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ABSTRACT

Aortic coarctation is a congenital disease that consists of the narrowing of the thoracic aorta, leading to distal blood flow obstruction. 
Significant aortic coarctation is associated with hypertension and distal hypoperfusion, with a poor prognosis without intervention. 
Initially, treatment was surgical; however, less invasive techniques such as percutaneous balloon angioplasty later emerged and 
proved effective in selected patients.
The introduction of stent implantation significantly improved the outcomes, making percutaneous repair the preferred option, 
especially in adolescents and adults.
However, immediate and long-term complications persist, which has driven research efforts aimed at improving the safety and 
efficacy profile. Modern strategies now focus on advanced stent designs, offering better delivery profiles and high redilatation 
potential. Gaps in knowledge remain, and data from studies with longer follow-up will be essential to further elucidate disease 
progression in these patients. This review aims to offer a comprehensive overview of these percutaneous procedures, discussing 
recent advancements, clinical outcomes, and future perspectives.
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Tratamiento percutáneo de la coartación de aorta

RESUMEN

La coartación de aorta es una enfermedad congénita caracterizada por el estrechamiento de la aorta torácica, que provoca una 
obstrucción del flujo sanguíneo distal. Una coartación de aorta significativa se asocia con hipertensión arterial e hipoperfusión 
distal, así como con un mal pronóstico sin intervención. Inicialmente el tratamiento era quirúrgico, pero fueron surgiendo técnicas 
menos invasivas, como la angioplastia percutánea con balón, que mostró eficacia en ciertos pacientes. La incorporación del implante 
de stents mejoró de manera significativa los resultados, convirtiendo la reparación percutánea en la opción preferida, en especial 
en adolescentes y adultos. Sin embargo, siguen produciéndose complicaciones inmediatas y a largo plazo. Esto ha impulsado 
esfuerzos destinados a mejorar su seguridad y eficacia. Las estrategias modernas se enfocan en stents de diseño avanzado, con 
mejor perfil de entrega y un alto potencial de redilatación. Persisten vacíos por llenar, y nuevos datos provenientes de estudios 
con seguimientos más prolongados permitirán comprender mejor la evolución de estos pacientes. Esta revisión tiene como objetivo 
ofrecer una visión integral de estas intervenciones percutáneas, abordando los avances, los resultados y las perspectivas futuras.

Palabras clave: Coartación de aorta. Reparación percutánea. Complicaciones. Stents de diseño avanzado.

ARTICLE IN PRESS

Please cite this article in press as: Arévalos V, et al. Transcatheter treatment of aortic coarctation. REC Interv Cardiol. 2025. https://doi.org/10.24875/RECICE.M25000557.

mailto:ejfu0209%40gmail.com?subject=
mailto:flores%40clinic.cat?subject=
https://x.com/ejfu0209
https://x.com/ianduagae
https://x.com/VictorArevalos
https://doi.org/10.24875/RECICE.M25000557
https://doi.org/10.24875/RECICE.M25000557


2 V. Arévalos et al. REC Interv Cardiol. 20XX;XX(X):XX-XX

INTRODUCTION

Aortic coarctation (AC) is a congenital heart disease (CHD) that is 
defined as a narrowing of the thoracic aorta. This defect is usually 
located distal to the left subclavian artery and near, or at, the 
insertion of the ductus arteriosus remnant. Severity may vary, and 
AC can present as a discrete stenosis or as a long and/or tortuous 
stenotic segment.1,2 AC is one of the most common CHD, accounting 
for 5% to 8% of this group of defects,3 with a rate of 3 to 4 cases 
per 10 000 live births. Male sex is more prevalent, with a 2:1 
predominance.4 Other congenital cardiovascular defects are usually 
found accompanying this disease, with a rate of 70% to 87%.1,5,6 
The most common is the bicuspid aortic valve (BAV), which has 
been reported in up to 60% of cases.1,2

The clinical presentation depends on the severity of the obstruction 
and the presence of other accompanying CHD. Severe cases present 
in the neonatal age, often with cardiogenic shock. In contrast, less 
severe obstructions can be detected in childhood or even adulthood 
with upper body hypertension, ventricular hypertrophy, thoracic 
aorta dilatation, and progressive collateralization.7,8 Signs and symp-
toms are listed in table 1.9

The natural history of unrepaired aortic coarctation is associated 
with a markedly poor prognosis. Campbell et al. reported the 
leading causes of death in unrepaired AC: congestive heart failure 
(25%), aortic rupture (21%), bacterial endocarditis (18%), and intra-
cranial hemorrhage (11%).10 Therefore, AC repair in patients with 
significant stenosis is mandatory to improve prognosis and quality 
of life. Currently, clinical practice guidelines suggest intervention 
when AC is accompanied by hypertension and a peak-to-peak 
invasive gradient > 20 mmHg.11 Surgery was the first repair tech-
nique, with percutaneous treatment subsequently established as a 
viable therapeutic option for eligible patients. This review aims to 
summarize available evidence on percutaneous interventions, 
discussing advancements, outcomes, and future perspectives.

HISTORICAL PERSPECTIVE

The first AC surgery was performed by Crafoord in 1944, and 
consisted of resection and end-to-end anastomosis.12 Since then, 
other surgical techniques have evolved to prevent recoarctation and 
aneurysm formation, including patch aortoplasty, subclavian flap 
aortoplasty, and coarctectomy with graft interposition.2

Although surgery was the gold standard for many years, the intro-
duction of percutaneous therapies opened a new spectrum of 
possibilities. The first percutaneous treatment for AC was published 
in 1982 by Singer et al. They successfully performed a balloon 
angioplasty (BA) to treat an AC in a newborn.13 Despite the effec-
tiveness of this technique, it was associated with a high rate of 
recoarctation and aneurysm formation.14,15

The first documented case of stent implantation in a patient with 
AC was published in 199116, and later, in 1995, Suárez de Lezo et 
al. reported the first series of patients treated with the same 
approach, showing safety and efficacy.17 The main advantage of 
stent implantation is the provision of structural support, which 
reduces complications.18 In 1999, Gunn et al. and subsequently 
other authors reported the use of covered stents with good 
results.19-21

Currently, stent implantation is recommended by the European 
clinical practice guidelines as the first option in adult patients with 
appropriate anatomy.11 However, surgical repair remains essential 
in some instances, requiring careful determination of the optimal 
approach. 

BALLOON ANGIOPLASTY

BA was initially used in neonates and infants with AC and heart 
failure as a bailout strategy or as definitive therapy in cases of high 
surgical risk.13 However, this technique was subsequently tested in 
older children and adults. The main advantage of BA is its simplicity, 
with good results in discrete coarctation. However, balloon dilata-
tion inside the aorta can rupture the intima and damage the media 
layers, with subsequent potential complications.22

Disadvantages include lower efficacy in complex anatomies, such as 
isthmic hypoplasia and diffuse stenosis.23,24 The most common 
complications are aortic dissection and elastic recoil in the short term, 
and recoarctation and aneurysm formation in the long term.23,25,26 A 
retrospective registry of children treated with BA reported aortic 
rupture/dissection in 2% of cases, recoarctation in 26% and aneurysm 
formation in 34%.27 Similarly, a randomized clinical trial comparing 
balloon angioplasty vs surgical treatment in children revealed that 
aneurysm formation occurred in 20% and restenosis in 25% of the 
patients treated with angioplasty.28 On the other hand, in older 
patients with discrete coarctation, Walhout et al. and Fawzy et al. 
have found a low rate of recoarctation (≈3%).29,30 Similarly, aneurysm 
formation in adults appears to be lower vs children (1.8-6%).31,32

BA shows a good efficacy profile in 67%-90% of cases of recurrent 
coarctation (postoperative or patients with a previous BA), espe-
cially in children. Therefore, currently, recurrent AC is one of the 
main indications for BA.25,33-35 Furthermore, it is used in native 
coarctation in children to delay stent implantation until adulthood, 
when adult-sized stents can be implanted as definitive therapy. 
Despite these primary indications, in selected cases with discrete, 
non-critical obstruction, BA may be effective and stent implantation 
can be avoided, as we previously mentioned.36

TRANSCATHETER STENT PLACEMENT 

The introduction of stent implantation in AC aimed to improve 
short- and long-term outcomes after balloon angioplasty, reducing 
complications due to aortic elasticity, recoil, and wall rupture.35 
The radial strength of the stent opposes the aortic recoil and helps 
to improve vessel integrity after the trauma inherent to balloon 
dilatation.35 

Zabal et al. found that the residual gradient was significantly lower 
in patients treated with stent implantation vs those undergoing BA. 
This difference was more evident in patients with non-discrete 
coarctation (tubular coarctation or isthmic hypoplasia), in whom a 
residual gradient > 20 mmHg was observed in 57% of cases after 
BA vs 0% in the stenting group.36 Furthermore, stenting reduces 
the rate of recoarctation and aneurysm formation.37-39

Table 1. Signs and symptoms of aortic coarctation in adults with unrepaired AC9

Signs Symptoms

Upper extremity hypertension
Weak or absent femoral pulses
Brachio-femoral delay
Blood pressure gradient between the upper 
and lower extremities
Systolic or continuous murmur between the 
scapulae
Aortic regurgitation murmur (in cases of 
dilated aortic root with or without bicuspid 
valve)
Apical impulse displaced (in cases of dilated 
left ventricle)

Exertional intolerance/dyspnea
Headache
Epistaxis
Dizziness
Lower extremity claudication
Abdominal angina
Tinnitus
Cold feet
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Moreover, stent implantation has demonstrated to be safe in the 
treatment of recoarctation, especially in patients who have under-
gone surgical repair. Despite several complications having been 
described, long-term follow-up has shown promising efficacy.40,41 

Currently, stent implantation is preferred over BA in adults and 
adolescents. Furthermore, the European clinical practice guidelines 
recommend stenting over surgical repair when the anatomy is 
favorable.42

Despite the advantages, stenting in children younger than 8-10 years 
is still limited by the risk of vascular complications at the access site 
(greater sheaths needed), and the additional limitation of being 
unable to implant an adult-sized stent in a still-growing aorta, as well 
as the challenge of placing stents that can be adequately postdilated 
to accommodate future aortic growth.25,43

Covered vs uncovered stents

First, it is essential to note that balloon-expandable stents are 
preferred over the self-expandable ones due to the greater radial 
strength of the former, which enhances AC dilatation and prevents 
aortic recoil. Among balloon-expandable stents, covered stents are 
preferred over the bare-metal (uncovered) ones in most clinical 
scenarios. Covered stents can create a sealing effect at the implan-
tation site, providing an additional safety feature.44

Currently, covered stents are considered first-line stents for percu-
taneous management of native AC, stent fracture, recoarctation, 
and aneurysm formation.11 In the native AC scenario, covered 
stents are preferred, especially in complex anatomies, older patients, 
patients with connective tissue disease, or Turner syndrome (TS) 
to prevent aortic wall rupture or aneurysm formation.25,38 The 
“sealing effect” is advantageous in previously treated patients who 
develop aneurysm formation or rupture of the vessel wall.45

Uncovered stents are preferred in children due to the possibility of 
redilating the stent to accommodate aortic growth. Covered stents 
can only be dilated up to a specific diameter without damaging 
their covering material. This is why covered stents are indicated 
for adult patients.46

HYBRID APPROACHES

A hybrid approach combining surgical procedures with percuta-
neous treatment is currently an option in patients with CHD. In 
the context of AC, a hybrid approach is typically necessary when 
the patient presents with another additional congenital heart defect 
that requires surgical repair. A common scenario is the coexistence 
of a dilated ascending aorta and a BAV with significant regurgita-
tion or stenosis.47 The management of such cases is always chal-
lenging due to the lack of standard guidelines and recommenda-
tions. The timing of the corrections and the type of procedures to 
be applied are still under discussion. 

Several authors have reported cases of patients with BAV disease 
accompanied by ascending aorta dilatation and aortic regurgitation, 
which were initially treated with a percutaneous technique for the 
AC and later underwent a Bentall procedure.47,48 Probably, AC 
repair before valvular replacement can decrease the risk of 
hypoperfusion of organs distal to the coarctation. However, the 
evidence remains inconclusive; first-stage surgical repair of valvular 
disease has nonetheless been reported as successful.49

As a new approach, Russell et al. reported their experience with a 
patient with BAV, ascending aorta dilatation, and AC. They 

performed a single-stage hybrid approach that included endovas-
cular repair of the aortic root (AC), followed in the same session 
by surgical replacement of the aortic valve and ascending aorta.50

IMAGING, PATIENT SELECTION, AND PROCEDURAL 
CONSIDERATIONS

Imaging

Multimodal imaging evaluation is mandatory in patients with 
suspected AC to adequately characterize the anatomy, rule out 
accompanying malformations, and help to decide the best thera-
peutic option. 

Transthoracic echocardiography

Transthoracic echocardiography is usually the first imaging modality 
performed in patients with suspected AC. Transthoracic echocardi-
ography can reveal ascending aorta dilatation and, in some cases, 
allows localization of coarctation in the suprasternal view with 2D 
imaging and color Doppler. Additionally, spectral Doppler in the 
suprasternal view can display the typical “saw tooth” pattern with 
continuous wave Doppler, enabling the measurement of the 
gradient in favorable cases.51

Computed tomography angiography

Computed tomography angiography (CTA) is considered the imaging 
modality of choice for evaluating the thoracic aorta in patients with 
contraindications to cardiac magnetic resonance (CMR), such as 
pacemakers and defibrillators. Furthermore, it is the gold standard 
for aortic dissection, a known complication of AC, and the preferred 
imaging modality for evaluating luminal patency and ruling out 
restenosis or stent fracture in patients who have undergone a 
previous AC repair.52

Compared with CMR, the CTA provides a higher spatial resolution 
of the aorta, requires shorter acquisition times, and is better toler-
ated by claustrophobic patients; however, its disadvantages include 
the use of ionizing radiation and the need for IV dye, which can 
lead to kidney damage.53

Cardiac magnetic resonance 

CMR is currently considered the gold standard imaging modality 
for evaluating adult patients with suspected AC and other CHD. 
This modality can accurately identify the location and significance 
of the coarctation using phase-contrast flow analysis. Furthermore, 
CMR facilitates measurement of the coarctation segment length and 
aortic dimensions to select an appropriate stent size, identifies 
collateral flow in the intercostal arteries, assesses cardiac function, 
and the presence of other concomitant CHD. All of these advan-
tages are achieved without the use of ionizing radiation.54,55 More-
over, CMR is used for postoperative surveillance after stent implan-
tation and surgery to detect potential complications.2

Patient selection and indications

Native AC or recoarctation repair (either surgical or transcatheter) 
is mandatory in patients with hypertension and a confirmed peak-
to-peak gradient across the coarctation > 20 mmHg (class I indica-
tion), with a preference for stenting when technically feasible in 
both most recent European and American clinical practice guide-
lines.11,56 Furthermore, according to European clinical practice 
guidelines, AC percutaneous repair should be considered in patients 
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with hypertension and 50% narrowing without peak-to-peak 
gradient < 20 mmHg, and normotensive patients without signifi-
cant gradients (class IIa indication).11

Repair strategy selection in patients with AC should be based on 
meticulous analysis, considering key factors such as patient age and 
weight, anatomic characteristics of the coarctation, and a history 
of prior surgical procedures. Typically, percutaneous repair is 
considered a lower-risk alternative to surgery in correctly selected 
patients. A schematic representation of the decision-making process 
is shown in figure 1. 

In infants and children aged 8-10 years with native AC, surgical 
repair is preferable to percutaneous techniques. If an endovascular 
intervention is selected, BA will be the preferred approach.25 
Furthermore, some authors suggest a “threshold” of 25 kg, below 
which stenting is not recommended due to greater sheaths needed, 
and represents a high risk for vascular complications.57 

In adolescents and adults, if the anatomy is adequate and there is 
no accompanying CHD requiring surgical repair, percutaneous 
stenting is currently considered the first-line therapy.25 These 
considerations will depend on the patient’s individual anatomic 
characteristics. Additionally, each center’s experience with these 
cases will influence clinical decision-making.

Procedural considerations

Adequate planning will be crucial in ensuring better outcomes and 
minimizing the risk of complications associated with coarctation 

stenting. Several steps may coincide with the BA. The main steps 
and technical considerations will be addressed below. Figure  2 
illustrates a case of an AC successfully treated with stent 
implantation.

First, before the procedure, managing hypertension is crucial as a 
hypertensive crisis is commonly observed after stent implantation. 
Beta-blockers can help to prevent such crises. Furthermore, strict 
postoperative monitoring is recommended to detect and manage 
hypertension effectively, ensuring better patient outcomes. Some 
authors recommend performing any percutaneous treatment under 
general anesthesia. AC dilatation is often painful, and the use of 
this approach could ensure a more comfortable procedure.35 
However, in general, light or moderate sedation is usually sufficient 
for adult patients.

–	 Access: typically, the common femoral artery (right or left) is 
used. Preclosure with a Perclose ProGlide (Abbott Vascular, 
United States) should be considered. The sheath size should be 
selected based on the balloon or stent diameter; delivery 
sheaths 2-3-Fr sizes larger than the minimum required for the 
balloon are recommended. Unfractionated heparin is adminis-
tered to achieve an activated clotting time > 250 seconds. 
Furthermore, a prophylactic dose of cefazolin should be 
administered.

–	 Coarctation crossing: AC can usually be crossed with a conven-
tional 0.035 in polytetrafluoroethylene guidewire, and some-
times a hydrophilic guidewire. In extremely difficult anato-
mies, retrograde access from the radial artery with 
externalization via femoral artery may be necessary. New 

Surgical repair

Hybrid approach

Yes

< 10 y > 10 y

StentingBalloon angioplasty

Age

Presence of another CHD

Recoarctation

No

Balloon angioplasty*

Native AC

< 10 y > 10 y

Age

Stenting*Surgical repair

Surgery contraindicated or favorable 
anatomy for angioplasty

Patient with AC

Figure 1. Proposed algorithm of first-line therapies according to the age of patients with aortic coarctation. The suggested approach in each case and age 
group is general, and the decision on the selected strategy will depend on the anatomic characteristics and the centers’ experience. AC, aortic coarctation; 
CHD, congenital heart disease. �  
* Some authors suggest a “threshold” of 25 kg, below which the use of a stent would be inadvisable.

*

*
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gradient measurements and angiographies should be obtained 
to evaluate the defect. The initial guidewire will be exchanged 
for an extra-stiff guidewire that will be positioned in the 
ascending aorta or the left subclavian artery (only if the 
distance from the subclavian ostium to the defect is > 10 mm).

–	 Balloon and stent size selection: stent (and balloon) should be 
sized according to the diameter of the proximal arch without 
exceeding the diameter of the diaphragmatic aorta.57 Stent 
length should be adequate to cover the stenotic segment, 
bearing in mind that over-dilation may result in shortening of 
up to 30%. Several of the stents currently available for AC 
treatment are listed in Table 2.

–	 Dilatation and stent implantation: Predilatation is not routinely 
recommended as anchorage and stent implantation are 

generally more effective with direct stent placement. However, 
in cases of critical stenosis, predilatation turns out to be 
unavoidable.

	 After dilatation, the ratio of the final stent diameter vs the 
most stenotic region of the AC should be < 3.5.57

–	 Effectiveness: The procedure will be considered successful 
when the invasively measured residual gradient is 
< 10 mmHg.58 

OUTCOMES AND COMPLICATIONS

Immediate and short-term outcomes

Percutaneous treatment of AC has proven safe and effective, with 
success rates varying by intervention type and patient population. 
Immediate complications related to transcatheter repair include aortic 
wall rupture, stent malapposition, and vascular access site complica-
tions; their rate varies across groups and reports. Steiner and Prsa 
found that BA achieved a success rate of 71% in native AC and 69% 
in recoarctation. On the other hand, stent implantation showed a 100% 
success rate in both situations.59 A meta-analysis conducted by Nana 
et al. found that the technical success rate of stenting in adults was 
97%, with intraoperative and 30-day mortality rates of 1%.60 Another 
meta-analysis by Yang et al. reported an overall success rate of 98% 
for stent implantation in native AC.61

Long-term outcomes 

Transcatheter treatment using stents, both bare-metal and covered, 
has demonstrated excellent long-term outcomes. Schleiger et al. 
reported a procedural success rate of 88.2% and survival rates of 
98.1% at 5 years, 95.6% at 10 years, and 95.6% at 15 years. 
Reintervention rates were 27.8% at a median follow-up of 7.3 years, 
with no significant difference between bare and covered stents.62 
The COAST and COAST II trials showed a good efficacy profile at 
the follow-up and less antihypertensive drug use.63

Long-term complications include aneurysm formation, restenosis, 
stent fracture, and stent migration.64 Of note, the COAST and 
COAST II trials reported a cumulative rate of stent fractures of 
24.4% at late follow-up. Reintervention rates were 21.3%, with 
predictors including younger age and smaller stent diameters.63

Table 2. Stents used for AC repair

Covering Assembly Stent model Manufacturer Metal
Expansion 
range (mm)

Shortening Cell type*

Uncovered Pre-assembled Formula Cook Medical Stainless steel 8-20 ~ 10-15% Closed-cell

Not pre-assembled Andrastent XL and XXL Andramed Cobalt-chromium alloy 12-32 < 5% Open-cell

CP stent NuMED Platinum-iridium alloy 12-30 ≈ 15-20% Closed-cell

Optimus AndraTec GmbH Cobalt-chromium alloy 10-28 ~ 5% Open-cell

Covered Pre-assembled Begraft aortic Bentley Innomed GmbH Cobalt-chromium alloy 12-24 < 5% Closed-cell

Atrium Advanta V12 Maquet Stainless steel 12-16 0-15% Closed-cell

NuDEL NuMED Platinum-iridium alloy 12-24 ~ 10% Closed-cell

Not pre-assembled CP covered NuMED Platinum-iridium alloy 12-24 ~ 15-20% Closed-cell

Optimus covered AndraTec GmbH Cobalt-chromium alloy 12-28 < 5% Open-cell

* Open-cell stents have larger gaps and fewer connecting struts, offering greater flexibility and conformability to curved vessels. Closed-cell stents feature more interconnections, 
providing higher radial strength and uniform coverage but reduced flexibility and adaptability in tortuous anatomies.

Figure 2. A successful treatment of aortic coarctation in an adult. A: comput-
erized tomography showing aortic coarctation. B: angiography confirming 
aortic coarctation. C: balloon angioplasty and stent implantation. D: final 
fluoroscopic result after stent implantation.
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C D
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Pan et al. provided one of the longest published follow-up (from 4 
to 30 years). The cumulative rate of stent fracture at the long-term 
follow-up was 34%, while aneurysm formation occurred in 13% of 
cases.65

Overall, stenting is associated with high procedural success rates, 
significant long-term survival benefits, and a lower rate of hyper-
tension. However, long-term follow-up is essential due to the risks 
of stent fractures, reinterventions, and potential late complications 
such as aneurysm formation.42,56

ADDRESSING LIMITATIONS IN SPECIFIC PATIENT POPULATIONS

Turner syndrome and connective tissue diseases

CHD can be found in approximately one-third of patients with TS, 
of which 75% correspond to AC or BAV.66,67 Although the usual 
first-line therapy for AC in children is surgical repair, patients with 
TS exhibit high rates of aortic dissection (11%) and aneurysm 
formation (30%) after surgery.68 These results are attributed to 
inherent aortic wall weakness due to cystic medial necrosis 
observed in TS.68 Therefore, percutaneous treatment with covered 
stent implantation is currently the preferred treatment option in 
patients with adequate anatomy. Covered stents can cover the 
injured area in the stented wall and help to reduce the risk of 
aneurysm formation in this particular vascular situation.69

Regarding connective tissue diseases, such as Marfan or Ehlers-
Danlos syndrome, there is insufficient evidence to select the 
optimal treatment for AC in these cases. However, similar consid-
erations to those outlined previously outlined for TS may be 
applied, selecting covered stents when percutaneous treatment is 
anatomically feasible. 

Adults and elderly patients 

Elderly patients usually present with severe calcification at the 
coarctation site, which complicates the stent implantation and 
expansion, which can lead to suboptimal outcomes and increased 
risk of complications. In this regard, some authors recommend 
performing a series of dilations of the implanted stent to restore 
the physiological aortic diameter gradually. The use of covered 
stents to treat AC should be advised in elderly patients with a 
calcified aortic wall.70 

In selected complex cases, such as adults with longstanding severe 
coarctation leading to near or complete aortic occlusion, percuta-
neous treatment may still be feasible. These cases require careful 
procedural planning, often using staged balloon dilations or covered 
stents to restore aortic patency safely. Advanced techniques such 
as guidewire escalation strategies, retrograde or antegrade access, 
and careful predilatation may be employed to minimize the risk of 
aortic injury and optimize stenting. Case reports and small series 
have demonstrated that, with experienced operators and appro-
priate planning, percutaneous repair can achieve satisfactory 
outcomes even in these challenging anatomies.65

INNOVATIONS AND EMERGING TECHNIQUES

Advances in stent technology

Biodegradable stents

An alternative to bare-metal stents for children and newborns could 
be bioabsorbable polymers, such as PLLA (poly-L-lactic acid) and 

PLA (poly-lactic acid).71 These stents must provide structural 
support through their geometry; however, their lower strength 
compared with bare-metal metals makes them unsuitable for larger, 
stiffer vessels, such as the aorta.72,73 Currently, no polymeric bioab-
sorbable stents exist for treating AC in children.74 Despite this, 
bioresorbable stents could reduce the costs and risks associated 
with permanent implants. Advances in stent technology may soon 
provide biodegradable solutions, enabling nonsurgical management 
and allowing infants with AC to grow normally.

Expandable stents

One limitation of stenting in infants is the size of the delivery 
sheath required for stent implantation, which can later be redilated 
to accommodate somatic growth.75 Balloon-expandable stents are 
the gold standard for treating AC.76 However, self-expandable 
stents are still in the early stages of research, which may reduce 
the risk of stent fracture, vessel dissection, and aneurysm 
formation.77 

Efforts to address growth challenges include the development of 
self-disrupting stents, such as the Growth stent (QualiMed, 
Germany), designed for AC. The device is composed of 2 halves of 
laser-cut, electropolished stainless steel, joined with bioabsorbable 
sutures to form a circular structure. The sutures are fully absorbed 
within 6 months, after which the 2 separate halves will remain 
safely in position without limiting natural growth, facilitating the 
implantation of a larger traditional stent that can potentially expand 
to adult dimensions. Despite initial promise, these stents ultimately 
failed due to high reintervention rates and inadequate growth 
adaptability.78 

Modern strategies now focus on newer stent designs with low 
delivery profiles and high redilation potential, such as the Palmaz 
Genesis XD, Intrastent Mega, and Cheatham Platinum stent, the 
latter being the first approved for AC. These stents significantly 
reduce the risk of restenosis and the need for additional implanta-
tion. The Cheatham Platinum stent (NuMED, United States) is 
made from platinum and iridium wires arranged in a zigzag config-
uration capable of expanding to a diameter of up to 30 mm. Its 
significant dilation capability greatly reduces the need for additional 
stent implantation, leading to a lower rate of restenosis vs other 
devices.58,79

Emerging technologies include the Minima stent (Renata Medical, 
United States), designed for congenital vascular stenosis allows for 
an initial size < 4 mm for implantation at birth, with the possibility 
to expand to over 22 mm, maintaining structural integrity and radial 
strength,80 and the BeGrow stent (Bentley InnoMed, Germany), 
developed for pulmonary artery stenosis to allow for dilation up to 
11.5 mm, which features controlled breaking points to accommo-
date growth and future interventions.81 

Imaging and navigation enhancements

Three-dimensional (3D) printed models are proving invaluable for 
planning complex procedures in CHD.82,83 3D-printed models have 
demonstrated utility in surgical and percutaneous planning, 
including for aortic arch hypoplasia and transcatheter valve implan-
tation. These models are created using imaging modalities such as 
CMR, CTA, or echocardiography, followed by segmentation and 
printing. While rigid models are ideal for stent positioning, flexible 
models assess vessel wall dynamics.83 Clinically, 3D printing 
enhances procedural precision, reduces complications, and shortens 
procedural time being beneficial for high-risk patients or chal-
lenging anatomies.
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Future directions

Advanced imaging modalities, innovative stenting technologies,74 
and hybrid approaches could enhance AC treatment results. Addi-
tionally, rigorous long-term follow-up protocols are crucial for 
monitoring treatment durability and assessing late complications in 
patients.

Unmet needs for percutaneous treatment exist, including non-stan-
dardized techniques and ideal approaches for different patient 
profiles.84,85 We need to refine patient selection criteria, enhance 
the management of complications, and collect more extensive 
long-term clinical data to ensure optimal outcomes and patient 
safety. 

Finally, key research priorities in this field include conducting 
randomized clinical trials comparing new stent designs, optimizing 
stent implantation techniques, evaluating the role and timing of 
post-dilation, improving imaging modalities to guide and assess 
outcomes, determining the indications and optimal timing for 
percutaneous reintervention, and addressing the management of 
patients during the transition from pediatric to adult care.86

Without a doubt, artificial intelligence will play an important role 
in the percutaneous treatment of CHD. In the case of AC, it will 
enable a more precise analysis of imaging modalities to characterize 
its severity. Moreover, AI will enable better treatment planning, 
allowing selection of the most suitable approach and device, as well 
as individualized stents tailored to each patient’s profile, thereby 
optimizing long-term results.

CONCLUSIONS

Percutaneous stenting has become the standard of care for eligible 
patients with AC, supported by consistent procedural success and 
favorable long-term outcomes. Future research should focus on 
optimizing device design, pediatric adaptability, and standardized 
follow-up protocols.
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