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Does Second Impact Syndrome Exist?

Paul McCrory, MBBS, PhD
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econd impact syndrome (SIS) is a widely feared
1 of traumatc brain injury. Although postulated to
repeated concussion, the evidence for such 4 prem-

ise is not compelling. This paper reviews the published evi-
dence for and against the existence of this controversial entiy
Rather than SIS being a compli e

itis far more likely that the clinical condition represents “di
fuse cercbral swelling,” a well-recognized complication of tru-

matc brin iy This ondiin s morscommen i chilren
s 1

ocahed Second mpact o We propo it e
cians abandon the misleading term second impact syndrome
and refer o the syndrome as diffuse cerebral swellin
Words: Concusson- Cerebral edema- Second impact
syndrome.
Clin J Sport Med 2001:11:144-149.

INTRODUCTION
In the United States, belief in the so-called
impact syndrome™ (SIS) has reached almost my!lucal
proportions. SIS Has been defined:
e o s st an e
most oftn  concussion, ustans 4 seco
o o ocited wit the e have Ty

O e a3

erebral vascular congestion, which in turn causes cere-
bl swelling Death usualy Tollows apily due 10 trns-
tentorial brainstem herniation. While there is no doul
that brain swelling may occur in response (0 a head in-
jury.? the issue of whether recurrent concussive injury is
a risk factor for this condition is disputed. This point is
eritcal for team physicians because it is the fear of this
entity that underpins concussion guidelines regarding re-
tum o sport.*

BACKGROUND
Diffuse cerebral swelling (in the. -bwn

concussion) is a rare but well-recof
Tayed catastrophic deterioration in T en an sl

‘ minor head injury. ** The ctology of this conditon is
s0id 10 be due 1o disordered cercbral autoregulation fol-
lowing brain injury. This condition is often loosely
temed “malgnantbrin edema.”

SIS is a similar pathology 1o this phe-
aomenon difting oaly in the rok fctor o repcaed
concussive injury. IFSIS real elinicopatho-
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sport. Belinee conceptof SIS currenty catoa
.gangm strategies for use in all minor sport-related in-

jes:+ 10 Mmeover, scientific study of the causes of

TR e e TS
e e
sible means 1o establish the ri

"There are also medicolegal mplcations that it the
ability to challenge existing concussion guidelines for
fear of ltigation. 1.. pecen imes, however, many team

{pread bele i this yndrome, 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 Rep
concept of SIS hrgely T

of anccdotal case reports. Tn addition 10 the published
us.

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 cse reporscould b analyz, four iy di-
sgnostic criteria were defined by the authors based on the
Chaioopathophysioigical eatures and teemporsl pofile
of SIS

These eriteria were:

A Medical eview following &witnessed firstimpact
B Documentation of ongoing symptoms following the
initial impact up 10 the time of the second impact
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strophic brain injury, such s subdural hematoma, than
other sports.**+*7 Given that concussive episodes oc-
cur in virtually every bout fought, why ther is SIS not
‘more frequently scen in boxing?
Are children at greater risk?

The striking feature of these published cases of “SIS”
s that virtually all are adolescents. Excluding boxing.
only two cases exist of “probable” SIS, one being in a

head injory and the propensity for structural injury (e.g..
subdural hematomas) with relatvely mild injury, some

autoregulatory response to trauma than in adults” "
Is There a Sex Bias?

Al the reported cases of SIS are in young males.
‘Whether this represents 4 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
h\x:lm‘y e

ted medical I ‘on neurosurgical

Once

again, given that motor vehicle aceidents, gunshot
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is not surprising that imiles e, There is how-

e some et evenee o sugpen Tt female ex

homvonet may play a role in memory function postin-

exists in terms of

Eorieal Teoponse 6 s Teatain asobewnated a
ths stage.

h extremely rare, sportrelated diffuse cercbral
¥l B TS5 AT
published case

most notably the guide-
Pnesof the Cotoado Modica Society and the American
Academy of Newology suggest tht reventonof s
should be based on a policy of

ARG TR S TS -
toms have fully resolved.*"**” In addition, the Color:

ademy guidelines define arbitrary periods —
clusion from sport following concussive injury. The rea-
sons for these practies relate o the belief that

individuals who o symptomatc fom a concussion.

even withou LOC, are a risk for developng diffuse

brain sweling afe 2 second fmpact o

‘and that the risk of cerebral swelling is lessened with
———— chral n

collision sport (such as fm.u) or igh-risk sport (such
as motor car racing) may not be able to respond appro-
Dﬂl'klymﬂmmmexmngsmmonmdmfm

that these strategies o posttraumatic ce-

rebral s
As already discussed, TSk Tactors for
brain swelling are not at present. Our
current T wledge suggests that

may be necessary
Up. Certainly the presence of po
o shoukd be an. oot fcir prompung fober
‘medical assessment.

Recent discussion as 1o the potential role of genetic
‘markers influencing outcome from traumatic brain injury
has raised further issues. While the apolipoprotein E4
phenaype b been demosised o be asocsted with

e i et e bk iy
Vith the, deveopment of iraumaic cpccphalogaey in
bones s ol n he geness of cerbrl e remaine
speculat

CONCLUSION

From the discussion above, we recognize an extremely
rare catastrophic complication of single brain impact
namely diffuse cerebral Swelling. This ntity is typically
but not exclusively associated with structural brain injury
(e.£. cerebral contusion or subdural hematoma) and
‘more common in children and adolescents. IS Gauses are
involve disordered cerebral v:

i
Most-eases of traumatic cercbral swelling, whether
associated with a structural brain injury or no
prior evidence of head injury with. symptorms,
that Would SUpport. the Corcept of second impact syn-
drome s defined in the literature. I those eases that are
presurmed to represer evidence that a prior head
| A IO
not compelling. Case-control studies ate required to
termine if prior head injury is relevant in some instances
RIS A
sk factors so that correct preventative strategies can be

cd with diffuse cercbral swelling (i.c., the so-ci
second impact syndrome”), nevertheless clinicians nee

o be aware of the possibility that cerebral swelling may
rarely occur following a head ijuy. The presence of

which arbitrary exclusion periods were est 3
‘We agree that athletes should not retum t0 sport until
all postconcussive symptoms have resolved. The danger
of prematurely returning o sport felates (o the risk of
sustaining Fusther injury. It is known that n:umpsycbv»
speed of information

eacigh ke are slowsd i 1 ey sage
jury. 5 I dhis setting, an athlete partici

X Tatr for e o oee, and any s
‘mandate restrition from further sports partcipation until
the symptoms fully resolve.

wm (o play following concussion, in th

1

principal cognitive deficits in the postinjury period relate
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TABLE 1. Number of cases satisfying diagnostic citeria

Creria Defiiion Number

A Madical review aftr a winessed st mpact 5117
B Documeataton of ongoing symploms m
oot st impatup ot e of

the second impact

° wm.uammm.mm. i
cerebral dteiort

. Witessed second head impact Wit subsequent
bral deterioration

. Nearopathologe oF euroimaging evidence of cre:
bral swelling without significant intracranial hema-
toma or other cause for cerebral edema (.. en-
cephalitis)

Al published reports were classified by two indepen-
reviewers according to the above criteria a: definite

SIS (criteria A, B, C, and D); probable SIS (criteria C and

D plus cither A or B): possible SIS (criteria C and D

only):; or not SIS (riteria C or D absent)

ntcen published cases were described' 10212 o
tly quoted ' examples OF SIS, See Table 1 for

cases satisying the proposed diagnostic criteria
‘The amount of clinic: tation varied consid-
(SIS ool TERTMIATE e SN EEs:

Diffuse cerebral swelling was documented in 14 cases:
however, in 1 case, there was another plausible neuro-
pathologic cause for brain swelling (encephalits), leay-
ing 13 cases saisying ricrion D.

e SIS There were Tt gasen of “pmb-ble sisy
(Table 2), and the remaining 12 cases were “not SI
empotase

sence of neuroimaging or neuropathologic evidence of
ez B oot il USSR NAANL2

and absence of a witnessed second impact (crite-
iom ©yin 1 6f 12 cases. Both cirta C and D were
lacking in 3 of 12 cases.

Recall Bias
iven it team mae el i ofente basis on which
a “first impact” is doct . a further study was pub-

Tished tstng the m..b.m, o i o of s ol
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 whm
compard with sellsepored and vdeo-documencd

e The ratonale threfor of reliane of m“ method
o mcataining previos concussve ngaes . abiis
dying from cerebral swelling/SIS is dubious

R R only two

e s e
as documented in the o cases
failed 1o fulfill the other criteria of STSTaiEE

‘which are frequently cited as classic r,xlmplm oSS

Geographic Variation
It there are virtually no reports of SIS
outside the United States, despit the fact that similar (or
pats)coccaion e oo i the ot oty
throughou the world. A recent study was published ana-
Iyzing a deahs due 10 footallin he St of Vicori,
ustrali, during the 96519992 The aim of
{his sy was to detetmine et e of 15 might
have occurred in this setting.

TABLE 2. Probable second inpact syndrome cases

Creria
Rel Ageher  Sport It episode symptoms 20 episode Patholozy s
T Hesdache,  Chted iy, cassing loss s Occipulconsion 8.,
consciousness o, conol .
esknes
@ e ead sk g scssive P bl e, 0.0
[ osincive 5
during next play and nall SDHISAH
collpsed
W Yes Pac SRl L OMGISDH, B, C. D
Knockdowns in ight cerebral edema
M Yes Collpsed round 2 aer Pat: SmllRISDHceebial 5, C. D
“minor” bows edema ++
I Boer 1 Yoo i B.CD

Pat: i
several “suanding counts”s  bransiem heriaton
collapsed minutes later

‘SAM, subarachnoid hemorhage: SDH. subdural hematoms.
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1o reduced reaction times and impaired speed of infor-
mation processing **5*7 Premature return of a con
cussed athlete would presumably lead to an increase in
injury raes, consequent on the fact that the athlete’s
ability to respond appropriately (o the demands and
threats of the sport would be slowed—not an increase in
mortality due o the so-called second impact syndrorme.
Asbitrary exclusion peiods based on  fear of 3 non-
existent entity are not the answer in this era of evidenc
ased medicine. We need to prospectively assess return-
to-play strategies based on symptom resolution and neu-
Jpsychologic recovery, and determine that the outcomes
oncemed and
appropriate for the sport played. Unil such studies are
performed. the management of concussion should follow
the experience of most team physicians who safely treat
concussed athletes with a combination of good common
sense and clinical judgement
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32-year time frame of the study, a total of 25
player deaths were identified. Nine were due o neuro-
trauma and the remaining 16 deaths were due 1o other
causes not related to neurologic injury, predominantly
unrecognized ischemic or congenital heart discase.
nine player deaths due 1o brain injury were predomi-
nantly due 10 either intracerebral hematoma o 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 » niddle orbra anerial tetry k. No

5 of SIS were noted in the coronial findings and none:
Would i the dagnosti criera discus

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

e. The

DISCUSSION
sl s et il sy
deterioration after traumatic brain

I et Spracalmel 1S Bl A ot
sustaining ial e

e seen after several days.**!*? Their frécise Gontiibu
tion to the morbidity and mortality of closed head injury
remains unknown

Does SIS Exist?

Er T et e
describe sport-related catastrophic brain injury associ-
ated with unexplained cerebral swelling. Tn many of

and

curri * Indeed, the index case that used the label

of “second impact syndrome,” did not have a described
The Jlished c:

g ©
ublished cases fulfilled the criteria for “definite
SIS.” In many published case reports, there was a pavcity.
of medical details presented.
In most cases, evidence of previous traumais based on
recalled eyewitness accounts or circumstantial evidence.
The proposed criteria where an initial documented wit-
essedimpact must occur, while Strict, emphasizes the
ﬁ-mnm S TGS oS G THATISTAIY
seem unrealistic (o some observers: however,
cenml basis of this Condiion st on the- vrificaton of

R e e mnu
Will b refable; The dangcrs of this

dent on initial imaging studics, but in other cases, hema-
tomas develop after a delay,*** There is a smaller sub-

erou who deteriorate due to causes other
than mass lesions who hm evider
diffuse cerebral s

L importan 0 nole that cerbral swelling may oceur

with or without structural brain injury ™, and that dete-

vioration may be rapid following an acute inju

The Pathophysiology of Posttraumatic

‘Brain Swelling

Postiraumatic cerebral swelling may be due o two

SRR echivi=n:. {TAYTHY
these is thought 1o be due 1o increased cerebral blood

volume that in tar is secondary 1o a filure of cerebral

vascular autoregulatory mechanisms.****" Animal

0dels. as well as evidence from Human GASes, demon-

sirate the extreme rapidity by which these vascular
s can oceur, ™ In one case report, massive trau-

mati cerebral swelling; documented on computed tomo-

g~ Lo
ing is due

oot retrospective case ascertainment should be ob-
‘ious. The recall study demonstrates the limitations of
using teammate-recalled injury.

I contrast 10 the view that SIS probably does not
exist, or at best has been over-diagnosed, there has been
sageton Uk te ety of tis cm:dmon does ot re:

incidence with cases going unreported.”
lmphunbl: e nwu Sportrelted deaths

This seems.

in children and adolescents are likely to be investigated

TS -.\ inquests. Given that

these. seem noteworthy own right, one
i

“This is supported by the Australian football fataity study
where no case of SIS was demonstrated over a 32-year
period in spite of the high participation rate for this sport

jury 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-

ture o this caty i that the cut bain a autopsy “Wept
fluid”? The classic study of ERER e,
. : g

‘cur within hours oF head trauma although more typically

during the course of 4 single bout " Should
these cases b included with other spors? I SIS s aral

o e o
ers do suffer more frequently from other forms of cata-



