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Mild Traumatic Brain Injury / Concussion

80-90% of TBIs are concussion

Multiple causes of concussion: falls, vehicle accidents etc.

Data on incidence limited: 

1 in 4 - 10 people seek medical attention i.e. under-reported

Recent NZ study 790/ 100,000 

Indicates 180,000pa in Australia
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Concussion and Post-Concussion Syndrome: 

Symptoms

PCS: prolonged concussion symptoms, 1 – 3 months or longer, up to 20%

Who will go on to develop PCS?

Adapted from Halstead et al., (2010) Pediatrics, 126(3), 597-615.  
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Current Procedures in the ED

Neurosurgical problem?

CT scan?
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Follow-up…
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Prediction of PCS in the ED would be helpful:

reduce redundant imaging

enable individualised patient prognosis

focus on neurorehabilitation strategies to enhance outcomes

indicate need for more intensive monitoring

Prediction of Outcome
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Pilot Study to Predict PCS

Prof Daniel Fatovich, A/ Prof Carmela Pestell, A/Prof Mike Bynevelt, Dr Melissa 
Licari, PhD candidate Ola Gozt

Recruited 62 patients from RPH ED, and age/gender matched controls for baseline

No one outcome likely to be predictive

- demographic information, symptom assessment

- neuropsychological tests, blood biomarkers, MRI at T0

Follow-up one month later: assess for PCS (T1); final N = 36

Inclusion criteria: 

• Patients between 18 and 50 years of age

• Presenting to ED within 48 hours of head injury with symptoms that may be 

attributable to that injury

• Cranial CT scan shows no intracranial injury, or CT was not performed

• GCS score >13
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Pilot Study to Predict PCS
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Diagnosis of PCS

PCS was diagnosed at T1 (28 days) according to the following criteria:

Patient scores in the moderate-to-severe range (25+) on the Rivermead Post-

Concussion Symptoms Questionnaire

OR

Scores ≥ 1.5 SD than mTBI group mean on two or more total 

neuropsychological test scores

5 participants developed PCS
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Neuropsychological Test Outcomes
Repeatable Battery for the Assessment of Neuropsychological Status (RBANS)

Cognition – analysis compared mTBI to PCS, hypothesis driven

Total score Immediate memory

Attention Delayed memory
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Neuropsychological Test Outcomes
Trail Making Task (version B)

Visual attention, task switching

Rivermead 
Depression, anxiety, stress

(DASS) total score
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Ultrasensitive analyses Quanterix Simoa 

HD-1 Analyser™ system

Blood Biomarkers: High Sensitivity

Requires release of markers from the injured brain: 

breach of blood brain barrier

range of possibilities: proteins, miRNA, cell free DNA
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Blood Biomarker: GFAP

Also assessed neuron specific enolase (NSE) and neurofilament light chain (NFL)

No significant differences
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MRI Outcomes

Subset of participants: N=15 mTBI (3 with PCS), N=8 controls

Tract based spatial statistics: mTBI compared to control, no significant differences

Red - areas of the brain in which mTBI patients had lower FA values than healthy, 

uninjured age and gender-matched controls within the mean FA skeleton (green).
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MRI Outcomes

Left Inferior Fronto-Occipital Fasciculus

Probabilistic Map Johns Hopkins University White Matter Tractography Atlas

FSL Eyes

Region of interest analyses: multiple regions assessed
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MRI Outcomes

Left Inferior Fronto-Occipital Fasciculus Threshold 30 
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MRI Outcomes

Mean FA for the whole Left Inferior Fronto-Occipital Fasciculus tract, 

threshold of 30 on FSL Eyes
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Correlation Between Function and MRI

Pearson r = 0.552, p = 0.033

No one measure predictive
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Predictive Analyses

Univariate logistic regression analysis for all outcomes: normal recovery and PCS

- Low numbers therefore multi-variate analysis not appropriate

Provides a measure of the extent of predictive power

- odds ratio: how likely an event is to occur

- assessed all outcomes: here show those with significant differences at 

ANOVA level between mTBI and PCS

Measures Odds Ratio (eβ) P value

Total RBANS 0.873 0.024

TMT-B 1.043 0.058

RBANS- IM 0.838 0.027

RBANS-DM 0.910 0.056

RBANS-Attention 0.924 0.043
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Other Potential Predictors

Demographic Features:

OR 4.86: The odds of PCS increase by almost five-fold for individuals with 

a history of concussion 

OR 4.36: The odds of PCS increase by over four-fold for individuals who

reported a history of a psychological disorder

Anxiety:

OR 1.37: Higher scores on the DASS-21 Anxiety Subscale 

generate greater odds of developing PCS

For each 1-point increase on the DASS-21 Anxiety subscale, 

the odds of developing PCS increase by 37.2%

Validation study to follow
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Impact-TBI
A national approach to improving lives following traumatic brain injury 

of all severity in all ages, including concussion

Paramedics, Intensivists, Trauma specialists, Neuroscientists, 

Psychiatrists, Psychologists, Rehabilitation experts, Community

http://vishwacommunications.com/australia-blank-map/australie07-random-2-australia-blank-map/
http://vishwacommunications.com/australia-blank-map/australie07-random-2-australia-blank-map/
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Some patients recover quickly and completely and others do not.

What are the predictors of poor outcome following TBI?

What interventions can improve the chances of recovery?

Impact-TBI
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