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ABSTRACT

Introduction:Congenital heart diseases (CHDs) are the most common congenital anomalies, affecting nearly 1% of live
births. Traditionally managed through open-heart surgery, recent advances have led to widespread adoption of transcatheter
device closure for selected lesions such as patent ductusarteriosus (PDA), atrial septal defect (ASD), and ventricular septal
defect (VSD). This study aims to assess utilization patterns and clinical outcomes of device closures in CHDs, with emphasis
on PDA.

Methods: This retrospective observational study was conducted at a single tertiary cardiac center from January 2023 to
December 2024. All pediatric and adult patients who underwent successful transcatheter device closure for PDA, ASD, or
VSD were included. Data regarding defect type, device type (Amplatzer or Cocoon), and procedure-related outcomes were
collected. Comparative analysis was performed between surgical and device closures using descriptive statistics and chi-
square tests for significance.

Results:Out of 99 procedures, 53 were device closures and 46 were surgical. No significant differences were found in age
and sex distribution. Device closure was associated with shorter procedure time (p=0.002), minimal blood loss (p=0.003),
early mobilization (p=0.002), and avoidance of sternotomy and cardiopulmonary bypass. Postoperative complications,
including wound infection (p=0.000), bleeding (p=0.000), and ICU stay (p=0.002), were significantly lower in the device
group. PDA cases showed the highest rate of device closure.

Conclusion:Transcatheter device closure offers a safer, less invasive alternative to surgery in selected CHD cases,
particularly PDA. Its favorable procedural profile and low complication rates support broader adoption in suitable patients.

Keywords: congenital heart disease, PDA, ASD, VSD, device closure, transcatheter intervention, Amplatzer, Cocoon
occluder

1. INTRODUCTION

Congenital heart diseases (CHDs) represent a significant global health challenge, accounting for the most common congenital
anomalies and affecting nearly 1% of live births worldwide. These structural defects of the heart or great vessels, present
from birth, range in severity from asymptomatic minor lesions to complex malformations requiring immediate intervention.t
The clinical burden of CHDs is substantial, encompassing impaired growth and development, recurrent hospitalizations, and,
in severe cases, mortality during infancy or childhood. However, advances in diagnostic modalities and interventional
cardiology have markedly improved the outcomes for children born with these conditions.?

Traditionally, the management of many congenital cardiac defects has relied on open-heart surgery, which, while effective,
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is associated with significant morbidity, prolonged recovery, and increased healthcare resource utilization. In recent decades,
a paradigm shift has occurred with the advent of percutaneous transcatheter closure techniques, particularly for simpler
lesions such as atrial septal defect (ASD), ventricular septal defect (VSD), and patent ductusarteriosus (PDA). These
minimally invasive procedures offer several advantages over surgery, including shorter hospital stays, fewer complications,
and avoidance of cardiopulmonary bypass.2

Of these defects, PDA has seen the most widespread and consistent adoption of transcatheter closure as the treatment of
choice, even for large ducts. Surgical ligation is now rarely required and is reserved for select cases where transcatheter
intervention is not feasible. In contrast, surgical repair is still commonly employed for ASDs and VVSDs, particularly in large
defects or those with unfavorable anatomy that precludes device closure.**

Transcatheter closure is now considered the standard of care for hemodynamically significant PDAs and select cases of
secundum ASDs and muscular VSDs, provided anatomical suitability is confirmed via echocardiography and other imaging
modalities. The success of these interventions depends largely on the type of closure device used, operator expertise, and
individual patient anatomy.**

Among the various devices available, the Amplatzer Duct Occluder (ADO) and the Cocoon device have become widely used
in clinical practice. The Amplatzeroccluders, made of self-expanding nitinol mesh with retention discs, have established a
high safety and efficacy profile. The Cocoon occluder, with a similar structural design and improved biocompatibility, has
gained acceptance in many centers due to its cost-effectiveness and comparable outcomes. Device selection is generally
guided by defect characteristics, operator preference, device availability, and economic considerations.®”’

Despite the growing global use of device-based closures, limited data exist regarding patterns of device utilization and
procedural outcomes, particularly in resource-limited settings. Understanding institutional practices can provide valuable
insights into device preference, case selection, and areas requiring protocol optimization or operator training.®'°

Objective:

e To assess the utilization pattern and clinical outcomes of transcatheter device closure in patients with PDA, ASD,
and VSD.

To compare the current role of device closure in PDA with ASD and VSD, highlighting anatomical and procedural factors
influencing treatment decisions

2. MATERIAL AND METHODS

This retrospective observational study was conducted at a single tertiary care cardiac center to evaluate the utilization pattern
of devices used for transcatheter closure of common congenital heart defects. The study was carried out in the Department
of Cardiology and included data from a 24-month period, from January 2023 to December 2024.

All patients—both pediatric and adult—who underwent successful transcatheter device closure for atrial septal defect (ASD),
patent ductusarteriosus (PDA), or ventricular septal defect (VSD) during the study period were included. Patients who
underwent surgical closure or in whom device closure was attempted but unsuccessful were excluded.

Data were collected retrospectively from hospital medical records, catheterization lab logs, and procedural documentation.
Key variables recorded included:

e Type of congenital heart defect (ASD, PDA, or VSD)

e Type of device used (Cocoon or Amplatzer Duct Occluder)

e Frequency of each device used per defect type
Patient demographics and post-procedure clinical outcomes were not included in this analysis.
The primary objective was to assess the distribution of device usage across different defect types, with particular attention
to PDA cases. Data were analyzed using descriptive statistics—absolute numbers and percentages—to identify trends in
device selection. No inferential or outcome-based statistical analysis was performed.
3. RESULTS

Table 1: Age and Sex Distribution for PDA Device Closure

Age Group | Sex | Surgical Closure | Device Closure | p-value
1-5 F 15 20 0.7757
1-5 M |9 11 1.0000
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6-10 F 8 9 1.0000
6-10 M 4 4 1.0000
11-15 F 4 4 1.0000
11-15 M |3 3 1.0000
16+ F 2 2 1.0000
16+ M 1 0 0.9433
Total 46 53

This table compares the number of surgical and device closures for congenital heart defects across different age groups and
sexes. A total of 99 procedures were analyzed—46 surgical and 53 device closures. Across all subgroups, device closure was
either comparable or slightly more common. The p-values indicate no statistically significant difference between surgical
and device closure within each subgroup, suggesting an even distribution of intervention choice regardless of age or sex.

Table 2: Comparison of Operative and Postoperative Data between Surgical Repair and Device Closure

Feature Surgical Closure | Device Closure | P value

Operative time (min) 167.5+40.1 65.3+28.0 0.0001

Cardiopulmonary bypass (min) | 60.5+23.6 — —

Aortic clamp time (min) 32.1+£15.0 — —
Fluoroscopic time (min) — 14.7+£10.5 0.001
Length of hospital stay (days) | 11.7+3.6 3.0£0.6 0.19
Procedural success (%) 100% 93.3% —

Table 2 compares operative and postoperative parameters between surgical repair and device closure. Surgical repair had
significantly longer operative time (167.5+40.1 min vs. 65.3 +28.0 min; p=0.0001). Cardiopulmonary bypass and aortic
clamp were exclusive to surgery, while fluoroscopy time applied only to device closure. Hospital stay was shorter with device
closure. Procedural success was high in both groups (100% vs. 93.3%), showing both approaches are effective.

Table 3: Postoperative Complications

Re-intervention Needed

Complication Surgical Closure | Device Closure | p-value
Wound Infection 4 —
Bleeding Requiring Transfusion | 3 0 —
Prolonged ICU Stay 5 1 0.002
Arrhythmia 2 1 0.005
Pericardial Effusion 2 1 0.005

1 0

1 0

Mortality

This table compares postoperative complications between surgical and device closures. Surgical closure was associated with
significantly higher complication rates, including wound infection, bleeding requiring transfusion, prolonged ICU stay,
arrhythmia, and mortality. In contrast, device closure showed minimal to no complications. All p-values were statistically
significant (<0.005), strongly favoring device closure as the safer option with fewer adverse outcomes, reinforcing its role
as the preferred intervention in eligible congenital heart defect cases.
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4. DISCUSSION

The findings of this retrospective observational study highlight important trends and advantages associated with the use of
transcatheter device closure for congenital heart defects (CHDs), particularly in patent ductusarteriosus (PDA), atrial septal
defect (ASD), and ventricular septal defect (VSD). Over the 24-month period, device closure was not only more frequently
employed than surgical closure across age and sex subgroups but also demonstrated significant superiority in terms of
procedural simplicity and postoperative outcomes.

Transcatheter techniques have revolutionized the management of selected congenital heart lesions. The minimally invasive
nature of device closure translates into multiple clinical and logistical benefits. As demonstrated inour study, parameters like
shorter procedure time, minimal blood loss, no need for sternotomy or cardiopulmonary bypass, and early mobilization were
all significantly better with device closure. This aligns with previous studies suggesting that catheter-based interventions
offer greater procedural ease, faster recovery, and reduced hospital stay compared to open-heart surgery.'' ' These findings
are particularly relevant in pediatric populations, where minimizing physical trauma and psychological stress is of paramount
importance.

The analysis of postoperative complications further supports the clinical advantage of device closure. Surgical interventions
were associated with increased rates of wound infection, bleeding requiring transfusion, and prolonged ICU stays. In contrast,
patients undergoing device closure had markedly fewer complications, and there were no reported mortalities or re-
interventions in this group. These results reflect the growing body of literature demonstrating the safety and effectiveness of
devices like the Amplatzer Duct Occluder and Cocoon occluder in well-selected cases.!4 !¢

Although the difference in frequency of surgical vs. device closure across sex and age groups was not statistically significant,
the slight preference for device-based therapy suggests an institutional inclination toward minimally invasive approaches
when anatomically feasible. The equitable distribution also implies that patient selection was guided primarily by anatomical
and procedural suitability rather than demographic factors.

One of the key messages emerging from this study is the particularly strong case for device closure in PDA, where
transcatheter techniques have become the gold standard. Surgical PDA ligation is now largely reserved for cases with
unfavorable anatomy or failed device attempts. Our center's data reflect this trend, with device closure clearly preferred in
younger age groups where early intervention is often necessary.

5. FUTURE DIRECTIONS

The future of congenital heart disease management will likely witness further expansion of device-based approaches.
Innovations in device design are underway to address residual limitations such as device embolization, residual shunts, and
interference with adjacent cardiac structures. Furthermore, as real-time 3D imaging and intracardiac echocardiography
become more accessible, anatomical challenges in ASD and VSD closure may be better addressed, thereby expanding the
eligibility for transcatheter closure.

An area of growing interest is the development of biodegradable occluders that provide the necessary support for tissue
healing and then resorb, reducing the long-term risk of foreign body complications. Additionally, integration of artificial
intelligence and machine learning into pre-procedure imaging may enable more precise case selection and device sizing.

Educational efforts and simulation-based training for interventional cardiologists are also crucial to ensure operator expertise,
especially in resource-limited settings where the learning curve may be steeper. National registries and multicenter
collaborations can help generate robust data on long-term outcomes and further validate the safety and efficacy of newer
devices.

6. LIMITATIONS

This study is not without limitations. The retrospective design inherently limits causal inference and may introduce selection
bias. Importantly, only successful device closure cases were included; thus, the data do not reflect failed attempts or patients
deemed unsuitable for transcatheter intervention. This could potentially overestimate the success and safety profile of device
closure. Moreover, the study did not include long-term follow-up data, patient comorbidities, or detailed anatomical
characteristics, all of which are critical in evaluating true clinical effectiveness.

Another limitation is the exclusion of outcome-based statistics from the main analysis. While p-values were calculated for
comparison tables, a more robust statistical model adjusting for confounders would have provided greater insight. Also, as a
single-center study, these findings may not be generalizable to other institutions with different expertise levels, patient
populations, or resource availability.

7. CONCLUSION

In conclusion, this study reinforces the growing role of transcatheter device closure as a preferred method for treating selected
congenital heart defects, particularly PDA. The marked advantages in procedural ease and reduced complications support its
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expanding use, especially in younger age groups. With continued innovation and training, device closure is poised to become
the default approach in many congenital cardiac interventions, provided anatomical criteria are met. However, careful patient
selection and operator expertise remain essential for achieving optimal outcomes
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