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Abstract

Second Impact is a set motion cerebral vascular congestion which results in cerebral swelling. Death
usually occurs due to transtentorial brainstem herniation. Due to rapid deterioration following acute
injury some genetic markers like apolipoprotein (APOE) is associated with neurogenic responses resulting
in low performance in sport related head injury. If the symptoms persists for long duration this may
further predispose it to second impact which might be associated with APOE allele carriers as postulated
by many authors. Further evaluation for the associated factors between APOE and second impact
syndrome (SIS) is needed which helps in understanding genotype linkage with severity of head injury.

Keywords: Repetitive Head Injury; Concussion; Traumatic Brain Injury; Genetic Markers; Cerebral

Edema; Cerebral Haematoma.

Introduction

SIS of “Catastrophic head injury”, term had been
coined by Richard Schneider in 1973, sharing a
similar pathophysiology to repeated concussive
injury. SIS syndrome typically occurs when an athlete
sustaining an initial head injury and then suffering
asecond head injury before the symptoms associated
with the first impact have resolved®.

Pathophysiology

The pathophysiology behind SIS is the failure of
cerebral vascular autoregulatory mechanism which
ultimately leads to increased intracranial pressure
and further results in herniation of temporal lobe or
lobes below tentorium through foramen magnum
[1-4]. Typically, time taken after second insult to
brainstem failure is three to five minutes [1,4].
Cerebral autoregulation is the “tone” of arteries
which helps them to uniformly either dilate or
constrict for maintenance of cerebral blood flow.
Disturbance or absence of this tone is associated with
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altered blood pressure which results in either
hypotension or hypertension. Thus, failure of
pressure autoregulation occurs in a linear fashion
predisposing it to increased severity of head injury.
It is evident that there is 20-30% of patients with
autoregulatory dysfunctions following mild head
injury and 80% with severe head injury tends to have
autoregulatory dysfunction [5].

Focusing on symptoms of sports related head
injury and concussion, headache is the one which
persists long after first head injury. It becomes a
typical sign after second impact along with other
symptoms like labyrinthine dysfunction, visual,
motor or sensory changes or mental difficulty which
usually comes after first impact along with the
headache [1].

Risk Factors

SIS being a rare syndrome as postulated by many
authors results in diffuse cerebral swelling and a
usually fatal outcome. It is being continuously
reported by authors that boxers are first one to be
listed in risk category of catastrophic brain injury
such as subdural haematoma when compared to
other sports [6,7]. Only 2 case reports, one being on
16 year old ice hockey player and other on 17 year
old gridiron football player have been evidence found
for existence of probable SIS in children. As other
authors have argued for different cerebral
autoregulation response to minor head injury for
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cerebral swelling when compared children with
adolescents[3].

Since, a clear picture of risk factor for post traumatic
acute brain swelling has not been understood yet,
but through present literature it is found that children
and adolescent are at higher risk [8,9]. Also, clinical
evidence is found stating SIS cases in young males
[3,8]. From medical literature on neurosurgical
catastrophic brain injury after minor head injury
approximately 30% of the cases were found to be
female. Therefore, a true gender difference regarding
cerebral response to trauma remains unclear. It is
speculated from recent discussion that second impact
resulting from repetitive head injury (multiple
concussion) may have persistence of diffuse cerebral
swelling which is a mechanism of post traumatic
head injury. Giza and Hovda concluded that it is
difficult to state a true duration of vulnerability to
second injury [10].

Genetic Susceptibility

A window for potential role on genetic markers
influencing outcome from head injury has shown a
limelight, suggesting possible consequences,
associated factors through its capacity for re-
organization, neuronal regrowth and repair. APOE
isa plasma lipoprotein which plays a role in nervous
tissue healing. All peripheral APOE is synthesized
in liver, whereas APOE is preponderant
apolipoprotein within central nervous system, where
itis majorly synthesized by Astrocytes. Three major
isoforms of APOE refers to as APOE 2, APOE 3and
APOE 4 are products of alleles (€2, €3, and &4) at
single gene locus and occurs with frequency of 75,
78% and 15% respectively [12,13].

A link between APOE genotype, head injury and
alziemer’s disease was first reported by Mayeux et
al [14]. Also, Nicoll et al. finding indicates, APOE
may increase genetic susceptibility to the effects of
head injury [15]. APOE genotype was determined
and subsequently correlated with
neuropathological findings. It appears that any
head injury, sports related single concussion or
multiple concussions may trigger the position of
B- amyloid especially in those who have APOE &4
[16]. There are studies, which indicate poor
outcome in APOE ¢ 4 carriers for recovery during
rehabilitation after head injury [17].

In clinical genetic literature, APOE ¢4 allele is
found to be associated with attentional impairments
and white matter abnormalities and increased risk
of Late —onset sporadic Alzheimer’s (LOSA) disease.
Adverse functional outcomes acutely early and late

after severe but not clearly after mild and moderate
head injury and also after hemorrhagic but not after
ischemic stroke, cardiac surgery and
cardiopulmonary resuscitation and probably
subarachnoid hemorrhage [18]. Controversially,
Smith et al found a relationship between APOE ¢ 4
allele and severity of contusion and ischemic brain
damage but not with other pathological changes after
head injury [18,19]. Different authors concluded that
APOE &4 carriers are less able to avoid secondary
damage and repair damage tissue after injury. A study
by Crawford et al helps in depicting the impaired
performance in memory test using some memory and
cognitive measures found that patient with ¢ 4 allele
carriers had worse memory after head injury as well
as poorer outcome [16, 20].

Arizaet al postulated that influence of APOE on
cognitive function and behaviour six to nine months
after severe and moderate head injury [16]. Terrelle
et al. reported that carrying the APOE promoter allele
was associated with self reported concussion history
and greater concussion severity in collegiate athletes
[21, 22]. This helps in stating that APOE may also
influence various clinical aspects of head injury,
concussion, SIS including more marked cerebral
oedema, increased hematoma volume, greater
incidence of moderate/severe contusion injury and
ischemic brain damage which further increases the
hospital mortality rate [23-25]. Recent evidences from
transgenic closed head injury models also
supportitive role of APOE in inflammatory response
and neuronal repair mechanism following head
injury [26-28].

A study by Kuther et al. reported that older
professional players carrying €4 allele and exhibited
lower cognitive performance scores versus their non
€4 carrying counterparts. One study reported that
75% of individuals carrying 3APOE rare allele had
a history f concussion in collegiate athletes [3, 29].
From aseries of studies it is suggested that ¢4 allele
may exert not only long term influences manifested
phase but also short term effects on head injury by
worsening the pathological course of head injury
in acute stage [16]. The above discussion, helpsin
understanding the APOE plays a key role with
neurogenic responses to the injury in sports. Giving
evidence that APOE carriers are at greater risk when
compare to non carriers along with which risk of
multiple concussion resulting in second impact
increases. Since, there is paucity of researchers
examining the association between SIS and APOE
genotype, therefore there is need to explore the
relationship between the SIS and APOE through some
clinical trials.
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