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Abstract
Purpose of Review To review the most recent literature on pediatric transcatheter ductal intervention including ductus arteriosus
occlusion and stenting.
Recent Findings With the development and FDA approval of smaller ductal devices, including most recently the Amplatzer
Piccolo Occluder (Abbott, Abbott Park, IL), transcatheter ductus arteriosus device closure is now being safely performed in
premature infants and patients < 6 kg using a transvenous approach. In patients with ductus-dependent pulmonary blood flow,
ductal stenting with pre-mounted coronary artery stents has been shown to be an acceptable alternative to the surgically placed
Blalock-Taussig shunt. Centers with experience in ductal stenting have demonstrated success, even with the tortuous ductus.
Summary Innovation in transcatheter device technology and procedural practices have allowed for significant advances.
Transcatheter ductal device closure is a reasonable alternative to surgical ligation even in premature, low-birthweight infants.
Ductal stenting is also an accepted alternative to the modified Blalock-Taussig shunt. We anticipate continued advancement and
procedural refinement over the next several years.
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Introduction

Percutaneous catheter-based intervention on the ductus
arteriosus represents an area of interventional cardiology that
has evolved significantly over the last decade. With known
surgical complications such as recurrent laryngeal nerve inju-
ry and chylothorax, percutaneous ductus arteriosus device clo-
sure to treat pulmonary overcirculation and prevent endocar-
ditis has become the standard of care [1]. In 2013, a large,
prospective multi-center study demonstrated an adverse event
rate of percutaneous ductus arteriosus closure of 9%, with
only 2% classified as high severity [2]. High-severity events
were more likely to occur in patients smaller than 6 kg. In
patients with ductus-dependent pulmonary blood flow, the

modified Blalock-Taussig shunt (BTS) has been performed
since 1944. A report published by The Society of Thoracic
Surgeons Congenital Heart Surgery showed a 7.2% in hospital
mortality rate for a cohort of neonates undergoing modified
BTS placement and 13.1% of patients had serious adverse
events [3]. After recent advances, percutaneous stenting of
the ductus arteriosus to maintain patency for ductus-
dependent pulmonary blood flow has been shown to be non-
inferior with regard to major outcomes and superior with re-
gard to other important outcomes to BTS placement [4••].
With significant innovation in transcatheter procedures and
technology, these less invasive percutaneous interventions
are a viable alternative to surgical procedures.

Ductus Arteriosus Closure

History of Ductus Arteriosus Closure

The first ductus arteriosus device occlusion using an Ivalon
plug was described by Porstmann in 1971 [5]. In the late
1970s and early 1980s, Rashkind published his use of ductus
arteriosus closure devices, first with a single-disk device,
followed by a double-disk device in 1987 [6, 7]. After the
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development of smaller delivery systems, rapid advancement
of device technology occurred. Successful occlusion has been
reported both using coils and devices. In 1995, a large series
including 535 patients in the Ductus Arteriosus Coil Registry
demonstrated a 95% occlusion success rate [8]. With the U.S.
Food and Drug Administration approval of the Amplatzer
Ductal Occluder (ADO- Abbott, Abbott Park, IL) device in
2003, operators are now able to close larger ducts as well.
With the ADO device, moderate to large defects can be closed
with 98% complete occlusion in follow-up [9].

Ductal Morphology

A careful pre-procedural and peri-procedural assessment of
ductal morphology guides selection of the most appropriate
device. Often, echocardiographic images are helpful, but the
gold standard is angiography of the ductus. The most widely
used schema of angiographic morphologic classification was
described by Krichenko et al. in 1989 [10]. Type A, the most
common, is a conical-shaped ductus with a larger aortic end
that tapers down to the pulmonary end. Type B, the least
common, is a short window-like duct. Type C is a long, tubu-
lar ductus without any areas of restriction. Type D or the
complex ductus has multiple areas of restriction. Type E,
which is commonly seen in premature infants, features an
elongated ductus and often has areas of narrowing. Although
not included in Krichenko’s original morphologic classifica-
tion, the type F, or fetal type, ductus has recently been de-
scribed [11•]. The type F ductus is found more often in pre-
mature infants and is generally larger and longer than the
aforementioned types. Careful attention to ductal morphology
is essential in procedural planning and device selection.

Indications for Closure

According to the 2011 AHA guidelines, transcatheter ductus
arteriosus device closure to treat a moderate to large ductus
arteriosus with left to right shunting that results in CHF, failure
to thrive, pulmonary overcirculation, or left heart enlargement
is a class I indication (level of evidence: B) [1]. Additionally,
ductus arteriosus device closure of an audible ductus with a
small left to right shunt and normal cardiac size is a class IIa
indication (level of evidence: C) [1]. There remains a debate
regarding the closure of an inaudible ductus arteriosus with a
small left to right shunt and normal heart sizes; therefore, this
remains a class IIb indication (level of evidence: C) [1].

Ductus Arteriosus Closure in Preterm Infants

Ductus arteriosus occlusion in patients greater than 6 kg has a
well-established safety and success profile. Data from the
IMPACT registry published in 2017 demonstrated a 94% suc-
cess rate of ductal occlusion in patients less than 6 kg [12•]. A

largemeta-analysis of ductus arteriosus occlusion published in
2017 reviewed 38 studies documenting 635 procedures [13•].
Overall, 48% of patients weighed between 3 and 6 kg while
19% weighed less than 3 kg. There was a 92% success rate
with an adverse event rate of 10%. Notably, adverse events
rates were 2–3 times higher in patients smaller than 6 kg.

Ductus arteriosus closure in smaller and even premature pa-
tients has been the subject of a recent study. The rate of sponta-
neous ductal closure in premature (< 24 weeks) and extremely
low-birthweight infants is less than 15% [14]. In addition to the
low rate of spontaneous closure in this population, unrepaired
patients can develop significant morbidity and mortality related
to a large left to right shunt at the level of the ductus arteriosus.
This includes chronic lung disease, pulmonary hypertension, in-
traventricular hemorrhage, and necrotizing enterocolitis. In a
study published in Pediatrics, the mortality rate for infants born
at less than 29 weeks who had an open ductus arteriosus was
increased 8-fold [15]. Over the last several years, there has been
ongoing work to improve the safety and technical success of
ductal occlusion in premature infants. In 2001, the Japanese
group at ShimaneMedical University reported a successful trans-
catheter ductal closure in an infant weighing 1180 g [16]. The
ductus was occluded with a Cook coil using an antegrade ap-
proach. The patient had no residual shunt at 1-month follow-up.
More recently, there have been reports of bedside
echocardiography-guided duct occlusion [17]. While these tech-
niques are favorable in that they can be performed in the NICU
and do not require transporting a critically ill patient, they were
performed using arterial access, which introduces risk of limb
ischemia due to arterial thrombus. In 2016, the group at
Cedars-Sinai described their technique for transcatheter ductal
occlusion using femoral venous access [18••]. Using this ap-
proach in 24 extremely low-birthweight infants, ductal occlusion
was performed using the Amplatzer Vascular Plug II (AVP II,
Abbott, Abbott Park, IL). Fluoroscopy was used to obtain access
and wire position in the descending aorta. Echocardiographic
guidance was then used to guide device placement. Success rate
was 88% in their cohort of patients with a median weight of
1249 g [18••]. Two patients required intraprocedural device re-
positioning due to descending aorta obstruction. One patient de-
veloped left pulmonary artery stenosis requiring stent placement
after the procedure. Recently, theMedtronicMicroVascular Plug
(MVP) (Medtronic, Minneapolis, MN), originally designed for
peripheral and neurological interventions in adults, has been suc-
cessfully used to occlude the ductus arteriosus in premature in-
fants [19•, 20••].

Several reports from European groups have looked at the
Amplatzer Ductal Occluder in Additional Sizes (ADO II AS,
Abbott, Abbott Park, IL). The most recent study by Baspinar
et al. included a cohort of 69 patients, all of whom weighed
less than 6 kg. The authors demonstrated an implant success
rate of 94% overall and 81% for premature infants (n = 16)
[21]. Complications included one death and three device
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embolizations. Patient age, but not patient weight, was related
to complication rate. The ADO II AS has also been studied in
the USA and in January 2019, the newest Amplatzer device
gained Food and Drug Administration approval under the
name the Amplatzer Piccolo Occluder (Abbott, Abbott Park,
IL). The approval of a device specifically designed for the
treatment of the premature infant ductus (approved for pa-
tients as small as 700 g) represents a significant innovation
allowing for lower morbidity and mortality rates when com-
pared to surgical intervention. With the use and development
of devices that can be used in premature infants, virtually all
types of ductus arteriosus can now be closed in the cardiac
catheterization laboratory, although a learning curve is in-
volved (Fig. 1). In addition, recognizing and promptly treating
complications described above is important. This procedure
can be done via a transvenous approach without any arterial
access and has been reported in premature infants as small as
640 g [20••]. In addition, transcatheter ductal closure may
result in less days of respiratory assistance compared to surgi-
cal ductal ligation in premature infants [20••].

Ductus Arteriosus Stent

History of Ductus Arteriosus Stent

While ductal device occlusion has been practiced for 50 years,
stenting of the ductus arteriosus is a relatively new transcatheter
intervention. The procedure was first reported in 1992 by Gibbs
et al. [22]. In this report, ductal stenting was performed in two
neonates with ductus-dependent pulmonary blood flow.
Although both patients died remote from the procedure, the
ductus was patent at autopsy, thus validating ductal stenting as
ameans of securing pulmonary blood flow as a viable alternative
to BTS placement. Given the significant risks of BTS placement,
including thrombosis, chylothorax, and recurrent laryngeal nerve
injury, ductal stenting has become an appealing alternative. Over
the last decade, significant technical advances have beenmade to
improve clinical outcomes of this procedure. The most notable
advance is the use of pre-mounted stents designed for coronary
arteries, which allow operators to use much smaller delivery
systems than the ones used by Gibbs.

Fig. 1 Ductus arteriosus closure in a premature infant. a Descending
aortic angiogram through a 4-Fr-long sheath that has been advanced
transvenously through the ductus arteriosus (arrow) of a 2-month-old,
ex-30-week premature infant weighing 1.2 kg. Note that no arterial
access was obtained in the patient, in order to avoid the risk of arterial
trauma. b Angiogram in the main pulmonary artery after device
positioning, but before full release showing good position of a 4-mm
AVP II device (Abbott, Abbott Park, IL) (arrow) in the ductus
arteriosus. c Transthoracic echocardiography (2D and corresponding
color images) performed in the cardiac catheterization laboratory before

ductus arteriosus device deployment showing the large ductus arteriosus
(between markers). The right pulmonary artery (RPA) and left pulmonary
artery (LPA) are also visualized. d Transthoracic echocardiography (2D
and corresponding color images) performed in the cardiac catheterization
laboratory after ductus arteriosus device deployment (arrow) showing
unobstructed flow in the descending aorta (Ao). e Transthoracic
echocardiography (2D and corresponding color images) performed in
the cardiac catheterization laboratory after ductus arteriosus device
deployment showing unobstructed flow in right pulmonary artery
(RPA) and left pulmonary artery (LPA)
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Indications for Ductal Stent

According to the 2011 AHA guidelines, transcatheter stenting
of an anatomically suitable ductus arteriosus in a patient with
cyanotic congenital heart disease and a single source of pul-
monary blood flow, but who requires additional pulmonary
blood flow for a short period of time, is a class IIa indication
(level of evidence: B) [1]. Transcatheter stenting of an ana-
tomically suitable ductus arteriosus in patients with cyanotic
congenital heart disease and a single source of pulmonary
blood flow is a class IIb indication (level of evidence: C)
[1]. Although ductal stenting in patients who have proximal
pulmonary artery stenosis near the ductal insertion is consid-
ered class III, multiple centers have performed this procedure
successfully using the technique of jailing a branch pulmonary
artery, with dilation and often stenting through a stent side cell
[4, 23•].

Ductal Stent Vs. Blalock-Taussig Shunt

While modified BTS placement has long been the standard of
care for patients with ductus-dependent pulmonary blood
flow, recent studies comparing the two have demonstrated
similar outcomes. A large study by the Congenital
Catheterization Research Collaborative (CCRC) in 2018 com-
pared three-hundred and fifty-seven patients with ductus-
dependent pulmonary blood flow [4]. Between 2008 and
2015, 106 patients underwent ductal stenting and 251 patients
underwent BTS, with the primary outcome being death or
unplanned reintervention for cyanosis. No difference in the
hazard ratio was seen between the two groups [4].
Additionally, while the overall reintervention rate was higher
in the ductal stent group, they also had a shorter adjusted

intensive care unit stay, lower procedure-related complica-
tions, and larger and more symmetric pulmonary arteries at
surgical repair or last follow-up [4]. A similar study performed
in the UK enrolled 254 patients over a 4-year period [24••].
Patients who underwent BTS or ductal stenting were com-
pared. Similar to the CCRC study, patients who underwent
ductal stenting were more likely to require reintervention,
but were less likely to require ECMO support. Patients in
the ductal stenting group also had improved survival to surgi-
cal intervention.

Ductal Morphology and Ductal Stent Procedure

Similar to ductus arteriosus occlusion, close attention to the
ductal morphology and origin is of critical importance when
pre-procedure planning for ductal stent placement. In addition
to the morphologic classification proposed by Krichenko, a
tortuosity index has recently been described [23•]. Tortuosity
index type I ducts are relatively straight, type II ducts have one
turn, and type III ducts have multiple turns. Additionally, the
use of echocardiographic images to determine ductal origin is
a critical step in planning arterial access. If echocardiographic
images are not adequate to delineate origin of the ductus, CT
imaging may be necessary. Newer flexible coronary stent plat-
forms, operator/center experience, and other special tech-
niques beyond the scope of this text have all resulted in higher
rates of technical success of this procedure in the recent years,
even with a highly tortuous ductus [23•, 25–29]. Careful con-
sideration in choosing the straightest trajectory to the ductus is
of utmost importance [25]. Standard femoral arterial access
may be used for a ductus which takes off from the descending
aorta. However, ductus arteriosus which arises from the un-
derside of the aortic arch may be best approached via the

Fig. 2 Ductus arteriosus stenting via a percutaneous axillary artery
approach. a Angiogram in the ascending aorta of a 3-week-old, ex-35-
week premature infant with tetralogy of Fallot and severe cyanosis. A left
axillary arterial sheath (solid arrow) has been advanced via a
percutaneous approach. Note the tortuous patent ductus arteriosus

(dotted arrow) originating from the underside of the aortic arch and
supplying the pulmonary arteries. The ductus arteriosus has been
crossed with a soft 0.014-in. coronary guidewire. b After ductus
arteriosus stent placement (arrow), there is good filling seen through
the stent to both branch pulmonary arteries
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carotid artery or the axillary artery (or via a transvenous ap-
proach in some instances). While in the past access to these
vessels would occur via surgical cutdown, recent studies have
demonstrated the safety of percutaneous access [30, 31]. In
2016, a retrospective study reviewed 42 patients who
underwent percutaneous carotid access (PCA) at two different
institutions. Of the 47 access attempts, there were 45 success-
ful PCAs with sheath placement [30]. Follow-up carotid ultra-
sound was documented in each patient. Two patients had com-
plete occlusion of their carotid artery within 24 h of the pro-
cedure and one patient had a nonocclusive thrombus. All three
patients were treated with Lovenox and experienced resolu-
tion of thrombus. Another recent study by Polat compared
femoral venous access and axillary arterial access for ductus
arising from the underside of the aortic arch [32]. Successful
stenting was completed in 67% of cases using femoral access
and in all cases using axillary arterial access. In addition, ax-
illary access procedure times and fluoroscopy times were sig-
nificantly lower. Two other recent series demonstrated high
success rates of stent deployment using a percutaneous axil-
lary artery approach [33•, 34•] (Fig. 2). Vascular complica-
tions, though mostly minor, may be encountered using this
approach [34•]. Another more recent development has been
the use of drug-eluting stents designed for percutaneous cor-
onary artery intervention. Although some early data suggest
that neonatal clearance of sirolimus is lower than in older
children, there were no negative clinical outcomes reported
[35]. Our institution has used drug-eluting stents and noted
decreased reintervention rates, less in-stent restenosis, and
no negative outcomes related to immunosuppression as com-
pared to older bare-metal stents [36•].

It is important for operators to be able to promptly manage
complications such as ductal spasm, dissection, thrombosis
within the ductal stent, and stent embolization. A learning
curve is also involved with this procedure and appropriate
surgical backup and collaboration is essential.

Conclusion

Although surgical intervention has historically been the pre-
ferred method for ductal closure, particularly in small infants
and in patients with ductus-dependent pulmonary blood flow
(with a BTS), recent advances in procedural techniques and
device technology have allowed percutaneous intervention to
be a successful alternative. While catheter-based intervention
is not without risk, severe morbidity and mortality rates have
been shown to be no greater than those associated with surgi-
cal intervention. Additionally, many important outcomes have
recently been shown to favor percutaneous procedures. It is
anticipated that further advances in the field will allow for
safer and more successful procedures, especially on premature
and lower-birthweight infants.
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