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Abstract

Introduction: Blunt carotid or vertebral artery injury occurs in up to 0.14% 
of all trauma admissions. Newer studies have delineated the efficacy of medical 
management of these injuries. Given polytrauma patients may present with 
a relative contraindication to antiplatelet therapy, alternative management 
strategies are necessary. In addition, the natural history of blunt vascular injury 
is not without morbidity and can compound the difficulty in managing trauma 
patients with multi-organ injuries at risk for hemorrhagic complications.

Methods: We performed a retrospective analysis from 2012 to 2015 of all 
endovascular procedures performed for patients with a diagnosis of carotid or 
vertebral artery dissection. CT Angiography (CTA) was performed in trauma 
patients meeting Modified Denver Screening protocol as an initial screening test 
for vascular injury. In patients with suspected Grade III or higher injuries, Digital 
Subtraction Angiography (DSA) was performed to better delineate the severity 
of injury. 

Results: A total of 19 patients were identified: 6 patients with Biffl Grade 
3 injury, 5 patients with Biffl Grade 4 injury, and 2 patients with Biffl Grade 5 
injury. The remaining 6 patients were Grades 1 or 2. We performed parent 
artery occlusion for all patients with symptomatic or progressive Grade 3 
injuries that were failing medical management and all patients with Grade 4 
and Grade 5 injuries. In all patients whom endovascular intervention was 
performed, neurologic outcomes were stable or improved at a minimum of 
hospital discharge. There were no immediate or delayed complications from 
the endovascular intervention. In conservatively treated patients, there were no 
incidences of stroke or progression while medically managed.

Conclusion: Medical management should be first line therapy for treatment 
of blunt vascular injury. In a clinical setting of contraindication to anticoagulation 
or failed maximal medical therapy, parent artery occlusion for of select high 
grade vertebral artery injuries is a potential treatment avenue. Overall, an 
individualized treatment paradigm based on clinical and radiographic symptoms, 
in combination with multi-disciplinary experience and available resources may 
assist in providing better outcomes.
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Introduction

Management of high grade traumatic carotid or vertebral artery 
injury remains controversial [1-4]. The incidence in all trauma 
patients ranges from 0.007 to 0.14. In these patients, the stroke rate 
can vary depending on initial presentation, laterality, and grade of 
blunt vascular injury. Diagnoses of these lesions are increasingly being 
made during screening CT angiography. The criteria for performing 
screening tests vary, but are commonly variations of Modified 
Denver Criteria [2]. More recently, cervical spine injury guidelines 
recommend performing CTA as a screening tool when indicated [5].

Intuitively, high grade injuries may be more likely to have 
neurologic sequelae from stroke [6,7]. This must be tempered 
with recent data suggesting a lower stroke incidence regardless of 
systemic anticoagulation or antiplatelet therapy [8]. In patients with 
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Biffl Grade III and higher, the natural history of stroke is uncertain 
but not negligible. With recent endovascular advances, the role for 
intervention has not been defined. Given the heterogeneity and 
potential complexity of the trauma population, we present our 
experience from a neuro-interventional perspective.

Methods

We performed a retrospective analysis from 2012 to 2015 of all 
endovascular procedures performed for patients with a diagnosis 
of carotid or vertebral dissection. At our institution, the trauma 
protocol involves undergoing CT Angiography in patients meeting 
Modified Denver Screening as an initial radiographic test for 
detecting carotid or vertebral artery injury. In patients with suspected 
Grade III or higher injuries, Digital Subtraction Angiography (DSA) 
was performed to better delineate the severity of injury and potential 
endovascular intervention.
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Results
A total of 19 patients were identified: 6 patients with Biffl Grade 

3 injury, 5 patients with Biffl Grade 4 injury, and 2 patients with Biffl 
Grade 5 injury. The remainders were Biffl Grade 1 or 2. We performed 
Parent Artery Occlusion (PAO) for all patients with symptomatic or 
progressive Grade 3 injuries (3 of 18), and all patients with Grade 4 
(5 of 18) and Grade 5 (2 of 18) injuries. In addition, patients were 
selected for PAO if they had progressive symptomatic disease despite 
medical therapy, absolute contraindication to anticoagulation, or 
we intended to prevent recanalization of the vessel and subject the 
patient to an unknown thromboembolic risk. In one grade 2 patient 
with persistent embolic injury despite several anticoagulation 
therapies, PAO was performed. PAO was performed primarily in 
vertebral artery injuries. Technically, the injured vessel was occluded 
primary from its proximal origin and distally, if access was deemed 
feasible without exposing added risk to the patient. Occlusion was 
generally performed using coils. In all patients whom endovascular 
intervention was neurologic outcomes were stable or improved 
at time of discharge or most recent clinical follow-up. There were 
no immediate or delayed complications from the endovascular 
intervention. In conservatively treated patients, there were no 
incidences of stroke or progression while on an anti-coagulation.

Discussion
With the advent of aggressive screening practices, blunt vascular 

injury of the carotid or vertebral arteries is becoming increasing 
recognized. In their landmark paper regarding vertebral vessel injury, 
Biffl et al. documented a 0.53% incidence of injury diagnosed via DSA 
in all trauma admissions. Their initial series showed a 24% rate of 
posterior circulation stroke, with an attributable death rate of 8% [6]. 
In particular, the incidence of stroke per grade was: Grade 1-19%, 
Grade 2-40%, Grade 3-13%, and Grade 4-33%. The use of heparin 
was implemented to treat these dissections and was associated with 
improved outcomes and low hemorrhagic complication rates. In a 
separate paper for carotid injuries, Biffl et al. had a 0.38% incidence 
of blunt carotid injury. At 7-10 day re-imaging, 70% of cases 
persisted despite management with heparinization. This prompted a 
recommendation of surgical repair for Grade II lesions or higher [7]. 
This was reversed after reviewing their 16-year experience, which they 
conclude that an initial treatment with heparin transitioned to 325mg 
of aspirin resulted in good or stable outcomes [9]. 

The movement towards aggressive screening and medical 
management is echoed in more recent studies that have been 
published reviewing institutional experiences regarding blunt vascular 
injury [6,7,10,11]. In these publications, although blunt vascular 
injury remains a source of morbidity, the majority of these studies 
highlight the safety of medical management of this injury [10,12-15]. 
In the CADISS trial, 250 patients with cervical artery dissection were 
randomized to be treated with anticoagulation or antiplatelet therapy. 
There were 4 strokes that occurred in the combined patient population, 
with only 1 major hemorrhage occurred in the anticoagulation group 
[8]. This enforces the safety of antiplatelet therapy as compared to 
systemic heparinization, which can be associated with an 8-16% 
of hemorrhagic conversion [3,4,12,13,16]. In another study, Scott 
et al. review their ten year experience with blunt vascular injury. 
Intuitively, they report low grade vertebral artery injuries having a 

mean of 40 day stability on repeat imaging, with a 1.7% stroke rate 
[17]. In addition, continued vascular studies show resolution or 
stability of these lesions with good neurologic outcome. For luminal 
stenos is more than 50% or the presence of a pseudo aneurysm, 95% 
of injuries remained stable or resolved on repeat imaging [18]. For 
patients with vessel occlusion, 65% remained persistently occluded, 
with recanalization in 30% of cases. If neurological injury occurred, it 
was seen in 7% of patients with diagnosed vessel occlusion, and most 
occurred in the immediate post-injury period or despite medical 
management. This was also documented by Morton et al. with Biffl 4 
vascular injuries [14,15]. In addition, they separate injury occurring 
via two mechanisms: hemodynamic failure or embolic events. They 
also advocated for employing multi-modality monitoring with daily 
Transcranial Doppler’s (TCD) and/or a screening MRI to stratify 
patients that may benefit from dual antiplatelet agents. For vertebral 
artery injuries, there was 9% stroke incidence treated with medical 
management. Overall, endovascular or surgical intervention was only 
performed in patients with radiographic progression or neurologic 
compromise despite maximal medical therapy.

When appropriate, such as absolute contraindication to 
anticoagulation or failed maximal medical therapy, we performed 
parent artery occlusion as means of secondary stroke prevention. 
An example in our case series, a patient presented with a cerebellar 
ischemic stroke, with an MRA showing occlusion (Figure 1). DSA 
performed revealed sluggish, but patent vertebral artery (Figure 
2). He was treated with a heparin drip. On hospital day two, the 

Figure 1: Magnetic resonance angiography depicting the absence of the left 
vertebral artery.

Figure 2: Digital subtraction angiography, AP projection of left vertebral 
artery injection depicting presence of dissected vessel with more than 50% 
reduction of luminal caliber.
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patient became progressively lethargic, with repeat imaging revealing 
bilateral cerebellar hemispheric infarcts. Repeat angiography showed 
an increasingly patent vertebral artery, potentially increasing embolic 
phenomenon despite systemic heparinization (Figure 3). After 
discussion with the stroke and neurosurgery consultants, parent 
vessel occlusion was performed without long-term neurologic squeal 
(Figure 4). 

We emphasize the superiority of medical management of the 
vast majority of vessel injury, but in select patients failing initial 
management, parent vertebral artery occlusion was well tolerated. 
Although it was our initial practice to aggressively treat high grade 
injuries given uncertain natural course or long-term follow-up, we 
have since elected to treat these patients with medical therapy. In 
the endovascular treatment cohort, it is noteworthy to mention no 
secondary cerebrovascular insults occurred after treating the diseased 
vessel. Vertebral artery occlusion may be well tolerated due to the 
rich collateral supply of the cervical spine [19]. In addition, Biffl IV 
injuries are less likely to manifest as quadriplegia, but with ischemic 
symptoms from the posterior circulation. Also, patients that do not 
manifest with ischemic injury early in the hospital course may be able 
to tolerate delayed occlusion. Ideally, balloon test occlusion should 
be performed, but this may not always correlate with a good outcome 
[20]. Blunt vertebral artery injuries are highly associated with cervical 
spine fracture dislocations, sublimations, or foramen transversarium 
injuries [19]. In our series, one patient with jumped facets had the 
VA dissection change from Biffl 4 on CTA to Biffl 2 after angiogram 
was performed once surgical correction was achieved. This supports 
the protective effect in reducing cervical fractures [21]. Repeat 
vascular imaging after reduction of cervical spine injuries should be 
considered to help stratify post-surgical anticoagulation.

A screening CTA with 3D reconstruction is highly successful in 
diagnosing blunt vessel injury and is rightly the first line in diagnosing 
such lesion [22-24]. A meta-analysis demonstrated the sensitivity and 
specificity of 16-slice CTA approaching the gold standard of Digital 
Subtraction Angiography (DSA) [2]. Although our case series is 
limited in numbers, it worthwhile to highlight a discrepancy between 
conventional angiography and CTA in delineating the severity of 
dissection. In a select number of patients with high grade injury, 
angiography may aid in elucidating flow and collateral patterns to aid 
in risk stratification.

There are several limitations in our paper. First, there is inherent 

bias in a retrospective analysis of cerebral angiograms. Although the 
trauma, neurosurgery, vascular, and neuro-interventional services 
are well integrated, there may be patients who were not identified and 
a DSA not performed, or because of the initial severity of injuries a 
DSA was not performed. 

In all cases, we had no complications. In patients with Grade III 
and higher vascular injuries, PAO was well tolerated. This may be due 
to several factors: low incidence of stroke, well-formed collaterals, 
timing of treatment. Given the low incidence of stroke, we may have 
performed the procedure in patients with a well formed circle of 
Willis with developed collaterals (posterior communicating artery 
greater than 1mm) [14]. One possibility is that given that most injuries 
tend to occur within 24 hours of presentation and DSA was usually 
performed after 24hrs, the patients may inherently be able to tolerate 
PAO of an already diseased segment without sequel. We have favored 
treating Grade I or II injuries with single anti-platelet agent (ASA 
325), progressing with a second agent (Clopodigrel) if symptoms 
develop [14]. Only Grade I-II cases refractory to antiplatelet agents 
are considered for endovascular treatment.

Ideally, patients with blunt cerebrovascular injury should 
undergo multi-modality monitoring with TCDs, screening MRI, 
followed with serial CTA [14]. These non-invasive measures may be 
able to identify and stratify patients at higher risk for embolic events. 
Once identified, medical management should be initiated under 
the guidance of a multi-disciplinary team of neurosurgery, trauma 
surgery, stroke, and neuro-interventionalist to aid in providing the 
best outcome for these patients.

Conclusion
Post-traumatic carotid or vertebral vessel injury is an increasingly 

recognized pathology. Given the complexity of polytrauma patients 
with multi-organ involvement, patients with high grade (Biffl 3 
and higher) may benefit from digital subtraction angiography. In 
select cases with failed or contraindication to medical therapy, use 
of modern neuro-endovascular techniques may be utilized to safely 
treat diseased vessel segments to provide definite therapy to prevent 
future stroke occurrence.
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