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Atrial septal defect (ASD) is one of the most common congenital 
heart defects with a prevalence of isolated defect ranging from 0.5 
to 2.5 cases per 1,000 live births1. The direction and volume of the 
resulting shunt depend on the size of the defect, its type, and on 
the pressures in the right and left atrium. These, in turn, depend on 
the function of the left and right atrioventricular valve and on the 
diastolic properties of both ventricles. In most patients with isolated 
ASD and without pulmonary hypertension (PH), there is a left to 
right shunt. Over time, the additional volume load of the right ven-
tricle (RV) resulting from shunting causes RV dilatation, which is 
a prerequisite for advocating closure. In ASD patients with a left to 
right shunt, but without obvious RV dilatation on echocardiography, 
further shunt quantification may be performed using cardiac cathe-
terisation or cardiac magnetic resonance imaging (MRI). Closure of 
defects with signs of significant shunt, resulting in right heart dilation 
or documented significantly increased transpulmonary to systemic 
blood flow ratio (Qp/Qs >1.5), is associated with improved clinical 
outcomes as compared to conservative therapy, regardless of age2.

There are multiple factors supporting early ASD closure. Right 
heart dilation is associated with increased risk of arrhythmia, pro-
gressive tricuspid regurgitation and right heart failure. Patients 

may present at diagnosis with few or no obvious symptoms. This 
may, however, result from chronic adaptation to abnormal haemo-
dynamics; objective assessment of exercise performance with 
cardiopulmonary exercise testing often demonstrates impaired 
exercise capacity. Moreover, a subset of patients may develop pul-
monary hypertension. In a few, this may result in reversal of the 
shunt and Eisenmenger syndrome physiology.

In the Bethesda classification of congenital heart disease lesions, 
repaired ASD is listed as a simple defect. However, historic data 
on natural history clearly demonstrate that ASD is not a benign 
lesion and, if not corrected, is associated with high mortality. In his 
series of original publications in the 1960s and 1970s, Dr Maurice 
Campbell, from Guy’s Hospital in London, described the natural 
history of several congenital cardiac lesions, including ASD. There 
was a mortality of 12% at the age of 20 years and 76% at the age 
of 50 years, compared to 2% and 8% in the normal general popu-
lation at the time, respectively3. One can easily argue that patients 
diagnosed with an ASD at that time were then at the more severe 
end of the spectrum and thus more likely to have large shunts and 
be symptomatic. These historic data are, however, in sharp con-
trast with contemporary mortality statistics in patients with repaired 
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ASD, demonstrating improved if not normalised survival4-7. Only 
a small proportion of patients with ASD may develop pulmonary 
hypertension later in life and is not suitable for ASD closure. Even 
when accounting for these patients, contemporary mortality in ASD 
patients is low. Thus, the difference between contemporary survival 
data on ASD patients and historic data on its natural history is stag-
gering and strongly in favour of early ASD closure for prognos-
tic benefit. The risk of supraventricular arrhythmia and heart failure 
increases with age at repair, in keeping with incomplete right atrial 
and ventricular remodelling in older patients after late ASD closure. 
Thus, early diagnosis and intervention are essential in reducing 
associated morbidity8.

Successful surgical ASD closure was reported as early as in the 
1940s, with various surgical techniques being developed in the 
1950s and 1960s, with the advent of cardiopulmonary bypass9. The 
first-in-man reported percutaneous closure of a secundum ASD 
was performed in 1975 in New Orleans, LA, USA, with a double 
umbrella, non-retrievable device without self-centring10. There has 
been a dynamic development of various concepts of percutaneous 
ASD closure since, with double umbrella, self-centring devices cur-
rently being the most commonly used. Percutaneous closure offers 
several advantages as compared to surgical closure. It requires mini-
mal hospital stay, is associated with lower costs and lower utilisation 
of resources, speedier recovery and, not surprisingly, is preferred by 
patients. The first successful percutaneous repair of a superior sinus 
venosus defect was reported by Garg et al in 2014 and has since 
been described in several case reports from other centres11. In the 
current issue of EuroIntervention, Riahi et al describe a series of 

consecutive patients diagnosed with superior sinus venosus defect, 
all managed with a novel percutaneous technique at a single centre12.

Article, see page 868

The authors should be congratulated for achieving excellent 
midterm outcome, without residual shunt and with preserved 
patency of the right upper pulmonary vein. There were no major 
complications. Has another bastion of cardiac surgery therefore 
been conquered? For the time being, the preferred management 
of superior sinus venosus ASD in most congenital heart disease 
centres is likely to remain surgical, for several reasons. The tech-
nique used by Riahi et al is more complex and demanding than the 
one used for percutaneous closure of secundum ASD12. It requires 
a dedicated team with an interventional cardiologist, a radiologist 
experienced in performing segmentation for 3D printing and an 
advanced, in-house 3D printer or an established link with a 3D 
printing company, certified for the processing of medical data. The 
prevalence of sinus venosus defect is relatively low and may not 
justify the investment in personnel and infrastructure, even at large 
congenital heart disease centres. Moreover, excellence in any pro-
cedure requires a sufficient annual volume of cases. Guidelines 
for percutaneous coronary interventions, for example, advocate 
a minimum of 50 interventions per year13. Whilst this number may 
be too high for percutaneous closure of superior sinus venosus 
ASD, considering the low prevalence of this defect, it becomes 
obvious that a large referral base is required. This requires refer-
ring patients, regardless of geographical boundaries, to centres 
with special interest and confirmed excellence in rare or com-
plex procedures (Figure 1). In fact, this may be a prerequisite 
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Figure 1. Relationship of referral population required to achieve sufficient case volume for selected procedures. Each of the isolines (blue) 
represents the relationship of the referral population required (horizontal axis, logarithmic scale) to achieve a certain case volume per year 
(corresponding blue labels), depending on the frequency of the procedure performed (vertical axis). For example, to achieve a yearly volume 
of 50 percutaneous closures of secundum atrial septal defect (ASD), one would require a referral population of 6 million. To achieve the same 
volume of annual cases for superior sinus venosus ASD repair, a referral population of 73 million would be required. As some of these patients 
may require additional procedures, such as tricuspid repair or coronary artery bypass grafting, the referral population to achieve a sufficient 
case load for percutaneous closure of superior sinus venosus ASD may be even higher. This analysis highlights the need for national and 
international referral patterns for rare or complex procedures. Number of procedures performed per 10 million population based on the 2015 
data of the National Institute for Cardiovascular Outcomes Research in the United Kingdom; UK population for 2015 as reported by the World 
Data Bank. Calculations based on an assumed proportion of secundum ASDs of 80% and 4% for superior sinus venosus ASD. Percutaneous 
closure of patent ductus arteriosus (PDA) and the Ross procedure were selected to put the analysis in the context of other procedures.
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for offering rare and complex interventions, requiring advanced 
expertise of a team. This is where collaboration comes into play 
with agreed and established referral patterns so that more patients 
may benefit from novel procedures, such as the one described by 
Riahi et al, once such procedures have been externally validated12.
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