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What do we know about the subject matter of this study? What does this study contribute to what is already known?
Ductal stenting in arterial ducts with unusual anatomies and ori- This case report shows the feasibility of using arterial routes other
gins represents a challenge for pediatric cardiac intervention. The than the femoral one in low-weight patients requiring ductal sten-
axillary artery route offers a safe and effective option for access to ting in duct-dependent pulmonary circulation.

these ducts.
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Ductus arteriosus stenting is a palliative alternative for neonates with ductal-dependent pulmonary ~ Defects;

flow. Objective: To present an alternative of arterial access for percutaneous coronary intervention ~ Cardiac

in neonates. Clinical Case: A term neonate with low weight diagnosed with pulmonary atresia with ~ Catheterization;

intact ventricular septum and severe hypoplasia of the tricuspid valve with dependent coronary circu-  Stents;
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a left axillary arterial puncture was decided where a 3.5-millimeter coronary stent was successfully ~ Complications

placed. The patient developed an axillary spasm that resolved spontaneously. Conclusion: Alternati-

ve arterial access other than the femoral artery route is an option for neonates with high surgical risk

and low birth weight.
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Introduction

Stent implantation in the ductus arteriosus (DA)
has been shown as a palliative alternative to Blalock-
Taussig shunt in newborns (NBs) with obstructive le-
sions in the right ventricular outflow tract"™. This pro-
cedure allows safe pulmonary flow while performing
the surgical correction of the underlying heart disease
and promotes the growth of the pulmonary arterial
tree which results in a better balance of the pulmo-
nary vasculature, thus the pulmonary branches grow
with more symmetry™""V. However, variations in the
origin, orientation, and morphology of the DA in tho-
se congenital heart diseases where pulmonary flow is
compromised, require a change in the usual approach
through the femoral artery due to the difficulty of this
access when the ductal angle is greater than 90°. The
tortuous nature of the ductus arteriosus in these pa-
tients, and patients under 15 kilograms, presents an
exacerbated difficulty. Femoral access has been asso-
ciated with a higher risk of thrombosis'*’.

Other vascular accesses that have been used in-
clude the femoral vein, however, it is not an option
for all types of heart disease and the carotid artery
is another effective option for stenting in NBs with
good alignment of the conduit"™®. Another approach
is through the axillary artery, which has shown few
complications and, similarly to the carotid access,
allows direct duct alignment, faster access, and a
greater chance of success than access through the fe-
moral artery''™.

The objective of this case report was to present the
percutaneous management of an NB with pulmonary
atresia who underwent DA stenting via the axillary
route. Informed consent was obtained and informa-
tion confidentiality was guaranteed. The international
ethical guidelines for health-related research involving
humans by the Council for International Organiza-
tions of Medical Sciences (CIOMS) were followed.
This paper was prepared following the CARE guideli-
nes for case reports'™™.

Clinical Case

Male newborn of 37+1 weeks of gestational age
with prenatal diagnosis of intrauterine growth res-
triction type 1. Spontaneous vertex delivery, cephalic
presentation, APGAR score 6 at one minute and 8 at
five minutes. Weight 2,180 g, length 45 cm. Since the
patient presented poor neonatal adaptation, he requi-
red continuous positive airway pressure (CPAP) due
to increased work of breathing and hypoxemia. Due to
respiratory deterioration, he was transferred to neona-
tal intensive care, performing orotracheal intubation
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and start administration of prostaglandin E1. The first
echocardiography showed pulmonary atresia with in-
tact ventricular septum; 78% oxygen saturation, FiO2
50%, heart rate 165 beats per minute (bpm), blood
pressure 80/32/48mmHg, rhythmic heart sounds with
a single second sound. On the second day of life, the
NB was referred to a fourth-level cardiovascular center
for congenital heart disease (figure 1).

Diagnostic Aids

Echocardiography showed pulmonary atresia with
intact ventricular septum, tricuspid valve with severe
hypoplasia (Z score-4.04), and abnormal flows compa-
tible with intramyocardial sinusoids which leads to the
suspicion of right ventricle-dependent coronary circu-
lation; restrictive patent DA with left-to-right shunt,
having a tortuous form with at least two curves. No
origin of the lesser curvature of the aortic arch is obser-
ved. Confluent pulmonary branches and mild steno-
sis at the beginning of the left branch. Non-restrictive
patent foramen ovale with a right-to-left shunt; severe
right ventricular hypertrophy and hypoplasia; bipartite
right ventricle; right atrium dilatation.

The CT scan showed confluent pulmonary arteries,
right pulmonary artery of 2.5 mm and the left one of
1.8 mm, patent DA from the left lateral aspect of the
aortic arch with anterior and medial direction towards
the dorsal aspect of the proximal left pulmonary ar-
tery. From the aorta, the ductus measures 2.5 mm at
the beginning, 1.5 mm in the middle third, and 2 mm
at the end in the left pulmonary artery. Low-attenua-
tion material towards the tricuspid and pulmonary
valve compatible with pulmonary atresia and tricuspid
hypoplasia. Bovine aortic arch. Normal systemic and
pulmonary venous connections. Significantly decrea-
sed left main bronchus 4 mm next to the carina, pre-
dominantly in the anteroposterior plane (1 mm vs 4
mm of the contralateral) due to hypoplasia or bron-
chomalacia. A 3D reconstruction was performed, and
it was decided to approach through the left axillary ar-
tery (figure 2).

On the fourth day of life of the patient, the case
was discussed at a medical-surgical meeting, with the
participation of pediatric cardiologists (echocardio-
graphers, hemodynamics specialists, intensivists), pe-
diatric heart surgeons, and pediatric cardiovascular
anesthesiologists. Since this was a low-birth-weight NB
with a DA of anomalous origin, it was decided to per-
form cardiac catheterization to evaluate the coronary
circulation and the possibility of implanting a ductal
stent. It was decided to use the axillary approach be-
cause it was thought to be the most direct route for
stent implantation, although the possibility of a trans-
carotid approach was discussed, which is another op-
tion for this type of complex anatomy.
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Figure 1.
Intrauterine growth restric-
tion; PA: Pulmonary atresia;
CT: Computed tomography;
IS: Intact septum; DA: Ductus
arteriosus.
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Son of 28-year-old woman,
prenatal diagnosis, .
pulmonary atresia. Neonatal maladaptation, Echocardiography:
Spontaneous vertex delivery F——> orotracheal intubation, —> PA with intact septum.
at 37 + 1 weeks. Birth weight day 1 Day 1
2,180 g, IUGR, apgar 6-8,
day 1
\Z
Echocardiography and CT:
Transfer to high level center :rsi’czi\;?(;e\l:mo;:;szgz:)hui Catheterizajdon: axilla'ry
for congenital heart disease. —> DA originating in the lateral ——>| ductal stent implantation.
Day 2 . Day 7
and dorsal wall of the aortic
arch. Day 4
\Z
i . . . Nutritional, respiratory, and
Timeline. IUGR: Intensive c.are evolution. Klebsiella ox.ytoca sepss, hemodynamic recovery.
Echocardiography and S treatment with cefepime, > | Discharge from the hospital
tomography: Patent stent. aztreonam, meropenem. in good clinic conditions.
Day 16. Day 11-22 Day 49 of life.

Cardiac Catheterization

At seven days of life, he is taken to the cardiac cathe-
terization room using a biplane x-ray system (Allura
Xper®, Phillips, Holland). The patient is placed upside
down (feet on top of the table) which allows hemody-
namics specialists to access safely and comfortably the
left axillary artery, in addition to an adequate visua-
lization of the angiography monitors. The procedure
was performed with 100% oxygen, orotracheal intuba-
tion, and cardiovascular anesthesia. Informed consent

Figure 2. 3D Volumetric representation of the aortic arch with tortuous
ductus arteriosus configuration.
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was obtained and due to the COVID-19 pandemic, full
personal protection measures were taken.

According to the institutional protocol in patients
with DA-dependent pulmonary circulation, the admi-
nistration of prostaglandin E1 was suspended 1 hour
before starting the procedure.

Description of the Procedure

Under vascular ultrasound guidance, direct
puncture of the left axillary artery was performed
with needle No. 21. When blood reflux was obtained
through the needle, a 0.18” micropuncture guide was
introduced, the needle was withdrawn and a 4 French
(F) Terumo® introducer was inserted over the guide.
A Non-Taper Angle® catheter (Glidecath Radiofocus,
Tokyo), 4F on a 0.035” hydrophilic guide was inser-
ted through this introducer. Angiography with manual
injection showed bilateral coronary involvement. The
right coronary artery presented distal atresia and only
its proximal region was identified and in the left coro-
nary artery, areas of severe stenosis were observed in
the anterior descending artery. Therefore, it was con-
sidered that the coronary circulation was dependent
on the right ventricle as it did not present adequate
antegrade filling. A thoracic aortogram was performed
to evaluate the dimensions of the DA which showed
pulmonary end 1.5 mm, aortic end 3 mm, and length
of 8 mm. The Balance Heavy Weight® coronary guide
wire (Abbott, United States), 0.014”, advanced with
difficulty to the pulmonary branches due to the areas
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of stenosis and the anomalous origin of the DA in the
aorta. Due to the difficulty in advancing the guide wire
because of the tortuous form of the DA, a distal micro-
catheter was introduced in the right branch, advancing
the guide wire deeper. The guide wire was positioned
distally in the right branch of the pulmonary artery and
later a 0.014” distal guide wire was advanced in the left
branch to perform the buddy wire technique (use two
simultaneous guide wires to facilitate the advancement
of the stent in the DA), which continued without com-
plications.

A 3.5 mm x 12 mm medicated stent (Medtronic®,
Ireland) was placed in the DA with a pressure of 10
atm. The stent diameter was selected according to the
patient’s weight and length based on angiographic and
tomographic measurements, in order to completely
cover the whole DA to avoid leaving areas of the DA
not covered by the stent.

Control angiography showed the stent in good po-
sition, with complete filling of the pulmonary branches
without extravasation of contrast medium and axillary
artery spasm. There were no other complications.
Fluoroscopy time was 49 minutes, catheterization pro-
cedure lasted 120 minutes, and 25 ml of non-ionic io-
dinated contrast media was used. (figures 3 and 4).

Intensive Care

Once the catheterization was completed, the pa-
tient returned to the intensive care unit for ventilatory
support and comprehensive care. Heparin was admi-
nistered IV at 28 units/Kg/hour, to avoid acute stent
thrombosis and management of arterial spasm with

Figure 3. Angiography via the left axillary artery, the tortuous
ductus arteriosus originating from the lower region of the aortic
arch is observed.
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partial thromboplastin time control and subsequent
change to antiplatelet treatment with aspirin and clo-
pidogrel. The following day the spasm was resolved,
and the patient presented radial pulse.

One of the pathophysiological events that can oc-
cur in this type of patient is pulmonary hyperflow that
can trigger congestive heart failure that is difficult to
control. This pathophysiological event depends lar-
gely on the size of the implanted stent. Another fre-
quent complication in this type of patient is the “ductal
steal”, which occurs when the diastolic blood pressure
falls, leading to coronary insufficiency and ischemia.
Neither of these two complications occurred in our
patient.

During the evolution, the NB presented episo-
des of oxygen desaturation and hypoxemia, therefore
an echocardiogram and tomography were requested,
which showed stent permeability (figure 5). Subse-
quently, sepsis due to Klebsiella oxytoca (R) was diag-
nosed, which was treated with antibiotics resulting in
negative blood cultures. After 22 days of hospitaliza-
tion in the ICU, he was transferred to pediatric car-
diology where he remained for another 27 days until
the sepsis and enteral feeding problems were resolved
and the patient’s evolution and the stent were closely
monitored.

The 49 days of hospitalization can be explained not
only by the complexity of the heart disease, and the
risks inherent to the intensive care stay such as physical
deconditioning, loss of enteral nutrition, use of central
catheters, and sepsis, but also by the socio-familial cir-
cumstances.

n: 104% Angle: O

22/05/20,11:4
Made In

Figure 4. Angiography via the left axillary artery, patent ductus
arteriosus with stent in place is observed.
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Figure 5. 3D volumetric representation of ductal stent.
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Discussion

We describe the implantation of a medicated duc-
tal stent via the axillary route in a 7-day-old low-birth-
weight NB with DA-dependent pulmonary circulation
secondary to pulmonary atresia with intact ventricular
septum, severe tricuspid valve hypoplasia, and right
ventricle-dependent coronary circulation.

In 2004, Michel-Behnke et al published the first re-
ports of this access route for neonatal intervention and
subsequently published other case series with empha-
sis on the technique. To our knowledge, few cases of
axillary vascular access for DA stenting have been des-
cribed in Latin America'®'"'% In Brazil, this technique
was reported by Arrieta et al, in a case series that inclu-
ded five patients with DA stenting, with ages ranging
from four to nine days of life'°.

The axillary approach represents an alternative to
femoral access in patients such as our patient (low-
birth-weight NB) in those who are at a higher risk of
femoral arterial injury. The potential advantage of the
axillary approach is to access the DA with complex
anatomy that does not allow an easy femoral approach.
Therefore, this type of approach may be preferred for
DA originated in the inferior region of the aortic arch
with an acute angle*®®. Ductal stenting via the axillary
route is a relatively new approach, therefore, there are
only small case series showing the feasibility of this ap-
proach®. In our patient, the ductal stenting was suc-
cessful with the complication of axillary artery spasm,
which was resolved during hospitalization in intensive
care. This type of complication has been described by
Breatnach et al, in a study that included 20 patients of
which 15% had complications in the axillary artery (2
with partial dissection, 1 pseudoaneurysm)’. Another
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additional advantage of the axillary approach is the
good supply of collateral circulation of this artery,
which allows protecting the femoral artery which does
not offer this characteristic'®.

Although there have been advances in ductal sten-
ting since its introduction in 1992, there are still a few
failed attempts, especially when it comes to implanting
it via the femoral artery in DA with abnormal origin
of the aorta. In NBs, experience in these cases is even
less'"'2131* Regarding the implantation of a drug-elu-
ting stent in NBs and this case of low-birthweight, the-
re is little experience currently available.

Up to 20 times higher levels of the drug (zotaro-
limus) have been reported and up to 30 times lower
clearance compared with older children and adults.
However, given the need to ensure that the stent rema-
ins permeable and that neointimal proliferation is re-
duced, the increasing use of this type of stent has been
allowed even in NBs. As for the side effects or compli-
cations of these medicated stents, it has been described
that the levels of immunosuppression are well tolera-
ted in this type of patient™.

Recent multicenter studies comparing this per-
cutaneous technique with surgical management have
concluded that there is no difference in the primary
outcome (death or unplanned reintervention to treat
cyanosis); however, other markers of morbidity and
pulmonary artery size favor the stented group, which
supports that the ductal stent is a reasonable alterna-
tive for the surgical fistula in selected patients. The
ductal stent is emerging as a preferred alternative for
surgical fistula in the palliative treatment of NBs with
DA-dependent pulmonary circulation because of grea-
ter stability™™ >,

This case allows us to identify risks such as axillary
arterial spasm, as well as the difficulties inherent to the
technique of ductal stenting in DA with complex ana-
tomy, which requires the use of additional tools such
as microcatheters that allow more precise positioning
of the guides and greater stability for stent advance-
ment. The axillary arterial route is another option for
the interventional approach to complex congenital
heart disease. This type of approach may become more
frequent as better technology with lower profile intro-
ducers becomes available and the learning curve of pe-
diatric hemodynamics specialists increases.

Conclusion

We present the clinical case of an NB in the first
week of life, with low weight, who had a stent im-
planted in the DA of atypical morphology (vertical),
through the axillary arterial access. As an early com-
plication of the procedure, the NB had axillary artery
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spasm which resolved spontaneously. Finally, further
studies are required to establish the safety of this vas-
cular approach and its clinical implications.
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