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Goals/General Outline

ADiscuss current paradigms (or national lack there of) for vision
screening after concussion
AGo through the most common visual signs and symptoms seen
after a concussion and their timelines for resolution (acute vs.
chronic¢ PCS)
I Afferent Visual Pathway (Ocular Health, Color Vision, Visual
Fields, Pupils, Refractive Error)
I Efferent Visual Pathway (Ocular motility)
I Higher Order Pathways (Visual processing)
A Current/Future role for vision
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Common Diagnostic Tests for

concussion

A Selfreport Symptom Checkli

A Brief cognitiveassessment
I SAC
I SCAR

A Balance Tests
I TGT
I BESS

A Computer Based

Neuropsychological Tests

I ImPACT

CogSport

I Headminder

What s CogSpont?

How s Coghport Differemt?

How does Mt wolk?

Concussion

Management System

CogSoortis an eagy %0 use series of computerbased

SCAT3™

]
ey

Sport Concussion Assessment Tool - 3rd edition

For use by medical professionak only

3 teats for use by ©
detact mild cggnitive changes in conoussed athietes.

CogSport provides an oljective indoation of brain function
aRer 0ONCUSSON, and halps guide medical dedacns about
* return o play/work/raining

« montarng rehaiRaton

Simple to administer: CogSoort can be asministered by
awone wih no pretraining requined; takes ony 15 minstes
and oan be given 10 a3 many athietes & one me a3 hers
e computers. The sofware is avallable in 2ot PC and
MAC versions.

repart M Cog regocts,
baselne and aterinjury, nclude the checkmank and oross
systom for quick report Interpretation; comdined wih
detalled data analysis for medod dedsion making. Report
Infempretation in most cases does not requine
neuropaychciogod expertise.

for CogSportis for
2e0aMYy 1 ConTussion and measures molor function,
reaction Sme, attention and memary Via a seres of Mghly
senative, raladie and fun playing card games. CogSport
@30 holudes 2 health history questibnnalre and symptom
rventory.

CogSport software Is avalable via downlcaded from
Www.cogsport.com.

Athistes take @ ‘Daseline” test before
the season beging, and then again after an injury. The
ressits are compared and provide an objective analysis of
whether fhe athiete has retumed t ha/her ‘nomal’
cognitive state. Data fles are transfemad electronically, and
dinical reperts are retumed Via emal wkhin minutes.
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Limitations/Difficulties in Concussit
Diagnosisand Management

ANo structuralinjury on
conventionalneuramaging

AAdvanced neuroimagingan
show functional/structural

A Subjectivenature of diagnosis
I Symptom Scales
I Intentional low baseline

| scores
damage BUT $$ and not readily g |5 mplete understanding of
available | pathophysiology
AUnder/over reporting of A Lack of data
symptoms

AVariabilit hvsici
AUnder/over diagnosis ariabllity among physicians

A Evolving definition

McCrory P, Meeuwisse WH, Aubry M et al. Consensus statement on concussion in sport: the 4th International Conferencesom@onc
Sport held in Zurich, November 2012. Br J Sports Med 2013;48:250

Harmon KG, Drezner JA, Gammons M, et al. American Medical Society for Sports Medicine position statement: concussidh JnSypmt
Med 2013;47:1826.

Kimpara H, lwamoto M. Mild traumatic brain injury predictors based on angular accelerations during impacts. Ann Biomé&@ ;&g P4
26.

Zhang L, Yang K, King A. A proposed injury threshold for mild traumatic brain injury. J Biomech Eng 2008A.26:226

P Reilly, R Bullock. Head Injury 2ed: Pathophysiology and Management, CRC Press 2005 Taylor and Francis, Florida



Role of Eyes in Concussion Diagno
and Management:

1) Objective biomarker for brain dysfunctior

2) Treatment of concussion



Visual Pathways in the Brain

Pariet ‘! E,;‘*"E,"I‘"?

Frontal Lobe
- Oculomotor Respons

> Spatial Orientation

Occipital Lobe
(Visual Cortex)
- Color, Motion, Form

Temporal Lobe

- Object Recognition

i B e Cerebellum
“What is it?

Vestibular Input

Vision can be impacted in many different ways after injury!



Physical

symptoms of a

concussion:

Dizziness

Problems with
balance

Nausea and/or
vomiting

Balance problems
Sensitivity to noise
Sensitivity to light
Blurred vision
Headache

Low energy level

Unequal pup

Seeing flashing
lights

Mental

symptoms of a

concussion:

o Difficulty
remembering

e (Confusion

® |nability to
concentrate

® |nability to think
clearly

* Mental fogginess

® |nability to
remember new
information

® Trouble paying
attention

® | oss of focus

Sleep
symptoms of a
concussion:

® Sleeping more than

usual

e Unable to fall asleep

® Sleeping less than
usual

Emotional

symptoms of a

concussion:

Easily angered or
upset

Feeling nervous or
anxious

Feelings of sadness

Crying more than
usual

Lack of interest in
usual activities

Depression



PostConcussive Visual Signs and
Symptoms

A Currently Screened A In Addition/Actuality
I Double Vision I Reading Difficulties
I Blurred Vision | Eyestrain/Fatigue
I Light Sensitivity | Eye focusing problems
I Eye Tracking Problems
I VisionDerived Nausea
I Visual Inattention
I Visual Anxiety/Crowding

LaukkanerH, ScheimariM, Hayes JR. Brain injury vision symptom survey (BIVSS) questioni
OptomVis Sci2016;94(1):4350.



Afferent VisuaPathway

Image from- HannulaDe, Simons DJ,  opte sasaion
Cohen NJ. Imaging implicit

perception: promise and pitfalls. T
Nature ReWeurosci 2005;6:247 == Primary

255/
Nature Reviews | Neurosclence



Afferent VisuaPathwayc CN |
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PostConcussion Visual Signs

Ocular Health Pupil Findings
A Traumatidritis A Afferent
A Traumatic Optic Neuropathy I Increased average constriction
A Retinal changes latency
A CommotioRetinae A Efferent
A Retinal Tear/Detachment I Parasympathetic
A Slower average constriction
velocity
I Sympathetic

A Decreased pupillary diameter
A Slower peak dilation velocity

A Anisocori&

ThiagarajarP, CiuffredaK. Pupillary responses to light in chronic AdastinducedmTBI Brain Injury
2015;29(12):14241425



Photophobia Light Sensitivity

Etiology??c Photophobia pathway? Management

A Ocular Photophobia A Sunglasses outside OKAY
i Iritis A Sunglasses insideTRY TO AVOI|
A Flash light test i Wearing dark glasses indodgksdark
A Asymmetric adaptation of the retina aggravatic
I Pupil problems of light sensitivity
i Dry Eye A Visors/Hats
A Neurological Photophobia & Mild Tints
I TBI i Wavelength matters
I Migraines

A Pharmacologic

Katz BIDigreKB. Diagnosis, pathophysiology, and treatment of photoph&uavOphth
2016;61:466477



Visual Signs it may be MORE than a Concu

A Pupils
I Dilated/Fixed
i APD
I Anisocoria
A Reduced BCVA
A Visual Field Defects
A Cranial Nerve Palsy

A Ocular Health Problem
I Optic nerve edema, pallogtc



Efferent VisuaPathway
CNIlI, 1V, VIParasympatheticSymmathetic
-Eye Movements

Image from http://whatwhen
how.conineuroscience/thecranial
nervesorganizationof-the-central
nervoussystempart-4/

Inferior rectus
(CN 1)

Inferior oblique
(CN 1IN



Vestibuleocular dysfunction in pediatric
sport-related concussion (SRC)

A Retrospective review of all patients with acute SRC (presenting 30 days ot
less post injury) and PCS (3 or more symptoms for at least 1 month) referr
to a multidisciplinary pediatric concussion program from 9/2013014
A Methods- Clinical Hx, Physical, PCSS, VOD
I VOD Complaint (dizziness, blurred vision, etc) + Sign (Abnormal
pursuits, saccades, VOR)
A Results n=101, age 14.2 +2.3 years76.2%with acute SRC (n=77) and
23.8%with PCS (n=24)
I Mean duration of Sx was 40 days for pts w/ acute SRC and VOD vs. 2
days for acute SRC without VOD.

A Conclusions: Evidence of VOD in acute SRC and/PCSwas a significant
risk factor for development of PCS

Ellis MJ, Cordingley D, Vis S, Reimer K, Leiter J, Russell K. Vestilamldysfunction in pediatric sportslated
concussion. J Neurosurg Pediatr 2015:16:288



What Determines Concussion
Resolution?

A Balance Recovery <7 days

A Symptom Scores-54 days

A Cognitive Recovery-Z1 days

A OculomotorRecovery 2228 days

Litigation

2 2NJ SNXQ&a [/ 2Y

Individual Motivation
(Athlete, Military)

Age

Gender

Concussion History

Premorbid Factors

Collins MKontosA, OkonkwaD. et al. Statements of Agreement |njury Severity
from the Targeted Evaluation and Active Management (TEAM)

Approaches to Treating Concussion Meeting Held in Pittsburgh,Type/Timing of Treatment

October 1516, 2015NeurosurgeryDec 2016;79(6):91229.



Role of Eyes In Concussion Diagnosis
VOMSY Vestibular/Ocular Motor Screenin
Assessment

Vestibular/Ocular Domains Assessed
1.Smooth Pursuit
2.Horizontal and Vertical Saccades
3.Convergence
4.Horizontaland VerticaVOR
5.Visual Motion Sensitivity

A 61%of adolescent concussed athletesported symptom provocation after at
least 1 VOM8em

A Al VOMS items wergositively correlatedo the PCS#Post Concussion
Symptom Scaldptal symptomscore

A VOMS was nearly 90% accurate in identifying patients with concussion from
controls

Mucha A, Collins MW, Elbin RJ, et al. A brief vestibular/ocular motor screening (VOMS) assessment to evaluate
concussions: preliminary findings. Am J Sports Med 2014,;42-28.79



T>o T

T>o T

VOMS Continued

Womenhave higher VOMS scores then malgaf(inko2017)

Symptom provocation/clinical abnormality associated with all domains (excep
convergence and accommodatiorgn delay recovery time after SkG/outh and
adolescentsAnzalone2017)

VOMS does NOT provoke vestibular symptoms in healthy adoleg¥enke2017)
VOMS measures unigue aspects of vestibatarlar function other than those
measured in the BESS (Balance Error Scoring System) or kDgWakdiest) with
good reliability Yorke2017)

In collegiate athletes, VOMS had a high internal consistency with an 119% fals
positive rate at baseline mostly female or history of motion sicknes&(tos
2016).

AnzaloneAJ,Blueitt D, Case T, McGuffin T, Pollard K, Garrison JC, JoneawiR, Turner S, Oliver JM. A positive
Vestibular/Ocular Motor Screening (VOMS) is associated with increasedertytime after sportsrelated concussion in
youth and adolescent athleteAJSM2017;45(2)47479

KontosAP,SufrinjoA, EIbinRJ PuskarA, Collins MW. Reliability and associated risk factors for performance on the
Vestibular/Ocular Motor Screening (VOMS) tool in healthy collegiate athikd&vP016;44(6):140.406

SufrinkoAM, MuchaA, CovassiT, Marchetti G,EIbinRJ, Collins MW ontosAP. Sex differences in vestibular/ocular and
neurocognitive outcomes after sperélated concussiorClind Sport Me@017;27:133138.

YorkeAM, Smith L, Babcock M|salaheerB. Validity and reliability of the Vestibular/Ocular Motor Screening and
associations with common concussion screening té@&perts Health2017;9(2): 174.80.



Table 1. Vestibular/Ocular Motor Screening (VOMS) for concussion®™

VOMS Test Headache®  Dizziness” Mausea®  Fogginess’ Total Sympiom Score”

Baseline symptoms
Smooth pursut

Horizontal saccades

Vertical saccades

Near point convergence
Measure 1:
Measure 2:
Measure 3:

Horizontal VOR
Vertical VOR

Visual motion sensitivity

VOR, vestibulo-ocular reflex.
Provocation of symptoms is rated on a scale from 0 to 10, with 0 being no sympéoms and 10 being severe sympioms.

*Total gymptom score = change in headache from baseline + change in dizziness from baseline + change in nausea from baseline + change in fogginess
from baseline for each of the VOMS test items.

YorkeAM, Smith L, Babcock M|salaheerB. Validity and reliability of the

Vestibular/Ocular Motor Screening and associations with common concussion screening
tools. Sports Health2017;9(2): 174.80.



Pursuits

Saccades

Image from:KrauzliRJ. Recasting the Smooth
Pursuit Eye Movement SystethNeurophysiology
2004;91(2):59%603
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fMRI of Acute Oculomotor NV mTBI —
Deficits in Concussed Athletes [ :

A n=9, 7 days postoncussion
A n=9, age, sex match normal
volunteers
A Fixation, Reflexive saccades, ai
saccades, memory guided
saccades, seffaced saccades
A fMRI- widespread increased
activation of multiple brain area
following concussion in respons
to oculomotor tasks
I Longer latency time, worse
position errors, fewer
number of seHpaced
saccades

Fig. 2 Significant (p-value<0.05 FDR) fMRI activation patterns in -~ volunteers (mTBI=NV) in (a) Anti-saccades, (b) Self-paced Saccades,
sagittal, coronal, and axial planes for normal volunteers (NV), concussed () Memory Guided Saccade tasks, Color bars represtentative of t-values
(mTBI), and increased activation in concussed compared to normal

Johnson B, Zhang K, Hallett M, Slobounov S. Functional neuroimaging of acute oculomotor deficits in concussed at
Brain Imaging Behav 2015;9:583



Accommodation

A When the eye changes refractive power by altering the shape o
lens to focus on objects at different distances

A ie ¢ How the eye focuses on things
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AccommodativePathway

Image from http://whatwhen
how.comneuroscience/thecraniat
nervesorganizationof-the-centrat
nervoussystempart-4/



