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Abstract

Background: Although the vertebral artery injuries (VAI) associated with cervical
spine trauma are usually clinically occult, they may cause fatal ischemic damage
to the brain stem and cerebellum.

Methods: We performed a prospective study using computed tomographic
angiography (CTA) to determine the frequency of VAI associated with cervical
spine injuries and investigate the clinical and radiological characteristics. Between
January 2005 and August 2007, 99 consecutive patients with cervical spine
fractures and/or dislocations were prospectively evaluated for patency of the VA,
using the CTA, at the time of injury.

Results: Complete disruption of blood flow through the VA was demonstrated in
seven patients with unilateral occlusion (7.1%). There were four men and three
women with a mean age of 43 (range, 33-55 years). Unilateral occlusion of the
right vertebral artery occurred in four patients and of the left in three. Regarding
the cervical injury type, two cases were cervical burst fractures (C6 and C7), two
had C4-5 fracture/dislocations, two had a unilateral transverse foraminal fracture,
and one had dens type lll fracture. All patients presented with good patency of
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the contralateral VA. None of the patients developed secondary neurological Website: onine
deterioration due to vertebrobasilar ischemia during the follow-up period with a www.surgicalneurologyint.com
mean duration of 23 months. DOI:
10.4103/2152-7806.78255
Conclusions: VAl should be suspected in patients with cervical trauma that have Quick Response Code:

cervical spine fractures and/or dislocations or transverse foramen fractures. CTA
was useful as a rapid diagnostic method for ruling out VAI after cervical spine
trauma.
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INTRODUCTION

Vertebral artery injuries (VAI) associated with cervical
spine trauma most frequently involve the second segment
that runs through the transverse foramen of C6 to Cl.
The fixation of the VA within the transverse foramen
makes the second segment more vulnerable to injury
caused by cervical spine fractures and/or dislocations
or transverse foramen fractures.”?””) The unilateral
occlusion of the VA, especially the nondominant VA,
may not cause ischemic symptoms. Therefore, the injury
may be underestimated in asymptomatic patients.?*%
Many clinical studies have reported that VAL after
cervical spine trauma, occurs more frequently than
previously thought B6101824251 The  outcome  following
VA occlusion is dependent on adequate perfusion of
the contralateral vertebral artery. If the collateral flow
is inadequate, an occlusion may cause vertebrobasilar
ischemia. Approximately 15% of patients have hypoplasia
of one VA; in such cases there may not be sufficient
collateral arterial supply if a patient develops a unilateral
occlusion.™ Only 12-20% of patients with unilateral
VAL initially have presented with symptoms and signs of
vertebrobasilar ischemia.P!" VAL although often initially
asymptomatic, may have devastating consequences.!"”!
Therefore, the clinician must be aware of the potential
morbidity and mortality following VAL

Although angiography remains the gold-standard, its
role as a screening study has been questioned due to
its invasiveness. A reliable less invasive and inexpensive
screening  modality  would be  preferred.  Currently,
computed tomographic angiography (CTA) has been
increasingly used for screening for VAL We
performed a prospective study using CTA to determine
the frequency of VAI following cervical spine injuries, and
to investigate the clinical features, including long-term
neurologic outcomes of the affected patients.

MATERIALS AND METHODS

All patients admitted or transferred to our department
due to suspicion of cervical spine injuries between
January 2005 and August 2007 were considered for
CTA evaluation as part of a prospective study. Inclusion
criteria for this prospective analysis were: (1) injury to
the cervical spine with radiographically evident fractures
and/or dislocations; (2) spinal injury occurring between
the level of C2 vertebra and the C 6/7 spinal segment,
consistent with the second segment of the vertebral
arteries. A total of 99 consecutive patients met the
eligibility requirements during the time frame of the
study.

Plain anteroposterior and lateral radiographs were
assessed in all patients. In cases of suspected fractures
and equivocal findings, CT scans were obtained, followed
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by immediate investigation of the VA with a helical CTA.
All scans from January 2005 to December 2005 were
obtained on a General Electric Lightspeed Four scanner
with four slices per rotation. Starting in January 2000, a
64-detector row CTA was used. Both the axial cuts and
the sagittal reconstructions were read by a radiologist. If a
CTA study was read as negative, no further studies were
ordered. If a study was suspicious or strongly suggestive of
VAL angiography was performed. An occlusion was strictly
defined as a complete disruption in the blood flow of the
second portion of the VA. Regarding the neurological
examination, not only specific findings for spinal cord
injury but signs or symptoms of vertebrobasilar ischemia
were carefully followed in all patients. Early reduction
and surgical stabilization were performed when clinical
and radiographic evaluations were completed. In cases
with VAL for reducing of the damage to the uninjured
VA by lateral mass screws or pedicle screws, if possible,
we preferred anterior cervical fusion as a primary surgical
plan for unstable cervical injury.

RESULTS

Occlusion of the VA was demonstrated by CTA in 7 out
of the 99 patients (7.1%). There were four men and three
women with a mean age of 43 (range, 33-55 years). The
average follow-up was 23 months (range, 9-36 months).
The causes of injury were motor vehicle accidents in three
patients, falls in three patients and an unknown etiology
in one patient (found in the street with abnormal mental
status). Table 1 summarizes the findings of the seven
patients with VA occlusion.

The CTA showed unilateral VAL in the seven cases.
Unilateral occlusion of the right vertebral artery occurred
in four patients and of the left in three. All patients
presented with good patency of contralateral VA. None of
the patients had an associated bilateral VA and carotid
injury. Angiography was performed in six patients with the
exclusion of case 4. Neurological examination, using the
American Spinal Injury Association (ASIA) impairment
scale, was grade A in three patients, D in one, and E
in three [Table 2]. Regarding to the injury type to the
cervical spine, there were two cases with a cervical burst
fracture (C6 and C7), 2 with C4-5 fracture/dislocation,
two with unilateral transverse foraminal fracture, and one
with dens type III fracture. The level of the spine injuries
were: the C2 segment in one patient, C4-5 in two, C5 in
one, C6 in two, and C7 in one. Case 3 was illustrated on

figures [Figures 1-6].

Routine brain CT scanning was performed on admission
and revealed an epidural hematoma with fracture of
the skull in one out of the seven patients; this patient
was found in the street with an altered mental status
(case 4). Except for case 4, conventional angiography
was performed on the basis of the CTA findings and
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Table 1: Summary of patients with vertebral artery injuries
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Case Age (yr)/ Cause of Cervical spine injury Level of Injury classification Primary force Side of VA VA Sx. VA Sx.
No. Gender injury injury vector injury Initial F/U
1 42/F MVA Fracture/dislocation C4-5 Flexion/ Flexion Right None None
Distraction

49/F Fall Burst fracture C7 Vertical Compression  Compression Right None None

3 40/F Fall Fracture/dislocation C4-5 Flexion/ Flexion Left None None
Distraction
4 36/M Unknown Burst fracture C6 Flexion/ Flexion Right None None
Compression
5 33/M MVA Foramen fracture C6 Lateral Flexion Flexion Left None None
6 46/M Fall Type Il Dens fracture C2 Flexion/ Flexion Right None None
Compression
7 55/M MVA Foramen fracture C5 Lateral Flexion Flexion Left None None
F/U: Follow-up, MVA: Motor vehicle accident, VA:Vertebral artery
Table 2: Summary of treatments and outcomes

Case Treatment Neurologic exam. Frankel grade Antiplatelet  Last F/U
ge Initial F/U Initial F/U I
1 C4-5 post. wiring & lat. mass SF Quadriplegia Quadriplegia A A Aspirin 24
2 C7 corpectomy & IF Intact Intact E E Aspirin 36
3 C4-5 discetomy & IF Quadriplegia Quadriparesis A D Aspirin 30
4 C6 corpectomy & IF Quadriplegia Quadriplegia A A () 9
5 Conservative treatment Monoparesis Intact D E Aspirin 26
6 Unilateral C1-2 post. TASF & wiring Intact Intact E E Aspirin 21
7 Conservative treatment Intact Intact E E Aspirin 17

F/U: Follow-up, IF: Interbody fusion, TASF: Transarticular Screw fixation, post.: posterior,

Figure I:Plain lateral radiograph of a 40-year-old woman (case 3)
showing bilateral facet fracture-dislocation at C4-C5

demonstrated the same diagnostic results as the CTA.
Four patients presented with neurological deficits due
to cervical cord injury. No patient had clinical signs of
vertebrobasilar ischemia. Five patients underwent surgery,
within 3 days after the trauma for early reduction and
fusion, and two patients had conservative treatment

Figure 2: Sagittal T2-weighted MRI showing anterior thecal sac
compression with spinal cord contusion at C4-C5

with a soft collar brace. There was no operative mortality
and no permanent sequelac from any perioperative
complication. For protection of the vertebrobasilar
circulation, intra-venous heparin was not administered.
All but one patient (in whom traumatic intracranial
hemorrhage was combined) were treated with an oral
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Figure 3: CTA revealed complete occlusion of the left vertebral
artery (arrow)

%§‘

Figure 5: Four vessel angiography 3 weeks after surgery showing
long segmental, luminal narrowing and luminal irregularities
involving the extracranial portion of the left vertebral artery with
marked decreased blood flow, consistent with traumatic injury
with possible luminal thrombosis

antiplatelet agent (acetylsalicylic acid) for 3 months. In
casc 4, the patient underwent two cranial surgeries for
bilateral epidural hematomas, one surgical stabilization
of the cervical spine, and then tracheostomy due to
recurrent atelectasis. No side effects were attributed to
the acetylsalicylic acid. None of the seven patients had
VAl-related complications and all survived.

Anterior cervical fusion was performed in three of five
patients treated with surgical intervention. In one patient
who failed with preoperative closed reduction, surgical
intervention via posterior approach was planned. Firstly,
the open reduction via a posterior cervical approach
was firstly performed. Preoperative CTA showed the
enough space of the lateral mass for the screw insertion;
therefore, posterior lateral mass screw fixation and fusion
were performed in this case. Cl-2 fusion was required
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Figure 4: Plain lateral radiograph at 2 years follow up showing
solid fusion of C4-C5

Figure 6: Follow-up CTA obtained 6 months after surgery
demonstrated resolution of extrinsic compression of hypoplastic
left vertebral artery with good blood flow

in one patient with C2 dens fracture. In this case, C1-2
transarticular screw was inserted unilaterally in site of

VAL to avoid the additional damage of uninjured VA.
DISCUSSION

The frequency of VAI among all blunt trauma admissions
has been reported to range from 0.20% to 0.77%.1:6]
However, the incidence of VAI is much higher in selected
subpopulations, such as patients with blunt cervical spine
trauma. Miller et al., and Biffl et al.,’! screened all
patients with cervical spine fractures prospectively with
four vessel angiography, and reported that VAI occurred
in 33% and 39% of cases, respectively. Three types of
cervical fractures are cited in the literature as significant
risk factors for VAL (1) fractures involving a transverse
foramen, (2) subluxation, and (3) fractures involving
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the upper cervical spine (CI1-C3).¢%1 Cothren et al.,!®!
reported a 37% frequency of VAI in patients with these
three fractures, and suggested that a screening protocol
using these three fracture patterns would detect 93% of
VAL The frequency of VAI derived from other clinical
series ranged between 17.2% and 26%.1"152421 We found
a lower rate, 7.1%, of VAl in 99 consccutive patients with
blunt cervical spinal injury assessed by CTA. CTA tends
to underestimate stenosis, and the ability of the spiral
CTA to show stenosis has been reported to be limited,
less than 30%.1""7 Biffl et al.’" suggested a VAI grading
scale according to angiographic findings, which had been
firstly developed for blunt carotid artery injury: grade I,
dissection with less than 25% luminal narrowing; grade
I, dissection with more than 25% luminal narrowing;
grade IlI, pseudoancurysm; grade IV, occlusion; and
grade V, transaction. Thus, grade I injuries could have
been missed in our series. One case with right side VAI
was associated with left dominant C7 burst fracture and
lamina fracture. In this case, we thought that main injury
mechanism was the vertical compression of left side of
the C7, and contralateral VAI with dissection type might
be injured due to retraction force although VA is located
extraforaminal space in C7 level.

Most cases of VAI usually remain asymptomatic and
therefore are easily overlooked. In particular, non-dominant
unilateral VA occlusion rarely results in neurological
deficits because of adequate collateral circulation to
the basilar system through the contralateral VA and
the posterior inferior cerebellar arteries. In addition,
when head injury is combined, these symptoms can be
missed or misinterpreted. Clinical symptoms related to
vertebrobasilar ischemia include vertigo and nystagmus,
dysphagia and dysarthria, diplopia or blurred vision, and
altered  consciousness.'™*3271 The  symptoms usually
manifest within the first 24 h after trauma.!"” Occasionally
the lucid interval between injury and onset of neurological
symptoms may be delayed further, up to 3 months.
Bilateral or dominant VA occlusion have devastating
consequences, and these include an altered mental
status, pinpoint pupils, and sudden respiratory arrest,
resulting in a high morbidity and mortality rate.**1>
Opverall, the mortality in patients with VAI, those without
neurological event, had 7% mortality, whereas those with
a neurological event had 18% mortality.l”)

The primary therapeutic goal of treatment of VAI
should not concentrate on vessel recanalization, but
on reconstruction of the unstable spine segment
to maintain flow of the opposite VA and minimize
thrombus propagation in the injured vessel.?!l Early
surgical stabilization to release tension on the VA wall
and prevent future ischemic events may be sufficient for
stable and asymptomatic patients. Heparin or antiplatelet
agents have been used for the treatment of patients
with asymptomatic VAI; aggressive and early treatment
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has been reported to result in a significant reduction of
the development of vertebrobasilar strokes later.!l?*]
Heparin was initially the treatment of choice for blunt
VAL In patients with contraindications to heparin, the
initiation of antiplatelet agents has been successfully used.
Although the optimal regimen remains unknown, both
therapies appear to be effective.*”) Many trauma patients
with VAL have other multiple organ system injuries,
and anticoagulation using heparin increases the risk of
hemorrhagic complications. Therefore, aspirin might be
more useful agent than heparin for the prevention of an
infarct in patients with VAI and multiple organ injuries.
In this study, none of the patients with unilateral VAI
had symptoms associated with vertebro-basilar ischemia.
We did not use intra-venous anticoagulation, but oral
antiplatelet agents were administered for protection of
the vertebrobasilar circulation in six out of the seven
patients. During the follow-up period, a mean duration of
23 months, vertebro-basilar insufficiency was not detected
in any of our patients. The limitation in this study is
that collateral circulation to the basilar system via the
contralateral VA was maintained adequately in all seven
cases with VAI and short follow-up duration. Therefore, to
determine the efficacy of antiplatelet agents, randomized
controlled study will be required with a large number of
VAL cases and long-term follow-up duration.

There has been no consensus on the optimal diagnostic
modality for patients with suspected of VAL Angiography
is the most accurate method for the definition of VA
as well as collateral flow. However, it is not practical as
a screening method due to its invasiveness and risk of
complications. Angiography is risky in critically ill patients
with unstable spines. Many investigators have suggested
that angiography should be reserved for patients in
whom: (1) a VAL is strongly suspected due to neurological
symptoms, (2) neuroradiological intervention is necessary,
or (3) the results of other imaging studies are equivocal
or inconclusive. 161521 Magnetic resonance angiography
(MRA) magnetic resonance angiography (MRA) is less
sensitive for the diagnosis of VAL than angiography.
However, it has been frequently used to screen and
diagnose patients with VAI that have cervical spine
fractures and/or dislocations as an alternative diagnostic
modality. MRA is noninvasive, does not require the
injection of contrast and allows imaging of all cervical
and cerebral vasculature. However, slow blood flow
on the MRA could be confused with occlusion, where
angiography would demonstrate a high degree of stenosis.
Furthermore, many ventilator and orthopedic external
fixation devices are Incompatible with the scanning
equipment, obviating its use in patients with multisystem
severe injuries.

The CTA may provide the screening tool of choice although
its diagnostic value remains to be determined.!'*??)
With the CTA, the VA within the transverse foramen may
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be difficult to image accurately because of bony artifacts.
However, the CTA is noninvasive, examination times are
relatively short and the imaging can be manipulated in
three dimensions. In addition, the use of CT scanning
for patients with cervical spine injuries has become so
routine that it takes little additional effort to add CTA,
and this minimizes transport needs. The multidetector
CTA provides markedly improved vascular images for the
identification of VAI in a timely manner.?®") CTA can
also provide the information for the relations between
the VA and adjacent bony structure. Therefore, it is the
most valuable for preoperative surgical planning, for
example, how the dislocation of the cervical spine or
the displaced VA should be managed without additional
injuries. Although dilated or tortuous VA and anomalous
formation of transverse foramen were not observed in
our series, through the result of the preoperative CTA,
we planned for the degree of lateral exposure of neural
foramen during anterior cervical fusion for avoiding the
damage of uninjured VA. If possible, we avoid posterior
cervical screw techniques; however if needed, optimal
insertion site and direction of posterior screws were
preoperatively planned according to the result of CTA. As
the results, spine surgeon can avoid or reduce unexpected
damage of uninjured VA, consequently, the morbidity
and mortality of patients with VAI will be reduced.

Those patients with cervical spine injuries that are at
high risk, such as those with transverse foramen fractures,
dislocation, or high cervical injuries should undergo CTA
promptly as screening examination. CTA enables rapid
selection of patients for angiography, so that prophylactic
therapy can be promptly started to minimize ischemic
ncurological events. The possible complications of
dominant or bilateral vertebral artery occlusion, resulting
from cervical spine trauma, have to be excluded as early
as possible by angiography, in patients with dubious or
vague neurological symptoms. The awareness of a VAl
in patients with unstable fractures is very useful at the
time of surgery. Embolic events can occur, with various
extension of the vertebro-basilar infarction, based on the
collateral circulation, during surgical manipulation and
reduction of a vertebral dislocation. Obviously, excessive
distraction must be avoided during an operation.#*!
Farly and late emboli are the major risk factors for
neurological morbidity and outcome. All patients with
VAL should be informed of the associated risks and
followed for several months to screen for signs of late
ischemic complications that can occur several weeks after
the initial trauma.?"!

In conclusion, VAI after blunt cervical spine fractures is
more frequent than once thought and should be kept
in mind while evaluating trauma patients. Although the
diagnostic accuracy of CTA remains to be confirmed,
the results of this study showed that CTA was rapid
and easy to perform for the screening of at risk patients
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to rule out VAL Aggressive screening has been shown
to identify Injuries in asymptomatic patients, allowing
prompt antithrombotic treatment to prevent ischemic
neurological events. By facilitating the early diagnosis
and treatment of VAL screening with CTA might
improve the clinical outcomes of affected patients. Clear
treatment guidelines remain to be determined; however,
prophylactic antiplatelet therapy might be necessary for
asymptomatic VAL Further multicenter trials are essential
to determine the safest and most effective treatment
guidelines not only in symptomatic patients but also in
asymptomatic patients with VAL
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