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TripAdvisor for this presentation

• Choice of measures and why

• Altered state of awareness, cognition, state of consciousness

• Value added of neurophysiological recordings

• Vegetative State / Coma / Concussion

• Progress in measuring & assessing consciousness

• Application of ERPs into clinical practice



The question determines the technology

• One choice for brain structure – MRI

• Two choices for brain function – EEG/ERP & MEG/ERMF – concept 

of componentry  (time, space, frequency)



Use of EEG/ERP in point-of-care assessment

• Assessment and differentiation of  functional symptoms
• Assessment of change over time
• Assessment of responses to therapeutic intervention
• Measures that are objective, quantitative, replicable, and clinically 

relevant.
• Moving past problematic diagnostic issues to direct assessment of 

symptoms



Adapted Neuropsychology: CVMT
[Trahan DE, Larrabee GJ. Continuous Visual Memory Test. Lutz, FL: Psychological Assessment Resources; 1988]

• Series of black-and-white shapes, 

some of which repeat 6 times.

• Participants indicate whether the 

shape is repeating or not.



Adapted Neuropsychology: PPVT

• Series of black-and-white pictures presented 

individually.

• 750 ms after picture onset, participant hears 

either a related or unrelated word relating to 

it. Bus (Related - BLUE)

Cat (Unrelated - GREEN)



EEG/ERP-adapted Neuropsychology

• The (Boston) Process Approach to Neuropsychological Assessment 
(Kaplan, 1988)

• It is more about the process than the outcome



Are behavioural measures not sufficient?



Diagnosis of vegetative state (UWS)

• Schnakers et al 2009:
18 (41%)  of 44 patients diagnosed as VS based on the clinical 
consensus of the medical team were found to be in MCS following 
standardized assessment with the CRS-R.

• This result replicates others who found signs of awareness in 37% to 
43% of patients diagnosed as VS (Childs et al., 1993; Andrews et al., 
1996).



Traumatic brain injury – vegetative state

• Young male, average pre-morbid functioning
• Stabbed in head, left frontal entry, right posterior extent
• Little/no behavior, assessment problem
• Poor prognosis: VS



BRAIN SIGNS OF Comprehension

• The pigs wallowed in the mud.
• The scared cat ran up the cloud [tree].



BRAIN SIGNS OF 
Comprehension

• 46 year-old male at the time of 
testing.

• Traumatic brain injury: car-bicycle 
collision 4 months earlier.

• Coma with later diagnosis of 
“vegetative state.”



Continued improvement over 
10 years.

Speech (singing) began 2 
months after 2 test

Learning to walk in 2018.



Mismatch Negativity in Coma



Mismatch Negativity in Coma



Mismatch Negativity in Coma



Mismatch Negativity in Coma



Other applications

• Spastic Quadriplegic Cerebral Palsy

• Stroke

• Autism (Non-Verbal)

• General Cognitive Health 



EEG in Concussion

• Preliminary work done in resting state, showing transient effects

• ERP work followed, showing effects primarily in the N2 and the P3

Gaetz et al., 2000; Gosselin et al., 2006; De Beaumont et al., 2007, 2009; Broglio et al., 2009



What we know

• P3s are smaller and/or delayed in concussion beyond the acute stage

• Concussion effects are cumulative

• ERP effects don’t often correlate to symptoms

• N2s are “affected” after concussion

Gaetz et al., 2000; Gosselin et al., 2006; De Beaumont et al., 2007, 2009; Broglio et al., 2009



Retired CFL players (Ruiter et al, 2019)



Retired CFL players (Boshra et al, 2019)



Concussions in Adolescents (Ruiter et al, 2019)



Research directions

• Progression and dynamics of injury

• Expand on ML tools for accurate 

individualized assessment

• Disentangling comorbidities

• Clinical interventions, PCS, and symptom 

resurgence 



Applying ERPs to Clinical Practice



THE REPORT: FUNCTIONS GRAPH

Response Strength: The amount of 
electrical activity 
⮚ Cognitive Function ability within a 

specific cognitive domain (e.g., 
Working Memory)

Response Time: When the 
response occurs 
⮚ Information processing



Informing Rehabilitation

• What rehabilitation methods should be used?

• Which methods are producing the best results?



THE REPORT:
FUNCTIONAL PROGRESS TRACKER 
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