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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 I amthe Board of Directors of the Brain Injury Association of America, I am 

unable to deliver this seminar in person.

I sincerely apologize for this unanticipated conflict and appreciateI 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 b email atcontact me by email at 

Gregory.OShanick@CenterForNeurorehabServices.org.

I will be here tomorrow (11.10.2011) in person to deliver my lecture at 
1:30pm entitled, “Brain Injury Medicine for the 21st Century.”



TBI EPIDEMIOLOGYTBI EPIDEMIOLOGY



TBI in the United Statese U ed S a es
At least 

1 6 illi
51,000 
Deaths

1.6 million 
TBIs occur in the 

United States 

290,000
Hospitalizations

each year.*

Hospitalizations

1,200,000
Emergency Department VisitsEmergency Department Visits

??? Receiving Other Medical Care or No Care

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



TBI in the United States
TBIs by Sex*
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Male Female

From the 2004 CDC Report:  TBI in the United States:  ED Visits, Hospitalizations, and Deaths
January 2005
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  Average annual rates, 1995 2001; ED visits, hospitalizations, and deaths combined



TBI in the United States
TBIs by Cause*
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From the 2004 CDC Report:  TBI in the United States:  ED Visits, Hospitalizations, and Deaths
January 2005
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*  Average annual rates, 1995-2001; ED visits, hospitalizations, and deaths combined



TBI in the United States

1200

TBIs by Age Group*
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  Average annual rates, 1995 2001



TBI in the United StatesTBI in the United States
TBIs Among Children (0-14 years) by Cause

11%

Motor Vehicle
- Traffic

FallsFalls

Assault

39% Other

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

4%
Unknown

From the 2004 CDC Report:  TBI in the United States:  ED Visits, Hospitalizations, and Deaths
January 2005
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  Average annual percents, 1995 2001; ED visits, hospitalizations, and deaths combined



TBI in the United Statese U ed S a es
TBIs Among Older Adults (>65 years) by Cause

9%

Motor Vehicle
- Traffic

FallsFalls

Assault

52% Other

Unknown

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

Unknown

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



MILITARY TBI EPIDEMIOLOGY



Military Incidence of TBIMilitary Incidence of TBI

7000 peacetime admissions annually

Active duty males: 225 per 100,000Active 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 TBIp

5591 patients with TBI seen at DVBIC sites

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

>50% blast related>50% blast related

From 01/03‐01/31/08 



Combat StatisticsCombat Statistics
30,906 servicemembers wounded30,906 servicemembers wounded

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

10‐20% of Marines & Soldiers returning from g
Afghanistan & Iraq might have experienced brain 

injuries
(Army’s TBI Task Force) 

(5/5/2007)



Improvised explosive devicesImprovised explosive devices





Terrorism



Improved individual survival
(Killed to wounded ratio)

American Revolution: 1:0.7

War of 1812: 1:0.5

Ci il W (U i ) 1 0 7Civil War (Union): 1:0.7

World War I: 1:1.8 

World War II: 1:1 6World War II: 1:1.6

Korean Conflict: 1:2.8

Viet Nam: 1:2.6

OIF/OEF: 1:16OIF/OEF: 1:16



Pressure wave dynamicsPressure wave dynamics



Improved individual survivalImproved individual survival



C‐17 Air TransportC 17 Air Transport



C‐17C 17



C‐17C 17



NEUROANATOMYNEUROANATOMY
&

NEUROPHYSIOLOGY



The neuron is the basic unit of brain 
f ifunction

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

Mature neurons have 
specialized functions

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

Electrical activity triggers 
neurotransmitter releaseneurotransmitter release





Neurons interact through the release 
fof neurotransmitters





Dopamine circuitsDopamine circuits





Serotonin circuitsSerotonin circuits



GROSS NEUROANATOMY





Vascular supply to the brainVascular supply to the brain













Skull base & brain proximitySkull base & brain proximity



Brain – skull proximityBrain  skull proximity



BRAIN FUNCTION BY REGIONBRAIN FUNCTION BY REGION







Brain regions associated with personality traits
Adapted from Carter R Aldridge S Page M and Parker S: The Human Brain Book London Dorling KindersleyAdapted 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 activationprefrontal cortices activation

Emotional memory storage: Amygdala

Goal values: Medial orbitofrontal
activationactivation

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



Brain regions associated with personality traitsg p y

Empathy/self‐reflection: 
Insula activation

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

Mistrust/disbelief: Reduced 
insula activityinsula activity

Novelty seeking: Increased 
hippocampus and striatum 

i iactivity
Conditioned memory storage: 

Cerebellum



Brain regions associated with personality traitsg p y

Personal awareness of mental state/character: 
Medial prefrontal cortexMedial prefrontal cortex

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

Prediction errors: Ventral striatum (caudate‐
putamen) activationputamen) activation

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

Reflective/comparing past‐present situations: 
Lateral prefrontal cortex activationp

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





BIOMECHANICS OF TBIBIOMECHANICS OF TBI



External Forces
(DoD, 2007)

the head being struck by an object 
the head striking an object
the brain undergoing an acceleration/
d l i i h di ldeceleration movement without direct external
trauma to the head
a foreign body penetrating the braina foreign body penetrating the brain
forces generated from events such as a blast or
explosionp
other force yet to be defined



Blunt force traumaBlunt force trauma







Levels Of Consciousness In Relation 
dTo Head Injury Criteria

Head Injury Criteria          AIS Code Level Of Brain Concussion And Head Injury
135 – 519                  1 Headache or dizziness

520 899 2 U i l th 1 h li520 – 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 injuryMechanics of traumatic brain injury



Mechanics of traumatic brain injuryMechanics of traumatic brain injury



Mechanics of traumatic brain injuryMechanics of traumatic brain injury



PATHOPHYSIOLOGYPATHOPHYSIOLOGY



DIFFUSE AXONAL INJURYDIFFUSE 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
Fl id it tiFluid resuscitation
ICP monitoring; decompressive craniectomy
Metabolic interventions: hypothermia; tirilizide; progesterone



DIFFUSE AXONAL INJURYDIFFUSE AXONAL INJURY

ACUTE = CELL MURDER DELAYED = CELL SUICIDE

Mechanical disruption of axon 
diff i l d i i

Metabolic process
i h bDue to differential densities 

Myelinated (white matter)  
Non‐myelinated (gray matter)

Mismatch between energy 
demands & resources

Mitochodrial injuryNon myelinated (gray matter)
Tearing damages vascular 

supply to axon
R l H b h id i

j y
Loss of synthetic capacity of 

neuron
Internal loss of structureReleases Hgb ‐> hemosiderin Internal loss of structure
Apoptosis
No damage to vascular supply



Mechanics of traumatic brain injury
“ ll d ”“cell murder”





“Cell murder” on CTCell murder  on CT
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Powering the neuronPowering the neuron



DIFFUSE AXONAL INJURYDIFFUSE AXONAL INJURY

ACUTE = CELL MURDER DELAYED = CELL SUICIDE

Mechanical disruption of axon 
diff i l d i i

Metabolic process
i h bDue to differential densities 

Myelinated (white matter)  
Non‐myelinated (gray matter)

Mismatch between energy 
demands & resources

Mitochodrial injuryNon myelinated (gray matter)
Tearing damages vascular 

supply to axon
R l H b h id i

j y
Loss of synthetic capacity of 

neuron
Internal loss of structureReleases Hgb ‐> hemosiderin 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• 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 G adua d sco ect o o a o o eu o a body

(apoptosis)
• No corresponding damage to adjacent blood vessels



Mechanics of traumatic brain injury
“ ll i id ”“cell suicide”
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Pathophysiology of TBIPathophysiology of TBI

• Diffuse axonal injury: j y
mechanical – early (cell murder)
metabolic – late (cell suicide)

• Focal contusions and bony prominences
• Increased intracranial pressure/edema
• Mass effects:• Mass effects: 

Epidural hematoma
Subdural hematoma
Intracerebral hematoma

• Excitotoxic (glutamate) cascade



AA

B

CC



Internal view of human skullInternal view of human skull



Hematoma (blood clots)
Subdural & Epidural



Epidural hematomaEpidural hematoma



Cerebral compression due to 
id l hepidural hematoma



Hemorrhagic trauma (MRI)Hemorrhagic trauma (MRI) 



TBI SEVERITYTBI SEVERITY



Injury Severity (Acute)j y y
(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, g p g
emotional/behavioral and social functioning are required. 



Glasgow Coma Scale

1974

Graham Teasdale &Graham Teasdale    & 

Bryan J. Jennett

Outcome studies in coma



Ascending Reticular Activating SystemAscending Reticular Activating System



Severity: Acute Classifications
(DoD, 2007)

Mild Moderate SevereMild Moderate Severe

Normal structural 
imaging

Normal or
abnormal structural

Normal or
abnormal structuralimaging abnormal structural 

imaging 
abnormal structural 

imaging 

LOC = 0-30 min LOC >30 min to LOC > 24 hrsLOC = 0 30 min LOC >30 min to 
24 hours 

LOC > 24 hrs 

AOC = a moment AOC >24 hoursAOC  a moment 
up to 24 hrs 

AOC 24 hours 
Severity Based on Other Criteria

PTA = 0-1 day PTA >1 to 7 days PTA > 7 daysPTA  0 1 day PTA >1  to 7 days PTA > 7 days 



MTBI Diagnostic CriteriaMTBI Diagnostic Criteria

American Congress of Rehabilitation Medicine

C f i C l d iCenter for Disease Control and Prevention

World Health Organization

Veterans Administration/Dept of Defense

National Academy of NeuropsychologyNational Academy of Neuropsychology



ACRM (1993)
Mild T i B i I j C i f hMild Traumatic Brain Injury Committee of the 

Head Injury Interdisciplinary Special Interest Group



CDC (2003)CDC (2003)



WHO (2004)WHO (2004)
Collaborating Task Force on Mild Traumatic Brain Injury. J Rehab Med (Suppl.43), 113‐125



VA/DoD (2009)VA/DoD (2009)



SACSAC (1996)

McCrea, M; Kelly, J; Randolph C 



ACE (2006)ACE (2006)

Gerard Gioia & Micky Collins



MACEMACE
(7/2007)(7/2007)



















ER Diagnosis of MTBIER Diagnosis of MTBI 

56% meeting criteria56% meeting criteria 
not diagnosed 

65% with LOC were 
di ddiagnosed

28% with confusion 
were diagnosedg



NAN (2009)NAN (2009)

LOCLOC

Retrograde amnesia & 
PTA

Confusion & 
disorientation

Neuro signs & 
symptoms



TBI Assessment :
h l kBiochemical 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 Neurosurgoutcome 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)3) 

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



TBI Assessment :
h l kBiochemical 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 g y

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



BRAIN INJURY BIOMARKERSBRAIN INJURY BIOMARKERS



BANDITS PROGRAM
4. Head Injury Assessment4. Head Injury Assessment

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)

GOALS
•Minimal‐ to non‐invasive medical device to identify and 
assess internal brain injuries

• State‐of‐the‐art lightweight sturdy and reliabledamage, much like the current blood test (Troponin) 
for heart damage.

BANDITS will be embedded in an automated system 
available to Level III or lower echelons of care from a 

b h h dh ld d i

• 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

l / ll Gliosis Benchtop System

open benchtop system to a handheld device.

Axonal injury /Cell 
Death Markers
(SBDP145, SBDP120)

Cell Body Damage 
Marker (UCH‐L1)

Gliosis 
Marker 
(GFAP)

Benchtop System
MedCen/CSH

Handheld Device
Combat Medic

Dendritic Injury 
Marker
(MAP2) 

POC System
CSH/FST



CURRENT STATUS 
OF BRAIN BIOMARKERSOF BRAIN BIOMARKERS

• 1st Generation ELISA Assaysy
2 day assay time

All manual steps

Complex assay formatsComplex assay formats

Multiple pieces of equipment

Not suited for military environment



FUTURE STEPS 
FOR BRAIN BIOMARKERSFOR BRAIN BIOMARKERS

Role 3 / Role 2 Role 1Role 4

Increment II: POC SystemIncrement I: Benchtop System Increment III: Handheld Device

Advantages
•Accuracy

Advantages
•Smaller size/ 

Advantages
•Small size/

•Sensitivity
•Precision
•Throughput
•FDA approval
•Flexible platform

Disadvantages

weight
•No sample prep
•Lower cost
•Assay speed

Disadvantages
Potentiall lo er sensiti it acc rac

Small size/ 
weight
•Assay speed
•Low cost
•Stable reagents
•Finger‐prick sample

Disadvantages
•Size & weight
•Need for sample preparation
•Power and space requirements
•Cost of instrument and assay
•Separate and multiple reagent storage

•Potentially lower sensitivity, accuracy, 
and/or precision
•No feasibility data
•Time to FDA clearance

Disadvantages
•Lower sensitivity, accuracy, 
and/or precision
•Time to FDA clearance
•CLIP/CLIA issues for approval

Increasing developmental cost and timeIncreasing developmental cost and timeIncreasing developmental cost and time



CONCLUSIONS

• From Preclinical discovery through clinical validation, the BANDITS 
program hasprogram has 
– Identified 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.p

• The BANDITS biomarker platform has been able to objectively 
distinguish between CT‐positiveTBI, CT‐negative TBI , and controls in g p , g ,
over 94 mild TBI patients
– A 300 patient mild‐moderate feasibility study is underway

• A bench top Increment I device platform with FDA approval should be 
fieldable for use at a Role 3/4 medical facility within 3 years, with 
Increments II and III for use further forward to followIncrements II and III for use further forward to follow



NEUROIMAGINGNEUROIMAGING



TrephanationTrephanation



Skull X‐rays



Computerized TomographyComputerized Tomography



CT ‐MTBICT  MTBI



CT – 5/3/2001

Acute Subdural 
Hematoma

MRI – 2/1/2002

Chronic Subdural 
/Hygromas/Hematoma



Computerized TomographyComputerized Tomography



Triple Headed SPECT Scan



Basic PET with 2DFGBasic PET with 2DFG



PET in Severe TBIPET in Severe TBI



Z Plot‐Severe TBIZ Plot Severe TBI



PET in MTBIPET in MTBI



Z Plot‐Mild TBIZ Plot Mild TBI



Neurodiagnostic studies
CT vs MRI



Magnetic Resonance ImagingMagnetic Resonance Imaging





1.5T MRI – 6/1/2004

Shearing Injury



Diffusion Tensor ImagingDiffusion Tensor Imaging





Diffusion Tensor ImagingDiffusion Tensor Imaging











Parcellation of the corpus callosum tracts according to apparent connectivity to specific
cortical regions (labeled by color).



DTI with Occipital DamageDTI with Occipital Damage



PTSD and MTBI OVERLAPPTSD and MTBI OVERLAP



OUTCOMEOUTCOME



Sequelaeq
(DoD, 2007)

1. Physical:  for example, headache, nausea, vomiting, dizziness, blurred 
i i l di t b k i / l i lvision, sleep disturbance, weakness, paresis/plegia, sensory loss, 
spasticity, aphasia, dysphagia, apraxia, balance disorders, disorders of 
coordination, seizure disorder.

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

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



Sequelaeq
(DoD, 2007)

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



PrognosisPrognosis

Mild TBI
65% recover by 3 months
85‐90% recover by 12 months

P t fi diPoor outcome findings
More severe injury; collateral injuries; possible structural‐histological lesions; 
longer LOC+ PTA 
Pain 
A ld d lt ( hild)Age: older adult (or young child) 
Poor general health 
Low premorbid intellectual/cognitive abilities (exception: very high functioning) 
Previous head injury; other neurologic disorder 
Hi t f l h l/d b d/ t ti f i jHistory 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 
P di liti ti / ti i PCSPending litigation/continuing PCS 



PrognosisPrognosis

Moderate & SevereModerate & Severe

Natural recovery: 18 – 24 months

L th f i t t di tLength 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 outcomeMay enhance outcome 

Doesn’t predict later epilepsy

Late:Late: 
Microshearing & hemorrhage

Hemosiderin deposition

Early AED’s don’t prevent

Penetrating TBI 
Persistent risk w/o initial szPersistent risk w/o initial sz



Neurologic Consequences
Seizure Disorder



Seizure DisorderSeizure Disorder



Hydrocephalus





HydrocephalusHydrocephalus



Pathophysiology of hydrocephalusPathophysiology of hydrocephalus



Cranial Nerve Damage



Neurologic Consequences
Cranial Nerves



Neurologic Consequences
Cranial Nerve Exit Pathways



Cranial Nerve 
InjuriesInjuries
I:     Anosmia; parosmia; ageusia
II:     Blindness; Blurry vision
III:    Double vision;

Dysconjugate gaze; 
Loss of yoking/PTVS

IV:    Loss of upward tracking;
Double vision/PTVS

f fV:     Loss of sensation in face;
Weakness chewing

VI:    Inability to look laterally/PTVS
VII:   Facial weakness

Hypersensitivity to loud noiseHypersensitivity to loud noise
VIII:  Tinnitus; sensorinerual deafness;

Auditory processing deficit;
Vertigo;  visual dependency;             
NystagmusNystagmus

IX:     Dysphagia;  ageusia
X:       Autonomic changes
XI:      Shoulder drop; 

Reduced neck ROM
XII:     Dysarthria; dysphagia



Post‐traumatic pituitary damage



Hypothalamic‐pituitary axisHypothalamic pituitary axis



Hormones & Biologic ActionHormones & Biologic Action



NeuroendocrineNeuroendocrine

• Cerebral salt wasting
• Hypoadrenalism
• Hypogonadism
• Hypopituitarism• Hypopituitarism
• Hypothyroidism
• Diabetes insipidus
• Impotence
• Libido
• ObesityObesity
• 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  

CentralCentral

Obstructive 

Mixed

Inefficient sleepInefficient sleep 
Reduced total sleep time 

Inadequate SWS (Stage 3 and 4)

Excessive daytime drowsinessExcessive daytime drowsiness



Hypothalamic Dysregulation
Temperature

“Neuro sweats”

“Hypothalamic storms”

Subjective coldness



Neuromuscular & skeletal syndromes



MusculoskeletalMusculoskeletal

• SpasticitySpasticity

• Contractures

• FlacidityFlacidity

• Tremor

• Extrapyramidal• Extrapyramidal

• Pressure points

• Heterotopic ossification• Heterotopic ossification

• Myositis ossicans



Secondary autonomic dysfunction



Autonomic Nervous SystemAutonomic Nervous System



Autonomic DysfunctionsAutonomic Dysfunctions

Cardiovascular
Dysphonia
Infections
Pneumonia

Gastric emptying
Ileus
GERD

Bladder dysfunction
Impotence



Neurocognitive dysfunction



NeurocognitiveNeurocognitive

Attention/ConcentrationAttention/Concentration

Working memoryWorking memory

Speed of informationSpeed of information 
processing



HippocampusHippocampus



Diffuse Axonal InjuryDiffuse Axonal Injury





Neurolinguistic dysfunction







Neurobehavioral dysfunction





Neurobehavioral 
Consequences

Abulia

Depression

Suicide

M iMania

Psychosis

HallucinationsHallucinations

Anxiety

Personality change

Substance abuse

Neurodegenerative



TBI vs Community Base rates: Axis ITBI vs Community Base rates: Axis I

P TBI P t TBI C it 1Pre TBI Post TBI    Community1

Major Dep. 17% 58% 6%
S/U Disorder 38% 16% 17% 
PTSD 6% 18% 8%
OCD 1% 14% 3%
Panic 4% 11% 2%Panic          4%          11% 2%
GAD 1% 8% 4%
Phobias 4% 6% 13%
1Bourdon et al (1992)



Neurodegenerative disorders



NeurodegenerativeNeurodegenerative

Encephalomalaciap

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 cascadeApoptosis cascade



Special populations
Infants

ChildChildren

Intimate partner violence

Recurrent TBI

Military personnel/veteransy p /

Elderly

Developmentally disabled/Intellectually disabledDevelopmentally disabled/Intellectually disabled

Prisoners



Glasgow Coma Scale

1974

Graham Teasdale &Graham Teasdale    & 

Bryan J. Jennett

Outcome studies in coma



Pediatric GCSPediatric GCS











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.”  p

• 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.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• 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 injuryOutcome: Age at injury

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

More effects on post‐TBI development 
(A d t l 2005 E i C bb t l 2004 )(Anderson, et al., 2005a; Ewing‐Cobbs, et al., 2004a)

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

Word decoding: TBI <6 ½ yo worse than >6 ½ 
Reading comprehension: TBI <9 worse than >9Reading comprehension: TBI <9 worse than >9 

(Barnes, et al., 1999)



Pediatric (moderate & severe) TBI IssuesPediatric (moderate & severe) TBI Issues

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

• TBI < 4 yo Dx of Conduct Disorder by 12 yo• 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 TBIAdult survivors of Ped TBI

Educational failureEducational failure

Restricted vocational options

h l i l dj diffi l iPsychological adjustment difficulties

Poor quality of life

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



Special populations
Infants

ChildChildren

Intimate partner violence

Recurrent TBI (sports)

Military personnel/veteransy p /

Elderly

Developmentally disabled/Intellectually disabledDevelopmentally disabled/Intellectually disabled

Prisoners



Intimate partner violenceIntimate partner violence

• Victim with concussion (or multiple) mayVictim with concussion (or multiple) may 
appear hesitant, give poor history,  or be 
amnestic for the assaultamnestic for the assault

• Substance abuse (self‐medication) co‐
morbidity issuesmorbidity 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
populationpopulation

• 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

F t l l b i j i i i d i ( th )• 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 g g y p
with combat survival



TBI in Cognitively Vulnerable 
IndividualsIndividuals

• Diminished cerebral reserve pre‐injury worsens 
outcome

• If your brain is not “wired to code” pre‐injury, 
recovery is more prolonged & less robusty p g

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



General Principles in Dealing with 
patients with h/o TBIpatients with h/o TBI

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

2) Memory impairment makes obtaining detailed history 
(STM) difficult( )

3) Delays in processing speed increases the time it takes to 
respond to questions or directions(especially with 
i d i t l h )increased environmental chaos)

4) Impulsivity or disinhibition results in inappropriate 
comments or behaviorcomments or behavior

5) Irritability & poor problems solving issues
6) Get information from a collateral informant )

(think: “pediatric” approach)



THANK YOU
( t !)(see you tomorrow!)


