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A Global Epidemic 69 Million
Hidden in Plain Sight Exlinieg rifiber of Pehgle

sustaining a TBI annually worldwide.

The Historical Reflex The Modern Paradigm

Focused on structural damage. Focused on functional, network, and molecular reality.
Reflex: “If the CT scan is clear, the brain is fine.” Acknowledges that the most devastating effects of PCS and

The mandate for clinicians is shifting from purely clinical assessment to multimodal biological confirmation.

&1 NotebookLM



The Evolution of Diagnostic Resolution:
From Observation to Biomarkers

Medieval - 19th - Early
Early Modern 20th Century 1980s - 2000s 2010s - Present
The Functional Molecular
‘Commotio Cerebri’ - Systematic Insight - The Cumulative To Confirmation - Era of
Recognition of acute Observation - Documentation of Jiscovery of advanced
consciousness Establishment of post-concussive Chronic Traumatic neuroimaging
alteration following TBI-neuropsychiatric syndrome (PCS); -ncephalopaths (DTI/PET), targeted
head impacts without sequelae realization that (CTE) via biomarker
mechanistic associations via functional europathologica development, and
understanding. railroad accidents impairment exists 2xams of athletes molecular
and military conflict. without gross ecognitic understanding of the
structural peat pathophysiological
pathology. cascade.
/ /
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The Diagnostic Gap: Why GCS and
CT Scans Are No Longer Sufficient

Tools: Glasgow Coma Scale (GCS) and -

E“"“E"“‘-""ﬂ':“; ::HL : T /‘> Gross Structural Pathology
imitations: Highly variable sensitivity for mi

TBI. Measures only immediate neurological > F,, 0 _

function. Cannot predict chronic PCS. ' | ‘n ..

Note: 90-95% sensitive only for severe -

structural damage. . ‘ .

Microstructural & Metabolic Injury

Advanced MRI (DTI, SWI): 60-75%

sensitivity for detecting invisible white
matter disruption.

PET Imaging: 70-85% sensitivityfor s
regional metabolic dysfunction and CTE

staging.
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The Multimodal Diagnostic Ideal

(Resource-Unlimited Algorithm)

Phase 1:

Acute
(0-72 hours)

Phase 2:

Subacute
| (1-4 weeks)

Phase 3:

Chronic
(3-12 months)

- Clinical assessment & Conventional imaging.

- Advanced DTI/SWI MRI.

- Initial biomarker panel (tau phosphorylated at
threonine-181, neurofilament light chain).

- Vestibulo-Oculomotor Screening (VOMS) - 85-90%
sensitive for concussion.

- Repeat biofluid biomarkers.

- Functional MRI with Default Mode Network (DMN) analysis.
- Detailed neuropsychological evaluation & vestibular testing.

- Longitudinal PET imaging (18F-tau, 11C-PiB).
- Serial biofluid markers of neuroinflammation.
- If CTE suspected: Longitudinal tau-PET with cognitive

decline mapping.

The Clinical Frontier

Blood-based biomarkers (tau, NfL) provide 90%#+ sensitivity/
specificity in research but await routine clinical integration.
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The Invisible Cascade: Acute Pathophysiology of TBI

Immediate Phase
(0O-5 Minutes)

Mechanical Disruption

» Primary axonal stretch injury
and mechanical shearing.

» Widespread neuronal
membrane disruption.

Hours (6-72 Hours)

lonic Dysregulation

 Excitatory glutamate release.

« Massive influx of Calcium (Ca?*)
and Sodium (Na*).

« Mitochondrial swelling and
energetic failure.

— —

7/

Days to Chronic

Metabolic Crisis
& Vulnerability

» ATP depletion and severe
oxidative stress.

» Neuroinflammation: Microglial
activation and BBB disruption
(IL-6, TNF-a).

« Secondary ischemic injury
leading to chronic neural
system vulnerability.
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The Neurotrauma Spectrum Matrix

Onset Timing

Immediate (0-72 hours).

] -:-. .-'..; 1 ,_.: Mt - s ; -
rFost-Loncussive
LY
j '.I

8 Chronic Traumatic
Encephalopathy (CTE)

Acute TBI

Persistent (>3 months

Insidious (Years to decades

post-injury). post-exposure).
Primary Mechanical shearing Disruption of specific Progressive neurodegenerative
: e = neural networks/white tauopathy from cumulative
Pathophysiology | acuteionic dysregulation. matter tracts. subconcussive impacts.
: Heterogeneous. Initial affective disturbance,
Hallmark F!l_ gsst?t?affn{?lgfiilgﬁlq ee:is; Headache (78%), Cognitive progressing to severe
Symptoms inetorfkon dysfunction (65%), Sleep executive dysfunction and
' disturbance (54%). frank dementia.
G?)'ii ::1’;%1"' GCS for triage, CT/MRIto | Clinical criteria, detailed Fal:]l'::}%ps?/;hgﬁgr;?l!sx;?r
Modality rule out hemorrhage. neuropsychological testing. 12t imaging.
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Mapping Post-Concussive Syndrome: The Four Symptom Clusters

Executive Dysfunction
(Prefrontal Cortex/White
Matter)

Deficits in working memory,
cognitive flexibility, and
multitasking. Highly disruptive
to vocational return.

Behavioral & Personality <«

(Orbitofrontal/Anterior
Cingulate)

Severe disinhibition, irritability,
and emotional lability. Often
worsens months post-injury as
acute confusion resolves.

,——> Memory Dysfunction

(Hippocampus/Medial
Temporal Lobe)

Anterograde amnesia (difficulty
encoding new information).
Reduced functional connectivity
despite preserved volume.

» Mood & Anxiety

(Ventromedial Prefrontal/
Amygdala/Insula)

MDD develops in 25-50% of
survivors. New-onset anxiety
disorders emerge in 20-40%.
Driven by disrupted
monoaminergic transmission.
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Chronic Traumatic Encephalopathy: The Progression of Tau Pathology

Stage | (Mild)

Focal tau restricted to sulci of frontal and temporal lobes.
Minimal symptoms or cognitive decline.

Stage Il (Moderate)

Pathology spreads to multiple cortical areas and the limbic system.
Clinical onset of behavioral changes and mild cognitive loss.

Stage Il (Severe)

Widespread cortical tau extending into basal ganglia and
brainstem. Progressive dementia and severe cognitive

decline.

Stage IV (End-Stage)

Extensive tau pathology throughout the
entire nervous system. Severe neuronal
loss, atrophy, behavioral disturbance,
and profound motor deficits.

Distinct from Alzheimer's:

Tau concentrates in superficial
cortical layers, tracks perivascularly,
and relatively spares amyloid-beta.
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Modifiers of Recovery: The Neurobiological Balance

Protective Factors

- Higher educational
attainment & premorbid
cognitive reserve.

- Intact family and vocational
structures (strong social
support).

- Younger age at injury
(outside of 0-4 peak).

- Positive coping styles.

Vulnerability Factors

- Pre-existing
neuropsychiatric conditions
(Depression, ADHD, PTSD).

- Apolipoprotein E4 (APOE4)
genotype (worse cognitive
outcomes).

- Lower socioeconomic status
& adverse childhood
experiences.

- Ongoing
litigation/compensation
ISSues.

Male
Gender
Risk increases

B2 X

Substance
Use

Risk increases }/
2.9x%

Prior TBI
History

Risk increases

X
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Targeted Pharmacotherapy: Symptom-Based Intervention

Matrix 2

Stimulants Executive dysfunction, T DA/NE availability. Watch for agitation, irritability,

(MPH/Amphetamines) processing speed. tachycardia. Effective for chronic TBI.

Amantadine Arousal, consciousness, NMDA antagonism; T DA. | Best for early post-acute phase (<6 mos).
motor recovery. Provides sustained neuroprotection.

SSRIs Depression, anxiety, T 5-HT availability. Well-tolerated, neuroprotective, but watch
emotional lability. for emotional blunting/sexual dysfunction.

TCAs Headache, neuropathic T NE/5-HT. Anticholinergic effects, requires
pain, depression. cardiovascular monitoring.

Topiramate Impulsivity, aggression, GABA enhancement, High risk of cognitive dulling/word-finding
headache. Na+ block. difficulty.

Buspirone Anxiety, irritability. 5-HT1A partial agonist. Non-sedating, no cognitive dulling,

excellent for high SUD risk populations.
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The Danger Zone: Pharmacological Pitfalls to Avoid

A

[ Absolute Contraindication: Benzodiazepines

- Exacerbates cognitive impairment.

- Amplifies fall risk (fatal in populations with
vestibular damage).

- Triggers paradoxical disinhibition.

- Increases neuroinflammation (in preclinical models).

Relative Contraindication: Typical Antipsychotics

- High risk of cognitive impairment, sedation, and
movement disorder induction. (Atypical agents at
low doses only if severe dysregulation occurs).

\

The Three Clinical Traps

1. Premature Initiation: Starting psychotropics
in the acute phase (<2 weeks) disrupts
evolving neurochemistry. Wait for the
subacute window (weeks 3-12).

2. Polypharmacy Burden: Piling on
symptom-specific meds creates immense
cognitive drag. Require systematic 3-6 month
deprescribing intervals.

3. Hepatic Alterations: TBI alters medication
metabolism instantly. Agents with narrow
therapeutic windows will become toxic.
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The Foundation of Care: Non-Pharmacological Interventions

Cognitive Rehabilitation

Intensive practice (3-5 sessions/week for 8-12
weeks) targeting processing speed, metacognitive
strategy, and memory compensation.

Physical & Vestibular Therapy

—~ 4V B Aerobic exercise (enhances
cerebral blood flow/neurotrophic
. factors). Vestibulo-Oculomotor
training resolves vertigo in 70-

80% of patients.

Family Psychoeducation
Optimizing social support,
teaching behavioral contingency

management, and reducing
caregiver burden.

Psychological Interventions

CBT adapted for TBI (managing pain,
anxiety, depression) and ACT (focusing
on psychological flexibility and
disability acceptance).

Sleep Optimization

Stimulus control and sleep restriction.
Critical since post-traumatic insomnia
affects 40-80% of patients and halts
cognitive recovery.
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Synthesis: The Integrated Multimodal Treatment Architecture

\,

Comprehensive
Assessment
(Biomarkers, Advanced

Imaging, Neuropsych).

Paired Treatment Modalities

/— Cogpnitive Deficit

(acute/structural)

(functional/post-concussive)

\\=— Motor/Vestibular 2>

(chronic/degenerative)

i< Behavioral/Mood —ﬁ

! Cognitive Rehab +

(Methylphenidate
or Amantadine)

=

CBT/ACT +
(SSRls or Topiramate)

// 3-Month
ﬁ Assessment &

|| & Adjustment

Physical Therapy +

Aerobic Exercise

Cycle

- Deprescribe

ineffective
agents.

- Intensify

effective
interventions.
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Clinical Axioms for the Modern Neurotrauma Paradigm

Assess Beyond Acknowledge Address Modifiable
Structure: Heterogeneity: Modifiers:

GCS and CT scans only reveal the
tip of the iceberg. True diagnosis
requires multimodal functional,
cognitive, and biomarker integration.

Two identical biomechanical impacts

yield two different brains. Treatment

must map precisely to the individual's
affected neural networks.

A patient's psychosocial environment
(substance use, isolation, depression)
dictates recovery just as much as
their injury mechanics. Treat the

Rehabilitation is
the Bedrock:

Medications manage isolated
symptoms; integrated cognitive,
vestibular, and behavioral rehabilitation
actually drives neuroplastic recovery.

environment.

Prescribe Strategically,
Deprescribe Aggressively:

Avoid acute-phase psychotropics,
strictly avoid benzodiazepines, and
utilize systematic 3-month deprescribing
intervals to reduce cognitive drag.
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