
Traumatic injury remains the leading cause of death and a
major cause of disability among children around the world.1,2

Each year in the United States, there are more than 100,000 cases
of traumatic brain injury (TBI) in children, of which 10-15% are
severe, resulting in permanent neurologic damage.3 In addition to
emotional burdens to the family,
the economic consequences of
providing a lifetime of care for
a patient with severe head
injury can exceed $2 million.3

TBI, isolated or associated with
other extracranial injuries,
occurs in up to 85% of pedi-
atric traumas, most due to a
blunt mechanism.4,5

Although TBI is the most
common cause of death in
childhood, many of these
deaths may be preventable.
Inadequate evaluation, result-
ing in inappropriate treatment,
may contribute to approximate-
ly 30% of deaths in children
with severe trauma.6 Prompt,
accurate assessment of the severity of injury and early initiation
of appropriate critical care is of crucial importance in prevent-
ing these deaths.

The treatment of TBI in children is a complex problem with a
very broad scope. Many of the treatments and treatment strate-
gies for infants and children with severe TBI have been extrapo-
lated from those used in adults. This may be problematic for two

reasons. First, there may be age-related differences in the patho-
biology and pathophysiology of head injury.7,8 Second, no specif-
ic therapy for the treatment of severe TBI in pediatric patients
has successfully undergone a multicenter trial to unequivocally
prove efficacy.9-11  This issue reviews the anatomy, pathophysiolo-

gy, and current therapy avail-
able for severe TBI in children.

— The Editor

Mechanisms of Injury
Though similar to adults in

that head trauma in children
(older than 4 years old) is often
motor vehicle related, the per-
centage of motor vehicle-relat-
ed accidents also increases
with increasing age: 20% in
children 0-4 years of age, and
up to 66% in adolescents.12

Younger children more com-
monly suffer pedestrian or
bicycle-related injuries, where-
as adolescents are more often
injured in motor vehicle acci-

dents as passengers, similar to adults. Motor vehicle injuries
also account for the highest proportion of fatal injuries in all
groups. Among infants, toddlers, and young children, the major
causes of head trauma are assaults/child abuse and falls; they
account for nearly 50% of cases. In older children, falls and
assaults/abuse result in less than 20% of TBI. In older children,
other etiologies of TBI include sports- or recreation-related
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injuries and penetrating injuries. In later childhood, including
adolescence, the leading causes of trauma are similar to those
found in adults and include motor vehicle accidents (as a pas-
senger), sports, and recreational activities.8

Pathophysiology
Pathological and experimental data have determined the type

of damage that occurs after a closed head injury. At the time of
the event, the forces of the impact cause the primary damage
through contact of the intracranial contents with the internal
bony prominences of the skull.13,14 Acceleration and deceleration
can introduce shearing forces that further injure the brain. Fol-
lowing these injuries, secondary damage may occur through
swelling and ischemia.13,14

By definition, primary traumatic injury occurs immediately
on impact. This may lead to irreversible damage from direct
mechanical disruption, and is dependent on the cause and sever-
ity of the inciting injury. Secondary injuries are pathophysiolog-
ic events occurring within minutes, hours, or days of the pri-
mary injury, and may lead to further damage of nervous tissue,
prolonging or contributing to neurologic deficits. (See Figure 1.)
Secondary insults likely to be responsible for ischemia and other
forms of secondary brain damage may be of intracranial or sys-
temic origin.

The primary injury potentially can elicit a secondary response
from the brain as a reaction to the injury.8 This secondary
response is a cascade of biochemical and physiologic events with-

in the brain that is believed to contribute to the diffuse cerebral
swelling and further tissue damage and loss frequently seen fol-
lowing pediatric TBI. It is important to differentiate between the
secondary injury from this cascade of events and secondary injury
caused by secondary systemic insults. The secondary response
normally observed after TBI includes the loss of cerebral autoreg-
ulation, breakdown of the blood-brain barrier, intracellular and
extracellular edema (cytotoxic vs vasogenic), diffuse and focal
edema, and ischemic brain injury. Multiple factors are believed to
contribute to the evolution of the injury, including intracranial
hypertension from diffuse swelling, ischemia, and vasospasm.

Early outcome studies of severe TBI in children suggested that
the diffuse brain swelling was from vasomotor paralysis, cere-
brovascular dilation, and increased cerebral blood volume, but not
edema.15 On computed tomography (CT) scans, the brains in
these patients had increased density due to hyperemia, which was
believed to result in the “malignant” brain swelling observed.
More recently, this concept has come into question. Early after
TBI, cerebral blood flow is low, with an increase in the arterial-
jugular venous difference in oxygen content, suggesting early
hypoperfusion or ischemia.16-19 It is during this initial period, fol-
lowing the injury with early flow reduction, that oxygen delivery
can be marginal, and can be contributory to adverse outcome.19

One-third of patients with severe TBI have “ischemic” cerebral
blood flow (< 18 mL/100g/min).8

The implication of “hyperemia” as the primary cause of brain
swelling immediately after TBI in children has influenced early
therapy. First, vigorous hyperventilation to bring down the cere-
bral blood volume (CBV) has been advocated. From data now
available, it cannot be concluded that CBV is increased substan-
tially with diffuse cerebral swelling.20 Therefore, the routine use
of hyperventilation cannot be supported and, in fact, it may
induce ischemic brain damage. Second, patients with TBI may
be vulnerable to excessive vasoconstriction during acute hyper-
ventilation. Nearly 20% of adult TBI patients and 73% of chil-
dren developed wide cerebral arteriovenous content differences
during hyperventilation.21,22

With the early findings of regional and global ischemia in
pediatric head injury and the association of hypoxic-ischemic
episodes to outcome,19 the effects of ischemia on the pathophysi-
ologic cascade are believed to remain an important facet to the
ongoing secondary injury. Ischemia contributes to energy failure
leading to depolarization, calcium accumulation, lactate accumu-
lation, and acidosis.8 This can lead to further cellular breakdown
and damage. A local inflammatory response is also initiated in
the brain after TBI. Cerebrospinal fluid levels of cytokines (IL-1,
IL-6, and IL-10) are increased.23 IL-6 has been shown to be ele-
vated in the cerebrospinal fluid of children early after TBI, to
levels comparable to those seen in blood during sepsis.23 Levels
of IL-10 were higher in those patients with a poor outcome and
young age. Additionally, endogenous cascades as a result of the
secondary response to TBI play a role in the worsening of sec-
ondary brain injury. The importance of excitatory amino acids
(glutamate and aspartate) causing or enhancing secondary brain
injury has been reported. 8,24
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These biochemical cascades, in combination with the cere-
brovascular response and edema, contribute to diffuse cerebral
swelling and uncontrolled intracranial hypertension. Additional
studies on cerebrospinal fluid in the pediatric age group will be
important for understanding the biochemical response to TBI and
will be essential to the development of novel treatment modali-
ties to interrupt the ongoing secondary injury.8

The very young developing brain can be particularly suscep-
tible to extensive damage and, as a result, have a greater likeli-
hood of worse outcome. It is during this developmental period
that the immature brain can be anatomically more vulnerable to
shearing, or to disturbances of autoregulation of cerebral perfu-
sion after the injury.8,25

In addition to the evolution of the secondary damage in the
injured brain, injury can be greatly augmented by secondary
extracerebral insults such as hypoxemia or hypotension. One
group reported a strong association between diffuse brain
swelling and either hypoxemia or early hypotension, and com-
mented that these factors play a particular role in the pathogene-
sis of diffuse swelling frequently seen in children.26 Children are
prone to suffer a hypoxemic or hypotensive episode post trauma
and, as a result, are more likely to develop diffuse swelling.

Primary Injury
Concussion. Traditionally, concussion refers to a brief loss of

consciousness after a closed head injury and is accompanied by a
flaccid motor state followed by complete recovery.13 More recently,
experts have placed such mild head injury at the lower end of a
spectrum of conditions caused by diffuse axonal injury. There is
evidence for disruption of axonal functioning after such injury.27

Frequently, a brief period of both retrograde and anterograde amne-
sia follows this event, and there may also be longer-term sequelae.28

Fractures. Skull fractures frequently accompany closed head

injury. Fractures may be a relatively benign event causing no
neurological insult, or they may be found in association with
severe damage to the brain. Skull fractures are generally divided
into two types: linear and depressed.13 Linear fractures are
caused by deformation of the skull over a wide area and may be
located over the cranial vault or the basilar skull.29 Closed linear
fractures are of little consequence themselves, but they may sig-
nify underlying pathology. Depressed fractures, on the other
hand, are segments of the bone that are driven into the cranium
below the surrounding skull surface.

If a skull fracture crosses a dural vessel, such a vessel may be
torn, which may lead to an epidural hematoma. Skull fractures
occur in up to 25% of pediatric TBI patients and are less com-
monly associated with epidural hematoma (40%) than in adults
(61%).8 Sufficient force to cause a fracture may also damage the
intracranial contents. An open linear fracture leaves the bone and
the dura exposed and raises the possibility of infection.

The skull base is a frequent site of fracture and accounts for
approximately one-fifth of all cases of skull fractures.30 The weak-
er areas of the skull, including the petrous temporal bone, the fora-
men magnum, and parts of the sphenoid bone and sinus, are typi-
cal sites.13,31 Fractures in these locations may tear the dura and
involve air sinuses, which then allow ingress of infecting organ-
isms; a fistula may also form, allowing cerebral spinal fluid (CSF)
to leak. The incidence of intracranial infections is approximately
10% in such cases.13,32 In addition, the cranial nerves are at risk for
injury as they exit through the base of the skull. Vascular injury,
particularly to the internal carotid artery, may also occur. The well
known raccoon’s eyes and Battle’s sign may accompany an anteri-
or skull base fracture or a temporal bone fracture, respectively.

Hematoma and Hemorrhage. Following closed head injury,
bleeding can occur at a number of sites within the cranium. Out-
side the dura, epidural hematomas may form; intradural
hematomas include subdural and intracerebral hematomas. The
pathophysiology of these two types of injury differ significantly.
Traumatic subarachnoid hemorrhage also frequently accompa-
nies closed head injury. Focal injuries such as subdural, epidural,
and intracerebral hematomas occur with a higher incidence in
adults (30-42%) vs. children (15-20%).8

Epidural Hematoma. As a result of closed head injury, lacer-
ation of meningeal vessels, typically branches of the middle
meningeal artery, can result in the formation of an extradural or
epidural hematoma, which is often accompanied by a linear frac-
ture. Epidural hematomas result from brief linear contact forces
that commonly occur in unintentional falls.33 The squamous part
of the temporal bone is a common site for such injuries. Bleeding
from these vessels strips the dura away from the inner table of
the skull. (See Figure 2.) As the hematoma grows in size, pro-
gressive compression of the brain and elevation in intracranial
pressure (ICP) lead to fatality. Only 3-13% of epidural
hematomas occur in the occipital region, which is the most com-
mon site for a venous epidural hematoma. A wide spectrum of
clinical presentations may occur with this lesion, including mini-
mal to severe alterations in consciousness.34 The classical presen-
tation of a lucid interval followed by clinical deterioration is non-

Primary Brain Injury
Anatomic, hypoxic, and/or vascular
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Figure 1. Primary and Secondary Brain Injury

Secondary Brain Injury

Systemic Causes Neurologic Causes
(extracranial) (intracranial)

•   Hypotension •   Raised intracranial pressure
•   Hypoxemia •   Herniation/compression
•   Anemia •   Vasospasm
•   Hypocarbia •   Hematoma
•   Hypercarbia •   Seizures
•   Hyperthermia •   Edema
•   Hyperglycemia •   Infection
•   Hypoglycemia •   Hyperemia
•   Hyponatremia



specific for epidural hematoma. Rapid CT scanning and surgical
intervention have dramatically reduced the morbidity and mortal-
ity due to this lesion.

Subdural Hematoma. In contrast to epidural hematoma, the
characteristic lesion in subdural hematomas is accumulation of
blood in the subdural space, that is the space between the dura and
the arachnoid. These lesions are commonly graded in terms of age:
acute, subacute, and chronic. Subdural hematomas form from
forceful acceleration and deceleration of the cranium. In the acute
phase, a torn bridging vein or, less frequently, a damaged surface
cerebral artery, allows egress of blood into the subdural space.13

This accumulation occurs most commonly over the cerebral con-
vexities in the frontal and temporal areas. (See Figure 3.) The
blood may cause mass effect on the underlying brain and result in
elevated ICP leading to neurological dysfunction and ischemia. In
addition, acute subdurals are commonly associated with underly-
ing parenchymal injury which may lead to swelling and shift of the
intracranial contents out of proportion to the extent of the
hematoma.35 Recent studies point to continued poor outcomes in
acute subdural hematoma, despite early surgical intervention.35

If the acute hematoma is present for more than three days, it
may appear less dense on imaging studies (i.e., CT) and form a
subacute subdural. A remote head injury (older than 2 weeks)

may lead to the appearance of a chronic subdural hematoma.
This subdural fluid collection has a density only slightly greater
than CSF on CT. As the clot of an acute subdural liquifies, it is
replaced by the dark fluid that is characteristic of chronic subdur-
al hematomas. This fluid may also be surrounded by vascular
membranes. This chronic collection can cause mass effects on
the brain and be responsible for seizures, progressive dementia,
or alterations in level of consciousness.

Intracerebral Hematomas and Contusions. Moderate and
severe closed head injuries are frequently associated with intrac-
erebral hematomas. The stress of shear forces tears small vessels
within the brain parenchyma and produces an accumulation of
blood, most commonly in the frontal and temporal lobe white
matter.13 Higher impact injuries can produce intracerebral
hematomas deep in the basal ganglia, corpus callosum, or brain
stem. (See Figure 4.)

It is well documented that intracerebral hematomas may arise
long after closed head injury, although initial imaging studies
may have been negative.36

Points of contact between the brain and the skull may lead to
contusions following head injury.13 In these areas, necrotic tissue
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Figure 2. Epidural Hematoma Figure 3. Subdural Hematoma

13-year-old male after falling off the hood of a car that was
traveling 40 mph. Non-contrast CT shows a large right parti-
etal epidural hematoma causing marked mass effect and trans-
falcine herniation.

17-month-old female with facial bruising and gait abnor-
malities. CT reveals left frontoparietal subdural hematomas of
differing densities, indicating repeated intracranial insults of dif-
fering ages. Left frontoparietal edema has caused midline shift,
subfalcine and transtentorial herniation.



and ruptured vessels make up the damaged area. The frontal and
temporal tips or poles are the most common sites of this type of
injury. Contusions below the area of impact on the skull are
termed coup contusions, whereas contusions occurring on the
side of the brain opposite the site of impact are called contrecoup
contusions. Both types of lesions can lead to delayed swelling
and hemorrhage in the brain and neurological deterioration.

Subarachnoid Hemorrhage. Trauma frequently leads to
subarachnoid hemorrhage and is, indeed, the main cause of this
condition.13 Superficial vessels running in the subarachnoid
space may be lacerated by the forces from an injury. (See Figure
5.) Subarachnoid hemorrhage following trauma may lead to
vasospasm and further ischemic injury to the brain, though
vasospasm may also occur in the absence of subarachnoid hem-
orrhage after trauma.37 Diffuse subarachnoid hemorrhage follow-
ing trauma is associated with a high mortality rate.13

Diffuse Axonal Injury. The shearing forces that accompany
closed head injury can directly damage the axons in the central
nervous system (CNS).13 The importance of this mode of injury,
called diffuse axonal injury (DAI), has come to be recognized in a
wide spectrum of insults. Clinical experience has demonstrated
that there are patients who suffer closed head injury and never
recover consciousness, but nevertheless lack large macroscopic
intracranial lesions such as contusions, hematomas, or diffuse
edema. Pathological studies have shown that these patients suffer

shearing injuries of axons in the white matter as well as rents in the
rostral brainstem and corpus callosum.13 Pioneering work in
microscopic examination of these lesions demonstrated that axons
under these conditions underwent transection and characteristic
formation of retraction balls. In the severest form, lesions in the
brainstem and corpus callosum lead to permanent loss of con-
sciousness.13 Less severe forms, which do not involve the brain-
stem, lead to temporary alterations in consciousness and neurolog-
ic deficits. The least severe forms of DAI may correlate with con-
cussion. DAI may also accompany contusions and subdural and
intracerebral hematomas. Lesions that occur with DAI are com-
monly small and noted bilaterally at the gray-white matter inter-
faces of the frontal lobes and anterior parietal lobes. They are also
commonly located in the corpus callosum, basal ganglia, and
brainstem. The orientation of the lesions are along the white matter
tracts and are, therefore, typically larger in their sagittal and verti-
cal dimensions than in their transverse dimension. DAI lesions are
usually nonhemorrhagic and are often not seen on CT. Magnetic
resonance imaging (MRI) utilizing T2, GLAIR, or T1 sequences,
easily identifies nonhemorrhagic and small hemorrhagic lesions.
Therefore, MRI may be indicated in the persistently unresponsive
traumatized child with a negative CT.38 (See Figure 6.)

Hypoxic Ischemic Injury (HII). HII is a major cause of mor-
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Figure 4. Intracerebral Hematoma

5-year-old male involved in a rollover motor vehicle accident.
CT shows right basal ganglia and midbrain hemorrhages.

Figure 5. Subarachnoid Hemorrhage

12-year-old male ejected during a motor vehicle accident.
The subarachnoid space surrounding the midbrain is increased
in density (white arrow). Pneumocephalus is noted adjacent to
a left temporal hemorrhagic contusion (black arrow), suggest-
ing a basal skull fracture.



bidity and mortality in the traumatized pediatric patient. CT is
usually the first neuroimaging test completed in a traumatized
child with HII. The CT scan may be negative if it is completed
soon after the traumatic episode. The interval between cerebral
insult and sufficient cerebral edema to be detected on CT can be
as long as 12 and 24 hours, but has been identified as early as 77
minutes.39 Early CT findings of edema may present as multifocal
areas of low density with loss of the gray-white matter junction,
which may later become diffuse.

Profoundly injured children may manifest diffuse cerebral
edema that predominately involves the cerebral cortex and sub-
cortical white matter, but spares the basal ganglia, thalami, brain-
stem, and cerebellum. This has been called the “reversal sign”
due to low density of the peripheral cerebrum and the relatively
high density of the basal ganglia, brainstem, and cerebellum.

Clinical Assessment of Acute Coma in Children
Persistent CNS damage remains one of the main causes of

mortality and long-term morbidity in previously healthy children
who sustain acute TBI. In emergencies, intensive resuscitative

measures, surgery, and specific therapeutic intervention are
employed to limit the risk of severe cortical damage.

In children, coma is the most prominent clinical presentation of
acute brain injury which, if precipitated by trauma, may set in after
a longer lucid interval than in adults. In supratentorial lesions, pro-
gressive rostral-caudal deterioration (central syndrome), uncal syn-
drome, or combined central and uncal herniation can be identified
by careful clinical assessment of consciousness; respiratory pat-
tern; pupillary, corneal, and motor responses; and oculovestibular
reflexes. The Glasgow Coma Scale (GCS), devised for the clinical
assessment of the progression of the central syndrome, is used pri-
marily for bedside monitoring of the degree of impairment of con-
sciousness.40 Scores are assigned for the severity of impairment,
with specific focus on three cortically determined functions: motor
responses, verbal responses, and eye opening. In the initial phase
of the injury, such “cortical” aggregates of gross neurological func-
tion are very helpful as reliable measures of change when used by
experienced and highly trained observers.41

The GCS requires an adult level of development. Modifica-
tions of the GCS or other coma scales have been introduced and
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6A

6B

6C

6D

7-year-old boy involved in a motor vehicle accident who has not regained
consciousness.

6A. Initial CT scan reveals a focus of hemorrhage in the left thalmus.

6B. Axial T2 MR at the same level as the CT demonstrates edema of the splenium of
the corpus callosum (arrow) and left thalamus as well as biparietal subgaleal effusions.

6C. Midline sagittal T1 MR shows edema of the body and splenium of the corpus callo-
sum (arrow).

6D. Axial T2 MR at a more cranial level than 6B reveals areas of edema at the corti-
comedullary junction bilaterally.

Figure 6. Diffuse Axonal Injury



found to be valid for assessing children whose neurodevelopmen-
tal function is below 10 years.42 An assessment of the merits of six
different coma scales in pediatric practice showed that interob-
server agreement was highest for the pediatric coma scale, which
includes age-adjusted verbal and motor-response scores.43-45

Infants with severe TBI frequently require endotracheal intu-
bation and mechanical ventilation as part of stabilization. The
presence of an endotracheal tube prevents any assessment of ver-
bal response. Furthermore, sedatives, analgesics, muscle relax-
ants, and anticonvulsants also confound clinical assessment.
Both of these commonly encountered issues are of particular rel-
evance in clinical neurological assessment since these children
may be the very individuals in whom baseline assessment is criti-
cal for determining further investigations or interventions. In this
context, a recent study of intubated children has suggested that a
grimace score might overcome the difficulty of assessing verbal
response in these patients.46 The rationale for the score is that,
since facial expression, which is an important part of non-verbal
communication, is not totally independent of verbal language
skills, a grimace can be used as a surrogate for this aspect of cor-
tical assessment. There is moderate to good interobserver relia-
bility for the grimace score.

In post-traumatic head injury in adults, a GCS of 8 or less signi-
fies a high likelihood of raised intracranial pressure and the need
for a strict regimen of special care.47 The main reason for monitor-
ing patients by use of a score is to identify pathological changes at
a stage when they are evolving and potentially reversible either by
emergency surgery or other measures. However, there is no infor-
mation on whether a pediatric GCS of 8 in children has the same
connotation as in adults. Furthermore, there is no information on
whether a score of 8 based on a verbal response carries the same
implications as the same score based on a grimace.

The pediatric trauma literature is replete with a perplexing
variety of scales and scoring systems, often with similar names
or abbreviations.48 Scoring systems are designed to enhance
effective prehospital triage of trauma patients, organize and
improve trauma system resource planning, allow accurate com-
parison of different trauma populations, and serve as quality
assurance filters in trauma patient care. This aspect of pediatric
trauma care is in evolution. Only when there is international con-
sensus on what scoring system is ideal will it be possible to
assess the effectiveness of many of the therapeutic interventions
used in traumatic coma.42 Then it may also be possible to deal
with the issue of assessment of prognosis.

Initial Assessment and Management
In the initial stabilization of all trauma patients, including

head-injured children, control of the airway and adequate venti-
lation (“breathing”) are the first priorities. In TBI, it is particular-
ly important to maintain oxygenation and prevent hypoxemia,
since even moderate reductions in PaO

2
can contribute to second-

ary neural injury in the injured brain.8 The traumatically injured
brain is particularly susceptible to secondary insults such as
hypoxia-ischemia. In addition, even moderate hypoxia (PaO

2 
<

40-50 mmHg), which might not reach a level that affects cerebral
viability, is a potent vasodilator and may contribute to “cerebral

swelling.” It is also important to maintain normocarbia, since
even moderate hypercarbia can cause arteriolar vasodilation and
increased cerebral blood volume, which could further contribute
to increased intracranial pressure and precipitate herniation.
Hypercarbia (and hypoxemia) may have several causes in head-
injured patients, especially in the field, where poor airway con-
trol and respiratory failure are common. Hypercarbia has been
found in 15-20% of head-injured patients and can be prevented
by intubation and ventilation.12

Emergent Airway Control
The intubation sequence for head-injured patients should pre-

serve cerebral oxygenation, prevent aspiration of gastric con-
tents, avert hypercarbia, maintain systemic blood pressure, mini-
mize increases in intracranial pressure (ICP), and avoid aggrava-
tion of cervical spine injury.49 Orotracheal intubation of hemody-
namically stable, sedated, paralyzed patients is most likely to
provide such conditions if no anatomic airway abnormalities or
facial fractures are present. Because of the possibility of cervical
spine injury accompanying TBI, it is desirable for an assistant to
apply manual in-line axial stabilization during laryngoscopy.

Both thiopental and etomidate dose dependently reduce
CMRO

2
, CBF, and ICP.49-51 Etomidate is less likely to precipitate

hypotension in hypovolemic patients.49 Supplementation with
lidocaine, 1.5 mg/kg IV, will blunt sympathetic responses to intu-
bation and limit associated increases in ICP but may contribute to
hypotension.49 Midazolam decreases CBF, does not increase ICP,
and provides satisfactory hemodynamic stability when given in
small doses (< 0.15 mg/kg over 15 secs).50 Propofol reduces ICP
and CBF in head-injured humans.52 However, propofol-induced
hypotension may be poorly tolerated, especially if hypovolemia
has not been completely corrected. Muscle relaxants should be
chosen primarily to facilitate rapid, effective laryngeal exposure.

Once intubated, patients will need sedation to remain calm,
relieve pain, and prevent rises in intracranial pressure; fentanyl,
morphine, or propofol are frequently used for this purpose.50,53

Controlled Ventilation
The use of controlled ventilation has long been a modality for

the treatment of intracranial hypertension and is based on the
known cerebrovascular response to changes in PaCO

2
. The rela-

tive change in CBF during variations of PaCO
2

depends on sever-
al factors, including baseline CBF, cerebral perfusion pressure
(CPP), and anesthetic drugs.54 However, in a wide variety of sub-
jects and conditions, most studies report a change in global CBF
of 1-2 mL/100g/min for each 1 mmHg change in PaCO

2
. One

group suggested that intracranial hypertension in children should
be effectively treated almost exclusively with vigorous hyperven-
tilation.15 Random and “blind” hyperventilation recently has
come into question as a therapeutic intervention since it was
found to worsen outcome in adults with severe TBI.21 Hyperven-
tilation therapy is not recommended in the first 24 hours after
head injury, especially as a prophylactic therapy.55 This position
is supported by the results of reviews and studies in adults and
children that, together, indicate that hypocapnia in the setting of

Special Supplement/Trauma Reports 7



acute head injury may cause harm by inducing cerebral
ischemia.55 In addition, experimental models have demonstrated
that the effect of hyperventilation on arteriolar diameter is short
lived, with its therapeutic effect lasting only 20 hours.8 In con-
trast, the loss of cerebrospinal fluid bicarbonate buffer that
occurs from sustained hyperventilation makes the cerebral circu-
lation more sensitive to abrupt changes in PaCO

2
. This limited

therapeutic effect, in conjunction with a concern of decreasing
perfusion in the early period after injury, has prompted the use of
moderate hyperventilation (PaCO

2
of 35 mmHg) that can aid

intracranial pressure management without inducing ischemia.21,22

Current recommendations for PaCO
2

management after TBI dis-
courage the use of prophylactic hyperventilation and suggest that
hyperventilation should be used only when increased ICP is
refractory to other methods of control.54 (See Table 1.)

In addition to assessing and controlling PaCO
2
, the mainte-

nance of good cerebral oxygenation is also necessary for the pre-
vention of secondary injury. It has been shown that hypoxemia
(defined as apnea or cyanosis in the field) or a PaO

2
measure-

ment of less than 60 mmHg by arterial blood gas analysis, early
after injury, contributes importantly to poor outcome.12

Mean Arterial Blood Pressure
Cerebral vascular mechanisms contributing to secondary cere-

bral ischemia include cerebral vasoconstriction (especially in the
first few hours after TBI) and impaired pressure autoregulation.
Chesnut, when reviewing the outcome of 493 patients entered
into the Traumatic Coma Data Bank, found that hypotension
(systolic blood pressure of < 90 mmHg) at the time of admission
or during intensive care was associated with dramatic deteriora-
tion in the likelihood of favorable outcome.56

The influence of hypotension on outcome in head-injured
children is at least as great as in head-injured adults. One group
reported a mortality rate of 66% in children in whom systolic
blood pressure was less than 90 mmHg on admission to the
emergency room, in comparison to 22% in children who were
normotensive on admission.57 The authors compared these data
with mortality after head injury in the National Pediatric Trauma
Registry and found a similar effect of hypotension on mortality.
Another group identified hypotension as one of four variables,
along with the GCS score, respiratory rate, and multisystem
anatomic injury, that predicted outcome after head injury.58 In
younger children (ages 0-4 years), hypotension is more common
than in older children and adults; the mortality rate is also higher
in these younger children.12,59-61 Diffuse brain swelling, an omi-
nous prognostic feature in both children and adults, is strongly
associated with early hypoxia and hypotension.26

Therefore, to minimize mortality and morbidity, severely
head-injured patients require effective and prompt resuscitation,
especially prevention and treatment of hypotension.56 Arterial
blood pressure management after TBI is one of the most com-
monly targeted areas for intervention. Cerebral perfusion pres-
sure (CPP), the pressure decrease across the vascular bed of the
brain, is the mean arterial pressure minus ICP or central venous
pressure, whichever is higher. After TBI, short-term neuronal

function and long-term outcome are related to maintenance of a
minimal CPP. Contemporary management of the infant or child
with severe TBI includes maintenance of an adequate perfusion
that can usually be achieved with normotension or mild systemic
hypertension.8 Although induced hypertension could eventually
be used as an intervention to increase cerebral perfusion pres-
sure, it has not yet been proven efficacious in TBI.62,63

Since cerebral injury can be complicated by either partial or
complete loss of pressure autoregulation, significant systemic
hypertension would contribute to further hyperemia and cerebral
swelling. In some cases, however, a higher systemic pressure is
necessary to maintain adequate perfusion to compromised brain
regions. Careful monitoring of intracranial pressure and cerebral
blood flow is necessary to determine the impact of blood pres-
sure manipulation. Induced hypertension could have particular
effectiveness in patients in whom pressure autoregulation of
cerebral blood flow is intact. If the autoregulatory mechanisms
for blood pressure are intact, and cerebral perfusion pressure is
reduced with hypotension, cerebral vasodilation occurs to main-
tain cerebral blood flow, increasing cerebral blood volume and
intracranial pressure.64 In such cases, increasing cerebral perfu-
sion pressure by increasing mean arterial pressure would lead to
cerebrovascular constriction, decreased CBV, and intracranial
pressure, but preserved CBF. It is possible that mean arterial
pressure could be optimized to maximize adequate CBF and
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PROTECT AIRWAY, CONTROL VENTILATION

•   Intubation with appropriate medications and precautions
•   Head position (elevate if not hypotensive)
•   Sedation
•   Selective use of muscle relaxants

AVOID PROPHYLACTIC HYPERVENTILATION (PACO2 < 35 MMHG)

•   Particularly true in first 24 hours
•   In cases of hyperemia, use hyperventilation titrated to

measured adequacy of CBF
•   Hyperventilation should always be used in the setting of 

impending herniation

AVOID HYPOTENSION

•   Aggressive hemodynamic support
•   Maintain CPP (MAP-ICP)
•   > 70 mmHg in adolescents
•   > 60 mmHg in children
•   > 45 mmHg in infants
•   No hypotonic fluids
•   Avoid glucose containing fluids; monitor glucose level
•   Hypertonic saline solutions may be beneficial

AVOID HYPERTHERMIA

•   Mild hypothermia may be beneficial (32-33°C)
•   Careful/controlled rewarming

TREAT SEIZURES

Table 1. Current Concepts
in the Management of Severe TBI



CBV and reduce ICP.65

Because of the uniqueness of children and age and size vari-
ances for the optimal cerebral perfusion pressure, the issue of
optimal mean arterial pressure in children is complex. It is
becoming clear that, in the future, management of the patient with
TBI will need to be tailored and titrated individually so as not to
iatrogenically worsen an already compromised brain. Based on
available data, hypotension should be aggressively managed with
fluids and, if necessary, using pressor support with dopamine,
neosynephrine, or other agents as indicated to optimize and main-
tain adequate cerebral perfusion pressure. (See Table 1.)

Fluid Resuscitation
Frequently, head-injured patients have lost a significant

amount of intravascular volume, and resuscitation with intra-
venous fluid can dramatically improve neurological status. Iso-
tonic solutions appear to be the best for resuscitation.13 Hypo-
osmolar solutions such as dextrose (5%) and water cause a large
amount of cerebral edema in experimental models.66 Isotonic
saline (0.9%), on the other hand, expands the intravascular vol-
ume well and is inexpensive. Development of brain edema from
movement of the solution into the brain’s extracellular space has
been a concern. However, clinical studies have shown that large
amounts of isotonic saline can be given without fear of elevating
ICP as long as hypo-osmolality of the serum does not develop.67

For clinical purposes, it is important to note that lactated
Ringer’s solution is slightly hypotonic, that 0.9% saline is slight-
ly hypertonic, and that markedly hypertonic saline solutions may
be used to reduce ICP.68 Although the effects on brain water or
ICP of lactated Ringer’s solution or 0.9% saline may be unde-
tectable when administered slowly in small volumes, rapid
administration in large volumes may be sufficient to upset
osmotic equilibrium and alter brain water in areas where the
blood-brain barrier is intact.

Because the blood-brain barrier enhances the influence of
brain water on changes in serum sodium, hypotonic solutions,
including lactated Ringer’s solution, are more likely to increase
brain water content than 0.9% saline or colloids.69 However, after
TBI, the blood-brain barrier may be damaged.

Colloid in the form of albumin or hetastarch has appealing
properties because these solutions remain in the intravascular
space longer. However, clinical studies have not shown any bene-
fit from the use of these for resuscitation from trauma, and their
cost is prohibitive.70,71 In addition, crystalloid resuscitation has
been associated with a lower mortality rate in trauma patients.70

Hyponatremia
Hyponatremia has long been recognized as a potentially seri-

ous metabolic consequence of CNS insult in adults and chil-
dren.72,73 Hyponatremia is often seen in head-injured patients and
is often attributed to inappropriate secretion of antidiuretic hor-
mone. Recent studies have shown that hyponatremia in many
patients with intracranial injury may actually be caused by cere-
bral salt wasting, in which a renal loss of sodium leads to
hyponatremia and a decrease in extracellular fluid volume. The

appropriate treatment of cerebral salt wasting and fluid and salt
replacement, is opposite from the usual treatment of hyponatrem-
ia caused by inappropriate secretion of antidiuretic hormone.
Severe hyponatremia, or a rapidly falling serum sodium level,
can lead to cerebral swelling and ischemia, altered neurologic
status, and seizures; all of which can result in significant second-
ary injury. Early diagnosis and effective treatment of hypona-
tremia is critical in TBI patients.

Glucose
Glucose-containing solutions should be avoided.74 Hyper-

glycemia causes dose-dependent increases in the severity of
ischemic and traumatic neurologic injury. Clinical studies
demonstrate a strong association between plasma glucose and
neurologic outcome after TBI, although it is difficult to separate
the hyperglycemic effects of more severe trauma from the injury-
aggravating effect of hyperglycemia. In head-injured patients
receiving intravenous glucose during general anesthesia, a signif-
icant association was also noted between serum glucose and out-
come.74 Of those head-injured patients in whom serum glucose
exceeded 150 mg/dL on the first postoperative day, 23 of 55
patients had a favorable outcome. In contrast, of those patients
with a serum glucose of less than 150 mg/dL, 27 of 32 had a
favorable outcome. The inescapable clinical implication is that
glucose should be given during resuscitation of head-injured
patients only if they are at risk for hypoglycemia. Unfortunately,
data are insufficient to provide guidance regarding the advisabili-
ty of attempting to tightly control hyperglycemia with insulin
during intensive care.

Hypertonic Saline Solutions
In experimental animals, resuscitation with hypertonic saline

solutions (3.0% to 7.5%) is associated with a lower ICP than
resuscitation with isotonic or slightly hypotonic fluids.75,76 Pre-
hospital resuscitation of hypotensive head-injured patients with
7.5% saline, with or without added dextran, was associated
with improved outcome compared with conventional fluid
resuscitation.77

The ability of hypertonic saline to reduce ICP has been appre-
ciated since the early 1900s. This has been demonstrated in pedi-
atric patients with TBI. In head-injured children, one group
reported that intravenous administration of 3.0% saline promptly
reduced ICP in most patients.78 In contrast, administration of
comparable volumes of 0.9% saline produced no consistent
change in ICP. One group further addressed the issue of fluid
composition used in fluid resuscitation after severe TBI in chil-
dren. These authors designed a prospective, randomized, con-
trolled, unblinded study comparing fluid management, using lac-
tated Ringer’s solution vs. hypertonic saline (598 mOsm/L) for
the first three days after head injury in 35 children.79 Treatment
of severe head injury with hypertonic saline was superior to that
treatment with lactated Ringer’s solution. An increase in serum
sodium concentration significantly correlated with lower ICP and
high CPP. Importantly, these investigators reported no adverse
effects associated with the use of hypertonic saline. 
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Hypertonic saline exerts its effect primarily through establish-
ment of an osmotic gradient between the intravascular space and
the cerebral tissue. Water diffuses passively from the cerebral
intracellular and interstitial space into capillaries, thereby reduc-
ing cerebral water content and ICP. In addition, hypertonic saline
is an effective plasma volume expander, providing hemodynamic
support in trauma victims, and it may have beneficial effects on
cerebrovascular regulation.80

Some concerns exist about the adverse effects of hypertonic
resuscitation, especially adverse neurologic sequelae.1,80 Howev-
er, no adverse effects of supraphysiologic hyperosmolarity such
as renal failure, pulmonary edema, or central pontine demyelina-
tion were noted in a recently published study of 68 pediatric
patients with severe TBI treated with 3% NaCl via continuous
infusion.81

Osmotic Therapy
Mannitol is commonly used for the treatment of intracranial

hypertension and has replaced other osmotic diuretics over the
last 20 years. There are probably two distinct mechanisms by
which mannitol exerts its beneficial effects. By increasing the
osmotic pressure of the plasma, osmotic diuretics extract water
out of the brain. The effect on the ICP is delayed and the maxi-
mum effect may not be seen for 20-40 minutes or more.82 Sec-
ond, immediate plasma expansion reduces blood viscosity,
increases cerebral blood flow, and increases oxygen delivery.
In patients with intact cerebral autoregulation, this leads to
vasoconstriction and reduced intracerebral blood volume. The
net effect is reduced ICP and increased or unchanged CBF.83

This mechanism explains the immediate ICP response to man-
nitol and its decreased effect when the CPP is already more
than 70 mmHg.83

The beneficial effect of mannitol on ICP, CPP, and CBF is
generally accepted, although there has never been a controlled
study testing mannitol against placebo. Doses known to be useful
for these purposes range from 0.25 to 1.5 g/kg body weight.82

Mannitol is excreted entirely by the kidneys. There is a signif-
icant risk of acute renal failure with its administration in large
doses, particularly if other nephrotoxic drugs are administered, or
in the presence of pre-existing renal failure.81-83 Serum osmolarity
should be kept below 320 mOsm when there is concern for renal
failure.84 It is important to maintain an adequate volume status, as
hypotension increases the risk of ischemic brain damage and can
produce intracranial hypertension.84,85 With prolonged adminis-
tration, mannitol can accumulate in the brain. This may cause a
reverse osmotic effect followed by a rise in ICP.86

Mannitol vs. Hypertonic Saline
Hypertonic saline may have advantages over mannitol bolus

infusions in the management of TBI. The blood-brain barrier is
more able to exclude sodium chloride than mannitol, making
hypertonic saline the ideal agent to reduce cerebral edema.80

Mannitol will move water out of the brain for a shorter duration
of time than hypertonic saline.77,81 Depending upon the tonicity
used, hypertonic saline requires a smaller volume of infusion

compared with mannitol.77 Hypertonic saline will not result in
hypotension, and unlike mannitol, will not result in acute renal
complications due to osmotic diuresis.75

Given the amount of evidence in its favor, hypertonic saline is
seeing surprisingly little clinical use in the resuscitation and
management of head-injured patients.84,87,88 However, resuscita-
tion of patients with TBI and shock remains one of the most
challenging aspects of trauma care.87,89 Controversy persists
regarding the most appropriate type, timing, and volume of
resuscitation of trauma victims. Further study and consideration
is required because hypertonic saline appears to be a logical and
beneficial choice for the management of TBI.

Temperature and Metabolism
Pyrexia is found in 85% of head-injured patients during their

ICU stay and has been found to correlate with a bad out-
come.14,90 It has been well-recognized that whole body oxygen
consumption is proportional to body temperature, with a 10-
12% increase per 1°C core temperature increase.91 In animals, a
strictly comparable injury produces more severe functional and
histologic injury when body temperature is raised by only
1°C.92 Moreover, in brain-injured patients, brain temperature is
usually above rectal, jugular vein, or bladder temperature by
0.3-1.9°C.93,94 There is now sufficient evidence that hyperther-
mia is deleterious to the injured brain. Aggressive treatment of
pyrexia using drugs, neuromuscular blockers, and external or
body cavities cooling is effective in reducing this type of sec-
ondary brain injury.

Attempts at using hypothermia decades ago did not gener-
ate ongoing interest. Recently, however, several factors have
renewed interest in the therapeutic role of hypothermia. First,
experimental models demonstrated that mild hypothermia
(32°-33°C) could reduce CNS damage in head injury, even
when instituted after the insult. Second, it was recognized that
the severe systemic complications that were seen with more
profound hypothermia were virtually absent when mild
hypothermia was employed. Third, the critical care services
available for these patients are now able to provide the sys-
temic support necessary to safely maintain a hypothermic state
for 1-3 days.

Two randomized trials of moderate hypothermia (32°C for
24 or 48 hrs) showed beneficial effects in adults after severe
TBI.95,96 Seizure incidence was lower in the hypothermic
patients, and ICP was decreased during the hypothermic inter-
val. In the most recent study by Marion and colleagues, neuro-
logic recovery was hastened in the subgroup of patients with an
initial GCS score of 5 to 7.97 However, a multicenter trial of
therapeutic hypothermia in severely traumatic brain-injured
adults has recently been discontinued due to apparent lack of
effect.3

In conclusion, hyperthermia must be aggressively treated in
brain-injured patients, but the use of moderate hypothermia to pre-
vent secondary insult in injured brains cannot be routinely support-
ed, although it shows some promise. Patients who are moderately
hypothermic in the ED should not be aggressively rewarmed.
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Anticonvulsant Therapy
Numerous studies have examined the occurrence of post-trau-

matic seizures following head trauma.13 Seizures can lead to
cerebral hypermetabolism, elevated intracranial hypertension,
and hypoxia. Thus, a seizure may precipitate further injury to an
already compromised CNS.

Several risk factors for post-traumatic seizures have been

identified: intracerebral, subdural, and epidural hematomas; cor-
tical contusions; depressed skull fractures; penetrating head
injuries; and seizures within 24 hours of injury.98,99 Several stud-
ies have shown that anticonvulsants, particularly phenytoin or
tegretol, are effective in preventing early post-traumatic seizures,
but they have no advantage in the late post-traumatic period.99,100

Anticonvulsant therapy, therefore, is suggested during the first
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2-month-old girl with bruises and skull fractures.

7A. Lateral skull radiograph shows multiple diastatic pariteal 
fractures.

7B. Initial head CT reveals chronic bilateral subdural fluid collec-
tions with a focus of acute subdural hematoma, adjacent to the
right frontal pole (arrow). There is a loss of the corticomedullary
junction, indicating bilateral frontoparietal edema from hypoxic
ischemic injury.

7C. Repeat CT after 2 days shows bilateral peripheral edema
with relative sparing of the basal ganglia and thalami.

7D. Repeat CT after 9 days demonstrates increasing ventricular
dilation from brain atrophy and bilateral areas of hyperdense lam-
inar necrosis at the corticomedullary junction.

7E. Repeat CT after 7 months demonstrates marked atrophy of
the cerebral hemispheres and dilation of the lateral ventricles.

Figure 7. Non-Accidental Trauma

7B
7C

7D 7E



week after moderate to severe head injury, particularly in the
presence of one of the lesions mentioned. Typically, patients with
severe head injury are loaded with intravenous phenytoin (15-20
mg/kg). The loading dose is given slowly (< 50 mg/min) because
of the possibility that arrhythmias or hypotension may occur.

Role of Barbiturates
High-dose barbiturates have, for a long time, been known to

lower the ICP.82 Intracerebral vasoconstriction and reduction of
CBF and intracranial blood volume are responsible for the reduc-
tion of the ICP in response to barbiturates.101 In addition, barbitu-
rates reduce the cerebral metabolic rate, which may be protective
against cerebral ischemia.

Based on the available data, the Brain Trauma Foundation rec-
ommends high-dose barbiturate therapy in hemodynamically sta-
ble patients with severe head injury and ICP refractory to maximal
medical and surgical treatment.102 Of all barbiturates, pentobarbital
has been used most frequently, and various dosing regimens have
been used. EEG monitoring may be a more reliable way of moni-
toring barbiturate administration than following plasma levels.101

When barbiturates are used, it is essential that hypotension is
avoided, and patients should be carefully monitored for reduc-
tion in cardiac output or inadequate systemic perfusion. Pul-

monary, renal, and hepatic complications are also common with
the administration of high-dose barbiturates in patients with
head injury.82

Glucocorticoids
Glucocorticoids can improve altered vascular permeability,

reduce cerebrospinal fluid production, and attenuate free radical
production. Steroids are commonly used in the treatment of brain
edema. The administration of glucocorticoids to patients with
brain tumors often leads to marked clinical improvement. One
early study found a favorable dose-related effect on mortality
with the administration of steroids to patients with head injury,
but the rate of severely disabled and vegetative patients was
much higher in the treatment group and, therefore, the overall
outcome was not improved.82 In the following years, five large
prospective double-blind studies found no benefit in the adminis-
tration of glucocorticoids to patients with severe head injury.103-107

Based on the currently available data, there is no role for gluco-
corticoids in the treatment of patients with head injury.

Child Abuse
Trauma is the most common cause of death in childhood, and

inflicted head injury is the most common cause of traumatic
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FALLS FROM HEIGHTS: GENERAL COMMENTS

•  Severe head injury and central nervous system damage or 
injury of any type are extremely rare when children, ages 
younger than 5 years, fall out of bed.119

•  Simple falls from heights rarely, if ever, result in significant
primary brain injury.120

•  Skull fractures are infrequent consequences of short falls,
serious accident injuries are rare in day care centers, and
most children who fall from considerable heights (>10
feet) do not die.121

•  Falls from less than 4 feet result in the following possible
injuries:

Soft tissue injury
Ping-pong fracture
Concussion 
Epidural hematoma
Linear skull fracture120

•  Falls from greater heights can have these additional 
findings:

Depressed fracture
Subarachnoid hemorrhage
Basilar fracture
Contusion120

•  Subdural hematomas and retinal hemorrhages are virtually 
never seen in short falls.110

BABIES WITH BRUISES

•  With advancing age and motor skills, bruises occur more 
commonly. Bruises in mobile infants are normally located 
on the front of the body, typically on the shins and fore-
head.122,123

•  Bruises in infants younger than 9 months who are not 
yet beginning to ambulate should lead to consideration of 
abuse or illness.122

•  Bruises in toddlers that are located in atypical areas, such 
as the trunk, hands, or buttocks, should be considered 
abuse.122

STAIRWAY-RELATED INJURIES124

•  Fall down stairs
Superficial injury (usually)
Involves only one body area (very few extremity or truncal

injuries)
•  Significant injuries:

Concussion
Skull fracture
Cervical spine fracture

•  Infants who fall with caretaker:
Fall from height plus fall down stairs
Higher incidence of severe head injury
Significant injuries
Skull fracture (46%)
Contusion
Subdural hematoma124,125

Table 2. Abusive Head Trauma: Hints to Facilitate an Early Diagnosis



death in infancy.108-112 On average, among children hospitalized
for blunt trauma, those injured by abuse sustain more severe
injuries, use more medical services, and have worse survival and
functional outcome than children with unintentional injuries.111

This is despite a plethora of interventions developed over the last
30 years, including legislatively mandated reporting and the
establishment in 1974 of the National Center on Child Abuse and
Neglect as a mechanism to increase knowledge of the problem
and identify steps to prevent it.111

The major issue plaguing the description of abuse-related
injuries to young children has been and continues to be accurate
diagnosis.110,113 The dire consequences of either false-positive or
false-negative diagnosis intensifies the need to establish accurate
diagnostic criteria.

Head injury in infants and toddlers can be difficult to diag-
nose because symptoms are often nonspecific. Vomiting, fever,
irritability, and lethargy are common symptoms of a variety of
conditions seen in children, including head trauma.114 When care-
takers do not give a history of injury and the victim is preverbal,
an abusive head injury can be mistakenly diagnosed as a less-
serious condition. When physicians fail to recognize that the
child’s symptoms are secondary to nonaccidental head injury, the
child is frequently re-injured or has serious complications of the
unrecognized, untreated head injury.114

CT scanning is a mainstay of the diagnosis of nonaccidental
head injury.115,116 (See Figure 7.) Subdural or subarachnoid
hemorrhage can nearly always be detected on CT scans,
although the more subtle findings may be missed by less expe-
rienced observers.108,115,116 MRI is useful in detecting and char-
acterizing small extraaxial hemorrhages in infants with equivo-
cal CT findings.108,117

Several selected points culled from an extensive literature
review may prove useful in recognizing nonaccidental trauma in
infants and children.112,118-125 (See Table 2.)

Conclusion
Head trauma is a leading cause of death and disability and can

be particularly devasting for the family of the pediatric patient.
Although the primary TBI is not amenable to treatment, conven-
tional management is focused on lessening the effects of the sec-
ondary physiologic events and the secondary insults that occur
after the injury. Much of the treatment modalities used for the
child after severe TBI have been extrapolated from the adult data,
since there is little literature that primarily involves children.
Children as a group have better outcome than adults, but many
factors influence prognosis in the pediatric population. The
mechanism of injury, injury severity, multiple trauma, secondary
insults, or the extent of secondary injury can all affect the final
outcome and are directly and indirectly related. It is clear that
many of the poor outcomes observed are best treated by prevent-
ing either the initial impact or the secondary insults that typically
occur following TBI.

Better understanding of the mechanisms of secondary neural
injury following head trauma eventually may open avenues of
intervention that will effectively and reliably improve the still-

disappointing outcomes of severe head injury. Future research,
both in the laboratory and at the bedside, and improved diagnos-
tic and monitoring technology will yield more scientifically
based protocols for prehospital and ED management of head-
injured patients.

Finally, several promising treatment strategies are being inves-
tigated: 1) more selective, less toxic anti-excitotoxic drugs; 2)
antioxidants with better brain and cellular penetration; 3) phar-
macologic and molecular therapies that inhibit endogenous cell
death effectors and augment endogenous neuroprotective genes;
and 4) utilization of trophic factors such as nerve growth factor.
Hopefully, novel specific therapies on the horizon will take the
treatment of acute brain injury to the next level. 
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Physician CME Questions
1. Which of the following statements concerning early management of

TBI in children is current?

A. The routine use of hyperventilation is indicated because cerebral

blood flow is elevated.

B. There is a strong association between adverse outcomes and

early hypotension in patients with TBI.

C. Patients with TBI should be fluid restricted to prevent inappro-

priate secretion of antidiuretic hormone.

D. Hyponatremia is always an indication to restrict fluid.

2. Which one of the following statements concerning fluid resuscitation

in pediatric TBI is true?

A. Colloid solutions are preferred in TBI resuscitation.

B. Proper fluid resuscitation eliminates the need for vasopressor

drug therapy.

C. Because cerebral blood flow is high early after TBI, fluids must

be restricted.

D. Patients with TBI have frequently lost significant amounts of

intravascular volume, and resuscitation with isotonic saline

solutions can improve neurologic status.

3. Which one of the following systemic abnormalities is an important

contributor to secondary brain injury?

A. Hypotension

B. Hypernatremia

C. Hypothermia

D. Hypokalemia

4. Which one of the following statements concerning intracranial

hematomas is correct?

A. Epidural hematoma is always the result of laceration of the mid-

dle meningeal artery.

B. Subdural hematomas rarely, if ever, result from short falls.

C. Intracerebral hematomas, if present, will be detected on the ini-

tial CT scan.

D. Intracerebral hematomas will not be seen in the basal ganglia.

5. Which of the following is an accepted goal in the management of TBI?

A. Maintain elevated blood glucose levels to ensure adequate cere-

bral glucose delivery.

B. Start vasopressor therapy in early post-trauma period to induce

systemic hypertension and improve cerebral blood flow.

C. Maintain PaCO
2

at approximately 35 mmHg unless patient has

neurologic signs of impending herniation.

D. Hypothermia patients must be rapidly rewarmed to a normal

body temperature.

6. Which of the following therapies is routinely indicated in the manage-

ment of severe pediatric TBI?

A. High dose glucocorticoid administration

B. Continuous infusion of mannitol

C. Aggressive use of fluid infusion and vasopressors to maintain an

adequate cerebral perfusion pressure

D. Induced hypothermia

7. Which one of the following statements concerning nonaccidental

head trauma is true?

A. External evidence (i.e., bruising) of trauma is always found.

B. Nonaccidental head trauma is difficult to diagnose because

symptoms are often nonspecific.

C. Subdural hematoma is rarely, if ever, seen in children with

nonaccidental head trauma.

D. Epidural hematoma is pathognomic of child abuse.

8. Which one of the following signs or symptoms should raise suspicion

of non-accidental trauma?

A. Acute subdural hematoma in an infant who fell out of bed

B. Bruising on the forehead of a 10-month-old infant who has just

started walking

C. Linear skull fracture in a child who fell down stairs

D. Basilar skull fracture in child who fell from a second-floor balcony
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