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CATECHOLAMINERGIC POLYMORPHIC VENTRICULAR 

TACHYCARDIA 

 

Definition 

Catecholaminergic polymorphic ventricular tachycardia (CPVT) is VT that typically occurs 

on exercise and episodes of provoked tachycardia are sustained or, usually, non-sustained.1,2 

CPVT is one of the most lethal inherited channelopathies, with sudden death occurring in up 

to 30% of patients before age 40 in the absence of antiadrenergic therapy.1-3 The estimated 4- 

and 8-year cardiac event rates were 33% and 58%, respectively, in a series of patients without 

β-blockers.1  

Epidemiology 

The prevalence of CPVT is virtually unknown, but it is estimated to be in the 1:20,000 range.4 

There appears to be a similar proportion of male and female patients with CPVT.5  

 

Genetics and Pathophysiology 

CPVT is mainly due to mutations in the genes encoding the cardiac ryanodine receptor (Ryr2) 

channel (60% of patients - autosomal dominant inheritance), and calsequestrin (autosomal 

recessive inheritance) that are involved in calcium kinetics (Table 1). A locus on chromosome 

7p14–p22 has also been reported, with an early-onset lethal form of recessive CPVT.1  

Triadine is a new gene involved in an autosomal recessive form of CPVT, and three new 

mutations in the triadin gene (TRDN), a protein that links RyR2 and CASQ2, have been 

identified.1 Whereas RyR2 gain-of-function variants cause an autosomal dominant form of 

CPVT, the CASQ2 genetic subtype is considered autosomal recessive and accounts for 2% to 

5% of CPVT cases.6  Genetic variants in calsequestrin-2 (CASQ2) cause an autosomal 

recessive form of catecholaminergic polymorphic ventricular tachycardia (CPVT), although 

isolated reports have identified arrhythmic phenotypes among heterozygotes.6 

Increased leak of Ca2+ from the sarcoplasmic reticulum triggers delayed afterdepolarization 

and ultimately leads to CPVT.7 Arrhythmia in RYR2-mediated CPVT requires both a 

pathogenic mutation and adrenergic stimulation, which activates downstream kinases such as 

the Ca2+/calmodulin-dependent protein kinase II (CaMKII), that enhance cardiomyocyte 

Ca2+ handling by phosphorylating numerous targets.8 There has been evidence that delayed 

afterdepolarizations caused by calcium overload are a more common occurrence in Purkinje 

cells than in ventricular myocytes, and Purkinje cells are probably critical contributors to 

arrhythmic triggers.1 Extended clinical phenotypes in patients with Ryr2 mutations and CPVT 

have been described with sinoatrial node and atrioventricular node dysfunction, atrial 
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fibrillation, atrial standstill, and dilated cardiomyopathy.9 Sex-related differences have been 

described in RYR2 but appear to be minor. 5 

 

Presentation 

QRS morphology suggests an outflow tract origin of the initiating beat in more than 50% of 

patients, and subsequent beats portray a polymorphic or typically bidirectional VT 

morphology.10 They may originate from the LVOT and less frequently from the RVOT or the 

RV apex.2 

 

Diagnosis 

The resting ECG is normal (Table 2). NSVT induced by treadmill exercise testing aimed at 

evaluating presumed long QT syndrome suggests catecholaminergic polymorphic VT rather 

than long QT syndrome.11 Catecholaminergic polymorphic ventricular tachycardia patients 

with a higher heart rate recovery at the first exercise stress test off antiarrhythmic drugs are 

more likely to have been symptomatic before diagnosis.12 Polymorphic VT is usually not 

inducible by programmed ventricular stimulation.1 Provocative testing with epinephrine 

(infusion of 0.05 mcg/kg/min and increased every 5 min to 0.1 and 0.2 mcg/kg/min fir 5 min 

at each dose) induces VT in 80% of patients, but a negative test does not exclude the 

diagnosis.13 Care should be taken, since patients diagnosed as CPVT on the basis of the 

presence of bidirectional ventricular tachycardia on exercise, have been identified as 

possessing KCNJ2 mutations, which are associated with the rarely lethal Andersen-Tawil 

syndrome (LQTS 7).14 Triadin knockout syndrome (TKOS) is a rare, inherited arrhythmia 

syndrome caused by recessive null mutations in TRDN-encoded cardiac triadin. It is 

characterized by extensive T-wave inversions, transient QT prolongation, and severe disease 

expression of exercise-induced cardiac arrest in early childhood refractory to conventional 

therapy.15 

Genetic Testing 

Indications for genetic testing are presented in Table 3.  

 

Therapy 

All phenotypically and/or genotypically diagnosed CPVT patients should receive a non-

selective beta blocker without sympathomimetic activity in the highest tolerable dose. 

Nadolol in a dose up to to 2 mg/kg/day is the preferred beta blocker.16-18 Participation in 

competitive sports is prohibited and the use of sympathomimetic agents is contraindicated. 

Complete suppression of asymptomatic VPBs may to be mandatory, but the presence of 
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couplets or more successive VPBs during exercise testing is associated with future arrhythmic 

events, suggesting to intensify the treatment in these cases. A carvedilol analogue in 

combination with a non-selective beta blocker such as metoprolol or bisoprolol is also 

understudy.1 Flecainide directly blocks RyR2 channels, prevents premature Ca2+ release, 

reduces exercise-induced ventricular arrhythmias patients with CPVT,  and should be 

probably added to beta blockers as an initial therapy in high-risk patients.19,20 Verapamil may 

also be added to b-blocker therapy.21 ICD (with beta blockers) is recommended in patients 

with cardiac arrest or documented VT despite beta blocker therapy (Table 4 and Figure 1).  It 

should be noted that ICD shocks are sometimes ineffective and potentially proarrhythmic, 

inducing fatal electrical storms by both appropriate and inappropriate ICD shocks.22 In a 

report by the International CPVT Registry on patients with phenotypic and/or genotypic 

diagnostic criteria for CPVT who presented with sudden cardiac arrest prior to diagnosis of 

and treatment for CPVT, the ICD did not confer a survival benefit.23 Left cardiac sympathetic 

denervation may also be helpful.24-26  

Catheter ablation of the bidirectional ventricular premature beats that trigger 

ventricular fibrillation may become an adjunctive therapy in patients with refractory CPVT,27 

but experience is limited. Gene therapy approaches are also evolving. The possibility of viral 

gene transfer of wild-type CASQ2into the heart of R33Q mice has been raised,28 and delivery 

of a CaMKII inhibitory peptide by adeno-associated virus also represents a novel single-dose 

gene therapy.8 

 Competitive exercise is not allowed. Only recreational, low-intensity sports are 

permitted (see relevant Chapters).  

 

Pregnancy 

The adrenergic nature of labor and delivery are relevant to catecholaminergic polymorphic 

ventricular tachycardia.29,30 Selective beta blockers are probably less effective than 

propranolol and nadolol,17 and flecainide may also be used if needed, although it should be 

avoided during the first trimester.29 Recommendations are provided in Table 5. 
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