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Pearls
� Bow hunter syndrome (BHS) is an uncommon cause of vertebrobasilar insufficiency that

results from occlusion or injury to the vertebral artery (VA) during neck rotation.
� The cause is often a bony abnormality that may compress the VA compromising distal flow

or lead to vessel wall injury resulting in thromboembolism.

Oy-sters
� Posterior circulation strokes in young individuals should alert the neurologist to suspect

BHS, especially if high cervical spine abnormalities are detected on initial head imaging.
� Dynamic occlusion of the VA may not be evident on angiography if a thromboembolic

mechanism such as a pseudoaneurysm is involved.

A 24-year-old man with no relevant medical history presented to our institution with a week of
intermittent dizziness exacerbated by turning his head to the left. He acutely developed diplopia
and disorientation on the day of presentation to the emergency room. He reported similar
complaints a month prior. There was no history of fevers, rashes, headache, or neck trauma.
There was no family history of similar complaints, vascular or connective tissue diseases, stroke-
like episodes, seizures, or early-onset dementia. Examination demonstrated mild impairment of
cognition and a right hemiparesis. Initial head CT revealed congenital atlas nonunion (C1) with
fusion of the second and third vertebral bodies (C2–C3). Brain MRI revealed diffusion re-
striction in the left thalamus and bilateral dorsal midbrain indicative of multiple acute infarc-
tions. Chronic infarctions were also present in the right cerebellum, which indicated prior
episodes of ischemia. A series of dynamic X-rays showed malalignment of the lateral masses of
the atlas with C2, but there was no evidence of instability. CT angiography (CTA) revealed the
presence of a pseudoaneurysm of the right VA at its exit from the C2 transverse foramen. This
was suspected to be the source of the posterior circulation emboli. Left VA was unremarkable.
There was no evidence of VA dissection on CTA (figure). Magnetic resonance angiography
(MRA) with fat-suppressed images of the neck was not performed. The rest of the workup
including complete blood count, serum chemistry and lipids profile, glycosylated hemoglobin
levels, liver function tests, hypercoagulability studies, D-dimer levels, transthoracic echocar-
diography, and short-term Holter monitoring were unremarkable. A transesophageal echo-
cardiogram was not performed because of concerns for further neck manipulation.

A clinical diagnosis of BHS was made. Aspirin was initiated for secondary stroke prevention and
the patient was referred for an evaluation for corrective cervical spinal surgery. Approximately 1
week later, the patient returned to an outside hospital with new cerebellar infarcts. Digital
subtraction angiography (DSA) confirmed a right VA pseudoaneurysm that was suspected to
have been caused by repetitive mechanical injury to the right VA from his congenital cervical
spinal abnormalities during neck rotation.Dynamic occlusion of the VAs could not be reproduced
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during angiogram and spinal surgery was deferred. He is being
managed conservatively with aspirin and neck immobilization
without recurrence at 3 months follow-up.

Discussion
Sorensen1 coined the term “bow hunter syndrome” in 1978
to describe a case of rotational VA compression causing is-
chemic brainstem stroke. The dominant VA is frequently
compressed, and collateral flow is limited in the presence of
predisposing factors such as congenital atresia, hypoplasia,
fenestration, or stenosis of the contralateral VA, though this
was not evident in our patient.2–4 Prior studies have also
shown the left VA to be more commonly involved than the
right. This is because left VA dominance is seen in about half
the population and its involvement is more likely to be
symptomatic.5,6 Osteophytes or bone spurs were found to be
the commonest underlying etiology of VA compression in
one systematic review of 142 reported adult cases of BHS.5

Other reported atraumatic etiologies include congenital ab-
normalities such as fibrous bands tethering the VA or atlanto-
axial bony anomalies, atlanto-axial instability, cervical disc
herniation, cervical spondylosis, and rheumatoid arthritis.7–13

Isolated case reports also exist of BHS after surgical correction
of subclavian aneurysms or VA sacrifice.5,14 The ischemic
mechanismmay not always be hemodynamic; rarely, it may be

thromboembolic, as demonstrated in our patient. It has been
postulated that repeated neck rotation and VA compression
against bony or fibrous structures may injure the vessel wall,
leading to thrombosis and infarction either due to direct in-
jury to the intimal lining or through local complications such
as dissection, perforation, and pseudoaneurysm formation
and subsequent distal embolization.15 The VA can be com-
pressed at all vertebral levels, but it is most common in the
high cervical spine, C1-2 being the most common site.5 The
VAs as they ascend superiorly pass through the foramina
transversarium of 6 cervical vertebrae and atlas, they then exit
travelling posteriorly and medially over the superior articular
processes to penetrate the atlanto-occipital ligament and enter
the skull through the foramen magnum. The atlanto-occipital
joint is a major site for neck rotation and the VA is relatively
immobilized at its exit from the C1 transverse process and its
entry into the atlanto-occipital ligament; this anatomical re-
lationship makes the VA prone to occlusion or injury at this
site. Congenital cervical abnormalities are also more prevalent
at this level and increase the likelihood of rotational injury.15

Of note, vascular injury from bony elements is not unique to
the vertebrobasilar circulation and may occur in the carotid
circulation. Previous studies have suggested an association
with cervical carotid dissections and increased styloid process
length.16 Typically, patients present with presyncope, syn-
cope, vertigo, diplopia, and horizontal nystagmus directed
towards the side of the compressed vessel. The ischemic

Figure CT and MRI

(A) CT cervical spine shows nonunion of C1 vertebrae (arrow). (B) CT cervical spine shows fusion of C2-3 vertebral bodies (arrow). (C) CT angiogram of the neck
shows a right vertebral artery pseudoaneurysm as it exits the C2 transverse foramina. (D) Diffusion-weighted MRI shows acute left thalamic infarction. (E)
Diffusion-weighted MRI shows acute dorsal midbrain infarctions. (F) Fluid-attenuated inversion recovery MRI shows chronic right cerebellar infarctions.
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symptoms are frequently transient; however, irreversible defi-
cits including medullary and cerebellar infarctions have also
been described.17 The direction of head rotation does not re-
liably predict the side of vessel compression.18 The condition
may be demonstrated on vascular ultrasound, CTA, or MRA.
DSA is the preferred method of diagnosis.18 In one series, half
of those determined to have BHS did not show evidence of
dynamic occlusion on ultrasound, though this was the most
commonly used preoperative imagingmodality.18 Angiography
provides precise localization of the flow limiting lesion, allows
assessment of collateral flow, and confirms the presence of
dynamic occlusion or compression.5 Occasionally there can be
more than one compressive site.19 In those cases where dy-
namic occlusion cannot be demonstrated, potential thrombo-
embolic mechanisms (nonocclusive) such as pseudoaneurysm
formation, thrombosis, or dissection should be sought.15 CTA
may be equal or superior to MRA with fat suppression imaging
of the neck to detect a VA dissection.20,21 A detailed history and
physical examination is essential to exclude other alternative
diagnoses that may lead to posterior circulation ischemia.
Common mimics include VA dissection; vasculitis; reversible
cerebral vasoconstriction syndrome; mitochondrial encepha-
lopathy, lactic acidosis, and stroke-like episodes; and subclavian
steal phenomenon or cardiac or paradoxical embolism.22

BHS is a rare disorder and its management has not been
standardized, but it is most often surgical.5 An initial conser-
vative approach may include neck immobilization using a cer-
vical collar or neck brace. In addition, the patient should be
instructed to avoid rotating the neck in the symptomatic di-
rection.17 Both antiplatelets and anticoagulation have been
used for secondary stroke prevention in cases of BHS.17 A
previous randomized clinical trial of 250 patients comparing
antiplatelet agents with anticoagulation in cases of extracranial
carotid and vertebral dissection concluded that there was no
difference in efficacy between the 2 groups in terms of sec-
ondary stroke prevention and death.23 Other authorities have
suggested benefit from anticoagulation during the acute period
of cervical or vertebral dissections as most strokes happen
within a 7-day period after brain ischemia.23,24 However, it is
not clear if these results are applicable to all cases of ischemic
stroke due to BHS as evidence of vascular injury
(i.e., dissections or pseudoaneurysms) may not be evident.
Surgical correction can be potentially curative. Frequently used
procedures include surgical decompression of the VA or cor-
rective fusion of C1-2.18 More recently, success with endo-
vascular stenting of VAs or coil embolization of a symptomatic
nondominant VA have also been reported (with patent dom-
inant VA).4,25,26 Management must be individualized, based on
the underlying mechanism of vascular compression and injury.
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