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Does Second Impact Syndrome Exist?

Paul McCrory, MBBS, PhD
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Abstract: Second impact syndrome (SIS) is a widely feared
complication of traumatic brain injury. Although postulated to
occur after repeated concussion, the evidence for such a prem-
ise is not compelling. This paper reviews the published evi-
dence for and against the existence of this controversial entity.
Rather than SIS being a complication of recurrent concussion,
it is far more likely that the clinical condition represents “dif-
fuse cerebral swelling,” a well-recognized complication of trau-

matic brain injury. This condition is more common in children
and adolescents, which reflects the known demographics of
so-called “second impact syndrome.” We propose that clini-
cians abandon the misleading term second impact syndrome
and refer to the syndrome as diffuse cerebral swelling.
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INTRODUCTION

In the United States, belief in the so-called “second
impact syndrome” (SIS) has reached almost mythical
proportions. SIS has been defined as occurring when

“...an athlete who has sustained an initial head injury,
most often a concussion, sustains a second head injury
before symptoms associated with the first have fully
cleared.”"

It is postulated that this second impact sets in motion
cerebral vascular congestion, which in turn causes cere-
bral swelling. Death usually follows rapidly due to trans-
tentorial brainstem herniation. While there is no doubt
that brain swelling may occur in response to a head in-
jury,” the issue of whether recurrent concussive injury is
a risk factor for this condition is disputed. This point is
critical for team physicians because it is the fear of this
entity that underpins concussion guidelines regarding re-
turn to spott.“’19

BACKGROUND

Diffuse cerebral swelling (in the absence of repeated
concussion) is a rare but well-recognized cause of de-
layed catastrophic deterioration in children and adoles-
cents resulting in death or persistent vegetative state after
a minor head injury.>'° The etiology of this condition is
said to be due to disordered cerebral autoregulation fol-
lowing brain injury. This condition is often loosely
termed “malignant brain edema.”

SIS is said to share a similar pathology to this phe-
nomenon differing only in the risk factor of repeated
concussive injury. If SIS represents a real clinicopatho-
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logic entity, then there are potentially major conse-
quences for the management of minor head injury in
sport. Belief in the concept of SIS currently dictates man-
agement strategies for use in all minor sport-related in-
juries.*!'~1® Moreover, scientific study of the causes of
posttraumatic cerebral swelling, which undoubtedly does
occur, could be misdirected. Given the rarity of these
conditions, a case-control study would be the only fea-
sible means to establish the risk factors.'’

There are also medicolegal implications that limit the
ability to challenge existing concussion guidelines for
fear of litigation. In recent times, however, many team
physicians have begun to raise concerns over the wide-
spread belief in this syndrome, given the high incidence
of concussion in most collision sports and the scarcity of
published SIS cases.'®'?

EVIDENCE AGAINST THE EXISTENCE OF SIS

Interpretation of Case Reports

‘The concept of SIS largely rests on the interpretation
(of ‘anecdotal case feportsy In addition to the published

cases described below, a further 35 cases from the U.S.
National Center for Catastrophic Sport Injury Research
have been cited as probable cases of SIS, but not pub-
lished due to lack of confirmatory details.'°

In 1998, McCrory and Berkovic published an analysis
and reinterpretation of the published cases of this en-
tity.'® To provide a consistent framework by which pub-
lished case reports could be analyzed, four arbitrary di-
agnostic criteria were defined by the authors based on the
clinicopathophysiological features and temporal profile
of SIS.

These criteria were:

A. Medical review following a witnessed first impact
B. Documentation of ongoing symptoms following the
initial impact up to the time of the second impact
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TABLE 1. Number of cases satisfying diagnostic criteria

Criteria Definition Number

A Medical review after a witnessed first impact 5/17

B Documentation of ongoing symptoms ey
following the first impact up to the time of
the second impact

C Witnessed second head impact with a 6/17
subsequent rapid cerebral deterioration

D Neuropathological or neuroimaging evidence 13/17

of cerebral swelling without significant
intracranial hematoma or other cause for
edema

C. Witnessed second head impact with a subsequent
rapid cerebral deterioration

D. Neuropathologic or neuroimaging evidence of cere-
bral swelling without significant intracranial hema-
toma or other cause for cerebral edema (e.g., en-
cephalitis)

All published reports were classified by two indepen-
dent reviewers according to the above criteria as: definite
SIS (criteria A, B, C, and D); probable SIS (criteria C and
D plus either A or B); possible SIS (criteria C and D
only); or not SIS (criteria C or D absent).

Seventeen published cases were described"*'**!= or
subsequently quoted®?* examples of SIS. See Table 1 for
cases satisfying the proposed diagnostic criteria.

The amount of clinical documentation varied consid-
erably in the published reports. In most cases, evidence
of previous trauma was based on team mate-recalled epi-
sodes rather than video-documented reports. In only two
cases, immediate medical evaluation after the initial im-
pact was documented in the reports, but these two cases
failed to fulfill the other criteria of SIS. Surprisingly,
there was no evidence at all of a “second” impact in 11
cases, including 4 of the cases described by Schneider,
which are frequently cited as classic examples of SIS.**
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Diffuse cerebral swelling was documented in 14 cases;
however, in 1 case, there was another plausible neuro-
pathologic cause for brain swelling (encephalitis), leav-
ing 13 cases satisfying criterion D.

Under the classification, there were no cases of “defi-
nite SIS.” There were five cases of “probable SIS”
(Table 2), and the remaining 12 cases were “not SIS.”
SIS was excluded in these 12 cases on the basis of ab-
sence of neuroimaging or neuropathologic evidence of
unexplained cerebral swelling (criterion D) in 4 of 12
cases and absence of a witnessed second impact (crite-
rion C) in 11 of 12 cases. Both criteria C and D were
lacking in 3 of 12 cases.

Recall Bias

Given that team mate recall is often the basis on which
a “first impact” is documented, a further study was pub-
lished testing the reliability of this method of data col-
lection.'? Statistical analysis demonstrated a significant
(p = 0.001) difference between team mate-recalled and
self-reported/video-documented episodes of major and
minor concussion, where Australian football players con-
sistently over-reported recalled episodes of major (asso-
ciated with loss of consciousness [LOC]) and minor (no
LOC) concussive brain injury in their team mates when
compared with self-reported and video-documented epi-
sodes. The rationale therefore of reliance of this method
of ascertaining previous concussive injuries in athletes
dying from cerebral swelling/SIS is dubious.

Geographic Variation

It is surprising that there are virtually no reports of SIS
outside the United States, despite the fact that similar (or
greater) concussion rates occur in the other sports played
throughout the world. A recent study was published ana-
lyzing all deaths due to football in the State of Victoria,
Australia, during the period 1968-1999.% The aim of
this study was to determine whether cases of SIS might
have occurred in this setting.

TABLE 2. Probable second impact syndrome cases

Ongoing Criteria
Ref Age/sex  Sport 1st episode symptoms 2nd episode Pathology satisfied
3) 16/M  Hockey Struck back of head on ice; Headache,  Checked heavily, causing loss  Path: Occipital contusion B,C,D
brief loss of consciousness; unsteady, of consciousness (days), cerebral edema,
eyewitness description weakness small SDH, SAH
“4) 17/M  Football Cantu Grade 1 concussion Headache Head struck during successive Path: cerebral swelling, B,C,D
during football game; no plays; light head contact obstructive hydrocephalus,
loss of consciousness; during next play and small SDH/SAH
headache post game collapsed
(D) 17/M  Boxer Headache after boxing match Yes Collapsed round 2; no Path: small L frontal SDH, B,C,D
2 days prior; using aspirin knockdowns in fight cerebral edema
++; motor vehicle accident
causing head impact on
morning of fight
19/M  Boxer Knocked down in fight; post Yes Collapsed round 2 after Path: Small R SDH, cerebral B, C,D
fight headache “minor” blows edema ++
17/M  Boxer Several standing counts after  Yes Fight stopped in round 2 after Path: Cerebral edema with B,C,D

being stunned by head
blows; post fight psychiatric
disturbance

several “standing counts”;
collapsed minutes later

brainstem herniation

SAH, subarachnoid hemorrhage; SDH, subdural hematoma.
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In the 32-year time frame of the study, a total of 25
player deaths were identified. Nine were due to neuro-
trauma and the remaining 16 deaths were due to other
causes not related to neurologic injury, predominantly
unrecognized ischemic or congenital heart disease. The
nine player deaths due to brain injury were predomi-
nantly due to either intracerebral hematoma or traumatic
subarachnoid hemorrhage due to vertebral artery trauma.
Diffuse cerebral edema was noted in three cases in con-
junction with surgically treated subdural hematomata,
one case with an extradural hematoma and one case fol-
lowing a middle cerebral arterial territory stroke. No
cases of SIS were noted in the coronial findings and none
would fit the diagnostic criteria discussed above.

For registered players, the crude risk of death from all
causes in Australian football is approximately 22 per 240
million player games or 1 per 11 million player games.
The risk of death from brain injury is therefore 1 per 30
million player games.

DISCUSSION

The medical literature clearly describes many causes
of delayed cerebral deterioration after traumatic brain
injury. The earliest description of such a syndrome is
credited to Otto Bollinger, who in 1891, coined the term
“traumatische spit-apoplexie.”®® Patients who suffer a
delayed deterioration or who “talk and die” after closed
head injury represent approximately 15% of all patients
sustaining severe head injuries. Intracranial hematoma is
the cause of this syndrome in approximately 75% of
these patients.”‘32 In some cases, hematomas are evi-
dent on initial imaging studies, but in other cases, hema-
tomas develop after a delay.**-* There is a smaller sub-
group of patients who deteriorate due to causes other
than mass lesions who have evidence of posttraumatic
diffuse cerebral swelling.

It is important to note that cerebral swelling may occur
with or without structural brain injury®, and that dete-
rioration may be rapid following an acute injury.*

The Pathophysiology of Posttraumatic
Brain Swelling

Posttraumatic cerebral swelling may be due to two
separate pathophysiological mechanisms. The first of

these is thought to be due to (ificreased cerebral blood

‘models, as well as evidence from human cases, demon-
strate the extreme rapidity by which these vascular

changesicanoeeus "~ In OIE/EaSe report, massive trau-

matic cerebral §Welliig) documented on computed tomo-
graphic scanning, occurred Within'20'minutes of cerebral
injury.®

The second mechanism of posttraumatic brain swell-
ing is due to true cerebral edema. The characteristic fea-
ture of this entity is that the cut brain at autopsy “wept
fluid.”* The classic study of Klatzko identified two
forms: vasogenic and cytotoxic edema.*® Experimental
evidence demonstrates that both of these entities can oc-
cur within hours of head trauma although more typically
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are seen after several days.>*'**> Their precise contribu-
tion to the morbidity and mortality of closed head injury
remains unknown.

Does SIS Exist?

In the SIS literature, we found 13 reports that clearly
describe sport-related catastrophic brain injury associ-
ated with unexplained cerebral swelling. @@ many of

=!!"! Indeed, the index case that used the label

of “second impact syndrome,” did not have a described
second impact.”*> The analysis of the published cases
shows that by using strict criteria for the definition of
SIS, only five of the cases would be considered “prob-
able SIS” with the remainder being excluded. None of
the published cases fulfilled the criteria for “definite
SIS.” In many published case reports, there was a paucity
of medical details presented.

In most cases, evidence of previous trauma is based on
recalled eyewitness accounts or circumstantial evidence.
The proposed criteria where an initial documented wit-
nessed impact must occur, while strict, emphasizes the
fundamental issue. This degree of diagnostic certainty
may seem unrealistic to some observers; however, the
central basis of this condition rests on the verification of
this particular aspect of the published cases. It is assumed
that other team players’ recall of head injury events in
such circumstances will be reliable. The dangers of this
form of retrospective case ascertainment should be ob-
vious. The recall study demonstrates the limitations of
using teammate-recalled injury.

In contrast to the view that SIS probably does not
exist, or at best has been over-diagnosed, there has been
suggestion that the rarity of this condition does not re-
flect its true incidence with cases going unreported.””
This seems implausible since most sport-related deaths
in children and adolescents are likely to be investigated
and/or be the subject of coronial inquests. Given that
these episodes seem noteworthy in their own right, one
can assume that virtually all cases would be documented.
This is supported by the Australian football fatality study
where no case of SIS was demonstrated over a 32-year
period in spite of the high participation rate for this sport
and a concussive injury rate that is approximately eight
times that of American football.

Risk Factors for Cerebral Swelling in Sports

Are boxers at greater risk?

Particular note of the cases of cerebral swelling re-
ported in boxers should be made. With the propensity to
numerous head impacts during a single bout, it makes it
very difficult (ordetermineswhatsissinyfact:an irstion

(“secondimpact) Some published cases suggest that both
may occur during the course of a single bout.! Should

these cases be included with other sports? {fiSIStisiaiteal
entity, the repetitive head impacts in boxing should make
boxers much more likely to suffer from this entity: Box-
ers do suffer more frequently from other forms of cata-
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Are children at greater risk?
The striking feature of these published cases of “SIS”
is that virtually all are adolescents. Excluding (boxing)

only two cases exist of “probable” SIS, one being in a
oldigridironootballiplayer ' n boxing, the majority of

cases are also noted in teenagers. In children, given the
apparent higher risk of cerebral swelling after minor
head injury and the propensity for structural injury (e.g.,
subdural hematomas) with relatively mild injury, some
authors have argued that there may be a different cerebral
autoregulatory response to trauma than in adults.>%’

Is There a Sex Bias?

All the reported cases of SIS are in young males.
Whether this represents a true sex difference or an ex-
posure bias has not been clarified. Given the nature of the
sports from which cases are reported (gridiron, ice
hockey, and boxing), the male bias is not wholly unex-
pected. In the related medical literature on neurosurgical
catastrophic brain injury after minor trauma, approxi-
mately 30% of the cases were female.”>*’>%32-35 Once
again, given that motor vehicle accidents, gunshot
trauma, and sport injury are the major patient sources, it
is not surprising that males predominate. There is how-
ever some indirect evidence to suggest that female sex
hormones may play a role in memory function postin-
jury.*® Whether a true sex difference exists in terms of
cerebral response to trauma remains unsubstantiated at
this stage.

I

Prevention

Although extremely rare, sport-related diffuse cerebral
swelling has a mortality approaching 100%. Many of the
published case reports?’** and most notably the guide-
lines of the Colorado Medical Society and the American
Academy of Neurology suggest that prevention of this
syndrome should be based on a policy of not allowing
individuals to return to sport until postconcussive symp-
toms have fully resolved.*'?*° In addition, the Colorado
and Academy guidelines define arbitrary periods of ex-
clusion from sport following concussive injury. The rea-
sons for these practices relate to the belief that

“individuals who are symptomatic from a concussion,

even without LOC, are at risk for developing diffuse
brain swelling after a second impact to the head”

and that the risk of cerebral swelling is lessened with
time.* No scientific data is provided as to the rationale by
which arbitrary exclusion periods were established.

We agree that athletes should not return to sport until
all postconcussive symptoms have resolved. The danger
of prematurely returning to sport relates to the risk of
sustaining further injury. It is known that neuropsycho-
logic measures of speed of information processing and
reaction times are slowed in the early stages postin-

jury.’5 In this setting, an athlete participating in a

~N

collision sport (such as football) or high-risk sport (such
as motor car racing) may not be able to respond appro-
priately to dangers in the sporting situation and therefore
sustain further injury. Unfortunately, there is no evidence
that these strategies reduce the risk of posttraumatic ce-
rebral swelling.

As already discussed,

Recent discussion as to the potential role of genetic
markers influencing outcome from traumatic brain injury
has raised further issues. While the apolipoprotein E4
phenotype has been demonstrated to be associated with
poor outcome after moderate-to-severe brain injury and
with the development of traumatic encephalopathy in
boxers, its role in the genesis of cerebral edema remains
speculative.”®>°

CONCLUSION

From the discussion above, we recognize an extremely
rare catastrophic complication of single brain impact,
namely diffuse cerebral swelling. This entity is typically
but not exclusively associated with structural brain injury
(e.g., cerebral contusion or subdural hematoma) and is
more common in children and adolescents. Its causes are
unknown but may involve disordered cerebral vascular
autoregulation.

Most cases of traumatic cerebral swelling, whether
associated with a structural brain injury or not, have no
prior evidence of head injury with ongoing symptoms
that would support the concept of second impact syn-
drome as defined in the literature. In those cases that are
presumed to represent SIS, the evidence that a prior head
injury is a risk factor for this pathophysiological entity is
not compelling. Case-control studies are required to de-
termine if prior head injury is relevant in some instances
of posttraumatic cerebral swelling and to identify other
risk factors so that correct preventative strategies can be
instituted.

While repeated concussion is not necessarily associ-
ated with diffuse cerebral swelling (i.e., the so-called
“second impact syndrome”), nevertheless clinicians need
to be aware of the possibility that cerebral swelling may

rarely occur following a head injury. (Fhelpresencerof

-
=
=.
7]

Is early return to play following concussion, in the
sports medicine sense, therefore inherently dangerous?
We know from the

Clin J Sport Med, Vol. 11, No. 3, 2001
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so-called second impact syndrome.
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