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Blunt cerebrovascular injury (BCVI) encompasses two distinct clinical entities: traumatic carotid artery

injury (T'CAI) and traumatic vertebral artery injury (TVAI). The latter is the focus of our review. These are

potentially devastating injuries which pose a diagnostic challenge in the acute trauma setting. There is still

debate regarding the optimal screening criteria, diagnostic imaging modality and treatment methods. In

2012 the American College of Surgeons proposed criteria for investigating patients with suspected TVAI and

subsequent treatment methods, caveated with the statement that evidence is limited and still evolving. Here

we review the historical evidence and recent literature relating to these recommendations.
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Introduction

Occlusion of the cerebrovascular circulation may occur
spontaneously or as a result of trauma. Blunt cerebrovascular
injury (BCVI) includes any form of non-penetrating injury
to the internal carotid and vertebral arteries. The internal
carotid artery commences at the bifurcation of the common
carotid artery and enters that carotid canal in the petrous
temporal bone at the base of the skull. The vertebral artery,
a branch of the subclavian artery, most frequently travels
in the foramen transversarium of the C6-C1 vertebrae
piercing the dura mater at the foramen magnum (Figure I).
Ultimately, both internal carotid and vertebral arteries are
tributaries of the eponymous Circle of Willis (Figure 2).
Although often described as a single clinical entity,
BCVI encompasses two distinct clinical entities: traumatic
vertebral artery injury (T'VAI) and traumatic carotid artery
injury (TCAI). The focus of our review is TVAI, which
classically presents in the setting of cervical spine trauma.
TVAI is a potentially devastating injury. First described by
Matas in 1893 (1), TVAI often affects the young following
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road traffic accidents, hanging and sporting injuries and
the mortality rate may be as high as 100% (2). Despite this,
TVALI is notoriously difficult to diagnose (3). It is often
occult or may occur in the presence of distracting injuries.
As such, it has been suggested that a screening protocol
should be established in at risk patients. However, there
remains significant debate regarding who is at risk of TVAI
and the imaging modality to be used as a screening tool.
These issues are compounded by controversies regarding
the treatment of TVAL

These controversies were acknowledged by the American
College of Surgeons. In 2012 the American College of
Surgeons published the 9" edition of the Advanced Trauma
Life Support (ATLS®) manual which proposed criteria for
investigating patients with suspected TVAI and subsequent
treatment (4). The authors suggest that screening should
be performed in patients with fractures of the first three
cervical vertebra, cervical fracture subluxations and
fractures through the foramen transversarium. Further to
this, recommended treatments include anticoagulant or
antiplatelet therapy in the absence of any contraindications.
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Figure 1 Vertebral Artery Anatomy. A, aorta; B, basilar artery; C,
common carotid artery; SC, subclavian artery; V, vertebral artery.
Segments of the path of the vertebral artery; V1, preforaminal; V2,

foraminal; V3, atlantoaxial; V4, intradural.

These suggestions are caveated with the statement that
evidence remains limited and is still evolving (5-11).

Our goal is to evaluate the existing evidence base and
literature. Ultimately we aim to raise awareness of TVAI,
identify those patients at risk and suggest possible screening
and treatment modalities.

Methods

We conducted a review of the literature to identify articles
relating to VAI using the PubMed, Web of Knowledge,
Medline and Cochrane Database of Systematic Reviews.
Only studies using human subjects and those written
in English were included. A broad search strategy was
employed using the terms: “cerebrovascular” OR “BCVI”
OR “vertebral artery” AND (injury OR trauma OR
occlusion OR dissection). Two reviewers (RS and SS)
evaluated the abstract of each article to determine the
value of those articles to our review. The bibliographies
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Figure 2 The Circle of Willis. VA, vertebral artery; B, basilar
artery; PCA, posterior cerebral artery; IC, internal carotid artery;
MCA, middle cerebral artery; ACA, anterior cerebral artery;
ANCA, anterior communicating artery; OA, ophthalmic artery.

of relevant articles were also evaluated to obtain further
pertinent articles.

Mechanisms & pathophysiology

Reported mechanisms of BCVI from prospective studies
and assumptions based on the pathogenesis of injury include
cervical spine flexion-distraction, flexion-compression,
hyperextension, rotation and direct impact (12-15).
Hyperextension injury has been found to be significantly
associated with TVAI in particular (15). The most common
cause of injury is major trauma sustained during road traffic
accidents (16,17). Trivial trauma and spinal manipulation
are also recognised modes of injury (16). Such trauma can
culminate in numerous pathologies including dissection,
thrombosis, aneurysms, pseudoaneurysms, arteriovenous
fistula formation, transection or vasospasm (18,19).
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Table 1 Probability of BCVI in the presence of risk factors reported
by Biffl ez al. (12)

Factors Risk (%)
VAl risk factors (cervical spine fracture)
No fracture 3
Cervical spine fracture 88

CAll risk factors (Glasgow coma scale <6, petrous bone fracture,
diffuse axonal injury and LeFort II/Ill fracture)

No risk factors 20
1 risk factor 33-48
2 risk factors 56-74
3 risk factors 80-88
4 risk factors 93

Risk factors & radiological predictors

In a study of 249 blunt trauma patients, who underwent
screening arteriography, Biffl ez /. performed a linear
regression analysis, identifying the risk factors for BCVI
(Table 1). Interestingly, numerous independent predictors of
carotid artery injury (CAI) were identified. Cervical spine
fracture was found to be the only independent predictor
of vertebral artery injury (VAI). It has been estimated that
70% to 78% of VAI’s occur in the presence of cervical spine
fracture (5,8,20) and conversely VAI may occur in up to
39% of cervical spine fractures (20,21).

Over nine years Cothren et /. undertook a screening
program for BCVI on over 17,000 blunt trauma
admissions (22). Patients were screened if they either had
the signs of symptoms of a BCVI or if they had a risk factor
for a BCVI (Tuble 2).

Only 23 (0.1%) patients presented with signs or
symptoms of BCVI. A total of 766 (4.5%) patients
underwent screening with angiography, which identified
258 (34%) cases of BCVI. Of these patients 125 had
sustained a fracture of the cervical spine, the majority
associated with VAI (n=84) rather than carotid artery injury
(n=18) or combined injuries (n=23).

Of the patients with cervical spine fracture and BCVI,
117 (93%) had fractures, with either subluxation (48%),
C1 to C3 fractures (36%) or extension into the foramen
transversarium (19%). Fractures of C1 to C3 involved
the C1 arch, C2/C3 body or C1/2 subluxations. Fracture-
subluxations associated with BCVI were not limited to
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Table 2 Screening criteria for BCVI used by Cothren ez 4. (20)

Signs & symptoms
Arterial hemorrhage
Cervical bruit
Expanding haematoma
Focal neurological deficit
Neurological examination incongruous with CT head findings
Stroke on secondary CT scan
Risk factors
High-energy mechanism with:
Cervical-spine fracture patterns
LeForte Il or Ill fracture
Basilar skull fracture with carotid canal involvement
Diffuse axonal injury with GCS <6

Near-hanging with anoxic brain injury

a specific level and could be single or multilevel. Eight
patients with BCVI had minor fractures of the cervical
spine and were screened for other criteria. Importantly, of
the total 17,007 trauma admissions 317 patients underwent
screening angiography on the basis of the three specific
cervical fracture patterns above and 37% were identified
to have BCVI. The association between VAI and cervical
spine fracture/dislocations is supported by more recent
studies (23,24).

A multivariate analysis by Lebl ez /. corroborated the
need to screen patients with the above injury patterns
but also suggested basilar skull fracture, occipitocervical
dissociation, and cervical spine fracture in patients
with ankylosing spondylitis/ diffuse idiopathic skeletal
hyperostosis should be considered higher-risk injuries for
VAI and associated neurological events (25). Vilela et al.
demonstrated a 50% incidence of BCVI in patients with
craniocervical injuries (CO-C1) (26). As such these patients
may also need to be considered for screening.

Screening & imaging

Clinical symptoms of VAI may be attributed to ischaemic
complications of the posterior circulation and include
headache, dizziness, nausea, vomiting, reduced GCS,
vision or speech disturbance and abnormalities in gait (27).
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That being said, a significant proportion of patients are
asymptomatic, as demonstrated by Biffl and Cothren ez a/.
(20,22) and more recently by Jacobson ez al. (3). Moreover,
some may present with delayed neurological symptoms (13)
or have a concomitant head injury. Lohrer ez 4/. highlighted
the rationale for a screening protocol, to identify VAI in
asymptomatic patients, allowing early treatment before the
onset of neurological sequelae (28).

The recommendations of the ATLS® subcommittee
do not extend to the choice of imaging modality for the
screening of BCVI but do allude to the use of computed
tomography angiography (CTA). Numerous modalities
have been described in the literature apart from CTA.

Digital subtraction angiography (DSA)

DSA has previously been considered the gold standard by
the many groups supporting the introduction of screening
protocols (5,29). DSA may detect BCVI in up to 34%
of asymptomatic patients with blunt trauma (13,29).
However, this modality is invasive, carries the risk of
iatrogenic injury, a 1-2% risk of stroke as well as being
comparatively expensive. Cothren et /. argued that when
utilised as part of a screening protocol, DSA may reduce
long term rehabilitation and treatment costs associated with
neurological events (29). The possible risk of iatrogenic
complications, along with the lack of availability of DSA in
some institutions has led to increasing use of non-invasive
imaging modalities.

Duplex doppler ultrasound (US)
Duplex Doppler US, although readily available and non-

invasive, is associated with poor sensitivity (38%) when
detecting BCVI (30). Other problems include operator
dependency and poor visualisation of the vessels at the skull
base. As a result US is not recommended as a screening
modality for BCVI (5,30,31).

Magnetic resonance angiography (MRA)

MRA has gained favour as it is noninvasive and does not
require the administration of contrast. Furthermore,
diffusion weighted sequences may allow for rapid
identification of cerebral ischaemia (27). Unfortunately
studies investigating the use of MRA compared to DSA for
the diagnosis of BCVI have demonstrated low sensitivity of
47-75% (21,32). It was felt MRA failed to detect low grade
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injuries. This, coupled with the lack of rapid availability at
many institutions, long scan times and potential artefact
with orthopaedic implants makes MRA a suboptimal
recommended screening modality for BCVL.

Computed tomography angiography (CTA)

Historically early generation CTA was associated with poor
sensitivity and specificity when screening for BCVI (21,32).
Sensitivity and specificity has improved with the advent of
higher resolution CT scanners (33). Berne er al. screened
435 patients for BCVI injury and reported an incidence
of 1.2% (34) which is comparable with studies involving
screening with DSA. No patients with negative scans
subsequently developed adverse neurological symptoms
suggestive of BCVI. Similarly Biffl ez /. found that sixteen
slice CTA did not miss any clinically relevant cases of BCVI
in a screened group of 331 patients (5).

A comparative study by Eastman ez 4/. utilised sixteen
slice CTA and DSA to screen a group of 162 patients
deemed at risk of BCVI (9). The results were concordant
in 98% of cases. CTA produced a single false negative in
a low grade VAI that ultimately required no intervention.
In their study the sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV) of CTA
were 97.7%, 100%, 100% and 99.3% respectively. In their
prospective study of 158 patients Goodwin et a/. reported
a lower sensitivity of 41% but a comparable specificity of
97% when combining both 16 and 64-slice CTA (10). In
this study CTA was performed close to the time of injury
whereas DSA occurred anywhere from 24-48 h post
trauma. The authors felt CTA was not as accurate as DSA
but did acknowledge that the delay in performing DSA may
have allowed for evolving injuries not present at the time of
injury to be missed by CTA.

Interpretation of CTA may also rely on accurate
radiological interpretation. In their comparative study of
DSA and CTA, Malhotra et 4l. found a specificity of 84%
when using CTA to diagnose BCVI (35). The authors
alluded to a high false negative rate in the first half of
the study which they attributed to the learning curve of
reporting radiologists. The specificity and NPV was found
to be 100% in the second half of the study.

A meta-analysis by Roberts e a/. suggests the variability
in the diagnostic performance of CTA across studies is
most likely due to variation in diagnostic thresholds set by
individual trauma centers (36).

Although DSA remains the gold standard imaging
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Table 3 Cerebrovascular injury grading scale [Biffl ez 4/. (30)]
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Injury grade Descriptions Stroke rate (%) Mortality rate (%)
Grade | Luminal irregularity with <25% narrowing 3 11
Grade |l Dissection or intramural haematoma with 25% or greater 11 11
narrowing, intraluminal thrombus or raised intimal flap
Grade llI Pseudoaneurysm 83 11
Grade IV Occlusion 44 22
Grade V Transection with extravasation 100 100

modality for screening patients with suspected BCVI, CTA
is a more accessible option in many institutions and may be
more cost effective (23). In addition CTA is non-invasive,
may allow for concurrent imaging of other injuries, and has
benefited from improved accuracy with the advancement
of CT technology. As such CTA should be considered as a
suitable screening modality for BCVL.

Treatment

Once a diagnosis of BCVI is made, determining the grade
of injury will guide treatment and prognosis. Biffl er al.
developed the most commonly used grading system for these
injuries based on angiographic appearances (1able 3) (37).

Untreated CAI and VAI have a stroke rate of up to
68% (21,38) and 100% in Grade IV injuries (39). The
increasing rate is associated with increasing grade of
injury (38). Treatment of BCVI is aimed at reducing the
risk of neurological sequelae and death (40).

There is currently no level I study comparing treatment
modalities in BCVI. Optimal treatment is therefore a
source of controversy. Treatment should be decided upon
according to the patient’s clinical symptoms, site and grade
of injury and the presence/absence of contraindications.

The options include observation, anti- thrombotic
therapy, endovascular therapy or open surgery. The ATLS
recommendations touch upon treatment with anticoagulants
or antiplatelet agents in the absence of contraindications.
Suggested relative contraindications include traumatic
brain injury or haemorrhage, solid organ injury and pelvic
fracture (41). A retrospective study by Callcut ez a/. has
suggested early pharmacological treatment of BCVI is safe
in the presence of hemorrhagic neurological injury (42).

Absolute contraindications may include those with
uncontrolled haemorrhage of any source. Caution must
be advised in the presence of poly-trauma patients
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without haemorrhage who may develop coagulopathy as a
physiological response to their injuries.

Anticoagulant versus antiplatelet therapy

Medical therapy is aimed at hindering thrombus
formation and the propagation of an embolus.
Anticoagulation may be with Heparin initially, followed
by a prolonged course of Warfarin. Antiplatelet therapy is
typically with Aspirin or Clopidogrel. A number of studies
have demonstrated antithrombotic therapy reduces
both mortality and neurologic morbidity after BCVI
(6,7,11,21,29). Although Scott et al. suggest that the rate
of stroke in low grade injuries (I/II) was unaffected by
pharmacological treatment (43).

An optimal regimen has yet to be determined. Cothren
et al. compared anticoagulant and antiplatelet therapy in
their retrospective review of 18,431 blunt trauma patients
(6). They identified 422 BCVIs in 301 patients. Patients
were started on either unfractionated Heparin or an
antiplatelet agent (Aspirin and or Clopidogrel) according
to surgeon discretion as soon as a diagnosis was BCVI was
made. Patients treated with Heparin were later converted
to Warfarin therapy. There was a 0.5% stroke rate in
BCVIs treated with antithrombotic therapy. Untreated
patients with BCVI had a stroke rate of 21%. Anticoagulant
and antiplatelet agents were equally effective in reducing
stroke. Follow-up imaging did not reveal any difference in
healing or progression rates of radiological lesions. The
authors did not comment on the duration of treatment.
A prospective randomized study of anticoagulant vs.
antiplatelet therapy for BCVI is currently being undertaken
by these authors.

Stein ez al. observed a lower incidence of stroke in their
study but similarly observed no difference in the efficacy of
anticoagulants or antiplatelet agents in preventing stroke
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following BCVI (11). A multicenter randomised trial of
atraumatic cervical artery (carotid or vertebral) dissection
has also failed to demonstrate any difference in the efficacy
of anticoagulant or antiplatelet agents in preventing stroke
and death (44). Ultimately the choice of agent may be
made according to surgical and patient factors. Intravenous
Heparin infusions may be useful in the acute setting where
acute reversal of the agent may be required whereas long
term antiplatelet therapy will be more convenient for the
patient. The optimal duration of treatment is yet to be
determined and therefore local hematological input is
advised to direct treatment on a case by cases basis.

Endovascular therapy

Endovascular treatment may be warranted when
antithrombotic treatment is contraindicated particularly
in the presence of high grade or surgically inaccessible
injuries. The presence of collateral circulation, site and
grade of injury will determine the endovascular treatment
utilised. Options include stenting, occlusion of the vertebral
artery or coil embolisation of a pseudoaneurysm (27,45).
Some authors have reported significant complication rates
associated with endovascular BCVI treatment such as
iatrogenic injury, ischaemic neurological injury and vessel
occlusion (46,47).

There is little evidence regarding the outcomes of VAL
treated with endovascular techniques and no studies exist
directly comparing endovascular with medical therapy.
Burlew er al. only performed endovascular intervention
on 2% of high grade BCVIs in their study. They felt that
antithrombotic therapy alone was effective in preventing
stroke and negated the risks of endovascular treatment, and
the latter should be reserved for symptomatic patients or
those with enlarging pseudoaneurysms (47). Consequently,
we would suggest that decision making for treatment of
these injuries should follow a multidisciplinary approach
and involve early consultation with a spinal surgeon, stroke
physician, vascular surgeon and interventional radiologist.

Surgery

Surgical access to the VA is technically challenging but
may have a role as a last resort for those patients whom
medical and endovascular treatment is not possible or has
failed. Uncontrollable haemorrhage from VA transection
has been suggested as a definite indication for surgical
treatment (27). Outcome data for open surgery for VAI is
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lacking but is likely to be associated with high morbidity
and mortality.

Serial imaging

Vascular lesions may evolve over time with or without
treatment and therefore follow-up imaging may be
warranted. Biffl ez a/. used follow up arteriography at
7-10 days post injury and determined treatment changed
61% of the time as a result of evolving Grade I and
IT injuries (38), either increasing in grade or healing.
Conversely follow-up arteriography of high-grade injuries
did not alter management in a large proportion of patients
and the group did not recommend early reimaging for these
injuries (48). Further studies concur with the notion that
higher grade injuries do not warrant intensive radiological
follow up (49). Serial imaging has also been advocated for
the presence of indeterminate BCVI on initial screening
which is thought progress to true BCVI in 25.4% of
imaged vessels with 5% of patients developing neurological
symptoms (50).

We would suggest that early re-imaging, most likely a
CTA, may be considered as an adjunct to determine the
evolution of low grade lesions; monitor indeterminate
lesions and investigate patients experiencing a clinical
deterioration. It may also be useful in monitoring vascular
lesions in patients in whom antithrombotic treatment is
contraindicated.

Discussion

In light of the above evidence, patients presenting with a
history of high-energy trauma and or concomitant head
and neck trauma (including hanging) should be approached
with a high index of suspicion for BCVI. Clinical signs of
vascular trauma such haematoma, bruits and haemorrhage
as well as neurological symptoms of posterior circulation
insufficiency mandate further imaging. All patients
presenting with cervical spine fractures at the C1-C3
levels, cervical fracture subluxations and those involving
the foramen transversarium warrant screening for VAI. We
suggest that CTA is the imaging modality of choice due its
non-invasive nature, high sensitivity and wide availability.
That being said, where available, units may opt for DSA.
When a VAl is detected, early discussion with a spinal
surgeon, stroke physician or neurologist is advised. Medical
treatment with anticoagulation (Heparin/Warfarin) or
antiplatelets (Aspirin/Clopidogrel) should be considered in
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the absence of contraindications. Endovascular and surgical
treatments should be reserved for high grade or progressing
injuries and require early involvement of an interventional
radiologist or vascular surgeon.

Conclusions

All physicians managing trauma patients should be
aware of TVAI and have a low threshold for screening
in the presence of risk factors. Patients with symptoms
of posterior circulation ischaemia, high-energy injury
mechanisms and specific cervical spine fracture patterns
should raise the suspicion of TVAI and warrant further
investigation in the form of radiological screening. Once
TVAI is diagnosed, early treatment is recommended to
avoid neurological complications with early involvement of
the regional spinal unit. A multidisciplinary approach may
be required with involvement of spinal surgeons, vascular
surgeons, interventional radiologists, stroke physicians and
hematologists. We recommend all trauma units should
implement a local screening protocol.
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