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Abstract: Catecholaminergic polymorphic ventricular tachycardia (CPVT) is an inheritable arrhythmogenic 

cardiac disease, which represent by exercise or emotional stress induced ventricular arrhythmias in the 

nonappearanceof structural heart disease. CPVT is linked to disorder in calcium handling and the changes in 

Genes coding for ryanodine receptors are generally considered as responsible for the disorder. Fifty percent of 

cases have been reported mutations in the ryanodine receptor 2 (RyR2) gene, which regulates release of 

calcium from the sarcoplasmic reticulum. β-blocker treatment is a suggestive recommendation in CPVT 

individuals, which reduce the influence of catecholamines by blockade of β-receptor–induced intracellular 

signaling, which leads to destabilization of RyR2. In this review, we carried out the etiology, mechanism, 

diagnosis and treatment of CPVT. 
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I. Introduction 
Catecholaminergic polymorphic ventricular tachycardia (CPVT) is an inheritable arrhythmogenic 

cardiac disease, which represent by exercise or emotional stress induced ventricular arrhythmias in the absence 

of structural heart disease [1]. CPVT was first noted in a case report in 1975 [2]. In 1978, Philippe Coumel 

reported catecholamine-induced syncopal ventricular tachycardia (VT) in four children[3]. CPVT is a 

paramount cause of sudden cardiac arrest (SCA) in adolescent individuals with an estimated prevalence of 

1:10,00 [4]. If left untreated, cardiac event rates have been reported as high as 80% before the age of 40 years. 

[5]. In the course of physical activity or emotional stress, patients experience palpitations or syncope due to 

ventricular arrhythmias, but SCA may also be the first manifestation of the disease [6, 7]. The ultimate knowing 

clinical tool to detect CPVT exercise stress testing reveals periodic premature ventricular contractions [6, 8] 

arrhythmias of increasing severity as workload increases, and sooner or later bidirectional or polymorphic 

ventricular tachycardia (VT), which might degenerate to ventricular fibrillation [8, 9]. 

CPVT is a cardiomyopathy related arrhythmia, which linked to disorder in calcium handling [10]. 

Conventionally, typical bidirectional ventricular tachycardia is induced by physical activity [11]. The changes in 

Genes coding for ryanodine receptors are generally considered as responsible for the disorder [12]. Fifty percent 

of cases have been reported mutations in the ryanodine receptor 2 (RyR2) gene, which encodes for the cardiac 

ryanodine receptor, which regulate release of calcium from the sarcoplasmic reticulum. In the presence of 

catecholamine stimulation mutations can lead to calcium leakage causing after-depolarizations, which can 

generate bidirectional or polymorphic ventricular tachycardia [13]. 

The ryanodine receptor 2 (RyR2) is a probable pathogenic variant, which causes CPVT in about 60% 

of cases [14]. Catecholaminergic stimulation of the β-receptor provokes calcium release from an unstable RyR2 

channel, which causes malignant ventricular arrhythmias [7]. In patients with CPVT, β-blocker treatment is a 

suggestive recommendation, which reduce the influence of catecholamines by blockade of β-receptor–induced 

intracellular signaling, which leads to destabilization of RyR2. β-Blockers are suggested to provide arrhythmia 

protection by reducing the influence of catecholaminesby blocking the β-receptor–induced intracellular 

signaling, which leads to destabilization of RyR2. Though, limited data subsist on how antiarrhythmic effects 

differ in specific β-blockers, which varies in lipid solubility, half-life, selectivity and bioavailability[15].  

 

 

 

II. Mechanism of CPVT 
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In CPVT, calcium releases from the sarcoplasmic reticulum by the mutation of the ryanodine receptor 

[16]. Cardiac calsequestrin mutations can also confer to abnormal cellular calcium regulation [16].  Delayed 

after depolarization mediates abnormal calcium handling which can lead to arrhythmias [17]. CPVT can be 

caused by mutations in the cardiac ryanodine receptor gene (RYR2), this is inherited in an autosomal dominant 

pattern. Mutations in Cardiac calsequestrin gene CASQ2 causes autosomal recessive inheritance. In excitation–

contraction coupling, RYR2 and CASQ2 genes are ramified in the release of calcium ions from the sarcoplasmic 

reticulum [18]. Currently published literatures show, molecular genetic testing identifies heterozygous RYR2 

mutations in about half of probands and homozygous CASQ2 mutations in about 2% and even heterozygous 

CASQ2 mutations also causes CPVT.  Sympathetic stimulation either by exercise or by epinephrine infusion 

leads to Arrhythmia. Polymorphic Ventricular Tachycardia, ventricular ectopy, and bidirectional Ventricular 

Tachycardia may occur with increasing heart rate. Syncope leads to continuation of provocative testing. After 

provocative testing, Intravenous β-blocker therapy can be used to suppress ventricular arrhythmias in CPVT 

[13]. 

 

III. Clinical management 
The first clinical expression of CPVT is syncope, which triggered by emotional or physical stress and 

the mean age of onset of manifestation is between 7 to 9 years. In CPVT patients, the cardiac imaging 

exploration is normal and the resting electrocardiogram (ECG) is often undistinguished, without atrioventricular 

and intraventricular conduction defects, QT prolongation and lack of Brugada-like ST-segment pattern. CPVT 

diagnosis is confirmed by an exercise stress or Holter test to evidence ventricular arrhythmias otherwise it is 

missed [19]. Recent studies show, probands percentage with a family history of syncope, seizures, or sudden 

death is approximately 30%. A detailed examination may helpful to establishing the proper diagnosis because 

sudden death might be the first manifestation of CPVT [16]. If cardiopulmonary resuscitation is not easily 

available sudden death can occur because of degeneration of ventricular tachycardia into ventricular 

fibrillation[20]. 

It has been suggested that there are may be 2 types of CPVT exist “juvenile” and “adult”. A recent 

study suggests, the juvenile type CPVT that has a greater risk of sudden cardiac death is associated with RyR2 

mutation present with the first two decades of life and has no difference in gender. Adult type of CPVT is 

associated with RyR2 mutation, present in females at around 40 years and has less risk of sudden cardiac death 

[13, 21]. 

In CPVT, sinus bradycardia noted which is associated with RyR2 mutation and atrial tachycardia has 

also noted in later diagnosed CPVT patients [22, 23].Takotsubo cardiomyopathy has been reported in CPVT 

[24]. A case report from Japan showed a relation between left ventricular noncompaction (LVNC) and RyR2 

exon 3 deletion, which suggest that espial of this deletion with LVNC in patients may help in prognostication 

for CPVT patients [25].  

 

IV. Diagnosis 
CPVT Diagnosis is established on family history, emotional stress or exercise induced symptoms; 

moreover exercise or catecholamine infusion response. It might be of supplementary work to identify the typical 

ECG patterns in exercise or emotional stress in children who are not able to achieve Holter ECG and exercise 

examination.  Prolongation of QT interval does not occur in patients with CPVT. At rest, CPVT patients do not 

show ECG abnormalities. Patients with CPVT are sometimes present with Sinus bradycardia and 

supraventricular arrhythmias such as unspecified supraventricular tachycardia (SVT), sick sinus syndrome, and 

atrial ectopic tachycardia [22, 23, 26].  

Recorders such as Holter monitor recording, implanted loop and loop recorder monitoring are useful to 

monitor stress test. These recorders can also be accessible to further describe associated sine node dysfunction 

or SVT. They can be diagnostic for patients in whom ventricular tachycardia may be analogous to emotions or 

stress and not exercise induced[27] 

CVPT diagnosis most often bases on the presentation of venricular tachycardia with exercise testing; 

moreover a negative stress test does not rule out CPVT. The ventricular tachycardia becomes more articulate 

when the sinus rate increases with the account of 110-130 beats per minute in exercise. It often starts as 

premature ventricular complex, continue to ventricular couplets and triplets and downgrade into a ventricular 

tachycardia.  VA is typically characterized as bidirectional ventricular tachycardia (BDVT) with beat-to beat 

alteration in the QRX complex; moreover they could just loom to be polymorphic ventricular tachycardia 

(PMVT) [27, 28]. Published data have reported that inceptive beat of ventricular tachycardia comes periodically 

from the right or left outflow tract region [11].  

Intravenous epinephrine infusion has been used to aid in CPVT diagnosis due to the catecholamine 

dependent nature of CPVT. A published literature on 27 patients with CPVT reports that exercise testing 

aggravated ventricular tachycardia in 63% and epinephrine in 82% of the patients [13].  It has been 
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recommended that epinephrine may be a different choice to exercise testing; moreover a recent published 

literature from Finland reported a specificity 98% and sensitivity of 28% in comparison to exercise stress testing 

[29].  

 

V. Differential Diagnosis 
CPVT should always be investigated in the differential diagnosis in sudden cardiac arrest patients 

caused by the nonappearance of structural cardiac disease. Long –QT syndrome (LQTS), Andersen–Tawil 

syndrome (ATS) and AC are the main differential diagnosis of CPVT. Syncopal events are induced by torsades 

de points instead of a bi-directional ventricular tachycardia in LQTS. ECG can show a regularQTc pattern in 

LQTS, which can be challenging to determine CPVT. Though, exercise stress examination is distinct as it shows 

QTc prolongation in LQTS, but does not cause VA. The Andersen–Tawil syndrome is induced by a mutation in 

the KCNJ2 gene. During exercise testing, affected ATS patients can present with bidirectional ventricular 

tachycardiya or identical ventricular ectopy. AC is also caused by exercise induced arrhythmias and structural 

deformity. Echocardiography and MRI both tools can classify AC features in affected individuals genotype [30]. 

 

VI. Treatment 
A number of treatment options are reachable for CPVT management. Generally, β-blockers have using as a 

drug of choice but new therapeutic options have also reported.  

 

6.1 β-blockers 

β-blockers are marked for all individuals who are diagnosed with CPVT[31]. Beta Blockade should be 

admitted; moreover high doses are usually mandatory. Exercise examination and Holter monitoring may be a 

tool with a therapy to confirm that a relevant drug dose has been achieved. Missing doses of β-blockers can 

enrage lethal arrhythmias. There are scanty data regarding efficacy of different β-blockers [5].  

 

6.2 Calcium channel blockers 

Calcium channel blockers (CCBs) can block the influx of Ca
2+

 into the sarcoplasmic reticulum via the 

L-type Ca
2+

 channel. Verapamil, which is a Calcium channel blocker, has been used in addition to beta-blockade 

in a small case series of patients [32, 33]. Recent published literatures in mice with CASQ2 mutation have 

recommended that verapamil is the most adequate drug of choice in ventricular arrhythmias caused by 

epinephrine infusion or exercise and this affect has been reported in a cohort study of CASQ2 mutation-positive 

individuals which suggests a specific role for verapamil in CPVT [34]. 

 

6.3 Sodium channel blockers 

Clinical and experimental data show that by inhibiting cardiac ryanodine receptor, Flecainide is helpful 

in treating CPVT [35, 36]. Flecainide (100-300 mg/day) can be given along with β-blockers to patients who 

have repetitiveness of syncope during exercise[17, 36]. 

 

6.4 Implantable cardiac defibrillator 

Implantations of an ICD with use of β-blockers have a good practical status, which is considered to be 

a class I indication for CPVT patients who experience cardiac arrest, recurrent syncope or 

polymorphic/bidirectional VT. CPVT individuals who present sustained VT although receiving β-blockers are 

considered to have a class IIa indication for implantation of ICD [31]. Without the use of β-blockers, ICD 

treatment is dangerous due to the risk of electrical storm cause by adrenergic surge related to a shock [37]. 

 

VII. Conclusion 
The past and recent published clinical and experimental literatures have provided interesting new 

exploration of the etiology, genetic mutation and mechanism of CPVT. Research discoveries have been strongly 

suggested from the bench to the bedside, and constructed a base of this disease and navigate our approach to its 

diagnosis and treatment. Furthermore studies of CPVT will yield a finer understanding of the adequacy and 

drawback of established diagnostic passage and therapies as well as build novel blueprint of diagnosis and 

treatment. 

 

Conflicts of interest 

There are no conflicts of interest. 

 

 

 

References 



Catecholaminergic Polymorphic Ventricular Tachycardia (CPVT): A Review 

DOI: 10.9790/0853-1512064246                              www.iosrjournals.org                                               45 | Page 

[1]. A. Leenhardt, V. Lucet, I. Denjoy, F. Grau, D.D. Ngoc, P. Coumel, Catecholaminergic Polymorphic Ventricular Tachycardia in 

Children, A 7-Year Follow-up of 21 Patients 91(5) (1995) 1512-1519. 

[2]. A. Pflaumer, A.M. Davis, Guidelines for the diagnosis and management of Catecholaminergic Polymorphic Ventricular 

Tachycardia, Heart, Lung and Circulation 21(2) (2012) 96-100. 
[3]. I. Andrsova, I. Valaskova, P. Kubus, P. Vit, R. Gaillyova, J. Kadlecova, L. Manouskova, T. Novotny, Clinical Characteristics and 

Mutational Analysis of the RyR2 Gene in Seven Czech Families with Catecholaminergic Polymorphic Ventricular Tachycardia, 

Pacing and Clinical Electrophysiology 35(7) (2012) 798-803. 
[4]. D.S. Reid, M. Tynan, L. Braidwood, G.R. Fitzgerald, Bidirectional tachycardia in a child. A study using His bundle electrography, 

British Heart Journal 37(3) (1975) 339-344. 

[5]. M. Hayashi, I. Denjoy, F. Extramiana, A. Maltret, N.R. Buisson, J.-M. Lupoglazoff, D. Klug, M. Hayashi, S. Takatsuki, E. Villain, 
J. Kamblock, A. Messali, P. Guicheney, J. Lunardi, A. Leenhardt, Incidence and Risk Factors of Arrhythmic Events in 

Catecholaminergic Polymorphic Ventricular Tachycardia, Circulation 119(18) (2009) 2426. 

[6]. C. Napolitano, S.G. Priori, Diagnosis and treatment of catecholaminergic polymorphic ventricular tachycardia, Heart Rhythm 4(5) 
(2007) 675-678. 

[7]. K. Kontula, P.J. Laitinen, A. Lehtonen, L. Toivonen, M. Viitasalo, H. Swan, Catecholaminergic polymorphic ventricular 

tachycardia: Recent mechanistic insights, Cardiovascular Research 67(3) (2005) 379. 
[8]. A. Çeliker, İ. Erdoğan, T. Karagöz, S. Özer, Clinical experiences of patients with catecholaminergic polymorphic ventricular 

tachycardia, Cardiology in the Young 19(1) (2009) 45-52. 

[9]. R. Manotheepan, J. Saberniak, T.K. Danielsen, T. Edvardsen, I. Sjaastad, K.H. Haugaa, M.K. Stokke, Effects of Individualized 

Exercise Training in Patients With Catecholaminergic Polymorphic Ventricular Tachycardia Type 1, The American Journal of 

Cardiology 113(11) (2014) 1829-1833. 

[10]. A.R. Marks, S. Priori, M. Memmi, K. Kontula, P.J. Laitinen, Involvement of the cardiac ryanodine receptor/calcium release channel 
in catecholaminergic polymorphic ventricular tachycardia, Journal of Cellular Physiology 190(1) (2002) 1-6. 

[11]. N. Sumitomo, K. Harada, M. Nagashima, T. Yasuda, Y. Nakamura, Y. Aragaki, A. Saito, K. Kurosaki, K. Jouo, M. Koujiro, S. 

Konishi, S. Matsuoka, T. Oono, S. Hayakawa, M. Miura, H. Ushinohama, T. Shibata, I. Niimura, Catecholaminergic polymorphic 
ventricular tachycardia: electrocardiographic characteristics and optimal therapeutic strategies to prevent sudden death, Heart 89(1) 

(2003) 66-70. 

[12]. S.G. Priori, C. Napolitano, N. Tiso, M. Memmi, G. Vignati, R. Bloise, V. Sorrentino, G.A. Danieli, Mutations in the Cardiac 
Ryanodine Receptor Gene (&lt;em&gt;hRyR2&lt;/em&gt;) Underlie Catecholaminergic Polymorphic Ventricular Tachycardia, 

Circulation 103(2) (2001) 196. 

[13]. R.W. Sy, M.H. Gollob, G.J. Klein, R. Yee, A.C. Skanes, L.J. Gula, P. Leong-Sit, R.M. Gow, M.S. Green, D.H. Birnie, A.D. Krahn, 
Arrhythmia characterization and long-term outcomes in catecholaminergic polymorphic ventricular tachycardia, Heart Rhythm 8(6) 

(2011) 864-871. 

[14]. A. Leenhardt, I. Denjoy, P. Guicheney, Catecholaminergic Polymorphic Ventricular Tachycardia, Circulation: Arrhythmia and 
Electrophysiology 5(5) (2012) 1044. 

[15]. M.N. Obeyesekere, R.W. Sy, P. Leong-Sit, L.J. Gula, R. Yee, A.C. Skanes, G.J. Klein, A.D. Krahn, Treatment of asymptomatic 

catecholaminergic polymorphic ventricular tachycardia, Future Cardiology 8(3) (2012) 439-450. 
[16]. M. Cerrone, S.F. Noujaim, E.G. Tolkacheva, A. Talkachou, R. O’Connell, O. Berenfeld, J. Anumonwo, S.V. Pandit, K. Vikstrom, 

C. Napolitano, S.G. Priori, J. Jalife, Arrhythmogenic Mechanisms in a Mouse Model of Catecholaminergic Polymorphic Ventricular 
Tachycardia, Circulation research 101(10) (2007) 1039-1048. 

[17]. N. Liu, B. Colombi, M. Memmi, S. Zissimopoulos, N. Rizzi, S. Negri, M. Imbriani, C. Napolitano, F.A. Lai, S.G. Priori, 

Arrhythmogenesis in Catecholaminergic Polymorphic Ventricular Tachycardia, Circulation Research 99(3) (2006) 292. 
[18]. N. Liu, N. Rizzi, L. Boveri, S.G. Priori, Ryanodine receptor and calsequestrin in arrhythmogenesis: What we have learnt from 

genetic diseases and transgenic mice, Journal of Molecular and Cellular Cardiology 46(2) (2009) 149-159. 

[19]. S.G. Priori, C. Napolitano, M. Memmi, B. Colombi, F. Drago, M. Gasparini, L. DeSimone, F. Coltorti, R. Bloise, R. Keegan, F.E.S. 
Cruz Filho, G. Vignati, A. Benatar, A. DeLogu, Clinical and Molecular Characterization of Patients With Catecholaminergic 

Polymorphic Ventricular Tachycardia, Circulation 106(1) (2002) 69. 

[20]. H. Watanabe, C. van der Werf, F. Roses-Noguer, A. Adler, N. Sumitomo, C. Veltmann, R. Rosso, Z.A. Bhuiyan, H. Bikker, P.J. 
Kannankeril, M. Horie, T. Minamino, S. Viskin, B.C. Knollmann, J. Till, A.A.M. Wilde, Effects of Flecainide on Exercise-Induced 

Ventricular Arrhythmias and Recurrences in Genotype-Negative Patients with Catecholaminergic Polymorphic Ventricular 

Tachycardia, Heart rhythm : the official journal of the Heart Rhythm Society 10(4) (2013) 10.1016/j.hrthm.2012.12.035. 
[21]. N. Sumitomo, Are there juvenile and adult types in patients with catecholaminergic polymorphic ventricular tachycardia?, Heart 

Rhythm 8(6) (2011) 872-873. 

[22]. C. van der Werf, I. Nederend, N. Hofman, N. van Geloven, C. Ebink, I.M.E. Frohn-Mulder, A.M.W. Alings, H.A. Bosker, F.A. 
Bracke, F. van den Heuvel, R.A. Waalewijn, H. Bikker, J.P. van Tintelen, Z.A. Bhuiyan, M.P. van den Berg, A.A.M. Wilde, 

&lt;span hwp:id=&quot;article-title-1&quot; class=&quot;article-title&quot;&gt;Familial Evaluation in Catecholaminergic 

Polymorphic Ventricular Tachycardia&lt;/span&gt;&lt;span hwp:id=&quot;article-title-28&quot; class=&quot;sub-article-

title&quot;&gt;Clinical Perspective&lt;/span&gt, Circulation: Arrhythmia and Electrophysiology 5(4) (2012) 748. 

[23]. W. Lawrenz, O.N. Krogmann, M. Wieczorek, Complex atrial arrhythmias as first manifestation of catecholaminergic polymorphic 

ventricular tachycardia: an unusual course in a patient with a new mutation in ryanodine receptor type 2 gene, Cardiology in the 
Young 24(4) (2014) 741-744. 

[24]. R. Schimpf, J. Meinhardt, M. Borggrefe, D. Haghi, Catecholaminergic polymorphic ventricular tachycardia and midventricular 

Takotsubo cardiomyopathy: a novel association?, Herzschrittmachertherapie + Elektrophysiologie 24(1) (2013) 63-66. 
[25]. S. Ohno, M. Omura, M. Kawamura, H. Kimura, H. Itoh, T. Makiyama, H. Ushinohama, N. Makita, M. Horie, Exon 3 deletion of 

&lt;em&gt;RYR2&lt;/em&gt; encoding cardiac ryanodine receptor is associated with left ventricular non-compaction, Europace 

16(11) (2014) 1646. 
[26]. M. Faggioni, C. van der Werf, B. Knollmann, Sinus node dysfunction in catecholaminergic polymorphic ventricular tachycardia – 

risk factor and potential therapeutic target?, Trends in cardiovascular medicine 24(7) (2014) 273-278. 

[27]. C. van der Werf, A.A.M. Wilde, Catecholaminergic polymorphic ventricular tachycardia: from bench to bedside, Heart 99(7) (2013) 
497-504. 

[28]. T. Bat, K.K. Collins, M.S. Schaffer, Syncope during exercise: just another benign vasovagal event?, Current Opinion in Pediatrics 

23(5) (2011) 573-575. 
[29]. A. Marjamaa, A. Hiippala, B. Arrhenius, A.M. Lahtinen, K. Kontula, L. Toivonen, J.-M. Happonen, H. Swan, Intravenous nephrine 

Infusion Test in Diagnosis of Catecholaminergic Polymorphic Ventricular Tachycardia, Journal of Cardiovascular 

Electrophysiology 23(2) (2012) 194-199. 



Catecholaminergic Polymorphic Ventricular Tachycardia (CPVT): A Review 

DOI: 10.9790/0853-1512064246                              www.iosrjournals.org                                               46 | Page 

[30]. N. Tiso, D.A. Stephan, A. Nava, A. Bagattin, J.M. Devaney, F. Stanchi, G. Larderet, B. Brahmbhatt, K. Brown, B. Bauce, M. 

Muriago, C. Basso, G. Thiene, G.A. Danieli, A. Rampazzo, Identification of mutations in the cardiac ryanodine receptor gene in 

families affected with arrhythmogenic right ventricular cardiomyopathy type 2 (ARVD2), Human Molecular Genetics 10(3) (2001) 

189-194. 
[31]. D.P. Zipes, A.J. Camm, M. Borggrefe, A.E. Buxton, B. Chaitman, M. Fromer, G. Gregoratos, G. Klein, R.J. Myerburg, M.A. 

Quinones, D.M. Roden, M.J. Silka, C. Tracy, S.C. Smith Jr, A.K. Jacobs, C.D. Adams, E.M. Antman, J.L. Anderson, S.A. Hunt, J.L. 

Halperin, R. Nishimura, J.P. Ornato, R.L. Page, B. Riegel, S.G. Priori, A.J. Moss, S.G. Priori, J.-J. Blanc, A. Budaj, A.J. Camm, V. 
Dean, J.W. Deckers, C. Despres, K. Dickstein, J. Lekakis, K. McGregor, M. Metra, J. Morais, A. Osterspey, J.L. Tamargo, J.L. 

Zamorano, ACC/AHA/ESC 2006 Guidelines for Management of Patients With Ventricular Arrhythmias and the Prevention of 

Sudden Cardiac Death: A Report of the American College of Cardiology/American Heart Association Task Force and the European 
Society of Cardiology Committee for Practice Guidelines (Writing Committee to Develop Guidelines for Management of Patients 

With Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death), Journal of the American College of Cardiology 48(5) 

(2006) e247-e346. 
[32]. H. Swan, P. Laitinen, K. Kontula, L. Toivonen, Calcium Channel Antagonism Reduces Exercise-Induced Ventricular Arrhythmias 

in Catecholaminergic Polymorphic Ventricular Tachycardia Patients with RyR2 Mutations, Journal of Cardiovascular 

Electrophysiology 16(2) (2005) 162-166. 
[33]. R. Rosso, J.M. Kalman, O. Rogowski, S. Diamant, A. Birger, S. Biner, B. Belhassen, S. Viskin, Calcium channel blockers and beta-

blockers versus beta-blockers alone for preventing exercise-induced arrhythmias in catecholaminergic polymorphic ventricular 

tachycardia, Heart Rhythm 4(9) (2007) 1149-1154. 

[34]. G. Katz, A. Khoury, E. Kurtzwald, E. Hochhauser, E. Porat, A. Shainberg, J.G. Seidman, C.E. Seidman, A. Lorber, M. Eldar, M. 

Arad, Optimizing catecholaminergic polymorphic ventricular tachycardia therapy in calsequestrin-mutant mice, Heart rhythm : the 

official journal of the Heart Rhythm Society 7(11) (2010) 1676-1682. 
[35]. H. Watanabe, N. Chopra, D. Laver, H.S. Hwang, S.S. Davies, D.E. Roach, H.J. Duff, D.M. Roden, A.A.M. Wilde, B.C. Knollmann, 

Flecainide prevents catecholaminergic polymorphic ventricular tachycardia in mice and humans, Nature medicine 15(4) (2009) 380-

383. 
[36]. C. van der Werf, P.J. Kannankeril, F. Sacher, A.D. Krahn, S. Viskin, A. Leenhardt, W. Shimizu, N. Sumitomo, F.A. Fish, Z.A. 

Bhuiyan, A.R. Willems, M.J. van der Veen, H. Watanabe, J. Laborderie, M. Haïssaguerre, B.C. Knollmann, A.A.M. Wilde, 

Flecainide therapy reduces exercise-induced ventricular arrhythmias in patients with catecholaminergic polymorphic ventricular 
tachycardia, Journal of the American College of Cardiology 57(22) (2011) 2244-2254. 

[37]. S. Pizzale, M.H. Gollob, R. Gow, D.H. Birnie, Sudden Death in a Young Man with Catecholaminergic Polymorphic Ventricular 

Tachycardia and Paroxysmal Atrial Fibrillation, Journal of Cardiovascular Electrophysiology 19(12) (2008) 1319-1321. 
 


