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Traumatically Induced Vertebral Artery Occlusion
Associated with Cervical Spine Injuries: Prospective
Study Using Magnetic Resonance Angiography

Hiroshi Taneichi, MD, Kota Suda, MD, Tomomichi Kajino, MD, and Kiyoshi Kaneda, MD

Study Design. A prospective study using magnetic
resonance angiography (MRA) on a consecutive cohort of
patients with cervical spine injuries.

Objective. To investigate clinical and radiographic fea-
tures of vertebral artery injury/occlusion associated with
nonpenetrating cervical spine trauma.

Summary of Background Data. With the populariza-
tion of MRA, vertebral artery injury has been a common
complication of cervical spine trauma. However, detailed
clinical features such as restoration of blood flow in oc-
cluded vessels and collateral circulation have not been
fully evaluated.

Methods. During a 2-year period, 64 consecutive pa-
tients with cervical spine fractures and/or dislocations
were prospectively evaluated for patency of the vertebral
artery and collateral circulation. Extracranial and intracra-
nial MRAs were conducted at initial injury and follow-up.

Results. Vertebral artery occlusion occurred in 11 pa-
tients, including 10 with unilateral and 1 with bilateral.
Only the patient with bilateral occlusion was symptomatic
but had no permanent neurologic deficit as a result of
brain ischemia. He had complete circle of Willis, which
provides sufficient collateral blood supply from anterior
circulation. Follow-up MRAs revealed restoration of blood
flow in occluded vessel(s) in 3 patients. All of them had
compressive injuries.

Conclusions. The incidence of traumatically induced
vertebral artery occlusion was 17.2%. The potential for
blood flow restoration was higher in compressive injuries
than in distractive injuries. The mechanism of occlusion
in compressive injuries is likely to be vasospasm or minor
artery dissection, which may cause reversible occlusion
because vessels are subjected to relatively minor stretch-
ing in compressive injuries. Vertebral artery occlusion
was rarely symptomatic because of sufficient collateral
blood supply through not only contralateral vertebral ar-
tery but also the circle of Willis.
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Although vertebral artery injuries caused by penetrating
injuries to the neck, chiropractic manipulation, yoga,
and sustained physiologic movement have been well de-
scribed, those associated with nonpenetrating cervical
spine injuries were thought to be infrequent because
most of them were asymptomatic.1–5 During the last de-
cade, with the popularization of magnetic resonance an-
giography (MRA), several prospective studies using
MRA showed that the vertebral artery injury secondary
to blunt cervical spine trauma was not uncommon as
previously considered.4,6–8 However, follow-up obser-
vation of the injured vertebral arteries and evaluation of
collateral pathways to the vertebrobasilar territory in the
setting of unilateral or bilateral vertebral occlusion has
not been sufficiently conducted. We performed a pro-
spective study using MRA to investigate not only the
incidence and pathomechanism of vertebral artery inju-
ries following blunt cervical spine trauma but also de-
tailed clinical features, including long-term neurologic
outcomes, restoration of blood flow in the occluded ar-
teries, and collateral circulation to the vertebrobasilar
territory in the brain.

Methods

During the 2-year period from January 2000 to December
2001, all patients admitted or transferred to the authors’ center
for acute cervical spine injuries were considered for MRA eval-
uation as part of a prospective study to investigate the inci-
dence, pathomechanism, and clinical features of traumatically
induced vertebral artery injuries. Inclusion criteria for this pro-
spective analysis were: (1) admission or transfer to our institute
within 48 hours of injury; (2) injury to the cervical spine with
radiographically evident fractures and/or dislocations; and (3)
spinal injury occurring between the level of C2 vertebra and
C6/7 spinal segment, which is consistent with the second seg-
ment of the vertebral arteries (Figure 1). A total of 64 consec-
utive patients met eligibility requirements during the time
frame of the study. There were 50 male and 14 female patients,
with an average age of 50.2 years (range 17–89). All MRAs
were performed on a 1.5-Tesla superconducting magnetic res-
onance imager (MAGNETOM, Siemens, Erlangen, Germany)
at admission.

The MRA technique consisted of a 2-dimensional time-of-
flight pulse sequence (repetition time 27 milliseconds, echo
time 9 milliseconds, flip angle 20°, field-of-view 23 cm). A
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saturation pulse was applied superiorly to suppress venous
flow. All images were reconstructed at 10° intervals using a
maximum intensity projection algorithm. Only nonvisualiza-
tion of the first through second segment of the vertebral artery
in the expected location, which indicates occlusion, was deter-
mined by extracranial MRA.4,6,7 Other findings, such as lumi-
nal narrowing or increase in external diameter of the vertebral
arteries, were not assessed because of inherent spatial limita-
tions on the MRA technique. In the patients with vertebral
artery occlusion detected by initial MRA, an additional intra-
cranial MRA was performed to examine the configuration of
the circle of Willis as collateral pathways to vertebrobasilar
territory from the anterior circulation of the brain. Further-
more, all patients in whom vertebral artery occlusion had been
detected at initial MRA underwent follow-up MRA study 1–17
months after injury to investigate restoration of blood flow in
the occluded vertebral artery. Magnetic resonance imaging
(MRI) of the whole brain was performed to assess brain infarc-
tion at the same time of the initial and follow-up MRAs on all
patients with vertebral artery occlusion.

Regarding neurologic examination, not only specific find-
ings for spinal cord injury but those for vertebrobasilar isch-
emia (e.g., dizziness, vertigo, dysarthrias, dysphasia, visual field
defect, blurry vision, drowsiness, and altered consciousness)
were carefully evaluated and prospectively recorded in all pa-
tients. Injury types according to Allen et al9 classification were
distractive flexion in 21, compressive extension in 20, compres-
sion flexion in 11, vertical compression in 5, distractive exten-
sion in 3, and lateral flexion in 1 patient. This cohort included
3 other patients who had a hangman fracture. All patients
underwent early reduction and surgical stabilization with tita-
nium instrumentation when clinical and radiographic evalua-

tions had been completed. Anterior and/or posterior stabiliza-
tion was properly selected in each case according to the type of
spinal injuries. For statistical analysis, the Fisher exact test was
used. The results were considered statistically significant if the
P value was �0.05.

Results

Occlusion of the vertebral artery was shown on MRA in
11 of the 64 patients (17.2%) (Table 1). There were 9
male and 2 female patients, with an average age of 54.3
years (range 33–79). All 11 patients were followed up for
a minimum of 2 years, with an average of 32.8 months
(range 24–46). Unilateral occlusion of the right verte-
bral artery occurred in 6 patients and of the left in 4.
Only 1 patient had bilateral vertebral artery occlusions.
Injury types of the cervical spine were distractive flexion
in 6 patients, compressive flexion in 3, and compressive
extension in 2. The incidence of vertebral artery occlu-
sion by injury types was 28.6% in distractive flexion,
27.3% in compressive flexion, and 10% in compressive
extension. Levels of the spine fractures and/or disloca-
tions existed in C3/4 segment in 1 patient, C4/5 in 3,
C5/6 in 3, C4/5/6 in 2, C5/6/7 in 1, and C6/7/T1 in 1. Of
11 patients with vertebral artery occlusion, 6 had facet
dislocation, including 4 unilateral and 2 bilateral,
whereas of 53 patients without vertebral artery compro-
mise, 15 had a facet dislocation, including 4 unilateral
and 11 bilateral. There was a statistically significant as-
sociation between unilateral facet dislocation and verte-
bral artery occlusion (P � 0.024).

Of 11 patients with vertebral artery occlusion, 5 had a
foramen transversarium fracture ipsilateral to the in-
volved side. On the other hand, 13 of 53 patients without
vertebral artery compromise had a foramen transver-
sarium fracture. Although transverse foramen fractures
were more frequently observed in the patients with ver-
tebral artery occlusion than in those without, there was
no significant statistical difference (P � 0.267) between
patients with and without vertebral artery occlusion re-
garding foramen transversarium fractures.

Three of 11 patients with vertebral artery occlusion
had complete configuration in the posterior part of the
circle of Willis in which the bilateral posterior commu-
nicating artery or fetal-type posterior cerebral artery was
present (Figure 2D).10,11 The circle of Willis with com-
plete posterior configuration can provide collateral
blood flow to the vertebrobasilar territory via the poste-
rior communicating artery from anterior circulation of
the brain. The configuration of the circle of Willis in the
other 8 patients was incomplete (Figures 3D, available
for viewing online through ArticlePlus only; 4C, avail-
able for viewing online through ArticlePlus only). The
patient who had bilateral vertebral artery occlusion had
complete posterior configuration of the circle of Willis.

All 11 patients with vertebral artery occlusion had
spinal cord injury. Neurologic status evaluated by the
American Spinal Injury Association (ASIA) impairment
scale (AIS)7 was grade A in 8 patients, B in 1, and C in 2.

Figure 1. MRA of nonoccluded extracranial vertebral artery ob-
tained from patient with C4 dislocation. MRA shows 4 segments of
the vertebral artery: first (V1), subclavian to entrance to the fora-
men transversarium (C6 or C7); second (V2), C6 –C1, in which the
vertebral arteries pass through the foramen transversarium; third
(V3), C1 to entrance into the dura; and fourth (V4), entrance to its
termination in the basilar artery.
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While, in the other 53 patients without vertebral artery
occlusion, there were 24 with AIS A, 11 with B, 10 with
C, 4 with D, and 4 with E. Although complete cord
injuries (AIS A) were more frequently observed in the
patients with vertebral artery occlusion than in those
without, there was no significant correlation between the
severity of spinal cord injury and vertebral artery occlu-
sion (P � 0.184). None of 11 patients with vertebral
artery occlusion had radiographically detected brain
trauma at injury. Only 2 of 53 patients without vertebral
artery occlusion had major brain injury (e.g., traumatic
subarachnoid hemorrhage). There was no significant as-
sociation between vertebral artery occlusion and brain
trauma (P � 0.513). Regarding clinical manifestations
related to vertebrobasilar ischemia, 10 patients with uni-
lateral vertebral artery occlusion had no symptoms,
whereas 1 with bilateral occlusion had transient blurry
vision. This transient visual symptom rapidly subsided
within a few hours after injury. No patient underwent

systemic anticoagulation therapy because of a lack of
persistent symptoms related to vertebrobasilar ischemia,
and its potential adverse effect to the injured spinal cord
with intramedullary hemorrhage and the other hemor-
rhagic traumatic lesions. No neurologic impairment in
terms of vertebrobasilar ischemia occurred during fol-
low-up.

Follow-up MRA was obtained at 5.6 months after
injury (range 1–17) on the average. Although metal
artifacts of used titanium implants influenced fol-
low-up MRAs, the absence or presence of signal flow
along the trail of the vertebral artery could be diag-
nosed by MRA because the metal artifacts existed only
around the implants (Figures 2E, 3F). Postoperative
computerized axial tomography showed no implant-
related violation to the foramen transversarium,
which can result in interference of arterial flow in all
patients (Figure 3G, available for viewing online
through ArticlePlus only). Restoration of blood flow

Table 1. Data for Patients with Vertebral Artery Occlusion

Patient
No.

Age
(ys)/

Gender

Cause
of

Injury

AIS Grade/
Level

Cervical Spine Injury

Injury Class/
Stage (Allen

et al 9)

Side of
VA

Occlusion

VA Symptoms
Posterior

Configuration
of circle of

Willis

Timing
of

F/U MRA
(mos)

Restoration
of Blood

Flow

Length
of F/U
(mos)Initial F/U Initial F/U

1 33/F MVA C/C5 D/C5 C4–C5 bilateral facet
dislocation

DF/3 Left None None Complete 6 No 39

2 79/M Fall A/C6 A/C6 C5–C6 bilateral facet
dislocation

DF/3 Right None None Incomplete 4 No 26

C6 right transverse
foramen fracture

3 38/F MVA B/C6 C/C8 C5–C6 unilateral facet
dislocation

DF/2 Left None None Incomplete 3 No 29

C6 left transverse
foramen fracture

4 59/M Fall A/C5 A/C5 C4–C5 unilateral facet
dislocation

DF/2 Right None None Incomplete 17 No 41

C5 bilateral transverse
foramen fracture

5 70/M Fall A/C5 A/C6 C4–C5 unilateral facet
dislocation

DF/2 Right None None Incomplete 3 No 32

C5 left transverse
foramen fracture

6 55/M Fall A/C5 A/C5 C5–C6 unilateral facet
dislocation

DF/2 Left None None Incomplete 10 No 24

C6 left transverse
foramen fracture

C5 vertebral body
fracture

7 32/M MVA A/C5 A/C6 C6 teardrop fracture CF/5 Left None None Complete 1 No 37
C6 posterior subluxation

8 49/M MVA A/C4 A/C4 C5 teardrop fracture CF/5 Right None None Incomplete 11 yes 46
C5 posterior subluxation
C4 right lateral mass

fracture
9 34/M MVA A/C5 A/C5 C5 burst fracture CF/4 Bilateral Blurry

vision
None Complete 1 Yes 33

10 74/M MVA A/C7 A/T1 C7 right lateral mass
fracture

CE/1 Right None None Incomplete 3 No 28

11 74/M Fall C/C6 D/C8 C3 inferior facet
fracture

CE/1 Right None None Incomplete 3 Yes 26

C3 anterior subluxation
C4 right transverse

foramen fracture

AIS � ASIA impairment scale; CE � compressive extension; CF � compressive flexion; DF � distractive flexion; F/U � follow-up; MVA � motor vehicle accident;
VA � vertebral artery.
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in the occluded vertebral artery could be confirmed in
3 of the 11 patients, with occlusion at an average of
5.0 months after injury (range 1–11) (Figures 2, 3;
Figures 2B, 3D, 3E, 3G, and 3H are available for view-
ing online through ArticlePlus only). In the other 8
patients, no signal flow could be recognized along the
vertebral artery in the expected location on follow-up
MRAs (Figure 4; Figures 4C to 4E are available for
viewing online through ArticlePlus only). Injury types
of the 3 patients in whom blood flow was restored
were compressive flexion in 2 and compressive exten-
sion in 1. On the other hand, in all 6 patients who had
both vertebral artery occlusion and distractive flexion
injury, occlusion remained unchanged on the fol-
low-up MRAs. No adverse consequence associated
with restoration of blood flow, such as distal emboli-
zation, occurred during the follow-up. MRI of the

brain, which was obtained in the patients with verte-
bral artery occlusion did not show any abnormal find-
ings related to vertebrobasilar ischemia.

Discussion

The incidence of traumatically induced vertebral artery
occlusion associated with nonpenetrating cervical spine
fractures and/or dislocations was 17.2% in the current
prospective study. In the past, this lesion was thought to
be infrequent because it was rarely symptomatic, and
conventional angiographic screening has rarely been per-
formed because of its inherent risks. Thereafter, with the
popularization of noninvasive MRA, several prospective
studies using MRA were conducted to determine the in-
cidence of this lesion.4,6–8,12 The incidence derived from
these clinical series was within a narrow range between
18.9% and 25.5%,4,6,7,12 which is comparable to that

Figure 2. A, Sagittal T2-weighted
MRI of a 34-year-old man (pa-
tient No. 9) obtained after burst
fracture of C5 caused by com-
pressive flexion mechanism
shows severe intramedullary le-
sion. C, Initial MRA shows com-
plete occlusion of the bilateral
vertebral artery (arrows). D, In-
tracranial MRA shows complete
configuration of the circle of
Willis. E, MRA obtained 1 month
after surgical stabilization with
instrumentation shows recanali-
zation of the bilateral vertebral
artery. Signal of the vertebral
artery is partially interrupted by
the metal artifact of the implants
(arrowheads).
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found in our results. Vertebral artery occlusion can be
considered a common complication in approximately
20% of cervical spine fractures and/or dislocations.

Anatomically, the vertebral artery is divided into 4
segments: first, subclavian to entrance to the foramen
transversarium (C6 or C7); second, C6–C1, in which the
vertebral arteries pass through the foramen transversarium;
third, C1 to entrance into the dura; and fourth, entrance to
its termination in the basilar artery (Figure 1).3 The most
common site of vertebral artery injury associated with
cervical spine trauma was the second segment.13 Verte-
bral artery injury generally occurs either through exces-
sive distraction and stretching of the vessels between 2

adjacent foramina transversia (as observed in facet dis-
location)2,3,5,7,8 or through direct trauma to the vessel
wall (as observed in fractures involving the articulating
facet or the foramen transversarium).5,14 Previously, hy-
perextension injuries had been accepted as the most com-
mon mechanism of vertebral artery injury.15,16 How-
ever, recent reports have identified distractive flexion
injury as the main cause of this lesion.4,5,7,8,17

The reported incidence of vertebral artery occlusion in
distractive flexion injury was 75% by Louw,17 28% by
Giacobetti7 et al, and 29% by the current authors. Facet
dislocation, especially the unilateral one, was closely re-
lated to this lesion.4,7,8,17 In the present study, all pa-

Figure 3. A, Sagittal T2-weighted
MRI of 49-year-old man (patient
No. 8) obtained after compres-
sive flexion injury of C4 –C6 seg-
ments shows severe compres-
sion of the spinal cord. B,
Sagittal reformatted computer-
ized tomography shows teardrop
fracture of C5 and posterior
translation of the fractured ver-
tebral body. C, Initial MRA shows
complete occlusion of the right
vertebral artery (arrows). F, MRA
obtained 11 months after surgery
shows recanalization of the right
vertebral artery. Signal of the
right vertebral artery is partially
interrupted by metal artifacts of
screws (arrowheads).
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tients with vertebral artery occlusion had traumatic spi-
nal cord lesion. However, vertebral artery occlusion
without spinal cord injury was reported in the litera-
ture.4,7,8 There was no significant correlation between
vertebral artery occlusion and severity of spinal cord in-
jury in this study.

Vertebral artery injury secondary to cervical spine
trauma includes a wide spectrum of vessel damages,
such as intimal dissection, aneurysm, intramural or
subintimal hematomas, and occlusion. The most com-
mon lesion shown in previous studies using varying
imaging methods was occlusion.5,6 A pathomecha-
nism of traumatic vertebral artery occlusion is: intimal
disruption initially occurs, then secondary events such
as thrombus formation may lead to clot occlusion of
vessel lumen.4,5

The current study was the first report in which all the
patients with vertebral artery occlusion could be pro-
spectively followed up. Restoration of blood flow was
observed in 3 of the 11 patients with occlusion, and all 3
had compressive injuries. On the other hand, no patients
with distractive flexion injury had recanalization. The
mechanism of occlusion in a compressive injury is likely
to be vasospasm or minor artery dissection, which may

cause reversible occlusion,18,19 because, comparatively,
vessels are subjected to less severe stretching in compres-
sive injuries than in distractive injuries. Flow disturbance
caused by vasospasm can be restored within a short pe-
riod.4 Furthermore, occlusion secondary to vertebral ar-
tery dissection can be recanalized up to 85% within 3
months by spontaneous mechanism, which could have
depended on the intrinsic condition of the vessels.18

Therefore, the potential for restoration of blood flow
may be higher in compression injuries than in distraction
injuries. Vaccaro et al4 reported that reconstitution of
flow occurred in 1 of 6 patients with vertebral artery
occlusion and that this patient also had a burst fracture
caused by compressive flexion mechanism. In the current
study, the restoration rate of blood flow may be under-
estimated because follow-ups of MRA were not long
enough (e.g., 1 month) in some patients.

MRA is quite accurate in the detection of near or total
occlusion of the extracranial neck vessels.6,20,21 On the
other hand, slow blood flow in the small vessels on MRA
can be confused with occlusion as a result of insufficient
resolution.5,22 Although conventional angiography is a
much more invasive modality, it is superior to MRA in
the detection of nonoccluded intimal disruption, which

Figure 4. A, Lateral radiograph of
a 55-year-old man (patient No. 6)
who had destructive flexion in-
jury of C5–C6 with unilateral
facet dislocation. B, MRA ob-
tained 6 hours after injury shows
complete occlusion of the left
vertebral artery (arrows).
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occasionally causes distal embolization. However, be-
cause occlusion is the most common vertebral artery in-
jury, the majority can be successfully detected by nonin-
vasive MRA.5,6

Symptoms of vertebrobasilar ischemia include head-
aches, dizziness, vertigo, tinnitus, unsteady gait, dysar-
thrias, diplopia, visual field defect, blurry vision, ptosis,
drowsiness, syncope, altered consciousness, nystagmus,
and dysphagia.4–8,17 A low frequency of vertebrobasilar
ischemia in patients with cervical spine trauma has been
shown in many published reports.4–8,12,14,17,22 In our
series, all the patients were also asymptomatic, except
one who had transient blurry vision. However, it is also
apparent that vertebrobasilar ischemia can have devas-
tating consequences (mortality rate 75% to 86%);23 this
highlights the value of a noninvasive screening
test.2,4,23–27 Unilateral occlusion of the vertebral artery
rarely results in a neurologic deficit because of sufficient
collateral blood supply through the contralateral verte-
bral artery.4–6,13,17 Whereas, approximately 15% of pa-
tients have hypoplasia of one vertebral artery, which em-
phasizes the fact that there may not always be sufficient
collateral arterial supply in a patient with unilateral
occlusion.14,17

There are other potential sources of collateral cir-
culation to the vertebrobasilar territory, such as the
posterior communicating arteries, which are the im-
portant elements of the circle of Willis,28 the posterior
inferior cerebellar arteries,29 distal branches of the
thyrocervical and costocervical trunks, the occipital
artery, interspinal branches, and muscular branch-
es.13,30,31 The circle of Willis plays an important role
in the collateral pathway between the anterior and
posterior circulation of the brain.28 In patients with a
complete circle of Willis, sufficient collateral circula-
tion is present even when bilateral vertebral artery
occlusion occurs.10,28 In the present study, the patient
with bilateral occlusion had no severe or persistent
symptoms of vertebrobasilar ischemia. A possible explana-
tion for this phenomenon is the existence of sufficient col-
lateral blood flow from anterior circulation via the poste-
rior communicating artery and/or early restoration of
blood flow in the occluded artery.

Conclusions

The incidence of traumatically induced vertebral ar-
tery occlusion associated with nonpenetrating cervical
spine injuries was 17.2%. The potential for restora-
tion of blood flow in occluded vessel(s) was higher in
compressive injuries than in distractive injuries. The
mechanism of occlusion in compressive injuries is
likely to be vasospasm or minor artery dissection,
which may cause reversible occlusion because vessels
are subjected to relatively minor stretching in this type
of injury. Vertebral artery occlusion was rarely symp-
tomatic because of sufficient collateral blood supply

through not only the contralateral vertebral artery but
also the circle of Willis.

Key Points

● The incidence of vertebral artery occlusion sec-
ondary to cervical spine fractures and dislocations
determined by MRA was 17.2%.
● Restoration of blood flow in occluded vessel(s) oc-
curred in 3 of 11 patients with vertebral artery occlu-
sion, and all of them had compressive injuries.
● The potential for blood flow restoration was higher
in compressive injuries than in distractive injuries.
The mechanism of occlusion in a compressive injury
is likely to be vasospasm or minor artery dissection,
which may cause reversible occlusion because vessels
are subjected to relatively minor stretching.
● Vertebral artery occlusion was rarely symptom-
atic because of sufficient collateral blood supply
through not only contralateral vertebral artery but
also the circle of Willis.
● One patient who had bilateral vertebral artery
occlusion and sufficient collateral blood supply
from anterior circulation of the brain through the
patent posterior communicating arteries had no
permanent neurologic deficit.
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