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Abstract

Objective: To describe our experience in percutaneous
patent ductus arteriosus (PDA) closure using the Occlu-
tech Duct Occluder (ODO).

Methods: We retrospectively reviewed records of pa-
tients who underwent a PDA closure attempt using the
ODO between August 2013 and October 2015. Only pa-
tients with isolated PDA and weighing =6 kg were eligi-
ble for ODO use.

Results: Eighteen ODO devices were successfully im-
planted in 18 patients. Patient age and weight ranged
from 6 to 180 months (median, 23.5 months) and 6 to
54 kg (median, 11 kg), respectively. PDAs were of type
A (n=16), type E (n=1), or type D (n = 1). PDA diameter
ranged from 2 to 5 mm (median, 3 mm). Median proce-
dure time was 55 min (range, 35-105 min). Median flu-
oroscopy time was 9.2 min (range, 3.0-29.6 min). The
device diameter (pulmonary end) was 5-8 mm (medi-
an, 7 mm). The standard shank length was used in 13
cases, and the long variant was used in five cases. Me-
dian follow-up period was 12 months. All devices were
successfully implanted. Total occlusion was achieved
the following day in all but two patients, in whom it
was confirmed one month later. No major complica-
tions occurred. Mild pulmonary obstruction was noted
in one patient, and aortic disc bulging occurred in two
patients without hemodynamic consequences.
Conclusion: In this group of patients, the ODO showed
excellent results in terms of safety and efficacy. The

long device variant may be advantageous in some
large and long PDAs. Larger case series are needed to
compare the ODO with preexisting devices.
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Introduction

Since the first successful transcatheter closure of
patent ductus arteriosus (PDA) by Porstmann in 1967
[1, 2], several different PDA closure devices have been
developed and evaluated. Today, percutaneous clo-
sure of almost any PDA beyond neonatal age can be
easily and safely performed using detachable coils or
specifically designed occluders, including different
generations of the Amplatzer Duct Occluder (ADO |,
I, and AS) [3-5]. Nevertheless, some large and long
(i.e., “slow tapering”) type A PDAs and nonconical
large PDAs still pose technical difficulties to the inter-
ventionist, especially in small infants.

A new device, the Occlutech Duct Occluder (ODO),
has been designed with the aim of addressing some
of these challenges. Like the ADO |, the ODO is con-
structed from braided Nitinol wires, has an aortic
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Table 1. Comparative table showing characteristics of available Occlutech Duct Occluder devices (manufacturer data).

Introducing Aortic Shank Pulmonic Shank  Retention Disc

Shank Type System Size (mm) Diameter (mm) Diameter (mm) Diameter (mm) Length (mm)
Standard shank 6 35 5 9 4.25
Standard shank 6 4 6 10 5.00
Standard shank 6 5 7 11 6.05
Standard shank 6 6 8 13 6.30
Standard shank 7 8 10 16 7.00
Standard shank 7 10 12 18 12.00
Standard shank 8 12 15 20 14.00
Standard shank 9 14 18 24 16.00
Long shank 6 35 5 9 7.00
Long shank 6 4 6 10 7.50
Long shank 6 5 7 1 8.50
Long shank 6 6 8 13 9.00
Long shank 7 8 10 16 10.50

mm = millimeters.

retention disc, and is attached to its delivery cable
using a screw cap mechanism. Both devices have
comparable designs; however, the ODO has a waist
that is wider at its pulmonary end than at its aortic
end with the purpose of achieving a more stable im-
plant. Moreover, to facilitate use in longer PDAs, the

Figure 1. The Occlutech Duct Occluder device (as shown on
occlutech.com).

ODO is available in two different lengths.
The objective of this study was to investigate the
safety, efficacy, and clinical utility of the ODO device.

Materials and Methods

The ODO was introduced to our catheterization unit in Au-
gust 2013. Since then, our policy has been to prioritize its use
over other existing devices in patients with isolated PDA who
weigh =6 kg to test its safety and efficacy. We retrospectively
reviewed records of patients who underwent a PDA closure
attempt with the ODO between August 2013 and October
2015.

The Device

The ODO device is made of braided Nitinol threads. Nitinol
is a very elastic metal alloy with memory properties. The ODO
consists of an aortic disc connected to a cone-shaped shank
(Figure 1). Compared with the ADO I device, the direction of
the ODO conical body is inverted. The proximal end of the
shank (i.e., pulmonic end) has a diameter that is 1.5-2.0 mm
larger than that of its aortic end, and the retention disc has a
diameter that exceeds the size of the aortic end of the shank
by 5.5-8.0 mm.The ODO is available in several sizes, each with
a standard (i.e., short) or long shank (Table 1). Polyethylene
patches inside the device support immediate closure of the
defect. The device is attached to a delivery cable by a screw
that, after detachment, protrudes from the pulmonary end of
the device to allow easier snaring if retrieval is required. Before
January 2015, and because the ODO did not yet have a dedi-
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Figure 2.
dated in a 3-mm type D patent ductus arteriosus.

cated sheath, a Mullins sheath (William Cook Europe, Bjaever-
skov, Denmark) was used to deploy the device. Since then, a
dedicated delivery set including a delivery sheath (6-F to 9-F
depending on the implant size), hemostasis valve, dilator, and
transparent loader was introduced.

Technique

Informed consent was obtained prior to patient enroll-
ment. All procedures were performed according to the man-
ufacturer’s instructions under general anesthesia by the same
operator (ZS). In brief, vascular access was obtained via the
femoral artery and vein. Heparin (501 U/kg) and Cefazolin (30
mg/kg) were administered intravenously. Lateral aortography
was performed to determine the size and shape of the PDA.
In some patients, supplementary projections were needed to
more accurately delineate the PDA. In PDAs >3 mm, systolic
and diastolic diameter variations were carefully measured to
determine the maximal diameter of the narrowest PDA seg-
ment (i.e., “landing zone") during cardiac cycling. The device
size was calculated to fit the diameter of the area where the
device was to be “squeezed” into the PDA. For ODO size selec-

In a 15-year-old female weighing 54 kg, the long variant of the 5-7 Occlutech Duct Occluder was adequately accommo-

tion, the aortic end of the device shank was sized to be 1-2
mm larger than the landing zone in smaller PDAs (<3 mm) and
2-3 mm largerin larger PDAs (=3 mm). The standard ODO vari-
ant was used in patients with short PDAs. Use of the long ODO
variant was limited to cases in which the operator judged that
the pulmonary part of the device would not reach the narrow-
est part of the duct into the pulmonary artery. Venous delivery
was used in all cases.

Before releasing the device, an aortogram to verify device
positioning was performed. Additionally, if the device ap-
peared to protrude into the pulmonary artery or the aorta,
pulmonary or aortic pullback pressure tracing and angiogra-
phy were performed to rule out significant obstruction. Repo-
sitioning was judged necessary in some cases, but we did not
encounter any difficulty in resheathing and redeploying the
device in a more suitable manner. After a satisfying position
was achieved, the device was released by rotating the deliv-
ery cable in a counter-clockwise manner. A final aortogram
was performed after the release of the ODO to confirm the
position of the device and check for residual shunt or aortic
obstruction.

Hanna, N. et al.

The Occlutech PDA Occluder : A Case Series



Original Scientific Article

Figure 3.

In a 19-month-old boy weighing 10 kg, a 3-mm type A “slow tapering” patent ductus arteriosus was closed using a 5-7

Occlutech Duct Occluder standard shank. The thick arrow shows bulging of the aortic disc, probably due to excessive oversizing.
Note the screw pin deformation (thin arrow), which was related to the forced entry of the device in an incompatible delivery system
after multiple attempts due to the lack of a dedicated delivery system at the time.

All 18 patients were discharged 24 hours following the pro-
cedure. The following day, chest x-rays (anteroposterior and
lateral) and Doppler echocardiography were obtained before
discharge. Special attention was paid to residual shunts and
left pulmonary or aortic isthmic obstruction. Urinalysis was
performed only in cases of residual shunting. Patients were
scheduled for cardiology consultation and echocardiography
at 10 days and at 1, 3, 6, and 12 months.

Statistical Analysis
Results are expressed as percentages and median values.

Results

The median age of the 18 patients was 23.5 months
(range, 6-180 months), and median weight was 11

kg (range, 6-54 kg). All patients had isolated PDAs.
Table 2 summarizes the basic characteristics of the pa-
tients and procedure-related parameters according
to PDA morphology. The PDA shape was type A “fast
tapering”in seven patients (40%), type A “slow taper-
ing”in nine patients (50%), type E in one patient, and
type D in one patient. The narrowest PDA diameter
ranged from 2 to 5 mm (median, 3 mm). Median pro-
cedure time was 55 min (range, 35-105 min), and me-
dian fluoroscopy time was 9.19 min (range, 3-29.57
min). Device diameters (aortic end) ranged from 3.5
to 6 mm (median, 5 mm); standard device variants
were used in 13 patients, and long devices were used
in five patients. The median follow-up period was 12
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Table 2. Characteristics of patients and procedure-related parameters according to patent ductus arteriosus morphology.

Pulmonic Aortic

Shank Shank

Age Weight PDA Size Fluoroscopy Diameter Diameter
PatientID Gender (months) (kg) (mm) Time (min)  (mm) (mm) Shank
Type A fast PDA
Z5-PDAO1 F 48 15.0 23 35 3.16 6.0 40 Standard
/S-PDA02  F 6 6.5 50 60 10.13 7.0 50 Standard
/S-PDAO3  F 10.0 35 40 312 8.0 6.0 Standard
/S-PDAO4  F 72 210 2.5 60 14.14 6.0 4.0 Standard
/S-PDAQS F 12 6.0 2.8 35 527 7.0 50 Standard
/S-PDAO6  F 13 120 33 53 6.50 7.0 50 Standard
/5-PDA18  F 60 17.0 50 35 3.00 8.0 6.0 Standard
Type A slow PDA
/5-PDAO7 F 8 9.5 3.0 55 18.70 7.0 50 Long
/5-PDAO8  F 27 9.0 3.0 40 1347 7.0 50 Standard
/S-PDA10 M 19 10.0 3.0 55 3.18 7.0 50 Standard
/5-PDA11 F 84 320 20 75 29.57 50 35 Standard
/S-PDA12 M 24 135 3.0 55 9.19 6.0 40 Standard
Z/5-PDA13 M 23 10.0 30 50 9.14 5.0 35 Long
/S-PDA14 M 29 14.0 25 65 9.19 6.0 4.0 Long
Z/S-PDA15  F 11 7.0 38 105 12.33 7.0 50 Long
/S-PDA17  F 48 16.5 20 60 10.00 50 35 Standard
Type D PDA
/S-PDA16  F 180 54,0 3.0 55 848 7.0 50 Long
Type E PDA
7S-PDA09 F 15 95 30 75 11.40 6.0 40 Standard

kg = kilograms; mm = millimeters; min = minutes.

months (range, 3-21 months), and all patients were
reviewed at 1 month. All 18 devices were successfully
implanted. All patients were discharged 24 hours fol-
lowing the procedure, and complete PDA occlusion
on Doppler echocardiography was achieved in all
but two patients (closure rate, 90%). At 1-month fol-
low-up, all patients had total duct occlusion on Dop-
pler echocardiography (closure rate, 100%).
Successful device placement rate was 100%. There
were no mortalities or major complications. Aortic
disc bulging occurred in two patients without hemo-
dynamic gradient. Mild pulmonary obstruction was
noted in one patient in whom the long device variant

was used. A cardiac ultrasound at 6-month follow-up
did not show evidence of hemodynamic gradient. No
blood transfusions were needed. No hemolysis oc-
curred. There were no femoral vascular complications.

Discussion

PDA Treatment

PDA is a common congenital heart defect usually
identified in early childhood. In some cases, it remains
unrecognized until late in life. Currently, percutane-
ous closure of almost any PDA beyond neonatal age
using detachable coils or specifically designed oc-
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cluders such as the ADO is the “gold standard”[3]. De-
spite the effectiveness of currently available devices,
procedural challenges remain, especially when small
infants and/or large PDAs are involved. Moreover, in-
creasing experience with transcatheter techniques
has resulted in interventional cardiologists attempt-
ing to more frequently treat patients who have PDAs
with complex morphologies [6]. Therefore, there still
is a demand for an ideal PDA closure device. Theoret-
ically, such a device would have a design adaptable
to any shape or size of PDA, regardless of patient age
and weight, and achieve immediate closure in 100%
of cases. The implantation technique would also be
operator-friendly. In addition to addressing current
shortcomings, such a device would reduce the need
for catheterization laboratories to stock several types
of products with different sizes. These remaining un-
fulfilled needs justify ongoing research and develop-
ment of new device models.

The ODO Device

The ODO device was developed with the aim of ad-
dressing some of the above-mentioned drawbacks.
Even though our study was not comparative, the
ODO device resembles the ADO | device with respect
to design, intended use, and specific application,
which provides an “experimental-feeling” compari-
son between the two devices. In fact, the ODO device
material and delivery system and techniques are very
similar to those of the ADO I. Notwithstanding these
similarities, radical modifications in the shape of the
ODO were introduced. The core of the device is wider
at the pulmonary end than at the aortic end, the distal
clamp atthe aorticend (in the ADO) is not present, and
the screw attachment protrudes from the pulmonary
end. This shape, which resembles a champagne cork,
takes advantage of the benefits of both the ADO (i.e.,
inflexible connection between the aortic disc and de-
vice core) and the ADO Il (i.e., aortic and pulmonary
retention discs). In addition, retrieval of the device in
case of accidental embolization is theoretically easier
because the screw protrudes from the pulmonary end
after release, making it more accessible for snaring.

Given that the ODO is available in larger sizes than
the ADO devices, it allows closure of larger-sized PDAs.
In fact, prior to the launch of the ODO, in some stud-
ies, patients with large PDAs had to be excluded due

to non-availability of larger devices [7]. Another cru-
cial difference from the ADO | is that the ODO comes
in two length options: standard and long shank. The
long variant may be needed in some “slow tapering”
type A or nonconical long and large PDAs. In one pa-
tient in our series with a large (3 mm) and long (11
mm) type D PDA, the ODO 5-7 long device was clearly
the most suitable (Figure 2). Before the introduction
of the ODO, our best option would have been to de-
ploy an ADO |, including its aortic retention disc, in
the PDA body. This was in fact successfully performed
in a similar case in a previous study [3].

Device Selection

In the first few cases, the size of the aortic end of
the occluder shank was chosen based on the narrow-
est diameter of the PDA, extrapolating our experience
with the ADO I. After facing occurrences of aortic disc
bulging (Figure 3), probably due to excessive over-
sizing, we concluded that the shank size should be
calculated based on the part to be “squeezed” by the
duct. It is worth mentioning that the choice of sizing
should take into consideration the systolo-diastolic
variations of the duct size, particularly in larger ducts
(>3 mm) [8].

Safety and Efficacy

Reported case series in the literature confirm the
high occlusive properties of the ODO, even though
larger ducts usually require more time to close [8, 91.
Our present results demonstrate a 100% success rate
(shunt closure and successful implantation) with
zero mortality and no serious morbidity. In fact, we
noted a 90% closure rate at day 1, reaching 100% at
1-month follow-up. In our series as well as a recent-
ly reported case series of PDA closure with the ODO
device, no major adverse events (e.g., accidental de-
vice embolization, significant aortic or pulmonary ob-
struction, endocarditis, hemolysis or vascular injury)
were encountered [10]. Considering the high degree
of similarity between the Occlutech and Amplatzer
devices and that most complications are seen during
or shortly after implantation, it is reasonable to infer
comparable safety of the two devices. Furthermore,
reported late adverse events were very rare [11, 12],
and therefore no further major adverse events are ex-
pected from studies of the ODO device.
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Due to the lack of a dedicated delivery system ear-
ly in our study, some difficulties were noted while
handling the device. We encountered the same draw-
backs described by Kudumula et al. [8] and Rioz-Men-
dez [13] in term of loading and later detaching the
device. Nevertheless, these difficulties had minimal
impact on our procedure and fluoroscopy times due
to the experience of the operator and his familiarity
with the ADO, which led to bypassing a substantial
amount of the learning curve [12]. Ten cases after the
launch of our series, the manufacturers introduced
important changes, providing a specific delivery sys-
tem and thus minimizing further technical problems.

Although aortic embolization of the ADO | was
rarely reported, as even relatively long ducts tend to
shorten after being pulled back with the device, we
found that some longer PDAs would not be appropri-
ately closed with an ADO | and thus required the use
of the long variant of the ODO to avoid aortic device
dislodgment [3]. The case pictured in Figure 2 high-
lights the advantage of this variant. However, the long
variant of the device can be a double-edged sword if
the shortening of the duct after pullback is not taken
into consideration. In one patient, the inappropriate
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