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Head Injury

Introduction

Head trauma is the most common cause of death and perma-
nent disability following trauma. Blunt head injury is usually
the result of motor vehicle collisions, auto versus pedestrian
collisions, or falls from significant heights. Gunshot wounds
cause the vast majority of penetrating head injuries, although
stab wounds and impalement injuries may also be seen.

Clinical Examination

Head injury is classified into mild, moderate, and severe cate-
gories, depending on the patient’s Glasgow Coma Scale (GCS)
at the time of presentation.

Patients with mild head injury have a GCS of 14-15, those
with moderate head injury have a GCS of 9-13, and those with
severe head injury have a GCS of <9. The GCS is a physiologic
score and does not provide information about the anatomic
nature of the injury. It can be affected by hypotension, hypoxia,
hypoglycemia, medications, and alcohol and illicit drug use.
The anatomic severity of head trauma is described by the head
Abbreviated Injury Score (AIS), which is based on the com-
puted tomography (CT) scan, magnetic resonance imaging
(MRI), and operative findings. A head AIS of 1 or 2 indicates
minor brain trauma, an AIS of 3 indicates moderate trauma, an
AIS of 4 or 5 denotes severe trauma, and an AIS of 6 describes
a nonsurvivable injury.

Following the primary and secondary survey according to
Advanced Trauma Life Support (ATLS) protocols, a more spe-
cific head injury evaluation should be performed. The head is
inspected for signs of trauma, including lacerations, hematomas,
areas of skull depression, raccoon eyes, Battle’s sign, hemotym-
panum, rhinorrhea, and otorrhea. The pupils are examined for
symmetry and reaction to light, the extraocular movements and
other cranial nerve functions are assessed, and motor and sen-
sory function is assessed for symmetry or deficiencies.

Patients with brain stem herniation present with depressed
levels of consciousness; dilatation of the ipsilateral pupil, due
to compression of the third cranial nerve (in the early stages,
there may be transient pupil constriction due to stimulation of
the nerve); contralateral motor posturing (decorticate, fol-
lowed by decerebrate and finally flaccid paralysis); bradycar-
dia; elevated blood pressure; and irregular respiration.

Investigations

All patients with a GCS of <14, or patients with a GCS of 15
with a history of loss of consciousness, amnesia, headache,
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posttraumatic seizure, scalp hematoma, signs suspicious of frac-
ture of the base of the skull (ecchymoses around the eyes or
behind the ears, ear or nose bleeding, or cerebrospinal fluid
leakage), significant mechanism, advanced age, or history of
anticoagulation, should undergo noncontrast CT scan evalua-
tion. Selected patients may require further investigation by CT
angiography (CTA), MRI, or rarely cerebral angiography. The
ability to perform 3-D or multiplanar reconstructions may be
particularly helpful in the diagnosis of injuries like basilar skull
fractures.

Multitrauma patients may have injuries to the chest or
abdomen that require immediate operative intervention for
bleeding control, which takes priority over head-injury evalua-
tion. In these cases, the CT scan of the head may be deferred
until after the hemorrhage control.

CTA should be performed in suspected vascular injuries,
such as in the presence of fractures of the vertebral canal or the
carotid foramen, or in neck hematomas following blunt
trauma, such as seat-belt marks.

Skull X-rays are seldom indicated because CT scan is more
sensitive for identifying skull fractures and provides more
information regarding underlying brain injury. If CT scan is
not available, skull X-rays may be useful for identifying foreign
bodies (e.g., bullet fragments) or intracranial air.

General Management

The main goal of cerebral resuscitation in the emergency
department is to prevent secondary brain damage, by prevent-
ing or correcting any hypoxia, hypotension, seizures, hyperther-
mia, and hypercarbia. Cerebral resuscitation is performed in the
context of overall resuscitation and is guided by ATLS princi-
ples. Securing an airway and ensuring adequate oxygenation
and ventilation are the highest priorities. A brief neurologic
examination should be performed prior to using paralytic drugs
for rapid sequence intubation (RSI). Patients with a GCS <9
should be evaluated for intubation, and selected patients with
a higher GCS may also need intubation for airway protection.

The cerebral perfusion pressure (CPP) is defined as the
mean arterial pressure (MAP) minus the intracranial pressure
(ICP) and is a reflection of the blood flow and oxygen delivery
to the brain. Maintaining adequate CPP (CPP >70 mmHg in
adults, CPP >50 mmHg in young children) is important in the
face of increased ICP to prevent secondary ischemic injury.

Consequently, measures to decrease ICP while maintaining
adequate systemic blood pressure with resuscitation and
hemorrhage control are essential.
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For patients with evidence of increased ICP or clinical signs
of actual or impending herniation, immediate measures to
decrease ICP are indicated. The patient should be adequately
sedated and, if necessary, pharmacologically paralyzed.
Hyperventilation to reduce pCO?2 to a level of 32-35 mmHg
may temporarily decrease intracranial pressure. Mannitol
administration (0.5-1.0 g/kg over 20 minutes) may be consid-
ered in hemodynamically stable patients with no suspicion of
significant extracranial bleeding. In cases where potential
hypotension and hemorrhage are of concern, mannitol should
be avoided and consideration should be given to the use of
hypertonic saline (3% NaCl, 250 ml). The neck should be
cleared of any binding or restricting devices or ties to improve
venous drainage from the head. Positioning the head at 30
degrees elevation can decrease ICP once the spine has been
cleared. If the patient has spinal precautions, head-of-bed
elevation can be achieved with reverse Trendelenburg posi-
tioning. The placement of a ventriculostomy to drain cere-
brospinal fluid (CSF) is often effective for treating elevated
ICP. In refractory cases, barbiturate coma may be used to
decrease cerebral metabolic demand. In extreme cases,
a decompressive craniectomy or even lobectomy may be
considered.

Hyperthermia should be avoided, as this significantly
increases cerebral metabolism and oxygen demand. Seizure
prophylaxis (phenytoin loading dose 10-15 mg/kg over 30-
60 minutes, followed by 5 mg/kg per day or levetiracetam
500 mg twice a day for 7 days) in all patients with intracranial
hemorrhage is recommended.

Definitive treatment for head injury depends on the nature
of the lesion. Closed skull fractures require no specific treat-
ment, but open fractures should be irrigated, debrided, and
closed. Depressed skull fractures require elevation of the frag-
ment if the displacement is greater than one bone width, along
with debridement if the wound is grossly contaminated. Basilar
skull fractures usually heal uneventfully, but patients with
rhinorrhea or otorrhea require precautions and careful follow-
up to ensure that the fistula closes. Most CSF leaks stop within
two weeks, but persistent leaks may require a formal dural
closure.

Most intracranial injuries can be managed nonoperatively,
with supportive measures. Smaller lesions are usually managed
with observation and repeat CT scan, usually after about
six hours or earlier if the patient deteriorates.

As a general guideline, adults with epidural hematomas
(EDH) diameter >15 mm, subdural hematomas (SDH)
>10 mmHg, or a midline shift >5 mm require a craniect-
omy. Subarachnoid hemorrhage (SAH) is treated nono-
peratively and in severe cases with nimodipine (calcium
channel blocker) to decrease surrounding vasospasm.
Intraventricular hemorrhage (IVH) may require ventricu-
lostomy to remove blood and CSF, but the prognosis
usually remains poor.

ICP monitoring should be considered in patients with
a GCS <9 plus an intracranial pathology on CT scan or in
patients with a GCS <9 and normal CT scan, if two or more
of the following are present: (a) age >40, (b) BP <90, and (¢)

posturing. In addition to the diagnostic value, an ICP catheter
may be used for therapeutic purposes, to drain CSF and lower
the intracranial pressure.

Tips and Pitfalls

« Some patients are at a higher risk for intracranial
hemorrhage after relatively minor mechanisms of injury.
These include the elderly, chronic alcoholics, infants,
patients with cerebral atrophy, and patients on
antiplatelet or anticoagulant medications. A low
threshold for obtaining a head CT scan should be
maintained in these patients.

Pediatric patients with a GCS of 15 and scalp hematoma
should be evaluated by CT scan or observed for at least

six hours because of the risk of EDH.

« Altered mental status, seizures, and focal neurologic deficits
should not be ascribed to intoxication, dementia, or other
chronic conditions if there is a history or evidence of head
trauma present.

Excessive hyperventilation (pCO2 <30 mmHg) should be
avoided because it results in cerebral vasospasm and
decreased brain perfusion.

Subacute SDH may appear isodense with the surrounding
brain 5-10 days after the injury. Altering the density
values of the CT or using contrast will demonstrate the
lesion.

Coagulopathy is common with serious head injury and
may result in more severe bleeding, hemorrhage from
other noncerebral sites, and dysregulation of the
coagulation cascade. A baseline coagulation profile
should be obtained in all patients with serious head
injury and repeated periodically during admission.
Appropriate blood products and reversal agents should
be administered early.

o Child abuse should be suspected in cases of
intracerebral injury or skull fracture in infants and
children.

Scalp Injuries

The scalp is composed of five layers: skin, dense connective
tissue, loose connective tissue, aponeurosis, and epicranium.
The vessels and nerves are located in the dense connective
tissue. Scalp lacerations can bleed profusely because of the
rich vascularity and the position of the vessels in the dense
connective tissue, which limits retraction and constriction
when bleeding. It is important to suture or staple any scalp
laceration and apply a compression dressing as soon as
possible following the primary survey. Injection of local
anesthetic should be done in the dense connective tissue
and should be met with significant resistance. If there is
no resistance during injection, most likely the anesthetic is
infused into the loose connective tissue layer, which does
not contain any nerves, and it will not be effective. Scalp
lacerations usually heal well and rarely get infected because
of the rich blood supply (Figure 1.1).
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Figure 1.1 Major avulsion of the scalp. Perform extensive irrigation,
reapproximation with sutures or staples, followed by a compression dressing.
These wounds heal well because of the excellent blood supply of the scalp.

Skull Fractures

Skull fractures are often associated with intracranial injury,
and specific locations, such as those across the middle menin-
geal arterial groove or the dural sinuses, can be of particularly
high risk for EDH. CT scan has largely replaced plain

radiographs of the skull for diagnosis due to the high sensitivity
of CT scan for detection of fractures. The incidence of brain
injury in the setting of a skull fracture is high and occurs in
about one-third of the patients. Skull fractures in infants are
commonly due to child abuse, and the circumstances sur-
rounding the injury need to be carefully investigated.

As with fractures of other boney structures, skull fractures are
classified as simple or comminuted, displaced or nondisplaced,
and open or closed. Linear fractures are the most common,
accounting for approximately 80% of all skull fractures, and gen-
erally result from lower-energy blunt trauma over a large surface
area. In contrast, comminuted fractures contain multiple fracture
lines and generally require a larger amount of force to create
compared to linear fractures. Displaced fractures are the result
of a very-high-energy direct blow to a small surface area. Patients
with depressed skull fractures have an increased incidence of
posttraumatic seizures because the impact of the fragments on
the cortex of the brain results in areas of trauma that may ulti-
mately become seizure foci. Consequently, seizure prophylaxis is
begun on admission and continued for one week. The manage-
ment of closed depressed skull fractures depends on the degree of
depression. Conservative treatment is usually recommended for
closed fractures with minor depression; however, surgical eleva-
tion of the fragments is usually recommended if the depression is
greater than one bone width (from inner to outer table) (Figure 1.2
A-C, Figure 1.3 A,B, Figure 1.4, Figure 1.5 A-D).

Figure 1.2 A-C Skull fractures. Lateral skull radiograph showing a comminuted fracture of the apex of the skull (arrow; A). CT scan showing a displaced fracture of the skull
(arrows; B). CT scan showing right frontal and left parietal skull fractures with minimal displacement (arrows; C).

Figure 1.3 A,B Linear fractures of the skull. Intraoperative appearance of a linear fracture of the temporal bone (A). Intraoperative appearance of a linear fracture of

the vault of the skull (B).
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Open fractures that communicate with the skin or mucus
membranes may result in the direct introduction of contami-
nants such as hair, skin, or foreign debris into the cranial vault.
Pneumocephalus (air within the confines of the skull) rarely
results in mass effect and displacement of intracranial contents.
More commonly, its significance is the presence of a direct

Figure 1.4 Linear skull fracture crossing the middle meningeal artery is often
associated with large EDH.

Figure 1.5 A-D Depressed skull fractures. Lateral
radiograph of the skull showing hyperdensity due to
overlapping bone fragments (arrow) at the apical—
parietal skull (A). CT scan showing right
temporoparietal comminuted depressed fracture
(arrow) and associated soft tissue swelling. This
patient suffered a concomitant EDH (B). CT scan
showing depressed fracture of the left parietal bone
(large arrow) with underlying EDH (small arrow; C).
CT scan showing 3-D reconstruction of a skull with
left parietal depressed comminuted skull fracture
(arrow; D).

communication between the brain and the extracranial environ-
ment, which may lead to the development of meningitis, osteo-
myelitis, or, more commonly, brain abscess. Consequently, open
skull fractures must be carefully debrided, irrigated, and closed
to prevent such complications. Prophylactic antibiotics are indi-
cated for the treatment of open skull fractures (Figure 1.6).
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Skull Fractures

a basilar fracture varies depending on location. Anterobasilar
fractures may present with raccoon eyes (hematomas around
the eyes), rhinorrhea, and anosmia; middle fossa fractures may
present with hemotympanum, otorrhea, vertigo, or Battle’s sign
(ecchymosis of the skin behind the ear); posterior fossa fractures
may present with ataxia and nystagmus. Raccoon eyes and
Battle’s sign may develop over time, despite being absent on
initial presentation (Figure 1.7 A,B, Figure 1.8 A-C).

Figure 1.6 Open skull fractures: CT scan of a patient with an open skull
fracture and extensive pneumocephalus.

Isolated skull fractures may result in headache and local
tenderness. Physical examination of the skull may reveal
a depression in the skull, but more commonly, the fracture is
not palpable because of overlying soft-tissue swelling.

. Figure 1.7 A,B Physical examination findings indicative of basilar skull fracture
BaS||ar SkU” FraCture of the anterior cranial fossa. Patient with bilateral periorbital ecchymosis (raccoon

The skull base is divided into three compartments (anterior eyes), due to fracture of the base of the anterior skull fossa (A). Bilateral raccoon
iddl d teri f ) d the dlinical tati % eyes and massive epistaxis in a patient with severe basilar skull fracture (B).
mi € and posterior rossa), an € clinical presentation O

Figure 1.8 A-C Physical exam findings indicative of basilar skull fracture of the middle cranial fossa. Battle's sign — ecchymosis over the mastoid process, indicating
basilar fracture involving the middle cranial fossa (A). Bloody otorrhea following basilar skull fracture of the middle cranial fossa with rupture of the tympanic
membrane (B). Bloody otorrhea, reveals the "halo effect” or “double ring sign” (arrow) of CSF separating from blood when applied to the sheet (C). This sign can also
be seen when the bloody drainage is applied to a paper towel or filter paper.
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A careful neurologic exam is also required, as the cranial
nerves can be injured as they exit the skull base. Basilar fractures
may be associated with a tear of the underlying dura, resulting in
CSF leakage and rhinorrhea or otorrhea. If the tympanic mem-
brane remains intact, hemotympanum may be seen. Although

meningitis can ensue from a persistent CSF leak, prolonged
prophylactic antibiotics are not indicated. About 90% of the
dural tears heal within one week. Persistent leakage beyond
two weeks may require operative repair with a dural patch
(Figure 1.9 A,B, Figure 1.10).

Figure 1.9 A,B Patient with basilar skull fracture and right abducens nerve (cranial nerve V1) paralysis, presenting with diplopia. The right eye cannot gaze laterally

(A) and when gazing forward it develops medial strabismus (B).

Figure 1.10 Fracture base of the skull with left oculomotor nerve (cranial nerve lll). The patient had diplopia, ptosis, mydriasis, and inability for medial gaze.

Basilar skull fractures are diagnosed primarily using CT scan.
The sensitivity of standard CT scan for basilar skull fractures is
lower than for fractures of the rest of the cranium, and special
views with thin cuts may be needed for accurate diagnosis.

The treatment of a basilar skull fracture is conservative
unless there is a cranial nerve compression, which requires
surgical decompression. In the presence of a basilar fracture

in the anterior cranial fossa, a nasogastric tube should never be
inserted due to the risk of inadvertent placement of the tube in
the brain. In these cases, an orogastric tube is preferable. Also,
bag-valve mask ventilation in the presence of an anterior fossa
basal fracture can cause massive pneumocephalus (Figure 1.11
A,B, Figure 1.12 A,B).
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Intracranial Hematomas

Epidural Hematoma

EDH accounts for approximately 10-15% of severe head inju-
ries, with the peak incidence in young adult males between the
ages of 15 and 24. Common etiologies include motor vehicle
collisions, auto versus pedestrian, and sports injuries. The typi-
cal EDH is unilateral and occurs as a result of a temporoparietal
skull fracture that transects the course of the middle meningeal
artery. Another source of bleeding is injury to the venous
sinuses. Blood accumulates outside the dura mater, dissecting

Intracranial Hematomas

Figure 1.11 A,B latrogenic complications in
basilar skull fractures. Plain X-ray showing

a nasogastric tube inserted in the brain through

a fracture of the anterior cranial fossa (A). In the
presence of such fractures, an orogastric tube
should be inserted. CT scan with significant
amounts of pneumocephalus following fracture
base of the skull and use of bag-valve mask by the
paramedics (B).

Figure 1.12 A,B Radiological diagnosis of
fractures of the base of the skull. CT scan of the base
of the skull showing a basilar skull fracture (bottom
arrow) and isolated air-fluid level in the sphenoid
sinus (top arrow), which is characteristic of basilar
skull fracture (A). CT scan with occipital basilar skull
fractures (B).

the dura from the inner table of the skull, and compresses the
underlying brain as it expands (Figure 1.13).

The classic clinical pattern is that of an initial head
trauma with loss of consciousness, followed by a lucid inter-
val, with a subsequent decrease in the level of consciousness
due to mass effect from the accumulating EDH. However,
only 30% of patients with EDH demonstrate this classical
pattern, and approximately 8% of EDHs are detected after
a significant delay. Many patients, particularly pediatric
patients, are asymptomatic, without headache, amnesia, or
loss of consciousness, and have deterioration several hours
after injury (Figure 1.14 A-C).
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parenchyma.

Figure 1.13 lllustration of EDH and SDH: The EDH is lenticular in shape located between the skull and
the dura mater. The SDH is crescent-shaped and located between the dura matter and the brain

Figure 1.14 A-C EDH: Subtle left parietal EDH without mass effect (A). Large EDH in the right parietal area (arrow) with narrowing of right ventricle and midline

shift (B). EDH: Massive EDH with severe midline shift (C).

The diagnosis of EDH is based on CT scan. CT scan
reliably demonstrates the typical hyperdense accumulation
of blood in a lenticular shape at the periphery of the
cerebrum, indenting the cerebral cortex and brain parench-
yma. Outside of the posterior fossa, the hematoma will not
cross suture lines, as the dura is tightly adhered at these
fixed points. CT scan is indicated in patients who have

a history of head injury with loss of consciousness, GCS
<15, headache, or scalp hematoma. CT scan findings may
be subtle in patients with severe anemia (lowering the
density of the hematoma on CT scan), hypotension
(which reduces the rate of arterial blood loss), or if the
CT scan is obtained too soon after the trauma, prior to
significant accumulation of blood (Figure 1.15 A-C).
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Figure 1.15 A-C Large right EDH with mixed densities (arrows), suggestive of active bleeding (A). Intraoperative appearance of a large EDH after removal of the
skull. The hematoma is on top of the dura mater (B). The dural membrane appears intact after evacuation of the EDH (circle shows a skull fracture; C).

The treatment of a significant EDH, usually >15 mm in
diameter in adults, is surgical evacuation of the clot and liga-
tion of the bleeding vessel or repair of the dural sinus lacera-
tion. The prognosis is excellent in isolated EDH if the diagnosis
and treatment are made early.

Subdural Hematoma

SDH is divided into three categories, based on the time
elapsed since the injury. These categories are acute SDH
(0-24 hours), subacute SDH (1-7 days), and chronic SDH
(>7 days). The importance of this distinction is that the
appearance of the hemorrhage on CT scan varies with
time as it moves from a solid hyperdense clot (acute SDH)
to an intermediate or isodense phase, in which the hema-
toma is often indistinguishable from adjacent normal brain
tissue (subacute SDH). After approximately 5-10 days,
a chronic phase begins, in which the cellular elements of

the hematoma break down and are reabsorbed, leaving
a fluid-filled encapsulated hypodense mass (chronic SDH).
Radiographic interpretation has to take these sequential
changes into account.

SDH accounts for approximately 40% of severe head injury.
It is found in all age groups, but certain populations are at
higher risk for SDH, including the elderly, chronic alcoholics,
patients who are anticoagulated, and infants (shaken baby
syndrome). Symptoms of SDH depend on multiple variables,
including the size and location of the SDH, the rate of accu-
mulation of blood, the degree of underlying brain injury, the
extent of cerebral atrophy, and the premorbid level of
functioning.

Acute SDH results from either a direct blow to the head
resulting in cortical brain damage and bleeding or accel-
eration/deceleration forces causing avulsion of the bridging
veins from the dura to the surface of the brain, resulting in
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accumulation of blood under the dura. This collection of
blood is seen on CT scan as a hyperdense semilunar (cres-
cent-shaped) hematoma that conforms to the convexity of
the cerebral hemisphere. Depending on the size of the
hematoma and the degree of underlying cerebral edema,
a mass effect will occur, with obliteration of the ventricles
and cisterns and shift of cerebral structures across the

midline that may culminate in transtentorial herniation.
Because of underlying cortical damage, patients will often
demonstrate contralateral focal neurologic deficits consis-
tent with the location of the SDH. Additional symptoms
include altered mental status, headache, nausea and vomit-
ing, and symptoms related to increased intracranial pres-
sure (Figure 1.16 A-C, Figure 1.17 A-E).

Figure 1.16 A-C CT scans of SDH. Right SDH (arrow) with significant midline shift (A). Large right SDH (large arrow) associated with major midline shift
(small arrow), and left subarachnoid hemorrhage (circle; B). Left subdural hematoma (arrow) with significant midline shift of nearly 1.5cm (C).
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