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Abstract
In multiple trauma, blunt carotid artery injuries (BCAIs) have occasionally
been reported. However, bilateral blunt carotid artery occlusions (Grade 4
BCAIs) associated with multiple trauma are rare, and delays in diagnosis and
treatment result in a lethal outcome. Here, we report our experience with bilateral carotid artery occlusions. A 76-year-old female suffered multiple traumas in a motor vehicle accident. On arrival at our hospital, she presented in a
coma, with left mydriasis and unreactive pupils. Computed tomography (CT)
showed bifrontal intracranial epidural hematoma and fractures of the facial
bone and anterior skull base, and osteoplastic craniotomy was urgently undertaken for the epidural hematoma. However, the comatose state and unreactive pupils persisted during the post-operative course. Serial head CT
findings showed progressive bilateral ischemic changes, and radiological examinations revealed bilateral internal carotid artery occlusions. We speculated
that bilateral Grade 4 BCAIs had induced progressive cerebral infarctions. The
patient partially responded to anticoagulation therapy with heparin infusion,
but died of multiple organ failure on day 15. When bilateral progressive
ischemic changes are observed in a patient with severe traumatic brain injury,
bilateral Grade 4 BCAIs should be considered in the differential diagnosis. CT
angiography as part of whole-body CT at admission may be effective for preventing delays in diagnosis and treatment of bilateral Grade 4 BCAIs.
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1. Introduction
In previous reports, blunt cerebrovascular injuries have occurred in 0.18% to
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2.70% of blunt-trauma patients [1], and approximately half of these have been
diagnosed as carotid artery injuries. These arterial injuries can lead to abnormal
narrowing or occlusion, as well as pseudoaneurysm. The Denver grading scale
for blunt carotid artery injury (BCAI) has been correlated with infarction rates
(Grade 1: 3.2%, Grade 2: 9.1%, Grade 3: 9.3%, and Grade 4: 58.3%) [2]. Advances in diagnostic and treatment algorithms based on this scale have contributed to early treatment and improved outcomes [3]. However, blunt injuries
with complete occlusion of the carotid artery (Grade 4 BCAI) are associated with
high mortality and poor neurologic outcome [4]. Mild or moderate bilateral
BCAIs have occasionally been reported [5] [6]. Although there are several reports on bilateral Grade 4 BCAIs caused by hanging [7], very few reports in multiple traumas are available. Here, we report our experience with bilateral Grade 4
BCAIs that had resulted in bilateral progressive cerebral infarction, and review
published work.

2. Case Report
A 76-year-old female pedestrian was involved in a motor vehicle accident. On
arrival at our hospital, she was unconscious with a Glasgow Coma Scale of 3, and
presented with head trauma with left mydriasis and unreactive pupils. Her vital
signs were respiratory rate 22 breaths/min, blood pressure 186/140 mmHg, and
heart rate 104 bpm. Her oxygen saturation on pulse oximetry (SpO2) was 100%
using 10 L/min O2. Whole-body computed tomography (WBCT) showed bifrontal epidural hematoma (Figure 1(a)), brain contusion, subarachnoid hemorrhage, skull fracture from the bifrontal to the left temporal region (Figure
1(b)), left anterior clinoid process fracture, C3 vertebral-body fracture, bilateral

Figure 1. Computed tomography (CT) images of the head at admission ((a), (b)) showed
acute epidural hematoma, traumatic subarachnoid hemorrhage, and skull fracture from
the bifrontal to the left temporal region. Head CT on days 4 and 7 ((c), (d)) showed progressive ischemic changes from dominant on the left hemisphere to symmetrical.
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pubis-ischium fractures, and left tibial-fibular fracture. Osteoplastic craniotomy
was urgently undertaken for the epidural hematoma. The lacerated superior sagittal sinus, which caused massive bleeding, was sutured with 6-0 monofilament.
Intracranial pressure (ICP) management was performed in the intensive care
unit (ICU), and included administration of an osmotic diuretic and sedative
analgesic. On day 3, magnetic resonance imaging (MRI) of the head and cervical
spinal cord were performed for further evaluation of the prolonged deep coma
and unreactive pupils. Diffusion-weighted imaging of the head showed cortical
laminar hyperintensities in the bifrontal lobes (Figure 2(a) and Figure 2(b)),
cerebellum, and brainstem. On day 4, ICP was elevated above 30 mmHg. On
head CT, the bilateral frontal and temporal lobe and left insular cortex were affected (Figure 1(c)). The lesions showed progressive and symmetrical worsening
on day 7 (Figure 1(d)). CT angiography (CTA) of the head and neck showed
disappearance of the bilateral middle cerebral arteries. The left internal carotid
artery (ICA) disappeared just distal to the carotid bifurcation, and the right ICA
distal to the carotid siphon (Figure 3(a) and Figure 3(b)). Sonographic examination of the left carotid bifurcation demonstrated false lumen thrombosis and
slightly antegrade blood flow in the narrow true lumen (Figure 3(c)). We retrospectively recognized bilateral BCAIs (left side: Grade 4, right side: Grade 2)
on head and cervical MRI performed on day 3. T1-weighted fast field echo imaging had shown signal loss of the left ICA (Figure 2(c)). T2-weighted imaging
just distal to the carotid bifurcation had revealed double lumen sign of the right
ICA and thrombotic occlusion of the left ICA (Figure 2(d)). Taking into account the clinical course, we speculated that bilateral Grade 4 BCAIs had caused
progressive cerebral infarctions. Anticoagulation therapy with heparin was subsequently started, and expansion of the cerebral infarct region could be prevented. However, multiple organ failure gradually worsened with no neurological improvement. The patient died on day 15.

Figure 2. Magnetic resonance imaging (MRI) of the head ((a), (b)) showed multiple
hyperintensities in the bifrontal lobes, which limited on cortical laminar. T1-weighted fast
field echo imaging of the head (c) showed signal loss of the left internal carotid artery
(ICA; white arrow). T2-weighted imaging of the neck just distal to the carotid bifurcation
(d) revealed dissection of the right ICA (double lumen sign) and thrombotic occlusion of
the left ICA (white arrow).
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Figure 3. CT angiography (CTA) of cerebral vessels (a) showed poor description of the
bilateral middle cerebral arteries and ICAs (white dotted circle). The image of the right
ICA (b) showed occlusion on the siphon part (white triangular arrow). Ultrasonic examination of the left ICA (c) showed that the antegrade blood flow of the true lumen had
disappeared due to the thrombosis of the false lumen.

3. Discussion
3.1. Pathology of Bilateral Grade 4 BCAIs
Bilateral Grade 4 BCAIs may occur in multiple trauma in rare cases, and radiographic findings may show progressive and symmetric ischemic changes. We
searched the electronic PubMed database and retrieved 38 cases of urgent bilateral BCAIs from the past 20 years. Among these cases, five cases including this
case involved bilateral Grade 4 BCAIs [7] [8] [9] [10]. In 3 cases, the patients
were injured by direct external forces from hanging [7] [8] [9], and by multiple
trauma in the other 2 cases [10]. Mechanisms of BCAI have been reported to
involve overstretching caused by hyperextension and rotation of the neck, compression from sudden hyperflexion of the neck, or injuries caused by the cranial
base bone [10]. We speculated that the bilateral injuries in our case might have
occurred correspondingly.
Early evaluation of the head and neck vessels and appropriate treatment must
be fundamental for bilateral Grade 4 BCAIs. For early diagnosis and treatment
of BCAI, aggressive screening of the head and neck vessels based on signs or
symptoms and risk factors has been suggested [11] [12]. However, we did not
perform early evaluation of the head and neck vessels. In some cases, angiography of the head and neck vessels might be performed based on new neurological
defects, such as deterioration of consciousness level or appearance of hemiplegia
after hospitalization. In our particular case, new neurological defects could not
be determined due to the patient’s comatose state and severe traumatic brain injury at admission, and we had difficulties diagnosing the bilateral BCAIs based
on physical examinations. The bilateral progressive ischemic changes were
thought to result from venous sinus obstruction or acute cerebral vasospasm in
the initial differential diagnosis. Ultimately, bilateral Grade 4 BCAIs were definitively diagnosed based on head and neck CTA and ultrasonography of the neck.
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3.2. Early Screening and Treatment for Bilateral Grade 4 BCAIs
Evaluation and treatment for head and neck vascular injuries should commence
as soon as possible. More aggressive screening of the head and neck vessels, regardless of the presence or absence of clinical findings, might be needed. Performing WBCT at admission has been reported to significantly increase survival
probability in patients with multiple blunt trauma [13]. Some reports suggest
incorporating evaluation of the head and neck vessels into WBCT [14]. In these
reports, the arterial phase of WBCT was performed from the face to the pelvis. It
has also been reported that in 30% of blunt cerebrovascular injuries diagnosed
with CTA as part of WBCT, the patients did not have the established risk factors
for BCAI [15]. Therefore, it is our belief that CTA as part of WBCT at admission
is effective for early diagnosis and treatment of bilateral BCAIs.
Early antithrombotic therapy has been recommended for the treatment of
BCAI. However, in patients with coagulopathy or severe intracranial hematoma
due to blunt multiple trauma, medical therapy might be contraindicated. In accessible Grade 4 BCAI, surgical repair has been considered [11] [12]. However,
because there have been few reports on the surgical treatment of bilateral BCAIs
associated with multiple trauma, the efficacy and indications have been unclear.
Some reports have indicated the efficacy of endovascular therapy for bilateral
BCAIs [5] [6] and unilateral Grade 4 BCAI [16] in the acute phase. Thus, we
might also take into consideration the indications for carotid artery stenting in
patients with bilateral Grade 4 BCAIs with multiple trauma. Further study and
long-term follow-up data will be required in future clinical experiences.

4. Conclusion
We reported on a case of traumatic bilateral carotid artery occlusions with progressive ischemic changes. Bilateral Grade 4 BCAIs should be considered as a
differential diagnosis in patients exhibiting progressive ischemic changes. Early
evaluation of the head and neck vessels using CTA as part of WBCT at admission may allow early diagnosis and treatment of BCAI. Early treatment of bilateral Grade 4 BCAIs before a complete stroke occurs is needed for survival and
prevention of stroke expansion.
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