Hybrid repair of aberrant right subclavian artery using
open and endovascular techniques
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ABSTRACT

An aberrant right subclavian artery, the most commmon anatomic variant of the aortic arch, occurs in 0.5% of the
population. Symptoms generally result from compression of the esophagus and/or trachea as the aberrant vessel passes
posteriorly in the mediastinum. Treatment includes revascularization of the right subclavian artery from the right
common carotid artery using a cervical approach combined with occlusion of the origin of the aberrant vessel from the
thoracic aorta. We describe a hybrid treatment approach for a symptomatic aberrant right subclavian artery using
cervical revascularization and branched thoracic stent graft coverage of the origin of the aberrant vessel. (J Vasc Surg

Cases Innov Tech 2023;9:101307.)
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An aberrant right subclavian artery (ARSCA), also known
as arteria lusoria, is the most common congenital anom-
aly involving the aortic arch." This condition has an
estimated incidence of 0.5% and occurs two to three
times more frequently in females."> Embryologically, an
ARSCA develops when the right fourth branch of the
proximal descending aorta crosses the midline posteri-
orly to the esophagus in 80% of cases, between the tra-
chea and esophagus in 15%, and anterior to the trachea
in 5% The symptoms associated with an ARSCA typi-
cally result from tracheoesophageal compression by
the aberrant vessel, manifesting as dysphagia, cough,
stridor, and/or thoracic pain.>® Nevertheless, most pa-
tients are generally asymptomatic throughout life, and
the condition is often found incidentally during imaging
for other clinical reasons.”

The ARSCA was initially described in 1735 by Hunauld®
from autopsy dissection. In 1794, Bayford® documented
the first case of an ARSCA in a 62-year-old woman who
died after years of chronic dysphagia. In 1946, Gross'® re-
ported the first open surgical repair of ARSCA using a
left thoracotomy approach with ligation of the aberrant
vessel. This “classic” method was eventually found to be
associated with the development of ischemia and sub-
clavian steal."" Subsequent investigators later described
alternative open revascularization techniques, including
right thoracotomy, median sternotomy, and ARSCA
reimplantation to either the ascending aorta or the
right common carotid artery.”> The open surgical
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approach remained the first-line treatment for some
time; however, modern advancements in endovascular
technologies have since permitted more minimally
invasive techniques.

Surgical intervention for ARSCA is indicated for all
patients with symptoms or aneurysmal involvement.
The goal of surgery is to relieve the symptoms associated
with the aberrant vessel, in addition to preserving circula-
tion to the right upper extremity. Surgical management
typically involves revascularization of the right subclavian
artery through a cervical approach, with occlusion of the
ARSCA at its origin from the thoracic aorta.® We present a
hybrid approach to the management of a symptomatic
ARSCA using endovascular stent graft coverage of the
thoracic aorta, including the aberrant artery origin. The
patient provided written informed consent for the report
of her clinical case details and imaging studies.

CASE REPORT

The patient is a 46-year-old woman employed as a truck driver
who had a minor car accident after which her ARSCA was
discovered incidentally on a computed tomography scan of
the chest. She was referred for vascular surgery evaluation. Dur-
ing that consultation, she reported a long history of dysphagia.
Barium swallow test results subsequently confirmed compres-
sion of her esophagus consistent with the ARSCA and the diag-
nosis of dysphagia lusoria. Subsequent computed tomography
angiography (CTA) of the chest, abdomen, and pelvis verified
the anatomy of the arch vessels, with an otherwise normal aorta
and iliac system (Fig 1).

Surgical repair was then performed using a hybrid approach.
Femoral and left brachial artery access was used to exclude
the origin of the ARSCA from the proximal descending thoracic
aorta using a branched thoracic endovascular aortic stent graft
(W.L. Gore & Associates). The Gore TBE (thoracic branch endo-
prosthesis) device was chosen because of the proximity of the
left subclavian artery to the origin of the ARSCA, which would
require coverage of the left subclavian artery to achieve an
adequate proximal seal. Concurrently, the right subclavian artery
was transposed to the cervical portion of the right common ca-
rotid artery (Fig 2). The patient had an uneventful recovery and
was discharged home on the first postoperative day. She
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Fig 1. Preoperative computed tomography angiogram. A, Axial image demonstrating aberrant right subclavian
artery (red arrow) and compressed esophagus (blue arrow) between the artery and trachea. B, Three-dimensional
reconstruction demonstrating the relationship between the aberrant right subclavian artery and remaining

brachiocephalic branches.

Fig 2. Intraoperative angiography before (A) and after (B) hybrid repair with right subclavian-to-carotid artery
transposition and placement of a branched thoracic endovascular stent graft.

experienced complete resolution of her dysphagia and returned
to work 3 weeks after surgery. Follow-up CTA obtained 3 months
after surgery demonstrated widely patent arch vessels, including
the transposed right subclavian artery and stented left subcla-
vian artery and exclusion of the aberrant artery origin. Most
importantly, the ARSCA coursing behind the esophagus was
now completely decompressed (Fig 3).

DISCUSSION

In the present case, we opted for a hybrid approach,
which enabled excellent management of the ARSCA.
The decision to use a branched thoracic stent graft
was based on the patient's anatomy and the proximity
of the left subclavian artery to the origin of the ARSCA
of only 15 mm. To obtain an appropriate seal in the
thoracic aorta and exclude the origin of the ARSCA
would require coverage of the left subclavian artery
origin. The branched thoracic endovascular stent graft
(W.L. Gore & Associates) is uniquely designed to achieve
this objective and remain within the Food and Drug

Administration—approved instructions for use of the
device. This was followed by successful transposition of
the right subclavian artery to the right common carotid
artery. The patient did not experience any procedure-
related complications using this hybrid approach and
was able to achieve immediate relief of her dysphagia.
Follow-up CTA at 3 months postoperatively demon-
strated the efficacy of endovascular stent graft treat-
ment in occluding the aberrant vessel origin.

Given that many cases of ARSCA are found incidentally,
the use of diagnostic techniques to confirm aberrant
vessel pathology cannot be underestimated. For years,
the barium swallow examination of the esophagus
served as a preliminary diagnostic tool for this condition.
This approach allows for visualization of the distinctive
compression defect located at the level of the third
and fourth thoracic vertebrae. Richardson et al”® previ-
ously described a 90% diagnostic accuracy rate using
barium esophagrams. The additional use of esophageal
manometry can aid in revealing a high-pressure
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Fig 3. Axial view of postoperative computed tomography

angiogram demonstrating
compression (blue arrow).

resolution of esophageal

segment within the esophagus; however, these findings
are often are considered nonspecific.' At present, CTA
is the most common imaging modality used to confirm
the ARSCA diagnosis, as in the present case. Magnetic
resonance imaging can also be used to visualize the
aberrant vessel in patients who cannot tolerate intrave-
nous contrast material.

The presence of aneurysmal involvement with an
ARSCA represents a major source of morbidity and mor-
tality, which must be considered during the diagnostic
process. Two centuries after Hunauld® initially described
an ARSCA, Kommerell'® made the first clinical diagnosis
of dysphagia lusoria secondary to esophageal compres-
sion by an ARSCA with a coexisting aortic diverticulum.
Kommerell diverticulum (KD) has since been found to
occur in 60% to 82% of ARSCA cases.”'® KD develops
as an aneurysmal enlargement of the descending aorta
at the aberrant vessel origin, with a 19% to 53% risk of
dissection or rupture.”' Our patient did not have
concomitant KD, although the origin of her ARSCA was
ectatic. The presence of a KD would not have altered
our operative approach, because the TBE device would
have excluded its origin.

To date, no standard operative strategy exists for this
condition. Rather, surgeons should consider which op-
tion among the open, endovascular, or hybrid tech-
niques will provide the most optimal approach to
manipulate and transpose the aberrant vessel. A recent
systematic review by Loschi et al?® reported low 30-day
mortality rates after open (3.5%), hybrid (6.8%), and endo-
vascular (3.9%) repair for ARSCA with concomitant KD.
The risk of stroke was low for both open (4.9%) and
hybrid (4.19) repair, with endovascular repair associated
with a slightly higher risk (9.8%). Such findings suggest
all three surgical modalities are relatively safe, effective,
and capable of producing appropriate outcomes in the
immediate- and mid-term postoperative period.

Other investigators have also reported encouraging re-
sults with hybrid techniques, although some methods
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were found to result in significant complications. Baker
et al?' described the successful use of thoracic endovas-
cular aortic repair (TEVAR) with graft exclusion of the
ARSCA, followed by revascularization. Tinelli et al??
reported similar results using TEVAR. However, this
approach typically requires coverage of the left subcla-
vian artery orifice, followed by bilateral subclavian-to-
carotid transposition. We were able to avoid this by using
a branched thoracic endovascular aortic stent graft to
exclude the aberrant vessel origin and also preserve the
left subclavian artery. Moreover, some investigators sug-
gest the TEVAR approach might unnecessarily increase
morbidity via the risk of developing an endoleak,
arterial—esophageal fistula, and/or upper extremity clau-
dication symptoms.”>?*

Leon et al®> demonstrated successful management of
an ARSCA with a right supraclavicular approach to
achieve aberrant vessel ligation, followed by carotid
artery transposition and endovascular occlusion of the
residual stump. The use of a vascular “plug” in a hybrid
ARSCA intervention has been previously described.”*?*
Although rare, it is possible for migration of the plug de-
vice to occur. This can result in recurrent dysphagia or
even necessitate additional thoracotomy to extract the
plugAB’ZS

CONCLUSIONS

The operative management for symptomatic ARSCA
should be tailored for each patient according to the
anatomic variations, case-specific factors, and surgeon
experience. In this case report, we demonstrate success-
ful hybrid repair using open cervical artery revasculariza-
tion and branched endovascular stenting techniques.
This technique provides a minimally invasive hybrid
approach that achieves symptom resolution, preserves
right subclavian artery perfusion, and results in complete
exclusion of the aberrant vessel origin.
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