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INTRODUCTION

Catecholaminergic polymorphic ventricular tachycardia 
(CPVT) is a highly malignant inheritable cardiac 
channelopathy. As implied by its name, CPVT is associated 
with the occurrence of potentially life-threatening 
catecholamine-mediated ventricular arrhythmias (VAs) 
triggered by stress or exertion.

This review of the current literature on CPVT aims to 
summarize the state of the art in our understanding 
of the genetic etiology, the molecular pathogenesis of 
CPVT, and how these relate to our current approach to 

diagnosis and management. We will also shed light on 
groundbreaking new work that will continue to refine 
the management of CPVT in the future.

DISEASE BURDEN

A case of a 6-year-old girl with no structural abnormality 
of the heart presenting with bidirectional ventricular 
tachycardia (BDVT), apparently induced by effort and 
emotional stress, was first described in 1975.[1] The entity 

Catecholaminergic polymorphic ventricular tachycardia: An exciting 
new era
Shashank P Behere, Steven N Weindling1

Nemours Cardiac Center, Nemours/Alfred I duPont Hospital for Children, Wilmington, Delaware, 1The Pediatric Specialty Clinic, Overland Park Regional 
Medical Center, Overland Park, Kansas, USA

ABSTRACT

Catecholaminergic polymorphic ventricular tachycardia (CPVT) is a highly malignant inheritable cardiac 
channelopathy. The past decade and a half has provided exciting new discoveries elucidating the genetic etiology 
and pathophysiology of CPVT. This review of the current literature on CPVT aims to summarize the state of 
the art in our understanding of the genetic etiology and the molecular pathogenesis of CPVT, and how these 
relate to our current approach to diagnosis and management. We will also shed light on groundbreaking new 
work that will continue to refine the management of CPVT in the future. As our knowledge of CPVT continues 
to grow, further studies will yield a better understanding of the efficacy and pitfalls of established diagnostic 
approaches and therapies as well as help shape newer diagnostic and treatment strategies. Two separate searches 
were run on the National Center for Biotechnology Information’s (NCBI) website. The first used the medical 
subject headings (MeSH) database using the term “catecholaminergic polymorphic ventricular tachycardia” that 
was run on the PubMed database using the age filter (birth to 18 years), and it yielded 58 results. The second 
search using the MeSH database with the search term “catecholaminergic polymorphic ventricular tachycardia,” 
applying no filters yielded 178 results. The abstracts of all these articles were studied and the articles were 
categorized and organized. Articles of relevance were read in full. As and where applicable, relevant references 
and citations from the primary articles were further explored and read in full. 

Keywords: Bidirectional ventricular tachycardia (BDVT), catecholaminergic polymorphic ventricular 
tachycardia (CPVT), polymorphic ventricular tachycardia (PMVT)

REVIEW ARTICLE

Access this article online
Quick Response Code:

Website:

www.annalspc.com

DOI:

10.4103/0974-2069.180645

This is an open access article distributed under the terms of the 
Creative Commons Attribution-NonCommercial-ShareAlike 3.0 
License, which allows others to remix, tweak, and build upon the 
work non-commercially, as long as the author is credited and the 
new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

How to cite this article: Behere SP, Weindling SN. Catecholaminergic 
polymorphic ventricular tachycardia: An exciting new era. Ann Pediatr 
Card 2016;9:137-46.



Behere and Weindling: Catecholaminergic polymorphic ventricular tachycardia

138 Annals of Pediatric Cardiology 2016 Vol 9 Issue 2

of CPVT, an adrenergic-dependent potentially lethal 
tachyarrhythmia with no underlying structural heart 
disease was delineated in a longitudinal case series in 
1995.[2] At the time, it was hypothesized to be a possible 
variant of long QT syndrome with a normal baseline 
electrocardiogram (ECG).

CPVT is an uncommon condition, accounting for about 
12% of autopsy-negative sudden deaths and 1.5% of 
sudden infant deaths.[3,4] The true prevalence is unknown 
though a possible prevalence of one in 10,000 has been 
quoted in the literature.[5,6] 

An early study showed that the untreated mortality rate 
for children with CPVT was approximately 50%.[2] The 
potential lethality of this condition is further evidenced 
by studies that have demonstrated that 33-38% of 
patients presented with cardiac arrest.[7,8] Considering all 
cardiac events (syncope, aborted cardiac arrest, sudden 
death), the rate of occurrence is 54-58% in untreated 
individuals.[7-9] Even with treatment, the incidence 
of cardiac events is close to 30%.[8] More recent data 
demonstrated a mortality rate of up to 13% for patients 
undergoing treatment.[8,9]

GENETICS

The genetic basis of CPVT began to be described 
in 2001.[10,11] The most common genetic mutations 
responsible for CPVT occur in the gene that encodes the 
cardiac ryanodine receptor (RyR2).[11] These mutations 
are usually inherited as autosomal-dominant, and such 
CPVT cases are designated as CPVT1. Though over 130 
RyR2 mutations have been reported, it is expected that 
approximately 65% of CPVT1 cases could be discovered 
by the analysis of 16 exons.[5,12] 

Less commonly, CPVT is caused by mutations in the 
gene encoding cardiac calsequestrin (CASQ2), which 
is inherited as autosomal recessive and is designated 
CPVT2.[10] A rare third form of CPVT has been mapped 
to chromosome 7 (7p14-p22) but the underlying gene 
has not been discovered.[13] Absence of the sarcoplasmic 
reticulum protein triadin was associated with another 
rare form of CPVT.[14] Mutations in the gene encoding 
the potassium inward rectifying channel Kir2.1 (KCNJ2) 
associated with Anderson-Tawil syndrome have been 
shown to demonstrate a phenotype similar to CPVT.[15] 
Mutations in the genes encoding the calcium signaling 
protein calmodulin (CALM1) have recently been shown 
to be associated with CPVT.[16]

A number of studies have provided us with an insight 
into the prevalence of underlying genetic mutations. 
A comprehensive mutational analysis of RYR2 gene in 
patients diagnosed with CPVT or long QT syndrome 
(LQTS) with normal corrected QT (QTc) revealed 63 
possible mutations in 47% of the patients.[12] This is 

consistent with multiple prevalence studies from Europe 
and Asia, which demonstrate RyR2 mutations in 47-70% 
of CPVT probands.[9,17-19] RyR2 mutations are also detected 
in 5-38% of the patients with a possible diagnosis of 
CPVT, and in 15% of asymptomatic relatives.[5,12] 

A Japanese study revealed 2% compound heterozygous 
CASQ2.[19] In a study from France, 7% of CPVT probands 
were detected to have mutations in CASQ2.[9] Japanese 
studies have also demonstrated that 2-7% of the patients 
harbored KCNJ2 mutations.[15,19] 

PATHOPHYSIOLOGY

Electrical depolarization leads to myocyte contraction 
through the process of calcium (Ca2+)-induced Ca2+ 
release. Ca2+ enters the sarcolemma through L type Ca2+ 
channels during phase 2 of the action potential, which 
in turn causes the release of Ca2+ from the sarcoplasmic 
reticulum (SR) via the cardiac ryanodine channel 
receptor [See Figure 1]. This exists in a complex with 
other proteins calsequestrin, triadin, and junctin at 
the SR junction. Released intracellular Ca2+ binds to 
troponin C and causes myocardial contraction. During 
the cardiomyocyte relaxation phase (diastole), Ca2+ 
release from the SR ceases and Ca2+ is returned to the 
SR via a Ca2+-ATPase pump, or pumped extracellularly 
by a sodium/calcium (Na+/Ca2+) exchange channel.[5,20,21] 

The key feature underlying pathogenesis of CPVT is the 
aberrant release of Ca2+ into the SR during diastole (termed 
a transient inward current) leading to diastolic Ca2+ leak, 
which provides a substrate for delayed afterdepolarizations 
(DADs), specifically in the setting of β-adrenergic 
stimulation during stress or exercise. Different hypotheses 
have been put forth to explain why mutations in the RyR2 
gene cause abnormal gating of the ryanodine receptor. 
The result of these mutations is a gain-of-function in the 
ryanodine receptor leading to diastolic Ca2+ leak.[21] 

Similarly, mutations in the gene encoding calsequestrin 
may lead to defective protein-protein interactions at the 
SR membrane complex.[5,6,21] 

One of the characteristic electrocardiographic findings in 
CPVT is BDVT. This is thought to occur due to alternating 
foci of triggered activity in the right and left ventricles, 
specifically in the area of the Purkinje system.[20] 

CLINICAL PRESENTATION 

CPVT has traditionally been considered a childhood disease 
with most patients presenting with symptoms in the first 
two decades, with a median age at diagnosis of 15 ± 10 
years.[9] However, a recent study suggests the existence of 
a bimodal distribution of symptom onset in 10-20 years 
and 32-48 years. The older age distribution had a larger 
proportion of females and most of them were RyR2-
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negative.[7,22] Based on these reports, it has been suggested 
that there may exist “juvenile” and “adult” types of CPVT. 

The juvenile type presents in the first two decades of 
life, is associated with RyR2 mutation, has no gender 
difference, and has a greater risk of sudden cardiac 
death. The adult type presents at around 40 years, 
predominantly in females, is less likely to have RyR2 
mutation, and has less risk of sudden cardiac death. It 
is hypothesized that adult-onset CPVT may be caused by 
an as yet undiscovered genetic defect, and/or may be 
associated with female hormonal effect.[7,22]

Unfortunately, CPVT has often been associated with a long 
delay between initial presentation and eventual diagnosis, 
up to 9 years in some studies.[23] This is likely due to 
normal ECG findings at the baseline and a historically low 
level of awareness about the condition among the general 
medical community. However, this delay has gradually 
shortened and most studies estimate a mean delay of 
about 2-3 years.[17,23] CPVT may also be misdiagnosed 
as other arrhythmias such as idiopathic ventricular 
fibrillation or long QT with a normal QT interval.[24] 

CLINICAL ASSOCIATIONS

A number of clinical associations with CPVT have been 
reported in the literature. 

Cardiac associations

Sinus node dysfunction has been noted to occur in 
patients with CPVT. Sinus bradycardia has been reported 
to occur in 19% and SVT in 16% of the patients with 

mutations in RyR2.[25] Atrial tachycardia has also 
been reported as the initial presentation in patients 
later diagnosed with CPVT.[26] Recent studies in mice 
models suggest that sinus node dysfunction and atrial 
tachycardias are concurrent defects caused by the 
underlying mutation.[27] It appears that the occurrence 
of VA increases as the sinus rate decreases. Atrial pacing 
was shown to be effective in preventing ventricular 
tachycardia. This apparently paradoxical finding is 
thought to be related to the effect of increased sinus rate 
on the balance between accelerated SR Ca2+ loading and 
the diastolic interval. With increasing sinus rates, the 
diastolic interval decreases, and this may prevent the 
SR from reaching a critical threshold for spontaneous 
firing, hence reducing the incidence of spontaneous Ca2+ 
release and DADs, causing a suppression of ventricular 
ectopy. Hence, the sinus node dysfunction prevalent in 
CPVT may contribute to ventricular ectopy by causing the 
diastolic interval to be relatively long when β-adrenergic 
stimulation occurs.[27,28] 

CPVT has been reported in association with Takotsubo 
cardiomyopathy.[29] A series of 24 cases from Japan 
reported the frequent association between left ventricular 
noncompaction (LVNC) and RyR2 exon 3 deletion, 
suggesting that detection of this deletion in patients with 
LVNC may help in prognostication for such patients.[30]

Extracardiac associations

In some cases, CPVT may be misdiagnosed as seizure 
disorder or refractory epilepsy since patients may 
present with convulsive syncope. One study found that 
15% of the persons carrying CPVT-causing mutations 

Figure 1: Diagram of the cardiomyocyte membrane complex demonstrating the ion channels and currents involved in calcium-induced 
calcium release and excitation-contraction coupling of the myofibrils
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had seizures, with about half of them diagnosed with 
drug-resistant epilepsy.[9] In such situations, malignant 
arrhythmias including CPVT must be considered in the 
differential, especially when the seizures were associated 
with palpitations or documented tachycardia. Other “red 
flags” for CPVT presenting as seizures include occurrence 
with exercise or emotional stress, seizures nonresponsive 
to antiepileptic medications, a family history of sudden 
death before the age of 30 years, or family history of 
recurrent syncope.[31]

DIAGNOSIS

Patients with CPVT do not usually demonstrate ECG 
abnormalities at rest. The QT interval is not usually 
prolonged. Sinus bradycardia and supraventricular 
arrhythmias such as intermittent atrial ectopic 
tachycardia, sick sinus syndrome, and unspecified 
supraventricular tachycardia (SVT) are sometimes seen 
in patients with CPVT.[5,25-27]

Holter monitor recording, loop recorder monitoring, and 
implanted loop recorders may be useful in situations 
when exercise stress testing is either negative or cannot 
adequately be performed. These monitors can be 
diagnostic for patients in whom VT may be related to 
stress or emotions and not exercise-induced. They can 
also be helpful to further characterize associated SVT or 
sinus node dysfunction.[5] 

The diagnosis of CPVT most often relies on the 
demonstration of VA with exercise stress testing though 

a negative exercise stress test does not exclude CPVT. 
The VAs often become more pronounced as the sinus 
rate increases with exercise into the 110-130 beats per 
minute range, often starting as premature ventricular 
complexes, progressing to ventricular couplets and 
triplets (often nonuniform QRS morphologies), and 
degrading into a ventricular tachycardia [See Figure 2]. 
The ventricular tachycardia is typically described as 
bidirectional VT (BDVT) with beat-to-beat alternation 
of the QRS axis and morphology although they may 
just appear to be polymorphic ventricular tachycardia 
(PMVT) [See Figure 3]. The arrhythmias gradually resolve 
as the exercise ends. Though the classic BDVT occurs 
in 35% of the probands, the progressive deterioration 
with increasing exercise is a more common finding.[5,6,32] 
Studies have revealed that the initial beat of VA comes 
frequently from the right or left outflow tract region, 
most frequently suggesting that they are triggered 
events.[6,7,33] 

Factors that have been significantly associated with the 
failure of premature ventricular contractions (PVCs) 
to be suppressed with peak exertion during exercise 
stress testing include a family history of VT or sudden 
unexplained death (SUD) and the presence of VT on 
Holter monitor recordings. A history of syncope was not 
associated with similar exercise test findings.[34]

Due to the catecholamine dependent nature of CPVT, 
intravenous epinephrine infusion has been used to aid 
in the diagnosis. In one study of 27 patients with CPVT, 
exercise testing provoked VT in 63% of the patients and 

Figure 2: Electrocardiogram during exercise stress testing demonstrates increasing frequency of ventricular arrhythmias, degrading 
from bigeminy to a typical bidirectional ventricular tachycardia
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epinephrine in 82%.[7] Though it has been suggested that 
epinephrine infusion may be an alternative to exercise 
stress testing, a recent study from Finland demonstrated 
a sensitivity of 28% and specificity of 98% compared to 
exercise stress testing.[35]

Electrophysiological studies are not specifically indicated. 
Associated sinus node dysfunction and SVT can be 
identified and investigated. A small series of six patients 
demonstrated that postpacing marked QT prolongation 
in the first beat after cessation of ventricular pacing was 
associated with a single mutation in RyR2.[36]

Cardiac imaging including magnetic resonance imaging 
or computed tomography helps exclude structural 
diseases that may present similarly including coronary 
artery anomalies, hypertrophic cardiomyopathy, and 
arrhythmogenic right ventricular cardiomyopathy.

ASYMPTOMATIC RELATIVES

A growing body of data exist regarding the prevalence 
of genotypic and phenotypic abnormalities in the 
asymptomatic relatives of CPVT probands.

Studies have shown that genotype-positive relatives 
demonstrate a wide variety of phenotypes. In a study 
of 116 relatives carrying the RYR2 mutation, 50% had a 
CPVT phenotype on initial cardiac examination including 
25% with nonsustained VT. Mutations in the C-terminus 
of the RYR2 domain had increased odds of nonsustained 
VT compared with relatives carrying mutations in the N 
terminus while 19% of the relatives demonstrated sinus 
bradycardia and 16% demonstrated SVT.[25] In a study 
from Italy, five out of nine asymptomatic gene carriers 
for RyR2 mutations in asymptomatic relatives of CPVT 
probands had exercise-induced arrhythmias on clinical 
evaluation.

In fact, exercise stress testing can be a useful tool for the 
evaluation of asymptomatic relatives of CPVT probands. 
In one study, 25% of the asymptomatic relatives of CPVT 
probands had positive stress tests, out of whom 95% 
tested positive for CPVT mutations compared with 32% 
of asymptomatic relatives who had negative stress tests.

THERAPY

A number of management options are available for CPVT. 
Traditionally, β-blockers have been the drug of choice 
and remain so today though new therapeutic options 
have also emerged.

β-BLOCKERS

Since β-adrenergic stimulation has been intimately 
connected with the pathophysiology of CPVT, β-blockade 
has been used to prevent VAs. A meta-analysis 
encompassing 11 studies looked at the efficacy of 
β-blocker therapy. Of the 403 patients, 88% received 
β-blocker therapy. Arrhythmic events in these studies 
occurred in 0-55% of the patients, with a 4-year event 
rate of 18.6% and an 8-year event rate of 37.2%. Of these 
arrhythmic events, 0-40% were near-fatal with a 4-year 
event rate of 7.7% and an 8-year event rate of 15.3% 
while 20% were fatal arrhythmic events, with a 4-year 
event rate of 3.2% and an 8-year event rate of 6.4%.[37] 
Though β-blocker dosages vary from study to study, 
there have been no significant differences detected when 
excluding studies with lower doses.[37]

Regarding the choice of β-blocker, recent studies suggest 
that nadolol (a nonselective β-blocker) may be more 
efficacious than metoprolol (a cardioselective β-blocker) 
with reduced incidence and severity of exercise-induced 
VAs in patients with CPVT as well as reduced arrhythmic 
window (the range of heart rates where arrhythmias 

Figure 3: Electrocardiogram demonstrates polymorphic ventricular tachycardia
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may occur).[38] Nonselective β-blocker therapy may 
be preferable for patients without contraindications 
such as asthma. Regardless of the choice of β-blocker, 
it is apparent that compliance with drug therapy is 
extremely important, and that lack of compliance has 
been implicated in the occurrence of cardiac events in 
patients with CPVT receiving medical management.[37,39]

CALCIUM CHANNEL BLOCKERS

Calcium channel blockers (CCBs) have also been studied 
since they can block the influx of Ca2+ into the sarcolemma 
via the L-type Ca2+ channel. Verapamil use has been used 
in addition to β-blockade in a small case series of patients, 
with reduction in exercise-induced VAs.[9,40,41] Recent 
studies in mice with CASQ2 mutation have suggested that 
verapamil is most effective for VAs induced by exercise or 
epinephrine infusion,[42] and this effect has subsequently 
been demonstrated in a cohort of CASQ2 mutation-positive 
patients, suggesting a specific role for verapamil in CPVT2.[42]

SODIUM CHANNEL BLOCKERS

Following the seminal discovery by Watanabe et al. that 
flecainide (a class 1C antiarrhythmic) could block RyR2 in 
CASQ2 knockout mice, it was successfully used in patients 
with CPVT1 and CPVT2, reducing VA with exercise.[43] 
However, the actual mechanisms of Flecainide’s action 
remain uncertain. A possible mechanism of action is 
that Na+ channel blockade leads to a reduction in the 
frequency of triggered activity.[44] Bannister et al. reported 
no direct action of flecainide on RyR2, instead proposing 
that sodium-dependent modulation of intracellular Ca2+ 
handling attenuates RyR2 dysfunction in CPVT.[45,46]

Flecainide has been further studied in clinical settings. 
Patients with CPVT1 received flecainide therapy due to 
exercise-induced VA despite conventional therapy and 
76% demonstrated partial to complete VA suppression, 
with a dosing range of 100-300 mg.[47] During 12-40 
months of follow-up (median 20 months), no arrhythmic 
event occurred though one patient with low flecainide 
levels received implantable cardiac defibrillator (ICD) 
shocks for polymorphic ventricular tachycardia (PVT). 
A cohort of 10 patients with CPVT2 also demonstrated 
a similar suppression of exercised-induced VT with the 
addition of flecainide to conventional therapy.[48] In 12 
patients (genotype-negative CPVT) who were recalcitrant 
to conventional therapy, flecainide therapy reduced VA 
during exercise testing in eight patients.[49] Flecainide 
has also been reported to suppress defibrillator-induced 
storming (which is defined as >3 episodes of VT, VF, or 
appropriate ICD discharge in a 24-h period) in a patient 
with CPVT2 who was recalcitrant to other therapies.[50] 
The long-term efficacy of flecainide, optimal dosing, and 
its potential role as first-line therapy is still not clear. 

IMPLANTABLE CARDIAC DEFIBRILLATOR

Based on the most recent guidelines of the 2006 
American College of Cardiology (ACC)/American Heart 
Association (AHA)/European Society of Cardiology (ESC) 
guidelines for management of patients with VA and the 
prevention for sudden cardiac death, ICD placement is 
a class I recommendation in addition to β-blockade for 
CPVT patients who have survived a cardiac arrest, and 
class II a for patients with CPVT who have had syncope 
and/or documented sustained VT while on β-blockade.
[51] Thus, ICDs have been the mainstay of therapy for 
patients with CPVT who have demonstrated a history 
concerning the high risk of sudden cardiac death, 
especially despite β-blocker therapy. 

However, ICDs are not free of the risk of significant 
morbidity in the form of inappropriate shocks and 
induction of malignant arrhythmias secondary to 
shock leading to death. Additionally, some patients 
have died despite appropriate shocks. In a multicenter 
retrospective analysis of the efficacy of ICDs in pediatric 
patients with CPVT, 42% of the patients received 
appropriate shocks.[39] Only 57% of the appropriate 
shocks led to successful primary termination of VT. 
All the appropriate shocks were in response to VF and 
none were in response to PMVT or BDVT. It is speculated 
that this is due to difference in substrates, BDVT and 
PMVT arising from focal DADs, and catecholaminergic 
surges after ICD discharge could cause increased DADs. 
Inappropriate shocks were experienced by 46% of the 
patients due to supraventricular tachycardias or due to 
spontaneous resolution of arrhythmia before the ICD 
discharge. Overall, 36% of the patients who received 
shock underwent more malignant arrhythmias, and 29% 
had electrical storm. Of note, patients were noncompliant 
with medications at the time of 44% of ICD discharges.[39] 

A larger retrospective study from Canada demonstrated 
appropriate shocks in 46% and inappropriate shocks in 
22%. Arrhythmias were terminated with appropriate 
shock in 55% of the cases. Electrical storming occurred 
in 18% of the cases.[8]

A study looking at patients with CPVT2 found that none 
of the four patients with ICDs who received recurrent 
shocks without tachycardia termination degenerated 
to VF.[52] 

LEFT CARDIAC SYMPATHETIC 
DENERVATION

Left cardiac sympathetic denervation (LCSD) is an 
operative procedure that aims to denervate the cardiac 
sympathetic supply. It has generally been used in cases 
that are symptomatic despite high dose β-blockade or 
in patients intolerant of high dose β blockade. Multiple 
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reports of institutional experiences over the years have 
been published.[53-56] In general, LCSD has resulted in 
a marked reduction of arrhythmia burden. Significant 
complications have been rare. A large case series 
reported 1-year and 2-year event-free survivals of 87% 
and 81%, respectively.[53] LCSD has been performed in a 
minimally invasive fashion with videoscopic assistance, 
with 77% of the patients having a marked reduction 
in arrhythmias, 55% completely arrhythmia-free, and 
27% nonresponders.[56] Potential complications include 
Horner’s syndrome and pneumothorax.

CATHETER ABLATION

Successful radiofrequency ablation of the PMVT-
triggering bidirectional PVCs originating from the 
Purkinje fibers has been reported in a patient with CPVT, 
suggesting a potential role for this form of therapy.[57] 

EXERCISE THERAPY

A recent study demonstrated that patients with CPVT1 
who underwent a 12-week high intensity ergometer 
bicycle exercise therapy (ET) program had higher 
threshold heart rates for VA (compared to pre-ET 
baseline) in comparison to a control group that did not 
undergo similar ET. This suggests a role for ET as an 
adjunctive treatment.[58]

SPORTS PARTICIPATION

As the greatest risk for cardiac events for patients 
with CPVT is during exercise, recommendations for 
sports participation for these patients have been 
developed by a number of organizations. The most 
recently published guidelines from the American Heart 
Association and the American College of Cardiology 
recommend that previously symptomatic athletes with 
CPVT or an asymptomatic CPVT athlete with exercise-
induced premature ventricular contractions in bigeminy, 
couplets, or nonsustained ventricular tachycardia should 
not participate in competitive sports except for class 
I a sports (low dynamic and low static sports such as 
bowling, cricket, curling, golf, and yoga). Exceptions to 
this limitation should be made only after consultation 
with a CPVT specialist. Asymptomatic athletes who 
are genotype-positive for CPVT may participate in all 
competitive sports with appropriate precautionary 
measures including electrolyte replenishment, avoidance 
of dehydration for all, and acquisition of a personal 
automatic external defibrillator as part of the athlete’s 
personal sports safety gear and establishment of an 
emergency action plan with the appropriate school or 
team officials. An ICD should not be placed just to allow 
an individual with CPVT to participate in sports.[59] 

APPROACH TO MANAGEMENT

Van der Werf et al. propose that all patients with CPVT, 
whether diagnosed phenotypically, genotypically, or both, 
should receive therapy. They should be advised against 
participation in competitive sports, and advised about the 
importance of medication compliance. β-blockers should be 
considered first-line therapy at the highest dose tolerated, 
preferably with nadolol. If β-blocker therapy alone is 
insufficient additional antiarrhythmic therapy in the form 
of flecainide (preferred) or verapamil should be used. In 
cases resistant to combination antiarrhythmic therapy, 
LCSD or ICD placement must be the next step. Though 
the ideal medication management after procedures is not 
clear, β-blocker therapy should be continued.[37]

NEW DEVELOPMENTS 
FROM THE BENCH

CPVT is an excellent example of a disease where 
developments from basic science and translational 
research have shaped our understanding of the disease 
pathology and affected our management in a profound 
manner. The world of bench research continues to 
provide new insights that will affect our management.

Roux Buisson et al. successfully found mutations in genes 
encoding triadin, a protein partner of RyR2 and CASQ2, 
in patients with otherwise negative genotype for CPVT.[14] 

Autopsy studies have revealed the presence of T cell-
mediated inflammation within the stellate (sympathetic) 
ganglia of patients of CPVT compared to healthy controls, 
suggesting that this may play a role in increasing 
adrenergic activity, resulting in VT in genetically 
susceptible individuals.[60]

Mouse models with CPVT specific mutations have been used 
to study CPVT. Studies by Katz et al. have demonstrated 
a specific role for verapamil in CASQ2 mutant mice 
and demonstrated similar effect in a cohort of human 
patients.[42] Faggioni et al. have demonstrated a putative 
protective role for overdrive pacing of the sinus node 
against VA.[28] α-adrenergic pathway has been identified as 
contributing to the pathogenesis of catecholamine-induced 
arrhythmia in mice with CPVT2 mutations, suggesting a 
possible role for α-adrenergic blockade in humans.[61] Katz 
et al. also demonstrated that mutant CASQ2 protein levels 
in certain mutations was inversely related to arrhythmia 
severity, and prevention of mutant protein degradation 
may be an avenue of therapy.[62]

The introduction of induced pluripotent stem cells (iPSCs) 
provided a means of studying patient- and disease-specific 
cardiac myocytes in vitro. Novak et al. demonstrated 
that patient-derived mutated cardiomyocytes could be 
used to study the underlying mechanisms of CPVT.[63] Di 
Pasquale et al. demonstrated that administration of drug 
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KN-93 to inhibit calmodulin-dependent serine threonine 
kinase II (CAMKII) reduced the occurrence of DADs in 
cardiomyocytes carrying RyR2 gene mutation.[64] Jung 
et al. have demonstrated that dantrolene can reduce 
frequency and duration of Ca release events and rescue the 
arrhythmogenic phenotype in IPSCs with RyR2 mutation.[65]

Gene therapy using adeno-associated viral vectors 
(AAVs) has been reported as a means of cardiac gene 
transfer in a mouse model of CPVT. Gene transfer using 
AAV prevented arrhythmogenic phenotype in mutation-
positive mice over 12 months. AAV was also shown to 
rescue the phenotype in adult mice, opening exciting 
new avenues of treatment in the future.[66,67]

CONCLUSION

The past decade and a half has provided exciting 
new discoveries elucidating the genetic etiology and 
pathophysiology of CPVT. Seminal research findings 
have been successfully translated from the bench to the 
bedside, shaping our understanding of this disease and 
guiding our approach to its diagnosis and treatment. As 
our knowledge of CPVT continues to grow, further studies 
will yield a better understanding of the efficacy and pitfalls 
of established diagnostic approaches and therapies as well 
as help shape newer diagnostic and treatment strategies.
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