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Translational Science
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“It takes an estimated average of 17 years 
for only 14% of new scientific discoveries to 
enter day-to-day clinical practice.*”
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Head CTs

Use of Traumatic Brain Injury Prediction 
Rules With Clinical Decision Support
Peter S. Dayan MD MSc, Dustin W. Ballard MD MBE, Eric Tham MD, Jeff M. Hoffman MD, 
Marguerite Swietlik MSN RN, Sara J. Deakyne MPH, Evaline A. Alessandrini MD MSCE, 
Leah Tzimenatos MD, Lalit Bajaj MD MPH, David R. Vinson MD, Dustin G. Mark MD, Steve 
R. Offerman MD, Uli K. Chettipally MD MPH, Marilyn D. Paterno MSBI, Molly H. Schaeffer 
MSc, Jun Wang MS, T. Charles Casper PhD, Howard S. Goldberg MD, Robert W. 
Grundmeier MD, Nathan Kuppermann MD MPH, for the Pediatric Emergency Care 
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TBI Navigator



Who Qualifies?



Workflow
The Cascade of Data Points in the TBI Navigator



The Recommendation



Decrease CT Rate >30%

System-wide implementation in 2016 
could have saved 1,320 unnecessary 
cranial CTs
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APHIRST GAP 

Quantitative – Retrospective Observational design

• A stratified sample of 31 hospitals in Australia and New Zealand
• tertiary, urban/suburban, regional/rural  (using ACEM classification)

• Data extraction of 100 eligible head injury presentations per site in 2016 

• Total sample of 3072 (one site only had 72 cases in the year)

• Inclusions: <16 years, injury < 24 hours

Qualitative Arm – Clinician interviews

• 40 nurses and doctors at range of hospitals



Recruitment of Sites



CT Proportion



Length of Stay



Summary
• Neuroimaging for paediatric head injury is not higher in mixed 

EDs in Suburban or Regional/Rural settings – differ from the USA

• Suburban and Regional/rural sites have similar presenting GCS 

scores to the other groups, including those with GCS <14 although 

abnormal CT proportions higher at tertiary centers

• Qualitative interviews expressed sentiment for development of 

Australasia guidelines

• Differences in ED LOS across hospitals support evidence-based 

guidance for duration 

• Need to consider NAI, VP shunts etc. in guidelines as they occur in 

all contexts



The Future 



Australasia Guideline for Acute 
Management of Pediatric Head Injury 



*Scheduled for update in 2019
**C-spine imaging only
Other Domains: Prevention, on-field assessment, neurosurgery consult/transfer criteria, headache treatments, concussion treatments, post-
visit speciality referrals
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Interventions for Post-Concussion Syndrome

•Passive

•In-person

•Telephone

•Smart app

•Vestibular 
rehabilitation

•CBT, iCBT

•Vision tx, Light tx, 

•rTMS, TDCS

•Rest

•Exercise

•Multimodal 
therapy

•Amantadine

•Migraine treatments

•Occipital nerve block

•Melatonin and 
neutraceuticals

•Statins

Pharmacological Activity

Education
Non-

pharmacological



KidSTIM Lab

• Neurophysiology
• Brain Mapping
• TMS-EEG
• fNIRS
• Treatment

o Repetitive 
Transcranial Magnetic 
Stimulation

o Theta burst
o Transcranial electrical 

stimulation

Aquired Brain Injury Research
Child Health Research Centre
k.barlow@uq.edu.au
Uq_abic@uq.edu.au



JAMA Pediatr. 2019 Feb 4 [Epub ahead of print].

Head CTs

Early Subthreshold Aerobic Exercise for Sport-Related Concussion: A 
Randomized Clinical Trial 
John J. Leddy MD, Mohamad N. Haider MD, Michael J. Ellis MD, Rebekah Mannix MD, Scott R. Darling MD, Michael S. Freitas MD, Heidi N. 
Suffoletto MD, Jeff Leiter PhD, Dean M. Cordingley MSc, Berry Willer PhD.





Our Pilot Data in Adolescent PPCS
Prospective open label cohort study of rTMS

Population Enrolment Treatment Baseline Results

Adolescents with 
PPCS (age 12-18 y) 
for > 6 months 
N=14

9 females
5 males

Age 15 (SD 2.4) yrs

20 sessions (10Hz; 
110% RMT)

Pre-treatment PCSI 
score = 58 (SD 29)

77% improved

PCSI change 29 (95% 
CIs: 13.7, 44.0)
t=4.2; p=0.001

*
Neurophysiological measures changed

cSP 25 (95% CI 3.8, 37.9) t=2.7; p=0.022

Trend to correlate with symptom 
improvement r=0.59; p=0.09



rTMS





Variation in Head Computed Tomography Use for Pediatric Head Injury Across Different Types of Emergency Departments: 
- Do We Have a Problem?

Wilson CL1,5, Tavender E 1,5, Phillips N2,5, Oakley E1,5, O’Brien S3,5, Dalziel SR4,5, Babl FE1,5, for PREDICT
1.Murdoch Children’s Research Institute, Melbourne, Australia ; 2.Queensland Children’s Hospital, Brisbane, Australia; 
3.Perth Children’s Hospital, Perth, Australia; 4.Starship Children’s Hospital, Auckland, New Zealand
5.Paediatric Research in Emergency Departments International Collaborative, Melbourne, Australia 

Aim
To assess variation in CTB use for pediatric head injury in Australia and New Zealand across 
tertiary, urban/suburban and regional/rural EDs.

Background
Head injuries in children are a frequent reason for presentation to the Emergency 
Department (ED) in Australia, New Zealand and internationally (1, 2). 

The risks of radiation exposure in Computed Tomography Brain (CTB) in children with head 
injury must be balanced against the risk of missing a clinically important traumatic brain 
injury.

CTB for pediatric head injury is used at a rate of 10.5% at tertiary pediatric EDs in Australia 
and New Zealand (2). However, 63% of pediatric patients in the Australasian setting are seen 
in mixed EDs.

The CTB rate for pediatric head injuries at non tertiary EDs in Australia and New Zealand is 
unknown

Methods
Study Design: A multicentre retrospective observational study of medical and neuroimaging
records in 31 tertiary, suburban and regional/rural EDs in Australia and New Zealand in 2016. 

Record Selection - ICD 10 codes for head injury discharge diagnosis, 100 sequential eligible
records contributed per site.

Inclusion criteria:

1) Age <16 years at presentation to ED in 2016.

2) Primary ED diagnosis of head injury of any severity.

3) Presenting < 24hours of sustaining the head injury.
Exclusion criteria:

1) Patients who have had neuroimaging obtained at another hospital prior to presenting.

2) Patients representing within 24 hours of a CTB at the ED. 

3) Injuries which upon review were dental injuries, facial lacerations or unrelated issues.

Results

CI = 95% confidence Interval; SD = standard deviation; IQR = interquartile range; CTB = computed tomography brain, Med = median, LOS = length of stay

Discussion

CT rates adjusted for head injury severity (GCS<=13/GCS>13) 

Conclusions

Limitations

Methods cont’d
Dataset 

•  Patient demographics, co-morbidities relevant to neurological assessment / treatment of 
head injury, hospital admission, ward and discharge disposition.

•  Injury codes, Australasian Triage Scale,  Glasgow Coma Score.
•  Neuroimaging & results, neurosurgical intervention, intubation, discharge diagnoses, transfers.

Primary outcome 
•  CTBs performed during the course of the ED visit, rate per site.

Secondary outcomes
•  Abnormal CTB as per radiologist’s report; neurosurgical intervention (at index or transfer hospital);

admission to paediatric intensive care unit; intubation during hospital stay; death.
•  Transfer to another hospital; length of stay, proportion of ED only / inpatient admissions.

Analysis
•  Descriptive statistics with 95% confidence intervals, interquartile range or standard deviation.
•  Analysis of difference with chi-square, analysis of variance or Kruskall-Wallis as appropriate.

CTB rates for pediatric head injury in Australia and New Zealand are lower than in North 

America  

CTB rates are not higher in mixed urban/suburban or regional/rural EDs vs tertiary EDs.

Lower imaging rates at non-tertiary EDs do not seem to be offset by increased length of 

observation.  

Assessing variation in CTB rates across ED types is an important consideration in strategies to 

improve care. 
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Retrospective data.

Case identification depended on correct and consistent coding.

No follow up of the patients beyond the index episode of care.

Only GCS scores at ED presentation were used to adjust for injury severity

Results cont’d

Australian and New Zealand CTB rates were overall low (6.9%, 95% CI: 6.0-7.8) without 
significant variation between the different groups of hospitals, as has been noted 
internationally in the USA and Canada (3,4). 

There was variation between hospital groups in admission and discharge practice.  
Regional/rural hospitals had similar CTB rates compared to both the suburban and tertiary 
hospital groups but a lower length of stay in the ED.  Inpatient length of stay rates were similar 
across groups.  

In addition to the type of hospital and patient related factors, it may also be important to 
consider other individual site and non-clinical factors that may be influencing CTB decisions 
such as individual clinician behaviours and site specific culture.

BACKGROUND Computed tomography of the brain (CTB) for pediatric head injury is used at 
low rates at tertiary pediatric Emergency Departments (EDs) in Australia and New Zealand. 
However, most pediatric patients are seen in mixed, non-tertiary EDs. International studies 
have found large variation in CTB rates across hospital types. We aimed to assess variation in 
CTB use for pediatric head injury in Australia and New Zealand across tertiary, 
urban/suburban and regional/rural EDs.
METHODS A retrospective observational study of medical and neuroimaging records of 
presentations to 30 tertiary, urban/suburban and regional/rural EDs in Australia and New 
Zealand in 2016.  Case inclusion criteria; 1) Primary ED diagnosis of head injury; 2) Age <16 
years. Data extraction was undertaken on 100 sequential eligible cases per site for head 
injury severity by Glasgow Coma Scale (GCS) scores, CTB rate and clinical management. 
RESULTS 3072 eligible presentations from 31 EDs recruited have been analysed, 9 tertiary 
(n=900), 11 urban/suburban (n=1072) and 11 regional/rural EDs (n=1100). Proportion of 
children presenting with a known GCS of 15/14/13/12-9/3-8; tertiary 
95.2%/2.4%/0.4%/0.6%/0.2%, urban/suburban 94.5%/3.9%/0.7%/0.7%/0.1%, regional/rural 
94.5%/2.4%/0.5%/0.6%/0.3%, p=0.021. CTB imaging rates were; tertiary 8.2%, 
urban/suburban 6.6%, regional/rural 6.0%, p=0.137. Median length of stay was; tertiary 2.6 
hours, urban/suburban 2.6 hours, regional/rural 2.0 hours, p=<0.001. 
CONCLUSION Neuroimaging rates for pediatric head injury in Australia and New Zealand are 
not higher in mixed urban/suburban or regional/rural EDs when compared with tertiary 
pediatric EDs. Lower imaging rates at non-tertiary EDs do not seem to be offset by increased 
length of observation.  Assessing variation in CTB rates across ED types is an important 
consideration in strategies to improve care. 

Table 1: Characteristics of patients at presentation
Tertiary Suburban Regional/Rural p

Records per group n=900 n=1072 n=1100

Aged < 2 years, n % (CI) 372 41.3 (38.1-44.6) 322 30.0 (27.3-32.9) 292 26.5 (24.0-29.3) <0.001

Mean age, n M (SD) 900 4.3 (4.0-4.6) 1072 5.5 (5.2-5.8) 1100 6.0 (5.8-6.3) <0.001

Male, n % (CI) 528 58.7 (55.4-61.9) 676 63.1 (60.1-66.0) 707 64.3 (61.4-67.1) 0.028

Initial GCS, n % (CI)

15 857 95.2 (93.6-96.5) 1013 94.5 (93.0-95.8) 1039 94.5 (92.9-95.7) 0.021

14 22 2.4 (1.5-3.7) 42 3.9 (2.8-5.3) 26 2.4 (1.5-3.4)

13 4 0.4 (0.1-1.1) 7 0.7 (0.3-1.3) 5 0.5 (0.1-1.1)

12-9 5 0.6 (0.2-1.3) 7 0.7 (0.3-1.3) 7 0.6 (0.3-1.3)

3-8 2 0.2 (0.0-0.8) 1 0.1 (0.0-0.5) 3 0.3 (0.1-0.8)

Missing 10 1.1 (0.5-2.0) 2 0.2 (0.0-0.7) 20 1.8 (1.1-2.8)

Table 2: Clinical course and key outcomes

Tertiary Suburban Regional/Rural

Records per group n=900 n=1072 n=1100 p

Neuroimaging in ED, n % (CI) 80 8.9 (7.1-10.9) 80 7.5 (6.0-9.2) 70 6.4 (5.0-8.0) 0.102

CTB done, n % (CI) 74 8.2 (6.5-10.2) 71 6.6 (5.2-8.3) 66 6.0 (4.7-7.6) 0.137

CTB  abnormal (% of pop.) 29 3.2 (2.2-4.6) 18 1.7 (1.0-2.6) 18 1.6 (1.0-2.6) 0.023
Neurosurgery, n % (CI)    5 0.6 (0.2-1.3) 1 0.1 (0.0-0.5) 2 0.2 (0.0-0.7) 0.109

Intubated/ventilated, n% (CI) 8 0.9 (0.4-1.7) 1 0.1 (0.0-0.5) 6 0.5 (0.2-1.2) 0.039

Ped. Int. Care Unit, n% (CI) 8 0.9 (0.4-1.7) 4 0.4 (0.1-1.0) 0 0.0 (0.0-0.3) 0.007

Transferred , n % (CI)   1 0.1 (0.0-0.6) 16 1.5 (0.9-2.4) 14 1.3 (0.7-2.1) 0.005

Discharged from ED, n % (CI) 647 71.9 (68.8-74.8) 769 71.7 (68.9-74.4) 936 85.1 (82.8-87.1) <0.001

ED LOS (hrs) n Med (IQR) 647 1.9 (1.3-3.0) 769 2.0 (1.3-2.9) 936 1.8 (1.1-2.7) <0.001

Admitted inpatient, n % (CI) 253 28.1 (25.2-31.2) 293 27.3 (24.7-30.1) 161 14.6 (12.6-16.9) <0.001

Inpat. LOS (hrs), n Med (IQR) 253 5.3 (3.5-14.1) 293 4.9 (3.7-11.2) 161 5.7 (3.6-15.9) 0.207

Overall LOS (hrs), n Med (IQR) 900 2.6 (1.5-4.2) 1072 2.6 (1.6-3.9) 1100 2.0 (1.2-3.2) <0.001

Death, n % (CI) 2 0.2 (0.0-0.8) 0 0.0 (0.0-0.3) 0 0.0 (0.0-0.3) 0.089



Avoiding decision fatigue…


