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Enfants Malades, APHP, Paris, France; 3Centre Hospitalier Universitaire Grenoble Alpes, Laboratoire de Biochimie et Génétique Moléculaire, Univ. Grenoble Alpes, Inserm
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Background Calmodulinopathy is an emerging group of primary electrical disease with various, severe, and early onset pheno-
type. Sudden cardiac arrest (SCA)/death can be the first symptom and current medical management seems insuffi-
cient to prevent recurrences. Implantable cardioverter-defibrillator (ICD) in the young is challenging and can be
harmful.

...................................................................................................................................................................................................
Case summary We report the management of two very young boys (aged 3.5 and 5.5 years old) who survived an SCA due to cal-

modulin mutation responsible of a catecholaminergic polymorphic ventricular tachycardia phenotype. In both case,
SCA had an adrenergic trigger. Despite SCA, ICD implantation was denied by the parents. After thorough discus-
sion with the family, the patients were managed with solely betablocker treatment and loop recorder implantation.
At last follow-up of 30 and 23 months, respectively, there were no recurrence of any cardiac event.

...................................................................................................................................................................................................
Discussion The benefits of ICD implantation at a very young age must be weighed against the risk complication. In the young-

est, whom recreative activities are under constant supervision, the decision, jointly made with the parents, could
be to postpone ICD.
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..Introduction

Calmodulinopathies are an emerging group of inherited malignant
arrhythmias due to heterozygous mutations in any of the three
human calmodulin (CALM) genes. The clinical presentations include
long-QT syndrome, catecholaminergic polymorphic ventricular
tachycardia (CPVT), idiopathic ventricular fibrillation, autopsy-
negative sudden unexplained death,1 and LQTS/CPVT overlap syn-
drome.2 Life-threatening arrhythmias occur early in life, and current
medical treatments have limited efficacy in preventing recurrences.3

Placement of an implantable cardioverter-defibrillator (ICD) is rec-
ommended in patients who experience sudden cardiac arrest (SCA)
and have no evidence of reversible heart disease.2,4 However, ICDs
are associated with high morbidity rates in paediatric patients.5

We describe two patients with de novo CALM mutations who
experienced CPVT with successful resuscitation after SCA at a very
young age and in whom a decision was made in partnership with the
parents to postpone ICD therapy. The parents gave their informed
consent for the reporting of these data.

Timeline

Case presentations

Case #1
A 3.5-year-old boy with no familial or personal history of heart dis-
ease (Figure 1A) experienced severe syncope during a physical educa-
tion session. Cardiopulmonary resuscitation (CPR) was immediately
started by his father and restores normal pulse before emergency

rescue squad intervention 15 min later. The electrocardiogram
(ECG) recorded in the intensive care unit showed frequent episodes
of bidirectional ventricular ectopy (Figure 2), no prominent U waves,
and a normal QTc interval during sinus rhythm (Figure 3).
Transthoracic echocardiography was normal. The patient weighed
18 kg at admission. Catecholaminergic polymorphic ventricular
tachycardia was suspected and the patient was started on the beta-
blocker nadolol, 40 mg/day. A heterozygous missense mutation
(c.293A>G p.Asn98Ser) in CALM1 was identified in the proband but
not in his parents or sister, all of whom had a normal cardiac workup.
The parents refused ICD placement despite understanding the risk of
recurrent SCA. After an in-depth discussion with the parents, an
implantable loop recorder was placed. The parents, other relatives,
and school staff received CPR training, and each was given an auto-
mated external defibrillator (AED). Nadolol therapy was continued.
At last follow-up after 30 months, no further arrhythmias had
occurred.

Case #2
This 5.5-year-old boy experienced SCA triggered by fear and stress
(Figure 1B). Cardiopulmonary resuscitation was started by the school

teacher until the rescue squad intervention 20 min later. The AED
detected, then, a shockable rhythm. Sinus rhythm was restored after
AED shock but episodes of bidirectional ventricular ectopy were
noted (Figure 4). At hospital admission, he weighed 19 kg.
Transthoracic echocardiography showed no structural abnormalities
or ventricular dysfunction. The ECG was normal, without ventricular
ectopy and with a normal QT interval. Nadolol, 40 mg/day, was

....................................................................................................................................................................................................................
Patient #1 Patient #2

Birth November 2014 June 2013

Family history of cardiac event None None

Previous symptoms in the patient None None

Date (age) at first cardiac event May 2018 (3.5 years) November 2018 (5.5 years)

Weight at first cardiac event 18 kg 19 kg

Date (age) at implantable loop recorder placement March 2019 (4.3 years) January 2020 (6.6 years)

Date (age) at last follow-up February 2021 (6.2 years) January 2021 (7.7 years)

Recurrence of cardiac event No No

Learning points
• Catecholaminergic polymorphic ventricular tachycardia secondary to calmodulin gene mutations can cause sudden cardiac arrest (SCA) at

a very young age.
• Pharmacotherapy and implantable cardioverter-defibrillator (ICD) placement are indicated for secondary prevention after an SCA with an

adrenergic trigger.
• At the parents’ request, ICD placement can be postponed in the youngest patients, as these are under constant supervision during their

waking hours.

2 A. Maltret et al.
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..initiated immediately. Targeted gene panel sequencing revealed the
same missense mutation (c.293A>G p.Asn98Ser) as in our first pa-
tient but in CALM2. The parents and older sister did not have the mu-
tation and their cardiac workup was normal. The parents refused
ICD placement due to concern about complications and despite
understanding the risk of future SCA. An implantable loop recorder
was placed. As with the first patient, all supervising adults received
CPR training, and each was given an AED. The nadolol therapy was

continued. At last follow-up after 23 months no cardiac events had
occurred.

Discussion

LQTS and CPVT are more severe when they are related to CALM
mutations. Isolated CALM-related LQTS is more severe than
CALM-related LQTS/CPVT overlap syndrome, which in turn is

Figure 1 Pedigrees. (A) Patient #1. (B) Patient #2.

Figure 2 Electrocardiogram at admission showing episodes of polymorphic ventricular ectopy with frequent bidirectional ventricular doublets in
Patient #1.

Challenging indication of cardioverter defibrillator implantation in children 3
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more severe than isolated CALM-related CPVT. The median age
at diagnosis is 1.5 years for CALM-related LQTS and 6 years for
CALM-related CPVT.3 Data in the International Calmodulinopathy
Registry demonstrate that betablockers have little efficacy in
LQTS/CPVT but are beneficial in LQTS type 1 and in CPVT

unrelated to CALM. Severe cardiac events, including SCA,
occurred despite betablocker therapy in 65% of patients with
CALM-related LQTS and 36% of those with CALM-related CPVT.2

These data are reflected in current guidelines recommending ICD
therapy.

Figure 3 Standard 12-lead electrocardiogram at rest after betablocker (nadolol) initiation in Patient #1: normal sinus rhythm with QTc = 420 ms.

Figure 4 Episodes of bidirectional ventricular ectopy recorded by the first responders to the sudden cardiac arrest in Patient #2.

4 A. Maltret et al.
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Although technically challenging in young children, ICD placement

is possible even in infants.6,7 The implantation technique varies with
patient size and local practices. Epicardial placement is the rule in
patients weighing <15–20 kg.8,9 In paediatric patients, up to 47% of
ICD shocks have been inappropriate, with the main reasons being
lead malfunction and oversensing.6,10 Age 5–10 years at implantation
is a risk factor for epicardial ICD lead failure,9 as during this period
growth is rapid and children are physically very active. Subcutaneous
ICD placement may hold promise for paediatric patients, as longer
lead survival compared to endocardial ICDs has been reported.11

However, ICDs are too bulky to be implanted subcutaneously in
very young patients.

Whether ICD placement benefits patients with CPVT is contro-
versial, even when the device is used for secondary prevention.
Implantable cardioverter-defibrillator shocks in this population can
be ineffective and potentially proarrhythmic.12–18 ICD therapy has
limited ability to terminate ventricular tachycardia associated with
CPVT but is more effective in stopping ventricular fibrillation.13,14

Overall, only 57% of appropriate ICD shocks terminated ventricular
arrhythmias in 24 retrospectively reviewed cases.13 Moreover, in-
appropriate shocks can trigger electrical storms.17,18 In a study of 136
patients who were diagnosed with CPVT after experiencing SCA, the
4-year cardiac event rate was 46.8% in the 79 patients with ICDs and
15.8% in the 57 patients without ICDs, yielding a five-fold relative risk
of cardiac events in the ICD group.19 Implantable cardioverter-defib-
rillator placement did not improve survival and was associated with a
high complication rate. The authors concluded that Class I ICD place-
ment for patients with CPVT that was undiagnosed and untreated at
the time of the first cardiac event should not be considered
mandatory.19

The benefits of ICD placement in patients with CPVT unre-
lated to CALM remain uncertain. In contrast, severe CALM-
related CPVT may benefit from ICD therapy. Current data also
support left cardiac sympathetic denervation (LCSD) in patients
with recurrent symptoms or numerous ICD shocks despite
betablocker therapy. Left cardiac sympathetic denervation is
also indicated in patients with contraindications or intolerance
to betablockers. Left cardiac sympathetic denervation has been
used as monotherapy in selected patients with LQTS20 and
might be considered an alternative to ICD in some cases, not-
ably due to the high ICD-related morbidity in very young
patients. In both our patients, given these data and after full in-
formation of the parents, we and the parents decided to post-
pone ICD implantation without performing LCSD. This decision
was supported by the initial presentation with CPVT, the age of
the patients, the constant supervision provided to young chil-
dren, and the potential complications of ICD placement.
Cardiopulmonary resuscitation training and an AED were pro-
vided to all supervising adults. We see these patients at three
monthly intervals to assess betablocker tolerance based on the
physical examination, reinforce parent training, and obtain a
Holter recording. Continuous telemonitoring is achieved via the
implantable loop recorder. The parents and legal guardian agree
the ICD placement would be in order IF another cardiac event
occur or when the boys reach their early teens.

Conclusion

Calmodulinopathies are increasingly recognized as primary electrical
diseases exposing infants and young children to life-threatening car-
diac arrhythmias. The calmodulin genes should be screened, especial-
ly in paediatric patients with severe LQTS, CPVT, or LQTS/CPVT
overlap syndrome.
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