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Balloon-expandable stent and self-expandable
stent combined to treat coarctation of the aorta
with descending aortic aneurysm: a case report
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Coarctation of the aorta is often associated with aortic dilatation, presenting a complex challenge for stent-based interventions. To
address this, we have developed a novel combination of stent treatments to manage this dual pathology effectively.

A 29-year-old hypertensive patient with a coarctation of the aorta and a descending thoracic aortic aneurysm was evaluated for
treatment. Contrast-enhanced computed tomography angiography (CTA) revealed significant narrowing at the aortic arch
(Zone 2, proximal to the left subclavian artery) with a diameter of 5.04 mm. Additionally, the descending aorta had an aneurysmal
dilation measuring 29.65 mm. We applied an innovative approach combining a balloon-expandable stent (BES) with a self-
expandable stent (SES). Post-procedure CTA demonstrated favourable aortic remodelling, with the narrowest point of the aorta
expanding from 5.04 to 15.95 mm.

This novel technique of implanting a BES within an SES effectively addresses both the aortic coarctation and the descending aortic
aneurysm. By tripling the diameter of the coarctation, the approach maximizes aortic expansion while protecting the aorta.
Moreover, the combination of these stents enhances overall stability, reducing the risk of stent migration or displacement.

Case report ® Aortic disease ® Coarctation of aorta ® Descending aneurysm ® Stent ® Balloon-expandable stent ®
Self-expandable stent

9.1 Aortic disease ® 7.5 Cardiac surgery

e Coarctation of the aorta (CoA) with descending thoracic aorta aneurysm is a rare and complicated conventional heart disease that we
should be aware of the stent-related complications.

e The use of two type stents combined to treat complicated CoA is an innovative and safe strategy, which can avoid acute stent-related com-
plications and have a positive prognosis.

challenges remain in optimizing outcomes for these patients. Key issues
include selecting the appropriate stent for secure anchorage; minimiz-
Stent implantation is the preferred treatment for aortic coarctation ing the risk of stent displacement, fracture, and vessel injury; and
(CoA\) in both adults and children.* Despite its widespread use, several addressing the management of descending aortic aneurysms while
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alleviating the aortic constriction. Additionally, the reconstruction
of the left subclavian artery (LSA) presents a significant surgical
consideration.
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(SES) for the treatment of CoA. Placement of the SES will occlude
the LSA, so an axillary-axillary artery bypass needs to be established be-
fore the main operation. The incision is made 1 cm below the left and
right clavicles, after which subcutaneous tissue and muscles are carefully
separated in layers. The bilateral axillary arteries are then exposed and
prepared for subsequent use. Following heparinization, blood flow is

A 29-year-old male with a constriction of the aorta and a

descending aortic aneurysm

The patient was discovered to have hypertension and
an uneven blood pressure reading in both upper limbs.

CTA detected a constriction of the aorta with a
descending aortic aneurysm which was 5-6 times
larger than the constriction.

How to choose the right stent to anchor it safely to the
aorta and optimize the prognosis?

How to aviod stents displacement, stent fracture and
vessel injuries?

How to manage descending aortic aneurysms while
relieving the constriction?

How to reconstruct the LSA?

Methods: An innovative use of BES combined with
SES for CoA was adopted, yet, SES implantation
blocked the blood flow of left subclavian artery, we
added the axillo-axillary bypass grafting.

After the operation, the CTA revealed a significant alteration in the aorta,
with its diameter increasing from 5.04 to 15.95mm, and the patient's
blood pressure dropped from 244/94 to 117/73mmHg.

A 29-year-old male was admitted to our hospital with a complaint of
left arm numbness lasting for 1 week on 6 October 2023. During phys-
ical examination, he was found to have hypertension, with significantly
differing blood pressure readings between the upper limbs: 200/
68 mmHg in the right arm and 125/90 mmHg in the left arm.
Computed tomography angiography (CTA) revealed a marked stenosis
at the aortic arch (Zone 2, just before the LSA), with a narrowed diam-
eter of 5.04 mm, and a dilated descending aorta measuring 29.65 mm in
diameter (Figure 1).

The planned treatment approach for CoA with a Cheatham-—
Platinum stent (CP stent) presented several challenges. The location of
the stenosis, situated at the junction between the aortic arch and the des-
cending aorta, involved a sharp 90-degree angle, increasing the risk of
stent fracture due to high blood flow forces. Additionally, the stenosis
was highly restrictive, which raised concerns that a single stent might
not fully correct the narrowing. The distal descending aorta’s diameter
was 5-6 times larger than the stenosed segment, complicating the poten-
tial for proper sealing of the stent and increasing the risk of stent migra-
tion or embolization. The dilated aorta also heightened the risk of aortic
dissection, rupture, and pseudoaneurysm formation. While conventional
stents have been effective for discrete CoA, the combination of severe
stenosis and distal aortic ectasia required a more tailored approach.

To address these challenges, we adopted an innovative strategy com-
bining a balloon-expandable stent (BES) with a self-expanding stent

temporarily occluded, and an 8 mm synthetic graft is anastomosed
end-to-side. A long, curved vascular forceps is employed to create a
subcutaneous tunnel near the left axillary artery to facilitate the
end-to-side anastomosis. Intraoperative imaging confirmed the patency
of the aortic arch and the left common carotid artery proximal to the
stenosis. The stenosed segment measured 5.04 mm in diameter. A self-
expanding stent (Medtronic®, 30-30-195 mm) was first inserted via the
right femoral artery and positioned distally to the left common carotid
artery with slowly dilating (Figure 2B). The 14 F sheath was then ex-
changed, and a BES (NuMed® CP) was placed at the site of the stenosis
(Figure 2C). Both internal and external balloons (NuMed® BIB, 16—
45 mm) were inflated simultaneously, effectively dilating the stenotic
region (Figure 2D). After satisfactory position and expansion, both
the internal and external balloons and the stent were simultaneously re-
leased. This step was completed in 47 s, and angiography showed a sig-
nificant improvement in the stenosis, with the diameter increasing to
15.95 mm (Figure 2E). Post-procedure, the stenosis at the distal end
of the left common carotid artery was successfully relieved, confirming
a positive outcome (Figure 2F).

During the procedure, arterial blood pressure was recorded at 5-min
intervals. The trends in systolic blood pressure, diastolic blood pres-
sure, and peak-to-peak values are illustrated in Figure 3. As shown in
Figure 3, both systolic and diastolic blood pressures exhibited a signifi-
cant decrease following the implantation of SES and BES. After the de-
ployment of both stents, the arterial blood pressure dropped from 244/
94 mmHg to a normal value of 117/73 mmHg. The peak-to-peak value
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Figure 1 Patient’s pre-operative computed tomography angiography performance: computed tomography angiography showed significant narrow-
ing of the aortic arch, with diameters of 5.04 mm, accompanied by distinct dilatation of the descending aorta measuring 29.65 mm in diameter.

Figure 2 The process of operation: (A) intraoperative imaging showed that the aortic arch and left common carotid artery opened proximal to the
stenosis. The diameter of the stenosed vessel was 5.04 mm. (B) A self-expanded stent (Medtronic®, 30-30-195 mm) was inserted into the aorta. (C) A
balloon-expanded stent (NuMed® CP) was inserted into the sheath, and the stent was positioned at the stenosis site. (D) The internal and external
balloons (NuMed® BIB balloon diameter length, 16—45 mm) were released. (E) The angiography showed a significant improvement in the stenosis site,
with a stenosis diameter of 15.95 mm. (F) After the procedure, the stenosis was released indicating a positive outcome from the procedure.
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The patient’s intraoperative blood pressure changes
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Figure 3 The patient’s intraoperative blood pressure changes: the patient’s blood pressure significantly decreased in the operation with the self-
expanding stent and subsequent balloon-expandable stent implantation. The patient’s highest intraoperative blood pressure was 244/94 mmHg; after

stenting, the blood pressure was 117/73 mmHg.

Figure 4 Patient’s post-operative computed tomography angiography performance: 4 days after the operation, the computed tomography angiog-
raphy revealed a significant alteration in the aorta, with its diameter increasing from 5.04 to 15.95 mm and descending aorta protected by aortic stent

coverage.

also decreased markedly from 132 to 44 mmHg, reaching its lowest
point of 8 mmHg after BES released, and subsequently rising to a nor-
mal range of approximately 41 mmHg within a few minutes. The differ-
ence between the right radial artery and lower limb pulse was reduced
to 2-8 mmHg, indicating improved circulatory dynamics.

The CTA performed 4 days after the procedure showed satisfactory
aortic remodelling, with the minimal aortic diameter increasing from 5.04
to 15.95 mm (Figure 4). This resulted in a reduction of the patient’s blood
pressure from 244/94 to 117/73 mmHg. Post-operatively, the patient
was started on aspirin therapy to prevent thrombosis for 6 months.
Antihypertensive medications were discontinued as blood pressure re-
mained stable. The patient and their family expressed their gratitude to

us before discharge, stating that they no longer experienced symptoms
such as headaches or dizziness after the operation. They were also
pleased that this minimally invasive treatment approach spared them
the discomfort associated with open-chest surgery. One month after dis-
charge, the patient came for a follow-up examination, and the CTA
showed that the diameter of the stenosed segment of aortic arch was
6.00 mm, indicating that the stents had been mildly dilated one month
after implantation. Comparing the CTA at discharge, the implanted stents
had not undergone any displacement. According to the patient’s daily
self-measurement of blood pressure, the blood pressure had been within
the normal range, and the pressure difference between the blood pres-
sures of both hands was less than 10 mmHg (Figure 5).
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Patient’s computed tomography angiography performance 1 month after operation.

Coarctation of the aorta is a common congenital heart defect, with an
incidence of 0.3-0.4 per 1000 live births.>™ It often occurs in isolation
but is frequently associated with other congenital anomalies, such as mi-
tral valve abnormalities (60%), aortic arch hypoplasia and other arch de-
fects (18%), ventricular septal defects (13%), and subaortic stenosis
(6%).°

Treatment options for aortic coarctation include surgery, balloon
angioplasty, and stenting.” A key observational study by Forbes et al.
in 2011, conducted by the Consortium for Congenital Cardiovascular
Intervention Research, compared the safety and efficacy of these inter-
ventions in patients with congenital aortic stenosis. The study found
that stenting outperformed both surgical repair and balloon angioplasty
in terms of safety and effectiveness, with the balloon angioplasty
group experiencing a significantly higher rate of vessel-related
complications.®’

Balloon-expandable stents, such as the NuMed CP® stent, are com-
monly used to treat CoA. These stents are designed to withstand high
radial forces, enabling them to effectively expand aortic stenosis. The
NuMed CP® stent has the advantages of high support strength, good
plasticity, rounded edges to protect the artery, and a low shortening
rate, which minimizes the risk of restenosis or stent fracture.
However, these same features can lead to complications. The small
size and parallel alignment of the proximal and distal ends of the
NuMed CP® stent can make it prone to displacement, and the high ra-
dial forces can increase the risk of vessel injury, aortic dissection, or
pseudoaneurysm. Inspired by a 2022 randomized controlled trial by
Sadeghipour et al.,'® which compared SES and BES, we explored a com-
bined approach. The SES serves as a protective cushion, reducing the
high radial forces generated by balloon dilation, and also stabilizes the
BES, preventing stent migration. This combination allows the BES to
fully expand the stenosis while reducing the risk of complications.
Additionally, the SES may help prevent restenosis by isolating the stent
from the vascular wall, thus reducing endothelial cell migration onto the
stent.

In our clinical experience with this combined approach—using a
NuMed CP® BES alongside a Medtronic® SES—the results have
been promising. We recommend the adoption of this treatment ap-
proach for patients who meet the following criteria: (i) age > 65 years;

(ii) surgical risk > 6%; (iii) complex aortic anatomy, such as coarctation
located at the aortic arch, coexistence of aortic coarctation and aortic
dilation, or stenosis at the branching points of the aorta; (iv) stenosis
that cannot be resolved by single stent implantation; (v) patients at
risk of rupture due to fragile arterial walls or extensive calcified athero-
sclerotic plaques; and (vi) patients with concurrent aneurysms or aortic
dissections. For cases where the stent obstructs blood flow to arterial
branches, solutions such as the creation of a bypass or stent fenestra-
tion can be employed. However, this approach has only been tested in a
single patient, and further experience and long-term follow-up are ne-
cessary to fully assess its efficacy and safety.
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