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Systematic review

Transcatheter closure is a widespread technique used to treat 
secundum atrial septal defects (ASDs). When compared to 
surgery, it provides a less invasive approach with quicker 
recovery and reduced physical and psychological impact (1-4).

The first case was performed in 1976 by King and  
Mills (5). However, the percutaneous ASD closure 
fully entered the clinical arena with the introduction of 
Amplatzer septal occluder devices (ASO) (6). Since then, 
many other devices have been developed and used, such as 
the Gore Cardioform septal occluder (GSO), the Figulla 
Flexible Occlutech device, the Cardioseal/Starflex and the 
bio absorbable devices Biostar or Biotrek (7,8). 

Nowadays, almost 85–90% of all secundum ASD can be 
closed by using a transcatheter approach (9,10). However, 
several limitations may have a significant impact on the 
feasibility and success of percutaneous ASD closure (11,12). 

Limitations can be grouped as follows: (I) anatomical 
limitations; (II) device-related limitations; (III) associated 
defects and natural history associated issues; (IV) 
physiological limitations; (V) complications.

Anatomical limitations

A common underlying structure apply to all available 
devices: they are made of two disks and a connecting 
segment that keeps them together across the ASD. Two 
different engineering concepts have been developed, so that 
occluder devices can be classified as self-centering and non-
self-centering ones. The Amplatzer and the Amplatzer-like 
devices, in which a central connecting waist fills the defect 
improving stability and occlusion, belong to the former, 
while devices such as GSO, where the connecting segment 
is linear, belong to the latter. All the currently available 
devices need to have surrounding “walls” supporting their 
stability. In particular, the disks of non-self-centering ones 
should be 1.8–2 times the diameter of the defect in order 
to have complete defect closure and avoid mal position or 
embolization (8). 

Main anatomical limitations to percutaneous ASD 
closure may be insufficient surrounding rims, multiple 
defects and excessively bulging atrial septal aneurisms (ASA).

Typical of ostium primum ASD and sinus venosus-type 
defects, deficiency of surrounding rims can affect ostium 

Review Article

Atrial septal defect (ASD) device trans-catheter closure: limitations

Alessia Faccini, Gianfranco Butera

Department of Congenital Cardiology and Cardiac Surgery, IRCCS Policlinico San Donato, San Donato Milanese, Italy

Contributions: (I) Conception and design: G Butera; (II) Administrative support: None; (III) Provision of study materials or patients: None; (IV) 

Collection and assembly of data: A Faccini; (V) Data analysis and interpretation: A Faccini; (VI) Manuscript writing: All authors; (VII) Final approval 

of manuscript: All authors.

Correspondence to: Dr. Gianfranco Butera, MD. IRCCS Policlinico San Donato, Piazza Edmondo Malan, 1, 20097 San Donato Milanese (MI), Italy. 

Email: gianfrancobutera@libero.it.

Abstract: Transcatheter closure is a widespread technique used to treat secundum atrial septal defects 
(ASDs). When compared to surgery, it provides a less invasive approach with quicker recovery and reduced 
physical and psychological impact. Nowadays, almost 85–90% of all secundum ASD can be closed by using 
a transcatheter approach. However, several limitations may have a significant impact on the feasibility and 
success of percutaneous ASD closure. Limitations can be grouped as: (I) anatomical; (II) device-related; 
(III) associated defects and natural history associated issues; (IV) physiological; (V) complications. Physician 
should be aware of potential limits of percutaneous ASD closure.

Keywords: Heart septal defect;  atrial; septal occlude device; interventional cardiology

Submitted Oct 25, 2017. Accepted for publication Jul 27, 2018.

doi: 10.21037/jtd.2018.07.128

View this article at: http://dx.doi.org/10.21037/jtd.2018.07.128

2930



S2924

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2018;10(Suppl 24):S2923-S2930jtd.amegroups.com

Faccini and Butera. Limitations of percutaneous ASD closure

secundum ASD transcatheter closure as well. Indeed, self-
centering devices need more than 5–7 mm of sufficiently 
stable tissue to support the device stability, while non-self-
centering devices require rims 50% larger than the device 
length. Moreover, enough rims are necessary to avoid 
disks interference with atrioventricular (AV) valves and 
venous returns. In almost 10–15% of cases rims are too 
small to allow a stable and safe device implantation, so a 
surgical approach is chosen. However, the isolated absence 
of aortic rim can be overcome implanting the device so 
that it embraces the atrial septum around the aortic root. 
Occasionally rims are well represented but are too floppy 
and flimsy. In these cases, the tissue of the rims is too 
compliant and does not assure stability to the device (13-15). 

Sometimes ASDs are not single but multiple. Closure 
is still possible, paying attention to avoid interference with 
both intracardiac structures and the electrical conduction 
system, and considering rims consistency and defect size 
(16,17). 

Both single and multiple ASDs may be associated 
with ASA. ASA is defined as a localised deformity of the 
interatrial septum which protrudes into the right or the 
left atrium or both (18) and may interfere with device 
positioning, stability, and safety, bearing the risk of 
inadvertent deployment of the device with both umbrellas 
in the right or left atrium (19).

Because of these anatomical features, it is often necessary 
to perform trans oesophageal examination, cardiac 
catheterization and balloon sizing in order to assess the 
feasibility of percutaneous ASD closure. Moreover, in 
borderline cases, the final evaluation must be done after 
device implantation and release (7).

Another fundamental anatomical and physiological 
contraindication to ASD closure is represented by a too 
small ASD, with a Qp/Qs<1.5, not associated with right 
heart chamber enlargement nor with history of previous 
transient ischemic attack or stroke (20). In those cases, 
closure is simply not needed. 

Finally, anatomical limitations may be related to 
the age of the patient. This is particularly true in small 
kids where big devices may interfere with surrounding 
structures. Some authors have proposed the ratio 
defect size (mm)/BSA as a predictor of crossover from 
cardiac catheterization to surgery. In particular, an ASD  
index >23.7 mm/m2 had a 90% specificity in “crossing 
over” to surgery (21). However, we think that any “index” 
can just give an idea of what could happen and finally an 
individualized analysis is mandatory. 

Devices-related limitations

As previously reported, devices are currently made 
according to two different concepts: the self-centering and 
the non-self-centering idea. 

ASO and Amplatzer-like devices (Figulla Flexible 
Occlutech septal occluder, Cocoon, CeraFlexTM ASD 
Occluder) belong to the self-centering group. The range 
of defects amenable to closure depends on the available 
waist diameter of the different devices. In particular, ASO 
waist ranges from 4 to 38 mm, Occlutech from 4 to 40 mm, 
Cocoon from 8 to 40 mm, and CeraFlex from 6 to 32 mm 
(22-26). 

GSO and Helex septal occluder belong to the non-self-
centering device types and the range of defect amenable to 
closure is up to 15–18 mm (24,27). 

Associated defects and natural history associated issues

Interatrial communications can often be associated with 
other congenital heart defects, being crucial for survival 
in conditions such as hypoplastic left heart syndrome, 
D-transposition of great arteries, tricuspid atresia and total 
anomalous pulmonary venous return (27). When a surgery 
is needed to treat associated defects, it is logical to address 
surgically the concomitant secundum ASD.

Furthermore, associated defects and conditions may 
occur and may develop during time in long-standing ASD 
which causes significant right heart overload (28). 

In particular, tricuspid regurgitation may develop up to 
a moderate or severe grade because of progressive right 
ventricular (RV) enlargement. It may be so severe that the 
isolated ASD closure will be not enough to restore tricuspid 
valve function, making a surgical approach necessary to 
both close the ASD and repair the tricuspid valve (29).

In adult subjects a concomitant coronary artery disease 
may develop and should be addressed (30). If surgery is 
needed because of coronary artery disease complexity, then 
percutaneous ASD closure will not be logical. 

Finally, long standing ASDs are associated to the 
development of atrial arrhythmias, including atrial 
tachycardia, atrial flutter and atrial fibrillation, with 
an incidence of more than 10% in untreated ASDs in 
patients over 40 years old. Both a geometric and an 
electrical remodelling are responsible for the onset of such 
arrhythmias, the first one being characterized by atrial 
stretching, interstitial fibrosis, increased size of the cardiac 
myocytes, and ultrastructural changes, while the second 
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one by an increased sinus node recovery time, intra-atrial 
conduction delay, and increased atrial effective refractory 
period (30). In case of known atrial arrhythmias, a 
comprehensive assessment, including an electrophysiologic 
evaluation, is mandatory in order to consider to ablate the 
arrhythmic substrate either percutaneously or surgically. 
The chosen approach will influence the technique used to 
close the ASD, as well (31,32). 

Physiological limitations

Physiological situations where ASD closure is contra-
indicated or  should  be  performed under  spec ia l 
circumstances include: (I) reduced compliance of the left 
ventricle (LV) due to cardiomyopathies or restrictive LV 
physiology due to aging and systemic arterial hypertension; 
(II) reduced compliance of the right ventricle typically 
in the setting of pulmonary atresia intact septum; (III) 
pulmonary arterial hypertension.  

Reduced compliance of the left ventricle
Left ventricular compliance may decrease during life 
because of different causes including coronary artery 
disease, systemic arterial hypertension, aortic valve 
sclerosis. In presence of an ASD, the left-to-right shunt 
increases leading to pulmonary artery circulation overload, 
reduced LV pre-loading and de-conditioning. Abrupt 
ASD closure may end up in suddenly increased LV end-
diastolic pressure and consequent pulmonary oedema 

(33-35). The transcatheter approach may help in testing 
contra-indication to ASD closure in such a condition: a 
balloon-sizing occlusion test can be performed closing the 
ASD for 15 minutes or for a longer time in patients with 
borderline coronary artery stenosis, looking for ischemic 
electrocardiogram (EKG) changes or regional systolic/
diastolic LV abnormalities. During balloon testing, relative 
contra-indications to shunt closure are: (I) persistent 
increase of LV end-diastolic pressure (>20 mmHg and/
or increase >50% compared to baseline); (II) decrease of 
systemic arterial pressure as higher as 20% with respect to 
baseline values; (III) signs of pulmonary edema as increased 
of post-expiratory peak pressure during mechanical 
ventilation or breath fatigue in awake patients (36).

In subjects with contra-indicated complete ASD closure 
two options are available: a drug trial with diuretics and 
angiotensin converting enzyme (ACE)-inhibitors for  
3–6 months followed by re-evaluation of hemodynamic data 
during ASD balloon occlusion, or partial ASD closure using 
a fenestrated device (37) (Figure 1). 

Reduced compliance of the right ventricle
RV compliance may be reduced in the setting of pulmonary 
atresia with intact ventricular septum (PA-IVS) septum. 
In subjects with PA-IVS, the long-lasting obstruction 
during fetal life is associated with hypertrophy and reduced 
diastolic properties of the RV. Furthermore, an ASD or 
a large patent foramen ovale (PFO) is mandatory in that 
setting. After surgical or transcatheter RV decompression, 

Figure 1 Trans-esophageal echocardiographic short axis view showing a fenestrated device with a 5-mm left-to-right shunt.
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the atrial septal communication acts invariably as a safety 
valve to unload right heart and/or to increase systemic 
ventricular output.

However, with time, long-lasting mixed shunt at 
atrial level is associated with variable degree of cyanosis. 
Therefore, when possible, ASD closure is always needed in 
order to avoid right-to-left shunting caused by border-line 
RV compliance that is associated to central cyanosis and 
risks of paradoxical embolization. 

Indication to ASD closure are related to clinical and 
echocardiographic findings. In particular, a formal contra-
indication to closure is the RV unsuitability to a bi-
ventricular physiology because of tricuspid valve hypoplasia 
(z-score <3), RV hypoplasia (bi-partite morphology or 
severe apical hypertrophy), significant and exclusive right-
to-left atrial shunt (38).

In subjects with mild-to-moderate systemic desaturation 
at rest (>85%) and/or bidirectional atrial shunt at low 
velocity at Doppler examination, potential ASD closure 
should be considered. The closure suitability is evaluated 
during cardiac catheterization performing a sizing balloon 
occlusion test. The test should be performed from left 
atrium to avoid any interference with the right chambers 
volume and compliance and a dynamic balloon testing 
should be preferred to static ASD occlusion (Figure 2). Right 
atrial pressure should not increase >20%, systemic arterial 
pressure should not decrease >20% and oxygen saturation 
should increase to >94% as compared to baseline values. 

In the case of border-line changes, a short-term course 
of diuretics may be given to proceed a second attempt of 
closure some few days after or a short-term (3–6 months)  
trial of diuretic therapy may be set up after device 
deployment. In alternative, device fenestration should be 
considered (36).

Pulmonary arterial hypertension
Pulmonary arterial hypertension: ASDs are associated to 
left-to-right shunt and increased pulmonary blood flow 
and over time unrepaired defects may develop increased 
pulmonary arterial pressures. Usually resistances may remain 
within normal limits and defects can be closed. However, 
sometimes pulmonary artery resistances may increase up 
to 2/3 of the systemic vascular resistance and the interatrial 
shunt may become bidirectional or finally right-to-left, with 
an Eisenmenger physiology, contra-indicating the defect 
closure (39,40). Nevertheless, there are various intermediate 
situations where a partial closure with a fenestrated device 
that functions as a “pop-off” valve for the right atrium may 
be indicated (37). 

Moreover, there are some subjects with ASD, pulmonary 
hypertension and high pulmonary vascular resistances 
in whom, after a course of 3–6 months of pulmonary 
vasodilator treatment according to a “treat and repair 
strategy”, ASD can be closed thanks to a substantial 
reduction of vascular resistance levels (41). 

Complications 

Complications may limit ASD transcatheter closure 
feasibility and success. They include device embolization, 
new complete AV block (CAVB) onset and myocardial 
erosion (42,43).

Device embolization may occur in up to 1% of cases. 
The commonest reasons for occluder dislodgement are 
the use of an undersized ASD device, greater defect 
size, left atrium too small to accommodate the device, 
an inadequate or floppy rim, device mobility post-
implantation, and operator-related technical issues (44). 
The most of dislodgement occurs within 24 hours post 
implantation and takes place into left atrium (24.6%), aorta 
(18.4%), and right ventricle (16.7%) (45,46). The majority 
of the devices can be retrieved percutaneously after early 
embolization. In such cases the defect is re-evaluated and, 
if a misevaluation or misplacement of the device occurred 
during the first procedure, a correct second procedure 
may end up in success (47,48). On the other hand, late 
embolization usually requires surgical treatment because of  
epithelization (49). 

CAVB is reported to occur sporadically at the time of the 
procedure or hours and days later, requiring initial steroid 
therapy and, in case of no responsiveness, subsequent 
surgical removal of the device and closure of the ASD. It 
is generally thought to be caused by compression of the 

Figure 2 Trans-esophageal short axis view showing dynamic 
balloon testing. The balloon is engaged within the atrial septal 
defect (courtesy Dr. Giuseppe Santoro). 
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AV node as well as by inflammatory foreign body reaction 
or scarring at the Koch’s triangle level due to the device 
presence. A single case of compression of a small coronary 
artery providing alternative blood supply to the AV node 
has been described (50). Risk factors for CAVB after device 
ASD closure are considered deficient postero-inferior 
rims, the use of large device in small children, and previous 
AV node conduction disturbances. Even if CAVB can 
resolve permanently, sometimes percutaneous or epicardial 
pacemaker implantation is necessary (50-53). The most 
feared complication is cardiac erosion (54). Its incidence has 
been estimated to range between 0.1% and 0.3%. Usually 
cardiac erosion occurs early after the procedure, with most 
cases developing within 1 year of device closure. However, 
some reports describe cardiac erosion occurring later (55). 
Wall perforation usually involves the roof of the right or 
left atrium or of the atrial junction with the aorta (Figure 3), 
causing hemopericardium, tamponade or aortic fistula (56). 
Patients generally show chest pain, dizziness and pericardial 
tamponade symptoms and require emergency cardiac 
surgery to explant the device and repair the perforation (57).  
Risk factors are not completely understood, but deficient 
anterior and/or superior rims, device movement in the 
heart, oversized devices, adult age, occluder type (ASO, 
Occlutech occluder and Cardia devices) and multiple 
attempts at deployment of the device prior to the final 
delivery, have been postulated to be related to cardiac 
erosion (58,59).

Conclusions

Transcatheter ASD closure is a widespread procedure. 
However,  several  anatomical ,  device-related and 
physiological issues may limit its results and feasibility. 
Furthermore, associated defects or the occurrence of 
complications represent known limitations.

Notwithstanding that, percutaneous ostium secundum 
ASD closure remains the first line therapy for the treatment 
of these defects.
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