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Learning Objectives:

1. How is traumatic brain injury (TBI) defined and diagnosed by VA in the clinic

2. Relationship of TBI to other mental health conditions (depression, suicide
attempts and fatalities, and dementia) among Veteran populations.

3. Relationship of Military Exposures to TBI and related co-morbidities
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VA Diagnostic Approach

* Both the VA TBI screening instrument and Comprehensive TBI Evaluation define TBI as
an index event, either self-reported or witnessed.

* Screening is 4-question survey; positive response to all 4 questions = positive screen.

 Comprehensive evaluation is an evaluation by medical provider (physician, PA, Nurse
Practitioner) to include 22-item neurobehavioral symptom inventory, comprehensive
history, consultation as appropriate to specialists to address symptoms/complaints.

* Without an affirmative answer for a potential TBl index event on the screen, a
comprehensive evaluation will not be requested for the Veteran.

* The latest VA/DoD Clinical Practice Guidelines (2021) suggests additional research to
determine if repeated low-level blast exposures lead to TBI symptoms.
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Diagnostics: VA-DoD Clinical Practice Guidelines for mTBI (2021)

* A traumatic brain injury (TBI) is defined as a traumatically induced structural injury and/or physiological disruption of brain
function as a result of an external force. It is diagnosed by new onset or worsening of at least one of the following clinical
signs immediately following the event:

* Any period of loss of or a decreased level of consciousness
* Any loss of memory for events immediately before or after the injury (post-traumatic amnesia)
* Any alteration in mental state at the time of the injury (e.g., confusion, disorientation, slowed thinking, alteration of consciousness/mental state)

* Neurological deficits (e.g., weakness, loss of balance, change in vision, apraxia, paresis/plegia, sensory loss, visual-spatial neglect, aphasia) that may or may
not be transient

* Anintracranial lesion

* External forces may include any of the following events: the head being struck by an object, the head striking an object,
the brain undergoing an acceleration or deceleration movement without direct external trauma to the head, a foreign
body penetrating the brain, forces generated from events (e.g., a blast or explosion), or other forces

* The above criteria define the event of a TBI. Not all individuals exposed to an external force will sustain a TBI, but any
person who has a history of such an event with immediate manifestation of any of the above signs and symptoms can be
said to have had a TBI.

* No other diagnostic is recommended.
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Current Number of Veterans with a Confirmed TBI Diagnosis Using

the TBI Screen and Comprehensive TBI Evaluation

VHA TBI Numbers

CTBIE Designation Number of Veterans

&2 DOD Numbers for Traumatic Brain Injury Number of Screens 1,704,154

& Worldwide — Totals E%;maue 129 e severe Number of Previous 100,220
2000-2023 Q1 == Positive Diagnosis
M Penetrating R | Number of Positive 306,913
B severe 4,741
" Moderate 54,090 ‘\‘ Screens
W wilg 394591 | | Completed 175,934
B Not Classifiable 20,814

Comprehensive Exams
Positive for TBI Exams 107,474

Total - All Severities 479,953

N\
Source: Defense Medical Surveillance System (DMSS), Theater Medical Data ™,

Store (TMDS) provided by the Armed Forces Health Surveillance Division (AFHSD) ™, — -
Prepared by the Traumatic Brain Injury Center of Excellence (TBICOE) — T =

otal Confirmed TBIs 207,694
*Percent may not add to 100% due to rounding 2000-2023 Q1, as of May 9, 2023 /

Approximately 62% of Veterans utilize VA for healthcare.
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Overlap of Chronic TBI Symptoms and Mental Health Conditions

Shared Neural
Circuitry

* Decoupling of
prefrontal-subcortical
structures

« Heightened reactivity
in threat-responding
regions

Clinical Presentation Behaviors
(symptoms) (in and out of the lab)
* Memory ) * Enhanced fear learning
alterations/deficits

» Hypervigilance « Overgeneralization

» Decreased inhibition * Poor extinction learning

» Avoidance of
trauma-related cues

* Sensory sensitivity

« Irritability

Shared Neural and Molecular Modifications of Emotion
Regulation Circuitry Associated with PTSD and TBI

1) Changes in HPA activity
T glucocorticoids
T neuroinflammation ,
;A

5) Disrupted functional coupling
l PFC-insula

Tglutamate 1 PFC-caudate

D prefrontal cortex (PFC)

|:| hypothalamus

D amygdala

hippocampus

| | cingulum
D insula

2) Excess glutamate leads
to neuroinflammation, cell
death in PFC

3) Disruptions in PFC,
amygdala, hippocampus
enhance fear learning

T NMDA receptors

Ttranscription factors and gene expression

4) Impaired fronto-limbic connectivity
cingulum structural integrity (FA)

Weis CN, Webb EK, deRoon-Cassini TA, Larson CL. Emotion Dysregulation Following Trauma: Shared Neurocircuitry of

Traumatic Brain Injury and Trauma-Related Psychiatric Disorders. Biol Psychiatr

. 2022 Mar 1;91(5):470-477.
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Association of TBI With Depression Status

TBI Severity, Depression Status, and Demographic Characteristics of Participants From Two Studies
Included in Comparative Analyses (Mac Donald et al., 2019; Walker et al., 2016)

Overall, No TBI, mTBI,

Value of outcome variable N=1,633 N = 326 N=12307
Depression

Negative 468 (29%) 143 (44%) 325 (25%)

Positive 1,156 (71%) 181 (56%) 975 (75%)

Missing 9 2 7
Gender

Male 1,425 (87%) 257 (79%) 1,168 (89%)

Female 208 (13%) 69 (21%) 139 (11%)
Age category

,25 30 (1.8%) 5 (1.5%) 25 (1.9%)

25-39 881 (54%) 183 (56%) 698 (54%)

40—49 444 (27%) 81 (25%) 363 (28%)

50-64 259 (16%) 50 (15%) 209 (16%)

65+ 14 (0.9%) 5 (1.5%) 9 (0.7%)
Missing 5 2 3

Race/ethnicity

Non-Hispanic White 929 (61%) 163 (53%) 766 (63%)

Other 595 (39%) 144 (47%) 451 (37%)

Missing 109 19 90
Population type

Veteran/military 1,633 (100%) 326 (100%) 1,307 (100%)

O’Neil, M. E., Krushnic, D., Clauss, K., Baker-Robinson, W., Hannon, S., Cameron, D. C., Cook, L., Niederhausen, M., Kaplan, J., & Brenner, L. A. (2024). Harmonizing federal interagency
traumatic brain injury research data to examine depression and suicide-related outcomes. Rehabilitation Psychology. Advance online publication.
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Long-term Risk of TBI to Brain and Mental in Veterans: Suicide

Suicide Completion
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Howard et al., JAMA Network Open. 2022;5(2):e2148150. doi:10.1001/jamanetworkopen.2021.48150
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Group

Suicide Attempt in the Past Year

p=0.085 p=0.675 p=0.312 p = 0.009

3.51% ;
B, 3.14%

o 39% 2.22%
ll 04% 1.43%. 56%’_| I i 38%1 47%

1 Year Post-TBI 2 Years Post-TBI 2 Years Post-TBI 5 Years Post-TBI
Cumulative

ENIDILRR Non-V  EINIDILRR V/SM [ VA PRC V/SM

P=0.0655 729

5 Years Post-TBI
Cumulative

® Total population
A Without TBI
With mild TBI

With moderate
or severe TBI

Klyce et al. J Head Trauma Rehabil. 2023 Sep,29:10.1097/HTR.0000000000000902
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Cumulative Incidence of Dementia by Traumatic Brain Injury (TBI) Severity
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Barnes et al., JAMA Neurol. 2018;75(9):1055-1061.
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TBI: Event vs Exposure

* Events can be exposures that occur repetitively over a lifetime, e.g.,
child abuse, contact sports, altercations, military service, assaults, or
accidents.

 Alternatively, military exposures that are repetitive, subclinical
injuries to the brain can accumulate over time without acute
presentation of symptoms, e.g., loss of consciousness or alteration of
consciousness.

e Focus of research has been on event-based TBI; however recent
media reports have increased awareness of TBIl from culminative
military exposures.
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Types of Combat and Occupational Blast Exposures

Combat Occupational

BLAST WAVE

Injuries with immediate
manifestation

Hidden injuries with long-term
consequences
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Raising Awareness to the Clinical Communit

DOD Service Member Fact Sheet | July 2023

Information on Low-Level Blast Exposure
Traumatic Brain Injury Center of Excellence

What is
Low-Level Blast?

Blast generated from firing heavy
weapon systems or explosives

in combat or training environments.
LLB exposure is not the same as a

concussion/mild traumatic brain injury.

LLB Exposure May Cause

» Concentration problems

« Decreased hand-eye coordination

- Irritability - Difficulty hearing
- Memory problems - Headaches
- Slowed thinking/slow reaction time - Tinnitus (ringing in the ears)

What Should Service Members Do?

a @

Recognize Limit
« There are specific military Limit exposure toas low as
occupations at high risk reasonably achievable by:
for exposure. - Keeping an appropriate

» Certain heavy weapon distance from weapons
systems have been being fired
identified as generating « Turning in unused ammunition
the most LLB exposure. (i.e., avoid SPENDEX)

» There are ammunition firing « Wearing appropriate
limits for the weapon systems protective equipment (e.g.,
that you use. helmet, hearing protection)

« LLB exposure can vary « Adhering to weapon system
depending upon your firing firing limits.
position and other
environmental conditions.
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Report
+ Symptoms from LLB exposure
typically resolve with time.
- If your symptoms persist
and impact your daily function,
inform your command and
medical provider.
- Report to medical provider
should include:
= Duration of exposure
= Number of blasts
= Years in high-risk occupation/
unit (e.g., MOS/NEC/AFSC)
= Symptom details and duration
» Refer to health.mil/ TBlfactsheets

for additional resources

DOD Service Member Fact Sheet | July 2023
Information on Low-Level Blast Exposure

Military Occupations* and Heavy Weapon Systems
That Can Expose You to LLB

Armor, Artillery,
and Gunnery

Combat Engineer

Breaching
Charges

Explosive
Ordnance Disposal Shoulder
- : Mounted
Special Operations Weapons
Forces
Infantry

Military Training
Instructor

Medical Assets Attached

to Expeditionary Units Indirect Fire

Weapons

*#MOS terminology

may vary by service

Research is still emerging on the potential health
effects of LLB exposure from heavy weapon systems.
This fact sheet guidance is intended to raise LLB awareness
and not meant to restrict mission-essential training.

""'., Scan Khe QR code
4977.1.1.3 -Released July 2023 by the Traumatic Brain Injury Center of Excellence to download this
Ontence Hesn Assney @ This product is reviewed annually and is current until superseded. 800-870-9244 | Health.mil/ TBICOE fact sheet.
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Prevalence in Service members and Veterans

* 98+ Military Occupational Specialty designations are considered to be
at risk for occupation-related blast exposure.

* VA epidemiologists are collaborating with their DoD counterparts to
get an estimate of the number at risk.

* The estimate of the potential number of Veterans who have been
affected will provide the scope of the problem that may be
encountered currently and into the future.
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Cerebrovascular Effects of Blast Exposure

e, ® . . -, Low Level
» Additional to the injury and -ﬂ | SestEovae
dysfunction of neurons, various o
cerebrovascular pathologies are

Secondary
also present Nebroascte
* Loss of coupling of vasoreactivity \
to neuronal activity *
Chronic Effects

* Aberrant neovascularization ypoperfsion on Cerebral

Neurovascular A T ) Blood Fl‘ow
~7. Regulation

Remodeling

* Dysfunctional blood-brain >
barrier

Dysautoregulation
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Long-term Cerebrovascular Disruption

Local inflammation
associated with vascular
degeneration may be
due to elevated
permeability of the
blood—brain barrier.

Blood-Brain Barrier
dysfunction could lead to
greater influx and less
efflux of toxins from the
environment
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3 x 75 kPa blast exposures

K_H

Events l PTSD-like phenotype not present l

Time (post-blast) 24-72 h

Choroid Plexus leakage

Tissue reposition and tears
Apoptosis of cells lining tear
Apoptosis in few large vessels
ECM remodeling

Vascular rupture

Cerebral hemorrhage

Vascular strictures

Vascular tunicae disruption
Vascular occlusion, attenuation

Vascular smooth muscle degeneration

6 weeks

Tissue reposition, tears and scars
Perivascular astrocytic degeneration
Vascular smooth muscle degeneration
Double-barrelled vessels

ECM remodeling

Intravascular astrocytic processes
Vascular occlusion, attenuation
Migration of CD34* adventitial
fibroblasts to lumen

Vascular dilation

Cerebral hemorrhage

Onset of blast-induced cognitive and behavioral phenotype

PTSD-like phenotype present

16-24 weeks

Choroid Plexus leakage

Cerebral hemorrhage

Microglial loss next to tears
Hemorrhagic focal tear

Tissue reposition tears and scars
Microglial activation (stroke)
Vascular tortuosity

ECM remodeling

Vascular occlusion, attenuation
Vascular strictures

Vascular smooth muscle degeneration

Perivascular astrocytic degeneration

Gama Sosa et al. acta neuropathol commun (2021) 9:167 https://doi.org/10.1186/s40478-021-01269-5

40-52 weeks

Choroid plexus leakage

Cerebral hemorrhage

Microglial loss next to tears
Hemorrhage scars, loss of microglia
Perivascular microglial apoptosis
ECM remodeling

Perivascular microgliosis

Tissue repositon, tears and scars
Vascular leakage

Vascular tortuosity and strictures
Vascular occlusion, attenuation
Vascular smooth muscle degeneration
Intravascular astrocytic processes
Perivascular astrocytic degeneration
Perivascular astrocytosis
Perivascular microglial activation
Perivascular astrocytic apoptosis

Enlarged paravascular spaces
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Multi-system Effects of Both TBI and Military Exposures

Traumatic Brain Injury Gulf War Toxic Exposure
Neurobehavior: Learning impairment Neurobehavior: Learning impairment
Memory impairment Memory impairment
Decrease anxiety Increase anxiety
Cortex:  Microgliosis YO \§ 5/;/' Cortex:
Astrogliosis . I\
Hippocampus: Hippocampus: Microgliosis %{ IMMUNE ENDOCRINE
Astionliosts ‘ « Gulf War Veterans, GWVs, show damage in all three of
White Matter: Axonal Injury White Matter: Increaseinfoligodendrocytes these areas. The consequences of such damage will
) - Increase in oligodendrocytes Thinning of corpus callosum . P .
. Tiite of arpUsicalo i not necessarily be limited to the area first affected by
~" Microgliosis, Astrogliosis ﬁ .% the chemical or biological insult.

History of Mild « Post 9/11 Veterans with diagnosed TBI also have

Traumatic Brain Injury _multisystem conditio_ns that include neurobehavioral,
+ immune, and endocrine.
Toxic Exposure
Exacerbated
Neurobehavior white matter pathology

axonal injury 2y

s

C : ) oligodendrcyte number

astrocytosis (GFAP)

Exacerbated learning and
[ memory impairment

TBI combined with GW
- —— exposure did not influence
. anxiety or deinhibition

Ferguson, S., McCartan, R., Browning, M. et al. Impact of gulf war toxic
exposures after mild traumatic brain injury. acta neuropathol commun
10, 147 (2022).

microgliosis (Iba1)

p-Tau pathology
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Q&A

Stuart W. Hoffman, PhD Stuart.hoffman@va.gov
Senior Health Science Officer for TBI/Brain Health Office: (202)632-7370
Office of Research and Development
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