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Abbreviations: VAI, vertebral artery injury; ATLS, advanced 
trauma life support; CT, computed tomography; DSA, digital sub-
traction angiography; MRA, magnetic resonance angiography; CTA, 
computed tomography angiography

Introduction 
Vertebral artery injuries after blunt cervical trauma are common. 

Hyperextension injuries, with or without lateral flexion and rotation, 
have previously been discussed as the most common mechanism of 
closed injury to the VA.1 VAI can be unilateral or bilateral. Bilateral 
VAI is less frequent. Unilateral occlusion of the vertebral artery 
seldom results in a neurological deficit if the collateral supply through 
the other vertebral and posterior inferior arteries is sufficient. Bilateral 
occlusion may also be asymptomatic. However, this usually causes 
neurological deficit or even death.2 VAI has been under diagnosed or 
misdiagnosed frequently. The vertebral is most susceptible to injury 
at the point of entrance into the transverse foramen of C6. The second 
most common site of VAI is at C1–C2.3 Ischemic stroke after cervical 
spine trauma depends on the severity of trauma, the patient’s age 
and his comorbidities.4 The rationale for screening of asymptomatic 
trauma patients for the presence of VAI is that it may occur in many 
asymptomatic patients and anticoagulation may prevent strokes and 
improve neurological outcome. We presented a rare case of a 64-year-
old man which he sustained a C3/C4 subluxation that demanded 
operative reduction. 15hours after surgery he presented with left 
occipital lobe infarction due to unilateral vertebral artery occlusion.

Case presentation
A 64-year-old man, with diabetes mellitus type II and dyslipidemia, 

presented to the emergency department because of a motor vehicle 

accident. He was the driver, not having on the seatbelt. During 
examination, based on protocol ATLS, the patient alert and fully 
oriented, his vital signs were stable, but he complained of neck pain 
and quadriparesis. In the right upper extremity was noted a weakness 
equal to 3/5, while in the left upper extremity was noted a weakness 
equal to 1/5. The weakness of his lower extremities was rated as 
grade 4/5. An initial cranial CT was normal. X-ray and CT scan of the 
cervical spine revealed a subluxation at the C3/C4 level (Figure 1). 
Furthermore, MRI of cervical spine took place which demonstrated a 
complete occlusion of left vertebral artery at the C3/C4 level (Figure 
2).

Figure 1 CT scan of cervical spine show the C3/C4 subluxation.
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Abstract

Ischemic strokes may occur after cervical spine injuries, such as fracture, dislocation, or 
spinal cord injury. In fact, cervical spine injury is a risk factor for blunt vertebral artery 
injury. Although several lines of evidence indicate an increased risk of stroke after cervical 
spine injury, its pathologic mechanism remains largely unknown. The neurologic symptoms 
due to VAI occlusion usually manifest within the first day after cervical trauma. Bilateral 
VA injuries can lead to severe vertebrobasilar insufficiencies and occur with shorter 
latencies than those of unilateral occlusions. Unilateral VA occlusions rarely result in 
neurological deficits because of the collateral blood supplies delivered by the contra lateral 
VA and the posterior inferior cerebella artery. We report a rare case of a 64-year-old man 
presented in the emergency department with a C3/C4 subluxation and unilateral complete 
vertebral artery occlusion that resulted from a motor vehicle accident. After surgery, his 
deficits where initially improved, but 15hours later he suddenly presented with headache, 
clumsiness in handling objects, right hemianospia and his motor weakness was aggravated. 
Cranial CT revealed the presence of a stroke in the left occipital lobe. We immediately 
treated the patient with an anticoagulation therapy. Nine months later his weakness had 
partially improved.
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 Due that, the patient was transferred to operation theatre, where 
we performed C3/C4 discectomy and stabilization with a plate using 
the anterior approach, and a C3-C4 decompressive laminectomy and 
C3-C4 fixation with screws using the posterior approach. During 
the first post-operative day the patient was hemodynamically stable 
and his upper extremity weakness improved from grade 3/5 to 5/5 
in the right, and from grade 1/5 to 3/5 in the left. However, 15hours 
later, he suddenly presented with headache, clumsiness in handling 
objects, right hemianospia. His right upper extremity strength also 
deteriorated from grade 5/5 to 2/5. Because of that, cranial CT was 
carried out which revealed an infraction in the left occipital lobe 
(Figure 3). Immediately, we initiated anticoagulation therapy and in 
the next days patient’s motor weakness gradually improved. Nine 
months later the motor strength of both upper and lower extremities 
had partially improved and the patient was able to walk with a cane.

Figure 2 Pre-operative MRI revealed a complete occlusion of left vertebral 
artery at the C4 livel in the axial view.

Figure 3 The first post-operative day a cranial CT demonstrated an ifranction 
in the left occipital lobe.

Discussion
Ischemic stroke is not uncommon after cervical spine injury. 

Indeed, according H Chikuda et al,5 an ischemic stroke after cervical 
spine injury occurs in 1% of patients during hospitalization with a 

threefold increase in mortality.5 Regarding pathomechanism, previous 
studies have demonstrated that cervical spine injury is a risk factor 
for blunt cerebrovascular injury, especially VAI. In the literature, 
the incidence of VAI in cervical spine trauma ranges from 3 to 39%. 
However VAI has been underdiagnosed or misdiagnosed frequently.6 
This mainly occurs because most VAI patients remain asymptomatic 
if the vertebral artery is damaged only unilaterally. DeSouza MR 
et al refered that only 20% of patients with a unilateral VAI after 
cervical trauma, develops neurologic symptoms.7 Furthermore, 
vertebral artery occlusion is rarely symptomatic because of collateral 
blood supply from the contralateral vertebral artery and the circle of 
Willis.8 Nevertheless, misdiagnosed VAI has often been reported to 
cause acute neurologic deterioration of previously conscious patients 
with cervical spine injury. Unlike unilateral VA occlusion in which 
only 20% of patients are symptomatic, most patients with bilateral 
VA occlusion are symptomatic. Patients with bilateral VAI usually 
presented with more severe symptoms, including an altered mental 
status, pinpoint pupils, and even sudden respiratory arrest.9

Three types of cervical fractures are associated with significant 
risk for VAI: fractures involving the transverse foramen, subluxations 
and fractures involving the upper cervical spine (C1–C3). In a study 
of Vaccaro et al.10 the incidence of VAI in fracture dislocations and 
subluxations of cervical spine was 40%.10 Cothen reported an 18% 
incidence of VAI in fractures of the upper cervical spine (C1–C3).11 
The VA is most susceptible at the C5-C6 level just after it enters the 
transverse foramen. Other areas of susceptibility are located at the 
atlanto-axial level just after the VA leaves the transverse foramen, and 
at the atlanto-occipital level where the VA is tethered by the dura. 
Ozveren et al.12 mentioned that the mobility of the artery suddenly 
decreases as it enters the transverse foramen of C-6. Hyperextension 
injuries, with or without lateral flexion and rotation, have previously 
been accepted as the most common mechanism of closed injury to the 
vertebral artery.12 Suggested VAI should be suspected in any patient 
who presents with hemorrhage from the mouth, nose, or ear and any 
mechanism of injury significant for severe cervical hyperextension/
rotation or hyper flexion. The mechanism responsible for VA injury 
has been suggested to be stretching, tearing of the intima and media, 
or compression of the vessels. Motor vehicle accidents are the leading 
cause of VA injury due to the major rotational component. Rotational 
forces applied to the mobile portions of the cervicocephalic arteries 
are responsible for intimal tears.

The incidence of ischemic stroke following VAI depends on both 
the grade of VAI (intimal flaps, dissection, pseudoaneurism, complete 
occlusion) and on the age of the patients and co morbidities. In 
addition, the size of the contra lateral VA, the completeness of the 
circle of Willis, and the robustness of the native pial collateral seem to 
be important factors affecting the development of infarction after VAI. 
Patients with VAI have a significantly higher rate of strokes than those 
without. The in-hospital stroke rate increased with advancing age, 
diabetes, heart disease, and worse consciousness level at admission.13

VAI do not always cause ischemic symptoms immediately after 
the trauma. Almost half cases it is noticed an interlude of at least 
18h between the trauma and the onset of ischemic symptoms. It has 
been suggested that intimal tears of vertebral artery allows blood 
under arterial pressure to enter between the layers of the wall of the 
artery, forming an intramural hematoma. Therefore this can lead to 
the aggregation of platelets on the exposed sub-intimal tissue and 
subsequent thrombosis, clot propagation and/or embolization to the 
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cerebrum. The interludes are likely due to the slow progression of 
thrombosis or the gradual swelling of the vessel. In our case, the left 
occipital lobe infarction was likely the result of an embolus, rather 
than thrombus formation. Emboli in the basilar territory do not 
commonly cause extensive brain stem infarction because an embolus 
of sufficient size to traverse the VA would be unlikely to occlude the 
larger diameter basilar artery.14,15 We propose that the left occipital 
lobe lesion was likely due to an embolus from the VA occlusion site 
because there was no infarction in the brain stem.

Improper immobilization of cervical spine during the patient’s 
transport may increase subluxation and this fact may further worsen 
VAI. For that reason it is important the proper immobilization and 
good neck positioning. Depending on the mechanism and morphology 
of cervical spine injury, proper immobilization could come in different 
forms. It could be argued that an injury of this severity it is extremely 
necessary a halo-vest placement especially when long-distance 
transfers are needed.16

X-rays and CT scans identify 98% of cervical fractures and 99% of 
subluxations and are justified diagnostic tool in cervical spine trauma. 
There have been no definite standards or guidelines as to what is the 
most important and optimal imaging study for patients suspected of 
VAI. Being that digital DSA is the criterion standard, neither MRA 
nor CTA has been able to show comparable sensitivity and specificity. 
Initial use of contrast enhanced CT scans and/or MRI scans may be 
wise during initial trauma patient evaluation with severe cervical 
hyperextension/rotation or hyperflexion.17,18

In unstable cervical spine fractures, to prevent further VAI 
damage, early surgical fixation is considered to be indicated. Optimal 
medical treatment of VAI is still under debate and an evidence base 
of anticoagulation in patients with VAI does not exist. However, 
until now anticoagulative treatment is a standard therapy. Previous 
studies showed a decreased stroke rate from 30–50 to 2–10% using 
anticoagulation or antiplatelet therapy.19

Conclusion 
Cervical spine trauma may cause vertebral artery injuries which 

lead in unilateral or bilateral occlusions. The first one rarely causes 
neurological symptoms due to the existence of the collateral channels. 
Therefore, in any case the type of cervical injury, the patient’s age and 
his co morbidities should be estimated. Initial use of contrast enhanced 
CT scans and/or MRI scans may be wise during initial trauma patient 
evaluation with severe cervical hyperextension/rotation or hyper 
flexion. In unstable cervical fractures accompanied by VAI, after their 
surgical fixation, it is reasonable the beginning of an anticoagulation 
therapy.
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