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mTBI: What’s all the Fuss About?

Hospitalizations Due to Head . 2.5-3.8_mi|lion mTBI estimated
Injury annually in U.S.

» True incidence unclear: 30-50%
never receive medical attention

Severe

* Far fewer see a neurosurgeon,
neurologist or neuropsychologist

 Subset with persistent symptoms
and disability (“PCS”)

. -  Costly public health issue in the
> 1 million mTBI ED visits per year billions of $

$100 billion/year in U.S » Hot Buttons: Sports, Military

mTBI Disconnect:
Lowest Mortality, Major Clinical Challenge, Least Science

Michael McCrea, PhD, ABPP-CN
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Clinical Challenges in mTBI

Was the accident sufficient to cause the patient to
sustain a traumatic brain injury?

What are the effects of this injury on brain
function?

How long should it take for the patient to recover?

Is the cause of their persistent symptoms “organic”
or “mental”?

Historically, all hampered by lack of science
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Challenges in mTBI Research:
One Reason It’s So Hard

Comorbidities in mTBI Patients Presenting to Level | Trauma Center

Mechanism of Injury (n=1,566)

MVC
Fall
Assault
Trauma
MCC

55.4%
19.1%
11.8%
10.0%

3.8%

Pre-Admission DSM Axis |
Narcotics Diagnosis

Alcohol on
Admission

Psychotropic
Medication

Narcotics
Given in ED

L. Nelson et al., TCN 2013
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Research Challenges in mTBI:
The Denominator Problem

Prospective, Population-Based

All Occurrences of mTBI/Concussion

Hospital ED Visits/Admissions

Neuroscience Specialists

Neuropsychologists

Ongoing Follow-up

Retrospective,
Clinic Samples

PCS

Significant Impact on Epidemiology and Clinical Science of mTBI

Do As | Say...

“Dad, | want to be a
scientist”

“That’s great, honey.
Just stay out of the
weeds and pick
something other
than mTBI to
study.”

Michael McCrea, PhD, ABPP-CN
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Alternative Paradigms for mTBI Research

pgin--
680 177> = cAL KN

Sports Laboratory Assessment Model (SLAM)

Sports Concussion: mTBI Laboratory

(Barth, 2001)

e Large sample at risk

¢ Defined Exposure Period

¢ Preinjury Baseline Measures
e Eye Witness Account: AIC’s
¢ Immediate Assessment

¢ Serial Testing/Continuity

¢ Normal Controls

* Repetitive Concussion

¢ Chronic Exposure

e Longterm follow-up

How Can We Inform the Broader Science of mTBI?

Michael McCrea, PhD, ABPP-CN
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_essons Learned

1. Wealth of data on acute
clinical effects and recovery
after SRC & mTBI.

2. Emerging research on acute
physiological effects and
recovery after SRC & mTBI.

3. Movement toward an
integrated, evidence-based
neurobiopsychosocial
model of mTBI recovery.

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

Michael McCrea™, Grant L. Tverson™, Thomas W. MeAllister®,
Thomas A. Hammeke?, Matthew R. Powell', William B. Barr®,
and James P. Kelly™

AP Poycholagy Press

[E3 MANAGEMENT OF PEDIATRIC MILD TRAUMATIC
BRAIN INJURY: A NEUROPSYCHOLOGICAL REVIEW
FROM INJURY THROUGH RECOVERY

New Understanding of mTBI
Rethinking Postconcussion Syndrome

Scientific Advances in mTBI:
Acute Effects & Recovery

MECHANISM TRUE NATURUAL HISTORY

=

o

Acute Efects and Recovery Time Following R e
: Concusion n Collegate Foothll Players
/oSRN :: The NCAA Coneussion Sty

DS it

Minimum Clinical Physiological
Threshold: Recovery: Recovery:
How much is enough How long does it take How long does the
to cause brain injury? for sign & symptoms brain take to

to recover? recover?

Driving Evidence Based Diagnosis, Assessment and Management

Michael McCrea, PhD, ABPP-CN
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Biomechanics of TBI

A (0.96")

The Tried & True

Long Road of Clinical Translation

mTBI Laboratory!

-
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Measure and
record blows
to the head:

- Impact location

- Impact
magnitude

- Impact duration

- Linear and
angular
acceleration
components

- Exact times of
impacts

- Sync w/ video

Biomechanics of mTBI in Humans:
How Much is Enough to Cause Brain Injury?
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Daily Top 10 List

Guskiewicz et al, UNC

HITS Studies: Concussion Threshold?

MORE THAN A “DING”
e > 250K impacts in 100 players
e 19 concussion with HITS

» Ave. impact of concussive events:
1039 (33) (<1% of NC impacts > 95g)

» Controlling for rotational
acceleration, location of impact on
the head, concussion:

— 17x more likely if PLA >100g
— 15x more likely if PRA > 5000r/sec2

Pellman et al: peak acceleration-concussion 98 g (+/- 28), non-concuss 60 g (+/- 24)
Zhang (2004): Probability of MTBI — 25% at 66g, 50% at 829, 80% at 106 g
Brolinson (2006): Average peak acceleration 103.3 g (range 56-118 @)

Michael McCrea, PhD, ABPP-CN
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What Does That Mean in Real Life?

* 100 g PLA equivalent to 25 mph MVA into brick wall, striking head
against dash (unhelmeted)

« Significant rotational acceleration component
» Highlights significance of head impacts in SRC (not so mild)
« Provides context for interpretation of injury mechanisms

Progress in mTBI Research:
Acute Effects & Recovery

INJURY TRUE NATURAL HISTORY OF
MECHANISMS RECOVERY

| PERIOD OF VULNERABILITY
= Paricd i lead 1 ime

Acute Effects and Recovery Time Following
Concussion in Collegiate Football Players

The NCAA Concusson Study L. IR NN ERENEEE .
=Ty B0 FoR GLucosE
"\ e e, P, ¥ g i g bt e b P~ P
VN Srphrs dal P i wely ezt e eecs i vy st (Normal) \‘IFSVA‘:N
(e = e w b
3 = o 50 N—

G
/‘r;r‘/‘ \ ¢ /1 Giza & Hovda, 2010
Threshold/Dynamics: Clinical Recovery: Physiological Recovery:
How much is enough How long does it take for How long does it take for the
to cause brain injury? signs & symptoms to recover? brain to recover?

New Evidence Base to Guide Diagnosis, Assessment and Management

Michael McCrea, PhD, ABPP-CN
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Acute Effects and Recovery Time Following

Concussion in Collegiate Football Players
The NCAA Concussion Study

Michael McCrea, PhD

JAMA 2003; 290:2556-2563

— Context Lack of empirical data on recovery time following sport-related concussion

Kevin M. Guskiewicz, PhD, ATC hampers clinical decision making about retum to play after injury.
Stephen W. Marshall, PhD Objective To prospectively measure immediate effects and natural recovery course
William Barr. PhDD relating to symptoms, cognitive functioning, and postural stability following sport-

related concussion.

Christopher Randolph, PhD Design, Setting, and Participants Prospective cohortstudy of 1631 football play-

Robert C. Cantu, MD ers from 15 US colleges. All players underwent preseason baseline testing on concus-

T A A\ sion assessment measures in 1999, 2000, and 2001. Ninety-four players with concus-
t],f‘m“‘ A. Onate, PhD, ATC sion (based on American Academy of Neurology criteria) and 56 noninjured controls
Jingzhen Yang, MPH underwent assessment of symptoms, cognitive functioning, and postural stability im-
James P. Kelly, MD mediately, 3 hours, and 1, 2, 3, 5, 7, and 90 days after injury.

Over 25,000 Athlete Seasons, 1,500 Concussions Studied

Can we measure the
acute effects of...

...What does early
recovery look like?

Michael McCrea, PhD, ABPP-CN
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Symptom
Recovery
After
mTBI

- q
Not tonight, honey, I have a concussion.

Michael McCrea,

[ |
Symptom Recovery after Sport-Related Concussion
% % S E—
== NCAA Control +HS Comml
% O Coression 25 415 Concussion
=2 :
:
10 «
5 ]
BL CC PG D1 D2 D3 D5 o7 D30 BL CC PG DI D2 D3 05 D6 D45
Assessment Point Assessment Point

Higher score indicates more severe symptoms; error bars represent 95% CI
McCrea et al., JAMA 2003

PhD, ABPP-CN 10
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How Long Does it Take to Recover?

Rate of Postinjury Recovery Total (%) Cumulative
in HS and College Athletes (n=790) Total (%0)
Rapid (< 1 day) 21.1 21.1
Gradual (> 1 day, < 7 days) 64.3 85.4
Prolonged (1 week — 1 month) 11.9 97.3
Persistent (> 1 month) 2.7 100.0

2013 (n=94): Mean Symptom Recovery 5.75 Days (4.48)
90% Recover in 10 Days or Less, 2% > 30 days

Jownal of national Neuropsychological Society (2013, 19, 22-33.
Cop) -d by Cambridge University Press, 2012,
doi: 1781 17712000872

Incidence, Clinical Course, and Predictors of Prolonged
Recovery Time Following Sport-Related Concussion
in High School and College Athletes

of mere severs injury. (JINS, 2013, 19, 22

GSC Total Score

Symptom Recovery

T T T T T T T
Baseline CC  3HR ‘II 2 3 5 T 45{90

Days
Assessment Point

10% take > 7 days to recover

Acute severity predicts recovery

2.5% symptomatic > 45 days
No impairment on objective
measures at Day 45 relative to BL

Michael McCrea, PhD, ABPP-CN
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Translational Research?

Civili Militar

How Do the Findings Apply to Other Populations at Risk of mTBI?

Civilian Symptom Recovery . Pprospective study of 123 mTBI
patients, 100 TC’s

» Evaluated in ED, follow-up at 7
days, 3 mos

2y 12 Amesicas Fy al Assocutee.
ot g

Predictors of Postconcussive Symptoms 3 Months After Mild Traumatic

Brain Injury
L T e * PCS scale and cogn_ltlvg testing,
e, e Hoil o N T R R, Mo, A SF-36, MINI Psychiatric
Institute, Melbourne, Australia A
, N screening, HADS, PTSD CL
Monash University; Mzii?&l:wg?ﬁnéshlhiliuﬁnn Research Monash Umwﬁﬁﬂﬂiﬁ%ﬁﬁ‘l\l\ﬁ;h Institute and .
Cone, Epend il e T R Uiy of St Al  Elevated PCS scores in mTBI

Michael Sch i
Monash University; Monash-Epworth Rcha'nilitafmn Resrsscgl}lbfn?:rF,pwmh Hospital; and University of Freiburg g rou p at Day 7 1 nOt d Iffe re nt fro m
Objective: There is cootinuing controversy reganding predictors of peor oatcome following mild TCS at 3 mOS
traumatc beai iy (TBI). Thisstody imed t0 pospecively examine the nflaence of peinfury R
g oy e Tt e  PCS at 3 mos predicted by

department and followed up | week and 3 moaths postinjury. Qutcome was mezsured in terms of

T T e o e o o preinjury physical problems and
Speed and Reaction Time modeles, pre- and posiinjory SF-36 and MIN] Psychiatric status ratings, VAS .
i ey, ol Aty i Depresion See, TS s e, o Revsed S concurrent psyc hosocial factors,

Readjustment Scale, Results: Presence of mTBI peecicied pastconcussional symploms | week postin-
jory, slong with being femae and prerorbid psychiatic history, widh elevaied HADS anviery a

concument indicator. However, a1 3 mooths, preinjury physical or psychiatric probleass bot nct mTBI not by mTBI
mast strongly predicted continuing symptoms, with coocurment indicators including HADS anxiety,
PTSD symptoms, other life stressors and pain. HADS aaxiety and age predicted 3-month PCS in the

TS, hs FSD o e e e o s e s » Cognitive measures not predictive

Cogaitive measares were ot predictive of PCS at | week or 3 moeths. Comclusioas: Givea the videat
iafluence of both premorbid 40d concureat piychiaic probleas, especilly saxiety, on postiojry

sympioms, menaging the anxiety response in vulnerable individuals with niTBI may be importent to of PCS at 7 days O r 3 m OS

minimire oagoing sequelae

Michael McCrea, PhD, ABPP-CN
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The Clinical Neuropsyehologist, 2011, 25 (5), 702 715 I.P Psychology Press
“httpy/jwwnw.psypress.comften e
ISSN: 1385-4046 print/1744-4144 online

DOL: 10.1080/13854046.2011.566392

Symptom Complaints Following Reports of Blast
Versus Non-Blast Mild TBI: Does Mechanism of Injury
Matter?

Heather G. Belanger', Zoe Proctor-Weber®, Tracy Kretzmer',
Michelle Kim', Louis M. French™*”, and Rodney

D. \’anderploegu’4‘5

'Department of Mental Health and Behavioral Sciences, James A. Haley VA, Tampa,
FL, USA

ZDE'pa.ﬂ.m:TlI of Psychology, University of South Florida, Tampa, FL, USA

;D:panm:m of Mental Health and Behavioral Sciences, Bay Pines VA Healthcare System,
Bay Pines, FL, USA

‘Dep'mmsnl of Psychiatry, University of South Florida, Tampa, FL, USA

*Defense and Veterans Brain Injury Center, Washington, DC, USA

‘D:panm:m of Orthopedics and Rehabilitation, Walter Reed Amy Medical Center,
‘Washington, DC, USA

7De*.péu.’l:\ﬂsnl of Neurology, Uniformed Services University of the Health Sdences,
Bethesda, MD, USA

Patients with a reported history of mild traumatic brain injury (mild TBI) due to Hast
(n—293) or non-blast (1 —92) mechanisms were asked to complete the Neurobehavioral
Symptom Inventory (NSI) and the Post-traumatic Stress Disorder Checldist (PCL).
Mechanism of injury did not account for a significant amount of variance in post-concussion
symptomn reporting overall, nor did severity of mild TBI (i.e., brisf loss of conscousness versus
only an alteration of consciousness). Symptom reporting was greater in those injured more
than 1 month age compared 1o thoss injured less than 1 menth ago and in those reponting
‘higher levels versus lower levels of PTSD symptoms. When examining specific symptoms, the
only symptom that significantly varied between groups was hearing difficulty (with the blast-
imjured group reporting more severe difficulty with hearing). Findings suggest that greater
symptom reporting is most strongly related to emotional distress

Symptoms after
Military mTBI

298 blast, 92 non-blast mTBI
patients

NSI and PCL administered
Symptoms higher in mTBI <1
mo ago vs. > 1 mo ago, and with
higher PTSD sx’s

PCS not predicted by
mechanism or acute
characteristics of mTBI
Symptom reporting most
strongly associated with
emotional distress

What is an isosceles triangle? In
what year was the Great Wall of
China built?

Who invented dental floss?

Is Symptom Recovery Really Recovery:
Performance-Based mTBI Assessment

Hot Pursuit of Better Signal Detection

It must be a
concussion. He
didn’t geteven 1
question right.

Michael McCrea, PhD, ABPP-CN

13



MTBI and PCS: Scientific Update
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Cognitive Recovery after Sport-Related Concussion
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Lower score indicates more severe cognitive impairment; error bars = 95% Cl
McCrea et al., JAMA 2003

Cognitive Recovery: SRC

The neuropsychological impact of
sports-related concussion:

A meta-analysis » Meta-analysis: 21 studies, 790
concussions, 2014 controls

 Acute effects (w/n 24 hrs)
greatest for delayed memory
(d=1.00), memory acquisition
(d=1.03), and global cognitive
functioning (d=1.42)

 Overall ES (d=0.49)
comparable to non-sports
(d=0.54)

* No residual neuropsych
Impairment > 7 days postinjury

Michael McCrea, PhD, ABPP-CN
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Table |. Characteristics of the 39 studies included in the meta-analysis
Study Sample size; Tmmediate post-injury 14 Days postinjury ~ Mean study
study design assessment neurocognitive  time from  effect size  95% CI assessment effect size  95% CI quality score
assessment injury
(days)*
Barr and 118; control NC SAC 0.003 —2.52 —2.82, 222 8.75
McCreal“?
Bruce and 38; control 2 -1.30, -0.08
Echemendia!
Gallostall* 100 conkl ACUTE 056,03 SUBACUTE
Collins et all*!! 136; -1.03, -0.57
baseline-post- -1.56, -1.13
Concuesin 24 HR 14 DAYS
Collins. et al.!* 78; baseline—post- =1.16, -0.57
foipn COGNITIVE e 0 COGNITIVE
Cremona-Meteyard 21; control -1.08, 0.62
and Geffen™
Gomee wews | EFFECT SIZES: | +=22| EFFECT SIZES:
allol . -1.50, -0.43 *
Erlanger et al.'" 26; baseline—post- =1.42, -040
concussion
Field et al.®4 92; control -1.47, -0.69
-1.86, -1.11
Guskiowcz & 20; contol -0.81 (LARGE) | w&5x| -0.26 (SMALL)
all= -2.06, 045
Guskiewicz et 22; control -1.26, 037
allw . -1.65, -0.09 .
Cusioicz o 72 cotl SYMPTOMS: m.002 SYMPTOMS:
ali= =1.91, =1.09
Guskiewicz et 196 '3 . 3 1 -12.45, =121 - 1 . 09
all® baseline-post-
concussion BALANCE: BALANCE:
Hinton-Bayre et 20; control -1.19, 0.52
allsel _
Hinton-Bayre et 50; control 2 ) 56 -2.08, -1.07 1 N 16
alkHol
Iverson et al I*8 41; baseline-post- NC Computer 13 -0.72 =1.13, <0.30 650
concussion
Iverson et al 19; baseline—post- NC Computer 186 -0.16 -0.79, 047 6.50
concussion
Iverson et al.l*7l 30; baseline-post- NC Computer 15 -0.88 =1.36, -0.40 NC -0.23 i
concussion Sympt -1.45 -1.81,-099  Sympt 0 Brogllo et al" 2008

Acute Sports vs. Civilian vs. Military mTBI:

Cognitive Test Performance on Day of Injury

30

Sport Concussion
28 | 27.24

26
24.68

24

22

20

SAC Total Score

18

16

14

College Control College SRC
(n=77) (n=128)

Michael McCrea, PhD, ABPP-CN
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Jowmalof e Internasicnal Neuropeycholagical Seciery (2012), 18, 1-11.
ight © INS. Published by Cambridge Usiversiy Press, 2012
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Neuropsychological Outcome from Blast versus Non-blast:
Mild Traumatic Brain Injury in U.S. Military Service Members

Rael T. Lange, "** Somal Panchoki,"* Tracey A. Brickell,"” Sara Sakura," Aditya Bhagwat"**
Victoria Memitt,* avp Louis M. French'*”

*Dieparment of Rescarch, Defense and Veterans am l'r“lry Center, Nerth Bethesda, Marylnd
Deparment of Orthopaedics and Medial Ceater, Bethesda Maryland
Deparment of Pryehiatry, Universicy dEnmhuhm'bu Vancouver, British Colembia

“Foxt Betvoir Community Hospital, Fort Belvok, Visginia

SUnited States Public Health Service, Bethesda, Maryland

“Deparment of Psychology, Pennsylvania State Uriversity, State College, Pernsylvania

Deparment of Newology, Unifomed Services Universicy of the Health Sciences, Bethesda, Maryland

(Recanan July 29, 2011; Foow. Revivow Juneey 31, 2012; Aocerrss Feteuary 7, 212)

Abstract

The puspose of this study was to compare the reuropsychological ovtoome from blast-related versiss non-blast related
mild trapmatic beain injury (MTBI). Participants were 56 U.S. miitary service members who sustzined an MTB, divided
nto two groups besed on mechanism of injury: (<) non-bisst relsted (Nom-biast, 1 21), and (b) blast plus secondary
blunt trauma (Blast Plus; « - 35). AL participants had sustained their injury in theatre whildt deployed during Operation
Iraqi Freedom or Operation Enduring Freedom. Patierts had been seen for neuropsychological evaluation at Welter Reed
Army Medical Center on average 4.4 months (SD 4.1) post-injury. Measures included 14 chinical scales from the
Personality Assessment Inventory (PAT) and 12 conmon nevrocognitive measures. For the PAI, there were no sigrificant
differences between groups on all scales (p > 05). However, medium effect sizes wer: found for the Depression (d49)
and Stress (d A7) scales (i, Blast Plus > Non-blast). On the nevrocogritive messures, after cortrolling for the
influence of psychological distress (i.¢., Depression, Stress), there were no differences between the Non-blast and Blast
Plus groups on all measures. These findings provide line evidence to suggest that blast exposure plus secondary biunt
tranma restlts in worse cogritive or psychological recovery than blurt tranma alore. (JINS, 2012, 18, 1-11)

Military mTBI

* 56 MSM w/ mTBI in OEF/OIF

21 non-blas

» Neurocognitive battery and PAI

t, 35 blast+blunt

4.4 (4.1) months post-injury
* PAI: no group differences on
any scales; medium ES for Dep

(.49), Stress (.47) (Blast+ > NB)

» No group differences on any
cognitive measures after
controlling for Dep, Stress

 Little evidence to suggest that
blast+blunt results in worse

cognitive or psych recovery than

blunt

Cognitive Recovery: Civilian mTBI

Factors moderating neuropsychological outcomes
following mild imatic brain injury: A meta-analysis

ATHER G. BELANGER.' 4 GLENN CURTISS," JASON A. DEMERY,'*
IAN K. LEBOWITZ. » RODNEY D. VANDERPLOEG
Flockd

ry (MTBI)

mild (Kraus & Nourjah,
1 loss or alterat

A quantitative review of the effects
on cognitive functioning

DAVID J. SCHRETLEN & ANNE M. SHAPIRO

of traumatic brain injury

Deparemenc of Prychiaery and Behavioral Sciences, Johns Hophins University School of Medicing,

Baltimore, Marytand, USA
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Introduction

Along with changes in emotional stability, per-
, and independence for activities of daily
living, cognitive impairment frequendy results from
traumatic beain injury (TBI). These deficits, in turn,
likely mediate more distal outcomes of TBI, such as
return to work and other aspects of social role
engagement (Schretien, 2000; Sherer er al., 2002).

Consequently, the cognitive effects of TBI have
received a great deal of research attention, and many
excellent reviews are available (Erlanger e al., 1999;
Ewing-Cobbs & Bames, 2002; Goleburn & Golden,
2001; Maroon e al., 2000). Although Binder e al.,
(1997) published a meta-analysis of the effects of
mild head injucy o0 cognitve funcsoning, oo quan-
M over th

The terms used to describe traumatic
brain injuries vary among investigators and have
evolved over time. We will use ‘mild head injury’
(MHI) 1o refer to any blow to the head that: (1)
causes an alteration or loss of consciousness (LOC)
for no more than 30 minutes; (2) results in post-
traumatic amnesia (PTA) for less than 24 hours;
(3) yields a Glasgow Coma Scale (GCS) score of
13-15; and (4) does mot produce a skull fracture,
abrormalities on structural brain imaging, or focal

e setted > 2 years povt-ingury.

neurological signs. This definition includes concus-
sions of grades 1-3 per Torg (1982) and grades 1-2
per Cantu (1991) and the American Academy of
Neurology (AAN, 1997). However, it excludes
persons with >24 hours of PTA or >30 minutes
LOC, who would be classificd as having grade 3
concussions by Cantu (1991) and the American
Academy of Neurology (1997), respectively. We
prefer the term head injury to brain injury for these
cases because it remains unclear whether mild
uncomplicated concussions cause permanent brain
injury (Binder, 1997; Gualtieri, 1995; Margulies,
2000). A minority of patients who sustin such
injuries report persisting problems with concen-
tration, memory, and other cogaitive abilities
(Alexander, 1995), but these complaints may not
correlate with persisting impairment on perfor-
mance-based measures gnitive functioning
(Satz et al., 1999). If mild head injuries do impair
performance on cognitive testing as reported by
some investigators, the scverity of these deficits and
their temporal course remain unclear.

Although experts also distinguish berween moder- |

ate and severe TBI, often based on post-resuscitation
GCS scores (with 9-12 being moderate, and 3-8
being severe), such patients usually are grouped
together for research purposes. Thus, we combined
all studies of traumatic brain injury, in which severity
exceeded the criteria described above, as ‘moderate—
severe’ TBL It is widely held that cognitive deficits

pondence to: David J. Schretien, PhD, Johns Hopkins |
T1287.7218, USA. T

155 prin
BN 1010800092 40340
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< 24 hours

Neurocognitive Effects of mTBI

Meta-Analytic Studies and Reviews:
Frencham, 2004; Belanger et al., 2005; Schretlin & Shapiro, 2005; Broglio et al 2008; Iverson, 2011; Rohling et al 2011

1-6 Days 7-30 Days 30-90 Days

Effect
Sizes 0.6
(d)

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

Adapted from Iverson, 2011

Non-specificity of Neurocognitive Performance

1.2
lverson, 2005
1
0.8
0.6
0.4
0.2
0
Y Y Y Y 2,
B, R O %
(] 2 7 Yo, %
) W v e %,
4 o % % %
P 2
€ &
% %
2 %

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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Michael McCrea,

mTBI Clinical Recovery & Outcome

World Health Organization (2004):

» 120 “best evidence” studies on mTBI e
prognosis

» Symptoms temporary after MTBI, with full than

recovery in days to weeks in overwhelming | discrepancy in
majority of kids and adults evidence on

« Sound evidence for favorable prognosis acgte effects
« Little evidence of residual cognitive, and recovery

~

More overlap

behavioral or academic deficits é‘_ft?l'_' SRC’d
: : ivilian an
 Persistent symptoms (i.e., PCS) may be -
attributable to non-injury factors \_Military mTBI /
(demographic, psychosocial, medical,
situational factors) (Carrol et al., 2004)

Progress in mTBI Research:
Acute Effects & Recovery

INJURY TRUE NATURAL HISTORY OF
MECHANISMS RECOVERY
Acute Effects and Recovery Time Following (S e

Concussion in Collegiate Footbal Players
:: The NCAA Corcussion Study I T

Jashs Vg W ltws e o, o ackrig s peasd bl
T e, oo 1.1 351, 50 o Giza & Hovda, 2010

Threshold/Dynamics: Clinical Recovery: Physiological Recovery:
How much is enough How long does it take for How long does it take for the
to cause brain injury? signs & symptoms to recover? brain to recover?

New Evidence Base to Guide Diagnosis, Assessment and Management

PhD, ABPP-CN
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Pursuit of the Perfect “Biomarker”

MRI (3-T) / Functional MRI

weneo e MMENISERE brain fully recovered from M B2 v

1-back > 0-back 2-back > 1-back

fMRI:
Brain Controls
Activation
Changes
after mTBI

MTBI

Figure 2. The location of major cortical activation foci are displayed on a surface-rendered projection. The gyral location of activations

(bilateral dorsolateral prefrontal and superior parietal) were similar in both groups from the 0-back to 1-back condition. Major differences, as
described in the text, were observed in the 1-back to 2-back comparison. Note the more extensive activation of primarily Tight superior |
parietal and dorsolateral prefrontal cortex in patients with mild traumatic brain injury (MTBI).

McAllister et al., Neurology, 1999, 53, 1300-8.
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logical Saciety (2013), 19, §83-872.
e University Press, 2013,

Acute and Subacute Changes in Neural Activation during
the Recovery from Sport-Related Concussion

Kristin Flor n," Peter D, Leo,” Thomas A, Ge:

Encode Maintenance

Thomas A Hammeke," Mickael McCrea, Sarah M. Coats,” Matthew D. Verber,* Sally Durgerian,

FUNCTIONAL MRI: ACUTE SRC

DESIGN & PROTOCOL.:
» 12 FB concussed FB players, 12

matched controls studied 13 hr, 45 d PI

* Clinical testing, event-related fMRI
(load dependent WM task)

CLINICAL EFFECTS/RECOVERY:

» Acute symptoms and cognitive
impairments (RT, WM) at 13 hours

* No impairments at 45 days

fMRI ACTIVATION STUDIES:

» 13 HR: Decreased activation of RH
attentional networks in SRC group

» Correlate with cog deficits, symptoms

* 45 D: Reversed pattern (SRC>NC)
(compensatory increase=recovery)

M.E. Sheaton - H. M. Hamoda - J. §. Schoeiderman - S, Bouix «
0. Pasternak - Y. Rathi« M.-A. Vu+ M. P. Purohit - K. Helmer «
1. Koerte A, P. Lin « C.-F. Westin - R. Kikinis - M. Kubicki -

R A Stern+ R. Zafonte

A review of magnetic resonance imaging and diffusion tensor
imaging findings in mild traumatic brain injury

REVIEW

Neuroimaging Biomarkers in Mild Traumatic Brain Injury
(mTBI)

Erin D. Bigler

Michael McCrea, PhD, ABPP-CN
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