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Major Points

• Traumatic brain injury (TBI) greatly increases 

risk of developing several neuropsychiatric 

syndromes.

– Almost half develop neuropsychiatric disorders 

• Profile of TBI associated brain injury predicts 

the common neuropsychiatric sequelae.

• TBI alters the presentation and treatment of 

neurobehavioral syndromes in predictable ways



TBI Definition

• “Force” acting on the brain

• Results in:

– Disturbance in level of consciousness (loss of 

consciousness not required for the definition)

• This definition distinguishes TBI from:

– Acquired brain injury (e.g. stroke)

– Developmental disorders

• This definition encompasses “concussion”

– Synonymous with term “mild TBI”



Causes of TBI

• Falls -  (elderly)

• Motor vehicle accident -Teens/young adults

• Assaults - Urban populations 



Metrics of Injury Severity

• Based on Time of Injury Parameters

– Loss of consciousness (LOC)

– Duration of post traumatic amnesia (PTA)

– Glasgow Coma Scale (GCS) score

• Classified as: “Mild; Moderate; Severe”

– 70-80% are “mild”

– LOC < 30 min; PTA < 24hr; GCS 13-15

– Determined by assessment at time of injury

– Concussion - mild end of the mild spectrum



Metrics of Injury Severity: Moving 

Beyond the GCS Score

Slide courtesy of Michael McCrea, Ph.D.

GCS; Pupillary responses

e.g. GFAP; UCHL-1

Clinical CT and/or MRI

Mental health hx; social 

disadvantage; medical hx



The brain shifts within the 
skull, hitting bone & 
compressing tissue

Injury Mechanisms in TBI

Ropper and Gorson. N Engl J Med 2007;356:166-72.



Frontal and Temporal Contusions
(from Gennarelli and Graham, in: Textbook of Traumatic Brain Injury)



Bigler, ED. Structural Imaging. In Silver JM, 
McAllister TW, Yudofsky SC. (eds)Textbook 

of Traumatic Brain Injury, 

American Psychiatric Publishing, Inc. 2005  p 
87

Distribution of Structural 

Lesions From Contact 

Mechanisms is not 

Random



Inertial Forces: Diffuse Axonal 

Injury(DAI)

(borrowed from Robin Hurley, M.D.)

Injury Sequence:

   - Axon is stretched

 - ~5-7mm displacement can 

exceed tissue tolerance

  

Increased permeability

   - Calcium influx

   - Damage to cytoskeleton

   - Impaired axoplasmic transport

   - Axonal swelling

   - Detachment and axonal death

Normal axon
Myelin sheath

Cytoskeleton

Injured axon



Gennarelli TA, Graham DI. Neuropathology. In Silver JM, McAllister TW, Yudofsky SC. Textbook of 

Traumatic Brain Injury, American Psychiatric Publishing, Inc. 2005 p34

Although it is diffuse, 

DAI particularly 

effects:

Sub-cortical 

frontal white 

matter and 

Corpus callosum

Diffuse Axonal Injury



http://medlib.med.utah.edu/WebPath/CNSHTML/CNS315.html 

Vascular Injuries

Bridging veins

Shear

Hemhorrages

Subdural Hematoma



Neuropathology of TBI

• Combination of:

– Diffuse and focal

– Primary and secondary

– Immediate and evolving

• Non-random geographic 

distribution of injury burden 

within the brain

• Selectively impacts regions and 

neurotransmitters critical to 

behavior modulation



McAllister, TW. Neurobiological consequences of traumatic brain injury. 

Dialogues in Clinical Neuroscience, 2011; 13:287-300



Major Categories of Neuropsychiatric 

Sequelae

• Dysexecutive Syndromes (“personality changes”)

– Disorders of Social comportment

– Disorders of Motivation

– Disorders of executive cognitive functions

• Cognitive Deficits

– Memory/attention/speed of information processing

– Dementia?

• Psychiatric Disorders

• Neurological & Medical Complications



Dysexecutive Syndrome Vignette: 

44 yo male: bike vs. truck

9/29/2026 17

44 cyclist struck by pickup truck on rural road

-Moderate to severe TBI

-Progressive recovery

-Marked agitation, disinhibition & “inappropriate” 

behaviour, “psychotic behavior”

-Requested psychiatry consult



Cognitive Deficits After TBI

• Executive Function

• Attention

• Speed of Information Processing

• Speech and language

• Memory

– Static impairment

– Dementia?



Comparison of regional substrates 

of memory, and regions of 

decreased cortical gray matter after 

TBI.  Note in particular the overlap 

with working memory regions



Vignette: 

Severe TBI with Memory Deficits

• Mrs. A was a healthy 35 yr old until MVA 

• Severe TBI, coma for 5 weeks, then gradual 
recovery.

• Ongoing problems with memory, 
comprehension, speech and ambulating

– “My short-term memory is gone… but I can 
remember things from 10 years ago”

– Unable to read, multi-task, or follow through with 
projects.



Neuroimaging Findings:

- Thinning of Corpus Callosum

- Hippocampal/mesiotemporal atrophy



Treatment

• Started on Rivastigmine 6mg BID

• Reported gradual but significant improvement:

– reading, concentration, and memory

– felt “sharper mentally”, able to recall people's faces, events 
from the past, and improved short-term memory

– Overall rated herself a 2 or 3 in terms of improvement on a 
0-4 Scale. Husband concurs with assessment.

– working again part time

9/29/2026 22



TBI and Dementia

• Two Broad Concerns:

– Increased risk of Alzheimer’s Disease

– Chronic Traumatic Encephalopathy (CTE) related to concussion(s) 

and/or repetitive head impacts

• Risk of AD - Some evidence for increased rates after TBI:

– Recent meta-analysis of 32 studies with 2M subjects found 

increased RR for both any dementia (RR=1.63) and AD (RR=1.51)
– Li, Y., Li, Y., Li, X., Zhang, S., Zhao, J., Zhu, X., & Tian, G. (2017). Head Injury as a Risk Factor for Dementia and Alzheimer’s 

Disease: A Systematic Review and Meta-Analysis of 32 Observational Studies. PLoS ONE, 12(1), e0169650. 

http://doi.org/10.1371/journal.pone.0169650

• Possible interaction between TBI and genotype

• Accelerated course: reduced cognitive reserve vs. risk factor

• Does it occur after a single TBI?

• Relationship to injury severity and frequency?

9/29/2026 23





Changing Paradigm
• Initial view:

– Minor event with uniformly 
good prognosis - “Bell rung”

• Modified view:

– Some injuries result in bad 
outcome

• Emerging concern:

– Not an event – more of a 
process

– Single event initiates chronic 
illness?

•CTE

25



Traumatic Encephalopathy Syndrome (TES)

• NINDS Consensus Conference

• Modified Delphi process

9/29/2026 26



Key Questions

• What is the level of impact exposure?

•Across sports, gender, age, level of play

• Is there an injury threshold?

•Variable across individuals?

•Are there injury-specific biomechanical 

components?

• Does context matter?

•Past concussions, recent impact history

• How good are we at identifying “injury”
•Is concussion the appropriate metric?



BIOMARKERS OF ACUTE CONCUSSION

GFAP UCH-L1

ACUTE ELEVATION IN GFAP & UCH-L1

ACUTE BIOMARKERS CORRELATE WITH 

CLINICAL SEVERITY, RECOVERY, RTP



“Career” Exposure to Repetitive 

Head Impacts

• ~500 hits over 5 years of youth 

football

• ~3000 hits over 4 years of high 

school

• ~5000 hits over 4 years of college

• ~8500  total over 13 year amateur 

“career”

• ~1200 per year of NFL career
• Adapted from Broglio et al.(2011) J of Neurotrauma: Bailes 

et al (2013) J of Neurosurgery; Daniel et al. (2012) Ann 

Biomed Eng 40:976-981



Exposure
(n=254, Impacts = 184,000) 

~500 -1500 impacts per season



100g Hit and 49g Hit

Slide courtesy of Jonathan Beckwith, Simbex

Video courtesy of Oklahoma Univ. for Research Purposes



Linear Acceleration: 44.2 g

Rotational Acceleration: 1624.51 rad/ss

Athlete: #75

Slide courtesy of Drs. Brian Stemper and Alok Shaw, CARE Head Impact Measurement Core

Medical College of Wisconsin

Video courtesy of University of Wisconsin for Research Purposes



Revelations

• Lots of hits

• No clear concussion “threshold”

– some after modest hits

– lots of really hard hits without concussion dx

• Not always clear which impact causes concussion

– Not always a “smoking gun”

• About a third of diagnosed concussions are “late 

reporters”

9/29/2026 33



TBI and Relative Risk of Psychiatric 

Disorders…

• Several estimates suggest that 40-50% of those 

who sustain a TBI will develop a new 

neuropsychiatric disorder.

– Depression

– Anxiety

– PTSD

– Somatoform syndromes

9/29/2026 34



Depression and TBI

• Most common psychiatric disorder after TBI

• Impacts short and long-term outcome

– Cognition

– Quality of Life

– Vocational Function

– Social Function

9/29/2026 35



Neural Network 

of Mood Regulation

9/29/2026 36



Vignette: Neurobehavioral Complications 

After Sport-related Concussion

• 21-year old collegiate soccer player with 3rd 

concussion

– Poor recovery trajectory after 10 months

•Fatigue, headache, recurrent symptoms with 

exertion, disturbed sleep, academic and cognitive 

difficulties

– Multiple sports medicine specialists and 

neurodiagnostic procedures

– Effect of injury on his life (social network; 

identity; family)

– Treatment

9/29/2026 37



Neuropsychiatric Evaluation

• Accurate history

– Psychological trauma history

– Biomechanical trauma history

– Trajectory of symptoms

– Meaning of the injury & the head that is injured

• Attribution pitfalls

– Exposure not the same as cause

– Non-specific symptoms can be final common pathway 
for lots of things

• Goodness of fit:

– Profile of injury vs. presenting neurobehavioral profile

– Timecourse



Treatment: When Using Medications

• No FDA approved meds for TBI-specific conditions

– Most clinicians favor use of conventional algorithms with some 
adaptation

• Consider lower/slower approach

• Have a hypothesis about what you are treating

• Adequate trial length

• Be alert to effects on

– Cognition

– Arousal

– Sleep

– Neurological function (gait, balance, strength, coordination)

• Be alert to other co-morbid conditions



When Using 

Psychotherapy/Cognitive Therapies

• Know the individual’s cognitive capacity 

– Adjust therapy accordingly

• May need:

– Slower pace

– More repetition

– Know where the minefields are

• Be alert to other co-morbid conditions



Summary: Evaluation

• Problems in the neurobehavioral domain (mood, 

emotions, behavior, cognition) are a major 

challenge to most survivors and family/caregivers

• Profile of injury predicts neuropsychiatric sequelae

• Clinical assessment and conclusions should make 

sense

– “Goodness of fit” between complaints, deficits, and 

injury profile

• Understand “the head that is injured”….
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