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Abbreviations: ASD, atrial septal defect; PVC, premature 
ventricular contraction; PSVT, paroxysmal supraventricular 
tachycardia; MACE, major adverse cardiac event; CHDs, congenital 
heart diseases; ASO, amplatzer septal occluder; SD, standard deviation

Introduction
Atrial Septal Defect (ASD) is now identified as the most frequent 

congenital heart diseases (CHDs).1 Due to its asymptomatic nature, 
it is also the most common important CHDs finding in adults.2 As 
there were significant mortality and morbidity related to ASD and its 
associated repair procedures, the therapeutic strategy of ASD repair 
has been modified over the last decades. In this regard and to minimize 
disease-related adverse events, various techniques and devices, 
particularly minimal invasive types, such as trans-catheter procedures, 
have been developed to close the defect appropriately. These changes 
lead to an excellent post-procedural outcome as compared to invasive 
surgeries.3,4 The efficacy and safety of each selected procedure may be 
dependent on several baseline factors such as patient’s selection, pre-
procedural characteristics like size, number of defects and potential 
cardiovascular risk profile, peri-procedural assessments along with 
the type of techniques. In other words, preoperative hemodynamic 

stability, morphologic features of the defect, and the quality of the 
equipment that will be used, such as type and size of the device, can 
all affect the outcome of repairing procedure at any age.5–7 In addition 
to baseline risk, the safety of the methods of the procedure base on 
procedural principles, characteristic features of available devices are 
essential to be determined.8 

The Amplatzer Septal Occluder (ASO) is now one of the most 
widely used devices for trans-catheter closure of ASD. Although the 
ASO resolved some potential limitations of previous methods such 
as the non-negligible rate of residual shunt and frame fracture, it may 
still lead to severe cardiac adverse events in about 0.2% of patients 
mainly due to oversizing the device due to the size of the defect 
and aortic rim deficiency.9 ASD sizing is usually based on the TEE 
that will evaluate the size and rims. Although before closure in the 
catheterization lab, the uses of the sizing balloon will help and, based 
on the waste will measure the ASD size and estimate the appropriate 
device size (Figures 2). The initial study revealed a failure rate of 
4.3% with significant and total adverse effects of 1.6% and 7.2%, 
respectively.10 By developing the third generation of occluders like 
the Figulla Flex II ASD occluder, the risk for cardiac erosion has been 
significantly reduced. Some large studies demonstrated high efficacy 
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Abstract

Background: By developing the third generation of occluders such as the Figulla Flex II 
ASD occluder for Atrial Septal Defect (ASD) repairing, the risk of post-procedural adverse 
events has been significantly reduced. We evaluated the long-term results of ASD device 
closure using the Figulla Flex II ASD occluder in a tertiary heart center in Iran to assess the 
brief consequences of the device and procedure. 

Methods: Three hundred and sixty-five patients undergoing Figulla Flex II ASD occluder 
insertion for ASD repair at Shahid Rajaee Cardiovascular Medical and Research Center in 
Tehran reviewed retrospectively. The patients were followed for a mean time of 31.7months 
(ranged 12 to 51months) to assess the long-term outcome and the patients’ complication-
free survival. 

Results: The most common post-procedure complications within the follow-up time 
included cardiac arrhythmia [Premature Ventricular Contraction (PVC) in 18 patients and 
Paroxysmal Supraventricular Tachycardia (PSVT) in 5 patients], erosion in 2 patients and 
clot on device in 2 patients. The patients’ functional status significantly improved after 
ASD device closure. The overall Major Adverse Cardiac Event (MACE) rate was indicated 
to be 4.9%. Among baseline variables, the size of ASD and the size of the device could 
effectively predict the likelihood of long-term MACE. According to the survival analysis, 
1, 2, and 3-year free-MACE survival rates were 99.7%, 99.1%, and 90.6%, respectively.

Conclusion: ASD repair by the Figulla Flex II ASD occluder leads to a favorable long-term 
outcome with a three-year free MACE survival rate of more than 90%. This proper outcome 
may be adversely affected by a large ASD size.

Keywords: atrial septal defect, figulla flex II ASD occlude, complications of percutaneous 
closure
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with low complication rate (<1%) when Figulla Flex II ASD occluder 
is used.10 However, in some other studies, comparable efficacy and 
safety were shown compared to ASO.11,12 Because of the contradictory 
results regarding the consequences of the use of Figulla Flex II ASD 
occluder as a new generation of ASD repair technique, we evaluated 
the long-term efficacy of using this device in a tertiary referral heart 
center to find a more unobstructed view of the values about this new 
device.

Materials and methods
Shahid Rajaee Cardiovascular, Medical, and Research Center in 

Tehran, Iran, are a large tertiary center for CHDs, with about 100 
admissions annually. The baseline, procedural, and even early and 
long-term outcomes of repairing procedures were consecutively 
collected and gathered as a large prospective data registry with the 
aim of retrospective and prospective assessment of the procedural-
related result. From 2015 to 2019, 365 ASD repairing procedures 
were performed using the Figulla Flex II ASD occluder in this 
center. By reviewing the data recorded in the pointed data registry, 
preoperative characteristics including the patients’ demographics, 
right ventricular size, baseline clinical manifestations (dyspnea, 
palpitation or chest pain), lesion-related parameters (number and size 
of defects and characteristics of rims), peri-procedural events such as 
cardiac arrhythmia, cardiac arrest, device malposition, air embolism, 
tamponade, transfer to open surgery, femoral site complications, as 
well as in-hospital post-procedural complications such as erosion, 
occurrence of clot, arrhythmias, sudden cardiac death, deterioration 
of clinical symptoms and also prolonged hospital stay were assessed. 
Long-term follow-up of repairing procedures was performed by the 
telephone encounters and reviewing the hospital records. The study 
endpoint was to evaluate the prevalence of early and long-term adverse 
cardiac events and risk factors for the poor procedural outcome. 

For statistical analysis, the results were presented as mean±standard 
deviation (SD) for quantitative variables and were summarized by 
absolute frequencies and percentages for categorical variables. The 
normality of data was analyzed using the Kolmogorov-Smirnoff test. 
Categorical variables were compared using the chi-square test or 
Fisher’s exact test when more than 20% of cells with an expected 
count of less than 5 were observed. Quantitative variables were also 
compared with the t-test or Mann U test. A multivariate regression 
model was used to evaluate the factors for poor postoperative 
outcomes. The Kaplan-Mayer curve survival analysis used to assess 
the postoperative complication and free survival rate. Statistical 
analysis performed with SPSS version 16.0 for windows (SPSS Inc., 
Chicago, IL). P-values of 0.05 or less were considered statistically 
significant. 

Results
In total, 365 patients undergoing Figulla Flex II ASD occluder 

insertion for ASD repair were retrospectively reviewed. The baseline 
characteristics are summarized in Table 1. The average age of 
participants was 37.19±13.30 years at operation time and 40.06±13.21 
years at the time of assessment of patients’ data. The most prevalent 
clinical symptom was dyspnea in 97.8%, palpitation in 25.7%, and 
chest pain in 13.4%. 95.1% had a single ASD defect, and the double 
defect found in 4.9%. The mean operation time was 72.61±26.09 
minutes. Intraoperative cardiac arrhythmia occurred in 9 patients 
that include 4 patients with first degree AV block, 2 patients with 

second degree AV block (2:1), 2 patients with complete heart and one 
patient who needs permanent pacemaker implantation (1month after 
the procedure). Device embolization was observed in 4 patients that 
were all successfully managed by surgery. Femoral site complications 
were seen in 7 patients, 2 patients with retroperitoneal hematoma and 
5 patients developed massive femoral hematoma that all followed 
and managed conservatively. Cardiac tamponade also occurred in 2 
patients due to erosion (Table 2). The patients were followed for a 
mean time of 31.7months (ranged 12 to 51months). The most common 
postoperative complications within the follow-up time were cardiac 
arrhythmia (PVC in 18 patients and PSVT in 5 patients), erosion in 2 
patients and clot on device in 2 patients (these patients were treated 
with warfarin for three months and repeated TEE after that time 
showed that clot was resolved.) Considering MACE (Major Adverse 
Cardiac Event) as the occurrence of at least one postoperative cardiac 
complication, the overall MACE was indicated to be 4.9%. Among 
baseline variables (Table 4), the size of ASD and the size of the device 
could effectively predict the likelihood of MACE.

According to the survival analysis using the Kaplan-Mayer Curve, 
1,2, and 3-year, free MACE survival rates were 99.7%, 99.1%, and 
90.6%, respectively (Figure 2). There was no procedure-related 
mortality in our patients. 

Table 1 Baseline and preoperative characteristics of the study population

Age(year) 37.19±13.30

male, female 226(61.9%), 139(38.1%)

ASD size 18.66±5.46

Device size 22.97±5.75

Rim type and size

PS(number/size) 240(4.32±2.44)

AI(number/size) 210(4.36±2.92)

PI(number/size) 250(4.94±3.92)

AS(number/size) 135(2.01±1.25)

SVC(number/size) 254(4.77±2.58)

IVC(number/size) 250(5.32±3.43)

Clinical manifestation

Dyspnea 357(97.8%)

Palpitation 94(25.7%)

Chest pain 49(13.4%)

Mean RV size 3.99±1.67

Mean shunt(Qp/Qs) 2.20±0.80

Number of ASD defect

1 352(95.1%)

2 18(4.9%)

PS, Posterior- Superior Rim; AI, Anterior- Inferior Rim; PI, Posterior- Inferior 
Rim; AS, Anterior- Superior Rim; SVC, Superior Venacava Rim; IVC, Inferior 
Venaava Rim
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Table 2 Peri-procedure complications of the study population

Cardiac arrhythmia

First degree AV block 4(1.2)

Second degree AV block(2:1) 2(0.6)

Complete heart block 2(0.6)

PPM implantation 1(0.3)

Device dislodgement 4(1.2)

Air embolism 2(0.6)

Cross to open surgery 4(1.2)

Tamponade 2(0.6)

Erosion 2(0.6)

VTE 1(0.3)

Femoral site complications 7(2.1)

retroperitoneal hematoma 2(0.6)

massive femoral hematoma 5(1.5)

Table 3 Post-procedure outcome of the study population

Dyspnea 15(4.1)

Chest pain 16(4.4)

Palpitation 32(8.7)

Residual shunt
Mild
Moderate

18(4.9)
16(4.3)
2(0.6)

Clot on LA disk 2(0.6)

PVC 18(4.9)

PSVT 5(1.4)

Table 4 Baseline and pre-procedure characteristics of the study population

Item MACE(+) MACE(-) P-Value

Patient's age, year 38.54±14.46 37.09±13.23 0.606

ASD size 19.58±5.72 17.74±4.69 0.038

Device size 24.41±5.48 22.68±5.77 0.031

Rim type and size

PS(number/size) 5.95±2.78 4.19±2.31 0.176

AI(number/size) 3.95±1.47 4.40±2.04 0.715

PI(number/size) 7.11±3.48 4.76±2.76 0.097

AS(number/size) 2.02±1.80 2.01±1.30 0.993

SVC(number/size) 6.35±3.80 4.64±2.46 0.190

IVC(number/size) 7.36±3.62 5.15±3.31 0.141

Mean RV size 4.25±1.73 3.97±1.67 0.429

Item MACE(+) MACE(-) P-Value

Mean shunt(Qp/Qs) 2.07±0.43 2.03±1.53 0.748

Number of ASD defect 0.251

1 100% 94.1%

2 0.0% 5.9%

Procedure time(min) 68.65±19.26 72.82±26.51 0.575

Figure 1 The Kaplan-Mayer free-MACE survival curve Indicates long-term 
survival of patients undergoing ASD closure by the Figulla Flex II ASD occluder.

Figure 2 Sizing Balloon during the procedure of ASD closure.

Discussion
Timely and appropriately repair of CHDs, especially ASD, can lead 

to improvement of patients’ symptoms, also, decrease the morbidity of 
patients by stabilizing hemodynamic status; however, such repairing 
techniques may lead to some cardiac adverse events, especially in the 
long-term period. In this regard, some patients and procedure-related 
parameters may predict postoperative adverse events that might be 
either reversible or irreversible. Indeed, identification of such factors, 
particularly reversible reasons, results in improving post-procedural 
outcomes. This study evaluates the features that have consequences 
for ASD repair and long-term efficacy of using Figulla Flex II ASD 

Table continue
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occluder device in a tertiary referral heart center to find a more 
unobstructed view of the values about this new device. 

The study showed an appropriate and acceptable peri-procedure 
status as well as post-procedure outcomes within a mean follow-up 
time of 31.7months. The 3-year free MACE survival rate was found to 
be higher than 90% that indicates the value of the repairing procedure 
even in the long-term. However, some peri-procedure and post-
procedure adverse events were highlighted that needs appropriate 
attention.

Regarding peri-procedure events, cardiac arrhythmias (2.2%), 
retroperitoneal or femoral hematoma (1.9%), and device embolization 
(1.1%) occurred during or early after the procedure although all 
were managed successfully. Postoperatively, common complications 
included PVC and PSVT in 4.9% and 1.4%, respectively, erosion in 
0.5% and clot in 0.5% leading an overall MACE rate of 4.9%. Both 
patients with erosion had absent anterior-superior rim that usually 
increases the risk of erosion. Along with some rare post-procedure 
complications, the value of percutaneous repair was excellent, with 
a considerable improvement of symptoms in almost all patients. Of 
course, our follow-up time was shorter than some previous cohorts that 
can affect the postoperative mortality as well as the survival rate. A 
similar study by Ozcan et al.13 in Turkey in 2018 showed no operative 
mortality, improving left ventricular ejection fraction, a decrease in 
pulmonary arterial pressure and cardiothoracic ratio. Another study by 
Behjati-Ardakani in Iran in 201614 showed post-procedure recovery 
and improvement of the functional capacity in a mean follow-up 
time of 70months and mild pulmonary hypertension in 16.2% as the 
most common finding; however, cardiac arrhythmias rarely occurred 
postoperatively. Most studies that evaluate the postoperative outcome 
of ASD repair considered a relatively longer follow-up that leads 
to notable mortality and significant postoperative complications. 
In a meta-analysis by Alnasser et al.15 in late 2018, reviewing nine 
cohort studies with a mean follow up duration 6.4 years ± 2.7years 
showed occurrence of postoperative atrial arrhythmia in 6.5%, atrial 
fibrillation in 4.9%, ASD related re-interventions in 2.3%, residual 
shunt in 4.2%, device erosion in 0.9%, frame fractures in 4.2%, and 
late migrations in 1.2%. This indicates a higher risk for occurring 
long-term postoperative cardiac arrhythmias as compared to our 
report. Dramatically, in some long-term cohorts, the complication 
rates were far higher. Kutty et al.16 showed a mortality rate of 3% at 
the end of follow-up ranged from 5 to 20years. Jeong et al.17 found 
a much higher mortalities of 21% after closure and 27% mortality 
in patients with no closure, with a mean follow-up of 6.8years. John 
Sutton et al.18 revealed that adult patients with ASD closure did not 
have altered survival compared with a matched control group 5 to 
10years after closing. In contrast, a meager long-term survival of 40% 
was found in patients with ASD closure in Murphy et al.19 Overall, it 
seems that we achieved a proper long-term outcome of ASD device 
closure with Figulla Flex II ASD occluder in our center; however, the 
better landscape can obtain by a more extended time follow-up. 

Among all baseline variables assessed, the only larger size of 
ASD and the size of the device could predict postoperative MACE. 
This fact has also been found in previous reports. According to the 
literature review, along with age at the time of diagnosis, the size of the 
defect has been reported to be an essential factor with the possibility 
of spontaneous closure and also its related complications.20 It has been 
demonstrated that for the closure of larger ASD defects, larger device 

size and longer procedure time may be associated with increased 
risk of postoperative complications, particularly supraventricular 
arrhythmias.21,22 

Conclusion
According to our findings, ASD closure using the Figulla Flex II 

ASD occluder leads to acceptable long-term outcomes with no death, 
as well as a low MACE rate. 1, 2, and 3-year free MACE survival 
rates are estimated to be 99.7%, 99.1%, and 90.6%, respectively that 
indicating acceptable postoperative outcome following ASD closure 
by the Figulla Flex II ASD occluder. However, this outcome may be 
adversely affected by the anatomical features of defects like larger 
size and rims of ASD defects. 
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