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Abstract
Background: Penetrating trauma to the skull base and distal cervical internal carotid artery (ICA) can result in
occlusion or pseudoaneurysm formation. The appropriate management strategy for these rare lesions is controversial
and includes observation, anticoagulation, carotid ligation, balloon occlusion, or revascularization.
Methods: We present the management and outcomes of four consecutive patients, two with pseudoaneurysms
and two with acute occlusions, after injury to the distal cervical/petrous ICA from gunshot wounds. Preoperative
assessment determined intracranial collateral flow patterns and the patency of the distal portion of the petrous ICA.
Results: Two patients underwent cervical-to-petrous ICA vein bypass grafts without neurologic complications.
Both grafts remain patent without evidence of emboli at 2 years and 3 months, respectively. Both of the
conservatively managed patients died, one from a massive cerebral infarction and the other from intracerebral
hemorrhage.
Conclusions: These cases underscore the need for an aggressive approach to the assessment and management of
patients with penetrating vascular skull-base injuries. Although the optimal treatment of remains controversial, when
the goal is exclusion of the injured portion of the carotid artery and revascularization, the cervical to petrous ICA
vein bypass graft is a valuable management option that can reduce the potential morbility and mortality from acute
ischemic or delayed embolic or hemorrhagic complications, provide immediate restoration of high flow, and allow
good surgical access with minimal risk to intracranial structures.
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Penetrating trauma near the skull base is often associated with high cervical/proximal intracranial internal
carotid artery (ICA) injuries. [1-6] In addition to transection, direct injury or secondary concussive forces can produce
pseudoaneurysms and vessel dissection with or without occlusion. Treatment of these lesions is based on the
potential for secondary neurologic deficits from hemorrhage or ischemic events. Surgical treatment options are
limited by the difficulty inherent in achieving adequate direct access in this region and have led to the use of
vascular bypass procedures to treat high cervical/petrous ICA lesions. The use of a cervical-to-petrous carotid artery
reversed saphenous vein bypass graft (VBG) allows immediate high-volume flow without the need for intracranial
exposure and dissection. In contrast, extracranial-to-intracranial (EC-IC) bypass provides lower volume flow and
requires intracranial exposure and dissection.

In this report, we describe the management of four cases of gunshot wounds (GSWs) to the skull base that
produced either traumatic pseudoaneurysms or ICA occlusions, including two patients who were successfully treated
with cervical-to-petrous VBGs. Preoperative assessment, surgical treatment options, and considerations in patient
selection are discussed. The potential catastrophic consequences of these injuries are also highlighted in the
presentation of two patients who were managed conservatively.

MATERIALS AND METHODS
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Preoperative Assessment
Four consecutive cases of patients with skull base GSWs and injury to the ICA treated at Harborview Medical
Center, Seattle between March 1994 and June 1995 were selected for inclusion in this report. The initial preoperative
assessment in each case included computed tomographic (CT)scans of the brain, including fine cuts through the skull
base. A contrastenhanced CT scan with fine cuts was obtained in selected cases to provide anatomic information
about the location and configuration of a traumatic aneurysm in the carotid canal. A complete cervical carotid and
four-vessel cerebral angiogram was obtained in all cases. A full angiogram is necessary to establish whether the
petrous portion of the ICA is patent and suitable for grafting and to define potential collateral circulation patterns.
Other tests that were variably obtained as part of the preoperative assessment include single photon emission
computed tomography (SPECT), transcranial Doppler (TCD), and carotid duplex examination. The studies obtained for
each patient are outlined in the case reports.

Operative Technique
The operative technique of cervical-to-petrous ICA vein bypass used in the following cases has been described in
detail elsewhere [7,8] and is illustrated in Figure 1 Briefly, the ICA is exposed for several centimeters distal to the
bifurcation of the common carotid artery. Then a small temporal craniotomy is performed and the petrous carotid is
exposed extradurally by drilling off the petrous bone, taking care to limit the posterior exposure to prevent entry
into the cochlea. The greater superficial petrosal nerve is divided to prevent traction on the geniculate ganglion that
might result in facial nerve injury. The patient is heparinized and then the petrous carotid artery is divided at the
most proximal aspect of the petrous exposure and a reversed saphenous vein graft is then anastomosed to the distal
portion of the petrous ICA. The graft is tunneled subcutaneously or along the course of the superficial temporal
artery and anastomosed to the proximal cervical ICA. The graft patency can be monitored by Doppler ultrasonography
before closure. Intraoperative monitoring with electroencephalography and TCD is reserved for patients with a patent
ipsilateral ICA.

Figure 1. Illustration of case 1, showing the path of injury, anatomic relationships, and surgical exposure for the
cervical-to-petrous ICA vein bypass procedure.

CASE STUDIES
Case 1
A 15-year-old girl suffered a GSW to the head, with the entrance at the left midnasal region. The bullet crossed
obliquely and caudally to the right, traversing the maxillary sinus, pterygoid plate, and parapharyngeal region, to
come to rest in the neck at about the C2 level (see Figure 1). She was intubated in the field and transported to the
emergency room, where, on initial evaluation, she was hemodynamically stable with no evidence of other injuries.
Her workup included CT scans of the head and neck, cervical and four-vessel cerebral angiogram, TCD, and SPECT
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scan. These studies showed a complete occlusion of the proximal cervical right ICA (see Figure 2), with collateral
flow through a patent anterior communicating artery, normal head CT scans, normal cerebral perfusion by SPECT
scan, and normal flow velocities in the right middle cerebral artery (MCA) with no embolic signatures with 15 minutes
of TCD monitoring.

Figure 2. Case 1: (A) A right lateral carotid angiogram demonstrating a complete ICA occlusion. (B) Anteroposterior
cerebral angiogram showing collateral circulation from the left ICA to the right ACA and MCA through the circle of
Willis. Reflux down the right ICA (arrow) suggests that the petrous portion of the ICA will be patent and suitable for
the distal anastomosis. (C) Postoperative angiogram after proximal anastomosis revision showing sites of anastomoses
(arrows) and patent graft coursing over the zygoma (*). (D) Postoperative three-dimensional CT angiographic
reconstruction showing the site of proximal anastomosis (arrowhead) and small temporal craniotomy (arrow).
She was taken urgently to the operating room, where a reverse saphenous vein was grafted from the proximal
cervical to petrous ICA. Postoperative studies (angiography, carotid duplex, and TCD) revealed a patent graft with no
emboli. However, the proximal anastomosis was narrowed and the patient was taken back to the operating room for
graft revision 1 week later. Follow-up of the revision showed improved caliber of the anastomosis (see Figure 2). Her
postoperative course was unremarkable, with no neurologic deficits except a right hypoglossal nerve palsy.
Hypoglossal nerve function was not tested preoperatively because of intubation. The path of the bullet and the
extent of soft-tissue injury adjacent to the hypoglossal nerve noted intraoperatively makes it likely that this deficit
was produced by the initial injury. She has been observed for 3 months, showing no complications from her
procedures and with continuing evidence of a patent graft by TCD monitoring.

Case 2
This 34 year-old man suffered a high-velocity GSW from a semiautomatic weapon. The bullet entered at the right
medial canthus, traveled laterally and inferiorly to traverse the tip of the left temporal lobe, fracture the petrous
bone, and exit from the left mandible. The patient experienced no gross motor deficits at the time of initial
evaluation but on subsequent testing was blind and deaf on the left with a left peripheral facial nerve paralysis.
Initial workup, including CT scans with fine cuts through the skull base, four-vessel cerebral angiography, and TCD
monitoring revealed a left proximal petrous portion ICA pseudoaneurysm adjacent to the middle fossa dura with
preserved distal ICA flow (see Figure 3). TCD flow velocities were normal bilaterally in the proximal MCA and anterior
cerebral artery (ACA) with no evidence of emboli from the carotid injury.
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Figure 3. Case 2: (A) Fine-cut skull-base CT scan with constrast showing the lobulated pseudoaneurysm near the
entrance to the carotid canal at the skull base (arrow). (B) Preoperative angiogram demonstrating the
pseudoaneurysm of the proximal petrous portion of the ICA (arrow). (C) Postoperative angiogram showing patent
graft and sites of anastomoses (arrows).
Five weeks after recovery from his brain injury and treatment of his orbital and maxillofacial injuries, a
follow-up angiogram revealed enlargement of the pseudoaneurysm. Balloon test occlusion of the right ICA did not
elicit neurologic deficits or significant drops in his TCD velocities and he underwent a reverse saphenous vein cervical
to petrous carotid bypass grafting procedure without incident. Postoperative angiography revealed a patent graft
with no significant stenosis at the anastomoses (see Figure 3). The patient has been observed for 2 years with serial
TCD and carotid duplex examinations that confirmed continued graft patency. His neurologic examination remains
essentially unchanged, except for return of some facial nerve function.

Case 3
This 22-year-old man suffered a low-velocity GSW to the right side of his face that entered the lip and then
traveled through the maxillary sinus, pterygopalatine plate, and middle cranial fossa, with a fragment coming to rest
against the right occipital bone. He was transferred intubated from a referral hospital where he was observed to be
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moving all extremities. A CT scan showed a small right temporal intracerebral hematoma and angiography revealed
an occlusion of the right ICA at the C1 level (see Figure 4). There was some filling of the right supraclinoid carotid
artery from the external carotid artery but this did not contribute any blood supply to the right MCA or ACA, which
were supplied only by a small posterior communicating artery. In addition, the ACA on the left was atretic and,
therefore, both ACAs were filled only through pial collaterals from the left MCA (see Figure 3). The patient
underwent emergent intracranial debridement and dural repair, tracheostomy, and arch bar placement. There were
no episodes of intraoperative hypotension, but, postoperatively, he was noted to be densely paretic on the left, and
subsequent CT and SPECT scans confirmed a massive right MCA distribution infarction. Despite aggressive medical
treatment of increased intracranial pressure, the patient eventually herniated and progressed to brain death.

Figure 4. Case 3: (A) Right lateral carotid angiogram showing bullet tract and a high cervical ICA occlusion. (B) Left
anteroposterior ICA angiogram showing this patient's unfavorable collateral circulation pattern with an atretic left
ACA and no cross-filling through the circle of Willis to the right. The distribution of the left ACA partially fills from
pial collaterals supplied by the left MCA and only a blush of contrast material is seen in the right cavernous ICA
(arrow).

Case 4
A 24-year-old man suffered a low-velocity GSW that entered at the glabella and traveled obliquely in a path
through the right frontal sinus, coming to rest in the right petrous mastoid region. Extensive fractures of the petrous
bone, including the carotid canal, were seen on fine-cut CT examinations and four-vessel cerebral angiography
revealed a pseudoaneurysm of the right proximal petrous ICA (see Figure 5). On initial clinical evaluation, he
displayed extensor posturing with bilaterally fixed and dilated pupils. He underwent emergent craniotomy for
debridement of injured brain, dural repair, and cranialization of his frontal sinuses, followed 3 days later by a
decompressive craniectomy for intractable elevations of intracranial pressure. Because of a marked neurologic
recovery, his pseudoaneurysm was reevaluated 4 weeks after his injury. Repeat angiography revealed an enlarged
pseudoaneurysm with patent distal vessels and he was scheduled for a bypass procedure. Two days before his
planned bypass, he suffered a massive intracerebral hemorrhage from rupture of his pseudoaneurysm and died (see
Figure 5).
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Figure 5. Case 4: (A) Fine-cut temporal bone CT scan showing a bullet fragment lodged in the mastoid bone and
fractures (arrows) adjacent to the carotid canal (arrowhead). (B) Oblique right ICA angiogram 4 weeks after
admission showing pseudoaneurysm (arrow) that had enlarged compared with study at the time of injury. (C) CT scan
showing massive intracerebral hemorrhage from ruptured pseudoaneurysm.

DISCUSSION
Penetrating injuries of the high cervical or skull-base portions of the ICA are relatively rare but are significant
because of the unique management challenges they present. Few reports in the literature deal exclusively with
penetrating injuries of the high cervical or skull-base portions of the ICA, and larger series of patients with traumatic
ICA and common carotid artery injuries often lack sufficient detail or follow-up to judge the longer-term natural
history or outcome based on different treatment strategies. These shortcomings are particularly relevant when
considering the true incidence of delayed cerebrovascular events after traumatic carotid injury. Thus, it is
impossible, based on the available literature, to advocate a dogmatic treatment strategy or algorithm for patients
with penetrating high cervical or skull-base ICA injuries. We, therefore, will attempt to briefly highlight the data that
bears on the evaluation and treatment of these patients, compare the various surgical approaches to this region, and
discuss our cases in this context.

Penetrating Carotid Injury
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In a recent population-based survey, traumatic carotid injury accounted for less than 0.2% of hospital admissions
for trauma. [5] Of the 82 carotid injuries identified in this study, 55 were caused by penetrating trauma and 27
involved the ICA. Thirty-one of 55 patients with penetrating injuries underwent angiographic examination (16 of the
other 24 patients did not undergo angiograms because of shock, and likely sustained major lacerations or avulsions)
of the carotid arteries, which revealed pseudoaneurysms in 12 (39%) and occlusion in six (19%). The mortality and
stroke rates were much higher in ICA than common carotid artery injury (21 and 41% vs. 11 and 11%, respectively),
whereas penetrating trauma had lower stroke rates (15% vs. 56%), but higher mortality (22% vs. 7%) than blunt
injuries. The longer term natural history of these lesions is unclear, but in one study of 12 patients with missed
carotid injuries, three patients presented with stroke and one with transient ischemic attack. [9] In the series of
Sclafani et al., [6] 16 of 46 patients with zone III penetrating neck injuries sustained 18 ICA injuries, including five
stenoses (31%), five occlusions (31%), and three aneurysms (19%). Similar arterial lesions have been described in other
reports of penetrating skull-base trauma. [2,3]

Traumatic ICA Aneurysms
Traumatic extracranial ICA aneurysms have been reported to rupture, causing epistaxis, otorrhagia, or
intracerebral hemorrhage, serve as a nidus for embolic events, or present as cervical or pharyngeal masses often
producing cranial neuropathies. [10-17] In 1950, Shumacker and Wayson [18] reported only a 6.6% rate of
spontaneous cure of peripheral traumatic aneurysms. In 1990, McCann [15] reviewed the recent literature on carotid
arterial aneurysms (13% traumatic) and reported that 40% presented with neurologic symptoms and 56% with a mass.
Serial angiographic examinations showed enlargement of all three pseudoaneurysms 1 to 4 weeks in the series of
Sclafani et al. [6] In another series of peripheral aneurysms, five of six conservatively managed traumatic
pseudoaneurysms enlarged and required surgical intervention. [19] Untreated traumatic intracerebral aneurysms
have been reported to carry a mortality rate as high as 50%. [20]

Traumatic Carotid Occlusion
Very little data exist that specifically relate outcome after traumatic carotid injury to the presence of occlusion
at presentation. One study of blunt trauma reported a mortality of 40%, and good outcome in only 30%, of 20 patients
presenting with a carotid occlusion of whom only one had an attempted surgical repair. [21] Unlike spontaneous ICA
dissections, traumatic ICA injuries seem to have a less favorable prognosis when managed conservatively. In a series
of 21 ICA dissections after blunt trauma, only 21% of aneurysms and 54% of stenoses showed complete or partial
resolution, and 29% of patients were dead or experienced significant deficits at last clinical follow-up. [22] The
immediate stroke rate after spontaneous ICA occlusion in patients with atherosclerotic disease has been reported at
25% [23] and 43%, [24] with subsequent risks of stroke of 10% per year (for the first 2 years) and 24% for 5 years,
respectively.

The risk of immediate or delayed ischemic complications after intentional carotid occlusion or ligation varies
considerably, depending on the patient population and the use of screening tests to judge adequacy of collateral
circulation. [25-28] Before the use of test occlusion, stroke rates on abrupt ICA sacrifice ranged from 17 to 45%.
[25,27,29] Even after using various paradigms of test occlusion, including clinical testing, cerebral blood flow
measurements, and hypotensive challenge, rates of ischemic complications after carotid occlusion/ligation ranged
from 3.3 to 22%, [26-28,30-33] with most reporting 3 to 6%, and with higher rates in patients undergoing extensive
head and neck procedures for skullbase neoplasms. [28,30,31]

An untreated ICA occlusion or ligated ICA may also develop embolic symptoms from the residual proximal ICA
stump [34] or distal "tail." [35] In addition, some reports suggest that, after carotid ligation, patients may be at
greater risk of de novo intracranial aneurysm formation and hypertension. [25,36,37] It is assumed that similar risks
may apply to patients with an acute traumatic occlusion and are the basis for considering a bypass procedure in
young patients with ICA occlusion.

Patient Evaluation
The preoperative assessment of a patient with a suspected skull-base vascular injury is critical for identifying
appropriate surgical candidates and to assist in surgical planning. A fine-cut CT scan of the skull base and a routine
head CT scan are imperative to establish the presence and extent of injury to the petrous bone and ischemic or
hemorrhagic brain injury. A four-vessel cerebral angiogram must also be performed to identify the vascular injury,
define collateral circulation patterns, and determine the patency of the distal portion of the petrous ICA.

Other valuable studies that can be used as adjuncts include the SPECT scan, TCD, and carotid duplex
examination. SPECT can identify patients with absolute versus relative ischemia, as well as the amount of brain
involved before any ischemic changes are evident on CT or MRI scans. [38] These distinctions may help determine
which patients may benefit from revascularization without undue risk of hemorrhage into a large ischemic area, even
if they present in or progress to coma. TCD provides additional hemodynamic information and is a useful tool for
detecting emboli, [39,40] whereas carotid duplex examination helps define the anatomy of the lesion and provides a
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noninvasive means to follow graft patency and stenosis postoperatively.

Treatment Options
Depending on the clinical circumstances, a variety of strategies exist for the management of such lesions,
including observation, anticoagulation, ligation, balloon occlusion, primary resection and repair, or bypass.
[2,3,6-8,14,26,41,42] Although still controversial, most recent series reporting on carotid artery trauma show an
improvement in outcome for patients undergoing surgical reconstruction of the injured carotid, particularly in
neurologically intact patients. [5,43-45] However, for comatose patients or noncomatose patients with neurologic
deficits, surgical reconstruction has shown less consistent benefit. [5,43,44] In his review of the literature on
extracranial carotid aneurysms, McCann [15] reported a combined stroke and mortality rate for unoperated
aneurysms of 23%, for ligation a rate of 45%, and for carotid reconstruction a rate of 10%. The two patients in this
report whose penetrating vascular injuries were managed conservatively died, but good outcomes, and even
resolution, of ICA vascular lesions have been described after conservative management, carotid occlusion, or
endovascular obliteration of pseudoaneurysms. [1,4,12,46,47]

In the setting of acute penetrating trauma, anticoagulation can be problematic. A stable asymptomatic
pseudoaneurysm in a patient not felt to be at risk for intracranial hemorrhage may be observed but the patient
should be monitored for embolic phenomena or enlargement. Conservative management of carotid dissection or
occlusion is appropriate but the presence of ischemic embolic or hemodynamic-related events warrants consideration
for revascularization, particularly when refractory to anticoagulation. Embolic events in the face of carotid occlusion
and adequate anticoagulation warrant screening for potential sources from a carotid stump or thrombus "tail" and
consideration for intracranial surgical or endovascular balloon trapping of the lesioned segment just proximal to the
ophthalmic artery.

Surgical Goals and Approaches
The goals of surgical intervention in patients with acute high cervical occlusion or pseudoaneurysm formation
vary from the simple exclusion of a potential embolic or hemorrhagic lesion from the circulation, to the maintenance
or reestablishment of normal circulatory patterns to the affected hemisphere. These goals can be met to varying
degrees by carotid ligation or vascular bypass procedures, including superficial temporal artery-to-MCA bypass (EC-IC)
or a cervical-to-petrous ICA reversed saphenous vein bypass (VBG).

The surgical approach to the high cervical/petrous ICA is challenging because of anatomic constraints that limit
direct operative exposure and distal control. The available approaches are designed to either provide direct access or
bypass the lesion. Direct ICA repair with vein grafting (if necessary) can be accomplished in some cases by
augmenting a standard cervical approach with mobilization of the mandible or sternocleidomastoid and/or digastric
muscles. [48-52] These approaches provide limited access to the skull base, and some require manipulation of the
facial and lower cranial nerves. Distal control is problematic and can require the blind passage of a Fogarty catheter.
A variety of complex "infratemporal" approaches have also been described that provide better access to the petrous
ICA and have been used successfully for vein bypass procedures to treat skull-base tumors [53,54] and aneurysms.
[14,53,55] However, they require extensive soft-tissue and bony dissection.

Bypass procedures can exclude lesions from the circulation and preserve or reestablish cerebral circulation, but
only a few case reports have described their use in traumatic high cervical vascular injuries. [2,3,7,14] Bypasses can
be accomplished from the EC-IC vessels, most commonly from the superficial temporal artery to the MCA. [2,3] VBGs,
which can be fashioned from the cervical ICA to either the petrous or supraclinoid (intracranial) portion of the ICA,
have been used extensively in skull-base tumor surgery and for the treatment of large nontraumatic skull-base
intracranial aneurysms. [41,42,54,56-58] Reported long-term graft patency rates for EC-IC saphenous vein grafts are
82 and 73% after 10 and 13 years, respectively. [59]

The cervical-to-petrous VBG has the advantages over an EC-IC bypass of providing immediate restoration of
high-volume flow from an extradural approach while simultaneously excluding the underlying lesion from the
circulation. In addition, during cross-clamping for the anastomosis in a petrous VBG, there is more potential for
collateral circulation. If the petrous ICA is not available to accept a graft, the supraclinoid ICA can be used, [41] but
this introduces the morbidity associated with an intracranial approach and limited collateral blood flow while the ICA
is cross-clamped to perform the anastomosis. Thus, the cervical-to-petrous ICA VBG has advantages over both the
other bypass procedures and the direct approaches by providing better access to the distal ICA and limiting surgical
morbidity encountered with infratemporal approaches that require extensive soft-tissue dissection.

In cases of carotid injury with exsanguinating hemorrhage, several potential treatment options exist. One option
is balloon occlusion or balloon trapping of an open lesion through an interventional approach if the carotid artery was
lacerated and still partially intact. Alternatively, carotid ligation may be performed acutely in an effort to stabilize
the patient. If the patient is in a facility where this procedure is not performed, the patient may be transferred to
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such a facility after the acute bleeding is controlled. It is likely that reexploration of the injury and carotid to
petrous bypass grafting may be performed shortly after an emergency carotid occlusion for bleeding.
Reestablishment of flow is likely if the graft procedure is performed soon after ligation.

DISCUSSION OF CASE REPORTS
The following analysis of our cases underscores factors involved in forming the management strategy for a
particular patient and suggest where alternative strategies may have been appropriate. The patient in case 1
sustained an asymptomatic carotid occlusion with good hemodynamic reserve, as determined by collateral flow
patterns on cerebral angiogram and brain perfusion evaluated with SPECT scan. The decision to operate was based on
the patient's young age and the potential long-term morbidity from embolic events, delayed hemodynamic
insufficiency, hypertension, and contralateral intracranial aneurysm formation. Alternatively, this patient could have
been managed conservatively with or without anticoagulation with careful monitoring of embolic or ischemic events,
or by carotid ligation or trapping of the ICA in the cervical region and distally just proximal to ophthalmic artery to
eliminate emboli from the carotid stump or distal "tail" of the thrombus.

The patient in case 3 sustained an ICA occlusion similar to that of the patient in case 1, but because of a limited
collateral blood supply, he developed a massive and fatal infarction. Initial assessment revealed no focal neurologic
deficit and the patient underwent emergent surgery for intracranial wound debridement without revascularization. In
retrospect, this patient may have benefited from an emergent bypass. Subsequent CT and SPECT scans were
consistent with a hemodynamic basis for his stroke. Although a preoperative SPECT scan would have delayed surgical
intervention, it may have altered the operative plan by determining whether the limited collateral flow provided
some marginal perfusion or whether there were already areas of brain devoid of blood flow.

The patient in case 2 sustained an enlarging pseudoaneurysm that was successfully managed with a VBG after an
extensive workup revealed adequate hemodynamic reserve during temporary occlusion. Although this lesion was
asymptomatic, its enlargement and future risk of complications from emboli, rupture, and mass effect prompted
surgical intervention. Intervention could have been withheld if serial monitoring revealed no further enlargement of
the aneurysm or evidence of emboli. Other options might have included prophylactic or expectant use of
anticoagulation, surgical, or balloon carotid occlusion, or endovascular obliteration with preservation of the parent
vessel.

The patient in case 4 sustained an enlarging pseudoaneurysm that ruptured, causing a fatal intracerebral
hemorrhage just before a planned VBG. Review of contrast-enhanced fine-cut skull-base CT scans suggested a direct
connection between the aneurysm and the intracranial compartment through his extensively fractured petrous bone.
One anatomic study showed that portions of the carotid canal were covered by dura alone or a thin layer of cartilage
in approximately half of the specimens. [60] Theoretically, therefore, any patient with this anatomic configuration
may be at risk for direct intracranial extension of a hemorrhage after aneurysm rupture, even in the absence of a
fracture.

SUMMARY
Injury to the distal cervical and proximal petrous portion of the ICA is an infrequent, yet potentially
catastrophic, sequela of penetrating skull-base injuries. The cases reported here underscore the need for an
aggressive approach to the assessment and management of patients with penetrating vascular skull-base injuries.
After the initial assessment is completed, any extenuating clinical factors must be factored into an individualized
management strategy. Even then, the appropriate treatment choices remain controversial because they have not
been rigorously studied and the natural history of a large group of patients with these lesions is not available.

When the goal of treatment is exclusion of the injured portion of the carotid artery and revascularization, a
cervical-to-petrous ICA VBG can reduce the potential acute ischemic or delayed embolic or hemorrhagic
complications from such injuries and offers the advantages of providing immediate restoration of high-volume flow
with good surgical access and minimal risk to intracranial structures. This approach can be accomplished safely in
patients with penetrating skull-base trauma and should be considered in selected patients with acute occlusion or
pseudoaneurysm of the distal cervical or proximal petrous ICA.
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