AF. The holter monitor data from the MERLIN trial, showed that 
ranolazine was associated with a reduction in a number or several 
arrhythmias, including new episodes of AF.38 On January 31, 2006, 
ranolazine was approved for use in the United States by the FDA for 
the treatment of chronic angina pectoris. It is not approved for use 
in atrial fibrillation because no large randomized trials on its efficacy 
and safety in atrial fibrillation.

 Antazoline 
Antazoline is a first generation antihistaminic agent with 

chinidine-like and anticholinergic properties. Antazoline prolongs 
action potential duration and lowers its amplitude, prolongs phase 0 
duration, reduces phase 4 of resting potential and reduces excitability 
of cardiac tissue.39 Clinically, antazoline lowers the velocity of 
intraatrial conduction, prolongs the atrial refraction period and 
may improve atrioventricular conduction allowing fast ventricular 
response to supraventricular arrhythmias.40 The half-life of antazoline 
is considered to be about three hours with antiarrhythmic efficacy 
expiring after about one hour.41 antazoline has been used in clinical 
practice in Poland for many years due to its efficacy, safety and rapid 
onset of action within minutes of administration.41,42 According to 
the Summary of Product Characteristics, antazoline is indicated 
in the treatment of paroxysmal supraventricular tachyarrhythmias 
including AF and should be administered intravenously in a 
cumulative dose of 100 to 300 mg during 3 to 10 minutes under 
strict monitoring of ECG and arterial blood pressure and interrupted 
after conversion to SR.43,44

Methods
Data Collection

We searched the internet for all clinical, experimental and 
randomized trials, meta-analyses and the review articles that studied 
the anti-arrhythmic drug management of atrial fibrillation since 
1960 till the writing of this article by using the pub med, Medline 
and Google search. Using the key words of ”atrial fibrillation, anti-
arrhythmic agents, new onset, conversion, and sinus rhythm”, all the 
published papers that studied the issue of anti-arrhythmic agents in 
atrial fibrillation were included in this review.

Data Interpretation
We selected five drugs used before or still currently in use for 

management of atrial fibrillation (fecainide, propafenone, dofetelide, 
ibutelide and amiodarone). In addition all the newly emerging and 
investigational agents were also included in this review. All the 
clinical and randomized placebo and active controlled trials about 
each selected antiarrhythic agent used in the treatment of AF 
were included and their results were analysed separately for each 
selected agent. After the analysis of the results of RCT for each 
anti-arrhythmic agent in addition to any published meta-analysis 
concerning the same agents with the support of previous review 
articles, for each agent discussed to reach a conclusion for its role in 
AF management and to compare it with the most recent guideline 
recommendation for its use in AF.

Results
Digoxin  
   Several randomized trials studied digoxin in acute AF and com-
pared it to placebo for its role in acute cardioversion. But no one of 
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al,67 compared oral propafenone to oral amiodarone and showed no 
significant difference in the conversion rate after 24 hours between 
both drugs (56% vs 47%; p = non significant).

Ibutilide

Conversion Efficacy
Several randomized trials compared ibutilide to placebo and 

other anti-arrhythmic drugs (Table 4). A prospective double-blind, 
placebo-controlled, randomized, dose-response, multicenter trial 
conducted by Stambler BS et al,68 randomized 266 patients with new 
onset atrial fibrillation/ flutter into three groups (placebo, 1.0 mg/0.5 
mg ibutilide, or 1.0 mg/1.0 mg ibutilide) with a primary endpoint of 
conversion to sinus rhythm within 1.5 hour. The overall cumulative 
conversion rate was 47% after two infusions of ibutilide and 2% after 
placebo. Paired comparisons indicated highly significant differences 
(both P<.0001) between placebo (2%) and the 1.0 mg/0.5 mg (44%) 
and the 1.0 mg/1.0 mg (49%) ibutilide doses. There was no significant 
difference (P=0.57) in the success rates between the 1.0 mg/0.5 mg 
and the 1.0 mg/1.0 mg ibutilide doses. The conversion rate after two 
infusions of ibutilide was significantly higher for atrial flutter (63%) 
than for atrial fibrillation (31%) (P<0.0001) even after adjustment 
for the arrhythmia duration, percentage of valvular heart disease, 
ejection fraction and left atrial size. VanderLugt JTet al69 conducted 
a placebo controlled randomized trial on 302 post-operative patients 
who developed atrial fibrillation/flutter 1-7 days after cardiac surgery 
and randomized them to placebo or 0.25 mg, 0.5 mg, or 1 mg 
I.V. ibutilide. After 1.5 hours the conversion rate was significantly
higher with ibutilide than placebo (48% vs. 15%, P<0.0001) and
the conversion rate in 1.0mg ibutilide group was also significantly
higher than the other two ibutilide groups. The conversion rate of
atrial flutter was significantly higher that atrial fibrillation at 1.0mg
ibutilide (78% vs. 44%).

al,58 showed that oral loading of propafenone was more effective than 
placebo for conversion to sinus rhythm within 8 hours and had a 
favorable safety profile and the rate of spontaneous conversion to 
sinus rhythm was higher in patients without structural heart disease.        

Propafenone as I.V. administration is also effective and safe 
in conversion of new onset atrial fibrillation. A study by Bellandi 
F et al,57 is a randomized placebo controlled trial showed that 
I.V. propafenone has a high conversion rate in acute or new onset
AF (90.9%) as compared to placebo (32.1%) (P<0.0005). In non-
responders to propafenone the duration of AF before trial of
conversion was significantly longer (62.26 ±38.22 h vs. 23.42 ±17.96
h, p <0.0005) and the LA size was significantly larger (47.56 ±4.39 vs. 
41.64 ±3.3 mm, p <O.OOOS) than in responders. Boriani et al ,58
conducted a study to compare oral and I.V. propafenone to placebo
in converting recent onset AF (<7 days) and showed that both ways
of propafenone administration are significantly superior to placebo
in conversion of AF to sinus rhythm, but at the same time oral
propafenone is as effective as intravenous propafenone and at 8 hours
there was no difference in the conversion rate between both ways of
administration. Paroxysmal Atrial Fibrillation Italian Trial (PAFIT)
2 59 compared intravenous propafenone to placebo in patients
with paroxysmal AF and normal heart showed that after 3 hours
the conversion rate in the I.V. propafenone group was significantly
higher than the placebo group (58.5% vs 29.4% p < 0.01).

 Two studies compared propafenone to amiodarone,66,67 one of 
them compared the I.V. administration of both drugs in new onset 
AF with duration of less than 48 hours and this study used the high 
dose amiodarone regimen (2100 mg/day). The results of this study 
showed no significant difference in the conversion rate between both 
drugs (78.2% vs. 83.3, P=NS), but the mean time to conversion to 
sinus rhythm was significantly shorter in propafenone group (2±3 
hours) than amiodarone group (7±5 hours) (P<0.05).66 Blanc JJ et 
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Study No. of patients Onset of AF Endpoint Comparison Results

Stambler BS et al, 1996 [68] 266 < 2 weeks Conversion to SR
Ibutilide 1.0 mg/0.5 mg.
ibutilide, 1.0 mg/1.0 mg 
Placebo.

Drug/placebo: 47% vs. 22%, P<0.001.
Drug/drug: insignificant (P=0.57).
Flutter 63% > fibrillation 31%, P<0.001.

VanderLugt JT et al 1999 [69] 302 >7days Conversion to SR
Ibutilide vs, placebo Conversion rate: 48% vs. 15%, P<0.0001(1.5 Hr).

Ibutilide (0.25 mg vs. 0.5 mg vs. 
1.0 mg) 40% vs. 47 vs. 57 %, P<0.0001

Bernard EO et al, 2003 [70] 40 3 hr Conversion to SR Ibutilide vs. amiodarone 45% vs. 50%

Kafkas NV et al, 2007 [71] 152 3-48 hr Conversion to SR Ibutilide vs. amiodarone

(80% vs. 57%, p = 0.0054).
AF: (77% vs. 69%, p = ns).
AFl: (87% vs. 29%, p = 0.003).

Reisinger J et al, 2004 [72] 207 1-48 hr Conversion to SR Ibutilide vs. flecainde 50% vs. 56.4%, P=0.34.

Vos MA et al, 1998 [73] 319 Conversion to SR Ibutilide 1 mg vs. 2 mg vs. 
sotalol

AFl: high dose=low dose (P=0.4). both doses > sotalol (70% and 
56% vs. 19%) (P<0.05).
AF: high dose > low dose (44% vs. 20%, p < 0.01). High dose > 
sotalol (44% vs. 11%). Low dose = sotalol.

Volgman AS et al, 1998 [74] 127 3 he-90 days Conversion to SR Ibutilide vs. procainamide

58% vs. 18%, P<0.0001.
AFl:  (76% vs. 14%, p < 0.0001).
AF: (51% vs. 21%, p < 0.005)

Table 4: Summary of Randomized Trials of Ibutilide in New Onset Atrial Fibrillation.
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significantly (P<.0001) prolonged from baseline in the ibutilide-
treated patients and also significantly more than the placebo group, 
but the QRS duration was not altered significantly across dose groups 
from baseline to minute 30. Polymorphic ventricular tachycardia 
developed in 8.3% of ibutilide-treated patients and in no placebo-
treated patients. There was no significant change in the systolic blood 
pressure from the baseline or the placebo group. There was a consistent 
and statistically significant (P=.0094) decrease in heart rate in both 
ibutilide dose groups compared with placebo. This decrease in heart 
rate was most likely due to termination of the arrhythmia because 
in patients who did not convert, a statistically significant decrease in 
heart rate was not seen.68 VanderLugt JT et al in his study found 
that there was a statistically significant prolongation in the QT and 
QTc intervals in the ibutilide group in comparison to baseline and 
the magnitude of QT prolongation was proportional to the ibutilide 
dose. There was no significant effect on the blood pressure and the 
drop in heart rate was related to the conversion to sinus rhythm.69 

Also there was no significant difference in the proarrhythmic side 
effect with Ibutilide in comparison to flecainide or amiodarone.68,69

Dofetilide 

Trials that compared ibutilide to other anti-arrhythmic drugs 
showed that ibutilide is not superior to amiodarone in conversion of 
atrial fibrillation in means of both conversion time and conversion 
rate (45% vs. 50%),70while Kafkas NV et al71 found that ibutilide is 
superior to amiodarone in conversion atrial flutter than amiodarone 
(87% vs. 29%, p = 0.003), but there was no significant difference in 
the state of atrial fibrillation (77% vs. 69%, p = ns).

Reisinger J et al compared ibutilide to flecainide and did not show 
superiority for ibutilide over flecainide (50% vs. 56.4%, P=0.34.72 

A study conducted by Vos MA et al compared ibutlide to sotaltol, 
showed that ibutilide is superior to sotalol in converting atrial flatter 
to sinus rhythm at both low and high dose, but in case of atrial 
fibrillation high dose ibutilide was superior to both low dose ibutilide 
and sotalol while low dose ibutilide was not superior to sotalol.73 The 
conversion time for ibutilide was significantly shorter than sotalol. 
A randomized trial compared ibutilide to procainamide and showed 
that ibutilide is superior to procainamide in converting both AF and 
AFl to sinus rhythm.74

Safety
In Stambler BS et al study the QT and QTc intervals were 

Study No. of patients Onset of AF Endpoint Comparison Results

Nørgaard BL et al, 1999 [75] 96 1-180 days Conversion to SR I.V. dofetilide 8 mcg/kg 
vs. placebo

30.3% vs. 3.3%, P<0.006.
AFl>AF, 64% vs. 24%, P<0.012

Frost L et al, 1997 [76] 98 1-6 days Conversion to SR I.V. dofetilide 8 mcg/kg, 
4mcg/kg vs. placebo After 3 hr: 44% vs. 36% vs. 24%, P=insignificant.

Falk RH et al, 1997 [77] 91 Sustained AF/AFl Conversion to SR I.V. dofetilide 8 mcg/kg, 
4mcg/kg vs. placebo

31% vs. 12.5% vs 0%.
AFl>AF: (54% versus 12.5%)

Bianconi L et al, 2000 [78] 150 2 hr-6 Mn I.V. dofetilide vs. I.V. amio-
darone vs. placebo

3 hr: 35%, 4%, and 4%, P<0.001.
AFl > AF (75% vs. 22%, P=0.004)

Lindeboom JE et al, 2000 [79]

Singh S et al, (SAFIRE-D) 2000 [80] 325 Persistent AF/AFl
Conversion to SR.
SR at 1 yr.

dofetilide (1250mcg, 
250 mcg, 500 mcg) vs. 
placebo

(6.1%, 9.8%, and 29.9%) vs. 1.2%, P=0.015 and 
P<0.001.
SR at 1 yr (0.40, 0.37, 0.58) vs. 0.25, (500 mcg vs. 
placebo, P < 0.001).

Greenbaum RE et al (EMERALD) 1998 
[81] 546 Persistent AF/AFl

Conversion to SR.
SR at 1 yr

dofetilide (1250mcg, 
250 mcg, 500 mcg)  BID 
vs.  Sotalol 80 BID vs. 
placebo

(5.9%, 10.5%, and 29.5%) vs. 5.1% vs. 1.5%.
SR at 1 yr: (30%, 45%, and 51%) vs. 38% vs. 16%.

Pedersen OD et al, (DIAMOND AF) 
2001 [82] 506 Persistent AF/AFl

Conversion to SR.
SR at 1 yr. dofetilide vs. placebo

59% vs. 34%.
SR at 1 year: 79% vs. 42%, P<0.001. Reduced 
hospitalizations for worsening of heart failure (29% 
vs. 40%)

Torp-Pedersen CT et al (DIAMOND-CHF), 
2000 [83] 1518 NA SR at 1 yr dofetilide vs. placebo

At 1 yr: 61% vs. 33%, P<0.001.
No effect on mortality.
Reduced hospitalizations for worsening of heart 
failure HR 0.75 (0.63-0.89).

DIAMOND-MI, 1997 [84] 1510 NA SR at 1 yr dofetilide vs. placebo At 1 yr: survival 79% vs 77%. Hospitalizations for 
worsening of heart failure 27% for each.

Table 5: Summary of Randomized Trials of Dofetilide in Atrial Fibrillation.
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12 months (62% and 58% vs. 37% and 25%, P<0.001). The lower 
doses of dofetilide did not show a statistically significant difference 
from placebo. The European and Australian Multicenter Evaluative 
Research on Atrial Fibrillation Dofetilide (EMERALD) study was 
a randomized, double-blind, placebo-controlled trial in patients with 
persistent atrial fibrillation.81 As in SAFIRE-D, there was both a 
conversion phase and a maintenance phase. Five hundred forty-six 
patients were randomized to receive either placebo, 1 of 3 doses 
of dofetilide (125, 250, or 500 mg BID), or sotalol 80 mg BID. 
Pharmacological conversion was noted in 5.9%, 10.5%, and 29.5% 
of patients on the 3 ascending doses of dofetilide, in 5.1% of those 
randomized to sotalol, and in 1.5% of the placebo group. Between 
76% and 90% of patients in the 5 groups achieved sinus rhythm after 
either pharmacological or electrical cardioversion and entered the 
maintenance portion of the study. At 1 year, 30%, 45%, and 51% of 
the 125 mg BID, 250 mg BID, and 500 mg BID dofetilide groups, 
38% of the sotalol group, and 16% of the placebo group remained in 
sinus rhythm. All of the active drug groups were statistically different 
from placebo. The DIAMOND studies were big randomized studies 

Table 5 summarizes the randomized trials of dofetilide in atrial 
fibrillation. Small trials that compared I.V. dofetilide to placebo 
in new onset atrial fibrillation showed that the conversion rate of 
dofetilide is significantly higher than placebo and it is more effective 
in conversion of atrial flutter than fibrillation.75,76,77 Bianconi L et al78 
compared the conversion rate of I.V. dofetilide to I.V. amiodarone 
in new onset atrial fibrillation andflutter and reported that after 3 
hr dofetilide is superior to amiodarone and placebo in converting 
Af/AFl to sinus rhythm (35%, 4%, and 4%, P<0.001) and the 
conversion rate of atrial flutter is significantly higher than that of 
atrial fibrillation (75% vs. 22%, P=0.004). Two trials were large 
placebo controlled double blind and studied the efficacy of dofetilide 
in persistent AF.80,84 SAFIRE-D trial 80 enrolled 325 patients with 
persistent atrial fibrillation and randomized them to either placebo 
or dofetilide (125 mg BID, 250 mg BID, and 500 mg BID). During 
the initial phase, pharmacological cardioversion occurred in 1.2%, 
6.1%, 9.8%, and 29.9% of patients in the placebo, 125 mg BID, 250 
mg BID and 500 mg BID groups, respectively. Dofetilide 500 mg 
BID was superior to placebo in maintaining sinus rhythm at 6 and 

Study No. of 
patients AF onset Amiodarone 

dose outcome Comparison results

Cowan et al, 1986 
[86] 34 <48 h compli-

cating MI 1500 mg Conversion to SR
Amiodarone
Digoxin

A: 83
D: 75

Noc M et al, 1990 
[87] 24 < 2 days 350 mg Amiodarone vs. Verapamil 77% vs.  0, P<0.05

Capucci A et al 1992 
[52] 62 Up to 1 Wk 2150 mg Conversion to SR

1) Flecainide vs amiodarone vs 
placebo
2) Flecainide vs amiodarone.

1) 91% vs 37% vs 48% (8 h); p < 0.01.
2) 95% vs 89% (24 h); p = insignificant; conversion time was 
shorter for flecainide.

Donovan KD  et al 
1995 [53] 95 72Hr 490 mg Conversion to SR IV flecainide vs IV amiodarone vs 

placebo 59% vs 34% vs 22% (2 h); p = 0.007

Hou et al/1995 [88] 50 <10 days 1620 mg Conversion to SR IV amiodarone vs IV digoxin 92% vs 71% (within 24 h; apparent difference seen in first 
hour); p = 0.0048

Galve E et al 1996 
[89] 100 < 72h 1550 mg Conversion to SR I.V. amiodarone vs placebo 68% vs 60%, P=0.532 (after 24h)

Kochiadakis GE et 
al/1998 [66] 143 <48 h 3500 mg Conversion to SR

IV propafenone vs IV amiodarone vs 
placebo (digoxin added to all digoxin-
naive patients)

78.2% vs 83.3% vs 55.1% (within 1 h); p < 0.02 (drug vs 
placebo

Cotter G et al 1999 
[90] 100 <48 h 3000 mg Conversion to SR I.V. amiodarone vs placebo 62% vs 58% (8 h). 92% vs 64%, P<0.0017 (24 h)

Peuhkurinen et 
al/2000 [91] 62 <48 h Conversion to SR Oral amiodarone vs placebo 87% vs 35% (24 h); p < 0.0001

Joseph et al/2000 
[92] 120 <24 h 1150 mg Conversion to SR

Active treatment (amiodarone/so-
talol) vs control group (digoxin)
Amiodarone vs sotalol

95% vs 78% (48 h); p < 0.05
No significant difference

Vardas PE et al 2000 
[93] 208 2300 mg Conversion to SR Amiodarone vs placebo.

38% vs 25%, P<0.05 (after 1 h).
61.1% vs 40%, P< 0.001 (after 24 h).

Hilleman et al/2002 
[94] Metaanalysis <7 days NA Conversion to SR

Amiodarone vs placebo.
Amiodarone vs other AAD.

Pooled cohort estimates: 
82.4% vs 59.7%; p = 0.03
72.1% vs 71.9%; p = 0.84

Thomas et al/2004 
[95] 140 N/A 1200 mg Conversion to SR IV sotalol vs IV amiodarone vs IV 

digoxin 44% vs 51% vs 55% (12 h); p = nonsignificant

Boriani et al, 1998 
[96] 417 <7 days 2150 mg Conversion to SR

I.V. amiodarone vs oral fecainide vs 
I.V. propafenone vs oral propafenone 
vs placebo

Hofmann et al/2006 
[97] 100 N/A 750 mg Conversion to SR IV amiodarone vs IV digoxin 42% vs 18% (1 h); p = 0.012

Table 6: Summary of Randomized Trials of Amiodarone in Atrial Fibrillation.
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Study
Number of
patients

Patient
characteristics

Dose of
dronedarone

Placebo
controlled Primary endpoint

Follow-up,
months Outcome Comments

DAFNE  
2003 [98] 270 Post-cardiover-

sion

400 mg b.i.d.
600 mg b.i.d.
800 mg b.i.d. Yes

Time to first AF
recurrence 6

Dronedarone 400 mg b.i.d. 
significantly prolonged median 
time to first AF recurrence vs. 
placebo:
60 vs. 5.3 days, P = 0.026); rela-
tive risk reduction 55% (95% CI, 
28–72% P = 0.001)

Higher doses were ineffective 
and were associated with
discontinuation rates of 7.6 and 
22.6%; conversion rates were 
5.8, 8.2, and 14.8% vs. 3.1% on 
placebo

EURIDIS.  
2007 [99] 615 Post-cardiover-

sion 400 mg b.i.d Yes
Time to first AF
recurrence 12

Median time to first AF recur-
rence was 41 days on droneda-
rone vs. 96 days on placebo, P 
< 0.01

Ventricular rates during AF
recurrence were significantly
lower on dronedarone

ADONIS 
2007 [99] 630 Post-cardiover-

sion 400 mg b.i.d Yes
Time to first AF
recurrence 12

Median time to first AF recur-
rence was 59 days on droneda-
rone vs. 158 days on placebo, 
P = 0.002

Dronedarone reduced ventricular 
rates during AF recurrence vs

EURIDIS /
ADONIS
Pooled 2007 
[99]

1237 Post-cardiover-
sion 400 mg b.i.d.

Yes,
n = 409

All-cause mortality 
and
hospitalizationsa 12

Dronedarone reduced the 
primary endpoint vs. placebo by 
27% (95% CI,
7–43%, P = 0.01)

Trend towards reduced all-cause 
mortality and  hospitalizations 
from cardiac causes was ob-
served with dronedarone; relative 
risk reduction 20%, P = 0.164

ERATO, 2008 
[100] 630 

Permanent AF 
with ventricular 
rates .80 
b.p.m. on 
rate-controlling 
thera

400 mg b.i.d.
Yes Mean 24-h ventricular 

rate at 2 weeks 1
Ventricular rates were 12 
b.p.m. lower on dronedarone vs. 
placebo

Peak heart rates during exercise 
were 24 b.p.m. lower on droneda-
rone vs. placebo

ANDROMEDA 
, 2008 [101] 627

Congestive 
heart
failure; EF < 
0.35

400 mg b.i.d. Yes

All-cause mortal-
ity or hospitalization 
for worsening heart 
failure

6

Stopped early because of 
increased mortality in the 
dronedarone arm (8 vs. 3.8% on 
placebo; hazard ratio 2.3)

Possible explanation for 
increased mortality is more 
frequent discontinuation of ACE 
inhibitors in the dronedarone 
arm secondary to an increase in 
plasma creatinine

ATHENA, 
2009 [102 4628

Paroxysmal or
persistent 
AF with risk 
factors

400 mg b.i.d. Yes
All-cause mortality 
and hospitalizations 
for cardiac causes

21±5
Dronedarone reduced the 
primary endpoint vs placebo by 
24% (P < 0.001)

CV hospitalizations, cardiovascu-
lar mortality, and hospitalizations 
for AF were
reduced by 25% (P < 0.001), 
29% (P = 0.034), and 37% (P < 
0.001); no significant difference 
in all cause mortality

PALLAS, 
2011 [103] 3236 Permanent AF, 

age≥65 yr 400 mg b.i.d. Yes

Composite of stroke, 
MI, systemic embo-
lism, or death from 
CV causes. Unplanned 
hospitalization for a 
CV cause or death.

3.5

CV Death, MI, Stroke, Sys-
temic Embolism. (2% vs. 0.9%) 
P =0.009.
Death, Unplanned CV Hospital-
ization (7.5% vs. 5.1%) P 0.006.
HF Hospitalization (2.2% vs. 1%) 
P=0.008

This trial was suspended due to 
an increase in CV events with 
dronedarone (significant increase 
in major cardiovascular events 
defined as a composite of stroke, 
MI, systemic embolism, or 
cardiovascular

DIONYSOS, 
2009 [104]

Meta-
analysis

Post-cardiover-
sion 400 mg b.i.d.

Drone-
darone vs. 
amiodarone

AF recurrence. CV 
death, CV hospital-
ization

Amiodarone superior to droneda-
rone (OR: 0.49; 95% CI: 0.37 to 
0.63; p < 0.001) for the preven-
tion of recurrent AF.
Higher all-cause mortality (OR: 
1.61; 95% CI: 0.97 to 2.68; p = 
0.066) and adverse events re-
quiring drug discontinuation with 
amiodarone than dronedarone 
(OR: 1.81; 95% CI: 1.33 to 2.46; 
p < 0.001).

Table 7: Summary of Randomized Trials of Dronidarone in Atrial Fibrillation.

to assess the safety of dofetilide in patients with left ventricular 
dysfunction, one was conducted on patients with left ventricular 
dysfunction and NYHA class II-IV heart failure (DIAMOND-
CHF) and the other one done on patients with recent myocardial 

infarction and left ventricular dysfunction (DIAMOND-MI).84 

There were 506 patients with persistent atrial fibrillation at study 
entry to the DIAMOND studies.84 A sub-study conducted by 
Pedersen OD et al82 that included these patients randomized them 
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group patients compared with 42% in placebo group patients 
(P=insignificant).

Amiodarone 
The efficacy of amiodarone in converting atrial fibrillation to sinus 

rhythm was studied since long time in several randomized trials [Table 
6]. The conversion rate of amiodarone in comparison to placebo was 
variable and was not always consistently superior to placebo in the 
placebo controlled studies. This wide range in conversion rate and 
inconsistent superiority of amiodarone over placebo or other AAD 
comes from the fact that these studies used different doses and 
protocols, seven published studies used low or conventional doses 
(<1600mg) of amiodarone (table 6) ,86,87,53,89,92,95,97 the largest of them 
was conducted by Galve E and colleagues ,89 in which 100 patients 
were randomized to amiodarone (5 mg/kg IV over 30 min, followed 
by 1200 mg IV over 24 hours) or saline placebo showed no difference 
in conversion rates at 24 hours, and similar 2-week recurrence rates 
(12% with amiodarone vs. 10% with placebo). Also a study done by 
Donovan KD et al, showed that amiodarone at a dose of 7 mg/kg had 
a similar conversion rate to placebo after 2 and 8 hours .53

    Noc M et al ,87 showed that a bolus of 5 mg/kg of amiodarone was 
superior to IV verapamil at 3 hours. Cowan and coworkers studied 
patients with recent- onset AF complicating myocardial infarction 
and found that 24-h conversion rate of amiodarone (7 mg/kg bolus 
followed by an infusion rate up to 1500 mg/d) was comparable to IV 
digoxin .86

   On the other hand six trials have evaluated high-dose IV ami-
odarone (>1600 mg/d) either by administering larger IV doses or 
by combining IV and oral administration (Table 6) .52,88,90,91,93,96 In a 
small trial, Capucci and colleagues 52 compared a 5-mg/kg IV amio-
darone bolus followed by a 75-mg/h infusion (1800 mg/d) vs. a single 
dose of flecainide or placebo. Amiodarone was as effective as placebo 
at any point within 24 hours, and in comparison to flecainide, there 
was no significant difference in conversion rate at 24 hours but fle-
cainide was faster than amiodarone in conversion to sinus rhythm 
and conversion rate of flecainide was significantly higher at 3, 8 and 
12 hours. Boriani et al96 compared the same amiodarone regimen to 
oral flecainide, I.V. propafenone, oral propafenone and placebo in-
volving 417 patients. Intravenous amiodarone was not different from 
placebo until 8 hours when it was associated with 57% of conver-
sion rate. At 8 hours, amiodarone conversion rate was significantly 
higher than placebo but less than flecainide or propafenone. A study 
conducted by Hou et al ,88 which randomized a tailored infusion of 
high-dose IV amiodarone against digoxin in recent-onset AF in an 
attempt to attain therapeutic plasma concentrations within 1 hour 
and maintain them for 24 hours. At 24 hours the conversion rate in 
amiodarone group was significantly higher than digoxin group (92% 
vs 71%, p = 0.0048) and the difference appeared since the first hour 
and maintained throughout the 24 hours. A randomized placebo-
controlled trial done by Cotter G et al,90 compared a high-dose I.V. 
amiodarone infusion (125 mg/h) to placebo and found no difference 
at 8 hours (62% vs 58%), but higher conversion rates at 24 hours 
with amiodarone (92% vs 64%, P <0.0017). Kochiadakis GE and col-
leagues 66 found that amiodarone (300-mg bolus plus 20-mg/kg/d 
infusion, with concomitant oral amiodarone at 600 mg three times 
daily) led to significantly higher 24-h conversion rates than placebo. 
Vardas PE and colleagues showed that this IV amiodarone regimen, 

to receive dofetilide 250mg BID or placebo and followed for 1 
month and assessed the efficacy of dofetilide in patients with left 
ventricular dysfunction and atrial flutter or fibrillation and showed 
that dofetilide is superior to placebo in converting AF/AFl to sinus 
rhythm and maintaining sinus rhythm at 1 year. 56 of 249 (22.5%) 
patients taking dofetilide versus 7 of 257 (2.7%) patients receiving 
placebo converted to sinus rhythm. At one year 79% of dofetilide 
patients versus 42% of placebo-treated patients were in sinus rhythm. 
Dofetilide showed no effect on all-cause mortality, but restoration 
and maintenance of sinus rhythm was associated with significant 
reduction in mortality (RR, 0.44; 95% CI, 0.30 to 0.64; P<0.0001). In 
addition, dofetilide therapy was associated with a significantly lower 
risk for either all-cause (RR, 0.70; 95% CI, 0.56 to 0.89; P<0.005) 
or congestive heart failure rehospitalization (RR, 0.69; 95% CI, 0.51 
to 0.93; P<0.02). Among those patients who were originally in sinus 
rhythm, the dofetilide group also had a lower incidence of new onset 
of atrial fibrillation (2.0% versus 10.5%, P<0.001). The DIAMOND-
CHF trial was double-blind, placebo-controlled trials designed to 
evaluate the efficacy and safety of dofetilide in high-risk patients 
with congestive heart failure.83 It was mortality trial, and specific 
antiarrhythmic effects were not primary end points. It randomized 
1518 patients with left ventricular ejection fraction < 35%. Patients 
were randomized to either dofetilide 500 mg BID or to matching 
placebo. Patients with atrial fibrillation or flutter by protocol received 
250 mg BID. The mortality rate at one year was 41% in dofetilide 

Study No. of 
patients

AF du-
ration

Primary end 
point Comparison Results

CRAFT 
2004 [105] 56 <72 hr Conversion to 

sinus rhythm

RSD1235 
(2.0 and 3.0 
mg/kg) vs
RSD1235 
(0.5 and 1.0 
mg/kg) vs
Placebo.

61% vs 11% vs 5%.
RSD1235 (2.0 and 3.0 
mg/kg) vs Placebo 
P<0.0005.
RSD1235 (0.5 and 1.0 
mg/kg) vs Placebo, 
insignificant

ACT I 2005 
[106] 356 3hr-

45days

Conversion to 
sinus rhythm 
in short dura-
tion AF

Vernakalant 
vs Placebo

51.7% vs 4.0% 
(P<0.001) (< 7 days).
7.9% vs 0 P=0.09 (>7-
45 days)

ACT II, 
2009 [107] 190

24 hr-7 
days 
after 
cardiac 
surgery

Conversion to 
sinus rhythm

Vernakalant 
vs Placebo

At 90 min: 47% vs. 
14%, P<0.0001

ACT III 
[108] 276 3hr-

45days
Conversion to 
sinus rhythm

Vernakalant 
vs Placebo

51.2% vs 3.6% 
P<0.0001 (short dura-
tion)
39.8% vs 3.3% P 
<0.0001 (overall)

ACT IV 167 3 h–45 
days

Conversion to 
SR within 90 
min of drug
initiation

Non-placebo 
dose com-
parison

SR: 50.9%.
Median time to conver-
sion 14 min.

ACT V 2013 
[109] 470 3 Hr7 

days

Safety and 
efficacy of 
vernakalant

Vernakalant 
vs Placebo

Stopped because of 
reported cases of car-
diogenic shock related 
to vernakalant

AVRO 2011 
[110] 232 3-48 Hr

Conversion to 
SR within 90 
min of drug
initiation

Vernakalant 
vs. amioda-
rone

At 90 min: 51.7% vs 
5.2% (P<0.0001).
At 4 Hr: 54.4% vs. 
22.6% (P<0.0001)

Table 8: Summary of Randomized Trials of Vernakalant in Atrial 
Fibrillation.
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but in both doses the conversion rate was significantly higher than 
placebo (3.1%). For the maintenance of sinus rhythm and prevention 
of recurrence, dronedarone at the lowest dose (800 mg daily) was as-
sociated with a significantly lower recurrence rate at 6 months than 
placebo with 35% remaining in sinus rhythm as compared to 10% in 
placebo group. In addition the median time to first AF recurrence 
was 5.3 days in the placebo group, and 60 days in the dronedarone 
800 mg group (RRR 55%, 95% CI 72–28%, P=0.001). This difference 
in recurrence rate was not seen at higher doses of dronedarone. This 
dose independent effect observed with dronedarone was not seen 
with other new antiarrhythmic agents and could not be explained by 
its pharmacokinetic parameters, one hypothesis for this effect is the 
multifactor mode of action of dronedarone, would result in a bell-
shaped response curve, a notion that has never been documented with 
dronedarone in animal models. In addition the higher proportion of 
patient censoring in the 1200 and 1600 mg dronedarone groups, 
mainly due to adverse events resulting in drug discontinuation.
    Two phase 3 identical, placebo- controlled, multicenter, double-
blind, parallel group trials sponsored by Sanofi-Aventis, The Eu-
ropean Trial in Atrial Fibrillation or Flutter Patients Receiving 
Dronedarone for the Maintenance of Sinus Rhythm (EURIDIS) 
99 conducted in 12 European countries and the American-Austra-
lian-African Trial with Dronedarone in Atrial Fibrillation or Flut-
ter Patients for the Maintenance of Sinus Rhythm (ADONIS) 99 
conducted in the United States, Canada, Australia, South Africa, 
and Argentina, tested the effectiveness of dronedarone 800 mg twice 
daily in maintaining sinus rhythm. These two trials randomized 1237 
patients in sinus rhythm with a history of at least one attack of AF 
in the last 3 months before inclusion and mean age of 63 years, in a 
2:1 ratio of active drug to placebo. The studies included patients with 
structural heart disease, but the mean left ventricular ejection fraction 
was 58%. Patients were followed for 12 months and their primary end 
point was time for first recurrence of AF. Dronedarone significantly 
reduced the risk of a first recurrence of atrial fibrillation by 22% in 
ADONIS and 27.5% in EURIDIS. Also dronedarone was associ-
ated with significantly lower median time to first AF recurrence than 
placebo (41 days vs. 96 days, P < 0.01) in EURIDIS trial and 59 days 
on dronedarone vs. 158 days on placebo, P = 0.002 in ADONIS trial. 
Both trials showed that dronedarone reduced ventricular rates during 
AF recurrence significantly as compared to placebo.
   ANDROMEDA trial101 included patients with heart failure and 
NYHA III-IV and were randomized in a 1:1 ratio to double-blind 
treatment with either dronedarone or matching placebo and followed 
for 6 months. A total of 627 patients with EF< 35% were studied 
with primary end point was death from any cause or hospitaliza-
tion for worsening heart failure. Mortality was higher in dronedarone 
treated group 25 (8%) vs. 12 (3.8%) in the placebo group (HR 2.13; 
95% CI=1.07 - 4.25; P = 0.03) and the death was mainly related to 
worsening of heart failure and there was no significant difference in 
the incidence of death related to arrhythmia or sudden death. First 
hospitalization for an acute cardiovascular cause was higher in the 
dronedarone group (71 patients vs. 50 patients) (P = 0.02) and the 
main cause for hospital admission was also worsening heart failure.
   The most recent study, PALLAS,103 a randomized, double blind, 
placebo controlled, parallel group trial conducted at 489 sites in 37 
countries for assessing the clinical benefit of dronedarone 400mg bid 

with an oral amiodarone 600mg daily in three divided doses was as-
sociated with more successful conversions than placebo at 1 and 24 
hours in a mix of recent onset and chronic AF patients; however, 
benefit was limited to patients with recent-onset AF. It showed that 
patients with atrial fibrillation lasting less than 24 h had a high prob-
ability of conversion (> 95%) with amiodarone regardless of the left 
atrial size. While none of the chronic AF patients converted to NSR 
within 24 hours .93

Dronedarone 
Several randomized trials conducted to assess the effectiveness 

and safety of dronedarone in AF patients (Table 7). Most of these 
trial were placebo controlled trials.98,99,100,101,102,103 ATHENA trial102 

was a prospective, double-blind study included 4,628 patients with 
atrial fibrillation or atrial flutter and at least one other cardiovascular 
risk factor to assess the efficacy of dronedarone 400 mg bid for 
the prevention of cardiovascular hospitalization or death from any 
cause. It showed that dronedarone, in addition to standard therapy, 
significantly reduced the risk of a first cardiovascular hospitalization 
or death by 24% in patients with atrial fibrillation or atrial flutter. The 
study excluded patients with decompensated heart failure.
   Touboul P et al,98 in the Dronedarone Atrial Fibrillation Study 
after Electrical Cardioversion (DAFNE) which was a double-blind, 
randomized, placebo-controlled, dose-finding trial, included 270 
patients with persistent AF. This study was conducted to compare 
different doses of dronidarone and to determine which dose is the 
most appropriate to prevent AF recurrence after cardioversion in 
comparison to placebo with a mean follow up of 6 months. The 
conversion rate was dose dependant and high doses associated with 
higher conversion rate (5.8% with 800 mg vs. 14.8% with 1600 mg), 

Study No. of 
patients

Type of 
study Comparison Results

Saksena S et 
al, 2011125 2027 Post-Hoc 

analysis

Amiodarone, 
sotalol, 1c 
agents vs. 
rate control.

non-CV death: amiodarone: (HR: 
1.11, 95% CI: 1.01 to 1.24, p 
= 0.04).
First CVH:
Amiodarone: 47% vs. 40% (HR: 
1.20, 95% CI: 1.03 to 1.40, p 
= 0.02).
Sotalol: 50% vs.40% (HR: 1.364, 
95% CI: 1.16 to 1.611, p < 
0.001)
1c agents: 44% vs. 36% (HR: 
1.24, 95% CI: 0.96 to 1.60, p 
= 0.09).

Torp-Pedersen 
C et al, 2007126 3029 Post-Hoc 

analysis
Amiodarone 
vs. control.

All cause mortality:
NYHA II: 38.7% vs. 26.2%, 
P<0.001.
NYHA III + IV : 58.9% vs. 43.3, 
P<0.001.
Circulatory failure: amiodarone 
> control, P<0.001.
SCD: (HR 1.07, CI 0.8–1.4, P 
= .7).

Thomas KL et 
al, 2008127 14700 Post-Hoc 

analysis
Amiodarone 
vs. control.

Amiodarone associated with 
early and late mortality.

Piccini JP et al, 
2009128 6522 Meta-

analysis

Amiodarone 
vs. placebo/
inactive

SCD: 7.1% vs. 9.7% P<0.001.
CV mortality: 14% vs. 16.3%, 
P=0.004.
All cause mortality: 18.1% vs. 
19.6%, P=0.093

Table 9:
Summary of Studies That Assessed the Association of 
Amiodarone with Cardiovascular Mortality.
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with placebo. No drug-related torsade de pointes was noted with 
vernakalant group. 
   ACT-II study evaluated the efficacy and safety of intravenous ver-
nakalant for the treatment of 190 patients who developed atrial fi-
brillation or atrial flutter between 24 hours and seven days following 
coronary artery bypass graft or valve replacement surgery. In the atrial 
fibrillation group, 47% of intravenous vernakalant group converted to 
sinus rhythm within 90 minutes compared with only 14% of placebo 
patients (p=0.0001). The median time to conversion was around 12 
minutes for the vernakalant responders. No torsade de pointes was 
reported and 0 out of 10 patients who had atrial flutter converted to 
sinus rhythm with intravenous vernakalant.107

   ACT-III was a pivotal phase III trial very similar in structure to 
ACT-I, randomizing 276 patients. Intravenous vernakalant convert-
ed 51% of the patients with recent-onset atrial fibrillation of three 
hours to seven days to sinus rhythm compared with only 4% of pla-
cebo patients (p<0.001). Similar to ACT-I, in the population of three 
hours to 45 days, 40% of patients receiving intravenous vernakalant 
had their atrial fibrillation terminated compared with 4% of placebo 
patients (p<0.001). Only 7% of patients with atrial flutter receiving 
vernakalant converted to sinus rhythm compared with 0% of placebo 
patients. There were no documented cases of torsade de pointes in 
this trial .108 
    A randomized trial compared I.V. vernakalant to I.V. amiodarone 
(AVRO Trial)109 conducted on 232 patients with acute onset AF. This 
study showed that the conversion rate of vernakalant at 90 minutes 
and 4 hours was significantly higher than that of I.V. amiodarone 
(51.7% and 54.4% vs. 5.2% and 22.6% respectively, P<0.0001). In 
addition vernakalant was associated with higher rate of symptoms 
relief at 90 minutes than amiodarone (53.4% vs. 32.8% p= 0.0012). 
    Oral vernakalant for maintenance of sinus rhythm was evalu-
ated in several trials. A trial conducted by Pratt CM et al111 studied 
the oral vernakalant in maintaining sinus rhythm after cardioversion 
of sustained atrial fibrillation demonstrated that oral vernakalant at 
300 and 600mg twice daily was superior to placebo in maintaining 
sinus rhythm over a 28-day treatment. In the placebo group, 57% 
of patients had atrial fibrillation recurrence compared with 39% in 
the vernakalant 300mg twice-daily group (p=0.048) and 39% in the 
600mg twice-daily group (p=0.06). Another large phase IIIb trial 
conducted by Torp-Pedersen C et al112 compared the efficacy of oral 
vernakalant at 150mg, 300 mg and 500 mg doses in maintaining si-
nus rhythm as compared to placebo. This study found that the time 
to the first recurrence of symptomatic sustained AF was significantly 
longer in the 500 mg vernakalant group than in the placebo group 
(>90 days vs. 29 days, HR 0.735, P = 0.0275). No significant effect 
was seen at the lower doses of vernakalant. The percent of patients in 
sinus rhythm at Day 90 was 41%, 39%, and 49% in the 150 mg, 300 
mg, and 500 mg vernakalant groups, respectively, compared to 36% in 
the placebo group. There were no vernakalant-related proarrhythmic 
events. 

Ranolazine 
No large randomized trials done on the efficacy of ranolazine in 

atrial fibrillation A small study of 7 patients, ranolazine was initiated 
soon after atrial fibrillation ablation and was found to be useful in 
maintaining sinus rhythm.113 A single-center retrospective cohort 

on top of standard therapy in patients with permanent atrial fibrilla-
tion and additional risk factors including heart failure with NYHA 
class II-III. It randomized a total of 3236 patients with permanent 
AF to receive either dronedarone (at a dose of 400 mg twice daily) or 
matching placebo with median follow-up of 3.5 months. The results 
of this trial showed higher total mortality in dronedarone group (25 
vs. 13, HR=1.94; 95% CI, 0.99 to 3.79; P = 0.049) and cardiovascu-
lar death (21 vs. 10, HR=2.11; 95% CI, 1.00 to 4.49; P = 0.046). In 
addition arrhythmic cardiovascular death was also higher in drone-
darone group (13 vs. 4, HR=3.26; 95% CI, 1.06 to 10.00; P = 0.03). 
Stroke occurred in 23 patients in the dronedarone group and 10 in 
the placebo group (hazard ratio, 2.32; 95% CI, 1.11 to 4.88; P = 0.02). 
Unplanned hospitalization for cardiovascular causes was significantly 
higher in dronedarone group (113 vs. 59, HR=1.97; 95% CI, 1.44 
to 2.70; P<0.001). Hospitalization for heart failure was also higher 
in dronedarone group (43 vs. 24, HR=1.81; 95% CI, 1.10 to 2.99; P 
= 0.02). With subgroup analysis an interesting significant associa-
tion found for unplanned hospitalization for cardiovascular causes or 
death with diabetes (P<0.03).
   One meta-analysis used 4 placebo controlled trials for amiodarone 
and 4 placebo controlled trials for dronedarone is the DIONYSOS 
study.104 Its results showed that amiodarone superior to dronedarone 
(OR: 0.49; 95% CI: 0.37 to 0.63; p < 0.001) for the prevention of re-
current AF. Also it showed a trend toward greater all-cause mortality 
(OR: 1.61; 95% CI: 0.97 to 2.68; p = 0.066) and greater overall ad-
verse events requiring drug discontinuation with amiodarone versus 
dronedarone (OR: 1.81; 95% CI: 1.33 to 2.46; p < 0.001).

Vernakalant 
Vernakalant studied in several randomized studies to assess its 

effectiveness and safety in conversion of new onset AF and the 
appropriate dose of it. CRAFT trial was a prospective double-
blinded, placebo controlled, randomized, dose-response trial. 
It included patients with new onset AF (less than 72 hours) and 
it was highly selective in enrolment of patients and excluded any 
patient with evidence of CAD, structural heart disease or conductive 
abnormality. It randomized patients into two vernakalant regimen 
(2.0 and 3.0 mg/kg) vs (0.5 and 1.0 mg/kg) and compared them 
with placebo. It showed that the conversion rate of vernakalant at 
higher dose regimen was significantly superior to the lower dose 
vernakant group and placebo (61% vs 11% vs 5%, P<0.0005), but the 
low dose vernakalant group did not show a superiority over placebo 
in conversion rate. High dos vernaka lant as compared to placebo had 
higher conversion rate at 30 minutes (56 versus 5%; p<0.001) and one 
hour (53 versus 5%; p=0.0014), and median time to conversion (14 
versus 162 minutes; p=0.016). No serious adverse events, including 
torsade de pointes, were noted with vernakalant group.105

   A larger phase III trial, the ACT I study,106 compared intravenous 
vernakalant with placebo in 416 patients with atrial fibrillation dura-
tion of 3 hours-7 days. Of vernakalant group, 52% converted to sinus 
rhythm compared with 4% of placebo patients (p<0.001). However, 
in the overall study, when one looked at the atrial fibrillation duration 
of three hours to 45 days, only 38% of patients receiving intravenous 
vernakalant had their atrial fibrillation terminated compared with 3% 
of placebo patients (p<0.001). Intravenous vernakalant was ineffec-
tive in converting atrial flutter, with only one of 39 drug-treated pa-
tients converted compared with 0 of 15 atrial flutter patients treated 
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   Dofetilide was the first selective class III potassium channel blocker 
and proved to be effective in maintaining sinus rhythm after con-
version of atrial fibrillation to sinus rhythm. After publication of 
SAFIRE-D and EMERALD studies results, which are large ran-
domized clinical trials in patients with persistent atrial fibrillation, 
dofetilide got a preliminary approval in the United States in 2000. 
The Danish Investigations on Arrhythmia and Mortality on Dofeti-
lide (DIAMOND) study and its subgroup analysis done to assess the 
effect of dofetilide on the mortality and hospitalization in high risk 
patients (i.e. low ejection fraction and post myocardial infarction). 
The results of these trials support a role for dofetilide in patients with 
advanced heart disease and atrial fibrillation, but because atrial fibril-
lation was not used to stratify randomization, they are less conclusive 
than data from the SAFIRE-D and EMERALD studies.

Amiodarone

   High-dose amiodarone regimen, using large daily IV doses (more 
than 1600 mg) or combining oral and IV doses, is more effective 
than placebo for converting recent-onset AF to normal sinus rhythm 
as compared to low dose regimen. Nevertheless, amiodarone needed 
longer time for cardioversion than class 1c agents, despite that con-
version rate at 24 hours was sometimes comparable to these agents. 
Amiodarone trials that used high dose regimen had restricted their 
inclusion criteria and excluded patients with NYHA Class II–IV 
functional status, acute myocardial infarction, recent cardiac surgery 
or cardiogenic shock. 
   Amiodarone was considered as relatively safe drug to be used for 
a trial of cardioversion in atrial fibrillation especially when used in 
patients with structural heart disease and patients with LV systolic 
dysfunction. Earlier studies that assessed the safety of amiodarone 
in heart failure patients showed that amiodarone was associated with 
significant improvement in left ventricular ejection fraction com-
pared with placebo,120,121 significantly reduced admission to hospital 
for CHF and improved functional class122 or no significant effect on 
left ventricular ejection fraction.123 Therefore the ACC/AHA, ESC 
AF management guidelines recommended it as a first choice agent 
for cardioversion in such patients.117,118,119

   The hemodynamic effects of intravenous amiodarone was studied 
long time before, Kosinski EJ et al124 was one of those who studied 
this effect. He conducted a double blind study on patients with LV 
systolic dysfunction and divided them into two groups with EF > 
35% or < 35% and he reached a conclusion that IV amiodarone re-
sults in negative inotropic and peripheral vasodilatory effects and re-
duced coronary blood flow, therefore it should be reserved as a second 
or third line anti-arrhythmic agent in patients with moderate left 
ventricular dysfunction. Also patients with impaired left ventricular 
function who are receiving intravenous amiodarone need careful he-
modynamic monitoring. It is advised that those patients with chronic 
ventricular arrhythmias are best treated with the safer, method of 
high oral loading dose of amiodarone.
  But recent studies that evaluated its cardiovascular safety in such 
patients raised an issue that amiodarone is not that safe and need to 
be cautious in using amiodarone especially when it is used for cardio-
version or for ventricular arrhythmias as I.V. form. A study done by 
Saksena S et al,125 to assess the impact of individual anti-arrhythmic 
drug therapy as compared with rate control with propensity score-

study conducted by Miles RH et al114 enrolled total of 393 consecutive 
patients undergoing CABG and received either amiodarone or 
ranolazine. AF occurred in 26.5% of the amiodarone-treated patients 
compared to 17.5% of the ranolazine-treated patient (p = 0.035). 
No difference was found in the risk of adverse events between the 
2 therapies. This study concluded that ranolazine was independently 
associated with a significant reduction of AF compared to amiodarone 
after CABG, with no difference in the incidence of adverse events. 

Antazoline 
The antiarrhythmic effect of antazoline specifically in atrial 

fibrillation was not studied in a randomized trial before. It was 
studied in single-arm clinical trials with no control group and they 
suggested high efficacy of antazoline in rapid conversion of AF to SR 
if administered intravenously up to the cumulated dose of 350 mg.     
   A retrospective study conducted by Kuch M et al ,115 analyzed 
the efficacy of intravenous antazoline in converting paroxysmal atrial 
fibrillation into sinus rhythm. It included 1325 consecutive patients 
with paroxysmal atrial fibrillation admitted to Coronary Care Unit 
between 1985 and 1997 and treated with antazoline intravenously. 
It showed a total efficacy of 52%. The efficacy in relation to total 
dose was: 100 mg - 46%; 200 mg - 54.4%; 300 mg - 50%; >300 mg 
- 20.5% (significance between 100-300 mg and >300 mg - p<0.01).
He concluded that antazoline is an efficient and relatively safe drug
in converting paroxysmal atrial fibrillation to sinus rhythm and its
high efficacy seen at a dose of 100 to 300 mg. There was no difference
in efficacy in relation to sex and age. The AnPAF Study is the first
randomized placebo controlled trial on the efficacy of antazoline in
rapid conversion of atrial fibrillation to sinus rhythm. It is still ongo-
ing and expected to finish on 2014.116 

Discussion
  Flecainide is highly effective in the acute setting for cardioversion 

of AF. In haemodynamically stable patients with acute-onset AF 
(<48 h duration) and preserved LV function, flecainide restores SR 
in up to 95% of patients within 1h from the start of the I.V. infusion. 
A pooled analysis of eight randomized controlled trials by the US 
Agency for Healthcare Research and Quality (AHRQ) showed that 
acute treatment with flecainide was associated with conversion rates 
of between 52 and 95%. 20 Therefore flecainide is contraindicated in 
patients with a history of acute coronary ischemia, structural heart 
disease or cardiomyopathy and hemodynamic instability due to the 
risk of cardiac decompensation.

 For all of this evidence, flecainide is recommended by the ACC/
AHA and ESC guidelines as one of the first line therapy for rhythm 
control in patients with recurrent PAF particularly young age pa-
tients and patients with structurally normal heart with normal ven-
tricular function .117,118,119

   Propafenone is effective and safe agent in converting AF to sinus 
rhythm. It is as effective as flecainide, though flecainide is faster in 
conversion and both are having the same incidence of side effects 
and negligible pro-arrhythmic potential for malignant arrhythmias 
especially in structurally normal heart. Also it is more effective than 
amiodarone in form of mean time for conversion and its oral admin-
istration is as effective as its intravenous administration. For all of 
this propafenone is recommended as first line agent for conversion of 
new onset AF with structurally normal hearts.117,118,119
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treatment with amiodarone, and structural heart disease]. Both trials 
also showed that dronedarone is effective for rate control after recur-
rence of AF which was a secondary endpoint in these studies and the 
mean ventricular rate during first AF/AFL documented recurrence 
was significantly lower in the dronedarone-treatment groups (102.3 
and 104.4 vs. 117.5 and 116.6) of EURDIS and ADONIS, re re-
spectively, (P<0.0001 and P<0.001, respectively). ERATO study, 100 
a phase III study, examined the rate control benefit of dronedarone in 
174 elderly patients with permanent AF as compared to placebo. In 
this study, 38.9% had structural heart disease and 39.7% NYHA class 
I or II heart failure. The ERATO trial showed that the addition of 
dronedarone to standard therapy produced a statistically significant 
decrease in ventricular response rate to AF at rest as well as during 
exercise, but no significant change in exercise tolerance. 

Safety 
The ADONIS and EURIDIS trials99 used the low dose of 

dronedarone (800 mg daily) did not report any pro-arrhythmia or 
pulmonary or thyroid toxicity among the 828 dronedarone-treated 
patients. In addition no cases of torsade de pointes were reported over 
the 12-month course of these studies. Serious adverse events were 
rare and occurred with similar frequency in the two cohorts (16.5% 
dronedarone vs. 13.5% placebo). Rates of premature discontinuation 
for adverse events were also similar (15.3% dronedarone vs. 9% 
placebo). 
  The two major randomized placebo controlled trials that examined 
the safety of dronedarone in high risk patients (left ventricular dys-
function and NYHA class III-IV heart failure) were stopped pre-
maturely as both showed a trend toward increased mortality in the 
dronedarone treated group. The ANDROMEDA trial101 was planned 
for a total of 1,000 patients with follow up period of 6 months, but 
only 627 patients had been enrolled as the trial was stopped pre-
maturely at a median follow-up of approximately 2 months. During 
this period, mortality was significantly higher in dronedarone group 
(8% vs. 3.8%, P=0.027). This trial reached a three relevant findings; 
First, the excess deaths related to dronedarone were largely due to 
heart failure, Second, the risk of death with dronedarone was great-
est among patients with the most severely reduced left ventricular 
systolic function. Third, treatment with dronedarone led to a small 
increase in hospitalizations for heart failure. The other study, PAL-
LAS trial,103 which included patients with permanent AF and at least 
one risk factor includ ing NYHA III-IV heart failure, evaluated the 
effect of dronedarone on the composite of stroke, MI, systemic em-
bolism, or death from cardiovascular causes as a primary endpoint, 
and unplanned hospitalization for a cardiovascular cause or death as 
a secondary endpoint. This study can be considered as the continu-
ation of ATHENA trial as both were assessing the same endpoints 
but differ in the NYHA functional class and left ventricular systolic 
function. PALLAS trial selected the high risk patients and its re-
sults were totally the opposite of ATHENA trial, as it showed that 
dronedarone significantly increases the total mortality, risk of stroke, 
cardiovascular mortality and hospitalization for cardiovascular causes 
and this increase in mortality and hospitalization was mainly related 
to heart failure.
   The ATHENA trial was the first large trial to study the all cause 
mortality or hospitalization for any cardiac reason with rhythm con-
trol agent. It included 4628 patients with at least one cardiovascu-

matched analyses which analyzed the AFFIRM trial results, showed 
that Clinical characteristics and initial AAD selection rather than 
treatment strategy influenced cardiovascular hospitalization risk, and 
death. Intensive care unit hospital stay and non-CV death were more 
frequent with amiodarone. Turp-Pedersen C and colleges126 did re-
analysis of the results of COMIT trial which randomized 3029 pa-
tients with chronic heart failure to receive carvedilol or metoprolol 
and followed patients for a median of 58 months. One hundred fifty-
five of 1466 patients in NYHA Class II and 209 of 1563 in Class 
III or IV received amiodarone at baseline. After about 4 years follow 
up, 38.7% of patients in NYHA Classes II and 58.9% of patients in 
class III + IV who received amiodarone died versus 26.2% and 43.3% 
in those who did not receive amiodarone (P < .001). This increase in 
mortality rate was mainly due to circulatory failure and there was no 
difference in sudden death. 
   A study conducted by Thomas KL et al,127 used data from VAL-
IANT, a randomized comparison of valsartan, captopril, or both in 
patients with acute myocardial infarction with heart failure and/or 
left ventricular systolic dysfunction. They compared baseline char-
acteristics of 825 patients treated with amiodarone at randomiza-
tion with 13 875 patients not treated with amiodarone using Cox 
models. The association of amiodarone use with subsequent mortality 
after randomization was examined, and found that amiodarone use 
was associated with excess early and late all-cause and cardiovascular 
mortality. A meta-analysis done by Piccini et al,128 analyzed the data 
from all randomized placebo controlled trials done over the period 
from 1966 till 2007. He reached a conclusion that amiodarone re-
duced the SCD by 26% and CV death by 18% but did not reduce the 
overall mortality.

Dronedarone 
Dronedarone emerged as a substitute for amiodarone lacking the 

iodine molecule to reduce the non-cardiac toxicity associated with 
last agent. DAFNE trial99 was the most important early clinical 
trial done on dronedarone and as the aim of it is to determine the 
most effective as well as safe dose of dronedarone to maintain sinus 
rhythm after cardioversion. It was a prospective phase II, placebo-
controlled, dose-ranging study and showed that an 800 mg daily 
dose of dronedarone is the most suitable dose as it was effective for 
the prevention of AF relapses after cardioversion, reduced time to 
AF recurrence compared with placebo, longer median time to AF 
recurrence, lower discontinuation rate as compared to higher doses 
with no significant effect on the QT interval. 
   EURIDIS and ADONIS trials99 studied the efficacy of dronedar-
one (400 mg BID) for the maintenance of sinus rhythm after electri-
cal, pharmacological, or spontaneous conversion of AF or AFL, but 
they excluded patients with NYHA class III or IV heart failure, and 
severe renal impairment. Over half of the patients in both trials had 
a history of hypertension, approximately 25% coronary heart disease, 
and just fewer than 20% had a history of heart failure. Dronedarone 
at 800mg daily was significantly effective in reducing the risk of re-
currence of AF/AFL over 1 year compared with placebo. In addition 
the median time to first recurrence of AF/AFL for dronedarone in 
EURIDIS was 2.3 times longer and 2.7 times longer in ADONIS 
than placebo group. This effectiveness was consistent even after divid-
ing the patients in dronedarone group in to three subgroups [those 
with recent cardioversion (within 5 days of randomization), prior 
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converted after the first dose. The highest efficacy was observed 
for AF of less than 72 h duration (70–80%). On the other hand 
conversion rate of vernakalant dropped dramatically when AF 
lasted more than 7 days (8% in ACT I and 9% in ACT III). Also 
vernalakant was ineffective in atrial flutter with conversion rate of 
only 2.5% in ACT I and 7% in ACT III. The drug was well tolerated, 
with no significant QTc prolongation or drug-related torsades de 
pointes. The most common side effects of vernakalant were dysgeusia, 
sneezing, and nausea. The moderate overall anti-arrhythmic efficacy 
of veranakalant and particularly the absence of the anti-arrhythmic 
effect of IKur blockade in AF of more than 7 days may be explained by 
complex ionic remodelling during AF, including downregulation of 
Ito, INa, and ICaL currents. Blockade of Ito and INa by vernakalant 
may be more beneficial for prevention than conversion of AF. An 
oral formulation of vernakalant has been investigated in a phase 
IIa study .110 Two doses of the drug (300 and 600 mg twice daily) 
were compared with placebo. The follow-up period was limited to 28 
days because of available toxicology data and because the efficacy of 
anti-arrhythmic agents in the early post-cardioversion period is of 
particular interest. Both doses of vernakalant were equally effective 
in preventing recurrence (61% vs. 43%) at the end of the study. No 
drug-related torsades de pointes were reported. The preliminary 
results of a phase IIb randomized, double blind study of three doses 
of vernakalant (150, 300, or 500 mg twice daily) in 446 patients after 
conversion with vernakalant or electrical cardioversion were released 
on 2008. Patients treated with the highest dose were more likely to 
maintain sinus rhythm at 3 months compared with placebo (52 vs. 
39%, P< 0.05); the median time to recurrence of AF was significantly 
longer with vernakalant 500 mg group as compared to placebo (90 
days vs. 39 days) while with the 150mg and 300 mg twice daily it 
was not significant. ATC 5 study that conducted to assess the safety 
of I.V. vernakalant in acute conversion of new onset atrial fibrillation 
was terminated prematurely by the cosponsors as requested by the 
FDA because of reported serious hypotension and bradycardia with 
one fatal cardiogenic shock case. This questioned the safety of I.V. 
vernakalant and strengthened the need for close monitoring of 
blood pressure and heart rate during and after the I.V. infusion of 
vernakalant. 
   In a subgroup analysis of the MERLIN-TIMI 36 trial,129 which 
studied the effect of ranolazine on the recurrence of cardiovascular 
events after non-ST elevation acute coronary syndrome, the continu-
ous ECGs of 6,351 patients were analyzed. The results showed that, 
in comparison with placebo, treatment with ranolazine resulted in 
fewer episodes of ventricular tachycardia that lasted 8 beats or longer 
(5.3% vs. 8.3%; P <0.001), and in fewer episodes of supraventricular 
tachycardia (44.7% vs 55%; P <0.001) and new-onset atrial fibrilla-
tion (1.7% vs 2.4%; P=0.08). In addition, there were no differences 
in the incidence of polymorphic ventricular tachycardia or sudden 
cardiac death, a concern that had arisen after previous observations 
of prolonged QT intervals.40 At therapeutical concentrations (2–6 
mmol/L), ranolazine also affects IKr (50% inhibition at 12 mmol/L) 
and can potentially prolong the action potential, but this effect is 
offset by more potent late INa blockade. The net effect and clinical 
consequence of multiple channel blockade by ranolazine is a modest 
increase in the mean QT interval by 2–6 ms. A phase III study in 
patients with AF is planned as the therapeutical dose is established, 
there will no need for dose-ranging phase II studies. 

lar risk factor but excluded high risk patients and randomized them 
to 400 mg BID versus placebo. The study included some patients 
with NYHA class III symptoms, but the majority of the heart fail-
ure patients were NYHA class II. It showed a 24.2% reduction in 
the risk of cardiovascular hospitalization or death from any cause 
(P=0.001) and 30% reduction in cardiovascular death (P=0.03). There 
was a 25.5% reduction in cardiovascular hospitalizations and a trend 
toward 16% less death from any cause (P=0.18). In addition there 
was 45% reduction in arrhythmia death. Dronedarone showed a low 
risk of pro-arrhythmia and no excess hospitalizations for CHF in 
comparison to placebo as well as similar rate of drug discontinua-
tion to placebo group. Following the publication of ATHENA re-
sults, dronedarone was resubmitted for approval by the U.S. Food and 
Drug Administration and the European Medicines Agency and gate 
approval on July 2009.
    A consistent finding in all the abovementioned studies is the rise 
in serum creatinine in the dronedarone treated patients. EURIDIS/
ADONIS trials99 demonstrated that the dronedarone group had a 
2.4% incidence of serum creatinine rise versus 0.2% in the placebo 
group (P=0.004). A retrospective analysis of ANDROMEDA study 
data has reported inappropriate withdrawal of angiotensin-convert-
ing enzyme inhibitor (ACE) and/or angiotensin receptor blocker 
(ARB) therapy following transient rises in serum creatinine levels 
after the initiation of dronedarone treatment. This may explain the 
early excess mortality seen in the ANDROMEDA trial. No cases 
of torsade de pointes were recorded with dronedarone in the trial, so 
proarrhythmias can not explain the increase in the mortality.
   DIONYSOS104 is a meta-analysis of the randomized trials of amio-
darone and dronedarone comparing the efficacy of maintaining sinus 
rhythm and effect on cardiovascular mortality and hospitalization of 
both agents. This study demonstrated that dronedarone is less effec-
tive for the prevention of recurrent AF compared with amiodarone 
but on the other hand, dronedarone is associated with fewer adverse 
events requiring discontinuation of treatment. Dronedarone does 
not significantly prolong the QTc, and no proarrhythmic events have 
been observed in the randomized trials performed to date. Addition-
ally no thyroid, pulmonary, ocular, hepatic, cutaneous, or neurologic 
toxic effects have been observed in up to 12-month chronic dosing 
with dronedarone.
   In light of the available data, dronedarone is a suitable choice for 
maintaining sinus rhythm especially young patients eliminating the 
non-cardiac toxic effect seen with amiodarone. Also it is preferred in 
hemodynamically stable patients and those with NYHA class I-II 
heart failure. On the other hand it has to be avoided in high risk 
patients with advanced age, NYHA class III-IV heart failure and 
hemodynamically unstable patients.

Vernakalant (RSD1235) 
Vernakalant was significantly more effective than placebo in 

converting AF of more than 7 days. In ACT I and III, the conversion 
rates in the treatment arm were 51.7 and 51.2%, respectively, 
compared with 4 and 3.6% in the placebo arm.107,109 In the open-label 
ACT IV study ,110 the results were identical (50.9%). Vernakalant 
cardioverted 47% of the patients with post-operative AF enrolled 
in ACT II compared with 14% who converted spontaneously on 
placebo.108 The median time to conversion was 11, 12, 8, and 14 
min in ACT I to IV respectively. The majority of patients (75–82%) 
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fibrillation with rapid ventricular rate in the Wolff–Parkinson–White syndrome. 
Am Heart J 1988; 115: 1317–1321.

16. Dukes ID, Vaughan Williams EM. The multiple modes of action of propafenone. 
Eur Heart J 1984;5:115–125.

17. Hii JT, Duff HJ, Burgess ED. Clinical pharmacokinetics of propafeone. Clin
Pharmacokinet 1991;21:1–10.

18. Tonn GR, Kerr CR, Axelson JE. In vitro protein binding of propafenone and
5-hydroxypropafenone in serum, in solutions of isolated serum proteins and to red 
blood cells. J Pharm Sci 1992;81: 1098–1103.

19. Siddoway LA, Thompson KA, McAllister CB, et al. Polymorphism of propafenone 
metabolism and disposition in man: clinical and pharmacokinetic consequences.
Circulation 1987;75:785–791.

20. Echt DS, Liebson PR, Mitchell LB, Peters RW, Obias-Manno D, Barker AH et
al. Mortality and morbidity in patients receiving encainide, flecainide, or placebo. 
The Cardiac Arrhythmia Suppression Trial. N Engl J Med 1991; 324: 781–788.

21. Greenberg HM, Dwyer EM Jr, Hochman JS, Steinberg JS, Echt DS, Peters
RW. Interaction of ischaemia and encainide/flecainide treatment: a proposed
mechanism for the increased mortality in CAST I. Br Heart J 1995; 74: 631–635.

22. Ellenbogen KA, Clemo HF, Stambler BS, Wood MA, VanderLugt JT. Efficacy
of ibutilide for termination of atrial fibrillation and flutter. Am J Cardiol 1996;
78: 42–45.

23. Mounsey JP, DiMarco JP. Dofetilide. Circulation 2000;102:2665-2670.
24. Kodama I, Kamiya K, Toyama J. Cellular electropharmacology of amiodarone.

Cardiovascular Research 1997; 35: 13–29.
25. Mitchell LB, Wyse DG, Gillis AM, Duff HJ. Electropharmacology of amiodarone 

therapy initiation: time courses of onset of electrophysiologic and antiarrhythmic
effects. Circulation 1989;80:34-42.

26. Ito S. Drug Therapy for Breast-Feeding Women. N Engl J Med 2000; 343: 118-
26.

27. Van Beeren HC, Jong WM, Kaptein E, Visser TJ, Bakker O, Wiersinga WM.
Dronerarone [sic] acts as a selective inhibitor of 3,5,3’-triiodothyronine binding
to thyroid hormone receptor-alpha1: in vitro and in vivo evidence. Endocrinology 
2003; 144:552–558.

28. Patel C, Yan GX, Kowey PR. Dronedarone. Circulation 2009; 120:636–644.
29. Wegener FT, Ehrlich JR, Hohnloser SH. Dronedarone: an emerging agent with

rhythm- and rate-controlling effects. J Cardiovasc Electrophysiol 2006;17:S17–20.
30. Dale KM, White CM. Dronedarone: an amiodarone analog for the treatment of

atrial fibrillation and atrial flutter. Ann Pharmacother 2007; 41:599–605.
31. Tian D, Frishman WH. Vernakalant A New Drug to Treat Patients With Acute

Onset Atrial Fibrillation. Cardiology in Review 2011; 19 (1): 41-44.
32. Bilodeau MT, Trotter BW. Kv1.5 Blockers for the treatment of atrial fibrillation:

approaches to optimization of potency and selectivity and translation to in vivo
pharmacology. Curr Topic Med Chem. 2009; 9: 436-451.

33. Cheng J. Vernakalant in the management of atrial fibrillation. Ann Pharmacother. 
2008;42:533–542.

34. Naccarelli GV, Wolbrette DL, Samii S, et al. Vernakalant—a promising therapy
for conversion of recent-onset atrial fibrillation. Expert Opin Investig Drugs.
2008; 17: 805– 810.

35. Belardinelli L, Shryock JC, Fraser H. The mechanism of ranolazine action
to reduce ischemiainduced diastolic dysfunction. Eur Heart J. 2006 Suppl A1,
A10-A13.

36. Burashnikov A, Di Diego JM, Zygmunt AC, et al. Atrium-selective sodium
channel block as a strategy for suppression of atrial fibrillation: differences
in sodium channel inactivation between atria and ventricles and the role of
ranolazine. Circulation 2007; 116:1449-1457.

37. Song Y, et al. Antagonism by ranolazine of the pro-arrhythmic effects of increasing 
late INa in guinea pig ventricular myocytes. J Cardiovasc Pharmacol. 2004;44:192.

Conclusions:
Numerous retrospective and prospective clinical studies have been 

undertaken for the evaluation of antiarrhythmic drug therapy for the 
treatment of AF. However, currently available agents remain limited 
in safety and efficacy and represent an area for further research and 
development. In the meanwhile therapy should be targeted according 
to the individual patient`s symptoms and functional status.
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Abstract
In the past years, catheter ablation has evolved into an effective treatment option for symptomatic, drug-resistant atrial fibrillation (AF) 

and it has recently been implemented as a primary treatment strategy for patients with paroxysmal AF. Although a significant number of 
studies have evaluated the potential benefits of catheter ablation compared with anti-arrhythmic drug (AAD)-therapy, to date, there are only 
a small number of randomized controlled trials in the literature, and several issues remain unsolved. The aim of this review is to analyze the 
current literature regarding this important issue and further discuss the question, whether catheter ablation may be more beneficial when 
compared to AAD therapy.

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

worldwide, affecting more than 6 million patients throughout 
Europe; as the population ages, the prevalence is estimated to more 
than double within the next 50 years.1 Besides affecting quality of 
life (QoL), AF is associated with a significant increase in morbidity 
and mortality due to the developement of heart failure or disabling 
stroke.2 Consequently, treatment of AF and AF related complications 
have become an escalating burden to the health care system. In the 
past, the only option for the treatment of AF was medical therapy 
targeting either rate or rhythm control, often associated with adverse 
drug effects leading to limitations in compliance or even resulting 
in fatal adverse events due to proarrhythmic effects.3 Unfortunately, 
the recurrence rate of AF was still high, even when effective 
antiarrhythmic drugs such as amiodarone were used. 4

Within the last decade, catheter ablation of AF has developed from 
a novel therapeutic option for a highly selected patient population, 
to the most commonly performed ablation procedure in many 
electrophysiological laboratories around the world. Haïssaguerre and 

coworkers have demonstrated that pulmonary veins are a trigger for 
AF in a substantial proportion of patients.5 Consequently, pulmonary 
vein isolation has become the most widely accepted procedural 
endpoint for AF ablation.4, 6, 7

Natural History of Atrial Fibrillation
The natural course of AF is a progression from paroxysmal atrial 

AF with only short lasting AF episodes, to more prolonged episodes 
resulting in persistent and longstanding persistent AF after several 
years .8 The majority of patients with paroxysmal AF will eventually 
develop persistent AF after several decades, with only less than 5% 
remaining in paroxysmal AF.8 Although progression to chronic AF 
in patients without structural heart disease may be lower, 9 in the 
CARAF registry (The Canadian Registry of AF) 25% of patients 
with paroxysmal AF progressed to permanent AF after 5 years. 10

Anticoagulation Therapy
Antithrombotic therapy is known as the most important 

medication for treatment of AF with regard to mortality since the 
early nineties .11 To date, only antithrombotic therapy has been 
clearly associated with a substantial decrease in mortality due to the 
reduced rate of disabling and non-disabling ischemic strokes.12 The 
most effective of these antithrombotic therapies is anticoagulation; 
this is associated with a comparable bleeding risk to antiplatetelet 
therapy, but with a significant reduction in thromboembolic risk.13 In 
patients with inappropriate INRs (International Normalized Ratio) 
or after anticoagulation was discontinued in both the AFFIRM 
and RACE trials, there was an increase in stroke rate, and this fact 
emphasised the importance of appropriate anticoagulation therapy.3, 

14 Novel anticoagulants have further reduced the risk of stroke, as 
was shown for dabigatran (RELY,15), rivaroxaban (Rocket-AF, 16) 
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up period of 836±605 days; this study demonstrated that patients in 
sinus rhythm had a better 5-year survival rate compared to patients 
with AF (92% vs 64%; p<0,01); therefore, sinus rhythm after AF 
ablation was associated with relatively low mortality and stroke risk, 
and was the most important independant predictor for survival.24

Antiarrhythmic Drug Treatment for Rhythm Control
Several AADs are available for rhythm control with propafenone, 

flecainide, amiodarone and sotalol being the most frequently 
AADs used in European countries.As shown in the AFFIRM trial, 
antiarrhythmic drug treatment resulted in sinus rhythm in 82.4% 
of patients after one year and 62.6% at 5 years.3 Treatment with 
flecainide usually leads to an increased likelihood of maintaining 
SR, which is at least doubled as compared to placebo. Propafenone 
has a similar efficacy as compared to flecainide but due to its beta-
adrenoceptor blocking effect no additional beta-blocker treatment 
is necessary.However, beta-blockers are commonly added to 
propafenone therapy. This often causes significant bradycardia, 
leading to the discontinuation of propafenone treatment. The 
conversion rate from atrial fibrillation to SR seems to be similar 
with sotalol and amiodarone, whereas amiodarone is more effective 
in maintaining sinus rhythm; however, sotalol has shown a similar 
efficacy as compared to amiodarone for maintanance of sinus rhythm 
in patients with structural heart disease.4 Proarrhythmic side effects 
are more commonly seen with sotalol than with amiodarone. The 
most feared potential side effect is the torsade-de-pointes tachycardia, 
which may occur in up to 5% during sotalol therapy but is rarely 
seen during amiodarone treatment. To reduce the incidence of this 
complication, sotalol therapy should be terminated or be continued 
with a reduced dosage when QT-prolongation >500ms is evident.4 
Recently, dronedarone, a multichannel blocker that inhibits sodium 
and potassium channels was introduced as a novel antiarrhythmic 
drug. It has a similar efficacy for maintaining sinus rhythm as 
compared to class I AADs or sotalol but a lower efficacy as compared 
to amiodarone;25 .In the ATHENA trial, in which patients with 
paroxysmal or persistent AF and moderate risk for cardiovascular 
events were enrolled, dronedarone was associated with a significant 
reduction in cardiovascular outcome events (composite endpoint of 

and apixaban (AVERROES, 17). This has allowed patients who have 
so far been intolerant of, or are unsuitable for treatment with vitamin 
K antagonists to be treated with anticoagulation therapy. According 
to the current guidelines, anticoagulation therapy should be 
individualized for each patient after stratification of risk for ischemic 
stroke as estimated by the CHA2DS2-Vasc-score (cardiac failure, 
hypertension, age ≥75 (doubled), diabetes, stroke (doubled), vascular 
disease, age 65–74 and sex category); currently for patients with a 
CHA2DS2-Vasc-score ≥2, anticoagulation therapy is the treatment 
of choice (1) and is also recommended in patients with a CHA2DS2-
Vasc-score of 1.

Rhythm or Rate Control
Although the optimal treatment strategy for AF is still controversial 

and even lenient rate control seems to be mostly effective for a disctinct 
group of patients, 18 rhythm control remains the therapy of choice 
for the majority of symptomatic AF patients. So far, no study has 
clearly demonstrated that rhythm control is superior to rate control 
with regard to mortality.3, 14, 19, 20, 21 However, a large prospective, 
observational survey of the management of AF in community-based 
patients has shown that rhythm-controlled patients progressed less 
rapidly to permanent AF.22

In addition, in clinical trials successful catheter ablation of AF 
is usually defined as freedom of arrhythmia recurrence lasting 
more than 30 seconds. Detection of the true AF burden including 
asymptomatic episodes of AF-recurrence remains difficult and it 
has been shown in recent trials, that implanted monitoring devices 
offer a much higher diagnostic yield than 24h up to 7-day Holter 
monitoring.23 In comparison, success with antiarrhythmic therapy is 
defined as either rate or rhythm control. Finally, it may be due to the 
limited efficacy or the deleterious side effects such as proarrhythmia 
and organ toxicity of AAD therapy, that maintaining sinus rhythm 
has not been shown to be superior to rate control in AF.3 However, in 
a subanalysis of the AFFIRM trial, sinus rhythm was associated with 
a lower risk of death.

Furthermore, in a recently conducted study by Nademanee et al., 
674 high-risk AF patients were evaluated for the clinical endpoints 
of sinus rhythm, death, stroke or bleeding during a mean follow-

Figure 1a: Circumferential Pulmonary Vein Isolation
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types of AF (i.e. paroxysmal, persistent or longstanding persistent). 
Secondly, at the present time several ablation strategies exist for the 
treatment of AF and therefore it may be difficult to compare different 
ablation strategies with AAD therapy.

Recurrence of Atrial Fibrillation
Only limited data exists comparing the efficacy of catheter ablation 

with AAD therapy in a randomized fashion; of the available studies, 
different AADs were used in the control groups, and furthermore, 
the follow-up (FU)-period of these trials were usually short (Table 
1). The results of the first randomized trial were published 2005 by 
Wazni et al.37 using a segmental ablation approach for pulmonary 
vein isolation (PVI) and included 70 patients. Although the study 
was small and the FU-time was short (12 months), it demonstrated 
that patients receiving antiarrhythmic drugs were more likely to 
have at least one recurrence of symptomatic AF, to be readmitted to 
hospital, and to present with a higher incidence of symptomatic AF 
recurrence as compared with patients who received PVI. Subsequent 
randomized trials have confirmed the superiority of catheter ablation 
for both patients with paroxysmal38; 39; 40 and persistent41,42 AF, or 
in mixed populations consisting of patients with paroxysmal and 
persistent AF 43, 44 using a circumferential approach for PVI. Recently, 
the results of the MANTRA-PAF trial have shown that in patients 
with paroxysmal AF, the outcome did not differ significantly between 
the ablation group and the AAD group, at least with regards to the 
primary endpoint of the study, which was cumulative AF burden after 
24 months. However, at the 24 months-follow-up the burden of AF 
was significantly lower in the ablation group as compared to patients 
treated with AADs; and patients in the ablation group were more 
likely to be free from any AF or from symptomatic AF .45 In addition, 
the preliminary data of the RAAFT 2 trial, which randomized 
patients with paroxysmal AF to first-line catheter ablation vs AAD 
treatment, have shown superior results in prolonging time to first 
recurrence of symptomatic and asymptomatic atrial tachyarrhythmias 
in patients treated in the ablation group after a follow-up period up 
to 24 months.46 To date, studies evaluating patients with reduced 
left ventricular function and AF, treated with either AAD therapy 
or additional catheter ablation are lacking. At the present time, there 

unplanned cardiovascular hospitalizations and all-cause mortality).26 

In the PALLAS trial patients with permanent AF and cardiovascular 
risk factors were randomized to receive dronedarone or placebo. The 
trial was stopped prematurely by the Data Monitroing Committee 
due to an increase in cardiovascular events including cardiovascular 
mortality in the dronedarone arm .27 Based predominantly on these 
studies, according to the current ESC guidelines dronedarone is 
recommend for treatment of paroxysmal or persistent AF in patients 
with or without structural heart disease and is not recommended in 
patients with permanent AF, particularly those with a significant 
cardiovascular disease burden .1

Catheter Ablation for Rhythm Control
A Catheter ablation is a highly effective option for treatment of 

patients with symptomatic AF.1 The most commonly performed 
ablation strategy is circumferential pulmonary vein isolation, 
(Figure 1a) usually performed with radiofrequency (RF) .28 Balloon 
technologies such as the cryoballoon 29 or the laserballoon 30 have 
been developed in order to facilitate PVI particularly in patients with 
paroxysmal AF. Cryoablation is now established as an alternative 
to RF catheter ablation due to its single-shot characteristic, with 
currently approximately 40% of german centers using this technology 
for catheter ablation of AF .31 In addition, contact force measurement 
(Figure 1b) and remote navigation systems have been developed to 
enhance catheter stability and to potentially improve safety and 
efficacy of ablation within the left atrium.32 Besides pulmonary 
vein isolation, alternative concepts of substrate modification such 
as ablation of complex atrial fractionated electrograms (CAFE) or 
ablation of ganglionated plexi have been introduced in the past years 
with variable results in efficacy. 33, 34 A promising novel concept is 
AF rotor ablation (Figure 2); so far only limited data is available and 
larger randomized studies are necessary to confirm the impact of this 
ablation approach.35, 36

Comparison of Catheter Ablation vs Antiarrhythmic Drug 
Treatment

Several issues have to be addressed when comparing catheter 
ablation and AAD therapy for treatment of AF. Firstly, effectiveness 
of catheter ablation or AAD therapy may vary amongst the different 

Figure 1b:
Circumferential Pulmonary vein isolation using a contact force sensing catheter with ablation lines around the septal and lateral pulmonary 
veins displayed in a 3D CARTO image in posterior (left image) and left lateral (right image) view. Contact force paramters are displayed in the 
dashboard, the force vector and the real time graph viewer
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are currently two ongoing trials addressing this important question 
(AMICA and CASTLE-AF, ClinicalTrials.gov, see section future 
perstpectives for further details).

Complications and Mortality of Catheter Ablation and 
AAD therapy

Complications may arise from both therapeutic options, depending 
on the AADs used and on the modality and extent of catheter 
ablation.

Adverse Events of Antiarrhythmic Drug Therapy
Adverse effects of medical therapy vary depending on the type of 

AAD, ranging from gastrointestinal side effects affecting primarily 
patient compliance, up to proarrhythmic effects leading to life 
threatening events such as ventricular tachycardias or torsade de 
pointes tachycardia. These side effects are dependant on the type of 
AAD used and several class-effects of AADs have been described. 
In the CAST trial,47 class I AADs such as flecainide or propafenone 
have been associated with an increased risk of deleterious events in 
patients after myocardial infarction and with significant coronary 
heart disease. Therefore, in the current ESC guidelines class I AADs 
are not recommended in patients with previous myocardial infarction, 
coronary artery disease, substantial LV hypertrophy and reduced 
ejection fraction. 1 However, when used in carefully selected patients, 
the incidence of ventricular arrhythmias in patients treated with 
flecainide is reported to be less than 3% 48 and adverse events seem not 
to be increased as compared to control groups .49, 50 In patients with 
structural heart disease, amiodarone and sotalol are recommended,1 
as treatment with these two drugs have not been associated with an 
increased mortality rate in these patients.4 Careful monitoring of the 
QT-interval is pivotal when using sotalol and amiodarone,51 however 
the incidence of drug-induced torsade de pointes tachycardias is low 
during treatment with amiodarone. Increased risk for proarrhythmia 
during sotalol-therapy is usually more often observed in patients 
with marked LV-hyper trophy, renal failure and hypokalemia.

Complications of Catheter Ablation
The incidence of periprocedural complications during catheter 

ablation varies depending on operator experience and the ablation 
technique used. The overall rate of major periprocedural complications 

is estimated to be 4.5% as evaluated by an international world-wide 
survey.25 The most concerning complications are cardiac tamponade 
(the most frequent complication with an incidence of approximately 
1.3%), transient ischemic attack or stroke, pulmonary vein stenosis, or 
the extremely rare but usually deleterious atrio-esophageal fistula.25 

The incidence of periprocedural death is reported to be as high as 
0.15% mainly related to pericardial tamponade with fatal outcome. 
Minor complications include esophageal lesions, iatrogenic atrial 
septal defects or silent cerebral lesions ,52, 53, 54, 55, 56 most of which 
usually recover without sequelae and without altering cardiac or 
cerebral function. Vascular complications, although usually not 
deleterious, are frequent (up to 1.5%) and at least in part associated 
with a substantial morbidity caused by prolonged hospital stay or 
even vascular surgery .25

Mortality
Mortality data were only reported in a limited number of RCTs 

comparing AADs with catheter ablation of AF. In one study 
performed by Stabile et al. a mortality rate of 1.5% (1/68) in the 
catheter ablation group and 2.9% (2/69) in the group treated with 
AADs was described and did not differ significantly.43 One patient 
in the AAD-group died due to cancer and another patient died 
due to sudden death. In comparison, a patient in the ablation arm 
suffered from stroke during the ablation procedure and died from 
cerebral hemorrhage nine months later. No deaths occurred in either 
the ablation or the medical treatment group in the RAAFT trial 
presented in 2012.46 Currently, the ongoing (Catheter Ablation 
Versus Anti-arrhythmic Drug Therapy for Atrial Fibrillation Trial) 
CABANA Trial is recruiting patients to address this issue; thus, 
data evaluating mortality after catheter ablation as opposed to AAD 
treatment will be available in the near future (ClinicalTrials.gov).

Improvement of Symptoms and Quality of Life
AF is well known to be associated with a significant reduction in 

QoL.57 So far, QoL has been evaluated in a significant number of 
clinical trials, including several RCTs.

Cost-Effectiveness
Due to the increasing number of PVIs performed world-wide, the 

cost-effectiveness of catheter ablation remains an important issue.   

Figure 2: FIRM mapping and ablation during Atrial Fibrillation
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determined to be successful when the patient is free of symptoms and 
free of documented arrhythmic episodes after a 12-month follow-up 
period. 62 After several years however, a substantial number of patients 
may develop recurrence of AF; therefore the risk of stroke remains 
even after a so-called successful ablation. Furthermore, follow-up of 
AF patients is still limited with the current monitoring tools. It is 
common practice toperform follow-up using holter monitoring only 
for a period up to 72 hours, and thus a high rate of AF recurrence 
may remain undetected.63, 64 This is important, as recurrence of 
arrhythmia has been shown to be associated with a higher incidence 
of thrombembolic events after PVI independent of CHADS2-score 
.65 However, several non-randomised studies indicate that it might be 
safe to stop anticoagulation after successful catheter ablation of AF. 
Themistoclakis et al. showed in a multi-center study that after a mean 
of greater than two years, no differences in the incidence of stroke 
were found in patients with continued anticoagulation therapy as 
compared to those treated only with aspirin after PVI .66 Even when 
the CHADS2-score was ≥2 the risk of stroke was not significantly 
increased, although the number of patients with a higher CHADS2-
score was substantially low in this trial. The authors of another 
study performed by Saad et al. investigating the thrombembolic 
risk after PVI in patients with a CHADS2-score ≤3 concluded 
that discontinuation of anticoagulation is safe in this patient group 
when patients are maintained on antiplatelet therapy.67 Another 
trial supports these data for patients with very low risk (CHADS2 
0-1); stroke rate was not increased in patients discharged with only
antiplatelet therapy as compared to warfarin at one-year follow-
up after PVI.68 Although the current guidelines still recommend
continuation of anticoagulation according to CHA2DS2-vasc-score
even after successful PVI (1), a Canadian study recäently showed that
11% of physicians would discontinue anticoagulation therapy in their
patients after 1 year when no arrhythmia recurrence is documented
.69

     However, as long as data from randomized controlled multicenter 
trials are lacking, anticoagulation should be continued after PVI ac-
cording to the CHA2DS2-Vasc-score. The OAT-Pilot study recently 
initiated by Natale et al evaluating the safety of Oral Anticoagula-
tion Therapy withdrawal after successful pulmonary vein isolation in 
patients with AF and associated high hisk factors for embolic events 
will contribute valuable data to further discuss this issue in the near 
future.

So far, catheter ablation has not been demonstrated to be more cost-
effective than AAD treatment. In a meta-analysis analyzing three 
randomized trials performed by McKenna et al., a potential benefit 
was identified for patients suffering from paroxysmal AF, provided 
that the benefit gained in QoL in the catheter ablation group seen 
after 12 months is maintained beyond 5 years post ablation.58

  Khaykin et al. estimated the costs of catheter ablation as compared 
to the cost of rate control or AAD treatment in this study.    The 
costs were calculated over a five-year period, and the results showed 
that the costs of catheter ablation slightly exceeded those of medical 
therapy, ranging from $16,278 to $21,294. 59 The authors concluded 
that the costs of AF ablation and AAD therapy would most likely be 
comparable after a 3.2 to 8.4 year follow-up period.59

   In a retrospective cost comparison of RF ablation versus drug ther-
apy for patients with paroxysmal AF, the cost of RF ablation was cal-
culated beginning in the year 2001 on the basis of resource use. After 
5 years, the cost of RF ablation was below that of ongoing medical 
treatment and this continued to diverge thereafter. Therefore the au-
thors concluded, that catheter ablation for treatment of AF may be 
more cost-effective compared to long-term drug therapy in patients 
with symptomatic paroxysmal AF.60

Another review also considered catheter ablation a cost-effective 
approach during long-term-follow-up when compared to medical 
treatment alone. 61 Another review also considered catheter ablation a 
cost-effective approach during long-term-follow-up when compared 
to medical treatment alone. 61 The major limitation in interpreting 
these trials comparing catheter ablation with AADs is that the 
follow-up duration of these studies is usually short and data regarding 
long-term outcome after catheter ablation is still sparse. This makes 
it difficult to judge the definite cost-effectiveness of pulmonary vein 
isolation for the treatment of AF.

The Anticoagulation Issue
Stroke is still the most devastating complication of AF, leading 

to a significantly increased morbidity and mortality. 1 Therefore, 
anticoagulation is a very important component in the overall 
therapeutic strategy of AF treatment. The question remains, whether 
anticoagulation should be maintained according to CHA2DS2-Vasc-
score, or if one can safely discontinue anticoagulation therapy after 
successful catheter ablation, if there is no documented recurrence 
of AF. According to the current guidelines, catheter ablation is 

Author Year of publication Patients (n) AF type Ablation technique 
(energy source)

Freedom of 
AF with AAD 
therapy ( at 1 
year FU)

Freedom of AF after cath-
eter ablation ( at 1 year FU)

Krittayaphong et al. 2003 30 PAF, PersAF PVI, RA- lines (RF) 40% 79%

Wazni et al. 2005 70 PAF, PersAF PVI (RF) 37% 87%

Oral et al. 2006 245 PersAF CPVA (RF) 58% 74%

Pappone et al. 2006 198 PAF CPVA (RF) 22% 86%

Jais et al. 2008 112 PAF PVI, CTI (RF) 23% 89%

Forleo et al. 2008 70 PAF, PersAF PVI, CTI (RF) 43% 80%

Packer et al. 2010 245 PAF PVI (Cryo) 7% 70%

Mantra AF 2012 294 PAF PVI (RF) 68,8% 85%

Table 1: Randomised controlled trials comparing AAD therapy with catheter ablation for treatment of atrial fibrillation
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documented rhythm after catheter ablation of AF..
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Future Perspectives
Novel tools such as contact force guided ablation and balloon 

technologies, as well as novel ablation strategies including ablation of 
rotors may improve efficacy and safety of catheter ablation.

In the future, several issues have to be adressed when comparing 
catheter ablation with antiarrhythmic drug therapy, including 
improvement of hemodynamics in patients with heart failure, 
reducing the risk of ischemic stroke, or overall mortality.

Previous non-randomized studies have shown potential benefit 
of sinus rhythm over AF in patients with congestive heart failure 
.70 To prove this hypothesis, there are currently two prospective 
randomized multicenter studies recruiting patients with severely 
reduced left ventricular ejection fraction (LV-EF ≤35%). In the 
AMICA (Atrial Fibrillation Management in Congestive Heart 
Failure With Ablation) trial the primary endpoint will be to evaluate 
the influence of best medical treatment as compared to pulmonary 
vein isolation on LV-EF in patients with AF with a reduced LV-
EF of <35% requiring ICD (implantable cardioverter defibrillator) 
or CRT-D (cardiac resynchronisation and defibrillator therapy) 
implantation (ClinicalTrials.gov). The AMICA trial started in 
2008 (ClinicalTrials.gov) and is now recruiting patients worldwide 
in a randomized multicenter fashion. Similarly, the Castle-AF 
trial (Catheter Ablation vs. Standard Conventional Treatment in 
Patients With LV Dysfunction and AF), which was started in the 
same year, is evaluating a similar patient population with different 
clinical endpoints (i.e. all-cause mortality or worsening heart failure 
requiring unplanned hospitalization)(ClinicalTrials.org).

Furthermore, the CABANA Trial (Catheter Ablation Versus Anti-
arrhythmic Drug Therapy for Atrial Fibrillation Trial) is currently 
testing the hypothesis that left atrial catheter ablation for treatment 
of AF will be superior to current state-of-the-art therapy with either 
rate control or rhythm control drugs for reducing total mortality 
(ClinicalTrials.gov). The EAST (early treatment of atrial fibrillation 
for stroke prevention trial) study is estimated to be finalized in 2017 
and addresses, as the primary endpoint, a composite of cardiovascular 
death, stroke and hospitalization due to worsening heart failure or due 
to acute coronary syndrome. Two co-primary outcome parameters 
are defined and those are firstly, the time to first occurrence of a 
composite of cardiovascular death, stroke/transient ischemic attack 
and hospitalization due to worsening of heart failure or due to acute 
coronary syndrome and secondly, nights spent in hospital per year 
(ClinicalTrials.gov).

Conclusions:
In patients with paroxysmal AF, catheter ablation has been 

established as an effective alternative treatment to medical AAD-
therapy, and is now considered as first line therapy in selected 
patients in the current European guidelines. Novel ablation strategies 
may further improve the efficacy of catheter ablation, whereas novel 
AADs have been shown to be of limited value.There is still limited 
data in regards to the impact of catheter ablation on the risk of stroke 
and mortality , however several large randomized trials which are 
currently being conducted may provide answers to these important 
questions in the future. Novel anticoagulants will further help 
to reduce the risk of stroke in patients with AF; as long as larger 
randomized trials are lacking, anticoagulation should be continued 
lifelong according to the CHA2DS2-Vasc-score independent of the 
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Abstract
Although atrial fibrillation is a very common medical problem in general population and has a high incidence in the setting of open 

heart surgery, there are very few therapies to prevent occurrence or recurrence of atrial fibrillation. N-3 polyunsaturated fatty acids have 
been shown to change basic physiologic properties of the atrial tissue to make it less susceptible to atrial fibrillation. In this review, we first 
describe basic physiological mechanisms thought to be responsible for these changes and then discuss observational and interventional 
studies evaluating the use n-3 polyunsaturated fatty acids for primary and secondary prevention of atrial fibrillation in the general population, 
in subjects undergoing open heart surgery, and in special subgroups of patients.

Introduction
Burden of Atrial Fibrillation

Atrial fibrillation (AF) is a very common medical problem with 
estimated prevalence in the general population of 0.4-1.0%.1 AF 
prevalence increases with advancing age.2 It is associated with 
increased morbidity and mortality.3,4 Major risk factors for AF 
in addition to age include hypertension, structural heart disease, 
diabetes mellitus, and thyroid disease.3 AF is associated with 2-7 
times higher incidence of ischemic stroke5,6 and a higher incidence of 
mortality7 as compared with subjects in normal sinus rhythm. Direct 
cost estimates of AF ranged from $2000 to $14,200 per patient-year 
in the USA and from €450 to €3000 in Europe in 2011.8 

Current Approach for Treatment and Prevention of AF
Current management of AF mainly focuses on preventing 

recurrence of AF and its complications, and includes prevention 
of stroke, rate control and rhythm control treatments, the latter 
consisting of antiarrhythmic medications and catheter or surgical 
ablations.

The idea of primary prevention of AF has been recently introduced. 
As we understand more about underlying pathophysiologic 
mechanisms and risk factors associated with AF, modifying these risks 
to prevent the occurrence (or recurrence) of AF is becoming possible. 
Upstream therapy refers to use of non-antiarrhythmic medications 
to decrease the incidence of AF. Currently such medications include 
angiotensin-converting enzymes inhibitors, angiotensin receptor 
blockers, statins, and omega-3 (n-3) polyunsaturated fatty acids (n-3 
PUFAs). Several studies have focused on mechanisms by which each 
of these medications interferes with AF as well as effectiveness of 
each of the above medication for prevention of AF. In this review 
we will focus on omega-3 (n-3) polyunsaturated fatty acids (n-3 
PUFAs).
Omega-3 (n-3) Polyunsaturated Fatty Acids (n-3 PUFAs)

N-3 PUFAs extracted from fish oil mainly contain eicosapentaenoic 
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models.18 Dietary fish oil was shown in an animal model to improve 
cardiac response to ischemia and reperfusion.19 In an isolated rabbit 
heart model, incorporation of n-3 PUFA into the diet for 12 weeks 
preceding the experiment was associated with reduction of stretched 
induced atrial susceptibility to AF.20 In a canine model, pre-treatment 
with n-3 PUFAs was shown to have attenuated CHF-induced atrial 
fibrotic changes21 and prevent AF by inhibiting inflammation.22 

Above data provide support to the hypothesis that n-3 PUFAs 
may produce anti-arrhythmic effects via  multiple mechanisms,23 

including  effect on cardiac electrophysiology, stabilization  of atrial 
myocyte membranes, direct vasodilatory effect with decrease in blood 
pressure, improvement of  contractile function of the myocardium, 
modulation of cardiac ion channels, and anti-inflammatory effect. 

In contrast to human studies, doses of the n-3 PUFAs used in 
animal models are much higher. For example, in the study of Mayyas 
et al,24 which used adult mongrel dogs weighing 15-25 kg, the dose 
of the n-3 PUFA was 0.6mg/kg/day, which is at least three times 
higher than a typical dose of n-3 PUFA given to humans.

Physiological Effects of n-3 PUFAs on AF Observed in Humans 
Studies

Fish oil was shown to affect cardiac electrophysiology in humans. 
For example, a meta-analysis showed that fish oil reduces heart rate 
in humans,25 either by its  effects on the sinus node, or by altering 
autonomic function. Patients with paroxysmal AF undergoing 
pulmonary vein isolation who were pre-treated with fish oils for more 
than 30 days were found to have distinctly different electrophysiologic 
properties (such as increased ERP of both left atrium and 
pulmonary veins) and decreased inducibility of AF compared with 
controls.26,27 Patients with AF and atrial flutter undergoing reversion 
of arrhythmia who were pre-treated with fish oil for a mean of 70 
days were found to have less mechanical stunning of the left atria 
(evaluated by cardiac echo) following the reversion.28 Several studies 
evaluated association between the levels of n-3 PUFAs and AF in 
different groups of patients. For example, DHA level was found to be 
inversely associated with AF in hemodyalisis patients.29 These studies 

acid (EPA) and docosahexaenoic acid (DHA),9 whereas alpha-
linoleic acid (ALA) is found in flax seed and other plants.9 ALA can 
be converted to EPA and DHA, however, endogenous conversion is 
limited in humans, which makes availability (and levels) of EPA and 
DHA dependent upon dietary consumption.10 

The effects of n-3 PUFAs on AF have been studied extensively 
in the last decade. N-3 PUFAs are known to have antiarrhythmic 
effects. They have been shown to augment vagal tone and have anti-
inflammatory properties, which leads to decreased rate of interstitial 
fibrosis.11 N-3 PUFAs do not appear to exhibit significant side 
effects with chronic administration and are relatively cheap and 
easily available for oral intake. If proven effective, N-3 PUFAs could 
easily be introduced into clinical practice for AF prevention either 
to the general population or to those with a higher risk of AF. In 
subsequent paragraphs, we will first review the mechanisms by which 
n-3 PUFAs could affect AF and experimental basic science models,
supporting these mechanisms.  Then we will describe physiological
effects of n-3 PUFAs observed in human studies in connection
with possible effects on AF. Lastly, observational and interventional
studies evaluating links between n-3 PUFA and incidence of AF will
be discussed.

Physiologic effects of n-3 PUFAs on AF
Multiple mechanisms have been suggested to produce anti-

arrhythmic action of n-3 PUFAs on AF. Some of the mechanisms 
were directly or indirectly confirmed by animal models, while others 
were shown in human studies.
Physiologic Effects of n-3 PUFAs on AF Shown on Animal 
Models 

N-3 PUFA produce direct electrical effect on ion channels,12,13,14,15

and could modulate connexins.16 In a canine model, infusion of n-3 
PUFAs (both EPA and DHA) immediately before atrial pacing 
(AP) significantly attenuated reduction of effective refractory period 
(ERP) observed in control groups treated with either normal saline 
or n-6 PUFA prior to atrial pacing.17 AP-induced reduction of ERP 
was shown to be highly predictive of inducibility of AF in canine 
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Figure 1: Effects of n-3 polyunsaturated fatty acids vs. control on the incidence of post-operative atrial fibrillation
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marker of fish or fish oil consumption).50 In the Kuopio study serum 
DHA level concentration had the greatest effect. 
RCTs Evaluating n-3 PUFA Intake for AF Prevention in 
Association with Cardiac Surgery

Overall, it is believed that n-3 PUFAs decrease the incidence 
of AF following cardiac surgery. A meta-analysis including six 
RCTs,37,38,39,40,41,42 in which n-3 PUFA were taken perioperatively for 
primary prevention of AF (n = 833) showed significant decrease in 
AF in association with n-3 PUFA intake (OR 0.66, 95% CI 0.49-
0.88).55 The heterogeneity among these studies was modest (I2 = 44%). 
The follow-up period was much shorter than in non-cardiac surgery-
associated studies, the longest being four weeks after discharge.37 
Four of the studies37,38,40,42 were post CABG, and the other two39,41 
were post open heart surgery.

Since the publication of the meta-analysis described above, 
two additional studies43,44 became available, with large number of 
participants (n = 2296 for both studies combined). Therefore, we 
conducted a new meta-analysis, in which we combined above studies  
with the two most recent studies43,44 (Fig. 1). The addition of the 
new studies did not significantly change the results (pooled OR 0.75, 
95% CI 0.57-0.99). There was still evidence for heterogeneity across 
studies (I2 = 46%). 
Studies Evaluating n-3 PUFA for Prevention of AF in Special 
Subgroups of Subjects

A cohort study evaluating AF and n-3 PUFA intake in association 
with myocardial infarction in 197 subjects and 197 controls51 showed 
significant lower risk of AF in a n-3 PUFA group (HR 0.19, 95% 
CI 0.07-0.51). This study followed consecutive post-myocardial 
infarction subjects for a period of one year. A nested case-control 
study evaluating n-3 PUFAs intake and AF following AF ablation 
(129 subjects and 129 controls)52 demonstrated lower incidence 
of AF in the n-3 PUFA group (early recurrence 27.1% vs. 44.1% 
(p<0.0001); procedural failure 23.2% vs. 31.7% (p<0.003)).

Discussion
Although there is evidence based on both animal models and 

human studies that n-3 PUFAs change basic physiologic properties of 
the myocardium, making it less susceptible to AF, the relation of n-3 
with AF in human studies (observational as well as interventional) 
remains inconsistent. 

The reasons for these inconsistencies are not clear. The discrepancy 
between animal models and human studies could be explained by a 
higher dose of n-3 PUFA used in animal models compared to human 
studies; different duration of intake of n-3 PUFAs in human studies 
vs. basic animal research; and difference in study design (experiments 
in animal and mostly observational study design in human studies).

In the human studies, a decrease in incident AF with n-3 PUFA 
intake was mainly observed  in subjects undergoing cardiac surgery 
and those with myocardial infarction. These observations suggest that 
subjects with coronary heart disease might be more susceptible to 
n-3 PUFAs than other subgroups in terms of AF prevention. It is
interesting to note that n-3 PUFAs have been shown to have anti-
ischemic properties in certain populations,56 a mechanism consistent
with above results of n-3 PUFAs and AF in CHD patients. Another
important point is that a relatively small percentage of subjects in the
population based studies described above had lone AF. Specifically,
among the six population-based cohort studies not associated with

provide evidence from both animal models and human studies that 
n-3 PUFAs change basic physiologic properties of the atrial tissue,
making it less susceptible to AF. It should be noted, that contrary
to animal models, most of human studies were done in connection
with AF ablation. Therefore, currently there are no human studies
in which a response to a mechanistical intervention (other than AF
ablation) were evaluated in association with AF or other risk factors
for AF (i.e., ion channels, connexins, ERP and others).

Data Obtained from Observational and Interventional 
Studies

 Multiple studies evaluated effects of n-3 PUFAs intake on 
incidence of AF, among them randomized controlled trials (RCTs) 
evaluating AF recurrence after cardoiversion,30,31,32,33,34,35 non 
cardioverison-associated RCTs,36 RCTs evaluating n-3 PUFA intake 
for AF prevention in association with cardiac surgery,37,38,39,40,41,42,43,44 
population-based cohort studies,45,46,47,48,49,50 and studies examining 
special subgroups of subjects, such as a cohort study evaluating AF 
and n-3 PUFA intake in association with myocardial infarction,51 

or a nested case-control study evaluating AF and n-3 PUFA intake 
following AF ablation.52 
Population-Based RCTs Evaluating n-3 PUFAs for Secondary 
Prevention of AF not Associated with Cardiac Surgery

Most of the RCTs evaluating n-3 PUFAs for secondary prevention 
of AF were done in subjects following cardoiversion.30,31,32,33,34,35  Three 
of these studies were double blinded (30 34 31) . The follow-up period 
was either 6 months,33,34 52 weeks,30 or one year.31,32,35 The studies 
showed either no effect of n-3 PUFA on prevention of AF30,33,34,35 

or decrease in recurrence of AF.31,32 A meta-analysis, which included 
the above studies (n=759) found no significant effect of n-3 PUFAs 
on the prevention of AF recurrence after cardioversion (pooled OR 
0.64; 95% CI 0.35-1.13).53 There was evidence of heterogeneity 
among studies (I2=66%). In contrast, there was significant reduction 
of recurrent AF when restricted to  subgroup of studies,30,31,32 

(n=485), in which n-3 PUFA was administered at least four weeks 
prior to cardioversion and continuing thereafter (OR 0.39; 95% CI 
0.25-0.61).53 

A single study was done evaluating the effects of prescription n-3 
PUFA on prevention of recurrent symptomatic AF in the absence of, 
which was not following antecedent cardioversion.36 This study was 
a multi-center double-blind, placebo-controlled trial, and it included 
US outpatients with paroxysmal (n=542) or persistent (n=121) AF, 
who received prescription n-3 PUFA or placebo, and were followed 
up to six months. The study found no reduction of paroxysmal (HR 
1.15; 95% CI 0.90-1.46), persistent (HR 1.64; 95% CI 0.92-2.92), 
or overall (HR 1.22; 95% CI 0.98-1.52) AF compared with placebo.
Population-Based Cohort Studies not Associated with Cardiac 
Surgery

Overall, population-based cohort studies45,46,47,48,49,50 did not show 
significant reduction of AF in association with n-3 PUFA intake. 
These studies were part of a large meta-analysis conducted by our 
group.54 A sub-analysis (n = 53,689), which only included above 
studies (see54 table 2 – sensitivity analysis) showed OR of 0.97 (95% 
CI 0.74-1.27).  The two subset of subjects which showed lower risk of 
AF with n-3 PUFAs were participants of the Cardiovascular Health 
Study (CHS) consuming broiled or baked fish,48 and participants of 
the Kuopio study with increased n-3 PUFA level in serum (which is a 
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cardiac surgery,45,46,47,48,49,50 three studies(45,46,49) had the mean age of 
the participants more than sixty years old, and in one study,48 the 
mean age was  above seventy years old. Those subjects who had 
cardiovascular disease, hypertension or echocardiographic evidence 
of cardiac abnormalities precluding the diagnosis of lone AF were 
not excluded. Therefore, it is possible that  studies described above 
simply did not have enough cases of lone AF. 

In contrast, a Japanese cohort study57 showed higher levels of n-3 
PUFAs in subjects with lone AF than in normal subjects. Thus, it 
is possible that subjects with different types of AF may respond 
differently to n-3 PUFAs.

Conclusions:
Population-based cohort studies have not demonstrated benefits 

of n-3 PUFA intake as a tool to prevent AF occurring without 
antecedent cardiac surgery. RCTs showed benefit of n-3 PUFA for 
prevention of AF only in subjects undergoing cardioversion (when n-3 
PUFAs were administered at least four weeks prior to cardioversion 
and continued thereafter) as well as in people undergoing cardiac 
surgery, those with myocardial infarction or patients who underwent 
AF ablation. It is possible that n-3 PUFAs might be more effective in 
preventing AF in subjects with coronary heart disease than in people 
free of CHD. More double-blind, randomized, placebo-controlled 
studies are needed to further clarify the impact of n-3 PUFA on AF 
risk. 
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Abstract
Atrial fibrillation (AF) is the most common cardiac arrhythmia encountered in clinical practice. AF is a potent risk factor for stroke 

and systemic thromboembolism. Patients with AF have been observed to have a worse outcome following stroke, therefore prevention 
of stroke in patients with AF is of paramount importance. Antithrombotic therapy is crucial for prevention of stroke in patients with AF. 
Vitamin K antagonists (VKAs) have been the traditional anticoagulants for prevention of stroke in patients with AF. Drug treatment with 
VKAs is associated with significant management issues, such as an unpredictable dose response necessitating dose adjustments, frequent 
laboratory monitoring and multiple interactions with other drugs. Despite following best practices, VKAs are associated with limited 
efficacy and increased risk of hemorrhage. Due to these limitations a significant effort has been devoted towards development of newer 
anticoagulants. Dabigatran, Rivaroxaban, and more recently Apixaban have been approved by the F.D.A. for the prevention of stroke in 
patients with AF. These newer agents possess highly predictable pharmacokinetic and pharmacodynamics properties which allow a fixed 
dosing regimen and also eliminate the need of routine laboratory monitoring. This review discusses various anticoagulants for prevention of 
stroke in patients with AF.

Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia 
encountered in clinical practice, affecting over 2.2 million people in the 

United States.1,2 It is estimated that the number of people diagnosed 
with AF will approach nearly 16 million in the U.S. by 2050.3 The 
risk of stroke is increased approximately fivefold in patients with 
AF.4 Strokes in patients with AF have worse outcomes as compared 
to patients without AF and also have a significant impact on quality 
of life.5 Aspirin and warfarin have been the mainstay of prevention 
of stroke in patients with AF. Aspirin alone and in combination with 
clopidogrel has been demonstrated to be inferior than warfarin for 
prevention of stroke in patients with AF.6 Currently warfarin remains 
the most commonly prescribed anticoagulant for the purpose of 
stroke prevention. Despite its effectiveness, warfarin has numerous 
limitations such as slow onset and offset of action, drug- interactions 
and a narrow therapeutic window. Various randomized clinical trials 
have estimated that for warfarin-treated patients, the international 
normalized ratio (INR) was in target range for approximately 36- 
68% of the study days.7-10

Management of warfarin is also complicated by various drug and 
food interactions. These limitations of warfarin have prompted the 
research and development of alternative newer anticoagulants for 
AF-related stroke prevention. Dabigatran was the first newer oral 
anticoagulant to be approved by the FDA for prevention of stroke in 
patients with atrial fibrillation (AF) in 2010. Rivaroxaban was also 
recently approved for similar indication in November 2011. Recent 
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on Medicare beneficiaries, warfarin was found to be less effective in 
African- American and Hispanic population. This was attributed to 
suboptimal monitoring and was independent of biological factors 
in this population.17 Minority populations also have lesser access to 
cardiologists and to anticoagulation clinical services which are key in 
facilitating warfarin therapy.18

The clinical efficacy of warfarin is also significantly affected 
by other drugs which are commonly prescribed to the patient 
population on warfarin for various other cardiovascular indications.19 
Dietary content of vitamin K has also been shown to have significant 
impact on metabolism of warfarin leading to its diminished 
clinical efficacy and increased incidence of adverse events related 
to bleeding.20,21 Warfarin’s clinical efficacy and pharmacodynamics 
are also significantly influenced by interindividual variability which 
could partly be explained by the genetic variability secondary to the 
mutations in genes encoding for cytochrome P450, subfamily C, 
polypeptide 9 (CYP2C9) and vitamin K epoxide reductase subunit 
1.22-24 All these factors contribute to the narrow therapeutic index 
of warfarin and necessitated the need of alternative agents for 
anticoagulation.

Direct Thrombin Inhibitors
Dabigatran 

Thrombin plays a key role in the coagulation cascade by 
converting fibrinogen to fibrin making it an attractive target for 
anticoagulation.25,26 It has a multifactorial role including amplification 
of its own generation via the intrinsic pathway by activation of factor 
XI and VIII, activating extrinsic pathway and activating platelets, 
thereby creating the phospholipid surface on which these reactions 
occur.27 (Figure 1)

Dabigatran is a competitive direct thrombin inhibitor which 
inhibits thrombin- dependent conversion of fibrinogen to fibrin 
and thrombin-induced platelet aggregation.28,29 Dabigatran has 
an oral bioavailability of approximately 6-7 % in its prodrug form 

approval of apixaban in December 2012 has further expanded the 
armamentarium of anticoagulants in clinical practice

Methods
We performed a comprehensive literature search in the PubMed 

database using the keywords; “newer oral anticoagulants”, “dabigatran, 
rivaroxaban and apixaban”, “atrial fibrillation”, “monitoring of newer 
oral anticoagulants”. Original studies and clinical trials describing 
various oral anticoagulants were included in the study. The language 
of clinical studies was limited to English.

Warfarin
Warfarin has been extensively studied in numerous clinical 

trials for prevention of stroke in patients with AF. Warfarin was 
demonstrated to be superior than aspirin and placebo for prevention 
of thromboembolic events and overall mortality in patients with AF 
in the Copenhagen AFSAK study.11 Similar results confirming the 
superior efficacy of warfarin were observed in other randomized 
clinical trials.12-14 Despite its superior clinical efficacy, warfarin has 
numerous limitations. Warfarin has a slower onset of action and 
has an early procoagulant effect due to inhibition of protein C and 
protein S; both these properties necessitate the use of a parenteral 
anticoagulant at the time of initiation and interruption of warfarin 
therapy. The clinical efficacy of warfarin for stroke prevention 
is measured using the International Normalized Ratio (INR). 
Clinical guidelines recommend an INR between 2.0 and 3.0 for 
an appropriate therapeutic effect of warfarin. Randomized clinical 
trials have estimated that for warfarin-treated patients INR was in 
the target range for approximately 36-68 % of the study days.7-10,15 

The time in therapeutic range INR decreases even further in actual 
clinical practice, in a review of the medical records of AF patients 
prescribed warfarin for stroke prevention; monitoring was performed 
less frequently than clinical trials (mean of 36.3-40.9 days vs.21-28 days 
in clinical trials) and the target INR was achieved less often (50 % of 
days vs. 68% of days in clinical trials.16 In another clinical study based 

Figure 1: Coagulation cascade and site of action of various newer anticoagulants 



Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com

Journal of Atrial Fibrillation79 Featured  Review
dose of 150 mg twice daily was recommended for most patients and 
a reduced dose of 110 mg twice daily was recommended for elderly 
patients aged 80 years and above, as well as for patients at an increased 
risk of bleeding. It was also approved by the European Medicines 
Agency (EMA) at doses of 150 mg twice daily for majority of the 
patients and at doses of 110 mg twice daily for patients older than 80 
years and at increased risk of bleeding.

Cardiac Risk of Dabigatran
In a follow up study based on the RE-LY trial there was a modest 

increase in the risk of MI in patients taking dabigatran. The reported 
annual rate of MI in patients taking dabigatran was 0.82 % and 
0.81 % at 150 mg and 110 mg doses respectively as compared to 
0.64 % rate reported with warfarin (HR 1.29, 95 % CI; 0.96 -1.75, 
p= 0.09 for dabigatran 110 mg; HR 1.27; 95 % CI 0.94- 1.71, p= 
0.12 for dabigatran 150 mg), this increased risk of MI in patients 
taking dabigatran was not associated with increased mortality in 
the RE-LY trial. The rate of overall mortality due to any cause was 
4.13 % per year in the warfarin arm as compared to 3.75 % in the 
dabigatran 110 mg arm (relative risk with dabigatran, 0.91; 95 % 
CI: 0.80 to 1.03; p =0.13) and 3.64 % per year in the dabigatran 
150 mg arm (relative risk with dabigatran, 0.88; 95 % CI: 0.77- 
1.00; p = 0.051).33,35 Currently the data on the mechanism of the 
increased risk of cardiovascular events with the use of DTIs is limited 
due to the sparse clinical data and lack of randomized clinical trials 
comparing DTIs with antiplatelet therapy in patients at high risk 
of coronary events. One speculation for the observed increased 
incidence of MI is that rather than promoting myocardial infarction, 
dabigatran provides less protective effect against MI as compared 
to warfarin. Dabigatran has been shown to increase the excretion of 
11-dehydrothromboxane B2 in patients who were not taking aspirin
which suggests a potential platelet- activating effect of dabigatran.36

Another explanation offered to explain the observed increased risk
of MI in patients taking dabigatran is that there is less effective
attenuation of thrombin generation as compared with warfarin.37 

Further investigations are needed to clarify the association between
increased incidence of MI in patients taking dabigatran.

Factor Xa Inhibitors
Rivaroxaban

Factor Xa is another promising target of anticoagulation; it 

and achieves a peak clinical effect in about 1-2 hours. The half-
life of dabigatran is estimated to be approximately 12-17 hours.30 

Dabigatran has minimal drug-drug interactions since the cytochrome 
P450 isoenzyme system is not involved in its metabolism.29,30 
Dabigatran etexilate, the prodrug, is a substrate of the efflux 
transporter P- glycoprotein (P-gp). Potent P-gp inhibitors such 
as ketoconazole, verapamil, and amiodarone; thereby increase the 
plasma concentrations of dabigatran.31 Dabigatran is predominantly 
excreted via the renal pathway; thereby the half-life and plasma levels 
are increased in patients with renal insufficiency.30,32

 The clinical efficacy and safety of dabigatran for prevention 
of stroke in patients with AF was first investigated in the RE-LY 
(Randomized Evaluation of Long term anticoagulant therapy) 
trial. This study was a double-blind randomized noninferiority 
trial which compared two different doses of dabigatran with INR 
adjusted warfarin in patients with AF. A total of 18,113 patients were 
randomly assigned to receive either dabigatran (110 or 150 mg) twice 
daily dose or warfarin, adjusted to maintain an INR of 2.0 to 3.0. 
Dabigatran 150 mg was found to be more effective than warfarin 
in reduction of stroke (RR 0.66, 95 % CI: 0.53- 0.82). The rates of 
hemorrhagic stroke were significantly lower for both the doses of 
dabigatran as compared to warfarin (0.1 % per year for both doses 
of dabigatran vs. 0.4 % per year for warfarin; p< 0.001). The time in 
therapeutic range in patients assigned to warfarin arm was estimated 
to be 64%, the benefit of dabigatran was even greater when the INR 
was poorly controlled.33,34

The incidence of major bleeding was significantly less with 
dabigatran 110 mg than warfarin (RR 0.80; 95 % CI: 0.69 -0.93). No 
statistical difference in bleeding was observed between dabigatran 
150 mg and warfarin (RR 0.93; 95 % CI: 0.81- 1.07). The incidence of 
gastrointestinal bleeding was observed to be higher in the dabigatran 
arm (RR 1.50; 95 % CI: 1.19- 1.89). The rate of discontinuation of 
dabigatran in this study was 21 % which was significantly higher 
than patients taking warfarin (17%), this was attributed to dyspepsia 
associated with dabigatran. Based on the clinical results of this trial, 
dabigatran was approved for stroke prophylaxis by the FDA in 2010 
at doses of 150 mg twice daily for patients with creatinine clearance 
(CrCl > 30) and 75 mg twice daily for patients with moderate renal 
insufficiency (CrCl of 15- 30). Dabigatran was also approved by 
Health Canada for stroke prophylaxis in patients with AF, an overall 
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Clinical 
Trial 

Mean 
CHADS2 
score 

Mean time in therapeu-
tic range in Warfarin arm 

Study Drug and 
doses 

Primary outcome 
(Stroke and Sys-
temic Embolism)

RE-LY 2.1 64 % Dabigatran 
etexilate 150 
mg bid and 110 
mg bid 

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

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

ROCKET- 
AF 

3.5 55 % Rivaroxaban 20 
mg once daily †

0.88 (0.74 -1.03); 
p=0.12

ARISTOTLE 2.1 62 % Apixaban 5 mg 
bid §

0.79 (0.66- 0.95); p 
< 0.01

Ϯ Dose of rivaroxaban was reduced to 15 mg once daily in patients 
with renal insufficiency 
§ Dose of apixaban was reduced to 2.5 mg bid in patients with Serum
Creatinine > 1.5mg/dl, age >80 years and body weight < 60 kg

Table 1: Comparison of major clinical trials of newer anticoagulants 

Investigational coagula-
tion Assays Effect of Newer Oral Anticoagulants References 

Ecarin Clotting time Found to have a simple linear relationship 
with anticoagulation activity of dabigatran

29,46,47

Thrombin Time (TT) Especially helpful in preoperative setting 48,49

Hemoclot direct thrombin 
inhibitor assay (HTI)

Investigated for dabigatran, has a higher 
sensitivity and good reproducibility

50

Prothrombin Time (INR) Current data doesn’t seem promising for 
its use in the setting of newer anticoagu-
lants

51

Activated Partial Throm-
boplastin time (aPTT)

Prolonged in a dose-dependent exponential 
manner by Rivaroxaban 

51

Anti Factor Xa chromo-
genic assays 

Based on the release of color proportional 
to the amount of factor Xa present, cur-
rently investigational  

56,57,58

Table 2: Various investigational coagulation assays for the newer 
anticoagulants 
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occupies a critical juncture in the coagulation cascade and controls 
thrombin generation. Rivaroxaban is a factor Xa inhibitor which 
indirectly decreases the generation of thrombin, thus diminishing 
thrombin- mediating activation of both coagulation and platelets, 
without affecting the activity of thrombin itself.

Rivaroxaban has a high oral bioavailability; it achieves peak plasma 
concentrations in approximately 2-4 hours and has an estimated 
half-life of 5-9 hours. The extent of renal excretion of rivaroxaban 
has been estimated to be about 66 % and approximately 33 % of the 
drug is metabolized by the liver.38,39 The metabolism of rivaroxaban 
is affected by concomitant intake of strong inhibitors of cytochrome 
P450 such as ketoconazole and ritonavir .40

 Rivaroxaban was first investigated in the ROCKET- AF (The 
Rivaroxaban Once Daily Direct Factor Xa Inhibition Compared 
with Vitamin K Antagonism for Prevention of Stroke and Embolism 
Trial in Atrial Fibrillation) which included 14,264 patients who had 
a median age and CHADS2 score of 73 years and 3.0 respectively. 
Patients were assigned to receive either rivaroxaban 20 mg once daily 
or an INR adjusted dose of warfarin (to maintain a target INR of 
2.0 to 3.0). In this non- inferiority clinical trial, rivaroxaban was 
demonstrated to be at least as effective as warfarin for prevention 
of stroke and systemic embolism (1.7% in rivaroxaban arm vs. 2.2 % 
in the warfarin arm; p < 0.001). Rivaroxaban was also demonstrated 
to have a lower incidence of hemorrhagic stroke (HR 0.59, 95 % 
CI: 0.37-0.93, p= 0.024). The rate of overall bleeding (major and 
clinically relevant nonmajor bleeding) was 14.9 % per year in the 
warfarin arm as compared to 14.5 % per year in the rivaroxaban arm 
(HR in rivaroxaban group, 1.03, 95 % CI: 0.96- 1.11; p = 0.44). The 
rate of major bleeding were similar in the rivaroxaban and warfarin 
groups (3.6 % and 3.4 % respectively; p = 0.58). There were fewer 
intracranial bleeds in the rivaroxaban arm as compared to warfarin 
(0.5 % vs.0.7 %; HR 0.67; 95 % CI 0.47-0.94; p= 0.019). The rate of 
major bleeding from a gastrointestinal site however was found to be 
increased in the rivaroxaban arm as compared to the warfarin arm 
(3.2 % vs. 2.2 % respectively; p < 0.001) .41 Based on the favorable 
results of the ROCKET- AF trial, rivaroxaban was approved for 
prevention of stroke in patients with AF by the FDA in November 

2011.

Apixaban
 Apixaban is another direct, oral, selective inhibitor of factor Xa 

which has a bioavailability of 43- 46 % and it achieves its peak plasma 
concentration in about 1-3 hours. Apixaban has multiple pathways of 
elimination; renal and fecal excretion both account for approximately 
25 % each .42 Apixaban is metabolized by CYP3A4/3A5 dependent 
pathways, these multiple pathways of elimination makes apixaban a 
suitable anticoagulant for patients with renal insufficiency .43

Apixaban was investigated for prevention of stroke in patients 
with AF in the AVERROES (Apixaban Versus Acetylsalicylic Acid 
to prevent Stroke in Atrial Fibrillation patients who have failed or 
are unsuitable for VKA treatment). This study compared apixaban 
at a dose of 5 mg twice daily with aspirin at a dose of 81-324 mg 
for prevention of stroke. The dose of apixaban was reduced to 
2.5 mg twice daily in patients who were availolder than 80 years, 
weighed < 60 kg and had a serum creatinine of > 1.5 mg/dl. In this 
study apixaban was found to reduce the risk of stroke and systemic 
embolism (1.6% in the apixaban arm vs. 3.7 % in the aspirin arm; p 
< 0.001). The use of apixaban was not found to be associated with 
increased incidence of bleeding (1.4 % in apixaban arm vs. 1.2 % in 
aspirin arm, p = 0.57).44

Apixaban was compared head-to-head with warfarin in the 
ARISTOTLE (Apixaban for Reduction In STroke and Other 
ThromboemboLic Events in atrial fibrillation) trial. This trial 
compared apixaban at a dose of 5 mg twice daily with a dose adjusted 
warfarin for a target INR of 2.0 to 3.0 in a total of 18,201 patients 
with AF. After a median follow up of 1.8 years, apixaban was found 
to be superior than warfarin for reduction of stroke (1.27 % per 
year in apixaban arm vs. 1.60 % per year in warfarin arm, p= 0.01 
for superiority of apixaban). The use of apixaban was also found to 
have comparatively lesser risk of bleeding than warfarin (2.13 % per 
year in apixaban arm vs. 3.09% per year in the warfarin arm, p < 
0.001). Apixaban was also found to be associated with a reduction 
in all-cause mortality as compared to warfarin (3.52 % per year vs. 
3.94 %; HR, 0.89; 95 % CI: 0.80-0.99; p = 0.047).45 Following these 
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Drug Advantages Disadvantages 

Warfarin Long history of clinical experience [11-14]
Once-a-dosing 
Availability of antidote 

Narrow therapeutic window      [7-10, 15,16]
Slower onset and offset of action [7-10]
Drug-drug and drug-food interactions [19-21]

Dabigatran Predictable dose related clinical effect [29,30]
Comparatively lesser drug interactions [29,30]
No requirement of routine monitoring  [29,33]
Cost effective than warfarin for stroke prevention in AF [65,66,69]

Accumulation in renal insufficiency [30,32 ]
Gastrointestinal side effects [33]
Twice daily dosing [33] 
Increased cardiac risk reported [33,35]
Lack of monitoring assays in the setting of bleeding complications [29,46-49 ]
Lack of monitoring options to confirm compliance  [29,46-49]
Lack of antidote for reversal  [59-64]

Rivaroxaban Once-a-day dosing [38,39]
Predictable dose related clinical effect [38,39]
Lower incidence of hemorrhagic stroke as compared to warfarin [41]
Cost effective than warfarin for stroke prevention in AF [67,69]

Metabolism is affected by CYP 450 inhibitors [40]
Shown to have increased risk of gastrointestinal bleeding as compared to 
warfarin [41]
Lack of clinically validated  monitoring options for compliance and bleeding 
complications [52-56]
Lack of antidote for reversal [59,60]

Apixaban Predictable clinical effect [42]
Minimal drug interactions [42,43]
Relatively safer option in renal impairment [43]
Shown to have mortality benefit [45]
Cost effective than warfarin for stroke prevention in AF [69] 

Twice daily dosing [42]
Lack of clinically validated monitoring options for compliance and bleeding 
complications [52-56]
Lack of antidote for bleeding complications [64]

Table 3: Advantages and disadvantages of Newer oral anticoagulants in comparison with warfarin 
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ban. In the anti-Factor Xa assay, a FXa chromogenic substrate is used 
and the color released is proportional to the amount of FXa present. 
When a known amount of FXa is added to the plasma containing the 
drug, the amount of inhibitory (anti-FXa) activity in the plasma can 
be determined from a standard curve. HepTest and Prothrombinase 
-induced clotting time (PiCT) with a shortened or no incubation
time to increase sensitivity could be used as sensitive pharmacody-
namic parameters to measure the anticoagulant effect of rivaroxaban. 
Based on the current data so far it seems reasonable to use PT as an
initial screening test for rivaroxaban and if the value exceeds the cut-
off then the chromogenic assays can be utilized.54-56

Apixaban also has a prolonging effect on the PT and APTT but this 
effect cannot be standardized and compared across the laboratories. 
Chromogenic assays are also being investigated for measuring the 
anticoagulant effect of apixaban; currently available data suggest 
that the chromogenic assays could be more sensitive as compared 
to the PT and INR. Currently the chromogenic assays can be used 
with either the automated coagulometers or with low-cost manual 
spectrometers, however these assays are not currently approved for 
patient care purposes and additional validation is required before 
they can be made widely available for clinical purposes.57,58

Comparison of Older versus Newer Anticoagulants
Warfarin has been used for various indications of anticoagulation 

over several decades. Despite its proven clinical efficacy, various 
drawbacks associated with its use make its use inconvenient for 
patients and health care providers. The safety and clinical efficacy 
of warfarin are directly influenced by the time spent by patients in 
the therapeutic range. Anticoagulation clinical services are a crucial 
element for the use and monitoring of warfarin. Newer anticoagulants 
offer a distinct advantage of having a fixed dose related effect and 
eliminating the need of constant monitoring of anticoagulant effect. 
The newer anticoagulants also have an advantage of fewer drug- drug 
and drug-food interactions which offers a superior safety profile as 
compared to warfarin. Warfarin has a slower onset and offset of action 
which necessitates the use of parenteral anticoagulants at the time 
of its initiation and interruption especially in the surgical settings, 
newer anticoagulants have the advantage of rapid onset and offset of 
action which allows them to be discontinued before the procedure 
and obviates the need of bridging therapy.

Management of Bleeding with Newer AntiCoagulants
 A major limitation associated with the use of newer anticoagulants 

is the lack of an effective antidote unlike warfarin, which is of key 
importance especially in the setting of excessive anticoagulant 
effect and an urgent intervention is warranted. There is a paucity 
of large randomized clinical studies investigating strategies to 
reverse the effects of newer oral anticoagulants, lack of standardized 
coagulation assays for monitoring also makes the management of 
bleeding complication difficult. Recombinant factor VIIa (rfVIIa) is 
increasingly being investigated for its use as a potential reversal agent 
for DTIs and FXa inhibitors. Preclinical studies have shown it to be 
more effective in reversing the effect of Fxa inhibitors as compared 
to DTIs.59,60 (Table 3)

 Prothrombin complex concentrate (PCC) is another antidote 
which is also being investigated for its ability to reverse the 
anticoagulant effect of rivaroxaban and dabigatran, in a small study 
on 12 healthy male volunteers, PCC at a dose of 50 IU/Kg was found 

results, apixaban was approved by the FDA for prevention of stroke 
in patients with AF in December 2012.

 The risk of overall mortality was also found to be reduced in the 
dabigatran arm of the RE-LY trial but it did not reach statistical 
significance (4.13 % per year in the warfarin arm vs. 3.75 % per year 
in the dabigatran 110 mg arm; RR with dabigatran, 0.91; 95 % CI: 
0.80-1.03; p = 0.13) and 3.64 % in the dabigatran 150 mg arm (RR 
with dabigatran, 0.88; 95 % CI: 0.77-1.00; p = 0.051).33 Similar results 
of a decreased mortality although statistically insignificant were also 
observed in the rivaroxaban arm in the ROCKET AF arm (1.9 % 
per year in the rivaroxaban arm vs. 2.2 % per year in the warfarin arm, 
HR with rivaroxaban, 0.85; 95 % CI: 0.70-1.02; p = 0.07).41

Monitoring of Newer Anticoagulants
The recent development and increased use of newer anticoagulants 

has created the necessity for newer coagulation assays for monitoring 
of these agents. The use of these assays will be especially useful in the 
setting of outpatient clinical practice to monitor compliance and to 
treat patients in the event of overdose and bleeding complications.
    Ecarin clotting test (ECT) is currently being investigated for 
monitoring the effects of DTIs. Studies in healthy volunteers have 
demonstrated a close linear relationship between ECT prolongation 
and plasma concentration of DTIs .29,46 ECT ratios of 2-4 have been 
observed after administration of dabigatran at a dose of 150 mg bid.46 
Clinical experience so far supports the use of use of ECT as a sensi-
tive test for measuring anticoagulant activity in orthopaedic patients 
and during cardiopulmonary by-pass surgery, with superiority over 
the aPTT. Further investigation is warranted to further support the 
use of ECT for monitoring the effects of dabigatran.47

   Thrombin time (TT) is another coagulation assay which is cur-
rently being investigated to monitor the effect of newer anticoagu-
lants. The TT assay directly assesses the activity of thrombin in a 
plasma sample and therefore provides a direct measure of the activity 
of DTIs. TT assay displays a linear dose-response over therapeutic 
concentrations. A normal TT assay can be used to rule out excessive 
anticoagulant effect of dabigatran especially in the surgical setting 
prior to procedures.48,49

    Hemoclot direct thrombin inhibitor assay is also currently be-
ing investigated for detecting the anticoagulant effect of dabigatran. 
Current data suggest that this assay could be useful for determining 
the anticoagulant activity and calculating plasma concentrations of 
dabigatran using simple and widely available chronometric coagula-
tion devices.50 A study by Douxfils aimed at investigating the effect 
of dabigatran on various coagulation assays also supported the use of 
Hemoclot direct thrombin inhibitor assay as a tool to monitor the 
anticoagulation activity of dabigatran.51 (Table 2)
    Rivaroxaban has been widely shown to have well-defined effects 
on the coagulation assays; however the standardized tests are not yet 
avail older  able for monitoring for its anticoagulant effect. The tra-
ditional coagulation assays such as Prothrombin time (PT) are not 
suitable for the monitoring of rivaroxaban.52 Rivaroxaban also has a 
weak concentration-dependent effect on activated partial thrombo-
plastin time (APTT) making it a less sensitive measure of rivaroxa-
ban activity.53

    Anti- Factor Xa chromogenic assays have been investigated for 
measurement of the anticoagulation effect of rivaroxaban and apixa-
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comparison of these agents. Considerable effort is being devoted 
to develop newer coagulation assays which will help in further 
management of patients on newer anticoagulants. Further research 
will continue to expand the armamentarium of anticoagulant options 
in clinical practice.
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to reverse the effect of rivaroxaban but was ineffective in reversing the 
effect of dabigatran.61

 Dabigatran exhibits low protein binding and therefore it may 
be feasible to remove it from the circulation by dialysis. The plasma 
concentration of dabigatran can be reduced by 50-60% after 4 hours 
of dialysis.62,63 Hemodialysis if readily available can be a useful 
strategy particularly in emergency situations to treat the bleeding 
complications in patients taking dabigatran.

 Tranexamic acid is another useful agent which can be utilized 
to manage the bleeding complications of dabigatran in emergency 
setting. It inhibits fibrinolysis by inhibiting the binding of plasmin 
to fibrin. In an event of a major bleeding secondary to dabigatran, 1 
gram tranexamic acid can be given intravenously as one of the initial 
interventions.62 It is also worth keeping in mind that although both 
dabigatran and rivaroxaban prolong the PT and APTT, they do so by 
inhibition rather than depletion of factors, thus fresh frozen plasma 
(FFP) might not be effective in management of bleeding due to these 
agents .64

Cost Efficacy of Newer Anticoagulants
Multiple studies have investigated the cost effectiveness of newer 

anticoagulants in comparison to warfarin. A study by Sorensen et al 
demonstrated that dabigatran was more cost-effective as compared 
to warfarin for prevention of stroke and systemic embolism in 
patients with AF.65 Similar favorable results for cost-effectiveness 
of dabigatran were also observed in another study by Freeman et 
al.66 Rivaroxaban was also found to be a cost- effective alternative 
to a dose-adjusted regiment of warfarin for stroke prevention in 
patients with AF based on the ROCKET-AF and other studies of 
anticoagulation.67 In another recently published study by Kamel et al, 
apixaban was compared with warfarin based on the ARISTOTLE 
trial and other trials of warfarin therapy for stroke prevention 
in patients with AF, based on the cost-effective analysis model, 
apixaban was found to be cost-effective relative to warfarin for stroke 
prevention in patients with AF.68 Another cost efficacy analysis for 
stroke prevention in patients with AF which compared dabigatran 
150 mg , rivaroxaban 20 mg and apixaban 5 mg found all the newer 
oral anticoagulants to be cost-effective than warfarin. 69

The superior cost efficacy of newer anticoagulants could be partly 
explained by the fact that newer anticoagulation agents do not 
routinely require anticoagulation services for monitoring and are 
associated with less severe bleeding complications as compared to 
warfarin.

Conclusions:
Research over the last decade has led to expansion of the 

therapeutic options for anticoagulation. Since the approval of 
dabigatran in 2010 by the FDA its use in day to day clinical practice 
continues to increase. Rivaroxaban and apixaban have also been 
recently approved for prevention of stroke in patients with AF. Along 
with warfarin these newer anticoagulants have provided physicians 
multiple options for anticoagulation in clinical practice. Patients with 
highly variable INRs, with concurrent interacting medications, or 
who are unable to comply with the frequent laboratory monitoring 
associated with warfarin may be suitable candidates for the use of 
newer anticoagulants. Further randomized clinical trials will also 
provide useful information about safety of these agents in a wide 
range of patient subgroups and pertinent clinical data based on direct 
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Abstract
This review illustrates the importance of sleep disordered breathing in evolution and progression of atrial fibrillation. While in early years 

associations were mainly attributed to the impact of hypoxemia and hypertension, nowadays multiple, additional pathways have been 
investigated or are currently under investigation. Sleep disordered breathing has been shown to have a direct impact on mechanical and 
electrical remodeling. In addition hypercapnia and negative intrathoracic pressure seem to alter atrial electrophysiology. Finally, impacts 
on inflammation and metabolic dysregulation display the complex interplay between breathing disorders and evolution and progression of 
atrial fibrillation.

Introduction
Atrial fibrillation (Afib), has shown an increasing prevalence and 

hospitalization rate over the past decades which is expected to grow 
even further.1 For the individual, existence of atrial fibrillation is not 
only accompanied by symptoms leading to subjective and objective 
exercise capacity impairment, but also means a five-fold increase in 
stroke risk as well as an increased mortality risk.2,3 In recent years the 
impact of sleep disordered breathing (SDB) on the evolution and 
progression on atrial fibrillation has been extensively investigated. 
Within this review we aim to clarify the pathophysiological links 
between sleep disordered breathing and atrial fibrillation.

Pathophysiology of Atrial Fibrillation
The pathophysiology of Afib involves the interaction of a triggering 

event and an arrhythmogenic substrate that induces electrical 
instability. Profibrillatory changes of the atrial myocardium including 
atrial size enlargement, scarring and fibroses serve as a substrate.4 In 
addition, rapid atrial rates such as those during periods of fibrillation 

increase myocyte calcium load. This induces adaptive mechanisms, 
for instance a reduction in activity or downregulation of calcium-
channels which alter atrial refractory period and thereby perpetuates 
atrial fibrillation as well.5;6 The most important initial trigger source 
for paroxysmal Afib was identified to be the muscular sleeve of the 
pulmonary veins.7 With ongoing remodeling, multiple re-entrant 
wavelets occur that help to maintain Afib.

Sleep Disordered Breathing
Sleep disordered breathing (SDB) has been recognized as co-

morbidity with potential interac tion and impact on progression and 
outcome of patients with cardiovascular disease.8

In a cardiology setting it mainly comprises two different entities: 
obstructive sleep apnea (OSA) on the one hand and central sleep 
apnea including Cheyne-Stokes respiration (CSA) on the other.9-13 

OSA is the most common form of SDB. It affects approximately 
2 to 4% of the general population.14 Due to anatomic narrowing 
of the upper airways, during sleep inspiratory pressure generated 
by pharyngeal dilator muscle tone is below pharyngeal air pressure 
(critical pressure), causing the airways to collapse. Occlusion of the 
upper airways (flattening) results in hypopneas and/or apnea with 
accompanying hypoxemia. Apnea is defined as a ≥90% reduction of 
airflow lasting for ≥10 seconds. Hypopnea is defined a ≥10 seconds 
lasting, ≥30% reduction of airflow accompanied by a ≥4% oxygen 
desaturation/arousal or a ≥10 seconds lasting, ≥50% reduction of 
airflow with a ≥3% desaturation or an arousal.15 “Arousal” describes 
a transition from sleep to a state of wakefulness for at least 3 
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disease as the most common cause of cardiac ischaemia.12,46-48

sleep disordered breathing is not only found to impact 
proarrhythmic structural changes of the heart indirectly via arterial 
hypertension and myocardial ischaemia, but also to have a direct 
effect on electrical and mechanical remodeling. The key-factor seems 
to be the renin-angiotensin-aldosterone system. Previous studies 
showed levels of angiotensin II and aldosterone elevated in OSA 
patients.49,50 Angiotensin II promotes proliferation and growth. It 
increases protein synthesis in myocardial fibroblasts and myocytes, 
and increases coronary artery permeability with diffusion of growth 
factors into the myocardial interstitium.51-53 On the other hand, 
angiotensin II causes oxidative stress with subsequent induction of 
apoptosis at the endothelial and myocyte level, as well as necrosis and 
fibrosis through its cytotoxic effect on cardiac myocytes.54 Due to 
an increase of intracellular calcium concentration, and an increased 
availability of calcium contained in the sarcoplasmatic reticulum, 
angiotensin II also shortens the refractory period.55,56 Increased 
aldosterone serum-levels stimulate collagen synthesis by myocardial 
fibroblasts and may also play a role in myocyte death through their 
effect on electrolyte balance.57,58

In vivo, structural and electromechanical changes of the heart have 
previously been linked to SDB.59-63 In addition, SDB is a common 
co-morbidity among patients with structural heart disease resulting 
from cardiac remodeling such as systolic or diastolic heart failure or 
cardiomyopathies.9-11

Impact of Intrathoracic Pressure Alterations
Inefficient respiratory excursions, a regular occurrence in the 

apneic or hypopneic phases of OSA, alter transmural pressure and 
volume relations. This leads to increased sheer stress with subsequent 
mechanical remodeling.62 In addition, this also triggers extension-
sensitive ion channels.64 A recent study demonstrates an additional 
mechanism by which OSA affects Afib: negative tracheal pressure 
shortens right atrial refractory periods and increases susceptibility to 
AF mainly by vagal activation.65 Previous studies provided similar 
effects caused by acute hypercapnia during OSA.66

Inflammation and sleep disordered breathing
Another possible link between sleep disordered breathing and 

atrial fibrillation is chronic inflammation. Recent reports suggest 
that adverse atrial remodeling, which predisposes for Afib is not 
only linked to stimulation of myocytes and fibroblasts but also to 
the activation state of leukocytes.67 An association with parameters 
of cell adhesion (CD15, CD11c), increased intracellular reactive 
oxygen species, and increased adherence to human endothelial 
cells on monocytes has been demonstrated for OSA patients.68 In 
addition, patients with SDB face an increased expression of C – 
reactive protein, interleukin 6, interleukin 8, as well as functional and 
phenotypic changes of CD4 and CD8 t-cells, followed by an increase 
in tumor necrosis factor α, and interleukin 4 as well as a decrease of 
interleukin 10 expression.69-71

Metabolic Dysregulation and Sleep Disordered Breathing
Finally, metabolic syndrome was shown to be associated with 

Afib and to have a negative impact on primary and secondary 
prevention.72-74 OSA-related factors contribute to the development of 
metabolic dysregulation, for instance insulin and leptin resistance.75,76 

Increased sympathetic activity due to sleep fragmentation and 
intermittent hypoxemia alter hypothalamic pituitary adrenocortical 

seconds and is caused by an increase in sympathetic drive as a result 
of intermittent hypoxemia in apneic or hypopneic phases of sleep 
disordered breathing.

Clinical Importance of Sleep Disordered Breathing in Atrial 
Fibrillation

Several studies propagate a prevalence of SDB of approximately 
30-80% in patients with Afib, depending on the type of Afib
(paroxysmal vs. persistent), underlying diseases, and the cut-off
Apnea-Hypopnea-Izndex (AHI) to define SDB (between ≥5/h and
≥15/h).13,16-19 Furthermore, SDB was shown to be an independent
risk factor for incident atrial fibrillation in individuals <65 years of
age.20 However, most studies investigated the impact of SDB in the
secondary prophylaxis of Afib. Focusing on electrical cardioversion,
untreated OSA was found to be associated with a higher recurrence
of AF compared to the general population or patients with treated
OSA.21,22 In patients undergoing ablative therapy, adequate diagnosis
of SDB seems to be of major importance. In a recent study applying
cardiorespiratory polygraphy, a six-channel recording system to
determine type and severity of SDB, we identified moderate to
severe SDB, but not SDB per se as an independent predictor for
AF recurrence following cryoballoon pulmonary vein isolation.23 

Previous studies in patients who had undergone radiofrequency
catheter ablation demonstrated incoherent results.24-27 This may be
traced back to assessment of SDB by clinical evaluation, only refined
by questionnaires as the “Berlin Questionnaire”. This method neither
is validated among cardiac patients, nor does it reflect SDB severity.28

In line with this, a recent meta-analysis on the importance of OSA
as a predictor of Afib recurrence after catheter ablation showed that
OSA diagnosed using polysomnography but not using the Berlin
questionnaire is a strong predictor of Afib recurrence.29

Arterial Hypertension, Ischemia and Sleep Disordered-
Breathing

The most obvious interaction between SDB and Afib is the 
impact of SDB on arterial hypertension and ischemia. In SDB 
patients recurrent nocturnal hypoxemic and hypercapnic periods are 
associated with an increase arousals and sympathetic activity.30 Even 
though severe hypoxemias are known to have a local vasodilative 
effect, cycles of hypoxemia and hypercapnia are rather associated 
with systemic vasoconstriction, potentially leading to nocturnal 
arterial hypertension as well as ischemia.30,31 In addition, an activated 
sympathetic nerve system is associated with increased plasma-levels 
of catecholamines, and a reduced α-and β2 adrenergic vascular 
response.32-34 As angiotensin II induces vasoconstriction via AT1-
receptor, enhanced vasoconstrictor sensitivity to angiotensin II, as 
seen in OSA patients, augments vasoconstriction.35 In addition, 
studies confirm increased serum-level of either endothelin-1, a potent 
vasoconstrictive neuropeptide, or big endothelin-1 to be found in 
OSA patients.36,37 On intermittent hypoxemic periods, formations 
of free radicals or reactive oxygen species (ROS) emerge and react 
with nitric oxide (NO) to produce peroxynitrite, thereby diminishing 
bioavailability of NO.38,39 Consequently, OSA patients are affected 
by an altered vasodilatation as well as endothelial dysfunction. 40-42

     Today there is conceiving evidence that OSA is an independent 
risk-factor for arterial hypertension and current guidelines recom-
mend screening procedures.43-45 In addition, several studies demon-
strate an impact on the evolution and progression of coronary artery 
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axis function that in addition to the aforementioned changes in 
oxidative and inflammatory pathways is involved in insulin resistance 
and impaired pancreatic beta-cell function.76,77

Conclusions:
This review reveals that there are several over lapses between SDB 

and Afib. While in early years associations were mainly attributed 
to the impact of hypoxemia and arterial hypertension, nowadays 
multiple, additional pathways have been investigated or are currently 
under investigation. Direct impacts on mechanical and electrical 
remodeling as well as effects of negative intrathoracic pressure and 
hypercapnia on atrial electrophysiology, and impacts of inflammation 
and metabolic dysregulation allow us more detailed insights in the 
complex interplay between breathing disorders and the evolution and 
progression of atrial fibrillation.
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Abstract
Ablation for atrial fibrillation (AF) is an important and exciting therapy whose results remain suboptimal.  Although most clinical trials 

show that ablation eliminates AF more effectively than medications, it is disappointing that the continued single procedural success remains 
≈50% despite the substantial advances that have taken place in imaging, catheter positioning and energy delivery. Focal impulse and rotor 
modulation (FIRM), on the other hand, offers the opportunity to precisely define and then ablate patient-specific sustaining mechanisms 
for AF, rather than trying to eliminate all possible AF triggers.  For over a decade, electrophysiologists have described cases in which AF 
terminates after only limited ablation – usually that cannot be explained by ‘random’ meandering wavelets.  Indeed, recent studies from 
several laboratories show that all forms of clinical AF are typically ‘driven’ by stable electrical rotors and focal sources, not by multiple 
meandering waves.  FIRM mapping enables an operator to place a catheter at typically 1-3 predicted sites in the atria, and with <5-10 
minutes of RF ablation, terminate AF and potentially render it non-inducible.   Several independent laboratories have now shown that such 
FIRM ablation alone can terminate or substantially slow AF in >80% of patients with persistent and paroxysmal AF and increase the single 
procedure rate of AF elimination from 50% with PV isolation alone to >80%.  Ongoing studies hint that FIRM only ablation, enabling ablation 
times in the range observed for typical atrial flutter, may also achieve these high success rates without subsequent trigger ablation.  This 
review summarizes the current state-of-the-art on FIRM mapping and ablation.

Introduction
Atrial fibrillation (AF) is an epidemic both in the US1 and Europe,2 

yet is poorly addressed either by pharmacologic rhythm control3) or 
rate control.4 Accordingly, ablation is increasingly recommended for 
symptomatic patients.5 However, even the most recent results from 
ablation continue to provide disappointing single procedure success of 
≈50%6-8 and multi-procedure ceiling of ≈70%5,6,8,9 for paroxysmal AF, 
with lower results for persistent AF.  What is remarkable, however, is 

that while this is better than anti-arrhythmic medications in patients 
who have previously failed such medications, ablation success has 
not increased in the past decade despite substantial improvements 
in anatomic map rendering, image integration, sheath and catheter 
design, and energy delivery.5,10

The precise mechanistic definition of the circuits that sustain 
arrhythmias has been the foundation of curative ablation for 
atrial flutter,11,12 AV node reentry,13 accessory pathways14 and even 
ventricular tachycardia.  The mechanisms that sustain human AF, 
however, are not well defined15,16 and may represent fertile ground in 
improving patient outcomes. 

 Haïssaguerre et al. showed that ectopy from the pulmonary veins 
(PV) can trigger paroxysmal AF (PAF).17 However, triggers can 
arise outside the PVs in diverse bi-atrial locations,18 while, thus far, 
it remains very difficult to even achieve durable PV isolation.5  From 
these clinical facts alone, limitations to the success of PV isolation 
should not be surprising.  Elimination of symptomatic AF is rather 
easier,5 but diverges from true AF elimination in part because ablation 
renders recurrent AF less symptomatic.19 Many have therefore called 
for work to better define the mechanisms for AF in patients.15,16

Key Words: 
Atrial fibrillation, paroxysmal, ablation, therapy, rotor, focal source, 
spiral wave 
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over the panorama of the whole atrial chamber, potentially limiting 
its ability to detect large sources such as rotors that would encompass 
a large portion of the atrial tissue. 

In 2011-2012, Narayan et al.31 and several independent 
laboratories32 reported, using, in contrast to previous techniques, 
patient-specific computational phase analyses of data from wide-area 
contact AF recordings (Focal Impulse and Rotor Mapping, FIRM) 
(RhythmViewTM, Topera, Inc., San Diego, CA), that paroxysmal 
AF and persistent AF were typically sustained by a small number 
of rotors or focal sources. This diagnostic technology enabled 
guidance for direct ablation at identified bi-atrial sources (Focal 
Impulse and Rotor Modulation, FIRM).  FIRM mapping allowed 
electrophysiologists to terminate and render AF non-inducible prior 
to any PV ablation, and greatly improved AF elimination on long-
term follow-up in the CONFIRM (Conventional Ablation with or 
without FIRM) trial.   
Focal Impulse and Rotor Mapping

FIRM mapping analyzes data acquired from a 64-electrode basket 
catheter (Constellation, Boston Scientific, Natick, MA) that is 
placed sequentially into right then left atria (Figure 1) that achieves 
acceptable endocardial contact unless the atrium is larger than the 
largest basket currently available (55 mm deployed diameter).33 

Anticoagulation with heparin is titrated to achieve routine ACT 
targets, and no complications from FIRM mapping have been 
reported in >100 patients.31,32 Data are exported for analysis to 
RhythmView™ (Topera, Inc., San Diego, CA), the details of which 
have been published elsewhere.34-37

RhythmViewTM outputs patient-specific electrophysiologic 
videos33 showing, among other things, 3D activation patterns 
throughout the chamber being mapped.  From these videos, patient-
specific AF mechanisms can be identified. FIRM mapping takes ≈1 
hour for both atria after IV and left atrial access.  This includes the 
time taken to manipulate the basket catheter and mapping time (10 
minutes per map, for 2-3 maps per atrium) (figure 2).  Newer versions 
of RhythmViewTM will produce maps in <2 minutes, thus greatly 
speeding FIRM mapping.

FIRM is a three-dimensional mapping system, since all atrial 
regions are depicted.  For ease of interpretation, projection onto grids 

What Mechanisms Sustain Clinical AF?
A number of mechanisms have been hypothesized over time to 

be those that sustain AF.  Although the idea of local sustaining 
sources, such as focal rotors and/or discrete focal discharges, 
including those with variable epi-endocardial breakthrough, have 
been hypothesized, definitive evidence of these mechanisms in 
human AF remained elusive for many years.15,16 Therefore, for most 
of the last 1-2 decades, the multiple wavelet hypothesis, in contrast 
to localized sustaining sources, was assumed to explain human AF.  
However, outside of computer models20 and studies in small atrial 
regions (typically <10% of atrial area21), evidence in support of the 
multiwavelet reentry hypothesis is sparse.  Evidence from invasive 
EP studies for over a decade shows that AF can abruptly terminate 
by limited ablation,17,18,22 that even persistent AF can terminate early 
during ablation,22 and that AF patients exhibit localized regions of 
rapid rate23,24 that remain stable over time.25,26  These clinical facts are 
consistent with localized sustaining mechanisms rather than widely 
spread, chaotic, meandering wavelets.  These facts are also consistent 
with mechanisms of AF in animal models such as electrical spiral 
waves (rotors)27 or repetitive focal sources.28  Nevertheless, as recently 
as 2010, human AF rotors were not considered a major mechanism 
for AF because they had not been clearly identified in humans using 
existing technologies of noninvasive body surface ECG imaging29 
or studies of small atrial patches.21  These aforementioned studies 
question whether there is any role of rotors as a mechanism for 
the stability of AF because they could not reliably identify rotors 
when mapping human AF.21,29 These approaches primarily utilized 
activation mapping, wavefront mapping, and, in the case of 
noncontact mapping, inverse solution computation that required 
generating a virtual electrogram (using predefined assumptions) 
derived from electrical patterns seen at the electrode on the body 
surface.  One recent study proposed that stability of AF was correlated 
to dissociation and uncoupling of activation between epicardium and 
endocardium,30 essentially creating substrate conditions for multiple 
wavelets to propagate.  This was determined by measuring high 
density left atrial free wall potentials in goats simultaneously over the 
epi- and endocardial surfaces.  Unfortunately, this high-density but 
narrow distribution recording method cannot visualize conduction 

An ablation catheter is positioned to ablate at a rotor site (adjacent to basket electrode F4 in the high posterior left atrium). Coronary sinus, esophageal temperature probe and intracardiac 
ultrasound catheters are also shown. (B) Intracardiac echocardiography shows basket contact with electrodes spanning left atrial appendage orifice (PV ostia are also mapped in this way).

Figure 1: Focal Impulse and Rotor Mapping (FIRM). (A) Fluoroscopy of basket catheter in left atrium
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conduction or noise as these would be considered bystander waves 
rather than mechanisms that could sustain AF over time.  Focal 
impulses are identified as consistent, sustained, centrifugal activation 
from a point of origin.

In Figure 3A, the left atrial AF rotor (red-to-blue rotation) shows 
activation around a “core” that “wobbles”, or precesses, (Figure 3B) 
within a small local area, rather than remaining at a single focal point.  
Such rotor precession is predicted in animal models of rotors.38  There 
is evidence for the stability of rotors as sustaining mechanisms of AF.  
In a subset of subjects FIRM maps were acquired at the time of the 
initial failed conventional ablation. The patients were subsequently 
re-mapped later for FIRM.  AF rotors were found to be stable for 
months with ablation at these rotors terminating the AF both short 
and long-term.39 Several groups have found stable rotors or focal 

enables both atria to be visualized without having to repeatedly rotate 
and angle the atria to fully identify the mechanistic circuits (figure 
3).  The right atrium basket representation is typically displayed as a 
vertical basket catheter with the splines spanning lateral and medial 
aspects of the tricuspid valve at the left and right edges of the grid.  The 
left atrium basket representation is typically displayed as a horizontal 
basket (as it crosses the atrial septum) with the top and bottom of 
the grid representing the superior and inferior aspects of the mitral 
valve.  These representations are interchangeable based upon the 
actual basket catheter positioning in the chamber of choice. Figure 
3A shows an AF rotor in which rotational activity was consistent 
for hours. Consistent rotation is noted for thousands of cycles 
(>10 minutes during FIRM mapping) in order to diagnose a rotor 
source.  Transient rotors29 are discarded as representing fibrillatory 

An ablation catheter is positioned to ablate at a rotor site (adjacent to basket electrode F4 in the high posterior left atrium). Coronary sinus, esophageal temperature probe and intracardiac 
ultrasound catheters are also shown. (B) Intracardiac echocardiography shows basket contact with electrodes spanning left atrial appendage orifice (PV ostia are also mapped in this way).

Figure 3: AF Rotor, Poorly Related to CFAE. 

AF and heart failure (HF): a vicious pathophysiological cycle. LA: left atrial; MR: mitral regurgitation; and TR: tricuspid regurgitation.
From Anter E et al: Circulation 2009;119:2516-2525, with permission

Figure 2: Pathophysiology of AF and HF
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sources in all paroxysmal AF and most persistent AF patients (98% 
in CONFIRM,30 100% in independent labs32). Paroxysmal AF may 
differ from persistent AF in showing fewer sources (1.7 ± 0.9 vs. 2.2 
± 1.0; p = 0.03). Sources lie in both atria (24% in right atrium).31,32

Focal Impulse and Rotor Modulation (FIRM Ablation)
As with any stable arrhythmia source, rotors or focal sources can be 

targeted for ablation (FIRM). In the CONFIRM trial31 and studies 
from labs independent of CONFIRM,32 ablation was delivered 
to the tissue adjacent to electrodes surrounding each source (rotor 
core or focal source).  FIRM mapping is agnostic to an ablation 
catheter guidance method, as fluoroscopy appears just as effective as 
electroanatomic mapping. The procedural flow dictates that FIRM 
guided ablation is applied before any other ablation (e.g. PV isolation) 
to achieve the acute endpoint of AF termination or typically 5–10 
minutes ablation, whichever comes first. For example, in Figure 3C, 
FIRM alone terminated AF to sinus rhythm in <1 minute.

Notably, it has recently been shown that AF rotors/focal sources are 
poorly related to CFAE.39  This is shown in figure 3D, in which the 
left atrial rotor is marginally associated with CFAE, but most CFAE 
regions are distant (and even contralateral) to the successful AF rotor 
site.  This finding agrees with clinical experience that CFAE ablation 
entails considerable atrial destruction, and is relatively non-specific.

In these trials when FIRM terminates AF, the FIRM mapping/
ablation protocol requires attempts to reinduce AF using burst 
pacing. Only if AF is non-inducible is the event classified as “AF 
termination/non-inducible” (Figure 4). The composite acute endpoint 
of all FIRM clinical studies is AF termination/non-inducibility, or 
AF cycle length prolongation by >10% (indicating elimination of a 
secondary AF source).41  If FIRM terminates AF but AF is then re-
induced at a slower cycle length, the event is classified as ‘AF slowing’.  
Induction protocols entail rapid atrial pacing to at least 200 msec (or 
faster if AF was induced with a faster cycle length at the beginning 
of the case), along with IV isoproterenol infusion if used initially for 
sustained AF induction. 

Patients in the CONFIRM trial exhibited 2.1 ± 1.0 sources, 
with a total FIRM ablation time of 15–20 minutes. Notably, this 
was achieved with less than 4-6 cm2 of bi-atrial ablation (<5% atrial 
ablation), in contrast to all other ablation approaches that involve a 
considerable footprint of atrial ablation.   In CONFIRM, FIRM-
guided patients went on to conventional ablation while FIRM-
blinded patients received only conventional ablation.

Figure 4 shows AF termination and non-inducibility by FIRM 
prior to any other ablation. Vigorous burst pacing was able to trigger 

AF, but the atria were no longer capable of sustaining AF when pacing 
stopped (<2.9 seconds in Figure 4C). This endpoint of termination/
non-inducibility has been shown to predict very high freedom from 
AF after conventional42 and FIRM31 ablation.

Notably, FIRM ablation takes less time to achieve AF termination/
non-inducibility than other approaches.  In the CONFIRM trial (n 
= 101 mapped patients), termination/non-inducibility was achieved 
in 97% of paroxysmal AF patients.  Total FIRM ablation time was 
<20 minutes (and <5 minutes at the primary source).  By comparison, 
prior paroxysmal AF studies show that PV isolation terminated 
and rendered AF non-inducible in 57% of patients using 36 ± 13 
minutes of ablation,42 while PV isolation with left atrial linear lesions 
terminated and rendered AF non-inducible in 40% of patients after 
43 ± 10 minutes ablation.43

In all AF patients, FIRM ablation alone terminates and renders 
AF non-inducible in 56%31 and 67%32 of patients before PV isolation. 
The composite acute endpoint (termination/non-inducibility and 
slowing) was achieved by FIRM alone in 86% patients in the FIRM-
guided limb of CONFIRM31 and all patients in the first series 
from other independent sites.32  A detailed example of the FIRM-
guided ablation workflow has been recently published as a video case 
demonstrating acute AF termination to sinus rhythm with non-
inducibility.44

Long-Term Outcome After FIRM-Guided Ablation at AF 
Sources: The CONFIRM Trial

As alluded to above, CONFIRM (CONventional ablation with 
or without Focal Impulse and Rotor Modulation) was a prospective 
case cohort trial31 enrolling 92 patients at 107 consecutive AF abla-
tion procedures, the majority (n = 61) of whom had nonparoxysmal 
AF. For all patients, single-procedure AF elimination in CONFIRM 
was higher for FIRM-guided than FIRM-blinded (conventional ab-
lation only) cases (82.4% versus 44.9%; p < 0.001) after 273 days 
(median; IQR 132–681).

Figure 5 illustrates the Kaplan-Meier curve from CONFIRM, in 
which FIRM-guided ablation showed significantly more success than 
FIRM-blinded ablation for patients off anti-arrhythmic medications 
(p < 0.001). CONFIRM is among the largest AF trials to compare 
a novel ablation strategy to state-of-the-art conventional ablation45,46 
rather than just to failed anti-arrhythmic medications.6, 47, 48

Although CONFIRM was non-randomized, subjects were en-
rolled consecutively and treated prospectively for pre-specified end-
points.  Moreover, FIRM-guided subjects had more comorbidities 
and more rigorous follow-up (implanted ECG monitors in 88.2% 

(A) Left atrial AF rotor in low mid left atrium, outside PV antra, with clockwise (red to blue) activation. (B) FIRM ablation at LA rotor terminated AF to sinus rhythm without PVI. (C) Non-inducible AF after 
FIRM. Vigorous pacing (CL 170 ms) and isoproterenol triggered AF, yet the atrium could no longer sustain AF when pacing stopped (AF <2.9 seconds). This patient received only FIRM ablation (no 
PV isolation), and remains free of AF off-drugs at 11 months. (V1, V6 ECG leads; Abl-D, Abl-P: ablation electrodes; CS-P, CS-M, CS-D: coronary sinus electrograms. Atrial orientation labeled, same as 
Figure 3.

Figure 4: FIRM acutely terminates AF to sinus rhythm and renders it non-inducible.  
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patients with atrial fibrillation. N Engl J Med 2010;362:1363-73.
5. Calkins CH. 2012 HRS/EHRA/ECAS Expert Consensus Statement on

Catheter and Surgical Ablation of Atrial Fibrillation: Recommendations for
Patient Selection, Procedural Techniques, Patient Management and Follow-up,
Definitions, Endpoints, and Research Trial Design. Heart Rhythm 2012;9:632-
696.

6. Wilber DJ, Pappone C, Neuzil P et al. Comparison of antiarrhythmic drug therapy 
and radiofrequency catheter ablation in patients with paroxysmal atrial fibrillation: 
a randomized controlled trial. Jama 2010;303:333-40.

7. Morillo C, Verma A, Natale A. Radiofrequency Ablation vs Antiarrhythmic
Drugs as First-Line Therapy of Atrial Fibrillation (RAAFT 2) trial (abstract).
Heart Rhythm 2012:Abstract.

8. Nielsen JC, Johannessen A, Raatikainen P et al. Radiofrequency Ablation as Initial 
Therapy in Paroxysmal Atrial Fibrillation. New Engl J Med 2012;367:1587-1595.

9. Oral H, Chugh A, Good E et al. Randomized comparison of encircling and
nonencircling left atrial ablation for chronic atrial fibrillation. Heart Rhythm
2005;2:1165-72.

10. Winkle RA, Mead RH, Engel G, Kong MH, Patrawala RA. Trends in atrial
fibrillation ablation: have we maximized the current paradigms? J Interv Card
Electrophysiol 2012;34:115-23. 

11. Feld GK, Fleck RP, Chen PS et al. Radiofrequency catheter ablation for the
treatment of human type 1 atrial flutter: Identification of a critical zone in the
re-entrant circuit by endocardial mapping techniques. Circulation 1992a;86:1233-
1240.

12. Saoudi N, Nair M, Abdelazziz A et al. Electrocardiographic patterns and results
of radiofrequency catheter ablation of clockwise type I atrial flutter. J Cardiovasc
Electrophysiol 1996;7:931-42.

13. Jackman WM, Wang XZ, Friday KJ et al. Catheter ablation of accessory
atrioventricular pathways (Wolff-Parkinson-White syndrome) by radiofrequency
current. N Engl J Med 1991;324:1605-11.

14. Jackman WM, Beckman KJ, McClelland JH et al. Treatment of supraventricular
tachycardia due to atrioventricular nodal reentry by radiofrequency catheter
ablation of slow-pathway conduction. N Engl J Med 1992;327:313-318.

15. Nattel S. New ideas about atrial fibrillation 50 years on. Nature 2002;415:219-26.
16. Vaquero M, Calvo D, Jalife J. Cardiac fibrillation: from ion channels to rotors in

the human heart. Heart Rhythm 2008;5:872-9.
17. Haissaguerre M, Jais P, Shah DC et al. Spontaneous Initiation of Atrial

Fibrillation by Ectopic Beats Originating in the Pulmonary Veins. N Engl J Med

versus 26.1%; p < 0.001) than FIRM-blinded patients; these differ-
ences should bias against the FIRM-guided limb. By design, CON-
FIRM included a wide range of patients, including those with prior 
ablation, and FIRM-guided ablation maintained its benefit over 
FIRM-blinded therapy in patients undergoing their first ablation 
and throughout all prespecified subgroups. Mechanistically, conclu-
sions regarding the efficacy of FIRM ablation in CONFIRM are 
limited in that PV isolation was also performed in the FIRM limb. 
Nonetheless, a recently accepted manuscript examining the mecha-
nistic role in the CONFIRM study of local rotors or focal beats sug-
gests that elimination of these local sustaining sources is key to long 
term success.49  Ongoing studies are examining the benefits of FIRM 
ablation alone.

Conclusions:
Atrial fibrillation is triggered then sustained by patient-specific 

mechanisms, in accordance with the mechanisms for other 
arrhythmias.  Stable rotors and focal sources have been shown to 
sustain paroxysmal and persistent AF at a number of independent 
centers. Ablation of patient-specific sources by FIRM can 
terminate AF and render it non-inducible prior to PV isolation, and 
substantially improve single-procedure freedom from AF in patients 
with paroxysmal AF and persistent AF. Rotors and focal sources 
are detectable by contact FIRM mapping, but are poorly related to 
CFAE. Ongoing studies will determine whether FIRM ablation 
at AF sustaining sites alone, as is done for other arrhythmias, can 
provide high clinical efficacy while minimizing atrial destruction 
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Abstract
Rate control is a widely used treatment strategy for management of patients with atrial fibrillation (AF).  Multiple studies have shown 

that pharmacologic rate control is as effective as pharmacologic rhythm control for management of AF.  A snapshot ECG or intermittent 
monitoring using Holters is the most widely used technique for assessing ventricular rate during AF.  Patients with implantable devices, 
such as pacemakers, implantable cardioverter defibrillators, cardiac resynchronization therapy devices, and implantable loop recorders 
provide the ability for continuous long term monitoring of AF and ventricular rate during AF.  It has been shown that continuous monitoring 
of AF and ventricular rate during AF by implantable devices is the most comprehensive method for assessment of AF occurrence and poor 
rate control, particularly in patients with paroxysmal and asymptomatic AF.  Rapid ventricular rate during AF, as assessed by implantable 
devices, has been shown to cause reduction in cardiac resynchronization therapy, predict inappropriate defibrillation therapy, and identify 
increased risk for cardiovascular hospitalizations.  The ventricular rate targets for achieving good rate control during AF depend on the patient 
characteristics with stricter targets recommended for patient with compromised functional capacity, such as patients with HF.  Thus it can 
be hypothesized that timely intervention based on continuous assessment of AF and poor rate control, with ventricular rate targets defined 
based on cardiovascular disease state, may improve clinical outcomes in patients with AF.  

Introduction
Controlling ventricular rate during atrial fibrillation (AF) has 

been shown to be as effective as anti-arrhythmic pharmacologic 
therapies for AF.1,2  In the absence of rhythm control strategies with 
long term efficacy, rate control strategies have been considered as a 
reasonable option for managing patients with AF.3,4 Despite wide 
adoption of rate control therapy for AF, it has been shown that 
guideline defined adequate rate control targets are not achieved in a 
significant proportion of patients.5  The recently completed RACE-
II study did not show the benefits of stricter rate control compared 
to lenient rate control6 in permanent AF patients with clinically 
adequate functional capacity and fewer symptoms during rapid rates.  
However, the RACE-II study included very few patients with poor 

functional capacities and lower tolerance for rapid ventricular rates 
during AF, such as patients with heart failure (HF), where stricter 
rate control may be more beneficial. 

AF and HF are the most common cardiovascular diseases and 
cause significant economic burden, morbidity, and mortality. In the 
United States, more than 2.2 million people have AF and more 
than 5.7 million have HF.7  HF is the primary cause of a significant 
proportion of hospitalizations with close to 1 million discharges for 
HF in the United States in 2007.7   Among patients hospitalized with 
AF, the most common primary diagnosis is HF.7   AF is common in 
heart failure patients8-11 with an estimated AF prevalence of about 
5% in those with New York Heart Association functional Class I to 
about 50% in those with Class IV symptoms.8  In the Framingham 
Heart study, the incidence of HF in AF patients was 33 per 1000 
person-years and the incidence of AF in HF patients was 54 per 1000 
person-years.9  In patients with AF or HF, subsequent development 
of the other condition was associated with increased mortality.9  
The Euro Heart Surveys showed that HF is present in 34% of AF 
patients10 and AF is present in 42% of HF patients.11  The CHARM 
study reported that 15% of HF patients with left ventricular systolic 
dysfunction and 19% of HF patients with preserved systolic function 
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increased refractory period of the AV-node will delay transmission 
of atrial impulses to the ventricles, thus reducing the ventricular 
rate during AF.15,16  A shortened refractory period of the atrial 
myocardium leads a larger number of atrial impulses reaching the 
AV-node which increases the degree of concealed conduction thus 
reducing the number of atrial impulses reaching the ventricles.15  The 
conductivity and refractoriness of the AV-node and the atrial tissue 
may be altered by changes in autonomic tone and pharmacologic 
agents.  

Ventricular response during atrial tachycardia (AT), including 
atrial flutter, has not been widely reported in literature.  AT can 
have regular, regularly irregular, and irregularly irregular ventricular 
response depending on the response of the AV-node to atrial 
activation.  AT with regular ventricular response is a result of 
regular atrial activations with a consistent atrial to ventricular (A:V) 
conduction ratio (e.g. 2:1, 3:1, etc.).  AT with regularly irregular 
ventricular response is a result of the mechanism called “group 
beating”.17 In this case the different degrees of block in the AV-
node may lead to different ventricular intervals such as “short-short-
long”, “short-long-short”, “long-short-long, or “long-short-short” 
RR intervals. AT with irregularly irregular ventricular response 
results from atrial activations from multiple sources and inconsistent 
AV node conduction for each cycle, similar to ventricular response 
during AF.

Methods for Measuring Ventricular Rate During AF
 In implantable devices with a lead in the atrium, AF is detected 

when there is a fast atrial rate (PP intervals nominally <360 ms) 
with an AV conduction ratio ≥ 2:1.  Methods for rejection of far field 
r-wave sensing in the atrial leads are also frequently incorporated.18 

AF burden is defined as the total cumulative duration of detected
AF during a 24 hour period.  Implantable devices have been shown
to have a very high accuracy (> 99%) for detecting AF burden using

had AF at baseline, and AF developed in another 8% and 5% of 
patients in the respective groups during follow-up.12  Further, HF 
patients with AF have a significantly increased risk of cardiovascular 
death or HF hospitalization compared to HF patients without AF.12  
It has been shown that pharmacologic rate control is as effective and 
pharmacologic rhythm control in HF patients with AF.2  Implanted 
devices such as Cardiac Resynchronization Therapy (CRT) devices 
and Implantable Cardioverter Defibrillators (ICD) are commonly 
utilized in patients with HF.  These devices provide continuous 
long term monitoring of AF and ventricular rate during AF, thus 
providing an opportunity to proactively monitor for timely rate or 
rhythm control interventions to reduce the risk of cardiovascular and 
HF events.  

In this review we will discuss (1) the mechanisms of ventricular 
response during AF, (2) novel methods for assessment of rapid 
ventricular rate during AF, (3) the clinical relevance of identifying 
rapid ventricular rate during AF with respect to cardiovascular and 
specifically HF hospitalizations, loss of cardiac resynchronization 
therapy, and inappropriate ICD shocks, (4) the ventricular rate targets 
to achieve adequate rate control during AF, and (5) the conventional 
and investigational treatment strategies for achieving rate control.

Ventricular Response During AF
Ventricular response during AF is characterized by a faster 

ventricular rate compared to normal sinus and an irregularly 
irregular or “random” sequence of RR intervals.13  There are multiple 
theories which try to explain the exact reason for the randomness 
of RR intervals. One theory suggest that multiple atrial impulses 
continuously arrive at the AV-node in a random fashion leading 
to various degrees of concealed conduction through the AV-node 
depending upon its refractory state.14  Ventricular rate during AF 
is widely believed to be dependent on the refractory period of the 
AV-node and the refractory period of the atrial myocardium.  An 

Figure 1:
 Example showing the atrial fibrillation diagnostics measured in ICD devices. This patient had cardiovascular hospitalization and emergency 
department visits after long duration episodes of poor rate control during AF. The patient also had multiple days with defibrillator therapy on 
days with rapid ventricular rate during AF. 
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rate control is assessed using the ECG or using intermittent 24 
hour Holters. It has been shown recently that monitoring using 
intermittent techniques such as Holter recorders underestimates 
the incidence of poor rate control in patients with permanent AF.31  

For example, the sensitivity of a single 24-hour Holter recording 
to identify the presence of poor rate control in ICD or CRT-D 
patients was found to be less than 10%.  Increasing the monitoring 
duration to 7 consecutive days still failed to raise the sensitivity 
above 20%.  Thus, continuous long term monitoring of AF and 
ventricular rate during AF using implantable devices with remote 
access and wireless alerting capabilities is the most comprehensive 
technique to provide dynamic assessment of AF type and rhythm32 

and rate control status, thus providing the opportunity to optimize 
pharmacologic treatment strategies in a timely manner.  

Clinical Relevance of Rapid Ventricular Rate During AF
Cardiovascular Hospitalizations 

The primary treatment goal for patients with AF is to reduce the 
risk for stroke by use of anti-thrombotic therapies.  Secondary to 
reducing the risk of stroke, patients with AF are managed to reduce 
clinical morbidity, such as cardiovascular hospitalizations and 
symptoms.  Implantable device detected AF and poor rate control 
has been shown to be associated with increased risk for mortality 
in a very large cohort of patients with cardiac resynchronization 
therapy defibrillator (CRT-D) devices.33  A review of hospital 
discharges in the United States from 1996-2001 showed that more 
than 2 million discharges with primary diagnosis of AF occurred 
during the 5 year period.34  Further, over that time period admission 
with a primary diagnosis of AF increased 34%.  The number of 
hospitalizations due to AF is projected to increase with an aging 
population and presents a huge economic burden to the health care 

sensing leads in the atrium18-21  and are considered as the gold standard 
for continuous long term AF detection.  In implantable loop recorder 
devices, PP intervals cannot be sensed reliably and hence AF detection 
is performed using information regarding RR intervals.  During AF, 
the AV-node rather than the SA-node controls ventricular response 
leading to characteristic signatures of incoherence in RR intervals. 
AF is detected by looking for incoherence of RR interval time-series 
over a period of time.22 Implantable loop recorders have been shown 
to have high accuracy (>98%) in detecting AF burden, though not as 
accurate as implantable devices with leads in the atrium.23  Since fewer 
than 10% of AF episodes are reported as being symptomatic24, 25 and 
only 1 out of every 5 patient symptoms correlate with the presence 
of AF, 24, 26 intermittent monitoring techniques are commonly used 
to search for AF and corroborate symptoms.  However, studies have 
shown that implantable continuous monitoring can detect when 
patients are having AF more reliably than intermittent monitoring 
using ECGs and Holter recordings.27,28  In a study of patients with 
paroxysmal AF, simulations of quarterly Holter monitoring were 
found to miss 46% of patients who actually had AF, while also 
incorrectly predicting that patients do not have AF in 71% of cases.27  
Continuous monitoring becomes more relevant for patients with 
paroxysmal AF and asymptomatic AF.  

Ventricular rate during AF, a measure of rate control, is computed 
as the average ventricular rate during periods of detected AF and 
is commonly reported for each 24 hour period. In addition to 
implantable devices which can continuously monitor AF parameters 
for 3-10 years, external monitoring devices29,30 also have the ability to 
monitor AF and ventricular rate during AF continuously for periods 
of 1-4 weeks.  However in most clinical situations, ventricular rate 
during AF is assessed using a snapshot measurement of AF with 
electrocardiograms (ECG). In many studies1,2,6 the adequacy of 

Figure 2:
Atrial Fibrillation and poor rate control as detected by an implantable loop recorder. This patient was admitted multiple times with HF symptoms 
of shortness of breath and edema and was found to have AF with rapid ventricular rate on presentation. The patient had to be treated with IV 
diuretics during both admissions. 
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system.35 It is widely believed that higher ventricular rate and RR 
interval variability during AF leads to symptoms during AF such as 
palpitations, shortness of breath, dizziness, and fatigue. However it 
has been shown that symptoms correlate very poorly with presence of 
AF and that there are no significant differences between ventricular 
rates for symptomatic and asymptomatic episodes of AF.24  

One approach for prevention of clinical morbidity would be to 
continuously monitor patients for AF and high ventricular rates during 
AF, irrespective of the presence of symptoms, and treat patients in a 
timely manner to prevent hospitalizations and symptoms.  Figure 1 
and Figure 2 show examples of patients with long periods of AF with 
rapid ventricular rates, as detected by different kinds of implantable 
devices, prior to hospital admissions.  Controlling the ventricular 
rate during AF in a timely manner may prevent tachycardia induced 
cardiomyopathy and improve the hemodynamics by allowing for a 
larger ventricular filling time during the cardiac cycle.  The CONNECT 
study investigated the utility of remote care alerts for high AF burden 
and poor rate control in patients with implantable cardioverter 
defibrillator (ICD) or CRT-D devices in a randomized multi-center 
study.36  The study showed that continuous monitoring, with wireless 
remote alert capabilities, allows providers to make clinical decisions 
more than 2 weeks earlier compared to performing in-office follow-
ups. Though the number of cardiovascular related hospitalizations was 
not different between the two arms in the study, the length of stay was 
reduced significantly in the remote monitoring arm compared to in-
office follow-up arm thereby providing a potential cost savings to the 
health care system.  In the ATHENA study,37 it has also been argued 

that the rate control effect of dronedarone was responsible for the 
reduction in cardiovascular hospitalizations and all-cause mortality 
shown.  Thus, identifying when patients have poor rate control and 
taking therapeutic actions if necessary may lead to a reduction in 
length of stay and the number of cardiovascular hospitalization.
Heart failure Hospitalizations 

HF hospitalizations comprise a large proportion of cardiovascular 
hospitalizations and consequently impose a large economic burden 
on the health care system.  Recently it has been shown that in HF 
patients with implanted CRT-D devices capable of continuously 
monitoring for AF, device detected AF is associated with an increased 
risk for death or HF hospitalization.38  In a similar patient cohort 
of HF patients with CRT-D devices, 34% of patients with device 
detected AF had average ventricular rate > 80 bpm and maximum 
ventricular rate during AF > 110 bpm on AF days.39  Further, it was 
shown that rapid ventricular rate during AF, as defined above, was 
associated with an increased risk of death or HF hospitalization.  In 
a recent report it has been shown that device detected AF > 6 hours 
on a single day in the last 30 days with good rate control increased 
risk for HF hospitalization in the next 30 days.40  The risk increased 
to more than 3 times when there were a greater number of days with 
AF burden > 6 hours in the last 30 days.  Further, patients with more 
than 6 hours of AF and with an average ventricular rate during AF 
of > 90 bpm on a single day in the last 30 days are close to 6 times 
more likely to be hospitalized for HF in the next 30 days compared to 
patients with no AF.   Interestingly, patients with persistent AF in the 
last 30 days exhibited an increased risk for HF hospitalization in the 

Figure 3:
Prolonged period of loss of cardiac resynchronization therapy pacing due to poor rate control during atrial fibrillation as documented by 
diagnostics provided in CRT-D devices.
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rate of the pacemaker, the more significant the amount of loss in 
CRT pacing and increased likelihood of adverse clinical outcomes in 
patients.  Knowing when rapid ventricular rates are occurring during 
AF and taking clinical steps to improve rate control in these patients 
is the simplest solution to improving CRT response in patients.41

Inappropriate Defibrillator Shock Therapy
 Rapid ventricular rate during AF has long been identified as one 

of the primary causes of inappropriate detection and shock therapy 
in ICDs.46,47  Dual chamber defibrillators are used primarily for the 
ability of the atrial lead to detect atrial tachyarrhythmias and reduce 
inappropriate detection and therapy for AF and AT with rapid 
ventricular response.46-48 Though significant progress has been made 
in reducing inappropriate detections in ICDs, rapid ventricular rate 
during AT and AF, specifically in the ventricular fibrillation rate 
zone, still remains a primary cause for inappropriate ventricular 
arrhythmia detection and shock therapy.  Recently, it has been shown 
in a large cohort of ICD patients that AF > 1 hour in a day coupled 
with an average ventricular rate during AF > 110 bpm identified 
patients at highest risk of future shock therapy.49 Figure 1 shows 
an example where defibrillation therapy was delivered on days with 
rapid ventricular rate during AF in a patient with ICD device.  Thus 
monitoring for poor rate control during AF provides the opportunity 
to reprogram ICD devices and provide therapy for aggressive rate 
control during AF in a timely manner to reduce inappropriate shocks 
in ICD patients.  

Targets for Rapid Ventricular Rate or Poor rate Control 
During AF

There are various definitions of poor rate in different guidelines.  
In the United States, the recently updated ACC/AHA/HRS 
guideline for management of patients with AF3 states that there 
are no standard methods for rate assessment during AF to guide 
management of patients.  The guideline suggests that the general 
consensus for good rate control consists of maintaining ventricular 
rate during AF in the range of 60-80 beats per minute (bpm) during 
rest and between 90-115 bpm during moderate exercise, which are 
primarily derived based on short term benefits in hemodynamics 
and was used in the AFFIRM study.1  It is also suggested that the 
maximum rate limit during exercise be adjusted for age.  The ESC 
guidelines for management of patients with AF4 also state that the 
adequate targets for rate control with respect to clinical outcomes is 
unknown.  The guidelines suggest, based on the results of the RACE 
II study,6 that patients should initially be managed to maintain a 

next 30 days only in the setting of poor rate control.  Figure 2 shows 
an example of a patient being monitored by an implantable loop 
recorder with AF detection capabilities.  There were long periods of 
AF with rapid ventricular rates prior to HF related hospitalizations 
which needed IV diuresis treatment during the admission.   

Knowing that the patient has AF or poor rate control identifies 
which patients are at increased static risk for death or HF 
hospitalization.38,39  Additionally, information on when the patient 
is having AF, amount of AF, type of AF, and changes in rate control 
status during AF provide an assessment of how the risk status changes 
in a dynamic fashion on a monthly basis40 providing an opportunity 
to provide more clinical attention and resources to selective patients 
in a timely manner to reduce clinical morbidity.

Reduction in Cardiac Resynchronization Therapy
Rapid ventricular rate during AF has been shown to be one 

of the primary causes for loss of CRT therapy.39,41,42 Atrial 
tachyarrhythmias were identified as the primary cause for loss of 
CRT pacing in 50% of the patients with loss of CRT pacing.41  These 
results were corroborated in a larger cohort of patients, in which 
atrial tachyarrhythmias accounted for more than 50% of cases with 
more than 10% loss in CRT pacing.42  The percent of loss of CRT 
pacing was linearly related to average ventricular rate during AF in 
patients with AF.39  Loss of CRT pacing in HF patients has been 
shown to be associated with increased risk of mortality and HF 
hospitalizations.43-45  Patients with 93-100% CRT pacing had a 44% 
reduction in hazard for HF hospitalization or all all-cause mortality 
compared to patients with 0-92% CRT pacing.43 Similar results were 
reported in a larger cohort of patients, which showed that reduced 
CRT pacing is associated with decreased survival.44  Further, it was 
shown that a single day with more than 10% loss of CRT pacing in 
the last 30 days increased the risk for a HF hospitalization in the next 
30 days by 2.6 times.45  The risk increased to 5.5 times if the cause for 
the loss of CRT pacing was rapid ventricular rate during AF.  Patients 
with loss of CRT pacing in last 30 days caused by rapid ventricular 
rate during AF were 2.7 times more likely to be hospitalized for HF 
in the next 30 days compared to patients where the loss of CRT was 
due to other reasons.  

 Rapid ventricular rate during AF almost always leads to some 
degree of loss of CRT pacing, with the amount of loss of CRT pacing 
depending on the duration of rapid ventricular rate during AF.  Figure 
3 shows an example of rapid ventricular rates leading to loss of CRT 
pacing in a patient with CRT-D device. The longer the duration of 
ventricular rate during AF being greater than the upper tracking 

Table 1: Rate control limits described in various studies for patients monitored using implantable devices.

Implantable 
device

Patient Population Purpose of Monitoring Rate Control Limits References

CRT-D Patients with history of HF and co-morbidities Prevent loss of CRT therapy; Prevent 
CV/HF admissions

Avg. V-rate during AF < 90 bpm on days 
with ≥6 hour AF 

38-45

ICD No history of HF Prevent inappropriate ICD therapy Maximum V-rate during AF < 110 bpm on 
days with ≥1 hour AF 

46-49

ICD/ Pacemakers/ 
Implantable Loop 
Recorders

Patients with history of HF but maintaining active lifestyle Prevent CV/HF admissions Avg. V-rate during AF < 110 bpm on days 
with ≥6 hour AF 

None

ICD/ Pacemakers/ 
Implantable Loop 
Recorders

Patients with history of HF and comorbidities with 
compromised functional capacity 

Prevent CV/HF admissions Avg. V-rate during AF < 90 bpm on days 
with ≥6 hour AF 

None
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longer the initial drug of choice for rate control except in patients 
with HF or patients with sedentary lifestyle.  Besides pharmacologic 
agents, AV-node ablation and permanent pacing, more specifically 
bi-ventricular pacing, is a very effective way of controlling rate during 
AF.3,4,51  Several other novel techniques for rate control are under 
investigation, including selective vagal stimulation52 and renal nerve 
denervation.53

Most implantable devices are implanted for clinical indications 
such as cardiac resynchronization therapy for improving clinical 
outcomes for HF patients, defibrillation therapy for preventing 
sudden cardiac death, pacing treatment for symptomatic bradycardia, 
and aiding the diagnosis of unexplained syncope and suspicion of 
cardiac arrhythmias.  Most of these implantable devices also provide 
continuous long term AF and rate control monitoring capabilities 
with wireless transmission capabilities and remote alerts that can be 
very useful in identifying when patients are having poor rate control36 
such that pharmacologic therapy optimization can be performed 
in a timely manner with the intention of reducing symptoms 
and cardiovascular hospitalization.  In patients with AF and HF, 
continuous monitoring of AF diagnostics also identifies when 
patients are at increased risk for HF,40 thus providing the opportunity 
to optimize HF therapies, such as diuretics, if necessary in the short 
term and rate control therapy for AF in the longer term to prevent 
occurrence of future events.  Also, the capability to continuously 
monitor patients with remote transmission of their data enables 
timely monitoring of therapy effectiveness.

Conclusions:
Ventricular response during AF is primarily controlled by the 

conduction properties of the AV-node and the autonomic tone.  
Most treatment strategies for controlling rate during AF target these 
mechanisms.  Continuous monitoring of ventricular rate during 
AF, as provided by implantable medical devices, provides the most 
comprehensive method for assessing the presence and burden of poor 
rate control.  The diagnostics provided by implantable devices along 
with their remote monitoring and alerting capabilities provides an 
opportunity for timely intervention, particularly in asymptomatic 
patients.  Rapid ventricular rate during AF identifies when patients 
are at increased risk for loss of cardiac resynchronization therapy, 
inappropriate defibrillator shocks, and cardiovascular hospitalizations.  
Thus it can be hypothesized that timely intervention based on 
continuous assessment of poor rate control may prevent tachycardia 
induced cardiomyopathy, improve hemodynamics during AF, improve 
cardiac resynchronization therapy response, reduce inappropriate 
defibrillator shocks, and reduce cardiovascular hospitalizations.  
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Abstract
Atrial fibrillation is associated with significant morbidity and mortality. There is a strong relationship between atrial fibrillation and aging, 

thromboembolism, stroke, congestive heart failure and hypertension. In addition, advanced age is a powerful risk factor for stroke and 
thromboembolism in patients with atrial fibrillation.

For many years, vitamin K antagonists were the only approved anticoagulants for the management of atrial fibrillation. Lately new 
anticoagulants made their appearance and large trials have already shown their superiority against vitamin K antagonists. Since the 
arrhythmia is encountered frequently in the elderly, it is crucial to identify the beneficial effects of the novel oral anticoagulants in this 
particular patient population.

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

arrhythmia with an incidence markedly increasing with advanced 
age. The prevalence of AF is 2.3% in people older than 40 years and 
5.9% in those older than 65 years. 10% of people over 80 years suffer 
from AF.1 Epidemiological studies such as Framingham emphasized 
the strong and consistent association between the incidence of AF 
and age.2

Stroke and thromboembolism are major adverse events in patients 
with AF. The risk of ischemic stroke is 5-fold higher among patients 
with AF.3 This risk is not consistent amongst various age groups. 
The elderly are at an increased risk of stroke even in the absence of 
AF. Previous studies and meta-analysis have shown that AF confers 
additional risk for stroke in elderly patients.4

This review article is an overview of the impact of age on the 
prognosis and managements of AF.

Age as a Risk Factor for Stroke in Atrial Fibrillation
AF represents a major risk factor for stroke, systemic embolism and 

heart failure. Age is a well known independent and consistent risk 
factor for adverse outcomes in patients with AF. In the Framingham 
Study, the percentage of stroke attributable to AF increased steeply 
from 1.5% at 50–59 years of age to 23.5% at 80–89 years of age.5 
  More recent studies and ‘real world’ registries established advanced 
age as an independent risk factor for stroke.6-10 For example, in a 
cohort of 409 patients with non-rheumatic AF, Stollberger et al 
identified age and previous stroke as the most powerful predictors 
of stroke/embolism on a multivariate analysis.6 In the Stroke Pre-
vention in Atrial Fibrillation I-III trials, a multivariate logistic re-
gression analysis in 2012 participants given aspirin alone or in com-
bination with low, inefficacious doses of warfarin, found age to be 
independently associated with increased stroke risk.8 In a more recent 
meta analysis of the AF investigators, including 8932 patients and 17 
685 years of observation from 12 randomized trials on stroke preven-
tion in AF, patients’ age significantly increased the risk of ischemic 
stroke (adjusted hazard ratio [HR] per decade increase 1.45; 95% 
confidence interval (CI) 1.26 to 1.66).10 However one study failed to 
confirm age as an independent risk factor for stroke in AF.11 

Age and Stroke Risk Prediction Schemes
 Multiple risk stratification schemes have been proposed to assist 

with stroke risk estimation in patients with non-valvular AF. Despite 
the substantial differences among them comorbidities such as 
previous stroke/TIA, age, hypertension and diabetes are consistently 
included features.12 Age ≥75 years is the most commonly used cut 
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2) was developed to identify AF patients of greater bleeding risk.
This calculates bleeding risk using 9 clinical variables including age
(as a dichotomous variable). A HAS-BLED score ≥3 indicates high
risk and a need for careful review and follow up, as well as to address
correctable bleeding risk factors, namely uncontrolled blood pressure
(the H in HAS-BLED), labile INRs if on warfarin (the L in HAS-
BLED) and concomitant medication (the D in HAS-BLED).17

  Eventhough elderly people are more prone to bleeding when on 
anticoagulation therapy, an INR target below 2.0 does not pre-
clude bleeding nor offers adequate protection from thrombotic 
events.1718,1819 Moderate anticoagulation (2.0-3.0 INRs), with a high 
(individual) average time in therapeutic range (TTR, eg >70%) in 
elderly patients with AF seems to be the safest approach.20,21

  Falls have been a major concern when oral anticoagulation is con-
sidered for elderly patients. This was based on the assumption that 
elderly are more prone to falls and thus more prone to post-traumatic 
bleeding. Nevertheless, the only study that prospectively investigated 
the impact of falls on the outcome of patients on oral anticoagula-
tion concluded that patients at high risk of falls did not have a sig-
nificantly increased risk of major bleeds. The authors concluded that 
being at risk of falls is not a valid reason to avoid oral anticoagulants 
in medical patients, eventhougheven though the need for further re-
search is warranted.21,22

Age as a Risk Factor for Bleeding in Patients with Atrial 
Fibrillation

 Data based on historical randomized controlled trials 
demonstrated that oral anticoagulation significantly reduces the risk 
of ischemic strokes and all cause mortality compared with placebo in 
all age groups.10 Anticoagulants have been also proven more effective 
than antiplatelet agents at reducing stroke risk in AF patients. 
Nevertheless, whether this benefit outweighs the increased risk of 
bleeding in elderly patients was uncertain until recently.  

  The HAS-BLED [(hypertension, abnormal liver/renal function (1 
point each), stroke, bleeding history or predisposition, labile INR, el-
derly (>65), drugs/alcohol concomitantly (1 point each)] score (Table 
2) was developed to identify AF patients of greater bleeding risk.
This calculates bleeding risk using 9 clinical variables including age
(as a dichotomous variable). A HAS-BLED score ≥3 indicates high
risk and a need for careful review and follow up, as well as to address
correctable bleeding risk factors, namely uncontrolled blood pressure

off point when age is introduced as a dichotomous variable in the 
schemes

In the CHADS2 [cardiac failure, hypertension, age, diabetes, stroke 
(doubled)] score and NICE (National Institute for Health and Care 
Excellence) guidelines the significant role of age>75years as a risk 
factor for stroke in AF is well appreciated.13,14 Nevertheless, stroke 
risk in AF is a continuum; and so is the impact of age on individual’s 
risk. Thus, the latest European Society of Cardiology (ESC) 
guidelines proposed the use of the CHA2DS2-VASc [cardiac failure, 
hypertension, age≥75 years(doubled), diabetes, stroke (doubled)-
vascular disease, age 65-74 and sex category (female)] score for risk 
stratification of patients with AF.3 In the CHA2DS2-VASc score, age 
65-74 adds one point in the score and age ≥75 adds two points and
classifies a patient at high risk for stroke, even in the absence of other
risk factors (Table 1). CHA2DS2-VASc includes more clinically
relevant variables compared to older schemes, but it is still limited
by lack of consideration of important factors such as frailty, cognitive
and functional decline, or adherence to therapy. 15,16

Age as a Risk Factor for Bleeding in Patients with Atrial 
Fibrillation

 Age also represents an important well established risk factor for 
major hemorrhage in patients on antithrombotic therapy. From 
a meta-analysis of the Atrial Fibrillation Investigators database 
contained data from 12 trials, advanced age increased the risk of 
serious bleeding (HR 1.61; 95% CI 1.47 to 1.77). Compared with 
placebo, oral anticoagulation increased the risk of serious bleeding 
by more than 50% (HR 1.56; 95% CI 1.03 to 2.37) in these older 
trials.10

   The HAS-BLED [(hypertension, abnormal liver/renal function (1 
point each), stroke, bleeding history or predisposition, labile INR, el-
derly (>65), drugs/alcohol concomitantly (1 point each)] score (Table 
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a. CHADS2 score Adjusted stroke rate (% year)1

0 1.9 (1.2-3.0)

1 2.8 (2.0-3.8)

2 4.0 (3.1-5.1)

3 5.9 (4.6-7.3)

4 8.5 (6.3-11.1)

5 12.5 (8.2-17.5)

6 18.2 (10.5-27.4)

b. CHA2DS2-VASc score Stroke and thromboembolism event rate at 
1 year follow up (%)2

0 0.78

1 2.01

2 3.71

3 5.92

4 9.27

5 15.26

6 19.74

7 21.50

8 22.38

9 23.64

Table 1: Risk of stroke and (a) CHADS2 and (b) CHA2DS2VASc score

Letter Clinical characteristic Points 
awarded

H Hypertension (ie uncontrolled blood pressure) 1

A Abnormal liver or kidney function 1 or 2

S Stroke 1

B Bleeding tendency or predisposition 1

L Labile INRs 1

E Elderly (age>65yrs, frail condition) 1

D Drugs (eg. aspirin or NSAID concomitantly) or alcohol excess/abuse 
(1 point each)

1 or 2

Maximum 9 
points

Table 2: Clinical characteristics comprising the HAS-BLED bleeding risk score.
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serious bleeding by OAC.10 

Age and Stroke Prevention in Atrial Fibrillation: New Oral 
Anticoagulants

Until recently, vitamin K antagonists such as warfarin were the 
only available OACs for stroke prevention in patients with AF. The 
advent of new OACs gave hope for a more effective management 
of patients with AF. They can be administered in fixed doses and 
are characterized by few food or drugs interactions, simplifying the 
long-term therapy.33 There is still need of monitoring and follow-up 
of patients on new OACs as contraindications to new OACs might 
develop or their dose might require adjustment. Renal impairment 
and concomitant medication should be regularly assessed in patients 
on new OACs. Table 3 presents phase III completed or ongoing trials 
with new oral anticoagulants, with emphasis on the interaction of 
efficacy and safety with regard to age.34 

In the RE-LY trial (Randomized Evaluation of Long-term 
anticoagulant therapY with dabigatran etexilate) , which included 
18111 patients aged 71.5±8.7 years, dabigatran, an oral direct 
thrombin inhibitor, given at a dose of 110 mg bid was associated with 
rates of stroke and systemic embolism similar to those associated 
with warfarin, as well as 20% lower rates of major hemorrhage. With 
the higher dose of 150 mg bid, dabigatran was associated with lower 
rates of stroke and systemic embolism but similar rates of major 
hemorrhage. The study did not report any significant interactions 
between treatment efficacy and age.35 A sub-analysis of the RE-
LY data demonstrated that both doses of dabigatran compared 
with warfarin had lower risks of both intracranial and extracranial 
bleeding in patients aged <75 years, but in those aged ≥75 years, 
intracranial bleeding risk was lower but extracranial bleeding risk was 
slighly higher with the 150mg bid dose of dabigatran compared with 
warfarin.36 Thus, there was an important age interaction for major 
bleeding in the RE-LY trial. 

Rivaroxaban, an oral factor Xa inhibitor, when tested in 14264 
patients with a median age 73 (interquartile range [IQR] age 65-78) 
years at a dose of 20mg once daily was non-inferior to warfarin for the 
primary end point of stroke and systemic embolism. Rivaroxaban did 
not reduce mortality and ischaemic stroke, but reduced significantly 
hemorrhagic stroke and intracranial bleeding. Even though 
rivaroxaban reduced significantly fatal bleeding, gastrointestinal 
bleeding and bleeding requiring transfusion increased.37 In 
ROCKET-AF (Rivaroxaban Once-daily oral direct factor Xa 
inhibition Compared with vitamin K antagonism for prevention of 
stroke and Embolism Trial in Atrial Fibrillation), elderly AF patients 
were well represented as 43% of the study population was ≥75 years. 
No significant interaction between rivaroxaban’s efficacy or safety 
and age was present in the ROCKET-AF trial (Table 3).

Apixaban is an oral Xa inhibitor that has already demonstrated its 
superiority towards warfarin. The ARISTOTLE trial (Apixaban versus 
Warfarin in Patients with Atrial Fibrillation) compared apixaban 
with dose adjusted dose warfarin in a cohort of 18201 patients with 
a median age 70 (IQR 63-76) years. Apixaban reduced the primary 
efficacy endpoint of stroke or systemic embolism by 21% compared 
with warfarin. Apixaban further reduced major bleeding by 31% and 
all cause mortality by 11%. Eventhough gastrointestinal bleeding was 
similar for patients treated with apixaban and warfarin, the rate of 
intracranial hemorrhage and hemorrhagic stroke was significantly 

(the H in HAS-BLED), labile INRs if on warfarin (the L in HAS-
BLED) and concomitant medication (the D in HAS-BLED).17

   More recent data underlined the observations from the BAFTA 
(Birmingham Atrial Fibrillation Treatment of the Aged) investiga-
tors. For example, Singer et al reported results from the ATRIA (An-
Ticoagulation and Risk factors in Atrial fibrillation) registry show-
ing that the adjusted net clinical benefit of warfarin was greatest for 
patients 85 years or older (2.34% per year; CI 1.29% to 3.30%).25

  In addition, the small WASPO (Warfarin versus Aspirin for Stroke 
Prevention in Octagenarians with AF) trial revealed that dose-ad-
justed warfarin was significantly better tolerated with fewer adverse 
events (including bleeding) compared to aspirin 300 mg in a study of 
octogenarians with AF - although aspirin 75 mg may had been better 
tolerated, there has been no evidence for efficacy in AF at this dose 
although this trial was too small and underpowered for thromboem-
bolic endpoints.26

  In 2009, the Atrial Fibrillation Investigators database reported the 
effect of age on the relative efficacy of oral anticoagulant and an-
tiplatelet therapy on ischemic stroke, serious bleeding, and vascular 
events in patients with AF. The study concluded that as age advanced, 
the relative efficacy of antiplatelets to prevent ischemic stroke de-
creased, whereas it does not change for oral anticoagulants. So the 
absolute benefit of oral anticoagulants increases as patients get older, 
as stroke risk increases with age. Neither oral anticoagulation nor 
antiplatelet treatment interacted significantly with patients age for 
either serious hemorrhage or cardiovascular events. This analysis 
modeled patients age as a continuous variable rather than arbitrary 
cutting patient age at 75 years.10 These results are in agreement with 
more recent data from the ATRIA registry.27

Utilization of Oral Anticoagulation in Elderly Patients with 
AF

 It is well established that AF is associated with significant 
morbidity and mortality and large randomized controlled trials 
have already demonstrated that long-term oral anticoagulation 
therapy can reduce the risk of stroke by approximately 64% per year 
in patients with nonvalvular AF. Nevertheless only 15% to 44% of 
AF patients at risk of stroke are prescribed warfarin. This clinical 
evidence-clinical practice gap is more pronounced in advanced age 
groups; so that elderly people with AF are less likely to receive OAC 
therapy.

Why is this so? This is mostly due to the fact that the risk for major 
bleeding is also increased in advanced age.28 Moreover elderly people 
with AF more commonly present with comorbidities associated 
with increased risk for major hemorrhage. The risk for hemorrhagic 
events seems to be greater in the first three months in patients newly 
initiated on warfarin. Even though crucial, optimal INR control 
is most of the times not feasible in advanced age. Advanced age is 
known to be a barrier to anticoagulation therapy. Even physicians 
who decide to prescribe anticoagulation therapy for older patients, 
aim for a lower intensity than the one established by the literature 29 

Polypharmacy in the elderly also contributes to low utilization of oral 
anticoagulant therapy and suboptimal compliance.30,31,32

Whilst the elderly may have an increased risk of major bleeding, 
the absolute gain in stroke reduction with OAC in most elderly 
patients with AF would outweigh the small absolute increase in 
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lower in the apixaban group. The ARISTOTLE population was 
younger than the ROCKET AF population and patients above 75 
years represented 31% of the cohort. The ARISTOTLE investigators 
did not report a significant interaction between age groups and either 
apixaban’s efficacy or safety.38 In the AVERROES trial (Apixaban 
versus Acetylsalicylic Acid to Prevent Strokes), apixaban was tested 
against aspirin in 5599 patients with AF who were at increased 
risk for stroke and for whom vitamin K antagonist therapy was 
considered unsuitable. There was no significant interaction between 
age and apixaban’s efficacy or safety compared to aspirin.39 The results 
of the another ongoing Phase 3 clinical trial testing the oral Factor 

Xa inhibitor, edoxaban against warfarin, are awaited.40 

Newer anticoagulants have established their superiority against 
warfarin in reducing rates of stroke in clinical trials. Time will tell if 
this is so in a real world population.41-44 Nevertheless, all landmark 
trials were not designed to assess net clinical benefit in age sub-
groups and they are unlikely to be sufficiently powered to detect 
differences in these populations. Thus, all post-hoc analysis should 
be interpreted with caution. It is obvious from the sub-analysis of 
the RE-LY that bleeding risk differs among age groups and caution 
is recommended when new agents are prescribed in the elderly.36 

Furthermore, practical aspects of the everyday use of these new 
OACs should be considered. Given that these drugs do not have 
a specific antidote, management of life threatening bleeding is 
problematic. This limitation is partially counterbalance by their 
short half-life which in turn makes compliance an important issue 
as missing a dose exposes the patient to thromboembolic risk. 42-44 

Post marketing surveillance data are required to evaluate the long 
term safety of new oral anticoagulants in the elderly. The net clinical 
benefit of these drugs generally seems in favor for its widespread 
use.45,46 

Conclusions:
Age has an independent effect on the stroke risk, with age ≥75years 

being recognized as a strong risk factor. It is well established that 
elderly AF patients will receive the greater net clinical benefit from 
oral anticoagulants considering the greater stroke risk. Careful 
prescription of oral anticoagulation after careful stroke and bleeding 
risk stratification and tight control of INR levels is strongly advised 
for elderly AF patients. One challenge is how to identify those 
elderly patients who could potentially do well if started on warfarin, 
with a high percentage time in therapeutic range (rather than need a 
novel oral anticoagulant).  The new SAMe-TT2R2 score could help 
here, by predicting those who could potentially do well on warfarin 
(SAMe-TT2R2 score 0-1) or alternatively, those who are likely 
to have poor anticoagulation control if warfarin is used (SAMe-
TT2R2 score ≥2) where a novel oral anticoagulant could be a better 
treatment option.47 Age has an independent effect on the stroke 
risk, with age ≥75years being recognized as a strong risk factor. It 
is well established that elderly AF patients will receive the greater 
net clinical benefit from oral anticoagulants considering the greater 
stroke risk. Careful prescription of oral anticoagulation after careful 
stroke and bleeding risk stratification and tight control of INR levels 
is strongly advised for elderly AF patients. In several instances age 
per se might be a misleading risk factor and additional parameters 
such as comorbidities, frailty, and cognitive faction should be 
considered. Despite the more stable pharmacokinetic profile and 
fewer inherent problems than warfarin, the net clinical benefit of 
novel oral anticoagulants in elderly AF patients will require further 
evaluation in real world practice.
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Abstract
During the past decades there has been a consistent evolution of both surgical and catheter-based techniques for the treatment of 

stand-alone atrial fibrillation, as alternatives or in combination with anti-arrhythmic drugs. Transcatheter ablation has significantly improved 
outcomes, despite often requiring multiple procedures and with limited success rates especially in presence of persistent atrial fibrillation. 
Surgical procedures have dramatically evolved from the original cut-and-sew Maze operation, allowing nowadays for closed-chest epicardial 
ablations on the beating heart.

Recently, the concept of a close collaboration between the cardiac surgeon and the electrophysiologist has emerged as an intriguing 
option in order to overcome the drawbacks and suboptimal results of both techniques; therefore, the hybrid approach has been proposed as 
a potentially more successful strategy, allowing for a patient-tailored therapeutical approach.

we reviewed the recent advancements either from the transcatheter and surgical standpoint, with a peculiar focus on the current option 
to merge both techniques along with an up-to-date review of the preliminary clinical experiences with the hybrid, surgical-transcatheter 
treatment of stand-alone atrial fibrillation.

Introduction
The pharmacological approach with Anti Arrhythmic Drugs 

(AADs) has not achieved optimal results in the long-term 
maintenance of sinus rhythm in patients with stand-alone Atrial 
Fibrillation :1-5 often, the majority of patients with AADs will evolve 
from paroxysmal to a continuous form of atrial fibrillation. 6 Therefore, 
given the aforementioned limitations of the medical therapy, during 
the past decades there has been an upsurge in terms of surgical and 
catheter-based techniques as an alternative or in combination with 
pharmacological strategies.7, 8

Both surgery and catheter ablation following parallel and 

independent tracks in the past, recently there has been an increasing 
interest in the possibility to merge the advantages of either approaches, 
in an hybrid approach, which could be associated with an increased 
rate of success while reducing the drawbacks and complications of 
either techniques. The aim of current review is therefore to address 
the issue of a hybrid approach combining surgical and transcatheter 
ablation for the treatment of stand-alone atrial fibrillation.

Surgical AF Treatment
The original Cox Maze Procedure (CMP-I) consisted of a cut-

and-sew approach, with multiple biatrial incisions being performed 
in order to interrupt potential macro reentrant circuit occurring 
in both atria.9 Although extremely effective, this technique was 
associated with significant chronotropic dysfunction and conduction 
delays between the right and left atrium: 10,11 these issues led to a 
progressive evolution of the cut and sew maze technique into the 
Cox Maze Procedure III (CMP-III).11, 12 In particular, from 1992 
to 2002, 112 consecutive patients underwent a stand-alone cut-and-
sew CMP-III, with a median sternotomy and cardiopulmonary 
bypass. The median duration of preoperative AF was 7.0 years 
(ranging from 3.2 to 13.0 years), with 56% paroxysmal (63 patients) 
and 44% persistent and long-standing persistent AF (49 patients). 
Of the patients, 95% were in the New York Heart Association class 
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or atrial tachycardia, that lasted more than 30 seconds. Patients were 
only considered to be a success if they were both free of AF and free 
of antiarrhythmic drugs (class I or III) after 3 months postoperatively 
(blanking period). Any patient requiring an interventional procedure 
after the blanking period was deemed a permanent failure. The Cryo 
CMP-IV yielded an 88.5% rate of freedom from AF at 12 months, 
as best result.22 Cryoablation preserves the architectural integrity of 
tissue collagen and it is an excellent energy source for ablation giv-
en its safety, efficacy and ease of use, given the low risk of bleeding, 
perforation, or collateral damage and lack of endocardial thrombus 
formation14, 21,23 Still, the CryoMaze procedure required as well an ar-
rested heart and cardiopulmonary bypass, since the “heat sink” effect 
of circulating intracavitary blood can “wash” the cold energy created 
by the cryoprobe thereby hampering an effective ice formation at the 
level of the endocardial tissue, especially on the full beating heart .21, 23

  Instead, an off-pump, beating heart surgical AF approach has 
gained growing interest during the past decade: consequently, novel 
approaches have been investigated and developed in order to perform 
an effective isolation of the pulmonary veins (PVs) on the beating 
heart in patients with lone AF.24 Refinements in surgical techniques 
and technologies have nowadays allowed for a significantly less in-
vasive, off pump AF ablation either via closed-chest, thoracoscopic 
or minithoracotomy approaches.25,26  The minimally invasive surgical 
(MIS) approach using video-assisted PV epicardial ablation was first 
described in 2003 by Saltman.27 Saltman et al. reported a case of pul-
monary vein isolation (PVI) in which they devised and experimented 
with a bilateral completely thoracoscopic epicardial approach in or-
der to deliver a wide isolation of all four PVs and the posterior as-
pect of the left atrium (“box” lesion set):27 this preliminary experience 
proved that totally endoscopic PVI was a safe and effective procedure 
and paved the way for further technical refinements.
   To date, bipolar RF is the most commonly adopted energy source 
for bilateral MIS as it has been associated with more effective linear 
lesions on the beating heart .15 however, most the use of bipolar RF in 
a minimally invasive fashion still required a double-sided approach to 
the chest in order to prevent the risk of unproper positioning of the 
catheter. The percentage of success with this technique ranged from 
42 to 91% in published papers (excluding case reports) at follow-up 
ranging from 6 and 40 months.26, 28

  Nevertheless, in an effort to further reduce the invasiveness of 
closed-chest AF surgery, a monolateral approach for thoracoscopic 
arrhythmia surgery has been described in 2005 by our group at the 
University of Brescia:29 such novel approach meets the criteria of a 
true minimal invasive approach, since it avoids chest opening (only 
3 mini-incisions on the right chest), the use of cardiopulmonary by-
pass while still allowing for a continuous linear lesion (box lesion 
set) being performed. The monolateral approach can significantly 
lessen the potential complication rates (such as bleeding), the degree 
of post-operative pain and allow for faster recovery. The right mono-
lateral approach implies a monopolar RF device being utilized. In an 
animal lesion study, epicardial radiofrequency ablation with common 
unipolar irrigated probe (i.e. Cobra Cooled surgical probe - Boston 
Scientific Corporation, San Jose, CA) has demonstrated transmu-
ral coagulation only in 69% of the total specimens and it decreased 
according to the increase of wall thickness, especially over 3 mm. 
Transmural coagulation was seen in 64% of the specimens after RF 

I or III and 2% had experienced a previous catheter ablation failure. 
The perioperative events consited of 2% of 30-day mortality, 8% of 
pacemaker implantation and 34 % of early atrial tachicardias. The 
median follow-up was 5.9 years and the freedom from symptomatic 
AF was 96% (95% CI, 86%–98%) at last follow-up, with a freedom 
from AF off antiarrhythmic drugs of 83% (95% CI, 68%–88%). There 
was no significant difference in late success rates for patients with 
paroxysmal AF (96%) compared with those with persistent or long-
standing persistent AF (93%, P0.556). Follow-up at 6 months was 
conducted by office visits and included a medical history, a physical 
examination and a 24-hour Holter monitoring, while the long-
term follow-up consisted of a retrospective cross-sectional analysis 
performed in 2001. This included a mailed questionnaire or telephone 
interview and contact to either the cardiologist or the primary care 
physician to evaluate recurrence of AF. So, freedom from AF was 
mainly defined by the absence of symptoms (very few of these 
patients underwent electrocardiographic or Holter Monitoring at 
12 or 24 months), with the exception of patients with pacemakers 
whose rhythms were costantly monitored by the devices.. Despite 
the impressive and probably quite overstimated results in terms of 
sinus rhythm restoration (up to 96%), the widespread use of this 
technique has been mainly hampered by the technical complexity, 
the use of cardiopulmonary bypass, the risk of bleeding, the high rate 
of pacemaker dependence (up to 15%) 13 as well as the poor aesthetic 
results of surgical scars especially in younger patients (since a full 
sternotomy was required): for these reasons, the Cox-Maze III has 
been barely adopted as a stand-alone therapy, instead it was mostly 
utilized during a concomitant mitral valve surgical procedure.14

   The introduction of various energy sources (Radiofrequency, Mi-
crowave, Cryoenergy, High-intensity focused ultrasound) as alterna-
tives to the original “cut-and-sew” technique significantly expanded 
the application of the modified Maze operation .15 The different 
types of energy sources differ mainly in the method by which they 
transfer energy to the tissue and how effectively such energy can po-
tentially create a transmural lesion. To date, only radiofrequency (RF) 
and cryoenergy have proven to be safe and effective:16,17,18, 19therefore, 
the original Cox Maze III has further been developed into the Cox 
Maze IV (CMP-IV), first introduced in 2002,20 which replaced most 
of cut-and-sew incisions with linear lesions created with bipolar RF 
and cryoenergy. The Maze IV was associated with a significantly re-
duced incidence of major perioperative complications while offer-
ing a freedom from AF comparable to the Cox Maze III (90% for 
CMP-IV vs. 96% for CMP-III and 82% for CMP-IV vs. 83% for 
CMP-III off AADs);18, 21 nonetheless, sternotomy and cardiopulmo-
nary bypass were still required. The above mentioned success rates 
about CMP-IV come from a single-center experience, that enrolled, 
from 2002 to 2010, 100 consecutive patients with symptomatic AF, 
in whom AADs and/or catheter ablation had failed . The median 
duration of preoperative AF was 6.0 years (ranging from 2.2 to 10.0 
years), with 31% paroxysmal (31 patients) and 69% persistent and 
long-standing persistent AF (69 patients). Follow-up was conducted 
by office visits at 3, 6, and 12 months and annually thereafter. At 
each visit, a medical history, physical examination, and ECG were 
obtained. Since 2006, when new follow-up guidelines were estab-
lished, 24-hour Holter monitoring or pacemaker interrogation was 
performed in 95% (62/65) of patients. Success was defined as the ab-
sence of any episode of atrial arrhythmias, including AF, atrial flutter, 
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to determine the success rate for preventing recurrence of AF and to 
assess the patient’s quality of life following the ablation procedure. 34 

Nowadays none of the existing surgical ablation technologies can 
guarantee complete transmurality at 100%. Although minimally 
invasive epicardial PVI has been shown to be safe and effective, 
it is limited by the restricted lesions set that can be performed, if 
compared to the full Cox-Maze procedure, so that a completed 
isolation is difficult to achieve. Even the use of alternative sources of 
energy in a beating heart setting can reduce the effectiveness of the 
ablation itself due to blood cooling, epicardial fat and poor catheter–
tissue contact, thus resulting in ‘late’ recovery of conduction. 

Trans-Catheter Ablation 
Following the introduction of more sophisticated tools and an 

improved understanding of the electrophysiologic (EP) mechanisms 
responsible for the initiation and perpetuation of AF, Haisseguerre 
and Swartz were the first to propose the trans-catheter ablation of 
atrial fibrillation.35,36 The discovery of trigger points for AF (mainly 
for paroxysmal AF) located inside the pulmonary veins 37 has turned 
attention to this anatomic region inside the left atrium and led to 
the development of many types of transcatheter ablation techniques 
(focal, linear and circumferential lesions).38,39,40 They all mainly aim 
at the complete anatomical disconnection of the common atrial 
myocardium from the myocardial fibers located in the wall of the 
pulmonary veins and mixed to the proper tissues of these vessels. At 
the beginning the electrophysiologists (EPs) began performing focal 
lesions, in particular the focal ablation of AF had been proposed by 
the Bordeaux’s group, which, as already mentioned, was based on the 
observation that in 90% of cases the bouts of AF were triggered by 
ectopic foci located in the PVs.37,41 About the site of origin of the 
AF triggers, noteworthy is the more recent study by Cuculich et al.,42 

testing a noninvasive way (electrocardiographic imaging - ECGI) to 
map epicardial activation patterns of AF on both atria continuosly, 
in a patient-specific manner. They demonstrated the coexistence of a 
variety of mechanisms and variable complexity among patients with 
diverse clinical type of atrial fibrillation and that AF is characterized 
by a dynamically changing activation sequence. The most common 
patterns of AF were multiple wavelets (92%), with pulmonary vein 
(69%) and non–pulmonary vein (62%) focal sites, while rotor activity 
was seen rarely (15%).42 The observation that in the former study 90% 
of AF bouts were triggered by ectopic foci located in the pulmonary 
veins, while in the latter only the 69% comes from the PVs seems 
to be consistent with the finding of many dynamic mechanisms 
that coexist and randomly combine themselves into an even greater 
number of activation patterns, specific for each patient. 

Anyhow, initially attempts were made to target exclusively the 
ectopic foci in a pinpoint fashion.43 The technique, however, was 
not only extremely laborious but also often ineffective, given the 
frequent presence of multiple foci in the PVs and multiple wavelets 
in other regions of the atria;44 moreover,pinpoint lesions also lacked 
of continuity and transmurality. 

Therefore, the introduction of refined, ad-hoc catheters, provided 
EPs the possibility to reproduce the anatomical concept widely 
adopted in the cardiac surgery approach, i.e. performing the complete 
circumferential isolation of one or more PVs from the endocardial 
side, 45, 46 along with extended linear lesions to the wall of the atria 
.47, 48 Most common sites of linear ablation lesions include a “roof 

of less than 30 seconds, and 86% after ablation of ≥60 seconds.29 

Faced with these results, further technical improvements associated 
with new instruments were indispensable to improve transmurality 
of the epicardial RFablation procedures on a beating heart.

Thus a new type of probe have been designed: the Cobra Adhere 
XL (Estech, USA) is a multiple-electrode, temperature-controlled, 
monopolar radiofrequency probe with a vacuum-assisted stabilization 
system that improves the contact with atrial tissue and optimizes the 
power penetration in the myocardium, if compared to other unipolar 
RF devices. The Cobra Adhere XL probe can be used specifically on 
the beating heart, performing a single epicardial lesion encircling all 
four pulmonary veins, in a plane parallel to the mitral valve annulus.30

To give an example, in a study conducted by our group,31 twenty-
four consecutive patients with either persistent (three patients, 
12.5%) or long-standing persistent (21 patients, 87.5%) lone AF 
were prospectively enrolled. After a mini invasive surgical ablation 
with the Cobra Adhere XL, the exit block was documented in 
all cases, whereas the entrance block was achieved in 87.5%(21 
of 24 patients). No intensive care unit stay was required, and no 
complications occurred postoperatively; hospital mortality was 0%. 
At a mean interval of 33 ± 2 days after surgery, an EP study was 
performed: bidirectional block was confirmed in 79.1%(19 of 24 
patients), whereas gaps at the level of the box lesion were observed in 
20.8% of the patients (5 of 24 patients). Albeit overall good results 
in term of safety and efficacy were obtained, the potential to create 
complete and continuous transmural lesions with bidirectional 
conduction block indeed is suboptimal, when delivered epicardially 
on the beating heart. The reason for this is due to poor visibility and 
difficulty of contact where the probe curves, especially at the level of 
the left inferior pulmonary vein.25, 31

In animal lesion studies (on porcine hearts), transmurality was 
achieved at 137/141 evaluation sites, which corresponds to full 
thickness lesion achieved at 97.2% of the locations chosen; in 
particular transmurality was observed at 100% of sites at which tissue 
wall thickness was less than 6mm.33 

The COBRA Fusion ablation system received FDA clearance 
in April, CE mark in May and has been in extensive clinical 
evaluations in the US and EU since then and early clinical results 
are now available from the UNC Center for Heart and Vascular Care 
(North Carolina, USA).33 Upon completion of the surgical epicardial 
ablation via right thoracoscopy, patients were transferred to the 
electrophysiology laboratory and bidirectional block (in and out 
the posterior left atrium) was found in each of them. The posterior 
wall and pulmonary veins showed no electrical activity whereas the 
anterior wall and left atrial appendage were electrically active.33 About 
this article, we must consider that the number of patients ablated 
has not been reported and also the maintenance of transmurality 
and the absence of reconnections and gaps remain to be evaluated 
over time, in the long term. The ATTAC-AF is a multicenter trial, 
designed demonstrate the safety and efficacy of the Estech COBRA 
Surgical in patients with irregular heart beats who are undergoing 
heart surgery. The enrollment of cardiac surgery patients who have 
a history of non-paroxysmal AF has begun in September 2012. 
During the cardiac surgical procedure for treatment of coronary or 
valve disease, patients will also be treated for their atrial fibrillation 
disease with Estech’s COBRA® Ablation probes. Patients enrolled 
in the ATTAC-AF trial will be followed for a minimum of one year 
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line” connecting the lesions encircling the left and/or right PVs, a 
“mitral isthmus” line connecting the mitral valve and the lesion 
encircling the left PVs at the level of the left inferior PV, and an 
anterior linear lesion connecting either the “roof line” or the left or 
right circumferential lesion to the mitral annulus anteriorly. 

Transvenous PVI has become the cornerstone of catheter ablation 
for AF and is currently the therapy of first choice if patients affected 
by paroxysmal AF warrant rhythm control and fail antiarrhythmic 
drugs.49 PVI is a proper therapeutical strategy in patients with 
paroxysmal short-lasting episodes of AF and is reported to be 
effective in 60–89% of them after 12 months.50,51,52 The 89% was 
obtained in the A4 study by Jais et al.52 and is meant without AADs 
and without redo ablations after the blanking period. Catheter 
ablation of AF was performed in 53 patients with paroxysmal AF, 
all patients were systematically followed up for 1 year after the first 
day of randomization (day 0) in each center, with a 12-lead ECG, 
Short Form-36 quality-of-life questionnaire, AF symptom frequency 
and severity checklist, and 24-hour Holter recording at baseline and 
3, 6, and 12 months.52 The primary end point of the study was the 
proportion of patients free of recurrent AF between months 3 and 12, 
therefore a 90-day treatment stabilization period after randomization 
(blanking period) allowed up to 3 ablation procedures (patients 
underwent a mean of 1.8 procedures within the blanking period). 
Treatment failure was considered a recurrent AF lasting more than 
3 minutes, occurring after the stabilization period (episodes were 
qualified as AF were documented by ECG or reported by the patient 
as AF).52 

To note the findings of Weerasooriya et al.53 about the long term 
efficacy of catheter ablation for paroxysmal AF: the percentage of 
patients in sinus rhythm falls to 37 and 29% respectively 2 and 5 years 
after a single catheter ablation. Only when percutaneous ablation is 
repeated, rates of maintenance of sinus rhythm rise to 87%, 81% and 
63% at 1, 2 and 5 years of follow up.53 

Conversely, the long-term efficacy of the procedure is not 
satisfactory for patients with persistent and long-standing persistent 
AF (LSP AF). The success rates after a single ablation procedure, 
limited to the PVs, vary from 22% to 60% at one year of follow up in 
different series54, 55, 56 

Pathogenetic mechanisms and atrial anatomic substrates are 
different in paroxysmal and persistent AF,6,57 therefore leading to the 
observation that PVI alone is not enough when in LSP AF atrial 
remodelling occurs and sustains AF regardless of triggers firing 
within the PVs.58 

Therefore, a more extensive lesion set beyond PVI, which could 
include targets along the LA remodelled substrate, is essential 
in persistent and LSP AF,54 but more extensive transcatheter 
approaches can lead to time consuming ablations with a consistent 
degree of complexity, and finally leading to major X-ray exposure 
and increasing the risk of procedural complications associated with 
AF ablation.49, 59 

Hybrid Ablation
The concept of a close collaboration between the cardiac surgeon 

and the electrophysiologist in order to overcome the drawbacks 
and suboptimal results of both catheter ablation and surgical AF 
treatment is intriguing and has been proposed in recent years as a 
potentially more successful strategy14, 60 (Table 1). As this approach 
is still in its early developmental stages, there is no established 

consensus with respect to the patients that could benefit most: 61 in 
general, we believe it is of utmost importance to distinguish among 
patients with paroxysmal and persistent AF. The former may benefit 
from an EP approach in the first instance, and following at least a 
couple of failed transcatheter attempts, a surgical ablation may be 
considered; instead, in the latter instance, a surgical approach may 
considered first then followed by additional transcatheter touch-up.

The rationale of such strategy is based on the consideration that in 
presence of paroxysmal AF the majority of triggers are located within 
the four PVs while in presence of persistent AF surgical procedure 
in first instance allows for an extensive isolation of the PV and the 
posterior aspect of the left atrium, thereby excluding not only the 
ectopic foci within the PVs but also targeting the macro-reentrant 
circuits and the fragmented potentials usually located within this 
area. Moreover, from the EP standpoint, it is recommended to 
reduce RF energy delivery when treating the posterior left atrium as 
to minimize the potential collateral damage to the esophagus: such 
risk can be mitigated by the surgical box lesion which could also 
overcome such drawback of the transcatheter ablation. Conversely, 
the EP procedure, as a second step, can identify and treat any 
potential gap in the surgical ablation (endocardial “touch-up”) and 
and create additional ablation lines, if required, in a patient-tailored 
fashion.62 Furthermore, the risk of stroke and air embolism during 
such transcatheter ablations could be potentially minimized by 
reducing the total number of endocardial ablations and the overall 
time spent within the left atrium;63 finally, there is also a reduction in 
fluoroscopy and overall procedural time.64

From the surgical standpoint, the collaboration with the 
electrophysiologists is extremely important especially in terms 
of intraoperative validation of the surgical ablation,64,65 since the 
most reliable end point for an effective PVI is the confirmation of 
bidirectional conduction block through the box lesion.59 The validation 
of entrance and exit block has consistently improved the quality of 
epicardial monopolar RF ablation, because the intraoperative EP 
assessment allows for a tailored delivery of RF applications, until 
such end-points are met, thereby reproducing the EP criteria for 
success also in the surgical setting.64, 65, 66, 67

When a hybrid approach is utilized, it can be performed as either 
a concomitant or a sequential procedure. In most instances66, 68, 69, 70, 71 
a single step (concomitant) procedure has been reported, advocating 
the potential advantage of a single hospitalization. However, the 
possibility to delay the EP assessment from the surgical procedure 
at least by 1 month64,31 allows for important insights: first, the 
“delay” in the completion of the hybrid procedure allows for further 
evolution and stabilization of the ablative lesions (reabsorption of 
periprocedural edema and reduced atrial post operative irritation) 
which usually occurs within a few weeks, as to avoid false positive 
and negative results. The false positives consist in early inducible 
postoperative atrial arrhythmias, typically occurring within the 
blanking period and which could not necessary be due to the 
presence of gaps in the box lesion.64, 31 Then false negatives may be 
minimized as acute demonstration of a bidirectional block could only 
be transient and not confirmed by delayed testing at one month after 
surgery.64,71 Finally, additional potential drawbacks of the single-
step, concomitant approach are patients’ heparinization following 
the trans-septal puncture which could increase the risk of epicardial 
bleeding, the need of a hybrid operating theatre and the concomitant 
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arrhythmias in the box lesion group is the reduction of the critical 
mass available for the circulating wavelets responsible for sustaining 
AF, as reported by Byrd GD et al.75 Finally, the box lesion yields 
another potential advantage compared to the single connecting lines 
since the latter could represent a source of macro reentrant circuits 
thereby promoting the onset early atrial tachyarrhythmias.71 

Nevertheless, the posterior wall accounts for about a third of the 
total left atrial mass: therefore, it has been previously argued that a 
wide isolation of the posterior left atrium could negatively influence 
the left atrial function, promoting thrombus formation and finally 
increasing the risk of stroke71 However, other studies (by means of 
magnetic resonance imaging), depicted that the posterior portion of 
the left atrium can provide a minor contribution to the overall atrial 
function, thereby the creation of box lesion set does not jeopardize the 
recovery of atrial function in presence of sinus rhythm restoration.76 

A continuous rhythm monitoring device (REVEAL XT, 
Medtronic) is implanted in all patients at the end of surgical 
procedure,64,71 thereby providing an unique set of data compared to 
other series which rely only on 24-hour Holter monitoring.66, 68-70, 77-80 

About 1 month following the surgical procedure, all patients 
underwent an EP evaluation: gaps in the surgical box lesion were 
identified in 10-15% of cases, while in about 20% of patients 
complex fractionated atrial electrograms (CFAEs) were targeted; of 
note, no lesion to the mitral isthmus was performed. As previously 
outlined, in about 40% of cases no additional ablations were required, 
and we believe this approach could in fact allow for more tailored 
treatments for these patients, especially in order to avoid unnecessary 
overtreatment.31,64 

Excellent durable clinical outcomes have been obtained, as 
confirmed by continuous rhythm monitoring: at a mean follow up 
of 30 months, 90% of patients are in sinus rhythm, 77% of whom 
off antiarrhythmic drugs and 88% free of warfarin.31,64 We defined 
success as the absence of AF episodes with a duration longer than 
5 minutes or an overall monthly burden of AF less than 0.5% of 
the time. The decision to use this cut off followed the observation 
that episodes, documented by the loop recorder as AF, lasting less 
than 5 minutes were actually episodes of repetitive supraventricular 
extrasystoles. Moreover, success rate was based upon a single EP 
procedure after the surgical ablation.

We are currently evaluating the outcomes of this novel approach 
also as principal investigators of multicenter, prospective trial, i.e. 
the Hybrid Staged Operating Room and Interventional Catheter 
Ablation for Atrial Fibrillation (HISTORIC-AF).81 

Conclusions:
Over the recent years, the development of minimally invasive surgical 

techniques and the collaboration between the electrophysiologist 
and the cardiac surgeon allowed for the development of novel 
hybrid strategy which could merge both approaches, with the aim 
of increasing the safety and efficacy of each procedure. The hybrid 
approach combines the expertise of cardiac surgery with the 
electrophysiology skills, thereby improving outcomes while reducing 
complication rates. Larger data are warranted in order to conclusively 
validate this intriguing therapeutical option, which allows for a true 
tailored approach to stand-alone atrial fibrillation.  

References:
1. Reimold SC. Cantillom CO. Friedman PL. Antmann EM. Propafenone versus

availability of two separate teams (surgeons and electrophysiologists) 
during an overall time-consuming procedure.72

The lack of extensive clinical data with this novel hybrid approach 
has required all patients to undergo an EP evaluation postoperatively 
(both with the concomitant and the sequential approach), as to 
gather further insights about the effectiveness of the procedure. 
From an overview of all recently reported series,31,64,66,68-70,73 around 
40% of patients did not require any additional touch up at the time 
of the EP evaluation and have undergone “de facto” unnecessary EP 
procedures, and therefore having been potentially overtreated.64 This 
consideration further supports the sequential strategy rather than the 
concomitant one, since patients could be evaluated first in terms of 
rhythm outcomes for 1-2 months and then potentially scheduled to 
undergo a second step.

University of Brescia clinical experience 
To date, we focused our clinical activity mostly on the hybrid 

approach of patients with persistent or long-standing persistent AF, 
as previously reported.31,62, 64

Thirty-six consecutive patients meeting study re quirements 
were prospectively enrolled. Qualifying patients were symptomatic 
for persistent (8 patients, 22%) and long-standing persistent ( 28 
patients, 78%) lone AF, refractory to anti arrhythmic drug therapy. 
In the study population, the mean left atrial dimension was 50.5 ± 8 
mm, and the mean AF duration was 82.7 months (range of 7 - 240 
months).64 Additional data are summarized in Table 1. 

As outlined above, the surgical ablation is performed first with a 
continuous lesion encircling “en bloc” the origin of all PVs and the 
posterior aspect of the left atrium being delivered (“box” lesion set). 
Immediately before the surgical procedure, a 6F decapolar electrode 
catheter (P-SUPRA CS; Webster, Diamond Bar, CA USA) is 
positioned in the coronary sinus.31, 64 

The chest trauma from the surgical approach is minimal since only 
three 1cm ports are utilized allowing for a full endoscopic procedure. 
The ablation device used31,64 is a temperature controlled monopolar 
radiofrequency probe with suction adherence and internal cooling 
(Cobra Adhere XL; Estech, San Ramon, Calif ). It is of utmost 
importance to deliver multiple ablations on the epicardial surface to 
achieve an effective isolation. Moreover, an extensive overlapping is 
performed at the level of the Waterston groove to ensure the closure 
of the box lesion. 

A tetrapolar catheter (AVAIL electrophysiology catheter, 
Josephson Curve, type A; Webster, Diamond Bar, CA USA) is 
introduced trough a port and advanced on the epicardial surface:31,64 

in particular, once positioned within the box lesion (at the level of 
the right pulmonary veins and the posterior aspect of the left atrium) 
bidirectional conduction block is tested. First, the tetrapolar catheter 
is used as a pacing probe, with the catheter in the coronary sinus 
sensing potential captures (exit block). Then, the entrance block 
was assessed by pacing from the catheter in the coronary sinus and 
sensing with the tetrapolar catheter positioned on the posterior wall 
of the epicardium within the box.31, 64 

The choice to isolate the entire posterior left atrium is based upon 
previously reported evidence71, 72, 74 that the creation of a box lesion 
instead of a single connecting lesion between the right and left 
pulmonary vein isolations resulted in a significant decrease in the 
incidence of early postoperative atrial tachyarrhythmia (up to 48% 
decrease). Another explanation for the decreased incidence of atrial 



Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com

Journal of Atrial Fibrillation118 Featured  Review
Cardiovasc Surg. 2002 May;123(5):919-27.

20. Edgerton ZJ, Edgerton JR. A review of current surgical treatment of patients with 
atrial fibrillation. Proc (Bayl Univ Med Cent). 2012 Jul;25(3):218-23.

21. Mack CA, Milla F, Ko W, Girardi LN, Lee LY, Tortolani AJ, Mascitelli J,
Krieger KH, Isom OW. Surgical treatment of atrial fibrillation using argon-
based cryoablation during concomitant cardiac procedures. Circulation. 2005 Aug 
30;112(9 Suppl):I1-6.

22. Lee R, Kruse J, McCarthy PM. Surgery for atrial fibrillation. Nat Rev Cardiol.
2009 Aug;6(8):505-13.

23. Shen J, Bailey MS, Damiano RJ Jr. The surgical treatment of atrial fibrillation.
Heart Rhythm. 2009 Aug;6(8 Suppl):S45-50.

24. Krul SP, Driessen AH, Zwinderman AH, van Boven WJ, Wilde AA, de Bakker
JM, de  Groot JR. Navigating the mini-maze: Systematic review of the first results 
and progress of minimally-invasive surgery in the treatment of atrial fibrillation. 
Int J Cardiol. 2011 Nov 9.

25. La Meir M, Gelsomino S, Lucà F, Pison L, Colella A, Lorusso R, Crudeli E,
Franco Gensini G, Crijns HG, Maessen J. Minimal invasive surgery for atrial
fibrillation: an updated review. Europace. 2012 Jul 10.

26. Saltman AE, Rosenthal LS, Francalancia NA, Lahey SJ. A completely endoscopic 
approach to microwave ablation for atrial fibrillation. Heart Surg Forum.
2003;6(3):E38-41.

27. Wolf, R. K., Schneeberger, E. W., Osterday, R., et al. (2005) Video-assisted
bilateral pulmonary vein isolation and left atrial appendage exclusion for atrial
fibrillation. The Journal of Thoracic and Cardiovascular Surgery, 130(3), 797–802.

28. Bisleri G, Muneretto C. Innovative monolateral approach for closed-chest atrial
fibrillation surgery. Ann Thorac Surg. 2005 Nov;80(5):e22-5.

29. Ishikawa S, Oki S, Muraoka M, Oshima K, Kashiwabara K, Morishita Y.
Epicardial radiofrequency ablation on a beating heart: an experimental study. Ann 
Thorac Cardiovasc Surg 2005;11:21– 4.

30. Bevilacqua S, Gasbarri T, Cerillo AG, Mariani M, Murzi M, Nannini T, Glauber
M. A new vacuum-assisted probe for minimally invasive radiofrequency ablation. 
Ann Thorac Surg. 2009 Oct;88(4):1317-21.

31. Muneretto C, Bisleri G, Bontempi L, Cheema FH, Curnis A. Successful
treatment  of lone persistent atrial fibrillation by means of a hybrid thoracoscopic-
transcatheter approach. Innovations (Phila). 2012 Jul;7(4):254-8.

32. Estech. Cobra Fusion Ablation System. http://estechcobrafusion.com/Estech-
Cobra-Fusion_datasheet.pdf (Accessed Nov 2012)

33. Kiser A.C., Mounsey J.P., Pappas H.R.. Breakthrough Advancement in Ablation
Technology http://estechcobrafusion.com/Whitepaper_Final.pdf (Accessed Nov
2012)

34. Efficacy and Safety Study of the Estech COBRA® Surgical System to Treat
Patients With a History of Irregular Heart Beats. NCT01683045 (Accessed
March 2013)

35. Haissaguerre M. Gencel L. Fischer B e coll. Successful catheter ablation of atrial
fibrillation. Cardiovasc Electrophysiol 1994; 5: 1045 52.

36. Swartz JF, Pellersels G, Silvers J e coll. A catheter based curative approach to atrial 
fibrillation in humans. Circulation 1994: 90: (Suppl. I): I¬335 (abstract).

37. Haissaguerre M, Jais P, Shah DC e coll. Spontaneous initiation of atrial fibrillation 
by ectopic beats originating in the pulmonary veins. N Engl J Med 1998; 339:
659 66.

38. Jais P, Hocini M, Sacher F, Clementy J, Haissaguerre M.: The place of ablation in
the treatment of atrial fibrillation: where are we and where are we going?  Arch
Mal Coeur Vaiss. 2004 Nov ; 97(11) : 1071-7.

39. Bourke J P, dunuwille A, O’Donnell D, Jamieson S, Furniss SS. : Pulmonary vein
ablation for idiopathic atrial fibrillation : six month outcome of first procedure in
100 consecutive patients. Heart. 2005 Jan; 91(1): 51-7.

40. Cappato R. Towards more effective techniques for catheter ablation of atrial
fibrillation: to aim for electrical disconnection of pulmonary veins or not? Eur

sotalol for suppression of recurrent symptomatic atrial fibrillation. Am J Cardiol 
1993; 71: 558 63

2. Chimienti M, Cullen MT Jr, Casadei G. Safety of long-term flecainide and
propafenone in the management of patients with symptomatic paroxysmal
atrial fibrillation: report from the Flecainide and Propafenone Italian Study
Investigators. Am J Cardiol. 1996 Jan 25;77(3):60A-75A

3. Galperin J, Elizari MV, Chiale PA, Molina RT, Ledesma R, Scapìn AO, et al.
Efficacy of amiodarone for the termination of chronic atrial fibrillation and
maintenance of normal sinus rhythm: a prospective, multicenter, randomized,
controlled, double blind trial. J Cardiovasc Pharmacol Ther. 2001;6:341-350.

4. Wyse DG, Waldo AL, DiMarco JP, Domanski MJ, Rosenberg Y, Schron EB,
Kellen JC, Greene HL, Mickel MC, Dalquist JE, Corley SD; Atrial Fibrillation
Follow-up Investigation of Rhythm Management (AFFIRM) Investigators. A
comparison of rate control and rhythm control in patients with atrial fibrillation. 
N Engl J Med. 2002 Dec 5;347(23):1825-33.

5. Jost N, Kohajda Z, Kristò f A, Kovàcs PP, Husti Z, Juhàsz V. Atrial remodeling and 
novel pharmacological strategies for antiarrhythmic therapy in atrial fibrillation.
Curr Med Chem. 2011;18:3675-3694

6. Allessie M, Ausma J, Schotten U. Electrical, contractile and structural remodeling 
during atrial fibrillation. Cardiovasc Res. 2002 May;54(2):230-46.

7. Cox JL, Schuessler RB, Cain ME, Corr PB, Stone CM, D’Agostino HJ Jr, Harada 
A, Chang BC, Smith PK, Boineau JP. Surgery for atrial fibrillation. Semin Thorac 
Cardiovasc Surg. 1989 Jul;1(1):67-73.

8. Haissaguerre M. Gencel L. Fischer B e coll. Successful catheter ablation of atrial
fibrillation. Cardiovasc Electrophysiol 1994; 5: 1045 52

9. Cox JL. The first Maze procedure. J Thorac Cardiovasc Surg. 2011
May;141(5):1093-7

10. Ad N, Henry L, Hunt S. Current role for surgery in treatment of lone atrial
fibrillation. Semin Thorac Cardiovasc Surg. 2012 Spring; 24(1):42-50

11. Cox JL, Boineau JP, Schuessler RB, Jaquiss RD, Lappas DG. Modification of the
maze procedure for atrial flutter and atrial fibrillation. I. Rationale and surgical
results. J Thorac Cardiovasc Surg. 1995 Aug;110(2):473-84.

12. Cox JL, Jaquiss RD, Schuessler RB, Boineau JP. Modification of the maze
procedure for atrial flutter and atrial fibrillation. II. Surgical technique of the maze 
III procedure. J Thorac Cardiovasc Surg. 1995 Aug;110(2):485-95.

13. Weimar T, Schena S, Bailey MS, Maniar HS, Schuessler RB, Cox JL, Damiano RJ 
Jr. The cox-maze procedure for lone atrial fibrillation: a single-center experience
over 2 decades. Circ Arrhythm Electrophysiol. 2012 Feb;5(1):8-14.

14. McCarthy PM, Gillinov AM, Castle L, Chung M, Cosgrove D 3rd. The Cox-
Maze procedure: the Cleveland Clinic experience. Semin Thorac Cardiovasc Surg. 
2000

15. Lall SC, Damiano RJ Jr. Surgical ablation devices for atrial fibrillation. J Interv
Card Electrophysiol. 2007 Dec;20(3):73-82.

16. Melby SJ, Zierer A, Bailey MS, Cox JL, Lawton JS, Munfakh N, Crabtree TD,
Moazami N, Huddleston CB, Moon MR, Damiano RJ Jr. A new era in the
surgical treatment of atrial fibrillation: the impact of ablation technology and
lesion set on procedural efficacy. Ann Surg. 2006 Oct;244(4):583-92

17. Gaynor SL, Diodato MD, Prasad SM, Ishii Y, Schuessler RB, Bailey MS, Damiano 
NR, Bloch JB, Moon MR, Damiano RJ Jr. A prospective, single-center clinical
trial of a modified Cox maze procedure with bipolar radiofrequency ablation. J
Thorac Cardiovasc Surg. 2004 Oct;128(4):535-42

18. Gammie JS, Didolkar P, Krowsoski LS, Santos MJ, Toran AJ, Young CA, Griffith 
BP, Shorofsky SR, Vander Salm TJ. Intermediate-term outcomes of surgical atrial 
fibrillation correction with the CryoMaze procedure. Ann Thorac Surg. 2009
May;87(5):1452-8

19. Mohr FW, Fabricius AM, Falk V, Autschbach R, Doll N, Von Oppell U, Diegeler 
A, Kottkamp H, Hindricks G. Curative treatment of atrial fibrillation with
intraoperative radiofrequency ablation: short-term and midterm results. J Thorac



Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com

Journal of Atrial Fibrillation119 Featured  Review
follow-up? J Am Coll Cardiol 2011;57:160–166.

54. Haïssaguerre M, Hocini M, Sanders P, Sacher F, Rotter M, Takahashi Y, Rostock
T, Hsu LF, Bordachar P, Reuter S, Roudaut R, Clémenty J, Jaïs P. Catheter ablation 
of long-lasting persistent atrial fibrillation: clinical outcome and mechanisms of
subsequent arrhythmias. J Cardiovasc Electrophysiol. 2005 Nov;16(11):1138-47.

55. Haissaguerre M, Jais P, Shah DC, Arentz T, Kalusche D, Takahashi A, Garrigue
S, Hocini M, Peng JT, Clementy J: Catheter ablation of chronic atrial fibrillation
targeting the reinitiating triggers. J Cardiovasc Electrophysiol 2000;11:2-10.

56. Kanagaratnam L, Tomassoni G, Schweikert R, Pavia S, Bash D, Beheiry S,
Lesh M, Niebauer M, Saliba W, Chung M, Tchou P, Natale A: Empirical
pulmonary vein isolation in patients with chronic atrial fibrillation using a three-
dimensional nonfluoroscopic mapping system: Long-term follow-up. Pacing Clin 
Electrophysiol 2001;24:1774-1779.

57. Wijffels MC, Kirchhof CJ, Dorland R, Allessie MA. Atrial fibrillation begets
atrial fibrillation. A study in awake chronically instrumented goats. Circulation
1995;92:1954-68.

58. Haïssaguerre M, Sanders P, Hocini M, Takahashi Y, Rotter M, Sacher F, Rostock
T, Hsu LF, Bordachar P, Reuter S, Roudaut R, Clémenty J, Jaïs P. Catheter ablation 
of long-lasting persistent atrial fibrillation: critical structures for termination. J
Cardiovasc Electrophysiol. 2005 Nov;16(11):1125-37.

59. Calkins H, Kuck KH, Cappato R, Brugada J, Camm AJ, Chen SA, Crijns HJ,
Damiano RJ Jr, Davies DW, DiMarco J, Edgerton J, Ellenbogen K, Ezekowitz
MD, Haines DE, Haissaguerre M, Hindricks G, Iesaka Y, Jackman W, Jalife J,
Jais P, Kalman J, Keane D, Kim YH, Kirchhof P, Klein G, Kottkamp H, Kumagai
K, Lindsay BD, Mansour  M, Marchlinski FE, McCarthy PM, Mont JL, Morady 
F, Nademanee K, Nakagawa H, Natale A, Nattel S, Packer DL, Pappone C,
Prystowsky E, Raviele A, Reddy V, Ruskin JN, Shemin RJ, Tsao HM, Wilber
D. 2012 HRS/EHRA/ECAS Expert Consensus Statement on Catheter and
Surgical Ablation of Atrial Fibrillation: recommendations for patient selection,
procedural techniques, patient management  and follow-up, definitions, endpoints, 
and research trial design. Europace. 2012  Apr;14(4):528-606.

60. Stamou SC, Khabbaz KR, Mahmood F, Zimetbaum P, Hagberg RC. A
multidisciplinary approach to the minimally invasive pulmonary vein isolation for 
treatment of atrial fibrillation. Ann Thorac Surg. 2010 Feb;89(2):648-50.

61. Calkins H. Hybrid thoracoscopic and transvenous catheter ablation of atrial
fibrillation: is this the answer we are searching for? J Am Coll Cardiol. 2012 Jul
3;60(1):62-3.

62. Bisleri G, Curnis A, Bottio T, Mascioli G, Muneretto C. The need of a
hybrid approach for the treatment of atrial fibrillation. Heart Surg Forum.
2005;8(5):E326-30. Review

63. Sauren LD, la Meir M, de Roy L, Pison L, van der Veen FH, Mess WH, Crijns
HJ, Maessen JG. Increased number of cerebral emboli during percutaneous
endocardial pulmonary vein isolation versus a thoracoscopic epicardial approach. 
Eur J Cardiothorac Surg. 2009 Nov;36(5):833-7.

64. Muneretto C, Bisleri G, Bontempi L, Curnis A. Durable staged hybrid ablation
with thoracoscopic and percutaneous approach for treatment of long-standing
atrial fibrillation: A 30-month assessment with continuous monitoring. J Thorac
Cardiovasc Surg. 2012 Dec;144(6):1460-5.

65. Gerstenfeld EP, Dixit S, Callans D, et al. Utility of exit block for identifying
electrical isolation of the pulmonary veins. J Cardiovasc Electrophysiol
2002;13:971-9.

66. Krul SP, Driessen AH, van Boven WJ, Linnenbank AC, Geuzebroek GS,
Jackman WM,  Wilde AA, de Bakker JM, de Groot JR. Thoracoscopic video-
assisted pulmonary vein  antrum isolation, ganglionated plexus ablation, and
periprocedural confirmation of ablation lesions: first results of a hybrid surgical-
electrophysiological approach for atrial fibrillation. Circ Arrhythm Electrophysiol. 
2011 Jun;4(3):262-70.

67. De Groot JR, Driessen AH, Van Boven WJ, Krul SP, Linnenbank AC, Jackman

Heart J. 2005 Apr;26(7):627-30.
41. Chen SA, Hsieh MH, Tai CT, et al.: Initiation of atrial fibrillation by ectopic

beats originating from the pulmonary veins: electrophsiologic characteristics,
pharmacologic response, and effects of radiofrequency ablation. Circulation 1999, 
100:1879-1886.

42. Cuculich PS, Wang Y, Lindsay BD, Faddis MN, Schuessler RB, Damiano RJ Jr, 
Li L, Rudy Y. Noninvasive characterization of epicardial activation in humans
with diverse atrial fibrillation patterns. Circulation. 2010 Oct 5;122(14):1364-72.

43. Jais P, Haissaguerre M, Shah DC, et al. A focal source of atrial fibrillation treated
by discrete radiofrequency ablation. Circulation 1997;95:572-6.

44. Lin WS, Tai CT, Hsieh MH, et al. Catheter ablation of paroxysmal atrial fibrillation 
initiated by non-pulmonary vein ectopy. Circulation 2003;107:3176-83

45. Pappone C, Rosanio S, Oreto G, et al.: Circumferential radiofrequency ablation
of pulmonary vein ostia: a new anatomic approach for curing atrial fibrillation.
Circulation 2000, 102:2619-2628.

46. Yamada T, Murakami Y, Okada T, et al. Electrophysiological pulmonary vein
antrum isolation with a multielectrode basket catheter is feasible and effective for
curing paroxysmal atrial fibrillation: efficacy of minimally extensive pulmonary
vein isolation. Heart Rhythm 2006;3:377-84.

47. Hocini M, Jaïs P, Sanders P, Takahashi Y, Rotter M, Rostock T, Hsu LF, Sacher F, 
Reuter S, Clémenty J, Haïssaguerre M. Techniques, evaluation, and consequences
of linear block at the left atrial roof in paroxysmal atrial fibrillation: a prospective
randomized study. Circulation. 2005 Dec 13;112(24):3688-96.

48. Knecht S, Hocini M, Wright M, Lellouche N, O’Neill MD, Matsuo S, Nault I, 
Chauhan VS, Makati KJ, Bevilacqua M, Lim KT, Sacher F, Deplagne A, Derval
N, Bordachar P, Jaïs P, Clémenty J, Haïssaguerre M. Left atrial linear lesions are
required for successful treatment of persistent atrial fibrillation. Eur Heart J. 2008 
Oct;29(19):2359-66.

49. Authors/Task Force Members, Camm AJ, Lip GY, De Caterina R, Savelieva I,
Atar D, Hohnloser SH, Hindricks G, Kirchhof P; ESC Committee for Practice
Guidelines (CPG), Bax JJ, Baumgartner H, Ceconi C, Dean V, Deaton C, Fagard 
R, Funck-Brentano C, Hasdai D, Hoes A, Kirchhof P, Knuuti J, Kolh P, McDonagh 
T, Moulin C, Popescu BA, Reiner Z, Sechtem U, Sirnes PA, Tendera M, Torbicki
A, Vahanian A, Windecker S; Document Reviewers, Vardas P, Al-Attar N, Alfieri 
O, Angelini A, Blömstrom-Lundqvist C, Colonna P, De Sutter J, Ernst S, Goette
A, Gorenek B, Hatala R, Heidbüchel H, Heldal M, Kristensen SD, Kolh P, Le
Heuzey JY, Mavrakis H, Mont L, Filardi PP, Ponikowski P, Prendergast B, Rutten 
FH, Schotten U, Van Gelder IC, Verheugt FW. 2012 focused update of the ESC
Guidelines for the management of atrial fibrillation: An update of the 2010 ESC
Guidelines for the management of atrial fibrillation * Developed with the special
contribution of the European Heart Rhythm Association. Eur Heart J. 2012
Nov;33(21):2719-47.

50. Cosedis Nielsen J, Johannessen A, Raatikainen P, Hindricks G, Walfridsson H,
Kongstad O, Pehrson S, Englund A, Hartikainen J, Mortensen LS, Hansen PS.
Radiofrequency ablation as initial therapy in paroxysmal atrial fibrillation. N Engl 
J Med. 2012 Oct 25;367(17):1587-95

51. Wazni OM, Marrouche NF, Martin DO, Verma A, Bhargava M, Saliba W, Bash D, 
Schweikert R, Brachmann J, Gunther J, Gutleben K, Pisano E, Potenza D, Fanelli 
R, Raviele A, Themistoclakis S, Rossillo A, Bonso A, Natale A. Radiofrequency
ablation vs antiarrhythmic drugs as first-line treatment of symptomatic atrial
fibrillation: a randomized trial. JAMA. 2005 Jun 1;293(21):2634-40.

52. Jaïs P, Cauchemez B, Macle L, Daoud E, Khairy P, Subbiah R, Hocini M,
Extramiana F, Sacher F, Bordachar P, Klein G, Weerasooriya R, Clémenty
J, Haïssaguerre M. Catheter ablation versus antiarrhythmic drugs for atrial
fibrillation: the A4 study. Circulation. 2008 Dec 9;118(24):2498-505

53. Weerasooriya R, Khairy P, Litalien J, Macle L, Hocini M, Sacher F, Lellouche N, 
Knecht S, Wright M, Nault I, Miyazaki S, Scavee C, Clementy J, Haissaguerre M, 
Jais P. Catheter ablation for atrial fibrillation: are results maintained at 5 years of



Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com

Journal of Atrial Fibrillation120 Featured  Review
WM, De Bakker JM. Epicardial confirmation of conduction block during 
thoracoscopic surgery for atrial fibrillation--a hybrid surgical-electrophysiological 
approach. Minim Invasive Ther Allied Technol. 2012 Jul;21(4):293-301.

68. La Meir M, Gelsomino S, Lorusso R, Lucà F, Pison L, Parise O, Wellens F,
Gensini GF, Maessen J. The hybrid approach for the surgical treatment of lone
atrial fibrillation: one-year results employing a monopolar radiofrequency source. 
J Cardiothorac Surg. 2012 Jul 19;7:71.

69. Pison L, La Meir M, van Opstal J, Blaauw Y, Maessen J, Crijns HJ. Hybrid
thoracoscopic surgical and transvenous catheter ablation of atrial fibrillation.  J
Am Coll Cardiol. 2012 Jul 3;60(1):54-61.

70. Mahapatra S, LaPar DJ, Kamath S, Payne J, Bilchick KC, Mangrum JM, Ailawadi 
G. Initial experience of sequential surgical epicardial-catheter endocardial
ablation for persistent and long-standing persistent atrial fibrillation with long-
term follow-up. Ann Thorac Surg. 2011 Jun;91(6):1890-8.

71. Voeller RK, Bailey MS, Zierer A, Lall SC, Sakamoto S, Aubuchon K, Lawton JS, 
Moazami N, Huddleston CB, Munfakh NA, Moon MR, Schuessler RB, Damiano 
RJ Jr. Isolating the entire posterior left atrium improves surgical outcomes after
the Cox maze procedure. J Thorac Cardiovasc Surg. 2008 Apr;135(4):870-7.

72. Todd DM, Skanes AC, Guiraudon G, Guiraudon C, Krahn AD, Yee R, Klein
GJ. Role  of the posterior left atrium and pulmonary veins in human lone atrial
fibrillation: electrophysiological and pathological data from patients undergoing
atrial fibrillation surgery. Circulation. 2003 Dec 23;108(25):3108-14.

73. Pak HN, Hwang C, Lim HE, Kim JS, Kim YH. Hybrid epicardial and endocardial 
ablation of persistent or permanent atrial fibrillation: a new approach for difficult
cases. J Cardiovasc Electrophysiol. 2007 Sep;18(9):917-23.

74. Jongbloed MR, Schalij MJ, Poelmann RE, Blom NA, Fekkes ML, Wang Z,
Fishman GI, Gittenberger-De Groot AC. Embryonic conduction tissue: a spatial 
correlation with adult arrhythmogenic areas. J Cardiovasc Electrophysiol. 2004
Mar;15(3):349-55. 

75. Byrd GD, Prasad SM, Ripplinger CM, Cassilly TR, Schuessler RB, Boineau JP, 
Damiano RJ Jr. Importance of geometry and refractory period in sustaining atrial
fibrillation: testing the critical mass hypothesis. Circulation. 2005 Aug 30;112(9
Suppl):I7-13.

76. Segerson NM, Daccarett M, Badger TJ, Shabaan A, Akoum N, Fish EN, Rao S, 
Burgon NS, Adjei-Poku Y, Kholmovski E, Vijayakumar S, DiBella EV, MacLeod 
RS, Marrouche NF. Magnetic resonance imaging-confirmed ablative debulking
of the left atrial posterior wall and septum for treatment of persistent atrial
fibrillation: rationale and initial experience. J Cardiovasc Electrophysiol. 2010
Feb;21(2):126-32

77. Hanke T, Charitos EI, Stierle U, Karluss A, Kraatz E, Graf B, Hagemann A,
Misfeld M, Sievers HH. Twenty-four-hour holter monitor follow-up does not
provide accurate heart rhythm status after surgical atrial fibrillation ablation
therapy: up to 12 months experience with a novel permanently implantable heart
rhythm monitor device. Circulation. 2009 Sep 15;120(11 Suppl):S177-84.

78. Camm AJ, Corbucci G, Padeletti L. Usefulness of continuous electrocardiographic 
monitoring for atrial fibrillation. Am J Cardiol. 2012 Jul 15;110(2):270-6.

79. Hindricks G, Piorkowski C, Tanner H, Kobza R, Gerds-Li JH, Carbucicchio
C, Kottkamp H. Perception of atrial fibrillation before and after radiofrequency
catheter ablation: relevance of asymptomatic arrhythmia recurrence. Circulation.
2005 Jul 19;112(3):307-13.

80. Hindricks G, Pokushalov E, Urban L, Taborsky M, Kuck KH, Lebedev D, Rieger 
G,  Purerfellner H; XPECT Trial Investigators. Performance of a new leadless
implantable cardiac monitor in detecting and quantifying atrial fibrillation:
Results of the XPECT trial. Circ Arrhythm Electrophysiol. 2010 Apr;3(2):141-7.

81. Hybrid Staged Operating Room and Interventional Catheter Ablation for
Atrial Fibrillation (HISTORIC-AF).  http://www.clinicaltrial.gov/ct2/show/
NCT01622907 (Accessed Nov 2012).



Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com

Journal of Atrial Fibrillation121 Featured  Review

Disclosures:
 None.

Corresponding Author:
Elad Anter, MD, Beth Israel Deaconess Medical Center, Division of Cardiovascular Medicine, 
Harvard School of Medicine, 
330, Brookline Ave, Boston, MA

Atrial Fibrillation and Heart Failure: A Review of the Intersection 
of Two Cardiac Epidemics
Kay Lee Park, MD and Elad Anter, MD

Beth Israel Deaconess Medical Center, Boston, Massachusetts

Abstract
Atrial fibrillation and heart failure are closely linked cardiac conditions that are both increasing in prevalence due to shared risk factors and 

common disease mechanisms. The presence of both disease entities portends an increase in morbidity and mortality. There are significant 
similarities in the treatment strategies of these conditions, and the adequate management of one disease may prevent the development 
of the other. To this date, a rhythm control strategy, even in the heart failure population, has not been proven to be superior to a rate control 
strategy. This may in large be due to study design coupled with deleterious effects of antiarrhythmic agents. There have been considerable 
advances over the past decade in catheter and device based management of atrial fibrillation and studies aimed to examine their long-term 
effect in patients with heart failure are underway.

Introduction
Epidemiology

Atrial fibrillation (AF) and congestive heart failure (CHF) have 
emerged as new cardiovascular epidemics over the last decade, and 
often manifest as coexistent conditions.1 The high prevalence and 
progressive nature of these two disease entities is a cause for significant 
morbidity and mortality. Currently, an estimated 6.6 million patients 
in the United States, or 2.8% of the population, are affected by heart 
failure, with >670,000 new diagnoses each year.2 Heart failure is 
the primary reason for 12 to 15 million office visits and 6.5 million 
hospital days yearly.3 According to the National Hospital Discharge 
Survey data the annual number of hospitalization for heart failure as 
a primary diagnosis has increased from 409,000 in 1979 to 1,166,000 
in 2004.4 The steadily increasing number of patients with heart 
failure is in part due to increased “salvage” of patients with extensive 
myocardial infarction who previously would not have survived.2 As 
the most common hospital discharge diagnosis, heart failure presents 

a significant economic burden on our society with more Medicare 
dollars spent in the diagnosis and treatment of heart failure than 
for any other diagnosis.5 In 2007, the American Heart Association 
estimated than $33 billion was spent on heart failure alone.6

Atrial fibrillation is also a common diagnosis, with an estimated 
prevalence of AF in the United States ranging from 2.7 to 6.1 
million in the year 2010, with a projected increase in its prevalence.2 

Population based studies based on the growing proportion of elderly 
individuals in the United States and the current rate of increase 
in AF incidence, propose a projected number ranging from 5.6 to 
15.9 million persons with AF in the United States by 2050.7-8 AF 
is the most common arrhythmia in clinical practice, accounting for 
approximately one third of admissions resulting from cardiac rhythm 
disturbances. During the last 20 years, hospital admissions for AF 
have increased by 66% for a number of reasons, including the aging 
of the population, the rising prevalence of chronic heart disease, and 
more frequent diagnosis as a result of increased monitoring.9An 
estimated 26 billion Medicare dollars was spent in the management 
of AF in the year 2008.2

AF and Heart Failure
The association between AF and heart failure was appreciated 

almost a century ago,10 and in 1937, Paul Dudley White noted, 
“Since auricular fibrillation so often complicates very serious heart 
disease, its occurrence may precipitate heart failure or even death, 
unless successful therapy is quickly instituted.”11 Modern heart 
failure series report a prevalence of AF ranging from 13 to 27%, 
12-17 and the prevalence of AF increases in parallel with the degree
of heart failure present.18 Patients with mild heart failure and New
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cardiac filling pressures, dysregulation of intracelluluar calcium, and 
autonomic and neuroendocrine dysfunction all play an important 
role (Figure 1). These changes result in decreased atrial refractory 
period, slowed atrial conduction, or increased heterogeneity of atrial 
repolarization, creating a substrate for the initiation and maintenance 
of AF.18 Atrial stretch, as a consequence of increased atrial volume 
and pressure, activates stretch-activated ionic currents which result in 
increased dispersion of refractoriness and alterations in anisotropic 
and conduction properties.33 Inhibition of these stretch-activated 
currents by gadolinium can reduce the susceptibility to AF in 
response to atrial pressure overload.34 Dysregulation of intracellular 
calcium is an important shared mechanism in the pathophysiology 
of heart failure and AF. The key regulators of intracellular calcium 
metabolism, the ryanodine receptor and the sarcoplasmic reticulum 
Ca2+-ATPase, are downregulated in AF.35-36 Furthermore, atrial 
ion channel remodeling has been demonstrated by an experimental 
HF model, with a notable increase in the Na+-Ca2+ exchanger 
current, which may cause delayed afterdepolarizations and triggered 
activity.37 Heart failure has been associated with increased interstitial 
fibrosis.38 Increased fibrosis in the atria leads to abnormal conduction 
and creates a substrate for AF in animal models.38-40 Lastly, the 
neurohormonal alterations that occur in HF also promotes structural 
remodeling and atrial fibrosis.38, 41

Prognostic Significance of AF in Heart Failure 
The prognostic significance of AF in patients with heart failure 

remains controversial due to a lack of consensus that AF is an 
independent risk factor of adverse outcome (Table 1). Several recent 
trials have identified the presence of AF as an important predictor of 
mortality. In a retrospective analysis of the Studies of Left Ventricular 
Dysfunction (SOLVD) trial which enrolled 6517 patients with LV 
ejection fraction (LVEF) < 35%, baseline AF was an independent 
predictor for all-cause mortality.19 The increased mortality in AF 
patients compared to those in sinus rhythm was largely due to an 
increase in pump failure (16.7 vs. 9.4%). In the DIG trial which 
enrolled 7788 patients, 11% developed a supraventricular tachycardia 
(including, but not limited to AF) over a 3 year follow up period.42 

The development of supraventricular tachycardia independently 
increased the risk of total mortality (RR 2.45), stroke (RR 2.35), and 
hospitalization for worsening CHF (RR 3.00). In the Valsartan in 
Acute Myocardial Infarction (VALIANT) trial of 14 703 patients 
with acute myocardial infarction complicated by heart failure, AF 
was associated with a greater long-term morbidity and mortality.43 

AF is also associated with increased mortality in patients with 
heart failure and preserved ejection fraction. In a study evaluating 
300 elderly patients with prior myocardial infarction and HF with 
preserved LVEF, AF was associated with a significantly higher 6 
month mortality rate compared to sinus rhythm (11% vs. 2%).44

Interestingly, AF appears to be a stronger predictor of negative 
outcomes in the subset of patients with mild to moderate heart 
failure compared with patients with severe heart failure, in whom 
the contribution of AF to further impairment in survival is limited. 
Middlekauf et al12 found that in patients with advanced heart 
failure with NYHA functional class III-IV, the presence of AF was 
predictive of decreased 1 year survival (44% vs. 83%) only in patients 
with a pulmonary capillary wedge pressure of less than 16mmHg 
on therapy, but not in patients with high pulmonary capillary wedge 
pressure. Corell et al45 reported a similar finding in outpatients with 

York Heart Association (NYHA) functional class I have an AF 
prevalence of <5%,19-20 while those with severe heart failure and 
NYHA functional class IV symptoms have a prevalence of AF up 
to 50%.21 NYHA functional class II or III heart failure patients have 
an intermediate prevalence of AF.22-23 Heart failure and AF share 
common risk factors such as age, hypertension, diabetes, and obesity, 
along with ischemic, non-ischemic, and valvular heart diease. These 
factors are associated with myocardial cellular and extracellular 
alterations, electrophysiologic and neurohormonal changes that 
combine to create an environment that promotes the development of 
both heart failure and AF.24

Pathophysiology of AF and Heart Failure
AF Begets AF 

The pathophysiologic changes that occur in patients with AF and 
heart failure are complex and only partially understood, with each 
disease process creating an environment promoting the development 
of the other (Figure 1). AF may facilitate the development or 
progression of heart failure. The incidence of heart failure in 
individuals with AF in Framingham, Massachusetts17 and Olmsted 
County, Minnesota8 ranged from 3.3 to 4.4 per 100 person-years of 
follow up. Compared with patients in sinus rhythm, patients with 
severe HF and AF have a reduction in stroke volume, cardiac output, 
peak oxygen consumption, and peak workload.18 Cardiac output is 
decreased in patients with AF due to various mechanisms. Increase 
in resting heart rate and an exaggerated heart rate response to 
exercise results in shortening of diastolic filling time, with a resultant 
decrease in cardiac output. The loss of atrioventricular synchrony 
plays a significant role, by impairing diastolic filling, decreasing 
stroke volume, and increasing mean diastolic atrial pressure, resulting 
in an estimated 20% reduction in cardiac output.18 In addition, 
the irregularity of the ventricular response may adversely affect 
ventricular function and hemodynamic status, with decreased cardiac 
output, independent of heart rate.19, 25

  The relationship between AF and heart failure is most notable in 
the development of tachycardia-induced cardiomyopathy, in patients 
with poorly controlled ventricular rates during AF. AF is the most 
common cause of tachycardia-induced cardiomyopathy. The inci-
dence of tachycardia-induced cardiomyopathy is unknown, as most 
reports have been small, retrospective series or case studies involving 
mostly patients with AF. Improvement in ejection fraction has been 
reported in patients who undergo radiofrequency ablation for AF or 
atrial flutter, and in this patient population the incidence of tachy-
cardia-induced myopathy appears to be around 25-50%.26-29 The first 
experimental model for this condition was presented by Whipple et 
al,30 who demonstrated that chronic rapid atrial pacing led to low-
output heart failure. The mechanisms responsible for tachycardia-
induced cardiomyopathy have not been fully elucidated. However, 
experiments in animal models suggest that potential mechanisms for 
tachycardia-induced cardiomyopathy include myocardial ischemia, 
myocardial energy depletion, and abnormalities in calcium regula-
tion.31 Studies have confirmed that the elimination of these arrhyth-
mias reverses the hemodynamic and clinical manifestations associ-
ated with this syndrome. 32 

EHF Begets AF 
Heart failure produces changes in the atrium which promote the 

development of AF. Various mechanisms including elevation of 
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clinical and hemodynamic deterioration, predisposition to systemic 
thromboembolism, and overall poorer prognosis.53 Lastly, the 
temporal relationship between the diagnosis of AF and heart failure 
has a significant impact on mortality: patients who developed AF 
after the diagnosis of heart failure had an increased mortality risk 
(2.2 fold increase) compared to patients in whom AF was present 
before the diagnosis of heart failure.54

The role of the neuroadrenergic system in the pathophysiology 
and prognosis of heart failure is well established and markers of 
neuroadrenergic system activation have been correlated with disease 
progression and prognosis. The most widely used marker in clinical 
practice is the brain natriuretic peptide (BNP). Recent studies 
showed that plasma levels of BNP also correlate with the risk for 
AF recurrence following cardioversion and is a predictor for new 
AF during hospitalization in patients with acute ischemic stroke; 
reinforcing the pathophysiological association between the two 
diseases.101-102

In summary, there is a large body of evidence to suggest that AF 
confers worse prognosis in patients with heart failure. This is especially 
relevant to patients with less advanced heart failure to patients with 
recent onset of arrhythmia.

Therapeutic Considerations
Rate versus Rhythm Control 

Heart failure patients who develop AF have an increased 
morbidity and mortality, which would suggest that the restoration 
and maintenance of sinus rhythm in these patients might improve 
their long-term outcomes. However, there is currently no data to 
support that pursuing a rhythm control strategy provides any benefit 
over rate control. The AF Follow-Up Investigation of Rhythm 
Management (AFFIRM)55 and the Rate Control Versus Electrical 
Cardioversion for Persistent AF (RACE)56 studies found no benefit 
for rhythm control strategy and actually showed a trend toward harm 
compared with rate control. Three other prospective randomized 
trials comparing rhythm to rate control including the How to Treat 
Chronic Atrial Fibrillation (HOT CAFE),57 Strategies of Treatment 
of Atrial Fibrillation (STAF),58 and Pharmacological Intervention 

AF and heart failure in whom AF is a stronger predictor of adverse 
outcome in patients with better cardiac function (LVEF>35%). In 
the Trandolapril Cardiac Evaluation (TRACE) study, long term 
mortality was increased in all subgroups of patients with AF except 
those with the most advanced disease (LVEF<25%).46 These trials 
suggest that the independent effect of AF on mortality may be 
limited to patients with mild to moderate degrees of heart failure.

The results of these studies are in contrast to those in which AF 
does not appear to confer a mortality risk. In the Vasodilator Heart 
Failure Trial (V-HeFT) which enrolled 1427 patients with mild to 
moderate heart failure, the presence of AF was not associated with 
a worse outcome.13 In a study of 409 patients with advanced heart 
failure, Crijns et al 47 found that the increased mortality in patients 
with AF (60% vs. 47%) was no longer significant after adjusting 
for age, LVEF, NYHA functional class, renal function, and blood 
pressure. Other relatively small studies have also concluded that AF 
is not an independent predictor for mortality in heart failure.14, 48-49 
However, the negative results of these studies is likely related to the 
small number of patients and lack of power to detect a significant 
mortality difference.

The timing and chronicity of AF has also been found to be an 
important prognostic factor. Many studies have found that new-
onset AF carries a particularly grave prognosis in patients with heart 
failure. Almed and Perry50 studied 944 elderly patients hospitalized 
for heart failure and found that compared with patients with no 
past or current AF, those with new onset AF had a 57% higher risk 
of death. Past or chronic AF was not associated with a significant 
higher risk of death. New onset AF, but not baseline AF, remained 
an independent predictor of all-cause mortality in an analysis of 
COMET.51 The mortality risk is particularly elevated in the first 
few months after initial diagnosis. In a community-based cohort of 
patients newly diagnosed with AF, the mortality risk was substantially 
higher within the first 4 months, with a hazard ratio of 9.62 (95% CI, 
8.93 to 10.32) compared with a hazard ratio of 1.66 (95% CI, 1.59 
to 1.73) thereafter (Figure 3).52 The transition from sinus rhythm 
to AF in patients with mild heart failure has been associated with 

Figure 1: AF and heart failure: a vicious pathophysiological cycle. LA indicates left atrial; MR, mitral regurgitation; and TR, tricuspid regurgitation.
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in Atrial Fibrillation (PIAF)59 trials all showed equivalent outcomes 
in both arms. It should be noted, however, that only 23% to 64% 
of patients assigned to rhythm control in these studies actually 
remained in sinus rhythm. Furthermore, the applicability of these 
trial data to patients with heart failure is questionable, given the small 
proportion of patients with heart failure. In the AFFIRM trial, for 
example, 76% of patients had a normal LVEF, and only 9% had an 
NYHA functional class of II or greater.55

Subgroup analyses of large trials focusing on patients with heart 
failure suggest favorable outcomes for the maintenance of sinus 
rhythm. In the RACE study, subgroup analysis of heart failure 
patients indicated an improved outcome with the maintenance of 
sinus rhythm after cardioversion.60 Subgroup analyses of heart failure 
patients with AF who converted to sinus rhythm with amiodarone 
have demonstrated a survival benefit in the Congestive Heart 
Failure: Survival Trial of Antiarrhytmic Therapy (CHF-STAT)61 

and a significant improvement in cardiac function and quality 
of life in the CAFE-II trial, when compared with a rate control 
strategy.62 In the Danish Investigators of Arrhythmia and Mortality 
on Dofetilide (DIAMOND) study, improved survival was seen in 
heart failure patients maintained in sinus rhythm with dofetilide.63 
The first prospective trial designed to examine AF therapy strategies 
in patients with heart failure was the AF Congestive Heart Failure 
(AF-CHF) trial. In this prospective and randomized study, rhythm 
control was not superior to a rate control strategy.64 A total of 1,376 
patients with AF and systolic heart failure were randomized to 
rhythm control (typically with amiodarone) versus rate control. After 
a mean follow-up of 3 years, the investigators found that rhythm 
control did not improve mortality, hospitalization due to heart failure 
exacerbation or stroke when compared to rate control. This study 
confirmed the applicability of the AFFIRM55 and RACE56 trials 
also to patients with heart failure. However, caution is warranted in 
interpretation and acceptance of these data. First, patients assigned to 
rate control strategy were able to achieve adequate rate control at rest 
and at low-level exercise, which may not reflect “real-life” patients. 
Second, the benefit of sinus rhythm could have been counterbalanced 
by the harm of antiarrhythmic medications in a similar fashion to the 
AFFIRM study. Third, although the prevalence of sinus rhythm in 
the group assigned to rhythm control was as high as 80%, the actual 
percentage of patients free of AF following randomization may have 
been diluted due to significant cross over between the two groups, 
reflecting a more traditional success rate of amiodarone in the range 
of 60%. In addition, there is a wide variability in mechanisms of heart 
failure and underlying structural and hemodynamic abnormalities. 
Some patients, especially those with diastolic dysfunction, are highly 
symptomatic in AF and derive significant benefit in the restoration 
of sinus rhythm while other patients do not significantly benefit from 
AV synchrony. 
Rate Control

Although optimal ventricular rate control in AF is a matter for 
debate, the guidelines advocates for ventricular rate of 60-80 beats 
per minutes at rest and 90-110 beats per minutes during moderate 
exertion. Therefore, adequate rate control should be determined with 
assessment of chronotropic response with exertion or with a 24-
hour Holter monitor. Beta-blockers are the first line agent for rate 
control in patients with AF and chronic heart failure. In addition 
to controlling ventricular response, beta-blockers (in particular, 

bisoprolol, metoprolol succinate, and carvedilol) have shown to 
decrease mortality in heart failure.66-68 Nondihydropyridine calcium 
channel blockers (including verapamil and diltiazem) are also effective 
rate-controlling agents, but may not be tolerated in patients with a 
low LVEF due to their negative inotropic effect. Digoxin is a second 
line agent for rate control and can be used in conjunction with other 
rate modulating drugs, and has been shown to improve symptoms 
and decrease hospitalizations in patients with heart failure.69 

Rhythm Control
Antiarrhythmic drug options are limited in patients with heart 

failure. The use of class IC agents was associated with increased 
mortality in the Cardiac Arrhythmia Suppression Trial (CAST) 
70 in patients with ventricular ectopy after myocardial infarction, 
and their use is not recommended in patients with structural heart 
disease. Antiarrhythmic drug choices in heart failure patients are 
limited to amiodarone, dofetilide and sotalol. Amiodarone, a class 
III agent, has been shown to be safe and effective, but is associated 
with an increase risk for symptomatic bradycardia in patients with 
advanced heart failure.71-72 Another class III agent, dofetilide, 
was found to be safe and effective in heart failure patients in the 
Danish Investigations of Arrhythmia and Mortality on Dofetilide 
(DIAMOND) study.62 Sotalol should be used with caution given 
its increased risk for torsades de pointes, especially in the setting of 
electrolyte abnormalities, LVEF ≤ 40%, acute onset or decompensated 
heart failure or renal failure.73-74

AV nodal Ablation and Pacemaker Implantation
 Pharmacologic therapy is often ineffective or associated 
with significant side effects.In patients with symptomatic AF 
radiofrequency atrioventricular (AV) nodal ablation with subsequent 
pacemaker placement may be an attractive therapeutic option. In 
addition to providing symptomatic relief, ablate and pace strategy 
has been shown to improve cardiac performance.75 Over a follow up 
period of 2 years, patients who underwent an AV nodal ablation with 
pacemaker placement had an improvement in NYHA functional 
class and decreased hospitalizations. In addition, the LVEF improved 
from a mean of 42±16% to 50±14%, with the greatest improvement 
seen in patients with baseline depressed LVEF with an increase from 
a mean of 35±9% to 46±8%.

The long-term outcomes of the “ablate and pace” strategy is less 
clear. In a study comparing AV node ablation with AF ablation in 
71 elderly patients with pharmacologically refractory AF, AV nodal 
ablation with pacing with an increased incidence of new heart failure 
(53% vs. 24%), lower LVEF (44±8% versus 51±10%), and a higher 
NYHA functional class (1.7±0.9 versus 1.4±0.7).76 A growing body 
of evidence underscores the harmful effects of long-term right 
ventricular pacing. This was evidenced by the DAVID77 trial which 
found that in patients with a LVEF ≤40% with an indication for ICD 
implantation but no indication for antibradycardia pacing, there was 
trend towards increased mortality and HF hospitalization in patients 
with chronic RV pacing. Mechanical ventricular dyssynchrony is an 
established contributor to heart failure and the LV dyssynchrony 
imposed by right ventricular apical pacing can lead to LV remodeling 
with dilatation and decreases in LVEF. 78

Cardiac resynchronization therapy (CRT) may be a preferable 
pacing method in these patients; however, there is insufficient data 
at this point to support its routine use. Small randomized studies 
comparing CRT versus RV pacing in patients undergoing AV 
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patients with advanced heart failure and severe left ventricular 
dysfunction to a rhythm control with pulmonary vein isolation and 
rate control strategy.99 Rhythm control strategy with AF ablation 
yielded less favorable results without improvement in left ventricular 
function or 6 minute walk. In addition, only 50% of patients in the 
ablation group maintained sinus rhythm at 6 months of follow up. 
Furthermore, this patient population showed increased procedural 
complication rate of 15%. Patients assigned to ablation in this study 
were older (mean age 62), had more severe systolic dysfunction 
(LVEF 16%), and had long-standing and persistent AF (mean 44 
months), all predictors of decreased ablation success.89-90 This study 
underscores the importance of patient selection for rhythm control 
strategies, including ablative approach.
AF Prevention
  Once AF develops in patients with heart failure, this is usually 
accompanied by progressive and irreversible structural changes 
leading to disease progression.91 Hence, an ideal strategy in the 
management of heart failure patients should involve treatments 
aimed at prevention of AF. In addition to optimal heart failure therapy 
aimed to restrict and potentially reverse structural abnormalities, 
several other non-antiarrhythmic therapies have been shown to be 
effective in reducing the incidence and recurrence rates of AF in 
both the general population and those with heart failure. Clinical 
studies have shown that the inhibition of the renin-angiotensin-
aldosterone system can decrease the incidence and recurrence of AF 
in select patients groups with heart failure.92-94 In the Candesartan in 
Heart Failure: Assessment of Reduction in Mortality and Morbidity 
(CHARM) study angiotensin receptor-1 blockers were shown to 
decrease the incidence of AF in a broad spectrum of >7500 patients 
with heart failure. 95 A recent study analyzing the EMPHASIS-HF 
database, found that aldosterone antagonism with eplerenone in 
NYHA functional class II patients with systolic heart failure reduced 
the new onset of AF. 96

    Beta-blocker therapy is also associated with a decreased risk for AF. 
A meta-analysis of 7 randomized, placebo-controlled trials which 
included 11 952 patients with heart failure already on angiotensin-
converting enzyme inhibitors found that beta-blockers reduced the 
incidence of new AF from 39 to 28 per 1000 patient-years, with a 

nodal ablation for refractory AF have yielded conflicting results 
with some studies showing a benefit of CRT79-81 with significant 
improvements in 6 minute walk test,79 reduction in exacerbation of 
HF and hospitalization,80 and prevention of the reverse remodeling 
of the left atrium and left ventricle,81 while another study failed to 
show any additional benefit of CRT beyond that conferred by rate 
regularization.82 A meta-analysis of five randomized clinical trials of 
patients with AF undergoing AV nodal ablation found no significant 
reduction in mortality with CRT.83

The Block-HF study that was recently published showed that 
biventricular pacing was superior to conventional RV pacing in 
patients with AV block and heart failure. Although this study was 
not designed to examine the effect of pacing solely in patients with 
refractory AF, about 50% of all participants had AF.100 

The theoretical benefit of CRT in conjunction with AV nodal 
ablation needs to be further evaluated in large-scale, multicenter, 
randomized controlled trials which are more adequately powered to 
detect major clinical outcomes, including mortality. 
AF Ablation
    Our ever expanding understanding of the mechanisms of atrial 
fibrillation and rapidly advancing technologies have made catheter-
based ablation of atrial fibrillation an increasingly effective and safe 
modality of treating patients with atrial fibrillation. Despite studies 
suggesting an equivalent outcome for pharmacologic rhythm or rate 
control, many patients derive much symptomatic benefit from the 
maintenance of sinus rhythm.55-56,64 The benefit of rhythm control 
may be counterbalanced by the lack of effective antiarrhythmic drugs, 
coupled with their significant adverse effects. Catheter-based ablation 
for AF offers the unique opportunity to retain the benefits of rhythm 
control without the detrimental effects of antiarrhythmic drugs. 84-87 
In a prospective study of 58 patients with systolic heart failure, AF 
ablation resulted in significant improvement in LV function, exercise 
capacity, symptoms, and quality of life with the majority of patients 
(78%) remained in sinus rhythm after a mean follow-up of 1 year.84 

In the more recent the Pulmonary-Vein Isolation for AF in Patients 
With Heart Failure (PABA-CHF) pulmonary vein isolation was 
superior to AV nodal ablation combined with biventricular pacing 
in patients with heart failure.88 A more recent study randomized 

Author/Substudy Year NYHA 
Class Patients,n AF,% Follow-up,y Patients in SR, n Patients with AF, n P Predictor

Middlekauff et al12 1991 III-IV 395 19 1.5 29 48 0.0013 Yes

Carson et al13

V-HeFT I
V-HeFT II

1993 II-III
II-III

632
795

15
13

2.5
2.0

64
52

54
46

0.86
0.68 No

Dries et al19/SOLVD 1998 I-IV 6517 6 2.8 23 34 <0.001 Yes

Mahoney et al14 1999 III-IV 234 27 1.1 16 23 0.21 No

Middlekauff et al12

    1985-1989
    1990-1993

1998
III-IV
III-IV

359
391

20
24 2.0

2.0

45
25 61

34

0.002
0.09

Yes
No

Mathew/DIG42 2000 I-IV 7788 11 3.0 32 43 0.0001 Yes

Crijns/PRIME II47 2000 III-IV 409 84 3.4 47 60 NS* No

Køber/VALIANT43 2006 I-IV 14703 15 3.0 20 37 <0.0001 Yes

Swedberg et al/COMET51 2005 II-IV 3029 20 5.0 37 42 NS No*

Table 1: Prognostic Significance of Atrial Fibrillation in Patients with Heart Failure



Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com

Journal of Atrial Fibrillation126 Featured  Review
atrial fibrillation in advanced heart failure: a study of 390 patient. Circulation. 
1991;84:40-48. (12)

13. Carson PE, Johnson GR, Dunkman WB, Fletcher RD, Farrell L, Cohn JN. The
influence of atrial fibrillation on prognosis in mild to moderate heart failure: the
V-HeFT Studies: the V-HeFT VA Cooperative Studies Group. Circulation.
1993;87(suppl):VI-102-VI-110. (13)

14. Mahoney P, Kimmell S, DeNofrio D, Wahl P, Loh E. Prognostic significance
of atrial fibrillation in patients at a tertiary medical center referred for heart
transplantation because of severe heart failure. Am J Cardiol. 1999;83:1544-1547. 
(14)

15. Senni M, Tribouilloy CM, Rodeheffer RJ, Jacobsen SJ, Evans JM, Bailey KR,
Redfield MM. Congestive heart failure in the community: a study of all incident
cases in Olmsted County, Minnesota, in 1991. Circulation. 1998;98:2282-2289.
(15)

16. Deedwania PC, Singh BN, Ellenbogen K, Fisher S, Fletcher R, Singh SN.
Spontaneous conversion and maintenance of sinus rhythm by amiodarone in
patients with heart failure and atrial fibrillation: observations from the Veterans
Affairs Congestive Heart Failure Survival Trial of Antiarrhythmic Therapy
(CHF-STAT): the Department of Veterans Affiars CHF-STAT Investigators.
Circulation. 1998;98:2574-2579. (16)

17. Wang TJ, Larson MG, Levy D, Vasan RS, Lep EP, Wolf PA, D’Agostino RB,
Murabito JM, Kannel WB, Benjamin EJ. Temporal relations of atrial fibrillation
and congestive heart failure and their joint influence on mortality: the Framingham 
Heart Study. Circulation. 2003:107:2920-2925. (17)

18. Maisel WH, Stevenson LW. Atrial fibrillation in heart failure: epidemiology,
pathophysiology, and rationale for therapy. Am J Cardiol. 2003;91:2D-8D. (18)

19. Dries DL, Exner DV, Gersh BJ, Domanski MJ, Waclawiw MA, Stevenson LW. 
Atrial fibrillation is associated with an increased risk for mortality and heart failure 
progression in patients with asymptomatic and symptomatic left ventricular
systolic dysfunction: a retrospective analysis of the SOLVD trials. J Am Coll
Cardiol. 1998;32:695-703.

20. SOLVD Investigators: Effect of enalapril on mortality and the development
of heart failure in asymptomatic patients with reduced left ventricular ejection
fraction. N Engl J Med 1992;327:685-691.

21. CONSENSUS Trial Study Group. Effects of enalapril on mortality in severe
congestive heart failure: results of the Cooperative North Scandinavian Enalapril
Survival Study (CONSENSUS). N Engl J Med 1987;316:1429-1435.

22. SOLVD Investigators: Effect of enalapril on survival in patients with reduced left 
ventricular ejection fractions and congestive heart failure. N Engl J Med 1991;
352:293-302.

23. Carson PE, Johnson GR, Dunkman WB, Fletcher RD, Farrell L, Cohn JN, for
the V-HeFT VA Cooperative Studies Group. The influence of atrial fibrillation
on prognosis in mild to moderate heart failure. Circulation 1993;87(suppl VI):VI-
102-VI-110.

24. Kareti KR, Chiong JR, Hsu SS, Miller AB. Congestive heart failure and atrial
fibrillation: rhythm versus rate control. J Card Fail. 2005;11:164-172.

25. Naito M, David D, Michelson EL, Schaffenberg M, Dreifus LS. The hemodynamic 
consequences of cardiac arrhythmias: evaluation of the relative roles of abnormal
atrioventricular sequencing, irregularity of ventricular rhythm and atrial fibrillation 
in a canine model. Am Heart J 1983;106:284-291.

26. Luchsinger JA, Steinberg JS. Resoluation of cardiomyopathy after ablation of
atrial flutter. J Am Coll Cardiol. 1998;32:205-210. (31)

27. Redfield MM, Kay GN, Jenkins LS, Mianulli M, Jensen DN, Ellenbogen KA.
Tachycardia-related cardiomyopathy: a common cause of ventricular dysfunction
in patients with atrial fibrillation referred for atrioventricular ablation. Mayo Clin
Proc. 2000;75:790-795. (32)

28. Edner M, Caidahl K, Bergfeldt L, Darpö B, Edvardsson N, Rosenqvist M.

relative risk reduction of 27%.97 Lastly, statin therapy has been shown 
to reduce the incidence and recurrence of AF in heart failure patients. 
A recent meta-analysis of 6 randomized trials with statins including 
3 557 patients showed that their use was associated with a significant 
decreased risk of AF compared with controls subjects (odds ratio, 
0.39; 95% CI 0.18-0.85, p = 0.02), with a more marked benefit in the 
secondary prevention of AF (odds ratio 0.33) than for new onset or 
postoperative AF (odds ratio, 0.60). 98

Conclusions:
AF and heart failure are common cardiac conditions which often 

coexist, due to common risk factors and a complex interplay of the 
pathophysiology of these two disease entities.Their joint association 
correlates with adverse outcomes. AF and heart failure share common 
disease mechanisms and treatment strategies. Optimal medical 
management of heart failure may protect against the occurrence 
of AF and therapies targeting AF may prevent the development 
of congestive heart failure. The debate between a rate control and 
rhythm control strategy is now fueled with new studies comparing 
rate control with catheter ablation, potentially increasing the 
efficacy of rate control while minimizing drug-related side effects. 
Our choice of antiarrhythmic agents remains limited in this sick 
population due to their deleterious effects. Further data is needed to 
guide our decision making in the appropriate use of catheter ablation 
in this patient population. In the meantime, it remains critical for 
us as caregivers to take into account the unique complexities of our 
patients in determining their optimal treatment strategy.
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Abstract
This manuscript aims to review the current knowledge in the field of surgical ablation of atrial fibrillation (AF), including a brief discussion 

regarding the standard Maze procedure, its variants, minimally invasive thoracoscopic procedures and hybrid treatments, which briefly 
summarizes the advantages and differences between each technique. The rationale for the surgical approach of the left atrial appendage, 
its different techniques and complications will also be briefly covered. To conclude, the current Expert Consensus recommendations will be 
reviewed and an algorithm for the surgical management of the patient with AF, suggesting which technique applies better to which patient, 
under specific settings, will also be proposed.

Introduction
Atrial Fibrillation (AF) is the most frequent sustained arrhythmia 

and a major public health issue in terms of increased morbidity 
and mortality.1 Antiarrhythmic drugs have been widely used to 
prevent recurrences of AF and mitigate symptoms, but their efficacy 
is limited. Furthermore, the effect of these drugs on mortality 
and other clinically relevant outcomes (such as stroke, embolism 
or heart failure) is clearly unsatisfactory. Therefore, surgical and 
percutaneous ablation techniques have grown significantly in the last 
decades. Surgical treatment has undergone significant advances over 
the past years and the number of recent publications and surgical 
techniques is overwhelming, leading to an ill-defined ‘’state of the 
art’’. This manuscript aims to review the current knowledge in the 

field of surgical ablation of AF, including a brief discussion regarding 
the standard Maze procedure, its variants, minimally invasive 
thoracoscopic procedures and hybrid treatments which briefly 
summarizes the advantages and differences between each technique. 
The rationale for the surgical approach of the left atrial appendage 
(LAA), its different techniques and complications will also be briefly 
covered.  It is not our aim to provide an extensive and detailed review 
of the different surgical techniques. An additional purpose will be 
to summarize the current Expert Consensus recommendations and 
propose an algorithm for the surgical management of the patient 
with AF, suggesting which technique applies better to which patient, 
under specific settings.

Techniques For Surgical Ablation Of Atrial Fibrillation
The Maze Procedure 

Cardiac surgeons were the pioneers of curative ablation of AF. Their 
interest began in the 1980’s when Cox and associates introduced the 
left atrial isolation procedure, a technique that allowed restoration of 
regular rhythm and confining AF to the left atrium in dogs.2 Later, in 
1985, Guidaron introduced “the corridor procedure”, an open-heart 
technique that divided the atrium in 3 compartments: right atrium, 
left atrium and a corridor from the sinus to the atrioventricular node.3 
In this procedure sinus rhythm in the corridor was preserved while 
atrial synchrony was lost. Some of the disadvantages that were pointed 
to these procedures were the absence of atrioventricular synchronism 
and the remaining vulnerability to systemic thromboembolism.

Key Words: 
Atrial Fibrillation, Surgical Ablation, Cox-Maze Procedure, Pulmo-
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performed in 75%. Results were favorable with > 95% freedom of AF 
and 76% freedom of all atrial tachycardia after 6 months.12

Minor variations of the Cox-Maze procedure have been proposed 
over time, namely concerning the extension of the lesion-set. 
Although full-thickness incisions through the walls of both atria 
are usually required, Shaff HV et al. reported that incisions could be 
limited to the right atrium in patients with primary tricuspid valve 
disease.9 However more recent data suggested that biatrial ablation 
surgical procedures were more effective in controlling AF than 
procedures confined to one atrium (mostly the left one).13,14 

The presence of left ventricular dysfunction, a feature that initially 
raised some concerns, is not anymore considered a contraindication 
for the procedure and restoration of sinus rhythm can improve left 
ventricular ejection fraction in most patients.9

Pulmonary Vein Isolation, the Minimaze and other Thoracoscopic 
Procedures 

The documentation of spontaneous initiation of AF by ectopic 
beats originating in the pulmonary veins15 has redirected the focus of 
interest to the pulmonary veins as the main target. Some years before 
the development of the Maze IV procedure, Queirós and colleagues 
developed a strategy aiming to surgically isolate only the pulmonary 
veins by means of radiofrequency energy. The first procedures were 
performed through endocardial ablation16,17 and subsequently 
epicardial ablation was used.18

Some investigators have also proposed a bilateral isolation of the 
pulmonary veins instead of one box lesion encircling all pulmonary 
veins.19,20 Nevertheless, a more extensive reduction of substrate mass 
under the critical level necessary to perpetrate AF may be necessary 
for AF elimination, especially in dilated atria and, therefore, 
additional lines between the isolated pulmonary veins and the mitral 
valve annulus may be considered.19, 20 This approach has also been 
shown to decrease the risk of postoperative atypical atrial flutter. 

Ablation of AF through surgical pulmonary vein isolation (PVI) 
has some advantages compared to the standard Maze procedure.21 

Firstly, an atriotomy can be avoided and transmurality may be 
achieved without significant damage to the endocardium, thus 
lowering risk of thrombus formation (mainly when linear lesions are 
made in the left heart, such as during the catheter maze procedure 
and ventricular tachycardia ablation) and stroke (one of the most 
feared complications of AF ablation).22 

Secondly, ablation performed from the epicardial site limits damage 
to surrounding tissues (including, but not limited to, the oesophagus), 
since the energy vector is directed towards the atrial cavum and not 
away from it. Thirdly, measurements of conduction block are possible 
during an epicardial beating heart procedure, which may eventually 
help guide ablation. Additional potential benefits may arise from 
targeting parasympathetic innervations of the heart (through ablation 
of epicardial fat pads). Decreasing parasympathetic tone may shorten 
the atrial effective refractory period, which decreases susceptibility to 
AF, although the long-term efficacy of this approach is not known, as 
restoration of autonomic activity may occur early following ablation.

Possible lack of transmurality is one of the main issues in epicardic 
beating heart ablation. In a histological investigation of microwave 
epicardial lesions in 3 non-ablation related deaths, only 3 out of 
13 samples (23%) showed transmural necrosis.23 This incomplete 
transmurality of lesions may partly explain the existing difference 
in success rates between the original Maze operation and other 

The Maze procedure was introduced in humans in 1987 as the 
first surgical treatment for AF by Cox and colleagues.4 The procedure 
consisted in interrupting all macro re-entry circuits associated 
with the development of atrial flutter or AF. The surgical strategy 
consisted in creating multiple incisions that could block all possible 
macroreentrant circuits and direct the propagation of the sinus 
impulse throughout both atria. Lesions were created by a “cut and 
sew” method (used in the Cox-Maze I to III procedures), performed 
under direct vision, which had the advantage of increasing the 
probability of achieving transmurality. Excision of the LAA was also 
performed alongside. One of the main advantages of this surgery 
when compared to its previous counterparts was the freedom from 
stroke.5

Unfortunately, this procedure (the Cox-Maze I) resulted in 
occasional left atrial dysfunction and the frequent inability to 
generate adequate sinus tachycardia in response to exercise. In order 
to overcome these limitations, the Cox-Maze II procedure was 
developed. It excluded the sinus node incision and relocated the left 
atrium dome transverse atriotomy to a more posterior location. Later, 
the necessity of complete transection of the superior vena cava to 
complete the treatment was confirmed and the initial method was 
perfected giving birth to the Cox-Maze III. The septal incision 
posterior to the superior vena cava orifice allowed the long-term 
preservation of atrial transport and sinus node function, decreasing 
the need for a pacemaker and the recurrence of arrhythmia, while 
improving the speed of the procedure.6 In 1999, Cox et al modified 
the Cox-Maze III to a minimally invasive approach using a 7 cm 
right submammary incision.7    

Despite the proven efficacy of the Cox-Maze III, the procedure 
was not widely accepted. The reasons for that were its technical 
complexity and risks for the patient due to the number of atrial 
incisions. The reported 30-day mortality rates varied from 0-7.2%8 

and complications such as iatrogenic injury of the sinus node 
requiring postoperative atrial pacemaker implantation (6% reported 
by Cox JL et al.5 and 3.2% in Mayo Clinic experience9), stroke and 
bleeding were something to be taken into account. 

Many attempts were made to improve the simplicity of the 
treatment. The most obvious change was to replace lines of incision 
by lines of transmural necrosis using other energy sources. The Maze 
IV procedure was initially tested in a series of 40 patients from 
January 2002 to October 2003.10 It preserved the entire lesion set of 
the Cox-Maze III procedure, but used bipolar radiofrequency instead 
of the cut-and-sew technique. Unipolar techonology (cryoablation) 
was used for the valve annuli. There were only two small atriotomies 
and the LAA could be excised or ligated. It was performed by median 
sternotomy or a small right thoracotomy and despite the fact that 
the pulmonary veins could be isolated in the beating heart, it still 
required a cardiopulmonary bypass for the remaining lesions.

A systematic review from 2005 comprising 3832 patients compared 
the classical Cox-Maze III with procedures that used alternative 
sources of energy (cryo and radiofrequency ablation) but found no 
significant differences as far as postoperative sinus rhythm conversion 
rates were concerned.11

Simplified (pulmonary vein encircling with connecting lesions) or 
complete modified Cox-Maze III using a diode-pump laser has also 
been tried. This was initially described as a single-center experience 
in a small set of 28 patients with concomitant mitral valve surgery 
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in Persistent Atrial Fibrillation (CASA-AF) atrial is currently 
investigating the safety and efficacy of a thoracoscopically assisted 
surgical ablation (including PVI, gananglionated plexi ablation and 
LAA exclusion), while comparing it with catheter ablation. Results 
of this trial are expected to be available by the end of 2013.34 

At present, there is small amount of consistent and reproducible 
data on the thoracoscopic surgical techniques when compared to the 
standard Maze ablation, but further research may eventually provide 
robust data supporting its non-inferiority, allowing these less invasive 
procedures to become the first line approach in surgical AF ablation.
Hybrid Procedures 

Hybrid procedures combining minimally invasive epicardial left 
atrial ablation with the endocardial percutaneous approach have been 
tried in difficult cases of AF.35 Despite being more time consuming, 
some theoretical advantages that have been pointed are: maximization 
of the efficacy of the ablation, avoiding lesion gaps and confirming 
the conduction block and minimizing potential complications, such 
as tamponade and thrombus formation  

Krul et al. have added the localization and ablation of the 
ganglionated plexi to this procedure and observed a high success rate 
of 86%, with no recurrences of AF, atrial flutter or tachycardia, out of 
antiarrhythmic treatment.36

Pison L et al. have recently demonstrated that in 23% of patients 
undergoing thoracoscopic procedures the epicardial lesions were not 
transmural and endocardial percutaneous “touch-up” was necessary.37 

The one year success of this hybrid approach was reported to be 90% 
for persistent and to 93% for paroxysmal AF.

Excision Of The Left Atrial Appendage
In patients with AF, 90% of emboli responsible for strokes arise 

from the LAA.38 Some investigators proposed that ligation of the 
LAA could reduce the risk of stroke in cardiac surgical patients with 
and without preexisting AF.39 

Several surgical techniques of LAA closure are used in an attempt 
to reduce the stroke risk, with varying and controversial success 
rates. The most frequent are either excision or exclusion by sutures or 
stapling. Kanderian AS et al. compared these techniques and reported 
that successful LAA closure occurred more often with excision (73%) 
than with suture exclusion (23%) or stapler exclusion (0%), when 
assessed on transesophageal echocardiogram performed 8.1±12 
months after surgery. Also, LAA thrombosis was found in 41% of 
patients with unsuccessful LAA exclusion vs. none with excision. 
However, at the time of transesophageal echocardiogram, stroke or 
transient ischemic attack had occurred in 11% of the patients with 
successful LAA closure (vs. 15% in those with unsuccessful closure; 
p=n.s.).40 In fact, incomplete suture ligation was shown to increase the 
risk of thromboembolism, initially in case reports41 and, years after, in 
a case-control study with a median follow-up of 69.4 months.39 None 
of the currently available surgical techniques consistently guarantees 
a high percentage of successful closure. Despite the seemingly 
advantages, excision of the LAA can also lead to risk of bleeding or 
the theoretical possibility of thrombus formation in the LAA, in case 
of  incomplete resection.

Therefore, even though surgical closure of the LAA, in particular 
its excision, seems an attractive therapeutic option in patients with 
AF submitted to cardiac surgery, safer and more efficient surgical 
techniques are still warranted.

Recently, in the “Watchman Left Atrial Appendage System for 

epicardial strategies.24, 25

In 2004, Cox defined the minimaze procedure as the minimal set of 
lesions (“pulmonary vein encircling incision, left atrial isthmus lesion 
with its attendant coronary sinus lesion, and the right atrial isthmus 
lesion”) that had to be performed to cure most patients with AF.26 

Moreover, he reinforced that in order to achieve this goal, energy had 
to be applied in the endocardium in order to overcome the presence 
of the left circumflex artery in the posterior mitral annulus and 
reach the atrial wall, something that could not be done using neither 
cryotherapy, unipolar, bipolar or irrigated radiofrequency, microwave 
or laser energy .

However, in 2002, Saltman had already developed a method for 
performing epicardial ablation of AF endoscopically in the beating 
heart, without cardiopulmonary bypass or median sternotomy.27 This 
method used microwave energy and became known as the microwave 
minimaze (or micromaze) procedure. Not long after, Wolf and 
colleages developed a similar procedure using radiofrequency energy 
instead that became known as the Wolf minimaze procedure.28 In 
these procedures, the LAA was also frequently removed. The high 
intensity focused ultrasound minimaze used an ultrasonic device that 
was positioned epicardically.29 Still, it was performed in conjunction 
with other cardiac surgical procedures, not being minimally invasive 
in those cases. These procedures have been almost restricted to 
paroxysmal AF and long-term results are only based on preliminary 
reports. Still, short-term and long-term success may range from 67 
to 91%.27-29

Thoracoscopic techniques have evolved and became more 
sophisticated being able to track more severe substrates and severely 
diseased AF patients. One of the most well-known developments was 
the “Dallas lesion set”,30 that included a more extensive set of lesions, 
alongside with partial ganglionated plexi de-enervation. Sirak J and 
colleagues introduced a true port-access procedure that was able to 
address both autonomic and anatomic sources of AF, incorporating 
PVI, mapping of epicardial autonomics, extended linear ablations 
and ligation of the LAA.31 This technique proved to be a highly 
effective and safe approach in patients with advanced forms of 
AF. The same authors also proposed a variant of the thoracoscopic 
technique, entitled “five-box thoracoscopic maze procedure”, in 
which a complete dissection of the transverse sinus and exposure of 
the left atrial floor enabled the creation of contiguous compartments 
connecting to the anterior mitral trigone and isolating the posterior 
left atrium, replicating the Cox Maze left atrial pattern.32  This 
procedure was as effective as the Cox Maze benchmark.

As these are minimally invasive procedures, comparison with 
other minimally invasive techniques like percutaneous catheter 
ablation has been performed. The atrial fibrillation catheter ablation 
versus surgical ablation treatment (FAST) trial was a two-center 
randomized clinical trial of 124 patients comparing the efficacy 
and safety of minimally invasive thoracoscopic procedures (Saltman 
and the Dallas lesion set) with percutaneous catheter ablation in a 
population comprising either patients with left atrial dilatation and 
hypertension (33%) or prior failed catheter ablation (67%).33 The 
surgical treatment group yielded higher efficacy (freedom from left 
atrial arrhythmia >30 seconds without antiarrhythmic drugs after 12 
months 65.6% vs 36.5%; p=0.0022) at expense of a higher adverse 
event rate (34.4% vs 15.9%; p=0.027). 

The Catheter Versus Thoracoscopic Surgical Ablation Strategy 
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Embolic Protection in Patients With AF” (PROTECT-AF) trial, 
percutaneous closure of the LAA has shown its noninferiority 
vs. warfarin in patients with high thromboembolic risk, but a 
concomitant high bleeding risk contraindicating anticoagulation.42 

To the best of our knowledge there are not yet many surgeons 
performing this technique, whose major technical difficulty may 
be the transseptal puncture. However, a new technique for suture 
ligation of the LAA through a combined percutaneous procedure 
targeting the epicardium through sub-xifoid punction and transseptal 

catheterization for accessing the endocardium has shown interesting 
initial results (high closure rate ≥ 95 to 98% and a favorable peri-
procedural adverse event rate).43 

A diagram describing the previously described surgical techniques 
and the evolution and extension of lesion sets is provided in Figure 1.

Particular Sub-Groups Of Patients
Valvular Atrial Fibrillation 

The addition of the Cox Maze procedure to mitral valve repair 
and replacement has been demonstrated to be safe and effective 

Legend: LA – left atrium; LAA – left atrial appendage

Figure 1: Diagram illustrating some of the surgical techniques described in this revision
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Patients with Recurrent Stroke 
Besides data from the original patients undergoing the Maze 

procedure,5 a multicentre registry also suggests that maintenance 
of sinus rhythm using a catheter ablation strategy may confer a 
reduction in stroke and death when compared to an AF population 
from the Euro Heart Survey treated medically.52 

The ongoing Catheter Ablation Versus Anti-arrhythmic Drug 
Therapy for Atrial Fibrillation (CABANA) Trial is prospectively 
testing this hypothesis, comparing left atrial ablation vs drug (rate 
or rhythm control) strategy53 and will probably provide definitive 
evidence. Meanwhile and based on these preliminary results, it is still 
early to refer patients for ablation in order to reduce the risk of stroke. 
Nonetheless, if the patient has already had previous TIA/Stroke 
while under oral anticoagulation and it is the patients’ preference to 
try this approach, we believe that a minimally invasive procedure may 
be seriously considered. 

Surgical Ablation of Atrial Fibrillation - Which Technique 
for Which Patient? 
Current Recommendations and Practice in High-Volume Centers 

The recent 2012 HRS/EHRA/ECAS expert consensus statement 
on catheter and surgical ablation of AF54 recommends that in 
symptomatic patients with AF undergoing cardiac surgery it is 
reasonable to perform surgical ablation of paroxysmal or persistent 
AF independently of treatment with anti-arrhythmic agents (IIa 
class of recommendation). In a patient with symptomatic and 
longstanding persistent AF, despite antiarrhythmic treatment, 
surgical ablation is considered a reasonable option (IIa class of 
recommendation). For this particular setting, surgical ablation may 
be considered even prior to initiation of antiarrhythmic medication 
(IIb class of recommendation).54

A lower class of recommendation (IIb) has been attributed to 
stand alone surgical ablation of AF (paroxysmal, persistent and 
longstanding persistent) in symptomatic patients already treated with 
antiarrhythmic drugs: either for those who already have undergone 
failed percutaneous procedure or for those who chose surgery as 
the first approach. As a stand-alone procedure prior to initiation 
of antiarrhythmic drug therapy (i.e. as first line treatment), surgical 
ablation is not recommended (III class recommendation).

All these recommendations assume that both the patient and 
surgery meet the necessary requirements for procedural success: 
suitable atrial anatomy (LA size and fibrosis), AF time of evolution, 
favorable risk/benefit relation and operator experience. 

It is proposed that if a PVI procedure is chosen, PVI should be 
achieved and ideally a connecting lesion to the mitral valve annulus 
should be performed. If the AF is persistent or longstanding 
persistent, a biatrial procedure should be considered. Moreover, 
complete occlusion of the LA appendage should also be considered 
if it can be safely performed (no class of recommendation or level of 
evidence for this indication). 

Furthermore, no clear indications are provided in this consensus 
concerning which surgical technique should be used in each particular 
patient or setting. It is of note that the level of evidence for all the 
aforementioned recommendations regarding surgical ablation (either 
stand alone or concomitant) in the 2012 HRS/EHRA/ECAS expert 
consensus statement54 results merely from expert consensus (level C), 
claiming for more research in this field.

for selected patients, with a possible decrease in stroke. In patients 
undergoing mitral valve replacement or repair, Bando K et al. proposed 
that freedom from AF and stroke at 5 years was significantly higher 
in those that had undergone Maze procedure.44 Von Oppell et al. 
demonstrated that radiofrequency maze ablation added to mitral valve 
surgery resulted in a higher sinus rhythm conversion rate, leading to 
a normalization of atrial function in 63% of the patients converted to 
sinus rhythm.45 Maze outcomes are considered acceptable regardless 
of the type of mitral surgery (repair or replacement).46 Preoperative 
left atrial size and duration of AF are the primary predictors of sinus 
conversion by the radiofrequency Maze procedure in patients with 
persistent AF and mitral valve disease.47 In addition, AF recurrence 
was mainly affected by age, unfavorable electrocardiographic 
characteristics of AF, and larger preoperative left atrial size.46 Even 
patients with chronic AF undergoing mitral valve replacement 
can potentially derive benefit from intra-operative radiofrequency 
left atrial ablation, with significant improvement of sinus rhythm 
restoration rate. In these patients, advanced heart failure and a 
significantly dilated left atrium were negative predictive factors for 
sinus rhythm maintenance.48 

The effectiveness of surgical ablation of AF during mitral valve 
procedures due to rheumatic etiology has also been studied. Canale 
LS et al. reported that bipolar radiofrequency ablation in patients 
submitted to mitral valve surgery of rheumatic etiology was effective 
in converting AF (including cases with the permanent form) to 
sinus rhythm in 68% of patients after 14 months.49 Sternik L et al. 
corroborated these findings, suggesting that there was no significant 
difference in the efficacy of AF surgical ablation between rheumatic 
and nonrheumatic patients, provided that the AF was of similar type 
and duration before ablation. Interestingly, enlarged left atria in the 
rheumatic group of patients did not influence results, probably due 
to the author’s policy of not performing ablation in patients with an 
extremely enlarged left atrium. Permanent AF or AF for at least 10 
years before surgery were risk factors for ablation failure at early and 
midterm follow-up.50

Jeanmart H et al. have demonstrated that this combined approach 
could be beneficial even in the minimally invasive setting. They used 
unipolar radiofrequency ablation to perform a mini-maze (pulmonary 
vein isolation) during minimally invasive mitral valve surgery with 
good efficacy and safety profile.51 

Current evidence therefore indicates that the Cox-Maze procedure 
and its variants in patients undergoing mitral valve surgery (either 
repair or replacement) appears to be safe and effective in treating AF, 
even in the setting of rheumatic heart disease.
Patients Without Structural Heart Disease 

Currently, there is no role for surgical ablation of AF as first-line 
treatment in patients without structural heart disease. However, 
extremely symptomatic patients in which antiarrhythmic treatment 
and catheter ablation fails to control symptoms may be candidates 
for minimally invasive thoracoscopic mini-maze procedures. This 
has not been addressed by previous studies, however this option 
may be considered before referring the highly symptomatic patient 
with previously failed percutaneous pulmonary vein isolation for 
catheter ablation of the atrioventricular node and implantation of a 
pacemaker. Moreover, some centers are currently using this approach 
rather than percutaneous ablation, under specific settings.
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technique, reserving it for a minority of procedures (1 to 10%). The 
minimally invasive Cox Maze-IV was used in two hospitals and only 
one center used the hybrid thoracoscopic epicardial and percutaneous 
endocardial procedure. There was a big heterogeneity concerning the 
type of performed lesions sets. Still, the most commonly performed, 
in five centers, was PVI alone. The remaining centers used different 
combinations of lesions: PVI plus box lesion (roof and inferior line), 
PVI plus the Cox-Maze III lesion set (restricted to the left atrium or 
in both atria) or box lesion and ablation of complex fractionated atrial 
electrograms. Confirmation of conduction block of the pulmonary 
veins and bidirectional block across linear lesions was performed in 
eight centers (73%), epicardially and endocardially in three of them.56 
All this heterogeneity and differences between centers make the task 
of assessing if any of the techniques or lesion sets is more effective a 
real challenge.

Concerning the surgical procedures on the LAA, the 2012 focused 
update of the ESC guidelines57 suggests that surgical excision of the 
LAA may be considered in patients undergoing open heart surgery 
(IIb class of recommendation and a C level of evidence). Still, the 
guidelines reinforce that there is no conclusive evidence that surgical 
LAA excision or exclusion reduces stroke risk in AF patients, due 
to the lack of trials providing systematic follow-up and favorable 
data. Moreover, they reinforce that not all strokes in patients with 
AF are cardioembolic and that not all thrombi originate from the 
LA appendage. Therefore, the guidelines state that there may be a 
need for oral anticoagulation even in patients undergoing this type 
of treatment. 

The previously mentioned European survey also illustrates the 
heterogeneity as far as the approach of the LAA is concerned. In six 

Studies comparing different types of surgical AF ablation are scarce 
and most frequently do not comprise large numbers of patients. 
Besides the previously mentioned systematic review,11 a single-
center study by McCarthy and coworkers, comprising 408 patients, 
compared 5 surgical types of AF ablation (the classic maze procedure, 
high-intensity focused ultrasound, the left atrial maze procedure, the 
biatrial maze procedure and PVI) and the classic Maze procedure 
had the best results, with 90% of patients free from recurrent AF 
or from requiring a second ablation procedure.55 Nonetheless, we 
are currently lacking data from multicenter trials directly comparing 
highly experienced centers/operators in the different techniques 
in a head-to-head fashion, in order to truly understand how much 
the technique by itself, independently from the centre and operator 
experience, can affect treatment success. 

In a survey of European centers performing surgical ablation 
of AF,56 wide variations in the technique have been described. 
Concerning stand-alone surgical ablation procedures, only eleven 
out of the 24 centers (46%) had performed this type of treatment 
in 2011. The most frequent indication for this was failed catheter 
ablation. Among the other pointed reasons, by a descending order 
of frequency, primary intervention for longstanding AF, patient 
preference and thromboembolic advantage due to LAA exclusion, 
were named. Nine centers (81%) used exclusively radiofrequency for 
these procedures, while one used only cryo energy and the remaining 
a combination of microwave and radiofrequency.

Three centers applied the Cox-Maze on-pump technique using 
radiofrequency or cryoablation in 100% of cases. Seven performed 
totally thoracoscopic ablation procedures (in 21 to 100% of cases). 
Only three centers still used the original cut-and-sew Cox Maze-III 

Note:  The authors assume that not all AF will present this type of evolution, since the disease does not always progress as a continuum. Therefore, this is just an oversimplified schematic view and 
approach to the complex AF patient

Figure 2: Schematic representation on how the type of AF and the extension of structural disease may affect the type of chosen procedure and lesion set. 

Legend:  AF – atrial fibrillation; LA – left atrium; RA – right atrium; SVC – superior vena cava; CS – coronary sinus
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with previously failed catheter ablation or recurrent stroke despite 
oral anticoagulation. The indication for surgery in the latter group 
of patients still lacks a strong evidence support. Therefore, a strong 
patient preference after discussing all therapeutic alternatives and the 
physician’s belief that treatment can be successful and safe for that 
specific case are two essential aspects when considering this option. 
In these three groups of patients, if no transmurality of lesions is 
attained during the epicardial approach, the need for endocardial 
“touch-up” (hybrid procedure) should be considered.

In all patients treated with Cox-Maze III or Maze IV the LAA 
will be either ligated or excised. However, in patients undergoing 
less invasive procedures, targeting the LAA should be reserved 
for specific settings: patients with TIA or stroke under oral 
anticoagulation, contraindication to oral anticoagulation or a high 
CHADS2/ CHA2DS2VASc, if after discussing the possible benefits 
and complications arising from the procedure the patient and 
physician consider that the overall risk/benefit ratio is advantageous. 
It is our opinion that in this context, LAA excision should be the 
preferred method.

Despite these suggestions, reflecting our personal view, we 
underline that the choice of the technique is highly dependent on 
the centre’s expertise and experience. Moreover, as no contemporary 
trials directly compare the different surgical techniques in these 

centers performing mostly off-pump stand-alone AF ablation, the 
LAA was removed or closed in all procedures in only three of them. 
One hospital never removed or closed the LAA and the remaining 
two only interventioned the LAA when the CHA2DS2-VASc score 
was ≥ 2.56

Algorithm for Patient Management 
A simplified schematic representation on how the type of AF 

and the extension of structural disease may affect the type of chosen 
procedure and lesion set is present on Figure 2. 

A possible approach for patients with symptomatic AF despite 
antiarrhythmic therapy and who may benefit from surgical ablation 
is suggested as a framework in Figure 3.

According to this, if the patient has mitral valve disease with 
need of surgical repair, maximum benefit may be derived from Cox-
Maze III or Maze IV procedure. Patients with a severely dilated left 
atrium, longstanding persistent or permanent AF (i.e. those who 
have a higher probability of relapse) may also take advantage of this 
technique and its higher success rate.

Patients without structural heart disease may benefit from surgical 
ablation of AF in 3 circumstances: in the patient with need of 
coronary artery bypass grafting, the median sternotomy should be 
used for assessing and isolating the pulmonary veins. A minimally 
invasive thoracoscopic procedure should be preferred in patients 

Note: The use of epicardial PVI or a minimally invasive thoracoscopic procedure is based on the assumption that the AF is not permanent or longstanding persistent and the left atrium is not severely 
dilated. If this is the case a more complex lesion set should be performed. In the simpler procedures (PVI and minimally invasive thoracoscopy) LAA excision (preferably) or exclusion should be 
considered, namely in the presence of one of the three situations that are present in the framework. The Cox-Maze III or Maze IV procedures already routinely include this step. 

Figure 3: Framework suggesting a possible approach for patients with symptomatic recurrent atrial fibrillation despite optimal anti-arrhythmic therapy

Legend: Transient Ischaemic Attack; CABG - Coronary Artery Bypass Grafting; LAA - Left Atrial Appendage; LA – left atrium; Pref – preference
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specific settings, these suggestions are not evidence based (like all the 
recommendations that are present on the 2012 Expert Consensus)54 

Further comparative trials are needed and should be encouraged in 
the future to solve this knowledge and evidence gap. 

Conclusions:
Surgical ablation can offer a wide variety of techniques with 

considerable efficacy for the treatment of atrial fibrillation. Despite 
the fact that lesion set and energy modality varies widely from 
institution to institution, and there exists no consensus regarding 
the ideal lesion set or energy modality, there is common agreement 
that the standard Maze surgery, the mini-Maze or thoracoscopic 
procedures using energy sources such as ultrasound or radiofrequency 
are valid therapeutic approaches in symptomatic patients with 
AF submitted to cardiac surgery or in those with previously failed 
percutaneous ablation.

 As a stand-alone procedure for other reasons, recommendations 
are not so strong, but there are specific subsets of patients that may 
derive a benefit from it. 

Further studies are needed concerning new indications and also 
directly comparing the different surgical approaches, lesions sets and 
energy sources / cutting techniques in order to define and provide 
evidence support to the best treatment option for each specific type 
of AF patient. 
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Abstract
Thromboembolic stroke is the most serious complication in patients suffering from Atrial Fibrillation. Atrial thrombi have a predilection to 

form in the left atrial appendage. Accordingly, oral anticoagulation is recommended for patients with high risk of stroke. However, it is widely 
underused and problems of compliance are associated with serious risk of bleeding or inefficacy. In these patients with non-valvular atrial 
fibrillation, percutaneous occlusion of the left atrial appendage might help to reduce the risk of thromboembolism.

Cardiac imaging plays a crucial role at all stages of this procedure and trans-esophageal echocardiography represents the current gold-
standard for the assessment of the left atrial appendage. Cardiac imaging is mandatory to precisely determine the left atrial appendage 
anatomy and to select the appropriate size for the device. Finally, real time three-dimension echocardiography is a powerful additional tool 
that improves the safety profile of the procedure. 3D-transoesophageal echocardiography allows for the accurate assessment of left atrial 
appendage anatomy and helps determine if it’s suitable for device implantation. Finally, it also allows for continuous visualization of all 
intracardiac devices and catheters during the procedure, and the clear delineation of device positioning in the left atrial appendage.

Introduction
Stroke is the most serious complication of Atrial Fibrillation 

(AF).1 Irrespective of the rhythm management strategy, long-term 
Oral Anticoagulant (OAC) therapy is recommended according to 
the patient thromboembolic risk profile. In real life however, classic 
and new OAC are not totally reliable in preventing thromboembolic 
events.2-5 Moreover, OAC are often poorly tolerated and have a 
narrow therapeutic window.2,6 Percutaneous Left Atrial Appendage 
(LAA) occlusion was developed as an alternative therapeutic option 
to prevent stroke in high risk AF patients who are not candidates for 
a long term anticoagulant therapy.6,7,8 In this article, we discuss the 
LAA anatomy and the role of cardiac imaging for catheter-based 
LAA closure. According to recent studies, obliteration or amputation 
of the LAA might help to reduce the risk of thromboembolism 
in non-valvular AF.7,8,9 Surgical exclusion or excision of the LAA 
is safe and effective in patients with AF history undergoing an 
open heart surgery or a coronary artery bypass grafting surgery.15,16 

However, the long-term results of these procedures remain 
controversial.17 Percutaneous LAA closure has been developed with 
promising results,7,8,9 and is now a days indicated by the guidelines 
as a valuable alternative for patient with a high risk of stroke and 
contraindications for long-term oral anticoagulation.6 Currently,3 
different devices are proposed for percutaneous LAA obliteration: the 
PLAATO system (Appriva Medical) is not available anymore, the 
WATCHMAN device (Boston Scientific, Natick, MA, USA) and 
the AMPLATZER® Cardiac Plug prosthesis (St. Jude Medical Inc., 
Saint Paul, USA). (Figure 1) Preliminary results with those devices 
demonstrated the feasibility of percutaneous LAA obliteration.8,9,18

Role of Cardiac Imaging for Catheter-Based Left Atrial Ap-
pendage Closure.
  Cardiac imaging plays a key role at different stages of the proce-
dure.

Patient Selection
  According to their medical history, their thromboembolic profile 
(CHA2DS2-VASc) and bleeding risk (HAS-BLED), patients with 
non-valvular AF who are not candidates for a long term OAC can 
be eligible for a percutaneous LAA occlusion.6 Two-dimensional and 
Three-dimensional transthoracic echocardiography (2D- and 3D-
TTE) allows for determining the left ventricular systolic function 
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irregular, should be measured in several planes. MDCT appear to be 
a safe alternative to 2D-TEE. Its sensitivity for the detection of LAA 
thrombi is at least comparable with TEE 23 and when associated with 
contrast injection, it yields to high quality 3-D images of the LAA 
anatomy. A few authors also proposed to use Cardiac MRI to assess 
the LAA anatomy and to detect LAA thrombi, however its role for 
percutaneous closure of the LAA needs to be better defined.24

Procedure Planning and Assessment of LAA Anatomy
LAA is a tubular and muscular structure derived from the left 

wall of the primary atrium, which forms during the third week of 
gestation. LAA resembles a cone and communicates with the LA 
through an orifice located between the left superior pulmonary vein 

and for identifying potential procedural contraindications such as sig-
nificant valvular disease or severe left atrium dilatation (>60mm).9,18 

However, TTE is not sensitive enough to detect the presence of atrial 
thrombi or to assess the anatomy and the dimensions of the LAA.13 

Therefore, the use of 2D- and 3D-transeosophageal echocardiog-
raphy (2D- and 3D-TEE), multi-detector computed tomography 
(MDCT) or Cardiac Magnetic Resonance Imaging (cMRI) is man-
datory when planning the procedure.

 As it plays a crucial role to guide the landing of the prosthesis 
in real time during the LAA occlusion, TEE has become the gold-
standard technique for the assessment of the LAA.19-22 LAA anatomy 
is very complex, and careful evaluation by multiplane TEE is the first 
important step. The exact size of the LAA orifice, which is often 

Figure 1:

Left side: The PLAATO LAA occlusion device is composed of a nitinol frame with expanded polytetrafluoroethylene membrane. Anchors on the 
frame provide stability for the device, Center: The WATCHMAN device (Atritech, Inc., Minneapolis, MN, USA) is a nitinol frame with barbs for 
anchoring. The membrane is initially permeable until it becomes endothelialized.Right side: The AMPLATZER® Cardiac Plug prosthesis (St. Jude 
Medical Inc., Saint Paul, USA)
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Figure 3: Characterization of LAA size and anatomy. Measurement of the LAA landing zone diameter at 60° by 2D-TEE (A), 3D-TEE (B) with 
corresponding measurements obtained by MDCT (C) and cMRI (D) . LA = Left Atrium; LAA = Left Atrial Appendage.
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oversizing, which carry a risk of perforation and cardiac tamponade, 
or prosthesis undersizing, which is associated with a risk of device 
embolization or residual leak. Therefore, it is recommended to measure 
the LAA orifice diameter by using several imaging techniques. In our 
experience, gross anatomical information is commonly provided by 
2D-TEE. However, 2D-TEE does not adequately allow a complete 
visualization of the LAA. Moreover, it tends to underestimate the 
LAA ostium diameter.21 Three-dimensional imaging modalities 
(3D-TEE, MDCT or cMRI) are more reliable and accurate than 
2D-TEE for the assessment of LAA orifice size.25 Real time 3D-TEE 
currently represents our first-line approach as it can be used during 
the procedure itself and provides a full view of the LAA without any 
radiation exposure or contrast administration (Figure 4). Procedure 

and left ventricle. There is an important inter-individual variability in 
the anatomy and size of LAA. In approximately 54% of cases, LAA 
had 2 or more lobes (range 1-4).14 In AF patients, the volume of the 
LAA increases.12 In those patients, atrial thrombi have a predilection 
to form in the LAA .11 The exact pathogenesis of clot formation in 
the LAA has not been fully elucidated; however, relative stasis which 
occurs in the appendage owing to its shape and the trabeculations 
within it is thought to play a major role.10-14 

When planning an LAA occlusion procedure, non-invasive 
imaging is needed to precisely determine the LAA anatomy 
(thrombus, accessory lobes, orifice diameter and depth) (Figures 
2,3). The accurate measurement of the LAA orifice diameters and 
landing zone is of paramount importance to avoid either prosthesis 

Figure 2: Illustration of the 3 most important measurements to acquire to select the appropriate prosthesis size: measurement of the LAA ostium (A), 
landing zone diameters (B), depth of the LAA (C)
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Figure 4:

“En face” view of the left atrial appendage (LAA), obtained by using real-time 3D-TEE (A); the LAA long axes were aligned using the multiplanar 
reconstruction mode of QLab-3DQ software (Philips Medical Systems, Andover, MA) allowing visualization of the LAA orifice in the short axis (B). 
The area and the maximum and minimum diameters of LAA orifice, were measured from the short-axis view (the LAA orifice is rarely a perfect 
circle but often oval). LA = Left Atrium; LAA = Left Atrial Appendage
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Guidance
During the procedure itself, both TEE and contrast angiography 

plays a major role to guide the procedure. TEE or Intracardiac 
Echocardiography (ICE) can be used to guide the transseptal 
puncture.27 TEE, ICE and LAA contrast angiography in several 

projections (usually 4 for TEE and 2 for contrast angiography) 
confirm the LAA orifice dimensions. Based on these measurements 
and according to the different manufacturers charts and 
recommendations, the size of the device is chosen. The positioning of 
the device in the LAA cavity is monitored by TEE and fluoroscopy 
(Figure 5). At all stages of the procedure, full visualization of the 
intracardiac catheters and devices is important in order to avoid 
complications. Catheters can be seen on the 2D images. However, 
their exact location is difficult to determine as it is impossible to 
align all of them in only one imaging plane. Using real time 3D-TEE 
allows for imaging the entire intracardiac region with all the 
catheters in live. Real time 3D-TEE contributes largely to increase 
the safety of the procedure and the confidence of the cardiologist 
who manipulates the catheters. In particular, it allows for the direct 
visualization of the anatomical relationships between the mitral 
valve, the pulmonary veins and LAA. Once the device is positioned 
in the LAA, its position is re-assessed prior to final deployment. The 
real time 3D zoom mode with a “en face” visualization of the device 
evaluates the anatomical fit of the prosthesis (Figure 6B and 6C). If 
the placement appears suboptimal, the device can be re-positioned 
until satisfactory result has been achieved. 

Evaluation of Procedural Efficacy
Once the position of the device appears anatomically satisfactory, 

the device is released. TEE and contrast angiography are used to 
evaluate immediate procedural efficacy. Colour Doppler 2D-TEE is 
used to assess potential residual communication between the LAA 
and the left atrium8 (Figure 6).

Detection of Procedural Complications and Evaluation of 
Long Term Results
    At the end of the procedure, echocardiography is used to as-
sess the absence of any possible early complications, which might 

Figure 5:
Two dimensional-TEE demonstrating the tenting of the fossa ovalis (arrow) toward the left atrium (LA) before transseptal catheterization. (A) 
The echo of the guidewire (arrow) is seen in the right atrium and the left atrium (B) Three-dimensional TEE. Imaging of the intra cardiac area of 
interest including the delivery sheath and the AMPLATZER® Cardiac Plug into LAA (C)
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Figure 6:

Two dimensional-TEE demonstrating the tenting of the fossa 
ovalis (arrow) toward the left atrium (LA) before transseptal 
catheterization. (A) The echo of the guidewire (arrow) is seen 
in the right atrium and the left atrium (B) Three-dimensional 
TEE. Imaging of the intra cardiac area of interest including the 
delivery sheath and the AMPLATZER® Cardiac Plug into LAA (C)
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include pericardial effusion and cardiac tamponade, device dislodge-
ment or embolization and abnormal mitral valve movement. 
   During follow-up, TEE, MDCT or cMRI are performed at pre-
determined intervals to assess the long-term results and to exclude 
any late complications. The final device position is appreciated by 
using the 2D-TEE and 3D-TEE zoom mode with “en face” visual-
ization of the LAA orifice (especially for the AMPLATZER® Car-
diac Plug prosthesis). Colour Doppler is used to exclude any residual 
communication between the LAA and the left atrium. Both 2D- 
and 3D- imaging techniques are used to exclude the presence of any 
intra-car diac clots or thrombus covering the device. Some reports 
showed that MDCT has a superior image resolution and might be 
helpful to non-invasively evaluate the device position and assess the 
LAA after obliteration.28,29 Cardiac MRI also seems to be an inter-
esting non-invasive alternative to confirm the correct positioning of 
the occluder and to detect residual LAA leaks.30

Conclusions:
Percutaneous LAA occlusion procedure is a safe and effective 

alternative for patients with non-valvular AF at high risk for 
thromboembolism who are not candidates for long term anticoagulant 
therapy. Cardiac imaging play a crucial role at all stages of the 
procedure. Conventional 2D-TEE is the current gold-standard for 
the assessment of the LAA. However, real time 3D TEE imaging 
is a powerful additional tool that helps to improve the safety of the 
procedure. Real time 3D TEE allows for the evaluation of the LAA 
anatomy and for determining its suitability for device implantation. 
It also allows for continuous visualization of all intracardiac devices 
and catheters during the procedure and the clear delineation of 
device position in the LAA.
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Abstract
Patients with mechanical “hardware” in the heart, such as those with mechanical cardiac valves or atrial septal closure devices, represent 

a population at high risk of developing AF. Catheter ablation of AF in these subjects might represent a challenge, due to the perceived higher 
risk of complications associated with the presence of intracardiac mechanical devices. Accordingly, such patients were excluded or poorly 
represented in major trials proving the benefit of catheter ablation for the rhythm-control of AF. However, recent evidence supports the 
concept that catheter ablation procedures might be equally effective in these patients, without a significant increase in the risk of procedural 
complications. This review will summarize the current state-of-the-art on catheter ablation of AF in patients with mechanical “hardware” in 
the heart.

Introduction

Atrial fibrillation (AF) is the most common arrhythmia encountered 
in clinical practice, affecting 1% of the general population and up 
to 10% of patients over 80 years of age.1 Radiofrequency catheter 
ablation has been demonstrated effective to achieve long-term sinus 
rhythm maintenance in a large proportion of patients with drug-
refractory AF.2

Patients with mechanical “hardware” in the heart, such as those with 
mechanical cardiac valves or atrial septal closure devices, represent a 
population at high risk of developing AF. Remarkably, such patients 
were excluded or poorly represented in major trials proving the benefit 
of catheter ablation for the rhythm-control of AF. Recent evidence 
supports the concept that catheter ablation procedures might be 

equally effective in these patients, without a significant increase in 
the risk of procedural complications. This review will summarize the 
current state-of-the-art on catheter ablation of AF in patients with 
mechanical “hardware” in the heart.

Septal closure Devices
Current Evidence 

Percutaneous septal closure is an appealing therapeutic option for 
patients with either a patent foramen ovale (PFO) or an atrial septal 
defect (ASD). In both cases, the techniques essentially consist of the 
introduction of one of various available septal closure devices (usually 
through femoral venous access) and its deployment at the interatrial 
septum to close off the interatrial communication. Indications for 
this procedure are currently the subject of a heated debate in patients 
with a PFO,3, 4 while they are becoming broader in ASD patients,5-7 
who are at an increased risk of AF and remain so even after ASD 
closure.8-11 In patients with interatrial septal repair, AF ablation is 
perceived as more challenging because the presence of a septal closure 
device may make transseptal access more difficult. Success was first 
reported in 2008 by Zaker-Shahrak and colleagues12 in two patients 
who had undergone PFO closure with an Amplatzer™ plug (AGA 
Medical Corporation, Plymouth, MN, USA). Transseptal puncture 
was performed through a portion of the native interatrial septum 

Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com



Journal of Atrial Fibrillation146 Journal Review

Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com

is not a risk-free endeavor and some cautions are still warranted in 
generalizing these results to other Institutions and operators.23 On 
one hand, the fact that the study did not routinely evaluate post-
procedural iatrogenic interatrial shunting with transoesophageal 
echocardiography might have underestimated the incidence of 
smaller iatrogenic shunts; on the other hand, even in that case it 
would have still remained unclear whether such smaller shunts would 
have held any clinical significance. Also, only Amplatzer devices 
were punctured: no evidence exists on puncture through other septal 
occluder types.

In 2012 Chen and colleagues24 reported single transseptal puncture 
directly through an Amplatzer device facilitated by an angioplasty 
balloon inflated to 16 atm. Transseptal puncture took 52 minutes, 
no periprocedural complications occurred, and a post-ablation 
transthoracic echocardiogram (with the Valsalva maneuver) showed 
no residual interatrial shunting.

In trying to assess whether puncture through the remaining portion 
of the native interatrial septum is possible, a 2012 paper by Wagdi and 
Alkhadi25 retrospectively analyzed cardiac CT studies (performed 
for chest pain, suspected or known coronary artery disease) from 20 
patients who had previously undergone percutaneous septal closure 
(12 Amplatzer, 4 Atriasept™, 3 Figulla™, 1 Solysafe™) due to PFO 
(15/20) or ASD (5/20). The minimal distance between the device 
and the atrial floor was calculated at the 6-o’clock and 7:30 positions, 
arbitrarily choosing 6 mm as the minimal distance that was felt to 
be “safe” for puncture in the native septum. They found such a “safe” 
rim in 10/20 patients and, interestingly, reported that neither device 
size nor atrial dimensions predicted whether such a “safe” rim existed. 
Unfortunately, this remained a purely observational study, as no 
patient then underwent AF ablation. Therefore, there is no evidence 
basis to state whether pre-ablation cardiac CT actually helps predict 
the feasibility of transseptal puncture in the native septum in these 
cases.
State of the Art 

In summary, current published evidence suggests that transseptal 
puncture in patients with a septal closure device is feasible and safe 
either through the native septum or directly through the device, 
although this remains a complex and time-consuming procedure 
even in experienced hands. 

Mechanical Mitral Valve Prostheses
The risk of AF is increased in mitral valve disease26 and specifically 

after mitral valve replacement surgery,26-29 but the presence of the 
mechanical mitral valve prostheses (MMVP) raises concerns over 
valve damage30 or catheter entrapment31-33 during LA ablation 
procedures. While there are no randomized controlled trials on this 
subject, three observational studies34-36 on AF ablation and one on 
peri-mitral flutter (PMFL)37 ablation have been published (Tables 1 
and 2). We also recently published a pooled analysis of such data,38 

aggregating a total population of 178 cases and 285 controls. 
Feasibility 

The four observational studies confirm the feasibility of LA 
ablation procedures in MMVP patients, although our pooled analysis 
revealed longer procedural times in MMVP patients than in controls 
(weighted mean difference: +24.5 minutes).38 Only in one patient 
enrolled in the study by Lang and colleagues,34 ablation was aborted 
due to impossibility to perform transseptal puncture, which the 

just below the caudal rim of the device, without periprocedural 
complications.

In 2008 Lakkireddy and colleagues13 reported a case-control study 
on 45 patients with a previous ASD or PFO repair and 45 matched 
controls. Of the former category, 18/45 (40.0%) had undergone 
percutaneous repair with a CardioSEAL® device (NMT Medical 
Inc, Boston, MA, USA), 5/45 (11.1%) with an Amplatzer device, 
while 22/45 had undergone surgical repair. In all cases AF ablation 
supported by intracardiac echocardiography and fluoroscopic guidance 
was feasible and safe, and was not associated with prolongation 
of either total procedural times or fluoroscopy times compared to 
controls. Double transseptal puncture was performed through 
available infero-posterior portions of the native interatrial septum in 
all 23 patients with a septal closure device. At a mean follow up of 
15±4 months, 76% of the 45 patients with previous interatrial septal 
repair remained free from AF recurrences. No subgroup analysis was 
presented on percutaneous closure cases compared to surgical repair 
cases and/or to matched controls.

In 2011 Santangeli and colleagues14 reported a more specific case 
series of 39 patients with no prior AF ablation and a previously 
corrected isolated ostium secundum ASD, including 32 patients with 
an Amplatzer plug and 7 with a CardioSEAL device. No patient had 
evidence of interatrial shunting before the procedure. All underwent 
ablation on therapeutic warfarin,15, 16 under general anesthesia,17 with 
the fundamental support of intracardiac echocardiography as well as 
fluoroscopic guidance. In 35/39 patients (89.7%) double transseptal 
puncture was performed in a portion of the native septum anterior 
to the septal closure device; in 33/35 cases (94.3%) puncture was 
aided by applying radiofrequency to the transseptal needle during 
interatrial septal tenting. In the remaining 4/39 patients (10.3%) 
double transseptal puncture was performed directly through the 
device (an Amplatzer plug in all four) because no portion of the native 
septum was available. Procedural endpoints were met in all cases, but 
performing transseptal puncture directly through the closure device 
took much longer (4.3±0.4 versus 73.6±1.1 minutes, p<0.001), was 
associated with longer fluoroscopy times (80±8 versus 122±5 minutes, 
p<0.001) and longer procedural times (3.1±0.3 versus 4.1±0.2 hours). 
No significant periprocedural complications occurred. Post-ablation 
transthoracic echocardiography showed minimal interatrial shunting 
in 10/35 (28.6%) of patients punctured through their native septum, 
a rate that is compatible with previous experiences with double 
transseptal puncture in patients without septal closure devices;18-20 no 
shunting was found in the 4 patients punctured through the device. 
Contrast-enhanced echocardiography (with the Valsalva maneuver) 
performed 3-6 months after ablation found no residual interatrial 
shunting in any patient.

Data from this 2011 study thus support the feasibility and safety of 
transseptal puncture in patients with a septal closure device, although 
they only apply to isolated ASD (as opposed to more complex 
congenital heart disease). Although spontaneous closure in the native 
septum has been well reported in the past,18, 20, 21 the mechanism 
which prevents residual intra-atrial shunting after puncture through 
the woven polymer mesh of septal closure devices remains to be 
elucidated. A possible explanation is microthrombosis within the 
polyester baffles, which has been shown in previous animal studies 
to become completely covered in protein and cellular layers within 
three months.22 However, puncture through septal closure devices 
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MMVP cases and 26 matched controls; it is not stated whether any 
of them had undergone catheter or surgical LA ablation procedures 
before. All underwent a now rather outdated circumferential PV 
ablation technique (aiming for PV potential abatement, without 
using a circular mapping catheter); most patients also received 
a mitral isthmus line and a posterior/roof line. After a 3-month 
blanking period and a mean of 10-month follow-up period (range: 
1-12 months), the total AF and/or AT recurrence rate was high (50%
versus 35%), despite extensive amiodarone use (given to all patients
during the blanking period, then continued for an unspecified time
only in patients who experienced recurrences). The difference in
recurrence rates was not statistically significant when analyzing AF
recurrences alone (27% versus 25%), but it did show a much higher
incidence of post-ablation AT in MMVP patients than in controls
(23% versus 2%, p=0.005). Total reablation rates also approached
50% in patients who experienced AT/AF recurrences (7/13 versus
7/14 patients). The current clinical applicability of these results is
severely limited by very small populations, short and heterogeneous
follow-up time, extensive amiodarone use, and an ablation technique
that is no longer considered state-of-the-art.

The 2011 multi-center study by Lakkireddy and colleagues35 

enrolled 50 cases (41 with MMVP, 5 with mechanical aortic valve, 4 
with both) and 50 matched controls; 4/50 cases (14%) had undergone 
surgical AF ablation at the time of valve surgery. All underwent PV 
antral isolation supported by intracardiac echocardiography, use of a 
circular mapping catheter and electroanatomic mapping; all patients 
with non-paroxysmal AF also underwent ablation of complex 
fractionated atrial electrograms and attempted epicardial ablation 
from within the coronary sinus. Further lesions were delivered in 
certain subpopulations, as detailed in the original paper (this included 
a mitral isthmus line in 20% of patients with valve prosthesis). After 
ablation, patients were followed up for 12 months, with antiarrhythmic 
drugs discontinued if patients were in sinus rhythm at the 2-month 
control. At 6 months, there was no significant difference in AF/AT 
recurrence rates off antiarrhythmic drugs (22% versus 16%, p=0.60); 

authors attributed to cardiac rotation.
Radiation Exposure 

Radiation exposure is a significant concern in electrophysiology 
procedures. Our pooled analysis found that procedures required 
longer fluoroscopy times in MMVP patients than in controls 
(weighted mean difference of  +13.5 minutes).38 All three studies on 
AF ablation reported this difference,34-36 whereas the 2011 study on 
PMFL did not report fluoroscopy data.37

Complications 
As for significant complications (see Table 2), it is worth noting 

that highly feared complications specifically related to MMVP 
(such as catheter entrapment or prosthesis damage) did not occur, 
whereas the studies only reported complications classically associated 
with LA ablations in general. Our pooled analysis found that these 
occurred in 10/179 (5.6%) MMVP patients and in 8/285 controls 
(2.8%), but while this entails a doubled complication rate, the 
difference did not reach statistical significance (p=0.28).38 We 
note that in their 2005 study Lang and colleagues34 reported as a 
complication the previously mentioned case that was aborted due 
to inability to cross the interatrial septum (thus bringing the total 
of cases to 27 for that analysis), but they otherwise excluded that 
case from further outcome analyses. For the sake of consistency, we 
decided to adhere to the authors’ classification and consider the event 
as a complication, which is why we considered 179 cases instead of 
178 only for complication analysis.
Populations, Techniques and Effectiveness 

The overall population of 178 cases included 161 MMVP patients 
and 15 patients who did not have a MMVP (12 with a mitral 
annuloplasty ring37 and 5 with a mechanical aortic valve prosthesis35); 
separate data was not provided for these patients, so their data could 
not be singled out from pooled analysis. Aggregated results showed a 
trend towards increased atrial tachyarrhythmia recurrences in 64/178 
cases versus 73/285 controls (36% versus 26%, p=0.053).38

The 2005 single-center study by Lang and colleagues34 enrolled 26 

Table 1: Patient populations and procedural features in studies for left atrial ablation in patients with a mechanical mitral valve 
prosthesis

Study Arrhythmia Population Peri-procedural 
anticoagulation

Technology Ablation procedure types (cases vs controls) Fluoroscopy time 
in minutes (cases 
vs controls)

Lang et al34

 (Italy, 2005)
AF 26 cases (50% 

parox.)
52 controls (50% 
parox.)

LMWH bridging • CARTO mapping
• Non-irrigated ablation catheter
• (No circular mapping catheter)

• CPVA (all patients)
• MIL (93% vs 94%)
• Posterior/roof line (81% vs 81%)

35±21 vs 21±15  
(p<0.001)

Lakkireddy et al35 
(USA, 2011)

AF 50 cases 
(41 MMVP, 5 
mechanical aortic 
valve, 4 both) 
(40% parox.)
50 controls (40% 
parox.)

Warfarin with 
therapeutic INR

• Intracardiac echocardiography
• Circular mapping catheter
• CARTO or NavX mapping
• Irrigated ablation catheter

• PVAI (all patients)
• CFAE ablation (all non-paroxysmal AF cases)
• Epicardial ablation from within the coronary sinus (all 
non-paroxysmal AF cases
• Non-PV triggers (if found with isoprenaline infusion)
• Further ablation lines (see original paper), including 
MIL (20% of cases)

60±17 vs 
53.8±6.8 
(p<0.01)

Hussein et al36 (USA, 
2011)

AF 81 cases (70.4% 
parox.)
162 controls 
(67.3% parox.)

Warfarin with 
therapeutic INR

• Intracardiac echocardiography
• Circular mapping catheter
• Unspecified electroanatomical 
mapping (only for flutter ablation)
• (Unspecified ablation catheter)

• PVAI (all patients)
• Superior vena cava (all patients)
• Non-PV triggers (44.4% vs unspecified)
• Further ablation lines (<50%: see original paper), 
including MIL.

37±12 vs 17±8 
(p<0.01)

Mountantonakis et 
al37  (USA, 2011)

PMFL ± AF 21 cases (9 
MMVP, 21 mitral 
annuloplasty)
21 controls

Warfarin with 
therapeutic INR

• Intracardiac echocardiography
• CARTO or NavX mapping
• Circular mapping catheter
• Irrigated ablation catheter
• Steerable sheath (81% vs 71%)

• PVAI + MIL (all patients)
• Epicardial ablation from within the coronary sinus 
(43% vs 68%)
• LAA stump ablation (unspecified)

Not reported

AF = atrial fibrillation; PMFL = peri-mitral flutter; LMWH = low molecular weight heparin; MIL = mitral isthmus line; PVAI = pulmonary vein antral isolation; CFAE = complex fractionated atrial 
electrograms; LAA = left atrial appendage.
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in controls compared to cases (2.1±1.2 versus 1.3±1.1, p=0.31). All 
underwent PV antral isolation and mitral isthmus line ablation 
(including epicardial ablation from the coronary sinus in some cases), 
supported by electroanatomical mapping and a circular mapping 
catheter; in patients with an excluded or ligated LA appendage, 
ablation at the stump site was also performed. In some cases, a 
steerable sheath was used to better manipulate the ablation catheter 
near the mitral valve. At a mean follow-up of just 6.1±3.5 months 
(including a 2-month blanking period), there was no significant 
difference in AF/PMFL freedom rate between cases and controls 
(71% versus 67%, with 57% and 71% respectively still on unspecified 
antiarrhythmic drugs). The authors report no data on repeat ablations. 
The extremely small and heterogeneous populations, high incidence 
of previous ablations, incomplete data on antiarrhythmic drug 
therapy, and extremely short follow-up time make the results of this 
study very difficult to translate into clinical practice.
State of the Art 

Available data on LA ablations in MMVP patients prove that such 
procedures are feasible and relatively safe in high-volume centers, 
although they entail longer procedural and fluoroscopy times, a 
trend towards higher complication rates and worse arrhythmia-free 
survival.38 However, these data come from case-control studies with 
relatively small populations, heterogeneous ablation techniques, 
and short follow-up time. They only reported arrhythmia-free 
survival, while failing to take arrhythmic burden and/or quality of 
life measures into consideration. Further studies are warranted to 
evaluate the long-term benefit of catheter ablation in patients with 
MMVP, as well as whether the reported results at short- and mid-
term are generalizable to less experienced operators and Institutions. 

Other Cardiac Valve Devices
While most of the experience with intra-cardiac devices in LA 

ablations focuses on either septal closure devices or mechanical 
mitral valve prostheses, other possibilities should be taken into 
consideration. Two previously cited papers included a few patients 
with mechanical aortic valve prostheses and AF35 or with a mitral 
annuloplasty ring and PMFL,37 although no specific conclusions 
can be drawn on those subgroups. In 2012, Cheng and George also 
reported detection of dehiscence of a mitral annuloplasty ring on 
pre-ablation cardiac CT,39 which prompted them to refrain from 

there was still no significant difference off antiarrhythmic drugs at 
12 months (20% versus 18%, p=0,60) after a mean of 1.3 and 1.2 
procedures, considering that 17 cases and 10 controls had undergone 
repeat ablation.

The 2011 single-center study by Hussein and colleagues36 is the 
largest to date, enrolling 81 MMVP cases (34.6% of them with a 
previous surgical LA ablation) and 162 matched controls (with no 
previous LA ablation). All underwent PV antral isolation supported 
by intracardiac echocardiography and a circular mapping catheter 
(without electroanatomical mapping) and ablation of superior vena 
cava potentials; some patients also underwent ablation of other non-
PV triggers (44.4% of MMVP cases) and possibly also received other 
LA and RA ablation lines, as detailed in the original paper. Presenting 
arrhythmias and ablation maneuvers are described in much greater 
detail in this study compared to the other three. Unsurprisingly, 
MMVP patients with a previous surgical LA ablation had a greater 
likelihood of presenting with atypical flutter (67.9% versus 30.8%, 
p=0.0013). After a mean 24-month follow-up time (including a 
2-month blanking period), the arrhythmia recurrence rate was
higher in MMVP patients than in controls (49.4% versus 27.7%,
p<0.001). Antiarrhythmic drugs were given in the blanking period
and continued in some patients who had arrhythmia recurrences, but
amiodarone was never used after ablation. The reablation rate was
rather high in both patient groups (72.5% versus 73.3%), although
MMVP cases required more ablations per person than controls
(1.4±0.6 versus 1.2±0.5, p=0.003) and were less successful at last
follow-up (69.1% versus 87.0%, p=0.0006). This study represents the
largest, longest and most detailed study on LA ablations in MMVP
patients so far, and the closest to clinical applicability in current
practice.

Finally, the 2011 single-center study by Mountantonakis and 
colleagues on PMFL ablation37 enrolled just 21 cases (9 patients 
with MMVP and 12 with a mitral annuloplasty ring) and 21 
matched controls. Of the 21 cases, 12 had undergone surgical AF 
ablation at the time of valve surgery, and 10 had undergone at least 
one catheter-based AF ablation after surgery (thus 14/21 patient had 
a mitral isthmus ablation performed in the past, in one way or the 
other, although in no patient the mitral isthmus was still blocked on 
reablation). The number of previous LA ablation was even higher 

Table 2: Significant complications in studies of left atrial ablation in patients with a mechanical mitral valve prosthesis

Complications (cases vs controls) Lang et al34

 (Italy, 2005)
Hussein et al36 (USA, 
2011)

Lakkireddy et al35 
(USA, 2011)

Mountantonakis et 
al37  (USA, 2011)

Total

Procedure aborted due to inability to cross the interatrial septum 1/27 vs 0/26 - - - 1/179 vs 0/285

Transient ischemic attack 1/27 vs 0/26 - - - 1/179 vs 0/285

Femoral pseudoaneurysm 1/27 vs 0/26 1/81 vs 0/162 - - 2/179 vs 0/285

Femoral arteriovenous fistula - - 2/50 vs 0/50 - 2/179 vs 0/285

Inguinal hematoma requiring intervention - 1/81 vs 2/162 0/50 vs 1/50 - 1/179 vs 3/285

Bleeding requiring transfusion - 1/81 vs 1/162 - - 1/179 vs 1/285

Pericardial effusion / tamponade requiring drainage - 0/81 vs 1/162 1/50 vs 1/50 - 1/179 vs 2/285

Diaphragmatic paralysis - - 1/50 vs 0/50 - 1/179 vs 0/285

Total 2/27 vs 0/52 (p=0.01) 3/81 vs 4/162 
(p=0.52)

4/50 vs 2/50 (p=0.11) 0/21 vs 0/21 10/179 vs 8/285 (p=0.28)



Journal of Atrial Fibrillation149 Journal Review

Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com Jun-Jul, 2013 | Vol-6 | Issue-1 www.jafib.com

suggests that such patients may safely undergo AF ablation in high-
volume tertiary referral centers, and invites further studies on this 
matter. 
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using a circular mapping catheter during the procedure (as its shape 
would have conferred the greatest risk for entrapment). There are 
no published reports yet of LA ablation in patients equipped with a 
MitraClip (Abbott Vascular, Green Oaks, IL, USA), although need 
for such a procedure is likely to emerge.

Atrial Appendage Closure
Atrial fibrillation is the most frequent cause of ischemic stroke, 

particularly in the elderly,40 and closure of the left atrial appendage 
(LAA), as the most likely site for thrombus formation, represents 
a promising approach to stroke risk reduction.41,42 Combining 
AF ablation with LAA closure holds particular appeal, as the two 
percutaneous procedures address different aspects of the same 
clinical condition. In 2012 Swaans and colleagues43 reported a series 
of 30 patients who underwent combined LAA closure using the 
Watchman device (Boston Scientific/Atritech Inc, Plymouth, MN, 
USA) and AF ablation through PV isolation (using the purpose-
built PVAC catheter from Medtronic/Ablation Frontiers Inc, 
Carslbad, CA, USA), in addition to ablation of complex fractionated 
atrial electrograms in patients with long-standing persistent 
AF. The combined procedure was performed on warfarin, under 
general anesthesia, with fluoroscopic guidance and continuous 
transesophageal echocardiographic monitoring. The median total 
procedural time was 97.3 minutes (25th-75th percentile range: 75-
115 minutes); LAA ablation accounted for a median of 38 minutes 
(25th-75th percentile range: 30-51 minutes) and required a median 
of 1.5 devices (25th-75th percentile range: 1-2 devices). There were 
only 3 minor periprocedural complications (minor bleedings) and no 
major complications. Post-ablation echocardiography and follow-up 
transesophageal echocardiography at 60 days confirmed successful 
LAA closure, although in one patient the Watchman device 
subsequently embolized to the abdominal aorta (without symptoms). 
The strategy for post-ablation AF recurrence detection in this study 
was particularly disappointing, consisting solely of repeated 12-lead 
ECGs (without Holter ECG monitoring). Still, after a blanking 
period of 3 months, at a 12-month follow-up 21/30 (70.0%) patients 
had no documented AF recurrence, while of the remaining 9/30 
(30.0%) who experienced AF recurrences, 4 underwent repeat 
AF ablation with neither periprocedural complications nor any 
interference from the LAA closure device. This study proves the 
feasibility and relative safety of combined AF ablation and LAA 
closure, and suggest the same for repeat AF ablation in patients 
who already have a LAA closure device. It is worth remembering 
that in a substantial proportion of patients with AF (especially non-
paroxysmal AF), the LAA appendage may represent an important 
trigger site requiring electrical isolation with ablation,44 but there is 
no evidence on whether the presence of an endocardial LAA closure 
device may impede such an approach. Furthermore, the increasing 
availability of epicardial percutaneous LAA ligation devices45 might 
be helpful to achieve both LAA isolation and closure in a single 
procedure.

Conclusions:
With the growing epidemic of AF, catheter ablation techniques 

will need to step up to meet the needs of a wider, more complicated 
population, including patients in whom previous surgical or 
percutaneous interventions left intra-cardiac devices in place. The 
current published experience on this regard is largely limited, but it 
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Conference 11025 North Torrey Pines Road Suite 200, Maildrop: 

SCRC 200 La Jolla, California 92037 

Questions? 

Contact: Scripps Conference Services & CME 

Phone: 858-652-5400 

Email: med.edu@scrippshealth.org
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VeniceArrhythmias 2013: The Breakthrough Cardiology Event Of 
The Year!

The 13th edition of VeniceArrhythmias - to be held in Venice, 
October 27-29, 2013, at the Giorgio Cini Foundation on the joint 
Presidency of Dr. Antonio Raviele, Dr. Andrea Natale and Dr. Sakis 
Themistoclakis - will feature an eminent Faculty, composed by  about 
400 internationally-renowned experts, and a high-level scientific 
program organized in different sessions: from main symposia to 
debates, lectures, practical sessions, satellite events, oral and poster 
communications and allied professionals program.

The main topics of the upcoming edition will be: anatomy of 
the heart for electrophysiologists, atrial fibrillation from A to 
Z, AF clinical trials update 2013, anti-thrombotic therapy for 
cardiac arrhythmias, arrhythmias in the elderly, pediatric aspects 
of arrhythmias, sport and arrhythmias, hereditary arrhythmogenic 

syndromes, contemporary and controversial issues in cardiac pacing, 
syncope, heart failure and cardiac resynchronization therapy, remote 
monitoring of cardiac arrhythmias/devices, sudden death, ICD and 
surroundings, new technologies and techniques in catheter ablation, 
cardiac arrhythmias surgery.

Importantly, the venue of the meeting, Venice, will offer the perfect 
setting to this workshop and its natural, architectural and historical 
beauty will create a spectacular stage where to forge new relations 
and strengthen old friendships.

Therefore REGISTER NOW via the exclusive VA2013 On-line 
Registration system and  visit our website for further information - 
and flip through or download the official VA2013 Advance Program!
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Working in Eskisehir Osmangazi University Cardiology Department, Eskisehir-Turkey. Member of the European 
Society of Cardiology (ESC) Education Committee. Executive board member and the treasurer of the ESC Acute 
Cardiovascular Care Association (ACCA). Member of the European Heart Rhythm Association (EHRA) Scientific 
Documents Committee. Council member of the International Society of Electrocardiology. Member of the Turkish 
Society of Cardiology Scientific Committee.

Dr. Bulent Gorenek, MD, FACC, FESC

Director, Cardiac Electrophysiology Laboratory,
Director, Atrial Fibrillation Program, Massachusetts General Hospital, Boston, MA.

Dr. Moussa Mansour, MD, FHRS, FACC

Dr. Takumi Yamada is currently Assistant Professor of Medicine at the University of Alabama at Birmingham in 
the United States of America. He graduated from Faculty of Medicine, Nagoya University and was trained in Japan. 
His specialty is pharmacological and non-pharmacological treatments of cardiac arrhythmias. He has more than 150 
scientific publications including book chapters. He has served as a book editor, and an associate editor and reviewer 
for 20 major international cardiology and electrophysiology journals.

Dr. Takumi Yamada, MD, PhD

Assistant Professor of Clinical Medicine at Weill Cornell Medical College in Qatar, and Consultant Clinical 
Cardiologist at Hamad Medical Corporation, Doha, Qatar. Research interests include; Atrial Fibrillation, Lipids, 
Resuscitation, Stroke and Novel Cardiovascular Pharmacotherapy.

Dr. Amar M Salam, MBBS, FRCP (London), FACC, FESC

Viorel Florea is a staff cardiologist at the Minneapolis VA Health Care System and an Assistant Professor of 
Medicine at the University of Minnesota. His main research interests focus on exercise physiology, ventricular 
remodeling, and prevention of heart failure. His research work has been presented at many international conferences 
and he has published in a variety of journals in multiple languages. He is a fellow of the American College of 
Cardiology and a member of the American Heart Association, Heart Failure Society of America, and the European 
Society of Cardiology.

Dr. Viorel G. Florea, MD, PhD, DSc, FACC

Professor Gregory YH Lip is Professor of Cardiovascular Medicine, University of Birmingham, UK. He is also 
Visiting Professor of Haemostasis Thrombosis & Vascular Sciences, Aston University, Birmingham, UK; and Adjunct 
Professor of Cardiovascular Sciences, Thrombosis Research Unit, Aalborg University, Denmark.

Dr. Gregory Y H Lip, MD
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Senior Principal Scientist and Technical Fellow at CRDM Research division of Medtronic Incorporated, 
Moundsview, Minnesota, USA.  He joined Medtronic after completing his PhD in Biomedical Engineering from 
University of Minnesota.  Prior to that he completed his B.Tech. in Electrical Engineering from Indian Institute 
of Technology, Kharagpur, India.  At Medtronic he has worked on monitoring and diagnostics related to Atrial 
Fibrillation and Heart Failure in implantable medical devices.

Dr. Shantanu Sarkar, PhD

Dr. Sehra is a clinical cardiac electrophysiologist with an active interest in translating therapeutic innovations to 
clinical practice.  He has been involved in the development of Focal Impulse and Rotor Modulation (FIRM).  Dr. 
Sehra currently sees patients at the San Diego VA Medical Center, and is Chief Medical Officer for Topera Inc.

Dr. Ruchir Sehra, MD FHRS

Dr. Shih-Ann Chen, MD from Kaohsiung Medical University in Taiwan, is Professor of Medicine at National 
Yang Ming University School of Medicine, Chief of Cardiology in Taipei Veterans General Hospital, Taiwan, also 
Adjunct Professor at Case Western Reserve University, Ohio, USA. He has more than 20 years of work experience 
in arrhythmology. Shih-Ann Chen is one among the first two pioneers in the world to develop the atrial fibrillation 
ablation technique. His outstanding academic achievements include investigation of the pathophysiology of focal 
atrial tachycardia, thoracic veins as atrial fibrillation initiator, and ablation technique for atrial fibrillation. In the 
year 2010, he was honored with Simon Dack Award for Outstanding Scholarship from the American College of 
Cardiology, USA.

Dr. Shih-Ann Chen, MD

Miguel Valderrabano, MD, FACC, is currently the Director, Division of Cardiac Electrophysiology; Department 
of Cardiology; Methodist DeBakey Heart Center; The Methodist Hospital System. Dr. Valderrabano is an Associate 
Professor of Medicine at Weill Cornell Medical College. He is the Program Director for the Clinical Cardiac 
Electrophysiology Fellowship program at Baylor College of Medicine, where he is also an Adjunct Associate 
Professor of Medicine.

Dr. Miguel Valderrábano, MD, FACC

Dr. Peter Ofman is currently an electrophysiology and preventive cardiology fellow at the VA Boston Healthcare 
System, Brigham and Women’s Hospital and Harvard Medical School. His clinical interests include all aspects of 
arrhythmias diagnosis and treatment as well as device implantation.  He is participating in various research projects 
in the areas of epidemiology, prevention and treatment of atrial fibrillation, diastolic dysfucntion, new non-invasive 
diagnostic tools (such as speckle tracking), pacemakers, defibrillators and cardiac resynchronization therapy.  

Dr. Peter Ofman, MD, MSc

Dr. Anter is an electrophysiologist at the Harvard Thorndike Electrophysiology Institute of the Beth Israel 
Deaconess Medical Center in Boston. A graduate of Hadassah Medical School at the Hebrew University in Israel, 
he completed a residency in internal medicine at Brigham and Women’s Hospital in Boston and fellowship in 
Cardiology and Electrophysiology  at the University of Pennsylvania. Dr. Anter’s main focus is atrial fibrillation and 
ventricular tachycardia, especially in the heart failure population. Dr. Anter’s research involves clinical and animal-
based research aimed to better understand the pathophysiology of complex arrhythmias.

Dr. Elad Anter, MD
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Cardiology Lecturer and PhD student at the University of Coimbra, Portugal. Completed MD in 2004 and 
training in Cardiology in 2011. Currently on an Arrhythmia and Electrophysiology Fellowship at Clinique Pasteur, 
Toulouse, France. His research interests include: risk stratification of atrial fibrillation, catheter ablation of atrial 
fibrillation (balloon cryoablation and contact force sensing) and epidemiological screening of channelopaties and 
cardiomyopathies in young adults.

Dr. Rui Providência, MD MSc

Staff Member of the Unit of Cardiac Arrhythmia and Institute of Experimental and Clinical Research (IREC) 
at the Cliniques Universitaires, Saint-Luc (Catholic University of Louvain – Brussels – Belgium). Dr Sébastien 
Marchandise is a Clinician, certified in cardiac rhythm management, pacing and electrophysiology. His personal 
interests are focused on cardiac imaging in relation to clinical rythmology, cardiac pacing and ablation.

Dr. Sébastien Marchandise, MD

From 07/2006-12/2012 Dr. Thomas Bitter participated in the research group of Dr. Oldenburg in the Department 
of Cardiology, Heart- and Diabetes Centre North Rhine-Westphalia, Ruhr-University of Bochum, Germany. Now 
he is working at the Department of Pulmonology at Hannover Medical School, Germany.  He received the August 
Wilhelm and Lieselotte Becht award of the German Heart Foundation in 2010.

Dr. Thomas Bitter, MD
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He is a consultant cardiac electrophysiologist at Asklepios Klinik St. Georg in Hamburg, Germany. His main 
interests include strategies for treating ventricular and atrial tachyarrhythmias with a focus on catheter-based 
approaches for treatment of atrial fibrillation, particularly pulmonary vein isolation including experience with remote 
robotic navigation systems.

Dr. Roland Richard Tilz, MD

Cardioangiologisches Centrum Bethanien – Markus Krankenhaus, Frankfurt, Germany.

Dr. Boris Schmidt, FHRS

Penn State University Milton S. Hershey Medical Center and College of Medicine, Department of Medicine 
Hershey.

Dr. Dustin J. Colegrove, DO, MBA
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Section of Electrophysiology, Division of Cardiology, Spedali Civili, University of Brescia Medical School, Brescia, 
Italy.

Dr. Antonio Curnis, MD

Department of Vascular Medicine, *Department of Diagnostic and Interventional Radiology, HELIOS Klinikum 
Krefeld, Germany

Dr. Kröger Kröger, MD, FASA, EFMA
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