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Stenting the Patent Arterial Duct to Increase
Pulmonary Blood Flow
Kappanayil Mahesh, Bhava RJ Kannan, Balu Vaidyanathan, Prakash Kamath,

Sivadasan R Anil, Raman Krishna Kumar
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Background: Use of surgically created aoropulmonary shunt is well-established for improving pulmonary
blood flow in infants with critical reduction in pulmonary blood flow. Recently, stenting the patent ductus
arteriosus hasemerged as an alternative in selected infants with congenital heart disease and reduced pulmonary
blood flow.

Methods and Results: We reviewed records of consecutive infants undergoing stenting of patent ductus
arteriosus between August 2003 and October 2005 at our institution. Two of 12 patients underwent patent
ductus arteriosus stenting to facilitate preparation of left ventricle for transposition with intact septum. We
report the case selection, technique, immediate and short-term follow-up outcome in the remaining 10 patients
[median age: 16 days (range 4-290 days); weight 2.7 kg (range 2-6 kg)] with reduced pulmonary blood flow
who underwent stenting of patent ductus arteriosus as an alternative to conventional surgical aortopulmonary
shunts. Five of the 6 newborns were prostaglandin-dependent and 4 had previously undergone guidewire
perforation of the pulmonary valve (n=2) or balloon dilation (n=2). Successful stent implantation was
accomplished in all with no major patient-related complication (median fluoroscopy time: 18.6 min; range:
7.7-72 min). The intensive care unit and hospital stays were prolonged in 3 patients because of sepsis (n=2)
and pulmonary over-circulation with sepsis (n=1). On follow-up (median 5.5 months; range 1-19 months) all
implanted stents were patent. One patient underwent re-dilation of the implanted stent for declining saturations.
Conclusions: The immediate and short-term follow-up results of stenting of the patent arterial duct, as an
alternative to the surgical aortopulmonary shunt in carefully selected newborns and infants is encouraging.

(Indian Heart J 2005; 57: 704-708)

Key Words: Patent ductus arteriosus, Stents, Aortopulmonary shunt

M aintaining the patency of the arterial duct by stenting
is evolving as an effective alternative to surgical
aortopulmonary shunts. Surgical shunts improve and
maintain the pulmonary blood flow in neonates with duct
dependent pulmonary circulation (DDPC), allow growth
of the pulmonary arteries and are well established as an
effective initial palliation till these children become suitable
for definitive repair. However, these procedures carry
significant morbidity and some mortality.>? In addition,
they increase the complexity of the subsequent definitive
repair. Though stenting the arterial duct was introduced
nearly 15 years ago,® it remained largely unpopular due to
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the technical difficulties. With the advancement in the
transcatheter interventional techniques and better
hardware including flexible stents, stenting arterial ducts
has been shown to be safe and effective in straight ducts*
aswell as in ducts with more complex anatomy.>¢ We report
our experience in stenting arterial ducts in children with
critically reduced pulmonary blood flow.

Methods

Between August 2003 and October 2005, 10 children with
critically reduced pulmonary blood flow underwent
stenting of the arterial duct. Two other children with D-
transposition of great arteries, who presented late,
underwent stenting of the arterial duct as a means to
prepare the left ventricle for subsequent arterial switch
operation and were not included in this study.
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The suitability for the procedure was assessed by detailed
echocardiography performed in children presenting with
reduced pulmonary blood flow. The origin of the duct
(undersurface of the arch, descending aorta, base of
innominate artery etc), its course (straight v. tortuous),
length and diameter at aortic and pulmonary ends, were
recorded. In children with small-sized pulmonary arteries
(<3 mm), arterial duct stenting was offered as the primary
procedure since surgical aortopulmonary shunt carried
significant risk. Informed consent was obtained from the
parents after explaining the advantages and potential
disadvantages of the stenting procedure as compared to
surgery. Children with significant stenosis of branch
pulmonary artery origin were not considered suitable for
the procedure.

The procedure was performed under general anesthesia
in all. Femoral route was used. If the patient was receiving
prostaglandin infusion, it was stopped 0-4 hours prior to
the procedure to allow the ductal constriction to occur.
Stenting was performed from the venous route whenever
right ventricle to pulmonary artery continuity was present
or established by a prior intervention. In the rest of the
patients with pulmonary atresia, the procedure was
performed from the femoral arterial route via 4 F long
sheath (Cooks Inc., Indiana). Aortogram was performed in
appropriate views to define the course of the arterial duct.
A 4 F pigtail catheter with its loop cut or a 4 F RIM catheter
(Cordis) was used to engage the arterial duct from the
arterial side. A 0.014” coronary guidewire was advanced
across the arterial duct and lodged in the distal pulmonary
artery. When the duct was approached from the venous
side, the wire was taken across the duct and parked in the
descending aorta. A Prolink (Vascular Concepts, Bangalore,
India) coronary bare metal stent was crimped over a 3.5 or
4 mm coronary balloon of appropriate length and was
deployed across the arterial duct in 9 children; one child
received a pre-mounted stent. The stent was distended to a
diameter of 3.5 mm in neonates and to a diameter of 4
mm in older infants.

Following the procedure, mechanical ventilation was
continued electively for a minimum period of 10 hours
to allow the hemodynamic readjustments. Heparin
was administered at 20 units/kg/hour till adequate
enteral feeding was established when aspirin (3-5 mg/kg/
day) and clopidogrel (2 mg/kg/day) were added. These
two medications were continued till these children
were subjected to a definitive surgical procedure. The
patency of stented arterial duct and the growth of
pulmonary arteries were assessed by repeat
echocardiography performed 1 month after the procedure
and 3 monthly thereafter.
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Results

Stenting was done in 10 patients at a median age of 16
days (range 4—290 days), 7 (70%) of them aged < 30 days.
The median weight was 2.7 kg (range 2-6 kg), 6 (60%) of
them weighed < 3 kg. The details of the diagnoses are
shown in Table 1. Five (50%) children were dependent on
prostaglandin infusion while being taken up for the
procedure. Initial pulmonary valve intervention was done
in 4 patients prior to stenting. Two children with valvular
pulmonary atresia with intact interventricular septum
(IVS) underwent guidewire-assisted perforation of the
pulmonary valve and subsequent balloon pulmonary
valvotomy. Pulmonary valvotomy was performed in two
other children - one had critical valvular pulmonary
stenosis with IVS and the other child had tetralogy of Fallot.
In all these four situations, pulmonary balloon valvotomy
had not resulted in satisfactory improvement in systemic
saturation. While stenting was done immediately following
inadequate response to pulmonary valvotomy in the child
with tetralogy of Fallot, it was performed 2-5 days later in
other children.

Table 1. Details of diagnosis of patients

S.No. Age Weight Diagnosis Stent (mm)  Fluoro time
(days) (kg) (min)
Length  Diameter

1 9 2.6 PA/IVS 15 35 22.0
2 5 3.2 PA/IVS 10 4.0 18.6
3 90 3.4 PA/IVS 10 35 7.7
4 5 2.4 PA/ TOF 10 3.5 55.7
5 8 2.6 PA /TOF 15 3.5 56.2
6 290 6.0 PA/ LTGA/VSD 18 4.0 29.0
7 23 2.7 PA/ LTGA /VSD 15 35 132
8 30 2.0 PA/TA 10 3.5 56.7
9 4 2.8 Critical PS/ IVS 15 35 17.0
10 120 4.5 Critical PS/TOF 10 4.0 72.2

PA: pulmonary atresia; IVS: interventricular septum; TOF: tetralogy of Fallot; LTGA: corrected
transposition of great arteries; VSD: ventricular septal defect; TA: tricuspid atresia; PS: pulmonary
stenosis

In four children, the size of the right pulmonary artery
was < 3.5 mm, and in two of them it measured <3 mm.
These children were considered to be relatively unsuitable
for surgical aortopulmonary shunt. We encountered four
types of ducts depending on the arch-sidedness, origin and
course of the patent arterial ducts (Fig. 1). In the majority
(50%), the duct had a straight course from the proximal
descending aorta (type A). Two (20%) of them had straight
but vertically coursing ducts from the base of the
innominate artery (type C). In both these types, positioning
the wire and implanting the stent were done without much
difficulty. Two (20%) children with tetralogy of Fallot and
pulmonary atresia had vertical ducts arising from the
undersurface of the arch with a tortuous course (type B).
Significant difficulty was encountered in these children for
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Fig. 1. (A) Type A - Straight horizontal duct, (B) Type B - \ertical tortuous
duct from the undersurface of arch of aorta. (C) Type C - Straight vertical duct
from the base of innominate artery from right aortic arch. (D) Type D - Vertical
duct from undersurface of right aortic arch inserting into mid segment of right
pulmonary artery.

obtaining a stable wire position. In addition, these ducts
were straightened by the balloon and needed a longer stent
than anticipated.

The procedure was most difficult in the patient with type
D duct where it arose from the undersurface of right aortic
arch and inserted into the mid segment of right pulmonary
artery, well away from the pulmonary artery confluence.
The arterial route necessitated 180° turning of the wire
from the descending aorta and was unsuccessful despite
trying various wire catheter combinations. From the
venous side, a 0.014" coronary guidewire was passed
antegradely into the main pulmonary artery. With the help
of a 4 F Judkin’s right coronary catheter, the wire was
guided across the duct into the descending aorta. It was
snared from the arterial end to establish an arteriovenous
loop. However, this wire loop distorted the duct anatomy
significantly and subsequent stenting from the arterial
route was quite challenging necessitating multiple check
angiograms both from arterial and venous ends.

Stenting was done from the venous route in 3 (30%) and
from the arterial route in the rest. The length of the stent
varied between 10-18 mm, median length being 10 mm.
The stents were expanded to a diameter of 3.5 mm in 6
patients and to 4 mm in 4 patients. The median fluoroscopic
time was 25.5 min (range 7.7 — 72.2 min). Single stent
was used in all patients. The length of the stent was selected
aiming to cover the entire length of the arterial duct.
Unobstructed flow to both branch pulmonary arteries was
achieved in all (Fig. 2). Ideal stent placement was achieved
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Fig. 2. (A) Straight duct seen arising from innominate artery with severe
constriction at its pulmonary artery insertion (arrow). (B) Angiogram done
following stent deployment.

in all except in one child in whom it was protruding more
toward right pulmonary artery. However, there was no
significant obstruction to the left pulmonary artery flow.
The mean systemic arterial saturation at admission was
65+8% which increased to 90+2% after the procedure.
There was no procedure failure, and no procedure-related
mortality.

Procedural complications: In one child with valvular
pulmonary atresia with intact IVS, there was improper
expansion of the 3.5 mm balloon resulting in partial and
uneven expansion of the stent. During manipulation, the
stent was accidentally deployed in the pulmonary end of
the arterial duct with the major portion protruding into
the roof of main pulmonary artery. In order to reposition
the stent, a 4 mm coronary balloon was chosen,
manipulated into the stent and partially inflated. This
partially inflated balloon-stent combination could be
advanced to achieve proper positioning of the stent when
the balloon was further inflated to deploy the stent. In
another child with corrected transposition of great arteries,
while negotiating the duct, the stent got dislodged from the
balloon catheter. Using a share, one end of the stent could
be crushed and withdrawn into a 7 F femoral venous
introducer sheath and thus it could be retrieved.
Subsequently another stent was deployed successfully.

Post-procedural course: Two patients had impending
stent block, manifesting as sudden fall in the systemic
arterial saturation, despite heparin infusion. Echo-
cardiography demonstrated reduction in the flow across the
stented arterial duct. In one patient, it occurred 4 hours
after the procedure, and promptly responded to additional
fluid therapy. In the other child, it occurred just after shifting
to the intensive care unit (ICU) and responded to fluid
therapy and phenylephrine infusion.

The neonate who received 4 mm stent inadvertently
showed features of increased pulmonary blood flow. In
addition, she developed gram-negative septicemia on post-
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procedural day 4, and needed prolonged ventilation for 11
days. Gram-negative sepsis occurred in 2 other children
who also required prolonged ventilation for 6 days and 7
days, respectively. All of them responded to appropriate
antibiotic therapy and other supportive measures. The
mean duration of post-procedural ventilation in the rest of
the children was 1.27 = 0.7 days. The median post-
procedural intensive care unit stay was 3.5 days (range 2-
15 days) and the median post-procedural hospital stay was
5.5 days (median 4-22 days).

Follow-up: The median duration of follow-up was 5.5
months (range 1-19 months). The systemic saturation was
consistently >80% in 7 patients and >75% in 2 patients.
In a patient with corrected transposition with ventricular
septal defect and pulmonary atresia, the saturation fell to
70%, 13 months after the procedure. The pulmonary artery
sizes were still inadequate to consider any definitive surgical
repair. She was subjected to repeat cardiac catheterization.
There was mild intimal lining of the stent with no localized
obstruction. The stent was re-dilated with a 5 mm balloon
following which the systemic saturation rose to 88%.
Cardiac catheterization was done in another patient who
had pulmonary atresia with intact VS, at 4 months of age
with the aim of subjecting to one and a half ventricle repair.
Ductal angiogram showed no significant stenosis of the
stent with good blood flow into the pulmonary arteries. This
patient awaits a cavopulmonary shunt.

Echocardiographically, there was steady increase in the
size of the pulmonary arteries in all other patients with no
significant distortion of the branches. One child who had
critical pulmonary stenosis has been planned for one and
a half ventricle type of repair and 2 other children have
been planned for elective bi-directional cavopulmonary
shunt. No acute stent thrombosis was encountered during
follow-up.

Discussion

In the current era with advancements in the pediatric
cardiac surgery, palliative aortopulmonary shunts are done
predominantly on neonates and young infants. The surgical
mortality of neonatal aortopulmonary shunts compares
with that of relatively complex open heart operations.?’
In addition, the associated morbidity, pulmonary artery
distortion and differential growth of branch pulmonary
arteries could potentially influence the outcome of
subsequent definitive surgery.*® Though the initial
experience by Gibbs et al.® in arterial duct stenting was not
fruitful, there have been encouraging reports recently.*®
The success of this procedure depends on appropriate
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case selection, which in turn depends on the anatomy of
the arterial duct and presence or absence of branch
pulmonary artery stenosis. Fifty percent of our children
had straight duct anatomy similar to that observed by
Gewillig et al.* These authors chose only those with straight
ducts and showed the safety of stenting. Subsequently, the
feasibility of stenting the arterial duct with more complex
anatomy has been shown by Alwi et al.® and Schneider et
al.® Presence of branch pulmonary artery stenosis had an
adverse impact on the outcome of arterial duct stenting in
the series by Alwi et al.> who considered it as an absolute
contraindication for stenting the arterial duct. Hence, we
decided not to consider this procedure for those children
who had significant branch pulmonary artery stenosis.

Post-procedure management after stenting patent
arterial duct is similar to that of post-operative
management following surgical aortopulmonary shunts.
Because of the increase in the pulmonary blood flow, the
systemic ventricle would be volume overloaded. To allow
the hemodynamic adjustments, it is generally recom-
mended to continue mechanical ventilation in these
children for a minimum period of 6-12 hours following the
procedure. In some children, the shunt can result in
excessive pulmonary blood flow resulting in pulmonary
edema needing prolonged mechanical ventilation as
occurred in one of our patients who inadvertently received
a larger stent than what was intended. Maintenance of
adequate intravascular volume and systemic vascular
resistance is essential for good flow across the stented
arterial duct. Two of our children had documented
transient reduction in the flow across the stented arterial
duct associated with fall in the systemic saturation. While
one of them responded to fluid therapy alone, the other
child needed phenylephrine infusion in addition. Three of
our children developed systemic sepsis. However, seedling
of the stent with bacteria or features of endarteritis did not
develop in any of the children. Potential reasons could
include gut ischemia due to pulmonary over-circulation
and need for relatively prolonged ICU stay. Adequate
palliation was achieved in all the children who underwent
ductal stenting including those who had pulmonary artery
sizes not ideal for surgical aortopulmonary shunt.

The relatively long fluoroscopic times reported by us and
others suggest that this is a technically challenging pro-
cedure.® The use of pre-mounted stents instead of hand-
crimped stents may allow for better stability of the stent
during deployment. Difficulties relating to crossing the duct
and obtaining a stable wire position can be overcome by
the axillary artery approach in selected situations.® The
patients in our study have not yet undergone subsequent
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surgical procedure and it remains to be seen if any difficulty
is encountered to interrupt the stented arterial duct during
surgery. There are potential advantages of stenting of the
arterial duct as compared to surgery. The procedure can be
accomplished relatively expeditiously at a lower overall
cost, specially in severely hypoxic children where
cardiopulmonary bypass is needed for the aortopulmonary
shunts.

Conclusions: This study demonstrates the feasibility of
stenting the arterial duct as initial palliation for a selected
group of newborns and infants with congenital heart
disease with reduced pulmonary blood flow. Although this
initial experience is encouraging, additional numbers and
longer follow-up is needed. With progressive refinements
in hardware and growing experience, it may emerge as an
alternative to aortopulmonary shunt in selected situations.
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