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Advances in TBI Science:
Acute Effects & Recovery

TRUE NATURAL HISTORY OF INJURY & RECOVERY

Gira & Hovds, 2010

Clinical Recovery: Physiological Recovery:

How long does it take for signs & How long does it take for
symptoms to recover? the brain to recover?

What Factors Predict Recovery and Outcome?

Association Between Recovery and Risk

Cognitve Recovery Postura Stabity Recovery

Smptom Recorery

GSC Total Score.

Agsessment Point Agsessment Point

Assessment P
McCrea ot al., JAMA 2003; 290:2556-2563

RTP: When is the Brain Ready?
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Pursuit of the Perfect “Biomarker”

Diagnostic & Prognostic Value in Clinical Care?

(mTBI)

Neuroimaging Biomarkers in Mild Traumatic Brain Tnjury

Diffusion tensor imaging of acute mild
traumatic brain injury in adolescents
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« DTl to investigate WM integrity and
compare accuracy of conventional

A prospective diffusion tensor imaging scanning, neuropsych testing and DTI
P . P to objectively classify MTBI patients

study in mild traumatic brain injury from controls

~@mE « 22 semi-acute MTBI (M=12 days

post); 21 matched healthy controls
(non-trauma)

ARMge D ABSTRACT + 16 of 22 MTBI had LOC (AAN Gr 3)
- + Neuropsych tests of attn, memog,
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)
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pre— ' + MTBI showed increased fractional

. e . anisotropy (FA) associated with
DTI findings evident reduced ta ia|)diffusivity (RD)in
corpus callosum and several le
beyond symptoms and hempisphere WM tracts

demonstrated clinical + DTl superior to other measures in
classifying MTBI from controls

recovery . Lon’aterm follow-up (3-5 months) on
" 0 o 021 Difsn tercr g . 10 MTBI, 15 NC's; largely
e, sy normalization on DTI, normal clinical
Nl 20107645850 measures
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A Prospective Study of Advanced
MRI Biomarkers to Determine
Acute Physiological Effects and
Longitudinal Recovery After Sport-
Related Concussion

Investigative Team:
Michael McCrea, PhD (PI)
Andrew Nencka, PhD; Kevin Koch, PhD; L. Tugan
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MRI Markers of Injury & Recovery

Bofore injury 24 hours afte injory 7-10 days aftr inury

Recovery of Cerebral Blood Flow Following. L :
Sports-Related Concussion . ’ ’
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Acute and Subacute Changes in Neural Activation during
the Recovery from Sport-Related Concussion
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Changes in Brain Structure & Function Beyond Point of Clinical Recovery
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Integrated mTBI Recovery Model
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Evidence-Based Approach to Injury Management

What About Exceptions
to the Rule?

/
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AN INTEGRATED REVIEW OF RECOVERY AFTER MILD
TRAUMATIC BRAIN INJURY (MTBI): IMPLICATIONS
What Facto rs FOR CLINICAL MANAGEMENT

Grant L. Iverson™, Thomas W
ke, Matthew R. Powell’, William
Iy

Allister,
. Bart®,

Predict
Recovery &
Outcome after
mTBI?
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TBI Prognosis and Outcome:
Some Things Are Crystal Clear...

Association Between Injury & Qutcome
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Injury Severity and Outcome,

A Meta-Analysis of Prospective Studies on| TBI Outcome

Kimberly A. Cappa, Judith C. Conger, and Anthony J. Conger
Fur *

Predicting Qutcome 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

Effect Sizes: 0.2 Small, 0.5 Medium, 0.8 Large
< 0.3 Difficult to detect in individual patients; large overlap bi/n patients and control group

Cappa et al, 2011, Meta-Anal of head injury Outcome, Health Psychol, V3, 542
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Factors Influencing Recovery and Outcome After TBI

Adapted from Iverson, Zasler, Lange, 2008

Injury-Related

Motivational Structural
DIeuD: Factors

Factors Dz::ge metabolic
Factors
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f TBI Symptom :
=] Recovery, latrogenic =4
g “Good Ole Functional Effscts =
2 Days” Bias =
& Qutcome — <
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/ Anxiety
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Social
Comorbidities

Factors

What is the Single Biomarker
of Heterogeneity?
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Biomarker Balancing Act:
Sensitivity vs. Specificity

Meta-Analytic Methods and the of Non-TBI
Factors Related to Outcome in Mild Traumatic Brain
Injury: Response to Bigler et al. (2013)

Diffusion tensor imaging studies of mild traumatic
brain injury: a meta-analysis Glenn J. Larrabee', Laurence M. Binder, Martin L. Rohling’,
Yuta Aoki,"? Ryota Inokuchi'* Masataka Gunshin," Naoki Yahag,'* Hiroshi Suwa” and Danielle M. r

Acute DTI diferences have been reported in association with mTBI, with evi-
dence of normalizaton over 3-5 months post trauma (Mayer et al. 2010). Lange, Iver-
son, Brubacher, Madkr, and Heran (20120) compared patiens with mTBI to
orthopedic ontros on DI 6 weeks post trauma. There were no sigifcant DTI dif:
ferences between mTBI and trauma controks. Moreover, within the mTBI subjects,
there were no DTI differences between those subjects who met versus those who did
ot meet ICD-10 crieria for postconcussion disorder. In a meta-analysis of 13 studies
reparting DTI findings in mTBL, Aoki, Inokuchi, Gunshin, Yabagi, and Suwa (2012)
reported significant effctsizes for baih the corpus callosum and the splenium of the
corpus callosum, Inspection of ther Figure 2 shows an ovepll ¢
fractional anisotropy in the corpus callosum (small and ineflective for purposes of]
diagnosis due t0_82% overlap of g s. sce Cohen, 1988).
Only one of the I3 studies employed orthopedic trauma coniros, examined subjects 2
months post trauma, and yielded the second smalkst effct size, ~0.067,
resenting a 95% overlap of controls and mTBI (Lange et al, 2012b). In

¢ of 025 fir

Diagnostic Utility at the Individual Patient Level?
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Prognostic Utility of Imaging Biomarkers?
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Diffusion Tensor Imaging Findings Are °
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A Prospective Biopsychosocial Study of the Persistent

Post-Concussion Symptoms
following Mild Traumatic Brain Injury

Aostact

About Injury &

Who Comes to Injury

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.

in High School and College Athletes

Michse] MeCres, Kevi Grskiowics,
Stepben W Mashal " Matew

Incidence, Clinical Course, and Predictors of Prolonged
Recovery Time Following Sport-Related Concussion
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Predicting Risk & Recovery After SRC

Symptom Recovery
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Sars
Assessment Point

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
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Neurobiopsychosocial Model of mTBI:

Multidimensional Prediction of Recovery, Outcome & Risk

Multi-Domain Predictor Variables

Neurobiological
Pre-Injury Trauma Burden || Biomarkers Psychological || Environmental || 1o oo
Factors - Structural/ Function Factors Fact

- Injury Severity e actors

- Genetics - Repetitive [t - Premorbid - Social Support e
e iSUSioeic Exposure - Blood - Postinjury ~Life Stressors || _ Se;‘:‘ed‘: g;‘m

Vulnerabilities - Polytrauma B e Comorbidities  latrogenesis it/
| Multi-Di ional Outcome |

I T
Health Life Function &

Neurologic Health Quality

’ Function ‘ ’ Function ‘ ’ and Wellness

McCrea & McAllister, 2013

mTBI Recovery, Outcome & Risk Model
o posT-ACuTE | cionc |

Full clinical recovery typical Persistent or

. worsening symptoms
Modestly prolonged clinical 8 symp!
recovery in more severe injuries Chronic, nonspecific
disabilities

Neuro- Suggestion of lingering

Effects of Injury

biological physiological recovery Outcome most.
dysfunction Early influence of strongly associated
o non-injury factors withioo D e
Significant factors
Clinical
symptoms,
impairments

Intervention
Days 0-14 Days 15-45 > Day 45
Longitudinal Time Course

Role of Assessment as Intervention & Prevention

ot

Never Underestimate the Value
of the Neuropsychologist!
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Implications for Translational Research
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Injury Pathophysiology -
Biomechanics - Diagnostics
— - S

N

PH: Education and

Recovery.
S ) Prevention &

Outcome

In A Single Study Design?

Future Research Directions:
Comprehensive Study of Injury & Recovery

A

Understanding the Natural History of Clinical & Neurobiological Recovery
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MEDICAL
COLLEGE
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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

NCAA-DOD GRAND ALLIANCE .
A Concussion Research and Education Initiative Sponsored by United States

Department of Defense (DoD)
& National Collegiate Athletic
Association (NCAA)

3 Years, $28M

Principal Investigators:
S. Broglio, PhD
Thomas McAllister, MD
Michael McCrea, PhD
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ARC Overview: Specific Aim

Utilize the framework of the CSC (Aim 2) to conduct advanced
scientific studies which integrate biomechanical, clinical,
neuroimaging, neurobiological and genetic markers of injury
to advance our understanding of neurophysiological effects
and recovery after SRCin college athletes.

’ NCAA-DOD
Grand Alliance
CARE Consortium
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ARC Assessments

Sub-Acute Recovery Chronic/

Pre-
Acute Concussion
Season Remote

. Unrestricted
Asymptomatic / 7 days
. <6hrs 24-48h Cleared for (R D following 6 Months
Baseline  Post- Post- Play ]
Injdry Injary, Return to Play Return to Post-Injury
Progression Play

Neurocognitive and
Psychological Health X X X X X X X
Testing.

Blood Biomarker &

g g g g X g
Multi-modal M

° X X X X

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

’ NCAA-DOD

Grand Alliance
CARE Consortium

Neurobiopsychosocial Model of mTBI:

Multidimensional Prediction of Recovery, OQutcome & Risk

Multi-Domain Predictor Variables

| Neurobiological
Pre-njury Trauma Burden || Biomarkers PS:i:::}:;wl Envi;ﬂ;mental .
- actors
factors - Injury Severity :‘::\‘::;‘:'::'I/ Factors
- Genetics - Repetitive Imaging - Premorbid - Social Support. B
pticu closic R0 -Blood - Post-injury - Life Stressors g o W
Vulnerabilities - Polytrauma e Comorbidities - latrogenesis econdary Gain
[ Multi-Dimensional O |
T
. i Health Life Function &
Neurologic Health g g P
N | Function | | Function | ’ and Wellness ’ Quality
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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@mcew.edu
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