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Abstract

Background: Ebsteins anomaly accounts for less than 1% of all congenital cardiac defects. Whilst typically
characterised by dysfunction and anatomical defects of the right ventricle and tricuspid valve, it often co-exists with
other congenital defects. Less frequently outflow tract obstruction may arise with associated haemodynamic effects
and symptoms. In particular there are few reports in the literature of left ventricular outflow tract obstruction. We
believe this is because symptomatic outflow tract obstruction as the presenting complaint of this condition is
exceptionally rare.

Case presentation: We report on a 17 year old male who was referred to the general cardiology clinic with
symptoms of exertional fatigue and breathlessness. Transthoracic echocardiogram performed as part of the workup
led to the diagnosis of Ebstein’s anomaly. In addition to the characteristic features of this congenital abnormality
there was significant dilatation of the right atrium with resultant leftward bulging of the intraventricular septum.
The anterior mitral valve leaflet was noted to be elongated with accessory chordal apparatus and demonstrated
systolic anterior motion. Turbulence was noted in the left ventricular outflow tract leading to a degree of
obstruction. Here we discuss the aetiology and mechanisms behind this unusual presentation.

Discussion: Ebstein’s anomaly arises due to chromosomal rearrangements affecting early morphogenesis of the
right ventricle and tricuspid valve. Associations with other congenital defects such as interatrial communications are
well documented. Less commonly the structural abnormalities of this condition lead to functional outflow tract
obstruction. Whilst cases have previously described right ventricular outflow tract obstruction there are fewer
reports of left ventricular outflow tract obstruction in this patient group. The structural defects that result in
dilatation of the right atrium and the atrialised portion of the right ventricle can lead to leftward bulging of the
interatrial septum. Turbulence can occur in the left ventricular outflow tract with resultant systolic anterior motion
of the mitral valve in a mechanism similar to that encountered in hypertrophic cardiomyopathy. This may only
become haemodynamically relevant during exertion.

Conclusion: In the absence of ventricular dysfunction, arrhythmias or syncope we suggest that it is reasonable to
adopt an observational strategy to the management of these patients.
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Background
Ebstein’s anomaly is a rare congenital cardiac defect that
accounts for less than 1% of all cases of congenital heart
disease. Indeed, by the 1950’s only 3 cases had been re-
ported in medical literature [1]. Affecting approximately
1 in 200,000 live births this disorder is characterised by
anatomical defects and dysfunction of the right ventricle
and tricuspid valve. However, it is not uncommon for
this disorder to be associated with other cardiac defects.
Most commonly interatrial communications can be
present in up to 94% of patients, this is followed in
prevalence by mitral valve prolapse and left ventricular
non-compaction [1–3]. Additionally, ventricular septal
defects, pulmonary stenosis and pulmonary atresia have
all been found to coexist in patients with Ebstein’s
anomaly. As a result of these structural defects patients
may suffer from functional impairment of the ventricles,
valves and conduction system. Whilst right ventricular
outflow tract obstruction has previously been described
in these patients there are fewer reports of obstruction
of the left ventricular outflow tract (LVOTO) [1, 2].

Case presentation
A 17 year old male was initially referred to the general car-
diology department with progressive symptoms of fatigue
and exertional dyspnoea. A keen cyclist, he had observed a
marked deterioration in his functional capacity on ex-
treme exertion. His past medical history and family history
were unremarkable. Clinical examination revealed only a
soft systolic murmur at the left sternal edge. As part of his
workup a transthoracic echocardiography was performed
resulting in the diagnosis of Ebstein’s Anomaly. The tri-
cuspid valve was noted to be morphologically abnormal

and apically displaced without significant regurgitation.
The right atrium was significantly dilated and confluent
with the atrialized portion of the right ventricle (Fig. 1).
The functional right ventricle whilst reduced in size had
preserved systolic function. In addition to these character-
istic features of Ebstein’s the anterior mitral valve leaflet
was noted to be elongated with accessory chordal appar-
atus and demonstrated systolic anterior motion (Figs. 2
and 3). No significant mitral valve prolapse or regurgita-
tion was identified (Fig. 4). The dilatation of the right
atrium resulted in significant leftward bulging of the inter-
ventricular septum. Doppler Colour flow of the left
ventricular outflow tract demonstrated turbulence in
keeping with a degree of obstruction however no signifi-
cant resting gradient was identified on resting echocardi-
ography (Fig. 5). The left atrium and ventricle were
otherwise normal in both morphology and function.
In keeping with guideline recommendations for cardio-

vascular exercise in patients with congenital heart disease,
he was advised to maintain physical activity aiming for
30–60min of moderate to vigorous activity on a daily
basis [4]. Clinical follow up by way of annual clinic review,
clinical examination and annual echocardiography has re-
vealed that his symptoms and ventricular function have
remained stable during the 30 years of follow up. In the
absence of any medical intervention he has not suffered
any decompensation episodes or acute hospital admissions
and continues to enjoy low intensity cycling and working
in a physically demanding job as a pig farmer.

Discussion
Symptomatic outflow tract obstruction represents an
unusual presentation of Ebstein’s anomaly. Whilst more

Fig. 1 Transthoracic apical four chamber echocardiogram, with transducer reversal, demonstrating right atrial dilatation and confluence with
atrialized portion of the right ventricle. Displaced and elongated tricuspid valve. Leftward shift of the interventricular septum
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commonly associated with hypertrophic cardiomyopathy
the haemodynamic consequences are similar and may
lead to symptoms of breathlessness particularly during
periods of exertion. To understand the mechanism of
LVOTO it is important to review the pathological anat-
omy of Ebstein’s anomaly. Early morphogenesis of the
right ventricle and tricuspid valve are coded on the long
arm of chromosome 15 and abnormalities in these gene
sequences are likely to be involved in Ebstein’s anomaly
[3]. Additionally, chromosomal rearrangements on the
long arm of chromosome 11 have been identified in 2
patients with Ebstein’s [3]. As a result of these abnor-
malities the tricuspid valve leaflets fail to delaminate

during development leading to valve dysplasia and right
ventricular malformation. Characteristically the septal
and posterior leaflets of the tricuspid valve adhere to the
underlying myocardium, the valve annulus becomes
apically displaced, the atrialized portion of the right
ventricle dilates and the anterior leaflet tethers, and is
often fenestrated and becomes redundant [1, 2]. The
degree of deformation of the anterior leaflet can lead to
its displacement into the right ventricular outflow tract
and result in obstruction.
The right ventricle becomes divided into two distinct

regions, the dilated atrialized portion and the functional
portion consisting of the trabecular apical region of the

Fig. 2 Transthoracic parasternal long axis image demonstrating leftward bulging of the interventricular septum due to right atrial dilatation.
Elongated highly mobile anterior mitral valve leaflet with accessory chordal tissue

Fig. 3 Transthoracic parasternal M-Mode of mitral valve leaflets demonstrating systolic anterior motion
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right ventricle and the outflow tract. The true undis-
placed tricuspid annulus is often significantly dilated.
Varying degrees of regurgitation through the dysplastic
valve can occur leading to further and progressive dilata-
tion of the atrialized portion of the right ventricle. As a
result of the dilatation of the true annulus and the atria-
lized portion of the right ventricle the interventricular
septum can display leftward bulge and encroach on the
left ventricular outflow tract potentially leading to ob-
struction which may only become haemodynamically rele-
vant during exertion. The turbulence created in the
outflow tract can lead to flow acceleration across the nar-
rowed orifice and the development of systolic anterior
motion (SAM) of the mitral valve leaflet. The mechanism

of this is proposed to be similar to that encountered in
hypertrophic cardiomyopathy [5]. Whilst some debate ex-
ists as to the true mechanism of SAM it is likely to be due
to a combination of lift and drag at low velocities and the
venturi effect at higher velocities [5]. Indeed Sherrid et al.
demonstrated that SAM begins at low velocity when the
venturi forces are present at a relatively low magnitude.
Their study indicated that the hydrodynamic force that
predominates at low velocity is the drag effect due to the
pushing force of flow [5].
In addition to the above pathology our patient also

demonstrated evidence of accessory mitral valve tissue.
Whilst this accessory tissue represents a relatively rare
congenital defect it often co-exists with other congenital

Fig. 4 Transthoracic parasternal long axis with doppler colour flow image revealing trace – mild posteriorly directed jet of mitral regurgitation

Fig. 5 Tansthoracic apical 3 chamber with colour doppler flow demonstrating turbulence in the left ventricular outflow tract
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anomalies [6]. In keeping with the development of the
tricuspid valve, early morphogenesis of the mitral valve
requires separation of the endocardial cushions and this
perhaps explains the co-existence of these conditions.
The presence of accessory tissue leads to an increased
mass effect and turbulence in the outflow tract with as-
sociated fibrous tissue deposition. This has been shown
to result in SAM and outflow tract obstruction [6].
Whilst an elevated outflow tract velocity was not dem-

onstrated at rest on transthoracic echocardiography in
our patient it is likely that the outflow tract obstruction
secondary to the dual pathology of Ebstein’s with left
septal bulge and accessory mitral valve tissue leads to
haemodynamic significance during extreme exertion.

Conclusion
Whilst Ebsteins Anomaly remains a rare form of con-
genital heart disease it is important to appreciate that it
is often accompanied by other congenital defects. Atyp-
ical symptoms should prompt thorough investigation
and review of imaging by experts in this field. The possi-
bility of outflow tract obstruction should be considered
in patients reporting exertional shortness of breath. In
the absence of ventricular dysfunction, arrhythmias or
syncope we suggest that it is reasonable to adopt an ob-
servational strategy to the management of these patients
by way of annual clinical review and echocardiography.
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