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Atrial fibrillation (AF) is prevalent in cardiac channelopathies
and may be the presenting feature in some patients.
The pathogenesis is related to the primary ion channel
dysfunction in atrial myocytes that affects atrial conduc-
tion or repolarization. The development of AF is associated
with adverse outcomes, and its management is challeng-
ing in these patients. In this article we review the current
information on the prevalence, risk factors, pathophysio-

logy, and treatment of AF in specific cardiac channelopa-
thies.
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Introduction
Cardiac channelopathies are a group of clinical syndromes
caused by mutations in genes encoding specific cardiac ionic
channels. They are transmitted with different inheritance
patterns and carry a potential risk of sudden cardiac death
(SCD) due to ventricular arrhythmias. However, the ion
channel dysfunction is also present in the atrium, and atrial
arrhythmias, especially atrial fibrillation (AF), often compli-
cate the course of these conditions (Table 1). The occurrence
of AF is associated with adverse clinical outcomes, and the
management of the arrhythmia usually is different in these
patients.

In this article we review and systematize the current
information on the prevalence, risk factors, pathophysiology,
and treatment of AF in cardiac channelopathies.

Long QT syndrome
AF prevalence
Early-onset AF (o50 years) is observed in 2% of patients
with genetically proven long QT syndrome (LQTS), which is
significantly higher than the expected prevalence of 0.1% in
this age group.1 This probably is an underestimation because
many episodes of AF are asymptomatic. In another study,
Zellerhoff et al2 found that one-third of LQTS patients (7/21)
implanted with an implantable cardioverter-defibrillator

(ICD) develop self-terminating atrial arrhythmias, the major-
ity of them asymptomatic (71%). AF alone or in combination
with atrial tachycardias, accounted for 86% of the events.

Pathophysiology of AF in LQTS
LQTS is caused by altered expression or function of
repolarizing ionic channels, mainly “loss-of-function” potas-
sium channels mutations or “gain-of-function” sodium
channel mutations that result in reduction of net repolarizing
currents.3 At least 17 genes linked to this condition have
been identified to date, but mutations in 3 genes account for
75% of clinically definite LQTS: KCNQ1 (LTQ1), KCNH2
(LQT2), and SCN5A (LQT3).4 Several of these mutations
have also been associated with familial AF. Bartos et al5

demonstrated that R231C, a loss-of-function mutation in the
gene KCNQ1, may exhibit pleiotropy and is capable of
expressing both LQT1 and familial AF. Benito et al6

identified a 3-generation family (8 members) showing
paroxysmal AF and long QT intervals; a SCN5A mutation
responsible for LQT3 (Y1795C) was identified in all
members. This was later corroborated by Olesen et al,7

who identified a high prevalence of SCN5A mutations in a
cohort of patients with early-onset AF. The same ionic
channels responsible for ventricular repolarization contribute
to repolarization in the atrium, and delayed atrial repolariza-
tion in patients with LQTS may predispose to atrial
arrhythmias. Kirchhof et al8,9 demonstrated that patients
with LQTS have prolonged action potential durations and
atrial effective refractory periods (ERPs), and 50% of these
patients develop polymorphic AT during electrophysiologic
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testing. It has been postulated that susceptibility for AF in
LQTS patients is mediated by an atrial torsades de pointes–
like mechanism.10 Satoh and Zipes10 described a canine
model of Andersen–Tawil syndrome (LQT7) in which
pharmacologic block of Kir2.1 potassium channels with
cesium chloride induced atrial early depolarizations that
precipitated polymorphic atrial tachyarrhythmias and sub-
sequent degeneration into AF. In another model of LQT3,
the late sodium current (INaL) enhancer ATX-II induced
spontaneous pulmonary vein firing and early afterdepolari-
zations, an effect that was attenuated by the INaL inhibitor
ranolazine.11

Risk factors
The relationship between QTc duration and the risk of AF
was explored by Nielsen et al12 in a large primary care
population. In that study, the risk of AF reached a hazard
ratio of 1.44 for patients with QTc ≥99th percentile (≥464
ms; 95% confidence interval 1.24–1.66, P o.001), but also
patients with a shortened QTc had an increased AF suscept-
ibility (hazard ratio 1.45 for those with QTc lower than the
1st percentile (≤372 ms; 95% confidence interval 1.14–1.84,
P ¼ .002). This J-shaped association suggests that both
prolonged and shortened action potential duration may
represent a substrate for AF. In the study by Johnson
et al,1 the prevalence of AF was higher in patients with
LQT1 compared with other genetic subtypes (2.4% vs 0% in
LQT2 and 1.7% in LQT3). In addition, males were more
affected than females (3.4 vs 0.7%).

Treatment of AF in the context of LQTS
Management of AF in the context of LQTS is challenging
because many antiarrhythmic drugs, such as amiodarone and
sotalol, result in QT prolongation and are contraindicated. In
fact, amiodarone administration may result in life-threat-
ening refractory electric storm.1 A potentially helpful agent
is mexiletine, a Class Ib antiarrhythmic drug that preferen-
tially blocks the late sodium current, with shortening of the

action potential duration. El Yaman et al13 reported the case
of a young woman with LQT1 and paroxysmal AF that was
near totally suppressed by mexiletine. The sodium channel
blocker flecainide also may be useful in AF associated with
LQT3, caused by gain-of-function mutations in the cardiac
sodium channel SCN5A. Benito et al6 demonstrated the
efficacy of this drug in shortening the QT interval and
acutely restoring sinus rhythm in 2 patients with LQT3;
however, flecainide may also be extremely dangerous for
LQT1 and LQT2 because of its IKr-blocking properties. The
role of catheter ablation in patients with LQTS has not been
studied.

Brugada syndrome
AF prevalence
AF is the most common atrial arrhythmia in Brugada
syndrome (BS), with an incidence reported between 6%
and 53% by different series (Figure 1).14 In the original paper
by Brugada et al,15 2 of the 8 affected patients had
paroxysmal AF. Sacher et al16 described the incidence of
atrial arrhythmias in a large retrospective series of patients
with BS and ICDs. Of 220 patients, 32 had supraventricular
arrhythmias, including AF in 23 cases (10%). As for
ventricular fibrillation (VF), a circadian pattern has been
described, with 70% of episodes occurring at night, suggest-
ing that nocturnal vagal tone also plays a role in atrial
arrhythmogenesis.17

Lone AF may be the first clinical manifestation of latent
BS, preceding the onset of ventricular arrhythmias. Pappone
et al18 described a prevalence of 3% of typical Brugada ECG
pattern in patients with new-onset AF when challenged with
IV flecainide. These results are revealing but should be
interpreted with caution because challenge tests with sodium
channel blockers are not 100% specific.19

The presence of AF in BS has been associated with a more
malignant course, with a greater incidence of syncope and
VF, thus being a marker of more advanced disease.17,20 In a
pediatric series of drug-induced BS, a history of AF and

Table 1 Summary table of atrial fibrillation in cardiac channelopathies.

Condition Prevalence Pathophysiology Risk factors Treatment

Long QT syndrome 2%–29% Loss-of-function K channels mutations or
gain-of-function Na channel mutations

LQT1, male sex, longer QT interval Beta-blockers,
mexiletine,
flecainide (LQT3)Delayed atrial repolarization, polymorphic

atrial tachycardia
Brugada syndrome 6%–53% SCN5A mutation with reduction in Na inward

current (INa) and atrial transmural
repolarization dispersion

Spontaneous Brugada ECG pattern,
previous ventricular tachycardia/
ventricular fibrillation, P-wave duration
and dispersion

Quinidine, bepridil,
catheter ablation

Short QT syndrome 18%–70% Gain-of-function mutations in genes
encoding for K channels

Positive genotype, KCNQ1 mutation
(SQTS2)

Propafenone,
quinidine

Atrial effective refractory period shortening
and dispersion of repolarization leading
to intraatrial reentry

Catecholaminergic
polymorphic
ventricular
tachycardia

11%–37% Ryanodine receptor dysfunction with Ca leak
from sarcoplasmic reticulum, cytosolic Ca
overload, and delayed
afterdepolarizations

Not reported Beta-blockers,
flecainide,
propafenone,
catheter ablation
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