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Combined interventional and surgical treatment for
a rare case of double patent ductus arteriosus
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Abstract. The present study describes the case of a 2.5-year-old
girl with double patent ductus arteriosus (PDA) that was
successfully treated following interventional and surgical
treatment. Bilateral ductus arteriosus is a very rare condition,
which is assumed to occur when the branchial-type arterial
system transforms into the mammalian-type arterial system
during the development of the aorta and its branches. This case
was misdiagnosed as ordinary PDA by echocardiography prior
to the first surgery and the surgery was not successful because
of poor accessibility. Enhanced computed tomography subse-
quently showed situs solitus, atrial situs, levocardia, right-sided
aortic arch with right-sided descending aorta, an isolated left
subclavian artery and double PDA. Interventional treatment
was performed and intraoperative aortic arch angiography
showed that the descending aorta was the origin of the first
funnel-type PDA (PDA-1). The left subclavian artery was not
connected to the aorta but was connected to the pulmonary
artery with a very narrow winding duct, which was PDA-2.
Interventional treatment via PDA-2 also failed because passing
a guidewire through the twisted PDA-2 was difficult. The child
was immediately transferred to the surgical operation room
for double PDA ligation and left subclavian artery recon-
struction under median thoracotomy. The surgical procedure
succeeded and the patient recovered quickly. The failure of the
interventional treatment may be attributed to the difficulty in
establishing a path. The soft tip of the hardened guidewire was
relatively long. If the hardened part of the wire was sent to the
appropriate place to support the pathway, the soft tip would
be forced to enter the vertebrobasilar artery system. A similar
problem was encountered when the left subclavian artery was
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selected for intervention. Shortening the length of the soft tip
of the hardened guidewire may have enabled smooth comple-
tion of the establishment of the pathway. However, this type of
hardened guidewire requires specific production.

Introduction

Patent ductus arteriosus (PDA) is a common congenital heart
condition, the incidence of which is 1/2,500-1/5,000 (1). The
ductus arteriosus evolves from the sixth left aortic arch in the
process of aortic arch development; it is a normal route of
blood circulation in the fetus. In normal development, 82-96%
of the ductus arteriosus undergoes functional closure within
48 h after birth, and anatomical closure with fibrosis is usually
completed in weeks 2-3 after birth (2). Various genetic and/or
environmental factors and premature birth may cause arterial
tissue elastic fibers to increase, reduce smooth muscle tissue
and cause endocardial cushion dysplasia. These factors may
lead to the delayed or lack of closure of the PDA. The ductus
arteriosus is generally situated at the aortic isthmus and at
the left pulmonary artery side of the main pulmonary artery
bifurcation. However, in patients with a right aortic arch, it
may be located between the aorta distal to the brachiocephalic
artery root and the right pulmonary artery. Bilateral ductus
arteriosus is very rare (3). This malformation is assumed to
occur during the transformation of the branchial-type arterial
system to the mammalian-type arterial system in the develop-
ment of the aorta and its branches (4).

Case report

A 2.5-year-old girl weighing 8.5 kg had a cardiac murmur for
>2 years. The pre-hospital echocardiographic diagnosis was
congenital heart disease with PDA (funnel-type with left-to-right
shunt). The X-ray suggested increased bilateral pulmonary
blood; cloud-like high-density shadows were observed in the
field of the right lower lung. The cardio-thoracic ratio was 0.57.

Following preoperative preparation, the intent was to
perform surgical ligation of the PDA under general anesthesia.
A conventional thoracotomy was made at the fourth left inter-
costal space. The left pulmonary artery was observed to be
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Figure 1. Volume-rendered computed tomography image clearly showing the
double. PDA, patent ductus arteriosus.
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Figure 2. Computed tomography planar reconstruction showing the double
PDA entering the pulmonary artery. PDA, patent ductus arteriosus.
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Figure 3. Descending aortic arch angiography showing the funnel-type
PDA-1. The narrowest side diameter of the pulmonary artery was 3 mm.RCC,
right common carotid; RSA, right subclavian artery; desc AO, descending
aorta; PDA, patent ductus arteriosus.

Figure 4. A 5F EC was used to pass through PDA-2 for angiography. VA,
LSA, PDA and MPA were developed, demonstrating the existence of another
PDA (PDA-2). The red arrow indicates the junction of the LSA and VA.
PDA-2, patent ductus arteriosus-2; VA, vertebral artery; EC, endhole cath-
eter; LSA, left subclavian artery; MPA, main pulmonary artery.

Figure 5. The 260-cm enhanced guidewire passed through the femoral vein,
inferior caval vein, right atrium, right chamber, pulmonary artery, PDA-2, left
subclavian artery and VA to establish a pathway. Establishing the pathway
was difficult because the soft tip of the enhanced guidewire extended into the
outflow tract of the right ventricle. The red arrow indicates the junction of
the left subclavian artery and VA. HGW, hardened guidewire. PDA-2, patent
ductus arteriosus-2; VA, vertebral artery.

Figure 6. Attempting to reestablish a pathway. Establishing a pathway through
the femoral vein, inferior caval vein, right atrium, right chamber, pulmonary
artery, patent ductus arteriosus-2 and far end of the LSA remained difficult
because of the length of the soft tip of the guidewire. EC, endhole catheter;
VA, vertebral artery; LSA, left subclavian artery.
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parallel to the esophagus. The descending aorta was below the
esophagus. Freeing the descending aorta was difficult because
of obstruction by the esophagus and left pulmonary artery.
Considering the poor accessibility, the search for the PDA was
abandoned. A drainage tube was placed in the left chest, and
the chest was finally closed.

Enhanced computed tomography (CT) of the heart was
conducted 2 days after the surgery. The CT images clearly
showed the double PDA (Figs. 1 and 2). A 6.6-mm-wide
shadow indicated the PDA (PDA-1) in the descending aorta
connecting to the right pulmonary artery. The aortic arch
was the origin of the left common carotid artery, the right
common carotid artery, and the right subclavicular artery. The
left subclavian artery originated from the left vertebral artery.
The artery was connected to the main pulmonary artery by a
duct (PDA-2) 4.5 mm in diameter. The child had situs solitus
right-sided aortic arch with right-sided descending aorta,
isolated left subclavian artery, and double PDA.

Interventional treatment was conducted in an attempt to
block the double PDA. Intraoperative angiography showed the
bilateral ductus arteriosus (Figs. 3 and 4). The angiography
showed that the narrowest region of the PDA-2 had a diameter
of ~2 mm. Establishing a path from PDA-2 to the vertebral
artery with the 260-cm hardened guidewire was challenging
(Fig. 5). Thus, an attempt was made to establish a path from
PDA-2 to the subclavian artery (Fig. 6). However, passing
through the twisted PDA-2 was also challenging. Therefore,
the closure was abandoned and the surgery was terminated.

Following the interventional surgery, the child was trans-
ferred to the surgical operation room for double PDA ligation
plus left subclavian artery reconstruction under median thora-
cotomy. The surgery was successful and after the surgery, the
sick child recovered stably.

Discussion

To the best of our knowledge there are no relevant reports about
double patent ductus arteriosus. A similar malformation is
anomalous origin of the left subclavian artery from the pulmo-
nary artery, which was originally identified at autopsy (5).
These abnormalities are divided into two typies. One is aber-
rant left subclavian artery, the other is the variation of the
origin area of subclavian artery. Among them, aberrant left
subclavian artery is accounted for 76.2% and the incidence rate
is 0.8%. Among these, aberrant left subclavian artery was rarer
than aberrant right subclavian artery; from a reported 16 cases
of aberrant subclavian artery there was only one case where the
left subclavian artery was affected (6). That case reported the
concomitant congenital heart disease tetralogy of Fallot, which
was very similar to the present case, but differed in that the left
subclavian artery arose from the proximal descending aorta and
detoured to the rear of the esophagus. It has been reported that
cardiovascular malformations may be associated with 22q11.2
deletion (7). Anatomical variations of these vessels have the
following clinical implications: i) Compression by the vascular
ring may cause a sense of obstruction of the esophagus; ii) the
anatomical variations may be associated with congenital
heart disease; iii) the variations may be associated with steal
syndrome, causing transient cerebral ischemia (8); iv) they
may extend the time of examination of neck vessels and the
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cerebrovascular system by digital subtraction angiography, and
increase the incidence of complications; v) the arterial varia-
tion should be considered when conducting thoracic surgery
to avoid damaging large blood vessels. Double PDA generally
indicates the presence of other congenital cardiac defects (9).
The main treatment methods for simple PDA include surgery
and interventional closure (10). However, studies and treatment
experience of double PDA are limited worldwide (11).

The reasons for failed interventional closure of the present
case were as follows. i) It was difficult to establish a path to the
vertebral artery because the shape of PDA-2 was severely twisted.
The soft tip of the hardened guidewire was relatively long. If the
hardened portion reached the appropriate site to support the
pathway, the soft tip would be forced to enter the vertebrobasilar
artery system. ii) When the left subclavian artery was selected for
intervention, the soft tip of the hardened guidewire had already
reached the farthest point of the left subclavian artery without
fully passing through the variant PDA. Thus, the surgery could
not be completed. It is hypothesized that shortening the length of
the soft head of the hardened guidewire could have enabled the
doctor to smoothly complete the establishment of the path. This
type of hardened guidewire would require special production.

This unsuccessful interventional treatment was considered
very disappointing by the surgeon, who may never again get
the opportunity to treat this rare condition. It is hypothesized
that the surgery could have been successfully completed if the
process had been performed slowly and carefully. Moreover,
an operator with good manual dexterity should have performed
the insertion of the thread.
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