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Abstract
BACKGROUND: Patent ductus arteriosus (PDA) is one of the most common acyanotic congenital heart diseases. 
The incidence of PDA is approximately 1 in 500 full-term neonates. The current management of PDA includes 
pharmacological and surgical treatments. Transcatheter closure is a preferable PDA treatment than pharmacological 
intervention, for medications have a higher failure rate in premature infants. Several studies have reported the 
efficacy and safety of transcatheter closure in smaller and lower-weight infants.

AIM: This study aims to describe the outcomes of transcatheter closure of PDA, which are complete closure, 
migrating device, and residuals, while also investigating factors that might affect these outcomes.

METHODS: A descriptive cross-sectional study was conducted from January to March 2018 in the pediatric cardiology 
outpatient clinic of Haji Adam Malik Hospital, Medan, Indonesia. All PDA patients who underwent transcatheter 
closure were included in this study. We collected patients’ demographic data (age and sex), PDA size (categorize 
into large, moderate, and small), and PDA closure outcomes from medical records. The collected data were then 
analyzed with SPSS.

RESULTS: One hundred and two children were included in this study, comprised 34 (33.3%) males and 68 (66.7%) 
females, with a mean age of 4.3 (±4.02) years old and the mean size of the defects 4.4 (±2.25) mm. Transcatheter 
closure with Lifetech® PDA Occluder was performed in 95 (93.1%) and MFO® in 7 (6.9%) patients. Small residuals 
were found in three patients, device migration was found in one patient. No relationship was found between the size 
of PDA and the outcomes measured.

CONCLUSION: We concluded that transcatheter closure remains an effective treatment for PDA, with a considerable 
success rate.
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Introduction

Patent ductus arteriosus (PDA) is one of the 
most common acyanotic congenital heart diseases 
(CHD), characterized by a left-to-right shunt [1]. This 
condition affected 5–10 percent of CHD patients. 
Recently, there has been an increase in PDA incidence, 
with 1 in 500 full-term newborns [2]. PDA has affected 
more than 50 percent of premature neonates, and 
its presence is associated with high morbidity and 
mortality rates [3]. PDA with a significant hemodynamic 
deterioration may cause volume overload in the left 
ventricle (LV). This problem is usually resolved after the 
closure of PDA. However, LV systolic dysfunction may 
persist in some patients [1].

PDA has been managed with prostaglandin 
antagonists (COX-1 and COX-2 inhibitors), surgical 
ligation, and even acetaminophen. Drug treatment 
has shown a high failure rate in most premature 
infants, from 20 to 30 percent. Therefore, conservative 

management and surgery have been suggested as the 
first-line treatment or an alternative after a failure with 
prostaglandin inhibitors [3].

In the past decade, percutaneous closure of 
PDA with detachable coils and Amplatzer Duct Occluder 
(ADO) has remained a standard therapy [4], [5]. The 
ADOII is the second generation, which developed to 
replace the previous version in treating smaller (<2 mm) 
and nonconical shaped PDA [6], [7], [8]. A study in 
premature infants suggested that ADOII has improved 
PDA outcomes, particularly in combination with 
echocardiography [9]. Transcatheter closure using this 
device is considered safe and effective in smaller infants, 
with a weight of 6–10 kg [10], [11], [12]. Furthermore, 
the ADO II Additional Sizes introduction has made 
transcatheter occlusion performed with a 4F antegrade 
delivery sheath become a viable option [3], [13].

This study aims to describe the outcomes of 
transcatheter closure of PDA at the Haji Adam Malik 
General Hospital, Medan, and investigate factors that 
might affect these outcomes.
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Methods

Study design

This descriptive cross-sectional study 
investigated the outcomes of transcatheter closure of 
PDA at the Haji Adam Malik General Hospital, Medan, 
Indonesia. The procedure was performed by pediatric 
cardiologists and pediatricians using two types of 
devices, Lifetech® and MFO®, at the Department of 
Child Health, Faculty of Medicine, Universitas Sumatera 
Utara.

We assessed PDA patients’ medical records 
from January 2015 to December 2018. All patients 
with PDA and treated with transcatheter closure were 
included in this study. However, we excluded patients 
with incomplete or broken medical records.

No consent was required for this research. 
This study was approved by the Ethics Committee of 
Faculty of Medicine, Universitas Sumatera Utara.

Data collection

We collected patients’ demographic data 
(age and sex), PDA size (categorize into large, 
moderate, and small), and PDA closure outcomes. 
The outcomes investigated were complete closure, 
residual/incomplete, and migrated device based on 
echocardiography.

Statistical analysis

We analyzed the data with SPSS version 26.0. 
The categorical data were described by their absolute 
(n) and relative frequencies (%). Meanwhile, the 
quantitative data were expressed as mean and standard 
deviation. We used bivariate analysis, the Chi-square or 
Fisher Exact test, to determine the association between 
PDA size and transcatheter closure outcomes. The 
relationship is considered significant if the p < 0.05.

Results

We analyzed data from 102 patients who 
underwent transcatheter closure of PDA in our center 
over the study period. The mean of patients’ ages was 
4.3 (±4.02) years old. The youngest was 3 months, and 
the oldest was 16 years old. Thirty-four (33.3%) patients 
were male, and the remaining 68 patients (66.7%) were 
female. We performed the closure using Lifetech® PDA 
Occluder in 95 (93.1%) patients and MFO® in 7 (6.9%) 
patients (Table 1).

The patients’ median weight was 11 (±2.25) kg, 
and the average size of the defects was 4.4 (±2.25) mm. 

The most common category of the PDA size is the 
moderate PDA (1.5–3 mm), which was found in 56 
(54.9%) patients (Table 1). In contrast, small PDAs 
(<1.5 mm) were only found in 17 (16.7%) patients, 
which was the lowest percentage. The proportion of the 
PDA size categories is illustrated in Figure 1.

We found small residuals in three patients 
(2.9%) and the device migration in one subject (1%). 
The complete closure was successfully achieved in 
most subjects, with 96.1% (Figure 2). We investigated 
the relationship between the categories of PDA size and 
the outcomes (complete closure, migrating devices, or 
residuals) using bivariate analysis. The Fisher Exact 
test results showed no relationship between the PDA 
size and the outcomes measured (p = 0.27; p > 0.05).

Discussion

In managing PDA, definitive closure should 
be considered the first-line treatment, except in 
children with duct-dependent CHD or Eisenmenger 
syndrome [14], [15], [16]. Drug treatments, such as 
indomethacin or ibuprofen, have shown a significant 
failure rate in most premature infants, from 20 to 30 
percent [3]. Thus, transcatheter closure might be 
indicated in every PDA case [14], [15], [16].

Transcatheter closure of PDA has shown 
a significant success rate in children. In this study, 
we found that only three children had residuals, and 
one had the device migrating from its original place. 
The majority of patients (98 children; 96.1%) were 
successfully managed with transcatheter closure, 
completely closing the PDA. A study from Saliba et al. 
suggested a similar success rate (93.7%), and only one 
patient had a small residual [17]. Likewise, a multicenter 
study in the USA showed that transcatheter closure 
was successfully performed in 93% of patients, and 
complete closure was achieved in 98% of successful 
implantations [12].

The median age of patients with PDA admitted 
to our center was 4.3 (±4.02) years old. This finding 

Table 1: Characteristics of patients
Characteristic n
Mean age (SD), years 4.3 (4.02)
Mean weight (SD), kg 13.0 (2.25)
Gender, n (%)

Male 34 (33.3)
Female 68 (66.7)

Mean size (SD), mm 4.4 (2.25)
Size categories, n (%)

Small (<1.5 mm) 17 (16.7)
Moderate (1.5-3 mm) 56 (54.9)
Large (>3 mm) 29 (28.4)

Devices, n (%)
Lifetech® PDA Occluder 95 (93.1)
MFO® 7 (6.9)

Outcomes, n (%)
Complete closure 98 (96.1)
Residual 3 (2.9)
Migrating device 1 (1.0)
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is similar to other studies, mostly under 5 years old. A 
study in Mexico found a mean age of 5 years old (range 
from 3 months to 14 years) [18], while a study in Korea 
found a median age of 4.5 years (0.9–6.03 years) [5]. 
However, some studies investigated PDA in younger 
age groups in children below 3 years old [2], [3], [11]. 
The defect’s median size was 4.1 (1.2–14.8) mm. Some 
other studies with similar results are Parra-Bravo et al. 
(mean, 4.4 ± 1.8 mm), Choi et al. (median, 3.8 mm), 
and Park (range 3.2–4.6 mm) [10], [18], [19].

98

1
3

Complete closure Migrating device Residual

Figure 2: Outcomes of transcatheter closure. Complete closure: 98 
(96.1%), migrating device: 1 (1%), residual: 3 (2.9%)

We categorized the size of the defects into three 
categories: small PDA (<1.5 mm), moderate PDA (1.5–3 
mm), and large PDA (>3 mm). We investigated whether 
there is a relationship between PDA size categories 
with the outcomes (complete closure, migrating device, 
and residual) using bivariate analysis. Nevertheless, 
we failed to find a significant association between these 
variables (p > 0.05). Only a few studies had investigated 
this relationship before in a relatively small population, 
and they also suggested no association between PDA 
size and outcomes of transcatheter closures [20], [21].

Our study showed a considerable success 
rate of transcatheter closure in children with PDA. The 
size of defects also not significantly influenced the 
results of this procedure. Therefore, we can consider 
that transcatheter closure remains an effective PDA 
treatment.

Conclusion

We concluded that transcatheter closure 
remains an effective treatment for PDA, with a 
considerable success rate.
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moderate PDA (1.5–3 mm): 56 (54.9%), and large PDA (>3 mm): 29 
(28.4%)
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