
February - March 2014, 

® 
Volume-6 lssue-5 

Journal of Atrial Fibrillation 



www.jafib.comJournal of Atrial Fibrillation

Contents
February-March 2014
Volume 6, Issue 5
EDITORIAL:

Exploring New Frontiers
Dhanunjaya Lakkireddy, Andrea Natale

5

GUEST EDITORIAL:

The New Novel Oral Anticoagulants (NOACs) In Patients With Atrial 
Fibrillation: Dogma, Dilemmas, And Decisions On Dosing
James A. Reiffel

6

ORIGINAL RESEARCH:

Post-Procedural Dabigatran Versus Interrupted Warfarin Therapy Fol-
lowing Catheter Ablation for Atrial Fibrillation
Jeffrey Lin, Sharon Shen, Prashant Bhave, Bradley Knight, Martha Bohn, Evaldas 
Giedrimas, Taral K. Patel, Alexandru Chicos, Jeffrey Goldberger, Leonard Ilkhanoff, 
Susan Kim, Albert Lin, Rod Passman

10

Exploring The Obesity Paradox In Atrial Fibrillation. AFBAR (Atrial Fi-
brillation Barbanza Area) Registry Results
M. Cristina González-Cambeiro, Emad Abu-Assia, Sergio Raposeiras-Roubína, Moi-
sés Rodríguez-Mañeroa, Fernando Otero-Raviña, José R. González-Juanateya, Genaro
Gutiérrez-Fernández, Rosa Liñares-Stolle, Jorge Alvear-García, Mª Jesús Eirís-Cam-
bre, Carmen Cerqueiras-Alcalde, Mª José Vázquez Lópeze, Ángel Lado-Llerena

15

The Safety of Dabigatran Versus Warfarin in Patients Undergoing Atri-
al Fibrillation Ablation
Luis I. Garcia, Mark A. Mascarenhas, Kartikya Ahuja, Anthony Aizer, Neil Bernstein, 
Scott A. Bernstein, Steve J. Fowler, Douglas S. Holmes, David S. Park, Larry Chinitz

20

The Effects Of Ranolazine On Paroxysmal Atrial Fibrillation In Patients 
With Coronary Artery Disease: A Preliminary Observational Study
Dionyssios Leftheriotis, Panayota Flevari, George Theodorakis, Angelos Rigopoulos, 
Ignatios Ikonomidis, Fotis Panou, Vassilios Sourides, Panagiotis Simitsis, Georgios Gi-
annakakis, Isaac Aidonidis, Ioannis Rizos, Maria Anastasiou-Nana

25



www.jafib.comJournal of Atrial Fibrillation

Two-Year Follow-Up In Atrial Fibrillation Patients Referred For Catheter 
Ablation Of The Atrioventricular Node
Moisés Rodríguez-Mañero, Claudia Pujol Salvador, Luis Martínez-Sande, Carlo de 
Asmundis, Gian-Battista Chierchia, Alfonso Macías Gallego, Xulio A. Fernández-
López, Juan José Gavira-Gómez, Javier García-Seara, Naira Calvo, Pedro Brugada, José 
Ramón González-Juanatey, Ignacio García-Bolao

32

CASE REPORTS:

Acute Atrial Fibrillation as an Unusual Form of Cardiotoxicity in Chron-
ic Lithium Overdose
Macit Kalcik, Mustafa Ozan Gursoy, Nursen Keles, Mahmut Yesin, Lutfi Ocal, Hayati 
Eren, Mehmet Özkan

37

Sustained Dissociated Irregular Tachycardia in Two Pulmonary Veins 
After Radiofrequency Ablation of Atrial Fibrillation
Andreas Haeberlin, Hildegard Tanner

40

Cytochrome P450-2D6 Genotype Definition May Improve Therapy for 
Paroxysmal Atrial Fibrillation: A Case of Syncope Following “Pill-in-
the-Pocket” Quinidine plus Propafenone
Harry W. Daniell

42

FEATURED REVIEWS:

Predictors of Atrial Fibrillation Recurrence After Catheter Ablation                 
Gianluca Epicoco Antonio Sorgente

50

Efficacy And Safety Of Dabigatran Etexilate Utilization With Concomi-
tant Dual Antiplatelet Therapy In Atrial Fibrillation
Osmar Antonio Centurión

54

Stroke Risk Predictor Scoring Systems in Atrial Fibrillation
Tze-Fan Chao, Shih-Ann Chen

59

Silent Cerebral Events after Atrial Fibrillation Ablation – Overview and 
Current Data
Thomas Deneke, Karin Nentwich, Joachim Krug, Patrick Müller, Peter Hubert Grewe, 
Andreas Mügge, Anja Schade

64



www.jafib.comJournal of Atrial Fibrillation

Atrial Fibrillation Ablation by the Epicardial Approach
Anil K. Gehi1, Andy C. Kiser, J. Paul Mounsey

70

Hyperuricemia and Risk of Atrial Fibrillation
Yuansheng Liu

77

Atrial Fibrillation and Its Association with Endocrine Disorders
Manjari Devidi, Avanija Buddam, Sunil Dacha, D. Sudhaker Rao

81

JOURNAL REVIEWS:

Atrial Fibrillation In Athletes: The Role Of Exercise
Mohit K Turagam, Poonam Velagapudi, Abraham G Kocheril

87

The Role of Renal Sympathetic Denervation in Atrial Fibrillation
Jedrzej Kosiuk, Evgeny Pokushalov, Sebastian Hilbert, Gerhard Hindricks, Andreas 
Bollmann, Jonathan S. Steinberg

91

LETTER TO EDITOR:

Frequent Atrial Fibrillation in CYP2D6 Deficiency
Harry W. Daniell

95

AUTHORS PROFILE: 96



Dear Readers
Welcome to the March issue of JAFIB. Hope you all are heading 

to a relaxing and enjoyable spring break in the northern hemisphere. 
This issue of the journal brings you a several important articles with 
tremendous scientific merit. February and March marked two busy 
months with a lot activity on the educational front. The Texas Cardiac 
Arrhythmia Institute (TCAI) successfully completed the EP LIVE 
2014 in Austin. It was an exciting two days of live cases of all types 
showcased from St. David Medical Center. It attracted a wide range 
of physicians, allied professionals from various parts of the country. 
The cases ranged from lead extractions to Mediguide mapping and 
ablation. There was intense discussions and view point presentations 
that really made this a very informative educational session. During a 
two day course, more than 15 live cases of different variety have been 
shown and discussed. It offered different levels of learning experience 
from fellows to more seasoned practitioners alike.

The second meeting that really made its presence felt was the 
International Symposium on Left Atrial Appendage (ISLAA 2014) 
in Orlando, Florida from March 14-16th. In its second iteration, it 
definitely attracted a large number of physicians, allied professionals 
and industry. This is a compelling new frontier that spans not only 
electrophysiology but also interventional cardiology, cardiothoracic 
surgery and neurology. Over a two and half day course, the audience 

had a chance to learn about the embryology, anatomy, physiology 
and contribution to systemic thromboembolization and arrhythmia 
of a ubiquitous cardiac vestige called the Left Atrial Appendage 
(LAA). There was an extensive amount of ground covered in 
interventions for LAA exclusion. The implantation techniques and 
scientific data relevant to each of the LAA exclusion technologies 
has been reviewed. The role of oral anticoagulation and extensive 
discussions on the Novel Anticoagulants for stroke prophylaxis has 
been discussed. There was a balanced emphasis on a wide range of 
strategies that was very inclusive of various specialties. There was 
some fascinating new information presented on the neuroendocrine 
function of the LAA. Clearly ISLAA turned out to be the first and 
only multi-disciplinary meeting that brought everyone together to 
better understand the LAA and device appropriate strategies that 
address the specific needs. It concluded by raising questions on the 
stroke prophylaxis in AF patients on a global scale. The faculty was 
simply superb and the enthusiasm was simply boundless. The message 
from ISLAA 2014 was so compelling that one or two copycat LAA 
meetings have already been announced in the United States. Have a 
wonderful spring and see you all in HRS 2014. 

Best Regards
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Exploring New Frontiers

Dhanunjaya (DJ)Lakkireddy
MD, FACC, FHRS

Associate-Editor
JAFIB

Andrea Natale
MD, FACC, FHRS, FESC

Editor-in-Chief
JAFIB



The New Novel Oral Anticoagulants (NOACs) In Patients With 
Atrial Fibrillation: Dogma, Dilemmas, And Decisions On Dosing
James A. Reiffel, MD

Department of Medicine, Division of Cardiology, The Columbia University Medical Center

With the advent of the new novel oral anticoagulants (NOACs) 
and specifically, their role in patients with atrial fibrillation (AF), the 
epitaph for warfarin is being written. Leaving aside AF patients with 
mechanical prosthetic valves or rheumatic mitral stenosis, for whom 
these agents are not indicated, there hardly seems a role for warfarin in 
this population any more.  In the aftermath of RE-LY (dabigatran vs 
warfarin),1 ROCKET AF (rivaroxaban vs warfarin),2 ARISTOTLE 
(apixaban vs warfarin),3 and ENGAGE AF (edoxaban vs warfarin),4  
the reports of these pivotal trials taken individually along with the 
data from multiple meta-analyses examining them together5-13 
clearly show that better clinical outcomes are obtained with these 
new agents.  All reduce stroke and systemic embolism at least as 
well as warfarin; all are superior in reducing hemorrhagic stroke and 
intracerebral bleeds than warfarin; some are superior to warfarin in 
reducing all strokes and systemic emboli; and dabigatran is superior 
at specifically reducing ischemic stroke.  Simultaneously, the NOACs 
(several or all) have reduced mortality versus warfarin and have 
reduced major and fatal bleeding versus warfarin.1-13 Gastrointestinal 
bleeding appears higher with the NOACs than warfarin (with the 
exception of apixaban in the ARISTOTLE trial) but still with 
lower fatality. None of the NOACs require anticoagulant blood 
test monitoring (in contrast to warfarin) and all have fewer drug 
interactions than warfarin.  While rivaroxaban requires significant 
food intake at the time the dose is taken, none of the NOACs has 
the multiple food interactions that can plague warfarin users and 
warfarin dosing.  Additionally, as regards dosing, the options with 
the NOACs are limited, and infrequently change over time, which 
contrasts dramatically with the picture seen with warfarin.  Finally, 
while the medication cost itself of any of the NOACs is higher than 

that of generic warfarin, multiple cost-effectiveness analyses14,15 

have shown that when global costs are considered, including factors 
associated with laboratory testing, care-related costs of strokes, 
systemic emboli, bleeding, and the like, the NOACs are or may be 
preferable.  And, in my practice, the higher costs of the NOACs 
can be lessened by obtaining them through discounted pharmacy 
sources (such as at COSTCO) and can be offset by purchasing other 
routine items in discount outlets (again, such as COSTCO) where 
the significant cost savings on other products purchased can offset 
higher medication co-pays.

That having been said, the use of the NOACs in patients with 
AF [specifically “non-valvular AF”, the somewhat misleading term 
that has been used in their indication statements*] does require 
some important dosing considerations that can pose and has posed 
confusion for some practitioners and may result in harm to patients if 
not followed appropriately.  To some extent the dosing regimens are 
dogmatic: they are clearly stated in the package insert of each of the 
so-far FDA approved agents – dabigatran, rivaroxaban, and apixaban.  
However, to some extent, clinical acumen, experience, and judgment 
are necessary to maximize the benefit of these agents for our patients. 
For some, the Federal Food and Drug Administration (FDA) has 
tied our hands unnecessarily.**

* “Non-valvular AF is a term used primarily to reflect the exclusions 
utilized in the pivotal trials of AF patients that compared the NOACs 
with warfarin. In general, the exclusions included mechanical 
prosthetic heart valves (for which the issue of thrombus formation is 
more complex regarding site, mechanism, and anticoagulant dosing), 
rheumatic valve disease – primarily mitral stenosis (as such patients 
were excluded from the old warfarin-placebo trials on which the 
expected warfarin efficacy rates and statistical boundaries used in the 
pivotal AF trials versus the NOACs were based), and patients whose 
valve disease was so hemodynamically advanced that intervention 
was likely in the near future (such that it would be unlikely for them 
to complete the pivotal trial).

** Note also, in the material below, that only drug interactions that 
affect dosing/pharmacokinetics are discussed.  Pharmacodynamic 
interactions that may increase bleeding risk, such as co-administered 
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Rivaroxaban
Rivaroxaban is available in the U.S. for AF as well as for venous 

thrombosis and pulmonary embolism.21 Importantly, and notably, the 
doses used are not the same for AF as for its other indications.21  For 
AF, the dose is 20 mg taken with the evening meal for CrCl >50 cc/
min, and 15 mg taken with the evening meal for CrCl 15-50 cc/min.  
These doses are taken directly from the doses used in ROCKET 
AF2 (although in ROCKET AF, the minimum CrCl allowed for 
enrollment in the trial was 30 cc/min). Like dabigatran, rivaroxaban 
is contraindicated for CrCl <15 cc/min.  In contrast, for the treatment 
of deep vein thrombosis (DVT) or pulmonary embolism (PE), the 
dose is 15 mg bid taken with food for the first 21 days followed by 20 
mg taken once a day with food (but not specifically with the evening 
meal).  For the prevention of DVT in medically ill patients, the dose 
is 20 mg taken once a day with food; for prevention of DVT/PE after 
knee or hip surgery, the dose is 10 mg once a day for 12 days (knee) or 
10 mg once a day for 35 days (hip). CrCl is not used to guide dosing 
for these non-AF, shorter-term indications.

Rivaroxaban, like dabigatran, interacts with P-gp inducers and 
inhibitors. However, rivaroxaban is less dependent upon renal 
function for its elimination than dabigatran (for which 80% of 
dabigatran’s elimination is renal) as rivaroxaban is also hepatically 
metabolized (by the cytochrome P450 system). Consequently, it is 
only in the presence of strong inhibitors or inducers of both P-gp and 
CYP3A4 (dual inhibitors or inducers) that important interactions 
occur with rivaroxaban.21 Concomitant use of rivaroxaban and strong 
dual inhibitors or inducers should be avoided.  Strong dual inhibitors 
include many antifungal and antiviral agents while strong inducers 
include phenytoin, rifampin, St. John’s wart, and carbamazepine.  
Rivaroxaban should be used in the presence of mild to moderate 
dual inhibitors if clinically justifiable. These include amiodarone, 
dronedarone, quinidine, ranolazine, verapamil, and many non-cardiac 
drugs.21 However, this list is far shorter than the list of agents that 
interact with warfarin. Whether the use of 15 mg rather than 20 
mg daily would be appropriate if a mild-moderate dual inhibitor 
was co-administered has not been studied and is not noted in the 
package insert. Similarly, the package insert does not discuss why 
the dose must be taken with the evening meal for AF, but with any 
meal for the non-AF indications. While these dosing differences 
reflect the dosing regimens used in the specific pivotal trials that led 
to the specific indications approved, a rationale for maintaining the 
differences in clinical practice should be provided, in my opinion, if 
there is a sound clinical/physiological rationale.  Moreover, it should 
be simple enough to do a pharmacokinetic study of giving the drug 
with a substantial breakfast versus the evening meal to determine if 
the different dosing-meal patterns should be continued.  However, I 
have not seen any public mention of such a study.

Apixaban
Apixaban is available in the U.S. for AF (not yet indicated for 

venous thrombosis or pulmonary embolism) in doses of 5 mg bid 
and 2.5 mg bid.22 The approval of these doses was based upon their 
use and results in ARISTOTLE.3 5 mg bid is the dose for most 
patients. 2.5 mg bid should be used if any two of the following three 
conditions are present: age 80 years or above, body weight 60 kg 
or less, or serum creatinine 1.5 mg/dl or higher.  Apixaban is less 
dependent upon renal clearance (only about 27% of the drug is 
renally cleared) than is dabigatran or rivaroxaban; hence, its dosing is 

antiplatelet agents, nonsteroidal anti-inflammatory drugs, and the 
like are not discussed as they apply equally to each of the agents 
considered and regardless of the dose used.

Dabigatran
Dabigatran is available in the U.S. for AF (not yet indicated for 

venous thrombosis or pulmonary embolism) in doses of 150 mg bid 
and 75 mg bid.16 It may be taken with or without food; however, in 
my experience, the likelihood of gastrointestinal symptoms, which 
are the most common side effect encountered with dabigatran, are 
less if it is taken with food. The 150 mg bid approval was based upon 
its data in RE-LY.1 The 75 mg bid dose approval was based upon 
pharmacokinetic modeling such that for patients whose creatinine 
clearance (CrCl) is 15-30 cc/min, this dose would provide serum 
concentrations in the same range as the higher dose in patients with 
better renal function. Both doses are contraindicated in patients with 
a CrCl <15 cc/min. Accordingly, CrCl needs to be assessed prior 
to starting dabigatran and periodically during its use as clinically 
appropriate. 

Elsewhere in much of the world, a dose of 110 mg bid is available.  
This dose, too, was based upon its data from RE-LY1 where it was 
non-inferior to warfarin in reducing stroke and systemic embolism 
while simultaneously proving superior as regards its bleeding profile.  
Reasons given for its lack of availability in the U.S.17,18 have included 
the concern that the 150 mg bid was not only superior to warfarin 
but it was also superior to the 110 mg bid dose and that release of 
the latter might deprive patients of the superior dose if physicians 
failed to dose-escalate most patients.  It is not apparent to me why a 
dosing algorithm such as is used for dofetilide could not have been 
utilized.  That is, mandate starting with the 150 mg bid dose unless 
specific clinical conditions were present or were to develop, in which 
case down-titration would be indicated.

Drug interactions with dabigatran essentially only relate to 
potent P-glycoprotein (P-gp) inducers [such as rifampin or St. 
John’s wart] (which can reduce dabigatran levels) and inhibitors 
[such as ketoconazole or dronedarone] (which can raise dabigatran 
levels).  For patients with moderate renal impairment (CrCl 30-50 
mL/min), the package insert16 says to consider reducing the dose 
of dabigatran to 75 mg twice daily when dronedarone or systemic 
ketoconazole is coadministered with dabigatran. For patients with 
severe renal impairment (CrCl 15-30 mL/min), avoid concomitant 
use of dabigatran and P-gp inhibitors.  However, what should a 
clinician do if the patient has mild renal impairment, such as a CrCl 
of 50-70 cc/min and is taking a mild-moderate P-gp inhibitor, such 
as amiodarone, or others?  Clinical judgment might suggest (and 
clinical practice outside the U.S. would support) the use of the 110 
mg bid dose were it available in the U.S.   Some physicians in the 
U.S. have tried to mimic this total daily dose by using 75 mg tid or by 
alternating 75 mg and 150 mg doses bid under such circumstances.19,20  
It is my sincere hope that the FDA will reconsider their prior adverse 
determination regarding the 110 mg bid dose, which I believe was 
wrong, such that our patients will be the better for it. In this regard, 
the FDA certainly could do so utilizing pharmacokinetic modeling 
in the same manner as they used to approve the 75 mg bid dose. If 
only they would. Notably, the 110 mg bid dose was not approved 
by the FDA despite non-inferior efficacy versus warfarin plus less 
bleeding while rivaroxaban (see below) was approved with both 
similar efficacy and bleeding (non-inferiority) versus warfarin.
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Final Thoughts
In light of the above, I have difficulty in my own mind justifying 

the initiation of warfarin rather than a NOAC in a patient with 
“non-valvular” AF and risk-markers for stroke/systemic embolism.  
The NOACs have better efficacy/safety profile,; are more convenient 
for patients and physicians alike, and have fewer drug and dietary 
interactions.  Nonetheless, when the NOACs are employed, especially 
in the setting of different doses for different indications, different 
doses for different concomitant clinical characteristics or disorders, 
or different doses with specific metabolic inhibitors/inducers, careful 
attention is/will be required to ensure that the efficacy and safety 
profiles established in their pivotal clinical trials will remain the same 
in the wider world of clinical practice. Hence, clinical acumen and 
judgment is necessary with these agents beyond their package insert 
dosing dictates. 
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Abstract
Purpose:Patients undergoing catheter ablation for atrial fibrillation (AF) are at a higher risk of thromboembolic events post-procedure 

and therefore require therapeutic anticoagulation after ablation. Anticoagulation strategies include performing the procedure on or off 
therapeutic warfarin, though the latter approach requires post-procedure bridging therapy with low molecular-weight heparin (LMWH) until 
a therapeutic INR is achieved.  The purpose of this study is to compare the safety and efficacy of post-ablation dabigatran as compared to 
warfarin with LMWH bridging.

Methods: We performed a single-center retrospective analysis of consecutive patients who underwent catheter ablation for AF between 
January 2010 and December 2012 and received either post-procedure warfarin with a LMWH bridge or dabigatran. Warfarin was started 
the night of ablation; LMWH was started the next morning and continued until the INR was ≥ 2.0. Dabigatran was started the morning post-
ablation. 

Results:  The analysis included 324 patients.  Of these, mean age was 60 ± 9 years, 78% were male, 81% had CHADS2 scores of 0 or 1, 
and 181 (56%) received dabigatran post-ablation. Patients who received dabigatran had lower CHADS2 scores and were more likely to be in 
NYHA Class I. At 30-days post-procedure, there were 0 thromboembolic or bleeding complications in the dabigatran group versus 4 (2.8%) in 
the warfarin group (p=0.037). There were no deaths in either group at 30 days post-ablation.  

 Conclusions: Post-ablation dabigatran appears safe and efficacious compared to an interrupted warfarin strategy with LMWH bridging. 

Introduction
Catheter ablation is now an established treatment modality 

for symptomatic atrial fibrillation (AF) in patients in whom anti-
arrhythmic drug therapy has failed or is not preferred.1-4 Because 
patients with AF are at a higher risk of thromboembolic complications, 
most patients require anticoagulation.3,4 This is particularly true at 
the time of catheter ablation for AF when cardioversion may be 
performed and when thrombus may form at the ablation sites and 
on the catheters and sheaths in the left atrium.5 However, there is no 

consensus regarding the ideal management strategy of post-ablation 
anticoagulation. 

During the ablation procedure, intravenous (IV) heparin is 
administered while the left atrium is instrumented. The standard 
of care is to prescribe some form of anticoagulation for at least 
two months afterward to reduce the risk of post-procedural 
thromboembolic events.3 Historically, patients on warfarin therapy 
discontinued its use several days prior to the procedure and were 
bridged with low molecular weight heparin (LMWH) either prior 
to and after the ablation procedure or post-ablation only.6 More 
recent literature has suggested that continuing warfarin without 
interruption is a viable alternate strategy.7-9  Still, many labs suspend 
oral anticoagulation just prior to catheter ablation for AF and resume 
the therapy following the procedure.

Dabigatran etexilate (Pradaxa) is a direct thrombin inhibitor 
approved for patients with non-valvular AF for the prevention 
of stroke and systemic embolization.10 Compared to warfarin, 
dabigatran carries with it a reduction in the risk of stroke, fewer food 
and drug interactions, requiring no INR monitoring, a reduction in 
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post-ablation were started on dabigatran the morning after ablation. 
Dabigatran was dosed according to serum creatinine levels -- either 
150mg twice daily or 75mg twice daily if the creatinine clearance was 
15-30 mg/ml. Regardless of strategy, anticoagulation was continued
for at least 2 months post-procedure. 

Statistical Methods
Patients were analyzed according to post-ablation anticoagulation 

strategy only. Statistical analyses were performed using SPSS version 
21.0 for Windows (SPSS, Inc., Chicago, Illinois). Univariate analyses 
were performed using chi-squared or Fisher’s exact test (if n<6) for 
categorical variables. Independent 2-tailed t-tests were performed for 
continuous variables. A p-value of <0.05 was considered statistically 
significant. Multivariate analysis was not attempted due to the small 
number of outcome events.

Results
Patient Characteristics

Between January 2010 and December 2012, there were 378 
patients who underwent catheter ablation for AF at our institution. 
54 of these cases were excluded from our study: 35 received an 
alternate novel oral anticoagulant, 13 received uninterrupted warfarin 
therapy, and 6 received no anticoagulation post-ablation due to a 
procedural complication.  Of the 6 who received no post-ablation 
anticoagulation, 5 were in the context of intra-procedural cardiac 
perforation and 1 was in the context of intra-procedural hemoptysis. 
Demographic characteristics are summarized in Figure 1. 

324 patients were included in the final analysis. 181 patients 
(55.9%) received post-ablation dabigatran and 143 (44.1%) received 
warfarin with LMWH post-ablation. Of the patients who received 
post-ablation dabigatran, 179 (98.9%) were prescribed 150mg twice 
daily and 2 (1.1%) were prescribed 75mg twice daily. LMWH 
bridging dose was left to the discretion of the individual provider. 
Average weight of those who received LMWH was 96.8 ± 28.0 kg.  
79.1% received dalteparin 100 IU/kg, 14.5% received dalteparin 
50 IU/kg, 6.4% received dalteparin 200 IU/kg, and 0.9% received 
enoxaparin 1mg/kg. 

the risk of intracranial bleeding, and achieving more rapid onset and 
offset. Its disadvantages include the lack of an approved reversing 
agent, higher risk of gastrointestinal bleeding, and higher per-pill 
cost.11 A number of studies have now been published on the use of 
dabigatran periprocedurally.13-18 However, these have primarily used 
uninterrupted warfarin as a comparison group. As such, the safety 
and efficacy of dabigatran versus an interrupted warfarin strategy 
remains largely unclear.

The aim of the present study is to evaluate the outcomes of patients 
who received post-ablation dabigatran compared to warfarin with a 
LMWH bridge in patients undergoing catheter ablation for AF at 
our institution. 

Methods
Study Design

We performed a retrospective cohort study of consecutive patients 
who underwent catheter ablation for AF at Northwestern Memorial 
Hospital (Chicago, Illinois) between January 2010 and December 
2012. The study protocol was approved by the local institutional 
review board. All patients with at least 30 days of post-ablation 
follow-up data were included. Patients were excluded if an alternate 
(i.e. neither warfarin nor dabigatran) oral anticoagulant was used, if 
warfarin was continued periprocedurally without interruption, or if 
all anticoagulation was held post-procedurally due to a procedural 
complication. 

The primary outcomes of our study were all-cause mortality and 
a composite endpoint of thromboembolic and bleeding-related 
events at 30-days. These included but were not limited to cases of 
cerebrovascular accidents, transient ischemic attacks, deep vein 
thromboses, pulmonary emboli, AV fistula formation, hematoma 
at catheter sites, and any internal hemorrhage that required blood 
transfusions or surgical interventions. A hematoma was classified 
as major if it required transfusion, surgical intervention, or hospital 
admission; all other hematomas were considered minor.

Periprocedural Anticoagulation
Patients on chronic warfarin therapy stopped warfarin 3 to 5 

days prior to their procedure and were bridged with LMWH 
(e.g. dalteparin or enoxaparin based on formulary availability) 
subcutaneous injections if the INR was expected to be < 2.0 for more 
than 48 hours. LMWH was held for 2 doses before the procedure. 
Patients on chronic dabigatran therapy were instructed to hold 3 doses 
prior to their procedure with no other anticoagulants used in the 
interim.  Patients on aspirin therapy continued aspirin until the time 
of their procedure. Most patients also underwent a transesophageal 
echocardiogram prior to ablation to assess for left-atrial appendage 
thrombus.

During the ablation procedure, while catheters and sheaths were 
in the left atrium, IV heparin was administered by an initial bolus 
of 100 Units/kg followed by repeat boluses every 30-60 minutes 
to maintain an ACT > 270 by as measured on an Abbott iSTAT1 
machine. At the discretion of the individual provider, an IV heparin 
infusion without bolus was initiated 6 hours after sheath removal and 
discontinued on the morning after ablation.

Patients treated with post-ablation warfarin were started on 
warfarin the night of their catheter ablation. They were bridged with 
LMWH starting the morning after ablation and continued until a 
therapeutic INR of ≥ 2.0 was reached. Patients treated with dabigatran Figure 1: The description of cases excluded from the study and cases 

remaining for final analysis are shown here
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male with paroxysmal AF who was treated with LMWH (dalteparin 
100 IU/kg) and warfarin periprocedurally. He presented to an 
ophthalmology clinic 9 days after ablation with sudden blurry vision 
in his right eye and was found to be in atrial flutter with a sub-
therapeutic INR. He had a negative CT Head and MR Brain. His 
visual symptoms resolved and he demonstrated no other neurologic 
signs or symptoms during this episode.

Of the patients who developed a groin hematoma, one was a 71 
year-old woman who underwent a repeat ablation for paroxysmal 
AF. She developed an acute hematoma (11x14x17cm) two days 
after ablation while on ASA, warfarin, and unfractionated heparin. 
CT angiography showed an associated pseudoaneurysm, prompting 
surgical drainage and repair. 

Another patient who developed a hematoma post-ablation was a 
55-year old woman with persistent AF. She received periprocedural
warfarin and LMWH (dalteparin 100 IU/kg). Two weeks after her
ablation, while taking warfarin, she developed a left groin hematoma
resulting in compressive neuropathy. The hematoma required surgical
evacuation. 

Finally, the third hematoma case was that of a 77 year-old woman 
with paroxysmal AF who underwent radiofrequency ablation 
with periprocedural warfarin and LMWH bridging post-ablation 
(dalteparin 100 IU/kg). Five days post-ablation, while still taking 
LMWH, she was found to have a right groin hematoma (9.2x7.1cm) 
and her hemoglobin had declined to 7.5 g/dL from a baseline of 
13.9 g/dL. She was transfused 2 units of packed red blood cells and 
recovered fully without requiring surgical intervention.

Discussion
In this retrospective cohort study, our institution’s overall 

complication rates were similar to those previously reported in the 
literature.12 The use of dabigatran immediately following catheter 
ablation was associated with fewer thromboembolic and hemorrhagic 
complications as compared to the use of warfarin with LMWH 
bridging. Three bleeding complications and 1 thromboembolic 
complication were seen in the warfarin group, yielding a composite 
complication rate of 2.8% and thromboembolic complication rate of 
0.7%. 

There has been significant recent interest in examining the safety 
and efficacy of periprocedural novel oral anticoagulants for catheter 
ablation with no consensus at this time on an optimal anticoagulation 
protocol .25 Lakireddy et al. first reported a multicenter experience 
comparing periprocedural dabigatran to uninterrupted warfarin. In 
their study, periprocedural dabigatran use was associated with an 
increased risk of bleeding and thromboembolism (16% versus 6%; 
p=0.009).13 Other studies have since shown no significant differences 
in complications between the use of dabigatran and a warfarin-based 
strategy.13-18 More recently, various meta-analyses of these studies 
have also been performed.19-22 These largely continue to demonstrate 

Baseline characteristics of the dabigatran group and warfarin 
group are shown in Table 1. The mean age of both groups was 60 ± 
9 years. The dabigatran group included a higher percentage of males 
and patients with paroxysmal rather than persistent AF, but the 
differences were not statistically significant. Those in the dabigatran 
group were more likely to have a CHADS2 score of 0 or 1 (p=0.022), 
more likely reported as New York Heart Association (NYHA) Class 
I (p=0.001), and more likely to have had their ablation by cryoballoon 
(p<0.001).  Patients in the warfarin arm were more likely to have 
undergone a prior catheter ablation (p=0.002). All 99 patients who 
were on dabigatran therapy prior to ablation continued dabigatran 
post-ablation. 32 patients previously on warfarin therapy were 
converted to dabigatran therapy post-ablation.

Outcomes and Cases
At 30-days post-procedure, there were 0 thromboembolic or 

bleeding complications in the dabigatran group versus 4 (2.8%) 
in the warfarin group (p=0.037). There were no deaths in either 
group at 30-days follow-up. Of the 4 complications included in the 
composite end-point, 1 patient suffered a transient ischemic attack 
(TIA), 2 patients had hematomas at the catheter insertion sites 
requiring surgical intervention, and 1 patient required blood product 
transfusions as a result of a hematoma (Table 2). These cases are 
briefly outlined as follows.

The patient who suffered a TIA post-ablation was a 45 year-old 
Table 1:  Comparison of Demographic and Procedural Variables by 

Anticoagulation Strategy

Dabigatran (n=181) Warfarin 
(n=143)

p Value

Male Gender 145 (80.1%) 107 (74.8%) 0.256

Age (years) 60.4 ± 9.4 60.2 ± 9.8 0.812

Hypertension 73 (40.3%) 66 (46.2%) 0.293

Diabetes Mellitus 18 (9.9%) 23 (16.1%) 0.099

Serum Creatinine (mg/dL) 1.05 ± .23 1.05 ± .32 0.828

Structural Heart Disease 37 (20.4%) 42 (29.4%) 0.063

Prior Stroke, Transient 
Ischemic Attack

9 (5.0%) 11 (7.7%) 0.312

Prior Valve Surgery 3 (1.7%) 4 (2.8%) 0.704

Prior CABG 6 (3.3%) 1 (0.7%) 0.139

Device (PPM/ICD) 16 (8.8%) 15 (10.5%) 0.616

Repeat Ablation 23 (12.7%) 37 (25.9%) 0.002

AF Type (Paroxysmal) 136 (75.1%) 98 (68.5%) 0.187

CHADS2 (Average) 0.66 ± 0.80 0.85 ± 0.95 0.045

0-1 157 (86.7%) 107 (74.8%) 0.022

2 19 (10.5%) 30 (21.0%)

3-5 5 (2.8%) 6 (4.2%)

NYHA Functional Class 0.001

I 172 (95.0%) 120 (83.9%)

II 3 (1.7%) 18 (12.6%)

III 2 (1.1%) 2 (1.4%)

Pre-Ablation Warfarin 32 (17.7%) 108 (75.5%) <0.001

Pre-Ablation Dabigatran 99 (54.7%) 0 (0.0%) <0.001

Cryoablation 57 (31.5%) 13 (9.1%) <0.001

Post-operative IV Heparin a 90 (49.7%) 58 (40.6%) 0.100

Abbreviations: CABG = coronary artery bypass graft; PPM = permanent pacemaker; ICD = 
implantable cardiac defibrillator; AF = atrial fibrillation, NYHA = New York Heart Association
a Post-operative IV Heparin = unfractionated IV heparin without bolus started 6 hours after 
hemostasis

Table 2: Comparison of Thromboembolic and Bleeding Complication Rates 
by Anticoagulation Strategy

Dabigatran (n=181) Warfarin  (n=143) p Value

All-Cause Mortality 0% 0%

Composite Complication Rate 0% 2.8% (n=4) 0.037

Hemorrhage Requiring Transfusion 0.7% (n=1)

Cerebrovascular Attack or Transient 
Ischemic Attack

0.7% (n=1)

Hematoma at Catheter Insertion Site 1.4% (n=2)
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dabigatran as a noninferior anticoagulation strategy to warfarin, 
though one meta-analysis raises the concern for a higher rate of 
neurologic events with periprocedural dabigatran.19 It is important 
to note that the cohorts in these meta-analyses predominantly 
utilized uninterrupted warfarin as the control arm to post-ablation 
dabigatran. However, the 2012 HRS/EHRA/ECAS expert 
consensus statement for catheter or surgical ablation continues to 
support either an uninterrupted warfarin periablation strategy or an 
interrupted strategy with initiation of warfarin 4 to 6 hours following 
ablation and heparin or LMWH used as a bridge to an INR 2.0-3.0.3 
Therefore, our study provides important data for centers that continue 
to utilize interrupted warfarin with LMWH periprocedurally.  

Some aspects of our patient population merit discussion. Those 
who received dabigatran post-ablation had fewer cardiovascular 
co-morbidities than those in the warfarin arm, as demonstrated 
by their lower CHADS2 scores and NYHA class. As our study 
cohort captures the time around when dabigatran was approved by 
the FDA for use in non-valvular AF, it is possible that providers 
were initially more selective in choosing appropriate candidates for 
dabigatran therapy post-ablation. It is worth noting that no patients 
previously given dabigatran were transitioned to warfarin post-
ablation while 32 (22.9%) previously on warfarin were transitioned 
to dabigatran. This change could be due to patient preferences, ease 
of administration post-ablation, or provider comfort with the new 
anticoagulant. Finally, LMWH bridge dosing and the use of IV 
heparin immediately post-ablation were not standardized during our 
study period, potentially creating bias in our study results. Notably, 
2 of the 3 bleeding complications occurred in the setting of a higher 
dalteparin dosing regimen. 

Our study also revealed that cryoablation catheters were used in 
significantly more cases in which patients were given dabigatran 
post-ablation. Cryoballoon catheters are increasingly being used 
for catheter ablations because they may create more contiguous and 
potentially less thrombogenic lesion sets.23-24 As compared to our 
institution’s standard irrigated tip radiofrequency ablation catheters 
used for ablation of AF, cryoablation catheters require larger sheaths 
(8.5 Fr versus 14 Fr). While the use of cryoablation catheters could 
have concurrently decreased the incidence of thromboembolic 
complications, these large 14 Fr catheters could have also 
increased the risk of hemorrhagic complications, particularly at the 
venipuncture sites in the groin. Interestingly, only 1 of the 3 cases 
with a hemorrhagic complication found in our study used these 
catheters during the procedure and all were in the warfarin arm.

Some limitations of this study deserve mention. The sample size 
of this study limited our ability to perform multivariate analyses to 
assess whether the type of anticoagulation served as an independent 
risk factor for adverse events. Given the small number of anticipated 
events, however, very large studies would be needed to generate 
enough events to support such an analysis. In addition, our institution’s 
anticoagulation protocols could differ from that of other centers thus 
limiting the generalizability of the results.

Conclusions:
Our study suggests that the use of periprocedural dabigatran 

appears to be safe and efficacious following catheter ablation for 
AF as compared to an interrupted warfarin strategy with LMWH 
bridging. In order to monitor the safety of this approach, ongoing 
institutional and multi-center registries will be essential to developing 

large cohorts of patients who are prescribed dabigatran or other novel 
oral anticoagulants following ablation. 
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Abstract
Introduction and Objectives: Previous studies have described an inverse relationship between obesity and adverse events in a variety of 

conditions. Our aim was to investigate the relationship between obesity and prognosis in patients with atrial fibrillation.
Methods: We studied 746 patients who were prospectively included, between January and April 2008, in the AFBAR (Atrial Fibrillation in 

BARbanza area) registry. Patients were categorized into 3 body mass index groups using baseline measurements: normal (< 25 kg/m2), 
overweight (25-30 kg/m2), and obese (≥30 kg/m2). Survival free from the composite endpoint hospitalization for cardiovascular causes 
or all-cause mortality was compared across the 3 body mass index groups. A multivariable Cox proportional hazard regression was also 
performed to determine the independent effect of obesity as well as overweight, with respect to normal body mass index as a reference 
category, regarding the study endpoint. Median follow-up time was 36 (28-36) months. 

Results:  49.3% were obese and 38.2% had overweight. The composite endpoint rate was 70.9%, 67.5%, and 57.6% for obese, overweight, 
and normal weight patients, respectively (log rank test; p=0.02). An inverse association of obesity with a favorable prognosis persisted even 
after multivariable adjustment: hazard ratio 0.668; 95% confidence interval 0.449-0.995; p=0.047. Hazard ratio of overweight, however, was 
0.741; 95% confidence interval: 0.500-1.098; p=0.096.  

 Conclusions: Obesity, defined as a body mass index ≥ 30 kg/m2, is associated with better prognosis in a community-based cohort of 
patients with atrial fibrillation.  

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

arrhythmia in clinical practice. It is estimated that currently affects 
more than 6 million Europeans, and its prevalence is expected to 
double in the upcoming years.1 Furthermore, AF leads to a higher 
mortality rate and hospital admissions,1-2 as well as to a major 

economic burden.3 On the other hand, obesity is a well established 
risk factor for developing AF,5-9 like many other cardiovascular 
diseases.

However, once cardiovascular disease was expressed, their prognosis 
and relationship with obesity becomes more complex.10 Several 
studies have shown that subjects with established cardiovascular 
disease, overweight or obese have better prognosis than patients with 
normal or low weight.10-23

The aim of this study was to explore the obesity paradox in a 
community-based cohort of patients with AF.

Methods
Patients

The AFBAR (Atrial Fibrillation in the BARbanza area) was a 
prospective study that has been described in detail previously.24 
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to BMI. Obese patients (73.9±9 years) and those overweighted 
(75.8±8.4) were significantly lower than age in those with normal 
weight (76.9±11.6) (p<0,05). The rate of hypertension, diabetes 
mellitus and dyslipidemia proportion was significantly higher in 
obese compared to normal weight patients (Table 1). In contrast, 
peripheral arteriopathy prevalence was significantly higher in patients 
with normal weight (18.5%) as compared to obese (10.1%) and those 
with overweight (9.8%).

In addition, baseline hemoglobin values were significantly lower 
in normal weight patients. Thromboembolic risk estimated by 
CHA2DS2-VASc (Congestive heart failure, Hypertension, Age≥75 
years [double], Diabetes, Stroke [doubled], Vascular disease and 

Briefly, AFBAR registry was carried out by a team of primary care 
physicians in a single health-service of Galicia, north-western of 
Spain. AFBAR had aimed to describe the natural history of AF in 
an unselected population attending by primary care services, and 
treated at the discretion of their attending physicians. Each doctor 
had enrolled all his/her patients with AF, aged >18 years, during a 3 
month period (from January-2008 to April-2008). All patients had 
signed a consent form. Patients demographic and clinical data, such as 
previous cardiovascular events and comorbidities, treatment, and AF 
complications during follow-up, were ascertained from the patients 
clinical interview and hospital records. At the time of inclusion, 
anthropometric measurements were recorded for each patient. Body 
mass index [BMI] (calculated as weight [in kilograms] divided by the 
square of height [in meters]) was evaluated as a categorical variable 
according to World Heart Organization criteria.25 Thus, study 
patients were classified into 3 groups: normal weight, BMI <25 kg/
m2, overweight, BMI 25-30 kg/m2, and obesity as BMI ≥30 kg/m2. 
AFBAR study included a total of 798 patients with FA diagnosed. 
Patients without data on baseline BMI (n=2), those with BMI <18.5 
kg/m2 (underweight) or ≥40 kg/m2 (morbidly obese) (n=18) and 
prosthetic valves (n=27) were excluded from the analysis in this study. 
Five patients without valid data on vital status and hospitalizations 
during follow-up were also excluded. Thus, the final study cohort was 
made of 746 patients. 

The primary endpoint was cardiovascular hospitalization (heart 
failure, ischemic heart disease, AF, thromboembolic complications 
[stroke, transient ischemic attack or peripheral embolism], non-AF 
arrhythmic events or pulmonary embolism) or all-cause mortality. 
Median follow-up was 36 (interquartile range 28-36) months.

Statistical Analysis
Quantitative variables were expressed as mean ± standard deviation 

and were compared by Student t test and ANOVA variance analysis. 
Categorical variables were compared using Pearson’s χ2 test and were 
described as value and percentage. Event-free survival curves were 
constructed using Kaplan-Meier method. The groups according to 
BMI were compared using log-rank test. The relationship between 
baseline characteristics and the occurrence of the primary endpoint 
of this study was determined using a Cox univariate analysis. The 
independent effect on prognosis of Obesity and overweight, respect 
to normal weight (i.e., reference category), was determined by a 
multivariate Cox model, which was constructed with the following 
variables: age, sex, BMI groups, type of AF at baseline study, smoking, 
dyslipidemia, hypertension, diabetes mellitus, peripheral arterial 
disease, thromboembolic complications history (stroke, transient 
ischemic attack or peripheral embolism), heart failure, ischemic heart 
disease, chronic obstructive pulmonary disease, baseline creatinine, 
hemoglobin and baseline drug treatment.

We confirmed the assumption of proportional risks for the overall 
Cox model by Grambsch and Therneau test .26 Statistical significance 
was set with bilateral p value at <0.05. Analysis were performed using 
SPSS programm v. 18.0 and R v. 2.14.1.

Results
In the total of 746 patients, BMI was 30.1±4.9 kg/m2. The vast 

majority of patients (87.5%) had BMI ≥25 kg/m2 and 49.3% were 
obese (BMI ≥30 kg/m2). Mean age was 75.0±9.2 years and 47.8% 
were women. At study entry, 68.5% of patients were on permanent 
AF. Table 1 shows 3 groups baseline characteristics according 

Table 1: Clinical characteristics of subgroups according to BMI

BMI <25
(n=92; 12.3%)

BMI 25-30
(n=286; 38.2%)

BMI ≥30
(n=368; 49.3%)

Age (years) 76.9±11.6*† 75.8±8.4 73.9±9¶

Weight (kg) 60.0±8.3*† 71.2±8.6 87.5±13.1¶

Size (meters) 1.61±0.93 1.60±0.86 1.61±0.89

Women,% 44 (47.8) 124 (43.3) 185 (50.3)

AF class,%

First episode 10 (10.9) 29 (10.1) 49 (13.3)

Recurrent 14 (15.2) 61 (21.3) 72 (19.5)

Permanent 68 (73.9) 196 (68.5) 247 (67.1)

Smoking,%

No 57 (62) 182 (63.6) 245 (66.6)

Former smoker 31 (33.7) 83 (29) 103 (28)

Present 4 (4.3) 21 (7.3) 20 (5.4)

COPD,% 14 (15.2) 46 (16.1) 78 (21.2)

Hypertension,% 56 (60.9)† 208 (72.7) 316 (85.9)¶

Diabetes mellitus,%       15 (16.3)† 62 (21.7) 111 (30.2)¶

Dyslipidemia,% 36 (39.1)† 153 (53.5) 233 (63.3)¶

Ischemic heart disease,% 18 (19.6) 51 (17.8) 66 (17.9)

Heart failure,% 13 (14.1) 45 (15.7) 44 (12)

Peripheral arteriopathy,% 17 (18.5)*† 28 (9.8) 37 (10.1)

Stroke, TIA or previous peripheral 
embolism,%

7 (7.6) 27 (9.4) 32 (8.7)

Creatinine (mg/dl) 1.03±0.25 1.07±0.25 1.05±0.3

Haemoglobin (gr/dl) 13.4±1.6*† 14±1.5 13.8±1.6

CHA2DS2-VASc 3.36±1.68 3.42±1.59 3.43±1.59

Oral anticoagulation,% 67 (72.8) 227 (79.4) 303 (82.3)

Antiplatelet,% 20 (21.7) 55 (19.2) 61 (16.6)

ACE o AAR II,% 49 (53.3)† 196 (68.5) 278 (75.5)

B-bloquers,% 22 (23.9) 85 (29.7) 130 (35.3)

Statin,% 36 (39.1)† 146 (51) 190 (51.6)

Other hypolipidemics,% 3 (3.2) 12 (4.2) 31 (8.4)¶

Dyuretics,% 47 (51.1)† 155 (54.2) 234 (63.6)¶

Calcium bloquers,% 19 (20.7)† 91 (31.8) 142 (38.6)

Digoxin,% 32 (34.8) 97 (33.9) 123 (33.4)

Anti aldosterone,% 9 (9.8) 14 (4.9) 32 (8.7)

Antiarrythmics,%§ 10 (10.9) 36 (12.6) 49 (13.3)

 TIA: transient ischemic attack; AARII: angiotensin II receptor antagonist; CHA2DS2-VASc: heart 
failure, hypertension, age ≥75years (double), diabetes, stroke (double), vascular disease and 
female; COPD: chronic obstructive pulmonary disease; AF: atrial fibrillation; HR: hazard ratio; HF: 
heart failure; 95% CI: 95% confident interval; ACE: angiotensin converting inhibitor enzime; INR: 
international normalized ratio. *p<0.05 to compare <25 kg/m2 vs. BMI 25-30 kg/m2; †p<0.05 to 
compare BMI < 25 kg/m2 vs BMI ≥ 30 kg/m2; ¶p<0.05 to compare BMI 25-30 kg/m2 vs BMI ≥ 30 
kg/m2. § Refered to flecainide, disopyramide, propaphenone, amiodarone or sotalol.
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and 19% (n=70) in obese patients. Survival free from cardiovascular 
hospitalization or mortality is shown in Figure 1. Among obese and 
overweighed patients, the combined endpoint occurred in 29.1% 
(n=107) and 32.5% (n=93), respectively, in contrast to the 42.4% 
(n=39) in normal weight patients (log-rank test, p=0,03). 

In patients with BMI ≥ 25 kg/m2, the incidence of the composite 
endpoint was 30.6% (n=200) in contrast to 42.4% (n=39), in those 
patients with BMI <25 kg/m2 (log-rank test, p=0,01). Table 2 
shows the relationship between baseline patient characteristics and 
the composite endpoint  of all-cause mortality and cardiovascular 
hospitalization. Crude and adjusted effect of obesity and overweight, 
with respect to normal weight subgroup, is presented in Table 3. 
Although overweight and obesity compared to normal weight 
were associated with reduced risk of mortality and cardiovascular 
hospitalization, after adjusting for various clinical factors that 
association was maintained only for obesity. 

Obese patients showed a rate of cardiovascular hospitalizations 
and all-cause mortality 33.2% lower than those patients with normal 
weight (Hazard Ratio 0.668, 95% Confidence Interval: 0.449 to 
0.995, p=0.047).

Discussion
The main finding of the present study is that in a community-

based population of patients with AF, obesity (defined as BMI ≥30 
kg/m2) is associated with a reduction of the mortality and risk of 
cardiovascular hospitalization, despite the fact of having those 
patients with a higher rate of diabetes mellitus and hypertension.

Despite the well established association of overweightness and 
obesity with cardiovascular heart disease (CHD), numerous studies 
have reported that patients with established CHD have a better 
clinical prognosis than those with normal weight. This phenomenon 
has been termed “the obesity paradox”, and it has been demonstrated 
in many cardiovascular diseases such as heart failure,11-15 ischemic 
cardiopathy,16-18 peripheral artery disease19 and, recently in 
cerebrovascular disease.20 Likewise, the paradox of the obesity was 
described in other non-cardiovascular diseases as chronic obstructive 
pulmonary disease.27

In a sub-analysis of the AFFIRM study21-22 (Atrial Fibrillation 
Follow-up Investigation of Rhythm Management), an inverse 
relationship between obesity and prognosis was also described. 
Accordingly, rate of all-cause death was higher in the normal BMI 
group (5.8 per 100 patient-years) than in the overweight and obese 
groups (3.9 and 3.7, respectively). In that study, cardiovascular death 
rate was also highest in the normal BMI group (3.1 per 100 patient-
years), lowest in the overweight group (1.5 per 100 patient-years), 
and intermediate in the obese group (2.1 per 100 patient-years), 
being overweight associated with a lower risk of cardiovascular death 

female Sex) risk score was similar among 3 BMI groups. There was a 
higher rate usage of oral anticoagulants in obese group in contrast to 
the higher rate usage of antiplatelet drugs in normal weight patients, 
although no significant differences were seen.  

Events During Tracing
There were 239 (32%) events during follow-up: 91 (12.2%) 

patients died and 148 (19.8%) required hospitalization. All-cause 
mortality by BMI subgroup was 20.7% (n=19), 12.2% (n = 35) and 
10.1% (n=37) in normal weight, overweight and obese patients, 
respectively. Cardiovascular hospitalization occurred in 21.7% (n=20) 
in patients with normal weight, 20.3% (n=58) in those overweighed 

Table 2: Cardiovascular event or mortality cox univariate analysis at 36 
months follow-up.

HR 95% CI P

Age, years 1.025 1.009-1.040 0.002

Sex, 

           Men 1.0 (Reference)

           Women 0.912 0.707-1.177 0.48

AF class, 1.0 (Reference)

First episode 1.869 1.120-3.118 0.02

Recurrent 1.477 0.928-2.349 0.10

Permanent

Smoking 

No 1.0 (Reference)

Former smoker 0.741 0.449-1.225 0.24

Present 0.873 0.516-1.478 0.61

COPD 1.347 0.995-1.824 0.054

Hypertension 0.903 0.670-1.215 0.50

Diabetes mellitus 1.580 1.209-2.069 0.001

Dyslipidemia 0.747 0.580-0.963 0.024

Ischemic heart disease 1.908 1.431-2.545 <0.001

Heart failure 2.695 2.007-3.620 <0.001

Peripheral arteriopathy 1.586 1.112-2.260 0.01

Stroke, TIA or previous peripheral 
embolism

1.183 0.965-1.450 0.11

Creatinine (for each 1 mg/dl increase) 2.780 1.959-3.946 <0.001

Haemoglobina (for each 1 gr/dl increase) 0.830 0.765-0.899 <0.001

Antiplatelet or anticoagulation

            None 1.0 (Reference)

            Antiaplatelet 0.623 9.320-1.215 0.17

            Anticoagulation 0.651 0.354-1.195 0.17

ACE or AAR II 1.069 0.809-1.417 0.64

B-bloquers 1.049 0.800-1.378 0.73

Statin 0.925 0.718-1.192 0.55

Other hypolipidemics 0.864 0.494-1.511 0.61

Dyuretics 1.210 0.932-1.571 0.15

Calcium bloquers 1.007 0.771-1.315 0.96

Digoxin 1.064 0.816-1.388 0.65

Anti aldosterone 2.257 1.547-3.293 <0.001

Antiarritmics,%* 0.995 0.682-1.451 0.98

 TIA: transient ischemic attack; AARII: angiotensin II receptor antagonist; CHA2DS2-VASc: heart 
failure, hypertension, age ≥ 75years (double), diabetes, stroke (double), vascular disease and 
female; COPD: chronic obstructive pulmonary disease; AF: atrial fibrillation; HR: hazard ratio; HF: 
heart failure; 95% CI: 95% confident interval; ACE: angiotensin converting inhibitor enzime; INR: 
international normalized ratio. *p<0.05 to compare <25 kg/m2 vs. BMI 25-30 kg/m2; †p<0.05 to 
compare BMI < 25 kg/m2 vs BMI ≥ 30 kg/m2; ¶p<0.05 to compare BMI 25-30 kg/m2 vs BMI ≥ 
30 kg/m2. § Refered to flecainide, disopyramide, propaphenone, amiodarone or sotalol.

Table 3:
Overweight and obesity crude and adjusted effect (Hazard Ratio) in 
the occurrence of cardiovascular events or all-mortality causes over 
the 36 month follow-up.

Crude Adjusted

BMI cathegories HR (95%CI) P HR (95%CI) P

Normal weight: BMI <25 kg/m2 1.0 (Reference) 1.0 (Reference)

Overweight: BMI 25-30 kg/m2 0.665 (0.446-
0.964) 

0.036 0.741 (0.500-
1.098)

0.096

Obesity: BMI  ≥30 kg/m2 0.615 (0.426-
0.888)

0.009 0.668 (0.449-
0.995)

0.047

HR: hazard ratio; 95% CI: 95% confidence interval; BMI: body mass index. 
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(hazard ratio 0.47, p = 0.002).
Although the potential mechanism of obesity paradox has not 

been fully elucidated , several hypotheses had been proposed in this 
regard. It seems that TNF alpha can increase the pulmonary vein 
arrhythmogenicity, thereby causing inflammation-related AF.28,29 

Another potential explanation could be lipoproteins higher levels 
in obese people, which could remove proinflamatory toxins, with 
the subsequent inflammatory state reduction.30 Low circulating 
natriuretic peptide levels could be related with more favourable 
outcomes.31 As may occur during a cardiovascular event or a major 
interventional procedure, adipose tissue may respond with enhanced 
function, which may improve cardiovascular and other clinical 
outcomes. 

Higher body fat and especially higher lean mass index (LMI) may 
be associated with muscular strength, linked to better prognosis and 
survival. Many epidemiological studies were unable to show a higher 
risk for adverse events in overweight (BMI 25–29kg/m2) compared 
to normal weight patients. This could be explained by the limited 
ability of BMI to differentiate body fat from lean mass.32-36 

Based on the present study characteristics, we cannot relate some 
of the abovementioned theories with the presented results, but in 
our opinion it deserves further investigation in order to explain 
the mechanism why this particular subgroup of patients, despite 
the higher rate of diabetes mellitus and hypertension, presented a 
better outcome. These results made create doubts about whether 
current recommendations for cardiovascular prevention should be 
extrapolated to populations with established cardiovascular disease. 

The results of our study should be considered in light of its 
potential limitations. First of all, conclusions are based in the BMI, 
which as it is known, does not differentiate body fat from lean mass. 
Second, we were unable to account for fat distribution (peripheral 
versus abdominal obesity) and other measures of adiposity such as 
body fat percentage. Third, a small but potentially significant number 

of patients (5) were excluded from the sample due to missing BMI 
data, and it is unlike that this fact could bias the results.

Besides, information regarding proinflamatory and nutritional 
status were not collected. We did not consider potential changes in 
BMI over the study follow-up. 

Finally, it should be remark that this sample was drawn from rural 
medical centres, and may not be generalizable to urban areas.

Conclusions:
Obesity, defined as a body mass index ≥30 kg/m2, is associated 

with lower cardiovascular hospitalization and global mortality risk, 
independent of other clinical features, in a community-based cohort 
of patients with AF. These results must be analyzed under the BMI 
parameter limitations. Also, future research should aim to understand 
the mechanisms underlying the obesity paradox.
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Abstract
The safety and optimal strategy of the use of dabigatran versus uninterrupted warfarin in atrial fibrillation ablation is currently unclear. We 

performed a retrospective analysis between July 2011-October 2012 of all patients undergoing an AF ablation who received uninterrupted 
warfarin therapy (199) and the routine cessation of Dabigatran therapy (126) 4 days pre-ablation. Major safety endpoints included: 
pericardial effusion (requiring pericardiocentesis),  peripheral thromboembolism, CVA, and groin hematoma requiring blood transfusion. 
Minor endpoints included pericardial effusion and groin hematoma. Dabigatran was restarted the following day after ablation. The warfarin 
group was older,  had a higher CHADS2, CHA2DS2VASc and HASBLED scores and greater prevalence of aortic plaque. The major complication 
rate was 2.0% in the warfarin group and 2.4% in the dabigatran group  (P= 0.83).  The minor complication rate was 2.5% in the warfarin 
group and <1% in the dabigatran group  (P= 0.27).  In the dabigatran group, there was one renal thromboembolic event 4 days post-ablation. 
All patients in the warfarin group who suffered a major complication required a blood transfusion. Cessation of dabigatran therapy 4 days 
pre AF ablation has a comparable safety profile to uninterrupted warfarin therapy.

Introduction
Catheter ablation is increasingly being performed for patients with 

medically refractory, symptomatic atrial fibrillation (AF).1 Atrial 
fibrillation ablation carries a significant risk of thromboembolism 
and bleeding due to thrombus formation in the left atrium and 
intraprocedural conversion from AF to sinus rhythm. Commonly, 
multiple strategies are employed peri-AF ablation to reduce the risk of 
thromboembolic complications, including the use of transesophageal 
echocardiography, intracardiac echocardiography, irrigated ablation 
catheters, and intraprocedural anticoagulation.2

Historically, patients treated with warfarin (WAR) would typically 
discontinue this medication and be bridged with low-molecular-
weight heparin prior to ablation.  Recent studies, however, have 
suggested that patients undergoing an AF ablation can safely 
undergo the procedure without discontinuation.3 This strategy has 
become standard clinical practice.4 The novel oral anticoagulant, 
dabigatran (DAG, direct thrombin inhibitor) has emerged as an 
increasingly common therapy for thromboembolism prevention in 
AF.  However, strategies for its use in the setting of atrial fibrillation 
ablation have been varied and may be associated with an increased 

incidence of thromboembolism.5,6,7 We sought to compare the 
safety and feasibility of uninterrupted warfarin versus discontinuing 
dabigatran 4 days prior to atrial fibrillation ablation. 

Material and Methods 
Patients

We performed a retrospective, single-center study conducted 
at New York University Langone Medical Center from July 
2011-October 2012. All patients who were referred for catheter 
ablation for symptomatic atrial fibrillation or atrial tachyarrhythmias 
post atrial fibrillation ablation and receiving either warfarin or 
dabigatran were included in the analysis. Patients were excluded 
from the study if they had a prosthetic heart valve, hemodynamically 
significant valvular disease, end stage renal disease or advanced liver 
disease. Written, informed consent was obtained in the usual fashion 
for catheter ablation. 

Pre-Procedure
Patients receiving DAG discontinued the drug 4 days prior 

to catheter ablation and received no anticoagulation bridge. All 
patients were treated with DAG 150mg BID.  Patients on WAR 
therapy were maintained at their current dose and had measured 
international normalized ratios  of 1.6-3.2.  Antiarrhythmic agents 
were discontinued five half-lives prior to the AF ablation and all 
patients underwent Transesophageal echocardiography (TEE) on 
the day of the procedure. 
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circular catheters placed within the PVs and exit block from the PVs. 
Transthoracic cardioversion was applied to restore sinus rhythm in 
the patients with persistent or long-standing persistent AF if they 
did not convert after additional lesions were applied to the septal left 
atrium, left atrial roof, lateral left atrium, as well as endocardial surface 
and epicardial coronary sinus.  All patients requiring a redo ablation 
underwent left atrial mapping and ablation of the atrial tachycardia 
with confirmation of PV isolation. If PV isolation was not presents 
further lesions were delivered for completion of isolation. Finally, the 
cavotricuspid isthmus was ablated with an endpoint of bidirectional 
conduction block. The blood pressure was monitored noninvasively 
throughout the procedure.  

Post Procedure
Patients in the WAR group received their usual dose of warfarin 

the evening of the procedure. Patients in the DAG group received 
intravenous heparin 4-6 hours post sheath removal on the night 
of the procedure. On the following morning, the intravenous 
heparin was discontinued and DAG 150mg and a low-molecular 
heparin(enoxaparin) subcutaneous injection at 0.5 mg/kg were 
administered. The low-molecular weight heparin served as a bridge to 
therapeutic anticoagulation levels and was given for a total of 3 doses 
every 12 hours. Patients were evaluated for post procedure bleeding 
as well as signs and symptoms of neurologic thromboembolism in 
the first 2 weeks.  

End Points
The endpoints were defined as major or minor. Major events 

included: death, thromboembolism, pericardial tamponade requiring 
pericardiocentesis and groin hematoma requiring transfusion. Minor 
events included: pericardial effusion and groin hematoma not 
requiring transfusion. 

Statistical Analysis
The differences between the groups were examined using chi 

square tests for categorical variables. For comparisons of continuous 
variables, unpaired Student’s t-tests were used, as appropriate. A 
multivariate logistic regression analysis was performed in the aim 
of identifying predictors for complications. All univariate predictors 
with a p value <0.1 were analyzed in a stepwise fashion and results 
are reported in Odd Ratios and Confidence Intervals. The statistical 
analyses were performed using SPSS 21 (Armonk, New York). For 
all analyses, a P value of <0.05 was considered statistically significant.

Results
Baseline Characteristics of the Study Population

Table 1.
There were significant baseline differences between the two groups. 

The WAR group was older, had a higher CHADS, CHA2DS2VASc 
and HASBLED score and a higher prevalence of aortic plaque.  There 
was also a trend towards an increased prevalence of cerebrovascular 
accidents/transient ischemic attacks , aspirin use and lower GFR in 
the WAR group. 

Outcomes
Table 2.
Overall bleeding complications were increased in the warfarin 

population, however this did not meet statistical significance.  Also, 
all patients in the Warfarin group who suffered a major complication 
required a blood transfusion. One patient in the DAG group with 

Intra-Procedure
The details of the wide-area circumferential area ablation and 

pulmonary vein (PV) isolation have been described elsewhere.4  
In brief, an 8-French duodecapolar catheter (Livewire, St. Jude 
Medical(SJM), St. Paul, MN, USA ) was inserted into the left femoral 
vein and positioned in the coronary sinus via an 8-French short 
sheath (St. Jude Medical, St. Paul, MN, USA). One 11-French Agilis 
steerable introducer sheath (SJM) and an 8.5-French long sheaths 
(SJM) were inserted from the right femoral vein, and advanced into 
the LA using the transseptal puncture technique. Intravenous heparin 
was administered as a 100 units/kg bolus dose after a transseptal 
puncture, and then additional heparin was administered to maintain 
an activated clotting time value of 350–400 seconds. Protamine was 
used to reverse heparin at the end of the procedure.  A single 7-French 
20 mm diameter decapolar circumferential catheter (Lasso, Biosense 
Webster, Diamond Bar, CA, USA) was placed within the pulmonary 
veins and used to construct a three-dimensional electroanatomical 
maps using a nonfluoroscopic navigation system (Ensite Velocity, St. 
Jude Medical, St. Paul, MN, USA).  After, circumferential ablation 
lines were created around the left- and right-sided ipsilateral 
pulmonary veins using a 3.5-mm irrigated-tip catheter (ThermoCool, 
Biosense Webster). Radiofrequency energy was delivered with a 
maximum power of 35 W for 20 seconds at each site. The temperature 
was limited to 45°C. The endpoint of the PV isolation was either the 
elimination or dissociation of the PV potentials recorded from the 

Table 1: Baseline Demographics

Dabigatran  (n=126) Warfarin (n=199) p- value

 Age (IQR) 62 (55-69) 65 (58-72) 0.001

 Female n(%) 35(28) 68 (34) 0.21

 AF Type- 0.99

  Paroxysmal n(%) 36 (28) 57(29)

   Non-paroxysmal n(%) 90(72) 142(72)

 Prior AF ablation n(%) 42(33) 80(40) 0.21

 Heart Failure n(%) 18(14) 26(13) 0.68

 HTN  n(%) 64(51) 117(59) 0.16

 OSA  n(%) 15(11) 22(11) 0.99

 DM    n(%) 19(15) 30(15) 0.98

CAD  n/% 24(19) 38(19) .98

 TIA/CVA n(%) 11(9) 38(19) 0.08

 CHADS (SD) 0.98 ±1.5 1.2 ±1.4 0.03

 CHA2DS2VASc  (SD) 2.1 ±0.34 2.7 ±0.2 <0.0001 

CHA2DS2VASc   >0 n/ % 18(14) 8(4) <0.006

CHA2DS2VASc   >1 n/ % 39(31) 36(18) <0.007

CHA2DS2VASc   >2 n/ % 70(56) 155(78) <0.0001

 Aortic plaque n(%) 74(59) 155(78) <0.0006 

 HASBLED  0.29(0.49) 0.52(0.41) <0.0004

 ASA n(%) 19(15) 46(23) 0.06

 Plavix n(%) 3(2) 8(4) 0.38

 Anti-arrhythmic therapy 
n(%)

49(39) 68(34) 0.32

 BMI kg/m2 (SD) 31 ± 6.1 30 ±7.5 0.18

 LVEF % (SD) 57± 10 55  ±9.7 0.09

 eGFR mL/min/1.73 m2 76±20 72±17 0.07

 INR  1.1 (1.0-1.2) 2.2(1.8-2.5) <0.0001
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anticoagulant strategy for patients taking dabigatran and undergoing 
AF ablation is critical .

There have been conflicting results in the literature on the safety 
of dabigatran as compared to warfarin as an anticoagulation strategy 
peri-ablation.5,8, 11-13 Most recently, 2 meta-analyses on this topic 
differ as to whether there is an increased incidence of neurologic/
thromboembolic events in patients receiving dabigatran.6,11 Steinberg 
and colleagues noted a statistically significant increase in the 
prevalence of neurologic events 0.7% vs. 0.2% in patients receiving 
dabigatran vs. warfarin. In contrast , Providencia and colleagues 
noted no difference in the prevalence of thromboembolism 0.55%  
vs. 0.17%, in patients receiving dabigatran vs. warfarin. In our cohort, 
despite the higher than average CHA2DS2VASc score (2.5), as 
compared to prior studies (1.6-1.9), thromboembolism rates (0.8% vs. 
0%) were similar in the dabigatran and warfarin groups respectively.  

The  increased incidence of  thromboembolic events in other 
studies may be related to the subtherapeutic anticoagulation 
window(the time period between the initiation of dabigatran and its 
peak effect).5In our study,  heparinization  starting 4-6 hours post 
procedure (followed by the initiation of dabigatran and enoxaparin 
the following day)  may have decreased the dabigatran subtherapeutic 
window and prevented thromboembolism. In prior studies, low 
molecular weight heparin, in the setting of warfarin therapy  has been 
shown to be effective in the setting of AF ablation.14  In contrast to 
our study, the majority of studies have held dabigatran for 1-2 doses 
prior to ablation and restarted the 1st dose within 24 hours.6,11 Most 
notably, one of the largest retrospective case cohort studies found no 
increase in hemorrhagic or thromboembolic events utilizing a strategy 
of holding dabigatran( the evening prior to the ablation and the day 
of the procedure) and restarting the medication 4 hours after vascular 
hemostasis.13 To our knowledge, we are the first to describe next-day 
enoxaparin administration as a bridge to therapeutic anticoagulant 
levels in the setting of dabigatran therapy post-AF ablation.  

In the aforementioned studies, major hemorrhage peri-ablation 
has been estimated between 1.3%-1.8%.6,11 There have been no 
significant signals indicating the risk of bleeding is higher in patients 
receiving dabigatran versus warfarin.  However, definitions of major 
bleeding,  the size of single center studies and adverse event rates 
have differed substantially. Importantly, the T1/2 life of dabigatran is 
12-17 hours.  However, in the elderly and in patients with impaired
renal function, the plasma levels and T1/2 life increase.   Recently,
the European Heart Rhythm Association has recommended holding
dabigatran > 72hours prior to a surgical intervention in patients with
a creatinine clearance between 50-80 and at high bleeding risk.15 Our
study is the first to show cessation of dabigatran up to 4 days pre-
ablation is as safe as uninterrupted warfarin therapy. 

     All patients within our cohort were candidates for warfarin or 
full dose dabigatran therapy. However,  patients receiving warfarin 
were older, had a greater prevalence of aortic atherosclerosis and had 
higher calculated CHADS, CHA2DS2VASc and HASBLED scores. 
There was also a trend towards a greater prevalence of TIA/CVA, 
aspirin use and lower GFR . Interestingly, in prior studies comparing 
dabigatran vs. warfarin therapy, patients receiving warfarin show a 
similar trend towards having a greater baseline prevalence of TIA/
CVA, decreased renal function and greater aspirin use.13,16-18  These 
differences likely impact the observed complication rate in prior 
retrospective studies. The exact cause of greater baseline comorbidity 
in warfarin patients is unknown, however reluctance to switch from 

non-paroxysmal AF developed renal thromboembolism 4 days post 
AF ablation. The patient had reported abdominal pain and weakness 
and presented to the Emergency Department with notable findings 
of a creatinine elevation (1.0mg/dl to 1.4mg/dl) and findings on 
Computed Tomography of the abdomen significant for a wedged 
shaped infarct of the right kidney. The patient received IV heparin 
and was switched to warfarin. The patient’s renal function improved 
over the next 2 weeks and no further complications were observed.  

The majority of complications occurred in the first 48 hours (9/13) 
with 4 complications occurring after 48 hours. These 4 complications 
were 3 minor groin hematomas(2 in DAG, 1 in WAR group) and 
a pericardial effusion requiring a pericardiocentesis ( WAR group).  
There were no cerebrovascular accidents or transient ischemic attacks.  
There were no significant differences in complication rates between 
patients with paroxysmal  (Major-3, Minor-3)  and non-paroxysmal 
AF (Major 4, Minor-3). 

Univariate analysis revealed 3 variables (elevated INR 1.9 vs. 1.7, 
p=0.026; decreased LVEF 49% vs. 56%; p= 0.058; increased age 64 
vs 62; p=0.059) as predictors of complications. However, multivariate 
logistic regression analysis did not show an independent single 
predictor of complications (INR OR 1.2 95%; CI 0.57-2.6, p=0.59, 
LVEF OR 0.95; 0.91-1.0; p=0.053, AGE OR 0.99; 95% 0.93-1.05 
p=0.76).  

Discussion
In our single-center retrospective study, we found the strategy of 

discontinuing dabigatran 4 days  prior to AF ablation and restarting 
dabigatran therapy the following morning provided a similar safety 
profile when compared to uninterrupted warfarin.

Dabigatran is a newly developed oral anticoagulant that directly 
inhibits thrombin, and is less susceptible to dietary and drug 
interactions as compared to warfarin.8 Furthermore, it does not 
require anticoagulation monitoring. The Randomized Evaluation of 
the Long-term Anticoagulation Therapy (RE-LY) trial demonstrated 
the noninferiority of dabigatran over warfarin with respect to a 
reduction in the occurrence of both stroke and systemic embolism 
among patients with AF.9 

Since its approval, there has been a significant increase in the 
use of dabigatran and a reduction of warfarin prescriptions in the 
United States.10 This rise in dabigatran therapy has resulted in 
multiple peri-procedural strategies aiming to reduce the incidence 
of thromboembolism and bleeding. Determining the optimal 

Table 2:  Procedural Outcomes

Dabigatran  
(n=126) 

Warfarin 
(n=199) 

p-value 

 Total Major and Minor Complications n (%) 4 (3.1) 9 (4.5) 0.52

 Major complications n (%) 3(2.4) 4(2.0) 0.83

     Death and CVA n (%) 0 0 1

     Peripheral Thromboembolism n (%) 1(0.8) 0 0.21

     Pericardiocentesis n (%) 2(1.6) 1(<1.0) 0.32

     Groin Hematoma AND Transfusion n (%) 0 3(1.5) 0.17

 Minor Complications n(%) 1(0.8)  5(2.5)  0.27

     Pericardial effusion (NO Pericardiocentesis) n (%) 0 3(1.5) 0.17

     Groin Hematoma (NO Transfusion) n (%) 1(0.8) 2(1.0) 0.85

 Patients requiring blood transfusion n (%) 

      (> 1 unit of blood products) 0 4(2.0) 0.11
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warfarin to dabigatran, unfamiliarity with dabigatran use in sicker 
patients and lack of a reversal agents in patients with less perceived 
tolerance of hemodynamically significant hemorrhage may represent 
likely factors.

Study Limitations 
This was a small retrospective non-randomized study.  Our 

study has limited power in identifying predictors of bleeding and 
thromboembolic events due to the limited number of patients and 
small number of events.  

Conclusions:
In patients receiving dabigatran therapy pre-AF ablation, 

a strategy of drug cessation 4 days prior to the procedure and 
resumption of dabigatran the following day has a comparable safety 
profile to uninterrupted warfarin therapy. Although a reliable, widely 
available antidote for dabigatran is not available, the outcomes of 
serious complications do not appear to be different amongst patients 
receiving dabigatran versus warfarin.  Large randomized controlled 
trials will be needed to further assess the impact of  interrupted 
dabigatran therapy on safety.
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Abstract
The impact of ranolazine, an anti-ishemic agent with antiarrhythmic properties, on paroxysmal atrial fibrillation (PAF) in patients with 

coronary artery disease (CAD) remains unclear. Pacing devices can be useful tools for disclosing even asymptomatic PAF. Purpose of this 
study is to assess the effect of ranolazine on atrial fibrillation (AF), in patients with CAD, PAF and a dual-chamber pacemaker. 

We studied 74 patients with CAD, PAF, and sick sinus syndrome or atrio-ventricular block, treated with pacemakers capable to detect PAF 
episodes. The total time in AF, AF burden, and the number of PAF episodes within the last 6 months before enrolment in the study, mean 
AF duration per episode, and the QTc interval were initially assessed. Subsequently, patients were randomized into additional treatment 
with ranolazine (375 mg twice daily) or placebo. Following six months of treatment, all parameters were reassessed and compared to those 
before treatment.  

Ranolazine was associated with shorter total AF duration (81.56±45.24 hours versus 68.71±34.84 hours, p=0.002), decreased AF burden 
(1.89±1.05% versus 1.59±0.81%, p=0.002), and shortened mean AF duration (1.15±0.41 hours versus 0.92±0.35 hours, p=0.01). In the 
placebo group no such differences were observed. In both groups, no significant differences in the number of PAF episodes and QTc duration 
were observed. 

We conclude that in patients with CAD and PAF, ranolazine reduces the total time in AF, AF burden, and mean AF duration. These findings 
may imply additional antiarrhythmic properties of ranolazine on atrial myocardium and might indicate the necessity of its use in ischemic 
patients with PAF. 

Introduction
Ranolazine is an antianginal and anti-ischemic drug with 

antiarrhythmic properties, as shown in experimental and clinical 
studies.1-8 In atrial myocytes, ranolazine exerts its antiarrhythmic 
effect mainly by inhibiting IKr, early INa, and late INa currents in 
a selective, use-dependent way.9,10 There are reports suggesting that 
ranolazine prevents the induction of atrial fibrillation (AF) and 
terminates the episodes of the arrhythmia.6,11-13 However, in clinical 
practice, a considerable proportion of AF episodes are asymptomatic 
and this poses difficulties in the detection of the arrhythmic events 

and the evaluation of antiarrhythmic medications.14,15     
The efficacy of ranolazine in patients with ischemic heart disease 

and paroxysmal AF (PAF) has not been completely studied. Since 
implantable pacemakers can store significant information about 
high atrial rate episodes and rhythm control in patients with AF, 
they can be useful tools in evaluating the antiarrhythmic potency of 
ranolazine on both symptomatic and asymptomatic episodes of AF.16-

21 Therefore, in a prospective, placebo-controlled, randomized study, 
we used diagnostic data derived from the interrogation of pacing 
devices in order to assess the antiarrhythmic effect of ranolazine in 
patients with coronary artery disease (CAD) and PAF, who had been 
treated with a permanent dual-chamber pacemaker, due to sick sinus 
syndrome (SSS) or atrio-ventricular conduction block (AVB).

Material and Methods
Patients

Among patients routinely followed in the Pacemaker Clinic within 
www.jafib.com  Feb-Mar, 2014 | Vol-6 | Issue-5  
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QTc was the Q-T interval corrected for heart rate and expressed in 

msec. It was calculated by the duration of the QT interval divided by 
the square root of the R-R interval, according to the Bazett’s formula.

AF burden was presented as percentage (%), and defined as the 
total time in AF (time in mode-switch) during follow-up, divided by 
the time of follow-up (six months) and multiplied by 100. 

AF duration per episode (mean AF duration) was calculated by 
dividing the total time in AF by the number of AF episodes.

Randomized Treatment and Follow-Up
In the ranolazine group, ranolazine was administered at a dose of 

375 mg twice daily, as an adjunctive therapy on top of conventional 
medication for CAD, according to current indications and the rules 
of the Hellenic National drug Organization.23 This dose scheme 

an 18-month period, 460 individuals were initially assessed, and 
patients eligible for enrollment in the study were those with known 
CAD and myocardial ischemia, who had been implanted a dual-
chamber pacemaker due to SSS or AVB. The pacemakers should be 
implanted at least six months before recruitment in the study and 
should be able to store and recall atrial high-rate episodes.

The diagnosis of CAD was based on patients’ history, 
documented in the past by typical symptoms, electrocardiographic 
recordings, markers of myocardial necrosis, coronary angiography 
and interventions for cardiac revascularization, when indicated. 
Exercise stress test or myocardial scintigraphy revealed myocardial 
ischemia. SSS and atrio-ventricular conduction abnormalities were 
diagnosed by symptoms (syncope, presyncope or inappropriate 
fatigue) combined with 12-lead electrocardiogram, 24-hour Holter 
recordings and electrophysiologic study, if necessary. PAF was defined 
according to the Task Force for management of Atrial Fibrillation 
of the European Society of Cardiology, and documented by Holter 
recordings and the interrogation of the pacing devices.22

Exclusion criteria were recent myocardial infarction, unstable 
angina, candidacy for revascularization, congestive heart failure, 
renal failure (creatinine clearance < 30 ml/min), hepatic impairment, 
and age above eighty-five years. Additionally, patients under 
antiarrhythmic medication were not included in the study, in order to 
avoid drug interactions that would make the evaluation of the effect 
of ranolazine difficult.   

Patients received the optimal hemodynamically tolerated 
treatment, and were randomly assigned to adjunctive treatment with 
ranolazine or placebo (control group), in an 1:1 order. Each patient 
was given a unique 3-digit numeric code upon enrollment, and the 
“Random Allocation Software” for parallel group randomized trial 
was used to produce a simple 1:1 randomization of the predefined 
candidacy code numbers. 

The following pacemaker models had been implanted in the 
studied population: 1) Adapta DR, Medtronic, Minneapolis, 
USA, 2) Symphony DR, Sorin, Milan, Italy, 3) Insignia Ultra DR, 
Boston Scientific, Phoenix, Arizona, USA, 4) T60 DR and C70 
DR, Vitatron, Maastricht, Netherlands, and 5) Victory XL DR and 
Identity XL DR, St. Jude Medical, St. Paul, Minneapolis, USA. 
The devices had automatic mode switch features and could provide 
information concerning the number of AF episodes (mode switches), 
the duration of each episode, and the total time in AF (AF burden) 
between two sequential interrogations. Additionally, AF burden was 
automatically calculated and expressed as percentage (%).

Initial Evaluation and Assessed Parameters 
Clinical examination, twelve-lead electrocardiogram along with 

assessment of the corrected Q-T interval (QTc), evaluation of 
renal function, and transthoracic echocardiographic study were 
performed at baseline. Left ventricular end-diastolic and end-systolic 
diameter (LVEDD and LVESD, respectively) were measured, and 
left ventricular ejection fraction (EF) was estimated according to 
the modified Simpson’s method. The anteroposterior diameter of 
the left atrium (LA) was measured at the parasternal short axis. 
Demographics, clinical characteristics and medication of the studied 
population are presented in the Table. The total time in AF, AF 
burden, and the number of AF episodes during the last six months 
before enrolment in the study were recalled during the interrogation 
of the pacemakers at the time of recruitment (baseline). Furthermore, 
AF duration per episode (mean AF duration) was calculated.

Table 1:
Demographics, clinical characteristics, history of revascularization 
and medication of the studied population, presented in groups, 
according to randomization.

Ranolazine group
(n=36)

Control group
(n=36)

p value

Age  (yrs) 73.8 ± 6.8 73.9 ± 4.5 0.726

Male gender (%) 25 (69.4%) 22 (61.1%) 0.621

SSS 21 (58.3%) 23 (63.9%) 0.809

AVB 15 (41.7%) 13 (36.1%) 0.809

Prior revascularization 18 (50.0%) 15 (41.7%) 0.637

CABG 5 (13.9%) 4 (11.1%) 1.000

PCI 13 (36.1%) 11 (30.6%) 0.803

Angina 21 (58.9%) 23 (63.9%) 0.809

Positive stress test/scintigraphy 36 (100%) 36 (100%) 1.000

Echocardiography

EF (%) 54.6 ± 6.3 54.3 ± 7.6 0.943

LVEDD (mm) 51.4 ± 2.7 50.7 ± 2.8 0.233

LVESD (mm) 32.4 ± 2.2 32.1 ± 2.2 0.446

LA diameter (mm) 42.9 ± 2.7 42.6 ± 3.1 0.687

QTc  (msec) 436 ± 10 437 ± 9 0.857

AF statistics at baseline

total time in AF (hrs) 81.56 ± 45.24 80.28 ± 43.198 0.903

AF burden (%) 1.89 ± 1.05 1.86 ± 1.00 0.903

number of AF episodes 77.3 ± 36.1 71.56 ± 30.92 0.468

mean duration (hrs) 1.05 ± 0.41 1.12 ± 0.43 0.486

Comorbidities

hypertension 28 (77.8%) 29 (80.6%) 1.000

dyslipidemia 24 (66.7%) 26 (72.2%) 0.798

diabetes mellitus 8 (22.2%) 3 (8.3%) 0.189

thyroid disease 2 (5.6%) 3 (8.3%) 1.000

Medication

nitrates 30 (83.3%) 33 (91.6%) 0.631

β-blocker 36 (100.0%) 35 (97.2%) 1.000

ACE inhibitor/ARB 29 (80.6%) 25 (69.4%) 0.415

calcium channel blocker 12 (33.3%) 14 (38.9%) 0.806

dihydropyridine 9 (25.0%) 12 (33.3%) 0.605

non-dihydropyridine 3 (8.3%) 2 (5.6%) 1.000

statin 34 (94.4%) 36 (100%) 0.798

diuretics 13 (36.1%) 16 (44.4%) 0.631

 yrs: years, SSS: sick sinus syndrome, AVB: atrio-ventricular conduction block, CABG: coronary 
artery bypass grafting, PCI: percutaneous coronary intervention, EF: ejection fraction, LVEDD: left 
ventricular end-diastolic diameter, LVESD: left ventricular end-systolic diameter, LA: left atrium, QTc: 
corrected Q-T interval, AF: atrial fibrillation, hrs: hours, ACE: angiotensin converting enzyme, ARB: 
angiotensin receptor blockers



www.jafib.com Feb-Mar, 2014 | Vol-6 | Issue-5  

Journal of Atrial Fibrillation27 Original Research
Comparisons of continuous variables between groups were 

performed using Student’s t-test for independent samples, preceded 
by Levene’s test for equality of variances, or Mann–Whitney U non-
parametric test, as appropriate. Comparisons of continuous variables 
within the same group prior to and following six months of treatment 
were performed using paired Student’s t-test or Wilcoxon signed-
rank test for related samples, as appropriate. Categorical data were 
summarized in contingency tables and between groups comparisons 
were performed using the Fisher’s exact test. 

All statistical significance tests were two-sided and the null 
hypothesis was the presumption of equality of means. Differences 
between and within groups were considered to be statistically 
significant if the null hypothesis could be rejected with >95% level of 
confidence (p-value <0.05).

Results
Baseline Characteristics

Out of the 460 patients’ pool, 77 met the eligibility criteria for 
the study. Seventy four of them provided written informed and were 
initially enrolled. Two patients were excluded from the study: one from 
the ranolazine group developed unstable angina and another from 
the control group had to change his treatment due to unsatisfactory 
control of his blood pressure (Figure 1). Demographics, clinical 
characteristics, history, medication of the remaining 72 studied 
patients and comparison between groups are presented in the Table. 
During the initial evaluation, patients treated with ranolazine and 
controls were comparable regarding the aforementioned parameters 
(Table 1).  

Treatment and Follow-Up
Ranolazine was overall well tolerated and no serious side effects 

were reported. Initially, five patients complained about constipation, 
abdominal discomfort or dizziness within the first two weeks of 
ranolazine administration. However, these symptoms were attenuated 

was decided in order to avoid interactions with other drugs and 
serious side effects that could cause premature discontinuation 
of the treatment. In the control group, placebo was administered 
twice daily. During a six-month follow-up period, all patients were 
prospectively reevaluated with programmed visits in the pacemaker 
clinic. Interrogation of the devices and clinical evaluation was taking 
place every second month and when symptoms were reported, and 
performed by specialized physicians. The total time in AF, AF burden, 
the number of AF episodes during follow-up, mean AF duration per 
episode, and QTc were reassessed after six months of treatment and 
compared to that before randomization. Renal function was also 
evaluated at each programmed visit. 

During follow-up, pacemaker settings and medication remained 
unaltered. If changes in treatment were necessary or clinical 
instability was observed, the patients were excluded from the study. 
Other exclusion criteria secondary to enrolment were: serious 
deterioration of renal function, serious adverse events associated 
with ranolazine and requiring temporary interruption or permanent 
cessation of treatment, consent withdrawal or loss of contact during 
follow-up.  The study protocol was approved by the institutional 
ethics committee and all patients gave their informed consent before 
enrolment.

The investigators of the study were assigned into two groups. 
The first one was responsible for the enrollment in the study, 
randomization, and clinical follow-up, until the end of the study. 
The second group was blinded to treatment, and performed the 
interrogation of the pacing devices, data extraction, processing 
and analysis. All episodes were evaluated by the interval plots and 
electrocardiographic tracings saved by the devices and confirmed by 
experienced electrophysiologists. 

Statistics
Statistical analysis was carried out by SPSS for Windows, version 

17.0 (SPSS Inc. Chicago, IL, USA). Data are expressed as mean ± 
standard deviation (SD) for continuous variables and as frequency 
(percentage) for categorical parameters. Normality of distribution 
of continuous variables was assessed by the Kolmogorov-Smirnov 
test corrected by Lilliefors, and moreover confirmed graphically by 
Q-Q plots. Whenever the normality hypothesis was rejected, non-
parametric significance tests were used. 

Figure 1:
The flow diagram of the study shows the initial assessment 
of eligibility, and the randomization of enrolled patients into 
adjunctive treatment with ranolazine or placebo.

Figure 2:

Total time in AF during the last six months before treatment (white 
bars) and during the 6-month period of treatment (dark bars) is 
shown in the two groups. Statistical significance of difference 
within each group (p-values) is also presented.

AF: atrial fibrillation, hrs: hours, NS: statistically not significant (p>0.05) 
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Figure 4: In both groups, the number of AF episodes before (white bars) and 
during treatment (dark bars) are not significantly different.

later on and patients continued treatment for the entire follow-up 
period. 

Within group comparisons showed a statistically significant 
decrease of the total time of AF with ranolazine, from 81.56 ± 
45.24 hours before treatment to 68.71 ± 34.84 hours during therapy 
(p=0.002), as presented in Figure 2. AF burden decreased too (Figure 
3), from 1.89 ± 1.05 % to 1.59 ± 0.81 % (p=0.002). The number of AF 
episodes under treatment with ranolazine was not significantly lower 
compared to that before treatment (75.53 ± 33.13 episodes versus 
77.33 ± 36.12 episodes, respectively, p=0.61), as depicted in Figure 4. 
However, the mean AF duration decreased from 1.05 ± 0.41 hours 
before treatment to 0.92 ± 0.35 hours (p=0.01) with ranolazine 
(Figure 5). The duration of QTc interval following ranolazine 
administration was comparable with that before treatment (436 ± 10 
msec and 438 ± 10 msec, respectively, p=0.25). 

In the control group, no significant changes were observed between 
the six-month period before enrolment in the study and during 
follow-up regarding the total time in AF (80.28 ± 43.20 hours versus 
81.40 ± 42.54 hours, p=0.57), AF burden (1.86 ± 1.00 % versus 1.88 
± 0.99 %, p=0.57), mean time in AF per episode (1.12 ± 0.43 hours 
versus 1.11 ± 0.40 hours, p=0.53), the number of AF episodes (71.56 
± 30.92 episodes versus 72.39 ± 26.99 episodes, p=0.66), and QTc 
duration (437 ± 9 msec versus 437 ± 10 msec, p=0.60).

The comparison between groups confirmed the significant 
difference in the mean duration of AF episodes (p=0.034). 
Furthermore, when the changes in all the aforementioned parameters 
were compared between groups, a statistically significant difference 
favoring ranolazine was found (Table 2). 

Discussion
In the present study, the effect of adjunctive treatment with 

ranolazine on AF burden was evaluated in patients with ischemic 
heart disease and PAF. Implanted dual-chamber pacing devices were 
used for heart rhythm monitoring, detection of asymptomatic PAF, 
and providing information regarding the number and duration of 

AF episodes. At the selected dose-scheme, ranolazine was associated 
with a statistically significant decrease in the total time in AF, AF 
burden, and the duration of each AF episode. 

The studied patients were clinically stable during follow-up, so 
that the progression of ischemia would not be involved in the results.  
Patients with highly symptomatic AF necessitating antiarrhythmic 
medication were excluded, in order i) to avoid interactions between 
the antiarrhythmic agents and ranolazine, and ii) to evaluate the pure 
antiarrhythmic effect of ranolazine. These restrictions resulted in a 
highly selected sample, and give advantages to the study. 

Total AF Burden
Experimental and clinical studies suggest an antifibrillatory 

impact of ranolazine on atrial myocardium. It has been reported 
that ranolazine is more effective than lidocaine in terminating AF 
in perfused canine right atrial preparations, mainly through the 
development of a rate-dependent postrepolarization refractoriness.11 

In canine isolated atrial preparations, ranolazine was comparable to 
propafenone in terminating acetylcholine-mediated persistent AF.24 
Besides, ranolazine suppressed triggers of AF originating from the 
sleeves of pulmonary veins.25 Additionally, it has been proposed that 
ranolazine may prevent AF by suppressing cellular calcium overload 
and delayed afterdepolarizations that can trigger atrial arrhythmias.26 

The role of the late phase 3 EAD-induced trigger activity has been 

AF: atrial fibrillation, NS: p-value not statistically significant (p>0.05)

Figure 3:
AF burden (%) during the six months before (white bars) and under 
treatment (dark bars) is compared within each group. For each 
comparison, p-value is presented.

AF: atrial fibrillation, NS: statistically not significant (p>0.05)

Table 2:
The differences in total time in AF, AF burden, number of AF 
episodes, and mean duration of each episode between baseline and 
during follow-up are compared between the two groups.

Ranolazine group 
(n=36)

Control group
(n=36)

p value

Difference in total time in AF (hrs) - 12.85 ± 22.94 1.13 ± 11.77 0.002 

Difference in AF burden (%) - 0.30 ± 0.53 0.03 ± 0.27 0.002

Difference in the number of AF episodes - 1.81 ± 12.55 0.83 ± 11.28 0.528

Difference in mean duration (hrs) - 0.13 ± 0.30 - 0.01 ± 0.19 0.041

 hrs: hours
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QTc Duration and Side Effects
Ranolazine was not associated with a significant prolongation 

in the QTc segment. In accordance with our observation, in the 
MERLIN-TIMI 36 trial, ranolazine did not have a major impact on 
the QT interval, although, during chronic treatment, the oral dose 
was 1000 mg twice daily for the majority of the patients (83%).43 In 
that study, in only 0.9% of the studied patients the dose of ranolazine 
was reduced due to persistent QTc prolongation. 

Ranolazine can be associated with minor side effects, such as 
dizziness, nausea, constipation and headache.44 The MERLIN-TIMI 
36 trial reported discontinuation of the drug due to adverse events 
in 8.8% of the patients who received ranolazine.43 In our study, a 
lower dose of ranolazine was associated with minor symptoms that 
were diminished following the first days of treatment. No significant 
interactions with other drugs were observed. These observations 
suggest that treatment with ranolazine at the dose of 375 mg twice 
daily is an effective and safe option as an adjunctive therapy in patients 
with coronary artery disease, relatively preserved LV function and 
paroxysmal AF.  

Limitations of the Study
Data concerning AF recurrence and duration derived from the 

pacing devices, based on algorithms of high atrial rate detection 
and also on the statistics collected and saved by the pacemakers. 
Therefore, more specific details regarding the characteristics of AF, 
and the pathophysiologic mechanisms of induction and perpetuation 
of the arrhythmia are limited and beyond the main purpose of the 
study.

Enrollment in the study was based on the presence of ischemic 
heart disease and not on the severity of AF symptoms, the frequency 
of recurrences, or the duration of the arrhythmia. Therefore, total 
time in AF, AF burden and mean AF duration were relatively small, 
and their decrease with ranolazine was proportionately limited. 
Despite this, our findings are statistically significant, and imply that 
ranolazine warrants further evaluation among non-paced patients, 

shown to be involved in the reinduction immediately after an episode 
of atrial fibrillation and the prolongation of the total duration of the 
arrhythmia.27

In human right atrial appendages obtained from patients 
undergoing heart surgery, ranolazine was found to suppress 
calcium- or isoprenaline-induced premature atrial contractions that 
might initiate or perpetuate AF.28 Furthermore, there are clinical 
observations suggesting that oral ranolazine could be used in a “pill 
in the pocket” approach to convert PAF, and that it could facilitate 
electrical cardioversion in cardioversion-resistant cases.12,29 

In accordance with these studies, we found that treatment with 
ranolazine at the aforementioned dose-scheme was associated with 
decreased AF burden during follow-up and shorter AF duration per 
episode. These observations indicate the earlier termination of AF 
episodes and could be attributed to the use-dependent properties of 
ranolazine, the increase of atrial refractoriness and the suppression of 
premature contractions in the atrium or pulmonary veins that can not 
only induce but also perpetuate AF. The reduction of AF burden and 
AF duration per episode may have an even greater clinical importance 
in patients with higher AF burden and more frequent AF relapse.30 

Finally, an additional anti-ischemic effect and the improvement in 
diastolic dysfunction might also be involved in this beneficial effect, 
since ischemia has been implicated in the pathophysiology of AF.31-35 

Dual-chamber pacemakers have been used as tools for the evaluation 
of the efficacy of antiarrhythmic agents before. In a recent study, 
budiodarone, a novel chemical analogue of amiodarone, administered 
at a dose of 200 mg daily in patients with PAF and a dual-chamber 
pacemaker, decrease in AF burden by 14% approximately.36 Our 
results are comparable with those of budiodarone, since ranolazine 
was associated with a decrease in total time in AF and AF burden 
by 16%. The antiarrhythmic effect of ranolazine was observed despite 
the relatively low initial load of AF in the studied population. 
Although this effect may have a small impact on the quality of life 
among asymptomatic patients or those with short AF duration, it is 
important in terms of pathophysiology and deserves further clinical 
investigation. 

Number of AF Episodes
Treatment with ranolazine was not associated with a significant 

decrease in the number of AF episodes. This can be explained if the 
following aspects are taken under consideration: i) Some episodes 
of AF might have been aborted by the beneficial effect of atrial 
pacing. In patients with SSS, atrial pacing reduces the incidence of 
AF, especially when ventricular pacing is minimized.37,38 Besides, it 
has been reported that atrial pacing diminishes the arrhythmogenic 
dispersion of atrial refractoriness associated with bradycardia.39 

Furthermore, atrial pacing may prevent the induction of AF by 
suppressing premature atrial contractions.40,41  ii) Ranolazine exhibits 
rate-dependent antiarrhythmic properties.9,11,42 This may result in an 
increased effect of the drug during each PAF episode compared to 
that in sinus rhythm. iii) Higher doses of ranolazine, if well tolerated, 
may be more effective in reducing AF recurrence. iv) The studied 
population was mainly characterized by short and sporadic episodes 
of PAF. This might be an additional reason for not observing any 
significant difference in the number of AF episodes with ranolazine. 
The confirmation of this antiarrhythmic effect in patients with high 
AF burden is a challenge for the future and it could introduce new 
indications for the use of ranolazine. 

Figure 5:
Mean AF duration before treatment (white bars) and during 
treatment (dark bars) is shown by groups. Statistical significance 
of comparisons within each group (p-values) is also presented.

AF: atrial fibrillation, hrs: hours, NS: statistically not significant (p>0.05)
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Abstract
Introduction: At the present time there is still concern regarding the long-term deleterious effects of right ventricular apical pacing in 

patients referred for auriculoventricular node ablation (AVNA). Furthermore, scarce information is available regarding differences in the 
follow up according to the baseline cardiopathy and predictors associated with a worse outcome. 

Methods: 104 consecutives patients referred for AVNA were retrospectively analyzed. Patients included were seen in the outpatient clinic 
at 6, 12 and 24 months post ablation (mean follow-up 24 ± 2 months). An echocardiogram two years after the procedure was obtained in 68 
patients. Three categories were done according to the change in the left ventricular function (LVEF) (increase, decrease or absence of change, 
defined as less than 10% variation in either LVEF). 

Results:  After two years of follow up there was a decrease in the rate of hospital admission (from 0.9 admission/year to 0.35, p<0.001), 
an increase in the functional status in at least one NYHA class in 58 patients, and an increase in the global LVEF (from 48.9% to 54,1%; 
p<0.001). Valvular replacement and LVEF less than 50% were independently associated with a decrease in the LVEF. Regarding safety issues, 
one patient who presented a polymorphic ventricular tachycardia (Torsade de pointes) 60 minutes after the ablation.

 Conclusions: AVNA results in a decrease in hospital admission rates and an improvement in functional status. Baseline LVEF < 50% and 
mitral valvulopathy were multivariate predictor of LVEF decline, hence, it is our belief that, in this particular population, the “ablate and pace” 
strategy is not the most suitable option, and or maybe a biventricular pacemaker should be implanted or an AF ablation reconsidered.”

Finally, although it is a safe procedure and rate of complications were low, there is a potential risk of fatal complications. 

Introduction
In the last decade several advances in the field of electrophysiology 

have been described, as different catheters and modern navigation 
systems aimed to address complex arrhythmias. However, despite 
this revolution, the atrioventricular node ablation (AVNA), 30 years 
after its description by Gallagher1 and Scheinman,2 remains a useful 
and simple tool in selected patients with atrial arrhythmias refractory 
to medical therapy or ablation.3 

Conversely, despite the initially reported positive results, there 
is still concern regarding the long-term deleterious effects of right 
ventricular apical pacing (RVP), which as it is known, have potentially 
adverse effects over the left ventricular ejection fraction (LVEF).4 

Moreover, scarce information is available regarding the predictors of 
worst outcome after AVNA. Finally, there are also concerns regarding 
the potential complications (failure in the stimulation system, stroke 
and sudden death5).

With this background we aimed to determine the change in 
LVEF after AVNA and RV apical pacing and determine the clinical 
predictors of LVEF deterioration.

Methods
Study Design

We retrospectively analyzed 104 consecutives patients referred to 
the electrophysiology (EP) laboratory for ANAV between January 
2003 and January 2011 in three different EP Units (Hospital Clínico 

Key Words: 
Catheter Ablation of the Atrioventricular Node, Right Ventricular 
Pacing, Biventricular Pacing, Ventricular Tachycardia. 
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Table 2: Univariate Predictors of left ventricular ejection fraction decline.

OR 95% CI p-value

History of CHF 0.50 0.15-2.0 0.4

Female 1.1 0.9-1.3 0.2

Valvular replacement 4.07 3.9-5.1 0.04

LVEF < 50% 5.73 1.5-8.9 0.03

Use of digoxine 1.05 0.9-2.7 0.3

Use of betablokers 0.88 0.7-2.9 0.08

Use of CAA 1.2 1.0-1.8 0.9

Previous heart rate 0.90 0.88-1.05 0.2

QRS duration 2.1 1.9-2.5 0.3

Ischemic cardiomiopathy 2.8 2,1-4,3 0.1

performed at 6 months, one and two years after the ablation (mean 
observation period 24 ± 2 months). A transthoracic echocardiogram 
(TTE) was performed two years after the intervention in 68 patients. 
Of patients with valvular heart disease, a TTE was obtained in all of 
them. 

Three categories were done according to the change in the left 
ventricular function two years after the procedure: those who showed 
an improvement in the LVEF greater than 10%, those in which 
there was no change in the LVEF (greater than or less than 10%) 
and finally those in which a decrease in LVEF greater than 10% 
was detected. This 10% threshold was selected because it has been 
reported that such a difference is clinically relevant and reproducible 
by transthoracic echocardiography.6

Atrioventricular Junction Ablation and Pacemaker Implan-
tation

Radio frequency ablation of the AV node was performed through 
the right femoral vein. In those patients were AV block was not 
achieved through the femoral approach it was performed through 
the femoral artery. Complete atrioventricular block was achieved 
in all patients. In those patients without previous pacemaker, a 
rate-responsive ventricular pacemaker was implanted if the patient 
was in AF at the time of the procedure and if attempts to restore 
and maintain sinus rhythm by means of cardioversion were not 
performed. A dual-chamber, rate-adaptive pacemaker with leads in 
the right atrium and right ventricle was implanted if the patient was 
in sinus rhythm at the time of the procedure or if the patient was in 
AF but restoration and maintenance of sinus rhythm was planned. 

Statistical Analysis
Data are presented as percentages or as means ± standard deviation 

(SD). A two-sided P-value < 0.05 was considered statistically 
significant. Change in LVEF was assessed as a continuous variable 
using paired t-tests. Comparisons in the number of hospital 
admissions were analyzed using Student t tests and chi-square 
test to assess statistical differences between changes in ejection 
fraction (LVEF) and the change in functional status. Univariate and 
multivariate associations of baseline variables with a 10% absolute 
change in LVEF were assessed using logistic regression analysis. 
Data were processed using SPSS 15.0 (SPSS Inc, Chicago, IL).

Results
A total of 104 patients were included. Of them, 54,7% were 

women and 45,3% men. The mean age was 72 years old (Table 1). 

Universitario Santiago de Compostela, Spain; Clínica Universidad 
de Navarra. Pamplona, Spain and Heart Rhythm Management 
Centre, University Hospital Brussels, Belgium). Patients underwent 
the procedure for the control of persistent symptoms despite 
pharmacologic therapy for maintenance of sinus rhythm or 
ventricular rate control (IIa indication). The variables collected were 
age, sex, presence of valvular heart disease, ischemic heart disease, 
type of arrhythmia that led to the indication, medical treatment at the 
moment of the ablation, pacing mode, and complications during and 
after the procedure. The functional status (FS) according to the New 
York Heart Association classification (NYHA), echocardiographic 
parameters, heart rate and the number of admissions due to heart 
failure were collected at baseline and two years after the procedure. 
Special attention was paid to the need of upgrading, the number of 
deaths from major cardiac events and all causes. The follow up was 

Table 1: Clinical and demographic baseline characteristics of the study 
population

Age 72,3 ± 9,64

    Men/women (%) 45,3/54,7

Cardiopathy (%)

   Ischemic 17,2

   Valve disease 32,8

   Dilated 15,6

   Tachymyocardiopathy 12,6

   Hypertensive 3,1

   Hypertrophic 3,1

   None 15,9

 FS NYHA (%)

   I 0

   II 20,7

   III 58,6

   IV 20,7

LVEF (%, SD) 48.9 ±16.2

TDD (mm, SD) 54,1 ± 9,4

TSD (mm, SD) 40,2 ±11,9

TDV (ml/m2, SD) 159,9 ± 63,2

LA (AP) (cm) 5,4 ± 0,9

Reason of the AVNAV (%)

   Tachycardic AF 78

   Brady-Tachy syndrome 7,9

   Inappropriate ICD shock 1,6

   AT/left atrial flutter      12,5

HR basal (lpm) 110,3 ± 31,6

Admission/year    previous to the AVNA 1,08 ± 1,4

Concomitant medications

   Beta-blockers 72,1%

   Calcium channel antagonists 75%

   Amiodarone 29,8%

   Digoxine 62,5%

   ACE inhibitors/AT1 78,8%

 Quantitative variables were expressed as the mean and standard deviation (SD). Abbreviations: 
ACE: angiotensin-converting enzyme inhibitors. AF: atrial fibrillation. AT: atrial tachycardia. AT1: 
angiotensin II subtype 1 (AT1) receptor antagonists. AVNA: catheter ablation of the atrioventricular 
node. FS: functional status. HR: heart rate. ICD: implantable cardioverter defibrillator. LA: left atrial 
dimension (anteroposterio). LVEF: left ventricular ejection fraction. TDD: Telediastolic diameter. 
TSD: Telesistolic diameter. TDV: Telediastolic volumeter. NYHA: New York Heart Association 
functional.
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point out that pacemakers were programmed to 80-90 bpm during 
the first three months after ablation. Afterwards heart rate was 
decreased to 60 bpm. There were not more remarkable arrhythmias 
in the rest of the sample (clinical nor recorded in the pacemaker). 

Univariate and multivariate analyses was performed on those 
patients who had LVEF impairment within 2 year. Table 2 lists the 
univariate associations with absolute LVEF deterioration ≥ 10%. 
Briefly, remark that baseline LVEF < 50% and previous mitral valve 
replacement were multivariate predictor of LVEF deterioration.

Regarding pacemaker related complications, there were 4 pocket 
hematomas (3,8%)  (defined as palpable mass that protruded more 
than 2 cm anterior to pulse generator) requiring evacuation in 2 
of them due to tense swelling and severe pain. There was one lead 
fracture that required reimplantation of new lead. No dislocation was 
seen in this series of patients and in all the patients but one (which 
required a redo ablation), percentage of the RV pacing was > 90%. 

Discussion
This study shows that AVNA results in a decrease in hospital 

admission rates and also improvement in functional status. 
Nevertheless, in the present sample, differences in the long-term 
evolution according to the type of baseline cardiopathy were observed, 
and patients with mitral replacement and baseline LVEF < than 50% 
appeared to be especially at risk. Finally, potential complications in 
the current era are minimal but not negligible. 

These conclusions, on the one hand are in line with previous 
studies, emphasizing its role as a therapeutic option for patients with 
symptoms refractory to pharmacotherapy, but on the other hand 
add a potential non-previously described risk factor associated with 
a more unfavorable outcome, as is the case of those patients with 
mitral replacement. To the best of our knowledge this is the first 
study identifying this subgroup of patients and its our opinion that 
it will deserve further investigation in order to confirm if a CRT 
a device should be implanted in patients with mitral valvulopathy 
regardless of LVEF.

Regarding it role as a tool to relieve symptoms and improve quality 
of life, observational studies reporting changes in exercise duration 
showed a mean increase of 1.19 minutes (95% CI, 0.52–1.86) after 
AVNA, at mean follow-up of 8.7 months.7-9 For instances, in the 
Multicenter Ablate and Pace Trial8, this intervention was associated 
with improved quality of life and LVEF. Also in this line, Brignole 
et al. reported that in patients with paroxysmal AF not controlled 
by pharmacological therapy, this strategy was effective and superior 
to drug therapy in controlling symptoms and improving quality of 
life.10Nevertheless, the same group reported one year later that in 
patients with heart failure and chronic AF, the ablation and pacemaker 
implantation treatment although was effective and superior to drug 
therapy in controlling symptoms,11 its efficacy appears to be less than 
that observed in uncontrolled studies. As a matter of fact, cardiac 
performance, evaluated by means of standard echocardiogram and 
exercise test, did not differ significantly between the 2 groups and 
remained stable over time. Szili-Torok12 et al reported significant 
deterioration after 3 months follow-up. In this study, the main group 
was composed of patients with long standing AF who all had signs 
of moderate to severe heart failure. In the present study, there was a 
global improvement in the functional status, with also a significant 
decrease in the number or hospitalization. 

More controversial and still matter of debate is the effect over the 

Regarding the type of baseline heart disease the most frequent was 
the valvular origin (32.8%). Main reason for the ablation was fast 
atrial fibrillation (AF) refractory to medical treatment. With regard 
to the NYHA functional class, the vast majority of the sample was 
in NYHA class III (58.6%), the rest were in class II and IV. Mean 
LVEF was 48.9 + / - 16.2%. Finally, 72,1% of the patients were under 
beta-blocker treatment, 75% calcium channel antagonists and 62,5% 
under digoxin. 

Concerning outcomes two years after the ablation there was 
a significant decrease in the number of hospital admissions (0,9 
admission / year prior to the procedure to 0.35 admissions / two 
years later, p <0.001), improvement in functional status (at least one 
stage of the NYHA) in 58 (55,7%) and an overall improvement in 
the mean LVEF (n = 48), from 48.9% to 54,1%; p<0.001. Analyzing 
this variable as the percentage change in LVEF (on those patients 
with at least one TTE previous to the procedure and another one 
two years later), an improvement of more than 10% was observed in 
14 patients (20,5%), absence of change greater than 10% in 32 (47%) 
and a decline in the LVEF of more than 10% in 22 patients (32,3%). 
One patient died within the study period due to progressive heart 
failure and another one due to a community-acquired pneumonia. 

It is noteworthy than 7 patients (6,73%) required and upgrade to 
biventricular pacing, 3 in patients without valvular heart disease and 
4 in those patients with valvular heart disease (n=32, 17 of them with 
previous mitral valvular replacement). Regarding those patients with 
valvular heart disease, 6 of them presented LVEF decline (>10%) 
within the first year, requiring 4 of them upgrading to biventricular 
pacing (with normalization of LVEF thereafter). One of these 
patients had clinical and echocardiography deterioration within 
two months after the ablation, with subsequent improvement two 
months after the upgrading to BVP.

Finally, with regard to the arrhythmic risk, one patient presented 
a ventricular tachycardia (torsade de pointes) 60 minutes after the 
ablation, which was preceded by frequents ventricular extrasystoles. 
It was successfully treated with an external electrical cardioversion 
(Figure 1). This patient did not present further events (documented in 
the pacemaker) after two years of follow up. She had history of mitral 
valve replacement, and AF with fast ventricular response (around 
130-140 bpm) despite combination of BB and ACA. It should be

Figure 1:

 Ventricular tachycardia (Torsade de Pointes) recorded 
60 minutes after the AVNA in a patient with mitral valve 
disease and atrial fibrillation with rapid ventricular 
response.
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LVEF. In this regard it is worth mentioning the results reported in 
the meta-analysis performed by Chatterjee et al,7 where based on 
observational studies, showed a mean increase of 4.80% (95% CI, 
2.01–7.58) after AVNA. Nevertheless, the authors pointed out a 
significant heterogeneity across studies. When stratified by EF, 
studies with EF<45%, showed a significant increase in EF after 
AVNA (+7.44%; 95% CI, 5.4–9.5) with minimal heterogeneity. In 
contrast, studies with EF > 45% showed no significant change in EF 
(+1.94%; 95% CI, -2.9% to 6.8%) with substantial heterogeneity. The 
only retrospective comparison of survival in AF with left ventricular 
systolic dysfunction (LVSD) found no significant difference in 
survival between AVNA and pharmacotherapy over a mean follow-
up of 3.5 years.12 Nevertheless, retrospective analysis from the same 
authors found worse survival with AVNA for patients with LVEF < 
40% compared with those with EF > 40%,14 and others have found 
the presence of systolic dysfunction and fractional shortening < 20% 
to be independent predictors of mortality after AVNA.15 Our results 
are in this line, being those patients with LVSD population at risk. 
However, due to the small number if patients with LFEV<40% 
(n=8), no definitely conclusions can be point out in this regard. 
Accordingly, there is a general belief that there is a clear need for 
randomized data assessing the impact of AVNA (RV or BiV pacing) 
versus pharmacotherapy on survival in the AF population with 
LVSD. The positive effect of BVP in patients referred to AVNA 
has been described in the AVAIL CLS / CRTAV trial.16 In this 
trial, 108 patients with refractory AF who underwent AVNA were 
randomized to BVP or RVP. After 6 months of follow up, RVP 
results in a significant increase in the left atrial volume, LV mass, and 
worsening of LV contractility compared to patients receiving BVP 
post AVNA. 

Our results also arise for the first time a predictor of deleterious 
outcome, as is the history of mitral valve replacement. In this regard, a 
recent study with 13 patients undergoing ANAV stimulation from the 
RV apex reported that it was associated with reduced LV compliance 
and increased mitral regurgitation, whereas when it was performed 
from the outflow tract a decrease in the mitral regurgitation was 
observed.17 Therefore, it seems reasonable that this dyssynchrony may 
have more impact in patients with mitral disease, which as is known, 
plays an important role in the cardiac mechanics. Such dyssynchrony 
generated by the RVP could have played an important role in the 
impairment on the LVEF occurred in these patients with previous 
mitral valve surgery and normal LVEF, four of them presented with 
decompensated heart failure, which was solved after upgrading to 
BVP. No information in this subgroup has been reported in previous 
studies and it is our belief that it warrants further investigations. 

Lastly, malignant ventricular arrhythmias and sudden cardiac death 
are possible complications after RF ablation of the AVNA. Previous 
studies have shown that the incidence of these complications ranged 
from 1,9% to 6.7%.16,18 This risk is mainly in the 48 hours after the 
ablation. To the best of our knowledge, we are reporting the first case 
stated shortly after the procedure. In fact, in a recent meta-analysis, it 
was recounted than all deaths occurred at least 1 month after AVNA.7 
There have been proposed several independent predictors for sudden 
death in patients with AF after AVNA and permanent pacing as the 
presence of diabetes mellitus, NYHA functional class, preablation 
ventricular arrhythmias, mitral stenosis, aortic stenosis, aortic 
regurgitation and chronic obstructive pulmonary disease. The patient 
communicated here had a mitral valve surgery, but interestingly she 

was in AF with very fast ventricular response before the ablation. 
Theoretically, exacerbated repolarization abnormalities secondary to 
abrupt changes in heart rate19-21 could have play a role and could be 
an additional risk factor to be taken into account. 

In conclusion, AVNA results in a decrease in hospital admission 
rates and also improvement in functional status in those patients 
with AF not controlled by pharmacological therapy. Nevertheless, the 
current evidence in keeping with the observation of this retrospective 
study, show differences in the long-term evolution according to the 
type of baseline cardiopathy, in particular in those patients with mitral 
valvulopathy. Hence, it is our belief that at the present time, in this 
particular population,  the “ablate and pace” strategy is not the most 
suitable option, and or maybe a  biventricular pacemaker should be 
indicated or an AF ablation reconsidered. Finally, although it is a safe 
procedure, there is still the potential risk of fatal complications that 
must be taken into account, even shortly after the ablation, especially 
when some predictors of sudden death are present.

Limitations
This study has several limitations that must be taken into account. 

First of all, it should be interpreted in light of the limitations imposed 
by the retrospective nature of the study design; hence, selection of the 
study patients was not random. However, the inclusion of consecutive 
patients minimized selection bias and reflects patients referred for 
such intervention. Secondly, the study lacks controls in the form 
of patients with AF who did not undergo AVNA and permanent 
pacemaker implantation. It also lacks a comparison group comprising 
patients who are implanted with a CRT device after AVNA for 
AF. However, our aim is not to directly compare RVA pacing with 
biventricular pacing, but rather to document the change in LVEF 
and mitral regurgitation severity with RV apical pacing after AVNA. 
Thirdly, AF ablation was not considered in these patients mostly 
due to the presence of failure predictors (there are predominantly 
older patients with dilated left atrium, mean age 72 and 5,4 cm 
respectively, in FS III NYHA). However, maybe nowadays, with the 
improvement if the field of AF ablation, we had give a chance to the 
ablation over the “ablate and pace strategy”. Hence, it is our belief 
that this question will need to be addressed also in the near future. 

Change in medication after the ablation was not specifically 
collected; thus difference between groups in terms of the use of 
medications was not taken into consideration at the time of the 
analysis.

Index of repeatability of the echocardiograms was not taken into 
account in the analysis. Although this is an important limitation, due 
to the fact that the studies were only performed by accredited and 
expertise doctors in echocardiography, it is our opinion that this have 
not introduced a bias in the results.

Finally, subgroup analyses are inherently limited by smaller sample 
sizes, albeit this may be offset by a relative long follow-up. 

Conclusions:
AVNA results in a decrease in hospital admission rates and an 

improvement in functional status. Baseline LVEF < 50% and mitral 
valvulopathy were multivariate predictor of LVEF decline, hence, it 
is our belief that, in this particular population, the “ablate and pace” 
strategy is not the most suitable option, and or maybe a biventricular 
pacemaker should be implanted or an AF ablation reconsidered.” 
Finally, although it is a safe procedure and rate of complications were 
low, there is a potential risk of fatal complications. 
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Abstract
Lithium overdose primarily results in neurologic toxicity; however a number of important cardiac side effects have previously been 

reported, including nonspecific T-wave changes, ST-segment changes, QTc prolongation, sinus node dysfunction, atrioventricular blocks and 
ventricular dysrhythmias. Atrial fibrillation due to such toxicity is very uncommon. The current paper describes a patient who developed acute 
atrial fibrillation due to chronic lithium overdose. 

Introduction
Lithium has been used for many years in the treatment of 

depression and bipolar disorder.1 Since it has a narrow therapeutic 
range2 and patient population using lithium has a relatively 
high risk of overdose, lithium toxicity (LT) is still a common 
entity. Impairment of renal functions may predispose to lithium 
accumulation because it is mainly excreted by kidneys. Neurologic 
and gastrointestinal symptoms including nystagmus, ataxia, tremors, 
nausea, vomiting,and diarrhea predominate in the majority of cases.2  

Serious cardiac toxicity due to LT is uncommon and generally occurs 
in individuals with underlying heart disease. The exact mechanisms 
of lithium’s cardiac effects are unknown but most probably related 
to lithium’s similarity to sodium and potassium ions, thus affecting 
intracellular sodium and potassium channels.3  

Case Presentation
A 68-year old non-diabetic hypertensive man was admitted to 

our emergency department with altered mental status, ataxia, nausea 
and vomiting. He had a previous history of bipolar disorder and 
been taking a combination of lithium carbonate (1200 mg/day) and 

risperidone (2 mg/day) for 13 years. Two weeks ago, olmesartan (40 
mg/day) was prescribed for hypertension. He had no cardiovascular 
risk factors except hypertension. His vital signs were as follows; 
blood pressure: 105/65 mmHg, pulse rate: 93 bpm, respiratory rate: 
20 bpm, body temperature: 37,3°C and oxygen saturation of 91%. 
Physical examination was unremarkable. He was confused and 
unresponsive to verbal stimulation. Intravenous infusion of fluids 
was started with supplemental oxygen and a cranial computed 
tomography was performed which excluded a cerebrovascular 
accident. Chest X-ray was normal and electrocardiography (ECG) 
showed an atrial fibrillation (Figure 1A) which we considered as 
acute-onset because his previous ECG at two weeks earlier showed 
normal sinus rhythm. Transthoracic echocardiography revealed mild 
left ventricular hypertrophy with a normal ejection fraction (Figure 
2A and 2B, Figure 3) and valvular functions. Initial laboratory 
findings including complete blood count, electrolytes, arterial blood 
gas, glucose, alkaline phosphatase, aspartate aminotransferase, lactate 
dehydrogenase, albumin, thyroid function tests and cardiac markers 
were normal except for serum creatinine levels of 1.7 mg/dL, BUN of 
44 mg/dL and toxic lithium levels of 2.1 mEq/L (normal therapeutic 
range: 0,6-1,2 mEq/L). The patient was admitted for hemodialysis 
with the diagnosis of possible LT. After hemodialysis lithium levels 
decreased to 0.8 mEq/L. Spontaneous conversion of atrial fibrillation  
to normal sinus rhythm (Figure 1B) occurred just 30 minute after 
the hemodialysis without any antiarrhythmic therapy. Two days later 
his mental status and general condition improved. Renal arterial 
Doppler study was performed to rule out any renal arterial stenosis 
but bilateral renal arterial flows were within normal limits. During 
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taking lithium either takes an increased dosage for a period of time 
or develops decreased renal elimination of the drug.5

In the majority of  LT cases, neurologic and gastrointestinal 
symptoms predominate including nystagmus, ataxia, tremors, nausea, 
vomiting,and diarrhea.2 Cardiac toxicity is unusual and generally 
occurs in individuals with underlying heart disease. Classically, 
the cardiovascular manifestations of  LT may tend to occur later 
than neurological effects. Important cardiac effects of LT have 
previously been described, including nonspecific T-wave changes,6 
ST-segment changes,7 QTc prolongation,6 sinus node dysfunction,8 
atrioventricular blocks9 and ventricular dysrhythmias.10 To our 
knowledge, this is the first reported case of acute atrial fibrillation 
which developed due to lithium toxicity.

Chronic lithium toxicity may present with non-specific clinical 
features, especially in older patients, and the diagnosis requires a 
high degree of clinical suspicion. In a recent review, the strongest 
predictors of severe toxicity in chronic lithium poisoning were the 

hospitalization, he was under continuous monitoring and a 48-hours 
Holter monitor after discharge did not detect any paroxysmal atrial 
fibrillation. Sinus rhythm was maintained during the following six 
months. It was considered that the atrial fibrillation episode was 
probably secondary to LT.  

Discussion
In the early 19th century lithium was used as a treatment for 

gout, considering high solubility of urate in lithium carbonate-based 
solutions.4 It has retained a role in the treatment of depression and 
bipolar disorder since 1940s.1 It has a narrow therapeutic window, 
with therapeutic serum levels ranging from 0.6 to 1.2 mEq/L and 
toxic effects being seen at levels of 1.5 mEq/L.2 

 LT may occur in three scenarios: 1) acute overdose, when a 
lithium-naive individual takes an overdose lithium, 2) acute on 
chronic overdose, when a patient taking lithium acutely overdoses 
on his/her medication, and 3) chronic overdose, when a patient 

Figure 1: Electrocardiography on admission  showing an atrial fibrillation with an average ventricular rate of 93/bpm (A) and  spontaneous 
conversion to sinus rhythm after hemodialysis (B).

Figure 2: Two dimensional transthoracic echocardiography apical four chamber view reveals mild left ventricular hypertrophy and normal size of 
cardiac chambers (A), parasternal long axis view M-mode study confirming normally functioning left ventricle
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overdose: complete heart block. Int J Cardiol 2009; 132(2):276–278.
10. Tilikian AG, Schroeder JS, Kao JJ et al. The cardiovascular effects of lithium in

man: a review of the literature. Am J Med 1976; 61:665–670.
11. Oakley PW, Whyte IM, Carter GL. Lithium toxicity: an iatrogenic problem in

susceptible individuals. Aust N Z J Psychiatry 2001;35:833–40.

presence of diabetes insipidus,  age >50 years, hypothyroidism and 
impaired renal function.11 In the present case, renal impairment 
probably predisposed to lithium accumulation and contributed to 
development of toxicity.

This case highlights that lithium therapy should be used with 
extreme caution under frequent monitoring, especially in the elderly 
and in those patients with preexisting cardiac disease. Lithium 
concentrations and renal function tests should be monitored if the 
patients start a new medication which may impair renal functions. 
LT may cause acute atrial fibrillation and should be considered in 
differential diagnosis. Management of acute atrial fibrillation due to 
LT may not require specific therapy; discontinuation of lithium and 
decrement in lithium levels to therapeutic range after hemodialysis 
may solve the problem.   

Conclusions:
Lithium therapy may be associated with development of atrial 

fibrillation in toxic doses, necessitating extreme caution in patients 
with older age and underlying cardiac diseases.
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 Figure 3: Two dimensional transthoracic echocardiography parasternal long axis view showing mild left ventricular hypertrophy with a normal 
ejection fraction and normal atrial dimensions.
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Abstract
A 64-year-old woman underwent radiofrequency ablation of atrial fibrillation. After pulmonary vein (PV) isolation, she converted into sinus 

rhythm. However, irregular PV tachycardia “trapped” in the right and left superior pulmonary vein (RSPV/LSPV) sustained. Fifteen minutes 
after RSPV isolation, the RSPV tachycardia terminated. However, sustained LSPV tachycardia was still present after one hour. Three months 
later, a relapse of AF was confirmed and the patient underwent re-ablation. Re-conductance was observed in the RSPV and LSPV.

Introduction
Radiofrequency catheter ablation is an established method for the 

treatment of atrial fibrillation (AF). After isolation of pulmonary 
veins (PV’s), dissociated electrical activity very often can be observed 
in the PV’s,1 typically characterized by a regular, short-lasting electric 
activity with long cycle lengths.2,3 Sustained, fast and irregular PV 
tachycardias are unusual and discussed in this report. 

Case Report
A 64-year-old woman was referred for radiofrequency ablation 

of paroxysmal atrial fibrillation (AF). AF had been diagnosed four 
years ago, since the patient suffered from intermittent palpitations, 
dizziness and dyspnea. Initially, amiodarone had successfully restored 
sinus rhythm. Though, a few months prior to the admission, highly 
symptomatic episodes of atrial fibrillation occurred again despite 
amiodarone and metoprolol.  

On admission, the patient was in sinus rhythm (SR). After 
transseptal puncture, the advanced ablation catheter perforated 
the left atrial wall and AF occurred. Echocardiography showed 
only a minor pericardial effusion. Thus, we continued the ablation 
procedure. Circumferential isolation of the right and left PV resulted 
in conversion into SR after the last PV was isolated. However, 
irregular PV tachycardia “trapped” in the right and left superior 
pulmonary vein (RSPV/LSPV) sustained (figure). Fifteen minutes 
after isolation of the RSPV, the tachycardia at this site terminated. 

Since pericardial effusion became now hemodynamically relevant, a 
pericardiocentesis was done and 350ml of blood were removed. More 
than one hour after PV isolation, all veins were still isolated (entry 
and exit block in the right PV’s and the left inferior pulmonary vein). 
However, sustained LSPV tachycardia with a mean cycle length of 
148 ms was still present at the end of ablation (patient in SR, i. e. 
LSPV exit block). The patient left the hospital three days later.

Three months later, a relapse of paroxysmal AF was confirmed and 
the patient underwent re-ablation. Re-conductance was observed in 
the RSPV and LSPV. All veins were successfully re-isolated. This 
time, no focal activity in the PV’s was observed after re-isolation and 
a waiting period of >45 minutes (LSPV) and 25 minutes (RSPV). Six 
months after re-ablation, a 7-day ECG again showed a single episode 
of AF (<30 minutes). However, the patient was oligosymptomatic 
and  refused further invasive treatment.

Discussion
Our findings represent an unusual case of a fast dissociated 

irregular tachycardia occurring simultaneously in two isolated PV’s 
whilst the patient was in SR. This has not been described before and 
is of educational value since it exemplifies nicely the key concept of 
PV isolation, i. e. exit block allowing for different rhythms in the 
PV’s and atria. 

In general, dissociated PV activity is common and can be found in 
12%-42% of isolated PV’s, most commonly in the RSPV and LSPV.1 
However, it is typically characterized by a regular, short-lasting electric 
activity with cycle lengths of 1000 to >3000 ms and disappearance 
within seconds to just a few minutes after PV isolation.2,3 A fast, 
sustained and irregular PV tachycardia after PV isolation may be a 
very rare finding, in particular occurring simultaneously in two PV’s. 
In our patient, the management of left atrial perforation prolonged 

www.jafib.com Feb-Mar, 2014 | Vol-6 | Issue-5



Journal of Atrial Fibrillation41 Case Report

www.jafib.com Feb-Mar, 2014 | Vol-6 | Issue-5

SM, Lerman BB. Adenosine-induced pulmonary vein ectopy as a predictor of 
recurrent atrial fibrillation following pulmonary vein isolation. Circulation 
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the ablation procedure and caused an ECG monitoring of the LSPV 
for more than 60 minutes.

Dissociated PV rhythm implies the presence of exit block, an 
endpoint of successful PV isolation. Though, it has also been shown 
that dissociated PV rhythm may predict PV reconnection,1 which 
was indeed the case in our patient. Thus, it has been suggested to 
prolong the waiting period after PV isolation to achieve a better 
long-term outcome or to administer adenosine to evaluate for PV 
reconnection.4 However, the significance of duration, regularity 
and cycle length of dissociated PV rhythms with respect to PV 
reconnection is still unclear.

Conclusions:
We present an unusual case of fast sustained dissociated irregular 

tachycardias occurring simultaneously in two PV’s, whilst the patient 
was in sinus rhythm. Usually, dissociated activity is characterized 
by short-lasting regular electric activity with long cycle lengths. 
The significance of the PV tachycardias we observed is unknown, 
although it may predict PV reconnection. 
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Figure 1:  Isolated LSPV (right panel) and isolated RSPV (left panel), exhibiting PV tachycardia whilst the patient is in sinus rhythm. Leads I, III, 
aVF and V1 are shown at the top. The lasso catheter (PV12 to PV1920) is positioned at the LSPV/RSPV ostium.
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Abstract
Classes 1A, 1C and III anti-arrhythmics may be ineffective or induce adverse events including potentially fatal arrhythmias when 

administered in recommended doses.  Serum levels of these medications vary widely during conventional dosing due in large part to 
variations in cytochrome P450-2D6 isoenzyme activity which metabolizes most antiarrhythmics in addition to over 25% of other commonly 
prescribed medications.  2D6 activity is also profoundly inhibited by some antiarrhythmics and other commonly used medications and varies 
widely between the individuals of all populations, a pattern which has resulted in separation of subjects into 4 phenotypes and genotypes 
consisting of poor metabolizers (PM), intermediate metabolizers (IM), efficient metabolizers (EM), and ultra-rapid metabolizers (UM).  Patients 
with a phenotype PM classification almost universally are also genotype PM due to the possession of two inactive 2D6 alleles, with this PM 
pattern often inducing supratherapeutic and toxic antiarrhythmic blood levels during conventional antiarrhythmic therapy.  UM individuals 
have supranormal levels of 2D6 activity often created by the presence of 3 or more active alleles which often induce subtherapeutic and 
ineffective drug levels during antiarrhythmic administration in conventional doses. 

We searched for evidence relating Cytochrome P450-2D6 phenotypes or genotypes to antiarrhythmic metabolism in order to judge whether 
this analysis might contribute to improved safety and effectiveness of antiarrhythmic medications commonly utilized in the treatment of 
atrial fibrillation.  The available evidence strongly supported these possibilities.

We also describe a patient in whom knowledge of his IM/PM CYP2D6 genotype might have prevented the only episode of syncope and 
myocardial stunning which developed during his 28 years of “Pill-in-a-Pocket” therapy.

Case Report
An 81-year-old marathon runner-internist developed syncope 

followed by myocardial stunning two hours after conversion to 
normal sinus rhythm and 4 hours after adding a single 150mg dose 
of propafenone to 650mg of quinidine gluconate which he had 
ingested 3 hours earlier.  Cardiac isoenzyme, electrolyte, CBC, TSH 
and EKG were normal.  Echocardiogram one week later revealed 
left ventricular hypertrophy with an enlarged left atrium typical of 
men with habitual endurance-associated atrial fibrillation. Over 
the previous 24 years he had successfully converted more than 100 
episodes of PAF with PIP oral quinidine sulfate (200mg-600mg) 
or quinidine gluconate (650-975mg) without utilizing other cardiac, 
anti-arrhythmic, or anti-coagulation therapy. Several months after 
we published his adverse event37 CYP2D6 analysis demonstrated 
alleles 4 and 41, identifying him as an IM/PM 2D6-deficient subject.

Within the next year, he successfully converted episodes of 

PAF on 2 occasions with 100mg of oral flecainide,  but both were 
accompanied by mildly symptomatic EKG-documented atrial flutter 
with 2/1 AV block and a ventricular rate of 120-140 beats per minute.  
He continued to reject non-quinidine therapy for his PAF because 
of the absence of studies documenting their safety and effectiveness 
in the treatment of atrial fibrillation in endurance athletes, and their 
potential for impairing his ventricular function.  Following his return 
to PPI quinidine, over the next 3 years more than 60 additional 
mildly symptomatic episodes of PAF were successfully converted 
within 4-8 hours by utilizing 200-600mg of oral quinidine sulfate 
while continuing his daily exercise and other activities without 
interruption.  

Introduction
Each of the commonly prescribed antiarrhythmics is metabolized 

by the Cytochrome P450 2D6 (CYP2D6) (2D6) isoenzyme 
system with several of them also inhibiting this system. CYP2D6 
also metabolizes 25% of other commonly used medications and is 
inhibited by others, some of which are listed in Table 1. 

Antiarrhythmic drugs may be either ineffective or induce 
unwanted symptoms including potentially fatal arrhythmias 
when administered in conventional doses for paroxysmal atrial 
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Multiple observations support the possibility of improved safety 

and effectiveness for anti-arrhythmic drugs by analyzing patient 2D6 
phenotypes or genotypes.  These include reports of severe arrhythmias 
or supratherapeutic plasma levels during anti-arrhythmic use in 
genetically 2D6-defecient patients,12-26similar observations in patients 
of unknown 2D6 status but who developed AE’s during concurrent 
consumption of antiarrhythmics and medications which utilize or 
inhibit 2D6 activity,25-33 ineffective therapy and subtherapeutic 
antiarrhythmic plasma levels in patients with unusually high 2D6 
activity6,18,21,22 and a high frequency of severe AE’s during “Pill-in-
a-Pocket” (PIP) therapy among patients of unknown genetic and 
metabolic 2D6 status receiving propafenone25,34,35 a medication 
which is metabolized by 2D6 while also inhibiting its activity.36  
These events are referenced in Table 3. Our investigation was untaken 
in order to evaluate the potential value of 2D6 genotype analysis in 
improving the safety and effectiveness of antiarrhythmic therapy 
and to report a patient whose genetic 2D6 deficiency was identified 
after we had reported syncope and myocardial stunning following his 
first combined use of quinidine and propafenone in the “Pill-in-the-
Pocket” (PIP) treatment of his paroxysmal atrial fibrillation.37  

Material and Methods
PubMed Searches of multiple related subjects including atrial 

fibrillation treatment and prevention, antiarrhythmics, Cytochrome 
P450-2D6 phenotypes and genotypes, syncope, pro-arrhythmias, 
Pill-in-a-Pocket therapy.  Informed consent was obtained from our 
patient. 

Genotype Analysis
The frequency of adverse events occurring in clinical practice which 

reflect supratherapeutic antiarrhythmic blood levels induced during 
2D6 deficiency has not been established nor has that of inadequate 
responses to antiarrhythmic therapy resulting from subtherapeutic 
antiarrhythmic levels in patients with excessive 2D6 activity.  These 

fibrillation (PAF).1-5  Over a decade ago Jazwinski-Tarnawaka et al,6 

demonstrated that the widely varied responses to oral propafenone 
in patients with atrial fibrillation were closely associated with 
their 2D6 phenotype, and speculated that measurement of 2D6 
activity before drug administration might help in selecting most-
appropriate anti-arrhythmic doses.  The intensity of this activity had 
previously been standardized by utilizing probe analysis techniques 
to classify individuals into 4 phenotypes; poor metabolizers (PM), 
intermediate metabolizers (IM), efficient metabolizers (EM) or 
ultra-rapid metabolizers (UM).  Martinez-Selles et al7 subsequently 
demonstrated more frequent adverse events (AE’s) among those 
patients who were 2D6 deficient during treatment with propafenone 
or flecainide suggesting to them and others 8-9 that 2D6 genotype or 
phenotype analysis might assist antiarrhythmic selection and dose 
titration.  

More recently, a potential for contributions to improved safety 
and effectiveness of anti-arrhythmic therapy by identification 
of 2D6 status has repeatedly been suggested1,3,9,10 and Samer et 
al11  have presented and endorsed the updated CYP-associated 
recommendations formulated by the Pharmacogenomics Working 
Group (PWG) of the Royal Dutch Pharmacists Association for 
diminished dosing of multiple medications in CYP2D6-deficient 
patients, including those for metoprolol, propafenone, flecainide, and 
carvedilol which have reproduced in Table 2.  

Table 2: Therapeutic Recommendations for Selected Cardiovasular Drugs 
         Based on CYP2D6 Genotype/Phenotype* 

DRUG 2D6
Phenotype

Recommendation

METOPROLOL
and
PROPAFENONE

PM Dose reduction by 70-75% or alternative drug, 
record ECG, monitor plasma concentration

IM Dose recution by 50% or alternative drug

UM Alternative drug or titration to a maximum of 250% 
of the normal metoprolol dose; 
insufficient data to allow propafenone dose 
adjustment calculation but adjust to plasma
concentration, record ECG or select alternative drug

FLECAINIDE PM Dose reduction by 50%, record ECG, monitor 
plasma concentration

IM Dose reduction by 25%, record ECG, monitor 
plasma concentration

UM Dose reduction and monitor plasma concentration 
or select alternative drug 
(e.g. sotalol, disopyramide, quinidine, amiodarone)

CARVEDILOL PM No recommendation at this time

IM No recommendation at this time

UM No recommendation at this time

* Developed by The Pharmacogenetics Working Groups of The Royal Dutch Pharmacysts 
Association modified by Samer et al (S17)

Table 1: Commonly Utilized Medications Whose Effectiveness & Safety Can 
Be Modified By Cyp2d6

Drugs Inhibiting 2D6 Drugs Metabolized by 2D6

Anti-arrhythmias Anti-arrhythmias

quinidine flecainide

propafenone* propafenone*

amiodarone carvedilol

flecainide metoprolol

propranolol

amiodarone

Opioids Opioids

methadone methadone

oxycodone

hydrocodone

tramadol

codeine

        Anti-depressants & Psychotropics Anti-depressants & Psychotropics  

fluvoxamine fluoxetine

sertraline amitriptyline

paroxetine paroxetine

citalopram citalopram

haloperidol haloperidol

resperdal resperdal

zolpidem zolpidem

Gastrointestinal Anti-histamines

cimetidine loratadine

ranitidine diphenhydramine

Anti-virals Others

Various tamoxifen

*First metabolite possessing additional anti-arrhythmic activity only present in significant 
concentrations following oral administration due to “first pass” metabolism.
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fold for some allele combinations, a pattern illustrated in Figures 1 
and 2.  Factors contributing to this variation are not well understood, 
but may reflect variations in gene expression, modification of this 
expression by other genes, or the activity of back-up enzyme systems, 
resulting in some individuals manifesting ultra-rapid metabolism 
without apparent gene duplication.  This pattern of wide variations 
prevents clear definition of subjects into UM, EM, and IM genotypes, 
in spite of nearly universal genotypic definition of PM individuals9,11 
and the definition of the apparent minority UM patients whose 
status results from more than two active 2D6 alleles.   

In early studies, 2D6 phenotypes were identified by determining 
the metabolic ratio (MR) of an appropriate probe drug known to 
be largely metabolized by 2D6, with sparteine dextromethorphan, or 
debrisoquine most frequently utilized for this measurement.  MR’s 
were determined by comparing blood and urine concentrations of 
a probe and its first metabolite at predetermined intervals following 
a single dose administration, and MR’s for each substrate utilized 
to define PM, IM, EM, and UM status.  This process is expensive, 
time consuming for patients and technicians, and yields results 
which are often inconsistent between laboratories and independent 
observations, varying widely with the co-administration of many 
medications, averaging 30% lower in women and 25% lower after age 
70 ,10with much of the variation remaining unexplained.  

More recently, CYP2D6 activity has been estimated almost 
exclusively by genotype analysis because of its consistency, requiring 
only one lifetime determination, its requirement of a single laboratory 
visit, lower expense and more quickly available values.  It consistently 
identifies PM individuals, and those individuals whose UM status 
is reflected by the presence of 3 or more active genes but does not 
identify individuals specifically as UM, EM, or IM.11  

Poor metabolizers (PM) are almost exclusively characterized by 2 
null alleles, each demonstrating no significant 2D6 activity, a pattern 
present in 5-10% of Caucasians, 2-20% of persons of African descent, 
1-2% of Asians, as well as in some patients with partially defective
alleles whose activity has been markedly inhibited by other factors.
These pre genetics remain unmeasured in many smaller ethnic 
groups.  Genotyping confirms PM status in over 98% of patients 
who are phenotypically PM.11, 38, 39

phenomena, however, may be much more frequent than have been 
recognized, since both are prominent during administration of 
antiarrhythmics to small groups of patients of known 2D6 status6,7,10, 

12-33 and few patients who developed AE’s during antiarrhythmic
use in other settings have had their 2D6 status identified as a
possible contributing factor.  More widespread identification of 2D6
genotypes and phenotypes should better define these frequencies and
assist in determining whether either analysis is justified to assist in
selection of the safest and most effective antiarrhythmic use.

CYP2D6 activity varies widely within all populations which have 
been examined, with these variations related to the large variety of 
combinations of its more than 70 alleles,11,38,39 which differ greatly 
in their functionality and sometimes in their numbers present in 
individual patients.  The distribution of the alleles also varies widely 
between populations 38 creating associated differences in average 2D6 
activity between them. 

The 2D6 enzyme activity of individuals with identical 2D6 alleles 
may differ by more than 20-fold, and sometimes by as much as 1,000-

Table 3: Antiarrhytmic Toxicities In Cyp2d6 Deficient Patients And 
Diminished Effectiveness In Those With Cyp2d6 Excess

Supratherapeutic Antiarrhythmic Blood Levels or Clinical Toxicity * 
In Genetically CYP2D6 Deficient Patients.

Flecainide (7, 10, 16)

Propafenone (6, 12-14)

Metoprolol (15, 18-23)

Supratherapeutic Antiarrhythmic Blood Levels or Clinical Toxicity*
During co-administration with 2D6 Substrate or Inhibiting Drugs.

Flecainide (16, 24, 33)

Propafenone (17, 25, 26, 28, 29, 36)

Quinidine (28, 31, 36)

Carvedilol (25, 26)

Metoprolol (17, 27, 30, 32)

Subtherapeutic Antiarrhythmic Blood Levels or Active Fibrillation 
In UM Patients during Conventional Antiarrhythmic Dosing.

Propafenone (6) 

Metoprolol (18, 21)

*Severe Arrhythmias, Syncope, or Other Cardiovascular Symptoms.

Figure 1:  CYP2D6 phenotypes versus CYP2D6 allele combinations from 456 dextromethorphan-tested subjects. Horizontal lines and triangles 
indicate 95% confidence intervals and means of MR values (from Sachse et al) (39).
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Ultra-metabolizers (UM) often manifest more than 2 active 

2D6 alleles due to genetic duplications or multiple duplications of 
active genes but may also manifest only two unusually active alleles.  
The presence of this pattern in larger numbers of those tested with 
dextromethorphan than with debrisoquine suggests that similar 
differences may be likely to occur in the metabolism of other drugs 
in patients with identical 2D6 allele pairs.  UM activity is present in 
1-2% of Caucasians, 1-2% of Swedes, 6-10% of Southern Europeans, 
20% of Saudi Arabians, and 29% of Ethiopians.11

Patients who are not clearly PM or UM, usually demonstrate 2 
alleles, at least one of which is fully or partially active and are classified 
genotypically as EM and phenotypically as EM or IM, categories 
which are present in 60-85% of Caucasians.   

Intermediate metabolizers (IM) have either 1 null allele or 2 
partially defective alleles.  IM individuals compose 10-15% of 
Caucasians, up to 30% of Africans and up to 50% of Asians, many 
of whom have 2 copies of the partially defective 10 allele, lowering 
their recommended and appropriate doses of 2D6-metabolized 
medications.  Relationships between 2D6 phenotypes and genotypes 
are illustrated by the pioneering studies of Sache et al39 illustrated in 
Figures 1 and 2, which were extended and confirmed by McElroy et 
al.9

Sache et al39 determined the 2D6 genotypes of 589 unrelated 
German volunteers, ages 19 through 91, and compared them with 
their phenotypes determined using a dextromethorphan probe in 
456 (Figure 1) and debrisoquine probe in 133 (Figure 2).  In the 42 
phenotype PM subjects as well as in these combined groups, 41 had 
two null (inactive) alleles, and the other only one inactive allele, with 
this subject not available for confirmation of either his phenotype 
or genotype.  Their observations demonstrate almost complete 
confirmation of phenotype PM subjects by genotyping.  McElroy et 
al 9 subsequently added data from 220 additional subjects who had 
undergone dextromethorphan phenotyping to 336 of those studied 
by Saches et al, and similarly reported over 98% confirmation of PM 
phenotypes by a genotype analysis.

Propafenone
Propafenone, a class IC antiarrhythmic is both a substrate for 

and strong inhibitor of 2D6 activity, contributing to drug-drug 
interactions with carvedilol,26 metoprolol,17 and quinidine28,29 as 
well as with many non-cardiac drugs.  These interactions as well as 
its negative inotropic effect limit its use in patients with significant 
heart disease, and may have contributed to its participation in almost 
all the serious arrhythmias developing in outpatients receiving PIP 
therapy,25, 34, 35 nincluding that of the patient we report.  

Multiple prospective studies suggest that the determination of 
2D6 status might be helpful in selecting appropriate initial doses 
of propafenone for minimizing any side effects during attempted 
conversion of PAF and for assisting in subsequent maintenance of 
normal sinus rhythm.

Jazwinski-Tarnawaka et al6 administered propafenone to 42 
patients with PAF, altering drug doses based upon their blood 
levels, clinical responses and development of adverse effects.  Initial 
successful control of PAF was demonstrated in 100% of 11 PM 
patients, 61% of 26 EM patients, and none of the 5 UM patients, 
with serum propafenone concentrations averaging 2-3 times higher 
in PM than EM patients, in spite of daily doses averaging half those 
in EM’s.  

Studies by Alboni et al34 are compatible with 2D6 activity 
contributing to the inappropriate selection of patients for oral 
propafenone use in PIP therapy of PAF by a trial of intravenous 
drugs.  They selected 136 patients for propafenone PIP therapy, and 
74 for similar flecainide therapy after eliminating 58 of 268 potential 
PIP patients during hospital-monitored trial which included 
ingestion of one of these drugs.34 Oral outpatient treatment with 
a weight-related dose of propafenone (450-600mg) successfully 
converted 94% of 315 episodes of PAF without significant side 
effects.  In a subsequent outpatient35 study following successful 
supervised cardioversion by their trial with intravenous propafenone, 
near syncope or bradyarrhythmias developed after 4 of the initial 
59 initial oral doses of propafenone, resulting in termination of this 
second study.  None of these 4 patients with bradyarrhythmias were 
consuming beta-blockers, and neither their genotype nor phenotype 
CYP status was known, but their observations would be compatible 
with an increased risk of bradycardia due to higher propafenone 
concentrations characteristic of PM patients.  

Figure 2: CYP2D6 phenotypes versus CYP2D6 allele combinations from 133 debrisoquine-tested subjects. Horizontal lines and triangles indicate 
95% confidence intervals and means of MR values (from Sachse et al) (39).
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drug interactions when administered with medications which also 
independently inhibit 2D6 metabolism including quinidine,24and 
paroxetine.16 Oral flecainide clearance was lower in IM than 
EM subjects among 50 Japanese patients with supraventricular 
tachycardias (P<.05)10 as well as 24% lower in women and 30% 
lower in subjects over age 70, patterns compatible with the lower 
2D6 activity in these two groups.  Flecainide concentrations were 
increased by 13.8% in 5 EM volunteers (P<.05) by co-administration 
of quinidine 50mg 4 times daily, while levels in 2PM subjects remain 
unchanged during quinidine use.24 Diminished initial flecainide 
dosing is recommending in PM patients by the PWG (Table 2).

Flecainide concentrations are increased by an average of 60% soon 
after the addition of amiodarone therapy,34 a 2D6 inhibitor, resulting 
in a recommended decrease in flecainide doses by up to 50% with 
the onset of amiodarone therapy in order to maintain therapeutic 
flecainide blood levels. 

Quinidine
Quinidine is a powerful inhibitor of 2D6 activity19 but is mainly 

metabolized by CYP3A4 rather than 2D6.  Currently it is not 
routinely recommended for chronic arrhythmia control because of 
its gastrointestinal side effects and multiple reports of associated pro-
arrhythmias, a 1-3% frequency of Torsade-de-Pointes and increased 
rates of mortality.39,40 These AE’s developed, however, during utilizing 
of quinidine sulfate in daily doses of 800-1600mg, or its equivalent, 
and increasingly frequent recent studies which often utilize lower 
doses of quinidine have often not confirmed an increased frequency 
of either pro-arrhythmias or mortality,41-50and several studies have 
demonstrated a safety and effectiveness similar to that of other 
antiarrhythmics in the conversion and control of PAF44, 45,46with 
or without concurrent use of verapamil.42,47 These have resulted in 
recommendations for its subsequent use by some.49,50  We are unaware 
of reports of the PIP use of quinidine other than that in the patient 
we report.   

Quinidine has also been utilized as a technique for changing 
genotype EM patients into phenotype PM status51,52 in order to 
increase plasma concentrations of other antiarrhythmic drugs 
metabolized by CYP2D6, while decreasing the concentrations of 
their metabolites thereby enhancing the antiarrhythmic influence of 
the primary drug while diminishing any side effects of its metabolites, 
and possibly adding some additional antiarrhythmic benefit from 
low-dose quinidine.28,29  Brinn et al52 measured 2D6 phenotypes in 8 
Caucasian patients ages 33-84 before and after one week of receiving 
quinidine sulfate 600-800mg daily for one week.  Each was EM 
before quinidine, but became PM during quinidine therapy with MR 
values increasing an average of over 90-fold and MR values barely 
detectable (>25) in 5.  Prolonged studies evaluating the effectiveness 
and safety of antiarrhythmic combinations in patients of defined 2D6 
genotypes have not been undertaken even though low dose quinidine 
has been demonstrated in very small series to double29or triple 28

blood levels of propafenone and to increase those of flecainide.24

In 19 patients with PAF not responsive to propafenone 300-450mg 
daily, Lau et al50 in a double-blind cross-over study increased serum 
propafenone concentrations by 30% by adding 150mg of quinidine 
daily, a change which controlled PAF in 7 (37%), without inducing 
more frequent gastrointestinal side effects.  They subsequently 
maintained normal sinus rhythm in 7 of their 10 persistently 
refractory patients by increasing quinidine to 600mg daily while 

The absence of similar arrhythmias following supervised successful 
conversion by the trial of intravenous propafenone suggests that the 
arrhythmias following its oral therapy may be related to either the 
increased concentration of its first metabolite 5-hydroxy propafenone 
induced during the “first pass” hepatic metabolism which follows oral 
administration and is therefore present in much lower concentrations 
following intravenous administration,36 or to much higher plasma 
propafenone levels characteristic of PM patients in any who are 2D6 
deficient. 

Siddoway et al14 compared propafenone metabolism in 6 PM and 
22 EM patients, with PM subjects demonstrating drug half-lives 3 
times longer (P<.01), plasma levels 2.3 times higher (P<.001), and 
central nervous system adverse events 4.8 times more frequently.  
Moike et al13 reported syncope and toxic propafenone blood levels in 
an elderly PM woman receiving 450mg daily.  They then undertook 
a protocol-driven study in 160 patients evaluating relationships 
between propafenone use and CYP2D6 status in the prevention of 
atrial fibrillation during the week following cardiac surgery 12 37 of 
those receiving propafenone and 45 receiving placebo completed their 
study.  Propafenone levels were strongly related to 2D6 genotypes 
with plasma levels in 4 PM, 4 IM, 26 EM, and 3 UM subjects of 
1200ng/mL, 600ng/mL, 25ng/mL and 15ng/mL after receiving 
150mg of propafenone every 8 hours for 5 post-surgical days.  21% 
of 37 (57%) patients were, however, also receiving beta-blockers in 
unreported doses, and the independent contributions by beta-blockers 
and propafenone to propafenone blood levels, arrhythmias and other 
AE were not analyzed.  Although propafenone use was associated 
with diminished frequency of post-operative atrial tachycardias in 
this setting, the frequency of bradycardia and other drug-related 
complications was double that in subjects receiving placebo therapy, 
and patients with 2D6 deficient alleles more often required drug 
discontinuation because of arrhythmias or other adverse events than 
in patients receiving placebo.

High levels of propafenone during conventional propafenone 
dosing may be greatly augmented by the concurrent administration 
of quinidine which independently inhibits 2D6 activity, as well as by 
PM status. 29 O’Hara et al 28 randomized 102 patients receiving 400mg 
of propafenone daily to receive either 200 mg of quinidine daily or a 
placebo.  Tripling of plasma propafenone concentrations and lowering 
the levels of 5-hydroxypropafenone during co-administration of 
the drugs, without increasing evidence of adverse events28 and with 
better control of PAF over the following year closely related to the 
higher propafenone blood levels.  In a small independent study in 
healthy volunteers, administration of quinidine 150mg daily to 7 
EM subjects 29 receiving propafenone 150mg 3 times daily doubled 
propafenone levels while not altering those levels in 2 PM subjects.29  
These observations suggest that raising propafenone levels while 
inhibiting formation of 5- hydroxypropafenone by increasing 2D6 
inhibition during co-administration of another 2D6 inhibitor might 
aid PAF control without any potential increase in risks which might 
be associated with greater 5-hydroxypropafenone levels.   

Flecainide
Flecainide, a class 1C anti-arrhythmic both requires 2D6 for 

its metabolism and weakly inhibits 2D6 activity.  Its use is limited 
in patients with heart disease by its negative inotropic effects and 
by its production of potentially fatal pro-arrhythmias including 
Torsade-de-Pointes,.2,38  It has been associated with many drug-
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concentrations after a single 100mg oral dose 25% lower and 
exercise-induced heart rates 42% higher.18  Among 24 patients with 
adverse events during metoprolol therapy, the frequency of PM 
status was 5 times greater than in a control population,20 and heart 
rates averaged slower among with an increased risk of bradycardia 
(OR-3.86) among the PM patients in a group of 1,533 beta-blocker 
consumers .19

Fux et al21 compared the CYP2D6 genotypes with plasma 
metoprolol levels in 121 patients 6 weeks after beginning treatment 
with doses adjusted on clinical grounds.  Average plasma levels in 
5 UM, (4.1%) 91 EM (75%), 21 IM (17%), and 4PM (3.3%), were 
.0088 ng/ml, .047 ng/ml, 0.34 ng/ml, and 1.34 ng/ml, respectively, a 
152 times greater level in the 4 PM than the 5 UM patients, and cold 
extremities were more frequent in PM plus IM subjects than EM 
plus UM patients (16.0% vs 4.2%) (P=.05).  

The intensity of the 2D6 inhibition of metoprolol metabolism 
induced by paroxetine was illustrated by Goryachkina et al27 

who administered 20mg of paroxetine daily for one week to 17 
depressed genotypically EM patients who were receiving metoprolol 
as routine post-myocardial infarction therapy.  One week after 
beginning paroxetine, metoprolol AUC had increased by more than 
4 fold (P=.0001), metabolite AUC had decreased by 76% (P<.0001), 
metabolic ratios had increased from 0.9 to 26 (P<.0001), and average 
heart rates decreased by 13%, while bradycardia and hypotension had 
required a reduction in metoprolol doses in two patients.  The PWC 
recommended that metoprolol therapy be instituted at a 50% lower 
dose in PM patients.

Discussion
An estimate of 2D6 activity as an aid in selecting the safest 

and the most effective antiarrhythmic therapy is best based up 
determination of each patient’s 2D6 genotype by blood analysis, 
coupled with any modification resulting from considerations of 
age, sex and any influence of 2D6 activity by co-administered and 
potentially administered medications.  Similar analysis could also be 
used in the dose selections of medications other than antiarrhythmics 
which are metabolized by 2D6 including several opioids,32,56,57 many 
antidepressant and psychotropic drugs.

Less clearly justified on clinical grounds are 2D6 analyses in patients 
who have had an inadequate clinical response to antiarrhythmics in 
a setting of subtherapeutic drug blood levels during ingestion of 
conventional doses of 2D6-metabolized medications, in an effort to 
determine whether UM status presented a similar potential benefit.  
The uncertainties associated either of these interventions suggest that 
changing therapy to the use of alternate medications less intensively 
metabolized by 2D6 would likely be preferred. 

Conclusions:
Our observations strongly support the use of 2D6 genotype analysis 

in a variety of clinical settings including the identification of PM 
patients, for whom lower initial doses of metoprolol, propafenone 
and flecainide are appropriate, reinforcing the recommendations of 
the PWG.  These observations also suggest that similar precautions 
before antiarrhythmic use may be appropriate in patients consuming 
antidepressants, psychotropics or opioid drugs known to strongly 
inhibit 2D6 activity, as well as in patients chronically consuming 
antiarrhythmic drugs when a 2D6-inhiting medication is to begin.

Similarly, unusual caution should accompany the concurrent 

maintaining the lower dose of propafenone without inducing 
apparent side effects, supporting a role for stepwise anti-arrhythmic 
treatment of PAF.   

The onset of amiodarone therapy at 1200mg daily increases 
quinidine levels by an average of 33% within a few days,31suggesting 
that a decrease in quinidine dosages by 33-50% as well as monitoring 
of quinidine levels would be appropriate in order to diminish the 
risks of quinidine side effects.  Whether the elevated quinidine levels 
following the addition of amiodarone are related to 2D6 genotype 
has apparently not been examined.

Amiodarone
Amiodarone is largely metabolized by CYP3A4 but moderately 

inhibits CYP2D6 activity,53 modifying the concentrations of multiple 
co-administered drugs within a few days, including increasing the 
average blood levels of flecainide by 60%34 and of quinidine by 33%,31 
changes which may be accompanied by an increased risk of adverse 
events unless the daily doses of these co-administered drugs are 
decreased by 20-50% as recommended.31, 34 

Carvedilol
Neither of the two isomers of Carvedilol inhibits 2D6 activity, 

and only R-carvedilol is largely metabolized by 2D6. Severe 
bradyarrhythmias are less frequent in patients utilizing carvedilol 
than those consuming metoprolol,54 but carvedilol likely contributed 
to an arrhythmia resulting in syncope in a carvedilol consumer of 
unknown 2D6 status 3 hours after her ingestion of a single oral 
600mg PIP dose of propafenone, which had proven to be safe during 
multiple previous PIP ingestions,25 her symptoms being similar to 
those demonstrated in the patient we report.  

Commenting on this report, Boriani et al26 recognized the possible 
presence of a propafenone-induced 2D6 deficiency contributing to 
her syncope and advised against the concurrent use of propafenone 
and carvedilol during PIP therapy.  Adverse events in other carvedilol 
consumers potentially related to differences in 2D6 activity have 
apparently not been reported, and modification of carvedilol use 
based upon 2D6 genotype/phenotype differences are not currently 
recommended (Table 2).

Metoprolol
Metoprolol is almost exclusively metabolized by 2D6, and, like 

carvedilol and other beta-adrenergic blockers, does not inhibit 
2D6 activity and has only limited direct antiarrhythmic activity.55 
It is frequently used, however, in conjunction with antiarrhythmic 
drugs for control of hypertension, angina, or tachycardia.  Its blood 
levels, clinical effectiveness and side effects are each greatly modified 
by differences in 2D6 activity,18, 20, 23, 27 with multiple adverse events 
described during its use in patients with PM patients,19,22 or when 
co-administered with drugs which inhibit 2D6 activity including 
propafenone,17 propoxyphene,32,56 paroxetine,27,30 or diltiazem15 or 
to patients whose 2D6 activity is unknown.  It is also frequently 
ineffective due to sub-therapeutic blood levels when administered to 
UM patients.18, 22   

Plasma levels of both metoprolol and its first metabolite, alpha-
hydroxy metoprolol, in 91 chronic metoprolol consumers of varied 
2D6 genotypes, varied more than 100-fold 4 hours post-dose,23 

and increased 2-5 fold during inhibition of 2D6 activity induced 
by propafenone.17  Metoprolol clearance was over 20 times greater 
in UM than PM healthy volunteers resulting in maximum plasma 
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J Clin Pharmacol. 2006; 62: 919-26. 
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12. Morike K, Kivisto KT, Schaeffeler E, et al. Propafenone for the  Prevention of
Atrial Tachyarrhythmias After Cardiac Surgery: A Randomized, Double-blind
Placebo-controlled Trial. Clin Pharmacol Ther. 2008;84:104-10.

13. Morike K, Magadum S, Mettang T, Griese EU, Machleidt C, Kuhlmann U.
Propafenone in a usual dose produces severe side-effects: the impact of genetically 
determined metabolic status on drug therapy. J Intern Med. 1995; 238:469-72.

14. Siddoway LA, Thompson KA, McAllister CB, et al. Polymorphism of propafenone 
metabolism and disposition in man: clinical and pharmacokinetic consequences.
Circulation. 1987;75:785-91.

15. Wagner F, Jahnchen E, Trenk D, et al. Severe complications of antianginal drug
therapy in a patient identified as a poor metabolizer of metoprolol, propafenone, 
diltiazem, and sparteine. Klin Wochenschr. 1987;65:1164-8.

16. Lim KS, Cho JY, Jang IJ, et al. Pharmacokinetic interaction of flecainide and
paroxetine in relation to the CPY2D6*10 allele in healthy Korean subjects. Br J
Clin  Pharmacol. 2008;66:660-666.

17. Wagner F, Kalusche D, Trenk D, Jahnchen E, Roskamm H. Drug interaction
between  propafenone and metoprolol. Br J Clin Pharmac. 1987;24:213-220.

18. Kirchheiner J, Heesch C, Bauer S, et al. Impact of the ultrarapid metabolizer
genotype of cytochrome P450 2D6 on metoprolol pharmacokinetics and
pharmacodynamics. Clin Pharmacol Ther. 2004;76:302-12.

19. Bijl MJ, Visser LE, van Schaik RH, et al. Genetic variation in the CYP2D6 gene
is associated with a lower heart rate and blood pressure in beta-blocker users. Clin 
Pharmacol Ther. 2009;85:45-50.

20. Wuttke H, Rau T, Heide R, et al. Increased frequency of cytochrome P450 2D6
poor metabolizers among patients with metoprolol-associated adverse effects.
Clin Pharmacol Ther. 2002;72:429-37.

21. Fux R, Morike K, Prohmer AM, et al. Impact of CYP2D6 genotype of adverse
effects during treatment with metoprolol: a prospective clinical study. Clin
Pharmacol Ther. 2005;78:378-87.

22. Goryachkina K, Burbello A, Boldueva S, Babak S, Bergman U, Bertilsson
L. CYP2D6 is a major determinant of metoprolol disposition and effects in
hospitalized Russian patients treated for acute myocardial infarction. Eur J Clin
Pharmacol. 2008;64:1163-73.

23. Ismail R, Teh LK. The relevance of CYP2D6 genetics polymorphism on chronic
metoprolol therapy in cardiovascular patients. J Clin Pharm Ther. 2006;31:99-109.

24. Birgersdotter UM, Wong W, Turgeon J, Roden DM. Stereoselective genetically-
determined interaction between chronic flecainide and quinidine in patients with
arrhythmias. Br J Clin Pharmac. 1992;33:275-80.

25. Patane S, Marte F, Di Bella G. Transient syncope, left bundle branch block and
first degree atrioventricular block after “pill-in-the-pocket” administration. Int  J
Cardiol. 2008;126:19-21.

26. Boriani G, Biffi M, Diemberger I, Domenichini G, Marziali A, Martignani
C. Atrial fibrillation: adverse effects of “pill-in-the-pocket” treatment and
propafenone-carvedilol interaction. Int J Cardiol. 2010;140:242-3.

27. Goryachkina K, Burbello A, Boldueva S, Babak S, Bergman U, Bertilsson L.
Inhibition of metoprolol metabolism and potentiation of its effects by paroxetine
in routinely treated patients with acute myocardial infarction (AMI). Eur J Clin
Pharmacol. 2008;64:275-82.

28. O’Hara GE, Philippon F, Gilbert M, et al. Combined Administration of
Quinidine and Propafenone for Atrial Fibrillation: The CAQ-PAF Study. J Clin
Pharma. 2013;52:171-9.

administration of drugs such as metoprolol and propafenone, one 
or both of which are both metabolized by 2D6 and also inhibit its 
actions, caution which should be enhanced for patients whose genetic 
2D6 activity is impaired.

Our observations also support identification of 2D6 status in 
patients being considered for PIP therapy.  Flecainide may be a 
potentially safer PIP choice than propafenone for patients who 
are 2D6 PM, with identification of PM genotypes also potentially 
increasing the numbers of patients for whom PIP therapy may be 
appropriate, and identification of UM genotypes possibly identifying 
a few patients for whom larger than conventional doses of either 
flecainide or propafenone would be appropriate following their 
uses in inducing successful conversion without the development of 
supratherapeutic blood levels.

The measure of 2D6 genotypes in patients who develop or have 
developed adverse events during PIP propafenone or during the use 
of metoprolol or other medications strongly metabolized by 2D6 
would help to define the frequency of these adverse events associated 
with PM status, and also aid in the subsequent clinical management 
of related patients.

Identification of 2D6 status together with measurement of 
plasma antiarrhythmic levels may be helpful in patients in whom 
conventional doses of antiarrhythmics have been ineffective in order 
to aid in determining whether an increased dose of administered 
antiarrhythmic, or change to an antiarrhythmic less actively 
metabolized by 2D6, would be more appropriate, as well as being 
useful in the selection of other medications metabolized by 2D6 in 
other clinical settings for these patients. 

Potential benefit from the addition of medications which inhibit 
2D6 activity including SSRI’s or quinidine in order to enhance the 
effectiveness of antiarrhythmic medications in UM patients, may also 
be worthy of investigation.
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Abstract
Atrial fibrillation (AF) catheter ablation is a well-known treatment option for patients with drug refractory AF. The increasing number 

of electrophysiology laboratories able to perform this procedure will create an economic impact in the coming years, which each cardiac 
electrophysiologist will have to face with. Identification of predictors of recurrence of AF after catheter ablation is therefore of primary 
importance to reduce health costs and improve long-term results of this intervention. The aim of this review is to give a brief overview on 
published literature on the topic and henceforth to increase the awareness of cardiac electrophysiophysiologists on the importance of 
selecting of the right candidates for this intervention. 

Introduction
Since its introduction into clinical practice in the late nineties,1 

catheter ablation of atrial fibrillation (AF) has become a well-
established therapeutic option for the treatment of patients with 
symptomatic drug refractory AF. Nevertheless, the great interest of 
cardiac electrophysiologists in this new treatment option is facing 
a crisis after the publication of medium and long term efficacy 
data.2,3 Indeed, a recent meta-analysis4 which included 63 studies 
on the topic, evidenced a single-procedure success rate of ablation 
with no antiarrhythmic drug therapy after 12 months follow-up of 
57%, significantly more than the sole antiarrhythmic therapy, which 
resulted in a 52% freedom from arrhythmias at one year. After 
adding multiple procedures, success rate was 71% in absence of 
antiarrhythmic drugs and 77% with antiarrhythmic drugs.

According to the Heart Rhythm Society’s consensus 
document,5catheter ablation’s success should be defined as freedom 
from symptomatic or asymptomatic AF, atrial tachycardia, or atrial 
flutter lasting ≥ 30 seconds after AF ablation. One year success is 
defined as freedom from arrhythmic events without antiarrhythmic 
drugs documented from the end of the blanking period (usually 
lasting three months after ablation) to 12 months of follow-up. 
Long-term success is considered as freedom from arrhythmic events 
from the end of the blanking period to at least 36 months follow-
up following the ablation procedure off of antiarrhythmic drugs. AF 

ablation guidelines also included the definition of clinical or partial 
success as reduction (≥ 75%) of AF burden assessed with a device, 
able to record ECG tracings or intracardiac electrograms in the 
presence or absence of antiarrhythmic drugs. 

Certainly, success rate is affected by patient characteristics because 
AF includes different subtypes and occurs in different clinical subsets. 
The identification of the predictors of maintenance of sinus rhythm 
after catheter ablation is high desirable since it would certainly 
help all the community of cardiac electrophysiologists in reducing 
unnecessary procedures, in limiting complications and in reducing 
health care costs. The main scope of this manuscript is to give a brief 
overview of these predictors on the basis of what has been already 
published in the literature.

Types and Mechanisms of AF Recurrences
It is now widely recognized that there are different types of 

recurrence of AF.5 Early recurrence (ER) is defined as a recurrence 
of AF within three months of ablation, whereas recurrence post 
ablation is defined as an atrial fibrillation relapse more than 3 months 
following the intervention. Late recurrences (LR) of AF occurs 12 
months or more after ablation. Since in a significant proportion 
of cases, relapse consists of atrial flutter or atrial tachycardia, the 
occurrence of these arrhythmias should also be considered as a 
recurrence. This classification has a clinical significance since there are 
various mechanisms behind different types of recurrences and not all 
recurrences will lead to later relapses. Recent studies have significantly 
widened the follow-up duration (over five years), introducing a new 
subtype of AF relapse, regarded as very late recurrences (VLR).

Early Recurrence
ER after catheter ablation of AF is fairly common: Bertaglia found 
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able to predict arrhythmia recurrences at a high level of evidence. The 
only clinical parameter which demonstrated a potential link to AF 
recurrence was AF type, particularly non-paroxysmal AF, even if only 
at the univariable analysis and not at multivariable level. This lack of 
real predictors of AF recurrence is surely related more to the quality 
and the limitations of the existing literature than to a true absence of 
association. The studies on AF ablation are extremely heterogeneous 
with respect to patient characteristics, procedural features and 
follow-up modalities and this renders any attempt of synthesis very 
challenging. Furthermore patients undergoing AF ablation have a 
limited range of variation in the majority of the clinical variables: it’s 
rare that they are younger than 40 years old or older than 70 years 
old, females represent a minority and left atrial diameters and/or left 
ventricular ejection fractions are usually aligned on a narrow range 
of values. Finally, some of these clinical variables are related and this 
implies that they are not statistically independent and that the simple 
Cox or logistic regression are too simplified models to account for the 
complex relationships among factors. 

Taking all this in mind, let’s give anyway a brief overview of 
which clinical, procedural and post-procedural predictors have been 
identified by the most significant single studies for each type of AF 
recurrence after catheter ablation.

Early Recurrence
Bertaglia et al.19 observed that the presence of structural heart 

disease and the lack of successful isolation of all targeted pulmonary 
veins (PV) are predictors of early atrial tachyarrhythmias recurrence. 
Other studies20 have indicated hypertension, left atrial enlargement, 
permanent AF, and lack of superior vena cava isolation as predictors of 
early relapse of AF after ablation. Otherwise, the termination of AF 
during the ablation procedure, when compared to failure to terminate 
the arrhythmia with the necessity of an electrical cardioversion, 
predicts early and late success.21 A longer cycle length of AF is aloso 
associated with termination of AF and with overall success as well.22 
These data suggest that the presence of structural heart disease or 
of significant risks factors for heart disease which lead to a higher 
degree of adverse left atrial remodeling  and enlargement might be 
involved in the complex mechanisms which lead to early recurrence. 
A different meaning should be assigned to very early recurrence, 
which occurs within 48 hours from the ablation procedure. Chang 
et al.23 found 19% of very early AF recurrences: longer procedural 
time and lower LA voltage were independent predictors of very 
early AF recurrences. Koyama24 reported also that an increase in 
body temperature and C-reactive protein associated with signs of 
pericarditis in patients with very early recurrence, hypothesizing an 
inflammatory mechanism as a potential causative factor. 

Late Recurrences
Recurrence of AF 6 months after the ablation is the expression of 

pulmonary veins reconnection or incomplete transmural injury of the 
radiofrequency energy.25 One study26 underlined that overweight/
obesity, metabolic syndrome and ER are independent predictors of 
AF relapse. Interestingly, the relationship between early and late 
recurrence has been put under observation in several studies. A 
prolonged procedure time and inducibility of AF or AT immediately 
after ablation has been found to independently predict late recurrence 
in patients with early recurrences of atrial tachycardia.27

Koyama 24  found a lower rate of late recurrence among patients 
that experienced a very early recurrence after ablation, whereas 

46% of atrial tachy-arrhythmias relapse during the first three months 
of follow-up.6 Moreover the incidence of ER is maximum soon after 
the procedure, which decreases in the following days.7 Although, 
the prevalence of ER is not negligible, it has been widely recognized 
that a good proportion of patients experiencing ER are free of 
significant atrial arrhythmias at prolonged observation. Nevertheless, 
the occurrence of LR is more frequent in the subgroup with ER.8 
These data suggest that ER is probably linked to the procedure, even 
if the mechanisms involved in determining it have not completely 
been understood. The application of radiofrequency energy provokes 
a thermal injury followed by a flogistic response in myocardial 
tissue.9 Furthermore, a transient imbalance between sympathetic 
and parasympathetic tone has been reported after ablation and may 
potentially contribute to arrhythmic recurrences in this phase.10,11 

Several studies have demonstrated a progressive growth of ablation 
lesions over the procedure: thus the lack of a complete scar across 
the atrial wall in the first days after the ablation can cause ER, while 
lesion maturation accounts for persistence of sinus rhythm.11,12 

Another possible explanation for the uncertain clinical impact of ER 
is the occurrence of atrial reverse structural and electrical remodeling 
after ablation: indeed maintenance of sinus rhythm affects positively 
conduction velocities and effective refractory periods of the atria, 
which results in less susceptibility to initiation and perpetuation of 
atrial arrhythmias.13

Late Recurrences (LR)
Several studies have shown that recurrences after more than 6-12 

months from the index procedure are the result of the “reconnection” 
of the pulmonary veins: the recovery of the electrical conduction 
between pulmonary veins and left atrium14 favors the AF relapse. 
Another type of recurrence is represented by atrial flutter, at the 
basis of this arrhythmia is an incomplete linear lesion drawn 
during the ablation procedure,15 To avoid this circumstance it is 
essential to achieve complete block across ablation lines. Moreover  
non-pulmonary veins foci, which are localized outside from the 
circumferential ablation lines, could also contribute to the initiation 
of AF.16

Very Late Recurrences (VLR)
Relapses of AF long after the ablation are the result of the 

deterioration of the atrial tissue: progression of atrial fibrosis, 
enlargment of left atrium and the adverse electrical and molecular 
remodeling of myocardial tissue are involved in this type of 
recurrences.17  Thus very late recurrence accounts for the final stage of 
the atrial electrical disease, even though further investigation on the 
topic is warranted.

Predictors of Recurrence
To date, several predictors of recurrence have been identified 

in various studies. Among all the published manuscripts, the 
systematic review by Balk et al.18 on predictors of AF recurrence 
after radiofrequency catheter ablation surely represents one of the 
most significant original contributions in this field. The Authors 
have made a huge effort to synthesize all the data reported in 2.169 
different citations, focusing their attention on the most significant 
pre-procedural patient characteristics such as AF type, AF duration, 
left ventricular ejection fraction, left atrial diameter, gender, age, 
presence of structural heart disease and presence of hypertension. 
Their meta-analysis showed that none of these clinical parameters is 
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13. Li XP, Dong JZ, Liu XP, Long de Y, Yu RH, Tian Y, Tang RB, Zheng B, Hu FL, 
Shi LS, He H, Ma CS. Predictive value of early recurrence and delayed cure after
catheter ablation for patients with chronic atrial fibrillation. Circ J. 2008;72:1125-
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14. Verma A, Kilicaslan F, Pisano E, Marrouche NF, Fanelli R, Brachmann J,
Geunther J, Potenza D, Martin DO, Cummings J, Burkhardt JD, Saliba W,
Schweikert RA, Natale A. Response of atrial fibrillation to pulmonary vein
antrum isolation is directly related to resumption and delay of pulmonary vein

patients that had a relapse after the first 48 hours, had a higher 
rate of recurrence after 6 months. Similar results were obtained by 
Themistoclakis20 et al.: very early relapse was associated to a better 
final outcome when compared to recurrence within one month. 
This data has been confirmed by a recent meta-analysis28 that 
demonstrated recurrence within the first 30 days as the strongest 
predictor of future relapse. 

ECG features have also been analyzed and related with AF 
recurrences. Low amplitude F waves in lead aVF and V1, for 
example, have demonstrated to be associated with late AF recurrence 
after ablation.29 Right atrium enlargement, more than 2 procedural 
attempts, AF duration and left atrial enlargement (> 43 mm) have 
also been included in the variegate and heterogeneous list of atrial 
arrhythmia recurrence after ablation.30,31 As stated above, AF type 
may predict the outcome of the ablation, since nonparoxysmal 
AF is associated to 60% higher risk of relapse when compared to 
paroxysmal AF.18 These data suggest that the failure to maintain sinus 
rhythm after more than 6 months from the procedure is strongly 
associated to an ineffective ablation procedure, since in the majority 
of cases it is possible to demonstrate pulmonary veins reconnection or 
development of atrial tachycardia around incomplete ablation lines. 
Furthermore, when PV reconnection is not present, the relapse is 
the consequence of the adverse electrical and anatomical remodeling 
associated with AF: repeated ablation attempts, low amplitude ECG 
waves and atrial enlargement are strictly linked to myocardial fibrosis 
and lack of viable myocardial tissue. Thereby, since AF type is a 
hallmark of the underlying substrate, indication to catheter ablation 
in patients with non-paroxysmal AF should be well balanced by 
cardiac electrophysiologists since these patients have undoubtedly a 
worse outcome.

Predictors of Very Late Recurrence
Very late recurrence has not been deeply evaluated in scientific 

studies. Just few scientists have performed long term follow up 
after ablation. Recurrence occurring more than 12 months from 
the procedure, is not excessively frequent and has been related to 
hypertension and left atrial enlargment.32 Mainigi found that the 
only predictors of very late recurrence were weight > 200 lbs and the 
presence of non-PV triggers in case of a repeated ablation,33 whereas 
other studies have underlined the role of right atrial foci.16 In one of 
the studies with the longest follow-up, Weerasooriya et al.34 found 
that valvular heart disease and non-ischemic cardiomyopathy were 
predictors of very late recurrence. On the basis of these data, very 
late recurrence can be considered a new type of AF, not depending 
on earlier triggers (e.g. PV foci), but originating from other areas of 
atrium with a more advanced degree of adverse remodeling.

Conclusions:
Identification of predictors of recurrence of AF after catheter 

ablation is a challenging task due the extreme heterogeneity of 
the data published in the literature. More research on the topic is 
warranted, together with a combined effort to standardize AF 
catheter ablation procedures and strict adherence to the international 
guidelines available nowadays on this type of intervention.
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Abstract
The necessity to add two antiplatelet agents to an oral anticoagulant (OAC) often arises in patients with atrial fibrillation (AF) in routine 

clinical practice. The majority of AF patients have an indication for continuous OAC, and coronary artery disease co-exists in 25% of these 
patients. The increasing use of drug-eluting stents to minimize intrastent restenosis necessitates long-term dual antiplatelet therapy with 
Aspirin plus Clopidogrel to reduce the risk of early and late stent thrombosis. Combined aspirin–clopidogrel therapy, however, is less effective 
in preventing stroke compared with OAC alone in AF patients, and OAC alone is insufficient to prevent stent thrombosis. The management 
of AF patients presenting with an acute coronary syndrome poses similar management complexities. Since AF and coronary artery disease 
with stent placement are common, it is relatively frequent to treat patients with both these conditions, where triple antithrombotic therapy 
with Aspirin, Clopidogrel and an OAC would be needed. Dabigatran etexilate, an oral direct thrombin inhibitor, has shown that compared with 
Warfarin given at a dose of 150 mg twice daily significantly reduces stroke with less intracranial bleeding, and at a dose of 110 mg twice 
daily has similar efficacy with less bleeding. Although, Dabigatran maintained its overall favorable profile compared with Warfarin in patients 
on dual antiplatelet therapy, we should always bear in mind for the sake of our AF patients that combining dual antiplatelet therapy with 
chronic anticoagulation with Dabigatran, as well as with Warfarin, significantly increases bleeding risk. This triple therapy association should 
be evaluated in the individual patient after carefully balancing bleeding versus thrombotic risk.

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

encountered by clinicians. AF has a prevalence of approximately 1% 
and a lifetime risk of approximately 25% after the age of 40.1,2 The 
annual risk of stroke ranges from 2%-18% depending on other risk 
factors.3 The prevalence of AF increases with age, and the elderly are 
the fastest growing subset of the population. It has been estimated 
that there will be 12 million patients with AF in the United States 
within the next several decades.4,5 Many fundamental aspects of 
AF have been poorly understood until quite recently, and there are 
several features on the mechanisms of AF that makes it difficult 
to manage it properly. Clinical studies have focused mainly on the 
electrophysiological properties of the substrate in the atrial muscle 

during sinus rhythm and on the atrial electrical responses elicited 
by premature stimulation method.6-9 AF may present in a wide 
variety of clinical conditions. The optimal management strategy for 
an individual patient with AF depends on the patient’s underlying 
condition.

Atrial fibrillation shares strong epidemiological associations with 
other cardiovascular diseases such as heart failure and coronary artery 
disease.10-12 Coronary heart disease (CHD) is a complex clinical 
state characterized by a variety of substrate patterns interacting 
with triggers that may initiate AF. Cumulative effects in a complex 
disease imply integration of the pathophysiologic context from 
structural disease development, namely atherosclerosis, to a specific 
outcome expression, that is, AF. Coronary artery disease coexists 
in 20% to 30% of patients with AF, and it follows that many will 
require percutaneous coronary intervention (PCI) at some stage.13-15 

Balancing the risk of bleeding and thromboembolism is crucial in the 
management of patients with AF, and this is never more apparent 
than when such AF patients require PCI. Therefore, we encountered 
many patients with the coexistence of these two diseases in our 
daily clinical practice. This raises the challenge of choosing the best 
adequate therapy for this complicated scenario.

Antithrombotic therapy reduces the risk of stroke in patients 
with AF, and Warfarin has been shown to have a relative risk 
reduction of approximately 60% compared with control and to be 
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were stroke, systemic embolism, and death. Other outcomes were 
myocardial infarction, pulmonary embolism, transient ischemic 
attack, and hospitalization. The primary net clinical benefit outcome 
was the composite of stroke, systemic embolism, pulmonary 
embolism, myocardial infarction, death, or major hemorrhage. A 
total of 18,113 patients were enrolled. The three treatment groups 
were well balanced with respect to baseline characteristics. The 
mean age of the patients was 71 years, and 64% were men. Half the 
patients had received long-term therapy with vitamin K antagonists. 
The mean CHADS2 score was 2.1. The rate of the primary outcome 
was significantly lower with Dabigatran at a dose of 150 mg twice 
daily (1.11% per year) than with either Dabigatran at a dose of 110 
mg twice daily (1.53% per year) or Warfarin (1.69% per year). Both 
doses of Dabigatran were noninferior to warfarin (p<0.001), and the 
higher dose of Dabigatran was even superior to Warfarin (p<0.001). 
The rate of non-hemorrhagic stroke was also significantly lower with 
150 mg of Dabigatran (0.92% per year) than with either 110 mg 
of Dabigatran (1.34% per year) or Warfarin (1.20% per year). The 
rates per year of hemorrhagic stroke with the 110-mg and 150-mg 
Dabigatran doses (0.12% and 0.10%) were significantly lower than 
that with Warfarin (0.38%). The rate of extracranial hemorrhage was 
similar in all three groups: 2.51% with 110 mg of Dabigatran, 2.84% 
with 150 mg of Dabigatran, and 2.67% with Warfarin.

Other interesting outcomes are as follows: there was no significant 
difference in the rates of death from any cause, and they were 4.13% 
per year with Warfarin, as compared with 3.75% per year with 110 
mg of Dabigatran and 3.64% per year with 150 mg of Dabigatran. 
The rate of myocardial infarction was 0.53% per year with Warfarin 
and was higher with Dabigatran: 0.72% per year in the 110-mg 
group (relative risk, 1.35; 95% CI, 0.98 to 1.87; P = 0.07) and 0.74% 
per year in the 150-mg group (relative risk, 1.38, 95% CI, 1.00 to 
1.91; P = 0.048). The rate of major bleeding was 3.36% per year in 
the Warfarin group, as compared with 2.71% per year in the group 
that received 110 mg of Dabigatran (relative risk with Dabigatran, 
0.80; 95% CI, 0.69 to 0.93; P = 0.003) and 3.11% per year in the 
group that received 150 mg of Dabigatran. The only adverse effect 
that was significantly more common with Dabigatran than with 
Warfarin was dyspepsia. Hepatotoxicity was investigated in detail 
in this trial. Elevations in the serum aspartate aminotransferase or 
alanine aminotransferase level of more than 3 times the upper limit 
of the normal range did not occur more frequently with Dabigatran, 
at either dose, than with Warfarin. Patients requiring hospitalization 
for a liver disorder was equivalent in the three treatment groups.

In summary, the RE-LY trial (Randomized Evaluation of Long-
term anticoagulant therapY) showed that compared with Warfarin 
the oral direct thrombin inhibitor, Dabigatran etexilate given at 
a dose of 150 mg twice daily reduces stroke with less intracranial 
bleeding, and Dabigatran 110 mg twice daily has similar efficacy with 
less bleeding.20 

The Necessity for Triple Therapy
The necessity to add two antiplatelet agents to an OAC often 

arises in patients with AF in routine clinical practice. About 70–80% 
of all patients in AF have an indication for continuous OAC, and 
coronary artery disease co-exists in 20–30% of these patients.2,3 

With an estimated prevalence of AF in 1–2% of the population1 

one to two million anticoagulated patients in Europe are candidates 
for coronary revascularization, often in the form of percutaneous 
coronary interventions (PCI), usually including stents.1

significantly more effective than Aspirin.16,17 Furthermore, Warfarin 
has been shown to be superior to dual antiplatelet therapy (DAPT) 
as an alternative antithrombotic treatment strategy.18 Therefore, oral 
anticoagulation (OAC) with Warfarin has become the standard of 
care for stroke prevention in patients with AF.19 Warfarin, however, 
has limitations, including multiple interactions with other drugs and 
foods, genetic variability in metabolism, delayed onset and offset, and 
the need for frequent monitoring and dose adjustments. An ideal oral 
anticoagulant would have predictable pharmacokinetics, minimal 
drug and food interactions, rapid onset/offset, and an antidote 
(Table).

Table 1: Features of the ideal Anticoagulant drug for AF associated to ACS

1. Oral administration.

2. Rapid onset/offset.

3. Predictable pharmacokinetics.

4. Predictable pharmacodynamics.

5. Minimal food and drug interactions.

6. Administration of fixed doses.

7. Antidote.

8. No necessity for dose adjustments.

9. Wide therapeutic window.

10. No necessity for regular monitoring.

Given the limitations of Warfarin, clinicians and patients have 
been interested in the development of newer oral anticoagulants. 
Therefore, there have been studies investigating the efficacy and 
safety of these agents. The largest studies evaluating stroke prevention 
in nonvalvular AF include trials of one direct thrombin inhibitor, 
Dabigatran (RE-LY trial). This trial, and post-hoc analyzes of it, as 
well as data from a Phase II trial in ACS patients will be considered 
in order to better understand the efficacy and safety of adding one or 
two antiplatelet agents to Dabigatran. 

The RE-LY Trial Design and Outcome
The Randomized Evaluation of Long-Term Anticoagulation 

Therapy (RE-LY) was a large, multicenter, randomized trial designed 
to compare two fixed doses of Dabigatran (110 mg and 150 mg), each 
administered in a blinded manner, with open-label use of Warfarin 
in AF patients who were at increased risk for stroke.20 Patients 
recruited from 951 clinical centers in 44 countries were eligible if 
they had documented AF on electrocardiography performed at 
screening or within 6 months beforehand and at least one of the 
following characteristics: previous stroke or transient ischemic 
attack, a left ventricular ejection fraction of less than 40%, New York 
Heart Association class II or higher heart-failure symptoms within 
6 months before screening, and an age of at least 75 years or an age 
of 65 to 74 years plus diabetes mellitus, hypertension, or coronary 
artery disease. Dabigatran was administered, in a blinded fashion, in 
capsules containing either 110 mg or 150 mg of the drug, to be taken 
twice daily. Warfarin was administered, in an unblinded fashion, in 
tablets of 1, 3, or 5 mg and was adjusted locally to an international 
normalized ratio (INR) of 2.0 to 3.0, with the INR measured at least 
monthly.

Results and Outcome of the RE-LY Trial
The primary study outcome was stroke or systemic embolism. The 

primary safety outcome was major hemorrhage. Secondary outcomes 
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raised concerns regarding the overall utility of TOAT. The difficulty 
lies in balancing thromboembolic risk versus bleeding risk in the 
individual patient.

The Efficacy and Safety of Triple Therapy
In order to obtain a better understanding of the efficacy and safety 

of adding one or two antiplatelet agents to Dabigatran, post-hoc 
analyses from trials such as the RE-LY trial, and data from a Phase 
II trial in ACS patients will be considered. Dans AL et al report on 
the efficacy and safety of two doses of Dabigatran in combination 
with antiplatelet therapies.33 Since it was a sub-study, the utilization 
of antiplatelet agents was not randomized or stratified. At the 
beginning of the study 40% of the patients were using an antiplatelet 
agent and only one out of five used it continuously throughout the 
study. Most of these patients were taking Aspirin, while the use of 
Clopidogrel only was 1.9%, and the utilization of dual antiplatelet 
therapy was 4.5%. Other P2Y12 inhibitors such as Ticagrelor or 
Prasugrel were not used. It was demonstrated that any antiplatelet 
utilization increased the risk of major or minor extracranial bleeding. 
Intracraneal hemorrhage was not more frequent, although numbers 
were relatively low. Overall, antiplatelet therapy doubled the risk of 
bleeding, but the magnitude of risk increased with the number of 
antiplatelet agents used. The addition of a single antiplatelet agent, in 
most cases Aspirin, significantly increased the risk of major bleeding 
with 60%, while the risk of major bleeding was 2.3 times higher 
after adding Clopidogrel on top of Aspirin. The non-inferiority of 
the 110 mg bid Dabigatran dose in terms of efficacy was preserved 
with concomitant antiplatelet therapy.33 The lower risk of major and 
minor bleeding complications, including intracranial hemorrhage, 
as observed in the overall trial, was also maintained in patients on 
concomitant antiplatelet. Considering the 150 mg bid Dabigatran’s 
dose, its superior efficacy when compared with warfarin tended to 
diminish to some extent in patients also taking antiplatelet agents. 
In contrast, the risk of major and minor bleeding complications 
remained similar to Warfarin, but the risk of intracranial hemorrhage 
was still lower with this dose of Dabigatran.33 Therefore, Dabigatran 
maintained its overall favorable profile compared with Warfarin in 
patients on antiplatelet therapy. The 2 doses of Dabigatran etexilate 
were shown to be effective and safe for the prevention of stroke or 
systemic embolism in AF patients even in the long-term follow-up.34 
This favorable outcome of Dabigatran compared to Warfarin is also 
observed in different ethnicities.35

The first randomized evaluation of treatment with Dabigatran in 
patients with a recent non-ST or ST-elevation myocardial infarction 
in which all patients were required to be on dual antiplatelet therapy 
with both Aspirin and Clopidogrel was the RE-DEEM trial.36 In 
this double-blind, placebo-controlled, dose-escalation trial, 1861 
patients in 161 centers were enrolled after an ST-elevation or non-
ST-elevation myocardial infarction and randomized to twice daily 
treatment with Dabigatran 50 mg, 75 mg, 110 mg, 150 mg, or 
placebo. Primary outcome was the composite of major or clinically 
relevant minor bleeding during the 6-month treatment period. 
The addition of Dabigatran was associated with a dose-dependent 
increase in major or clinically relevant minor bleeding. Specifically 
at 6 months of treatment with Dabigatran from 50 to 150 mg twice 
daily was associated with a dose-related two to four times increased 
risk of bleeding in post-myocardial infarction patients receiving dual 
antiplatelet therapy, although the absolute incidence of major bleeding 
events was low. Dabigatran significantly reduced coagulation activity 

Management of AF Patients Presenting with ACS
Acute coronary syndrome (ACS) patients presenting with acute 

ST-elevation myocardial infarction are increasingly managed with 
primary PCI with additional combined antithrombotic therapy 
regimes. The increasing use of drug-eluting stents (DES) to minimize 
intrastent restenosis necessitates long-term dual antiplatelet therapy 
with Aspirin plus Clopidogrel to reduce the risk of early and late stent 
thrombosis. Combined aspirin–clopidogrel therapy, however, is less 
effective in preventing stroke compared with OAC alone in patients 
with AF,18 and OAC alone is insufficient to prevent stent thrombosis 
after PCI .21–24 The management of AF patients presenting with an 
ACS poses similar management complexities. Those presenting with 
non-ST-elevation acute myocardial infarction are also managed with 
combined antithrombotic therapy, and frequently an early invasive 
revascularization strategy is recommended by guidelines and more 
commonly used.

Dual Antiplatelet Therapy in ACS Patients Undergoing PCI
Antiplatelet therapy is a key component of management to 

prevent recurrent ischemic events and stent thrombosis after ACS 
and/or PCI. Aspirin has been long known to significantly reduce 
cardiovascular events after ACS.25,26 Over the past decade, DAPT 
has also been studied extensively in the ACS setting and found to 
improve outcomes significantly compared with aspirin alone, with 
studies focusing on Ticlopidine, and later on Clopidogrel as the 
second antiplatelet agent.25 Recently, newer antiplatelet agents have 
been evaluated as part of DAPT in the setting of ACS.

Prasugrel and Ticagrelor generally achieve higher degrees of 
platelet inhibition than Clopidogrel and do not appear to be affected 
by CYP2C19 polymorphisms. It should be mentioned that no 
reliable clinical data are available in AF patients on the combined 
use of an OAC with the new P2Y12 antagonists (Prasugrel or 
Ticagrelor) either alone or with aspirin. Both medications have been 
associated with reductions in cardiovascular events in patients with 
ACS, although with increases in the rates of spontaneous bleeding. 
Current guidelines for ACS and/or PCI broadly recommend the use 
of aspirin–clopidogrel combination therapy after ACS. According 
to current guidelines, all patients with a recent coronary artery 
stent placement should receive double antiplatelet therapy with a 
combination of Aspirin plus Clopidogrel to reduce the likelihood 
of acute and subacute stent thrombosis.25 The length of treatment 
depends on the type of the stent, with drug-eluting stents requiring 
at least 6-12 months of both antiplatelet drugs.

Triple Antithrombotic Therapy in AF Patients Associated with 
ACS

AF increases the overall risk of stroke five-fold, and is associated 
with particularly severe strokes.27-29 About 76% of AF patients have 
a moderate to high risk of embolic complications, and they have 
also a significant risk factor for stroke recurrence.30-32 Therefore, AF 
carries a high risk for thromboembolic events and any patient with 
at least two moderate risk factors, and probably even one, should be 
on oral anticoagulation. Since AF and coronary artery disease with 
stent placement are common, it is not infrequent to treat patients 
with both these conditions, where triple antithrombotic therapy with 
Aspirin, Clopidogrel and OAC would be needed. Although triple 
oral antithrombotic therapy (TOAT) may be necessary to prevent 
both ischemic and thromboembolic events in patients with both AF 
and coronary heart disease, the potential for increased bleeding has 
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and may have the potential to reduce cardiovascular events when 
added to dual antiplatelet treatment in the doses 110–150 mg twice 
daily .36 However, considering the uncertainties regarding several 
aspects of treatment, such as, level of anticoagulation, risk/benefit 
ratio of dual vs. single antiplatelet therapy on top of Dabigatran, 
and optimal duration of combination therapy makes it necessary 
to personalize the triple therapy taking into account the individual 
thrombotic and bleeding risk of each patient.   

Conclusions:
Concomitant antiplatelet drug therapy on top of Dabigatran 

appeared to increase the risk for major bleeding in AF patients 
and CHD without affecting the advantages of Dabigatran over 
Warfarin. It seems that in patients requiring Aspirin 80-100 mg, 
Dabigatran 110 mg might be a safer alternative to Warfarin. The data 
available does not provide solid guidance on the optimal duration 
of antiplatelet therapy on top of Dabigatran. The duration of triple 
therapy largely depends on the clinical context, and this association 
should be evaluated in the individual patient after carefully balancing 
bleeding versus thrombotic risk. Although, Dabigatran maintained 
its overall favorable profile compared with Warfarin in patients on 
antiplatelet therapy, we should always bear in mind for the sake of our 
AF patients that combining dual or single antiplatelet therapy with 
chronic anticoagulation with Dabigatran, as well as with Warfarin, 
significantly increases bleeding risk.
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Abstract
An effective risk stratification which could help us identify high-risk patients who should take oral anticoagulants (OACs) is the key step for 

stroke prevention in atrial fibrillation (SPAF). Several scoring systems were available to estimate the risk of stroke in AF, including CHADS2, 
CHA2DS2-VASc, R2CHADS2 and ATRIA scores, which were constituted of different clinical risk factors. Recently, several new OACs (NOACs) 
were demonstrated to be at least as effective as warfarin in stroke prevention and were much safer regarding the risk of intra-cranial 
hemorrhage. In the era of NOACs, the roles of scoring schemes have shifted to identify patients with a truly low-risk of thromboembolic 
events, in whom OACs were not recommended. The CHA2DS2-VASc score is powerful in selecting “truly low-risk” patients who do not require 
anticoagulation. Whether the new-emerging scoring systems, R2CHADS2 and ATRIA scores, could further improve the stroke prediction in AF 
deserves a further study. 

(“SPAF”, the same as the initials of a series of studies about aspirin, warfarin and stroke prevention in AF, was used as the abbreviation 
for “stroke prevention in atrial fibrillation” in this review article.) 

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

arrhythmia which is associated with marked morbidity, mortality, and 
socioeconomic burden.1-2 AF is an important risk factor of ischemic 
stroke with a worse prognosis and higher recurrence rate compared 
to that of non-AF related stroke.3 Oral anticoagulant (OAC) with 
vitamin K antagonists (VKAs) could reduce the incidence of stroke 
by 64% compared to control or placebo, and is much more effective 
than the use of antiplatelet agents.4 However, the adverse events 
resulting from the use of OACs, especially the increased risk of life-
threatening bleeding, are important concerns for clinical physicians 
when managing AF patients. Therefore, an effective risk stratification 
which could help us identify high-risk patients who should take 
OACs is the key step for stroke prevention in AF (SPAF). 

Scoring Systems For Stratifying Stroke Risk In AF – CHADS2 and 
CHA2DS2-VAScs

The most important point in determining the strategy of SPAF is 

how to estimate the thromboembolic (TE) risk accurately. Currently, 
several scoring systems were available for stroke risk stratifications, 
including CHADS2,5 CHA2DS2-VASc,6 R2CHADS2,7 and ATRIA8 
scores, which were constituted of different clinical risk factors (Table 
1). The Congestive Heart Failure, Hypertension, Age, Diabetes, 
Stroke/Transient Ischemic Attack (TIA) (CHADS2) scoring 
system which assigned 1 point each for age > 75 years, hypertension, 
diabetes mellitus, and heart failure, and 2 points each for a previous 
stroke or TIA was the most commonly used scheme in stroke risk 
stratifications for AF patients.5 CHADS2 score was recommended 
by the American College of Cardiology (ACC), American Heart 
Association (AHA), and Canadian Cardiovascular Society to 
stratify stroke risk and guide the strategy of SPAF.9-10 Although the 
CHADS2 score is able to select moderate- and high-risk patients 
who may get benefits from OAC use, the annual stroke rate was 
still nearly 2% for patients with a CHADS2 score of 0 (Table 2). 
Therefore, some patients may be misclassified as “low-risk” and did 
not receive OAC for stroke prevention. This limitation and flaw of 
the CHADS2 scheme became more obvious and important in the 
era of new OACs (NOACs). Although the clinical trials of NOACs, 
such as dabigatran, rivaroxaban and apixaban, were different from 
each other about the enrollment criteria and study designs, all these 
studies demonstrated that NOACs were at least as effective as 
warfarin in SPAF and were much safer regarding the risk of intra-
cranial hemorrhage.11-13 Therefore, NOACs may lower the threshold 
for initiating OAC for SPAF considering the net clinical benefit 
balancing stroke reduction against major bleeding. Based on the 
viewpoint of the advantages of NOACs, the roles of the stroke scoring 

Key Words: 
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prescription of OACs and/or antiplatelet therapy was not associated 
with an improved prognosis for stroke/thromboembolism (relative 
risk = 0.99, 95% condifence interval = 0.25–3.99, p value = 0.99), 
nor improved survival or net clinical benefit (combination of stroke/
thromboembolism, bleeding, and death). More recently, a natiowide 
cohort study in Taiwan further demonstrated that AF males with a 
CHA2DS2-VASc score of 0 have a truly low risk for stroke, which 
was similar to that of non-AF patients (1.6% versus 1.6%, p value 
= 0.920).17 Currently, the European Society of Cardiology (ESC) 
and Asia Pacific Heart Rhythm Society (APHRS) recommended 
use of the CHA2DS2-VASc score to guide the strategy of SPAF.18-

19 The 2012 focus updated ESC guideline suggested that OAC is 
not necessary for male patients with a CHA2DS2-VASc score of 0 
and female patients with gender alone as a single risk factor (still a 
CHA2DS2-VASc score of 1) if they fulfill the criteria of “age <65 and 
lone AF”.18 Otherwise, OACs should be considered for AF patients 
for stroke prevention. 

The Role Of Renal Dysfunction In Stroke Risk Prediction – 
R2CHADS2 and ATRIA Scores

Recently, whether renal dysfunction was a risk factor of ischemic 
stroke in AF patients was a hot issue which generated much attention.  
In the Anticoagulation and Risk Factors in Atrial Fibrillation 
(ATRIA) Study, 676 TE events occurred during the follow up of 
33,165 person-years among 10,980 AF patients without use of 
OACs.20 Chronic kidney disease was found to increases the risk of 
TE events in AF independently of other risk factors. Recently, a 
new risk model, designated the R2CHADS2 score, that incorporates 
the components of the CHADS2 score and awards 2 points for 
renal dysfunction, was derived from the study subjects enrolled in 
Rivaroxaban Once-daily, oral, direct factor Xa inhibition Compared 
with vitamin K antagonism for prevention of stroke and Embolism 
Trial in Atrial Fibrillation (ROCKET-AF) trial (Table 1).7,12 

After the derivation of the R2CHADS2 scheme from ROCKET-
AF cohort, it was validated in the cohort of ATRIA study and was 
demonstrated to be a useful scoring system in predicting stroke or 
systemic embolism in AF.7 For patients without taking warfarin in 
ATRIA cohort, the annual event rate ranged from 0.36% for patients 
with a R2CHADS2 score of 0 to 7.43% for those with a score of 
8 (Table 2). Among the derivation cohort (ROCKET-AF cohort), 
the R2CHADS2 scheme could improve net reclassification index by 
6.2% compared with CHA2DS2-VASc and by 8.2% compared with 
CHADS2.7 However, in another recent study performed by Roldán 
et al. which enrolled 978 AF patients under warfarin treatment in 
Spain, adding renal dysfunction (1 point if estimated glomerular 

schemes in risk stratifications may change. Initially, stroke prediction 
systems were used to identify AF patients at a high risk of stroke, in 
whom the benefits of use of OACs may preceed the risk of bleeding. 
However, with more convenient and safer NOACs were available, 
the role of these schemes has shifted to identify patients with a truly 
low-risk of TE events, in whom OACs were not recommended.

For this purpose, the Congestive Heart Failure, Hypertension, Age 
> 75 Years, Diabetes Mellitus, Stroke, Vascular Disease, Age 65 to
74 Years, Sex Category (CHA2DS2-VASc) scoring scheme, which
extends the CHADS2 scheme by considering additional stroke risk
factors (vascular diseases and female gender) was developed.6 The
annual stroke rates were only 0.66% and 1.45% for  patients with a
CHA2DS2-VASc score of 0 and 1, respectively (Table 2). After the
CHA2DS2-VASc score was proposed in year 2010, several subsequent 
studies suggested that the CHA2DS2-VASc score was most
useful in identifying “truly low-risk” patients, and antithrombotic
therapy may not be necessary for patients with a CHA2DS2-VASc
score of 0.14-17 In the study performed by Taillandier et al. which
enrolled a total of 616 AF patients with a CHA2DS2-VASc score
of 0, an OAC was prescribed on an individual basis in 273 patients
(44%), antiplatelet therapy alone in 145 patients (24%), and no
antithrombotic therapy in 198 patients (32%).15 They found that the

Table 2: Incidence (per 100 persons-years) of stroke/thromboembolic events 
in different scoring models

Score CHADS25 CHA2DS2-VASc
(derivation cohort,
adjusted for aspirin 
prescription)6

CHA2DS2-
VASc
(validation 
cohort)6

R2CHADS2
(validation 
cohort, without 
warfarin)7

ATRIA8

0 1.9 0 0.66 0.36 0.1

1 2.8 0.7 1.45 1.26 0.4

2 4.0 1.9 2.92 2.21 1.0

3 5.9 4.7 4.28 2.57 0.7

4 8.5 2.3 6.46 3.59 0.6

5 12.5 3.9 9.97 5.32 1.0

6 18.2 4.5 12.52 5.91 1.9

7 - 10.1 13.96 2.77 2.5

8 - 14.2 14.10 7.43 3.9

9 - 100 15.89 - 4.3

10 - - - - 6.4

11 - - - - 6.2

12 - - - - 11.0

13 - - - - 7.5

14 - - - - 16.4

15 - - - - 0

Table 1: Stroke risk factors included in each scoring model

Scoring scheme,  year Score range Age HTN DM CHF Stroke/TIA Vascular diseases Female sex Renal dysfunction Proteinuria

CHADS2 (2001)5 0-6 2 points for age >75 + + + + - - - -

CHA2DS2-VASc (2010)6 0-9 2 points for age > 75; 
1 point for age 65-74

+ + + + + + - -

R2CHADS2 (2012)7 0-8 2 points for age >75 + + + + - - + -

ATRIA (2013)8 0-12 (for patients 
without prior stroke); 
7-15 (for patients 
with prior stroke)

Extended range for score 
assignment (<65, 65-74, 
75-84, >85)* 

+ + + Different roles of 
score calculation 
for patients with or 
without prior stroke

- + + +

* Different roles of score calculation for patients with or without prior stroke
CHF = congestive heart failure, DM = diabetes mellitus, HTN= hypertension, TIA = transient ischemic attack
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mortality.23 More recently, Chao et al. enrolled 141 AF patients 
referred for coronary angiogram and found that a higher level of 
asymmetric dimethylarginine (ADMA) was a risk factor of adverse 
events in AF patients, which was independent from the CHA2DS2-
VASc score.24 

The individualized left atrial (LA) function and morphology which 
were assessed by imaging tools, such as transthoracic echocardiogram 
(TTE) and delayed enhanced magnetic resonance imaging (DE-
MRI), may also provide useful information when managing AF 
patients. Daccarett et al. reported that LA fibrosis detected by 
DE-MRI was closely associated with CHADS2 score and history 
of strokes in AF patients.28 In a multi-center study enrolling 932 
AF patients who were planning to undergo catheter ablation, the 
morphologies of LA appendages were categorized into four types 
(cactus, chicken wing, windsock, and cauliflower) by computed 
tomography and MRI.29 Interestingly, the authors found that 
patients with chicken wing LA appendage morphology are less likely 
to have an embolic event even after controlling for comorbidities and 
CHADS2 score. For AF patients after catheter ablations, the TTE-
based measurements of atrial electromechanical intervals, determined 
as the time interval from the initiation of P wave deflection to the 
peak of mitral inflow A wave on pulse wave Doppler imaging, were 
reported to be a useful predictor of TE events independent from 
the CHA2DS2-VASc score.30 However, how these biomarkers and 
imaging tools could change the current strategy of SPAF remains 
unknown and deserves further investigations.  

Conclusions:
The newer scoring systems, by incorporating additional risk factors, 

identify AF patients at risk for stroke who would have been classified 
as low risk by the CHADS2 score. Since warfarin is difficult to use and 
associated with a potentially higher risk of bleeding, the CHADS2 
scoring system helped identify high risk patients who would benefit 
most from this risky therapy. Since NOACs are easier to use and 
associated with a lower risk of intracranial bleeding, the task of the 
newer scoring systems is to define the risk better, thereby identifying 
the truly low risk patients in whom these medications should be 
avoided. In addition to clinical risk schemes, how biomarkers and 
imaging tools could change the current strategy of SPAF remains 
unknown and deserves further investigations.

filtration rate [eGFR] was 30-60 ml/min, and 2 points if eGFR 
was < 30 ml/min) to the CHADS2 and CHA2DS2-VASc stroke risk 
scores did not independently add predictive information.21 Therefore, 
whether R2CHADS2 could be a useful scoring scheme in stroke risk 
stratifications deserves further studies.

Following the R2CHADS2 scheme, another new scoring system, 
named ATRIA score, which included renal dysfunction (eGFR < 
45 ml/min or end-stage renal disease) and proteinuria in the model 
was derived from the ATRIA cohort consisted of 10,927 patients 
with non-valvular AF contributing 32,609 person-years off warfarin 
and 685 TE events (Table 1).8 Different from CHADS2, CHA2DS2-
VASc and R2CHADS2 scores, the rules about how to calculate 
the scores were different for patients with or without prior stroke 
(Table3). Besides, an extended range of age for score assignment was 
adopted (<65, 65-74, 75-84, >85) (Table 3). The annual event rate of 
patients with each ATRIA score was shown in Table 2, and it was 
collapsed into low (0 to 5 points), moderate (6 points), and high (7 to 
15 points) risk categories to fit annualized event rates of <1%, 1% to 
<2%, and ≥2% per year, respectively. However, it should be noted that 
the proportion of patients who were categorized as “low risk” was 
as high as 46.7% which was similar to that stratified by CHADS2 
score (49.7%). It may raise a concern that the ATRIA score, like the 
CHADS2 score, may be not able to identify patients with a truly 
low-risk of TE events. Besides, the calculation of the ATRIA score 
was more complicated than other scoring systems and may prohibit 
its widespread acceptance.

The Potential Roles Of Biomarkers And Imaging Tools
In addition to clinical risk factors included in the scoring models, 

several biomarkers and parameters derived from imaging tools may 
also have potential roles in risk stratifications for AF patients (Table 
4).22-30 In the study performed by Roldán et al which enrolled 829 
anticoagulated permanent AF patients, high plasma von Willebrand 
factor (vWF) levels (≥221 IU/dl) were demonstrated to be an 
independent risk factor for adverse events.22 In the Randomized 
Evaluation of Long-Term Anticoagulation Therapy (RE-LY) 
substudy, elevations of troponin I and N-terminal prohormone of 
brain natriuretic peptide (NT-proBNP) are common in patients 
with AF and independently related to increased risks of stroke and 

Table 3: Calculation of ATRIA score 8

Risk factors Patients without prior stroke Patients with prior stroke

Age

>85 6 9

75-84 5 7

65-74 3 7

<65 0 8

Female gender 1 1

DM 1 1

CHF 1 1

HTN 1 1

Proteinuria 1 1

eGFR <45 or ESRD

end-stage renal disease 1 1

Scoring range 0-12 7-15

CHF = congestive heart failure, DM = diabetes mellitus, eGFR = estimated glomerular filtration rate; 
ESRD = end-stage renal disease; HTN= hypertension

Table 4: Biomarkers and parameters derived from imaging tools for risk 
stratifications in AF* 

Biomarkers

Plasma von Willebrand factor (vWF) levels22

Troponin I and NT-proBNP23

Asymmetric dimethylarginine (ADMA)24

High sensitivity cardiac troponin T and interleukin-625

Adiponectin26

D-dimer27

Imaging tools

LA fibrosis detected by DE-MRI28

Chicken wing LA appendage morphology (protective effect)29

    Atrial electromechanical interval on TTE30

AF = atrial fibrillation, DE-MRI = delayed enhanced magnetic resonance imaging, LA = left atrium, 
TTE = transthoracic echocardiogram 
*The table was modified from the table by Chao et al. published in Arrhythmia & Electrophysiology 
Review 2013.31
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Abstract
Silent cerebral lesions (SCL) have been identified on brain magnetic resonance imaging (MRI) in apparently asymptomatic patients after 

cardiovascular procedures. After atrial fibrillation (AF) ablation incidences range from 1 to over 40% depending upon different factors.
MRI definition should include diffusion weighted imaging (DWI) to detect hyperintensities (bright spots) due to acute brain ischemia 

correlated with a hypointensity in the apparent diffusion coefficient mapping (ADC-map) to rule out artifacts. The genesis of SCL appears 
to be multifactorial and appears to be a result of embolic events either from gaseous or solid particles. The MRI pattern appears to be 
comparable not hinting towards a specific mechanism. One may distinguish two different MRI definition: one, more sensitive, for silent 
ischemic events (SCE) not proven to be related to cell death (DWI positive but FLAIR negative); and one for SCL that are due to edema caused 
by cell death which will lead to glial cell scar formation (DWI positive and FLAIR positive). For ease of data interpretation, future studies 
should ensure both definitions, and that DWI and FLAIR data is acquired using identical slice thickness and orientation.

Risk factors associated with increased SCL-incidences involve patient-specific, technology-associated and procedural determinants. When 
using a high-sensitive MRI definition, differences in SCE-rates among technologies seem to be less prominent. Further studies on the effects 
of different periprocedural anticoagulation regimen, different steps of the ablation procedure and new technologies are needed. For now, 
SCL incidence may determine the thrombogenic potential of an ablation technology and further studies to reduce or avoid SCL generation 
are desirable. It appears reasonable, that any SCE should be avoided.

Introduction
Patients with atrial fibrillation (AF) have been identified to have 

progressive cerebral disease manifested by magnetic resonance 
imaging (MRI)-detected lesions in formally asymptomatic 
patients.7 Thromboembolic stroke remains the most devastating 
complication of AF. Catheter ablation has been documented to be 
an effective and safe treatment option in patients with symptomatic 
AF. Complications may involve thromboembolic stroke during the 
ablation procedure. Recently, MRI of the brain in asymptomatic 
patients after AF ablation revealed lesions consistent with acute 
ischemia.1 These lesions were termed “silent cerebral lesions” (SCL) 
and have been identified not only in AF ablation but also in nearly 
any other cardiovascular intervention like coronary angiography 
(15%) and transfemoral aortic valve interventions in up to 68%.2-4 

Differences in SCL definition and used MRI technology may affect 

the reported rates between studies. In regard to SCL related to AF 
ablation a number of publications using different MRI definition, 
different ablation technologies and different patient groups are 
available indicating post-ablation SCL rates in between 6% up to 
41%.3,5-13

The term SCL is preferred to asymptomatic cerebral lesions (ACL) 
or asymptomatic cerebral embolism (ACE) because asymptomatic 
may not be completely correct. Whereas so far no study has 
proven sequela related to the occurrence of SCL, subtle changes in 
neuropsychological performance may not be completely ruled out. 
For now, the best timing to perform these tests remains unclear and 
further studies on large patient groups comparing patients with SCL 
to those without and not compared to other control groups (not 
undergoing AF interventions) are needed.

The mechanism of SCL appears to be multifactorial and may 
involve gaseous or particulate embolic events during AF ablation. 
In recent publications different factors associated with higher 
incidences of SCL have been identified to involve 1. patient-specific 
characteristics, 2. ablation technology-associated characteristics and 
3. procedural technique-associated characteristics.

An important point to consider is that over 60% of patients with
AF appear to have asymptomatic cerebral lesions independent of 

www.jafib.com Feb-Mar, 2014 | Vol-6 | Issue-5



www.jafib.com  Feb-Mar, 2014 | Vol-6 | Issue-5

Journal of Atrial Fibrillation65 Featured Review
correlation of different sequences.  Based on our experience, a good 
recommendation would be for such studies of SCL/SCE to use as a 
standard, 5mm slice thickness in the axial plane in the DWI and T2 
FLAIR sequences.  Post procedure MRI should be scheduled at a 
minimum to be the day after a procedure but a 24-48hr window may 
be appropriate to detect both DWI and T2 FLAIR hyperintensities.

As conclusion, DWI represents a more sensitive measure of brain 
ischemic events related to the embolic potential of an AF ablation 
procedure but may not positively detect lesion formation due to cell 
death. A positive finding in the FLAIR (which may become positive 
during the course of the first days after embolism) is related to 
definitive cell death and relates to brain scar formation.16 

Most studies on SCL have been performed using 1.5Tesla MRIs 
but a recent report using a 3Tesla machine indicates a higher incidence 
of SCL when using bigger magnets. Further studies are needed but 
results using MRI machines with different magnets should not be 
compared.8

SCL Incidences in AF Ablation
There has been a wide range of reported SCL rates depending 

on the definition used and the methodology and specification of 
ablation. It remains important to identify potentially modifiable 
factors that may help to reduce SCL rates.

In reports incidence of SCL after AF ablation ranges from 1.7% 
up to 41%.7,8 Overall, in 930 published patients 19% had documented 
cerebral lesions. Of interest, most SCL are not single events and 
the median number of SCL per patients depends upon ablation 
technology used (in between 2 to 4/pat).1,3,5-9,12,13,15 In some patients 
multiple SCL can be identified (up to 25/pat reported).

In our own patient collective approximately 2/3 of SCL have a 
diameter of 3mm or less (usually FLAIR negative) and 1/3 of lesions 
ranges in between 4 to 10mm in diameter. Only in rare cases (1%) 
SCL-diameters are above 10mm (up to 25mm reported) and these 
are usually also still detectable on follow-up MRI. The smaller 
lesions appear to become undetectable on MRI within 4 days up to 
2 weeks after AF ablation.6,16 Whether different diameters of SCL 
represent different mechanisms remains unclear and needs further 
investigation.

The mechanism of SCL still remains poorly understood. Whereas 
it appears clear that SCL are a consequence of the ablation procedure 
and in direct timely relation gaseous or particulate embolization 
may cause the same MRI appearance of SCL. In an animal model 
with direct injection of either air-microbubble or blood-coagulum 
preparations into the carotid artery in a dog model produced MRI 
patterns and appearances comparable to what is seen in post-ablation 
human brain MRI. Of interest though, even high loads of emboli did 

cardiovascular procedures.7,14 Whereas the mechanism of these 
lesions is unclear they represent an underlying substrate of cerebral 
damage directly related to AF. Predictors of progressive cerebral 
disease in these AF patients included hypertension, CHADS2, and 
CHA2DS2-VASc scores, and larger left atrial diameter.7 These pre-
existing “white matter lesions” are occurring as result of the disease 
processes and their relative magnitude is much higher compared 
to the minimal number and size of SCL caused by cardiovascular 
procedures in AF patients. 

Definition of SCL
Detection of SCL per definition is restricted to asymptomatic 

patients in gross neurological evaluation. The intensity of neurological 
work-up remains undefined and one needs to keep in mind that 
subtle changes in neurological appearance (especially if lesions in the 
cerebellum are concerned) or neuropsychological testing have not 
been consistently evaluated in published reports. 

There is still debate about the exact criteria defining SCL in 
MRI of the brain. Diffusion weighted imaging (DWI) MRI has 
been shown to be highly sensitive and specific in detecting brain 
ischemia. DWI MRI assesses the net random movement of water 
in brain tissue and is a sensitive and objective reflection of ischemic-
related cytotoxic edema injury. For each DWI sequence, the apparent 
coefficient map (ADC) must be calculated to increase specificity 
of classification of ischemic lesions and to rule out shine-through 
artifacts. The T2-weighted fluid-attenuated inversion recovery 
(FLAIR) – usually in the clinical set-up performed as a 5 to 6mm 
thick-sliced MRI sequence – is sensitive to fluid accumulations due 
to vasogenic edema. Hyperintensities seen on FLAIR are used to 
verify permanent injury in ischemic sites. FLAIR aids in determining 
acute from chronic lesions and has been included in some studies 
into the SCL definition criteria.10,15 The FLAIR sequence may turn 
positive over the course of time of demarcation of a DWI-positive 
event (but may still be negative as early as the initial days). Although, 
the FLAIR sequence may be important because it detects edema 
formation in regions where cell-death has been induced. The FLAIR 
sequence also provides a more precise anatomical image than that 
seen in the more distorted DWI which allows more accurate lesion 
dimensional measurements. A recent study indicates that 2/3 of 
acute DWI detected findings are FLAIR negative.3 Therefore, a more 
sensitive, newer definition based solely on DWI and ADC map may 
more easily document the overall load and incidence of silent cerebral 
ischemic events (SCE). This definition involves a hyperintensity on 
DW image and a corresponding hypointensity on ADC map (but 
does not include a corresponding hyperintensity in the FLAIR 
sequence). Whether FLAIR positive and negative SCL represent 
different entities or may have different effects remains so far unclear. 
In animal studies FLAIR positive SCL represent irreversible cerebral 
damage and lead to glial scarring.16 With regard to reversibility 
of ischemic injury, it has been documented in a stroke case study 
that a reduction in area of DWI hyperintensity over time could be 
correlated with neurological symptom resolution, suggesting that at 
least a portion of the area affected by the ischemic insult did not form 
a permanent lesion.17

An important issue is the slice thickness and orientation of the 
FLAIR and DW MRI-sequences. Both DWI and FLAIR should 
be acquired using the same slice thickness and orientation. For SCL 
studies it is crucial to request a decisive MRI protocol enabling exact 

Figure 1:

 FLAIR (A), DWI (B) and ADC-map (C) of a patient with a single 
SCE (red circle) only documented on DWI (B) and ADC-map (C) but 
not identified on FLAIR (A) imaging indicating higher sensitivity of 
a novel MRI definition of SCE.
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the older MRI SCL-definition) indicated a significantly higher 
incidence of SCL in patients undergoing ablation using phased 
radiofrequency technology (PVAC™-catheter: 37.5 and 38.9%) 
compared to single-tip RF (7.4 and 8.3%) or cryoballoon (4.3 and 
5.6%) PVI.10,15 Further studies have identified high incidences of 
SCL in patients treated with phased RF technology (see figure 2).6 
Subtle changes of procedural aspects of phased RF ablation including 
a higher target ACT, underwater-loading of the device and most of 
all excluding an interaction between electrodes 1 and 10 has led to 
relevant reductions of SCL down to less than 2% in the ERACE 
study (again using the old MRI definition).3,7 In an analysis of 
patients treated with phased RF and applying the ERACE protocol, 
incidence rates using the new MRI definition documented SCE 
in approximately 30% of patients (unpublished data, Deneke et al., 
2013).

The mechanism behind the high incidence of SCL in PVAC 
patients was considered to be at least partly an interaction of out of 
phase ablation with electrodes 1 and 10 leading to higher current 
densities. In an animal model a close proximity of electrodes 1 and 
10 of the circular ablation array catheter was shown to be associated 
with a dramatic increase in micro-bubble formation and embolic 
particles during ablation.18

Two studies have evaluated differences in SCL versus SCE rates 
in between different ablation technologies using the novel SCE 
definition (not requiring positive FLAIR findings). In a randomized 
study by Schmidt et al.19 incidences of SCL were relevantly higher 
in the single tip irrigated RF group (24%) and the cryoballoon (18%) 
when compared to the older MRI definition. In our own experience 
(figure 3) incidences of SCE were 20% for the irrigated RF and 
21% for the cryoballoon group. Schmidt et al. compared their data 
to patients treated with the laser-balloon (SCL rate 24%) and did 
not find significant differences in between technologies. In our 
own experience there were no differences in regard to SCL rates 
comparing irrigated RF, cryoballoon, laser-balloon (37%), phased 
RF using the ERACE7 procedural modifications (PVAC) (33%) and 
nMARQ™ (32%; a novel irrigated multipolar ablation catheter). 
The overall incidence using different periprocedural anticoagulation 
regimen in patients undergoing only PVI are displayed in figure 3. 
Using the novel MRI definition appears to reduce inter-technology 
differences and no significant differences appear to become apparent 
in these studies. This may suggest that microemboli generation that 
lead to more sensitive SCE findings are generated by common factors 
incurred in any invasive EP catheter procedure in the left atrium. 

 The only exception appears to be in persistent AF patients when 
phased RF PVI (using the PVAC catheter) plus additional left atrial 
ablation of complex fractionated atrial electrograms (CFAE) using 
other phased RF ablation catheters (MASC™, MAAC™) with an 
incidence of 85% in our own “historic” experience. Experience in 
these patients, though, was still using older RF-generator software 
(with aggressive energy delivery), multiple catheter exchanges over 
a single transseptal sheath and no continued oral anticoagulation 
during the procedure.  More studies are needed to determine what 
role the AF disease state may play in incidence of SCL/SCE. 

As a conclusion, differences in between PVI ablation technologies 
become mitigated when using a more sensitive MRI definition of 
SCE and no significant inter-group differences were detected in 
two comparative studies9 (data presented by Deneke et al, American 
Heart Association Annual Scientific meeting 2013, Dallas). One has 

not produce SCL in all animals indicating that brain vasculature and 
blood supply via collateral routes may play an important role in the 
occurrence of SCL.16

In these animal models FLAIR-positive SCL represent sites of 
permanent injury verified by histopathology which revealed glial cell 
scaring in these regions. 

Predictors of SCL
When considering potential confounding factors 1. patient-

specific, 2. technology-associated and 3. procedure-related aspects 
needs to be evaluated. It may be speculated that only a minority of all 
confounding variables are yet studied.

Patient-Specific Factors
In our own experience only left atrial dilation and patient age is 

associated with an increased risk of SCL. Further studies are urgently 
needed to further elucidate patient characteristics associated with 
higher SCL rates.

Of interest, a recent unpublished report indicates that left atrial 
fibrosis detected on intraprocedural left atrial bipolar voltage 
mapping may influence the occurrence of SCL (Müller et al, 2013, 
unpublished data presented at European Society of Cardiology 
Scientific meeting 2013, Amsterdam).

Factors like left atrial dilation and left atrial fibrosis may point 
towards a common mechanism of atrial substrate associated 
thromboembolism although in all cases obvious left atrial thrombus 
was ruled out on transesophageal echocardiography.

Technology-Associated Factors
Initial reports on SCL indicated differences in SCL rates comparing 

different AF ablation technologies. Two comparative studies (using 

Figure 2:

 MRI pre (a), 1 day post (b) and at 4 weeks follow-up (c) 
of a patient undergoing irrigated RF PVI: DWI indicates a 
hyperinsense lesion (red circle) in the cerebellum corresponding 
to a hypoattenuation on ADC-map. During follow-up MRI lesion is 
not detected any more on DWI.
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to pay caution on the different time-spans and procedure-related 
factors involved with different ablation techniques and studies on 
SCL.

Procedure-Related Factors
Recent studies have identified intraprocedural ACT,12,20,21 

intraprocedural cardioversion,12,21 echocontrast on pre-ablation 
transesophageal echo20,21 and ablation of sites with complex 
fractionated electrograms21,22 as independent predictors of SCL. 
Although, data on all of these variables is controversial .10,12,15,20Recent 
studies have not confirmed the effect of intraprocedural ACT levels 
and cardioversion as relevant predictors of SCL.

In our experience two factors have a major impact on the risk for 
SCL: 1. Intraprocedural multiple exchanges of catheters over a single 
transseptal sheath and 2. Intraprocedural anticoagulation regimen.

Whereas exchanging catheters over a single transseptal sheath may 
introduce air or detach thrombus associated to the sheath the valve 
itself may become worn out and therefore further gas introduction 
may occur with movements of the catheter. Compared to patients 
with two transseptal accesses (one for the diagnostic and one for 
the ablation catheter) the incidence of SCL was significantly higher 
(Deneke et al., manuscript under review 2013) in the group of 
patients with catheter exchanges. Exchanges of catheters should be 
prevented or minimized in regard to SCL rates.

Continued oral anticoagulation using warfarin or coumadin has 
been associated with a lower incidence of SCL compared to patients 
undergoing bridging during the course of the preparation for the 
procedure (DiBiase et al, American Heart Association 2013, Dallas). 
Whereas in patients under continued oral anticoagulation, the 
achieved minimum ACT during the procedure is higher and there 
appears to be additional benefits in regard to brain protection.

Further studies on both factors are needed to clearly define the 
number of catheter exchanges crucial and the optimum way of 
periprocedural anticoagulation management.

Future Aspects
 SCL has become a topic potentially indicating the thrombogenic 

potential of different ablation technologies and approaches. So far 
long-term follow-up data on effects of SCL is missing and no clinical 
study has yet revealed clinically evident influence on brain function. 
On the other hand one has to consider the differences in between 
ablation technologies and procedural steps opening the potential 
for modifying the individual risk of a patient. Further studies are 
needed to deeper engage in the field of procedural steps involved in 
the process of SCL occurrence. So far either gaseous or thrombotic 
embolic events may be the initiators of SCL. Whether different sizes 
of SCL or locations are related to different mechanisms needs to be 
further elucidated.

In future studies MRI findings using both the older SCL and 
newer and more sensitive SCE method should both be reported. 
This will allow future studies access to allow comparisons as more 
is learned about the implications of DWI and FLAIR findings.  
Whether biomarkers may give more clues to which patient is at high 
risk needs to be determined. It may be at least speculated if detection 
of SCL may play a role in certifying new ablation technologies for 
human use.

A way to determine intraprocedural occurrence of thromboembolism 
is desirable. So far, transcranial Doppler technology has been used to 
detect solid and gaseous emboli passing by the intracranial arteries 
during ablation and other cardiovascular procedures. There appears 
to be only a poor correlation between high-intensity transient signals 
and SCL. Automated algorithms have helped to identify solid 

Figure 3: SCE (silent cerebral ischemic event) rates related to ablation technology in a collection of patients including multiple variations of 
periprocedural anticoagulation and ablation technological aspects (no significant differences in between groups).
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and gaseous microemboli during transcranial Doppler but strict 
correlation even of solid microemboli and SCL appears unclear. 
Sensitive methods to identify the embolic load of different steps of 
the ablation procedure are needed.

For now, in clinical practice the safest technology and procedure 
should be used to avoid increasing the likelihood of SCL generation. 
It appears reasonable, that any cerebral ischemic event should be 
avoided in a “zero SCL”-approach. 

Conclusions:
MRI of the brain is a potential technology to detect cerebral 

ischemic events related to AF ablation procedures. DWI is a sensitive 
method to identify cerebral ischemia and may help to distinguish the 
potential thromboembolic risk of different AF ablation procedures. 
SCL (when using the definition including a positive FLAIR finding) 
represent cerebral ischemia (small brain infarcts) leading to glial 
cell scars and factors leading to their formation should therefore be 
avoided. Comparison in between technologies has pondered intensive 
evaluation of mechanisms and potential confounders. The differences 
in SCE rates in between different ablation technologies appear to be 
less pronounced when using a sensitive DWI-only MRI definition 
depending. Patient-specific, technology-associated and procedure-
determined factors exist, increasing the risk for SCL. The minimal 
number and size of SCL due to AF ablations should be weighed in 
the context of a high incidence of pre-existing “white matter lesions” 
in AF patients. It may even be speculated, that AF ablation may 
avoid having further brain lesions occurring during the process of AF. 
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Abstract
Catheter ablation is an effective treatment for atrial fibrillation (AF). However, over long-term follow-up, it is becoming clear that AF often 

recurs and repeat ablation is required.  With the goal of improving efficacy, particularly in those patients with risk factors for poor outcomes 
using a standard endocardial ablation technique, surgical epicardial ablation has emerged as an alternative methodology.  Since its advent in 
the 1980s, surgical ablation techniques have continued to evolve. New ablation tools make a minimally invasive surgical approach possible. 
And most recently, we have seen the development of a hybrid (epicardial and endocardial) approach to AF ablation, which can draw upon 
the advantages of both options. 

Introduction
Atrial fibrillation (AF) is the most common clinical arrhythmia and 

associated with significant morbidity and mortality. The incidence of 
AF continues to rise, likely attributable to the aging of the patient 
population and the rising prevalence of chronic cardiac disease. As 
the overall prevalence of AF rises, it continues to be a great burden 
on the healthcare system. 

Since its advent in the late 1990s, radiofrequency (RF) endocardial 
catheter ablation has emerged as a tool for the management of 
symptomatic AF. The improved efficacy of endocardial catheter 
ablation over antiarrhythmic drug therapy has been established in 
several randomized controlled trials. However, longer-term data have 
proved to be less encouraging.1, 2 When followed over several years, 
it is clear that recurrence of AF after endocardial catheter ablation is 
relentless, often warranting repeat ablation procedures.

With the goal of improving efficacy, particularly in those patients 
with risk factors for poor outcomes using a standard endocardial 
ablation technique, surgical epicardial ablation has emerged as an 
alternative technique. In this article, we review the development of 
epicardial approaches to AF ablation, beginning with open heart 

techniques developed in the 1980s and culminating in hybrid 
(combined endocardial and epicardial ablation) techniques.

Epicardial surgical ablation can be performed concomitantly 
with other cardiothoracic surgical procedures or as a stand-alone 
operation.  Stand-alone epicardial AF ablation can be an open 
chest or minimally invasive procedure.  Epicardial AF ablation can 
be combined electively with an endocardial catheter ablation done 
either at the time of epicardial surgery, or delayed days or weeks 
after an initial epicardial procedure. A general problem with the 
assessment of success rates of catheter and surgical based procedures 
for AF is lack of standardization in how outcomes were measured.  
The Heart Rhythm Society guidelines recommend no more than 30 
seconds of AF be the criteria a successful procedure. But in many 
studies only symptomatic recurrences proven by ECG were counted 
as failures, and in many others only 24 or 48 hour Holter monitors 
were required.  The closest to a gold standard currently available is 
an implantable looping event recorder, but few large studies have 
employed this technology.  

Open Heart Surgical Techniques For AF
Surgical techniques for rhythm control of AF emerged in the 

1980s. The “Corridor” procedure was described by Guiraudon et al in 
1985.3  With this surgery, a portion of atrium including the sinoatrial 
and atrioventricular node were isolated from the remaining atrium. 
Unfortunately, success rates were low and the atria outside of the 
corridor continued to fibrillate, minimizing atrial transport function 
and leaving patients with a continued risk for thromboembolism. 

James Cox developed the Maze procedure in the late 1980s.4 By 
dividing the atria into smaller segments with a cut-and-sew technique, 
fewer re-entrant circuits could be maintained. Incisions encircled 
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but consistently outcomes are adequate with pulmonary vein isolation 
alone in those with paroxysmal AF but additional linear ablation is 
beneficial in those with persistent AF.

Camm et al compiled data evaluating the utility of cryoablation 
specifically with concomitant cardiac surgery compared with no 
treatment, catheter based therapy, or other sources of energy in 
maintaining sinus rhythm in those with AF. From 291 studies,9 were 
identified which provided the best evidence although high quality 
data was lacking. The authors conclude that because complication 
rates are low and success rates at 12-months are reasonable (60-
82%), the practice of AF surgery with concomitant heart surgery is 
an acceptable approach.14  

Standalone Minimally Invasive Surgery for AF
Although the Cox-Maze surgery is highly effective, its complexity 

and associated morbidity have limited its adoption as a widespread 
standalone treatment for AF. More recently, alternative minimally 
invasive techniques have been developed for surgical treatment of AF 
in those not requiring concomitant cardiac surgery. 

Epicardial off-pump pulmonary vein isolation can be performed 
either through a thoracoscopic or mini-thoracotomy approach. 
Initial results with bilateral video-assisted thoracoscopic epicardial 
PVI using a bipolar non-irrigated RF clamp (Atricure, Inc, 
Cincinnati, OH) were promising with 91% free of AF at follow-up.15  
Management of stroke risk by way of left atrial appendage (LAA) 
removal is an added benefit. 

As the role of ganglionated plexi (GP) in the initiation and 
maintenance of AF has become apparent, ganglionated plexi ablation 
has emerged as a potential ancillary strategy for surgical AF ablation. 
Several studies have evaluated the benefit of standalone epicardial 
pulmonary vein isolation with ganglionated plexi ablation on the 
maintenance of sinus rhythm. Edgerton et al reported outcomes in 
52 patients with symptomatic paroxysmal AF.16  Patients underwent 
bilateral minithoracotomies with GPs identified by vagal response 
to high-frequency stimulation. Bipolar radiofrequency clamp 
pulmonary vein antral isolation with GP ablation was performed. 
LAA was excised or stapled in 88%. Patients were followed with 
24-hour Holter or 2 week monitoring at 6 and 12 months. Average
hospital length of stay was 5 days. Three patients required post-
operative pacemaker implantation. At 12-months follow-up, 80% of
patients were in sinus rhythm. 

However, the majority of patients in these initial studies had 
paroxysmal AF. Follow-up studies demonstrated that pulmonary 
vein isolation alone is insufficient for the treatment of persistent 
AF. Additionally, the particular role of ganglionated plexi ablation 
is unclear as no randomized studies have specifically evaluated its 
benefit.

Because endocardial catheter ablation can be highly effective for 
paroxysmal AF and is a much less invasive procedure, standalone 
epicardial ablation for paroxysmal AF has never gained widespread 
acceptance.

In those with persistent AF, adding linear ablation to pulmonary 
vein isolation appears to be beneficial. Edgerton et al developed a 
beating-heart approach replicating the lesions of the Cox maze 
procedure using minimally invasive techniques known as the “Dallas” 
lesion set (Figure 1).17 In 30 patients (10 persistent, 20 long-standing 
persistent), Edgerton et al described the use of bilateral PV antral 
isolation using a bipolar RF clamp (Atricure, inc) with GP ablation. 

the pulmonary veins with connecting lesions to the mitral annulus 
and the left atrial appendage. Initial surgeries were associated with 
significant sinus node dysfunction. However, modifications to the 
lesion set culminated in the Cox-Maze III operation.5 Modifications 
included eliminating incisions around the sinus node, moving the 
left atrial roof incision more posteriorly, and excising the left atrial 
appendage. The Cox-Maze III surgery became the gold standard for 
surgical treatment of AF with long-term success rates of >90% as 
assessed by symptom guidance alone.6 However, the surgery never 
gained popularity given its complexity and significant morbidity.

Modifications to the Cox-Maze III were made to simplify the 
surgery while maintaining its efficacy. The Cox-Maze IV developed 
by Damiano and others replaces cut-and-sew lines with ablation 
using technologies such as radiofrequency, cryothermy, or microwave 
energy ablation.7 Khargi et al compared the efficacy of alternative 
energy sources (cyroablation, radiofrequency, high-intensity focused 
ultrasound, laser, microwave) to cut-and-sew techniques.8 Post-
operative freedom from AF using an alternative energy source 
is comparable to the cut-and-sew technique but reduces cross 
clamp times.The Cox-Maze IV can be performed through a mini-
thoracotomy but still requires cardiopulmonary bypass, largely due 
to an inability to created consistently transmural lesions on a beating 
heart. Because contiguous and transmural lesions are difficult to 
create on the beating epicardial surface, numerous epicardial patterns 
have been described in the literature, each incorporating different 
lesions and different ablation energy sources. 

AF Surgery with Concomitant Heart Surgery
Simplifications to the Maze procedure with alternative energy 

sources make it easier to combine the Maze procedure with 
concomitant cardiac surgery. The prevalence of AF, particularly in 
those with mitral valve surgery, is estimated to be 40-60%. Moreover, 
AF in patients with valve disease is associated with decreased survival. 
With direct access to the left atrium, concomitant heart surgery 
represents a prime opportunity for surgical ablation, yet only 62% of 
patients undergoing mitral valve surgery undergo concomitant AF 
surgery.10 

Several studies have demonstrated a significant increase in AF 
free survival in those undergoing concomitant Maze surgery. Kong 
et al performed a meta-analysis of 9 randomized controlled trials 
comparing the efficacy of surgical maze concomitantly with cardiac 
surgery versus pharmacologic therapy for treatment of AF. When 
compiling a total of 472 patients, surgical maze increased the odds 
of freedom from AF at 12 months after cardiac surgery over 5-fold 
(OR 5.22). There was no corresponding increased in hospital stay, 
peri-operative complications, or mortality.11  

Success rates are lower in those with structural heart disease like 
rheumatic or ischemic heart disease and in those with persistent AF. 
Typically left atrial ablation alone is recommended in those with 
paroxysmal AF, whereas biatrial ablation may be preferred in those 
with persistent AF and those with enlarged right atria.12,13  

Several approaches for AF surgery when performed with 
concomitant cardiac surgery have been studied. The majority of 
studies have utilized cryoablation although radiofrequency ablation 
and cut-and-sew procedures have been utilized as well. At a 
minimum, lesion sets consist of pulmonary vein isolation with some 
including ancillary linear ablation between the pulmonary veins to 
isolate the posterior left atrium. Generally, studies have been small 
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Finally, Boersma et al compared the efficacy and safety of catheter 

ablation and minimally invasive surgical ablation in 124 patients with 
drug-refractory AF, left atrial dilatation (> 4cm), and hypertension 
in the FAST study.20 AF was paroxysmal (67%), persistent (33%), 
or long-standing persistent (8%). The surgical ablation consisted of 
the “Dallas” lesion set as described by Edgerton. Catheter ablation 
consisted of wide-area linear antrum ablation with PV isolation 
guided by circular mapping catheter. Additional lines were made at 
the discretion of the operator. Patients were followed with ECG and 
7-day Holter monitoring at 6 and 12 months. Median length of stay
was 5.5 days vs 2 days for surgical or catheter ablation, respectively.
In the surgical group, complications included 1 patient requiring
convertion to median sternotomy, 1 patient requiring pacemaker
implantation, 6 patients with pneumothorax, 1 with hemothorax, 1
with stroke, 1 tamponade, and 1 rib fracture. In the catheter group,
complications included 1 transient ischemic attack and 4 groin
hematomas. However, at 12 months, freedom from AF > 30 sec in
the absence of antiarrhythmic drugs was 66% in the surgical group vs
37% in the catheter group (p=.0022). 

Hybrid Surgery for AF 
Hybrid (combined endocardial and epicardial ablation) is an 

intriguing option, which can take advantage of the strengths of 
surgical and catheter-based ablation. Fundamentally, catheter based 
ablation has the advantage of mapping techniques for ensuring 
bidirectional electrical isolation of pulmonary veins or other linear 
ablation. In addition, certain areas of the atria (e.g mitral isthmus, 
cavotricuspid isthmus) are more accessible from an endocardial 
approach. Catheter ablation techniques also offer the opportunity for 
detailed mapping of atypical flutters or atrial tachycardia. However, 
point-by-point ablation can be cumbersome and may not be durable. 
Surgical ablation offers an anatomic approach with direct visual 
guidance but no electrophysiologic guidance. There are significant 

Subsequent linear ablation included a left atrial roof line, a line 
between the roof and the left fibrous trigone (anterior trigone line), 
and a line to the base of the resected left atrial appendage. Conduction 
block across the roof and anterior trigone lines was verified by pacing 
techniques. Patients were followed for 6 months with ECG and 14-21 
day auto-triggered monitors. Pacemaker implantation was required 
in 3 (10%) patients. At 6 months, overall success rate was 58% off 
anti arrhythmic drugs and 80% with or without antiarrhythmic drugs 
as assessed by long-term (14-21 day) event monitoring.

A larger study of 89 patients with paroxysmal (35%), persistent 
(24%), or long-standing persistent (42%) AF undergoing the 
“Dallas” epicardial lesion set was reported by Weimar et al.18 Mean 
hospital length of stay was 8 days.  One patient required conversion 
to extracorporeal circulation. Freedom from AF and antiarrhythmic 
drug therapy was 71%, 82%, and 90% at 6, 12, and 24 months, 
respectively with no difference in those with paroxysmal or persistent 
AF. However, 5% of patients required subsequent catheter ablation 
for recurrent AF or atrial flutter. 

Nasso et al described the use of an alternative surgical technique 
for pulmonary vein isolation through a right minithoractomy in 104 
patients (Figure 2).19 A linear vacuum-assisted unipolar RF ablation 
catheter (Estech, San Ramon, CA) was looped around the pulmonary 
veins by way of the transverse and oblique pericardial sinuses using 
a magnet tipped introducer. Patients were followed with 24-hour 
Holter monitoring. Periprocedural complications including 1 case of 
intraoperative LA rupture requiring sternotomy for repair, 1 case of 
hemorrhagic stroke 4 days post-op, and 1 transient ischemic attack 
in the early post-operative period. At an average 17 months follow-
up, 89% were free of AF (96% with paroxysmal AF and 80% with 
persistent AF).  

Figure 1: The “Dallas” epicardial lesion set. Blue lines indicate epicardial 
ablation lesions (Atricure). Red lines indicate surgical lines.

Figure 2: Epicardial lesion set. Blue lines indicate epicardial ablation 
lesions (Estech). Hashed area indicates isolated myocardium.
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challenges to a hybrid ablation procedure including multidisciplinary 
team availability, requirement of a hybrid laboratory, sequence of 
the procedure, and anticoagulation strategy. However, the potential 
benefits of a hybrid approach can outweigh these challenges, 
particularly in patients whose outcomes may be more limited with a 
traditional catheter-based procedure.

Mahapatra et al reported their experience with a hybrid epicardial 
and endocardial ablation in 15 patients with persistent or long-
standing persistent AF who had failed at least one attempt at 
endocardial ablation and antiarrhythmic drug therapy.21  Patients 
were excluded if they had another indication for cardiac surgery or 
a prior history of cardiac surgery. Bilateral thoracoscopic off-pump 
epicardial ablation (Atricure, Westchester, OH) was performed using 
the Dallas Lesion set (pulmonary vein isolation, SVC isolation, 
roof and mitral line, elimination of ganglia response, ligament of 
Marschall ablation, and left atrial appendage exclusion). Patients 
were cardioverted and PV and SVC isolation was confirmed by an 
electrophysiologist in the operating room. Endocardial ablation 
was performed an average of 4 days later. During endocardial 
ablation, SVC isolation was confirmed, a cavotricuspid isthmus line 
was created, and PV isolation and block across the roof and mitral 
line were confirmed. Finally, high dose isoproterenol was used for 
induction. Any atrial flutter induced was mapped and ablated. If 
AF was induced, additional complex fractionated atrial electrogram 
ablation was performed. All patients were treated with amiodarone 
or dofetilide for 3 months post-procedure. Routine 7-day or 24-hour 
continuous monitoring was performed. Outcomes were compared to 
a matched catheter ablation alone control group. Overall, hospital 
length of stay in the hybrid group was longer but otherwise there were 
no acute complications in either group aside from a tamponade in the 
catheter-alone group. At 20 months of follow-up, more patients in 
the hybrid group were free of atrial arrhythmias off antiarrhythmic 
drugs (87% vs 53%, p=.04). 

LaMeir et al reported their experience comparing a hybrid 
epicardial and endocardial ablation in 35 patients with epicardial 
only ablation in 28 patients (45-50% paroxysmal, 18-23% persistent, 
31-32% long-standing persistent).22 Bilaterial thoracoscopic 
epicardial ablation (Atricure, Westchester, OH) included pulmonary
vein isolation, roof and inferior LA ablation targeting a posterior
“box”, and GP ablation. Entrance and exit block across the PV and
posterior box lines were checked. In the hybrid group of patients,
PV isolation and block across the lines were checked endocardially.
Induction of AF was performed during endocardial ablation with
rapid pacing and/or isoproterenol infusion. In the case of persistent
AF, a mitral line was created. Additional SVC isolation was added
in those with persistent or long-standing persistent AF. And cavo-

tricuspid isthmus ablation was performed in those with a history 
of typical right atrial flutter or if it became apparent during the 
procedure. Finally, left atrial appendage exclusion was performed in 
those with an LAA tachycardia or those with CHADS2

 score >= 1. 
Patients were followed with 7-day continuous monitoring at 3, 6, and 
12 months post-procedure. There were no complications including 
mortality, stroke, or reoperation for bleeding in the two groups. 
Median length of hospital stay was 3-4 days. At 1-year follow-up, 
success rates free of atrial arrhythmia > 30 seconds off antiarrhythmic 
drug therapy were higher in those undergoing hybrid ablation 
compared to epicardial alone (91% vs 82%, p=.07), particularly in 
those with persistent or long-standing persistent AF. 

Pison et al reported their experience in 26 patients undergoing 
hybrid thoracoscopic and transvenous ablation for AF in patients 
who had either failed prior catheter ablation, had an enlarged left 
atrial volume (>= 29 ml/m2), or had persistent or long-standing 
persistent AF. 23  Similar to the studies of Mahapatra and LaMeir, the 
pulmonary veins were isolated at the antra using a bipolar RF clamp 
(Atricure, Westchester, OH). Isolation was confirmed endocardially. 
In those with persistent AF, a roof line and posterior LA line 
(box lesion), SVC isolation, and intercaval lines were created. An 
epicardial and endocardial mitral line was created. A cavotricuspid 
isthmus line was made in those with a prior history of atrial flutter 
or flutter during the procedure. Finally, the left atrial appendage was 
excluded in a subset. Patients underwent 7-day continuous monitors 
at 3, 6, 9, and 12 months post-procedure and antiarrhythmics were 
discontinued at 6 months. Ten of 26 patients had persistent AF, 1 
had long-standing persistent AF, and the remainder had paroxysmal 
AF. Mean hospital length of stay was 7 days. There were no major 
complications. At 1-year follow-up, success rate (no atrial arrhythmia 
> 30 seconds without antiarrhythmic drugs) was 93% in those with
paroxysmal AF and 90% in those with persistent AF with 2 patients
requiring redo catheter ablation after the hybrid procedure.

Zembala et al reported their outcomes in Poland using a hybrid 
ablation technique in 27 patients with persistent (5) or long-
standing persistent22 AF and a left atrium less than 6 cm diameter. 
24 The epicardial portion of the procedure was performed by way 
of subxyphoid pericardioscopic access through the diaphragm. An 
irrigated, unipolar, vacuum-assisted RF linear ablation catheter was 
utilized through a pericardioscopic access cannula (nContact Surgical, 
Morrisville, NC). The epicardial lesion set included a posterior box 
(roof and low posterior LA lines), antral PV ablation, and connecting 
lesions to the coronary sinus. Endocardial ablation was performed 15-
20 days later. The endocardial lesion set included completion of antral 
PV isolation, mitral isthmus ablation, and cavotricuspid isthmus 
ablation. Patients were maintained on antiarrhythmic drug therapy 

Table 1: Summary of hybrid (combined endocardial and epicardial) ablation studies for treatment of atrial fibrillation. 

Author N (hybrid) AF type (hybrid) Epicardial Ablation Tool Control Group Complication Rate Success Rate

Mahapatra et al17 15 Pers (60%), LSP (40%) Atricure Endocardial alone 0% 87% (hybrid), 53% (endocardial)

LaMeir et al18 35 Parox (46%), Pers (23%), LSP (31%) Atricure Epicardial alone 0% 91% (hybrid), 82% (epicardial)

Pison et al19 26 Parox (58%), Pers (38%), LSP (4%) Atricure None 0% 92%

Zembala et al20 27 Pers (19%), LSP (81%) nContact None 11% 80%

Gehi et al21 101 Parox (16%), Pers (47%), LSP (37%) nContact None 6% 73%

Gersak et al22 73 Pers (30%), LSP (70%) nContact None 8% 73%

Civillo et al23 104 Parox (27%), Pers (30%), LSP (43%) nContact None 5% 73%

N = number of patients; Parox = paroxysmal AF; Pers = persistent AF; LSP = long-standing persistent AF
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and 12-month 24-hour Holter monitoring or implantable looping 
monitor (Reveal, Medtronic, Minneapolis, MN). Complications 
included 2 patients with tamponade, 2 patients with bleeding (1 
requiring surgical intervention), and 2 deaths (1 atrialesophageal 
fistula and 1 sudden, unexplained with unrevealing autopsy). Repeat 
endocardial ablation was performed in 6% of patients. Including 
repeat ablation, 12-month arrhythmia free survival was 73% without 
concomitant antiarrhythmic drug therapy.

Gersak et al compiled the experience of 4 European centers 
performing the combined epicardial and endocardial ablation via the 
pericardioscopic approach in 73 consecutive patients. 26  All patients 
had persistent or long-standing persistent AF with an average AF 
duration of >4 years. Using a similar lesion set to that of Gehi et 
al, epicardial ablation included antral PV ablation and posterior LA 
box ablation. Immediately following epicardial ablation, endocardial 
ablation included confirming isolation of the PVs and the posterior 
atria. Patients were followed with regular 24-hour Holter monitoring 
or an implantable loop recorder. Adverse events included 1 stroke, 
1 tamponade, 2 with bleeding requiring transfusion, and 2 with 
bleeding requiring conversion to sternotomy. Over 1-year follow-up, 
4% require repeat endocardial ablation and arrhythmia free survival 
was 73%.

Civello et al reported their single-center experience in 104 patients 
(27% paroxysmal, 30% persistent, 43% long-standing persistent) 
undergoing hybrid ablation using a transdiaphragmatic approach 
(nContact).27 Patients were followed with 72-hour Holter at 6 and 12 
months post-procedure. Complications included 1 cerebrovascular 
accident, 1 pericardial effusion, 2 pleural effusions, and 1 pulmonary 
vein stenosis requiring stenting. Repeat procedures were performed 
in 5% of patients. At 12 months post-procedure, 73% were in sinus 
rhythm without antiarrhythmic drug therapy and 89% with or 
without antiarrhythmic drug therapy. 

Advantages / Disadvantages of Epicardial Ablation for AF
There are several potential advantages and disadvantages to 

epicardial ablation techniques for AF. Epicardial ablation offers 
the opportunity for direct visualization of the atrium and ablation 
lesions. Even though endocardial ablation technological advances 
may improve the likelihood of robust antral isolation (e.g. balloon 
ablation), linear epicardial ablation, particularly in the atrial body, 
may be more consistent and result in long-standing, transmural, 
high quality lesions. Ablation from the direction of epicardium to 
the endocardium allows one to avoid injury to the esophagus when 
performing ablation on the posterior LA, a potentially critical 
region for the maintenance of AF. The left atrial appendage can be 
managed to mitigate stroke risk if necessary. However, approaches 
using a standalone minimally invasive epicardial approach have their 
limitations. There are significant anatomic considerations. Beating 
heart epicardial ablation does not consistently create lesions that 
extend to the mitral or tricuspid annulus, leaving an opportunity for 
iatrogenic circuits causing recurrent AF or flutter. Detailed mapping 
of ablation lines including antral PVI lines and other left or right 
atrial lines can be challenging in the operating room but are critical 
to improving success rates. Surgical risk with epicardial ablation is 
sufficiently higher than endocardial ablation approaches, with the 
potential for catastrophic complications.

Hybrid (epicardial and endocardial) ablation, either in a 
simultaneous or staged manner offers significant improvements 

for 3 months post-ablation. Twenty-four hour Holter monitoring 
was performed at 6 and 12 month postoperatively. Complications 
included one patient with tamponade, a second patient requiring 
sternotomy due to bleeding from an inferior vena cava laceration, and 
a third patient who died 27 days after discharge of unclear cause. At 
6 months post-procedure 72% of patients were in sinus rhythm, 67% 
without antiarrhythmic drug therapy. At 1-year post-procedure 80% 
of patients were in sinus rhythm and off antiarrythmic drug therapy. 

Gehi et al reported their experience in a cohort of 101 patients 
undergoing simultaneous hybrid epicardial-endocardial ablation also 
using a pericardioscopic technique. 25  The majority of patients had 
persistent (47%) or long-standing persistent (37%) AF. Patients with 
paroxysmal AF had failed at least 1 attempt at endocardial ablation 
alone. Epicardial ablation was performed through a subxyphoid 
pericardioscopic technique using an irrigated, unipolar RF linear 
ablation device (nContact Surgical). The epicardial lesion set included 
antral PV ablation, posterior LA box ablation, and connecting lesions 
to the coronary sinus. The posterior LA was mapped during the 
epicardial portion of ablation to ensure electrical silence. Immediately 
following epicardial ablation, endocardial ablation was performed to 
complete antral PV isolation and mitral isthmus ablation. Additional 
complex fractional atrial electrogram ablation, superior vena cava 
ablation, and cavotricuspid isthmus ablation was left to the discretion 
of the elecrophysiologist. (Figure 3) Any atrial flutter or atrial 
tachycardia was mapped and ablated. Patients were followed by 3, 6, 

Epicardial and endocardial ablation lines performed by the surgeon (blue) and by the 
electrophysiologist (green).  1=Cephalad Posterior Left Atrium; 1a=Caudal Posterior Left Atrium; 
2=Left Posterior Left Atrium; 2a=Left Inferior Pulmonary Vein to Coronary Sinus; 2b=Left Inferior 
Pulmonary Vein to Mitral Annulus; 3=Right Posterior Left Atrium; 3a=Right Inferior Pulmonary Vein 
to Inferior Vena Cava; 4=Right Inferior Pulmonary Vein to Right Atrium; 5=Right Anterior Pulmonary 
Veins; 6=Waterston’s Groove and Right Atrium; 7=Left Anterior Pulmonary Veins; 7a=Left Atrial 
Roof; 8=Connection ablation at Left Superior Pulmonary Vein; 9=Connection ablation at Right 
Superior Pulmonary Vein; 10= Connection ablation at Right Inferior Pulmonary Vein; 11=Cavo-
Tricuspid Isthmus; 12=Left Atrial Cononary Sinus; 12a=Internal Coronary Sinus

Figure 3:  Hybrid pericardioscopic lesion set (adapted From Gehi et al21)
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techniques developed by James Cox. Although the development of 
epicardial and endocardial ablation techniques had largely occurred 
in parallel, we are seeing a merging of approaches that offers the 
potential for significant synergistic benefits. Given the potential 
risk of epicardial ablation, currently its role is best suited to those 
in whom endocardial ablation alone may have more limited benefit. 
This includes those with persistent or long-standing persistent AF, 
those with significant structural cardiac disease, or those with prior 
failed attempts at endocardial ablation. But in these populations, 
hybrid ablation in particular offers distinct advantages, which make 
it an exciting and promising approach.
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to a standalone epicardial approach. Following epicardial with 
endocardial ablation offers the opportunity to verify epicardial lesions 
and approach territories that are inaccessible epicardially. Similar to 
performing endocardial ablation, there are often gaps in epicardial 
ablation lines no matter the tool used to create these (e.g. Atricure, 
nContact, Estech). Endocardial mapping following epicardial 
ablation allows for gaps in epicardial ablation lines to be identified 
and completed. Endocardial “touch up” of epicardial ablation lines 
is typically easier and likely more durable after epicardial ablation 
than after endocardial ablation. Thus, hybrid ablation offers the 
potential for more robust linear ablation and a lower likelihood of 
iatrogenic flutter. In addition, the electrophysiologist is ready to 
map and ablate arrhythmias encountered during ablation including 
atrial flutter or atrial tachycardia. Additional complex fractionated 
electrogram ablation is possible with endocardial ablation. As 
demonstrated in the studies outlined above, a hybrid approach has 
demonstrated improved efficacy compared with either an endocardial 
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with a randomized controlled design. It is likely that multiple, staged 
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by the fact that staged endocardial ablation reveals a high likelihood 
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effectiveness study has yet been performed to justify the significant 
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building a hybrid ablation program. The approach for epicardial 
ablation needs to be decided upon and mastered. Several tools 
have been developed (Atricure, nContact, Estech), each with their 
advantages and disadvantages. There may be surgical approaches 
that must be individualized to the patient based on prior surgeries 
or other anatomic considerations. Ultimately the comfort level and 
skill of the cardiac surgeon is the most important factor in choosing 
an epicardial ablation tool. Hybrid AF ablation changes the working 
relationship between the electrophysiologist, the cardiac surgeon, and 
the patient. A multidisciplinary approach benefits all those involved 
but can be a significant change to the current working environment. 
Performing hybrid ablation requires significant changes to the system 
of patient care. Considerations include: the location for the ablation 
procedure (hybrid surgical suite or staged operating room then EP 
laboratory), personnel involved during the epicardial and endocardial 
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anesthesia care (dedicated cardiac anesthesia or not), and post-
operative care team (cardiac surgery team, electrophysiology team, 
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communication and planning is critical to pre-operative, peri-
operative, and post-operative care. This includes issues regarding 
antiarrhythmic drug use, anticoagulant use, and management of any 
post-operative arrhythmia.  

Conclusions:
Epicardial AF ablation has come a long way since the initial 
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Abstract
The association between SUA levels and AF is currently poorly known. We reviewed the literature on the association between AF and 

hyperuricemia.The association between SUA level and AF has been demonstrated. SUA levels are associated with an increased risk for future 
AF in both sexes. And elevated SUA levels strongly correlate with an increased incidence of AF in patients with type 2 diabetes mellitus. 
Moreover, hyperuricemia was in connection with endothelial dysfunction, oxidative stress, systemic inflammatory markers, insulin resistance 
and LA size.

Introduction
Atrial fibrillation (AF) is a clinically common arrhythmia and 

preferentially afflicts elderly persons.1 The main risk factors for AF 
are complicated and multifactorial. A number of clinical risk factors 
for the development of AF have been confirmed, including old 
age, male gender, rheumatic heart disease, hypertension, congestive 
heart failure, hyperthyroidism, chronic kidney disease and diabetes 
mellitus. Although the pathophysiology of AF remains incompletely 
understood, accumulative evidences indicated that oxidative stress 
and inflammation were involved in the process of atrial remodeling 
which predisposed patients to AF.2,3 In addition, the consistent 
relationship between elevated serum uric acid levels and circulating 
inflammatory markers has been reported. Serum uric acid (SUA) is 
the breakdown product of purine catabolism. Increased levels are 
associated with hypertension, kidney disease, obesity, hyperlipidaemia, 
diabetes, and cardiovascular disease.The association between SUA 
levels and AF is currently poorly known. In our previous study, the 
results also showed that low serum albumin and hyperuricemia were 
independently correlated with the presence of AF compared with the 
non-AF group.4 Previous studies also supported the hypothesis that 
hyperuricemia causes vascular disease via endothelial dysfunction. 

It is clear that further studies are needed to determine whether the 
SUA level increases the risk of AF directly or indirectly.4,5

Xanthine Oxidase and Serum Uric Acid
SUA derives from the conversion of hypoxanthine to xanthine 

and of xanthine to SUA,which reactions are catalyzed by xanthine 
oxidase. Ischemia and cellular damage can promote xanthine 
accumulation creating a substrate for xanthine oxidase. This enzyme 
uses molecular oxygen as electron acceptor and leads to the formation 
of free radical superoxide anion, then promoting oxidative stress. 
The highest activity of xanthine oxidase is detected in endothelium, 
intestine, and liver. Among them, endothelial xanthine oxidase plays 
a crucial role in the cardiovascular oxidative stress. SUA has emerged 
as a simple and independent marker of morbidity and mortality in 
a variety of cardiovascular disease states including coronary artery 
disease,heart failure and AF. In the pathophysiological conditions, 
SUA reflects upregulated xanthine oxidase activity. Furthermore, 
SUA may represent an endogenous signal of cell injury activating 
the cellular immune response. In fact, SUA has been associated with 
a pro-inflammatory state in human subjects.6 Masao Sakabe et al. 
provided experimental evidence that a xanthine oxidase inhibitor, 
allopurinol, prevents AF associated with congestive heart failure. 
This results suggest that xanthine oxidase may play an important 
role in the formation of AF substrates and enhancement of atrial 
vulnerability, and might be a novel target of AF therapy. The effect 
of allopurinol to prevent both electrical and structural remodeling, 
which has different manifestations, is noteworthy.7 

Hyperuricemia and Atrial Fibrillation
A possible direct link between SUA and AF has barely been 

addressed.8Several studies have reported an association between SUA 
and AF, which were summarized in Table 1.7–12 An increasing body 
of evidence suggests that SUA may represent a marker of AF risk. 
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xanthine oxidase, has been reported to be correlated with the levels 
of some inflammatory markers, such as c-reactive protein(CRP), 
interleukin (IL)-1, IL-6, IL-8 and tumor necrosis factor-α.16 The 
underlying mechanisms of elevated SUA related to risk of AF are 
still poorly understood.Hyperuricemia was reported to be associated 
with endothelial dysfunction, oxidative stress, abnormal high levels 
of systemic inflammatory markers, and insulin resistance.16–19 
Experimental data have shown that when SUA enters cells via 
specific transporters (including the fructose transporter), it can act 
as a pro-oxidant, activating the mitogen-activated protein kinase 
pathway and nuclear factor k-B and inducing the release of a variety 
of proinflammatory mediators (e.g., IL-6, IL-8, tumor necrosis factor, 
and monocyte chemoattractant protein-1) and growth factors.20-24

Hyperuricemia frequently occurs in obese subjects with insulin 
resistance, because insulin stimulates sodium and urate reabsorption 
in the proximal tubule.24 Moreover, SUA is frequently increased in 
hypertension, presumably because of the decrease in renal blood 
flow stimulating urate reabsorption.25 Recent studies have indicated 
that SUA has a direct effect on smooth muscle cell proliferation,26 

endothelial dysfunction and decreasing nitric oxide production 
as well as local activation of the renin-angiotensin system.27-29 The 
greater SUA levels could potentially lead to endothelial dysfunction 
and the activation of the renin-angiotensin system, which could 
potentially end in AF.23 

Xanthine oxidoreductase is a major source of reactive oxygen species 
production, which has been found to be elevated in both animal 
and human left atria with AF.3 In a recent experimental study, the 
enzymatic activity of xanthine oxidase in left atrial appendages was 
4.4 times greater in the AF group compared to the control group.25 
Consequently,animal studies have shown that oxidative stress leads 
to the development of atrial electrical remodeling,3,30 which in turn 
results in reentry and a decrease in nitric oxide production leading to 
S-nitrosylation of ion channels that can shorten the plateau phase of
the action potential causing accelerated repolarization and AF.31,32

SUA promotes inflammation through the activation of pro-
inflammatory cytokines (eg, IL-1β, IL-6, IL-8, tumor necrosis 
factor, and monocyte chemoattractant protein 1).On the other hand, 
it has been shown that SUA may exert antioxidant or pro-oxidant 
effects and stimulate the innate immune response through CD8+ 

The association between SUA level and AF has been demonstrated. 
Moreover, Nyrnes A et al. found that serum uric acid levels in men 
are higher than in women throughout life, although SUA levels 
increase after menopause, and that baseline SUA was associated 
with an increased risk for future AF in both sexes. In addition, the 
occurrence of AF increases with age, and the fact that SUA levels 
in women, in contrast to men, increase with age may account for 
the higher risk estimates seen in women.8 Furthermore, in a small 
observational study, Letsas et al. showed a stepwise increase of 
SUA levels in patients with paroxysmal AF and permanent AF 
compared to control subjects, while after multivariate analysis, 
SUA was an independent predictor of permanent AF.9 Also, in a 
retrospective observational study of hospitalized patients over 40 
years an independent association between high SUA levels and AF 
(paroxysmal or persistent) was evident.10 In the ARIC study, a large 
prospective cohort study, elevated SUA was associated with a greater 
risk of AF development during the follow-up.11 In the same line, a 
Japanese hospital-based cohort study demonstrated an independent 
association between SUA and AF.12 Another very recent study 
showed that SUA levels ≥8 mg/dl was an independent predictor 
of AF while SUA increased significantly between the last year and 
the year of the first AF detection suggesting a possible involvement 
in AF development.6 Besides, Tze-Fan Chao et al. showed that 
hyperuricemia was associated with a larger left atrial size and may be 
a novel risk factor for the development of AF.13 K. Letsas et al. also 
found an independent association between increased levels of SUA 
and permanent AF.14

To data, there is few information on the relation between elevated 
SUA and incident AF in patients with type 2 diabetes mellitus. In a 
recent, Filippo Valbusa et al. reported that in a group of patients with 
type 2 diabetes mellitus, AF and hyperuricemia are highly prevalent. 
Their study demonstrated that elevated SUA levels are strongly 
associated with an increased incidence of AF in patients with type 
2 diabetes mellitus even after adjustment for multiple clinical risk 
factors for AF. Notably, this association was independent of multiple 
clinical risk factors for AF.15

Serum Uric Acid, Systemic Inflammation and Insulin Resis-
tance

SUA, the final product of purine metabolism catalyzed by 

Table 1: Summary of the studies investigating the relationship between SUA and AF

Author (year) Study design Patient number Age, years Main findings

Letsas et al. [9] Cross-section Paroxysmal AF: 45
Persistent AF: 41
Non-AF: 86

Paroxysmal AF: 67.4 ± 8.8
Persistent AF: 71.9 ± 9.9
Non-AF: 61.3 ± 14.7

SUA level was associated with permanent AF
(OR = 2.712; 95% CI = 1.327–3.555; p = 0.002).

Liu et al. [10] Cross-section 451 patients with hypertension — AF: 50
Non-AF: 401

AF: 61.8 ± 9.2
Non-AF: 54.9 ± 12.1

Independent association between SUA level and AF was noted (OR = 
1.008; 95% CI = 1.003–1.013; p = 0.002).

Tamariz et al. [11] Longitudinal 
cohort

15,382 AF-free patients (1085 cases of
new-onset AF during the median follow-up 
duration of 16.8 years)

45–64 years at enrollment Baseline SUA level was a predictor of AF (HR = 1.16; 95%CI = 1.06–
1.26 per 1 standard deviation of increasing SUA level; p< 0.01).
Subgroup analyses showed that baseline SUA levels were associated 
with AF in blacks and women, but not in whites and men.

Suzuki et al. [12] Cross-section AF: 1131
Non-AF: 6024

Male: 57.1 ± 13.8
Female: 60.7 ± 15.2

SUA level was associated with permanent AF Adjusted OR for AF 
was 1.176 (95% CI = 0.935–1.478) in males and 1.888 (95% CI = 
1.278–2.790) in females

Tze-Fan Chao et 
al. [13]

Longitudinal 
cohort

AF:2339 (1.9%)
Non-AF: 120,185

48.8 ± 10.9 years at enrollment SUA level was associated with permanent AF Adjusted hazard ratio 
(95% CI) 1.191 (1.098–1.292); p < 0.001

K. Letsas et al[14] cross-section Control (n=48) Paroxysmal AF (n=45) 
Permanent AF (n=41)

Paroxysmal AF: 67.4 ± 8.8
Permanent AF: 71.9 ± 9.9
Control: 61.3 ± 14.7

SUA level was associated with permanent AF
Control:5.1 ± 1.3 
Paroxysmal AF:5.7 ± 1.1 
Permanent AF: 6.7 ± 1.4 p < 0.001
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cells. The level of SUA increases with age in both men and women. 
Women have lower levels of SUA than men, probably because of the 
uricosuric effect of estrogen.33

In animal experiments, hyperuricaemia activates the renin–
angiotensin system and reduces nitric oxide. Both superoxide 
and nitric oxide may modulate cardiac mechanosensitive ion 
channels.34 SUA impaired the ion channel expression through uric 
acid transporter1(URAT1). SUA at 9mg/dl significantly increased 
the mRNA level and protein level of Nav1.5, Kv1.5 and HERG 
channels in HL-1 mouse atrial cells. URAT1 inhibitors restored the 
SUA inducing the increases of both protein and mRNA level of these 
ion channels, indicating the involvement of URAT1 to facilitate uric 
acid-induced electrical remodeling, which may cause AF.35

Serum Uric Acid and Left Atrium Dimension
Electrical and structural remodeling of left atrium (LA) is an 

important process involved in the pathogenesis of AF.36 An enlarged 
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have been correlated with more impaired right ventricular systolic 
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would therefore be speculated that SUA metabolism is implicated 
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the development and perpetuation of AF.6Moreover,chronic heart 
failure is associated with hyperuricemia, increased circulating markers 
of inflammation, and oxidative stress. This mechanism is also present 
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Conclusions:
SUA has emerged as an independent marker of AF risk. The 

association between SUA level and AF has been demonstrated. 
Baseline SUA was associated with an increased risk for future AF in 
both sexes. Moreover, elevated SUA levels strongly correlate with an 
increased incidence of AF in patients with type 2 diabetes mellitus.

Hyperuricemia was in connection with endothelial dysfunction, 
oxidative stress, abnormal high levels of systemic inflammatory 
markers, and insulin resistance. And increased inflammation and 
insulin resistance may be possible explanations for the relationship 
between the high SUA level and LA size.  
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Abstract
Atrial Fibrillation (AF) is the most common arrhythmia affecting millions of people and the number is rising, it is therefore important to 

understand the risk factors causing AF. Risk factors such as hypertension, heart failure, coronary heart disease, and type 2 diabetes mellitus 
increase the risk of AF, however, the underlying etiology in a majority of patients remains elusive. Many of the endocrine disorders have been 
implicated in causing AF and an in depth knowledge of these disorders helps in early diagnosis and treatment. Due to the high prevalence of 
AF and its complications, it is therefore important to recognize these risk factors and have a low threshold for suspicion while other common 
causes are being excluded. In this review we summarize the issues related to AF and endocrine disorders. A better understanding of the 
relationship may lead to the development of the primary preventive strategies, fostering a more preventive and predictive approach that 
may result in decreased incidence of AF and its associated complications and provide personalized treatment options. For this review we 
carried out a search of Pubmed, the words or combination of words we used for our search include Endocrine disorders, metabolic disorders, 
Dyslipidemia, Diabetes mellitus type 2, Vitamin D, Hyperthyroidism, Primary aldosteronism, Pheochromocytoma, Obesity, Hypercalcemia, 
Hypogonadism, Medications, and Atrial fibrillation. We also retrieved articles from the references of retrieved articles. 

Introduction
Atrial fibrillation (AF), is the most common arrhythmia in the 

United States with an estimated prevalence of 2.7 to 6.1 million in 
2010 and it is expected to rise to 5.6 and 12 million in 2050.1,3 It has 
significant effect on morbidity and mortality: it is estimated that AF 
increases the risk of stroke by fivefold and about 15% of all patients 
who have stroke have AF too.1,3  The percentage of strokes attributable 
to AF increases from 1.5% at 50-59 years of age to 23.5% at 80-89 
years of age.1 AF most commonly occurs secondary to cardiovascular 
pathologies as well as systemic disorders. This relationship was first 
demonstrated in the Framingham Heart Study.2,3 Ischemic heart 
disease, heart failure, valvular heart disease, hypertension (HTN), 
diabetes, and hyperthyroidism have long been shown to increase 
the risk for AF. Despite this understanding, the etiology of AF in 
majority of patients is still unknown. Understanding the underlying 
cause may lead to effective treatment and thus can improve prognosis, 
reducing the disability and deaths associated with this complicated 
medical problem. Proper treatment of the underlying causes can 
control AF and the associated root cause thus reducing the risk of 
serious complications; and with the introduction of new therapeutic 

approaches the treatment paradigms are rapidly evolving. In this 
review, we will discuss the various endocrine causes that have been 
implicated in the development of AF and the possible mechanisms. 

Pituitary
Thyroid stimulating hormone (TSH) secreting pituitary adenoma 

is a rare cause of hyperthyroidism. While the relationship between 
primary hyperthyroidism and AF is well established, it is also 
important to recognize that central hyperthyroidism also can also 
lead to AF, this is a rare but important cause of AF.4 For this it is 
important to perform thyroid function test to provide appropriate 
treatment as inadvertent ablation of thyroid can increase the size 
of the tumor.4 Elevated free T4 and/or T3 with normal or non-
suppressed TSH should prompt investigating pituitary cause of AF 
and treating TSH secreting adenomas appropriately with surgery. A 
combination of Surgery, Medical therapy (Somatostatin analogues) 
and Radiotherapy may be required for long-term management of 
these patients.

Thyroid Disease
Subclinical Hyperthyroidism 

Defined as low thyroid stimulating hormone (TSH) with normal 
thyroid hormone levels has also been recognized as a cause of AF.5 
Causes of subclinical hyperthyroidism could be either exogenous 
or endogenous. Most common exogenous cause being excessive 
thyroxine replacement in hypothyroid patients or may be because 
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AF. These changes include P wave duration and P-wave dispersion, 
which are both high in these patients.16 

Main goal of treatment is to restore euthyroid status so that the 
rhythm is reverted to Sinus and to control the ventricular rate with 
β adrenergic blockers. Beta blockers may be initiated as soon as 
the diagnosis of hyperthyroidism is made and among the various 
β adrenergic blockers available Propranolol (Nonselective beta-
adrenergic receptor blockade) at high doses (above 160mg/day) 
is believed to have an advantage of blocking the conversion of T4 
to T3 in peripheral tissues but for that matter cardioselective long 
acting β blockers (Atenolol, Metoprolol, {Esmolol IV in ICU setting 
of severe thyrotoxicosis or storm}) are equally effective. Calcium 
channel blockers, both verapamil and Diltiazem given orally are also 
effective for rate control if patients cannot tolerate Beta-adrenergic 
blockers.5 Beta blockers are used in the first few weeks of treating 
hyperthyroidism while awaiting the effect of antithyroid medications 
and can be tapered after 4-8 weeks of achieving a stable dose of 
antithyroid drugs. If the patient is unable to take anti-thyroid drugs, 
patient should be adequately treated with beta-blockers in pre-
operative period.5 Excess thyroid hormone can cause coagulation 
abnormalities including shortened aPTT, increased fibrinogen 
levels, increased Factor VIII and X activity amounting to 1.44-times 
greater risk of having a stroke in thyrotoxic patients.17 Risk of stroke 
in hyperthyroidism-induced AF is still a matter of debate. It is not 
considered a risk factor for stoke by the international guidelines, while 
many observational studies reported a higher incidence of systemic 
embolism. A lot of available clinical evidence in regards to systemic 
embolism in these patients recommends anticoagulation,18,19,20, 

21in patients without any specific contraindications, until euthyroid 
state is restored,22 while some subsequent studies concluded that 
age was an important predictor of increased risk of stroke. However 
one observational study noticed the clustering of ischemic stroke in 
the early phase of uncontrolled hyperthyroidism so early initiation 
of anticoagulation therapy should be considered mainly if AF is 
persistent along with presence of validated stroke risk factors.23

Adrenal Disorder (Iatrogenic Cushing’s)
Corticosteroids are used widely in clinical practice for a number of 

conditions. Corticosteroids, primarily methylprednisolone was found 
to increase the risk of AF in many studies.24,25,26,27 One of these studies 
showed that the risk was two times high among oral corticosteroid 
users compared to nonusers.27 This association was mainly observed 
in patients on high doses, defined as ≥7.5 mg prednisone equivalent. 
Hypothesis to explain the arrhythmogenic effect include sodium and 
fluid retention25 and an increase in potassium efflux.28  This effect of 
corticosteroids also causes hypertension, Left atrial enlargement and 
congestive heart failure that are all risk factors for AF.26 No research 
studies have been done to provide information on how to manage 
these patients but based on the mechanisms that have been proposed 
it is prudent to monitor these patients before and after treatment 
with EKGs, correct electrolytes and assess the patient risk factors 
of developing atrial fibrillation. In most of the studies that reported 
high dose steroids causing atrial fibrillation, the arrhythmia reversed 
spontaneously however using prophylactic propafenone,29 replacing 
high dose steroids with fluocortolone have been proposed in high 
risk patients.30

Primary Aldosteronism
Excess aldosterone exerts deleterious effects on the heart.31 In 

of iatrogenic suppression in thyroid cancer patients.6,7 Endogenous 
causes are those of overt hyperthyroidism, due to autonomous 
thyroid function: Graves’, Toxic multinodular goiter and toxic 
adenoma.6,7 Untreated for a long time, subclinical hyperthyroidism 
can lead to increased left ventricular mass, impaired diastolic filling 
and impaired exercise tolerance due to increased work load and 
adrenergic over activity.8 Subclinical hyperthyroidism was associated 
with 2-3 fold-increased risk of AF in elderly patients with low or 
undetectable serum TSH.9,10 A large Danish population based cohort 
study 11that analyzed the relationship between the whole spectrum of 
thyroid diseases and AF has found a linear relation between the levels 
of thyroid dysfunction and AF risk. Subclinical hyperthyroid patients 
and patients with high normal thyroid function are more at risk than 
normal and hypothyroid individuals, this finding was also supported 
by the Rotterdam study.12,13 

Diagnosis of subclinical hyperthyroidism can be established with 
persistently low or undetectable TSH by repeating the serum TSH 
at 3 or 6 months. Transient causes of hyperthyroidism (Thyroiditis, 
drugs, pregnancy, non-thyroidal illnesses) have to be excluded. 
Task force recommends treating patients with persistently low 
TSH <0.1 mU/L, age >65, patients with cardiac risk factors, heart 
disease and symptomatic individuals. When TSH >0.1 mU/L 
treatment should be initiated if the patient is >65 years of age, 
heart disease or symptomatic individuals.5 Treatment of Subclinical 
hyperthyroidism depends on the cause, and is similar to the treatment 
of overt hyperthyroidism. Treatment options include medical therapy 
(antithyroid drugs, Beta-adrenergic blockers) or Ablative therapy 
(radioactive iodine or surgery); methimazole is considered first line 
treatment, whereas radioactive iodine is considered appropriate if the 
cause is a multinodular goiter.8

Hyperthyroidism
The estimated prevalence of hyperthyroidism is 1.2% (0.5% overt 

and 0.7% subclinical).5 AF is the most common cardiac complication 
of hyperthyroidism, 10-25% of patients with overt hyperthyroidism 
have AF.14  Additional risk factors include advancing age, male sex, 
ischemic heart disease, valvular heart disease and congestive heart 
failure.15 Thyroid hormones act on the thyroid nuclear receptors, 
or by their sympathoadrenergic action alter the peripheral vascular 
resistance, increase the heart rate, systolic hypertension, increase 
ventricular contractility and cardiac hypertrophy,10 Once thyroid 
function tests confirm thyrotoxicosis, Electrocardiogram findings 
may help in identifying hyperthyroid patients at risk of developing 
Table 1: Endocrine causes that can cause AF

1 Pituitary 
• TSHoma

2 Thyroid Disease
• Subclinical
• Overt

3 Iatrogenic Cushing’s

4 Primary Aldosteronism

5 Pheochromocytoma

6 Osteoporosis & Bisphosphonates

7 Metabolic Syndrome

8 Diabetes Mellitus

9 Vitamin D

10 Androgen Deficiency

11 Estrogen Deficiency
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when needed. However there should be a high risk of suspicion, and 
at risk patients need to be monitored frequently for symptoms of new 
onset AF. 

Metabolic Syndrome
Diagnosed as per the guidelines provided by Adult Treatment Panel 

III47 when at least 3 of the following criteria are met: 1) Abdominal 
obesity; waist circumference >102 cm in men and >88 cm in women, 
2) Elevated triglycerides (>150 mg/dl), 3) Low HDL (<40 mg/dl in
men, <50 mg/dl in women), 4) Elevated Blood pressure (≥130 mm
Hg Systolic, ≥85mm Hg Diastolic), 5) Impaired glucose tolerance
(≥110 mg/dl). Hypertension,48,49 elevated blood glucose,50,51,52

Dyslipidemia,53,54 abdominal adiposity55 have been individually
identified as risk factors for AF.  Presence of multiple comorbidities
in the same individual may increase the risk even further. This
association was studied from the data collected for large population
based national study of US adults (REGARDS).56 It was found that
higher the number of metabolic syndrome components, the more
the prevalent AF.56,57,58 Inflammation and oxidative stress have been
implicated as common etiological factors in the pathogenesis of AF in 
these patients. Together they facilitate atherosclerosis that can cause
structural and electrical remodeling.59,60 Because of the increasing
prevalence of metabolic syndrome in the general population, it is
important for the treating physician to be aware of the risk of AF
in these patients and aggressively treat individual components to
prevent the development of serious complication thereof. Important
treatment strategy involves lifestyle modification, exercise, and
aggressive treatment of hypertension and other risk factors.

Diabetes Mellitus
Evidence supporting diabetes, as a risk factor in causing AF is 

equivocal.  Few studies have shown the impact of insulin resistance 
on new onset AF.50,51 Alternatively, some studies have concluded 
that there is no significant association between diabetes and AF.61, 62  
More recently, a study concluded that diabetes was an independent 
determinant of AF only among women.50 There are several hypotheses, 
which have been proposed to explain this association. Firstly, oxidative 
stress and inflammation have been implicated in the pathophysiology 
of AF associated with diabetes mellitus59,60 and elevated CRP 
levels were found in these patients. The second possibility being 
hypoglycemia in both diabetics and non-diabetics, which increases 
the susceptibility to AF.63 Neural remodeling as a possibility of 
increased vulnerability of AF was proposed as another mechanism 
in these patients, which involves parasympathetic denervation and 
heterogeneous sympathetic denervation.64 The European Society of 
Cardiology guidelines recommend the use of CHA2DS2-VASc for 
the Management of Atrial Fibrillation with oral anticoagulants after 
assessing the risk of major bleeding. Thiazolidinedione, agonists of 
PPAR-γ, may be a novel upstream therapy for AF in DM patients 
because of their anti-inflammatory and anti-oxidant effects other 
than their hypoglycemic effect.65 Because of these properties, a study 
on DM patients with paroxysmal AF showed that Pioglitazone 
significantly increased the success rate of catheter ablation and the 
rate of maintenance of sinus rhythm was higher in the proportion of 
patients treated with pioglitazone.66

Vitamin D
Vitamin D deficiency has been linked to cardiovascular morbidity 

and mortality in recent times.67,68,69  There are a few studies that reflect 

a recent case-control study patients with primary aldosteronism 
(PA) were found to have a 12 fold-increased risk of AF along with 
increased risk of stroke and Myocardial infarction.32 The study 
concluded that because of increased risk of cardiovascular events, 
primary aldosteronism should be more carefully detected to prevent 
such complications. High aldosterone levels are thought to induce AF 
by causing potassium loss. Other hypotheses that have been proposed 
include an increase in left atrial volume, an excess Left ventricular 
mass due to excess aldosterone and hypertension, myocardial 
fibrosis, magnesium losses and catecholamine potentiation, reduced 
baroreceptor sensitivity.33 Treatment with aldosterone antagonists 
has shown to be effective in patients with refractory paroxysmal 
and persistent AF and suppress atrial and ventricular remodeling in 
chronic AF patients.34 In a Meta-analysis of Randomized control 
trials to assess the effectiveness of Blockade of RAAS for primary 
prevention of atrial fibrillation, aldosterone antagonists did not 
appear to prevent onset of AF unlike ACEi and ARBs.35  However 
Eplerenone significantly improved maintenance of sinus rhythm 
after catheter ablation in patients with long standing persistent AF.36 

These results along with findings from a recent review of aldosterone 
antagonists impact on AF substrate,37 suggest aldosterone antagonists 
may be more helpful in preventing the progression of AF rather 
than preventing new onset AF. A multicenter prospective study 
(PAPPHY) is ongoing which will study the prevalence of PA in 
hypertensive patients presenting with Atrial flutter or fibrillation, it 
will also provide evidence for the outcome of specific treatment for 
PA on risk of incident and recurrent atrial fibrillation or flutter.38 

Pheochromocytoma
High levels of catecholamines due to Pheochromocytoma lead to 

stimulation of β-adrenoreceptors, thus causing arrhythmias. Sinus 
tachycardia is most frequently associated with pheochromocytoma; 
however, AF has also been reported in a few studies.39,40 Presence 
of paroxysmal arrhythmia with accompanied symptoms like 
hypertension, sweating, anxiety, pallor and nervousness should 
prompt physician to look for a diagnosis of pheochromocytoma.40 

In one study, complete resolution of these arrhythmias occurred with 
α1-adrenoceptor blockers followed by short acting cardioselective 
beta-blockers.40

Osteoporosis and Bisphosphonates
Bisphosphonates are widely prescribed antiresorptive agents in 

osteoporosis and have shown to decrease fracture risk at spine, hip 
and other nonvertebral skeletal sites. A large number of studies 
have shown a possible association of bisphosphonates and AF.41,42 

First and foremost study indicating this association was the Health 
Outcomes and Reduced Incidence with Zoledronic acid Once Yearly 
(HORIZON) Pivotal fracture trial41 which was a large multicenter, 
randomized, double blind, placebo controlled study of 7765 post-
menopausal women with osteoporosis who received zoledronic acid 
5mg intravenously once a year. Another big one was the Fracture 
Intervention Trial (FIT)42 with 6459 patients who were randomized 
to receive 5mg once daily alendronate or placebo. Both studies 
reported increased risk of serious AF. However, there are numerous 
cohort or case controlled studies43,44,45 that showed bisphosphonates 
were not associated with increased risk of AF. Because the evidence is 
conflicting and equivocal National osteoporosis foundation (NOF;46) 
believes the benefit of taking bisphosphonates far outweighs the risk 
of serious side effects and that bisphosphonates are not to be withheld 
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that vitamin D deficiency can predispose to AF.70 It is known that 
vitamin D suppresses proinflammatory cytokines causing increase 
in IL-10, which has anti-inflammatory function. Deficiency also 
increases the vulnerability to AF through its TGFB1 expression, 
thus causing atrial fibrosis and conduction heterogeneity.70 Vitamin 
D inhibits RAAS and PTH and through its negative regulatory role 
for renin, it was hypothesized that vitamin D deficiency may increase 
the risk of AF. Low levels of vitamin D may also increase the risk 
of HTN and left ventricular hypertrophy through its activation of 
RAAS and relative hyperparathyroidism.70,71 On the other hand, 
a large study showed that high levels of vitamin D could increase 
the risk of AF.72 In a community-based sample of 2930 participants 
in Framingham heart study 73,74 vitamin D status was not related 
to the development of AF. All these studies have raised concerns 
about a possible U-shaped relationship, but before any conclusions 
can be drawn more trials on vitamin D role in AF and the safety 
margins for vitamin D supplementation are needed. In the study 
that concluded that excessive Vitamin D is associated with 2.5-fold 
increased incidence of AF had a Vitamin D level of >100ng/dl64 

which is a difficult level for a person to reach without multivitamin, 
Supplements and dairy products, it is prudent to ask each patient 
pertinent questions and making sure baseline vitamin D level is not 
too low (<20 ng/dl) nor too high (>100 ng/dl) to decrease the risk 
of AF. 

Androgen Deficiency
Prevalence of AF increases with age. This finding seems to coincide 

with the well-known predisposing factors for the development of 
AF like Coronary artery disease, HTN, Congestive heart failure 
which are also linked to increasing age. Age related decline in 
testosterone levels in males75,76,77 is thought to be the main risk 
factor in these patients. The proposed mechanism for AF includes 
elevated proinflammatory cytokines like TNF and IL-1 in men with 
hypogonadism. Testosterone treatment in these patients increases the 
levels of anti-inflammatory cytokine IL-10 to induce vasodilatation 
and improve vascular reactivity.78 There is also an inverse relationship 
between the level of CRP and testosterone.79 This finding adds to 
support the evidence that implicates inflammation and oxidative 
stress in AF. However the benefits of testosterone supplementation 
to prevent AF in hypogonadism are unknown since there are studies 
to prove that anabolic steroids may increase the risk of AF in athletes 
and body-builders.80 This is due to the cardiovascular adverse effects 
of anabolic action of testosterone and the supraphysiological doses 
that athletes use to improve physical performance. The underlying 
etiology of AF in anabolic steroid use may be due to Left Ventricular 
hypertrophy and autonomic dysfunction.81

Estrogen Deficiency
Female sex hormones are believed to have a protective effect since 

the prevalence of AF is very low in premenopausal women.82 The 
prevalence increases from 0.1% in women<55 yrs. to 9.1% in women 
≥85 yrs. of age.83 Estrogen was believed to restore pathologically 
shortened atrial refractoriness by inhibiting intracellular calcium 
overload or the delayed outward potassium current thus inhibiting 
atrial tachyarrhythmias.82 Metabolites of estradiol, the active form 
of estrogen may induce many estrogen-receptor independent actions 
that protect the heart and blood vessels mediated by improvement 
in vascular endothelial cell function.76 AF in women increases the 
risk for complication like stroke, congestive heart failure and heart 

attacks. However, Women’s Health Initiative reported a modest but 
significant increased risk of AF in women who were assigned to post-
menopausal hormones particularly in women with prior hysterectomy 
who were assigned to estrogen alone (baseline characteristics showed 
higher cardiovascular risk profile in these patients). Estradiol however 
may play less important role in male AF.76

Conclusions:
Endocrine disorders and other metabolic abnormalities should be 

considered in patients presenting with atrial fibrillation. Although 
thyroid hormones and primary aldosteronism have been clearly 
implicated, careful assessment of other endocrine functions should 
be undertaken to properly address and treat the underlying cause. 
The subclinical state of disease should be kept in mind as the natural 
history and long-term outcomes of treatment are largely unknown. 
Further studies are needed to properly assess the role of Diabetes 
mellitus, Vitamin D status, sex hormones and benefit of their 
supplementation. More studies are needed to further understand 
the bidirectional interaction between atrial fibrillation and the 
medications that have been implicated in causing atrial fibrillation 
like bisphosphonates and Corticosteroids. The knowledge of the 
association of endocrine causes and atrial fibrillation is ever more 
important as the population tends to be aged with many comorbidities 
while patients are on numerous medications. 
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Introduction
Atrial fibrillation (AF) is the most common cardiac arrhythmia 

seen in clinical practice and is more prevalent in older patients (>5% 
in age >65 years and about 8% with age >80 years of age).1,2 AF is 
uncommon in young patients with a reported prevalence of 0.5% in 
<40 years of age.2 The most common traditional risk factors associated 
with AF include hypertension, age, diabetes, structural heart disease 
and hyperthyroidism.3 Historically AF when associated in young 
patients without the typical cardiovascular risk factors was called 
“lone AF’.3 Recently, studies have demonstrated other minor risk 
factors like medications, sleep apnea, alcohol, esophagitis, genetics 
and exercise to be associated with AF and the term “lone AF” may 
be a misnomer.3 There is significant evidence that regular exercise 
has cardiovascular benefits.4 However, certain studies recently 
have demonstrated an increased prevalence of AF in athletes than 
rest of the population.5-10 Additionally, there have been conflicting 
reports on the risk of AF with regular physical exercise in subjects 
participating at a non-competitive level.11-16 The exact mechanism 
for this phenomenon is unclear and may be different in athletes and 
subjects participating in regular exercise at a non-competitive level.17 
In this review we discuss the magnitude of the problem, mechanisms 

involved, and management strategies of AF in this special population. 

Epidemiology
Athletes and AF

Studies have shown that AF is the most common arrhythmia in 
the athletic population with a reported prevalence from as low as 
0.2% to as high as 63% in various studies.18,19,20  This variability in 
prevalence is attributed to differences in the subjects’ age, associated 
comorbidities, sports practices involved and duration of training. A 
study by Baldesberger et al in 62 former Swiss professional cyclists 
who participated at least once in Tour de Suisse were matched against 
62 male golfers reported higher incidence of AF in these professional 
cyclists (p=0.028).5 Another study by Pelliccia et al reported very 
low prevalence of AF (0.3%) in 1777 young (mean age of 24 ± 6 
years) competitive athletes.19 Another case control study compared 
questionnaires obtained from 300 top-ranked middle aged (mean age 
47.5 years) orienteers and 495 healthy controls. The study reported 
that orienteers experienced more episodes of AF than controls (5.3% 
vs 0.9%; p=0.012).8 Age played an important role in the cause of AF 
in athletes according to one study which reported that adrenergically 
induced AF was more common in younger athletes while vagal AF 
was more common in older athletes .21 A metanalysis by Abdulla et 
al including 655 athletes reported that the risk of AF was 5.29 times 
higher (95% CI 3.57-7.85, P=0.0001) than matched controls.22

Exercise and AF
Studies on AF with regular exercise have reported conflicting 

results.11-16 Aizer et al reported that subjects who participated in 
exercise 5-7 times a week had a significant risk (RR 1.53, 95% CI 
1.12 - 2.09, p <0.01) of developing AF at 3-year follow-up compared 
to controls.13 Another study reported that sports practices >1500 
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Abstract
There is growing evidence that atrial fibrillation (AF) is prevalent in athletes and even in individuals participating in intense long term 

exercise at a non-competitive level. Several causes have been described for these phenomena including atrial remodeling, atrial fibrosis, 
inflammation, autonomic activation, body fluid changes and changes in blood volume and pressure. This article reviews the epidemiology, 
pathophysiological mechanisms and management options of AF in regards to exercise.
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bradycardia and even lower exercise heart rates noted in subjects 
involved in regular sports practices are at an increased risk of AF. 
According to one study, vagal AF is a more common form of AF in 
athletes.23 Swanson et al in an interesting review hypothesized that 
regular exercises can induce esophageal acid reflux which may induce 
AF and other cardiac dysrhythmias.32 Wilhelm et al in non-elite 
athletes reported that life vagal tone was higher in subjects with a 
life time training hours of >4500 hours vs those <1500 hours (47 ± 
16 ms vs 34 ± 13 ms, p=0.002).31 Studies have shown that increased 
vagal tone shortens and increases the dispersion of the atrial 
refractory period, creating a reentry pathway that may be responsible 
for the development of AF.28 Guasch et al reported that increased 
vagal tone and autonomic changes may cause AF with chronic 
endurance exercise in rat models. In that study rats underwent 
programmed stimulation with daily 1 hour treadmill training for 8 
and 16 weeks along with 4 and 8 weeks of exercise cessation. Vagal 
tone increased at 16 weeks in rats and normalized within 4 weeks 
of detraining. Exercising rats showed a significant downregulation 
of IKACh-inhibiting RGS proteins at 16 weeks with no change in 
cardiac adrenergic, cholinergic receptors and IKACh-subunit gene 
expression.33 

On the other hand intense short term physical exertion can activate 
the sympathetic system which may also shorten the atrial action 
potential which may cause increased automaticity and microreentry 
and in turn increase the risk of AF. However, this phenomenon is 
more likely in a diseased atrium.17,20,30 

Cardiac Adaptation With Physical Activity
The heart undergoes several physiological changes with respect to 

physical activity including increased left atrial size, left ventricular 
mass, atrial pressure, and volume changes which may all reduce atrial 
refractory period, increase dispersion, and lead to the development 
of a microreentry pathway.34 Atrial remodeling and LA enlargement 
has been described to be more common in athletes and subjects who 
participate in long term training.19,23,28,35 Pelliccia et al reported that 
LA dimensions of >40 mm was noted in about 20% of competitive 
athletes.19 Mont et al also described increased LA anteroposterior, 
longitudinal and transverse diameters and volumes [46.5 ± 17.2 vs 
34.6 ± 10.0, p<0.001] with exercise.23 Increased lifetime training 
hours (24 % in <1500 hours, 40% 1500-4500 hours and 83% in 
> 4500 hours, p=0.001) was reported to be associated with LA
enlargement.28 

The role of fibrosis with exercise was demonstrated in a study 
involving Wistar rats. The study demonstrated that 16 weeks 
of exercise in Wistar rats significantly increased fibrosis marker 
expression in atria and ventricle when compared to control group. 
Furthermore, the fibrotic changes caused by programmed exercise 
were reversed after an 8-week exercise cessation.36 Further evidence 
regarding exercise induced atrial fibrosis comes from a study by 
Lindsey et al including 45 veteran athletes. The study showed an 
increase in three collagen markers—plasma Plasma carboxyterminal 
propeptide of collagen type I (PICP) (259 vs 166 microg/l, p<0.001), 
carboxyterminal telopeptide of collagen type I (CITP) (5.4 vs 2.9 
microg/l, p<0.001), and tissue inhibitor of matrix metalloproteinase 
type I (TIMP) (350 vs 253 ng/ml, p = 0.01).37 Another study 
involving stimulated rat models reported a 34% increase in LA 
diameter which failed to recover on detraining.33 However, further 
studies are required to validate the role of fibrosis with exercise. 

hours, the odds of developing AF were 2.87 times (95% CI: 1.2-6.91) 
higher.7 Higher accumulated physical activity was also associated 
with risk of AF. Physical activity between 2078-9318 hours was 5.6 
(1.59-19.75, p=0.0075) times more likely to develop AF while activity 
>9319 hours was 15.1 (3.75-217.56, p=0.0001) times more likely.23

Higher prevalence of AF (12.8%) was found in a study including 149
healthy, long term trained cross country skiers.24 A lower exercise
heart rate on a moderate work load was reported to be a predictor of
AF in a study including 2014 healthy Norweigian men. According
to the study men who had a heart rate <100 beats per minute with a
moderate workload of 100W had 1.60-fold AF risk (95% confidence
interval, 1.11-2.26) compared with men an exercise heart rate of
≥100 beats per minute.25 However, this study has its own limitations
as bradycardia may not truly be a surrogate of exercise capacity.
Some studies failed to show an increased risk of AF with exercise.
Mozaffarian et al.16 in a prospective cohort study of 5,446 patients
reported that light to moderate physical activities, particularly leisure-
time activity and walking (600 kcal/week), were associated with
significantly lower AF incidence. Another metanalysis by Ofman et
al including 95,526 subjects reported a non-significant risk of AF
1.08 (0.97-1.21) among regular exercises than compared to those
who don’t.26 However, the analysis included several studies with wide
variation in sample size, baseline characteristics and how physical
activity was defined. Similarly, no evidence was found between
routine physical activity during work hours and AF according to the
Danish Diet, Cancer, and Health Study including 19,593 men and
18,807 women with a mean age of 56 years.27 

Pathophysiology Of Atrial Fibrillation In Atheletes And 
Exercise

The mechanism of AF in athletes or even intense exercise is 
presumed to be multifactorial with a complex interplay between 
autonomic activation, cardiac adaptation such as atrial remodeling 
and fibrosis, inflammation, electrolyte abnormalities, neurohormonal 
imbalance, changes in pH and alterations in blood volume and 
pressure (Fig. 1).

Autonomic Activation With Physical Activity
There have been several studies on the role of autonomic activation 

in AF.25,28-31 It is well known that increased vagal tone, resting 

Figure 1: Mechanism of Atrial fibrillation with exercise



www.jafib.com Feb-Mar, 2014 | Vol-6 | Issue-5  

Journal of Atrial Fibrillation89 Journal Review
fluid changes and autonomic activation. Vigorous physical exercise 
even at a non-competitive level may increase the risk of AF due to 
some of the above causes. It may be hypothesized that there may 
be a U-shaped response for exercise with AF development. Further 
studies are necessary to estimate the intensity, duration, frequency 
and type of exercise or physical activity that increases the risk of AF. 
Until then the recommendation is to decrease exercise intensity in 
subjects who develop AF.   
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Abstract
Endocardial catheter ablation is a widely used alternative for the treatment of atrial fibrillation (AF). Despite technical improvements, and 

increased understanding of mechanism, and acquired technical experience over many years, the results are not yet optimal. This results in 
an ongoing search for new therapeutic approaches. 

Because cardiac sympathetic drive is potentially responsible for triggering and sustaining AF, modulation of sympathetic tone has been 
proposed as a viable treatment objective. The early attempts to test this concept were limited by nature=highly intrusive techniques but 
new approaches and targets have been recently introduced. Specifically, renal nerve ablation has been introduced and the first attempts to 
employ this technique for treatment of cardiac arrhythmias give as a promise of new therapeutic avenues in near future. 

This review focuses on the possible role of renal denervation in treatment of atrial fibrillation, the contemporary evidence supporting this 
approach, and the ongoing trials to establish its therapeutic role. 

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

affecting millions of people worldwide.1 Among all supraventricular 
arrhythmias, it has a special place due to an extremely high prevalence 
and strong association with morbidity and mortality.2 

Currently, the catheter-based isolation of pulmonary veins (PVI) 
is the most widely used interventional approach for treatment of 
drug-refractory AF. This therapeutic concept, largely based on 
the landmark work of Hassaguerre et al.,3 has been introduced 
over two decades ago. Since then a substantial experience has 
been accumulated.  Although this treatment modality is currently 
recommended as class I indication for symptomatic AF refractory 
to at least one antiarrhythmic medication,4 its efficacy is suboptimal. 
Various clinical trials reported efficacy of 66-89%5 but the real-world 
cohort validation through large surveys disclosed even lower success 
rates of 55-70%.6 Given that every third patient requires more than 
one procedure,4 these observations need to be carefully interpreted. 

This hard clinical realty results in an ongoing search for a new 
adjuvant treatment or promising alternative approach.  Consequently, 
in addition to PVI other ablation techniques have been proposed. 
These techniques include the empiric modification of arrhythmogenic 
substrate by adding ablation lesions on the left atrial roof and the 
mitral isthmus,7 ablation of complex fractionated electrograms 
(CFAEs)8 or modulation of autonomic heart innervation by targeting 
of ganglionated plexi.9 Recently, this particular additive form of 
cardiac autonomic manipulation has been proposed as an important 
element in the therapeutic effect of PVI in patients with AF10-13 

and gained renewed interest. Although plexi modulation alone has 
produced contradictory results,14-19 addition of ganglionated plexi 
ablation to PVI has increased success rate in both catheter-based 20-22 
and minimally-invasive surgical ablation.23-26

Those encouraging preliminary results, suggesting a positive 
impact of adjuvant sympathetic modulation on AF,  opened the 
door for another concept. Renal denervation (RND) has now 
being widely tested for treatment of resistant hypertension27,28 with 
excellent results.  This approach has revolutionised our perception of 
sympathetic modulation and suggested to us the possible utility of 
RND as an antiarrhythmic intervention. 

Pathophysiological Insights  
In addition to mechanisms such as atrial stretch and atrial 

remodeling,29-33 the activity of the autonomic nervous system has been 
thought to contribute to the development of AF.34 In experimental 
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animal models, RDN is associated with a decrease of sympathetic 
drive, plasma renin activity and aldosterone concentrations.44,45 

Moreover, in model for obstructive sleep apnea and AF provocation, 
RDN reduced the post apnoeic blood pressure rise, frequency and 
duration of AF episodes by inhibiting apnea-induced reduction of 
atrial refractoriness.46 

Encouraging Preliminary Results  
Given the previously discussed pathophysiological considerations, 

as well as experimental and clinical observations, the concept of 
RDN in the treatment of AF emerged.

Our first attempts at evaluating RDN for AF treatment were 
designed to examine the adjunct role of RDN in combination with 
catheter-based PVI. The breakthrough trial was recently reported as 
a randomized, prospective study by Pokushalov et al.47 describing the 
effect of RDN in patients with a history of refractory paroxysmal or 
persistent AF who were on at least 2 antiarrhythmic drugs and had 
resistant hypertension (systolic blood pressure  160 mm Hg despite 
triple drug therapy).  In the study, 27 patients were enrolled and 
randomized to either PVI only (n=14) or PVI and RDN (n=13). At 
the scheduled 1-year follow-up visit, significant reductions in systolic 
(from 181 to 156 mm Hg, p < 0.001) and diastolic blood pressure 
(from 97 to 87mm Hg, p < 0.001) were observed in patients treated 
with PVI and RDN without significant change in the PVI only 
group.  The freedom from AF was also significantly improved in the 
experimental group when compared with conventional PVI ablation 
only: 69% vs. 29% (p = 0.033). Considering the relatively moderate 
success of radiofrequency ablation in the treatment of AF in a long 

animal models, the ß-adrenergic agonists (i.e. isoproterenol) 
in conjunction with rapid atrial pacing have been successfully 
used to induce AF.35,36 At the cellular level, it has been observed 
that sympathetic overstimulation may lead to increased calcium 
levels along with subsequent shortening of the action potential 
and refractoriness of atrial myocardium.37 Moreover, increased 
sympathetic activity is correlated with prolonged episodes of AF and 
possibly a precondition for sustained AF.38  Recent series of animal 
studies have also shown that sympathetic inhibition through RDN 
may suppress the development of AF induced by rapid atrial pacing39 
and additionally, may inhibit atrial remodeling after prolonged AF.40 
Moreover,  in animals subjected to stimulation of left stellate ganglion 
and rapid atrial pacing for 3 hours, the resulting increased AF 
induction rate, shortened and dispersed atrial effective refractoriness 
as well as elevated plasma norepinephrine levels were almost reversed 
by subsequent RDN as compared with shame procedure group.41 

Increased sympathetic activity and hypertension interactions also 
affect AF haemodynamically as both acute and chronic blood pressure 
elevation can increase atrial stretching and dilation, resulting in the 
promotion of arrhythmogenic substrate and/or induction of AF.  
Recently, it has been shown in an animal model that the hypertensive 
group developed a progressive increase in mean arterial pressure, 
longer mean effective atrial refractory periods, progressive bi-atrial 
hypertrophy, atrial inflammation and left atrial dysfunction,42 all 
potentiators of AF.  The role of hypertension as a risk factor for the 
development of AF in long term follow-up has been also documented 
in large epidemiological studies.43 Furthermore, in an experimental 

Table 1: Overview of ongoing trials in field of RDN and SVT.

Trial Identifier Official Title Sites Interventions Status Expected 
Completion Date

NCT01952743 Concomitant Renal Denervation Therapy in Hypertensive 
Patients Undergoing Atrial Fibrillation Ablation - A Feasibility 
Study

Mayo Clinic, Rochester, Minnesota, US PVI + RDN vs. PVI only recruiting 09/2016

NCT01898910 Ganglionated Plexi Ablation vs Renal Denervation in Patients 
Undergoing Pulmonary Vein Isolation. A Randomized 
Comparison

Meshalkin Research Institute of Pathology of 
Circulation, Novosibirsk, Russian Federation

PVI + RDN vs.  PVI + 
Ganglionated Plexi ablation

completed 06/2013

NCT01907828 A Feasibility Study to Evaluate the Effect of Concomitant 
Renal Denervation and Cardiac Ablation on AF Recurrence

recruiting PVI + RDN vs. PVI only not yet open 05/2016

NCT01897545 The Role of Renal Denervation in Improving Outcomes of 
Catheter Ablation in Patients With Atrial Fibrillation and 
Arterial Hypertension

The Valley Health System, New York, US; 
Athens Euroclinic, Athens, Greece; State 
Research Institute of Circulation Pathology, 
Novosibirsk, Russian Federation

PVI + RDN vs. PVI only completed 6/2013

NCT01959997 Randomized Comparison of Redo Pulmonary Vein Isolation 
With vs. Without Renal Denervation for Recurrent Atrial 
Fibrillation After Initial Pulmonary Vein Isolation

The Valley Health System, New York, US; State 
Research Institute of Circulation Pathology, 
Novosibirsk, Russian Federation

Redo PVI vs. Redo PVI + 
RDN

recruiting 09/2016

NCT01686542 Circumferential Pulmonary Vein Isolation (CPVI) Plus Renal 
Sympathetic Modification Versus CPVI Alone for AF Ablation: 
a Pilot Study

The Second Affiliated Hospital of Chongqing 
Medical University Chongqing, China

PVI + RDN vs. PVI only recruiting 12/2016

NCT01635998 Adjunctive Renal Sympathetic Denervation to Modify 
Hypertension as Upstream Therapy in the Treatment of Atrial 
Fibrillation (H-FIB) 

11 centers from US and Europe PVI + RDN vs. PVI only recruiting 07/2017

NCT01713270 Safety and Effectiveness Study of Percutaneous Catheter-
based Renal Sympathetic Denervation in Patients With Drug-
resistant Hypertension and Symptomatic Atrial Fibrillation

First Affiliated Hospital of Nanjing Medical 
University, Nanjing, Jiangsu, China

RDN vs. best medical 
treatment (hypertension) vs. 
Direct-Current Cardioversion

recruiting 06/2015

NCT01873352 Evaluate Renal Artery Denervation In Addition to Catheter 
Ablation To Eliminate Atrial Fibrillation (ERADICATE--AF) Trial 

The Valley Health System, New York, US; State 
Research Institute of Circulation Pathology, 
Novosibirsk, Russian Federation

PVI + RDN vs. PVI only recruiting 06/2014

NCT01814111 Safety and Effectiveness Study of Percutaneous Catheter-
based Sympathetic Denervation of the Renal Arteries in 
Patients With Hypertension and Paroxysmal Atrial Fibrillation

The First Hospital of Nanjing Medical 
University, Nanjing, Jiangsu, China

RDN vs. best medical 
treatment (AF)

recruiting 06/2015

NCT01952925 Combined Atrial Fibrillation Ablation and Renal Artery 
Denervation for the Maintenance of Sinus Rhythm and 
Management of Resistant Hypertension

Oregon Health & Science University, Portland, 
Oregon, United States

PVI + RDN vs. PVI only not yet open 01/2019
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term follow-up and the highly promising results of the additional 
RDN, this new approach has a potential to become a clinically 
important therapeutic option for patients with AF and hypertension. 

Initial data in human studies testing the application of RDN as 
a stand-alone therapy are also encouraging.  Recently, a case report 
of persistent drug-resistant AF successfully being treated with 
RDN instead of PVI was presented.48 Shortly after the procedure, 
spontaneous termination of persistent AF was observed and AF 
recurrence did not appear during the follow-up of 8 months.  
Furthermore left atrial size was also significantly reduced from 
45mm to 36mm at 6 months of follow-up.  

Moreover, a significant improvement of rate control after RND 
was clinically observed and further successfully tested in an animal 
model.49 

Ongoing Trials: Answers are on the Way
Even though these data are encouraging, they are still premature to 

support the potential anti-arrhythmic role of RDN and its possible 
role in treatment of supra-ventricular arrhythmias. However, more 
evidence is expected to come in the near future as a multitude of 
clinical trials are ongoing. Most of the trials are focusing on the 
adjuvant role of RDN in combination with PVI vs PVI only but 
also a role of RND as stand-alone therapy and comparison to 
antiarrhythmic drugs will be addressed. A comprehensive overview 
of a design, sites and time schedule of ongoing trials can be found 
in Table 1.    

Conclusions:
RDN is a novel and innovative approach to AF and other difficult 

to treat arrhythmic conditions. Early clinical results are promising. 
The mechanism by which RDN may be effective can be mediated 
by better control of hypertension and/or modulation of sympathetic 
tone. Ongoing and future studies will determine its ultimate clinical 
role. 
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Frequent Atrial Fibrillation in CYP2D6 Deficiency
Harry W. Daniell, M.D.

Department of Family Practice, University of California Medical School at Davis, Davis, California, USA.

Genetic mutations which predispose to the development of 
atrial fibrillation (AF) have increasingly been identified, most of 
these directly encoding subunits of cardiac Na (+), Ca (++) and K 
(+) channels, but others encoding atrial natriuretic peptide and the 
renin-angiotensin-aldosterone systems.1

The hepatic cytochrome P450-2D6 (CYP-2D6) isoenzyme system 
metabolizes 25% of prescribed medications, including all class I and 
class III anti-arrhythmics commonly used in the treatment of AF 
with its activity severely impaired in 7-10% of Caucasians, 3-4% of 
Afro-Americans, and 1% of Asians resulting in their clarifications as 
poor metabolizers (PM’s) effective metabolizers (EM), the status of 
most subjects, and very effective metabolizers (VEM) in 1-2%.  PM 
status often requires doses of antiarrhythmic medications which are 
lower than those required in patients without this deficiency in order 
to avoid drug toxicity, and VEM patients often are inadequately 
treated by conventional antiarrhythmic doses.   

Three investigations have reported larger percentages of CYP-2D6 
deficient patients among these with AF.   Jazwinska-Tarnawaska et 
al2 demonstrated 11 PM subjects (26%) among 42 patients with AF, 
a frequency greater than that among other Caucasian populations 
(P<.02), and suggested that impaired CYP-2D6 activity might be 
more frequent among patients with AF. 

Chow et al3 identified 9 PM subjects (15%) among 60 Chinese 
patients with AF in Hong Kong, a higher percentage than the 1% 
reported in other Chinese populations (P<.01).

Martinez-Selles et al3 among 40 Spanish subjects with PAF 
documented phenotypically PM status in 19, EM status in 16, and 
VEM status in 5.  They expressed surprise that almost half of their 
subjects were PM, but did not report additional genetic details of 
their patients, and suggested phenotyping as potentially helpful in 
selecting the proper dose of antiarrhythmic medications.  Twenty-
one percent of their PM patients and 6.25% of their EM patient’s 

demonstrated drug-induced adverse effects. 
Paroxysmal atrial fibrillation (PAF) is 4-5 times more frequent 

among habitual endurance athletes than among other men of similar 
age who are similarly without other cardiovascular disease, a pattern 
which is considered to result from exercise-related myocardial 
remodeling and left atrial enlargement.1  We recently observed an 
habitual marathon runner who fainted at age 81 after his only addition 
of propafenone (150mg), to the “Pill-in-a-Pocket” quinidine sulfate 
(600mg) which he had utilized successfully to treat PAF for 26 years 
and who was later found to demonstrate CYP-2D6 alleles 4 and 
41, classifying him as a poor/intermediate 2D6 metabolizer. He is 
apparently the only endurance athlete with PAF who has undergone 
CYP-2D6 analysis.  Since appropriate therapy for endurance athletes 
with AF has never been defined, CYP analysis of other athletes 
with AF would seem to be of potential benefit in determining their 
frequency of PM status as well their most appropriate therapy and 
evaluation of CYP-2D6 status in other non-athletic patients with 
AF helpful in determing the degree with which its deficiency is 
associated with this arrhythmia. 
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