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ABSTRACT

Introduction: Transcatheter closure is a treatment choice for the most children with patent ductus arteri-
osus (PDA)� The closure of the ductus is indicated in any child or adolescent with developed symptoms of 
significant L-R shunt� The aim of this article is to present our results in 5 years treatment of patients with 
PDA and their outcome�

Methods: From 2009 to 2014, 30 patients underwent a transcatheter closure of PDA at Centre for 
Heart and Pediatric clinic of Clinical University Centre of Sarajevo� Aortic angiogram was performed to 
evaluate the size, position, and shape of the duct for selection of appropriate occluder device type and 
size� All procedures were performed by local team of cardiologists from the Department of Cardiology, 
Pediatric clinic, with invasive cardiologists team from Sweden and Austria� Echocardiography was 
repeated at intervals of 24 hours, then 1 month, 3 months, and 1 year after the procedure to assess 
the outcome�

Results: Thirty patients underwent transcatheter closure of PDA during the study period� PDA of ≤ 2�0 mm 
was present in 8 patients and they underwent PDA closure with coils, while 22 patients had PDA diameter 
≥ 2 mm, and they were treated by Amplatzer duct occluder (ADO)� Only in 2 (6�2%) patients complica-
tions have been observed� The length of hospital stay after the treatment was two to three days�

Conclusion: Transcatheter closure of PDA is a modern, safe and efficient method that ensures a faster 
recovery of the patients, shortens the length of hospitalization�
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INTRODUCTION
Patent Ductus Arteriosus (PDA) is a common 
form of congenital heart disease. Knowledge of the 
pathophysiology, clinical implications and manage-
ment of patent ductus arteriosus (PDA) is a very 
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important task for pediatricians-cardiologists and 
adult cardiologists. In the last three decades tran-
scatheter closure of PDA has largely replaced surgi-
cal ligation (1).
PDA represents vascular structure that connects 
the proximal part of the descending aorta to the 
main pulmonary artery (MPA), localized to the 
left branch of the pulmonary artery (LPA). PDA 
appears in certain syndromes such as: Down syn-
drome, Wolf-Hirschhorn syndrome, Carpenter syn-
drome, Holt-Oram syndrome (2).
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The incidence of PDA in term newborns is 1/2000 
births, representing 5% to 10% of all congenital 
heart anomalies, and sex distribution is 2:1 in 
favor of females (3). Hemodynamic repercussions 
depend on ductal resistance, which are affected by 
the size and appearance of the duct, the pressure 
gradient (PG) between the aorta and pulmonary 
artery. Most patients are asymptomatic. If there 
is a larger left-right shunt (L-R shunt), there is 
intolerance to effort. A significant PDA that is not 
closed, may lead to sequelae such as congestive 
heart failure, pulmonary hypertension, pulmo-
nary vascular obstructive disease, recurrent chest 
infection, ductal aneurism and an increased risk 
of infective endocarditis. (4-6). Echocardiography 
is a noninvasive diagnostic method that provides 
the information about hemodynamics of PDA. 
Transcatheter closure is the method of choice for 
the most children with patent ductus. The closure 
of the ductus is indicated in any child or adoles-
cent with developed symptoms of significant L-R 
shunt. Asymptomatic patients with significant L-R 
shunt, through PDA and enlargement of the left 
heart cavities, are definitely in a group of patients 
for PDA closure, in order to prevent the develop-
ment of complications (7).
In patients with a small shunt - “silent” ductus, the 
closing should be consider due to later complica-
tions. However, considering that this is a safe, effec-
tive method with minimal morbidity, it is recom-
mended to close the PDA at any age (8,9).
Contraindications for transcatheter closure of PDA 
are: age of the child is less than 6 months; the pres-
ence of blood clots in the heart and blood vessels, or 
general disorder of coagulation system; body weight 
less than 6 kg; presence of infection; increased pres-
sure in the pulmonary artery (PA) (10).
Common complications of transcatheter closure of 
PDA include: bleeding, arrhythmia, residual shunt, 
left pulmonary artery (LPA) obstruction, protrusion 
of the device into the aorta, embolization of the 
device (11,13).
In this study, we are reporting our experience during 
past five years with PDA closure using detachable 
coils and Amplatzer duct occluder (ADO) and out-
come of the patients.

METHODS

Study design
All patients who had undergone transcatheter clo-
sure of PDA between 2009 and 2014 on Pediatric 
clinic and Center for Heart, University Clinical 
Center Sarajevo, were included in this retrospective 
study. 30 patients underwent transcatheter closure of 
PDA. All procedures were performed by local team 
of cardiologists from the Department of Cardiology, 
Pediatric clinic with a team from Sweden and Austria.
The exclusion criteria included those who have been 
found to be not suitable for device closure after 
reviewing. We excluded one patient with presence 
of Pulmonary arterial hypertension and one that 
was unsuccessful.
All patients had clinical evaluation and echocardio-
graphic confirmation of the diagnosis. A complete 
diagnostic evaluation and assessment of hemody-
namics (evaluation of pulmonary vascular resis-
tance, type of shunt) before transcatheter closure is 
of a crucial importance.
This was followed by an aortic angiography to eval-
uate the anatomy (size, position and shape) of the 
ductus arteriosus for appropriate device choice for 
closure: type and size (Table 1). It is very important 
to determine the minimum and maximum diameter 
(aortic ampulla), the length and shape of the ductus 
before performing closing procedure.
Size is determined by minimal ductal diameter on 
angiographic view.Before starting the procedure 
the patient must be under general anesthesia along 
with monitoring of vital parameters. Devices used 
for occlusion were detachable coils and ADOs. 
Detachable coils (14) were used for patients with 
small PDAs of ≤2.5 mm at the narrowest diameter 
(Figure 1A). ADOs were used for PDAs that were 
>2.5 mm (Figure 1B).

TABLE 1. Classification of PDA based on size
Type Description 
Silent PDA Less than 1.5 mm and no murmur
Very small PDA ≤ 1.5 mm with audible murmur
Small PDA 1.5‑3 mm and murmur
Moderate PDA 3‑5 mm and murmur
Large PDA >5 mm and murmur
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Protocol of PDA closure implies that patients are 
undergoing right and left heart catheterization, 
using 4Fr or 5Fr sheath, placed in the femoral 
artery and 6Fr sheath in the femoral vein. Heparin 
is administered during the procedure. After select-
ing occluders (≥ 1-2 mm larger than the minimum 
size of a PDA), it was connected with the catheter 
system and submerged in sterile water to avoid the 
presence of air drawn into the delivery system.
The coil are delivered into the main pulmonary 
artery. The guide wire is fixed in position and the 
catheter is slowly withdrawn over the wire into the 
descending aorta, thus extruding the remaining coil 
into the aortic end of the ductal ampulla.
If the position is adequate, occluder is released. 
A  second aortic angiogram was performed after 
device deployment. After the procedure, it is rec-
ommended the next two doses of antibiotics and 
aspirin therapy at a dose of 2-3 mg/kg/day, which 
is given the next 4-6 months. Patients than had fol-
low-up in Pediatric Cardiology Clinic 24 hours after 
procedure (vital signs, x-ray and echocardiography). 
Further monitoring means repeated echocardiogra-
phy after 1 month, 3 months and 1 year, when eval-
uation of: residual shunt, moving occluders, throm-
bus, aortic or pulmonary stenosis, is performed.

RESULTS
Thirty patients underwent transcatheter closure of 
PDA during the study period. Of these, 17 (57%) 
were girls and 13 (43%) were boys (Figure 2).
Age structure ranged of the treated patients from 
1 year to 10 years. (Figure 3).
Eight patients had PDA of ≤ 2.0 mm at the narrow-
est diameter and they underwent PDA closure with 
coils and 22 patients with PDA diameter ≥ 2 mm, 
had their PDAs closed with ADOs (Figure 4).

After the procedure, patients with closed PDA were 
treated at the Department of Cardiology, Pediatric 
Clinic, University Clinical Center in Sarajevo. The 
length of hospitalization after procedure is two days 
(28 patients) and three days in only 2 patients.
Only in 2 (6.2%) patients complications have been 
observed. In one patient, we detected transient myo-
cardial ischemia. Device embolization occurred in 
one case, which is successfully retrieved back. There 

FIGURE 1. Gianturco coil (cylindrical shape) (A) and Amplatzer 
duct occluder (B)
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FIGURE 2. Sex structure of the treated patients

FIGURE 3. Age structure of the treated patients

FIGURE 4. The type of occlude used
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were no significant residual PDA shunt during 
patients short postprocedure follow up period.

DISCUSSION
PDA closure is indicated for several reasons: pre-
venting the development of bacterial endocarditis, 
hypertensive pulmonary disease, aneurysm forma-
tion, and congestive heart failure.
In the majority of the world’s cardiac centers, tran-
scatheter closure of PDA is considered to be a stan-
dard type of treatment (1). Even though there is no 
clear consensus, the advantages of transcatheter clo-
sure is preferred because of the high success rates, 
shorter hospital stay, less blood loss, low rates of 
morbidity, without opening the patient’s chest. This 
mode of treatment is particularly suitable in cases of 
cardiac and respiratory diseases in which the risk of 
surgery is increased (15).
A retrospective cohort study of nine representative 
publications, included in the meta-analysis from 
around the world, correlate benefit of different ways 
of treatment of PDA through a series of morpholog-
ical and hemodynamic parameter (16). There was 
no significant difference in primary success rate and 
post procedure complications. The residual shunt 
was more frequent in the group of catheterized 
patients, while remarkable reduction in length of 
hospitalization was in catheterized patients (16 -18).
Liddy et al. (19) in their retrospective study demon-
strated a small percentage of residual shunt follow-
ing patients after transcatheter closure, 1, 3 and 
6 months (6.8, 1.7 and 1.1%). Arodiwe et al. (10) 
compared the success the closure of the PDA, the 
development of complications, using different types 
of occluders. Correlation analysis demonstrated that 
success of intervention largely depends on several 
factors: the experience of cardiologists, duct size, age 
and body weight. Diameter and morphology of the 
ductus had affected the selection of occluder type 
and success. Development of complications was 
similar in both groups (coil and ADO).
Our study of 30 patients showed that the transcath-
eter closure of PDA has a great success, with a low 
complication rate. Follow up of all patients with 
implanted occluders requires a serious approach of 
well-trained cardiologist, who will on time recognize 

any deviations in the positions and changing of 
hemodynamics.

CONCLUSION
In our five years experience in the treatment of PDA 
by transcatheter closure, this method demonstrated 
fast patient recovery, shorter length of hospitaliza-
tion and no residual shunt on follow up.
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