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Challenge:
Military TBI Numbers

TBI Numbers By Severity — All Armed Forces

AP DoD Mumbers for Traumatic Brain Injury

%57/'00-'10 Q4 Totals

B Penetrating Lt A trend toward mild TBI:

B severe 2,124 1) better body armor reducing

B Moderate 34,001 penetrating TBI;

W mild 155,623 2) improved evacuation; and
3) improved immediate care.

B Not Classifiable 7,082

Total - All Severities 202,281

Souwrce: frmed Foroes Healith Surveillance Center Musrmbeers for 2000 - 201004, as of 17 Feb 2011

The Defense and Veterans Brain Injury Center (DVBIC) estimates that 202,281
service personnel were diagnosed with traumatic brain injury (TBI) between 2000
and 2010 (as of February 17, 2011), with the overwhelming distribution of mild TBI
(155,623, i.e., approximately 77%).
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Challenge:
Complexity of Blast Effects

Secondary blast-induced
neurotrauma
(penetrating head injury)

Primary blast-induced neurotrauma
(without a direct blow to the head)

kinetic energy transfer to the CNS

lung injury- induced hypoxia/ischemia
hemorrhage-induced hypoxia/ischemia
hormones released from injured tissue

Tertiary blast mechanisms
(i.e. effect of the impacts
with other objects)
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Challenge:
Primary Blast Effects & Whole Body Exposure
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Challenge:
Complexity of Physiological Responses to Blast
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Blast Exposure Increases Pressure in the Lungs

Human Surrogate Torso
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Reducing PNS Activation Improves Early BINT

€ Rabbit experiments; compressed air-generated shock wave with nominal peak pressure 304 kPa (i.e., 40 psi);
@ Bilateral dissections of the vagus (DEAF), 2 hours before the blast;

€ Animals sacrificed 30 minutes after blast)

Vagectomy

Respiratory mucosa

Bold, dotted, and broken lines indicate afferent pathways

to VG, NTS, and NA; pathways between vagal medullary
centers; and an efferent pathway to VG of the vagectomized
side, respectively. VG, vagal (nodose) ganglion;

NTS, nucleus of the solitary tract; NA, nucleus ambiguus.

Metabolic Changes Electg)':?r?éMe;neral
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Blast, responses of group B compared with those of group A; Deaf.
+ blast, responses of group C compared with those of group C.
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Activation of the Parasympathetic Nervous System by Blast Exposure

Higher center
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Bezold — Jarisch Reflex

»A cardiovascular depressor reflex
involving a marked increase in vagal
(parasympathetic) efferent discharge to
the heart;

=Elicited by stimulation of
chemoreceptors, primarily in the left
ventricle;

=Causing a slowing of the heart beat
(bradycardia) and dilatation of the
peripheral blood vessels with resulting
lowering of the blood pressure;

*The concept was originated by Bezold in
1867, later revised by Jarisch in 1937.

Juxtacapillary J-receptors

=L ocated in the alveolar walls and in
close contact with the capillaries;
=Stimulated by hyperinflation of the lungs,
accumulation of interstitial fluid in the
lung parenchyma (lung edema) and
pulmonary capillary engorgement;
=Impulses travel up the vagus nerve via
slowly conducting unmyelinated C-fibers
and may induce rapid shallow
breathing, and sensation of dyspnoea.
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Requirements for a Reliable Experimental Model of Traumatic Brain Injury

¢ The mechanical force used to induce injury is controlled, reproducible, and quantifiable;

¢ The inflicted injury is reproducible, quantifiable, and mimics components of human
conditions;

¢ The injury outcome, measured by morphological, physiological, biochemical, or behavioral
parameters, is related to the mechanical force causing the injury;

¢ The intensity of the mechanical force used to inflict injury should predict the outcome
severity.

Cernak I, 2005, NeuroRx 2: 410-422

=The JHU/APL model of primary blast injury and primary BINT utilizes well-defined
mechanical factors inducing injury, based on physics of field explosions;

=|t reproduces essential hallmarks of blast injuries and BINT:
*Position-dependent injury severity and injury pattern;
*Graded functional (motor, cognitive, and behavioral) deficits;
*Graded induction of inflammatory response in the brain;
sImportance of systemic response in BINT.
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Cernak | et al. Neurobiology of Disease 41(2011): 538-551

JHU/APL Mouse BINT Model

Sens&r Locatiouv>

A " ; A
T— Vi
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Moderate Severe

Mean SD Mean SD Mean SD
Measured Rupture Pressure (psig) 26.5 2.1 30.9 2.5 42.8 4.6
Measured Static Pressure (psig) 9.9 1.2 11.0 1.4 15.3 24
Calculated Static Pressure (psig) 11.9 N/A 13.7 N/A 18.3 N/A
Measured Total Pressure (psig) 14.9 N/A 18.0 N/A 27.6 N/A
Calculated Total Pressure (psig) 15.1 N/A 17.9 N/A 25.7 N/A
Measured Impulse (psig-ms) 50 5 51 21 72 17
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Mortality (%)

Cernak | et al. Neurobiology of Disease 41(2011): 538-551

Position-dependence of Injury severities

A. Organ Damage Distribution: Supine Positions
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Koliatsos V, Cernak |, et al. Journal of Neuropathology and Experimental Neurology, 70(5): 399-416, 2011

Type, Severity and Frequency of Blast-induced
Microscopic Lesions in Key Thoracic and Abdominal Organs

LUNGS Severe-Supine  Severs-Prone  Moderate-Supine  Moderate-Prome — Mild-Supme  Mild-Prone Total*
Superficial hemoorhages 0.0% 0.0%% 5.3% 50.0% 333% 23.0% 0.7
Hamatomas 0.0% 3313% 10.5% 0.0%% 22% 23.0% 12.1%
Hemorthagic consolidation 100.0% 66.6% B4 2% 50.0% 44 4% 37.5% 635.5%
‘ ' ‘ ' ‘ ' 98.3%

LIVEE Severe-Supine  Severs-Prone — Moderate-Supine  Moderate-Prome — Mild-5upme  Mild-Pione Total*
Infarcts 14 3% _ 100.0% 32.6% 50.0% 0.0% _ S0.0% 41 4%
HEART Severe-Supine  Severs-Prone  Moderate-Supine  Moderate-Prome  Mild-Supme  Mild-Prone Total*

Faght ventricls dilatation 37.1% ‘ 3313% 21.0% ‘ 0.0%% 11.1% ‘ 0.0% 17.2%
Left ventricls dilatation 28 6% 313% 21.0% 0.0%% 11.1% 0.0% 12.0%%
29.3%

SFLEEN Severe-Supime  Severs-Prone  Moderate-Supine  Moderate-Prome  Muld-Supme  Mild-Prone Total*

Fiad infarcts 28.6% 0.0% 10 5% _ 16.6% 0.0% _ 12.5% 12.1%
KEIDNEY Severe-Supine  Severs-Prone  Moderate-Supine  Moderate-Prone  Mild-Supme  Mild-Prone Total*

Fead infarcts 14.3% ‘ 0.0%% 26.3% ‘ B.3% 0.0% 0.0% 12.1%

¥ Percentiles represent rates of cases with indicated lesion m the total number of cases of the first group.

mmm) Supine > Prone
4= Prone > Supine
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Importance of Blast Transmission Pathways

Whole-body exposure Torso protection & Head protection &
Head exposure Torso exposure
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In Vivo Imaging of Inflammation

=XenoLight Rediject Inflammation probe is a
chemiluminescent reagent for in vivo monitoring
of inflammation using the IVIS bioluminescence /
fluorescence camera;

*This probe is offered in a ready-to-use format
and measures myeloperoxidase (MPO) activity
of activated phagocytes allowing for
longitudinal tracking of MPO level and
inflammation status in vivo;

=Intraperitoneal (i.p.) injection at 200 mg/kg (150
ML /mouse*) and imaging 10 minutes post i.p.
Injection of the probe with exposure time of 5
minutes for better sensitivity.

IVIS® Imaging System 3D Series Components:
Thermeelectrically cooled CCD camera with water chiller,
patented optomechanical imaging chamber for multi-view
imaging, acquisition computer, high-resolution menitor,
integrated gas anesthesia, and Living Image® software.
Fluorescence option available.
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Whole-body Blast (No Protection)
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Cernak | Frontiers in Neurology (2010); 1: 1-9

Blast with Head Protection
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Blast with Body Protection

1 Day 3 Days 7 Days 14 Days 30 Days
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Axonal Pathology in Distinct CNS Tracts Based on Silver Degeneration Staining

0 — no pathology

1 — mild pathology (scattered axons)

2 — moderate pathology

3 — severe pathology (confluent axons)

CC — corpus callosum
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Blast-induced Neurotrauma:
Essential Research Components

Resilience

Multi-phase,

Multi-system

Response to
Injury

Stressors of
Military
Environment

Complexity of Blast Effects
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Research Goals & Plan
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Share Victory. Share Defeat.
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Thank You & Questions

Black-eyed Susan (Rudbeckia Hirta)
has been the official Maryland flower since 1918 when it was designated the

"Floral Emblem" of Maryland by the General Assembly
(Chapter 458, Acts of 1918; Code State Government Article, sec. 13-305).
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