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Aim: To describe our initial experience with the Occlutech Duct Occluder (ODO) for percutaneous closure of
patent ductus arteriosus (PDA).
Methods: Retrospective review of patients undergoing transcatheter PDA closure with the ODO in 2 academic
centers.
Results: FromApril 2013 to September 2017, 42 patients underwent PDA closure.Median age at implantationwas
34months (range 4months–68 years) andmedianweightwas 12 kg (range 4.1–57 kg). Ductswere Krichenko type
A duct (n=34), type E (n=6), and type C (n=2). Themean duct diameterwas 3.76mm (range 1.69 to 9.95mm,
median 3.1mm). Implantation succeeded in all. Therewas neither device embolization nor hemolysis. At device re-
lease, immediate angiogram showed a small residual shunt in 54.7%. During follow-up, Doppler echocardiography
demonstrated 71% of full occlusion at day one, rising to 95% at one month and 100% at one year and half after
implantation. The mean maximal systolic pressure gradient in left pulmonary artery was 4.2± 4.3mm and across
the distal aortic arch 5.4± 4.7mmHg. No patient had any significant stenosis with clinical relevance.
Conclusions: ODO is safe and effective in transcatheter closure of PDA including relatively large sized ducts. The
results are satisfactory with a high level of full occlusion and a low rate of complications. Further evaluation with
larger studies and longer follow-up will be required to confirm these preliminary good results.

© 2017 Published by Elsevier B.V.
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1. Introduction

Transcatheter closure of patent ductus arteriosus (PDA) was first
realized in 1967 by Porstmann using an Ivalon plug. However, this tech-
nique did not gain a large audience due to the use of a large delivery
sheath (23 F). Since that pioneer experience, many devices have been
developed. For many years, the Amplatzer Duct Occluder (ADO I,
Abbott) has been mainly employed for medium-to-large sized ducts
and has become the gold standard [1], while detachable coils continued
to be used for the smallest ducts [2,3], in addition to several different
devices that became available. The ADO I was a modification of the
Porstmann plug using the nitinol technology. It is a self-expanding,
mushroom shaped device with nitinol shank and aortic retention disc.
Results for ADO in terms of successful implantation, procedural time,
dose of radiation and rate of full occlusion are excellent, making this
device quite popular and largely implanted [1,4,5].

The Occlutech duct occluder (ODO) is a new device with also a
mushroom shape. It is made of nitinol wires with a tapered “shank” and
has also an aortic flat retention disc (Fig. 1). The shank is placed within

the duct at its narrowest portion. Its proximal pulmonic end has a diam-
eter that is 1.5–4.0 mm larger than its aortic end in opposition to the
ADO in which distal aortic end of the shank is larger than the proximal
part. The aortic retention disk is larger than the distal aortic end of the
shank by 5.5–10mm. This design modification in comparison with ADO
has been developed to achieve a better conformation of the device with
duct anatomy and to reduce the risk of embolization. Moreover, the
device has a titanium oxide coating decreasing Nickel release and
polyethylene patches are sewn into the distal retention disc and the
shank. The ODO is available in 2 lengths: standard (4.25–16 mm) and
long shank (7–10.5 mm) and is labeled according to the proximal and
distal diameters of the shank. Both ADO and ODO are connected to a
delivery cable attached to the proximal pulmonary end using a screwing
mechanism. The delivery sheath is ranging from to 6 to 9 F.

The purpose of this studywas to report an initial experiencewith the
ODO for PDA occlusion.

2. Methods

2.1. Study design

A retrospective, descriptive, non-randomized study started in April 2013 including
patients from 2 French academic centers. Forty-two patients (29 females, 13 males) were
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included up to September 2017. Informed consent was obtained from all patients or their
parents. All patients had clinical and echocardiographic evidence of PDA.

2.2. Closure protocol

The procedurewas realized after puncture of the femoral artery and vein. Hemodynamic
data collectedwere right ventricular, pulmonary artery, and aortic pressures. An aortography
was performed mostly in lateral projection and sometimes in right anterior oblique (30°)
projection to delineate the anatomy of the duct according to the Krichenko classification
[6]. In all cases, thenarrowest PDAdiameterwasmeasured to determine thedevice selection.
The ODO was usually chosen with a diameter of the aortic end of the shank (diameter D2,
Fig. 1) larger by 1 to 2mmthan the narrowest duct diameter on angiography.Device implan-
tation was performed within a delivery sheath (Mullins sheath, William Cook Europe)
advanced from the venous side and positioned into the descending aorta. After placement
within the duct while the device remained attached to the delivery cable, an angiography
was carried out to assess the device position and to control any residual shunt. If the appro-
priate position was obtained, the device was released and a final aortography was realized
about 1 min later. Patients were discharged within 1–2 days after the procedure. Subse-
quently, they were reviewed at 1, 6 and 12months and thereafter every 6–12months with
Doppler echocardiography to assess duct occlusion and patency of the left pulmonary artery
(LPA) and aortic isthmus.

2.3. Statistical analysis

Results are expressed as mean value ± standard deviations or median and range.

3. Results

3.1. Baselines results

The median age at implantation was 34 months (range 4 months–
68 years) and median weight was 12 kg (range 4.1–57 kg). Thirty-two
patients had a continuous murmur and ten a systolic murmur. PDA
was isolated in 28 patients while 14 patients presented with associated
anomalies (Table 1). Most of the patients had left-to-right shunt
with enlarged left ventricular diastolic dimension (mean z-score+ 2.04
± 1.35, range 0.0 to 4.9, median + 1.81). Sixteen patients received
diuretic and/or angiotensin-converting enzyme inhibitor before the
procedure as medical therapy for heart failure.

3.2. Cardiac procedure

Procedures were performed under either general anesthesia (n=23)
or local anesthesia (n=19). The PDA was crossed from the pulmonary
artery side in all, but two. In these 2 patients, the duct was crossed from
the aorta to create an arterio-venous “circuit” using a snare, to advance

finally the delivery sheath from the femoral vein, as already reported [7].
The minimal duct diameter was 3.76± 2.0 mm (range 1.69–9.95 mm,
median 3.1 mm) on aortography. Thirty-four patients had Krichenko
type A duct, six had type E, and two had type C [6]. The oldest patient of
the study had also a calcified ampulla. For the whole group, the mean
systolic pulmonary artery pressure was 39±15mmHg.

Device implantation succeeded in all. The immediate control angiog-
raphy after release showed a smoke-like residual trans-prosthetic shunt
in 23 patients (54.7%, Fig. 2), whereas 19 had no shunt (Fig. 3). The fluo-
roscopy time was 6.7 ± 3.2 min (range 1.7–16 min, median 6.36 min)
and the radiation dose was 6.2 ± 8.5 Gy·cm2 (range 0.4–40 Gy·cm2,
median 3.1). All devices implanted had a standard short shank and in-
cluded: 4/6 device (n= 15), 5/7 device (n= 12), 6/8 device (n= 5),
3.5/5 device (n = 4), 10/12 device (n = 4), and 8/10 device (n = 2).
The diameter D2 of the device was usually oversized and difference be-
tween D2 and the minimum diameter of the ductus arteriosus on angi-
ography was 1.47 ± 0.74 mm (0.05 to 3.43 mm, median 1.55 mm).
Occluders were positioned through a 6 or 7 F delivery sheaths. In one
of them, an 8/10 device to occlude a large duct had to be replaced by a
10/12 device because it slipped twice from the aorta to themain pulmo-
nary artery during implantation leading to a final good positioning. At
discharge the following day, 30 patients (71%) had no residual shunt
on control Doppler echocardiography and 12 had a trivial to small
residual shunt.

3.3. Follow-up data

During follow up (range 1–79 months), 10 patients with initial
residual shunt had no residual shunt on echocardiography performed
one-month after closure. At that time, the last 2 patients had a trivial
shunt which was no longer found 5 and 12 months later. The
mean maximal systolic pressure gradient in left pulmonary artery was
4.2 ± 4.3 mm Hg (range 1–19 mm Hg, median 3.5 mm Hg) with four
patients having a gradient above 10mmHg. Themeanmaximal systolic
pressure gradient across the distal aortic arch was 5.4 ± 4.7 mm Hg
(range 1–17 mm Hg, median 4 mm Hg) with six patients having a
gradient above 10 mm Hg. None had any significant stenosis with
clinical relevance.

3.4. Complications

There was neither device embolization nor hemolysis after implan-
tation and during follow-up. No patient received blood transfusion. In
three patients, right femoral artery thrombosis was noticed just after
the procedure that fully resolved under heparinization with complete re-
covery of pedal pulse andwide arterial patency controlled by echography.

4. Discussion

The ODO appears safe and effective for transcatheter PDA closure. The
rate of successful implantation is very high, up to 100% here, as already
reported with this device [8–14] and also with the ADO I [1,4,5,15].

Fig. 1. Graphic representation of the Occlutech Duct Occluder. D1: aortic retention disc
diameter. D2: distal aortic end diameter of the shank. D3: proximal pulmonary end
diameter.

Table 1
Associated pathology.

Associated pathology N= 14 patients

Cardiac disease N= 6
VSD: n= 3
ASD: n= 1
Aortic regurgitation: n= 1
Scimitar syndrome: n = 1

Trisomy 21 N= 7
Others N= 3

High blood pressure: n= 1
Renal failure: n = 1
Currarino syndrome: n = 1

ASD: atrial septal defect, VSD: ventricular septal defect.
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