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Percutaneous Closure of Patent Ductus Arteriosus in Children Using
ADO | and ADO Il Devices: A Thirteen Year Single Centre Experience
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ABSTRACT

Objective: Transcatheter closure of patent ductus arteriosus (PDA) has taken its place as the first choice in the
treatment of PDA thanks to the development of new devices and techniques. In this study, we present our cases
with PDA closed with Amplatzer duct occluder | (ADO 1), Amplatzer duct occluder Il (ADO II) and discuss the
efficacy and safety of transcatheter PDA closure with these devices in children.

Method: Between January 2010 and January 2023, a total of 373 patients underwent PDA closures using ADO
I (n=40), and ADO Il (n=333) devices in the Pediatric Cardiology Clinic of our hospital and PDA closure was
successfully performed in 370 patients. These cases were analysed retrospectively.

Results: The mean age of our patients was 3 (0.2-17) years. The mean narrowest diameter of the PDA was 2.48+0.80
mm. Median procedure and fluoroscopy times were 55, and 11 minutes, respectively. The procedure was successful
in 99.1% of the cases. PDA was successfully treated in 387 patients using ADO | (n=39), ADO Il (n=331) devices.
Minimal residual shunt was detected as a minor complication only in 7 patients in the acute phase. In 4 of these
7 patients, residual shunt disappeared completely in the follow-up period, but it persisted in 3 patients. Major
complications in our study were device embolisation in 2 patients who underwent ADO | and infective endocarditis
that developed in 1 patient 2 weeks after the procedure. In our patient with device embolisation, the device was
tried to be removed with the help of a snare, but it failed, so it was surgically removed and the PDA was closed
surgically. In our case with infective endocarditis, the device was surgically removed and the PDA was surgically
closed. In one patient, the mean pulmonary artery pressure measured during the procedure was found to be high
with 29 mmHg, but the procedure was continued because the pulmonary vasoreactivity test was positive. In the
procedure performed with ADO | device, the PDA was closed by opening the first disc without releasing the device,
but the procedure was not continued because the patient developed desaturation.

Conclusion: Transcatheter PDA closure can now be successfully performed in many centres. In this study, we
evaluated the cases of PDA closure performed with ADO | and ADO Il devices, in the last 13 years. As a result of our
study, in accordance with the literature data, we have shown that transcatheter PDA closure using ADO |, ADO Il
devices is an effective and safe method with low complication rates in children.
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Amag: Transkateter ydontemle patent ductus arteriosus (PDA) kapatilmasi yeni cihaz ve tekniklerin gelisimi ile
birlikte tedavide ilk secenek olarak yerini almistir. Bu calismada Amplatzer dukt okluder (ADO) ve Amplatzer dukt
okluder Il (ADO 1) kullanilarak kapatilmis olgularimiz sunulmus, ¢ocuklarda bu cihazlarla PDA kapamanin etkinlik
ve glvenilirligi tartisilmistir.

Yéntem: Hastanemizgocuk kardiyoloji kliniginde Ocak 2010-Ocak 2023 tarihleri arasinda toplam 373 hastaya (40
ADO, 333 ADO Il) cihazi uygulanmis, 370 hastada PDA kapama basariyla yapilmistir. Bu olgular retrospektif olarak
incelenmistir.

Bulgular: Hastalarimizin ortanca yasi 4,3 yil (2 ay-17 yas) idi. PDA en dar ¢api ortalama 2,45+0,80 mm idi. Ortalama
islem ve floroskopi stireleri sirasiyla 55 ve 11 dakika idi. Olgularin %99,l'inde islem basarili olmustur. Basarili
olunan 370 hastanin 39'unda ADO, 331'inde ADO Il cihazi kullanilmistir. Minér komplikasyon olarak yalnizca 7
hastada akut dénemde minimal rezidiiel sant saptanmistir. Bu 7 hastanin 4'linde takipte reziduel sant tamamen
kaybolmus 3'linde ise minimal diizeyde devam etmistir. Calismamizda majér komplikasyonlar ADO Il uygulanan
2 hastada goriilen cihaz embolizasyonu ve 1 hastamizda islemden 2 hafta sonra gelisen enfektif endokardit idi
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Cihaz embolizasyonu gelisen olgumuzda cihaz snare yardimiyla gikarilmaya calisilmis ancak basarisiz olunmasi tzerine cerrahi olarak gikartilmis ve PDA cerrahi
yéntemle kapatilmistir. Enfektif endokardit olan olgumuzun cihazi cerrahi olarak gikarilmis ve PDA cerrahi olarak kapatilmistir. islem sirasinda bir hastada ortalama
pulmoner arter basinci ytiksek (29 mmHg) dlglilmus, ancak pulmoner vazoreaktivite testi pozitif oldugu icin isleme devam edilmistir. ADO | ile uygulanan islemde
cihazi ¢cikartmadan 6nce ilk disk agilarak PDA kapatilmis, ancak hastada desatiirasyon gelistiginden isleme devam edilmemistir.

Sonug: Transkateter PDA kapatma artik bircok merkezde basariyla uygulanabilmektedir. Biz de bu calismada son 13 yilda ADO I, ADO Il cihazlariyla
gerceklestirdigimiz PDA kapatma olgularini degerlendirdik. Calismamizin sonucunda literatiirle de uyumlu olarak, cocuklarda transkateter yéntemle ADO |, ADO
Il embolizasyon cihazlari kullanilarak yapilan PDA kapamanin diisiik komplikasyon oraniyla etkili ve giivenli bir ydntem oldugunu géstermis olduk.

Anahtar kelimeler: Patent duktus arteriosus, Amplatzer dukt okluder, perkitan kapatma, pediatrik

INTRODUCTION

Patent ductus arteriosus (PDA) is located between the
left pulmonary artery and the anterior descending aorta
in the intrauterine period and its presence is necessary
to receive oxygen from the placenta during the fetal
period. After birth, as the infant’s respiratory system is
activated, the ductus arteriosus is expected to close,
first functionally and then anatomically with fibrous
replacement of the ductal tissue!”. When the PDA does
not close, an open connection remains between the left
pulmonary artery and the anterior descending aorta
with resultant increase in the left ventricular workload
and the risk of heart failure?. In addition, pulmonary
hypertension may develop with an increased risk of
mortality and morbidity in the long term®). Transcatheter
closure of PDA is an interventional procedure that does
not require surgical intervention and is currently the
firstly preferred treatment option. PDA closure was
first performed by Porstmann et al.*¥ in a 17 year-old
female patient using an Ivalon plug. In the following
years, Rashkind and Cuaso® used a polyurethane foam-
coated disc umbrella, and in our country, treatment with
the Rashkind umbrella was initiated in the early 1990s,
and then oscillation-controlled coils were used for the
occlusion of PDA. While a controlled oscillation coil
can be used for a small diameter PDA, devices such as
the Amplatzer duct occluder | (ADO I) and Amplatzer
duct occluder Il (ADO II) may be preferred for the
management of a PDA with a larger diameter. ADO | and
Il are preferred devices because of their ease of surgical
application, repositioning and low migration rate'®.

In this study, we aimed to observe our mid-to long-
term clinical experience with transcatheter PDA closure
using ADO | and ADO Il devices and to evaluate the
efficacy and safety of transcatheter PDA closure with
these two devices.

MATERIALS and METHODS

A retrospective evaluation of 373 patients with PDA
hospitalised in our clinic between 2010 and 2023, and
underwent transcatheter closure of PDA. The procedure
details of these patients were obtained from the hospital
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archives. The written consent was obtained from the
families of the patients included in the study.

The study was conducted in accordance with the
Helsinki Declaration’s standards and was approved
by University of Health Sciences Turkey, Kartal Dr.
Latfi Kirdar City Hospital's Ethics Committee (decision
number: 2023/514/258/26, date: 27.09.2023).

Using transthoracic echocardiography, the defect
was evaluated in detail through the parasternal short
axis and suprasternal windows and its morphology and
dimensions were determined. Patients with irreversible
pulmonary vascular disease (Eisenmenger syndrome) or
high pulmonary/systemic pressure and resistance ratios
did not undergo closure and were excluded from the
study.

Devices

The ADO | and Il devices (AGA Medical Corporation,
Golden Valley, Minnesota, USA) are low-profile, self-
expanding occluders consisting of a mushroom-shaped
0.0004-0.0005 inch nitinol wire mesh. They consist of
a metal rigid disc on the outside and a cylindrical main
body containing polyester fibrils inside. The cylindrical
body is asymmetrical and the proximal part is smaller
(Figure 1). The ADO | device is a low-profile device
consisting of a mushroom-shaped nitinol wire mesh. It
consists of a distal retention disc that can self-expand
and attach to the ampulla and tubular parts that occlude
the ductus proximally. The body length of the device
varies between 5-8 mm. The diameter of the retention
disc is 4 mm larger than the body diameter”. The ADO Il
device, which was developed later, consists of two equal
sized discs and a thin waist in the middle. This device has
a waist diameter of 3-6 mm and a length of 4-6 mm and
is designed for closure of ducts with a diameter smaller
than 6 mm (Figure 2). Since the ADO Il device does not
contain filler, it can be placed with smaller diameter
delivery catheters®?. ADO | and ADO Il devices are very
suitable for the closure of conical shaped ducts.

The PDA can be closed by antegrade (arterial)
or retrograde (venous) approach. In the retrograde



approach, it is necessary to insert a second arterial
catheter for angiographic control after placement of
the device. The advantage of the antegrade approach is
that every stage of the procedure can be controlled by
injections through the arterial catheter. While the ADO
Il device can be applied using both venous and arterial
access, the ADO | device can only be applied through
the antegrade approach®?.

In our study, our choice of venous or arterial approach
was based on the echocardiographic and angiographic
shape of the PDA, the patient’s age, weight and the
diameter of the descending aorta.

Catheterisation

All patients received prophylaxis for infective
endocarditis and dissociative anaesthesia  with
midazolam and ketamine before the procedure.
Local anaesthesia was also applied to the puncture
site. Firstly, cardiac catheterisation was performed to

Figure 2. Amplatzer duct occluder Il
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determine haemodynamic variables. Depending on
the height and weight of the patient, 4F, 5F and/or 6F
sheaths were inserted into the right femoral vein and/
or artery using Seldinger percutaneous technique!®.
After administration of heparin at a dose of 50-100 U/kg
for heparinisation, systolic, diastolic and mean arterial
pressures were measured with a multipurpose catheter
and blood gases were obtained from the superior vena
cava and pulmonary artery. Blood gases obtained from
pulmonary artery and right ventricle were analysed for
patientsto be intervened by retrograde route. Pulmonary
blood flow/systemic blood flow (Qp/Qs) ratio was
determined according to Fick's principle of cardiac
output measurement. As a standard procedure, cardiac
catheterisation was performed with the patient lying
in 90 degrees left lateral decubitus position and right
anterior oblique position. Aortography was performed
with a non-ionic opaque substance at a dose of 1-1.5 mL/
kg (maximum 30 mL) using a pigtail catheter and the
ampulla, narrowest point and length of the ductus were
measured and typing of PDA was performed according
to the angiographic method proposed by Krichenko et
al."? (Figure 3).

Percutaneous Closure Procedure

Two different devices, ADO |, and Il were used for
percutaneous closure. The choice of the device was
based on factors such as the width of the ampulla on
the aortic side of the duct on aortography, its narrowest
diameter and length.

The closure procedure was performed under
sedation. General anaesthesia was not preferred except
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Figure 3. Angiographic classification of patent ductus
arteriosus
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in rare cases where the patient was resistant to medical
anaesthetic drugs used for sedation and was mobile
enough to threaten the safety of the procedure®.
Intravenous heparin at a dose of 50-100 units/kg was
given to all patients during the procedure.

There are no hard and fast rules for which patients
ADO Il or ADO | devices should be preferred. However,
we decided on the device to be used by measuring the
diameter and length of the ductus, the width of the bulb,
and the diameter of the descending aorta. For example,
in patients with large PDA, if the PDA was conical and not
very long, ADO | device was preferred. In patients with
smaller PDA, ADO Il device was preferred if the diameter
of the descending aorta was appropriate (so that the
device would not cause stenosis). In addition, ADO I
device can also be implanted via the retrograde route, in
cases where the pulmonary artery does not pass through
the PDA to the aorta allowing the implantation of this
device via the retrograde route. Therefore, we primarily
preferred the ADO Il device in small or medium-sized
defects or in cases where antegrade passage could not
be achieved.

In the transvenous approach, a multipurpose catheter
with a sheath was inserted percutaneously through the
right femoral vein and artery and a 150 cm-0.035 inch
guidewire was then advanced percutaneously by way of
the ductus through the inferior vena cava, right atrium,
right ventricle and pulmonary artery to the descending
aorta. The guidewire was then replaced with a new 260
cm-0.035 inch guidewire and the Amplatzer TorqVue
LP delivery system was guided from the ductus to the
descending aorta. Firstly, the disc on the aortic side of
the device and then the disc on the pulmonary artery
side were opened. In the transarterial approach, only the
sheath was placed in the right femoral artery. Using a 150
cm-0.035inch guidewire, the ductus was passed through
the descending aorta with the Judkins right catheter and
the main pulmonary artery was reached. The guidewire
was replaced with a 260 cm-0.035 inch guidewire and
under the guidance of this wire, the Amplatzer TorqVue
LP delivery system was passed from the ductus to the
main pulmonary artery. Firstly, the disc of the device on
the pulmonary artery side and then on the descending
aorta side were opened. Control aortography and
transthoracic echocardiography were performed to
check the location of the device, the opening status of
the discs and the residual shunt. Control angiography
was performed using a separate catheter passed through
the aorta in cases with antegrade closure, whereas in
retrograde cases, it was performed using the loading
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catheter of the device. Afterwards, if the device was in the
appropriate position, it was released from the delivery
system, inserted into the ductus and the procedure was
terminated. Then, the patients were taken to the ward
and monitored and the puncture sites were checked.
Control echocardiography was performed one day later.
Two-dimensional and colour Doppler echocardiograms
were obtained to evaluate residual shunt, right-left
pulmonary artery and stenosis of the descending aorta,
ventricular function, and valvular regurgitation. Patients
with no complications were discharged. Patients were
evaluated clinically and echocardiographically at the
Ist, 34 6™ and 12* months within the first year after
percutaneous closure, then followed up annually.

Statistical Analysis

Statistical analysis of the data was performed using
“SPSS 18.0” statistical software. Kolmogorov-Smirnov
test was performed to check for the normal distribution
of the numerical data. Since all of the data in our study
did not fit the normal distribution, non-parametric tests
(Mann-Whitney U) were preferred. In addition, chi-
square analysis was used to compare categorical data.
The level of statistical significance was determined as
p<0.05. The results obtained by these analyses were
evaluated and statistically significant differences and
correlations were determined.

RESULTS

In the last 13 years, transcatheter closure of PDA was
attempted in a total of 373 patients using ADO l and ADO
Il devices in our clinic. The procedure was successful
in 371 (99.5%) of these patients. In 2 patients in whom
ADO | was used, the device embolized to the aorta in
one patient and to the femoral artery in the other when
the device was released. In the patient with device
embolisation in the femoral artery, the narrowest part
of the PDA was measured to be 3.9 mm and a 3x4 mm
ADO | device was selected for this patient. The device
embolized the right femoral artery, then it was trapped
in the iliac artery bifurcation, but it was successfully
removed from the body using a snare catheter. The PDA
of this patient was subsequently closed surgically. In
the patient with device embolisation of the aorta, the
narrowest part of the PDA was measured as2.5mmand a
3x4 mm ADO | device was selected. The device was tried
to be removed using a snare catheter but the procedure
failed. The embolized device was surgically removed and
the PDA was surgically closed simultaneously.



Five patients (1.3%) had previously undergone surgical
PDA ligation but had residual PDA. Since an atrial
septal defect of more than 8 mm was detected in the
transthoracic echocardiographic evaluation of 4 patients
whose PDA was closed with ADO Il, simultaneous atrial
septal defect device embolisation together with atrial
septal defect closure was performed in these patients.
In 3 patients whose PDA was closed with ADO II, mild
stenosis was detected in the left pulmonary artery on
transthoracic echocardiographic evaluation. In the follow-
up of these patients, the stenosis completely resolved
within the first 6 months. The median age of the patients
was 3 (0.2-17) years and the median PDA diameter was 2.4
mm (1.1-6.5). The average follow-up period was 5 (0.5-13)
years. Our study population consisted of 145 (38.8%) male
and 228 (61.2%) female patients with a female/male ratio
of 1.57. The median pulmonary artery pressure was 16 (13-
29) mmHg. Our study patients had conical (n=259; 69.4%),
tubular (n=108; 29%), window-shaped and/or elongated
ductus, (n=6;1.6%), and PDA was closed using ADO | device
in 40 (10.7%) and ADO Il device in 333 (89.3%) patients. The
mean duration of fluoroscopy was 8.8 (4.8-26.7) minutes.
The median (range) values for Qp (6.9:3.6-34.9), Qs (4.3:1.2-
20.9), Qp/Qs (1.5:0.81-6), pulmonary vascular resistance
(PVR)/systemic vascular resistance (SVR) (0.08:0.01-2.15),
while median (range) PVR (1.5:0.2-8.8 Wood units), SVR
(16.5:2.78-63.9 Wood units) were as indicated.

Minimal residual shunt was presentin7 (1.8%) patients
in the early postoperative period. However, minimal
residual shunt persisted in only 3 (0.08%) of these
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patients and the shunt disappeared in the remaining 4
(0.1%) patients.

When comparing patients in terms of the devices
used, the average PDA diameter of patients who had ADO
| device was statistically significantly longer than those
who had ADO Il device (median values of 3.2 mm and
2.2 mm, respectively; p<0.001). However, any significant
intergoup differences were not observed in terms of age,
weight, PVR/SVR ratio, Qp/Qs ratio, mean pulmonary
artery pressures, fluoroscopy time, and duration of
the procedure among patients using different devices
(p>0.05). Transcatheter closure was performed using
the antegrade route (venous) in 103 and the retrograde
route (arterial) in 270 patients. The demographic and
procedural data of the patients is summarized in Table 1.

Thrombosis developed at the access site in 6
patients. In only 1 of these 6 patients, thrombosis did
not regress despite heparin treatment and recombinant
tissue plasminogen activator treatment was required.
Thrombosis completely regressed in this patient after
treatment. All patients who developed thrombosis were
patients who underwent arterial intervention.

In one male patient, 2 weeks after the procedure was
successfully performed, high fever and deterioration
in general condition were observed. Transthoracic
echocardiography revealed an increase in echogenicity
of the device which had not been seen before, and
device-related infective endocarditis was considered
and antibiotherapy was started. However, despite

Table 1. Demographic and procedure information

n

373

Success rate

371/373 (99.5%)

Age, median

3 (3.5 months-17 years)

Gender (male/female)

145/228 (1.57)

Follow-up duration, median

5 (5 months-13 years)

PDA narrowest diameter, median

2.4 (1.1-6.5 millimeters)

ADO | device, n (%)

40 (10.7%)

ADO Il device, n (%) 333 (89.3%)
Fluoroscopy duration, median 8.8 (4.8-26.7 minutes)
Qp/Qs, median 1.5 (0.81-6)

PVR/SVR, median 0.08(0.01-2.15)

ADO | vs ADO Il PDA diameter, median

3.2 vs. 2.2 millimeters, p<0.001

Mean pulmonary pressure, median

16 (13-29 mmHg)

Antegrade approach, n (%)

103 (27.6%)

Retrograde approach, n (%)

270 (72.4%)

flow, PVR: Pulmonary vascular resistence, SVR: Systemic vascular resistance

n: number, PDA: Patent ductus arteriosus, ADO |: Amplatzer duct occluder I, ADO II: Amplatzer duct occluder Il, Qp: Pulmonary flow, Qs: Systemic
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intensive treatment, the patient’s febrile episodes did
not regress and his general condition deteriorated, so
surgical removal of the device was decided. After the
device was surgically removed and the defect was closed,
the patient’s fever decreased and his general condition
improved.

DISCUSSION

Complications such as  neurodevelopmental
adverse effects, pneumothorax secondary to surgery,
development of hemorrhagic complications and
infection observed after surgical closure of the PDA
have led clinicians to search for alternative treatment
methods, and transcatheter closure of PDA has taken
the first place among treatment options as a minimally
invasive procedure™. Closure of all haemodynamically
significant PDA has been recommended"®. Percutaneous
transcatheter closure is recommended as the first-line
treatment most suitably for the conical type PDA.

Over time, simplification of percutaneous
transcatheter closure system, delivery of small-caliber
PDA occluders and the development of innovative
systems that allow repeated trials before the device is
released have popularized the transcatheter method of
duct closure. In our study, ducts were closed with 99.5%
success by transcatheter method. PDA closure with the
ADO was firstly introduced in 1997. The main criterion
for device selection is the diameter and morphology of
the ductus. ADO | and ADO Il devices are very suitable
for closure of conical and some tubular shaped ducts.

In a study evaluating 389 patients for transcatheter
closure of the PDA without using arterial access, Cook®
detachable coil was used in 288 and ADO 1| in 101
patients and patients were followed up for an average
of 1 year after the closure. In the ADO | group, venous
access had been successful in 82% of these patients.
Reintervention was necessary in two patients due to
device embolisation. Ductal closure with ADO | was
performed in 2 patients who developed embolisation.
Unlike this study, which included a similar number of
patients as our study, we preferred both antegrade
and retrograde access. Our choice of venous or arterial
approach was based on the echocardiographic and
angiographic morphology of the duct.

As a major complication, the authors reported
device embolisation in a comparable number of cases
as in our study and the patients who underwent closure
with ADO | developed embolisation as in our study'.
Since arterial intervention was not performed in the
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above-mentioned study, thrombosis was not detected
unlike our study. Since it is difficult to perform a control
angiography by placing another catheter in the artery in
cases where the retrograde route is used and because of
the risk of embolisation, it is more preferable to use the
antegrade route in eligible patients.

In a study from Italy, ADO | and Il devices were
used in the patient group with a mean PDA diameter
of 3.2t1.2 mm (1.8-9 mm)"®. Complete occlusion was
achieved at a rate of 77.8% at 24 hours, 92.6% at 1
month and 94.4% at 23%12 months. It was reported that
PDA morphology and Qp/Qs ratio did not affect the
development of residual shunt or complete closure
success rates. Long-term follow-up showed a higher
occlusion rate in the ADO group"?. When compared
with our study, demographic characteristics and mean
PDA diameters of the patients were similar in both
studies. Similar to the Italian study, ductus morphology
and Qp/Qs ratios had no effect on achievement of
complete occlusion in our study.

In the follow-up of percutaneously closed PDAs,
residual shunts may sometimes be observed and
interventional treatment may be required for these
residual shunts. In cases with a clinically significant
residual shunt, a second closure with a coil or another
device may be required which may increase the
complication rates?°?", It should be considered that
the anatomy and shape of the ductus may have altered
in previously operated patients, so current attempts
to close PDA should be performed accordingly. In
our 3 patients with residual shunt, since the amount
of residual shunt was found to be very small and
haemodynamically insignificant based on the results of
clinical and transthoracic echocardiographic evaluation,
any re-interventional procedures were not performed
and the patients were continued to be followed up
clinically.

In our patients, our procedure and fluoroscopy times
were similar to the literature, but we achieved higher
mean occlusion rate (99.5%) using ADO | and ADO
Il devices. However, we prefer ADO Il device in PDAs
with a diameter <2.5 mm, provided that it does not
cause stenosis in the descending aorta or pulmonary
artery. Compared to the ADO I, the ADO Il device has
been used more frequently because it has a lower risk
of aortic protrusion, ensures closure of almost all PDA
types, and it can be used with a smaller delivery sheath
as in most of our cases where ductal diameter was <5
mm. In recent years, the ADO Piccolo device, which has



flatter retention discs and a thicker waist compared to
currently used occluders has been produced for the
management of much smaller PDAs®??. It can be safely
applied in small PDAs with insufficient ampullas®. In
our study, patients whose PDAs were closed with the
ADO Piccolo device were not included in our study
because data entry was performed afterwards. The
ductuses of these patients were successfully closed and
no complications developed during the procedure.

Although transcatheter closure of PDA is safe and
effective, various complications such as haemolysis®?¥,
embolisation®, infective endocarditis?® and narrowing
of adjacent vessels may occur. In patients whose PDAs
were closed by transcatheter method using different
devices, major complications (significant haemolysis,
infective endocarditis, device embolisation) and minor
complications (mild narrowing of the descending aorta,
mild narrowing of the origin of the left pulmonary artery)
may be observed®). In a multicentre study conducted
by Pass et al.?® in the USA, PDAs of 484 patients with
a mean age of 1.8 years were closed with ADO | and Il
devices. The major complication rate was found to be
2.3% at one year follow-up. Eighteen out of 484 (0.3%)
patients had vascular complications and/or blood loss
requiring transfusion. In 2 patients in our series, the ADO
Il device embolised to the descending aorta and femoral
artery immediately after the procedure. Pulmonary
artery pressure was not very high in these patients.
Therefore, we thought that embolisation was related to
the small diameter of the defect. In one of our patients,
febrile episodes and deterioration of general health
condition developed 2 weeks after the procedure, and
device-associated infective endocarditis was diagnosed
after transthoracic echocardiographic evaluation of the
patient revealed an increase in device echogenicity
that had not been previously present. In this patient,
we perfectly applied prophylactic measures against
the development of infective endocarditis and sterile
techniques during procedures. Therefore, we found
no etiology to explain the development of infective
endocarditis.

In the study conducted by Gruenstein et al.?” in 2017
with 436 patients in which they experienced PDA closure
with ADO Il, patients aged between 6 months and 18
years, and those with a ductal diameter <5.5 mm were
included inthe study. The gender (Male: 120-63%, Female:
72-38%), and mean age (2.5%4.5 years) of the patients,
type of PDA (conical 73-48%, tubular 31-16%) were similar
to our study. Unlike our study, the rate of elongated type
PDA was close to 20% (n=38). Antegrade access had
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been performed in 62% (n=128) of the patients and a
significant decrease in fluoroscopy time was detected in
the use of retrograde access (11.6 66.3 min. vs. 15.2 69.1,
min. p=0.0001). Device embolisation developed in one
patient and the device was removed by snare method. In
9 patients, the procedure was not continued because of
protrusion into the left pulmonary artery or aorta before
the device was left in situ. In two patients, residual shunt
persisted during the post-procedural follow-up period.
Residual shunt of their patients had been closed at
follow-up, while the PDA of the other patient was closed
again with coil embolisation in the first year of follow-up
and the shunt was repaired. In our study, we observed
that mild stenosis of the left pulmonary artery detected
in post-procedural transthoracic echocardiography in
three patients and continuous-wave Doppler ultrasound
measurement of A7 mmHg in the arcus aorta after
transcatheter closure in one patient were completely
normalised during follow-up.

Inthe year 2013 Liddy et al.?® performed a PDA closure
study using Amplatzer duct occluders ADO | and ADO
[l on 177 patients with a mean age of 3.3 years and the
mean PDA diameter of 2.5 mm. One hundred and twelve
patients (63.3%) with conical type ductuses underwent
PDA closure using ADO | (n=89; 50.9%), or ADO Il (n=59;
33.3%) devices. Residual shunt was observed in 2 patients
in the first 48 hours after the procedure. The residual
shunts of these 2 patients disappeared completely in 6
month follow-up. Retrograde approach was used in 60%
ofthe patientswho underwentthe procedure using ADO I
device. Fluoroscopy time was shorter in patients who had
undergone the procedure using the retrograde approach
(3.7 vs. 5.0 min., p=0.0068). Protrusion developed in 7
(3.9%) patients using ADO Iland in 10 (5.6 %) patients using
ADO |. Device embolisation developed in two patients.
There was no difference in the rates of embolisation,
residual shunt and protrusion in patients who had
undergone PDA closure using retrograde or antegrade
route. Compared to the study performed by Liddy et
al.t9 post-procedural residual shunt was seen more
frequently (n=8) during early postoperative period, but it
was similarly observed in only three patients during the
follow-up period since the residual shunts in our study
were not found to be haemodynamically significant, any
re-intervention was not performed. The types of PDA
repaired, retrograde approach, and embolisation rates,
fluoroscopy times were comparable to those reported
by Liddy et al.%,

In a study conducted by Baykan et al.®" in Erciyes
University, 379 patients, with a mean age of 18 months
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(6 months-6 years) had conical (n=182), tubular (n=174),
elongated (n=2), window-type (n=21) PDAs For the PDA
closure, ADO | (n=149), ADO Il (n=149) devices and Cook®
coils (n=179) had been used in respective number of
patients. Arterial route was used in 257 and venous route
in 122 patients. Device embolisation developed as a
major complication in only 5 patients. The patients who
had developed device embolisation weighed less than
2000 grams. Our study was demographically different
from the study of Baykan et al.®” and compatible with
the literature. Although it was similar to our study in that
mostly arterial interventions had been performed, the
rate of major complications was lower in our study.

Eight years ago Yilmazer et al.®? used different
occluder types in 82 patients in our centre, and PDAs of
291 new patients were closed during this period. Despite
a significant increase in the number of patients treated,
only one patient had device embolisation as a major
complication during this period and the device was
surgically removed. It is remarkable that as experience
gained by the clinical team, minor complications were not
seen except for 2 new patients with haemodynamically
insignificant shunts.

Our results have shown that transcatheter PDA closure
is an effective and safe method with low complication
rates in children. In our study, the procedure was
performed in a total of 370 patients with a success rate
of 99.1 percent. Device embolisation occurred in only
two patients and surgical intervention was required in
these patients. Embolisations were observed in patients
in whom the ADO | device was used. The ADO Il device
allows the closure of more challenging anatomical
structures due to its advantages of using the retrograde
route. Careful patient selection and meticulous planning
of the procedure is important in patients at risk of
embolisation.

Very scarce number of (1.8%) patients had minimal
residual shunts in the acute period after closure. Except
for a few patients, almost all of the residual shunts in
the acute period were closed. These results support
the efficacy and success of transcatheter PDA closure.
Major complications such as device embolisation and
infective endocarditis were rarely seen (0.8%). The case
of infective endocarditis was treated by surgical removal
of the device. Such rare complications emphasize the
importance of performing transcatheter PDA closure
carefully and in expert hands. In our study, demographic
and clinical characteristics of the patients in whom
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different devices were used were also analysed. It was
found that PDA diameters were smaller in patients
whose PDAs were closed with ADO Il device rather than
ADO | device. This result shows that the choice of occluder
should be based on the size and anatomical features of
the ductus. The device that should be preferred should
be determined depending on the type, diameter and
anatomical features of patient's PDA.

Study Limitations

The data was collected from a single centre, which
may limit the generalizability of the results. Multi-center
studies could provide more generalized outcomes.
While the follow-up period averaged 5 years, longer-
term follow-up would be beneficial to fully assess the
sustainability of the procedure and the long-term
outcomes and potential late complications.

CONCLUSION

In conclusion, our study provides important data
supporting the efficacy and safety of transcatheter
PDA closure in children. As a minimally invasive
procedure, transcatheter PDA closure carries a lower
risk of complications compared to surgical intervention
and accelerates the recovery process of patients.
When performed in expert hands for eligible patients,
transcatheter PDA closure should be considered as the
first treatment alternative in cases with PDA.
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