
A 35-year-old man was witnessed to be held by two other men
and struck in the face with an object by a third man. The impact
caused his head to abruptly extend backward and rotate to his left.
He immediately lost consciousness and fell to the ground. Emer-
gency medical services arrived shortly after the assault and found
him pulseless and without respiration. They attempted resus-
citation, but he was declared dead by neurologic criteria. His body
was kept alive at the admitting hospital for 17 h pending organ
donation. He had no medical history of hypercholesterolemia or
hyperlipidemia.

Thirty-eight hours after he was pronounced dead, an autopsy
was performed at the Brooklyn branch of the Office of the Chief
Medical Examiner of the City of New York. External examination
revealed a 7.5 by 2.5-cm abraded contusion extending across the
right jaw and face (Fig. 1). There was a smaller abrasion on his
right forehead.

Anterior, posterior, and lateral neck dissections were performed,
including the distal extracranial portion of each vertebral artery.
The anterior cervical vertebrae were examined as the neck organs
were removed. Bilateral posterior-lateral neck incisions were made
to expose the lateral cervical vertebrae. The vertebral arteries were
dissected at the distal aspects. A posterior neck dissection was per-
formed and the spinal cord was removed. There were no areas of
hemorrhage and no fractures present in the neck structures. The

skull had no fractures, and there was no epidural or subdural hem-
orrhage. The brain was removed without creating artifactual lacer-
ations of the arteries at the base of the brain. There was a basilar
subarachnoid hematoma (Fig. 2). Inspection of the vessels at the
base of the brain revealed a laceration of the right internal carotid
artery (Fig. 3). It consisted of a 0.3-cm defect extending from a 0.6-
cm intimal tear of the anterior aspect of the artery approximately
0.6 cm distal to its intracranial origin near the clinoid process. The
arterial defect extended from a partial separation of the intima at a
calcific atherosclerotic plaque (Fig. 4). Neuropathologic evaluation
also revealed brain swelling and venous sinus thrombosis. There
were no cerebral artery aneurysms, intracerebral hemorrhages, or
vascular malformations.

Internal examination of the viscera revealed cardiac hypertrophy
(460 g) and left ventricular hypertrophy (1.4 cm). The coronary ar-
teries showed slight atherosclerosis with up to 40% occlusion. The
toxicology report was negative for commonly used prescription
and illicit drugs, including cocaine and its metabolites.

Discussion

Subarachnoid hemorrhage (SAH) is the most common intracra-
nial lesion seen in cases of blunt force head injuries. The clinical
sequelae of such injuries vary, but in a small number of instances
the injuries have proven to be rapidly fatal. When viewed in the
context of fatal head trauma in general, Freytag (1) suggested that
SAH was the sole traumatic intracranial finding in less than 1% of
cases. Identifying SAH as a traumatic cause of death can be diffi-
cult, particularly in those instances in which the SAH is the sole in-
tracranial finding, because the degree of external injury is some-
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times so slight that the visible signs of trauma are frequently judged
to be of insufficient magnitude to account for the development of
the hematoma.

In a series of cases involving traumatic SAH, Tatsuno and Lin-
denberg (2) found that 82% of such cases involved blows to the
head or neck. In their series, fatal basal SAH tended to occur in
young, apparently healthy, males, with over 50% occurring in
males between ages 20 and 39.

The same authors (2) also found that identification of the bleed-
ing source is not always possible and were unable to identify a spe-
cific arterial source in 59% of the cases they studied. In another se-
ries of 20 cases of traumatic basal SAH, the arterial source of the
SAH was not demonstrated in 35% of the cases studied (3). Con-
tostavlos (4) has described several cases where impacts to either
the neck or head lead to a laceration of the distal portion of the ex-
tracranial vertebral artery, causing dissection and subarachnoid
hemorrhage.

In this same series of 20 cases, where the source of bleeding
could be identified, it was found that 50% of the cases had demon-
strable laceration of a vertebral artery, with one case of a lacerated
basilar artery. Krauland (5) similarly reported identifying the ver-
tebral artery as the source of hemorrhage in 12 of 31 cases, or 39%.
Gray et al. (6) examined 14 cases of traumatic basal SAH specifi-
cally due to tears in the vertebral arteries and noted that 78% of
these lesions were in the intracranial portions of the vessels. In their
survey, Tatsuno and Lindenberg (2) noted that of the 14 cases in
which an identifiable source for the hemorrhage could be found,
four cases were noted to have tears in the intracranial internal
carotid arteries (28%), four cases revealed lesions in the vertebro-
basilar arteries (28%), and two cases showed defects in the stem of
the middle cerebral artery (14%).

In this case report, a 35-year-old man had a SAH arising from
a clearly demonstrable tear in the intracranial portion of the right
internal carotid artery, with an atheromatous plaque near the
disrupted area of the vessel. We postulate that the forces acting on
the head during abrupt hyperextension and rotation, in com-
bination with the alteration and possible compromise of the ves-
sel wall by atherosclerosis, are responsible for this unusual and
fatal injury.

FIG. 1—Abraded contusion on right jaw and face.

FIG. 2—Basilar subarachnoid hematoma.

FIG. 3—Laceration of right internal carotid artery.

FIG. 4—Calcified atherosclerotic plaque and laceration of right inter-
nal carotid artery.



The internal carotid artery runs in the carotid sheath, anterior to
the longis cervicis muscle and the transverse processes of the upper
three or four cervical vertebrae. It then passes directly anterior to
the anterior surface of the axis vertebra, where it then passes either
anterior or medial to the articular mass of the atlantis vertebra. Af-
ter this, it enters the petrous part of the sphenoid bone of the skull
via the carotid canal. Within the bone, the internal carotid is rela-
tively fixed, and it courses anterosuperiorly to exit the bone adja-
cent to the clinoid process, where it enters the cavernous sinus. It
then gives off the opthalmic artery before joining the Circle of
Willis and branching into the anterior cerebral and middle cerebral
arteries and posterior communicating arteries.

This proximity to the atlanto-occipital joint makes the extracra-
nial portion of the internal carotid artery vulnerable to stretch in-
jury when the head is abruptly hyperextended or rotated. The por-
tion of the internal carotid that is fixed within the sphenoid bone is
pulled upwards or laterally, and the portion of the artery that passes
close to the atlas and axis is stretched against their lateral masses
and can therefore tear (7). It is also by this mechanism that sudden,
sharp increases in blood pressure secondary to compression occur
in the carotid vessels during abrupt hyperextension or rotation of
the head.

The intracranial portion of the internal carotid artery is also sub-
ject to potentially damaging forces when the head is abruptly hy-
perextended and/or rotated from a resting position. When the head
is suddenly moved, the brain oscillates within the cranial vault due
to its inertia. After the head begins to move, the inertia of the brain
initially causes it to move in a direction opposite the direction of
force of the blow to the head and the head’s movement. Then, as the
head begins to snap back to its original position, the inertia of the
brain has been overcome, and the brain moves in the direction of the
blow as the head moves opposite. This oscillation of the brain is out
of phase with the movement of the head, causing the arteries at the
base of the brain to be subject to shearing forces. These forces are
likely to be greatest when the blow to the head causes it both to be
hyperextended and to move laterally (2). Therefore, the intracranial
portion of the internal carotid artery, where it is attached to the mo-
bile brain as it joins the Circle of Willis above where it is fixed
within the sphenoid bone, is subject to these shearing forces during
hyperextension and rotation of the head and can sustain a tearing in-
jury. In the case we present here, the intracranial right internal
carotid artery sustained a 0.3-cm tear adjacent to its exit from the
cavernous sinus at the right anterior clinoid process after witnesses
had seen the victim sustain a blow to the right face with a blunt ob-
ject that hyperextended and rotated his head leftward.

In addition to the above-described forces, the compromised in-
tegrity of the arterial wall may also have rendered the artery vul-
nerable to injury. The intimal surface of the victim’s right internal
carotid, adjacent to the 0.3-cm tear, showed a 0.6-cm laceration ad-
jacent to an atherosclerotic plaque, with partial separation of the
plaque. This type of lesion appears to be a somewhat unusual find-
ing, as another study (2) found no evidence of atherosclerosis in 33
of their 34 cases. They postulated that this finding was due to the
young age of most persons who are typically subjected to such
trauma. However, others have suggested that even in a younger
population, atheromatous plaques may play an important role in
determining the nature of arterial injury and its effects on the lumen

(8). Studies of sclerotic vessels have demonstrated that fibrotic ves-
sels have lower elastic moduli than normal vessels (9). Moreover,
distensibility of the sclerotic vessels was essentially equal to that of
normal vessels under low to moderate pressure conditions; but the
difference in distensibility became much more important at pres-
sures above 120 mm Hg (9). Pressure of this magnitude can occur
during acute compression of the neck vessels secondary to trauma.

Animal models that recapitulate the progression of vascular dis-
ease have been used to examine vessel wall characteristics during
early stages of hypercholesterol-induced atherosclerosis. Hironka
et al. (10) have shown that there is an alteration in vascular respon-
siveness of the aorta in rabbits during the very early stages of
atherosclerotic disease. Perhaps this phenomenon can be extended
to humans with mild vascular disease, and normal compensatory
mechanisms that ordinarily modulate vessel response to stretching
and pressure increases become inadequate, making vessels more
vulnerable to injury.

Finally, it has been postulated that plaques in the carotid arteries
of middle-aged Americans may contribute to alteration or focal de-
struction of arterial wall structural elements (11). This disruption of
structural integrity of vessels at the site of atherosclerotic plaques,
coupled with decreased elasticity and impaired ability to compen-
sate for rapid increases in intraluminal pressure, may act synergis-
tically to focally predispose vessels to laceration secondary to
trauma.

References
1. Lindenberg R, Freytag E. Brainstem lesions characteristic of traumatic

hyperextension of the head. Arch Pathol 1970;90:509–15.
2. Tatsuno Y, Lindenberg R. Basal subarachnoid hematomas as the sole in-

tracranial traumatic lesion. Arch Pathol 1974;87:211–5.
3. Simonsen J. Traumatic subarachnoid hemorrhage in alcohol intoxica-

tion. J Forensic Sci 1963;8:97–116.
4. Contostavlos DL. Massive subarachnoid hemorrhage due to laceration of

the vertebral artery associated with fracture of the transverse process of
the atlas. J Forensic Sci 1971;16(1):40–56.

5. Krauland W, et al. Subdurate Bluntgen aus Isolierten Verletzungen von
Schlagadern and der Hirnoberfaxche Durch Stumpfe Gewalt. Virchows
Arch 1962;336:87–8.

6. Gray JT, Puetz SM, Jackson S, Green MA. Traumatic subarachnoid
hemorrhage: a 10-year case study and review. Forensic Sci Int 1999;
105:13–23.

7. Davis JM, Zimmerman RA. Injury of the carotid and vertebral arteries.
Neuroradiology 1983;25:55–69.

8. New PFJ, Momose KJ. Traumatic dissection of the internal carotid artery
at the atlantoaxial level, secondary to non-penetration injury. Radiology
1969;93:41–9.

9. Mark G, Hudetz AG, Kereny T, Monos E, Kovach AG. Is the sclerotic
vessel wall really more rigid than the normal one? Prog Biochem Pharm
1977;13:292–7.

10. Hironaka K, et al. In vivo aortic wall characteristics at the early stage of
atherosclerosis in rats. Am J Physiology 1997;273:1142–7.

11. Riley, WA, Evans GW, Sharrett AR, Bruke GL, Barnes RW. Variation
of common carotid artery elasticity with intimal-medial thickness; the
ARIC study. Ultrasound Med Biol 1997;23:157–64.

Additional information and reprint requests:
Charles A. Catanese, M.D.
Medical Examiner Office
Kings County Hospital
“P” Building
451 Clarkson Ave
Brooklyn N.Y., 11203
E-mail: c_catmd@yahoo.com

KINDELBERGER ET AL. • HYPEREXTENSION AND ROTATION OF HEAD 3


