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The past decade has evinced remarkable advances in our understanding of the genesis of cardiac arrhythmias.  The major thrust of clinical and basic research efforts has been focussed on the inherited arrhythmias.  The monogenetic disorders have a relatively simple basis: they result from mutations of genes encoding membrane ion channels or their regulatory subunits.  The syndromes are heterogeneous in that multiple genes or multiple loci in the same gene may result in the same phenotype.  The heart is structurally normal in these diseases.  The Brugada syndrome has a characteristic pattern of ST segment elevation in the right precordial leads and apparent right bundle branch block.  It is particularly common in Southeast Asia and the Asian Pacific Islands where prevalence rates approach 3%.  The syndrome is associated with mutations of the cardiac Na channel genes SCN5A in about 20% of cases.  The mutations result in a decrease in the Na current by a change in channel expression or gating kinetics.  The decrease in Na current during phase 1 of the action potential result in marked heterogenicity of epicardial and endocardial repolarization and phase 2 re-entry.  


Congenital long QT syndrome (LQTS) is associated with an increase in the correct QT interval and polymorphic ventricular tachycardia (torsade de pointes).  Mutations that reduce the outward K currents (LQTS 1,2) or increase the inward Na current (LQTS 3) are molecular bases of LQTS.  A related disorder, congenital short QT syndrome is the result of enhanced outward K current.  Phenotype variations e.g. precipitating factors and EKG characteristics are associated with mutations of specific ion channel genes.  Congenital LQTS results in defective rate regulation of the action potential duration and early after depolarizations.  Brugada syndrome and Type 3 LQTS are allelic disorders; a single mutation may cause both disorders.  


Catecholaminergic polymorphic ventricular tachycardia is associated with exercise-induced PACs, PVCs and polymorphic ventricular tachycardia.  It is the result of mutations of the ryanodine receptor or calsequestrin 2.  Arrhythmogenic RV dysplasia may be a variant of the syndrome.


Bradyarrhythmias, including sinus node disease, AV block and bundle branch block may also result from mutations of ion channel genes (SCN5A).  A family form of the WPW syndrome results from mutation of an enzyme, AMP-activated protein kinase.  This is rather a novel mechanism in that an enzyme defect can result in an accessory anatomic connection between atria and ventricles.  


Genetic screening is potentially useful in patients with a family history of sudden death, syncope, exertional syncope or unexplained bradycardia.  The technique is primarily of value in large kindreds.  The very limited availability of genetic testing has restricted its role to a research tool.  Since a mutation is usually private, that in one kindred is not predictive of that in a phenotypically identical kindred.  Because of the high risk of recurrence and fatality rate, the primary mode of treatment in symptomatic LQTS and Brugada syndrome is ICD implantation.  β-adrenergic blockers and pacemaker implantation have a limited role in LQTS.


New research directions include the role of polymorphisms in arrhythmia susceptibility and the polygenetic basis of the common arrhythmias.

