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Clinical Pathology Case Discussions
Bow Hunter's Syndrome: Illustrative Teaching Case with Insights and Lessons
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Abstract

A 63-year-old woman with a history of left basal ganglia and paraventricular infarcts, type II diabetes,
and hypertension presented with recurrent dizziness when turning her head to the right. These episodes,
lasting for eight months, were often accompanied by nausea and vision disturbances but resolved
spontaneously. Dynamic digital subtraction angiography (DSA) revealed significant blood flow
slowdown in the left vertebral artery (VA) with a 90° right neck turn, showing narrowing in the V3
segment of the left VA. The patient was diagnosed with Bow Hunter's Syndrome (BHS) and underwent
atlantoaxial fusion surgery. On day three post-surgery, she developed sudden weakness in the left upper
limb, visual field hemianopia, impaired sensation, and slurred speech. Emergency CT and MRI revealed
acute infarcts in the basal ganglia and periventricular area. Following antiplatelet therapy and volume
expansion, her symptoms improved, and by day seven, her speech and left upper limb strength had
partially recovered, though residual symptoms persisted at discharge. One year post-surgery, the
dizziness had resolved, but residual symptoms from the infarction remained. Cervical fusion effectively
treated the symptoms of BHS; however, surgery should be considered with caution in patients with
thromboembolic risk factors.
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Introduction

Bow Hunter's Syndrome (BHS), also known as rotational vertebrobasilar insufficiency, was first
described in a 1978 case report by Sorensen, which detailed an ischemic infarction in the posterior
inferior cerebellar artery of a hunter who experienced head rotation while practicing archery[1]. This
condition is primarily caused by transient stenosis or occlusion of the VA due to neck rotation or

hyperextension, resulting in impaired blood flow to the vertebrobasilar system.

In rare cases, the ischemic mechanism may involve recurrent bony compression against the vessel wall,
direct damage to the vascular endothelium, or complications such as entrapment, perforation,
pseudoaneurysm formation, and subsequent distal embolization. Common non-traumatic causes include
osteochondral hyperplasia, disc herniation, cervical spondylosis, tendon compression, fibrous tethering
of the VA, atlantoaxial bony abnormalities, atlantoaxial instability, and rheumatoid arthritis. Acquired
factors, such as complications from cervical spine surgery and neck injuries, also contribute to the

syndrome[2, 3].

Previous studies have identified several exacerbating factors for BHS, including contralateral VA
insufficiency, occlusion of the intracranial segment of the VA, and impaired collateral circulation.
Additionally, vascular risk factors, including hypertension, hyperlipidemia, diabetes, smoking, and

coronary artery disease, are commonly present in patients with BHS[4, 5].

Case Description

A 63-year-old woman with a history of left basal ganglia and paraventricular infarcts, type II diabetes,
and hypertension presented to the neurology department with recurrent dizziness when turning her head
to the right. These episodes, lasting for eight months, were often accompanied by nausea and vision
disturbances but spontaneously resolved within minutes. Neurological examination revealed right-sided
deficits, including tongue deviation, reduced muscle strength, hyperreflexia, and a positive Babinski sign,

with no other neurological abnormalities.

CT angiography (CTA) showed severe stenosis of the right middle cerebral artery, a hypoplastic
intracranial segment of the right vertebral artery with posterior inferior cerebellar artery occlusion, and
moderate stenosis of the left vertebral artery's intracranial segment. DSA revealed significant blood flow
slowdown in the left VA during a 90° right neck turn, with notable narrowing in the V3 segment of the
left VA (Fig. 1). The patient was diagnosed with BHS and admitted for surgery. To avoid compromising

the dominant left VA, atlantoaxial fusion was performed instead of foraminotomy decompression.
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Figure 1. Preoperative dynamic DSA. In a neutral head position, the right vertebral artery V4 segment
occluded beyond the origin of the posterior inferior cerebellar artery (A). The left vertebral artery
moderate stenosis (60-70%) in V4 segment, the right posterior cerebral artery clearly opacified, left
shows a fetal-type posterior cerebral artery (B), supplied by a well-developed left posterior
communicating artery (C). Lateral view shows left vertebral artery loops at C2 level (D). With a 90-
degree right head turn, severe stenosis at C2 slows blood flow in the left VA, leading to poor opacification
of the distal left posterior cerebral artery (E).

On the third day post-surgery, the patient suddenly developed weakness in the left upper limb, left visual
field hemianopia, impaired deep sensation in the left limbs, and slurred speech. Emergency CT and MRI
indicated acute infarcts in the periventricular area (Fig. 2). Follow-up DSA revealed occlusion of the
right posterior cerebral artery, likely caused by thromboembolism at the site of pre-existing left vertebral
artery stenosis, possibly triggered by a postoperative hypercoagulable state (Fig. 3). After antiplatelet
therapy and volume expansion, her symptoms gradually improved. By day seven post-surgery, her speech
was slightly slurred, and left upper limb strength had improved to grade 4, with residual symptoms at

discharge.

At 3-month and 1-year follow-ups, her dizziness had completely resolved, but residual symptoms from

the cerebral infarction persisted.
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Figure 2. Postoperative brain MRI. Shows new cerebral infarcts in the right temporo-occipital lobes,
right thalamus, splenium of the corpus callosum, and the corona radiata.
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Figure 3. Postoperative DSA. Shows occlusion at the previously narrowed site of the right posterior
cerebral artery P2 segment, with disappearance of distal blood flow.

Discussion

Bow Hunter's Syndromel, also known as rotational vertebrobasilar insufficiency, derives its name from
a 1978 case report by Sorensen. The condition is often associated with compression of the dominant
vertebral artery (VA), along with occlusion of the intracranial segment and impaired collateral circulation,

a particularly severe presentation in our patient.
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The VA, which originates from the subclavian artery, enters the bony canal formed by the cervical
vertebrae's transverse processes at the C6 level. It then ascends almost vertically through the transverse
foramina from C6 to C3, veering posterior-laterally at the axis vertebra, and continues through the
transverse foramen of C1 to curve around the atlanto-occipital joint before penetrating the skull via the
atlanto-occipital membrane. The atlantoaxial segment is the most common site of compression,
traditionally attributed to the relatively fixed position of the VA at the C1 transverse foramen and atlanto-
occipital membrane[6]. However, in our case, dynamic digital subtraction angiography (DSA) revealed
that compression occurred primarily at the C2 level, potentially caused by the anterior edge of the
superior aspect of the C2 transverse foramen. Our surgical experience suggests that when the neck is
turned to the opposite side, the VA exits the C2 transverse foramen and makes a sharp forward turn,
leading to compression. Between the C1 transverse foramen and the atlanto-occipital membrane, the VA

forms a slack loop, providing some space for movement during neck rotation (Figure 4)[6].

Figure 4. [llustrations showing a potential cause of BHS involving the V3 segment of the VA. The VA
forms a loose loop around the lateral mass in the segment from the transverse foramen of C1 to the
atlanto-occipital membrane (A), allowing for movement space during rotation (B). The transverse
foramen of C2 opens posterolaterally, and the position of the vertebral artery is relatively fixed (C).
During neck rotation, susceptible to compression from the anterior wall of the foramen (D).

Potential etiological factors contributing to symptoms include atlantoaxial block instability, osteophytes,
developmental deformities of the atlantoaxial vertebrae, and abnormalities in VA alignment. At the C3—
C6 levels, localized compression of the vertebral arteries by osteophytes growing in the intervertebral

foramina during ipsilateral cervical rotation is the most common pathogenic mechanism.

The incidence and prevalence of BHS in the general population remain undefined. A retrospective
analysis up to October 2022 identified 233 reported cases, with the highest prevalence observed in

individuals aged 50-60 years, a male predominance, and a notable frequency of left-sided VA
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involvement[7]. The syndrome typically manifests as reversible symptoms of posterior circulation
ischemia during head rotation. The syndrome typically presents with reversible symptoms of posterior

circulation ischemia during head rotation.

Dynamic vascular ultrasound and transcranial Doppler examinations are commonly used for screening
pathophysiological changes, but they are not definitive for diagnosing BHS. In several reports, nearly
half of the patients diagnosed with BHS had no evidence of dynamic vertebral artery occlusion on
ultrasound[8]. Dynamic DSA remains the diagnostic gold standard, playing a crucial role in preoperative
evaluation and outcome measurement. Although CTA and magnetic resonance angiography in a rotated
neck position can also identify compressive structures, patient discomfort from prolonged neck rotation
and the potential aggravation of symptoms pose challenges®. Notably, dynamic occlusions may not be
visible on DSA when thromboembolic mechanisms are involved, highlighting the importance of
considering BHS as a potential cause of posterior circulation strokes, especially in young adults with

upper cervical anomalies and no other cerebrovascular risk factors[9].

BHS lacks a standardized treatment protocol, with surgical options, primarily cervical decompression
and/or cervical fusion, being widely reported as effective definitive treatments. However, some studies
suggest that decompression alone may be associated with a higher recurrence rate of stroke[4].In cases
of BHS where atlantoaxial dislocation or instability compresses the vertebral artery at the V3 segment,
posterior atlantoaxial fusion is required. Decompression alone in these cases could exacerbate
atlantoaxial joint instability. Although there have been no previous reports of thromboembolic
complications following atlantoaxial fixation in BHS patients, our experience suggests that this risk
should not be overlooked, particularly in those with stroke risk factors. In our case, the patient underwent
posterior atlantoaxial fixation and fusion using the Goel-Harms technique but developed a right posterior
cerebral artery infarction on postoperative day 3. Given the absence of cervical vertebral artery injury or
entrapment, and considering the patient’s vascular risk factors, including type 2 diabetes and intracranial

atherosclerosis, a postoperative hypercoagulable state-induced thromboembolism was suspected.

Following multidisciplinary consultations and postoperative analysis, we identified several key strategies

to prevent postoperative thromboembolism and improve outcomes for high-risk patients:

Anticoagulation Therapy: Anticoagulation before, during, and after surgery is essential. For patients
already on secondary stroke prevention therapy, bridging with low-molecular-weight heparin (LMWH)
before surgery is recommended. The standard dose is 40 mg once daily, or 0.5-0.7 mg/kg every 12 hours,
adjusted based on the patient’s weight, to ensure adequate anticoagulation during the perioperative
period[10].

Intraoperative Care: Intraoperatively, careful hemostasis must be maintained, and a paravertebral drain

should be placed to minimize bleeding risks.

Postoperative Care: For patients who received LMWH bridging therapy, anticoagulation should be
resumed within 24 hours post-surgery. Alternatively, novel oral anticoagulants, such as Rivaroxaban (10
mg once daily) or Dabigatran (110 mg once daily), may be used, with doses adjusted according to renal
function and bleeding risk!!. Early resumption of anticoagulation significantly reduces the risk of

thromboembolism and improves postoperative outcomes.
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Preoperative Evaluation and Microsurgical Technique: Preoperative CTA 3D reconstruction is essential
to clearly define the course of the vertebral artery, allowing for the development of a tailored surgical
plan. In cases with high-riding vertebral arteries, using fusion devices with lateral mass or transpedicular
screws provides adequate fixation while minimizing vertebral artery injury risk. Before performing
lateral atlantoaxial joint release, the V3 segment of the vertebral artery should be exposed without
opening the arterial sheath. Fusion devices and screws should be placed under direct visualization. If the
vertebral artery obstructs the joint surface, a nerve dissector can be gently used to elevate the artery.
Minimizing traction or compression of the vertebral artery reduces the risk of vascular spasm,

intraoperative hemodynamic changes, or endothelial damage[12].

Alternative approaches for managing BHS primarily include antithrombotic therapy, stent implantation,
coil embolization, and lifestyle modifications, such as limiting neck movement or using a cervical collar.
While therapeutic vertebral artery (VA) occlusion has been reported[13], it is generally not recommended
as a routine treatment due to the presence of contralateral vertebral artery stenosis in the majority of
patients. In older adults with refractory vertebrobasilar insufficiency caused by unilateral supra-axial
BHS and flow-limiting atherosclerosis in the contralateral vertebral artery, stent angioplasty of the
atherosclerotic lesion has been used effectively to restore vertebrobasilar circulation[14]. Some authors
have also reported the use of direct endovascular stent implantation for treating BHS lesions[15], but this
approach carries risks, including stent displacement and vascular occlusion, as the underlying conflict

between the bone structure and the vertebral artery remains unresolved.

Antithrombotic therapy and restriction of neck movement are typically used as initial management
strategies for BHS[6]. If BHS is suspected, we advise patients to limit excessive cervical rotation or use
a rigid cervical collar to stabilize the neck. For patients with a history of stroke, antithrombotic or
antiplatelet therapy should be initiated promptly for secondary stroke prevention. However, these
measures do not address the underlying compressive pathology. Early reports indicated that nearly half
of patients undergoing conservative treatment experienced strokes with permanent neurological deficits
during the one-year follow-up[16]. A prospective study of 19 patients, despite showing good safety with
conservative treatment over an average follow-up of 37.5 months, found that symptoms were not
completely resolved[9]. Therefore, we advocate for definitive surgical treatment in BHS patients to
prevent recurrent strokes. We recommend postponing surgery for high-risk patients until underlying

conditions, such as diabetes, hypertension, and atherosclerosis, are adequately managed.
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DSA: Dynamic digital subtraction angiography
VA: vertebral artery
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