
396

Introduction

Patent ductus arteriosus (PDA) is a lead-
ing cause of congestive heart failure and/or
left ventricular volume overload in pediatric
age1,2; moreover, it carries a long-life risk of
aneurysmal formation or subacute bacterial
endocarditis3-5. Transcatheter closure is
now widely accepted as the first-choice
treatment of this malformation beyond
neonatal age6-15. However, this approach is
still challenging in large, high-flow PDA
and/or in small-sized patients, with a con-
siderable rate of procedural failures and
residual shunt10,13,16-20. In this setting, sever-
al devices and techniques of transcatheter
closure have been suggested7,19,21-31. How-
ever, in large clinical series14,16-18,23,26, the
Amplatzer duct occluder (ADO) device
(AGA Medical Corporation, Golden Val-
ley, MN, USA) and the multiple coil im-
plantation have been reported as the most
effective approaches. The former device
shows a higher closure rate, but is not indi-

cated in small infants due to the risk of aor-
tic and/or pulmonary artery obstruc-
tion14,16. The latter approach is more versa-
tile but shows a higher rate of embolization
and residual shunt17-19,23, although no sig-
nificant difference in terms of feasibility
and mid-term efficacy has been recently re-
ported between these devices32. This paper
reports on the early and mid-term results of
percutaneous closure of moderate-to-large,
clinically symptomatic PDA in a single-
center series.

Methods

Patient population. All 57 consecutive pa-
tients with a large PDA who presented to
our attention for transcatheter closure be-
tween April 2000 and July 2004 were in-
cluded in the study. Inclusion criteria were:
minimal diameter of the PDA > 3 mm
and/or pulmonary to systemic flow ratio
> 1.5:1, resulting in cardiomegaly at chest
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Background. Transcatheter closure is now accepted as the first-choice therapeutic option in pa-
tients with patent ductus arteriosus (PDA). However, this procedure is still challenging in large PDA
and/or younger patients. This study evaluated feasibility and results of this approach in large, symp-
tomatic PDA using different devices.

Methods. Between April 2000 and July 2004, 57 patients underwent attempt of transcatheter clo-
sure of a large PDA at our Institution. Nineteen patients (33.3%) were on pharmacologic therapy for
congestive heart failure. PDA diameter was 3.2 ± 1.2 mm (range 1.8-9 mm), resulting in a pulmonary
to systemic flow ratio of 2.1 ± 1.8 (range 1.4-5).

Results. The procedure was successfully performed in 54 patients (94.7%), using the Amplatzer
duct occluder (ADO) device (34 patients) or a multiple detachable coil approach (20 patients). Com-
plete PDA occlusion was recorded in 77.8% of patients at 24 hours, 92.6% at 1 month, and 94.4% at
last follow-up control (23 ± 12 months). PDA morphology and pulmonary to systemic flow ratio did
not influence the success rate of the procedure or the residual shunt. A trend toward a higher occlu-
sion rate at any follow-up point was recorded in the ADO group (79.5 vs 75.0% at 24 hours, 97.1 vs
85.0% at 1 month, and 97.1 vs 90% at last follow-up control, p = NS for all comparisons).

Conclusions. Percutaneous closure might be considered effective and safe also in large, clinically
significant PDA, by tailoring the device choice to the patient size and ductal morphology. In this set-
ting, the multiple coil option revealed as effective as the ADO device over a mid-term follow-up.
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X-ray and left heart enlargement (> 90th percentile) at
echocardiography.

Interventional procedure. After having obtained in-
formed consent from adult patients or children’s par-
ents, cardiac catheterization was performed under gen-
eral anesthesia in pediatric patients or local anesthesia
in adults. Transcatheter closure steps have already been
widely detailed in the literature6,10,16. Briefly, after he-
modynamic data recording, PDA shape and size were
assessed from descending aortic angiography in the
right anterior oblique and lateral views. Ductal shape
was classified according to Krichenko et al.33. Ductal
size was measured accounting for the magnification
factor. Based on the patient size and/or PDA morphol-
ogy, ductal occlusion was performed with the ADO de-
vice (34 patients) or multiple Cook detachable coils
(Cook, Bloomington, IN, USA) (20 patients). The
ADO device was considered the first-choice option in
conical, window-like or short tubular PDA, in patients
> 6 kg, while the multiple coil option was used in small-
size patients and/or in elongated or tortuous PDA as
well as whenever the aortic isthmus anatomy precluded
the use of the ADO device. The ADO device used was
at least 2 mm larger than the minimal ductal diameter
and deployed by the pulmonary artery route (Fig. 1). In
the multiple coil approach, the first coil used was about
2.0-2.5 times wider than the narrowest ductal diameter
and long enough to produce at least 3 loops inside the
ductal ampulla. Further coils were slightly smaller than
the first one (1.5-2.0 times wider than the minimal duc-
tal diameter) and deployed inside the “nest” yielded by
the first coil. The multiple coil deployment was always
performed simultaneously from the pulmonary and
aortic sides, or using a double arterial approach, inter-
twining the coils to each other inside the ductal ampul-
la before the final release (Fig. 2). Control angiography

was obtained 15-30 min after device implantation. Pro-
cedural and fluoroscopy times were calculated at the
end of the interventional procedure. Success and com-
plication rates were evaluated on the whole population
and compared between the interventional groups. Since
we do not perform any interventional procedure on out-
patients and the pre- and post-procedure diagnostic
evaluation is not affected by the implanted device, the
procedural costs were calculated only in terms of dis-
posable catheterization material and occluding device.

Follow-up. Clinical and echocardiographic follow-up
was routinely performed at discharge, after 1, 6, and 12
months and, thereafter, once a year if any residual shunt
persisted. PDA was considered completely occluded if
no residual shunt was detected by echocardiography,
while recanalization was considered if any ductal shunt
was highlighted in a patient with a previously docu-
mented complete occlusion. Residual shunt was quan-
tified according to the Rao’s criteria34, as none, trivial
(color Doppler jet width < 1 mm), small (color Doppler
jet width 1-2 mm), medium (color Doppler jet width 2-
4 mm and possible left ventricular volume overload),
and large (color Doppler jet width > 4 mm and left ven-
tricular volume overload). Aortic and/or pulmonary
artery flow abnormalities following device implanta-
tion were assessed by echocardiography and compared
between groups.

Statistical analysis. All analyses were performed us-
ing SPSS for Windows version 10.0 (SPSS Inc., Chica-
go, IL, USA). Results are expressed as mean ± SD.
Comparisons between groups were performed using
the unpaired Student’s t-test (procedural and fluo-
roscopy times, procedural costs) or the �2 test (pro-
cedural feasibility, and occlusion rate at follow-up).
Significance was defined as a p value < 0.05.
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Figure 1. A: aortic angiography in lateral view showing a 2.4 mm large, conical patent ductus arteriosus (*), resulting in a significant left-to-right shunt
(pulmonary to systemic flow ratio 2.2:1). B: a 4/6 mm Amplatzer duct occluder device (*) in place before the final release. C: angiographic control
after device implantation showing complete shunt disappearance. Ao = aorta; PA = pulmonary artery.

A B C



Results

Between April 2000 and July 2004, among the 158
patients submitted to elective transcatheter PDA clo-
sure at our Institution, 57 presented a large PDA ac-
cording to the criteria described above. Nineteen pa-
tients (33.3%) were on pharmacologic therapy for con-
gestive heart failure or recurrent pulmonary edema
episodes. Transcatheter closure was successfully per-
formed in all but 3 infants (94.7%), due to the failure to
implant the ADO device (2 patients) or repeat em-
bolization of multiple coils (1 patient). PDA size and
shape did not influence the procedural feasibility and
residual shunt. Clinical, hemodynamic and angio-
graphic data at procedure of the remaining patients are
summarized in table I. The mean ADO device mini-
mum diameter was 6 ± 2 mm (range 4-14 mm, median
6 mm). Forty-two coils were implanted in 20 patients (3
coils in 2 patients and 2 coils in 18 patients). After the
procedure, PDA complete occlusion was achieved in

77.8% of patients at discharge, rising to 92.6% at 1
month and to 94.4% at last follow-up control. Overall,
a trivial residual shunt was recorded in 3/54 patients
over a mid-term follow-up (23 ± 12 months, range 3-44
months). The ADO device implantation was signifi-
cantly less time-consuming than the multiple coil ap-
proach (71 ± 28 vs 96 ± 46 min, p < 0.03), but without
any significant difference in fluoroscopy time (10.2 ±
1.9 vs 8.9 ± 2.2 min, p = NS). Neither procedural feasi-
bility (94.4 vs 95.2%, p = NS) nor occlusion rate at any
follow-up time-point (79.5 vs 75.0% at 24 hours; 97.1
vs 85.0% at 1 month; 97.1 vs 90.0% at last follow-up
control, p = NS) between the ADO device and the mul-
tiple coil groups were significantly different. No ductal
recanalization or late complications occurred in either
group. In particular, no flow abnormality at the pul-
monary artery/aortic isthmus site was detected at fol-
low-up Doppler analysis. Procedural costs were higher
using the ADO device than the multiple coil approach
(3811 ± 38 vs 1378 ± 158 €, p < 0.0001).
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Figure 2. A: aortic angiography in right anterior oblique view showing a large, conical patent ductus arteriosus causing a marked opacification of the
main pulmonary artery (PA). B: due to the patient’s weight (4.750 kg), it was decided to perform patent ductus arteriosus closure using the multiple coil
approach. Thus, two controlled-release coils were simultaneously delivered from the arterial site (bilateral femoral artery entry), with complete patent
ductus arteriosus closure at the angiographic control (C). Ao = descending aorta; Ao Asc = ascending aorta. * ductal ampulla.

A B C

Table I. Clinical, hemodynamic and angiographic data of patients submitted to patent ductus arteriosus (PDA) percutaneous closure.

Age (years) 10.3 ± 16.0 (range 4 months-67 years, median 3 years)
Weight (kg) 30 ± 27 (range 4.5-94, median 17)
Body surface area (m2) 0.93 ± 0.57 (range 0.26-2.1, median 0.72)
PDA diameter (mm) 3.2 ± 1.2 (range 1.8-9, median 3.0)
PDA shape (%)

Conical 68.5
Tubular 25.9
Window-like 5.6

Qp/Qs ratio 2.1 ± 1.8 (range 1.4-5, median 1.5)
PA pressure (mmHg) 24 ± 7 (range 15-49, median 22)
Aortic pressure (mmHg) 59 ± 17 (range 53-119, median 66)
Procedural time (min) 79 ± 38 (range 20-215, median 70)
Fluoroscopy time (min) 9.0 ± 1.2 (range 7.4-10.2, median 9.1)

PA = pulmonary artery; Qp/Qs = pulmonary to systemic flow ratio.



Discussion

A large PDA is a common cause of congestive heart
failure in pediatric age and sometimes it may be an un-
expected cause of left ventricular volume overload in
adolescents and adults1,2. Over time, transcatheter ap-
proach revealed safe and effective in treating this mal-
formation using different available devices7-9,11,13,14,24.
However, procedural failures, residual shunt and local
obstructive complications still curb their application in
large PDA and/or younger patients10,14,16-18,23,35-39. In this
setting, ductal closure has been sometimes performed
using non-dedicated devices21,28,30, although the most
commonly used approaches are nowadays the ADO de-
vice or the multiple coil implantation10,14,16-18,23,26. The
ADO device has been proved highly effective in large
series14,16,26. However, its deployment is quite trouble-
some in small infants, with a non-negligible risk of aor-
tic or pulmonary artery obstruction, so being indicated
in patients > 5 kg40. On the other hand, the multiple coil
approach is suitable for a wider range of patients but it
is technically more challenging and shows a significant
rate of procedural failures and residual shunt17-19. To
overcome these drawbacks, several technical changes
in coil deployment have been suggested19,31,41, with a
consequent significant increase in procedural complex-
ity. In this setting, the use of multiple controlled-release
coils that can be easily intertwined to each other during
a simultaneous deployment, could theoretically make
the closure of large PDA simpler, safer and more effec-
tive.

In agreement with the literature40, our first-choice
option for large PDA closure is the ADO device, when-
ever patient size, aortic isthmus morphology as well as
PDA shape allow its implantation. However, all these
factors should not be considered an obstacle to percu-
taneous treatment of a large PDA, since the multiple
coil approach is as much effective in patients unsuitable
for the ADO device implantation. In fact, in our experi-
ence, by using the technique of the simultaneous inter-
twining of multiple detachable coils, the percutaneous
treatment has been possible also in most of the patients
not suitable for ADO device implantation. In our series,
a high rate of procedural success was recorded regard-
less of patient age and ductal size, with an early occlu-
sion rate as high as 92.6%, rising to nearly 95% over a
mid-term follow-up. The multiple coil approach was
more time-consuming than the ADO implantation, but
without any difference in feasibility, fluoroscopy time,
and mid-term results. Indeed, a trend toward an earlier
complete PDA closure after the ADO device implanta-
tion was recorded, but no significant difference be-
tween these two techniques was found at any time-
point of the follow-up (Fig. 3). Finally, despite the use
of the controlled-release coils that are significantly
more expensive than the classic Gianturco coils, the
multiple coil approach is still significantly cheaper than
the ADO device approach.

In conclusion, transcatheter closure can be safely
and successfully performed in the majority of patients
with large PDA, by “tailoring” the interventional ap-
proach to the patient size and ductal morphology. In
our experience, the multiple coil approach using the
controlled-release coils was technically more demand-
ing, but cheaper in terms of catheterization material
and as effective as the ADO device over a mid-term
follow-up.
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