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Objective: Transcatheter closure is the first-choice strategy for the management of appropriate patients
with patent ductus arteriosus (PDA). The management of large PDAs is challenging due to the limited
available sizes of approved devices and the inherent risks of surgical ligation, especially in adults with
calcified PDAs. This study aimed to assess the outcomes of the off-label use of large occluders at a tertiary
center.
Methods: This retrospective review included patients who underwent transcatheter PDA closure with
large occluders (�16 mm) over 16 years. The baseline patient data, procedural details, angiograms, and
immediate outcomes were recorded and patients were followed up at 3, 6, 12 months after the inter-
vention and annually thereafter.
Results: Of the 685 patients who underwent transcatheter PDA closure, 36 patients (mean age
16.6 ± 12.5 years) needed occluders � 16 mm in size. Cocoon duct occluder, Cera duct occluder,
Amplatzer atrial septal occluder (ASO), and Cera muscular ventricular septal defect occluders were used
for PDA closure. There was no device embolization, one patient in whom ASO was used had residual
shunt with intravascular hemolysis requiring surgery, and one patient had mild left pulmonary artery
narrowing after the intervention, which was managed conservatively. No patient had residual shunt and
one patient had persistent pulmonary hypertension at an intermediate duration of follow-up.
Conclusion: Transcatheter PDA closure with the use of large devices, which are available in Asia and
Europe, is an effective and safe method, especially in adolescents and adults. However, a close follow-up
of these patients is mandatory.
© 2020 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Patent ductus arteriosus (PDA), which accounts for approxi-
mately 5e10% of all congenital heart defects, is a pathological
communication between the descending thoracic aorta distal to the
left subclavian artery and the pulmonary artery (PA) due to
abnormal persistent patency of the fetal ductus arteriosus.1e3 The
hemodynamic consequences of PDA are determined by the size of
the shunt, the difference between systemic and PA pressure and
vascular resistance, and the length and narrowest diameter of the
PDA.1,2 The natural history of PDA varies from an asymptomatic,
incidentally detected defect to congestive heart failure, atrial ar-
rhythmias, endocarditis, ductal aneurysm, pulmonary vascular
. Rohit).

blished by Elsevier B.V. This is an
disease, and Eisenmenger's syndrome.4 The successful closure of
PDA reduces mortality and decreases the incidence of endocarditis.
Hence, surgical or transcatheter closure is indicated for all patients
with PDA except those with small, silent defects and patients with
irreversible pulmonary artery hypertension (PAH).1 Transcatheter
closure has become the mainstay of treatment for PDA and surgical
ligation is reserved for complex, large defects not suitable for device
closure or PDA in very young infants and neonates.4,5 Although
percutaneous closure is the preferred treatment of PDA for most
children as well as adults, many patients, especially adolescents
and adults with very large defects, are subjected to surgery because
of the lack of appropriate sized devices.6 Most of the available
literature of PDA device closure have established the efficacy of the
Amplatzer duct occluders (ADO and ADO II, AGA Medical Corpora-
tion, Golden Valley, Minnesota, USA).7e11 The largest available size of
the ADO is 16/14 mm and can be used to close PDAs up to
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11e12 mm in size.4,7 However, larger devices are available from
other manufacturers [i.e. Cera duct occluder, Lifetech Scientific,
Shenzhen, China and Cocoon duct occluder, Vascular Innovations,
Nonthaburi, Thailand] and can be used for the closure of defects not
amenable to ADO and ADO II.4,12 There is limited data regarding the
transcatheter closure of PDAwith devices�16mm.4,13,14We hereby
report our experience of PDA device closure with the use of large
devices, which are not FDA-approved.

2. Methods

2.1. Study design and patient selection

This was a retrospective, single-center review of patients who
underwent transcatheter PDA device closure with large occluders
(�16 mm) over the last 16 years (2003e2018) at a tertiary referral
center in North India. The study protocol conforms to the ethical
guidelines of the Declaration of Helsinki and was reviewed and
cleared by the ethics committee of the institute. Pre-procedural
informed consent was obtained from all patients or appropriate
legally authorized representatives. The baseline patient data, pro-
cedure and device-related details, angiograms, and immediate
outcomes of all patients were recorded.

2.2. Procedural strategy

A pre-procedure echocardiogram was performed using Philips
IE33/Philips EPIQ 7 (Philips Healthcare™, Amsterdam, Netherlands)
and all interventions were performed by an experienced operator
(the corresponding author). Transcatheter PDA device closure was
attempted in consecutive patients with echocardiography proven
PDA other than those who developed Eisenmenger's syndrome,
had a pulmonary vascular resistance of >8 Woods unit/m2, or
irreversible PAH.

The procedure was performed under local anesthesia. A single
dose of weight-based intravenous antibiotic (cefotaxime) was
administered 30min prior to the procedure. The femoral artery and
femoral vein were accessed using the Seldinger's technique. An
aortic angiogram was performed with a 5F or 6F pigtail catheter
(Medtronic Co, USA) in the descending thoracic aorta and pressure
injector in the extreme lateral and right anterior oblique with 45�

cranial angulation to visualize the ductus, its narrowest and widest
diameters, and to assess the ductal anatomy. Ductal anatomy was
classified as per the classification proposed by Krichenko et al.15

Baseline hemodynamic data, including pressures and shunt calcu-
lations, were recorded as deemed appropriate by the operator. The
decision regarding the reversibility of PAH was based on multiple
factors including clinical examination, chest X-ray,12-lead ECG, 2-D
echocardiogram, and cardiac catheterization. Patients with obvious
signs of left ventricular volume overload (enlarged left atrium and
left ventricle on echocardiogram) and normal size of right atrium
and ventricle, net left-to-right shunt > 1.5:1 by catheterization/
echocardiogram, PVR/SVR < 0.5, and pulmonary artery systolic
pressure < 2/3rd of the systemic pressure were considered suitable
for device closure. In doubtful cases, reversibility testing was done
using either vasoreactive agents (100% oxygen) or balloon/device
occlusion. After pulmonary vasoreactive testing or balloon/device
occlusion, a reduction in the peak PA pressure >20 mm Hg from
baseline without any drop in the aortic systolic pressure was
considered a sign of reversible PAH (Fig. 1).

The ductus was crossed with a straight tip 0.03500 Terumo guide
wire (Terumo Inc, Japan). A 5F multipurpose catheter (MPA) (Med-
tronic Co, USA) was advanced into the descending thoracic aorta
and exchanged with a delivery sheath over an exchange length
0.035” J-tip super-stiff Amplatz wire (Boston Scientific, Natick, MA,
USA). This was followed by device positioning and deployment in
accordance with the established method.4,7A descending aorto-
gram was performed 10 min after device deployment to confirm
the position of the device and evaluate any persistent flow across
the device. After 10 min, PA pressure was measured to look for
reversibility of PAH. After the confirmation of appropriate device
positioning and decrease in PA pressure, the device was released as
per the established technique.7 Subsequently, a pullback gradient
from ascending to descending aorta was obtained to evaluate any
device-induced aortic obstruction. The arterial and venous sheaths
were removed and hemostasis achieved with manual compression
followed by a tight compression bandage.

2.3. Device details

The device used was based upon the size and anatomy of the
PDA and the availability of device sizes. The size of the pulmonary
end of the device was at least 2 mm larger than the narrowest
diameter of the PDA in children and was twice the narrowest
diameter in adolescents and adults with severe PAH. The devices
used for occlusion were Cocoon duct occluder, Cera duct occluder,
Cera muscular ventricular septal defect occluder (MVSDO) (Lifetech
Scientific, Shenzhen, China), and Amplatzer atrial septal occluder
(ASO, AGA Medical Corporation, Golden Valley, Minnesota, USA).
Custom-made devices were used for five patients who needed
devices larger than 24 mm, as previously described.6

2.4. Follow-up

Follow-up echocardiogramwas performed on the next day after
the catheterization to assess the device position and residual shunt
and was repeated at 3, 6, and 12 months after the intervention.
Infective endocarditis prophylaxis was advised for the initial 6
months after the procedure. These patients were followed up
annually subsequently for a few years after the intervention.

2.5. Statistical analysis

All data were collected retrospectively and entered into a
spreadsheet (Microsoft Excel 2016™, Microsoft Corporation, USA).
Statistical analysis was done using the Statistical package for social
sciences (SPSS Inc. version 23.0™, IBM Corporation, Chicago, USA). All
continuous variables were summarized as mean ± SD or median
[interquartile range (IQ)]. Categorical variables were described as
proportions and frequencies (%).

3. Results

Of the 685 patients who underwent transcatheter device closure
during the 16-year study period, 36 patients needed occluders with
the size of the pulmonary end�16 mm, with the largest device size
of 30/28 mm (custom-made Cera duct occluders) in 05 patients
(Fig. 2). The mean age was 16.6 ± 12.5 years. The mean of mean PA
pressure at baseline was 51.88 ± 24.28 mm Hg (Table 1).

3.1. Procedural complications

There was no death or device embolization in the study cohort.
In one patient, there was 90% obstruction of the aorta before the
release of a 30/28 mm Cera occluder, which was tackled by
removing the unreleased device and deploying a smaller 24 mm
Cera MVSDO, as previously described (Fig. 3).6 One patient devel-
oped hemolysis due to residual flow after the deployment of a
24 mm ASO and needed surgical intervention. One patient had
partial obstruction of the left PA (gradient 30 mm Hg on



Fig. 1. Catheterization tracings of a representative patient with PDA and pulmonary hypertension before (A) and after (B) device occlusion trial shows a significant reduction in PA
pressure (red arrows) without a significant change in the aortic pressure.

Fig. 2. STROBE diagram of patients in the study. PAH¼ pulmonary artery hypertension; LPA ¼ left pulmonary artery.
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echocardiography), which was managed conservatively in view of
the absence of symptoms (Table 1). A repeat echocardiogram at 1-
year follow-up showed reduction in gradient (15mmHg) (Fig. 4). At
the end of the procedure, angiographic trivial or mild residual flow
across the device was seen in 10 patients.
3.2. Follow-up

Echocardiogram was performed for all patients on post-
catheterization day 1 and at 3,6, and 12 months after the inter-
vention. Although one patient with a 20/18 mm Cocoon duct
occluder was found to have trivial flow across the device on
echocardiogram at 1-year follow-up, an invasive aortogram
showed appropriately positioned device with no residual flow. In
all the other cases, an echocardiogram at 3-month follow-up
showed no residual shunt. While all patients have been followed
up for 2 years after the intervention, twenty patients have been
followed up for 4 years and are currently asymptomatic without
any significant late complications, except one patient described
below.

Oral pulmonary vasodilators were stopped in most of the pa-
tients since there was a significant fall in PA pressure after the
intervention (Table 1). Three patients who continued to have mean
PA pressure >50 mm Hg after the intervention were discharged on
oral Sildenafil. Of these three patients, pulmonary vasodilators
were discontinued in two patients at 3-month follow-up as they
had a significant reduction of PA pressure. One patient who had
demonstrated >20% percent reduction in PA pressure after PDA
occlusion showed increasing tricuspid regurgitation gradient at 3
and 6-month follow-up. At 1-year follow-up, he continued to have
an estimated mean PA pressure >50 mm Hg and had class II exer-
tional dyspnea, for which he was managed with Sildenafil and
Bosentan. None of the remaining patients demonstrated pulmo-
nary hypertension or left ventricular dysfunction at an intermedi-
ate duration of follow-up.
4. Discussion

Although surgical ligation was considered the standard of care
for themanagement of PDA in the 20th century, it is associatedwith
considerable morbidity and a longer duration of hospital stay.16

Surgical ligation or division of the ductus is associated with
several complications such as infections, respiratory compromise,
recurrent laryngeal nerve palsy, pleural effusion, pneumothorax,



Table 1
Characteristics of patients who needed large occluders (�16 mm).

CHARACTERISTIC N ¼ 36

Age (years), mean ± SD 16.6 ± 12.5
Female, n (%) 19 (52.77%)
Weight (kg), mean ± SD 39.62 ± 16.7
Mean PA pressure at baseline (mm Hg), mean ± SD 51.88 ± 24.28
Mean PA pressure after balloon/device occlusion (mm Hg),

mean ± SD
27.2 ± 16.2

PA systolic pressure/aortic systolic pressure ratio at baseline 0.6 ± 0.2
PA systolic pressure/aortic systolic pressure ratio after

balloon/device occlusion
0.31 ± 0.12

Size of PDA (mm), median (range) 14 (12e20)
PDA anatomy
Type A 23
Type B 2
Type C 11
Type D 0
Type E 0

Devices used
Cocoon duct occluder, n 20
Cera duct occluder, n 13
Cera MVSDO, n 2
Amplatzer septal occluder, n 1

Device sizes used
18/16 mm, n 13
20/18 mm, n 14
24/22 mm, n 1
24 mm (ASO), n 1
24 mm (Cera MVSDO), n 2
30/28 mm, n 5

Procedural complications
Death, n 0
Device embolization, n 0
Partial obstruction of PA, n 1
Aortic obstruction, na 1
Hemolysis due to residual shunt, n 1

ASO¼ Amplatzer atrial septal occluder; PA¼ pulmonary artery; MVSDO¼muscular
ventricular septal defect occluder; PDA¼ patent ductus arteriosus.
Types of PDA were in accordance with Krichenko et al.15

a Aortic obstruction was managed by removal of unreleased device and using a
smaller device.
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and chylothorax.17,18 The major aim of transcatheter techniques of
PDA closure is to avoid the small but attendant risks of surgical
ligation. Since the advent of coils and percutaneous closure devices,
device technology has evolved considerably and a variety of
occluders are currently available for the transcatheter closure of
PDA. Although the transcatheter closure of various sizes of PDAwith
the use of several devices is now well established,4,8,9,11e13,19e22

there is limited data for the use of devices �16 mm in size and pa-
tients with very large defects are frequently subjected to MVSDOs,
Fig. 3. Aortogram of an 11-year-old patient in the 45� right anterior oblique projection sh
significant obstruction of the aorta (B) by the aortic rim of the device. After downsizing t
residual shunt or aortic obstruction (C).
which aremuch costlier than duct occluders, or to surgical ligation,6

which is associated with several complications due to calcification
and friable nature of the ductus and the frequent requirement of
cardiopulmonary bypass in adolescents and adults.2,6,23,24 The
maximum available size of US-FDA approved devices ADO and ADO
II is 16/14mmand can only be used for PDAs up to 11e12mm,while
there is limited data regarding the use of Amplatzer vascular plug,25

and the PFMNit-Occlud device has only been tested in patientswith
PDAs < 4 mm in size.26 Additional data are required to assess the
safety and efficacy of non-FDA approved large devices for the
management of very large PDAs.

The management of very large PDAs with associated PAH is a
challenge and often entails the off-label use of large-sized occluders
including Cera duct occluder, Cocoon duct occluder, Occlutech duct
occluder, ASO, and MVSDO.4,12e14,19,21,27 There are limited studies
that have assessed the role of these large occluders in transcatheter
closure of PDAs. Garcia-Montes et al21 and Froehle et al20 estab-
lished the role of ASO in the management of large PDA. In the
present study, we used a 24 mm ASO in only one patient, who was
found to have residual flow after the release and symptomatic
intravascular hemolysis, necessitating surgical intervention. Since
the ASO has a lower density and a smaller waist height, it may
predispose to residual shunt and hemolysis, making it unsuitable
for the closure of large PDAs.28 Hence, we did not use the ASO
further. Although Thanopoulos et al27 established the role of
Amplatzer ventricular septal occluder in large PDA with PAH, it is
associated with significant complications.14,29 Additionally, most of
these studies have used small-sized (8e14 mm) occluders. In the
current study, we could successfully close the PDAwith 24mmCera
MVSDO in two patients. Bhalgat et al29 described the successful
transcatheter closure of 10 patients with occluders larger than
14 mm with the use of Cocoon or Cera duct occluders in eight pa-
tients and Amplatzer MSVDO in two cases. Although there were
some episodes of aortic or LPA obstruction, none of them were
hemodynamically significant so as to warrant surgical intervention
and none had any progression in peak velocities at follow-up.
Additionally, there was only one episode of self-limiting hemoly-
sis. Yang et al28 established the safety of China-made mushroom-
shaped occluders (Starway Medical Technology Inc) in 47 patients
with PDAs larger than 13 mm. There were no episodes of device
dislocation, no LPA/aortic obstruction, and two patients developed
self-limiting hemolysis. The current and the previously described
cases6 establish safety and efficacy and are consistent with the
existing literature on the use of large devices. However, a close
lookout for procedural complications is mandatory and as previ-
ously reported,6 these devices should be used cautiously in children
ows a 14 mm PDA (A). After positioning a 30/28 mm Cera duct occluder, there was
he device to a 24 mm Cera muscular ventricular septal defect occluder, there was no



Fig. 4. Follow-up transthoracic echocardiogram shows mild turbulence in the left pulmonary artery (peak gradient 15 mm Hg) (A, arrow). A computed tomography angiogram
showed the device-in-situ, normal sized right PA (12 mm) and diffusely narrow left PA (8 mm) (B, arrow).
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less than 12 years of age. To the best of our knowledge, our
study and a previously published report from China28 are the only
studies with a sufficient sample size to assess the role of different
devices �16 mm in the transcatheter management of PDA.

Although successful transcatheter closure of PDA with severe
PAH has been reported, extreme caution is advocated in selection of
appropriate patients with reversible PAH for device closure. Clinical
examination, chest X-ray, ECG, arterial saturation, echocardiogram,
hemodynamic data from cardiac catheterization, and use of pul-
monary vasodilator testing help in the clinical decision-making.30

The use of pulmonary vasodilator prior to closure may have a
favorable role in post-procedure outcomes in borderline cases.31

However, a small percentage of patients with borderline hemody-
namic data may worsen after PDA closure due to progressive and
irreversible PAH, and pulmonary vascular disease (PVD),30,32 as
seen in one of our patients. Hence, a close clinical and echocar-
diographic follow-up of these patients is important.

There are several limitations to the study. First, all the limita-
tions of a retrospective observational study apply to our study as
well. In view of the non-randomized sample, we are unable to
compare the outcomes of device closure vs surgical ligation in the
management of large PDAs. Additionally, intermediate duration
follow-up data are available for half of the patients and long-term
safety and clinical status remain unknown. The data related to
Qp/Qs, PVR/SVR at baseline are not available for all patients due to
retrospective design and the study dating back to 2003.

To conclude, use of large and custom-made devices appears an
attractive method for PDA closure, especially in adolescents and
adults, and avoids the complications of open surgery. However, a
close follow-up of patients who receive these large devices is
mandatory.
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