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ABSTRACT

Objective: Advances in transcatheter closure device materials ensure safety and long-term effectiveness in most atrial septal defect (ASD) cases.

Methods: This single-center study retrospectively evaluated outcomes in 26 pediatric patients who underwent transcatheter ASD closure between
2023 and 2025. Transcatheter closure was attempted using the Occlutech® Figulla Flex Il ASD Occluder (OFSO). Follow-up evaluations of device-
specific outcomes, procedural success rates, and complications were recorded.

Results: The average age of the patients was 9.3 + 4.1 years, and 61.5% were girls. Of the total patients, 11.5% had a large defect. A complication

occurred in 1 patient (3.8%).

Conclusion: Transcatheter closure of ASD with the OFSO device is a safe and effective treatment strategy for children, demonstrating a high

procedural success rate and an overall complication rate of 3.8%.
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INTRODUCTION

Atrial septal defect (ASD) is one of the most common
congenital heart defects, comprising approximately 6-10%
of all cases. The secundum type is particularly prevalent and
is usually the most suitable for transcatheter closure. The
clinical course of secundum ASDs varies; small defects may
remain asymptomatic throughout life, while moderate-
to-large defects can result in right ventricular volume
overload, arrhythmias, and pulmonary overcirculation if left
untreated. Closure is generally indicated when the ratio of
pulmonary to systemic blood flow (Qp/Qs) exceeds 1.5.1°
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Over the past two decades, percutaneous ASD closure has
become the preferred treatment for selected pediatric
patients, largely due to its minimally invasive nature and
shorter recovery times. The Amplatzer Septal Occluder
(ASO) is the most widely used device for this procedure.?
The other devices used for ASD closure are the Cera-Flex
Occluder, Occlutech ASD Occluder, Amplatzer Cribriform
Occluder, Gore Cardioform Septal Occluder, and Gore
Cardioform ASD Occluder.t** The results of the Occlutech
Figulla Septal Occluder (OFSO) have not been reported as
frequently. Haas et al. found that ASD closure using OFSO
is feasible in a large variety of patients (in 1315 patients
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of all age groups) and is safe with only a minimal risk of
severe side effects. However, the safety and efficacy of
newer or less commonly utilized devices in the pediatric
population are still not well established.’® The OFSO
devices have important structural differences, especially
an absent left atrial hub, and the latest generations have
a tiltable delivery system that seems to be advantageous
regarding the feasibility of implantation in complex ASDs,
device delivery, as well as device alignment to the atrial
septum, and thereby echocardiographic assessment
during implantation.’® Roymanee et al. found that there
were no significant differences between the major and
minor complications when comparing the OFSO and ASO
devices.'

This study aimed to present our single-center experience
with the Occlutech® Figulla Flex Il ASD Occluder device for
the transcatheter closure of secundum ASDs in children.
We focused on evaluating device-specific outcomes,
procedural success rates, and complications.

MATERIAL and METHODS

This retrospective study included pediatric patients aged
2 to 18 years who underwent transcatheter closure of
secundum ASDs with the Occlutech® Figulla Flex 1l ASD
Occluder device at the izmir City Hospital from 2023 to
2025. Several ASD devices, such as Amplatzer, CERA, and
OFSO, are used in our center. The OFSO is preferred over
other devices due to its ease of use for both the operator
and previous ASD closure options. Because the OFSO
connector allows for free rotation up to 50 degrees and
angulation without requiring any force, the device is easier
to insert. Therefore, it is frequently preferred by operators.
This study was conducted solely to share our experiences
with the OFSO. All procedures presented in this study were
performed by the same two interventional cardiologists.

Inclusion criteria were secundum ASD greater than 8
mm, Qp/Qs ratio greater than 1.5, and enlargement of
the right heart structures. Exclusion criteria were an
echocardiographic (ECO) diameter greater than 30 mm and
inadequate inferior and posterior rims.

The cohort consisted of 16 girls and 10 boys, all of whom
exhibited significant left-to-right shunting as confirmed
by echocardiography and demonstrated evidence of
right heart volume overload. Importantly, none of the
patients presented with severe pulmonary hypertension.
The institutional ethics committee approved the study
(Approval Number: 2025/392).
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Demographic data, body surface area (BSA), ECO diameter,
mean-PAP, right ventricular end-diastolic (RVED) diameter,
device size, fluoroscopy time, Qp-Qs, defect diameter
(with transesophageal echocardiography), balloon sizing,
total septum diameter, rim adequacy, defect size/total
septum diameter, defect size/weight, defect size/BSA were
recorded. Pre-procedure echocardiographic evaluations
were performed using either transthoracic (TTE) (Figure 1
and Figure 2) or transesophageal echocardiography (TEE),
based on the patient’s weight. Balloon sizing was conducted
in all cases (Figure 3).

Procedure

The procedure was performed under general anesthesia
in a pediatric catheterization lab. Occlutech® Figulla ASD
Occluder was used in all cases (Figure 4). A large defect
is defined as one with a diameter-to-weight ratio greater
than 1.2 or a diameter-to-BSA ratio exceeding 20 mm/
m2. Post-procedural care included 24 hours of in-hospital
observation, acetylsalicylic acid for six months, and
prophylaxis for infective endocarditis for one year. Follow-
up evaluations, including ECG, echocardiography (Figure 5),
were scheduled at one week, one month, three months,
and six months. The procedural complications, such as
device embolization and arrhythmia, were evaluated. The
presence of a residual shunt was assessed by color Doppler
using TTE.

Figure 1. 16mm ASD colored left-to-right shunt
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Figure 4. Fluoroscopy image after release of the OFSO device Figure 5. The echocardiography image of the OFSO device
into an 18 mm ASD shows that it does not compress the aorta
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Statistical analysis

Statistical analysis was conducted using SPSS version 23.0.
Categorical variables were reported as frequencies and
percentages, while continuous variables were presented as
means with standard deviations.

RESULTS

Demographics

A total of 26 patients were included in the study. The mean
age was 9.3 + 4.1 years, 61.5% were female, and 11.5% had
congenital heart disease. The average body weight was
34.8 +19.1 kg (Table 1). Before the procedure, 73.1% of the
patients had right bundle branch block, 3.8% had complete
AV block, and 23.1% had normal ECGs.

Procedure results

The ASD diameter was assessed using TTE before the
procedure, as shown in Figure 1 and Figure 2. Figure 1 shows
an echocardiographicimage of a patient with a 16-mm ASD.
Figure 2 shows an image of a patient with enlargement of
the right heart structures using TTE. ASD diameter was
measured with balloon sizing in all patients. Figure 3 shows
an image of a patient who underwent balloon sizing.

The mean echocardiographic ASD diameter was 12.7 £ 2.9
mm, while the mean balloon-stretched diameter measured
15.0 £ 4.8 mm. The average device size used was 16.0 + 5.2
mm. In terms of procedural metrics, the mean fluoroscopy
time was 9.0 + 2.1 minutes. Regarding hemodynamic
measurements, the average Qp/Qs ratio was 1.7 = 0.1
(Table 2).

Out of the total patients, 3 (11.5%) were identified as
having a large defect. Deficient rims were observed in
7 patients (26.9%), with the aortic rim being the most
affected in 6 patients, and the inferoposterior rim was
affected in 1 patient. OFSO was placed in 25 patients
without complications. Figure 4 shows a fluoroscopy image
after release of the OFSO device in a patient with an 18 mm
ASD. Figure 5 shows an image of a patient in whom OFSO
was placed without creating aortic compression.

The patient with complications (n = 1) had a small defect,
while three of the patients without complications (n = 25)
had large defects, and the other 22 patients had small
defects. The patient with complications had an insufficient
rim, while six of the patients without complications (24%)
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Table 1. Patient characteristics

N % M+SD Min-Max

Age (year) 9.3+4.1 2.5-18
Weight (kg) 348+19.1 | 12-80
Height (cm) 129.9+24.6 | 82-176
Gender

Female 16 | 61.5

Male 10 | 38.5
Congenital Heart Disease

No 23 | 88.5

Yes* 3 |115

*Aortic Coarctation, Ventricular Septal Defect, Congenital AV block.

Table 2. Procedure characteristics

M +SD Min- Max
ECO diameter (mm) 12.7+2.9 8-22
Mean-PAP (mm-hg) 16.3+1.3 14-19
Right ventricular end-diastolic 30.9+4.4 22-40
(RVED) diameter (mm)
Device size (mm) 16.0+5.2 10.5-30
Fluoroscopy time (min) 9.0+2.1 6-15
Qp-Qs 1.7+0.1 1.5-2.2
Defect diameter (TEE) (mm) 14.2+43 9-27
Balloon-stretched diameter 15.0+4.8 9.7 -28
(mm)
Total septum diameter (mm) 44.2 +10.3 12-64
Defect size/total septum 0.3+0.1 0.1-0.9
diameter
Defect size/weight 0.4+0.2 0.1-1.0
Defect size/body surface area 12.8+4.9 6.5-23.6

*ECO: Echocardiography, PAP: Pulmonary artery pressure, BSA: Body
surface area, RVED: Right ventricular end-diastolic.

had insufficient rims. There was no residual shunt in the
patient with complications, whereas one of the patients
without complications (4%) had a residual shunt.

When comparing patients with and without complications,
the patient with complications (n = 1) had a small defect,
while three of the patients without complications (n = 25)
had large defects, and the other 22 patients had small
defects. The patient with complications had an insufficient
rim, while six of the patients without complications (24%)
had insufficient rims. There was no residual rim in the
patient with complications, whereas one of the patients
without complications (4%) had a residual rim.
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Complications occurred in only one patient (3.8%),
resulting in device embolization. On the first day after the
procedure, an echocardiogram revealed that the device had
embolized into the ascending aorta. The patient underwent
further angiography, and attempts were made to retrieve
the device with a snare. Because the device could not be
removed, the patient was referred for surgery. The device
was removed from the aorta, and the ASD was surgically
closed. In another patient, the device was not placed due
to the insufficient and flexible inferior vena cava (IVC) rim,
and the patient was referred for surgery. During the follow-
up, no residual shunt was observed in any of the patients.

DISCUSSION

This single-center, retrospective study presented our
OFSO device experience in the transcatheter closure of
secundum ASD in a pediatric population. Our findings
confirmed that percutaneous closure of ASD with the
OFSO device is a safe and effective treatment strategy for
children, demonstrating a high procedural success rate and
a complication rate of 3.8%. A key strength of this study
was the evaluation of OFSO devices in real-world pediatric
use. These results aligned with prior large-scale studies,
including multicenter registries and device-specific trials,
which report complication rates ranging from 3% to 7% in
pediatric and mixed-age populations. However, there are
limitations due to the small sample size (n = 26) and single-
center design.

Roymanee et al. found that OFSO devices were safe and
effective for percutaneous ASD closure (success rate:
97.4%). The OFSO had the benefit of a shorter fluoroscopic
time (ASO 13.7 min; OFSO 9.0 min).” In our study, the
mean fluoroscopy time was 9.0 + 2.1 minutes.

In our study, device embolization occurred in one patient
who had a deficient rim and large defects. As previously
noted by Santoro et al. and Sommer et al., deficiencies in
the retro-aortic or posterior rims significantly elevate the
risk of device instability and migration.**° In our study, the
device was not placed due to the insufficient and flexible IVC
rim in one patient, and the patient was referred for surgery.
In other patients, no residual shunt was observed during
the follow-up. In another mixed-group study comparing
the devices, 6 (3%) patients in the OFSO group had a large
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residual shunt, and 12 (6%) had a small residual shunt. In
the ASO group, 5 (3%) patients had a large residual shunt,
and 19 (10%) had a small residual shunt. The prevalence of
a residual shunt did not differ between the two groups.*®

Although rare, AV block is one of the most feared
complications of ASD closure, particularly in small children
and those with oversized devices relative to their body size.
In our cohort, we did not observe AV block. Houeijeh et al.
and Muroke et al. noted that AV block occurred in up to 1%
of patients, especially those with oversized devices.'**? Our
results highlighted the importance of carefully considering
the device-to-weight and device-to-septal diameter ratios
during patient selection, particularly for children weighing
under 15 kg or those with large defects.

The study found that a large ASD, defined as a defect
size-to-body surface area ratio greater than 20 mm/
m?2 or a defect size-to-weight ratio greater than 1.2,
was present in 11.5% of patients. While most of these
patients achieved successful closure, our findings aligned
with prior literature?*4, indicating that large ASDs should
be approached with increased caution and meticulous
planning. In another study, successful implantation with
OFSO was achieved in all pediatric patients, and neither
residual shunt nor conduction abnormality was observed
in any case.’ This study emphasized the importance of
long-term follow-up. Residual shunts were not identified in
patients. Notably, during the 6-month follow-up, no cases
of device erosion or late-onset pericardial effusion were
observed. This may suggest that modern imaging and sizing
protocols are effective in preventing these rare but serious
complications.

Limitations

Despite its strengths, this study had several limitations.
The retrospective, single-center design may restrict its
generalizability. This study presented results for up to
6 months. Another limitation of this study was the short
follow-up period; these patients need to be observed for a
longer term to establish the safety of the device with long-
term use. Additionally, the small number of patients limited
our ability to draw definitive conclusions about their safety
profiles. Nonetheless, these findings offer valuable real-
world insights into the OFSO device, procedural planning,
and complications in pediatric ASD closure.
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CONCLUSION

In conclusion, our experience indicated that transcatheter
ASD closure with the OFSO device is a reliable and safe
procedure for children. Although major complications
such as device embolization were rare (3.8%), they require
prompt recognition and management. Future multicenter,
randomized, prospective studies are essential to further
define the optimal device choice and procedural strategies
for anatomically complex defects and for younger pediatric
patients.
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