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CATCH CHALICE PECARN <2 years PECARN ≥2 years 

Mechanism of injury    

Dangerous mechanism of 

injury  

(e.g. MVC, fall from 

elevation ≥3 ft [≥0.91 cm] 

or 5 stairs, fall from bicycle 

with no helmet). 

High speed RTA as 

pedestrian, cyclist, occupant 

(>64 km/h). 

Severe mechanism of 

injury. 

Severe mechanism  

of injury. 

Fall of > 3 m in height. 

High speed injury from 

projectile or object. 

History    

 Witnessed LOC > 5 min. LOC ≥5 seconds. Any/suspected LOC. 

 Amnesia (antegrade or 

retrograde) >5 min. 

  

Irritability on examination. Abnormal drowsiness  

(in excess of that expected 

by examining doctor). 

Altered mental 

status. 

Altered mental  

status. 

  Not acting normally 

per parent. 

 

 ≥3 vomits after head injury  

(discrete episodes). 

 History of vomiting. 

 Suspicion of NAI.   

 Seizure in patient with no 

history of epilepsy. 

  

History of worsening 

headache. 

  Severe headache. 

Examination    

GCS <15, 2 hr after injury. GCS <14, or <15 if <1 yr. GCS<15 GCS<15 

Suspected open or 

depressed skull fracture. 

Suspicion of penetrating or 

depressed skull injury, or 

tense fontanel. 

  

Any sign of basal skull 

fracture  

(e.g. hemotympanum, 

“raccoon” eyes, 

otorrhoea/rhinorrhoea of 

CSF, Battle’s sign). 

Signs of basal skull fracture. Palpable or unclear 

skull fracture. 

Clinical signs of basilar 

skull fracture. 

 Positive focal neurology.   

Large boggy hematoma of 

the scalp. 

Presence of bruise, swelling 

or laceration > 5cm if < 1 yr 

old. 

Occipital, parietal or 

temporal scalp 

haematoma. 

 

MVC: Motor vehicle crash, RTA: Road traffic accident, LOC: Loss of consciousness, NAI: Non-accidental 

injury, GCS: Glasgow Coma Score, CSF: Cerebrospinal fluid. 

In each of the three CDRs, the absence of all of the above predictor variables indicates that cranial CT 

scan is unnecessary. 

Note: while the predictor variables are reproduced verbatim, the order in which the variables from 

each CDR are presented has been altered to facilitate comparison 
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 Setting Demographic Inclusion criteria Exclusion criteria 

CATCH 10 tertiary 

paediatric 

teaching 

institution EDs 

in Canada 

0-16 yr All of the following: 

· blunt trauma to head 

resulting in 

witnessed 

LOC/disorientation, 

definite amnesia, 

persistent vomiting 

(>1 episode), 

persistent irritability 

(in children <2 yr) 

· initial GCS in ED ≥13 

as determined by 

treating physician 

· injury within the past 

24 hours. 

Any of: 

· Obvious penetrating skull 

injury 

· Obvious depressed 

fracture 

· Acute focal neurologic 

deficit 

· Chronic generalized 

developmental delay 

· HI secondary to 

suspected child abuse 

· Returning for 

reassessment of 

previously treated HI 

· Patients who were 

pregnant 

CHALICE 10 EDs in NW 

England: 

3 children’s 

hospitals, 

3 teaching 

hospitals, 

4 district 

general 

hospitals 

0-<16 yr Any history or signs of 

injury to the head. 

Refusal to consent 

PECARN 25 EDs in 

different 

hospital types, 

part of a 

paediatric 

research 

network in the 

US 

0-<18 yr Present within 24 

hours of HI. 

Any of: 

· Trivial HI (defined by 

ground level fall, 

walking/running into 

stationary object, no 

signs or symptoms of 

head trauma except 

scalp abrasions and 

lacerations). 

· Penetrating trauma 

· Known brain tumour 

· Pre-existing neurological 

disorder complicating 

assessment 

· Neuro-imaging at 

another hospital before 

transfer 

· Patient with ventricular 

shunt* 

· Patient with bleeding 

disorder* 

· GCS<14* 

GCS: Glasgow Coma Score, LOC: Loss of consciousness 

*enrolled but being analysed separately, not used in CDR derivation 
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 Primary outcome Secondary outcome 

CATCH Need for neurologic intervention1 Brain injury on CT2. 

CHALICE Clinically significant intracranial injury3 Presence of skull fracture. 

Admission to hospital. 

PECARN Clinically important traumatic brain injury (ciTBI)4 None 

 

1 Death within seven days secondary to the head injury or need for any of the following within 7 days: 

craniotomy, elevation of skull fracture, monitoring of intracranial pressure, insertion of endotracheal 

for the treatment of head injury 

2 Any acute intracranial finding revealed on CT attributable to acute injury, including closed depressed 

skull fracture (depressed past the inner table) and pneumocephalus but excluding nondepressed skull 

fractures and basilar skull fractures   

3 Death as a result of head injury, requirement for neurosurgical intervention, marked abnormality on 

CT (any new, acute, traumatic intracranial pathology as reported by consultant radiologist, including 

intracranial haematomas of any size, cerebral contusion, diffuse cerebral oedema and depressed skull 

fractures) 

4 Death from TBI, neurosurgical intervention for TBI (intracranial pressure monitoring, elevation of 

depressed skull fracture, ventriculostomy, haematoma evacuation, lobectomy, tissue debridement, 

dura repair, other), intubation of more than 24 hours for TBI, hospital admission of 2 nights or more for 

the TBI (admission for persistent neurological symptoms or signs such as persistent alteration in mental 

status, recurrent emesis due to head injury, persistent severe headache, or ongoing seizure 

management) in association with TBI on CT (intracranial haemorrhage or contusion, cerebral oedema, 

traumatic infarction, diffuse axonal injury, shearing injury, sigmoid sinus thrombosis, midline shift of 

intracranial contents or signs of brain herniation, diastasis of the skull, pneumocephalus, skull fracture 

depressed by at least the width of the table of the skull). 
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 Sensitivity Specificity 
Negative  

predictive value 

Positive 

predictive value 

Need for neurosurgery 

CATCH† 24/24, 100% 

(86.2-100%) 

2698/3842, 70.2% 

(68.8-71.6%) 

2698/2698, 100%** 24/1168, 2.1%** 

CHALICE 134/137, 97.8% 

(93.7-99.6%) 

19559/22635, 86.4% 

(86.0-86.9%) 

19559/19562, 

99.9%** 

134/3210, 

4.4%** 

PECARN     

<2 yr 

14/14, 100%** 4529/8488, 53.4%** 4529/4529, 100%** 14/3973, 3.5%** 

PECARN 

≥2 yr 

30/30, 100%** 14663/25253, 

58.1%** 

14663/14663, 100%** 30/10620, 

2.8%** 

CT visible brain injury 

CATCH†† 156/159, 98.1% 

(94.6-99.4%) 

1856/3707, 50.1% 

(48.5-51.7%) 

1856/1859, 99.8%** 156/2007, 

7.8%** 

CHALICE 277/281, 98.6% 

(96.4-99.6%) 

Not possible to calculate as reported by composite outcome, not 

by cranial CT 

PECARN 

<2 yr Not possible to calculate as derivation group reported with ciTBI only, not cranial CT 

data.  See PECARN validation table for details. PECARN 

≥2 yr 

Clinically important traumatic brain injury 

PECARN 

<2 yr 

72/73, 98.6% 

(92.6-99.97) 

4528/8429, 53.7% 

(52.6-54.8%) 

4528/4529, 99.9% 

(99.88-99.999) 

72/3973, 1.8% 

(1.4-2.3) 

PECARN 

≥2 yr 

208/215, 96.7% 

(93.4-98.7) 

14656/25068, 58.5% 

(57.9-59.1) 

14656/14663, 99.95% 

(99.9-99.98) 

208/10620, 2.0% 

(1.7-2.2) 

Clinically significant intracranial injury 

CHALICE 277/281, 98.6% 

(96.4-99.6%) 

19558/22491, 86.9% 

(86.5-87.4%) 

19558/19562, 99.9% 

(99.9-100) 

277/3210, 8.63% 

(7.68-9.65) 

Clinically significant intracranial injury in patients with GCS 13-15 

CHALICE 164/168, 97.6% 

(94.0-99.4) 

19558/22411, 87.3% 

(86.8-87.7) 

19558/19562, 99.9% 

(99.9-100) 

164/3017, 5.4% 

(4.7-6.3) 

Reported sensitivity and specificity are used where reported in papers, and calculated where not 

reported. For PECARN sensitivity and specificity, only the derivation population characteristics are used. 

Values in parentheses are 95% confidence intervals. 

†when reporting sensitivity and specificity of the primary outcome “need for neurologic 

intervention”, only the four high risk predictor variables are used. 

††reported using all seven predictor variables 

**these have been calculated 
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 Sensitivity Specificity 
Negative  

predictive value 

Positive 

predictive value 

Need for neurosurgery 

PECARN 

<2 yr 

5/5, 100%** 1176/2211, 53.2%** 1176/1176, 100%** 5/1040, 0.5%** 

PECARN 

≥2 yr 

11/11, 100%** 3800/6400, 59.4%** 3800/3800, 100%** 11/2611, 0.4%** 

CT visible brain injury 

PECARN 

<2 yr 

68/68, 100% 

(94.7-100) 

1176/2148, 54.7%** 1176/1176, 100% 

(97.8-100) 

68/1040, 6.5%** 

PECARN 

≥2 yr 

109/116, 94% 

(88.0-97.5%) 

3793/6295, 60.3%** 3793/3800, 99.8% 

(96.8-99.4) 

109/2611, 

4.2%** 

Clinically important traumatic brain injury 

PECARN 

<2 yr 

25/25, 100.0% 

(86.3-100) 

1176/2191, 53.7% 

(51.6-55.8) 

1176/1176, 100.0% 

(99.7-100) 

25/1040, 2.4% 

(1.6-3.5) 

PECARN 

≥2 yr 

61/63, 96.8% 

(89.0-99.6) 

3798/6348, 59.8% 

(58.6-61.0) 

3798/3800, 99.95% 

(99.81-99.99) 

61/2611, 2.3% 

(1.8-3.0) 

**these have been calculated using data in the original reports. 

Values in parentheses are 95% confidence intervals. 
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Risk group Age < 2 years of age Age > 2 years of age Risk of ciTBI 

High  Altered mental statusa 

Palpable skull fracture 

Altered mental statusa 

Signs of basilar skull fracture 

4.4% 

Intermediate Severe injury mechanismb 

Loss of consciousness >5s 

Non-frontal hematoma 

Not acting right as per parents 

Severe injury mechanismb 

Any loss of consciousness 

Vomiting 

Severe headache 

0.9% 

Very low  None None <0.05% 

aGCS 14, agitation, sleepiness, slow response or repetitive questioning 
b Motor vehicle crash with patient ejection, death of another passenger or rollover, pedestrian or 

bicyclist without helmet struck by motorized vehicle, falls (of >3 feet for children < 2 years of age or > 

5 feet for children > 2 years) or head struck by high impact object 

ciTBI: death from traumatic brain injury, neurosurgery, intubation for more than 24 h for traumatic 

brain injury, or hospital admission of 2 nights or more associated with traumatic brain injury on CT 

(defined as: intracranial haemorrhage or contusion, cerebral oedema, traumatic infarction, diffuse 

axonal injury, shearing injury, sigmoid sinus thrombosis, midline shift of intracranial contents or signs 

of brain herniation, diastasis of the skull, pneumocephalus, skull fracture depressed by at least the width 

of the table of the skull) 
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Box 1. Definition of concussion as per Zurich Consensus Statement of Concussion 

in Sport 84 

Concussion is a brain injury and is defined as a complex pathophysiological process 

affecting the brain, induced by biomechanical forces.  

Several common features that incorporate clinical, pathologic and biomechanical injury 

constructs that may be utilised in defining the nature of a concussive head injury 

include: 

1. Concussion may be caused either by a direct blow to the head, face, neck or 

elsewhere on the body with an ‘‘impulsive’ force transmitted to the head. 

2. Concussion typically results in the rapid onset of short-lived impairment of 

neurological function that resolves spontaneously. However, in some cases, 

symptoms and signs may evolve over a number of minutes to hours. 

3. Concussion may result in neuropathological changes, but the acute clinical 

symptoms largely reflect a functional disturbance rather than a structural injury 

and, as such, no abnormality is seen on standard structural neuroimaging 

studies. 

4. Concussion results in a graded set of clinical symptoms that may or may not 

involve loss of consciousness. Resolution of the clinical and cognitive symptoms 

typically follows a sequential course. However, it is important to note that in 

some cases symptoms may be prolonged.” 
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Physical Cognitive Emotional/Behavioural 

Headache 

Nausea 

Feeling “slowed down” 

Feeling “in a fog” 

Irritability 

Anxiety 

Vomiting Difficulty concentrating Sadness 

Blurred or double vision Difficulty remembering Depression 

Balance problems  Amnesia  

Dizziness   

Sensitivity to light or noise   

Fatigue   

Sleep disturbance   

Drowsiness 

Loss of consciousness 

Balance disturbance 
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a) Post-Concussive Syndrome 
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Box 2. ICD-10 diagnostic criteria for post-concussive syndrome122 

A. History of head trauma with loss of consciousness preceding symptom onset by a 

maximum of 4 wk. 

B. Symptoms in 3 or more of the following symptom categories: 

• headache, dizziness, malaise, fatigue, noise intolerance; 

• irritability, depression, anxiety, emotional lability; 

• subjective concentration, memory, or intellectual difficulties without 

neuropsychological evidence of marked impairment; 

• insomnia; 

• reduced alcohol tolerance; and 

• preoccupation with above symptoms and fear of brain damage with hypochondriacal 

concern and adoption of sick role. 

Box 3. Diagnostic and Statistical Manual of Mental Disorders, 5th edition, 8 diagnostic 

criteria for post-concussional disorder 123 

A.  A history of head trauma that has caused considerable cerebral concussion.* 

B. Evidence from neuropsychological testing or quantified cognitive assessment of difficulty 

in attention (concentrating, shifting focus of attention, performing simultaneous 

cognitive tasks) or memory (learning or recall of information). 

C.  Three (or more) of the following occur shortly after the trauma and last at least 3 months: 

• becoming fatigued easily; 

• disordered sleep; 

• headache; 

• vertigo or dizziness; 

• irritability or aggression on little or no provocation; 

• anxiety, depression, or affective instability; 

• changes in personality (e.g., social or sexual inappropriateness); or 

• apathy or lack of spontaneity. 

D. The symptoms in criteria B and C have their onset following head trauma or else represent 

a substantial worsening of pre-existing symptoms. 

E. The disturbance causes considerable impairment in social or occupational functioning and 

represents a considerable decline from a previous level of functioning. In school-aged 

children, the impairment might manifest as a substantial worsening in school or 

academic performance dating from the trauma. 

F. The symptoms do not meet criteria for dementia due to head trauma and are not better 

accounted for by another mental disorder (e.g., amnestic disorder due to head trauma, 

personality change due to head trauma). 
 

*The manifestations of concussion include loss of consciousness, posttraumatic amnesia, and, less commonly, 

posttraumatic onset of seizures. The specific method of defining this criterion needs to be established by further 

research. 
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b) Second Impact Syndrome 



50 

 

c) Chronic traumatic encephalopathy 
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a) Return to learn 
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Rehabilitation stage Activity Objective of each stage 

1. No activity  Complete cognitive rest – no school, 

no homework, no reading, no texting, 

no videogames, no computer work 

Recovery 

2. Gradual reintroduction 

of cognitive activity 

Relax previous restrictions on activities 

and add back for short periods of time 

(5-15 min at a time) 

Gradual controlled increase in 

sub-symptom threshold 

cognitive activities 

3. Homework at home 

before school work at 

school 

Homework in longer increments (20-

30 min at a time) 

Increase cognitive endurance 

by repetition of short periods 

of self-paced cognitive activity 

4. School re-entry Part day of school after tolerating 1-2 

cumulative hours of homework at 

home 

Re-entry into school with 

accommodations to permit 

controlled subsymptom 

threshold increase in 

cognitive load 

5. Gradual reintegration 

into school 

Increase of full day school Accommodations decrease as 

cognitive endurance improves 

6. Resumption of full 

cognitive workload  

Introduce testing, catch up with 

essential work 

Full return to school; may 

commence RTP protocol 
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b) Return to play 
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Rehabilitation stage Functional exercise at each stage  Objective of each stage 

1. No activity  Symptom limited physical and cognitive 

rest 

Recovery 

2. Light aerobic exercise Walking, swimming or stationary cycling 

keeping intensity <70% maximum 

permitted heart rate 

No resistance training 

Increase heart rate 

3. Sport-specific exercise Skating drills in ice hockey, running drills 

in soccer. No head impact activities 

Add movement 

4. Non-contact training 

drills 

Progression to more complex training 

drills, e.g., passing drills in football and 

ice hockey 

May start progressive resistance training 

Exercise, coordination and 

cognitive load 

5. Full-contact practice Following medical clearance participate 

in normal training activities 

Restore confidence and 

assess functional skills by 

coaching staff 

6. Return to play  Normal game play  
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c) Treatment of prolonged symptoms 
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Symptoms Rehabilitation strategy Objective of strategy 

Vestibular system deficits 

(dizziness, balance 

problems)  

Oculomotor, balance and cervical 

spine exercises to restore the 

vestibulo-ocular and vestibule 

spinal reflexes 

Re-establish physiological 

integration of postural control 

by the vestibular, visual and 

somatosensory system 

Cervicogenic headache Manual physical therapy Treat myofascial pain or neck 

trigger points contributing to 

headache 

Exercise intolerance/ 

dysautonomia 

“Subthreshold exercise” 

(progressive, low impact aerobic 

exercise program) 

To facilitate neurogenesis and 

physical reconditioning 

Persistent cognitive 

symptoms 

Memory tasks, coping skills, 

compensatory strategies for 

memory, language, executive 

functioning and other cognitive-

communication skills 

Re-establish learning and 

academic performance, social 

interaction, activities of daily 

living 

Psychological symptoms 

(anxiety, depression) 

Meditation, biofeedback or 

psychological therapy 

Re-establish behavioural self-

regulation 

Sleep disturbances and 

fatigue 

Sleep hygiene strategies 

Treatment of possible underlying 

psychological symptoms 

Re-establish normal sleeping 

pattern 
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Study Design Setting Period Population Intervention* Comparison* Outcome measures 

i) PECARN rule 

external validation 

Cross-sectional Padova, 

Italy 

Boston, 

US 

June 2010- 

May 2011 

Apr 2011- 

July 2013 

n=782,  < 15 y 

 

n=1657, < 18 y 

 

MHI < 24h  

Assessment of 

PECARN rule 

accuracy in 

excluding ciTBI in 

an external 

population 

Patients with ciTBI - Presence of ciTBI 

ii) PECARN rule 

implementation  

Before-after Padova, 

Italy 

Nov 2009- 

Nov 2010 

n=644, < 15 y 

MHI < 24h 

 

Assessment of 

changes in 

management and 

staff satisfaction 

with PECARN rule 

Practice before rule 

implementation 

- Adherence to rule 

- CT scan rate 

- ciTBI rate 

- Safety & efficacy of rule  

- Medical staff satisfaction 

iii) PECARN rule use 

for intermediate risk 

patients 

Cross-sectional Padova, 

Italy 

June 2010- 

May 2011 

n=308, < 15 y 

MHI < 24h 

Intermediate- 

risk per PECARN 

Assessment of 

predictors 

associated to CT 

performance 

Patients who did 

not have CT scan 

- Performance of CT scan 

iv) Sedation practice 

for cranial CT  

Retrospective RCHM, 

Australia 

Apr 2011- 

Apr 2013 

n=442, < 18 y 

HI any severity 

 

Assessment of 

sedation use & 

practice for 

cranial CT for HI  

/ - Rate of sedation use 

- Characteristics of patients 

- Type of sedation 

- Adverse effects 

v) NIRS portable 

device (Infrascanner) 

to detect intracranial 

haematomas  

Prospective Padova, 

Italy 

Treviso, 

Italy 

June 2012- 

Feb 2013 

Sep 2012- 

Mar 2013 

n=110, < 15 y 

MHI < 12 h 

PECARN 

intermediate & 

high-risk   

Assessment of 

feasibility of use  

and accuracy of 

Infrascanner to 

detect 

intracranial 

haematomas 

Patients with no 

intracranial 

haematomas 

- Successful completion of test 

- Time to completion 

- Intracranial haematoma on CT 

- Presence of ciTBI 

vi) Sport concussion 

on-field management 

and RTP  

Prospective RCHM, 

Australia 

May 2013- 

Nov 2013 

n=93, 5-18 y 

Sport 

concussion  

 

Assessment of 

compliance with 

on-field and RTP 

management 

guidelines 

/ - Proportion of patients managed 

according to current on- field 

management guidelines 

- Proportion of patients and 

parents aware of guidelines 
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Assessment of 

parents & patient 

awareness of 

guidelines 

- Proportion of patients compliant 

with provided RTP guidelines 

vii) ‘Take CARe’ 

project-pilot study to 

develop a CDR for PCS 

Prospective 

Longitudinal 

RCHM, 

Australia 

Oct 2013- 

June 2014 

(ongoing) 

n=82, 5-18 y 

Concussion  

<48 h 

 

Assessment of  

study procedures 

completion and 

recovery 

trajectories 

Incomplete 

procedures 

 

Patients with  

no PCS 

- Recruitment rate 

- Dropout rate 

- Dropout reasons 

- Patients characteristics 

- Presence of PCS  

viii) Epidemiology, 

helmet use and 

characteristics of RV-

related HIs 

Retrospective 

 

RCHM, 

Australia 

Apr 2011 

Jan 2014 

n=647, < 18 y 

RV-related HI 

any severity 

 

Assessment of ED 

presentations for 

RV-related HI, 

helmet use and 

characteristics 

Various types of RV 

 

No documentation 

of helmet use 

 No use of helmet 

- Numbers of RV –related HI by 

type of RV 

- Helmet documentation and use 

- Clinical characteristics 
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ciTBI predictors Age < 2 years of age Age > 2 years of age 

High-risk  Altered mental statusa 

Palpable skull fracture 

Altered mental statusa 

Signs of basilar skull fracture 

Intermediate-risk  Severe injury mechanismb 

Loss of consciousness  >5 seconds 

Non-frontal haematoma 

Unusual behaviour reported by 

parents 

Severe injury mechanismb 

Any loss of consciousness 

Vomiting 

Severe headache 

Very low risk None None 
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Characteristic Age < 2 years 

(n=145) 

Age ≥ 2 years 

(n=163) 

p 

Gender (M/F) 67/78 101/62 0.008 

Hours from trauma to ED presentation  

(median, IQR) 

1.5 (1-3) 2 (2-3) 0.001 

Intermediate Risk Predictors (n, %)    

Severe injury mechanism 87 (60%) 57 (35%) 0.0000 

Loss of consciousness* 7 (4.8%) 19 (11.6%) 0.039 

Non –frontal hematoma 45 (31%) NA NA 

Non acting right as per parents 27 (18.6%) NA NA 

Vomiting NA 94 (57.7%) NA 

Severe headache NA 18 (11%) NA 

Presence of  >1 predictor (n, %) 20 (13.7%) 23 (14.1%) 0.89 

CT scan (n, %) 15 (10.3%) 24 (14.7%) 0.330 

Positive CT scan (n, %) 3 (2%) 2 (1.2%) 0.895 

ciTBI (n, %) 3 (2%) 2 (1.2%) 0.895 

Initially missed ciTBI (n, %) 0 (0%) 1 (0.6%) 0.953 

Predictor - Age < 2 years CT performed 

(n=15) 

CT not performed 

(n=130) 

OR (95% CI) 

Severe injury mechanism (n=87) 8 79 0.74 (0.25-2.16) 

Loss of consciousness > 5 s (n=7) 1 6 1.47 (0.17-13.2) 

Non –frontal hematoma (n=45) 7 38 2.11 (0.72-6.25) 

Non acting right as per parents (n=27) 3 24 1.10 (0.29-4.22) 

More than 1 predictor (n=20) 4 16 2.59 (0.74 - 9.12) 

Predictor - Age > 2 years CT performed 

(n=24) 

CT not performed 

(n=139) 

OR (95% CI) 

Severe injury mechanism (n=57) 12 45 2.08 (0.85-5.08) 

Loss of consciousness (any) (n=19) 4 15 1.65 (0.50-5.49) 

Vomiting (n= 94) 9 85 0.38 (0.16-0.93) 

Severe headache (n=18) 4 14 1.78 (0.53-5.97) 

More than 1 predictor (n=23) 4 19 1.26 (0.39-4.10) 
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 Total Sedated Not Sedated 

n (%) 442 28 (6.3%) 414 (93.7%) 

Age 

 < 2 60 (13.6%) 18 (64.3%) 42 (10.1%) 

 2 – 5 76 (17.2%) 7 (25.0%) 69 (16.7%) 

 5 – 10 96 (21.7%) 2 (7.1%) 94 (22.7%) 

 10 – 18  210 (47.5%) 1 (3.6%) 209 (50.5%) 

Sex 

 Male 298 (67.4%) 18 (64.3%) 280 (67.6%) 

Initial GCS 

 3 – 8  0 0 0 

 9 – 12  27 (6.1%) 1 (3.6%) 26 (6.3%) 

 13 30 (6.8%) 2 (7.1%) 28 (6.8%) 

 14 – 15  375 (84.8%) 24 (85.7%) 351 (84.8%) 

 Not recorded 10 (2.3%) 1 (3.6%) 9 (2.2%) 

Lowest GCS 

 3 – 8  2 (0.5%) 0 2 (0.5%) 

 9 – 12  43 (9.7%) 2 (7.1%) 41 (9.9%) 

 13 50 (11.3%) 2 (7.1%) 48 (11.6%) 

 14 – 15  337 (76.2%) 23 (82.1%) 314 (75.8%) 

 Not recorded 10 (2.3%) 1 (3.6%) 9 (2.2%) 

Severity of head injury16 

 Mild 89 (20.1%) 9 (32.1%) 80 (19.3%) 

 Moderate 340 (76.9%) 16 (5.7%) 324 (78.3%) 

 Severe 13 (2.9%) 3 (10.7%) 10 (2.4%) 

CT findings 

 Normal 306 (69.2%) 12 (42.9%) 294 (71.0%) 

 Abnormal 136 (30.8%) 16 (57.1%) 120 (29.0%) 

  Intracranial haemorrhage/contusion 57 (41.9%) 6 (37.5%) 51 (42.5%) 

  Cerebral Oedema 7 (5.1%) 0 7 (5.8%) 

  Diffuse Axonal Injury 5 (3.7%) 2 (12.5%) 3 (2.5%) 

  Midline Shift or Brain Herniation 1 (0.7%) 0 1 (0.8%) 

  Diastasis of Skull 7 (5.1%) 1 (6.25%) 6 (5.0%) 

  Pneumocephalus 20 (14.7%) 0 20 (16.7%) 

  Skull Fracture 108 (79.4%) 14 (87.5%) 94 (78.3%) 

 Traumatic brain injury on CT (PECARN) 67 (49.3%) 6 (37.5%) 61 (50.8%) 

Neurosurgery 

 None 433 (98.0%) 28 (6.5%) 405 (93.5%) 

 Any 9 (2.0%) 0 9 (100.0%) 

 Elevation of depressed skull fracture 2 (22.2%) 0 2 (22.2%) 

 Haematoma Evacuation 8 (88.9%) 0 8 (88.9%) 

 Dura Repair 3 (33.3%) 0 3 (33.3%) 
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Number of patients in ED 

presenting with head injury 

(n=1115)

Number of patients in ED  

presenting with sport-related head injury 

between the ages of 5 and 18 years  

(n=271) 

Number of patients 

approached by researcher 

(n=102) 

Total number of patients missed 

(n=169) 

 

Patients lost to follow-up 

(n=8) 

Total number of patients 

with completed follow-up 

calls (n=85) 

Analysis for return-to-play 

Excluded: head/neck injuries 

without concussive signs/symptoms  

(n=9) 

Number of patients with 

concussion (n=93) 

Analysis for on-field 

management 

 of pati

wi

ber
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 Australian Football Non Australian 

Football 

Total 

 (n=44) (n=49) (n=93) 

Gender 

Male 

Female 

 

43 (97.7%) 

1 (2.3%) 

 

34 (69.4%) 

15 (30.6%) 

 

77 (82.8%) 

16 (17.2 %) 

Age (years) 

5-7 

8-10 

11-15 

16-18 

 

3 (6.8%) 

4 (9.1%) 

35 (79.5%) 

2 (4.5%) 

 

1 (2.0%) 

9  (18.4%) 

32 (65.3%) 

7 (14.3%) 

 

4 (3.9%) 

13 (14.7%) 

67 (70.6%) 

9 (10.8%) 

Organiser 

Club 

School 

Non-Organised 

 

36 (81.9%) 

5 (11.4 %) 

3 (6.8%) 

 

23 (46.9%) 

12 (24.3%) 

14 (28.6%) 

 

59 (63.4%) 

17 (18.3%) 

17 (18.3%) 

Nature of organised play 

Competition 

Friendly 

Training/Physical Education 

NA 

 

40 (90.9%) 

1 (2.3%) 

0 

3 (6.8%) 

 

22 (44.9%) 

4 (8.2%) 

8 (16.3%) 

17 (34.7%) 

 

62 (66.7%) 

5 (5.4%) 

8 (8.6%) 

18 (19.4%) 

Competition level 

Suburban 

Interschool 

Other* 

NA 

 

31 (70.5%) 

4 (9.1%) 

6 (13.6%) 

3 (6.8%) 

 

11 (22.4%) 

6 (12.2%) 

11 (22.4%) 

21 (42.9%) 

 

42 (45.2%) 

10 (10.8%) 

17 (18.3%) 

24 (25.8%) 

Competition experience 

Nil 

≤1 year 

1-5 years 

>5 years 

 

3 (6.8%) 

4 (9.1%) 

21 (47.7%) 

16 (36.4%) 

 

13 (26.5%) 

9 (18.4%) 

14 (28.6%) 

13 (26.5%) 

 

16 (17.2%) 

13 (14.0%) 

35 (37.6%) 

29 (31.2%) 

Concussive signs and symptom 

Loss of consciousness 

Disorientation 

Vomiting 

Amnesia 

Headache 

Seizure activity 

Focal neurological deficit 

 

 

17 (38.6%) 

18 (40.9%) 

9 (20.5%) 

15 (34.1%) 

25 (56.9%) 

1 (2.3%) 

1 (2.3%) 

 

 

21 (42.9%) 

15(30.6%) 

12 (24.5%) 

13 (26.5%) 

31 (63.2%) 

1 (2.0%) 

4 (8.2%) 

 

 

38 (40.9%) 

33 (35.5%) 

21 (22.6%) 

28 (30.1%) 

56 (60.2%) 

2 (2.2%) 

5 (5.4%) 

Disposition 

Treated and discharged 

Observed in Short Stay Unit 

Admitted 

 

30 (68.2%) 

11 (25.0%) 

3 (6.8%) 

 

21 (42.9%) 

17 (34.7%) 

11 (22.4%) 

 

51 (54.8%) 

28 (30.1%) 

14 (15.1%) 



 

169 

 

 Organised sports (n=76) Non-organised 

sports 

Total 

AF Non-AF 

 (n=41) (n=35) (n=17) (n=93) 

Personnel attending injury 

No 

Yes 

Coach 

Medical staff 

Other 

Didn’t report head injury 

 

1 (2.4%) 

36 (87.8%) 

21 

33 

5 

4 (9.8.%) 

 

3 (8.6%) 

29 (82.9%) 

21 

15 

4 

4 (11.4%) 

 

5 (29.4%) 

9 (52.9%) 

0 

5 

2 

3 (17.6%) 

 

9 (9.7%) 

74 (79.6%) 

42 

53 

11 

11 (11.8%) 

Personnel assessing injury 

No 

Yes 

Coach 

Medical staff 

Other 

Unknown 

Didn’t report head injury 

 

4 (9.8%) 

32 (78.0%) 

16 

24 

2 

1 (2.4%) 

4 (9.8%) 

 

9 (25.7%) 

21 (60.0%) 

11 

15 

6 

1 (2.9%) 

4 (11.4%) 

 

6 (35.3%) 

8 (47.1%) 

0 

6 

1 

0 

3 (17.6%) 

 

19 (20.4%) 

61 (65.6%) 

27 

45 

9 

2  (2.2%) 

11 (11.8%) 
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Field-side assessment using 

symptom checklist 

No 

Yes 

Unknown 

Didn’t report head injury 

NA, Non-Organised 

 

 

10 (24.4%) 

15 (36.6%) 

12 (29.3%) 

4 (9.8%) 

0 

 

 

17 (48.6%) 

7 (20.0%) 

7 (20.0% 

4 (11.4%) 

0 

 

 

NA 

NA 

NA 

NA 

17 

 

 

27 (29.0%) 

22 (23.7%) 

19 (20.4%) 

8 (8.6%) 

17 (18.3%) 

Stoppage of play 

No 

Yes 

NA 

Didn’t report head injury 

End of game 

Non team sports 

 

18 (43.9%) 

18 (43.9%) 

5 (12.2%) 

4  

1 

0 

 

7 (20.0%) 

22 (62.9%) 

6 (17.1%) 

3 

1 

2 

 

NA 

NA 

NA 

NA 

NA 

NA 

 

25 (32.9%) 

40 (52.7%) 

11 (14.5%) 

7 

2 

2 

Immediate removal from play 

No 

Yes 

Didn’t report head injury 

 

4 (9.8%) 

33 (80.5%) 

4 (9.8%) 

 

3 (8.6%) 

29 (82.9%) 

3 (8.6%) 

 

NA 

NA 

NA 

 

7 (9.2%) 

62 (81.6%) 

7 (9.2%) 

Stand down time 

<15min 

15-30min 

Unknown 

NA 

Kept playing 

Did not return to play 

 

2 (4.9%) 

2 (4.9%) 

0 

37 (90.2%) 

7 

30 

 

1 (2.9%) 

1 (2.9%) 

1 (2.9%) 

31 (88.6%) 

6 

25 

 

NA 

NA 

NA 

NA 

NA 

NA 

 

3 (3.9%) 

3 (3.9%) 

1 (1.3%) 

68 (89.5%) 

13 

55 

Return to play since head injury 

No 

Yes 

Kept playing 

Same game 

Unknown 

 

29 (70.7%) 

12 (29.3%) 

8 

4 

0 

 

25 (71.4%) 

10 (28.6%) 

6 

2 

0 

 

12 (70.1%) 

4 (23.5%) 

3 

0 

1 (5.9%) 

 

66 (71.0%) 

26 (28.0%) 

15 

6 

1 (1.1%) 

Management between field and 

emergency department 

No 

Yes 

Paramedic 

Other Doctor/Hospital 

Other 

 

 

9 (22.0%) 

32 (78.0%) 

22 

10 

3 

 

 

14 (40.0%) 

21 (60.0%) 

15 

4 

4 

 

 

4 (23.5%) 

13 (76.5%) 

9 

6 

1 

 

 

27 (29.0%) 

66 (71.0%) 

46 

20 

8 

Transport to emergency 

department 

Personal car 

Ambulance 

Air transport 

 

17 (41.5%) 

23 (56.1%) 

1 (2.4%) 

 

20 (57.1% 

15 (42.9%) 

0  

 

8 (47.1%) 

9 (52.9%) 

0 

 

45 (48.4%) 

47 (50.5%) 

1 (1.1%) 

Parent supervision  

No 

Yes  

Unknown 

 

4 (9.8%) 

30 (73.2%) 

7 (17.1%) 

 

13 (37.1%) 

21 (60.0%) 

1 (2.9%) 

 

11 (64.7%) 

4 (23.5%) 

2 (11.8%) 

 

28 (30.1%) 

55 (59.1%) 

10 (10.8%) 
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 AF concussions (n=42) Non-AF concussions (n=43) Total (n=85) 

 n,  (%) Median duration 

(days) 

n, (%) Median duration 

(days) 

 

Headache 25 (59.5%) 2 23 (53.5%) 2.5 48 (56.5%) 

Neck pain 11 (26.2%) 3 11 (235.6%) 7 22 (25.9%) 

Nausea or vomiting 4 (9.5%) 2 5 (11.6%) 2 9 (10.6%) 

Dizziness 3 (7.1%) 7 7 (16.3%) 3 10 (11.8%) 

Blurred vision 3 (7.1%) 4.5 2 (4.7%) 3 5 (5.9%) 

Balance problems 1 (2.4%) 5 1 (2.3%) 21.5 2 (2.4%) 

Sensitivity to light 6 (14.3%) 3 6 (14.0%) 30 12 (14.1%) 

Sensitivity to noise 5 (11.9%) 1.5 5 (11.6%) 18.5 10 (11.8%) 

Feeling slowed down 2 (4.8%) 7 2 (4.7%) 30 4 (4.7%) 

Feeling like in a fog 1 (2.4%) 7 2 (4.7%) 15.5 3 (3.5%) 

Don’t feel right 2 (4.8%) 1 6 (14.0%) 7 8 (9.4%) 

Difficulty 

concentrating 

7 (16,7%) 4 8 (18.6%) 5 15 (17.6%) 

Difficulty 

remembering 

5 (11.9%) 14 8 (18.6%) 5 13 (15.3%) 

Fatigue 23 (54.8%) 5 26 (60.5%) 4 49 (57.6%) 

Confusion 1 (2.4%) 0 3 (7.0%) 30 4 (4.7%) 

Drowsiness 2 (4.8%) 2 2 (4.7%) 30 4 (4.7%) 

Trouble falling asleep 1 (2.4%) 2 2 (4.7%) 15.5 3 (3.5%) 

More emotional 4 (9.5%) 3 7 (16.3%) 10.5 11 (12.9%) 

Irritability 8 (19.0%) 3 5 (11.6%) 14 13 (15.3%) 

Sadness 2 (4.8%) 2 3 (7.0%) 30 5 (5.9%) 

Nervous/Anxious 2 (4.8%) 14 3 (7.0%) 30 5 (5.9%) 
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 Organised Sports (n=70) Non-organised 

Sports 

Total 

AF Non-AF 

 (n=39) (n=31) (n=15) (n=85) 

 

Attempted any RTP 

No 

Yes 

 

 

2 (5.1%) 

37 (94.9%) 

 

 

3 (9.7%) 

28 (90.3%) 

 

 

1 (6.7%) 

14 (93.3%) 

 

 

6 (7.1%) 

79 (92.9%) 

First full gameplay RTP attempt  

Not yet full RTP 

<7days post-concussion 

≥7days post-concussion 

 

4 (10.3%) 

0 

35 (89.7%) 

 

10 (32.3%) 

1 (3.2%) 

20 (64.5%) 

 

4 (26.7%) 

1 (6.7%) 

10 (66.7%) 

 

18 (21.2%) 

2 (2.4%) 

65 (76.5%) 

Attempted step-wise RTP 

No 

Yes 

NA, not yet RTP 

 

4 (10.3%) 

33 (84.6%)  

2 (5.1%) 

 

4 (12.9%) 

24 (77.4%) 

3 (9.7%) 

 

1 (6.7%) 

13 (86.7%) 

1 (6.7%) 

 

9 (10.6%) 

70 (82.4%) 

6 (7.1%) 

Contact RTP with medical clearance 

No 

Yes 

NA, not yet returned to contact sports 

 

21 (53.8%) 

14 (35.9%) 

4 (10.3%) 

 

22 (71.0%) 

3 (9.7%) 

6 (19.4%) 

 

8 (53.3%) 

4 (26.7%) 

3 (20.0%) 

 

51 (60.0%) 

21 (24.7%) 

13 (15.3%) 

RTP whilst symptomatic 

No 

Yes 

NA 

 

31 (79.5%) 

6 (15.4%) 

2 (5.1%) 

 

22 (71.0%) 

6 (19.4%) 

3 (9.7%) 

 

13 (86.7%) 

1 (6.7%) 

1 (6.7%) 

 

66 (77.6%) 

13 (15.3%) 

6 (7.1%) 

Symptoms during RTP and action taken: 

No symptoms 

Experienced symptoms 

Continued RTP without rest 

Rested until asymptomatic for ≥24hrs 

NA 

 

28 (71.8%) 

9 (23.1%) 

5 

4 

2 (5.1%) 

 

21 (67.7%) 

7 (22.6%) 

3 

4 

3 (9.7%) 

 

13 (86.7%) 

1 (6.7%) 

1 

NA 

1 (6.7%) 

 

62 (81.2%) 

17 (11.8%) 

9 

8 

6 (7.1%) 
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Timeline T0 

Presentation 

T1 

1-4 days 

T2 

2-weeks 

T3 

1-month 

T4 

3-months 

Location  

 

ED Concussion 

Clinic 

Concussion 

Clinic 

Home/ 

Concussion 

Clinic 

Concussion 

Clinic 

Approach and study 

information 

X     

Consent X X    

Demographics  X     

Pre-injury data  

-Questionnaire 

-PCSI (retrospective) 

 

 

 

 

X 

X 

   

Injury-related data 

- APHIRST CRF  

 

X 

    

Clinical assessment 

- SCAT3/Child-SCAT3 

- PCSI  

 

X 

 

 

X 

X 

 

X 

X 

 

(X) 

X 

 

X 

(X) 

Neurocognitive tests 

- CogSport 

  

X 

 

X 

 

(X) 

 

X 

Quality of life 

-PedsQL 

  

X 

  

X 

 

X 

Medical assessment  X X (X) X 

(X) = procedures for patients significantly symptomatic at T2 only 

List of abbreviations used in the table (reported in alphabetical order): APHIRST –Australasian Prospective Head 

Injury Study; CRF- Clinical Report Form; ED= Emergency department; PCSI- Post Concussive Symptom Inventory; 

PedsQL – Pediatric Quality of Life Inventory; SCAT- Sport Concussion Assessment Tool 
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 Stage 2 

November 2013 – January 2014 

n, (%) 

Stage 3 

February 2014 – April 2014 

n, (%) 

Weekly recruitment hours 40 60 

Patients meeting inclusion criteria 136 189 

Patients meeting exclusion criteria 47 37 

Patients suitable for approach 89 152 

Missed patients 51 (58%) 67 (44%) 

Enrolled patients 27 (30%) 36 (24%) 

Refused to participate 11 (12%) 49 (32%) 

 

Reason n % 

Screening challenges * 23 34 

Presented outside recruitment hours 20 30 

Staff busy doing follow up assessments 8 12 

Too short ED stay (< 40 min) 6 9 

Recruitment shift not covered (public holidays, sick leave, annual leave) 6 9 

Other 5 7 

Total  67 100 

* Including staff not recognizing eligible patients from “triage complaint” field of ED database, as well as 

ambiguous triage complaints and incorrect/incomplete information received from clinical staff when screening 

for patients. 

ED = Emergency Department 
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Table 4. 

Study Time Point Follow up due¥ Completed assessment § 

 n, (%) n, (%) 95% CI 

ED presentation   T0 within 48 hours from injury 81 (100%) 69 (85%) 76%-92% 

1st  follow up  T1 1-4 days from ED presentation 81 (100%) 68 (84%) 74%-91% 

2nd follow up T2 2 weeks post injury 78 (96%) 59 (76%) 65%-85% 

3rd follow up T3 1 month post injury  70 (86%) 46 (66%) 53%-77% 

4th follow up T4 3 months post injury 53 (65%) 33 (62%) 48%-75% 

 
¥ refers to patients whose follow up occurred until 11 July 2014 (cut-off date for follow up for the purpose 

of the preliminary analysis presented in this thesis) 

§ percentage calculated on number of patients whose follow up fell by July 11th 2014 (cut-off date for follow 

up for the purpose of the preliminary analysis presented in this thesis) 

ED = Emergency Department 
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Study Time Point Expected time of visit N of patients with 

complete assessments 

Actual time of 

assessment in days 

Median, (IQR) 

1st follow up  T1 1-4 days from ED presentation 68 3 (2-4) 

2nd follow up T2 2 weeks post injury 59  16 (15-20) 

3rd follow up T3 1 month post injury 14* 35 (31-38) 

4th follow up T4 3 months post injury 33  95 (93-102) 

IQR= interquartile Range; ED= Emergency Department 

* Significantly symptomatic patients only. Patients asymptomatic or improving at T2 were asked to completed 

an online/paper questionnaire at T3. 
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Demographics and injury related data 

(collected at T0 in the ED) 

< 13 y 

n=47 

≥ 13 y 

n=34 

Total 

n=81 

Age (median, IQR) 9 (7-11) 14 (13-15) 11 (8-13) 

Gender (M) (n, %) 32 (68%) 29 (85%) 61 (75%) 

Time from injury  (median, IQR) 1 (1-2) 2 (1-3) 2 (1-3) 

Mechanism of injury (n, %)    

Fall from standing height 

Fall from height 

Collision with other child 

Hit by an object 

Fall off non-motorized RV 

Road accident 

Fall off motorbike 

20 (43%) 

10 (21%) 

7 (15%) 

2 (4%) 

4 (9%) 

4 (9%) 

0 (0%) 

13 (38%) 

3 (9%) 

4 (12%) 

7 (21%) 

5 (15%) 

1 (3%) 

1 (3%) 

33 (41%) 

13 (16%) 

11 (14%) 

9 (11%) 

9 (11%) 

5 (6%) 

1 (3%) 

Symptoms (n, %)    

LOC (n=80)  

Yes 

    Duration 

< 5 s 

5s -5m 

>5m 

Unknown 

Suspected 

No 

Unknown 

 

5 (11%) 

 

4 (9%) 

3 (6%) 

0 (0%) 

2 (2%) 

6 (13%) 

35 (76%) 

0 (0%) 

 

10 (29%) 

 

2 (6%) 

8 (24%) 

1 (3%) 

1 (3%) 

2 (6%) 

21 (62%) 

1 (3%) 

 

15 (19%) 

 

6 (7%) 

11 (14%) 

1 (1%) 

3 (4%) 

8 (10%) 

56 (69%) 

1 (1%) 

Witnessed disorientation (n=79)  

Yes 

No 

Unknown 

 

16 (36%) 

24 (53%) 

3 (7%) 

 

20 (59%) 

13 (38%) 

1 (3%) 

 

37 (47%) 

36 (46%) 

4 (5%) 

Vomit     
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Yes 

> 1 

≥ 3 

No 

Unknown 

18 (39%) 

14 (30%) 

10 (21%) 

28 (61%) 

0 (0%) 

4 (12%) 

4 (12%) 

3 (9%) 

29 (88%) 

0 (0%) 

22 (28%) 

18 (38%) 

13 (16%) 

57 (72%) 

0 (0%) 

Amnesia (n=73)  

Yes 

≤ 5 m 

> 5m 

Unknown 

No 

Unknown 

 

15 (32%) 

7 (15%) 

4 (9%) 

2 (4%) 

26 (55%) 

3 (6%) 

 

13 (38%) 

5 (15%) 

7 (21%) 

0 (0%) 

14 (41%) 

2 (6%) 

 

28 (35%) 

12 (15%) 

11 (14%) 

2 (2%) 

40 (49%) 

5 (6%) 

Seizure  (n, %) 

Yes 

No 

Unknown 

 

1(2%) 

45 (96%) 

1(2%) 

 

0 (0%) 

32 (94%) 

2 (6%) 

 

1(1%) 

77 (95%) 

3 (4%) 

Headache in ED  

Yes 

No 

Unknown 

 

33 (70%) 

10 (21%) 

3 (6%) 

 

27 (79%) 

5 (15%) 

1 (3%) 

 

60 (74%) 

15 (19%) 

4 (5%) 

Headache severity (n=77)  

Mild 

Moderate 

Severe 

Unknown 

 

15 (42%) 

14 (39%) 

3 (8%) 

1 (350 

 

9 (33%) 

10 (37%) 

5 (19%) 

2 (7%) 

 

24 (38%) 

24 (38%) 

8 (13%0 

3 (5%) 

Physical findings (n, %)    

GCS on initial medical assessment 

15 

14 

13 

 

37 (82%) 

7 (16%) 

1 (2%) 

 

29 (88%) 

2 (6%) 

0 (0%) 

 

65 (83%) 

9 (12%) 

1 (1%) 

Irritable or agitated (n=80)  

Yes 

No 

Unknown 

 

5 (11%) 

40 (87%) 

1 (2%) 

 

4 (12%) 

30 (88%) 

0 (0%) 

 

9 (11%) 

70 (88%) 

1 (1%) 

Drowsy/difficult to wake  

Yes 

No 

Unknown 

 

10 (22%) 

35 (76%) 

1 (2%) 

 

2 (6%) 

32 (94%) 

0 (0%) 

 

12 (15%) 

67 (84%) 

1 (1%) 

Repetitive questions  

Yes 

No 

Unknown 

 

4 (9%) 

41 (89%) 

1 (2%) 

 

3 (9%) 

29 (85%) 

2 (6%) 

 

7 (9%) 

70 (88%) 

3 (4%) 

Slow to respond to speech  

Yes 

No 

Unknown 

 

11 (24%) 

33 (72%) 

2 (4%) 

 

3 (9%) 

29 (85%) 

2 (6%) 

 

14 (18%) 

62 (78%) 

4 (5%) 

Altered Mental Status  

Yes 

No 

Unknown 

 

9 (20%) 

34 (74%) 

3 (6%) 

 

3 (9%) 

30 (88%) 

1 (3%) 

 

12 (15%) 

64 (80%) 

4 (5%) 

Dispositions (n, %)    

CT performed in ED 10 (21%) 14 (41%) 24 (29%) 

Discharged with neck brace 3 (7%) 5 (17%) 8 (11%) 

Admitted to the ED observation unit 28 (60%) 22 (65%) 50 (62%) 

Admitted to the ward 4 (9%) 2 (6%) 6 (7%) 

CT=computed tomography; ED= emergency department; GCS= Glasgow Coma Scale; IQR= Interquartile range; 

LOC= loss of consciousness; RV=recreational vehicle.  
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Pre-Injury data 

(collected at T1) 

< 13 y 

n=38 

≥ 13 y 

n=30 

Total 

n=68 
Dominant hand, n (%) 

Left 

Right 

Both 

 

3 (8%) 

35 (92%) 

0 (0%) 

 

3 (10%) 

25 (83%) 

2 (7%) 

 

6 (9%) 

60 (88%) 

2 (3%) 

Sport at time of injury, n (%) 

Yes 

Type of sport at time of injury n (%) 

  Football 

  Basketball  

  Cycling 

  Other 

 

17 (46%) 

 

5 (28%) 

3 (17%) 

1 (6%) 

8 (47%) 

 

20 (67%) 

 

8 (40%) 

2 (10%) 

2 (10%) 

8 (40%) 

 

37 (55%) 

 

13 (34%) 

5 (13%) 

3 (8%) 

16 (43%) 

Playing sport regularly, n (%) 

No 

Once a week 

Twice a week 

3 times a week 

> 3 times a week 

 

5 (14%) 

6 (16%) 

7 (19%) 

7 (19%) 

12 (32%) 

 

2 (7%) 

4 (13%) 

5 (17%) 

10 (33%) 

9 (30%) 

 

7 (10%) 

10 (15%) 

12 (18%) 

17 (25%) 

21 (31%) 

Previous concussions, n (%) 

Yes 

Number of concussions in the past year, n (%) 

None 

1 

2 

 

5 (13%) 

 

4 (11%) 

1 (3%) 

0 (0%) 

 

13 (43%) 

 

4 (13%) 

7 (23%) 

2 (7%) 

 

18 (26%) 

 

8 (12%) 

8 (12%) 

2 (3%) 

Past hospital stay (any reason), n (%) 

Once 

More than once 

No 

 

10 (26%) 

9 (24%) 

19 (50%) 

 

10 (33%) 

10 (33%) 

10 (33%) 

 

20 (29%) 

19 (28%) 

29 (43%) 

Past admissions to intensive care (any reason), n (%) 

Yes 

No 

Unknown 

 

5 (13%) 

33 (87%) 

0 (0%) 

 

2 (7%) 

27 (90%) 

1 (3%) 

 

7 (10%) 

60 (88%) 

1 (1%) 

Diagnosis of migraine, n (%) 

Yes 

No 

Unknown 

 

2 (5%) 

36 (95%) 

0 (0%) 

 

6 (20%) 

24 (80%) 

0 (0%) 

 

8 (12%) 

60 (88%) 

0 (0%) 

Learning disability/dyslexia/ADHD, n (%) 

Yes 

No 

Unknown 

 

3 (8%) 

33 (87%) 

2 (5%) 

 

3 (10%) 

26 (87%) 

1 (3%) 

 

6 (9%) 

59 (87%) 

3 (4%) 

Depression, anxiety, psychiatric conditions, n (%) 

Yes 

No 

Unknown 

 

0 (0%) 

37 (97%) 

1 (3%) 

 

4 (7%) 

23 (77%) 

3 (10%) 

 

4 (6%) 

60 (88%) 

4 (6%) 

Depression, anxiety, psychiatric conditions in the family 

Yes 

No 

Unknown 

 

13 (34%) 

24 (63%) 

1 (3%) 

 

11 (37%) 

17 (57%) 

2 (7%) 

 

24 (35%) 

41 (60%) 

3 (5%) 

Motion sickness, n (%) 

Yes 

 

9 (24%) 

 

11 (37%) 

 

20 (29%) 
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No 

Unknown 

26 (68%) 

3 (8%) 

17 (57%) 

2 (7%) 

43 (63%) 

5 (8%) 

Frequent vomit, n (%) 

No 

Once a year or less 

   Once a month or less 

   Once a week or less 

Unknown 

 

30 (79%) 

6 (16%) 

1 (3%) 

0 (%) 

1 (3%) 

 

26 (87%) 

1 (3%) 

2 (7%) 

0 (0%) 

1 (3%) 

 

56 (82%) 

7 (10%) 

3 (4%) 

0 (0%) 

2 (3%) 

Abdominal pain, n (%) 

No 

Once a year or less 

   Once a month or less 

   Once a week or less 

More than once a week 

 

18 (47%) 

7 (18%) 

8 (21%) 

4 (11%) 

1 (3%) 

 

23 (77%) 

3(10%) 

3 (10%) 

1 (3%) 

0 (0%) 

 

41 (60%) 

10 (15%) 

11 (16%) 

5 (7%) 

1 (1%) 

Troubles falling asleep, n (%) 

No 

Once a year or less 

   Once a month or less 

   Once a week or less 

More than once a week 

 

27 (71%) 

4 (11) 

2 (5%) 

3 (8%) 

2 (5%) 

 

19 (63%) 

1 (3%) 

5 (17%) 

4 (13%) 

1 (3%) 

 

46 (68%) 

5 (7%) 

7 (10%) 

7 (10%) 

3 (4%) 

Nightmares, n (%) 

No 

Once a year or less 

   Once a month or less 

   Once a week or less 

More than once a week 

 

22 (58%) 

7 (18%) 

6 (16%) 

3 (8%) 

0 (0%) 

 

22 (73%) 

3 (10%) 

2 (7%) 

2 (7%) 

1 (3%) 

 

44 (65%) 

10 (15%) 

8 (12%) 

5 (7%) 

1 (1%) 

Regular medications, n (%) 

Yes 

Unknown 

 

0 (0%) 

0 (0%) 

 

11 (37%) 

1 (3%) 

 

11 (16%) 

1 (1%) 

Protective gear at time of injury, n (%) 

Yes 

 

5 (13%) 

 

5 (17%) 

 

10 (15%) 

ADHD: Attention deficit hyperactivity disorder 
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Pre-Injury data 

(collected at T1) 

< 13 y 

n=38 

≥ 13 y 

n=30 

Total 

n=68 

Parent-related data*    
Parent responding to questions, n (%) 

Mother 

 

32 (84%) 

 

22 (73%) 

 

54 (79%) 

Parent age, n (%) 

20-30 

31-40 

41-50 

>50 

 

1 (3%) 

11 (29%) 

23 (60%) 

3(8%) 

 

0 (0%) 

5 (17%) 

23 (77%) 

2 (7%) 

 

1 (1%) 

16 (23%) 

46 (68%) 

5 (7%) 

Language spoken at home, n (%) 

English 

Other 

 

30 (79%) 

8 (21%) 

 

28 (93%) 

2 (7%) 

 

58 (85%) 

10 (15%) 

Parent education, n (%) 

Primary school 

High school 

Bachelor’s degree/vocational training 

Postgraduate degree 

Other 

 

1 (3%) 

14 (37%) 

17 (45%) 

6 (14%) 

0 (0%) 

 

0 (0%) 

12 (40%) 

12 (40%) 

1 (3%) 

5 (17%) 

 

1 (1%) 

26 (38%) 

29 (43%) 

7 (10%) 

5 (7%) 

Family employment status, n (%) 

Working 

On a pension 

Keeping house 

Student 

Other 

 

31 (82%) 

1 (3%) 

4 (11%) 

2 (5%) 

0 (%) 

 

24 (80%) 

1 (3%) 

1 (3%) 

2 (7%) 

2 (7%) 

 

55 (81%) 

2 (3%) 

5 (7%) 

4 (6%) 

2 (3%) 

*  refers to parent completing the questionnaire at T1 
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 Clinically significant  

PCS 

n=19 

Asymptomatic/ 

improving 

n=40 

p 

Pre-injury characteristics    

Age (median, IQR) 11 (9-13) 11 (7.5-14) 0.994 

Gender (M) (n, %) 12 (63%) 31 (78%) 0.247 

Concussion in the past year (n, %) 3 (16%) 5 (13%) 0.730 

Past hospital stay (n, %) 10 (53%) 24 (60%) 0.593 

Past admission to intensive care (n, %) 1 (5%) 4 (10%) 0.294 

Diagnosis of migraine (n, %) 3 (16%) 4 (10%) 0.521 

Learning disability/dyslexia/ADHD (n, %) 2 (11%) 2 (5%) 0.616 

Depression/anxiety/psychiatric condition (n, %)    

Patient 4 (21%) 0 (0%) 0.011 

Family 8 (42%) 13 (33%) 0.515 

Motion sickness (n, %) 6 (32%) 13 (33%) 0.255 

Recurrent abdominal pain (n, %)    

Weekly  4 (21%) 2 (5%) 0.057 

Frequent troubles falling asleep (n, %)    

Weekly 4 (21%) 6 (15%) 0.563 

Frequent nightmares (n, %)    

Weekly 4 (13%) 9 (24%) 0.900 

    

Injury-related characteristics    

Mechanism of injury (n, %)    

Road accident 3 (16%) 1 (3%) 0.058 

Symptoms (n, %)    

LOC 3 (16%) 7 (18%) 0.870 

Witnessed disorientation 7 (39%) 19 (49%) 0.441 

Vomit  5 (28%) 9 (23%) 0.664 

Amnesia  5 (26%) 15 (38%) 0.369 

Headache   16 (84%) 30 (75%) 0.425 

Physical findings (n, %)    

GCS < 15 4 (22%) 4 (10%) 0.247 

Irritable or agitated  3 (17%) 3 (8%) 0.325 

Drowsy/difficult to wake 2 (11%) 8 (20%) 0.365 

Repetitive questions 0 (0%) 5 (13%) 0.107 

Slow to respond to speech 5 (28%) 7 (18%) 0.432 

Altered mental status 2 (11%) 7 (18%) 0.486 

Dispositions (n, %)    

CT performed in ED 9 (47%) 12 (30%) 0.193 

Discharged with neck brace 1 (6%) 6 (17%) 0.280 

Admitted to the ED observation unit 13 (68%) 24 (60%) 0.532 

Admitted to the ward 4 (21%) 1 (3%) 0.017 

CT= computed tomography; ED= emergency department; GCS = Glasgow coma scale; IQR=interquartile range; 

LOC = loss of consciousness 
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.  

ChildSCAT3 (children <13 years) T0 

ED 

T1 

1-4 d post ED 

T2 

2 weeks 

T3 

1 month 

T4 

3 months 

All available results for each time point n=40 n=37 n=33 n=7 n=14 

 Median (IQR) 

Symptoms number 14(10.5-16)* 11(5-17)** 7(4-13) 11(0-14) 8(2-14) 

Symptoms severity score 27 (18-30) 23 (7-31) 13 (4-24) 17 (0-27) 8.5(3-30) 

SAC 21 (18-23) 23 (21-25) 25 (23-26) 26 (23-27) 22.5(21-26) 

BESS 2 (1-4.5)# 4 (1-5) 2.5 (1-4) 1 (0-1) 3 (1-4) 

*   data available for 39 patients 

** data available for 35 patients 

#   data available for 36 patients 

BEES= balance error scoring system; ED = emergency department; IQR= interquartile range; SAC=standardised assessment 

of concussion 
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SCAT3 (children ≥ 13 years) T0 

ED 

T1 

1-4d post ED 

T2 

2 weeks 

T3 

1 month 

T4 

3 months 

All available results for each time point n=29 n=28 n=24 n=6 n=18 

 Median (IQR) 

Symptoms number, median (IQR) 13(10-17) 9.5(5-14.5) 3.5(1-10.5) 11(0-14) 2(2-9) 

Symptoms severity score, median (IQR) 45 (22-60) 12.5 (6.5-32) 0.5 (4-20.5) 33 (13-55) 2.5(0-13) 

SAC, median (IQR) 24 (21-25) 24 (23-26) 26 (25-28) 26 (23-27) 25(23-27) 

BESS, median (IQR) 7 (4-10)# 6 (3-7.5) 6 (3-7.5) 7 (2-10) 4 (1-6) 

# data available for 21 patients 

BEES= balance error scoring system; ED=emergency department; IQR= interquartile range; SAC=standardised assessment of 

concussion 
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PCSI Parent Report Pre-Injury§ T1 

1-4 d post ED 

T2 

2 weeks 

T3 

1 month 

T4 

3 months 

All available results for each time point n=67 n=68 n=59 n=41 n=33 

Number of symptoms, median (IQR) 3 (0-7) 9 (4-14.5) 3 (1-7) 2 (0-6) 3 (0-6) 

Sum of Symptom Severity, median (IQR) 4 (0-13) 19 (6.5-37) 5 (1-11) 2 (0-10) 4 (0-10) 

IQR= interquartile range; PCSI=post concussive symptom inventory 

§retrospectively completed at T1 
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CogSport T1 

1-4 d post ED 

T2 

2 weeks 

T3 

1-month 

T4 

3 months 

All available results for each time point*     

Processing speed (milliseconds) n=57 n=47 n=11 n=31 

Median 

IQR 

363.7 

(307.9-454.5) 

372.2 

(318.4-473.3) 

419.6  

(368.5-478.8) 

345.9 

(311.9-419.4) 

Attention, speed (milliseconds)  n=59 n=52 n=11 n=31 

Median 

IQR 

611.6 

(526.5-763.8) 

616.7 

(545.9-768.1) 

660.1 

(613.6-773.9) 

625.1 

(504.9-720.1) 

Learning, accuracy (%) n=59 n=53 n=12 n=30 

Median 

IQR 

67.4%  

(57.1-76.2) 

72.1% 

(64.3-78.6) 

73.8% 

(65.8-82.3) 

71.8% 

(64.3-78.6) 

Working memory     

Speed (milliseconds) n=55 n=48 n=10 n=26 

Median 

IQR 

928.7 

(709.7-1099.8) 

885.5 

(693.7-1053.1) 

1009.7 

(745.0-1133.7) 

759.4 

(685.5-899.5) 

Accuracy (%) n=55 n=48 n=10 n=26 

Median 

IQR 

93.9% 

(86.1-1) 

93.9% 

(89.9-96.9) 

91.2% 

 (83.8-96.9) 

96.9% 

(91.2-1) 

*Only valid results included (completion and integrity checks passed) 

IQR Interquartile range 
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PedsQL Pre-injury§ 

 

T3 

1 month 

T4 

3 months 

Child self report n=68 n=44 n=33 

Median 83.7 91.3 91.3 

IQR (71.7-91.3) (75.0-97.8) (76.1-97.8) 

Parent proxy report n=58 n=44 n=32 

Median 85.4  85.9 93.0 

IQR (78.3-93.5) (71.6-94.6) (78.8-96.2) 

§ retrospectively completed at T1 (respondents had to indicate how much each item had been a 

problem in the month prior to the injury) 

IQR= interquartile range 
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T0 T1 T2 T3 T4 

 PCS+ PCS - p PCS+ PCS - p PCS+ PCS - p PCS+ PCS - p PCS+ PCS - p 

ChildSCAT3 n=10 n=21  n=11 n=22  n=11 n=23  n=7   n=6 n=8  

                

 Symptom number 17 (9-18) 13(11-15) 0.397 13 (9-19) 6 (2-11) 0.164 9 (5-13) 6 (1-14) 0.242 11 (0-14) NA NA 12 (7-14) 3 (1-13) 0.268 

 Symptom severity 28 (18-33) 27(19-30) 0.703 24(15-38) 20 (9-28) 0.183 14 (8-27) 8 (1-24) 0.267 17 (0-27) NA NA 13 (7-30) 4 (1-24) 0.331 

 SAC 20 (15-22) 21(19-24) 0.320 24(22-26) 22(21-25) 0.310 26(22-26) 25(23-26) 0.928 26 (27-30) NA NA 22(20-25) 23 (21-26) 0.434 

 BESS 1 (0-3) § 3 (1-5) § 0.081 4 (2-6) 4 (1-5) 0.700 2 (1-7) 3 (1-4) 0.911 1 (0-1) NA NA 2 (0-3) 3 (2-4) 0.291 

                

SCAT3 n=5 n=16  n=7 n=17  n=7 n=17  n=6   n=5 n=12  

                

 Symptom number 13 (12-17) 13 (8-19) 0.772 11(10-21) 9 (5-16) 0.123 17 (5-20) 2 (0-5) 0.005 11 (0-14) NA NA 6 (1-9) 0 (0-6) 0.181 

 Symptom severity 54 (37-63) 35(21-56) 0.409 26(20-71) 12 (7-24) 0.059 37 96-58) 3 (0-5) 0.004 33 (13-55) NA NA 13 (2-13) 0 (0-8) 0.164 

 SAC 24 (24-26) 23(20-25) 0.361 23 15-25) 24(23-27) 0.102 26(24-27) 26 (25-28) 0.585 26 (23-27) NA NA 25 (25-26) 25 (23-27) 0.521 

 BESS 12 (2-21) § 7 (5-10) § 0.854 6 (3-10) 6 (3-7) 0.686 7 (4-14) 6 (2-7) 0.370 7 (2-10) NA NA 6 (4-6) 3 (0-4) 0.135 

                

CogSport*                

    n=14 n=34  n=13 n=34  n=11   n=11 n=19  

 Processing speed (ms) NA NA NA 364 (328-501) 365 (311-454) 0.570 403 (346-428) 350 (313-479) 0.366 419 (369-479) NA NA 361 (312-430) 338 (308-419) 0.254 

    n=16 n=36  n=16 n=36  n=11   n=11 n=19  

 Attention (ms) NA NA NA 629 (527-841) 618 (547-767) 0.706 635 (578-790) 613 (527-747) 0.538 660 (614-774) NA NA 634 (500-795) 594 (505-720) 0.651 

    n=14 n=38  n=18 n=35  n=12   n=11 n=18  

 Learning (%) NA NA NA 64 (57-76) 67 (57-74) 0.796 69 (62-76) 74 (64-79) 0.665 74 (66-82) NA NA 69 (57-72) 75 (67-79) 0.075 

Working memory    n=14 n=34  n=15 n=33  n=10   n=10 n=15  

speed (ms) NA NA NA 859 (696-1087) 919 (710-1129) 0.717  952 (740-1065) 884 (684-1041) 0.556 1010 (745-1134) NA NA 781 (699-938) 760 (657-900) 0.824 

accuracy (%) NA NA NA 93 (84-97) 94 (86-97) 0.497 94 (89-94) 94 (91-97) 0.367 91 (84-97) NA NA 94 (86-97) 97 (91-100) 0.444 

 

* Only valid results included (completion and integrity checks passed) 

§ Possible for 8 patients in the PCS+ group and 19 patients in the PCS- group 2 for the ChildSCAT3; possible for 2 patients in the PCS+ group and 12 patients in the PCS- group for the 

SCAT3 

BESS= balance error scoring system; ChildSCAT3= Sport Concussion Assessment Tool version 3 for children younger than 13 years; NA= not applicable; PCS+= clinically significant 

post concussive symptoms at 2 weeks; PCS - = asymptomatic/improving at 2 weeks; SAC= standardised assessment of concussion; SCAT 3= Sport Concussion Assessment Tool version 

3 for children aged 13 years and above  
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 Pre-injury* T1 T2 T3 T4 

 PCS+ PCS - p PCS+ PCS - p PCS+ PCS - p PCS+ PCS - p PCS+ PCS - p 

 n=19 n=40  n=19 n=40  n=17 n=40  n=16 n=27  n=12 n=20  

PCSI parent report                

Symptom number 4 (1-8) 4 (0-8) 0.251 15 (7-19) 9 (5-13) 0.034 6 (4-14) 2 (0-6) 0.000 5 (0-18) 2 (0-6) 0.229 3 (1-17) 4 (1-5) 0.454 

Symptom severity 7 (1-18) 5 (0-11) 0.168 53 (10-67) 18 (7-32) 0.038 12 (8-36) 2 (0-9) 0.000 6 (0-37) 2 (0-6) 0.116 3 (1-27) 5 (1-9) 0.651 

PedsQL                

Child report 78 (67-90) 85 (72-92) 0.205 NA NA NA NA NA NA 68 (55-89) 96(90-100) 0.000 83 (69-92) 97 (81-100) 0.021 

Parent report 84 (67-95) 85 (78-95) 0.720 NA NA NA NA NA NA 71 (55-82) 89 (79-95) 0.002 91 (56-96) 94 (79-98) 0.444 

  * Completed retrospectively at T1 

NA= not applicable; PCS+= clinically significant post concussive symptoms at 2 weeks; PCS - = asymptomatic/improving at 2 weeks; PCSI= post concussive symptom inventory 
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CT = Computed Tomography; ED = Emergency Department; GCS = Glasgow Coma Scale;  

IQR = Interquartile Range; ICU = Intensive Care Unit; LOS = Length of Stay; RV = Recreational Vehicles 

*Some patients may have more than 1 site of impact 

# At time of initial hospital assessment (RCH ED for direct access patients, referring centre for transferred 

patients) 

 

 Motorized RV 

n= 141 

Non-motorized RV 

n=506 
p 

Age (median, IQR) 13.16 (11.13—15.02) 10.94 (6.59-14.30) 0.000 

Sex % (n) 

- Male 

- Female 

80.1 (113) 

19.86 (28) 

70.4 (356) 

29.6 (150) 

 

0.021 

Helmet use % (n) 

- YES 

- NO 

- Not documented 

 

76.6 (108) 

19.2 (27) 

4.3 (6) 

 

51.4 (260) 

31.0 (157) 

17.6 (89) 

 

0.000 

Associated extra-cranial injuries % (n) 

- None 

- Face/neck 

- Upper limbs 

- Torso 

- Lower limbs 

 

39.0 (55) 

19.9 (28) 

6.4 (9) 

17.0 (24) 

17.7 (25) 

 

59.7 (302) 

24.5 (124) 

8.9 (45) 

2.4 (12) 

4.6 (23) 

 

0.000 

GCS #  % (n) 

- 14-15 

- 9-13 

- 3-8 

 

83.0 (117) 

7.1 (46) 

2.6 (17) 

 

92.3 (467) 

6.1 (31) 

1.6 (8) 

 

0.001 

Transfers from other hospital % (n) 19.2 (27) 11.3 (57) 0.014 

CT scan performed % (n) 

- at referring hospital 

- at RCH ED 

 

6.4 (9) 

27.0 (38) 

 

5.9 (30) 

14.2 (72) 

 

0.005 

CT findings  % (n) 

- Isolated Skull Fractures 

- Intracranial injuries 

 

0.0 (0) 

13.5 (19) 

 

1.8 (9) 

7.5 (38) 

 

0.111 

0.027 

Disposition  % (n) 

- Discharged from ED/SSU 

- Admitted to WARD only 

- Admitted to PICU 

 

41.8 (59) 

48.9 (69) 

8.5 (12) 

 

76.5 (387) 

21.5 (109) 

1.6 (8) 

 

0.000 

Neurosurgical intervention % (n) 5.7 (8) 1.2 (6) 0.001 

Total LOS hours (median, IQR)   

(n=646) 
24 (4.4-87.7) 3.8 (2.2-17.1) 

0.000 
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