
Rare Etiology of Bow Hunter’s Syndrome and Systematic Review of
Literature
Vaibhav Rastogi1

, Ashley Rawls1
, Omar Moore1

, Benjamin Victorica1
, Sheema Khan1

,
Pradeepan Saravanapavan1

, Sunitha Midivelli1, Prathap Raviraj3, Anna Khanna1
,

Sharathchandra Bidari2
, and Vishnumurthy S Hedna1

1Department of Neurology, University of Florida College of Medicine, Gainesville, FL-32611, USA
2Department of Radiology, University of Florida College of Medicine, Gainesville, FL-32611, USA
3Department of Internal Medicine, St. Mary’s Medical center, Duluth, MN-55805, USA

Abstract
Background—Bow Hunter’s Syndrome is a mechanical occlusion of the vertebral artery which leads to a
reduction in blood flow in posterior cerebral circulation resulting in transient reversible symptomatic verte-
brobasilar insufficiency.

Case Description—We present a case of Bow Hunter’s syndrome in a 53-year-old male that occurred
after the patient underwent surgical correction of a proximal left subclavian artery aneurysm. Shortly after
the surgery, the patient began to complain of transient visual changes, presyncopal spells, and dizziness
upon turning his head to the left. A transcranial doppler ultrasound confirmed the diagnosis of Bow Hunt-
er’s syndrome.

Systemic Review—We analyzed the data on 153 patients with Bow Hunter’s syndrome from the litera-
ture. An osteophyte was the most common cause of vertebral artery occlusion, and left vertebral artery was
more commonly involved in patients with Bow Hunter’s syndrome. Dynamic angiography was the defini-
tive imaging modality to confirm the diagnosis, and surgery was most successful in alleviating symptoms.

Conclusion—We believe that this is the first case of iatrogenic Bow Hunter’s syndrome after surgical
intervention for an aneurysm repair, and the largest review of literature of Bow Hunter’s syndrome.
Dynamic angiography is the gold standard for the diagnosis of Bow Hunter’s syndrome. Surgery should be
considered as the primary treatment approach in these patients, especially those who have bony compres-
sion as the etiology.
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Introduction
Bow Hunter’s syndrome (BHS), also known as rota-
tional vertebral artery syndrome is a form of vertebroba-
silar insufficiency (VBI) in which the vertebral artery
(VA) is mechanically compressed by the transverse
process of a cervical vertebrae or surrounding structures
when the head is turned more than 45° to the right or left
[1]. Normally, the vertebral arteries course through the
transverse foramina of the cervical vertebrae, entering
the foramina of the C6 vertebra and exiting the C1 verte-
bra caudally. Compression in BHS has been most com-

monly observed at or above C2 [2]. The unilateral com-
pression of one of the two vertebral arteries can be
symptomatic; however, symptoms are usually transient
and may be relieved when the head is returned to the
neutral position. The condition is manifested by a con-
stellation of symptoms including vertigo, nausea, dys-
arthria, dysphagia, transient blurring of vision in one or
both eye fields, gait disturbance, headaches, and other
sensorimotor findings such as tinnitus, hearing loss, syn-
cope, or drop attacks [2].
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In 1957, Tatlow and Bammer hypothesized that sympto-
matic head rotation may be due to mechanical compres-
sion of the vertebral arteries and observed compressions
at C1–C2 and C5–C6 in subsequent studies done on
cadavers [3]. In 1960, cervical spondylosis [4] and com-
pressions by the anterior scalene muscle [5] were
thought to be the two most common etiologic factors
contributing to the condition.

In 1978, the term Bow Hunter’s syndrome was coined
by Sorensen in order to define the reproducible symp-
toms associated with VBI upon head rotation [6]. Since
that time osteophytes, fibrous bands, cervical disc her-
niation, C1 or C2 instability, chiropractic manipulation,
surgical positioning, a multitude of physical activities,
and sports have been implicated in various patient cases
[7,8]. An additional hypothesis is that of a thrombus for-
mation within the lumen of the VA can precipitate by
flow abnormalities during compressive periods. These
thrombi may then embolize, which would result in tran-
sient ischemic attacks or cerebral vascular accidents [9].
In 1995, a case report described a syndrome in which a
patient suffered from vertigo, dizziness, and blurred
vision with head rotation [10]. Since then many typical
and atypical cases of BHS have been documented in lit-
erature [11].

In this study, we aim to highlight a case of BHS at our
center, which presented after surgical intervention to fix
a proximal subclavian aneurysm. We further focus on all
the cases that have been documented in literature, in
order to ascertain the demographics of BHS. We also
wish to look at all the imaging studies that have been
used for the diagnosis of BHS along with the treatment
approaches that have been considered for its cure. We
intend to determine the prognosis in BHS patients.

Case Presentation
A 53-year-old Hispanic male with a history of diabetes
mellitus, hypertension, hyperlipidemia, and a remote
history of Bell’s palsy was presented to our emergency
department with chest pain and shortness of breath. The
initial investigation confirmed a left subclavian artery
aneurysm and coarctation of the aorta just distal to the
origin of the left subclavian artery. Computed tomogra-
phy angiogram (CTA) of the neck showed that the
diminutive left VA originated from the apex of the
aneurismal portion of the left subclavian artery. The
hypoplastic distal left VA was reconstituted via collater-
als approximately at the C3 level (Fig. 1).

The patient underwent thoracic endovascular aortic
repair involving a left subclavian artery to carotid artery
transposition and left subclavian artery embolization.

Figure 1. Magnetic resonance angiogram of the patient’s brain (left) and computerized tomography angiogram (Cta) of
the patient’s neck (right) showing hypoplastic left vertebral artery (straight arrow) and dominant right vertebral
artery (arrowhead) in comparison.
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The surgeons elected to ligate the diminutive left VA
and not reanastomose it. He had no postoperative com-
plications and was started on aspirin, atorvastatin, and
metoprolol.

Two weeks later, he returned to the emergency depart-
ment with complaints of mild pain and swelling at the
right groin incision site, as well as intermittent fevers.
While in the emergency department, the patient experi-
enced 30 seconds of transient left binocular visual loss.
The patient states that this has only happened once,
although he has had episodes of dizziness when he turns
his head to the left since the surgery. Repeat CTA of the
head and neck showed the graft and an occlusion of the
left VA.

The patient was admitted for the evaluation of acute
stroke. A head CT did not reveal any acute abnormali-
ties. Magnetic resonance angiogram (MRA) of the brain
at that time showed an area of restricted diffusion in the
right occipital white matter and punctate foci of restric-
ted diffusion in the right occipital lobe consistent with
small emboli and some evidence of subcortical white
matter disease (not shown). Along with the expected
postoperative changes from the recent treatment of the
left subclavian artery aneurysm, a 6.5 mm right VA
aneurysm and a 17 mm right subclavian artery aneurysm
were also found. Head CTA findings were suggestive of
focal ectasia or early fusiform aneurysm formation of
the right intradural VA with minimal early mass effects
on right anterolateral medulla. Neck CTA revealed right
VA dominance, nonvisualization of the proximal and
mid left VA, and hypoplastic distal left VA reconstituted
via collateralization (Fig. 1). An echocardiogram
showed no evidence of significant valve dysfunction,
and no cardiac source of embolus.

After 8 months, the patient presented to the cognitive
clinic with complaints of memory problems following
repair of the left subclavian artery aneurysm. Addition-
ally, the patient continued to complain of dizziness when
turning his head to the left and when standing. The
patient was not found to have any evidence of neurode-
generative dementia, and the amount of white matter
disease present on the brain magnetic resonance imaging
(MRI) did not appear to be substantial enough to cause
vascular dementia.

He was then referred to the stroke clinic to rule out VA
aneurysm as the source of his dizziness. The patient sta-
ted that his symptoms are only when he turns his head to
the left and his chin is up and denied any other transient
ischemic attack or stroke-like symptoms. If his head is
continually positioned to the left he feels as though he

will pass out, but denies any syncope or presyncopal
falls. Along with dizziness, a sustained head position to
the left leads to his vision going “out of focus,” but he
denied loss of vision, blurred vision, and diplopia. These
sensations were reproducible in clinic, although without
any associated pulse changes in left arm or presyncopal
episodes. At this point, the differential diagnosis inclu-
ded BHS versus mild subclavian steal phenomenon. He
was advised to avoid extreme rotation or excessive
manipulation of his neck to the left side. Transcranial
Doppler ultrasound (TCD) confirmed a reduction in
blood flow in the left VA to the extent of 35% when
patient turned head to the left, and also exhibited typical
symptoms at the blood flow drop (Fig. 2). Thus, the
diagnosis of BHS was confirmed via TCD results.

Patient was re-evaluated with cervical spine MRI which
revealed degenerative spondylosis, with the most signif-
icant disease between C4 and C7, and persistent occlu-
sion of left VA. No neurosurgical intervention was war-
ranted at that time.

Systemic Literature Review
Patients and Techniques: A systematic search was per-
formed for publications in Medline from 1966–2013
with keywords “Bow Hunter’s syndrome, Bow Hunter’s
stroke, rotational vertebral artery occlusion, rotational
vertebral artery syndrome” in subject headings and key-
words with no language restrictions. A total of 30 results
were obtained for the keywords “Bow Hunter’s Syn-
drome,” 35 results were obtained with keywords “Bow
Hunter’s Stroke,” 42 results were obtained with key-
words “Rotational Vertebral Artery Syndrome,” and 11
results were obtained with keywords “Rotational Verte-
bral artery Occlusion.”. The authors then reviewed all
the studies to check whether they contained information
about BHS. Those studies where only abstracts were
available and those that were in any language except
English, such as Japanese, were excluded from the
review. Overall 71 relevant studies were identified
[1,2,8,11–78].

Clinical Variables and Measurement of Outcome:
The following items were included in the analysis: total
number of patients, sex, mean age, etiology, symptoms,
laterality, vertebral level of occlusion, imaging modality,
treatment modality and outcome. Multiple imaging
modalities have been used for the diagnosis of BHS
which include TCD, CTA, MRA, dynamic digital sub-
traction angiography (dDSA), and dynamic angiography.
We grouped dynamic cerebral angiography, dynamic
vertebral angiography, dynamic aortic arch angiography,
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and dynamic angiography together under one heading,
“Dynamic Angiography.” For outcome analysis, we
broadly classified the patients into favorable and unfav-
orable outcomes depending on the recovery of symp-
toms to the baseline since their presentation in the initial
visit. The favorable outcome group involved patients
who showed complete recovery from their symptoms,
whereas the unfavorable outcome group included
patients who had zero, modest, or partial recovery of
their symptoms over different time periods.

Statistical Analysis: All analyses were performed by
the authors using Microsoft Excel and JMP software
(version 10.0).

Results
Baseline demographics: The total number of patients in
this review was 153. The overall mean age of the

patients was 53 years, after excluding the pediatric
patients (<18 years) which accounted for 10 patients in
the review. Some baseline demographics were not avail-
able for eight patients. The occurrence of BHS was seen
in 100 males and 45 females and this difference was
determined significant (p<0.0001).

Anatomical Information: The site of VA occlusion was
noted to be at the level of the Atlanto-axial (C1–C2)
joint in 99 cases out of total 142 cases, which was sig-
nificantly (p < 0.0001) higher than any other level of VA
occlusion. Osteophytes, or bone spurs, was the most
common etiology for BHS. Involvement of the left VA
in BHS was seen in 80 patients, while the right VA was
involved in 56 cases, and bilateral VA involvement was
seen in 11 cases. Overall, the left VA was involved in a
significantly (p < 0.0001) higher number of BHS
patients than the right VA or even the bilateral VA
involvement.

Figure 2. A: Transcranial Doppler ultrasound (Tcd) of left vertebral artery with head in neutral position showing ade-
quate flow (circle) through the left vertebral artery and mean velocity of 30 cm/s along with absence of symptoms.
B: Tcd of left vertebral artery with neck turned to left and in flexion showing decrease in flow within the left vertebral
artery (circle) and mean velocity of 6 cm/s in comparison to top along with occurrence of symptoms of dizziness, pre-
syncope, and visual changes.
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Clinical Differences: It was noted that BHS was more
commonly (p < 0.05) seen on turning the head to right
side (55 patients) as compared to the left (44 patients) or
both sides (2 patients). Upon analyzing the symptoms at
the time of presentation, it was observed that vertigo and
syncope were present in 28% and 26% of the cases
respectively and were the most prevalent symptoms
noticed in patients with BHS (Fig. 3). Other prevalent
symptoms documented included visual symptoms such
as diplopia, blurred vision, dizziness or lightheadedness,
tinnitus, nausea/vomiting and focal neurological deficits
(ataxia, focal numbness, weakness, or paresthesia).

Imaging Characteristics: Out of all the imaging modal-
ities, dynamic angiography was more commonly used to
confirm the diagnosis of BHS, as 88 patients out of total
144 patients had dynamic angiography used for the con-
firmation of underlying etiology (p < 0.0001). Interpre-
tation of the imaging led to a diagnosis of acute or suba-
cute cerebrovascular accidents in 10 patients. A total of
21 patients had stenosis, 13 had hypoplasia, and three
had dissection of the ipsilateral, contralateral, or both
vertebral arteries.

Treatment Modalities: Huge diversity in treatment
approaches were noted involving surgical, conservative
or the combination of both. Treatment data were missing
for seven patients. A surgical approach was considered
in 105 cases out of total 146 cases, a conservative
approach in 39 patients and a combination of surgical
and conservative treatments in two patients (p < 0.0001).

Thus, there was a significantly higher emphasis on sur-
gery as the primary treatment approach in BHS patients.

An outcome analysis revealed that surgery was associ-
ated with favorable outcomes. In the cases where sur-
gery was the primary treatment approach, 80 patients out
of total 96 patients had favorable outcomes, whereas in
cases of conservative approach, favorable outcomes
were only noticed in 37% of the patients (p < 0.0001).
Hence, surgery was associated with a significantly
higher number of favorable outcomes in BHS patients.

Discussion
In this large systemic review of BHS, we analyzed data
of 153 patients. We found that men were significantly
more prone to develop BHS and left VA was more com-
monly involved. The significantly higher involvement in
the left VA might be attributed to fact that the left VA is
dominant in 50% of the people, whereas right domi-
nance is found in only 25% [79]. As VA [80] is the
major blood supply of the posterior circulation and this
circulation is responsible for the symptoms observed in
BHS patients, there are more chances of getting symp-
toms on occlusion of dominant VA rather than the non-
dominant VA.

The cause of VA occlusion in most of the cases was the
anatomical compression by the cervical vertebrae pro-
voked by head turning to either the ipsilateral or con-
tralateral side. Osteophytes were the most common

 

Figure 3. Distribution of the symptoms in patients with Bow Hunter’s Syndrome in the literature
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underlying abnormality responsible for this compres-
sion. Compression was significantly more common on
right head rotations and at the level of atlanto-axial (C1–
C2) joint. At the atlanto-axial joint, the VA is relatively
immobilized at the transverse foramen [8], thus provid-
ing an easy target for occlusion. The atlanto-axial joint
plays a vital role in neck rotation. Some cadaver studies
have shown that during the neck rotation, the contrala-
teral C1–C2 joint rotates asymmetrically forward and
downward [81]. This motion may lead to the lengthen-
ing of the VA under the atlanto-axial ligament along the
posterior C1 ring or between the C1 and C2 foramen [8].
This lengthening of the VA can cause its thinning or
occlusion [82]. So, right head turn can cause the left
joint movement and can cause left VA occlusion. Thus,
both right head turn and left VA are more commonly
involved in the BHS. BHS is a relatively rare disease,
which indicates that there are other factors that might
play a role in the development of BHS. These may
include the presence of an isolated posterior circulation
that has no collateral supply from any other arteries and
the presence of hypoplasia or stenosis or dissection of
the contralateral VA [8].

In the patient prior to the correction of the subclavian
artery aneurysm, a CT angiogram of the neck showed
that hypoplastic left VA was still patent and contributed
minimally to left posterior inferior cerebellar artery
(PICA). During the operation, the left VA was electively
ligated. Shortly thereafter, the patient began experienc-
ing dizziness upon turning his head to the left. We pro-
pose that compression of the right VA may have cause
decreased perfusion of left VA territory. Flow to the left
PICA was also supplemented by a retrograde flow from
the right VA. During the surgical correction of the left
subclavian artery, the left VA was electively ligated, and
not reconnected. Postoperatively, the left PICA began
receiving all of its blood supply via a retrograde flow
from the opposite VA. As described in the previous
paragraph, the right VA could be compressed when the
patient turns his head to the left. If the right VA is com-
pressed in this way, it would preferentially preserve its
core territory. Therefore, retrograde perfusion of the left
VA and left PICA would decrease, contributing to the
BHS symptoms observed in this patient.

The patient complained specifically feeling dizzy when
turning his head to the left, pre-syncope, and transient
visual changes only after the surgical correction of his
subclavian artery aneurysm. These symptoms were simi-
lar to the BHS symptoms that we observed in our litera-
ture cohort such as diplopia, blurred vision, dizziness or
lightheadedness, tinnitus, nausea/vomiting and focal

neurological deficits (ataxia, focal numbness, weakness
or paresthesia). Vertigo and syncope were the most com-
mon symptoms in the literature. Dizziness was reported
in 11% patients of our cohort; however, it was the main
presenting symptom in our patient. The dizziness could
be associated with decreased flow to the PICA, although
the ischemic changes seen here are likely transient.

Other factors that could be contributing to his BHS
symptoms are his vasculopathic issues, including uncon-
trolled diabetes and long-standing hypertension. The
patient also has degenerative spondylosis, which is most
significant between C4 and C7, and is the one of the
most common inciting factors in BHS [5]. We believe
that the patient’s issues regarding the BHS are multifac-
torial in nature, and stem from both the compression of
the left-sided collaterals and the right VA compression,
leading to a decrease in retrograde flow via the vertebro-
basilar system. One potential life-threatening risk of this
syndrome is posterior circulation infarction [17].

Imaging studies play a crucial role in the diagnosis of
BHS. Some of the common imaging studies employed
in BHS diagnosis include TCD, CTA, MRA, dynamic
angiography, and dDSA. The term dynamic signifies
that the study is conducted in different head positions
including neutral position, head turning in either direc-
tion at different angles. This helps in the identification
of the occlusion position along with the compression
source in correlation to the symptoms. In our analysis,
we found that dynamic angiography was most com-
monly used in order to confirm the diagnosis of BHS. It
is also considered to be the gold standard for the diagno-
sis of BHS [17]. Netuka et al also advocated the use of
dynamic angiography after surgery to confirm the
degree of decompression [8]. TCD is another commonly
used imaging study, it is a cheap, noninvasive ultrasound
technique used to visualize the intracranial vessels.
Intracranial vessel stenosis, vasospasm, spontaneous
emboli detection, brain death confirmation, right to left
shunt detection, collateral circulation detection, and
facilitation of stroke thrombolysis are few of the indica-
tions for TCD. TCD can save unnecessary investiga-
tions, and radiation as proved in this case report [83].

Treatment options in BHS depend on its etiology: Intrin-
sic vascular disease, such as atherosclerosis or dissec-
tion; conversely, mechanical external compression of the
VA during head rotation from muscular or tendinous
insertions, osteophytes, or degenerative changes secon-
dary to cervical spondylosis [20,84]. Conservative man-
agement includes anticoagulation therapy, cervical col-
lars, and avoidance of prolonged head rotation [17]. Sur-
gical options include cervical decompression, cervical
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spine fusion, and endovascular stent placement within
the unaffected VA to increase blood flow during head
turning [20].

In regards to our patient, since BHS symptoms were
mild, conservative treatment and continued stroke pro-
phylaxis was pursued at this time with no surgical inter-
vention. However, our literature search revealed that sur-
gery was the most commonly used treatment approach
in BHS patients. There was a significantly higher num-
ber of patients who underwent surgery as part of their
treatment plan for BHS in comparison to the conserva-
tive treatment only or a combination of both.

On analyzing the prognosis of BHS patients after vari-
ous treatments had been used, we found that surgery was
associated with a significantly higher number of favora-
ble outcomes as compared to the other treatment modali-
ties. As described previously that anatomical compres-
sion by the bony structures is the most prevalent etiol-
ogy in BHS, surgery can rapidly resolve the compres-
sion and thus the symptoms.

Conclusion
In the literature, this is the first case of iatrogenic Bow
Hunter’s syndrome after surgical intervention for an
aneurysm repair. Vascular surgeons should be aware of
this potential complication that was observed in our
patient. Dynamic angiography is the gold standard for
diagnosis of BHS. Surgery should be used as the pri-
mary treatment approach in these patients, especially
where bony compression is the main etiology.
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