
Second Impact Syndrome (SIS)

First described by Saunders and Harbaugh in 1984, Second Impact Syndrome (SIS) consists of 
two events. Typically, it involves an athlete suffering post-concussive symptoms following a 
head injury. Within several weeks, the athlete returns to play and sustains a second head injury, 
diffuse cerebral swelling, brain herniation, and death can occur. Incidence is considered rare with 
as reported by the National Center for Catastrophic Sports Injury Research in Chapel Hill, NC, 
identified 35 probable cases among American football players from 1980 to 1993. Boden 
reported on American high school and college football players and demonstrated 94 catastrophic 
head injuries (significant intracranial bleeding or edema) over a 13-year period. Of these, only 2 
occurred at the college level. Seventy-one percent of high school players suffering such injuries 
had a previous concussion in the same season, with 39% playing with residual symptoms. While 
noting the incidence is truly unknown, the MMWR noted 2.6 per 100,000 population of sports 
related TBI that resulted in hospitalization or death. 

Pathophysiology of SIS

A patient who sustains an initial concussion may develop cerebral edema, accounting for loss of 
consciousness, memory impairment, disorientation and headache. However, the brain’s auto 
regulatory mechanisms compensate for this mechanical and physiologic stress and protect 
against massive swelling. This is thought to be accomplished by acutely limiting cerebral blood 
flow, which leads to accumulation of lactate and intracellular acidosis. After the initial phase, a 
state of altered cerebral metabolism occurs and may last ten days involving decreased protein 
synthesis and reduced oxidative capacity.  

Extensive experimental research suggests that the loss of consciousness after head injuries, the 
development of secondary brain damage, and the enhanced vulnerability of the brain after an 
initial insult can be explained largely by characteristic ionic fluxes, acute metabolic changes, and 
cerebral blood flow alterations that occur immediately after cerebral concussions. Extracellular 
potassium concentration can increase massively in the brain after concussion, followed by 
hypermetabolism lasting up to ten days. This makes the brain more vulnerable and susceptible to 
death after a second sub-lethal insult of even less intensity.  Fisher and Vaca hence conclude that 
when the patient sustains a “second impact,” the brain loses its ability to auto regulate 
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intracranial and cerebral perfusion pressures. In severe cases, this may lead to cerebral edema 
followed by brain herniation. Death has been reported to occur in a matter of two to five minutes, 
usually without time to stabilize or transport an athlete from the playing field to the ED.

Toward identification of an SIS risk profile 

When considering the rarity of SIS events, only X2 will have the extensive database required for 
the analysis to identify which combination of variables will determine the profile of an athlete at 
risk. From a technological perspective, analysis of the X2 CMS app assessment data in 
conjunction with accelerometer based impact data will be necessary:

1. Examination of symptom based and other diagnostic assessment tools (balance, 
coordination, evolved potentials (EP), nystag-o-meter etc) contained in the expanded X2 
CMS Plus assessment tool.

2. Establish the role, if any, of documented historical risk factors obtained during the 
baseline assessment. **Social risk factors (e.g. smoking, ethanol use, other drug use – 
meth, bath salts, K2) not currently captured in the database may also need to be explored 
as contributory variables and is recommended for addition to the X2 CMS PLUS 
assessment database.

3. Determine if accepted return to play guidelines were followed and if they are sufficient to 
prevent SIS when considering the multitude of contributory variables. 

4. Analyze the total number of hits in relation to the G forces of single impacts as well as 
cumulative G forces in athletes and correlated with the first 3 described general variables 
in athletes who suffer SIS.
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