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Imaging and Management of 
Blunt Cerebrovascular Injury1

Blunt cerebrovascular injury (BCVI) is a relatively rare but poten-
tially devastating finding in patients with high-energy blunt force 
trauma or direct cervical and/or craniofacial injury. The radiologist 
plays an essential role in identifying and grading the various types 
of vascular injury, including minimal intimal injury, dissection with 
raised intimal flap or intraluminal thrombus, intramural hema-
toma, pseudoaneurysm, occlusion, transection, and arteriovenous 
fistula. Early identification of BCVI is important, as treatment with 
antithrombotic therapy has been shown to reduce the incidence 
of postinjury ischemic stroke. Patients with specific mechanisms 
of injury, particular imaging findings, or certain clinical signs and 
symptoms have been identified as appropriate and cost-effective 
for BCVI screening. Although digital subtraction angiography was 
previously considered the standard examination for screening, tech-
nologic improvements have led to its replacement with computed 
tomographic angiography. Of note, although not appropriate for 
screening, improvements in magnetic resonance angiography with 
vessel wall imaging hold promise as supplemental imaging stud-
ies that may improve diagnostic specificity for vessel wall injuries. 
Understanding the screening criteria, imaging modalities of choice, 
imaging appearances, and grading of BCVI is essential for the ra-
diologist to ensure fast and appropriate diagnosis and treatment. 
This article details the imaging evaluation of BCVI and discusses 
the clinical and follow-up imaging implications of specific injury 
findings.
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After completing this journal-based SA-CME 
activity, participants will be able to:

 ■ Understand the screening criteria for 
and imaging evaluation of BCVI in the 
trauma setting.

 ■ Describe the imaging appearance and 
grading of BCVI.

 ■ Discuss the clinical and follow-up im-
aging implications of specific findings.

See www.rsna.org/education/search/RG.

SA-CME LEARNING OBJECTIVES
Introduction

Blunt cerebrovascular injury (BCVI) is a collective term used to 
describe blunt force injuries to the cervical carotid and vertebral 
arteries. These injuries are most commonly identified in trauma pa-
tient populations, with high-energy injury mechanisms to the head, 
neck, and thorax as predisposing factors. These injuries are rare, even 
within the trauma population. When left untreated, they are of high 
clinical significance because of their association with adverse neuro-
logic events, including cerebral infarction and death.

The diagnostic radiologist plays an essential role in both identify-
ing these lesions and guiding management decisions. As such, a firm 
understanding of the appropriate screening criteria, imaging modali-
ties of choice, and grading schema is necessary to ensure that BCVI 
is identified quickly and treated appropriately. The objectives of this 
article are to describe the appropriate BCVI screening criteria within 
the acute trauma setting, discuss modality-specific imaging guide-
lines and radiologic evaluation of BCVI in trauma patients, demon-
strate the appearance and grading of BCVI, and examine clinical and 
follow-up imaging implications of specific injury findings.

This copy is for personal use only. To order printed copies, contact reprints@rsna.org
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On average, high-speed motor vehicle collisions 
account for more than 50% of BCVIs (4,12). 
Other injury mechanisms associated with BCVI 
include falls from heights greater than standing, 
pedestrian-versus-car accidents, assaults, suicide 
attempts that involve hanging, and other direct 
head, neck, and facial trauma.

On rare occasions, cervical arterial injuries can 
be seen in the context of low-energy injury mech-
anisms, commonly referred to as trivial trauma. 
Unlike high-energy mechanisms, these injury 
mechanisms are generally not associated with ad-
ditional substantial traumatic injuries, other than 
those sustained by the cervical vasculature.

A classic example of a trivial trauma mecha-
nism is chiropractic manipulation of the neck 
(13) (Fig 1). Patients with these injuries char-
acteristically present with neck pain or vague 
neurologic complaints before being diagnosed 
with underlying cerebrovascular injury. Nontrau-
matic spontaneous cerebrovascular injuries have 
also been reported in mechanisms that would 
not typically raise suspicion for injury, includ-
ing certain athletic activities and yoga positions; 
daily activities including coughing, nose-blowing, 
shaving, and vomiting; and other activities that 
include rapid head movement (13).

The pathophysiology underlying these inju-
ries is not clearly understood. In such patients, 
various connective tissue disorders may mani-
fest, including Marfan syndrome, Ehlers-Danlos 
syndrome, and even unrecognized minor connec-
tive tissue disorders, predisposing the patient to 
spontaneous arterial injury.

Cervical spine fractures have the strongest as-
sociation with BCVI (14,15), with injuries of the 
upper cervical spine, ligamentous injuries, and 
traumatic subluxations placing patients at the high-
est risk (16). The prevalence of BCVI in trauma 

BCVI Epidemiology
Historically, the true prevalence of BCVI has been 
difficult to ascertain, as many of these lesions 
are clinically asymptomatic at the time of initial 
imaging workup, overshadowed by more severe 
traumatic injuries or masked by traumatic brain 
injuries. Early radiologic studies suggested a preva-
lence as low as 0.08% (1); however, improvements 
in computed tomographic (CT) technology paired 
with trends toward more comprehensive imaging 
workups of trauma patients (including asymptom-
atic patients in the emergency department setting) 
have led to an increase in BCVI detection. Recent 
studies suggest a BCVI prevalence of 1.0%–1.6% 
within the trauma patient population (2–4) and up 
to 2.7% when constrained to patients with higher 
injury scores (5).

When left untreated, BCVI is associated with 
increased morbidity and mortality, most com-
monly due to cerebral infarction (3,6). The 
increases in morbidity and mortality are depen-
dent on both BCVI location and severity. Carotid 
artery injuries carry higher rates of downstream 
infarction than vertebral artery injuries, and 
high-grade injuries (grades III, IV, and V) carry 
higher rates than low-grade injuries (grade I and 
II). Published data suggest that untreated blunt 
carotid artery injuries possess a morbidity rate 
of 32%–67% and a mortality rate of 17%–38% 
(7–11), whereas untreated blunt vertebral artery 
injuries possess a morbidity rate of 14%–24% 
(9,10) and a mortality rate of 8%–18% (6,11).

Mechanisms of Injury
Trauma is the most common cause of BCVI, 
and high-energy injury mechanisms are associ-
ated with an increased risk of underlying BCVI. 

TEACHING POINTS
 ■ Cervical spine fractures have the strongest association with 

BCVI, with injuries of the upper cervical spine, ligamentous 
injuries, and traumatic subluxations placing patients at the 
highest risk. 

 ■ In the setting of BCVI, pathologic stretching, twisting, or 
shearing forces most commonly result in intimal injury to the 
vessel, regardless of the mechanism. Blood flowing through 
the vessel lumen may then dissect into the vessel wall at the 
site of an intimal defect. 

 ■ With the widespread availability of 32-channel and higher 
multidetector CT scanners, CT angiography has largely sup-
planted DSA as the first-line screening modality for BCVI. 

 ■ Early identification and treatment of BCVI with antithrombot-
ic therapy is essential for minimizing the risk of BCVI-related 
stroke and/or death. 

 ■ If the injury has healed, antithrombotic therapy can be discon-
tinued. If the injury persists, therapy should be continued with 
interval imaging follow-up to evaluate for stability. 

Figure 1. Cerebrovascular injury from trivial 
trauma in a 35-year-old man who presented 
with left posterior cerebral artery territory stroke 
after chiropractic manipulation. Axial CT angio-
gram shows bilateral vertebral artery dissections, 
with right vertebral artery intramural hematoma 
narrowing the lumen (arrowheads), as well as 
left vertebral artery dissection and intraluminal 
thrombus (arrow). An abrupt cutoff in the left pos-
terior cerebral artery was also seen (not shown), 
representing a thromboembolic occlusion.
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structures of the cervical spine or at the dural mar-
gins as the artery enters the skull (22–24).

In addition to stretching and twisting injuries, 
direct blows to the neck may directly injure or 
compress an artery against an adjacent osse-
ous structure. This may be seen when a steering 
wheel impacts an unrestrained driver’s upper 
thorax or neck, or when a compressive force 
is applied to the neck, as in cases of strangula-
tion. Such episodes of vascular impingement are 
also seen with cervical hyperflexion injuries and 
displaced mandibular fractures, where the ICA is 
crushed between the mandible and the spine. 

In cases of skull base or dislocated occipital 
condyle fractures, the vertebral arteries may 
become impinged between the fractured skull 
base and the ring of the atlas. Finally, sharp 
bone fragments may directly lacerate cervical 
vessels during traumatic cervical spine or skull 
base fractures. The risk is especially high when 
fractures extend through the transverse foramina 

patients with a C1–C3 spinal fracture or dislocation 
has been reported to be as high as 8%, whereas the 
prevalence in patients with a C4–C7 injury is mark-
edly lower at approximately 2% (17). In addition to 
cervical spine injuries, other traumatic injuries are 
associated with an increased risk of BCVI. These 
include complex skull fractures, basilar skull frac-
tures, occipital condyle fractures, displaced midface 
fractures, and mandible fractures, particularly those 
involving the mandibular condyles (18).

During blunt force head and neck trauma, the 
arteries of the neck may experience longitudinal 
stretching, twisting, or compressive forces (19–21). 
In the context of a carotid artery injury, it is 
thought that cervical hyperextension and contra-
lateral rotation lead to stretching of the internal 
carotid artery (ICA) over the C1–C3 transverse 
processes, precipitating a vessel wall injury. In 
the case of vertebral artery injury, bone fracture, 
subluxation, or ligamentous injury may cause 
stretching of the vertebral artery between adjacent 

Figure 2. (a) Longitudinal stretching and/or twisting of the vessel. Illustration depicts hyperex-
tension and contralateral rotation, with stretching of the ICA over the C1–C3 transverse processes 
(red dashed arrows). Blue arrows in a–c = direction of movement. (b) Vessel impingement. Illus-
tration depicts compression of the ICA between the mandible and spine (yellow arrows), which 
may result from hyperflexion or displaced mandible fracture. Impingement may also result from 
skull base or cervical spine fracture. Likewise, a blow to the neck or strangulation may directly 
compress or impinge a vessel against an adjacent structure. (c) Stretching of the vessel. Illustra-
tion depicts stretching of the vertebral artery between subluxated or dislocated bone structures 
(red dashed arrows), which may occur in cases of cervical fracture, dislocation, or ligamentous 
injury. (d) Direct laceration. Illustration depicts a fracture with direct injury to the vertebral artery 
by an adjacent bone fragment (orange arrows). This is especially relevant in cases of vertebral 
transverse foramen or carotid canal fracture.
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of the cervical vertebrae or into the carotid canal 
of the skull base (Fig 2).

Notably, blunt injury can also affect the ve-
nous structures of the head and neck. Although 
rare, bone fragments may lacerate or external 
forces may compress the cervical jugular veins, 
leading to hemorrhage and/or luminal thrombo-
sis. Calvarial or skull base fractures involving the 
jugular bulb or dural venous sinuses may cause 
venous lacerations and epidural hematomas; mass 
effect on dural venous sinuses from an epidural 
hematoma may precipitate a dural venous sinus 
thrombosis (DVST).

BCVI Pathophysiology
In the setting of BCVI, pathologic stretching, 
twisting, or shearing forces most commonly 
result in intimal injury to the vessel, regardless of 
the mechanism. Blood flowing through the vessel 
lumen may then dissect into the vessel wall at 
the site of an intimal defect. This dissection can 
then propagate cranially, in the direction of bulk 
intravascular blood flow. If severe enough, a ves-
sel wall dissection may lead to substantial flow-
limiting luminal stenosis or occlusion. Impor-
tantly, intimal injuries expose intravascular blood 
to the thrombogenic subendothelial extracellular 
matrix, leading to platelet activation, aggregation, 
and subsequent downstream embolization with 
vascular occlusion (Fig 3a).

Adventitiomedial and adventitial injuries are 
distinct from arterial intimal injuries in that the 
intimal surface may remain intact. Instead of 
intravascular blood dissecting into the arterial 
wall through an intimal defect, an intramural 
hematoma forms within the vessel wall, as a 
result of injury to the vasa vasorum. Blood then 
dissects through the media and/or adventitia, 
leaving the intimal lining of the vessel intact. 
Like arterial intimal injuries, dissecting intramu-
ral hematomas may cause luminal stenosis and/
or occlusion, depending on the size and extent 
of the hematoma (Fig 3b).

A traumatic pseudoaneurysm is a focal out-
pouching of an arterial wall, in which all the layers 
of the vessel wall do not remain intact. Blood 
dissects through a breach in the vessel wall but is 
contained by incomplete mural layers (at mini-
mum by adventitia or surrounding perivascular 
soft tissue). This results in a saccular or fusiform 
outpouching seen on vascular images. Like dis-
secting arterial intimal injuries and dissecting wall 
hematomas, pseudoaneuryms may also cause 
vessel stenosis and/or occlusion, as the aneurys-
mal pouch may compress the adjacent lumen. 
Additionally, abnormal flow dynamics within the 
aneurysm in conjunction with exposed subendo-
thelial materials within the sac may promote blood 
coagulation, thrombus formation, and downstream 
clot embolization. Although there is a theoretical 
risk of rupture, reports of devastating rupture in 
the literature remain anecdotal (25).

Arterial transection is the most severe form 
of BCVI. These injuries manifest with arterial 
hemorrhage into the soft tissues of the neck or 
face and can result in massive stroke or rapid 
exsanguination if not quickly treated. In some in-
stances, a fistulous connection may form between 
the injured cervical artery and adjacent venous 
structures, resulting in a high-flow arteriovenous 
fistula (AVF). These lesions, especially traumatic 
cervical AVFs, are infrequently encountered in 

Figure 3. Blunt arterial injury pathophysiology. Blue arrows = 
injury progression. (a) Illustration depicts an intimal injury with 
dissection. An intimal tear may dissect, progress cranially, and 
cause luminal narrowing or occlusion. Thrombus may form in 
the false lumen and at the site of injury, leading to emboli-
zation and downstream occlusion. Black arrows = direction of 
blood flow. (b) Illustration depicts an intramural hematoma, 
an adventitiomedial injury, in which the intima may remain 
intact. An intramural hematoma forms within the vessel wall 
due to bleeding from the vasa vasorum. Blood can then dissect 
through the media and/or adventitia, causing luminal stenosis 
and/or occlusion.
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most clinical practices; many such patients are 
less likely to reach the hospital and survive to the 
point of imaging. 

Caroticocavernous fistulas (CCFs) represent a 
specific form of AVF that may be seen in cases of 
traumatic skull base fracture or ruptured cavern-
ous ICA injury, characterized by an abnormal 
communication between the internal carotid circu-
lation and the cavernous sinus.

Venous mural injuries may also occur, although 
perhaps more commonly in penetrating injuries. 
A venous pseudoaneurysm is a contained rupture 
in which the wall of the vein is partially or focally 
disrupted. A venous transection occurs when the 
entire wall is lacerated and/or disrupted. In cases 
of calvarial or skull base fracture involving the 
dural venous sinuses, injury to the dural lining 
or flow-altering compression on the sinus may 
precipitate thrombosis and occlusion.

Clinical Manifestations
The clinical manifestations of BCVI are highly 
variable, depending on both the artery injured and 
the vascular distribution affected within the brain. 
New focal or lateralizing neurologic deficits should 
raise suspicion for underlying BCVI and can offer 
valuable insight into which cervical artery is af-
fected. Additionally, neurologic symptoms that are 
incongruous with nonangiographic cross-sectional 
imaging findings at the time of admission are wor-
risome for evolving or overlooked BCVI and war-
rant a more thorough imaging evaluation. Other 
clinical signs suspicious for more serious BCVI 
include acute arterial hemorrhage from the neck, 
mouth, nose, and ears; expanding cervical hema-
tomas; or a cervical bruit, especially in patients 
younger than 50 years of age.

Arterial hemorrhage or expanding hematoma 
are worrisome for an underlying transection or 
AVF. The potential complications of traumatic 
AVF, especially those not initially detected and 
treated in a delayed fashion, depend on the 
vascular compartment involved and the lesion 
flow dynamics. In the special case of CCFs, 
symptoms may also include pulsatile exoph-
thalmos, conjunctival chemosis, tinnitus, and 
cranial nerve palsies. Venous congestion from 
the high-flow communication results in orbital 
symptoms that can rapidly progress to vision 
loss (26); rarely, plegia may develop secondary 
to brainstem congestion (27). Given the high-
flow nature of both cervical and intracranial 
AVF, back-pressure with retrograde cortical 
venous drainage may develop, which can lead to 
cerebral subarachnoid or parenchymal hemor-
rhage. For cervical fistulas, a recurrent focal 
rupture with associated hemorrhage can also 
occur, manifesting with neurologic symptoms, 

hematoma, or arterial hemorrhage from the 
neck, mouth, nose, or ears.

Notably, in as many as 80% of patients with 
BCVI, there is a latent period of variable length 
between the time of injury and when neurologic 
symptoms begin to manifest (4). This latent period 
may last anywhere from hours to days or longer; 
however, on average, it lasts approximately 72 
hours before the onset of clinically identifiable 
infarction (2,12,28–30). It is during this latent 
period that vascular imaging is of highest value 
in terms of identifying asymptomatic BCVI and 
guiding clinical management decisions.

BCVI Screening

Screening Guidelines
Over the past 20 years, various BCVI screening 
guidelines have emerged from several professional 
organizations and research groups to identify 
more of these injuries in trauma patients while 
simultaneously reducing the number of unneces-
sary imaging studies performed in patients at low 
risk for BCVI (Table 1). These guidelines in-
clude the so-called Denver criteria and modified 
Denver criteria, described in a series of articles 
from 1999 to 2004 (9,15,22,30–32), and later the 
Western Trauma Association (WTA) screening 
recommendations, published in 2009, which were 
based on the Denver criteria (33).

The Eastern Association for the Surgery of 
Trauma (EAST) established guidelines in 2010, 
including recommendations based on the level 
of evidence (34). Recommendations were based 
on a literature review from 1965 to 2005, catego-
rizing articles as class I (randomized controlled 
trials), class II (prospective and retrospective 
studies, including cohort studies and case-control 
studies), and class III (uncontrolled retrospective 
studies). EAST recommendations were defined 
as level I if based on class I or strong class II 
data; level II if justified by class II evidence or a 
preponderance of class III data; and level III if 
supported by a more limited quantity of class III 
data only. Of note, EAST makes no level I rec-
ommendations on the subject of BCVI screening.

According to the Denver criteria and WTA 
guidelines, clinical signs that should elicit emer-
gent screening include arterial hemorrhage from 
the neck, mouth, nose, or ears; expanding cervi-
cal hematoma; a cervical bruit in a patient under 
50 years of age; focal neurologic deficits; a stroke 
at secondary imaging; or any neurologic deficit 
inconsistent with imaging findings. The presence 
of seat belt abrasions was originally included in 
the screening criteria but later found not to be an 
isolated risk factor for BCVI (35). Screening for 
BCVI was given a level II recommendation by 
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Table 1: Screening Recommendations for 
BCVI

Signs/symptoms
 Arterial hemorrhage from the neck, nose, and/

or mouth*†

 Expanding cervical hematoma†

 Cervical bruit in a patient <50 years old†

 Focal neurologic defect (including TIA, hemi-
paresis, vertebrobasilar symptoms, Horner 
syndrome, etc)†

 Ischemic stroke findings at CT or MR imaging†

 Neurologic deficit, inconsistent with head CT 
findings*†

Risk factors
 High-energy mechanism with displaced midface 

fracture (Le Fort II or III);†‡ basilar skull frac-
ture with carotid canal involvement;†‡ or DAI 
and GCS <6† or ≤8‡

 Cervical spine fracture or subluxation, including 
vertebral body fracture,† transverse foramen 
fracture,†‡ subluxation or ligamentous injury at 
any level,†‡ or any fracture at C1 through C3†‡

 Near-hanging with anoxia†

 Clothesline-type injury or seat belt abrasion with 
swelling, pain, and/or altered mental status†

 Mandible fractures§ 
 Complex skull fractures§

 Scalp degloving§ 

 Thoracic vascular injuries§ 
 TBI with thoracic injuries§

Note.—DAI = diffuse axonal injury, GCS = 
Glasgow Coma Score, TBI = traumatic brain 
injury, TIA = transient ischemic attack.
*EAST level II recommendation (31).
†Western Trauma Association/modified Denver 
recommendation (32).
‡EAST level III recommendation (31).
§Burlew et al (18) recommendation.

EAST only in the event of unexplained neuro-
logic symptoms or arterial epistaxis after trauma.

According to the Denver criteria and WTA 
guidelines, radiologic risk factors associated with 
BCVI that should precipitate urgent screening 
in neurologically asymptomatic patients include 
high-energy injury mechanisms with Le Fort II 
or III fracture patterns; basilar skull fracture with 
carotid canal involvement; cervical vertebral body 
or transverse foramen fracture, subluxation, or 
ligamentous injury; any fracture at C1 through C3; 
closed head injuries with diffuse axonal injury and 
a Glasgow Coma Score of less than 6; clothesline-
type injuries with associated swelling and/or pain; 
or near-hanging with anoxia.

EAST guidelines give a level III recommenda-
tion for screening in asymptomatic patients in the 
event of a Glasgow Coma Score less than or equal 
to 8; a diffuse axonal injury;  petrous bone frac-

ture; a cervical spine fracture at C1 through C3, 
involving the transverse foramen or with sublux-
ation or a rotational component; and Le Fort II 
or III fracture. Of note, it has been shown that the 
presence of multiple risk factors further increases 
the probability of BCVI (15).

Over the past 2 decades, the number of clinical 
signs and radiologic risk factors associated with 
BCVI has increased, resulting in more BCVIs 
captured at screening cross-sectional imaging. For 
example, Burlew et al (18) published an article 
that suggested additional risk factors be added 
to previous screening criteria, including patients 
with mandible fractures, complex skull fractures, 
traumatic brain injury with thoracic injuries, scalp 
degloving, and thoracic vascular injuries (Table 
1). Of note, despite these improvements in BCVI 
detection, it is still believed that a nonnegligible 
number of these lesions are overlooked; up to 30% 
of BCVIs detected at CT angiography have no as-
sociated signs or risk factors for such injuries (36).

Screening by Modality

Digital Subtraction Angiography.—Digital 
subtraction angiography (DSA) has historically 
been considered the standard imaging modality 
for the detection of BCVI, possessing the highest 
sensitivity while simultaneously allowing for the 
evaluation of collateral circulation. Cothren et al 
(11) showed that DSA is a cost-effective tool for 
screening BCVI in high-risk populations, as the 
cost of screening was roughly equivalent to the 
cost of averted strokes. EAST guidelines give a 
level II recommendation for DSA as a screening 
tool for BCVI (34). However, DSA is invasive 
(requiring arterial puncture) and puts patients 
at risk for access-site complications, iatrogenic 
vessel wall injury, and embolic stroke. Addition-
ally, DSA relies on intraluminal opacification 
for blood vessel visualization but does not allow 
direct visualization of the vessel wall, limiting 
detection of nonstenotic intramural hematoma 
(37). At most institutions, DSA is reserved for 
the evaluation of patients who have equivocal or 
negative results at CT angiography but for whom 
high clinical suspicion for BCVI persists (Fig 4).

CT Angiography.—With the widespread avail-
ability of 32-channel and higher multidetector CT 
scanners, CT angiography has largely supplanted 
DSA as the first-line screening modality for BCVI. 
Historically, one- to four-section CT angiography 
demonstrated an unacceptably low sensitivity 
and specificity for the detection of BCVI. Indeed, 
EAST level II guidelines specifically state that 
four-section CT angiography (as well as duplex 
ultrasonography) are inadequate as tools for BCVI 
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screening. However, as CT scanner technology 
has improved (incorporating more detectors into 
the scanner design to allow for rapid acquisition 
and improved spatial resolution), so too has the 
sensitivity and specificity for BCVI detection using 
CT angiography. 

Recent studies have shown that, against the 
DSA imaging standard, CT angiography per-
formed on 16- to 64-channel multidetector CT 
scanners has a sensitivity of 66%–98% and speci-
ficity of 92%–100% (38–40), with the majority 
of missed BCVIs representing low-grade grade I 
injuries. EAST gives a level III recommendation 
for the use of eight+-section multidetector CT an-
giography as a screening modality. Furthermore, a 

study published by Kaye et al (41) demonstrated 
that CT angiography is a cost-effective screening 
tool in high-risk populations, ultimately prevent-
ing the most strokes at a reasonable cost among all 
screening modalities (41).

MR Imaging.—Although MR imaging has cur-
rently not been considered an appropriate tool 
for BCVI screening, quality proton-density–
weighted or fat-saturated T1-weighted sequences 
are useful in delineating arterial dissection (Fig 
5). Indeed, abnormalities of vessel flow voids may 
also be incidentally noted on standard T1-, T2-, 
and proton-density–weighted images at cervi-
cal spine MR imaging. Dissections usually show 

Figure 4. BCVI in a young patient who underwent strangulation. (a, b) Axial (a) and sagittal (b) CT angiographic images show focal 
irregularity of the right ICA with wall thickening, causing mild narrowing (arrows), proximal to the skull base. DSA was performed to 
further define the injury. (c) Digital subtraction angiographic image shows a focal filling defect (arrow) at the site of injury, compatible 
with intraluminal thrombus versus intramural hematoma.

Figure 5. ICA dissection. (a) Axial fat-
saturated T1-weighted MR image shows 
a hyperintense crescent (arrow) about 
the right ICA flow void, representing the 
false lumen. (b) Surface-rendered three-
dimensional (3D) reconstruction of DSA 
data following right ICA injection shows 
irregularity and narrowing of the distal 
cervical right ICA (arrows).



RG • Volume 38 Number 2 Rutman et al 549

a crescent of hyperintense or isointense signal 
about the flow void of cervical arteries, likely 
within the false lumen. A complete loss of the 
vessel flow void may represent occlusion or slow 
flow through a dissected vessel.

The advantages of MR imaging include a 
lack of ionizing radiation (which is of particular 
importance in young patients), a lower incidence 
of gadolinium-based contrast agent allergies 
when compared with those of iodinated contrast 
agents, and lack of skull base streak artifacts seen 
at CT. Additionally, MR imaging is far superior 
to DSA and CT angiography in the evaluation of 
acute cerebral infarction. Unfortunately, MR an-
giography requires long image acquisition times 
and is more susceptible to motion artifact when 
compared with CT angiography.

MR angiography historically has had poor 
sensitivities and specificities for BCVI detection 
(compared with the DSA standard), measuring 
50%–75% and 67%, respectively (9,42,43), mak-
ing it inferior to CT angiography as an appro-
priate BCVI screening modality (44). In recent 
years, the use of MR angiography complemented 
by dedicated high-resolution vessel wall imag-
ing for detecting and defining BCVI has been 
explored. Although standard time-of-flight MR 
angiography offers no diagnostic benefit over CT 
angiography/DSA, high-resolution vessel wall  
imaging holds promise as a valuable imaging cor-
relate in conjunction with luminal imaging (CT 
angiography and MR angiography). 

Blood suppression techniques limit flow artifacts 
and allow visualization of wall disease adjacent 
to flowing blood in the lumen. In particular, this 
technique may be useful as a tool for follow-up and 
problem solving in equivocal cases, especially when 
wall hematoma and dissection are in the differen-
tial diagnosis. Importantly, recent studies demon-
strate good accuracy of vessel wall MR imaging in 
detecting BCVI when compared with that of CT 
angiography, and implementation of vessel wall 
MR imaging for follow-up BCVI evaluation should 
be considered in many cases (45).

CT Venography.—When there is concern for 
venous injury, whether intracranially or in the 
neck, CT venography should be performed, as 
CT angiography may not adequately opacify 
venous structures in the dural sinuses and neck. 
Although no official recommendations by the 
WTA or EAST exist for the evaluation of venous 
injury, any calvarial or skull base fracture that 
extends to the dural venous sinus or jugular bulb 
should raise suspicion and prompt consideration 
for performing CT venography. In a retrospec-
tive study of 140 blunt trauma patients with skull 
fractures extending to a dural sinus or jugular 

bulb, approximately 41% had thrombosis, 55% of 
which were occlusive; 7% of patients with DVST 
had venous infarction (46).

Dedicated MR venography sequences may be 
useful in cases of skull fracture involving dural si-
nuses, as they are highly sensitive to the presence 
of DVST. Although each MR imaging sequence 
has varying strengths and weaknesses in the de-
tection of DVST, a combination of conventional 
MR imaging sequences performs best, with sensi-
tivity of 79% and specificity of 90% in one study 
(47) and a sensitivity greater than 99% in another 
study (although with low specificity) (48).

Imaging Findings
There is a wide spectrum of BCVI severity, and 
accurate radiologic grading plays an essential role 
in the clinical prognostication and management 
of these injuries. Over the years, multiple grading 
systems for evaluating the severity of BCVI have 
been developed and clinically tested. 

The Denver scale (also referred to as the Biffl 
scale) is a widely accepted and commonly used 
system that assigns a grade to a lesion on a one- 
to five-point scale, with increasing grades corre-
sponding to more severe vascular injuries (30,39). 
Grade I injury is defined as vessel wall irregularity, 
dissection, or intramural hematoma with less than 
25% stenosis. Grade II injury is defined as either 
a dissection or intramural hematoma with greater 
than 25% stenosis but less than complete vascular 
occlusion. Additionally, any injury demonstrat-
ing a raised intimal flap or distinct intraluminal 
thrombus is defined as grade II. Grade III injury 
corresponds to a traumatic pseudoaneurysm. 
Grade IV injury represents complete vessel occlu-
sion. Finally, grade V injury is defined as arterial 
transection and/or AVF formation (Table 2, Fig 6).

Minimal Intimal Injury
Minimal intimal injuries correspond to grade 
I BCVI. At CT angiography and DSA, these 
injuries demonstrate nonstenotic (<25% nar-
rowing) luminal irregularity and may appear as a 
minimal contour undulation or subtle vessel wall 
thickening (Fig 7). They are sometimes best de-
picted on multiplanar or three-dimensional (3D) 
reformatted images. Radiologically, these injuries 
are difficult to distinguish from posttraumatic 
vasospasm. Time-of-flight MR angiography find-
ings are similar to those seen at CT angiography; 
however, MR angiography is less sensitive than 
CT angiography for detecting these lesions. Of 
note, dedicated vessel wall MR imaging sequences 
may improve intramural hematoma detection and 
increase MR angiography sensitivity. Equivocal 
luminal irregularities and wall thickening seen 
at CT angiography may be further evaluated 
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Figure 6. BCVI grading scale. (a) Illustration depicts a grade I injury, characterized by minimal intimal injury with vessel wall ir-
regularity, dissection, or intramural hematoma, with less than 25% luminal stenosis. (b–d) Illustrations depict grade II injuries with 
intraluminal thrombus (b), dissection with a raised/displaced intimal flap (c), and intramural hematoma (d), with greater than 25% 
stenosis. (e) Illustration depicts a grade III injury pseudoaneurysm, seen as a focal outpouching/dilatation through a disrupted vessel 
wall. (f) Illustration depicts a grade IV injury, with dissection or thrombus causing vessel occlusion. (g) Illustration depicts a grade V 
injury, with complete vessel transection and extravasation.

Table 2: Grading BCVI

Grade I
 Vessel wall irregularity, dissection, or IMH with <25%  

 luminal stenosis
Grade II

 Any raised intimal flap
 Any intraluminal thrombus
 Dissection or IMH with >25% luminal stenosis
Grade III

 Arterial pseudoaneurysm

Grade IV

 Arterial occlusion

Grade V

 Arterial transection and/or AVF

Source.—Reference 28.
Note.—IMH = intramural hematoma.

with black-blood vessel wall imaging techniques; 
in these cases, normal vessels, vasospasms, or 
chronic vascular diseases (ie, atherosclerosis) can 
be confidently distinguished from a T1 hyperin-
tense intramural hematoma (Fig 8).

Intramural Hematoma
Dissecting intramural hematoma typically rep-
resents grade I or II BCVI, unless it causes full 
occlusion of the vessel, in which case it would be 
a grade IV injury. At all cross-sectional imaging 
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Figure 7. Minimal intimal injury in a 
trauma patient with multiple calvarial 
and facial fractures. Oblique maxi-
mum intensity projection (MIP) CT 
angiogram demonstrates mild wall 
thickening and irregularity with less 
than 25% luminal narrowing (arrows), 
compatible with a grade I injury.

modalities, these lesions appear as long segments 
of mural thickening in either an eccentric or 
circumferential distribution. Lesions demonstrat-
ing less than 25% luminal stenosis are classified 
as grade I injuries, whereas lesions demonstrating 
more than 25% luminal stenosis are classified as 
grade II injuries (Figs 9, 10). In theory, the vessel 
intima may be intact, although in practice this is 
not possible to resolve.

On MR images, the intramural hematoma 
can be more completely defined. In the subacute 
stage, intramural hematoma will generally be 
hyperintense on proton-density–weighted and 
fat-saturated T1-weighted images (Fig 5). With 
improved blood suppression in areas of recircula-
tion or slow flow, dedicated vessel wall MR imag-
ing sequences can eliminate flow artifacts that 
may be confused with arterial injuries at routine 
MR imaging sequences. Of note, the signal inten-
sity characteristics of a vessel wall hematoma are 

dependent on the age of injury, suggesting that 
vessel wall imaging could be helpful for cases in 
which the age of injury is not known (49). Intra-
mural hematoma typically exhibits T1 isointen-
sity in the acute phase (1–3 days), subsequently 
demonstrating different levels of T1 hyperinten-
sity in the early and late subacute phase (3–14 
days), and T1 isointensity in the chronic phase 
(>14 days).

Dissection with Raised Intimal Flap
Cervical artery dissections with raised intimal 
flaps represent grade II injuries. At cross-sectional 
imaging, a linear filling defect is seen within the 
vessel lumen. Classically, a “double-lumen” sign 
with contrast material opacifying the false lumen is 
pathognomonic for these injuries (Figs 11, 12). In 
clinical practice, however, the false lumen may or 
may not fully opacify. Multiplanar imaging is help-
ful in defining the full length of these lesions. On 

Figure 8. Minimal intimal injury in a trauma patient. (a) Coronal CT angiogram shows what appears to be mini-
mal luminal irregularity (arrows), compatible with a grade I injury. (b, c) Axial (b) and coronal (c) fat-saturated 
T1-weighted MR images show normal signal intensity in the vessel walls (arrows). Lack of intramural hematoma 
or wall thickening suggests that the CT angiographic findings (a) likely represent artifact or chronic irregularity.
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Figure 11. Displaced intimal 
flap of the common carotid ar-
tery in a 30-year-old man who 
presented with Le Fort II fractures 
after being hit in the face with a 
boulder. Axial (a) and coronal 
MIP (b) CT angiographic images 
show a displaced intimal flap of 
the right common carotid artery 
(arrow), compatible with grade II 
injury. Of note, BCVI is relatively 
rare in the common carotid arter-
ies compared with the internal ca-
rotid and vertebral arteries.

Figure 12. Dissection with raised intimal flap in 
a patient with Le Fort III facial fractures and frac-
ture of a cervical transverse foramen (black arrow 
in a) after a motorcycle collision. Axial (a) and 
sagittal (b) CT angiographic images demonstrate 
a mural thrombus with raised intimal flap of the 
left vertebral artery within the transverse foramen 
(white arrow), adjacent to the fracture.

Figures 9, 10. (9) Intramural hematoma in a polytrauma patient with skull fractures after a motor vehicle collision. Axial CT an-
giogram shows luminal irregularity with greater than 25% narrowing of the petrous/lacerum segment of the left ICA (arrows), 
compatible with a grade II injury. No definite displaced intimal flap or false lumen was noted. The findings likely represent intramural 
hematoma. (10) Intramural hematoma and intraluminal thrombus. Axial (a) and sagittal (b) CT angiographic images at the C1 level 
demonstrate left V3 segment vertebral artery wall thickening and luminal narrowing (>25%) (black arrows), representing intramural 
hematoma, as well as a focal luminal thrombus (white arrow in b), compatible with grade II injury.

MR images, the false lumen will be hyperintense 
on proton-density–weighted and fat-saturated 
T1-weighted images owing to slow-flowing blood 
products or thrombus formation (Fig 5).

Intraluminal Thrombus
Because intimal injury exposes luminal blood to 
thrombogenic subendothelial components, focal 

intraluminal filling defects may form at the site of 
injury, corresponding to intraluminal thrombus. 
When present, a focal intraluminal thrombus cor-
responds to a grade II injury (Figs 1, 10, 13).

Pseudoaneurysm
A traumatic pseudoaneurysm represents a con-
tained partial rupture of the vessel and corre-
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Figure 13. Focal intramural/intraluminal thrombus in a patient with cervical spine fractures 
after a high-speed motor vehicle collision. Axial (a) and sagittal (b) CT angiographic images 
show a mural thrombus (arrow) with focal narrowing greater than 25%, a grade II injury.

sponds to a grade III injury. At CT angiography 
and DSA, these lesions demonstrate variable 
focal ballooning of the arterial wall, with ec-
centric outpouching of the arterial lumen (Figs 
14, 15). There is some variability in appearance 
of these injuries; while some may manifest with 
minimal fusiform contour enlargement, others 
may manifest with large saccular outpouchings. 
When large enough, the pseudoaneurysm may 
generate mass effect on the adjacent vessel wall, 
causing native luminal stenosis (Fig 15). Vessel 
wall MR imaging sequences may be helpful in 
defining the mural injury, including extent of 

associated intramural hematoma, dissection, and 
pseudoaneurysm margins.

Arterial Occlusion
Arterial occlusion represents a grade IV injury. In 
the cervical carotid arteries, acute injuries occur-
ring in the proximal cervical ICA often demon-
strate tapering before complete occlusion at CT 
angiography/DSA (Fig 16). In contrast, verte-
bral artery occlusions more commonly exhibit 
abrupt arterial cutoffs when occluded (Fig 17). 
The length of vertebral artery occlusion is highly 
variable and is likely attributable to differences in 

Figure 14. Pseudoaneurysm in a patient with minimal trauma but who had a family history of dissections. Axial (a) and 
sagittal (b) MIP CT angiographic images and lateral neck digital subtraction angiographic image following a left common 
carotid artery injection (c) show a large saccular outpouching of contrast material from the left ICA (arrow), representing a 
pseudoaneurysm and compatible with grade III injury.
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collateral flow. At MR imaging, the occluded ves-
sel will be isointense or hyperintense on proton-
density–weighted and fat-saturated T1-weighted 
images, with loss of the dark vessel flow void. 
Time-of-flight MR angiography will demon-
strate an abrupt or tapered cutoff of flow-related 
enhancement. Vessel wall MR imaging sequences 
are helpful when differentiating chronic athero-
sclerotic lesions causing high-grade narrowing or 
occlusion from acute dissections or intramural 
hematoma.

Arterial Transection and AVF 
Arterial transection and posttraumatic AVF rep-
resent grade V injuries. At CT angiography/DSA, 
a transection appears as an irregular collection of 
extravascular contrast material surrounding the 
parent vessel (Figs 18, 19). On delayed images, 
the contrast material collection disperses owing 
to active extravasation. There may be no filling or 
minimal intravascular contrast material opacifica-
tion downstream from the site of injury.

AVF may occur when an abnormal high-flow 
connection is made between an injured artery 
and draining veins. This may be difficult to detect 
with single-phase CT angiography, but with 
DSA it is easily identified as early venous filling 
during the arterial phase (Fig 19). Additionally, 
there may be enlargement of the involved drain-

ing veins in response to increased flow. In cases of 
CCFs, proptosis with enlarged superior ophthal-
mic veins and orbital edema may bring attention 
to an asymmetrically opacified cavernous sinus 
in the arterial phase at CT angiography. Time-
resolved MR angiography with high temporal 
resolution may also be useful in the diagnosis and 
characterization of AVF, characterized by early 
venous filling (50).

Venous Injury
Although not included in standard grading and 
imaging schemes for the evaluation of BCVI, ve-
nous injuries may also occur in high-energy blunt 
force trauma and may be discovered incidentally 
when evaluating for arterial injury at screening 
examinations. At nonenhanced CT, hyperintense 
signal of the dural sinus above that of normal sinus 
blood may indicate DVST. At CT venography, 
a flow void within the dural sinus is diagnostic. 
Associated gyral enhancement and prominent 
intramedullary veins are also suggestive of DVST 
owing to venous backflow.

MR imaging including MR venography may 
be useful in equivocal cases. MR venography 
would show a lack of flow-related enhancement 
within the affected sinus. T1- and T2-weighted 

Figure 15. Pseudoaneurysm with enlargement at follow-up 
imaging in a polytrauma patient with cervical spine fractures. 
(a) Sagittal oblique MIP CT angiogram shows a pseudoaneu-
rysm of the right cervical ICA (arrow), representing a grade III 
injury. The pseudoaneurysm and associated mural hematoma 
narrow the adjacent lumen (arrowhead). (b) Sagittal oblique 
CT angiogram obtained 7 days later shows slight interval en-
largement of the pseudoaneurysm (arrow).

Figure 16. ICA occlusion in a patient who presented with 
polytrauma, including bilateral skull base fractures, after be-
ing struck by a motor vehicle. Coronal CT angiogram (a) and 
oblique digital subtraction angiographic image obtained after 
a right common carotid artery injection (b) show dissection 
with tapering and complete occlusion of the proximal cervical 
ICA (arrow), representing a grade IV injury.
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Figure 17. Vertebral artery occlusion. (a, b) Sagittal oblique (a) and sagittal (b) CT angiographic images show occlusion of the 
proximal right vertebral artery (arrow in a), with reconstitution distally at the C3–C4 vertebral level (white arrow in b), compatible 
with a grade IV injury. Fracture of the C5 articular facet (black arrow in b) is also seen. (c, d) Axial CT angiographic (c) and axial T2-
weighted MR (d) images demonstrate occlusion (arrow in c) and loss of right vertebral artery flow void (arrowhead in d).

Figure 18. Vertebral artery transection in a polytrauma patient with atlanto-occipital dissociation. (a) Axial CT 
image shows active extravasation of contrast material within a large hematoma at the widened craniocervical junc-
tion (arrows). (b, c) Axial (b) and coronal (c) MIP images from CT angiography demonstrate hemorrhage from the 
transected left V3–V4 segment vertebral artery at the C1 level (arrows), representing grade V injury.

MR imaging will show an absent flow void, with 
variable intensity depending on the age of the 
clot. T2*-weighted images may show blooming of 
susceptibility artifact within the clot. Of note, an 
enhanced T1-weighted 3D volumetric gradient-
echo sequence has been shown to be the single 
most sensitive and specific MR imaging sequence 

for the detection of DVST, demonstrating a fill-
ing defect at the site of the clot (48).

Mimics and Pitfalls
Differentiating BCVI from other nontraumatic 
vascular causes and normal vascular variants 
can be difficult. Understanding the findings of 



556 March-April 2018 radiographics.rsna.org

Figure 20. Atherosclerosis mim-
icking BCVI in a polytrauma patient 
at high risk for BCVI. (a) Coronal 
MIP image from CT angiography 
shows a mural lesion causing nar-
rowing of the proximal left verte-
bral artery (arrow). Associated calci-
fication is present, compatible with 
atherosclerotic plaque. (b) Axial 
CT angiographic image at the C1 
level shows a calcified atheroscle-
rotic plaque of the right V3 verte-
bral artery, causing narrowing and 
wall thickening (arrow), mimick-
ing a stenotic BCVI (ie, intramural 
hematoma).

Figure 19. Vertebral artery transection and AVF in a polytrauma patient with C4–C5 fracture dislocation. 
(a) Coronal MIP image from CT angiography shows active extravasation with a hematoma (arrow) centered 
in the right C4 transverse foramen at the level of the fracture-dislocation. (b) Right vertebral artery injection 
catheter angiogram shows active extravasation, representing transection of the right vertebral artery (arrow), 
compatible with grade V injury. (c) Left vertebral artery angiogram shows retrograde flow into the right ver-
tebral artery, to the level of the transection (arrow). (d–f) Right vertebral artery injection digital subtraction 
angiographic images in three subsequent phases show early venous drainage, compatible with AVF.
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alternate diagnoses that mimic BCVI and the 
imaging pitfalls that prevent its visualization 
and identification are important to ensure an 
accurate and timely diagnosis, and to prevent a 
wrong diagnosis and inappropriate treatment.

Atherosclerosis is an extremely common condi-
tion that can easily be confused with BCVI.  As 
atherosclerosis is more common in older patients, 
age and the presence of multiple vascular risk 
factors are useful pieces of clinical information 
to differentiate atherosclerosis from BCVI. The 
presence of calcification and lesion location at the 
common carotid artery origin, vertebral artery 
origin, or within the carotid bulb are suggestive 
of atherosclerosis (Fig 20). Vessel wall MR imag-
ing using a fat-saturated T1-weighted sequence 
can help differentiate atherosclerotic plaque from 
an acute injury. In the case of BCVI, intramural 
hematoma may be bright on T1-weighted images, 
whereas atherosclerosis usually will not be.

In addition to atherosclerosis, carotid fibro-
muscular dysplasia and vasospasm are relatively 
common BCVI mimics. More rarely, vasculitis can 
give a similar appearance. In the case of carotid 
fibromuscular dysplasia, the carotid arteries may 
demonstrate a “string of beads” appearance, with 
alternating segments of vessel stenosis and dilata-
tion. Multifocal and bilateral vascular involvement, 
as well as involvement of the renal arteries, are 
suggestive of fibromuscular dysplasia. Vasospasm is 
a commonly encountered phenomenon after severe 
trauma. It may be impossible to distinguish tran-
sient vasospasm from low-grade BCVI at initial 
cross-sectional imaging. Repeat imaging often 
allows distinction of vasospasm from BCVI, with 
vasospasm resolving over several hours and BCVI 
usually lasting longer or even persisting indefinitely.

Normal vascular variants can both mimic and 
mask vascular injuries. Coiled or looped segments 
of redundant cervical ICA are common areas of 
injury and can mask or mimic low-grade BCVI or 

a small focal outpouching (Fig 21). Congenitally 
hypoplastic cervical arteries can sometimes be mis-
taken for dissection or occlusion. Hypoplastic ICAs 
are rare; the presence of an asymmetrically small 
carotid canal would be highly suggestive of this con-
genital variant. Hypoplastic vertebral arteries are far 
more common and are usually uniformly narrow 
along the length of the vessel. In these cases, the V2 
segment of the vertebral artery traverses asymmetri-
cally small transverse foramina.

A common pitfall for accurate and timely 
diagnosis of BCVI is the presence of imaging 
artifacts. This is particularly true where the ves-
sels course behind the mandibles and enter the 
skull base. Motion can both obscure disease or 
create the illusion of it; step-off artifacts may 
falsely create irregular luminal margins. Streak 
artifact from dental amalgam or spinal hardware 
is a common problem, found in nearly 5% of CT 
scans (51). Unfortunately, streak artifacts from 
dental amalgam occur at sites commonly affected 
by BCVI—the skull base and posterior to the 
mandible—and may either obscure or create the 
illusion of vascular injury (Fig 22).

Poor arterial enhancement due to subopti-
mal bolus timing and venous contamination can 
obscure critical vascular findings, producing poor 
arterial opacification or allowing for confounding 
opacification of venous structures surrounding 
the vertebral arteries in the transverse foramina.

When imaging with time-of-flight MR angiog-
raphy, flow artifacts may create the illusion of a 
dissection flap, intraluminal thrombus, or stenosis. 
When imaging the neck with proton-density–
weighted and fat-saturated T1-weighted MR imag-
ing sequences, the appearance of a mural hema-
toma is dependent on the time course of imaging. 
The time dependency of these sequences may give 
rise to false negatives, as blood within the vessel 
wall may not appear bright in the hyperacute (<24 
hours) and acute (1–3 days) phases (49). False 

Figure 21. BCVI involving coiled 
or looped vascular segments. 
Coiled or looped vascular seg-
ments make evaluation for luminal 
and wall abnormalities difficult. 
Axial (a) and coronal (b) MIP im-
ages from CT angiography show a 
small medially directed pseudoan-
eurysm (arrow), which is easily ig-
nored as it subtly projects from the 
coiled segment.
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positives may also arise when altered flow dynamics 
cause peripheral intraluminal hyperintense signal 
abnormalities. These artifacts may be mitigated by 
black-blood flow suppression techniques used at 
vessel wall imaging.

BCVI location also plays a role in how easily 
these injuries are identified. Injuries involving 
the ICA at the skull base and within the carotid 
canal are more easily overlooked than elsewhere in 
the head and neck. Tortuous V3 segments of the 
vertebral arteries are notorious for masking BCVI. 
Source axial images, off-axis multiplanar recon-
structions, and MIP reconstructions can help elimi-
nate uncertainty when evaluating these segments.

BCVI Treatment
Early identification and treatment of BCVI with 
antithrombotic therapy is essential for minimiz-
ing the risk of BCVI-related stroke and/or death. 

Antithrombotic therapy is a term that collectively 
refers to antiplatelet and anticoagulation thera-
pies. The use of antithrombotic therapy for the 
treatment of BCVI in trauma patients has been 
shown to be safe, without increasing the risk of 
adverse bleeding events when compared with 
those of trauma patients who did not receive 
antithrombotic therapy (52).

Currently, the standard of care is to treat all 
grade I–IV injuries with antithrombotic therapy 
unless a patient has a contraindication to such 
therapy (EAST level II recommendation) 
(4,29,34,53,54). Some advocate for heparin use 
in hospitalized patients who may be undergoing 
surgical interventions owing to its short half-life 
and the ease with which it is reversed (33).

Although no randomized controlled trials exist 
that compare the use of antiplatelet and antico-
agulation therapies in the management of BCVI, 

Figure 23. Definitive treatment of a large pseudoaneurysm. (a) Lateral projection angiogram of the 
left common carotid artery shows a large left cervical ICA aneurysm (arrow). (b) Postoperative frontal 
projection angiogram of the left common carotid artery shows the patent proximal ICA–to–middle 
cerebral artery bypass graft (arrow).

Figure 22. Streak artifact. Axial CT angiogram 
shows extensive streak artifact emanating from 
the dental amalgam, which makes the evaluation 
of arterial contours difficult. A grade II BCVI of the 
right vertebral artery (arrow) is difficult to appreci-
ate. Additionally, one may imagine the presence 
of linear filling defects in the normal bilateral ICAs 
(arrowheads); the artifactual streaks mimic subtle 
dissection flaps. 
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several studies suggest that the use of aspirin is 
at least as effective as heparin for stroke preven-
tion (29,53,54). Furthermore, the use of aspirin 
has been associated with fewer bleeding-related 
complications in comparison with those in antico-
agulated patients (55).

In grade V injuries where there are “hard signs” 
of active bleeding or hemodynamic instability 
suggestive of major vascular injury (shock, pul-
satile or expanding hematoma, or bleeding from 
mouth, ears, nose, shock, etc), surgical or endovas-
cular treatment must be considered, as immedi-
ate treatment of active hemorrhage is imperative 
for improving patient outcome. Direct pressure 
should be applied to an expanding cervical hema-
toma until surgical or endovascular intervention 
can be accomplished. If there is bleeding from the 
mouth, ears, or nose, surgical ligation or targeted 
angioembolization of the affected vessel can be 
performed. In cases of AVF (including CCFs), 
embolization or direct repair of the fistulous con-
nection may be carried out to decrease retrograde 
flow and alleviate high intracranial pressure.

Of note, approaches to surgical accessibility are 
based on the zone system for penetrating injuries. 
In this system, the neck is divided into zones I–III. 
Zone I extends from the sternal notch and clavicles 
to the cricoid cartilage, zone II extends from the 
cricoid cartilage to the angle of the mandible, and 
zone III extends from the angle of the mandible to 
the base of the skull. An injury to zone II is consid-
ered a surgically explorable lesion. However, owing 
to difficult surgical access, exploration of injuries in 
zones I and III is limited, and injuries there should 
prompt consideration of endovascular control and/
or definitive treatment if possible (56).

Failure of medical therapy may also be an in-
dication for surgical or endovascular intervention. 
EAST guidelines give a level III recommendation 
for consideration of operative or interventional 
treatment in cases with early neurologic deficits 
and an accessible carotid lesion. Typically, this 
is not necessary for grade I injuries, as they do 
not possess substantial flow-limiting potential or 
thromboembolic complications. Rarely, however, 
intervention may be necessary for the treatment 
of grade II injuries if they progress in extent or 
degree of stenosis or continue to cause thrombo-
embolic events refractory to therapy.

Additionally, intervention may be warranted for 
grade III pseudoaneurysms, as these lesions rarely 
resolve with observation alone (34). Intervention 
should be considered if the lesion becomes symp-
tomatic despite optimal medical management or if 
the pseudoaneurysm grows to 1.0–1.5 cm in diam-
eter. In these cases, endovascular stent placement 
or, less commonly, resection with patch interposi-
tion graft placement or coil embolization may be 

considered to definitively treat the pseudoaneurysm 
(Fig 23). Notably, the role of a carotid artery stent 
for the treatment of a BCVI pseudoaneurysm 
remains to be defined owing to high occlusion rates 
(25), and should be reserved for cases with refrac-
tory symptoms or with a rapid increase in size (57). 
No data exist to show any benefit of surgical or 
endovascular intervention for grade IV injuries. Not 
surprisingly, surgical or endovascular intervention 
is the first-line therapy for the treatment of grade V 
injuries. In the case of surgically accessible carotid 
artery transections, primary repair, interposition 
graft placement, or surgical ligation should be con-
sidered. If surgical access to the site of injury is not 
possible, endovascular stent placement or angioem-
bolization can be pursued (33,34).

The duration of medical BCVI treatment de-
pends on the grade of the injury and the degree 
to which it heals. Grade I injuries are treated with 
daily aspirin therapy until the lesion resolves; 
this may take approximately 3–6 months. Grade 
II and III BCVIs require indefinite antiplatelet 
therapy for stable lesions. In the case that these 
injuries do heal and resolve, antithrombotic 
therapy can be discontinued. 

Grade IV injuries require lifetime antiplatelet 
therapy, with aspirin therapy as the usual first-
line agent. If neurologic symptoms persist or the 
lesion increases in severity, clopidogrel can be 
added to the treatment regimen or a transition 
to anticoagulation therapy can be made. In this 
case, warfarin is most commonly used with a tar-
get international normalized ratio of 2–3 (34). In 
cases of grade V injury, the risks and benefits of 
long-term therapy must be evaluated after stent 
placement or embolization, and no specific data 
exist to guide therapy.

Follow-up Imaging
In general, follow-up imaging is used to guide 
antithrombotic treatment duration. CT an-
giography is the preferred follow-up imaging 
modality, given that it is fast, noninvasive, and 
cost-effective. It has been proposed by both the 
WTA and EAST that repeat CT angiography be 
performed 7–10 days following initial identifica-
tion of grade I–III BCVIs to evaluate for injury 
progression or resolution (33,34). If the injury 
has healed, antithrombotic therapy can be dis-
continued. If the injury persists, therapy should 
be continued with interval follow-up imaging to 
evaluate for stability. 

The WTA recommends 3 months of additional 
antithrombotic therapy with subsequent reimag-
ing if the lesion persists at the initial follow-up 
examination. If the lesion is found to increase in 
severity, consideration should be given to surgical 
or endovascular intervention. Note that routine 
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Figure 25. Worsening of a low-grade injury in a polytrauma patient with right occipital condyle frac-
ture. (a) Oblique CT angiogram of the right vertebral artery at the time of injury shows an intramural he-
matoma (arrow) with 25%–50% narrowing, representing grade I–II injury. (b, c) Oblique (b) and frontal 
projection 3D-rendered (c) images from CT angiography obtained 7 days later show development of a 
small pseudoaneurysm (arrow), which represents progression to a grade III injury.

follow-up imaging of grade IV and V injuries in 
asymptomatic patients is unnecessary given that 
these lesions are unlikely to change in a manner 
that will alter treatment (58).

Injury evolution is largely dependent on the 
initial injury grade. As a general rule, low-grade 
injuries (grade I or II) are more likely to heal or 
improve than high-grade injuries (grade III, IV, 
or V) (Fig 24). Up to 75% of grade I injuries will 

heal over the course of weeks to months, while 
8% of grade II injuries will completely resolve 
and 30% will improve to grade I in the same time 
frame. Injury progression is highly unlikely for 
grade I injuries, with only 8% of these lesions 
increasing in severity at follow-up imaging. 

Injury progression is more common in grade 
II injuries, with 40%–43% showing interval pro-
gression in grade at follow-up CT angiography 

Figure 24. Healing of a low-grade in-
jury in a polytrauma patient. (a) Oblique 
sagittal MIP image from CT angiography 
shows a focal intramural hematoma in 
the right cervical ICA (arrow) causing 
25%–50% narrowing, representing a  
grade II injury. (b) Oblique sagittal MIP 
image from follow-up CT angiography 
obtained after 3 months of antiplatelet 
therapy demonstrates near-complete 
healing of the grade II injury in the cervi-
cal ICA (arrow).
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(Fig 25). While grade III injuries heal or improve 
only 11% of the time, they worsen approximately 
25% of the time (Fig 15). Up to 40% of grade 
IV BCVIs recanalize, while the majority do not 
change (4,53,59). In all instances, injury progres-
sion to complete occlusion or pseudoaneurysm 
should prompt strong consideration for endovas-
cular or surgical intervention.

As an advanced imaging technique, vessel 
wall MR imaging supplements luminal time-of-
flight MR angiography and represents a useful 
follow-up imaging examination for problem 
solving vascular findings, including differenti-
ating intraluminal thrombus from intramural 
hematoma, atherosclerotic plaque, or normal 
vessel wall. Studies have demonstrated that ves-
sel wall MR imaging is feasible and superior to 
conventional MR imaging for detection of arte-
rial dissection (60–63). Vessel wall MR imaging 
may be most useful in evaluating patients who 
have undergone recent cross-sectional imaging 
studies with equivocal results for the presence 
of BCVI. In these patients, vessel wall imaging 
often effectively allows BCVI to be ruled out or 
ruled in (Fig 8). Additionally, the ability of ves-
sel wall imaging to demonstrate subtle vascular 
injuries is supported by recent research demon-
strating its superior ability to allow identification 
of intimal flaps, vascular wall thickening, and 
intramural hematoma (43) (Fig 26).

BCVI Outcomes
In the era before screening, untreated BCVIs pos-
sessed a mortality rate of 23%–28% and a stroke-
induced morbidity rate of 48%–58%, as these 
injuries were generally not diagnosed until the neu-
rologic event (64). BCVI-related stroke rates are de-
pendent on the artery injured; injuries involving the 
carotid arteries are more likely to lead to infarction 
than injuries involving the vertebral arteries. More 
recent studies have defined overall mortality rates of 
7%–21% for carotid artery injury and 4%–8% for 
vertebral artery injury; overall stroke rate has been 
defined as approximately 26%–41% for carotid ar-
tery injury and 14%–24% for vertebral artery injury 
(4,10,30,65–68). Additionally, for carotid artery 
injury, stroke rate increases with increasing injury 
grade, while stroke rate in vertebral artery injury is 
not significantly influenced by injury grade.

A study from the Denver group (69) demon-
strated a stroke rate of 38% in grade II injury, 27% 
in grade III injury, and 28% in grade IV injury. It is 
worth mentioning that recent reports call into ques-
tion the previously reported stroke rate as overesti-
mations, suggesting that the true stroke rate may be 
closer to 5% (59,70). A lower calculated rate may 
result from increased discovery of asymptomatic 
low-grade lesions at screening.

Regardless, early injury identification and anti-
thrombotic therapy have been shown to dramati-
cally decrease stroke rate. Retrospective reviews 

Figure 26. Vessel wall imaging of left ICA dissection. (a, b) Axial (a) and oblique (b) images from initial CT angiography show a high-
grade stenosis, with a thin string of contrast material opacification (arrow), proximal to the skull base. Vessel wall MR imaging was per-
formed 5 weeks later. (c) Three-dimensional time-of-flight MIP image shows improvement of the stenosis, with only minimal remaining 
luminal narrowing (arrow). (d, e) Axial (d) and coronal (e) black-blood fat-saturated T1-weighted MR images show persistent hyperin-
tensity (arrowheads) within a thickened arterial wall, compatible with a subacute intramural hematoma. Note that, unlike the luminal 
time-of-flight MR angiogram, the vessel wall MR imaging sequences delineate the extent of true vessel wall disease.
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by Cothren et al (11,32) demonstrate a reduction 
in stroke rate with antithrombotic therapy from 
21%–46% in untreated patients to 0%–0.5% 
in treated patients. Another retrospective study 
showed stroke rate in untreated carotid artery and 
vertebral artery injuries of 64% and 54%, respec-
tively, with antithrombotic treatment stroke rate of 
6.8% in carotid artery injury and 2.6% in vertebral 
artery injury (10).

Conclusion
Early identification of BCVI in trauma patients is 
essential for reducing injury-associated morbid-
ity and mortality, with CT angiography serving as 
an effective BCVI screening test in patients who 
demonstrate specific clinical signs and imaging 
risk factors. In patients with BCVI, treatment with 
antithrombotic therapy is the standard of care, 
reducing the incidence of postinjury ischemic stroke 
and death. Repeat follow-up imaging further guides 
treatment decisions, with lesion resolution serv-
ing as an indication to discontinue antithrombotic 
therapy and lesion worsening suggesting a consider-
ation of interventional therapies. 

Although CT angiography plays a central role in 
evaluating for BCVI, new techniques including ves-
sel wall MR imaging hold promise as supplemental 
imaging studies that may improve diagnostic speci-
ficity for vessel wall injury and decrease radiation 
exposure for patients. The radiologist plays an es-
sential role in identifying and grading BCVI, as well 
as interpreting results of follow-up imaging studies 
and thus guiding subsequent treatment.
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