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Abstract
Atrial fibrillation (AF) management requires knowledge 
of its pattern of presentation, underlying conditions, 
and decisions about restoration and maintenance of 
sinus rhythm, control of the ventricular rate, and anti-
thrombotic therapy. Maintenance of sinus rhythm is a 
desirable goal in AF patients because the prevention 
of recurrence may improve cardiac function, relieve 
symptoms and reduce the likelihood of adverse 
events. Anti-arrhythmic drug therapy is the first-line 
treatment for patients with paroxysmal and persistent 
AF based on current guidelines. However, currently 
used drugs have limited efficacy and cause cardiac and 
extracardiac toxicity. Thus, there is a continued need 
to develop new drugs, device and ablative approaches 
to rhythm management. Additionally, simpler and safer 
stroke prevention regimens are needed for AF patients 
on life-long anticoagulation, including occlusion of the 
left atrial appendage. The results of the Randomized 
Evaluation of Long-Term Anticoagulant Therapy study 
are encouraging in these settings. Knowledge on 
the pathophysiology of AF is rapidly expanding and 
identification of focally localized triggers has led to 
the development of new treatment options for this 
arrhythmia. Conversely, the clinical decision whether 

to restore and maintain sinus rhythm or simply control 
the ventricular rate has remained a matter of intense 
debate. In the minority of patients in whom AF cannot 
be adequately managed by pharmacological therapy, 
the most appropriate type of non-pharmacological 
therapy must be selected on an individualized basis. 
Curative treatment of AF with catheter ablation is now 
a legitimate option for a large number of patients. 
The evolution of hybrid therapy, in which two or more 
different strategies are employed in the same patient, 
may be an effective approach to management of AF. In 
any case, planning a treatment regimen for AF should 
include evaluation of the risks inherent in the use of 
various drugs as well as more invasive strategies.
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INTRODUCTION
Atrial fibrillation (AF) is the most common cardiac 
rhythm disturbance seen in clinical practice[1], accounting 
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for approximately one-third of  hospitalizations for this 
condition. AF may occur in isolation or in association 
with structural heart disease, contributing substantially to 
cardiac morbidity and mortality. The estimated prevalence 
of  AF is 0.4%-1% in the general population, increasing 
with age[2,3], and it is associated with an increased long-
term risk of  stroke, heart failure, and all-cause mortality, 
especially in women[4,5]. Although there are clear guidelines 
for the acute management of  symptomatic AF[6,7], the best 
long-term approach for patients with a first or recurrent 
AF is still debated with regard to quality of  life, risk of  re-
hospitalizations, and possible disabling complications, such 
as thromboembolic stroke, major bleeding, and death. 
Management of  patients with AF requires knowledge 
of  its pattern of  presentation (paroxysmal, persistent, or 
permanent), underlying conditions, and decisions about 
restoration and maintenance of  sinus rhythm, control 
of  the ventricular rate, and anti-thrombotic therapy. The 
goal of  treatment is to reduce symptoms and risk of  
thromboembolic events and to avoid tachycardia-induced 
unfavorable myocardial remodeling. As epidemiological 
studies shed light on the importance of  AF, treatment 
progressed from the occasional use of  cardiac glycosides, 
such as digoxin to control ventricular rate, to the use 
of  powerful anti-arrhythmic drugs which has been 
the mainstay of  AF treatment for decades. Regardless 
of  the strategy initially chosen, attention must also be 
directed to anti-thrombotic therapy for prevention of  
thromboembolism.

ANTI-THROMBOTIC STRATEGIES FOR 
PREVENTION OF ISCHEMIC STROKE 
AND SYSTEMIC EMBOLISM
Pharmacologic agents
AF is associated with substantial morbidity and mortality, 
mostly due to the consequences of  thromboembolism. 
Currently, acetylsalicylic acid (a platelet inhibitor) and 
vitamin K antagonists, including Warfarin, are the only 
approved anti-thrombotic agents for stroke prevention 
in patients with AF. Although there is modest benefit 
from anti-platelets agents, randomized trials have shown 
that it is consistently and substantially less effective than 
vitamin K antagonists[8]. Patients with AF who are at low 
risk for stroke or who have contraindications to Warfarin 
should take aspirin 81 to 325 mg daily[6]. In high-risk 
patients with non-valvular AF, anticoagulation with 
Warfarin is recommended to reduce the risk of  stroke 
and thromboembolic events[9].

It is crucial to estimate the risk of  stroke before 
deciding the anticoagulation therapy for individual AF 
patient. The threshold risk that warrants anticoagulation 
is still controversial. To stratify the risk of  ischemic stroke 
in AF patients and to identify patients who benefit most 
and least from anticoagulation, several clinical schemes 
have been proposed[10]. An easy score to estimate the risk 
of  stroke in such patients is the CHADS2 risk score. It is 

based on a point system in which 2 points are assigned for 
a history of  stroke or TIA and 1 point each is assigned 
for age over 75 years, a history of  hypertension, diabetes, 
or recent heart failure. According to guidelines[6], aspirin 
is recommended in low-risk patients with a CHADS2 
score of  0. In high-risk patients with a CHADS2 score ≥  
2, only oral anticoagulant therapy is recommended. In 
intermediate risk patients with a CHADS2 score of  
1, physicians can choose between aspirin and warfarin 
depending on the individual patient.

For primary and secondary prevention in most AF 
patients under age of  75 years, an INR of  2.5 (target 
range, 2.0-3.0) is recommended. A target INR of  2.0 
(target range, 1.6-2.5) seems reasonable for primary 
prevention in patients older than 75 years who are 
considered at high risk of  bleeding.

While the available vitamin K antagonists are highly 
effective for the prevention and/or treatment of  most 
thrombotic diseases, the significant inter- and intra-patient 
variability in dose-response, the narrow therapeutic index, 
and the numerous drug and dietary interactions associated 
with these agents have led clinicians, and investigators to 
search for alternative agents. 

Three new orally administered anticoagulants (apixa-
ban, dabigatran and rivaroxaban) are in the late phase 
of  development and several others are still in the (or 
moving through) early phase of  investigation. Direct 
thrombin inhibitors are new oral agents with predictable 
efficacy, rapid onset of  action and no need of  laboratory 
monitoring. According to the results of  the Randomized 
Evaluation of  Long-Term Anticoagulant Therapy trial[11], 
Dabigatran etexilate, an oral thrombin inhibitor, showed 
similar efficacy to Warfarin in reducing stroke and embo-
lism (primary outcome) at the dose of  110 mg, but low-
ered the rate of  major hemorrhage by 20%. In contrast, 
higher doses (150 mg) of  Dabigratan were more effective 
than Warfarin in reducing the primary outcomes, but had 
similar rates of  major hemorrhage. Therefore, the two ef-
fective doses, with different benefit risk profiles, make it 
possible to tailor the therapy to individual patient. 

Although the only adverse effect of  Dabigratan 
was dyspepsia, many aspects of  the therapy are still 
controversial. First, while the Dabigratan doses were 
blinded, patients with at least one risk factor for stroke 
received Warfarin (open-label). Compared with Warfarin 
(0.53% per year), the rate of  myocardial infarction was 
higher in - Dabigratan-treated group (0.72% per year at 
dose of  110 mg and 0.74% at 150 mg). Finally, the price 
of  Dabigratan is 10 times higher than the Warfarin.

Also questionable is the the addition of  clopidogrel 
to aspirin in patients considered unsuitable for warfarin 
therapy. The results of  the Atrial Fibrillation Clopido-
grel Trial With Irbesartan for Prevention of  Vascular 
Events[12], which is the largest trial ever performed in 
patients with AF who cannot take warfarin, have clearly 
shown that the combination of  clopidogrel (75 mg/d) 
and aspirin (75-100 mg/d) reduced major vascular 
events, particularly stroke, compared with placebo, al-
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though at the expense of  an increase in major bleeding. 
Whereas no conclusive data are available at present, this 
combination-treatment alternative is not recommended 
yet in guidelines.

Non-pharmacological approaches to prevent 
thromboembolism
It has been documented that the left atrial appendage 
(LAA) is the main source of  left atrial thrombus, especially 
in non-rheumatic AF. Several surgical and percutaneous 
endovascular techniques have been explored to occlude 
the LAA. As an alternative of  the surgical closure, 
percutaneous exclusion of  the LAA is a new approach 
used to prevent strokes in high-risk patients with AF 
and contraindication to long-term oral anticoagulant 
therapy[13]. Devices have recently been developed that 
will exclude the LAA from the circulation and potentially 
replace the standard Warfarin therapy for patients with 
AF. Two percutaneous approaches to LAA obliteration 
have been studied to date. The PLAATO device has been 
tested in patients with a contraindication to anticoagulant 
and at least one additional risk factor for stroke[14]. This 
device is no longer being evaluated or supported in the 
United States. The Watchman device has been recently 
investigated in the Embolic Protection in Patients with 
Atrial Fibrillation trial[15]. The study enrolled 707 patients 
randomly assigned in a 2:1 ratio to percutaneous closure 
of  the LAA using the Watchman device plus short-
term Warfarin or to conventional Warfarin therapy. After 
1065 patient/year of  follow-up, the rate of  the primary 
composite end point (stroke, cardiovascular death and 
systemic embolism) was 32% lower in the Watchman 
group than in the conventional therapy group, a result that 
met the prespecified criterion for non-inferiority. However, 
12.3% of  patients had serious procedural complications, 
including pericardial effusion, acute ischemic stroke, 
device embolization and post-implantation sepsis.

In conclusion, although clinical application of  
these devices could provide a new therapeutic option, 
the concerns about procedural safety and the need for 
long-term follow-up should be addressed before this 
potentially important technology is put into a wide use.

LONG-TERM MANAGEMENT OF AF
The long-term management of  this arrhythmia includes 
two generally acceptable strategies: (1) one strategy 
attempts restoration and/or maintenance of  sinus 
rhythm with pharmacological and non-pharmacological 
anti-arrhythmic approaches; (2) in the second approach, 
the ventricular rate is controlled with no commitment to 
restore or maintain sinus rhythm. Regardless of  whether 
the rate- or rhythm-control strategy is pursued, attention 
must also be paid to the anti-thrombotic therapy for 
prevention of  thromboembolism.

Newly discovered AF
An attempt to restore sinus rhythm is a reasonable 
approach to a first episode of  AF. After this episode, 

the arrhythmia-free period is unpredictable, and it may 
not be necessary to prescribe either long-term anti-
arrhythmic or anti-coagulant drugs for all patients after 
the first episode. Intravenous administration of  anti-
arrhythmic drugs (AADs) class Ⅰc or Ⅲ represents the 
first choice to obtain cardioversion of  a new onset AF 
and they are widely used particularly for the emergency 
cases. Cardioversion might even be performed initially 
without the use of  antiarrhythmic drugs. This approach 
may result in the maintenance of  sinus rhythm for 
a year or more in about 25% patients. If  arrhythmia 
recurs and if  symptoms persist despite AAD, repeated 
cardioversion with the addition of  anti-arrhythmic drugs 
should be considered.

Recurrent AF treatment: lessons from multi-center trials 
in rate vs rhythm control
A few randomized trials comparing outcomes of  rhythm- 
vs rate-control strategies have been published. In particular, 
the AF Follow-up Investigation of  Rhythm Management 
(AFFIRM), Rate Control versus Electrical Cardioversion 
for AF (RACE), and Strategies for Treatment of  AF 
(STAF) trials compared a strategy of  rate control and a 
rhythm control approach using AADs[16-18]. In addition, 
the Atrial Fibrillation and Congestive Heart Failure trial[19] 
compared these strategies in patients with congestive HF. 
The analysis of  these trials demonstrated no difference 
in mortality or stroke rate between patients assigned to 
one strategy or the other. These results are generally 
interpreted as that either rate control or rhythm control is 
a suitable strategy in AF patients.

However, it would be incorrect to extrapolate that 
it is not worthwhile to restore sinus rhythm for a multi-
tude of  reasons. First, these trials did not compare the 
sinus rhythm and AF. Indeed, in one study (RACE), 
only 39% of  patients in the rhythm-control group had 
sinus rhythm at the end of  follow-up. Consequently, a 
significant limitation of  these studies is the non-efficacy 
of  rhythm-control strategy with AAD. Many patients 
in the rate control arm were spontaneously in sinus 
rhythm by the end of  the study period from 10% in 
STAF and RACE to 35% in AFFIRM. Therefore, the 
results of  these studies may reflect the ineffectiveness of  
the rhythm control methods used. When the data from 
these trials are analyzed according to the patient’s actual 
rhythm, the benefit of  sinus rhythm over AF becomes 
apparent[20]. This benefit might have been reduced by 
AAD, which increased the risk of  death. The reduced 
mortality with sinus rhythm has also been demonstrated 
in virtually every study that has monitored this end 
point.

Another methodological concern is that in the rhythm 
control group, continuous anticoagulation was encouraged 
but could be stopped at the physician’s discretion whereas 
in the rate-control group, continuous anticoagulation 
was mandated by the protocol. Importantly, most strokes 
were diagnosed after discontinuation of  anticoagulation 
or at sub-therapeutic intensity (International Normalized 
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Ratio below 2.0). In addition, while recurrent AF was 
detected in only one-third of  those in the rhythm-control 
groups who developed stroke, and at the time of  ischemic 
stroke, patients in the rate-control groups typically had 
AF. We strongly believe that adequate anticoagulation with 
Warfarin would have substantially lowered in the rhythm-
control groups.

Finally, it is also important to acknowledge that the 
patients enrolled in these trials do not represent the full 
spectrum of  AF patients. In particular, the patients with 
severe symptoms of  AF who would benefit most from 
sinus rhythm were largely excluded from the AFFIRM 
trial. Clearly, in such patients the goal is still to maintain 
the sinus rhythm, for which, search for better drugs and 
techniques should continue.

RATE CONTROL DURING AF
A more cost-effective approach is to control the ven-
tricular rate without attaining the sinus rhythm. Drugs 
that prolong the AV node refractory period are generally 
effective for rate control. The efficacy of  pharmacologi-
cal interventions designed to achieve rate control in AF 
patients is about 80% in clinical trials[21]. However, the 
adverse effects of  the drugs such as bradycardia and 
heart block may occur, especially in the elderly. Radio-
frequency ablation of  the atrioventricular junction with 
pacemaker implantation (the “ablate and pace” strategy) 
can improve symptoms and LV function in some pa-
tients, but the growing concern about the negative ef-
fects of  long-term right ventricular pacing makes this a 
drawback rather than a primary treatment strategy.

Randomized studies suggest combining β-blockers 
or calcium channel blockers with digoxin to achieve a 
better rate control at rest and during exercise[22,23]. The 
oldest drug, digoxin, still is used frequently. The advan-
tage of  digoxin is that it has positive inotropic effects, 
making it highly suitable for patients with left ventricular 
dysfunction. The disadvantage is that it acts by increas-
ing vagotonus and thus has limited or virtually no rate-
controlling properties during exercise. Digoxin, used 
intravenously or orally, should be reserved only for heart 
failure patients. β-blocking agents may be the drugs of  
choice in patients with systolic dysfunction and/or coro-
nary artery disease. Importantly, the negative inotropic 
action of  β-blockers can cause deterioration in patients 
with (decompensated) systolic heart failure. However, if  
carefully titrated, β-blockers may even improve left ven-
tricular function and survival in patients with poor left 
ventricular function. Intravenous β-blockers, verapamil, 
or diltiazem may be used to immediately slow a fast ven-
tricular rate associated with AF. Non-pharmacological 
therapies should be administered to patients with symp-
tomatic AF in whom a rapid ventricular rate cannot be 
slowed by drug therapy.

The aims to control the heart rate in AF patients 
treated with drugs are to minimize symptoms and prevent 
excessive tachycardia. However, the optimal level of  

heart rate for AF patients remains unclear. Rate control 
in RACE and AFFIRM trial defined a resting heart 
rate < 80 or < 100 beats/min, respectively. However, 
a sub-study of  the AFFIRM[24] showed that the rate-
control approach was successfully achieved in two-thirds 
of  the patients. Additionally, to obtain adequate rate 
control, atrioventricular node ablation and pacemaker 
implantation was performed in 5.3% patients, and 17.3% 
patients had a pacemaker implanted for symptomatic 
bradycardia.

Unfortunately, these studies give no data on the 
influence of  the level of  rate control on mortality and 
morbidity. It is essential to achieve good rate control 
to minimize symptoms and the risk of  tachycardia-
mediated cardiomyopathy, and a 24-h heart rate that 
mimics normal sinus rhythm is a reasonable end point. 
As it still remains unknown whether strict rate control 
is associated with an improved prognosis, a long-term 
prospective, randomized trial would be useful.

RESTORATION AND MAINTENANCE OF 
SINUS RHYTHM
Direct-current cardioversion of AF
Management of  AF includes treatment of  underlying 
causes and precipitating factors. Immediate cardiover-
sion should be performed in patients with AF and acute 
myocardial infarction, chest pain, hypotension, severe 
heart failure, or syncope. Elective direct-current cardio-
version has a higher success rate and a lower incidence 
of  cardiac adverse effects than medical cardioversion 
in converting AF to sinus rhythm. Unless transesopha-
geal echocardiography shows no thrombus in the LAA 
before cardioversion, oral Warfarin should be given for 
3 wk before elective cardioversion, and continue for at 
least 4 wk after maintenance of  sinus rhythm. Direct-
current cardioversion involves delivery of  an electrical 
shock synchronized with the intrinsic activity of  the 
heart by sensing the R wave of  the ECG to ensure that 
electrical stimulation does not occur during the vulner-
able phase of  the cardiac cycle.

Different techniques are used to perform an electrical 
cardioversion, each with specific indications, advantages 
and limitations[25] (Table 1). The method most frequently 
used to restore sinus rhythm is external direct current 
cardioversion, which was found to be a safe and effective 
technique, since biphasic waveform defibrillators are 
widely available[26,27]. However, this technique requires 
high energies and needs general anaesthesia or deep 
sedation. An alternative method to obtain restoration 
of  sinus rhythm is esophageal cardioversion that could 
obviate these limitations of  the external one, which 
uses lower energy and avoids general anaesthesia and 
is extremely well tolerated by patients and can be easily 
performed in an outpatient setting[28,29]. Recently the 
two techniques have been compared[30] and the results 
showed that AF might be cardioverted safely and 
effectively by either a transthoracic or a transesophageal 
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approach. The sedation of  moderate depth using 
midazolam renders cardioversion by either approach 
acceptable. As transesophageal cardioversion shows 
no clear advantage, transthoracic cardioversion using 
a conscious sedation by midazolam should remain the 
approach of  first choice.

Another technique performed during the last two 
decades is the internal cardioversion[31], but its advantage 
is limited to a small percentage of  unsuccessful external 
cardioversions or in those patients who are more difficult 
to defibrillate such as overweight or obese patients, 
patients with chronic obstructive pulmonary disease or 
those with implanted devices which may be injured by 
high energy shocks.

Treating AF with medical therapy
Anti-arrhythmic drug therapy is the first line of  treatment 
for patients with paroxysmal and persistent AF based on 
current guidelines. However, the currently available anti-
arrhythmic agents have poor efficacy and are associated 
with significant side effects, both cardiac and non-cardiac. 
Consequently,the limited efficacy and proarrhythmic 
risks of  AAD for AF have led to the development of  
nonpharmacologic therapeutic approaches.

Patients who do not receive AAD have a 1-year AF 
recurrence rate of  about 75%. With anti-arrhythmic 
drugs, sinus rhythm may be maintained in 50%-65% 
of  cases. The choice of  anti-arrhythmic agents should 
be guided by the presence or absence of  structural 
heart disease, tolerability, ease of  administration and 
side effect profile. The optimal pharmacological means 
to restore and maintain sinus rhythm in AF patients 
remains controversial.

Several drugs including amiodarone, propafenone, 
flecainide, and sotalol have been shown to be effective 
in the prevention of  AF recurrences. These agents often 
do not totally abolish the arrhythmia, but increase the 
length of  the arrhythmia-free interval. The best available 
agent for rhythm control is amiodarone[32,33]. In the 
Canadian Trial of  Atrial Fibrillation, amiodarone was 
compared with propafenone and sotalol for suppression 
of  AF. Amiodarone was associated with a 35% rate of  

AF recurrence at 16 mo compared with a 63% rate of  
recurrence in the other drugs. Amiodarone has been 
approved by the Food and Drug Administration for the 
treatment of  ventricular arrhythmias but not for the AF 
management. Even so, it is widely prescribed and it is an 
excellent choice for patients with structural heart disease 
or congestive heart failure as most other anti-arrhythmic 
medications are contraindicated in heart failure patients. 
Amiodarone is less proarrhythmic than other agents but 
can adversely affect lungs, thyroid, and other organs[34]. 
After 5 years, 30% of  patients on amiodarone are 
expected to discontinue the therapy because of  side 
effects[35]. Dronedarone, a new derivative of  amiodarone, 
lacks the iodine component that is largely responsible 
for the multiple organ toxicities. Recent randomized 
trials[36,37] showed that dronedarone was significantly 
more effective than placebo in maintaining sinus rhythm 
and in reducing the ventricular rate during recurrence 
of  arrhythmia. In the ATHENA trial which randomized 
4628 moderate- to high-risk AF patients, dronedarone 
resulted in a significant reduction (hazard ratio 0.76) in 
the primary endpoint of  cardiovascular hospitalizations 
or death. However, the efficacy of  dronedarone to 
suppress AF seems not as strong as that of  amiodarone. 
Moreover, the potential adverse effects of  dronedarone 
in patients with symptomatic heart failure and severe left 
ventricular systolic dysfunction remains an unresolved 
concern[38].

Discontinuation rates for AAD are consistently high 
in most trials. The careful use of  these medications as 
demonstrated in AFFIRM can minimize this risk but 
can not eliminate it entirely[39]. A careful history taking 
and physical examination are mandatory in order to 
evaluate any potentially negative effect that the therapy 
for the arrhythmia may have on the underlying heart 
disease. However, in some patients the efficacy is lower 
than desired, and the prediction of  anti-arrhythmic vs 
arrhythmogenic effects of  AAD in a particular case is 
nearly impossible.

Rapidly developing experimental work has provided 
new insights into AF pathophysiology that will lead to 
new mechanism-based therapies. Oxidative stress and 
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Advantages Disadvantages Efficacy (%)

External cardioversion Safety
Effectiveness
Feasibility
Outpatient regimen (not in all the centers)

General anaesthesia (physical presence of anaesthesiologist)
Need of high energies

94

Oesophageal cardioversion Efficacy with lower energies
Outpatient regimen
No general anesthesia
First choice in obese and COPD patients
Safety in patients with pacemaker or ICD
Atrial pacing back up

High cost of the catheter
Contraindicated in patients with oesophageal diseases

95

Internal cardioversion Very high effectiveness
Use of very low energy
No general anaesthesia

Need of an electrophysiology laboratory
Invasive approach
Pain perception

93

Table 1  Different electrical cardioversion techniques: advantages, disadvantages and efficacy
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inflammation may be involved in the genesis of  AF. 
Agents that modulate non-ionic current targets (termed 
‘upstream’ therapies) targeting inflammation, oxidative 
injury, atrial myocyte metabolism, extracellular matrix 
remodeling, and fibrosis, may help modify the substrate 
for AF maintenance and have theoretical advantages as 
novel therapeutic strategies[40]. Angiotensin Ⅱ type 1 
receptor antagonists, immunosuppressive agents, statins 
and omega-3 polyunsaturated fatty acids have shown 
potential anti-arrhythmic effects related to the treatment 
of  underlying heart disease in some but not in all 
studies[41-43]. These agents could be explored to prevent 
or delay atrial remodeling in AF patients, even in the 
absence of  routine indications for such therapy, but the 
potential value of  these novel therapeutic options is still 
under active investigations.

Non-pharmacological treatment for AF
For many years, a pharmacological approach was the 
only therapeutic modality available for managing AF. 
Because anti-arrhythmic therapy has several limitations, 
including unacceptable rates of  AF recurrence and 
other proarrhythmic sequelae, non-pharmacological ap-
proaches have become increasingly important therapeu-
tic alternatives. Recent observations on the mechanisms 
of  AF have resulted in the development of  different 
non-pharmacological treatment to eliminate the triggers 
and to modify the electrophysiological substrate for the 
prevention and treatment of  the disorder.

Role of  cardiac rhythm management devices in AF 
patients: Pacemakers play an important role in the non-
pharmacological management of  AF. Atrial or dual-
chamber pacing has been proven to prevent or delay the 
progression to permanent AF in patients with sinus node 
dysfunction as compared with ventricular pacing[44,45]. 
However, its utility as a treatment for paroxysmal AF in 
patients without conventional indications for pacing has 
not been proved. 

There may be additional benefits associated with the 
use of  particular sites of  pacing, specific pacing algo-
rithms designed to target potential triggers of  AF, and 
pace-termination of  atrial tachycardia. Anti-tachycardia 
pacing algorithms incorporated in implantable cardio-
verter-defibrillators and pacemakers are currently under 
investigation and may offer a valuable alternative to anti-
arrhythmic drug therapy in elderly patients with left 
ventricular dysfunction at high risk of  proarrhythmia or 
worsening heart failure.

Low energy internal defibrillation which was as-
sumed to be safe, has prompted the development of  
implantable devices for terminating AF. These devices 
can be patient-activated or programmed to deliver auto-
matically therapies include pacing and/or shocks, once 
atrial tachyarrhythmias are detected. Studies have shown 
that despite shock discomfort, quality of  life was im-
proved in patients with atrial defibrillators and the need 
for repeated hospitalizations was reduced. But due to the 

bad feedback from physicians regarding the shock dis-
comfort, industry did not further develop such systems. 
Moreover, the cost of  these devices remains a concern 
for the treatment of  a non-lethal arrhythmia. 

Advantages and limitations of  atrial defibrillators and 
approaches to reduce shock related discomfort may be 
an important concern in some patients and would need 
further reviews.

Newer implantable pacemakers not only play a role 
in the management of  AF for the available algorithms 
and therapies, but also offer an important diagnostic 
tool. The data storage capabilities permit detection of  
multiple episodes ofAF, including asymptomatic ones. 
The evaluation of  the AF Burden may be useful to assess 
the thromboembolic risk profile of  the patients and to 
optimize the antiarrhythmic drug therapy.

Surgical approach: With the surgical technique intro-
duced by Cox and colleagues[46] to create conduction 
barriers at the critical area in order to reduce the criti-
cal mass within both atria, the possibility of  a surgi-
cal cure of  AF was raised. There are different surgical 
ablative techniques that can effectively modify the atrial 
substrate[47-49]; by making a series of  atrial incisions and 
cryolesions, this procedure results in the interruption of  
the multiple reentry circuits necessary for the propaga-
tion of  AF (Figure 1D).

These procedures require thoracotomy and cardio-
pulmonary bypass, however, and they are associated with 
morbidity as well as the risk of  serious complications. 
Most surgical procedures are performed in conjunction 
with other cardiac operations (concomitant MAZE) par-
ticularly mitral-valve surgery. A success rate of  around 
95% over 15 years of  follow-up was reported in patients 
undergoing mitral valve surgery[50,51]. Other studies gave a 
success rate of  around 70%. The surgical procedures us-
ing alternate energy sources, thoracoscopic and catheter-
based epicardial techniques may become more accept-
able alternatives for a wider population of  AF patients.

Catheter ablation: Over the past decade, catheter-based 
AF ablation (CA) has been proposed as a definitive cure 
in a broad spectrum of  patients, from patients with 
paroxysmal AF to those with long-lasting persistent AF. 
With continuing advances in this field, more patients will 
be offered this treatment option. A number of  different 
ablation strategies have been used, including pulmonary 
vein isolation, targeting of  fractionated electrograms, au-
tonomic ganglionated plexi ablation, compartmentalizing 
the atria with linear lesions and various combinations 
and modifications of  these lesion sets (Figure 1A-C). 
The optimal ablation strategy for both paroxysmal and 
long-lasting persistent AF is unknown.

Randomized, controlled trials (Table 2) comparing 
radiofrequency energ y (RF) ablat ion with ant i-
arrhythmic medications in the treatment of  AF have 
been published[52-57]. Most studies included patients 
with paroxysmal or persistent AF who had failed at 
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least one or two anti-arrhythmic medications or who 
were intolerant of  anti-arrhythmic medications. These 
studies demonstrated the superiority of  catheter ablation 
over anti-arrhythmic drugs in AF patients with regard 
to maintenance of  sinus rhythm and improvement of  
symptoms, exercise capacity, and quality of  life. Thus, 
the primary selection criterion for catheter ablation 
should be the presence of  symptomatic AF refractory 
or intolerant to at least one class 1 or 3 antiarrhythmic 
medication. The current guidelines recommend catheter 
ablation in this setting. However, one trial assessed the 

efficacy of  ablation in patients with permanent AF[58], 
whereas another study randomized patients as first-
line therapy[52] suggesting that catheter ablation can be 
considered early in the management of  the patients. A 
recent systematic review showed that in patients with 
paroxysmal and persistent AF and structurally normal 
hearts, ablation therapy results in a 65% reduction in 
the RR of  AF recurrence compared with standard 
antiarrhythmic therapy[59].

Of  note, a recent study that compared the cost of  
ablation as first-line treatment of  symptomatic AF vs 

Figure 1  Various approaches to cure atrial fibrillation. A-C: most procedures used for ablation of atrial fibrillation (AF) include one or a combination of the techniques. A: 
Isolation of the pulmonary veins (PVs) with or without demonstration of PV-left atrial conduction block; B: PVI with additional left atrial linear ablations (mitral isthmus and roof); C: 
Ablation of the complex fractionated atrial electrograms (CFAE). The shaded areas indicate CFAE. D: Illustration of atrial lesions in the modified Cox/MAZE Ⅲ procedure. 
Violet tags indicate the anatomic location of the lesions. IVC: Inferior vena cava; LAA: Left atrial appendage; LI: Left inferior pulmonary vein; LS: Left superior pulmonary vein; 
PVI: Pulmonary vein isolation; RI: Right inferior pulmonary vein; RS: Right superior pulmonary vein; SVC: Superior vena cava; RAA: Right atrial appendage.
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Table 2  Randomized trials comparing radiofrequency ablation with antiarrhythmic medications

Study n Follow-up 
(mo)

Patients free of AF No. of 
ablation 

procedures

Major complications 
(ablation arm) 

(%)

Type of AF

Ablation 
strategy (%)

AAD 
strategy (%)

P

Wazni et al[48] (2005)   70 12 88 37 < 0.001 1    6.3 Paroxysmal persistent
Oral et al[50] (2006) 146 12 74 58   0.05    1.4 0 Permanent
Stabile et al[49] (2006) 137 12 56   9 < 0.001 1    4.4 Paroxysmal persistent
Pappone et al[51] (2006) 198 12 86 22 < 0.001 1    2.0 Paroxysmal
Jaïs et al[52] (2008) 112 12 88 24 < 0.001    1.8    1.9 Paroxysmal
Forleo et al[53] (2009)   70 12 80 57    0.001 1    2.9 Paroxysmal persistent

All studies demonstrated the superiority of catheter ablation over anti-arrhythmic drugs in AF patients with regard to maintenance of sinus rhythm. AF: 
Atrial fibrillation; AAD: Anti-arrhythmic drug.
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anti-arrhythmic drug therapy, demonstrated that CA 
was cost neutral 2 years after the initial procedure. 
Accumulating evidences from clinical studies have 
documented long-term improvement in quality of  life, 
functional capacity, and left ventricular function in 
patients with impaired systolic function who undergo 
CA for AF[60-63]. A major advantage of  CA is that 
patients with low ejection fraction are at an increased risk 
of  AAD adverse effects,while its disadvantages include 
a higher procedural risk in these patients. Nevertheless, 
many aspects of  the therapy are still controversial, from 
ablation techniques to procedural endpoints, patient 
management, definition of  success and long-term results. 
The definition of  a successful intervention for the 
management of  AF remains a challenge. It is uncertain 
whether elimination of  AF or transformation into an 
asymptomatic form of  AF unrecognized by the patient 
or the physician represents the cure of  the disease. The 
distinction has great significance from the point of  view 
of  preventing thromboembolic episodes in patients with 
risk factors for stroke associated with AF.

Controversies exist with regard to the procedural 
safety of  AF ablation. Reports from highly sophisticated 
centers claim very low complication rates. However, 
recent surveys showed that this procedure is associated 
with approximately 5% rate of  major complications[64,65]. 
Pulmonary vein stenosis, pericardial effusion, embolic 
cerebral and peripheral vascular complications constitute 
the most frequent complications. Continuing advances in 
this field might reduce the rate of  major complications, 
and the increasing number of  pulmonary veins (PV) 
ablation procedures has allowed electrophysiologists 
to become aware of  the peculiarities and potential 
dangers of  these procedures. Useful tools are required 
in order to develop the ablation strategy and to avoid 
more complex procedures with longer durations and 
higher periprocedural risks. Phased-array intracardiac 
echocardiography has been shown to be helpful in 
minimizing complications associated with ablation 
procedures, allowing real-time monitoring of  both PV 
ostium and RF delivery[66].

Techniques and endpoints for AF ablation: It is 
likely that in humans AF is caused by different mecha-
nisms. Recent observations have focused attention 
on the PV as a source of  ectopic activity determining 
AF[67]. However, a predisposing atrial substrate of  suf-
ficient mass capable of  maintaining re-entrant circuits 
is necessary and other anatomical structures are critical 
in this regard.

Since its original description in 1998, the technique 
of  CA of  AF has undergone several modifications[68]. 
Isolating or encircling all accessible PV is identified as 
the cornerstone of  any ablation approach, and most 
of  the trials did use PV isolation as an endpoint for 
radiofrequency ablation. This approach, called “empirical 
PV isolation”, targets all of  the PVs without regard to the 
initiation of  ectopic beats (Figure 1A). However, PVI as a 

stand-alone strategy is insufficient to eliminate recurrent 
AF in most patients with persistent/permanent AF. In 
these patients, there is considerable evidence that ablation 
of  residual triggers or drivers of  AF outside the PV is 
required[69].

Various adjunctive atrial modifications such as wider 
ablation around the veins, linear lines, or ablation of  
complex fractionated atrial electrograms (CFAE) have 
been proposed. Substrate modification can be achieved 
by additional linear lesions (Figure 1B) in the LA, but 
the optimal lesion set to be deployed has yet to be 
elucidated. The most common sites of  linear lesions are 
the LA roof  between the superior aspects of  the left and 
right upper PV isolation lesions, and the mitral isthmus 
between the mitral valve and the left inferior PV.

Elimination of  CFAE is another possible approach 
(Figure 1C)[70]. However, in a large proportion of  patients, 
Oral et al[71] showed that ablation of  CFAE is not sufficient 
to eliminate the driving mechanisms of  AF, suggesting the 
routine isolation of  all PVs. 

It is uncertain whether all patients need further 
substrate modifications for AF treatment. Studies have 
shown that the combined approach of  PVI and CFAE 
ablation in persistent/permanent AF yielded mixed 
results[69,72]. Therefore, the role of  this strategy should be 
proven in larger series. Tools allowing the differentiation 
between active and passive CFAE sites are crucial for the 
understanding and treatment of  persistent AF. 

The ablation procedure is often guided by 3D elec-
troanatomical mapping systems. Currently, the Ensite 
NavX (St Jude Medical, Minnetonka, MN, USA) and 
Carto (Biosense Webster Inc, Diamond Bar, CA, USA) 
systems are increasingly used during CA of  AF because 
they facilitate the difficult interventional ablation proce-
dure while providing accurate visualization of  the atrial 
anatomy and provide a guide for atrial substate modifica-
tions. The 3-dimensional mapping systems also shorten 
the fluoroscopic time and assist in identifying the critical 
substrate during the ablation, preventing gap formation 
and guiding post-ablation atrial tachycardia or flutter 
ablation. Additionally, image integration improves the 
safety and long-term success rate.

 Most ablation procedures are being performed 
with close- or open-irrigation RF catheters[73], which are 
capable only for focal ablations. Achieving PVI with 
this technique,however, remains lengthy, technically 
challenging and requires a high degree of  skill. Balloon 
and coil platforms, using different energy sources, 
are being tested as potential alternatives for focal RF 
catheters, with the hope of  providing a safer, faster 
and more effective technology[74-76]. Cryo-balloon has 
emerged as a promising tool allowing PV isolation in a 
safe and effective manner. Results from early pre-clinical 
and clinical studies showed that the use of  cryoablation 
is associated with a very low rate of  complications 
including thrombogenicity, PV stenosis and esophageal 
injury[77]. It has been suggested that cryothermal balloon 
ablation for paroxysmal AF results in a clinical success 
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rate comparable to studies using radiofrequency ablation. 
However, the clinical success of  cryoballoon PVI in 
paroxysmal AF has not been achieved in patients with 
persistent AF[78], likely because of  the need for additional 
atrial substrate modification in this subgroup. Extensive 
substrate modifications using focal cryoablation catheters 
is technically feasible but plagued with the need for 
prolonged application time and the inability to create 
“dragging” ablation lesions due to cryocatheter adherence 
to tissues, significantly limited their use.

Despite these differences in technique, there remain 
remarkable consistencies in the AF outcome data between 
centers, with overall single-procedure efficacy of  > 70% 
in achieving long-term arrhythmia control for patients 
with paroxysmal AF but significantly lower success rates 
in achieving a similar outcome for patients with persistent 
or permanent AF.

Assessment of “successful” rhythm control
Recent clinical trials that compared strategies of  rhythm 
control with rate control in patients with AF lacked 
information about the best appropriate endpoints for 
determining “successful” rate or rhythm control in 
individual patients. Various endpoints have been used for 
judging the success of  rhythm control strategies, including 
time to first recurrence of  AF, any AF recurrence, AF 
burden, and a reduction in symptoms.

Time to first recurrence of  AF has been frequently 
utilized, however, it has a poor value in the clinical care of  
patients. Of  note, suppression of  AF in a patient at high 
risk of  stroke does not obviate the need for concomitant 
Warfarin treatment. A reasonable endpoint for rhythm 
control is a marked reduction in the frequency and 
duration of  symptomatic AF episodes. For this reason 
we strongly believe that asymptomatic patients should 
not be treated with a rhythm control strategy. In addition, 
it is not essential to eliminate all episodes of  AF when 
evaluating the success of  the therapy, most patients can live 
comfortably with occasional episodes of  AF, which is an 
entirely acceptable endpoint. Unfortunately, a few patients 
are bothered by even infrequent brief  AF episodes. For 
such patients, it is a difficult task to find a strategy that 
eliminates nearly all AF recurrences.

Continuous monitoring of  patients is another ap-
proach that can be used to measure the success of  anti-
arrhythmic therapy. Although continuous loop recording 
with regular transtelephonic data transmission through-
out a uniform period of  follow-up would be the “gold 
standard” for assessment of  cardiac rhythm, it is imprac-
tical, inconvenient, and expensive.

CONCLUSION
AF remains the most common and most challenging ar-
rhythmia. Current treatment guidelines state that rhythm 
and rate control strategies should consider equivalent 
therapeutic approaches, but recognize that no “one size 
fits all”. Physicians have to determine strategies most 

appropriate for particular clinical conditions. More atten-
tion should be paid to the severity of  symptoms (symp-
tomatic burden) but less to the frequency and duration 
of  AF, and treatment should be delivered accordingly. 
Currently, the limited efficacy and proarrhythmic risks 
of  anti-arrhythmic drugs highlights the importance for 
safer and more effective treatment options for AF. Sev-
eral new nonpharmacologic treatment modalities have 
been developed; however, they are not applicable to all 
patients with AF; therefore, drug therapy will remain an 
important option.

In the minority of  patients in whom AF cannot be 
adequately managed by pharmacological therapy, the 
most appropriate type of  nonpharmacological therapy 
must be selected on an individualized basis.

Ablative techniques that offer the potential of  a com-
plete cure from AF are gaining popularity in the treat-
ment of  highly symptomatic patients with AF who are 
refractory to drug therapy. Nevertheless, many aspects 
of  the therapy are still controversial. Even though the 
results of  published studies favor ablation therapy, large, 
well-designed, multi-center clinical trials are needed to 
confirm the efficacy and safety of  this approach.
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