Operative repair of right intrathoracic subclavian artery
aneurysms in patients with genetic arteriopathy
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ABSTRACT

True intrathoracic subclavian artery aneurysms (SCAAs) are rare and have various etiologies. Right intrathoracic SCAAs
pose specific anatomic challenges to repair. We present three different operative approaches, open, endovascular, and
hybrid repair, for the repair of a right intrathoracic SCAA in three patients with genetic arteriopathy: Marfan syndrome,
vascular Ehlers-Danlos syndrome, and unspecified Ehlers-Danlos syndrome, respectively. These cases demonstrate an
individualized operative approach based on the genetic diagnosis for each patient presenting with a right intrathoracic

SCAA. (J Vasc Surg Cases Innov Tech 2023;9:101081.)
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Nontraumatic subclavian artery aneurysms (SCAAs) are
rare and can present with pain, Horners syndrome,
hoarseness, or distal embolization."® Genetic arteriopa-
thy conditions such as Marfan syndrome (MFS), vascular
Ehlers-Danlos syndrome (VEDS), and Loeys-Dietz syn-
drome are known risk factors for SCAAs.>”'° We report
the surgical approaches for right intrathoracic SCAA
repair in three patients with genetic arteriopathy to
demonstrate tailored operative approaches. The institu-
tional review board approved the study, and patients
consented to publication.
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CASE 1

A 40-year-old (FBN1
c.841_842insT p.Glu281Valfs*7, heterozygous null variant) pre-
sented with an asymptomatic, enlarging 4.1-cm right intratho-
racic SCAA (Fig 1, A and B). Her history included lens
subluxation, recurrent pneumothoraces, ascending aorta inter-
position graft for a type A aortic dissection at age 26, extent Il

never-smoker woman with MFS

thoracoabdominal aortic aneurysm repair at age 29, aortic root
replacement with a mechanical valve at age 34, and left supra-
clavicular SCAA repair at age 40.

Repair was performed via a redo median sternotomy with a
right supraclavicular extension to expose the innominate, right
SCA, internal mammary artery (IMA), vertebral artery (VA), and
common carotid artery (CCA) while protecting the vagus and
phrenic nerves (Fig 1, C). After systemic heparinization, the VA
was clamped and transected. The VA had excellent back
bleeding. Vascular clamps were applied proximally and distally
to the right SCA and proximal axillary artery, respectively. The
IMA was ligated. After opening the SCAA sac and ligating the
back bleeding arteries, a beveled 10 mm Dacron interposition
bypass was anastomosed proximally to the SCA origin and
distally to the proximal axillary artery in an end-to-end manner.
The anastomoses were reinforced with 0.8 x 8 cm bovine peri-
cardium strips to support the tensile strength of the fragile tis-
sues. The right VA was transposed to the right CCA (Fig 1, D).
Estimated blood loss was 2 L. The patient was extubated at
the end of the case and discharged home 6 days later. The pa-
tient has been followed for 3 years and has a patent bypass graft
on imaging (Fig 1, E and F).

CASE 2

A 39-year-old never-smoker man with VEDS (COL3AT c.755G>T
p.Gly252Val, missense variant) presented with an asymptomatic
5.1-cm intrathoracic right SCAA with a proximal SCA dissection
and thrombosed right 2.5 cm axillary artery (Fig 2, A and B)
without malperfusion or distal embolization. The patient’s his-
tory included a family history of dissection, club foot at birth, a
right V4 segment VA dissection with thrombosis at age 29,
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Fig 1. (A) A three-dimensional image postprocessing and (B) axial computed tomography (CT) imaging of an
intrathoracic right subclavian artery aneurysm in a 44-year-old woman with Marfan syndrome. C, Intraoperative
photographs of the open surgical repair of the aneurysm with the subclavian artery exposed via a median
sternotomy with a right supraclavicular extension. (D) 10 mm interposition Dacron graft between the innomi-
nate to the right proximal axillary artery with reimplantation of the right vertebral artery to the right commmon
carotid artery (circle). E, Postprocessing three-dimensional reconstruction of the 1-year follow-up CT imaging of
the right subclavian artery repair. F, A 2-year postoperative picture of the patient’s neck. Notice the small right
bulge at the base of the neck consistent with the repair that was pulsatile in clinic.
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splenic artery dissection at age 30, and a left proximal 2.2 cm
SCAA with dissection at age 31 and unchanged over 8 years.

The thrombosis of the right axillary and distal VA with
adequate collateralization eliminated the need for revasculari-
zation of these arteries. Given the concern over prohibitive risk
of open surgical repair (OSR) in VEDS, an endovascular solution
was chosen. In preparation for repair, he was started on 2 g of
oral vitamin C to support collagen production. Under general
anesthesia, the right common femoral artery (CFA) was exposed
to allow direct access with a 15-cm 7F sheath. A 55-cm 5F Raabe
sheath was advanced over a 0.035 J wire into the descending
thoracic aorta, and then a glide catheter and wire were used
to select the innominate artery and traverse the dissection
flap. The Raabe and a Renegade catheter were placed into
the SCAA sac. The sac was embolized with a combination of
Concerto Helix detachable (Medtronic) and Nester (Cook Medi-
cal) coils (Fig 2, C and D). Detachable coils were chosen for pre-
cise deployment and to prevent deployment into the CCA. The
CFA was repaired primarily with a pledgeted 5.0 Prolene suture
and circumferentially wrapped with a 0.8 x 8 cm bovine pericar-
dium strip to prevent the risk of pseudoaneurysm formation.
Estimated blood loss was minimal. The patient recovered in
the intensive care unit overnight and discharged the following
day. He returned with severe right shoulder pain and, on repeat
imaging, had extensive inflammatory reaction identified
(Fig 2, E). The pain resolved over the following month while
managed with gabapentin and acetaminophen. The patient
has been followed for 2 years with imaging confirming satisfac-
tory embolization and no endoleaks.

CASE 3

A 60-year-old never-smoker man with an unspecified type of
Ehlers-Danlos syndrome (EDS) presented with a 5-week history
of right neck pain and a 5-cm partially thrombosed intrathoracic
right SCAA (Fig 3, A-C) without distal embolization. His history
included a severe scoliosis and velvety-textured skin. His family
history was negative for aneurysms or dissections. Genetic
testing was negative for known genetic arteriopathies including
MFS, Loeys-Dietz syndrome, or VEDS. Given that he did not have
VEDS, an OSR via right supraclavicular and infraclavicular inci-
sions was performed. An 8-mm ringed polytetrafluoroethylene
graft bypass was anastomosed end-to-side to the distal CCA
and end-to-end to the proximal axillary artery. The right VA
was reimplanted into the bypass. The SCAA neck could not be
dissected safely deep into the clavicle to allow clamp placement
due to dense inflammatory adhesions. Thus, subsequent endo-
vascular coil embolization of the sac with Concerto Helix
detachable (Medtronic) and Nester (Cook Medical) coils was per-
formed via percutaneous CFA access (Fig 3, Dand E). The patient
has been followed for 3 years and has a patent bypass graft and
thrombosed SCAA sac on imaging.

DISCUSSION

Intrathoracic right SCAAs pose a significant technical
challenge due to the complexities of exposure. These
three cases illustrate the different operative approaches
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to an anatomically challenging aneurysm and decision-
making tailored to the anticipated operative risks based
on the underlying genetic etiology. Specifically, VEDS is
associated with arterial friability compared with MFS and
other EDS subtypes due to the defective type Il collagen
production; thus, minimally invasive approaches are
advocated.?'"'? Although there are no agreed-upon size
criteria for SCAA repair, repair is indicated if SCAA is symp-
tomatic, rapidly expanding, or ruptured.” Rupture was re-
ported in 9% of 381 SCAA cases in a 2010 literature review.”

Surgical resection of SCAAs and an interposition bypass
graft is the standard treatment®*>'® with some cases of
necessitating ligation without reconstructions.?® When
the aneurysm neck is short, a median sternotomy with
a right supraclavicular extension is required for exposure,
whereas a focal aneurysm with a longer proximal neck
can be reached via a supraclavicular approach alone.”
3513 Either approach carries the risk of Horner's syndrome
and vocal cord palsy.® The distal bypass graft anasto-
mosis is dictated by the extent of the SCAAs. When focal,
an extrathoracic bypass between the CCA and SCA distal
to the aneurysm and ligation of the SCA origin is an op-
tion."*” Extensive aneurysms may require a distal anasto-
mosis to the axillary artery such as in cases 1 and 3.2 The
right VA is managed by reimplantation when it arises
from the aneurysm sac into the right CCA or the bypass,
while the IMA and thoracoacromial branches can be
ligated. Another planning consideration for OSR includes
whether concomitant aortic arch replacement is
needed.” This consideration was discussed in case 1
because the arch was the only remaining portion of the
aorta. Because the arch was normal in size and there
were potential risks of cardiopulmonary bypass, repair
was deferred.

Endovascular stent grafts are a minimally invasive treat-
ment option.>®'“'® This approach is limited by stent graft
compression and fracture between the clavicle and first
rib.? In addition, anatomic limitations exist when the aneu-
rysm has a short proximal landing zone and when the
SCAA involves the right VA origin.®'*!> CCA and SCA kiss-
ing stenting techniques are a solution for the inadequate
proximal landing zone.® Embolization of the aneurysm
sac was used in case 2 similar to a reported case of a large
right CCA aneurysm embolization in a patient with VEDS ®
Hybrid approaches have also been reported including the
combination of a right CCA to SCA bypass and placement
of stent grafts in the innominate artery to cover the right
SCA origin®'® or reimplantation of the right VA to the
CCA and then stenting the SCA."”

Ligation (or embolization) of the SCA without revascu-
larization is reserved for circumstances in which revascu-
larization is not possible and can be tolerated because of
the collateral network to the upper extremity. A large
body of experience with left SCA coverage during
thoracic endovascular aortic repair reports a 9% risk of
upper extremity ischemia.'®
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Fig 2. (A) A three-dimensional image postprocessing and (B) coronal computed tomography imaging of an
intrathoracic right subclavian artery aneurysm in a 39-year-old man with vascular Ehlers-Danlos syndrome asso-
ciated with subclavian artery dissection, a thrombosed distal vertebral artery, and a thrombosed aneurysmal
axillary artery. C, Selective angiography of the right subclavian artery demonstrating the dissection flap and
thrombosed axillary artery. D, Coil embolization of the right subclavian artery. E, Axial magnetic resonance im-
aging showing inflammation of the thrombosed right intrathoracic subclavian artery and the axillary artery.
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Fig 3. A, Three-dimensional postprocessing imaging of a computed tomography (CT) angiography examination
of an intrathoracic right subclavian artery aneurysm (arrow) in a 60-year-old man with a clinical diagnosis of
Ehlers-Danlos syndrome. Note the severe thoracic and abdominal aortic tortuosity associated with the known
scoliosis. (B) Sagittal and (C) coronal CT angiography imaging showing the right intrathoracic subclavian artery
aneurysm. D, Selective angiography of the right subclavian artery demonstrating the luminal filling and a patent
right common carotid artery to axillary artery bypass and patent right vertebral artery jump graft. E, Coil

embolization of the right subclavian artery aneurysm sac.

Lastly, intrathoracic SCAAs are rare. We identified 15
among 394 patients with MFS cared for at our health
care system and 7 among 282 patients enrolled in the
VEDS Collaborative Research Study'® accounting for
3.8% and 2.5% of the MFS and VEDS population, respec-
tively (unpublished data). Because of the rarity of intra-
thoracic SCAAs, we recommend considering a genetic
etiology during workup.?®

CONCLUSIONS

Intrathoracic right SCAA repair is technically chal-
lenging because of the complexities of exposure. Repair
approaches are variable and dictated by anatomy and
the underlying genetic etiology.
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