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l. I ntroduction

Although the original contemplation of concussisigimated in Ancient Greece (Fig*1public

and scientific awareness are finally gaining ti@ctiThe scientific establishment now recognizes
that the consequences of mild Traumatic Brain in{diBl) might not always be so mild. With
ongoing development of basic and clinical scieitdeecomes possible to provide better
prevention, assessment and treatment for concissgarticularly in higher risk groups like

military personnel, athletes and pediatric patients
. Definitions

In order to proceed with a discussion of mild TBtlaconcussion, one must establish working
definitions, as mild TBI and concussion are oftsediinterchangeably. As seen in Table 1, mild

TBI is historically based on Glasgow Coma Score $p@hile concussion is a clinical

syndrome that may overlap with mild, moderate, sexkre TBI.

Table 1. TBI and Concussion Definitions
Definition

Mild TBI (mTBI) Traumatic brain injury, GCS of 13 to 15 within 2duns of impact

Complicated mTBI mTBI combined with intracranial imaging findings.

Concussion Clinical syndrome in which a biomechanical force, v
acceleration-deceleration or rotational forces)giently disturbs
normal brain function causing neurological-cogrativehavioral
signs and symptoms

Subconcussion Proposed construct of biomechanical force causihglical
injury in the absence of overt acute signs and sgms.

[11.  Epidemiology

Whether from increased awareness or an increasiedhie rate of reported TBI in the U.S. has
been increasing. From 2001 to 2009, the numbenmiia TBI-related Emergency Department

(ED) visits related to sports and recreation atéigiincreased from 153,375 to 248,418, with the



highest rates among males aged 16-However, the ED is just the tip of the icebergjts
estimated that there are greater than 700,000 md@&lgear in high school athletes alone and

over 13% of these are in patients with recurrencossion$

Sports related concussions have been on theikis, tlue to both increased recognition and
increased power and strength in our athletes. 07 2Bootman et. dlanalyzed NCAA data

from 1988 to 2004 regarding all injuries, includicgncussion. There was no significant change
in overall rate of injury, however concussions itickease significantly over this interval.
Surprisingly, women’s soccer had the highest riskomcussion per 1000 athlete exposures with
a rate of 0.41, which was not only higher than rmesoccer at 0.28, but on par with men’s
football’s risk of 0.37. This brought the idea he tforefront that women are not only at risk of
concussion, but may be at a higher risk withingheme activity compared to their male
counterparts. Many theories have been proposexplaie this discrepancy including hormonal
differences, weaker neck muscles, and higher rfaggroptom reporting among female athletes.
Multiple investigators have confirmed that amongiparable sports, in which rules of play are

similar, women have a higher rate of concussiins
IV.  Pathophysiology

Concussion is a complicated syndrome of microstiatinjury and functional impairmeft.

The initial event after impact is dominated by aseize flux of ions and excitatory
neurotransmitters, resulting in a metabolic criBiat models show that after fluid percussion
impact (FPI), ionic flux of sodium, potassium aradcaum occurs, concomitant with a release of

excitatory neurotransmitters, predominantly glutteen&lutamate then generates further ionic



imbalance transiently overwhelming the existing psran neurons and surrounding glial cells
whose purpose is to maintain a precise transmeralioaic gradierit NMDA receptor

activation then leads to further calcium influx.

The ionic pumps being activated are ATP driven, tankkep up with ATP depletion there is
immediate hyperglycolysis. As TBI leads to decrdaserebral perfusion, this produces a
neurovascular decoupling or metabolic mismatchh Wigh glucose demand and impaired
delivery. This is exacerbated by mitochondrial dystion caused by secondary effects of
calcium influx. Moreover, magnesium is depletedjchtpersists for days following TBI. This is
important because in addition to its roles in glys, oxidative generation of ATP, and
providing stability to cellular membrane potentialagnesium is an NMDA antagonist. Thus
without magnesium, persistently open NMDA recepteasl to further calcium influx,

intensifying the cycle described above.

In adult rats, the acute hypermetabolic state stingi of ion shifts, excitatory neurotransmitter
activity and hyperglycosis is followed by a hyposatsilic state lasting 7-10 days. During this
subacute period, there is upregulation of cytokemas inflammatory genes along with microglial
activation. In addition to this inflammation anatimetabolic dysfunction, there is
microstructural injury. Cytoskeletal damage caerafteurotransmission and at the severe end,
result in axonal disconnection triggered by disriagof the axonal cytoskeleton via caspases

and calpaif?.

While most of this neurometabolic cascade has Heemonstrated in humans after severe TBI,

there is a cerebrovascular effect demonstrable ladtin severe and mTBI. It has been proposed



that concussion symptoms acutely and subacutelsetated to this metabolic mismatéh
which can be demonstrated in-vivo with depresseelral blood flow, both acutely and
persisting up to 30 days post injifyMeier et al also demonstrated this depressed & BlBys 1
and 7 post injury with recovery in most subjectslyonth. Those with persistent symptoms

beyond 1 month were more likely to have persisyeitbressed CBE

V. Clinical Diagnosis of the Acute Concussion
In order to accurately diagnose concussion, ond laas its common signs and symptoms and

determine which tools are accurate and validateddsisting in this clinical diagnosis.

Out of 544 high school sports concussions the mmsimon acute symptoms were headache in
93.4%, dizziness/unsteadiness 74.6%, difficultycemrating 56.6%, vision changes including
sensitivity to light 37.5%, nausea 28.9%, drowssi26.5%, and amnesia 24.3%. Loss of
consciousness was only present in 4.6% of theiemi?. In college athletes, the average
number of symptoms and symptom resolution timeataiifer by sex. However, a larger
proportion of concussions in male athletes inclualexhesia and disorientation, while female

athletes were more likely to report headache, exdeswvsiness, and nausea/vomitfhg

There is no sign, symptom, or clinical tool thal®% sensitive or specific for diagnosing a
concussion. It remains a largely clinical diagnasid for this reason, the most important rule is

“When in doubt, sit them out” to protect against thcreased risk for a repeat concussion.



The provider should also be aware of availableadirtools to be used on the sideline or in
clinic to aid in triage and diagnosis (Table 2)stBeare best used in combination. Most tests are
intended for evaluation in a quieter location ottam the sideline, although symptom
checklists, Maddock’s questions and King-Devickénbeen used on the sideline or in locker
room/clinics.

Table 2. Clinical toolsfor diagnosis

Test Components Pros Cons

Standardized

assessment of Orientation, immediate memory, 94% sensitivity and 76% Requires trained

Concussion (SAC) concentration, and delayed reca specificity'° practitioner

Symptom checklist, cognitive

Sports Concussion assessment (SAC), balance Validated, thorough

Assessment Tool examination (BESS), and examination combining Requires trained

(SCAT) coordination examination multiple systems practitioner

Maddocks Orientation and recent memory Brief, easy to administer, Low sensitivity in

Questions related to ongoing sporting even and ideal for sideline isolation

Balance Error Measurement of errors while Practical test of vestibular

Scoring System  balancing in 3 stances, both on networks, which are Poor inter-rater

(BESS)® firm ground and a foam pad commonly affected in TBI reliability
Sensitive test and easy to

King-Devick'® Indicator of saccadic performanceadminister Practice effect
Correlates with sport Requires extra

Dropstick test’ Measures clinical reaction time related reactions hardware

Data from Refs 10, 15-17.

VI.  Neuropsychological testing
A comprehensive examination of concussion patieotsld be incomplete without a thorough
neuropsychological examination. The foundationpglgng neuropsychological testing to
concussed athletes began with Dr. Jeffrey Barthenl980s. In 2008, Broglio and Puetz
published a meta-analysis of neuropsychologicéinigsand showed that along with postural
tests and symptom reporting, neurocognitive fumatig was significantly depressed acutely,

and generally remained affected to a lesser ddgres least 14 day’



Computerized cognitive testing (CCT) is becomindegpread in a sports setting, with no
particular brand showing a clear superiority. Thrmadvantages of CCT are administration to
large groups of athletes simultaneously, automitedomization of tests (alternate forms),
accurate measurements of response and reactionanuestraightforward scoring and data
storage'® while traditional pen and paper testing advantagesncreased face to face time
allowing customizable tests by the tester, thatglid judge fluency and verbal memory, the
opportunity to take appropriate breaks and extensormative data for many demographic
groups. As with any assessment tool, clinical careed judgment must be used when
interpreting CCT, which is best done in consultatigth a neuropsychologist. Studies have
shown decreased CCT scores associated with ortlwopgdy or even urge to void, rather than

concussioff'?%

VII. Acuteimaging

The majority of mTBIs have no CT imaging findingie Canadian Head CT Rule was directed
to solve this dilemnf& Out of 3,121 adults with mTBI, 8% of patientsiteclinically

important brain injury (any acute finding on CT u&ing admission or neurological follow-up),
1% required neurosurgical intervention, and 4% vieoed with clinically unimportant lesions
(mostly small SAH or contusions not needing intati@, determined insignificant with no
intervention needed and doing well at 14 day follgqey. The investigators found five high risk
features: failure to reach GCS of 15 within 2 haafrpresentation, suspected open skull fracture,
sign of basal skull fracture, vomiting >2 episod@sage >65 years. Additionally, there were two

mediume-risk factors: retrograde amnesia >30 mindamgerous injury mechanism. Any single



high risk factor was 100% sensitive for the patmeeding neurosurgical intervention and
Medium risk factors were 98.4% sensitive for aiclly important brain injury. In combination,
the rule was found to be 92% sensitive for anyrinpn CT, including "“clinically unimportant”

lesions.

The New Orleans Criteria necessitates imagingrigrgatients with age>60, vomiting,

headache, intoxication, persistent anterograde sianevidence of trauma above clavicle, or a
seizure on presentatiéh When compared to the New Orleans Criteria, thea@mn CT rule

was found to have greater specificity for clinigathportant head trauma leading to less imaging

and lower costs.

The Pediatric Emergency Care Applied Research N&{RECARN) resolved to differentiate
low risk pediatric mTBIs from those with clinicalrgnificant injury. This algorithm rules
imaging out for patients with normal mental statusJoss of consciousness, no vomiting, a non-
severe injury mechanism, no signs of basilar dkaditure, and no severe headache. The
negative predictive value was 99.5% with zero misseurosurgical interventiod8 Externally
validated in 2014, the authors found that “nonéhefchildren with a clinically important TBI

were classified as very low risk by the PECARN PBdiction rules™,

Acute MRI, while promising in several research sgadomparing a cohort with clinical
concussion to a control cohort, does not yet p@wadditional diagnostic or prognostic power in
the evaluation of an individual patient. A studyrmgared 75 mTBI patients to a control group

with sprained ankles. CT and MRI were performedibsubjects, and MR included not only



FLAIR, T2, SWI, and DWI, but also Diffusion Tensmnaging. No significant differences were
found between the two groups. Moreover, no diffeesnwere found in patients who turned out
to have prolonged symptoms at 1 month, with thb@stsuggesting there was no prognostic

value of acute MRI with DFP.

Conversely, the TRACK-TBI study enrolled 135 patsewith mTBI who presented to a level |
trauma centéf. All patients enrolled received a CT scan andearly MRI” (at 12+/-3.9 days).
Thirty seven (27%) had abnormal head CT (31 inénaial, 6 isolated skull fractures). Of the 98
patients with negative head CTs, 28% had abnornkisNR3 hemorrhagic axonal injury, 3
contusions, 4 extra axial hematomas). Outside @bsconomic and CT findings, the strongest
predictor of poor outcome was MRI presence of anaare brain contusions or the presence of

diffuse axonal injury.

VIII. Repeatinjury

The first step in management is always to remoggttient from any scenario where they risk
further injury to decrease risk of a second cononssvhich has been associated with greater
symptoms and prolonged recovery. In a prospectweit study with 2905 NCAA football
players, 184 had concussions, 12 had a 2nd cowncuissthe same season and 11 of 12 repeat

concussions occurred within 10 days of the firgtriyf®*°

Moreover, following concussive brain injury in amimal model, there is a window of metabolic
vulnerability3*=? A single mTBI resulted in significantly decreasmtebral metabolic rate of

glucose (CMRglc), which returned to those of shajuries by day 3. When a 2nd mTBI was



introduced within 24h of the first, CMRglc was fuet depressed, and recovery was prolonged.
However, if the two impacts were introduced 120argghe CMRglc values recovered as if they
were single impacts. Additionally, the 24h rTBlgd&ad memory deficits beyond day 3, unlike
the single mTBI or 120h rTBI animals. This studyrdmstrated increased physiologic risk
during the metabolic window of vulnerability, wittormal recovery if injuries were further

apart.

In humans, Magnetic Resonance Spectroscopy (MRSused to examine effects of concussion
on brain metabolism. Concussed athletes had signifly depressed metabolite ratios of NAA to
creatinine or choline, lowest at day 3 and recaxgeto baseline by day 30. Athletes all reported
symptom freedom between days 3 and 15 despitespEmsimetabolic changes on MRS. In a
separate study, patients who had a second coneusgivy before the 15-day mark did not
recover NAA peaks until 45 days post injury. Thagadmirrors that of Prins et al in that the
compounded injury produced a more severe metabdepcession than the first, and required

Ionger to recover.

IX.  Second Impact Syndrome
Second impact syndrome (SIS) remains a controvessigect. It was first reported in 1984 by
Saunders and Harbaugh, who described massive,databral edema after a second mTBI
before recovery from a first TB1 In this initial case report, a 19 year old fatiplayer who
allegedly suffered a concussion from a fight, ne¢akto play 4 days later and suffered additional

mTBI. This resulted in massive cerebral edema aadhd



McCrory argues that SIS is over-reported, based @tall bias of the first TBI, and that it
shows a clear geographic bias, given no reportisi®syndrome outside of the United States
If SIS were a risk in the general population, yoliixers should be at particular risk from this
syndrome. Massive cerebral swelling after mTBI dossur rarely but may not always require
repeated impacts. Multiple case reports have rdedutisproportionate cerebral edema to a
single mild head injury in patients with a persooiafamily history of hemiplegic migraine
related to a familial or de novo mutation in ondgled CACNA1A calcium channel subunit
gened®>" Based on current understanding of concussidmpétsiology, other types of ion

channel dysfunction are plausible contributing neegtms.

X. Recovering from injury: balancing rest and exercise

Regardless of the risk of SIS, the mainstay mefbochanagement of acute symptoms is
cognitive and physical rest, given that symptonesvesrsened when the metabolic mismatch is
challenged. This should be followed by gradualnreto activity and lead to structured exercise

to improve recovery.

In an effort to answer the question of how mucteti their athletes, Majerske retrospectively
assigned 95 adolescent student athletes with csiocu 1 of 5 groups based on post injury
activity levels®. All of the athletes’ neurocognitive scores anthptom scores improved over
time, but there was a significant relationship Ewthose with the highest and lowest levels of
activity and lower neurocognitive scores, partidyl&isual memory and reaction time. Those
with moderate activity were associated with thet Bgsiptom scores and neurocognitive

performance. Similarly in a prospective cohort giuBrown et al concluded that those with the



highest quartile of cognitive activity post injumgad the longest duration of symptoms, while the
subjects in the three lower quartiles all showexlar recovery ratés. In a different study,
patients with persistent symptoms showed beneifihfa period of cognitive and physical rest,

even months after concussion, although this stadeld a control grodp

In 2015, Thomas et al compared the result of fixgsdf strict rest post injury vs “usual care” in
which the patients had 1-2 days of rest and themmed in a stepwise manrier Patients in the
strict rest group took significantly longer to reeo compared to the usual care group.
Additionally, the strict rest subjects had a higheerall PCSS score and total number of
symptoms in the 10 day follow-up, suggesting tlesgiility that strict rest may change

symptom reporting patterns, too.

In summary, data demonstrates that it is likelydfieral for the patient to have some amount of

cognitive and physical rest and then transitiorkldadull amount of activity.

It is well known that exercise has a beneficiaénol a wide variety of psychiatric and neurologic
diseases, varying from improving patient’s negategponse to stress, preserving cognitive
function in aging and dementfarecovering some of the observed depletion of item
neurotransmitters in clinical major depression anxiety, and functioning in a neuroprotective
role in multiple sclerosi&® In the realm of concussion and TBI, there is utaiety regarding
how to advise our patients regarding exercise,mgifie fact that activity too early seems to

hamper recovery, but the chronic symptoms mayeaiefit from exercise.



Preclinical studies showed that acute exercise aftelt rat fluid percussion worsened
performance on cognitive tasks. Given the fact ¢éixatrcise normally upregulates brain growth
factors (BDNF) and enhances expression of downstgdasticity markers, this was surprising.
Interestingly, exercise within the first week afié?l appeared to interrupt the production of
these intracellular signaling proteins, likely digting plasticity. In a follow-up study, delayed
voluntary exercise was helpful in mitigating po®4Bpatial memory deficits. Moreover, when
investigators used a BDNF inhibitor, this was fotmdblock the effect of exerci&e"”. In a
small clinical study, human subjects with refragtand persistent post concussive symptoms

have been successfully and safely treated witheksvef sub-maximal exercie

Current data suggests that, although very earlpitieg and physical activity may delay
recuperation and increase symptoms, exercise dmtyacan be beneficial for brain recovery
and plasticity following concussion. Prolonged remt have detrimental effects, as evidenced
from other conditions such as low back p&irit is important to avoid social isolation,
worsening of the stress response, and depressibarediety that can occur with prolonged

restriction of normal activities, particularly ithéetes.

X1.  Cognitiverestructuring

Cognitive restructuring is a therapeutic concepingaback to Bruner and Gage in the 1960’s in
which the patient is guided to challenge their dlaaughts and misconceptions that can interfere
with recovery. In primary care, this is akin to t@ncept of anticipatory guidance, namely,
providing the patient and family with informationdaexpectations of what is likely to happen

(used commonly for families with newborns going lmiuring normal development in kids,



and after vaccination). The goal with concussioto ifacilitate recovery by teaching the patient

to expect their symptoms will resolve.

As early as 1972, Relander et al published a se&riB§1J in which post-concussion symptoms
were ameliorated by a combination of physiotheramy daily meetings with a physician who
emphasized a good prognosis. In 1996, Mittenbengyasted two groups evaluated in the
Emergency Department for mTBI The control group received standard ED care, edeethe
intervention group underwent a brief cognitive mesturing intervention. They reviewed the
nature and incidence of expected symptoms, weghtdaachniques for reducing symptoms, and
were given instructions for gradual resumptionah#ties. The patients in the intervention
group reported significantly shorter average symptluration and significantly fewer symptoms
at follow-up. Furthermore, it has been shown baotbhildren and adults that an intervention as
simple as providing an information booklet at 1 Wwpest injury that outlines common
symptoms associated with mild head injury, théielly time course, and suggested coping

strategies, results in improved outconmé

XIl.  Post Concussion Syndrome

Despite the best efforts of clinicians, a significeninority of patients may develop chronic
postconcussive symptoms, and receive a diagnogisst€oncussion syndrome (PESYhis is
defined by ICD-10 as organic and psychogenic distaces observed after closed head injuries,
including subjective physical complaints (i.e. haelte, dizziness), cognitive, emotional, and
behavioral change&stimates of PCS incidence range widely from 10%0% of patient¥.

However, symptoms that would lead to a diagnosB®@S° are not always specific and even a



portion of orthopedic injury control subjects repaoderate chronic symptoms. Additionally,
patients underreport premorbid symptoms that opexigh PCS. This suggests a role for
maladaptive thoughts and misattribution of symptaamsl an even larger role for prevention of

PCS with anticipatory guidance.

According to the AAN Guidelines, a history of pricmncussion demonstrates the strongest
evidence for more severe/longer duration of symgtand cognitive deficits, while younger age,
early posttraumatic headache, fatigue/fogginest) amnesia, alteration in mental status, or
disorientation demonstrated probable evidencerfoiopged recovery. Premorbid predictors

of PCS also include personal or family history ofjrmine, mood disorders, or other psychiatric

illness”.

Given that post traumatic headaches are often tst raefractory symptom, it is vital to
recognize any patterns whether it be a new prirheadache syndrome or medication overuse
headache (which contributes to up to 70% of chrpost traumatic headaches). Post traumatic
tension type or migraine headaches should be mdrsagdarly to nontraumatic headache

syndromes with appropriate use of prophylactic @naktive agents.

Management of mood disorders, most commonly dejpressid anxieti’, is best done with a
combination of continued cognitive restructuringprough evaluations by neuropsychologists,

and consideration of referral for medical treatmsna psychiatrist.



As demonstrated above, exercise and cognitive pilgaray play a large role in ameliorating
persistent symptoms. Earlier this year, Gagnonrorgd a case series of 10 adolescents who
were slow to recover from sport related concussioth symptoms lasting over 4 weéks The
patients were provided with a structured exercregqam, visualization and imagery techniques,
and education for the patient and family. Significand clinically relevant decrease in
symptoms at 6 week follow-up was observed. Refatigahese results in larger cohorts is

important and may have strong implications for amston rehabilitation.

XI11. Potential for Long Term Sequelae

In addition to better identification and early mgament of concussion, there is growing concern
of both the general public and the scientific comityufor the potential long term consequences
of repeated impacts and concussions. Professitinlates are reporting neurocognitive
problems, culminating in class action lawsuitsdil®y former players in both football and
hockey. Included in the nearly $1 billion settlemeith the NFL are monetary awards for
diagnoses of ALS, Alzheimer's disease, Parkins@isease, Dementia, and a postmortem
diagnosis of Chronic Traumatic Encephalopathy (CTHE)note, there is no requirement to

prove that the players’ injuries were caused byiptafootball to receive compensation from the

settlement.

It is important to distinguish between the multiplessible consequences of repeated brain
impacts, as not every symptom or problem repordédviing concussion or contact sports

exposure is a harbinger of a degenerative conditodifferential diagnosis for chronic



neurocognitive problems in this scenario wouldude post-concussion syndrome, chronic
headache disorders, chronic neurocognitive impaitpe®rmonal deficits, anxiety, depression,
exacerbation of premorbid conditions and neurodeggive disorders (Parkinsons, Alzheimers,

ALS, CTE).

Mechanistically, persistent alterations of whitetteasignal are reported using DTI suggesting
axonal damage contributes to chronic problems.dadiatric cohort, these changes are seen
early after injury while the subjects were sympttimdut persist at 4 months post-injury, even
after most symptoms resofleMoreover, “subconcussive injury” due to socceadirg has

been associated with white matter microstructundl @gnitive abnormalities in adifits Other
evidence of network dysfunction after remote spootscussion has been reported using detailed
neuropsychological testing, event related pote(E&P) testing, motor examination, and
transcranial magnetic stimulation (TMS). Nineteealthy former athletes who had sustained 1-
5 concussions during their career, but all >30 y@aior, demonstrated subtle
neuropsychological deficits in visual memory an@axive function as well as corresponding
differences on ERP. Moreover, they demonstratededsed velocity of rapid alternating

movements as well as altered activation patterrE\& °2.

In addition, preclinical studies suggest subacuatechronic endocrine impairment after TBI.
Comparing a sham single injury to four repeat iegiwith 24h intervals, investigators found
that rTBI rats demonstrated a significant depaassi circulating IGF-1 acutely and reduced

levels of GH and IGF-1 at 1 month post injtiryStudies of human patients show



endocrinopathies or pituitary damage after moreeVBI, with only a few case reports

following concussive injury.

It is important to note that not all longitudinaildies have shown neurologic consequences from
exposure to sports at risk of concussion. Invegirgadentified all male students who played
high school football between 1946 and 1956 in tbeunty. They found no significant

difference in dementia, Parkinson’s or ALS amorg4B8 football players compared to their
non-football playing counterparts. This absenceasisequence for high school football likely
demonstrates both a dose response to mTBI andeaetlite between amateur and professional

athletes.

Many cognitive complaints are affected by anxiegpression, and PTSD. Recognition and
treatment of any underlying psychiatric diseasetrhasan important component of a

comprehensive cognitive evaluation for remote éffe¢ concussidti.

There has been mixed evidence with regards tdeisRarkinson’s Disease. Overall, a history of
TBI does seem to increase risk for PD, howevertaddil studies have shown no increase from

mTBI. This may suggest that the hazard originates fmoderate to severe TB1S>

With regards to chronic or remote neurocognitivessmuences, there are distinctions described
between Chronic Neurocognitive Impairment (CNI),iethis diagnosed clinically in living
patients, and Chronic Traumatic Encephalopathy (Ca@rently a post-mortem pathologic

diagnosis.



Table 3. Characteristicsof CNI and CTE

Chronic traumatic Encephalopathy

Chronic neurocognitive Impairment (CNI) (CTE)

Decrement in function Neurodegenerative disease

May be static Presumed progressive

Detected in living patients Detected Post-mortem

May be measured by neuropsych testing or  Characterized pathologically by tau
behavioral screening questionnaires accumulation

Causal link not yet established, but possible  Causal link not yet established,
dose-dependent risk current data in case reports/series

Although multiple cohort studies describe a coesispattern of neurocognitive impairment in
athletes with exposure to contact and collisiornrtspadue to an absence of longitudinal data
leading to pathology, the causal link between céhand pathologic findings is yet to be fully
established. The predominant theory is the presehaeinique neurodegenerative disorder,
CTE, as opposed to the idea that multiple TBIs leadiminished cerebral reserve and thus

earlier clinical expression of age-related neuretegative diseases.

Proponents of the diminished cerebral reserve yhgoint to evidence that a history of
moderate-severe TBI or stroke earlier in life magult in earlier expression of
neurodegenerative diseases and that athletesreftert lower force required with each
subsequent concussion. This would predict an eaeression of conventional age-related
neurodegenerative diseases in patients with ariiefdhead trauma compared to non-head
trauma controf§. Surveys of 513 retired NFL players implied coiyeiimpairment in 35.1%. A
comparison of neurocognitive profiles in a subsamflthis group to a clinical sample of
patients with a diagnosis of MCI due to AD reveaeaighly similar profile of impairments. The

authors contend this supports lowered cerebratveswer a distinct diagnosis of CTE.



The science behind CTE has been advanced gredtig ilast two decades by Drs Omalu and
McKee, each with their own scores for CTE type siagjing’. Dr. McKee defines CTE

clinically by symptoms of irritability, impulsivityaggression, depression, short-term memory
loss and heightened suicidality that usually bézth0 years after experiencing repetitive mTBI.
Pathologically, there is atrophy of the cerebratexq thinning of the corpus callosum,
ventriculomegaly, cavum vergae and fenestratedisepellucidum. The 2015 NINDS/NIBIB
consensus meeting gathered 25 blinded neuropaibtddg attempt to differentiate a variety of
pathologies from CTE. The panel defined the patbagimic lesion of CTE as an accumulation
of abnormal hyperphosphorylated tau (p-tau) in aesiand astroglia distributed around small
blood vessels at the depths of cortical sulci anahiirregular pattePfi Supporters propose this
is a distinctive pattern that results from forcase ¢b TBI, and detractors argue that these patterns
overlap greatly with other known taopattfie®. As mentioned, CTE currently remains a
pathologic diagnosis, although efforts are undertoayetter characterize the clinical semiology
associated with this syndrome. Recent advanceBTnifdaging, while not yet validated, show
some promise to diagnose CTE in-vivo, leading thexadetection and better clinical

characterization of the disedse

CONCLUSION

The moniker ‘mild TBI' was originally based uponnaparison using the GCS, which included
severely injured patients rendered comatose bguartatic injury. However, it is increasingly
apparent that a subset of individuals with mTBI rdayelop persistent problems or, very rarely

a catastrophic outcome. It is critical to recogrtizat not every acute symptom is necessarily



due to concussion pathophysiology, as many comditlay mimic concussion and are part of
the differential diagnosis (migraine, ADHD, anxietgrvicogenic headaches, as well as rare but
devastating cerebral edema with or without intra@iehemorrhage). Likewise, there is an
extensive differential diagnosis for chronic sympsoafter mTBI/concussion, including chronic
headaches, exacerbation of premorbid conditionsesn depression, misattribution of
symptoms, PCS, CNI, CTE and other neurodegeneredinditions. Careful consideration of all
possibilities, with a focus on treatable conditiamsl symptomatic intervention, as well as
cognitive restructuring and education, should leentfainstay for providing optimal clinical care

for those experiencing concussion.
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FIGURE LEGEND.
FIGURE 1. History of Concussions
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History of Goncussions

NCAA acknowledges the
The Corpus issue when their
Hippocracticum, a medical handbook
collection of ancient states “the seriousness
Greek medical texts,  Tpe persian scientist of [concussions] is
first desprlbgfh Rhazes was likely the ?;tetn overlooked” and
concussion, the first to recognize the at concussions :
patient becomes ditforencibetween “should not be regarded égiﬂ:"l\';ggi?:#on
speechless. . .falls concussion asan lightly.™ acknowledge that
down immediately, abnormal physiologic concussed players
loses their speech, state rather than _ should immediately be
cannot see and hear”.  Structural brain injury. removed from play.

Augustus Thorndike, the father of modern Sports Medicine, publishes an
article in the New England Journal advocating that after three lifetime
concussions, an athlete be retired from play.

In response to the death of a Colorado High school
football player, Colorado Medical Association produced
some of the first guidelines for the management of
concussions. This was further discussed by Kelly et al
that same year resulting in the first concussion grading
scale.

First AAN E'r-"t AAN NCAA adopted their
sponsored annual °.':1°Ll'§s'°“ first official return
concussion AAN guidelines guidetines. to play guidelines.
conference in updated.
Chicago 2014.
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