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Case Report

External carotid artery-radial artery-vertebral artery 
bypass for surgical treatment of radiculopathy caused by 
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INTRODUCTION

Vertebral artery (VA) aneurysms are a rare cause of cervical radiculopathy and there are only 
a few cases described in the literature.[2] Commonly described treatment options include 
ligation and various endovascular approaches including artery occlusion or exclusion, stents, 
and grafts. While endovascular approaches have shown efficacy, long-term patient outcomes 
still vary. We present a case of a large right VA aneurysm at the C5–6 level compressing 
the C6 nerve root treated with a transverse foramen decompression after a bypass of the 
aneurysm with an external carotid artery (ECA) to V3 bypass done to preserve normal VA 
flow. We, then, review the most recent literature about VA aneurysm causes, presentation, and 
treatment.

ABSTRACT
Background: Vertebral artery (VA) aneurysm is a rare etiology of cervical radiculopathy and there is a paucity of 
case reports described in the literature.

Case Description: We describe a case of a patient with no history of trauma presenting with a large right VA 
aneurysm at the C5–C6 level compressing the C6 nerve root and causing a painful radiculopathy. e patient 
underwent successful external carotid artery-radial artery-VA bypass followed by trapping of the aneurysm and 
decompression of the C6 nerve root.

Conclusion: VA bypass is an effective tool for treatment of symptomatic large extracranial VA aneurysms and a 
rare cause of radiculopathy.
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CASE DESCRIPTION

A 48-year-old right-handed female with no history of 
trauma or neck manipulation presented with debilitating 
pain in her right arm and hand for 2 months. Cervical spine 
MRI suggested foraminal stenosis of the C6 nerve but not 
secondary to a herniated disk or osteophyte. Bony remodeling 
was noticed through thinning of the right transverse process 
[Figure 1]. A computed tomography angiography (CTA) was 
then performed which showed a fusiform aneurysm within 
the right transverse foramen, 8  mm in maximum diameter 
and 22–23 mm in craniocaudal dimension [Figure 2].

Our endovascular colleagues felt that a pipeline device may 
be limited due to the tortuosity and irregular appearance of 
the VA proximal to the aneurysm. After discussions with 
the patient, she expressed interest in preserving her VA and 
agreed to a surgical option which included a distal bypass 
and aneurysm trapping.

Under general anesthesia, the patient was positioned in a 
Mayfield head holder with pins and head turned to the left for 
a far lateral position. Somatosensory evoked potentials and 
motor evoked potentials were used throughout. A  curved 
incision was made behind the ear extending into the anterior 
neck crease. e skin flap was, then, reflected anteriorly in 
the subplatysmal plane. e sternocleidomastoid muscle was 
identified, and anteriorly, the ECA was dissected out and a 
piece of background was placed. At the right suboccipital 
area the splenius capitis, the semispinalis capitis and the 
longissimus capitis were reflected inferiorly. e superior 
oblique and inferior oblique muscles were identified and 
dissected off their attachment to the transverse process of C1. 
e lateral mass and transverse process of C1 was exposed 
further and the V3 segment of the VA was identified superior 
to the C1 arch. e C1 right VA canal was opened using a 
drill and a Kerrison rongeur. e VA was, further, exposed 

and circumferentially dissected with all muscular branches 
ligated off and hemostasis obtained.

A harvested 12 cm radial artery (RA) graft was anastomosed 
to the V3 segment in a side-to-end fashion using 8-0 prolene 
with single interrupted sutures [Figure  3]. e graft was, 
then, tunneled under the sternocleidomastoid into the 
anterior triangle of the neck and anastomosed to the ECA in 
the same fashion [Figures 4 and 5]. All temporary clips were 
removed, and patency from the right ECA into the right VA 
was confirmed with Doppler and intraoperative indocyanine 
green angiography.

e patient was, then, positioned prone for the posterior 
cervical fusion. After exposure, the left C5, C6, and C7 
lateral mass screws were placed using anatomical landmarks. 
On the right, the C5–6 and C6–7 facet joints were removed 
and the C6 transverse foramen was opened exposing the 
C6 nerve root and underlying aneurysm. e proximal end 
of the aneurysm was visualized and then clipped. Doppler 
confirmed no flow within the aneurysm. C5 and C7 lateral 

Figure  1: Axial MRI revealing widened right C5 
transverse foramen with flow void.

Figure  2: Coronal CT angiogram 
demonstrating large vertebral artery 
aneurysm.

Figure 3: Radial artery anastomosis to V3 with temporary clips still 
in place.
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mass screws were, then, placed followed by bilateral rods. 
After irrigation, decortication, and placement of the bone 
graft, the wound was closed in multiple layers in a standard 
fashion. ere were no operative complications.

At 12 months follow-up, the patient was doing well with no 
residual arm pain and resumed normal physical activity.

DISCUSSION

Cervical radiculopathy is commonly due to localized trauma 
and herniation of an intervertebral disc or degenerative 
changes which can lead to inflammation and compress a 
nerve root.[14] e incidence of cervical radiculopathies is 
approximately 85/100,000 persons,[14] but the prevalence 
of cervical radiculopathies with vascular etiologies is 
understood to be underreported.[2] In fact, only a few cases 
of VA aneurysms causing radiculopathy are described in 
the literature[3,23,24,26] and true aneurysms of the extracranial 
VA (EVA) may be even more uncommon.[9,19] Morasch et al. 
found that only 3% of cerebrovascular aneurysms develop in 
the vertebrobasilar territory and that this 3% represents 90% 
of all primary VA aneurysms.[15]

e causes of VA aneurysms tend to be secondary to blunt 
or penetrating trauma, dissection with formation of a 

pseudoaneurysm,[3] or complications of connective tissue 
conditions such as Ehlers-Danlos or hereditary diseases 
including Marfan’s Syndrome and Neurofibromatosis 
Type 1.[8,15,18] A review of 144 cases by Schievink and Piepgras 
found that these pseudoaneurysms most commonly occur 
in younger age groups and can develop from weeks to years 
after initial reported trauma.[21] One possible reason is that 
the elasticity and flexibility of the cervical spine in younger 
individuals makes the artery more prone to dissection. 
Among cases of cervical radiculopathy associated with 
VA dissection (VAD), reports demonstrate that a very 
small proportion of patients with VAD also present with 
radiculopathy.[1,4,7,26] In our case, the patient had no prior 
history of a connective tissue disorder; however, the VA had 
an appearance like fibromuscular dysplasia which may have 
increased her risk for developing this aneurysm.

Across the literature, clinical presentation of EVA can vary 
from asymptomatic to symptomatic and depend on the 
location of the lesion.[15,18] If the patient presents symptoms, 
they may be characterized by muscle weakness, cervical pain, 
cervical masses, dizziness, headaches, and other neurologic 
symptoms related to posterior brain circulation (either 
microembolization or insufficiency).[21]

Once a vascular lesion is suspected, diagnostic modalities 
that provide visualization of vasculature should be 
adequately utilized as MRI findings have been mistaken for 
a neurofibroma, hemorrhage, or other mass lesion.[3,9,24] e 
advent of CTA and magnetic resonance angiography (MRA) 
has greatly enhanced our diagnostic abilities and contrast 
MRA with 3D-FLASH sequence is the method of choice 
for the evaluation of the vertebral arteries. Some clinicians 
prefer digital subtraction angiography (DSA) as it depicts 
the resulting intraluminal compromise. However, the same is 
true for techniques such as time-of-flight MRA and CTA, in 
which literature has shown accurate results when compared 
with DSA, and an added bonus of allowing visualization 
of the vessel wall hematoma, confirming the diagnosis.[24] 
Ultimately, imaging modality remains under the clinical 
team’s discernment and patient needs.

Treatment options for EVA aneurysms are not standardized. 
Conservative modalities for treating VA lesions include 
observation and anticoagulation.[20,23,26] Surgical ligation of 
the vessel and aneurysm is historically described approaches 
that eliminate the aneurysm but require normal function 
in the contralateral vessel.[18,19] Endovascular approaches 
have risen in prevalence due to the relatively non-invasive 
nature of the procedures. ese include coil embolization 
with a stent-graft,[17,22] detachable balloon occlusion,[10,16] and 
placement of stents and flow diversion.[24,27] A combination 
of endovascular and operative approaches has also been 
described in the literature. Sultan et al. initially performed 
a carotid artery to V3 segment bypass with a reversed 

Figure 4: Radial artery anastomosis to external carotid artery.

Figure 5: Radial artery bypass graft from external carotid artery to 
vertebral artery coursing under the sternocleidomastoid muscle.
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saphenous vein graft but due to a VA aneurysm rupture 
during the procedure, coil embolization was performed 
perioperatively.[25] Post-EVA aneurysm rupture, Kollmann 
et al. describes a successful surgical intervention of Onyx 
(liquid) and coil embolization.[12]

Other types of bypass procedures have been noted in the 
literature including distal-VA-to-ICA, carotid artery-to-
VA bypass with a venous conduit, and autologous ECA-to-
VA bypass with grafts designed from the saphenous vein 
or RA.[5,6,11,13,15] e saphenous vein and RA are useful graft 
materials for cerebral revascularization in areas that require 
high flow to prevent ischemia.[5,11] In our case, we performed 
a distal VA bypass to preserve ipsilateral flow into the basilar 
artery and then be able to clip the proximal VA and tap the 
aneurysm. We decided against a pipeline device given the 
complex composition of the VA proximal to the aneurysm.

CONCLUSION

We describe a case report demonstrating a surgical technique 
new to the literature that successfully treated a severe right 
C6 radiculopathy secondary to a VA aneurysm. To the best 
of our knowledge, this is the first open ECA-VA bypass using 
the RA as a graft, followed by an aneurysm trapping for this 
indication. One-year post surgery, the patient demonstrated 
complete resolution of all initial symptoms. is case 
demonstrates that VA bypass is an effective tool for treatment 
of symptomatic large EVA aneurysms without sacrifice.
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