/!Nl | Journal of Vascular and

“ | Interventional Neurology

OFFICIAL JOURNAL OF ZEENAT QURESHI STROKE INSTITUTE

Neuroendovascular Surgery Applications in Craniocervical Trauma

Michael G. Kim, MD," Jared B. Cooper, MD," Namhee Kim, BA,? Christian A. Bowers, MD,* Kartik
Prabhakaran, MD, MHS,* Rolla Nuoman, MD,5 Krishna Amuluru, MD,® Chirag D. Gandhi, MD,' Fawaz Al-
Mufti, MD.".7*

IDepartment of Neurosurgery, Westchester Medical Center at New York Medical College, Valhalla, NY, USA

’New York Medical College, Valhalla, NY, USA

’Department of Neurosurgery, University of New Mexico, Albuquerque, NM, USA

‘Department of Surgery, Division of Trauma and Acute Care Surgery, Westchester Medical Center, Valhalla, NY, USA

’Department of Neurology, Maria Fareri Children’s Hospital - Westchester Medical Center at New York Medical College, Valhalla, NY,
UsA4

*Goodman Campbell Brain and Spine, Indianapolis, ID, USA

"Department of Neurology, Westchester Medical Center at New York Medical College, Valhalla, NY, USA

Abstract

Purpose— Cerebrovascular injuries after blunt or penetrating trauma to the head and neck often lead to local
hemorrhage and stroke. A large number of manifestations can be seen including carotid or vertebral artery dissection,
pseudoaneurysm, occlusion, transection, arteriovenous fistula, carotid cavernous fistula, epistaxis, venous sinus
thrombosis, and subdural hematoma.

Methods— A sclective review of the literature reporting various neuroendovascular surgery techniques in
craniocervical trauma was performed. The authors conducted a PubMed search from 1989-2020 including the terms:
endovascular, trauma, dissection, blunt cerebrovascular injury, pseudoaneurysm, occlusion, transection, vasospasm,
carotid-cavernous fistula, arteriovenous fistula, epistaxis, cerebral venous sinus thrombosis, subdural hematoma, and
middle meningeal artery embolization.

Results— An increasing number of neuroendovascular procedures are currently available to treat these traumatic
injuries. Lesions can be embolized using coils, liquid embolics (onyx or n-butyl cyanoacrylate), and polyvinyl al-
cohol particles. Stent placement using uncovered, covered, and overlapping stents; mechanical thrombectomy using
stent-retrievers or aspiration catheters; and balloon occlusion tests and supraselective angiography to assess the safety
of therapeutic arterial occlusion are additional options depending upon the underlying lesion.

Conclusion— Neuroendovascular techniques can often treat conditions where surgical options are otherwise
limited. However, there is limited data comparing neuroendovascular and surgical techniques in the setting of trauma.
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INTRODUCTION

Traumatic injuries to the head and neck can result in adverse
neurological outcomes due to the critical neurovascular anat-
omy.' Neuroendovascular techniques have traditionally been
limited to the treatment of traumatic injuries of the carotid and
vertebral arteries when conservative management has failed.
However, advancements in technology and improvements
in the safety profile and complication rates have allowed the
field to expand greatly over the past several decades.

Injuries such as blunt cerebrovascular injury (BCVI), dissec-
tion, pseudoaneurysm, vessel occlusion, carotid cavernous
fistula (CCF), arteriovenous fistula (AVF), cerebral venous
sinus thrombosis (CVST), epistaxis, and subdural hematomas
(SDH) can be difficult to diagnose, particularly in the poly-
trauma patient with a depressed neurologic status. Further-
more, many of these injuries can develop over time and may
not be present on initial evaluation. The detection of these
injuries has increased though as comprehensive screening
protocols have been implemented. For stable patients, initial
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FIGURE 1: An illustration depicting the five grades of blunt cerebrovascular injury.

screening with non-invasive imaging, such as computed to-
mography angiography (CTA) and magnetic resonance an-
giography (MRA), followed by subsequent selective use of
digital subtraction angiography (DSA) has been increasingly
used as the management algorithm of choice.? However, DSA
remains the gold standard for diagnosing traumatic carotid
and vertebral artery injury. It provides superior visualization
of both arterial anatomy and real-time blood flow, allowing
the physician to visualize both obvious and subtle flow-alter-
ing injuries. These injuries can also be treated during the same
procedure, offering both diagnostic and therapeutic benefits.
Furthermore, the physician can examine the collateral circu-
lation in the region supplied by traumatized vessel, which is
critical in determining the optimal treatment modality.

Endovascular techniques have evolved from an adjunct to
surgical treatment to now a viable alternative for initial man-
agement. They may help to reduce the morbidity and mortal-
ity rates involved in treatment of these injuries.> However,
there are no randomized clinical trials comparing surgical and
endovascular treatments of traumatic head and neck injuries,
and therefore a consensus in the diagnosis and management
of these injuries still needs to be established. We provide here
an updated comprehensive nonsystematic review of the role
of endovascular treatments in the management of traumatic
cerebrovascular injuries (Table 1).

METHODS

The authors conducted a PubMed search from 1989-2020
including the terms: endovascular, trauma, dissection, blunt
cerebrovascular injury, pseudoaneurysm, occlusion, tran-
section, vasospasm, carotid-cavernous fistula, arteriovenous
fistula, epistaxis, cerebral venous sinus thrombosis, subdural
hematoma, and middle meningeal artery embolization.

Blunt Cerebrovascular Injury

BCVI can occur from high-energy nonpenetrating blunt force
trauma to the neck and is often categorized into 5 grades ac-
cording to the scheme proposed by Biffl et al.** Grade I has
intimal irregularity with <25% vessel stenosis, grade II has a
dissection with >25% vessel stenosis, grade III involves for-
mation of a pseudoaneurysm, grade IV has vessel occlusion,
and grade V involves transection of the vessel with active
extravasation (Figure 1). BCVI is present in approximately
1-2% of blunt trauma patients and in 2.4% of trauma patients
that require inpatient care over 24 hours.*®* The detection of
these injuries has significantly risen from 0.1% to now up to
3% of polytrauma patients due to advances and availability
in noninvasive imaging such as CTA and MRA as well as the
development of improved screening protocols.” ! A multi-
slice CTA with an 8 or greater multi-detector has been rec-
ommended as an alternative screening method to DSA with
similar rates of detection by both the Western Trauma Asso-
ciation (WTA) and the Eastern Association for the Surgery of
Trauma (EAST) in their BCVI guidelines.'>!*

The signs and symptoms of BCVI may not always be obvious
in complex trauma patients with limited neurological exams
and BCVT historically carries a significant risk of morbidity
and mortality with rates of 48-56% and 23-30% respective-
ly.*12 One series found that patients with traumatic vertebral
artery dissections had higher rates of in-hospital stroke and
longer lengths of intensive care unit and hospital stay.'* How-
ever, comprehensive screening protocols have resulted in
earlier initiation of appropriate therapies in BCVI patients,
leading to a significant reduction in stroke risk.! Studies
performed by Scott et al. at their level 1 trauma center from
2003-2013 revealed a 1-1.7% stroke rate in grade I and II
BCVI and 7% in grade Il and IV BCVL.!5-1#
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Grade I-11: Dissection

The role for neuroendovascular techniques is limited in grade
1 and 2 BCVI. The mainstay of treatment for grade I and II
BCVI is an antithrombotic agent such as aspirin or heparin
and therefore endovascular treatments may take a role only
when these low grade injuries progress to higher grades.'*"
Furthermore, the updated 2020 EAST BCVI guidelines now
recommend against the use of routine stent placement as an
adjunct to antithrombotic therapy in adult patients with grade
IT BCVL Scott et al.’® found in their cohort of 100 patients
with 117 grade I and II carotid artery BCVI that 19 patients
had worsening of injury on follow up imaging. 17 of those
19 patients developed pseudoaneurysms, 3 of which required
endovascular stent placement for radiographic progression.'?
They had a similar series of 120 patients with 152 grade I and
II vertebral artery BCVI. Of these, 9 patients had worsening
injury with 7 developing pseudoaneurysms. However, none
of these patients required endovascular treatment.'®

Grade I1I: Pseudoaneurysm

Traumatic pseudoaneurysms arise from a disruption of the
internal elastic lamina and eventually all layers of the arterial
wall, resulting in the formation of a false lumen within the
arterial wall. As this false lumen expands, it can compress
the true lumen of the artery, resulting in stenosis and possible
infarcts from ischemic or embolic events. Furthermore, the
pseudoaneurysm can rupture, causing extravasation into the
surrounding tissue. Therefore, patients can present with a va-
riety of symptoms including Horner’s syndrome, neck pain,
pulsatile neck or scalp mass, epistaxis, dysphonia, dysphagia,
upper airway compromise, hemiparesis, or even coma.'*?

While both the WTA and EAST guidelines agree that screen-
ing can be performed using a CTA, their guidelines for treat-
ment differ. They both state that initial treatment should be
with an antiplatelet agent or anticoagulation. However, the
timing of antiplatelet or anticoagulation is frequently com-
plicated and often delayed due to the polytraumatic injuries
frequently associated with the high force mechanism injuries
required to produce grade III BCVI. The WTA guidelines
states that stent placement should be considered in patients
with severe luminal narrowing or expanding pseudoaneu-
rysms after a repeat CTA 7-10 days after initial diagnosis is
obtained.'? The 2020 EAST guidelines now state that routine
stent placement should not be performed as an adjunct to anti-
thrombotic therapy in grade III injuries, but that there may be
select cases such as an enlarging pseudoaneurysm in which
stent placement would be appropriate and potentially bene-
ficial."! Neither set of guidelines give recommendations on
what treatment modality should be performed. Given the lack
of guidelines on the optimal technique and the complexity
of polytrauma patients, treatment depends on the associated
injuries and is often individualized. Complete occlusion of
the pseudoaneurysm with preservation of the parent vessel
is often possible and good results have been obtained using
coil embolization, coil embolization with stent placement,
stent angioplasty, and stent placement with covered stents
or flow diverters.??¢ Caution must be taken as stent place-
ment requires dual antiplatelet therapy and the risk of bleed-
ing from dual antiplatelet agents must be weighed against
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the risk of complications from untreated pseudoaneurysms.
In cases where therapeutic occlusion of the parent vessel is
necessary, a balloon test occlusion can be performed under
local anesthesia to assess collateral flow both clinically and
angiographically prior to therapeutic occlusion of the vessel.

Scott et al.'"® found in their series of 23 patients with grade
IIT vertebral artery injuries that 9 patients had stable BCVI,
10 resolved, 3 improved, and 1 worsened. All except 1 pa-
tient were treated with antiplatelet therapy or anticoagula-
tion. 1 patient developed infarcts that were felt to be due to
other concurrent BCVI in the anterior circulation. None of
the patients required endovascular therapy.'® They also found
in their series of 44 patients with 53 grade III carotid artery
BCVI that 8 patients required endovascular treatment, 7 with
stents and 1 with coil embolization. Final follow-up imaging
showed that 6 resolved, 28 were stable with 8 felt to be due to
the effects of treatment, and 12 worsened, which had prompt-
ed 5 patients to get treated. 3 patients developed infarcts, but
did not require endovascular treatment.'” The authors con-
clude that the posttraumatic infarction rate after high grade
BCVI may be overestimated in the literature.

Grade 1IV: Occlusion

The carotid and vertebral arteries may become occluded after
traumatic injury primarily due to vessel dissection or second-
arily to extrinsic compression from cervical spine fractures.
Occlusions caused by extrinsic compression rarely require
neuroendovascular techniques, but may require therapeutic
occlusion of the proximal vessel if reduction of the fracture
will result in further injury to the vessel.'” Traumatic occlu-
sions caused by dissections are treated based on the presence
of ischemic stroke and adequacy of the collateral circulation.
The current WTA and EAST guidelines recommend that all
patients with carotid or vertebral artery occlusions should be
treated with antiplatelet agents or anticoagulation to prevent
further propagation of the intraluminal thrombus and poten-
tial embolic events. Furthermore, in patients with early neu-
rologic deficits and accessible lesions, operative or interven-
tional repair should be considered to restore flow as long as
they have not suffered a completed cerebral infarct.'>'* Endo-
vascular options include mechanical thrombolysis, mechani-
cal thrombectomy, or stent angioplasty.'**’

Scott et al.'® found in their series of 42 patients with 43 grade
IV vertebral artery BCVI that at latest follow up, 28 had sta-
ble occlusions, 13 improved with asymptomatic recanaliza-
tion, and 2 resolved completely.'® A total of 11 patients had
undergone coil embolization, but the authors stated these pro-
cedures were done early on and the practice was subsequently
discontinued. 3 patients, 1 of which had bilateral vertebral
artery occlusions, had infarcts that they felt were due to the
BCVI with a mortality of 100%. All patients except one were
treated with antiplatelet therapy or anticoagulation. In their
series of 8 patients with 8 grade I'V carotid artery BCVI, 3 died
upon or shortly after presentation, 3 had stable occlusions,
and 2 improved with vessel recanalization. The 5 surviving
patients were treated medically and 1 had an asymptomatic
stroke. The authors believe that all strokes caused by grade IV
BCVI were likely present upon hospital admission. Further-
more, they concluded that follow-up and treatment protocols
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may have to be amended because they had no delayed infarcts
in the post-injury period and the majority of occlusions were
either stable or improved on follow-up.

Grade V: Transection

Transection with active extravasation of the extracranial ca-
rotid or vertebral arteries after trauma is associated with high
rates of morbidity and mortality and mandates immediate at-
tempts at control due to the large amounts of blood loss.'” The
current WTA guidelines recommend urgent surgical repair for
accessible lesions and endovascular techniques for inaccessi-
ble injuries.'? However, these guidelines do not make any rec-
ommendations on which technique should be employed. Zone
2 injuries to the carotid artery in the neck are usually easily
surgically accessible. Carotid artery transections in zones |
and 3 and vertebral artery transections are more difficult to
access due to the extensive exposure needed for proximal and
distal control and are therefore more amenable to endovas-
cular treatments.'” Other treatment options include therapeu-
tic occlusion of the parent artery to prevent blood flow and
they include therapeutic occlusion of the vessel proximal to
the tear with or without distal occlusion using coils or liquid
embolization materials. Temporary balloon occlusion testing
can be used in this setting prior to performing the therapeutic
occlusion. Reconstruction of the injured vessel can be per-
formed by stent placement. However, the placement of stents
requires the use of antiplatelet medications, which needs to
be weighed against the potential of bleeding complications or
progression of hemorrhage, especially in the setting of active
extravasation.

Intracranial Dissection

Intracranial dissections represent an uncommon and likely
underdiagnosed phenomenon because of the inherent diffi-
culty in visualizing the subtle radiographic signs in patholog-
ic small intracranial arteries.”® In the absence of major ran-
domized control trials, there remains a dearth of management
guidelines with no widespread consensus, particularly as pa-
tients can present either with ischemia or hemorrhage. Intra-
cranial vessels lack an external elastic lamina and have little
adventitial tissue, making these vessels prone to subadventi-
tial dissections and therefore subarachnoid hemorrhage.?
Several small case series of intracranial dissections caused by
all etiologies have shown that anterior circulation dissections
present in approximately 72.7-88% of cases with ischemia
and 20-65% with subarachnoid hemorrhage while posterior
circulation dissections present in approximately 26-62% of
cases with ischemia and up to 70% with subarachnoid hem-
orrhage.” The majority of intracranial dissections are sponta-
neous in nature with a small minority caused by trauma. One
series found that only seven of 61 patients (11.5%) with intra-
cranial dissections were due to trauma and that all seven were
located in the ICAs.*! In the pediatric population, intracranial
dissections most often involve the anterior circulation.** The
diagnosis of these injuries can be difficult as the clinical pre-
sentation can vary widely and range from mild findings such
as facial hypoesthesia or dysmetria to severe deficits such as
aphasia, hemiplegia, and coma.” Furthermore, the majority
of patients are asymptomatic in the acute phase.
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The optimal treatment is currently unknown and the dissect-
ed vessels can present with varying radiographic findings
from segmental stenosis and occlusion to fusiform or saccu-
lar aneurysmal dilatation.*® Therefore, treatment of traumatic
intracranial dissection is frequently individualized based on
neurologic function, presence of collateral flow, and other
traumatic injuries. For example, dissections with non-flow
limiting stenosis or occlusions with adequate collateral circu-
lation can often be managed medically while those with flow
limiting stenosis and inadequate collateral circulation may be
candidates for endovascular therapy.'” Asymptomatic patients
with stable dissections are typically treated with anticoagu-
lation or anti-platelet agents.'”*® However, medical therapy
alone should be used cautiously given the risk of subarach-
noid hemorrhage.

In patients presenting with ischemia, endovascular therapy is
often limited to patients who have worsening symptoms or
progression of the dissection despite optimal medical man-
agement.”®** Reconstruction of the vessel can be performed
using flow diversion or stents to separate the false and true
lumens. This method leads to a controlled thrombosis of
the dissection while preserving vessel patency and there-
fore physiologic cerebral blood flow.* Overlapping stents
and flow diversion without coil embolization have also been
shown to be a safe option for dissecting aneurysms with a
lower rate for rupture because no coils are inserted into the
thin-walled aneurysm.”® Deconstructive techniques involve
vessel takedown with embolization material or detachable
coils. Additionally, emergent revascularization by mechani-
cal or chemical thrombectomy can be considered in patients
who become acutely symptomatic from embolization, similar
to acute ischemic stroke therapy. This maneuver can be per-
formed by itself or in conjunction with the aforementioned
techniques.”®

Patients presenting with subarachnoid hemorrhage from an
intracranial dissection are treated much more aggressively
than those presenting with ischemia because up to 40% of
patients rebleed within the first few days with a mortality
rates of up to 50%.%3° The endovascular treatment options
include the techniques mentioned previously and are tailored
to each patient based on vessel morphology with an ultimate
goal of reducing blood flow to the dissected region. Decon-
structive techniques have been shown to have both rebleeding
and infarction rates of <33% while reconstructive techniques
have reported rebleeding rates of <50% with infarction rates
of <14%.% Other novel approaches such as the use of Onyx
(Medtronic, Minneapolis, MN, USA), a liquid embolic sys-
tem comprised of an ethylene vinyl alcohol copolymer, to
occlude a dissection and its associated pseudoaneurysm have
been reported.**

Post-Traumatic Vasospasm

Secondary injury is a cause of substantial morbidity and
mortality following traumatic brain injury (TBI), and can
be aggravated by hypotension and hypoxia. Recently, arte-
rial vasospasm has become a focus of interest as a potential
contributor to secondary brain injury via delayed ischemia
(Figure 2). Post-traumatic vasospasm is believed to result
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from circulation of spasmogenic and neuroinflammatory sub-
stances generated from lysis of subarachnoid blood products
following trauma.* In contrast to aneurysmal subarachnoid
hemorrhage, surveillance for post-traumatic vasospasm is not
routinely performed and its true incidence therefore is diffi-
cult to determine. As imaging technology has improved, rates
of post-traumatic vasospasm detection in TBI patients range
from 27% to 63%.*%*7 Diagnosis of post-traumatic vasospasm
is often established using CTA/CT perfusion and DSA. Ad-
ditionally, transcranial Doppler ultrasonography has been
instrumental in guiding early management of TBI patients
by monitoring the mean blood velocity, which acts as a sur-
rogate for cerebral perfusion pressure.*® Certain clinical fea-
tures such as fever, low Glasgow Coma Scale score, number
of cerebral lobes affected by the traumatic injury, high Injury
Severity Score, and presence of an associated pseudoaneu-
rysm or hemorrhage have been shown to correlate with an
increased risk of developing post-traumatic vasospasm.¥-3#
Currently, nimodipine is the most efficacious and widely used
medication for post-traumatic vasospasm, however, interven-
tional techniques such as balloon angioplasty and intra-arte-
rial vasodilator administration have been used as well.***5 As
is the case with many neurovascular injuries, no consensus
guidelines exist on which patients should be screened for
post-traumatic vasospasm and further study should be per-
formed to best determine the optimal management for these
patients, especially given the wide spectrum of clinical ef-
fects that vasospasm can have.

Carotid-Cavernous Fistula

The formation of a CCF can occur following cranial trau-
ma and is typically associated with complex fractures of the
skull base (Figure 3). Following injury, arterialization of the
venous outflow from the cavernous sinus may result in the
development of a myriad of symptoms including visual dete-
rioration, ophthalmoplegia, diplopia, headache, conjunctival
chemosis, proptosis, pulsatile tinnitus, and ocular bruit.'*4¢#°
Signs and symptoms may develop days to weeks following
the initial traumatic event."

CCFs may be direct, in which there is a direct connection
between the ICA and cavernous sinus, or indirect (dural),
in which there are communications between the cavernous
sinus and meningeal arterial branches.'” Direct fistulas are
high flow with rapid development of venous congestion and
symptoms and are often associated with trauma, accounting
for greater than 70% of cases.*® Indirect fistulas are low flow
and their etiology is often unknown."

Initial evaluation initially includes standard ocular tonometry,
pneumotonometry, ultrasonography, color Doppler imaging,
CTA, and/or MRA.* If suggested by non-invasive modalities,
diagnosis is confirmed by DSA. DSA allows for classification
of CCFs as well as treatment planning by delineation of the
arterial supply and identification of the fistulous point. #4673

Because of their low flow status, indirect CCFs may be man-
aged conservatively by observation, with spontaneous clo-
sure seen in as many as 70% of cases.”’ > Medical therapy
with intraocular pressure-lowering agents, intermittent com-
pression of the ipsilateral ICA or superior ophthalmic vein, or
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radiosurgery may be added as adjuvant therapy, but these are
rarely used.*® Almost all CCFs can be treated by endovascu-
lar methods including transarterial embolization, transvenous
embolization, or therapeutic occlusion of vessel alone or in
combination. Indications for intervention include refractory
elevation in intraocular pressure, severe diplopia, proptosis,
optic neuropathy, retinal ischemia, severe ocular bruit, and
cortical venous drainage. With endovascular techniques, cure
rates approach 100% with low rates of complications and
mortality with the potential to restore oculomotor function
and vision if early treatment is pursued.***-** Embolization
may be achieved using detachable coils, balloons, liquid em-
bolic agents, and/or flow diverting stents with the goal of ther-
apy to occlude the fistulous point. Transarterial embolization
is preferred, however if the fistulous point cannot be accessed
via arterial catheterization, a transvenous approach may be
attempted utilizing the inferior petrosal sinus or superior oph-
thalmic vein.* For cases with ICA dissections, flow-diverting
stents serve as a potential adjuvant therapy to coil emboli-
zation by way of endoluminal reconstruction.***>3¢ A disad-
vantage of stent placement is the need for dual antiplatelet
therapy. As a last resort, therapeutic occlusion of the parent
vessel may be considered if the patient has adequate collat-
eral flow.*

Other Intracranial Arteriovenous Fistula

Intracranial AVF other than CCF are exceedingly rare and can
result from trauma to the meningeal branches of the external
carotid artery (ECA) or as the sequelae of progressive steno-
sis or occlusion of a dural venous sinus.'” As pressure in the
venous sinus rises, meningeal arteries form fistulous connec-
tions with dural sinuses or cortical veins. The development of
the AVF can be a dynamic process as the thrombosed sinus
recanalizes and additional ECA feeders are recruited.”” The
resultant venous hypertension can lead to vasogenic edema,
venous infarct, and ultimately intracerebral hemorrhage. Pa-
tients can present in a delayed fashion with a variety of symp-
toms as they are dependent on venous congestion and mass
effect from hemorrhage rather than the location of the fistula
itself. While CTA and MRA can screen for the presence of
an AVF, DSA remains the gold standard as it is necessary to
display the architecture of the AVF and the location of the
fistulous point.

Patients with AVF and cortical venous drainage with severe
neurologic deficits have a poor prognosis with annual rates
of intracerebral hemorrhage and neurologic deficits of 7.4%
to 19% with an annual mortality rate of 3.8%. Urgent treat-
ment is recommended in these patients to eliminate these
risks. Asymptomatic patients with AVF and cortical venous
drainage have a more benign course that nevertheless is still
significant. Their annual rates of hemorrhage and neurologic
decline are 1.4% to 1.5% with an annual mortality rate of 0%
and therefore treatment is still recommended in properly se-
lected patients.”” Endovascular treatment options are similar
to those of CCF and primarily consist of embolization with
Onyx, nBCA, or coils with a primary goal to disconnect the
fistulous point.



Z1 "IoA ‘ABojoinap |eUOIJUBAISIU| pUR JB|NISEA JO [eulnop

FIGURE 2: Illustrative case. A 25-year-old man presented after an assault to the head. An axial noncontrast computed tomography scan of the
head showed a left temporal contusion with adjacent subarachnoid hemorrhage (A) as well as a right temporal contusion and tentorial subdural
hematoma (B). Right (C) and left (D) internal carotid artery digital subtraction angiograms (lateral view) obtained on day 10 showing moderate
vasospasm of both supraclinoid internal carotid arteries (arrows). Note the traumatic pseudoaneurysm of the cavernous right internal carotid

artery.

Other Extracranial Arteriovenous Fistula

Extracranial AVF are rare lesions that may result from trau-
matic injury to the vessels in the neck, most commonly after
penetrating neck injuries.’®> They typically arise from the
vertebral artery due to its close proximity to vertebral veins
and the epidural venous plexus, but they can involve other
vessels such as the ECA branches, common carotid artery,
and ICA."%-%2 Diagnosis is challenging due to an often de-
layed presentation and indolent course. Patients can present
with a variety of symptoms depending on the location of the
AVF as well as the degree of shunting and subsequent intra-
cranial venous congestion. They can range from mild symp-
toms such as dizziness, bruit, and pulsatile tinnitus to more
severe ones such cervical myelopathy, subarachnoid hemor-
rhage, and cranial nerve deficits.!*->-

Non-invasive diagnostic imaging such as color Doppler ul-
trasonography, MRA, and CTA has taken an increasing role
in the evaluation of these patients. CTA is particularly use-

ful in the screening of penetrating trauma patients due to its
ability to evaluate the entire cerebrovascular circulation from
the aortic arch to the intracranial vessels.>*** DSA remains
the most commonly used method for diagnosis and treatment
since it can assess the arterial feeders, fistulous point, collat-
eral circulation, and venous drainage. Furthermore, the ma-
jority of extracranial AVF arise from the vertebral artery and
the anatomy of this artery makes surgical treatment difficult.
Endovascular repair is a safe and feasible option with occlu-
sion rates of up to 89%.%® Endovascular options include de-
tachable coils, stent placement, coil embolization, and liquid
embolization with a primary goal of obliterating the fistulous
point. 19,58,60-62

Epistaxis

With extensive skull base fractures, cerebrovascular injury
may occur, particularly in areas where the artery is fixed to
the skull base.®® Traumatic pseudoaneurysms may be asymp-
tomatic or present after a contained rupture such as the case



FIGURE 3: Illustrative case. A 50-year-old male presented after a motor vehicle accident. A computed tomography angiogram revealed a right
internal carotid artery (ICA) pseudoaneurysm with associated stenosis. A digital subtraction angiogram showed a 27mm right ICA dissecting
pseudoaneurysm (arrow) and a right cavernous-carotid fistula (CCF) (arrowhead) (A). Furthermore, the right anterior circulation was noted to
fill completely through the left ICA (B). A partial coil embolization was performed at this time to protect the dome of the pseudoaneurysm (C). A
repeat angiogram two weeks later showed the right ICA was dissected throughout its entire course and ended in a false lumen in the supraclinoid
segment with no antegrade flow or intracranial filling. The CCF, pseudoaneurysm, and dissected ICA were then coiled. A final right common
carotid angiogram showed no filling of the ICA, pseudoaneurysm, or CCF (D).

of'a CCF or with severe epistaxis. The incidence of intracta-
ble post-traumatic epistaxis ranges from 1-11%. The most
commonly involved vessel is the ECA, especially the internal
maxillary artery, followed by the cervical, petrous, and cav-
ernous segments of the ICA. 2?2

Magnetic resonance imaging and CTA are often performed
first when establishing diagnosis, however angiographic
imaging remains the gold standard.”>%® CTA has an overall
sensitivity of 80% and may also be useful in guiding superse-
lective angiography necessary to demonstrate the lesion.'

Severe craniofacial injury combined with intractable oronasal
epistaxis is potentially fatal, with a mortality rates reported
between 30% and 50%.%7° Presentation may be delayed, with
an interval of three days to six months, however most present
within the first three weeks.® Nasal packing or tamponade
with balloon catheters is oftentimes effective in controlling
mild to moderate bleeding; however, the effectiveness is less-
ened with severe bleeding.%"" If conservative techniques fail
to achieve hemostasis, surgical therapy is often necessitated.

Interventional approaches to traumatic aneurysms have
evolved from Huntarian parent vessel ligation to a largely
endovascular paradigm. Success has been reported with the
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FIGURE 4: Illustrative case. Radiographic course of an 82-year-old male who presented with a large, septated, chronic right-sided subdural
hematoma (A). The patient underwent a cerebral angiogram with embolization of the right middle meningeal artery using Embospheres. An ex-
ternal carotid artery angiogram (B) shows filling of the middle meningeal artery (arrow). A selective middle meningeal artery angiogram was then
performed (C). A post-embolization angiogram of the external carotid artery shows no filling of the middle meningeal artery (D).

use of detachable coils, detachable balloons, covered stents,
and flow-diverting stents.®® Packing of the pseudoaneurysm
with coils is feasible when the aneurysm neck is narrow;
however, it carries risks of rupture in the acute phase.?>? If
the aneurysm neck is narrow or the vessel is dysplastic, then
balloon reconstruction, stent placement, or flow diversion is
often preferred. Covered stents have shown good efficacy in
managing these lesions, however these carry the risk of oc-
cluding potentially important branch vessels. For this reason,
use of flow diverting stents is gaining popularity.>** In ei-

ther case however, endovascular stent placement necessitates
dual antiplatelet therapy and the risk of bleeding in trauma
patients must be weighed against risk of complications from
an untreated pseudoaneurysm on an individualized basis.
Parent artery occlusion is an additional management option;
however extreme caution must be taken when pursuing this
technique as it is laden with potential grave complications.
When the lesion involves the ICA, a balloon test occlusion
is necessary to demonstrate adequate collateral circulation.
Even after a successful balloon test occlusion, up to 22% of
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patients may still develop complications after therapeutic oc-
clusion of the vessel.”>”

Cerebral Venous Sinus Thrombosis

CVST is an entity that is oftentimes associated with head
trauma and TBI with an incidence reported up to 7%. Clin-
ical features of CVST vary and include headache, seizures,
and focal neurologic deficits; however, CVST can carry more
significant morbidity, particularly if involving the posterior
third of the superior sagittal sinus or dominant transverse or
sigmoid sinus. In these cases, venous infarct may result in
catastrophic hemorrhage, elevation in intracranial pressure,
coma, and death.” Poor prognostic indicators for CVST in-
clude coma at presentation, delineated infarction, and deep
venous involvement.'”’ Oftentimes, CVST is related to a
skull fracture and the location of the fracture often deter-
mines which sinus is affected.”” They may also occur second-
ary to external compression from an underlying hematoma.™
A study by Hersh et al. found that of 113 patients who un-
derwent formal venous imaging, 34% had sinus thrombosis,
17% of which demonstrated external compression by an ex-
tra-axial hemorrhage.”

Non-invasive imaging such as CT venography and MR ve-
nography are adequate for establishing diagnosis, with sensi-
tivity and specificities reported up to 95%. % Interestingly,
contrast-enhancing T1-weighted MR imaging is thought to
be most accurate for detecting dural venous sinus and cortical
venous sinus thrombosis.?' DSA is typically reserved for pa-
tients in whom endovascular therapy is being planned.”™ Pa-
tients with skull fractures or extra-axial hemorrhages adjacent
to or overlying cerebral venous sinuses or patients with a high
suspicion for sinus injury should be screened.

Treatment of CVST involves aggressive rehydration and an-
ticoagulation, which often poses as a challenge in patients
with recent trauma. In patients with traumatic CVST treated
with anticoagulation, rates of worsening intracranial hemor-
rhage have been reported in up to 14% with a 4.5% mortal-
ity.” Unfortunately, there are no clear guidelines delineating
the appropriate time to initiate anticoagulation. However,
studies suggest that commencing anticoagulation after 48-72
hours from initial injury is associated with fewer deleteri-
ous effects.®? Optimal treatment duration is also unclear, but
3-6 months is typically accepted as an appropriate treatment
course.”

Patients who fail to improve or who have worsening neuro-
logic deficits in spite of medical therapy are considered for
chemical or mechanical thrombolysis. Endovascular strate-
gies include intrasinus thrombolysis, balloon angioplasty,
thrombectomy, and sinus stent placement.®*** These tech-
niques may be used in isolation or in combination. A system-
atic review demonstrated a 69% radiographic resolution rate
with mechanical thrombectomy in medically refractory cases,
with a 14.3% mortality rate during the follow up period.®
Additionally, recent reports have shown an improvement in
intracranial pressure following mechanical thrombectomy
and stent placement of dural sinuses.*
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Subdural Hematoma

Traumatic chronic SDH represent one of the most pervasive
neurosurgical conditions, with an estimated annual incidence
of 58.1-80.1 per 100,000 among individuals older than 65
years.*”* With the aging population, the incidence of chronic
SDH is expected to double within the next 20 years.” Further-
more, 11-28% of patients who undergo surgical evacuation of
a chronic SDH will experience recurrence.”®*? The traditional
theory that head trauma results in the disruption of bridging
subdural veins has been widely contested in recent literature,
which suggests that the pathophysiology of chronic SDH are
the result of local inflammation, causing hyperfibrinolysis of
the clot, and production of angiogenic factors, which promote
neovascularization and bleeding from fragile capillaries.”**’
Delineation of these pathophysiologic mechanisms has facili-
tated the emergence of new and less invasive therapies.

While surgical evacuation remains the gold standard for al-
leviating the mass effect from the hematoma, this does not
treat the underlying neovascularization and inflammation, of-
ten allowing for the possibility of recurrence. As such, endo-
vascular therapies are emerging as a viable treatment option.
These therapies are based on the notion that embolization of
middle meningeal artery (MMA) branches that supply the
dura will inhibit blood influx into pathologic structures and
control bleeding from the chronic SDH membrane promoting
spontaneous hematoma resolution.

Embolization may be performed with microparticles, Onyx,
nBCA, or coils. A recent systematic review found that PVA
was the most commonly used embolic agent, however effi-
cacy and rate of complications were not affected by choice
of embolisate.” Before embolization, selective angiography
of the MMA is performed in order to target the branches of
interest and avoid potentially dangerous collaterals (Figure
4). When flow stasis is observed in the MMA, the procedure
is concluded.

The largest reported series included 72 patients who under-
went MMA embolization, which were compared to 469 pa-
tients who underwent conventional treatment.” In this study,
all asymptomatic patients who underwent MMA emboliza-
tion achieved spontaneous hematoma resolution. Of the 45
symptomatic patients, only one patient had hematoma re-ac-
cumulation. Importantly, treatment failure rate was lower
in the embolization group as compared to the conventional
treatment group at 1.4% versus 27.5%, and treatment compli-
cation rate was not different between the two groups.

A recent meta-analysis demonstrated a composite recurrence
rate of 2.1% and 3.6% across double-arm and single-arm
studies respectively, far lower than those reported for open
surgical hematoma evacuation.'® The modified Rankin Scale
was not found to differ between embolization and conven-
tional treatment groups, but this variable was not reported in
select large studies. In the available literature on functional
outcomes, good outcome (modified Rankin Scale of 0-2) has
been reported in up to 85% of patients.'"!

The ideal timing for MMA embolization remains to be de-
termined as successful outcomes have been reported for em-
bolization both before and after surgical evacuation, or as a
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stand-alone procedure. For patients with symptomatic or sig-
nificant mass effect, surgical hematoma evacuation may still
be necessary as a primary procedure with MMA embolization
as an adjunct procedure to prevent recurrence. As this is still
a developing technique, further study needs to be performed
to determine which patients will best benefit from MMA em-
bolization.

LIMITATIONS

The main limitation of this nonsystematic review is the pau-
city of literature and randomized controlled trials evaluating
the efficacy of treatment options. Furthermore, as many of
these traumatic injuries are rare, much of the literature for
these disease processes stems from the non-traumatic etiolo-
gies, and the literature and subsequent treatment algorithms
are extrapolated for the management of the traumatic injuries.
As neuroendovascular techniques rapidly evolve, the efficacy
of newer therapies has yet to be fully evaluated.

CONCLUSION

Neuroendovascular techniques have evolved tremendously
to add to the armamentarium of neurosurgeons and trauma

teams in the care of patients with traumatic head and neck
injuries. Improvements in noninvasive imaging such as CTA
and MRA have allowed for their increasing use as screen-
ing modalities. However, DSA remains the gold standard for
diagnosing vascular injury and it allows for the safe and ef-
fective treatment of patients with carotid and vertebral dis-
sections, pseudoaneurysms, various arteriovenous fistulas,
and now even subdural hematomas. As neuroendovascular
teams become more prevalent and available for rapid inter-
ventions, it is possible that endovascular treatments may take
an expanded role in the management of acute trauma patients.
However, more trials are needed to properly delineate the role
of neuroendovascular techniques in the management of trau-
matic head and neck injuries.
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