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Zenda Technologies®

Inventor and stockholder

Startup company to further develop the DETECT™
Technology — a novel tool for detecting concussions

BHR Pharma — Inventor of
technology licensed from Emory to create
path for progesterone technology to
consumer. Eligible for Royalties through
Emory University.

Public Health Burden of TBI in
the United States
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Faul, M etal. Centers for Disease Control and Prevention, National Center for Injury Prevention and Control, 2010
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“Every 15 seconds someone
suffers a head injury.
Every five minutes a person
becomes permanently disabled”

Comparison of Annual Incidence
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300,000 Concussions per year in Sports

Teen Sports Concussions
in the News

When Safety Is the
Name of the Game

Nathan Stiles wanted to keep playing

Nathan Stiles

Spring Hill Kansas High School Senior Nathan
Stiles collapsed on the sideline just before halftime
of his last football game. He died later at the
hospital.

Nathan Stiles (1993-2010)
17-year-old captain and homecoming

king ,3

http://espn.go.com/video/clip?id=espn:5847823

Friday, Oct. 29, 310

Spring Hill football player who died had ¢

concussion earlier 2o,
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Potential Consequences of Non-
fatal TBI

= Cognilive impairment
= Psychological and emotional
changes
Individual * Personality changes

* Sensory andfor molor
dyslunction

+ Scizure disorders

Coronado, VG et al. The epidemiology and prevention of TBI, in press, 2012




Potential Consequences of Non-
fatal TBI

- Psychological stress

Fﬂmlly: = Fconomi
Cﬂmm“nlty-, + Productivity loss
and Society + Newd lor supportive

seTvices

Coronado, V/G et al. The epidemiology and prevention of TBI, in press, 2012

Prevention: The Four E’s

[E ducation & Information
[E nforcement & Regulation
[Engineering & Technology

[E conomic Incentives

Estimated Economic Costs of TBI
$76.3 Billion in 2010

Medical
$11.58B

Indirect
$64.88
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Nationally 135,000 ER visits for children
ages 5-18 years annually
(www.cdc.gov/mmwr)

Intracellular Calcium Signaling

Secondary Injury

= Receptor Activation
= NMDA, AMPA, etc.

Neurotoxic

= Excitatory Amino Acids
= Glutamate, Glycine, others

= Critical lons
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fﬁ DAI (Diffuse Axonal Injury)
The most important and most common pathology of mTBI/ concussion
Difficult to detect, difficult to model

Evolution of Axonal Pathology

e 1
1 s
o

e g e — e ——

Terminal bulb Periodic varicosities

Courtesy of Douglas Smith, MD - Department of Neurosurgery, Director of PENN's &
Center for Brain Injury and Repair, University of Pennsylvania - -

CBIR

Mechanical failure of individual microtubules at multiple points
along axons leads to axonal varicosities

o

Movement potential region
progressing along the neuron .

Repolarization region
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2 microns

Stretch injury
breaks
microtubules

Repetitive mTBI

“period of vulnerability”, where another
mild injury is thought to trigger a greatly
exaggerated response

e ;

Channelopathy in Repetitive mTBI?

CBIR

Repetitive Mild Axonal Stretch-Injury’

3% strain
TO T=24hr T=26hr
1st mild 2nd mild  Fixation
injury injury
e

CBIR

Pre-2nd injury

Post -2nd injury

Repeat
mild injury

Repeat
mild injury
+TTX

Mild TAI (below calcium influx threshold) predisposes
axons to calcium influx with repeat exposure
24 hours later

3

CBIR

NaCh immunoreactivity

24hr post-injury

Posttraumatic increase in NaCh density = NaChO? s




Chronic Traumatic Encephalopathy (CTE)

e T
Detecting concussions
on the side lines...

=) The Need for Indpendent Evaluators on s> | SIGNS OBSERVED BY COACHING STAFF | SYMPTOMS REPORTED BY ATHLETES |

"Fl SIuellnes Appears dazed or stunned Headache or “pressure” In head

- 15 confused about assignment or position Nausea or vemiting
o v Forgets an Instruction Balance problems or dlzziness
15 unsure of game, score, or opponent Double or blurry vision

Moves clumsily Sensitivity to light

1 N 0 area Of Spo rtsm ed I CI ne Answers questlons slowly Sensitivity to nolse
i nvo IVeS more CI i n ical Loses consclousness (even briefly) Feeling slugglsh, hazy, fogay, or grogay

i Shows mood, behavior, or personality changes Concentration or memary problems
uncertail nty an d controve rsy can't recall events prior to hit or fall confusion
Can‘t recall events after hit or fall | Just not “feeling right” or “feeling down*

than the treatment of
concussion.”

Melvin Field, MD




Physical

= Headache
Mausea
Vomiting

* Balance
problems

* Dizziness

* \isual problems

» Fatigue
Sensitivity to
light

* Sensitivity to
noise
Mumbness/
Tingling

* Dazed or
stunned

Emotional |

Cognitive

Feeling mentally Irritability
“foggy" Sadness
Feeling slowed More emotional
down Nervousness
Difficulty

concentrating

Difficulty

remembering

Forgetful of

recent

information or

conversations

Confused about

recent events

Answers

questions slowly

Repeats

questions

Sleep

* Drowsiness

* Sleeping less
than usual

* Sleeping more
than usual

* Trouble falling
asleep

Concussions & Sports

Concussion:

trauma-induced alteration in mental status

Confusion and amnesia are key
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Maddock’s Questions

— Where are we playing? ? v ! .

— Which team are we playing
today?

— Who is your opponent
presently?

— Which quarter is it?

— How far into the quarter is
it?

— Which team scored last?

— Which team did we play
last?

— Did we win our last match?

i & L

C Recognition difficult

— Variety of signs and
symptoms

— Signs can be subtle

— Athletes reluctant to
report

— Awareness of
problem limited
among health
professionals

— No specific diagnostic *
tool

Standardized Assessment of
Concussion (SA

C Simple - no expertise needed
5 minutes to administer

C Preseason score for comparison
C Pocket sized cards




SAC

€ Questionable reliability on the field
€ Can't replace clinical judgment or

real neuropsych testing
C Sensitivity remains to be proven

%® HEADMINDER
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Cognition
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DETECT

Display Enhanced Testing for Cognitive
Impairment and Traumatic Brain Injury

History

JH—rH:N

Incredible need
Current state of the art for sidelines concussion testing
exceedingly poor
Over 6 years of research at Georgia Tech and
Emory & 3 major clinical studies
Immersiveness study
20/20 clinical study
405 subject validation study

Focus: mTBI (sports) & MCI
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DETECT™

Novel, portable, immersive platform for rapid
neuropsychological testing to assess cognitive
function:

mild traumatic brain injury (mTBI) / concussion
mild cognitive impairment (MCI) / early Alzheimer's

/

DETEC h

Technology

—— -

Hardware
Noise and Light attenuation
Portable
Ease of use

Software
7 minutes
Measures response time,

processing speed, working
memory, other cognitive scaljs/

Oogon by )..-.;.
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Component

Function

Ultra-mobile computer

Data storage and program interface

headphones

Head mounted display containing
virtual reality glasses, visual
isolation, and passive noise reduction

Visual and auditory immersion

\ Handheld controller

Input Device for answering questions /

DETECT

Display Enhanced Testing for Concussions

and mTBI

/

m:tr:c'h

Device components

TECHNOLOGIES

«Completed pilot

«Completed GT TBI exploratory study
«Completed

«Completed 400 p: study MCI
*Submitting STTR and VA study for TBI




DETECT™ Neuropsychological

Tasks:

bear

S

Selective Reminding - Subjects are asked to remember
a group of 12 words. They are then shown 24 words and
asked to respond when one from the original list is
recognized.

Simple and Complex - Subjects are asked to respond to
a stimulus with 1 to 3 characteristics: shape, color, and
internal line orientation. Correctness and mean reaction
time are recorded.

Go No Go - Subjects are asked to respond to a stimulus
with 2 characteristics: shape and orientation. If the arrow
is blue, they are to select the side that the arrow is
pointing. If the arrow is red, they are to select the side
opposite from where it is pointing.

1 Back - Subjects are asked to remember a face and
decide if the next face is the same as the one shown
previously. This test continues with over 30 faces.

2 Back - Subjects are asked to remember a face. Then a
second face is shown followed by a third. They are asked
to remember if the third face is the same as the first one.
This test continues with over 30 faces.

bear Delayed Selective Reminding - Subjects are asked to
remember the original group of 12 words.

/
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Domains Tested

Verbal memory (selective reminding)
Visual Memory

Delayed memory (selective reminding)
Executive Function

Working Memory

Reaction time

\ Attention & vigilance

The Willsr B

b )
Advantages of DETECT™

DETECT “Standard” NP testing

Short (5-7 minutes) Long (1 — 2 hours)

IMMErsiVe aepencent ot envionmeny Requires quiet testing room

Portable Facility dependent

Requires trained examiner

Objective (ndependent of examiner) to administer

Simple (yes no buttons) Complex

Cool! Not Cool! /

DETECT *

«Short (10 min.) ¢

JJHH.‘_I\)
Ly

Computer Based Common Screens

Testing MiniCog, MMSE

eLong (15—-30
min.)

eLong (1—2hrs.) eShort (5 min.) ¢

+Can be
administered
anywhere

eRequires noise- eRequires noise- | «Common exam
free room free room room

«Does not require

«Does not require

physician to % -ReqL!ir_es physician to ¥ -Requ'ir_es
deliver or score physician deliver or score physician
. . *Requires .
Simple to take ¥¢ | eLaborious keyboard skills Simple w
*Objective ¥ «Subjective *Objective % eSubjective

\_

DETECT MCI
20:20 Study

Wesley Woods Neurology
Clinic

The Wallace H. Coulter
Gegin Deparment of Biomedesl Engiaceriag

at Geagia Tech and Emory University




/ J.H.:"I I:L_ f,\ r

Results

DETECT MCI

Multivariable Analysis 400 Patient Stu dy
1
0.9
% 08
:
5 or B DETECT ) )
Wesley Woods Geriatrics
06
05
Stepwise Forward Backward

\ Model Selection Procedure /

. Preliminary Results
Results on large (400 patient) study (GT Footoall 32/005 o
MCI Probabilities Among MCI Delineations OO a =
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| Response Time Analysis Averages
i | 09 o
L) 08

Baseline  Post-Injury

06

05

04 ~Baseline testing pre-season

Avg Response Time (seco

03 «Concussed players vs. non-
02 injured players during game

ot «Injured players recorded

slower response times, with
Subject Number differences substantially
greater than controls

Proprietary & Confidential Proprietary & Confidential

Preliminary Results
(GT Football 2005-2006)

2006 Concussion Tests
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Head Impact Telemetry System or HIT Facts for Physicians

Riddell and Symbex TOOI Kit

www.cdc.gov
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GET YOUR HEAD IN THE GAME

A mamy a3 3.8 million sports. and secreation-related coneussions
are estimated 1o occur in the United States each yeas,
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The 2008 Zurich Conenius Staterment on Concasion in Sport Recommends

A Graduated Return-to-Play (RTP)
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Do’s and Don’ts with a Concussion

Cognitive Rest Childrens’

Cancussion i a beain injury. Limi brain actily to keep concussion signs frem coming bock or gefing worse.

Do not have your chilk Your child may:
— Read difcult baoks ar word puzles. — Read casy books.
— Do things that need focus. — Restin a quiet room lights.
"~ Play leud videa games with achen ~ Play video games that are sazy and da nat need physical
end flashing lighs. activity. Allow him to play for 30 minutes and rest for
30 minutes.
" Play handhel video games. " Play card gomes or sazy board gomes, =uch & UNO,

Connect 4, Batfeship or Go Fish, that do not nesd

much focus.

 Us= o camputer for mors than 30 mirutes | — Uss the computer for & shert e fo check social media
tatime. sites, such as Focsback. Allow him o play for 30 minutes

and rest for 30 mirutes.

— Play leud music. — Lizten 1o rusic af @ law volume.

~ Watch TV with actian, leud neise ar fhat ~ Watch TV shows that da nat need much focus, such ax
needs fosus. cartoons or camedy. Allow him 1o pley for 30 minutes and
rest lar 30 minutes.
— Send or read text messages. Do simple arts and crafs.
"~ Flave tom many vistors. "~ Hirve short visits with ane or fwa Fiends

2011 Ok’ s Feckhcar of Acur e, A8 s muarad O M Bk
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MATIONAL POOTRALL LEASUE

Status of State Laws

= As of August 2011 only 7 states had not introduced
concussion legislation:

Arkansas, Georgia, Kentucky, Mississippi, Montana, West Virginia and
Wisconsin

Core Principle #1 — Education

= “On a yearly basis, a concussion and head injury
information sheet shall be signed and returned by
the youth athlete and the athlete’s parent and/or
guardian prior to the youth athlete’s initiating
practice or competition.”




Core Principle #2 — Removal

“A youth athlete who is suspected of sustaining a
concussion or head injury in a practice or game
shall be removed from competition at that time.”

Core Principle #3 — Return to Play

“A youth athlete who has been removed from play
may not return to play until the athlete is evaluated
by a licenses health care provider trained in the
evaluation and management of concussion and
receives written clearance to return to play from
that health care provider...”

Why A Law Is Necessary

 Education, awareness and information are
essential, but insufficient without more

» Laws mandate behavior change

» Without laws, standards are slow to

develop. The lessons learned are not
reinforced.

NATIONAL FOOTBALL LEAGUE

ProTECT )

Questions?




