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CDC Definition of TBI
Blow to the head with: 
• Alteration of consciousness (amnesia, confusion or 

loss of consciousness)
OR 
• Skull fracture
OR
• Evidence of brain injury (such as a brain CT showing 

contusion, subdural/epidural hematoma)
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Primary Injury
• Occurs at time of impact

– Direct injury to brain parenchyma
– Shearing injury to white matter tracts 

• Acceleration Decleration

Presenter
Presentation Notes
Traumatic brain injury pathology usually begins at the site of impact – results in tissue deformation, tearing, and hemorrhage .  The shearing forces associated with mild traumatic brain injury result in axonal stretch and damage, that we refer to as DAI-diffuse axonal injury.  Head CT really only picks up blood, and it does not detect subtle axonal disruption. 
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Secondary Injury
• Injury that occurs after the primary event
• Systemic factors

– Hypotension
– Hypoxia
– Hypercapnea

• Intracranial events
– Inflammatory changes

• biomolecular changes microcirculatory disruption 
+ neuronal disintegration

– Pathopysiologic events
• cerebral edema, increased ICP, hyperemia, and ischemia
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Categorizing TBI Severity

Glasgow Coma Scale

• 13-15 Mild
• 9-12 Moderate
• 3-8       Severe



TBI and YouthPediatric GCS
Eye Opening (total  4) Motor Response (total 6)
Spontaneous 4 Obeys 6
To voice 3 Localizes pain 5
To pain 2 Withdraws 4
None 1 Flexion 3

Extension 2
None 1

Verbal Response (total 5)
Older Children Infants & Young Children
Oriented 5 Appropriate words; 5

smiles, fixes, and follows
Confused 4 Consolable crying 4
Inappropriate 3 Persistently irritable 3
Incomprehensible 2 Restless, agitated 2
None 1 None 1
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Presentation Notes

GCS : Crit Care Med November 2002;30(11) s457-467.  
The GCS is the most widely used and best known of all scores in trauma (Table 2) (21). 
GCS is commonly used as a component score for both triage scores, SOI measures, and in mortality prediction models. 
The GCS has been validated in many studies since its introduction in 1976 as a significant measure of triage scores and outcome prediction models (22). 
The Pediatric GCS is a modified GCS for use in pediatric patients (Table 2) (23). 
GCS of 13 or higher is associated with mild brain injury
9 to 12 is associated with moderate injury
8 or less is associated with severe brain injury. 
The reliability of the GCS can be variable, depending on whether a patient is able to speak (e.g., an infant) or whether a patient is intubated. 
Analyses have found that the admission GCS is more predictive of injury severity than the field GCS 
The motor component is the most reliable and strongest predictor of outcome (24–26).
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Disability: Moderate / Severe TBI
• Permanent disability

-66% of moderate TBI -100% of severe TBI

• Highly variable 
• Factors:

– Severity of injury
– Location of lesion
– Access to immediate, specialized acute care
– Medical complications:  hypoxia, hypotension
– Presence of illicit drugs and alcohol
– Younger age 



TBI and Youth

Therapy: Moderate / Severe TBI

• Clinical:
– Prevent secondary injury

• Prevent hypoxia
• Prevent hypotension
• Maintain cerebral perfusion pressure

– Hypothermia  ???
– Steroids
– Progesterone ??
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Therapy: Moderate / Severe TBI

• Post-acute and Long-term
– Individual

• Cognitive – behavioral therapy
• Rehabilitation

– Family
• Family therapy

– Schools
• Educational plan

– Athletics
• Return to activities, lower risk activities
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Mild TBI

• CDC definition:
– Complex pathophysiologic process 

– Direct or indirect traumatic biomechanical forces
– Varied presentation (+/- LOC, amnesia, N/V, etc)

• 25-40% of children will present with LOC in ED

– Normal structural neuroimaging findings (CT)
• Only 3-6% of children will have +CT in ED

– Duration of symptoms is highly variable 
• May last from several minutes to days, weeks, months
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Mild TBI:  The Problem
• Societal burden

– Number of injuries: >90% of TBI
– Risk of neurocognitive sequelae

• Under-recognition / diagnosis
• Reliance on limited signs & symptoms
• Lack of understanding of manifestations in children
• Incomplete treatment management 

– Increases risk of re-injury 
– May prolong recovery

Presenter
Presentation Notes
The NIH has deemed mTBI as a societal burden due to the volume of injuries, as well as the risk of persistent neurocognitive sequelae. 
Under-recognition/ diagnosis (walking wounded)
In the acute medical setting, the diagnosis of mTBI is based on historical/physical findings and/or intracranial injuries found on head CT. Although clinical variables such as loss of consciousness, alteration of mental status, and amnesia can predict abnormal head CT in TBI patients with good accuracy (sensitivity 95-100%, specificity 25-50%),23-26 these factors can be difficult to assess in children. Thus, using the clinical definition of mTBI is challenging and may lead to under-diagnosis of this injury and associated sequelae.  Newer methods of diagnosing TBI are being investigated such as serum markers of brain injury or different imaging techniques.
Lack of understanding of manifestations in children
Incomplete treatment management (increasing risk of re-injury or prolonged recovery)
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Disability: Mild TBI
• Up to 50% of children will have sequelae

– > 80% have resolution within 7-10 days
– 10-20% have persistent symptoms lasting over 10 days years

• Disability includes
– Post Concussive Syndrome
– Neurocognitive Deficits 
– Neurobehavioral Deficits

• Personality changes
• ADHD

– School Absenteeism
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Disability:  Mild TBI 
Post-Concussive Syndrome
•headache •aggressiveness
•dizziness •anxiety
•nausea •depression
•difficulty concentrating •sleep issues
•memory problems •fatigue 
•irritability •personality change

Post-injury Symptom Course at Weeks 1, 2 & 4
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1 week:  68.9%
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Gioia G et al.  Abstract: Post-Injury Course of 
Pediatric Mild TBI Initially Treated in the 
Emergency Department Eighth World Congress 
on Brain Injury.  March 2010
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Disability:  Mild TBI 
Neurocognitive Deficits

• Attention
– abnormal at 6 months 

• Memory for new information
– abnormal at 4 and 6 weeks
– near normal at 3 months 

• Reduction in information processing speed
– abnormal at 1 month
– near normal at 3 months

• Reaction time
– abnormal at 6 weeks and 3 months
– normal at 6 months
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Therapy:  Mild TBI
• No medical interventions
• Acute:

– Discharge instructions
• Can decrease post concussive symptoms
• Individual

– Symptoms, course, and symptom management (e.g. analgesia)
• Family

– Expectations and prevention of further injury
• School
• Activities
• Stress cognitive rest
• Gradual return to play
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Mild TBI:  A Solution

• Improved assessment and post-injury 
care
– Care provider Individual Family 

School Activities
• Standardized tool:  ACE and ACE-ED

– CDC: Acute Concussion Evaluation 
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ACE-ED
– For ages 5-22 with blunt trauma to head 
– Key Elements

• Injury Characteristics 
• Signs (4) &  Symptoms (14)

LOC Somatic
Retrograde amnesia Emotional
Anterograde amnesia Cognitive
Seizure Sleep

• Risk Factors for Prolonged Recovery 
• Establish the Diagnosis
• Plan Follow-Up Action/Referral
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Mild TBI:  A Solution

• School personnel
• Return to sports and 

recreation
• Stepwise return to 

activity/play
• Follow-up

• Anticipatory guidance / discharge instructions

• When to seek care 
urgently

• Common signs & 
symptoms

• Return to daily activities
• Do’s & Don’ts
• Return to school
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Injury Prevention
Evolving Public Health Models

AGENT VECTOR DISEASE

P. Vivax Mosquito Malaria

AGENT VECTOR DISEASE

Energy
Motor 

Vehicle
Traumatic 

Brain Injury
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Multiple Strategies for Prevention:  

• Education

• Engineering/Environment

• Enactment/Enforcement

• Economics

• Empowerment
• Collaborative effort

• Multidisciplinary

• A variety of settings

Presenter
Presentation Notes
Prevention strategies have more recently been
categorized using the concept of the 4 “E’s,” those
being related to: Education, Enforcement (in addition to
Enactment), Engineering, and Economic incentives and
penalties.
Education strategies for injury prevention are effective in
a number of ways and at varying levels. Programs can
be targeted at the high-risk groups identified in
populations. Examples include bicycle and helmet safety
programs for children, alcohol and crash awareness
programs for high school students, and violence
prevention and conflict resolution programs for inner city,
urban populations. The variety is endless, but the
program must be relevant and meaningful to the
population at risk as identified in the planning process.
Educational efforts are relatively easy to begin for those
inexperienced with injury prevention methods.
Enforcement and enactment strategies identify
opportunities for injury prevention that can be legislated
for the protection of all citizens. Examples include seat
belt or car seat laws, stoplights at dangerous
intersections or railroad crossing gates. Statewide
efforts to promote trauma system legislation also come
under this category. Although more time consuming, the
impact is more significant and sustained than education
alone.
7
Slide 9:
General Principles
(continued)
Engineering is an effective way to reduce the impact of
energy transmission across the host by design. Better
head protection from better-designed helmets and
better occupant restraints in vehicles decrease the
impact that energy has and limits the effect of the injury
event.
When purchase costs act as a barrier, and to reinforce
injury prevention legislation when voluntary participation
is necessary to achieve compliance, economic
incentives and penalties can serve to provide access to
prevention devices, such as child restraint seats.
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Haddon Matrix for Motor Vehicle Injury

Host/
Human

Agent Physical 
Environment

Socio-
economic 

Environment

Pre-
event

Alcohol/drug 
use, Driver 
experience

Car safety 
features:
ABS, lights

Weather,
Road design

Schools,
Legislation,
ETOH

Event Child 
restraint; 
Premorbid 
health

Car safety 
features: ABS, 
airbags

Road 
engineering

EMS systems

Post-
event

Healthcare
training

Car safety 
features:
Lighting, GPS

Road 
accessibility

Insurance,
Health Care,
Rehab

Presenter
Presentation Notes
To further expand the range of potential injury control
interventions, one can attempt to modify the host agent
or environment utilizing 1 or more of the 4 “E’s” in the
pre-event, event, or post-event phases of the injury. This
slide depicts the Haddon Matrix which was introduced by
Dr. William Haddon, Jr., in 1970. It is one of the most
widely used mechanisms for generating a range of injury
prevention strategies. In this example of the Haddon
Matrix, motor vehicle crashes are analyzed by the
“Host,” “Agent,” and “Environment” factors in 3 phases:
pre-event, event, and post-event.
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Injury Prevention

• Primary (Pre-event)
– Preventing injury-causing events

• Secondary (Event)
– Altering the circumstances or impact of event

• Tertiary (Post-event)
– Treatment: acute and rehabilitation

Presenter
Presentation Notes
Injury prevention and injury control are not synonymous
terms. There are 3 categories of injury PREVENTION,
all of which, taken as a whole, comprise injury
CONTROL:
! Primary prevention seeks to totally eliminate the
injury incident from occurring.
! Secondary prevention minimizes the severity of
injuries that occur during incidents that cannot be
primarily prevented.
9
! Tertiary prevention involves efforts following the
incident that will optimize the outcome from injury,
regardless of injury severity.
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(1)  Surveillance
What is the 
problem?

(2)  Risk factor
identification
What are the 

causes?

(4)  Implementation
How is it done?

(3)  Develop and
evaluate 

interventions
What works?

The Public Health Approach

Presenter
Presentation Notes
The public health approach to injury and violence prevention is based on the rigorous requirements of the scientific method. In moving from problem to solution, there are four key steps (5).
Uncovering as much basic knowledge as possible on all aspects of injury or violence. Through systematically collecting data on the magnitude, scope, characteristics and consequences of injury and/or violence at the local national and international levels.  
This involves the collection of data, or the gathering of information, through the use of surveillance, surveys or other techniques.
Investigating why injuries and violence occur: 
the causes and correlates of injuries and violence;
the factors that increase or decrease the risk of injury or violence;
the factors that might be modifiable though interventions.
Through the information-gathering process, and through epidemiological research, multiple risk and protective factors can be identified and associated with specific injury outcomes.
Exploring ways to prevent injury and violence, using the information derived in the research process by designing, implementing, monitoring and evaluating interventions.
The modification of risk factors is a crucial element that determines the design of interventions aimed at reducing injuries. Once the identification of effective preventive measures has occurred, these measures should be implemented through policy measures. These interventions should always be evaluated.
Implementing, in a range of settings, interventions that appear promising, widely disseminating information and determining the cost-effectiveness of programmes.
The implementation of these measures should change the nature of the problem which, when re-assessed, leads to a re-evaluation of the situation and so on.
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Surveillance 
• Leading cause of death and 

disability age >1 yr

• ~90% mild traumatic brain 
injury (mTBI)

ESTIMATED ANNUAL NUMBER OF TBI 
(0-19 years) IN THE US 

2002–2006

7,440
Deaths

62,000
Hospitalizations

564,000
ED Visits

>634,000
Seek Medical Care

Presenter
Presentation Notes
Traumatic brain injury is the leading cause of death and disability for children
Over 650 thousand children present to US emergency departments annually after sustaining head trauma, with over 90% of these being classified as mild injuries.
However, it is estimated that 3-7% of all children with TBI will have intracranial injuries. 
The head CT is considered the GOLD STANDARD for diagnosing intracranial injuries.  Greater than 50%  of all children presenting with head trauma will undergo a head CT.
This test has several risks, most importantly being the potential risk for radiation induced cancers.
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Risk Factors for Injury
• Age

• 0-4, 15-19
• Poverty

• Lower SES 2 to 5 times higher then general population
• Gender

• M>>F
• Minority race

• Hispanics, AA
• Environment

• Fatalities more likely outside of cities, 
except for assault-related deaths

Presenter
Presentation Notes
Higher risk is due to a variety of factors, including poorer access to trauma care, lower restraint use, and disproportionate levels of people living in poverty in rural areas.  In addition, farms are risky places--tractors, ATV’s and animals are all factors in increased injury rates in rural areas.
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Gaps in Ohio
• Primary Prevention

– Helmet laws
– Baby gates, banning of walkers, window guards
– Playground surface standards

• Secondary Prevention
– Recognition of mild TBI 
– Integrated EMS/trauma systems
– Effective therapies

• Tertiary prevention
– Care plan for mild TBI
– School integration post-injury
– Regionalized rehabilitation

• Patient 
• Family
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