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Fatal Entrapment of the Basilar Artery in a Longitudinal Fracture of
the Clivus Due to Head Injury: A Case Report and Review of the
Literature

Alfredo Walker, Marlise Peruzzo dos Santos, Rafael Glikstein, Jean Michaud

ABSTRACT

Infarction of the posterior cerebral artery circulation arising from entrapment of the basilar artery in a fracture of the clivus has been re-
ported in the medical literature, predominantly in the radiology and emergency medicine journals. Review of the medical literature on the
topic revealed 14 published cases of entrapment of the basilar and/or vertebral artery within a longitudinal fracture of the clivus. These
were all reported between 1964 and 2016 and postmortem examination had been conducted on seven cases.

To date, no case of entrapment of the basilar and/or vertebral artery in a fracture of the clivus has been reported in the forensic pathology
literature, and the published literature on the entity is reviewed. Acad Forensic Pathol. 2017 7(3): 453-468
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INTRODUCTION

Death from vertebrobasilar artery trauma is most
commonly encountered in the setting of traumatic
basal subarachnoid hemorrhage that develops in in-
toxicated individuals who receive a blow to either
the jaw or upper neck that causes rotation of the head
with hyperextension of the neck, such that tearing of
the ipsilateral vertebral artery and resultant basal sub-
arachnoid hemorrhage occurs as reported by Dymock
from as far back as 1977 (1). Cases of infarction of the
posterior cerebral artery circulation, which arise from
entrapment of the basilar artery in a fracture of the
clivus, have been reported in the medical literature,
predominantly in the radiology and emergency medi-
cine journals (2-15).

Review of the medical literature on the topic revealed
14 published cases of entrapment of the basilar and/
or vertebral artery within a longitudinal fracture of
the clivus, which were all reported between 1964 and
2016; however, until now, no such case has been re-
ported in the forensic pathology literature. Following
the case report, the previously published literature re-
garding this entity is reviewed.

CASE REPORT

A T4-year-old woman with a history of alcohol abuse
was witnessed to fall down three stairs within a res-
idence and sustain an impact to the crown of her
head on the floor. She was unconscious at the scene,
Glasgow Coma Scale (GCS) score of 3, with some
improvement (GCS 7) after she was conveyed to the
emergency room.

Computed tomography (CT) scans of the brain with
angiography (CTA) identified 1) an acute longitudinal
fracture of the body of the clivus, 2) anterior displace-
ment of the basilar artery, 3) nonvisualization and
entrapment of the mid basilar artery in the fracture
defect of the clivus (Images 1A-C), 4) an acute in-
farction of the left posterior inferior cerebellar artery
(PICA) territory, and 5) irregular caliber, with moder-
ate to severe segmental vascular narrowing, of the ex-
tracranial V3 segment of the left vertebral artery with
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complete thrombosis of the left V4 (intracranial) ver-
tebral artery segment and left PICA. The right V4 seg-
ment showed irregular caliber with moderate to severe
intraluminal stenosis, suspicious for acute traumatic
subintimal dissection. Generalized osteopenia of the
cervical spine with focal hemangiomas of the C3, C5,
C6, and C7 vertebrae were background findings.

The admission blood ethanol concentration was 43
mmol/L (198 mg/100 mL). She was transferred to the
intensive care unit and developed the “locked-in syn-
drome” and was thus placed on palliative care until
death occurred. A postmortem examination was re-
quested to determine if vertebral artery dissection had
precipitated the fall.

Postmortem examination revealed a 16 cm x 13 cm
subgaleal bruise of the right side of the frontal scalp
(Image 2).

There was a hemorrhagic, vertical fracture with asso-
ciated dural laceration along the clivus with associat-
ed entrapment of a short segment of the mid region of
the basilar artery, which correlated with the radiologi-
cal findings (Image 3).

The anterior aspect of the body of the C5 vertebra ex-
hibited a transverse fracture that did not involve the
spinal canal or cervical spinal cord (Image 4).

The cervical spine was excised with a portion of the
base of the skull around the foramen magnum utiliz-
ing the method described by Vanezis (16) and was
subjected to formalin fixation, decalcification, and
transverse sectioning prior to assessment for pathol-
ogy in the extracranial vertebral arteries (Image S).
There was extensive retroclival hemorrhage associat-
ed with the longitudinal fracture of the clivus (Image
50).

Examination of serial sections of the decalcified, ex-
cised cervical spine did not reveal any evidence of
dissection of the extracranial vertebral arteries (Im-
age 6). The incidental hemangiomas described on im-
aging were identified.
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Neuropathological examination of the formalin-fixed
brain revealed that the cerebellum exhibited soften-
ing of the parenchyma of the left PICA territory. The
brainstem exhibited a triangular-shaped infarct of the
paramedian vascular territories of the upper and mid
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pons (Image 7A). Microscopically, the infarct was
evident in the section from the junction of the pons
and midbrain down to the level of the twelfth cranial
nerve nuclei and the superior olivary nuclei with pres-
ervation of the dorsal midline structures at that level.
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Image 1A: Computed tomography angiogram of the head showing entrapment of the basilar artery in an acute longitudinal fracture of

the clivus (sagittal view).
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Image 1: B) Computed tomography scan of the head showing longitudinal fracture of the clivus in coronal view (bone window).
C) Three-dimensional computed tomography reconstruction of the head illustrating entrapment of the basilar artery in a longitudinal
fracture of the clivus.
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(Images 7B-G). There was focal extension into the
tegmentum of the pons. A careful analysis of the intra-
cranial arteries did not reveal any significant finding.
Although the PICA territory in the cerebellum was in-
farcted, it was normal in the medulla.

Death was ascribed to infarction of the posterior cere-
bral circulation secondary to entrapment of the basilar
artery within a longitudinal fracture of the clivus as a
consequence of blunt force head injury.
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Image 2: Contusion of the scalp.
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DISCUSSION

Cases of infarction of the posterior cerebral artery cir-
culation which arise a result of entrapment of the basi-
lar artery in a fracture of the clivus have been reported
in the medical literature in radiology, neurosurgery,
and emergency medicine journals from as far back as
1964 to the present (2-15).

Fractures of the clivus are uncommon and were pre-
viously reported in the historical literature with a rare
incidence in the range of 0.21% to 0.56% (8, 17-19)
until more recently when one team of investigators
reported an incidence of 1.2% (20). Of all skull base
fractures, 20% occur in the middle central region of
the skull base that includes the clivus (Figure 1) (21).

Image 3A: Entrapped basilar artery within the longitudinal fracture.

Clivus is the Latin word for “slope.” The clivus is a
bone in the posterior central aspect of the base of the
skull and is composed of the occipital and sphenoid
bones. It is located at the anterior-most portion of the
basilar occipital bone at its junction with the sphenoid
bone and sits just posterior to the sphenoid sinuses in
the axial plane (Figure 1). It is the backward sloping
bony process and shallow depression behind the dor-
sum sellae on the base of the skull near the brainstem,
cranial nerves, and vertebrobasilar system (22). The
basilar artery and pons lie posterior to it. Its cranial
surface is covered by dura mater, which is perforated
by the abducens nerve in the central part.

Fractures of the clivus can be classified as longitudi-
nal, transverse, or oblique, based on their orientation
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Image 3: B) Longitudinal fracture of the clivus with entrapped fragment of the basilar artery after removal of the brain. C) Entrapped
segment of basilar artery. D) Removed entrapped segment of basilar artery.
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(8). High impact injury of the cranium is involved in
all fracture types. Lateral impacts and transverse com-
pressive forces of the skull are well-known mecha-
nisms for the development of transverse fractures of
the clivus (23,24), but a variety of impacts that include
forces transmitted along the vertebral column in the
axial direction have been described as the mechanism
of development for longitudinal fractures (6). Review
of the literature indicates that an impact directed to the
middle of the sagittal plane of the skull is, therefore,
the most likely cause of longitudinal fractures (10).

Clival fractures are associated with a high mortality
rate of 67-80% due to the high incidence of associated
vascular injury (6, 8, 13). The high mortality rate is
due to the development of infarction of the posteri-
or circulation (brainstem and cerebellum) secondary
to vertebrobasilar artery injury, either from arterial

occlusion or dissection. Computed tomography and
CTA are useful in the clinical diagnosis (11, 25). The
sequelae of clival fractures include partial or complete
occlusion of vertebrobasilar arteries (via physical
pinching, thrombosis, or dissection), direct trauma to
the brain stem, and death.

Longitudinal clival fractures associated with entrap-
ment of the vertebrobasilar arteries are unusual entities
with a low prevalence (8, 17-20). Partial or complete
occlusion of the vertebrobasilar arteries can occur via
physical pinching, thrombosis, or dissection, but as-
sociated deaths have been the result of direct brain-
stem trauma or systemic complications. The spectrum
of arterial involvement can be basilar artery (2, 4, 7),
proximal basilar and distal vertebral arteries (6, 9), the
vertebrobasilar arterial junction (13), or a unilateral
vertebral artery (3, 15).

Image 4: Hemorrhagic fracture of the C5 vertebral body.
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The mechanism of basilar artery incarceration was
first proposed by Sights in 1968 and involved two
components with contributions from three contribut-
ing postulates of fontal, occipital, and axial impact (4).
It was initially proposed that a force delivered in the
anteroposterior direction via either frontal or occipital

orrhage.

Image 5: A) Anterior view of excised cervical spine. B) View of
superior aspect of the excised cervical spine from the base of
skull with the foramen magnum. C) Extensive retroclival hem-

impact is necessary for its etiology (4). The first com-
ponent involves an axial load injury that leads to a
linear longitudinal fracture in the coronal plane of the
clivus. The second component involves the momen-
tum and subsequent inertia of the basilar artery in the
forward direction, leading to entrapment of the artery
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at the fracture site such that its lumen is compromised
with predictable pathological consequences (4). There
has only been one case reported in the literature with
persistent patency of a herniated basilar artery through
a clival fracture (26).

In frontal impact, there is momentary deformation of
the skull with increased coronal dimensions that re-
sults in a longitudinal fracture with dural laceration
(12). Due to inertia, the forward-moving basilar ar-
tery becomes instantaneously trapped or the inertial
forward movement of the brainstem and cerebellum
presses the basilar artery into the fracture cleft, which
then closes on the artery (11, 12). Occipital impact
may cause a similar chain of events as frontal impact.

With axial impact (either vertex or feet), there is trans-
mission of an axial force that compresses the clivus
between the petrous bones and the vertebral body to
create the injury. The clivus is vulnerable to transmit-
ted force from any aspect of the head due to its prox-
imity to the axis of symmetry.

In essence, a blunt impact of the skull is necessary
to invoke deformation of the skull with a resultant
“bursting” longitudinal linear fracture along the clivus
with associated laceration of the dura mater. Inertia of
the brain stem and cerebellum thrusts the basilar ar-
tery into the breach as they continue to move forward
relative to the skull. The fracture cleft then closes on
the artery with its resultant occlusion and that of its

Image 6: Transverse sections of the decalcified cervical spine. No dissection of the extracranial vertebral arteries was identified (small
circles). Three incidental hemangiomas were identified (short arrows).
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tributaries (10). Variation in the site of arterial entrap-
ment may result from anatomic variations, direction
of impact, and location of the clival fracture (10).

Longitudinal clival fractures are more rare than trans-
verse and oblique clival fractures with a higher like-
lihood of vascular injury and a rather high mortality
rate (67-80%) from the associated vascular injury (6,
8, 19). A very recent 2015 publication out of a Ca-
nadian Level 1 Trauma Center, which reported the
highest incidence of clival fractures (1.2%) as part of
basal skull fractures to date, also reported that 60%

were oblique, 26.1% were longitudinal, and 13.8%
were transverse (20). Their findings suggest that the
most commonly occurring clival fractures, in order of
decreasing frequency, were oblique, longitudinal, and
transverse, and was similar to that previously report-
ed in the largest series of 41 patients as published in
2009 by Ochalski et al. (17). Smaller case series have
described an equal incidence of longitudinal, oblique,
and transverse clival fractures (8, 27).

Transverse clival fractures carry a lower mortality
rate than longitudinal fractures and are more associ-

Image 7A: Gross image of the triangular shaped infarct of the pons, at the level of the middle cerebellar peduncles.
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Image 7: B and C) Whole mount section of the pontine infarct in the paramedian territories with focal extension into the tegmentum
(H&E and Luxol Fast Blue, x1.25). D-G) Histology of the pontine infarct with sharp limit and surrounding edematous spongiosis (H&E,
Luxol Fast Blue - D and E, x100; F and G, x400), anoxic neurons on the right side (F) and early neutrophilic reaction (G).
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Figure 1: Relative percentages of skull base fractures and ocation of the clivus. Created under contract by professional medical illustra-
tor Diana Kryski.
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ated with multiple cranial nerve defects and vascular
injuries of the anterior cerebral circulation (8, 24, 28).

Lateral impacts and transverse compressive forces of
the skull are well-known mechanisms for the devel-
opment of transverse fractures of the clivus (23, 24),
but a variety of impacts that include forces transmitted
along the vertebral column in the axial direction have
been described as the mechanism of development for
longitudinal fractures (6).

Oblique clival fractures extend from the lateral aspect
of dorsum sellae on one side to the contralateral pet-
roclival fissure (29).

Overall, the potential complications of clival fractures
are 1) death (from either vascular complications or di-
rect brain stem injury) and 2) cranial nerve deficits
in those who survive. Meguro and Rowed reported a
case of traumatic (dissecting) aneurysm of the PICA
produced by fracture of the clivus (30).

Mechanical trauma is a risk factor for the development
of acute dissection of the intracranial and extracranial
arteries (31). The extracranial arteries are more com-
monly affected than the intracranial arteries (32).

The fixed intraforaminal (V2) and the mobile (V3)
vertebral artery segments are particularly susceptible
to traumatic dissection (27, 28). In the present case,
the autopsy showed the intraluminal stenosis found in
the radiological tests was not reflective of traumatic
arterial dissection. Both the blunt trauma itself and the
presence of extensive retroclival hemorrhage may ex-
plain the luminal irregularities found in CT angiogra-
phy and magnetic resonance angiography, which most
probably represented vasospasm in our case.

Review of the medical literature on the topic revealed
14 reported cases of entrapped basilar artery (+/- ver-
tebral) within a longitudinal fracture of the clivus.
These were all reported between 1964 and 2016. The
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summary of the clinicopathological findings in each
case can be found in Table 1. Postmortem examina-
tion was conducted on seven cases.

Sato et al. had included an image of the longitudinal
fracture with its dural laceration and a photomicro-
graph of the entrapped basilar artery within the frac-
ture cleft with occlusion of the arterial lumen and loss
of the integrity of the inner elastic layer (11).

CONCLUSION

Fractures of the clivus are rare and the longitudinal
subtype of clival fractures are often fatal from associ-
ated entrapment of the vertebrobasilar arterial circula-
tion. This is the first case reported in the forensic pa-
thology literature. The nature of precipitating incident
that initiated the injury, the resultant clinical presen-
tation, and associated radiological and pathological
findings at autopsy have been presented to highlight
and provide an understanding of the entity for the fo-
rensic pathology community and add to the number of
published cases. The diagnostic utility of both CT and
CTA in raising suspicion for intracranial and extracra-
nial arterial traumatic injury has been highlighted.

Although radiological imaging had diagnosed the
nature of the underlying injurious pathology, which
provided a clear explanation of the clinical course and
resultant death of the patient, the performance of the
postmortem examination to answer a specific clinical
query was invaluable in providing clinicopathological
correlation, an overall understanding of the nature of
this rare entity, and the operative underlying mech-
anism of injury in this type of case, which may not
have undergone a medicolegal autopsy in many death
investigation jurisdictions and therefore may never
been seen by forensic pathologists in a postmortem
setting. For this reason, it has been presented in the
forensic pathology literature to alert forensic pathol-
ogists of its existence, especially in the setting of a
criminal assault.
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Reference

Loop et al. 59 M Hit by a falling beam
1964 (2)

Lindenberg 42 M Fall
1966 (3)

Sight et al. 23 M MVC
1968 (4)

Shaw et al. 59 M Hit by tree
1972 (5)

Anthony et al. 70 M Fall
1987 (6)

Guha et al. 27 M Fall
1989 (7)

Corradino et al. NA NA NA
1990 (8)

Sato et al. 80 M MVC
1990 (9)

Taguchi et al. 52 M Fall
2000 (10)

Sato et al. 56 M Fall
2001 (11)

Bala et al. 46 M Fall
2003 (12)

Cho et al. 54 M Bicycle crash
2008 (13)

Garcia et al. 37 M Fall
2012 (14)

Yamamoto et al. 62 M Bicycle crash
2015 (15)

Present Case, 2017 74 F Fall onto crown

GCS - Glasgow Coma Scale
F — Female

MVC - motor vehicle collision
VA - vertebral angiography
NA - not available

Outcome iagnostic

Method

3 Basilar Death day 14 Yes
15 Vertebral Death day 14 Yes
3 Basilar Death day 35 Yes
3 Basilar Death day 13 Yes
3 Basilar Death day 5 Yes
3 Basilar Vegetative VA
NA Vertebral Death VA
3 Vertebral and Death day 1 Yes
basilar
3 Basilar Quadriparesis CTA
3 Basilar Death day 4 VA Yes
15 Basilar Hemiparesthesia ~ CTA, MRA
8 Vertebral Dependent VA, CTA
15 Basilar Hemiparesis CTA, MRA
15 Vertebral Disorientation 3D-DSA
3 Basilar Death CTA, MRA Yes
M - Male

CTA - computed tomography angiography
MRA - magnetic resonance angiography
3D-DSA - three-dimensional digital subtraction angiography
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