Pre prints.org

Case Report Not peer-reviewed version

Take It In: Novel Use of an Iron Bio-
Absorbable Stent in Pediatric Pulmonary
Stenosis

Christopher Scott * , Jennifer R Maldonado , Daniel McLennan

Posted Date: 15 March 2024
doi: 10.20944/preprints202403.0930.v1

Keywords: - Tetralogy of Fallot
- Bio-absorbable stent

- Pediatric cardiology

- Interventional cardiology

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions.of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.




Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 March 2024 d0i:10.20944/preprints202403.0930.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Case Report

Take It in: Novel Use of an Iron Bio-Absorbable Stent
in Pediatric Pulmonary Stenosis

Christopher Scott 1*, Jennifer R. Maldonado ! and Daniel McLennan 2

1 Department of Pediatrics, Division of Pediatric Cardiology, Medical College of Wisconsin, Milwaukee;
jmaldonado@childrenswi.org

2 Liverpool Centre for Cardiovascular Science, University of Liverpool, Liverpool;

Daniel. mclennan@alderyhey.nhs.uk

Correspondence: cscott@childrenswi.org

Abstract: Bio-absorbable stents are a novel tool which relieve stenosis and then resorb as the patient
grows, avoiding obligatory re-intervention. This case describes the novel use of an iron bio-
absorbable stent in a child with surgically repaired Tetralogy of Fallot who post-operatively
developed a severely stenotic right ventricular outflow tract.
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HISTORY OF PRESENTATION:

The patient is a term male infant that failed a newborn congenital heart screen after having a
normal fetal ultrasound. A trans-thoracic echocardiogram (ITE) demonstrated Tetralogy of Fallot
(ToF) with pulmonary atresia, outlet septal extension of the ventricular septal defect (VSD), and
continuous branch pulmonary arteries (PAs). On day of life five, he underwent complete repair with
a trans-annular patch, ligation of the patent ductus arteriosus, and reduction of an atrial septal defect.
The discharge TTE demonstrated good repair with no right ventricular outflow tract obstruction
(RVOTO) (peak gradient 11 mmHg, mean gradient of 6 mmHg), diffusely narrowed branch PAs
(gradient 17 mmHg in bilateral PAs), no residual VSD and severe pulmonary valve insufficiency. At
one month post discharge follow up, he was doing well clinically with reassuring growth and normal
oxygen saturations. At eight months of life, a routine TTE demonstrated new severe pulmonary valve
stenosis with a discretely narrowed fibromuscular ridge in the right ventricular outflow tract (RVOT)
with a diameter of 5 mm. The peak gradient was 80 mmHg and the mean gradient was 44 mmHg.
The echocardiogram demonstrated mildly diminished right ventricular systolic function with
moderate right ventricular hypertrophy and a mildly dilated right ventricular cavity.

DIFFERENTIAL DIAGNOSIS:

In a patient with repaired ToF with RVOTO, the differential diagnosis for obstruction can fall
into two broad categories: fixed and dynamic obstruction. The location of fixed obstruction can help
differentiate the cause of obstruction. Flow can be limited at the level of the valve (native or prosthetic
valvar stenosis), in the sub-valvar (conduit stenosis) or supra-valvar areas (branch or main
pulmonary artery stenosis). Dynamic obstruction is generally caused by the growth of muscle
bundles into the RVOT.

INVESTIGATIONS:

What is the best treatment for a child less than one year old whom has already undergone one
major surgery with an extended postoperative length of stay now with echocardiographic imaging
showing a peak gradient of 80 mmHg? A team approach was taken to discuss options of re-operation
or treatment in the cardiac catheterization lab with ballooning and probable stenting to relieve the
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obstruction. Traditional stenting is known to relieve the obstruction, but in a child so young, is there
an option where relief can be achieved without the need for long term stents? There has been
significant investigation into a stent which will resorb into the body in under three years as an
alternative to traditional stenting; such a resorbable stent could relieve obstruction without having
the long term sequela of a traditional stent.

MANAGEMENT (MEDICAL/INTERVENTIONAL):

Prior to proceeding to the catheterization lab, an application was made to the FDA for
compassionate use to place an Iron Bioresorbable Scaffold (IBS Angel™) (Lifetech Scientific,
Shenzhen, Guangdong, China) and approval was granted. Institutional IRB approval was
subsequently requested and granted.

At eight months of life, the infant was brought to the catheterization lab for a hemodynamic
assessment and for likely stenting of the RVOT. Baseline pressures revealed: right atrial pressure
mean of 8 mmHg; right ventricular pressure 77mmHg with end diastolic pressure (EDP) 9 mmHg;
right PA 15/9 mmHg with a mean of 12 mmHg; right pulmonary capillary wedge pressure 8 mmHg.

In the catheterization lab, a 10 mm diameter by 18 mm length Angel IBS stent was placed. Initial
angiography demonstrated that the stent was mostly distal to the area of focal narrowing. A pullback
demonstrated an improved gradient of 20 mmHg. The stent was then ballooned with a 10 mm
Athletis™ balloon (Boston Scientific, Marlborough, MA, United States) with good angiographic
effect. Due to ongoing sub-valvar narrowing, a second 10 mm by 18 mmHg Angel IBS stent was
placed. Angiography demonstrated improvement in obstruction and a pullback demonstrated a final
gradient of 8 mmHg. A discharge TTE demonstrated mild pulmonary valve stenosis with a peak
gradient of 35 mmHg and a mean of 15 mmHg and stable severe pulmonary valve insufficiency.

DISCUSSION:

After repair of ToF, RVOTO is a common complication; various studies have estimated the
incidence of more than moderate stenosis to be between 20 and 37% [1,2]. Management techniques
can include medical, surgical or catheter based intervention. Surgical or catheter based re-
intervention is required in 15-25% of cases [2,3]. Catheter based interventions of post-surgical stenosis
avoid the need for a full sternotomy and stents can provide durable repair. In rapidly growing
pediatric patients however, stents cannot match somatic growth and as such, require re-intervention.
Bio-absorbable stents (BAS) are a novel tool that provide radial dilation and then resorb over time,
attempting to obviate the need for stent re-ballooning or intentional fracturing. Amongst pediatric
interventional cardiologists, there is significant demand for BAS, especially for use in PAs [4].

The device described in the case, the bio-absorbable IBS Angel™ , comes in two types, one is
made of a low-profile nitride iron (~70 microns) and the second is coated with a zinc and poly-D, L-
lactic acid and is sirolimus eluting. In vitro, this device has been shown to have a thin profile allowing
for improved maneuverability [5]. Animal studies have demonstrated safe implementation with
durable short term effect and have suggested that these stents will be completely corroded in 1-2
years [6-8]. In a porcine model, this device has been shown to have strong radial strength and
endothelialize quickly, within 28 days, which suggests a lower risk for scaffold thrombosis [8].

This paper presents the novel use of a bio-absorbable IBS Angel™ stent in a pediatric right
ventricular outflow tract. This particular stent has been described in the literature in small case series
of children with stenotic branch PAs and in maintaining patients’ patent ductus arterioses [9,10]. In
the case series of patients with Angel IBS stents in the patent ductus, four of eight patients developed
blocked or restrictive stent flow at six months, but four were widely patent [10]. The series of eleven
patients with the Angel IBS stent in branch PAs demonstrated improvement in stenosis and no in
stent thrombosis, malposition or re-stenosis at three months of follow up. To the authors” knowledge,
this device has not been used in a pediatric RVOT prior to this case.

In this patient, the Angel IBS stent was successfully deployed and the stent achieved immediate
angiographic and echocardiographic improvement in the patient’s severe RVOT stenosis. In addition
to post-repair RVOT stenosis, there is likely a role for BAS in primary palliation in neonates with ToF
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with severe RVOTO to allow them to grow and optimize patients prior to complete surgical repair
[3,5]. Further studies are required to examine the duration and durability of IBS stents’ effects in
pediatric patients but this case demonstrates that this stent can provide immediate adequate relief of
obstruction.

FOLLOW-UP:

A TTE when the patient was 15 months (seven months status post stent deployment)
demonstrated moderate pulmonary valve stenosis, a slight increase from his immediate post-stent
level, with a peak gradient of 47 mmHg across the RVOT and a mean gradient of 23 mmHg. At that
point, he had qualitatively normal right ventricular function with a mildly dilated right ventricular
cavity and moderate right ventricular hypertrophy. Repeat TTE at 29 months of age (21 months status
post stent deployment) demonstrated moderate-severe pulmonary valve stenosis with a peak
gradient of 73 mmHg and a mean gradient of 35 mmHg. Right ventricular function remains
qualitatively normal. Clinically, he is asymptomatic with appropriate growth and development even
in the presence of the increasing gradient.

CONCLUSIONS:

1. Bio-absorbable stents can provide relief of obstruction in pediatric right ventricular outflow
tracts.

2. As compared to metal stents, bio-absorbable stents have a similar profile of benefits and
limit the negative long-term effects.

3. In the short-intermediate term, bio-absorbable stents can provide durable stenosis repair.

Further studies are required to determine the in vivo duration of effect.

LEARNING OBJECTIVES:

1. Demonstrate the novel application of a bio-absorbable stent in a stenotic right ventricular
outflow tract.

2. Discuss indications for the use of bio-absorbable stents in pediatric patients.
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Figure 1. Parasternal short echocardiography of RVOT pre-stent with Doppler (left) and without
(right).
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Figure 2. Lateral imaging of RVOTO taken from 3D angiography.
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Figure 3. Lateral imaging of RVOTO after stent implementation, taken from 3D angiography.



