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Abstract
Cardiac channelopathies are inherited cardiac disorders associated
with potentially life-threatening ventricular arrhythmias. They are
caused by genetic mutations of ion channels that alter cardiac cell
membrane potential and intracellular haemostasis, and include long

QT syndromes (LQTSs), Brugada syndrome and the much rarer cate-
cholaminergic polymorphic ventricular tachycardia, idiopathic ven-
tricular fibrillation, short QT syndrome and early repolarization
syndrome. Presentation of these varies widely from sudden cardiac
death to incidental diagnosis at the time of electrocardiography.
While they are rare, diagnosis and subsequent familial screening
can have significant results for both the index patient and family
members. A clear understanding of the cardiac action potential
helps to clarify the pathological mechanism of arrhythmogenesis
that characterizes these conditions. Risk stratification of adverse out-
comes from these conditions is complex and often imprecise. Medi-

cal therapy and implantable cardioverter-defibrillators have a
potential role in patient management. It is recommended that com-
plex decisions relating to these patients be discussed in a multidisci-
plinary team environment wherever possible. Most of this review
focuses on LQTS and Brugada syndrome as these are the most com-
mon forms of cardiac channelopathies.
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Overview of the cardiac action potential

The cardiac action potential of the human ventricular myocar-

dium has five distinct temporal phases (Figure 1). Phase 0 cor-

responds to ventricular depolarization and represents the

inward movement of sodium ions via fast sodium channels.

Phase 1 is a brief period of fast repolarization as the sodium

channels begin to close. Phase 2 is a longer plateau phase with

gradual net outflow of current in which there is both inward

flow of calcium ions via the L-type calcium channels and out-

ward flow of potassium ions via the slowly activating delayed

inward rectifier potassium channel. Phase 3 corresponds to

repolarization via the rapidly activating delayed inward rectifier

potassium channel, and phase 4 is the resting membrane

potential.

Long QT syndrome (LQTS)

LQTS is a rare cause of both syncope and sudden death, and has

a prevalence of approximately 1:5000. At least 12 different ge-

netic mutations have been identified, each resulting in delayed

repolarization and prolongation of the QTc interval; this pre-

disposes to early after-depolarization (EAD) in the prolonged

phase 2 or 3 of the action potential (Figure 2). A causative genetic

variant is identified in approximately 65% of patients. The

prevalence and malignancy of LQTS is higher in women in

general who have a normal QTc interval of 460e480 ms

compared with 440 ms in men. These EADs can lead to torsades

de pointes (a form of polymorphic ventricular tachycardia) and

subsequent sudden death.

Key points

C Cardiac channelopathies carry a risk of ventricular arrhythmia

and sudden death

C Patients who present with aborted sudden cardiac death

almost always require an implantable cardioverter-defibrillator

(ICD)

C The great majority of asymptomatic channelopathy patients

are at low risk of sudden death and generally do not require an

ICD after clinical assessment

C Targeted genetic testing should be considered for index pa-

tients; subsequent cascade screening may be of use

C Long QT and Brugada syndromes are rare but important di-

agnoses that should be considered in the general medical

environment
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The ventricular myocyte action potential

Figure 1
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LQTS 1e3 make up the vast majority of diagnoses, with LQTS

1 and 2 alone accounting for 65% of cases. The three dominant

forms of the syndrome are inherited in an autosomal dominant

manner, with mutations in KCNQ1, KCNH2 and SCN5A impli-

cated in the pathogenesis of LQTS 1, 2 and 3, respectively. Pro-

longation of the QT interval is key to diagnosis, although it may

periodically be absent in the same patient. The risk of arrhythmia

is proportional to the degree of prolongation of the QT interval,

and thus the duration of phase 2 of the action potential when

there is risk of EAD and arrhythmia (Figure 3).

While the diagnosis of LQTS can be unproblematic, it is often

challenging, and the Schwartz criteria (Table 1) can be used to

aid diagnosis: a diagnosis of LQTS is likely if the score is 4 or

more, probable it if is 2e3 and unlikely if it is �1.1

Diagnosis can be further aided by adrenaline (epinephrine)

and exercise testing in the 4th minute of recovery; both aim to

identify paradoxical prolongation of the QT interval as the heart

rate increases. Implantable cardioverter-defibrillators (ICDs) are

recommended for all cardiac arrest survivors. b-Adrenoceptor

blockers are recommended for patients with prolonged QTc and

syncope, or genetically proven mutations even with a normal

QTc. Nadolol has the strongest evidence base but propranolol

can be used if nadolol is not available. If patients have further

syncopal events or torsades de pointes while on b-blockers, left

cardiac sympathetic denervation and/or an ICD should be

strongly considered.

It is important to remember that many medications can cause

prolongation of the QT interval. These should therefore be

excluded before a diagnosis of LQTS is made. In addition, they

should be avoided in patients with an LQTS diagnosis. Relevant

information can be obtained from national societies or online

(e.g. www.qtdrugs.org).

Family cascade screening is imperative using genetic testing in

gene-positive index cases, but clinical phenotypic testing is

valuable even if gene testing is negative.

Brugada syndrome

Brugada syndrome is characterized by coved ST elevation (�2

mm) in at least one right precordial lead (V1 or V2) placed at the

fourth or higher intercostal space e the type 1 pattern. Type 2

and 3 forms have been described but are of clinical significance

only when pharmacological provocation results in a type 1

appearance. The diagnosis relies on a type 1 electrocardiogram

(ECG) plus one of syncope, nocturnal agonal respiration, similar

ECG changes in family members or a family history of sudden

cardiac death. The Shanghai score has been proposed to aid

diagnosis based upon these variables in patients who are

asymptomatic with a provoked type 1 Brugada ECG pattern.2

There is a male:female preponderance of about 9:1 and an

increased prevalence in the South/South-East Asian population

(See Figure 4).

In contrast to LQTS, the genetic basis of Brugada syndrome is

not monogeneic but highly complex. Numerous genes have been
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Prolongation of phase 2, and thus the vulnerable 
area for EADs, in LQTS

Figure 2

Figure 3 A 12-lead ECG from a patient with LQTS 1 (QTc ¼ 520 ms).
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