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Sports and Recreation Concussions

* CDC estimates that there may be as many
as 3.8 million sports and recreation
concussions annually in the United States

+ Good news/bad news situation
— In sports, tragedies due to concussions are often
reventable )

Disclosures

NFL Head, Neck and Spine Committce
Football and Wellness C_o:_ﬁ_mittee USA Football
Medical Ady_isbry ‘Board Pop Warner Football
NCAA Task Force On:conc__u_ssion

- Medical Advisory Board X2IMPACT

4% International Conference on
Concussion in Sports

+ 1% V¥enna 2001, 2™ Prague 2004, 3 Zurich 2008
« 4" meeting in Zurich 2012 .

- NIH consensus dévelopment conference format
+ Pre-defined group of gilestions
+ Body of litecdtore ientified -
« Presentation by exparts in'open session day § and day 2
- Discusstonfdebate closed tession with corsensus panel enday 1
+ Decumesit drafted by suthers and ciradtated to panel
+ Knawledge trarslation - .

Sports Concussion Definition

« "Concussion is a brain Injury and is defined as a
complex pathoghysr‘olbg!cai process affecting the
brain, induced by biomechanfédl forces. Several
common features that incorporate clinical,
pathologic and biomechanical injury constructs
that may be utilized in defining the nature ofa
concussive head injury include...”

WMeCrory P et al Consensus statement on concussion in sport tha 4th Infemational

Confersnce on Concussion in Sgort held In Zurich, Movember 2012 Br J Sports Meg
2013,47.250-258
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Definition

f. Concussfon may be caused either by a direct blow to the
head, foce, neck or efsewhere on the body with an
*impulsive "’ force transmitted to the head.

2. Concussfon typically results in the rapid onset of short-
tived impalrment of neurologic function that resolves
spontaneously, However in some cases symptoms and signs
may evelve over a number of minutes to hours.

3. Concussion may result in neuropathological changes but
the acute clinfcal symptoms largely reflect a functional
disturbance rather thon g structural fnjurY and as such, no
abngirmality is seen on standord structural neuroimaging
studies. :

4. Concussion results in @ groded set of clinical symptoms
that may or may not involve loss of consciousness.
Resolution of the clinical and cognitive symptoms typically
follows a sequentiol course, Hewever it Is Importent to
hote that in some cases, post-concussive symptoms may be
profonged.
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Pathophysiology

+ Metabolic changes that occur in the animal
model, and thought to occur in humans
include:

— Alterations in intracellular/extracellular
glutamate, potassium and calcium.

- A relative decrease In cerebral blood flow
in the selling of an increased requirement
for glucose ?i.e. increased glycolysis).

» This mismalch in the supply and demand of
metabolism ma potenﬁall% resulf in cell
dysfunction and increase the vulnerability of
the cell to a second insult.

Harmoen ¥ et al.; " American Medicine Sociely for Sperls Medicine position

stalement: concussion In sporl” BrJ Spods Medicing, 47:15-26, 2013

Advanced Imaging

* Functional MRI ({MRI)
+ Diffusion Tensor Imaging (DTI)
» MR-Spectroscopy (MRS) -
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Advanced Imaging

« fMRI, DTT and MRS represent new
newroimaging techniques

« Evaluate brain injury & function;
- Blood oxygenation e
~ White matter axonal /strﬁciural_

integrily .

— Neurometabolites

* Rescarch Tools

» Not yet ready for clearance/management decisions

Pathophysiology

Brain injury evelves-
not static

Neuronal tissue
vulnerability -
Hyperglycolysis and
reduced CBF
(regional)

Brain needs time 1o
recover

-

-
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SELECTED ACUTE SIGNS AND SYMPTOMS
SUGGESTIVE OF CONCUSSION

COGRITVE SOMATIC AFFECTIVE
Confusien Headache Emotional labllity
Post-traumatic amnesia | Fatigue Traiabitity
(PTA) Disequitibrium,

Retrograde amnesia dizziness

(RGA) NauseaNomliting

Loss of consclousness | visual disturbances

{Loc) {photophobla,

Bisorientation blutryfdouble vision)

Feeling “Inafog.” Phencphobla

“zanad out”

Vacant slare

Inabitity 1o focus.
Defayed vetbal and
molef responses
Slurredfncoherent
speech

Excessive diowsiness

Harrng EA (chai), o 8 "Corersaion Mbld Trsumatie Srain beay) and tha Taam Physiciar A Conensay
Sttamect 2011 Updats” Waderira rd Srierce In Sports gnd Eieene 2011, 4324122822

Gender Comparable Sports

+ Girls had a higher rate of concussions than boys

+ Concussions represented a greater proportion of
all injurics in girls’ sports

+ Girls had a greater proportion of coucussions due
to player-playing surface contact and player-
equipment contact
Except for track and field and swimming, girls had

a higher proportion of recurrenl concussion ~

SELECTED SIGNS AND SYMPTOMS SUGGESTIVE

OF CONCUSSION
COGNITIVE SOMATIC AFFECTIVE SLEEP
Confusion Headache Browsliness
Post-traumatic Fatigue Emotional [2bllity Sleeplngless
amnesia [PTA} Disequilibrium, Ineitablity Sleeplng more
Retrograde dizziness Tiouble falling
amnasla{RGA) Nauseanomiling asteep
Lossof Visual disturbances
consclousness [photophobis,
{Loc) blusy/doubla vislon}
Disotlentation Phonoephobia
Feeling“inafog™
“zoned oul"
Vatanl stare

Inabifity to focus
Delayed verbat and
motod res ponses
Sturredfineo-
herent speech

Haring §A fchad), et al- “Concuzsion (M Trauamate Brais fnfay) brd e Teaon Prysician A Corsens.s
StatemerL 2418 Update” Undieina and Seianca In Sports ard Eswrmisa 2015, 432412242

Gender and Sports Concussions

+ The role of female gender as a possible modifier
in the management of concussion was discussed at
length by the panel. There was no unanimous
ngreement that the current published research
evidence is conclusive enough for this to be
included as a modifying factor, although it was
accepted thai gender may be a risk factor for
injury and/or influence injury severity

MeCrony P et 3 Consensus stetement on consussion in spart e 4 leteratonal
Confererce on Concussion in Spod held in Zurich, Nowerrzer 2012 £e J Szors Med
2013 87250258

Epidemiology:
Concussion Rates in High School Sports
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Symptom Duration

Muiticenter, prospective, S year study
16,624 coflege and high schosl alhletes
617 toncustions

“

Kreraa M et 2t Heutosurgery 2009 65:876-82




Sports Concussion Recovery

« Majority {(80-90%) resclve in short (7-10
day) period :
+ May take longer in children and adolescents

MeCrory P et al. Consensus slalernent on concussion in sport the 4th
intemationat Conference on Concussion in Spoit held in Zurich,
MNevember 2012 8¢ J Sports Med 2013,47:250-258.

Concussion Symptom Resolution

25% had symplom resolution within one day
40% had symplom resolution within three days (except GirF's track
and field 2nd swimming)
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Epidemiology of Severe Injuries Among
United States High School Athletes

sport Concussion (%% »21 days)
Boy’s football 5.9%

Boy's soceer 11.8%

Girl's soccer 1.7%

Giel’s volleyball 8.9%

Boy's basketball 1.2%

Girl’s basketball 6.6%

Boy’s wrestling 3.3%

Boy’s baseball 1.4%

Girl’s softball 1.2%

Datow, CJ) & el Am J Sooey Medeing 2008 $4p,3713) 1733-600
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The Basic Youth Spors Concussion Map

15 dayg

Symptoms

f\ - d— Retumn to i
- i Play
S‘:nﬂ(uﬁlon E‘ip ﬂ»rotpm] —

Length of Time For RTP After

Concussion

2% of athleles relumned to play tha same day they were
concussed, and this occurred in 12 of the 20 sposts
studied

o

WA B

Uarar L of ot Epidemintogy of Coroviaies Rmang United Stites High Scbocd
Attty v }) Eporty A ANZ N THPTEE




82212013

Pre-Season Planning

Develop an emergency medical action plan, including
guidelings specific to concussion management
Incorporate a standardized baseline assessment tool for
concussion that includes prior cencussion history, risk
factors for profenged or complicated recovery, symptom
checklist and neurolegical examination emg_hasm[;g
cognitive function and balance (NFL, SCAT 3, Child.
SCAT 3 . o

Consider baseline nevropsychological testing
Coordinate a team for congussion mzmafcmcnt (e. ‘F
physicians, certifi¢d athletic trainers and other health care
providers, neuropsychiologists, school officials) that is
comptiant with stale laws and rufes and regulations of
governitg bodies

Educale athletes, parents/guardians, coaches, school
officials and others

SCAT3™  mrml-oo ¢ ARl

$peekKatanyinn Avsansst Toal - Bod dgrea

& o B oo oF e

Child-SCAT3”

35t COHLen kR ALESE AR b in e s Leatd e en

Potket CONCUSSIGH RECOGHITION TO0L™
P P Ky it = (S, g s T

B rea B 00D (@ IEN

BrJ Sporls Med 2653 47: 259 -262 , Br J Sporfs Med 2013 47:263-266,
8rJ Sporls Med 2013 47: 267

Baseling

www.irwmedicine org/sporisconcussion

Baseline
Page 2
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Game-Day Evaluation &
Treatment pre-Game
It is essential to:

— implement the game- day medlcal action
plan specific to concussion.

— Understand the indications for cervical
spine immobilization and emargency
transport TR

18/22/2013

Post injury

W inwmadicing orglsporisconcussion

Game-Day Evaluation &
Treatment
It is essential to:

« Evaluate the injured athlete on-the-field in a
systematic fashion:

~ Assess for é_de’quale alrway, breathing, and
circulation (ABC’s).

— Foliowed by focused neurolegical assessment
emphasizing menlal status, feurglogical deficil,
and cervical spine status, - -

- Determine Initial disposilion (ermergency transport
vs. sideline evaluation). -

Postinjury
Paga 2
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Game-Day Evaluation & Treatment
Sideline/Dugout/Locker Room

It is essenﬁal to:

+ Obtain a more detalfed history and perform a
more defailed physical examination (NFL,
SCAT 3, Child-SCAT 3} and compare to
baseline data if a‘.ranable :

—Assess for cogmuvc somatie, 'md affective
signs and sympioms of acute concussion with
particular attention paid to the number and
severity of symptoms because of their prognostic
significance

Game-Day Evaluation &
Treatment sideline/Dugout
continued It is essentiaf to:

Not leave the player unsupervised.

Perform serial neurological assessments.
Determine disposition for symptomatic and
non-symptomatic players, including post-
injury follow-up {options include home with
observation or iransport to hospital}.

Provide post-event instruclions to the athlele
and others (e.g., regarding alcohol,
medications, physical exertion and medical
follow-up).
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Catastrophic Head Injuries in High
School and College Football

« National Center for Catastrophic Sports
Injury Research data from-1989-2002
* 94 cases B
— 75 subdural hematomas, 10 subdural with
diffuse brain swelling, 5 diffuse brain swelling,
4 AVM or aneurystn .
* 92 cases were-in high school players
— Bodenetal AJSM 2007; 35: 1075 - 1031

Return To Play

¢ It was nnanimously agreed that no return to play
on the day of concussive injury should occur.
There are data-demonstrating that at the collegiate
and high school level, athletes allowed to RTP on
the same day may demonstrate NP deficits post-
injury that may not be evident on the sidelines and
are more likely to have delayed onset of
symptoms. :

KcCrory P et al. Consensus slalement on concussion in sport the 4th
Intemational Conference on Concussion in Sporl held in Zurich, November
2012 Br J Sporis Med 2013;47:250-268.

Catastrophic Head Injuriés in High
School and College Football

* 59% of athletes had a previous history of
concussion(s): :

— 1% of ll__loé_'c‘i'gjuri(;s occurred in the same
season as the catastrophic injury,

* 39% (21 of 54) of athletes at time of
catastrophic injury were playing with
residual symptoms.from a previous
concussion

— Boden et 2l. AISM 2007, 35 1075 - 1081

Return-To-Play Ssame-Day
It is essential to understand:

+ |tis the safest -
course of acfion to -
hold an athlete out. -

* When in doubt, sit’
themout. - ;

Management Principles

+ All retumn to play
guidelines are empiric

+ Criginally designed to
prevent Second Impact
Syndrome

« None were developed
specifically forthe ©
young athlete




Post Game-Day Evaluation &
Treatment It is essential to:

+ Obtain a comprehensive history of the current

concussion and of any previous concussion

- Perform a physical examination, including
a detailed neurological!cognilive
svaluation, (NFL, SCAT 3, child-SCAT 3 as
a companent)

— Determine the need for further evaluation
and consultation.

— Determine return-to-play status.

8/22/2013

Physical Rest

+ Activity can exacerbate symptoms
rati

Rest

+ The comerstone of concussion management is physical
and cognitive rest until the acute symploms reselve and
then a graded programme of exertion prior to medical
clearance and RTP.

WeGeory P et al Conzensus Bbstsment on 0Oncussion i sport the 4 itemstions!
Confererca on Concussion in Spert beid in Zurich, Hoverrber 2012 Be J Sports Nad
2013 4T #5055

(Relative) Mental Rest

Rest

The comerstone of concussion management is physical
and cognitive rest until the acute symptoms resobve and
then a graded programme of exertion prior to medical
clearance and RTP. . S

The current pitblished evidence evaluating the efiect of rest
following a sports-related concussion Is sparse

Low-fevel exercise for those who are slow 1o recover may
be of benefit, although the oplimat timing fottowing injury
for initiation of this treatment is currently unknown

WeCrocy Pt al Corsersus stiaerand oncondussion i spart the 4 ntaraional
Corference on Conasgsion it Spart ha¥d n Zurich, Heyember 2012 Br ) Sperls Misd
201247 250-235




Post Game-Day Evaluation
Neuropsychological Testing

« Understand the indications and fimitations of
neuropsychological testing,
- Type and content of test data
~ Prayar age
— One component of the evaluation process.

Neuropsychological Testing

NP testing may be used fo assist RTP decisions and §s
typically pecformed when an athlete is clinically
asymptomatic; however, NP assessment may add
important information in the easly stages following injury.
There may be particular situations where testing is
performed early to assist in determining aspects of
management, for example, return 1o schoel in a paediatric
athlete, This witl normally be best determined in
consultation with a frained neuropsychologist.

MeGrory P et al Consensus slement on contussion i sport. the &t Irfarmationat
Caonference on Condussion Iy Sport hefd in Zurich, Naverder 2112 Br ) Spords Med
2013,57 250-263.

Neuropsychological Testing

+ Neurepsychological Tests
— Baseline NP testing was considered by the panel and

was not considered to be required as a mandatory aspect
of every assessment however may be helpful or add
useful information lo {he overall inferpretation of these
tests. 1t also provides an additional educative
opportunity for the physician to discuss the significance
of this injury with the athlete.

WeCrary P ot of Coneansus slalerand on corcussion in sport B 4th
i Conferenca on Concussion in Spert beid in Zurich, Hrverber 2012
B ¥ Spocis Wed 2013 4T.250-238
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It is essential to

+ Understand:

— Brief LOC isewnds, not minutes) is associated with specific
early deficits, but doas netfredicl the severity of injury,
therafore classHication systems or RTP guidelines based
selely on brief LQC are nol accurate.

—~ The number and duration of addilional signs and symptoms
{and nauropsychological dala) are more accurate in |
pred;cUn? seventy and oulcome. RTP guidelinas which
address thase Issues are mosa useful,

~ Duration of symptoms is a majer factor in delemmining
saverity, therefore saveqity of inury should not be
determined until all signs and symplems have cleared.

- Inilial treatment Is rest-physical and cognitive

— The treatment of and the RTP decision for ihe alhale with
concussion must ke indwviduatized.

Hering BA {chair), o o *Gonqussion (MM Trarmatg Bran Inkn) ad o Tewms Ppeician A Coetsns Safemects
F4 Uptaty” Medicis Bd Scienca b Sports ard Frerpisy 3011, €3 H023457

Management Modifiers
Post-Game Day
It is essential to;

= Conslder modifiers which may affect RTP, including:
— Saverity of tha current injury
- Previous cencussions (number, severity, proximiy}
— Significant inury in response to & miner blow
- Age (developing brain may react differently to rauma than
mature brain}
— Spor
- lLeaming disabilitiss
— ADDJACHD
- Amdsty/Depression
- Migraina Headache
+ Understand controversy exists for posl-game RTP decisions.

Hermrirg SAlchar), & o' ' *Concussion (M Trar~ate Bran Injury) amd the Team Physcian A
Conseruus Slatserant 2011 Update” Nefeire and Sceoce iy Spors and Exergise 2010
43.2412:2422

FACTORS WODIFER
Syratoms hoeber
Duration {»19 dxj3)
Ssverity
s Proanged LOC {21m')
Arresta
Sequtiar Lontashee conadyiong
Termporsl Fraquesty repested conoaision oved tie

Fiming - Injurias cicse together
“Peeercy” - recent concussion or TEL

Thresratd Fepeated cencussiony eceurming with progresshely less frpact force o
staaer recovery after each Tuccesshe concusiion
ke Child and adolescent {x 1B years old)

Migratre, depretion o othar mantal bealth diondes, attention

Co 2nd Fre-morkities
. Ceficit byperastivity dizeder [KDHD], leam g 2iabiities LD}, s'eep

disireers
Medicatisn Psyehcactive enugs
Artlceagtants
Bahaviour Dasgerous shyfe of play
Spart High ritk arthity

Contact and eailision sport
High spartleg level

Melriony P el ol Consersus £223760 01 COR0uson in 2peet the 4th infematona!
Confzence on Concussion in Spat held in 2urich, Koverber 2012 Br J Sporis Alxd
2013 47 250-258




Concussion Management
Potential Pitfalls

+ Care at the time of i mjury pamculal ly for
youth athletes -

* Care for aihletes wuh petmstent symptoms

812212013

Confounders:
Influences on Post Concussive Syndrome

* Pre-morbid anxiety

— Strong predictor of continued PCS

= Feesfad ) atol Nemoesveholoay 2012 2630213

+ Comorbid Major Depressive Disorder

— Ranges from 26-42% in hospitalized TBI patients
- 214% inmTBI
— Can persist despite cognitive recovery

+ MECaiky SR ctal Surmal of Cliical gnd E

Ements Kewrvpnthe foa. 200103 722448
Negative illness perceptions
+ e Refal JNewsd Nesvors Pociiang N2 43 217200

Motivational factors

AT Lot el Drain bhuy N0135 297304

Confounders:
Baseline Symptoms

s Headache is common af baseline “fl

— 18% of patzen(s w/ HA following brain injury had pre- )

existing primary HA . disorder.

~Hoffaza et 8 Nature iskoey of et ahar siimass beain infory. fouceal of ey 201
287131325

+ Neck pain is common bﬁsclmc symptem in
athletes

— 260 athletes, 167.no concussion m and 17% reporied
neck pain on SCAT baseline.

~Shehata N ol . Sport ecmoussion asscssment ok heseline values for versty colision spont
arhletes BISM 200 437304

Psychological and Mental Health
Issues

+ Psychological approaches may have

application espeeially in selected situations

{modifiers}

Evaluate for affective symptoms {depression,

anxiety) as common in afl forms of traumatic

brain njury

* Depression-may be consequence of
concussion, underlying pathophysiological
abnormality, may be multifactorial but should
be considered in management

MeCeory P et al Corcznurs glaterant on concussion in eport the 4 Intsratonal Corfererce
en Contussion in Spart Fald in 2urich, November 2012 Br J Spoels Med 201347 260-268

Confounders:
Concussion Symptoms

* In concussed athleies, 20-35% report

cervical pain.

— Guakivwicz K et al Epidensiology of ion in vellegiate and high
scheol fostbal pla)m Am ISM\!M 2000 28.643-650

. Post—traumgu_c ‘headache is tl_le most
comnion symptom afler a concussion

(>90%)
- Meehan ¢f al High sshool consussions in the 2003-2009 academic year
chaniem, symptoms, aad t Am J Sports Med

2010:35:2403-9.

Confounders

* Overlooking or misinterpreting pre-existing,

co-existing and/or persisting
nsculoskeletal and psychological
symptoms can result in spurious and
expensive (reatment, unnecessary
restrictions from academic, sporting and
soctal activities, and skewed data regarding
sports concussions

10
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Graduated Return To Play Protocol

[ Rerabitotion stige Functioral erzrcise at dach st of Ctjective of dach plagh
) TRt
Persistent Symptoms i
T Taocrety Tt brred Physieal o ooy 1= Tacomy
» Persistent symiptoms (>10 days) are generally reported in e deneta Vg wireia o Sty rog ey | Poas A
. . tens TN
10-15% of concussions. In geiiczal, symploms are not P reeanie vting
specific to concussion and it is important to censider ether e arera oncen | Biaig 78 i ateaiey i B bamen | R reerel
pathologies. . ’ . Ha bl st st
+ Cases of concussion in sport where chinical recovery falis Bl [ s
outside the expected window (ie. 10 days) should be Har A pri i reastice g
managed in a moltidisciplinary manner by health care
providers with experience in sports-related concussion SR iR praics el o
e ’ BR=r o pay Horral gare pay
= Af least 24 hours per slep (therefote about 1 week of fonger for Tull protocol]
MeCrory P el al Conesncus satemant on concussion I sport: the 451 itematonal + If securrence of symptoms at any stage, return to previous asymptomatlc [evel and
Gortereros on Concussion in Spert he'd in Zurich, Noverrber 2612 Br J Spadds Med tesuma after further 24 hour of longer pertod of rest
201 4T 250-258

+ RETURN TO PLAY IS A MEDICAL DECISION

Equipment

+ There is ne good clinical evidence that currently
avaitable protective equipment will prevent
coneussion

VLTI P RN Gy prTe § renm B ey rerresa Gt o e niotedn
2 ce bt 21 3, O ELE

Return-To-Play

Post-Game Day Youth Sports Concussions
ltis essentiaf to:

ERR * Prolong recovery i student athletes
+ Determine the athlele is at baseline cognitively and i

physically berqfe resuming any exertional activity.
- amnesia may be permanent..: .
« Ulilize progréssive aerobic and ;esista’nce exercise

11



Return-To-Play
Post-Game Day
Concerns

Protonging recovery from
the ¢urrent concussion

» 2. 4X increased risk for
recurrent concussion

+ Post-concussive syndrome
— 5- 8% of MTBE

+ Cumulative brain trauma - -
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Return To Play

The younger the athlete, the more conservative the
treatment. Mo same day refurn to play for youth
athietes.

There is no simple test:

— Use signs & symptoms, not grades

- Concussion history

- Coneussion modifiers

Be alert to subile deficits:

— &.g. neuropsychological data for cognitive assessment
Clinical judgment is the final determinant of
return to play.

Chronic Traumatic Encephalopathy (CTE)

+ Distinet tauopathy with an unknown incidence in athletic
pepulations.

¢+ Cause and effect relationship has not yet been

demonsirated between CTE and concussions or exposure

{0 contact sports,

Interpretation of causation in the modem CTE case studics

should proceed

It is important to address the fears of parents/athietes from

media pressure related to the possibility of CTE.

WeCrary P et o Corsensus statement on concussion in spoit the 40 Itematonat
Confarentd on Condussion in Sport he'd in Zuch, Hoverder 2012 BrJ Spocty Med
201347 230-258

Concussion

» Remove from practice or play.
* Do not leave the player alone:
- Assess, re-assess, and 1¢-assess
* See a licensed healthcare provider trained in
the evaluation and management of
concussion. - L
Return to play- medically supervised
stepwise process.
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UW Medicine

SEATTLE SPORTS
CONCUSSION PROGRAM

HARBORVIEW MEDICALCENTER SEATTLE CHHLDREN'S

(877)-000-4323
www.uwmedicine.org/sportsconcusssion
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