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Abstract

Objective: To evaluated outcome transcatether PDA closure and differentiated LVEDD, EF pre and post
transcatethner PDA closure. Methods:  Hospital registry was reviewed and data about patients
characteristics, PDA size, device occluder and outcomes were retrieved. An descriptive analytic study with
a retrospective design was conducted on all medical records of PDA pediatric patients who received
definitive transcatheter PDA closure at IDIK and were treated at the Department of Child Health, Dr.
Soetomo Hosptal from January 2017 until December 2019. The variables studied are: outcome transcatether
PDA closure (complete closure, residual shunt, emboli device, obstruction pulmonaly artery, obstruction
Aorta descendent, hemolysis, LVEDD and EF). Post catheterization included a follow up of immediately, 1
day, 1 month, 3 months, 6 months, and 12 months after catheterization. The data were processed and
statistical comparative tests were carried out. Results: There were 101 subjects, of whom were 33 males,
who underwent transcatether closure of PDA during study periode. The diameter PDA ranged from 1-7.5
mm, with median 3.4 mm. Median age 4.3 years (4 months-18 years), median body weight was 15.4 (5 —
45) kg. Device could be deployed in all patients, in which ADO | 65%, ADO Il 15%, Nit Occlude 2% and
MFO 19%. Immediately Complete closure was achieved in most patiens (92,1%) and small residual shunt
(7,9%), no major complication during or after procedure. Most patient were discharged from hospital at 3
day after procedure. LVEDD and EF was decreased after intervention transcatether closure (P <0.05).
There were no significant differences in LVEDD and EF transcatether based on closured method and sex.
Conclusion: All patients showed complete closure during followed up. Transcatheter closure of PDA is safe

and effective with shorter hospitalization and minimally complications.
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Introduction

Patent Ductus Arteriosus (PDA) has been estimated to occur in 1 in 2500-5000 live births. As an isolated
lesion, it represents 9—12% of all congenital heart diseases. PDA closure eliminates left to right shunt,
volume overload of the left sided heart, the risk of pulmonary hypertension and the risk of infective
endocarditis [1].

The first transcatether to use a new method PDA closure successfully by combined artery and vein
femoral approach. Many device occluder have been used extensively for transcatheter closure of PDA with
variable degrees of success [2]. The use of the new Amplatzer Duct Occluder (ADO) in humans to close the
PDA had been reported by the transcatheter approach [3]. This study to evaluate outcome PDA closure and

analyze differentiated of LVEDD and Ejection Fraction pre and post transcatether PDA closure.

Subjects and Methods

Subijects

A retrospective review was done for 109 procedures performed in 101 patients (33 males, 68 females)
attempt to transcatether PDA closure during 3 years in Dr. Soetomo Hospital in Surabaya. Associated heart
disorders were ventricular septal defect (n=1), stenotic Aorta descedent (2), stenotic pulmonary valve (1),
and Down syndrome (1). Transcatether PDA closure, we used a Nit-occlud device (PFM, Cologne,
Germany), and an ADO | and ADO Il device (AGA, MN, USA) and Konar-multifunctional occluder
(Lifetech, Shenzhen, China).

Methods

This study is retrospective in children who underwent cardiac catetherization in attempt to close PDA by
transcatether approach were evaluated. The procedure was performed by pediatric cardiologists and
pediatricians at the Department of Child Health, Faculty of Medicine, Universitas Airlangga. We assessed
PDA patients medical records from January 2017 to December 2019. All patients with isolated PDA and
intervention with transcatheter PDA closure were included in this study. However, we excluded patients
with incomplete medical records. No consent was required for this research. This study was approved by the
Ethics Committee of Faculty of Medicine, Universitas Airlangga. We collected demographic data patients
(age and sex), PDA size (categorized into large, moderate, and small), and outcomes PDA closure. The
outcomes transcatether PDA closure were complete closure, incomplete closure/residual shunt, and emboli
device, hemolysis, obstruction pulmonary artery, obstruction Aorta descendent, LVEDD and EF based on

echocardiography.
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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 Mann Whitney test and Anova to determine the differences LVEDD and EF pre and post
transcatheter PDA closure. The difference is considered significant if the p < 0.05

Results

We analyzed data from 101 patients who underwent transcatheter closure of PDA in our the study period.
The mean of patients ages was 4.3 (+4.02) years old. The youngest was 2.5 months, and the oldest was 18
years old. Thirty-five (34.7%) patients were male, and the remaining 66 patients (65.3%) were female. We
performed the closure using ADO | 65 (64.4%) patients, ADO |1 15 (14.9%), Nit-Occlud 2 (2.0%) and MFO
in 19 (18.8%) patients. We differentiated PDA closure method by transvenous 94 (93.1%) and transarterial
7 (6.9 %). (Table 1). The patients median weight was 15.47 (¥9.95) kg, and the mean narrow size of the
PDA was 3.4 (£1.67) mm. The most category of the PDA size is the moderate PDA (1.5-3 mm), which was
found in 37 (36.6%) patients (Table 1).

Outcomes of catheterization and intervention are described in Table 2. Sizes of ADO | ranged from 6
to 12 mm, ADO Il ranged from 4 to 6, MFO ranged from 3 — 12. Most patients achieved immediately
complete closure 93 (92.1%) and eight who had minimally immediately residual shunt and achived
complete closure after 1 month follow up. Emboli Device, obstruction Pulmonary artery and Aorta
descendent, hemolysis post intervention were not found. The mean LVEDD and EF decreased from 35.62

mm and 71.03 % before pre intervention and 31.02 mm and 68.88% one day post intervention.

Discussion
In this study, minimally residual shunts were found in the MFO occluders (2), ADO | (4), Nit-O (1), ADO lI
(1). On evaluation 1 month after the procedure, no residual shunt was found. The meta-analysis of
transcatheter PDA closure showed a success rate of 92.2% [4]. In the study of the outcome of PDA closure
with Nit-Occlud and ADO I, small residual shunt results were obtained in Nit-Occlud (70%) and ADO I
(59%). The residual shunt on Nit-Occlude was not seen after 4 hours of evaluation (90%) and complete
closure occurred after 2 months and 6 months of evaluation [5]. Immediately residual shunts are seen more
frequently in nit-occlud compared to ADO | [6]. The residual shunt mechanism on the nit-occud is seen
from the middle of the device which is different from the residual shunt seen in ADO | such as the
formation of smoky (foaming) [3]. The mechanism of thrombus formation is assisted by the material
contained in the occluder device on the MFO with a polytetrafluoroethylene (PTFE) membrane, on Nit-O
assisted by a Nitinol layer, on ADO | and da ADO 11 with Polyester fabric [7].

The results of this study are in accordance with those obtained by other researchers [8]. LVEDD
decreased significantly after PDA closure with p value < 0.001 [9]. In the evaluation of left ventricular
dysfunction after transcater PDA closure, a significant decrease in LVEDD was found (Kim, 2008). The

study of immediate and short-term changes in left ventricular diastolic and systolic function after
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transcatheter PDA closure showed a significantly decreased LVEDD value with p < 0.001 [10]. Closure of
PDA can cause decreased of shunt flow from the ductus arteriousus to the pulmonary artery which results in
the volume and size of the left heart being reduced compared to before PDA closure [11].

The study of immediate and short-term changes in left ventricular diastolic and systolic function after
transcatheter PDA closure showed a significantly decreased LVEF value with p < 0.001 [10]. Research on
changes in left ventricular systolic function after transcatether PDA closure showed a decrease in EF[12]. A
study on the comparison of outcomes for transcatether PDA closure in children and adults showed a
decrease in EF values in both [13].

Left ventricular volume overload is often seen in PDA and appears to be necessary to increase cardiac
output by responding to the Frank Starling mechanism through stretching of the left ventricular muscle
fibers, resulting in increased contractility and increased systolic function to overcome left to right shunts and
maintain systemic circulation. According to the study, reported that relatively large PDA closure results in a
sudden decrease in excessive left ventricular volume, thereby reducing muscle fiber stretch and decreasing
systolic function. Changes after loading may be another contributing factor that affects the decreased left
ventricular systolic function. Before closing, the left ventricle ejects blood both into the high resistance
systemic circulation and through the PDA into the low resistance pulmonary circulation, after the PDA
closure the left ventricle ejects blood only into the high resistance systemic circulation [14]. Closure of the
PDA will result in loss of the aortic to pulmonary shunt resulting in a decrease in left ventricular preload.
However, closure of PDA results in an increase in left ventricular afterload due to loss of circulation to the
lungs. There is a phenomenon of “afterload mismatch" where a simultaneous decrease in LV preload and an
increase in left ventricular afterload results in LV systolic dysfunction [15]. In a study on the effect of PDA
closure on left ventricular volume and function, there was a recovery of left ventricular function after a 6-
month observation period [16]. Study to evaluated large PDA closure with.transcatheter and surgery have
shown recovery of left ventricular function after 6 months [11]. Research on changes in left ventricular
function and remodeling after PDA closure in adolescents showed that 11% of patients had persistent

decrease in left ventricular function [12].

Conclusion

There was 92.1% complete closure immediately after closure of the PDA transcatheter. There was residual
shunt after closure 7.92% immediately after closure of the PDA transcatheter. There were no ADO device
embolism, hemolysis, pulmonary artery obstruction, descending aortic obstruction after transcatheter PDA
closure. There were differences in LVEDD and ejection fraction before and after transcatheter of the PDA

closure
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Table and Legend

Table 1. Participant characteristics

variable value
Gender
Male 35 (34.7%)
Female 66 (34.3%)
Age 52.4 +50.7
<1 yearsold 21 (20.8%)
<5 years old 41 (40.6%)
>5 years old 39 (38.6%)
Body weight 155+99
Body height 94.3+£27.7
Length of hospitalization 3.6+0.8
3 days 56 (55.4%)
4 days 28 (27.7%)
5 days 15 (14.9%)
6 days 2 (2.0%)
Type PDA
Type A 101
Type B 0
Type C 0
Type D 0
Type E 0
Size PDA
<1.5mm 6 (5.9%)
1.5-3 mm 37 (36.6%)
3-5mm 35 (34.6%)
>5 mm 23 (22.7%)
Transcatheter PDA closure method
Transvenous 94 (93.1%)
Transarterial 7 (6.9%)
Device Occluder
ADO | 65 (64.4%)
ADO Il 15 (14.9%)
Nit-occlude 2 (2.0%)
MFO 19 (18.8%)
Pulmonary artery pressure 25.1+9.9
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Patient history

Down syndrome 1

PDA in family history 1

Ventricular septal defect 3

Stenotic Aorta 2

Stenotic Pulmonal 1
Table 2. Outcome transcatether PDA closure

Outcome Immediately lday | 1month | 3month | 6 month | 12 month

Complete closure 93 93 101 101 101 101
Residual shunt 8 8 0 0 0 0
Emboli device 0 0 0 0 0 0
Obstruction Pulmonary artery 0 0 0 0 0 0
Obstruction Aortic descendent 0 0 0 0 0 0
Hemolysis 0 0 0 0 0 0
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