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Recanalization of arterial duct is feasible,
effective and its potential risks are treatable
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Background Recanalization of arterial duct (AD) is rarely needed.

Objective Theaim of this study is to report our experience regarding the feasibility and effectiveness of arterial duct recanalization in three infants
and review the relevant literature.

Methods and results We report on three patients with decreased pulmonary blood flow after initial palliation. The first patient had pul-
monary atresia (PA) and an intact ventricular septum. He needed recanalization of the AD after pulmonary valve perforation and dilatation. The second
patient had PA and ventricular septal defect (VSD). His AD originated from the left subclavian artery. He required AD recanalization after palliation with
a central shunt and clipping of the duct. During intervention he developed a thrombus in the stent, which was treated successfully using thrombolytic
treatment. The third patient had PA and VSD. The arterial duct originated from the left subclavian artery and was recanalized after spontaneous closure
despite prostaglandin infusion. During the procedure the patient had severe desaturation and bradycardia requiring resuscitation for two minutes. All infants
had successful arterial duct recanalization and stenting. Additionally, they were clinically stable during follow-up.

Conclusion Arterial duct recanalization and stenting is a feasible and effective procedure in selected cases, and its risks are treatable. Long-term
studies are required.

Keywords Arterial duct recanalization - stent - stent thrombosis ~ congenital heart disease.

INTRODUCTION successful initial palliation, a secondary intervention is
needed to maintain adequate pulmonary blood flow.

Patency of the arterial duct (AD) needs to be pre- To the best of our knowledge, seven successful cases of

served for a certain time in patients with duct-depend-
ent circulation. Prostaglandin infusion is the treatment
of choice to keep the arterial duct patent for a short
period'. Palliation with systemic-to-pulmonary shunt
or stenting of the AD is the standard procedure prior
to surgical correction®?. However, occasionally after
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AD recanalization have been reported: two case reports
and one case series including six patients*>S.

The aim of the current paper is to report our experi-
ence with three infants less than two months of age with
inadequate pulmonary blood supply despite successful
initial palliation or on prostaglandin infusion. In all
three patients, the AD was successfully recanalized using
the percutaneous technique.

METHODS AND RESULTS
First case

A male infant aged 4 days and weighing 2.8 kg with
cyanosis (saturation 81%) was started on prostaglandin
infusion (30 ng/kg per min). Echocardiography revealed
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membraneous pulmonary valve atresia with an intact
ventricular septum. The tricuspid valve size was 0.97 cm
(z-value 1.2) and the right ventricle was tripartite. The
AD was patent with left aortic arch. At the age of seven
days, the infant underwent pulmonary valve perforation
and balloon valvuloplasty. The saturation improved to
90% in room air, and prostaglandin infusion was dis-
continued. A few hours later, the saturation decreased
to 80%. Repeated echocardiography revealed there was
a moderate subvalvular pulmonary stenosis with Dop-
pler systolic gradient of 40 mmHg and patent AD. The
infant was well hydrated and treated with phentolamine
and angiotensin-converting enzyme inhibitor”®. Satura-
tion during the following 11 days fluctuated between
65-80%. Despite supportive management, saturation
remained low (~ 60%). At the age of 23 days the patient
was taken to cardiac catheterization for AD stenting.

Second case

This male infant weighed 2.9 kg at birth and was
noted to have low saturation (83%). Echocardiography
showed pulmonary atresia with VSD, right aortic arch
and large AD originating from the left subclavian artery.
There was additionally proximal left pulmonary artery
stenosis. Prostaglandin infusion (30 ng/kg per min) was
started. Due to the left pulmonary artery stenosis, the
infant was referred for central aorto-pulmonary shunt
at the age of 23 days. At operation, a 4-mm central Gore-
tex shunt was inserted and the AD was clipped. One
week after surgery, the infant started to desaturate. Echo-
cardiography showed a patent central shunt with
occluded AD. The left pulmonary artery branch was
difficult to visualize. Two weeks later, due to persistent
low saturation (~ 65%), the infant was taken to cardiac
catheterization for evaluation.

Third case

This boy was referred to our institute at the age of
45 days with a body weight of 3.1 kg. He had been diag-
nosed with pulmonary atresia, VSD and a large AD ata
peripheral hospital. The patient was on prostaglandin
infusion (20 ng/kg per min). Saturation was 87%. Echo-
cardiography confirmed the diagnosis and showed right
aortic arch with the AD originating from the left sub-
clavian artery.

PROCEDURES

All procedures were done under general anaesthesia.
After femoral artery access, aortography was performed
using a 4-Fr pigtail catheter in lateral and either LAO or

AP view. Thereafter, the sheath was exchanged with a
long one (4 Fr, 23 cm) to give better support during stent
deployment. Heparin boluses were given to keep the
activated clotting time (ACT) above 220 seconds.
Cephazolin was also given.

Procedure to the first case

Aortography showed a closed AD with small indenta-
tion at the site of the ductal ampulla (figure 1a). Through
a 4-Fr Judkins right 4 catheter, a floppy-II, 0.014-inch
PTCA wire (Abbott, Santa Clara, California, USA) was
advanced, unexpectedly easily, across the occluded AD
(figure 1b). A contrast injection was done within the
closed AD. The duct length was 13 mm. The catheter was
withdrawn. An Integrity bare metal coronary stent
(Medtronic, Minneapolis, USA), 4 mm x 15 mm was
advanced over the floppy wire and deployed across the
AD. The stent position was confirmed by an injection
through the side arm of the sheath (figure 1c).

The saturation immediately increased from 60% to
88%. One week later, the patient was discharged on
aspirin 3 mg/kg per day and clopidogrel 0.5 mg/kg per
day as an antiplatelet aggregation agent’. At the last
follow-up, nine months later, the patient was showing
normal development with a body weight of 8 kg, satura-
tion 93% and no complications from the antiplatelet
aggregation therapy.

Procedure to the second case

Aortography showed a patent central shunt, but only
the right pulmonary artery was visualized. A faint contrast
flow to the left pulmonary artery was seen from the site of
origin of the previous AD. Another hand injection was
performed in the left subclavian artery, at the orifice of the
clipped AD. This injection showed that there was a tiny
track (14 mm in length) through the clipped duct supply-
ing the left pulmonary artery (figure 2a). We decided to
recanalize and stent the clipped AD. With the support of
the 23-cm long sheath, an integrity bare metal coronary
stent (Medtronic, Minneapolis, USA), 4 mm x 15 mm, was
advanced easily, positioned, and then inflated across the
clipped AD. Hand injection showed that the AD was suc-
cessfully recanalized and stented. The subclavian artery
end of the AD remained uncovered.

A trial to deploy another stent (4x8 mm) to cover
the remaining part of the AD led to desaturation and
thrombus formation within the AD (figure 2b). The
procedure was ended and the infant was transferred to
the intensive care unit on heparin infusion (15 ug/kg
per min). An infusion of tissue plasminogen activator
(tPA) was started with close monitoring. Within two
hours the saturation increased to 80%. There were no



Fig. 1 Frozen frames

Arterial duct recanalization

A: aortography with AD ampulla and closed AD. B: the AD crossed by the wire. Contrast injection within AD demonstrating its morphology.

C: the final result; a patent AD with stent in good position.

Fig.2 Frozen frames
A: a contrast injection in the left subclavian artery. The ligated AD is seen as a narrow open canal with the clip in the middle of the canal (arrow).
B: an injection at the orifice of the AD stent showing thrombus occluding the subclavian end of the stent. C: the final result; a patent AD stent.

complications related to tPA treatment. Repeated angi-
ography, six hours later, revealed resolution of the
thrombus with patency of the stent (figure 2¢). The
infant was discharged eight days later on aspirin (3 mg/
kg per day) and clopidogrel (0.5 mg/kg per day). Eleven
months later and with functioning shunt and AD stent,
the patient had no complications from antiplatelet aggre-
gation therapy and had normal neurological develop-
ment. He is awaiting further surgical repair.

Procedure to the third case

Aortography showed pulmonary atresia, right-sided
aortic arch and a barely patent AD arising from the left
subclavian artery. An attempt to advance a floppy-II,
0.014-inch PTCA wire (Abbott, Santa Clara, California,
USA) into the AD ended in severe desaturation (50%)
and bradycardia (heart rate 40 bpm). Cardiac massage
and resuscitation were started. The infant recovered
within two minutes. A contrast hand injection showed
a completely closed AD (figure 3a). It was possible to

advance the wire across the obliterated AD, and a PTCA
balloon was used to reopen it. For better support, this
wire was exchanged with 0.014-inch BMW wire (Abbott,
Santa Clara, California, USA). As previously described,
an integrity bare metal coronary stent (Medtronic, Min-
neapolis, USA), (4 mm x21 mm) was deployed in the
AD covering its entire length. As the AD had a curved
shape, it was not easy to pull back the balloon from the
stent. To overcome this situation, the long sheath was
advanced and held against the subclavian end of the
stent (figure 4 a, b). Thus the balloon could be with-
drawn keeping the stent in place (figure 4 ¢). A final
aortography showed a patent and well-positioned AD
stent (figure 3b). The infant remained stable and was
discharged within one week on aspirin (3 mg/kg per
day) and clopidogrel (0.5 mg/kg per day). Ten months
later, the infant had no complication from antiplatelet
aggregation therapy, had normal neurological develop-
ment, and underwent successful Rastelli repair.

The fluoroscopy time, contrast amount, weight, sat-
uration and echocardiographic findings at follow-up of
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Fig.3 Frozen frames
A: a contrast injection in
the left subclavian artery
showing the AD
morphology. B: the final
result; a patent AD stent.

Fig.4 Frozen frames
A: the tip of the long femoral sheath (arrow) in the descending aorta and the deflated balloon within the stent. B: the tip of the long femoral
sheath held against the subclavian end of the stent. C: the balloon withdrawn within the long sheath, keeping the stent in place.

all three cases are presented in table 1. Summaries of
reports in the literature regarding recanalization of the
AD are presented in table 2.

DISCUSSION
Literature review

Over the last 15 years, AD stenting has been slowly
introduced as an alternative to surgical systemic-to-pulmo-
nary shunt®. Arterial duct recanalization has been described
only sporadically as case reports**. There was only one case
series of successful AD recanalization in five out of six
infants, who were older than three months of age®.

Current study

We were encouraged by the few reported studies,
especially when we encountered younger infants who
might benefit from this intervention. Implantation of a
systemic-to-pulmonary shunt was considered, but we
thought that applying the concept of recanalization

could put less stress on the patients. Our experience with
the three patients we describe shows that AD recanaliza-
tion and stenting are technically feasible and effective,
with midterm benefit. However, one should be aware of
the potential complications of this intervention and be
prepared to manage them appropriately.

In our series, two patients were not able to maintain
saturation shortly after palliation (either pulmonary
valve perforation and dilatation or central systemic-to-
pulmonary shunt), and they required further interven-
tion to increase pulmonary blood flow. One option was
to subject them to a second surgical intervention, but
the alternative was to recanalize the AD.

The benefits

In contrast to surgical shunt implantation, the ductal
stent is less invasive, non-surgical and more convenient
for neonates requiring multiple surgeries in the future.
The intervention also requires a shorter hospital
stay'®!:12, Additionally, after AD stenting there is better
uniform growth of pulmonary artery branches, leading
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to balanced flow and development of both lung vascu-
latures'>™.

Potential technical difficulties

Crossing the AD with the PTCA wire can sometimes
be difficult. Hypothetically, this is more likely if the AD
origin from subclavian artery or the AD is curved. Despite
that, and though in two of our cases the AD originated
from the left subclavian artery and were curved, they
could be easily crossed using choice PTCA wire. Addition-
ally, withdrawal of the balloon catheter after deployment
of the stent can be difficult (as in case 3). The challenge
could be overcome by holding the tip of the long sheath
against the stent while gently pulling back the deflated
balloon. Deployment of an additional stent to cover the
entire AD was not easy, as we feared that this manoeuvre
might lead to forward migration of the implanted stent
(case 2). This underlines the need for making more effort
to estimate the length of the duct and needed stent.

Potential risks and complications

During crossing of the AD, irritation to the ductal
intima may result in sudden spasm and total occlusion of
the duct®. Its occlusion can be life-threatening, as we
experienced in the third case. Another potential complica-
tion is tearing or dissection of the ductal wall by the wire
or catheter. Thrombus formation within the stent is another
serious risk. It may happen immediately during the proce-
dure (as in the second case) or later despite thrombosis
prophylaxis with anti-platelet aggregation therapy. The
recently occluded stent can be reopened by the use of a
thrombolytic agent or by dilatation with a non-compliant
balloon at higher pressure’. Furthermore, stent emboliza-
tion and migration may occur during deployment®.

The growth and morphology of pulmonary artery
branches may get distorted or even totally obliterated after
ductal stenting'. Two of our cases (cases 2 and 3) had
moderate stenosis of the left pulmonary artery from the
start. With ductal stenting we could abolish the stenosis
and save the vessels from total occlusion. Later, at the time
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CONCLUSIONS

Arterial duct recanalization and stenting is feasible
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