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Neurologic Disorders
Figure 457e-2 Multiple small areas of hemorrhage and tissue
disruption in the white matter of the frontal lobes on noncontrast
computed tomography scan. These appear to reflect an extreme
type of the diffuse axonal shearing lesions that occur with closed
head injury.
Torsional or shearing forces within the brain cause hemorrhages
of the basal ganglia and other deep regions. Large hemorrhages
after minor trauma suggest that there is a bleeding diathesis or cerebrovascular amyloidosis. For unexplained reasons, deep cerebral
hemorrhages may not develop until several days after injury. Sudden
neurologic deterioration in a comatose patient or a sudden rise in
intracranial pressure (ICP) suggests this complication has occurred
and should therefore prompt investigation with a CT scan.
A special type of deep white matter lesion consists of widespread
mechanical disruption, or shearing, of axons at the time of impact.
Most characteristic are small areas of tissue injury in the corpus callosum and dorsolateral pons. The presence of widespread multifocal
axonal damage in both hemispheres, a state called diffuse axonal injury
(DAI), has been proposed to explain persistent coma and the vegetative state after closed head injury (Chap. 328), but small ischemichemorrhagic lesions in the midbrain and thalamus are an alternative
explanation. Only severe shearing lesions that contain blood are
visualized by CT, usually in the corpus callosum and centrum semiovale (Fig. 457e-2); however, special MRI sequences that detect small
amounts of blood and diffusion tensor imaging can demonstrate
numerous such lesions throughout the white matter.
SKULL FRACTURES
A blow to the skull that exceeds the elastic tolerance of the bone
causes a fracture. Intracranial lesions accompany roughly two-thirds
of skull fractures, and the presence of a fracture increases manyfold the chances of an underlying subdural or epidural hematoma.
Consequently, fractures are primarily markers of the site and severity of injury. If the underlying arachnoid membrane has been torn,
fractures also provide potential pathways for entry of bacteria to the
CSF with a risk of meningitis and for leakage of CSF outward through
the dura. If there is leakage of CSF, severe orthostatic headache results
from lowered pressure in the spinal fluid compartment.
Most fractures are linear and extend from the point of impact
toward the base of the skull. Basilar skull fractures are often extensions of adjacent linear fractures over the convexity of the skull
but may occur independently owing to stresses on the floor of the
middle cranial fossa or occiput. Basilar fractures are usually parallel
to the petrous bone or along the sphenoid bone and directed toward
the sella turcica and ethmoidal groove. Although most basilar fractures
are uncomplicated, they can cause CSF leakage, pneumocephalus, and
delayed cavernous-carotid fistulas. Hemotympanum (blood behind
the tympanic membrane), ecchymosis over the mastoid process
(Battle sign), and periorbital ecchymosis (“raccoon sign”) are associated with basilar fractures. Because routine x-ray examination may fail

to disclose basilar fractures, they should be suspected if these clinical
signs are present.
CSF may leak through the cribriform plate or the adjacent sinus and
cause CSF rhinorrhea (a watery discharge from the nose). Persistent
rhinorrhea and recurrent meningitis usually require surgical repair of
torn dura underlying the fracture. The site of the leak is often difficult
to determine, but useful diagnostic tests include the instillation of
water-soluble contrast into the CSF followed by CT with the patient in
various positions, or injection of radionuclide compounds or fluorescein into the CSF and the insertion of absorptive nasal pledgets. The
location of an intermittent leak is infrequently delineated, and many
resolve spontaneously.
Sellar fractures, even those associated with serious neuroendocrine
dysfunction, may be radiologically occult or evident only by an airfluid level in the sphenoid sinus. Fractures of the dorsum sella cause
sixth or seventh nerve palsies or optic nerve damage.
Petrous bone fractures, especially those oriented along the long
axis of the bone, may be associated with facial palsy, disruption of ear
ossicles, and CSF otorrhea. Transverse petrous fractures are less common; they almost always damage the cochlea or labyrinths and often
the facial nerve as well. External bleeding from the ear is usually from
local abrasion of the external canal but can also result from petrous
fracture.
Fractures of the frontal bone are usually depressed, involving the
frontal and paranasal sinuses and the orbits. Depressed skull fractures
are typically compound, but they may be asymptomatic because the
impact energy is dissipated in breaking the bone; some have underlying brain contusions. Debridement and exploration of compound fractures are required in order to avoid infection; simple fractures usually
do not require surgery.
CRANIAL NERVE INJURIES
The cranial nerves most often injured with head trauma are the olfactory, optic, oculomotor, and trochlear; the first and second branches
of the trigeminal nerve; and the facial and auditory nerves. Anosmia
and an apparent loss of taste (actually a loss of perception of aromatic
flavors, with retained elementary taste perception) occur in ~10% of
persons with serious head injuries, particularly from falls on the back
of the head. This is the result of displacement of the brain and shearing
of the fine olfactory nerve filaments that course through the cribriform
bone. At least partial recovery of olfactory and gustatory function
is expected, but if bilateral anosmia persists for several months, the
prognosis is poor. Partial optic nerve injuries from closed trauma
result in blurring of vision, central or paracentral scotomas, or sector
defects. Direct orbital injury may cause short-lived blurred vision for
close objects due to reversible iridoplegia. Diplopia limited to downward gaze and corrected when the head is tilted away from the side
of the affected eye indicates trochlear (fourth nerve) nerve damage. It
occurs frequently as an isolated problem after minor head injury or
may develop for unknown reasons after a delay of several days. Facial
nerve injury caused by a basilar fracture is present immediately in up
to 3% of severe injuries; it may also be delayed for 5–7 days. Fractures
through the petrous bone, particularly the less common transverse
type, are liable to produce facial palsy. Delayed facial palsy occurring
up to a week after injury, the mechanism of which is unknown, has
a good prognosis. Injury to the eighth cranial nerve from a fracture
of the petrous bone causes loss of hearing, vertigo, and nystagmus
immediately after injury. Deafness from eighth nerve injury is rare
and must be distinguished from blood in the middle ear or disruption
of the middle ear ossicles. Dizziness, tinnitus, and high-tone hearing
loss occur from cochlear concussion, most typically after blast injury.
SEIZURES
Convulsions are surprisingly uncommon immediately after a head
injury, but a brief period of tonic extensor posturing or a few clonic
movements of the limbs just after the moment of impact can occur.
However, the cortical scars that evolve from contusions are highly epileptogenic and may later manifest as seizures, even after many months
or years (Chap. 445). The severity of injury roughly determines the

