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Abstract

We present a case of a neonate with trisomy 21, ductal-dependent aortic coarctation, and severe respiratory failure secondary to
coronavirus disease 2019 (COVID-19) pneumonia. The neonate was managed with venoarterial extracorporeal membrane
oxygenation (VA ECMO), palliative stenting of the coarctation, and a vascular plug occlusion of a large patent ductus arteriosus.
The patient was successfully weaned off extracorporeal membrane oxygenation (ECMO). The patient is currently awaiting a

definitive surgical repair in the near future.

Keywords COVID-19 disease - ECMO - Aortic coarctation - Stent - Vascular plug - Down syndrome

Introduction

The coronavirus disease 2019 (COVID-19) is an ongoing
pandemic caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). While the disease has been
widespread and severe in adults, neonates are rarely infected
[1]. We present a case of a neonate with severe COVID-19
pneumonia and congenital heart disease that was supported
with venoarterial extracorporeal membrane oxygenation
(VA ECMO) and the cardiac defect was palliated by a catheter
intervention.

Case report

A 10-day-old, 3-kg male term-neonate with trisomy 21 was
admitted to the pediatric cardiac critical care unit with a dusky
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appearance and poor femoral pulses. This was concerning for
a coarctation of the aorta. An echocardiogram confirmed a
coarctation of the aorta with moderate hypoplasia of the distal
transverse aortic arch (0.34 to 0.29 cm from the left common
carotid artery to the left subclavian artery) (Fig. 1a), a 0.7-cm
ascending and descending thoracic aorta, a bicuspid aortic
valve, a small patent ductus arteriosus (PDA) with a bidirec-
tional shunt, a small 4-mm atrial septal defect (ASD), and a
small 3-mm perimembranous ventricular septal defect (VSD)
both with a left to right shunt, a normal-sized mitral valve with
trivial insufficiency, and a normal-sized left ventricle with
normal function. Prostaglandin-E2 was started with the return
of good femoral pulses, a systolic blood pressure gradient
difference of 15-20 mmHg between the upper and lower ex-
tremity, and now a large PDA suggesting a ductal-dependent
nature of the coarctation. There was no saturation difference
between the extremities. The patient had respiratory conges-
tion with secretions and fever. Given the ongoing COVID-19
pandemic and as a part of the respiratory viral workup, a
COVID-19 test was done using the SAR-CoV-2 polymerase
chain reaction (PCR) assay (Abbott Alinity, Lake Forest, IL)
by a nasopharyngeal swab. The test came back positive and
contact tracing revealed positivity in the mother and several
other members of the family. The patient was nursed with
precautions for COVID-19 disease including the use of a neg-
ative pressure room. While his cardiac condition stabilized on
prostaglandin therapy with good biventricular function and
good lower extremity perfusion, the patient’s respiratory sta-
tus gradually worsened including the need for supplemental
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Fig. 1 a ECHO showing coarctation. b Chest X-ray showing infiltrates. ¢
CT angiography showing coarctation, hypoplastic aortic arch, and PDA.
d “Ground glass” infiltrates in CT chest. e Chest X-ray after VA ECMO
cannulation. f Chest fluoroscopy (arrow, ductal stent; star, PDA plug). g
Chest X-ray post ECMO decannulation with resolution of infiltrates and

oxygenation with the eventual need for intubation and me-
chanical ventilation. A chest X-ray showed infiltrates (Fig.
1b). A computed tomography (CT) scan of the chest, apart
from nicely demonstrating the coarctation and hypoplastic
aortic arch with a large PDA (Fig. 1c), showed ground-glass
infiltration in the lung parenchyma concerning for COVID-19
pneumonia (Fig. 1d). The patient was given steroids for his
COVID-19 disease. However, the patient had worsening of
his respiratory failure with both severe hypoxia with preductal
arterial saturation of 70% and PaO, of 3540 mmHg and
hypercarbia of 60-70 mmHg with maximum conventional
mechanical ventilator support. A trial on an oscillator was
attempted with no improvement. He was also having acute
renal injury with oliguria. Hence, the patient was cannulated
for VA ECMO via his right cervical vessels (Fig. le). He
stabilized on VA ECMO with flows up to 150 cc/kg/min.
This resulted in a gradual resolution of the end-organ injury.
Bivalirudin was used for anticoagulation. Given COVID-19
pneumonia, the patient was thought to be of a high surgical
risk either for resection of the coarctation and arch augmenta-
tion with cardiopulmonary bypass, deep hypothermia and re-
gional perfusion, or an alternative off-pump resection of the
coarctation and extended end-to-end repair via a left thoracot-
omy. Hence, the patient was taken to the cardiac catheteriza-
tion lab at 48 h of extracorporeal membrane oxygenation
(ECMO) support after end organ recovery for stenting of his
aortic coarctation with an Onyx (Medtronic, Minneapolis,

vascular prostheses in situ. ECHO, echocardiogram; CT, computed to-
mography; PDA, patent ductus arteriosus; VA ECMO, venoarterial ex-
tracorporeal membrane oxygenation; ECMO, extracorporeal membrane
oxygenation

MN) drug-eluting 5 x 15 mm coronary stent (Fig. 1f, arrow)
and occlusion of his PDA with an 8-mm Amplatz vascular
plug II (Abbott, Plymouth, MN) (Fig. 1f, star) via the femoral
vessels. The procedure was successful with an 8 mmHg resid-
ual mean gradient from the hypoplastic aortic arch, widely
open stent, and a completely occluded PDA. The patient
was eventually successfully weaned off of ECMO after § days
of support with the repair of his right cervical vessels at the
time of his decannulation and was extubated after 10 days
from his time of decannulation. Bivalirudin was used for
anticoagulation during the ECMO run and was continued after
decannulation for the stents and was transitioned to aspirin
once enteral feeding was initiated. A chest X-ray showed a
gradual resolution of the infiltrates 4 weeks since the onset of
symptoms (Fig. 1g). The future plan is to do a definitive sur-
gical repair at about 4-6 months of age with resection of the
coarctation, aortic arch augmentation, assess for the need for
closure of the small perimembranous VSD, and closure of the
ASD with cardiopulmonary bypass, deep hypothermia, and
regional perfusion.

Discussion
The possible routes of transmissions of SARS-CoV-2 in the

neonate include in utero, perinatal, and postnatal transmission
and the data about this is still evolving [1]. In one
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multinational study, the perinatal transmission was estimated
to be around 3% and there is a suggestion that neonates with
comorbidities and prematurity are more susceptible [1, 2].
Also, COVID-19 disease may run a severe course in trisomy
21 [3]. The most likely mechanism is from respiratory droplet
transmission from the infected mother to the neonate, and thus
infection prevention measures such as wearing a mask and
hand hygiene are recommended. Most neonatal infections
are asymptomatic. However, severe illnesses such as acute
respiratory distress syndrome (ARDS) and multi-organ dys-
function from viremia have been reported [1, 2]. The treat-
ment in the symptomatic neonate is supportive with unknown
efficacy of drugs like remdesivir in the neonate. Also, it has
emergency use authorization only for patients weighing at
least 3.5 kg. This neonate was in a unique situation. While
the PDA was essential given the ductal-dependent nature of
the coarctation, its presence was causing pulmonary
overcirculation and thus likely further exacerbating the
COVID-19 pneumonia. In addition, the PDA was causing
renal injury secondary to visceral hypoperfusion by facilitat-
ing a systemic runoff into the pulmonary circulation. Also, the
increased intrathoracic pressure from increasing mechanical
ventilator support was causing systemic abdominal venous
congestion and thus further exacerbating renal hypoperfusion
by decreasing the renal perfusion pressure. To eliminate the
PDA, the coarctation and hypoplastic aortic arch needed to be
addressed first given the ductal-dependent nature of the coarc-
tation. This could have been done either via a left thoracoto-
my, resection of the coarctation, and extended end-to-end re-
pair with single lung ventilation or alternatively by a more
complete approach using median sternotomy with cardiopul-
monary bypass, deep hypothermia, and regional perfusion to
repair the aortic arch and the coarctation with a patch.
However, given the poor respiratory status and uncertain
evolving clinical course of the COVID-19 disease, the patient
was thought to be of a high surgical risk. Hence, we decided
with stenting of the coarctation and vascular plug occlusion of
the PDA as an alternative temporizing measure before a future
definitive surgical repair. Before stenting, the patient had to be
stabilized by breaking the vicious cycle of systemic arterial
hypoperfusion from the PDA runoff and systemic venous hy-
pertension from increasing mechanical ventilator support
leading to end-organ injury such as an acute renal failure.
ECMO was used to break this cycle by resting the lungs,
decreasing the intrathoracic pressure, augmenting the cardiac
output, and providing hemodynamic stability to safely per-
form the percutaneous procedure. Palliative stenting with cor-
onary stents to treat critical aortic coarctation has been previ-
ously used in neonates with low birth weight (1500 g), pre-
maturity, or experiencing multi-organ dysfunction as a pallia-
tion to a later definitive surgical correction [4—7]. The femoral
artery was used for access (such as in our case) with the axil-
lary artery being an alternative and 4- to 5-mm coronary stents

were commonly used [5, 6]. The mean gradients after stenting
in these studies were about 5 mmHg. Overall neonatal pallia-
tive stenting is largely successful with most surviving and
receiving definite surgical repair between ages of 3 and
4 months. The complexity of the future surgical repair does
increase with the stenting because of the stent material in the
aorta. However, with experience from arch augmentation after
hybrid palliation for conditions such as hypoplastic left heart
syndrome, we have developed reasonable surgical experience.
The technique involves trimming as much of the stent material
as possible and passing the suture between the interstices of
the stent during the patch augmentation. Difficult areas may
need to be buttressed additionally. Our case is unique with the
use of ECMO and presence of COVID-19 disease as com-
pared to the previously described patients [4—7]. The patient
could have been managed with venovenous extracorporeal
membrane oxygenation (VV ECMO) support for respiratory
function. However, currently, there is no suitable cannula
available to deploy VV ECMO in a neonate of this size.
Besides, VA ECMO allowed for safe performance of the ther-
apeutic catheterization procedure by providing hemodynamic
stability, helped in the recovery of the lung function, and
broke the previously described vicious cycle leading to end-
organ injury. To note, it is important to flow high on VA
ECMO (in the range of 150 cc/kg/min) with a large PDA
because of the pulmonary steal. Careful monitoring of blood
pressure at the upper and lower extremity is needed to balance
arch hypertension proximal to the coarctation segment against
lower body hypoperfusion distal to it.

Conclusion

This case report represents the utility of VA ECMO to pro-
mote lung recovery and provides hemodynamic stability in a
neonate with ductal-dependent coarctation of the aorta and
concomitant respiratory failure secondary to COVID-19
pneumonia. The relative stability achieved with VA ECMO
allowed for the safe and effective performance of a percuta-
neous intervention prior to a definitive surgical intervention.
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