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Learning 
outcomes

TRIAGE AND REFERRAL

 Which child with a head injury should be referred to ED?

EXPECTATIONS OF E.D ASSESSMENT

 Which children when they are assessed in ED can be observed 
rather than require CT Brain?

 Which child with a head injury can be safely managed at home?

EXPECTATIONS POST DISCHARGE

 What follow-up is required for a child with concussion?

 What follow-up is required for a child  < 5 years with a simple linear 
skull fracture?



Factors 
affecting 
decision 
making
for head injury 
in children

WHAT IS YOUR RISK TOLERANCE?

 Difficulty assessing infant’s and young children 
neurological status 

 Risk of missing clinical significant acute brain injury –
uncommon  high risk events

 Risk of CT scanning and radiation associated brain 
tumour or leukaemia 

 Risk of missing significant brain injury in delayed 
presentation – is there a difference > 24 hours

 Risk of poor concussion management – long term 
effects



RADIATION 
RISK OF 
HEAD CT 
SCAN



It was just a 
roll off the 
bed….

https://www.abc.net.au/news/2019-07-30/baby-killer-committal-hearing/11366216



Every parent’s 
nightmare….

https://www.abc.net.au/news/2021-02-01/my-toddler-fell-off-stool-what-happened-next-parent-
nightmare/13099030



Serious head 
injures from 
low risk 
mechanisms



Parental 
recognition of 
concussion

https://www.abc.net.au/news/2013-11-26/parents-failing-to-treat-concussed-children-
properly/5116410



Even the 
experts don’t 
know……

https://www.abc.net.au/news/2017-06-01/concussion-in-children-requires-more-research-experts-
say/8581078



CLINICAL 
DECISION 
RULES for 
Paediatric 
head injury

CHALICE 
 Dunning et al Arch Dis Child 2006

 Tells when to CT scan depending on History, examination and 
Mechanism

CATCH
 Osmond et al CMAJ 2010, 2018

 Original 7 items, when to CT scan

PECARN
 Kupperman et al, Lancet 2009

 42,412 derivation and validation study

 CT scan rate 35%, ciTBI 0.9%

 Separated < 2 year and > 2 years

 Identified children at very low risk for whom CT scan can be 
obviated.



CHALICE



CATCH



PECARN 
Algorithm



Head Injury 
clinical 
decision rules

 CDR sensitive, excellent negative predictive 
value

 Not specific - most children who have CT scan 
won’t have a brain injury

 Senior clinician judgement almost as sensitive 
as PECARN

 Planned Observation leads to lower CT rates



Gaps in 
Clinical 
Decision Rules
for Paediatric 
head injury

 Delayed presentation up 
to 72 hours

 Child with a bleeding 
disorder

 Child with 
neurodevelopmental 
disorder

 Intoxicated child and a 
head injury

Risk of increasing CT scan 
rates if apply CDR 
uniformly across practice 
in Australia given 
existing CT rates for mild 
to moderate head injury  
in 8.2 % at tertiary, 6.6% 
in metro, and 6.1 % in 
regional settings

Wilson et al. Variation in Computed 
Tomography Use for Paediatric Head Injuries 
across different types of Emergency 
Departments in Australia and New 
Zealand. Emerg Med J 2020 



PREDICT 
Head Injury 
Publications

 APHIRST

Babl et al. Accuracy of PECARN, 
CATCH, and CHALICE head injury 
decision rules in children: a prospective 
cohort study. Lancet 2017

 20,000 presentations Aust and 
NZ in tertiary EDs

 Comparison of 3 CDR

 APHIRST GAP

Wilson et al. Variation in Computed 
Tomography Use for Paediatric Head 
Injuries across different types of 
Emergency Departments in Australia 
and New Zealand. Emerg Med J 2020 

 CT scan rate across Australia
 Tertiary vs metro vs regional

 HI guideline working group
 ADOLPEMENT process –

evidence based guideline
 33 clinical questions
 71 Recommendations – evidence 

base, consensus, practice points
 Published Feb 2021

PAEDIATRIC RESEARCH in EMERGENCY DEPARTMENTS INTERNATIONAL COLLABORATIVE



PREDICT
Head Injury 
Guideline 
development 
process

Guideline Working Group 
comprised representation from

Australia and New Zealand

 Paediatric Emergency 
medical and nursing

 Emergency Medicine

 General Pediatricians

 Neurosurgery

 Intensive care

 Pre- hospital medicine

 Radiologists

 General Practice

 Implementation scientists

Formal feedback was received from:

Australasian College for Emergency 
Medicine; New Zealand Emergency 
Medicine Network; The Royal Australasian 
College of Physicians; Paediatric Society of 
New Zealand; Australasian College of 
Paramedicine; Council of Ambulance 
Authorities Inc.; Royal Australian and New 
Zealand College of Radiologists; Australian 
Society of Medical Imaging and Radiation 
Therapy; New Zealand Institute of Medical 
Radiation Technology; Neurosurgical Society 
of Australasia; Royal Australasian College of 
Surgeons; Sports Medicine Australia; 
Australian Haemophilia Centre Directors’ 
Organisation; Royal Flying Doctor Service; 
College of Emergency Nurses New Zealand; 
Australian College of Nurse Practitioners; 
College of Emergency Nurses Australasia; 
Australian College of Nursing; Metro & 
Regional Paediatrics Network, Agency for 
Clinical Innovation New South Wales; 
Advanced Paediatric Life Support Australia; 
Advanced Paediatric Life Support New 
Zealand; The Royal Australian College of 
General Practitioners; Australian College of 
Rural and Remote Medicine; Victorian 
Department of Education.







Triaging

Consensus based 
recommendations

Children with head injury should be assessed in a hospital setting if the 
mechanism of injury was severe1 or if they develop the following signs or 
symptoms within 72 hours of injury:

seizure or convulsion

•
double vision, ataxia, clumsiness or gait abnormality

•
loss of consciousness

•
deteriorating level of consciousness

•
weakness and tingling in arms or legs

•
presumed skull fracture (palpable fracture, ‘raccoon eyes’ or Battle’s signs)

•
vomiting2  ( isolated vomiting unlikely TBI in absence or other risk factors)

•
severe headache

•
not acting normally, including abnormal drowsiness, increasing agitation, 
restlessness or combativeness (in children aged less than 2 years, not acting 
normally as deemed by a parent)

•
occipital or parietal or temporal scalp haematoma (in children aged less than 2 
years only).3



Consider 
Mechanism of 
Injury

Severe mechanism of injury

 motor vehicle accident with 
patient ejection, death of 
another passenger or rollover; 

 pedestrian or bicyclist without 
helmet struck by motorised 
vehicle; 

 falls of 1 m or more for children 
aged less than 2 years, and 
more than 1.5 m for children 
aged 2 years or older; or 

 head struck by a high-impact 
object

Children with trivial head 
injury

 do not need to attend hospital 
for assessment; they can be 
safely managed at home

Trivial head injury includes

 ground-level falls

 walking or running into 
stationary objects, 

 with no loss of consciousness,

 a GCS score of 15

 no signs or symptoms of head 
trauma other than abrasions.



Risk factors 
for 
Intracranial 
injury
GCS 14-15

 Risk factors for clinically-important traumatic brain injury:
 GCS score of 14 or other signs of altered mental status

 Severe mechanism of injury

 Post-traumatic seizure(s) 

 Abnormal neurological examination 

 Specific risk factors for children aged less than 2 years:
 Palpable skull fracture

 Occipital or parietal or temporal scalp haematoma

 History of LOC 5 seconds or more

 Not acting normally per parent 

 Specific risk factors for children aged 2 years and older: –
 Signs of base of skull fracture

 History of LOC 

 History of vomiting

 Severe headache.



Special 
considerations

lower threshold 
to observe or 
image 

 Children with ventricular-peritoneal shunts

 Children with known bleeding disorders e.g. ITP

 Children on anticoagulant or anti-platelet therapy

 Children with neurodevelopmental disorders

 Children or young people who are intoxicated

 Possibility of abusive head trauma

 Children < 6 months of age







Decision rules 
for Head CT 
scan

Recommendation 5 – Evidence Informed

“Clinicians should take into account the number, severity and 
persistence of symptoms and signs, and family factors (e.g. distance 
from hospital and social context) when choosing between 
structured observation and a head CT scan.”

Recommendation 6 – Evidence Informed

“For children presenting to an acute are setting within 24 hours of 
an head injury and a GCS of 15, a head CT scan should not be 
performed without any risk factors for clinical important traumatic 
brain injury.”

Recommendation 7 – Evidence Informed

“For children presenting to an acute are setting within 72 hours of an 
head injury and a GCS of 13 or less should undergo an immediate 
head CT scan”



Discharge 
after 
structured 
observation 
without Head 
CT scan

Observation for up to 4 hours from time of injury
 Observation frequency every ½ hour for first 2 hours

 Hourly until 4 hours post injury

 After 4 hours , continue 2nd hourly observation for as long as child 
remains in hospital

 Discharge if patient returns to normal for at least an hour

 Duration of structured observation my be modified based on patient 
and family variables, including time since injury or signs or 
symptoms



Applicability 
to General 
Practice 
setting

Triage 

 who should be assessed in 
the acute hospital setting

 who can be safely managed 
at home without going to 
hospital

Imaging

 which children seen in ED will 
require immediate CT brain

 Which children can be 
observed without CT scan

Discharge

 what discharge advice will be 
given by ED in regards to 
representation 

 what advice will be given 
regarding need for physical 
and cognitive rest for 
concussion management

 what follow-up is required for 
Return to School, Return to 
Sport and  Screen time



Cases to guide 
through the 
algorithm

What about the child with……..





DFTB -
Applying the 
algorithm



Special 
circumstances

Infants



DFTB –
Applying the 
Algorithm



Follow-up 
post discharge
from ED

 Children presenting within 72 hours of mild to moderate head 
injury and deemed low risk of ciTBI*as determined by

 Negative head CT scan
 Structured observation
 Absence of risk factors for ciTBI*

do not require specific follow-up for acute intracranial injury

Parent and caregivers should be given written and verbal advice 

 on when to return to the ED, including worsening symptoms, 
decreased level of consciousness or seizures

 on possibility of persistent or delayed post concussive 
symptoms

*Clinically important traumatic brain injury



Concussion in 
children and 
young people

5P study: Predicting and Preventing Post-concussive 
Problems in Pediatrics

 Children’s Hospital of Eastern Ontario (CHEO) and including nine 
paediatric emergency departments across Canada

 enrolled over 3,000 children

 participants were aged 5-18 years old and evaluated within the 
first 48-hours after head injury

 most patients presenting within 3 hours of their injury.



Predicting 
persisting 
post 
concussion 
symptoms



Concussion 
management



Return to 
Learn 

RETURN TO LEARN



Return to 
Sport

RETURN TO SPORT



Concussion 
management

 Expected duration of 
symptoms 10 – 14 days, but 4 
weeks is common in children 
or adolescents

 24 to 48 hours of complete 
cognitive rest

 Physical rest at most 48 
hours

 Benefits of early  light 
aerobic exercise

 Medical clearance before 
return to school and sport

 Follow-up with GP or 
Paediatrician



Simple Linear 
Skull fractures

follow-up for 
children < 5 
years

 Growing skull fractures 
(leptomeningeal cysts)

 enlarging skull fracture that 
occurs near post-
traumatic encephalomalacia.

 presents with progressive 
scalp swelling

 skull fractures causes dural 
tears,allowing leptomeninges
and/or cerebral parenchyma 
to herniate into it. 

 Pulsations from CSF erode 
the fracture margin, resulting 
in eventual expansion and 
non-union

 Very Rare complication

https://radiopaedia.org/articles/encephalomalacia?lang=gb
https://radiopaedia.org/articles/leptomeninges?lang=gb


QUESTIONS?



TAKE HOME 
POINTS

Understand assessment of mechanisms of 
injury and risk factors to determine need for 
referral to hospital

Algorithm to guide decision making for CT scan 
vs structured observation vs discharge

Discharge advice for representation and follow-
up of post concussion symptoms
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Resources
 https://kidshealth.schn.

health.nsw.gov.au/conc
ussion

https://kidshealth.schn.health.nsw.gov.au/concussion


THANK  
YOU FOR 
LISTENING


