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[ ¥ Case Report

A Hybrid Approach to Right-sided Aortic Arch Aneurysm Using Bilateral
Carotid to Subclavian Bypass with a Customized Fenestrated Thoracic
Endovascular Aortic Repair Device

Abstract

We present a hybrid approach to the management of an aortic aneurysm in a right-sided aortic
arch with aberrant left subclavian artery and associated Kommerell’s diverticulum. The aneurysm
extended from the origin of the left common carotid artery to the mid-descending thoracic aorta.
A bilateral carotid to subclavian artery bypass was performed followed by endovascular placement
of a customized fenestrated thoracic endovascular aortic repair device (TEVAR, Cook Medical,
Australia). Endovascular stents (Viabahn, Gore Medical, Arizona) were placed in the carotid arteries
bilaterally and Amplatzer II plugs (AGA Medical Corporation) were used to occlude the subclavian
arteries. Follow-up imaging at 1 month revealed no evidence of endoleak.
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Introduction

A right-sided aortic arch results from
abnormal embryonic development. It is
present in 0.04% to 0.1% of the population,
and 50% are associated with an aberrant left
subclavian artery (LSA).Y In these cases,
the origin of the aberrant LSA can have a
misshapen bulbous configuration, known
as a Kommerell’s diverticulum (KD). The
malformed nature makes it susceptible
to aneurysm and dissection. Elective
repair is preferred due to high postrupture
mortality rate of >50%.%% We report a
hybrid case using preprocedural bypass
followed by insertion of a customized
fenestrated thoracic endovascular aortic
repair (TEVAR) device for the management
of both aortic arch and descending thoracic
aorta aneurysm associated with a KD.

Case Report

A 60-year-old male with a background
of coronary artery disease, muscular
dystrophy, and  rheumatoid  arthritis
presented with dysphagia and shortness of
breath on exertion. Computer tomographic
angiography (CTA) revealed a right-sided
aortic arch with aberrant LSA and an
associated KD [Figure 1]. The KD was
aneurysmal and increased in size from
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6.2 cm to 6.7 cm over 12 months. The
aneurysmal portion extended from the distal
aspect of the origin of the left common
carotid artery to the mid-descending
thoracic aorta.

The patient underwent an elective hybrid
procedure. First, a bilateral carotid to
subclavian artery bypass was performed. The
second (endovascular) stage was performed
under general anesthesia with orotracheal
intubation and required bilateral femoral,
bilateral carotid, and right subclavian
cutdowns. Bilateral femoral sheaths were
placed and a 5-French pigtail catheter was
inserted directly into the right subclavian
artery (RSA) via the cutdown [Figure 2].
Access was also gained through the right
femoral vein into the right ventricle to allow
for rapid ventricular pacing.

The customized fenestrated thoracic device
was produced in accordance with the
patient’s individual measurements (Cook
Medical, Australia). It matched the unique
size of the patient’s aortic arch and
contained two fenestrations, one for each
common carotid artery. It was inserted via
the right femoral artery into the ascending
aorta. An aortogram was performed to
confirm that the proximal end of the stent
graft was not encroaching on the coronary
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arteries. Bilateral access via the common carotids was then
gained using the Seldinger technique. 10-French sheaths
were placed bilaterally. Guide catheters were inserted to the
level of the aortic arch ostia. The position of the custom
device was confirmed and deployed under fluoroscopic
guidance with rapid ventricular pacing.

Viabahn delivery system catheters (Gore Medical, Arizona)
were used to cannulate the branches of the customized
stent graft via the carotid artery sheaths. A 9 mm x 10 cm
Viabahn-covered stent graft was placed on the left and a
9 mm x 5 cm Viabahn-covered stent graft was placed on
the right.

The distal thoracic component (TX2, Cook Medical,
Denmark) was placed via the left femoral artery access and
deployed under fluoroscopic guidance [Figure 3]. Amplatzer
II plugs (AGA Medical Corporation) were used to occlude

Figure 1: Preoperative three-dimensional reconstruction from computer
tomography demonstrating the arterial branching pattern from proximal
to distal as follows: Left common carotid, right common carotid, right
subclavian artery, and aberrant left subclavian artery with associated
Kommerell’s diverticulum

Viabahn stents

Figure 3: Angiography demonstrates the customized fenestrated thoracic
endovascular aortic repair device within the aortic arch, the Viabahn stents
in the carotid arteries bilaterally, and the TX2 thoracic stent component in
the descending aorta

the subclavian arteries bilaterally. An 8-mm Amplatzer II was
used on the right and a 16-mm plug on the left [Figure 4].

Completion aortography revealed no endoleak. The sheaths
were removed with no vascular injury. The femoral arteries
and wounds were closed. The stent coverage extended from
the sinotubular junction to the mid-descending thoracic aorta.

There were no immediate complications, and the patient
was transferred to the Intensive Care Unit. On extubation,
the patient was weak secondary to the muscular dystrophy
but otherwise neurologically intact.

Follow-up CTA at 1 week and 1 month revealed no
endoleak [Figure 5]. No further follow-up imaging was
obtained as the patient, aged 61 years, passed away
9 months after the procedure.

Discussion

Pathological studies suggest that the most common
anatomical variant seen with a right-sided aortic arch is

RSA

Bilateral carotid to |
subclavian bypass

"5 Fr Pigtail.  ———
catheter via RSA

Figure 2: Angiography demonstrates bilateral carotid to subclavian bypass,
pigtail catheter in situ, and endovascular preparation in the aortic arch for
fenestrated thoracic endovascular aortic repair placement

Amplatzer Il plug—»

Figure 4: Angiography demonstrates placement of an Amplatzer Il plug in
the right subclavian artery
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Figure 5: Three-dimensional reconstruction from computer tomography
performed postprocedure, demonstrating stent grafts in situ, occlusion
of the native subclavian arteries bilaterally, and no evidence of endoleak

mirror image anatomy, which is present in 85% of cases.
The first branch is the left brachiocephalic artery followed
by the right common carotid and the RSA. The remaining
15% of cases have an aberrant LSA.™ However, in 2016,
Barr et al. observed the reverse pattern. Of 99 cases, 89%
had an aberrant LSA and 11% had mirror image anatomy.
As this study focused on the management of pathology,
it appears that an aberrant LSA increases the risk of
aneurysm and dissection due to the presence of KD and
its associated wall weakness. Twenty of the 99 cases
underwent a hybrid procedure, and only eight of these
had a bypass procedure of the arch vessels followed by
a TEVAR.P! There are little data available regarding the
optimal time for intervention. Size criteria do not exist
and rupture has occurred in an aneurysm as small as
2 cm.®

This case’s aneurysm was extensive and had both arch and
distal thoracic aorta involvement. Previously, an aneurysm
with this degree of arch involvement would require surgical
arch replacement via a median sternotomy or a thoracotomy
with or without partial heart bypass.

The customized device used in this case was designed
to allow full coverage of the aneursymal portion of the
aorta and provide fenestrations for access to the common
carotids for additional stent placement. The advantage of

this technique was that the aneurysm could be treated with
an endovascular approach, avoiding the need for open
surgery while also maintaining patency of the arch vessels.
This approach was particularly useful in this case as the
patient was a poor surgical candidate due to comorbidities.
However, there are limitations to such a device including
high costs and the time required to manufacture. This
technique cannot, therefore, be used in emergency
situations. It should also be noted that the procedure
required significant planning, and as it is high risk, it was
carried out in a specialist center.
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