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ABSTRACT
Background: Despite technical improvements over the years, interventional closure of persistent duc-
tus arteriosus in infants remains a challenge.
Objectives: To assess safety, efficacy, and follow up results of closure of symptomatic persistent ductus
arteriosus in infants using the self-expanding and repositionable Amplatzer device.
Setting: Queen Alia Heart Institute (QAHI), a tertiary cardiac center, Amman-Jordan.
Patients and Methods: Between June 2000 and May 2004, a total of 21 infants (12 males, 9 females) with
symptomatic persistent ductus arteriosus were considered for treatment by transcatheter. Their age
ranged from six months to 12 months (median 9.5 months) and bodyweights ranged from 5.5�9.8kg
(median 7.4 kg). Indications for closure were one or more of the followings: failure to thrive, frequent
respiratory symptoms, tiring on feeding, cardiomegaly on chest X-ray and left atrial and ventricular
overload on 2-dimensional echocardiography. The procedure was carried out under sedation with
fluoroscopic control. The Amplatzer duct occluder device was used.
Results: Concurrent angiographies showed immediate closure in 16 patients while 5 had trivial shunting.
Within 24 hours, Doppler examination showed complete closure in all patients. (Closure rate: 100%).
There was no mortality related to the procedure, no aortic obstruction, left pulmonary artery stenosis
or device embolisation. One patient had loss of femoral artery pulse that was successfully treated by
intravenous heparin. Technical problems occurred in three patients during delivery of the device which
was solved by changing the delivery sheath or using a snare to stabilize the sheath. There have been no
late complications or re-opening of the duct on follow-up till date. Patients with recurrent respiratory
symptoms had no significant recurrences, infants who had failed to thrive had significantly increased
growth and all have normal left atrial and ventricular measurements.
Conclusion: Transcatheter closure using the Amplatzer duct occluder is an efficacious and safe
treatment for symptomatic patent ductus arteriosus in infants.
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INTRODUCTION

Patent Ductus Arteriosus (PDA) is a common
form of congenital heart defect with an inci-
dence of one in 2500 to 5000 live births1.
Transcatheter occlusion of Persistent Ductus
Arteriosus (PDA) with various occluders and
coils is a well-established alternative to surgi-
cal duct ligation in children and adults but there
are only occasional reports on symptomatic
infants2-9. Despite technical improvements over
the years, interventional closure of large ducts
in infants remains a challenge. We conducted
this study to assess the immediate and short-
term results of closure of patent arterial ducts
using the self-expanding and repositionable
Amplatzer device with special reference to
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infants less than one-year age.

METHODS

Between June 2000 and January 2004, we
considered transcatheter closure of Persistent
Ductus Arteriosus (PDA) using Amplatzer
duct occluder in 21 infants presenting with a
Persistent Ductus Arteriosus (PDA). Patients
are selected based on the presence of a PDA
with left-to-right shunt. Their age ranged from
six months to 12 months (median 9.5 months)
and bodyweights ranged from 5.5–9.8 kg (me-
dian 7.4 kg). The patients are evaluated with a
physical examination, chest X-ray, electrocar-
diogram (ECG) and a transthoracic two-di-
mensional echocardiogram. All patients had
one or more of the following clinical and
echocardiographic findings consistent with sig-
nificant PDA: respiratory symptoms, poor
weight gain, tiring on feeding, cardiomegaly
on chest X-ray and left atrial and ventricular
volume over-load, which were the indication
for early closure in this group.

The device
The Amplatzer duct occluder (AGA Medi-

cal Corporation, Golden Valley, Minnesota,
USA) is the first device of its kind approved by
the FDA for treatment of PDA. It is a self-ex-
pandable, mushroom-shaped device made
from a 0.004-inch thick Nitinol wire mesh (a
thin retention disc, 4 mm larger in size than
the diameter of the device ensures secure posi-
tioning in the mouth of PDA). The PDA is
closed by the induction of thrombosis, which
is accomplished by polyester fibers sewn se-
curely into the device. Platinum marker bands
are applied to the wire ends and laser welded.
The shape is then formed by heat treatment.
All devices are cone-shaped and 7mm in
length, with a recessed screw, sizes are given
from the larger to the smaller diameter10,11.

Closure protocol
Informed consent was obtained from the par-

ents of all patients. The procedure was carried
out under sedation with fluoroscopy control.
After percutaneous puncture of the femoral
vein and artery, routine right and left heart

catheterization is performed to assess the de-
gree of shunting and to evaluate the pulmo-
nary vascular resistance. Pullback gradients
from the Left Pulmonary Artery (LPA) to the
Main Pulmonary Artery (MPA) and from the
ascending to the descending aorta are obtained
to rule out any obstruction. A biplane angio-
gram in the lateral projection is then performed
with a catheter in the proximal descending
aorta to opacify the PDA (Fig. 1). The PDA
size measured and the PDA is classified by its
shape12. A device is selected so that the smaller
end is at least 2-mm larger than the narrowest
portion of the PDA. A catheter is passed from
the MPA through the PDA into the descend-
ing aorta. A stiff exchange guide wire is placed
with the tip in the distal descending aorta. A
5- to 6-F long sheath is then passed over the
wire into the descending aorta. The appropri-
ate-sized ADO device is then screwed onto the
delivery cable and pulled into the loader un-
der water to prevent air entry into the device
or sheath. The device is then advanced to the
tip of the sheath in the descending aorta with-
out rotation of the cable. The sheath and de-
vice are then pulled back into a position just
distal to the ampulla. The sheath is retracted
and the retention skirt is allowed to open in
the descending aorta. The sheath and ADO
device are pulled back inside the ampulla. The
position of the device is confirmed with re-
peated angiograms in the descending aorta
using a pigtail catheter and adjusted until the
retention skirt is well seated in the ampulla
(Fig.2). When good position is achieved, the
sheath is retracted.

Further and the tubular part of the device is
opened within the PDA Another angiogram
is performed in the descending aorta to con-
firm final device position (Fig. 3). Up to this
step, the device can be repositioned or retrieved.
If device position is satisfactory, the pin vise is
then fixed onto the delivery cable and the de-
vice is released with counter clockwise rota-
tion. Repeat pullback pressures are obtained
from the LPA to MPA and ascending to de-
scending aorta to evaluate for possible gradi-
ents. A follow-up chest radiograph and a two-
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dimensional echocardiography evaluation for
residual shunting, LPA patency and descend-
ing aortic flow is performed prior to discharge.
The patients receive a dose of an appropriate
antibiotic (commonly cefazolin at 20 mg/kg)
during the catheterization.

Follow up
All patients underwent, chest X-ray, and

transthoracic echocardiography before dis-
charge and at two months. Thereafter, patients
weight, and respiratory symptoms were as-
sessed and all underwent echocardiography at
3, 6, 12 and 24 months after the procedure to
detect residual ductal flow and left pulmonary
artery or aortic arch stenosis and to detect left
heart volume overload.

RESULTS

According to Krichenko’s angiographic clas-
sification12, the ducts were of type A (n = 18)
and type E (n = 3), and devices with a maxi-
mum cone diameter of 6 mm (n=17), 8mm
(n=4), were chosen to achieve occlusion. The
procedure time varied between 45–90 minutes
(median 60 minutes), with a fluoroscopy time
of between 7.5–29 minutes (median 11 min-
utes). Technical problems in advancing the
device through the long sheath occurred in two
of the 21 cases (9.0%). Complete occlusion was
shown on post-deployment angiographies and
color Doppler echocardiography 24 hours af-
ter device placement in all patients. Complica-
tions related to the procedure, thrombosis of
the femoral artery (one patient), this was man-
aged by overnight continuous heparin infusion
20 IU/kg and the pulse gained by the morn-
ing. All patients were discharged on the next
day. At follow up (after 10 months–3.0 years),
we have seen no late complications such as,
recanalisation, device migration, or device re-
lated obstruction of the pulmonary arteries or
descending aorta. All patients with respiratory
symptoms became free and all gained appro-
priate weight and reported improvements.
There were no evidence of left atrial and ven-
tricular volume in any patient. There was no
mortality.

Figure 3: Final angiogram after releasing the Amplatzer
duct occluder.

Figure 2: Fixation of the Amplatzer duct occluder
retention disc within the aortic ampulla.

Figure 1: Lateral aortogram showing the persistent
ductus arteriosus (PDA diameter 2.2 mm).
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DISCUSSION

Since the first percutaneous closure of a PDA
performed by Porstmann2 various devices and
coils2-11 have been introduced in clinical prac-
tice. The accurate placement of coils can be
technically difficult and the other currently
available FDA- approved devices is Gianturco-
Grifca vascular occlusion model and Rashkind
occluder are not applicable for all PDA types,
require an 8-French sheath for delivery or suf-
fer from high rate of residual shunting and re-
quire repeat procedure in up-to 30% of pa-
tients13,14. In  1998 the Amplatzer duct occluder
(AGA Medical Corporation, Golden Valley,
Minnesota, USA) approved by the FDA for
treatment of PDA and reports have proven
excellent success, with a complete closure rate
of 100% at one month follow up and no com-
plications10,11,15,16 for all types of
PDA.Howevere, few reported data about the
use of Amplatzer duct occluder in very young
children, specially infants under one year of
age17,18.

The recently published results of the inter-
national clinical trial with the Amplatzer duct
Occluder19 reported 15 procedures related com-
plications in 316 patients (4.5%) who under-
went attempted transcatheter closure of a duc-
tus arteriosus. Complications included
haemolysis, left pulmonary artery stenosis,
device protrusion into the aorta causing coarc-
tation,20 device misplacement, and one death
following device embolisation. Looking at the
original data file, which was kindly provided
by the AGA Medical Corp, it became clear that
complications were more common in younger
patients (complication rate in the group of pa-
tients under one year of age, 8.2%; complica-
tion rate in older patients 3.8%.

Butera G et al. conducted a study in very
young symptomatic patients, aged<3 years
and  concluded that in experienced hands, per-
cutaneous closure of moderate and large PDA
in very young symptomatic children is safe and
effective17. However in his group of patients
all complications occurred in subjects less than
one year, which includes: mild inguinal

haematoma in two patients and thrombosis of
the right femoral artery in one patient. In
Fischer G, et al study, the procedure was not
successful in two small infants of 2.6 and 4kg
body weight and finally had to be abandoned
because of excessive procedural and fluoros-
copy time18. In all the other cases they were
successful in placing the occluder and there was
subsequent complete occlusion with good re-
sults on follow up. Indeed Fischer pointed out
that the critical point of the procedure is when
the device, connected to the delivery cable, has
to be advanced around the curve of the right
ventricular outflow tract towards the pulmo-
nary artery. In infants this curve is tight, being
more or less a right angle. Additionally, he
found that the long sheath provided by the
manufacturer often became kinked and so may
not be strong enough to negotiate this curve
while maintaining its integrity. Furthermore,
a larger sheath than recommended was often
needed to ensure the smooth advance of the
device. Exchanging the sheath for another or
the use of a snare technique to stabilize the
sheath helped to overcome this drawback, but
prolonged the procedure and fluoroscopy
times.

In our institution, we encountered these dif-
ficulties in three patients (14%) where we had
to use the snare technique to stabilize the
sheath in one patient and to exchange the
sheath for another two patients. This draw-
back has been reported to occur also in five
(20%) of a cohort of older patients whose
bodyweight was between 10–20 kg18. Another
recently published paper reported a single cen-
ter experience with the Amplatzer duct
occluder in 209 patients,21 among whom 27%
were infants weighing <5kg where kinking of
the delivery sheath occurred in only one  in-
fant. On the other hand G Butera did not re-
port similar technical difficulties. In
Radhakrishnan et al clinical trial of nonsurgi-
cal closure of large PDA, the unsuccessful
attempt was in a malnourished patient
weighing 4.7kg with a large PDA22.

Although the manufacturer does not recom-
mend the use of the Amplatzer duct occluder
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in patients with a body weight of less than 5kg,
Fischer et al included seven patients under that
weight (from 2.6–4.4 kg) in their treatment
cohort18 and he concluded that his experience
in small infants supports the manufacturer’s
recommendation that the procedure should not
be attempted in patients below 5kg body
weight.

On follow up all infants became free of symp-
toms, gained significant weight and retained
a normal left atrial and ventricular parameters
on 2-dimensional echocardiography. There
were no mortality or reported late mortality to
date and the results of our follow up are in
agreement with many others18-22.

CONCLUSION

Although the procedure might be technically
more difficult compared to older children,
Transcatheter closure using the Amplatzer
duct occluder is an efficacious and safe treat-
ment for symptomatic patent ductus arterio-
sus in infants weighing more than 5.0 kg.
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