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Objectives

-Define concussion and the mechanisms of concussive
injury

-Explore current diagnostic techniques of sports related
concussion (SRC)

-Discuss modern/future preventative technology and
post concussion treatment.
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What is concussion?
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Table Historical develogment of concusssian
Author Torm Description
Rhazes w00 Commatia corchei Abnormal transient phy
henat groes brain les
Avionn 10z corebri As per Rhiases dafii
Lanfraneus 1280 Distinguished commotio (shaking)
with oo damage from contusio
corbii with structural daniige
du Chaline 1363 o corebe
Brunshoiz o7 corchei Transient
do Carpi 115 Commatia corchri Defined s brain injury without Transient
ctare or hemarthage
Coitier. 1573 Commotio corebei Brain sommotion causing Transient

it

Judgement
Fabricius Commatia corcbei Blow causing lethargy and vertign Transient
wheanlement” Blow (o the head causing symptoms Variable
Commatia corcbei Injury dus to-the "ebb and flow” of Transient
Tervous tisauo within the braia
1655 Coneussion “Alicnation of the mind with Transient
privation of seases’

* Althoagh A

ook were translated e Latin, the e
concusaion is probably derived froca the Latin

McCrory, Paul 1. Berkovic, "Ce
misconceptions.” Neurology 57.12 (2001)
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TBI Classification — mTBI

Criteria for Closed Head Injury Mild Moderate Severe
Structural imaging Nermal | Mormal or abnormal  Normal or
abnormal

Loss of consciousness 0-30 > 30minutesand < > 24 hours
minutes | 24 hours

Alteration of consciousness / mental state <=24 > 24 hours > 24 hours
hours

Post-traumatic amnesia <=24 >24hoursand <7 >7days
hours days

Glasgow Coma Scale (best available score in| 13-15 9-12 3-8

first 24 hours)

Voss, Jameson D, et al. "Update on brain injury. 197 (2015):32.
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Current evidenced based definition of
concussion*®

* achange in brain function,

following a force to the head, which

* may be accompanied by temporary loss of
consciousness (less than 30 minutes), but is

identified in awake individuals, with
* measures of neurologic and cognitive dysfunction

* with normal brain imaging

NC/ Diagnosis and best 2017
Carney, Nancy,etal." T:systematic * Neurosurgery 75 suppl_1 (2014); 53-515.
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Sports Related Concussion

Estimated 1.6 — 3.8 million sports related TBIs in the
US each year. (Langlois et al.2006)

* Results in ~200,000 ED visits per year (CDC 2006)

* Men: highest incidence in football, ice hockey, and
lacrosse, followed by soccer, rugby, and wrestling.

* Women — highest incidence in soccer > basketball >
lacrosse

*Women - twice as likely to suffer concussions in similar
sports compared to men
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Incidence by player position: American Football

Table 2 Incidence o

2 132 2
25 1738

2 1528 18
1 1852 27

@ camcense intrvel, CLF onbdencs Wit

an hirs g

(Marshall et al, 2015)
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Head Impacts, Women'’s soccer

d Impacts Total Miawies Played o
Positon
Foreard s ws Wi o, e et Detor,
Mhdeeites 513 S760 128 (107-141) 115 (106-130) 1.06 (03-1.22)
Detender 526 6810
e
Fresh, and Soph. 1083 10518 940 (885-03) 277 az-a18)
ook and seriee 26 257 339 (296-083)
Wide v ceniral
Wide 75 816 831 (771-850) 137 (128-152)
Central 581 8506 608 (558-657)

V., Mot For, 1orwars; e, Gelenders, Fresh, eshmens Soph., SophomDce.
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Pathophysiology

* Neurotransmitter Dysregulation

* Glutamate release promotes K+ efflux, binding of NMDA receptors,
causing hyperexcitability

¢ Metabolic Mismatch

* Mitochondria can’t keep up with demand — glycolysis and lactic acid
production

* Neuroinflammatory Changes
* Microglial infiltration locally — protective vs. damaging
* Cerebral Blood Flow Changes

* Reduced vasoreactivity as a result of acute increases in CO, and
increased nitric oxide production - worsened with exertion*

* Axonal Injury

* Membrane swelling and possible rupture - leakage of ions and NTs
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So where is the damage occurring?

Decreased FA in the body and column ) ) . .
of the fornix Decreased MD in the right superior fronto-occipital
fasciculus

Decreased AD and MD in the posterior N
thalamic radiations Decreased MD in the right anterior corona radiata
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N 0 D DI Neurite orientation and dispersion density imaging (F-iso)

Post- concussive
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Anterior Thalamic Disruption in Concussive Injury — ODI
Orientation Dispersion index

Figure 3: Changes in ODI in Anterior Thalamus

LM s sy o
ALABAMA AT BIRMINGHAM
Mociadge thet wil changs o wold

Thalamic disruption

N
Vestibular Nuclei
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sEEG in Thalamus — Dr. Sindip Pati
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Diagnosis of SRC

imaging

F—

* Purely clinical — patients either report symptoms or
concussion is suspected by staff, medical personnel,
or referees In event of lost of consciousness, FIRST
assess ABC’s and examine for cervical spine injury

* Focal neuro deficits — STAT ED evaluation with CT

« Sideline assessment - includes standard
physical/neuro exam with additional cognitive,
balance and vestibulo-ocular testing
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Testing Protocols

Table 3 Sl enssion evchaton tsts

ddocks Questions
Toe . e
The Standardized = oo [ i e L ]
Assessment of Symam s Hime
i S 007 330 o m
Concussion (SAC) Bt T -
King-Devick ity A
] DA RE B o
Balance Error Scoring " s
sorioon wooWm w8
System (BESS) or o b o
modified BESS. - Snn
et 2 oo ow oW
The Sport Concussion Modied 55 M o Uoom  Uoom  Usleow
Assessment Tool (SCAT) fosl L] (o oen Uroowe Unoown
LS Cncon e e Al gl B0 o Lbocen [
NFL Sideline C +ima Urewn (oo Lrioowe Unkoowe
Tool =

*The sensitivity and specificity of the diagnosis
of concussion may increase when combining
multiple assessment tools. (Lau et al, 2011)

—

Harmon et al, 2013
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SCAT 5 Testing https://scat5.cattonline.com

* Areas of Focus
* Orientation
* Immediate and Delayed Recall
* BESS (balance assessment)

* VOMS (vestibulo-ocular assessment

* In acute sideline setting, SCAT 5 not typically used in comparison to prior
tests
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Emerging technologies - BrainScope™

Assess mild head injured patients in minutes

In the FDA validation study, the Brain Function Index (BFl) was demonstrated to scale with
severity of functional impairment: as the BF goes down, the level of functional impairment
increases. The assessment is indicated for use on patients 18-85 years of age, within 72 hours of
head injury, and GCS 13-15.

LB sy o
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https://www.brainscope.com

Eye Tracking Metrics — FDA approved March 2022 for aid in
concussion diagnosis.

3 ocuLocica

L3 EyeBOX Concussion Assessment

@ Gon Obisctve Insighs
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Detection of Subtle Cognitive Changes after mTBI Using a Novel
Tablet-Based Task (Fischer TD...Sereno AB, 2016)

L A 3 A B
5 P
W 7. -+
i B ™

Pro-Pont Ant-Point
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Candidates for Biomarkers

© NSE
*UCHL1

 NFL
*NFH

&Iialcen o
+5100-8

Q’L’\’k * GFAP
« Interleukins, cytokines
* Matrix metalloproteinases

* CSF:serum albumin ratio
* Occludin

Capillary

Nature Reviews | Neurology

i wmveRsITY OF
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Prevention — Do rule changes help?

TABLE 1|
Raw Concussion Counts by Play Type in Pac-12 Fooiball Games, 3016-2019"

2016 2017 2018 2019 Al Years

No.  GTwal  No  HTel Mo XTel N KTl No.  %Twal
a 1000 & 1000 5 1000 n 1000 1000
1 23 [ i 5 94 4 74 7

1 23 N 63 3 57 4 4

0 00 1 15 2 38 o 00
@ o7 58 e “ 04 50 25

“Pac.12, Pacifc- 12 Confereece.
TABLE 2
Coneussion Incidenco in Pac-12 Faothall Games, 2016-2019°
206 207 2018 209 All Years

No.of lncidence per No.of Incdence per No.of Incidence per No.of Incidence per No.of ~Incidence per
Plays 1000 Plays  Plays  1000playe  Plays  1000Plays Plays  1000Flays  Plays 1000 Plays

Al plays 1 25 37 16se a1 wam 31 sspm a1
Targeting = ass 1220 u s 3 s W e
Upheld [ 13 2 1m0 1B w67 B oz
Overturned o0 w9 . 1000 19 oo s 636
Al ether plays 24 34 16818 28 17 29 sepm 29

“Pac-12, Pacific:12 Confervece.

The risk of sustaining a concussion during collegiate American football was 37 times higher during a
targeting play than nontargeting plays, reflecting the importance of eliminating targeting to decrease

concussions.
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Technology
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Dummy Smashing
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Helmet with energy > \
absorbing tethers - us y ﬁ A el

Patent #:10,729,200 B2

* Reduce rotational accelerations during impact without
sacrificing normal range of motion during normal play.

« Potential intervention window between 600 rad/sec? -
1700 rad/sec?.

* Must react within 5-10 milliseconds of impact initiation.

« Prelim results show reduced linear impact forces when
shoulder pads are fixed to the body of the ATD
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So what about persistent symptoms? - Post
Concussion Syndrome (PCS)
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Definition of PCS

* History of concussion

* Greater than one ICD-10/DSM IV symptom for at
least 14 days — 1 month.

Headache

Dizziness

Fatigue

Irritability

Sleep problems

Concentration problems

Memory problems

Problems tolerating stress/emotion/alcohol
Affect changes, anxiety, or depression
Changes in personality

Apathy

Impaired cognitive function
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Post concussion headache treatment - adults

Table 6.—. Change in Headache Frequency After Starting Specific Prophylactic

Medications
Baseline Follow-up Change (%) Paired - | Responders
test
Ay WA s 02 W45 : 028 266C15SW) ’ 157100
prophyactc - om | o5
TCAn = 48) 147 & 861 129 & 912 -18(-122%) P 14148 (29%)
. n
™M e 29 w4 s w% 13 s w3 5228 3 1729 sy
.o
Pupransiel 193 £ 100 161+ 121 3261680 3 s
o= m -2z
Vagoae:n 15+ 100 208 131 130679 13 wsaow
P e

TCA = tricyclic antidepressant; TPM = topiramate.

Erickson, Jay C. " fer mild * Headache: The

Journalof Heod and Face Poin 516 (2011): 932-944,
LM [ s o
ALABAMA AT BIRMINGHAM

Macmiadge thet wil chargs s wold

10



Other interventions

* Botox

* Greater occipital nerve blocks

* Trigger point injections

* Physical therapy (cervicogenic) — NSGY/imaging

* Amantadine 100 mg BID x 2 months

* CGRP agents — mixed response so far, Ajovy, Emgality

* Lyrica, Propranolol, Depakote, Gabapentin, Cymbalta
—all mixed effects.
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Visual testing - UAB Optometry, Dr. Katherine
Weise — mTBEye Clinic

* Vision testing includes well-established clinical
measures of accommodation, vergence, and
ocular motility

* Most common diagnoses are Convergence
Insufficiency (Cl), Accommodative Insufficiency
(Al), and Saccadic dysfunction (SD)

* May predict prolonged recovery

1

* Dysfunction may exacerbate other clinical
symptoms
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Vestibular Rehab

TABLE 2. Mean (SD) of Ouicome Measures at Times of Initial Evaluation and Discharge

Nhiren, 23 adult)

Alalaheen, 8ara A, et a. concussion.” Therapy 34.2 (2010):
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Emotional disturbance

« Sertraline, citalopram, and methylphenidate are effective for
post-TBI depression

* Methylphenidate was also found to be effective for attention
deficits after mTBI

* Anxiety disorders and PTSD are significant contributors to
prolonged symptoms and should be treated aggressively
according to existing clinical guidelines

¢ There are few studies to guide the pharmacological treatment
of irritability after mTBlI, although SSRIs are generally tried
first, before mood stabilizers

Davink, etal. g s 1752 (2018): 103111,
Huang, Chi-Hsien, et al. inp: = current
Neagharmocotey 163 (0rey 2728
Salter, Katherine L, et al. " analysis." 314

(2016):£21-632
LS s eSO
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Concusslon \

‘ Headache ‘ ‘ Visual Sx ‘ [ Vestibular Sx ‘ Cognitive Sx ‘ | Mood Sx ‘
Symptomatic Objective Neg Objective
Prophylactic ocular findings Vestibular
Interventional findings findings

l Consider FND

|\ e

[ vision | | Possi
ossible
Intervention Cognitive
Therapy/
speech
Therapy
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Treatment - Overview

* Successful treatment of PCS involves a “detailed
multimodal clinical assessment”
« early post-concussion management, with
* assessment and recognition of early complications
» education about symptoms and expectations for recovery
* recommendations for activity modifications

* close follow up

* This comprehensive approach minimizes risk of early
symptoms evolving into late phase symptoms

Dwyer, Bigid, and Douglas | Katz. “Postconcussion syndrome.” Handbook of cliical neurology. Vol. 158. Elsevier, 2018, 163-175,
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Exercise step

1, Symptom
limited activity

2. Light aerabic
exercise

3. Sport-specific
exercise

4, Non-contact
training drills

5. Full contact
practice

6. Retumn to
play/sport

Echemendia, Ruben J., et al port concussion
ur o cine 51

Return to Play - Individualized

Functional exercise
ateach step

Daily activities that do
not pravake symptoms.

Walking or stationary
eycling at slow to medium
pace. No resistance
raining.

Running or skating drills.
No head impact activities.

Harder training drills, e.9.,
passing drills. May start
progressive resistance
training.

Following medical clear-

ance, participate in normal
training activities.

Normal game play.

Goal of each step

Gradual reintroduc-
ticn of work/schaal
activities.

Increase heart rate.

Harmon et al, 2013

Add movement,

Exercise, coor.
dination, and
increased thinking,

Restore confi-
dence and assess
functional skills by
coaching staff.

i wnveRsITY O
»assessmen tool 5t edion (SCATS): background and [l B 7 = Pyt AL A
11 (2017): 848.850
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Return to School

Mental Activity

1. Daily activities

not give
the athlete
symptoms

2. School
activities

3. Retumto
school
part-time.

4. Rewm to
schaol
full-time

Echemendia, Ruben 1, et a concussion ass
rationale." British ournal of sports medicine 51.11 (2017);

Activity at each step

Typical activities that the athlete
does during the day a3 long as
they do not increase symptoms
(e.g. reading, texting, screen
time). Start with 5-15 minutes at
a time and gradually build up

Homework, reading or other
cognitive activities outside of
the classroom.

Gradual introduction of school-
work. May need to start with

a partial school day or with
increased breaks during the day.

Gradually progress school
activities untila full day can be
tolerated.

th edition (SCATS): background and

84

Goal of
each step

Gradual
return to
typical

activities.

Increase
tolerance
to cognitive
work.

Increase
academic
activities.

Return to full
academic
activities and
catchup on
missed work.

LM s sy o
ALABAMA AT BIRMINGHAM
Mociadge thet wil changs o wold

Chronic
Traumatic

CTE,

Encephalopathy

« Abnormal aggregation of aberrantly phosphorylated tau proteins
following long term exposure to repetitive mTBIs.

« Pathology shows NFTs throughout the frontal, temporal, and insular
cortices; diencephalon; brainstem; cerebellar dentate nucleus; and spinal
cord, especially at the depths of sulci and around blood vessels.

« Profiles of tau tangles purified from boxer CTE brains and AD brains are
indistinguishable (Dekosky et al, 2013)

* No imaging modality is available currently for diagnosis.
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Summary

¢ SRC s a significant public health concern in the
United States and around the world.

« Early diagnosis is essential to prevent further
damage of brain tissue and allow for proper recovery
time

* Prevention / mitigation of impact forces are
important areas of ongoing research

* Early treatment and identification of persistent
symptoms helps hasten recovery
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