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Extrinsic compression of the subaxial vertebral artery (VA) may cause rotational occlusion syndrome (ROS) and contribute to verte-
brobasilar insufficiency potentially leading to symptoms and in severe cases, to posterior circulation strokes. The present literature 
review aimed to report the main clinical findings, diagnostic work-up, and surgical management of the subaxial VA-ROS, the diag-
nosis of which can be difficult and is often underestimated. An illustrative case is also presented. A thorough literature search was 
conducted to retrieve manuscripts that have discussed the etiology, diagnosis, and treatment of ROS. Total 41 articles were selected 
based on the best match and relevance and mainly involved case reports and small cases series. The male/female ratio and average 
age were 2.6 and 55.6±11 years, respectively. Dizziness, visual disturbances, and syncope were the most frequent symptoms in order 
of frequency, while C5 and C6 were the most affected levels. Osteophytes were the cause in >46.2% of cases. Dynamic VA catheter-
based angiography was the gold standard for diagnosis along with computed tomography angiography. Except in older patients and 
those with prohibitive comorbidities, anterior decompressive surgery was always performed, mostly with complete recovery, and zero 
morbidity and mortality. A careful neurological evaluation and dynamic angiographic studies are crucial for the diagnosis of subaxial 
VA-ROS. Anterior decompression of the VA is the cure of this syndrome in almost all cases.
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Introduction

Subaxial vertebral artery (VA) rotational occlusion syn-
drome (ROS) causes a transient or permanent decrease 
in blood flow in the posterior cerebral circulation that is 
associated with the occurrence of dizziness, drop attacks, 

visual disturbances, sensitive and motor symptoms, and 
even devastating strokes. These symptoms are classically 
triggered by the axial rotation of the head within the 
physiologic range of motion [1].

Disk herniation, spondylosis, ligamentous hypertrophy, 
bony defects, and abnormalities in the course of the VA 
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across the transverse foramina are the main etiological 
factors. Atherosclerosis worsens the frequency and sever-
ity of the symptoms [2-9]. The treatment of the subaxial 
VA-ROS is elective surgical that aims to decompress the 
VA and restore normal blood flow in the posterior circu-
lation [10-15]. Nevertheless, literature about the overall 
management of this syndrome is limited and mostly con-
sists of case reports or small case series [2,3,6,16-54].

This literature review addresses the clinical aspects, di-
agnosis, and surgical management of subaxial VA-ROS. 
An illustrative case is also reported.

Methods

Two separate systematic reviews of the literature were 
conducted using the Ovid Medline and EMBASE data-
bases to identify articles relevant to the natural history, 
diagnosis methods, treatment modalities, and outcomes 
of patients affected by VA-ROS. A population, interven-
tion, comparison, and outcome search strategy was used 
for each review. Keyword and MeSH search terms were 
used including “axis, cervical vertebra,” “vertebral artery,” 
“occlusion syndrome,” “cervical vertebra,” “compression 
syndrome,” “bow hunter’s syndrome,” “decompression,” 
“dynamic angiography,” “vertebrobasilar insufficiency,” 
and “head movements.” All the manuscripts published in 
English were eligible for inclusion. This search strategy 
selected articles that described the diagnosis, natural his-
tory, and treatment of the VA-ROS. Reference lists of the 
included manuscripts were studied to identify additional 
relevant publications. Further articles were included fol-
lowing a manual search of the literature.

Results

1. Literature volume

The search retrieved 77 articles. After applying the exclu-
sion criteria and removing duplicates, 41 relevant articles 
were selected and have been reported in Table 1.

2. Demographic and clinical data

Total 121 patients were included in the study. The male/
female ratio was 2.6 although sex was not reported in 
24 patients. The average patient age was 55.6±11 years, 
and those in the fifth decade were more affected. Graph N
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Fig. 3. Bar graph showing the main neurological findings.

Fig. 4. Bar graph describing the rate of the involvement of the different sub-
axial cervical levels.

Fig. 5. Pie graph about the sideness.
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19.8%

31.4%

33.9%

14.9%

1 shows the distribution by age decades (Fig. 1). In cases 
with vascular risk factors for stroke, the average frequency 
of hypertension, diabetes mellitus, and hyperlipidemia 
were 66%, 19%, and 15%, respectively (Fig. 2). Dizziness, 
visual disturbances, and syncope had a prevalence rate of 
76.8%, 50.4%, and 40.4%, respectively (Fig. 3). The C5 lev-
el was the most affected (31.4%) followed by the C6 level 
(21.4%) (Fig. 4). Left side had prevalence (33.9% versus 
31.4%) and in 14.9% of the cases, the cause of occlusion 
involved both the sides (Fig. 5).

3. Etiological factors

Cervical spondylosis was the most common causative factor 
(46.2%), followed by muscle band (33.8%), fibrous perivas-
cular ring (21.4%), and disk herniations (7.4%). Less com-

Fig. 1. Bar graph showing the distribution by age decades.
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Fig. 2. Pie graph reporting the prevalence of the main vascular risk factors for 
stroke.
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mon reasons were degenerative spondylolisthesis (2.4%) and 
biomechanical traumatic instability (1.6%) (Fig. 6).

4. Diagnostic work-up

Diagnostic work-up involves different neurovascular im-
aging techniques whose sensitivity widely varies by type. 
Dynamic VA angiography, initially non-subtracted and 
then subtracted (digital subtraction angiography, DSA), 
has been crucial in the diagnosis in 100% of the reported 
cases. Computed tomography (CT) and magnetic reso-
nance angiography were performed in 24.7% and 8.2% of 
the cases, respectively. Doppler ultrasound (DUS) stand-
alone allowed the diagnosis in only four cases (3.3%) [24-
26,32] (Fig. 7).

5. Indication for surgery

Considering the neuroimaging evidence of VA-ROS, the 

indication for surgery was based in all cases on the sever-
ity of the symptoms, negative impact on the performance 
of normal daily and working activities, and failure of con-
servative therapies. Conversely, conservative treatment in 
collar brace that also involved the establishment of an an-
tiplatelet or anticoagulant therapy, to be decided case-by-
case based on the coexistence of vascular risk factors for 
stroke, may have a rationale in elderly patients with minor 
symptoms.

6. Choice of the approach and surgical corridors

In all cases, anterior decompression of the VA was per-
formed, accompanied by fusion in 16% of the cases (Fig. 
8). An anterior Smith–Robinson (Baley–Cloward) ap-
proach was used in all cases with the exception of the 
series by George and Bruneau, where an anterolateral pre-
sternocleidomastoid retro-jugular route was reported 
[11,55-59].

7. Complications

No complications attributable to the surgical treatment 
have been reported, except in a case where the occurrence 
of Horner’s syndrome suggested injury to the sympathetic 
chain [23].

8. Overall outcome

In 67% of the cases, the pre-operative symptoms disap-

Fig. 6. Bar graph showing the prevalence of the different etiological factors.
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niques. MRA, magnetic resonance angiography; CTA, computed tomography 
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peared immediately after surgery, and vascular neuroim-
aging revealed a full release of the VA with no residual 
signs of extrinsic compression. Further, 22% of the pa-
tients showed significant clinical improvement, while 11% 
reported only partial neurological amelioration with re-
sidual symptoms (Fig. 9). No specific scales were used for 
this evaluation.

9. Illustrative case

A 74-year-old male patient with medical history of hyper-

tension experienced seven consecutive drop attacks in du-
ration of 14 months. Cardiovascular investigations, blood 
tests for thrombophilia, and DUS were all within normal 
limits. The last attack was in association with left facial 
nerve palsy, rotatory nystagmus, dizziness, and numbness 
in the right arm. The CT and magnetic resonance imaging 
findings were normal; therefore, a transitory ischemic at-
tack was suspected, and the patients underwent systemic 
thrombolysis, followed by anticoagulation with a factor 
Xa inhibitor, rivaroxaban. As the drop attacks manifested 
again in the 3 months after initiating anticoagulation 
therapy, the patients came to our attention. A compre-
hensive neurological examination revealed an association 
between the right axial rotation of the head >45° and 
early appearance of nausea, blurred vision, and dizziness. 
CT angiography revealed dynamic tethering of the VA 
at C5–C6 during right axial rotation of the head caused 
by a C6 osteophyte of the left uncinate process narrow-
ing the anterior ramus of the satellite transverse foramen 
(Fig. 10). Catheter-based dynamic angiography confirmed 
these findings (Fig. 11). The patient underwent selective 
unroofing of the left C6 transverse foramen trough an 
anterolateral approach. The retro-longus colli corridor al-
lowed easy reach and exposure of the subaxial portion of 
the V2 segment of the VA (Fig. 12). Postoperative static 
and dynamic CT and catheter-based angiography con-
firmed complete release of the VA (Fig. 13). The drop at-
tacks subsided. Anticoagulant therapy was maintained for 
1 month postoperatively and then discontinued.

11%

22%

67%

 Complete resolution      Improvement     Residual symptoms

Fig. 9. Pie graph reporting the overall outcome.

Fig. 10. Axial (A) and sagittal (B) contrast enhanced 
CT angiography showing a left C5–C6 margin-somatic 
osteophyte narrowing the near transverse foramen 
and causing a severe compression of the vertebral 
artery (arrowheads).

A

B
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Discussion

The present comprehensive literature review about the 
management of the subaxial VA-ROS showed that most 
of the publications were case reports or small cases series. 
Dynamic angiography is the gold standard for this chal-
lenging diagnosis, and decompressive surgery performed 
via the anterior or anterolateral access route can be cura-
tive.

Based on a literature review, the biggest challenge con-
cerning VA-ROS is the delay in diagnosis owing to the dy-
namic and intermittent nature of artery compression, thus 
often mimicking cardiovascular or other neurovascular 
pathologies. The transient symptomatology is caused by 
the axial rotation of the head during a careful neurologic 
evaluation. George et al. [60] reported that, paradoxically, 
chronic, static, and concentric causes of compressions, as 
those secondary to tumors abutting and slowly compress-
ing the VA, are better tolerated because collateral muscu-
lar vascular supply develops to vicariate even occlusions of 
the dominant VA. From the clinical standpoint, compres-
sions of the V2 segment are generally better tolerated than 
those of V1 and V3 owing to the protective role played 

Fig. 11. Catheter-based digital subtraction angiography of the left vertebral 
artery. Static anterior-posterior projection (A) and dynamic right oblique projec-
tion (B) acquired during the right axial rotation of the head, and revealing a 
tethering of the vertebral artery at C6 level.

A B

Fig. 12. Main surgical steps of the left anterolateral approach to the sub-axial V2 segment of the vertebral artery. (A) Platysma muscle; (B) pre-sternocleidomastoid 
precarotid corridor with medialization of the omohyoid muscle; (C) identification of the retro-longus colli corridor; (D) picture-in-picture operative image showing the 
compression of the vertebral artery by osteophyte and the indocyanine green video angiography (IR 800, Zeiss Kinevo 900; Carl Zeiss AG, Oberkochen, Germany); (E) 
unroofing of the left C6 transverse foramen. (F) Picture-in-picture operative picture and video angiography showing the vertebral artery completely decompressed. Pl, 
platysma muscle; St, sternothyroid muscle; Om, omohyoid muscle; SCM, sternocleidomastoid muscle; LCo, longus colli muscle; LCa, longus capitis muscle.
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by the transverse processes. V1 is susceptible to compres-
sions by fibrous bands and muscle fibers [13,22,60], while 
V3 is the most commonly affected segment as pathology 
at the CV junction and C1–C2 is far more common [60].

In an extensive literature review on the pathophysiology 
and diagnosis of vertebrobasilar insufficiency, Lima Neto 
et al. [61] reported that this syndrome is more commonly 
observed in men after the fourth decade of life. Similar 
data have been reported by Savitz and Caplan [1].

Vertebrobasilar insufficiency is linked with three dif-
ferent mechanisms, including blood flow drop, embolic 
events, and autoregulation loss [3,60,62]. In particular, for 
the VA-ROS involving V2 in the subaxial cervical spine, 
osteophytes are the most common cause, and the embo-
lization from thrombotic material secondary to a chronic 
sub adventitial mechanical stress seems responsible for 
the ischemic events [60].

Atherosclerosis is the most important coexisting con-
dition favoring this syndrome; smoking, hypertension, 
hyperlipidemia, diabetes, and obesity are considered risk 
factors [61]. Not surprisingly, atrial fibrillation, infective 
endocarditis, and systemic hypercoagulable state further 
increase the stroke risk in VA-ROS patients.

Hence, the rationale of antiplatelet/anticoagulant regi-
men in those patients that not surgical candidates. Mach-
aly et al. [63] demonstrated that vertigo is significantly 
more common in patients with severe forms of cervical 
spondylosis, while Olszewski et al. [64] documented a 
reduction in blood flow in the basilar artery and VAs that 
could be attributed to the extrinsic compression caused by 
osteophytes. Bulsara et al. [3] clarified that uncovertebral  
joint osteophytes cause symptoms during axial rotation 
and extension of the head, respectively.

Regarding those forms sustained by muscle and fibrous 
perivascular bands, male and younger patients are at a 
higher risk, with any probability because of the frequent 
muscular hypertonia.

Our data highlighted a major involvement of the C5 
and C6 levels, similarly to that reported by Nagashima 
[19]. This subgroup of patients involved mostly men, and 
risk factors for atherosclerosis were present in all cases, 
thus confirming the aforementioned theory.

Labyrinthic symptoms associated with vertebrobasilar 
insufficiency are reported to be mainly caused by the lack 
of collateral vascular supply of the labyrinthine branches 
that are tiny and terminal in case of impairment of the 
vertebrobasilar arterial system [1,61,65]. Moubayed and 
Saliba [66] also postulated a possible direct ischemia of 
the labyrinth, secondary to peripheral hypoperfusion or 
ischemia.

The sensitivity of different neurovascular imaging tech-
niques in the diagnosis of the subaxial VA-ROS warrants 
discussion. Although simple, non-invasive, repeatable and 
cost-effective, DUS had the worse sensitivity in our study. 
However, although it had a sensitivity lower than that of 
catheter-based angiography, dynamic CT angiography 
allows direct visualization of the bony compression on the 
VA, as well as its postoperative release. With a sensitivity 
and a specificity of 100%, dynamic DSA remains the gold 
standard for the radiological diagnosis of the subaxial VA-
ROS, allowing detailed appreciation of compression, but 
also giving information about vascular dominancy of one 
of the VAs, size of the posterior communicating arteries, 
anatomical variations of the VA at its termination in the 
posterior-inferior cerebellar artery, and existence of collat-
erals. With respect to the sensitivity and specificity of dy-

Fig. 13. Postoperative axial (A), sagittal (B) (arrowheads), and dynamic three-dimensional–rendered (C) computed tomography an-
giography of the vertebral artery revealing its complete release.
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namic DSA, our data are consistent with those reported in 
the literature. It is noteworthy that Toole and Tucker [67] 
reported that in case of VAs that are different in size, the 
ischemic event may be attributable to the compression of 
the non-dominant VA after head rotation to the contralat-
eral side. Selective catheterization of the VAs is obviously 
of utmost importance to confirm the diagnosis and for 
surgical planning.

Stand-alone surgical decompression, achieved with 
selective unroofing of the V2 segment of the VA at the 
transverse foramen, can be curative for subaxial VA-ROS 
of the V2 segment, if dynamic compression is demon-
strated. In fact, our review demonstrated that the cumula-
tive rate of complete recovery/improvement of symptoms 
is 89%. For the remaining 11% of the patients with re-
sidual symptoms, we conducted an additional different 
decompressive technique for the removal of the so-called 
“fibrous band” if further impingement was noted at the 
V1 segment proximal to the artery entering the foramen 
at C6 [60].

The addition of a posterior instrumented fusion is sel-

dom necessary and is necessary only if instability is noted 
or the compression is due to other causes, such as a disc 
herniation or spondylolisthesis [11,24,25,34,44,48].

Most authors recommend simple lateral extension of 
the classic Smith–Robinson (Bailey–Cloward) technique 
[68-70] as suitable to expose the prevertebral musculature 
and VA [13,14]. This represents a routinely performed op-
eration with which most neurosurgeons are familiar. The 
approach entails subperiosteal dissection of the longus 
colli muscle and the exposure of the anterior tubercle of 
the transverse foramen (Fig. 14). This approach is consid-
ered an anterior access route. An anterolateral approach 
was instead popularized by Bruneau et al. [10-12,57] to 
obtain an easier and more direct access to the subaxial V2 
segment of the VA. The anterolateral approach involves 
a pre-sternocleidomastoid retro-jugular exposure of the 
prevertebral area along with the transection of the longus 
colli muscle (Fig. 15). As we report here in this illustrative 
case, we prefer the anterolateral approach for decompres-
sion of the subaxial VA with some modifications, includ-
ing the precarotid exposure of the prevertebral muscles. 
The rationale of the precarotid exposure lies in the fact 
that injuries of the thoracic duct are very uncommon 
through this route because it has a more lateral course at 
the C4–C6 level [10,71-77] (Fig. 16).

Our personal experience also led us to delineated a 
retro-longus colli and a pre-scalenic prevertebral corridor 
for C5–C6 and C3–C4 level, respectively, to avoid injuries 
of the sympathetic chain and phrenic nerve, here having 
an upward and lateral-ward course [78-80] (Fig. 17).

Having the same advantages already reported by our 
group for aneurysms and arteriovenous malformations, 
intraoperative indocyanine green video angiography and 
microdoppler ultrasonography are also useful adjuncts 

Fig. 14. Precarotid pre-longus colli corridor. Fig. 16. Retro-longus colli corridor.

Fig. 15. Retro-jugular trans-longus colli corridor.
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[81-88].

Conclusions

Subaxial VA-ROS classically causes drop attacks, dizzi-
ness, and visual disturbances triggered by axial rotation 
or head extension. A careful neurological evaluation is 
paramount to suspect the syndrome. Compressions of the 
V2 segment of the VA are caused in most cases by osteo-
phytes that involve the uncoapophyseal joints at the C5 
and C6 level. Compressions of the V1 segment of the ar-
tery relate to the presence of fibrous bands and muscular 
compression. Dynamic compressions of the VA by tumors 
are less common.

Dynamic DSA is the gold standard for establishing a di-
agnosis although dynamic CT angiography is the first step 
to delineate the extrinsic causes of compression. Anterior 
decompression of the subaxial VA affected segment is cu-
rative in most cases.
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