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Hybrid Repair of Left Subclavian Artery Pseudoaneurysm With Vertebral
Artery Revascularisation: A Solution for a Complex Case
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Introduction: Pseudoaneurysms of the subclavian artery are a rare complication. Surgical treatment is necessary
to prevent potentially lethal complications. This needs adequate planning in cases that require vertebral artery
revascularisation.
Report: A 56 year old man with multiple systemic comorbidities underwent endovascular treatment using a
balloon expandable bare metal stent for symptomatic subclavian Steal syndrome. During follow up, computed
tomography angiography (CTA) revealed a pseudoaneurysm in the proximal segment of the left subclavian artery.
The patient had criteria warranting left vertebral artery revascularisation. The patient underwent scheduled
hybrid surgical treatment involving transposition of the vertebral artery to the common carotid artery,
endarterectomy of the internal carotid artery, and endovascular therapy for pseudoaneurysm exclusion; all were
performed on the left side. The post-operative period was without incident. After 12 months the patient remains
asymptomatic, with adequate exclusion of the pseudoaneurysm, and patency of the procedures.
Discussion: Hybrid surgery could offer a secure, feasible, and less invasive option for treating subclavian artery
pseudoaneurysms that require vertebral artery revascularisation.
� 2023 The Authors. Published by Elsevier Ltd on behalf of European Society for Vascular Surgery. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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INTRODUCTION

Subclavian artery pseudoaneurysms can be particularly
challenging, and a hybrid approach may offer advantages
for surgical treatment. Open surgical repair is complicated
due to the deep cervical and intrathoracic location of the
subclavian artery, while endovascular treatment is condi-
tioned by the vertebrobasilar circulation. A case of hybrid
surgical repair of a pseudoaneurysm of the left subclavian
artery and ipsilateral vertebral revascularisation is pre-
sented. This approach combines the benefits of both open
surgical repair and endovascular treatment, making it an
option for treating subclavian artery pseudoaneurysms.
CASE REPORT

A 56 year old male patient was transferred after undergoing
endovascular therapy by another medical team. He had a
past medical history of smoking, arterial hypertension,
dyslipidaemia, type II diabetes mellitus, and ischaemic heart
disease. The patient was treated for symptomatic left
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subclavian steal syndrome, characterised by vertigo and
peri-oral numbness during exertion. A bare metal balloon
expandable stent 9 � 57 mm (Bentley, BeSmooth) was
implanted through distal radial access in the pre-vertebral
subclavian artery. Post-procedure, the patient regained
antegrade flow in the vertebral artery and recovered the
radial pulse.

At six months follow up, the patient remained asymp-
tomatic. However, CTA revealed a 2 cm pseudoaneurysm in
the pre-vertebral segment of the left subclavian artery
(Fig. 1). Additionally, there was a proximal right subclavian
artery occlusion and a significant internal carotid artery
stenosis (Fig. 2). The patient presented with elements that
influenced the need for revascularisation of the ipsilateral
vertebral axis. These factors included a history of previous
revascularisation due to symptomatic subclavian steal syn-
drome, contralateral vertebral axis occlusion, and the
termination of the vertebral artery in the posterior inferior
cerebellar artery (PICA). The patient underwent scheduled
surgical treatment under general anaesthesia and contin-
uous cerebral oximetry monitoring with INVOS technology.
The vertebral artery was dissected and identified in its V1
segment through a left lateral cervical approach. The com-
mon carotid artery and its bifurcation were dissected, and a
clamp test was performed. Since there was no significant
decrease in cerebral oximetry, a shunt was not used. Sub-
sequently, a vertebral artery to the common carotid artery
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Figure 1. A. CTA supra-aortic trunks in coronal section and B. Selective angiography of pseudoaneurysm at the origin of the left subclavian
artery (white arrow).
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Figure 2. A. 3D Reconstruction e Right subclavian artery. B. CTA supra-aortic trunks 1. Right carotid bifurcation. 2. Left carotid bifurcation.
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transposition (Fig. 3A), and a carotid endarterectomy
employing a 1 � 10 mm polyester urethane patch (Fig. 3B;
Braun Surgical S.A.) were conducted. Finally, the left sub-
clavian artery and ascending aorta catheterisation were
achieved through left humeral access. A pre-dilatation of
the previous stent by 7 � 40 mm balloon angioplasty was
performed through an 8F � 55 mm introducer. Following
this, an 8 � 59 mm balloon expandable covered stent (Gore
VBX) was implanted at the origin of the subclavian artery,
followed by the placement of a 7 � 50 mm self expanding
covered stent (Gore Viabahn) (Fig. 3B). Control arteriog-
raphy revealed successful exclusion of the left subclavian
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Figure 3. A. Surgical Image e vertebral artery transposition to the left common carotid artery. B. Selective control angiography after
treatment. C. 3D reconstruction post-operative control.
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artery pseudoaneurysm and patency of the vertebral artery
transposition and left carotid endarterectomy.

The post-operative period proceeded without complica-
tion, leading to the patient’s discharge after a five day
hospital stay (including 24 hours in the Resuscitation Unit).
On discharge, the patient received a six month regimen of
dual antiplatelet therapy (acetylsalicylic acid 100 mg and
clopidogrel 75 mg, both daily) and thereafter, an indefinite
regimen of single antiplatelet therapy (acetylsalicylic acid
100 mg daily). During follow up assessments, which have
now extended to one year, the patient exhibited no ab-
normalities on Doppler ultrasound or CTA, with patency of
the procedures (Fig. 3C).

DISCUSSION

A subclavian artery pseudoaneurysm can be particularly
challenging when it is accompanied by severe atheroscle-
rosis in the supra-aortic trunks. Subclavian artery pseu-
doaneurysms have a relatively low incidence, ranging from
1% to 2%, with their primary causes being iatrogenic in-
juries resulting from the improper placement of central
venous catheters or penetrating trauma.1e3 Treatment is
imperative to mitigate the risk of potentially catastrophic
complications, which may include rupture, embolisation,
and gradual compression of the airway or neurovascular
structures.1e5 Various techniques including open surgery
and endovascular procedures have been detailed to address
this condition.1e5 Open surgery is associated with signifi-
cant morbidity and mortality as it typically involves revas-
cularisation via sternotomy or thoracotomy.4 On the other
hand, endovascular treatment can be complex, especially in
the proximal segment where coverage of the vertebral ar-
tery origin may be necessary. A hybrid approach may offer
advantages by avoiding the need for sternotomy or thora-
cotomy, thus providing a less invasive treatment option and
enabling revascularisation of the vertebral artery.

An exceptional case of a pseudoaneurysm of the subcla-
vian artery that emerged due to previous endovascular
treatment is reported. This condition was further compli-
cated by severe atherosclerotic disease of the supra-aortic
trunks, which increased the complexity of its treatment.
The initial endovascular intervention for this patient was
performed externally, and it is believed that employing bare
metal balloon expandable stents at the origin of the supra-
aortic trunks may not have been the most appropriate
choice. This viewpoint aligns with the research of Wei et al.,
which highlights the superior primary patency rates associ-
ated with balloon expandable covered stents compared with
bare metal balloon expandable stents in cases of subclavian
artery occlusive pathology.5 Furthermore, it has been sub-
stantiated that in atherosclerotic pathology affecting other
regions, covered stents exhibit enhanced tolerance in areas
exposed to higher shear stress, consequently reducing the
risk of arterial rupture and pseudoaneurysm formation.6 In
this particular case, covered stents were chosen, beginning
with a balloon expandable stent at the origin and following up
with a self expandable stent at the curvatureof the subclavian
artery. This approach yielded excellent results in effectively
excluding the pseudoaneurysm.

The patient’s condition included specific factors that
necessitated the revascularisation of the ipsilateral vertebral
axis.7 Given these circumstances, anatomical revascularisation
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methods that would require invasive procedures such as tho-
racotomy or sternotomy were avoided. Furthermore, endo-
vascular treatment was not relied on exclusively due to the
specific requirement for vertebral revascularisation. As a
result, a less invasive procedure was chosen, specifically
transposition of the vertebral artery to the common carotid
artery. This technique has demonstrated excellent primary
patency rates ranging from 95% to 100% but with a non-
negligible 21.4% complication rate that includes Horner syn-
drome (7.1%), vocal cord paralysis (3.6%), and embolism of
subclavian artery stenosis (3.6%).8 Considering the significant
left internal carotid artery stenosis observed in the patient, a
carotid endarterectomy was carried out, thereby avoiding the
need for a cervical re-intervention. This choice aligns with the
findings of Gu et al., whose study concluded that the combi-
nation of revascularisation of the V1 segment of the vertebral
artery and carotid endarterectomy is a safe approach.9

Although the patient tolerated simultaneous carotid and
vertebral clamping well, options were discussed if this had
not been the case. If a decline in cerebral perfusion had
been observed during the test clamping, the course of ac-
tion would have been to initially carry out revascularisation
of the carotid axis. This would then have been followed by
vertebral artery transposition under partial carotid clamp-
ing. For follow up of the case, CTA was chosen. This tech-
nique provides a comprehensive view of the supra-aortic
trunks, including both their intrathoracic origins and their
extension to cervical level. Furthermore, CTA enabled the
successful endovascular exclusion of the subclavian pseu-
doaneurysm to be verified.

The recently published 2023 ESVS Clinical Practice
Guidelines on the Management of Atherosclerotic Carotid
and Vertebral Artery Disease mentions the usefulness of
hybrid treatment in tandem carotid lesions. Where treat-
ment is recommended for symptomatic patients with a
proximal common carotid artery or innominate stenoses,
open retrograde angioplasty and stenting should be
considered.10 This case exemplifies the practicality and
viability of hybrid treatment in cases with disease at the
origin of the supra-aortic trunks that present with criteria
for vertebral revascularisation.

Conclusion

Hybrid surgery integrates the benefits of open surgery with
endovascular techniques and emerges as an alternative for
managing subclavian artery pseudoaneurysms. This strategy
is especially advantageous when revascularisation of the
vertebral artery is necessary, providing a safer, more prac-
tical, and minimally invasive solution.
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