
Predicting outcomes of  
mild TBI in children and 
adolescents  

Keith Owen Yeates, Ph.D., ABPP 
Department of Psychology 

Alberta Children’s Hospital Research Institute 

Hotchkiss Brain Institute 



Mild TBI is a public health problem 

 Large numbers 

— In US, > 600,000 per year ages 0-14 seek hospital attention  

— 80% to 90% of TBI are mild 

— Almost certainly an underestimate 

 Even if only a small proportion have negative 
outcomes, mild TBI is public health problem 

 Mild TBI identified as target by WHO, CDC, NIH,  
CIHR, other agencies 



Changes in health care 

 Declining rate of hospitalization for TBI in children 

— Thurman & Guerrero, JAMA, 1999 
 130/100,000 from 1980-1981 

 51/100,000 from 1994-1995 

— Bowman et al, Pediatrics, 2008 
 65/100,000 from 1991-1993 

 24/100,000 from 2003-2005  

 Places burden on physicians 

— Emergency departments 

— Community pediatricians 



A prototypical case: RW 

 16 year old white female 

 Motor vehicle crash 2 months prior 

 Injury information 

— Brief LOC at scene 

— Persistent nausea 

— Initial neurological examination negative 

— CT negative 



Persistent complaints 

 Fatigue 

 Double vision 

 Dizziness 

 Phonophobia 

 Photophobia 

 Sleep problems 

 Attention and memory problems 



Other medical findings 

 Second neurological examination 

— Nystagmus 

— Sixth cranial nerve palsy 

 MRI negative 



Relevant history 

 Family history 

— Parents college educated 

— Mother nurse, father executive 

— Extended family history of depression 

 Birth history and early development unremarkable 



Premorbid history 

 School history 

— High school senior 

— Excellent student 

 80th percentile on SAT, 95th percentile on ACT 

 Psychosocial history 

— Talented athlete 

— Socially competent 



Post-injury history 

 Tried to return to school unsuccessfully 
— Not living up to high expectations 

— Complained of slower processing 

 Reluctant to return to social activities 

 Unable to return to athletic activities 

 Increased emotional distress 
— Individual psychotherapy 

— Antidepressants for sleep problems 



Behavioral observations 

 Reported mild retrograde and anterograde 
amnesia on interview 

 Alert, oriented, attentive, but complained of 
fatigue 

 Midline nystagmus during ocular pursuit and 
postural sway and reports of vertigo during 
sustained Romberg 



Test results 

 IQ 131 

 Language and nonverbal skills intact 

 Mild memory deficits 

— 68% savings on story recall 

— CMS Visual Immediate 118, Visual Delayed 103 

 Category Test low average 



Questions to ponder 

 How severe is the injury? 

 What does the relative absence of cognitive 
deficits imply? 

 Are her lingering symptoms likely to be related 
to the injury? 

 What is the role of depression in explaining her 
symptoms? 

 Could we have predicted her poor outcomes 
ahead of time? 



What is mild TBI? 

 WHO Task Force 

 An acute brain injury resulting from mechanical 
energy to the head from external physical forces 

 Operational criteria for clinical identification 

— (i) 1 or more of the following: 
 Confusion or disorientation;  

 LOC for < 30 minutes;  

 PTA < 24 hours;  

 Other transient neurological abnormalities,  
including intracranial lesions not requiring surgery 

— (ii) GCS 13-15 after 30 minutes post-injury or later upon 
presentation for health care 

 Includes but not limited to concussion  



Outcomes of mild TBI: A paradox? 

 Acute but not long-term cognitive changes  
— Satz et al. (1997). Mild head injury in children and 

adolescents: A review of studies (1970-1995). Psychological 
Bulletin, 122, 107-131 

— Babikian, T. & Asarnow, R. (2009). Neurocognitive outcomes 
and recovery after pediatric TBI: meta-analytic review of the 
literature. Neuropsychology, 23, 283-296  

 Frequent and persistent symptoms 
— Substantial evidence in children (Barlow et al., 2011, 

McKinlay et al., 2002; Mittenberg, 1997; Taylor et al., 2010; 
Yeates et al., 2005; Yeates et al., 2009, 2012) 



Postconcussive disorder: DSM-IV vs. ICD 

 DSM-IV 
 A history of head trauma that 

has caused significant cerebral 
concussion 

 Evidence from 
neuropsychological testing or 
quantified cognitive assessment 
of difficulty in attention or 
memory  

 Three (or more) of the following 
occur shortly after the trauma 
and last at least 3 months 
 becoming fatigued easily 
 headache 
 vertigo or dizziness 
 irritability or aggression on little or no 

provocation 
 anxiety, depression, or affective lability 
 changes in personality (e.g., socially or 

sexually inappropriate) 
 apathy or lack of spontaneity 

 ICD-10 

 History of head trauma with 
loss of consciousness 
precedes symptom onset by 
maximum of 4 weeks 

 Three or more 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 

 preoccupation with above 
symptoms and fear of brain damage 
with hypochondriacal concern and 
adoption of sick role 



What predicts outcomes of mild TBI? 

 Zemek et al. (2013). Prognosticators of persistent 
symptoms following pediatric concussion. JAMA 
Pediatrics, 167, 259-265. 

— “Larger prospective studies concluded that the risk for 
PCS was increased in older children with loss of 
consciousness, headache, and/or nausea/vomiting. 
Smaller studies noted that initial dizziness may predict 
PCS. Patients with premorbid conditions (e.g., 
previoushead injury, learning difficulties, or behavioral 
problems) may also have increased risk.” 

— “Minimal, and at times contradictory, evidence exists to 
associate clinically available factors with eventual 
development of PCS in children.” 



What happens to individuals? 

 Previous research is variable-centered 
— Mean differences between groups provide little 

information about individual outcomes 

 Clinical focus is person-centered 
— Do individual children show significant increases in 

symptoms after mild TBI? 

— Can we predict which children will do so? 



Predicting intracranial lesions after mild TBI 



CHALICE rule (UK) 

N = 22,411 



PECARN (US) 

N = 32,000 



CATCH rule (Canada) 

N = 3,866 



Ohio mild head injury project 

 Study funded by NICHD/NCMRR 

 Two sites 

— Nationwide Children’s Hospital, Columbus 

— Rainbow Babies and Children’s Hospital, Cleveland 

 Investigators 

— K. O. Yeates, A. Dietrich, K. Nuss, J. Rusin  

— H. G. Taylor, M. Wright, B. Bangert 



Biopsychosocial framework 

Premorbid child factors   

• Behavioral adjustment  

• Cognitive status  

• School performance 

Premorbid family factors   

• Family functioning  

• Other stressor and resources 

Injury characteristics   

• Complicated versus uncomplicated  

• Other indices of severity 

Post-injury child factors   

• Coping strategies  

• Cognitive changes 

Post-injury family factors   

• Parent adjustment  

• Perceived family burden  

• Other stressors and resources 

Post-concussive symptoms 
  

• Cognitive/somatic  

• Emotional/behavioral 

Functional outcomes   

• Days of school missed  

• School performance  

• Physical health  

• Health care utilization  

• Activity restrictions 



Study design 

• 8 to 15 year old children 

• Prospective recruitment of two groups 

– Mild TBI 

– Orthopedic injury (OI) 

• Post-acute MRI in mild TBI group 

– T2/PD, FLAIR, gradient echo, diffusion-weighted 

• Longitudinal assessment of PCS and QOL 

– Post-acute (~2 weeks), 3 months, 12 months 

– Retrospective rating of premorbid symptoms and 
QOL at initial post-acute assessment 



Inclusion criteria for mild TBI 

 A blunt head trauma resulting in: 

— an observed LOC ≤ 30 minutes, or 

— a GCS score of 13 or 14, or  

— at least two symptoms of concussion  

 persistent PTA 

 transient neurological deficits 

 vomiting 

 nausea 

 headache 

 diplopia 

 dizziness 

 disorientation 

 other mental status changes 



Assessment of PCS 

 Health and Behavior Inventory 

— 20 items, 4-point scale 

— Factor analytic subscales robust across rater/time 

 Cognitive symptoms 

 Somatic symptoms 

— Good to excellent reliability 

 Internal consistency 

 Inter-rater 

 Test-retest 

— Selected for NINDS Common Data Elements 

— Incorporated into SCAT-3 



PCS dimensions 

 Somatic 
 Has headaches 

 Feels dizzy 

 Has a feeling that the room 
is spinning 

 Feels faint 

 Blurred vision 

 Double vision 

 Experiences nausea 

 Gets tired a lot 

 Gets tired easily  

 Cognitive 
 Trouble sustaining attention 

 Easily distracted 

 Difficulty concentrating 

 Problems remembering what is told 

 Difficulty following directions 

 Tends to daydream  

 Gets confused 

 Forgetful  

 Difficulty completing tasks 

 Poor problem-solving skills 

 Problems learning 



Sample characteristics 

Mild TBI Ortho 

N 186 99 

% male 71 64 

% white 73 63 

Age 11.93 ± 2.24 11.78 ± 2.24 

SES (Hollingshead) 40.91 ± 12.95 40.03 ± 14.94 



Causes of injury 

Cause Mild TBI Ortho 

Falls 19% 21% 

Sports/recreation 57% 63% 

Transportation 17% 3% 

Other (e.g., roughhousing) 7% 13% 

Group difference significant, p <. 05 



Injury characteristics 

Glasgow Coma Scale 10% < 15 

Loss of consciousness 40% = yes 

Median = 1 minute  

Range = < 1 to 15 minutes 

MRI abnormalities 18% = yes 

Mostly contusions and 
punctate hemorrhages in 
anterior regions 



MRI abnormalities 



Acute signs & symptoms 

Headache 76% 

Vomiting 44% 

Nausea 41% 

Persistent post-traumatic amnesia 32% 

Dizziness 26% 

Double or blurred vision 12% 

Disorientation 10% 

Other injuries 25% 



Parent reported differences in PCS 
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Child reported differences in PCS 
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Child-rated somatic PCS 
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Parent-rated PCS: LOC as moderator 
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Parent-rated cognitive PCS: 
LOC as moderator 

6

8

10

12

14

16

18

Baseline 1 Month 3 Months 12 Months

C
o

gn
it

iv
e

 s
ym

p
to

m
s 

 

Assessment 

MHI+LOC

MHI

OI



Parent-rated somatic PCS: 
LOC as moderator 
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Developmental trajectories of PCS 
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Indicators of “high risk” mild TBI 

 Indicators 
— LOC 

— GCS < 15 

— Injuries to other body regions 

— Eight acute symptoms of concussion  
 post-traumatic amnesia; vomiting; nausea; headache; 

diplopia; dizziness; disorientation to time, place or person; 
other mental status changes 

— Intracranial abnormalities on MRI 

 Total score (0-12) dichotomized at median 



Mild TBI risk groups 

Severity indicator 

Risk LOC MRI PTA Disorientation GCS<15 

High 51% 31% 47% 18% 21% 

Low 27% 4% 19% 2% 3% 



Trajectories and MTBI risk 
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But what about individual prediction? 

 Regression-based approach  

 Controls for pre-injury symptoms 

 Identifies children showing large increases in PCS 

 Statistical procedure  

— Regress post-injury PCS ratings on pre-injury in OI group 

— Compute standard error of estimate 

— Identify children with residual z scores ± 1.64 to identify 
those with “reliable” changes 



Analyses of reliable change 

 Step 1: Entire sample 

— Random-effects logistic regression to compare group 
rates of reliable change for somatic and cognitive 
symptoms over time 

 Mild TBI +LOC; Mild TBI -LOC; OI 

 Mild TBI +MRI; Mild TBI -MRI; OI 

 Step 2: Within mild TBI group 

— Prediction of reliable change from medical risk factors 



Reliable change: Somatic symptoms 
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Reliable change: Cognitive symptoms 
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Quality of life and somatic symptoms 
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Quality of life and cognitive symptoms 
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Prediction from medical risk factors 

• Risk factors 
– LOC 

– GCS < 15 

– Injuries to other body regions 

– Eight acute signs/symptoms of concussion  
• post-traumatic amnesia; vomiting; nausea; headache; 

diplopia; dizziness; disorientation to time, place or 
person; other mental status changes 

– Intracranial abnormalities on MRI 

• Total score (0-12) dichotomized at median 



Mild TBI risk groups 

Severity indicator 

Risk LOC MRI PTA Disorientation GCS<15 

High 51% 31% 47% 18% 21% 

Low 27% 4% 19% 2% 3% 



Somatic symptoms 

Post-injury Occasion 

Group Baseline* 3 months* 12 months 

High risk mild TBI 37.8% 14.9% 9.6% 

Low risk mild TBI 23.9% 8.0% 2.4% 

OI 7.1% 6.7% 6.0% 

*Group difference significant p < .05 



Cognitive symptoms 

Post-injury Occasion 

Group Baseline* 3 months* 12 months* 

High risk mild TBI 18.9% 17.2% 13.3% 

Low risk mild TBI 8.7% 5.7% 6% 

OI 4.0% 5.6% 6% 

*Group difference significant p < .05 



Predicting individual outcomes 

 Predicting reliable change in PCS at 3 months  

 Logistic regression with multiple predictors 

— Acute signs/symptoms 

 LOC, PTA, nausea, vomiting, headache, dizziness,  
other mental status changes 

— Cognitive test scores 

 IQ 

 Verbal memory 

— MRI abnormalities 



Cognitive symptoms 

 Significant overall model with adequate fit 

 Unique predictors 

— Lower IQ 

— Other mental status changes 

 Specificity = 1.00, sensitivity = .10 

 PPV = 1.00, NPV = .90 

 ROC area under the curve = .78 



Somatic symptoms 

• Significant overall model with adequate fit 

• Unique predictors 

– Lower IQ 

– Nausea 

– Other mental status changes 

– MRI abnormalities 

• Specificity = .99, sensitivity = .20 

• PPV = .67, NPV = .90 

• ROC area under the curve = .85 



Where do we stand? 

 Mild TBI is associated with elevated risk of  
reliable increases in PCS 

— Somatic PCS resolve, cognitive PCS persist 

 Can predict persistent PCS at individual level 

— Medical risk (MRI, mental status), cognitive reserve (IQ) 

— Good NPV, poor PPV 

— Good specificity, poor sensitivity 

— Need to develop better algorithms and decision rules 



But it isn’t simple! 

 Mild TBI increases risk of PCS in children 
 BUT…many risk modifiers  

— Symptom variation  
 e.g., reporter, type of symptom 

— Developmental variation  
 e.g., age at injury, time since injury 

— Injury characteristics  
 e.g., LOC, lesions 

— Child characteristics  
 e.g., genetics, “reserve”, premorbid adjustment, coping strategies 

— Environmental characteristics  
 e.g., family functioning, parent response to illness 



The injury isn’t everything 

Demographics, 
premorbid child, and 
premorbid family 
factors account for 
more variance than 
injury characteristics  



Neurobiopsychosocial model 



Why does it matter? 

Long-term adult psychosocial difficulties? 



Why does it matter? 

Long-term adult cognitive deficits? 



Next steps 

 NIH R01: Mild Injury Outcome Study 
— Two sites 

— Prospective cohort design to 6 months post-injury 
 200 mTBI, 100 OI 

 Using common diagnostic methods to predict outcomes 
— Acute signs/symptoms in ED 

— Acute mental status/balance assessments in ED 

— Neuropsychological testing at 1-2 weeks 

— 3T MRI at 1-2 weeks 
 DTI, SWI, resting state fMRI, volumetrics 

 Other alternative explanations 
— Pain 

— Motivation 

— Symptom exaggeration 



Advanced neuroimaging: SWI 



Advanced neuroimaging: DTI 



The “5P” study 

• Prospective cohort study across nine emergency departments 

– 1800 patients 

• Multiple potential predictors 

• Follow up at 1, 2, 4, 8, and 12 weeks 

• Primary outcome: PCS 

• Other outcomes 

– QOL, neuropsychological functioning, psychosocial adjustment 



Clinical implications 

 Pathways to PCS are likely to vary 
— One size doesn’t fit all 

— Need to assess injury characteristics  

— Need to assess non-injury related factors 

 Need to assess pre-injury status ASAP 

 Outcomes are variable 
— Long-term cognitive deficits unlikely 

— Symptom complaints more likely 

— Expectancy bias possible in parent reports 

 Rule out alternative explanations 

 Identify potential moderators of outcome 
— Risk & resilience factors 



Hope for the future 


