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Abstract
Atrial septal defect (ASD) is one of the most common congenital heart defects. Transcatheter device closure of ASDs is 
safe and effective with most of the reported data being described from developed countries. To evaluate the short and mid-
term results and experience of device closure of ASDs at a tertiary center in a developing country and compare it to that 
from developed countries. Retrospective study based on data collection from all patients who have undergone transcatheter 
percutaneous device closure for ASD from January 2005 until December 2017 at the Children’s Heart Center at the Ameri-
can University of Beirut, Medical Center, Lebanon. During the study period, a total of 254 cardiac catheterizations were 
performed for device closure of ASDs. The mean age of the patients was 18 ± 17.9 years with 37% being less than 6 years 
of age. Females were 54%. Defect size ranged from 7 to 37 mm and device size ranged from 8 to 40 mm. The procedure was 
executed with a success rate of 96%. Five patients had device embolization (2%); in one patient the device was snared and 
for the remainder the devices were removed surgically. None of the study patients had thrombus formation, neurological 
complications, bacterial endocarditis, or cardiac erosions. There was no mortality. Device closure of ASDs at our tertiary 
center in a developing country has an effective and safe profile with excellent results and low complications rates, which 
compare favorably to those reported from centers in developed countries.
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Introduction

Atrial septal defect (ASD) is the third most common type 
of congenital heart disease (CHD); It generally accounts for 
7–10% of all congenital heart anomalies in children with an 
incidence of 1/1500 live births, and represents up to one-
third of cardiac defects in adults with CHD [1]. ASD repre-
sents the first entity to be successfully closed via catheter-
employed device. The historical background of closure was 

initiated by King and Mills in 1976 who described the tran-
scatheter delivery approach [2]. Several modifications of the 
procedure were subsequently reported with two devices, the 
Amplatzer™ Septal Occluder (ASO) (AGA Medical Corp, 
GoldenValley, MN, USA) and the Helex Septal Occluder 
(HSO), eventually being approved by FDA for clinical use 
in 2001 and 2006, respectively [3, 4]. Recently, the Figulla 
® ASD Occluder (FSO; Occlutech GmbH, Jena, Germany) 
was introduced and is now an alternative device for ASD 
closure and is widely used outside the United States [4–7].

As per the 2008 ACC/AHA Guidelines and 2010 ESC 
Guidelines [8, 9], device closure is the method of choice 
for secundum ASD [10–13] when applicable (Class I C) 
and closure of ASDs is indicated in the presence of signifi-
cant shunt, showing signs of RV volume overload and with 
PVR < 5 WU regardless of symptoms (Class IB). Patient 
selection for device therapy depends on the age and weight 
of the patient, as well as the defect properties including its 
position, size, and adequacy of the surrounding rims of atrial 
septal tissue.
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Extensive data have described the results of catheter clo-
sure of ASD in developed countries, including those from 
large multicenter studies [14–18]. However, the experience 
and outcome of device closure of ASD in developing coun-
tries remains scarce and limited [19–21].

Hence, the primary objective of this study was to retro-
spectively evaluate and review the safety, feasibility, compli-
cations, and outcome in Atrial Septal Defect (ASD) device 
closure at the Children’s Heart Center at the American Uni-
versity of Beirut—Medical Center (AUBMC), a tertiary 
referral center in a developing country, Lebanon; and com-
pare it to that reported from developed countries.

Materials and Methods

Study Population and Data Collection

We retrospectively reviewed the in-hospital documenta-
tions of all patients who underwent cardiac catheterizations 
for ASD device closure at the Children’s Heart Center at 
AUBMC from January 2005 through December 2017.

Patients’ data were collected from the AUBMC medi-
cal records. The documents reviewed included pre- and 
post-procedural echocardiography reports, catheterization 
reports, physician progress notes, and discharge summaries. 
Gathered information included patient demographic data, 
defect properties (size, presence or absence of sufficient 
rims of atrial tissue, device to defect ratio), size and type of 
device used, procedural success, and complications at the 
time of intervention or during the follow-up period. Poten-
tial complications included device embolization, transient 
arrhythmia, need for surgical intervention, residual sig-
nificant shunt, cerebrovascular accidents, permanent heart 
block, pericardial effusion, cardiac erosions, bleeding from 
the catheterization access site, infection, and death.

All procedures were performed in accordance with the 
ethical standards of the institutional and/or national research 
committee and with the 1964 Helsinki declaration and its 
later amendments or comparable ethical standards. The 
study was approved by the AUBMC Institutional Review 
Board.

Devices

The two devices used at our center are the Amplatzer sep-
tal occluder (ASO) and the Occlutech Figulla (Occlutech 
GmbH., Jena, Germany) [4–6]. The Occlutech is very simi-
lar to the ASO, made of recapturable double round disc of 
Nitinol wire mesh, but with only one central pin in the right 
atrial disc [4–6].

Procedure

The procedures were performed under general anesthesia, 
in the presence of the anesthesia team. Patients were given 
prophylactic antibiotics (Cefazolin) prior to the procedure 
and continued every 8 h, for additional two doses. Patients 
underwent complete transesophageal echocardiography 
(TEE) studies, for better assessment of the defect includ-
ing size, rims, and as a baseline assessment of all cardiac 
structures and function. Exclusion criteria for device clo-
sure based on TEE included a defect (> 38 mm), unfavora-
ble anatomy (where there is deficient inferior/posterior 
rims), significant mitral valve prolapse and mitral regur-
gitation, or the presence of any lesion requiring surgical 
intervention. Absence of anterior rim was not considered 
as a contra indication for device closure of the defect.

After obtaining femoral venous access, heparin was 
administered at a dose of 100 units/Kg. Sizing of the defect 
was done mainly by TEE and/or in few cases by sizing bal-
loon. The latter was used in cases of floppy or aneurysmal 
septum, multiple closely spaced defects, when questions 
arise regarding the defect size, or when the defect could 
not be well assessed by TEE. The ASD size was deter-
mined by noting the maximum width of color flow signal 
across the defect. The ASD device size is chosen to be 
2–4 mm larger than the measured defect size or identical 
to or within 2 mm larger than the stretched diameter when 
sizing balloon was used.

Device implantation was performed using one of the 
several techniques; the most commonly performed classi-
cal approach was used for small-to-moderate size defects 
(< 25 mm) with adequate rims and it entailed exposing 
the left atrial (LA) disc from the long sheath, followed by 
withdrawal of the whole system until the LA disc touches 
the atrial septum, retracting then the long sheath to open 
the right atrial disc; the pulmonary vein delivery tech-
nique was utilized when the classical technique failed, the 
deployment of the LA disc in the right or left pulmonary 
veins was performed for better device alignment with the 
plane of the atrial septum, where the LA disc is parallel to 
the atrial septum. In few cases where the above techniques 
failed, we utilized the balloon-assisted technique to close 
the defect [22].

The position and stability of the device, the presence 
of residual leak, and interference with vital structures 
was evaluated using 2D and occasionally 3D TEE prior 
to its release. Device stability was rarely tested by the so-
called “Minnesota wiggling maneuver.” Afterwards, the 
device is released from the carrier system. The sheaths 
were then withdrawn and hemostasis was achieved by 
manual compression in most of the cases; in some cases 
where large caliber sheaths were utilized, we used the 
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temporary subcutaneous “Figure-of-Eight” suture tech-
nique for venous access site closure after removal of the 
large caliber sheaths [23].

All patients were monitored post procedure, and were 
assessed clinically by transthoracic echocardiography and 
ECG the following day. The device position, residual leak-
age, and its proximity to other structures were noted. The 
heart rhythm/rate and the presence of any ECG changes 
from the baseline were documented. Patients were dis-
charged on Aspirin ® and were instructed about infective 
endocarditis prophylaxis regimen for the first 6 months. 
They were also counseled to seek medical advice in case 
of new symptoms, such as palpitations, chest pain, dizzi-
ness, severe headache, fever, abdominal pain, or bleeding.

Patients were followed up regularly by TTE and elec-
trocardiograms after 1 week from the procedure date, 
1 month, 6 months, 12 months, and yearly thereafter.

Statistical Analysis

Discrete variables are presented as absolute numbers and 
percentages of the total. Continuous variables are shown 
as means and standard deviation. The statistical analysis 
is conducted using  IBMR  SPSSR Statistics 24.

Results

Patient’s Characteristics

The mean age of the patients was 18 ± 17.9 years (range 
2–73 years) with 37% being less than 6 years of age and 35% 
being more than 18 years (Table 1).

The female gender is slightly more predominant in our 
study population (54%).

Defect and Device

The defect size, as assessed by TEE, varied between 7 and 
37 mm, whereas the device size ranged between 8 and 
40 mm, with a mean of 21 ± 8 mm, (Tables 1, 2).

The ratio of the device size to the size of the ASD was 
1.12 ± 0.10.

ASDs were occluded using the AmplatzerTM Septal 
Occluder (ASO) in 86% of the cases and the Figulla ® ASD 
Occluder in 14%.

Procedure Success

During the study period, a total of 254 cardiac catheteriza-
tions were performed with the intention of device closure 
of ASDs. In five patients, concomitant PDA closures were 
done and another pulmonary valvuloplasty was performed.

The procedure was executed with a success rate of 96.4%. 
Four patients attempted ASD device closure with no sub-
sequent deployment. The device was unstable as demon-
strated by TEE and fluoroscopy due to deficient or floppy 
rims and it was not released and these patients were referred 
for surgery.

Five patients had device embolization (2%) for which 
surgery was performed in four (device migrated into the 
right ventricle) for removal of the devices and closure of 
the ASDs. In one patient, embolization of the device into 
the descending aorta was noted the next day on follow-up 
and it was successfully retrieved and snared with no com-
plications. Three patients had migration of the device on the 
table. The fourth patient had embolization that was noted 4 h 
post procedure and the fifth had embolization that was noted 
the next day. The device migration process occurred during 

Table 1  Demographic data; ASD properties; and procedure charac-
teristics

Variable Mean ± SD/no. (%) Range

Weight (kg) 42.2 + 25.8 7–110
Sex Female/Male (%) 54/46%
Age (years) 18 ± 17.9 2–73
 Less than 5 years (37%)
 More than 18 years (35%)

Defect diameter (mm) 18.6 + 7.2 7–37
Device size 20.9 + 7.0 8–40
Device/defect diameter 1.12 ± 0.10
Follow-up months 23.5 + 28.4 0–132
Combined procedure (PDA and ASD) 5 (2%)
Amplatzer Occluder /Figulla Occluder 219/35 (86%/14%)

Table 2  Success rate and 
complications at AUBMC 
Children’s Heart Center, 
compared to that from 
developed countries; IMPACT 
study; C3PO study and magic 
ASD study

AUBMC IMPACT Study C3PO Study Magic ASD

Success rate 96.4% 95.7% 95% 96%
ASD diameter (mm) 7–37 2–35 2–32 2–35
Embolization 2% 1.7% 1.5% 0.7%
Adverse events (AEs) 4.8% 5.7%
High severity AEs 3.5% 5.7% 4.7% 1.1%
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the first 24 h of monitoring, with no sequelae. No late device 
migration was noted.

None of these patients had significant residual shunt 
(defined as > 3 mm) by transthoracic echocardiography 
(TTE) within 6 months after the procedure.

Complications

We used previously established and tested definitions for 
adverse events severity for this study that ranged from 
minor to high severity [24, 25]. The major complication that 
occurred was device embolization in 2% of the total cases. 
As discussed previously, these events were recognized and 
treated with no sequelae.

Transient complications including transient ST changes 
were noted in 1.3% and atrial arrhythmias (Atrial fibrillation/
flutter) that required cardioversion occurred in another 1.5%. 
None of our patients developed heart block.

Patients were followed up for a mean period of 2 years. 
None of the patients developed thrombus formation, CNS 
accidents, hemodynamically significant pericardial effu-
sions, cardiac erosions, pulmonary edema, endocarditis, or 
significant vascular complications. Moreover, surgery or 
additional device closure for significant residual shunt was 
not performed on any of our patients.

Discussion

Transcatheter closure of the secundum ASD is now com-
monly and widely used. It is considered a safe and effective 
procedure, with low rate of complications [10–13]. How-
ever, most of the reported data are described from developed 
countries with scarce data from developing countries.

To evaluate the experience of device closure of ASDs in 
a developing country, our study retrospectively examined 
254 cases who underwent cardiac catheterizations with the 
intention to close the ASDs from 2005 to 2017. This study 
included a diverse population with 37% of the patients being 
less than 6 years of age and more than a third being more 
than 18 years of age. The measured mean ASD diameter 
was 18.6 (ranging from 7.0 to 37.0 mm). The device size 
ratio to the TEE size of the ASD defect was 1.12 ± 0.10 in 
our study, avoiding oversizing and commensurate with the 
reported norms.

In our patient population, the success rate was com-
parable to that reported from developed countries [4–6]. 
Our technical success rate was 96.4%; compared to 95.7% 
reported from the improving pediatric and adult congenital 
treatment (IMPACT) registry which provides the most com-
prehensive overview of congenital catheterization with 81 
participating centers in 2013, 96%, by the MAGIC report, 

95% by the C3PO report, and 95.7%, by the Amplatzer Sep-
tal Occluder (ASO) FDA study.

Four patients attempted ASD device closure with no sub-
sequent deployment. The devices were unstable as demon-
strated by TEE and fluoroscopy due to deficient or floppy 
rims and they were not released and these patients were 
referred for surgery. This subgroup of patients had large 
defects size and/or deficient rims [26].

We report a procedural complication rate of 4.8% which 
compares favorably to 5.7% in the IMPACT report, 5.9% in 
the MAGIC report, 11.5% in the C3PO report, and 7.2% in 
the ASO FDA study. In addition, the reported high severity 
adverse events, such as ASD device embolization, cardiac 
perforations, bacterial endocarditis, erosions, thromboem-
bolic complications, or death, were acceptable at 2% in our 
study compared to the range of 1.6 and 2.2% reported in 
developed countries [14–18].

Five patients had device embolization (2%) for which sur-
gery was performed on four for removal of the devices and 
closure of ASDs and these included 3 for large ASD meas-
uring more than 34 mm in dimensions and one of relatively 
deficient SVC rim.

It is worth noting that three of the embolized devices 
included defects measuring more than 34 mm in diameter. 
The mean ASD diameter in our study was measured at 
18.6 mm (7–37 mm), compared to a median diameter of 
11 mm (2–32) in the C3PO study, 13.1 mm diameter in the 
IMPACT study and an ASD size ranging from 2 to 35 mm 
in the Magic study, illustrating a population with relatively 
larger defects in our study.

Although successful percutaneous retrieval of embolized 
devices is reported with success rates of 50–70%, we elected 
to use the surgical retrieval methods in 4 out of the 5 cases, 
since in those cases the defects were larger than 34 mm in 
dimensions to start with and thus the chance of another 
embolization was high, in addition to having an onsite 
surgeon available during the procedure. However, without 
surgical backup, the operator should be skilled in transcath-
eter device retrieval in the event of embolization. In fact, 
although rare, device embolization is a serious complication 
that must be highlighted.

The absence of major complications, other than device 
migration that occurred in 2% of our study population, 
ascertained the rarity of such events, and confirmed the 
high level of safety profile associated with the transcatheter 
closure of secundum ASD. Other major complications such 
as thrombus formation, recurrent transient ischemic attacks, 
cardiac erosions, or pericardial effusion were absent, similar 
to the results of other recently published reports.

Studies have reported that the Occlutech ® Figulla ® 
septal occluder closure outcome is very comparable to that 
of the ASO device and both devices are clinically safe and 
effective in ASD closure [5, 6]. In our study, ASDs were 
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occluded using Amplatzer™ Septal Occluder (ASO) in 86% 
of the cases and Figulla(®) ASD Occluder in 14%. Compar-
ing success rates and complications between Amplatzer and 
Occlutech groups in our study is not doable due to the small 
sample size and since selections were not randomized.

The main limitation of our study is inherent to the retro-
spective design, from a single institution, and the relatively 
short follow-up period. Finally, this study was not powered 
enough to evaluate the differences between the two device 
types with respect to anatomic subtypes. Follow-up data of 
6 months or more were not available for all patients.

Conclusion

ASD device closure in a developing country with a well-
trained team has excellent results and low complications 
rates which compare favorably to those reported from cent-
ers in developed countries.
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