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ABSTRACT 

Atrial fibrillation (AF) is estimated that by 2010, ap-
proximately 2.6 million people will be affected in USA; 
by 2050, that number may increase to 10 million pa- 
tients. Generally, rate control alone is reasonable in 
some AF patients, especially asymptomatic patients. 
Restoration and maintenance of sinus rhythm (SR) 
may be achieved by means of cardioversion, drugs or/ 
and catheter ablation. Pharmacological therapy can 
be useful to maintain SR and prevent tachycardia- 
induced cardiomyopathy. All patients with AF re- 
gardless of whether a rhythm or rate control strategy 
recommend anticoagulant, antiplatelet or both com- 
bined therapy for prevention of thromboembolism, 
except those with lone AF or contraindications. Drug 
selection should be based upon the absolute risk of 
stroke, bleeding, the relative risk and benefit for a 
given patient. Biventricular pacing may overcome 
many of the adverse hemodynamic effects associated 
with RV pacing alone. A target individual ectopic foci 
ablation within the pulmonary vein (PV) has evolved 
to circumferential electrical isolation of the entire PV 
musculature. Cavotricuspid isthmus should be con- 
sidered as first-line therapy for patients with typical 
atrial flutter. Completely non-fluoroscopic ablation 
guided by Real-Time Magnetic Resonance Imaging 
(RTMRI) using a steerable and non-ferromagnetic 
catheter is a promising novel technology in interven- 
tional electrophysiology. 
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1. INTRODUCTION 

Atrial fibrillation (AF) is the most common clinically 
significant cardiac rhythm disorder, and a progressive 
disease with higher mortality consequences. The clinical 
impact of the disease burden of AF includes hemody- 

namic and myocardial consequences, such as reduced 
cardiac output, and heart failure (HF), increased hospi- 
talizations, reduced quality of life, increased risk of thro- 
mboembolism and decreased survival [1]. The frequency 
of AF is estimated that by 2010, approximately 2.6 mil- 
lion people will be affected in the United States [2], AF 
accounts for approximately one third of the hospitaliza- 
tions related primarily to cardiac arrhythmias [3,4]. The 
prevalence of AF is expected to increase dramatically, by 
2050, that number may increase to 10 million patients [2], 
reflecting the aging US population and rising prevalence 
of AF risk factors [5,6]. Cross-sectional studies have 
demonstrated an 8% prevalence among patients older 
than 80 years [7]. In addition to age, Framingham Study 
demonstrated that men had a 1.5-fold greater risk of de- 
veloping AF than women, and hypertension and diabetes 
were significant independent predictors of AF [8]. De- 
spite the severe burden of disease and the potential for 
progression to a permanent state of arrhythmia, AF re- 
mains a highly treatable disorder, especially with early 
intervention [1]. 

The clinical type of AF can be classified as follows: 
Paroxysmal (≤7 days) (most less than 24 h), which is 
self-terminating; persistent (>7 days), which requires in- 
tervention for termination; permanent, which is refrac- 
tory to cardioversion (CV) or is accepted as the final 
rhythm or both paroxysmal and persistent AF may be re- 
current [9]. Cardiac testing is required before initiation of 
therapy to identify potential causes and to help determine 
which drugs can be used safety during treatment. The 
potential causes include structural heart disease, coronary 
heart disease (CHD), ventricular preexcitation, Ion chan- 
nel defects (e.g. such as Brugoda syndrome), and hyper- 
thyroidism. The induced factors include conditions such 
as alcohol consumption and carbon monoxide poisoning 
etc. 

The minimal initial evaluation should include the fol- 
lowing tests: Electrocardiogram (ECG), transthoracic 
echocardiogram (TTE), blood tests, and additional test- 
ing that may be necessary in selected patients with AF 
includes: six-minutes walk test, exercise testing, Holter 
monitoring or event recording, transesophageal echocar- 
diography (TEE), electrophysiological (EP) study and 
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chest radiograph.  

2. MANAGEMENT OF PATIENTS WITH 
AF 

Management of patients with AF have become available, 
including recommendations for: strict versus lenient 
heart rate control, combined use of antiplatelet and anti- 
coagulant therapy for prevention of thromboembolism. 
Maintenance of sinus rhythm (SR) can confer significant 
clinical benefits across a wide spectrum of AF patients. It 
has been associated with improved cardiac function, de- 
creased hospitalization, and improvement in quality of 
life. If the patient can not maintain SR, it may be directly 
corrected with the structural atrial remodeling that occurs 
as a consequence of AF and, in turn, induces other elec- 
trophysiologic changes, then further AF occurs. 

There are three kinds of remodeling in AF [10]: elec- 
trical, contractile and structural. Electrical remodeling 
occurs quickly and is often reversible. Structural remo- 
deling can take several weeks, months, or even years to 
occur, that includes cellular changes such as fibrosis, 
myolysis, accumulation of glycogen, and cell enlarge- 
ment and death. At a certain points in time, some of these 
changes are irreversible [11]. If the patients stay in AF 
for more than one year, recurrent AF after cardioversion 
(CV) frequently occurred, the reason may partly be some 
permanent damage that may be irreversible developed, or 
damage that is reversible can only be reversed if SR is 
maintained for longer periods of time, which may be CV 
with multiple times. Patients converted to SR within 3 
months have a 69% chance of remodeling in 6 months 
compared to only 27% if patients are allowed to remain 
in AF for >12 months [12]. 

A rate control strategy alone is reasonable in some pa- 
tients with AF, especially those who are asymptomatic, 
but before making the decision, the doctor should con- 
sider how permanent AF is likely to affect the patients in 
the future [13]. A rate control allowing adequate time for 
ventricular filling and avoiding rate-related ischemia, 
may result in improved hemodynamics. A heart rate re- 
cording during submaximal or maximal exercise or 24- 
hour Holter recording may be an option. 

Antithrombotic therapy to prevent thromboembolism 
is recommended for all patients with AF regardless of 
whether a rhythm or a rate control strategy is chosen, 
except those with lone AF or contraindication. Selection 
of the antithrombolic agent should be based on the abso-
lute risks of stroke, bleeding, relative risk and benefits 
for a given patients [9,13]. Combining anticoagulant with 
antiplatelet therapy are recently recommended [13]. 

3. RESTORATION OF SINUS RHYTHM 

Principles of cardioversion (CV) are as followed: CV 

may be achieved by means of a drug or an electrical 
shock. Direct current CV is more effective than pharma- 
cological CV. The more recent the onset of AF, the more 
effective is pharmacological CV. The primary disadvan- 
tage of electrical CV is that it requires sedation or anes- 
thesia. The primary disadvantage of pharmacological CV 
is the risk of torsades de pointers. The risk of throm- 
boembolism or stroke does not differ between pharma- 
cological CV and electrical CV. Be prepared of signifi- 
cant sinus bradycardia after CV in patients on high dose 
AV nodal blocking drugs [9,13]. 

Direct current CV should be used by shocks will be 
delivered synchronous to R-wave, and use of a biphasic 
defibrillator. The AF patients with ongoing myocardial 
ischemia, symptomatic hypotension, angina, or HF, if a 
rapid ventricular response does not respond promptly to 
pharmacological measure, immediate CV is recom-
mended; in patient of early replace of AF after CV, re-
peated current CV attempts may be made following. In 
patients with digitalis toxicity or hypokalemia, electrical 
CV is contraindicated [14,15]. 

Pharmacological cardioversion can be used as fol-
lowed: IV ibutilide is an effective drug available to cov-
ert AF, 1 mg over 10 minutes while observing for QTc 
prolongation and ventricular proarrhythmia. Dose can be 
repeated after 10 minutes, but the risk of proarrhythmia 
increases [16-18]; or IV amiodarone loading dose 150 
mg over 10 minutes + IV maintenance dose 0.5 - 1 
mg/min. It is an appropriate initial choice in patients with 
left ventricular hypertrophy (LVH), HF, or coronary heart 
disease (CHD), because it is associated with a low risk of 
proarrhythmia. Low-dose (≤200 mg daily) is associated 
with fewer side effects than higher-dose regimens. Pa-
tients should be monitored regularly for thyroid, hepatic, 
and pulmonary toxicity. 

4. MAINTENANCE OF SINUS RHYTHM 

Before initiating antiarrhythmic drug (AAD) therapy, 
treatment of precipitating or reversible causes of AF is 
recommended. Pharmacological therapy can be useful in 
patients with AF to maintain SR and prevent tachycar- 
dia-induced cardiomyopathy [13]. Principles of AAD 
therapy are: The patients have troublesome symptoms 
related to paroxysmal AF or recurrent AF after CV who 
can tolerate AAD, and have a good chance of remaining 
in SR; AAD choice is based on side effect profiles and 
the presence or absence of structural heart disease, HF, 
hypertension, should be individualized and must account 
for underlying renal and hepatic function. Outpatient 
initiation of AAD therapy is reasonable in patients with 
AF who have no associated heart disease and well toler- 
ate AAD. Sotalol can be beneficial in outpatients in SR 
with mild or no heart disease, prone to paroxysmal AF, if 
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the baseline uncorrected QT interval is less than 460 ms, 
serum electrolytes are normal, and risk factors associated 
with Class III drug-related proarrhythmia are not present; 
ensure normal electrolyte status and appropriate antico- 
agulation prior to starting AAD therapy. Initiate therapy 
at low dose and titrate up as needed and after evaluating 
drug effects on ECG parameters. Initiate AV nodal block- 
ade prior to use of AAD (e.g. flecainide) that do not pro- 
vide substantial AV node blockade [6]. In patients with 
AF without structural or CHD, initiation of propafenone 
or flecainide can be beneficial on an outpatient basis in 
patients with paroxysmal AF who are in SR at the time of 
drug initiation [13] (Table 1). 

In the recent guideline on the management of patients 
with AF [6,13]. Dronedarone recommends for the pre- 
vention of recurrent AF, it is similar to amiodarone but 
lacks an iodine moiety, it has multiple electrophysiologic 
actions including sympatholytic effects and inhibition of 
the L-type calcium current, the inward sodium current, 
and multiple potassium current [19,20], but it better tol- 
erated [21,22]. Dronedarone can reduce the risk of car- 
diovascular hospitalization in patients with paroxysmal 
or persistent AF or atrial flutter (AFL), with a recent his- 
tory of AF/AFL and associated cardiovascular risk fac- 
tors (age > 70, hypertension, diabetes, prior cerebrovas- 
cular accident, left atrium (LA) diameter ≥ 50 mm or 
LVEF < 40%) who are in SR or who will be cardioverted. 
[23], but recently, several cases of hepatocellular liver in- 
jury and hepatic failure in patients treated with droneda- 
rone (marketed as Multaq), including two cases of acute 
hepatic failure requiring transplantation were reported 
[23]. 

5. VENTRICULAR RATE CONTROL 

Most patients who used a rhythm control strategy also re- 
quire medications for ventricular rate (VRs) control. Rate 
control during atrial flutter tends to be more difficult than 
 
Table 1. The antiarrhythmic drug and only oral doses as follow. 

 Antiarrhythmic drug Only oral dose 

Flecainide 50 - 150 mg every 12 hours 

Propafenone 150 - 300 mg every 8 hours Class I 

Propafenone SR 225 - 425 mg every 12 hours 

Dronedarone 200 - 400 mg every 12 hours 

Amiodarone 
800 mg/day/1 week, then 600  
mg/day/1 week,  
400 mg/day/4 - 6 week, 200 mg/day 

Dofetilite 
250 - 500 mcg every 12 hours, based
on renal function, must be in the 
hospital. 

Class III 

Sotalol 
80 - 160 mg to maximum of 320 mg, 
every 12 hours, based on renal  
function. 

during AF. Control of the VRs during AF is important 
both at rest and exertion. Criteria vary with age but us- 
ually involve achieving VRs between 60 and 80 bpm at 
rest and between 90 to 115 bpm during moderate exer- 
cise or 6-minates walk test [24,25]. In some study, ade- 
quate control was defined as an average heart rate of up 
to 80 bpm at rest and the maximum age-adjusted pre- 
dicted exercise heart rate or a maximum heart rate of 110 
bpm during a 6-minute walk test [26]. The potential 
benefits of strict (resting heart rate < 80 bpm, heart rate < 
110 bpm during moderate exercise) versus lenient (rest- 
ing heart rate < 110 bpm) rate control were reported in 
the RACE II trial of 614 patients with permanent AF [27]. 
As lenient-rate control is generally more convenient, it 
may be adopted as a reasonable strategy in patients with 
permanent AF. 

Several drugs can control the ventricular response in 
the different patients with AF: AV nodal blocking drugs 
that include Beta blockers: Esmolol is an ultra-short- 
acting beta-1 receptors blocker, serum half-life of 9 min- 
utes. Start with 60-seconds loading dose of 0.5 mg/kg 
and follow with maintenance dose 60 - 200 mcg/kg/min. 
Metoprolol (Lopressor) is much more convenient to use, 
2.5 - 5.0 mg bolus over 2 min (up to 3 dose), oral dose is 
25 - 100 mg daily, or Atenolol 25 - 100 mg/day, or 
Carvedilol 6.25 - 50 mg every 12 hours, or Carvedilol 
SR 10 - 80 mg daily orally. Calcium channel antagonist 
(nondihydropyridine) include Diltiazem-0.25 mg/kg (av-
erage 20 mg) over 2 min (2nd bolus can be given if HR > 
100 bpm), 5 - 15 mg/hours. Oral dose 120 - 480 mg daily, 
and Verapamil 0.075 - 0.15 mg/kg over 2 min. Oral dose: 
120 - 480 mg daily. Third drug is Digoxin 0.25 mg q 2 
hours, up to total 1.5 mg, maintenance dose: 0.125 - 
0.375 mg daily orally. 

6. CATHETER ABLATION 

Catheter ablation to maintain SR in patients with AF is 
currently considered a second-line therapy in signifi-
cantly symptomatic paroxysmal patients who have failed 
treatment with an AAD and have with normal size or 
mildly dilated atria, normal or mildly reduced ventricular 
function, and absence of severe pulmonary disease [28, 
29]. Catheter ablation may be reasonable to treat symp- 
tomatic paroxysmal AF in patients with significant LA 
dilatation or with significant LV dysfunction [13]. Some 
younger patients with symptomatic AF who require SR, 
ablation may be preferred over years of drug therapy. 
Presence of a LA thrombus is a contraindication. Before 
ablation, we should evaluate AF etiology and underlying 
disease. Generally, reports describe success rates of 60% 
to 70% that approximately 10% to 40% of patients re- 
quire a second ablation, and that 10% to 15% require 
continued antiarrhythmic therapy. 

Copyright © 2012 SciRes.                                                                       OPEN ACCESS 



X. S. Yang et al. / World Journal of Cardiovascular Diseases 2 (2012) 111-117 114 

In up to 90% of patients with AF, the “triggers” of ar- 
rhythmia arise from specific areas within the LA, near 
the openings of four pulmonary veins, when the openings 
of the veins isolated from the rest of the left atrium with 
radiofrequency catheter ablation by using a catheter to 
create just two or three strategically—placed linear scars, 
AF can often be reduced in frequency or even eliminated 
[30]. Despite these advances, the long-term efficacy of 
catheter ablation to prevent recurrent AF requires further 
study. Available data demonstrate 1 year or more of free- 
dom from recurrent AF in most patients [31,32]. 

Complications are similar with other catheter-based in- 
tervention, such as infection, bleeding, hematoma, deep 
venous thrombosis, pneumothorax, and arterial damage. 
However, more serious complications are rare. 

AV nodal ablation and permanent pacing is an option 
for patients with rapid ventricular rates despite maximum 
medical therapy to control the rate, otherwise AV nodal 
ablation should not be attempted. In the patients without 
underlying heart disease, survival among AF individuals 
after ablation of the AV node is similar to expected sur- 
vival in the general population. Long-term survival is 
similar for patients with AF in whom received ablation or 
drug therapy. VRs controlled by ablation of the AV node 
and permanent pacing does not adversely affect long- 
term survival [33]. Catheter ablation of the AV conduc- 
tion system and permanent pacemaker implantation are 
followed by improvement in the quality of life of se- 
verely symptomatic patients with AF that is refractory to 
medical treatment [34]. 

Biventricular pacing may overcome many of the ad- 
verse hemodynamic effects and a few cases of LV dys- 
function that occurred with RV pacing alone. A target 
individual ectopic foci ablation within the PV has evo- 
lved to circumferential electrical isolation of the entire 
PV musculature. Catheter ablation of the cavotricuspid 
isthmus should be considered as first-line therapy for 
patients with typical atrial flutter. Radiofrequency abla- 
tion of the cavotricuspid isthmus was effective in elimi- 
nating typical atrial flutter without injury of antegrade 
fast AV node conduction. The atrial musculature in the 
cavo-tricuspid isthmus significantly contributed to the 
slow AV node conduction [35]. Completely non-fluoros- 
copic ablation guided by real-time magnetic resonance 
imaging (RTMRI) using a steerable and non-ferromag- 
netic catheter is a promising novel technology in inter-
ventional electrophysiology (EP) [36]. 

7. ANTICOAGULANT COMBINED WITH 
ANTIPLATELET THERAPY 

Several studies have demonstrated that oral anticoagula- 
tion with warfarin is effective for prevention of throm- 
boembolism in patients with AF [9,28,37]. Aspirin offers 
only modest protection against stroke for AF patients 

[38-40]. Adjusted-dose oral anticoagulation is more effi- 
cacious than aspirin for prevention of stroke in AF pa- 
tients [41]. Recent studies have assessed the thienopyri- 
dine antiplatelet agent clopidogrel with aspirin for stroke 
prevention in patients with AF [42-44]. The addition of 
clopidogrel to aspirin (ASA) to reduce the risk of major 
vascular events, including stroke, might be considered in 
patients with AF in whom oral anticoagulation with war- 
farin is considered unsuitable due to patient preference or 
the physician’s assessment of the patient’s ability to 
safely sustain anticoagulation [42]. The combined use of 
dual-antiplatelet therapy with both clopidogrel and ASA 
plus anticoagulation with warfarin (triple therapy) has 
been suggested as a strategy for treatment and prevention 
of complications of 2 or more coexisting conditions such 
as AF, mechanical valve prosthesis, or the presence of a 
drug-eluting coronary stent [44]. 

All patients with AF regardless of whether a rhythm or 
rate control strategy recommend anticoagulation except 
those with lone AF or contraindications. Drug selection 
should be based upon the absolute risk of stroke, bleed-
ing, the relative risk and benefit for a given patient (Ta-
bles 2 and 3). 

Nonpharmacologic procedures to prevention of throm- 
boembolism with Watchman device, 707 patients ≥ 18 
years of age (mean age 72 y, 70% men) who had non-
valvular AF and CHADS2 risk score ≥ 1 revealed that 
percutaneous closure of the left atrial appendage (LAA) 
was noninferior to warfarin therapy for efficacy but was 
associated with increased risk for the composite safety 
outcome, including serious pericardial effusion in 4.8% 
of patients [45]. FDA has not approved clinical use of the 
Watchman device pending the results of additional on- 
going trials. 

For all patients with AF for >48 hours, or when AF 
 
Table 2. The classification of risk factors. 

Weaker risk factors Moderate risk factors High risk factors 

Female Age ≥ 75 years 
Previous stroke, TIA, 

or embolism 

Age 65 to 74 years Hypertension Mitral stenosis 

Coronary artery 
disease 

Heart failure Prosthetic cardiac valve

 
Table 3. Risk factors and recommended therapy. 

Risk factors Therapy 

None Aspirin 81 - 325 mg daily 

1 moderate risk factor 
Aspirin 81 - 325 mg daily, or 
warfarin (INR2 - 3, target 2.5) 

Any high risk factor or >1  
moderate risk factors 

Warfarin (INR2 - 3, target 2.5) 

INR (International Normalized Ratio) should be determined at least weekly 
when warfarin is initiated and monthly when INR is stable. 
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duration is unknown, 3 weeks of therapeutic anticoagula- 
tion with an INR ≥ 2.0 are required prior to CV. It may 
take longer than 3 weeks. Anticoagulation (warfarin or 
heparin) must be continued for at least 4 weeks after CV 
regardless of the use of TEE before CV. Anticoagulation 
after 4 weeks dependent upon CHADS2 Risk Criteria 
Score: CHF + 1, hypertension history + 1, Age ≥ 75 + 1, 
diabetes history + 1, stroke symptoms previously or TAI 
+ 2. TEE can be used to assess the LA for thrombosis. Of 
the more than 700,000 strokes that occur in the US per 
year, approximately 15% are thought due to AF, while 
another 30% are of unknown cause and classified as 
cryptogenic [46]. Anticoagulation is highly effective in 
preventing embolic events in AF patients with a stroke 
risk reduction of almost 70% and is superior to other 
pharmacological approaches [47]. But anticoagulation 
might increase the risk of major bleeding by approxi- 
mately 70% compared with aspirin, accounting for year 
[48]. Other disadvantages of anticoagulation therapy are 
its narrow therapeutic range, pharmacological and food 
interactions, and the need for frequent monitory and dose 
adjustment. These might be some of reasons why only 
54% of all high-risk patients who are eligible for oral 
anticoagulation therapy actually receive warfarin [49]. 

In a recently randomized double-blind trial in 18201 
AF patients from 39 countries who had at least one addi- 
tional risk factor for stroke, studies compared a new oral 
anticoagulant—apixaban (5 mg twice daily) with war- 
farin (target INR 2.0 - 3.0), at a median follow-up of 1.8 
years, revealed apixaban significantly reduced the rela- 
tive risk of stroke or systemic embolism by 21 percent. 
The annual event rates were 1.27 percent for apixaban vs 
1.60 percent for warfarin. Apixaban is a direct factor Xa 
inhibitor with predictable pharmacokinetics and a rapid 
onset and offset of action after oral administration [50]. 
In an another study for Rivaroxaban vs warfarin in non- 
valvular AF, 14264 patients randomized received either 
rivaroxaban ( at a daily dose of 20 mg) or dose-adjusted 
warfarin (target INR 2.0 - 3.0), results revealed rivarox- 
aban was noninferior to warfarin for the prevent of stroke 
or systemic embolism [51]. 

8. SURGICAL THERAPY 

The first surgical attempt to remove the LAA as a possi-
ble source for thromboembolic event was made by Mad-
den in 1948 [52]. In 1991, Cox et al. introduced the 
“Maze” operation—several small incisions are made in 
the atria to interrupt AF reentry pathways [53]. In 2005, 
197 patients underwent the Maze procedure were re-
ported, the mean rate of disappearance of AF was 89% 
after 10 years follow up, but the Maze procedure is still 
not common used because of its complication at time. 
Complications of Maze operation include atrial dysfunc- 

tion, different types of atrial arrhythmias and no reduc- 
tion for the risk of embolic events, the patients still have 
to continue with anticoagulation therapy. 

The most common forms of ablative energy used in 
surgery for AF are high frequency ultra-sound (HIFU), 
radiofrequency energy and nitrous oxide-based cryothe- 
rapy (–8 degree C). All are capable of producing areas of 
localized complete myocardial ablation-electrical struc- 
tural integrity [54]. 

9. CONCLUSION 

AF is the most common clinically significant cardiac 
rhythm disorder, and a progressive disease with higher 
mortality consequences. The treatment with rhythm con- 
trol or/and rate control and prevention of thromboem- 
bolism, it has been associated with improved survival, 
decreased hospitalization, improved cardiac function and 
quality of life. Nevertheless, the new treatments are still 
in the growing. 
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