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Summary
The management of critically ill children with traumatic brain injury
(TBI) requires a precise assessment of the brain lesions but also of
potentially associated extra-cranial injuries. Children with severe TBI
should be treated in a pediatric trauma center, if possible. Initial
assessment relies mainly upon clinical examination, trans-cranial
Doppler ultrasonography and body CT scan. Neurosurgical operations
are rarely necessary in these patients, except in the case of a compres-
sive subdural or epidural hematoma. On the other hand, one of the
major goals of resuscitation in these children is aimed at protecting
against secondary brain insults (SBI). SBI are mainly because of
systemic hypotension, hypoxia, hypercarbia, anemia and hyperglyce-
mia. Cerebral perfusion pressure (CPP = mean arterial blood pressure
– intracranial pressure: ICP) should be monitored and optimized as
soon as possible, taking into account age-related differences in optimal
CPP goals. Different general maneuvers must be applied in these
patients early during their treatment (control of fever, avoidance of
jugular venous outflow obstruction, maintenance of adequate arterial
oxygenation, normocarbia, sedation–analgesia and normovolemia). In
the case of increased ICP and ⁄ or decreased CPP, first-tier ICP-specific
treatments may be implemented, including cerebrospinal fluid drain-
age, if possible, osmotic therapy and moderate hyperventilation. In the
case of refractory intracranial hypertension, second-tier therapy
(profound hyperventilation with PaCO2 < 35 mmHg, high-dose bar-
biturates, moderate hypothermia, decompressive craniectomy) may be
introduced, after a new cerebral CT scan.

Severe traumatic brain injury (TBI) is a life-threat-
ening circumstance that requires specific
management beginning as early as possible.

This management requires a precise assessment
of the brain lesions, as well as of any associ-
ated extra-cranial injuries. One of the major
goals of critical care management in these chil-
dren is aimed at protecting against secondary
brain insults (SBI) (1), which represent a
major cause of worsening in neurological outcome
(1,2).
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Assessment of critically ill children with a
TBI

The evaluation of critically ill children with TBI
begins with a clinical examination. Then, some
additional examinations are performed to evaluate
more precisely the consequences of the TBI. These
examinations include transcranial Doppler (TCD),
CT scan, arterial and intracranial pressure monitor-
ing, and magnetic resonance imaging (MRI) in some
cases.

Clinical assessment

A thorough neurological examination must be per-
formed as soon as the child is clinically stable, as it
will serve of reference for future assessments (3). In
life-threatening situations, evaluation of the level of
neurological distress relies only upon the determi-
nation of the pediatric Glasgow Coma Scale (GCS)
score (Table 1), evaluation of pupillary diameter and
reactivity (Table 2), and examination of the brain
stem reflexes. In less acute situations, the examina-
tion will also search for clinical evidence of increased
intracranial pressure (ICP) and associated focal
deficits (4). Moreover, there is a good correlation
between the initial pediatric GCS and outcome (5).
The analysis of the circumstances of the trauma is
also important to determine the potential severity of
the trauma. The kind of impact (pedestrian–vehicle

crash, car crash, fall from height, etc.) and the
associated circumstances (multiple victims, pro-
longed incarceration, etc.) may also indicate severe
injuries. This notion is important because an initial
reassuring GCS score could lead to an underestima-
tion of the severity of the TBI. This underestimation
might lead to the ‘Talk and Die’ scenario (6).

Standard radiography

Standard skull radiography is no longer recom-
mended in children with TBI. On the other hand, TBI
may be associated with C-spine injury, and coma
may hide clinical symptoms of the spinal injury.
Thus, lateral cervical spine X-ray is performed on
admission of the patient, as well as chest and pelvic
X-ray. Anyway, the body CT scan performed in a

Table 1
Modified Glasgow Coma Scale for infants and children (3)

Score Infant ⁄ nonverbal child Verbal child ⁄ adult

Eye opening 4 Spontaneously Spontaneously
3 To speech To verbal command
2 To pain To pain
1 No response No response

Best motor response 6 Normal spontaneous movement Obeys command
5 Withdraws to touch Localizes pain
4 Withdraws to pain Flexion withdrawal
3 Abnormal flexion (decorticate) Abnormal flexion (decorticate)
2 Extension (decerebrate) Extension (decerebrate)
1 No response No response

< 2 years 2–5 years >5 years

Best verbal response 5 Cries appropriately, coos Appropriate words Oriented
4 Irritable crying Inappropriate words Confused
3 Inappropriate screaming ⁄ crying Screams Inappropriate
2 Grunts Grunts Incomprehensible
1 No response No response No response

Table 2
Abnormal pupillary responses (3)

Pupillary finding Possible etiology

Bilateral fixed and
dilated pupils

Indicates inadequate CPP;
may be irreversible

Bilateral myosis Injury to pons; early central herniation;
opioid administration

Unilateral fixed
and dilated

Transtentorial herniation; traumatic
optic nerve injury

Unilateral myosis Horner’s syndrome; unilateral
brainstem injury

Hippus May indicate irritation to occulomotor
nucleus; can be normal variant
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stabilized child must also check the cervical, dorsal
and lumbar spine.

CT scan

The radiological examination of choice for immedi-
ate assessment of the child with severe TBI is a
noncontrast cerebral CT scan (3). In the case of life-
threatening brain herniation, whatever the urgency
for surgical intervention, this CT scan must be
obtained with high-speed spiral imaging. In less
acute situations, the need for radiological explora-
tions must balance the risks and benefits of imme-
diate explorations. It is wiser to spend enough time
to adequately stabilize the cardio-respiratory status
of the child before rushing to the CT scan, than to
have to do it in the remote area of the radiology
department (4). In children, the CT scan interpreta-
tion requires some specific knowledge, because of
anatomical and physiological particularities. A CT
scan performed too early following the traumatic
accident may be falsely reassuring, explaining why it
may be necessary to perform a new examination in
case of neurological worsening. Nevertheless, a
second routine scheduled head CT scan within 24–
36 h after admission in pediatric patients with
moderate or severe head trauma is unlikely to yield
any change in therapy. Clinically and intracranial
pressure-oriented CT scan enable a better selection
of patients finally requiring changes in therapy,
including surgery (7). Because severe TBI may
frequently be associated with extra-cranial injuries,
a contrast enhanced thoracic and abdominal CT scan
is mandatory.

Transcranial Doppler ultrasonography

Transcranial Doppler ultrasonography (TCD) is a
noninvasive monitor providing information on cere-
bral blood flow (CBF) and hemodynamics (8).
Assessment of CBF velocities is usually performed
in the middle cerebral arteries. The advantages of
this technique are its noninvasive character, the
possibility to monitor both sides, and the easy
reproducibility of this examination. The obtained
signal gives information about systolic, diastolic,
and mean blood flow velocity. Under normal
conditions, the diastolic velocity is about 40%
of the systolic velocity. The cerebrovascular resis-

tances are quantified by the Pulsatility Index (PI)
[PI = (FVsys)FVdias) ⁄ FVmean]. In addition, the assess-
ment of the morphology of the curve may give
interesting information about the conditions of the
cerebral hemodynamics (8). However, only few
studies have evaluated the interest of TCD in
children with severe TBI. Trabold et.al have demon-
strated that an initial TCD has prognostic value (9).
In this study, a diastolic velocity below 25 cmÆs)1 on
admission was associated with a bad neurological
outcome (9).

Magnetic resonance imaging (MRI)

The sensibility of MRI is better than CT scan to
detect contusion and brain swelling of the white
substance, of the brain stem and of the spinal cord.
However, MRI must be performed in a stabilized
child, and therefore is usually done only when there
is a discrepancy between clinical evaluation and CT
scan imaging.

Intracranial pressure monitoring

Control of intracranial pressure (ICP) within the
normal range is aimed at maintaining an adequate
cerebral perfusion pressure (CPP) (1,10). All children
with a GCS score of 8 or less after cardio-respiratory
resuscitation, should benefit from ICP monitoring
(1). Children with higher GCS scores but who exhibit
evidence of worsening neurological status or with
neuroimaging results suggesting intracranial hyper-
tension must also benefit from ICP monitoring (1). A
ventricular catheter connected to an external strain
gauge is the most reliable method of monitoring ICP
(1). It also allows therapeutic cerebrospinal fluid
(CSF) drainage. However, there is a septic risk,
proportionally increasing with the prolongation of
ICP monitoring. In addition, it may be difficult to
insert the catheter in the case of severe brain
swelling with collapsed lateral ventricles. Parenchy-
mal ICP monitoring with fiberoptic or strain gauge
catheter tip transduction is similar to ventricular ICP
monitoring, but has potential for measurement drift.
Subarachnoid, subdural, epidural devices and exter-
nally placed anterior fontanel monitors are less
accurate and should not be used (1). The effect of
intracranial hypertension on outcome after severe
TBI appears correlated with the absolute peak value
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of ICP and the duration of intracranial hypertension.
Several studies have shown that mortality increases
with increased ICP and decreased CPP (10,11). Some
authors advocate an ICP threshold for treatment of
20 mmHg for children aged 8 years, 18 mmHg for
children aged 1–8 years and 15 mmHg for infants
(12). ICP monitoring must be coupled with invasive
arterial blood pressure measurement to calculate the
cerebral perfusion pressure (CPP = mean arterial
pressure - ICP). In children with severe TBI, it is
recommended to maintain a CPP at least above
40 mmHg to prevent secondary ischemic brain
insults (1). This guideline is in accordance with the
results of a study by Downard et al. (13), showing an
increased risk of death when CPP was less than
40 mmHg. However, one should theoretically take
into account the age-related continuum for the
optimal treatment threshold for CPP (14). In fact,
as for ICP, there are also age-related differences in
the specificity of CPP in relation to outcome. There-
fore, it has been recommended to maintain CPP
between 40 and 65 mmHg according to the age of
the child (1). The results of a recent retrospective
study are in accordance with this recommendation,
showing that CPP of 53, 63 and 66 mmHg should be
the minimum to strive for in children aged 2–6, 7–10
and 11–16 years respectively (11).

Critical care management

Although a precise assessment of a child with TBI is
necessary to drive the treatment, management of
severe brain insults must not be delayed. Treatment
of critically ill children with TBI aims at protecting
against secondary brain insults (SBI), which exacer-
bate neuronal damage and brain injuries. SBI are
mainly due to systemic hypotension, hypoxia, hy-
percarbia, anemia and hyperglycemia. It has been
suggested that an early (prehospital) and aggressive
treatment, aimed at preventing and ⁄ or treating
hypoxia, hypercarbia and hypotension could de-
crease mortality and improve neurological outcome
after severe TBI in children (2). There is also a
relationship between age-appropriate systolic blood
pressure (AASBP) percentile and outcome after
severe pediatric TBI (15). In a recent study, AASBP
<75th percentile was associated with poor outcome
after severe pediatric TBI, even when SBP was
superior or equal to 90 mm Hg (15). Therefore,

systolic blood pressure must be maintained at least
over 90 mmHg; however, it may be not enough,
especially in older children.

The acknowledged negative influence of SBI on
outcome promotes cardio-respiratory resuscitation
as the cornerstone upon which treatment of severe
TBI must be based (1). Thus, in the lack of obvious
evidence of elevated ICP, management must aim at
optimizing circulation, ventilation and oxygenation.
Alternatively, signs of transtentorial herniation are
strong evidence of intracranial hypertension and
should initiate rapid treatment to lower ICP. Under
such circumstances, it is necessary to reassess the
balance of cerebral and systemic priorities for the
individual situation.

Intracranial hypertension and CPP
management

Uncontrolled increased ICP is very deleterious and
must be aggressively treated as soon as possible to
reduce cerebral ischemia and prevent definitive
after-effects. In this setting, the goal of any therapy
is to lower ICP enough to increase CPP and improve
cerebral oxygenation.

General maneuvers
First, general maneuvers are applied, including:
treatment of fever, avoidance of jugular venous
outflow obstruction, maintenance of normovolemia,
normoxia and normocarbia (PaCO2 ‡ 35 mmHg),
preservation of adequate sedation–analgesia.
Mechanically ventilated children with acute TBI
should be adequately sedated and have an optimal
pain release to avoid anxiety and pain, that in turn
may increase ICP. An appropriate sedation should
also facilitate adaptation to mechanical ventilation.
The most common agents used are opioids and
benzodiazepines. In children, prolonged sedation
with propofol should be avoided because of the risk
of metabolic acidosis and propofol infusion syn-
drome (16,17). Neuromuscular blocking agents must
not be used systematically, but could be introduced
in the case of difficult ventilation despite adequate
sedation–analgesia (12). The cerebral effects of seda-
tion and analgesia should always be titrated against
the net effect on CPP (1), as for any therapeutic
intervention. Thirty degree elevation and neutral
head positioning may be used to decrease ICP in
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normovolemic children, with CPP monitoring to
assess safety and efficacy. In children, especially in
case of associated extra-cranial injuries, severe TBI is
often associated with hypovolemia-induced hypo-
tension. Maintaining CPP requires optimization of
mean arterial pressure (MAP) with fluid therapy
and vasoactive drugs. When ICP remains elevated
despite general maneuvers, first-tier ICP-specific
treatment is used.

First tier ICP-specific treatments
CSF drainage. CSF drainage provides immediate but
transient ICP decrease, and may be achieved with a
ventriculostomy catheter (1). However, CSF drainage
is rarely possible in children with severe TBI because
edema and diffuse brain swelling are responsible for
an obstruction of lateral ventricles. The next step is
the use of hyperosmolar therapy.

Osmotic therapy. Osmotic agents are extensively used
for management of intracranial hypertension. Man-
nitol (bolus doses of 0.5–1 gÆkg)1 every 4–6 h)
remains the cornerstone of those therapies, although
mannitol has never been compared with placebo. In
adults, its efficiency has been compared with other
therapies aimed at decreasing ICP, and mannitol is
as efficient, or even better, than CSF drainage. In
children, there are little data on mannitol but a long-
standing clinical use. Up to now, two short series
and one randomized study have reported the use of
hypertonic saline (HS) in children (18–20). In the
randomized study, it was shown that the treatment
of severe TBI with HS was superior to lactated
Ringer’s solution in children (19). In this study,
children treated with HS require fewer inter-
ventions, have fewer complications, and stay for a
shorter time in the ICU. In the case series, reported
by Khanna et al(18), it was shown that an increase in
serum sodium concentration significantly decreases
ICP and increases CPP in severe TBI children with
intracranial hypertension resistant to conventional
therapy. In addition, sustained hypernatremia and
hyperosmolarity were safely tolerated in these
patients. At the present time, HS (continuous infu-
sion of 3% HS, 0.1–1.0 mlÆkg)1Æh)1) has a limited
clinical experience but reasonably good perfor-
mance in contemporary clinical trials. There is no
recommendation towards one or the other therapy
(1,12).

Hyperventilation. Mechanical ventilation should pro-
vide adequate oxygenation (oxygen saturation
>90%) and avoid hypercarbia (PaCO2 > 38 mmHg).
In children, hypocarbia (PaCO2 < 35 mmHg)
decreases cerebral blood flow and can induce cere-
bral ischemia (21). Thus, prophylactic hyperventila-
tion should be avoided in children with TBI, while
mild hyperventilation may be considered only in the
case of intracranial hypertension refractory to
general maneuvers, cerebrospinal drainage and
hyperosmolar therapy (1).

Antiepileptic medication. Children are more prone to
develop seizures than adults, because of a lower
epileptogenic threshold. Therefore, monitoring
should include either continuous EEG (if possible)
or at least discontinuous but regular EEG monitor-
ing. Prophylactic antiepileptic medications do not
prevent late posttraumatic seizure and are not
recommended. Nevertheless, treatment for clinical
or subtle seizure must be quickly instituted after the
diagnosis to improve the outcome (1).

Second tier therapy
Profound hyperventilation (PaCO2 < 35 mmHg). It may
be used as a second-line therapy in the case of
refractory intracranial hypertension. However, it
requires cerebral blood velocities or oxygenation
monitoring to detect cerebral ischemia (1).

Barbiturates. Systematic use of barbiturates is not
recommended in all children with severe TBI. On the
other hand, high-dose barbiturates may be used in
the case of refractory intracranial hypertension (1). If
high-dose barbiturate therapy is used, then appro-
priate hemodynamic monitoring and cardiovascular
support are essential (1,12).

Moderate hypothermia. Hyperthermia (body tempera-
ture >38"C) is a known factor that may worsen
outcome through several mechanisms (increasing
metabolic demand, inflammatory changes, lipid
peroxidation, neuronal excitoxicity, cell death, and
acute seizure) and must be avoided. The concept of
hypothermia for brain protection is based on the
simple principle that cooling reduces the cerebral
metabolic rate of oxygen consumption. Published
data are rather controversial. Some authors
have shown that hypothermia does not improve
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outcomes (22), while others have demonstrated an
ICP decrease with hypothermia (23). One study in
children has demonstrated the safety of the method,
but the effects on functional outcome and intra-
cranial hypertension were not assessed (24). The
only large study published on therapeutic hypother-
mia in severe TBI children has presented the results
of the pretrial clinical evaluation phase of a large
randomized multicenter study on moderate thera-
peutic hypothermia in severe TBI children (25). This
study aimed at ensuring that compliance with
complex hypothermia therapy and consensus-based
clinical management guidelines of care were suc-
cessfully implemented across the centers (25).
Although some authors advocate mild hypothermia
(32–34"C) within 6 h of TBI, there is no recommen-
dation to use hypothermic strategy in children with
severe TBI (1).

Surgery: Surgery is not a first-line treatment except
to evacuate compressive subdural or epidural
hematomas. Intracranial hypertension refractory to
medical therapeutics may be treated by decompres-
sive craniectomy (with duraplasty). However, only
a selected population with specific criteria may
benefit from this surgery: diffuse cerebral swell-
ing, within 48 h of injury, no episodes of sus-
tained ICP >40 mmHg, secondary clinical
deterioration, and evolving cerebral herniation
syndrome (1).

Strategy of assessment and management
of the critically ill children with head
injury

Assessment of critically ill children with head injury
must be carefully but quickly performed and must
not delay treatment. According to the clinical assess-
ment and severity, the implementation of each
treatment follows a strategy in which intracranial
hypertension and CPP management play a central
role. Following general maneuvers application, the
first tier interventions are used and included: CSF
drainage, osmotic therapy, prevention of seizures,
and moderate hyperventilation. If these therapeutic
interventions are not sufficient, after a new CT scan
excluding any complications surgically curable, the
next steps may include: profound hyperventila-
tion, high-dose barbiturates, and ⁄ or decompressive

craniectomy. All these procedures are summarized
in Figure 1.

Conclusion

The prevention of secondary brain injury is the aim
of the management of TBI in children. Control of
life-threatening problems by simple methods, such
as cardiovascular resuscitation and mechanical ven-
tilation, are the first and certainly the most effective
steps. However, one should remember that children
with severe TBI may also present associated extra-
cranial injuries. A classical source of error is to focus
only on a potential severe cerebral lesion while
neglecting a bleeding abdominal lesion or underes-
timating the role of a pulmonary contusion in the
respiratory distress. This is the reason why children
with severe TBI should be transported directly to a
pediatric trauma centre (if available), rather than to

GCS < 8
cerebral CT scan: diffuse lesion or focal swelling

Insert EVD or ICP monitor
Maintain CPP > 50 – 60 mmHg (age dependent)

Intracranial hypertension?
Low/

normal ICP
Increased

ICP

Low/normal ICP:
Carefully withdraw ICP 
treatment
Withhold one therapy at a 
time

Increased ICP Repeat cerebral CT scan

Second tier therapy:
1. Mild hyperventilation (30<PaCO2<35 mmHg)
2. Mannitol (0.25 – 1.0 g/kg/IV q 4 – 6 h) with 

serum osmolarity < 320
3. 3% hypertonic saline (bolus or slow infusion) 

with serum osmolarity < 370
4. Barbiturates (low dose, i.e. 5 mg/kg IV q 6h) 

with escalation to burst if needed

Low/
normal ICP

Increased ICP Repeat cerebral CT scan

Third tier therapy:
1. Decompressive craniectomy or temporal 

lobectomy
2. Moderate hypothermia (32 – 34 °C)
3. Hyperventilation to PaCO2 < 30 mmHg (use 

transiently)

Low/
normal ICP

First tier therapy:
1. CSF diversion; EVD at 0 + 3cm 

above tragus
2. Sedation (± paralysis)
3. HOB at + 30°
4. 35 < PaCO2 < 38 mmHg
5. O2 saturation > 92%

Figure 1
Algorithm for critical care management of head trauma children,
adapted from Mazzola and Adelson (12). GCS, Glasgow coma
scale; ICP, intracranial pressure; EVD, external ventricular drain-
age; CSF, cerebrospinal fluid; HOB, head of the bed.
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the nearest available general hospital (1). In fact,
there is a growing body of evidence suggesting that
children with severe TBI are more likely to survive if
treated in such specialized centers (1, 26).
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