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Roadmap

* What is a concussion
* Incidence/prevalence
* Long-term effects

* Human studies

* Animal studies

* Future directions
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Concussions

What is a concussion?
* Diffuse

* Invisible; no biomarker
« Microscopic

* Metabolic

* Axonal

* No biomarker

* Concussion is a transient neurometabolic injury
that typically resolves in under 2 weeks
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Signs & Symptoms

Acute symptoms
vary:

- Time to “Once you've seen one
presentation concussion... you've seen

- Duration one concussion.”

- Severity

- Type

- By sex, age, etc.
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Signs & Symptoms

« Feeling tired,
having no
energy

« Sensitivity to
noise or light

THINKING/ Y PHYSICAL 4 emoriona/ @ sLeep
REMEMBERING MooD DISTURBANCE
« Difficulty thinking | « Headache « Irrtability « Sleeping more
arly * Nausea or * Sadness than usual
« Feeling slowed vomiting « More emotional | * Sleeping less
(early on) + Nervousness than usual
« Difficulty « Balance or anxiety « Trouble falling
concentrating problems asleep
« Difficulty * Dizziness
remembering new | o Fuzzy or blurry
information vision

Concussion Epidemiology

1.6-3.8 millien concussions sustained
annuzlly in the U.S

Figures may be an underestimate as
concussions are underreported and
underdiagnosed; some studies suggest
that =50% go unrecognized

In recent years, the number of
diagnosed concussion has increased in
some populations

More to come...
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Concussion v. repetitive brain
trauma
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Chronic Traumatic Encephalopathy (CTE)
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The latest on CTE

* Neuropathological diagnosis

Acta N

CONSENSUS PAPER

The first NINDS/NIBIB consensus meeting to define
neuropathological criteria for the diagnosis of chronic traumatic
encephalopathy

a D. Folkerth®

MNormal
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Hallmarks of CTE Pathology

. ; il L
CTE “depths of sulcus

1. Fecal epicenters at depth of sulci « Perivascular
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CTE is unique neuropatholo
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Clinical Presentation of CTE

Clinical presentation of chronic traumatic
L'n(CPhLl[()PQ"h'\'

ABSTRAC

Clinical presentation less well understood.

- Cognition (e.g., memory difficulties)
- Mood (e.q., depression, anxiety)
- Behavior (e.g., explosivity)

phalopathy brain bank

Symptoms correlated with CTE fall in 3 domains:

The latest on CTE
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The latest on CTE
|

Resexrch

JAMA | Original Investigation

Clinicopathological Evaluation of Chronic Traumatic
Encephalopathy in Players of American Football

Thor D. Stein, MD, PhD; Ann C. McKee. MD
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The latest on CTE

Football Players Diagnosed with CTE, convenience sample
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Overall(1=202)  NFL(n=111)  CFL(n=8)  SemiPro(n=14) College(n=53)  Hs(n=14)  PreHs(n=2)

m%CTE m%NoCTE

Wlaz, Daneshvar, Kiernan, et al. July 25 2017 JAMA

The latest on CTE

* The punchline:

* In convenience sample of posthumously examined
brains from individuals who played football, there
was a high rate of CTE

* More severe CTE was more frequently found in
individuals who played at a higher level and
individuals who died at an older age

« The caveats:

« Referral bias, recall bias, no comparison group, ste.
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Gaps in knowledge

* Human studies leave many unanswered
questions:

* True incidence/prevalence of concussion

* Incidence/prevalence of CTE; no in vivo diagnosis

* Causal relationship between brain trauma and CTE

* Causal relationship between football and/or CTE
pathology and associated symptoms

« Definitive claims of progressive nature of pathology
or clinical symptoms
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Gaps in knowledge

* Human studies leave many unanswered
questions:

» True incidence/prevalence of concussion

* Incidence/prevalence of CTE; no in vivo diagnosis

+ Causal relationship between brain trauma and
CTE pathology

+ Causal relationship between football and/or CTE
pathology and associated symptoms

« Definitive claims of progressive nature of
pathology or clinical symptoms

Animal model of TBI & CTE

* Weight dropped (54.3gm bolt) onto head
* Head free to rotate

* Measure loss of consciousness time

* Measure cognitive function

Kondo A, Shahpasand K, Mannix R, Qi J, Moncaster J, Chen CH, Yao Y,Lin YM, Driver JA, Sun Y, Wei S, Luo
ML, Albayram O, Huang P Rotenberg A, Ryo A, Goldstein LE, Pascual-Leone A, McKee AC, Meehan W, Zhou
X2, Lu KP. Antibody against early driver of neurodegeneration cis P-tau blocks brain injury and tauopathy.
Nature. 2015; 523:431-436.

Impact T8I

Animal model of TBI & CTE

c 6h 12h 24h 48 h

2weeks  2months f 4a8h

48 h

Kondo A, Shahpasand K, Mannix R, Qiu J, Moncaster J, Chen CH, Yao Y,Lin YM, Driver JA, Sun Y, Wei S, Luo
ML, Albayram O, Huang P,Rotenberg A, Ryo A, Goldstein L, Pascual-Leone A, McKee AC, Meehan W, Zhou
X2, Lu KP.Antibody against early driver of neurodegeneration cis P-tau blocks brain injury and tauopathy.
Nature. 2015; 523:431-436.
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Animal model of TBI & CTE

Repetitive Traumatic
Brain Injury

Morris Water Maze
v'Hidden trials
v'Probe trials

Lynn Tatton 2007

Kondo A, Shahpasand K, Mannix R, Qiu J, Moncaster J, Chen CH, Yao Y Lin YM, Driver JA, Sun Y, Wei S, Luo
ML, Albayram O, Huang P.Rotenberg A, Ryo A, Goldstein LE, Pascual-Leone A, McKee AC, Meehan W, Zhou
X2, Lu KP. Antibody against early driver of neurodegeneration cis P-tau blocks brain injury and tauopathy.
Nature. 2015; 523:431-436.

Animal model of TBI & CTE
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Kondo A, Shahpasand K, Mannix R, Qiu J, Moncaster J, Chen CH, Yao Y Lin YM, Driver JA, Sun Y, Wei S, Luo
ML, Albayram O, Huang P.Rotenberg A, Ryo A, Goldstein LE, Pascual-Leone A, McKee AC, Meehan W, Zhou
X2, Lu KP. Antibody against early driver of neurodegeneration cis P-tau blocks brain injury and tauopathy.
Nature. 2015; 523:431-436.
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Animal model of TBI & CTE
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Animal Model of TBI & CTE

Takeaways:
* Repeat brain injury, in R

short succession, causes
CTE-like tau accumulation \
« CTE-like tau accumulation 417

causes some behavioral n
symptoms in mice ‘\‘g&.

« Antibody induced removal t ¥ T
of tau reverses behavioral o et e
symptoms to some extent

Challenges

* Generalizability of animal model to humans
unclear

« Similar experiments in humans unethical or
infeasible

« Change in game/exposure over time

« Hard to find appropriate “control” group for
NFL athletes for purposes of comparison

« ...and many more
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Beyond CTE

* Depression
* Anxiety
* Executive Dysfunction

* Physical Activity
« Team-building
+ Social Support
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Thank you

Special thanks to my many
colleagues and collaborators,
especially Dr. Ann McKee who
shared many of the CTE
images that were included in
this presentation.






