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Abstract The transcatheter closure of patent ductus arte-

riosus (PDA) may cause more complications in small chil-

dren. Amplatzer (St. Jude Medical, Plymouth, MN) has

produces three types of devices for ductal occlusion: the

Amplatzer duct occluder I (ADO I) and II (ADO II) and the

recently introduced ADO II additional sizes (ADO II AS).

We performed this study to determine the efficacy and

complication rates in children who weigh \10 kg for the

three types of devices used in our clinic. Between February

2007 and March 2012, 77 patients weighing\10 kg had their

PDAs occluded with ADOs. The mean age of the patients

was 0.76 ± 0.44 years (range 17 days–2 years), and their

mean weight was 6.73 ± 2.05 (range 1.2–9.9) kg. In total,

54 girls (70.1 %) and 23 boys (29.9 %) with a mean pul-

monary ductus diameter of 2.55 ± 1.0 (1.08–5.94) mm

were included in the study. The ADO I was used in 26

patients (33.8 %); the ADO II was used in 43 patients

(55.8 %); and the ADO II AS was used in 8 patients

(10.4 %). The mean ages of patients with the ADO I, ADO II,

and ADO II AS were 1.07 ± 0.48, 0.66 ± 0.31, and 0.28 ±

0.17 years (p \ 0.05), respectively. Their mean weights

were 7.86 ± 1.45, 6.50 ± 1.85, and 4.36 ± 2.49 kg (p \
0.05), respectively. Their mean narrowest ductal diameters

were 3.11 ± 0.96, 2.25 ± 1.06, and 2.33 ± 1.01 mm

(p \ 0.05), respectively. The use of the ADO II and ADO II

AS was found to be more common in type C defects. One

patient with the ADO I and 5 patients with the ADO II

(7.8 %) developed varying degrees of left pulmonary artery

stenosis or iatrogenic aortic coarctation. In 1 patient, the

ADO II AS was replaced with the ADO II due to a significant

residual shunt observed during the procedure. Each of the

ADOs has its own advantages and disadvantages. Although

the ADO I is convenient for medium- and large-sized

defects, the ADO II and ADO II AS can be used both ante-

rogradely and retrogradely. The ADO II AS is safe and

efficient to use in small infants.
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Introduction

Percutaneous patent ductus arteriosus (PDA) closure has

been proven to be more efficient during both the short- and

long-term compared with surgery [9, 15]. Thus far,

numerous devices have been designed for the transcatheter

closure of PDA [3, 4, 6, 18, 20]. The transcatheter closure

of PDA is a well-established procedure. However, an ideal

device for PDA closure in small and/or premature infants

has not yet been produced. PDA occluders that can be used

in small infants should have a lower carrier profile while

still completely occluding PDA and should not cause

stenosis in the descending aorta or the pulmonary artery.

Amplatzer (St. Jude Medical, Plymouth, MN) produces

three types of devices for PDA closure. The Amplatzer

duct occluder (ADO I) is a device designed for closure of

moderate- and large-sized PDAs [16, 17]. The Amplatzer

duct occluder II (ADO II) is used for PDA closure of both

the arterial and venous sides and has retention discs on both

ends. Recently, a new version of the ADO II, the ADO II

additional sizes (ADO II AS), has been produced [1].
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However, each of these devices is recommended by the

manufacturer for use in children [6 months and weighing

[6 kg. The purpose of our study was to compare the

features involved in the use of these three devices and the

efficacy of each device in children weighing \10 kg.

Methods

Between February 2007 and March 2012, infants weighing

\10 kg who had undergone occlusion of their transcatheter

PDA with one of the ADO devices were included in the

study. The procedure indication, additional current prob-

lems, patient weight, measurements of the angiographic

ductus, dimensions of the device used, and data regarding

any complications were collected from medical records and

angiographic images. The angiographic images were re-

evaluated in terms of ductal type and size. An echocar-

diographic evaluation was performed to monitor the pres-

ence of a residual shunt, left pulmonary artery stenosis, and

aortic protrusion. Those patients who underwent PDA

closure with other devices or patients weighing C10 kg

were excluded from the study. A physical examination and

transthoracic echocardiography evaluation were performed

1 day, 1 month, and 6 months after a control procedure.

With neonatologist support, three ventilator-dependent

infants were administered general anesthesia. The surgeries

were performed with the patient under deep sedation using

a combination of midazolam and ketamine. The three

ventilator-dependent infants had a history of preterm birth

and were already receiving treatment for respiratory dis-

tress syndrome. These patients had additional comorbid

problems and had received repeated indomethacin and/or

ibuprofen treatment before the procedure.

ADO Specifications

ADO I

The ADO I is a mushroom-shaped device made of 0.004-

inch nitinol wire mesh. A 2-mm retention skirt extends

radially around the distal part of the device, assuring secure

fixation in the mouth of the PDA. Prostheses are available in

five different sizes (5/4, 6/4, 8/6, 10/8, and 12/10). The

largest measurement is at the aortic site and the narrowest is

at the pulmonary end. The device is attached by a recessed

microscrew to a 0.038-inch delivery cable made of stainless

steel; it is delivered through a 5F- to 7F-long sheath (Fig. 1a).

ADO II

The ADO II is a self-expanding nitinol device with a

central waist and two symmetrical retention discs (both

6 mm larger than the central waist). The central waist is

designed to fill the defect, and the two retention discs are

designed to be deployed on the aortic and pulmonary sides

of the defect. The occluder has a multilayered, multiseg-

mented design creating six potential planes of occlusion

with no central fabric. This design decreases the profile of

the occluder and is deliverable with either a 4F or 5F

delivery system. The ADO II is available in two lengths (4

and 6 mm) and four waist diameters (3, 4, 5, and 6 mm).

This occluder has a screw attachment for a delivery wire

and radiopaque markers (Fig. 1b).

ADO II AS

The ADO II AS is a self-expanding nitinol mesh occlusion

device with a central waist plug and retention discs deployed

on both ends. The discs of the device are just 1 mm larger

than the central waist. The device is implanted forward from

a 4F delivery catheter. The central waist is designed to fill

the ductus, and the retention discs are deployed in the pul-

monary and aortic ends of the ductus. The device has nine

sizes: 3-, 4-, and 5-mm diameters at the waist and 2-, 4-, and

6-mm length. The occluder is attached to a delivery wire

with a screw system, and each end of the two discs has

radiopaque marker bands (Fig. 1c).

Technique for Use of the Device

Written consent was obtained from the parents or guardians

of the patients. All procedures were performed with the

patient under sedation and local anesthesia except for those

in three preterm infants, which were performed with the

patient under general anesthesia. Femoral vein and/or per-

cutaneous femoral artery punctures were performed. The

hemodynamic measurements, determination of the shunts,

and pressure measurements of the patients were recorded.

Duct anatomy was determined according to the classifica-

tion of Krichenko [13]. The ductus was visualized with

contrast-medium injections to the descending aorta into the

lateral, right oblique, and/or left oblique positions. The

narrowest point of the pulmonary duct, the ampulla region,

and the duct length were measured for those patients

receiving the ADO I. For patients receiving the ADO II or

the ADO II AS, the appropriate device was selected by

measuring the duct length and diameter of the central portion

of the ductus. A ductus multipurpose catheter or a right

coronary catheter was advanced from the aortic or pul-

monary end directly or with a hydrophilic guidewire. ADO I

occlusion was achieved by way of the anterograde venous

route, whereas occlusion by way of the ADO II and ADO II

AS was achieved by way of either the retrograde arterial or

anterograde venous route. The position of the device was

verified by the injection of contrast medium during the
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process to ensuring that (1) the ADO I disc was seated on the

ampulla, (2) the ADO II retention discs were seated on the

rim of the ampulla and on the pulmonary arterial duct, (3) the

ADO II AS retention discs were seated along the length of

ductus, and (4) the waistband of all three devices was fitted

the inside of the ductus. Once proper device positioning was

confirmed, the device was released by turning the cable

counterclockwise using the pin vise.

Statistical Analysis

The characteristics of the patient groups using the ADO I,

ADO II, and ADO II AS devices were compared. Contin-

uous variables were expressed as the mean ± SD, whereas

categorical variables were expressed as frequencies and

percentages. Comparisons among the groups were con-

ducted using Kruskal–Wallis one-way analysis of variance

test as a nonparametric test for multiple independent

groups. The value of p \ 0.05 was considered statistically

significant. All statistical analyses were conducted using

the Statistical Package for Social Sciences, version 15.0

(SPSS, Chicago, IL).

Results

A total of 103 children weighing \10 kg underwent trans-

catheter PDA closure between February 2007 and March

2012. Of these children, 24 patients receiving the Gianturco

coil (Cook Cardiology, Bloomington, IN), Flipper detach-

able coils (Cook Medical, Bloomington, IN) and Nit-Occlud

(PFM Medical, Cologne, Germany) were excluded from the

study. In addition, two patients (the narrowest diameters of

the ductus 7 and 10.1 mm, respectively) underwent surgery

after angiocardiography because of the development of an

excessively wide defect. The ADO I, ADO II, and ADO II

AS devices were used for the remaining 77 patients. These

devices had different ‘‘launch’’ times in our department. The

ADO I was introduced in June 2006, and 3 years later the

ADO II was introduced in June 2009. The ADO II AS was

used beginning in July 2011 because it had just been intro-

duced into the market. The mean age of the patients was

0.76 ± 0.44 years (range 17 days to 2 years), and their

mean weight was 6.73 ± 2.05 (range 1.2–9.9) kg. In total,

54 girls (70.1 %) and 23 boys (29.9 %) with a mean pul-

monary ductus diameter of 2.55 ± 1.0 (range 1.08–

5.94) mm were included in the study.

The additional defects observed in the patients included

the following: 11 patients with Down syndrome, 6 with a

ventricular septal defect (VSD), 15 with a secundum atrial

septal defect, 1 with Turner’s syndrome, and 1 with

arthrogryposis. Sheaths were placed by way of the femoral

vein in 6 patients (7.8 %), by way of the femoral artery in

11 patients (14.3 %), and by way of both the femoral vein

and artery in 60 patients (77.9 %). The reasons for PDA

closure were congestive heart failure, repeated pulmonary

infection, growth retardation, pulmonary hypertension, and

congestion. In addition, decreasing the hemodynamic

pressure and delaying full correction surgery were intended

as outcomes in some patients with large VSD. Three

patients had premature PDA and respiratory distress syn-

drome and were receiving ventilator support treatment

when they were included in the study. The third case also

had a grade 4 intracranial hemorrhage, acute renal failure

requiring peritoneal dialysis, thrombocytopenia, and other

severe comorbid problems.

The ADO I was used in 26 patients (33.8 %); the ADO II

was used in 43 patients (55.8 %); and the ADO II AS was

used in 8 patients (10.4 %). Specifications for the use of the

devices and the characteristics of the patient groups are

Fig. 1 Amplatzer devices. a ADO I. b ADO II. c ADO II AS
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listed in Tables 1 and 2 and shown in Fig. 2. The ADO I was

used in patients with larger-diameter ducts (p \ 0.05), and

the ADO II AS was used for patients with smaller weights

and younger ages (p \ 0.05) (Table 1). One patient required

replacement of the ADO II AS with the ADO II due to failure

of the device to completely close the defect and presence of a

significant residual shunt. Of these patients, 26 (33.8 %)

weighed\6 kg and were therefore considered by the man-

ufacturer as unsuitable for the use of the devices. Of these, 2

patients received the ADO I (7.7 % of all ADO I devices

[ages 4 and 15 months, weights 4.9 and 5 kg, pulmonary

ductus diameter 2 and 2.01 mm, respectively]); 17 received

the ADO II (39.5 % of ADO II devices [mean age 0.49 ±

0.29 year, mean weight 4.73 ± 1.26 kg, and mean pul-

monary ductus diameter 2.77 ± 1.15 mm]); and 7 received

the ADO II AS (87.5 % of all ADO II AS devices [mean age

0.26 ± 0.17 year, mean weight 3.62 ± 1.49 kg, and mean

pulmonary ductus diameter 2.41 ± 1.06 mm) (p [ 0.05).

ADO II device compression was observed in 4 patients

weighing\6 kg. One of them was moderate left pulmonary

artery branch stenosis, and the others had mild descending

aorta stenosis.

During the process, short-term atrial and ventricular

extrasystoles occurred in a few patients. No patient

Table 1 Characteristics of patients using different versions of the Amplatzer ductal occluders

Patient characteristics ADO I ADO II ADO II AS p

No. of patients (%) 26 (33.8) 43 (55.8) 8 (10.4)

Sex (female/male) 22/4 26/17 6/2

Mean (range) age 1.07 ± 0.48 (4 months–

2 years)

0.66 ± 0.31 (1 month–

1.33 year)

0.28 ± 0.17 (17 days–

7 months)

0.001*

Mean (range) weight (kg) 7.86 ± 1.45 (4.9–9.9) 6.50 ± 1.85 (2.0–9.4) 4.36 ± 2.49 (1.2–9.5) 0.001*

Narrowest diameter of the ductus

(mm)

3.11 ± 0.96 (1.6–5.9) 2.25 ± 1.06 (1.0–4.9) 2.33 ± 1.01 (1.4–4.0) 0.003*

Type of ductus Type A (n = 25) Type A (n = 32) Type A (n = 3)

Type B (n = 1) Type B (n = 2) Type C (n = 4)

Type C (n = 6) Type D (n = 1)

Type D (n = 2)

Type E (n = 1)

Mean (range) PAP (mm Hg) 30.5 ± 12.3 (17–69) 26.4 ± 13.3 (11–58) 34.6 ± 22.1 (11–71) 0.144

* Statistically significant

Table 2 Specifications of the ADO devices used

Device specifications ADO I (n = 26) ADO II (n = 43) ADO II AS (n = 8)

Device diameter

(mm)

10/8 (n = 3) 6/4 (n = 1) 5/4 (n = 1)

8/6 (n = 16)a 5/6 (n = 3) 5/2 (n = 1)

6/4 (n = 6) 5/4 (n = 6) 4/2 (n = 3)a

5/4 (n = 1) 4/6 (n = 2) 3/2 (n = 3)a

4/4 (n = 7)

3/6 (n = 4)

3/4 (n = 20)a

Sheath size used 6F (n = 25) 4F (n = 33) 4F (n = 8)

5F (n = 1) 5F (n = 10)

Placement route Anterograde (n = 26) Anterograde (n = 15) Anterograde (n = 6)

Retrograde (n = 28) Retrograde (n = 2)

Complication Partial obstruction of pulmonary artery

(n = 1)

Iatrogenic aortic coarctation (n = 4) Significant residual

shuntb

Partial obstruction of pulmonary artery

(n = 1)

a More frequently used diameters
b Replaced with ADO II
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experienced femoral arterial or venous complications. Red

cell transfusion was needed for a premature patient

weighing 1.9 kg because of blood loss. All patients except

the newborns were discharged on the day after the proce-

dure. The patients were evaluated by transthoracic echo-

cardiography for obstructions of the left pulmonary artery

and the descending aorta. Signs of device compression

were observed in six patients (7.8 %). Stenosis of the

descending aorta occurred in four patients. At 6-month

follow-up, the stenosis was no longer present in one patient

and did not require treatment in the remaining three

patients (14 to 15 mm Hg gradient pulse by Doppler

echocardiography). Two patients developed left pulmonary

artery branch stenosis, one being mild and the other being

moderate. After follow-up, peripheral pulmonary balloon

angioplasty was planned for the patient with moderate left

pulmonary artery stenosis. The ADO I was used in the

patient with the mild left pulmonary artery stenosis, and the

ADO II device was used in the other five patients.

Follow-up occurred at 1 month after surgery in 73

patients (95 %) and at 6 months after surgery in 50 patients

(65 %). Patient evaluations at 1 and 6 months after surgery

showed that the PDAs were successfully occluded and that

no device migration, residual shunt, or recanalization had

occurred.

Discussion

The ADOs come in a range of sizes: five sizes for the ADO

I, eight sizes for the ADO II, and nine sizes for the ADO II

AS. That a single company manufactures many different-

sized devices shows that there are many different PDA

types in terms of size and morphology. Therefore, angio-

graphic measurements should be carefully considered, and

the device should be selected according to not only the

features of the ductus but also the dimensions of the

patient. Thus far, there is no consensus about the type of

device that is most effective as well as cost-effective in

PDA closure because the diversity in the morphology of

the ductus and the potential complications in young chil-

dren indicate that no single solution would be appropriate.

The ADO I is more advantageous for the closure of

moderate- and large-sized defects; however, because of the

lack of a pulmonary retention disc, an embolism may occur

after the procedure in hypertensive patients. None of our

hypertensive patients receiving the ADO I had complica-

tions involving an embolism. Transcatheter closure of a

PDA in small children and infants is a technically more

difficult procedure. This difficulty is due to the increased

frequency of complications, such as iatrogenic aorta

coarctation and/or stenosis of the left pulmonary artery

branch during the procedure [15]. Pulmonary artery ste-

nosis is less common and had the potential to improve over

time. In contrast, aortic stenosis often requires intervention

[15]. When pressure measurements are required during the

occlusion of the PDA in children weighing\6 kg who are

receiving the ADO I, Dimas et al. [7] suggested with-

drawing the device before release to prevent its protrusion.

In addition, the probability of vascular complications is

increased in young infants depending on the size of the

delivery system used. With retention discs of smaller

diameters, the ADO II AS is a miniaturized version of the

ADO II. The retention discs of the ADO II AS are flat,

which prevents protrusion when the aortic and pulmonary

ends of the duct are opened [1]. In addition, the device

should be selected carefully according to the diameter of

the central waist and the length of the ductus with the aim

of filling the ductus completely. The device should also

provide minimal protrusion with a low-profile end screw.

Similar to the other ADOs, despite the contraindications

listed in the European CE certificate regarding patients

[6 months old and weighing\6 kg, these devices are easy

to use in small children. Our experience indicates the

possibility of successful procedures with the new ADO II

AS device. In our patient group, patients who received the

ADO II more often showed signs of device compression.

In their study of 18 children [3 years old receiving the

ADO I, Butera et al. [5] reported that they did not observe

aortic obstruction but that there was a risk of aortic dis-

tortion and occlusion due to the angle of the ADO I disc.

Forsey et al. [10] stated that the flexible structure of the

ADO II may cause tilting of the aortic disc and increase the

risk of iatrogenic coarctation.

Although the closure of a Krichenko type B ductus with

an occluder is not usually recommended, our patients

underwent successful occlusion procedures with both the

ADO I and ADO II devices. One of the main important

points from our study is that the ADO II and ADO II AS

can be effectively used in tubular-type C PDAs (Table 1).

Fig. 2 Evaluation of ADO devices according by patient weight (\6

kg) and age (\6 months)
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Similar to the ADO II, the contact surface of the ADO II

AS device is large, which provides more stability when

released. The other advantages of the ADO II AS are that it

can be used with a 4F catheter and that the delivery system

and device wire are not stiff. Although the use of only

echocadiographic guidance in a neonatal intensive care unit

may seem risky, it will eliminate the need to transfer

severely ill newborns to the catheterization laboratory [2].

During the procedure in a premature baby weighing 1.2 kg,

we also used transthoracic echocardiography guidance of

in the deployment of venous catheters but did not employ

an arterial catheter due to the risk of vessel complications.

In this study, the efficacy of PDA occlusion was 100 %

for all devices. However, signs indicating the compression

of the surrounding structures were observed more fre-

quently in young children receiving the ADO II device.

Although the iatrogenic coarctations were not at a level

requiring treatment and the coarctation gradient was

expected to decrease with time, the patients should be

evaluated with respect to the coarctation noted in the

echocardiographic examination. Pulmonary balloon val-

vuloplasty was indicated for a patient with stenosis of the

left pulmonary artery branch. Pass et al. [17] reported that a

rate of left pulmonary artery stenosis of 0.5 %. Ghasemi

et al. [12] found the stenosis rate to be 0.7 % in their ADO

study groups. We obtained a greater value of stenosis for

our patient group (7.8 %) because our sample comprised

children weighing \10 kg. Likewise, Lin et al. [14] found

the rates of both left pulmonary artery branch stenosis and

aortic coarctation to be 10 % in their study, the patients in

which had a group mean weight of 4.24 ± 1.19 kg.

Francis et al. [11 used Gianturco coils for PDA closure

in preterm infants and mentioned the possibility of occlu-

sion in the descending aorta while using the ADO I]. In this

study, the procedure was performed using multiple coils

with the bioptom technique in some of the preterm infants.

The use of the Amplatzer devices would be technically

easier. Because of the increased risk of obstruction stated

in the results of some studies that employed the ADO II, its

use is not recommended in small or preterm infants [8, 19].

We also recommend the use of the miniaturized ADO II

AS in small infants because use of the ADO II AS device

inside the duct avoids potential complications of the left

pulmonary artery and occlusion of the descending aorta.

However, using this new version may be slightly more

technically challenging because, ideally, the entire device

must remain within the ductus without protrusion of the

aortic and pulmonary ends. Thus, the determination of the

length of device is important to avoid this protrusion,

especially for the ADO II AS. Compared with other ver-

sions, this device requires repeat injection of contrast

medium during the procedure for complete intraductal

placement.

The study of Bass and Wilson in eight piglets showed that

the ADO II AS was properly deployed in all subjects with

complete occlusion. In addition, no aorta or left pulmonary

artery obstruction occurred [1]. They indicated that delivery

of this new device by a 4F delivery system, its retrievability,

and the symmetry of the retention discs allows this device to

be deployed by way of the venous or arterial route.

As our study clearly shows, procedures involving small

infants require the use of a smaller catheter and the clear

and detailed determination of the relevant measurements.

After excluding difficulties due to the learning curve

involved in the use of miniaturized devices, complications

such as aortic and left pulmonary artery branch stenosis

may occur less frequently.

Conclusion

In conclusion, we can say that in experienced hands,

achieving PDA closure in children weighing\10 and even

\6 kg is possible. The use of the ADO I is more conve-

nient for moderate- and large-sized defects, and deploy-

ment of the ADO II is much easier than that of the ADO II

AS. Potential complications of the left pulmonary artery

and occlusion of the descending aorta can be avoided by

deploying the new, miniaturized ADO II AS device inside

the duct. Transcatheter treatment of PDA in premature

newborns and smaller infants will be performed more

easily with the ADO II AS.

Conflict of interest None to report.
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