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Abstract 

Background:  Transcatheter closure of patent ductus arteriosus (PDA) has gained acceptance over the last two 
decades, replacing the surgery in more than 90% of the cases, so the safety and efficacy of transcather closure of PDA 
have been evaluated by studying different experiences from different centers in developing countries. The aim is to 
report our experience with PDA transcather closure, with focus on the adverse events and complications faced during 
the procedure.

Results:  Outcome data on PDA transcatheter closure were collected from two different tertiary centers in a multi-
center registry. During the period from June 2017 till January 2021, 308 PDA closure were recorded, using device in 
197 (64%) and coils in 111 (36%) patients, most of the patients were in pediatric age group from 6 months to 6 years 
and only 10 patients (3.2%) were adults. Most patients had isolated PDA of 92%, and 9 (2.9%) patients had residual 
PDAs either post-surgical or transcatheter closure. Median minimum PDA diameter was 2.8 mm (range 1–7.6 mm; IQR 
1.8–3.8 mm). The procedure was successful in 293 patients (95%). Complications occurred in 15/308 patients (5%), 
and only 6 (2%) of them were major complications, but none was life threating. Frequent complications were device 
embolization (2%), hemolysis (1%), arrhythmia (1%). Younger age, low body weight and longer procedure time were 
associated with a high complication rate (p < 0.005). Device-related complications were more common than coil-
related complications (2.5% versus 0.5%).

Conclusions:  Although transcatheter closure of PDA is considered to be effective procedure with low complications 
rate, however, complications should be anticipated and managed properly.
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Background
Patent ductus arteriosus (PDA) accounts for 5–10% of 
all congenital heart diseases and is estimated to occur 
approximately 1 in 2000 live births [1, 2]. The natural 
history and clinical picture of PDA vary widely and are 
largely dependent on the size of PDA, degree of shunt-
ing and pulmonary vascular resistance (PVR). Patients 

with small-sized PDA are usually asymptomatic, and 
patients with moderate sized to large PDA may complain 
of symptoms of volume overload, left-sided heart failure, 
failure to thrive and recurrent chest infection [3]. If a 
patient with large PDA was not corrected and left with-
out protective measures, persistent pulmonary hyper-
tension (PH) and consequent Eisenmenger syndrome 
develop [4]. In rare cases complications as ductus aneu-
rysm, ductus calcification and endarteritis may occur, so 
transcather PDA closure is often sought preferably at an 
earlier age [5].

After Portsmann described the first successful tran-
scatheter closure of PDA in 1971, the procedure became 
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widespread in the 1980s [6]. Transcatheter closure of 
PDA has become the standard of care for most cases, 
reserving only the surgical options for very few cases. 
With large technical advances in the devices used for 
pediatric cardiac interventions, even large PDAs are now 
amenable for transcatheter closure [2]. The most two 
transcatheter techniques used are coil embolization or 
device closure, with large variety of devices now being 
commonly used as Amplatzer duct Occluder (ADO I, II), 
Hyperion, lifetech and occlutech with high success rate 
and less incidence of complications [7]; however, reports 
from developing countries are lacking. So, we find it 
important to document our multicenter study regarding 
success rate, rate of complications, level of experience 
and level of care offered during and after the procedure.

Methods
This is a prospective non-randomized study done in 
X university hospitals in conjunction with XX univer-
sity hospital, and both are tertiary referral centers with 
well-established congenital and structural heart disease 
service.

This is a prospective study for evaluation of the patients 
who underwent PDA closure, reporting our experi-
ence, short- and long-term outcomes and incidence of 
complications.

From January 2017 till January 2020, all patients with 
PDA after signing an informed consent (both pediat-
rics and adults), and fulfilling inclusion criteria, audible 
hemodynamically significant PDA (either evidence of 
left ventricle (LV) volume overload or QP/QS > 1.5) were 
included.

While patients with irreversible severe PH (PVR > 5 
WU) after balloon occlusion test, or in those where the 
surgical option would be preferred (as preterm infants, 
PDA with complex anatomy, or in whom the device will 
be too large in relation to their BSA).

A custom-made sheet was made to include all relevant 
demographic data which included age at first presenta-
tion, age on the day of procedure, body weight, height, 
transthoracic echocardiographic (TTE) data (size by 
TTE, LV end diastolic volume index and end systolic vol-
ume index and ejection fraction), associated lesions, pro-
cedural data as (fluoroscopy time, procedural time, size 
of PDA by angiography, QP/QS, mean pulmonary artery 
pressure (PAP)).

In our study, patients with PDA 2  mm or less under-
went coil implantation, while PDA more than 2  mm 
underwent device implantation instead. Success of 
implantation was defined as the device being properly 
placed and deployed without malposition or emboliza-
tion in the catheterization laboratory or significant resid-
ual defect. Immediate and short-term complications were 

recorded further classifying them into major and minor 
complications.

All patient underwent detailed history taking, physi-
cal examination, chest X-ray (CXR), electrocardiogram 
(ECG), detailed TTE then scheduled for transcatheter 
closure, after written informed consent the interven-
tional procedure with different devices or coils was car-
ried out under general anesthesia. All patients received 
prophylactic antibiotic therapy prior to catheterization. 
After the percutaneous puncture of the femoral vein and 
artery unfractionated heparin (100 unit/kg) was given, 
then all hemodynamic variables were evaluated. The 
shape and size of the PDA were then assessed via an aor-
togram, from the right anterior oblique and lateral pro-
jections. The ductal shape was classified in accordance 
with the classifications established by Krichenko et al. [8]. 
Depending on the basis of ductal morphology and size, 
transcatheter closure was conducted. The devices used 
were 1–2 mm larger than narrowest diameter of the pul-
monary end of the PDA and were implanted via a venous 
approach, while using either cook coil or Nit-Occlud coil 
the largest device loop diameter was equal to the aortic 
ampulla and was 3–4 mm larger than the narrowest duct 
diameter and was deployed via the venous approach or 
arterial approach.

TTE evaluations and chest radiography were con-
ducted on all patients prior to discharge, and at 1, 3, 6, 
12  months after the procedure. The outcomes of inter-
est for the study included acute complications at the 
time of the procedure, and during follow-up at 1 month, 
3 months, 6 months and one year after discharge.

Statistical analysis
Collected data were coded, tabulated and statistically 
analyzed using IBM SPSS statistics (Statistical Package 
for Social Sciences) software version 22.0, IBM Corp., 
Chicago, USA, 2013. Descriptive statistics were done 
for quantitative data as minimum and maximum of the 
range as well as mean ± SD (standard deviation) for 
quantitative normally distributed data, while it was done 
for qualitative data as number and percentage. Correla-
tions were done with the level of significance applied at 
a p value < 0.050 which is significant, and otherwise, it is 
non-significant.

Results
This study evaluated 308 patients, and transcatheter 
closure was conducted successfully in 302 patients 
(98%) using different devices and coils. The median age 
and weight for the patients were 2.7  years (range from 
3  months to 20  years) and 11.8  kgs (range from 5 to 
90  kgs), respectively. We recorded 260 cases (84.4%) of 
isolated PDA, 23 patients (7.5%) with hypertensive PDAs 
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(who underwent balloon occlusion test), 14 patients 
(10.1%) with PDA and other congenital heart diseases, 
2 patients (0.6%) with PDA post-Glenn in patients with 
congenital cyanotic heart diseases. Nine patients (2.9%) 
had residual PDAs either post-surgical or transcatheter 
closure (Fig. 1).

The mean procedural time was 53 ± 6  min, mean 
Fluoro time was 6.8 ± 0.86  min, the median size for 
PDA (narrowest PDA diameter) by angiography was 
2.86 ± 0.96 min (range 1.5–7.6 mm), the median of mean 
PAP was 15.5  mmHg (range 10–55  mmHg), and the 
median QP/Qs was 2.15 ± 0.8. According to the classifi-
cations established by Krichenko et al., the PDA assumed 
a conical shape (type A) in 250 patients (81%), a tubular 
shape (type c) in 48 patients (15.5%), a window-like (type 
B) morphology in 8 patients (2.5%) and complex (type D) 
morphology in 2 patients (0.6%).

Percutaneous PDA closure using device was done 
in 208 patients (67.5%), and using coil was done in 100 
patients (32.5%). The most common device used was 
ADO I in 132 patients (42.8%) followed by Hyperion in 
(8.1%) of patients, then Occlutech in 7.8% of the patients, 
then lifetech in 3.8%. Muscular ventricular septal defect 
(VSD) was used in 10 patients (3.2%) with hypertensive 
PDA, and ADO II was used in 4 patients (1.29%), while 
cook coil was used in 90 patients (29.2%) and PFM coil in 
10 (3.2%), and the median device size was 6 mm at pul-
monary end (range from 4 to 12 mm) (Table 1).

Major complications
The overall complication rate was 5% (15 out of 308 
patients), major complications were reported in 6 

patients (2%), 4 of them had device/coil embolization, 
and 3 patients had device embolization. Case 1 was a 
9-month-old female patient, with type C PDA meas-
uring 4.3  mm, and ADOI 6/8 was deployed across; 
however, immediately after the release it embolized 
into main pulmonary artery, the device was snared, 
and then, patient was sent for surgical closure. Case 
2 was a 11-month-old boy with type A PDA, pulmo-
nary end was 2  mm, an ADO I 5/4 was used with no 
residual shunt after device deployment; however, 
immediately after release the device embolized in the 
descending aorta with failure of percutaneous retrieval 
and then the device was extracted surgically followed 
by PDA surgical closure. Case 3 was a 10-month-old 
female patient, had small-sized type C PDA measuring 
1.5  mm, closure using ADO I 5/4  mm was attempted; 
however, the device immediately embolized into right 
pulmonary artery and snaring failed percutaneously 
and patient was sent for surgery. The reason for embo-
lization in Cases 1 and 2 is mostly due to under-sizing; 
however, in Case 3 it is mostly due to abnormal mor-
phology of the duct as the device after it has squeezed. 
While Case 4 was 4 years old, PDA pulmonary end 
size was 2.5  mm. We decided to close it using PFM 
coil 7 × 6  mm, however , unfortunately during device 
release. It was entrapped in the pulmonary valve leaf-
lets, and then, it jumped into the right ventricle and 
again become entrapped with the tricuspid valve (TV) 
leaflets and could not be snared, and the patient was 
sent for surgery immediately with successful device 
extraction and repaired one of the TV chordae with 
mild tricuspid regurgitation and PDA surgical closure.
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Fig. 1  Classifications of patent ductus arteriosus. ASD atrial septal defect, CHD congenital heart disease, PDA patent ductus arteriosus, PS 
pulmonary stenosis, VSD ventricular septal defect
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Two patients underwent significant hemolysis requir-
ing blood transfusion after PFM coil implantation. Case 
1 was a 9-year-old female patient with type C PDA meas-
uring 3.5 mm, and we decided to close it with PFM coil 
9 × 6  mm. Post-coil release injection showed minimal 
residual flow across and two weeks later in the follow-up 
TTE showed significant residual flow across His hemo-
globin dropped from 12 to 8  g/dl and increased in the 
indirect bilirubin and retics, so the patient admitted to 
the cath. laboratory again, and there was a significant 
residual with QP/Qs > 2, so another cook coil 5 × 5 was 
deployed with complete closure of the PDA. Case 2 was 
a 2-year-old boy with PDA measuring 3.5 mm at the nar-
rowest diameter who underwent PDA device closure 
using ADO I 8/6 with minimal residual flow across, and 
in the follow-up echo, there was a significant residual 
flow. The patient was pale his hemoglobin drop to 8  g/
dl, patient was admitted received blood transfusion then 
re-entered the cath. laboratory closing the residual defect 
with a cook coil 5 × 5 (Table 2).

Minor complications
Minor vascular complications
Minor complications were recorded in 9 patients (3%), 
and these complications included minor vascular com-
plications in 3 patients (1%). Two of them developed 
small hematoma at the puncture site; however, there 
was no significant blood loss, hemoglobin dropped 
only by 1–2 g/dl, and the hematoma was managed con-
servatively until it regressed after 48  h. One patient 
(6  months) developed arteriovenous (AV) fistula after 
PDA closure as evidenced by bruit on auscultation, 
and connection between femoral artery and vein by 
ultrasonography; however, there was no limb swelling 
or discrepancy in size between the two limbs, and no 
evidence of ischemic changes patient was being fol-
lowed up for two months with spontaneous resolution 
of the chronic AV fistula without the need for surgical 
intervention.

Table 1  Demographic data

PDA patent ductus arteriosus, PAP pulmonary artery pressure, VSD ventricular septal defect

Age Median = 2.7 years (range 3 months–20 years)

Gender Males, n = 113 (36.7%), females, n = 195 (63.3%)

Weight Median = 11.8 kgs (range 5–90 kgs)

Size of PDA by angiography Median = 2.86 ± 0.96 mm (range 1.5–7.6 mm)

Mean PAP Median 15.5 mmHg (range 10–55 mmHg)

QP: Qs Median 2.15 ± 0.8 (1–3.5)

Procedural time Mean 53 ± 6.8 min (range 42–70 min)

Fluoroscopy time Mean 6.8 ± 0.86 min (range 6–9 min)

Type of intervention Device closure, n = 208 (67.5%), coil closure n = 100 (32.5%)

Type of PDA Type A n = 250 (81%), type C, n = 48 (15.5%), type B, n = 8 (2.5%), type D, n = 2 (0.6%) 

Device type ADO I n = 132 (42.8%), Hyperion n = 25 (8.1%), Occlutech n = 24 (7.8%)
Lifetech n = 12 (3.8%). Amplatzer Muscular VSD, n = 10 (3.2%), ADO II, n = 4 (1.29%)

Device size Median 6 mm (range from 6 to 12 mm)

Complications n = 15 (5%)

Table 2  Incidence and types of complications

LPA left pulmonary artery, SVT supraventricular tachycardia

Category Complication N Percentage Total (%)

Major complications I. Embolization 4 1.3 2

Device embolization 3

Coil embolization 1

II. Major vascular complication (hemolysis requiring blood 
transfusion)

2 0.6

Minor complications I. Minor Vascular complications 3 1 3

II. Benign arrhythmia (SVT and atrial tachycardia) 3 1

III. Device encroachment on descending aorta or LPA 3 1

Total 15 5 5
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Benign arrhythmia
Arrhythmia was recorded in 3 patients (1%), two of 
them were 2 years and 4 years, respectively, who devel-
oped supraventricular tachycardia (SVT) immediately 
after the procedure (mostly due to anesthetic drugs), and 
vagal maneuvers were tried, but with no effect, patients 
received adenosine, where the normal sinus rhythm 
was restored with no recurrence of arrhythmia again. 
A 9-month-old boy patient  with large PDA measur-
ing 3.5 mm, dilated LV and dilated left atrium after PDA 
device closure developed atrial tachycardia which was 
reverted using also adenosine giving twice; however, 
patient has recurrence of arrhythmia later on which is 
mostly intrinsic and not iatrogenic due to device implan-
tation, and then, the patient was referred for the electro-
physiology team for further management.

Device encroachment on the descending aorta or peripheral 
pulmonary tree
We had only one patient (10  months old) with large 
hypertensive PDA which was closed by Occlutech 
10/8  mm device, the device was minimally protruding 
into the descending aorta with pressure drop across inva-
sively of 4  mmHg and pressure drop across by Doppler 
of 12  mmHg, and the patient has been followed up for 
1  year with no increase in the Doppler pressure gradi-
ent across aortic ismuth. Another case of a 6-year-old 
girl with large hypertensive PDA was reversible after bal-
loon occlusion test, and a muscular VSD hyperion device 
12/10 was deployed with minimal encroachment on the 
left pulmonary artery (LPA) with non-significant Dop-
pler pressure gradient across LPA invasively; however, 

2  months later in the follow-up there was mild origin 
LPA stenosis with Doppler PPG across of 14  mmHg. 
There was another case with large PDA closed by muscu-
lar VSD Amplatzer device which ended up with mild LPA 
origin stenosis with Doppler gradient across of 16 mmHg 
(Table 2, Fig. 2).

On comparing non-complicated to complicated group, 
we find that patients with hypertensive PDA (with ele-
vated mean PAP) are at higher risk for complication (p 
value = 0.010),  and other risk factors including low body 
weight (p = 0.023), procedural time (p = 0.031), fluoros-
copy time (p = 0.021), device size (p = 0.042) were sta-
tistically significant in the complicated group; however, 
there was no statistical significant difference between the 
use of either coil or device method for closure between 
the two groups.

Discussion
Since PDA transcatheter closure is among the safest 
interventional cardiac procedure and is now considered 
the method of choice for PDA closure in infants above 
5 kgs [9], a variety of devices have been approved for safe 
and effective PDA closure [10]. In our study, we achieved 
95% success rate with only 5% rate of adverse events, 
major complications accounted for 2% (6 patients), and 
the rest 3% (9 patients) had minor complications in 
patients with minimum size of PDA 1.5  mm and maxi-
mum up to 7 mm. Device embolization was reported in 4 
patients, and 2 patients had significant hemolysis requir-
ing blood transfusion, 3 patients underwent minor vas-
cular complications in the form of hematoma and arterial 
venous fistula, 3 patients developed benign arrhythmia, 
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Fig. 2  Patent ductus arteriosus complications. LPA left pulmonary artery
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and 3 patients had minimal device encroachment either 
on LPA or descending aorta.

In comparison with G.Y. Jang and his colleagues, who 
reported an overall complication rate of 8.5% [11], 4 
major complications (3.4%) and 6 minor complications 
(5.1%), reported complications were in the form of device 
embolization requiring surgical interventions, significant 
hemolysis requiring transfusion, infective endocarditis, 
benign arrhythmia, mild device encroachment on LPA or 
descending aorta.

A higher complication rate was reported by El-Said 
et al. reaching up to 9%, 2.2% (24 patients) of them were 
defined as high severity events in the form of device 
embolization (11 patients) or malposition (13 patients), 
while the rest of complications were minor in the form 
of minor bleeding, anesthesia or airway-related compli-
cations, arrhythmia, allergic reactions and medication 
errors [12].

A Shigini and his co-workers in their multicenter study 
in Iran reported no major complications as device embo-
lization, and they only reported minor complications in 
the form of frequent benign arrhythmia and less com-
monly hemorrhage [4].

Device embolization is a rare complication and was 
reported in our early experience with PDA device clo-
sure mostly due to under-sizing or abnormal morphol-
ogy of the duct, and the rate of device embolization was 
variable in the literature with max rate up to 16% in the 
early experience; however, with more experience, avail-
ability of different devices, understanding the different 
morphology of the duct, decreased to zero % [13]. El Said 
et  al. reported that the incidence of embolization was 
more commonly seen in the coil (5%) rather than device 
(1%) [12]. In contrast to our study, we had more device 
embolization than coil; however, it was not statistically 
different. However, many registries reported that coil 
embolization is more commonly seen with large PDAs, 
so device would be a better option for PDAs more than 
2.5  mm, and device embolization was also commonly 
reported due to under-sizing [14], and however, this rate 
of coil or device embolization decreased due to improved 
coil and catheter technology available for coil implan-
tation, including detachable coils and the continuous 
efforts of investigators to improve the efficacy and safety 
of coil or device placement [15].

Significant hemolysis after device deployment is pri-
marily related to residual shunts and occurs only rarely. 
This is believed to result from mechanical injury to the 
red blood cells, and the severe hemolysis appeared to 
have been associated with coil deployment and residual 
shunts; especially if large coils deployed in large-sized 
PDA, there is increased incidence of residual shunting 
and consequently hemolysis [16]. The usual management 

of hemolysis involves the closure of the residual shunt, 
either surgically or via the deployment of the appropri-
ate device; in our study the two cases were managed 
percutaneously.

Transcatheter closure of large hypertensive PDA after 
balloon occlusion test was successfully conducted in 23 
patients (7.5%); however, this increased the rate of minor 
complications as we commonly use larger double disk 
devices for those patients. Also using a large device in 
infants weighing less than 10  kgs is quite problematic. 
Our main concern regarding morbidity in relation to this 
device would be significant obstruction of the descend-
ing aorta and LPA. Therefore, in case we use large PDA 
devices in relation to the patient’s body surface area. 
Aortic pressure gradient should be constantly measur-
ing before device release or if it encroaches on LPA, also 
pressure gradient across should be recorded across, and 
in certain cases, we can use a balloon dilatation tech-
nique to the LPA if there was mild LPA stenosis before 
device release [17]. In our study, we had only three cases 
with mild encroachment on the descending aorta or LPA 
which was managed conservatively with no pressure gra-
dient across. Congruent to our results, G.Y. Jang reported 
5% incidence rate of mild narrowing of LPA or descend-
ing aorta with no need for surgical interventions [11].

The overall incidence of complication rate did not dif-
fer significantly between coil and device implantation; 
in our study, despite that it was a little bit higher in the 
coil group (3% vs 2% p > 0.05). El Said et  al. reported in 
contrast to our study that coil-related complication rate 
was higher than device-related complication rate (10% 
vs 2% p < 0.001) [12], while A Shigini and his colleagues 
reported that the complication rate did not differ signifi-
cantly between the two techniques (p > 0.05) [4].

On multivariate analysis for the risk factors, we find 
that low body weight, elevated pulmonary artery pres-
sure (hypertensive PDA), procedural time, fluoroscopy 
time and device size are single independent risk factors 
for higher complication rate. Our results were compara-
tive to El Saed et al., and she reported that higher event 
rates were more likely to occur with younger patients, 
low body weight and PH [12].

Limitations
This a retrospective single-treatment arm study, not com-
paring the catheter-based outcomes and complications to 
that of the surgical therapy.

Conclusions
PDA transcatheter closure is safe and effective proce-
dure; however, to prevent complication rate case-by-
case approach is needed considering patient’s condition, 
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ductal anatomy, operator’s experience, appropriate device 
selection and availability of surgical backup.

Abbreviations
AV: Arteriovenous; BSA: Body surface area; CXR: Chest X-ray; ECG: Electrocar-
diogram; EF: Ejection fraction; LA: Left atrium; LPA: Left pulmonary artery; LV: 
Left ventricle; PAP: Pulmonary artery pressure; PDA: Patent ductus arterio-
sus; PH: Pulmonary hypertension; PVR: Pulmonary vascular resistance; SVT: 
Supraventricular tachycardia; TV: Tricuspid valve; VSD: Ventricular septal defect; 
WU: Woods unit.

Acknowledgements
Not applicable.

Authors’ contributions
All authors took part in conception and design of the study, performing 
the echocardiographic analysis, catheter intervention, interpretation of the 
data and drafting of the manuscript. All authors read and approved the final 
manuscript.

Funding
No funds were received to fulfill this work.

Availability of data and materials
The datasets used and analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Study design was revised and approved by the ethical committee at Ain 
Shams University following Declaration of Helsinki last updated 2008. The 
patients (legal guardians) were consented as regard participation and publish-
ing and they accepted.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Congenital and Structural Heart Disease Unit, Cardiology Department, Ain 
Shams University Hospital, P.O. 11835, Abbassya, Nargess 3, Fifth Settlement, 
Cairo, Egypt. 2 Pediatric Department, Sohag University, Sohâg, Egypt. 

Received: 14 October 2021   Accepted: 21 February 2022

References
	1.	 Gournay V (2011) The ductus arteriosus: physiology, regulation, and func-

tional and congenital anomalies. Arch Cardiovasc Dis 104(11):578–585
	2.	 Schneider DJ (2012) The patent ductus arteriosus in term infants, chil-

dren, and adults. Semin Perinatol 36(2):146–153
	3.	 Schneider DJ, Moore JW (2006) Patent ductus arteriosus. Circulation 

114(17):1873–1882
	4.	 Behnaz F, Chegini A, Rafiian S, Rasouli M (2017) Complications of tran-

scatheter closure in patent ductus arteriosus patients. Int Cardiovasc Res 
J. 11(4):125–129

	5.	 Dyamenahalli U, Smallhorn JF, Geva T, Fouron JC, Cairns P, Jutras L et al 
(2000) Isolated ductus arteriosus aneurysm in the fetus and infant: a 
multi-institutional experience. J Am Coll Cardiol 36(1):262–269

	6.	 Portsmann W, Wierny L, Warnke H, Gerstberger G, Romaniuk PA (1971) 
Catheter closure of patent ductus arteriosus: 62 cases treated without 
thoracotomy. Radiol Clin N Am 9:203–218

	7.	 Pass RH, Hijazi Z, Hsu DT, Lewis V, Hellenbrand WE (2004) Multicenter USA 
Amplatzer patent ductus arteriosus occlusion device trial: initial and one-
year results. J Am Coll Cardiol 44(3):513–519

	8.	 Krichenko A, Benson LN, Burrows P, Moes CA, McLaughlin P, Freedom 
RM (1989) Angiographic classification of the isolated, persistently patent 
ductus arteriosus and implications for percutaneous catheter occlusion. 
Am J Cardiol 63:877–880

	9.	 Mitchell CC, Rivera BK, Cooper JN, Smith CV et al (2019) Percutaneous 
closure of the patent ductus arteriosus: opportunities moving forward. 
Congenit Heart Dis 14:95–99

	10.	 Masura J, Walsh KP, Thanopoulous B, Chan C, Bass J, Goussous Y, Gavora 
P et al (1998) Catheter closure of moderate- to large-sized patent ductus 
arteriosus using the new Amplatzer duct occluder: immediate and short-
term results. J Am Coll Cardiol 31:878–882

	11.	 Jang GY, Son CS, Lee JW, Lee JY, Kim SJ (2007) Complications after 
transcatheter closure of patent ductus arteriosus. J Korean Med Sci 
22:484–490

	12.	 El-Said HG, Bratincsak A, Foerster SR, Murphy JJ, Vincent J, Holzer R et al 
(2013) Safety of percutaneous patent ductus arteriosus closure: an unse-
lected multicenter population experience. AHA J 2(6):e000424

	13.	 Hanopoulos BD, Hakim FA, Hiari A, Goussous Y, Basta E, Zarayelyan AA 
et al (2000) Further experience with transcatheter closure of the patent 
ductus arteriosus using the Amplatzer duct occluder. J Am Coll Cardiol 
35:1016–1021

	14.	 Pass RH, Hijazi Z, Hsu DT, Lewis V, Hellenbrand WE (2004) Multicenter USA 
Amplatzer patent ductus arteriosus occlusion device trail: initial and one-
year results. J Am Coll Cardiol 44:513–519

	15.	 Brunetti M, Ringel R, Owada C, Coulson J, Jennings JM, Hoyer MH, Everett 
AD (2010) Percutaneous closure of patent ductus arteriosus: a multi-
institutional registry comparing multiple devices. Catheter Cardiovasc 
Interv 76:696–702

	16.	 Uzun O, Veldtman GR, Dickinson DF, Parsons JM, Blackburn ME, Gibbs JL 
(1999) Haemolysis following implantation of duct occlusion coils. Heart 
81:160–161

	17.	 Zahn EM, Peck D, Phillips A, Nevin P, Basaker K, Simmons C et al (2016) 
Transcatheter closure of patent ductus arteriosus in extremely premature 
newborns: early results and midterm follow-up. JACC Cardiovasc Interv 
9(23):2429–2437

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Safety and efficacy of percutaneous patent ductus arteriosus closure: a multicenter Egyptian experience
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Statistical analysis

	Results
	Major complications
	Minor complications
	Minor vascular complications
	Benign arrhythmia
	Device encroachment on the descending aorta or peripheral pulmonary tree


	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


