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Introduction

The major goals of management of atrial fibrillation 
(AF) include the following: 

■■ Prevention and treatment of symptoms related to AF
■■ Prevention of development or worsening of left 

ventricular dysfunction and heart failure
■■ Prevention of stroke due to AF

The first and second goals are achieved using either rate 
or rhythm-control strategies that will be discussed in this 
second part of the review of AF.

Rate-control Strategy

One of the foremost problems with AF is the rapid 
ventricular rate that develops in most patients with 
intact and normal atrioventricular (AV) conduction. 
This results not only in AF-related symptoms like 
palpitations, dyspnea, and occasionally chest pain 
but may also result in development of left ventricular 
dysfunction (tachycardiomyopathy) and heart failure 
in some patients. These symptoms can be treated or 
prevented by using the rate-control strategy that aims at 
controlling the ventricular rate without achieving sinus 
rhythm. Rate-control strategy is often the initial strategy 
in most patients with hemodynamically stable AF and 
improves the quality of life and reduces morbidity.

Means of achieving rate control

Drugs. Many drugs that include the AV nodal blocking 
agents like β-blockers, nondihydropyridine calcium 
channel blockers, digoxin, and certain anti-arrhythmic 
drugs like amiodarone have been used and evaluated as 
rate-controlling agents in AF.

AV nodal ablation. Radiofrequency ablation of AV 
node or AV junction to produce iatrogenic complete 
AV block along with permanent ventricular pacemaker 
implantation is a very effective means of rate control. 
However, since it makes the patient pacemaker-
dependent, and long-term right ventricular pacing may 
also cause left ventricular dysfunction in some patients, 
this strategy should be reserved for patients in whom 
rate control with drugs is inadequate and rhythm control 
is not achievable (1,2). The patients undergoing AV 
junctional ablation who have left ventricular systolic 
dysfunction or those who are likely to develop left 
ventricular dysfunction by right ventricular pacing, 
may benefit from biventricular pacing instead of right 
ventricular pacing in the long term (3).  

Drug therapy for rate control

Many drugs can be used to achieve rate control in 
patients with AF, though β-blockers are preferred in most 
situations (4). Intravenous route may be used if rapid 
control of ventricular rate during AF is required as in 
patients with marked symptoms or ongoing ischemia or 
hypotension (5). Alternatively, electrical cardioversion is 
preferred in these situations, though risk of stroke exists 
if the patient is not or inadequately anticoagulated. In 
case of hemodynamic instability due to rapid ventricular 
rate in AF, electrical cardioversion should be performed 
urgently irrespective of prior anticoagulation status.

The common drugs used for rate control in AF with their 
oral and intravenous doses are listed in Table 1.
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 Table 1. Drugs used for rate control in atrial fibrillation

Drug Class Drug Intravenous Dose Oral 
Maintenance 
Dose

β-Blockers Metoprolol 
Tartrate

2.5–5 mg IV bolus 
over min; up to 3 
doses

25–100 mg BD

Metoprolol 
succinate (XL)

NA 50–400 mg OD

Atenolol 25–100 mg OD

Esmolol 500 µg/kg IV bolus 
over 1 min, then 
50–300 µg/kg/min 
IV infusion

NA

Propranolol 1 mg IV over 1 min, 
up to 3 doses at 2 
min intervals

10–40 mg TDS 
or QID

Carvedilol NA 3.125–25 mg 
BD

Bisoprolol NA 2.5–10 mg OD

Nebivelol NA 2.5–10 mg OD

Calcium 
Channel 
Blockers

Verapamil 0.075–0.15 mg/kg 
IV bolus over 2 min, 
then 0.005 mg/kg/
min IV infusion

180–480 mg OD 
(ER)

Diltiazem 0.25 mg/kg IV 
bolus over 2 min, 
then 0.35 mg/kg IV 
bolus after 5 min if 
required, then 5-15 
mg/h IV infusion

120–300 mg OD 
(ER)

Digitalis 
Glycosides

Digoxin 0.25 mg IV, repeated 
to a maximum of 1.5 
mg over 24 h

0.125–0.25 mg 
OD

Others Amiodarone 300 mg IV over 1 h, 
then 1 mg/kg/hr for 
next 6 h, then 0.5 
mg/kg/hr for next 18 
h 24 hr 

100–200 mg OD

Specific drugs for rate control. 

β-Blockers. These agents slow the AV nodal conduction 
by causing sympathetic blockage. Some of the agents 
can also be used intravenously. They are the most 
effective and most commonly used drugs for rate control 
in AF (4). They are the first-line agents in patients with 
coexisting coronary artery disease or heart failure. 
However, β-blockers are relatively contraindicated in 
patient with severe obstructive airway disease. They 
can be combined with other agents like digoxin if rate 
control is inadequate and there dose should be titrated to 
prevent excessive bradycardia (6).

Calcium Channel Blockers. The non-dihydropyridine 
calcium channel blockers that include diltiazem and 

verapamil block the L-type calcium channels with 
resultant direct AV nodal blocking effects. These agents 
should not be used in patients with left ventricular systolic 
dysfunction and decompensated heart failure since their 
negative inotropic effects can cause more harm.

Digoxin. Although digoxin is commonly used for 
rate control, it is not the preferred drug because of its 
ineffectiveness to control the ventricular rate during 
exercise (6). The intravenous digoxin has a slow onset 
and late peak of action and hence it cannot achieve 
rapid rate control in semiemergent situations. Moreover, 
it has a narrow therapeutic window and many drug 
interactions. It should be used with caution with reduced 
dose in elderly patients, patients with renal dysfunction, 
and with concomitant use of drugs like amiodarone that 
increase its plasma levels.  Despite these limitations, 
digoxin can be used for rate control along with β-blockers 
and especially in patients with heart failure where its 
lack of negative inotropic effect comes as an advantage.

Rhythm-control Strategy

The management of AF with means to restore and 
maintain sinus rhythm over long term is known as the 
rhythm-control strategy. Many trials including large 
randomized trials that have compared rhythm (using 
drugs and cardioversion) and rate (using drugs and AV 
junction ablation) control strategies in patients with AF 
have failed to show a superiority of rhythm control in 
terms of mortality (4,7). Moreover, the rhythm-control 
strategy may require more hospitalizations essentially 
due to more attempts at electrical cardioversion. 
However, this does not mean that achievement and 
maintenance of sinus rhythm over long term in patients 
with AF is not beneficial. In fact, in the same studies 
patients who maintained sinus rhythm over long term 
faired much better compared to those who remained 
in AF. It essentially suggests that the means (drugs) of 
achieving and maintaining sinus rhythm are not effective 
enough and their side effects in the long term outweigh 
any benefit gained from attempt at achieving long-term 
sinus rhythm.

Means of achieving rhythm control

■■ Drug therapy – In rhythm control strategy, drugs 
may be used in the following roles:  
•• Drug therapy for pharmacological cardioversion 

– anti-arrhythmic drugs (AADs) may be used for 
attempted cardioversion of AF to sinus rhythm. 
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•• Drug therapy for maintenance of sinus rhythm – 
long-term use of AADs to maintain sinus rhythm 
and prevent recurrence of AF once the rhythm 
is restored by electrical or pharmacological 
cardioversion

•• Upstream drug therapy – use of non-AADs 
to prevent recurrence of AF. These include 
angiotensin-converting-enzyme (ACE) 
inhibitors, angiotensin receptor blockers, statins, 
and n-3 polyunsaturated fatty acids. These 
agents modify the atrial substrate by stopping 
or delaying the cellular processes leading to 
AF thereby reducing the susceptibility and/or 
progression of AF. The efficacy of these agents is 
not established and remains controversial (8,9).

■■ Electrical cardioversion – This procedure entails 
delivery of direct-current electric shock to the chest 
wall after appropriate sedation and anticoagulation 
measures to convert AF to sinus rhythm. The shock 
is synchronized to the QRS complex to prevent 
its delivery in the vulnerable phase (T-wave) 
of ventricular repolarization that may result in 
ventricular fibrillation. 

■■ Catheter ablation for AF – Ablation for AF is a 
catheter-based procedure wherein the triggers of 
AF in the pulmonary veins or other sites are ablated 
using radiofrequency or other energy sources 
with or without additional ablation in the atria to 
modify the substrate. The AF ablation procedure 
has evolved since its initial description when it was 
found that AF results from electrical firing (triggers) 
from the pulmonary veins that can be isolated using 
radiofrequency ablation to achieve and maintain 
sinus rhythm in many selected patients. Although, 
still not perfect, the efficacy of RF ablation for 
AF for maintaining sinus rhythm is superior to the 
currently available anti-arrhythmic drug therapy. 

■■ Pacemaker therapy – The pacemaker may be 
required in patients with AF who also have 
symptomatic bradycardia often due to underlying 
sinus node dysfunction. 

■■ Surgical ablation for AF – Surgical ablation for 
AF is performed concomitantly with other cardiac 
surgery like coronary bypass surgery/valve surgery 
or uncommonly as a stand-alone AF surgery. These 
can be either conventional “cut and sew” procedures 
or more commonly may utilize radiofrequency or 

cryoablation to replicate the surgical lines of ablation. 
The results and outcomes of these procedures vary 
according to the operator experience, institutional 
practice, underlying disease duration, and severity.  

Direct-current Cardioversion

The electric shock given during direct-current 
cardioversion (DCCV) results in simultaneous 
momentary depolarization of all atrial myocardial 
cells, thus allowing the sinus node to resume normal 
pacemaker activity. It is the most effective modality to 
convert AF to sinus rhythm, though AF may recur in 
many patients either immediately or some time later. 
Since it is painful, appropriate conscious sedation under 
supervision of anesthetist is essential as also monitoring 
of oxygen saturation and blood pressure. Commonly 
used drugs for sedation include midazolam, fentanyl, 
and propofol all of which are short-acting allowing for 
full consciousness to return after few minutes. 

DCCV should not be performed in patients with severe 
electrolyte imbalance especially hypokalemia or in 
digoxin toxicity due to risk of intractable ventricular 
arrhythmias. The risks and complications associated 
with DCCV include sedation-related complications 
(hypoxia, aspiration, etc.), thromboembolism, 
arrhythmias like ventricular tachycardia or fibrillation 
or bradyarrhythmias, muscle pain, and skin burn. 

The risk of thromboembolism is due to migration of a clot 
present in the left atrium or left atrial appendage (LAA) 
on resumption of the mechanical contractile function 
of atria on restoration of sinus rhythm. The risk of 
thromboembolism post DCCV is highest in the initial 72 
h and maximum in the first 7–10 days (10,11). However, 
post-cardioversion, the atrial mechanical function may 
not return (stunning) for up to 4 weeks despite sinus 
rhythm and thus clot formation can occur during this 
period. Hence, anticoagulation is necessary for at least 
4 weeks after DCCV (12,13). The anticoagulation for 
at least 3 weeks prior to DCCV is necessary to ensure 
that no LAA clot is present at the time of the procedure. 
Based on peri-procedure anticoagulation, the DCCV can 
be performed by two strategies:

■■ Conventional strategy involves anticoagulation 3 
weeks prior and 4 weeks post-cardioversion (12).

■■ Trans-esophageal echo (TEE) guided strategy 
involves performance of TEE to rule out LAA clot 
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■■ just prior to DCCV and anticoagulation for at least 
4 weeks post-cardioversion (14,15). If there is a clot 
in LAA on TEE, anticoagulation for 3–4 weeks to 
dissolve the clot, followed by confirmation by TEE, 
is essential before cardioversion can be considered. 
Anticoagulation in post- cardioversion period of at 
least 4 weeks is essential even if there was no LAA 
clot in pre-procedural TEE due to risk of thrombus 
formation in stunned atria. 

If the patient has not received anticoagulation earlier, 
intravenous bolus of unfractionated heparin or low-
molecular-weight heparin should always be administered 
prior to DCCV.

During DCCV of first episode of AF lasting clearly <48 
h, antecedent anticoagulation or TEE is not necessary 
since the risk of thrombus formation in such short-
lasting AF is minimal (16). Similarly, patients with 
hemodynamically unstable AF should undergo DCCV 
irrespective of antecedent anticoagulation status and 
without waiting for TEE. 

Pharmacological Cardioversion

The drugs that can be used for conversion of AF to 
sinus rhythm are listed in Table 2 (17,18). The efficacy 
of these drugs in restoring sinus rhythm is at the best 
modest ranging from 30% to 50%. Shorter the duration 
of AF, better is the efficacy with best results in AF of less 

than 7 days duration. The major risk with these drugs 
is QT prolongation related polymorphic ventricular 
tachycardia or torsades de pointes that occurs in 3–4% 
of patients (19). The risk may persist even up to 4–6 
h after cardioversion.  Among these agents, vernakalant 
or ibutilide probably have higher efficacy and least side 
effects but unfortunately both are not available in India. 
Even if these agents do not restore sinus rhythm, they 
can improve the efficacy of DCCV (19). 

Single oral dose of flecainide or propafenone may be 
used after pretreatment with a β-blocker or calcium 
channel blocker as a “pill in the pocket” approach to 
restore normal rhythm shortly after onset of symptoms 
of AF in patients with paroxysmal AF (20,21). 

It should be remembered that the risk of thromboembolism 
during pharmacological cardioversion is same as during 
electrical cardioversion and similar anticoagulation 
guidelines need to be adhered. This is due to the fact that 
the risk of embolism is related to the resumption of the 
mechanical contractile function of the atrium and not the 
mechanical effect of shock dislodging the clot. 

Newer atrial selective drugs that can restore sinus rhythm 
with much lower risk of ventricular proarrhythmia are 
in various stages of development. Vernakalant is one 
such drug that has been approved in Europe for acute 
conversion of AF to sinus rhythm.  

Table 2. Drugs for pharmacological cardioversion of atrial fibrillation

DDrug Class Drug RRoute Dose Potential Side Effects Avoid /Caution

IC Flecainide Oral 200–300 mg stat along with a 
β-blocker

Atrial flutter with 1:1 
conduction, proarrhythmia, 
hypotension

Coronary disease, 
structurally abnormal heart

IC Propafenone Oral 450–600 mg stat along with a 
β-blocker

Atrial flutter with 1:1 
conduction, proarrhythmia, 
hypotension

Coronary disease, 
structurally abnormal heart

III Ibutilide* IV 1 mg over 10 min; may repeat 1 mg 
once

QTc prolongation, torsade de 
pointes, hypotension

Structurally abnormal heart

III Doefitilide* Oral 125–500 mg twice daily based on renal 
function

QTc prolongation, torsade de 
pointes

Renal failure, advanced age

III Amiodarone Oral 600–800 mg daily to load up to 10 g, 
then 200 mg once daily maintenance 

QT prolongation, torsades, 
Dyspepsia, constipation

Thrombophlebitis, bradycardia

Other QTc prolonging drug 
use, Warfarin (raised INR)

IV 150 mg over 10 min, 
then 1 mg/min x 6 h, 
then 0.5 mg/min x 18 h

Vernakalant IV 3 mg/kg iv over 10 min; second 
infusion of 2 mg/kg iv over 10 min 
after 15 min interval if required

Transient hypotension, 
arrhythmias

Heart failure, aortic stenosis, 
recent ACS

*Not available in India
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Drug Therapy for Maintenance of Sinus 
Rhythm

Once sinus rhythm has been restored by electrical 
or pharmacological cardioversion, it is desirable to 
maintain sinus rhythm for as long as possible. The 
chance of recurrence of AF remains high especially if 
there is underlying cause that has not been treated. All 
possible causes of AF should be looked into and treated 
as far as possible to reduce arrhythmia recurrence. Also, 
many drugs as shown in Table 3 are available that can be 
used to maintain sinus rhythm and prevent recurrence of 
AF. Even if AF recurs, its frequency or duration may be 
reduced by long-term use of these agents. However, it 
should be borne in mind that the efficacy of these drugs is 
at the most modest and silent asymptomatic AF episodes 

occur commonly. It is important to realize that even 
when sinus rhythm has been achieved and maintained, 
risk of thromboembolism and stroke persists and anti-
thrombotic therapy as per the recommendations should 
be continued indefinitely. 

The selection of a particular drug is largely based on 
safety profile. The drugs like flecainide and propafenone 
should be avoided in patients with coronary disease, 
significant left ventricular hypertrophy, or systolic 
dysfunction and heart failure. Other factors like risk 
for bradyarrhythmias, renal and liver function, and 
risk of QT prolongation guide the choice of the drug. 
Amiodarone is the only safe drug in patients with 
heart failure or left ventricular systolic dysfunction but 
periodic monitoring for non-cardiac toxicity is essential 
during long-term use.   

Table 3. Drugs for maintenance of sinus rhythm in atrial fibrillation

DDrug Class Drug Dose Avoid/Caution Drug Interaction

IA Disopyramide* 100–200 mg 4 times a day 
(immediate release)
200–400 mg 2 times a day 
(extended release)

Heart failure, QT prolongation, prostate 
enlargement, glaucoma, concomitant QT 
prolonging drug use

Diltiazem, verapamil, 
macrolide antibiotics, 
rifampicin

IA Quinidine 324–648 mg 3 times a day QT prolongation, diarrhea Metoprolol, digoxin, tricyclic 
antidepressants

IC Flecainide 50–200 mg twice a day Heart failure, CAD, atrial flutter, 
conduction disease, renal or liver disease

Fluoxetine, tricyclic 
antidepressants

IC Propafenone 150–300 mg thrice daily 
(immediate release)
225–425 mg twice daily 
(extended release)

Heart failure, CAD, atrial flutter, 
conduction disease, liver disease, asthma

Fluoxetine, tricyclic 
antidepressants, digoxin, 
warfarin

III Amiodarone Loading – 400–600 mg daily in 
divided doses
Maintenance 100–200 mg once 
daily

Sinus or conduction system disease, lung 
disease, QT interval prolongation

Warfarin, digoxin, statins, 
many others

III Dofetilide* 125–500 mcg twice daily Renal disease, hypokalemia, diuretics,  
QT-prolonging drugs

Verapamil, amiodarone

III Dronedarone 400 mg twice daily Heart failure, bradycardia, long-
standing persistent or permanent AF, QT 
prolongation

Verapamil, diltiazem, 
macrolides, digoxin

III Sotalol 40–160 mg twice daily QT prolongation, renal disease, diuretic 
therapy, heart failure, conduction system 
disease

*Not available in India
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Catheter Ablation for Atrial Fibrillation

Radiofrequency catheter ablation for AF management 
has evolved over the last 15 years or so with improvement 
in efficacy and safety. It is based on electrical isolation 
of the pulmonary veins that harbor the triggers of 
AF initiation, with or without modification of atrial 
substrate (22). Newer approaches like using cryoballoon 
ablation and multipoint radiofrequency ablation are 
being evaluated to make the procedure of pulmonary 
vein isolation simpler and more effective (23). The 
procedure is complex, has a learning curve, often 
requires advanced equipment, and can be associated 
with serious complications like stroke or TIA, left 
atrial-esophageal fistula, vascular access complications, 
pericardial effusion, and tamponade and even death 
(24–26). The efficacy of catheter ablation still has more 
scope for improvement since it is at the most 70–80% 
for paroxysmal AF (27). The rate of freedom from AF 
declines as the follow-up duration becomes longer and 
often more than one procedure is needed. The efficacy 
is better for paroxysmal AF compared to persistent AF 
and also reduced as the duration of AF increases. The AF 
ablation procedure should be definitely considered in 
young patients with marked symptoms who do not have 
significant heart disease and have either failed AAD 
therapy or are not desirous of long-term drug therapy 
(27). 

Pacemaker Therapy for AF

Often patients with AF also have symptomatic 
bradycardia either spontaneously or as a result of drugs 
required for management of AF. These patients need 
implantation of pacemakers that also enables better drug 
management of AF as risk of bradycardia is taken care 
of. The pacemakers should be atrial-based (usually dual-
chamber) to prevent the risk of increase in AF occurrence 
as a result of unnecessary ventricular pacing (28). Many 
pacemakers have advanced algorithms to prevent AF 
and reduce its frequency that can be turned on in patients 
with AF. However, the efficacy of these algorithms in 
prevention of AF is inconsistent, and hence pacing is 
not indicated for sole purpose of prevention of AF in 
patients who do not have other indications of pacing. 

Atrial defibrillators that automatically cardiovert AF 
have gone into disrepute because of pain and discomfort 
associated with shocks and unproven clinical value.  

Choosing Rate-Control or Rhythm-
Control Strategy

An initial rate-control strategy is reasonable in most 
patients with AF. However, some patients with AF 
continue to remain markedly symptomatic and have 
poor quality of life despite rate control (29,30). 
Moreover, adequate rate control may be difficult 
to achieve with existing drugs in many patients. In 
many other clinical scenarios, rhythm-control strategy 
may be the preferred approach despite hard clinical 
evidence for the same. These include young age, first 
episode of AF, AF secondary to acute treatable illness, 
tachycardiomyopathy, and when patient prefers rhythm 
control. The atrial substrate remodels when AF persists 
for longer term and AF progresses from paroxysmal to 
persistent in many patients. The structural and electrical 
alterations in the atrial myocardium become irreversible 
with time making rhythm control more difficult as 
the duration of AF increases (31,32). Hence, early 
intervention with a rhythm-control strategy to prevent 
the progression of AF may be beneficial in some patients 
(33). 

On the other hand, rate-control strategy may be the 
preferred approach in patients who have minimal 
symptoms, are elderly, or have low chances of 
maintaining sinus rhythm like markedly dilated atria or 
very long-standing AF. 
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