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Transcatheter closure of atrial septal defect associated with
arrhythmogenic right ventricular cardiomyopathy: a case report

and literature review
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Abstract Arrhythmogenic right ventricular cardiomyopathy is characterised by progressive, fibrofatty replacement
of myocardium, and ventricular arrhythmias, and its prognosis is usually poor. Arrhythmogenic right ventricular
cardiomyopathy associated with atrial septal defect is very rare, and this combination may make the diagnosis,
treatment, and prognosis difficult. We present a case of a patient with this association who underwent interventional
treacment with a septal defect occluder. Transcatheter closure of atrial septal defect in a patient with arrhythmogenic
right ventricular cardiomyopathy is hitherto unreported. During a 3-year follow-up he remained relatively stable.
We also review the cases reported in the medical literature describing this uncommon association between
arrhythmogenic right ventricular cardiomyopathy and atrial septal defect or patent foramen ovale.
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RRHYTHMOGENIC RIGHT VENTRICULAR CARDIOMYO-

pathy is a cardiomyopathy of an unknown cause

that predominantly affects right ventricular
structure and function.The prognosis is poor in patients
with progressive arthythmias and heart failure." The
incidence is unknown as it can be completely
asymptomatic in the young, with sudden death as the
initial manifestation.” The association of arrythmogenic
right ventricular cardiomyopathy with atrial septal
defect is very rare, which may make the diagnosis,
treatment, and prognosis difficult. We present a case
with this association, and review the literature regard-
ing arrhythmogenic right ventricular cardiomyopathy
and atrial septal defect or patent foramen ovale.

Case presentation

A 35-year-old male patient was admitted as an emer-
gency because of palpitation and chest tightness.
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Electrocardiogram on admission showed sustained
ventricular tachycardia with left bundle branch block
morphology. A first attempt to terminate the tachy-
cardia by intravenous amiodarone was unsuccessful, and
therefore he underwent successful electrical cardiover-
sion. His father had a sudden cardiac death at the age of
33, and his daughter had a patent ductus arteriosus.
Laboratory findings were all within normal range.
Holter monitoring showed non-sustained ventricular
tachycardias and epsilon waves (V1 lead) during sinus
thythm (Fig 1). A transthoracic echocardiogram showed
enlarged right atrial and right ventricular dimensions
with diffuse akinetic and hypokinetic areas, and a thin
right ventricular wall, an aneurysmatic right ventricular
infundibulum — right ventricle end-diastolic diameter
4.4 cm, right ventricular wall thickness 0.2 cm, and
right ventricular outflow diameter 4.1 cm — and the left
ventricle and valves were normal (Figs 2a, b and d).
Right ventricular fractional area change was 28% —
lower reference value for normal right ventricular sys-
tolic function of 35% — evaluated by two-dimensional
method in apical four-chamber view. The systolic
pulmonary artery pressure was estimated at 35 mmHg.
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Figure 1.

Holzer monitoring showing non-sustained ventricular tachycardias and epsilon wave (=) in V1 lead during sinus rbythm.

There was a secundum atrial septal defect, with a
diameter of 1.8 cm, with a left-to-right interatrial shunt
(Fig 2¢). The chest X-ray showed midly dilated right
heart (Fig 2e). According to the modification of the
task force criteria of arrhythmogenic right ventricular
cardiomyopathy, proposed by Marcus et al,” the present
case had two major criteria, structural abnormalities
in the right ventricle and sustained ventricular tachy-
cardia, and one minor criterion, family history, and thus
fulfilled the diagnostic criteria.

Taking into account that the severe clinical
symptoms and gradually increasing load of the
right heart resulting from interatrial left-to-right
shunt might cause further right heart dilatation and
heart failure, transcatheter closure of atrial septal
defect and implantation of a cardioverter defi-
brillator were offered. Our patient only accepted
percutaneous device closure of atrial septal defect
and refused an implantable cardioverter defi-
brillator. The interventional procedure was guided
by transthoracic echocardiography, and a 24 mm
Amplatzer septal occluder was implanted (Fig 2f),
with abolition of the shunt. Amiodarone (100 mg
qd) and angiotensin-converting enzyme inhibitor
perindopril (2 mg qd) were prescribed after inter-
vention. During a 3-year follow-up, the patient
remained clinically stable with a right ventricular
fractional area change of 26%, and rare episode of
ventricular tachycardia, which converted sponta-
neously. This patient gave written informed consent
and the study was approved by our institutional
ethical committee.
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Discussion

Arrhythmogenic right ventricular cardiomyopathy
is a cardiomyopathy of an unknown cause that pre-
dominantly affects right ventricular structure and
function. There may be a Zigenetic predisposition in
30-50% of those patients.”” Although it has a low
incidence, in some series it is the most common cause
of sudden cardiac death in individuals under the age
of 35 years.6

We report the case of a young patient with both
arrhythmogenic right ventricular cardiomyopathy
and atrial septal defect. Although there have been
several reports of arrhythmogenic right ventricular
cardiomyopathy associated with atrial septal defect or
patent foramen ovale,”®™® this is the first reported
case of interventional treatment of atrial septal defect
associated with arrhythmogenic right ventricular
cardiomyopathy (see Table 1).

In a Task Force on arrhythmogenic right
ventricular cardiomyopathy, Marcus et al® defined
modified diagnostic criteria for right ventricular
cardiomyopathy/dysplasia in 2010, including family
history, structural, functional, histological, electro-
cardiographic, and echocardiographic findings. The
electrocardiogram abnormalities include ventricular
arrhythmias, T-wave inversion in the precordial leads,
right bundle branch block, prolongation of right pre-
cordial QRS duration, and epsilon waves, particularly
in V1. Severe dilatation of the right ventricle and
impairment of right ventricular function observed by
imaging examinations and/or histological evidence of
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Figure 2.

(a) Transthoracic echocardiogram showing right ventricular dilatation. (b) Bulging of the right ventricular outflow tract. (c) Colour-flow
Doppler showing left-to-right shunt across an atrial septal defect (arvow). (d) Diastolic frame from apical view demonstrating right atrial
and right ventricular enlargement. (e) Chest X-ray showing mild right ventricular enlargement. (f) Atrial septal occluder after transcatheter
closure of defect (arrow). ASD = atrial septal defect; AV = aortic valve; LA = left atrium; LV = left ventricle;, MPA = main pulmonary
artery; RA = right atrium; RV = right ventricle; RVOT = right ventricular outflow tract.

fibrofatty replacement of the myocardium are two major
criteria for the diagnosis of arrhythmogenic right
ventricular cardiomyopathy.>?'°

It is well known that isolated atrial septal defect
can also cause dilated right ventricle because of
interatrial left-to-right shunt, and therefore arrhyth-
mogenic right ventricular cardiomyopathy may be
missed in cases associated with atrial septal defect.
How to distinguish this association from isolated
atrial septal defect? One of the clues is that right
ventricular dysfunction is very unusual in patients
with isolated atrial septal defect, except in rare patients
over 40 years of age who have a comorbid factor,
such as left ventricular failure, or right ventricular
dysfunction secondarly—to—pulmonary hypertension, or
other complications. “12 Other clues include a thin
right ventricular wall and an aneurysmatic and bulging
infundibulum, without a corresponding dilatation of
the pulmonary artery. Electrocardiogram, MRI, family
history, and other findings must be considered com-
prehensively. In addition, follow-up of patients who
underwent correction of isolated atrial septal defect
will reveal rapid recovery of right heart function in
3—6 months. In patients with associated arrhythmo-
genic right ventricular cardiomyopathy, right
ventricular function will not usually recover com-
pletely after correction of defect. The progression of
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arrhythmogenic right ventricular cardiomyopathy
associated with atrial septal defect may be quite
variable. Sivasubramonian et al® reported a 9-year-old
patient with rapidly developing diffuse right ventri-
cular cardiomyopathy presenting with right heart
failure within 2 months after surgical closure of a
secundum atrial septal defect. There are reports in
the literature of arrhythmogenic right ventricular
cardiomyopathy associated with atrial septal defect or
patent foramen ovale progress at a slow pace after
effective treatment. Our patient, who underwent
percutaneous occlusion of atrial septal defect and
drug treatment, has been relatively stable for 3 years.

Arrhythmogenic right ventricular cardiomyopathy is
a progressive heart muscle disease. Therapeutic options
include drugs, catheter ablation, implantable cardio-
verter defibrillator, and cardiac transplantation. Anti-
arthythmic drugs, diuretics, angiotensin-converting
enzyme inhibitors, and warfarin can be used for medical
treatment. So far, the effect of ablation techniques is
controversial.'> No doubt that implantable cardioverter
defibrillator is the most effective therapy against
arrhythmic sudden death.'

Because the combination of an atrial septal defect
and arrhythmogenic right ventricular cardiomyo-
pathy is rarely reported, the impact of this association
on disease progression, right ventricular performance,
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Table 1. Current reported cases of arrhythmogenic right ventricular cardiomyopathy and atrial septal defect or patent foramen ovale.

90%

Histological
Case  Reference Age, gender Family history Past history Presentation ECG Imaging findings findings Treatment Outcome
1 Cubero et al’ 47, Female Yes None Dyspnoea, ECG: atrial fibrillation, ~ X-ray: dilated right heart, normal None Referred for cardiac Death
cyanosis, multiform ventricular pulmonary artery transplantation
hepatomegaly, extrasystoles with left  TTE: dilated right atrium and ventricle
ankle oedemas and right bundle with diffuse akinetic and hypokinetic
branch block areas, a right-to-left interatrial shunt
configuration through a patent foramen ovale
Holter: non-sustained MRI and radionuclide scintigraphy:
ventricular dilated and severe dysfunction of
tachycardias with right ventricle with depressed ejection
polymorphic fraction and bulging at the level of the
configuration right ventricular anterior wall area
2 Gerrit et al°® 35, Female No Viral infection  Loss of Initial ECG: wide- X-ray: normal findings None Drugs: betablocker. Not reported
in childhood consciousness complex tachycardia ~ TTE: enlarged right ventricular Implantation of @
Latter ECG: right dimensions with a thin right cardioverter 3.‘
bundle block, epsilon  ventricular wall and tricuspid defibrillator, and patent S
waves in inferior regurgitation, paradoxical septal wall foramen oval discovered S
and lateral motion after accidental 0\3
electrocardiographic ~ MRI: dilated and thinned right placement of the =
leads ventricular wall. Degeneration of defibrillator probe in S
cardiac muscle into dysplastic tissue the left ventricle and =
the revision of the probe N
was done the same day §
3 Sivasubramonian 9, Male Born of Repair of cleft Progressive effort  ECG: supraventricular X-ray: dilated heart Islands of Surgery: palliative surgery A satisfactory §
etal® consanguineous lip and palate intolerance, tachycardia, Transthoracic echocardiography and myocardium with partial exclusion of recovery o
parents at 8 years, ankle oedema paroxysmal atrial angiography: dilated right atrium and interspersed the right ventricle by
repair of atrial fibrillation right ventricle; right ventricle poorly with fatty tissue  bidirectional Glenn
septal defect contracting, severe low-velocity tricuspid ~ and fibrous shunt; Drugs in the
at 2 months regurgitation and apical thrombi replacement of postoperative period:
the amiodarone,
endocardium anticoagulants, diuretics
4 Kanadasi et al’ 20, Male Yes None Cyanosis, ECG: inverted T waves ~ X-ray: normal findings None Drugs: diuretic, No improvement

clubbing, right

heart failure

and epsilon wave in
Vi-V4

Holter: frequent
ventricular ectopic
beats

Transthoracic echocardiography: dilated
right atrium and ventricle with diffuse
wall hypokinesia in right ventricle

Transesophageal echocardiography: a
right-to-left interatrial shunt through a
patent foramen ovale

MRI: fatty replacement of myocardium
at the apical and free wall of the right
ventricle

angiotensin-coverting
enzyme inhibitors and
warfarin

Heart transplantation:
was planned because of
refractory heart failure

ECG =electrocardiogram; TTE = transthoracic echocardiogram.
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and risk of arrhythmias is not clear. It is certainly
reasonable to assume that closure of a significant
atrial septal defect may be beneficial by decreasing
right ventricular volume loading, reducing the risk of
development of pulmonary hypertension, which is
not likely to be well tolerated in these patients, and
reducing the risk of developing atrial arrhythmias in
the future. It is advised that closure of atrial septal
defect should be performed before implantation of
a cardioverter defibrillator, as there might be an
increased risk of thromboembolic events in patients
who have a transvenous implantable cardioverter
defibrillator in the presence of an intracardiac shunt.®
In addition, the ventricular pacemaker electrode may
pass through the atrial septal defect into the left
heart, and the atrial septal defect occlusion procedure
may lead to electrode dislocation if this has been
implanted beforehand.’ In patients with high right
ventricular and pulmonary artery pressures, closure
of atrial septal defect requires careful assessment of
risks and benefits. For those patients whose episodes
of ventricular tachycardia cannot be prevented by
a variety of methods and who have progressive biven-
tricular failure, heart transplantation may be the only
option.

In summary, arrhythmogenic right ventricular
cardiomyopathy is a progressive hereditary malignant
cardiac disease. Patients with ventricular tachycardia,
right ventricular, or biventricular pump failure have
poor prognosis.' Associated atrial septal defect or
patent foramen oval may have an important impact on
the arrhythmogenic right ventricular cardiomyopathy,
clinicians need to raise awareness of the disease,
and establish an individualised diagnostic and
treatment plan for each patient. There are many
issues requiring further investigation, particularly on
the aetiology, disease progression, and treatment
options.
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