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Atypical presentation of rotational vertebral artery insufficiency: illustrative case
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BACKGROUND Rotational vertebral artery insufficiency (RVAI), also known as bow hunter’s syndrome, is an uncommon cause of vertebrobasilar
insufficiency that leads to signs of posterior circulation ischemia during head rotation. RVAI can be subdivided on the basis of the anatomical location of
vertebral artery compression into atlantoaxial RVAI (pathology at C1-C2) or subaxial RVAI (pathology below C2). Typically, RVAI is only seen with
contralateral vertebral artery pathologies, such as atherosclerosis, hypoplasia, or morphological atypia.

OBSERVATIONS The authors present a unique case of atlantoaxial RVAI due to rotational instability, causing marked subluxation of the C1-C2 facet
joints. This case is unique in both the mechanism of compression and the lack of contralateral vertebral artery pathology. The patient was successfully
treated with posterior C1-C2 instrumentation and fusion.

LESSONS When evaluating patients for RVAI, neurosurgeons should be aware of the variety of pathological causes, including rotational instability
from facet joint subluxation. Due to the heterogeneous nature of the pathologies causing RVAI, care must be taken to decide if conservative
management or surgical correction is the right course of action. Because of this heterogeneous nature, there is no set guideline for the treatment or
management of RVAI.

https://thejns.org/doi/abs/10.3171/CASE20169
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Rotational vertebral artery insufficiency (RVAI), also known as bow
hunter’s syndrome or bow hunter’s stroke, is an uncommon cause of
vertebrobasilar insufficiency (VBI) that leads to signs of posterior
circulation ischemia during head rotation, such as syncope, dizziness,
visual field defects, and vertigo. This syndrome was first described in
1978 by Sorensen,1 who described a patient who developed Wal-
lenberg syndrome secondary to posterior infarction during archery
practice.1–5 Typically, RVAI occurs in male patients aged 50–79 years,
with hypertension, osteoarthritis, hyperlipidemia, diabetes, smoking,
and coronary artery disease all considered important risk factors.6

Because of the long course of the vertebral artery (VA), com-
pression can occur at any level and is divided into atlantoaxial RVAI
(involving C1-C2) and subaxial RVAI (involving levels below C2).3

In most instances, unilateral compression alone is not sufficient
for symptoms to occur. Most commonly, symptoms occur when
patients have a contralateral hypoplastic VA or some variant in the
normal course or caliber of the contralateral VA, such as severe

atherosclerosis, VAs terminating in the posterior inferior cerebellar
artery (PICA), or the presence of a dominant persistent first inter-
segmental artery.2,3,5,7–9

We present a unique case of atlantoaxial RVAI due to rotational
instability, causing marked subluxation of the C1-C2 facet joints. This
case is unique in both the mechanism of compression and the lack of
contralateral VA pathology. The patient was successfully treated with
posterior C1-C2 instrumentation and fusion.

Illustrative Case
History and Preoperative Assessment

A 37-year-old male presented to the neurosurgery clinic from his
primary care provider because of 15–20 years of episodes of blurry
vision, contraction of his visual field, lightheadedness, and headaches
upon turning his head to the right side. He had never lost consciousness
entirely, nor had he had any falls or significant trauma to his neck or
head. He found that these symptoms were reproducible by turning his

ABBREVIATIONS AI = atlantoaxial instability; CTA = computed tomography angiogram; PICA = posterior inferior cerebellar artery; RVAI = rotational vertebral artery
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head to the right or bending down to pick objects off the floor and occurred
several times each day. Occasionally, he experienced numbness and tin-
gling in his hands during these episodes. Over the last year, these epi-
sodes had becomemore frequent and had led to the limitation in the range of
motion of his head with external rotation to the right.

On examination, the patient did have some limitation in the range of
motion of his head, particularly head turning to the right. There was no
evidence of myelopathy or radiculopathy. His face was symmetrical,
and the result of his cranial nerve examination was unremarkable. His
primary care provider had ordered a dynamic computed tomography
angiogram (CTA) with his head in a neutral (Fig. 1 left) and rightward
externally rotated position (Fig. 1 right). The bilateral VAs were vi-
sualized and originated from the subclavian arteries without significant ostial
stenosis and were otherwise within normal limits. The cervical and intra-
cranial VAs were of normal course and caliber. Upon head rotation to the
right, this CTA showedmarked subluxation of the C1-C2 facet joints. TheC1
lateral mass subluxated posteriorly on the right and anteriorly on the left.
This subluxation resulted in occlusion of the V3 segment of the left VA and
was deemed the cause of his symptomatology. This can also be seen in
Fig. 2 as three-dimensional reformats of the computed tomography images
with segmentation of the vertebral vasculature.

Operative Course
The patient was brought to the operating room and intubated under

general anesthesia. His head was fixed in a 3-point fixation device, and
he was turned prone onto the Mzuho Jackson table. Under fluoroscopy,
a midline incision was made and extended to identify the spinous
processes and laminae of C1 and C2. Bilateral C2 nerve roots were
then sacrificed, exposing the C1-C2 facet joints bilaterally, which were
separated without the restraints generally provided by the capsular
ligaments. Under fluoroscopy, 3.5 ´ 30–mm screws were placed into
the lateral masses of C1. Similarly, at C2, 3.5 ´ 22–mm screws were

placed into the pars of C2. Thirty-millimeter rods, 3.5 mm in diameter,
spanned theC1-C2screwsoneither side.Thespacingbetween the rodsand
screw saddles was adjusted to provide for the posterior reduction of C1.
Cortical cancellous bonewas placed on the lamina betweenC1 andC2 after
decorticating theC1-C2 lamina process. The patient tolerated the procedure
well, was extubated, and was transferred to recovery without any acute
complications.

Postoperative Course
During his 6-week follow-up visit, the patient reported improvement

in his level of lightheadedness, headaches, and improvement in his
visual field. However, he was still experiencing discomfort at the back of
his head. Standing C-spine films were completed before his ap-
pointment and showed postsurgical changes of a posterior spinal
fusion without hardware complications (Fig. 3). On examination, his
incision appeared well healed without erythema or tenderness. He
was instructed to normalize his activity and attend follow-up again in
3 months with repeated imaging.

Discussion
RVAI is a syndrome that is characterized by symptoms of VBI, such

as vertigo, nystagmus, and syncope, when the head is rotated. The first

FIG. 1. Sagittal multiplanar reformations with the head in the neutral
position (left) and rotated toward the right side (right). Normal
articulation of the left C1-C2 joint (short arrow in left) with VA
posterior to C2 vertebral body (long arrow in left) is noted in a neutral
position. On rightward rotation, there is prominent subluxation at C1-C2
articulation (short arrow in right) with significant attenuation of the VA
(long arrow in right).

FIG. 2. Three-dimensional reformats of the computed tomography
images with segmentation of the vertebral vasculature. The left VA is
normal in a neutral position (left) but shows significant attenuation
with the head rotated toward the right side (right).

FIG. 3. Anteroposterior (left) and lateral (right) radiographs obtained
6 weeks after surgery, showing the hardware in place.
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description of VBI due to head rotation was described by de Kleyn and
Versteegh in 1933;10 however, the syndrome of RVAI or bow hunter’s
syndrome was not described until 1978 by Sorensen.1 As mentioned
above, Sorensen described a patient who developed symptoms similar
to lateral medullary, or Wallenberg, syndrome after a lengthy archery
practice. Wallenberg syndrome is characterized by swallowing diffi-
culties, nystagmus, vertigo, and pain/temperature loss on the ipsilateral
face and contralateral body due to PICA or VA branch occlusion.1,11

In this case report, we present a unique case of RVAI due to ro-
tational instability at the C1-C2 level. When our patient turned his head
to his right side, he would sublux at his C1-C2 facet joints, causing
compression of his ipsilateral VA. Our patient had been experiencing
symptoms for 15–20 years when his symptoms began to worsen and
increase in frequency. No interventions had been performed up to this
time. Interestingly, he did not have any anatomical variants or a
malformed contralateral artery that could be the cause of his symp-
toms. Typically, adequate perfusion of the posterior circulation can
be achieved through the contralateral vessel, and patients do not
become symptomatic. Because his symptoms were worsening and an
obvious, correctable source of his pathology was seen, we proceeded
with a C1-C2 posterior fusion. At his 6-week follow-up, he had sat-
isfactory improvement of his symptoms.

The VAs typically originate from the subclavian arteries bilaterally and
are divided into 4 segments, termed V1–V4. V1, or the prevertebral part,
travels superiorly and posteriorly between the longus colli and anterior
scalenemuscles.TheV2,or cervical part, runs through theC6-C2 transverse
foramina, anterior to the cervical nerve trunks. The V3, or atlantic part,
begins at the C2 transverse foramen and can be subdivided into a vertical
part, which passes upward over the C2 nerve root and enters the transverse
foramen of C1, and a horizontal part, which curves medially and posteriorly
behind the superior articular process of the atlas. The horizontal portion then
lies in the groove on the upper surface of the posterior arch of the atlas. The
V4, or intracranial part, pierces the dura mater and courses medially on the
anterior surface of the medulla.6,12,13

In a 2015 review, Jost and Dailey14 detailed the anatomical vari-
ations of RVAI on the basis of 126 patients. Stenosis in the V1 distribution
was the culprit in 4% of patients, with 58% in the V2 distribution and 36% in
the V3 distribution, and only 2% showing pathology distal to C1. Rastogi
et al.15 described the atlantoaxial RVAI (C1-C2) segment as being in-
volved in 99 of 142 patients with bow hunter’s syndrome. This discrepancy
between the above 2 literature reviews is best attributed to inconsistent
criteria involving numerous patients from different centers.14,15

In subaxial RVAI, the ipsilateral VA is often compressed by a bony
spur of a hypertrophic uncovertebral joint, adjacent segment disease
after anterior instrumentation, muscle bands, an extraosseous ver-
tebral V2 segment, or a laterally herniated disc during contralateral
head rotation. This is the most common subtype of RVAI reported in the
literature.3,4,8,16–19 In atlantoaxial RVAI, the V3 portion of the VA is
compressed and can also be occluded with rotational head move-
ment, which is presented in this illustrative case. This is most com-
monly caused by an ossified or thickened atlanto-occipital membrane,
degenerative changes from cervical spondylosis, a dural fold in the
foramen magnum, an accessory ossicle behind the atlanto-odontoid
junction, C1-C2 facet hypertrophy, muscular and tendinous inser-
tions, erosive rheumatoid arthritis, or dynamic instability, as in this
case.5,7,9,14,18,20,21 At the C1-C2 transverse foramen, the V3 segment
is relatively immobile, which may account for its susceptibility to
rotational obstruction.22

In a nonpathological situation, during head movement, the ipsi-
lateral lateral mass of the atlas is translated posteriorly along the

articular facet of the axis. In contrast, the contralateral lateral mass of
the atlas is translated anteriorly along the articular facet of the axis.
Rotational movement is limited by the alar (anteriorly) and transverse
(posteriorly) ligaments.23 In our patient, upon head rotation to the right,
the left lateral mass was subluxated anteriorly beyond normal align-
ment, whereas the ipsilateral lateral mass subluxated posteriorly. This
was deemed to be the cause of the compression at the transverse
foramen of the axis, which resulted in a significant decrease in blood
flow through the vessel.

Atlantoaxial instability (AI) is classified into 3 categories based on
inflammatory, congenital, and traumatic etiologies. These are briefly
discussed further. Because there are many synovial joints and liga-
ments that contribute to the stability of the upper cervical spine,
rheumatoid arthritis is one of the most prevalent causative agents that
promotes the development of AI. Chronic inflammation leads to laxity
and stretching of the alar and transverse ligaments, erosion of the bony
structures, and subsequent subluxation and instability. Several con-
genital disorders can also lead to AI, with the most prevalent being
Down syndrome, which can cause laxity in the ligaments and bony
abnormalities. Finally, traumatic injuries typically result from head
trauma, which disrupts the alar, apical, or transverse ligaments, leading
to AI.24 Interestingly, our patient did not have any apparent causes for
his AI; however, given his long history of RVAI symptoms, this could
have been due to a remote head trauma history that went unnoticed.

As one might expect, management options for these patients are
wide ranging, from conservative watchful management to surgical
treatment. Currently, there are still no standard treatments for RVAI,
given the rarity of the diagnosis. Conservative management includes
avoiding head and neck rotation by using a neck brace or collar and
antiplatelet or anticoagulation therapy. Few studies have looked at the
outcomes of conservative management versus surgical treatment,
partly because of the diverse pathologies that can cause RVAI. Choi
et al. analyzed 21 patients with RVAI.9 Twelve patients had “typical”
RVAI, defined as compression between C1 and C2 with either con-
tralateral VA hypoplasia or occlusion.Of these 12 patients, 2 proceeded
to surgery with aC1-C2 fusion, and the other 10 patients weremanaged
conservatively. Of the conservatively managed patients, only 1 had an
adverse outcome of middle cerebral stroke not related to RVAI. The
other 9 patients were defined as “atypical” RVAI and had different
compression patterns, such as compression of bilateral VAs or
compression at different cervical levels. Three of these patients had a
normal contralateral VA. These patients were all managed conser-
vatively and had no adverse events. In contrast with these patients, our
patient would have been classified as a mix between typical and
atypical RVAI because his compression was at a traditional level but
without contralateral VA pathology. These results suggest that con-
servative management may be an option for patients with RVAI, de-
pending on their level of compression. Rastogi and colleagues,15 in
their 2015 review of 153 cases, showed a large diversity of treat-
ment modalities as well. A surgical approach was seen in 105 of 146
cases, with 39 patients treated conservatively and 2 patients treated
with a combination of conservative and surgical management
(p < 0.0001).8,9,15 With regard to our patient, because his symp-
toms had been accelerating over the past year and his CTA showed
substantial evidence of rotary subluxation at C1-C2, a surgical ap-
proach was deemed necessary to control his symptoms.

Observations
In this case report, we report a unique case of rotational VA in-

sufficiency due to subluxation of the articular facet at C1-C2 when our
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patient turned his head to the right. This case was a result of an old injury.
When our patient turned his head to the right, the subluxation caused
compression of the V3 segment of the VA in the transverse foramen of the
axis. Furthermore, our patient presented without contralateral VA pathology,
further adding to the atypical nature of his symptoms.

Lessons
When evaluating patients for RVAI, neurosurgeons should be

aware of the variety of pathological causes, including rotational in-
stability from facet joint subluxation. Given the heterogeneous nature of
the pathologies causing RVAI, care must be taken to decide if con-
servative management or surgical correction is the right course of
action. Because of this heterogeneous nature, there is no set guideline
for the treatment or management of RVAI. In the setting of C1-C2
rotatory subluxation; however, C1-C2 instrumentation and fusion are
recommended.
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