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Atrial standstill in a pediatric patient with associated
caveolin-3 mutation
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From the *Department of Pediatrics, University of California, San Francisco, San Francisco, California, and
†Department of Pediatric Cardiology, University of California, San Francisco, San Francisco, California.
Introduction
Atrial standstill (AS), a rare arrhythmogenic condition, is
defined by (1) the absence of P waves in surface and intraca-
vitary electrocardiograms (ECGs), (2) the absence of A
waves in jugular venous pulse and right atrial pressure
tracings, (3) the presence of a supraventricular type QRS
complex, (4) the immobility of the atria on fluoroscopy,
and (5) the inability to stimulate the atria electrically.1

Several etiologies have been identified including metabolic
derangements, ischemia, drug intoxication, amyloidosis,
and muscular dystrophies.1 The discovery of familial AS
leads to the identification of channelopathies involved,
particularly SCN5A mutations leading to Nav1.5 sodium
channel dysfunction.1 AS is rarely reported in pediatric pa-
tients. An 11-year-old with permanent AS was found to
have an SCN5A mutation; a 3-year-old developed AS tran-
siently after dexmedetomidine infusion; and systemic illness
was implicated in an 8-year-old with thiamine-responsive
megaloblastic anemia.1–3 Here we present a unique case of
AS, possibly due to novel caveolin-3 (CAV3) mutation, in a
pediatric patient whose clinical presentation and progression
were unusual.
Case report
An African American male patient presented with palpita-
tions and syncope at the age of 12 years. His ECG initially
revealed accelerated junctional rhythm with intermittent
isolated ventricular ectopy (Figure 1A). With metoprolol,
he had improved ectopy but Holter monitoring and subse-
quent ECG showed continued junctional rhythm and
episodes of nonsustained atrial tachycardia alternating
with junctional bradycardia with 3-second pauses
(Figure 1B). Further evaluation with echocardiography
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showed normal biatrial size with no atrial contraction
(Figure 2). Cardiac magnetic resonance imaging showed
normal morphology, function, and no delayed myocardial
enhancement. Subsequent exercise testing revealed no sinus
node activity and no sinus P waves. The rhythm was
predominantly junctional with a maximum rate of 184 and
episodes of nonsustained atrial tachycardia during exercise
and recovery. He also had a 3-second pause during exercise
with associated dizziness. Because of these findings and
history of fatigue and frequent presyncopal episodes, he
was taken off metoprolol, causing improvement in his
symptomatic bradycardia but worsening of symptomatic
tachyarrhythmia.

An electrophysiology study showed inducible left ante-
rior mitral valve annulus atrial tachycardia, which was
successfully ablated (Figure 3A). The left atrium appeared
healthy without evidence of electrical scar. The right atrium
showed small to no atrial activity with no atrial capture at
high outputs. Voltage mapping showed significant right
atrial scar (Figure 3B). After ablation, his symptomatic
atrial tachycardia resolved but he remained in junctional
rhythm with worsened fatigue and exercise intolerance. A
repeat ECG showed marked junctional bradycardia without
evidence of atrial activity (Figure 1C). Repeat Holter moni-
toring showed junctional bradycardia with more frequent
and longer pauses, up to 5.1 seconds, and episodes of
junctional tachycardia.

He underwent a second electrophysiology study 4 months
after the initial procedure during planned implantation for a
dual-chamber pacemaker. This study showed progressive
right atrial disease (Figure 3C) and lack of right atrial sensing
or capture with transvenous atrial lead placement attempts, so
a single-chamber ventricular pacemaker was placed. This
clinical course and findings were consistent with AS.

Since device placement, serial ECGs over 2 years
continue to show junctional rhythm and follow-up device
checks show chronic ventricular pacing with increasing
dependence at 69% with heart rate set at 50 beats/min sug-
gesting disease progression (Figure 1D). His family history
is reassuring, but his asymptomatic parents refuse evaluation
including ECGs and genetic testing. Because of his unusual
course, he underwent genetic testing with comprehensive
en access article
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KEY TEACHING POINTS

� Atrial standstill is a rare arrhythmogenic disorder
that has previously been associated with systemic
disease and specific channelopathies, particularly
SCN5A mutations.

� Reports of atrial standstill are rare in the pediatric
literature and are most commonly associated with
structural heart disease.

� Caveolin-3 mutations have been previously
associated with systemic diseases but have not
been previously reported in association with atrial
standstill.

� Caveolin-3 mutation is possibly responsible for
atrial standstill in the patient reported here.
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arrhythmia panel through GeneDx (Gaithersburg, MD),
which analyzed 30 genes known to cause arrhythmia syn-
dromes. Of those 30 genes, 2 have been associated with
AS—RYR2 and SCN5A. Our patient’s testing was negative
for RYR2 and SCN5A but did reveal mutation in CAV3. His
mutation p.Leu84Pro (L84P) is a semiconservative amino
acid substitution. It was initially classified as a likely patho-
genic mutation, but given that there are no published reports
on this variant, no functional studies, and no segregation data,
it was reclassified as a variant of unknown significance. This
mutation has not been reported as a benign polymorphism
and was not observed in 6500 individuals in the NHLBI
GO Exome Sequencing Project.
Figure 1 Progressive electrocardiograms (ECGs) demonstrating rhythm
over time. A: Initial ECG showing junctional rhythm with isolated ectopic
beats. B: ECG from presentation showing junctional rhythm with episodes
of nonsustained atrial tachycardia.C: ECG after ablation showing junctional
bradycardia and no evidence of atrial activity approximately 2 weeks after
the first ECG. D: Last available ECG obtained 5 months after ablation
with no evidence of atrial activity.
Discussion
ASwith associated tachyarrhythmia and a progressive course
is an unusual presentation. Many reports of AS in the litera-
ture are in patients with structurally abnormal hearts. In the
adult literature, there are reports of structural abnormality
related to cardiomyopathies secondary to systemic illnesses
as well as related to muscular dystrophies.1 In the pediatric
literature, reports typically describe children with congenital
heart disease including atrial septal defects, tetralogy of
Fallot, and Ebstein anomaly.1–3 In contrast, our patient had
no structural abnormalities. To date, only one other
pediatric case of AS without structural abnormalities has
been reported in a patient with SCN5A mutation.1

Prior cases of AS have been reported in the adult literature
with tachyarrhythmias in Brugada syndrome due to SCN5A
mutation and catecholeminergic polymorphic ventricular
tachycardia associated with RYR2 mutation.4,5 Jorat et al6

reported a case of isolated right AS with left atrial tachycardia
in a 32-year-old female patient. Like our patient, she
presented with chronic fatigue and dyspnea suggestive of
bradycardia and a progressive course. She was diagnosed
with AS, but no genetic testing was performed. This case,
and ours, differs from those in the pediatric literature because
of the associated atrial tachycardia and rapidly progressive
clinical course.

Cardiac channelopathies have also been implicated as a
cause of AS. SCN5A have been identified for some time as
causing AS, among other rhythm issues.1,7 More recently,
familial RYR2 has been associated with AS.4 Bhuiyan et al4

described 2 unrelated family pedigrees with RYR2mutations.



Figure 2 Echocardiograms demonstrating (A) lack of atrial contraction, (B) absence of the a0 wave, and (C) absence of the a. wave.
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In each family, 1 individual developed AS including a 14-
year-old female patient. Functional studies have not been
performed with the specific mutation found in these patients
with AS.4 Other channelopathies have not been reported in
relation to AS.

Our patient had neither RYR2 nor SCN5A mutation but
was found to have a novel mutation in CAV3. The CAV3
gene codes for CAV3, a protein essential in the formation
of caveolae needed for endocytosis and cell signal transduc-
tion on muscle cell membranes. Mutations in CAV3 are
associated with a variety of human muscular diseases. In
skeletal muscles, CAV3 deficiency can cause limb-girdle
muscular dystrophy (LGMD), isolated hyperCKemia,
rippling muscle disease, and distal myopathy.8 CAV3 is
particularly concentrated in cardiomyocytes and plays a large
role in cardiac physiology.9 It is therefore unsurprising that
mutations in CAV3 are also associated with cardiac disease
including hypertrophic cardiomyopathy, long QT syndrome,
and SIDS.8,10–12

Numerous associations have been identified between
CAV3 and ion channels and exchangers, particularly sodium
channels and exchangers. Bossuyt et al9 demonstrated that
CAV3 coprecipitates with the cardiac sodium-calcium
exchanger, NCX1. NCX1 is involved in the regulation of
myocardial contractility; therefore, this association empha-
sizes the role CAV3 plays in contractility. In addition, the
human cardiac voltage-gated sodium channel hNav1.5,
Figure 3 A: Voltage mapping from the first electrophysiology study showing fo
sequently ablated. B and C: Voltage mapping from the first (panel B) and second (p
coded by SCN5A, has been localized to caveolae. Specif-
ically, it has been suggested that CAV3 and hNav1.5 may
be part of the same macromolecular protein complex.11

Necessary for fast influx of sodium, the hNav1.5 channel al-
lows depolarization of the cell, leading to the cardiac action
potential. The interaction between hNav1.5 and CAV3 again
highlights the role CAV3 plays in cardiac contractility and
function.

While CAV3 mutations have not previously been associ-
ated with AS, SCN5A mutations are among the most
commonly genetically identified causes of AS.7 It is therefore
plausible that a mutation in CAV3 could inherently prevent
normal function of hNav1.5 if the CAV3 protein is necessary
for the normal presence of hNav1.5 on cell membranes in
caveolae. With this assumption, it may be extrapolated that
a mutation in CAV3 could lead to the same phenotypic dis-
ease of a mutation in SCN5A by preventing the function of
its encoded protein, without having that mutation present.

Beyond the functional relationship between CAV3 and
hNav1.5, it is notable that the genes which encode both pro-
teins are relatively near each other in the genome. SCN5A and
CAV3 are both found on the third chromosome. An event in
genetic replication that mutates one of these genes could
feasibly alter the other as well, as they are genetic “neigh-
bors.” Given that CAV3 mutations are implicated in
LGMD, which is in itself associated with AS, it is possible
that coinheritance of genetic polymorphisms determines
cus of left atrial tachycardia near the anterior mitral annulus, which was sub-
anel C) electrophysiology studies demonstrating progressive right atrial scar.
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whether patients with LGMD have AS.8 If CAV3 mutations
become a more recognized etiology of AS, the opposite could
be true as well—that polymorphisms determine whether
patients with AS manifest LGMDwhen CAV3 is responsible.
Incomplete penetrance in AS due to SCN5A mutations has
been attributed to coinherited genetic polymorphisms, so
this could also be true with CAV3mutations and various clin-
ical presentations of the mutation.7

The association between CAV3 and hNav1.5 is well
established, as is the dysfunction of hNav1.5 channels in
AS, as demonstrated by the commonality of SCN5A muta-
tions in patients with AS. What is novel about this case is
the fact that his AS cannot be attributed to a previously asso-
ciated genetic mutation and the fact that his CAV3 mutation
and AS are not accompanied by simultaneous skeletal muscle
disease. It is possible that he may develop LGMD in the
future and that his illness simply presented with AS rather
than other symptoms, though even this would be unusual
for the natural history of LGMD. Hong et al noted that
“neuromuscular symptoms precede cardiological symptoms
in nearly all patients with LGMD1B.”13 It is also possible
that the degree to which our patient’s mutation affects his
muscles is only clinically relevant in his heart, as suggested
by Hayashi et al10 in cases of CAV3mutation–associated car-
diomyopathy without associated skeletal muscle disease.
They explain that continuous beating of the heart might
make it vulnerable to even minor disturbances whereas the
voluntary nature of skeletal muscle contraction could mean
that it is not affected by small functional changes.

Lastly, embryological differences between the left and
right atria could make the tissues differentially susceptible
to genetic mutation such as CAV3. The distribution of con-
nexins and orientation of fibers differs throughout the heart
and affect conduction propagation.14 Christoffels and Moor-
man15 comment in their 2009 article that under pathological
conditions such as gene defects, the embryonic origin of
certain tissues within the myocardium could play a role in
the clinical manifestation of conductive issues. In addition,
they highlight the importance of differentiation of the embry-
onic heart tube via specific regulatory pathways that give rise
to the formation and function of the conduction system and
associated “conducting” cardiac myocytes based on
anatomic location.15 This suggests that there could be differ-
ential effects ofCAV3mutations in different parts of the heart
based on their embryonic origin.

While there does seem to be evidence in the literature that
a CAV3mutation could lead to AS, it is important to note that
this mutation remains classified as a variant of unknown
significance and is not definitively disease causing. We are
limited in our ability to fully understand this case because
of the lack of functional testing as well as the refusal of
genetic testing by his family members. With time, it is
possible that CAV3 mutations could be associated with other
cases of AS, lending support to the hypotheses we have pre-
sented here, but at present we are certainly limited in our full
understanding of the implications of this patient’s CAV3
mutation and its relationship with his disease.
Conclusion
We have presented a unique, unusual case of pediatric AS
with associated focal ectopic atrial tachycardia and progres-
sive clinical course in a patient who has a novel mutation
in CAV3.
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