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 Up to 2 million emergency evaluations annually

 Elderly (>85 y.o.) and very young (<5 y.o.) most 
effected

 Leading cause of traumatic death in patients <25 y.o.
 Accounts for 1/3 of all trauma deaths







 Neuroactive drugs ability to penetrate depends on 
lipid solubility

 Posttraumatic injury, the BBB is disrupted
 Contributes to posttraumatic vasogenic edema

 The BBB is also effected by CO2/O2 levels
 Hypocarbia causes vasocrontriction and decreased 

blood flow
 Thus hyperventilation should mitigate further bleeding or 

vasogenic edema
 Brain requires 15% of cardiac output
 But pts actually did worse with hyperventilation
 No longer recommended 



 Temporary and brief interruption of neurologic 
function after minor head trauma
 MAY involve LOC

 Normal CT/MRI

 PET scan shows abnormal glucose uptake and CBF

 Causes – multiple theories
 Shearing or stretching of white matter fibers at impact

 Temporary neuronal dysfunction

 Transient alteration in level of neurotransmitters

 Temporary changes in CBF and O2 use





 According to JAMA 2003, as many as 8% of high school 
and college football players sustain concussions each 
year

 Acute symptoms lasted at least 5 days

 Cognitive impairments lasted 5-7 days

 Balance deficits 3-5 days

 91% were at pre-injury baseline by 7 days

 Some had verbal fluency test deficits as long as 90 days 
post injury

McCrea,et al:Acute effets and recovery time following concussion in collegiate 
football players: The NCAA concussion study. JAMA 290:2549, 2003



 Return to the field?

 Period of neurodysfunction

 Delayed return to cognitive and physical baseline

 Several scoring systems exist to grade severity

 None are universally accepted

 All scoring systems are based on the concern of a 
vulnerability period for re-injury

 Majority of re-injury occurs within 10 days
 Balance defects
 Delayed reflexes
 Delayed speed of information processing





 Second concussion before being completely asymptomatic from the first
 Rapid neurological decline

 Usually fatal

 Persistent neurochemical disruptions alter autoregulatory mechanisms
 Causing marked brain swelling and herniation in the setting of a minor head 

injury

 Debated topic – Sports Medicine

 Dementia pugilistica
 Chronic traumatic encephalopathy – boxers

 A study of American high school and college football players demonstrated 94 
catastrophic head injuries (significant intracranial bleeding or edema) over a 
13-year period
 average of 7.08 catastrophic head injuries per year in high school football, 

compared with 0.15 for college football from 1989-2002
 0.67/100,oo high school players and 0.21/100,000 college players

Boden BP, Tacchetti RL, Cantu RC, Knowles SB, Mueller FO. Catastrophic head injuries in high 
school and college football players. Am J Sports Med. Jul 2007;35(7):1075-81



 Mechanism poorly understood

 Fear of SIS is why return to play guidelines exist

 There are multiple concussion scoring/grading scales

 Typically, players are not recommended to return for at 
least 1 week after symptom resolution

 Return time may be increased to at least one month of 
being asymptomatic if there was loss of consciousness





 Most common complaints
 Headaches
 Confusion
 Amnesia of the injury

 Duration of amnesia suggests extent of the injury

 Adults may complain of “seeing stars”, nausea, 
dizziness or disorientation for brief period

 Children differ and may have restlessness, lethargy, 
confusion or irritability
 May have vomiting
 Symptoms typically resolve within 6 hours



 ~500,000 children are emergently evaluated annually

 ~100,000 hospital admissions

 7,000 fatalities

 TBI is the single largest source of childhood mortality
 29,000 with permanent neurologic disability

 25% of head injuries <2 y.o. were inflicted injuries

 <1 y.o. as many as 2/3 of all injuries and 95% of severe 
injuries may be nonaccidental

Weiner HL, Weinberg JS: Head injury in the pediatric age group.  In Cooper PR, Golfinos JG (eds): Head Injury, 
4th ed.  McGraw-Hill, New York, 2000, pp 419-456     

Mansfield RT: Head injuries in children and adults.  Crit Care Clin 13:611, 1997



 History is very important
 Mechanism of injury
 Events leading up to the injury
 Appearance of child before and immediately after

 Initial assessment same as adults
 Pupil responsiveness, gag reflex, spontaneous motor movement
 Lack of language skills limits assessment
 GCS difficult to apply to children <5 y.o.

 Mental status changes are difficult to assess
 First sign of significant head injury
 Irritability is a red flag

 Most posttraumatic seizures occur within 24 hours
 Do not predict seizure disorder
 If there is a serious intracranial lesion then anticonvulsive therapy is 

indicated.  Otherwise, hold…



 Skull radiographs
 Controversial
 If CT warrented, radiographs are unnecessary

 Skull fractures inc likelihood of ICH by 20 fold
 Absence of fracture does not exclude TBI

 Parietal skull fractures are the most common
 Children <2 y.o. with normal neuro exam, low risk history , 

normal PE, mental status appropriate for age, with a scalp 
hematoma, skull films may be a useful screening exam

 Ping-pong fractures
 Concentrated forces indent the skull
 Unique to infants
 Multiple indentations in the skull with no significant bone 

discontinuity are seen

Sshutzman SA, Greene DS: Pediatric minor head 
trauma. Ann Emerg Med 37:65, 2001



 Children who sustain severe head injuries have lower 
mortality and better neurologic outcome compared to 
similarly injured adults
 Likely due to neuroplasticity of the pediatric brain

 However, children <2 y.o. have a poor prognosis
 Immature cerebrovascular autoregulation increases risk 

of cerebral edema
 Developing blood brain barrier

 Incomplete myelination predisposes to more permanent 
neurologic injury



 Canadian Medical Association Journal 2010

 Clinical decision rule for the use of CT in children with minor head injury

 Multicenter cohort study

 3866 patients – mean age 9.2 years

 Enrolled: GCS 13-15, LOC, amnesia, disorientation, persistent vomiting, 
irritability

 Attending physicians filled out an assessment form

 Four high risk factors were found
 Failure to reach GCS of 15 within 2 hours, suspicion of open skull fracture, 

worsening headache, irritability
 100% sensitive (95% CI  86.2%-100%) significant brain injury on CT likely to 

require neurosurgical intervention

 Three medium risk factors
 Large boggy scalp hematoma, signs of basal skull fracture, dangerous 

mechanism
 98.1% sensitivity (95% CI 94.6%-99.4%) brain injury on CT

 This rule has not been prospectively validated



 Various guidelines

 Push not to CT
 Minimize radiation

 Clinician gestalt

 Parental opinion

 Age of the patient
 <2 y.o vs <5 y.o. vs >5 y.o.

 No definitive answer



 Sequela of minor head injury

 Highly debated topic
 Poorly understood etiology

 No objective findings

 Inadequate literature

 What do we know?



 General consensus in literature

 3 of the follow:

 headache, dizziness, fatigue, irritability, impaired 
memory and concentration, insomnia, and lowered 
tolerance for noise and light

 Duration?  Depends
 Some say 3 months, some say 1 week

 Persistent Post Concussion Syndrome
 > 3-6 months



 International Statistical Classification of Diseases and 
Related Health Problems, 10th Revision 

 History of traumatic brain injury and the presence of 3 
or more:
 Headache
 Dizziness
 Fatigue
 Irritability
 Insomnia
 Concentration or memory difficulty
 Intolerance of stress, emotion or alcohol



 Diagnostic Statistical Manual of Mental Disorders, Fourth 
Edition

 (A) history of TBI causing "significant cerebral 
concussion;”

 (B) cognitive deficit in attention and/or memory; 
 (C) presence of at least 3 of 8 symptoms (eg, fatigue, sleep 

disturbance, headache, dizziness, irritability, affective 
disturbance, personality change, apathy) that appear after 
injury and persist for 3 months; 

 (D) symptoms that begin or worsen after injury; 
 (E) interference with social role functioning; and 
 (F) exclusion of dementia due to head trauma and other 

disorders that better account for the symptoms



 Psychological or Organic?
 Both?

 Maybe it is difficult to understand because it starts out 
as organic but becomes a psychological process

 One study says that they have documented organic 
brain injury 1 year after injury via different imaging 
modalities

 There are many studies that try to predict risk for 
developing Post Concussion Syndrome
 Underlying noise sensitivity, sex, anxiety, a desire to 

pursue litigation



 Depends on the definition

 ~50% of patients with minor head trauma have 
symptoms c/w postconcussion syndrome at 1 month

 ~15% have symptoms 1 year after injury

 Morbidity
 Depends on symptom severity



 Typically present just after injury
 Or bounceback later with postconcussion symptoms

 Headache – Most Common Symptom
 Type varies

 Persistent headache in 15.3% of minor head injury vs
2.2% of E.D. controls at 3 months
 Mild TBI – any LOC, any memory loss, any disorientation at 

time of trauma, focal neurologic defects (transient or not), 
LOC <30 min, >30 min GCS 13-15, PTA < 24 hours

 Minor head injury – more minor than mild TBI

Faux S, Sheedy J. A prospective controlled study in the prevalence of posttraumatic 
headache following mild traumatic brain injury. Pain Med. Nov 2008;9(8):1001-11



 Dizziness – 2nd most common

 Vertigo, nausea, tinnitus, blurry vision, hearing loss, 
diplopia, diminished sense of taste and smell, light 
and noise sensitivity

 Psychological issues
 Anxiety, irritability, depression, sleep disturbance, 

change in appetite, decreased libido, fatigue, personality 
change

 Cognitive impairment
 Memory impairment, diminished concentration and 

attention, delayed information processing and reaction 
time







 None

 Depressed affect

 Decreased ability to smell and taste (CN I)

 Dysesthesia/Hyperesthesia (nondermatomal
distribution)



 Depression

 PTSD

 Fibromyalgia

 Vertebral artery dissection
 There can still be badness!

 Ipsilateral facial dysesthesia – most common symptom



 Labs
 No lab studies help

 Imaging
 Neuro exam and CT frequently normal

 Damage can still be present

 SPECT imaging
 Single photon emission computed tomography

 MRI

 MEG
 Magnetoenchephalography

 Are all more sensitive than CT



 Initially after injury
 Depending on scenario

 Delayed presentation
 Less useful

 Elderly – delayed hemorrhage

 Anticoagulation

 If no initial CT has been obtained
 Fast, effective screening

 Weigh risks of radiation exposure









 In PCS detect association with:

 Basal ganglia hypoperfusion
 Headaches

 Temporal lobe abnormalities
 Memory deficits

 Parietal lobe abnormalities
 Attention problems

 Frontal lobe abnormalities
 Executive function problems

 However, no association found with psychiatric symptoms 
of PCS
 Depression



 Rarely performed in the acute setting
 May predict development of symptoms

 Rivermead Postconcussion Questionnaire



 Compared with before the 
accident, do you now (i.e., over 
the last 24 hours) suffer from:

 Headaches

 Feelings of Dizziness

 Nausea and/or Vomiting

 Noise Sensitivity,

 easily upset by loud noise

 Sleep Disturbance

 Fatigue, tiring more easily 

 Being Irritable, easily angered

 Feeling Depressed or Tearful

 Feeling Frustrated or Impatient

 Forgetfulness, poor memory 

 Poor Concentration

 Taking Longer to Think 

 Blurred Vision

 Light Sensitivity,

 Easily upset by bright light 
Double Vision

 Restlessness

 Are you experiencing any other 
difficulties? 

King, N., Crawford, S., Wenden, F., Moss, N., and Wade, D. (1995) J. Neurology 242: 587-592



 RPQ-3
 First 3 items – headache, dizziness, nausea
 Total score – up to 12
 Associated with 3 early symptoms of PCS
 High score recommends close monitoring

 RPQ-13
 Next 13 items
 Total score – up to 52
 High score indicates greater severity of post concussive syndrome
 Indicate greater impact on participation, psychosocial functioning and 

lifestyle
 Symptoms likely resolve within 3 months
 Gradual resumption of usual activities is recommended during this 

period if symptoms allow
 If symptoms do not resolve, specialist referral is recommended

Eyres, S., Carey, A., Gilworth, G., Neumann, V., Tennant, A. (2005). Construct validity and reliability of 
the Rivermead Post Concussion Symptoms Questionnaire. Clinical Rehabilitation, 19, 878-887



 No specific care 
 Eval for intracranial hemorrhage if concerned
 Supportive care with analgesics and anti-emetics
 No known medication can prevent or hasten resolution of 

PCS
 Explain symptoms of PCS
 Some studies have shown it can decrease the severity and 

duration of PCS
 Educate them that they may have symptoms of their head 

injury for weeks
 Sets expectations and decreases anxiety – less likely to bounce back

 Referral to primary care, neurologist or psychiatrist 
depending on symptoms



 Outpatient care is the cornerstone of treatment

 Multidisciplinary teams
 Cognitive rehab, psychotherapy, stress management, 

vocational counseling, symptomatic treatment with 
meds

 No treatment has been proven effective
 Neurotherapy has shown promise



 Difficulty to tell
 Those with minor symptoms may not seek care

 Most patients fully recover in less than 3 months

 ~15% of patients may have symptoms >12 months after 
injury
 These symptoms will likely be refractory to treatment

 Lifelong disability



 Cause uncertain
 Many theories

 Objective evidence of injury
 Difficult to detect

 But some imaging modalities show promise

 Symptoms typically resolve after a few months
 Some will have lifelong disability

 Treatment
 Supportive

 Multidisciplinary


