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Second Impact Syndrome

• Second concussion occurs while still symptomatic 
and healing from previous injury days or weeks 
earlier

• Second impact results in brain edema and other 
widespread damage 

• Can be fatal -- 50% mortality rate in most 
severe cases

• Higher risk of long-term cognitive 
dysfunction

• Extremely low, albeit unknown incidence



Ryne Dougherty



Ryne Dougherty got another concussion on October 15, 2008 
less than one month after his first concussion. 

Ryne Dougherty



g Force to Brain

Popular Mechanics



Is There a Concussion Threshold?

• NO – there is only a statistical risk

Rowson & Duma 2011



Asymptomatic impacts may have 
consequences

• Symptomatic impacts (i.e. concussion) may only 
reflect part of the problem
– Some athletes may experience 1000-1500 hits per 

season (>10g, median ~25g; Martini, 2013)
• Impact to brain with adequate g force to have an 

effect on brain cell functioning but no immediate 
symptoms
– Neuropsych (Gysland, 2012; McAllister, 2012a)
– fMRI (Talavage, 2013; Breedlove 2012)
– DTI (McAllister, 2012b)



What we know: CTE and Exposure

• CTE stage significantly associated with age
– 11-14 years between stages, p<0.01

• CTE stage significantly associated with 
duration of play
– p<0.01

• What form of exposure matters most?
– duration, intensity, frequency, cumulative

McKee et al., 2013



10 years of professional football
Death in his 80s with dementia

Brain weight: 1560 grams
Brain weight: 1450 gms

Severe II and III ventricular dilatation



10 years of professional football
Death in his 80s with dementia

Brain weight: 1560 gramsCavum septum pellucidum



10 years of professional football
Death in his 80s with dementia

Brain weight: 1560 grams
Marked medial temporal atrophy



10 years of professional football
Death in his 80s with dementia

severely fenestrated septum pellucidum posteriorly



Shrinkage of the mammillary bodies



thinning of the hypothalamic floor



pallor of the substantia nigra



Lou Gehrig





Patrick Grange at age 29



Patrick Grange



CTE and motor neuron disease
• 100% of CTE cases have extensive tau
• 85% of CTE have extensive TDP-43 in brain
• 3 cases that had clinical ALS had extensive tau 

and TDP-43 in spinal cord, brain stem
• Not co-localized

Tau TDP-43

McKee et al., 2010
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