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Due to an emergency situation involving my position as Chairman of
the Board of Directors of the Brain Injury Association of America, | am
unable to deliver this seminar in person.

| sincerely apologize for this unanticipated conflict and appreciate
those professionals who have graciously agreed to present this in my
absence using my notes.

In the unlikely event that questions arise during this seminar that my
esteemed colleagues are unable to address, please do not hesitate to
contact me by email at

Gregory.OShanick@CenterForNeurorehabServices.org.

| will be here tomorrow (11.10.2011) in person to deliver my lecture at
1:30pm entitled, “Brain Injury Medicine for the 215 Century.”



TBI EPIDEMIOLOGY



TBI In the United States

At least
1.6 million
51,000 TBIs occur In the
Deaths United States
each year.*

290,000
Hospitalizations

1,200,000
Emergency Department Visits
??? Recelving Other Medical Care or No Care

* CDC, 2008
From the 2004 CDC Report: TBI in the United States: ED Visits, Hospitalizations, and Deaths




TBI In the United States
TBIls by Sex*
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* Average annual rates, 1995-2001; ED visits, hospitalizations, and deaths combined

January 2005

Slide 5 From the 2004 CDC Report: TBI in the United States: ED Visits, Hospitalizations, and Deaths




TBI In the United States
TBIls by Cause*
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* Average annual rates, 1995-2001; ED visits, hospitalizations, and deaths combined

January 2005

Slide 6 From the 2004 CDC Report: TBI in the United States: ED Visits, Hospitalizations, and Deaths




TBI in the United States
TBIls by Age Group*
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Slide 7
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Age Group (years)
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* Average annual rates, 1995-2001

From the 2004 CDC Report: TBI in the United States: ED Visits, Hospitalizations, and Deaths




TBI In the United States
Bls Among Children (0-14 years) by Cause

m Motor Vehicle
- Traffic

Falls

m Assault

m Other

Unknown

* Average annual percents, 1995-2001; ED visits, hospitalizations, and deaths combined

January 2005
Slide 8 From the 2004 CDC Report: TBI in the United States: ED Visits, Hospitalizations, and Deaths




TBI In the United States
TBls Among Older Adults (>65 years) by Cause

m Motor Vehicle
- Traffic
Falls

m Assault

m Other

Unknown

* Average annual percents, 1995-2001; ED visits, hospitalizations, and deaths combined

January 2005
Slide 9 From the 2004 CDC Report: TBI in the United States: ED Visits, Hospitalizations, and Deaths




MILITARY TBI EPIDEMIOLOGY



Military Incidence of TBI

7000 peacetime admissions annually

Active duty males: 225 per 100,000
Active duty females: 150 per 100,000



Combat Statistics

(DVBIC, January 2008)

32% of patients evacuated to WRAMC had TBI
5591 patients with TBI seen at DVBIC sites

90% of combat-related TBIs are closed head injuries (most
are mTBI or concussion)

>50% blast related

From 01/03-01/31/08



Combat Statistics

30,906 servicemembers wounded

3486 killed in action in OIF/OEF
(As of 31 January 2008)

10-20% of Marines & Soldiers returning from
Afghanistan & Irag might have experienced brain
injuries
(Army’s TBI Task Force)
(5/5/2007)



Improvised explosive devices

e TSI A
B A el

Ry o i 1 - TR
P Y Bk
e : E S8 1.1

& g e D 1D







Terrorism

ATF

VEHICLE.

DESCRIPTION

MAXIMUM
EXPLOSIVES
CAPACITY

COMPACT 500 F‘oynda
SEDAN 227 Kilos
{In Trunk)
Riliksze | Dohonnds
SEDAN 455 Kilos
(I Trunk)
| P’n‘ﬁiﬁr"@%m 4,000 Pounds
SMALL BOX 10,000 Pounds
VA 4 545 Kilos
(14FTBOX) |
BOXVAN OR | 24 500 Pounds
WATER/FUEL | ™1 cae iios
TRUCK ;

SEMI-
TRAILER

&80,000 Pounds

27,273 Kilos

LETHAL
AIR BLAST
RANGE

100 Feet
30 Meters

MINIMUM
EVACUATION

- DEISTANCE

FALLING
GLASS
HAZARD

125 Feet
38 Meters

200 Feet
&1 Meters

300 Feet
91 Meters

450 Faat
137 Meters

600 Feet
183 Meters

1,500 Feet 1,250 Feet
457 Meters 381 Metars
1,750 Fest 1,750 Feet
534 Meters 534 Meters
2,750 Feet - 2750 Feet
838 Meters 838 Meters
3,750 Fesat 3,750 Feet
1,143 Meters | 1,143 Meters
5,500 Feet 6,500 Feet
1.982 Meters | 1,982 Meters
7,000 Feet 7.000 Faet
2,134 Meters | 2,134 Meters




Improved individual survival
(Killed to wounded ratio)

American Revolution: 1:0.7
War of 1812: 1:0.5
Civil War (Union): 1:0.7
World War I: 1:1.8
World War ll: 1:1.6
Korean Conflict: 1:2.8
Viet Nam: 1:2.6

OIF/OEF: 1:16
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Improved individual survival

Mandarin collarworn in the up position to keep out
debris and protect the neck when wearng the OTY

Infrared-feedback Amernican Flag that provides
both day and night recognition for friend or foe
identification

Fermanent IR feedback sguares affixed to each
shoulder for nighttime identification

ACL design is maximized for use with the OTV,
with easy-access pockets and maximized
storage space



C-17 Air Transport
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NEUROANATOMY
&
NEUROPHYSIOLOGY



The neuron is the basic unit of brain
function

CELL BODY

10,000 neurons can fitin a
space the size of the eye of
a needle (1mm)

Mature neurons have
specialized functions

il NUCLEUS
| RAY
MATTER |

Neurons are supported by a
“skeleton” (glial cells)

¥ ELECTRICAL
-~ IMPULSE
TRANSMIT-
TING

Electrical activity triggers @ e
neurotransmitter release |
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Neurons interact through the release

of neurotra nsmltters

Cell body

]

|

@ Synthesis of

\\ J' @ Transport of ;’j

neurotransmitter
and formation
of vesicles
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Table 48.1 Major Neurotransmitters

Neurotransmitter  Structure Functional Class
Acetylcholine ]r.i E:clitﬂlut:ury ml;.'c tlchr_;_ale ‘
A T or nkibiory at other sites

Biogenic Amines |

Norepinephrine s CH— O Excitatory or inhibitory

OH
Dopamine Generally excitatory; may
be inhibitory at some sites
HO (HJ— CHI,— We,
Serotonin Hﬂ@\_ C—CH— CH— W, Generally inhibitory
rr’t H
H

Amino Acids

GABA (gamma H,N—CH—(H—CH~—C00H Inhibitory

amincbutyric acid)

Glycine H,N—CH.—COOM Inhibitory

Glutamate HN— EH —(H~—(H—CO00H Excitatory

CO0H
Aspartate HN— :IZH — CH—C00H Excitatory
COOH

Neuropeptides (a very diverse group, only two of which are shown)

Substance P Asg—Pro—Lys—Fio—Lin—Gln—Phe—~Phe—~0Ghy—Lou—Hhiot Excitatory

Met-enkephalin
(an endorphin)

Tyr—Gly—Gly—Phe—Met

Generally inhibitory



Dopamine circuits

Human e AP




Noradrenaline




Serotonin circuits




GROSS NEUROANATOMY






Vascular supply to the brain




ALCA — ANT, INF,
CEREBELLAR A
A.P.Br. —ASCENDING PARIETAL
BRANCH
BA — BASILAR A
I.C.A. — INTERNAL CAROTID A,
|.LEBr. — INFERIOR LATERAL
FRONTAL BRANCH 3.C.A. — SUPERIOR
M.CA°— MIDDLE CEREBRAL ARTERY CEREBELLAR A.
P.I.CA. —FOST. INF. CEREBELLAR A. P.T.Br. — PARIETO- 1.Br. = TEMPORAL BRANCH
P.5.A. — POSTERIOR SPINAL A, TEMPORAL BRANCH VA — VERTEBRAL A




_ARTERIES OF THE BRAIN — median sagittal section

M.CA. = MIDDLE CEREBRAL A,
P.CA, — POSTERIOR CEREBRAL A
Ca.F. — CALCARINE FISSURE A B
C.P.V.3. — CHORODID PLEXUS OF
drd VENTRICLE
C.P.V.4. — CHORDID PLEXUS OF

41h VENTRICLE P.L = PARIETAL LOBE

C.C. — CORPUS CALLOSUM LG, — LINGUAL GYRUS PI. — PINEAL BODY
C.G. — CINGULATE GYRUS M.I, — MASSA INTERMEDIA Pit. — PITWITARY GLAND
C. — CUNELS 0.L. = OCCIPITAL LOBE P.C. — PRECUNEUS
F. — FORNIX 0.C. — OPTIC CHIASMA S.F.G. — SUPERIOR FRONTAL GYRUS

F.L. — FRONTAL LOBE P.A. — PARDLFACTORY AREA T.L — TEMPORAL LOBE |




INFERIOR SURFACE OF THE BRAIN WITH BLOOD VESSELS
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Skull base & brain proximity




Brain — skull proximity




BRAIN FUNCTION BY REGION



LOCATION OF BRAIN AND CRANIAL NERVE FUNCTIONS

SAGITTAL VIEW OF BRAIN LATERAL VIEW OF BRAIN
CEREBELLUM CEREBRUM T i

CEREBELLUM

HIGHER
 INTELLECT,
/. JUDGEMENT,
COGNITION,
MEMORY AND
PROBLEM

MEDULLA SDLV‘NG

OBLONGATA
: INFERIOR VIEW OF BRAIN
HIGHER INTELLECT,

JUDGEMENT, COGNITION,
MEMORY AND PROBLEM
SOLVING

OLFACTORY BULB ¥ /3
OLFACTORY  Anp NERVE (SMELL) .

BULB AND i A
VESIBULO- NERVE (SMELL) SMELL—IJRF 7 Sl ﬁx o
COCHLEAR NERVUS INTERMEDIUS H s S oo |
NERVEHEARING (TASTE) 193530000/
MEIRRASAY: e VESTIBULOCOCHLEAR
NERVE (HEARING AND

._.____ f

BALANCE =
CEREBELLUM

MEDULLA OBLONGATA



THE LIMBIC SYSTEM

MEDIAL VIEW OF
RIGHT HEMISPHERE

A — AMYGDALA
C.6. — CINGULATE GYRUS
C.C.~ CORPUS CALLOSUM

F. — FORNIX
L —FRONTAL LOBE

H. —HIPPOCAMPLS

M. — MAMMILLARY BODY
0.T. — OLFACTORY TRACT

AND BULB
3.1, — STRIA TERMINALIS

The Limbic system includes the thalamus, the
hypothalamus, amygdala, parts of the reticular formation i
the brain stem, and the limbic region of the cerebral
corlex. Its lunctions deal pnmanly with behavior and
emolions.




Brain regions associated with personality traits

Adapted from Carter R, Aldridge S, Page M, and Parker S: The Human Brain Book. London, Dorling Kindersley
Limited, 2009.

Aggression: Reduced cingulate cortex
volume and activity

Decision values: Central orbitofrontal
activation

Dispassionate analysis: Increased
anterior cingulate activity

Emotional bias in moral decisions:
Ventromedial and orbitofrontal
prefrontal cortices activation

Emotional memory storage: Amygdala

Goal values: Medial orbitofrontal
activation

Extroversion: Reduced dorsolateral
prefrontal cortex, anterior cingulate
and thalamus activity

MEDIAL VIEW OF
RIGHT HEMISPHERE

A — AMYGDALA
06, — CINGULATE GYRUS €
C.C. —CORPUS CALLOSUM o '\
F, — FORNIX

F.L — FRONTAL LOBE

H. — HIPPOCAMPUS

M. — MAMMILLARY BODY
0.T. — OLFACTORY TRACT

AND BULB
ST — STRIA TERMINALIS

The Limbic system includes the thalamus, the
nypothalamus, amygdala, parls of the reticular formation in
the brain stem, and the limbic region of the cerebral
cortex. Its functions deal primarily with behavior and
emolions



Brain regions associated with personality traits

Empathy/self-reflection:
Insula activation

Insightful/“Eureka” moments:
Increased superior temporal
gyrus activity

Mistrust/disbelief: Reduced
insula activity

Novelty seeking: Increased
hippocampus and striatum
activity

Conditioned memory storage:
Cerebellum

@ ELSEVIER, INC. - NETTERIMAGES.COM



Brain regions associated with personality traits

Personal awareness of mental state/character:
Medial prefrontal cortex

Personal space boundaries: Motor, somatosensory,
cingulate and parietal cortices

Prediction errors: Ventral striatum (caudate-
putamen) activation

Punctuality/subjective time sense: Substantia nigra,
basal ganglia and prefrontal circuits

Reflective/comparing past-present situations:
Lateral prefrontal cortex activation

Social avoidance/fear/anxiety: Increased amygdala
activity
Self-monitoring/guiding behavior: Cingulate cortex

Social comfort/safety: Increased striatal activity

Trust/belief: Increased ventromedialprefrontal
cortex activity

Unfairness: Increased insula activity

COROMNAL SECTTON THROWGH BRAIN
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Frontal Lobe

Function: Integral to Ifersonahty involved in
fracking, sense of self, arousal, and aware-
ness of environment. Responsible for exec-
utive functioning & judgments, emaotional
response & stability, language, and memaory
for habit

Frontal lobe

Symptoms of Impairment

= Changes in * Loss of flexibility
personality & in thinking {mental
social behavior rigidity)

« Loss of spontane-  « Distractibility
ity in interacting « Mood swings

with others
: * Diminished abstract
* Sequencin ;
(difficulty planning ~ fasoning
and completing » Difficulty with

complex tasks in
correct order)

* Perseveration
(repeating same
actions and
comments over
without conscious
awareness of
having done so)

problem solving

* Language difficulties
{usage and word
finding)

= Loss of simple
movement of
various body parts

Guide to Brain Anatomy and Function

Parietal lobe

Temporal
lobe

Brain Stem

Parietal Lobes

Occipital

\ obe

Function: Involved in visual perception, tactile
(touch) perception, integration of sensory infor-
mation that allows for understanding of concepts,
and goal-directed voluntary movemenis

Cerebellum

Temporal Lobes

Symptoms of Impairment

= Difficulties naming  * Poor hand-eye
objects coordination

« Difficulties writing = Confusion left-right
words orientation

* |nability to attend to = Difficulty performing
more one object math calculations

at a time

* Inability to focus
visual attention

« Difficulty drawing
= Poor visual perception
= Lack of awareness of

+ Problems with i
] certain body parts
reading and/or surrounding
space

Function: Play key role in intellect, as well as
auditory perception (hearing), long-term memory
and some visual perception

Occipital Lobe

Function: Visual perception system

Brain Stem

Function: Plays role in heart rate, swallowing,
reflexes to sight and sound, sweating, blood
pressure, digestion, temperature levels of
alertness, ability to sleep, and balance

Symptoms of Impairment
* Decreased vital capacity in breathing
= Swallowing food & water

= Difficulty with organization/perception of
environment

* Problems with balance and
movement

= Dizziness and nausea
= Sleeping difficulties

Symptoms of Impairment
* Difficulty remembering = Aggressive behavior
names and faces
* Change in sexual

ey (o Mterest
e anding SPOKeN | pesistent talking (right
Difficulty with lobe damage)
= Difficulty wi % :
identification of, and  * Difficulty locating
verbalization about objects in
objects environment
« Difficulty with *Inability to
concentration categorize objects
« Short-term memory  * Religiosity
loss = Seizure disorders,
= Interference with auras and strange
reveries

long-term memory

Symptoms of Impairment
= Impaired vision

Cerebellum

Function: Involved in coordination and control of
voluntary movement, balance and muscle tone

Symptoms of Impairment

= Tremors It (lj”abi”hf to llédgﬁ
istance and when to
= Nystagmus | v
(InvolUntary stop (dysmetria)

movement of eye) = Inability to perform rapid
* Ataxia, lack of altering movements

coordination * Slurred speech (ataxic
« Weak muscles dysarthria)
(hypotonia)

& 2004, Medivisuals Inc




BIOMECHANICS OF TBI



External Forces

(DoD, 2007)

the head being struck by an object
the head striking an object

the brain undergoing an acceleration/
deceleration movement without direct external
trauma to the head

a foreign body penetrating the brain

forces generated from events such as a blast or
explosion

other force yet to be defined



Blunt force trauma




Probability of Concussion

1.0 -

0.8 -

NFL Data
75% Probability of Concussion
Acceleration = 98.9 ¢

In-Vivo Data
0.3% Probability of Concussion

| Acceleration =989 g
|
|
oD @D D
| 1 l | 1 I
0 50 100 150 200 250

Peak Linear Acceleration (g's)

Concussion Probability Function
Impacts Recorded /n-Vivo
O Reconstructed NFL Impacts




Medscapes www.medscape.com

Position No. of Cases Incidence(%:)  MNo. of Game Positions Risk per 100 game-positions®
High Risk
Offensive
Cuarterback 62 1.9% 3,826 1.62(1.22, 2.02)
Wide Receiver 9 I 1.9% 7,652 1.23(0.98, 1.48)
Tight End 36 4.6% 3,826 0.94(0.63, 1.25)
Running Back 6o 5.8% T.652 0.90(0.69, 1.11)
Defensive
Secondary 143 18.2% | 5,304 0.93(0.78, 1.08)
Moderate Risk
Oiffensive
Offensive Line 56 T1% 19, 130 0.2900.21, 0.37)
Diefensive
Linebacker 52 6.6% 11,478 0.45(0.33, 0.57)
Defensive Line 67 8.5% 15,304 0.4400.34, 0.54)
Special Team
Return Ball Carrier 22 2.8% 3,826 0.58(0.34, 0.52)
Kick Unit |31 16.6% 38,260 0.3400.28, 0.40)
Low Risk
Special Team
Punter 7 0.9% 3,826 0.18(0.05, 0.31)
Return Unit 33 4.2% 38,260 0.09(0.06, 0.12)
Kicker, FGA | 0.1% 3,826 0.03(-0.02, 0.08)
Kicker, PAT | 0.1% 3,826 0.03(-0.02, 0.08)
Holder | 0.1% 3,826 0.03(-0.02, 0.08)
Unknown/Undesignated 12 |.5%
Total 787 100% 8.08

Sourca: Meurasurg Focus 8 2006 Amandcan Associalion of Neurdogical Surgaons



Levels Of Consciousness In Relation
To Head Injury Criteria

Head Injury Criteria AIS Code Level Of Brain Concussion And Head Injury

135-519 1 Headache or dizziness

520 - 899 2 Unconscious less than 1 hour — linear
fracture

900 — 1254 3 Unconscious 1 — 6 hours — depressed fracture

1255-1574 4 Unconscious 6 — 24 hours — open fracture

1575 - 1859 5 Unconscious > 25 hours — large hematoma

> 1860 6 Non survivable



Mechanics of traumatic brain injury




Mechanics of traumatic brain injury

Brain Injuries Brain Injuries
Initial impact Contrecoup effect




Mechanics of traumatic brain injury

Shear Injury

SHEARING FORCE

Rapid posterior NORMAL
Gray motion of skull
matter - and cortex Gray
| White resulting from Matter

matter impact

NORMAL

White
Matter

Continued "\

forward A L
motion of
white matter

DIFFUSE AXONAL INJURY

Twisted Iy Tam » Broken
axon axon axon
” !

Fluid-filled Cerebellum _
subarachnoid - o -
i | away at -

A. synapse B. C.




PATHOPHYSIOLOGY



DIFFUSE AXONAL INJURY

Primary neuropathological change in any TBI
Microscopic post-mortem finding

Since 1980’s, recognized 2 causes in severe TBI:

Acute: mechanical shearing
Delayed: cellular metabolic alteration due to trauma

Search for interventions to improve clinical outcome in severe TBI
by reducing delayed cellular metabolic injury

BTF Guidelines

Fluid resuscitation
ICP monitoring; decompressive craniectomy
Metabolic interventions: hypothermia; tirilizide; progesterone



DIFFUSE AXONAL INJURY

ACUTE = CELL MURDER

Mechanical disruption of axon
Due to differential densities
Myelinated (white matter)
Non-myelinated (gray matter)

Tearing damages vascular
supply to axon

Releases Hgb -> hemosiderin



Mechanics of traumatic brain injury
“cell murder”

Shear Injury

SHEARING FORCE

Rapid posterior NORMAL
: e ——
Gray motion of skull ( e
matter . and cortex Gray O
g White resulting from Matter
matter impact

White I
/ Matter H
1 damage 1
41 near junction 111
i | of (4]
Continued \ \ of gray & .

white matter

forward \ P | ’-.1-- AL
motion of : AREA OF ENLARGEMENT

white matter

Skull

DIFFUSE AXONAL INJURY

Twisted » Torn +, Broken

axon axon “\ axon

Fluid-filled Cerebellum . .
subarachnoid \.r‘h\ B v '
oD \ away at e )




ARTERIOLE
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“Cell murder” on CT




350
300
250
200
150
100
20 |
o A
front temp par occipcereb bg thal c¢¢c mes bs

Fic 1. Frequency and site of traumatic microbleeds according
to 10 brain areas. Shown is the total number of traumatic mi-
crobleeds in each brain area (front, frontal lobe; temp, temporal
lobe; par, parietal lobe; occip, occipital lobe; cereb, cerebellum;
bg, basal ganglia; thal, thalamus; cc, corpus callosum; mes,
mesencephalon; bs, brain stem).












Powering the neuron

Fig. 2-8

Axonal Transport

Dendrites
Cell body P 1
5 & - r B
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DIFFUSE AXONAL INJURY

DELAYED = CELL SUICIDE

Metabolic process

Mismatch between energy
demands & resources

Mitochodrial injury

Loss of synthetic capacity of
neuron

Internal loss of structure
Apoptosis
No damage to vascular supply



Energy crisis in TBI
“cell suicide”

Oxygen and glucose needed for neuronal metabolism

With TBI, release of excitatory neurotransmitter (glutamate)
causes increase in metabolism

Blood flow to neuron unable to keep up with demand

Net effect reduces neuronal metabolism (metabolic
depression)

Reduced metabolism makes the neuron “leaky” and less able
to manufacture proteins needed for stability

Gradual disconnection of axon from neuronal body
(apoptosis)

No corresponding damage to adjacent blood vessels



Mechanics of traumatic brain injury
“cell suicide”
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[Protein Biomarker] blood

BIOMARKER BACKGROUND
What happens after brain injury?

Injury
Necrosis
Axonal Injury
Rl eert, .
i AN ~-.. Apoptosis
] \\ o .’".
] \; e . .
] BN - =, ~<Demyelination
! N 4 ., S
" . \‘ / *, N\
1 \
' .
I . . .
! Rt - Microgliosis .— "~ |
'l \:““\\ 7/ ™\ . Neuroregeneration
I Se ’
\ ~
l= N\ e / \\\\ \"
. 0\‘ ...."t, ~\
I N —— N et . ~
: H r NN T~ e X\ ‘. \s~~~~ \
o= = Nemmmmem= L — ~— e T ——— e
| | | |
Months



Pathophysiology of TBI

Diffuse axonal injury:
mechanical — early (cell murder)
metabolic — late (cell suicide)
Focal contusions and bony prominences
Increased intracranial pressure/edema
Mass effects:
Epidural hematoma
Subdural hematoma
Intracerebral hematoma
Excitotoxic (glutamate) cascade






Internal view of human skull




Hematoma (blood clots)
Subdural & Epidural




Epidural hematoma




Cerebral compression due to
epidural hematoma




Hemorrhagic trauma (MRI)

sub-dural contusion atrophy
hematoma '

imtra-ventricular brainstem lesion

hematoma— =N
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TBI SEVERITY



Injury Severity (Acute)

(DoD, 2007)

Injury severity is determined at the time of the injury, but this severity
level while having some prognostic value does not necessarily reflect the
patient's ability to function.

It is recognized that serial assessments of the patient’s cognitive,
emotional/behavioral and social functioning are required.



Glasgow Coma Scale

1974

Graham Teasdale &
Bryan J. Jennett

Outcome studies in coma

Glasgow Coma Scale

Motor Responses:

Obeys commands

Localizing responses to pain

Generalized withdrawal to pain

Flexor posturing to pain

Extensor posturing to pain

No motor response to pain

Verbal Responses:
Oriented

Confused conversation

Inappropriate speech

Incomprehensible speech

No speech

Eye opening

Spontaneous eye opening

Eye opening to speech

Eye opening to pain

No eye opening

TOTAL (Add above 3 scores)

Score

— N W =, —_= N W = O

N W

1

Range = 3- 15

Table 1




Ascending Reticular Activating System

FIGURE 1.
Cortical Arousal

Alpha 1 recepltors

H, receptors

GHT receptors
T=thalamus; Hy=hypothalamus; ACh=acetylcholine; HA=histamine; BF=basal
forebrain; NE=norepinephrine; 5-HT=serotonin; M=muscarinic; H=histamine.

Stahl SM. CNS Spectr. Vol 13, No 12, 2008,




Severity: Acute Classifications

(DoD, 2007)
Mild Moderate Severe
Normal structural Normal or Normal or
Imaging abnormal structural | abnormal structural
Imaging Imaging
LOC = 0-30 min LOC >30 min to LOC > 24 hrs
24 hours
AOC = a moment AOC >24 hours
up to 24 hrs Severity Based on Other Criteria
PTA = 0-1 day PTA>1 to 7 days PTA > 7 days




MTBI Diagnostic Criteria

American Congress of Rehabilitation Medicine
Center for Disease Control and Prevention
World Health Organization
Veterans Administration/Dept of Defense
National Academy of Neuropsychology



ACRM (1993)

Mild Traumatic Brain Injury Committee of the
Head Injury Interdisciplinary Special Interest Group

A traumatically induced physiological disruption of brain function, as manifested by at least one of the following:
any loss of consciousness
any loss of memory for events immediately before or after the accident
any alteration in mental state at the time of the accident (e.g., feeling dazed, disoriented, or confused) and
focal neurologic deficit(s) that may or may not be transient
But where the severity of the injury does not exceed the following:
loss of consciousness of approximately 30 min or less
after 30 min, an initial Glasgow Coma Scale score of 13—15 and
post-traumatic amnesia not greater than 24 hr



CDC (2003)

Report to Congress on

Mild Traumatic Brain Injury Recommended Definitions for
in the United States: Mild Traumatic Brain Injury
Steps to Prevent a Serious Incident Cases of MTBI
Public Health Problem The conceptual definition of MTBI is an injury to the head as a result of blunt trauma or

acceleration or deceleration forces that result in one or more of the following conditions:
o Any period of observed or self-reported:

+ Transient confusion, disorientation, or impaired consciousness;
+ Dysfunction of memory around the time of injury;

+ Loss of consciousness lasting less than 30 minutes.

o Observed signs of neurological or neuropsychological dysfunction, such as:

+ Seizures acutely following injury to the head;

+ Among infants and very young children: irritability, lethargy,
or vomiting following head injury;

+ Symptoms among older children and adults such as headache,
dizziness, irritability, fatigue or poor concentration, when
identified soon after injury, can be used to support the diagnosis
of mild TBI, but cannot be used to make the diagnosis in the
absence of loss of consciousness or altered consciousness.
Research may provide additional guidance in this area.

September 2003



WHO (2004)

Collaborating Task Force on Mild Traumatic Brain Injury. J Rehab Med (Suppl.43), 113-125

MTBI is an acute brain injury resulting from mechanical energy to the head from external physical forces. Operational criteria for clinical
identification include: (i} 1 or more of the following: confusion or disorientation, loss of consciousness for 30 minutes or less, post-traumatic
ammesia for less than 24 hours, and/or other transient neurological abnormalities such as focal signs, seizure, and intracranial lesion not requiring
surgery; (ii) Glasgow Coma Scale score of 13~15 after 30 minutes post-injury or later upon presentation for healthcare. These manifestations of
MTBI must not be due to drugs, alcohol, medications, caused by other injuries or treatment for other injuries (e.g. systemic injuries, facial injuries
or intubation), caused by other problems (e.g. psychological trauma, language barrier or coexisting medical conditions) or caused by penetrating
craniocerebral injury (p. 115).



VA/ DoD (2009)

Clinical Practice Guideline - SUMMARY
1.3  Diagnostic Criteria for mTBI

BACKGROUND

In the U.S., the most widely accepted criteria for mild TBI are those proposed by the American
College of Rehabilitation Medicine (ACRM, 1993). They are “a physiological disruption of brain
function as a result of a traumatic event as manifested by at least one of the following: alteration of
mental state, loss of consciousness (LOC), loss of memory or focal neurological deficit, that may or
may not be transient; but where the severity of the injury does not exceed the following: post-traumatic
amnesia (PTA) for greater than 24 hours, after the first 30 minutes Glasgow Coma Score (GCS) 13 -
15, and loss of consciousness is less than 30 minutes.” There are other criteria used by other medical
groups. However, most agree that common eriteria include GCS score of 13-15, brief LOC, brief PTA
March, 2009 and negative head computed tomography (CT) scan.

RECOMMENDATIONS

1. A diagnosis of mTBI should be made when there is an injury to the head as a result of blunt trauma,
acceleration or deceleration forces or exposure to blast that result in one or more of the following
conditions:

a.  Any period of observed or self-reported:
« Transient confusion, disorientation, or impaired consciousness
»  Dysfunction of memory immediately before or after the time of injury
»  Loss of consciousness (LOC) lasting less than 30 minutes.
b.  Observed signs of neurological or neuropsychological dysfunction, such as:
»  Headache, dizziness, irritability, fatigue or poor concentration, when identified
soon after mjury, can be used to support the diagnosis of mild TBI, but cannot be

used to make the diagnosis in the absence of loss of consciousness or altered
CONSCIOUSNESS.

2. The severity of TBI must be defined by the acute injury characteristics and not by the severity of
symptoms at random points after trauma.

VA/DoD Evidence Based Practice



SAC (1996)

McCrea, M; Kelly, J; Randolph C

Date of Exam: Time:

Exam (Circle One): BLine Injury Post-Px/Game
Day!  Day2 Day3  Day5 O

Introduction:

| am going to ask you some questions. Please listen carefully and give your best effort,

What Month is it? 0 1
What's the Date Today? 0 1
What's the Day of the Week? 0 1
What Year is it? 0 1
What Time is it right now? (within 1 hr) 0 1

Award 1 point for each correct answer.

ORIENTATION TOTAL SCORE

1am going to test your memory. | will read you & list of words and when | am dong,
repeat back as many words as you can remember, in any order.
LIST TRIAL 1
Elbow 1
Apple |
Carpet 1
Saddle 1
Bubble 1
Trials 2 & 3: | am going to repeat that list again. Repeat back as many words
s you can remember in any order, even if | said the word before.

raless of score ontrial 1 & 2. Score 1 pL. for each correct response.

Do not inform the subject that dglayed recall will be tested.

IMMEDIATE MEMORY TOTAL SCORE
i
Exertional Maneuvers:

If subject is not displaying or reporting symptoms, conduct the following maneuvers to
create conditions under which symptoms are likely to be elicited and detected. These
measures need not be conducted if a subject is already displaying or reporting
any symptoms. If not conducted allow 2 minutes to keep time delay constant before
testing Delayed Recall, These methods should be administered for baseline testing of nor-
mal subjects.

Exertional Maneuvers
5 Jumping Jacks 5 Push-Ups
5 Sit ups 5 Knee Bends

Loss of Consciousness/ No Yes
Witnessed Unresponsiveness Length:
Post-Traumatic Amnesia? No Yes
Poor recall of events after injury Length:
Retrograde Amnesia? No Yes
Poor recall of events before injury Length:
Strength Normal ~ Abnormal

Right Upper Extremity

Left Upper Extremity

Right Lower Extremity

Left Lower Extremity

Sensation - examples:
Finger-to-Nose/Romberg

Coordination - examples:
Tandem Walk/Finger-Nose-Finger

Concentration:

Digits Backward: | am going to read you a string of numbers and when | am
done, you repeat them back to me backwards, in reverse order of how | read them
to you. For example, if | say 7-1-9, you would say 9-1-7.

If correct, go to nexi string length. If incorrect, read trial 2. Score 1 pt. for each string length.
Stop after incerrect an both trials.

4-9-3 6-2-9 0 1
3-8-1-4 3-2-7-9 0 1
6-2-9-7-1 1-5-2-8-6 0 1
7-1-8-4-6-2 5-3-9-1-4-8 0 1

Months in Reverse Order: Now tell me the months of the year in reverse order.
Start with the last month and go backward. So you'll say December,
November...Go ahead.

i pt. for entire sequence correct.

Dec-Nov-0ct-Sept-Aug-Jul-Jun-May-Apr-Mar-Feb-Jan 0 i

Delayed Recall:

Do you remember that list of words | read a few times earlier? Tell me as many
words from the list as you can remember in any order. Circle each word correctly
recatled, Total score equals number of words recalied.

Elbow Apple Carpet Saddle Bubble

DELAYED RECALL TOTAL SCORE

SAC Scoring Summary:

important for examination, but not

Orientation

Immediate Memory
Concentration
Delayed Recall

SAC Total Score




ACE (2006)

Gerard Gioia & Micky Collins

Acute Concussion EvaLuation (ACE) Patient Name:
Puysician/Cuinician Orrice Version DOE: Age:
oA G PHEK Date: ID/MR#
“University of Pitisburgh Medical Center
A.Injury Characteristics Date/Time of Injury Reporter: _ Patient _ Parent __Spouse __Other.
1. Injury Descripti

1a. s thers svidence of 1?7 _Yes _No _Unknown

1b. Is there evidence of intracranial injury or skull fracture? _Yes _ No _ Unknown
1c. Location of Impact __ Frontal Lt Ternporal Rt Temporal Lft Parigtal At Paristal Occipital Neck Indirect Force
2, Cause: MVC _ Pedestrian-MVC _ Fall _ Assault _ Spors (specify) Other

3. Amnesla Before (Retrograde) Are thare any events just BEFORE the injury that youw' person has no memory of (sven brief)? Yes _ Mo Duration
4. Amnesia After (Anterograde) Are fhere any events just AFTER the injury that you/ person has no memary of (sven biiefj? Yes __No Duration
5. Loss of Consclousness: Did you' person lose consciousness? __Yes __No Duration
& EARLY SIGNS: __Appears dazed or shnnad __Is confused about events _ Answers quastions slowly __Repeats Guastions __Forgstful {recent info)
7. Ware seizures observed? No__ Yes___ Detall

B. Symptom Check Llst* Since the injury, has the parson i any of these any mere than usual today or in the past day?
Indicate presence of each symptom (0=No, 1=Yas), “Lovell & Collins, 1338 JHNTR
PHYSICAL (10) COGNITIVE (4) SLEEP (4)
Headachs o 1 Faaling mentally foggy o 1 Drowsiness o 1
Nausea o1 Faaling slowed down o 1 Sleoping less than usual 0 1 NA
Vomiting o 1 Difficulty concentrating o 1 Sleeping more than usual 0 1 NaA
Balance problems R Difticulty remembaring 0 1 Trouble falling asleep 0 1 NA
Dizziness o 1 COGNITIVE Total (0-4) SLEEP Total (0-4)
Visual problams o 1 EMOTIONAL (4)
= Do these symp wersen with

Fahgu_e_ g7 1 Irthabiny g Physical Activity _ Yes _ No _ N/A
Sensitivity to light 01 Sadness a1 Cogritive Activity __Yes __ No __NIA
Sensithity to nolse o 1 More emotional o 1 . )

- Overall Rating: How diffarent is the person acting
Numbness/Tingling 01 Nemvousness 0 1 compared to his/her usual self? (crda)
PHYSICAL Total (0-10) EMOTIONAL Total (0-4) _ Nomnal O 1 2 3 4 5 6 VeryDiftersnt

{Add Physical, Cognitive, Emotion, Sleep totals)
Total Symptom Score (0-22) -

C. Risk Factors for Protracted Recovery (check all that apply)

Concussion History?Y __ N y History?¥Y __ N v|o History |+ | Psychiatric History
Previous& 1 2 3 4 5 B+ Prior treatment for headacha Leaming disabiliies Anxiaty
Lengest symptom duration History of migraine headache Attention-Deficiy Deprassion
Days__ Weaks__ Months__ Years = :::;\d Hyparactivity Discrdar Sleep disorder
If multiple concussions, less force B Other Other psychiatric disorder
caused reinjury? Yas__ No disorder
List other medical ar usage (8.9, hyp , seizures)

D. RED FLAGS for acule emergency management: Rafer to the emargency department with suddan onset of any of the following:
bo “ can't Mack pain

* Hoadachas thal worsan * Looks vary drowsy! can't o people or places i
* Selzures * Rapaated vomiting * Increasing contusion or irritability * Unusuol behaviornd change
* Focal neurclogic signs * Slurred speech * Woakness or numbness In armsfegs * Change in state of consclousness
E. Diagnosis {ICD): __C. ion wio LOC 850.0 __ Concussion wi/ LOC B50.1 __ Concussion (Unspecified) 850.8 _ Other (B54)
__No diagnosis

F. Follow-Up Action Plan Complete ACE Care Plan and p copy to p Y.

No Follow-Up Neaded

Phy Ic Office : Date of naod follow-up _

_ Referral:
Neuropsychological Testing

Phiysician: Neurcsurgery, Neurology Sports Madicing Physiatrist Psychiatrist Other,

Emargency Departmeant

ACE Complet

MD RN NP PhD ATC © Copyrighl G Giols & M. Gollins, 2006

* W0l kit davmlopaed by e Canters for Diseste

patrol and Pravantion (COC




MACE

(7/2007)



Military Acute Concussion

i;,!: Evaluation (MACE])

Pationt Mame:

BEH: . . Ui

Date of Injury: ____ 1} Time of Injury:
Examinar:

Date of Evahsation: i____i____ Timeof Evaluation:

Histary: (| — VIl

|, Bescriplicn of locident
Ash:
a) Whai happened ¥
b Tedl e whal yous remember.
Gl Weers you damd, corfussd. “saw stara™? 5 Yes [ Ho
d Did you hit pour hesd™ 0 Yes T Ho

I Causs of Injury {Cirdle al that apply])
1) Explosion'Blast ) Fragmend

2y Bk ohjec §) Fall
3} Molor Wehide Tash &) Gunshol wound
T Othes

M, Was a helmed wom® M 'Yes TN Tepe

. Amnesla Baforg: Are there any avents jusi BEFDRE the
imgury that are not remembsrmd T (Asseas for conlirmous

sy prear Bninjury)
OYes O No Hyes how kng

W fummesis Afer; foe thers any avents just AFTER tha
irgurims that are not remembarsd 7 (A peeas Beme unbl
coftinsous memory after the injury]

OYes O Ho Hyes how kng

Wi, Des the individes repert ks of commcicusness or
“hlacking oa™? C¥es Mo IFyes, iow long

Wil BN arpone observe a perod of lpes of conscicusness or
wnresponsivenses? T ves OMa IF pes, how long
WIL Symptoms  (orcle all that appy)
1) Headacha 2 Cirress
A Memoey Problees. 4) Bakbnos problems
B Naussa“'omiling G) Difficulty Concentmaling
T IrEabiity B VEual Dislurbanoes
%) Ringing Ini the ears  10)Orher

aTrneT DV org BO0- KO- 44
This ferm may be copied for clinical uss,
Page 1cd B



Military Acute Concussion

Evaluation (MACE)

Examination: (X — Xl

Evaluste sach domairn Tokal possbis soons is 30

Ix

£

Cuimniations {1 ponl esch)
Fd=nth: i
it
Dy ol Wank
."l'ear
Time:

(=]

=]
=== =

Owinndation Todsl Scom -3

Imimesdisie Memory:
Read ol 5 words and ask e patised 1o recall Fem in aoy order,
Rupast fwo mors imes for g olsl of thees Insle, {1 peinl ko each
corract. inlal cwer 3 Irisks)
L=t Trial 1 Triad 2 Trial
E Iy 1]

o
]
[
=
a
=
e | [ [

E
=2
ot | ot [ ot |

L]

=

[

=

a

=
=== =
=== ==
|-

Immediste Memory Total Scom (15

Heurcicaical Scresning

Az the il ondfon permels, check

Exes: mupillary respones and Iracking

Werkal spesch mncy and woed Snding

Mobar: pronsior deil, gaitcoondination

Rocord sy atrormaliies. Mo poings s given far this,

0TieeT DR ong #00-8T0-9244

This ferm may b copied for clinical use,
Page 2l §



Military Acute Concussion

Evaluation (MACE)

&Nl Concenration
Reverse Digis: (go to nawxt siring lengih I corect on fiest tral.
Siop T incorrect on bath trials.) 1 pl. for sach siing kength.

= [ 1
3814 3278
G=2<8.7.1 Vel 2eB: 5
TelaBedsfiZ | Bedefa]ad:8

Ll el e o]

1
1
1

Monfe in reverse ceder |1 pl for eniine sequence comect)
Dec-Hov-0ckEap=iug-Jullun-May-spr-Mar-Feb- Jan

1] 1

Concemiration Todal Scone -]

XL Delaved Eeoall {1 pt. eachy
Ask e patient b recall e S words Trom the eariier memony st

Do MO reread the word B5t)
Elbre
applo
Carpei
Saddhe
Bubbie

=) =1 =R =] =]

[ Y [ P

Delayed Recall Total Scona ]
TOTAL SCORE 0

Hotes:

Dlagnosis: |circe cne or write in dagnoses)

K rranirmebnin
B50.0 Concussion without Loss of Consclousnass [LOC)
B50.1 Concussion with Loss of Consclousness [LOGC)H

Other diagnoses

Defense & Veterans Brain Injury Center
1-E00-570-3244 or D5N: 662-6345

nrizeny DB crg #00-870-9244
This ferm may b= copled for clinical use,
Page Il E



Military Acute Concussion

r!_—‘ Evaluation (MACE)

Instruction Sheet

Purpose and Use of the BACE
A concuesion g mid Faumstic bren mjury (TBIL The puposs of the
MACE |5 10 evaluate 3 person in whom & concusskon IS suspeched.
Tha MACE iz ussd o confimm the dagnosis and sasess the ourmanl
olimical s5atus.

Tool Deyvelnpresnt

The MACE has been mdensively roviesed by leading oviizn and
milEary saparts in the field of conmssion asseseman| and manage-
ment. Wihie the BMACE is not, yet, a valdated mol, the examinaion
sclion is demeed from the Stanoamiced Asssssmen! of Comcission
ISAC] (Melran, 8 Kally, J & Randalph, G| 20068], Stemdanined
Aszayzmant of Conoenon (SACH Manua! for Sdmmisirefion,
Sronng. s nferpretanon (20 ad.) Waskesa W fufhors ) wihich is
a validaied, widely used ool in spors medidne. Shnormalkiies on e
SAC cormelats with Tormal comprefenspe neuropsychological besling
during the first 48 howrs following a concussion

Wit to Evaluaia
Ay ane wihe was deeed, confusad, “saw alam” or los comdous-
NESS, SVEn moamaniank; as a resull of an explosiontast, fall, moor
vehicle crash, or ot swenl irpobeng abrupl hesd movermanl, 8
direct blcaw to the head, or othiar haad imjury 1S am appropriaie person
far evalupton using = MACE

Evabustion of Comcussian

Histzay: (1= W)

I, Aak for & descnplion of the noden| that resulisd in Fe inpry;
horw T INury oocumed, bype of fonce. Ask Queslions & = O

I, Inducats the casse of inpary

. Assess for melmet use. Mg Bevier or ACH (Sdvaniosd
Combst Helmsd], Spocds helmal, moloroyde felmed, ebc,

I =% Dwrienmine whether and length of Ume thal the person
WHETT| PRI E TN CINTRNILOUE MBITEEY B prior i mpry and
after the iInjury. Approdmaie the amouni of Gme in seconds,
minulee or hours, whichesr imes mrement i= most appropisle,
For example, if the assessment of the paien yidds 2 possisle
lima af 20 minukes, then @0 mimtess should be domsmantsd in
The “how long 7™ seciion

Wi-¥Il Determens whelher and length of lime of solf reperted loss
ol consclasness (LOC) o wibnessediobserved LOC. Again
appensimats the amount of lime in 3acond, minues o hars,
whichesar ime IncreEment |5 mast approprais.

win Fui the person 1o report Lher sepansnce of sach spedlic
SYMiam Shnoe Ny

OTIB0T DVBIC, org A00-270-9244
Thie form may be copied for clinical uss,
Page d i §



. Military Acute Concussion

t;_,.- Evaluation (MACE)
~ rag and Vatsr .

Examinaticn; (K - X
Slandardired Assossment of Conopssion (EAC)
Tolal poesitde scom = 31
Crientation = 5
Immedate Memory = 15
Corcerviaion = §
Mooy Recall= 5

X Crierlation Assess palients pepmnees of the accurals mes
Aok WHAT MONTH IS THIST
WHAT I5 THE DATE QR DAY OF THE MONTHT
WHAT Dy OF THE WEEK E5 IT?
WHET YEAR 51T
WHAT TIME DO YO THINE IT E5T
Gine pont for sach cormct responss for a olal of 5§ possbile points. 11
should be robed that a comec response on ime of day must be
willen 1 howr of e achual lima

X  Immedals memory is aesesssd waing a brel repested el lsam-
Ing tesl. Read the patient the st of § words onoe and then ask
tham & repesd il back bo you, a8 mary a3 they can recall in amy
ondier. Repeat this procedure 2 mone imes for a oial of 3 iials,
ayery i1 e palient soores. pedecity on the frsl ing
Trial 1- 'MW G0IMNG TO TEST YOUR MERORY, | WILL READ
YO A LIST OF WORDS AMD WHEN | &0 DOME, REPEAT
Ba D A RAKNY WORDS A5 YU Cak REMEMEBER, IH LHY
ORDER
Trial Z &£3: | AWM EOIMNGE TO BEPEAT THAT LIST AiEal ML AsG000
REPEAT BACK A5 MENY AS Y AN REMEMBER M ANY
CORDER. EVEN IF YOU E&ID THEM BEFORE.

Gine ponl i gheen for each ored answer for g fofal of 15 pos-
sibie modnis.

X Neurclogical screening
Ewes; chack pugel sige and meactivity,
Wernal: notice speech Nuercy and word fircing
Mualar pronator difi- ask pafen) ko il arms with palme up, sk
patient o then close thesr eyes, assess for efher anm o dnft”
down, Assees gal and mordingbon ¥ possitds, Dooamen amy
abnomalties.
Mo poinks ars given for §his section

72007 DWBAC. org B BT 0S4
This Toams may Be copled for clinlcal use.
Page & of B



Military Acute Concussion

i;!_. Evaluation (MACE)

'f

Xl Conoceniration: inform thie patient
A GOING TO READ YOL A STRIMG OF MULEERS AMD
WHEMN | A8 FINIEHED, REFEAT THEM BACK TO ME BiuCK-
WARDS, THAT 5, IN REVERSE QRDER OF HOWY | READ
THEM TO YO FOR EXAMFLE, IF | &Y T=1<8, YL WWOLLD
SAY 5-1-T,
IF the patieni is comect on e Arsl wial of exch sirng lengih,
procesd bo the nesl sring length, IF rcames], sdminsie the 2
trial of the same siing kergih. Procead io e rexd siing lengih if
correct or the sscond trial. Disconlives afler faiure on bofh nals
of the same siring kengih. Total of 4 dfferent siwing lengths; 1
poitt for mach sining lenglh for o total of 4 points,
HOWY TELL M THE MONTHS IN REVERSE ORDER, THAT IS,
START WITH DECEMBER AND EWND 1N JANLUIARY
1 poirt B abde 10 reclie ALL manihs inreverse order.
¥ parts f nol able o mdls SLL of them o revemss ordes
Toial possibie soore for onoeniration poriion: 6.

Xl Culayed Recal
Asseme the palisnt's bty 1o relsin previcusly lesmed sfiormation
by asging he'she to recall as many wonds as possibie from the
bl waord L, wilhout hareirg the word bst read again dor this irial,
0O YOU REMEMEER THAT LEST OF WORDE | BEAD & FEWY
MINUTES EARLIERT I WAMT YO TO TELL ME &S MANY
WORLS FROM THE LIST &5 V0L Cak REMEMEER IM &Y
QRDER
One point Ior each word remaembered for aiotal of 5§ possibke
ports,
Total score= Add up from the £ assessed domains: immedaie
mamaory, arsnialion, concenirlion and memaory recal,

Sigreficence of Scoring
In ehadies of nor-concusssd palisnts, s maan sl scom wae 38
Thesrefors, & sone lees Fuae 30 doss nol mply thal 8 conousssion
hag comared, Definfive nomalie dols for a “ol-of” scors are
nol availabls Howeyer, scores below 25 may represen| cinicaly
relavant newmcognitys imparment and regquirs furier svabation
for the possibibty of 8 more sadous brain Rjery. The scoring syslem
alag lakes on partindar dincal sgnificance during senal s Emenl
whare | can be sssd o documenl sifter a decine or animpovemand
in cognitive fundiomng,

Disgnonis
Circliz the ICD-9 pode thal coresponds o the syalabion. F loss

of corsciouanees was preaend, then eroks 350,17, § no LOC, fen
doourrment 8500 IF anoiher dagnosis s made, wrie i in

aFi20e¥ DV ang Ed-Efa-wadd
This ferm may be copied for clinical uss,
Page & cd B



. Military Acute Concussion

r,-l Evaluation (MACE)
- . . .

MACE Form B

Dlowy i [oet- rmlest (e (8.0, Faracs Msmbary MBmoiEng wem's
g numbevs) validaied, sfomaive varsions B or © should bo used.

Fead al 5§ words and ask (he gatient b recal them in any order,
Repaat teo more Smes for & botal of thres idaks. |1 point for each
comas], fofal oeer 3 Inaks.

List Trial 1 | Teiad 2 | Trial3
Zand b a 1|0 1 1} 1
Papes d 1] G 1 1] i
Suger a 1|4 1 | o1
Sandsich a 1| 1|0 1
oo a 1| 1|0 1
Tots
Loncenbmaticn

Fiewmrse Dighs: [go o nexi string lenglh  cormect o frst drial.
Siop if incomsst on both raik, ) 1 pl e esch sring length

B=Z5 =15 0
1=7=3:0 =58 0
A-E-5-2-7 G-1-6-4-3 [0 1
f-1-1-8-f- T-E-4-6-5-4 |10

[layed Bacall {1 pt sash)
Bk the patem to recall the 5 words from the earier memory tesi
(D0 NI raread the word list )

Cardlo a 1
Fapar 29 1
Gumar a1
Sandwich a 1
¥iagon a1
aTZonT DWEIC.org BDD-BTLBE4

This form may be copled for clinkcal use.
Page Tof B



Military Acute Concussion

lfL‘,!: Evaluation (MACE])

MACE Form C

D 1 FoSTs FelesT ISSAS (0.0 SOnACn MSmbars MEmoriEeg Wonks
ang numbers) ahialed, aldlemplhe varsions 8 or O showld’ be psed.

Raad al § words and ask e patient to recal them in any onder.
Fepaal teo mons Bmes for 3 olal of thres s, |1 pont for sach
correct, bofal ower 3 inaks.|

Lisi Trial 1 Trial 2 | Trial 3
Biaitry a 1T |9 1|90 1
Mongey |0 1 (0 01 |2 1
Padume |0 1 (0 1 |0 1
Sursel a 1|9 1|0 1
Iren a 1T |9 1|90 1
Tokal
Gonpeniraiion

Fysrna Digebs: 0o fa rex] =ining lenglh i correct or fiest nal
Siop T incomect on Eoth trails. | 1 pl. for each siring kergth.

TadaZ 5:0:H o1
G231 2481 o1
5153 G:l:2:f=1 o1
BTl 513 S22 o1

Delayed Recall {1 pt each)
Hiuk (he patier B recal the 5 words [om the sscisr memaory est
(D O rmread e word lisk)

Baby g1
Monkey (O 1
Fertume |0 1
Sunset |0 1
knn oo
Q712007 DWVBIC ong BT

This Torms may be copled for clinkcal use.
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ER Diagnosis of MTBI

56% meeting criteria
not diagnosed

65% with LOC were
diagnosed

28% with confusion
were diagnosed

1650

ORIGINAL ARTICLE

Accuracy of Mild Traumatic Brain Injury Diagnosis
Janes M. Pawell, PRI, OF, Josepl V. Ferrara, MI), Sureyya 8. Dikueen, PRI, Nancy K. Tenkin, Phi),
[y

Katlleen K. Bell,

IV, Dikmen S8,
brain imjury

ABSTRACT. Po
MR, Bell KR. Accuracy of mild
sis. Arch Phys Med B
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LOC

NAN (2009)

Retrograde amnesia &

PTA

Confusion &
disorientation

Neuro signs &
symptoms

Recommendations for Diagnosing a Mild Traumatic Brain Injury:
A National Academy of Neuropsychology Education Paper

Ronald M. Ruff** Grant L. Iverson®4, Jeffrey T. Barth®, Shane S. Bushf, Donna K. Broshek®,
and the NAN Policy and Planning Committee’
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Abstract

A special interest group of the American Congress of Rehabilitation Medicine [ACRM; Mild Traumatic Brain Tnjury Committee. (1993).
Definition of mild traumatic brain injury. Journal of Head Trauma Rehabilitation, 8 (3), 86—87.] was the first organized interdisciplinary
group to advocate four specific criteria for the diagnosis of a mild traumatic brain injury (TBI). More recently, the World Health
Organization (WHO) Collaborative Center Task Force on Mild Traumatic Brain Injury [Carroll, L. 1., Cassidy, J. D., Holm, L., Kraus, I, &
Coronado, V. G. (2004). Methodological issues and research recommendations for mild traumatic brain injury: the WHO Collaborating
Centre Task Force on Mild Traumatic Brain Injury. Journal of Rehabilitation Medicine, (Suppl. 43), 113—-125.] conducted a compreheasive
review of the definitions utilized in evidence-based studies with mild TBI patients. Based on this review, the WHO task force maintained
the same four criteria but offered two modifications. The similarities and differences between these two definitions are discussed. The
authors of the ACRM and the WHO definitions do not provide guidelines or specific recommendations for diagnosing the four criteria.
Thus, we provide recommendations for assessing loss of consciousness, retrograde and post-traumatic amnesia, disorientation and confusion
as well as clarification of the neurologic signs that can be indicative of a diagnosis of mild TBI. Finally, confounding factors mentioned in
both definitions that should exclude a mild TBI diagnosis are ized

Keywords: Mild traumatic brain injury; Neuropsychology; T A Head injury



TBI Assessment :
Biochemical markers

Herrmann M, Curio N, Jost S, et al: Release of biochemical
markers of damage to neuronal and glial brain tissue is
associated with short and long term neuropsychological
outcome after traumatic brain injury. J Neurol Neurosurg
Psychiatry. 1:70, 95-1000, 2001

Prospective study of 69 patients measuring blood levels of
neuron specific enolase (NSE - formed in neuronal cytoplasm)
and protein S-100B ( astroglia and Schwann cells) acutely (D1-
3)

Neuropsychological evaluation at 2 weeks (39 with GCS 13-
15) and 6 months (29 with GCS 13 -15)



TBI Assessment :
Biochemical markers

74% examined at 2 weeks showed neuropsych abnormalities
- attentional disorders (88%)
- executive deficits (46 -74%)
- memory deficits (30%)

69% still displayed deficits at 6 months
- same profile except memory deficits in 50%

48% at 6 months in competitive, transitional or supportive employment

Median FIM score of 126 (114 -126) - independent in ADLs

Post-traumatic serum concentrations of NSE and protein S - 100B were
highly increased

Significantly longer lasting and higher S - 100B release in those with
abnormalities on 2 week and 6 month evaluation



BRAIN INJURY BIOMARKERS

Biormarkar Anatomical ELISA Sensitive ELISA Sensitive

Location in CSF in Serum

SBDP145 Axons e
SBDP120 Axons —
UCH-L1 Cell Body —
MAP-2 Dendrites —
BHI-Tubulin Dendrites e

c-Synuclein Cell Body —_—

B-Synuclein Cell Body —l

PSD95 Postsynaptic sl

Synaptophysin Presynaptic s

Synaptotagmin Postsynaptic #—

CAMKZ2a Postsynaptic -#"

MBP Myelin —_—

Synapsin Presynaptic -




BANDITS PROGRAM

4. Head Injury Assessment

= A '
| A VaVYaalal s IAP’ 71 nnnnnmnnf‘- o o
FMLITIAT N FASNSFE S NI ri11 11
B I A B ANAT IANNF T 7 WF I NI IT I INT T I 0

No test is currently approved to objectively diagnose
TBI, particularly mTBI. The goal of the BANDITS
program is to develop a blood test for brain cell
damage, much like the current blood test (Troponin)
for heart damage.

BANDITS will be embedded in an automated system
available to Level lll or lower echelons of care from a
open benchtop system to a handheld device.

Gliosis

/Marker

(GFAP)

Axonal injury /Cell
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GOALS

* Minimal- to non-invasive medical device to identify and
assess internal brain injuries

e State-of-the-art lightweight, sturdy and reliable
diagnostic systems appropriate for far forward screening,
assessment, and care

® Designed to diagnose mild, moderate and severe
traumatic brain injury

Benchtop System
MedCen/CSH

Handheld Device
Combat Medic

POC System ‘ﬁ
CSH/FST ‘.//f -
”
. =/ v _&




e 15t Generation ELISA Assays -4

CURRENT STATUS
OF BRAIN BIOMARKERS

2 day assay time

All manual steps

Complex assay formats
Multiple pieces of equipment

Not suited for military environment




FUTURE STEPS
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FOR BRAIN BIOMARKERS

Advantages
eAccuracy

eSensitivity
ePrecision
eThroughput
*FDA approval
eFlexible platform

Disadvantages
oSize & weight
*Need for sample preparation

ePower and space requirements

eCost of instrument and assay
eSeparate and multiple reagent storage

Increment Il: POC System

Advantages
eSmaller size/

weight
*No sample prep
eLower cost
eAssay speed

Disadvantages

ePotentially lower sensitivity, accuracy,
and/or precision

*No feasibility data

*Time to FDA clearance

Increment Ill: Handheld Device

Advantages ?
eSmall size/

weight
eAssay speed
eLow cost

eStable reagents
sFinger-prick sample

Disadvantages
eLower sensitivity, accuracy,

and/or precision
eTime to FDA clearance
*CLIP/CLIA issues for approval

Increasing developmental cost and time




CONCLUSIONS

 From Preclinical discovery through clinical validation, the BANDITS
program has
— ldentified protein biomarkers of TBI

— Developed serum assays for lead biomarkers now proven to be specific and sensitive
for TBI in over 250 severe TBI patients.

e The BANDITS biomarker platform has been able to objectively
distinguish between CT-positiveTBI, CT-negative TBI, and controls in
over 94 mild TBI patients
— A 300 patient mild-moderate feasibility study is underway

* A bench top Increment | device platform with FDA approval should be
fieldable for use at a Role 3/4 medical facility within 3 years, with
Increments |l and Il for use further forward to follow



NEUROIMAGING



Trephanation




Skull X-rays




Computerized Tomography

Frontal homs of
Lateral ventricles

Third Ventricle




CT - MTBI
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CT-5/3/2001

Acute Subdural
Hematoma

MRI -2/1/2002
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Computerized Tomography




Triple Headed SPECT Scan




Basic PET with 2DFG
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PET in Severe TBI




/ Plot-Severe TBI




PET in MTBI
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Z Plot-Mild TBI




Neurodiagnostic studies
CT vs MRI




Magnetic Resonance Imaging

sub-dural contusion atrophy
hematoma '

intra-ventricular
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Diffusion Tensor Imaging




Tractography DTI Scan
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Diffusion Tensor Imaging



















DTI with Occipital Damage




PTSD and MTBI OVERLAP
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OUTCOME



Sequelae

(DoD, 2007)

Physical: for example, headache, nausea, vomiting, dizziness, blurred
vision, sleep disturbance, weakness, paresis/plegia, sensory loss,
spasticity, aphasia, dysphagia, apraxia, balance disorders, disorders of
coordination, seizure disorder.

Cognitive: for example, attention, concentration, memory, speed of
processing, new learning, planning, reasoning, judgment, executive
control, self-awareness, language, abstract thinking.

Emotional/Behavioral: for example, depression, anxiety, agitation,
irritability, impulsivity, aggression.



Sequelae

(DoD, 2007)

Sequelae of traumatic brain injury may resolve quickly, within minutes to
hours after the neurological event, or they may persist longer.

Some sequelae of TBI may be permanent.

Most signs and symptoms will manifest immediately following the event.
However, other signs and symptoms may be delayed from days to months
(e.g., subdural hematoma, seizures, hydrocephalus, spasticity).

Signs and symptoms may occur alone or in varying combinations and may
result in a functional impairment.

These signs and symptoms are not better explained by pre-existing
conditions or other medical, neurological, or psychological causes except
in cases of an exacerbation of a pre-existing condition.



Prognosis

Mild TBI

65% recover by 3 months
85-90% recover by 12 months

Poor outcome findings

More severe injury; collateral injuries; possible structural-histological lesions;
longer LOC+ PTA

Pain

Age: older adult (or young child)

Poor general health

Low premorbid intellectual/cognitive abilities (exception: very high functioning)
Previous head injury; other neurologic disorder

History of alcohol/drug abuse and/or use at time of injury

Previous psychiatric history and /or present depression

Poor psychosocial, economic and vocational support system

No head injury information provided at hospital/no follow-up

Pending litigation/continuing PCS



Prognosis

Moderate & Severe

Natural recovery: 18 — 24 months
Length of coma is strongest predictor
Length of hospitalization

Associated injuries

GCS
Type/amount intracranial diagnosis

(+/- bleeding,edema)



Seizure Disorder



Seizure Disorder

Non-penetrating TBI

Early:

Physiologic reaction
May enhance outcome

Doesn’t predict later epilepsy

Late:

Microshearing & hemorrhage
Hemosiderin deposition
Early AED’s don’t prevent

Penetrating TBI

Persistent risk w/o initial sz




Neurologic Consequences

Seizure Disorder

Seizure Classification

J |

Partial Generalised
{=eizure activity originates IEEiEUTE ﬂFﬁ'-l'“'.'-F involved
in one part of the brain) entire brain)
| |
simple Complex

Absence Myoclonic Tonic clonic Tonic Atonic



Seizure Disorder

The Lancet, Volume 373, Izzue 9669, Pages 1105 - 1110, 28 March 2009
dofi 10,1076/ 140-67 36 [09) 60214-2

Long-term risk of epilepsy after traumatic brain injury in children
and young adults: a population-based cohort study

Dr Jakob Christensen MDab , Marianne G Pedersen MSc & Carsten B Pedersen MSc &, Per Sidenius MDD &, Jarn Olsen w0 L,
Mogens Yestergaard MDD

Summary

Background

The risk of epilep sy shortly after traumatic brain injury is high, but how long this high risk lasts is unknown, We airmed to assess
the risk of epilepsy up to 10 years or longer after traumatic brain injury, taking into account sex, age, severity, and family
histary,

Methods
Wie identified 1 605 216 people born in Denmark (1977 -2002) from the Civil Registration System. We obtained information on
traumatic brain injury and epilepay from the Mational Hospital Register and estimated relative risks [RR) with Poisson analyses.

Findings

Risk of epilepsy was increased after a mild brain injury [RR2:22, 98% C| 2:07—2:38], severe brain injury [7-40, 6-16—8-89], and
skull fracture (2-17, 1-73=2-71]). The risk was increased more than 10 years after mild brain injury (1-51, 1-24—1-85), severe
brain injury (429, 2:04—9.00], and skull fracture (2:06, 1-37=3-11]. RR increased with age at mild and severe injury and was
especially high among people older than 15 vears of age with mild [3-581, 2-90—4.26) and severe [12.24, 8-52—17-57] injury. The
risk was slightly higher in women [2:49, 2.25-2-76] than in men (2-01, 1-83-2-22], Patients with a family history of epilepsy had
a notably high risk of epilepsy after mild [5-75, 4-86—7-27] and severe brain injury [10:09, 4:20-24.28],

Seizure Classification

r |
Partial Generalised
(seizure activity originates (seizure activity involved
in one part of the brain) entire brain)

Simple Complex

Absence Myoclonic  Tonic clonic  Tonic Atonic




Hydrocephalus



"JEHTHlCLES GF THE BRAIN

LATERAL VIEW
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Hydrocephalus




Pathophysiology of hydrocephalus

Absorptive obstruction
Arachnoiditis
{Posthemarrhagic)
Postmenigitic

Foramen of Monro Pineal region
~ Gliosis Tumors
Colloid cysts
. Cerebral agueduct
Third ventricle Aquedictal stenosis
Chiasmal gliomas Agqueductal forki
Craniophanyngiomas Subependymal gliosis
Arachnoid cysts Periaqueductal gliomas
Fourth ventricle i ; Basilar cbstruction
Medulloblastomas \ . _ Arachnoiditis

Dandy-Walker cysts

Chian malfarmations



Cranial Nerve Damage



Neurologic Consequences

Cranial Nerves

— sensory fibres
—motor fibres

Optic (1)
sensory: eye
—

Trochlear (IV)
motor: superior
obligue muscle

Abducent (V1)
motor: external
rectus muscle

Trigeminal (V)
sensory: face,
ginuses, teeth, atc.

motor: muscles
of mastication

N\

y A
S

-,
o S

B«

Oculomotor (II1)
motor: all eye
muscles except
those supplied by
IV and Wi

.

0

© 2007 Encyclopadia Britannica, Inc.

Olfactory (1)
~ sensory: nose

—

Facial (VII)

motor:
muscles
of the
face

) Intermediate
P ., motor:
. 1 submaxillary and
M ( sublingual gland
. \~ . sensory:
anterior part of tongue
1 40 ” and soft palate
|nta|:r::|1|ate Vestibulocochlear (VIII)
sensory:
inner ear

[t

Hypoglossal (XI1)
motor: muscles
of the tongue

Glossopharyngeal (IX)
motor:

pharyngeal

musculature

sensaory:

posterior part

of tongue,

tonsil, pharynx

il
X (A

=

| i\‘;"

T

Vagus (X)
maotor:

heart, lungs,
bronchi,
gastrointestinal
tract

sensory:

heart, lungs,
bronchi, trachea,
larynx, pharynx,
gastrointestinal
tract, external ear

Accessory (X1)
motor: stermno-
cleidemastoid and
trapezius muscles



Neurologic Consequences

Cranial Nerve Exit Pathways
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Cranial Nerve
Injuries

I:  Anosmia; parosmia; ageusia

lI:  Blindness; Blurry vision

[ll: Double vision;
Dysconjugate gaze;
Loss of yoking/PTVS

IV: Loss of upward tracking;
Double vision/PTVS

V: Loss of sensation in face;
Weakness chewing

VI: Inability to look laterally/PTVS

VII: Facial weakness
Hypersensitivity to loud noise

VIII: Tinnitus; sensorinerual deafness;
Auditory processing deficit;
Vertigo; visual dependency;
Nystagmus

IX: Dysphagia; ageusia

X:  Autonomic changes

XI:  Shoulder drop;

Reduced neck ROM
Xll:  Dysarthria; dysphagia

— sensory fibres \ Olfactory (1) . Intermediate Glossopharyngeal (IX)
—motor fibres < sensory’ nose -, motor: motor:
R —— *h submaxillary and pharyngeal
Optic (Il) . ] ,/‘ . sublingual gland musculature
sensory: eye —== (" sensory: sensory:
- - anterior part of tongue posterior part
; @- —_— 0o ” and soft palate of Tﬂ_TQU:-
- . . ol Bt tonsil, pharynx
b: : METES A Vestibulocochlear (VIIl) . :
/_ sensory: LAY
\ infer ear Ty
A~

Trochlear (IV)
motor: superior
obligue muscle

Vagus (X)
motor:

heart, lungs,
bronchi,
gastrointestinal

Abducent (V1)
motor: external  Oculomotor (1l

rectus muscle  motor: all eye : 'y
£ muscles except / i'l;'(“l ) ”
those supplied by / / —=

IV and VI T tract
/ 'I ssnmn‘r:
i Xl heart, lungs,
=i I bronchi, trachea,
! £ larynx, pharynx,
i ? gastrointestinal
Trigeminal (V) \ N ! tract, external ear
sensory: face, v e e < )
sinuses, teeth, eto. A ,’? o | B T
Facial (VII) | ' \ el [
motor: muscles “ w8 motor: : i / Accessory (XI)
of mastication sl . miscles Hypoglossal (XIl) + - ﬁ‘ motor: sterno-
of the motor: muscles cleidomastoid and
© 2007 Encyelopadia Britannica, Ine. face of tha tongue trapezius muscles




Post-traumatic pituitary damage



Hypothalamic-pituitary axis

calls produce

Meurosacratory cafle produce ADH and axytocin

releasing and release-rhbiing

hormanss.

Thess hormones: are

sscrabad ribe & portal Syvetam

Each type af hypathalama:
hiormore eitker slimulates o

inhibits production and sacretion

of an anderigr prtuitary bormone:

The anferior pituitary secretes
itz hormones info the blodstream

Dvarie s, Testes

by
harmona (GH)

f

Bohd §, TiEuEs

piburany
portal sysiem

Wammary
danids
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dion Bxons 10 soon endnes.

When appropriate, ADH and
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aoon endings into the blood stream
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Origin

Hormones

Hormones & Biologic Action

Function

Hypothalamus

Pituitary, anterior

Pituitary, posterior

Thyroid

Parathyroid

Gut

Pancreas

adrenals

Testes

Stimulators
Inhibitars {see Table 2)

ACTH

FSH

Growth hormone
Prolactin

LH

TSH

ADH
DEytocin
Thyroxine

PTH
Calcitonin

Gut hormones

Insulin
Glucagon

Cortisol
aldosterone
Epinephrine

Estradial
Progesterane

Testosterone

Pituitary hormone
reqgulation

Adrenal control
Gonad regulation
Growth regul. /milk prod.
Milk production
Gonad regulation
Thyroid control

VWater conservation
Uterus contraction
2 milk ejection

metabolic rate control

Calcium regulation
Calcium regulation

Food digestion

Mutrient metabolism
Mutrient metabaolism

Body preservatian
Salt conservation
Stress response

Fermale characteristics

Male characteristics



Neuroendocrine

Cerebral salt wasting
Hypoadrenalism
Hypogonadism
Hypopituitarism
Hypothyroidism
Diabetes insipidus
Impotence

Libido

Obesity
Osteoporosis
SIADH



Hypothalamic dysfunction



Hypothalamic Dysregulation
Sleep

PTA/Delirium

Sleep wake cycle disruption

Initial insomnia

Middle insomnia

Phase shift syndromes
Phase forward

Phase backward
Sleep apnea syndrome

Central

Obstructive
Mixed

Inefficient sleep

Reduced total sleep time
Inadequate SWS (Stage 3 and 4)

Excessive daytime drowsiness

d Thalamus

Cortical activation
Sleep spindle
EEG synchronization

Cortex

LS’

&
I
r

Hypothalamus =*

Sleep/wake switch

--._-__-
L4

-
~~Brainstem
Ascending cortical activation

SCN
REM/SWS switch

Circadian clock

Hypocretin

Cortex

BF
ivenene cR| I
’ ) Glu
G'?l M Ach
B GABA/Gal

Motor control O His
O DA

Hypoglossal N.

. . B NE
— Excitatory input O SHT
~—— Inhibitory input O Ach receptor

Rebecca Henretta



Hypothalamic Dysregulation
Temperature

“Neuro sweats”

“Hypothalamic storms”

Subjective coldness
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Neuromuscular & skeletal syndromes



Musculoskeletal

Spa St|C|ty Motor cortex

Contractures
Flacidity
Tremor
Extrapyramidal {
Pressure points

Sensory
cortex

Visual
cortex

Heterotopic ossification .
' Auditory
<~ cortex

Myositis ossicans



Secondary autonomic dysfunction



Autonomic Nervous System

Parasympathetic Brain Sympathetic
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Autonomic Dysfunctions

Cardiovascular
Dysphonia
Infections

Pneumonia
Gastric emptying
lleus
GERD
Bladder dysfunction
Impotence



Neurocognitive dysfunction



Neurocognitive

Striatum

Attention/Concentration

Prefrental cortex

Working memory

Nueleus accumbans

Speed of information
processing

Limbic system
Lacus ceruleus

FEE“-"E'I cord

Dopamine pathways
@ Narepinephrine pathways



Hippocampus




Diffuse Axonal Injury

350
300
250
200
150

front temp par occipcereb bg thal cc mes

Fic 1. Frequency and site of traumatic microbleeds according
to 10 brain areas. Shown is the total number of traumatic mi-
crobleeds in each brain area (front, frontal lobe; temp, temporal
lobe; par, parietal lobe; occip, occipital lobe; cereb, cerebellum;
bg, basal ganglia; thal, thalamus; cc, corpus callosum; mes,
mesencephalon; bs, brain stem).



Frontal Lobe

Function: Integral to Fersﬂnalitg,r, involved in
fracking, sense of self, arousal, and aware-
ness of environment. Responsible for exec-
utive functioning & judgments, emotional

response & stability, language, and memory

Frontal lobe

Guide to Brain Anatomy and Function

Parietal lobe

Parietal Lobes

Occipital

for habit

« Changes in
personality &
social behavior

= Loss of spontane-
ity in interacting
with others

* Sequencin
(difficulty planning
and completing
complex tasks in
correct order)

* Perseveration
(repeating same
actions and
comments over
without conscious
awareness of
having done so)

Symptoms of Impairment

= Loss of flexibility
in thinking (mental
rigidity)

« Distractibility

* Mood swings

* Diminished abstract
reasoning

= Difficulty with
problem solving

* Language difficulties
(usage and word
finding)

= Loss of simple
movement of
various body parts

Temporal
lobe

Brain Stem

N obe

Cerebellum

Temporal Lobes

Function: Play key role in intellect, as well as
auditory perception (hearing), long-term memaory

and some visual perception

Brain Stem

Function: Plays role in heart rate, swallowing,
reflexes to sight and sound, sweating, blood
pressure, digestion, temperature levels of

alertness, ability to sleep, and balance

environment

movement

Symptoms of Impairment
* Decreased vital capacity in breathing

* Swallowing food & water
= Difficulty with organization/perception of

* Problems with balance and

* Dizziness and nausea
= Sleeping difficulties

Symptoms of Impairment

= Difficulty remembering = Aggressive behavior

names and faces
= Difficulty

understanding spoken

words

= Difficulty with
identification of, and
verbalization about
objects

= Difficulty with
concentration

= Short-term memory
loss

« Interference with
long-term memory

* Change in sexual
interest

= Persistent talking (right

lobe damage)

= Difficulty locating
objects in
environment

= Inability to
categorize objects

= Religiosity

= Seizure disorders,
auras and strange
reveries

Function: Involved in visual perception, tactile
{touch) perception, integration of sensory infor-
mation that allows for understanding of concepts,
and goal-directed voluntary movements

Symptoms of Impairment

= Difficulties naming = Poor hand-eye
objects coordination

= Difficulties writing = Confusion left-right
words orientation

* Inability to attend to = Difficulty performing
more than one object math calculations
at a time

= Difficulty drawing

= Poor visual perception

= Lack of awareness of
certain body parts

and/or surrounding
space

* Inability to focus
visual attention

= Problems with
reading

Occipital Lobe

Function: Visual perception system

Symptoms of Impairment
= Impaired vision

Cerebellum

Function: Involved in coordination and control of
voluntary movement, balance and muscle tone

Symptoms of Impairment

* Tremors . é”abi”'f'f to jlédgﬁ
istance and when to
» Nystagmus ' \
(Involuntary stop (dysmetria)

movement of eye) = Inability to perform rapid
o Ataxia, lack of altering movements

coordination * Slurred speech (ataxic
« Weak muscles el
(hypotonia)

& 2004, MediVisuals Inc




Neurolinguistic dysfunction



Wernicke's area

Figure 10-10. Perisylvian language ciruilry.
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Neurobehavioral dysfunction



Limbic System
Smell and Emotional Responses




Neurobehavioral
Consequences

Abulia
Depression
Suicide
Mania
Psychosis
Hallucinations
Anxiety
Personality change
Substance abuse
Neurodegenerative

A. Seratonin Pathways in the Brain

Hﬁ' HIZI:H.E

anul

S Connevs

B. Norepinephrine Patihways in the Brain

Frontal
Cortax

C. Symploms Associated With
Sanotonin and Morepinephing Fatfways

Dhpraraaid Moo Paychomiotor Fetsrdaton

Thoigghts of Danth s Hypersceminin
Loss of Appatite
Walght GainvLass
Loss of Pleasure



TBl vs Community Base rates: Axis |

Pre TBI Post TBI Community?!

Major Dep. 17% 58% 6%
S/U Disorder 38% 16% 17%
PTSD 6% 18% 8%
OCD 1% 14% 3%
Panic 4% 11% 2%
GAD 1% 8% 1%

Phobias 4% 6% 13%

!Bourdon et al (1992)



Neurodegenerative disorders



Neurodegenerative

Encephalomalacia

Alzheimers Disease
Moderate and severe TBI confer increased risk
Multiple mild TBI appears to increase risk
APOE-4 genotype may play a role

Demyelinating
?Increased frequency of MS in females



Apoptosis cascade
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Special populations
Infants
Children

Intimate partner violence
Recurrent TBI

Military personnel/veterans

Elderly
Developmentally disabled/Intellectually disabled

Prisoners



Glasgow Coma Scale

1974

Graham Teasdale &
Bryan J. Jennett

Outcome studies in coma

Glasgow Coma Scale

Motor Responses:
Obeys commands
Localizing responses to pain
Generalized withdrawal to pain
Flexor posturing to pain
Extensor posturing to pain
No motor response to pain

Verbal Responses:
Oriented
Confused conversation
Inappropriate speech
Incomprehensible speech
No speech

Eye opening
Spontaneous eye opening
Eye opening to speech
Eye opening to pain
No eye opening

TOTAL (Add above 3 scores)

Score

— N W =, —_= N W = O

N W

1

Range = 3- 15

Table 1




Pediatric GCS

Table 1 Modified Glasgow coma score

Score Response Response Response
Eye opening =1 yaar 0=1 year
4 Dpens sponianecusly Opens spontaneously
3 Opens to a verbal Opans to a shout
command
2 Cipans in responsa Dpans in responsa
o pain to pain
1 Mo response Mo responsa
Bast mofor response = 5 years 2=3 years 0=23 months
5 Driented and able io Usas appropriate words Cries appropriataly
COMVErse
4 Dizorianted and able Uses inappropriate words Cries
o conversa
3 Uses inappropriate Crigz and/or screams Crias and/or screams
words inappropriataly
2 Makes incomprahensibla Grunts Grunts
gounds
1 Mo response Mo responsa Mo responsza
Bast vavbal response > 1 year =1 year
L] Oheys command Spontaneous

5
4
3

el

Localizes pain

Flexion withdrawal
Flexion abnormal
(decorticata)

Extenzion {decerebrate)
Mo response

Localizes pain

Flexion withdrawal
Flexion abnormal
(decorticate)

Extension (decerabrate)
Mo responsa
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Diffusion tensor imaging of acute mild

traumatic brain injury in adolescents

ABSTRACT

Background: Despite normal CT imaging and neurologic functioning, many individuals report
postconcussion symptoms following mild traumatic brain injury (MTEBI. This dissociation has been
enigmatic for clinicians and investigators.

Methods: Diffusion tensor imaging tractography of the corpus callosum was performed in 10
adolescents (14 to 19 years of age) with MTBI 1 to 6 days postinjury with Glasgow Coma Scale
score of 15 and negative CT, and 10 age- and gender-equivalent uninjured controls. Subjects
were administered the Rivermead Post Concussion Symptoms Questionnaire and the Brief Symp-
tom Inventory to assess self-reported cognitive, affective, and somatic symptoms.

Results: The MTBI group demonstrated increased fractional anisotropy and decreased apparent
diffusion coefficient and radial diffusivity, and more intanse postconcussion symptoms and emo-
tional distrass compared to the control group. Increased fractional anisotropy and decreased
radial diffusivity were correlated with severity of postconcussion symptoms in the MTBI group,
but not inthe control group.

Conclusions: In adolescents with mild traumatic brain injury (MTBI) with Glasgow Coma Scale
score of 15 and negative CT, diffusion tensor imaging (DTN performed within & days postinjury
showed increased fractional anisotropy and decreased diffusivity suggestive of cytotoxic edema.
Advanced MRI-based DTI methods may enhance our understanding of the neuropathology of TEI,
including MTEBI. Additionally, DTl may prove more sensitive than conventional imaging methods in
datecting subtle, but clinically meaningful, changes following MTBI and may be critical in refining
MTEI diagnaosis, prognosis, and management. Neurology® 2008;70:948-955
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Imaging

Case Reports

Diffusion Tensor Magnetic
Resonance Imaging of
Microstructural Abnormalities in
Children with Brain Injury

ABSTRACT

Lee ZI, Byun WM, Jang SH, Ahn SH, Moon HK, Chang Y: Diffusion
tensor magnetic resonance imaging of microstructural abnormalities in
children with brain injury. Am J Phys Med Rehabil 2003;82:556-559.

We present two pediatric cases demonstrating that diffusion tensor imag-
ing is more efficient at revealing microstructural abnormalities of the brain
than conventional magnetic resonance imaging because it enables mea-
surements of the directionality and integrity of white matter fiber tracts.
One patient suffered from left hemiparesis, and the other had right hemi-
paresis. However, whereas conventional magnetic resonance imaging
showed only the findings of traumatic contusional hemorrhages in the left
temporal and parietal lobes of the first patient and focal encephalomalacia
in the left anterior thalamus of the second patient, diffusion tensor imaging
successfully disclosed microstructural abnormalities in the right cerebral
peduncle of the midbrain of the first patient and in the posterior limb of the
left internal capsule of the second. Theses two cases demonstrate that
diffusion tensor imaging is more capable than magnetic resonance imag-
ing at detecting the microstructural pathologic lesions that are responsible
for clinical motor weakness, especially when conventional magnetic reso-
nance imaging has failed to detect subtle structural abnormalities.

Key Words: Diffusion Tensor Imaging, Microstructural Abnormality,
Pediatric, Brain Injury, Rehabilitation
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Neurocognitive and neuroimaging correlates of pediatric traumatic
brain injury: A diffusion tensor imaging (DTI) study
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Abstract

This study examined the sensitivity of diffusion tensor imaging (DTI) to microstructural white matter (WM) damage in mild
and moderate pediatric traumatic brain injury (TBI). Fourteen children with TBI and 14 controls ages 10-18 had DTI scans and
neurocognitive evaluations at 6—12 months post-injury. Groups did not differ in intelligence, but children with TBI showed slower
processing speed, working memory and executive deficits, and greater behavioral dysregulation. The TBI group had lower fractional
anisotropy (FA) in three WM regions: inferior frontal, superior frontal, and supracallosal. There were no group differences in corpus
callosum. FA in the frontal and supracallosal regions was correlated with executive functioning. Supracallosul FA was also correlated
with motor speed. Behavior ratings showed correlations with supracallosal FA. Parent-reported executive deficits were inversely
correlated with FA. Results suggest that DTI measures are sensitive to long-term WM changes and associated with cognitive
functioning following pediatric TEI.
© 2007 National Academy of Neuropsychology. Published by Elsevier Ltd. All rights reserved.

Kevwords: Traumatic brain injury (TBI); DifTusion tensor imaging (DT, White matter; Pediaine
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Margaret Kennard, 1936

Child’s brain was incredibly resilient to trauma, much more “plastic” than
the adult brain and could grow new cells and circuits that enabled the
child to overcome the effects of TBI.

Based on very little evidence.

Published in the American Journal of Physiology and is known as the
“Kennard Principle.”

Chimpanzees with focal lesions in the motor cortex

Found that younger chimps more likely to recover their ability to perform
skilled action than older ones.

Attributed to the younger chimps were still growing. She developed this
into a universal principle that she applied to human children and adults.

Long term follow up showed that younger chimps described as fully
recovered developed spasticity & motor control deficits later as brains
matured & more complex motor tasks were needed.



Outcome: Age at injury

Poorer cognitive & academic outcomes <8yo
(Taylor & Alden, 1997; Verger, et al, 2000)

More effects on post-TBI development
(Anderson, et al., 2005a; Ewing-Cobbs, et al., 2004a)

Expressive language & academics
(Ewing-Cobbs & Barnes, 2002)

Word decoding: TBI <6 %2 yo worse than >6 %

Reading comprehension: TBI <9 worse than >9
(Barnes, et al., 1999)



Pediatric (moderate & severe) TBI Issues

Damage to frontal lobe networks will not be
seen until middle school/high school

TBI < 4 yo = Dx of Conduct Disorder by 12 yo
Girls with TBI = increased risk of victimization

Boys with TBI = increased risk of risk taking
and disciplinary problems

Never catch up with non-injured agemates



Adult survivors of Ped TBI

Educational failure
Restricted vocational options
Psychological adjustment difficulties
Poor quality of life

( Anderson et al, 2009; Cattelani et al, 1998; McKinlay et al, 2002)



Special populations
Infants
Children

Intimate partner violence
Recurrent TBI (sports)

Military personnel/veterans

Elderly
Developmentally disabled/Intellectually disabled

Prisoners



Intimate partner violence

e Victim with concussion (or multiple) may

appear hesitant, give poor history, or be
amnestic for the assault

e Substance abuse (self-medication) co-
morbidity issues

* Increased irritability/agitation may be sx of TBI



TBI In Prisoners

25-87% of inmates have h/o TBI vs 8.5% gen’l
population

More likely to have disciplinary problems in jail

Inmates with >1 TBI have increased SA in year
preceding incarceration

Females convicted of violent crime more likely to
have h/o TBI

Children/teens convicted more likely h/o TBI



TBI in Active Duty or Veterans

Frontal lobe injuries mimic depression (apathy)
or sociopathy (impulsivity/poor planning)

Reduced initiation may be seen as laziness

Loss of external structure of military/garrison life
requires increased self-direction as civilian

Risk-taking behavior is generally incompatible
with combat survival



TBI in Cognitively Vulnerable
Individuals

e Diminished cerebral reserve pre-injury worsens
outcome

e |f your brain is not “wired to code” pre-injury,
recovery is more prolonged & less robust

* Psychosocial support more critical in data
collections (Think: Pediatric approach)



2)

3)

4)

General Principles in Dealing with
patients with h/o TBI

Attention deficits make it hard to focus on questions or
respond to directions

Memory impairment makes obtaining detailed history
(STM) difficult

Delays in processing speed increases the time it takes to
respond to questions or directions(especially with
increased environmental chaos)

Impulsivity or disinhibition results in inappropriate
comments or behavior

Irritability & poor problems solving issues
Get information from a collateral informant
(think: “pediatric” approach)



THANK YOU
(see you tomorrow!)



