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Abstract

Issue Section:  Position Statement

Head trauma leading to brain injury is an important cause of

morbidity and mortality in childhood. Estimates of the

incidence in paediatric patients vary according to de�nition and

methodology; however, the annual rate ranges from 130 to 200

cases per 100,000 population, leading to at least 20,000

emergency department (ED) visits in Canadian paediatric

hospitals per year.[1]-[3] In the United States, head trauma is

estimated to lead to >470,000 emergency department visits and

Head trauma leading to brain injury is an important cause

of morbidity and mortality in childhood. Injury severity is

related to the mechanism of trauma, which itself varies

with age. The vast majority of head trauma in paediatric

patients is mild, requires no speci�c therapy and leaves no

sequelae. However, it is important to identify individuals at

risk of signi�cant injury, and thus in need of speci�c

evaluation. The purpose of this statement is to describe

issues related to head trauma in infants, children and

youth, including clinical manifestations, initial

management priorities, guidelines for imaging, and

subsequent observation and treatment. It addresses the

evaluation of patients with acute trauma to the head at the

time of initial assessment; it does not describe the

subsequent management of such patients in the paediatric

intensive care unit.
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35,000 hospital admissions annually.[4] Head trauma is thus

one of the most common reasons for consultation in the ED.

Only a small proportion of patients with head trauma will be

found to have a traumatic brain injury (TBI). This term is used

to describe the symptoms and signs that result from trauma to

the brain itself, which may or may not be associated with

�ndings of injury on imaging studies. In sports-related

concussion, it is well recognized that signi�cant symptoms and

impaired functioning may persist for a considerable length of

time after the traumatic event. The clinical signi�cance of

intracranial lesions may be de�ned in a variety of ways, such as

the need for hospitalization or neurosurgical intervention. In

one large series of children presenting to the ED in children’s

hospitals in Italy, the risk of fatal and nonfatal traumatic brain

injury was 0.5 and 5.2 per 1000 children with closed head

trauma, respectively.[5]

The unique anatomy of children may make them more likely to

develop an intracranial lesion due to head trauma. They have a

larger head-to-body size ratio, a thinner cranial bone and less

myelinated neural tissue.[6] Paediatric patients with traumatic

brain injury more commonly develop a pattern of di�use axonal

injury and secondary cerebral edema compared with adults.

Lesions actually requiring neurosurgical intervention, such as

evacuation of a hematoma, are relatively rare.

The most common causes of head trauma in children and

youth presenting to Canadian EDs are:[2]

Falls

Sports-related injuries

Being hit on the head, by an object or by colliding with an

obstacle

Injuries involving the use of a bicycle

Injuries involving motor vehicles, especially as a pedestrian.

Intracranial injury is more frequent following falls from a

height above three feet (91 cm, or twice the length/height of the

individual), involvement in a motor vehicle accident (either as a
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passenger or a pedestrian) or impact from a high-velocity

projectile.[7]

Clinical manifestations

Children with head trauma may present with a variety of

symptoms, including:

Headache

Amnesia

Impaired level of consciousness, disorientation or confusion

Vomiting

Loss of consciousness

Blurred vision

Seizures

Younger children may present with lethargy or irritability. It is

di�cult to conclude from published studies which, if any, single

clinical symptom or sign is a reliable predictor of intracranial

injury.

However, signs that have been particularly associated with

intracranial injury include:

Prolonged loss of consciousness or impaired level of

consciousness

Disorientation or confusion; amnesia

Worsening headache

Repeated or persistent vomiting

Classification of the severity of head
trauma
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The Glasgow Coma Scale (GCS) (Table 1A)[8] is a validated tool

used to evaluate level of consciousness. The Paediatric Glasgow

Coma Scale (Table 1B) has been shown to be particularly useful

in preverbal children.[9]

For the purposes of these guidelines, head trauma is classi�ed

according to GCS as follows:

GCS 14 to 15: Minor head trauma

GCS 9 to 13: Moderate head trauma

GCS ≤8: Severe head trauma

Minor head trauma accounts for the majority of paediatric

patients presenting for medical assessment for possible head

injury. Patients with moderate or severe head trauma are more

likely to exhibit intracranial pathology and require either

supportive care or speci�c treatment in a hospital setting.

TABLE 1A Standard Glasgow Coma Scale (GCS)

Eye opening Best verbal
response

Best motor
response

Spontaneous 4 Oriented 5 Follows
commands 

6 

To verbal
stimuli 

3 Confused 4 Localized pain 5 

To pain 2 Inappropriate words 3 Withdraws to
pain 

4 

None 1 Incomprehensible
sounds 

2 Flexion to pain 3 

  None 1 Extension to
pain 

2 

    None 1 

Adapted from reference [8]

TABLE 1B Paediatric Glasgow Coma Scale (GCS)
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Eye opening Best verbal
response

Best motor response

Spontaneous 4 Coos, babbles 5 Normal spontaneous
movement 

6 

To speech 3 Irritable, cries 4 Withdraws to touch 5 

To pain 2 Cries to pain 3 Withdraws to pain 4 

None 1 Moans to pain 2 Abnormal flexion 3 

  None 1 Abnormal extension 2 

    None 1 

Adapted from reference [9]

Initial management priorities

The �rst priority is to stabilize vital signs. An important goal of

stabilization is to avoid secondary injury to the traumatized

brain from hypoxia, hypotension, hyperthermia or raised

intracranial pressure. A structured approach to the assessment

of airway, breathing, circulation and disability (ABCD) is

described in Table 2.[10] On occasion, early and de�nitive

treatment of a primary intracranial injury may be required (eg,

in some cases of epidural hematomas).

A pertinent history should also be obtained. Elements to include

are:

The mechanism of head trauma, whether witnessed or not;

The state in which the patient was found, including loss of

consciousness or seizures;

Presenting symptoms, especially impaired level of

consciousness, disorientation or confusion, amnesia,

worsening headache or repeated vomiting; and

Medical history of head injury, neurological disorders,

medication use and bleeding diathesis.
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The possibility of abusive head trauma in infants and children

needs to be considered, especially in situations of altered level

of consciousness without obvious cause, or when the clinical

�ndings are not compatible with the history provided.[11]

Abusive head trauma may not be recognized initially, due to

variable modes of presentation and the typically young age of

victims.[12] Delays in recognizing traumatic brain injury in this

context may lead to relatively poor outcomes.

The depth of investigation, including cerebral imaging, and the

need for observation, hospitalization or speci�c intervention,

largely depend on the clinical state of the patient at the time of

initial assessment (Figure 1).

TABLE 2 Assessment and stabilization (ABCD)

Airway (A)

Consider possible injury to the cervical spine 

Maintain head and neck in a neutral position 

Immobilization: Sandbags, intravenous solution bags, towel rolls
(younger patients) 

Age-appropriate rigid cervical collar or manual in-line immobilization
(older patients) 

Orotracheal intubation if cannot maintain airway adequately with
positioning and a�er suctioning 

Breathing (B) 

Intubation if unable to maintain adequate oxygenation and ventilation,
despite provision of supplemental oxygen 

Use rapid-sequence induction technique 

Maintain cervical spine precautions 

Circulation (C) 

Hemodynamic instability unlikely to be caused by intracranial injury
alone (exception: Significant intracranial or scalp bleeding in a young
infant). 

http://www.cps.ca/en/documents/position/multidisciplinary-guidelines-abusive-head-trauma
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If present:
Investigate extracranial lesions causing hemorrhagic or hypovolemic

shock

Insert two large-bore intravenous catheters; fluid bolus of 20 mL/kg of

normal saline

Repeat until vital signs improve.
 

Disability (D) 

Perform rapid assessment, including:
Glasgow Coma Scale score adapted to age

pupil size and reactivity to light

tone, reflex and movement of all four limbs

fontanelle (infants)

signs of basal skull fracture: Periorbital ecchymosis (ʻraccoon eyesʼ),

ecchymosis over the mastoid bone (Battleʼs sign), obvious leakage of

CSF from the nose or ears, hemotympanum. If one or more of these

signs is present, no tube should be placed by the nasal route
 

Adapted from reference [10]. CSF Cerebrospinal fluid
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Full printable version of Figure 1

Imaging

Indications for skull x-rays

While the presence of a linear skull fracture appears to be an

independent risk factor for intracranial lesions,[13],skull x-rays

need not be performed routinely in all patients.[14],[15]

Children younger than two years of age with head trauma

present particular challenges. Clinical assessment of their

neurological status may be limited by their developmental level,

particularly in the preverbal stage. The incidence of skull

fracture following minor head injury may be as high as 11% in

this age group[16] but obtaining imaging studies, especially

computed tomography (CT) scans, may require sedation.

Guidelines for evaluating children younger than two years of

age with apparently minor head trauma have been published.

[17] These have supported the recommendation that skull x-

rays should be performed in the presence of a large, boggy

hematoma in a child younger than two years of age.[14],[16],

[17]

http://www.cps.ca/documents/head-trauma-EN-full.pdf
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While an obvious penetrating lesion or suspected depressed

skull fracture in an older patient is an indication for skull x-ray,

a CT scan is more commonly performed.

If elements of the history or physical examination raise the

suspicion of child abuse, skull x-rays are indicated as part of the

investigation. Detailed discussion of abusive head trauma is

beyond the scope of this statement and has been addressed well

in other documents.[11]

Indications for CT scan

All patients presenting with moderate or severe head trauma

should undergo a cranial CT scan. However, there is

considerable debate about which patients with minor head

trauma require a CT scan, given the potential for late

deterioration resulting from delayed diagnosis of an

intracranial injury and the relative unreliability of clinical signs

in predicting intracranial injury.[18] The low rate of positive

�ndings on CT scan, the need to sedate some patients in order

to perform the examination, and concern about the risk of

radiation exposure[19] have prompted the development of

clinical prediction rules to guide clinicians in deciding for whom

a scan should be performed. All of these rules involve some

combination of variables based on the mechanism of trauma,

signs and symptoms on initial assessment, or status after a

period of observation. Recent systematic reviews have criticized

their heterogeneity and lack of prospective validation in

multicentre cohorts.[20],[21]

The largest study published to date on this issue is from the

Pediatric Emergency Care Applied Research Network.[22] This

study included 42,412 patients from 25 sites. This group’s

approach di�ered from previous studies in identifying elements

whose absence would obviate the need for a CT scan. While

highly sensitive and relatively speci�c, widespread application

of these algorithms may lead to greater, rather than less, use of

CT scans.[23]

Members of the Pediatric Emergency Research Canada Head

Injury Study Group[2] derived the Canadian Assessment of

Tomography for Childhood Head Injury (CATCH) rule, by means
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of a prospective cohort study involving 3886 children

presenting with symptomatic minor head trauma to 10

Canadian paediatric teaching institutions. The CATCH rule is

outlined in Table 3. The seven high- and medium-risk factors

were shown in a subsequent prospective validation study to be

98% sensitive (95% CI 95% to 99%) for predicting acute brain

injury, and would require that 38% of patients undergo CT.[24]

TABLE 3 Canadian Assessment of Tomography for Childhood Head Injury:
The CATCH rule

CT of the head is required for children with a minor head injury* plus
any one of the following findings:

High risk (need for neurological intervention)

1. Glasgow Coma Scale score <15 at 2 h a�er injury

2. Suspected open or depressed skull fracture

3. History of worsening headache

4. Irritability on examination
 

Medium risk (brain injury on CT scan)

1. Any sign of basal skull fracture (eg, hemotympanum, ʻraccoonʼ eyes,

otorrhea or rhinorrhea of cerebrospinal fluid, Battleʼs sign)

2. Large, boggy hematoma of the scalp

3. Dangerous mechanism of injury (eg, motor vehicle collision, fall

from a height ≥3 feet (≥91 cm) or down five stairs, falling from a

bicycle without a helmet)
 

Adapted from reference [2].

* Minor head injury is defined as an injury sustained within the past 24 h
associated with witnessed loss of consciousness, definite amnesia,
witnessed disorientation, persistent vomiting (more than one episode)
or persistent irritability (in a child younger than two years of age) in a
patient with a Glasgow Coma Scale score of 13 to 15. CT Computed
tomography
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Elements on history or physical examination that should

motivate the clinician to order a CT scan:

Absolute indications:

Focal neurological de�cit on physical examination

Clinically suspected open or depressed skull fracture, or a

widened or diastatic skull fracture observed on x-ray

Relative indications:

Abnormal mental status: GCS <14 at any point from time of

initial assessment onward, or GCS <15 at 2 h after injury

Clinical deterioration over 4 h to 6 h of observing a

symptomatic patient in the ED, including worsening

headache or repeated vomiting

Signs suggestive of a basal skull fracture

Large, boggy scalp hematoma in child ≥2 years of age; in

younger children, consider performing a skull x-ray �rst

Mechanism of trauma raising suspicion for serious injury

(eg, falling from a height, a motor vehicle collision in which

speed was a factor, or impact with a projectile, such as a

gunshot or a metal fragment)

Persistent irritability in a child <2 years of age

Seizures at the time of the event or later

Known coagulation disorder

Management a�er initial assessment

Minor head trauma (GCS 14 or 15)

Asymptomatic patients may be discharged home to the care of

reliable parents or guardians. Written instructions describing

signs to watch for (eg, worsening headache, persistent

vomiting, di�culty in awakening), who to contact in such a case

and when to return for follow-up, should be provided.
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If after initial evaluation there is headache or repeated

vomiting, or there is a history of loss of consciousness at the

time of trauma, a period of clinical observation, with

reassessment, is indicated. If there is improvement in

symptoms and the GCS is 15, the patient may be discharged

home with parental instructions as above. If there is no

improvement, the patient should be admitted to hospital with

evaluation of vital signs and level of consciousness every 2 h to

4 h. Intravenous rehydration should be provided for patients

with persistent vomiting. Persistent symptoms after 18 h to 24 h

of hospitalization may indicate a cranial CT scan, if not already

performed. A CT scan with positive �ndings should be discussed

with a neurosurgeon, and consulting a clinician experienced in

the management of head trauma may be appropriate for

patients with negative CT scans but experiencing persistent

symptoms.

In the child younger than two years of age, and particularly in

children younger than 12 months of age, greater caution is

advised. The challenges of their clinical assessment and the

importance of identifying abusive trauma should lead clinicians

to observe these patients for a longer period, with frequent

reassessments. Trivial head trauma in an asymptomatic,

ambulatory toddler is compatible with discharge from the ED;

this may not be the case for an infant or baby. The presence of a

widened or diastatic skull fracture (>4 mm) increases the risk of

developing a leptomeningeal cyst, and follow-up of these

patients should be arranged.[25] In cases of suspected abusive

head trauma, hospitalization may be indicated and referral to

the local child protection authorities is always required.

Moderate head trauma (GCS 9 to 13)

All patients with moderate head trauma should undergo

imaging by CT scan. Skull x-rays may also be indicated. They

should be admitted to hospital and consultation with a

neurosurgeon or clinician experienced in the management of

head trauma is advised. Depending on the CT scan �ndings and

the evolution of neurological status, admitting these patients to

a paediatric intensive care unit may be needed to provide closer

monitoring. This is particularly true for patients at the lower
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end of the GCS spectrum (GCS 9 to 10). The decision to transfer a

patient with a moderate head injury to a tertiary care centre

must be individualized, based on clinical judgment and local

resources, and should be discussed with a paediatric intensive

care or trauma team, or both.

Severe head trauma (GCS ≤8)

Once the patient with a severe head injury has been stabilized,

including intubation, a cranial CT scan should be performed.

Severe traumatic brain injury is a complex and challenging

emergency. Patients with severe head trauma are at risk of

raised intracranial pressure (ICP). Raised ICP may result from

the mass e�ect of localized bleeding, as in the case of epidural

and subdural hematomas, or be produced by vasogenic edema

from di�use axonal injury. In the acute setting, measures aimed

at maintaining a normal ICP and cerebral perfusion pressure are

appropriate.[26]

Management should include:

Continuous monitoring of vital signs and, if possible, end-

tidal CO2

Mechanical ventilation to maintain normal oxygenation and

ventilation

Maintenance of a normal core temperature

Providing sedation and analgesia, particularly during

procedures and transport

Fluid administration as required to maintain normovolemia

and avoid hypotension.

Patients with severe head trauma require referral to a trauma

centre with neurosurgical and paediatric critical care services.

[27] During transport, continuous monitoring of neurological,

respiratory and hemodynamic status is essential, and treatment

modalities for emergency management of raised ICP should be

available.
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Post-traumatic seizures

The majority of post-traumatic seizures in children occur

within the �rst 24 h, and rarely beyond seven days. Factors

increasing the risk of post-traumatic seizures may include

younger age,[28] severe head trauma (GCS ≤8), cerebral edema,

subdural hematoma, and open or depressed skull fractures.[29]

The incidence of early post-traumatic seizures ranges from 5%

to 6.5% but may be as high as 30% to 35% in severe head

trauma.[29],[30] It is possible that abnormal mental status at

initial assessment following a head trauma is due to a postictal

state.

Post-traumatic seizures may contribute to secondary brain

injury, with the exception of those occurring immediately after

the head trauma: so-called ‘impact seizures’. Patients with

impact seizures or an isolated post-traumatic seizure shortly

after the event, but whose neurological examination and

imaging are normal, are at low risk of further complications

and may be discharged.[31]

The acute treatment of post-traumatic seizures is identical to

that of acute seizures occurring in other contexts. The

emergency management of paediatric patients with generalized

convulsive status epilepticus has been described in a recent

statement from the Canadian Paediatric Society.[32]

Administering phenytoin to prophylax for post-traumatic

seizures in paediatric head trauma patients is not proven

e�ective[33],[34] but it is still used frequently to treat post-

traumatic seizures and to prophylax in patients with severe

head trauma.[27]

Prognosis

The majority of patients with minor head injury do not exhibit

intracranial pathology and their symptoms will resolve

quickly. Nevertheless, the literature regarding sports-related

concussive injury clearly demonstrates that some patients will

continue to experience symptoms of varying intensity for days
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or weeks following the concussion, with e�ects on global

functioning and school performance.[35]

With a documented intracranial injury, indicators of poor

prognosis include clinical severity at initial presentation,

especially a GCS ≤5, and the presence of raised ICP. Research is

underway to assess the validity of serum or cerebral spinal �uid

(CSF) markers of severity of injury, as well as early

examinations of cerebral physiology such as cerebral oximetry

and somatosensory-evoked potentials.[36],[37]

Other elements in�uencing prognosis following traumatic brain

injury include the presence and severity of injuries at other body

sites, pre-injury attention-de�cit-hyperactivity disorder, and

socioeconomic status.[38] Di�culties in concentration,

attention and behaviour may lead to problems with social

functioning long after the time of the injury.[18]

Prevention

Health care practitioners have numerous opportunities to

provide age-appropriate anticipatory guidance around risk

factors for head trauma in children. The CPS advocates for

public policy and legislation to ensure, for example, helmet use

in sporting activities, child restraint use in vehicles and the ban

on baby walkers in Canada. Such measures have proven

successful in reducing both the incidence and severity of head

trauma in paediatric patients.[39]Clinicians treating infants,

children and youth should include injury prevention when

counselling families.

Conclusions

Head trauma is a frequent occurrence in childhood and

adolescence, with most injuries being minor and without

sequelae. A systematic approach to the clinical assessment of

the patient presenting with head trauma is recommended, with

investigations being conducted according to the symptoms,

signs and estimated likelihood of intracranial pathology. Most
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patients can be either discharged or observed in hospital for a

short period. Severely injured children require immediate

stabilization, close surveillance and continuous monitoring to

prevent secondary lesions that may aggravate the consequences

of the primary brain injury.
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