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• 2 year old female
• Witnessed fall from counter top
• No LOC
• Brief shaking after impact, 

vomited twice, complains of 
headache
• Notable left frontal hematoma

• Do you obtain a head CT?
• What do you observe for?



Outline

• Definitions: TBI vs ciTBI
• An approach to neuroimaging for head injury
• Clinical decision rules
• Application of PECARN
• Observation in the ED
• NS indications



• Traumatic Brain Injury
• External force
• Alteration in brain function or
• Evidence of brain pathology

• Mild: GCS 13/14-15
• Moderate: GCS 9-12/13
• Severe: GCS < 8

• Clinically Important        
Traumatic Brain Injury (ciTBI)
• Neurosurgical intervention
• Intubation
• Hospital admission
• Death 



Epidemiology

• Pediatric head trauma in the US, annually
• 7400 deaths
• >60K hospital admissions
• >600K ED visits

• About 50% of children with head injury in EDs undergo CT
• Between 1995 – 2005, CT use more than doubled
• Many TBI on CT do not need NS intervention
• Abnormal CT findings as outcome measures promotes CT use



Risk of lethal malignancy from cranial CT scans
 * 1/1000 to 1/5000 scans
 * increased risk with younger age 



An Approach to Neuroimaging

• Identify ciTBI while limiting radiation
• Most children do not need a CT to rule out ciTBI
• Very few require NS
• Risks of missing ciTBI is potentially catastrophic

• Clinical decision rules are meant to assist
• NOT to replace clinical judgment



Clinical Decision Rules (Pediatric head injury)

• CHALICE
• Children’s Head injury ALgorithm for the prediction of Important Clinical Events
• English study group

• CATCH
• Canadian Assessment of Tomography for Childhood Head Injury
• Pediatric Emergency Research Canada (PERC) study group

• PECARN
• Pediatric Emergency Care Applied Research Network
• Multicenter US research consortium



• Multicenter, 10 hospitals in NW England
• Inclusion: any severity of head injury
• Exclusion: none
• Data collection on 40 clinical variables
• Outcome: death, NS intervention, marked abnormalities on CT
• 22,772 patients enrolled
• Of those scanned, 37.7% abnormal
• 6.4% admitted, 0.6% NS 



• 14 different criteria requiring CT
• Sensitivity of 98%
• Likely increases the rate of CT
• Many identified that do not 

require intervention



• Multicenter, 10 Canadian institutions
• Inclusion:

• Blunt minor head injury
• GCS > 13
• Within 24 hours

• Exclusion:
• Penetrating, depressed fx, acute 

neurologic deficits, chronic 
developmental delay, Suspicion of NAT, 
return visit, pregnancy 

• Primary outcomes:
• Death
• NS procedure
• ETT for head injury

• Secondary outcome:
• TBI on CT

• 3866 enrolled
• 52.8% received CTs
• 4.1% had TBI on CT
• 0.6% required NS



• 4 high risk criteria for neurologic 
intervention
• 100% sensitivity

• 3 medium risk criteria for TBI on CT
• 98% sensitivity (high + medium)

• 52% of patients would receive CT
• Most TBI on CT did not require 

intervention



Comparisons CHALICE CATCH PECARN

N Enrolled 22,772 3,866 42,412

Age < 16 yrs < 16 yrs < 2 yrs; 2-18 yrs

Inclusion All head injury Symptomatic minor injury, 
GCS > 13,

Injury within 24 hours

GCS < 14,
Injury within 24 hours

Exclusion None Penetrating trauma,
obvious depressed fx,

neuro deficit,
developmental delay,

NAT suspicion,
return visit,
pregnancy

Trivial mechanisms with 
only abrasions / lacs, 
penetrating trauma, 
known brain tumor,

pre-existing neuro d/o, 
OSH imaging

Primary Outcome Death, NS, TBI on CT Death, NS, ETT; (TBI on CT) Identify low risk ciTBI

Unique CDR Predictors 
(relative to PECARN)

Amnesia, NAT suspicion, 
seizure, focal neurologic 

deficits

No LOC
(Vomiting incl in CATCH-2)

-----



• Each was a derivation study
• PECARN also had a validation arm
• PECARN better discriminates and identifies all patients with ciTBI
• In validation, other studies misclassified some patients with ciTBI as 

low risk
• PECARN does not increase the rate of neuroimaging



Clinical Decision Rule Validation Sensitivity

PECARN < 2 years 100%

PECARN > 2 years 99%

CATCH 95%

CHALICE 92%

NPV for each CDR was > 99%



• Previous predictive model limitations
• Smaller sample sizes
• Lack of validation
• No independent assessment of preverbal children (< 2 years)

• Aim: Identify children at low risk for ciTBI after blunt head injury
• CT may therefore be unnecessary

• Pediatric Emergency Care Applied Research Network (PECARN)
• 25 multicenter sites
• Prospective cohort study



• Inclusion
• 0 to <2 years; 2 to <18 years
• Head injury within 24 hours
• GCS > 14

• Exclusion
• Trivial asymptomatic injury

• Abrasions, lacerations
• Penetrating trauma
• Known brain tumor
• Pre-existing neurologic deficit
• OSH neuroimaging





• Primary Outcome Measure
• Identifying those at low risk for ciTBI





• 42,412 enrolled

• Received CT: 35.3%
• TBI on CT: 5.2%
• ciTBI:  0.9%
• NS intervention: 0.14%





Prediction tree for ciTBI
In children younger than 2 years



Prediction tree for ciTBI
In children 2 years and older



• 1/5000

• 1/2000

• The risk of ciTBI when all 6 predictors are 
absent is less than the risk of lethal 
malignancy from cranial CT



• 14% of patients should get CT
• 4.3-4.4% risk of ciTBI

• 56% should not
• <0.02-0.05% risk of ciTBI

• 30% favor observation over imaging
• 0.8-0.9% risk of ciTBI
• Observation of 4-6 hours



Observation over immediate imaging

• Consider
• Clinical experience
• Isolated vs multiple findings
• Age (< 3 months)
• Parental preference
• Clinical worsening during observation 

period

• PECARN Observation Factors
• Severe mechanism
• LOC
• Severe headache
• Vomiting
• Acting abnormal
• Scalp hematoma*

• Other CDR factors
• Amnesia
• Seizure*
• Increased anterior fontanelle**
• Neurologic deficits**



• PECARN database
• Patients < 1 year
• Score > 4
• 100% sensitivity for ciTBI (n=12)
• 100% sensitivity for TBI (n=59)

• Score > 5
• 100% sensitivity for ciTBI
• Missed 3 TBI (no NS intervention)



• PECARN database
• Post-traumatic sz (PTS): 536
• CT obtained:  466

• TBI on CT in 15.5%
• 20 required NS
• 15 had recurrence of sz

• Conclusion
• PTS have a high likelihood of TBI on CT
• PTS frequently require NS intervention
• PTS frequently have recurrence



TBI had a statistically significant association with PTS interval after trauma and duration



TBI and ciTBI

• Diffuse brain injury
• Most common cause of TBI death
• Impact, acceleration, and 

deceleration forces
• Mild = concussion
• Severe = Diffuse axonal injury

• Tissue shearing at grey-white matter 
interface

• Focal brain injury
• Contusion
• Intraparenchymal hemorrhage
• Subdural hematoma*
• Epidural hematoma*
• Subarachnoid hemorrhage



Subdural Hematomas

• Potential space between dura 
and arachnoid membranes
• Bridging blood vessels + direct 

cerebral cortical hemorrhage
• NAT accounts for the majority of 

SDH in infants
• Classically crescent shaped 

(crosses suture margins)



Indications for NS intervention

• No clear criteria
• Variable presentations – may be hours to weeks after injury
• Risk of marked change when acute
• Admit for observation
• Possible reimaging

• Surgical evacuation
• Acute SDH
• Neurologic impairment
• Midline shift



Epidural Hematomas

• Dura is stripped from the bone
• Disrupted arteries and veins
• Fractures can lacerate vessels
• Temporoparietal is most 

common location
• Middle meningeal artery

• Generally does not cross suture 
lines
• Classically appears biconvex and 

displaces brain tissue



Indications for NS intervention

• Mass effect
• Midline shift, gyral effacement, ventricle compression
• Cerebral edema, herniation
• Hydrocephalus (posterior fossa EDH)

• Swirl sign
• Active bleeding, rapidly expanding

• Temporal lobe location
• Higher incidence of brainstem compression

• Large size
• Thickness > 10mm, volume > 15 mL
• Though may observe if asymptomatic



Skull Fractures

• Linear
• 15-30% are associated with TBI on CT

• Comminuted
• Depressed

• 30% associated with TBI
• Basilar

• Significant adverse outcomes
• Exam: 

• Hemotympanum
• Raccoon eyes, Battle sign
• CSF otorrhea, CSF rhinorrhea
• CN defects



Possible Indications for NS Intervention

• Linear fracture with > 3mm separation
• Basilar
• Neurologic deficits
• CSF leak
• Symptomatic pneumocephalus

• Depressed
• Nonoperative when no associated hematoma and when minimally displaced
• Younger have great ability to heal non-operatively



Take Home Points

• Understand ciTBI vs TBI
• PECARN screens very well for low-risk ciTBI
• Implement observation
• Significant reduction in the use of ionizing radiation

• Most minor pediatric head injury does not need imaging
• ciTBI is rare
• NS intervention is very rare


