
The most common single organ system injury associated with death in injured children is 
head trauma. Multiple injuries are common in children.

Principles of Disease.

There are major anatomic & physiologic differences between paediatric & adult patients 
that play a significant role in evaluation and management of the paediatric trauma patient.

Any given force to a child is more widely 
distributed through the body of the child 
making multiple injuries significantly  more 
likely to occur.

Oxygen extraction & consumption (as well as 
glucose utilisation) is higher per kg in infants 
& small children.

Children have a great capacity to maintain 
blood pressure despite significant acute blood 
losses (always pay attention to HR and RR, 
as a marker for shock).

Chi ldren are pr imari ly diaphragmatic 
breathers.

PAEDIATRIC TRAUMA
Trauma results in half of all deaths in children aged 1 to 14 years...
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The child’s body size allows for a greater distribution of 
traumatic injuries, so multiple trauma is common.

The child’s greater relative body surface area causes 
greater heat loss.

The child’s internal organs are more susceptible to injury 
based on more anterior placement of liver and spleen 
and less protective musculature and subcutaneous 
tissue mass.

The child’s kidney is less well protected and more mobile, 
making it susceptible to deceleration injury.

Fifteen percent of pediatric patients presenting with 
hematuria after trauma have underlying congenital 
abnormalities.

Growth plates are not yet closed in pediatric patients, 
leading to Salter-type fractures with possible limb-length 
resultant abnormalities.

The child’s head-to-body ratio is greater, the brain is less 
myelinated, and cranial bones are thinner, resulting in 
more serious head injury.

BOX 35-1 ANATOMIC DIFFERENCES IN ADULTS AND CHILDREN: 
IMPLICATIONS FOR PEDIATRIC TRAUMA MANAGEMENT

Table 35-1 Anatomic Differences in the Pediatric Airway—Implications in Pediatric Trauma Management

DIFFERENCES IMPLICATIONS

Increased vagal response to laryngoscopy Bradycardia during intubation; in infants and small children may be 
abated through the use of glycopyrrolate or atropine

Relatively larger tongue Most common cause of airway obstruction in children
May necessitate better head positioning or use of airway adjunct 

(oropharyngeal or nasopharyngeal airway)
Larger mass of adenoidal tissues may make nasotracheal 

intubation more difficult
Nasopharyngeal airways may also be more difficult to pass in infants

Epiglottis floppy and more U shaped Necessitates use of a straight blade in young children
Larynx more cephalad and anterior More difficult to visualize the cords; may need to get lower than the 

patient and look up at 45-degree angle or greater while intubating
Cricoid ring the narrowest portion of the airway Allows for use of uncuffed tubes in children up to size 6 mm or 

approximately 8 years old
Can use cuffed tube with or without balloon blown up; cuffed tube size 

typically (age/4) + 3
Narrow tracheal diameter and distance between the rings, 

making tracheostomy more difficult
Needle cricothyrotomy for the difficult airway versus a surgical 

cricothyrotomy for the same reason
Shorter tracheal length (4–5 cm in newborns and 7–8 cm in 

18-month-olds)
Leads to intubation of right mainstem or dislodgment of the 

endotracheal tube
Ensure tube position is checked before taping with head in neutral 

position or it can be driven into the right mainstem when the head is 
flexed or withdrawn when the head is extended to get to neutral

Large airways more narrow Leads to greater airway resistance (R proportional to 1/radius4)

Table 35-2 Airway: Assessment and Treatment

ASSESSMENT PRIORITIES INTERVENTIONS

Airway patency Jaw thrust, suction, airway adjuncts
Stabilize/remove loose teeth or other 

foreign bodies
Level of consciousness Cervical spine immobilization
Maxillofacial injury Apply 100% O2 by mask

Monitor patient closely for emesis
Stridor or cyanosis Intubate for Glasgow Coma Scale ≤8 

or absent gag reflex in a patient 
with a clinically concerning head 
injury or Po2 < 50 mm Hg or Pco2 
> 50 mm Hg

Needle cricothyrotomy if intubation 
impossible and cannot oxygenate 
and ventilate by bag-valve-mask 
until successful airway control by 
alternative method or provider

cian assesses for possible airway obstruction from injury, teeth, 
blood, constriction, or vomitus. The physician must know 
normal dental anatomy and development in order to better 
recognize the possibility of missing primary or secondary teeth. 
Efforts to perform cricoid pressure, or ligatures such as ties on 
gowns, can easily occlude the infant/child’s airway with as 
little as 0.2 pounds of force. Excessive cricoid pressure is a 
preventable but common reason for difficulty passing the 
endotracheal tube once it has passed through the cords.7 Gur-
gling or stridor may indicate upper airway obstruction. While 
stabilizing the neck, the airway is opened with a jaw-thrust 
maneuver. Efforts should be directed toward clearing the oro-

pharynx of debris. The clinician must consider the possibility 
of cervical cord injuries in all seriously traumatized children. 
Evaluation of the cervical spine in children is discussed later: 
A gentle, developmentally appropriate approach must be used 
if reliable information is to be gained. Any complaint of past 
or current neurologic deficit, neck pain, or significant trauma 
to the head, chest, abdomen, or other spinal level injury should 
raise concern for a cervical spine injury. Repeatedly asking a 
toddler, “Does this hurt?” will typically lead to a response of, 
“No, No, No, Yes” as the child tries to accommodate to what 
he or she believes the examiner must want for an answer. It is 
often more useful to watch facial expression and for other cues 
of discomfort. Table 35-2 describes priorities in the assess-
ment of the pediatric airway.
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Clinical Features.

The highest priority in the approach to the injured child is ruling out the presence of life-
threatening or limb-threatening injury. This initial assessment (the primary survey) and 
necessary initial resuscitation efforts must occur simultaneously.

A - AIRWAY & C.SPINE STABILISATION.

There are multiple anatomic considerations (& implications) in the management of the 
paediatric airway (see above).

Assess for possible airway obstructions 
including injury, bleeding, teeth, constriction or 
vomitus.

Whilst stabilising the C-spine, the airway  is 
opened with jaw-thrust.

Any complaint of previous/current neurological 
deficit, neck pain or significant head/chest/abdo 
trauma or other spinal level should raise 
concern for a C-spine injury.

B - BREATHING & VENTILATION.

Assess for adequacy of chest rise (lower chest 
& upper abdomen, moving concordantly). 
Discordance suggests impending respiratory 
failure.

Careful assistance with BVM (avoidance of 
gastric insufflation). Placement of an NGT will 
be of benefit (use topical anaesthetics if 
conscious).

Indications for intubation include;
1. inability to ventilate w/ BVM or need for 
prolonged control of airway
2. GCS <9, avoidance of secondary brain 
injury and allowance of hyperventilation.
3. respiratory  failure w/ hypoxaemia (flail chest 
or pulmonary contusion) or hypoventilation.
4. presence of decompensated shock
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ment of the pediatric airway.
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B—Breathing and Ventilation

The physician assesses for adequacy of chest rise; in a young 
child, this occurs in the lower chest and upper abdomen. Both 
the chest and the abdomen should move concordantly. Dis-
cordant motion is referred to as paradoxical breathing and is a 
sign of impending respiratory failure. The respiratory rate is 
also assessed. Rates that are too fast or too slow can indicate 
impending respiratory failure. Treatment is assisted ventila-
tion. If ventilation is necessary, a bag-valve-mask device is 
recommended initially. Only the volume necessary to cause 
the chest to rise should be provided because excessive volume 
or rate of ventilation can increase the likelihood of gastric  
distention (increasing the risk of vomiting and aspiration) and 
impair ventilation further. Cricoid pressure may help decrease 
the amount of air entering the esophagus during positive- 
pressure ventilation. A nasogastric/orogastric (NG/OG)  
tube should be placed during the first few minutes of bag-
valve-mask ventilation and should be considered in all seri-
ously injured children. Gastric distention due to bag-valve-mask 
and air swallowing often leads to respiratory embarrassment 
and potential hypotension due to decreased venous return. In 
conscious children, placement of an NG or OG should be 
preceded by local anesthesia, using agents such as atomized 
or nebulized lidocaine plus lidocaine jelly. The overall amount 
of lidocaine given should be closely monitored to prevent 
accidental overdose.

Indications for endotracheal intubation of a pediatric trauma 
patient include (1) any inability to ventilate by bag-valve-mask 
methods or the need for prolonged control of the airway,  
(2) Glasgow Coma Scale (GCS) score of less than 9 to secure 
the airway and provide controlled hyperventilation as indi-
cated, (3) respiratory failure from hypoxemia (e.g., flail  
chest and pulmonary contusions) or hypoventilation (e.g., 
injury to airway structures or spinal cord injury), and (4) the 
presence of decompensated shock resistant to initial fluid 
administration.

Compared with adults, intubation of pediatric patients 
involves special considerations (see Table 35-1).

In children younger than age 8 years, the cricoid ring is the 
narrowest portion of the airway. For this reason, the cricoid 
ring often forms a physiologic cuff on uncuffed endotracheal 
tubes. In general, uncuffed tubes are used in children younger 
than age 8 years; cuffed tubes may be indicated when more 
airway protection than that from an uncuffed tube is necessary 
or when high-pressure or more precise ventilatory manage-
ment is necessary. In general, the orotracheal approach to 
intubation is recommended. Problems associated with nasotra-
cheal intubation in children include impairment of tube 
passage by the acute angle of the posterior pharynx, the poten-
tial for causing or worsening bleeding within the oral cavity, 
sinusitis, and increasing intracranial pressure (ICP) with 
insertion.

 There are many limiting factors that compromise ventila-
tory function in an injured child, including depressed senso-
rium, occlusion of the airway, painful restriction of lung 
expansion, and direct pulmonary injury. Determination of 
adequate ventilation is possible only in the face of airway 
patency and adequate air exchange. As noted previously, the 
diaphragm plays a special role in the maintenance of proper 
ventilatory status in children. It is easily fatigued in a young 
child and often is displaced by any process that promotes dis-
tention of the stomach. As such, it is advisable to consider early 
placement of an NG/OG tube to facilitate decompression of 
the stomach.

To assess “ventilation,” pulse oximetry is useful; however, 
pulse oximetry measures adequacy of oxygenation only. The 

measurement of exhaled CO2 is useful to confirm endotracheal 
tube position. Historically, a colorimetric semiquantitative 
device was used to detect the presence of exhaled CO2 in 
patients with perfusion. The use of continuous end-tidal CO2 
capnography provides far more information and continues  
to be underutilized. In addition to serving as an initial qualita-
tive device to confirm successful intubation of the trachea, it 
may also provide an early warning of unintended extubation, 
tube kinking or partial occlusion, or ventilator malfunction. It 
also characterizes the response to therapeutic maneuvers 
instantaneously, provides a quantitative tool to manage the 
ventilatory aspects of respiration, and may provide prognostic 
information when used in patients with cardiac arrest. The 
lack of appropriate CO2 production when the tube is in proper 
position often indicates poor perfusion. The use of end-tidal 
CO2 capnography allows better ventilatory management 
during head injury resuscitation, and its values can be con-
firmed with a single venous or arterial blood gas. This can 
assist greatly with continuing ventilatory management without 
the need for recurrent blood draws and the inherent delays 
and discomfort of acquiring arterial blood gases. Table 35-3 
describes priorities in the assessment of breathing in pediatric 
trauma patients.

Table 35-3 Breathing: Assessment and Treatment

ASSESSMENT PRIORITIES INTERVENTIONS

Respiratory rate 100% O2 by nonrebreather mask or 
intubate if in respiratory failure; 
fast rates may indicate shock 
(fluid resuscitation) or pain 
(parenteral analgesics).

Chest wall movements For significant pneumothorax or 
hemothorax: Place chest tube. 
Small pneumothorax in a patient 
spontaneously breathing may only 
require close monitoring and/or 
oxygen washout. Transfer to 
operating room if initial drainage 
>20 cc/kg or subsequent output 
>2 mL/kg/hr.

Percussion Open pneumothorax: Seal with 
three-sided occlusive dressing 
(Vaseline gauze) followed by tube 
thoracostomy and then seal 
remaining side of occlusive 
dressing.

Paradoxical breathing Contusion/flail chest: Intubate if 
tachypneic or Po2 < 50 mm Hg or 
Pco2 > 50 mm Hg.

Tracheal deviation Tension pneumothorax: Needle 
decompression at second 
intercostal space, midclavicular 
line, followed by placement of 
chest tube unless chest tube 
incision can be immediately 
placed, negating the necessity of 
needle decompression.

Flail segments O2 by nonrebreather mask or 
intubate if in respiratory failure.

Open wounds Compress bleeding sites and cover 
as indicated.

Consider use of hemostatic dressing.



C - CIRCULATION & HAEMORRHAGE CONTROL.

Shock is a state of inadequate tissue perfusion. 
Maintenance of systolic BP does not ensure 
avoidance of shock.

The paediatric vasculature has incredible ability 
to increase SVR in attempt to maintain perfusion. 
Do not be reassured by ʻnormalʼ blood pressure.

Look for cool distal extremities, reduced 
peripheral cap refill. 

Altered mental state can be a sign of either/or 
circulatory or respiratory failure. 

D - DISABILITY ASSESSMENT.

E - EXPOSURE & THOROUGH EXAMINATION.
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C—Circulation and Hemorrhage Control

Shock is not defined by any specific blood pressure but is 
instead a state in which the body is unable to maintain ade-
quate tissue perfusion. Maintenance of systolic blood pressure 
does not ensure that the patient is not in shock. The pediatric 
vasculature has the ability to constrict and increase systemic 
vascular resistance in an attempt to maintain perfusion. Signs 
of poor perfusion, such as cool distal extremities, decreases in 
peripheral versus central pulse quality, and delayed capillary 
refill time, are signs of pediatric shock, even when blood pres-
sure is maintained at normal levels. Palpable pulses are detect-
able at a systolic blood pressure greater than 80 mm Hg in 
children over approximately 10 years of age; however, it may 
be felt at lower pressures in infants and children younger than 
10 years of age. Pulses can frequently be felt at lower systolic 
blood pressures in infants. Normal capillary refill time is less 
than 2 seconds; however, many variables affect this clinical 
finding. Alteration in a child’s response to the environment or 
interaction with caregivers may indicate respiratory failure or 
shock. External hemorrhage should be sought and controlled 
with direct pressure. The assessment of circulation in pediatric 
trauma patients is described in Table 35-4.

D—Disability Assessment  
(Thorough Neurologic Examination)

The assessment of disability in pediatric trauma patients is 
described in Table 35-5. To assess patient disability, a rapid 
neurologic evaluation is needed. Many methods are available 
to the clinician, specifically the AVPU system (Box 35-2) and 
the modified GCS (Table 35-6).

E—Exposure and Thorough Examination

The final component of the primary survey involves fully 
undressing the patient to assess for hidden injury. Mainte-
nance of normothermia is paramount in the undressed toddler 
and infant because metabolic needs are greatly increased by 
hypothermia. As soon as possible, in addition to increased 
ambient temperature, additional warming methods such as 
warmed humidified oxygen, warmed fluids and/or blood, head 
wraps, and convective warmers or radiant heat sources should 

Table 35-4 Circulation: Assessment and Treatment

ASSESSMENT PRIORITIES INTERVENTIONS

Capillary refill Oximeter and cardiac monitor,  
O2 and fluid resuscitation 
20 mL/kg.

Consider intubation and 
ventilation to decrease workup 
breathing.

Heart rate Monitor vital signs every 5 min.
Peripheral pulses Two large-bore intravenous sites 

(above and below diaphragm 
when indicated).

Sensorium Bolus with 20 mL/kg lactated 
Ringer’s or normal saline 
solution (warm all intravenous 
fluids).

Pulse pressure increase Repeat fluid bolus two times if 
necessary.

Skin condition/perfusion Packed red blood cells, 10–
20 mL/kg for decompensated 
shock secondary to blood loss.

Table 35-5 Disability: Assessment and Treatment

ASSESSMENT 
PRIORITIES INTERVENTIONS

Level of 
consciousness

Maintain blood pressure and oxygenation 
and ventilation.

AVPU scale or 
GCS

If head injury with GCS <9: RSI and 
intubate; head computed tomography, 
neurosurgical consult.

If normotensive, consider mannitol 
0.25–0.5 g/kg.

Maintain CO2 at approximately 35 mm Hg.
Maintain cerebral perfusion pressure of at 

least 50 mm Hg in children and 
70 mm Hg in adults.

Pupil size and 
reactivity

Hyperventilate: Pco2 to 30–35 mm Hg with 
signs of herniation.

Consider alternative causes of pupillary 
dilatation, such as traumatic mydriasis or 
drug effect from atropine.

Extremity 
movement and 
tone

Stabilize spinal column.
If blunt cord trauma, consider 

methylprednisolone sodium succinate 
(Solu-Medrol) 30 mg/kg IV bolus, then 
5.4 mg/kg/hr for 23 hr IV.

Posturing Hyperventilate: Pco2 to 30–35 mm Hg.
Reflexes Assess for signs of respiratory failure/

bulbocavernosus reflex or anal wink for 
spinal injury “completeness.”

AVPU, alert, verbal, painful, unresponsive; GCS, Glasgow Coma Scale; RSI, rapid 
sequence intubation.

A Alert
V Responds to verbal stimuli
P Responds to painful stimuli
U Unresponsive

BOX 35-2 AVPU SYSTEM

be used. Preventing and treating hypothermia is not a matter 
of comfort for traumatized infants and children but, instead, 
one of survival (Table 35-7).

F—Family

In the management of children, the family could be added to 
the primary survey. Rapidly informing the family of what has 
happened and the evaluation that is proceeding helps lessen 
the stress of the caregivers. Allowing family members to be 
present during resuscitations is acceptable and often preferred 
by families. Some caregivers choose not to be present, but that 
choice should be given to them. If a caregiver is present, it is 
advisable to assign a staff member to be with him or her during 
the trauma resuscitation to explain the process.

Child life specialists and clergy are valuable members of the 
resuscitation team. They can not only serve the patient directly 
through their provision of comfort and developmentally appro-
priate explanations of medical activities but also serve as a 
single caring person for the child to focus on throughout their 
evaluation. They can also be instrumental in assisting the 
family to better understand what they may and may not do 
during and soon after the resuscitation. Families often wonder, 
but are afraid to ask, if they may touch the child, who can help 
with siblings, which siblings should be allowed to visit, what 
is the next step, and a myriad of other concerns. These special-
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described in Table 35-5. To assess patient disability, a rapid 
neurologic evaluation is needed. Many methods are available 
to the clinician, specifically the AVPU system (Box 35-2) and 
the modified GCS (Table 35-6).

E—Exposure and Thorough Examination

The final component of the primary survey involves fully 
undressing the patient to assess for hidden injury. Mainte-
nance of normothermia is paramount in the undressed toddler 
and infant because metabolic needs are greatly increased by 
hypothermia. As soon as possible, in addition to increased 
ambient temperature, additional warming methods such as 
warmed humidified oxygen, warmed fluids and/or blood, head 
wraps, and convective warmers or radiant heat sources should 

Table 35-4 Circulation: Assessment and Treatment

ASSESSMENT PRIORITIES INTERVENTIONS

Capillary refill Oximeter and cardiac monitor,  
O2 and fluid resuscitation 
20 mL/kg.

Consider intubation and 
ventilation to decrease workup 
breathing.

Heart rate Monitor vital signs every 5 min.
Peripheral pulses Two large-bore intravenous sites 

(above and below diaphragm 
when indicated).

Sensorium Bolus with 20 mL/kg lactated 
Ringer’s or normal saline 
solution (warm all intravenous 
fluids).

Pulse pressure increase Repeat fluid bolus two times if 
necessary.

Skin condition/perfusion Packed red blood cells, 10–
20 mL/kg for decompensated 
shock secondary to blood loss.

Table 35-5 Disability: Assessment and Treatment

ASSESSMENT 
PRIORITIES INTERVENTIONS

Level of 
consciousness

Maintain blood pressure and oxygenation 
and ventilation.

AVPU scale or 
GCS

If head injury with GCS <9: RSI and 
intubate; head computed tomography, 
neurosurgical consult.

If normotensive, consider mannitol 
0.25–0.5 g/kg.

Maintain CO2 at approximately 35 mm Hg.
Maintain cerebral perfusion pressure of at 

least 50 mm Hg in children and 
70 mm Hg in adults.

Pupil size and 
reactivity

Hyperventilate: Pco2 to 30–35 mm Hg with 
signs of herniation.

Consider alternative causes of pupillary 
dilatation, such as traumatic mydriasis or 
drug effect from atropine.

Extremity 
movement and 
tone

Stabilize spinal column.
If blunt cord trauma, consider 

methylprednisolone sodium succinate 
(Solu-Medrol) 30 mg/kg IV bolus, then 
5.4 mg/kg/hr for 23 hr IV.

Posturing Hyperventilate: Pco2 to 30–35 mm Hg.
Reflexes Assess for signs of respiratory failure/

bulbocavernosus reflex or anal wink for 
spinal injury “completeness.”

AVPU, alert, verbal, painful, unresponsive; GCS, Glasgow Coma Scale; RSI, rapid 
sequence intubation.

A Alert
V Responds to verbal stimuli
P Responds to painful stimuli
U Unresponsive

BOX 35-2 AVPU SYSTEM

be used. Preventing and treating hypothermia is not a matter 
of comfort for traumatized infants and children but, instead, 
one of survival (Table 35-7).

F—Family

In the management of children, the family could be added to 
the primary survey. Rapidly informing the family of what has 
happened and the evaluation that is proceeding helps lessen 
the stress of the caregivers. Allowing family members to be 
present during resuscitations is acceptable and often preferred 
by families. Some caregivers choose not to be present, but that 
choice should be given to them. If a caregiver is present, it is 
advisable to assign a staff member to be with him or her during 
the trauma resuscitation to explain the process.

Child life specialists and clergy are valuable members of the 
resuscitation team. They can not only serve the patient directly 
through their provision of comfort and developmentally appro-
priate explanations of medical activities but also serve as a 
single caring person for the child to focus on throughout their 
evaluation. They can also be instrumental in assisting the 
family to better understand what they may and may not do 
during and soon after the resuscitation. Families often wonder, 
but are afraid to ask, if they may touch the child, who can help 
with siblings, which siblings should be allowed to visit, what 
is the next step, and a myriad of other concerns. These special-
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VERBAL RESPONSE

SCORE >5 YR 2–5 YR 0–2 YR

5 Oriented and converses Appropriate words and phrases Babbles, coos appropriately
4 Confused conversation Inappropriate words Cries but is consolable
3 Inappropriate words Persistent crying or screaming to pain Persistent crying or screaming to pain
2 Incomprehensible sounds Grunts or moans to pain Grunts or moans to pain
1 None None None

*Total score key: severe, <9; moderate, 9–13; mild, 14–15.

MOTOR RESPONSE

SCORE >1 YR <1 YR

6 Obeys commands Spontaneous
5 Localizes pain Localizes pain
4 Withdraws to pain Withdraws to pain
3 Abnormal flexion to pain (decorticate) Abnormal flexion to pain (decorticate)
2 Abnormal extension to pain (decerebrate) Abnormal extension to pain (decerebrate)
1 None None

Table 35-6 Glasgow Coma Scale Modified for Pediatric Patients*

EYE OPENING RESPONSE

SCORE >1 YR <1 YR

4 Spontaneous Spontaneous
3 To verbal command To shout
2 To pain To pain
1 None None

Table 35-7 Exposure: Assessment and Treatment

ASSESSMENT PRIORITIES INTERVENTIONS

Undress Trauma examination, including rectal examination when indicated.
Look under collar and splints
Log roll and examine back Remove from board when not contraindicated.
Radiology Consider cervical spine, chest, and pelvis radiographs.
Laboratory Complete blood cell count, type and crossmatch, amylase, urinalysis, urine pregnancy test.
Interventions Place urinary catheter and nasogastric or orogastric tube as indicated.
Immunization Appropriate tetanus vaccine if indicated. Consider tetanus immune globulin in appropriate cases.
Pelvic fracture Consider binding pelvis to decrease pelvic volume and improve hemostasis.

ists can assist in all these areas. They are also expert in 
“playing”—the art of distraction and visual imagery. They 
may also play a role as the quintessential patient advocate, 
ensuring that the health care providers focus on the patient 
and not only on the individual medical issue at hand. Child 
life specialists should be viewed as part of the resuscitation 
team.

Secondary Survey

After completion of the primary survey and requisite proce-
dures, the secondary survey is performed. The secondary 
survey is an organized complete assessment to detect addi-
tional injury not found on the primary survey. A more com-
plete and detailed history is obtained at this time. Features of 
the history that need to be obtained can be remembered by 
the mnemonic AMPLE (Box 35-3). Ongoing assessment of the 

patient occurs after the secondary survey, and key points are 
summarized in Box 35-4.

! MANAGEMENT AND 
DIAGNOSTIC STRATEGIES

General Management Principles

All pediatric patients who have sustained major trauma should 
be placed on a cardiac monitor; receive supplemental oxygen; 
and have constant reassessment of vital signs, oximetry, and, 
when possible, end-tidal CO2. Vascular access is best obtained 
by accessing the upper extremity for the establishment of two 
large-bore intravenous lines. In the absence of available upper 
extremity peripheral sites, lower extremity sites could be used. 
Many clinicians favor the femoral vein as a safe site for inser-
tion of a central line by use of a guidewire technique. A guide 



During the exposure and further examination, it is crucial to maintain normothermia & as 
soon as able; increase ambient temperature, apply warm blankets, humidified O2, head 
wraps etc should be used.

F - FAMILY.

This includes rapidly  informing the family of what has happened and what is going to 
happen next. If possible, dedicate one member of staff to be with the family to explain the 
process of resuscitation with them.

Family may also be helpful in ʻplayingʼ with the patient by distracting them to allow for 
further evaluation or procedures.

SECONDARY SURVEY.

An organised, complete assessment for detection of additional injuries which were not 
identified on the initial primary survey.

Features of the Hx can be obtained; “AMPLE”. 

Also consider tetanus immunisation, ABx (if indicated), ongoing monitoring of vital signs & 
assessment of urine output.

Management and Diagnostic Strategies.

General Principles.

All paediatric patients who have sustained major trauma should be placed on cardiac 
monitor, receive supplement O2 and have constant reassessment of vital signs, oximetry, 
ET CO2 and vascular access. 

Failure to get peripheral IV access should lead to consideration of IO access, femoral CVC 
or vascular cutdown.

• Umbilical vein cannulation can be obtained in infants up to ~2 weeks of age.
• 3-5 French lines can be used, as well as flexible peripheral IVCs.
• If vasoactive agents are required, ensure a formal umbilical CVC is placed 

(above the liver) to avoid hepatic injury.

Hypovolaemic patients = 20mL/kg boluses of crystalloid.
• Following a total of 40mL/kg of fluid --> infusion of packed RBCs should be started 

@ 10mL/kg.
• Massive transfusion = >1 blood volume = 80mL/kg

• Focal local guidelines
• Avoid coagulopathy with 1:1:1 replacement ratios.
• FFP = 15-25mL/kg.
• PLTs = 10mL/kg. (Target PLT count > 50,000)
• Cryoprecipitate (Target Fibrinogen level > 1-1.5 g/dL)

Any patient with shock, chest or abdominal trauma should receive a FAST scan !!



Recall your common types of shock (hypovolaemic, obstructive, neurogenic, cardiogenic).
• Always aim to exclude haemorrhagic/hypovolaemic shock even if there is another 

obvious cause (eg. spinal cord injury).

Examination of paediatric abdomen is most reliable when performed on a cooperative 
patient.

Consider urethral trauma in a patient with perineal or lower abdominal haematoma or 
blood from the urethral meatus.

• This would mandate a retrograde urethrogram.

Splint all possible fracture sites (or sites of suspected #ʼs).

Pain Control.

This includes not only medications, but techniques to change perception or draw attention 
away from noxious stimuli. Mainstay = opiate analgesics.

• Fentanyl has preferred haemodynamic profile and intranasal route is an option.
• Loading dose + PRN medication.

Immobilisation of fractures & extremities with soft tissue injuries.

Diagnostic Evaluation.

Laboratory Studies.
Standard trauma evaluation is required including G&H. 
Older children / adolescents should be assessed for possible drug/alcohol intoxication.
Never forget GLUCOSE!! and repeat at 30 & 60mins.

Radiology.
The two most important radiographs for paediatric trauma = Chest & Pelvis xrays.
Generally, the pelvic film can be eliminated in stable/alert children without suggestion of 
sacral or pelvic trauma.

7 criteria are required to rule out pelvic fracture:
1. Age > 3 years
2. No impairment of consciousness
3. No major distracting injuries
4. No complaint of pelvic pain
5. No signs of fracture on inspection
6. No pain on iliac or pubic symphysis compression
7. No pain on hip rotation or flexion

Further radiographs are guided by physical examination on primary & secondary survey.

Consider skeletal survey in children of suspected child abuse / NAI.

Consider CT C-Spine in those with altered mental state and in those with significant 
trauma.



ECG (after electrical injury).
The majority of paediatric electrocutions are due to household current (< 240V).

Those who do not have ventricular dysrhythmias in the field, or water contact at the time of 
electrocution with household current and do not have ventricular dysrhythmias in the ED 
are at very low risk for significant arrhythmias. 

Those with normal or non-specific ECGs remain at low risk.

ECGs and cardiac monitoring are indicated (minimum of 4 hours) in patients who 
experience high-voltage electrocution. 

Specific Disorders / Injuries.

HEAD INJURY.

The leading cause of death amongst injured children (80% of all traumatic deaths).

In children, the cranial vault is larger & heavier in proportion to the total body  mass, 
predisposing to high degrees of torque (along the C-spine axis). Their sutures are both 
protective & detrimental (more pliable therefore less skull #ʼs, but more likely to suffer 
parenchymal injury without skull #).

Clinical Features.

History requires details of height of fall, surface landed on, ?restraint used (in MVA) etc.
• ?LOC or altered mental state at scene.
• behavioural changes
• irritability / lethargy
• abnormal gait
• seizure / vomiting. NB: an impact seizure alone is not an indication to scan !

Physical examination includes strict attention to ABCʼs and consideration of cervical spine 
injury. Included mental state (AVPU or paediatric GCS can be used for assessment), 
cranial nerves, motor and sensory testing, cognition and memory testing. 

• The most important aspect = motor and cranial nerve evaluation.

Maintenance of oxygenation, ventilation and normoglycaemia is paramount.
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concern is the impact seizure; the decision to scan should take 
into account the mechanism of injury and current neurological 
status of the child. An impact seizure does not mandate the 
institution of anticonvulsant therapy. Seizures that occur later 
(>20 minutes after the insult) portend the greater possibility 
of traumatic brain injury and the development of seizures at a 
later date. CT is indicated for children with late seizures after 
head injury. Patients who experience seizures later in the 
course of the posttraumatic event are best evaluated by the 
neurosurgical service. As in all instances of trauma, a careful 
history related to the possibility of substance abuse must be 
obtained.

The physical examination of a head-injured child must 
include strict attention to the ABCs of emergency care. 
Although internal injuries are important in the outcome of 
these patients, the maintenance of oxygenation and perfusion 
is paramount in eliminating further insult. Because the pedi-
atric brain is sensitive to decreases in glucose, oxygen, and 
perfusion, their maintenance optimizes the chances of good 
recovery. Strict attention must be paid to the maintenance of 
euvolemia because cerebral perfusion pressure (CPP) is ade-
quate only in the face of a normal mean arterial pressure 
(MAP). Conceptually, CPP is equal to MAP minus intracranial 
pressure (ICP): CPP = MAP − ICP. As the blood pressure is 
reduced, so is CPP. Localized cerebral perfusion pressure at 
the site of injury and in the areas surrounding it may vary 
greatly from that approximated by this formula. Pediatric 
patients with any form of head injury should be evaluated and 
protected from cervical spine injury.

Several methods are available for evaluating head-injured 
patients, including AVPU and the GCS. A commonly used 
modification of the GCS for children is shown in Table 35-6. 
Although widely utilized, none of the pediatric modifications 
of the GCS have been well verified.22 However, studies on the 
reliability of the GCS in predicting the outcome in children 
with traumatic brain injury provide optimism compared with 
those on head-injured adults. In a study involving 80 children 
with traumatic brain injuries admitted to an intensive care unit 
(ICU), initial GCS scores were compared with eventual 
outcome.23 ICU length of stay and time to cognition relative 
to GCS scores indicated that scores greater than or equal to 6 
were associated with favorable outcomes and neurologic status. 
Although the number of patients in this study was small, the 
important message is that no matter how the patient presents 
neurologically, all efforts should be initiated to ensure survival 
and maintain stable neurologic status in the emergency 
department.

Examining a brain-injured child involves mental status 
testing, cranial nerve testing, motor testing, sensory testing, 
and short-term memory testing, with additional cognitive 
function testing under stress when indicated. The evaluation 
of cranial nerve function is essentially no different from  
that of an adult. The most important aspect of motor  
and cranial nerve evaluation involves ruling out the presence 
of increased ICP. Common symptoms and signs of increased 
ICP in infants and children should be sought (Boxes 35-7 
and 35-8).

Minor injury to the scalp of infants and children involves 
the development of three common injury complexes.24-27 In 
order to better understand these injury complexes, the layers 
of the “SCALP” (skin, connective tissue, aponeurosis, loose 
areolar tissue, and periosteum) must be considered. Caput suc-
cedaneum refers to injury with hematoma in the connective 
tissue layer. This is freely mobile and crosses suture lines. A 
subgaleal hematoma refers to a hematoma that is subgaleal 
within the loose areolar tissue above the periosteum. Lastly, 
cephalohematoma refers to a collection of blood under the peri-

osteum. Since the periosteum is tightly adhered to the various 
suture lines, the cephalohematoma does not cross them. Bleed-
ing from scalp wounds is often profuse and can lead to hemo-
dynamic embarrassment in infants and small children if not 
quickly controlled. Although children may develop shock from 
a scalp injury, it is prudent to look elsewhere while controlling 
this bleeding.

Skull fractures in children occur in many different configu-
rations.19,21,28 Linear fractures, the most common type of skull 
fracture, rarely require therapy and often are associated with 
good outcomes. Factors favoring a poor outcome include the 
presence of the fracture overlying a vascular channel, depres-
sion, a diastatic fracture, or a fracture that extends over the 
area of the middle meningeal artery. Diastatic fractures, or 
defects extending through suture lines, are different from 
linear fractures in that leptomeningeal cysts (growing frac-
tures) may develop at these sites. Fractures of the basilar por-
tions of the occipital, temporal, sphenoid, or ethmoid bones 
commonly occur in children. The presence of cerebrospinal 
fluid rhinorrhea and otorrhea has been associated with these 
injuries. Signs of basilar skull fractures in children are similar 
to signs in adults and include posterior auricular ecchymosis 
(Battle’s sign) and raccoon eyes (the presence of periorbital 
subcutaneous hematoma).29

Strictly speaking, concussion is defined as a brain insult 
with transient impairment of consciousness. Amnesia is often 
involved. Patients who sustain concussive insults have anorexia, 
vomiting, or pallor soon after the insult. This transitional 
period is followed by rapid recovery to baseline. A CT scan is 
usually not indicated; if one is obtained, it is most often normal. 
In contrast, contusions are often the result of coup and contre-
coup forces at work. Contusions may not be associated with 

! Full fontanel
! Split sutures
! Altered state of consciousness
! Paradoxical irritability
! Persistent emesis
! “Setting sun” sign (bilateral downward gaze of the eyes 

with apparent inability to elevate the eyes superiorly in a 
normal manner leading to an area of sclera being seen 
between the iris and the upper palpebra when the child 
attempts to look upward). This finding can be a normal 
finding when intermittent in infants younger than 7 
months of age, especially with the withdrawal of a light 
stimulus.

BOX 35-7 COMMON SYMPTOMS AND SIGNS OF INCREASED 
INTRACRANIAL PRESSURE IN INFANTS

! Headache
! Stiff neck
! Photophobia
! Altered state of consciousness
! Persistent emesis
! Cranial nerve involvement
! Papilledema
! Hypertension, bradycardia, and hypoventilation
! Decorticate or decerebrate posturing

BOX 35-8 COMMON SYMPTOMS AND SIGNS OF INCREASED 
INTRACRANIAL PRESSURE IN CHILDREN
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concern is the impact seizure; the decision to scan should take 
into account the mechanism of injury and current neurological 
status of the child. An impact seizure does not mandate the 
institution of anticonvulsant therapy. Seizures that occur later 
(>20 minutes after the insult) portend the greater possibility 
of traumatic brain injury and the development of seizures at a 
later date. CT is indicated for children with late seizures after 
head injury. Patients who experience seizures later in the 
course of the posttraumatic event are best evaluated by the 
neurosurgical service. As in all instances of trauma, a careful 
history related to the possibility of substance abuse must be 
obtained.

The physical examination of a head-injured child must 
include strict attention to the ABCs of emergency care. 
Although internal injuries are important in the outcome of 
these patients, the maintenance of oxygenation and perfusion 
is paramount in eliminating further insult. Because the pedi-
atric brain is sensitive to decreases in glucose, oxygen, and 
perfusion, their maintenance optimizes the chances of good 
recovery. Strict attention must be paid to the maintenance of 
euvolemia because cerebral perfusion pressure (CPP) is ade-
quate only in the face of a normal mean arterial pressure 
(MAP). Conceptually, CPP is equal to MAP minus intracranial 
pressure (ICP): CPP = MAP − ICP. As the blood pressure is 
reduced, so is CPP. Localized cerebral perfusion pressure at 
the site of injury and in the areas surrounding it may vary 
greatly from that approximated by this formula. Pediatric 
patients with any form of head injury should be evaluated and 
protected from cervical spine injury.

Several methods are available for evaluating head-injured 
patients, including AVPU and the GCS. A commonly used 
modification of the GCS for children is shown in Table 35-6. 
Although widely utilized, none of the pediatric modifications 
of the GCS have been well verified.22 However, studies on the 
reliability of the GCS in predicting the outcome in children 
with traumatic brain injury provide optimism compared with 
those on head-injured adults. In a study involving 80 children 
with traumatic brain injuries admitted to an intensive care unit 
(ICU), initial GCS scores were compared with eventual 
outcome.23 ICU length of stay and time to cognition relative 
to GCS scores indicated that scores greater than or equal to 6 
were associated with favorable outcomes and neurologic status. 
Although the number of patients in this study was small, the 
important message is that no matter how the patient presents 
neurologically, all efforts should be initiated to ensure survival 
and maintain stable neurologic status in the emergency 
department.

Examining a brain-injured child involves mental status 
testing, cranial nerve testing, motor testing, sensory testing, 
and short-term memory testing, with additional cognitive 
function testing under stress when indicated. The evaluation 
of cranial nerve function is essentially no different from  
that of an adult. The most important aspect of motor  
and cranial nerve evaluation involves ruling out the presence 
of increased ICP. Common symptoms and signs of increased 
ICP in infants and children should be sought (Boxes 35-7 
and 35-8).

Minor injury to the scalp of infants and children involves 
the development of three common injury complexes.24-27 In 
order to better understand these injury complexes, the layers 
of the “SCALP” (skin, connective tissue, aponeurosis, loose 
areolar tissue, and periosteum) must be considered. Caput suc-
cedaneum refers to injury with hematoma in the connective 
tissue layer. This is freely mobile and crosses suture lines. A 
subgaleal hematoma refers to a hematoma that is subgaleal 
within the loose areolar tissue above the periosteum. Lastly, 
cephalohematoma refers to a collection of blood under the peri-

osteum. Since the periosteum is tightly adhered to the various 
suture lines, the cephalohematoma does not cross them. Bleed-
ing from scalp wounds is often profuse and can lead to hemo-
dynamic embarrassment in infants and small children if not 
quickly controlled. Although children may develop shock from 
a scalp injury, it is prudent to look elsewhere while controlling 
this bleeding.

Skull fractures in children occur in many different configu-
rations.19,21,28 Linear fractures, the most common type of skull 
fracture, rarely require therapy and often are associated with 
good outcomes. Factors favoring a poor outcome include the 
presence of the fracture overlying a vascular channel, depres-
sion, a diastatic fracture, or a fracture that extends over the 
area of the middle meningeal artery. Diastatic fractures, or 
defects extending through suture lines, are different from 
linear fractures in that leptomeningeal cysts (growing frac-
tures) may develop at these sites. Fractures of the basilar por-
tions of the occipital, temporal, sphenoid, or ethmoid bones 
commonly occur in children. The presence of cerebrospinal 
fluid rhinorrhea and otorrhea has been associated with these 
injuries. Signs of basilar skull fractures in children are similar 
to signs in adults and include posterior auricular ecchymosis 
(Battle’s sign) and raccoon eyes (the presence of periorbital 
subcutaneous hematoma).29

Strictly speaking, concussion is defined as a brain insult 
with transient impairment of consciousness. Amnesia is often 
involved. Patients who sustain concussive insults have anorexia, 
vomiting, or pallor soon after the insult. This transitional 
period is followed by rapid recovery to baseline. A CT scan is 
usually not indicated; if one is obtained, it is most often normal. 
In contrast, contusions are often the result of coup and contre-
coup forces at work. Contusions may not be associated with 

! Full fontanel
! Split sutures
! Altered state of consciousness
! Paradoxical irritability
! Persistent emesis
! “Setting sun” sign (bilateral downward gaze of the eyes 

with apparent inability to elevate the eyes superiorly in a 
normal manner leading to an area of sclera being seen 
between the iris and the upper palpebra when the child 
attempts to look upward). This finding can be a normal 
finding when intermittent in infants younger than 7 
months of age, especially with the withdrawal of a light 
stimulus.

BOX 35-7 COMMON SYMPTOMS AND SIGNS OF INCREASED 
INTRACRANIAL PRESSURE IN INFANTS

! Headache
! Stiff neck
! Photophobia
! Altered state of consciousness
! Persistent emesis
! Cranial nerve involvement
! Papilledema
! Hypertension, bradycardia, and hypoventilation
! Decorticate or decerebrate posturing

BOX 35-8 COMMON SYMPTOMS AND SIGNS OF INCREASED 
INTRACRANIAL PRESSURE IN CHILDREN



Assess and management scalp haematomas & lacerations (including haemostasis).
• Subgaleal haematomas (above the periosteum) cross the suture lines.
• Cephalohaematomas (a collection of blood under the periosteum) do not cross 

the suture lines.

Skull fractures occur in different configurations...
• Linear #ʼs = most common and rarely require treatment. 
• Diastatic #ʼs = extend through suture lines
• Basilar skull #ʼs = common also. Battleʼs sign / Raccoon eyes.

Epidural / Extradural haematomas;
• Triad of head injury / lucid interval / rapid deterioration.
• Can result from arterial & venous bleeding.
• High incidence of overlying skull #ʼs (60-80%)

Subdural haematomas;
• Usually from rupture of bridging veins.
• Most commonly in children <1 year of age.
• Chronic subdurals hint towards NAI / child abuse “Shaken Baby Syndrome”.

Always send a child home with a sensible supervising adult and head-injury advice on 
when and why to return to ED for rapid assessment !!!

Diagnostic Strategies & Management.

Serial examination is the most reliable indicator of clinical deterioration. The presence of 
focality is a reliable indicator of a localised insult. In infants, signs of increased ICP usually 
develop later in the course. The Cushingʼs response is unreliable in children.

Recall the Monroe-Kelly doctrine.
• ICP can rapidly reach a level that is not conducive to localised brain survival.
• An ICP > 20-25 mmHg should be treated.
• CPP = MAP - ICP. (Target CPP = 50-65 mmHg)

The use of anticonvulsants following moderate-severe head injury in children is 
controversial, as early prophylaxis does not decrease incidence of late seizures.

• If seizures do occur, they require rapid and aggressive control.

Most clinicians favour early & controlled intubation for paediatric patients with GCS <9.
• An OGT should always subsequently be placed.

Herniation syndromes are very similar in children and adults.
• Uncal herniation

• Unilateral dilated pupil (3rd nerve compression)
• Contralateral hemiplegia (ipsilateral cerebral peduncle compression against 

the tentorium)
• Spontaneous hyperventilation



Management of suspected herniation beings with immediate controlled hyperventilation. 
Aim for improved patient status, pupillary constriction or CO2 of 30-35 mmHg.

• Avoid excessive hyperventilation (can precipitate vasoconstriction).

Radiology.

Skull Radiographs.
• Indicated for skeletal survey (suspected NAI, abuse), ?functionality of VP-shunt, 

penetrating scalp wounds (?FB).

CT-Head.
• CHALICE & PECARN studies provide indications on who to scan.
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nerve parasympathetic fibers), contralateral hemiplegia (due to 
ipsilateral cerebral peduncle compression against the tento-
rium), and spontaneous hyperventilation. With progression, 
the ipsilateral eye may be noted to be looking downward and 
outward secondary to the loss of third nerve motor function 
but continued fourth and sixth cranial nerve function. Often, 
bilateral third nerve compression occurs very early, leading to 
bilateral “blown” pupils. In Kernohan’s phenomena, the tem-
poral lobe compresses the contralateral cerebral peduncle 
against the tentorium, leading to ipsilateral paresis, making 
localization of the lesion challenging without neuroimaging. 
Small, sluggish pupils, decorticate posturing, and Cheyne-
Stokes respirations characterize early central diencephalic her-
niation. If this progresses and extends to the pons or medulla, 
the patient will present with fixed and dilated pupils, flaccid 
muscle tone, and slow or apneustic breathing or frank apnea 
and cardiorespiratory arrest. Management of suspected acute 
herniation begins with immediate controlled hyperventila-
tion.37,38 Clinical endpoints of hyperventilation are improved 
patient status or constriction of dilated pupils. End-tidal CO2 
capnography is used with arterial or venous blood gas correla-
tion to assess adequacy of hyperventilation with a target partial 
pressure of carbon dioxide (Pco2) of 30 to 35 mm Hg. Exces-
sive hyperventilation can result in excessive cerebral vasocon-
striction and secondary brain injury; ventilation is started at an 
age-appropriate rate, and then the rate is increased until pupil-

lary function returns. Subsequent management of herniation 
includes hyperosmolar agents acutely, followed by other spe-
cific interventions in the ICU.37-42

Radiology

Skull Radiographs. Most clinicians agree that firm indications for 
skull radiographs alone include the skeletal survey involved 
with the evaluation of child abuse, establishment of a func-
tioning ventricular peritoneal shunt, some penetrating wounds 
of the scalp, or the suspicion of foreign bodies underlying scalp 
lacerations. In children requiring neuroimaging due to concern 
for intracranial injury, plain skull radiography lacks sufficient 
sensitivity to be used as a screening tool and a noncontrast CT 
scan is the recommended test.

Computed Tomography of the Head. There has been a considerable 
amount of research on the indications and relative value of CT 
scanning in pediatric head-injured patients. A large study 
evaluated 185 children ages 2 to 17 years with loss of con-
sciousness and GCS scores of 15 after mild head injury.43 The 
children were grouped according to physical examination find-
ings, neurologic status, and whether the head injury was iso-
lated or nonisolated. Patients with obvious skull fractures were 
excluded. Two variables were highly associated with the pres-
ence of intracranial hemorrhage: the presenting neurologic 
status and the presence of multiple injuries. None of the 49 

Table 35-8 Emergent Management of Increased Intracranial Pressure

THERAPY DOSE MECHANISM OF ACTION

Head elevation (30 degrees) Lowers intracranial venous pressure
Head in midline Prevents jugular vein compression
Hyperventilation Maintenance Paco2 38–42 mm Hg

If acute increase in ICP then reduce 
Paco2 to 30–35 mm Hg

Promptly but temporarily decreases cerebral blood 
volume and thus intracranial pressure

Only recommended for short-term treatment of 
acute ICP elevation

Mannitol 0.25–0.5 g/kg IV Both agents effect rapid osmotic diuresis.
Diuresis may decrease BP and CPP.
Mannitol should be given through filter.
HTS may require central line.
Effect from osmotic and rheologic effects
Avoid dehydration

Hypertonic saline (HTS) 0.1–1 mL/kg of 3%
Titrate to effect

Pentobarbital 5–10 mg/kg over 30 minutes, then
5 mg/kg/hr for 3 hours, then
1 mg/kg/hr

Rarely indicated or started in emergency 
department

Thought to lower cerebral metabolism; also may 
have some effect on free radical formation. Other 
barbiturates (phenobarbital) also have been used.

May decrease BP and CPP

Decompressive craniotomy Allows more space for swelling and decreases ICP
Potential value in children

Mild hypothermia (35° C) Thought to decrease cerebral blood flow and 
metabolic rate

Can cause cardiac dysrhythmias
Is currently under investiagtion

Maintain euvolemia Clinically or invasive monitoring Maintenance of mean arterial pressure
Pressors if needed to maintain CBF Depends on agent used Maintain CBF and CPP by increasing MAP
Neuromuscular blockade Depends on agent used Helps maintain lower ICP
Sedation Depends on agent used Do not assume they are completely incapable of 

response to noxious stimuli or situation.
Prevent fever Acetaminophen 15 mg/kg OG Fever raises ICP and cardiac work.
Treat seizure aggressively Depends on agent used Prophylactic treatment controversial. Treatment of 

seizure not controversial and must be aggressive 
to prevent increased ICP, hypoxia, hyperpyrexia, 
and hypercarbia.

BP, blood pressure; CBF, cerebral blood flow; CPP, cerebral perfusion pressure; ICP, intracranial pressure; MAP, mean arterial pressure.
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The common clinical variables with unknown reproduci-
bility were analysed in a subset of the CHALICE study. In all,
412 patients had their clinical condition assessed in this way.
Good agreement was found for LOC (k=1, 95% CI 0.84 to 1),
amnesia (k=0.93, 95% CI 0.79 to 1) and vomiting (k=0.94,
95% CI 0.81 to 1), but headache showed poor correlation
(k=0.39, 95% CI 0.25 to 0.54) and was rejected from
multivariate modelling owing to its poor predictive ability.
Recursive partitioning analysis produced a highly sensitive

model, (see box). As shown in the clinical utility analysis
(table 4), this model has an overall sensitivity of 98% (95% CI
96% to 100%) and an overall specificity of 87% (95% CI 86%
to 87%). Our model misses only four patients, of whom two
had depressed skull fractures that the physician did not
suspect on examination, but on reattendance subsequent
physicians documented that the depressions were easily
palpable. The third patient had an unwitnessed fall against a
wall. Initial examination found no high-risk variables and
the patient was discharged, but the patient returned 2 h later,
vomiting. He was admitted overnight, and the scan the next
morning showed an epidural haematoma that required
neurosurgery. The fourth patient had a fall into a stream
from a swing, and had brief amnesia and a moderate
headache. He was discharged but returned 11 days later with
a persisting headache. A linear skull fracture and a small
subdural and epidural haematoma were found that required
no treatment.

DISCUSSION
We have successfully derived a highly sensitive clinical
decision rule for the prediction of clinically significant
intracranial pathology in children according to strict meth-
odological standards, in the world’s largest prospective cohort
of children with head injuries. This rule, if validated, will
enable clinicians to request computed tomography scans for
their patients on the basis of strong evidence in children.
If our rule is subsequently validated, we believe that

patients regarded as high risk should undergo computed
tomography scanning to look for intracranial pathology,
whereas those with a normal scan might be regarded as low
risk. Children who are regarded as low risk by a validated rule
should be carefully counselled so that they understand the
high-risk symptoms for which they should return. Although
the CHALICE rule will increase the rate of computed
tomography scanning, we envisage that the admission rate
could be markedly reduced and thus the cost implications of
our rule could be neutral. This remains to be shown in further
studies.
Any decision rule that is to be of value to clinicians seeing

undifferentiated children with head injury must be applicable
to all such children. At study design stage it was important to
take a pragmatic approach to this requirement, as it was clear
that the rate of significant events was low and that it would
be unethical to expose large numbers of children to
unnecessary major radiation exposure. A balance needed to
be struck between inclusion bias (selecting only children who
already fulfilled some existing rule, which indicated that they
should undergo computed tomography scanning) and the
ethical limits that would be placed on the study. Thus, a
composite end point was agreed and ethically approved. This
involved the identification of all children who died, had
neurosurgical intervention or had abnormalities on a
computed tomography scan. This composite end point was
reinforced with a prospective, thorough follow-up strategy,
which was designed to ensure that no children who died as a
result of their head injury or who had late neurosurgical
intervention were missed. Although this approach can be
criticised because some children with abnormalities on the
computed tomography scan may not have been identified as

they did not undergo such scanning, it has considerable
strength in that children with both immediate or late
significant events are included. Thus, it can be assumed that
any undiagnosed abnormalities on the computed tomogra-
phy scan were clinically non-significant. We believe that this
method is superior to the alternative one of telephoning each
patient 2 weeks after admission, and previous studies have
been criticised for their inability to contact all patients for
follow-up.9 21

We do not believe that there is considerable circularity
between the clinical care drivers during the study and the
findings as stated in the CHALICE rule. In particular, the
recommendations of the RCS17 differ from those of the
CHALICE in that a major indication for computed tomo-
graphy in a district general hospital as per the RCS guidance
is fracture on the SXR. CHALICE has looked critically at both
the indications for SXR and the computed tomography scan
in detail, and distilled from a long list (table A available at
http://www.archdischild.com/supplemental) those that truly

The children’s head injury algorithm for the
prediction of important clinical events rule

A computed tomography scan is required if any of the
following criteria are present.

N History

– Witnessed loss of consciousness of .5 min duration
– History of amnesia (either antegrade or retrograde) of

.5 min duration
– Abnormal drowsiness (defined as drowsiness in

excess of that expected by the examining doctor)
– >3 vomits after head injury (a vomit is defined as a

single discrete episode of vomiting)
– Suspicion of non-accidental injury (NAI, defined as

any suspicion of NAI by the examining doctor)
– Seizure after head injury in a patient who has no

history of epilepsy

N Examination

– Glasgow Coma Score (GCS),14, or GCS,15 if
,1 year old

– Suspicion of penetrating or depressed skull injury or
tense fontanelle

– Signs of a basal skull fracture (defined as evidence of
blood or cerebrospinal fluid from ear or nose, panda
eyes, Battles sign, haemotympanum, facial crepitus or
serious facial injury)

– Positive focal neurology (defined as any focal
neurology, including motor, sensory, coordination or
reflex abnormality)

– Presence of bruise, swelling or laceration .5 cm if
,1 year old

N Mechanism

– High-speed road traffic accident either as pedestrian,
cyclist or occupant (defined as accident with speed
.40 m/h)

– Fall of .3 m in height
– High-speed injury from a projectile or an object

If none of the above variables are present, the patient is at
low risk of intracranial pathology.
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CTs in those younger than 2 years and 20% of CTs in 
those aged 2 years and older.

Data to guide clinical decision making for children 
with head trauma are urgently needed because head 
trauma is common and CT use is increasing.6,7,15 Children 
sustaining minor head trauma infrequently have 
traumatic brain injuries and rarely need neurosurgery. 
The small risk of ciTBI after minor head trauma should 
be balanced against the risks of ionising radiation of 
CT.15,34 Improved methods to assess head-injured children 
and evidence-based use of CT are research priorities.15,32,34–36 
CT scans are the source of two-thirds of the collective 
radiation from diagnostic imaging,37 and an estimated 
one million children every year in the USA are 
unnecessarily imaged with CT.15 

Many of the predictors identifi ed in our rules have 
been studied previously with confl icting results, and 
variables identifi ed as predictors of traumatic brain 

injuries in some studies were not predictive in 
others.8–11,18–20,31,32 These confl icting results are partly 
attributable to insuffi  ciently large sample sizes to 
produce precise risk estimates. Additionally, the lack of 
validation studies compromises the generalisability of 
previous rules. The current study is very large, allowing 
suffi  cient statistical power to generate robust and 
generalisable rules. Their accuracy was confi rmed by 
validation populations. Furthermore, as recommended 
by the investigators of a recent systematic review of 
paediatric head CT prediction rules,21 we validated the 
rules in a diverse population, and derived and validated a 
separate rule for preverbal children (<2 years of age).

Another important feature of our analysis is that we 
excluded children with GCS scores of less than 14, in 
whom the risk of traumatic brain injury on CT is more 
than 20%.8,10,11,19,20 This substantial risk outweighs the 
radiation risk from CT, and therefore CT use in this 
group is not controversial. Inclusion of these patients 
with low GCS scores artifi cially increases rule 
performance. Similarly, our study also excluded 
asymptomatic children with very-low-risk injury 
mechanisms, to avoid overinfl ating the negative 
predictive value. 

CT is the reference standard for rapid detection of 
traumatic brain injuries, but might also identify minor or 
unrelated fi ndings irrelevant for acute management. 
Defi nitions of ciTBIs in children have not been agreed 
upon, although some previous prediction studies have 
excluded minor CT fi ndings.8,19 Conversely, CT imaging 
might miss some injuries identifi able by other 
modalities,3,4 and children might need hospital admission 
for traumatic brain injury despite normal CT scans.10 In 
our study, we used a patient-oriented composite outcome 
measure, which included both CT results and clinical 
outcomes. The use of a patient-oriented outcome 
overcomes the imperfect sensitivity and specifi city of CT 
for identifying traumatic brain injuries, and allows minor 
and incidental CT fi ndings to be ignored. 

Children younger than 2 years are the most sensitive to 
radiation, increasing the importance of CT reduction. 
Clinicians’ confi dence in assessing very young patients is 
also usually lower than for older patients, especially 
outside of children’s hospitals. Furthermore, centres 
participating in this study were mainly paediatric hospitals 
with rates of CT use substantially lower than those in 
non-children’s hospitals.17 The potential reduction in CT 
use by application of these prediction rules could therefore 
be greater in general hospitals, where most children 
seeking emergency care in the USA are assessed.38 

We identifi ed a large group of children in whom CT can 
be avoided. Although the overall rate of CT use in this 
study was lower than that of the US national average,6 
application of the prediction rules might nonetheless 
result in substantial reduction of CT use in centres similar 
to those participating in our study. The extent of this 
reduction is unclear, however, as not all children outside 

Figure 3: Suggested CT algorithm for children younger than 2 years (A) and for those aged 2 years and older 
(B) with GCS scores of 14–15 after head trauma*
GCS=Glasgow Coma Scale. ciTBI=clinically-important traumatic brain injury. LOC=loss of consciousness. *Data are 
from the combined derivation and validation populations. †Other signs of altered mental status: agitation, 
somnolence, repetitive questioning, or slow response to verbal communication. ‡Severe mechanism of injury: 
motor vehicle crash with patient ejection, death of another passenger, or rollover; pedestrian or bicyclist without 
helmet struck by a motorised vehicle; falls of more than 0·9 m (3 feet) (or more than 1·5 m [5 feet] for panel B); or 
head struck by a high-impact object. §Patients with certain isolated fi ndings (ie, with no other fi ndings suggestive 
of traumatic brain injury), such as isolated LOC,39,40 isolated headache,41 isolated vomiting,41 and certain types of 
isolated scalp haematomas in infants older than 3 months,31,42 have a risk of ciTBI substantially lower than 1%. 
¶Risk of ciTBI exceedingly low, generally lower than risk of CT-induced malignancies. Therefore, CT scans are not 
indicated for most patients in this group.

GCS=14 or other signs of altered mental status†, 
or palpable skull fracture

A

 13·9% of population
 4·4% risk of ciTBI

Yes
CT recommended

No

Occipital or parietal or temporal scalp haematoma, 
or history of LOC ≥5 s, or severe mechanism of 
injury‡, or not acting normally per parent

Yes

 32·6% of population
 0·9% risk of ciTBI

Observation versus CT on the basis 
of other clinical factors including:
• Physician experience
• Multiple versus isolated§ findings
• Worsening symptoms or signs after 
 emergency department observation
• Age <3 months
• Parental preference

No

CT not recommended¶

53·5% of population
<0·02% risk of ciTBI

GCS=14 or other signs of altered mental status†, 
or signs of  basilar skull fracture

B

 14·0% of population
 4·3% risk of ciTBI

Yes
CT recommended

No

History of LOC, or history of vomiting, or severe 
mechanism of injury‡, or severe headache

Yes

 27·7% of population
 0·9% risk of ciTBI

Observation versus CT on the basis 
of other clinical factors including:
• Physician experience 
• Multiple versus isolated§ findings
• Worsening symptoms or signs after 
 emergency department observation
• Parental preference 

No

CT not recommended¶

58·3% of population
<0·05% risk of ciTBI

PECARN Study

CHALICE Study



CERVICAL SPINE INJURY.

Cervical spine injury patterns vary with the age of the patient.
• #ʼs below C3 = ~ 30% in children younger than 8 years
• Differs dramatically from adult patterns.
• SCIWORA has been found in ~25-50% of SCI in the same age group.

Injury patterns identical to those of adults are not fully manifested until age 15 years.

Clinical Features.

Any patient with severe multiple injuries should be considered to have an SCI until proved 
otherwise.

Like any multiple injured patient, the evaluation of a paediatric patient should begin with a 
primary survey with concomitant stabilisation of the cervical spine. 

• Palpation of the neck for pain & bony deformity should be performed.
• Take all complaints of pain or tenderness seriously, due to high risk of 

ligamentous injury (which can sometimes be subtle).
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neurologically normal children with isolated head injury had 
intracranial hemorrhages. All patients with intracranial hemor-
rhages were noted to have other traumatic insults on physical 
examination. The authors concluded that after isolated head 
injury with any loss of consciousness, children older than 2 
years of age who were neurologically normal could be dis-
charged without a CT scan after careful physical examination 
alone.

Other studies contradict these findings, establishing a clear 
association with parenchymal injury and loss of conscious-
ness.43,44 Currently, recommendations for CT scanning include 
the presence of neurologic deficits, GCS scores of less than 14, 
and injury patterns that are the result of major forcible insults. 
Studies have shown various combinations of characteristics 
that make significant intracranial injury very unlikely but have 
provided less guidance in selection of which patients actually 
need a head CT (high negative predictive value but low posi-
tive predictive value). Studies have shown that if these rules 
are utilized, they must be used exactly as they were performed 
in the study to be effective. Dunning and coauthors’ meta-
analysis showed a statistically significant correlation of intra-
cranial hemorrhage with focality (relative risk [RR] = 9.4), 
skull fracture (RR = 6.1), altered level of consciousness (RR = 
2.23), and GCS scores greater than 15 (RR = 5.51).36 Children 
younger than 1 year of age are a special challenge to the clini-
cian because their neurologic milestones are more difficult  
to evaluate. Within this age group, any loss of consciousness, 
protracted vomiting, irritability, poor feeding, or suspicion of 
abuse should trigger strong consideration for CT scanning. 
The value of brief loss of consciousness and the determination 
of the need for CT in the child more than 1 year old are  
less clear, but loss of consciousness lasting longer than a  
minute is considered an indication for neuroimaging by many 
practitioners.

The evaluation of infants with minor closed-head injury was 
studied in a series of 668 infants younger than 2 years of age 
who underwent CT scanning, in which a subset of 92 infants 
younger than 2 months of age was further scrutinized. The 
presence of a significant scalp hematoma highly correlated 
with underlying parenchymal brain injury. The authors recom-
mended CT scans for these patients.45

Cervical Spine Injury

Perspective

In the United States, more than 1100 children sustain spinal 
injury annually.46 Cervical injury patterns vary with the age of 
the patient. Fractures below the C3 level account for only 30% 
of spinal lesions in children younger than 8 years of age, which 
differs dramatically from the patterns seen in adults. Likewise, 
spinal cord injury (SCI) without radiographic abnormality 
(SCIWORA) has been found in 25 to 50% of spinal cord inju-
ries in this same age group.42-44 SCIWORA may be a misnomer 
in the era of MRI. Intra- or extraneural findings are usually 
seen immediately on MRI but may be delayed, necessitating 
immobilization and a follow-up MRI to prevent late or recur-
rent injury. Length of immobilization is controversial, but it 
may be up to 12 weeks.

Principles of Disease

Anatomic features of the cervical spine approach adult patterns 
between the ages of 8 and 10 years (Box 35-9).2 Injury patterns 
identical to those of adults are often not fully manifested, 
however, until age 15 years. The pediatric spine has greater 
elasticity of the supporting ligamentous structures than the 

adult spine. The joint capsules of the child have greater elastic 
properties, and the cartilaginous structures are less calcified 
than in adults. In the spine, there is a relatively more horizon-
tal orientation of the facet joints and uncinate processes, and 
the anterior surfaces of the vertebral bodies have a more 
wedge-shaped appearance. Compared to the adult, the child 
has relatively underdeveloped neck musculature and a head 
that is disproportionately large and heavy compared with the 
body. Both of these differences lead to an “anatomic fulcrum 
of the spine” in children that is at the level of the C2 and C3 
vertebrae versus the lower cervical vertebrae as found in 
adults.

Clinical Features

Any patient with severe multiple injuries should be consid-
ered to have an SCI until proved otherwise. Likewise, signifi-
cant head, neck, or back trauma and trauma associated with 
speed, MVCs, and falls from any height (especially those with 
associated head injury) should raise suspicions for SCI and be 
evaluated appropriately. The evaluation of a pediatric patient 
should begin with a primary survey to assess airway patency, 
ventilatory status, and perfusion. After initial evaluation and 
stabilization, the cervical region can be examined. Palpation 

Cervical spine fulcrum changes from C2–C3 in toddlers to 
C5–C6 by age 8–12 years.

Relatively larger head size, resulting in greater flexion and 
extension injuries.

Relatively large occiput in children younger than age 2 
years leads to flexion of cervical spine if they are laid flat 
on standard backboard without support under their 
scapula and pelvis.

Smaller neck muscle mass with ligamentous injuries more 
common than fractures.

Anterior wedge appearance of cervical vertebral bodies is 
common.

Increased flexibility of interspinous ligaments.
Flatter facet joints with a more horizontal orientation.

Upper 30→65 degrees and lower 55→70 degrees as one 
ages to adulthood.

Incomplete ossification, making interpretation of bony 
alignment difficult (synchondrosis).
Uncinate processes do not calcify until approximately 7 

years of age.
Basilar odontoid synchondrosis fuses at 3–7 years of age.
Apical odontoid epiphyses radiographically apparent at 

7 years of age but may not fuse until approximately 
12 years of age.

Posterior arch of C1 fuses at 4 years of age.
Anterior C1 arch may not be visible until one year of age 

and fuses at 7–10 years of age.
More inferior cervical vertebral segments.

Neural arches fuse to body by approximately 7 years 
of age.

Posterior arches fuse by 3–5 years of age.
Epiphyses of spinous process tips may mimic fractures.
Preodontoid space 4–5 mm in those <8 years of age and 

<3 mm in those 8 years or older.
Pseudosubluxation of C2 on C3 seen in 40% of children 

<8–12 years of age.
Prevertebral space size varies with phase of respiration.

BOX 35-9 ANATOMIC DIFFERENCES IN THE PEDIATRIC 
CERVICAL SPINE



A thorough neurological examination should be performed (a challenge in a small 
paediatric patient). Specific findings to search for & note are:

• paralysis
• perceived paraesthesia (including resolved symptoms).
• ptosis
• priapism

The rectal exam (ʻanal winkʼ test) or bulbocavernosus reflex is important in assessing for 
sacral level injury (and for resolution of spinal shock).

CENTRAL CORD SYNDROME.
• usu. extension injury
• arm findings > leg findings
• distal symptoms > proximal symptoms (eg. burning pain in fingers & hands).

ANTERIOR CORD SYNDROME.
• complete motor paralysis and loss of pain & temperature sensation
• preservation of proprioception & vibration sense

BROWN-SEQUARD SYNDROME.
• hemisection of the spinal cord (usu. from penetrating injury)
• ipsilateral loss of motor function & proprioception
• contralateral loss of pain & temperature sensation

Radiology.

The use of plain C-spine x-rays remains controversial in children, with some experts 
advocating for liberal use (as a sensitive screening tool), whilst the NEXUS study derived 
its criteria from only 3065 children (and only 30 paediatric C-spine injuries, none of which 
were SCIWORA & only 4 of these were in children < 9 years). 

NEXUS:

• Sn of 100%
• NPV = 100% (however, < 1% of cases 

had an injury therefore less meaningful).

All C-spine x-rays should consist of three views (cross-table lateral, AP view & open-mouth 
odontoid view), with complete visualisation of the entire C-spine vertebrae including the 
C7-T1 interface.

The interpretation of these films can be challenging due to anatomical changes with 
growth, as well as pseudo-subluxation of C2 or C3 which occurs in up to 40% of patients.

• The Line of Swischuk can help distinguish pseudo-subluxation from true 
subluxation.

Validity of a set of clinical criteria to rule out injury to the cervical spine in patients with blunt 
trauma. (2000). Validity of a set of clinical criteria to rule out injury to the cervical spine in 

patients with blunt trauma. New England Journal of Medicine, 343(2), 94–99.

  1- No posterior midline tenderness
  2- No focal neurological deficit
  3- Normal level of alertness
  4- No evidence of intoxication
  5- No clinically apparent, painful,                     
# distracting injury.



Other modalities that can be used include CT & MRI.

Classically, young children should be considered at greater risk for upper cervical spine 
injury

Management.

There are two phases of SCI 
1. Direct, or initial phase: resulting in largely irreversible injury to the spinal cord
2. Indirect: from preventable or reversible injury to the spinal cord secondary  to 

ischaemia, hypoxaemia or tissue toxicity.

Resuscitation of patients with SCI focuses on prevention or minimisation of indirect causes 
of injury.

Immobilisiation: hard collar, back board, external fixation, head tapes, head box.
- provide appropriate padding for avoidance of pressure-necrosis.

Breathing: assessed for hypoventilation (?diaphragmatic or intercostal paralysis).
- compounded by concomitant chest injury (contusion, rib #s, aspiration).
- apply supplemental O2 / intubation & mechanical ventilation.
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a fracture of the synchondrosis between the odontoid and C2. 
This can be difficult to diagnose on plain radiograph, but it  
is often recognized as a subtle anterior tilt to the odontoid on 
C2. A CT scan with sagittal reconstructions will clarify this 
entity.52

Management

There are two phases of SCI. Direct injury (initial phase) 
results in largely irreversible injury to the spinal cord. Indirect 
injury results from preventable or reversible injury to the 
spinal cord secondary to ischemia, hypoxemia, and tissue tox-
icity. Resuscitation of a patient with injury to the cervical spine 
should focus on prevention or minimization of the indirect 
causes of injury to the cervical spine. Management of possible 
spinal cord or column injury should begin in the out-of- 
hospital phase of emergency care. Most injured children  
arrive at the emergency department with adequate immobili-
zation. Some more recent evaluations of traditional cervical 
collars and rigid backboards have shown less than adequate 
neutral positioning of pediatric patients related to their rela-
tively large cranium in proportion to the rest of their body. 
Nevertheless, in the absence of modified backboards with 
cutouts for the occiput of the child, the child should be immo-
bilized with stiff cervical collar, rigid backboard, and external 
fixation by means of head blocks, cloth tape, or straps to 
provide adequate precautions. Appropriate padding should be 
placed under the patient to approximate neutral alignment of 
the cervical spine and help prevent pressure-related injury. 
Some emergency medical service agencies’ protocols call for 
small children to be immobilized in their car seats in some 
circumstances.

Breathing should be assessed to determine the presence of 
hypoventilation. Patients with SCI may hypoventilate because 
of diminished diaphragmatic activity or intercostal muscle 
paralysis. Otherwise normal children held in a supine position 
have shown reduced ventilatory abilities as measured by  
the forced vital capacity. Head or chest injury or pulmonary 
compromise related to contusion, aspiration, or other causes 
likewise may contribute to ventilatory embarrassment. Sup-
plemental oxygen should be given routinely, and ventilatory 
assistance by bag-valve-mask ventilation or definitive airway 
management should be considered in the presence of clini-
cally significant hypoventilation. Finally, circulatory status 
must be assessed early in the trauma patient and needs to be 
addressed promptly to prevent end-organ perfusion deficits. 
Hypotension can result from hypovolemia, neurogenic shock, 
spinal shock, or a myriad of other less common causes. Spinal 
shock presents with lower extremity findings of SCI, with 
flaccid paralysis of skeletal and smooth muscle leading to the 
appearance of a relative hypovolemia due to diminished sys-
temic vascular resistance. Spinal shock generally resolves in 
hours to approximately 1 day once some spinal level reflexes 
return below the site of injury. Neurogenic shock typically 
occurs after injury to the spinal cord above the level of approxi-
mately T6. Patients with neurogenic shock lose their sympa-
thetic tone and present with hypotension in the face of 
unopposed parasympathetic action such as bradycardia. In 
each case, fluid administration, parasympathetic receptor 
blocking agents such as atropine or glycopyrrolate, and vaso-
pressors with chronotropic, vasoactive, and inotropic character-
istics (e.g., dopamine) are used. If spinal shock with normal 
chronotropy and inotropy is found, then fluids and agents with 
more peripheral vascular vasoconstrictive properties may be 
preferable, such as phenylephrine or norepinephrine. Spinal 
shock remains a diagnosis of exclusion, once hemorrhagic 
shock has been definitively eliminated.
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Figure 35-1. Spinolaminar line. Use only to access anterior displacement 
of C2 on C3. A line is drawn from the cortex of the spinous process of C1 
to the cortex of the spinous process of C3, and the relationship of the 
spinous process of C2 is noted. A, Normal line passing through the cortex 
of C2. B, Normal line passing within 1.5 mm of the cortex of C2. 
C, Abnormal line passing greater than 2 mm anterior to the cortex of 
C2, suggesting underlying fracture of posterior elements of C2. (From 
American College of Emergency Physicians, American Academy of 
Pediatrics: APLS: The Pediatric Emergency Medicine Resource, 4th edition, 
Dallas, Elk Grove Village, Ill, 2004, the College and the Academy.)

accident, especially if a child presents with a laceration under 
the chin from a forward fall. In many fatal cases, distraction 
and displacement is obvious. However, in nonfatal cases it can 
be subtle. A Power’s ratio greater than 1 indicates an atlanto-
occipital dislocation until proven otherwise (normal, approxi-
mately 0.77). Power’s ratio is calculated as the ratio of the 
distance from the basion to the anterior cortex of the posterior 
arch of the atlas divided by the distance from the opisthion to 
the posterior cortex of the anterior arch of the atlas. An addi-
tional method to suggest this injury is to draw a vertical line 
from the posterior border of the odontoid and then measure 
the distance from this line to the basion. If this distance is 
greater than 12 mm, then atlanto-occipital separation should 
be suspected. In addition, a traumatic or even sometimes non-
traumatic atlantoaxial rotatory subluxation should be suspected 
in a child with a fixed rotatory cervical abnormality. Classically, 
this can be differentiated from a muscular torticollis in non-
traumatic cases by the history, the time course, and palpation 
of the sternocleidomastoid muscle on the side contralateral to 
the direction in which the chin is pointing. When atlantoaxial 
rotatory subluxation cannot be confidently ruled out clinically, 
plain radiographs or CT scan should be utilized. In children 
with upper cervical spine tenderness, it is prudent to consider 

* A case of pseudo-subluxation !



Circulation: avoidance of hypotension and end-organ hypoperfusion.
- Assess for hypovolaemia & neurogenic shock (above level of T6).
- Never assume that a spinal-injured patientʼs hypotension is solely related to 

neurogenic shock (always examine for & exclude haemorrhage).

The use of IV steroids for blunt injury remains controversial.

CARDIOTHORACIC INJURY.

Most serious chest injuries in children result from blunt trauma (83%), most of which are 
MVAs. Sequelae of blunt chest trauma include rib fractures, pulmonary contusion (50%), 
pneumothorax (20%) & haemothorax (10%). Penetrating chest injuries in children should 
raise concerns for concomitant intraabdominal injuries.

Young children and infants are preferential diaphragmatic breathers & any impairment of 
diaphragmatic mobility compromises ventilation (especially gastric distention). The 
presence of adequate oxygenation in a paediatric patient does not always ensure 
adequate ventilation. Consider the use of ETCO2.

Infants & children are anatomically protected against blunt thoracic cage trauma due to the 
compliance of the rib cage, therefore allowing significant injury to occur with little apparent 
external signs of trauma. Multiple rib  fractures are a marker of serious injury to children, 
with NAI being the most likely  cause (especially  if the #s are posterior and in various 
stages of healing). 

Pneumothorax:

• Traumatic PTX commonly  associated with significant pulmonary injury (& often assoc. 
with haemothorax).

• Signs & Symptoms include:
• External evidence of chest trauma (contusion, abrasion, ecchymoses)
• Tachypnoea & respiratory distress
• Hypoxaemia
• Chest pain.

• Management includes placement of an intercostal catheter.
• ICC tube size = ~ 4x the ETT size.
• Supplemental O2 for nitrogen washout.

Open PTX:

• Allows bidirectional flow of air through the wound.
• Inability  to expand lung, due to equalisation of pressure b/ween atmosphere & pleural 

space.
• Ventilation & oxygenation are both severely impaired.
• Management:

• Three sided occlusive dressing
• ICC via a separate site/incision.
• Conversion to PPV (mechanical ventilation).



Tension PTX:

• Created by a one-way valve with increasing air in the pleural space (leading to 
positive pleural pressure & eventual shifting of mediastinal structures and 
compromising cardiac output).

• Final common pathway = hypoxia, hypotension and refractory shock.
• Tension PTX in children may be quite subtle on presentation.

• ie. tachycardia, respiratory distress & shock.
• Management:

• Needle decompression (2nd IC space / MC line) & ICC insertion

Haemothorax:

• Significant bleeding can result from injury to intercostal vessels, internal mammary 
arteries or lung parenchyma. 

• Can be difficult to detect on CXR (especially in supine films)
• A slightly less radiolucent appearance of the affected side may be the only 

sign.
• Can present with early  or late signs of shock (and shock should be managed 

simultaneously, with the insertion of ICC).
• Crystalloid / O-Neg blood / Type-specific blood
• Auto-transfusion is also an option.

• Contraindications to ED thoracotomy after out of hospital CPR include.
• Blunt trauma with CPR > 5mins / no signs of life / no tamponade on USS.
• Penetrating trauma with CPR > 15mins / asystole or no signs of life / no 

tamponade on USS.
• Penetrating injury with < 5 mins of CPR warrant a left-anterior thoracotomy. 

Pulmonary Contusion.

• The compliance of the paediatric rib  cage renders them susceptible to the 
development of pulmonary contusion (even without external evidence of trauma).

• May impair both oxygenation & ventilation.
• Management includes supplemental oxygen and close monitoring. Some may require 

positive pressure ventilation.

Traumatic Diaphragmatic Hernia.

• Children in MVAs, wearing only lap-belts are predisposed to diaphragmatic herniation 
(usually on the left side).

• Results from sudden increase in intra-abdominal pressure.
• Respiratory distress is directly proportional to the amount of abdominal contents in 

the pulmonary space.
• Commonly associated with thoracolumbar spinal injuries & Chance fractures.
• Management is NGT placement (stomach decompression) +/- intubation & PPV. 

• Surgical repair is the definitive cure.

   INDICATIONS FOR THORACOTOMY:
• Immediate loss of 10-15mL / kg of blood.
• Persistent blood loss (2-4mL / kg / hour over 3 hours).
• Continued air leak.



Cardiac & Vascular Injuries.

• Very uncommon in children.
• Myocardial contusions are the most common traumatic cardiovascular injury.

• Generally, no long term sequelae.
• Tachycardia is the most common finding.
• Elevated cardiac enzymes may be diagnostic (but not very specific).
• Tamponade is the most concerning life-threatening injury.

• Usually relating to a penetrating injury.
• Tachycardia, distant heart sounds, raised JVP, pulsus paradoxus & narrow 

pulse pressure.
• Diagnosed with USS.

• Pericardiocentesis may be both diagnostic & therapeutic.
• Thoracotomy may be required.

Commotio Cordis.

• Results from sudden impact to the anterior chest wall, causing cessation of normal 
cardiac function.

• Immediate dysrhythmia or VF, refractory to resuscitative attempts.

ABDOMINAL INJURY.

This is the 3rd leading cause of traumatic death in children & is the most common cause of   
unrecognised fatal injury in children (usually resulting from blunt injuries).

“Lap-belt” injuries, including small bowel injury or Chance fractures may occur in ~ 5-10% 
of restrained children in MVAs. Handle-bar injuries represent a serious cause of injury & 
subsequent hospitalisation. 

All children with epigastric pain after blunt trauma, especially when concentrated force has 
been applied in this area, should be considered to have duodenal haematoma until proven 
otherwise. Pancreatic injury should be considered also.

Paediatric anatomy lands to some special protection from some injury patterns (& 
predisposes to others).

• Larger solid organs & less fat = more solid organ injury.
• Relatively larger kidneys = more renal injury.

Clinical Features.

History is often limited & traditional signs of decompensation are often not as evident. 
Physical examination can be difficult.
Attempt to distract the child with toys/lights/bubbles/keys.

Signs & symptoms include:
• Tachypnoea
• Abdominal tenderness / bruising

• Ecchymoses = 1 in 9 have an intraabdominal injury. 
• Signs of shock.



• Pain is often very difficult to localise & any form of tenderness should prompt further 
evaluation or observation.

• Vomiting is a late sign of duodenal haematoma or traumatic pancreatic injury.
• Rectal examination may need to be performed in selected cases of trauma.

Diagnostic Strategies & Management.

Distress & pain can make evaluation challenging. Children will distend there stomach 
considerably whilst ingesting air; therefore early  decompression with NGT should be 
considered.

Early use of FAST examination will identify intraperitoneal bleeding.
Diagnostic peritoneal lavage may still be used in some circumstances.

• Positive DPL =
• > 100,000 RBC / mL
• > 500 White cells / mL 
• Gram-negative bacteria or vegetative matter on microscopy.

CT-scan may be used on stable patients, keeping in mind that CT is not very sensitive for 
bowel injury.

SPLEEN INJURY.
• The most common injury in paediatric abdominal trauma.
• LUQ pain, radiating to left shoulder.
• May be either haemodynamically stable or in profound haemorrhagic shock.
• Management is decided by surgical team. 

LIVER INJURY.
• 2nd most common injury. Mortality of severe liver injury approaches 10-20%.
• RUQ tenderness +/- right shoulder pain.

RENAL INJURY.
• Signs & symptoms are less obvious due to the kidneyʼs retroperitoneal location.
• Dull back pain, ecchymoses & haematuria.
• Renal USS or CT may be helpful.

PENETRATING INJURY.
• Usually require rapid evaluation by a surgeon & in some cases operative intervention.
• The role of DPL is controversial.

Radiology:
• CT provides high sensitivity (except for hollow viscous injury) & specificity for 

identifying splenic, hepatic, renal and GIT injuries.
• Oral contrast does not add to the accuracy of CT (and often delays 

evaluation).
• USS/FAST

Disposition.

Do not let extensive radiologic evaluation hinder the transport to definitive care.
Under no circumstances should the childʼs likely outcome be downplayed to the parents.
The threshold to admit for observation should be very  low in cases of suspected NAI or 
child abuse.



Cessation of Care.

Some injured children die.

Patients who lose their vital signs en route to or in the resuscitation room should receive 
maximal resuscitative efforts, potentially including thoracotomy.

Parental presence should be considered in all paediatric resuscitation cases, assigning a 
member of staff to the parent to provide them with explanations of what is going on.

Parents who witness what the team does for their children during resuscitation seem to 
better understand the ability and limitations of medicine. In the final analysis, most parents 
want to be there, and frankly, at the time of death, their presence is more important than 
the presence of the medical team.


