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Epidemiology, Mechanisms, and Clinical
Presentation

Traumatic injuries of the carotid and vertebral arteries can lead
to catastrophic hemorrhagic and ischemic consequences.
Understanding of the epidemiology, classification systems,
natural history, and emerging evidence for treatment
strategies is critical for the appropriate management of these
injuries. The prevalence of traumatic cervical carotid and verte-
bral artery injuries is 20%with penetrating trauma and 1%with
blunt trauma.1,2 These injuries have been historically underap-
preciated because patients with noncatastrophic injuries may
not present until some years later with hemorrhagic and
cerebrovascular ischemic insults.3

Blunt Injury
In the setting of trauma, blunt cervical cerebrovascular injury
is seen in 0.1 to 1.6% of all adults, 0.6% of all pediatric patients,
and 6 to 12% in the military population.2,4 The incidence of
cerebrovascular injury following blunt traumawith traumatic
brain injury is as high as 9.2%.5 Themost commonmechanism
of injury associated with blunt trauma to the cervical vessels
include motor vehicle collision (41–70%), direct cervical
trauma (10–20%), automobile versus pedestrian (5–15%),
and hanging (5%).1,6,7 The most common associated injuries

include closed-head injuries (50–65%), facial fractures (60%),
cervical spine fractures (50%), and thoracic injuries (40–51%).
Ninety-two percent of patients with vertebral artery injuries
have an associated fracture of the cervical spine involving the
transverse foramen or facet subluxation.8 Multiple cervical
vessel involvement is seen in 18 to 38% of blunt cerebrovascu-
lar injury patients.9,10Blunt carotid andvertebral artery injury
has a reported mortality of approximately 30% and severe
neurologic morbidity of up to 56% in survivors.9

The widely adopted Biffl scale (also known as the Denver
scale) of blunt carotid injury categorizes the spectrum of
cervical arterial vascular injury (►Table 1).6 This should not
be confusedwith theDenver screening criteriawhich defines
the risk for blunt cerebrovascular injury with clinical and
historical risk factors.

Penetrating Injury
Penetrating injuries in the setting of trauma can involve the
carotid sheath of the common (CCA), external (ECA), and
internal carotid arteries (ICA); the vertebral artery (VA); the
subclavian artery; thyroid vessels; as well as the veins
including the vertebral, brachiocephalic, and jugular veins.
The incidence of carotid arterial injury in penetrating neck
trauma is 11 to 13%. The CCA is the most commonly injured
(73%), followed by the ICA (22%) and the ECA (5%).11,12 VA
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Abstract Cervical carotid and vertebral artery traumatic injuries can have a devastating natural
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The growing role of modern endovascular techniques for the treatment of these
diseases is presented to equip endovascular surgeons with a framework for critically
assessing patients presenting with traumatic cervical cerebrovascular injury.
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injuries are far less common in penetrating trauma owing to
their course through the vertebral transverse foramen.13,14

Mechanisms of penetrating trauma are most commonly
knife wounds followed by low- and high-velocity projectiles.
The most important determinant of the degree of tissue
damage is the mechanism and kinetic energy transmitted.
Consequences of delayed diagnosis include progression to
pseudoaneurysm, arteriovenousfistula, or rupture. There is a
0.3 to 3.4% riskof recurrent stroke from symptomatic cervical
arterial dissection in the setting of penetrating trauma.15

Penetrating injury to the carotid and vertebral arteries has a
mortality of 50%.16–18

Penetrating neck injuries are categorized into anatomic
zones to help guide management.19 Zone I is above the angle
of themandible. Zone II is belowZone I to the lowermargin of
the cricoid cartilage. Zone III is below Zone II to the thoracic
outlet.

Iatrogenic Injury
Iatrogenic neck vascular injury can be caused by abrupt neck
chiropractic manipulation including rotation or hyperexten-
sion. This can result in dissection of the cervical and cranial
segments of the carotid or vertebral arteries and can be severe
enough to require endovascular stenting and cranial surgery.
These injuries can result inpermanentdisability ordeath in up
to 31% of patients.20 Iatrogenic needle and catheter injury can
becausedbycomplications ofcentral lineplacement following
cervical nerve root block injections, and head and neck
percutaneous biopsies. Cervical arterial dissections can occur
during diagnostic cerebral angiography procedures, though
these are exceedingly rare with a per procedure incidence of
0.4% with the vertebral artery being the most commonly
dissected vessel.21 More delayed iatrogenic injury from surgi-
cal and radiation treatment of head and neck cancer includes
carotid blowout syndrome with a prevalence of 3.9% in this
population.22 Arteriovenous fistulas between the carotid ar-
tery and adjacent jugular vein can occur as a complication of
central line placement. Vertebrovenous fistulas between the
vertebral artery and adjacent spinal veins can occur following
cervical nerve root injections.

Clinical Presentation
Patientswith traumatic carotid or vertebral artery injurymost
consistently present with ipsilateral headache or pain along
the course of thevessel.23 Ischemiamaymanifest as a stroke or

delayed neurologic deficit. Extracranial vascular injury causes
1% of all strokes and 5% of ischemic strokes in young
adults. Clinical signs may include an ipsilateral bruit, Horner’s
syndrome, anisocoria, shock, or decreased and absent
pulses. With rupture or hemorrhage, clinical signs can
include meningeal irritation, vocal changes with cervical
hemorrhage, and airway compromise resulting in respiratory
compromise. A negative physical exam in penetrating neck
injury has a 97% negative predictive value for vessel injury.24

However, including both blunt and penetrating cervical
trauma, 20 to 33%of traumatic carotid or vertebral dissections
may be asymptomatic.25 Vertebrovenous arteriovenous fistu-
las may present with pulsatile tinnitus, as the arterial pres-
sures are increasingly transmitted into the venous system.

Diagnostic Strategies and Differential
Considerations

Following an evaluation of themechanism of injury and visual
clinical examination for neck bruising or signs of penetrating
trauma deep to the platysma muscle, an assessment of hemo-
dynamic stability determines thediagnosticpathway.Unstable
patients with severe penetrating neck injury in nearly all
situations require immediate surgical exploration. Penetrating
Zone I and Zone III injuries requiring immediate operative
intervention should not be delayed by consideration of endo-
vascular treatmentoptions. Early revascularization leads to the
bestoutcomeswhenmanaging carotid injuries.Comaportends
a poor outcome with these injuries.26

Radiological imaging is almost universally obtained for
suspected vascular injury. Regardless of the imaging modality,
common imaging features of vascular injury include identifi-
cation of an intimal flap, long tapered narrowing or occlusion,
vessel dilation with a dissecting aneurysm pattern, or the
identification of crescentic intramural hematoma. The choice
of imaging modality is guided by availability and inherent
diagnostic accuracy based on the mechanism and acuity
of injury.

With stroke thrombectomy becoming standard of care for
selected large vessel occlusion, multidetector computed
tomography angiography (MDCTA) has become more wide
available 24/7, is reliably higher in quality, can be rapidly
acquired (in minutes), and can detect non–vascular-associ-
ated injury.27MDCTA sensitivity and specificity for diagnosis
of vascular injury approaches 100%.28–30 The rate of clinically
significant lesions missed by CTA are low.31 For these
reasons, MDCTA is considered the most appropriate first-
line imaging modality in neck trauma.

Catheter-based digital subtraction angiography (DSA) has
been the gold standard for the detection of vascular injury for
decades beforeMDCTA.32More recently, DSA is performed in
conjunctionwith MDCTA if endovascular procedures such as
embolization or stent placement are being considered, or if
there is metal causing beam-hardening artifact on MDCTA.
With suspected neck vascular injury, DSA should include
both carotids and vertebral arteries with imaging of the
intracranial carotid segments (Zone I and above) as well as
the thoracic outlet and aortic arch (Zone III). DSA has a low

Table 1 Biffl/Denver grading scale for blunt carotid injury

Grade Definition

Grade 1 Minor intimal irregularity or dissection
with less than 25% luminal narrowing

Grade 2 Dissection with intramural hematoma
resulting in greater than 25% luminal narrowing

Grade 3 Pseudoaneurysm

Grade 4 Arterial occlusion

Grade 5 Transection with extravasation

Source: Adapted from Biffl et al.6
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rate of significant complication (<1%), though this rate is
higher in the emergent or urgent setting of recent trauma.33

For open surgical planning, DSA has not proven to provide
useful information beyond MDCTA.34–36

Duplex ultrasound of the neck is operator dependent. This
should be considered only if MDCTA is not available or for
follow-up of known injuries in select circumstances. Magnetic
resonance angiography (MRA) is technically sophisticated, but
in the setting of trauma and an often-unreliable history, it can
be contraindicated due to the possible presence of medical
implants or metallic foreign bodies. Additional drawbacks of
MRA in trauma are the relative lack of emergent availability,
longer scan time, and inherent difficulty in monitoring unsta-
ble patients. MRA is not considered a first-line study.

Important differential imaging considerations that can
mimic traumatic vessel injury include atherosclerotic plaque
causing short-segment stenosis with diffuse distal adaptive
narrowing, reversible vasospasm caused by catheter-induced
irritation during diagnostic angiography, and Takayasu arteri-
tis with smooth symmetric narrowing of the arch vessels.

Classification, Natural History, and
Treatment Considerations

The pathophysiologic classification system of cervical cere-
brovascular injury provides a framework for understanding
the injury scale used for triage and treatment consideration.

Dissections are defined as an intimal defect with delamina-
tionof thevesselwall allowingblood to enter a false lumenwith
ablindpouch.37,38Presenceofan intimalflap ispathognomonic.
A long, tapered segment of vascular narrowing or occlusion
described as flame-shaped can be present with variable
enlargement of the lumen caliber. Stenosis of the true lumen
may be caused by mass effect from the false lumen.

Pseudoaneurysms are defined as vessel wall disruption
beyond the intimal layer with involvement of the media and
occasionally the adventitia. This is most commonly seen in
the upper neck and skull base presumably due to the transi-
tion between the mobile and more fixed segments of the
cervical vessels as they enter the skull.39

Transections are seen as eccentric vascular protrusions
with variable extravasation. Arteriovenous fistulas are absent
from the Biffl blunt carotid injury scale but are appropriate
considerations for inclusion in a larger discussion of traumatic
cervical cerebrovascular injury.

General Endovascular Treatment Considerations
In the modern endovascular era, these minimally invasive
techniques are becoming safer with both advances in device
technology and growing knowledge of the technical risks.40

While there has been a trend toward decreased open surgical
management of blunt carotid injury with a steady increase in
endovascular treatment, the overall rate of intervention
versus nonoperative medical management has remained
unchanged.41 Penetrating trauma in Zones I and III that have
historically been primarily managed with open surgery is
increasingly being managed endovascularly as adjunct techni-
ques and sometimes as primary methods for treatment.42,43

Broadening the application of the Biffl blunt carotid injury
scale to both blunt and penetrating trauma is useful in the
discussion of the natural history and endovascular treatment
of these traumatic vascular injuries. While we will use the
Biffl scale as a framework for discussing the management of
blunt and penetrating trauma, it should be noted that
references to this scale in the literature are usually focused
on blunt cerebrovascular traumatic injury.

Grade 1: Intimal Irregularity and Minor Dissection
Grade 1 vascular injuries (►Fig. 1) are characterized as angio-
graphically apparent small intimal irregularities and dissec-
tions with less than 25% luminal stenosis. Evaluation of these
injuries weeks tomonths later indicates that 57 to 70% of these

Fig. 1 Biffl grade 1: A 22-month-old girl presented after multiple dog
bites resulting in head, neck, and body injuries including skull and
spine fractures. Axial (a) and coronal (b) computed tomography
angiographic (CTA) images demonstrate small focal irregularity
(arrows) of the distal right cervical internal carotid artery (ICA). Digital
subtraction angiographic (DSA) images (c—anteroposterior projec-
tion, d—lateral projection) demonstrate a Biffl grade 1 injury with
focal narrowing (arrows) of the distal cervical right ICA near the skull
base (arrows). Follow-up CTA (e—axial, f—coronal images) 1 week later
demonstrates resolution of the mild focal right ICA stenosis.
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heal on follow-up, 4 to 14% progress to a higher grade, and 1 to
3% have a risk of ischemic complications.15,44 Short-term
follow-up imaging is prudent for low-grade lesions managed
conservatively. One series demonstrated that angiographic
evaluation after 7 to 10 days changed management in 61% of
initially low-grade blunt cerebrovascular injuries.45

Grade 1 injuries are treated medically with antithrom-
botics to prevent ischemic complications during the healing
phasewhile prothrombotic subintimal collagen is exposed to
the lumen.32 There has been no reported difference in clinical
or imaging outcomes with heparin, single-antiplatelet, or
dual-antiplatelet treatment.32,45–47 Heparin with transition
to antiplatelet agents is a reasonable approach with treat-
ment continuation until there is imaging resolution of the
injury which corresponds to the period of thromboembolic
ischemic risk. Small grade 1 dissections caused during
catheter angiography can be managed conservatively with
antithrombotic medication or no treatment with close mon-
itoring for neurologic events.21

Grade 2: Dissection with More than 25% Stenosis
Grade 2 vascular injuries (►Fig. 2) are dissections with large
intimal flaps that result in more than 25% luminal stenosis.
The spontaneous healing of these injuries is much less
frequently than grade 1 injuries, with 29 to 70% progressing
to pseudoaneurysms or occlusions.6,45 The mortality from
posttraumatic cervical carotid grade 2 dissection ranges

from 20 to 40% with significant neurologic sequelae ranging
from 12 to 80%. Mortality from vertebral artery grade 2
posttraumatic dissection ranges from4 to 8%with significant
neurologic sequelae ranging from 14 to 24%.2

The goal of treatment in grade 2 injuries is to prevent
false lumen expansion, increase the true lumen diameter,
thrombolysis in the setting of acute stroke, and fenestration
or stenting with larger dissections. Antithrombotics are essen-
tial for the prevention of ischemic sequelae andmay be used as
primary treatment in asymptomatic patients or as an adjunct
with intervention. In cases that are symptomatic despitemedi-
cal management or if the dissection becomes flow-limiting,
endovascular intervention is becoming standard, accepted
management.48,49 However, candidates for endovascular
intervention should be selected with caution since a large
retrospective review in a level I trauma center comparing
outcomes demonstrated a 45% rate of vessel occlusion with
carotid stenting versus 5% with antithrombotics in patients
with grade 2 carotid artery.50 Vertebral artery grade 2 dissec-
tion treatment ismore controversialwith no level I and limited
level II evidence for treatment. If asymptomatic, the vast
majority of vertebral artery dissections are treated with
anticoagulation or antiplatelet therapy.51

Endovascular treatment options for grade 2 injuries include
the use of various categories of stents. A meta-analyses of 64
cases demonstrated a 99% technical success rate, 1.3%
postprocedural complication rate, and 1.4%neurological event
rate with subsequent meta-analysis confirming these find-
ings.52–55 The most useful schema for categorizing stents is
into balloon-expandable versus self-expanding, bare metal
versus covered, and flow-diverting stents.

Self-expanding stents are more common and more widely
studiedwith grade 2 injuries.While theyaremore challenging
to precisely position than balloon-expandable stents, they are
preferred in the cervical vessels for their ability to tolerate
external compression. TheWallstent (Boston Scientific Corpo-
ration) was the most commonly reported endovascular stent
in this setting, but is no longer available. The SMART stent
(Cordis Corporation) has been reported as used in 18% of cases
in one series with a very high rate of technical success.53

Balloon-expandable stents can be placed more precisely, but
are not recommended due to their susceptibility to external
compression and resulting stenosis.

Bare metal stents can help with apposition of the dissec-
tion flap against the adventitial wall, and in grade 2 injury
bare metal stents are preferred over covered stents.

Flow-divertingdevices are stentswith a lowporositywoven
design. The most widely used internal carotid flow-diverting
device is the Pipeline Embolization Device (Medtronic, Minne-
apolis, MN). Flow diverters lack the self-expanding properties
of more porous stents but offer advantages in tortuous seg-
ments in thehigh cervical and skull base regions. This approach
has been demonstrated in a fewcase serieswith good results in
the cervical and vertebral arteries, but represents an off-label
use of this device in the United States.56–58 Newer hybrid
flow-diverting stentswith less porosity butmore intermediate
self-expanding properties are emerging and may represent a
more favorable compromise for future device selection.

Fig. 2 Biffl grade 2: A 55-year old presented after motor vehicle
collision with cervical spine fracture and mild traumatic brain injury
(TBI). Axial computed tomography angiographic (CTA) images dem-
onstrate mild narrowing of the left common carotid artery (CCA) at C5
(a, white arrow) and a dissection flap at C6/7 (b, black arrow). Digital
subtraction angiographic (DSA) images in oblique projections (c, d)
demonstrate a Biffl grade 2 injury with focal narrowing of the left CCA
at C5 (white arrow) and dissection flap at C6/7 (black arrows). Follow-
up CTA axial images (e, f) 6 weeks later demonstrate improvement in
vessel caliber at C5 (white arrow) and C6/7 (black arrow).
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Grade 3: Pseudoaneurysms
Grade 3 pseudoaneurysms (►Fig. 3) represent vascular inju-
ries involving the media and adventitial layers of the vessel
wall. Pseudoaneurysms of the cervical carotid or vertebral
artery can result in cerebral ischemiavia thromboembolismor
flow-limiting mass effect. Pseudoaneurysms have only an 8%
rate of angiographic improvement without treatment.6,45

Endovascular treatment options (►Fig. 4) include stent-
assisted coiling of the pseudoaneurysm component with bare
metal stents employed as scaffolding. Coiling microcatheters

may be intentionally “trapped” prior to stent deployment or
the microcatheter may be navigated through the struts of a
deployed stent. Flow-diverting stents may also be used for
more effective scaffolding of a coil mass within a pseudoa-
neurysm with the additional benefit of flow diversion, but a
microcatheter cannot subsequently be navigated through the
wall of a flow-diverting stent. Balloon-assisted coiling is
possible in the appropriate anatomic configuration. Stenting
with covered stent grafts is increasingly being used to seal
pseudoaneurysmsof thecervical carotid andvertebral arteries
to help prevent type IV endoleaks.59–63 PTFE-covered self-
expandingnitinol stentssuchasViabahn (GoreandAssociates)
are favorable due to the lack of PTFE porosity.64 The relatively
greater amount of foreign material on the stent requires long-
term antiplatelet therapy. Long-term outcomes with covered
stents in this setting are still being established.

Endovascular parent vessel embolization therapy is a
consideration in appropriately selected cases of traumatic
pseudoaneurysms. The goal of vessel sacrifice (also known as
deconstruction) is to control active hemorrhage and secure
the injured segment of the vessel to prevent future hemor-
rhage.65 This may be necessary in patients with an absolute

Fig. 3 Biffl grade 3: A 16-year-old male presented after a motor vehicle
collision with multiple skull and facial fractures and severe TBI. Axial (a) and
sagittal (b) computed tomography angiographic images demonstrate non-
opacification (black arrow) of the distal right cervical internal carotid artery
(ICA). Digital subtraction angiographic (DSA) images (c—anteroposterior
projection, d—lateral projection) demonstrate a Biffl grade 3 injury with
dissection flap beginning in the cervical right ICA and extending into the
cavernous ICA with a pseudoaneurysm in the distal cervical ICA (black
arrows), and resultant flow limitation. Subsequent follow-up DSA (e—ante-
roposterior projection, f—lateral projection) 3 months later demonstrates
partial healing of the right ICA with persistent pseudoaneurysm
(black arrows).

Fig. 4 Pseudoaneurysm stenting: A 21-year-old male presented after
a motor vehicle collision with multiple facial fractures and Horner’s
syndrome. Digital subtraction angiographic (DSA) images (a, c—
anteroposterior projection; b, d—lateral projection) demonstrate a
Biffl grade 3 injury with dissection of the cervical right ICA and a large
pseudoaneurysm (black arrows) in the distal cervical ICA, with
resultant flow limitation. He underwent endovascular treatment with
placement of two EV3 Protégé Rx (ev3, Inc., Plymouth, MN) self-
expanding stents across the pseudoaneurysm. Subsequent follow-up
DSA (c, d) 15 months later demonstrates healing of the right ICA
pseudoaneurysm with mild in-stent stenosis (gray arrowheads).
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contraindication to antiplatelet medication precluding
placement of a stent or if stent placement is technically
not feasible.66 If the patient is hemodynamically stable, a
balloon occlusion test to assess for adequate collateral circu-
lation and prognosis estimation is appropriate prior to
permanent occlusion.64 Acute emergent occlusion of a
carotid artery can result in a stroke rate of 30 to 50%.67

Permanent occlusion in the carotid or vertebral artery is
achievable with coil embolization. This occlusion is achieved
by both the mechanical effect of the coil mass and the
formation of clot within the coil mass. Coils with Dacron
or nylon fibers used in the peripheral circulation may be less
effective in the carotid or vertebral artery because they often
fail to achieve the packing density necessary for flow stasis
and thrombosis. Numerous coils are often necessary for
occlusion of a cervical carotid or vertebral artery with a
coil mass density of 35% often regarded as minimal for
permanent occlusion. Neurovascular coils measuring 0.018
inches in diameter are often better suited to achieve this
packing density owing to their softness. In the setting of
trauma, clot formation in the coilmassmay be delayed due to
clotting factor consumption elsewhere. Self-expanding
occlusion devices such as the Amplatzer vascular plug
(AGA Medical Corp., Plymouth, MN) may be used as a
primary occlusion device or in conjunction with coils. Often
multiple vascular plugs may be necessary for successful
occlusion and the length of available vessel for device
deployment should be considered in the planning. Liquid
embolic agents such as n-butyl cyanoacrylate glue (NBCA)
which rapidly polymerizes in contact with ionic solutions
such as blood or saline may be used to form an occlusive cast
that is not dependent on the presence of clotting factors and
may be considered as an adjunct for vessel sacrifice with
coils. NBCA use requires prior experience as the delivery
catheter can become permanently adhered to the glue cast if
not appropriately administered. Vessel embolization with
NBCA represents an off-label use in the United States.

Any attempt at stent grafting or deconstructive sacrifice
should take into account potential collaterals from the ECA
and reversed distal ICA flow. ECA coil embolization and ICA
occlusion distal to the pseudoaneurysm are usually appro-
priate to consider in these circumstances.

Vertebral artery pseudoaneurysms and dissecting aneur-
ysms are characterized by an irregular and increased luminal
diameter. These are especially important to identify as they
carry an increased risk of rupture and distal embolism. They
are often treated aggressively with coil embolization with
distal and proximal occlusion or with covered stents.

Grade 4: Arterial Occlusion
Grade 4 traumatic cervical arterial occlusion (►Fig. 5) has a
high risk of cerebral infarction without medical therapy and
rarely recanalize spontaneously.6,45 With medical therapy,
the long-term annual stroke risk is 0.7% which is double the
0.3% annual ipsilateral stroke risk in occlusions that
recanalize.15,68

Treatment considerations are limited because traversing
the occlusion with a microwire may be impossible or carry a

high risk of exacerbating existing intimal vessel damage.
Stump occlusions can, however, be a source of emboli. Each
case should be considered individually as there is equipoise on
the risks versus benefit, and limited case series have demon-
strated the safetyof crossing severe stenosis (90%) or occlusion
with a microcatheter and microwire.69

Grade 5: Arterial Transection
Grade 5 traumatic cervical carotid or vertebral transections
(►Fig. 6) understandably have a high rate of morbidity and
mortality rates as high as 50%.45 Treatment consideration
beginsemergentlywithsurgicalmanagementwhenpresenting
with shock in accordance with Advanced Trauma Life Support

Fig. 5 Biffl grade 4: An 18-year-old female sustained a gunshot wound
to the face with multiple skull and facial fractures and C1 fracture.
Coronal (a) and sagittal (b) computed tomography angiographic
images demonstrate occlusion of the distal left cervical internal
carotid artery (ICA) and reconstitution of the supraclinoid left ICA
(images not shown). Digital subtraction angiographic (DSA) images
(c, e—anteroposterior projections; d, f—lateral projections) demon-
strate a Biffl grade 4 injury with occlusion of the distal cervical left ICA
(arrows; c, d) and reconstitution of the supraclinoid left ICA (e, f) via
right to left collateral flow. There is also early venous drainage (gray
arrowheads) indicative of a direct carotid cavernous fistula (e, f).
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guidelines.70 Open surgery has been the most common treat-
ment especially in shock trauma presentations.

Emergent endovascular treatment of cervical arterial
transection is reserved as adjunctive measures or when
lesions are not accessible surgically. Endovascular interven-
tions include emergent permanent occlusion using the

previously mentioned devices or temporary balloon
occlusion to aid with surgical exposure.62–64,67,69,71,72

Reviews of stent grafting indicate a 95% efficacy rate for
endovascular covered stents in controlling acute hemor-
rhage. There is a reported 30% rebleed rate in these series
suggesting this may be considered a temporizing measure in
these injuries.73,74 Small series have reported various levels
of limited success in controlling bleeding in patients with
grade 5 transections with stent-assisted coiling, percutane-
ous thrombin injection, and glue embolization which may
be considered in extreme circumstances. While extremely
limited by selection bias of more stable patients, studies of
acute vessel sacrifice with modern endovascular techniques
have reported 8 to 10% mortality and 2.3 to 3.4% ischemic
stroke rate which compares favorably to surgical ligation
with a reported 40% mortality and 60% major neurologic
morbidity.64

Arteriovenous Fistulas in the Neck
The natural history of arteriovenous fistulas in the neck is
limited to case series and case reports. Treatment is largely
guided by the progression of symptoms related to the
shunting and arterial pressure present in the venous vascu-
lature. Treatment of the fistula point with vessel sacrifice
may be considered if there is appropriate collateral flow
while taking measures to minimize the risk of thromboem-
bolic complications.

Iatrogenic ICA to jugular vein fistula formation as a result
of a central line placement should prompt immediate
consultation with a surgical service without any attempt at
removal of the catheter if it is still in place. These are best
managed in the operating room where the catheter can be
removed with control of flow in the CCA and ICA.

Vertebrovenous fistulas (►Fig. 7) can result from neck
trauma or iatrogenic cervical nerve root injections. These can
rarely thrombose spontaneously, but there are too few
reported cases to postulate on their natural history. Vertebral
artery injuries in the V2 and V3 segments are more difficult
to access surgically than endovascularly. The majority are
asymptomatic. Auscultation may reveal a bruit. If the fistula
progresses and develops venous congestion, symptoms can
include neck pain, cervical radiculopathy, tinnitus, spinal
cord symptoms, vertigo, and diplopia. The majority of
reported cases have been treated successfully with vessel
sacrifice to exclude the fistula point from circulation. If the
vertebral artery has a dominant cervical spinal artery or
terminates in the ipsilateral posterior inferior cerebellar artery
without collateral supply from the contralateral vertebral
artery, the use of covered stents may be necessary in an
attempt to maintain blood supply to the cervical spinal cord
or medulla and inferior cerebellum. A balloon-occlusion test
may be warranted to guide treatment planning.75–80

Additional Endovascular Treatment Considerations
With regard to the timing of endovascular interventions for
the treatment of blunt cervical arterial injuries, there is
evidence that delaying endovascular treatment for at least
24 hours after presentation if possible may have a significant

Fig. 6 Biffl grade 5: A 23-year-old male sustained a gunshot wound to
the head and neck with multiple skull and facial fractures. Computed
tomography angiographic demonstrated occlusion of the left cervical
internal carotid artery (ICA) and reconstitution of the supraclinoid left
ICA (images not shown). Digital subtraction angiographic (DSA)
images (a, c, e—anteroposterior projections; b, d, f—lateral projec-
tions) from a left injection demonstrated a Biffl grade 5 injury with
extravasation (black arrows) from a transected left cervical ICA (a, b).
He underwent emergent endovascular coil and glue embolization for
sacrifice of the proximal left ICA stump (c, d). DSA images from a right
injection demonstrated continued extravasation due to retrograde
filling of the distal end of the transected left ICA via collateral flow (e).
This was treated with coil occlusion of the left ICA distal to the
transection (f) via retrograde access from the right ICA across the
anterior communicating artery. There is also early venous drainage
(gray arrowheads) indicative of an arteriovenous fistula (a, b, e, f).
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mortality benefit independent of clinical presentation.41 Of
course, this needs to beweighed against the patient’s clinical
acuity of presentation.

In the subset of patients presenting with acute strokewith
intracranial large vessel occlusions and tandem cervical
carotid artery dissection, there is supporting evidence
for endovascular mechanical thrombectomy with good
outcomes having been described in 70% of cases.81,82

Postprocedural Management

Antithrombotic treatment is crucial following cerebrovascular
arterial stenting to prevent stent occlusion. There is a higher
rate of thrombosis with vessel injury than with stenting
for atheromatous stenosis.50 Dual-antiplatelet therapy with
325mg aspirin and 75mg clopidogrel daily for at least 6weeks
to 6 months followed by indefinite aspirin monotherapy is
generally accepted based on treatment strategies for athero-
matousstenosis.1,42Alternatively, aspirin81mgoncedailyand
ticagrelor 45 to 90mg twice daily may be considered to offset
the 5 to 30% clopidogrel nonresponsiveness rate in patients.83

However, cost-associated patient noncompliance with
ticagrelor should be considered.

Emergent carotid or vertebral stenting requires immediate
initiation of an antiplatelet regimen which can complicate
hemorrhage control in multisystem trauma. If deemed appro-
priate, a bolus dosing of aspirin 300 to 600mg per rectum or
crushedandadministeredvianasogastricororogastric tubecan
be considered in addition to a second antiplatelet agent.
Individual institutional pharmacy guidelines should be
consultedifa short-actingantiplateletagentsuchas IVcangrelor
is initiated during stent placementwhich can be transitioned to
clopidogrel or ticagrelor. Alternatively, some practitioners
administer crushed clopidogrel via a gastric tube.

There are no well-established recommendations for
imaging follow-up after endovascular treatment of a
traumatic cervical cerebrovascular injury. General recom-
mendations include 4- to 6-week follow-up angiography
(CTA or DSA) in lesions that may progress to a higher grade.
Long-term evaluation of stented vessels can be performed by
CTA or ultrasound at an interval of 3, 6, or 12months with no
established firm guidelines.40

Fig. 7 Vertebrovenous fistula: A 59-year-old female presented with pulsatile tinnitus several months after a cervical nerve root injection was
found to have a high flow left vertebrovenous fistula and was treated with left vertebral artery endovascular coil deconstruction. Digital
subtraction angiographic (DSA) images (a, c—anteroposterior projection; b—lateral projection) demonstrate a high flow vertebrovenous fistula
arising from the V3 segment of the left vertebral artery with rapid filling of engorged neck veins, intraspinal venous plexus, and retrograde flow
through the transverse-sigmoid sinus. Post treatment images (d, f—anteroposterior projection; e—lateral projection) demonstrate complete
occlusion of the left vertebral artery V3 segment at the fistulous point, and normal filling of the remaining vertebrobasilar circulation from the
right vertebral artery (f).
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Conclusion

Endovascular treatment options for traumatic cervical cere-
brovascular injuries continue to rapidly improvewith advan-
ces in diagnostic imaging techniques, adjunctive medical
therapy, device technology, and growing evidence for their
appropriate use. Though cervical carotid and vertebral artery
injury can have a devastating natural history, endovascularly
trained physicians with appropriate knowledge in the use of
these technologies have the potential to have a tremendous
impact on outcomes for these patients.
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