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atecholaminergic polymorphic ventricular tachycardia
(CPVT) is one of the most malignant inherited arrhythmias, with onset of symptoms in childhood and a 70% risk
of experiencing a cardiac event before the age of 20 years if
untreated.1 Presymptomatic diagnosis is challenging, because
the resting ECG is normal, and a family history of adrenergicrelated sudden cardiac death or syncope is only present in 30%
of individuals.1 The hRyR2 gene, coding for the ryanodine
receptor channel, has been linked to the autosomal dominant
form of CPVT, and a mutation may be detected in ≈65% of
probands.2 A rare autosomal recessive form, linked to CASQ2
homozygous mutations, has also been described.2 Additional
genes have been linked to the phenotype, but their prevalence
is to date limited to sporadic cases.2

arrhythmogenic cardiomyopathy,2,5,6 based on the few studies available. It should be noted that these initial estimates
come from data on patients and healthy controls collected
by few groups. The current availability of large exome data
from healthy controls, such as the Exome Variant Server and
the Exome Aggregation Consortium7 provides a large amount
of novel information on human variation and has prompted
investigators to reclassify some variants in light of their presence in these data sets.
Estimates on background noise in CPVT were missing,
and only recently few studies started addressing the topic.8 In
a recent study published in this issue of the journal, Landstrom
et al9 investigated the incidence of RyR2 and CASQ2 variants in
a total of 6517 subjects from 2 large exome databases (Baylor
Miraca laboratories and Texas Children’s Hospital); they then
compared the findings to the Exome Aggregation Consortium
database and to one subset of CPVT patients for which there
is published data available.10 The authors report that 8.8% of
the individuals undergoing WES carried an RyR2 or CASQ2
variant as incidental finding, and 2.3% of these were classified as likely pathogenic. The majority of variants, as expected,
were found in the RyR2 gene, with only 15% of variants in the
CASQ2 gene. Although the data reported on CASQ2 are interesting, it is not possible to draw substantial conclusions on the
extent of background noise for this gene, because most of the
changes were heterozygous, and the role of CASQ2 in autosomal dominant CPVT is to date limited to sporadic reports.
Similarly, the authors found a small subset of radical variants
in the RyR2 gene, whose interpretation remains challenging.
Most CPVT-related mutations are missense substitutions, supposedly increasing the activity of the RyR2 channel. The physiological meaning of RyR2 radical mutations and their potential
effect is unclear, rendering the data provided by the authors
difficult to interpret in the context of the CPVT phenotype.
One interesting piece of information emerging from the
present study is the distribution of RyR2 mutants along the
gene topology in the 3 subsets of data. These results add novel
and relevant information to aid the interpretation of functional
effects of RyR2 variations. Variants detected in the WES and
Exome Aggregation Consortium data set were distributed along
all the gene sequence, without any clustering pattern, in contrast
with CPVT mutants. More than 60% of variants from the WES
studies overlapped with those observed in healthy controls, with
only 8% overlapping with CPVT cases. Even more relevant to
the possibility of detecting concealed cases of CPVT, only 10%
of the WES changes localized within one canonical hotspot.
Overall, these data suggest that most RyR2 incidental findings
should be considered of limited disease-causing potential.
An important limitation of this study is that the CPVT
cohort was derived from the literature and from one source
only, and it included only 33 out of 155 patients with a robust
diagnosis and a 60% rate of RyR2 mutations. The rest of the
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Initially, it was suggested that RyR2 mutations causing
CPVT cluster in specific residues of the genes; however, reports
of CPVT patients harboring mutations outside these clusters
prompted the recommendation of screening the entire coding
region of the gene.2 Overall, the gene has a negative residual
variation intolerance score (a gene-based score that ranks genes
from intolerant to tolerant based on whether they have more
or less common functional genetic variation),3 hence suggesting that most variants are expected to be deleterious. The Heart
Rhythm Society/European Heart Rhythm Association Expert
Consensus2 advises the use of genetic testing in everyone with
a suspect clinical diagnosis of CPVT, based on the high yield of
the test and on the malignancy of the disease that could manifest
with sudden cardiac death as the first symptom. Recently, the
American College of Medical Genetics and Genomics stated
that variants on hRyR2 detected as secondary findings in wholeexome screening (WES) studies are reportable information.4
Parallel to the growing awareness of the amount of human
genetic variations not linked to an increased disease risk, few
studies5,6 have emphasized the concept of background noise
in inherited arrhythmias, that is, the presence in ostensibly
healthy individuals of variants considered potentially deleterious. The signal-to-noise ratio varies among conditions
and ranges from 19:1 in the long-QT syndrome to 4:1 in
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cohort had only a suspicion of CPVT based on exertional
syncope and ventricular ectopies during stress test, risking
to adding to the complexity of interpretation of likely pathogenic changes. Because the CPVT data were collected from
the literature, the authors should have considered including
more than one cohort in the attempt to collect more genotype–
phenotype information to apply to their comparison.
An important and novel element to be praised is the availability of clinical information in the Texas Children Hospital
WES subset. One major weakness in the large healthy controls
data sets resides in the lack of clinical and ECG information.
Considering that most cases of inherited arrhythmogenic conditions, especially CPVT, will be undiagnosed before symptoms
manifest, it is difficult to assess how healthy are the healthy
controls in relation to one of these conditions. From this perspective, the effort of the authors to investigate how many
patients undergoing WES could indeed have a pretest suspicion
of CPVT adds substantial information. Only one patient underwent screening based on history of syncope and family history
of sudden death, which indeed yielded to the discovery of a
likely pathogenic mutation and appropriate clinical evaluation.
All other individuals did not have a known clinical suspicion of
CPVT, even when considering a potential link between RyR2
and idiopathic epilepsy. One could argue that this pediatric
group could manifest CPVT symptoms later in life, but this is
a weak argument considering that the authors properly focused
their analysis on a condition with usual onset in childhood.
Altogether, the study of Landstrom et al9 is a welcome addition to the scarce number of reports addressing the prevalence
of background noise in CPVT and casts a strong warning to
the use of genetic information derived as secondary findings
in the absence of a pretest clinical suspicion. Although there is
increasing evidence that even a gene with robust negative residual variation intolerance score could carry variants with limited
pathogenic potential, the incidental detection of RyR2 variants
should still warrant clinical assessment and the collection of
family history. However, a growing body of data suggests that
the presence of an RyR2 VUS should never be considered per se
sufficient to define the diagnosis of CPVT. In a wider perspective, this study provides an additional call for caution in the use
of large Next Generation Sequencing genetic panels as a binary,
diagnostic tool in the absence of thorough clinical assessment.
The more genetic testing in cardiology evolves, the more its
complexity is emerging, together with the evidence that its diagnostic application should be part of a complete clinical evaluation in centers with specific expertise in cardiovascular genetics.

Disclosures
None.

References
1. Hayashi M, Denjoy I, Extramiana F, Maltret A, Buisson NR,
Lupoglazoff JM, Klug D, Hayashi M, Takatsuki S, Villain E, Kamblock
J, Messali A, Guicheney P, Lunardi J, Leenhardt A. Incidence and
risk factors of arrhythmic events in catecholaminergic polymorphic

2.

3.

4.

5.

6.

7.

8.

9.

10.

ventricular tachycardia. Circulation. 2009;119:2426–2434. doi: 10.1161/
CIRCULATIONAHA.108.829267.
Ackerman MJ, Priori SG, Willems S, Berul C, Brugada R, Calkins H,
Camm AJ, Ellinor PT, Gollob M, Hamilton R, Hershberger RE, Judge
DP, Le Marec H, McKenna WJ, Schulze-Bahr E, Semsarian C, Towbin
JA, Watkins H, Wilde A, Wolpert C, Zipes DP. HRS/EHRA expert consensus statement on the state of genetic testing for the channelopathies
and cardiomyopathies this document was developed as a partnership between the Heart Rhythm Society (HRS) and the European Heart Rhythm
Association (EHRA). Heart Rhythm. 2011;8:1308–1339. doi: 10.1016/j.
hrthm.2011.05.020.
Petrovski S, Gussow AB, Wang Q, Halvorsen M, Han Y, Weir WH, Allen
AS, Goldstein DB. The intolerance of regulatory sequence to genetic variation predicts gene dosage sensitivity. PLoS Genet. 2015;11:e1005492.
doi: 10.1371/journal.pgen.1005492.
Kalia SS, Adelman K, Bale SJ, Chung WK, Eng C, Evans JP, Herman GE,
Hufnagel SB, Klein TE, Korf BR, McKelvey KD, Ormond KE, Richards
CS, Vlangos CN, Watson M, Martin CL, Miller DT. Recommendations for
reporting of secondary findings in clinical exome and genome sequencing, 2016 update (ACMG SF v2.0): a policy statement of the American
College of Medical Genetics and Genomics. Genet Med. 2017;19:249–
255. doi: 10.1038/gim.2016.190.
Kapa S, Tester DJ, Salisbury BA, Harris-Kerr C, Pungliya MS, Alders
M, Wilde AA, Ackerman MJ. Genetic testing for long-QT syndrome:
distinguishing pathogenic mutations from benign variants. Circulation.
2009;120:1752–1760. doi: 10.1161/CIRCULATIONAHA.109.863076.
Kapplinger JD, Landstrom AP, Salisbury BA, Callis TE, Pollevick GD,
Tester DJ, Cox MG, Bhuiyan Z, Bikker H, Wiesfeld AC, Hauer RN, van
Tintelen JP, Jongbloed JD, Calkins H, Judge DP, Wilde AA, Ackerman
MJ. Distinguishing arrhythmogenic right ventricular cardiomyopathy/
dysplasia-associated mutations from background genetic noise. J Am Coll
Cardiol. 2011;57:2317–2327. doi: 10.1016/j.jacc.2010.12.036.
Lek M, Karczewski KJ, Minikel EV, Samocha KE, Banks E, Fennell
T, O’Donnell-Luria AH, Ware JS, Hill AJ, Cummings BB, Tukiainen
T, Birnbaum DP, Kosmicki JA, Duncan LE, Estrada K, Zhao F, Zou J,
Pierce-Hoffman E, Berghout J, Cooper DN, Deflaux N, DePristo M, Do
R, Flannick J, Fromer M, Gauthier L, Goldstein J, Gupta N, Howrigan D,
Kiezun A, Kurki MI, Moonshine AL, Natarajan P, Orozco L, Peloso GM,
Poplin R, Rivas MA, Ruano-Rubio V, Rose SA, Ruderfer DM, Shakir K,
Stenson PD, Stevens C, Thomas BP, Tiao G, Tusie-Luna MT, Weisburd
B, Won HH, Yu D, Altshuler DM, Ardissino D, Boehnke M, Danesh J,
Donnelly S, Elosua R, Florez JC, Gabriel SB, Getz G, Glatt SJ, Hultman
CM, Kathiresan S, Laakso M, McCarroll S, McCarthy MI, McGovern
D, McPherson R, Neale BM, Palotie A, Purcell SM, Saleheen D, Scharf
JM, Sklar P, Sullivan PF, Tuomilehto J, Tsuang MT, Watkins HC,
Wilson JG, Daly MJ, MacArthur DG; Exome Aggregation Consortium.
Analysis of protein-coding genetic variation in 60,706 humans. Nature.
2016;536:285–291. doi: 10.1038/nature19057.
Paludan-Müller C, Ahlberg G, Ghouse J, Herfelt C, Svendsen JH, Haunsø
S, Kanters JK, Olesen MS. Integration of 60,000 exomes and ACMG
guidelines question the role of catecholaminergic polymorphic ventricular
tachycardia-associated variants. Clin Genet. 2017;91:63–72. doi: 10.1111/
cge.12847.
Landstrom AP, Dailey-Schwartz AL, Rosenfeld JA, Yang Y, McLean MJ,
Miyake CY, Valdes SO, Fan Y, Allen HD, Penny DJ, Kim JJ. Interpreting
incidentally identified variants in genes associated with catecholaminergic polymorphic ventricular tachycardia in a large cohort of clinical whole-exome genetic test referrals. Circ Arrhythm Electrophysiol.
2017;10:e004742. doi: 10.1161/CIRCEP.116.004742.
Medeiros-Domingo A, Bhuiyan ZA, Tester DJ, Hofman N, Bikker H,
van Tintelen JP, Mannens MM, Wilde AA, Ackerman MJ. The RYR2encoded ryanodine receptor/calcium release channel in patients diagnosed
previously with either catecholaminergic polymorphic ventricular tachycardia or genotype negative, exercise-induced long QT syndrome: a comprehensive open reading frame mutational analysis. J Am Coll Cardiol.
2009;54:2065–2074. doi: 10.1016/j.jacc.2009.08.022.

KEY WORDS: Editorials ◼ channelopathies ◼ genetics ◼ mutation ◼ phenotype
◼ tachycardia, ventricular

Discerning From the Good, the Bad, and the Ugly
Marina Cerrone

Downloaded from http://circep.ahajournals.org/ by guest on June 24, 2018

Circ Arrhythm Electrophysiol. 2017;10:
doi: 10.1161/CIRCEP.117.005209
Circulation: Arrhythmia and Electrophysiology is published by the American Heart Association, 7272 Greenville
Avenue, Dallas, TX 75231
Copyright © 2017 American Heart Association, Inc. All rights reserved.
Print ISSN: 1941-3149. Online ISSN: 1941-3084

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://circep.ahajournals.org/content/10/4/e005209

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation: Arrhythmia and Electrophysiology can be obtained via RightsLink, a service of the Copyright
Clearance Center, not the Editorial Office. Once the online version of the published article for which
permission is being requested is located, click Request Permissions in the middle column of the Web page
under Services. Further information about this process is available in the Permissions and Rights Question and
Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Circulation: Arrhythmia and Electrophysiology is online at:
http://circep.ahajournals.org//subscriptions/

