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INTRODUCTION

Percutaneous closure of a patent ductus arteriosus
(PDA) was first described by Porstmann in 1966.1,2

Since that time, different types of coils and occluder
devices have been used,3-6 with varying results.
Although the use of Cook® detachable coils7,8 has pro-
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Introduction and objectives. Transcatheter closure of
patent ductus arteriosus is a well-established procedure.
The aim of this study was to assess the initial and mid-
term results of the treatment of PDA with the Amplatzer
duct occluder.

Patients and methods. From October 1999 to
December 2001, 30 children underwent transcatheter clo-
sure of persistent ductus arteriosus at a mean ± SD age
of 5 ± 4.02 years (range: 3 months to 14 years) and
weight of 20.3 ± 10.3 kg (range: 4.5-45 kg). Infants under
10 kg weight made up 46% of total patients. A lateral view
aortogram was made to determine the morphology of the
ductus and select the size of the device. Occlusion was
achieved using the anterograde venous approach.
Follow-up evaluations were made with chest X-ray and
echocardiogram at 24 hours and 1, 4 and 12 months after
implantation.

Results. Twenty-eight patients (93.3%) immediately
achieved complete occlusion, and on color Doppler exa-
mination the closure rate was 100% within 24 hours of im-
plantation. There was no device embolization. In the fo-
llow-up, a 19-month-old patient developed a 20 mmHg
gradient across the aortic arch.

Conclusions. Patent ductus arteriosus can be easily
occluded with the Amplatz Duct Occluder, which is effecti-
ve and particularly useful in infants and children with rela-
tively large PDA. Further experience and long-term follow-
up are still needed to assess the safety of this device in
smaller children.

Key words: Patent ductus arteriosus. Percutaneous clo-
sure. Amplatzer duct occluder.
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Cierre percutáneo del ductus arterioso persistente
con dispositivo de Amplatz: resultado inmediato y
seguimiento a medio plazo

Introducción y objetivos. El cierre percutáneo del
ductus arterioso es una técnica establecida. Nuestro ob-
jetivo fue evaluar los resultados obtenidos a corto y me-
dio plazo en el tratamiento del ductus con el dispositivo
oclusor de Amplatz. 

Pacientes y métodos. Desde octubre de 1999 a diciem-
bre de 2001, 30 niños con edad media de 5 ± 4,02 años
(rango: 3 meses-14 años) y peso medio de 20,3 ± 10,3 kg
(rango: 4,5-45 kg) fueron sometidos al cierre percutáneo
del ductus. El 46% eran lactantes de peso < 10 kg.
Mediante aortografía en proyección lateral se determinó la
morfología del ductus, y se seleccionó el tamaño del dispo-
sitivo, que se implantó por vía venosa anterógrada. Se rea-
lizaron controles radiológios y ecocardiográficos a las 24 h,
y a los meses 1, 4 y 12 postimplante.

Resultados. Se consiguió la oclusión de forma inme-
diata en 28 de los 30 pacientes (93,3%), y en la ecografía
realizada a las 24 h la tasa de oclusión completa fue del
100%. No hubo ningún caso de migración del dispositivo.
Un paciente de 19 meses desarrolló en el seguimiento un
gradiente de 20 mmHg en el istmo aórtico.

Conclusiones. El cierre percutáneo del ductus con el
dispostivo oclusor de Amplatz es un método seguro y
efectivo, especialmente útil en el tratamiento de ductus
moderados o grandes. Estudios más amplios y a más lar-
go plazo son necesarios para determinar su seguridad en
los pacientes pediátricos de menor peso.

Palabras clave: Ductus arterioso persistente. Cierre
percutáneo. Amplatzer.
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duced satisfactory results in closure of small PDAs
(<2 mm), an increased incidence of residual shunt, he-
molysis, and embolization have been reported in clo-
sure of larger PDAs.9,10 In 1998, Masura et al11 publis-
hed the first series of cases of percutaneous closure of
PDA using the Amplatzer occluder device, which is
self-expanding, can be repositioned, and is specially
designed for moderate and large PDAs. In recent ye-
ars, this device has been widely used (more than 1400
published cases as of the publication of this article),12-

14 decreasing the incidence of residual short-circuit,
embolization and hemolysis, especially in the closure
of larger PDAs.

The aim of this study was to evaluate the efficacy
and safety of the Amplatzer duct occluder device over
the short- and medium-term for the closure of PDAs in
children.

PATIENTS AND METHODS

Patients

From October, 1999, to December, 2001, 30 chil-
dren (9 boys and 21 girls) with a diagnosis of PDA un-
derwent percutaneous closure. An ECG, chest X-ray,
and echocardiogram were performed on all patients
prior to the procedure, and informed consent was ob-
tained from the children´s parents or guardians. Study
inclusion criteria were: body weight of more than 4
kg, pulmonary vascular resistance <8 Wood units/m2,
and a PDA size ≥1.8 mm. Patient age varied from 
4 months to 14 years (mean, 5±4.02 years), with body
weight that varied between 4.5 and 45 kg (mean
20±10.3 kg); 46% of the children in the study having a
weight of less than 10 kg.

Associated anomalies seen included: right anoma-
lous subclavian artery (1 patient), moderate to severe
aortic insufficiency (1 patient), small muscular inter-
ventricular communication (1 patient), and permeable
foramen ovale (2 patients). One patient had human im-
munodeficiency virus (HIV). One of the patients had a
residual PDA following surgical ligature.

Device

The Amplatzer (AGA®) duct occluder (Figure 1A) is
a self-expanding nitinol stent that is made up of a flat
retention flange that is placed on the aortic wall and a

tube (which is placed in the PDA itself) that contains
thrombogenic material (a polyester patch sewn to the
nitinol stent). The diameter of the retention flange is 4
mm larger than the tube sheath, which is in the form of
a cone; the pulmonary end of the cone is 
2 mm smaller than the end that is attached to the reten-
tion flange. The different Amplatzer duct occluder mo-
dels refer to the size in millimeters of the two ends of
the tube: 6/4, 8/6, 10/8, 12/10, 14/12, and 16/14. The
total length of the device is 7 mm in the 6/4 and 8/6
models, and 8 mm in the remaining models (Figure
1B). The implantation system consists of a detachable
cable that screws into the device, and a large delivery
sheath of 5 Fr to 7 Fr (in accordance with the size of
the device). Once the device is implanted, it is possible

ABBREVIATIONS

PDA: patent ductus arteriosus

Fig. 1. A. Amplatzer duct occluder device for PDA. B. Drawing of the
dimensions of a 10/8 Amplatzer duct occluder device.
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to remove it while it remains screwed in the removable
cable.

Catheterization

The procedure were performed under sedation. The
femoral artery and vein were catheterized in all pa-
tients, 30 mg/kg of cephazoline was administered at
the start of the catheterization, and 100 UI/kg of so-
dium heparin was administered after catheterizing the
artery. After recording pulmonary and systemic pres-
sures, a lateral projection aortogram was performed to
define the morphology and size of the PDA (Figure
2A). The PDA was catheterized in an anterograde
manner in 28 patients, and a multipurpose catheter

was substituted for the 35-inch guided exchange intro-
ductory sheath in 2 patients in whom the PDA could
not be catheterized from the pulmonary trunk. In these
cases, the PDA was catheterized in a retrograde man-
ner from the aortic side, using an arteriovenous ope-
ning to then introduce the sheath in an anterograde
manner. A device was selected than was at least 1 to 2
mm larger than the smallest part of the PDA, and the
device was introduced screwed onto the end of the re-
movable cable via the sheath, up to the descending
aorta. Once this site was reached, the sheath was re-
moved in order to open the retention flange, which
was positioned at the aortic end of the ductal ampulla
and, while maintaining tension on the cable, the re-
mainder of the sheath was pulled back toward the pul-

A B

C

Fig. 2. A. Lateral projection baseline angiography (patient number 28).
B. Lateral angiography with the device implanted and still attached to
the removable cable. C. Lateral angiography after detachment of the
device.
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monary trunk, positioning the tubular portion of the
Amplatzer device within the PDA. With the device
still attached to the removable cable, an aortogram was
performed (Figure 2B) and, once it was determined
that the Amplatzer was in a good position, this was de-
tached by turning the cable counterclockwise. Ten mi-
nutes after the detachment angiography of the aorta
was performed to determine whether or not a residual
short-circuit was present (Figure 2C), and pulmonary
and systemic pressures were taken again.

During the 24 hours following catheterization, the
patients received 3 doses of cephazoline, a chest radio-
graph, and color echo-Doppler. The device was chec-
ked using chest radiograph and echo-Doppler at 1, 4,
and 12 months postimplant.

RESULTS

The device was successfully implanted in all pa-
tients.  Patient clinical data is shown in Table 1. The
smallest PDA diameter ranged from 1.8 to 8.0 mm
(mean, 4.4±1.8 mm), and the largest diameter from

21.0 to 5.2 mm (mean, 8.8±4.1 mm). According to the
classification of Krichenko et al,15 there were 22 type
A PDAs, 2 type B PDAs, 1 type D PDA, and 5 type E
PDAs. Ten of the 30 patients (33.3%) had pulmonary
hypertension, with a pulmonary:systemic pressure
>35%, which decreased or normalized following PDA
closure. The size of the implanted device was 6/4 in 19
patients, 8/6 in 8 patients, and 10/8 in 3 patients (Table
1). In 2 patients, the first implanted device had to be
removed (before it was detached from the cable) in or-
der to implant another that was larger. Immediate com-
plete occlusion of the PDA was achieved in 28 of the
30 cases (93.3%) (Figure 3), and in 100% of cases
upon check by echography performed 24 hours pos-
timplant. None of the patients had a gradient through
the aortic arch on post-implant hemodynamic evalua-
tion.

There were no cases of embolization of the device
or hemolysis. One 8-month-old patient required a blo-
od transfusion because of anemia in the hours follo-
wing the catheterization, and another required 20
hours of heparin perfusion because of a decrease in the

TABLE 1. Patient characteristics, hemodynamic data, morphology of the PDA, and size of the device implanted.

Patient No. Age Weight (kg) PAP/SP PDA type Minimum Ø Maximum Ø Amplatzer Ø  

1 17 m. 9.5 30% A 3 7 6/4

2 9 y. 28 18% A 3.6 21 8/6

3 12 m. 8.2 83% A 3 8.6 8/6

4 9 m. 11.5 27% B 3.9 5.2 6/4

5 27 m. 12 40% A 1.9 11 6/4

6 12 m. 9 40% A 4 10 8/6

7 13 m. 9 25% A 2.5 10 6/4

8 5 y. 17 25% A 3 8 6/4

9 8 m. 8.5 26% A 2.7 6 6/4

10 7 m. 5.6 35% A 4 9 6/4

11 6 m. 4.5 28% A 3 7 6/4

12 6 y. 20 29% A 4.9 7.6 8/6

13 8 m. 13.6 28% E 3.5 6 8/6

14 14 y. 45 15% A 2.6 7.8 8/6

15 8 m. 6.2 64% A 7 10 10/8

16 19 m. 7.1 26% A 3.1 8.3 6/4

17 4 m. 5.3 42% A 3.5 6 6/4

18 4 y. 21 40% A 2.8 12 8/6

19 3 m. 4.7 41% E 3.4 7 6/4

20 8 m. 8.4 31% A 2.3 10 6/4

21 5 y. 23 42% A 1.8 6.1 6/4

22 8 y. 30 27% D 1.9 3 6/4

23 24 m. 11 30% A 2.5 7.9 6/4

24 3 y. 20 19% A 1.9 5 6/4

25 7 y. 27 21% E 1.8 2.4 6/4

26 6 y. 20 27% A 2.5 4.5 6/4

27 7 y. 12 29% A 5 10.3 10/8

28 8 m. 6.8 32% E 2.5 11.2 6/4

29 5 y. 11.5 53% E 8 15 10/8

30 14 m. 11.5 30% B 2.7 5 8/6

PAP/SP indicates ratio of pulmonary:to systemic pressures at catheterization; Maximum ∅, PDA diameter at its largest point (mm); Minimum ∅, diameter of the
PDA at its smallest point (mm); m, months; y, years. 
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pedal pulse. All patients were discharged 24 hours af-
ter the procedure.

Twenty-eight of the 30 patients (93.3%) came in for
clinical follow-up, and also underwent ECG, chest ra-
diograph, and echo-Doppler. Follow-up periods ranged
from 1 month to 25 months (mean 13±7.6 months). All
patients were asymptomatic and none of them showed
breakage or later displacement of the device. There was
no flow acceleration in the left pulmonary artery noted
that was more than 1.5 m/second. One 19-month, 7 kg
girl, who had undergone PDA closure with a 6/4
Amplatzer device and who had no evidence of postim-
plant aortic occlusion on hemodynamic evaluation,
progressively during the 5 months post PDA closure de-
veloped a gradient at the level of the aortic isthmus both
clinically (decrease of femoral pulses) and on echograp-
hic evaluation (acceleration of flow velocity in the des-
cending aorta up to 3.7 m/second with diastolic flow
prolongation). At the 5th month postimplant, the patient
was catheterized again, and a baseline peak systolic gra-
dient of 20 mm Hg and 34 mm Hg postangiography
was confirmed at the level of the isthmus, with a signifi-
cant reduction in aortic size at this level, but without
evidence of displacement of the Amplatzer device.
Percutaneous balloon angioplasty was performed, pro-
ducing a reduction of the postangiographic gradient to
24 mm Hg and the disappearance of the diastolic flow
prolongation on postangioplasty echography.

DISCUSSION

The percutaneous closure of a PDA is a well-esta-
blished technique that has a low incidence of compli-

cations. Nevertheless, and in spite of the different de-
vices that have been used up until this point16,17 (such
as double umbrella, controlled removable coils, etc),
the closure of medium or large PDAs and treatment of
PDA in lower-weight infants presented some difficul-
ties since this type of patient has a greater incidence of
complications (residual short-circuit, embolization of
the device) and the need to implant a device more of-
ten, which lengthens scope times and increases the
risk of embolization — surgery is frequently the only
therapeutic option in low –weight patients with large
PDAs.

The Amplatzer duct occluder provides several im-
provements over the devices used until recently.
Closure of the PDA is achieved by a mechanical ba-
rrier that the prosthesis creates that, in addition to the
thrombogenic effect of the polyester patches inside it,
decreases the incidence of residual short-circuit and
allows repositioning and removal of the device while it
remains attached to the removable cable, diminishing
the risk of embolization. The implantation is perfor-
med using low profile (5 Fr to 7 Fr) sheaths, which fa-
cilitates their use in low-weight infants.

The results of our study of percutaneous PDA closu-
re with the Amplatzer duct occluder, with an occlusion
rate of 100% at 24 hours, concurs with results reported
in other studies,12,18 thus confirming the increased effi-
cacy of the Amplatzer device in the closure of medium
and large PDAs.  Similarly and in accordance with ot-
her authors,19 the results were equally efficacious for
smaller PDAs (<2.5 mm), in which, if the PDA ana-
tomy is favorable and a smaller diameter device is
used that allows for passage of a 5 Fr sheath,

Fig. 3. Lateral projection angiography corresponding to patient number 17 in the series. A. Baseline angiography. B. Post-implant aortogram and
detachment of the device.
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Amplatzer device implantation which may be an alter-
native to using coils.

On followup we did not observe any significant ste-
nosis of the left pulmonary artery, possibly due to the
low profile of the pulmonary end of the prosthesis.
The only significant complication encountered in our
series was the development of an aortic occlusion in 
1 of our patients. This is one of the principal problems
this device can cause in lower-weight children and,
although it is not a frequent complication, it has also
been described by other authors.12,20 The low patient
weight (smaller aortic lumen size in the isthmus area),
the larger device size at its aortic end (retention flan-
ge), and the anatomy of the PDA (size, length, and an-
gle between the PDA and the aortic arch) are some of
the factors that may influence the development of this
complication. It is possible that the Amplatzer duct oc-
cluder, still in experimental testing,21 in which the re-
tention flange forms a 32° angle with the cylindrical
body of the device (to adapt to the curvature of the
thoracic aorta), may eliminate protrusion of the reten-
tion flange into the descending aorta. In any case, and
although successful closure with the Amplatzer device
has been reported in children weighing <4 kg,14,22 grea-
ter difficulty with the implantation22 and an increased
risk of complications frequently occur.

CONCLUSIONS

Percutaneous PDA closure with the Amplatzer duct
occluder device is an effective method for the treat-
ment of PDA.

The low incidence of complications and of residual
shunts makes this device ideal for the percutaneous
closure of medium or large PDAs, and its elective use
for small PDAs. 

Studies of larger patient populations and with longer
follow-up periods are necessary to determine the sa-
fety of this device for lower-weight children. 
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