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Abstract
Atrial fibrillation (AF) is an increasingly common arrhythmia encountered in clinical practice that leads to a substantial 
increase in utilization of healthcare services and a decrease in the quality of life of patients. The prevalence of AF will con-
tinue to increase as the population ages and develops cardiac comorbidities; thus, prompt and effective treatment is important 
to help mitigate systemic resource utilization. Treatment of AF involves two tenets: prevention of stroke and systemic embo-
lism and symptom control with either a rate or a rhythm control strategy. Historically, due to the safe nature of medications 
like beta-blockers and non-dihydropyridine calcium channel blockers, used in rate control, it has been the initial strategy 
used for symptom control in AF. Newer data suggest that a rhythm control strategy with antiarrhythmic medications with 
or without catheter ablation may lead to a reduction in major adverse cardiovascular events, particularly in patients newly 
diagnosed with AF. Modulation of factors that promote AF or its complications is another important aspect of the overall 
holistic management of AF. This review provides a comprehensive focus on the management of patients with AF and an 
in-depth review of pharmacotherapy of AF in the rate and rhythm control strategies.
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Key Points 

Atrial fibrillation remains the most common cardiac 
arrhythmia, posing clinical challenges for providers and 
patients.

Treatment involves prevention of stroke and systemic 
embolism and symptom control with a rate or a rhythm 
control strategy.

Historically, rate control has been the predominant initial 
strategy, with rhythm control deferred until refractory 
symptoms.

With advancing technology and patient monitoring, 
rhythm control-based strategies with or without ablative 
therapies are gaining popularity.

1  Introduction

Atrial fibrillation (AF) remains the most common cardiac 
arrhythmia, providing clinical challenges for providers and 
patients. AF is associated with increased morbidity and mor-
tality due to the increased risk of stroke, systemic embo-
lism, and heart failure [1, 2]. Epidemiologically, AF is more 
common in the aging population, with the prevalence of AF 
doubling with each decade of life [3, 4]. As the incidence 
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of AF increases with advancing age, the number of patients 
with AF is expected to grow in concert with an aging popu-
lation, with projections estimating that 5–6 million people 
in the United States will have AF by 2050 as predicted in 
the ATRIA study [5]. Additional risk factors, such as obe-
sity, hypertension, diabetes, hyperlipidemia, and coronary 
and valvular heart disease, are also contributory [6]. These 
conditions and their associated morbidities, such as stroke, 
have led to substantially increased healthcare costs, ranging 
from 6 billion to 26 billion dollars annually in the United 
States [7]. The socioeconomic impact of AF in conjunction 
with chronic cardiovascular disease cannot be understated, 
as hospitalization rates for AF and AF-associated complica-
tions continue to increase [8].

The diagnosis of AF is suggested by irregularly irregular 
R-R intervals in the absence of p-waves on a 12-lead electro-
cardiogram (ECG) [9]. The pathophysiology of AF is multi-
factorial. Repeated insults to atrial myocytes, through either 
ischemia or inflammation, lead to reparative fibrosis by acti-
vating necrotic and apoptotic signals [10]. Elevated filling 
pressures due to valvular heart disease or congestive heart 
failure (CHF) and ensuing chamber dilation also triggers 
inflammation and fibrosis, leading to atrial chamber remod-
eling at metabolic, electrical, and structural levels resulting 
in progression of atrial myopathy and AF. This remodeling 
disrupts the synchronized electrical signaling, primarily 
through ion channel dysfunction and myocyte uncoupling, 
leading to arrhythmogenesis [11]. The long-term effects of 
AF include increased risk of thromboembolic stroke or sys-
temic emboli, CHF, cognitive dysfunction, and impairment 
in quality of life [12]. AF is categorized into the following 
types: paroxysmal (lasting < 7 days), persistent (lasting > 7 
days or requiring cardioversion), long-standing persistent 
(lasting > 1 year), or permanent AF (shared decision made 
between patient and clinician to cease attempts to restore 
normal sinus rhythm [NSR]) [9].

Management of AF revolves around two basic princi-
ples: rate control or rhythm control and stroke prevention. 
The goal of rate control in AF is to slow the ventricular 
rate, while rhythm control aims to terminate AF and main-
tain NSR by modulating the substrate and triggers for AF 
by either pharmacological or ablative approaches. Stroke 
prevention with anticoagulant medications aims to prevent 
the formation of thrombi that increase the risk of stroke or 
systemic emboli. Each AF management strategy, however, 
carries a risk, as patients may have concomitant preclud-
ing comorbidities or preferences for a specific therapeutic 
strategy. Patients deemed at high risk for bleeding, or with 
a recent serious bleeding event, or contraindications to anti-
coagulation may be considered for mechanical methods of 
AF-related thrombus prevention, such as left atrial append-
age (LAA) occlusion devices. These devices isolate the LAA 
from the systemic circulation, being a site where 90% of 

cardiogenic thrombi have been identified in AF patients. Our 
review focuses on the most up-to-date literature regarding 
pharmacological and interventional management of AF.

2 � Assessment of Stroke and Bleeding Risk

AF increases the risk of ischemic stroke five times over that 
of patients in NSR [2]. The risk of stroke can be assessed by 
calculating the CHA2DS2-VASc score, which is currently 
recommended as the preferred risk stratification tool [13]. 
Compared with the previously recommended CHADS2 
score, the CHA2DS2-VASc score includes additional risk 
factors and improves risk prediction, particularly for patients 
at lower risk of thromboembolic complications [14, 15].

The CHA2DS2-VASc score assigns 1 point each to CHF, 
hypertension, diabetes mellitus, history of vascular disease, 
age ≥ 65, and female sex and 2 points each to age ≥ 75 and 
history of stroke or transient ischemic attack (TIA) [16, 17]. A 
risk score of 2 or greater in men and ≥ 3 in women identifies a 
high-risk group that benefits from long-term oral anticoagula-
tion. Risk scores can also help quantify the risk of bleeding 
in patients with AF. The HAS-BLED score assigns 1 point 
to each of the following characteristics: hypertension, abnor-
mal liver function or renal function, history of stroke, history 
of bleeding, labile international normalized ratio (INR), age 
> 65 years, and concomitant antiplatelet or non-steroidal anti-
inflammatory drug (NSAID) use or alcohol use. A score ≥ 3 
indicates a high risk for bleeding and a need for close monitor-
ing of the patient, but should not be used as an absolute cutoff 
to withhold anticoagulation [13, 18].

2.1 � Anticoagulation

Anticoagulation is recommended around the time of cardio-
version regardless of the CHA2DS2-VASc score or method 
[9, 19]. For AF with a duration of < 48 h, administration 
of heparin or a direct-acting oral anticoagulant (DOAC) as 
soon as possible prior to cardioversion followed by long-
term anticoagulation is recommended. For AF of 48 h dura-
tion or longer, warfarin or a DOAC is recommended at least 
3 weeks before and at least 4 weeks after the cardioversion. 
Alternatively, transesophageal echocardiography can be per-
formed to rule out left atrial thrombus before cardioversion. 
If immediate cardioversion for hemodynamic instability 
is required, anticoagulation with heparin, low-molecular-
weight heparin, or a DOAC should be initiated as soon as 
possible prior to cardioversion and continued for at least 4 
weeks [13]. The decision to prescribe long-term anticoagula-
tion involves shared decision-making and consideration of 
the relative risks of stroke and bleeding. For patients with 
a CHA2DS2-VASc score of ≥ 2 in men or ≥ 3 or greater 
in women, long-term oral anticoagulation is recommended.
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Current guidelines recommend DOACs, including dabi-
gatran, rivaroxaban, apixaban, and edoxaban, as preferred 
agents over warfarin in DOAC-eligible patients [13]. Phase 
3 randomized controlled trials that led to the approval of 
DOACs for AF showed non-inferiority or superiority of 
DOACs for the efficacy endpoints with fewer hemorrhagic 
events than vitamin K antagonists [20–23]. However, 
patients with valvular AF, defined as patients with AF with 
concomitant mechanical heart valve or moderate-severe 
mitral stenosis, should still receive warfarin in preference 
to DOACs. Patients who receive warfarin should have a tar-
get INR between 2 and 3. An in-depth discussion of oral 
anticoagulants used in AF is beyond the scope of this review.

3 � Rate Control Strategy

Rate control is often the initial strategy for patients with AF 
due to familiarity and safety of the drugs. Rate control is 
preferred in those who have minimal symptoms when the 
ventricular rate is controlled. The initial rate control strategy 
involves a gradual titration of beta-blockers or non-dihydro-
pyridine calcium channel blockers (non-DHP CCB) until the 
heart rate (HR) is adequately controlled. Beta-blockers and 
non-DHP CCB are equally efficacious at acutely controlling 
HR [24]. Beta-blockers are preferred in patients with a his-
tory of heart failure with reduced ejection fraction (HFrEF); 
non-DHP CCB are avoided in this population due to their 
negative inotropic effects. In patients with heart failure with 
preserved ejection fraction (HFpEF), a strategy of either 
diltiazem or beta-blockers is acceptable. These agents are 
initiated during the episode of AF in a hospital or ambula-
tory care setting. Hemodynamically unstable patients with 
AF and rapid ventricular rate response should undergo emer-
gent synchronized direct-current cardioversion to restore 
NSR [31]. Rate control in a hospital setting can be com-
plicated by hypotension or heart failure, precluding the use 
of a high dose of beta-blockers or non-DHP CCB, in which 
case, the use of intravenous (IV) amiodarone or digoxin is 
a reasonable approach. A combination of the agents can be 
used to achieve adequate rate control.

3.1 � Randomized Trials of Rate Control and Target 
Heart Rate

Uncontrolled ventricular rates during AF may lead to severe 
symptoms and potentially predispose patients to tachycar-
dia-induced cardiomyopathy. The 2014 guidelines for the 
management of AF suggested a HR goal of < 80 beats/min 
(bpm) at rest in symptomatic patients and < 110 bpm at rest 
in asymptomatic patients [19]. The RACE II study compared 
two rate control strategies by randomizing 614 patients with 
permanent AF to either a lenient (resting HR < 110 bpm) 

or a strict (resting HR < 80 bpm) rate control group in an 
open-label design. Patients enrolled in the trial had a mean 
age of 68 years, were 66% male, and had a mean duration 
of AF of 18 months [26]. The primary composite endpoint 
consisted of cardiovascular death, hospitalization for heart 
failure, stroke, systemic embolism, bleeding, and life-threat-
ening arrhythmic events. At a median of 3 years, lenient rate 
control was non-inferior to strict rate control (12.9% lenient 
vs 14.9% strict; hazard ratio 0.84, 90% confidence interval 
[CI] 0.58–1.21; p < 0.0001 for noninferiority); neither indi-
vidual components of the primary outcome nor symptoms 
differed between groups. Of note, patients in the strict rate 
control group achieved the resting HR goal less frequently 
than patients in the lenient rate control group (75.2% strict 
vs 97.7% lenient; p < 0.001), but had more follow-up visits 
to achieve the target HR (68 bpm strict vs 75 bpm leni-
ent; p < 0.001). These results must be applied cautiously 
in patients with HFrEF as few patients were included. Cur-
rent guidelines, therefore, recommend a resting HR goal of 
< 110 bpm for asymptomatic patients with preserved left 
ventricular systolic function and a target of < 80 bpm for 
symptomatic patients [19].

3.2 � Medications Used for Rate Control

3.2.1 � Vaughan‑Williams Class II: Beta‑Blockers

Beta-blockers antagonize the effect of the sympathetic 
nervous system and control ventricular rate in patients with 
AF [27, 28]. Due to the high degree of sympathetic inner-
vation within the sinoatrial (SA) and atrioventricular (AV) 
nodes, beta-blockers are highly effective at reducing sinus 
node automaticity and slowing conduction through the 
AV node. In AF, beta-blockers slow AV nodal conduction 
velocity and extend the refractory period, thus decreasing 
the number of atrial stimuli that can be conducted to the 
ventricles, leading to a reduction in ventricular rate. Several 
beta-blockers are used in practice, including metoprolol, 
carvedilol, and esmolol. Generally, beta-blockers are initi-
ated at low doses and are titrated to higher doses to achieve 
the desired ventricular rate. Beta-blockers’ adverse effects 
include hypotension, masking of hypoglycemia symptoms 
in patients with diabetes, and worsening of bronchospastic 
disease in susceptible patients. Dosing and further informa-
tion are summarized in Table 1. Beta-blockers are preferred 
agents for rate control and as synergistic agents for rhythm 
control, most effective in sympathetically mediated AF. 
Beta-blockers are preferred over calcium channel blocker 
in patients with HFrEF; however, patients with a history of 
asthma or reactive airway disease with chronic obstructive 
pulmonary disease (COPD) should be initiated on a beta-1 
receptor cardio-selective beta-blocker to reduce the risk of 
bronchospasm [29].
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3.2.2 � Vaughan‑Williams Class IV: Calcium Channel Blockers

The non-DHP CCBs, diltiazem and verapamil control ven-
tricular rate in AF by inhibiting the voltage-gated slow 
calcium channels in the AV node, thereby reducing the 
number of electrical impulses conducted through the AV 
node to the ventricles [27]. Verapamil and diltiazem exhibit 
use-dependence and are therefore more effective at faster 
HRs. Both medications are negative inotropes and should be 
avoided in patients with HFrEF [27]. Diltiazem is the most 
commonly used non-DHP CCB and is available orally and 
intravenously. IV diltiazem is useful for ventricular rate con-
trol in AF with rapid ventricular rate and is given as an IV 
bolus of 0.25 mg/kg followed by infusion at 5–15 mg/h [30]. 
Alternatively, diltiazem can be given orally at a dosage of 
30 mg every 6 h, titrated to the goal HR and blood pressure, 
and subsequently switched to a longer-acting preparation. 
Hypotension is the most common adverse effect of non-DHP 
CCB; therefore, blood pressure and HR should be monitored 
during therapy. See Table 1 for detailed information on the 
use of these agents. Calcium channel blockers may be pre-
ferred to beta-blockers in patients with a history of severe 
bronchospasm with asthma or COPD [31].

3.2.3 � Vaughan‑Williams Class V: Digoxin

Digoxin is a cardiac glycoside and has been used in medi-
cine for hundreds of years. Its pharmacological effect on 
ventricular rate control is mainly exerted by the stimulation 
of the parasympathetic nervous system mediated through 
the vagus nerve, which leads to hyperpolarization of the 
AV nodal cells, reducing their excitability and conduction 
with a resultant decrease in ventricular rate [32]. Digoxin 
has a half-life of 1.5–2 days, so a loading dose is needed 
when treating AF with a rapid ventricular response. A load-
ing dose of 1 mg is typically given as three separate doses: 
a single 0.5 mg IV dose followed by two doses of 0.25 mg 
separated by 6 h [32]. Alternatively, a weight-based regimen 
of 8–12 mcg/kg can be considered, with 50% of the dose 
given initially, followed by the remaining 50% given split as 
two doses separated by 6 h. Control of the ventricular rate 
is not immediate and may be delayed by up to 6 h following 
an initial loading dose. Digoxin is hemodynamically neutral, 
making it an appealing option for hypotensive patients. Due 
to digoxin’s therapeutic effect of increasing parasympathetic 
tone, it is ineffective when used alone for rate control in situ-
ations of high sympathetic stimulation, such as sepsis or 
during exercise, but with a beta-blocker or calcium chan-
nel blocker, it has a synergistic effect in slowing the ven-
tricular rate response. Digoxin is renally cleared, and dose 
reductions for both the loading and maintenance doses are 
recommended in patients with renal impairment. Digoxin 
has a narrow therapeutic index, with serum concentrations 

> 1.2 ng/mL associated with increased mortality and lev-
els > 2 ng/mL associated with toxicity [33]. Trough levels 
should be checked at steady-state, generally 5–7 days (4–6 
half-lives) after initiation. Early trough levels may be con-
sidered in patients with low body weight or renal impair-
ment to ensure supratherapeutic levels are not reached early 
after a loading dose, knowing that levels will continue to 
increase as a steady-state concentration is attained. Notably, 
in patients with renal dysfunction, digoxin does not reach a 
steady-state concentration for several days to weeks [32]. 
Toxicity commonly manifests as anorexia, nausea, vomit-
ing, visual disturbances, bradyarrhythmias, frequent ectopy, 
paroxysmal atrial tachycardia, or ventricular tachyarrhyth-
mias. Chronic digoxin toxicity can often be managed by 
close observation, supportive measures, and cessation of 
digoxin [34]. Patients who present with cardiac arrest, life-
threatening ventricular arrhythmias, hyperkalemia or are 
hemodynamically unstable should receive digoxin-specific 
antibody fragments [34]. Digoxin–antibody complexes will 
remain in the serum, and subsequent digoxin levels are not 
indicative of free, circulating digoxin. Re-dosing of digoxin-
specific antibody fragments may be considered based on 
clinical worsening after an initial dose is given. Clinically 
significant drug–drug interactions with digoxin exist, includ-
ing with amiodarone, flecainide, propafenone, and inhibitors 
of P-glycoprotein that necessitate dose reduction of digoxin 
by up to 50%.

4 � Rhythm Control Strategy

Once the decision is made to pursue rhythm control, the 
patient must first be converted to NSR with direct-current 
cardioversion or antiarrhythmic medications after appropri-
ate anticoagulation is initiated. The choice of antiarrhythmic 
drugs to maintain NSR is based upon the patient’s under-
lying comorbidities (Fig. 1). Comorbidities of importance 
include coronary artery disease (CAD), HFrEF, COPD, 
renal dysfunction, long-QT syndromes, and age. In patients 
with CAD, class I antiarrhythmics (sodium channel block-
ers) are contraindicated due to increased mortality reported 
in the CAST trials, leaving sotalol, dofetilide, amiodarone, 
and dronedarone as potential therapeutic options [35, 36]. In 
patients with HFrEF, sodium channel blockers are also con-
traindicated due to their negative inotropic properties, proar-
rhythmic risk, and increased mortality. Dronedarone use has 
been associated with increased mortality in this population, 
especially with decompensated heart failure, thus leaving 
dofetilide, sotalol, and amiodarone as options for the main-
tenance of NSR [37]. Sotalol also possesses beta-blocking 
properties and is often avoided in HFrEF to maintain higher 
doses of beta-blockers as part of guideline-directed medical 
therapy, thus leaving dofetilide and amiodarone as options in 
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these patients. The choice between dofetilide and amiodar-
one is based on age, renal function, baseline corrected QT 
(QTc) interval, and the presence of pulmonary disease. For 
patients without underlying cardiac comorbidities, sodium 
channel blockers, particularly the class Ic medications fle-
cainide and propafenone, are commonly used. Once the 
antiarrhythmic drug is chosen, the patient should be moni-
tored for recurrence of AF and adverse effects. If a patient 
experiences an adverse event, especially proarrhythmias, 
the offending agent should be withdrawn and considered a 
treatment failure if the patient was on an appropriate agent 
and dose. Consideration of an antiarrhythmic drug from a 
different class may be considered if contraindications are not 
present, as can catheter-based or surgical ablation.

4.1 � Medications Used for Rhythm Control

4.1.1 � Vaughan‑Williams Class I: Sodium Channel Blockers

Sodium channel blockers exert pharmacological antiar-
rhythmic action by inhibition of the voltage-gated sodium 
channels that slow the rapid upstroke of phase 0 of the 
propagating action potential in atrial, ventricular, and His-
Purkinje fibers [27, 28]. Inhibition of sodium channels leads 
to a slowing conduction velocity, an extension of the effec-
tive refractory period, decreased excitability, and reduced 

automaticity. This effect is manifested on an ECG as pro-
longation of the QRS duration. Therefore, excessive QRS 
prolongation may point to supratherapeutic sodium chan-
nel blockade, necessitating dose reduction. Sodium channel 
blockade builds, and the slowing of phase 0 of depolariza-
tion occurs more at faster than slower HRs. This property is 
known as “use dependence” and is ubiquitous to this class. 
Sodium channel blockers are a diverse class of medications, 
and are divided into three distinct subclasses: Ia, Ib, and 
Ic, based on additional electropharmacological effects on 
cardiac repolarization and action potential duration by their 
inhibitory effect on potassium channels.

4.1.1.1  Class Ia Sodium Channel Blockers  Class Ia antiar-
rhythmics have moderate phase 0 sodium channel blockade 
and potassium channel blockade, leading to inhibition of 
potassium efflux during phases 3 and 4 of the action poten-
tial [27, 38]. Their net effect on the action potential is a slow-
ing of conduction velocity and prolongation of the action 
potential, leading to both QRS widening and QTc interval 
prolongation on the ECG [38]. Though class Ia agents are 
useful for both atrial and ventricular arrhythmias, they have 
largely fallen out of favor due to poor tolerability [38, 39].

4.1.1.2  Disopyramide  Disopyramide possesses both 
sodium and potassium channel blocking effects and is mod-

*Na Channel Blockers: 
Disopyramide 
Quinidine 
Flecainide 
Propafenone 

Rhythm Control

CAD or history of MI

CONTRAINDICATED:            
Na Channel Blockers*

CONSIDER:                            
Dofetilide                         

Sotalol                 
Dronedarone        
Amiodarone

HFrEF

CONTRAINDICATED:             
Na Channel Blockers*  

Dronedarone

CONSIDER:                             
Dofetilide                                

Amiodarone                                
Sotalol (Not preferred, avoid 

in ADHF)         

Renal Dysfunction

CONTRAINDICATED:                                 
Sotalol (CrCl <40 mL/min)             

Dofetilide (CrCl <20 mL/min
Flecainide (CrCl < 35 

mL/min)

CONSIDER:                                     
Amiodarone                                                                  
Propafenone

Baseline Prolonged QT 
Interval

CONTRAINDICATED:     
Sotalol (QTc >450 ms)         

Dofetilide (QTc >440 ms)

CONSIDER:                                           
Amiodarone                          
Flecainide                             

Propafenone

Age (<65 years old)

AVOID:                              
Amiodarone 

Underlying Severe COPD

AVOID:                              
Amiodarone 

Assessment of Comorbities

Fig. 1   Rhythm control medication decision tree. ADHF acute decom-
pensated heart failure, CAD coronary artery disease, COPD chronic 
obstructive pulmonary disease, CrCl creatinine clearance, HFrEF 

heart failure with reduced ejection fraction, MI myocardial infarction, 
QTc corrected QT
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erately effective for both atrial and ventricular arrhythmias 
[27]. Disopyramide has anticholinergic properties and 
decreases the impact of the parasympathetic nervous system 
on the heart, leading to enhanced sinus node activity and AV 
nodal conduction. Pharmacokinetics of disopyramide are 
shown in Table 2. Disopyramide is converted to an active 
metabolite, which may be responsible for its anticholiner-
gic side effects. Disopyramide’s half-life is prolonged in 
patients with renal disease, hepatic disease, and HFrEF [40]. 
A typical dosage at the initiation of therapy is 100 mg every 
8 h, and slow titration is recommended every 3 days. Thera-
peutic drug monitoring is possible, although not routinely 
performed. Additional pharmacological properties of dis-
opyramide, notably negative inotropic, anticholinergic, and 
vasoconstrictive effects, limit its use. Because of its anticho-
linergic properties, disopyramide may be useful in AF that 
is vagally mediated. Due to the significant combined nega-
tive inotropic and vasoconstrictive effects, decompensation 
of a previously stable patient with heart failure is possible, 
and HFrEF is an absolute contraindication to disopyramide 
therapy [27, 38, 40]. Due to potassium channel blockade, 
the QTc interval should be monitored as QTc-prolongation 
and torsades de pointes (TdP) has been reported in patients 
receiving disopyramide [38, 40]. Additionally, acceleration 
of atrial flutter to 1:1 conduction and exacerbation of reen-
trant circuits may occur. Use with an AV nodal blocker, such 
as a beta-blocker, is recommended to mitigate this risk [27, 
38–40]. In addition to the antiarrhythmic effect to suppress 
AF, the negative inotropic effect of disopyramide is useful 
in patients with hypertrophic obstructive cardiomyopathy 
to reduce the dynamic outflow tract obstruction in sympto-
matic patients [41]

4.1.1.3  Quinidine  Originally used as an antimalarial drug, 
D-quinine (quinidine) has been used for atrial arrhythmias 
since 1920. Pharmacologically, quinidine is similar to disop-
yramide, as they both block sodium and potassium channels 
and have negative inotropic effects [27, 38]. Quinidine also 
possesses alpha-adrenergic receptor blocking effects, lead-
ing to vasodilation and subsequent rebound tachycardia; the 
overall effect is a net neutral effect on HR. Although effec-
tive for the treatment of AF, with more than 50% of patients 
remaining in NSR at 1 year, quinidine use has largely been 
replaced by safer and more effective agents [38, 39]. Severe 
gastrointestinal symptoms, such as nausea, vomiting, and 
diarrhea, warrant discontinuation because they can cause 
electrolyte abnormalities that may result in exacerbation of 
arrhythmias [42]. Acceleration of atrial flutter to 1:1 con-
duction can also occur, and quinidine should be given with 
an AV nodal blocker to reduce this risk. Due to the risk of 
TdP, admission to the hospital is recommended, with ECG 
monitoring to assess for significant (25–50%) increases in 
QRS duration or QTc interval, with the initial five doses 

of quinidine. If an excessive increase in either is noted, an 
alternative antiarrhythmic is recommended [38, 42]. Due to 
the modest efficacy and concern regarding safety, quinidine 
is rarely used as an antiarrhythmic agent for AF control.

4.1.1.4  Procainamide  Like disopyramide and quinidine, 
procainamide blocks sodium and potassium channels, pos-
sesses moderate negative inotropic effects. and leads to infu-
sion rate-dependent arteriolar dilation [43]. Potassium chan-
nel blockade is primarily mediated by an active metabolite, 
N-acetyl procainamide (NAPA) [38, 43]. Procainamide has 
found its place as a primary drug for patients presenting 
with AF with pre-excited ventricular conduction through an 
accessory bypass pathway [27, 38, 43]. Procainamide is only 
available as an IV infusion in the United States. Another 
indication for IV procainamide use is in patients suspected 
of Brugada syndrome, where the sodium channel blockade 
of procainamide may help unmask a diagnostic type 1 Bru-
gada ECG pattern. Approximately 30–60% of procainamide 
is excreted unchanged in the urine, and 6–52% is metabo-
lized via acetylation to NAPA, the primary active metab-
olite; NAPA itself is cleared renally (85%). Renal impair-
ment, therefore, causes accumulation of NAPA and can 
result in significant QTc interval prolongation that increases 
the risk for TdP [43, 44]. A loading dose of procainamide of 
10–17 mg/kg, based on ideal body weight, is administered 
at a rate of 20–50 mg/min. The loading dose is followed by 
a maintenance infusion of 1–4 mg/min if required [43, 44]. 
A maximum loading dose of 12 mg/kg should be used in 
patients with HFrEF due to reduced clearance and negative 
inotropic effects [45]. An alternative standardized dosing 
strategy is a loading dose of 1000 mg over 60 min, followed 
by a continuous infusion [46]. If hypotension occurs dur-
ing infusion, the rate should first be decreased, then with-
held if no improvement is noted. During infusion, patients 
should be on continuous telemetry, with serial monitoring 
of the QRS and QTc intervals due to the risk of TdP. If the 
QRS duration is prolonged by > 50% from baseline, or the 
QTc interval increases by > 25%, procainamide should be 
stopped, and an alternative antiarrhythmic is recommended 
[39, 43]. Doses should be adjusted for renal dysfunction, 
hepatic dysfunction, and HFrEF (see Table 2). Therapeutic 
drug monitoring is recommended for patients with adverse 
effects, HFrEF, and renal or hepatic impairment to guide 
dosing [43]. A therapeutic serum concentration for procain-
amide ranges from 4 to 10 mcg/mL for the parent drug and 
10–25  mcg/mL for NAPA. Procainamide use is contrain-
dicated in patients with a history of complete heart block, 
second-degree AV block without a pacemaker, myasthenia 
gravis, history of systemic lupus erythematous, history of 
or active TdP, or a baseline prolonged QTc interval [44]. 
Substantial adverse effects associated with the use of pro-
cainamide have led to a decline in its use. Agranulocytosis, 
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though rare, is the most serious adverse effect and carries a 
mortality risk of 20% [38]. A lupus-like syndrome develops 
in up to 30% of patients receiving prolonged administration 
of procainamide [38, 43, 47]. A positive antinuclear anti-
body test and clinical signs of lupus warrant the discontinu-
ation of procainamide and consideration of an alternative 
antiarrhythmic [47]. Due to these serious safety concerns, 
oral procainamide was removed from the US market, and 
the use of the IV formulation is limited to short durations. 
The IV administration of procainamide is useful in the set-
ting of hemodynamically stable AF with preexcitation.

4.1.1.5  Class Ic Sodium Channel Blockers  Class Ic sodium 
channel blockers act primarily on the rapid sodium chan-
nel and exert slow dissociation kinetics, leading to a pro-
nounced slowing of the conduction velocity at both fast 
and slow HRs [48–51]. This causes a pronounced increase 
in the QRS duration that should be monitored before dose 
increases occur. These agents also possess negative inotropic 
effects and should be avoided in patients with HFrEF. An 
increased risk of mortality noted in the CAST trials due to 
proarrhythmic potential led to the recommendation that all 
class Ic sodium channel blockers be avoided in patients with 
a history of CAD or myocardial infarction [35, 36]. Emerg-
ing data from a small retrospective study of 348 patients 
suggest that flecainide use appears to be safe in patients with 
stable CAD, with no difference in malignant arrhythmias in 
patients with no or minimal CAD, nonobstructive CAD, and 
obstructive CAD. Moreover, there was no difference in mor-
tality after 10 years of follow-up in patients with perfusion 
defects on myocardial perfusion scans (MPS) compared to 
those with no perfusion defects [52]. Thus, before initiation, 
patients should, at a minimum, be screened for LV dysfunc-
tion with a transthoracic echocardiogram and not have a his-
tory of myocardial infarction, and consideration for evalua-
tion of CAD remains reasonable until larger studies confirm 
the safety noted in the previously mention trial [39]. If mild 
QRS widening occurs at rest, exercise treadmill testing 
while on a class Ic agent may be considered to assess the 
QRS duration at higher HRs given their use dependence [53, 
54]. If the QRS duration prolongs significantly during exer-
cise, discontinuation or dose reduction can be considered. 
Class Ic agents are used for pharmacological cardioversion 
of AF (“pill in the pocket” approach) and maintenance of 
NSR [55]. The class Ic agents, by organizing AF to atrial 
flutter may allow rapid conduction of impulses over the AV 
node and cause 1:1 conduction of atrial flutter with rapid 
ventricular rate response. Hence, these agents should be 
used concomitantly with a beta-blocker or non-DHP CCB.

4.1.1.6  Flecainide  Pharmacologically, flecainide blocks the 
fast inward sodium channel, resulting in a marked slowing 
of the conduction velocity through the myocardium, with 

the largest effect in the His-Purkinje system [48–50, 56]. 
Flecainide has a mild affinity for potassium channels, which 
may lead to slight prolongation of repolarization. A prolon-
gation of the QRS duration and potentially a small increase 
in the QTc interval are expected ECG findings. It is highly 
effective for acute cardioversion, with an overall success 
rate of 55–80% of patients after a single dose of 200 mg or 
300 mg (if weight > 70 kg) [57]. Flecainide is moderately 
effective in prolonging time to relapse of AF [39, 57]. Use 
is contraindicated in patients with CAD, HFrEF, history of 
a pre-existing second- or third-degree AV block, or right 
bundle branch block associated with a left hemiblock [56]. 
Dosing starts at 50 mg twice daily and can be up titrated 
every 4 days. Monitoring of the ECG at baseline, 3–4 h after 
the initial dose, and at a steady-state concentration is recom-
mended to assess the QRS duration. If the QRS duration is 
prolonged by > 25%, dose reduction or cessation of therapy 
should be considered [56, 57]. Flecainide is also used as 
a pill-in-the-pocket strategy, wherein the patient takes a 
dose at the onset of symptoms to attempt pharmacological 
cardioversion [55]. If this strategy is used, the safety of the 
effective dose in cardioverting the patient should be estab-
lished a priori, under monitored conditions. If either renal 
or hepatic dysfunction is present, doses should start at the 
lowest possible dosage, such as 25–50 mg daily and be upti-
trated carefully with ECG monitoring. Flecainide should 
be avoided with potent cytochrome P450 2D6 (CYP2D6) 
inhibitors, including amiodarone, propranolol, and fluox-
etine, and additionally, flecainide  can increase digoxin 
concentrations [56]. Flecainide, by maintaining NSR, sig-
nificantly improves quality of life in patients with AF, and 
is well-tolerated, with the most common side effects being 
dizziness, visual disturbances, nausea, and headache [57]. 
Proarrhythmic effects of flecainide include increased pre-
mature ventricular contraction (PVC) density, monomor-
phic or polymorphic ventricular tachycardia, and 1:1 atrial 
flutter. Combination with an AV nodal blocker, such as a 
beta-blocker, reduces the risk of proarrhythmia and should 
be considered in patients prescribed flecainide.

4.1.1.7  Propafenone  Pharmacological effects of propafenone 
are similar to flecainide, with the addition of mild calcium 
channel blockade and beta-adrenergic receptor blockade, but 
lesser negative inotropic effects [51, 58]. Major ECG findings 
can show widening of the QRS duration with higher doses. 
Propafenone is considered less effective for treating AF and 
carries additional side effects to flecainide, limiting its use 
in practice. Propafenone is contraindicated in patients with a 
history of CAD, HFrEF, Brugada syndrome, and myasthenia 
gravis [58]. Propafenone is initiated at 150 mg three times 
daily or 225 mg every 12 h with the sustained-release prod-
uct. It also may be used in the pill-in-the-pocket strategy [55]. 
Dose titration should occur no more than every 4 days for 
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maintenance dosing. Commonly seen adverse effects include 
dysgeusia, dizziness, nausea, vomiting, and blurred vision. 
Severe side effects, including a lupus-like rash, worsening of 
CHF, weakness, and agranulocytosis, may also occur rarely.

4.1.2 � Vaughan‑Williams Class III: Potassium Channel 
Blockers

Potassium channel blockers inhibit the efflux of potas-
sium during phases 2 and 3 of the action potential, caus-
ing delayed repolarization and prolonging the refractory 
period. Therefore, the QTc interval must be carefully mon-
itored to reduce the risk of TdP [39]. Potassium channel 
blockers exhibit reverse-use dependence, meaning they are 
more effective at lower HRs and thus able to prevent AF 
recurrence.

4.1.3 � Dofetilide

Dofetilide inhibits the rapid component of the delayed rec-
tifying potassium channel (Ikr), leading to delayed cardiac 
repolarization and prolongation of the effective refractory 
period [39, 59, 60]. The QTc prolongation and efficacy of 
dofetilide are proportional to its serum concentration [61]. 
Inpatient hospitalization and ECG monitoring for at least 
five doses is therefore recommended due to a high risk of QT 
prolongation and TdP [59]. TdP most often occurs within 
the first 2–3 days after initiation and is associated with QTc 
intervals > 500 ms or a change in QTc of > 60 ms from 
baseline. Contraindications to dofetilide therapy include 
baseline QTc interval > 440 ms or > 500 ms with ven-
tricular conduction abnormalities, severe renal impairment, 
recent ibutilide use, history of TdP, or other interacting drug 
therapy [59]. Initial dofetilide dosing is based on creatinine 
clearance (CrCl), calculated using actual body weight due to 
the high degree of renal excretion. Prior to initiation, a base-
line ECG showing an acceptable QTc interval (< 440 ms), 
potassium and magnesium repletion to > 4 mmol/L and > 2 
mg/dL, respectively, and CrCl calculation should be con-
firmed for dose adjustment. An ECG should be performed 
2–3 h post-dose for the first five to six doses to assess the 
QTc interval. The dose of dofetilide should be reduced if the 
QTc interval is prolonged > 15% from baseline or if the QTc 
interval is prolonged > 500 ms [59]. Predictors of unsuc-
cessful dofetilide initiation include female sex and increased 
serum creatinine [62]. Deviation from these QTc interval 
recommendations has shown a non-significant increased rate 
of adverse events in a real-world, retrospective study [63]. 
One small study assessed feasibility of outpatient initiation 
of dofetilide in low-risk patients who had implanted cardiac 
electronic devices (CIED), such as implantable loop record-
ers, permanent pacemakers, and implantable cardioverter-
defibrillators (ICD) with close outpatient monitoring [64]. 

This strategy appeared to be safe, but caution is warranted 
until further studies are completed. Clinically significant 
drug interactions, including pharmacodynamic interactions 
with concomitant QTc-prolonging medications and those 
mediated by CYP3A4 and renal tubular excretion, can occur. 
Headaches are the most commonly reported adverse effect. 
Unlike many other antiarrhythmic drugs, dofetilide is safe 
and effective in patients with HFrEF and CAD [65, 66]. A 
recent cohort study showed dofetilide was successfully initi-
ated in 87% of patients, and dofetilide-treated patients had a 
similar likelihood of experiencing recurrent atrial arrhyth-
mias at 1 year to that of patients treated with amiodarone 
(37% vs 39%; p = 0.56) [62].

4.1.3.1  Sotalol  Sotalol is a racemic mixture of d- and 
l-sotalol. L-sotalol primarily acts as a beta-blocker, while 
d-sotalol is responsible for the drug’s class III antiar-
rhythmic activity [27, 28, 67]. D-sotalol potently inhib-
its the rapid component of the Ikr, prolonging repolariza-
tion in a dose-dependent manner [27, 28, 67]. Due to the 
reverse-use dependence of class III antiarrhythmic drugs, 
sotalol exerts synergistic effects by slowing the HR while 
prolonging repolarization. Generally, total daily doses of 
sotalol ≥ 160 mg exert potassium channel blockade, while 
daily doses ≤ 80 mg cause mainly beta-adrenergic recep-
tor blocking effects [39, 67]. Sotalol should be initiated in 
a hospital setting, and the QTc monitored for at least five 
doses to minimize the risk of TdP [67]. Risk factors for TdP 
include female sex, bradycardia, chronic kidney disease, 
and history of CHF [68]. Approximately 75% of serious 
arrhythmias occur within the first 7 days of therapy [69]. 
Use is contraindicated in patients with a baseline QTc inter-
val >  450  ms, severe renal impairment, high degree AV 
blocks, severe bradycardia (HR < 50 bpm), history of TdP, 
and acute decompensated heart failure [67]. Prior to initia-
tion, a baseline ECG showing an acceptable QTc interval, 
potassium and magnesium repletion to >  4  mmol/L and 
>  2  mg/dL, respectively, and CrCl calculation should be 
confirmed. ECGs should be monitored 2–3 h post-dose for 
each of the first five to six doses to assess the QTc interval. 
The dose of sotalol should be reduced if the QTc interval 
is prolonged > 15% from baseline or if the QTc interval is 
prolonged > 500 ms [67, 69]. In patients with normal renal 
function, sotalol is started at a dosage of 80 mg twice daily 
and titrated if the QTc interval is not significantly prolonged 
after 3 days of therapy. Although uncommonly done, an IV 
loading dose of sotalol may be given over 1 h, followed by 
two oral doses administered in lieu of the five- to six-dose 
oral loading regimen [70]. If this strategy is employed, the 
patient should remain under continuous telemetry. Loading 
of sotalol in low-risk patients who have CIEDs in an out-
patient setting with close monitoring has been evaluated in 
a small study and appears to be safe with no incidences of 
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TdP or drug discontinuation due to QTc prolongation [71]. 
This strategy warrants further investigation. The most com-
mon adverse effects of sotalol therapy include fatigue, diz-
ziness, and bradycardia. In patients with left ventricular dys-
function, concomitant use with a guideline-recommended 
beta-blocker could be considered if HR allows.

4.1.3.2  Ibutilide  Ibutilide is a selective potassium chan-
nel blocker used intravenously for chemical cardioversion 
when electrical cardioversion is not desired. Its use should 
be avoided in patients with a baseline QTc interval > 440 ms 
or a history of TdP due to the QTc prolongation associated 
with its use. Prior to administration, magnesium and potas-
sium should be repleted if required [72]. Ibutilide is given 
as a 10-min IV infusion, and the patient should be moni-
tored for at least 4 h after administration. A second dose of 
1 mg may be given 10 min after the completion of the first 
infusion if the first dose is not successful. Ibutilide can also 
improve the success of electrical cardioversion. Ibutilide use 
should be avoided in patients with cardiomyopathies and 
structural heart disease [73].

4.1.3.3  Amiodarone  Amiodarone is a broad-spectrum anti-
arrhythmic drug that possesses electrochemical properties 
of each antiarrhythmic drug class. Amiodarone is com-
monly classified as a class III antiarrhythmic medication 
because of its effect on repolarization and potassium chan-
nel blockade during chronic therapy. Due to the additional 
properties of sodium channel blocking effects, beta-adren-
ergic receptor blocking effects, and calcium channel block-
ing effects, amiodarone is highly effective for the treatment 
of atrial and ventricular arrhythmias [27, 39]. Unlike other 
class III antiarrhythmic medications, amiodarone is only 
rarely associated with TdP despite causing QTc prolonga-
tion [39, 74]. Amiodarone distributes widely in the body, 
including peripheral adipose tissue that acts as a “sink” for 
amiodarone [27, 74]. Therefore, it requires a large loading 
dose over a prolonged period to saturate tissues before its 
full antiarrhythmic effects are noted. Initially, when given 
intravenously, amiodarone primarily exerts its antiarrhyth-
mic effect via beta-adrenergic receptor blockade and, to a 
lesser extent, sodium channel blockade. As the loading dose 
continues, amiodarone begins to exert additional electro-
chemical effects, particularly potassium channel blockade 
[74]. Amiodarone is usually given as an oral loading dose 
over 1–2 weeks at 400 mg two to three times daily. A total 
amiodarone loading dose is generally 6–8 g for AF. Because 
of this large volume of distribution, amiodarone has a half-
life of 40–55 days. The use of amiodarone is limited by its 
adverse effect profile, which is driven by its large volume 
of distribution. Amiodarone is associated with hepatotoxic-
ity, hypo- or hyperthyroidism, pulmonary fibrosis, corneal 
deposition, hyperpigmentation, and phototoxicity [74]. 

Most of these toxicities increase in frequency as cumula-
tive amiodarone exposure increases; amiodarone is there-
fore avoided in younger patients to limit these toxicities with 
long-term use. For details regarding the required baseline 
and routine monitoring see Table  2. Unlike other antiar-
rhythmic medications, it is safe and effective in patients 
with a variety of cardiac comorbidities, including HFrEF 
and CAD [39, 74]. Amiodarone is an inhibitor of many CYP 
isozymes, including CYP3A4, CYP2C9, and CYP2D6, as 
well as the P-glycoprotein system, resulting in many drug 
interactions.

4.1.3.4  Dronedarone  Dronedarone is structurally similar 
to but lacks the iodine moieties of amiodarone, a deliberate 
attempt to minimize toxicities seen with the latter [75]. The 
two medications share other properties, including pharmaco-
logical and electrophysiological profiles. The lack of iodine 
moiety leads to a decreased incidence of thyroid toxicity, 
but dronedarone is still associated with pulmonary fibrosis, 
the most feared toxicity of amiodarone [75, 76]. Dronedar-
one should be avoided with a QTc interval > 500 ms due to 
the risk of TdP. Dronedarone increases mortality in patients 
with HFrEF and is, therefore, contraindicated in this popula-
tion [37]. Lastly, dronedarone should not be used in perma-
nent AF due to an increased risk of stroke and death within 
the first 2 weeks of initiation [77]. Dronedarone is, however, 
safe to use in patients with CAD. One large retrospective 
cohort study demonstrated patients treated with dronedar-
one compared to patients treated with other antiarrhythmics 
had a lower risk of hospitalization for a cardiovascular event 
(hazard ratio 0.87, 95% CI 0.79–0.96) [78].

5 � Ablation of Atrial Fibrillation

5.1 � Catheter Ablation

Catheter ablation, a non-pharmacological form of rhythm 
control is performed to induce cellular necrosis and subse-
quent scarring of atrial tissue around arrhythmogenic areas, 
such as the pulmonary vein, to limit reentrant circuits that 
cause AF. Focused energy sources of heat (e.g., radiofre-
quency ablation) or cold (e.g., cryoablation) are commonly 
used and have similar safety and efficacy outcomes [79]. 
Several guidelines endorse the use of catheter ablation for 
AF across a spectrum of comorbidities for refractory AF [13, 
80]. Several studies have examined the safety and efficacy of 
catheter ablation of AF alone and in comparison to antiar-
rhythmic medications.

The open-label, randomized AATAC trial compared cath-
eter ablation with amiodarone in 203 patients with persistent 
AF and a history of HFrEF with prior ICD or cardiac resyn-
chronization therapy with defibrillator (CRT-D)  placement. 



491Rate and Rhythm Control in AF

The primary outcome of procedural success (freedom from 
atrial arrhythmias > 30 s off antiarrhythmic drugs) at 24 
months was significantly higher in patients in the ablation 
cohort as compared to amiodarone (70% vs 34%; p < 0.001). 
Secondary endpoints of unplanned hospitalization and mor-
tality were lower in the ablation group, although the trial was 
not powered for these outcomes [81].

The CASTLE-AF study was a multicenter, open-label, 
randomized controlled trial of 363 patients with either par-
oxysmal or persistent symptomatic AF, HFrEF, and failure, 
intolerance, or unwillingness to take antiarrhythmic pharma-
cotherapy. Patients were randomized to receive pulmonary 
vein isolation or medications for rate or rhythm control; only 
30% of patients received rhythm control medications. In the 
primary composite outcome of death or worsening of CHF 
leading to hospitalization, catheter ablation was superior to 
the medical management cohort at 37 months (hazard ratio 
0.62; 95% CI 0.43–0.87) [82].

The CABANA trial was a multicenter, prospective, ran-
domized, open-label trial of 2204 patients of ≥ 65 years 
of age or < 65 with at least one risk factor for stroke that 
compared pulmonary vein isolation with pharmacotherapy. 
No difference in the primary composite endpoint (death, 
disabling stroke, serious bleeding, or cardiac arrest) was 
found between catheter ablation and drug therapy (hazard 
ratio 0.86; 95% CI 0.65–1.15) at a median of 48.5 months. 
Conversely, the prespecified per-protocol analysis, which 
excluded patients who did not receive ablation but were 
assigned to the ablation cohort, showed a significant dif-
ference in the primary outcome favoring catheter ablation 
(hazard ratio 0.67; 95% CI 0.50–0.89) [83]. Recurrent atrial 
arrhythmias were reduced by 47% in patients that received 
catheter ablation versus drug therapy alone [84].

With prior studies primarily focusing on patients that have 
failed pharmacotherapy, catheter ablation has recently been 
evaluated in several studies as first-line therapy for rhythm 
control. The STOP-AF First trial randomized patients with 
paroxysmal AF previously untreated with class I or III anti-
arrhythmics to either pharmacological rhythm control, pre-
dominately with flecainide, or cryoballoon ablation. The 
efficacy of rhythm control at 12 months was superior in the 
ablation cohort compared to antiarrhythmic drug therapy 
(74.6% vs 45%; p < 0.001) [85].

Patients in the EARLY-AF trial had previously untreated 
paroxysmal AF and were randomized to cryoballoon abla-
tion or antiarrhythmic drug therapy. Recurrent atrial arrhyth-
mias, as assessed by an implantable cardiac monitoring 
device, were lower in patients undergoing ablation than in 
pharmacological management (42.9% vs 67.8%; hazard ratio 
0.48, 95% CI 0.35–0.66) at 1 year [86].

Early recurrence of AF after ablation is common and 
occurs in up to 50% of patients, but does not necessarily 
predict long-term treatment failure; this period is known as 

the blanking phase. Antiarrhythmic medications have been 
studied in the post-ablation period to prevent AF recurrence. 
The 5A study was a prospective, open-label study that ran-
domized 110 patients to receive an antiarrhythmic medica-
tion or no antiarrhythmic medication following AF ablation. 
The primary endpoint was a composite of arrhythmia lasting 
greater than 24 h or requiring antiarrhythmic medication 
initiation or change, cardioversion or hospitalization for 
arrhythmia, and adverse events at 6 weeks [87]. The occur-
rence of the primary endpoint was lower in the antiarrhyth-
mic medication group than the no-antiarrhythmic medica-
tion group (19% vs 42%; p = 0.005), driven by a reduction in 
arrhythmias lasting greater than 24 h. A 6-month follow-up 
study, however, showed that freedom from AF was no dif-
ferent between groups [88]. The 2017 expert consensus on 
catheter and surgical ablation of AF states that the useful-
ness of initiation or continuation of antiarrhythmic medica-
tions in the post-ablation period to improve long-term out-
comes is unclear [80].

5.2 � Surgical Ablation

Surgical ablation of AF, including the biatrial Cox-Maze 
IV procedure, is highly effective and associated with rates 
of freedom from AF that exceed 90%. Surgical ablation can 
be performed as concomitant surgery in patients undergo-
ing coronary artery bypass grafting, valve operation, or as 
a standalone procedure. The Cox-Maze IV procedure has 
replaced the traditional “cut and sew” technique of the 
original Cox-Maze operation and uses radiofrequency or 
cryothermal energy to create ablation lines. Guidelines and 
an expert consensus document suggest AF surgical ablation 
offers patients a return to NSR, improved quality of life, 
reduction in stroke in select patients, as well as improve-
ments in perioperative and long-term mortality [80, 89]. 
Although limited evidence exists, surgical ablation that 
includes LAA obliteration may reduce stroke events com-
pared to oral anticoagulation use alone [90].

6 � Rate Versus Rhythm Control: Literature 
Review

A primary goal of treatment of AF is to reduce symptoms, 
such as palpitations and shortness of breath, with rate control 
or rhythm control strategy. Patients can be categorized into 
different classes based on symptom burden as recommended 
by current guidelines [14, 31]. The optimal strategy, how-
ever, is debated, and neither has been definitively shown to 
reduce mortality compared to the other. Studies comparing 
the two approaches published in the early 2000s, described 
below, showed no significant difference in cardiovascular 
death and resulted in the adoption of an initial rate control 
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strategy with the addition of antiarrhythmic medications if 
patients remained symptomatic despite adequate ventricular 
rate control.

The STAF study was an open-label, controlled trial that 
randomized 200 patients to rhythm control with cardiover-
sion and antiarrhythmic medications or rate control. No dif-
ference was found in the occurrence of the primary com-
posite endpoint of death, stroke or TIA, systemic embolism, 
and cardiopulmonary resuscitation (rhythm control 5.54%/
year vs rate control 6.09%/year; p = 0.99) or death (2.5% vs 
4.9%) at a mean follow-up of 19.6 months. Patients assigned 
to the rhythm control group had more hospitalizations for 
cardiovascular disease (449 days of hospital stay vs 314 days 
of hospital stay; p < 0.001) [91].

The AFFIRM study was an open-label, prospective trial 
that randomized 4060 patients to rate control with a goal 
HR of 80–110 bpm or rhythm control with antiarrhythmic 
medications. No difference was found for the primary end-
point of overall mortality at 5 years (hazard ratio 1.15, 95% 
CI 0.99–1.34; p = 0.08), but patients in the rhythm control 
group experienced more adverse events and hospitalizations 
related to antiarrhythmic medications [92].

The RACE study was an open-label, prospective trial 
that randomized 522 patients with persistent AF to a rhythm 
control or rate control strategy. The primary endpoint was 
a composite of cardiovascular death, heart failure, throm-
boembolic complications, bleeding, need for a pacemaker, 
or adverse effects of antiarrhythmic drugs. The incidence 
of the primary outcome was non-inferior for rate control 
versus rhythm control (rhythm control 22.6% vs rate control 
17.2%, 90% CI −11.0 to 0.4) at a mean follow-up of 2.3 
years. No difference in the risk of the primary endpoint was 
found between groups (hazard ratio 0.73, 95% CI 0.53–1.01; 
p = 0.11), but severe adverse events of antiarrhythmic med-
ications were more common in the rhythm control group 
(rhythm control 4.5% vs rate control 0.8%, 90% CI − 6.0 to 
− 1.4) [93].

Due to the negative clinical and hemodynamic con-
sequences of AF in patients with HFrEF, restoration and 
maintenance of NSR are often attempted. The AF-CHF 
trial randomized 1376 patients with electrocardiographi-
cally confirmed AF and CHF with a left ventricular ejection 
fraction < 35% to rhythm control with preferential use of 
amiodarone and electrical cardioversion or rate control [94]. 
At a mean follow-up of 37 months, the primary outcome of 
cardiovascular mortality did not differ between groups (27% 
rhythm control vs 25% rate control; hazard ratio 1.06, 95% 
CI 0.86–1.3; p = 0.59), nor did the secondary endpoints of 
all-cause mortality, stroke, or worsening heart failure. Brad-
yarrhythmia (6% vs 3%; p = 0.02) and hospitalization for AF 
(14% vs 9%; p = 0.001) were more common in the rhythm 
control group.

The most recent trial comparing rhythm control with 
rate control, however, showed different results. The EAST-
AFNET4 study was an open-label, prospective trial that ran-
domized 2789 patients at high cardiovascular risk with AF 
of < 12 months to rhythm control or rate control. Rhythm 
control consisted of antiarrhythmic drugs, catheter abla-
tion, or cardioversion, and anticoagulation was mandated 
for patients in both arms. The primary endpoint was a com-
posite of cardiovascular death, stroke, or hospitalization; a 
second primary outcome was the number of nights spent 
in the hospital per year. The trial was stopped early after 
a median of 5.1 years of follow-up; patients in the rhythm 
control group had fewer first-primary-outcome events than 
those in the rate control group (3.9 per 100 person-years vs 
5.0 per 100 person-years; p = 0.0005); findings were consist-
ent across subgroups. No difference in nights spent in the 
hospital was found between groups [95].

Several factors may help explain divergent results of the 
EAST-AFNET4 trial and prior trials. Advances in rhythm 
control strategies, including increased use of catheter abla-
tion, the availability of newer antiarrhythmic medications, 
and closer monitoring of available antiarrhythmic medica-
tions, as well as improvement in the overall care of cardio-
vascular patients and risk factor modification, likely reduces 
the risk to patients when pursuing this approach. A greater 
likelihood of maintenance of NSR in recently diagnosed AF, 
as in EAST-AFNET4, compared with a longer duration seen 
in the other trials may also contribute to improved clinical 
outcomes. Furthermore, patients in EAST-AFNET4 were 
maintained on anticoagulation, and treatment of underlying 
disease states was emphasized, while previous trials allowed 
discontinuation of anticoagulation if NSR was achieved. 
The emphasis on appropriate anticoagulation and appropri-
ate treatment of concomitant cardiovascular disease states 
in EAST-AFNET4 illustrates the importance of a holistic 
approach to medical therapy in patients with AF.

In summary, historical trials consistently failed to show 
a difference in cardiovascular death when comparing rate 
control and rhythm control. However, a direct comparison 
of trials is difficult due to differences in baseline patient 
characteristics, inclusion criteria, treatment approaches, and 
endpoints. Furthermore, limitations of the trials, including 
small sample size, high rates of treatment crossover, and 
variable anticoagulation requirements, may have contrib-
uted to the lack of difference in outcomes. Given the adverse 
events associated with antiarrhythmic medications and lack 
of definite benefit across a broad patient population, rate 
control is a reasonable approach in most patients, but the 
addition of antiarrhythmic medications should be consid-
ered if patients remain symptomatic. However, based on 
more recent evidence, an attempt to restore and maintain 
NSR is reasonable in patients with recently diagnosed AF 
before adverse atrial remodeling occurs. Regardless of the 
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initial treatment strategy, thromboembolic risk and underly-
ing cardiovascular diseases should be assessed and treated 
accordingly. In addition, control of risk factors for AF and 
stroke, such as obesity, sleep apnea, and lifestyle changes, 
with regular exercise, smoking cessation, and avoidance of 
alcohol are all-important.

7 � Gaps in Knowledge

With increased monitoring and safer use of antiarrhythmics 
and ablative strategies, further studies are warranted to criti-
cally reappraise long-term cardiovascular outcomes associ-
ated with a rate control versus a rhythm control strategy. 
Furthermore, class III antiarrhythmics, particularly dofeti-
lide, have largely been underrepresented in trials compar-
ing rate versus rhythm control strategy, despite being highly 
effective, exhibiting reverse-use dependence properties, and 
being well-tolerated with low rates of discontinuation. This 
underrepresentation is likely due to dofetilide being unavail-
able in European countries, although sotalol use has been 
consistently low in these trials. Additionally, the optimal 
timing of initiation of rhythm control remains unclear. Cur-
rent evidence supports minimizing adverse drug events, 
utilizing an initial rate control strategy, and subsequent pro-
gression to rhythm control based on unacceptable symp-
toms. Emerging literature suggests that initiation of rhythm 
control early in the course of AF can reduce the progression 
of AF and long-term risk of cardiovascular events, possibly 
by counteracting the adverse pathophysiology associated 
with long-standing AF. Lastly, the timing of catheter abla-
tion for AF remains unclear; emerging data have suggested 
that it may be an acceptable first-line therapy in selected 
patients, supporting its use early in the course of AF.

8 � Conclusion

AF is an increasingly common arrhythmia encountered 
in clinical practice that leads to a substantial increase in 
healthcare costs and decreased quality of life of patients. 
Treatment of AF revolves around two tenets: appropriate 
thromboembolism prophylaxis with oral anticoagulants and 
a rate or rhythm control strategy to minimize symptoms. 
Patients with minimal symptoms are often initiated on oral 
anticoagulation, and rate control medications are titrated to 
control AV nodal conduction and ventricular rate. Patients 
who remain symptomatic despite adequate rate control or, 
as seen in recent studies, patients with a recent diagnosis 
of AF may benefit from early rhythm control therapy with 
antiarrhythmic drugs or catheter ablation. As the prevalence 
of AF continues to increase, future studies should focus on 
identifying the cardiovascular risk reduction associated with 

a rate versus rhythm control strategy, in combination with 
risk factor modulation, and identifying the optimal timing 
of when to switch to a rhythm control strategy.
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