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Abstract 

Catecholaminergic polymorphicic ventricular tachycardia (CPVT) is a genetically determined arrhythmic disorder characterized by 

bidirectional and polymorphic dysrhythmias. Physical and/or emotional stress may trigger tachycardia, which can lead to sudden 

cardiac death.  If not treated, CPVT has a high mortality rate of up to 31% by the age of 30 years. The prevalence of CPVT is estimated 

to be 1:10.000.  Mutations of the ryanodine receptor 2, calsequestrin 2 and, less frequently, triadin and calmodulin are found in CPVT 

patients. We report the case of a four-year old boy with an unreported de novo mutation in the ryanodine receptor 2 (RYR2) confirmed 

by genetic sequencing. Interestingly, the first cardiac event of our patient was potentially be favoured by inhalative treatment with a 

short-acting beta-2 agonist.  
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Introduction 

Catecholaminergic polymorphic ventricular tachycardia (CPVT) is 

characterized by adrenergic stimulus triggered arrhythmia [1]. The clinical 

diagnostic criteria include typical history, absence of structural 

abnormalities, normal resting ECG and provocation of polymorphic 

ventricular tachycardia under sympathetic stimulation [2,3]. Other typical 

ECG findings include bidirectional ventricular tachycardia [4]. 

Alternatively, diagnosis can be made by detection of a causative genetic 

variant. Correct diagnosis can be significantly delayed by misinterpretation 

of syncopes as seizures and learned avoidance behaviour of the patient [1,5]. 

Differential diagnoses include Brugada syndrome, Long QT syndrome, 

Short QT syndrome and arrhythmogenic right ventricular dysplasia. If not 

treated, CPVT has an extremely high mortality, which is 30-50% by the age 

of 40 years [6]. 

Mutations in six different genes have been identified to cause CPVT, which 

accounts for 60-75% of CPVT patients [7]. All currently known genes 

encode for proteins which are crucial for regulation of the Ca2+-induced 

Ca2+-release from the sarcoplasmic reticulum in cardiac myocytes. In 55-

60% of CPVT cases, an autosomal-dominant inherited RYR2 (encoding 

ryanodine receptor calcium release channel) mutation is detected. Several 

proteins are known to interact with RyR2 to regulate calcium release 

(compare figure 3), including i.e. calmodulin, FKBP12.6, protein kinase A, 

junctin, triadin and calsequestrin. Mutations in CASQ2 (encoding for 

calsequestrin 2) are found in 2-5% of cases and can be inherited autosomal 

dominant and recessive. Rarely, mutations in TRDN (encoding triadin) and 

CALM1, CALM2 or CALM3 (encoding identical calmodulin proteins) are 

detected [7,8].  In all cases, Ca2+ homeostasis is disrupted and elevated 

intracellular Ca2+ levels lead to activation of the Na+/Ca2+ pump. In gain of 

function mutations delayed afterdepolarization, which may cause 

arrhythmias, is the consequence [8,9]. Loss-of-function mutations are also 

reported, promoting early afterdepolarizations and re-entrant arrhythmias 

[3]. In cases of loss-of-function mutations, exercise stress testing is negative 

and CPVT does present atypical and can be associated with left ventricular 

non-compaction [10]. Therefore, pharmaceutical therapy depends on either 

reduction of adrenergic receptor activation using β-blockers or modulation 

of calcium efflux from the sarcoplasmic reticulum using flecainide [11]. The 

article aims at the description of a clinical case, to discuss the 

pathophysiology related to the genetic findings, treatment options and 

influential factors.  
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Case presentation 

Our patient is a 4-year-old boy without relevant previous diseases or long-

term medication. The family history of sudden cardiac death was negative. 

The first cardiac event occurred while the boy had bronchitis for several 

days. Hence, the paediatrician had prescribed a short-acting beta-2 agonist 

(SABA, here: salbutamol) and budesonide inhalation. The mother left her 

son’s room for a moment right after he had inhaled. On her return, she found 

the boy lifeless and immediately started resuscitation. On arrival of the 

emergency physician, the ECG showed ventricular tachycardia (Figure 1) 

and a total of three defibrillations were performed before return of 

spontaneous circulation was achieved.  

 

Figure 1: ECG on arrival of emergency physician. Left: Pre-defibrillation ECG showing ventricular tachycardia. Right: Post-defibrillation. 

The patient was admitted to the hospital and extensive diagnostic workup 

was performed. Resting ECG showed normal sinus rhythm with QTc of 459 

ms and incomplete right bundle branch block. Echocardiography did not 

reveal any structural anomalies and EEG did not show any epileptiform 

activity. Holter-ECG recorded a tendency to atrial extrasystoles (total of 

3%), partially occurring in couplets. There was no ventricular extrasystole or 

tachycardia recorded. The patient was discharged with recommendation for 

further evaluation in a specialized referral center. An appointment was 

arranged for three weeks after discharge. Two days before the planned 

admission, an episode of fatigue, pallor and tachycardia prompted a further 

consultation at the emergency room. This time, recurrent ventricular 

extrasystoles were visible in the ECG on arrival and sinus rhythm was 

reconstituted after application of amiodarone (5 mg/kg of body weight). The 

patient was transferred to our department for further diagnostics, including 

electrophysiological study and cardiac magnetic resonance imaging. During 

electrophysiological investigation, a stress test using orciprenalin was 

performed revealing intermittent prolonged QTc to a maximum of 700 ms 

(amiodarone effect?). Therefore, Long QT syndrome was suspected. During 

continuous monitoring on our pediatric ward, occurrence of several 

arrhythmic events was noticed (Figure 2). Mostly, arrhythmogenic events 

precipitated by preceding stressing incidents (i.e. blood sampling, IV access, 

etc.), thus, offering the clinical possibility of CPVT. With the main suspicion 

of an ion channelopathy, genetic diagnostics was performed to identify the 

causative mutation. The patient received pharmaceutical therapy using 

propranolol with a dosage of 3 mg/kg of body weight [12]. No adverse 

effects were seen. On the last follow-up, the 50 h spanning Holter-ECG was 

graded 2 in the Lown grading system. 

 

Figure 2: Examples for arrhythmogenic events: (1) Recurrent ventricular extrasystoles, (2) 180° turn of QRS-vector, (3) Ventricular salvo. 

Trio whole exome sequencing (Illumina DNA Prep & TWIST 

comprehensive exome-enrichment with sequencing on NovaSeq 6000) 

revealed heterozygosity for a de novo Ile4094Val missense mutation, which 

had not been described elsewhere (GRCh37.p13: 1:237947292 A->G;  

ENST00000366574: c.12280A>G). In silico analysis of our patient’s 

variant, using the algorithms Sorting Intolerant from Tolerant (SIFT) and 

Polymorphicism Phenotyping (PolyPhen), predicted a deleterious (0) and 

possibly damaging (0.809) effect concordant with a CADD Score of 25,6. In 
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summary, the results of all applied bioinformatic prediction tools indicated a 

pathogenicity of the variant found. 

Discussion 

We present a case of a 4-year-old patient presenting with sudden cardiac 

arrest due to ventricular tachycardia who was finally diagnosed with CPVT. 

Genetic testing revealed a novel Ile4094Val mutation in this case. The 

nonpolar, neutral amino acid isoleucine is substituted by the equally 

nonpolar, neutral, but smaller valine within the I-domain (interacting 

domain, amino acids 3722-4610) of RyR2, which has been characterized as 

a mutational hotspot (Figure 3). This region plays a key role in transducing 

regulatory cytoplasmic events to the C-terminal pore-forming 

transmembrane domain and mutations promoted abnormal Ca2+ release 

[4,8]. A variant in immediate vicinity to our patient’s mutation has been 

described as pathogenic before and bioinformatics analysis predicted a 

damaging effect underlining the pathogenicity of the identified mutation 

[13].   

 

Figure 3: Schematic overview of the four subunits forming RyR2 and its interactions with protein kinase A (PKA), FKBP 12.6, protein phosphatase 1 (PP1), 

protein phosphatase 2A (PP2A) and triadin-junctin-complex, which interacts, in turn, with calsequestrin. Mutational hotspot regions of RyR2 are marked A-

D. The variant found in our patient (Ile 4094Val) is highlighted with a yellow star.  Figure created with BioRender.com. 

Interestingly, the first cardiac event took place after inhalation of a SABA. 

Although, reports of arrhythmic events in connection with SABA inhalation 

are missing, there is evidence of a higher rate of supraventricular tachycardia 

in pediatric patients who underwent SABA treatment [14]. One large study 

reports an elevated risk of 1.89 (95% CI 1.31-2.73) of arrhythmia (mostly 

atrial tachyarrhythmia and premature ventricular and atrial beats) for 

children prescribed a SABA [15]. Seen the genetic predisposition of our 

patient, a interrelation between an increased vulnerability to arrhythmias 

triggered by beta agonist treatment seams possible. 

RyR2 is not only found in cardiac myocytes but is also widely expressed in 

the brain, exerting a key role in Ca2+ homeostasis. RYR2 mutations were 

identified in some cases of benign epilepsy of childhood with centrotemporal 

spikes. The prevalence of intellectual disability is reported to be higher (8%) 

in CPVT patients as compared to the general population [16,17]. 

Interestingly, our patient showed mild cognitive delay and had been in 

occupational and speech therapy. Although the EEG was normal, we 

recommended further neurological follow-up for early recognition of 

epileptogenic activity. 

Our patient was placed under appropriate medical therapy with β-blocker. 

Implantation of a cardioverter-defibrillator (ICD) was dispensed, as the 

events, which had occurred, had not been under pharmaceutical protection. 

In addition, occurrences of extrasystoles in physical or emotional stress 

situations were significantly reduced under monotherapy with propranolol. 

Complications such as infections, need for revision and non-adequate shock 

application are frequently seen in ICD-therapy, turning it into a second line 

therapy option in CPVT patients [18].  In selected cases medical therapy with 

propafenone, flecainide or carvediolol might be an option [19]. 

Conclusion 

Although not obvious at the very first glance, the typical history of 

arrhythmic events provoked by inhalation of a sympathomimetic or 

emotional stress, a structural normal heart, normal resting ECG, a typical 

novel receptor mutation, which is located in the typically causative RyR2 
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protein, confirmed the final diagnosis of CPVT.  In CPVT patients, a 

multidisciplinary approach on an individual basis including all therapeutic 

management strategies (i.e. medication, ICD, left cervical sympathetic 

denervation), is essential to achieve the best treatment possible, balancing 

safety and quality of life. [10,19] 

Source of funding: 

Care-for-Rare Foundation, Munich 

Conflict of Interest: 

None. 

References  

1. Leenhardt A, Denjoy I, Guicheney P. 

Catecholaminergic polymorphic ventricular 

tachycardia. Circ Arrhythm Electrophysiol. 

2012;5(5):1044–1052.  

2. Pflaumer A, Davis AM. An Update on the Diagnosis 

and Management of Catecholaminergic Polymorphic 

Ventricular Tachycardia. Heart Lung Circ [Internet]. 

2019;28(3):366–369.  

3. Li Y, Wei J, Guo W, Sun B, Estillore JP, Wang R, et 

al. Human RyR2 (Ryanodine Receptor 2) Loss-of-

Function Mutations: Clinical Phenotypes and In Vitro 

Characterization. Circ Arrhythm Electrophysiol. 

2021 Sep 1;14(9):E010013.  

4. George CH, Jundi H, Thomas NL, Fry DL, Lai FA. 

Ryanodine receptors and ventricular arrhythmias: 

Emerging trends in mutations, mechanisms and 

therapies. J Mol Cell Cardiol. 2007;42(1):34–50.  

5. Kim CW, Aronow WS, Dutta T, Frenkel D, Frishman 

WH. Catecholaminergic polymorphic ventricular 

tachycardia. Cardiol Rev. 2020;28(6):325–331.  

6. Pérez-Riera AR, Barbosa-Barros R, de Rezende 

Barbosa MPC, Daminello-Raimundo R, de Lucca 

AA, de Abreu LC. Catecholaminergic polymorphic 

ventricular tachycardia, an update. Annals of 

Noninvasive Electrocardiology. 2018;23(4):1–10.  

7. Wleklinski MJ, Kannankeril PJ, Knollmann BC. 

Molecular and tissue mechanisms of 

catecholaminergic polymorphic ventricular 

tachycardia. Journal of Physiology. 

2020;598(14):2817–2834.  

8. Venetucci L, Denegri M, Napolitano C, Priori SG. 

Inherited calcium channelopathies in the 

pathophysiology of arrhythmias. Nat Rev Cardiol 

[Internet]. 2012;9(10):561–575.  

9. Bezzerides VJ, Caballero A, Wang S, Ai Y, Hylind 

RJ, Lu F, et al. Gene Therapy for Catecholaminergic 

Polymorphic Ventricular Tachycardia by Inhibition 

of Ca2+/Calmodulin-Dependent Kinase II. 

Circulation. 2019;140(5):405–419.  

10. Thomas M. Roston MD, Wenting Guo MSc, Andrew 

D. Krahn MD, Ruiwu Wang PhD, Filip van Petegem 

PhD, Shubhayan Sanatani MD, et al. A novel RYR2 

loss-of-function mutation (I4855M) is associated 

with left ventricular non-compaction and atypical 

catecholaminergic polymorphic ventricular 

tachycardia. J Electrocardiol. 2017;50(2):227–233.  

11. Hajjar RJ, Lyon AR. Gene therapy for the treatment 

of catecholaminergic polymorphic entricular 

tachycardia. Circulation. 2014;129(25):2633–2635.  

12. CPVT Arrhythmogenesis, Therapeutic Management, 

and Future Perspectives. A Brief Review of the 

Literature - fcvm-06-00092.  

13. Letsas KP, Prappa E, Bazoukis G, Lioni L, Pantou 

MP, Gourzi P, et al. A novel variant of RyR2 gene in 

a family misdiagnosed as congenital long QT 

syndrome: The importance of genetic testing. J 

Electrocardiol [Internet]. 2020;60:8–11.  

14. Woodward S, Mundorff M, Weng C, Gamboa DG, 

Johnson MD. Incidence of supraventricular 

tachycardia after inhaled short-acting beta agonist 

treatment in children. Journal of Asthma. 

2021;58(4):471–480.  

15. Czaja AS, Ross ME, Liu W, Fiks AG, Localio R, 

Wasserman RC, et al. Electronic health record 

(EHRs) based postmarketing surveillance of adverse 

events associated with pediatric off-label medication 

use: A case study of short‐acting beta‐2 agonists and 

arrhythmias. Pharmacoepidemiol Drug Saf. 2018 Jul 

1;27(7):815–822.  

16. Lieve, V. , J.M.A. Verhagen, J.M. Bos, C. Van Der 

Werf IMEF, Mulder, T. Aiba, H.J.G. Crijns, A.C. 

Blank, A.C.P. Wiesfeld NS, S.R.W. Chen, J. Till, 

M.J. Ackerman, I.M.B. Van Der Laar AAMW. 

Neurodevelopmental disorders in patients with 

RYR2-associated catecholaminergic polymorphic 

ventricular tachycardia. Eur Heart J. 2017;38(1):6.  

17. Ma MG, Liu XR, Wu Y, Wang J, Li BM, Shi YW, et 

al. RYR2 Mutations Are Associated With Benign 

Epilepsy of Childhood With Centrotemporal Spikes 

With or Without Arrhythmia. Front Neurosci. 

2021;15(April):1–11.  

18. Pflaumer A, Wilde AAM, Charafeddine F, Davis 

AM. 50 Years of Catecholaminergic Polymorphic 

Ventricular Tachycardia (CPVT) – Time to Explore 

the Dark Side of the Moon. Heart Lung Circ. 

2020;29(4):520–528.  

19. Li S, Lv T, Yang J, Li K, Yang Y, Zhang P. A gain 

of function ryanodine receptor 2 mutation (R1760W-

RyR2) in catecholaminergic polymorphic ventricular 

tachycardia. Clin Exp Pharmacol Physiol. 2023 Jan 

1;50(1):39–49.  

 

 

https://doi.org/10.1016/j.hlc.2018.10.016
https://doi.org/10.1016/j.hlc.2018.10.016
https://doi.org/10.1016/j.hlc.2018.10.016
https://doi.org/10.1016/j.hlc.2018.10.016
http://dx.doi.org/10.1038/nrcardio.2012.93
http://dx.doi.org/10.1038/nrcardio.2012.93
http://dx.doi.org/10.1038/nrcardio.2012.93
http://dx.doi.org/10.1038/nrcardio.2012.93
https://doi.org/10.1016/j.jelectrocard.2020.03.001
https://doi.org/10.1016/j.jelectrocard.2020.03.001
https://doi.org/10.1016/j.jelectrocard.2020.03.001
https://doi.org/10.1016/j.jelectrocard.2020.03.001
https://doi.org/10.1016/j.jelectrocard.2020.03.001


J. Clinical Cardiology and Cardiovascular Interventions                                                                                                                                   Copy rights@ Malin Zaddach. et al. 

 
Auctores Publishing LLC – Volume 6(6)-326 www.auctoresonline.org  
ISSN: 2641-0419   Page 5 of 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 This work is licensed under Creative    
   Commons Attribution 4.0 License 
 

 

To Submit Your Article Click Here: Submit Manuscript 

 

DOI:10.31579/2641-0419/326

 

 

 

Ready to submit your research? Choose Auctores and benefit from:  
 

➢ fast, convenient online submission 
➢ rigorous peer review by experienced research in your field  
➢ rapid publication on acceptance  
➢ authors retain copyrights 
➢ unique DOI for all articles 
➢ immediate, unrestricted online access 

 

At Auctores, research is always in progress. 

 

Learn more https://auctoresonline.org/journals/clinical-cardiology-and-

cardiovascular-interventions  

file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/submit-manuscript?e=19
https://auctoresonline.org/journals/clinical-cardiology-and-cardiovascular-interventions
https://auctoresonline.org/journals/clinical-cardiology-and-cardiovascular-interventions

