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Dear Readers
Welcome back to the latest issue of JAFIB. We are sure you are back 

to the grind from your summer vacations.  September is the Atrial 
Fibrillation Awareness month. Heart Rhythm Society has officially 
launched a bigger campaign in promoting awareness of the disease 
across the world. The Global Atrial Fibrillation Alliance Foundation 
(www.global-af-alliance.org ) continues its work on this patient-
physician-industry partnership in multiple cities across the world. 
The second Saturday of every September has been commemorated 
as the World AF Awareness Day. This year it falls on the 14th of 
September. Several cities have a wide range of activities including 
AF walk, run, yoga and town hall meetings on this day to spread the 
word on prevention and early recognition and treatment. We will 
have a full report of this exciting global event in our next issue. Feel 
free to check back our website on the 14th of September.

Another exciting event we just wrapped up was Kansas City Heart 
Rhythm Symposium (KCHRS). The 5th annual edition of KCHRS 
took place on August 17th and 18th in Kansas City, MO. This 
symposium serves the educational needs of health care professionals 
in the greater Midwest very effectively time and time again. The 
highlights of KCHRS are in a special report in this issue of JAFIB. 
A week later, Scripps Clinic had its annual AF Symposium in La 
Jolla. It was a perfect workshop that covered the entire spectrum of 
AF care delivery with a multipronged approach. Congratulations to 
both University of Kansas and Scripps Clinic for putting together 
such amazing symposia.

Coming to the science in this issue of the journal – we have 
exceptional featured reviews and original articles. Sharma et al have 
a wonderful article on the dual epidemic of heart failure and AF. 
A short communication from Chan et al outline the predictors of 
AF after the ablation of a typical atrial flutter and the relationship 
between these two arrhythmias in a systematic fashion. In their 
observations from a large stroke data base from UMDNJ, Haft et 
al showed that AF is commonly found in patients with ischemic 
stroke who have the clinical risk factors for stroke and AF may be 
the common mechanism whereby the stroke risk factors, which are 
also risk factors for AF, cause stroke. The presence of more than one 
of these risk factors or the addition of left atrial enlargement justifies 
long term monitoring to diagnose AF in patients with ischemic 
stroke who are in sinus rhythm. Alam etal present a nicely written 
article on the triad of Obestiy-Diabetes-AF.

A good overview of the evolution of Hybrid strategies for 
AF ablation by Pison et al shows that when performed in 
combination, both percutaneous and surgical approaches seem to be 
complementary as they overcome their mutual shortcomings. Several 
hybrid or convergent ablation strategies with the use of various 
energy sources have been described. Medium and long term results 
are encouraging, especially in challenging settings such as persistent 

AF and failed endocardial catheter ablations. Although many 
efforts have been directed to improve atrial fibrillation transcatheter 
ablation safety, thromboembolism to the brain remains one of 
the major complications. In fact several studies have confirmed 
occurrence of silent cerebral embolic lesions by post-procedure 
magnetic resonance imaging. A review from Gaita et al will focus on 
the possible mechanisms leading to silent cerebral embolism in the 
attempt to provide recommendations holding the potential to reduce 
the incidence of this clinically relevant complication.

Hiatal hernia (HH) causes protrusion of the stomach into the 
chest cavity, directly impinging on the left atrium and possibly 
increasing predisposition to atrial arrhythmogenesis. However, 
such association has not been fully explored. Roy et al explored if 
an association between HH and atrial fibrillation (AF) exists and 
whether there are age- and sex-related differences in their original 
article. Complex fractionated atrial electrogram (CFAE) ablation has 
been used over the last decade and has proven to be time consuming 
and vial analysis and documentation of the same has proven to be 
challenging. Therapies based on the CFAE ablation have been less 
reproducible due to the operator’s subjective electrogram visual 
analysis and the difficult distinction between CFAEs really involved 
in AF perpetuation from other CFAE. In this issue of the journal 
Seitz et al demonstrated a better selectivity of a new automatic 
CFAE algorithm setting in order to better discriminate CFAEs 
really involved in AF perpetuation from other CFAE. Shah et al 
present a discussion on how early restoration and maintenance of 
sinus rhythm especially using novel approaches can influence the 
progressive nature of atrial fibrillation.

Berkowitsch et al explore the connection between AD and chronic 
kidney disease and present the state of the issues related to systemic 
anticoagulation and catheter based ablation therapy. Connexins 40 
and 43, the major atrial gap junctional proteins, undergo considerable 
alterations in expression and localization in atrial fibrillation, creating 
an environment conducive to sustained reentry. It is well known that 
AF is initiated and/or maintained in this reentrant substrate. A 
review from Jennings et al throws light on connexin remodeling in the 
context of underlying mechanism and possible therapeutic target for 
atrial fibrillation. Hedna et al present a unique perspective to Atrial 
Fibrillation from a Neurologist and Cardiologist stand point. Their 
review article focuses on the dynamic interplay of neurovascular and 
cardiovascular diseases in relation to AF, traditional and novel risk 
factors for AF leading to stroke, impact of AF on cognitive decline, 
and current upstream medical and surgical options for embolism 
prophylaxis. 

Robotics in catheter ablation has been in place for more than a 
decade and there still seems to be significant issue with universal 
adaptation. In this issue Nolker et al discuss the differences in tissue 
injury and ablation outcomes in AF patients between manually 
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operated vs. robotic catheters. Shen et al highlight the involvement 
of the atrial neural network in the “metastatic” progression of 
paroxysmal to persistent and long standing persistent forms of AF 
in their review article.

Enjoy the last few days of summer and we are sure you are ready for 
the Fall festivities. The 7th international symposium on interventional 
electrophysiology codirected by Saksena and LeWalter’s seems to 
be perfect curtain raiser for the Octoberfest in Munich starting 
September 18th. 

Best Wishes

www.jafib.com  Aug-Sep, 2013 | Vol-6 | Issue-2  

Dhanunjaya Lakkireddy
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Abstract
Introduction: Vernakalant is a new, safe and effective drug used intravenously. It has proven to be more rapid in converting recent onset 

atrial fibrillation (AF) to sinus rhythm compared to placebo, amiodarone, propafenone and flecainide in clinical studies with few patients. At 
present no study has been conducted comparing these three drugs with a more substantial number of patients.

The aim of our study is to compare the time to conversion to sinus rhythm, hospital stay and adverse events between vernakalant versus 
flecainide and propafenone in patients with a recent-onset AF.

Materials and Methods: 150 hemodynamically stable patients with recent onset AF without structural heart disease were prospectively 
included. A single oral dose of propafenone 600 mg was administered to 50 patients; 50 patients received intravenous vernakalant; and 50 
patients received a single oral dose of flecainide 300 mg.  Clinical and laboratory variables were recorded.

Results: Baseline characteristics were similar in the three groups. Time to conversion to sinus rhythm was 12 minutes in the vernakalant 
group versus 151 minutes in the propafenone group and 162 minutes in flecainide group (p< 0.01).

The hospital stay was 243 minutes  in the vernakalant group versus 422 minutes in the propafenone group and 410 minutes in flecainide 
group (p< 0.01) (Figure 2). 

No adverse events were reported. 
Conclusion:  The time to conversion to sinus rhythm and hospital stay were statistically shorter in vernakalant group compared to flecainide 

and to propafenone. There were no adverse events in the three groups.

Introduction
Recent onset atrial fibrillation (AF) is a frequent cause for 

presentation to the emergency department.1,2 Conversion of recent 
onset AF to sinus rhythm with antiarrhythmic drugs reduces the risk 
of hemodynamic instability, hospitalizations, and atrial remodeling 
seen with persistent AF.3,4 

Boriani et al compared oral loading dose of propafenone 600 
mg with intravenous propafenone and placebo. At 8 hours either 
intravenous or oral propafenone were effective in almost two thirds 
of the patients with a statistical difference versus placebo.5

Khan showed that a single oral dose of flecainide 300 mg had a 
similar time to conversion of AF to sinus rhythm versus intravenous 

class IC drugs.6 
This is the reason why an oral loading dose of propafenone 600 mg 

or a single dose of flecainide 300 mg are used in our center as in other 
places around the world for conversion of recent onset AF in patients 
without structural heart disease.

Vernakalant is a new, safe and effective drug used intravenously 
for conversion AF that has been studied in patients with and 
without structural heart disease; including those after cardiovascular 
surgery.7-10

Vernakalant has proven to be more rapid in converting recent 
onset AF to sinus rhythm compared with propafenone and flecainide 
in small studies of no more than 51 patients.11,12,13 

Until now, no study has been conducted comparing these three 
drugs in a more substantial number of patients.

The aim of our study is to compare the time to conversion to sinus 
rhythm, hospital stay and adverse events between vernakalant versus 
flecainide and propafenone in patients with recent-onset AF.  Based 
upon the small studies as well as non-direct comparison data, we 
expect to prove that vernakalant will prove superior. 

Materials and Methods
This is a prospective observational study which included 150 

Key Words: 
Atrial fibrillation – Propafenone – Flecainide -Vernakalant 
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considered serious adverse events. Other events not meeting the 
criteria of seriousness, such as taste disorders, cough, nausea, or 
dizziness were not considered serious adverse events.

The patients received anticoagulation therapy after discharge 
according the recommendation of the CHA2DS2-VASc score, but 
without antiarrhythmics drugs.

Statistical Analysis
All calculations were performed using Statistix 8.0 software 

package.
Continuous variables were expressed as median with the 

corresponding interquartile range (p25-p75) and were compared 
using the Mann Whitney test. Rates were expressed as percentages 
and were compared using the chi square test with Fisher’s correction, 
if applicable. Time taken for conversion to sinus rhythm was 
illustrated on a graph using the Kaplan-Meier method.

This investigation was in accordance with the Declaration of 
Helsink

Results
One hundred and fifty patients were included. The median age was 

64 years (54-70) and 69% were men.
No significant differences were found between the baseline 

characteristics and previous historys of atrial fibrillation, invasive 
procedures, or previous medications in the three groups (Table 1) 
(Table 2).

Time to conversion to sinus rhythm was 12 minutes in the 
vernakalant group versus 151 minutes (interquartile range [IQR], 
125-325) in the propafenone group and 162 minutes (IQR, 130-
315) in flecainide group (p< 0.01) (Figure 1).

Conversion rate approximated 80% in the propafenone group and, 
80 % in the flecainide group at 8 hours versus 90% in the vernakalant 
group at 2 hours. This difference was not statistically significant at 8 
hours (p= NS) (Figure 1).

The stay length in emergency care section was 243 minutes (IQR, 
190-276) in the vernakalant group versus 422 minutes (IQR, 341-
739) in the propafenone group and 410 minutes (IQR, 330-727) in
flecainide group (p< 0.01) (Figure 2). 

There were no differences in time to conversion to sinus rhythm, 
hospital stay and adverse events between the groups with and without 
a prior history of ablation. Similarly, there were no differences in 
time to conversion in patients in whom a prior antiarrhythmic drug 
treatment was stopped for inefficacy versus intolerance. However, 
these numbers may be too small to assess statistically with clinical 

patients. 
50 patients with, hemodynamically stable, symptomatic, recent 

onset AF (lasting less than 48 hours) without structural heart disease 
underwent pharmacological cardioversion and received an initial 
intravenous dose of vernakalant, 3.0 mg/kg over 10 minutes. After a 
15 minute observation period, if conversion to sinus rhythm did not 
occur, a second 10 minute infusion of vernakalant at a dose of 2 mg/
kg was administered.

50 additional patients received a single oral dose of flecainide 300 
mg and 50 patients received a single oral dose of propafenone 600 
mg.

All patients received the assigned pharmacological cardioversion 
agents. If patients persisted with AF after attempted pharmacological 
cardioversion, electrical cardioversion was performed at 2 hours after 
intravenous vernakalant or at 8 hours after oral propafenone or 
flecainide.

Inclusion Criteria: Patients  > 18 years, with AF lasting less than 
48 hours and documented by electrocardiogram, weight between 
45 and 136 kg, systolic blood pressure > 90mm Hg and < 160 mm 
Hg and diastolic blood pressure < 95 mmHg (all chosen based upon 
safety considerations). 

Exclusion Criteria: Pregnancy, atrial flutter, sinus node disease, 
QRS duration longer than 140 ms in non-paced beats, QT interval 
> 440 ms, heart failure or acute coronary syndrome.  The latter four
were exclusions because of class IC contraindications; flutter was
excluded because of its known lack of response to vernakalant; sinus
node disease was excluded for safety reasons and pregnancy was
excluded for ethical reasons.

Clinical, laboratory and electrocardiographic variables were 
recorded. All the patients had continuous electrocardiographic 
monitoring. Color Doppler echocardiography with measurement 
of structural and functional parameters was performed to all the 
patients.

Primary outcome measure: The time to conversion to sinus rhythm, 
hospital stay and adverse events.

Adverse Event Definitions:  death, sustained hypotension 
(systolic blood pressure ≤ 90 mmHg), bradycardia < 40 beats per 
minute, QT interval > 440 ms, ventricular arrhythmia (≥triplets), 
or any other event that required or prolonged hospitalization were 

Table 
2: History of AF and medication

Variable Propafenone Vernakalant Flecainide

Previous AF, % 14 12 20

Previous AF ablation, % 10 10 20

Previous treatment 

    Beta blockers, % 10 10 10

    Calcium channel blockers, % 0 2 0

    Propafenone/Flecainide, % 12 10 20

    Amiodarone, % 14 10 20

    Anticoagulation, % 0 2 10

Note: AF: Atrial Fibrillation 

Note: BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure

Table 
1: Baseline characteristics

Variable Propafenone Vernakalant Flecainide

Male gender, % 60 60 70

Age, years 66 (54-68) 68 (56-70) 64 (55-67)

BMI, kg/m2 26 (24-29) 27 (25-29.2) 26 (23-28)

SBP, mm Hg 130 (120-142) 127 (121.5-130) 129 (119-135)

DBP, mm Hg 72 (67.7-81.5) 75 (69-80) 73 (67-75)

Cardiovascular risk factors

    Diabetes, % 20 20 30

    Hypertension, % 30 30 50

    Current or former smokers, % 50 50 70

    Dyslipidemia, % 40 50 70

Thyroid disorders, % 14 12 20

Rate ventricular response per min 150 (145-159) 159 (150-165) 161 (147-166)
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indicating that vernakalant is faster for conversion of recent-onset AF 
than propafenone and flecainide,11,12,13 there are no studies comparing 
these three drugs in a more substantial number of patients. Hence, 
we performed the current investigation.

As with the results in the previous studies with only a few patients, 
vernakalant achieved a more rapid time to conversion to sinus 
rhythm and a shorter hospital stay compared with flecainide and 
with propafenone. At the same time our study saw no adverse events 
in the three groups.

Study Limitations
Not being a randomized trial is the most important limitation of 

this study. 
Also, a larger sample size might have produced statistically 

significant differences in the time to conversion and hospital 
stay length in vernakalant group.  Finally, our exclusions preclude 
extrapolating our data, regarding efficacy rates or safety, to patients 
unlike the ones included in this study

Conclusions:
The time to conversion to sinus rhythm and hospital stay were 

statistically shorter in vernakalant group compared with flecainide 
and propafenone. There were no adverse events in the three groups. 
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significance.
No adverse events were reported.

Discussion
Several studies have demonstrated the efficacy of oral propafenone 

for conversion of recent onset AF to sinus rhythm.5 Other studies 
shown that oral flecainide has a similar time to conversion to 
intravenous propafenone or intravenous flecainide.6

Vernakalant is a novel, relatively atrial-selective antiarrhythmic 
agent that when used intravenously, prolongs the atrial refractory 
period but has little effect on ventricular repolarization. It is a multi-
ion channel blocker blocking early-activating potassium channels 
combined with concentration-, voltage- and frequency-dependent 
blockade of sodium channels.7  

Vernakalant has a rapid distribution and rapid onset of action with 
a mean half-life elimination of 3 h. Plasma concentrations decline 
approximately 50% in 10 minutes. Restoration of sinus rhythm 
occurs within 90 minutes in 50% of cases with a mean time of 8-11 
minutes.7-10

Vernakalant produced a rapid conversion according to the results 
of the CRAFT study7 (versus placebo) or AVRO study9 (versus 
amiodarone). 

Although there are two studies with no more of 51 patients 

Figure 
2:

Hospital stay.

Figure 
1: Time to conversion of AF to sinus rhythm
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Abstract
Purpose:  Hiatal hernia (HH) causes protrusion of the stomach into the chest cavity, directly impinging on the left atrium and possibly 

increasing predisposition to atrial arrhythmogenesis. However, such association has not been fully explored. The objective was to determine 
if an association between HH and atrial fibrillation (AF) exists and whether there are age- and sex-related differences.

Methods:  Adult patients diagnosed with HH from 1976 to 2006 at Mayo Clinic Rochester, Minnesota, were evaluated for AF. The number 
of patients with AF and HH was compared to age- and sex-matched patients with AF reported in the general population. Long-term outcomes 
were compared to corresponding county and state populations.

Results:  During the 30-year period, 111,429 patients were diagnosed with HH (mean age 61.4 ± 13.8 years, 47.9% male) and 7,865 
patients (7.1%) also had a diagnosis of AF (mean age 73.1 ± 10.5 years; 55% male). In younger patients (<55 years), the occurrence of 
AF was 17.5-fold higher in men with HH and 19-fold higher in women with HH compared to the frequency of AF reported in the general 
population. Incidence of heart failure for patients with AF and HH was worse compared to the overall county population, but better than for 
those with AF. Similarly, mortality was worse in patients with AF and HH compared to the overall state population, but better than for those 
with AF in the county.

Conclusions:  Hiatal hernia appears to be associated with increased frequency of AF in both men and women of all age groups, but 
particularly in young patients. Further studies are needed to investigate this possible association and underlying mechanism.

Introduction
Hiatal hernia (HH) causes protrusion of the abdominal contents 

into the chest cavity, and can directly impinge on the left atrium 
(Figure 1).1 The effect of this mechanical compression on the heart 
is not known. Cardiac compression from atrial masses is associated 
with various arrhythmias, and HH could potentially result in a 
similar effect.2-6 The anatomical proximity of the left atrium to 
herniated gastric contents raises the possibility of mechanical 
irritation of the atria, autonomic neural connections or inflammation 

that may increase the risk for atrial fibrillation (AF). An association 
of esophagitis and frequent symptoms related to gastroesophageal 
reflux disease with the development of AF has been previously 
reported.7-12 The reported reduction in frequency of recurrences of 
AF with the use of proton-pump inhibitors or following Nissen 
fundoplication also suggests a link between the gastrointestinal tract 
and atrial arrhythmias.9,12 

In this study, we sought to determine whether the presence of 
HH is associated with an increased risk for AF, particularly in young 
patients who lack the significant comorbidities that can otherwise 
increase predisposition of AF in the elderly. The overall prevalence 
of AF in patients with HH was compared to previously reported 
prevalence of AF in the general population.13 Clinical outcomes 
of these patients with AF and HH also were compared to the 
expected outcomes of the corresponding county’s and state’s general 
populations and patients with AF.

Material and Methods
All patients older than 18 years with a Hospital International 

Classification of Disease Adaptation (HICDA) diagnosis code 
of HH who were seen at Mayo Clinic in Rochester, MN, in both 
the ambulatory and inpatient settings from Jan. 1, 1976, to Dec. 31, 

Key Words: 
Atrial fibrillation; Hiatal hernia; Gastroesophageal reflux disease; 
Congestive heart failure; Stroke; Mortality
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Statistical Analysis
Data are summarized using frequencies and percentages for 

categorical variables and mean ± standard deviation for continuous 
variables. The Kaplan-Meier method was used to generate survival 
free-of-endpoint curves for stroke, heart failure and death in patients 
with AF and HH. Observed curves for each of these endpoints were 
compared to expected outcomes using one-sample log-rank tests. 
Expected curves were constructed using population-based studies of 
each of the outcomes. Expected mortality was constructed from the 
corresponding state death data.

Results
Hiatal Hernia Is Associated With Increased Frequency of Atrial 
Fibrillation

A total of 111,429 patients (mean age 61.4 ± 13.8 years, 53,430 
males [47.9%]) with a diagnosis of HH were seen during the 30-year 
study period. Of these, 7,865 patients (7.1%; mean age 73.1 ± 10.5 
years) also had a diagnosis of AF (4,337 [55%] men and 3,528 [45%] 
women). The baseline characteristics of patients with AF and HH 
compared to those with AF as reported in the general population 
by Go et al.13 are summarized in Table 1. Despite a similar age 
range (mean age 73.1 ± 10.5 vs. 71.2 ± 12.2 years), the prevalence 
of common conditions, such as coronary artery disease, heart failure, 
valvular disease and hypertension that predispose to AF, was lower in 
the HH and AF group compared to the population with AF.

In both sexes, the number of individuals with AF was higher 
in patients with HH compared to what has been reported for the 
general population throughout all age groups (Figure 2).13 In young 
men (<55 years) with HH, AF was present in 3.5%, a 17.5-fold higher 
prevalence compared to the 0.2% reported in this group by Go et al.13 
(Figure 2). Other studies have found low prevalence rates for young 
patients with AF,17-20 similar to Go et al.13 Likewise, the occurrence 
of AF in young women (<55 years) with HH was 19-fold higher 
than the prevalence of AF reported in the general population in the 

2006, were assessed for the presence of AF. An electronic clinical 
database for patients who were given a HICDA diagnosis code for 
HH (05515 and 05535) and AF (04163 and 04164) during the 
specified time period and age group was maintained and reviewed. 
All patients who were given a coded diagnosis of AF, including lone, 
paroxysmal, persistent and permanent AF, as well as those who were 
given a diagnosis of HH by a physician were included in the study. 
The diagnosis of AF was confirmed by reviewing medical records. 
Detailed information about the severity of HH was not available. 
Patients were categorized by age and gender. The dates of initial 
diagnosis of HH, AF and cardiovascular events including heart 
failure, stroke and death were obtained. Patients given a diagnosis 
of AF after the diagnosis of HH were analyzed as well as the overall 
group of patients with both AF and HH. Risk factors that increase 
predisposition for AF – hypertension, diabetes mellitus, coronary 
artery disease, sleep apnea, valvular disease and heart failure at the 
time of diagnosis of HH – were identified (HICDA and International 
Classification of Diseases-9 codes 34128430, 02500000, 414.00, 
780.58, 03950112, 04279113). The study population was compared to 
the prevalence of AF reported in the general population by Go et al. 
based on the similar age and gender breakdown.13 Clinical outcomes, 
including heart failure and transient ischemic attack (TIA) or stroke, 
in the study population were assessed in a similar fashion using the 
HICDA codes documented by a physician. These outcomes then 
were compared to the expected events in the corresponding county’s 
general population. These events for patients with AF and HH then 
were compared to clinical outcomes reported in patients with AF.14-

16 Mortality was determined from medical records and the Social 
Security Death Index. All-cause mortality of the study population 
was compared to the expected death rate in the state population for 
age- and gender- matched controls. The study was approved by the 
Mayo Clinic Institutional Review Board.  

Figure 1:

A: Chest X-rays demonstrating large hiatal hernia (HH) (red arrows). 
Note close proximity to the left atrium (LA). B: Cardiac magnetic 
resonance imaging illustrating large HH (red arrows) in close 
proximity to the LA.

Table 1: Comparison of Baseline Characteristics of Patients With AF 
And HH vs. AF as Reported in the Literature

AF* (%) 
n=17,974

AF and HH (%)
n=7,865

Mean age (years) 71.2 ± 12.2 73.1 ± 10.5

Sex (male) 57 55

Hypertension 49 40

Hyperlipidemia NR 17

Diabetes 17 16

Coronary artery disease 35 20

Sleep apnea NR 4

CHF 29 10

Valvular disease 5 2

 AF = atrial fibrillation; CHF = congestive heart failure; HH = hiatal hernia; NR = not reported.
*Data taken from ATRIA study, Go et al. JAMA 200113
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those with AF in this population (Figure 4).15 At five years, survival 
free of stroke was 98.7% in the study population of AF and HH 
compared with 90.8% in the AF group and 96.6% in the expected 
county population. Survival free of heart failure at five years was 
93.9% in the AF and HH group, 81% in the AF group, and 96.3% 
in the expected county group. The expected survival at five years was 
90% in the AF and HH population, 55.4% in the AF population and 
88.1% in the expected state population (Figure 4). 

Discussion 
The novel finding of our study is demonstration of an association 

between HH and AF, with a greater likelihood of developing AF in 
patients with HH. The prevalence of AF in the general population 
is age-dependent and generally reported as approximately 1%.13 

The occurrence of AF in patients with HH in our study was 7.1%. 
This difference was strikingly greater in younger age groups in both 
men and women. When broken down by age and gender, we found 
17.5-fold and 19-fold higher prevalences of AF in men and women 
younger than 55 years with HH, respectively. A similar trend was 
found when comparing the occurrence of AF in patients with HH 
over the same one-year period used by Go et al.13 with a 21-fold 
increase in men < 55 years and a 16-fold increase in women < 55 
years, suggesting that secular differences over time with the 30-year 
follow-up were less of a factor. These differences in the prevalence of 
AF persisted with advancing age, but the magnitude of the difference 
between the HH group and the general population diminished, likely 
due to the presence of other comorbidities and factors in addition 
to HH that promote the development of AF (Table 1). The higher 
prevalence of AF in the young HH group, despite reduced prevalence 
of risk factors for AF such as hypertension, coronary artery disease 
and congestive heart failure as compared to the AF group, suggests 
that HH may increase the risk for AF.

Anatomically, the esophagus lies directly behind the left atrium 
and protrusion of abdominal contents into this limited space 
can predispose the atria to mechanical compression and stretch 
that increases the likelihood of developing AF (Figure 1). Hiatal 
hernias are frequently associated with gastroesophageal reflux and 
esophagitis,21 which could lead to local inflammation of the esophagus 
and surrounding structures. The proximity of the esophagus, and 
consequently of the HH to the left atrium, could lead to extension 
of this inflammation that could contribute to the development of 
AF by mechanical or chemical/neural influences mediated through 
vagal or sympathetic nervous systems.7,9,10,12,22-26 Huang et al. recently 
reported an increased risk of AF in patients with gastroesophageal 
reflux disease (GERD) as an independent predictor.27 They postulated 
that the increased vagal tone observed in patients with GERD could 
lead to an increased risk of AF. The presence of a HH may exacerbate 
GERD and consequently a similar mechanism of vagal stimulation 
could be attributed to the increased prevalence of AF seen in patients 
with HH. The presence of cardiac masses has been associated with 
development of AF and atrial flutter, and similar atrial compression 
by the presence of HH, associated inflammation of the esophagus 
or irritation of the autonomic neural plexus present in this region, 
particularly after heavy meals, can influence the development of AF 
and other atrial arrhythmias.3,5,6,28

The hypothesis that presence of HH contributes to the 
development of AF is supported by previous reports. Schilling et al. 26 
described a case of atrial flutter that resolved in a patient with a large 

same age group (1.9% vs. 0.1%) (Figure 2). As illustrated in Figure 
2, the higher prevalence of AF in patients with HH was consistently 
seen across all age groups in both men and women, although the 
differences diminished in the older age groups. Men with HH aged 
55-59 years had a 7.8-fold increase in the prevalence of AF, 60-64
years a 5.2-fold increase, 65-69 years a 3.4-fold increase, 70-74 years
a 2.4-fold increase, 80-84 years a 1.2-fold increase and > 85 years a
1.2-fold increase. Similarly, women with HH aged 55-59 years had
an 11.7-fold increase in the prevalence of AF, 60-64 years a 5.9-
fold increase, 65-69 years a 4-fold increase, 70-74 years a 2.4-fold
increase, 75-79 years a 2-fold increase, 80-84 years a 1.6-fold increase
and > 85 years a 1.5-fold increase.

When comparing the occurrence of AF in patients with HH over 
the same one-year period ( July 1, 1996, to Dec. 1, 1997) as Go et 
al.13 there was a comparable trend (Figure 3). Men with HH aged 
< 55 years had a 21-fold increase in the prevalence of AF, 55-59 
years a 12-fold increase, 60-64 years an 11-fold increase, 65-69 
years a 7-fold increase, 70-74 years a 3-fold increase, 75-79 years a 
2-fold increase, 80-84 years a 2-fold increase and > 85 years a 2-fold
increase. Women with HH aged < 55 years had a 16-fold increase
in the prevalence of AF, 55-59 years a 28-fold increase, 60-64 years
a 7-fold increase, 65-69 years a 7-fold increase, 70-74 years a 3-fold
increase, 75-79 years a 3-fold increase, 80-84 years a 2-fold increase
and > 85 years a 1-fold increase. 

Cardiovascular Events in Patients With Atrial Fibrillation and 
Hiatal Hernia

A total of 1,746 patients had heart failure, 810 patients with AF 
and HH developed TIA or stroke and 2,810 patients died during 
the 30-year follow-up period. Although the rate of heart failure 
development in patients with AF and HH was significantly higher 
(p<0.0001) when compared to the expected outcomes for the county’s 
general population, it was significantly better (p<0.00001) than for 

Figure 2:
A: Men with atrial fibrillation (AF) and hiatal hernia (HH) compared 
to AF reported in the general population* B: Women with AF and 
HH compared to AF reported in the general population*

*Data taken from ATRIA study, Go et al. JAMA 2001 [13]
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paraesophageal hernia after surgical repair of the hernia. Duygu et al. 
12 also reported a case of paroxysmal atrial flutter that was refractory 
to electrical cardioversion and calcium channel blockers in a patient 
with severe acid reflux and daily heartburn symptoms secondary 
to a large HH. However, after instituting proton-pump inhibitor 
therapy, normal sinus rhythm was restored and maintained at one-
year follow-up. In another patient with a large paraesophageal HH 
and postprandial AF, Nissen fundoplication suppressed recurrences 
of AF.25 Other reports have demonstrated electrocardiographic 
changes, including ST-segment elevation, T-wave inversion and 
sinus bradycardia, that can occur in patients with HH.4,29 Studies 
defining a definitive causal relationship with HH and mechanistic 
insights are warranted.

The occurrence of heart failure, stroke or TIA and death during the 
five-year follow-up period after the diagnosis of HH was compared 
to the expected event rates for heart failure and stroke or TIA in 
the county and the overall mortality in the state. The event rates for 
patients with AF and HH also were compared to the overall rates in 
patients with AF in the county population.14-16 The incidence of these 
complications was significantly less than that described in the overall 
AF population, suggesting that patients with AF associated with 
HH might have a better prognosis than patients with AF without 
HH (Figure 4). There are a few possibilities for this finding. Patients 
with AF and HH are more likely to seek medical attention given 
the presence of a hiatal hernia and related symptoms and, thus, may 
be treated more aggressively for their AF with medications such as 
anticoagulation. Another possibility may be that patients with AF 
and HH represent a unique subgroup of patients with AF that are 
actually less likely to develop AF-related complications due to a 
different mechanism for the AF. These patients may be more likely 
to have lone AF and less structural heart disease but still develop AF 
due to the mechanical/neural factors from the effect of the HH on 
the atria and, consequently, have a lower complication rate. Our study 
suggests that the natural history of AF in patients with HH may be 

different from AF associated with structural heart disease.

Limitations
The findings of this retrospective study should be considered in the 

context of the limitations of such a study design that cannot account 
for other confounding factors predisposing to AF not reported in the 
medical record. Our study encompassed all types of AF including 
lone, paroxysmal, persistent and permanent AF, which may affect 
the degree to which HH played a role in the development of AF. 
Although the diagnosis of AF was confirmed by reviewing medical 
records, the frequency and duration of AF episodes could not be 
assessed. Similarly, the severity of HH could not be assessed from the 
retrospective review of the records. Echocardiographic assessment 
was not performed or available in the majority of patients, and, 
therefore, the impact of HH on atrial function or dimensions or their 
contribution to the development of AF could not be determined. 
Further prospective studies investigating patients with HH and 
minimum risk factors for AF are needed to confirm the novel 
observations described here and to provide additional evidence to 
support the association between HH and AF.

Conclusions:
We present a hypothesis-generating study that suggests the 

presence of hiatal hernia may trigger development of atrial fibrillation, 
particularly in younger patients. Further prospective investigation is 
needed to confirm this association and the underlying mechanisms. 
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Abstract
Background and purpose: Up until recently complex fractionated atrial electrogram (CFAE) ablation has been considered as time 

consuming and its achievement as challenging, especially for non experimented operators. Moreover, results of substrate ablation based on 
CFAE detection in atrial fibrillation (AF) are very disparate, mainly because of the operator’s subjective electrogram visual analysis and the 
difficult distinction between CFAEs really involved in AF perpetuation from other CFAE. Automatic detection provided by 3D mapping system 
(CARTO® algorithm) can be helpful but is not selective enough, drawing too wide CFAE areas. We sought to demonstrate a better selectivity 
of a new CFAE algorithm setting in order to better discriminate CFAEs really involved in AF perpetuation from other CFAE.

Methods and subjects: A population of 32 patients (60.4±12.7 years) with paroxysmal (n=3) AF (PAF), persistent (n=16) AF (PeAF) or long-
standing persistent (n=13) AF (LSPeAF), and AF history =56±65 months, underwent CFAE ablation based on visual analysis. Before ablation, 
left atrium CFAE mapping was performed on CARTO® shortest complex interval (SCI) algorithm and reanalyzed after ablation with the two 
different settings: nominal (SCI 60-120ms/0.05-0.15mV) vs. customized setting (SCI 30-40ms/0,04-0.15mV). CFAE areas automatically 
detected by both settings (CFAE-CARTO® areas) were respectively measured. The decision to ablate CFAE was only based upon the operator’s 
electrogram visual analysis taken as reference because of high AF termination rate (93.7%) due to operator’s CFAE selection experience. 
These ablation points drawn reference-CFAE areas involved in AF perpetuation (ablation point=60mm2) allowing to compare the selectivity 
of the two previous automatic maps.

Results: With the customized CARTO® SCI setting, we observed a significant reduction of CFAE areas detected by CARTO® (CFAE-CARTO® 
areas) and of the ablated CFAE surface inside non-CFAE CARTO® areas, (30.6±20.5cm2 vs. 68.8±24.5cm2, p<0.0001, and 1.86±1.82% 
vs. 3±3%, p=0.003). Furthermore the proportion of ablated areas/detected CFAE-CARTO® areas were higher with customized setting 
(38.2±19.6% vs. 20.4±17.5%, p=0.008). 

Conclusions: This new customized CFAE algorithm setting is significantly more selective than the nominal one and allows an automated 
detection of CFAE really involved in AF perpetuation truer to an efficient experienced operator’s electrogram visual analysis.

Introduction
Background 

A new approach of substrate ablation in atrial fibrillation (AF) 
based on complex fractionated electrogram (CFAE) detection was 
first described by Nademanee et al.1 Though CFAE ablation in 
AF was described as efficient,1-2 the results (AF termination rate 
by ablation and long term outcomes) are heterogeneous3-4 partially 
because of the subjectivity of the CFAE detection method based on 
electrogram visual analysis known as the « gold standard ».  

The identification of CFAE sites for ablation by visual analysis, 
based on distinction between “CFAEs really involved in AF 
perpetuation” from “other CFAE”, is subjective and depends on the 
experience of the operator in the field of substrate ablation. 

A more objective approach, with the help of a selective algorithm, 

Key Words: 
Ablation-catheter; Atrial fibrillation; Substrate; Complex Fraction-
ated Atrial Electrogram (CFAE); Electroanatomical 3D automated 
mapping
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substrate ablation was necessary, were eligible for inclusion. Exclusion 
criteria were: redo ablations and lone “focal” AF (PAF without 
structural heart disease or hypertension with short episode duration 
≤ 24 hours, predicting a limited quantity of substrate). 

Before ablation, for each patient included, left ventricular ejection 
fraction (LVEF) and antero-posterior left atrial (LA) diameter was 
measured by biplane transthoracic echocardiogram (TTE). 

3D Electroanatomic Mappings and Ablation Techniques
All anti-arrhythmic medications were discontinued at least five 

half-lives prior to ablation, except for beta blockers and amiodarone 
in patients with non PAF. Patients were anticoagulated with warfarin 
for at least 3 weeks prior to the procedure (International Normalized 
Ratio 2–3). Warfarin was stopped 3 days prior to the procedure and 
anti-coagulation was maintained with low molecular weight heparin.

All procedures were performed under general anesthesia. The 
absence of LA appendage thrombus was confirmed by transesophageal 
echocardiogram before transeptal puncture. Surface electrocardiogram 
and bipolar endocardial electrograms (filtered from 30 to 500 Hz) 
were continuously monitored and stored on a computer-based digital 
amplifier/recorder system (GE Healthcare, Cardiolab, Milwaukee, 
Wisconsin, USA). The following catheters were introduced through 
the right femoral vein: a deflectable decapolar catheter (2–5–2 mm 
electrode spacing, Xtrem, ELA Medical, France) positioned within 
the coronary sinus (CS), a 3.5 mm irrigated-tip quadripolar ablation 
catheter (2–5–2 mm inter-electrode spacing, ThermoCool, Biosense-
Webster, F or J curve) was introduced through a long sheath (Preface 
multipurpose, Biosense-Webster) perfused with heparinized saline 
solution.

Preliminary CARTO® Mapping
Electroanatomic mapping was performed using the CARTO® 

would facilitate discrimination of CFAEs involved in AF perpetuation, 
and shorten the learning curve for new operators. Computerized 
algorithms for automated recognition and quantification of CFAEs 
have been introduced as integrated modules in 3D mapping systems 
(Biosense CARTO® and Saint Jude Medical Velocity®). The ability 
of these two software packages to locate CFAEs has been validated 
by physicians in different studies.5-6 In these studies, physicians were 
able to validate the signals automatically detected by the algorithm. 
However no study has yet validated if these algorithms could detect 
all CFAEs involved in AF perpetuation (AF termination after their 
ablation).  

AF termination is a reliable endpoint used in defragmentation 
approach. Several studies have demonstrated that AF termination 
during ablation is a good clinical predictor of long-term outcome.7-8

When performing defragmentation for AF guided by electrogram 
visual analysis, we noticed that the CARTO® nominal shortest 
complex intervals (SCI) algorithm setting, from Biosense Webster 
(Diamond Bar, California), was able to detect CFAE but did not 
focus enough on CFAEs involved in AF perpetuation and finally 
chosen by operator (reference-CFAEs). 

Rational objective
Our objective was to modify the CARTO® SCI maps settings to 

make it more discriminative (closer to our electrogram visual analysis 
taken as reference), helping non experienced operators to focus more 
rapidly on the area of interest and reducing the procedure time.

Material and Methods 
Study Population

Between November 2009 and June 2010, all consecutive patients 
referred to our centers for symptomatic refractory AF in whom a 

 (CS: coronary sinus catheter; ABL: ablation catheter.)

Figure 1:
Examples of CFAEs visually choosen for ablation. All these electrograms (panel A, B, C) are low voltage potentials (<0.1 mV). Panel A shows 
continuous and fractionated activity. Panel B shows an electrogram which is less continuous but very fractionated. Panel C displays activity that 
could be tagged as electrical scar but is very continuous with very low voltage fractionated potentials (<0.06mV).
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monitoring. The endpoint was AF termination defined as conversion 
of AF to SR or regularization into stable Atrial Tachycardia (AT). 
In such cases, AT was mapped and ablated until SR was restored. 
AF “non-inducibility” was then tested using isoproterenol in PAF 
and PeAF. If the CFAE ablation approach failed to restore SR, no 
circumferential or anatomical linear ablations were carried out and 
external cardioversion was performed. After SR conversion, Lasso-
guided PV isolation was performed as a final ablation step in all 
patients with PAF.

Post Ablation Creation of Reference-CFAE maps (ablated areas 
taken as reference)

The automatic CFAE maps created were not used during ablation. 
Only operator’s electrogram visusal analysis was used to select CFAE 
eligible for ablation. Reference-CFAE mapping was obtained with the 
area drawn by all CFAE ablation points. RF applications performed 
during AT or PV isolation were excluded from the analysis as they 
do not correspond with CFAE ablation. Each ablation point covered 
a surface of 60 mm2. This surface depends on the catheter movement 
and represents the mean area “brushed” by the ablation catheter in 
stable positions defined by 20 RF “point by point” applications (of 60 
sec each measured in 10 patients) .

Electro-anatomic points taken on preliminary maps were used to 
draw automatic CFAE maps with 2 different settings: nominal and 
customized.

Nominal setting of SCI CFAE maps were the following: CFAE 
was defined by the system based on the peak-to-peak (P-P) interval 
in millisecond (msec). Global CFAE parameters (for all CFAE 
points) and point CFAE parameters (for individual points) were 
set to standard values. In detail, minimal amplitude threshold and 
maximal amplitude threshold were set to 0.05 millivolt (mV) and 
0.15 mV, and the minimal interval and maximal interval between 
two consecutive peaks were set to 60 msec and 120 msec. 

For customized settings we empirically modified the CARTO® 
SCI maps settings to reduce the area of all automated detected 
CFAE and focus more on the detection of CFAE involved in AF 
perpetuation. Ablation points were considered as CFAE points of 
clinical value involved in AF perpetuation (Reference-CFAEs), 
because of high AF termination rate (93.7%). In the substrate-based 
ablation technique first described ,1 the primary targeted electrograms 
involved in AF perpetuation, were low voltage (≤ 0.15mV) and 
continuous potential ones. Thus we changed the algorithm setting to 
reduce both voltage and cycle length (CL) of P-P interval limits, and 
narrowed the fractionation window (ms).

We proposed a new customized setting of CARTO® SCI mapping 
in this study (called “SCI 30-40”). The differences in the nominal 
setting (“SCI 60-120”) are the following:

- a shorter CL of P-P interval (30 ms vs. 60 ms)
- a narrower window for fractionation (30 to 40 ms vs. 60 to

120 ms)
- a wider window for non-fractionated potentials (40 to 120

ms)
- a lower voltage cut off at 0,04mV vs. 0.05mV (no change for

upper voltage cut off : 0.15mV)

Comparison
We then compared the CARTO® maps of nominal “SCI 60-120” 

setting and customized “SCI 30-40” setting with reference-CFAE 

navigation and mapping system from Biosense Webster. Before 
starting ablation, an electroanatomic LA map using the SCI 
algorithm was drawn in AF with nominal setting. To allow correct 
local electrogram assessment, the mapping catheter was maintained in 
each location for 2.5 seconds minimum before points were acquired. 

For patients in sinus rhythm (SR) at the beginning of the mapping 
(n=11), AF was induced by atrial pacing, using isoproterenol if 
necessary.

Visual CFAE Selection and Ablation 
The primary targets of ablation were continuous and low voltage 

potentials (Figure 1).1,9 Only permanent CFAE over time were 
selected. CFAE ablation has a cumulative effect with progressive CL 
increase during ablation and an instantaneous effect in specific crucial 
areas with sudden CL increase of AF termination.10 The progressive 
CL increase during ablation may lead to the disappearance of CFAE 
not really involved in AF perpetuation.

Thus dynamic analysis of CFAE over time is still necessary, despite 
pre-selection by computer.

CFAE ablation was then performed with “point-by-point” 
applications (60 seconds). Ablation power control settings were 
parameterized at: 30 to 45W for the septum, 25W for Pulmonary 
Veins (PV) ostia, posterior wall of LA and CS, 35W for the other 
segments of LA and right atrium (RA) with an esophageal thermal 

Table 1: Baseline patient characteristics

Baseline patients characteristics Patients (n=32)

Age (years) 60.4±12.7

Sex M/F 24/8

History of AF (months) 79.5±64.3

Maximum sustained episode duration 
(months)

24±50

AF type

Paroxysmal 3

Persistent 16

Long standing persistent 13

Left atrium diameter (mm) 44.6±5.2

LEVF (%) 52.6±10.6

Structural heart disease 15

Coronary heart disease 2

Tachycardia-induced cardiomyopathy 11

Hypertrophic cardiomyopathy 0

Valvular disease 0

Hypertension 15
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maps of ablation points.
For each patient, CARTO® and reference-CFAE LA maps were 

analysed retrospectively (after ablation), and the following data was 
listed: number of electro-anatomic points (used to create CARTO® 
maps) in LA, number of ablation points, and LA map surface (cm2) 
as automatically computed by the CARTO® software.

On CFAE-CARTO® maps the colour grade scale for fractionation 
quantification is the following: red and yellow=highest degree of 
fractionation, green and blue=moderate degree of fractionation, and 
pink=no fractionation. Because the selection of electrograms for 
ablation is binary (to be ablated or not to be ablated), our selection of 
fractionated involved only the “red and yellow” areas. 

For each setting, the following surfaces (cm2) were manually 
measured: 

- the CFAE-CARTO® surface defined as the sum of all red
and yellow areas detected by algorithm

- the total non-CFAE-CARTO® surface, defined as the sum
of the remainder of LA areas 

- the ablated surface localized inside the CFAE-CARTO®
surface

- the ablated surface localized outside CFAE-CARTO®
surface (or inside non-CFAE CARTO® surface).

For each setting, the number of patients, in whom ablation points 
leading to AF termination were located inside of CFAE-CARTO® 
areas, was specified.

We then compared the CFAE-CARTO® surface (in cm² and in 
% of total LA surface), the ablated surface inside CFAE-CARTO® 
surface (cm2 and % of total CFAE surface), and the ablated surface 
outside CFAE-CARTO® surface (cm2 and % of total non-CFAE-
CARTO® surface).

Follow-Up
 Patients were followed in the outpatient clinic 3, 6, 9 and 12 months 

post ablation. Twelve-lead ECG and 24-hour Holter recordings were 

obtained in all patients at each follow-up visit. Patients were asked 
to contact the investigator if symptoms suggestive of arrhythmia 
occurred. A 12-lead ECG was performed in case of reported 
symptoms between follow-up visits. Recurrences were based upon 
patient reporting, 24-hour Holter recordings, and/or ECG data.

Statistical Analysis
Statistical analysis was performed with the chi-square tests for 

categorical variables and Wilcoxon matched pairs signed rank-
sum tests for numerical data. A two-tailed P value of < 0.05 was 
considered to indicate statistical significance. All statistical analyzes 
were performed using STATA 9.2 software (Stata Corp., College 
Station, TX). 

Results
Patients Characteristics 

A population of thirty two patients (75% male, 60.4 ± 12.7 years), 
undergoing radiofrequency catheter ablation for paroxysmal (n=3) 
AF (PAF), persistent (n=16) AF (PeAF) or long-standing persistent 
(n=13) AF(LSPeAF), according to the ESC 2010 guidelines,11 was 
enrolled in this study. 

All patients had experienced an AF recurrence whilst taking at 
least one antiarrhythmic drug (mean = 2.2). Included patients had 
a long history of AF (79±64 months with a mean sustained episode 
duration of non PAF=56 ± 65 months). 

Mean LA dimension was 44.6±5.2 mm, and mean LVEF was 
52.6±10.5 %. The clinical characteristics of the patients are shown 
in Table 1. 

Ablation Results
AF was successfully terminated (converted to SR or stable AT) 

in 30 patients (93.7 %). Only 5 patients (all with LS-PeAF) needed 
electrical cardioversion: 2 for AF persistence, and 3 for stable AT.  SR 
was restored in 27 patients (84.4%) without electrical cardioversion. 
Six were directly converted to SR (22.2%), and 21 regularized to AT 

Figure 2: Comparison of surfaces with the two settings (cm2). The customized setting draws significantly smaller CFAE-CARTO® areas than nominal one. 
The non-ablated surface inside CFAE-CARTO® areas were also significantly smaller.
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The mean CL of AF (measured in LA appendage) was 179.5 ± 25.6 
ms. The mean procedure and fluoroscopy durations were 4.2±1.3 h 
and 31±17 min respectively. No serious adverse event related to the 
procedure occurred.

Electro Anatomic Maps
For automated CFAE-CARTO® maps the mean LA surface 

automatically measured on CARTO® maps was 174.4 ± 54.6 cm2. 
The mean number of electro-anatomic points taken for SCI maps 
in LA was 294.2 ±138.4. A total of 9416 points acquired in the LA 
were analyzed. The mean mapping time was 18 ± 10 min. The mean 
density of electro-anatomic points was 1.53 ± 0.82 points /cm2. 

For reference-CFAE maps the mean number of 60 sec ablation 
points in LA for CFAE ablation was 63.3 ± 35.

Retrospective comparison of surfaces with nominal and 
customized settings (Figures 2 and 3);

The mean CFAE-CARTO® surfaces were significantly smaller in 
the customized vs nominal groups: 30.6 ± 20.5 cm2 vs. 68.8 ± 24.5 
cm2, p < 0.0001. These areas represent a percentage of 17.5 ±37.5 % 
vs 39.5 ± 44.8 % of the total LA surface. The ablated surface inside or 
outside CFAE-CARTO®  areas remains absolutely the same in both 
settings but the ablated proportion of CFAE-CARTO® areas was 
significantly higher in the customized setting group (38.2 ± 19.6 %, 
vs 20.4 ± 17.5 %, p = 0.008). However, the ablated area non-CFAE 
inside-CARTO® areas were smaller in this group (1.86 ± 1.82 %, vs 
3.0 ± 3% p=0.003).

Furthermore, the % of patients, in whom ablation points leading to 
AF termination were located inside of CFAE-CARTO® areas, was 
significantly higher with custom setting (90% vs 83.3%, p=0.001).

Outcomes
During a mean follow-up of 12 ± 7 months after the last procedure, 

25/32 patients (84.4%) were free from any arrhythmia (16 patients 
still under antiarrhythmic drug therapy, 1.6 ablation/patient). Redo 
procedures, using the same substrate based ablation technique, were 
performed in 16 patients (9 for AF, 9 for AT). A third procedure was 
necessary in 4 patients for AT recurrences. 

Discussion
Main Findings

In this study, for the first time, a CFAE software program is 
compared to an efficient visual CFAE detection, validated by a 
high AF termination rate (93.7%). We demonstrated that our new 
simple customized setting (“30-40” SCI setting) is significantly more 
selective than the nominal one, and closer to the operator’s visual 
analysis.

With this new setting, the total CFAE-CARTO® area and ablated 
surface outside CFAE-CARTO® area were both significantly 
smaller. Furthermore ablated proportions of CFAE-CARTO® areas 
were larger than with nominal setting.

CFAE Definitions and Subjectivity of Target Electrograms
Many mechanisms have been suggested to explain the fractionation 

of electrograms during AF including: reentrant circuit pivot points, 
wave collision and slow conduction,12-13 anisotropic conduction or 
focal reentry,14 and wavebreaks at the periphery of high-frequency 
rotors;15 These mechanisms can play an active or a passive role in 
AF maintenance and multiple mechanisms may coexist in the same 
patient at different sites or times.16 This data suggests that all CFAEs 

(77.8%) before conversion to SR.
All four PVs were isolated in patients with PAF. “Non inducibility” 

was tested and achieved in 16 patients with PAF and PeAF (50%). 

The red dots correspond to CFAE ablation points visually positioned. Black dots correspond to AF 
termination ablation points. Many fractionated ablated areas have almost the same location but 
the surface area is lower with the customized setting. The CFAE-CARTO® surface not ablated is also 
lower with the custom setting.

Figure 3:

Panel A: Example comparing the 2 SCI map settings (Nominal 
setting on the left side, customized setting on the right side) in a 
patient with persistent AF.
Panel B: Example comparing the 2 SCI map settings for a patient 
with long standing AF
(AP: Antero-posterior view, PA: Postero-anterior view); 
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of color interpolation on CFAE maps and catheter movement, 
operator’s visual analysis remains necessary to validate electrograms 
before ablation within automated fractionated areas. Only very high 
density CFAE maps could standardize and automate this substrate-
based ablation technique. A multi-electrode mapping tool could be 
very interesting with this setting.

Simple Use 
Many algorithms are available to help physicians in CFAE ablation. 

Such an approach must be, in our opinion, as straightforward as 
possible, to simplify and standardize the technique. The 2.5 sec 
window of acquisition for each point appears to be a good compromise 
between mapping time and accuracy, taking into account the short-
term temporal stability of CFAEs.6 The time required for LA CFAE 
mapping in our study was 18 ± 10 min which is acceptable in daily 
practice. Only one kind of CFAE map with a simple setting is used 
in this study (no “complex” analysis or handling of CFAE maps are 
necessary); LA is divided into: CFAE-CARTO® areas (red to yellow 
areas) requiring visual validation before ablation; and non-CFAE-
CARTO® areas excluded from ablation. This setting is very simple 
in daily practice even for physicians not currently using the CFAE 
approach and could help in standardizing the technique. 

Acute and Long Term Results 
Our acute and long term results on this 32 patient series might 

appear quite high especially for this population. Our EGM-based 
substrate ablation protocol was performed in complete accordance 
with the technique described in the first publication on this topic1 and 
include other targeted EGMs: temporal gradient of activation and 
rapid fires. The following differences from previous publications,3,26 

could explain differences in acute and long-term results: voltage of 
targeted potentials (often <0.1 mV in our protocol), point-by-point 
applications (60 seconds) without “dragging” (to confirm EGM 
elimination after RF applications), ablation in the CS and the RA, 
and dynamic power settings (15–45 W).

This technique is reproducible and can easily be taught and learned 
with a short leaning curve (less than 10 cases). 

Study limitations
The greatest limitation of CFAE mapping is the density of 

acquisition points. In case of low-density LA maps, areas of 
fractionation may not be accurate because of point interpolation. 
The mean density of CFAE points in the present study is quite 
accurate (1.53 ± 0.82 points/cm2) but we must take account of the 
interpolation of points in the area measurement. The necessity to take 
as much CFAE points as possible is time consuming. High-density 
accurate maps, which would automate the technique, are the only 
way to reduce the importance of visual analysis. Further studies using 
this setting on high-density maps are necessary in the field of CFAE 
ablation automation.

Each RF application was considered on CARTO® maps as a 60 
mm2 diameter circle. This value could be criticized, but it is the result 
of measures on maps and reflects the natural and artificial movement 
of the catheter.

This study is based on the temporal stability hypothesis of the 
CFAE1,6 with a 2.5 sec window of acquisition. In the case of non-
permanent fractionated potentials or if the tip movement is too fast 
during mapping, there is a risk of false positive and false negative 

may not be the same, and that ablation should primarily focus on 
CFAEs which play an active role in AF perpetuation.

The definitions of CFAE1,13,17 are large, blending together different 
types of electrograms. 

To define the specific electrogram characteristics of different types 
of CFAE, Hunter et al. proposed a CFAE classification based on 
visual analysis.18 No information was provided regarding which type 
of CFAE should be ablated or not. Minimal data is available to 
differentiate the CFAEs issued from active drivers in AF or critical 
zones for AF maintenance, from other CFAE without clinical value, 
corresponding to passive epiphenomenon of fibrillatory conduction. 
Takahashi et al. reported that only 17% of the CFAE areas were 
related to AF termination and described the specific characteristics 
of electrograms associated with the slowing or AF termination as 
continuous activity or a temporal activation gradient.19

The “30-40” SCI Setting Focuses on Continuous and Low 
Voltage Potentials

Although this new SCI setting was created from empirical daily 
practice, we demonstrated its better selectivity for CFAE areas 
involved in AF perpetuation (low voltage, very fast and fractionated 
or continuous electrograms).

Decreasing the voltage cut off from 0.05 to 0.04 mV allowed 
us to unmask areas of very low voltage CFAE. In the substrate-
based ablation technique first described.1 the primary targets 
were low voltage CFAE (≤ 0.15mV). These low voltage potentials 
may correspond to areas of remodelling or fibrosis20,21 that could 
participate in AF substrate. A very low level of interference (< 0.03 
mV) is needed for CFAE ablation and for the use of this setting. 

Decreasing the SCI cut-off from 60 to 30 ms, and narrowing the 
SCI window to 30-40 ms seems to shift the focus to very fast or 
continuous potentials which are the primary target of ablation.

Calò et al. have previously shown that a specific setting of 
CFAE-CARTO® software is needed to improve its sensitivity 
and specificity.22 In their study, the best window of fractionation 
was “15-30 ms” which focused on very high frequency CFAEs. 
They also studied the “30-50 ms” window which was also a good 
setting with 74% of sensitivity and 87% specificity. These results are 
concordant with our findings, selecting very fast and fractionated 
potentials. In Calò’s study the CFAE-CARTO® was validated by 
two different electrophysiologists with good concordance, but results 
of the ablation of these fractionation potentials were not specified. 
Regarding the validation of CFAE algorithms in other studies, 
ablation strategies did not target CFAEs or results of CFAE ablation 
were not specified.5,23,24,25 This is the main limitation of such studies 
regarding the debate toward CFAE ablation effectiveness and visual 
analysis subjectivity.

Focus on Electrograms Involved in AF Maintenance and 
Exclusion of CFAE Areas without Clinical Value 

With the customized setting, the CFAE-CARTO® maps had 
smaller fractionated areas focusing in a more discriminating manner 
on the reference-CFAE ablated areas (with a high AF termination 
rate). This setting excludes fractionated potentials which have 
no important impact on AF and are not targeted in our ablation 
protocol.1,13,17 

This customized setting can help in guiding ablations, but because 
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results (if points are taken too quickly).
Even though the right atrium is often ablated in our protocol, right 

atrium CFAE maps were not analyzed in this study.
The “30-40” SCI setting was the most selective setting regarding a 

great majority of our patients. In “fast” (CL <150 ms) or “slow” AF 
(CL > 210 ms) cases this setting was less accurate. A dynamic setting 
based on the CL for these few cases could be discussed.

Despite the high AF termination rate in this study, some “passive” 
CFAEs, not playing any role in AF perpetuation, have probably 
been ablated needlessly. RF time may be reduced with a better 
understanding of both CFAE specific characteristics, and AF 
physiopathology. Nevertheless, the amount of ablation itself may also 
play an important role.27 

This retrospective design of the study may be a weak point of the 
study.

To conclude on the benefits of such new Carto CAFEs 
discrimination algorithm, a prospective controlled study with 
multipoler mapping catheter could be interesting to conduct.

Conclusions
This new CFAE algorithm setting is significantly more selective 

than the nominal setting. As a result it focuses on visually targeted 
areas that lead to a high AF termination rate. These promising results 
may be less time consuming, and will simplify and improve the 
reproducibility of CFAE mapping in AF. 

Multielectrode mapping could be proven as a very useful tool in 
this field. 
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Abstract
Dabigatran is a novel anticoagulation which has been approved as an alternative to warfarin therapy for non-valvular atrial fibrillation. Use 

of Dabigatran for approved indications as well as off label use has dramatically increased after Federal Drug Administration (FDA) approval. 
Our patient had left atrial thrombosis even after being on Dabigatran for more than one month which raises question about safety and 
efficacy of use of dabigatran around cardioversion and ablation..

Introduction
Dabigatran is an oral thrombin inhibitor increasingly utilized 

in place of warfarin for prevention of stroke in patients with non-
valvular atrial fibrillation as it does not require coagulation test 
monitoring.

Case Report
A 69 year old male patient with aortic valve replacement (23-

mm Edwards Lifesciences pericardial tissue valve), mitral valve 
repair (Edwards Lifesciences annuplasty ring size 28), and bi-atrial 
Cryo Maze procedure (November 2010) presented to out-patient 
clinic with paroxysmal atrial fibrillation. Patient continued to have 
symptomatic paroxysmal atrial fibrillation despite amiodarone and 
underwent cardioversion which failed to maintain sinus rhythm. Due 
to frequent travel relating to his job, he was switched to dabigatran 150 
mg twice daily from warfarin. Radiofrequency ablation was planned 
due to symptomatic recurrence despite tolerated antiarrhythmic 
therapy.
     A Computed tomography of the chest was performed as part of 
pre-operative evaluation of atrial fibrillation ablation after a month 
on dabigatran. This showed 12 mm thrombus attached to left atrial 
wall which was partially incorporated (Figure). Planned ablation pro-
cedure was postponed and warfarin reinitiated in place of dabigatran.

Discussion
Re-ly trial,1 which led to FDA approval of dabigatran showed 

150 mg twice daily of dabigatran was associated with lower rates 
of stroke and intracranial bleeding as compared to warfarin. After 
publication of this study and approval from FDA, use of dabigatran 
for approved indication as well as off label use has increased 
dramatically.2 Dabigatran has been used and tried as anticoagulant 
before cardioversion.3 A recent study evaluated safety of dabigatran 
in radiofrequency ablation of atrial fibrillation and found higher 
incidence of bleeding as well as thromboembolic complications.4 

However, safety and efficacy of use of dabigatran around cardioversion 
and ablation seems to be far from settled as demonstrated by this 
case.

Conclusions:
Until further prospective data are available, the patients on 

dabigatran therapy for atrial fibrillation prior to cardioversion should 
undergo TEE to rule out thrombus. 

References:
1. Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus warfarin in patients 

with atrial fibrillation. N Engl J Med 2009;361:1139-1151
2. Kirley Kate, Qato DM, Kornfield R, et al. National Trends in Oral Anticoagulant 

Use in the United States, 2007 to 2011. Circ Cardiovasc Qual Outcomes. 2012
Sep 1;5(5):615-21

3. Nagarakanti, R, Ezekowitz MD, Oldgren J, et al. Dabigatran versus Warfarin
With Atrial fibrillation. An Analysis of Patients Undergoing Cardioversion.
Circulation. 2011; 123:131-136

4. Lakkireddy D, Reddy MY, Biase LD et al. Feasibility and Safety of Dabigatran
Versus Warfarin for Periprocedural Anticoagulation in Patients Undergoing
Radiofrequency Ablation for Atrial Fibrillation. J Am Coll Cardiol.
2012;59(13):1168-1174

Key Words: 
Dabigatran, left atrial thrombosis, Atrial fibrillation

www.jafib.com  Aug-Sep, 2013 | Vol-6 | Issue-2  



Journal of Atrial Fibrillation25 Case Report

www.jafib.com  Aug-Sep, 2013 | Vol-6 | Issue-2  

Figure : 1 Computed tomogram with contrast of heart and pulmonary veins. Panel A is axial view and Panel B is saggital view. The arrow is pointing to the left 
atrial thrombus which has partially incorporated to left atrial wall
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Abstract
With the advent of catheter ablation of atrial fibrillation (AF) there has been acceleration in our understanding of the mechanisms 

underlying the etiology of this common clinical arrhythmia. In this regard, the role of the intrinsic cardiac autonomic nervous system in the 
initiation and maintenance of AF began to receive attention in numerous experimental and clinical investigations. Up to now, the focus has 
been on the large ganglionated plexi (GP) which are located in the posterior left atrium mainly at the pulmonary vein-atrial junctions. As long 
term outcomes have been reported and single procedures have indicated diminished success rates particularly for persistent/long standing 
persistent AF, emphasis has begun to shift away from the pulmonary vein isolation (PVI) alone as well as GP ablation with or without PVI. An 
understanding of the atrial substrate represented by the extensions of the intrinsic cardiac autonomic system constituting the atrial neural 
network is beginning to evolve. In this review, the contribution of the intrinsic cardiac autonomic nervous system to the etiology of AF is 
addressed, particularly in regard to the greater prevalence of AF in the elderly. In addition, we emphasize the involvement of the atrial neural 
network in the “metastatic” progression of paroxysmal to persistent and long standing persistent forms of AF.

Introduction
The etiology of atrial fibrillation (AF) is multi-factorial and the 

arrhythmia may develop under different pathologic conditions as 
well as in the normal heart. Interactions between atrial electrical 
remodeling and autonomic remodeling are important factors. 
In addition structural remodeling such as fibrosis, inflammation 
and genetics may also be involved as “modulators” in facilitating 
initiation or continuation of AF.  In this review, the focus will be the 
role of autonomic influences on AF, in particular, how the intrinsic 
cardiac autonomic nervous system, including the major GP and 
the interconnected neural network, contribute to the initiation and 
perpetuation of paroxysmal AF and the progression to persistent and 
long-standing persistent AF. 

Experimental Evidence for the Atrial Neural Network and 
its Role in Atrial Fibrillation

It has now been more than a decade since the inception of the 

catheter ablation for atrial fibrillation era. Jais et al1 and Haissaguerre 
et al2 discovered that focal firing arising from the pulmonary veins 
(PVs)  were closely associated with the occurrence of paroxysmal atrial 
fibrillation (PAF) in patients who were resistant to drug therapy and 
who had failed cardioversion. Obscured by the explosion of clinical 
procedures engendered by these findings was the experimental 
studies which sought to determine the answers to fundamental 
mechanistic questions. For example, under what circumstances could 
PV focal firing be induced leading directly to the initiation of AF 
in the experimental setting? Po et al3 found that injection of various 
concentrations of the neurotransmitter acetylcholine (ACh) into a 
cluster of nerves, viz., ganglionated plexi (GP) at the junctions of 
the atrium and PVs induced PV firing which initiated AF. These 
findings were followed by a study by Patterson et al.4 in which 
portions of the pulmonary veins and atria were superfused in vitro. 
Significant electrophysiological differences were noted between PV 
and atrial myocardium. Among others, the PV myocytes manifested 
a significantly shorter action potential which, in response to local 
stimulation of autonomic nerves, showed even further reduction 
of refractoriness combined with triggered firing. Cholinergic and/
or adrenergic blockers prevented action potential shortening as 
well as triggered firing, respectively. In addition, the study by Niu 
et al5 demonstrated that neurotransmitter induced focal AF with 
intact GP, AF was not affected by propafenone, (drug resistant); 
whereas the myocardial induced re-entrant form of AF was readily 
terminated by the same dose of propafenone after GP ablations in 
the same experimental animal. The GP ablated in this study consisted 
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Beyond the role of the activated GP at the PV-atrial junctions as 
the instigators of PV firing4,15 other experimental studies have also 
focused on the role of the extensive and highly interactive16 atrial 
neural network in the initiation and maintenance of AF. Zhou et al 17 

found a gradient of atrial refractory periods (ARPs) extending from 
the GP at the PV entrance toward the atrial appendage as well as 
into the adjacent PV. With increasing levels of GP activation there 
was a progressive decrease of ARP and increase of AF inducibility 
from the PV, along the atrial free wall, to the atrial appendage as 
well as into the adjacent PV. Furthermore, ACh applied topically 
to the atrial appendage induced local rapid firing characteristic of 
fractionated electrograms18,19 a.k.a., complex fractionated atrial 
electrograms (CFAEs)20 prior to the onset of AF. This sequence of 
events was similar to the onset of AF at the PV- atrial junction when 
ACh was injected into the adjacent GP.3 A more recent study in the 
dog heart21 showed that after ablations of the major GP and along 
the ligament of Marshall, ACh applied to the atria induced AF. 
Moreover, the duration of AF was significantly longer when a larger 
area was exposed to ACh as to when a smaller area of the atrium was 
exposed to the same concentration of ACh. Since the atrial neural 
network is composed of numerous ganglia but with smaller numbers 
of neurons and interconnecting axons than in the major GP, we   
hypothesize that the larger the area of the atrial neural network that 
is activated the greater number of neurons release their cholinergic 
and adrenergic neurotransmitters. The former has been shown to 
induce local areas of CFAE22 whereas the latter, in the context of the 
marked shortened refractoriness, can cause focal depolarizations.4 It 
is interesting to note that recent clinical studies by Yamabe et al.23 
using non-contact mapping methodology in patients undergoing 
catheter ablation for AF found  that premature atrial depolarizations, 
similar to those reported by Patterson et al.4 in the PVs, occurred 
at the periphery of the CFAE regions and could be sites of AF 
initiation. Another clinical study24 in a majority or patients with 
persistent and particularly long standing persistent forms of AF 
found focal firing from the left atrial appendage which initiated AF. 

of the major GP located at the right and left PV-atrial junctions 
and along the ligament of Marshall. These findings confirmed the 
hypothesis previous stated that the focal and reentrant forms of AF 
could coexist.6,7 Further evidence for the functional interactions 
between the cardiac neural and working muscle came from the 
experimental studies of Hirose et al8 and Oh et al.9  Both acute 
and longer term partial ablation of GP, adjacent to the right PVs 
increased the dispersion of refractoriness between the left and right 
atria. The increased atrial dispersion of refractoriness, particularly 
in the presence of enhanced vagal tone, is an established biomarker 
underlying the reentrant form of AF.10 

Anatomic and Functional Aspects of the Atrial Neural Net-
work

The foundation for these functional electrophysiological studies 
was provided by the anatomical demonstrations of an extensive 
atrial neural network in the canine and human heart constituting 
the intrinsic cardiac nervous system .11-14  Lazzara et al.11 in 1973 
reported on the functional and structural nature of the GP associated 
with the sinus and AV nodes in the dog heart. Histological sections 
of the anterior right GP showed multiple neurons whose functions 
were autonomic causing both slowing and speeding of the heart rate 
in response to electrical stimulation before and after parasympathetic 
blockade, respectively. Yuan et al 12 in 1994, in an anatomic study 
on the intrinsic cardiac autonomic nervous system in the canine, 
showed the extensive neural network which was followed by the 
similar arrangements of the major GP and atrial neural network 
in the human heart.13,14 Several important implications have been 
forthcoming based on the anatomic studies in regard to the major 
atrial GP and the extensive interconnected neural network. For 
example, although the major GP were found to contain as few as 
20013 or as many as 1000 neurons ,14 the associated neural network 
was shown to consist of axons and ganglia containing small numbers 
of neurons scattered throughout the atrial parenchyma (See Figure 
1A and B).

Figure 1:

 Panel A. Anatomic depiction of the atrial neural network showing the extensive axonal field of the intrinsic autonomic nervous system on the 
atria and ventricles of the human heart (With permission: Pauza DH, Skripka V, Pauziene N, Stropus R. Morphology, distribution, and variability 
of the epicardiac neural ganglionated subplexuses in the human heart. Anat Rec 2000;259:353-82). Figure 1. Panel B. Drawing of the neural 
network of the human heart consisting of “individual neurons and small ganglia…found scattered through atrial and ventricular tissues…” (with 
permission: Armour JA, Murphy DA, Yuan BX, MacDonald S, Hopkins DA. Gross and microscopic anatomy of the human intrinsic cardiac nervous 
system. Anat Rec 1997;247:289-298
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Given the diverse outcomes reported by several investigators, it is 
important to establish some criteria for GP localization so that the 
optimal number of GP are effectively ablated in order to obtain results 
equivalent to PVI or better if PVI and GP ablation are combined. A 
clinical example of partial GP ablations can be seen from Scanavacca 
et al.27 Both epicardial and endocardial sites showing a “vagal” 
response were identified but ablations were performed only at the 
posterior wall of the left atrium. It would appear that the anterior 
aspect of the left atrium, where the largest of the GP is located (the 
anterior right, ARGP), was not ablated although a parasympathetic 
response was elicited at this site. Epicardial ablation at this site was 
avoided due to the overlying phrenic nerve and potential nerve 
damage that might be caused by radiofrequency energy application 
at this area. Thus, the high AF recurrence rate of patients in this study 
may have been due to partial ablation of the GP.

There have been other studies using either endocardial catheter 
ablation or surgical approaches which have performed both PVI and 
GP ablation. For example, in the small series reported by Scanavacca 
et al 27 in which GP ablation alone accounted for a success rate of 
25%, the addition of PV isolation showed a 100% success during a 
follow up of 250 days. In the study by Danik et al,30 even though, 
after GP ablation, AF was acutely inducible in 18/19 patients. PVI 
was then performed. After a 1 year follow-up in this group with 
both GP ablation and PVI there was only one recurrence of AF; a 
success rate of 94%. In a larger series of 83 patients with paroxysmal 
and persistent AF, Nakagawa et al31 reported that the freedom 
from symptomatic AF and AT at 22 months was 86% after a single 
procedure targeting both GP and performing an antral type PVI. 

 Another source of controversy revolves around the method for 
identifying the GP sites. Pokushalov et al.29 who initially performed 
selective GP ablation (40 patients) based on GP identification by 
high frequency stimulation to induce significant ventricular slowing 
and hypotension during AF. In a randomized study, they compared 
these patients to 40 patients in whom anatomic localization was used 
to determine the sites for ablation. The end-point for both procedures 
was the inability to reproduce the “vagal response” after ablation. 
After an average 13 month follow-up, the group with selective GP 
ablation had a 43% success while the anatomic based ablation resulted 
in a 78% freedom from AF. It should be noted that there were an 
average  of 42±1 radio-frequency applications (RFAs) in the selective 
GP group including “additional applications over the adjacent sites 
that displayed complex fractionated atrial electrograms (CFAEs)…” 
On the other hand, the anatomic group averaged 76±14 RFAs. The 
fluoroscopy times for the two groups was 32±16 minutes vs 24±11 
minutes, respectively. For studies employing circumferential PVI, the 
number of RFAs can exceed 9032 and the fluoroscopy time has been 
reported to average 59±23 minutes .33  It is interesting to note that 
a more recent article from the same authors34 reported that catheter 
ablation in patients with paroxsysmal AF focused on areas showing a 
positive response to high frequency stimulation and also manifesting 
CFAEs. Their one year success rate (71%) was close to that reported 
by the use of the anatomic approach and CFAE ablation.

Clinical Evidence for the Role of the Atrial Neural Network 
in Atrial Fibrillation

Nademanee et al reported that ablation of atrial sites showing 
complex fractionated atrial electrograms (CFAEs) resulted in success 

These finding suggest that a hyperactive state of the atrial neural 
network even extending into the atrial appendages can serve as a 
widespread substrate characteristic of persistent and longstanding 
persistent AF. Evidence supporting the progressive “metastatic-like” 
spread of AF will be presented below.

Clinical Evidence for the Role of the major GP in Atrial 
Fibrillation

The first clinical report by Platt et al. 25 described the identification 
of the GP at the PV-atrial junctions by applying high frequency 
stimuli to these nerve clusters. In patients with persistent forms of 
AF, the response was a marked slowing of the ventricular response 
(≥ 50%) during AF. Ablation of these sites (putative GP locations) 
terminated the persistent AF in the 23/26 patients who had a 
complete study with an overall success rate of 96% but the duration 
of follow-up was only 6 months. The first relatively long-term 
clinical study combining PVI and GP ablation, albeit the latter was 
inadvertent, was reported by Pappone et al.26 In a non-randomized 
study of 297 patients with paroxysmal AF, undergoing left atrial 
circumferential ablation to isolate the PVs, these investigators found 
that some 34% showed marked slowing of the ventricular response 
along with hypotension during the application of radiofrequency 
energy to 4 specific areas at the PV-atrial entrances. Continued 
energy application consistently terminated this “vagal reflex.” In 
a 12 month follow-up, those 102 patients showed a 99% freedom 
from AF, whereas the others had a success rate of 85% over the same 
follow-up period. These workers were obviously impressed by these 
results, so much so, that their closing suggestion was, “Vagal reflexes 
can be elicited in several specific sites around all PV ostia and should 
be specifically targeted to cure paroxysmal AF.” Subsequent studies 
from this group have not indicated that this advice has been followed. 

 More recent studies have reported wide ranging results after 
ablation of GP alone. Scanavacca et al27 studied 7 patients with 
vagotonic AF in whom GP were identified by electrical stimulation 
(epicardially or endocardially) followed by GP ablation. Five of 
the seven patients showed AF recurrences over a follow up period 
ranging from 5-15 months. These authors concluded that ablation of 
GP may prevent AF recurrences in “selected” patients with apparent 
vagal induced paroxysmal AF. Katritsis et al28 compared the results of 
GP ablation alone in 19 patients with paroxysmal AF and 19 age and 
gender matched patients who had circumferential pulmonary vein 
ablations. It should be pointed out that, in this study, GP ablation 
was performed based on anatomic identification of GP sites. No 
high frequency electrical stimulation was used to identify the GP or 
determine that they were ablated after radiofrequency applications. 
Nevertheless, arrhythmia recurrence was found in 14 of 19 (74%) 
with GP ablation vs, 7 of 19 (37%) with circumferential ablation 
during a 1 year follow-up. In contrast, Pokushalov et al 29 also used 
an anatomic approach to identify the location of the GP and then 
applied radiofrequency energy to ablate these sites. After a 1 year 
follow-up in 58 patients with persistent and long standing persistent 
AF (75%) and paroxysmal AF (25%) they reported an overall success 
rate of 86% during a short follow-up of 7 months. Danik et al30 

reported on a series of 18 patients whose AF duration averaged 5 
years despite various drug regimens. These investigators were able to 
induce AF with burst pacing after acute GP ablation in 17 of 18 
patients but after a 1 year follow-up freedom from AF recurrence was 
94% in this same group.
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rates as high as 91% after over a follow-up period of 1 year .20 In a 
later report they proposed that when targeting CFAEs, GP ablation 
might inadvertently be involved in their success rates based on the 
relation between the sites at which CFAEs were ablated and the 
location of the major GP.35 More recently, Nakagawa et al studied 
patients with paroxysmal AF who showed CFAEs  were centered 
around the major GP sites.36 However, In patients with persistent 
AF, Narayan et al. 37 stated that “ CFAEs may indicate mechanisms 
as diverse as rapid focal drivers, wavefront collisions, scar, or far-field 
events. ”Of interest, experimental studies suggested that CFAEs 
would develop at the peripheral boundaries of rotors and that AF 
may be organized by one, or a small number of high-frequency 
reentrant sources or localized drivers in the left atrium. 38,39 It should 
be noted that the coexistence of reentrant sources and localized focal 
drivers was predicted by Moe and Abildscov.6 and Allessie et al.7 the 
major proponents of the reentry hypothesis as the underlying the 
mechanism for AF. 

  Based on Narayan’s initial studies his group40 developed a 
computer based mapping system to detect localized sources or 
rotors that could be ablated with comparable success rates better 
than the standard PVI procedure. Using the focal impulse and rotor 
modulation (FIRM) method applied to 71 patients undergoing 
catheter ablation for persistent AF compared to conventional PVI  
(36 procedures) they found a higher success rate with FIRM (82% 
vs. 45%, p<0.001, respectively.). Although the Firm methodology has 
shown initial promise the follow-up period has been relatively short 
(273 days) and longer-term results are awaited. 

The integrated Levels of Autonomic Innervation of the 
Heart: Clinical Implications

The studies of the neural innervation and control of the multiple 
properties of heart function since the 1970’s to the present has 
mainly been due to the voluminous work of  WC Randall and his 
associates, JA Armour and JL Ardell whose contributions have 
been summarized, in books published between 1997 and 2004.41-44 

They constructed a comprehensive scheme consisting of a highly 
integrated neural network, starting from the brain stem → vagal 
trunks → intra-thoracic ganglia and sympathetic ganglia (intra-
thoracic extra-cardiac innervation) → intrinsic cardiac autonomic 
nervous system.45 The last consist of ganglionated plexi (GP), which 
are found within collections of fat pads at the pulmonary vein-atrial 
junctions. In addition, there is an extensive interconnected neural 
network made up of axons and scattered ganglia over the surface 
of the atria and ventricles. These neural stations can function as an 
interdependent system or independent units based on physiological 
or pathophysiological conditions. 

Ardell45 detailed studies providing evidence that this cardiac 
neural plexus functions as,  “an integrative neural network capable 
of modulating extrinsic autonomic projections to the heart and 
local cardio-cardiac reflexes.” It carries out these functions via 
afferent connection providing feedback loops to local GP and/or to 
intrathoracic ganglia and the central nervous system. In this regard, 
we confirmed the role of a local cardio-cardiac reflex  consisting of 
an afferent and efferent limb with a GP as the integrative center of 
this reflex. Initially, we demonstrated, using a non contact mapping 
system, that a strong stimulus applied to the atrial appendage could 
initiate a premature activation at the endocardium  at the GP  via an 
afferent neural connection rather than myocardial conduction .17 In a 

subsequent experimental study in which acetylcholine (ACh) applied 
to the atrial appendage, resulted in the consistent occurrence of AF 
[18]. Using a variety of interventions we presented evidence that 
ACh activated afferent neural activity at the atrial appendage which 
in turn activated the GP leading to an efferent activation and focal 
firing at the adjacent PV. Clinically, a recent report from Pokushalov 
et al.46 described a prospective, randomized study in patients 
undergoing catheter ablation for AF who had concomitant resistant 
hypertension. They compared standard PVI vs. PVI plus renal artery 
denervation and found  that after 1 year of follow-up, 9 of the 13 
patients (69%) treated with PVI with renal denervation were AF-free 
at the 12-month post-ablation follow-up examination versus 4 (29%) 
of the 14 patients in the PVI-only group (p = 0.033). In addition, At 
the end of the follow-up, significant reductions in systolic (from 181 
± 7 to 156 ± 5, p < 0.001) and diastolic blood pressure (from 97 ± 6 
to 87 ± 4, p < 0.001) were observed in patients treated with PVI with 
renal denervation without a significant change in the PVI only group. 
They hypothesized that the ablation of afferent renal nervous input 
will decrease central sympathetic output47 which might attenuate 
autonomic triggers of AF in addition to improved blood pressure 
control and offer the potential for an antiarrhythmic effect superior 
to medications. Thus, the potential role of an sympatho-sympathetic 
reflex in which abnormal afferent input from the renal arteries 
impinging on extrinsic autonomic centers in the brain could cause 
excessive  sympathetic outflow to induce hypertension and exacerbate 
the substrate for AF. Removal of this afferent renal nerve input could 
then, over time reverse remodel the hyperactivity of the vasomotor 
center, leading to attenuation of both hypertension and AF. 

 An example of the interdependent  connections between the 
extrinsic  (brain and spinal cord) and the intrinsic system of the heart 
can be related to the question regarding the well-known increased 
incidence of AF associated with aging.48 A possible answer to 
this question came from a clinical study by Tai et al 49 in patients 
undergoing catheter ablation for AF. When phenylephrine was 
given, raising blood pressure there was a suppression of pulmonary 
vein firing responsible for initiating AF. The authors postulated that a 
baroreflex based increase in tonic vagal tone somehow suppressed the 
PV ectopy despite little or no change in the heart rate. These findings 
would suggest that higher autonomic centers in the brain and spinal 
cord can act to suppress intrinsic cardiac GP which can initiate PV 
firing associated with AF onset. This hypothesis was confirmed by a 
series of studies50-52 in which low-level vagal nerve stimulation, below 
which slowed the heart rate, consistently suppressed the various  
electrophysiological changes promoting AF, i.e., decreased ERP, 
increased dispersion of refractoriness, increased AF inducibility and 
increase neural firing in the GP. These acute studies clearly suggested 
that simulating tonic activity coming from of the brain and spinal cord 
exerted control over the GP on the heart.  In a corollary experiment, 
in a chronic preparation, initial ablation of the superior vena cava- 
aortic GP the head-stage or nexus point 53 at which the extrinsic 
autonomic system connects with the intrinsic cardiac nervous system 
resulted in a spontaneous and progressive increase in AF occurrence 
over a period of 10 weeks. 

GP Hyperactivity and the ‘Metastatic’ Progression Hypothe-
sis from Paroxysmal to Persistent to Longstanding Persistent 
Atrial Fibrillation

The early work of Allessie and his associates led to the axiomatic 
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patients with paroxysmal AF and persistent forms of AF, success rates 
for a single procedure have ranged from 29-55%. The success rates  for 
patients with long standing persistent AF, even for shorter follow-up 
periods and for a single procedure,  have also been reported to be 
sub-optimal. Elayi et al. 71 using three different ablation techniques, 
were able to achieve their highest success rates for a single procedure, 
in the group, in whom PVI was combined with ablation of CFAEs, 
61%. The mean follow-up period was 16 months. Pokushalov et al.72 
followed 264 persistent/longstanding persistent AF patients after 
catheter ablation  for 3 years. Their ablations randomized patients 
for PVI plus linear lesions compared with those with PVI and 
GP ablation. Although the latter approach was significantly more 
successful, 49% vs. 34%, (single procedure) the results from these 
studies emphasize the dramatically lower success rates for achieving 
sinus rhythm, particularly when AF has “metastasized” to the chronic 
phases of the disease process. 

Potential, Less Invasive Methods for Treating and Prevent-
ing AF 

Vagus Nerve Stimulation (VNS) has recently come to the forefront 
as a  promising therapeutic modality ,73 since the vagosympathetic 
nerves serve as are a major connections between the brain and the 
internal organs, not only the heart.74 In several experiments we 
demonstrated the usefulness and efficacy of VNS in the treatment 
of AF.38-40,75,76 Low level vagosympathetic trunk electrical stimulation 
at a voltage of 10% or even 50% below the level that slowed the 
heart rate (HR) suppressed neural activity in the GP resulting in 
diminished AF inducibility. Furthermore, a non-invasive application 
of low level VNS has been its application to the auricular branch of 
the vagus nerve at the anterior protuberance of the ear, the tragus. 
Six hours of atrial pacing induced AF markedly decreased atrial 
effective refractory periods ERP, while increasing ERP dispersion of 
atrial refractoriness, as well as increasing neural activity in GP all 
associated with progressive ease of inducing AF. Low level VNS at 
the tragus at hours 4-6 reversed these changes and suppressed AF 
inducibility.77 Further experiments, particularly using right sided 
VNS demonstrated that at low levels of stimulation there were anti-
cholinergic as well as anti-adrenergic effects associated with AF 
prevention and suppression.75 Based on these acute findings, others 
have now shown that low level VNS (LL-VNS) in ambulatory dogs 
made susceptible to AF suppressed both spontaneously recurring 
paroxysmal AF as well as AT.78  An hypothesis was constructed 
relating autonomic nerve modulation by LL-VNS to the release 
of a neuropeptide called vasostatin-1 (VS-1). VS-1 has anti-
adrenergic and negative lusitropic effects and further, it mediates its 
anti-arrhythmic effect via endothelium-derived nitric oxide.79,80 In 
support of this hypothesis, two recent studies have directly implicated 
LL-VNS and VS-1 in the suppression of AF under experimental 
conditions.81,82 Other alternative therapies that have been proposed 
for the treatment of atrial fibrillation include acupuncture 83 and 
Yoga.84 The use of new pharmacological agents85 also remains another 
potential means for prevention and treatment of atrial fibrillation.

Conclusions:
Previous experimental and clinical reports on the participation of 

autonomic factors involved in the initiation and maintenance of  AF 
have mainly emphasized the role of the autonomic inputs from the 

expression, “AF begets AF.” Specifically with increasing bouts and 
duration of AF, the atrial myocardium is progressively remodeled 
electrophysiologically, i.e., shortened atrial refractoriness.55,56 More 
recent experimental studies have demonstrated either in acute AF 
models 57 or after AF was induced by long term pacing 58 that autonomic 
factors might also be involved in these electrophysiological changes. 
Hyperactivity of GP leads to excessive release of both cholinergic 
and adrenergic neurotransmitters . Excessive ACh, by shortening 
refractoriness, enhances the ability of the atria to fire rapidly. 
The excessive adrenergics promote mobilization of intracellular 
myocardial calcium leading to triggered firing is associated with focal 
firing in the PVs 4 and also provides the substrate for reentry within 
the PV.59 Moreover, in experimental studies, GP hyperactivity has 
been demonstrated to induce the development of CFAE at the PV 
atrial junctions3 or at peripheral atrial sites.22 Clinical reports have 
shown that high frequency stimulation of GP decreases AF cycle 
length not only at adjacent PVs but also along a gradient from the 
GP extending into the atria.17,60 Lim et al61 also found that in some 
patients, undergoing catheter ablation, high frequency stimulation 
outside the GP but during the atrial refractory period, induced 
PV firing, suggesting the spread of hyperactivity beyond the GP. 
Another aspect of autonomic remodeling has been demonstrated 
in other experimental and clinical reports. For example, Chang et 
al 62 demonstrated that relatively long term atrial pacing induced 
AF in a canine model resulted in sympathetic hyperinervation 
which was heterogeneously distributed in the right as well as left 
atrium.63 Gould et al64 acquired right and left atrial appendage tissue 
in patients undergoing bypass surgery who had persistent AF for 
at least six month. A matched group of patients in sinus rhythm 
were similarly tested. They found significantly greater evidence for 
sympathetic innervation in the patients with AF and ascribed this 
finding to autonomic remodeling induced by persistent AF. Whether 
the mechanism whereby greater sympathetic hyperinnervation and 
AF is primary association, i.e., mobilization of calcium and ensuing 
triggered activity, or secondary to inflammation65 remains to be 
determined.  

In a recent editorial, Burkhardt et al66 suggested that, “long 
standing persistent AF has similarities to metastatic cancer… It is 
more difficult to treat with lower success rates, and is much more 
challenging than localized [paroxysmal AF] more benign disease.” 
We propose the “metastatic” progression hypothesis from paroxysmal 
to persistent to long standing persistent forms which, in part, 
depends, on the progressive spread of autonomic remodeling, i.e., 
autonomic hyperactivity, occurring along the gradient from the major 
GP via the axonal field to the smaller more numerous GP within 
the atrial neural network.17,60 This metatastizing process eventually 
encompasses the atria as a substrate consisting of localized rotors, 
CFAEs and focal sources24,37-40 for the initiation and maintenance 
of AF. Other factors promoting the development of persistent forms 
of AF include electrophysiological factors such as heterogeneous 
shortening of atrial myocardial refractoriness potentiating reentry 
and the role of anatomic changes, i.e., atrial fibrosis. 

Long Term Studies in Patients with Catheter Ablation; Single 
Procedure Results

It has been 15 years since the advent of catheter ablation of AF 
targeting PV vein firing. Recently, several relatively long-term studies 
have been reported ranging from 3-6 years of follow-up .67-70 In those 
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brain and spinal cord (extrinsic innervation) and the large clusters 
of GP found at the PV-atrial junctions (intrinsic innervation). 
In this review we have directed attention to the role of the atrial 
neural network which constitutes the peripheral extensions of the 
intrinsic cardiac autonomic system. Both experimental and clinical 
studies clearly implicate that the atrial neural network can be a 
major contributor in the “metastatic” progression from paroxysmal 
to persistent and longstanding persistent AF by providing additional 
sources of rotors (reentry circuits) as well as focal drivers for initiation 
and maintenance of AF. 
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Abstract
Atrial fibrillation (AF) as a severe arrhythmia is now spreading worldwide at overwhelmingly high rates, particularly in elderly patients. 

Despite new insights, the mechanisms underlying AF are not conclusively determined yet. Taking into account the ischemic origin of arrhythmia 
induction (according to the so-called conflictogenic atrial fibrillation, declared recently) restoration of regional electrophysiological parameters 
is essential in tackling AF. We hypothesized that some atrial electrophysiological parameters, preferably the effective refractory period, 
might need to be controlled to prevent AF. All the remaining parameters - conduction velocity, conduction time, recovery time, vulnerability, 
excitability, repolarization etc. being as if secondary and less important could be ignored. Homogenization of the milieu producing AF might 
be implemented, at least theoretically, through restoration of blood supply in ischemic areas and/or via attenuation of electrophysiological 
differences between conflicting regions by delivery of atrial sub-threshold non-captured pulse-trains. Adjunctive therapy by drugs containing 
vasodilatory features and affecting the effective refractory period appears to be fundamental. Thus, stabilization of disorganized atrial 
cellular activities likely may lead to the recovery of atrial excitable characteristics. Despite the lack of compelling evidence, the application 
of the concept may be helpful in order to search for more precise and more effective methods to favorably change the refractory period. 
Further studies are necessary to determine whether restoration or improvement of blood circulation of atrial wall is feasible. Based on such 
considerations a novel preventive AF strategies are to be designed.

Introduction and General Reflections
Atrial fibrillation (AF) is the most prevalent cardiac arrhythmia, 

the occurrence of which increases with age. AF can be characterized 
as an arrhythmia comprising of well-organized atrial activation in 
chaotic fashion with ventricular irregularity, often accompanied by 
co-production of auto-aggressive thromboemboli. Introductory 
sentences emphasizing relatively high morbidity and mortality rates 
in patients suffering from AF are reiterated in a myriad of literature 
sources analyzing genesis, maintenance, perpetuation, complications, 
prevention and therapy of AF. In fact, AF is an incrementally 
challenging burden for patients, for society and for modern cardiology. 
The challenges we face today in dealing with AF are similar to the 
ones we faced years back in dealing with coronary artery disease.1 

Unfortunately, no worldwide gold standard has been established yet 
with regard to uniform understanding of causal mechanisms of AF. 
It is still unclear whether AF is the only driver of the disease in a self-
perpetuating process or a consequence of an underlying structural 
heart disease, or an arrhythmic manifestation of an independent 
“fibrotic atrial cardiomyopathy”, or of the aging atria.2 In spite of 
such uncertainty there is some progress in the complex and versatile 
management of arrhythmia – antiarrhythmic, anti-inflammation 
therapy, anticoagulation, pacemaking, ablation, cardioversion, 
defibrillation, surgery.3-14 Currently the (not required) catheter 
ablation has become accepted as an effective mainstream therapy 
for treatment of drug-refractory symptomatic AF.15 This method is 
a promising therapy for AF however the success is limited in part by 
uncertainty in the mechanisms that sustain AF.16 Pulmonary vein 
isolation is now a routine procedure,17 however at long term follow-
up after successful ablation, no evidence of reverse remodeling 
of atrial substrate is seen, and some evidence of further substrate 
progression is noted.18 Verma et al. have described that preexistent 
left atrial scarring in patients undergoing pulmonary vein isolation 
is an independent predictor of procedural failure.19 Obviously, the 
therapeutic modalities alone or in combination give rise to the hope 
that this evil may not actually be incurable. Therapy modalities are 
evolving, however at a relatively slow pace. Nevertheless, it seems 
that in the meantime we still find ourselves only halfway to winning 
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electrophysiological tension between areas of “strained relations” may 
evoke no arrhythmogenicity therefore providing peaceful coexistence 
until the threshold of tension is reached. Ischemia as a parent element 
of the arrhythmogenic substrate actually circumscribes corresponding 
ischemically injured region(s) thus creating favorable conditions for 
the secondary element to occur – electrophysiological differences 
and polarization. Circumferential borderlines likely have irregularly-
shaped geometry (including ramifications) corresponding to the 
specific arterial network. Some influence on the behavior of AF may 
depend on the amount of tissue involved, i.e. the size, and the depth 
of the ischemic region (subendocardial, subpericardial, intramural, 
transmural) and the dimensional proportions of conflicting areas. 
Along with ischemic expansion the healthy myocardial area likely 
shrinks and therefore AF gradually assumes more grave features. 
One may consider that conceptually the higher the degree of 
ischemia the higher the chances for AF manifestation. Based on 
this postulation, this hypothesis was given the name of “ischemia-
dependent conflictogenic atrial fibrillation”. This concept has not 
been analyzed or corroborated by independent sources yet and 
fortunately not dismissed either. In all likelihood the utility of the 
concept containing mild speculations will be weighed by the future. 

The ideal therapeutic goal for AF is the maintenance of sinus 
rhythm to preserve the atrial transport function. Theoretically it could 
be implemented as long as atrial fibrosis has not ingrained completely 
and irreversibly. Homogenization of the milieu producing AF might 
be achieved through restoration of blood supply in ischemic areas 
and/or via attenuation of the electrophysiological differences between 
conflicting regions. Whether these two fundamental prerequisites 
act in consort to successfully harmonize atrial performance is still 
the key question. According to universally recognized axiom, every 
unfavorable inhomogeneity of the atria – whether ischemic, electrical, 
structural or mixed – needs to be homogenized, (i.e. transformed into 
previous state), if possible, in order to fulfill the expectations of any 
clinical benefit.

Simultaneous annihilation of ischemia and electrophysiological 
polarization may elicit a favorable atrial response and act as a 
deterrent tool for the prevention of AF. To achieve the goal it could 
be reasonable to focus on potential therapeutic and preventive 
scenarios: 1) diagnostic identification of ischemic regions of atrial 
wall and subsequent amelioration of blood supply, 2) verification of 
electrophysiological properties and their differences in conflicting 
areas (preferably in ischemic ones) and search for tools and methods 
to affect the electrophysiological parameters by equalizing/unifying 
the effective refractory period (ERP), conduction velocity, activation 
time, repolarization time, etc. Importantly, the primary strategic 
goal of this article is an attempt at the stewardship of ischemia-
related inhomogeneity thereby anticipating that inhomogeneity 
will likely be homogenized. Reestablishment of good blood flow 
presumably might result in automatic mitigation of the inter-
regional electrophysiological differences, while bleaching out of the 
latter would mean that the ischemic problems remain unsolved.

Identification of Atrial Ischemic Regions
As mentioned above, it is becoming increasingly clear that 

ischemia plays a key role in the organization and perpetuation of AF 
and this viewpoint is supported by many other investigators.28-31 It 
is therefore important to identify and verify the region(s) with poor 
blood supply. Obviously, it presents an enormous challenge since 

this battle. Thus, it is reasonable to continue the research for more 
effective therapeutic and preventive methods for AF.

AF is sometimes characterized as the electrical equivalent of 
coronary artery disease, which occurs due to mechanical obstruction 
or functional stenosis of coronary arteries.1 In contrast, AF induced 
alterations in coronary blood flow result in symptoms of myocardial 
ischemia in patients with AF,20 while the termination of arrhythmia 
has an opposite effect.21 Even in the absence of coronary artery disease, 
patients with AF frequently present with angina-like chest pain 
and transient ischemia-type ST-segment depression.20 At large the 
ischemic etiological factor results in the change of the fundamental 
features of atrial myocardium by shifting of its refractoriness, 
automaticity, conduction velocity, excitability, vulnerability etc., 
whether temporarily (paroxysmal AF) or permanently. Reportedly, 
hypoxemia and oxidative stress associated with obstructive sleep 
apnea increase the recurrence of AF.22 Regarding these observations 
the ischemia seems to be essential for AF occurrence. 

According to fundamental cardiac electrophysiology, ventricular 
myocardium becomes arrhythmogenic during the phase 1b 
interval of ischemia.23,24 In one of the most comprehensive studies 
by Coronel et al.25 it was postulated that with regional ischemia 
some important electrolyte imbalances and metabolic changes are 
confined to the poorly perfused tissue that is electrically coupled with 
normal myocardium at the ischemic border where injury currents 
flow between regions. Border zone interactions are important 
to arrhythmias because the relationship between source charge 
generation and downstream sink charge requirements modulate 
membrane depolarization and repolarization, and they also dictate 
success or failure of action potential propagation.26

 Recently, based on literature data, we hypothesized that there is a 
strong interrelationship between myocardial ischemia and interstitial 
atrial fibrosis, i.e., the fibrosis is stipulated/influenced by ischemia and 
vice versa.27 In brief, mutual interdependence might be formulated 
as “fibrosis-related ischemia” or “ischemia-related fibrosis”. It was 
revealed, at least hypothetically, that ischemia is a key etiological 
factor of AF genesis irrespective of the underlying heart disease. 
From this point of view other syndromes associated with accessory 
pathways or those of genetic origin are to be excluded. According to 
the new hypothetical doctrine, ischemia as a primary cause results 
in atrial fibrosis. Then the progressing fibrotic process accompanied 
by anatomical constraints induces detrimental conditions for arterial 
microcirculation which, in turn, activates fibrosis.  Thus, a vicious 
circle is launched. Fibrosis also may be initiated by inflammation or 
by overstretching of the atrial wall in cases of myocarditis, vasculitis 
or valvular heart disease. Joint action of ischemia and fibrosis leads 
to the production of a structurally inhomogeneous region with 
specific electrophysiological parameters which differ from those 
inherently dominating a healthy myocardium. Thus, at least two 
regions – ischemic and non-ischemic - arises along with their own 
electrophysiological parameters. As a result of the electrophysiological 
tension (polarization) occurring in between neighboring areas, 
an arrhythmia may finally evolve. In other words, the tension 
emanating from the aforementioned differences might be treated 
as a fundamentally potential precursor of AF initiation. From an 
electroanatomic point of view, an arrhythmogenic substrate is likely 
located in/within the borderlines of conflicting areas i.e., within the 
surrounding rim (penumbral zone, demarcation line). Sub-threshold 
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of neovascularization by TMR on the atrial level. It is still unclear 
whether the doubtful clinical benefit of the TMR might outweigh 
the consequences of myocardial damage induced by a laser beam. In 
this context further studies are warranted to delineate the possible 
beneficial mechanisms of the procedure.

Experimentally it was found that isolated human coronary 
arterioles demonstrate endotellium-dependent dilatation in response 
to some drugs.34 Beta-blockers may improve atrial blood supply by 
their vasodilatory impact and appear to effectively prevent occurrence 
of AF, especially in patients with systolic heart failure.49 Their 
antiarrhythmic and anti-ischemic role or both have not been clearly 
defined yet, at least in relation to AF prevention. Some authors have 
indicated that the recurrence rate of AF is known to be high, even 
under beta-blocker prophylaxis.50 However, the beta-blocker therapy 
prolongs atrial cell ERP50 thus favoring antiarrhythmic background. 
Noteworthy amiodarone, class III antiarrhythmic agent also extends 
atrial ERP, prolongs the duration of action potential and depresses 
conduction velocity thereby possessing the efficacy in prevention 
and termination of AF.52,53 The ERP has been identified as the most 
vulnerable parameter and therefore a correct therapeutic approach 
could be based on drugs being able to prolong the refractoriness.54 

The significance of the ERP is discussed below.

Atrial Pacing and AF Protective Effects
 It is assumed that better organization of atrial activation and 

the correction of electrophysiological states could be implemented 
by means of antiarrhythmic pacing.55,56 Different atrial pacing 
modes and a number of pacing algorithms have been suggested for 
the prevention of AF.56-60 Conventional overdrive atrial pacing is 
supported by both electrical and mechanical theory in preventing the 
onset of AF,61 atrial pacing prevents potential triggers for AF such as 
bradycardic episodes and ectopic atrial beats, and atrial pacing avoids 
the atrial stretch caused by increased atrial pressure that is associated 
with atrioventricular dyssynchrony. Specifically, continuous atrial 
overdrive pacing does not prevent new-onset AF and is poorly 
tolerated.62,63 

 For the prevention of atrial tachyarrhythmias Becker et al. have 
stressed the rationale of the selection of pacing locations and the 
number of pacing sites.55 It was hypothetically supposed that pacing, 
particularly delivered at multi-sites, may homogenize electrical 
conduction properties of the atrium and promote sinus rhythm.62 

Studies of biatrial and multisite pacing have been shown to decrease 
atrial activation time.61 Distal coronary sinus pacing has been proven 
to suppress atrial premature beats from inducing AF by limiting 
their prematurity at the triangle Koch, which is a region of local 
conduction delay and re-entry.64 However some multicenter studies 
failed to show any AF preventive benefit compared with single-site 
or no pacing, therefore the use of alternative site pacing should be 
considered unproven and experimental.61,62,65 At large, studies of 
preventive algorithms have yielded mixed results, further clouding 
the role of pacing algorithms themselves.60,61,65-67 

Atrial Refractoriness as an Exceptional Electrophysiological 
Parameter

Further insights into atrial electrophysiological features may 
be helpful in tackling AF. Holmqvist et al.68 have considered that 
alterations in atrial electrophysiology are common in the early stages 
of AF, which may indicate that these changes play a key role in AF 

we deal with peculiarities of arterial vascularization of the atria. The 
atrial arterial network in humans is extremely variable32-34 and the 
blood supply mainly depends on microvascular network. The sinus 
node and the sinoatrial region are, in 55% of patients, perfused by 
an atrial branch from the proximal part of the right coronary artery.8 

In 45% of the cases this region is perfused by a proximal branch of 
the circumflex coronary artery.35 A proximal occlusion of the right 
coronary artery or the circumflex coronary artery may therefore lead 
to ischemia of the sinus node and surrounding atrium.8 The diameter 
of human atrial microvessels is approximately 103±2 μm,34 therefore 
conventional angiographic visualization is scarcely feasible. 

In 2010 Smit et al. investigated myocardial perfusion by single-
photon emission computed tomography in patients suffering from 
AF.36 Authors emphasized the need for new non-invasive techniques 
to adequately assess the coronary artery disease in AF patients. Apart 
from the conventional percutaneous angiography37 there are several 
non-invasive diagnostic methods for the detection and stratification 
of myocardial ischemia.38-41 Unfortunately, these methods exclusively 
serve the evaluation of ventricular circulatory status and coronary 
artery disease in general. Therefore, the results of such explorative 
data cannot be utilized to evaluate atrial vascular status – detection, 
localization and quantification of perfusion defects. Obviously, 
to reveal the atrial regions marked with poor blood circulation 
and to determine the extent and severity of ischemia more precise 
improvements of diagnostic tools and accuracy are needed. 

Revascularization Peculiarities of Atrial Myocardium
Multiple stenotic obstacles (intravascular atheromatous-related or 

extra-vascular fibrotic matrix-related) within small vessels actually 
induce the restrictions in blood flow. To the best of our knowledge, 
there have been no atrial revascularization attempts reported. 
Thrombolysis, angioplasty, stenting, endarterectomy or any other 
kind of intervention into atrial arteries actually appears to be beyond 
imagination. The role of direct mechanical affection to the obstacles 
particularly in diffuse coronary artery disease is still ill-defined. The 
challenge also is to find a way to precisely install the vessels running to 
the ischemic area(s) in order to restore the blood circulation. Fibrosis 
dispersion in the end stage of atrial disease with its classical atrial 
remodeling leads to persistent AF.42-43 Revascularization afterwards 
is actually impossible and no longer helpful perhaps except for atrial 
or heart transplantation. 

Any type of myocardial revascularization is based on improvement 
in the delivery of oxygenated blood to the ischemic area. The 
conventional methods of increasing ventricular (not atrial) 
myocardial perfusion include percutaneous transluminal coronary 
angioplasty and coronary artery bypass grafting surgery,44 a small 
vessel disease is not amenable to these therapeutic methods. To 
create myocardial neovascularization as well as stimulating further 
angiogenesis a method of transmyocardial revascularization (TMR) 
was developed.44,45 For this purpose either a carbon dioxide laser or 
Holmium:YAG laser is used.46-48 There is an outstanding report47 
demonstrating the effectiveness of TMR used as adjunctive to the 
coronary artery bypass grafting; a significant lower incidence of 
postoperative AF was observed regardless of revascularization of 
ventricular myocardium, not atrial. Even though TMR may lead to a 
decrease in angina and improved exercise tolerance46 the short-term 
and long-term outcomes indicate that usefulness of TMR needs 
further research.48 Literature sources lack to indicate the usefulness 
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development. Recently Teh et al.18 have stressed that AF patients 
demonstrate an abnormal substrate characterized by reduction in 
voltage, conduction slowing, and increased signal complexity. Botto 
et al. have postulated that the most important atrial parameter 
related to AF-induced electrical remodeling is the ERP.69 Both 
experimental and clinical studies have substantiated that an increase 
in the dispersion of refractoriness favors the occurrence of AF.71-73 
According to Carnes et al. the earliest observed change in AF is 
an abbreviation of the atrial ERP.73 Sato et al.74 have observed that 
atrial ERP increases just after conversion of AF to sinus rhythm. 
Similarly, atrial electrical remodeling occurs when AF is sustained, 
leading to a shortening of ERP and slowing of conduction velocity 
that promotes AF.43,51,62 In 1998 Fareh et al. have reported that in 
dogs premature extrastimuli induce AF predominantly at sites 
with short ERP.70 Also the presence of short ERP and short action 
potential facilitate the induction of AF.75 On the contrary, AF alters 
atrial electrophysiology and produce ultrastructural abnormalities to 
favor its own maintenance.42 Finally, atrial activation increases the 
spatial variability in AF cycle length76 which is an index of atrial 
refractoriness.77 Overall, the prolonged ERP is predictive of stable 
sinus rhythm.78 Deductively, subtle control of the refractoriness 
makes the atrium less vulnerable to AF. Hence, it is possible that 
when ERP is restored properly all the remaining electrophysiological 
parameters (conduction velocity, potential duration, potential 
duration, vulnerability, excitability, etc.) may regain their previously 
inherent values automatically.  

This suggests that ERP represents the most important 
electrophysiological parameter, apparently being directly involved 
in AF mechanisms. It could be considered that some drugs (beta-
blockers or others) may change the ERP in different ways when 
affecting different atrial regions. Preventive drug therapy may be 
insufficient to control AF occurrence even when highly selected 
antiarrhythmic drugs are prescribed. It might be related to the 
inadequate/non-uniform ERP response in specific atrial regions. 
That is why we observe different clinical results with medication – 
sometimes effective AF prevention but sometimes manifestation 
of proarrhythmias. In other words, drugs may fail to increase the 
tension threshold of existing electrophysiological parameters, at least 
hypothetically, in-between conflicting regions. Thus, simultaneous 
unification of ERP duration in corresponding atrial regions appears 
to be problematic.  

Promising Atrial Sub-Threshold Conditioning Pacing
There are reports demonstrating that single sub-threshold 

conditioning pulses and/or pulse-trains may favorably affect atrial 
refractory period.79,78 Gang et al.81 have declared that sub-threshold 
pulses are able to terminate reciprocating tachycardia. Ultra-
rapid sub-threshold pacing may also provide a safe and effective 
termination of AV node reentrant tachycardia with the electrode 
located either in the right atrial sites or in coronary sinus.82,83 It was 
pointed out that sub-threshold pacing is only effective when applied 
adjacent to critical components of the reentrant circuit.83 Sub-
threshold conditioning stimuli have been shown to be effective in 
the prevention or termination of ventricular tachycardias, but this 
possibility is constrained by the spatial limitations of the technique84 

effectiveness of such a sham pacing is explained by the ability 
of lengthening the ventricular ERP. Some beneficial effects may 
provide hybrid efforts joining the positive sides of antiarrhythmic, 

and vasodilatory drugs and with sub-threshold atrial pacing - 
preferably applying conditioning pulse-trains. However, the latter 
pacing modality has not been clinically approved yet thus more 
detailed studies are necessary for its technical and methodological 
effectiveness. Finally, much remains to be done in order to establish 
which region – whether ischemic, non-ischemic or both – is to be 
preferentially paced to achieve appreciable clinical benefit.

Conclusions:
Homogenization of atrial electrical activity might be achieved 

hypothetically via normalization of global atrial blood supply or 
by sub-threshold atrial conditioning pacing. Despite the lack of 
compelling evidence, further application of the concept may be 
helpful in the search for more effective methods to influence atrial 
refractory period. Some initiatives could be undertaken to test hybrid 
atrial conditioning pacing by pulse-trains and by vasodilatory drugs 
containing the capability to increase atrial effective refractory period. 
There is a pressing need for further studies to determine whether 
restoration or improvement of blood circulation of the atrial wall is 
even feasible. Taking into account the ischemic origin and background 
to atrial fibrillation, new strategies of arrhythmia prevention need to 
be devised.
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Abstract
Body mass index (BMI) is a powerful predictor of death, type 2 diabetes (T2DM) and cardiovascular (CV) morbidity and mortality. Over the 

last few decades, we have witnessed a global rise in adult obesity of epidemic proportions. Similarly, there has been a parallel increase in 
the incidence of atrial fibrillation (AF), itself a significant cause of cardiovascular morbidity and mortality. This may be partly attributable 
to advances in the treatment of coronary heart disease (CHD) and heart failure (HF) improving life expectancy, however, epidemiological 
studies have demonstrated an independent association between obesity, diabetes and AF, suggesting possible common pathophysiological 
mechanisms and risk factors. Indeed, cardiac remodeling, haemodynamic alterations, autonomic dysfunction, and diastolic dysfunction have 
been reported in obese and diabetic cohorts. Moreover, diabetic cardiomyopathy is characterized by an adverse structural and functional 
cardiac phenotype, which may predispose to the development of AF. In this review, we discuss the pathophysiological and mechanistic 
relationships between obesity, diabetes and AF, and some of the challenges posed in the management of this high-risk group of individuals.

Introduction
Obesity, Metabolic Syndrome and AF Risk

The link between obesity and AF was first recognized in retrospective 
analyses of incident AF in peri-operative cardiac surgical patients.1-4 

These early observations were subsequently supported by data from 
several large cohort studies. The first prospective study of incident AF 
was undertaken in subjects from the Framingham cohort, in which 
there was a 4-5% increase in AF risk for every unit increase in BMI, 
over a mean duration of 13.7 years.5 Furthermore, this association 
remained unchanged even after adjusting for myocardial infarction 
(MI), hypertension (HT) and diabetes (DM), and increased across 
the range of obesity. In the same study, obesity was also associated 
with an increase in left atrial diameter, a recognized precursor of AF. 
However, the relationship between BMI and AF was lost following 
adjustment for left atrial size, suggesting AF risk in obese subjects is 
mediated through left atrial enlargement, a finding which has also 
been reported in subjects with the metabolic syndrome (MetS).6, 7 

Indeed, left atrial enlargement is present in a significant proportion 
of obese adolescents and adults and is attenuated following weight 
reduction.8, 9 In the MONICA/KORA study, age, obesity and HT 
were independently associated with left atrial enlargement over a ten-
year period; obesity being the most powerful predictor (OR: 2.4 vs. 
2.2; p<0.001) and the combination of obesity and HT demonstrated 
the greatest LA enlargement.10 Other large prospective studies 
have reported comparable AF risk, for example in the Danish Diet, 
Cancer and Health study of 47,589 individuals followed up over a 
mean duration of 5.7 years, the incidence of AF/flutter was 1.2%, 
two thirds of which occurred in males.11 The adjusted hazard ratios 
(HR) for AF/flutter were 2.35 (95% CI 1.70-3.25) and 1.99 (95% 
CI 1.31-3.02) in obese men and women respectively. In a recent 
meta-analysis, obesity was associated with a 49% increased risk of 
AF (RR 1.49, 95% CI 1.36-1.64) in 6 population studies, but no 
association was reported in post cardiac surgery studies (RR 1.02, 
95% CI 0.99-1.06).12 Similarly, in the long term follow up of the 
Atherosclerosis Risk in Communities (ARIC) study cohort, 17.9% 
of incident AF was attributed to obesity. In a long term follow up 
study of Swedish men; BMI and BSA in youth were associated with 
AF risk with an increased risk of progression from paroxysmal AF 
to permanent AF.13 In the Women’s Health Study of over 34,000 
female healthcare professionals free of CVD, the investigators 
reported a linear relationship between BMI and AF characterized by 
a 4.7% (95% CI: 3.4-6.1% p<0.0001) increased risk of AF for every 
1 unit increase in BMI.14 This association was maintained whichever 
classification of obesity was used and after adjusting for confounding 
variables and inflammatory markers. Importantly, a change in weight 
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AF (PAF), thus suggesting a possible link between inflammation 
and AF.25-27 A building literature supports the role of adipose tissue 
mediated inflammation and the development of AF.  Recent work 
on visceral adipose tissue has focused on the role of epicardial fat in 
the pathogenesis of AF as epicardial fat thickness correlates strongly 
with visceral fat on magnetic resonance imaging.28-30 Individuals with 
permanent AF have a greater volume of epicardial fat compared with 
individuals with PAF, and those with either PAF or permanent AF 
have a greater volume of pericardial fat compared with controls.31 

This difference is predominantly related to atrial adiposity as opposed 
to periventricular epicardial fat thickness, which is comparable 
between all groups.32 More specifically, adipose tissue thickness in 
the inter-atrial septum is positively correlated with BMI and left 
atrial volume and inversely correlated with plasma adiponectin 
levels.32 Epicardial fat thickness is associated with an increased risk 
of AF whereas pericardial fat is predictive of LA volume in addition 
to AF prevalence, severity and poorer outcomes following catheter 
ablation.33,34

The effects of epicardial fat on the heart are mediated through a 
group of cytokines produced by adipocytes known as adipocytokines 
which possess inflammatory, anti-inflammatory and vasoactive 
properties implicated in the pathogenesis of several cardiovascular 
diseases.30,35 Several adipocytokines have been associated with 
AF including adiponectin, resistin, a pro-inflammatory cytokine 
associated with insulin resistance, and more recently, YKL-40, a 
general marker of inflammation.36-38 Adiponectin levels are reduced 
in obesity and T2DM and increase following weight loss.39,40 Ybarra 
et al studied the relationship between LA size and adiponectin in 
obese subjects.41 Adiponectin levels significantly correlated with 
indices of glycaemia, insulin and lipids and were significantly lower 
in both obese subjects and in obese subjects with an enlarged LA. 
The association with LA size persisted after adjustment for the 
homeostasis model assessment of insulin resistance (HOMA-IR), 
age, sex, and LV mass. Few studies have investigated the relationship 
between adipocytokines and AF. In a study of the Framingham 
offspring cohort, plasma resistin concentration was significantly 
associated with incident AF (HR 1.17, 95% CI 1.02-1.34, p=0.028), 
however this relationship was lost after adjustment for CRP42 and 
adiponectin concentration did not predict incident AF. In contrast, 
adiponectin appears to have a protective effect following cardiac 
surgery.43,44 YKL-40 is associated with AF recurrence following 
catheter ablation, but did not predict successful cardioversion in 
patients with AF.45,46 In a Japanese study, adiponectin levels were 
elevated in patients with persistent AF compared to those with 
paroxysmal AF and controls.47 The significance of such findings is 
unclear and further studies are required to determine the relationship 
between adipocytokines and AF. 

The association between inflammation and AF has also been 
established via mechanistic in vitro studies.26,48 Inflammatory 
changes have been observed in atrial tissue from patients with lone 
AF49 and at the cellular level, NAD(P)H oxidase activity and nitric 
oxide synthase uncoupling in the myocardium have been proposed 
as sources of free radicals contributing to oxidative stress in the atrial 
myocardium of patients with AF.50 Whole-cell patch clamp studies 
of pulmonary vein cardiomyocytes have demonstrated that TNF-α
incubation leads to altered calcium homeostasis and enhanced 
arrhythmogenicity.51

category during the first 5 years of follow up was associated with a 
corresponding change in AF risk. This risk was marginally greater in 
subjects who progressed from the non-obese (BMI ≤ 30) to obese 
(BMI ≥30) weight category than those who were obese at baseline 
and follow up (RR 1.41 vs. 1.32). Weight reduction from obese to 
non-obese was associated with a risk reduction to that of non-obese 
subjects at baseline. These findings would imply that AF risk in obese 
individuals is reversible, achievable through interventions such as 
weight reduction. Furthermore, the lower risk observed at follow 
up in the group who were obese at baseline supports the concept 
of an obesity paradox which has been reported in previous studies 
such as the Atrial Fibrillation Follow-Up Investigation of Rhythm 
Management (AFFIRM) trial in which obese patients with AF had 
favourable outcomes compared with their non-obese counterparts.15,16 
Clearly, further studies are required to investigate this phenomenon. 

Although there is considerable overlap with obesity, Met S is 
generally considered to be a constellation of risk factors specific 
to the development of atherosclerotic cardiovascular disease and 
T2DM and is characterized by abdominal obesity, dyslipidaemia, 
HT and glucose intolerance.17 Few robust studies have been carried 
out in MetS cohorts to assess AF risk. In the Niigata study, subjects 
with MetS had an increased risk of AF which was independently 
associated with age and obesity, irrespective of the definition of MetS 
used (AHA/NHLBI vs. NCEP-ATPIII).18 In multivariate models 
for individual components of the MetS, BMI and HT contributed 
the most to AF risk and interestingly, low HDL cholesterol was also 
strongly associated. In addition, AF risk was positively correlated with 
the number of MetS components exhibited, further supporting the 
notion that MetS simply represents a clustering of risk factors.19 In 
a recent study of the Framingham Offspring cohort, the relationship 
between insulin resistance (IR) and incident AF in non-diabetic 
subjects was investigated over ten years of follow up.20 Both adjusted 
(HR 1.27, 95% CI 0.92 to 1.76, p=0.15) and unadjusted (HR 1.10, 
95% CI 0.83 to 1.45, p=0.52) analyses failed to demonstrate an 
association between IR and AF. 

Although the mechanistic basis for the relationship between 
obesity, LA enlargement and AF is not completely understood, it 
is likely to be multifactorial involving haemodynamic disturbances, 
autonomic dysfunction and induction of the renin-aldosterone-
angiotensin-system (RAAS), resulting in mechanical and electrical 
remodeling of the left atrium.

Diabetes and AF Risk
Several studies have reported an association between DM and 

AF.21,22 In the ARIC study, the incidence of AF in diabetic subjects 
was double that of non-diabetic subjects.23 Furthermore, DM but 
not pre-diabetes was associated with an increased AF risk (HR 1.35, 
95% CI 1.14-1.60) which was independently associated with fasting 
glucose and HbA1c. In a recent meta-analysis, DM was associated 
with an increased AF risk (RR 1.39, 95% CI 1.10-1.75, p <0.001), 
which remained significant after correction for publication bias and 
multiple risk factors (RR 1.24, 95% CI 1.06-1.44, vs. 1.70, 1.29-2.22, 
p = 0.053).24

Adipocytokines – the Link between Fat, Inflammation and 
AF

C-reactive protein (CRP) levels are increased in patients with
persistent AF compared to controls and subjects with paroxysmal 
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in autonomic tone also manifest themselves in chronic AF and the 
degree of dysfunction may be a method of risk stratification for SCD 
and HF.74 

The ECG provides a quick and readily accessible tool for the 
assessment of cardiac conduction and is of particular value in those 
with DM and DAN.75 CAN may cause an increase in p-wave 
duration and dispersion and hence the ECG may be a useful tool for 
the prediction of AF.76

The Pro-Thrombotic State: Added Risk of Thrombosis?
Individuals with AF are at significant risk of thromboembolic 

complications, most notably stroke. This risk is increased in the 
presence of co-existing obesity, MetS or DM. The reported incidence 
of stroke in patients with DM and AF ranges between 3.6 and 8.6% 
per year.77 The higher incidence of thrombotic and thromboembolic 
events observed in these high risk groups may be attributable to 
a pro-thrombotic state. Indeed, obesity and DM predispose to 
thrombosis by adversely affecting all components of Virchow’s 
triad,78,79 particularly hypercoagulability, characterized by platelet 
activation, increased production and activation of clotting factors, 
hyperviscosity, and diminished fibrinolysis.80-82 

In DM, circulating glucose exerts pro-thrombotic effects through 
several different mechanisms. Hyperglycaemia potentiates coagulation 
through elevated levels of thrombin-antithrombin complexes and 
soluble TF.83,84 Advanced glycation end products (AGE) induce 
TF mRNA expression and lead to increased TF levels.85,86 Factor 
VII levels also increase following induced-hyperglycaemia in both 
diabetic and non-diabetic subjects, and return to normal once 
euglycaemia is established.87 Relative plasma viscosity (RPV) is 
also increased in diabetic subjects compared to healthy controls and 
increases progressively with worsening glycaemic control.88 Insulin 
enhances PAI-1 production in adipocytes and hyperinsulinaemia 
results in elevated PAI-1 levels, thus attenuating the fibrinolytic 
pathway.83,89 

Enhanced platelet activation is observed in subjects with MetS 
and DM through altered adipokine levels, increased thromboxane 
B(2) and activation of the platelet glycoprotein IIb/IIIa receptor.90,91 

Leptin, an adipokine with predominantly nitric oxide-dependent 
vasodilator properties is elevated in obese subjects.92 Platelets 
express the Leptin receptor and the leptin-receptor complex results 
in promotion of platelet aggregation via synergistic action with 
adenosine diphosphate.93 Adiponectin also plays a role in platelet 
aggregation, as knock-out animal models exhibit enhanced thrombus 
formation which is reversed by the delivery of adenovirus-mediated 
adiponectin.94 Plasma adiponectin has been shown to be inversely 
correlated with platelet aggregation in patients with T2DM, HT or 
hypercholesterolaemia.95

Interventions in AF
Stroke Risk in AF 

The risk of thromboembolic complications and stroke in AF 
is non-linear. A number of risk factors have been identified that 
increase stroke risk in AF in a cumulative manner and have been 
incorporated into formal stroke risk stratification schemes to aid 
clinicians. Over the past decade, these schemes have had a modest 
predictive value for stroke and thromboembolism, especially when 
patients are categorized into low, moderate, and high risk groups.97 

The main purpose for this risk stratification was to identify ‘high 

Autonomic Dysfunction and the Atrial Substrate
 Cardiac autonomic neuropathy (CAN) the commonest 

manifestation of diabetic autonomic neuropathy (DAN), may be 
present during the pre-diabetic phase, and is a strong independent 
risk factor for morbidity and mortality.52 This risk may be attributable 
to features of advanced CAN including sudden cardiac death 
(SCD), cardiac arrhythmias, silent myocardial ischaemia and lack of 
hypoglycaemia awareness.53 Hypoglycaemia has been associated with 
an increased mortality risk which may be attributable to the pro-
arrhythmic effects of hypoglycaemia on the QT interval.54  However, 
despite the increased incidence of hypoglycaemia and mortality in 
the Action to Control Cardiovascular Risk in Diabetes (ACCORD) 
trial, there were fewer arrhythmia related deaths both during intensive 
treatment and following termination of this arm of the study.55 AF risk 
is increased in diabetic subjects and this risk increases with diabetes 
duration and worsening glycaemic control.22,56 Although the exact 
role of glycaemia in the progression of CAN is not fully understood, 
several large clinical trials have demonstrated the beneficial effects of 
glycaemic control and multifactorial cardiovascular intervention on 
delaying the onset of CAN.57 CAN is also associated with coronary 
microvascular dysfunction and diastolic dysfunction in diabetic 
subjects.58,59 

The cardiac autonomic nerves play a key role in the regulation 
of heart rate and an imbalance in autonomic tone can give rise to 
electrophysiological effects which may predispose to the development 
of AF.60 The sino-atrial (SA) node and atrio-ventricular (AV) node 
are both influenced by autonomic tone, and vagal stimulation can 
result in marked changes in cardiac electrophysiology, including 
heterogeneous effects on the atrial refractory period (ARP), 
pacemaker activity and AV conduction.61,62 Increased vagal tone also 
contributes to the genesis of so called ‘vagal AF’, a phenomenon that 
is thought to play a key role in a subset of patients in whom primarily 
vagal abnormalities contribute to AF.63,64 

Sympathetic over-activity on the other hand, may precipitate AF 
and occurs following the induction of the RAAS. Increased levels of 
angiotensin II and decreased levels of the neuropeptide, substance 
P, are associated with post-operative AF incidence in patients 
undergoing CABG, thus implicating the role of sympathetic over-
activity and reduced parasympathetic activity, respectively in the 
pathogenesis of AF.65 Despite the early promise for the use of RAAS 
inhibitors in the prevention of AF, subsequent trials and meta-
analyses have shown no benefit.66 Another important manifestation 
of RAAS activation is myocardial fibrosis, which is mediated through 
pro-fibrotic agents such as angiotensin II and results in both electrical 
and mechanical remodeling of the left atrium predisposing to AF.67,68

Neural remodeling is thought to play a crucial role in increased 
AF vulnerability in DM and experimental models have shown 
alterations in sympathetic nerves in the right atrium with AF being 
enhanced by adrenergic activation.69,70 Aberrant neurotransmission 
seems to be a key feature of arrhythmogenicity and a recently 
published study showed alterations in purinergic neurotransmission 
in the atria of diabetic rats.71 AF may also be provoked in individuals 
with PAF and normal autonomic function by isoprenaline implying 
an increased susceptibility despite normal cardiovascular reflexes.72 
In addition, symptoms of dizziness at the onset of paroxysmal AF 
may be predicted by impaired autonomic function73 suggesting a 
key role in the symptomatology noted in some patients. Alterations 
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risk’ patients who might benefit from oral anticoagulant therapy 
in spite of its relative inconvenience. These risk categories however 
are essentially artificial divisions of a continuous spectrum of stroke 
risk, especially in the presence of multiple stroke risk factors.97,98 As 
such, the 2010 European Society of Cardiology (ESC) guidelines 
relaxed the emphasis on categorizing patients into low, moderate or 
high stroke risk by promoting an approach based on individual risk 
factors.98

To complement the simple and extensively used CHADS2 
(Congestive heart failure, Hypertension, Age >75 and Diabetes 
and Stroke/TIA) score, the ESC guidelines recommend the use of 
the newer CHA2DS2-VASc scheme97,98 emphasizing a more robust 
stroke risk assessment, and to help identify those who are truly ‘low 
risk’. 

Unlike DM, obesity and MetS are not considered specific risk 
factors in such risk stratification schemes however there is some 
evidence to suggest they should. In a study examining the risk of left 
atrial thrombus in patients with AF, subjects with a BMI ≥ 27 had a 
markedly increased risk of left atrial appendage thrombus (OR 4.02 
CI 95% 1.19-13.55, p=0.025).99

Rate vs. Rhythm Control
Rate Control 

Rate-control treatment is based on pharmacological depression of 
conduction through the atrioventricular node. Three classes of drugs 
are commonly used for rate-control treatment: β-blockers, such as 
metoprolol or bisoprolol, non-dihydropyridine calcium antagonists 
(verapamil, diltiazem) and digoxin. In the absence of pre-excitation, 
β-blockers are first-choice drugs to reduce the heart rate. Traditionally, 
there has been a reluctance to use β-blockers in patients with DM 
for fear of adverse effects on insulin resistance and an unawareness 
of hypoglycaemia. However, given the overall benefits of β-blockers 
in HF and CHD, conditions that are prevalent amongst diabetic 
patients, the recommendations regarding β-blockade remain the 
same. Clearly, intolerance in individuals should prompt switching to 
an alternative.

There is some emerging animal data which suggests that calcium 
channel blockers, such as a verapamil, may prevent loss of functional 
β-cell mass.100 It has recently been identified that thioredoxin-
interacting protein (TXNIP) may be a potential target to prevent loss 
of functional β-cell mass. Glucose and DM upregulate β-cell TXNIP 
expression, and TXNIP overexpression induces β-cell apoptosis. In 
contrast, genetic ablation of TXNIP promotes endogenous β-cell 
survival and prevents streptozotocin (STZ) and obesity-induced 
DM. Xu et al. have demonstrated that calcium channel blockers 
inhibit TXNIP expression in INS-1 cells and human islets. Also, 
orally administered verapamil reduced TXNIP expression and β-cell 
apoptosis, enhanced endogenous insulin levels, and rescued mice 
from STZ-induced DM. Furthermore, verapamil promoted β-cell 
survival and improved glucose homeostasis and insulin sensitivity 
in BTBR ob/ob mice. If human studies support these findings then 
calcium channel blockers may became the drug group of choice in 
diabetic patients without co-existing HF or CHD.

In patients who fail to respond to rate limiting drugs, non-
pharmacological measures such as atrioventricular nodal ablation 
may be considered.101

Rhythm Control 
Up to 50% of patients with recent onset AF revert back to sinus 

rhythm spontaneously.98 If the patient does not revert spontaneously, 
they can be considered for either pharmacological or electrical 
cardioversion, especially for those who remain symptomatic despite 
adequate ventricular rate control. In patients with structural heart 
disease, such as CHD and systolic left ventricular dysfunction, class 
I antiarrhythmic drugs, including flecainide and propafenone, are 
contraindicated because of the potential increased proarrhythmia 
risk.98 

Amongst diabetic patients this can limit the options for drug 
therapy due to the higher incidence of HF and CHD. There is no 
data in the literature to indicate whether commonly used anti-
arrhythmic medications to achieve cardioversion or maintain sinus 
rhythm are any less effective amongst diabetic or obese patients 
and therefore should be considered, bearing in mind the previously 
mentioned caveats.  However, obesity has been implicated in a 
number of studies as a predictor of failed electrical cardioversion 
and earlier recurrence of AF.102-104 By virtue of the high prevalence 
of obesity amongst diabetic patients, as high as 52% in T2DM in 
some cohorts,105 the more modest success rates in those with BMI 
>30 should be considered when deciding on management strategy.
In those obese patients who fail external DC cardioversion, further
options are: higher energy;106 antero-posterior positioning of
paddles;107 fluoroscopy guided positioning of defibrillation paddles;108

or internal DC cardioversion.109

It should be emphasised that whatever strategy is chosen, the 
patient must be evaluated for long-term antithrombotic prophylaxis 
according to his/her risk profile.

Patient-Tailored Therapy
The decision to add rhythm control therapy to the management of 

AF requires an individual decision and should therefore be discussed 
at the beginning of AF management and revisited depending on 
response to treatment/side effects. Before choosing rate control alone 
as a long-term strategy, the physician should consider how permanent 
AF is likely to affect the individual patient in the future and how 
successful rhythm control is anticipated to be. AF related symptom 
burden is a key determinant in influencing the decision to opt for rate 
or rhythm control in addition to factors that may influence the likely 
success of a rhythm control strategy. These include a long history of 
AF, older age, more severe associated cardiovascular diseases, other 
associated medical conditions, and enlarged LA size.

The relatively low efficacy of prophylactic antiarrhythmic agents 
and the incidence of their potentially proarrhythmic effects has 
promoted the development of non-pharmacological strategies for 
prevention and control of AF, based on surgical or radiofrequency 
ablation.

Catheter Ablation of AF in Patients with Diabetes
The increased prevalence of CHD in patients with T2DM often 

restricts the use of class Ia and Ic antiarrhythmic agents. As such, 
they may potentially glean a greater symptom benefit from ablation. 
There are now randomised data evaluating efficacy of catheter 
ablation in patients with T2DM.110-112 From their study cohort of 
263 patients Tang et al. compared those with T2DM (n=31) against 
those without (n=232).112 Although AF recurrence rates were not 
significantly different between the two groups, the trend suggested 
higher recurrence in patients with T2DM, 32.3% vs. 22.4% (p=0.24). 
This trend was to be expected given the important differences in 
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not to ablate very obese patients. Catheter ablation in these patients 
can prove very challenging; venous access is frequently difficult, 
fluoroscopic imaging is often suboptimal and even sedation/general 
anaesthesia proves much more challenging.

Upstream Therapies
Increasing evidence has shown that AF development and 

perpetuation depend on both electrophysiological and structural 
remodeling of the atrium.115 Inflammation and oxidative stress have 
been linked to atrial remodeling and have also been implicated with 
AF recurrence after catheter ablation.116-118 The potential beneficial 
effects of anti-inflammatory and antioxidant drugs such as statins, 
RAAS inhibitors and corticosteroids, on AF recurrence after catheter 
ablation has attracted much interest over the last 5 years.117-120 

Unfortunately, their potential has remained unfulfilled; angiotensin-
converting enzyme inhibitors, ARBs and statins have failed to show 
any reduction in AF recurrence.121-123 Omega-3 polyunsaturated 
fatty acid supplementation has not been definitively shown to have a 
positive impact on incidence or recurrence of AF. In fact, the weight 
of evidence is mostly against any benefit.124-127

A recent 150 patient prospective observational study examined the 
effect of pioglitazone on the outcome of catheter ablation in patients 
with paroxysmal AF and T2DM.128 Consecutive patients undergoing 
catheter ablation were divided into those who received pioglitazone 
before ablation or not. 51 patients treated with pioglitazone and 
99 control subjects were followed up for at least 15 months after 
ablation. After a single ablation, sinus rhythm was maintained in 44 
patients (86.3%) in the pioglitazone group vs. 70 patients (70.7%) 
in the control group (p=0.034), without antiarrhythmic drug during 
a mean follow-up of 22.9 ± 5.1 months. The second ablation was 
performed in 5 patients (9.8%) from the pioglitazone group and in 
24 patients (24.2%) from the control group (p=0.034). Pioglitazone 
is a peroxisome proliferator activated receptor-gamma (PPARγ) 
agonist and represents a class of anti-diabetic agents that reduce 
insulin resistance mainly by activating PPARγ.  Accumulating 
evidence suggests that PPARγ agonists exert modulatory effects on 
growth factor release, cell proliferation and migration, extracellular 
matrix remodeling, and cell cycle progression and differentiation.129 

Experimental evidence demonstrates that PPARγ agonists inhibit 
macrophage activation and the associated inflammatory cytokines130 
as well as suppress superoxide production and induce antioxidant 
enzymes.115 Additionally, clinical studies suggest that PPARγ 
agonists reduce C-reactive protein (CRP) levels in diabetic and non-
diabetic patients, independently of glycaemic control.131 But of course 
it is important to remember that these drugs are contraindicated in 
NYHA class III and IV HF and therefore in the context of patients 
with AF and HF will have limited use. Furthermore because PPARγ 
agonists cause weight gain, which can increase AF risk, the use of this 
class of drugs would not be recommended.

Bariatric surgery is the most reliable way of achieving and 
maintaining significant weight loss in morbidly obese individuals and 
is being performed in rapidly growing numbers across the globe132,133 
Weight loss secondary to bariatric surgery or lifestyle modification 
may reverse the hypercoagulable state in obesity by a reduction in 
thrombin generation and PAI-1 and TF levels.26,134 Clearly, there is a 
need for additional studies to further establish the most cost-effective 
interventions to reduce the pro-thrombotic state and stroke risk.

clinical baseline characteristics: age (62.0 ± 10.8 vs. 56.1 ±10.6 years, 
P = 0.004), longer AF history (9.6 ± 9.3 vs. 6.7 ± 6.3 years, p=0.024), 
significantly larger left atrium size (41.1 ± 7.8 vs. 38.3 ± 5.8 mm, 
p=0.021), HT (58.1 vs. 35.8%, p=0.018) and structural heart disease 
(67.7 vs. 43.5%, p=0.011). Patients with DM also experienced a 
higher rate of complications, 29.0% vs. 8.2%, p=0.002). Forleo et al. 
randomized patients with T2DM to either radiofrequency ablation 
or anti-arrhythmic therapy111 Over a 12-month follow up period 
they found that AF recurrence rates were higher in the non-ablation 
arm (57.1% vs. 20%, p=0.001). Unlike Tang et al., complication rates 
were comparable to previous published data for left atrial catheter 
ablation.

A more recent study compared AF patients with abnormal glucose 
metabolism (T2DM or IGT) against those without.110 They found 
that the substrates for AF differed significantly between the groups: 
Left atrial (108.4 ± 22.3 vs. 94.0 ± 17.5ms, p <0.001) total activation 
times were significantly longer in the patients with AF and an 
abnormal glucose metabolism compared to those normal glucose 
metabolism. Furthermore, left atrial (1.48±0.74 vs. 2.05±0.78mV, 
p<0.001) bipolar voltages were also significantly lower in those 
with AF and abnormal glucose metabolism. Not unexpectedly, 
these adverse substrate changes had an impact on AF recurrence 
rates. Over a follow up period of 18±6.4 months the AF recurrence 
rate was significantly greater in patients with abnormal glucose 
metabolism (18.5% vs. 8.0%, p<0.022). Complex fractionated atrial 
electrograms (CFAE) are well documented to be an important factor 
in the maintenance of AF in persistent AF. This has led to most 
electrophysiologists incorporating CFAE ablation as an integral 
component of ablation in addition to pulmonary vein isolation (PVI) 
and linear left atrial ablation. CFAE in persistent AF tend to occur 
in localised areas within the left atrium of slow conduction and low 
voltage amplitude signals thought to be related to atrial fibrosis.113 

Although there is no data in the literature reporting an increased 
burden of CFAE in diabetic patients, this is likely, given Chao et al.’s 
findings of significantly lower left atrial activation times and bipolar 
voltages in patients with DM/impaired glucose tolerance.110 There 
may well be a case for adopting similar ablation strategies in diabetic 
patients with PAF, as are currently used in persistent AF cases, in an 
effort to reduce AF recurrence.

Catheter Ablation of AF in Obese Patients
Success rates with catheter ablation in obese versus non-obese 

patients is comparable without a significant increase in complications. 
Mohanty et al. compared patients with a BMI of <25 and those ≥25 
and demonstrated comparable freedom from AF at 12 months (69% 
vs. 63%, p=0.109, respectively).162 Interestingly, patients in the obese 
category reported a greater improvement in quality of life (QoL) 
scores compared to non-obese patients. This was, at least in part, 
due to their worse baseline QoL scores. In multivariable analysis 
BMI ≥25 and baseline QoL were independent predictors of QoL 
improvement. However, others have found that obesity and metabolic 
syndrome were independent predictors of late recurrence of AF.114

Catheter ablation appears to be an effective treatment in patients 
with DM, obesity or both and they appear to have more to gain in 
terms of symptomatic improvement. However, although there is 
potentially a greater symptom benefit to be gained by obese patients 
from catheter ablation, and small studies demonstrating comparable 
procedural risk, in practice, most electrophysiologists will choose 
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Conclusions:
Obesity, MetS and DM through a complex interplay of metabolic, 

inflammatory and neural mechanisms, create an environment 
conducive to AF and pose unique challenges in the treatment of this 
common arrhythmia. In addition, the presence of a pro-thrombotic 
state requires targeted therapeutic interventions if we are to avoid an 
epidemic of stroke associated with AF. Current evidence challenges 
the traditional paradigm, which excludes obesity for risk stratification 
in AF. 
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Abstract
Endocardial atrial fibrillation (AF) ablation techniques enable one to characterize the underlying substrate in order to tailor the ablation 

procedure but these ablation lesions are not always transmural nor long lasting. Surgical AF ablation techniques, on the other hand, create 
reliable linear lesions but the lesion set is based on empirical assumptions rather than specific patient characteristics.  Performed in 
combination, both approaches seem to be complementary as they overcome their mutual shortcomings. Several hybrid or convergent 
ablation strategies with the use of various energy sources have been described. Medium and long term results are encouraging, especially 
in challenging settings such as persistent AF and failed endocardial catheter ablations..

Introduction
According to the most recent Heart Rhythm Society(HRS)/

European Heart Rhythm Society(EHRA)/European Cardiac 
Arrhythmia Society (ECAS) consensus statement, both the 
endocardial and stand alone surgical AF ablation approach can be 
considered in patients with symptomatic AF refractory or intolerant 
to at least one Vaughan-Williams class 1 or 3 antiarrhythmic drug 
(AAD) but the current evidence supporting surgical ablation is 
mainly based on expert consensus and clinical experience. The 
indication to perform an endocardial ablation in this kind of patients, 
however, is driven by results from randomized clinical trials and/or 
meta-analyses.1

As the strengths of both techniques seem to overcome their mutual 
weaknesses, several groups tried to combine both approaches in the 
hope to further improve results of AF ablation.

This review article will first briefly review the current status of 
endocardial and surgical ablation techniques in order to better 
understand the rationale for a hybrid or convergent concept. The 
second part will focus on the several aspects of the hybrid AF ablation 

with the emphasis on techniques, follow-up and outcomes. 

Endocardial AF ablation
The cornerstone of endocardial AF ablation is an ablation strategy 

that targets the pulmonary vein (PV) and/or PV antrum whereby 
electrical isolation of the PV should be the goal.1 The one-year success 
rate of this approach is greater than 80% in patients with paroxysmal 
AF.2 Nowadays, unipolar radiofrequency (RF) is the most frequently 
used energy source to perform PV isolation. Cryoablation and 
laser are two alternatives.3,4 Whatever energy source used, the most 
frequent reason for AF recurrence after PV isolation remains PV 
reconduction.5 Long-term results of catheter ablation for paroxysmal 
AF are somewhat disappointing: in a recently published prospective 
study, sinus rhythm was maintained in only 46% of patients after 
the initial procedure without AAD during a median follow-up 
period of 5 years.6 As AF progresses from paroxysmal to persistent 
and longstanding persistent AF, the atrial substrate itself plays an 
increasingly important role in the maintenance of the arrhythmia.7 

This may explain why PV isolation alone results in success rates of less 
than 25% in patients with persistent AF.8 To improve these results, 
one needs to modify the atrial substrate by creating linear lesions 
and/or ablating complex fractionated atrial electrograms (CFAE). 
Ablation procedures combining PV isolation with linear lesions and/
or CFAE ablation in patients with (longstanding) persistent AF, 
seem to result in better outcomes than PV isolation alone but there is 
an important variation in success rates ranging from 11% to 75% and 
the incidence of iatrogenic atrial tachycardias after these procedures 
is substantial (up to 40%).9,10 The creation of linear lesions was 
inspired by the surgical Cox-maze procedure for AF.11 These linear 
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interrogation, implantable monitoring devices, were not routine and 
therefore the results most likely overestimate the success. Another 
advantage of the surgical approach, is the possibility of removing the 
left atrial appendage (LAA) which may help to decrease the risk for 
stroke, especially in patients with a contraindication for warfarin.22 

According to the HRS/EHRA/ECAS expert consensus statement 
on catheter and surgical ablation of AF, stand-alone AF surgery 
should be considered for symptomatic AF patients who are refractory 
or intolerant to at least one Class 1 or 3 AAD, prefer a surgical 
approach or have failed one or more attempts at catheter ablation.1 

Nevertheless, the Cox-maze III procedure did not gain widespread 
implementation due to its complexity and technical challenge. As 
an alternative to the surgical incisions of the cut-and-sew maze 
and in an effort to simplify the procedure, several groups replaced 
these incisions with linear lines of ablation. In 2004, Damiano et 
al. introduced the Cox-maze IV procedure during which bipolar RF 
devices were used to isolate the PVs and create linear lesions.23 This 
procedure can be performed through a small thoracotomy but it still 
requires cardiopulmonary bypass. There appears to be no difference 
between the Cox-maze III and IV procedure in terms of the rate of 
freedom from AF at 3, 6, and 12 months.24 The last decade has been 
marked by a quest for new surgical ablation devices using unipolar 
and bipolar RF, microwave, laser, cryoablation or high-frequency 
ultrasound, that would enable the cardiac surgeon to perform a 
curative lesion epicardially on the beating heart without the need 
for cardiopulmonary bypass.25 Unfortunately, none of the currently 
existing energy sources is able to guarantee reliable, transmural lesions 
in each and every patient. Another shortcoming of the epicardial 
surgical approach, is the inability to map and selectively ablate any 
re-entrant or focal tachycardia occurring during surgical AF ablation. 
Current techniques for the minimally invasive surgical treatment of 
stand-alone AF, result in success rates (defined as freedom from any 
AF episode longer than 30 seconds off AAD) at 12 months from 
65% to 92% in paroxysmal AF and from 67% to 80% in persistent 
AF.25 

The hybrid AF ablation procedure: the best of two worlds
Given the current knowledge about etiology and pathophysiology 

of AF, an optimal ablation procedure for this arrhythmia would1 isolate 
the PVs permanently,2 define the specific properties of the underlying 
atrial electrical substrate in order to customize the subsequent 
ablation strategy,3 always create completely transmural linear lesions, 
and4 be minimally invasive. To date, neither the endocardial approach 
nor the surgical ablation procedure on its own is able to meet all 
these criteria. However, both techniques seem to be complementary 
as, performed in combination (hence the nomenclature “hybrid” or 
“convergent” procedure), they bear the potential to overcome their 
respective shortcomings. The epicardial surgical approach seems to 
result in superior transmurality of the lesions, resulting in longlasting 
PV isolation and permanent conduction block.26 The endocardial AF 
ablation procedure on the other hand, using multipolar catheters and 
three-dimensional electroanatomical mapping systems, is the most 
efficacious setting to guide substrate modification and ablation of 
atrial tachycardias known to occur during the stepwise ablation of 
persistent AF.27 

There appears to be a wide variation in the possible combinations 
of epicardial surgical and transvenous endocardial techniques, lesion 
sets, and follow-up used for hybrid or convergent AF ablation 

lesions are thought to prevent sustained multiple re-entry circuits by 
compartmentalization of the atria. The two most frequently deployed 
linear lesions, are the roofline connecting both superior PVs and 
the mitral isthmus line going from the left inferior PV to the mitral 
annulus. However, performing these linear lesions can sometimes 
be very challenging and incomplete lines may act as a substrate for 
macro-re-entrant circuits.12 In 2004, Nademanee et al reported a one 
year success rate of  87% in patients with persistent AF (4% with 
AAD) and 78% in patients with longstanding persistent AF (11% 
with AAD) after CFAE (defined as fractionated electrograms with 
2 or more deflections and a mean cycle length shorter than 120 ms) 
ablation only.13 However, those results could not be reproduced by 
other groups and the electrophysiological mechanisms underlying 
CFAEs are still a source of debate.14-16 Sites demonstrating high-
dominant frequency seem to be as well interesting ablation sites. In 
an animal model, these sites correspond to functional reentry and 
are called rotors.17 Recently, localized rotors have been visualized in 
human AF by computational mapping and ablation of these rotors 
results in acute termination of AF or substantial organization of the 
arrhythmia.18,19 This discovery holds the potential for an important 
step towards a tailored substrate ablation approach, especially in 
patients with persistent AF.   

Surgical AF ablation 
The gold standard for the surgical treatment of AF is the Cox-

maze III procedure, also known as the “cut-and-sew” maze. This 
operation involves the creation of numerous incisions in both atria 
that would direct the sinus impulse propagation through the atria 
while interrupting macro-re-entrant circuits.20 This procedure 
results in impressive long term success rates with 92% of patients 
free from symptomatic AF and 80% off AAD.21 Postoperative care 
was standardized and included regular follow-up appointments with 
ECG monitoring. Importantly, the use of holter monitors, pacemaker 

Figure 1:

Posterior view of the heart with schematic representation of 
epicardial (green) and endocardial (red) ablation lines as applied 
by Kiser et al. and Gehi et al. See text for details.CTI = endocardial 
cavotricuspid isthmus ablation line, CS = coronary sinus, LAA = left 
atrial appendage, LIPV = left inferior pulmonary vein (PV) , LSPV = 
left superior PV, LV = left ventricle, RAA = right atrial appendage, 
RIPV = right inferior PV, RSPV = right superior PV, SVC = superior 
vena cava.
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puncture via a femoral venous approach and ablated these zones. The 
next step was to prove isolation of the PVs and posterior LA using 
a multipolar circular catheter placed endocardially. If high-frequency 
electrical activity was mapped at the endocardial surface of the CS, 
this was subsequently ablated. Finally, the cavotricuspid isthmus 
(CTI) was ablated endocardially with confirmation of bidirectional 
block. If sinus rhythm was not attained at the end of the procedure, 
the patient underwent cardioversion. The procedure was complicated 
by symptomatic pericardial effusion requiring percutaneous drainage 
in 2 patients and 1 patient had phrenic nerve paresis. Antiarrhythmic 
drugs were initiated after the procedure at the discretion of the 
electrophysiologist but discontinued by 3 months. Follow-up was 
performed with a 24-hour Holter at 3 months, and 24-hour or 7-day 
Holter at 6 months. At 3 months 87% of patients were in sinus 
rhythm, but only 43% were free of AF and AADs. At 6 months, 84% 
were in sinus rhythm, and 76% were free of AF and AAD.

Gehi et al. described a cohort of 101 consecutive patients who 
underwent a transdiaphragmatic pericardioscopic, hybrid epicardial-
endocardial AF ablation procedure.30 Patients were considered for 
this procedure if they had (1) paroxysmal or persistent AF and failed 
prior endocardial catheter ablation with concomitant class 1 or class 
3 AAD therapy, (2) persistent AF with dilated LA or structural heart 
disease, or (3) longstanding persistent AF. The epicardial surgical 
part of the procedure was performed with the same device and 
lesion set as described by Kiser et al.29 The subsequent endocardial 
approach, which was performed during the same procedure, deployed 
comparable lesions to what has been reported by Kiser et al. except 
for the fact that CFAEs also were targeted. If AF organized into 
either atrial flutter (AFL) or atrial tachycardia during this stepwise 
approach, these arrhythmias were mapped and ablated. The 
endocardial endpoints of this procedure were entrance and exit block 
of the PVs, entrance block of the LA posterior wall, and block across 
mitral isthmus and CTI. Patients who remained in AF at the end 
of this procedure were cardioverted. A class 1 or class 3 AAD was 
initiated in all patients postoperatively and not stopped before 6 
weeks.  There were 6 major complications: 2 deaths, 2 rebleedings 
requiring reoperation and 2 pericardial tamponades. Patients were 
followed with 24-hour Holter monitoring at 3, 6 and 12 months. 
Recurrence of AF was defined as any episode of AF lasting more 
than 30 seconds off all AADs. Recurrences occurring prior to the 
3-month follow-up were not taken into consideration. Overall,
12-month arrhythmia-free survival after a single hybrid procedure
off AAD was 68% and 73% including repeat endocardial ablation.

 We published in 2012 our initial experience with long-term 
follow-up of minimally invasive epicardial bilateral PV isolation and 
linear lesions in combination with endocardial proof of conduction 
block and endocardial touch-up if indicated in a single AF ablation 
procedure in a cohort of 26 consecutive patients.31 Inclusion criteria 
were previously failed catheter ablation, LA volume ≥ 29 ml/m2, 
persistent or longstanding persistent AF, or patient preference for a 
hybrid procedure. The first steps of this procedure consisted of gaining 
endocardial access to the LA with a transseptal puncture via femoral 
venous approach and thoracoscopic isolation of the PVs as ipsilateral 
pairs using a bipolar RF clamp (Fig. 2). If AF didn’t terminate or 
was still inducible after PV isolation, a roof line and an inferior line 
were created with a bipolar RF linear pen device. By making those 
linear lesions, the posterior LA was isolated which is also known 

procedures (Table 1 and 2).28 
 In 2010, Kiser et al. reported on a series of 28 patients with 

persistent or longstanding persistent AF (mean AF duration 8 
years, and mean left atrial size 5.3cm) who had failed medical 
management and underwent a combined surgical epicardial RF 
ablation and electrophysiological endocardial ablation.29 The surgical 
part of the procedure was performed using a transdiaphragmatic 
pericardioscopic approach via an incision below the xiphoid process. 
Linear epicardial lesions were created with an irrigated, unipolar RF 
ablation device to isolate the PV, the posterior wall of the left atrium 
(LA), and the ligament of Marshall (Fig. 1). In addition to this, 
three other linear lesions were performed: from the inferior left PV 
to the coronary sinus (CS), from the right inferior PV towards the 
inferior right atrium near the Thebesian valve and onto the inferior 
vena cava. Because of the pericardial reflections, the epicardial linear 
lesions had to completed endocardially at the superior right and left 
PV and at the inferior right PV. To do so during the same procedure, 
the electrophysiologist gained access to the LA after a transseptal 

Figure 2:
Posterior view of the heart with schematic representation of 
epicardial (green) and endocardial (red) ablation lines as applied by 
Pison et al. See text for details.

Table 1: Hybrid AF ablation: baseline characteristics

First author Number 
of 
patients

Age 
(years)

LA 
diameter 
(cm)

CA (%) Par AF 
N (%)

Pers AF 
N (%)

LS Pers 
AF N 
(%)

Kiser 28 ns 5.3 0 0 5(18) 23(82)

Gehi 101 63±10 5.1±1.0 36(36) 17(17) 47(46) 37(37)

Pison 26 57±9 4.3±0.5 11(44) 15(57) 10(38) 1(5)

Muneretto 24 63±9 5.0±0.8 ns 0 3(12) 21(88)

Gersak 50 56±11 4.8±0.5 ns 3(6) 8(16) 39(78)

mahapatra 15 59±2 5.2±1.0 15(100) 0 9(60) 6(40)

Krul 31 57 4.7±0.7 14(45) 16(52) 13(42) 2(6)

Age and left atrial (LA) diameter expressed as mean ± SD. See text for details.
AF = atrial fibrillation, CA = catheter ablation, LS = longstanding, N = number,  ns = not 
specified, Par = paroxysmal, Pers = persistent
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as a box lesion (Fig. 3). If entrance and exit block were not reached 
within this box lesion, the conduction gaps were identified and 
ablated endocardially with a cooled tip RF catheter. This was needed 
in 5 patients (23%). If the right atrium was dilated, 2 additional 
epicardial linear lesions were deployed: 1 encircling the superior vena 
cava (SVC), the other connecting both caval veins. If AF persisted 
at this point, a left isthmus linear lesion was created using a bipolar 
RF pen device but in all cases endocardial touch-up was necessary to 
obtain bidirectional block. In patients with known typical AFL or 
if this arrhythmia became apparent during the procedure, the CTI 
was ablated endocardially and the endpoint was bidirectional block. 
The ganglionated plexi (GP) were not selectively ablated. No deaths 
or conversions to cardiopulmonary bypass were reported. After the 
procedure, patients reinitiated their pre-operative AAD regimen. 
Acenocoumarol and AADs were discontinued after the 6-month 

monitoring visit confirmed the absence of any atrial arrhythmia. 
The patients underwent a 7-day continuous Holter monitoring at 
3, 6, 9, and 12 months. According to current guidelines, success was 
defined as no episode of AF/AFL/atrial tachycardia (AT) lasting 
more than 30 seconds off AAD after the 3-month blanking period. 
One-year success was 93% for patients with paroxysmal AF and 90% 
for patients with persistent AF.  

Several groups analyzed the feasibility and effectiveness of a 
staged hybrid procedure. This means that the epicardial surgical 
and transvenous endocardial approach are performed in 2 separate 
procedures with an interval of at least several days.

Muneretto et al performed a staged hybrid AF ablation procedure 
in 24 consecutive patients with lone persistent or longstanding 
persistent AF.32 The mean LA dimension was 50 mm and the mean 
AF duration was 83 months. The surgical procedure was performed 
first and consisted of a monolateral, right-sided, thoracoscopic 
approach to deliver a continuous lesion encircling ‘en bloc’ the ostium 
of all PVs and the posterior wall of the LA (Fig. 4). This lesion was 
applied using a internally cooled, RF monopolar device with suction 
adherence. Once the box lesion had been completed, the presence 
of entrance and exit block was assessed using a quadripolar catheter 
placed in the middle of the lesion epicardially and a decapolar CS 
catheter. Bidirectional block was achieved in 88% of the patients. At 
the time of the surgical procedure, all patients were equipped with an 
implantable subcutaneous loop recorder. No surgical complications 
were reported. The endocardial ablation procedure was performed 30 
to 45 days after surgery. In 21% of the patients, bidirectional block 
could not be confirmed at the level of the box lesion due to gaps 
which were subsequently closed using endocardial ablation catheters. 
In 62% of patients, additional endocardial lesions were deployed at 
sites of focal triggers for AF, CFAE and CTI. During follow-up the 
implantable loop recorder was interrogated monthly. In this study, 
AF recurrence was defined as the presence of AF with a duration 
longer than 5 minutes. At a mean follow-up of 28 months, 87% of 
the patients had no AF recurrence and 75% were off AAD.     

In a recent paper, Gersak et al. reported the outcomes of a convergent 
AF ablation procedure in 50 patients with mainly persistent or 
longstanding persistent AF.33 In 34 patients, the endocardial part 
of the procedure was performed during the same session. In the 
remaining 16 patients (32%), this was done at least two months after 
epicardial ablation (staged manner). In all patients the epicardial 
surgical ablation was performed first. The posterior surface of the 
heart was accessed via an endoscopically created, transdiaphragmatic 
pericardial window. The epicardial LA lesions were created without 
dissecting the pericardial deflections and using a vacuum irrigated 
unipolar RF electrosurgical device with a 3 cm long directional 
ablation electrode. Linear epicardial lesions were placed around the 
PVs, at the roof of the LA, over the ligament of Marshall, close to the 
CS and over areas of GP (Fig. 5).  In all patients, a subcutaneous loop 
recorder was implanted. In 34 patients, the endocardial part of the 
procedure was performed during the same session. In the remaining 
16 patients, this was done at least two months after epicardial ablation. 
Percutaneous access to the LA was obtained through a conventional 
transseptal puncture and endocardial lesions were applied to connect 
the epicardial linear lesions along the pericardial reflections using a 
saline irrigated ablation catheter. Isolation of the PVs was checked 
endocardially. In all patients, amiodarone was initiated after the 

Figure 3:

Box lesion with bidirectional block Panel A: posterior-anterior 
view of the left atrium. The box lesion is visualized in red (voltages 
< 0.15mV). A circular mapping catheter (Lasso catheter) is 
placed endocardially in the middle of the box lesion. Panel B: the 
endocardial Lasso catheter tracings show only far field signals 
which indicates entrance block. Panel C: pacing from the Lasso 
catheter results in local capture (arrow) without conduction to the 
rest of the left atrium which indicates exit block.
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AFL was induced, it was mapped and ablated. Once sinus rhythm 
was restored, PV isolation and block across linear lesions were 
assessed. If AF was induced, CFAEs were ablated after validation 
of PV isolation and completeness of linear lesions. There were no 
acute complications. Amiodarone was continued until 3 months. In 
the 30 patients from the catheter-alone control group, the ablation 
strategy included, at a minimum, antral PV isolation, roof line and 
CTI line. Patients were followed with 7-day Holter at 3,6, and 12 
months and 24-hour Holter at 9,18 and 24 months. The primary 
endpoint was event free survival of any atrial arrhythmia longer than 
30 seconds off AAD. After a mean follow-up of 20.7±4.5 months, 
87% of patients in the sequential hybrid ablation group were free 
of any atrial arrhythmia off AAD, compared to 53% in the control 
group.  

 The feasibility of a completely epicardial hybrid procedure has 
also been investigated. Krul et al. performed thoracoscopic PV 
isolation, GP ablation and linear lesions (only in nonparoxysmal AF 
patients) in combination with epicardial assessment of conduction 
block during the same procedure in 31 patients (15 persistent or 
longstanding persistent AF).35 Surgery was performed through 3 

procedure. At 12 months, 75% of patients were in sinus rhythm off 
AAD and at 24 months this was the case in 67% of patients. Major 
complications were observed in 5 patients (10%): 2 procedural deaths 
due to atrioesophageal fistulas, 1 stroke, 1 pericardial effusion and 1 
excessive bleeding necessitating blood transfusion. 

Mahapatra and colleagues matched 15 patients with persistent 
or longstanding persistent AF who underwent a sequential hybrid 
ablation procedure and had previously failed at least 1 catheter 
ablation and 1 AAD to 30 patients who had failed at least 1 catheter 
ablation and were scheduled for a repeat catheter ablation only.
(34) The epicardial surgical ablation was performed with a bilateral
thoracoscopic approach, using a bipolar RF clamp and a bipolar
unidirectional RF ablation device (Fig. 6). Surgical ablation included
isolation of the PVs and SVC, creation of a roof line, mitral isthmus
line, GP ablation, ligament of Marshall ablation, and LAA exclusion. 
All patients were then loaded on amiodarone intravenously.
Approximately 4 days later, patients underwent an endocardial
ablation procedure. After confirmation of SVC isolation, CTI and
CS ablation was performed and isoproterenol was administered. If

Figure 4:
Posterior view of the heart with schematic representation of 
epicardial (green) and endocardial (red) ablation lines as applied 
by Muneretto et al. See text for details.

Table 2: Hybrid AF ablation: procedural characteristics and endpoints

First author Access Epicardial 
energysource

Endocardial energysource GP LAA Follow-up Endpoint Succes 
percentage (%)

Kiser TD Irrigated unipolar RF ns no no 24-hour or 7-day Holter at 6 months No AF off AAD 761

Gehi TD Irrigated unipolar RF Noncooled 8-mm or cooled 
3.5-mm tip

no no 24-hour Holter at 3, 6, and 12 
months

No episode of AF > 30 
seconds off AAD

731

Pison TOB Bipolar RF Cooled 3.5-mm tip no yes 7-day Holter at 3, 6, 9, and 12 
months

No episode of AF/AFL/AT > 
30 seconds off AAD

PAF 93, Pers 
AF 90

Muneretto TOM Irrigated unipolar RF ns no no Monthly interrogation of ILR No episode of AF > 5 minutes 
off AAD or AF burden > 0.5%

751

Gersak TP Irrigated unipolar RF Cooled 3.5-mm tip no no Interrogation of ILR at 6, 12, and 
24 months

SR off AAD 671

mahapatra TOB Bipolar RF Noncooled 5-mm or cooled 
3.5-mm tip

yes yes 7-day Holter at 3, 6, and 12 months No episode of AF/AFL/AT > 
30 seconds off AAD

871

Krul TOB Bipolar RF no yes Yes 24-hour Holter every 3 months 
during 2 years

No episode of AF/AFL/AT > 
30 seconds off AAD

PAF 92, Pers 
AF 80

1Global success percentage, 2Succes percentage for patients with paroxysmal AF (PAF) en persistent AF (Pers AF). See text for details.
AAD = antiarrhythmic drugs, AF = atrial fibrillation, AFL = atrial flutter, AT = atrial tachycardia, GP = ganglionated plexi, ILR = implantable loop recorder, LAA = left atrial appendage, ns = not specified, TOB = 
thoracoscopic bilateral, TOM = thoracoscopic monolateral, TP = transdiaphragmatic pericardioscopic, SR = sinus rhythm

Figure 5:
Posterior view of the heart with schematic representation of 
epicardial (green) and endocardial (red) ablation lines as applied by 
Gersak et al. See text for details.
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bypass. To date, the number of patients who underwent a hybrid 
AF ablation remains small but, especially in patients with persistent 
and longstanding persistent AF, one-year success rates off AAD 
are promising. However, different hybrid or convergent ablation 
strategies, various energy sources and divergent definitions of success 
are being used which makes it quite difficult to compare outcomes. It 
is therefore not clear which lesions or lesion sets are needed and what 
is the best endpoint for this kind of procedures. The only lesion they 
all have in common is PV isolation. Isolation of  the posterior wall 
of the LA is also a preferred target as ectopy initiating AF frequently 
arises in this part of the LA.36 The added value of GP ablation is still 
an area of debate. In an animal model, Damiano et al. demonstrated 
functional reinnervation within a period of 4 weeks.37 The concern 
has been raised that if this reinnervation is non-uniform, this could 
create a new substrate for AF that was not originally present in a given 
patient. Another advantage of the hybrid approach, is the possibility 
to exclude the LAA as this is the site of most of the clot formation 
that eventually leads to thromboembolic events in patients with non-
valvular AF.38 In addition, there may be a small number of patients 
with recurrent AF owing to a trigger nestled in the LAA, which 
could be eliminated with exclusion of this appendage.39 Combining 
the epicardial surgical and the endocardial approach in one single 
procedure makes it possible to perform an endocardial  touch-up 
whenever epicardial lesions are not completely transmural. Other 
advantages are [1] the anatomic guiding for those touch-up lesions by 
the surgeon showing the cardiologist where the epicardial lesions are 
exactly located and [2] the immediate add on endocardial lesion and 
the already deployed surgical lesions add up to form a firm transmural 
lesion. However, organizing this kind of procedures requires robust 
logistical capacities as both the cardiac surgeon and electrophysiologist 
need to be in the same room at the same time. Another important 
concern is that performing an endocardial ablation immediately 
after epicardial ablation rather than staging endocardial ablation at a 
later date, may limit endocardial mapping due to edema or transient 
injury caused by epicardial ablation. However, considering the long 
term results of the combined approach this probably is not a true 
problem. Whether to perform a hybrid AF ablation in a given patient 
rather than a standard endocardial procedure, remains a difficult 
question as long as we don’t have results of prospective randomized 
trials at our disposal. Current data suggest to reserve this kind of 
procedures for patients with persistent or longstanding persistent 
AF with a dilated LA or after a failed endocardial approach. The 
significant complication rate in some series is likely the effect of a 
learning curve as this kind of procedures requires a specific technical 
expertise concerning the epicardial surgical aspect. In order to further 
improve widespread acceptance and implementation of these hybrid 
techniques, major complications should be restricted to a minimum.

Conclusions:
Hybrid or convergent AF ablation procedures integrate the 

advantages of both cardiology and cardiac surgery. The surgeon is 
able to perform PV isolation epicardially, deploy a number of linear 
ablation lines and exclude the LAA. The electrophysiologist can 
realize endocardial validation of those epicardial lesions and perform 
endocardial (touch-up) ablation where necessary. There is a wide 
variation in surgical techniques and lesion sets. Although the number 
of patients treated so far is relatively small, the medium and long-
term follow-up results are encouraging. 

ports bilaterally. The GPs were localized and subsequently ablated 
with a bipolar RF pen (Fig. 7). The PVs were isolated using a bipolar 
RF clamp and a custom-made multi electrode was positioned on 
the epicardial surface of those PVs to assess conduction block. In 
patients with persistent AF, 3 additional linear lesions were deployed 
on the LA: superior line, inferior line and trigone line (between the 
superior line and left fibrous trigone). Electrical isolation of the box 
and conduction block across the trigone line were tested using the 
same custom-made multi electrode. The LAA was removed with an 
endoscopic stapling device. During this procedure, 3 patients had a 
sternotomy because of uncontrolled bleeding. Three months after 
the procedure, AADs were discontinued. Oral anticoagulants were 
stopped at 6 months in patients with a CHADS2 score ≤ 1 and in 

Figure 6:

Posterior view of the heart with schematic representation of 
epicardial (green) and endocardial (red) ablation lines as applied 
by Mahapatra et al. Orange dots represent epicardial ganglionated 
plexi ablation. See text for details

Figure 7: Pulmonary Vein Isolation to treat AF: An example using advanced 
imaging

sinus rhythm off AAD. Patients were followed up with a 24-hour 
Holter every 3 months. The primary endpoint was freedom from 
episodes of AF/AFL/AT lasting more than 30 seconds without the 
use of AAD after 12 months. Eighty-six percent of the patients 
reached this primary endpoint. 

Discussion
The hybrid or convergent AF ablation procedure combines the best 

aspects of minimally invasive AF surgery and electrophysiology. This 
multidisciplinary approach makes it possible to create and evaluate an 
extensive biatrial lesion set, without sternotomy or cardiopulmonary 
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Introduction
Atrial fibrillation (AF) is the most commonly encountered 

cardiovascular rhythm disorder in clinical practice. AF can present 
and prevail in different forms varying from insidious and unnoticed 
to overtly acute and troublesome. AF is the manifest outcome of a 
multifactorial, progressive disease process secondarily or primarily 
involving the atrial chambers. The gravity of fibrillatory rhythm 
lies in its potential to cause seriously debilitating but preventable 
complications like stroke and heart pump failure.

 This review of literature aims to discuss the progressive nature 
of atrial fibrillation as a rationale towards early restoration and 
maintenance of sinus rhythm.

Clinical Classification of AF
 Conventionally, AF is classified into paroxysmal, persistent and 

permanent categories to guide its management. When a patient has 
had 2 or more episodes (each lasting through the electrocardiographic 
recording period or at least 30 seconds, continuously), AF is considered 
recurrent. If the arrhythmia episode terminates spontaneously within 
7 days or by electrical/pharmacological cardioversion within 48 
hours of its onset, recurrent AF is designated paroxysmal; when 
sustained beyond 7 days or terminated by electrical/pharmacological 
cardioversion after 48 hours of sustenance, AF is designated 
persistent. The category of persistent AF also includes cases of long-
standing AF where AF has lasted for 12 months uninterruptedly. In 

the current era of ablative therapy, the term permanent AF is applied 
to clinical AF when the attempts of restoration of sinus rhythm are 
not contemplated.1  

Most frequently, AF occurs in the setting of underlying heart 
disease, which includes coronary artery disease, hypertension, valve 
disease, congestive heart failure, and thyroid dysfunction.1 AF 
occurring in the absence of structural heart disease is called lone AF. 
Of note, genetic forms of AF have also been described.

Experimental Evidence for Progressive Nature of AF:
Multiple Wavelet Hypothesis 

A The multiple-wavelet hypothesis as the mechanism of reentrant 
AF was advanced by Moe and colleagues, who proposed that 
fractionation of wavefronts propagating through the atria results 
in self-perpetuating “daughter wavelets.”2 In the computer-based 
mathematical model, the fibrillatory activity was not the result of 
fixed impulse generators or cirucits, but was sustained by irregular 
drifting eddies (wavelets), which varied in position, number and size. 
The number of wavelets at any time depends on the refractory period, 
mass, and conduction velocity in different parts of the atria. A large 
atrial mass with a short refractory period and delayed conduction 
increases the number of wavelets, favoring sustained AF.3,4

Focal-Source Theory
No experiental model exists for focal source theory for AF as like 

multiple wavelet hypothesis. However, there is a clinical evidence 
that AF arises from focal sources. Paroxysmal form of lone AF is 
triggered by rapidly firing impulses originating from focal sources 
in the majority of patients. These focal sources have been identified 
to be lying surprisingly outside the atrial cavity and most commonly 
in the pulmonary veins.5 In contrast to paroxysmal AF, atrial tissue 
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Atrial fibrillation (AF) is the manifest outcome of a multifactorial, progressive disease process, secondarily or primarily involving the atrial 

chambers. The slowly progressive electrostructural alterations diffusely involve the atrial substrate and lead to persistent and permanent 
forms of AF. Although the progression of the AF disease process is variable and associated with the development of comorbid conditions, 
rhythm restoration therapies, particularly catheter ablation, provide higher acute and long-term success rates in paroxysmal than non-
paroxysmal AF. This review of literature aims to discuss how early restoration and maintenance of sinus rhythm especially using novel 
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the risk of stroke in patients with non-valvular  AF based on the 
most prevalent CHADS2  and increasingly utilized CHA2DS2VASc 
scoring systems.13 This risk remains the same across all clinical types 
of AF. 

Lone AF Without Any Comorbidities: A Small Fraction of 
AF Population 

In a population-based study, 3623 residents of Olmsted County, 
MN, with the diagnosis of atrial fibrillation were followed up for 
30 years at the Mayo Clinic between 1950 and 1980. Out of them, 
76 patients (age : 44.2±11.7 years; 50% of patients were ≥45 years 
of age, and 78% were male) were identified to have lone atrial 
fibrillation without any of the CHADS2 comorbidities : paroxysmal 
in 34, persistent in 37, and permanent in 5 at diagnosis.9 Among 71 
patients with paroxysmal or persistent atrial fibrillation, who were 
followed for a 30-year period, 22 received treatment with a class 
I or III antiarrhythmic agent and 63 received an atrioventricular 
node–slowing agent. Twenty-two (29%) patients had progression to 
permanent atrial fibrillation in 30 years. Most of them progressed 
within 15 years a  fter diagnosis and on multivariate analysis, age 
was the sole independent predictor of progression in this group of 
patients. Also, while 2 patients with paroxysmal AF progressed to 
persistent AF, 25 patients with persistent AF at diagnosis reversed 
to paroxysmal AF during the follow-up.In comparison with the 
age- and sex-matched population without AF, the overall survival 

undergoing widespread electrostructural alterations is considered to 
sustain persistent and permanent forms of AF.6 The development of 
such changes in the atrial substrate occurs due to oxidative stress, 
inflammation and atrial fibrosis.

 These changes harbinger the onset of persistent AF (Figure 1).7,8 
In paroxysmal AF, there are a few sources responsible for the onset 
of the arrhythmia but for persistent AF, the number of sources may 
be higher and involve the atrial tissue. It appears more logical to 
believe that a typical patient beginning to have AF will have a few 
sources to start with, which will increase in number in due course of 
progression rather than that patient having 5-6 sources at the AF-
beginning itself.

 Although AF is a progressive disorder and the basic research has 
led to the hypothesis “AF begets AF”, its clinical impact is not yet 
proven as up to 30% of paroxysmal AF patients progress to permanent 
AF and some patients present directly with permanent AF. In an 
individual with AF, the frequency and rapidity of progression are 
not predictable. Some studies have reported that the progression 
of paroxysmal AF occurs at a rate of 5% to 9% annually.9-11 It has 
been clinically observed that progression of paroxysmal AF to more 
sustained forms is marked by structural alterations in the atrial tissue 
(substrate) brought about by comorbidities like aging, diabetes and 
hypertension.9,12 Besides progression, the risk of stroke in AF is also 
due to the same comorbidities and additionally, to those like heart 
pump dysfunction and previous stroke, which together determine 

Figure 1:
Different pathogenetic mechanisms (displayed one in each box shown as subclinical phenomenon) occur progressively over time and culminate 
into clinically manifested rhythm disorder - AF. These mechanisms are interlinked subclinically and surface as paroxysmal and longer lasting AF 
depending on the interplay between the provocative factor(s) and tissue response
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patients with paroxysmal lone AF but in only 38% of patients with 
long-lasting persistent AF.21,22 

Long-Term Outcomes (≥55 mon)
  Recently, the data on long-term (about 5 years) outcomes of 

AF ablation have been published from several centers across the 
world. In concurrence with the short- and medium-term results, 
the long-term data (presented in Table) consistently concluded that 
the success rate was higher when the ablation involved paroxysmal 
AF versus persistent AF. This is true not only for the patients who 
underwent only one ablation procedure but also for those who had 
multiple ablations and across various different ablation strategies in 
paroxysmal and persistent AF. The long-term multiple-procedure 
success rate was higher in paroxysmal AF than the persistent AF by 
15-20%. Not only did persistent AF patients experienced reduced
efficacy of the ablation procedure(s), the presence of persistent AF
predicted recurrence in the patients undergoing AF ablation. Not to
mention the obvious impact of comorbidities on higher recurrence
rate. 

Recurrence of arrhythmia following pulmonary vein isolation is 
most commonly attributed to recovery of impulse conduction to and 
from pulmonary vein at the previously ablated site in the antrum. This 
entails ablation of limited sites (most of which are previously ablated) 
during the repeat procedure. This is not the picture in patients who 
have additional lesions to PV isolation. Since pulmonary vein isolation, 
the cornerstone therapy of AF ablation, suffices for paroxysmal 
AF but not for persistent AF and the ablation extends beyond it 
in the latter, the total procedural, fluoroscopic and radiofrequency 
ablation (RF-based procedures) times are longer in persistent AF 
patients than their paroxysmal counterparts. The burden of ensuing 
recurrent atrial tachycardia depends largely if not only on the extent 

of patients with lone atrial fibrillation was not different at 15 and 30 
years (p=0.12) follow up. While considering survival free of congestive 
heart failure, the patients with lone AF tended to be slightly but not 
significantly worse than expected at 30 years (p=0.051).

The risk for stroke/transient ischemic attack was similar to that of 
the expected population risk during the initial 25 years of follow-up 
but increased thereafter to be significantly worse at 30 years. Of note, 
all of the 17 patients (age : 73.6±10.7 years) who had a cerebrovascular 
event had developed one or more risk factors for thromboembolism 
(hypertension in 12, heart failure in 4, diabetes mellitus in 3). 

Looking at the natural course of lone AF, this study provides strong 
evidence that comorbidities significantly modulate progression 
of lone AF as a disease process and its resultant complications.12,13 

Importantly, because the risk of progression to permanent atrial 
fibrillation appears low in young patients, rhythm restoration and in 
particular invasive therapies should be reserved for highly symptomatic 
patients. After a young patient with lone atrial fibrillation ages or 
develops hypertension, heart failure, or diabetes, the thromboembolic 
risk increases. Therefore, screening for comorbidities is essential in 
patients with lone AF. Importantly, lone AF without comorbidities 
constitutes about 2% of the total study population. Thus, a large part 
of the population of AF may not be lone AF, in reality.

Outcomes of Ablation Therapy
Short- and Medium-Term Outcomes

 In a meta-analysis of the studies reporting medium-term (not 
more than 4 years) outcomes of AF ablation, AF disappeared with 
antiarrhythmic drugs in 52% of patients, with catheter ablation in 
57% to 71% of patients and with the combination of the two in 77% 
of patients. Importantly, the clinical type of AF influenced acute and 
long-term success. Ablation was found to be successful in 70-85% of 

Table 1: Long-term (≥55-mon) Outcomes of Catheter Ablation 

Investigator Year N Paroxysmal Persistent Technique Single procedure 
success

Multiple Procedure 
Success

Progression to 
Persistent AF

Relevant Comment

Shah et al46 2008 264 87% 13% PVI 74.5%

Sawhney et 
al47

2009 71 100% 0% Segmental 
PVI

56% 84% 11.2% Success rate is  lower 
persistent than AF 
paroxysmal AF

Bhargav et 
al48

2009 1404 52% 48% Antral PV and 
SVC
Isolation

77.6%(Paroxysmal
67.2%(persistent)

92.4%(paroxysmmal)]
84%(persistent)

Quyang et al49 2010 161 100% 0% PVI 79.5% 2.4% Persistent AF predicated 
Recurrence

Tzou et al50 2010 123 85% 15% PVI+Non 
PV trigger 
ablation

71% Persistent AF reduced long-
term ablation efficacy

Wokhlu et al51 2010 774 55% 45% WACA or PVI 71%(paroxysmal)
61%(persistent)

Weerasooriya 
et al52

2011 100 63% 37%(14% 
longstanding)

Segmental 
PVI+Linear 
ablation

29% 63%

dayl et al53 2011 187 72% 28% PV ablation 74%(paroxysmal)
56%(persistent)

paroxysmal AF did better 
than persistent AF

Hussien et al54 2011 831 69% 31% PVI 79.4% Persistent AF predicated 
Recurrenc

Tilz et al55 2012 202 0% 100%(longStanding Sequential 
Hamburg

20% 45%

Scherr et al* 2013 160 0% 100% Stepwise 67%
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of ablation lesion. The incidence of AT after PV isolation has been 
variably reported from 2.9% to 10%.23-27 Notably, the incidence rises 
to 40% to 57% in patients wherein electrogram based atrial ablation 
accompanies PV isolation and linear ablation.28-30 

Although this has not been specifically reported, the rate of 
complications for longer procedures involving wider extent of 
ablation than PV isolation can be expected to be higher than for the 
shorter procedures involving ablation of limited sites.

Catheter Ablation of Persistent AF in Sinus Rhythm: Evi-
dence for the Reversal of Progressive Remodelling

 In an elegant study, the investigators divided consecutive patients 
with persistent AF into 2 groups of 40 patients each.31 In group-1, 
SR was restored for at least 1 month prior to ablation and in group 
2, patients matched by age, sex, and AF duration were ablated in AF. 
A stepwise catheter ablation was performed in AF for both groups 
(induced and spontaneous, respectively). During the index ablation 
procedure, AF cycle length was longer in the SR group than in the 
AF group, suggestive of reverse electrical remodeling. In the SR 
group, AF more frequently terminated during ablation and required 
less extensive ablation of complex fractionated electrograms and 
linear lesions. The mean procedural, fluoroscopy, and radiofrequency 
energy delivery times were shorter in the SR group. Clinical success 
rates were similar between groups for first and last procedures, during 
similar follow-up periods of about 2 years. 

From our ongoing work on AF ablation guided by non-invasive 
mapping system, the number of AF sources were found to vary directly 
with the duration of persistent AF. The number of sources targeted to 
terminate persistent AF were median 2 when the presenting rhythm 
was SR and AF was induced during ablation versus median 4-6when 
the presenting rhythm was AF (Figure 2). The AF termination rates 
and the duration of RF delivery to achieve that varied proportionally 
to correlate with the duration of persistent AF such that they were 
optimum when the presenting rhythm was SR (Figure 3). Restoration 
of SR prior to catheter ablation for persistent AF possibly reverses 
the progressive electrostructural remodeling of the substrate, atleast 

partially, and decreases the need for extensive ablation to achieve the 
same high clinical efficacy as observed with the stepwise approach. 

Early Management of AF 
Rationale 

1. Current treatment of AF using antiarrhythmic drugs, ablation
and antithrombotic therapy is still not satisfactory. These treatment 
modalities are also associated with mild to severe adverse events. 
The response to rhythm control therapy is highest in paroxysmal AF 
patients whereas persistent and long-standing persistent AF patients 
do not respond as well. Since AF is a temporally progressive disorder, 
treating it earlier in its course (paroxysmal versus persistent) may 
improve outcomes with new and currently available modalities. 

2. In paroxysmal AF, which is predominantly a trigger-based
arrhythmia, the extent of involvement of the atrial myocardium 
(substrate) in the fibrotic disease process as imaged using late 
gadolinium enhanced MRI is reported to be significantly lesser than 
in persistent AF.32 With an increasing extent of diseased substrate in 
the biatrial tissue, the rate of successful outcome of ablation therapy 
reduces such that at one stage when the disease (fibrosis on MRI) 
is extensive, the ablation therapy may not be recommended. While 
focal sources can be easy therapeutic targets with high likelihood 
of long-term maintenance of sinus rhythm, the successful outcome 
of ablation in extensively diseased persistent AF is not shown to be 
similarly high, despite ablating higher amount of tissue.

3. Persistent AF develops under the influence of comorbid
conditions which exert stress on the atrial myocardium. Atrial 
remodeling is a process of ionic, genomic and cellular adaptation to 
such external stressors manifested clinically as progressively longer 
lasting form of AF. Timely removal of the stressor can reverse the 
progression of the disease. But, if left untreated, irreversible changes 
manifested as atrial fibrosis ensue as early as 1 month.20  Early 
management of AF can break the chain of pathological events shown 
in Figure 1 and possibly retard, if not halt, the AF progression. 

4. Although the predictors of recurrence of atrial arrhythmias
post AF ablation are not uniform in all the studies, the time spent 

Figure 2: Number of Arrhythmogenic regions targeted to achieve AF termination of PsAF depends on the duration of continuous AF
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Figure 3:
I The duration of RF delivery terminating AF varies directly 
with the duration of continuous persistent AF

in persistent AF and left atrial diameter have been very consistent. 
Therefore, many operators are reluctant to consider patients with a 
left atrial diameter >5 cm, although the thresholds of operators are 
continually decreasing as experience increases.33 

Challenges
1.The relevance of external stressors in the progression of AF

can be estimated by the association of persistent and permanent 
AF with a variety of clinical conditions.6,34,35 These conditions and 
their variable contribution towards modifying atrial substrate add 
to the complexity of AF. This pathophysiological diversity hampers 
the development of both adequate preventive strategies as well as 
effective therapies for AF.  

2.The roles of atrial tachycardia, heart failure age, hypertension,
and diabetes as independent risk factors for AF are well established 
but the mechanisms by which these factors increase AF susceptibility 
are less clearly defined.36-40 

3.There is also a high variability in the electrophysiological
mechanisms directly

promoting AF (variability in trigger activity and substrate 
complexity). Electrophysiological characteristics of arrhythmogenic 
pulmonary veins have been elucidated.41-43  But, the cause of such 
arrhythmogenicity has not been identified.

Current therapeutic regimes are most often chosen based on 
clinical symptoms, the duration of AF (paroxysmal or persistent AF), 
and simple clinical factors such as left atrial size. These categories 
do not necessarily reflect the degree of electrophysiological changes 
resulting in AF. For example, in patients with persistent AF, the 
relative contribution of abnormal impulse formation or the severity 
of the electrophysiological substrate is usually unknown and is not 
taken into account during the therapeutic decision-making process. 
Therefore, an effective AF management requires novel therapeutic 
targets. These can be identified by searching for novel AF-causing 
and AF-perpetuating factors.

4.Ultrastructural alterations are certainly accelerated by AF itself,
but usually begin before the onset of AF, and certainly before the 
arrhythmia becomes persistent. Early recognition of this process 
and identification of patients at risk for progression to persistent 

AF would be desirable in order to strengthen secondary preventive 
approaches.

5.Catheter ablation of AF has been shown to better restore and
maintain sinus rhythm than antiarrhythmic drugs with complications 
ranging from 3-5%.44 While this may still be acceptable, the goal to 
achieve rapid and permanent PV isolation / blocked linear lesion 
preferably in a single shot and a single procedure, although desirable, 
is associated with high risk. The alarm is raised by clinically silent 
adverse events like MRI-detectable embolic cerebral lesions, which 
can occur in up to 40% cases depending on the ablation technique 
and tool to achieve this goal. Although smaller lesions disappear a few 
months later, the delayed clinical significance of these silent lesions is 
unknow so far.45 It also raises the possibility of the occurrence of both 
clinically silent as well as undetectable lesions with its manifestations 
likely to occur at a later stage. 

Comprehensive Therapy 
 Since AF, as a disease process, takes variable course; it is 

difficult to generalize the therapeutic approach. Treatment should 
be individualized based on one’s symptoms, comorbidities and 
expectations. Prevention/early control of common comorbidities like 
hypertension, obesity, alcoholism, sleep apnea can not be undermined.

Early initiation of rhythm control strategy is a reasonable approach 
and justifies controlled trials with long term follow-up to detect its 
impact on delay in the progression of AF. 

Since the catheter ablation’s role is not completely established 
in the prevention of progression of paroxysmal AF and is far from 
satisfactory in a large population of persistent AF patients, efforts 
should not be exclusively directed towards non-pharmacological 
therapies. Besides evolving appropriate AF mapping and ablation 
tools and techniques, research involving novel drug therapies should 
be equally entertained. This may involve drugs which specifically act 
on the triggers like pulmonary veins. Since sinus rhythm maintenance 
rates are higher in AF ablated patients on antiarrhythmic drugs 
than in patients treated with any one of these two strategies, we 
may consider that there is a room for hybrid approach in the early 
management of AF

Besides achieving acute subjective improvement in patient’s 
symptomatic status, objective benefits of sustained normal rhythm 
like improvement in death, stroke and heart failure rates and the 
absence of deleterious impact on left atrial function and long-term 
quality of life are clinically vital criteria advocated for gauging the 
success of any AF abolition strategy. 
 Upcoming Role of Electrostructural Imaging 

The inadequacy of clinical classification of AF into broad 
paroxysmal and persistent varieties is realized when viewed from AF-
therapeutics’ standpoint. New diagnostic tools are being developed 
to differentiate various types of AF non-invasively and understand 
the structural changes occurring within the atria. The ultimate aim 
is to devise appropriate therapy and prognosticate the disorder on 
an individual basis by combining non-invasively obtained structural 
(tissue-level) and electrical (functional) information maps.

With advancements in imaging and mapping techniques, it is 
possible to infer and plot the multilead surface ECG information on 
to the computerized tomogram derived cardiac chamber geometry 
using inverse mathematics. It is feasible to non-invasively generate 
electrical maps of the cardiac chambers during organized arrhythmias 
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have an impact on deciding the right time for instituting therapy 
early in AF. 

Conclusions:
 The slowly progressive electrostructural alterations diffusely involve 

the atrial substrate and lead to persistent and permanent forms of AF. 
Although the progression of the AF disease process is variable and 
associated with the development of comorbid conditions, rhythm 
restoration therapies, particularly catheter ablation, provide higher 
acute and long-term success rates in paroxysmal than non-paroxysmal 
AF. Besides, laying emphasis on preventive/early management of 
comorbid conditions, the growing experience on pulmonary vein 
isolation in paroxysmal AF will reveal how this strategy modifies 
the progression to persistent AF. Non-invasive electro-structural 
imaging/mapping-guided safe rhythm restoration modality targeting 
specific and limited atrial tissue on an individual basis at the right 
time can set a new paradigm in the timely management of AF in 
near future. 
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Figure 4:

Non-invasive mapping showing posterior view of left atrium during paroxysmal AF. Panel A shows serial snapshots of a single wave emerging 
out of the left inferior PV (white star) and reaching right veins in 30ms while it expands radially to the roof and inferior walls. Panel B shows 
serial snapshots of two successive rotations (white arrows) of a rotor located near the ostia of right veins. The core of the rotor (white star at the 
center of rainbow-coloured phases of rotor) is seen meandering in a small region in this example. The blue wave indicates the depolarizing front, 
which makes one full rotation in 160ms. 
The phases of wave propagation are color-coded using rainbow scale. The blue colour represents depolarizing wave and the green represents 
the end of repolarization. The wavefront can be read by following the blue colour. The time (ms) at the bottom of each snapshot represents the 
moment in the time-window when the snapshot was taken
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Abstract
Atrial fibrillation significantly contributes to mortality and morbidity through increased risk of stroke, heart failure and myocardial infarction. 

Investigations of mechanisms responsible for the development and maintenance of atrial fibrillation have highlighted the importance of gap 
junctional remodeling. Connexins 40 and 43, the major atrial gap junctional proteins, undergo considerable alterations in expression and 
localization in atrial fibrillation, creating an environment conducive to sustained reentry. Atrial fibrillation is initiated and/or maintained in 
this reentrant substrate.  This review will focus on connexin remodeling in the context of underlying mechanism and possible therapeutic 
target for atrial fibrillation. 

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

arrhythmia that contributes to mortality.1 AF increases mortality 
risk2 and increased morbidity due to increased risk of stroke, heart 
failure and myocardial infarction.3-5 Many factors predispose 
patients to the development of AF, such as surgery,6 hypertension, 
valve disease, coronary artery disease or heart failure; however the 
strongest predisposing factor is ischemia.7 Yet, understanding risk 
factors has not improved patient survival. Current therapies for AF 
are suboptimal and their potential pro-arrhythmic effects limit their 
benefit.8 Research has focused on understanding the mechanisms 
underlying AF onset and maintenance in the hope of developing 
more targeted beneficial treatments. Research has begun to focus on 
the importance of slowed electrical conduction through atrial tissues 
in the development and maintenance of AF. Gap junctions, made up 
of connexins, are principle components responsible for both atrial 
and ventricular myocardial conduction. In this review, we will focuses 
on the relationship between connexins and mechanisms responsible 
for the development and maintenance of AF.

AF Mechanisms
A summary of the current understanding of AF is that initiation 

occurs through either reentry or focal ectopic firing.  In lone AF, 
continued ectopic firing from pulmonary veins or other sites may 
play a role in sustaining the arrhythmia as well.  In the setting of 
structural heart disease, most studies suggest that AF is sustained 
through intra-atrial reentry.9,10 

Focal ectopic firing that initiates, and in some circumstances 
sustains, AF can manifest as early-afterdepolarizations (EADs) or 
delayed afterdepolarizations (DADs). EADs can occur with action 
potential duration (APD) prolongation, which allows sodium or 
L-type Ca2+ channels to recover from inactivation to depolarize the
membrane. This mechanism may explain the increased prevalence
of AF in some long-QT patients.11 Studies have also shown
involvement of the sodium-calcium exchanger in the development of
either EADs or DADs.12 DADs occur when abnormal Ca2+ release
during diastole causes an inward current by activating the Na+-
Ca2+ exchanger, depolarizing the membrane. Several reviews have
been written on these topics and other ion channel changes, such as
increased K+ currents, that occur in the setting of AF.13,14

Reentry requires tissue heterogeneities in conduction and 
repolarization.  An important contributor to these elements are atrial 
structural and electrical remodeling that occur with sustained AF. 
The phrase ‘AF begets AF’ summarizes how these remodeling events 
resulting from AF increase the probability of reentry and thereby 
increase the probability of further AF.  Electrical remodeling refers 
to alterations in ion channels that promote the development of AF. 
Examples include up-regulation of IK1 and IKACH, which lead to 
APD shortening.15, 16 Similarly, Ca-channel down-regulation and 
changes in calcium handling in AF also lead to APD shortening. 
Most important in structural remodeling is the development of 
atrial fibrosis, which can interfere with electrical coupling and cause 
conduction slowing.17 Both APD shortening and CV slowing are 
inherent mechanisms in sustaining AF.  Wavelength theory states 
that a reentrant wave is dependent upon conduction velocity (CV) 
and refractory period. Both decreased CV and shortened APD 
occur in AF, which leads to maintenance of AF. Drug-induced or 
gene-therapy induced APD prolongation has proven effective in 
suppressing AF.18,19 Recently, we have also shown that enhancing CV 
through overexpression of connexins 40 or 43 (Cx40, Cx43) reduces 
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Figure 1:

General Connexin Structure Six individual connexins form a 
connexon which docks with a second connexon, forming a 
gap junction (A). Connexins have the general structure of 4 
transmembrane α-helices, 2 extracellular loops, a cytosolic loop, 
and a cytosolic N- and C- terminus (B). Connexins are normally 
located at the polar ends of myocytes in the intercalated disk and 
allow for the passage of metabolic substances and ions from one 
myocyte to the next (arrows) (C). In atrial fibrillation, there is a 
reduction in connexins at the intercalated disk (outlined connexins) 
and enhanced lateralization of connexins. There can also be 
alterations in phosphorylation of connexins, resulting in reduced 
conductance (dashed arrow) (D).

Figure 2:

Atrial staining for Connexin 40 and 43 Rapid-pacing induced AF in 
a porcine model showed no alteration in Cx40 expression (yellow); 
however, there was reduced expression of total and phosphorylated 
Cx43 and enhanced lateralization of Cx43 (green). This resulted in 
significantly less Cx43 localized in the intercalated disc (IC-disk), 
as shown in A with quantification in B. IC-disk was calculated by 
(IC-disk intensity/total intensity) x 100% Adapted from Igarashi et 
al 2012

the incidence of AF.10 This highlights the importance of connexin 
remodeling in the setting of AF.

Connexins
Connexins are ubiquitous proteins that can be found in most organs 

including atrial and ventricular myocardium and the specialized 
cardiac conduction system. Each connexin has a general structure 
of 4 transmembrane helices, 2 extracellular loops, a cytosolic loop 
and cytosolic N- and C-termini (Figure 1B). Six connexins join 
together to form a hemichannel, which docks with a hemichannel on 
an adjacent cell to form a gap junction (Figure 1A).  Gap junctions 
are large conductance channels between adjacent cells that allow for 
low resistance passage of metabolic substrates and ions from one cell 
to another (arrow Figure 1C). In the heart, intercellular connectivity 
through gap junctions is a fundamental element controlling 
conduction of the electrical impulse across the myocardium.  Atrial 
fibrillation, heart-failure, myocardial ischemia and infarction have 
all been associated with heterogeneous or decreased expression of 
Cx43 and decreased CV, suggesting a tight association between 
connexins and conduction.20,21  Several isoforms of connexins exist 
and they are named according to their molecular weight. In the atrial 
myocardium, Cx40 is the predominant connexin followed by Cx43 
and Cx45.22 Studies have found strong involvement of Cxs 40 and 
43 in the development and maintenance of AF but little is reported 
on Cx45 in AF.

Connexins are highly regulated proteins such that they respond 
to intracellular voltage changes or acidification, and their function 
is altered by phosphorylation.23-26 Alterations in connexin 
phosphorylation status lead to changes in connexin localization and/

or conductance. Connexins are normally expressed at the polar ends 
of myocytes in the intercalated disks (Figure 1C). Under stressed 
conditions such as ischemia or AF, connexins undergo changes 
in phosphorylation that ultimately lead to changes in connexin 
localization away from the intercalated disks and changes in gap 
junctional conductance for the connexins remaining at the disks 
(figure 1D). 

Connexins Involvement in AF
Connexin 40

 Human genetics studies point to a role for Cx40 in the initiation 
and maintenance of AF. Although the majority of AF is thought to 
be sporadic and non-familial, connexin mutations have clearly been 
associated with familial, early onset AF in patients as summarized in 
Table 1. Human studies have identified Cx40 nonsense mutations, 
gene promoter polymorphisms and somatic mutations that lead to 
an overall reduction in Cx40 expression.27-30 

 Although Cx40 genetic mutations have been identified in the 
development of AF, public screening for Cx40 mutations to explain 
lone AF would not be cost-effective. Evidence suggests family 
history of AF increases the risk of development of AF31,32 but Cx40 
disease-causing mutations have been infrequent and polymorphisms 
that change neither Cx40 expression nor function have also been 
identified.33 Screening for AF risk genes may prove beneficial in the 
future, if more Cx40 mutations become linked to development of AF. 
Currently, Cx40 gene mutations have been identified in only several 
cases of familial AF.  

Although Cx40 genetic mutations have not been identified as 
the major cause of familial AF, altered Cx40 expression has clearly 
been observed in patients with AF.  Both genetic mutations in Cx40 
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Connexin 43
Similar to Cx40, inconsistencies in Cx43 expression between 

the various studies have been shown (Table 3). Rare familial AF-
associated Cx43 mutations have been found that alter connexin 
trafficking, resulting in a mosaic pattern of connexin expression 
across the atrium, suggesting that decreases in Cx43 can cause AF.41 

Wetzel et al. found that AF patients with mitral valve disease had 
increased Cx43 expression.35,36 Rucker-Martin found no change 
in overall Cx43 expression but relative increased in the amount of 
unphosphorylated and/or lateralized Cx43.42 Importantly, studies 
have found that total Cx43 expression decreases in heart failure, but 
the AF studies have generally not had a significant component of 
heart failure patients in their populations.  Overall, the human data 
on Cx43 is less robust than the data on Cx40, but the available data 
suggest that alterations in Cx43 expression or function may cause AF, 
and that AF may reduce the amount of functional, intercalated disk-
localized Cx43 if not the total Cx43 amount.  

Animal models of AF more strongly support the involvement of 
Cx43 in AF than the available human data. Several animal models 
show alterations in Cx43 expression associated with AF (Table 4). 
In the neonatal mouse in vitro myocyte culture system described 
above, Beauchamp found atrial strands from Cx43 knock-out mice 
have shown reduced CV and the substrate for reentry, but their 
Cx43 findings were confounded by the finding of decreased Cx40 
expression in the myocytes isolated from the Cx43 knock-out mice.43 

Further highlighting the importance of Cx43 in atrial conduction, 
transgenic mice carrying the Cx43 G60S mutant (described in 
occulodentodigital dysplasia) are highly susceptible to induction of 
atrial tachycardia and atrial arrhythmias.44 Similarly, a rapid pacing 
pig model of AF and severe heart failure had decreased Cx43 
expression, decreased phosphorylated Cx43, enhanced lateralized 

and non-genetic based AF have led to connexin trafficking defects, 
reductions in gap junctional conductance and altered expression of 
Cx40.  Nao et al found AF patients with mitral valve regurgitation 
had heterogeneous reductions in Cx40 expression.34 In contrast, 
Polontchouk et al and others found AF patients expressed higher 
levels of Cx40, but they found increased connexin lateralization (Table 
1).35,36 Although changes in total Cx40 expression differ between 
studies, common findings between these human AF studies include 
heterogeneous expression of Cx40 across different regions of the atria 
and lateralization of Cx40 throughout the atria, both of which could 
lead to heterogeneous and slow conduction and potentially to reentry. 

Several animal models have been developed to study AF, including 
atrial burst pacing with and without heart failure, and ventricular 
failure with increased AF inducibility but without sustained AF.  
Similar to the human data, a common finding across these diverse 
models has been heterogeneous expression of Cx40. Further 
supporting a role of Cx40 in AF, Cx40 knock-out mice have abnormal 
atrial impulse propagation, slowed conduction, decreased safety 
factor for 1:1 conduction in the atrium and increased arrhythmia 
inducibility.37-40 Contrary to adult mice studies, in vitro cultured 
strands of neonatal atrial myocytes from Cx40 knock-out mice 
showed enhanced conduction velocity with an associated increase in 
Cx43 expression at the intercalated. A confounding factor for these 
cell culture studies was the finding of increased Cx43 in the atrial 
myocytes isolated from the Cx40 knock-out neonates.  The increased 
conduction velocity may simply be a function of Cx43 levels in that 
experimental system.  

 While there may be some differences in findings between the 
various experimental models (Table 2), the majority of animal 
evidence supports alterations in Cx40 expression and/or localization, 
associated with reduced CV and increased AF vulnerability. These 
studies corroborate the human data strongly suggesting an integral 
role of Cx40 in AF. 

Table 1:
Connexin 40 in Human AF: Examples of studied Cx40 
genetic mutations found in AF patients and findings of Cx40 
alterations in patients with AF.

Connexin 40 in Human AF

Gene Mutations
Nonsense 
mutations
Cx40 promoter 
SNPs

Missense 
Mutations

Effect on protein expression
Stop codon inserted resulting 
in truncated Cx40 at amino 
acid 49
-44 Glycine → Alanine

TATA box SNP (rs10465885) 
resulted in decreased Cx40 
mRNA expression
Proline 88 → Serine or Glycine 
38→Aspartate, resulting in no 
Cx40 at the intercalated disc
Alanine 96→Serine resulting 
in low conductance GJ
Methionine 163→Valine, no GJ 
phenotype observed

AF effect
Familial AF with 
100% Penetrance 
Increased atrial 
vulnerability (i.e. 
easy to induce AF)
Early onset AF

All observed in early 
onset AF

Yang et al 2010
Firouzi et al 2004

Wirka et al 2011

Gollob et al 2006

Patients in AF 
With mitral 
valve disease

Increased Expression of Cx40 
but with increased lateralized 
Cx40 and Cx43
Increased Cx40 expression

Reduced and heterogeneously 
expressed Cx40

Study of 12 chronic 
AF patients

Study of 41 lone AF 
and 36 AF patients 
with valve disease
Study of 10 patients 
with valve disease 
and AF

Polontchouk et al 
2001

Wetzel et al 2005

Nao et al 2003

Table 2: Connexin 40 in animal models  of AF

Model Effect

Cx40 KO mice Atrioventricular conduction slows
Atrial Conduction slowing, with 
high frequency of intra-atrial 
reentrant tachycardia

Simon et al 1998
Kirchhoff et al 1998

Altered atrial conduction 
patterns, decreased right atrial 
conduction and decreased 
safety factor for maintaining 1:1 
conduction

Bagwe et al 2005

Loss of right atrial and left 
atrial CV heterogeneity, Cx40 
developmentally required for 
setting up heterogeneity

Cx40 KO neonatal 
cardiomyocytes

Increased propagation velocity 
in synthetic strands of Cx40 
KO cardiomyocytes. This is 
associated with increased Cx43 
in the intercalated disc.

Beauchamp et al 2006

Rapid-pacing induced AF 
in goat

Total Cx40 expression and CV is 
unchanged, but heterogeneous 
expression of Cx40

Van der Velden et al 1998

Cx40/Cx43 ratio decreases as 
increased stability of AF

Van der Velden et al 2000

Rapid-pacing induced AF 
in pig

Total Cx40 expression same as 
sinus-rhythm; however, intra-
atrial conduction reduced

Igarashi et al 2012
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connexins (Figure 2) with CV slowing and persistent AF.10 In 
addition gene-therapy expressing Cx43 preserved atrial conduction 
and prevented the development of AF, further supporting Cx43 as a 
major contribution to atrial stability.10  

 Although strong evidence supports Cx43 involvement in 
determining atrial conduction properties and potentially increasing 
vulnerability to development or maintenance of AF, not all studies 
have shown this. Thomas et al reported no changes in atrial CV or 
P-wave duration in Cx43 heterozygous knock-out mice.45 Overall,
the data on Cx43 show association of Cx43 mutations with AF in
very rare cases, correlation between Cx43 expression and intercalated
disk localization and atrial conduction properties in most but not all
studies, and a reduction in Cx43 expression resulting from AF in the
setting of heart failure but not necessarily in the setting of normal
ventricular function.

Therapy for AF
Therapies to terminate or prevent AF include antiarrhythmic drugs, 

the surgical maze procedure, and ablation either to isolate pulmonary 
veins or to disrupt intra-atrial reentry.  Pulmonary vein isolation is 
successful in terminating AF in up to 80% of patients, with greater 
success occurring in patients with paroxysmal, lone AF.47 Ablation 
of reentrant circuits is considerably less successful, with long-term 
freedom from AF less than 50% in patients with dilated atria and 
persistent or permanent AF.49 Limitations to ablation success include 
inadequacies in currently available tools to create complete lines of 
conduction block and the lack of a generally accepted lesion set based 
on the underlying mechanisms responsible for maintaining AF. 

Better atrial imaging and mapping techniques are being developed 
to improve ablation efficacy. MRI imaging has successfully identified 
gaps through scarred atrial regions which provide the site of reentry 
for AF, allowing for more targeted ablations.50,51 In contrast, another 
more recent study did not identify visible reentrant pathways on MRI 
even though reentrant circuits were found within the scarred regions.52 
Similarly, Focal Impulse and Rotor Modulation (FIRM) techniques 
to identify rotors and focal sources of AF show promise in creating 
smaller ablation lesions while still providing AF termination.53,54 In 
canine models, extensive ablation of both the right and left atrium was 
required to get 100% reduction of AF. However this was associated 
with decreased Cx43 expression in areas near the ablation site.55 This 
finding suggests that less extensive ablation may have the unintended 
consequence of worsening conduction heterogeneity, which may be 
proarrhythmic. 

 Research has focused on developing therapies that target both 
connexin and ion channel remodeling, in hopes of altering the 
underlying mechanism thereby preventing development of sustained 
AF. In canines, bepridil was found to reduce AF inducibility and 
duration, while simultaneously preventing SCN5A and L-type Ca2+ 
channel reductions.56 Pairing bepridil with olmesartan also prevented 
Cx43 down-regulation and reduced tissue fibrosis, both resulting in 
improved conduction velocity.57 This bepridil/olmesartan strategy 
successfully prevented AF inducibility, but results of this strategy for 
patients with already remodeled atria are unclear.  A similar study 
using amiodarone showed reverse-remodeling, which may be a more 
relevant end-point.58 Of course, many patients with AF are already 
treated with amiodarone.  Since this drug is not curative, more 
extensive investigation is needed to develop a definitive therapy.  
Recently relaxin, an anti-fibrotic hormone, showed promising 
atrial fibrosis reverse-remodeling in spontaneous hypertensive 
rats; however, large animal studies need to be done to evaluate 
translational possibilities.59 Similarly, metoprolol was found to 
antagonize connexin lateralization and conduction slowing in AF,60 
however, metoprolol also is not curative for AF.  These drug data 
emphasize the complexity of the situation and the need for extensive 
analysis in realistic test models. 

Targeted connexin therapies are in early stages of development. 
We explored the possibility that targeted overexpression of either 
connexin 40 or 43 in the atrium would improve CV and prevent 
AF in our porcine AF-heart failure model.10,61 The model combined 
42-hz burst atrial pacing used in the goat lone AF model with

Table 3:
Connexin 43 in Human AF: This table lists examples of both 
genetic mutations and observed Cx43 alterations in patients 
with AF. 

Gene Mutations Effect

Frameshift 
Mutation

Nucleotide Deletion resulting 
in intercellular retention of GJs 
and dominant-negative down-
regulation of both Cx40 and Cx43

Sporadic nonfamilial 
case of AF

Thibodeau et 
al 2010

Patients with AF
With mitral 
valve disease
With dilated 
atria

Increased Cx43 expression

Both dilated atria and AF patients 
had dephosphorylated and 
lateralized Cx43.

Study of 36 AF 
patients 

Study of 5 AF 
patients and 5 
patients with dilated 
atria

Wetzel et al 
2005
Rucker-Martin 
et al 2006

Table 4: Connexin 43 in Animal Models of AF

Model Effect

Congestive Heart Failure 
canine

Decrease in phosphorylated 
Cx43 associated with an 
increase in lateralized 
Cx43. Also interstitial 
fibrosis present, leading to 
heterogeneous conduction 
in atria.

Burstein et al 2009

Rapid-pacing induced AF 
in goat

Total levels of Cx43 and 
localization unchanged, 
increase in dephosphorylated 
Cx43.

Van der Velden et al 1998, 
2000

Rapid-pacing induced AF 
in pig

Reduced and lateralized 
expression of Cx43.

Igarashi et al 2012

Point-mutation Cx43 G60S 
mutant (Oculodentodigital 
dysplasia mouse)

Heterozygous mutant mouse, 
dominant negative decrease in 
total Cx43 expression. Results 
in a 50% reduction of myocyte 
junctional conductance, highly 
susceptible to induction of AF/
sustained AF. 

Tuomi et al 2011

Cx43 KO embryonic 
cardiomyocytes

No expression of Cx43 but also 
a decrease in Cx40 expression. 
Decrease in conduction 
velocity.

Beauchamp et al 2005

Cx43 heterozygous KO 
mice

50% reduction in atrial Cx43 
expression, but no change in 
atrial CV

Thomas et al 1998

Sterile pericarditis in 
canine

Overall reduction in Cx43 
expression, CV slowed and 
increased sustained atrial 
arrhythmias (AF or atrial 
flutter)

Ryu et al 2006
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an uncontrolled ventricular response giving tachycardia-induced 
ventricular failure.  We delivered the gene for either Cx40 or Cx43 
using an epicardial painting method that we had previous validated 
to delivery genes densely and homogeneously to the atria.62 In sinus 
rhythm animals, we saw no change in the already normal CV with 
either Cx40 or Cx43 overexpression.  Since connexin expression 
and post-translational processing were normal, we interpreted these 
data to suggest that gap junctional conductance was not the limiting 
factor to CV under normal circumstances.  In the AF-heart failure 
animals, we saw normalization of CV and prevention of AF with gene 
transfer of either connexin.  These data linked connexin expression to 
CV alterations in AF and demonstrated that CV played a role in 
AF development and maintenance.  Bikou et al. found similar results 
with Cx43 overexpression using a more localized inject and shock 
delivery method in the pig AF-heart failure model.61

 Drug therapies targeting connexins have also been found to 
enhance atrial CV.63 Rotigaptide is a small peptide that has been 
show to antagonize CV slowing in a variety of situations.  Shiroshita-
Takishita et al. found improved conduction in 3 canine models of 
atrial remodeling; atrial tachypacing, ventricular tachypacing and 
acute atrial ischemia, but AF vulnerability was reduced only in acute 
ischemia.64 Similarly, Haugan et al showed that rotigaptide enhanced 
atrial CV but did not reduce AF inducibility in a rabbit model of 
chronic volume overload.65 Similarly, Guerra et al. found rotigaptide 
effective in prevention of AF in mitral valve regurgitation but not 
congestive heart failure.66 These studies suggest that interaction 
between connexin expression and function and AF development may 
vary by model.  A limitation of this conclusion is that rotigaptide’s 
mechanism of action is not fully understood. Further studies need 
to be performed to understand the possibilities for gap junction-
targeted therapies for either prevention or treatment of AF. 

Conclusions:
Connexins are highly dynamic proteins that are important in 

myocardial conduction. Overall, inconsistencies exist over the exact 
pattern of connexin expression changes in the setting of AF. Although 
less common, genetic mutations in Cx40 and Cx43 have been found 
as the definitive cause of AF in both human studies and animal 
models. Importantly, both animal studies and human studies of AF 
commonly show connexin phosphorylation is altered, connexins 
become lateralized and connexins are heterogeneously expressed. 
Alterations in connexin phosphorylation and localization have 
been associated with decreased atrial conduction. Heterogeneous 
and slowed atrial conduction creates the substrate conducive to 
reentry. Taken together, connexin remodeling is a key mechanism 
in the maintenance of sustained AF. Several drug-therapies, gene-
therapies and small peptides targeting connexin remodeling have 
proven beneficial in antagonizing connexin dephosphorylation and 
down-regulation in AF, leading to enhanced CV and reduced AF 
vulnerability, verifying the importance of connexins in the initiation 
and maintenance of AF. Future studies need to be done to assess 
the potential role of these therapies in the setting of atrial fibrosis, 
structural remodeling or pre-existing AF. 
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Abstract
Co-incidence of atrial fibrillation and renal dysfunction in general population is described in many epidemiological studies. Major issue 

is optimal anticoagulation in patients with atrial fibrillation and renal disease warranting balance between risks of ischemic stroke and 
hemorrhages. The second issue is catheter ablation of AF patients with renal dysfunction. Both issues are discussed in this paper.  

Introduction
The association of impaired renal function with atrial fibrillation 

(AF) is well established. It is also known that stroke is major life 
threatening complication of AF and renal disease. Aim of this brief 
review is discussion of two major topic areas.  Firstly, we review safety 
and efficacy of anticoagulation therapy for patients suffering from 
both AF and renal insufficiency.  Secondly, last studies on impact 
of impaired renal function on long-term outcome after catheter 
ablation of atrial fibrillation are discussed. 

Oral Anticoagulation with Warfarin in Patients with AF and 
Impaired Renal Function 

Oral anticoagulation with warfarin is an effective therapy to 
reduce the risk for stroke related to atrial fibrillation in a majority of 
patients. However, impact of renal insufficiency on the therapy with 
warfarin in these patients was not considered for a long time.  First 
single-center study including 29 pts with end-stage renal disease 
reported in 2003 association between bleeding and use of warfarin.  
In this study an annual hemorrhages rate of 11% in patients who 
were not on anticoagulation, 16% in those treated with antiplatelet 
therapy, and 26% in those on oral anticoagulation were observed. Of 
note,  in 10 out of 13 patients on warfarin had a major bleeding. The 
international normalized ratio (INR) was higher than intended (no 
values specified in the article), but none of the bleeding complications 
with oral anticoagulation was fatal.1 However, another retrospective 
analysis performed in 123 patients from the US Renal Data System 
provided opposite results. Patients who started their hemodialysis 
in 1996 and were subsequently hospitalized for atrial fibrillation 

found a significantly lower cumulative 3-year all-cause mortality in 
patients on warfarin (33%) as compared to 56% in those without oral 
anticoagulation.2

The algorithm for individual risk assessment of oral anticoagulation 
in patients with glomerular filtration rate (GFR) < 60 mL/min and 
atrial fibrillation was proposed 2009. It was based on CHADS2 
score and risk factors for bleeding such as previous hemorrhages, 
liver diseases, etc. However, the authors acknowledged that the 
consideration of bleeding risk cannot simply be calculated by a 
scoring system but rather needs the input of the treating physician, 
who is competent in evaluating the complex medical conditions 
typical of renal insufficiency.3

An interesting study conducting literature search of Medline 
through Ovid (1966 to January 2009) and of EMBASE through 
Ovid (1980 to January 2009) was published 2009.5 The Medical 
Subject Heading terms “atrial fibrillation,” “warfarin,” and “bleeding” 
were combined with “end-stage renal disease,” “dialysis,” and “kidney 
failure.” This study proposed controversial approach for decision 
about use of warfarin in patients with AF and end stage renal disease. 
The authors suggested that patients < 65 years of age, with normal 
echocardiograms, and without or with well controlled hypertension, 
and without diabetes will likely derive little benefit from OAC. In 
contrast, patients with uncontrolled hypertension, concurrent use of 
antiphospholipid antibodies, previous severe hemorrhage, a history 
of treatment noncompliance, frequent falls, calciphylaxis, or severe 
malnutrition should be considered relatively contraindicated for the 
use of OAC due to the high risk of subsequent hemorrhage.4

A comprehensive literature search, published in 2011, confirmed 
lack of relevant information: although, rates of major bleeding 
episodes in anticoagulated hemodialysis patients with AF are high, 
no large randomized trials assessing the real risk/benefit of full-
intensity anticoagulation in such patients were performed.5 

Published in August 2012 Danish cohort study performed on 
register data of 132,372 patients with non-valvular AF provided 
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Impact of Renal Impairment on Outcome After Catheter 
Ablation of Atrial Fibrillation 

The role of renal impairment as predictor for AF recurrence after 
catheter ablation was investigated in relatively small number of 
single center studies.11-13 All these studies provided similar results 
regarding poor outcome in patients with GFR< 60 mL/min. These 
results were also confirmed in our observation study included 702 
patients with paroxysmal and not paroxysmal AF. In contrast to other 
study, majority of our patients had no or subclinical renal dysfunction 
(median GFR in our study was 88 mL/min with inter-quartile range 
(75-102) mL/min). We performed ROC analysis of GFR and found 
68 mL/ min to be optimal cut off point in our cohort. Hazard ratio 
adjusted by type of AF, left atrial size and presence of metabolic 
syndrome was 1.43 95% CI (1.05-1.95). We also performed separate 
analysis of outcome after repeated ablation procedure and again, GFR 
measured prior to index procedure was predictive for outcome after 
repeated procedure (adjusted hazard ratio= 1.35 95% (1.05–1.84).14  

Recently published retrospective study performed on 15423 patients 
with mean age of 72 years revealed impact of renal impairment on 
a year  mortality after catheter ablation of AF (hazard ratio =2.07 
95% CI (1.66-2.58).15 To our best knowledge, this is only one study 
investigating impact of renal impairment on mortality after catheter 
ablation in elderly. 

 New prospective study investigated impact of outcome after catheter 
ablation on renal function. The authors found very interesting results, 
in patients with mild to moderate renal dysfunction (GFR>30 mL/
min) arrhythmia freedom was associated with improvement of renal 
function over a 1-year follow-up. In subgroup analysis they found 
that in the subgroup belonging to the highest quartile of baseline 
GFR, GFR did not increase after successful ablation, whereas 
arrhythmia recurrence was associated with a significant decrease in 
GFR over 1 year. In subgroup of lowest quartile of baseline GFR, 
freedom of arrhythmia was associated with increase of GFR.16 These 
finding are in concordance with large prospective community-based 
observational cohort study including 235818 patients. Bidirectional 
association between AF and renal dysfunction (renal dysfunction 
increased the risk of new onset of AF, and AF increased the risk of 
development of renal disease) was reported. The authors concluded 
that: a) AF and chronic renal disease share risk factors and putative 
mechanisms, suggesting that common pathophysiological processes 
may drive both outcomes; b) possible common link between AF 
and chronic kidney disease is renin-angiotensin-aldesteron system 
activation.17 

However, the major clinically relevant issue remains unresolved. 
Although impaired renal function predicts poor outcome after 
catheter ablation,11-14 not all patients with impaired renal function 
have recurrence after catheter ablation of AF. Currently, it is important 
to establish algorithm allowing prediction of outcome after catheter 
ablation in patients with mild and moderate renal dysfunction.  This 
issue should be investigated in new ongoing studies. 

Conclusions:
The anticoagulation in AF patients having renal dysfunction 

remains difficult clinical issue, however new oral anticoagulants like 
apixaban seem to be a promising drug therapy for this cohort of 
patients. The use of new oral anticoagulants after pulmonary vein 
isolation in patients with renal dysfunction is not evidenced and 
should be intensively investigated. Renal dysfunction is independent 

confused results.  Among these patients a total of 3587 patients (2.7%) 
had non–end-stage chronic kidney disease, and 901 (0.7%) required 
renal-replacement therapy. Warfarin treatment was associated with a 
significantly decreased risk of stroke or systemic thromboembolism 
overall and among patients requiring renal-replacement therapy. 
However warfarin was not revealed to decrease risk among patients 
with non–end-stage renal disease. Regarding risk of bleeding in 
this cohort, the authors found that risk of bleeding was higher 
among patients with non–end-stage renal disease and among those 
requiring renal-replacement therapies than among patients without 
renal disease. Moreover, treatment with warfarin, aspirin, or both 
incrementally increased this risk.6 

 Thus, up till now the balance between risk of stroke and bleeding 
during warfarin therapy should be estimated in every patient, with 
AF and renal disease, by discretion of experienced physician.

New Oral Anticoagulants in Patients with AF and Impaired 
Renal Function

 The new oral anticoagulants for stroke prevention in AF fall into 
two classes: the oral direct thrombin inhibitors (dabigatran) and oral 
direct factor Xa inhibitors ( rivaroxaban, apixaban).7 

According to last update of European guidelines for the 
management of atrial fibrillation administration of dabigatran may 
be considered in reduced dose of 110 mg (150 mg in case of mild 
or no renal disease) in patients with moderate renal impairment 
with GFR 30-49 mL/min.8 The same issue recommends also dose 
reduction by administration of rivaroxaban to 15 mg (20 mg in 
case of preserved renal function) in patients with moderate renal 
impairment. However, European Heart Rhythm Association does 
not recommend use of all new anticoagulants in patients with severe 
or end stage renal disease (GFR< 30 mL/min).9 

Compared to dabigatran and rivaroxaban, apixaban seems to have 
lower risk due to a reduced degree of renal excretion.7 Recently 
published  analysis of the ARISTOTLE study including 18122 
patients has shown that the new oral anticoagulant, apixaban, was 
better than warfarin in preventing the primary outcome, stroke 
or systemic embolism, in atrial-fibrillation patients, regardless of 
renal function. Thereby the authors found that patients with renal 
disease seemed to have the greatest reduction in major bleeding with 
apixaban. The incidence of major bleeding in patients with GFR of 
<50 mL/min in patients on apixaban was significantly lower than 
those on warfarin (hazard ratio 0.50; 95% CI 0.38-0.66) p=0.005.10 

However, this study did not include hemodialysis patients. 
In summary, no clinical trials on new oral anticoagulants including 

patients on dialysis or close to dialysis were performed until now. 
Therefore careful balancing of the clinical benefits and risks of each 
drug (and its dose adjustment) is required by each individual patient 
suffering AF and severe renal disease. Careful follow-up of renal 
function is also required in all patients with AF and impaired renal 
function.9

According to results ARISTOTLE study apixaban appears to 
be an option for patients with AF and moderate renal impairment 
(GFR>30 mL/min).  However, no comparative studies on risks 
from renal disease among patients on new oral anticoagulants were 
performed, so due to lack of evidence no preferable anticoagulant 
drug for patients with AF and renal disease can be recommended 
now.
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predictor for poor outcome after catheter ablation. New studies for 
stratification of patients with renal dysfunction regarding outcome 
after catheter ablation of AF are needed. 
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Abstract
Although many efforts have been directed to improve atrial fibrillation transcatheter ablation safety, thromboembolism to the brain 

remains one of the major complications. In fact several studies have confirmed occurrence of silent cerebral embolic lesions by post-
procedure magnetic resonance imaging, the present review will focus on the possible mechanisms leading to silent cerebral embolism in an 
attempt to provide recommendations holding the potential to reduce the incidence of this clinically relevant complication. 

Introduction
Transcatheter ablation of atrial fibrillation (AF) is a well-established 

treatment for symptomatic patients refractory to antiarrhythmic 
drugs, aiming to restore sinus rhythm, improve AF related symptoms 
and prevent AF related complications. Efficacy of transcatheter AF 
ablation is satisfactory in experienced centers, and, according to 
present data, is considered superior to any antiarrhythmic drug.1,2 

Many efforts have been made over the past years to improve safety 
of catheter AF ablation. As an invasive procedure, it carries a risk 
of local and systemic complications, the most harmful being cardiac 
tamponade and stroke. Despite the introduction of new catheters, 
energy sources, new imaging and navigation tools,3 the risks deriving 
from the procedure have not been cancelled, and cerebrovascular 
accidents remain in fact one of the most feared and frequent 
complications, ranging from 0.5 to 1.0%.4

Besides symptomatic cerebral events, AF ablation also carries a 
risk of silent cerebral embolic lesions. Performing cerebral magnetic 
resonance imaging (MRI) before and after catheter ablation, Lickfett 
et al. first reported in a small group of patients the detection of 
new silent cerebral ischemias (SCI),5 and this was subsequently 
confirmed by our group in a larger population of patients.6 Given that 
SCI, frequently found in patients with carotid disease, hypertensive 
cerebrovascular disease or AF, relate to neurocognitive impairment 

and dementia7,8,9,10,11,12 silent cerebral embolism following 
transcatheter ablation warrants careful consideration.

Pathophysiology of Silent Embolic Lesions
The origin of SCI during transcatheter ablation is mainly 

consequent to three mechanisms: clot formation, char formation and 
air/gas embolism. Any foreign body introduced in the blood pool 
bing potentially thrombogenic, clot formation may be expected on 
ablation and mapping catheters and sheaths. Char formation may 
instead be induced by the energy source on the tissue. Eventually air 
embolism may derive from catheters insertion and mobilization, but 
also from radiofrequency (RF) induced high temperatures producing 
intravascular gas bubbles.

Introduction of any foreign body into the blood pool stimulates 
clot formation.13,14 The 2012 ESC Consensus on AF ablation 
recommends to maintain an activated clotting time (ACT) between 
300 and 400 seconds during the procedure, to limit both thrombotic 
and hemorrhagic complications.15 In fact, a study by Ren et al. 
reported a lower incidence of spontaneous echo contrast and thrombi 
in the left atrium, detected by intracardiac echocardiography when 
ACT was maintained over 300 seconds during the procedure.16 This 
confirms that a stronger heparinization during the procedure may 
be helpful to avoid thromboembolic complications. Furthermore, 
transseptal puncture performed to reach left atrium and pulmonary 
veins when a patent foramen ovale is not present, causes platelet 
activation.17 requiring administration of a bolus of heparin before 
this procedural step.15

Char formation is indeed intrinsic to ablation techniques and 
energy sources used during the procedure. The most frequently 
used energy source is Radiofrequency (RF). RF produces thermal 
damage to the atrial tissue and is responsible of electrical conduction 
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microembolic signals at transcranial Doppler27 and cerebral lesions 
following embolization of air microbubbles have been described 
using cerebral MRI in animal studies,28 the clinical impact in humans 
remains uncertain.

In the meantime, considering energy sources used for ablation, 
by transcranial Doppler, Sauren et al. have demonstrated a lower 
incidence of microembolic signals during catheter AF ablation using 
cryoballoon or irrigated RF catheters compared to conventional RF 
catheters.29

Finally, air embolism may be related to the introduction of ablation 
devices.30,31 Careful catheter handling, avoidance of multiple catheter 
exchanges and continuous heparin flushing may therefore be useful 
in reducing the risk of SCI.

Current Literature on Silent Cerebral Ischemias Following 
Transcatheter Atrial Fibrillation Ablation

Evidence on the incidence of SCI following AF transcatheter 
ablation is summarized in Table 1. The first study detecting 
asymptomatic cerebral embolism at MRI scan following AF catheter 
ablation by open-irrigated RF catheter reported a 10% incidence of 
new SCI in a small population of 20 patients.5

Shortly after our group performed a study on 232 patients 
reporting a 14% incidence of SCI following AF ablation.6 In this 
study the ACT value maintained during the procedure strongly 
related to the incidence of SCI: 9% of patients with an ACT > 250 
reported SCI following the procedure compared to 17% within those 
maintaining lower ACT values. Another parameter independently 
related to SCI incidence following the procedure was electric or 
pharmacological cardioversion in case of persistent AF at the end 
of procedure. Clinical parameters such as age, hypertension, diabetes 
mellitus, previous history of stroke, type of AF, and pre-ablation 
antithrombotic treatment did not relate to incidence of SCI.

Another study by Schrinkel et al., performing cerebral MRI before 
and after AF ablation by irrigated RF catheter in 53 patients with 

block, isolation of triggers and interruption of circuits underlying 
AF initiation and maintenance. On the flip side it may become 
potentially harmful, causing endothelial layer damage and coagulation 
cascade activation, eventually leading to thrombus formation.18,19 
Ablation catheters, despite been studied and designed to reduce the 
electrode-endothelium interface temperature, thermal thrombus and 
char formation at the catheter tip remains one of the mechanisms 
responsible of the thromboembolic risk.20

Char formation is related to heat-induced denaturization of blood 
proteins, and can occur despite high levels of anticoagulation. In 
this setting, the introduction of open-irrigated catheters permitted a 
more efficient heat control achieving reduced thrombus formation in 
animal models.21 These catheters are, characterized by a continuous 
saline irrigation, which allows a prompt and effective heat dispersion, 
ensure interface temperature reduction, obviating tissue overheating.

Eventually, alternative energy sources, in particular cryoenergy, 
have been proposed. Cryoenergy reported lower platelet and fibrin 
activation,17 leading to lower incidence of thrombus formation in 
vitro, by preserving the endothelial layer during ablation22; results 
are however contradictory, recent studies reported similar levels of 
platelet activity and coagulation activation by cryoenergy and RF.23

The third mechanism of cerebrovascular damage is air/gas 
embolism. Gas microbubble formation has been demonstrated 
during experimental models treated by elevated temperatures, 
with two different patterns24: type 1, or scattered microbubbles, 
with a concentration <1 μl per minute of ablation, reflecting early 
tissue overheating; and type 2, or continuous microbubbles, with 
a concentration >1 μl per minute of ablation, reflecting important 
impedance rise during RF delivery. The pattern of microbubbles is 
predicted by tissue-electrode interface temperature, and not by RF 
power or catheter tip temperature.25,26 The direct visualization of these 
microbubbles by intracardiac echocardiography has been suggested 
to improve ablation safety and reduce endothelial damage by guiding 
energy titration.24 Although microbubbles have been related to 

RF: radiofrequency. CRYO: cryoenergy. PVAC: pulmonary vein ablation catheter. ACT: activated clotting time. ECV: electrical cardioversion. OAC: oral anticoagulation. E1-E10: electrode1-electrode10.

Figure 1: Incidence of silent cerebral ischemias according to different ablation tools and procedural strategies introduced to reduce silent embolism 
burden.
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uninterrupted OAC in 131 consecutive patients. After the procedure, 
they unexpectedly found a 12.2% incidence of new SCI at cerebral 
MRI,39 not different from that reported among patients undergoing 
heparin bridging, highlighting the fact that clot formation is 
not the sole thromboembolic mechanism.47 In this dataset age, 
spontaneous echo contrast in the left atrium, complex fractionated 
atrial electrograms (CFAE) ablation and intraprocedural electrical 
cardioversion emerged as SCI predictors.

Ablation tools and energy sources have impact on SCI incidence. 
The pulmonary vein ablation catheter (PVAC) is a duty-cycle phased 
RF ablation catheter ensuring rapid and simple procedures thanks 
to its ability both to map and ablate. The preset energy settings 
allow to deliver simultaneously unipolar and bipolar current with 
an erogated/not erogated ratio of 10-90% over time, a temperature 
target of 60° C and a low power output, which enables lesion depth 
control, reporting promising safety and outcome results accompanied 
by reduction in fluoroscopy and procedural times.48,49,50 Surprisingly, 
in a study enrolling 183 patients to compare the incidence of SCI by 
PVAC, irrigated RF and cryoballoon, the PVAC technology reported 
an unsuspected higher, 38.9%, incidence of SCI compared to 8.3% 
by RF and 5.6% by cryoenergy41. Similar results have subsequently 
been confirmed by another multicenter study.42

In order to explain this SCI excess by PVAC, an animal model 
has been designed allowing the detection of gas and solid particles 
during catheter introduction, withdrawal, manipulation, and energy 
delivery51. Type 1 (<1 μl per minute of ablation) gas bubbles during 
PVAC ablation resulted more common during bipolar ablation than 
in unipolar mode, while type 2 (>1 μl per minute of ablation) gas 
bubble production was high when electrodes 1 and 10 were in close 

paroxysmal AF, confirmed an 11% incidence of SCI. Concomitant 
coronary artery disease, left ventricular dilatation and left ventricular 
hypertrophy emerged as predictors of this complication.34 On the 
other side higher incidence of SCI was reported by Deneke et al. 
enrolling 86 patients undergoing AF ablation by irrigated RF 
catheter. In this dataset a 38% incidence of SCI at cerebral MRI was 
recorded after the procedure.35 In this case previous cerebral lesions 
at MRI and the duration of RF delivery related to SCI incidence.

Following these first reports, different protocols and ablation tools 
have been tested to reduce the incidence of SCI. A pilot study has 
been performed delaying electrical cardioversion after 4 weeks of oral 
anticoagulation (OAC) with INR 2.0-3.0 in patients with persistent 
AF at the end of the ablation procedure. All the patients underwent 
cerebral MRI the day before, the day after the ablation, and following 
sinus rhythm restoration (spontaneous or by electrical cardioversion). 
Among the total population of 95 patients, none in which electrical 
cardioversion was performed after the planned 4 weeks of OAC since 
sinus rhythm had not spontaneously been restored reported new SCI 
at the MRI scan.36

Furthermore a multicenter study underlined the safety of 
performing ablation under therapeutic OAC, reporting lower 
symptomatic thromboembolic complications compared with 
ablation under heparin, without an excessive bleeding risk46. A small 
preliminary experience on 51 patients undergoing AF ablation under 
uninterrupted OAC plus heparin during the procedure, maintaining 
ACT above 300 seconds, reported encouraging results also 
concerning silent events with only one patient (2%) positive for new 
SCI at post-procedural cerebral MRI.38 However in a larger study 
Martinek et al. performed ablation by irrigated RF catheters under 

SCI: silent cerebral ischemias. AF: atrial fibrillation. RF: radiofrequency. ACT: activated clotting time. OAC: oral anticoagulation.

Figure 2: Variables playing a potential role in the incidence of silent cerebral ischemias following transcatheter atrial fibrillation ablation.
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proximity; eventually a significant amount of air bubbles was recorded 
during PVAC catheter exchanges. Following these experiments, the 
manufacturer recommended the following amendments to reduce the 
embolic risk during ablation by PVAC: deactivate electrode pairs not 
maintaining good contact with the pulmonary veins during ablation 
(recognized by the relationship between power and temperature on 
the multi-channel generator); ensure that electrodes 1 and 10 of the 
PVAC catheter are separated; reduce air entrance by an underwater 

submerged introduction/exchange technique.
According to these recommendations, a multicenter study, the 

ERACE study [Evaluate Reduction of Asymptomatic Cerebral 
Embolism], was designed enrolling 60 patients for AF ablation 
by PVAC. The procedure was also performed under continuous 
anticoagulation (INR > 2) and with a procedural ACT target of 350 
seconds. The results, not yet published, have recently been presented 
by the manufacturer reporting a very low incidence of post-ablation 

Author, year (ref) Pts MRI timing Anticoagulation 
protocol

Source of energy SCI inci-
dence

SCI predictors Lesion follow-up

Lickfett,    2006 (5) 20 1 day pre
 1 day post

Heparin, ACT >250s Irrigated RF 10.0% - -

Gaita, 2010 (6) 232 1 day pre 
1 day post

Heparin, ACT >250s Irrigated RF 14.0% Cardioversion 
ACT<250sec

-

Schwarz,2010( ) 23 1 day pre 
1 day post 

Heparin, ACT > 300 Irrigated RF 14.3% - 3 months: verbal memory impairment

Schrickel,2010( ) 53 1 day pre
1 day post

Heparin, ACT >250s Irrigated RF 11.0% CAD, 
LV Hypertrophy
LV dilatation

Deneke, 2011 ( ) 86 1 day pre 
1 day post 

Heparin, ACT > 300 Irrigated RF 38.0% Preablation SCI 6 months: 94% regression, 
no cognitive impairment

Pianelli, 2011  ( ) 95 1 day pre 
1 day post
1 month

Heparin, ACT >250s Irrigated RF 6.0% Cardioversion SCI from 38 to 13% if cardioversion 
postponed 4 weeks post-ablation

Scaglione, 2012 ( ) 85 1 day pre Heparin, 
ACT > 300s

Irrigated RF,
Super irrigated RF

7.5%
5.0%

ACT <320sec -

Di Biase,  2011 ( ) 51 1 day pre 
1 day post

OAC, 
ACT > 300s

rriIgated RF 2.0% - -

Martinek,  2013  ( ) 131 1 day pre 
1 day post

OAC, 
ACT > 300s

Irrigated RF 12.2% Age
Echocontrast 
CFAE ablation Cardioversion

-

Ichiki, 100 1 day pre 
1 day post

Heparin, 
ACT > 250s

Irrigated RF: CFAE
Irrigated RF: 

12.2% 25.78

CFAE + PVI 7.3%

Gaita, 
2011 ( )

108 1 day pre 
1 day post

Heparin, 
ACT > 300

Irrigated RF
Cryoballoon
PVAC

8.3%
5.6%
38.9%

PVAC -

Herrera Siklody, 
2011 ( )

74 1 day pre 
1 day post

Heparin, 
ACT > 300

Irrigated RF
Cryoballoon
PVAC

7.4%
4.3%
37.5%

PVAC -

Neumann,   2011 ( ) 89 1 day pre 
1 day post

Heparin, 
ACT > 300s

Irrigated RF
Cryoballoon

6.8%
8.9%

Age 3 months: 100% regression

Haeusler,    2013 ( ) 37 1 day pre 
1 day post

Heparin, 
ACT > 300s

RF Mesh Ablator
Cryoballoon

27.0%
50.0%

Low EF
AF episode

6 months: 82% regression, 
no cognitive impairment

Wieczorek, 2013 ( ) 37 1 day pre
1 day post

OAC, 
ACT > 300s

PVAC 37.0% E1-E10 contact 1 month: 90% regression

ERACE, 
2013? ( )

60 1 day pre
1 day post 

OAC,
ACT > 350s

PVAC 1.7% - 1 month: 100% regression

Table :1 Landmark studies on new oral anticoagulants in stroke prevention in atrial fibrillation
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disappearing at six-months follow-up,44 confirming also the absence 
of neuropsychological decline with neurocognitive tests results 
unchanged during follow-up. Eventually, the study by Wieczorek et 
al. reported complete regression of 90% of the SCI detected after 
the ablation at one-month follow-up.45 Consistently, no neurological 
symptom or alteration was found in patients with positive MRI. 

According to these data, there is evidence that SCI disappear 
or at least reduce themselves under the spatial resolution power of 
the cerebral MRI over time, without evident acute neurological or 
cognitive implications. However, since it is not surely defined if SCI 
regression relates to complete neuronal recovery, excluding long-term 
neurological and cognitive impairment, physicians need to be aware 
of AF ablation related SCI. Considering the significant amount 
of patients needing one or more additional ablation procedures to 
achieve rhythm control, the potential impact of silent lesions warrants 
attention. 

Based on the afore reported literature and our personal experience 
on this topic rich of unresolved issues, the following considerations 
emerge to address and correct potential predictors of SCI (Figure 2). 
Patient selection plays a relevant role, age being one of the recurrent 
risk factors. Moreover, selection of patients with paroxysmal AF, 
small left atrial volume and short arrhythmia duration may help 
to reduce SCI incidence. Other baseline characteristics, such as 
reduced left ventricular ejection fraction, left ventricular hypertrophy 
and concomitant coronary artery disease need to be further tested. 
Considering procedural characteristics, awaiting further clinical 
evidences, in case of persistent AF after ablation, delaying electrical 
cardioversion to after one month of therapeutic OAC might play a 
role in reducing SCI occurrence. In addition total energy delivery and 
procedural duration have been reported to predict SCI incidence. The 
smaller number of catheters used, the minor number of exchanges, 
the most careful device insertion (under saline submerged technique) 
and sheath management together with long sheath withdrawal into 
the right atrium after transseptal puncture are likely related to a 
reduction in SCI consequent to air embolism. Eventually, cerebral 
MRI needs to be standardized to permit homogenous comparisons 
within patients, ablation tools and techniques.32

Conclusions:
 In conclusion additional data are needed to comprehensively 

describe the precise genesis and clearly identify correctable predictors 
of SCI to definitely improve AF transcatheter ablation safety.  
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SCI, only 1.7%,46 rendering very attractive this type of catheter when 
correctly used.

Interesting reports have also been published concerning 
cryoablation. Neumann et al. compared the incidence of SCI 
by cryoablation and RF ablation in the MEDAFI trial [Micro-
Embolization During Ablation of Atrial fibrillation], which enrolled 
89 patients who underwent AF ablation either with cryoballoon or 
irrigated RF catheters. At post-procedure MRI incidence of SCI 
was 7.9%, without statistical difference between the two ablation 
strategies.43 The only parameter found in this study to be related to 
the incidence of new SCI was age.

On the other side the MACPAF study [Mesh Ablator versus 
Cryoballoon Pulmonary Vein Ablation of Symptomatic Paroxysmal 
Atrial Fibrillation], a trial comparing ablation efficacy and safety 
by cryoballoon and a balloon-like catheter delivering RF reported 
contradictory results.52 An analysis of these patients, including 
cerebral MRI before and after the procedure, reported a 41% 
incidence of new SCI at the 3 Tesla MRI scan in the 37 patients 
enrolled. In particular, cryoenergy did not show a reduction in SCI 
incidence compared with RF balloon, and no significant predictor 
was found,44 apart from a trend towards significance for reduced left 
ventricular ejection fraction.

In summary, the incidence of SCI following AF catheter 
ablation is a relatively frequent complication, even if predictors of 
SCI are not yet completely categorized.47,53,54,55 The contradictory 
results among different studies most probably reflect the variety of 
procedural AF ablation techniques, protocols, operators experience, 
patients selection and also cerebral MRI protocols (1.5 Tesla / 3 
Tesla MRI).56 As the decreasing incidence rates over time (Figure 
1) testimonies, acknowledgement of this complication, however, has
clearly introduced beneficial effects.

Silent Cerebral Ischemias Follow-Up and Potential Preven-
tive Measures

 SCI have been related to a greater incidence of dementia and 
neurological impairment.57 Despite this, at present, only few studies 
investigated the relationship between post-ablation SCI and 
dementia or neurocognitive decline (Table 1). Even if Bunch et al. 
reported in their large study a lower incidence of cerebrovascular 
events and dementia among AF patients undergoing RF ablation 
compared with AF patients not treated with ablation,58 the recent 
findings at post-ablation MRI call for attention towards a potential 
ablation related neurological risk.

Considering post-ablation SCI, Schwarz et al. reported at three-
months follow-up after catheter ablation a significant impairment 
concerning verbal memory, without alterations in the other 
neuropsychological parameters examined.33 However this decline 
seemed not related to the incidence of new SCI.

Another study reporting SCI follow-up is the work by Deneke 
et al. which showed no sign of neurological impairment at clinical 
examination in these patients, and reported that the vast majority 
(94%) of SCI detected at post-ablation MRI reduced their 
diameter and eventually disappeared at three-months follow-up;35 

in particular those less than 10 mm in diameter were not further 
recognizable during follow-up. Similar follow-up results have been 
reported in the MEDAFI trial,43 in which no lesion was visible at 
three-months follow-up cerebral MRI. Also the MACPAF study 
reported similar results, with 82% of the new post-ablation SCI 
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Abstract
Robots have gained their place in almost all areas of our daily life. Robotic systems have been introduced for ablation therapies associated 

with the hope of automation of procedures, increase in precision of lesion placement, improved energy transmission to the tissue and 
reduction in radiation exposure of the patients and the interventionalist. Finally, they may be associated with higher comfort for the 
operator by transferring his work into the control room and thereby supersede wearing sterile and radiation protective clothing. Systems 
providing a remote mechanical replacement of the operators´ hands have been introduced as well as systems guiding the catheter tip by 
external magnets. Guiding of the catheter tip has major impact on contact to the tissue and thereby modifies energy transmission. This 
may be advantageous in terms of higher catheter stability and modification of contact towards a more constant than intermittent type of 
contact. However, increasing contact bears the risk of mechanical perforation and excessive energy delivery. Many clinical studies have 
been conducted evaluating novel remotely guiding techniques in atrial fibrillation ablation procedures. Although only a few of them are 
prospectively randomized, reduction in fluoroscopy exposure has been found in most of the trials. Data on outcome is less uniform. It seems 
that remote navigation does not improve outcomes and on the other hand does not increase complication rates. However, large prospectively 
randomized trials conducted by operators well skilled not only in manual but also in remote techniques would be needed to compare 
outcomes particularly in terms of decrease in complication rates. Finally, the type of navigation chosen actually is and probably will remain 
a question of personal preference. 

Introduction
Ablation therapy is an established second line treatment option 

in patients suffering from atrial fibrillation (AF). Most recent 
guidelines opened the door to first line treatment of paroxysmal AF 
instead of passing through an attempt of unsuccessful antiarrhythmic 
drug therapy.1 Although cryoenergy has gained in importance 
radiofrequency (RF) energy still is the predominant source of energy. 
Many ablation strategies have been introduced for RF ablation of AF 
for more than a decade. However, the success rate falls short of 100% 
and a relevant proportion of complications is a matter of concern. 
Recurrences of AF after ablation may be traced back to many factors 
including patient selection, ablation strategy, skills of the operator and 
others. Finally it all comes back to the need for creation of a durable 
lesion at the right spot. Therefore, optimization of lesion formation 
has the potential of improving the outcome of AF ablation. As a 
consequence, attempts have been made to improve energy delivery to 
the tissue by using variable energy levels titrated by intracardiac echo, 

cooling the catheter tip and modification of the catheter tip in terms 
of configuration and material. However, evaluation of consistence 
of lesions in invasive follow-up studies still leads to unsatisfying 
results.2 Two promising strategies have recently been introduced to 
improve contact between catheter and tissue and thereby increase 
effectiveness of energy delivery. One is to guide ablation by catheter 
feedback on contact force and lesion formation parameters. The other 
is to take the catheter out of the operator`s hands and to integrate 
it into remotely controlled machines promising optimization of 
catheter stability and type of contact. In principle, two different 
so called “robotic systems” are currently in use, one is the remotely 
controlled mechanically driven system (Sensei™ Robotic Catheter 
System, Hansen Medical, Mountain View, CA). The other system 
directs a special catheter embedded with 3 magnets by two external 
magnets creating a variable magnetic field and an additional external 
motor drive (Niobe™ ES, Stereotaxis St. Louis, MO). 

Principles of Lesion Formation in Radiofrequency Current 
Ablation

Basically lesion formation is achieved by tissue overheating as an 
effect of RF current application to resistive tissue (resistive heating) 
in a process similar to what is happening in a light bulb. Resistive 
heating is proportional to the power density and decreases with 
the distance to the catheter tip describing an exponential decay. 
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type of imaging technology. However, no additional sheath is needed 
and the system can be easily moved between different labs. 

Magnetic Navigation Systems
 Feasibility and safety of the Niobe™ magnetic navigation system 

(MNS, Stereotaxis, St. Louis, MO, USA) has been initially described 
by Faddis et al. in an animal model and Ernst et al. in ablation of 
supraventricular tachycardia.11,12 During the following years it 
has been adopted for many types of arrhythmias, in particular for 
ablation of AF. The technological aspects of the system have been 
described before.11-13 In brief, a catheter equipped with three magnets 
is guided by an external magnetic field created by two permanent 
magnets on the left and right side of the patient. Moving the magnets 
alters the magnetic field and thereby changes the orientation of the 
catheter. Forward and backward movements of the entire catheter 
are generated by an external motor drive. Movements of the external 
magnets and the motor drive are controlled remotely from the control 
room by the operator using a joy stick and/or a computer mouse. The 
system also allows for remote control of the circumferential mapping 
catheter,14 the intracardiac echo catheter and the sheath carrying 
the ablation catheter (Vloop™, Vsono™, Vcath™, Stereotaxis St. 
Louis, MO). In the most recent version of the system (Niobe™ ES, 
Stereotaxis St. Louis, MO) an immediate response of the magnets 
to changes of the vector displayed and directed by the operator is 
realized. In conjunction with Carto 3 RMT™ (Biosense Webster, 
Diamond Bar, CA, USA) an automatic targeting of points on the 
surface of the anatomical map and the circumferential mapping 
catheter is possible (Figure 1). The system also gives feedback on the 
contact force between the catheter tip and the tissue. 

An alternative magnetic navigation system called the “Catheter 
Guidance Control and Imaging Magnetic Navigation System” 
(CGCI MNS) (Magnetecs, Inglewood, CA, USA) has recently 
been introduced. The main difference to the established technology 
is the type of magnetic power used by the system. While Niobe™ 
uses two permanent magnets being moved themselves to change 
the configuration of the magnetic field, this system applies magnetic 
power of eight electromagnets arranged arounf the chest of a patient 
creating a dynamic magnetic field. Thereby, changes in the magnetic 
field can be achieved rapidly. Moreover, an obstacle-avoiding 
technology is integrated. The system is incorporated with a 3D 
mapping system (EnSite NavX, Sylmar, CA, USA).

Impact of Remote Navigation on Lesion Formation 
In principal robotic navigation may have two kinds of impact 

on lesion formation. One is the increase of catheter stability, the 
other one is modification of contact force. This is true for all of 
these systems. While the mechanic systems (Sensei™, Amigo™) 
are capable of integrating customary ablation catheters, specialized 
magnetic catheters are required for the magnetic systems. Therefore, 
there might be an additional impact on lesion formation by the 
different kind of catheters used in the MNS.

Magnetic Navigation Systems
Experimental data on magnetic navigation compared to manual 

navigation reveals a significantly increased stability of the catheter 
tip at the same applied force. Moreover, the volatility of contact force 
seems to be higher in manually guided catheters.15 This appears to be 
logical due to different types of forces applied to the catheters. In a 
manually directed catheter, force is applied by pushing it towards the 

Therefore, only a small area around the catheter tip is heated directly 
and heating of tissue further away from the catheter tip is achieved by 
conductive heating also decreasing with the distances to the catheter 
tip. Thereby, areas close to the tip heat up quickly and deeper heating 
requires prolonged application times. As a tissue temperature of 50° 
C is needed to create persistent lesions the lesion size of a single 
application is always limited to the distance of a 50° C isothermal 
boundary reached during steady state of heating.  Theoretically 
larger tips and higher power levels increase lesion sizes by means 
of increasing resistive and conductive heating. However, the level 
of power is limited by the temperature at the tip-tissue interfaces 
where overheating results in coagulum and thrombus formation 
leading to disruption of energy transmission. Irrigated tip catheters 
have been invented to overcome the issue of overheating at the tip-
tissue interface and may result in greater lesion sizes compared to 
temperature controlled ablation.3,4 However, excessive intramural 
heating bears the risk of “steam pops” and thereby may result in 
increased rates of perforation and tamponade. In addition to active 
cooling by open or closed irrigation of the catheter tip passive cooling 
is present when circulating blood cools the tip of the electrode and 
the interface between the tissue and the tip of the catheter. This type 
of convective cooling can be increased by use of larger electrode tips.5 
However, due to distribution of energy delivery between blood and 
tissue and the proportion of the catheter tip which is in contact to 
the tissue larger electrodes may also inversely result in smaller lesions 
in comparison to catheters equipped with smaller electrode tips.6,7

Given the catheter is well targeting the arrhythmogenic substrate, 
success of ablation depends on optimal lesion formation. Various 
factors influence lesion size by modifying the amount of power 
delivered to the tissue. Of importance are: power settings of the 
radiofrequency generator, electrode temperature (in particular in 
non-irrigated catheters), duration of energy delivery, impedance of 
the ablation circuit, electrode radius and geometry, active and passive 
cooling, size and position of the remote electrode, tissue properties, 
electrode material and last but not least stability of contact and 
contact force in between the electrode and the tissue.

Robotic Navigation Systems
Sensei Robotic Navigation System

The technology has been described before.8-10 Briefly, Sensei™ 
robotic navigation system (Sensei™) (Hansen Medical, Mountain 
View, CA, USA) is an electromechanical system. Navigation is 
facilitated by means of two steerable sheaths (Artisan™/Lynx™ 
Hansen Medical, Mountain View, CA, USA) carrying the ablation 
catheter. The sheaths are fixed in a mechanical steering tool mounted 
on a robotic arm at the patients table. Outer sheath diameter is 14 
F. Commands given by the operator are transferred from his remote
workstation to the robotic arm making it follow intuitive movements
of his hand. The system is equipped with a technology (IntelliSense™
Hansen Medical, Mountain View, CA, USA) providing a continuous
visual feedback on contact force at the catheter tip.

Amigo™ Remote Catheter System
 The system manufactured by Catheter Robotics, Inc., Mount Olive, 

NJ is mounted on a bridge over the patients legs. Electrophysiologic 
catheters are fixed on a docking station which allows for remotely 
directed catheter manipulations by a wired controller. The system is 
overall more simple than the Sensei™ and does not integrate any 
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the lower the proportion of transmural lesions. However, an optimal 
level of contact pressure between 20 and 30 g and a power setting 
of 40 W was found to achieve transmurality at a preserved level of 
safety. Interestingly no lesions using 10 g of pressure were transmural 
regardless of the power. This might possibly be due to the increased 
stiffness of the whole system when the catheter is incorporated into 
two sheaths. This may lead to a different contact force volatility in 
terms of a more variable than constant type of contact being likely 
to reduce effectiveness of energy transmission.16 Since then more 
refined parameters have been introduced evaluating not only contact 
force for prediction of lesion formation but also force-time integrals 
and energy transmission to the tissue estimated by current flow and 
impedance generating a lesion size index better reflecting the true 
size of the lesion (TactiCath Quartz™ force sensing ablation catheter 
system, Endosense, Geneva Switzerland). Although prospective 
human data on this novel parameter is not yet available animal 
data and retrospective analysis of a cohort of patients treated with 
a manual directed contact force catheter (Tacticath™, Endosense, 
Switzerland) are encouraging.19 Integration of this technology into 
Sensei™ should be easy and may further improve monitoring of 
energy delivery.

Impact of Remote Navigation on Clinical Outcome
Magnetic Navigation Systems

During the last six years multiple studies have been published 
reporting on clinical outcome of patients undergoing magnetically 
guided ablation applying the Sensei™ for treatment of AF.13,20-29 Three 
of these studies have been performed using a 4 mm non-irrigated 
catheter and therefore do not fully reflect the current approach.13,20,21 
Of these the study of Katsiyiannis et al. made a comparison between 
manually guided and magnetically guided procedures and found a 
comparable clinical outcome but significantly lower procedure and 
fluoroscopy times in the magnetically guided procedures. Taking 
into consideration that the power setting in the manual group had 
been even more aggressive, this is a remarkable result not reproduced 
by any of the following studies using different types of catheters. 

tissue or rotating it against the wall. In contrast a floppy magnetic 
catheter is pulled towards the targeted wall and the constant 
magnetic field allows it to follow the movements of the beating heart 
in a certain range. Knowing that the type of contact is also relevant 
for sufficient lesion formation 16 it is conclusive that equivalent lesion 
sizes can be achieved at the same energy levels with lower contact 
forces using a magnetically navigated catheter.15 However, contact 
force in magnetically guided catheters is limited by the maximum 
force resulting from the interaction of the magnetic fields of the 
catheter and the external magnets. This may be an advantage and a 
disadvantage at the same time, as increased contact force is likely to 
increase lesion sizes and probably also durability of lesions.  However, 
increased contact force bears the risk of mechanical perforation17 

and exceeding forces of 20-30 g is associated with increased rates of 
“popping” and crater formation 18 both likely to increase the risk of 
perforation and tamponade.

Sensei™ Robotic Navigation System
Although comparative data on lesion formation in Sensei™ guided 

and manually guided ablation is missing, we got nice insight into 
lesion formation in procedures guided by Sensei™ from Di Biase et 
al.. They systematically evaluated the relationship between catheter 
forces (as measured by Intellisense™) lesion characteristics and 
side effects using the Sensei™ in an animal model.18 Their findings 
reflect the complexity of the lesion formation process as discussed 
earlier. At 30 watts (W) lesions were more likely to be transmural 
at higher contact forces (>40 g) than lower pressures. However, a 
significantly higher number of lesions at this force showed severe side 
effects and a majority of lesions placed using higher power (45 W) 
with higher pressures (>40 g) were associated with char and crater 
formation although an open irrigated tip catheter was used. On the 
other hand side lesions placed with a power setting  less than 35 
W were more likely to result in relative sparing of the endocardial 
surface regardless of the pressure. The results shed light on a general 
dilemma in lesion formation: the higher power and contact force, the 
higher the rates of side effects, and the lower power and contact force, 

Figure 1:

Magnetic Navigation System (Stereotaxis EpochTM) in a most recent set-up. One of the two magnets is displayed in a stored position. The 
intracardiac echocardiography (ICE) catheter is directed remotely by VsonoTM technology. A motor drive (QuikCASTM) is pulling and pushing the 
magnetic ablation catheter. Remote control of the circumferential mapping catheter fixed on a robotic arm is provided by VloopTM technology 
(Stereotaxis, St. Louis, MO).
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Katsiyiannis et al. do not report on total ablation times but use of 
an 8mm tip catheter in the manual group may have had a negative 
impact on lesion formation in case a predominantly perpendicular 
orientation of the catheter had been chosen6,7 and thereby may have 
led to prolonged procedures. In a recently published meta-analysis 
of 6 studies Bradfield et al. report on statistically better acute success 
rates for manual ablation.30 However, this did not result in any 
difference in mid-term outcome and therefore seems to be of limited 
clinical relevance. In their meta-analysis of procedural data Bradfield 
et al. find trends towards longer procedure times, shorter fluoroscopy 
times and longer ablation times with the MNS. However, none 
of these differences reached a level of significance. Our own data 
comparing contact-force guided and magnetically guided ablation in 
a match-pairs fashion showing comparable clinical outcome in mid-
term follow-up also finds a trend towards longer procedure times and 
significantly longer ablation times for the magnetic group 31 seems to 
be in line with the meta-analysis of Bradfield et al.

Data recently published by Lüthje et al. reporting on a large series 
of patients support the findings of the meta-analysis in terms of no 
differences in outcome. However, in their cohort use of magnetic 
navigation was associated with significantly longer procedure and 
ablation and significantly shorter fluoroscopy times.

Like many others they fail to prove any difference in complication 
rates.28 However, Bauerfeind et al. report on a significant reduction in 
particular in terms of major complications in a mixed cohort treated 
with the MNS compared to manual navigation.27 In summary, MNS 
is unlikely to reduce procedure and ablation times, however it has the 
potential to reduce total fluoroscopy times and in particular radiation 
exposure to the operator. Most of the studies included the learning 
curve of the operators and results therefore are not representative for 
routinely clinical application of the system. Prospective randomized 
data evaluating magnetic navigation for ablation of AF is lacking.

Data on the CGCI MNS is limited to a report on  early experience 
in an animal model.32 

Sensei™ Robotic Navigation System
The system has been evaluated in several studies.10,33-40 Reddy at 

al. reported on 9 successful AF ablation procedures in humans after 
a training in only 9 animals.33 This was followed by a multi-center 
study published by Saliba et al. in 40 AF patients confirming the 
results in terms of a 100% success rate in isolation of the pulmonary 
veins. Moreover, they found freedom from atrial arrhythmias in a 12 
month “off-drugs” follow-up in 86% of their cohort predominantly 
suffering from paroxysmal AF.10 Schmidt et al. were the first 
reporting on a markedly (35%) reduction in operators` radiation 
exposure. They were able to confirm efficacy in terms of acceptable 
acute success rates (95%) and freedom from AF in 73% of the 
patients predominatly suffering from paroxysmal AF in a 239 (184-
314) days follow-up.33 This is well in line with results from Hlivák et
al. in a prospective study on 100 patients suffering from paroxysmal
AF reporting a success rate of 63% after a single and 86% after a
mean of 1.2 procedures in a 15 month follow-up.38 Rillig et al. were
the first evaluating the impact of personal experience on procedural
parameters and outcome and found a continuous and significant
reduction in procedural and radiation time in the first 75 procedures
without further improvements thereafter. Furthermore they revealed
a trend to improved outcomes after the first 25 cases.36 Three groups
compared procedural parameters and outcome of conventional
manual navigation and robotic navigation in terms of Sensei™.
Studies comparing the Sensei™ with manual navigation in AF
ablation are listed in table 1.35,37,40 A common finding of these studies
is a significant reduction of total fluoroscopy time by application of
the Sensei™. This may be due to an increased positional stability of
the ablation catheter leading to more infrequent confirmation of
the position of the catheter by fluoroscopic imaging. However, this
seems to be surprising and may be traced back to the limited trust in
accuracy of positional data given by the 3D mapping systems used
in all of these studies. Another probably better possible explanation
may just be the other way round. The operator in remotely directed
procedures directs the 3D mapping system himself and therefore
is able to adjust views continuously to his personal requirements
without further interaction with another person taking care for the
3D. This is very likely to reduce the need of fluoroscopic visualization
of catheters during the ablation procedures. In addition to a reduction 

Di Biase et al. 2009 (34) Kautzner et al.2009 (39) Steven et al. 2010 (36)

Patients (n) 390 38 60

Assignment robotic/manual (n/n) 193 / 197 22 / 16 30 / 30

Paroxysmal atrial fibrillation (n/%) 262 / 67 38 / 100 30 / 100

Persistent atrial fibrillation (n/%) 110 / 28 0 / 0 30 / 100

Procedure time robotic/manual (minutes) 185±66 / 183±49.8 (p=n.s.)
207±29 / 250±62 (p=0.007)

156±44.4 / 134±12 (p=n.s.)

Fluoroscopy time robotic/manual (minutes) 48.9±24.6 / 58.4±20.1 (p<0.001) 15±5 / 27±9 (p<0.001) 9±3.4 / 22±6.5 (p < 0.001)

Ablation time robotic/manual (seconds) 1641±609 / 2188±865 (p<0.01)

Follow-up total or robotic/manual (month) 14.1±1.3 5±1 / 9±3 6±3

Freedom from atrial tachyarrhythmias robotic/manual (%) 85 / 81 (p=n.s.) 91 / 85 (p=n.s.) 73 / 77 (p=n.s.)

Major adverse events robotic/manual (%) 1.6 / 1.0 (p=n.s.) 0 / 0 0 / 0

Table 1: Studies Comparing the Sensei™ Robotic Navigation System with Manual Navigation in Atrial Fibrillation Ablation
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Magnetic Navigation Systems vs. Sensei™ robotic navigation sys-
tem

Data comparing the two remote navigation techniques established 
for AF ablation is scarce. Data from the German Ablation Registry 
in 176 patients show reduced fluoroscopy times and procedure times 
when the Sensei™ is used without any difference in acute outcome 
and  in procedural complications. It seems to be hard to draw a final 
conclusion from this data not reporting on chronic outcome and 
probably derived from procedures inhomogeneous in settings and 
performed by operators at different points of their individual learning 
curves. However, it is nicely shown that fluoroscopy time is short 
in both techniques (15 vs. 22 minutes) and acute success rates are 
acceptable (99 vs. 94%; p=n.s.). Furthermore, data from this registry 
reveals a relatively low percentage of AF ablation procedures done 
remotely and manual navigation is still the predominant technique 
in AF ablation.48

Conclusions:
Remote navigation techniques so far failed to demonstrate an 

improvement of acute and chronic procedural outcome in AF 
ablation procedures. On the other hand there is no doubt that remote 
procedures reduce patients` and in particular operators` radiation 
exposure. Recent developments in remote navigation of additional 
essential tools are promising. Several prospective studies are under 
way.  
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Amigo™ Remote Catheter System
 A recently published initial non-randomized multicenter study was 

conducted by Kahn et al.The investigators found a very high efficacy 
to reach predefined right sided targets without any complications .47 

Clinical data on efficacy of ablation procedures performed with the 
system is lacking. 
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Abstract
Atrial fibrillation (AF) and heart failure (HF) have emerged as major cardiovascular epidemics in developed nations over the past decade. 

They share similar risk factors, seem to mutually accelerate progression and are associated with increased morbidity and mortality. Their 
relationship involves complex hemodynamic, neuro-hormonal, inflammatory and electrophysiologic mechanisms, which go beyond just 
mutual risk factors. This review focuses on updates in AF and HF with a hope of better understanding this relationship and the management 
of this complex duo.

Introduction
Burden of AF and HF

AF is the most common arrhythmia in clinical practice, accounting 
for approximately one-third of hospitalizations for cardiac rhythm 
disturbances. It has been estimated that 2.2 million people in 
America and 4.5 million in the European Union have paroxysmal 
or persistent AF.1 In an analysis of the Framingham Heart Study 
population including 3999 men and 4726 women, the investigators 
projected that the lifetime risk of developing AF was one in every four 
patients.2 The Anticoagulation and Risk Factors in Atrial Fibrillation 
(ATRIA) study projected that the prevalence of AF will increase 2.5-
fold by the year 2050, affecting nearly 5.6 million Americans.3 The 
predicted future prevalence of AF was even greater in a community- 
based study by Miyasaka and colleagues.4 They observed that the 
age-adjusted incidence of AF increased by 12.6% over the period 
from 1980 to 2000. Recent data from Piccini and colleagues5 looking 
at Medicare beneficiaries from 1993-2007 suggested that the age- 
and sex-adjusted incidence of AF remained relatively stable over 
this time period. However, the prevalence of AF in this population 
has more than doubled from 41.1 per 1000 beneficiaries in 1993 to 
85.8 per 1000 beneficiaries in 2007. The mean annual increase in 

prevalence was 5.0%.
AF is a major public health problem,6,7 with hospitalizations as the 

primary cost driver (52%), followed by drugs (23%), consultations 
(9%), further investigations (8%), loss of work (6%), and paramedical 
procedures (2%). During the past 20 years, there has been a 66% 
increase in hospital admissions for AF.8,9 Expenditures related to AF 
cost Medicare approximately $16 billion annually.10

Heart failure affects approximately 5.7 million patients in the 
United States,11 and about 550 000 patients are diagnosed with 
new heart failure each year. Although the incidence of heart failure 
has remained stable over the past 50 years, the prevalence of heart 
failure in the United States has steadily increased. By the year 2030, 
it is predicted that an additional 3 million Americans will have HF, 
representing an astounding 25% increase from 2010 .11 Heart failure 
is the primary reason for 12 to 15 million office visits and 6.5 million 
hospital days yearly.12 From 1990 to 1999, the annual number of 
hospitalizations increased from about 800 000 to over 1 million for 
heart failure as a primary diagnosis and from 2.4 to 3.6 million for 
heart failure as a primary or secondary diagnosis.13

As a consequence, heart failure carries a significant economic burden 
on our society because it is the most common discharge diagnosis 
and because more Medicare dollars are spent for the diagnosis and 
treatment of heart failure than for any other diagnosis.14 In 2007, the 
American Heart Association estimated that $33 billion was spent 
on heart failure alone.15 Based on a policy statement from 2011, the 
American Heart Association projected that the annual direct cost of 
HF treatment in the Unites states is expected to increase from $24.7 
billion in 2010 to $77.7 billion in 2030 while the loss of productivity 
(indirect cost) will increase from $9.7 billion to $17.4 billion over the 
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dependent on the production and maintenance of multiple re-entrant 
wavelets.32,33 HF enhances the production of these multiple wavelets 
through a combination of direct mechanical effects29 and production 
of a characteristic neurohormonal/cytokine milieu, which act to alter 
the atrial structure and its electrophysiological properties.38-41

In HF, the atria often become dilated as a consequence of the pressure 
and volume overload. This atrial dilation provides an increased area in 
which the wavelets can exist, increasing the number of wavelets34 and 
thus increasing the probability of AF development.35 Atrial dilation 
also results in the activation of stretch-activated ion channels, which 
alters the electrophysiological properties of the atria,36,37 producing 
heterogeneous shortening of the atrial refractory period, slowing of 
atrial conduction and spontaneous triggered activity38, 39 HF has also 
been associated with increased interstitial fibrosis.40 This increase in 
fibrosis can lead to abnormal conduction through the atria, creating 
a substrate for AF in animal models.40-42 All these changes further 
encourage the development of multiple re-entrant wavelets and 
hence promote AF development.

The activation of the sympathetic nervous system,43 and the renin-
angiotensin-aldosterone system (RAAS),44 as occurs in HF, acts 
to promote substrate changes within the atria that encourage the 
development of AF. In-vitro studies have suggested that sustained 
sympathetic activation alters ion channel expression with reduction 
in IKs and ICaL45 and these reductions are known to be influential 
in the development of AF in the tachycardia-induced model of heart 
failure46 as they result in shortening of the atrial refractoriness, a 
process that stabilizes AF. The strong vasopressor action of angiotensin 
II can increase the cardiac afterload and left ventricular systolic 
stress, resulting in further atrial dilation and a propensity towards AF 
development. RAAS activation also promotes interstitial fibrosis of 
the atria, which acts to disrupt normal electrical conduction across the 
atria with the appearance of discrete areas of conduction slowing.47 
Several large-scale HF trials of ACE inhibitors and angiotensin 
receptor blockers have shown reduction in the development of AF in 
treated patients compared to those on placebo.48-51

Recently, clinical studies using echo parameters have shown that 

same time period.16

Association Between AF and HF
The association between AF and heart failure was appreciated 

almost a century ago.17 The reported prevalence of AF in modern 
heart failure series ranges from 13% to 27%.18-22 Among 1470 
patients who developed either new AF or HF in the Framingham 
Heart Study, a total of 383 individuals (26%) developed both AF 
and heart failure. 22The prevalence of AF in patients with preexisting 
heart failure is associated with increasing heart failure severity. In 
chronic HF clinical trials, the prevalence of AF increases from 4% 
in functional class I patients 24 to 50% in those with functional class 
IV, 27 with class II-III patients in the intermediate range.19, 23, 25, 26 
(Figure 1).

However, this association between new-onset AF, HF progression, 
and increased mortality does not prove causality. Although the 
causal relationship between the AF and HF has not been fully 
determined, their coexistence can be explained to some degree by 
the presence of common risk factors such as age, hypertension, 
diabetes, and obesity, as well as valvular, ischemic, and nonischemic 
structural heart disease.28 Exposure to these risk factors promotes 
development of atrial and ventricular structural and functional 
abnormalities through activation of several biologic pathways in 
concert including upregulation of neurohormonal signaling cascades, 
release of inflammatory mediators, programmed cell death, and 
fibrosis.29,30,31,37 Cardiac structural remodeling occurs in concert with 
electrophysiologic remodeling, both of which may contribute to 
atrial and ventricular rhythm disturbances, including AF.29 However, 
further studies are necessary to elucidate the exact mechanisms 
responsible for the association between AF and HF.

Pathophysiology of this Association
Effect of Heart Failure and Diastolic Dysfunction (DD) on AF 
Development

 Heart failure is an independent risk factor for the development 
of AF. The development and stability of AF has been thought to be 

Adapted from Maisel et al. Am J Cardiol 2003; 91:2D– 8D. Permission obtained from American Journal of Cardiology

Figure 1: Prevalence of AF in Major HF trials
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Although there is no data on literature examining the effect of AF 
on developing DD, the development of AF often heralds worsening 
of symptoms with deterioration in NYHA status, increased times 
to complete the 6-min walk test and reduced quality of life scores.60 

One possible explanation for this symptomatic progression is the 
inherent effects of beat-to-beat variation on diastolic dysfunction. 
In animal studies performed on dogs61 long R-R intervals resulted 
in good LV relaxation and thus good subsequent contraction, 
while short R-R intervals resulted in poor relaxation and thus poor 
contractile function. However, studies in humans suggest that such 
an explanation is too simplistic and studies have62 shown a reduction 
in LV systolic and diastolic function with the onset of AF that was 
unrelated to rate control. 
How AF affects Patients With HF and Vice-Versa? 

The prognostic influence of AF in HF remains controversial, 
with some studies illustrating an independent adverse effect on 
mortality, 63, 64 whereas other studies show no significant effects.19, 20 
In a study involving the Framingham Heart Study participants, the 
combination of AF and HF carried a worse prognosis than subjects 
with HF or AF alone. The development of AF was associated with 
increased mortality [men: HR, 1.6; 95% CI, 1.2–2.1; women: HR, 
2.7; 95% CI, 2.0–3.6].22 However, the independent contribution of 
AF to mortality was not assessed.65 In the Vasodilator Heart Failure 
Trial (V-HeFT), the presence of AF was not associated with a worse 
outcome in 1427 patients with mild to moderate heart failure.19 In a 
retrospective analysis of the Studies of Left Ventricular Dysfunction 
(SOLVD) trial, which enrolled 6500 patients with LV ejection 
fraction (LVEF) <35%, baseline AF was an independent predictor for 
all-cause mortality, progressive pump failure, and the combined end 
point of death or hospitalization for heart failure.64 In the Valsartan 

DD in both the presence and the absence of significant LV systolic 
dysfunction may play a fundamental role in the development of AF. 
For instance, Tsang’s group have demonstrated repeatedly that the 
presence and severity of DD independently predicts development of 
new AF in patients without structural heart disease.52, 53 Echo and 
signal-averaged ECG studies indicate that both atrial dilation and 
electrophysiological remodeling are important in the development 
of AF in patients with DD with both increased LA size and 
heterogeneity of atrial conduction (as measured by p wave duration on 
signal-averaged ECG) being associated with the future development 
of AF. 52, 54, 55

Effect of AF on HF and DD 
AF can predispose to the development of HF or can result in 

clinical decompensation in those who already have HF. First of all, 
AF can lead to rapid ventricular activation rates, and persistently 
fast ventricular rates are known to produce HF in conditions such 
as tachycardia-induced cardiomyopathy. The precise molecular 
mechanisms underlying this condition have not been fully elucidated 
but are likely to involve a combination of cellular Ca2+ overload56 and 
longer-term adaption of the cell to this Ca2+ overload with depletion 
of the T-tubules, reduction in L-type Ca2+ channels and increase 
in Na+–Ca2+ exchanger proteins. These adaptations reduce the net 
Ca2+ influx and thereby also reduce excitation–contraction coupling 
within the cell.57 Secondly, in AF, the loss of atrial contraction results 
in reduced active filling in diastole increasing reliance on active filling 
than in the normal heart, and this loss of active ventricular filling 
can lead to a reduction in cardiac output of about 20%.58 Finally, the 
irregularity of ventricular contraction in AF can in itself result in 
reduced cardiac output even when the rate of ventricular contraction 
is not increased.59 (Figure 2)

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

Figure 2: Pathophysiology of AF and HF
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in Acute Myocardial Infarction (VALIANT) trial of 14703 patients 
with acute myocardial infarction complicated by HF, AF also was 
associated with greater long-term morbidity and mortality.66 In a 
retrospective analysis of the Carvedilol or Metoprolol European Trial 
(COMET), which included 3029 patients with LVEF ≤ 35%, baseline 
AF significantly increased the risk for death and HF hospitalization. 
However, after adjustment for other predictors of prognosis, AF was 
no longer an independent risk factor for mortality.67 Middlekauf et al 
18 found that patients with advanced HF and AF had significantly 
reduced 1-year survival compared with sinus rhythm patients. 
Moreover, AF seemed to be a stronger predictor of negative outcome 
in the subset of patients with mild to moderate HF compared with 
patients with severe HF, in whom the contribution of AF to further 
impairment in survival was limited. Similarly, Corell et al68 found 
that the presence of AF in outpatients with HF also was associated 
with increased morbidity and mortality and that AF was a stronger 
predictor of adverse outcome in patients with better cardiac function 
(LVEF >35%). In the Trandolapril Cardiac Evaluation (TRACE) 
study, Pedersen et al69 found that long-term mortality was increased 
in all subgroups of patients with AF except those with the most 
advanced disease (LVEF <25%). From these trials, it appears that AF 
serves as a negative prognostic marker in patients with systolic HF, 
and the independent effect of AF on mortality is inversely related to 
the severity of HF.

A recent study by the American Heart Association of 99 810 
patients hospitalized with HF between 2005 and 2010 showed that 
AF was present in one third of HF cases and that AF was associated 
with adverse hospital outcomes, longer length of stay, and higher in-
hospital death rates (4.0% versus 2.6%).16

Two recent meta-analyses have summarized the published 
literature on the risk of death in patients with HF with AF in 

comparison with those with HF alone. The results of these analyses 
show that the coexistence of AF in HF patients increases the odds of 
death from 14% to 40% in comparison with isolated HF.70, 71 (Figure 
3) The meta-analysis by Mamas et al70 included 16 studies involving
53 969 patients and demonstrated the adverse prognosis associated
with the presence of AF in patients with HF and systolic dysfunction
but also suggested that in HF patients with preserved LV function,
AF is associated with a two-fold increase in the risk of mortality
compared with those in SR.

The findings of a recent community-based study involving 1664 
individuals with HF showed not only that the presence of AF was 
associated with a 2-fold higher risk of death in comparison with 
those with HF alone, but also that patients with AF that develops 
after HF were at greater risk for dying than patients with preexisting 
AF at the time of HF diagnosis.72

However, there are no large studies investigating the role of 
asymptomatic paroxysms of AF on HF cohorts. It is therefore unclear 
what effect if any paroxysmal AF might have on mortality outcome 
in patients with HF.

Treatment of AF + HF
Rate Versus Rhythm Control of AF

Rate control and rhythm control or rhythm restoration are the 
two options for management of AF. For over a decade there has 
been an ongoing debate about which of these strategies is better 
for management of AF in HF. The rhythm control strategy for 
asymptomatic patients with AF and HF had been considered to be 
advantageous based on the known deleterious effects of AF with 
respect to cardiovascular hemodynamics, thromboembolic risk, and 
quality of life. It was believed that AF with rapid ventricular response 
could lead to systolic HF, whereas restoration of sinus rhythm or 

Adapted from Mamas M A et al. Eur J Heart Fail 2009;11:676-683. Permission obtained from European Journal of Heart Failure

Figure 3: Impact of AF on mortality in patients with chronic HF: A comparison of trials
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Heart Failure (AF-CHF) trial,78 which is the largest randomized 
control study to-date designed specifically to investigate whether 
rhythm control pharmacologic strategies impact mortality over rate 
control therapy in patients with AF and HF. On the basis of their 
observation that patients with AF and HF randomized to rhythm 
control were at equivalent risk for all of the major study endpoints, the 
study authors concluded that rhythm control should not be routinely 
recommended for asymptomatic patients with AF and HF. However, 
this study had various limitations and hence these findings should be 
accepted with caution. First, patients assigned to rate control were 
considered to be stable if they achieved adequate rate control both at 
rest and at low-level exercise, which may not necessarily be the case 
in “real-life” patients. Second, the benefit of sinus rhythm could have 
been counterbalanced by the harm of antiarrhythmic medications 
in a fashion similar to the AFFIRM study. Third, although the 
prevalence of sinus rhythm in the group assigned to rhythm control 
was as high as 80%, the actual percentage of patients free of AF after 
randomization may have been lower, reflecting a more traditional 
success rate of amiodarone in the range of 60% to 65%. One of the 
major and notable limitations of rhythm control among patients 
with AF and HF included in the aforementioned studies was the 
limited long-term efficacy of anti-arrhythmic drug therapy in these 
patients, (only 44% of participants remaining in sinus rhythm in 
DIAMOND, 51% in CHF- STAT and 58% in AF-CHF).23, 78, 108

These findings suggest that although conversion to sinus rhythm is 
a positive prognostic sign in patients with HF and AF, the limited 
efficacy and toxicities of contemporary antiarrhythmic drugs in such 
patient’s limits the overall impact of the rhythm control strategy.
Rate-Control Strategy 

Optimal ventricular rate in patients with AF was thought to be 60 
to 80 bpm at rest and 90 to 115 bpm during moderate exertion.82 It 
is important to note that adequate rate control cannot be determined 
by resting ECGs alone and should be assessed with 24-hour Holter 
monitors or by the evaluation of the chronotropic response during 
exercise. More recently, the adequacy of ventricular rate control in 
patients with AF and HF was assessed in the (Rate Control Efficacy 
in Permanent Atrial Fibrillation) trial83 that evaluated the potential 
benefits of strict (resting heart rate <80 bpm, heart rate <100 bpm 
during a 6- minute walk) versus lenient (resting heart rate <110 bpm) 
rate control in patients with permanent AF. Lenient rate control was 
found to be non-inferior to strict rate control in terms of 3-year 
estimated cumulative incidence of death from cardiovascular causes, 
hospitalization for HF, thromboembolic events, bleeding and life-
threatening arrhythmias. However, in this study the mean ejection 
fraction (EF) was 52%; while the patients that had EF <40 % were 
only 15% of the total subjects. Thus, no conclusions can be drawn 
regarding lenient or strict rate control in HF patients with permanent 
AF. Also, the long-term effects of a rapid heart rate response to 
AF on ventricular function were not studied and the study was 
inadequately powered to provide conclusive data on all clinically 
relevant differences in clinical outcomes between the 2 groups. The 
most recent American College of Cardiology Foundation/ American 
Heart Association/ Heart Rhythm Society (ACCF/AHA/HRS) 
guidelines state that strict rate control is not more beneficial than 
lenient rate control in patients with persistent AF and stable LV 
function, although uncontrolled tachycardia may over time be 
associated with a reversible decline in ventricular performance.84

Beta-blockers are first-line agents for achieving rate control in 

appropriate rate control can reverse this process.73 However, various 
studies over the past decade comparing the so-called rhythm to rate 
control strategies have failed to demonstrate superiority of a rhythm 
control in patients with AF with respect to major clinical endpoints. 
Several of these studies included patients with AF and HF (Table 
1).74-78 However, given the relatively small number of patients with 
HF and AF included in many of the landmark rhythm vs. rate 
control trials, controversy still exists regarding whether patients with 
HF and AF respond better to rhythm restoration or ventricular rate 
control.75, 76

The AF Follow-Up Investigation of Rhythm Management 
(AFFIRM) and the Rate Control Versus Electrical Cardioversion for 
Persistent AF (RACE) found that a rhythm control strategy provided 
no benefit and actually showed a trend toward harm in the general 
population of patients compared with rate control.75,76 Subsequent 
analyses have demonstrated a powerful benefit (hazard ratio, 0.5) 
of actually maintaining sinus rhythm as opposed to assignment to 
the rhythm control strategy, which seemed to be completely offset 
by the hazard of antiarrhythmic drug therapy (hazard ratio, 1.49).79 

This response might be confounding because patients who were able 
to maintain sinus rhythm in AFFIRM may just be healthier than 
those who did not. Three other prospective randomized trials have 
compared rate and rhythm control. These studies include the How 
to Treat Chronic Atrial Fibrillation (HOT CAFE),77 Strategies of 
Treatment of Atrial Fibrillation (STAF),74 and Pharmacological 
Intervention in Atrial Fibrillation (PIAF)80 clinical trials. Each had 
similar results, showing equivalent outcomes in both arms. However, 
only 23% to 64% of patients assigned to rhythm control remained in 
sinus rhythm.

The issue of rate vs. rhythm control in patients with AF and HF was 
further addressed in the landmark Atrial Fibrillation in Congestive 

Table 1: Rate versus Rhythm Control in AF and HF: Comparison of 
Major Trials

Trials STAF (74) RACE (75) AFFIRM (76) HOT-CAFÉ (77) AF-CHF (78)

Total 
number of 
patients 
(n)

200 522 4060 205 1376

Number 
of HF 
patients 
(n, %)

27, 13.5 100, 19.2 939, 23.1 127, 62 1376, 100

Mean 
follow-up 
duration 
(years)

1.6 2.3 3.5 1.7 3.1

Mean Age 
(years)

65.8 68 69.7 61 67

Primary 
endpoint 
(Rhythm 
control, 
Rate 
control, 
p-value)

Composite 
of Death, 
Stroke/TIA, 
Systemic 
embolization 
and CPR 
(9%, 10%, 
0.99)

Composite of 
CV death, HF, 
thrombo-
embolic events, 
bleeding, PPM 
implantation, 
AAD adverse 
effects.
(22.6%, 17.2%, 
0.11)

Overall 
Mortality 
(26.7%, 
25.9%, 
0.08)

Composite 
of death, 
thrombo-
embolic 
events, major 
bleeding. (2%, 
5.7%, 0.71)

CV mortality 
(27%, 25%, 
0.53)

Incidence 
of HF 
during 
follow-up 
(%) (Rate/
Rhythm 
control, 
p-value)

NA 4.5, 3.5, NS 2.7, 2.1, 
0.58

NA 28, 31, 
0.17*
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agent alone.95 It remains unclear whether digoxin affects mortality in 
patients with AF and HF.91Also, digoxin is not effective for heart rate 
reduction during exercise. Digoxin may thus be a helpful adjunctive 
agent for patients with AF and HF in whom rate-control is not 
adequately achieved with beta-blockers alone.
Rhythm-Control Strategy

Although a variety of antiarrhythmic agents are available for the 
treatment of AF in patients with structurally normal hearts, patients 
with HF are particularly susceptible to side effects of some commonly 
used antiarrhythmic agents. The Cardiac Arrhythmia Suppression 
Trial (CAST)96 was a randomized, placebo-controlled study that 
examined the effect of class IC antiarrhythmic drugs on patients with 
ventricular ectopy after myocar dial infarction. This study showed 
that therapy with either flecainide or encainide was associated with 
increased mortality. The applicability of the CAST results to other 
populations (eg, those with chronic HF and no active ischemia) or 
other class IC antiarrhythmic drugs (AAD) such as propafenone is 
uncertain. However, currently, it is prudent to consider any class IC 
antiarrhythmic to have a significant risk in patients with structural 
heart disease.

Amiodarone is a class III anti-arrhythmic drug (AAD) with 
functional overlap with class I AADs, beta-blocker and calcium 
channel blocker drugs. Amiodarone is one of the most widely used 
rhythm control agents. It also appears to be the most effective agent 
for long-term maintenance of normal sinus rhythm in patients with 
AF with or without HF.97-100 A sub-study of the CHF-STAT trial 23 
which evaluated the long-term effects of amiodarone on morbidity 
and mortality in patients with HF and AF during a 4-year period 

AF and for reducing long-term morbidity and mortality in HF, 
especially among patients with severely reduced systolic function.85 

Carvedilol therapy significantly improved the left ventricular EF 
and showed a trend toward a reduction in the combined end point 
of death or HF hospitalization in patients with concomitant AF 
and HF in a retrospective analysis of ‘US Carvedilol Heart Failure 
Trial’.86 Bisoprolol and Metoprolol succinate have also been shown 
to improve mortality among patients with HF.87 Labetalol has also 
demonstrated effectiveness for ventricular rate control in patients 
with AF88 while Nebivolol, has been shown as an effective and well-
tolerated treatment for HF in elderly.89 Bucindolol was studied 
in the “Beta-Blocker Evaluation Of Survival” (BEST) trial90 and 
demonstrated a decrease in the incidence of AF in patients with HF.

Non-dihydropyridine calcium channel blockers (verapamil and 
diltiazem) are effective rate controlling agents in AF, but their 
negative inotropic properties can worsen systolic HF.91 Some 
studies suggest that short term use of intravenous diltiazem in AF 
and moderate to severe HF may be safe and effective;92, 93 however, 
their safety in chronic heart rate control in patients with coexisting 
HF remains to be proven, and these agents are generally avoided in 
patients with severe HF.

Digoxin as monotherapy for AF rate-control is ineffective and 
usually not recommended. However, a retrospective analysis of the 
US Carvedilol Heart Failure Trials program demonstrated improved 
survival with carvedilol in patients also treated with digoxin.94 

Also, a small study in patients with AF and HF suggested that the 
combination of digoxin and carvedilol reduces symptoms, improves 
ventricular function and leads to a better rate control than either 

A posterior view (left) and internal “cutaway” view of the left pulmonary veins (right) of a computed tomography angiogram of the left atrium is shown after segmentation and merging into a three-
dimensional catheter mapping system . This allows the operator to “drive” the ablation catheter within the context of the anatomic image of the left atrium. Individual ablation lesions are represented 
by blue and white icons; the blue icons represent low-power lesions over the area where the esophagus is in close contact with the posterior wall of the left atrium. The pulmonary veins are 
completely surrounded by ablation lesions, electrically isolating the pulmonary vein myocardial sleeves that provide the trigger beats that initiate episodes of atrial fibrillation

Figure 4: Pulmonary Vein Isolation to treat AF: An example using advanced imaging
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the incidence of new or recurrent AF by targeting pathophysiological 
mechanisms that promote atrial structural or electrophysiological 
remodeling.

Inhibition of the renin-angiotensin-aldosterone system attenuates 
atrial electric remodeling and fibrosis, processes that are associated 
with an increased risk for development of AF.112-114 Clinical studies 
have demonstrated that renin-angiotensin-aldosterone system 
blockade with angiotensin receptor-1 blockers can reduce the 
incidence and recurrence rates of AF in patients with HF.49, 50, 51 In the 
Candesartan in Heart Failure: Assessment of Reduction in Mortality 
and Morbidity (CHARM) study, treatment with candesartan 
reduced the incidence of AF in a large, broadly based population 
with HF. However, the recently published Atrial Fibrillation 
Clopidogrel Trial with Irbesartan for Prevention of Vascular Events 
(ACTIVE-I) study, which evaluated the effect of irbesartan on 
cardiovascular outcomes in 9016 patients with AF, demonstrated 
that the irbesartan treatment among patients with intermittent AF 
who were in sinus rhythm at enrollment had no effect on rates of AF 
recurrence.115 Similarly, the GISSI-AF study did not demonstrate 
a significant reduction in the occurrence of new-onset or recurrent 
AF events in patients with HF or LV hypertrophy randomized to 
receive valsartan.116 However, the ACTIVE-I trial did show that in 
patients with AF, the addition of irbesartan significantly reduced HF 
hospitalization rates. These findings are consistent with the results of a 
trial of angiotensin receptor blockers in patients with a low EF117 and 
with the results of the Candesartan in Heart Failure: Assessment of 
Reduction in Mortality and Morbidity (CHARM) Preserved trial118 
involving patients with a normal EF and HF. However, ACTIVE I 
results differ from those of the Telmisartan Randomized Assessment 
Study in ACE Intolerant Subjects with Cardiovascular Disease 
(TRANSCEND),119 Nateglinide and Valsartan in Impaired Glucose 
Tolerance Outcomes Research (NAVIGATOR)120 and Irbesartan 
in Heart Failure with Preserved Ejection Fraction (I- PRESERVE) 
study;121 all of which showed no benefit of additional angiotensin 
receptor blockers with respect to HF.

Therapy with beta-blockers has also been associ ated with reduced 
risk for AF. In the BEST trial, use of Bucindolol in patients with HF 
was associated with a decrease in incidence of AF.90 In a meta-analysis 
of 7 randomized, placebo- controlled trials including 11 952 patients 
with HF already taking angiotensin-converting enzyme inhibitors, 
beta-blockers significantly reduced the incidence of new AF from 39 
to 28 per 1000 patient-years (relative risk reduction, 27%).122

Recent studies suggest that 3-hydroxy-3-methylglutaryl coenzyme 
A (HMG-CoA) reductase inhibitors (statin) therapy may reduce the 
incidence and recurrence of AF in patients with HF.123, 124 However, 
a recent meta-analysis evaluating 22 trials of statin agents showed 
no significant reduction in the rates of AF among individuals 
randomized to receive statin agents.125

Several epidemiological and experimental studies suggest that n-3 
polyunsaturated fatty acids (PUFA) may exert antiarrhythmogenic 
or antifibrillatory effects. The Gruppo Italiano per lo Studio della 
Sopravvivenzanell’Infarto Miocardico-Heart Failure (GISSI-HF) 
trial demonstrated a small benefit of n-3 PUFA administration 
with respect to reducing cardiovascular mortality in patients with 
HF (of whom 20% had concomitant AF). 126 However, the role 
of n-3 PUFA in preventing AF has been controversial. A meta-
analysis of 10 randomized controlled trials evaluating the role of n-3 
PUFA for AF demonstrated that there were no significant benefits 

showed that in patients with HF, amiodarone has a significant 
potential to spontaneously convert patients in AF to sinus rhythm 
and these patients had a lower mortality rate than those who do not. 
It also prevented the development of new-onset AF and significantly 
reduced the ventricular rate in those with persistent AF. On the 
basis of these and other findings, amiodarone remains a first-line 
agent for the acute conversion and maintenance of sinus rhythm in 
patients with AF and HF. However, the benefit of amiodarone must 
be weighed against its well-documented potential long-term adverse 
effects.101

Dronedarone is a multiclass AAD that has a superior safety profile 
and shorter half-life than amiodarone. Dronedarone has been shown 
to reduce the rate of hospitalization and death in patients with 
AF.102 However, the ANDROMEDA study demonstrated increased 
cardiovascular mortality among patients with advanced and recently 
decompensated HF.103 In contrast, a post- hoc analysis of ATHENA 
study patients with AF and stable HF demonstrated that dronedarone 
did not increase mortality and showed a reduction of cardiovascular 
hospitalization or death similar to the overall population.104, 105

Dronedarone is therefore contraindicated in patients with NYHA 
class IV or unstable NYHA classes II and III HF. The most recently 
published PALLAS study, which was prematurely terminated, 
demonstrated that dronedarone increased rates of HF, stroke and 
death from cardiovascular causes in patients with permanent AF who 
were at risk for major vascular events, thus raising serious concerns 
about dronedarone’s clinical utility in the future.106

Dofetilide, a class III AAD, has substantial evidence supporting 
its use in patients with AF and HF.25, 107, 108 A substudy of the 
DIAMOND trial showed that although all-cause mortality was 
unaffected by dofetilide treatment, use of this AAD led to a significant 
reduction of hospitalization for HF. 25 Although, Torsades de pointes 
developed in <1 % of patients in the dofetilide treatment arm of the 
DIAMOND study, there was no significant difference in the total 
arrhythmic mortality between the dofetilide and placebo groups in 
patients with AF and severe LV dysfunction.108

Ibutilide is an intravenous class III AAD shown to have modest-
to-high conversion rates with AF, particularly when administered 
within a few weeks of AF onset.109, 110 However, ibutilide infusion 
carries a 2-4% risk of precipitating polymorphic ventricular 
tachycardia and should be used cautiously among patients with AF 
and HF with decreased systolic function.

Sotalol is a class III AAD with strong beta-blocking effects. 
The SWORD trial, which involved prophylactic administration of 
D-sotalol to patients with severe LV dysfunction post myocardial
infarction, was prematurely terminated as it demonstrated an increased 
cardiovascular mortality among those treated with sotalol.111 The
SAFE-T trial demonstrated that as compared to amiodarone, sotalol
has similar efficacy in converting persistent AF to sinus rhythm.97

However, with respect to maintenance of sinus rhythm Amiodarone
was superior. However, SAFE-T excluded patients with NYHA
class III or IV HF. On the basis of available data suggesting that
HF patients treated with sotalol are vulnerable to increased rates
of potentially life-threatening ventricular arrhythmias, sotalol is
generally avoided in patients with AF and severe HF.82

Pharmacologic Agents and Prevention of AF and HF
There is data to suggest that drugs like renin angiotensin-

aldosterone system inhibitors, 3- hydroxy-3-methyl-glutaryl-CoA 
reductase inhibitors (statins), and omega-3 fatty acids can prevent 
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of patients in the rhythm control arm of AFFIRM at 5 years. This 
highlights the difficulty of rhythm control with currently available 
antiarrhythmic agents and the need for effective therapy to maintain 
sinus rhythm while minimizing toxicity.76

One of the promising therapeutic options for AF may therefore 
be a curative catheter ablation. The observation that AF could be 
initiated by ectopic beats originating in the pulmonary veins sparked 
new interest in catheter-based techniques to isolate the pulmonary 
veins from the surrounding left atrium141,142 (Figure 4). Catheter 
ablation of AF has also been shown to be effective in patients with HF 
(Figure 5). Five studies143-147 have specifically focused on the benefit of 
catheter-based AF ablation among patients with AF and HF. These 
studies have shown that catheter-based AF ablation significantly 
improved the cardiac function, symptom burden, exercise capacity, 
and quality of life of patients with AF and HF. The Pulmonary vein 
Antral isolation versus AV node ablation with Biventricular pacing 
for the treatment of AF in patients with CHF (PABA-CHF) trial148 
demonstrated that pulmonary vein isolation resulted in significant 
improvement in EF and 6-minute walk distance as compared to 
AV nodal ablation and biventricular pacemaker implantation. On 
the basis of these data, the 2011 ACCF/AHA/HRS guidelines now 
recommend considering catheter-based AF ablation for the treatment 
of symptomatic, paroxysmal AF in patients with significant left atrial 
dilatation or with significant LV dysfunction.84

The Cox maze surgical procedure involves placing multiple 
incisions within the left and right atrial myocardium, with the 
intention of interrupting potential reentry and isolating AF triggers. 
The Cox-maze procedure has excellent long-term efficacy, with 
nearly 90% of treated patients remaining in sinus rhythm at 10 years. 
Although it is usually avoided in patients with HF, the Cox-maze 
operation has been shown to be safe and effective for rhythm control 
of AF.149,150 Although the full “cut and sew” Cox maze procedure 
(with lesions created by surgical incision) is now rarely performed 
due to its complexity, variants of this procedure are in widespread 
use, typically utilizing either cryo- or radiofrequency energy to create 
ablative lesions.

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

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

Along with further advances in pharmacotherapy and catheter-
based ablative therapies, more trials comparing ablation with medical 
therapy in patients with AF and HF are needed before a standardized 
therapy for patients with AF and HF can be recommended. Based 
on the available therapies outlined above, it is fair to say that an 
individualized approach is a better strategy and might help improve 

of n-3 PUFA supplementation for AF prevention.127 Also, a recent 
randomized control trial by Kowey et al demonstrated no clinically 
significant benefit from this agent in prevention of recurrent AF.128

Device-Based and Ablative Therapies for AF and HF
 In patients with symptomatic AF and rapid ventricular response 

refractory to pharmacological therapy, radiofrequency atrioventricular 
(AV) nodal ablation with subsequent pacemaker placement can 
improve cardiac performance. Manolis et al129 showed that in 46 
patients with atrial tachyarrhythmias and rapid ventricular response 
refractory to medical therapy who underwent AV nodal ablation 
with placement of a permanent pacemaker, the LVEF improved 
from a mean of 42% to a mean of 50% after a 2-year follow-up. In 
the subgroup of patients with HF, the degree of improvement was 
even greater (32% to 48%). More- over, the NYHA functional class 
improved from 2.7 to 1.4. 

However, long-term outcomes of the “ablate and pace” strategy 
have been less favorable. In a study of 71 elderly patients with 
pharmacologically refractory AF assigned to either AV nodal 
ablation with pacing or AF ablation, AV nodal ablation with pacing 
was associated with a higher incidence of new HF compared with 
ablation of the AF after 5 years of follow-up (53% versus 24%). AV 
node ablation with pacing resulted in a significantly lower LVEF 
(45 versus 51) and a higher NYHA functional class (1.7 versus 1.4) 
compared with the group assigned to AF ablation.130

A large body of evidence has emerged recently that underscores 
the harmful effects of long-term right ventricular pacing. LV 
dyssynchrony imposed by right ventricular pacing can lead to LV 
remodeling with dilatation and decreases in LVEF.131 Mechanical 
ventricular dyssynchrony is an established contributor to HF, 
and cardiac resynchronization therapy (CRT) has emerged as an 
effective device- based therapy to improve symptoms and mortality 
in patients.132 CRT, through its salutatory benefits on hemodynamic 
function and cardiac remodeling, has also been theorized to reduce 
the incidence of AF. However, in the Cardiac Resynchronization in 
Heart Failure Study (CARE-HF) trial, randomization to CRT did 
not result in any reduction in the incidence rates of AF at 30-months 
of follow-up.132, 133 It must be noted that approximately 10% of 
patients enrolled in CARE-HF who had been classified as having 
“permanent” AF converted to sinus rhythm after implantation 
with CRT.134 Patients with AF and HF who undergo biventricular 
pacemaker or ICD implantation remain less likely to respond to 
CRT, perhaps due to low rates of biventricular pacing.135 A recent 
analysis showed that AF patients who underwent AV node ablation 
and CRT implantation had significantly improved EFs, exercise 
tolerance, and decreased hospitalizations as compared to patients 
with AF and HF who underwent biventricular ICD implantation 
alone.136-140

Although recent studies, including RACE, AFFIRM, and AF-
CHF, suggest an equivalent outcome for pharmacological rhythm or 
rate control, new evidence from the AFFIRM investigators showed 
that the presence of sinus rhythm was associated with significantly 
improved survival.79 The effect of sinus rhythm on patients with 
HF remains to be determined, and we hope that further analysis 
from AF-CHF will help to clarify this question. It is conceivable, 
however, that benefits of rhythm control are counterbalanced by the 
lack of effective antiarrhythmic agents, coupled with their significant 
adverse effects. Moreover, sinus rhythm was maintained in only 63% 
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Abstract
Atrial fibrillation (AF) has a huge impact on clinical stroke because it is the primary cause of cardio-embolism, which constitutes ~20% of 

all strokes. As a result, there is a great need to explore safer and more effective primary and secondary prophylactic agents. In this article, 
we discuss the overlapping issues pertaining to AF from both a neurology and cardiology standpoint. We focus on the dynamic interplay 
of neurovascular and cardiovascular diseases in relation to AF, traditional and novel risk factors for AF leading to stroke, impact of AF on 
cognitive decline, and current upstream medical and surgical options for embolism prophylaxis.

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

affects over 2.5 million Americans at a cost of over 7 billion dollars 
per year to Medicare alone.1,2 The occurrence of AF is associated with 
a substantial increase in the risk of death, heart failure, and stroke.3-6 

It is considered to be a disease of the elderly, since half of all patients 
with AF are over the age of 75. 

Risk factors for AF are diverse7 and include advancing age, male 
sex, diabetes mellitus, hypertension, valvular disease, myocardial 
infarction, heart failure, obesity, elevated inflammatory marker 
concentrations, and PR-interval prolongation, as recently reviewed 
elsewhere.8 Risk prediction models are important in order to define 
an individual’s risk for AF, to identify novel risk factors for AF, to 
identify and assess potential targets of therapy, and to enhance the 
cost-effective implementation of therapies for both primary and 
secondary prevention of AF. 

Embolic stroke in AF results from blood adhering to static atrial 
walls as rapid atrial electrical activity (400-600/minute) prevents 
normal mechanical activity of the atria.  The risk of stroke in AF rises 
from 1.5% for persons aged 50-59 years to 23.5% for those aged 80-

89 years.5 It presents a 5 to6-fold increased stroke risk and accounts 
for at least one in every seven ischemic strokes. Importantly, 15% of 
all strokes are attributed to atrial fibrillation with the atrial appendage 
implicated as the likely source of emboli in these patients.9 In addition 
to stroke , atrial fibrillation has been associated with abnormalities in 
the white matter (leukoaraiosis), which in turn has been associated 
with a higher incidence of cognitive decline and dementia.10

Optimal medical therapy for patients with AF include either 
rhythm control or rate control along with adequate anticoagulation; 
oral anticoagulation (OA) has proven to reduce the risk of ischemic 
stroke by 60% when compared to placebo and 52% fewer strokes 
when compared to aspirin; however both strategies are not ideal and 
still carry a stroke risk of 1% per year.11 Furthermore, management of 
anticoagulation with Coumadin can be difficult. Even in monitored 
clinical trials, the therapeutic range for Coumadin is maintained only 
44-83% of the time, and there is a 1-5% annual risk for major bleeding. 
Also, traditional OA therapy has some general misconceptions
leading to underutilization in clinical practice. Recent FDA-
approved OA and advancements in novel surgical therapeutics are
undoubtedly shifting the paradigm of the management of AF

In recent years, there has been an explosion in interventional 
strategies to treat AF after the discovery by Haisaguerre that 
intermittent bouts of AF (“paroxysmal”) are due to repetitive firing 
of ectopic foci located at the junction between the atria and smooth 
muscle of the pulmonary veins. A myriad of both catheter-based 
and minimally invasive surgical approaches have been introduced to 
isolate these pulmonary vein “triggers”.12 Minimally Invasive Surgical 
Pulmonary Vein Isolation (MISPVI) and atrial appendage ligation 

www.jafib.com  Aug-Sep, 2013 | Vol-6 | Issue-2  



Journal of Atrial Fibrillation104 Featured Review

www.jafib.com  Aug-Sep, 2013 | Vol-6 | Issue-2  

Cognitive Impairment and Atrial Fibrillation  
The role of atrial fibrillation in cognitive impairment and dementia, 

independent of stroke, is uncertain. Marzona et al. suggest cognitive 
and functional decline as an important consequence of atrial 
fibrillation, even in the absence of overt stroke.  However, previous 
epidemiologic studies evaluating atrial fibrillation’s association with 
cognitive function have been inconsistent.19-21 Several researchers in 
the late 1970s became aware of an intriguing link between a sick 
heart and the start of cognitive deterioration that often led to vascular 
dementia.22 This link came to be known as “cardiogenic dementia”.

Common denominators leading to AF and cognitive decline:
1. Age and Gender: The risk of atrial fibrillation increases with age

and is more common in males.
2. Diabetes: Diabetes in the elderly has been linked to cognitive

impairment in cross-sectional case-control studies,23 and impaired 
cognitive performance in diabetic subjects has been related to poorer 
metabolic control

3. Hypertension: The relationship between hypertension and
cognitive impairment was strongest in men without antihypertensive 
treatment. High BP and impaired glucose metabolism24 are both 
independent predictors of cerebrovascular disease. Recently, a large 
population-based study of persons 65 years and older in Cache, 
Utah, reported that the use of antihypertensive medication, including 
angiotensin-converting enzyme inhibitors, β-blockers, calcium 
channel blockers, and diuretics, significantly lowered the risk of 
Alzheimer’s disease (AD).25

4. Stroke: When stroke cases were included in the analyses
previously described, the relationships between vascular risk factors 
and low cognitive performance remained almost identical.

5. Multivariate Analysis of different variables:  In a multivariate
model that included 24-hour DBP, p-glucose, p-insulin, M/I, 
s-triglycerides, BMI, HDL cholesterol, treatment, age, and
educational and occupational levels, an increase of 24-hour DBP
with 1 SD was associated with an odds ratio of 1.45 (1.20 to 1.75)
of cognitive impairment. Despite higher DBP in treated men,
antihypertensive treatment was associated with a decreased risk, i.e.,
treatment was a negative confounder.

6. BP circadian variability: Changes in BP circadian variability
indicate alterations of central nervous regulatory systems, mediated 
by sympathetic activation. However, sympathetic over-reactivity 
could also be etiologically linked to the syndrome of hypertension 
and insulin resistance and primarily affect cognitive function by 
vasoconstriction and cerebral small-vessel lesions.

offer several advantages over medical therapy for patients in AF 
including: restoration of normal sinus rhythm for stroke prophylaxis, 
abolishment of the hot zones implicated in  clot formation, and 
possible avoidance of anti-coagulation. 

Cerebrovascular Risk Stratification in Atrial Fibrillation 
Risk stratification using popular scoring systems to prevent future 

cerebrovascular events remains an important consideration in AF 
patients. These scoring systems are designed to predict clinical 
outcome and provide a framework to assess the appropriateness of 
intervention. CHADS2 is the most commonly used scoring system 
and was recently modified as the CHA2DS2-VASc score for better 
risk stratification in low risk individuals. See Tables (1, 2, 3).13 The 
CHADS2, or the newer CHADS2-VASc, scores are useful clinical 
tools in determining the appropriateness of initiating anticoagulation 
therapy. 

Novel Risk Factors for AF and their Outcomes (Table 5)
 Recent studies reveal a whole new set of emerging risk factors for 

AF that have received much less attention but may provide additional 
leverage to decrease the incidence of AF.

Genetic Basis of Familial Atrial Fibrillation: (Figure1)
Familial AF is an inherited condition that disrupts the heart’s 

normal rhythm. The incidence of the familial form of atrial fibrillation 
is unknown; however, recent studies suggest that up to 30 percent of 
all people with atrial fibrillation may have a history of the condition in 
their family.14 Several single nucleotide polymorphisms (SNPs) close 
to the PITX2 gene located on chromosome 4q25 strongly associate 
with AF,15 especially with early-onset AF. As a follow-up to genome-
wide association studies, Lubitz and colleagues did fine mapping of the 
4q25 locus near PITX2 and genotyped 34 haplotype-tagging single-
nucleotide polymorphisms in 790 case and 1177 control subjects 
from Massachusetts General Hospital and tested for association with 
AF16 (Figure1). The PITX2 locus encodes a homeobox transcription 
factor of the paired type, previously identified to be of importance 
for the formation of embryonic pulmonary myocardial cells, the 
development of pulmonary myocardial sleeves, and the formation of 
a sinus node in the left atrium.17,18 

Recent studies also show a familial predisposition for atrial 
fibrillation mainly due to the changes in the KCNE2, KCNJ2 and 
KCNQ1 genes. 

Table 1: Popular Scoring Systems and their Correlation with Stroke 
Risk Prediction

R i s k F a c t o r s                 S c o r i n g  S y s t e m s

CHADS2 score CHA2DS2-VASc score

Congestive heart failure 1 1

Hypertension 1 1

Age ≥ 75 years 1 2

Diabetes 1 1

TIA/stroke 2 2

Vascular Disease 1

Age 65-74 years 1

Sex: Female 1

Table 2: Popular Scoring Systems and their Correlation with Stroke 
Risk Prediction

CHADS2 score Annual Stroke Risk CHA2DS2-VASc score Annual Stroke 
Risk

0 1.9 1 1.3

1 2.8 2 2.2

2 4.0 3 3.2

3 5.9 4 4

4 8.5 5 6.7

5 12.5 6 9.8

6 18.2 7 9.6

8 6.7

9 15.2Each risk factor is assigned points and the total score will be used to calculate the annual stroke 
risk incidence.
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in the blood of probable AD subjects.
5. Hypotension and Brain Hypoperfusion: Low diastolic blood

pressure is associated with an increased risk of AD in the elderly 
population, particularly among users of antihypertensive drugs. 
While the reason for this finding is not clear, undetected cerebral 
hypoperfusion could explain the pathogenic link of hypotension to 
cognitive decline and AD.30 Cerebral blood flow is known to decline 
with age. However, under normal circumstances, in the absence of 
vascular disease, it will not result in significant cognitive loss.27 To 
appreciate the clinical importance of developing suboptimal brain 
blood flow during advanced aging, it is important to point out that 
within the last few years, chronic brain hypoperfusion has been 
reported to be a preclinical condition to mild cognitive impairment 
and an accurate indicator for predicting whether people will develop 
AD.31,32

6. A few risk factors of atrial fibrillation are either completely
reversible (smoking, alcohol consumption, especially binge 
consumption, sleep apnea due to obesity, and some infections that 
may predispose to occurrence of atrial fibrillation), or partially 
modifiable (Endocrine causes such as hypothyroidism and Diabetes 
mellitus, hypertension).

Stroke Prophylaxis (Please See Figure 2): 
Rate Versus Rhythm Control: Is Rhythm Control Sufficient as a 
Stroke Prevention Tool?

Rhythm control does not seem to have any additional protection 
against stroke.11,33 Most antiarrhythmic drugs (AADs) only provide 
sinus rhythm maintenance about 25% of the time after 12 months of 
use. As a result, pharmacotherapy in AF is targeted at rate control. In 
the absence of complicating features, rate control is usually achieved 
with either blockade of calcium channels (dilitazem, verapamil) or 
beta receptors. Digoxin has a role in the treatment of AF when there 
is co-existent heart failure. In patients with poor left ventricular 
function, amiodarone may be used. 

 Once rate control and hemodynamic stability are achieved and 
secondary causes of AF have been evaluated, the clinician must address 
the potential need for cardioversion. Patients who are symptomatic 
with new onset AF warrant an attempt with pharmacological or 
electrical cardioversion to restore sinus rhythm. Patients with an 
elevated bleeding risk should not be cardioverted if anticoagulation 
cannot be initiated prior to or following the return to normal sinus 
rhythm (NSR). Additionally, risk associated with cardioversion 
may outweigh the benefit in many patients, especially elderly 
asymptomatic patients with a larger number of co-morbidities.34

In the management of AF, it is imperative that the clinician 
identify situations indicating the need for immediate cardioversion. 
Pharmacological or electrical cardioversion is indicated in the 
following scenarios: electro physiologic or clinical evidence of 
ischemia, any evidence of organ hypoperfusion, severe manifestations 
of heart failure, or presence of a pre-excitation pathway.

 In these situations, the hemodynamic stability that is provided by 
return to NSR outweighs the thromboembolic risk. And although 
prompt initiation of heparin is of the upmost importance, it should 
not delay cardioversion. However, if new onset AF has been present 
for greater than 48 h, transesophageal echocardiogram (TEE) is 
recommended prior to cardioversion because of the increased risk of 
LA thrombus. In the setting of a LA thrombus or inability to perform 

Novel Risk Factors Leading to AF and Cognitive Decline:
1. Genetic factor:  Carriers of the ApoE4 allele may be at a

higher risk for cognitive decline because, among other things, the 
presence of this gene predisposes an individual to an increased risk of 
cardiovascular pathology.26 Aside from sharing many environmental 
risk factors for AD and for cardiovascular disease, there appears also 
to be an overlap between genetic risk factors for both conditions. For 
example, the ApoE4 allele, a well-studied risk factor for AD, can 
increase the risk of coronary heart disease by approximately 40%.

2. Ejection Fraction or Cardiac Output: There is mounting
epidemiologic evidence that AD is associated with an increased risk 
of symptomatic left ventricular dysfunction (LVD).27 LVD produces 
many changes in the structure and function of the heart through a 
variety of mechanisms. It can lead to reduced ejection fraction, heart 
failure, heart attack, and other cardiovascular complications. When 
ejection fraction dropped below 30%, patients older than 63 years 
showed a significant decline in memory performance, specifically, a 
delay in verbal recall and recognition. In comparison, those younger 
than 63 years were able to maintain stable memory function or 
similar ejection fraction levels.28

3. Valvular Heart Disease: Autopsy findings have reported
significant aortic and mitral valve damage in AD subjects when 
compared to a non-demented control group. This association between 
valvular damage and AD is consistent with the presence of brain 
hypoperfusion at an early stage of AD pathology,29 or even prior to 
AD-- an observation that supports previous findings

4. Coronary artery disease and heart failure:   The risk to AD could
stem primarily from atherosclerotic coronary vessels that damage 
endothelial cells and lower the heart’s pumping ability to optimally 
perfuse the brain. This theory is supported by the presence of high 
levels of cholesterol, low density lipoprotein, and triglycerides found 

Table 3: Each Risk Factor is Assigned Points and the Total Score will 
be used to Calculate the Annual Stroke Risk Incidence.

CHADS2/CHADS2-
VASc Scores

Risk Management

Score: 0 Low Risk Antiplatelet

Score: 1 Moderate Risk Aspirin or OA

Score: 2 and above High Risk OA

Figure 1: Chromosomes and their Genetic Association

The diagram depicts representative chromosomes and genetic polymorphism locations enrolled 
in the familial predisposition for AF.  A: PITX2 Gene on the long (q) arm of chromosome 4 , B: The 
KCNQ1 gene is located on the short (p) arm of chromosome 11, C: The KCNJ2 gene is located 
on the long (q) arm of chromosome 17 , D: The KCNE2 gene is located on the long (q) arm of 
chromosome 21.
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TEE, anticoagulation with heparin for at least three weeks prior to 
cardioversion is needed to allow for resolution of thrombus. The goal 
of anticoagulation prior to cardioversion is to prevent embolic shed 
from preexisting thrombus. Additionally, even if AF has been present 
for less than 48 h, delayed cardioversion with anticoagulation may 
also be indicated, especially if there is a history of thromboembolic 
events or if there is a significant history of heart failure, mitral valve 
disease, or cardiomyopathy.34,35 Continuous oral anticoagulation 
is the cornerstone of stroke prevention in AF patients and relies 
on adequate delivery of anticoagulant therapy, such as achieving 
therapeutic INR values.36 But even on optimal anticoagulant therapy 
in controlled trials, the residual stroke rate in AF patients remains 
unacceptably high at ~1.5% per year. 

 Almost all available studies so far have investigated the effect of 
anticoagulant therapy in patients with established AF, which is often 
chronic. The long-term impact of ‘transient’ AF (e.g. post-operative 
AF) and of ‘silent’ AF is much less well studied even though short 
episodes of AF can affect stroke risk. Based on this information, 
it appears unlikely that rhythm control therapy alone can be 
sufficient to prevent AF-related strokes. Nonetheless, treatment 
with dronedarone is associated with reduced stroke rates in the 
ATHENA trial. Whether this effect was related to preventing AF 
is not clear. There are two surveys after ablation of AF (n= 750 and 
3300 patients) that detected low stroke event rates in patients who 
discontinued anticoagulation. The authors of those studies propose 
that stopping anticoagulation may be acceptable, but the stroke 
risk in these populations and follow-up times was not sufficient to 
accrue adequate stroke numbers. This is especially important when 
considering the reports on very late recurrences of AF after ablation. 
Hence, rhythm control does not appear to be sufficient in preventing 
strokes in AF patients in the absence of oral anticoagulation. On 
the other hand, rhythm control therapy could very well contribute to 

reduce residual stroke rates in patients on anticoagulation. 
In summary, rhythm control alone is not sufficient in reducing 

mortality associated with cardiac cause, but rate control does seem 
to reduce mortality in AF patients, especially those with congestive 
cardiac failure.37

Anticoagulation
The clinical goal in the management of AF is to reduce the risk of 

cardio embolic events. This can be achieved by chronic anticoagulation 
which prevents thrombus formation in the LAA, the most favored 
location of thrombi formation. Historically, chronic anticoagulation 
has been the mainstay in the treatment of AF among patients with 
moderate-to-high risk of subsequent stroke and TIA (based on 
aforementioned clinical risk stratification). It is recommended that 
low-risk patients and those with contraindications to anticoagulation 
be managed with 81–325 mg Aspirin daily. The warfarin related 
annual risk of a fatal bleed is 0.6%, risk of major bleed is 3%, and 
risk of combined (major or minor) bleed is 9.6%. This represents a 
fivefold increase risk as compared to those without anticoagulation.38 
The AFFIRM trial first reported that combined rate control with 
anticoagulation improved survival and reduced stroke risk when 
compared to rhythm control. Chronic anticoagulation is usually 
achieved with Coumadin while maintaining a target INR of 2-3.

With the frequency of AF expected to double by 2050, there 
has been a large push by the medical industry to find alternatives 
to warfarin that are cost-effective, clinically practical, simple for 
patients, and free of frequent monitoring requirements.39 Newer oral 
anticoagulants have since been introduced as attractive alternatives 
to warfarin.

Most notably in October 2010, dabigatran (Pradaxa), a direct 
thrombin inhibitor, received FDA approval for the treatment of 
stroke prevention in AF. Its major advantage is the lack of INR 
monitoring that is normally required with Coumadin. Dabigatran 

Figure 2: Clinical Approach to Atrial Fibrillation
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mg twice daily was more effective than warfarin in reducing the risk 
of stroke or systemic embolism, with a relative risk reduction of 21%, 
an absolute risk reduction of 0.33%, and a decrease in the risk of 
major bleeding and hemorrhagic stroke.45 

Limitations for Using Novel Oral Anticoagulants 
1. Inability to monitor its effect with lab tests (such as INR) and

dosing concerns in the setting of renal impairment generates some 
uncertainty with respect to physiologic impact. 

2. Lack of reversibility pose a clinical dilemma, particularly
when patients on newer OA present with ischemic stroke and 
consideration is given to administer intravenous thrombolysis. The 
current belief, based mainly on expert opinion, is if patients are on 
newer anticoagulation and have been off medication for 2 days, 
then it might be safe to receive thrombolysis in the setting of acute 
ischemic stroke. However, newer OA medications provide the 
clinician an opportunity to initiate them in people who are reluctant 
to take older anticoagulants, due to the complexities discussed earlier, 
for primary or secondary stroke prophylaxis. This can contribute not 
only to greater disease control, but greater patient compliance and 
satisfaction.

3. Reversal of bleeding complications: In cases of dabigatran-
related ICH, no specific antidote exists and activated charcoal can 
be used if ingested within 2 h. More likely, rVIIa 60–90 μg/kg or 
PCC 50 u/kg may be used in an attempt to reverse anticoagulation. 
In cases of Rivaroxaban associated ICH, there is no specific antidote, 
and the half-life of the drug is 5–9 h. PCC can be considered in the 
management of intractable bleeding with a recommended dose of 
50u/kg.46

4. Higher risk of GI bleeds with newer anticoagulants.
hemorrha

Surgical Management
various surgical techniques have been developed in the last 25 years 

that play a complementary role in the treatment of AF.  
1. The Maze procedure (or Cox-Maze III) has been established

as the gold standard for surgical approaches in patients with AF.47,48 
The basic principle is to create multiple right and left atrial (LA) 
incisions in an organized manner to interrupt rogue reentrant circuits 
and simultaneously guide electrical impulses to the AV node. The 
Maze procedure also includes removal of LAA and isolation of the 
pulmonary veins.48 Operative site exposure provided by this open 
approach can be used for additional interventions such as valvular 
repair or bypass during the same procedure. This procedure also 
requires the patient to be on cardiopulmonary bypass and undergo 
median sternotomy. The Maze procedure has been successful at 
long-term elimination of AF with 93% success rate after 8.5 year 
follow-up.47 Thoracoscopic approaches to the Maze procedure 
have also been introduced to reduce the invasive nature of the 
procedure. While introducing higher surgical costs, this approach 
offers decreased length of stay and decreased post-operative recovery 
time, with an efficacy similar to the traditional MAZE procedure.49 

While the traditional MAZE procedure is performed with physical 
interruption of electrical pathways by incisions, a number of novel 
energy sources, such as laser, ultrasound, and radiofrequency, have 
since been employed to create tissue scarring more rapidly and safely 
than “cutting and sewing.” 

2. Radiofrequency ablation is now available as an additional

etexilate is a prodrug of dabigatran, independent of CYP-450 and 
a potent nonpeptide molecule that reversibly inhibits thrombin by 
binding to the active site of the thrombin molecule. The half-life of 
dabigatran has been estimated to be 12–14 h.40

Novel Anticoagulants
Dabigatran (Pradaxa): In the RE-LY study, compared to warfarin, 

taking dabigatran 150 mg orally twice a day was found to decrease 
the risk of stroke or systemic embolism. The dose provided a relative 
risk reduction of 34% and an absolute risk reduction of 0.58%, with 
no increase in the risk of major bleeding and a decrease in the risk of 
hemorrhagic stroke.41 On the other hand, dabigatran 110 mg twice 
a day dose was noninferior to warfarin for stroke prevention. At 
this dose, dabigatran was associated with a decreased risk of major 
bleeding and hemorrhagic stroke except for major gastrointestinal 
bleeding, which was more common with dabigatran 150 mg twice 
daily than with Coumadin.42 Dosing is adjusted as per the patient’s 
renal function to account for decreased clearance among patients 
with severe renal impairment. 

Rivaroxaban (Xarelto): is an oral competitive factor Xa inhibitor 
which targets factor Xa, a common factor in both the extrinsic and 
intrinsic coagulation pathway. It was recently (2011) approved for 
stroke prevention in nonvalvular atrial fibrillation. The landmark 
trial ROCKET-AF demonstrated that it was as effective as warfarin 
in reducing stroke while carrying a similar overall bleed risk and 
decreased risk of intracranial and fatal bleeds.43 Like dabigatran, the 
recommended dose of Rivaroxaban is adjusted in patients with renal 
impairment, but dosing is once daily. 

Apixaban (Eliquis): is another oral factor Xa inhibitor which got 
FDA approval (2012) that has been compared to both ASA and 
warfarin for stroke prevention in AF. In a randomized controlled 
trial of patients considered unsuitable for warfarin therapy, a dose 
of apixaban 5 mg, orally twice a day, was more effective than Aspirin 
for prevention of stroke or systemic embolism. The result was a 
50% relative risk reduction and a 2.1% absolute risk reduction in 
the primary outcome and no observed increase in the risk of major 
bleeding.44 A reduced dose of apixaban (2.5 mg twice a day) was used 
for individuals aged over 80 years or with a serum creatinine greater 
than 1.5 mg/dL. In another randomized controlled trial, apixaban 5 

Table 4: Traditional risk factors for AF and their Outcomes

Traditional Risk Factors Incidence; hazard ratio and other information

1 Age Age is one of the key risk factors for AF, hazard 
ratios range between 1.1 and 5.9 per decade of 
age. 14-16

2 Gender Males have a slightly higher preponderance for 
AF. 67-71

3 Endocrine Diabetes mellitus and hyperthyroidism have been 
recognized as independent risk factors for AF. 
Blood glucose RR is 1.08 (95% CI=1.03-1.13) .68

4 Hypertension The higher the blood pressure, the greater the risk 
of AF with a RR of 1.11 (95% CI=1.05-1.18). 68

5 Congestive Heart Failure (CHF) CHF is not well defined or used in a broad sense 
.72 

6 Valvular Heart Disease (VHD) VHD is associated with the development of AF 
and has RR=2.42 (95% CI=1.62-3.6). 68

7 Toxic and Environmental 
factors

ETOH abuse and possibly moderate alcohol 
consumption and smoking are well-established 
risk markers for AF. 17,24
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5. Microwave ablation has been similarly used to produce thermal
injury to cardiac tissue and is capable of producing a trans-mural 
lesion when it is applied to the epicardial surface via a thoracoscopic 
approach. However, both microwave- and laser-based ablations have 
been taken off from the market in recent years due to poor efficacy. 

6. Appendage closure devices: The left atrial appendage (LAA) is
a remnant of the left atrium (LA). Embryologically, the LAA arises 
from the pulmonary veins and normally consists of a trabeculated, 
2–4 cm long, tubular structure that is in direct continuity with the 
LA cavity.9 Its unique anatomy allows predisposition for in-situ 
thrombus formation. Failure of the fibrillating atrium to contract is 
believed to lead to atrial stretch and dilatation, thus promoting stasis 
and thrombus formation inside the LAA.53 The LAA is the site of 
the majority (up to 91%) of thrombi in patients with non-rheumatic 
AF. In fact, 98% of arterial thrombi were found in the LAA through 
TEE trials involving 1181 patients.54 This led to the technique of 
LAA occlusion as a means of reducing the risk of stroke in AF. 
Surgical ligation or excision of the LAA is considered the standard 
procedure of care in patients who undergo mitral valve surgery or 
as an adjunct to a surgical Maze procedure for treatment of AF. 
In addition, in selected patients with AF and an elevated risk of 
thromboembolic events, particularly in those with contraindication 
to oral anticoagulation (OA) therapy, it is reasonable to consider 
LAA exclusion to offer protection against ischemic stroke and 
other embolic complications.  Although results from several recent 
percutaneous LAA closure and ligation studies are promising, the 

ablative technique that has been used in conjunction with the 
traditional Maze approach, often referred to as the modified Maze 
procedure, or Maze IV.12,50 Radiofrequency is also available as a 
standalone procedure that can be performed through a thoracoscopic 
or catheter-based approach.

Catheter-based radiofrequency ablation with the intent to achieve 
NSR by eradicating the faulty electrical pathways in a manner that 
is far less invasive than sternotomy or thoracoscopy is also available. 
Many consider catheter-based ablation to be minimally invasive and 
highly efficacious, but the data suggest a low rate of success of about 
30% from a single procedure and 80% with repeat procedures.50

3. Cryoablation can be employed through both a catheter-based
approach or in conjunction with the Maze or minimally invasive 
Maze procedure. In cryoablation, tissue is cooled with helium or 
argon to low temperatures (-50 to -75°C) in order to induce targeted 
scarring. Compared to other ablative techniques, cryoablation 
prevents vascular/collagen damage and lessens peripheral tissue 
damage.51 

4. High-frequency ultrasound, another ablative technique, scars
cardiac tissue in a trans-mural fashion through hyperthermic lesions. 
This can be performed through a catheter-based approach in a 
quick manner that offers the potential for wall visualization given 
the nature of the technology. However, this approach carries the risk 
of delivering hyperthermic stress to adjacent tissues. Esophageal 
or mediastinal injury has been reported following ultrasound and 
radiofrequency ablation.52 

Table 5: Newer Modifiable and Non-Modifiable Risk Factors: Description of the Novel Risk Factors and their Implications in AF.

Novel Risk Factors Important Characteristics

1 Genetic Details are discussed below in section “Genetic Basis of Familial AF”.

2 Ethnicity African Americans appear to be at lower risk of AF than Caucasians. Risk of AF was 25% lower in blacks than Caucasians (HR 0.75, 95% CI=0.64-0.87) .73

3 Sleep apnea syndrome Sleep Apnea Syndrome is associated with obesity, which in turn increases AF risk .70

4 Pericardial Fat Increased epicardial fat is linked with increased AF persistence independent of other risk factors .74 

5 Blood Pressure in Non-
hypertensive Range.

Data regarding the risk of AF at lower blood pressure levels are sparse. An analysis of 34,221 women participating in the Women's Health Study showed 
that blood pressure was strongly associated with incident AF, and systolic blood pressure was more strongly related to AF incidence than diastolic blood 
pressure.75 

6 Subclinical Coronary Artery 
Disease

Nucifora et al. [76], however, used multislice computed tomography to detect asymptomatic coronary artery disease. Eighteen percent of patients with 
AF were classified as having no coronary artery disease, whereas 41% showed non-obstructive coronary artery disease, and the remaining 41% had 
obstructive coronary artery disease compared with patients without AF (P=0.01).76

7 Physical Activity Physical activity is associated with a 3 to 5 mm Hg reduction in systolic blood pressure .77 a reduction in body weight and body mass index [78], and the 
prevention of coronary heart disease, suggesting that exercise may reduce the incidence of AF.

8 Chronic Kidney Disease Patients with chronic kidney disease are at higher risk for coronary heart disease and heart failure.79 Alonso et al. [80] sought to examine the risk between 
chronic kidney disease and AF in 10,328 men and women from the Atherosclerosis Risk in Communities study. They found that impaired kidney function 
and presence of albuminuria were strongly associated with the incidence of AF.

9 EKG-base parameters EKG-based parameters such as long (within the normal range) or prolonged PR interval clearly relate to AF in the population, and possibly relate to atrial 
structural remodeling and delayed intra-atrial conduction.81

10 Left Ventricular Diastolic 
Dysfunction

Atrial fibrillation and left ventricular diastolic dysfunction share multiple risk factors, including aging and hypertension [82]. Because diastolic dysfunction 
causes atrial pressure and volume overload, atrial structural remodeling is common among patients with abnormal diastolic parameters. More recently, 
investigators of the Cardiovascular Health Study examined echocardiographic parameters of diastolic function in 4,480 older adults and reported that 
Doppler peak E-wave velocity and left atrial diameter were positively and nonlinearly associated. Doppler A-wave velocity time integral displayed a 
U-shaped relationship with the risk of AF. 83

11 Biochemical and structural 
association

A. Serum biomarkers:  Biomarkers can be potentially used as novel instruments to enhance AF risk prediction and to provide insights into the 
pathophysiology of the disease, and may help to identify novel targets for therapy. 
B-type natriuretic peptide (BNP) 
Even though BNP is traditionally investigated as a biomarker for heart failure, elevated levels have been reported in patients with incident AF [84,85]. In 
the Cardiovascular Health Study, a community-based population of 5,445 older adults, N-terminal proBNP was a strong predictor of incident AF, adjusting 
for other risk factors (adjusted HR, 4.0; 95% CI, 3.2–5.0; P<0.001) [86]. Blood lipids: are established risk factors for coronary artery disease, which may 
precede incident AF. 
B. Functional imaging: Echocardiographic estimators of left atrial size is ‘integral’ to measure the degree of left atrial structural changes over time, and 
thereby relate to incident AF or to AF-related complications, including death. Left atrial size or volume and left ventricular mass may predict AF and AF-
related mortality. 
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PROTECT AF trial was a multicenter prospective randomized study 
that sought to document the effectiveness of the WATCHMAN 
implant when compared to control patients solely based on long-
term warfarin. The primary endpoint included hemorrhagic 
or ischemic stroke, cerebrovascular death, systemic embolism, 
documented TIA, and life-threatening bleeds requiring transfusion. 
Control patients were maintained at an INR between 2 and 3 and 
were re-evaluated at 45 days and 6, 12, 24, 36, 48, and 60 months. 
Patients that underwent the WATCHMAN implantation and had 
an INR below 2 were prescribed aspirin 81mg at least 1 day before 
procedure. These patients were back on therapeutic levels of warfarin 
until a 45-day post-op TEE showed LAA occlusion, suggesting lack 
of flow through the implant and jet flow of less than 3 mm around 
the device. Warfarin was then discontinued, and clopidogrel 75 mg 
and ASA 325 mg were then administered for the duration of the 
trial. An article in the Lancet (Aug 2009) reported the results of 
707 eligible patients. Over 1065 patient-years follow up; primary 
efficacy was 3.0 per 100 patient years in the WATCHMAN group 
and 4.9 per 100 patient years in the warfarin control group, which 
was a statistically significant noninferiority of more than 99.9%. 
More primary safety events occurred in the WATCHMAN implant 
group 7.4 per 100 patient-years vs. 4.4 per 100 patient-years in the 
control group. Authors note that these safety events were a result of 
peri-procedural complications.57 Evidence for the noninferiority of 
the WATCHMAN device suggests that LAA occlusion may be an 
alternate option to warfarin therapy. However, the FDA has not yet 
approved release of the WATCHMAN device. 

Benefits of the Endocardial Approach of these Devices
1. Compared to the conventional surgical approach, there is a

reduction in recovery time and bleeding risk, combined with the 
advantage of eliminating the need for long-term anticoagulation.58

Risks of above 3 Devicess
1. Implantation of LAA occlusion devices is associated with a

learning curve that is inversely related to the complication rate of 
the transseptal puncture approach. Complications such as pericardial 
effusion, cardiac tamponade or air embolization may arise. The rate 
of major pericardial effusion and tamponade was 50 % higher at less-
experienced centers, as noted in the PROTECT-AF study.58

2. Acute ischemic stroke due to air or thromboemboli, sepsis,
vascular perforation, or device embolization can also occur. 

3. Endovascular and device-related infection.
4. Antithrombotic therapy post-LAA occlusion.
5. Incomplete LAA Occlusion: Incomplete LAA occlusion is

one of the major concerns with surgical LAA occlusion. A study by 
Kanderian et al. revealed that only 40% of patients had complete 
occlusion of the LAA.59 Similarly, a meta-analysis of surgical LAA 
occlusion also revealed an occlusion rate of 55%-66% by surgical 
techniques. Patients with incomplete occlusion may be at an increased 
risk.60 In a series of 50 patients who had mitral valve surgery and 
concomitant LAA ligation, 18 patients (36%) had incomplete 
closure by TEE. Nine of these patients (50%) had spontaneous 
echo contrast or thrombus in the LAA, and 4 of the 18 patients had 
thromboembolic events.61

•Novel Approach: Percutaneous Epicardial LAA Ligations
More recently, Bartus et al. reported on the first human experience

of a closed-chest, percutaneous, epicardial catheter-based LAA

evidence for long-term efficacy and safety is insufficient to presently 
recommend this approach to all patients other than those in whom 
long-term OAC is contraindicated. 

Prevention of AF-Related Stroke: OAC versus LAA Devices?
 Pharmacologic therapy, even when greatly effective in reducing 

the AF burden, has consistently failed to demonstrate a reduction in 
the stroke risk in patients with AF.11 Thus, OAC therapy with agents 
such as warfarin and recently, newer agents, remains the mainstay of 
therapy in treating these patients. Nonetheless, OAC does not come 
without significant risk. Recipients of OAC, with either warfarin or 
any of the newer OAC agents, remain at risk for hemorrhagic stroke 
and life-threatening bleeding (i.e., gastrointestinal, etc). In addition, 
those treated with warfarin generally require close outpatient 
monitoring as well as significant lifestyle modifications largely due 
to the drug’s narrow therapeutic window, requirement for dietary 
restrictions, and potential for drug-drug interactions.

These therapeutic limitations coupled with the severity of AF-
related systemic embolic events have led to a great deal of interest 
in developing novel therapeutic strategies and the concept of 
LAA exclusion as a means of reducing stroke and other embolic 
complications in patients with AF.

•Percutaneous Endovascular LAA Occlusion
There are three devices, include the Percutaneous LAA

Transcatheter Occlusion (PLAATO, EV3, Plymouth, MN, USA),
the Amplatzer Cardiac Plug (AGA Medical, Plymouth, MN, USA), 
and the WATCHMAN LAA system (Atritech Inc., Plymouth,
MN, USA). These devices are delivered via a transseptal puncture
approach generally under transesophageal and/or intracardiac
echocardiographic guidance.

1. The PLAATO device consists of a nitinol cage coated with
an impermeable polytetrafluoroethylene that is sealed within the
LAA, rendering thrombus formation obsolete, and designed to
occlude the orifice of the LAA. The first human implantation of the
PLAATO device was described in 15 patients with permanent AF
with contraindications to OAC therapy.55 LAA occlusion proved
successful in all patients, and there were no complications or embolic
events at 1 month follow-up. More recently, the long-term efficacy of
the PLAATO was described by Ussia et al., who reported no embolic
events at a mean follow up of 40±10 months.56

2. The Amplatzer device was initially developed for atrial septal
defect closure. The amplatzer system was not evaluated further for
LAA closure because a new system (the Amplatzer Cardiac Plug)
specifically designed for occlusion of the LAA was subsequently
introduced. The device is constructed from a nitinol mesh and
Dacron, and consists of a lobe and a disk connected by a central waist. 
There are 12 stabilizing wires equally spaced about the main disc.
The lobe is designed to conform to the inner wall of the LAA with a
depth of 10 mm or more, and provides secure device placement and
retention with the stabilizing wires. The size of the device should be
at least 2 mm larger than the LAA landing zone diameter.

The WATCHMAN device consists of a nitinol frame that is coated 
with a permeable polytetrafluoroethylene membrane. This frame self-
expands when deployed within the LAA, but unlike the PLAATO
device, it remains permeable to blood, so once endothelialized the
device will eliminate thrombus formation. Until that time, about 45
days following the procedure, the risk of thrombus formation and
dislodgement remains and conventional prophylaxis is required.  The
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diameter of 40 mm, which is believed to accommodate LAA sizes in 
about 90 % of patients. Thus, in patients with larger LAA diameters, 
successful ligation of the LAA may not be possible.

Indications of Percutaneous LAA Occlusion
1. Hemorrhagic complications of OAC therapy remain a significant 

clinical problem, especially in the elderly.65 The high mortality of 
warfarin-associated Intracerebral Hemorrhage (ICH) (50% vs. 10% 
for ischemic stroke) strongly impacts the life expectancy of AF 
patients taking OAC. Usually, OAC is reversed immediately after 
ICH, but the decision to resume OAC after an ICH is complicated 
and may depend on the location of the hemorrhage and additional 
risk factors. So in patients with previous ICH, percutaneous LAA 
occlusion may be considered as an alternative to the use of novel 
anticoagulants. 

2. Recurrent GI bleeding: Gastro-intestinal (GI) bleeding is the
most common type of extracranial bleeding in AF patients receiving 
either warfarin or novel OAC drugs.43 In the setting of intestinal 
angiodysplasia, overanticoagulation is an independent risk factor for 
recurrent bleeding (odds ratio: 4.1).66 As a result, initiation of OAC in 
patients with an increased risk for GI bleeding or continuation after 
OAC-associated GI bleeding with well-controlled anticoagulation is 
questionable.

3. Recurrent ischemic stroke despite well-controlled therapeutic
OAC: Percutaneous LAA occlusion may be considered after 
exclusion of other sources of embolism.

4. Coagulopathies: Low platelet counts, myelodysplastic syndrome.
5.Co-morbidities: Uncontrolled hypertension, cerebral

microbleeds, cerebral amyloid angiopathy.
6. Intolerance to new OA drugs:  GI intolerance, severe liver and

kidney dysfunction, and vitamin K antagonists are the first signs to 
consider.

Conclusions:
The traditional risk factors for AF do not explain all cases of 

AF. Present risk stratification tools for AF are an important step 
forward. However, future research is needed to determine the extent 
to which novel risk factors are associated with AF. There is some 
evidence that AF may be associated with cognitive decline and 
dementia, but this link should be supported by more powerful, long-
term longitudinal studies. AF carries a significant risk of cerebral 
embolism; therefore, anticoagulation plays a vital role in mitigating 
this risk. Although oral anticoagulation with warfarin remains the 
standard of care and is effective, it is limited by adverse effects like 
major and minor bleeding and difficulties achieving an adequate 
therapeutic level of anticoagulation. However, clinicians can now 
turn to newer options that have been well-studied for their safety 
and efficacy in recent clinical trials. For example, FDA-approved 
alternative anticoagulants, which act by direct thrombin and factor 
Xa inhibition, have demonstrated comparable results to warfarin. 
Literature in recent years has shown atrial fibrillation is often 
initiated by ectopic foci in the pulmonary veins. Accordingly, there 
have been an increased number of catheter-based and minimally 
invasive surgical approaches to isolate the pulmonary vein “triggers” 
and ablate foci in the left atrium responsible for AF. Percutaneous 
LAA occlusion offers an alternative for physicians who are facing a 
complicated risk–benefit analysis in deciding if AF patients should 
receive OA who are at risk for both stroke and bleeding. Increasing 

ligation technique using the LARIAT snare device (SentreHEART 
Inc., Palo Alto, CA, USA).62 This technique involves a combined 
endocardial and percutaneous subxiphoid epicardial magnet-tipped 
wire-guided approach to ‘snare’ and ligate the LAA at its ostium.  In 
the initial report, 10 of the 11 patients successfully underwent acute 
LAA ligation using this novel approach (nine with percutaneous 
epicardial access and two with simultaneous open surgical MV 
replacement).62 

Follow-up data was available in six patients at 60 days, of whom 
four continued to demonstrate successful and complete LAA closure. 
Two patients had reopening of the ostial closure up to 2 mm. No 
data are presently available regarding whether small gaps in the ostial 
LAA closure are clinically relevant to long-term risk of stroke.  A 
potential advantage of this strategy is the lack of need for OAC 
immediately following the procedure. 

The Atriclip is one such clip that was recently evaluated with regard 
to safety and effectiveness. The Atriclip was approved by the FDA to 
be applied epicardially via a median sternotomy approach at the time 
of mitral valve or bypass surgery. However, surgeons have begun to use 
the clip off label via thoracoscopic port access procedures. The LAA 
Atriclip system consists of a titanium core frame with nitinol springs 
on each end and is covered with a polyester fabric sleeve. The device is 
currently available in a number of sizes to account for the variability 
in LAA size. When closed, the clip applies uniform pressure over 
the length of the two parallel branches to ensure consistent, secure 
occlusion of the LAA. This device can be easily deployed during 
other cardiac procedures that are being performed through a 
sternotomy. In fact, The ACC and AHA have recommended that 
LAA ligation be performed during the course of valvular surgery. The 
Atriclip provides an effective option to achieve this goal. Out of 61 
patients that underwent CT imaging follow-up at 6 months,60 (98%) 
were confirmed to have absence of LAA thrombus, clip stability, 
and successful LAA closure.63 Another clinical study of 34 patients 
utilizing a LAA clip showed that none of the patient mortalities were 
linked to use of the surgical device.64 

Benefits of Epicardial Devices
1. Unlike intracardiac implants that require anticoagulation to

protect against thrombus formation while endothelialization occurs, 
the LARIAT snare device and Atriclip can offer immediate LAA 
closure without implantation of a foreign object inside the LA. 

2. In addition, it may also overcome the potential complications
related to implantable devices such as cardiac perforation, erosion, 
and device migration and embolization. 

Risks of Epicardial Devices
1. The main procedural limitation of this approach is the

requirement to obtain epicardial access in all patients – a technique 
that is not familiar to many operators, and one that is often not 
possible in patients with a prior history of cardiac surgery and those 
with pericardial adhesions. There are also anatomical considerations 
with respect to successful ligation of the LAA using the LARIAT 
snare device or Atriclip. 

2. Also, in patients with superiorly orientated LAA lobes or
posteriorly rotated hearts, there is a chance that the entire LAA 
may not be completely captured by the snare, once again leading to 
incomplete LAA closures. 

3. The LARIAT snare loop is able to expand to a maximum
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Abstract
The incidence of stroke in patients with atrial fibrillation or flutter (AF) is well known and depends on the presence of risk factors.The 

incidence of AF in patients who have a stroke and its relationship to risk factors is not as clear, however, because many stroke  patients may 
have occult  intermittent  AF that is not present at the time of stroke and is not diagnosed.To better assess the incidence of AF, we studied 
the clinical records and all the 12 lead ECGs in a 14 year medical center data base of 985 patients admitted with ischemic stroke over a 
3 year, period and correlated the incidence of AF with the presence of the stroke risk factors.Of the stroke patients with congestive heart 
failure  61.9% had AF (95%CL 54.4, 68.9), with age >/=75 years  45.2% had AF(CL  41.0,49.4), with coronary artery disease  42.9% had 
AF (CL 36.8,49.2), with diabetes 39.2% had AF (CL 32.8,46.1) and with hypertension 33.7 % had AF(CL 30.5,37.1) , all significantly higher 
than without these risk factors.  Patients with  > 1 risk factor or with echo abnormalities, especially left atrial enlargement, had an even 
higher incidence of AF.These findings suggest that AF may be a very common mechanism whereby the stroke risk factors cause stroke.   
Stroke patients in normal sinus rhythm with these risk factors should be monitored for AF so they can receive anticoagulation to prevent a 
subsequent  stroke if AF is diagnosed.

Introduction
Many studies have confirmed that atrial fibrillation or flutter (AF) 

can cause ischemic stroke.1-8 The incidence of stroke in patients with 
AF varies from  2 to 10.5% per year depending on the presence of 
risk factors.2,4-6 The incidence of AF in patients who have ischemic 
strokes, however, is not as clear primarily because patients with 
intermittent AF have the same risk for stroke as those with persistent 
AF and stroke patients with intermittent AF may be in normal sinus 
rhythm when they present with their stroke.6,9-12 Many patients 
with cryptogenic stroke have been found to have intermittent  AF; 
the incidence of AF largely related to the length of time they were 
monitored post stroke.10-15 Monitoring every stroke patient for 
prolonged periods is not practical.   The diagnosis of AF in a patient 
with an ischemic stroke is important because  anticoagulation of 
these patients can greatly decrease the high incidence (over 10%/
year)5 of a subsequent stroke.1-4,8 To determine if the incidence of AF 
in stroke patients is related to the presence of the stroke risk factors, 

and to determine if we could identify stroke patients who would 
most likely have had AF on long term monitoring, we retrospectively 
reviewed the clinical records and all the ECGs in a 14 year data base 
of ischemic stroke patients admitted to a 900 bed medical center over 
a 3 year period.

Methods
The clinical records of all patients discharged from a 900 bed 

teaching/research medical center with a diagnosis of ischemic 
stroke (codes 434.00, 434.01, 434.11, 434.91) from January 1, 2005 
to December 31, 2007 were reviewed.  Patients with a mitral valve 
prosthesis or mitral stenosis were excluded.  The diagnosis of clinical 
congestive heart failure (CHF), hypertension, diabetes, and coronary 
artery disease (CAD) (history of myocardial infarction, angioplasty, 
coronary artery bypass grafting) along with age and sex were tabulated.   
All 12 lead ECGs in the institutional data base from 1993 through 
December 2007 for each patient were printed out and reviewed 
(approximately 6000 ECGs).The presence of atrial fibrillation or 
flutter recorded on any  ECG  in the data base taken during  the 
admission for  stroke or on  any emergency room  visit,  clinic visit 
or another admission before or after the admission for stroke, was 
determined. The available echocardiogram reports were reviewed 
and the presence of left atrial enlargement (LAE) (dimension >/=4.0 
cm),  left  ventricular (LV) enlargement  (LV end diastolic dimension 
>/=5.6 cm),  and abnormal ejection fraction (<50%) were tabulated.
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present in 168 patients, 61.9% had AF (95% confidence limits (CL 
) 54.37, 68.91 %);  Odds ratio (OR) compared to patients without  
CHF 4.88, p<.0001; 527 were 75 years or older, 45.2% had AF (CL 
40.96,49.43%), OR 4.56 p<.0001.   CAD was present in 240 patients,  
42.9% had AF (CL 36.81, 49.24%), OR  1.98 p<.0001; 204 patients 
had diabetes, 39.2% had AF (CL 32.77, 46.06), OR 1.56, p=.0067.   
Hypertension was present in 784 patients, 33.7% had AF (CL 30.45, 
37.06), OR 1.81, p=.0014.(Fig.1)   Adding any of the other clinical 
risk factors to age>/=75 (Fig.2) significantly raised the incidence of 
AF;CHF to 67.7% AF,  hypertension to 47.4% AF, CAD to 52.9% 
AF, diabetes to 51.7%.  In stroke patients with hypertension adding 
CAD increased AF incidence to 43.4%, adding CHF increased 
AF incidence to 62.5% and adding advanced age, to 47.4% (Fig 3).   
Adding diabetes to hypertension did not.   Adding advanced age to 
CHF increased the incidence of AF to 67.7% (Fig4).   Adding the 
other clinical risk factors to CHF did not significantly increase the 
% of  AF.

Echocardiographic diagnoses were available in 937 patients. 
(Fig 5) Left atrial enlargement was present in 527 patients, 47.3% 
had AF, significantly greater than 11.7% AF among those without 

Statistics: The association between two groups of categorical 
variables were reviewed by 2X2 contingency tables and analyzed 
by Fishers  exact test, with two sided p values <0.05  considered 
statistically significant;  95% confidence limits (CL) of individual 
proportions were determined  (modified Wald method) (GraphPad 
Software Inc.)The incidence of atrial fibrillation or flutter  (AF) 
in these ischemic stroke patients with and without one or more of 
the risk factors were compared and the Odds Ratio (OR) (1993-
2013 MedCalc Software bvba) was determined.  The stroke patients 
with clinical CHF were divided into those with heart failure with 
reduced ejection fraction (<50%), and those with preserved ejection 
fraction>/= 50%) and the incidence of AF  was compared.

Results
 Ischemic  stroke was diagnosed in 985 patients.  (Fig.1) CHF was 

Table 1: Total Stroke Population: Incidence of AF in Patients With and 
Without  Stroke Risk Factors

GROUP Total Pts Pts With AF Percent AF

Total Pts 985 308 31.27% (95% CL 28.45, 34.23%)

Men 475 141 29.68     p=.3033

Women 510 167 32.75

>/=75 527 238 45.16 (95%CL 40.96, 49.43%, O.R. 4.56)     
p<.0001

<75 458 70 15.28

CHF 168 104 61.90  (95% CL 54.37, 68.91%, O.R. 4.88)    
p<.0001

No CHF 617 204 24.97

Hypertension 784 264 33.67  (CL 30.45, 37.06%, O.R.1.81)     
p=.0014

No Hypertension 201 44 21.89

CAD 240 103 42.92  (CL 36.81, 49.24%, O.R. 1.98)    
p<.0001

No CAD 745 205 27.52

Diabetes 204 80 39.22  (CL 32.77, 46.06%, OR 1.56)     
p=.0067

No Diabetes 781 228 29.19

Table 2: Influence of other Risk Factors on  Incidence of AF in Stroke 
Patients >/= 75 Years Old

GROUP AF Pts/Tot Pts Percent AF

>/= 75 + CHF 88/130 67.69%    p<.0001

>/=75 no CHF 150/397 37.78

>/=75 + Hi BP 209/441 47.39       p=.0241

>/=75 Nl BP 29/86 33.72

>/=75 + CAD 79/150 52.92       p=.0329

>/=75 no CAD 159/377 42.17

>/=75 + DM 61/118 51.69       p=.0119

>/=75 no DM 181/409 44.25

>/=75 +LAE 190/323 58.82        p<.0001

>/=75 Nl LA 35/172 20.35

AF-atrial fibrillation or flutter,   CHF-clinical congestive heart failure,  CAD-coronary artery disease,  
Pts-patients As in table 1 and  DM-diabetes,  Hi BP-hypertension,  LAE-left atrial enlargement,  Nl- normal 
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Figure 1:
Total Stroke Population: Incidence of AF (%) with and without the 
stroke risk factors.  The presence of each of the risk factors was 
associated with a significant increase in the incidence of AF
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Abbreviations: Abbreviations as on previous figures and LA-left atrium,  *-P<.05

Figure 2:

Stroke Patients with Advanced Age: Incidence of AF in patients 
>/=75 years who also have an additional risk factor. The presence 
of any of the other risk factors significantly increased he incidence 
of AF
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recorded months to years before or after the stroke and some patients 
had numerous recordings of AF with long periods between them.    
In the 10 patients with no available ECG on the day of admission, 2 
had AF before,  6  had  AF after and 2 had AF both before and after 
the stroke admission; 22 patients  with sinus rhythm on admission 
had a clinical history of AF when admitted for stroke but no ECG 
with AF was found in the data base. Thus 96 patients with no AF 
recorded on the day of admission were found to have AF using the 
long term hospital data base.

In these patients with AF, we found a high incidence of the stroke 
risk factors in both the patients who had AF on presentation to the 
hospital and those who were in sinus rhythm  on admission but 
had AF found  in the data base.   The incidence of diabetes and 
coronary artery disease were similar in the 2 groups but the incidence 

LAE (p<.0001). The presence of LAE raised the incidence of AF 
to 48.8% in patients with hypertension, to 58.8% among the elderly 
and to 70.9% among those with CHF. In the total population of 
stroke patients,  among those with ejection fraction (EF) less than 
50%,  49.0% had AF, compared to 28.3% with EF>/= 50% (p<.0001).   
However among those with clinical CHF, the incidence of AF was 
the same regardless of the ejection fraction. The presence of LV 
enlargement did not affect the incidence of AF.

Of the 308 patients with AF, 190 had AF recorded on the day 
of admission for stroke, 108 had only sinus rhythm recorded on 
the admission day and 10 patients had ECGs recorded before and 
after the stroke admission day but no ECG recorded on the day 
of admission available in the data base. In the patients with sinus 
rhythm on the stroke admission day,  40 had an ECG showing  AF 
prior to the stroke admission, 37 had an ECG with AF after the 
stroke admission and 9 had AF on ECGs recorded  both before and 
after the stroke admission day   The ECGs with AF were frequently 

Table 3: Influence of Other Risk Factors on  % AF in Patients with 
Hypertension

GROUP AF Pts/Tot Pts Percent AF

Hi BP >/=75 209/441 47.39%     p<.0001

Hi BP< 75 y.o. 55/343 16.03

Hi BP+CHF 95/152 62.50       p<.0001

Hi BP No CHF 162/632 26.74

Hi BP +CAD 85/196 43.37      p=.0012

Hi BP No CAD 179/588 30.44

Hi BP + DM 72/214 33.64       p=.9328

Hi BP no DM 198/577 34.32

Hi BP +LAE 205/420 48.81        p<.0001

Hi BP no LAE 36/317 11.36

Table 4: On Incidence of AF in Stroke Patients with CHF

GROUP AF Pts/Tot Pts Percent AF

CHF >/=75 y.o. 88/130 67.7%     p=.0073

CHF <75 y.o. 16/38 42.1

CHF + Hi BP 93/152 62.5         p=.7878

CHF NL BP 9/16 56.3

CHF + CAD 41/72 58.9        p=.2659

CHF no CAD 63/96 65.6

CHF + DM 27/51 52.9        p=.1238

CHF no DM 77/117 65.8

CHF + LAE 90/127 70.9         p=.0033

CHF no LAE 13/30 43.3

CHF + EF<50% 42/65 64.6         p=.7383

CHF Nl EF 56/92 60.9

As in tables 1 and2 and y.o.-years old As in previous tables and EF-ejection fraction
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Figure 3:

Stroke Patients with Hypertension:  Incidence of AF in hypertensive 
stroke patients with and without an additional risk factor.   The 
presence of advance age, coronary artery disease, congestive 
heart failure or left atrial enlargement significantly raised the 
incidence of AF in these stroke patients.   The presence or absence 
of diabetes did not affect the incidence of AF in patients with 
hypertension

0
10
20
30
40
50
60
70
80

CHF With RF

CHF Without RF

Abbreviations: Abbreviations as on previous figures and  Ej Fraction-ejection fraction

Figure 4:

Stroke Patients with CHF: Incidence of AF in patients with CHF 
who also have  one of  the other risk factors.   Except for age and 
left atrial enlargement the presence or absence of the other risk 
factors in addition to clinical CHF had no significant influence on 
the incidence of AF.  Stroke patients with clinical congestive heart 
failure with preserved systolic function had the same incidence 
of AF as did those with decreased systolic function  (ejection 
fraction<50%)
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of CHF, hypertension,  advanced  age and left atrial enlargement 
were significantly higher in the patients with AF present on a stroke 
admission ECG.

Discussion
Since the report of the Framingham study in 1978,16 nonvalvular  

AF has been implicated as a risk factor for strokes.  Many studies1-6 

have confirmed this relationship and have demonstrated that 
anticoagulation will significantly decrease the incidence of ischemic 
stroke in patients with AF. Prospective studies in patients with AF 
have identified risk factors associated with AF that increase the 
likelihood of stroke and that are associated with an increase in the 
prophylactic benefit of anticoagulation.These studies have led to 
the development of various schema for determining which patients 
with non-valvular  AF will benefit from anticoagulation.2,5,6 A major 
problem in determining the actual importance of AF in stroke, 
however, has been the fact that intermittent   AF carries the same 
risk of stroke as persistent or permanent  AF.9-12,15 This has raised 
the possibility that occult intermittent asymptomatic AF that is not 
present on admission to the hospital in many stroke patients may be 
playing a major role in the occurrence of stroke and that AF is under- 

diagnosed.11 Identification of stroke patients in whom AF may have 
played a role is important because patients with AF who have had a 
stroke are at high risk for a recurrent stroke (greater  than 10% per 
year ),5 and will benefit from anticoagulation.4,8

The purpose of this study was to correlate the incidence of AF in 
patients with ischemic stroke with the presence of stroke risk factors 
using the 14 year database of an active medical center.  This data base 
enabled the retrieval of all of the 12 lead ECGs of patients diagnosed 
with an ischemic stroke recorded during any interface with the 
hospital, either in the ER,  in a clinic or during any admission to the 
hospital over a long time period before and up to a few years after 
the stroke admission and made missing intermittent  AF less likely.

We found that stroke patients with the stroke risk factors had a 
high incidence of  AF ranging from 62% in stroke patients with 
CHF,  45% in patients >/= 75 years old,  43% in patients with CAD,  
39% in patients with diabetes and 34% in patients with hypertension.   
Patients with more than one risk factor and/or with left atrial 
enlargement on echocardiography increased the incidence of AF,  
approaching  or exceeding 50%.

Other methods have been utilized to demonstrate the presence 
of intermittent  AF in patients who have had an ischemic stroke.      
The most common has been to prospectively monitor patients with 
cryptogenic stroke, i.e. no history of AF or other diagnosed cause of 
stroke, for  varying periods of time.11,12,14,15 The incidence of finding  
AF has varied directly with the length of time that monitoring 
occurred.  The highest incidence of AF (28%) in cryptogenic stroke 
patients was found by Ziegler et al15 in patients with implanted 
pacemakers or defibrillators that have an intrinsic monitoring 
capability that were followed for 1.1+/-0.7 years.Most of the other 
prospective monitoring studies have been disappointing with a low 
yield of newly diagnosed  intermittent  AF because there may be 
long intervals between episodes of intermittent AF and monitoring 
probably had not been continued for  long enough.    More selective 
choice of stroke patients to be monitored, i.e. those with the stroke 
risk factors (using the CHADS2 criteria “backwards”) (17,18) 
would probably have increased the yield.  We recently reported a 
retrospective study of 128 stroke patients who had implanted devices 
using both the clinical history of  AF and the presence of  AF in 
the ECG data base ( 17 years).19 We found that 71.1% of the stroke 
patients had findings of AF.

In a study of patients with no history of atrial fibrillation or of 
stroke who had pacemakers or defibrillators implanted, Healey et 
al.20 found that the presence of  transient subclinical episodes of atrial 
tachyarrhythmia (>190/min, lasting >6 minutes) i.e., intermittent  AF, 
recorded during a 3 month period following implantation predicted 
the occurrence  of a stroke or other  thromboembolic event during a 
followup  period of 2.5 years,  with 4.2%,  1.69%/year, having events, 
significantly greater than the 1.7%,  0.69%/year  among the patients 
who did not have atrial tachyarrhythmias during the first 3 months 
(p=.007).

Our studies support those previously reported and have 
demonstrated that the stroke risk factors influence the occurrence 
of  AF in these patients  with ischemic stroke. The  availability of 
ECGs taken over a long period of time have enabled us to diagnose 
intermittent AF in more stroke patients  and to document  the 
importance of AF as a very common factor in the etiology of 
ischemic stroke. Moreover, because we did not  only study patients 

Table 5: Incidence of AF in Stroke Patients With and Without Echo 
Abnormalities

GROUP Total Pts Pts With AF Percent AF

Echo Abn 554 254/554 45.85%    p<.0001

Nl  Echo 383 43/383 11.23

L A>/=4.0 527 249/527 47.25       p<.0001

LA<4.0 410 48/410 11.71

EF<50% 153 75/153 49.02      p<.0001

EF>/=50% 784 222/784 28.32

LV>/=5.6 104 39/104 37.50      p=.1813

LV<5.6 833 258/833 30.97

As in previous tables and Abn-abnormalities,  LA-left atrium,  LV-left ventricle
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Figure 5:

Total Stroke Population: Incidence of AF (%) with and without echo 
abnormalities.  The presence of any echo abnormality or of left 
atrial enlargement or decreased ejection fraction significantly 
increased the incidence of AF.  Left ventricular enlargement alone 
did not significantly affect the incidence of AF
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with implanted  pacemakers or AICDs, but studied routine stroke 
patients, the fact that patients with devices do not have normal hearts 
and the presence of a device that itself might induce AF,  does not 
compromise the extrapolation of our findings to the usual stroke 
population.

The limitations of the current study are that it was retrospective 
and depended on the fortuitous recording of an ECG when the 
patient had AF.  We also did not assess the incidence of AF in 
patients with similar risk factor demographics who did not have a 
stroke. The finding of AF was largely serendipitous and depended 
to a great extent on how often ECGs  were recorded.   Elderly 
patients and patients with CHF or CAD would be expected to have 
interface with the hospital more often with more ER visits and more 
admissions and hence the likelihood of recording intermittent AF 
would be greater.   However, this error would suggest that the true 
incidence of AF in these stroke patients is higher than reported here. 
Future prospective studies should include using the presence of risk 
factors to determine which patients with cryptogenic stroke should 
be monitored for a long period of time.

Conclusions:
Because intermittent atrial fibrillation or flutter can play a role in 

ischemic stroke and is frequently not diagnosed, we have reviewed 
the clinical data and all the 12 lead ECGs in a 14 year institutional 
data base of 985 patients who had an ischemic stroke during a 3 
year period and correlated the incidence of AF with the presence 
of the clinical stroke risk factors and  with echocardiographic 
findings.We found a high incidence of AF in stroke patients with 
heart failure (62%), with advanced age (45%), with coronary disease 
(43%),  with diabetes  (39%), with hypertension (34%) or with left 
atrial enlargement (47%).Patients with 2 of these risk factors had a 
higher incidence of AF, approaching or exceeding  50%.   We have 
also documented the value of using  the longterm  ECG data base  
available in many medical centers to diagnose intermittent AF in 
ischemic stroke patients.

Our studies suggest that  AF is commonly found in patients 
with ischemic stroke who have the clinical risk factors for stroke 
and AF may be the common mechanism whereby the stroke risk 
factors, which are also risk factors for AF, cause stroke.  The presence 
of more than one of these risk factors or the addition of left atrial 
enlargement  justifies longterm monitoring to diagnose AF in patients 
with ischemic stroke who are in sinus rhythm.   In the future when 
longterm  monitoring to diagnose intermittent  AF becomes more 
easily available, monitoring patients with multiple stroke risk factors 
who have not yet had a stroke might conceivably be performed so 
anticoagulation can be considered to prevent a first stroke. 
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Abstract
Typical atrial flutter (AFL) or type I AFL is the most common type of macroreentrant atrial tachycardia. Its prevalence increases with age 

and is more common in men. Ablation of the cavo-tricuspid isthmus (CTI), a critical part of the circuit, is safe and highly effective. Despite the 
long-term efficacy of this therapy, a significant proportion of patients undergoing CTI ablation will develop atrial fibrillation (AF) during the 
follow-up and identifying them can have an important impact on their management. PV isolation and typical flutter ablation during the same 
procedure may be an effective treatment strategy for patients with clinical documentation of both arrhythmias.

Introduction
Typical or common atrial flutter (AFL) is the most common type 

of macroreentrant atrial tachycardia. Its prevalence increases with age 
and is 2.5 times more common in men.1 Typical AFL results from re-
entrant activation in the right atrium (RA) around the tricuspid valve 
annulus and catheter ablation of the cavo-tricuspid isthmus (CVI) – 
a critical part of the circuit - is a well-established first-line therapy.2-8 
This intervention is safe and highly effective with single procedure 
efficacy evaluated to be near 95%.9, 10

Despite the long-term efficacy of this therapy, a significant 
proportion of patients4,11-13 will develop atrial fibrillation (AF) during 
the follow-up. Identifying the patients at risk to develop AF after 
typical AFL catheter ablation is important, because it will influence 
their subsequent medical management (e.g. pursuing anticoagulation 
and/or antiarrhythmics) and they can be informed of the risk of 
recurrent symptoms and related prognostic implications.

The aim of this report is to review the inter-relationship between 
typical AFL and AF; the clinical predictors associated with occurence 
of AF after typical AFL ablation and finally, outline an approach to 

management of these patients.

The Inter-Relationships of  Typical AFL and AF
Typical AFL and AF are both atrial arrhythmias and they 

frequently coexist in the same patient. Despite the substrate of AF 
and typical AFL being different in terms of location [(AFL – right 
atrium (RA) / AF – left atrium (LA)], some observations suggest 
a mechanistic interaction between them, especially during the 
initiation of arrhythmia.

Experimental studies in the sterile pericarditis model demonstrated 
that typical AFL starts preferentially with brief episodes of AF.14 
This was also recognized in humans after open heart surgery15 or in 
patients when AFL was induced in the electrophysiology laboratory.16 

In experimental studies, the conversion from AF to typical AFL 
occurred when a functional line of block was created in the RA free 
wall, between the two vena cava, along the crista terminalis.17, 18 The 
length and location of this line of block, with the presence of areas of 
slow conduction in the RA, was the key to convert AF to sustained 
typical AFL. 

This conversion was analyzed in patients referred for typical 
AFL ablation19. Despite the absence of LA endocardial activation 
recordings, a characteristic sequence of events was observed in the 
RA just before the conversion. An organized activation or ̈ organized 
AF¨ along the trabeculated RA was observed, which was preceded 
and followed by an electrical silent period, a necessary event for 
conversion to typical AFL. This sequence of activation could be 
favoured in patients with remodeled RA with pre-existing but 
incomplete (anisotropic or structural scar-related) intercaval zone of 
block.

Therefore, one hypothetical scenario may be that short episodes 
of AF - initiated by rapid firing ectopic foci predominantly of LA 
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subsequent AF during a follow-up of nearly 4 years. The persistent 
risk of AF, even in those patients without the clinical predictors, 
suggests a potentially important role of AF as a trigger rather than a 
consequence of typical AFL.

In other words, occurence of AF after typical AFL ablation 
is relatively common and depends mostly on the duration and 
intensity of the follow-up. The time of appearance of AF seems to 
be determined by the presence of underlying electrophysiological 
and structural substrate in the atria. Patients with a prior history of 
AF and/or structural heart disease (e.g. LA dilatation, left ventricular 
dysfunction) will be at risk to develop AF after CTI ablation more 
earlier than patients with lone AFL, reflecting only a more advanced 
electrical LA disease in the former patients. 

In our center, we retrospectively analyzed patients who had AF 
ablation therapy between 2002-2011. From a total of 762 patients 
(68% paroxysmal AF, 32% persistent AF) 7% (51/762) had a previous 
CTI ablation. Of these 51 patients (35 paroxysmal AF, 16 persistent 
AF), 65% (33/51) had a prior AF history before developing typical 
AFL, 31% (16/51) had a left ventricular dysfunction at the time of 
intervention. Despite the limitations associated with this retrospective 
analysis, our findings confirm that two-thirds of patients, who 
develop subsequent AF after CTI ablation, had a prior history of AF.

Clinical and therapeutical implications
It is well accepted that ablation of typical AFL is recommended as 

part of an AF ablation therapy, if documented prior to the intervention 
or occurring during AF ablation.23, 24 Conversely, in patients without 
any prior or induced typical AFL, prophylactic CTI ablation does 
not provide clinical benefit in terms of AFL incidence25 and could 
potentially result in procedure-related complications.

In patients presenting primarily with typical AFL, with or without 

origin20- create a functional complete intercaval zone of block in 
patients with a RA substrate - and a period of LA quiescence or 
slowing favours the occurence of AFL (see figure 1).

Predictors of AF after Ablation of Typical AFLs
 As mentioned earlier, a significant proportion of patients, 

with successfully ablated typical AFL, will develop subsequent 
AF. Identifying these patients can have important therapeutical 
implications, especially in terms of anticoagulation therapy.

There are different clinical predictors associated with the occurence 
of AF:

• Prior	history	of	AF	(most	significant	predictor)
• Presence	of	structural	heart	disease,	especially	LA	dilatation

and/or left ventricular dysfunction11 
• Sustained	AF	inducibility	after	AFL	ablation4, 21

Patients with prior history of AF and/or structural heart disease
or those developing typical AFL under Ic antiarrhythmics,12 are 
at the greatest risk to develop subsequent AF. In a meta-analysis 
performed by Péres et al.,22 52.5% patients with prior history of AF 
and 47.7% patients with AFL under Ic antiarrhythmics developped 
AF during an average follow-up of 15 months. Since CTI ablation 
may prevent only the conversion from AF to AFL and has no effect 
to the underlying tendency toward fibrillation (PV triggers or LA 
substrate), it is not surprising that all these patients may develop AF 
despite successful CTI ablation.

More importantly, even in the subgroup of patient without prior 
history of AF, the incidence of subsequent AF remains high when the 
follow-up was long enough; in the meta-analysis cited earlier22 the 
occurence of AF continues to rise until reaching the same incidence 
rate after 5 years of follow-up than patients with prior history of 
AF. Ellis K. et al10 observed also in this subgroup of patient, 82% of 

Figure 1:

12-leads ECG from a 77 year-old male with palpitations and without structural heart disease, showing the spontaneous onset of typical atrial 
flutter. Left : sinus rhythm interrupted by two atrial premature beats (white arrows), one conducted and one blocked. Middle: rapidly firing 
ectopic foci (white star) arising from the left superior pulmonary vein, inducing a short transitional rhythm corresponding to atrial fibrillation. 
Right: onset of typical couterclockwise atrial flutter (white arrowhead)
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AF, CTI ablation with the endpoint of a bidirectional block by 
differential pacing26 must be performed. In the subgroup with 
sustained typical AFL induced by rapid firing ectopic beats (figure 
1) ablation of the firing sites combined with CTI block may be
necessary, both for symptom alleviation and for the prevention of AF
development. 

In the subset of patient with AF developing typical AFL under Ic 
AAD, it was recently demonstrated that an hybrid therapy (ablation 
of CTI followed by administration of AAD) was not effective as a 
long-term therapy, with 90% of patients presenting AF recurrence 
during a follow-up of 5 years.27 These patients can be initially 
managed with AAD but they must be informed that pulmonary vein 
isolation (PVI) would be necessary for a better long-term rhythm 
control.

Because AFL and AF are two inter-related arrhythmia and the 
majority of patients who get a CTI ablation will develop AF.  In 
patients with coexistence of AF and AFL, PVI combined with CTI 
ablation should be performed as a first-line therapy. This strategy was 
recently demonstrated to be beneficial in terms of AF recurrence 
and quality of life.28 In our center as well, PVI and typical flutter 
ablation are performed during the same procedure in case of clinical 
documentation of symptomatic AF and typical flutter. 

In terms of surveillance, all CTI ablated patients are advised to 
perform an arrhythmia follow-up with Holter monitoring at 1 and 3 
months followed by 3 to 6 monthly visits to their referring physicians. 
For patients with lone typical AFL who have no recurrence of 
arrhythmia, anticoagulation therapy is usually stopped at 3 months. 

After CTI ablation, all the patients must be advised of the possibility 
of recurrent palpitations and require close follow-up. There is no clear 
strategy concerning the surveillance and the medical management of 
patients after typical AFL ablation. Continuation of anticoagulation 
and/or AAD therapy should be chosen on a per patient basis, as 
well as the choice of performing PVI for those developing clinically 
significant AF.

Conclusions:
Despite the long-term efficacy of CTI ablation for typical 

AFL, a significant proportion of patients, especially those with 
prior history of AF and/or structural heart disease, will develop 
subsequent AF. These patients must be informed about the risk of 
developing palpitations and other arrhythmia. After successful CTI 
ablation, close outpatient follow-up with frequent ECG - Holter 
monitoring must be performed. For the moment on, the pursuit of 
antiocoagulation and/or antiarrhythmic therapy must be decided 
on an individual basis, as well as the requirement and timing of AF 
ablation. 
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Abstract
 Patients in atrial fibrillation may have left atrial thrombi or strokes despite adequate anticoagulation. It is important to consider elevated 

plasma total homocysteine (tHcy) as a treatable clotting factor that may explain such cases. Metabolic B12 deficiency is common even 
in patients with a “normal” serum B12. Measurement of holotranscobalamin, methylmalonic acid or, in folate-replete patients, tHcy are 
necessary to diagnose metabolic B12 deficiency when the serum B12 is below 400 pmol/L. Elevated tHcy quadruples the risk of stroke in 
atrial fibrillation, and is far more common than the usual clotting factors for which testing is commonly performed: among patients attending 
a secondary stroke prevention clinic, tHcy > 14 μmol/L is present in 20% at age 40, and in 40% at age 80. B vitamin therapy does reduce 
the risk of stroke; key issues are renal impairment and adequacy of vitamin B12. This intervention should be considered routinely in patients 
with AF.

Introduction
The recent case report by Florea et al.1 answers a question that 

has arisen from time to time in my secondary stroke prevention 
clinic, when a patient in atrial fibrillation (AF) who appears to be 
adequately anticoagulated has a recurrent stroke. It becomes necessary 
to reconsider the cause of stroke, because we tend to assume that 
anticoagulation is effective in preventing stroke in AF.

I have thought in the past that most of these cases were due to an 
unrecognized period of low INR, during which a thrombus formed, 
with insufficient time for the thrombus to dissolve when the INR 
rose again to the therapeutic range. However, I have also seen this 
problem in patients anticoagulated with the new oral anticoagulants 
(dabigatran, rivaroxaban, apixaban).

An issue that should be considered in such cases is whether the 
patient may have a high plasma level of total homocysteine (tHcy), 
which increases the formation of red thrombus in the setting of deep 
vein thrombosis, retinal vein thrombosis, cerebral vein thrombosis, 
and quadruples the risk of stroke in atrial fibrillation.2,3

In the era of folic acid fortification, the main nutritional cause of 
elevated tHcy is metabolic B12 deficiency. This condition is much more 

common than most physicians suppose, because it is usual to consider 
that a serum B12 in the “normal” range excludes B12 deficiency. 
However, measuring total serum B12 is not adequate to occlude B12 
deficiency, because only small and variable fraction of serum B12 is 
active (around 6-20%). Measurement of holotranscobalamin is more 
accurate for diagnosis of B12 deficiency,4,5 but this test is often not 
available. The specific diagnosis of metabolic B12 deficiency is made 
by measuring methylmalonic acid (MMA), but in folate-replete 
patients the tHcy can substitute for MMA. The serum B12 below 
which both MMA6 and tHcy7 begin to rise is 400 pmol/L, well 
within the usual “normal” range of serum B12 (~ 160-600 pmol/L).

Among my vascular patients, metabolic B12 deficiency is present in 
12% below age 50, 13% of those age 50-70, and 30% age >718. Among 
patients attending my vascular prevention clinics, the prevalence of 
tHcy > 14 rises from 20% at age 40 to 40% by age 809 (at which age 
AF is far more common). (Figure 1.) This means that elevated tHcy 
is far more common than the clotting factors for which testing is 
commonly carried out (protein C, protein S, Factor V Leiden etc. This 
is probably why in the subgroup analysis of the Vitamin Intervention 
in Stroke Prevention (VISP) trial10 from which participants who 
received B12 injections were excluded (along with patients in renal 
failure), high-dose vitamins significantly reduced stroke, death and 
myocardial infarction. B vitamins also reduced the risk of stroke in 
the HOPE-2 trial11 (the only one to use an adequate dose of B12 
for elderly patients), and in the SufolOM3 trial12.

It is now clear that vitamin therapy to reduce tHcy does reduce the 
risk of stroke.13-15 key reasons for the widespread belief that they did 
not are related to vitamin B12 dose and renal failure. Those issues have 
recently been reviewed.13,14 B vitamin therapy should not be called 
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“folate therapy”, and B vitamins that include cyanocobalamin are 
harmful in patients with renal failure (GFR<50). We should be using 
methylcobalamin instead of cyanocobalamin, and in patients with 
atrial fibrillation this intervention should be a routine consideration.
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To the Editor
We read with interest the article from Bitter et al.1 published in the 

last volume of JAFIB.

Introduction
This non-systematic review covers some of the most important 

physiopathological aspects of the link between sleep disordered 
breathing (SDB) and atrial fibrillation (AFib). We do agree with 
the authors on the role of hypertension, endothelial dysfunction 
and inflammation. These topics were, to our understanding and 
perspective, very well covered by the authors on this review.

However, despite that the authors mentioned atrial remodeling a 
couple of times during their review, we are not sure that this topic 
and specifically atrial electrical remodeling, was properly discussed 
and referenced.

The pathophysiology linking SDB to AF is multifactorial and 
may involve repetitive hypoxemia, increased sympathetic drive, 
fluctuations in intrathoracic pressure and systemic inflammation.2 
These physiologic changes may induce structural and electrical 
remodeling serving as a substrate to the development of AFib.

An indirect marker for such electrical remodeling is the 
prolongation of atrial conduction time, represented by increased 
maximum P-wave duration in the surface ECG. In a prior study, we 
showed that an increased P-wave duration has been associated with 
SDB.3Interatrial block (IAB), defined as a surface P-wave duration 
> 120 ms, was more prevalent in patients with moderate-severe
SDB (34.7% SDB vs. 0% controls, p <0.001). P-wave dispersion, a

measurement that was linked to development of new AFib, was also 
increased in patients with SDB (14.6±7.5 vs. 8.9±3.1, p<0.001). In 
linear regression, age and AHI (apnea/hypopnea index) > 25 were 
independent predictors of maximum P-wave duration (p=0.001 and 
p<0.001 respectively).3

Another non-invasive method to determine atrial electrical 
remodeling is the Signal-averaged P-wave (SAPW) duration. The 
SAPW duration represents the average of all P-wave durations in 
a given number of consecutive heartbeats. We recently postulated 
that SAPW would be useful to identify atrial electrical remodeling 
in patients with severe SDB and that treatment with C-PAP for 4-6 
weeks may induce reverse atrial electrical remodeling.4 The results of 
this study have shown that patients with severe SDB have a longer 
SAPW duration than controls (131.9 ± 10.4 vs 122.8 ± 10.5 ms; p = 
0.04) and that a significant reduction of the SAPW duration occurs 
after treatment with C-PAP (131.9 ± 10.4 to 126.2 ± 8.8 ms; p < 
0.001) (Figure 1).4

The shortening of SAPW duration and surface P-wave duration 
represents more rapid inter-atrial conduction and provides evidence 
for reverse atrial electrical remodeling. This may indicate an additional 
benefit of treating patients with C-PAP, as this evidence suggests 
that C-PAP may improve the anatomical and electrical substrate for 
AFib. Reverse atrial electrical remodeling is a concept in evolution, 
and several cardiovascular treatments may improve atrial dynamics.5 
It is of utmost importance, in the times of considering AFib ablation 
as first line therapy for recurrent AFib; to be familiarized with 
the impact of non-recognized/non-treated SDBs over the cardiac 
electrical system. Conventional treatment for SDB as C-PAP 
may also represent a benefit in terms of facilitating normal atrial 
conduction and reducing the risks associated with AFib.
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Figure 1:
Sample SAPW analyses for a SDB subject (upper panels) and a control subject (lower panels), at first (left) and second (right) recording. Note: 
x-axis = msec; dotted blue lines indicate duration; y-axis = μvolts. The area in red represents the average p wave of 100 beats. With permission, 
reference #4.
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Day-1 August 17yh, 2013
After the curtain raiser by the course director, Dr. James Daubert, 

Professor of Medicine at the Duke University delivered the 
opening presentation on CRT non-responders. He remarked that 
nearly 2/3rd of the patients responded to CRT and that the effects 
were quite dramatic. He explained that the response in therapy 
was due to remodeling of the heart. Dr. Daubert then stated that 
the reasons for lack of response to CRT were multifactorial. He 
suggested improving the biventricular pacing to nearly 100%, which 
requires frequent optimizations of the pacing intervals as ways to 
maximize cardiac output. Dr. Daubert also suggested other strategies 
to improve response to CRT such as, having two left ventricular 
leads, endocardial placement of left ventricular lead via trans-septal 

approach, assessing reverse modeling via ECHO at 6 months and 
optimizing the AV interval. 

Dr. John Day, Medical Director of the Intermountain Heart 
Rhythm Services then presented an interesting talk on the role of 
atrial fibrillation (AF) in causing dementia. He emphasized that 
many of the risk factors for dementia and AF were the same and 
AF doubled the risk for dementia. He also stressed on the potential 
role of chronic anticoagulation related microbleeds and how these 
microbleeds increased the progression of dementia. Besides, AF 
causes fluctuations in cerebral blood flow and significant systemic 
inflammation, thus contributing to the pathogenesis of dementia. Dr. 
Day then presented data to support that ablation of AF decreases the 
risk for stroke and dementia. He also reiterated the role of aggressive 
risk factor management such as treating hypertension; screening for 
sleep apnea as accessory steps in preserving cognitive function. 

Dr. Niraj Varma from the Cleveland Clinic was the next speaker. 
He spoke about the importance of maintaining electrical synchrony 
in order to preserve mechanical synchrony. He discussed the 

KANSAS CITY HEART RHYTHM SYMPOSIUM 2013

Course Director Dr. Dhanunjaya Lakkireddy 
starting the proceedings of the 5th KCHRS
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strategies to identify the 
optimal candidate for 
CRT placement and steps 
needed to ensure adequate 
response to CRT. He also 
discussed the role of CRT 
in AF and presented data 
from studies that have 
shown benefit of CRT in 
optimizing heart failure in 
patients with AF. He also 
stressed on the importance 
of avoiding right ventricular 
pacing as it may create a 
physiological left bundle 
branch block and therefore 
can worsen heart failure. 
Further, he discussed 
how CRT is beneficial in 
improving renal function in 
patients with heart failure 
and decreased glomerular 
filtration rate. 

Kansas City Heart Rhythm Symposium (KCHRS), the annual 
heart rhythm symposium of the Kansas City area returned back in 
its 5th year to a fantastic reception from the audiences who have been 
eagerly waiting for this event. Since its inception in 2009, this event 
has become a great success story and is becoming bigger and better 
with each passing year. This conference is a great platform that brings 
together experts in the field of electrophysiology to share their in-
novative work and experience with other health care providers in the 
Midwest area. Dr. Dhanunjaya Lakkireddy, Professor of Medicine at 
the University of Kansas Medical Center was the course director for 
this year’s KCHRS. We bring to you the highlights and presenta-
tions from the 5th KCHRS held on August 17-18, 2013 at Sheraton 
Kansas City Hotel, Crown Center Kansas City. 
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at the Rutgers Robert Wood Johnson Medical School. His talk 
was focused on antiarrhythmic drugs for rhythm control in AF. 
He highlighted the paucity of effective antiarrhythmic drugs in 
development. He then discussed the various existing anti-arrhythmics 
and how heart failure, coronary artery disease and diabetes adversely 
affected the outcomes in patients with AF. Further, Dr. Saksena, 
presented evidence showing that patients who were maintained 
in sinus rhythm >75% of the time on antiarrhythmic drugs have 
decreased cardiovascular hospitalizations. He also said that patients 
who are in sinus rhythm <75% of the time have poor outcomes. He 
concluded his talk by saying that the outcomes of antiarrhythmic 
drugs in current use of rhythm control in AF are a composite 
of benefit from effective rhythm control and potential adverse 
interactions with co-morbidities, either due to a progressive disease 
or specific interaction with AF subgroups. 

KCHRS presenter Dr. Samuel Asirvatham, Professor of Medicine 
at the Mayo Clinic presented on “MRI compatible pacemakers” 
He explained the effects of electromagnetic interaction with 
pacemakers and ICD’s, such as failure to deliver anti-bradycardia 
pacing, inappropriate delivery of anti-tachycardia therapy, resetting 
of programmed parameters and damage to the pulse generator and 
or myocardial interface. He described heating of the lead tips to be 
of major concern in patients undergoing MRI. Dr. Asirvatham then 
explained how the static, gradient magnetic field and the modulated 
radiofrequency field of the MRI interfered with the various functions 
of the pacemakers and ICD’s. He reinforced the characteristics of 
the MRI conditional devices and the contraindications to MRI such 
as abandoned or old leads and in new implants that are less than 6 
weeks old. 

 Following Dr. Asirvatham’s presentation was a talk by Dr. Abraham 
Kocheril, Director of Electrophysiology at Christie Clinic on the role 
of genetic testing in electrical and structural cardiomyopathies. He 
presented the data on hypertrophic cardiomyopathy and the various 
genes that have been linked to this condition. He stressed that the 
role of genetic testing in this condition was limited to identifying 
asymptomatic individuals at high risk, diagnosis, appropriate clinical 
management and predicting prognosis. Further, he discussed about 
the various genes affecting the long QT syndrome. Dr. Kocheril did 
not advocate mass screenings because the full set of genes causing 
these conditions are still largely unknown at this time and therefore 
a negative test does not rule out these conditions. 

 The next topic was “Understanding Lead and Cardiac Device 
Failure and Appropriate Management Strategies” and was 
presented by Dr. Madhu Reddy, Assistant Professor of Medicine 
at the University of Kansas Hospital. He discussed the trends in 
malfunction of the various leads and the increasing complexity of 
the current generation devices. Further, he emphasized the causes for 
lead failure, its various manifestations and the methods to identify 
lead failure. He stressed on the lead integrity algorithm in identifying 
lead failure. He also discussed the various risks and benefits of lead 
extraction and lead abandonment. He reiterated that lead failure was 
almost unavoidable and in these situations prompt and regular follow 
up was the best way forward. 

 With her presentation on understanding the bleeding and stroke 
risk in patients with AF, Dr. Anne Gillis, Professor of Medicine at 
the University of Calgary and former president of the Heart Rhythm 
Society started the post lunch session. She discussed the various 
stroke risk predictor scores for AF and the need for appropriate 

Dr. Albert Waldo was awarded with the Kansas University Pioneer 
in Cardiovascular Electrophysiology Award for his countless and 
distinguished contributions to the field of electrophysiology. Dr. 
Albert Waldo is Professor of Medicine at the Case Western Reserve 
University and was the keynote speaker for the 5th KCHRS. His 
talk was on the history of cardioversion. He summarized the work 
of various scientists leading up to the evolution of modern day 
cardioversion and defibrillation techniques. He especially emphasized 
the works of Dr. Bernard Lown and Dr. Naum Gurvich. Later in his 
talk, Dr. Waldo presented the works of Dr. Michel Mirowski and 
Dr. Morton Mower in leading up to the development of implantable 
cardioverter defibrillators. 

Next presenter was Dr. Rhea Pimentel, Associate Professor of 
Medicine at the University of Kansas Hospital. She discussed the 
various indications for rhythm monitoring. She also explained 
the reasons and stressed on the importance of rhythm monitoring 
in patients with cryptogenic stroke. Further, she discussed the 
advantages and disadvantages of the different kinds of monitoring 
systems and recorders. Dr. Pimentel also presented information 
about new generation recorders that can be attached to smart phones 
for the purposes of rhythm monitoring. She later emphasized the 
role of implantable loop recorders in helping identify AF in patients 
with cryptogenic stroke.

The focus of the next talk was on reducing radiation in the 
electrophysiology lab by Dr. Dhanunjaya Lakkireddy, Professor of 
Medicine at the University of Kansas Hospital.  He stressed on 
the principle of “ALARA (As Low as Reasonably Allowed)” and 
explained in detail the radiation doses with various cardiology 
procedures and the relative radiation exposure among various 
physicians. Interventional cardiologists and electrophysiologists were 
being exposed to highest amounts of radiation among all physicians. 
Dr. Lakkireddy then presented the role of the latest 3D anatomic 
mapping systems in decreasing radiation dose per procedure. Further, 
he explained the role of the new Mediguide technology that has helped 
decrease the radiation dose by nearly 40-60%. He then presented 
the initial data from LESS RADS prospective registry from his 
institution, which showed that the fluoroscopy time was decreased 
by 61% and the procedural time was decreased by 27%.  Above all he 
stressed the importance of human factors in continuously reminding 
oneself about the dangers of fluoroscopy and putting consistent effort 
to minimize exposure both for the patients and self. 

 The next speaker was Dr. Sanjeev Saksena, Professor of Medicine 

Dr. Andrea Natale during his presentation on adjunctive strategies in 
improving the outcomes of non-paroxysmal AF ablation 
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of autonomic ganglia involved in the pathogenesis of hypertension 
and arrhythmias. He also discussed in detail the various approaches 
for denervation and the advances made in catheter technology for 
renal denervation and their advantages and disadvantages. He 
summarized the outcomes of the SIMPLICITY-HTN trials to make 
the case for renal denervation in improving blood pressure control. In 
AF, renal denervation also seemed to slow the heart rate, however, it 
did not eliminate the atrial remodeling and the atrial electrograms. 
Dr. Packer also suggested the beneficial role of renal denervation in 
ventricular tachycardia (VT). Finally, he discussed the complications 
of renal denervation procedure. 

Dr. Raghuveer Dendi, Assistant Professor of Medicine at the 
University of Kansas Hospital talked at length about the evaluation 
and management of neurocardiogenic syncope and its differentiating 
features from seizures and postural orthostatic tachycardia syndrome 
(POTS). He stressed on the importance of history in the evaluation 
of syncope. Further, Dr. Dendi focused on POTS, its clinical 
manifestations, evaluation and management. He described the 
contrasting features of tonic cardiac sympathetic function in these 
two conditions. Salt loading was the primary treatment modality in 
both the conditions; in addition midodrine was an important agent 
in treatment of both the conditions. Inappropriate sinus tachycardia 
and the role of sinus node modification in treating this condition 
were also elaborated. 

Next speaker was Dr. Kathleen Blake from the American Medical 
Association. She laid emphasis on the importance of making the 
correct diagnosis, utilization costs and loss of productivity caused 
by syncope. The median length of stay for an admission of syncope 
in the United States is an average of 3 days and there were about 
1.12 million ED and outpatient visits in 2006 for this condition. She 
stressed on the importance of “net reclassification effect” to make 
the correct diagnosis of syncope. She also presented the various risk 
stratification systems like ROSE, San Francisco and Boston syncope 
rules. She also presented in detail the Calgary Risk score, Syncope 
Evaluation in the ED (SEEDS) and Rapid access blackouts triage 
clinic systems (RABTC). She concluded by urging the audience to 
use a value-based approach in the evaluation and management of 
syncope. 

 Dr. Richard Fogel, President Elect – Heart Rhythm Society from 
the St. Vincent Heart Center of Indianapolis was the next to present 
on imaging in the management of cardiac arrhythmias. During his 
presentation he outlined the various imaging tools used currently 
by electrophysiologists. He discussed the advantages of intra-
cardiac echocardiography, which helped improve visualization of the 
interatrial septum during transseptal procedures and thus decreased 
the fluoroscopy and procedural times although at a higher cost. 
Further, the advantages and disadvantages of 3D electroanatomical 
mapping systems were discussed in length. He advocated for the use 
of right technology at the right time. 

The next topic was “Durable Pulmonary Vein Isolation: Can the 
Mission Ever be Accomplished” presented by Dr. Andre d’Avila, 
Associate Professor of Medicine at Mount Sinai Hospital. He 
emphasized the importance of pulmonary vein isolation in AF. He 
described the recurrence of AF largely due to reconnection of the 
pulmonary veins after the ablation and this was in the order of 90-
95%. He discussed the roles of ablation lesion size, gap lines, contact 
force, visual gap and edema for failing to achieve complete electrical 
isolation. Dr. d’Avila therefore proposed that good contact force, lack 

anticoagulation. She stressed that aspirin was not effective at 
preventing stroke in those with low CHADS2 scores. She highlighted 
the European and Canadian guidelines for anticoagulation in patients 
with AF. Further, she emphasized how CHA2DS2-Vasc score was 
helpful in risk stratification of patients with a low CHADS2 score. 
She also presented data to support that oral anticoagulation decreases 
the stroke risk and has a very low risk of bleeding. She concluded by 
saying that “stroke prevention trumps bleeding risk in most cases”. 

 Next to present was Dr. Sana Al-Khatib, Associate Professor of 
Medicine at the Duke University. Her talk was focused on the role 
of various types of oral anticoagulants in decreasing stroke risk in 
patients with AF.  She discussed the various complications of oral 
anticoagulation and called for a delicate balance between decreasing 
stroke risk and bleeding complications. She presented the data 
from various clinical trials on new generation oral anticoagulants in 
decreasing stroke risk in AF. According to the data, apixaban was 
found to have better outcomes and lower risk of bleeding as compared 
to warfarin. Dr. Al-Khatib advocates appropriate patient selection for 
direct thrombin inhibitors use because of their limitations such as 
lack of antidote and their cost.  

Dr. Andrea Natale, Director of Texas Cardiac Arrhythmia Institute 
was the next presenter and he presented on left atrial appendage 
exclusion for stroke prophylaxis. He highlighted the various epicardial 
and endocardial approaches to left atrial appendage exclusion. 
He also explained in detail the various devices, risks, benefits and 
complications from these devices. He then presented clinical data 
from PROTECT-AF, CAP, ASAP and PREVAIL studies to 
support left atrial appendage exclusion. He also explained the 
possible reasons for increased peri-procedural adverse events noted 
in the PROTECT-AF study, which was largely due to inexperience 
with this new procedure. Further, he presented data that suggests 
incomplete closure of the left atrial appendage with remnant small 
leaks did not increase the risk of stroke. Various methods to decrease 
the pericardial effusion arising from LARIAT procedure were also 
discussed in detail by Dr. Natale. 

Presenting next was Dr. Douglas Packer, Professor of Medicine 
at Mayo Clinic. His talk focused on renal denervation in cardiac 
arrhythmias, heart failure and hypertension. He highlighted the role 

Albert Waldo receiving the Kansas University Pioneer in Cardiovascular 
Electrophysiology Award. Left to right: Dr. Raghuveer Dendi, Dr. Rhea 
Pimentel, Dr. Albert Waldo, Dr. Dhanunjaya Lakkireddy and Dr. Madhu Reddy 
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of visual gap, impedance drop >10%, proper testing, pace capturing 
and ablation as the best methods to improve outcomes of pulmonary 
vein isolation. 

 The last speaker for the day 1 was Dr. David Callans, Professor 
of Medicine at the University of Pennsylvania. During his talk he 
emphasized on the various techniques to make AF ablation more 
effective. He discussed the role of various emerging technologies 
such as cryoablation, force-sensing catheters, hybrid surgical/catheter 
ablation technologies to achieve complete electrical isolation of the 
pulmonary veins. He also demonstrated how patient’s respiration 
could adversely affect catheter location during AF ablation. He 
outlined various confounding factors that affect catheter stability and 
compromise the contiguity of ablation lesions. Further, he discussed 
how jet ventilation( a high frequency, low volume ventilation) helps 
in minimizing catheter movement with ventilation. 

Day-2, August 18th, 2013:
The second day of the KCHRS-2013 started with presentations 

by winners of the Manohar Gowda Cardiovascular Research Award 
moderated by Dr. James Vacek, Professor of Medicine, University 
of Kansas Hospital. The third placed abstract was presented to the 
audience by Dr. Nima Ghasemzadeh who is currently cardiology 
fellow at the Emory University School of Medicine, Atlanta. He 
presented his research work on “Soluble Urokinase Plasminogen 
Activator Receptor (suPAR) is Associated with severity of CAD 
and Predicts Adverse Cardiovascular Outcomes”. Their study found 
that plasma suPAR was associated with severity of CAD and that 
it was an independent predictor of both mortality and myocardial 
infarction in patients with CAD. They also found that plasma 
suPAR can predict re-hospitalization in a subset of patients with left 
ventricular dysfunction. 

Dr. Farshad Forouzandeh’s abstract “Metformin Beyond 
Diabetes: Metformin Attenuates Atherosclerosis and Vascular 
Aging Independent of Glucose Level” received the second prize. 
Dr. Forouzandeh is also a cardiology fellow at the Emory University 
School of Medicine, Atlanta. Their study concluded that metformin 
has pleiotropic beneficial effects independent of glucose levels and 
therefore can attenuate vascular aging and atherosclerosis. 

The first place winner of the abstract competition was Dr. Uma 
Mahesh Avula, who is a post-doctoral fellow at the University of 
Michigan, Ann Arbor. He presented his work on “Left Atrial-

Pulmonary Vein Infarction Leads to Spontaneous Atrial Fibrillation 
after Regional Action Potential Duration Prolongation” Their study 
found that atrial infarctions were associated with fibrotic scars that 
extended into the posterior wall of the left atrium and pulmonary 
vein sleeves. They also found that the scar border zones anchor 
the AF sources like rotors and spontaneous focal discharges. The 
presentations by these young investigators were well liked and 
appreciated by the audience. 

Dr. James Vacek, Professor of Medicine at the University of Kansas 
Medical Center, presented the awards to the winners. 

Next to follow was the debate on generator replacement in patients 
who received ICD or CRTD with subsequent improvement in EF 
to greater than 40% at the time of elective replacement indicator. 
Dr. Martin Emert, Associate Professor of Medicine at the University 
of Kansas Hospital, strongly supported generator replacement in 
these patients. To support his argument he presented evidence from 
various studies suggesting that the substrate for VT/VF does not go 
away even though ejection fraction improves and therefore the need 
for generator replacement. Debating against the topic was Dr. Sana 
Al-Khatib, Associate Professor of Medicine at the Duke University. 
She supported her argument based on lack of robust data on ICD/
CRTD replacements. She also cited the lack of data on ICD/CRTD 
in patients with EF >40% and also the adverse outcomes related 
to ICD’s as her reasons to refute the argument. The debate ended 
with the conclusion that more studies were necessary to evaluate the 
indications for generator replacement in patients with improved EF 
following ICD/CRTD implantation. 

Dr. Samuel Asirvatham, Professor of Medicine at Mayo clinic 
was the next speaker to present his views on “Subcutaneous ICD’s: 
Why, Who and How?” He outlined the various risks associated 
with transvenous leads and how subcutaneous ICD’s can avoid the 
complications from transvenous leads such as infection, lead fracture 
and lead recalls. Dr. Asirvatham also presented the various indications, 
features, ideal location and the advantages and disadvantages of 
subcutaneous ICD’s. Major limiting factor was the non-availability 

Dr. John Day and Dr. Richard Fogel in discussion

Dr. Anne Gillis and Dr. Dhanunjaya Lakkireddy
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said that 10% of the patients with ICD presented with VT storm. 
He proposed various strategies such as maximal medical therapy, 
sedation, catheter ablation and autonomic denervation to treat VT 
storm. Dr. Callans also reinforced on the need to distinguish patients 
with primary ischemia and heart failure in those presenting with VT 
storm and treat them appropriately. 

Dr. Douglas Packer, Professor of Medicine at Mayo Clinic was the 
next speaker and he presented on the “Role of Left Ventricular Assist 
Devices in VT ablation”. He outlined the challenges faced during VT 
ablation and how assist devices can help achieve successful ablation 
of the VT. He suggested that ECMO did better in studies when 
compared with other hemodynamic support. He also stressed on 
the importance of understanding the VT substrate and establishing 
the goals of VT ablation. Dr. Packer advised to quiet the storm with 
assisting devices. He outlined the appropriate situations where an 
assist device could play a role in VT ablation

Following this was an exciting talk by Dr. Andre d’Avila, Associate 
Professor of Medicine at Mount Sinai Hospital on “Epicardial 
VT Ablation: Tips and Tricks”. He introduced to the audience 
the safe access to epcicardial access and highlighted the methods, 
complications and challenges associated with this procedure. 
Common complications from this procedure are adhesions, 
abdominal fistula, pericardial bleeding and loculated effusions. Dr. 
d’Avila also emphasized how the thickness of epicardial fat affected 
the outcomes of VT ablation via epicardial route. 

The last speaker for the day was Dr. Luigi Di Biase, Associate 
Professor of Medicine at Albert Einstein College of Medicine. He 
presented his views on how premature ventricular contractions (PVC), 
although benign, in some situations can cause cardiomyopathy. Dr. 
Di Biase also presented data to suggest that PVC ablation is feasible, 
effective and can reverse LV dysfunction He also suggested that 
successful PVC ablation in patients with CRT can improve response 
to CRT by improving percentage BiVpacing and removing the 
dysynchronous LV remodeling that can impact LV function. 

The 5th KCHRS was a grand success this year. Its objectives of 
bringing in expertise in electrophysiology from around the country to 
be shared with the greater MidWest area healthcare providers were 
clearly met as can be seen from the content and the quality of the 
speakers. Dr. Lakkireddy concluded the conference with his closing 
remarks and announced the dates for the 6th Annual KCHRS, 
which will be held on August 16th and 17th of 2014, in Kansas City, 
Missouri.

of pacing support in the subcutaneous ICD’s. 
 Dr. Anne Gillis presented on “Cardiac Device Infection: Intricacies 

in Management”. She presented the data on the increasing incidence 
of infection in patients with cardiac devices and the challenges faced 
in diagnosing this. She also presented the guidelines for treatment, 
lead extraction and antimicrobial prophylaxis in patients with 
implanted cardiac devices. She also strongly advocated the practice of 
early lead removal in cases of infection to decrease adverse outcomes. 

Dr. Edward Rhee, Director of Electrophsyiology at the Phoneix 
Children’s Hospital was the next speaker and he presented his 
experiences and challenges in arrhythmia management in adults with 
congenital heart disease. He highlighted to the audience that nearly 
85% of children with congenital heart disease are surviving into adult 
life after complex cardiac surgery. Electrophysiology care is extremely 
complicated in these patients because of the anatomical changes after 
surgery. He also shared intriguing details about intra atrial reentrant 
tachycardia ablation in patients with repaired congenital heart disease 
and how pre-procedural planning was helpful for successful ablation. 

 This was followed by a presentation by Dr. Loren Berenbom, 
Professor of Medicine at the University of Kansas Medical Center 
on “Tools and Techniques for Successful Lead Removal: Notes from 
a Seasoned Extractor”.  Dr. Berenbom highlighted the various tools, 
techniques and tips for successful lead extraction. He also emphasized 
the role of experience in decreasing complications during lead 
extraction. He called for a team approach with appropriate surgical 
back up during lead extraction. Careful preplanning for assessing 
comorbidities was also equally important before attempting lead 
extraction. 

 The next speaker was Dr. Andrea Natale, Director of Texas Cardiac 
Arrhythmia Institute presenting his views on adjunctive strategies in 
improving the outcomes of non-paroxysmal AF ablation. His talk 
was focused on non pulmonary vein triggers of AF like left atrial 
appendage, vein of Marshall and coronary sinus. He stressed on the 
importance of eliminating these additional triggers to improve the 
outcomes of AF ablation. He also advised electrophysiologists to be 
persistent and patient while looking for non pulmonary vein triggers 
of AF. 

This presentation was followed by a talk on “Comprehensive 
Management of Ventricular Tachycardia Storm” by Dr. David 
Callans, Professor of Medicine at the University of Pennsylvania. He 

Winners of the Manohar Gowda Cardiovascular Research Award Dr. Nima 
Gasamzadeh (third), Dr. Farshad Forouzandeh (second), Dr. Uma Avula (first) 
with Dr. James Vacek and Dr. Dhanunjaya Lakkireddy (from left to right). 

Left to right Dr. Sumer Dhir, Dr. Abraham Kocheril, Dr. Kathleen Blake, Dr. 
Sanjeev Saksena and Dr. Dhanunjaya Lakkireddy
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Dr. Albert Waldo Dr. Rhea Pimentel Dr. Dhanunjaya Lakkireddy

Dr. Sanjeev Saksena Dr. Samuel Asirvatham Dr. Abraham Kocheril

Dr. Madhu reddy Dr. Anne Gillis Dr. Sana Al-Khatib

Dr. Andrea Natale
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Dr. Douglas Packer Dr. Luigi Di Biase
The Kansas University EP faculty sharing 
a lighter moment during the conference

Dr. James Vacek Dr. Edward Rhee Dr. Berenbom

Dr. David Callans Dr. Uma Mahesh Avula Dr. Martin Emert

Dr. Douglas Packer Dr. Andre d’AvilaDr. John Daubert
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• Advanced Mapping techniques
• 3D and 4D echo - applications in cardiac arrhythmias
• Imaging to guide catheter ablation
• Imaging in ventricular resynchronization therapy
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• MRI safe devices and leads
• New and Direct Oral Anticoagulants
• Role of stretch and inflammation in atrial fibrillation
• Ablation strategies for paroxysmal and persistent AF
• Endocardial and Epicardial VT ablation
• Device Programming and Trouble Shooting
• Biventricular Pacing- New Studies and how to get
optimal clinical results

Symposium
• Regenerative and stem cell therapies in Electrophysi-

ology and Pacing
• Genetic background of Atrial Fibrillation
• Inherited disorders in cardiac arrhythmias
• New Anticoagulants and Status of Antiarrhythmic
Drugs for Atrial Fibrillation
• Leadless Pacing and Subcutaneous Implantable
Defibrillator
• Remote Patient Management
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_ Minimal invasive ablation - the surgeons perspective,
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VeniceArrhythmias 2013: The Breakthrough Cardiology Event Of 
The Year!

The 13th edition of VeniceArrhythmias - to be held in Venice, 
October 27-29, 2013, at the Giorgio Cini Foundation on the joint 
Presidency of Dr. Antonio Raviele, Dr. Andrea Natale and Dr. Sakis 
Themistoclakis - will feature an eminent Faculty, composed by  about 
400 internationally-renowned experts, and a high-level scientific 
program organized in different sessions: from main symposia to 
debates, lectures, practical sessions, satellite events, oral and poster 
communications and allied professionals program.

The main topics of the upcoming edition will be: anatomy of 
the heart for electrophysiologists, atrial fibrillation from A to 
Z, AF clinical trials update 2013, anti-thrombotic therapy for 
cardiac arrhythmias, arrhythmias in the elderly, pediatric aspects 
of arrhythmias, sport and arrhythmias, hereditary arrhythmogenic 

syndromes, contemporary and controversial issues in cardiac pacing, 
syncope, heart failure and cardiac resynchronization therapy, remote 
monitoring of cardiac arrhythmias/devices, sudden death, ICD and 
surroundings, new technologies and techniques in catheter ablation, 
cardiac arrhythmias surgery.

Importantly, the venue of the meeting, Venice, will offer the perfect 
setting to this workshop and its natural, architectural and historical 
beauty will create a spectacular stage where to forge new relations 
and strengthen old friendships.

Therefore REGISTER NOW via the exclusive VA2013 On-line 
Registration system and  visit our website for further information - 
and flip through or download the official VA2013 Advance Program!
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Clinician, cardiosurgeon, implantologist of cardiovascular electronic devices, arrhythmologist, researcher. Former 
Vice-Rector for clinical affairs of Kaunas Medical Academy, Head of Cardiac Pacing clinic. Currently working as 
implanting cardiosurgeon in the Dept. of Cardiology, Hospital of Lithuanian University of Health Sciences, Kaunas 
Clinics, Kaunas, Lithuanaia.

Dr. Petras Stirbys, MD, PhD

Rayaz Malik is a Professor of Medicine and Consultant Physician in the Centre for Endocrinology & Diabetes, 
Manchester Royal Infirmary and University of Manchester. He obtained his BSc., MSc., and MB ChB from the 
University of Aberdeen and his PhD from the University of Manchester. He is an expert in the pathogenesis, 
assessment and treatment of diabetic neuropathy and cardiomyopathy and has published and presented extensively 
on this. He was the immediate past Chairman of Neurodiab, the diabetic neuropathy study group of the EASD.

Dr. Rayaz Malik, MBChB, FRCP, PhD

Professor of Neurology and Clinical Pharmacology, and Director of the Stroke Prevention & Atherosclerosis 
Research Centre, Robarts Research Institute, Western University, London, Canada. Professor Spence has devoted 
his entire career to stroke prevention. His interests include individualized therapy for resistant hypertension and 
nutrition in stroke prevention (including vitamin therapy to lower homocysteine). He was a co-discoverer of the 
effect of grapefruit on drug metabolism, and pioneered the measurement of carotid plaque burden by ultrasound for 
patient management, genetic research and evaluation of new therapies.

Dr. David Spence, MD, FRCPC, FAHA, FCAHS

Dr. Arshad Jahangir is Director of the Center for Integrative Research on Cardiovascular Aging (CIRCA), Aurora 
University of Wisconsin Medical Group, Aurora Health Care. He is leading a team of multidisciplinary researchers 
in exploration of molecular mechanisms responsible for cardiovascular disease in the elderly and development of 
interventions to reduce such susceptibilities. Before joining Aurora Health Care nearly two years ago, Dr. Jahangir 
was Professor of Medicine, Consultant Cardiologist (Electrophysiology) and Director of the CardioGerontology 
Research Laboratory at Mayo Clinic, where he worked for 21 years, including Residency and Fellowship training in 
Internal Medicine, Cardiology and Cardiac Electrophysiology.

Dr. Arshad Jahangir, MD, FACC

Regents Professor George Lynn Cross Research Professor Helen Webster Professor of Cardiac Arrhythmias
Professor of Medicine.

Dr. Benjamin J. Scherlag, Ph.D

Full Professor in Cardiology at the Department of Medical Sciences, University of Turin, Italy. His field of interest 
has focused on clinical arrhythmias and transcatheter ablation techniques. Above all, in the last thirty years, he 
pioneered this field directly contributing to the first transcatheter ablation by DC shock carried out in Europe, 
the first surgical ablations for accessory pathways and the percutaneous ablation techniques of nodal reentrant 
tachycardias. His constant work has produced more than seven hundred publications published in national and 
international peer reviewed journals and several widely referred books and textbooks. To date he is actively involved 
in several professional societies as the European Heart Rhythm Association and the European Society if Cardiology.

Dr. Fiorenzo Gaita, MD
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PhD degree in human biology, Diploma in applied mathematics, twenty years experience in scientific design, 
analysis, and data mining of clinical studies in arrhythmology, ten years experience in radiobiological research, 
experience in epidemiological research. Currently Dr. Berkowitsch has position as research scientist at the Kerckhoff 
Heart Center in Bad Nauheim, Germany.

Dr. Alexander Berkowitsch, MD, PhD

Associate Professor of Medicine Director, EP Training Program, Queen’s University, Kingston, Ontario, Canada 
Board of trustees ISHNE, Council Member International Society of Electrocardiography (ISE), His area of interest 
is the link between AFib and Sleep Apnea.

Dr. Adrian Baranchuk, MD FACC FRCPC

David J. Callans is Associate Director of the Arrhythmia Service at the University of Pennsylvania Health System 
and Professor of Medicine at the University of Pennsylvania School Of Medicine.  He attended college at the 
University of Chicago and medical school at Johns Hopkins University.  His residency and fellowships in cardiology 
and cardiac electrophysiology were performed at the Hospital of the University of Pennsylvania. Dr. Callans’ research 
interests include complex ablation and mechanism of ventricular tachycardia.

Dr. David J. Callans, MD

J. Kevin Donahue, MD is Professor of Medicine at the University of Massachusetts Medical School in Worcester, 
MA.  Dr. Donahue’s research interests include understanding mechanisms and developing novel therapies for atrial 
fibrillation and ischemia/infarct-related ventricular arrhythmias.

Dr. J. Kevin Donahue, MD

Clinical Professor of  Medicine,  University of Medicine and Dentistry of New Jersey;   Attending Physician, 
Hackensack University Medical Center, Hackensack New Jersey;  Attending Physician, Saint Michaels Medical 
Center, Newark New Jersey ;   Formerly Director and Chief of Cardiology, Saint Michaels Medical Center (for  24 
years);   FACP, FACC, FCCP, FAHA, FHRS.   Research interests: Electrophysiology, Clinical arrhythmias, Coronary 
artery disease, Thrombosis, Platelets, Plaque rupture,  Atrial fibrillation and stroke.  (See pubmed.gov, Haft JI).

Dr. Jacob I. Haft, MD

Dr Park Chan-il received his M.D. from the faculty of Medicine, Geneva University in 2002. He started his training 
is cardiac electrophysiology at Geneva University hospital in Switzerland. He is currently a Senior Electrophysiology 
Fellow at University Heart Center of Freiburg-Bad Krozingen, Bad Krozingen, Germany.

Dr. Park Chan-il, MD, FHRS

Full time physician (adults & children) in EP and cardiac pacing Unit, Hôpital Saint Joseph, Marseille, France - 
EP consultations - In EP operating room: pacemakers & ICD implantation, EP explorations, robotic and manual 
radiofrequency ablations.

Dr. Julien Seitz, MD
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Chief of Emergency Department at Instituto Cardiovascular de Buenos Aires and Chief of Cardiology Department 
at Sanatorio Anchorena, Argentina. He is an Associate Professor of Medicine at University of Salvador and also 
Adjunct Professor of Cardiology at University of Buenos Aires, Argentina. He and his group members are devoted 
to investigate the mechanisms and treatments for different types of cardiac arrhythmias.

Dr. Pison is assistant professor of Cardiology at Maastricht University Medical Center, NL. He earned his medical 
degree in 1999 from Katholieke Universiteit Leuven and trained in cardiology and electrophysiology in Leuven. He 
is a member of the EHRA Scientific Initiatives Committee. His research concentrates on atrial fibrillation.  

Dr. Laurent Pison, MD

Dr. J. Kevin Donahue, MD

Dr. Vishnumurthy Shushrutha Hedna is an Assistant Professor of Neurology at the University of Florida College 
of Medicine and is a key member of the only comprehensive stroke program in North Central Florida, USA. His 
research interests include brain edema management after stroke, stroke in the young, role of neuroinflammation 
in stroke, atrial fibrillation and its relation to stroke, CT perfusion in stroke mimics and outcomes after stroke 
endovascular therapy. He also plays a dual role as associate program director for both neurology residency and vascular 
neurology fellowship  at University of Florida.

Dr. Vishnumurthy Shushrutha Hedna, MD

Anil Pandit, MD is currently a fellow at Cardiovascular Diseases Fellowship Program, Mayo Clinic, Arizona. He 
completed Internal Medicine Residency at University of Utah, Salt Lake City, USA. Before coming to the United 
States, he worked as a research fellow at Oxford University Clinical Research Unit in Nepal. He is interested in 
clinical research in cardiovascular diseases and has presented and published papers in national as well international 
journals.

Dr. Anil Pandit, MD

After his residency in Bremen and Coburg from 1992 to 2004, Dr. Georg Noelker became senior cardiologist 
in the Department of Cardiology, Coburg Hospital, Germany and in 2008 in the Department of Cardiology 
(Section Electrophysiology), Heart and Diabetes Center North Rhine-Westphalia, Ruhr University of Bochum, Bad 
Oeynhausen, Germany. Since 01/2013 he is Head of Electrophysiology at this institution.

Dr. Georg Noelker, MD

Dr Shah completed fellowship in Cardiac Electrophysiology from the Michigan State University in Lansing and 
is a Certified Cardiac Device Specialist of the Heart Rhythm Society. Dr Shah underwent advanced EP training 
at CHU Bordeaux where he currently practices. His domain of research involves advanced mapping to improve the 
management of heart rhythm disorders including complex arrhythmias

Dr. Ashok J Shah, MD
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