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Objectivesj
In 15 minutes…

To describe the risks of serious brain injuries afterTo describe the risks of serious brain injuries after 
minor blunt head trauma in children

To describe the indications, risks, and benefits of , ,
computed tomography (CT) scanning

To review the PECARN Traumatic Brain Injury study, j y y
and key sub-studies resulting from this work



CaseCase

6 year-old falls 1 meter from a ladder
10 second loss of consciousness10 second loss of consciousness
On exam, awake and alert
Small forehead hematoma, tender at site

What are you going to do?



Epidemiology of Pediatric Head TraumaEpidemiology of Pediatric Head Trauma

 Trauma the leading cause of death among children > 1 year
 Traumatic brain injury (TBI) the leading cause of death and Traumatic brain injury (TBI) the leading cause of death and 

disability due to trauma (> 70% of deaths)
On an annual basis in the U S BHT in children results in:On an annual basis in the U.S., BHT in children results in:

• 6,000 deaths
• 60 000 hospitali ations• 60,000 hospitalizations
• 620,000 ED visits (~50% evaluated with CT scans, use of CT 

increasing over the past decade much variability in care)increasing over the past decade, much variability in care)

NHAMCS 2006; Blackwell 2007; Centers for Disease Control 2010 



Controversy over CT for Minor BHT Co t o e sy o e C o o
Arguments for liberal use of CT:

 Preventable morbidity/mortality 
due to unrecognized TBIsdue to u ecog ed s

 Preverbal children difficult to eval.
When indicated benefit of CTWhen indicated, benefit of CT 

greatly outweighs risk, however…



Controversy over CT for Minor BHT Co t o e sy o e C o o
Arguments against liberal use of CT:

Of the large number of children evaluated with CT after 
BHT f th 10% h TBIBHT, fewer than 10% have TBI

 Drawbacks of CT include transport outside the ED, 
pharmacological sedation, costs

Most important (theoretical) risk: lethal malignancy risk from p ( ) g y
a single CT may be as high as 1:2500

•Pediatric BHT high priority for AAP, IOM, EMSC…



CT Radiation Risks
 Estimates (theoretical, not observed) of risks of lethal 

li i t l t d f i f WWII t imalignancies extrapolated from survivors of WWII atomic 
explosions:
• 1 per 2500 head CT scans for 5 year-olds
• 1 per 5000 for 10 year-olds

 Age and size-based radiation-reduction efforts ongoing 
(“ALARA” principle)

 CT radiation risks important from a public-health view 
• ~300,000 CTs for BHT, ~6 million pediatric CTs annually in U.S.300,000 CTs for BHT, 6 million pediatric CTs annually in U.S.



Pediatric Emergency Care AppliedPediatric Emergency Care Applied 
Research Network (PECARN)

Supported in full by Project #U03 MC00001-01 from the Maternal 
and Child Health Bureau, Health Resources and Services 
Ad i i t ti D t t f H lth d H S iAdministration, Department of Health and Human Services 



Ongoing PECARN Research Developmentg g p
 Patient safety and error reductionPatient safety and error reduction  Therapeutic hypothermia in pediatric Therapeutic hypothermia in pediatric 

cardiopulmonary arrestcardiopulmonary arrest
 Quality of PEM careQuality of PEM care

 Evaluation of head trauma

cardiopulmonary arrestcardiopulmonary arrest

 Diagnostic categorization of illnesses   Diagnostic categorization of illnesses   
and injuries in the PED and injuries in the PED 

 C-Spine immobilization

 St id i t b hi liti

jj

 Management of status Management of status epilepticusepilepticus

 E l ti f bd i l tE l ti f bd i l t Steroids in acute bronchiolitis

 The burden of mental illness and 
psychiatric emergencies in PED

 Evaluation of abdominal traumaEvaluation of abdominal trauma

 Screening for alcohol abuseScreening for alcohol abuse
psychiatric emergencies in PED

 RCT of fluids for DKA
 Probiotics for AGEProbiotics for AGE

 Knowledge translation of TBI rulesKnowledge translation of TBI rules

 Magnesium for sickle cell pain

gg

 RNA transcription RNA transcription biosignaturesbiosignatures to diagnoseto diagnose
febrile infantsfebrile infants



The PECARN Head Injury Study

Goal: to derive a clinical decision rule to accurately 
id tif hild t i k f li i llidentify children at near zero risk of clinically 
important traumatic brain injury after blunt trauma 
with high accuracy and wide generalizability



Outcome DefinitionOutcome Definition

Clinically-important TBI (ciTBI)
• Death from TBIDeath from TBI
• Neurosurgical procedure
• Intubation for > 24 hours for head injuryIntubation for > 24 hours for head injury
• Positive CT in association with hospitalization > 2 nights



Results
57 030 eligible57,030 eligible

2,869 GCS <14 
or other exclusion 

54,161 GCS 14-15

EnrolledNot enrolled

42,412
(78.3%)

11,749              
(21.7%)

Validation
8,627

Derivation
33 785

88 iTBI

33,785

288 iTBI 88 ciTBI
(1.0%)

288 ciTBI
(0.9%)





The PECARN TBI Rules 
(derived and validated)

Children are at very low risk of clinically-important traumatic brain injury (TBI) if 
they meet all criteria in age-specific rule:

Children < 2 years Children 2-18 years
1. Severe mechanism of injury 1. Severe mechanism of injury1. Severe mechanism of injury
2. History of LOC > 5 sec
3. GCS = 14 or other signs of altered                    

1. Severe mechanism of injury
2. History of  LOC
3. GCS = 14 or other signs of altered 

mental status
4. Not acting normally per parent
5 Palpable skull fracture

mental status
4. History of vomiting
5 Severe headache in the ED5. Palpable skull fracture

6. Occipital/parietal/temporal scalp 
hematoma 

5. Severe headache in the ED
6. Signs of basilar skull fracture



Recommendations for children younger than 2y g

The Rule



Recommendations for children younger than 2y g

Suggestions



Recommendations for children 2 years and oldery

The RuleThe Rule



Recommendations for children 2 years and oldery

The Rule

Suggestionsgg



Negative CT ScansNegative CT Scans 



Observation Before CT DecisionsObservation Before CT Decisions



Isolated Clinical Findings 
toutcomes



Racial and Ethnic DisparitiesRacial and Ethnic Disparities



Incidental CT findingsIncidental CT findings



CaseCase

6 year-old falls 1 meter from a ladder
10 second loss of consciousness10 second loss of consciousness
On exam, alert and awake
Small forehead hematoma, tender at site

What are you going to do?






