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Introduction
An atrial septal defect (ASD) is a persistent interatrial 
communication. It is distinct from a patent foramen ovale 
wherein there is a flap with intermittent communication. ASD 
types strictly include ostium secundum (∼75% of cases), ostium 
 primum (15–20%), and sinus venosus (5–10%), while rare 
coronary sinus defects are closely related.1 Secundum ASDs 
are positioned by the fossa ovalis, primum ASDs inferiorly as 
part of the spectrum of endocardial cushion defects, and sinus 
venosus ASDs near the superior or inferior vena caval entry.1,2 
ASDs are highly relevant to echocardiographers and clini-
cians as one of the most common congenital abnormalities. 
The overall prevalence of diagnosed ASDs has been estimated 
at 3.89 per 1000 children and 0.88 per 1000 adults, which 
may be underestimates due to clinically silent and unidentified 
cases.3 The exact genetic underpinning of ASD is uncertain in 

most cases, but novel insights are emerging,4 and may influ-
ence clinical evaluation and management in the future.

In this review,  we cover the clinical manifestations 
of ASDs, discuss the central role of echocardiography in 
ASD evaluation, and provide clinical practice guidelines for 
intervention.

Clinical Manifestations
The 2008 American College of Cardiology and American 
Heart Association (ACC/AHA) adult congenital heart dis-
ease guidelines provide detailed clinical guidance on ASDs.1 
The clinical course is variable.1,5 Very small ASDs (diameter 
,5 mm) may not have significant clinical consequences, while 
a defect of 5–10 mm may lead to symptoms in the fourth or fifth 
decade of life. Larger defects (generally .10 mm)  typically 
present with symptoms in the third decade of life. Normal 
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aging is associated with increased left ventricular stiffness and 
concomitant impairments in diastolic filling,6,7 leading to an 
increase in left to right shunting across the ASD and right 
ventricular volume overload.

When symptoms occur, patients often first notice dys-
pnea, fatigue, exercise intolerance, or palpitations.1 Some 
patients may present with syncope or even with peripheral 
edema from overt right heart failure and others may develop 
recurrent pulmonary infections. Although uncommon, dys-
pnea in patients with ASD may be triggered by an upright 
position in orthodeoxia–platypnea syndrome and linked to 
arterial desaturation.

Atrial tachyarrhythmias, including atrial fibrillation and 
flutter, are present preoperatively in about one-fifth of adults 
with ASDs.8 Consistent with age as a well-established risk 
factor for atrial arrhythmias, patients with versus without pre-
operative atrial fibrillation or flutter had a mean ± SD age of 
59 ± 11 years versus 37 ± 13 years, respectively. Late post-
operative atrial fibrillation or flutter tends to occur in those 
who undergo closure after the age of 40 years.2 In older age 
groups, the extent of the contribution from the ASD to the 
arrhythmia could be difficult to discern in the presence of 
other contributing factors such as obesity and hypertension. 
Sick sinus syndrome may also develop in ASD patients due to 
longstanding right heart overload.1

In patients who have a stroke, transient ischemic attack, 
or peripheral arterial embolization, the clinical question com-
monly arises about paradoxical embolization as the underlying 
pathophysiologic mechanism.9,10 A right to left shunt across the 
interatrial septum could allow a mobile venous thrombus or air 
embolus to gain access into the arterial system. The thrombus 
may originate from the left atrial appendage in the setting of 
atrial fibrillation, from a peripheral or pelvic vein, or indwell-
ing venous catheter, while an air embolus may originate from 
an unfiltered intravenous infusion. Right to left shunting may 
occur at rest or only transiently with an increase in right-sided 
pressure due to coughing for instance. The presence of severe 
pulmonary hypertension can promote persistent net right to 
left shunting. In a series of 103 patients with a mean age of 52 
years thought to have suffered paradoxical embolization, an 
ASD was present in 12%.11 A patent foramen ovale was much 
more common and present in 81%.

If fixed pulmonary hypertension develops, this may 
mark a late disease stage and decreased survival. Pulmo-
nary hypertension may also be idiopathic, particularly in 
women. The prevalence of pulmonary hypertension was 16% 
in a sample of 295 Belgian patients (69% women, age 46 
± 21 years) with isolated secundum ASD.12 In those who 
had undergone ASD closure, age at the time of repair was 
the strongest predictor of development of pulmonary hyper-
tension. Those in the highest tertile of age (.55 years) had 
the highest prevalence (34%) of pulmonary hypertension 
subsequently. Pulmonary hypertension, in turn, was associ-
ated with mortality, atrial arrhythmia, and right heart fail-

ure. Eisenmenger syndrome, a combination of pulmonary 
hypertension and right to left shunting, carries several clini-
cal concerns, including thrombosis, bleeding, and increased 
pregnancy complications.13

On physical examination, a patient with an ASD may 
have a right ventricular heave, systolic flow murmur in the 
pulmonary valve region due to increased pulmonary flow, 
a fixed split second heart sound, or a diastolic flow rumble 
across the tricuspid valve.1 An interesting association of ASD 
with Klippel–Feil syndrome was recently reported, which 
has the major physical examination features of a short neck, 
limited range of motion in the neck, and low hairline at the 
back of the head.14 Electrocardiographic signs of a secundum 
ASD include a right axis, right atrial enlargement, voltage 
evidence of right ventricular hypertrophy, and incomplete 
right bundle branch block.1,2 A superior left axis may be seen 
with  primum ASDs, while sinus venosus ASDs are associ-
ated with an  inferior P-wave axis. Severe right axis deviation, 
right  ventricular hypertrophy, and extensive repolarization 
abnormalities may be seen in the presence of an ASD with 
 Eisenmenger syndrome. Complete heart block is character-
istic of familial ASD.15 Chest x-ray findings that are compat-
ible with an ASD include cardiomegaly, pulmonary artery 
enlargement, or increased pulmonary vascularity.

Echo Assessment
The guidelines recommend diagnosing an ASD by demonstra-
tion of shunting across the interatrial septum, with evaluation 
of the right heart and for associated abnormalities.1 Two-
 dimensional transthoracic echocardiography (2D TTE) often 
serves this need, providing the necessary imaging information 
to establish the diagnosis of ASD and make informed clinical 
decisions.1,16,17 The components of a comprehensive echocar-
diographic evaluation are shown in Table 1.

Clues to an ASD on 2D TTE include a hypermobile 
interatrial septum, abrupt septal irregularity, right atrial and 
ventricular volume overload, and pulmonary artery dilatation. 
If a satisfactory subcostal view can be obtained, this is the pre-
ferred window because the interatrial septum is approximately 
perpendicular to the echo signal. The apical four-chamber 
view can also be especially useful in evaluation of the right 

Table 1. elements of a comprehensive echocardiographic evaluation 
for asd.

Visualization of asd and characterization of its size

Determination of the direction of flow

evaluation for associated abnormalities*

examination of right heart

Quantification of pulmonary artery pressure

Estimation of the pulmonary/systemic flow ratio

Notes: *including mitral valve prolapse, partial anomalous right pulmonary 
veins (characteristic of sinus venosus asds and present in some secundum 
ASDs) and cleft anterior mitral valve leaflet (characteristic of primum ASDs).
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heart (Fig. 1). However, the parallel orientation of the atrial 
septum to the echo signal in this view may lead to artifactual 
dropout and can be misleading. Complementary views may 
be obtained from the parasternal short axis and other non-
standard views.

Using 2D TTE in patients with a satisfactory subcostal 
window, the ASD is reported to be visualized in 100% of pri-
mum ASDs, 89% of secundum ASDs, and 44% of sinus veno-
sus ASDs.18 However, as with other diagnoses, the sensitivity 
of echocardiography depends on the echo machine, acoustic 
windows, ultrasonographer, and echo reader. The first step 
may be to repeat a transthoracic echo if it is felt that one or 
more of these factors may be improved upon.

Applying color flow Doppler (Fig. 2) can confirm the 
ASD diagnosis, show directionality of flow, and help to better 
appreciate the ASD size; a larger width of the color flow jet 
across the interatrial septum indicates a larger ASD and  predicts 

a higher shunt ratio. Pulse wave Doppler allows  assessment of 
lower velocity flows across the interatrial  septum and can be 
useful in estimation of the pulmonary flow to systemic flow 
ratio. Continuous-wave Doppler, useful for higher velocity 
flows, may be used to assess the gradient across the interatrial 
septum in patients with left atrial hypertension and restrictive 
ASDs, or obstruction to pulmonary venous return.19

If a full 2D TTE with Doppler does not establish the 
diagnosis of ASD, then an agitated saline contrast study can 
be performed to detect an ASD and/or confirm diagnosis.1 It is 
expected that essentially 100% of ASDs will be detected with 
a high-quality agitated saline study that includes maneuvers 
(Valsalva, cough) to promote transient right to left shunting.18

A transesophageal echocardiogram (TEE) provides 
higher definition visualization of the interatrial septum. It may  
be reasonable when findings on transthoracic imaging are 
indeterminate or technically limited. TEE is also particu-
larly helpful in visualizing sinus venosus ASDs and, therefore, 
is indicated to rule out a sinus venosus ASD in the setting 
of right ventricular enlargement and volume overload of 
unknown etiology. Furthermore, a TEE may help to detect 
anomalous pulmonary venous connections. Finally, the TEE 
can more precisely assess the size of an ASD and guide proce-
dural planning (Fig. 3).

With TEE (as well as TTE), three-dimensional 
echocardiography may be considered to better determine 
the size and shape of an ASD and its anatomical relation-
ships. Roberson et al reported their experience with three-
 dimensional TEE in 65 ASD patients aged 5–64 years with 
a body weight of 20–114 kg.20 The echocardiographic exami-
nations utilized live, zoom, and full-volume modes dur-
ing catheter-based intervention or surgery. The investigators 
reported that the studies were of diagnostic quality in all  
65 patients, 50 with a secundum ASD and 15 with other 
types. Live mode demonstrated the highest volume rate, 
provided superior transgastric views, and was ideal during 
device deployment, but carried the downside of small vector 

Figure 1. demonstration of right ventricular enlargement in a patient 
with a secundum atrial septal defect in the apical four-chamber view by 
2d transthoracic echocardiography.

Figure 2. Left to right flow across a secundum atrial septal defect in the 
parasternal short axis view by 2d transthoracic echocardiography with 
color doppler.

Figure 3. sizing of secundum atrial septal defect by transesophageal 
echocardiography.
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size. Zoom mode permitted pre-cropped live images, but had 
the limitation of slow volume rate. Full-volume mode had an 
advantage in visualizing large defects and surrounding anat-
omy, but was limited by stitch artifact and the need for post-
acquisition cropping. Therefore, overall, three-dimensional 
echocardiography appears to be feasible and accurate, with 
complementary strengths and limitations to different views.

In patients diagnosed with an ASD, the right heart should 
be carefully assessed on echocardiogram. Right ventricular 
enlargement and interventricular septal flattening during dias-
tole indicate a state of volume overload. Guidelines define right 
ventricular enlargement as a right ventricle that is larger than 
the left ventricle or greater than 4.2 cm in its basal diameter.21 
Accompanying right atrial and pulmonary artery enlargement 
may be present. Pressure in the pulmonary artery should also be 
estimated by Doppler interrogation of tricuspid regurgitation 
and right atrial pressure estimation. Specifically, pulmonary 
artery pressure may be estimated as the square of the velo city 
of the tricuspid regurgitation jet multiplied by four (modified 
Bernoulli equation) plus the right atrial pressure estimate. 
In addition, right ventricular pressure overload is suggested 
by systolic flattening of the interventricular septum. Invasive 
 cardiac catheterization may be indicated after echocardiogra-
phy for direct measurement of right-sided pressures.

Another potentially useful non-invasive Doppler estimate 
is the ratio of the pulmonary/systemic blood flow (Q p/Qs): 
[(pulmonary artery diameter)2 × pulmonary artery velocity 
time integral]/[(left ventricular outflow tract diameter)2 × left 
ventricular outflow tract velocity time integral]. In our experi-
ence, the best measurement of pulmonary outflow diameter 
comes from TEE (longitudinal pulmonary valve view), pul-
monary flow from TTE (parasternal short axis), left ventricu-
lar outflow diameter from TEE (esophageal view at ∼120°), 
and aortic flow from TTE (5 chamber view) or TEE ( gastric 
view). In the absence of the TEE, accurate measurement of 
the pulmonary outflow tract diameter can be particularly 
challenging; guidelines recommend using the parasternal 
short-axis view at the base of the heart,16 but the subcostal 
view may also be considered. At least in expert hands, Q p/Qs 
by echo agrees well with invasive cardiac catheterization, the 
gold standard for Q p/Qs.22

Adjunctive testing
In patients in whom the diagnosis remains uncertain after 
echocardiographic assessment, cardiac computed tomogra-
phy and magnetic resonance imaging may provide comple-
mentary information to characterize an ASD and associated 
abnormalities.23,24 Particularly, when right ventricular volume 
overload is found, but an ASD diagnosis cannot be made in 
routine practice, the guidelines give a Class I recommenda-
tion to refer such a patient to an adult congenital heart disease 
center for additional testing.1

In cases wherein the symptoms are discrepant with objec-
tive clinical data, maximal exercise testing is recommended 

based on expert opinion.1 Exercise testing is also  recommended 
to evaluate a change in oxygen saturation in patients who have 
mild-to-moderate pulmonary arterial hypertension, but not 
in patients with severe pulmonary arterial hypertension. The 
guidelines also recommend against diagnostic cardiac cath-
eterization in younger patients with uncomplicated ASDs,25,26 
but do advise consideration of cardiac catheterization to rule 
out coronary artery disease in patients who are at risk because 
of age or other risk factors. Given advances in cardiac com-
puted tomography angiography, this noninvasive imaging 
modality could be reasonable as an alternative to cardiac 
catheterization.

Intervention
Counseling recommendations for patients with an ASD who 
have severe pulmonary arterial hypertension and Eisenmenger 
syndrome are centered on avoiding pregnancy and limiting 
activity. The guidelines advise that such women should be 
counseled to avoid pregnancy due to excess maternal and fetal 
mortality.13,27 Regarding activity, it is advised that patients 
with pulmonary arterial hypertension only participate in 
low-intensity activity, and that those with severe pulmonary 
arterial hypertension with right to left shunting avoid active 
physical effort entirely.1

Medical therapy for patients with ASD is focused on 
management of atrial fibrillation.1 The guidelines advise 
appropriate anticoagulation followed by an attempt at restora-
tion of sinus rhythm. If sinus rhythm cannot be maintained, 
then the recommendation is for rate control and anticoagula-
tion. Patients who are being conservatively managed should 
initially undergo repeat clinical and echocardiographic assess-
ment every 2–3 years.

The primary indication for ASD closure is right heart 
volume overload, as evidenced by right atrial or ventricular 
enlargement.1 Whether or not symptoms are present, guide-
lines recommend intervention, as impact on the right heart 
indicates a clinically significant shunt. In patients who suffer 
a paradoxical embolism, ASD closure is relatively less contro-
versial than PFO closure and is considered reasonable, based 
on expert opinion. In the rare patient with orthodeoxia–
platypnea, ASD closure is a reasonable approach. According 
to the guidelines, ASD closure may also be considered if there 
is documentation of net left to right shunting, a pulmonary 
artery pressure or pulmonary vascular resistance ,2/3 sys-
temic levels, or response to pulmonary vasodilator therapy or 
test ASD occlusion. Such patients should be managed in con-
junction with a pulmonary hypertension specialist. A patient 
with severe, fixed pulmonary arterial hypertension and no left 
to right shunting should not undergo ASD closure.

The guidelines1 do not provide specific guidance on a 
threshold for the Q p/Qs that should serve as an indication 
for intervention in a patient with a high-volume shunt without 
evidence of right heart enlargement. Unfortunately, there is no 
strong evidence to inform this issue. Nevertheless, the clinical 
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question commonly arises whether a patient with a Q p/Qs 
.1.5 or .2 should undergo ASD repair based on this indi-
cation alone. A standard clinical practice has been to repair 
ASDs with a Q p/Qs .2, while some experts have advocated 
for a lower threshold of 1.728 or 1.5.8 Therefore, local expertise 
and standards of care, combined with clinical judgment, are 
necessary to apply the Q p/Qs in decision making about ASD 
repair. Recently, a group showed that plasma endothelin-1 
levels were associated with right heart enlargement and were 
reduced following percutaneous ASD closure.29 It was sug-
gested that endothelin-1 might be useful as a diagnostic test 
when evaluating patients for ASD closure; however, further 
studies are needed to delineate its clinical role.

Available approaches to secundum ASD closure include 
percutaneous device closure and surgical closure. A percutane-
ous approach is preferred (Fig. 4) when the anatomy of the defect 
is suitable as it avoids the need for cardiopulmonary bypass, 
cardioplegia, thoracotomy, sternotomy and related bleeding, 
or central nervous system complications, while carrying a cos-
metic advantage. Recently, Hoashi et al reported their 7-year 
(2007–2012) experience at a single center in Japan with percu-
taneous transcatheter device closure.30 Regarding patient selec-
tion, key inclusion criteria were an ASD diameter of ,34 mm, 
sufficient ASD rim with .5 mm margins of the defect from 
the mitral and tricuspid valves, inferior vena cava, right upper 
pulmonary vein, and coronary sinus, and body weight .8 kg. 
Eligible patients did not have multiple defects that could not 
be adequately covered by the closure device, did not have a 
pulmonary vascular resistance greater than 7 woods units, and 
were without associated congenital cardiac anomalies requiring 
cardiac surgery such as a partial anomalous pulmonary venous 
connection, unroofed coronary sinus, or cor triatriatum.

Hoashi et al overall had excellent success performing 
percutaneous transcatheter ASD closure in 237 men and 

472 women with a mean age of 28 years (SD 20, full range 
5–80) and mean ASD diameter of 15 mm (SD 5, full range 
2–31). The procedure was generally safe with few complica-
tions after percutaneous transcatheter ASD closure. There 
were no cases complicated by atrioventricular block, infective 
endocarditis, or residual leaks, and no deaths occurred. How-
ever, the procedure was complicated by a case of embolization 
into the left atrium soon after device closure requiring emer-
gent surgical retrieval. Another patient had late device erosion 
with development of fistula between the left atrium and aorta, 
and required surgical removal of the device and patch closure 
at 3 months after the percutaneous procedure.

A smaller trial involving 137 patients at 13 centers in the 
United States, performed from 2003 to 2006, further supports 
the safety and efficacy of percutaneous transcatheter closure of 
secundum ASD.31 The trial used closure devices with a hydro-
philic coating to improve echocardiographic visualization 
and reported an overall success rate of 97%. Follow-up was 
obtained through 12 months in 122 participants and 5 years in 
83 participants, with a wire frame fracture in 12% and  possible 
leak in 27%, but none of the fractures or leaks appeared to be 
clinically significant. No device erosions or catastrophic com-
plications were observed.

Surgical closure is reasonable when the anatomy of the 
defect is not amenable to a percutaneous approach or when 
concomitant tricuspid valve repair or replacement is planned. 
For those who have an ostium primum, sinus venosus ASD, or 
coronary sinus defect, surgery is the recommended technique. 
Minimally invasive surgical approaches to ASD closure are 
promising alternatives to standard median sternotomy.32–34 
In planning the surgical approach, it is crucial to identify 
anomalous pulmonary veins and other associated congenital 
abnormalities.

Postintervention, early echocardiographic follow-up is 
generally performed at 24 hours and 4 weeks. An early prior-
ity is monitoring for post-pericardiotomy syndrome. Sugges-
tive symptoms including chest or abdominal pain, vomiting, 
fever, or fatigue, should prompt immediate evaluation with an 
echocardiogram. Following implantation of the septal occluder 
device, aspirin 81–325 mg daily is a standard therapy for at 
least 6 months, while clopidogrel 75 mg daily for 1 month may 
also be used at the discretion of the operator.33,35 Oral antico-
agulation, with warfarin for instance, is typically reserved for 
those with other indications for such therapy. Additionally, 
guidelines state that endocarditis prophylaxis is indicated for 
6 months following device closure.36

At 6 months, 1 year, and periodically thereafter, routine 
follow-up for evidence of device erosion or other complications 
is advised. New chest pain or syncope should prompt urgent 
evaluation for device erosion. In addition, annual follow-up 
should occur for ASD patients who have undergone closure 
and also have pulmonary arterial hypertension, atrial arrhyth-
mias, right or left ventricular dysfunction, coexisting valvular 
lesions, or other cardiac lesions.

Figure 4. Fluoroscopic image of percutaneous atrial septal defect 
closure.
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summary
In summary, ASDs are a common congenital abnormality 
that most commonly occur as an ostium secundum defect. 
Left to right shunting generally leads to right ventricular over-
load and symptoms in adulthood. Echocardiography is central 
to diagnosis and also informs the interventional approach. 
 Percutaneous or surgical ASD closure may be indicated 
in the presence of right heart volume overload, paradoxical 
embolism, orthodeoxia–platypnea, or an elevated pulmonary/ 
systemic flow ratio.
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