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Advances in TBI Science:   
Acute Effects & Recovery 

TRUE NATURAL HISTORY OF INJURY & RECOVERY 

What Factors Predict Recovery and Outcome? 

Clinical Recovery:   
How long does it take for signs & 

symptoms to recover? 

Physiological Recovery:   
How long does it take for  

the brain to recover? 

+ 
Giza & Hovda, 2010 

McCrea et al., JAMA 2003; 290:2556-2563 

>80% Achieve Complete Recovery in 7-10 Days 

Window of Cerebral Vulnerability? 
•  75% of repeat concussions within first 7 days  

•   92% of repeat concussions within first 10 days 

Association Between Recovery and Risk 

RTP:  When is the Brain Ready? 
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Pursuit of the Perfect “Biomarker” 
MRI (3-T) / Functional MRI  

Positron Emission Tomography with  
Computed Tomography (PET/CT) 

Magneto Encephalography (MEG) Scanner Trans-Cranial Doppler Ultrasound 

Diffusion Tensor Imaging (DTI) 

Diagnostic & Prognostic Value in Clinical Care? 
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•  DTI to investigate WM integrity and 
compare accuracy of conventional 
scanning, neuropsych testing and DTI 
to objectively classify MTBI patients 
from controls 

•  22 semi-acute MTBI (M=12 days 
post); 21 matched healthy controls 
(non-trauma) 

•  16 of 22 MTBI had LOC (AAN Gr 3) 
•  Neuropsych tests of attn, memory, 

WM, proc. speed, EF, WTAR, TOMM 
•  No Diff b/n MTBI & Control on MRI or 

neuropsych measures; NP effect 
sizes comparable to literature at T1 (.
10-.90 range) 

•  MTBI showed increased fractional 
anisotropy (FA) associated with 
reduced radial diffusivity (RD) in 
corpus callosum and several left 
hemisphere WM tracts 

•  DTI superior to other measures in 
classifying MTBI from controls 

•  Longterm follow-up (3-5 months) on 
10 MTBI, 15 NC’s; largely 
normalization on DTI, normal clinical 
measures 

DTI findings evident  
beyond symptoms and 
demonstrated clinical 

recovery 

GE-‐NFL	  HEAD	  HEALTH	  	  
CHALLENGE	  I	  

	  	  
A	  Prospec5ve	  Study	  of	  Advanced	  
MRI	  Biomarkers	  to	  Determine	  
Acute	  Physiological	  Effects	  and	  

Longitudinal	  Recovery	  AIer	  Sport-‐
Related	  Concussion	  

	  	  
Inves&ga&ve	  Team:	  

Michael	  McCrea,	  PhD	  (PI)	  	  
Andrew	  Nencka,	  PhD;	  Kevin	  Koch,	  PhD;	  L.	  Tugan	  
Mu@uler,	  PhD;	  	  Yang	  Wang,	  MD;	  Shi-‐Jiang	  Li,	  PhD;	  

Melissa	  Lancaster,	  PhD;	  Lindsay	  Nelson,	  PhD	  

	  	  
	  

MRI Markers of Injury & Recovery 

Changes in Brain Structure & Function Beyond Point of Clinical Recovery 
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Clinical	  	  
Recovery	  

Physiological	  
Recovery	  

Full	  Clinical	  &	  
Physiological	  
Recovery	  

PRE-‐	  
INJURY:	  

	  
Normal	  
Cerebral	  
FuncLon	  	  

ACUTE	  

IMPAIRED:	  	  	  
Elevated	  symptoms,	  

func&onal	  impairment,	  
physiological	  dysfunc&on	  

Window	  of	   Cerebral	  	   Vulnerability	  

CONCUSSIVE	  
EVENT	  

COMPENSATORY:	  
Full	  clinical	  recovery,	  but	  
persistent	  physiological	  

dysfunc&on	  

POST-‐ACUTE	  

(Common	  Time	  Point	  for	  
Return	  to	  Play)	  

FULL	  

COMPLETE:	  
Full	  clinical	  recovery,	  normal	  

physiological	  func&on	  

Preven5on-‐based	  
Return	  to	  Ac5vity	  

Integrated mTBI Recovery Model 

Evidence-Based Approach to Injury Management 

What About Exceptions  
to the Rule?  

What Factors 
Predict 

Recovery & 
Outcome after 

mTBI? 
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TBI Prognosis and Outcome: 
Some Things Are Crystal Clear… 

 
Injury Severity 

 is the Strongest  
Predictor of 

Recovery after 
moderate and 

severe TBI 

Association Between Injury & Outcome 

Predicting Outcome after mTBI 
Early Predictor 	   Productivity 	   Global Outcome 	   Quality of 

Life 	  
LOC 	   .23 	   .23 	   .06 	  

PTA 	   .27 	   .43 	   ns 	  

GCS 	   .19 	   .38 	   .18 	  

LOStay 	   .35 	   .14 	   .14 	  

Cappa et al, 2011, Meta-Anal of head injury Outcome, Health Psychol, V3, 542 

Effect Sizes:  0.2 Small, 0.5 Medium, 0.8 Large 
< 0.3 Difficult to detect in individual patients; large overlap b/n patients and control group 
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Post-injury Pr
em

or
bi

d 

Structural 
Brain 

Damage 

Neuro-
metabolic 

Factors 

Depression
/ Anxiety 

PTSD / 
Stress 

Ortho / 
Chronic 

Pain 

Personality 
Factors 

Medication 
Effects 

Iatrogenic 
Effects 

Nocebo Effect /  
Dx Threat 

TBI Symptom 
Recovery, 
Functional 
Outcome 

“Good Ole 
Days” Bias 

Reinforced 
Role Behavior 

Expectations & 
Misattribution 

Symptom 
Exaggeration 

Malingering, 
2ndary Gain 

Factors Influencing Recovery and Outcome After TBI 
Adapted from Iverson, Zasler, Lange, 2008 

Somatiz- 
ation 

Methods to 
Assess 

Injury-Related 
Factors 

Psychological 
Comorbidities 

Social 
Factors 

Motivational 
Factors 

What is the Single Biomarker  
of Heterogeneity? 

Biomarker Balancing Act:   
Sensitivity vs. Specificity 

Diagnostic Utility at the Individual Patient Level? 
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Prognostic Utility of Imaging Biomarkers? 

The personal experience and 
reporting of post-concussion 
symptoms is likely individualized, 
representing the cumulative effect 
of multiple variables, such as 
genetics, mental health history, 
current life stress, medical 
problems, chronic pain, 
depression, personality factors, 
and other psychosocial and 
environmental factors. The extent 
to which damage to the structure 
of the brain contributes to the 
persistence of post-concussion 
symptoms remains unclear. 

About Injury &  
Who Comes to Injury 

•  10% take > 7 days to recover 
•  Acute severity predicts subacute 

recovery (LOC, PTA, 24 hr GSC) 
•  2.5% symptomatic > 45 days 
•  No impairment on objective measures at 

Day 45 relative to BL 

Predicting Risk & Recovery After SRC 
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Neurobiological	  

Pre-‐Injury	  
Factors	  

	  

-‐	  GeneLcs	  
-‐	  Neurologic	  
VulnerabiliLes	  	  

Trauma	  Burden	  
	  

-‐	  Injury	  Severity	  
-‐	  RepeLLve	  
Exposure	  

-‐	  Polytrauma	  

Biomarkers	  
	  

-‐	  Structural/	  
FuncLonal	  
Imaging	  
-‐	  Blood	  

Biomarkers	  

Psychosocial	  

Psychological	  
Func5on	  

	  
-‐	  Premorbid	  
-‐	  Post-‐injury	  
ComorbidiLes	  

Environmental	  
Factors	  

	  
-‐	  Social	  Support	  
-‐	  Life	  Stressors	  
-‐	  Iatrogenesis	  

Mo5va5onal	  
Factors	  

	  
-‐	  ExpectaLon	  

-‐	  Secondary	  Gain	  

Mul5-‐Domain	  	  Predictor	  Variables	  

Neurobiopsychosocial Model of mTBI: 
Multidimensional Prediction of Recovery, Outcome & Risk 

Neurocogni5ve	  
Func5on	  

Neurobehavioral	  
Func5on	  

Psychological	  Health	  
and	  Wellness	  

Life	  Func5on	  &	  
Quality	  Neurologic	  Health	  

Mul5-‐Dimensional	  Outcome	  

McCrea & McAllister, 2013 

mTBI Recovery, Outcome & Risk Model 

Days	  0-‐14	   Days	  15-‐45	   >	  Day	  45	  

Neuro-‐
biological	  
dysfuncLon	  	  

	  
Significant	  
Clinical	  

symptoms,	  
impairments	  

ACUTE	  

Full	  clinical	  recovery	  typical	  
	  

Modestly	  prolonged	  clinical	  
recovery	  in	  more	  severe	  injuries	  

	  

SuggesLon	  of	  lingering	  
physiological	  recovery	  

	  

Early	  influence	  of	  	  
non-‐injury	  factors	  

POST-‐ACUTE	  

Persistent	  or	  
worsening	  symptoms	  

	  

Chronic,	  nonspecific	  
disabiliLes	  

	  

Outcome	  most	  
strongly	  associated	  
with	  non-‐injury	  

factors	  

CHRONIC	  

Eff
ec
ts
	  o
f	  I
nj
ur
y	  

Longitudinal	  Time	  Course	  

Implica5ons	  for	  Treatment,	  
Interven5on	  

Role of Assessment as Intervention & Prevention 

Never Underestimate the Value  
of the Neuropsychologist! 
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Critical Role for Neuropsychology in 
Research and Clinical Practice  

Implications for Translational Research 

In A Single Study Design? 

Pathophysiology	  
Diagnos5cs	  

Injury	  
Management	  

Long-‐range	  
Risks	  

PH:	  	  Educa5on	  and	  
Preven5on	  

Injury	  
Biomechanics	  

Recovery	  	  
&	  	  

Outcome	  

Future Research Directions:   
Comprehensive Study of Injury & Recovery 

Understanding the Natural History of Clinical & Neurobiological Recovery 



MTBI and PCS:  Scientific Update 

Michael McCrea, PhD, ABPP-CN 10 

PROJECT HEAD TO HEAD II 
 
Comprehensive Study of Acute Effects 
and Recovery After Concussion:  
 
An Integrated Investigation of Head Impact Sensor 
Technology, Blood Biomarkers, Advanced 
Neuroimaging, Genetic Testing, and Clinical Outcome 
Measures 
 
Funded by U.S. Dept. of Defense Combat Casualty Care 
Research Program 

Sponsored	  by	  United	  States	  
Department	  of	  Defense	  (DoD)	  
&	  Na5onal	  Collegiate	  Athle5c	  

Associa5on	  (NCAA)	  
	  

3	  Years,	  $28M	  
	  

Principal	  InvesLgators:	  
S.	  Broglio,	  PhD	  

Thomas	  McAllister,	  MD	  
Michael	  McCrea,	  PhD	  

ARC Overview:  Specific Aim 

	  

ULlize	  the	  framework	  of	  the	  CSC	  (Aim	  2)	  to	  conduct	  advanced	  
scienLfic	  studies	  which	  integrate	  biomechanical,	  clinical,	  

neuroimaging,	  neurobiological	  and	  gene5c	  markers	  of	  injury	  
to	  advance	  our	  understanding	  of	  neurophysiological	  effects	  

and	  recovery	  a@er	  SRC	  in	  college	  athletes.	  
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ARC Assessments 
100	  Concussed	  
100	  CS	  Controls	  
100	  NCS	  Controls	   

Pre-‐
Season Acute	  Concussion 

	  	  
Sub-‐Acute	  Recovery	  

	   

	  	  
Chronic/
Remote 

	   Baseline 
<6hrs	  
Post-‐
Injury 

24-‐48hrs	  	  	  
Post-‐
Injury 

AsymptomaLc	  /	  
Cleared	  for	  

Return	  to	  Play	  
Progression 

Unrestricted	  
Return	  to	  

Play 

7	  days	  
following	  
Return	  to	  

Play 

6	  Months	  
Post-‐Injury 

Neurocogni5ve	  and	  
Psychological	  Health	  
Tes5ng 

X X X X X X X 

Blood	  Biomarker	  &	  
DNA	  Collec5on* X X X X 	   X X 

Mul5-‐modal	  MRI	  
Studies O X X 	   X X 

Exposure:  All Athletes Instrumented with head impact sensors (Helmeted, Non-helmeted) 

Neurobiological	  

Pre-‐Injury	  
Factors	  

	  

-‐	  GeneLcs	  
-‐	  Neurologic	  
VulnerabiliLes	  	  

Trauma	  Burden	  
	  

-‐	  Injury	  Severity	  
-‐	  RepeLLve	  
Exposure	  

-‐	  Polytrauma	  

Biomarkers	  
	  

-‐	  Structural/	  
FuncLonal	  
Imaging	  
-‐	  Blood	  

Biomarkers	  

Psychosocial	  

Psychological	  
Func5on	  

	  
-‐	  Premorbid	  
-‐	  Post-‐injury	  
ComorbidiLes	  

Environmental	  
Factors	  

	  
-‐	  Social	  Support	  
-‐	  Life	  Stressors	  
-‐	  Iatrogenesis	  

Mo5va5onal	  
Factors	  

	  
-‐	  ExpectaLon	  

-‐	  Secondary	  Gain	  

Mul5-‐Domain	  	  Predictor	  Variables	  

Neurobiopsychosocial Model of mTBI: 
Multidimensional Prediction of Recovery, Outcome & Risk 

Neurocogni5ve	  
Func5on	  

Neurobehavioral	  
Func5on	  

Psychological	  Health	  
and	  Wellness	  

Life	  Func5on	  &	  
Quality	  Neurologic	  Health	  

Mul5-‐Dimensional	  Outcome	  

Critical Role for Neuropsychology in 
Research and Clinical Practice  
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Thank You 
Michael McCrea, PhD, ABPP 

Professor of Neurosurgery and Neurology 
Director of Brain Injury Research 

Medical College of Wisconsin 
 

Office: 414-955-7302 
Email:  mmccrea@mcw.edu 


