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Background



Goals/General Outline

ÅDiscuss current paradigms (or national lack there of) for vision 
screening after concussion
ÅGo through the most common visual signs and symptoms seen 

after a concussion and their timelines for resolution (acute vs. 
chronic ςPCS)
ïAfferent Visual Pathway (Ocular Health, Color Vision, Visual 

Fields, Pupils, Refractive Error)
ïEfferent Visual Pathway (Ocular motility)
ïHigher Order Pathways (Visual processing)

ÅCurrent/Future role for vision
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Common Diagnostic Tests for 
Concussion

ÅSelf-report Symptom Checklists
ÅBrief cognitive assessment
ïSAC
ïSCAT-3

ÅBalance Tests
ïTGT
ïBESS

ÅComputer Based 
Neuropsychological Tests
ïImPACT
ïCogSport
ïHeadminder



Limitations/Difficulties in Concussion 
Diagnosisand Management

ÅSubjective nature of diagnosis
ïSymptom Scales
ïIntentional low baseline 

scores
ÅIncomplete understanding of 

pathophysiology
ÅLack of data
ÅVariability among physicians

ÅNo structural injury on 
conventional neuroimaging
ÅAdvanced neuroimaging can 

show functional/structural 
damage BUT $$ and not readily 
available 
ÅUnder/over reporting of 

symptoms
ÅUnder/over diagnosis
ÅEvolving definition
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Role of Eyes in Concussion Diagnosis 
and Management:

1) Objective biomarker for brain dysfunction

2) Treatment of concussion



Visual Pathways in the Brain





Post-Concussive Visual Signs and  
Symptoms

ÅCurrently Screened

ïDouble Vision

ïBlurred Vision

ïLight Sensitivity

ÅIn Addition/Actuality

ïReading Difficulties

ïEyestrain/Fatigue

ïEye focusing problems

ïEye Tracking Problems

ïVision-Derived Nausea

ïVisual Inattention

ïVisual Anxiety/Crowding

LaukkanenH, ScheimanM, Hayes JR. Brain injury vision symptom survey (BIVSS) questionnaire. 
OptomVis Sci. 2016;94(1):43-50.



Afferent Visual Pathway

Image from - HannulaDe, Simons DJ, 
Cohen NJ. Imaging implicit 
perception: promise and pitfalls. 
Nature Rev Neurosci. 2005;6:247-
255/



Afferent Visual PathwayςCN II



Post-Concussion Visual Signs

Ocular Health

Å Traumatic Iritis

Å Traumatic Optic Neuropathy

Å Retinal changes

Å CommotioRetinae

Å Retinal Tear/Detachment

Pupil Findings

ÅAfferent
ï Increased average constriction 

latency

ÅEfferent
ïParasympathetic
ÅSlower average constriction 

velocity

ïSympathetic
ÅDecreased pupillary diameter

ÅSlower peak dilation velocity

ÅAnisocoria?

ThiagarajanP, CiuffredaK. Pupillary responses to light in chronic non-blast-induced mTBI. Brain Injury. 
2015;29(12):1420-1425



Photophobia - Light Sensitivity

Etiology?? ςPhotophobia pathway?

ÅOcular Photophobia
ï Iritis

ÅFlash light test

ÅAsymmetric

ïPupil problems

ïDry Eye

ÅNeurological Photophobia
ïTBI

ïMigraines

ÅPharmacologic

Management

ÅSunglasses outside OKAY

ÅSunglasses inside ςTRY TO AVOID
ïWearing dark glasses indoors Ą dark 

adaptation of the retina Ą aggravation 
of light sensitivity

ÅVisors/Hats

ÅMild Tints
ïWavelength matters

Katz BJ, DigreKB. Diagnosis, pathophysiology, and treatment of photophobia. SurvOphth. 
2016;61:466-477



Visual Signs it may be MORE than a Concussion

ÅPupils

ïDilated/Fixed

ïAPD

ïAnisocoria

ÅReduced BCVA

ÅVisual Field Defects

ÅCranial Nerve Palsy

ÅOcular Health Problem

ïOptic nerve edema, pallor, etc



Efferent Visual Pathway
CN III, IV, VI, Parasympathetic, Sympathetic

-Eye Movements

Image from http://what-when-
how.com/neuroscience/the-cranial-
nerves-organization-of-the-central-
nervous-system-part-4/



Vestibulo-ocular dysfunction in pediatric 
sport-related concussion (SRC)

Å Retrospective review of all patients with acute SRC (presenting 30 days or 
less post injury) and PCS (3 or more symptoms for at least 1 month) referred 
to a multidisciplinary pediatric concussion program from 9/2013-7/2014

Å Methods - Clinical Hx, Physical, PCSS, VOD
ï VOD Complaint (dizziness, blurred vision, etc) + Sign (Abnormal 

pursuits, saccades, VOR)
Å Results - n=101, age 14.2 +/-2.3 years,76.2%with acute SRC (n=77) and 

23.8%with PCS (n=24)
ï Mean duration of Sx was 40 days for pts w/ acute SRC and VOD vs. 21 

days for acute SRC without VOD.
Å Conclusions: Evidence of VOD in acute SRC and PCS.  VOD was a significant 

risk factor for development of PCS

Ellis MJ, Cordingley D, Vis S, Reimer K, Leiter J, Russell K. Vestibulo-ocular dysfunction in pediatric sports-related 
concussion. J Neurosurg Pediatr 2015:16:248-255



What Determines Concussion 
Resolution?

ÅBalance Recovery <7 days

ÅSymptom Scores 5-14 days

ÅCognitive Recovery 7-21 days

ÅOculomotorRecovery 21-28 days

Other Factors

Litigation
²ƻǊƪŜǊΩǎ /ƻƳǇŜƴǎŀǘƛƻƴ
Individual Motivation 

(Athlete, Military)
Age
Gender
Concussion History
Premorbid Factors
Injury Severity
Type/Timing of Treatment

Collins M, KontosA, OkonkwoD. et al. Statements of Agreement 
from the Targeted Evaluation and Active Management (TEAM) 
Approaches to Treating Concussion Meeting Held in Pittsburgh, 
October 15-16, 2015. Neurosurgery. Dec 2016;79(6):912-929.



Role of Eyes in Concussion Diagnosis:
VOMS (Vestibular/Ocular Motor Screening) 

Assessment

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

Å 61%of adolescent concussed athletesreported symptom provocation after at 
least 1 VOMS item

Å All VOMS items were positively correlated to the PCSS(Post Concussion 
Symptom Scale)total symptom score

Å 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;42:2479-86.



VOMS ContinuedΧ

Å Women have higher VOMS scores then males (Sufrinko2017)
Å Symptom provocation/clinical abnormality associated with all domains (except 

convergence and accommodation) can delay recovery time after SRC in youth and 
adolescents (Anzalone2017)

Å VOMS does NOT provoke vestibular symptoms in healthy adolescents (Yorke2017)
Å VOMS measures unique aspects of vestibular-ocular function other than those 

measured in the BESS (Balance Error Scoring System) or KD (King-DevickTest) with 
good reliability (Yorke2017)

Å In collegiate athletes, VOMS had a high internal consistency with an 11% false-
positive rate at baseline ςmostly female or history of motion sickness (Kontos
2016).

AnzaloneAJ, Blueitt D, Case T, McGuffin T, Pollard K, Garrison JC, Jones MT, PavurR, Turner S, Oliver JM. A positive 
Vestibular/Ocular Motor Screening (VOMS) is associated with increased recovertytime after sports-related concussion in 
youth and adolescent athletes. AJSM2017;45(2)474-479 
KontosAP, SufrinjoA, ElbinRJ, PuskarA, Collins MW. Reliability and associated risk factors for performance on the 
Vestibular/Ocular Motor Screening (VOMS) tool in healthy collegiate athletes. AJSM2016;44(6):1400-1406 
SufrinkoAM, MuchaA, CovassinT, Marchetti G, ElbinRJ, Collins MW, KontosAP.  Sex differences in vestibular/ocular and 
neurocognitive outcomes after sport-related concussion. ClinJ Sport Med2017;27:133-138. 
YorkeAM, Smith L, Babcock M, AlsalaheenB.  Validity and reliability of the Vestibular/Ocular Motor Screening and 
associations with common concussion screening tools. Sports Health. 2017;9(2): 174-180.



YorkeAM, Smith L, Babcock M, AlsalaheenB.  Validity and reliability of the 
Vestibular/Ocular Motor Screening and associations with common concussion screening 
tools. Sports Health. 2017;9(2): 174-180.



Pursuits

Saccades

Image from: KrauzlisRJ. Recasting the Smooth 
Pursuit Eye Movement System, J Neurophysiology. 
2004;91(2):591-603 



Cal has really great athletes.  They are 

smart and enjoy going to class and to 

practice.  When they are not on the 

field they are in the library.
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King-Devick



Å n=9, 7 days post-concussion
Å n=9, age, sex match normal 

volunteers
Å Fixation, Reflexive saccades, anti-

saccades, memory guided 
saccades, self-paced saccades

Å fMRI - widespread increased 
activation of multiple brain areas 
following concussion in response 
to oculomotor tasks
ï Longer latency time, worse 

position errors, fewer 
number of self-paced 
saccades

Johnson B, Zhang K, Hallett M, Slobounov S. Functional neuroimaging of acute oculomotor deficits in concussed athletes. 
Brain Imaging Behav 2015;9:564-73

fMRI of Acute Oculomotor 
Deficits in Concussed Athletes



Accommodation
ÅWhen the eye changes refractive power by altering the shape of the 

lens to focus on objects at different distances

Å ieςHow the eye focuses on things



AccommodativePathway

Image from http://what-when-
how.com/neuroscience/the-cranial-
nerves-organization-of-the-central-
nervous-system-part-4/


