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Abstract

Background: The transcatheter closure of the atrial septal defect (ASD) has become an alternative technique to surgical 
procedures. The aim of this study was to assess the immediate, short, and intermediate-term results of the transcatheter 
closure of the secundum ASD with the Amplatzer Septal Occluder (ASO) in adult Iranian patients.

Methods: Between December 2004 and July 2008, the transcatheter closure of the ASD using the ASO was attempted in 58 
consecutive, adult patients. The mean age of the patients was 37.1 ± 12.7 years (range = 19 - 75 years).

All the procedures were performed under local anesthesia with transthoracic or transesophageal echocardiography and 
fluoroscopic guidance. The stretched diameter of the ASD was determined with a balloon sizing catheter, and device selection 
was based on and matched to the stretched diameter of the septal defect. 

Transthoracic echocardiography was performed immediately after the release of the device and before discharge. 
Further follow-up at one month, six months, and yearly thereafter included physical examination, electrocardiography, and 
transthoracic echocardiography.

Results: The mean ASD diameter, as measured by esophageal echocardiography, was 24.8 ± 5.4 mm (range = 13 - 34 mm). 
The mean stretched diameter, as measured by the balloon catheter, was 27.1 ± 6.4 mm (range = 12.5 - 39 mm). Deployment 
of the ASO was successful in 52 (89.6%) patients and failed in 6 (10.4%). Four patients experienced severe complications, 
1 had tamponade requiring drainage, 2 had device embolization to the left atrium and right ventricular outflow tract, and 1 
had late wire fracture (surgical removal and repair of the ASD). The position of two large devices (34 mm and 36 mm) was 
considered unsuitable and unstable after implantation and resulted in the removal of these devices. 

Minor complications included transient complete atrioventricular block in 1 patient, paroxysmal supra tachycardia in 3 
patients, atrial flutter in 1 patient, and angina pectoris with transient ST elevation in 2 patients. The mean follow-up period 
was 32.5 ± 18.5 months. Echocardiography at 24 hours, 1 month, 6 months, and 12 months after the procedure showed 
residual shunts in 11 (21%), 3 (5.8%), 2 (3.8%), and 2 (3.8%) patients, respectively. At follow-up (12.8 months to 48.5 
months, mean ± SD = 32.5 ± 18.5 months), complete closure was documented in 50 (96.2 %) of the 52 cases. At the end of the 
follow-up, 2 (3.8%) patients had residual shunts: The shunt was moderate in 1 (1.9%) patient and small in the other (1.9%). 
The overall success rate of the transcatheter closure of the ASD was 86% (50 of 58 cases).

Conclusion: The transcatheter closure of the secundum ASD in our adult patient population using the ASO was associated 
with high degrees of success, minimal procedural complication rates, and excellent short and midterm results. The use of this 
device, however, requires thorough attention in that the procedure may be ineffective or the device may embolize. Further 
experience and long-term follow-up are required before a widespread clinical use can be recommended. 
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Introduction 

The atrial septal defect (ASD) is the third most common 
form of congenital heart anomalies.1 For several decades, 
surgical closure has been considered the standard method of 
repairing a secundum ASD.2 Surgical repair, albeit enjoying 
a high success rate, negligible mortality, and good long-
term outcome, is associated with morbidity, discomfort, and 
thoracotomy scars.3 That is why the transcatheter closure 
of the ASD has more recently become an alternative to the 
surgical procedure.4 The transcatheter closure of the ASD was 
first described by King et al. in 1976.5 Currently, there are 
multiple devices clinically available with variable degrees of 
success; none of them, however, is fully satisfactory inasmuch 
as they cannot be utilized to completely close defects > 20 
mm and they frequently allow residual shunting.6

During the last decade, the Amplatzer septal occluder 
(ASO), with its unique design and easy handling, has finally 
replaced surgical ASD repair in most adult patients as the 
standard method of repair for the secundum ASD.7, 8 We 
herein report our immediate, short, and intermediate-term 
results of the ASO use for the non-surgical transcatheter 
closure of the ASD in adults. 

Methods

Between December 2004 and July 2008, 58 out of 68 
consecutive patients with a significant ASD, as demonstrated 
by initial transthoracic echocardiography (TTE), were 
considered for transcatheter closure with the ASO. The 
inclusion criteria for the patients with the ASD were: (1) the 
presence of a secundum ASD with a significant left-to-right 
shunt (pulmonary to systemic flow ratio [QP/QS] ≥ 1.5/1); 
(2) an ASD with a balloon stretched diameter ≤ 39 mm with 
a suitable septal rim of at least 5 mm from the mitral and 
tricuspid valves; and (3) right ventricular overload. Ten 
patients were excluded from the analysis for the following 
reasons: (1) The defect was too large for occlusion (1 
patient); (2) there was severe pulmonary artery hypertension 
(pulmonary artery systolic pressure > 80 mmHg and 
pulmonary artery resistance > 8 woods) (2 patients); and 
(3) there were small superior, inferior, or posterior rims of 
the ASD during the TEE examination or balloon stretch 
sizing (6 patients). One patient showed drainage of the 
right pulmonary vein into the superior vena cava. Finally, 
58 patients underwent the transcatheter closure of the ASD 

with the ASO. Informed consent was obtained from all the 
patients or their guardians.

The principle of the device is based on the conjoint waist 
''stenting'' the ASD, providing both fixation and occlusion. 
The ASO is a self-centering and self-extracting occlusion 
device made from a nitinol wire mesh forming a left atrial 
retention disc, a self-centering stent, and a right atrial disc. 
The ASO is available in sizes with one-mm increments from 
four mm to twenty mm and then in two-mm increments up to 
the current largest device of forty mm. The device is attached 
to a delivery cable by a central screw at the proximal end 
of the device, and it is compressed into a loader by pulling 
on the delivery wire. A 6F to 12F delivery sheath is used 
depending on the required size of the device.

Before catheterization, all the patients were evaluated via 
transthoracic (TTE) and transesophageal echocardiography 
(TEE) was conducted under local anesthesia and moderate 
conscious sedation with midazolam  (3-5 mg) using a Hewlett-
Packard Sonos 4000 or Vivid 4 (QE- Vingmed Ultrasound 
AS) echocardiography device and a nine-MHZ probe to 
evaluate the size, location, and margin of the defect. 

All the procedures were performed under local anesthesia 
and moderate sedation, with transthoracic and fluoroscopy 
guidance throughout. First, a standard right-heart 
catheterization was carried out through the right femoral vein 
with recording of the blood pressure and blood sampling to 
calculate the QP/QS ratio. The right upper pulmonary vein 
angiography in the hepatoclavicular view was performed to 
visualize the atrial septum. 

For endocarditis prophylaxis, the patients received 
cefazolin (1g IV) thirty minutes before the procedure, 
followed by 1g IV every eight hours for an additional two 
doses. After sheath placement, all the patients received 
intravenous heparin (100 IU/kg) and maximum 5000 IU was 
administered intravenously. 

A sizing balloon catheter (AGA Medical Golden Valley, 
MN) was inflated at the level of the defect until the waist 
in the middle of the balloon was seen (Figure 1). The waist 
was measured and calibrated on the cine-angiographic frame 
together with a calibrated template. A device with a waist 
diameter similar to the stretched ASD diameter; or in the 
large defects, up to two mm larger than the stretched ASD 
diameter, was chosen.  The selected ASO was attached to 
the delivery cable via the screw mechanism and was loaded 
by being withdrawn into the loader through traction on the 
delivery cable. 
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Figure1. Sizing procedure using sizing balloon catheter; waist of the balloon 
clearly indicates the stretch diameter of the atrial septal defect (arrows)

The compressed ASO was then advanced through the long 
sheath that had previously been positioned in the left atrium. 
Under fluoroscopic control, the left atrial disc was extruded 
by advancing the delivery cable. After the distal disc was 
deployed in the middle left atrium, the delivery system was 
gently pulled back against the atrial septum. The ASO was 
thereafter fully deployed by withdrawing the sheath over the 
delivery cable to expand the right atrial disc. The position and 
stability of the ASO was assessed by fluoroscopy and TTE. 
Care was taken to ensure that the device did not obstruct 
the right pulmonary veins, caval veins, coronary sinus, or 
the mitral valve. Any residual shunt was evaluated by two-
dimensional color-flow Doppler. The residual shunt was 
defined as a leak traversing or passing between the two discs 
of the ASO or around the device edges to the right atrium and 
was detected by two-dimensional color-flow Doppler. The 
residual shunt was classified according to the color-jet width 
describe by Boutin and her colleagues10 as trace < 1 mm, 2 
mm > small > 1mm, 4 mm >  moderate > 2 mm, and large 
> 4 mm. If the width of the color Doppler flow was < 2mm, 
2-4mm, and > 4mm; the residual shunts were classified as 
mild, moderate, and severe, respectively. The device was 
subsequently released from the delivery system, and final 
assessment of the position of the device was made via TTE. 
After the release of the device, right atrium angiography 
with follow-through was carried out in the hepatoclavicular 
projection (Figure 2).     

As a matter of routine, after ASD closure, the patients 
remained in the general ward of the hospital for one night 
and received heparin 100 IU/kg/daily (partial thromboplastin 
time [PTT] 50-60 seconds) for twenty-four hours. TTE was 
performed twenty-four hours after the procedure and before 
hospital discharge to ensure the suitable deployment of the 
device and to look for any residual shunt. 

A

B

C
Figure 2. Transcatheter closure steps by fluoroscopy. Deployment of the left 
and right discs of an Amplatzer device with the central waist stenting the 
atrial septal defect (A); contrast injection in right atrium showing suitable 
device position and no residual shunt through the device (B); and complete 
deployment of the Amplatzer septal occluder after release of device from 
delivery cable (C)

Transcatheter Closure of Atrial Septal Defect with Amplatzer Septal Occluder ...
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 The patients were discharged on ticlopidine (250 mg/
day) for one month and aspirin (80 mg/day) for six months 
in order to prevent excessive thrombus formation on the 
device. Standard bacterial endocarditis prophylaxis was 
recommended for six months or until complete closure had 
been achieved. Repeat TTE was performed one, six, and 
twelve months after the procedure and yearly thereafter.  

Efficacy was defined as the successful closure of the 
defect without residual shunts or only trivial shunts after six 
months, and safety was defined as the avoidance of death 
or major complications such as cerebral embolism, cardiac 
tamponade, device embolization or dislodgement requiring 
open cardiac surgery, and infectious endocarditis. TTE is 
a reliable technique for the evaluation of residual shunts;9 
therefore, residual shunting in the wake of device closure 
was evaluated via two-dimensional color-flow Doppler 
echocardiography.10

All the data were collected on a set data sheet, collated by 
a single coordinator, and entered into a common database 
for analysis. The data were expressed as mean ± standard 
deviation, median, range, and percentage. The data were 
analyzed using the SPSS software version 13.0. 

Results 

Between December 2004 and July 2008, the transcatheter 
closure of the ASD was conducted in 58 of 68 consecutive 
patients who presented at our institution. On account of the 
fact that the position of two large devices (34 mm, 36 mm) 
was considered unstable or unsuitable after implantation, 
these two devices were not released and were withdrawn. 
There were four major procedure-related complications. 
The ASO was successfully implanted in 52 patients (female/
male: 3.3/1). 

The patients’ demographics and procedure characteristics 
are depicted in Table 1.

The mean age of the study population was 37.1 ± 12.7 
years (median = 36 years, range = 19 - 75 years). The mean 
body weight was 59.9 ± 11.5 kg (median = 58 kg, range = 
42 - 88 kg). On TEE, the mean defect diameter was 24.8 ± 
5.4 mm (median = 26 mm, range = 13 - 34 mm).

The balloon stretch diameter of the ASD varied between 
12.5 and 39 mm (mean = 27.1 ± 6.4 mm).The pulmonary to 
systemic shunt ratio (QP/QS) ranged from 1.6 to 5.8 (mean 
2.7 ± 0.85). The average pulmonary artery pressure was 23.4 
± 7 mmHg (range = 12 - 48 mmHg). The average procedure 
time and fluoroscopy time were 46.1 ± 12.9 minutes (range 
= 25 - 80 minutes) and 8.9 ± 4.1 minutes (range = 3.8 - 20 
minutes) respectively, with a tendency to shorter procedural 
and screening time after the learning curve. The mean 
follow-up period was 32.5 ± 18.5 months (range = 12.8 - 
48.5 months).

At the end of the procedure, on color flow Doppler, residual 

shunting (including foaming through the wire mesh of the 
device.) was seen in 30 (58%) of the 52 patients. By the time 
of discharge, the rate of the residual shunt had decreased to 
21% (11 patients). The residual shunt remained persistent, 
however, 6 months after the procedure in 3 patients. At the 
end of the follow-up, the residual shunt was detected in 2 
patients. One patient with a mild residual shunt at the time of 
discharge worsened; the shunt was adjudged moderate one 
month after the procedure and this moderate shunt persisted 
at one year’s follow-up. 

Repeat TTE at twelve months’ follow-up showed device 
wire fracture and malposition to the right atrium. The device 
was removed at surgery, during which the ASD was closed 
as well. Finally, follow-up echocardiography at twenty-
four hours, one month, six months, and one year after the 
procedure showed complete closure rates of 79%, 94.2%, 
94.2%, and 96.2%, respectively (excluding 4 patients with 
major complications and 2 patients with unstable-unsuitable 
device position).

There were 4 major procedure-related complications: 
one device embolization to the right ventricle, one device 
embolization to the left atrium, one left atrium perforation, 
and one device wire fracture. The left atrium perforation case 
and cardiac tamponade necessitated emergency surgery. The 
embolized devices were retrieved at surgery, during which 
the ASD was closed without further complications. There 
was no cardiac death during the study. 

There were 7 other documented complications. Two 
patients developed transient ST-elevation, which cleared 
within a short period of time; these were attributed to 
small air emboli. Another patient developed transient 
complete atrioventricular block during the manipulation 
of the delivery system and the ASO in the left atrium; it 
cleared spontaneously and was not associated with any 
hemodynamic compromise. Three patients presented with 
supraventricular tachycardia, which was spontaneously 
resolved in 2 patients and was reverted in the other case with 
verapamil. A 45-year-old women developed persistent atrial 
flutter one month after uncomplicated ASD closure with a 
36-mm ASO. In this patient, long-term maintenance of sinus 
rhythm was achieved with propranolol and amiodarone. One 
patient had a new onset of migraine-type headaches during 
the first month after the procedure, which was spontaneously 
resolved six months subsequently. 

At a mean follow-up period of 32.5 ± 18.5 months 
(range = 12.8 - 48.5 months, median = 30 months), all the 
defects, with the exception of two cases with moderate and 
small shunts, were completely closed and remained closed 
afterwards. Also, the integrity of the ASO was evaluated 
using echocardiography in all the cases. One late device wire 
fracture was observed; the device was retrieved at surgery 
and the ASD was closed at the same time.
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Discussion

The percutaneous closure of the ASD first and foremost 
obviates thoracotomy, open heart surgery, and admission to 
an intensive care unit and thus avoids subsequent surgical 
scars and postoperative pain. The other advantages of 
this treatment modality include fewer psychological 
impacts, shorter hospital stays, and lesser need for 
blood transfusion.11, 12 Furthermore, the absence of atrial 
myocardial scar may reduce the incidence of incisional 
dysrhythmias.11

 

The transcatheter closure of the ASD is an established 
technique with a low incidence of morbidity and mortality, 
and an important advantage of the ASO is that it can be 
easily retrieved into the delivery sheath and re-deployed 
several times before final release. This greatly diminishes the 
risk of the malposition and embolization of the device.  We 
believe that a thorough device size selection is of paramount 
importance; this depends on an accurate assessment of the 
stretched diameter of the ASD because the device is matched 
to the size of the stretched ASD diameter. An oversized device 
can cause the distortion of the retention discs and impinge on 
sensitive structures, while an undersized device may result in 
residual shunting and the early or even late embolization of 
the device. TEE monitoring of the procedure to ensure the 
correct positioning of the device before and after its release 
is also essential. In our study, the devices were deployed 
without TEE monitoring, as a result of which the chance of 
embolization of the device increased significantly (2 cases 
[3.5%])

After the deployment, the residual shunt is a major concern 
when a septal occluder is employed for the transcatheter 
closure of the ASD. In our patients, there was 1 small and 1 
clinically important residual shunt at one year’s follow-up. 
A small residual shunt after device closure does not seem to 
lead to long-term problems. The low incidence of residual 

shunts could be an important advantage for the ASO over 
other devices designed for the closure of the secundum 
ASD.13

Cardiac perforation is a rare procedure-related 
complication.14 In our study, cardiac perforation occurred 
in the antero-superior atrial wall; the patient underwent the 
surgical repair of the perforation and closure of the ASD. 
The ASO-associated cardiac perforation has been recorded 
predominantly in the antero-superior atrial wall and/or the 
adjacent aorta.14

In our study, embolization occurred in 2 (3.5%) patients. The 
device was deployed without TEE monitoring, resulting in a 
significant occurrence rate of device embolization. Residual 
shunts and serious complications have low incidence post-
ASO implantation.9, 15, 16  In our experience, the incidence of 
the residual shunt was low and only 1 (1.9%) patient had a 
moderate residual shunt at mid-term follow-up. Chiming in 
with other studies, device embolization /malposition was the 
most common major complication in our study.17-20 Overall, 
the literature supports the notion that the treatment of the 
secundum ASD via transcatheter occlusion is associated with 
complications, but the trend is towards lower complications 
using the newer transcatheter with the ASO. Avoidance of 
complications is dependent on careful case selection, sizing 
of the defect, selection of the suitable size of the device, 
prevention of air embolism, and TEE monitoring during the 
transcatheter procedure.

The results of our study of the transcatheter ASD closure 
with the ASO in 52 patients, with a complete occlusion rate 
of 79% (41 cases) at twenty-four hours, 94.2% (49 cases) at 
one month, 94.2% (49 cases) at six months, and 96.2% (52 
cases) at twelve months and the overall success rate of 86% 
(50 of 58) (including complications and residual shunts), 
concur with the results reported in previous studies.19-23 Our 
results demonstrate that the ASO device is particularly useful 
in most adults with the secundum ASD.

Transcatheter Closure of Atrial Septal Defect with Amplatzer Septal Occluder ...

Table1. Patients’ demographic and procedural details, n=52

Mean SD Median Range
Age (y) 37 12.7 36 19-75
Gender (F/M) - - - 3.3/1
Weight (kg) 59.9 11.5 58.2 42-88
QP/QS 2.7 0.85 2.5 1.6-5.8
Average PAP (mmHg) 23.4 6.98 23 12-48
Size of ASD with TEE  24.8 5.4 26 13-34
Size of ASD with SBC (mm) 27.1 6.4 27.5 12.5-39
ASO size (mm) 27.9 6.2 28 14-40
FT (min) 8.9 4.1 7.30 3.8-20
PT (min) 46.1 12.9 44 25-80
F/U (mo) 32.5 18.5 30 12.8-48.5

SD, Standard deviation; F, Female; M, Male; QP/QS, Pulmonary to systemic flow ratio; PAP, Pulmonary artery pressure; ASD , Atrial septal defect, 
TEE, Transesophageal echocardiography; SBC, Sizing balloon catheter; ASO, Amplatzer septal occluder; FT, Fluoroscopy time; PT, Procedure time; 
F/U, Follow-up
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Conclusion

In summary, the ASO can be used successfully to close 
selected secundum ASDs in most adult patients with low 
complication rates and good short and intermediate-term 
outcomes. Be that as it may, the utilization of this device 
requires careful attention in that the procedure may be 
unsuccessful or the device may embolize. Strict case selection 
criteria, expertise, and meticulous device selection may help 
reduce, although not completely eliminate, the incidence of 
complications such as device embolization. The device may 
show short and intermediate-term good results but further 
experience and long-term observation of patients treated 
with the transcatheter procedure is needed in order to draw 
definite conclusions.
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