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Exercise-induced hypoxia secondary to an atrial septal defect and
cor triatriatum dexter
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Abstract A 14-year-old boy presented to us with a diagnosis of severe asthma and oxygen desaturation of 76%
on a 6-minute-walk test. A contrast echocardiogram revealed echocontrast in the left and right atria simulta-
neously. A secundum atrial septal defect and partial cor triatriatum dexter were diagnosed, and the atrial defect
was closed by cardiac catheterisation.
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A14-YEAR-OLD BOY WAS REFERRED TO THE PAEDIATRIC

cardiology department for investigation of desa-
turation on transcutaneous pulse oximetry during

a cardiopulmonary exercise test. Oxygen saturations were
recorded at 76%. His resting oxygen saturations were
94%. The patient had a history as a patient of the
cardiology department. He had a small perimembranous
ventricular septal defect that had closed spontaneously,
and a follow-up transthoracic echocardiogram performed
at age 4 had been reported as normal.
At age 5, he developed viral-induced nocturnal

cough and was diagnosed with asthma. His parents
reported progressive exercise intolerance since ambu-
lant. His exercise tolerance had been attributed to poor
level of fitness, although he was not overweight and
was active. He had been hospitalised at ages 11 and 12
years with wheezing and chest tightness; chest X-ray at
that time showed a hyperinflated chest and a normal
cardiac contour, with normal pulmonary vascular
markings. His oxygen saturations were 84%.
In the few months before cardiac diagnosis, he

presented with hypoxia, chest tightness, and shortness
of breath, and was diagnosed with severe asthma.
Pulmonary function testing showed normal forced

expiratory volume in one second to forced vital capacity
ratio and total lung capacity; however, single breath
diffusion capacity for carbon monoxide (DLCOcSB) was
significantly reduced (z score −2.4). Cardiopulmonary
exercise testing demonstrated low peak oxygen
consumption (VO2), significant desaturation with
exercise, but a normal cardiovascular and ventilatory
response to exercise. Ventilatory equivalents for VO2
and VCO2 were elevated throughout the test. These
findings raised the possibility of a right-to-left shunt.1

On examination, he had digital clubbing. The pre-
cordium was quiet to palpation, and no murmurs were
evident. There were no Harrison’s sulci, chest deformity,
auscultatory wheeze, or ronchi to suggest chronic severe
asthma. His haemoglobin level was 167 g/L.
A transthoracic echocardiogram demonstrated

a mildly hypoplastic tricuspid valve and right
ventricle. On review, this was evident on the previous
echocardiogram as well, obtained 10 years earlier.
No other abnormalities were initially noted.
A contrast study was undertaken with injection of
agitated saline through a vein in the right arm.
Echocontrast was demonstrated entering the left
atrium. There was an area of clearing of echocontrast
proximal to the superior atrial septum in the right
atrium, suggesting pulmonary venous (non-contrast)
flow across an atrial communication from left to
right (Supplementary video clip 1). He subsequently

Correspondence to: L. G. Eckersley, Children’s Cardiac Service, Princess Margaret
Hospital, 2 Roberts Road, Subiaco, Western Australia 6008, Australia. Tel: + 61
893408222; Fax: + 61 893408983; E-mail: Luke.Eckersley@health.wa.gov.au

Cardiology in the Young (2016), 26, 793–795 © Cambridge University Press, 2015
doi:10.1017/S1047951115001870

https://doi.org/10.1017/S1047951115001870 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951115001870


underwent a CT angiogram, cardiac MRI, transoeso-
phageal echocardiogram, and cardiac catheterisation.
An atrial septal defect was identified on the CT and
MRI, and mild right ventricular hypoplasia was con-
firmed; in addition, a transoesophageal echocardiogram
demonstrated the presence of bidirectional shunting at
the atrial level. A thin cord of tissue could be seen
extending from the origin of the inferior caval vein to
the coronary sinus (Fig 1, Supplementary video clip 2),
and three-dimensional reconstruction demonstrated a
cor triatriatum dexter (Fig 2). There was no obstruction
to flow on colour flow imaging, pulse wave doppler
interrogation, or direct pressure measurement during
cardiac catheterisation. During atrial septal defect
occlusion, using a sizing balloon, right atrial pressure
increased from 9 to 11mmHg. The atrial defect was
occluded by deployment of a 15-mm Amplatzer Septal
Occluder Device (St. Jude Medical Australia).
An exercise stress test was undertaken on day 7

after atrial septal defect closure, with echocardio-
graphy before and after closure. Exercise tolerance
was subjectively much improved. The tricuspid
valve gradient increased from 3 to 7 mmHg,
and right ventricular systolic pressure increased to
36 mmHg + right atrial pressure following exercise.
Oxygen saturation remained normal.
Follow-up echocardiography after 3 months

demonstrated mild tricuspid hypoplasia with a
2 mmHg mean inflow gradient and laminar colour
flow through the right atrium. There was no right
atrium pressure gradient across the tissue cord.

Discussion

In this case report, we document a rare cause of exercise-
induced hypoxia: bidirectional shunting across a

secundum atrial septal defect, due to an incomplete cor
triatriatum dexter or prominent eustachian valve, and
mild hypoplasia of the right ventricle.
Diagnosis of the cardiac cause for hypoxia was

delayed due to an unappreciated atrial septal defect
on two previous transthoracic echocardiograms,
possibly because there was very little flow across
the defect at rest on colour flow imaging. The
exercise-induced symptoms were instead attributed
to asthma. On careful history, there was no exercise-
induced wheezing, no response to bronchodilator
therapy before exercise, and episodes of wheezing
had been only associated with viral illness. Further-
more, pulmonary function testing was inconsistent
with asthma.
Cor triatriatum, or tripartite atria, constitute

0.1–0.4% of congenital heart lesions, although
incomplete defects may go undiagnosed in the
absence of symptoms. Cor triatriatum sinister, or
bipartite left atrium, is the more common of this rare
defect. Cor triatriatum dexter is due to the persistence
of a normal embryological state: during develop-
ment, the right atrium is partitioned into two by the
right valve of the right horn of the sinus venosus,
which connects the inlet of the inferior caval vein to
the coronary sinus, and directs oxygenated blood
across the oval fossa to the left atrium. In normal
development, the valve regresses, leaving as remnants
the crista terminalis superiorly and eustachian valve
of the inferior caval vein and the Thebesian valve of
the coronary sinus inferiorly.2 Cor triatriatum dexter
is often associated with other heart defects including
atrial septal defects.3 Abnormalities documented
include complete or almost complete persistence
of the valve, cor triatriatum dexter, a prominent
eustachian valve with partial septation of the right
atrium, or a giant redundant membrane able to

Figure 1.
(a) Transthoracic echocardiography. Parasternal long-axis, tricuspid view. This still frame of the right atrium shows a cord of tissue that joins the
atrial septum superior to the coronary sinus and the inferior caval vein (arrow). The tricuspid valve (*) leaflets appear slightly restricted in diastole,
although the annulus is of normal diameter. (b) Transoesophageal echocardiography. Still frame at 90° shows the relationship between the atrial
septal defect (*), the tricuspid valve, and the incomplete cor triatriatum dexter (arrow). RA= right atrium; RV= right ventricle.
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occlude the inferior caval vein, an atrial septal defect,
or the tricuspid valve orifice.4,5 Management may
include balloon dilation of the membrane or excision.
In this case, there was no pressure gradient across the

membrane; however, there was mild hypoplasia of the
right ventricle and tricuspid valve and bidirectional flow
across the atrial septal defect. In anatomical studies of
tricuspid stenosis or atresia, abnormal prominence of the
eustachian valve has been found in up to 80% of cases,
including cor triatriatum dexter in 25%.6 We hypo-
thesise that abnormal foetal flow directed predominantly
across the atrial septal defect was the likely cause of
ventricular hypoplasia. Limited right ventricular com-
pliance led to increased right-to-left shunting with
exercise, mimicking exercise-induced asthma.

Summary

Right-to-left shunting across the atrial septum is a
rare cause of exercise-induced hypoxia. Contrast
echocardiography is likely to detect or exclude
this lesion. A careful history, examination, and

pulmonary function testing may highlight incon-
sistencies with other common diagnoses of exercise-
induced symptoms such as asthma.
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Figure 2.
Cor triatriatum dexter three-dimensional image. A still frame from
a cropped reconstruction of a three-dimensional full volume
acquisition of data during transoesophageal echocardiography. The
circumferential membrane can be easily seen in the mid-right
atrium. RA= right atrium; TV= tricuspid valve.
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