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KEY POINTS

e Catecholaminergic polymorphic ventricular tachycardia (CPVT) is a challenging and serious dis-
ease with a high incidence of sudden cardiac deaths.
e Patients with CPVT should not be exposed to physical or emotional exertion that might induce ven-

tricular tachycardia.

o This article presents a case with CPVT and discusses the clinical features of the disease, its genetic

background, and the management of CPVT.

CASE PRESENTATION

A 25-year-old woman presented for evaluation in
2005 in the cardiac electrophysiology clinic after
several episodes of exercise-induced syncope.
Syncope can sometimes be aborted with cessa-
tion of activity and rest. The patient’s first episode
occurred at the age of 18 years in 1998. From 1998
to 2005, she had 1 episode per year, each with
strenuous exercise. Her baseline electrocardio-
gram (ECG) shows a normal sinus rhythm. An ex-
ercise treadmill test showed a normal QT
response to exercise and in recovery, singlet
PVCs, and occasional couplets that occurred
with exercise with multifocal non-short-coupled
PVCs (predominantly right bundle branch block,
inferior axis) Fig. 1. A B-blocker was initiated for
empiric suppression of the PVCs. The patient
had several additional episodes of syncope after

she stopped the B-blocker. Genetic testing identi-
fied a novel RYR2 mutation. The patient refused
transvenous implantable cardioverter-defibrillator
(ICD) placement. She was started on flecainide,
which controlled the ventricular arrhythmias and
her syncopal episodes. She was not eligible for
the subcutaneous ICD after failing the screening
test designed to identify susceptibility to T-wave
oversensing during stress but not rest.

DISCUSSION

The patient had catecholaminergic polymorphic
ventricular tachycardia (CPVT).

The disease was first described in 1975 and it
was termed CPVT by Coumel in 1978. CPVT is
characterized by polymorphic premature ven-
tricular contractions or polymorphic ventricular
tachyarrhythmias in genetically predisposed
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Fig. 1

. Electrocardiogram of the patient with catecholaminergic polymorphic ventricular tachycardia after tread-

mill stress test (Bruce protocol). The recording shows sinus tachycardia with polymorphic ventricular beats.

individuals on physical or emotional stress.” Most
of the CPVT mutations are in the gene encoding
the ryanodine receptor (RyR2).? Also, researchers
have shown mutations in cardiac calsequestrin
(CASQ2) to result in CPVT.® Recently alterations
in triadin*® and calmodulin,® which regulate
RyR2 channel openings, were found to cause
CPVT. Classic CPVT is manifested in dysregulated
calcium handling. On exercise or emotional stress,
the release of catecholamines increases diastolic
calcium leak from the sarcoplasmic reticulum
and causes intracellular calcium overload, which
triggers the sodium/calcium pumps to restore ho-
meostasis by importing sodium inside the cell and
extruding calcium ions.” The sodium current in-
duces depolarization of the cell membrane in the
myocyte, which is visualized at late diastole (tran-
sient inward current) and is responsible for de-
layed afterdepolarization (DAD).”~°

CLINICAL CHARACTERISTICS AND DIAGNOSIS

The first clinical manifestation of CPVT is syncope
induced by physical or emotional stress.! Less
prevalent signs and symptoms are dizziness or
palpitations. There is generally a 2-year delay be-
tween the first and second syncope episode

observed in patients with CPVT. In some cases
the first incidence is sudden cardiac arrest or
death. The age at presentation is between 7 and
11 years.'® The prevalence of the disease is not
exactly reported but is estimated to be 1:10,000.""

Exercise ECG unmasks features diagnostic of
CPVT."? This develops at a heart rate of 110 to
130 beats per minute.’® On continuation of exer-
cise, premature ventricular complexes progress
to polymorphic ventricular tachyarrhythmia.'® Pa-
tients with CPVT might present with bidirectional
ventricular tachycardia (VT), which is evident in
an alternating QRS axis morphology with a rotation
of 180° on a beat-to-beat basis.

RyR2 mutation was associated with postpacing
abnormal repolarization in CPVT. An RyR2 muta-
tion in the C-terminal channel-forming domain
has an increased risk of nonsustained VT
compared with N-terminal domain. The first VT
complex in CPVT commonly originates from the
right ventricular outflow tract.

GENETICS OF CATECHOLAMINERGIC
POLYMORPHIC VENTRICULAR TACHYCARDIA

The dominant mutation in cardiac ryanodine re-
ceptor (RyR2) accounts for CPVT type 121 and
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for most cases (55%-65%), with the CPVT locus
linked to the long arm of chromosome 1 (1g42-
q43) for this mutation.'® The RyR2 is a channel
located in the membrane of the sarcoplasmic re-
ticulum that is responsible for the control of cal-
cium release. The other type of CPVT is confined
to the autosomal recessive mutation in the cardiac
calsequestrin (CASQ2)'® and this variant is linked
to chromosome 1 (1p13-p21),'® accounting to
3% to 5% of cases'’ (Table 1). Calsequestrin is
the major calcium storage protein in the sarco-
plasmic reticulum and forms, along with RyR2, tri-
adin, and junctin, a major regulatory unit that
strictly regulates intracellular calcium.®

More than 100 mutations in RyR2 have been
documented in CPVT1. These mutations are single
base pair substitutions with many of them affecting
the FKBP12.6-binding domain.’®2° Most of the
RyR2 mutations are in the transmembrane seg-
ments (cluster IV). One of the proposed mechanism
of the most common mutation reported (R4497C-
RyR2) to cause CPVT is by reducing the binding af-
finity of RyR2 to the regulatory protein FKBP12.6
(calstabin 2) under basal conditions, and such
reduced binding is further exaggerated after pro-
tein kinase A phosphorylation of RyR2 during
adrenergic  activation.’’ Mice knockout for
FKBP12.6 develop arrhythmias that are typical for
CPVT. On administration of a derivative of 1.4-ben-
zothiazepine called K201, which enhances the
binding of FKBP12.6 to RyR2, the arrhythmias
disappear.?! Another proposed mechanism is that
RyR2 mutations that cause CPVT increase the
sensitivity of RyR2 to luminal calcium activation,
which causes spontaneous calcium release from
the sarcoplasmic reticulum. Those events caused
by store overload-induced Ca?* release lead to
DADs that consequently induce arrhythmias and
thus explain how the mutations increase the sus-
ceptibility to adrenergically mediated arrhythmias
on exercise or emotional stress.?>2% A third pro-
posed mechanism is that RyR2 mutations impair
the interdomain interactions and the proper folding

controlling channel gating and thus lead to unzip-
ping of the 2 domains and sarcoplasmic reticulum
calcium leakage.

Only 12 CPVT mutations and 3 nonsynonymous
polymorphisms pertaining to calsequestrin have
been reported.’” The major recessive mutation in
this group is D307H mutation.'®> Another mutation
that has been reported, and shows the possibility
of interaction of CASQ2 with RyR2, is R33Q. Adult
rat myocytes carrying this mutation showed an in-
crease in excitation-contraction coupling gain
along with repetitive consecutive spontaneous
propagating calcium waves and local calcium sig-
nals compared with cells expressing wild-type
CASQ2. It was concluded that the R33Q mutation
disrupts interactions of CASQ2 with the RyR2
channel complex and impairs regulation of RyR2
by luminal calcium.?* CASQ2 has a recessive
mode of inheritance but some investigators have
reported heterozygosity cases in nonconsangui-
neous families.?®

Genetic testing for patients with CPVT with clin-
ical diagnosis aids in identifying mutations in 65%
of cases.?® The high incidence of sudden cardiac
death as the primary outcome makes CPVT a
serious cardiac channelopathy disorder (30% of
cases).'? Thus genetic testing for patients showing
a clinical picture (such as bidirectional VT) is cost-
effective, whereas, in patients with no clinical cor-
relation, genetic testing is less often performed.®
Because of the large size of the RyR2 gene, critical
exons have been selected for screening; typically
a set of 105 translated exons is available for the
purpose of the test.'” Because CASQ2 inheritance
is still suspected, recommendations are to screen
CASQ2 in RyR2-negative index cases.

Other genes have been reported to cause CPVT-
like phenotype. These genes include KCNJ2 en-
coding the Kir2.1 potassium channel’” and ANK2
encoding for ankyrin-B,?® a cytoskeletal protein.
No genetic tests are performed for the genes
mentioned earlier except when there is a clinical
diagnosis linked to negative RyR2 mutation.

Table 1
Causative genes in CPVT
Gene Protein Frequency (%) Transmission Mode Chromosome
RYR2 Ryanodine receptor 60 Autosomal dominant  1g42.1
CASQ2  Calsequestrin isoform 2 1-3 Autosomal recessive 1p13.3-p11
KCNJ2 Inward rectifier (I¢1) K+ channel, 5-10 Autosomal dominant 17q24.3

Kir 2.1
CALM1 Calmodulin 1 Rare Autosomal dominant  14g32.11
TRDN Triadin Rare Autosomal recessive 60922.31
ANK2 Ankyrin-B Rare Autosomal dominant 4925
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Because CPVT is a genetic disease, first-degree
family screening is required whenever a mutation
is identified in an affected patient for RyR2 and
CASQ2 genes. First-degree and second-degree
families are to be evaluated clinically and geneti-
cally in identified cases of CPVT mutation.”

MANAGEMENT

Because sudden cardiac death might be the first
manifestation in patients with CPVT, genetic
screening of relatives is crucial. This presymptom-
atic diagnosis with proper counseling and medi-
cation administration is important in CPVT
management.?® Patients with a previous episode
of ventricular fibrillation, those with unstable VT
while they are on B-blockers, and those with a
younger age at diagnosis are all considered at
high risk."°

Patients with CPVT should not be exposed to
physical or emotional exertion that might induce
VT. Thus no vigorous physical activity is allowed,
along with control of emotional challenges and
triggers.®C Usually, B-blockers are indicated then
increased until an appropriate dose has been
achieved, on exercise testing and Holter moni-
toring.®"3? Targeted therapy to RyR2-mediated
calcium release has been promising with flecai-
nide in combination with B-blockers.>® Alpha-
blockade has been shown to potentiate CPVT
therapy in a calsequestrin-mutant mice model of
CPVT.3* Ongoing studies are assessing the pro-
tection from cardiac arrhythmia through ryanodine
receptor-stabilizing protein calstabin 2 (Rycals).
CaMKIl (Ca?*/calmodulin-dependent protein ki-
nase ll) inhibition has been shown to rectify
arrhythmic phenotype in a patient-specific in-
duced pluripotent stem cell model of CPVT.3°

ICD implantation is indicated for patients with
CPVT who have survived a cardiac arrest (class |
indication).®! ICD might also be the selected
choice in high-risk patients having a strong family
history of sudden death.

SUMMARY

CPVT is a challenging and serious disease with a
high incidence of sudden cardiac deaths. This
article presents a case with CPVT and discusses
the clinical features of the disease, its genetic
background, and the management of CPVT.
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