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UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF CONNECTICUT

RUSS McCULLOUGH, et al., No. 3:15-cv-01074 (VLB)

Lead Case
Plaintiffs,
VS.
WORLD WRESTLING
ENTERTAINMENT, INC,,
Defendant.
EVAN SINGLETON and VITO No. 3:15-cv-00425 (VLB)
LOGRASSO, Consolidated Case
Plaintiffs,
VS.
WORLD WRESTLING
ENTERTAINMENT, INC.,
Defendant.

DECLARATION OF MARK R. LOVELL

Commonwealth of Pennsylvania )
) ss:
County of Allegheny )

I, Mark Lovell, do hereby declare and state as follows:

1. | am over eighteen (18) years of age. | have personal knowledge of

the matters set forth herein and am competent to testify thereto.

2 | am a neuropsychologist and have been internationally recognized

as an authority in the diagnosis and management of concussions in sports. In
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particular, | have been recognized for my development of innovative
neurocognitive testing programs and ground breaking research.

3. After graduating from Northern Michigan University with a B.S. in
psychology/biology, | earned a Ph.D. in clinical psychology with an emphasis in
neuropsychology from the Chicago Medical School.

4, In the early-1990s, | developed the INPACT test, which is the first and
most scientifically validated computerized concussions evaluation system. The
IMPACT test has become a tool used internationally in the comprehensive clinical
management of concussions.

5. I have been a neuropsychological consultant for numerous sports
organizations throughout the world including, but not limited to, the National
Football League, the Pittsburgh Steelers, the National Hockey League, Irish
Rugby, the USA Women’s Olympic Hockey team, the U.S. Ski and Snowboard
team, the Indianapolis Racing League, CHAMP car racing, Major League Soccer,
and World Wrestling Entertainment, Inc.

6. In 2000, | became the founding director of the University of
Pittsburgh Medical Center’s Sports Medicine Concussion Program, which has
been regarded as the first and largest program of its kind.

7. In 2002, | co-founded IMPACT Applications, Inc. and currently serve
as its Chairman of the Board and Chief 8cientific Officer.

8. | have published more than 100 peer-reviewed articles, authoring or

co-authoring nine textbooks and writing over 40 book chapters. | have also been

!
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a reviewer for over 15 professional journals and | am currently serving as an
editorial board member for several different journals.

9. I have been a frequent presenter at professional meetings
internationally. For example, | was a member of the First and Second
International Conferences on Concussion in Sport chartered by the International
Olympic Committee, FIFA, and the International Ice Hockey Federation. The
objectives of the symposia were to provide recommendations for the
improvement of safety and health of athletes who suffer concussive injuries in
sport. To this end, a range of experts were invited to both meetings to address
specific issues of epidemiology, basic and clinical science, injury grading
systems, cognitive assessment, new research methods, protective equipment,
management, prevention, and long-term outcome.

10. The First International Conference on Concussion in Sport was held
in Vienna in 2001. The Second International Conference on Concussion in Sport
was held in Prague in 2004. | was a co-author of the Summary and Agreement
Statements issued by the First and Second International Conferences on
Concussion in Sport, copies of which are attached hereto as Exhibits 1 and 2,
respectively.

11. The Third International Conference on Concussion in Sport was held
in Zurich in 2008. A copy of the Consensus Statement on Concussion in Sport
issued by the Third International Conference on Concussion in Sport is attached

hereto as Exhibit 3.
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12. The Fourth International Conference on Concussion in Sport was
held in Zurich in 2012. A copy of the Consensus Statement on Concussion in
Sport issued by the Fourth International Conference on Concussion in Sport is
attached hereto as Exhibit 4.

13.  As part of my continuing work in the area of neurocognitive research
and testing, | make an effort to review current publications on the subject of
concussions and, in particular, chronic traumatic encephalopathy.

14. | am familiar with a 2014 paper published by Christine M. Baugh,
Clifford A. Robbins, Robert A. Stern, and Ann C. McKee, MD entitled “Current
Understanding of Chronic Traumatic Encephalopathy,” a copy of which is
attached hereto as Exhibit 5.

15. | am familiar with a symposium presented in November 2015 by the
Department of Defense Blast Injury Research Program Coordinating Office
entitled “Does Repeated Blast-Related Trauma Contribute to the Development of
Chronic Traumatic Encephalopathy (CTE)?” In connection with that symposium,
the Department of Defense published a paper entitled “Literature Review: The
Biological Basis of Chronic Traumatic Encephalopathy Following Blast Injury,” a
copy of which is attached hereto as Exhibit 6.

16. | am familiar with a 2015 Report published by the National Institute of
Health (NIH) from the First NIH Consensus Conference to Define the
Neuropathological Criteria for the Diagnosis of Chronic Traumatic

Encephalopathy, a copy of which is attached hereto as Exhibit 7.
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| declare under penalty of perjury this 27th day of July, 2016, that the

foregoing is true and corract.

//g

7
»'V'

Mark R. Lovell, Ph.D.
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Concussion in sport

Summary and agreement statement of
the first International Conference on
Concussion in Sport, Vienna 200 T*

M Aubry, R Cantu, J Dvorak, T Graf-Baumann,
K Johnston (Chair), J Kelly, M Lovell, P McCrory,
W Meeuwisse, P Schamasch (the Concussion in Sport

(CIS) Group)

Recommendations for the improvement of safety and health of
athletes who may suffer concussive injuries

n November 2001, the first Inter-

national Symposium on Concussion in

Sport was held in Vienna, Austria. This
symposium was organised by the Inter-
national Ice Hockey Federation (IIHF),
the Federation Internationale de Foot-
ball Association Medical Assessment
and Research Centre (FIFA, F-MARC),
and the International Olympic Com-
mittee Medical Commission (IOC).

The aim of the symposium was to pro-
vide recommendations for the improve-
ment of safety and health of athletes
who suffer concussive injuries in ice
hockey, football (soccer), and other
sports. To this end a range of experts
were invited to address specific issues of
epidemiology, basic and clinical science,
grading systems, cognitive assessment,
new research methods, protective equip-
ment, management, prevention, and
long term outcome, and to discuss a uni-
tary model for understanding concussive
injury. At the conclusion of the confer-
ence, a small group of experts were given
a mandate by the conference delegates
and organising bodies to draft a docu-
ment describing the agreement position
reached by those in attendance at that
meeting. For the purpose of this paper,
this group will be called the Concussion
in Sport Group (CISG).

INTRODUCTION

This review seeks to summarise the
findings of the Vienna conference and to
provide a working document that will be
widely applicable to sport related con-
cussion. This document is developed for
use by doctors, therapists, health profes-
sionals, coaches, and other people in-
volved in the care of injured athletes,
whether at the recreational, elite, or
professional level.

During the course of the symposium, a
persuasive argument was nade thai a
cotnprehiensive systematic approach to
concussion would be of potential benefit
to awd the igjured athlete and divect
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management decisions.’ This protocol
represents a work in progress, and, as
with all other guidelines or proposals, it
must undergo revision as new infor-
mation is added to the current literature
and understanding of this injury.

The concussion in sport protocol in-
cludes:

(1) Clinical history

(2) Evaluation

(3) Neuropsychological testing

(4) Imaging procedures

(5) Research methods

(6) Management and rehabilitation
(7) Prevention

(8) Education

(9) Future directions

(10) Medicolegal considerations

A REVISED DEFINITION OF
CONCUSSION
Over 35 years ago, the committee on
head injury nomenclature of the Con-
gress of Neurological Surgeons proposed
a “consensus” definition of concussion.?
The American Medical Association and
the International Neurotraumatology
Association subsequently endorsed this
definition.* This definition was recog-
nised as having a number of limitations
in accounting [or the common symp-
toms of concussion. In addition, there
was an inability to include relatively
minor impact injuries that result in per-
sistent physical and/or cognitive symp-
toms. Seeking to transcend these limita-
tions, the CISG has developed the
following definition of concussion.
“Concussion is defined as a complex
pathophysiological process affecting the
brain, induced by traurnatic biomechani-
cal forces. Several commaon features that
incorporate linical, pathological, and
bhiomechanical jujuly  constructs  that
may be used o defining the natare of a
conctssive bead 1ury inclade,
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(1) Concussion may be caused by a direct
blow to the head, face, neck, or elsewhere
on the body with an “impulsive” force
transmitted to the head.

(2) Concussion typically results in the
rapid onset of short lived impairment of
neurological function that resolves spon-
taneously.

(3) Concussion may result in neu-
ropathological changes but the acute
clinical symptoms largely reflect a func-
tional disturbance rather than structural
injury.

(4) Concussion results in a graded set of
clinical syndromes that may or may not
involve loss of consciousness. Resolution
of the clinical and cognitive symptoms
typically follows a sequential course.

(5) Concussion is typically associated
with grossly normal structural neuroim-
aging studies.

THE CISG CONCUSSION
PROTOCOL

Clinical history

Recognising the importance of a detailed
concussion history and appreciating the
fact that many athletes will not recog-
nise all the concussions that they may
have sullered in the past, a detailed con-
cussion history is of value. The athlete
currently at a high performance level in
collision sport has seldom had the first
concussion on presentation in the con-
sultant’s office. The history should in-
clude specific questions as to previous
symptoms of a concussion, not just
perceived number of past concussions.*
It is also worth noting that dependence
on the recall of concussive injuries by
teammates or coaches has been shown to
be unreliable.’ The finding that there is
increased risk of subsequent concussive
injuries after a first concussion is docu-
mented, although the reasons for this
remain controversial. The clinical history
should also include information about
all previous head, face, or neck injuries
as these may have clinical relevance to
the present injury. It is worth emphasis-
ing that, in the setting of faciomaxillary
injuries, coexistent concussive injuries
may be missed unless specifically as-
sessed.

Specific questions about dispropor-
tionate impact and matching of symp-
tom severity may allude to progressively
increasing vulnerability to injury—that
is, more pronounced persistent symp-
toms from smaller hits. The pathophysi-
ological nature of this phenomenon
remains unclear.

= Ihis statement is being published
simuliuneausly with the Clinical Jownal of Spot
Medicime and the Physician and
Sputisinedicine
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One of the issues that was speculated
upon at the conference was whether
concussion represents a unitary phe-
nomenon with a linear spectrum of
injury severity or whether different con-
cussion subtypes exist. These subtypes
may represent dillerences in clinical
manifestations (conlusion, memory
problems, loss of consciousness), ana-
tomical localisation (cerebral v brain-
stem, for example), biomechanical im-
pact (rotational v linear force), genetic
phenotype (ApoE4 positive v ApoE4
negative), neuropathological change
(structural injury v no structural injury),
or an as yet undefined difference. These
factors may operate independently or
interact with each other. It is clear that
the variations in clinical outcome from
the same impact force require a more
sophisticated approach to the under-
standing of this phenomenon than is
currently available.®

The traditional approach to severe
traumatic brain injury using loss of con-
sciousness as the primary measure of
injury severity has acknowledged limita-
tions in assessing the severity of concus-
sive injury. Findings in this field describe
association of loss of consciousness with
specific early deficits but does not neces-
sarily imply severity. Further work in this
area may help to explain these findings.’”

There is renewed interest in the role of
amnesia (anterograde/retrograde) and
its manifestation of injury severity.* Pub-
lished evidence suggests that the nature,
burden, and duration of the clinical
postconcussive symptoms may be more
important than previously recognised.”™"

Concussion grading scules
The GISG recognised the strengths and
weaknesses of several esizting coucus

sion grading scales that attempt to char-
acterise injury severity, but no single sys-
tem was endorsed. It was the
recommendation of the CISG that com-
bined measures of recovery (see below)
should be used to assess injury severity
{and/or prognosis) and hence individu-
ally guide decisions on return to play.

In the absence of scientifically vali-
dated return to play guidelines, a clinical
construct is recommended using an
assessment of injury recovery and
graded return to play. The protocol
outlined below is adapted from the
Canadian Academy of Sport Medicine
(CASM) guidelines.” Sideline evaluation
includes clinical evaluation of signs and
symptoms, ideally using a standardised
scale of postconcussion symptoms (table
1) for comparison purposes, and acute
injury testing as described below under
neuropsychological testing.

Evaluation

Sideline evaluation including neurologi-
cal assessment and mental status testing
is an essential component in the proto-
col. These evaluations are ideally devel-
oped in language translations for inter-
national sporting groups (an example of
such a sideline evaluation developed at
McGill University is available in English
and French; for a copy, contact author
KMJ). In the acute assessment of con-
cussive injury—that is, concussion
diagnosis—brief neuropsychological test
batteries that assess attention and
memory function have been shown to be
practical and effective. Such tests include
the Maddock's questions” and the
Standardised Assessment of Concussion
(5AC)." I is warth uoting that standard
oricntation  questions- - cxawple,
tine, place. petsonr have been showan to

7

be unreliable in the sporting situation
compared with memory assessment."

It is recognised, however, that abbrevi-
ated testing paradigms are designed for
rapid evaluation of concussion on the
sidelines and are not meant to replace
comprehensive neuropsychological test-
ing, which is sensitive enough to detect
subtle deficits that may exist beyond the
acute episode.

Signs and symptoms of acute
concussion

If any one of the following symptoms or
problems is present, a head injury should
be suspected, and appropriate manage-
ment instituted. A player does not need
to have lost consciousness to suffer a
concussion.

{a) Cognitive features

Unaware of period, opposition, score of
game

Confusion

Amnesia

Loss of consciousness
Unaware of time, date, place
(b} Typical symptoms
Headache

Dizziness

Nausea

Unsteadiness/loss of balance
Feeling “dinged” or stunned or “dazed”
“Having my bell rung”
Seeing stars or flashing lights
Ringing in the ears

Double vision

Other symptoms such as sleepiness,
sleep disturbance, and a subjective feel-
ing of slowness and fatigue in the setting
of an impact may indicate that a concus-
sion has occurred or has not resolved.

(c) Physical signs

Loss of consciousness/impaired con-
scious state

Poor coordination or balance
Concussive convulsion/impact seizure
Gait unsteadiness/loss of balance

Slow to answer questions or follow
directions

Easily distracted, poor concentration

Displaying unusual or inappropriate
emotions, such as laughing or crying

Nausea/vomiting
Vacant stare/glassy eyed
$lurred speech
Personality changes

Iunappropriaie playiog behavor  for ex-
atple, running in e waong ditection

Apprediably decreased playing abiliiy

WV lJ|a]JUIiIIIb‘iI cam
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Neuropsychological assessment
after concussion

The application of neuropsychological
testing in concussion has been shown to
be of value and continues to contribute
significant information in concussion
evaluation.” It has been shown that cog-
nitive recovery may precede or follow
resolution of clinical symptoms, suggest-
ing that the assessment of cognitive
function should be an important compo-
nent in any return to play protocol.

In the consideration of injury recovery
or return to play, such test strategies
must assess the cognitive domains of
information  processing,  planning,
memory, and switching mental set.
Numerous paradigms are in current use.
Examples of these include paper and
pencil tests (McGill ACE, SAC), con-
densed batteries (McGill ACE), compre-
hensive protocols administered by neu-
ropsychologists (NHL,  Australian
football), and computerised test
platforms—for example, IMPACT, Cog-
Sport, ANAM, Headminders."

The consensus of the CISG
was that
neuropsychological festing
is one of the cornerstones of
concussion evaluation and
contributes significantly to
both understanding of the
injury and management of
the individual.

Overriding principles common to all
neuropsychological test batteries is the
need for and benefit of baseline prein-
jury testing and serial follow up. Recent
work with computerised platforms, how-
ever, suggests that performance variabil-
ity may be a key measure for diagnosis of
acute concussion even in the absence of a
baseline test. This strategy is currently
the subject of continuing research. In-
herent problems with most neuro-
psychological tests include the normal
ranges, sensitivity and specificity of tests,
and practice or learning effect, as well as
the observation that players may return
to baseline while still symptomatic.”” * In
part, these may be a problem of the cur-
rently available pen and paper tests.
Computerised testing using infinitely
variable test paradigms may overcome
these concerns. Computerised testing
also has the logistical advantage that the
tests may be administered by the team
doctor or be web based rather than hav-
ing to employ a neuropsychologist for a
formal assessment. The strengths and
weakuesses of such testing have been
recently teviewed

The consensus of the CISG was that
neuropsychologieal testing v one of the

Ve VeV l!|$|,mlilned cam

cornerstones of concussion evaluation
and contributes significantly to both
understanding of the injury and man-
agement of the individual. Organised
sport federations have access to and
should attempt to employ such testing as
appropriate. To maximise the clinical
utility of such neuropsychological as-
sessment, baseline testing is recom-
mended.

Nevuroimaging

It was recognised by the CISG that
conventional structural neuroimaging is
usually normal in concussive injury.
Given that caveat, the following sugges-
tions are made. Brain computed tomog-
raphy (or where available magnetic reso-
nance imaging (MRI) brain scan)
contributes little to concussion evalua-
tion, but should be used whenever suspi-
cion of a structural lesion exists. Exam-
ples of such situations may include
prolonged disturbance of conscious
state, focal neurological deficit, seisure
activity, or persistent clinical or cognitive
symptoms.

Newer structural MRI modalities, in-
cluding gradient echo, perfusion, and
diffusion weighted imaging, have greater
sensitivity for structural abnormalities;
however, the lack of published studies as
well as the absence of preinjury neu-
roimaging data limits the usefulness of
this approach in clinical studies at the
present time. In addition, the predictive
value of various MRI abnormalities that
may be incidentally discovered is not
established at the present time. Promis-
ing new functional imaging—Ifor exam-
ple, PET/SPECT/fMRI—technologies,
while producing some compelling find-
ings, are still at the early stages of
development.®

Although neuroimaging may play a
part in postconcussive return to play
decisions or for the assessment of mod-
erate to severe brain injury, it is not
essential for otherwise uncomplicated
concussive injury.

Research methods

A number of research protocols and data
evaluating concussion injury assess-
ment, injury susceptibility, and brain
function after injury were presented at
the Vienna conference. All of these tech-
niques, while offering great potential for
injury assessment, must be considered
experimental at this time. As much as
possible, elite and proflessional teams are
well placed to contribute to these efforts
through athlete recruitment for studies
showing the scientific value of such
approaches.

Electrophysiological recording (ERE
EEG) has shown reproducible abnor-
malities in the postconcussive state in
brain function.” Shmilatly, balance test-
ing has shown fmpaiiment alter injuey,
although the mechanisim for this s 1ot
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established. Biochemical serum markers
of brain injury (including S-100b, NSE,
MBP) were proposed as means of detect-
ing cellular damage if present.

Genetic phenotyping has been shown
to be of benefit in traumatic brain injury.
Published studies have shown that
ApoE4 is a risk factor for adverse
outcome following moderate to severe
brain injury.” Similarly ApoE4 has been
shown to be a risk factor for the develop-
ment of chronic traumatic encephalopa-
thy in boxers.” The significance of ApoE4
in concussion risk or injury outcome is
unclear. Other published studies have
noted the association of a particular cal-
cium subunit gene abnormality with
brain swelling after minor head trauma.”

Such research is vital in contributing
to the science of concussion and will
potentially provide valuable information
for such important issues as clinical
management, return to play guidelines,
and long term outcome. Therefore re-
search should be continued and encour-
aged by sporting organisations.

Management and rehabilitation
Acute response

When a player shows ANY symptoms or
signs of a concussion:

(1) The player should not be allowed to
return to play in the current game or
practice.

(2) The player should not be left alone;
and regular monitoring for deterioration
is essential.

(3) The player should be medically
evaluated after the injury.

(4) Return to play must follow a medi-
cally supervised stepwise process.

A player should never return to play
while symptomatic. “When in doubt, sit
them out!”

Rehabilitation

It was the consensus of the CISG that a
structured and supervised concussion
rehabilitation protocol is conducive to
optimal injury recovery and safe and
successful return to play. The rehabilita-
tion principles were common to all iden-
tified programmes and are outlined
below. Important principles state that
the athlete be completely asymptomatic
and have normal neurological and cogni-
tive evaluations before the start of the
rehabilitation programme. Therefore the
more prolonged the symptom duration,
the longer the athlete will have sat out.
The athlete will then proceed stepwise
with gradual incremental increases in
exercise duration and intensity, and
pause or backtrack with any recurrence
of concussive symptorms. It is appreciated
that, although each step may take a
minimum of one day, depending on
the dwation of symptoms, procecdiog
theough cach step may fake longer 1
mdiadual citcumstances
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Return fo play protocol
Return to play alter a concussion follows
a stepwise process:

(1) No activity, complete rest. Once
asymptomatic, proceed to level (2).

(2) Light aerobic exercise such as walk-
ing or stationary cycling.

(3) Sport specific training—for example,
skating in hockey, running in soccer.

(4) Non-contact training drills.

(5) Full contact training aflter medical
clearance.

(6) Game play.

With this stepwise progression, the
athlete should continue to proceed to the
next level il asymptomatic at the current
level. If any symptoms occur aflter con-
cussion, the patient should drop back to
the previous asymptomatic level and try
to progress again after 24 hours.

Prevention

As part of the clinical history, it is
advised that details of the protective
equipment used at the time of injury be
sought, for both recent and remote inju-
ries. The benefit of this approach allows
modification and optimisation of protec-
tive behaviour and an opportunity for
education. That said, there are relatively
few methods by which concussive brain
injury may be minimised in sport. The
brain is not an organ that can be
conditioned to withstand injury. Thus,
extrinsic mechanisms of injury preven-
tion must be sought.

Rule changes and rule
enforcement play a key role
in reducing and preventing

concussions.

Helmets have been proposed as a
means of protecting the head and theo-
retically reducing the risk of brain injury.
In sports in which high speed collisions
can occur or which have the potential for
missile injuries—{for example, baseball—
or for falls on to hard surfaces—for
example, gridiron, ice hockey—there is
published evidence that use of sport spe-
cific helmets reduces head injuries.* For
other sports such as soccer and rugby, no
sport specific helmets have been shown
to be of benefit in reducing rates of head
injury* Some believe that the use of
protective equipment may deleteriously
alter playing behaviour so that the
athlete actually increases his or her risk
of brain injury.”

Although the use of correctly fitting
mouthguards can reduce the rate of den-
tal, orofacial, and mandibular injuries,
the evidence that they reduce cerebral
injuries is largely theoretical, and no
clinical evidence for a beneficial effect in
educing caoncussion rates has yei been
demonstiated clinically *

Consideration of rule changes, such as

no head checking in ice hockey, to reduce

the head injury rate may be appropriate
where a clear cut mechanism is impli-
cated in a particular sport. Similarly, rule
enforcement is a critical aspect of such
approaches and referees play an impor-
tant role.

Conditioning of the neck muscles may
be of value in reducing impact forces
transmitted to the brain. Biomechanical
concepts dictate that the energy from an
impacting object is dispersed over the
greater mass of an athlete if the head is
held rigidly. Although attractive from a
theoretical standpoint, there is little
scientific evidence for the effectiveness
of such measures.

Rule changes and rule enforcement
play a key role in reducing and prevent-
ing concussions.

Education

As the ability to treat or reduce the effects
of concussive injury after the event is
minimal, education of athletes, col-
leagues, and those working with them, as
well as the general public is a mainstay of
progress in this field. Athletes and their
healthcare providers must be taught how
to detect concussion, its clinical features,
assessment techniques, and principles of
sale return to play. Methods to improve
education including various web based
resources (for example, www.concus-
sionsafety.com), educational videos, out-
reach programmes, concussion working
groups, and the support and endorse-
ment of enlightened sport groups such as
FIFA, 10C, and IIHF who initiated this
endeavour have enormous value and
must be pursued vigorously.

The promotion of fair play and respect
for opponents are ethical values that
should be encouraged in all sports and
sporting associations. Similarly coaches,
parents, and managers play an impor-
tant part in ensuring these values are
implemented on the field of play.

Future directions

Efforts to evaluate long term outcome and
any association with repeated concussion,
molecular markers, imaging, and func-
tional deficits must guide continuing
investigation in this work. Efforts to
expand knowledge of injury that may or
may not be associated with particular
manoeuvres inherent to the game, such as
heading in soccer, must be elucidated.

A proposal was made that this concus-
sion working group be identified and
given a mandate to provide continuing
leadership in the continued development
and updating of guidelines and inainte-
nance of the pursuit of a high standard
of care in concussion.

Medicolegdl considerations
although agrecment exists about the
pringipal messages conveyed by this

document, the authors acknowledge
that the science of concussion is at the
early stages and therefore management
and return to play decisions remain
largely in the realm of clinical judgment
on an individual basis. It is the intention
of the group to analyse the medicolegal
aspect of concussions in sports and to
offer here a summary of the state of the
art and to direct future efforts.
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New criteria for female athlete triad

syndrome?

K M Khan, T Liu-Ambrose, M M Sran, M C Ashe,

M G Donaldson, J D Wark

As osteoporosis is rare, should osteopenia be among the
criteria for defining the female athlete triad syndrome?

cine (ACSM) has provided a great

deal of impetus to educating health-
care providers, athletes, and the general
public about the potential harm of a
“serious syndrome consisting of disor-
dered eating, amenorrhoea and
osteoporosis”.! We recognise and respect
the importance of research and attention
to this clinical problem and commend
the ACSM on its contribution to date.* To
their credit, the authors of the most
recent position stand acknowledged that
there were no data reporting prevalence
on this condition,’ and they encouraged
further research. Since then, Mayo Clinic
physiatrist Tamara Lauder* has published
two important papers showing a 0%
prevalence of the female athlete triad (as
defined by ACSM) despite 34% of this
military population being at risk of
disordered eating. Therelore we re-
examined the prevalence of one compo-
nent of the female athlete triad, osteo-
porasis, in studies of athletic women
with menstrual disturhance. The syn-
drome can be no more prevalent than
any aue of s diagoostic criteria alone.
Thus, if osicopmaosis 5 only present 1 a

The American College of Sports Medi-
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small proportion of the population, then
it follows that the female athlete triad
can only be prevalent in an equally small,
or smaller, proportion of that population.

DIFFERENTIATING
OSTEOPOROSIS FROM
OSTEOPENIA

Because of the increasing public aware-
ness of osteoporosis and its complications,
medical practitioners must not use the
term as a synonym for “low bone mass”.’
The current standard for measuring bone
mass (bone mineral density; BMD) is by
dual energy x ray absorptiometry, and
since 1994 the term osteoporosis has had
diagnostic  criteria based on this
technique.’ *” Osteoporosis is defined as
BMD more than 2.5 standard deviations
below the mean of young adults. The term
osteopenia describes BMD scores between
1 and 2.5 standard deviations below the
mean of young adults. Scrutiny of many
papers exanining BMD data in athletes at
risk of the feinale athlete triad syndrome
(table 1) suggests that osteopenia has a
siguificant prevalence but thai osicopoo
sis 1s rclatively uncomnon, even in this
selected population Tn the substaniial
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reviews of Bennell e al*® menstrual
disturbance was associated with a mean
10.3% lower lumbar spine BMD, which
reflects the lower limit of normal BMD
and very early osteopenia (T score about
—1.0). Not surprisingly, numerous authors
reporting bone health of sportswomen
have used osteopenia as the appropriate
term.* " Interestingly, even in the sig-
nificant pathology of anorexia nervosa,
the mean BMD of patients reflects osteo-
penia rather than osteoporosis." A crucial
point is that significant osteopenia—that
is, Tscore of —2.0—in a 20 year old may
provide a worse prognosis for long term
bone health than osteoporosis in a 65 year
old with a Tscore of —2.6.

Osteoporosis can, and does, occur in
athletes' ”* (table 1), but we argue that
requiring this condition to be present in
the female athlete triad syndrome rel-
egates the syndrome to relative obscu-
rity. It is unlikely that the prevalence of
osteoporosis in athletes with disordered
eating could be greater than the preva-
lence of osteoporosis in anorexia nervosa
(table 2). Therefore, the female athlete
triad, as currently defined, most likely
has a lower prevalence than anorexia
nervosa. This is borne out by the data of
Lauder et gl* showing that the prevalence
of anorexia nervosa was < 8% but the
prevalence of the female athlete triad
was 0%. Anorexia nervosa has an overall
age adjusted incidence per 100 000 per-
son years of 14.6 [or females and 1.8 for
males.” Thus, if osteoporosis is a diag-
nostic criterion for the female athlete
triad, the triad should have an age
adjusted incidence of substantially less
than 0.015% in the population at large.
Note that this calcalation is not based an
anorexia being an essential component
of the ttiad---tis not. These data merely
reeognise the fact that osicoporosts, as
stutctly dehined, affedts ouly a proportion
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consensus recommendations developed after the Ist

International Symposium on Concussion in Sport.! The
Prague agreement statement is designed to build on the
principles outlined in the original Vienna document and to
‘develop [urther conceptual understanding of this problem.
This document is developed for use by doctors, therapists,
health professionals, coaches, and other people involved in
the care of injured athletes, whether at the recreational, elite,
or professional level.

This paper is a revision and update of the Vienna

BACKGROUND PERSPECTIVE

In November 2001, the Ist International Symposium on
Concussion in Sport was held in Vienna, Austria. This
meeting was organised by the International Ice Hockey
Federation (IIHF) in partnership with the Federation
Internationale de Football (FIFA) and the International
Olympic Committee Medical Commission (IOC). As part of
the resulting mandate for the future, the need for leadership
and updates was identified. To meet that mandate, the 2nd
International Symposium on Concussion in Sport was
organised by the same group and held in Prague, Czech
Republic in November 2004.

The original aims of the symposia were to provide
recomumendations for the improvement of safety and health
of athletes who sufler concussive injuries in ice hockey,
football (soccer), and other sports. To this end a range of
experts were invited to both ineetings in order to address
specific issues of epidemiology, basic and clinical science,
injury grading systems, cognitive assessinent, new research
methods, protective equipment, management, prevention,
and long term outcome. At the conclusion of the initial
conference, a small group of experts were given a mandate by
the conference delegates and organising bodies to draft a
document describing the agreement position reached by
those in attendance at that meeting. That document was co-
published in the British Journal of Sports Medicine, Clinical
Journal of Sport Medicine, and Physician and Sportsinedicine.’

The wider interest base resulting {rom the [irst meeting
and document was reflected by the expanded representation.
New groups at the second meeting induded  trawmna
surgeons, sport psychaologists, and others. This same group

First publlished i the main issue of BISM i April (B | Spurts Med
2N05,39.196 204).
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In November 2001, the 1st International Symposium on Concussion in Sport was held in Vienna, Austria
to provide recommendations for the improvement of safety and health of athletes who suffer concussive
injuries in ice hockey, football {soccer), and other sports. The 2nd International Symposium en Concussion
in Sport was organised by the same group and held in Prague, Czech Republic in November 2004. It
resulted in a revision and update of the Vienna consensus recommendations, which are presented here.

has produced the current document as an update of the
original Vienna consensus document and includes a sideline
assessment form with a pocket sized summary card for use by
clinicians.

This protocol represents a work in progress, and, as with all
other recommendations or proposals, it must be updated as
new information is added to the current state of the literature
and understanding of this injury.

BACKGROUND ISSUES

Definition of concussion

Over 35 years ago, the Comittee on Head Injury
Nomenclature of the Congress of Neurological Surgeons
proposed a “consensus” delinition of concussion.’* This
delinition was recognised as having a number of limitations
in accounting for the common symptoms of concussion. In
the Vienna document, a revised consensus deflinition was
proposed as [ollows: “‘Sports concussion is defined as a
complex pathophysiological process affecting the brain,
induced by traumatic biomechanical forces”. Several com-
mon features that incorporate clinical, pathological, and
biomechanical injury constructs that may be used in
defining the nature of a concussive head injury include the
following.

(1) Concussion may be caused by a direct blow to the head,
face, neck, or elsewhere on the body with an “impulsive”
force transmitted to the head.

(2) Concussion typically results in the rapid onset of short
lived impairment of neurological function that resolves
spontaneously.

{3) Concussion may result in neuropathological changes, but
the acute clinical symptoms largely reflect a functional
disturbance rather than structural injury.

{4) Concussion results in a graded set of clinical syndromes
that may or may not involve loss ol consciousness.
Resolution of the clinical and cognitive symptoms
typically follows a sequential course.

(5) Concussion is typically associated with grossly normal
structural neuroiinaging studies.

Na changes wete made (0 ihe defioition by the Prague
Group beyond noting that m some cases post-concussive
syluplows tnay be prolonged or persistent
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Pathophysiological basis of concussion

At this time, there is no existing animal or other experimental
model that accurately reflects a sporting concussive injury. It
is noted that, in experimental models, of more severe injury a
complex cascade of biochemical, metabolic, and gene
expression changes occur.* Whether similar metabolic
changes occur in sports concussion, however, remains
speculative at this time.’

Concussion grading scales

The Vienna recommendation that injury grading scales be
abandoned in favour of combined measures of recovery in
order to determine injury severity (and/or prognosis) and
hence individually guide return to play decisions received
continued support.

It was also noted that concussion severity can only be
determined in retrospect after all concussion symptoms have
cleared, the neurological examination is normal, and
cognitive function has returned 1o baseline.® There is limited
published evidence that concussion injury severity correlates
with the number and duration of acute concussion signs and
symptoms and/or degree of impairment on neuropsychologi-
cal testing.”" The development of validated injury severity
scales continues in the published literature.”

Subtypes of concussion

One of the issues speculated on at the Vienna conference was
whether concussion represents a unitary phenomenon with a
linear spectrum of injury severity or whether different
concussion subtypes exist. These subtlypes may represent
differences in clinical manifestations (confusion, memory
problems, loss of consciousness), anatomical localisation
(such as cerebral versus brainstem), biomechanical impact
(rotational versus linear force), genetic phenotype (apolipo-
protein epsilon 4 (ApoE4) positive versus ApoE4 negative),
neuropathological change (structural injury versus no struc-
tural injury), or an as yet undefined difference. These [actors
may operate independently or interact with each other.
It is clear that the variations in clinical outcome with the
same impact force require a mwore sophisticated approach
to the understanding of this phenomenon than currently
available.*

Significance of loss of consciousness

The traditional approach to severe traumatic brain injury
using loss of consciousness as the primary measure of injury
severity has acknowledged limitations in assessing the
severity of sporting concussive injury. Findings in this field
describe association of loss of consciousness with specific
early deficits but does not necessarily imply severity.” '* As
such the presence of loss of consciousness as a symptoin
would not necessarily classify the concussion as complex (see
below).

Significance of amnesia

There is renewed interest in the role of post-traumatic
amnesia and its role as a surrogate measure of injury
severity.” ' Published evidence suggests that the nature,
burden, and duration of the clinical post-concussive symp-
toms may be more important than the presence or duration
of amnesia alone.® ”* Further it must be noted that
retrograde amnesia varies with the time of measurement
after the injury and hence is poorly reflective of injury
severily.”®

Paediatric concussive injury

The general recommendations oudlined  in the  Vienna
document vwere originally designed for the managemeni of
adult spotting cancussion. Agrecieui was reached, liowewver,
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that identified those recommendations as relevant and useful
to management of children as well. In broad terms it was felt
that the recommendations should be applicable to children
(defined as 5-18 years of age) whereby children should not
be allowed to return to play or training until clinically
completely symptom free. In addition, the concept of
“cognitive rest” was introduced with special reference to a
child’s need to limit exertion with activities of daily living
and to limit scholastic activities while symptomatic. There
was also a recognition by the group that additional research
is needed to better clarify the potential differences between
adults and children with regard to recovery from injury and
to develop cognitive assessment tools that better evaluate the
younger athlete.

Formal cognitive assessment is currently problematic until
late teen years because of the continuing cognitive matura-
tion that occurs during this period, which, in turn, makes the
utility of comparison with either the person’s own baseline
performance or population norms limited.?

Because of the different physiological response during
childhood to head trauma, a conservative return to play
approach is recommended. It may be appropriate to extend
the amount of time of asymptomatic rest and/or the length of
the graded exertion in children and adolescents. Future
research is needed in this area.

A NEW CLASSIFICATION OF CONCUSSION IN
SPORT

Historically, concussions have been classified with a number
of different grading systems. In the Vienna Statement, this
approach was abandoned. One of the key developments by
the Prague Group is the understanding that concussion may
be categorised for management purposes as either simple or
complex.

Simple concussion

In simple concussion, an athlete suffers an injury that
progressively resolves without complication over 7-10 days.
In such cases, apart [rom limiting playing or training while
symptomatic, no further intervention is required during the
period of recovery, and the athlete typically resumes sport
without further problem. Formal neuropsychological screen-
ing does not play a role in these circumstances, although
mental status screening should be a part of the assessment of
all concussed athletes. Simple concussion represents the most
common form of this injury and can be appropriately
managed by primary care physicians or by certified athletic
trainers working under medical supervision. The corner-
stone of management is rest until all symptoms resolve and
then a graded programime of exertion before return to sport.
All concussions mandate evaluation by a medical doctor.

Complex concussion

Complex concussion encompasses cases where athletes suffer
persistent symptoms (including persistent symptom recur-
rence with exertion), specific sequelae (such as concussive
convulsions), prolonged loss of consciousness (more than
one minute), or prolonged cognitive impairment alter the
injury. This group may also include athletes who sulfer
multiple concussions over time or where repeated concus-
sions occur with progressively less impact force. In this group,
there may be additional management considerations beyond
simple return to play advice. Formal neuropsychological
testing and other investigations should be considered in
complex concussions. It is envisaged that such athletes would
be managed i a multidisciplinary manner by doctors with
specific expertise in the management of concussive jury
such as o spart medicine doctar with caperience i comneus-
sion, sporls newrologist, o1 neulosurgean
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CLINICAL ISSUES

Pre-participation physical examination

Recognising the importance ol concussion history, and
appreciating the fact that many athletes will not recognise
all the concussions they may have sulfered in the past, a
detailed concussion history is of value.”** Such a history
may identify athletes that fit into the “complex” category
outlined above and provides an opportunity [or the doctor to
educate the athlete about the significance of concussive
injury.

A structured concussion history should include specific
questions as to previous symptoms of a concussion, not just
perceived number of past concussions. It is also worth
noting that dependence on the recall of concussive injuries
by team mates or coaches has been shown to be unreliable.”
The clinical history should also include information
about all previous head, face, or neck injuries, as these may
have clinical relevance to the present injury. It is worth
emphasising that, with maxillofacial and neck injuries,
co-existent concussive injuries may be missed unless
speciflically assessed. Specific questions pertaining to dis-
proportionate immpact versus symptom severity matching may
alert the dlinician to a progressively increasing vulnerability
to injury.

As part of the clinical history, it is advised that details on
protective equipment used at the time of injury be sought,
both for recent and remote injuries. The benelit of this
approach allows modification and optimisation of protective
behaviour and an opportunity for education.

It is specifically recommended that:

(1) both a baseline cognitive assessment (such as the Prague
SCAT test in the absence of computerised neuropsycho-
logical testing) and symptom score is performed as part
of the pre-participation evaluation;

(2) although formal baseline neuropsychological screening
may be beyond the resources of many sports or indivi-
fdual athletes, it is recommended that, in organised
high risk sports, consideration be given to having
cognitive evaluation regardless of the age or level of
performance.

Signs and symptoms of acute concussion

The suspected diagnosis of sports concussion made on the
sideline is applicable to both medical and non-medical
personnel and can include clinical symptoms, physical signs,
cognitive impairment, and/or loss of consciousness.

If any one of the following symptoms or problems is
present, a head injury should be suspected and appropriate
management instituted. These will be summarised on the
sideline concussion assessment tool {SCAT) that accompa-
nies this document (fig 1).

(a} Cognitive features (see below)
— Unaware of period, opposition, score of game
— Confusion
~ Amnesia
— Loss of consciousness

(b) Typical symptoms (see SCAT (fig 1) lor standard
symptom scale); other symptoms such as a subjective
[eeling of slowness and [atigue alter an impact may
indicate that a concussion has occurred or has not fully
resolved *

Headache or pressure in the head
Balance problems or diceiness

Nausta
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-~ Feeling “dinged”, “foggy”, stunned, or “’dazed”

~ Visual problems—for example, seeing stars or flashing
lights, double vision

— Hearing problems—Ior example, ringing in the ears

- Irritability or emotional changes

(c) Physical signs

- Loss of consciousness/impaired conscious state

— Poor coordination or balance

— Concussive convulsion/impact seizure

— Gait unsteadiness/loss ol balance

—~ Slow to answer questions or follow directions

— Easily distracted, poor concentration

- Displaying inappropriate emotions—Ifor example,
laughing, crying

— Vomiting

— Vacant stare/glassy eyed

—~ Slurred speech

~ Personality changes

— Inappropriate playing behaviour—{or example, running
in the wrong direction

— Signiflicantly decreased playing ability

Sideline evaluation of cognitive function is an essential
component in the assessment of this injury. Brief neuro-
psychological test batteries that assess attention and memory
function have been shown to be practical and effective. Such
tests include the Maddocks questions?” and the Standardised
assessment of concussion.” It is worth noting that standard
orientation questions—[or example, time, place, person—
have been shown to be unreliable in the sporting situation
when compared with memory assessment.* *°

It is recognised, however, that abbreviated testing para-
digmms are designed for rapid concussion evaluation on the
sidelines and are not meant to replace comprehensive
neuropsychological testing, which is sensitive enough to
detect subtle deficits that may exist beyond the acute episode,
nor should they be used as a stand alone tool [or the ongoing
management of sports concussions. It should also be
recognised that the appearance of symptoms may be delayed
several hours after a concussive episode.

Convulsive and motor phenomena

A variety of acute motor phenomena—{or example, tonic
posturing—or convulsive movements may accompany a
concussion.” * Although dramatic, these clinical features
are generally benign and require no specific management
beyond the standard treatment for the underlying concussive
injury.

Development of the sport concussion assessment tool
(SCAT)

Figure 1 outlines the SCAT. The intent was to create a
standardised tool that could be used for patient education as
well as for physician assessment of sports concussion. The
SCAT was developed by combining the following existing
tools into a new standardised tool:

(1) Sideline evaluation for concussion.* *

(2) Management of concussion sports palm card; American
Academy of Neurology and the Brain Injury
Asxsociation.”

(3) Standatdised assessment of concussion.

(4) Sideline concussion check; UPMC, Thinksale, Sports
Medicine New  fZealand T and  the  Brain Iojury
Avzacialion
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Figure 1

A

This tool represents a standardized method of
evaluating people afler concussion in sport. This Tool
has been produced as part of the Summary and
Agreement Statemant of the Second Internationat
Symposium on Concussion in Sport, Prague 2004

Sports concussion is defined as a complex
pathophysiolegical process affecting the brain,
induced by traumatic biomechanical forces. Several
common fealures that incorporate clinical,
pathologicat and biomechanical injury conslructs that
may be utifized in defining the nature of a concussive
head injury include:

1. Concussion may be caused either by a direct blow
{o the head, face, neck or elsewhers on the body
with an impulsive’ force transmitied 1o the head.

2. Concussion typically resulls in the rapid onset of
short-lived impairment of neurological funclion that
resolves spontaneously.

3. Concussion may result in neuropathological
changes but the acule clinical symptoms largely
reflect a functional disturbance rather than
structurat injury.

. Concussion results in a graded set of clinical
syndromes that may or may not involve loss of
consciousness. Resolution of the clinicat and
cognilive symptoms typically Jolfows a sequential
course.

§, Concussion is typically associated with grossly

normal structural neurcimaging studies.

-3

Post Conciussion Symptoms
Ask the athlete to score themseives based on how

they feel now. 1tis recognized that 2 low score may
be normal for some athletes, but clinical judgment
should be exercised to determine if a change in
symptoms has cccurred following the suspected
concussion event,

{t should be recognized that the reporting of
symptoms may not be entirely reliable. This may be
due to the effects of a concussion or because the
athlete’s passionate desire to return fo compefition
outweighs their natural inclination to give an honest
response,

If possible, ask someans who knows the athlete well
about changes in affect, personality, behavior, etc.

Remember, concussion should be suspected in the
presence of ANY ONE or more of the foflowing:

* Symploms (such as headache), or

« Signs (such as loss of consciousness), or

* Memory problems
Any athiete with & suspected concussion should
be monitored for deterioration (1o, should not be
teft alone) and should not drive a motor vehicle,

For more information ses the *“Summary and
Agreement Statement of the Second International
Symposium on Concussion in Sport” in the:

Clinical Journal of Sport Medicine 2005; xx(xx}: xxx-x
British Journal of Sporis Medicine 2005; xx(Xx}: XxX-X
Neurosurgery 2008; ; xx{xx): xxx-x

Physician and Sportsmedicine 2008; xx{xx}: xxx-x
This teol may be copied for distribulion to teams,
groupe and organizations.

The SCAT Card

(Sport Concussian Assessment Tool)
Athilete Information

- 147.14

What is a concussion? A concussion is a disturbance in the
function of the brain caused by a direct or indirect force to the head,
It results in a variety of symptoms (like those listed below} and may,
or may not, involve memory problems or loss of consciousness,

How do you feel? You shouid score yoursalf on the following
symptoms, baset on how you fee! now.

Post Concussion Sympiom Scale
None Moderate

:

Headache

“Pressure in head”

Neck Pain

Batance problems or dizzy

Nausea or vomiling

Vision problems

Hearing problems f ringing 0

“Don’t feel right” 0

Feeling "dinged” or *dazed" 0

Confusion

Feeling slowed down 0

Feeling like "in a fog” 1]

Drowsiness 3]

Fatigue or low energy 0
0
0
0
0

OO0 oC

[~

More emotional than usual
Ivitabifiey

Difficully concentrating
Difficulty remembering
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{follow up symptoms only}

Sadness

Nervous or Anxious
Trouble falling asleep
Slesping more than usual
Sensitivity to light
Sensitivity to noise

Other:
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What should { do?
Any athlete suspected of having a concussion should be
removed from play, and then seek medical evaluation.

Signs to watch for:
Problems could arise over ihe first 24-48 hours. You should not be
left alone and must go to a hospital at ance if you:

+  Have a headache that gets worse

v Are very drowsy or can't be awakened (woken up)

=  Can'lrecognize people or places

»  Have repeaied vomiting

*  Bshave unusually or seem confused; are very irritable

«  Have seizures (arms and fegs jerk uncontroliably)

+  Have weak or numb arms or fegs

*  Are unsteady on your feel; have slurred speech
Remember, it is better to be safe. Consuilt your dactor after &
suspected concussion,

What can | expect?

Concussion typleally resulls in the rapid onset of short-lived
impairmant that resolves spontaneously over fime. You can expect
that you will be tofd to rest untif you are fully recovared (that means
resting your body and your mind). Then, your doctor will likely
advise that you go through a gradual increase in exercise over
several days (or longer) before refurning to sport.

Sport concussion assessment toal [SCAT}.
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Figure 1
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R GQY Tty
The SCAT Card

{Spert Conceasipn Assessiment Toal)
Medical Evaluation

Name: Date........... e
Sport/Team: Mouth guard? Y N
1} SIGNS

Was there loss of consciousness or unresponsiveness? Y N
Was there seizure or convulsive aclivity? Y N
Was there a balance problem / unsieadiness? Y N

2y MEMORY
Modified Maddocks questions (check carscty

At what venue are we? __; Which half is it? _; Who scored last?, .

What team did we play last? __; Did we win fast game? .7

3} SYMPTOM SCORE
Total number of positive symptoms (romreverseside of thecardy =
4) COGNITIVE ASSESSMENT
& word recall immediale Delayed
{Examples) {afer cencenization tasks}
Word1 .o, cat B —
Word2 ..o PEN _— _—
Word3 ... Shoe . —
Word 4 ... DOOK o _—
Word 5 car

Months in reverse order.
Jun-May-Apr-Mar-Feb-Jan-Dec-Nov-Cct-Sep-Aug-Jul  {circly incorracy)

or
Digits backwards {check comet)
5-2-8 3-9-1 R
8-2-94 4-3-7-1
8-3-2-7-8 14-936 __
7-3-9-1-4-2 5-1-8-4-6-8

Ask delayed 5-word recall now

5} NEUROLOGIC SCREENING
Pass Eail

Speech

Eye Mation and Pupils
Pronafor Drift

Gait Assessment

Any neurofogic screaning abnormality necessitates formal
neurologic or hospital assessment

€) RETURN TO PLAY

Athlates showld not be returned to play the same day of Injury,
Whan returning athletes to play, they should follow a stepwise
s;nnplom-ltmrted program, with stages of progression. For example:
rest unfil asymptomauc {physical and mental rest)

light aerobic exercise (e.g. stationary cycle)
sport-specific training

non-contact training drills {stari light resistance training}
full contact training afler medica! clearance

retirn 1o competition {game play)

B

Thera should be approximately 24 hours {or longer) for sach stage
and the athlete should return to stage 1 if symptoms recur.
Resistance training should only be added in the later stages.
Bedica clearance should he given before retuen to play.

Instructions:

This side of the card is for the use of medical doctors,
physiotherapists or athletic therapists. In order to
maximize the information gathered from the card, it is
sirongly suggested that alf athletes participating in
contact sports complele a baseline evaluation prior to
the begirining of their competitive season. This card
is a suggested guide only for sports concussion and is
not meant fo assess more severa forms of brain
injury. Please give a COPY of this card to the
athlete for their information and to guide follow-
up assessmant,

Signs:
Assess for each of these items and circle
Y {yes) or N {no}.

Memory:

Select any 5 werds {an example is given). Avoid
choosing refated words such as "dark” and "moon”®
which can be recalfed by means of word association.
Read each word at a rate of cne word per second.
The athlete should not be inforrmed of the delayed
testing of memory {to be done after the reverse
months and/or digits). Choose a different set of
words each ime you perform a follow-up exam with
the same candidate.

Concentration / Attention:

Ask the athlete fo récite the months of the year in
reverse order, starting with a random month. Do not
start with December or January. Circle any months
not recited in the correct sequence.

For digits backwards, if correct, go 16 the next string
length. Ifincorrect, read trial 2. Stop after incorrect
on both trials,

Neurologic Screening:

Trained medical personnel must administer this
examination, These individuals might include medical
doctors, physiotherapists or athlelic therapists.
Speech should be assessed for fiuency and Jack of
slurring. Eye motion should reveal no diplopia in any
of the 4 planes of movement (vartical, horizontal and
both diagonal planes). The pronator drift is performed
by asking the patient lo hold hoth arms in front of
them, palms up, with eyes closed. A positive testis
pronating the forearm, dropping the arm, or drift away
from midline, For gait assessment, ask the patient to
walk away from you, turn and walk back.

Return to Play:

A sfructured, graded exertion protocol should be
developed; individualized on the basis of sport, age
and the conctussion history of the athlels. Exercise or
fraining should be commenced only after the athlete is
clearly asymptomatic with physical and cognitive rest.
Final decision for clearance 1o return to compelifion
should ideally be made by a medical doctor.

For more information ses the “Summary and
Agreement Statement of the Second Intarnational
Symposium on Concussion in Sport” in the:
Clinicol Journal of Sport Medicine 2008; in press
British Journal of Sports Medicine 2005;39:196-204
Nevrosurgery 2008; in press

Physician and Sporsmedicine 2005; in press

Cantinued.
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(5) McGill abbreviated concussion evaluation (ACE)
(unpublished).

(6) National Hockey Lecague physician evaluation form
(unpublished).

(7) The UK Jockey Club assessment of concussion.*

(8) Maddocks questions.”

The authors gave input through a process of collaboration
and iterative review. The SCAT was evaluated for face and
content validity on the basis of scientific literature*® and
clinical experience of the authors. The memory questions,
specifically, were modified from the validated Maddocks
questions to make these questions less football-specific.””

INVESTIGATIONAL ISSUES

Neuropsychological assessment after concussion

The application of neuropsychological testing in concussion
has been shown to be of value and continues to contribute
significant information in concussion evaluation.™ ' > It
has been shown that cognitive recovery may precede or
follow clinical symptom resolution, suggesting that the
assessment of cognitive function should be an important
component in any return to play protocol.”” It must be
emphasised, however, that neuropsychological assessment
should not be the sole basis of a return to play decision but
rather be seen as an aid to the clinical decision making.
Although neuropsychological screening may be performed or
interpreted by other healthcare professionals, the final return
to play decision should remain a medical one in which a
multidisciplinary approach has been taken.

Neuropsychological testing should not be performed while
the athlete is symptomatic because it adds nothing to return
to play decisions, and it may contaminate the testing process
by allowing practice effects to confound the results. In certain
cases, however, serial follow up after the injury is valuable,
both as a means to encourage athlete compliance and for
comparison purposes.

Over-riding principles common to all neuropsychological
test batteries is the need [or and benelit of baseline testing
before injury and serial follow up. Recent work with
computerised platforms, however, suggests that performance
variability may be a key measure [for acute concussion
diagnosis even in the absence of a baseline test. This strategy
is currently the subject of rescarch. Inherent problems with
most neuropsychological tests include the normal ranges,
sensitivity and specificity of tests, and practice or learning
effect, as well as the observation that players may return to
baseline while still symptomatic.’* Computerised testing
using infinitely variable test paradigms may overcome some
of these concerns. Computerised testing also has the logistical
advantage that the tests may be administered by the team
doctor (or be web based) rather than requiring a neuro-
psychologist for a formal assessment. The strengths and
weaknesses of such testing have been reviewed.””

It is recommended that neuropsychological testing remain
one of the cornerstones of concussion evaluation in complex
concussion. It is not currently regarded as important in the
evaluation of simple concussion. Although this modality
contributes significantly to both the understanding of the
injury and management of the individual athlete, neuro-
psychological testing should not be the sole basis of
management decisions, either for continued time out or
return to play decisions.

Objective balance assessment

Balance testing, eitbier with computersed  platonns or
clinical assessment, may offer additional ioformation in
concussed athletes and may be used as a part of the overali

3

concussion management strategy, particularly where symp-
toms or signs indicate a balance component.*

Neuroimaging

It was recognised in the Vienna agreement document that
conventional structural neuroimaging is usually normal in
concussive injury. Given that caveat, the following sugges-
tions are made. Computed tomography (or, where available,
magnetic resonance imaging) of the brain contributes little to
concussion evaluation, but should be used whenever suspi-
cion ol an intracerebral structural lesion exists. Examples of
such situations may include prolonged disturbance of
conscious state, focal neurological deficit, or worsening
symptoms.

Newer structural magnetic resonance imaging modalities,
including gradient echo, perfusion, and diffusion weighted
imaging, have greater sensitivity for structural abnormalities,
but the lack of published studies as well as the absence of
pre-injury neuroimaging data limits the usefulness of this
approach in clinical management at the present time.

In addition, the predictive value of various magnetic
resonance imaging abnormalities that may be incidentally
discovered is not established. Although there have been some
compelling findings with promising new [unctional imaging
technologies—for example, positron emission tomography
(PET), single photon emission computed tomography
(SPECT), and functional magnetic resonance imaging
(fMRI)—they are still at early stages ol development.*>*

Although neuroimaging may play a part in the assessment
of complex sports concussions or more severe brain injury, it
is not essential for simple concussive injury.

Genetic testing

Genotyping has been shown to be of benefit in traumatic
brain injury. Published studies have shown that ApoE4 is a
risk factor for adverse outcome alter all levels of brain
injury.*~® Similarly ApoE4 has been shown to be a risk factor
for the development of chronic traumatic encephalopathy in
boxers.*” The significance of ApoE4 in sports concussion risk
or injury outcome is unclear. Other published studies have
noted the association of a particular calcium subunit gene
abnormality with brain swelling after minor head trauma.*”
Although still in the early stages of understanding, routine
genetic screening cannot be recommended at the present
time. Furthermore, doctors are urged to be mindful of the
ethical implications of such testing.

Experimental concussion assessment modalities
Dilferent electrophysiological recording techniques such as
evoked response potential and electroencephalogram have
shown reproducible abnormalities in the post-concussive
state.” However, not all studies reliably dilferentiated
concussed athletes from controls.***” The clinical significance
of these changes remains to be established.

In addition, biochernical serum markers of brain injury
(including S-100b, NSE, MBP, GFAP) have been proposed as
means by which cellular damage may be detected. if
present.*® * However, there is currently not sulflicient
evidence to justify the use ol these markers clinically.

CONCUSSION MANAGEMENT

Acute injury

When a player shows any symptoms or signs of a concussion,
the lollowing shaould be applied.

(1) The player should uat he allwaed o 1eiuin o play o the
curteni gary: or pracitee.
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(2) The player should not be left alone, and regular
monitoring for deterioration is essential over the initial
few hours after injury.

(3) The player should be medically evaluated after the injury.

(4) Return to play must follow a medically supervised
stepwise process.

A player should never return to play while symptomatic.
“When in doubt, sit them out!”

Return to play protocol
As described above, most injuries will be simple concussions,
and such injuries recover spontancously over several days. In
these situations, it is expected that an athlete will proceed
rapidly through the stepwise return to play strategy.®
During this period of recovery in the first few days after an
injury, it is important to emphasise to the athlete that
physical and cognitive rest is required. Activities that require
concentration and attention may exacerbate the symptoms
and as a result delay recovery.
The return to play after a concussion [ollows a stepwise
process:

(1) No activity, complete rest. Once asynmiptomatic, proceed
to level 2.

(2) Light aerobic exercise such as walking or stationary
cycling, no resistance training.

(3) Sport specific exercise—for example, skating in hockey,
running in soccer; progressive addition of resistance
training at steps 3 or 4.

(4) Non-contact training drills.
(5) Full contact training after medical clearance.
(6) Game play.

With this stepwise progression, the athlete should continue
to proceed to the next level il asymptomatic at the current
level. If any post-concussion symptoms occur, the patient
should drop back to the previous asymptomatic level and try
to progress again after 24 hours.

In cases of complex concussion, the rehabilitation will be
more prolonged, and return to play advice will be more
circumspect. It is envisaged that complex cases should be
managed by doctors with a specilic expertise in the manage-
ment of such injuries.

An additional consideration in return to play is that
concussed athletes should not only be symptom-{ree but also
should not be taking any pharmacological agents/drugs that
may affect or modify the symptoms ol concussion. If
antidepressant treatment is started during the management
of a complex concussion, the decision to return to play while
still receiving such medication must be considered carefully
by the clinician concerned (see below).

In professional sport, where there are team doctors
experienced in concussion management as well as access to
immediate—that is, sideline—neurocognitive assessment,
return to play management is often more rapid, but it must
still follow the same basic principles, namely {ull clinical and
cognitive recovery before consideration of return to play.

Role of pharmacological treatment

Pharmacological treatment in sports concussion may be
applied in two distinet situations: (¢) management of specific
symnptoms- -for  example, sleep  disturbance,  anxiety—in
complex concussion; (8) o madify the uderlying patho-
phiysinlogy of the condition with the aim of shortening ihe
dutailon of the concussion syptomatology !
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In broad terms, this approach to management should be
only considered in complex sports concussions and by
clinicians experienced in concussion management.

Sports psychology

In addition, sport psychology approaches may have potential
application in this injury, particularly in complex concus-
sion.? Care givers are also encouraged to evaluate the
concussed athlete for affective symptoms such as depression
as these may be comumon in concussion.®

OTHER ISSUES

Prevention

There is no clinical evidence that currently available
protective equipment will prevent concussion. In certain
sports, protective equipment may prevent other forms of
head injury which may be an important issue for those
SPOItS.

Consideration of rule changes—for example, no head
checking in ice hockey—to reduce the head injury rate may
be appropriate where a clear-cut mechanism is implicated in
a particular sport. Similarly, rule enforcement is a critical
aspect of such approaches, and reflerees play an important
role.

An important consideration in the use ol protective
equipment is the concept of risk compensation.® This is
where the use of protective equipment results in behavioural
change such as the adoption of more dangerous playing
techniques, which can result in a paradoxical increase in
injury rates. This may be a particular concern in child and
adolescent athletes in whom head injury rates are oflten
higher than in adult athletes.*

Medicolegal considerations

Although agreement exists on the principal messages
conveyed in this document, we acknowledge that the science
of concussion is at an early stage, and therelore management
and return to play decisions remain largely in the realm of
clinical judgment on an individualised basis.

Education

As the ability to treat or reduce the effects of concussive
injury after the event is minimal, education of athletes,
colleagues, and the general public is a mainstay of progress in
this field. Athletes and their healthcare providers must be
educated about the detection of concussion, its clinical
features, assessment techniques, and principles of safe return
to play. Methods to improve education including web based
resources, educational videos, and international outreach
programmes such as Think First (www.thinkfirst.ca) are
important in delivering the message. In addition, concussion
working groups plus the support and endorsement of
enlightened sport groups such as FIFA, 10C, and IIHF who
initiated this endeavour have enormous value and must be
pursued vigorously.

The promotion of fair play and respect for opponents are
ethical values that should be encouraged in all sports and
sporting associations. Similarly coaches, parents, and man-
agers play an important part in ensuring that these values are
implemented on the field of play.

Research methods

A number of research protocols and data evaluating concus-
sion Injury assessment, injury susceptibility, and brain
function after injury were presented ai both the Vienna and
Prague conferences. Although they offer great potential for
injury assessment, all of these techaiques must be considered
expriiinental at this tine Elite aud professional teains ale
well placed to cantribuie (0 these efforts tlnough athlete
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recruitment for studies showing the scientific value of such
approaches.

Such research is essential in contributing to the science of
concussion and will potentially provide valuable information
for such important issues as clinical management, return to
play guidelines, and long term outcome. Therefore research
should be continued and encouraged, by both academics and
sporting organisations.

Future

The issue of sports concussion management is continually
evolving, and the uselulness of expert consensus in establish-
ing a standard of care has been demonstrated by the Vienna
agreement. The consensus group established at that meeting
has provided continuing leadership in this field based on the
initial mandate established at that time.! We expect that this
Prague agreement will be revised and updated at future
meetings.
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Consensus Statement on
Concussion in Sport: the 3rd
International Conference on
Concussion in Sport held in
Zurich, November 2008

P McCrory," W Meeuwisse,” K Johnston,®
wnovs J Dvorak,* M Aubry,> M Molloy,® R Cantu’

CHOICE

This paper is a revision and update of the
recommendations developed following
the 1st (Vienna) and 2nd (Prague)
International Symposia on Concussion
in Sport.' ? The Zurich Consensus state-
ment is designed to build on the principles
outlined in the original Vienna and Prague
documents and to develop further con-
ceptual understanding of this problem
using a formal consensus-based approach.
A detailed description of the consensus
process is outlined at the end of this
document. This document is developed
for use by physicians, therapists, certified
athletic trainers, health professionals,
coaches and other people involved in the
care of injured athletes, whether at the
recreational, elite or professional level.
While agreement exists pertaining to
principal messages conveyed within this
document, the authors acknowledge that
the science of concussion is evolving and
therefore management and return to play
decisions remain in the realm of clinical
judgement on an individualised basis.
Readers are encouraged to copy and
distribute freely the Zurich Consensus
document and/or the Sports Concussion
Assessment Tool (SCAT2) card and
neither is subject to any copyright restric-
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tion. The authors request, however that
the document and/or the SCAT2 card be
distributed in their full and complete
format.

The following focus questions formed
the foundation for the Zurich concussion
consensus statement:

Acute simple concussion

» Which symptom scale and which
sideline assessment tool is best for
diagnosis and/or follow up?

» How extensive should the cognitive
assessment be in elite athletes?

» How extensive should clinical and
neuropsychological (NP) testing be at
non-elite level?

» Who should do/interpret the cognitive
assessment?

» Is there a gender difference in concus-
sion incidence and outcomes?

Return to play (RTP) issues

» Is provocative exercise testing useful
in guiding RTP?

» What is the best RTP strategy for elite
athletes?

» What is the best RTP strategy for non-
elite athletes?

» Is protective equipment (eg, mouth-
guards and helmets) useful in reducing
concussion incidence and/or severity?

Complex concussion and leng-term issues

» Is the simple versus complex classifi-
cation a valid and useful differentia-
tion?

»  Atre there specific patient populations
at tisk of kang tertn problems?

Is theie a 10le for additional tests (eg,
stiuciuial andfor functional MR,
balaice testing, biomaikers)?

» Should athletes with persistent symp-
toms be screened for depression/anxi-
ety?

Paediatric concussion

» Which symptoms scale is appropriate
for this age group?

» Which tests are useful and how often
should baseline testing be performed
in this age group?

» What is the most appropriate RTP
guideline for elite and non-elite child
and adolescent athletes?

Future directions

» What is the best method of knowledge
transfer and education?

» Is there evidence that new and novel
injury prevention strategies work (eg,
changes to rules of the game, fair play
strategies, etc)?

The Zurich document additionally exam-
ines the management issues raised in the
previous Prague and Vienna documents
and applies the consensus questions to
these areas.

SPECIFIC RESEARCH QUESTIONS AND
CONSENSUS DISCUSSION

1. Concussion

1.1 Definition of concussion

A panel discussion regarding the defini-
tion of concussion and its separation from
mild traumatic brain injury (mTBI) was
held. Although there was acknowledge-
ment that the terms refer to different
injury constructs and should not be used
interchangeably, it was not felt that the
panel would define mTBI for the purpose
of this document. There was unanimous
agreement, however, that concussion is
defined as follows:

Concussion is defined as a complex
pathophysiological process affecting the
brain, induced by traumatic biomecha-
nical forces. Several common features
that incorporate clinical, pathologic and
biomechanical injury constructs that
may be utilised in defining the nature of
a concussive head injury include:

1. Concussion may be caused either by a
direct blow to the head, face, neck or
elsewhere on the body with an “impul-
sive” force transmitted to the head.

2 Concussion typically results in the rapid
anset of shari-lived iinpaiument of newra
lagic Function that 1esolves spont aneously
3. Concilssion ay lesuli 1l neuro
patholugical changes but the acute Jdin
ical symptoms laigely retect a functional
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disturbance rather than a structural
injury.

4. Concussion results in a graded set of
clinical symptoms that may or may not
involve loss of consciousness. Resolution
of the clinical and cognitive symptoms
typically follows a sequential course;
however it is important to note that in a
small percentage of cases however, post-
concussive symptoms may be prolonged.
5. No abnormality on standard structural
neuroimaging studies is seen in concussion.

1.2 Classification of concussion

There was unanimous agreement to aban-
don the simple versus complex terminology
that had been proposed in the Prague
agreement statement as the panel felt that
the terminology itself did not fully describe
the entities. The panel however unani-
mously retained the concept that the
majority (80-90%) of concussions resolve
in a short (7-10 day) period, although the
recovery time frame may be longer in
children and adolescents.?

2. Concussion evaluation
2.1 Symptoms and signs of acute concussion
The panel agreed that the diagnosis of
acute concussion usually involves the
assessment of a range of domains includ-
ing clinical symptoms, physical signs,
behaviour, balance, sleep and cognition.
Furthermore, a detailed concussion his-
tory is an important part of the evalua-
tion both in the injured athlete and when
conducting a pre-participation examina-
tion. The detailed clinical assessment of
concussion is outlined in the SCAT2 form
(see p 85).

The suspected diagnosis of concussion
can include one or more of the following
clinical domains:

a. Symptoms—somatic (eg, headache),
cognitive (eg, feeling like in a fog)
and/or emotional symptoms (eg, labi-
lity).

b. Physical signs (eg, loss of conscious-
ness, amnesia).

c. Behavioural changes (eg, irritability).

d. Cognitive impairment (eg, slowed
reaction times).

e. Sleep disturbance (eg, drowsiness).

If any one or more of these components
is present, a concussion should be sus-
pected and the appropriate management
strategy instituted.

2.2 On-field or sideling evaluation of acute
cungussion
When a player shows anp featutes of

14

ConCUsslon.

a. The player should be medically eval-
uated onsite using standard emer-
gency management principles and
particular attention should be given
to excluding a cervical spine injury.

b. The appropriate disposition of the
player must be determined by the
treating healthcare provider in a
timely manner. If no healthcare pro-
vider is available, the player should be
safely removed from practice or play
and urgent referral to a physician
arranged.

c.  Once the first aid issues are addressed,
then an assessment of the concussive
injury should be made using the
SCAT?2 or other similar tool.

d. The player should not be left alone
following the injury and serial mon-
itoring for deterioration is essential
over the initial few hours following
injury.

e. A player with diagnosed concussion
should not be allowed to return to play
on the day of injury. Occasionally in
adult athletes, there may be return to
play on the same day as the injury. See
Section 4.2.

It was unanimously agreed that suffi-
cient time for assessment and adequate
facilities should be provided for the
appropriate medical assessment both on
and off the field for all injured athletes. In
some sports this may require rule change
to allow an off-field medical assessment
to occur without affecting the flow of the
game or unduly penalising the injured
player’s team.

Sideline evaluation of cognitive func-
tion is an essential component in the
assessment of this injury. Brief neuropsy-
chological test batteries that assess atten-
tion and memory function have been
shown to be practical and effective. Such
tests include the Maddocks questions®*
and the Standardized Assessment of
Concussion (SAC)*” It is worth noting
that standard orientation questions (eg,
time, place, person) have been shown to
be unreliable in the sporting situation
when compared with memory assess-
ment.*® It is recognised, however, that
abbreviated testing paradigms are
designed for rapid concussion screening
on the sidelines and are not meant to
replace comprehensive neuropsychological
testing which is sensitive to detect subtle
deficits that may exist beyond the acute
episacde; nor should they be used as a
stand alone tool tor the angoing manage
ment of spoits concussians

It should also be i(:ungmuul that the
appeatahce  of

sylnpioines might  be
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delayed several hours following a concus-
sive episode.

2.3 Evaluation in emergency room or office
by medical personnel

An athlete with concussion may be
evaluated in the emergency room or
doctor’s office as a point of first contact
following injury or may have been
referred from another care provider. In
addition to the points outlined above, the
key features of this exam should encom-
pass:

a. A medical assessment including a
comprehensive history, and detailed
neurological examination including a
thorough assessment of mental sta-
tus, cognitive functioning and gait
and balance.

b. A determination of the clinical status
of the patient including whether
there has been improvement or dete-
rioration since the time of injury. This
may involve seeking additional infor-
mation from parents, coaches, team-
mates and eyewitnesses to the injury.

c. A determination of the need for
emergent neuroimaging in order to
exclude a more severe brain injury
involving a structural abnormality

In large part, these points above are
included in the SCAT?2 assessment, which
forms part of the Zurich consensus state-
ment.

3. Concussion investigations

A range of additional investigations may
be utilised to assist in the diagnosis and/or
exclusion of injury. These include the
following.

3.1 Neuroimaging
It was recognised by the panellists that
conventional structural neuroimaging is
normal in concussive injury. Given that
caveat, the following suggestions are
made: brain CT (or where available, MR
brain scan) contributes little to concus-
sion evaluation but should be employed
whenever suspicion of an intracerebral
structural lesion exists. Examples of such
situations may include prolonged distur-
bance of conscious state, focal neurologi-
cal deficit or worsening symptoms.
Newer structural MRI  modalities
including gradient echo, perfusion and
diffusion imaging have greater sensitivity
fui structural abnormalities. However, the
lack of published studies as well as absent
pie-njuly heuioinaging data linits the
usetuliiess of this approach mo cinical
inabagetnent  ai  the present tine o

1
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addition, the predictive value of various
MR abnormalities that may be inciden-
tally discovered is not established at the
present time.

Other imaging modalities such as func-
tional MRI (EMRI) show activation pat-
terns that correlate with symptom
severity and recovery in concussion.’*
While not part of routine assessment at
the present time, they nevertheless pro-
vide additional insight to pathophysiolo-
gical mechanisms. Alternative imaging
technologies (eg, positron emission tomo-
graphy, diffusion tensor imaging, mag-
netic resonance spectroscopy, functional
connectivity), while demonstrating some
compelling findings, are still at early
stages of development and cannot be
recommended other than in a research
setting.

3.2 Objective balance assessment
Published studies, using both sophisti-
cated force plate technology and less
sophisticated clinical balance tests (eg,
balance error scoring system (BESS)), have
identified postural stability deficits lasting
approximately 72 hours following sport-
related concussion. It appears that pos-
tural stability testing provides a useful
tool for objectively assessing the motor
domain of neurological functioning, and
should be considered a reliable and valid
addition to the assessment of athletes
suffering from concussion, particularly
where symptoms or signs indicate a
balance component.'*?

3.3 Neuropsychological assessment
The application of neuropsychological
(NP) testing in concussion has been
shown to be of clinical value and con-
tinues to contribute significant informa-
tion in concussion evaluation. ¢
Although in most case cognitive recovery
largely overlaps with the time course of
symptom recovery, it has been demon-
strated that cognitive recovery may occa-
sionally precede or more commonly
follow clinical symptom resolution, sug-
gesting that the assessment of cognitive
function should be an important compo-
nent in any return to play protocol.” % It
must be emphasised however, that NP
assessment should not be the sole basis of
management decisions; rather it should be
seen as an aid to the clinical decision-
making pracess in conjunction with a
range of clinical domains and investiga-
tional tesults.

Newiapsychologists  are in the best
pasttion to inteipret NP tests by wittue
backgiound  atxd

of  then 1sihilg
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However, there may be situations where
neuropsychologists are not available and
other medical professionals may perform
or interpret NP screening tests. The
ultimate return to play decision should
remain a medical one in which a multi-
disciplinary approach, when possible, has
been taken. In the absence of NP and
other (eg, formal balance assessment)
testing, a more conservative return to
play approach may be appropriate.

In the majority of cases, NP testing will
be used to assist return to play decisions
and will not be done until patient is
symptom free. * There may be situa-
tions (eg, child and adolescent athletes)
where testing may be performed early
while the patient is still symptomatic to
assist in determining management. This
will normally be best determined in
consultation with a trained neuropsychol-
ogist.** %

3.4 Genetic testing

The significance of apolipoprotein (Apo) E4,
ApoE promotor gene, tau polymerase and
other genetic markers in the management
of sports concussion risk or injury outcome
is unclear at this time.** Evidence from
human and animal studies in more severe
traumatic brain injury shows induction of a
variety of genetic and cytokine factors, such
as: insulin-like growth factor-1 (IGF-1), IGF
binding protein-2, fibroblast growth factor,
Cu—Zn superoxide dismutase, superoxide
dismutase-1 (SOD-1), nerve growth factor,
glial fibrillary acidic protein (GFAP) and S-
100. Whether such factors are affected in
sporting concussion is not known at this
stage.**#

3.5 Experimental concussion assessment
modalities

Different electrophysiological recording
techniques (eg, evoked response potential
(ERD), cortical magnetic stimulation and
electroencephalography) have demon-
strated reproducible abnormalities in the
post-concussive state; however not all
studies reliably differentiated concussed
athletes from controls.** The clinical
significance of these changes remains to
be established.

In addition, biochemical serum and
cerebral spinal fluid markers of brain
injury (including S-100, neuron specific
enclase (NSE), myelin basic protein
(MBP), GFAL, tau, etc) have been pro-
posed as means by which cellular datnage
tnay he detected if present ** There is
cutienily insufficient evidence however,
to justify the ioutine use of these bio
tatkets cinically

4. Concussion management

The cornerstone of concussion manage-
ment is physical and cognitive rest until
symptoms resolve and then a graded
programme of exertion prior to medical
clearance and return to play. The recovery
and outcome of this injury may be
modified by a number of factors that
may require more sophisticated manage-
ment strategies. These are outlined in the
section on modifiers below.

As described above, the majority of
injuries will recover spontaneously over
several days. In these situations, it is
expected that an athlete will proceed
progressively through a stepwise return
to play strategy.” During this period of
recovery while symptomatic, following an
injury, it is important to emphasise to the
athlete that physical and cognitive rest is
required. Activities that require concen-
tration and attention (eg, scholastic work,
videogames, text messaging, etc) may
exacerbate symptoms and possibly delay
recovery. In such cases, apart from limit-
ing relevant physical and cognitive activ-
ities (and other risk-taking opportunities
for re-injury) while symptomatic, no
further intervention is required during
the period of recovery and the athlete
typically resumes sport without further
problem.

4.1 Graduated return to play protocol
Return to play protocol following a
concussion follows a stepwise process as
outlined in table 1.

With this stepwise progression, the
athlete should continue to proceed to
the next level if asymptomatic at the
current level. Generally each step should
take 24 hours so that an athlete would
take approximately one week to proceed
through the full rehabilitation protocol
once they are asymptomatic at rest and
with provocative exercise. If any post-
concussion symptoms occur while in the
stepwise programme, the patient should
drop back to the previous asymptomatic
level and try to progress again after a
further 24-hour period of rest has passed.

4.2 Same day RTP

With adult athletes, in some settings,
where there are team physicians experi-
enced in concussion management and
sufficient resources (eg, access to neurop-
sychologists, consultants, neuroitnaging,
ete) as well as access to immediate (ie,
sideline)
fetuin to ]zlay inanageinent may e mwote
tapisl The RIP stiategy must still follow

the saine basl. management principles,

nellocogiitive  assesstoeld,
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Table 1 Graduated return to play protocol

Rehabilitation stage

Functional exercise at each stage of rehabilitation

Objective of each stage

1. No activity
2. Light aerobic exercise

Complete physical and cognitive rest
Walking, swimming or stationary cycling keeping intensity

Recovery
Increase heart rate

<70% maximum predicted heart rate

No resistance training
3. Sport-specific exercise
impact activities
4. Non-contact training

drills in football and ice hockey

Skating drills in ice hockey, running drills in soccer. No head

Progression to more complex training drills, eg passing drills

Add movement

Exercise, coordination, and
cognitive load

May start progressive resistance training)

5. Full contact practice
activities

6. Return to play Normal game play

Following medical clearance participate in normal training

Restore confidence and
assess functional skills by
coaching staff

namely full clinical and cognitive recovery
before consideration of return to play.
This approach is supported by published
guidelines, such as the American Academy
of Neurology, US Team Physician
Consensus Statement, and US National
Athletic Trainers Association Position
Statement.** This issue was extensively
discussed by the consensus panellists and
it was acknowledged that there is evi-
dence that some professional American
football players are able to RTP more
quickly, with even same day RTP sup-
ported by National Football League stu-
dies without a risk of recurrence or
sequelae.” There are data however,
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 symp-
toms.®* It should be emphasised how-
ever, that the young (<18) elite athlete
should be treated more conservatively
even though the resources may be the
same as for an older professional athlete
(see Section 6.1).

4.3 Psychological management and mental
health issues

In addition, psychological approaches
may have potential application in this
injury, particularly with the modifiers
listed below.®” ® Caregivers are also
encouraged to evaluate the concussed
athlete for affective symptoms such as
depression, as these symptoms may be
common in concussed athletes.®”

4.4 The role of pharmacological therapy

Pharmacalogical therapy in sports cancus-
sion inay be applied in two distinct
situations. The first of these situations is
the management of specitic prolonged
syinpiuins (e, sleep distutbance, anaiety,
ete) lhe second situation is wheie (h\ig

therapy is used to modify the underlying
pathophysiology of the condition with
the aim of shortening the duration of the
concussion symptoms.” In broad terms,
this approach to management should only
be considered by clinicians experienced in
concussion management.

An important consideration in RTP is
that concussed athletes should not only
be symptom-free but also should not be
taking any pharmacological agents/medi-
cations that may mask or modify the
symptoms of concussion. Where antide-
pressant therapy may be commenced
during the management of a concussion,
the decision to return to play while still
on such medication must be considered
carefully by the treating clinician.

4.5 The role of pre-participation concussion
gvaluation

Recognising the importance of a concus-
sion history, and appreciating the fact
that many athletes will not recognise all
the concussions they may have suffered in
the past, a detailed concussion history is
of value”” Such a history may pre-
identify athletes that fit into a high risk
category and provides an opportunity for
the healthcare provider to educate the
athlete in regard to the significance of
concussive injury. A structured concus-
sion history should include specific ques-
tions as to previous symptoms of a
concussion; not just the perceived number
of past concussions. It is also worth
noting that dependence on the recall of
concussive injuries by teammates or coa-
ches has been shown to be unreliable.”
The clinical history should also include
information about all previous head, face
or cervical spine injuries as these may also
have clinical relevance. It is worth empha-
sising that in the setting of masillofacial
aid  cervical spine injules, coexistent
cancUssive injuties nay be missed unless
specifically  assessed. Cuiestions pettain
g o disproportionsie  Unpact  veisus
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symptom severity matching may alert
the clinician to a progressively increasing
vulnerability to injury. As part of the
clinical history it is advised that details
regarding protective equipment employed
at time of injury be sought, for both
recent and remote injuries. A comprehen-
sive pre-participation concussion evalua-
tion allows for modification and
optimisation of protective behaviour and
an opportunity for education.

5. Modifying factors in concussion
management

The consensus panel agreed that a range
of ‘modifying’ factors may influence the
investigation and management of concus-
sion and in some cases, may predict the
potential for prolonged or persistent
symptoms. These modifiers would also
be important to consider in a detailed
concussion history and are outlined in
Table 2.

In this setting, there may be additional
management considerations beyond sim-
ple RTP advice. There may be a more
important role for additional investiga-
tions, including formal NP testing, bal-
ance assessment and neuroimaging. It is
envisioned that athletes with such mod-
ifying features would be managed in a
multidisciplinary manner coordinated by
a physician with specific expertise in the
management of concussive injury.

The role of female gender as a possible
modifier in the management of concus-
sion was discussed at length by the panel.
There was not unanimous agreement that
the current published research evidence is
conclusive that this should be included as
a modifying factor, although it was
accepted that gender may be a risk factor
for injury and/or influence injury sever-

H 76-78

ity

5.1 The significance of loss of consciousness
{LOC)

In the overall management of moderate to
severe traumatic brain injury, duration of
LOC is an acknowledged predictor of
outcome.” While published findings in
concussion describe LOC associated with
specific early cognitive deficits it has not
been noted as a measure of injury
severity.® ® Consensus discussion deter-
mined that prolonged (>1 minute dura-
tion) LOC would be considered as a factor
that may modify management.

.2 The signiticance of ainmesia and other
sylnptoms

Iheie is 1enewed mtetest in the wle of
post tiautnatic alnhiesta aid 1ts 10le ay a
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Table 2 Concussion modifiers

Factors Modifier

Symptoms Number
Duration {>>10 days)
Severity

Signs Prolonged loss of consciousness {>1 min), amnesia

Sequelae Concussive convulsions

Temporal Frequency—repeated concussions over time
Timing—injuries close together in time
“Recency”—recent concussion or traumatic brain injury

Threshold Repeated cencussions occurring with progressively less impact force or slower recovery
after each successive concussion

Age Child and adolescent {<18 years old)

Co- and pre-morbidities

Migraine, depression or other mental health disorders, attention deficit hyperactivity

disorder, leaming disabilities, sleep disorders

Medication Psychoactive drugs, anticoagulants
Behaviour Dangerous style of play
Sport

High risk activity, contact and collision sport, high sporting level

surrogate measure of injury severity.% %

Published evidence suggests that the
nature, burden and duration of the clinical
post-concussive symptoms may be more
important than the presence or duration
of amnesia alone.® ® * Further it must be
noted that retrograde amnesia varies with
the time of measurement post-injury and

hence is poorly reflective of injury sever-
H B6 87

ity

5.3 Motor and convulsive phenomena

A variety of immediate motor phenomena
(eg, tonic posturing) or convulsive move-
ments may accompany a concussion.
Although dramatic, these clinical features
are generally benign and require no
specific management beyond the standard
treatment of the underlying concussive
injury.ﬂﬂ 89

5.4 Depression

Mental health issues (such as depression)
have been reported as a long-term con-
sequence of traumatic brain injury,
including sports related concussion.
Neuroimaging studies using fMRI suggest
that a depressed mood following concus-
sion may reflect an underlying pathophy-
siological abnormality consistent with a
limbic-frontal model of depression.* =%

6. Special populations

6.1 The child and adolescent athlete

There was unanimous agreement by the
panel that the evaluation and manage-
ment recommendations contained herein
could be applied to children and adoles-
cents down tao the age of 10 years. Below
that age children report different concus-
sion syluptoms from adults and waould
tequiie age appiapilate syinptotn check
lists as @ colnpulielt ab sssessinent  An
additional constdetation duntsuling the
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child or adolescent athlete with a concus-
sion is that in the clinical evaluation by
the healthcare professional there may be
the need to include both patient and
parent input as well as teacher and school
input when appropriate.'®-'”

The decision to use NP testing is
broadly the same as the adult assessment
paradigm. However, timing of testing
may differ in order to assist planning in
school and home management (and may
be performed while the patient is still
symptomatic). If cognitive testing is
performed, it must be developmentally
sensitive until the late teen years due to
the ongoing cognitive maturation that
occurs during this period which, in turn,
makes the utility of comparison to either
the person’s own baseline performance or
to population norms limited.” In this age
group it is more important to consider the
use of trained neuropsychologists to
interpret assessment data, particularly in
children with learning disorders and/or
attention deficit hyperactivity disorder
(ADHD) who may need more sophisti-
cated assessment strategies.* * %

The panel strongly endorsed the view
that children should not be returned to
practice or play until clinically completely
symptom-free, which may require a
longer time frame than for adults. In
addition, the concept of ‘“‘cognitive rest”
was highlighted with special reference to
a child’s need to limit exertion with
activities of daily living and to limit
scholastic and other cognitive stressors
(eg, text messaging, videogames, etc)
while symptomatic. Schoal attendance
and activities may also need to be
modified (o avold provacation of syinp
toms

Because of the diffeient physiological
and  longet aftei

lenpulise leuouely

concussion and specific risks (eg, diffuse
cerebral swelling) related to head impact
during childhood and adolescence, a more
conservative return to play approach is
recommended. It is appropriate to extend
the amount of time of asymptomatic rest
and/or the length of the graded exertion
in children and adolescents. It is not
appropriate for a child or adolescent
athlete with concussion to RTP on the
same day as the injury regardless of the
level of athletic performance. Concussion
modifiers apply even more to this popula-
tion than adults and may mandate more
cautious RTP advice.

6.2 Elite versus non-elite athletes

The panel unanimously agreed that all
athletes regardless of level of participation
should be managed using the same treat-
ment and return to play paradigm. A
more useful construct was agreed
whereby the available resources and
expertise in concussion evaluation were
of more importance in determining man-
agement than a separation between elite
and non-elite athlete management.
Although formal baseline NP screening
may be beyond the resources of many
sports or individuals, it is recommended
that in all organised high risk sports
consideration be given to having this
cognitive evaluation regardless of the age
or level of performance.

6.3 Chronic traumatic brain injury
Epidemiological studies have suggested an
association between repeated sports con-
cussions during a career and late life
cognitive impairment. Similarly, case
reports have noted anecdotal cases where
neuropathological evidence of chronic
traumatic encephalopathy was observed
in retired football players.'™'? Panel
discussion was held and no consensus
was reached on the significance of such
observations at this stage. Clinicians need
to be mindful of the potential for long-
term problems in the management of all
athletes.

7. Injury prevention

7.1 Protective equipment: mouthguards and
helmets

There is no good clinical evidence that
currently available protective equipment
will prevent concussion although mouth-
guards have a definite role in preventing
dental and orofacial injury. Bicinechanical
studies have shown a 1eduction in inpact
forces 1o the brain with the use of head
gear atul helinets, but these hndings have
not been anslated to show a 1eduction
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in concussion incidence. For skiing and
snowboarding there are a number of
studies to suggest that helmets provide
protection against head and facial injury
and hence should be recommended for
participants in alpine sports.'*'¢ In spe-
cific sports such as cycling, motor and
equestrian sports, protective helmets may
prevent other forms of head injury (eg,
skull fracture) that are related to falling
on hard road surfaces; these may be an
important injury prevention issue for
those sports.''¢?

7.2 Rule change

Consideration of rule changes to reduce
the head injury incidence or severity may
be appropriate where a clear-cut mechan-
ism is implicated in a particular sport. An
example of this is in football (soccer)
where research studies demonstrated that
upper limb to head contact in heading
contests accounted for approximately
50% of concussions.’” As noted earlier,
rule changes may also be needed in some
sports to allow an effective off-field
medical assessment to occur without
compromising the athlete’s welfare,
affecting the flow of the game or unduly
penalising the player’s team. It is impor-
tant to note that rule enforcement may be
a critical aspect of modifying injury risk in
these settings; referees play an important
role in this regard.

1.3 Risk compensation

An important consideration in the use of
protective equipment is the concept of
risk compensation.”® This is where the
use of protective equipment results in
behavioural change, such as the adoption
of more dangerous playing techniques,
which can result in a paradoxical increase
in injury rates. This may be a particular
concern in child and adolescent athletes
where head injury rates are often higher
than in adult athletes.”®'*®

1.4 Aggression versus violence in sport
The competitive/aggressive nature of
sport which makes it fun to play and
watch should not be discouraged.
However, sporting organisations should
be encouraged to address violence that
may increase concussion risk.”***®* Fair
play and respect should be supported as
key elements of sport.

8. Knowledge transfer

As the ahility ta tteat or reduce the effects
of concussive Injury aftet the event is
miminal, education of athletes, colleagues
and the genetal public is a wainstay of

progress in this field. Athletes, referees,
administrators, parents, coaches and
healthcare providers must be educated
regarding the detection of concussion, its
clinical features, assessment techniques
and principles of safe return to play.
Methods to improve education, including
web-based resources, educational videos
and international outreach programmes
are important in delivering the message.
In addition, concussion working groups
plus the support and endorsement of

enlightened sport groups, such as
Fédération Internationale de Football
Association (FIFA), International
Olympic Commission (10C),

International Rugby Board (IRB) and
International Ice Hockey Federation
(ITHF), who initiated this endeavour have
enormous value and must be pursued
vigorously. Fair play and respect for
opponents are ethical values that should
be encouraged in all sports and sporting
associations. Similarly coaches, parents
and managers play an important part in
ensuring these values are implemented on
the field of play.” 1*6-14¢

9. Future directions

The consensus panellists recognise that
research is needed across a range of areas
in order to answer some critical research
questions. The key areas for research
identified include:

» Validation of the SCAT2.

» Gender effects on injury risk, severity
and outcome.

» Paediatric injury and management
paradigms.

» Virtual reality tools in the assessment
of injury.

» Rehabilitation strategies (eg, exercise
therapy).

» Novel imaging modalities and their
role in clinical assessment.

» Concussion surveillance using consis-
tent definitions and outcome mea-
sures.

» Clinical assessment where no baseline
assessment has been performed.

» ‘‘Best-practice’” neuropsychological
testing.

» Long-term outcomes.

» On-field injury severity predictors.

10. Medico-legal considerations

This consensus document reflects the
cutrent state of knowledge and will need
to be madified according to the develop
ment of new knowdedge 1t provides an
thai inay be of
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importance to healthcare providers
involved in the management of sports
related concussion. It is not intended as a
standard of care, and should not be
interpreted as such. This document is only
a guide, and is of a general nature,
consistent with the reasonable practice of
a healthcare professional. Individual treat-
ment will depend on the facts and circum-
stances specific to each individual case.

It is intended that this document will
be formally reviewed and updated prior to
1 December 2012.

11. Statement on hackground to
COnsensus process

In November 2001, the 1st International
Conference on Concussion in Sport was
held in Vienna, Austria. This meeting was
organised by the IIHF in partnership with
FIFA and the Medical Commission of the
IOC. As part of the resulting mandate for
the future, the need for leadership and
future updates was identified. The 2nd
International Conference on Concussion
in Sport was organised by the same group
with the additional involvement of the
IRB and was held in Prague, Czech
Republic in November 2004. The original
aims of the symposia were to provide
recommendations for the improvement of
safety and health of athletes who suffer
concussive injuries in ice hockey, rugby,
football (soccer) and other sports. To this
end, a range of experts were invited to
both meetings to address specific issues of
epidemiology, basic and clinical science,
injury grading systems, cognitive assess-
ment, new research methods, protective
equipment, management, prevention and
long-term outcome.' ?

The 3rd International Conference on
Concussion in Sport was held in Zurich,
Switzerland on 29-30 October 2008 and
was designed as a formal consensus meet-
ing following the organisational guide-
lines set forth by the US National
Institutes of Health. (Details of the con-
sensus methodology can be obtained at:
http://consensus.nih.gov/ABOUTCDP.
htm) The basic principles governing the
conduct of a consensus development con-
ference are summarised below:

1. Abroad based non-government, non-
advocacy panel was assembled to give
balanced, objective and knowledge-
able attention to the topic. Panel
members excluded anyone with scien-
tific ar cominercial contlicts of inter-
est and included researchers in clinical
wedivineg, spotis medicine, neu

neutatinaging, athletic

ttaining aiul sputis scieine

1asciehce,
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2. These experts presented data in a
public session, followed by inquiry
and discussion. The panel then met
in an executive session to prepare the
consensus statement.

3. A number of specific questions were
prepared and posed in advance to
define the scope and guide the
direction of the conference. The
principle task of the panel was to
elucidate responses to these ques-
tions. These questions are outlined
above.

4. A systematic literature review was
prepared and circulated in advance
for use by the panel in addressing the
conference questions.

5.  The consensus statement is intended
to serve as the scientific record of the
conference.

6. The consensus statement will be
widely disseminated to achieve max-
imum impact on both current
healthcare practice and future med-
ical research.

The panel chairperson (WM) did not
identify with any advocacy position. The
chairperson was responsible for directing
the consensus session and guiding the
panel’s deliberations. Panellists were
drawn from clinical practice, academic
and research in the field of sports related
concussion. They do not represent orga-
nisations per se but were selected for their
expertise, experience and understanding
of this field.
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PREAMBLE

This paper is a revision and update of the recommen-
dations developed following the 1st (Vienna 2001),
2nd  (Prague 2004) and 3rd (Zurich 2008)
International Consensus Conferences on Concussion
in Sport and is based on the deliberations at the 4th
International Conference on Concussion in Sport
held in Zurich, November 2012173

The new 2012 Zurich Consensus statement is
designed to build on the principles outlined in the
previous documents and to develop further concep-
tual understanding of this problem using a formal
consensus-based approach. A detailed description
of the consensus process is outlined at the end of
this document under the Background section. This
document is developed primarily for use by physi-
cians and healthcare professionals who are involved
in the care of injured athletes, whether at the recre-
ational, elite or professional level.

While agreement exists pertaining to principal
messages conveyed within this document, the
authors acknowledge that the science of concussion
is evolving, and therefore management and return
to play (RTP) decisions remain in the realm of
clinical judgement on an individualised basis.
Readers are encouraged to copy and distribute freely
the Zurich Consensus document, the Concussion
Recognition Tool (CRT), the Sports Concussion
Assessment Tool V3 (SCAT3) and/or the Child
SCAT3 card and none are subject to any restrictions,
provided they are not altered in any way or con-
verted to a digital format. The authors request that
the document and/or the accompanying tools be dis-
tributed in their full and complete format.

This consensus paper is broken into a number of
sections

1. A summary of concussion and its management,

with updates from the previous meetings;

2. Background information about the consensus

meeting process;

3. A summary of the specific consensus ques-

tions discussed at this 1eeting;

4. The Consensus papet should be tead i conjuic

tion with the SCATS wssessinent tonl) the Child
SCALS aud ihe CRT (designed for Lay use).

Mot raty et al B Spante Med 200347250 258 dun 1011 3b/ppparis 2003092473

SECTION 1: SPORT CONCUSSION AND

ITS MANAGEMENT

The Zurich 2012 document examines the sport
concussion and management issues raised in the
previous Vienna 2001, Prague 2004 and Zurich
2008 documents and applies the consensus ques-
tions from section 3 to these areas.!™

Definition of concussion

A panel discussion regarding the definition of con-
cussion and its separation from mild traumatic
brain injury (mTBI) was held. There was acknowl-
edgement by the Concussion in Sport Group
(CISG) that although the terms mTBI and concus-
sion are often used interchangeably in the sporting
context and particularly in the US literature, others
use the term to refer to different injury constructs.
Concussion is the historical term representing low-
velocity injuries that cause brain ‘shaking’ resulting
in clinical symptoms and that are not necessarily
related to a pathological injury. Concussion is a
subset of TBI and will be the term used in this
document. It was also noted that the term commo-
tio cerebri is often used in European and other
countries. Minor revisions were made to the defin-
ition of concussion, which is defined as follows:

Concussion is a brain injury and is defined as a
complex pathophysiological process affecting the
brain, induced by biomechanical forces. Several
common features that incorporate clinical, patho-
logic and biomechanical injury constructs that may
be utilised in defining the nature of a concussive
head injury include:

1. Concussion may be caused either by a direct
blow to the head, face, neck or elsewhere on
the body with an “impulsive’ force transmit-
ted to the head.

2. Concussion typically results in the rapid onset
of short-lived impairment of neurological func-
tion that resolves spontancously. However, in
solnt cases, sytupioius atud signs gy evalve
avet a nunber of witntes to hours.,

3. Concussion gy 1esult in neuropathological
chuanges, but the wonic ddimeal  symptoms
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largely reflect a functional disturbance rather than a struc-
tural injury and, as such, no abnormality is seen on stand-
ard structural neuroimaging studies.

4. Concussion results in a graded set of clinical symptoms
that may or may not involve loss of consciousness.
Resolution of the clinical and cognitive symptoms typic-
ally follows a sequential course. However, it is important
to note that in some cases symptoms may be prolonged.

Recovery of concussion

The majority (80-90%) of concussions resolve in a short (7-
10 day) period, although the recovery time frame may be longer
in children and adolescents.”

Symptoms and signs of acute concussion

The diagnosis of acute concussion usually involves the assess-
ment of a range of domains including clinical symptoms, phys-
ical signs, cognitive impairment, neurobehavioural features and
sleep disturbance. Furthermore, a detailed concussion history is
an important part of the evaluation both in the injured athlete
and when conducting a preparticipation examination. The
detailed clinical assessment of concussion is outlined in the
SCAT3 and Child SCAT3 forms, which are given in the appen-
dix to this document.

The suspected diagnosis of concussion can include one or
more of the following clinical domains:

1. Symptoms—somatic (eg, headache), cognitive (eg, feeling
like in a fog) and/or emotional symptoms (eg, lability);
Physical signs (eg, loss of consciousness (LOC), amnesia);
Behavioural changes (eg, irritability);

Cognitive impairment (eg, slowed reaction times);
. Sleep disturbance (eg, insomnia).

If any one or more of these components are present, a con-
cussion should be suspected and the appropriate management
strategy instituted.

Sk

On-field or sideline evaluation of acute concussion
When a player shows ANY features of a concussion:

A. The player should be evaluated by a physician or other
licensed healthcare provider onsite using standard emer-
gency management principles and particular attention
should be given to excluding a cervical spine injury.

B. The appropriate disposition of the player must be deter-
mined by the treating healthcare provider in a timely
manner. If no healthcare provider is available, the player
should be safely removed from practice or play and
urgent referral to a physician arranged.

C. Once the first aid issues are addressed, an assessment of
the concussive injury should be made using the SCAT3 or
other sideline assessment tools.

D. The player should not be left alone following the injury
and serial monitoring for deterioration is essential over
the initial few hours following injury.

E. A player with diagnosed concussion should not be
allowed to RTP on the day of injury.

Sufficient time for assessment and adequate facilities should
be provided for the appropriate medical assessment both on and
off the field for all injured athletes. In some sports, this may
require tule change to allow an appropriate off-ficld medical
assesstent to uccur without affecting the flow of the game or
unduly penalising the iujured player’s teamn. The final deicruin-
ationn 1egatding cotcussion diagnosts andfor fitiess to play is a
medical decision based on clincal pudgeinent

Tuf iz

Sideline evaluation of cognitive function is an essential com-
ponent in the assessment of this injury. Brief neuropsychological
test batteries that assess attention and memory function have
been shown to be practical and effective. Such tests include the
SCAT3, which incorporates the Maddocks’ questions* ® and the
Standardized Assessment of Concussion (SAC).5® It is worth
noting that standard orientation questions (eg, time, place and
person) have been shown to be unreliable in the sporting situ-
ation when compared with memory assessment.® It is recog-
nised, however, that abbreviated testing paradigms are designed
for rapid concussion screening on the sidelines and are not
meant to replace comprehensive neuropsychological testing
which should ideally be performed by trained neuropsycholo-
gists who are sensitive to subtle deficits that may exist beyond
the acute episode; nor should they be used as a stand-alone tool
for the ongoing management of sports concussions.

It should also be recognised that the appearance of symptoms
or cognitive deficit might be delayed several hours following a
concussive episode and that concussion should be seen as an
evolving injury in the acute stage.

Evaluation in the emergency room or office by medical
personnel

An athlete with concussion may be evaluated in the emergency
room or doctor’s office as a point of first contact following
injury or may have been referred from another care provider. In
addition to the points outlined above, the key features of this
examination should encompass:

A. A medical assessment including a comprehensive history
and detailed neurological examination including a thor-
ough assessment of mental status, cognitive functioning,
gait and balance.

B. A determination of the clinical status of the patient,
including whether there has been improvement or deteri-
oration since the time of injury. This may involve seeking
additional information from parents, coaches, teammates
and eyewitnesses to the injury.

C. A determination of the need for emergent neuroimaging
in order to exclude a more severe brain injury involving a
structural abnormality.

In large part, these points above are included in the SCAT3

assessment.

Concussion investigations

A range of additional investigations may be utilised to assist in the
diagnosis and/or exclusion of injury. Conventional structural neu-
roimaging is typically normal in concussive injury. Given that
caveat, the following suggestions are made: Brain CT (or where
available an MR brain scan) contributes little to concussion evalu-
ation but should be employed whenever suspicion of an intracereb-
ral or structural lesion (eg, skull fracture) exists. Examples of such
situations may include prolonged disturbance of the conscious
state, focal neurological deficit or worsening symptoms.

Other imaging modalities such as fMRI demonstrate activa-
tion patterns that correlate with symptom severity and recovery
in concussion.’®?* Although not part of routine assessment at
the present time, they nevertheless provide additional insight to
pathophysiologicul mechanisms. Alternative imaging technolo-
gics (eg, positton emission tomography, diffusion  tensor
linaging, inaguetic resotance speciroscopy, fuuctional connectiv-
ity), while dewonsirating soe compelling findings, ae siill at
eatly stages of developiuent and caunot be recotmuended oilier
ilan 1 a 1eseatcls setiing.
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Published studies, using both sophisticated force plate tech-
nology, as well as those using less sophisticated clinical balance
tests (eg, Balance Error Scoring System (BESS)), have identified
acute postural stability deficits lasting approximately 72 h fol-
lowing sports-related concussion. It appears that postural stabil-
ity testing provides a useful tool for objectively assessing the
motor domain of neurological functioning, and should be
considered as a reliable and valid addition to the assessment of
athletes suffering from concussion, particularly where the symp-
toms or signs indicate a balance component,***!

The significance of Apolipoprotein (Apo) E4, ApoE promoter
gene, Tau polymerase and other genetic markers in the manage-
ment of sports concussion risk or injury outcome is unclear at
this time.2* #* Evidence from human and animal studies in more
severe traumatic brain injury demonstrates induction of a variety
of genetic and cytokine factors such as: insulin-like growth
factor 1 (IGF-1), IGF binding protein 2, Fibroblast growth
factor, Cu-Zn superoxide dismutase, superoxide dismutase 1
(SOD-1), nerve growth factor, glial fibrillar acidic protein
(GFAP) and S-100. How such factors are affected in sporting
concussion is not known at this stage.”*=' In addition, bio-
chemical serum and cerebral spinal fluid biomarkers of brain
injury (including S-100, neuron-specific enolase (NSE), myelin
basic protein (MBP), GFAR tau, etc) have been proposed as a
means by which cellular damage may be detected if present,3>=*8
There is currently insufficient evidence, however, to justify the
routine use of these biomarkers clinically.

Different electrophysiological recording techniques (eg,
evoked response potential (ERP), cortical magnetic stimulation
and electroencephalography) have demonstrated reproducible
abnormalities in the postconcussive state; however, not all
studies reliably differentiated concussed athletes from con-
trols.*™** The clinical significance of these changes remains to

be established.

Neuropsychological assessment

The application of neuropsychological (NP) testing in concus-
sion has been shown to be of clinical value and contributes sig-
nificant information in concussion evaluation.**! Although
cognitive recovery largely overlaps with the time course of
symptom recovery in most cases, it has been demonstrated that
cognitive recovery may occasionally precede or more commonly
follow clinical symptom resolution, suggesting that the assess-
ment of cognitive function should be an important component
in the overall assessment of concussion and, in particular, any
RTP protocol.’2 3 It must be emphasised, however, that NP
assessment should not be the sole basis of management deci-
sions. Rather, it should be seen as an aid to the clinical decision-
making process in conjunction with a range of assessments of
different clinical domains and investigational results.

It is recommended that all athletes should have a clinical
neurological assessment (including assessment of their cognitive
function) as part of their overall management. This will nor-
mally be performed by the treating physician often in conjunc-
tion with computerised neuropsychological screening tools.

Formal NP testing is not required for all athletes; however,
when this is considered necessary, it should ideally be performed
by a trained neuropsychologist. Although neuropsychologists are
in the best position to interpret NP tests by virtue of their back-
grouid and training, the ultimate RTP decision should remain a
medical one in which a multidisciplinary approach, when pos-
sthle, has been taken. lu the absence of NP and other (eg,
formal balance assessiuent) tesiing, a tnote couservative REP
approachs way be appropniate.

Mui taty Pet al Br 1 Spares Med 200 3,37:250 258 dok il T 56/sparis 2003 092314

NP testing may be used to assist RTP decisions and is typically
performed when an athlete is clinically asymptomatic; however,
NP assessment may add important information in the early
stages following injury.>* 3° There may be particular situations
where testing is performed early to assist in determining aspects
of management, for example, return to school in a paediatric
athlete. This will normally be best determined in consultation
with a trained neuropsychologist.>¢ 7

Baseline NP testing was considered by the panel and was not
felt to be required as a mandatory aspect of every assessment;
however, it may be helpful to add useful information to the
overall interpretation of these tests. It also provides an add-
itional educative opportunity for the physician to discuss the sig-
nificance of this injury with the athlete. At present, there is
insufficient evidence to recommend the widespread routine use
of baseline neuropsychological testing.

Concussion management

The cornerstone of concussion management is physical and
cognitive rest until the acute symptoms resolve and then a
graded programme of exertion prior to medical clearance and
RTP The current published evidence evaluating the effect of
rest following a sports-related concussion is sparse. An initial
period of rest in the acute symptomatic period following injury
(24-48 h) may be of benefit. Further research to evaluate the
long-term outcome of rest, and the optimal amount and type
of rest, is needed. In the absence of evidence-based recommen-
dations, a sensible approach involves the gradual return to
school and social activities (prior to contact sports) in a
manner that does not result in a significant exacerbation of
symptoms.

Low-level exercise for those who are slow to recover may be
of benefit, although the optimal timing following injury for ini-
tiation of this treatment is currently unknown.

As described above, the majority of injuries will recover spon-
taneously over several days. In these situations, it is expected
that an athlete will proceed progressively through a stepwise
RTP strategy.*®

Graduated RTP protocol
RTP protocol following a concussion follows a stepwise process
as outlined in table 1.

With this stepwise progression, the athlete should continue to
proceed to the next level if asymptomatic at the current level.
Generally, each step should take 24 h so that an athlete would
take approximately 1 week to proceed through the full rehabili-
tation protocol once they are asymptomatic at rest and with pro-
vocative exercise. If any postconcussion symptoms occur while
in the stepwise programme, then the patient should drop back
to the previous asymptomatic level and try to progress again
after a further 24 h period of rest has passed.

Same day RTP

It was unanimously agreed that no RTP on the day of concussive
injury should occur. There are data demonstrating that at the
collegiate and high school levels, athletes allowed to RTP on the
same day may demonstrate NP deficits postinjury that may not
be evident on the sidelines and are more likely to have delayed
onset of symptoms.>?*°

‘Difficult’ or persistently symptomatic concussion patient

Perststent sytuptoss (= 10 days)  ate  genetally 1eporied  in
10 15% of concusstons. o genetal; syptolns ate not specitic
o concusston and it s tupotiant to cousider other pathologics.
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Cases of concussion in sport where clinical recovery falls
outside the expected window (ie, 10 days) should be managed
in a multidisciplinary manner by healthcare providers with
experience in sports-related concussion.

Psychological management and mental health issues
Psychological approaches may have potential application in this
injury, particularly with the modifiers listed below.5¢ ¢
Physicians are also encouraged to evaluate the concussed athlete
for affective symptoms such as depression and anxiety as these
symptoms are common in all forms of traumatic brain injury.’®

Role of pharmacological therapy

Pharmacological therapy in sports concussion may be applied
in two distinct situations. The first of these situations is the man-
agement of specific and/or prolonged symptoms (eg, sleep dis-
turbance, anxiety, etc). The second situation is where drug
therapy is used to modify the underlying pathophysiology of the
condition with the aim of shortening the duration of the con-
cussion symptoms.®® In broad terms, this approach to manage-
ment should be only considered by clinicians experienced in
concussion management.

An important consideration in RTP is that concussed athletes
should not only be symptom-free, but also they should not be
taking any pharmacological agents/medications that may mask
or modify the symptoms of concussion. Where antidepressant
therapy may be commenced during the management of a con-
cussion, the decision to RTP while still on such medication must
be considered carefully by the treating clinician.

Role of preparticipation concussion evaluation

Recognising the importance of a concussion history, and appre-
ciating the fact that many athletes will not recognise all the con-
cussions they may have suffered in the past, a detailed
concussion history is of value.®* Such a history may pre-
identify atliletes who fit iuto a high-risk category and provides
an opportunity for ihe lealibcare provider to educate the
athlete in tegard to the significance of concussive injury. A stiuc
tured concusston hisiory should indwde specitic questions as to
previous syluptows of 4 concussion atd lengih of 1ecavery; not

duiiz

just the perceived number of past concussions. It is also worth
noting that dependence on the recall of concussive injuries by
teammates or coaches has been demonstrated to be unreliable.®®
The clinical history should also include information about all
previous head, face or cervical spine injuries as these may also
have clinical relevance. It is worth emphasising that in the
setting of maxillofacial and cervical spine injuries, coexistent
concussive injuries may be missed unless specifically assessed.
Questions pertaining to disproportionate impact versus
symptom severity matching may alert the clinician to a progres-
sively increasing vulnerability to injury. As part of the clinical
history, it is advised that details regarding protective equipment
employed at the time of injury be sought, both for recent and
remote injuries.

There is an additional and often unrecognised benefit of the pre-
participation physical examination insofar as the evaluation allows
for an educative opportunity with the player concerned as well as
consideration of modification of playing behaviour if required.

Modifying factors in concussion management

A range of ‘modifying’ factors may influence the investigation
and management of concussion and, in some cases, may predict
the potential for prolonged or persistent symptoms. However,
in some cases, the evidence for their efficacy is limited. These
modifiers would be important to consider in a detailed concus-
sion history and are outlined in table 2.

Female gender

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

Significance of LOC
In the overall management of moderate-to-severe traumatic
brain injury, duration of LOC is an acknowledged predictor of

TabIeZ . Concussion modifiers

disorders, attention deficit hyperachvrty_ sorde»r}f
(ADHD), learning divsabilitigs (LD)

Psychoactive drug‘s énti(nébulan

Spoit .
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outcome.”® Although published findings in concussion describe
LOC associated with specific, early cognitive deficits, it has not
been noted as a measure of injury severity.”” ’® Consensus dis-
cussion determined that prolonged (>1min duration) LOC
would be considered as a factor that may modify management.

Significance of amnesia and other symptoms

There is renewed interest in the role of post-traumatic amnesia
and its role as a surrogate measure of injury severity.t* 7 #°
Published evidence suggests that the nature, burden and
duration of the clinical postconcussive symptoms may be more
important than the presence or duration of amnesia
alone.”” 81 82 Further, it must be noted that retrograde amnesia
varies with the time of measurement postinjury and hence is
poorly reflective of injury severity.®®

Motor and convulsive phenomena

A variety of immediate motor phenomena (eg, tonic posturing)
or convulsive movements may accompany a concussion.
Although dramatic, these clinical features are generally benign
and require no specific management beyond the standard treat-
ment of the underlying concussive injury.3® 8¢

Depression

Mental health issues (such as depression) have been reported as
a consequence of all levels of traumatic brain injury including
sports-related concussion. Neuroimaging studies using fMRI
suggest that a depressed mood following concussion may reflect
an underlying pathophysiological abnormality consistent with a
limbic-frontal model of depression.** 377 Although such
mental health issues may be multifactorial in nature, it is recom-
mended that the treating physician consider these issues in the
management of concussed patients.

SPECIAL POPULATIONS

Child and adolescent athlete

The evaluation and management recommendations contained
herein can be applied to children and adolescents down to the
age of 13 years. Below that age, children report concussion
symptoms different from adults and would require
age-appropriate symptom checklists as a component of assess-
ment. An additional consideration in assessing the child or ado-
lescent athlete with a concussion is that the clinical evaluation
by the healthcare professional may need to include both patient
and parent input, and possibly teacher and school input when
appropriate.”®1%* A child SCAT3 has been developed to assess
concussion (see appendix) for individuals aged 5-12 years.

The decision to use NP testing is broadly the same as the adult
assessment paradigm, although there are some differences. The
timing of testing may differ in order to assist planning in school
and home management. If cognitive testing is performed, then it
must be developmentally sensitive until late teen years due to the
ongoing cognitive maturation that occurs during this period,
which in turn limits the utility of comparison to either the
person’s own baseline performance or to population norms.?® In
this age group, it is more important to consider the use of trained
paediatric neuropsychologists to interpret assessment data, par-
ticularly in children with learning disorders and/or ADHD who
may need more sophisticated assessment strategies.>® 37 ¥

It was agreed by the panel that no retarn to sport or activity
should aecur hefore the child/adolescent athlete has wanaged w
tetunn to schoal successtully. In addition, the concept af “cogui-
tive 165t was Lighlighted with special reterence o a chikd’s need
i0 litt exeryon wiih activities of duily lving thai way exacerbate
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symptoms. School attendance and activities may also need to be
modified to avoid provocation of symptoms. Children should not
be returned to sport until clinically completely symptom-free,
which may require a longer time frame than for adults.

Because of the different physiological response and longer
recovery after concussion and specific risks (eg, diffuse cerebral
swelling) related to head impact during childhood and adoles-
cence, a more conservative RTP approach is recommended. It is
appropriate to extend the amount of time of asymptomatic rest
and/or the length of the graded exertion in children and adoles-
cents. It is not appropriate for a child or adolescent athlete with
concussion to RTP on the same day as the injury, regardless of
the level of athletic performance. Concussion modifiers apply
even more to this population than adults and may mandate
more cautious RTP advice.

Elite versus non-elite athletes

All athletes, regardless of the level of participation, should be
managed using the same treatment and RTP paradigm. The
available resources and expertise in concussion evaluation are of
more importance in determining management than a separation
between elite and non-elite athlete management. Although
formal NP testing may be beyond the resources of many sports
or individuals, it is recommended that, in all organised high-risk
sports, consideration be given to having this cognitive evalu-
ation, regardless of the age or level of performance.

Chronic traumatic encephalopathy

Clinicians need to be mindful of the potential for long-term
problems in the management of all athletes. However, it was
agreed that chronic traumatic encephalopathy (CTE) represents
a distinct tauopathy with an unknown incidence in athletic
populations. It was further agreed that a cause and effect rela-
tionship has not as yet been demonstrated between CTE and
concussions or exposure to contact sports.’®3711* At present, the
interpretation of causation in the modern CTE case studies
should proceed cautiously. It was also recognised that it is
important to address the fears of parents/athletes from media
pressure related to the possibility of CTE.

INJURY PREVENTION

Protective equipment—mouthguards and helmets

There is no good clinical evidence that currently available pro-
tective equipment will prevent concussion, although mouth-
guards have a definite role in preventing dental and orofacial
injury. Biomechanical studies have shown a reduction in impact
forces to the brain with the use of head gear and helmets, but
these findings have not been translated to show a reduction in
concussion incidence. For skiing and snowboarding, there are a
number of studies to suggest that helmets provide protection
against head and facial injury and hence should be recom-
mended for participants in alpine sports.!’*1?® In specific
sports such as cycling, motor and equestrian sports, protective
helmets may prevent other forms of head injury (eg, skull frac-
ture) that are related to falling on hard surfaces and may be an
important injury prevention issue for those sports,!18-130

Rule change

Consideration of rule changes to reduce the head injury inci-
dence or severity may be appropriate where a clear-cut inechan-
ism is implicated in a particular sport. A examnple of this s iu
fouthall succer) whete tesearch studies denonstraied ihat upper
litubr to head contact in headhng coutests accounted for approsi
wately 5080 of concussions ! As noted carher, rule Jmges
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may also be needed in some sports to allow an effective off-field
medical assessment to occur without compromising the athlete’s
welfare, affecting the flow of the game or unduly penalising the
player’s team. It is important to note that rule enforcement may
be a critical aspect of modifying injury risk in these settings, and
referees play an important role in this regard.

Risk compensation

An important consideration in the use of protective equipment
is the concept of risk compensation.’>? This is where the use of
protective equipment results in behavioural change such as the
adoption of more dangerous playing techniques, which can
result in a paradoxical increase in injury rates. The degree to
which this phenomenon occurs is discussed in more detail in
the review published in this supplement of the journal. This
may be a matter of particular concern in child and adolescent
athletes where the head injury rates are often higher than in
adult athletes.33-13%

Aggression versus violence in sport

The competitive/aggressive nature of sport that makes it fun to
play and watch should not be discouraged. However, sporting
organisations should be encouraged to address violence that
may increase concussion risk.!*® 37 Fair play and respect
should be supported as key elements of sport.

Knowledge transfer

As the ability to treat or reduce the effects of concussive injury
after the event is minimal, education of athletes, colleagues and
the general public is a mainstay of progress in this field.
Athletes, referees, administrators, parents, coaches and health-
care providers must be educated regarding the detection of con-
cussion, its clinical features, assessment techniques and
principles of safe RTR Methods to improve education including
web-based resources, educational videos and international out-
reach programmes are important in delivering the message. In
addition, concussion working groups, plus the support and
endorsement of enlightened sport groups such as Fédération
Internationale de Football Association (FIFA), International
Olympic Commission (IOC), International Rugby Board (IRB)
and International Ice Hockey Federation (IIHF), who initiated
this endeavour, have enormous value and must be pursued vig-
orously. Fair play and respect for opponents are ethical values
that should be encouraged in all sports and sporting associa-
tions. Similarly, coaches, parents and managers play an import-

ant part in ensuring that these values are implemented on the
field of play.® 138150

SECTION 2: STATEMENT ON BACKGROUND TO THE
CONSENSUS PROCESS

In November 2001, the 1st International Conference on
Concussion in Sport was held in Vienna, Austria. This meeting
was organised by the IIHF in partnership with FIFA and the
Medical Commission of the IOC. As part of the resulting
mandate for the future, the need for leadership and future
updates was identified. The 2nd International Conference on
Concussion in Sport was organised by the same group with the
additional involvement of the IRB and was held in Prague, the
Czech Republic, in November 2004. The original aims of the
syluposia were to provide recommendations for the iinprove-
ment of safety and health of athletes who suffer concussive
tujuries in ice hockey, rughy football soccer) as well as other
sports. To tliy e, a range of experis weie mviied to both
meetings to addiess specific issues of epideiniology, baste and
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clinical science, injury grading systems, cognitive assessment,
new research methods, protective equipment, management, pre-
vention and long-term outcome.

The 3rd International Conference on Concussion in Sport
was held in Zurich, Switzerland on 29/30 October 2008 and
was designed as a formal consensus meeting following the
organisational guidelines set forth by the US National Institutes
of Health. (Details of the consensus methodology can be
obtained at: http:/consensus.nih.gov/ABOUTCDRhtm.) The
basic principles governing the conduct of a consensus develop-
ment conference are summarised below:

1. A broad-based non-government, non-advocacy panel was
assembled to give balanced, objective and knowledgeable
attention to the topic. Panel members excluded anyone with
scientific or commercial conflicts of interest and included
researchers in clinical medicine, sports medicine, neurosci-
ence, neuroimaging, athletic training and sports science.

2. These experts presented data in a public session, followed
by inquiry and discussion. The panel then met in an
executive session to prepare the consensus statement.

3. A number of specific questions were prepared and posed
in advance to define the scope and guide the direction of
the conference. The principal task of the panel was to elu-
cidate responses to these questions. These questions are
outlined below.

4. A systematic literature review was prepared and circulated
in advance for use by the panel in addressing the confer-
ence questions.

5. The consensus statement is intended to serve as the scien-
tific record of the conference.

6. The consensus statement will be widely disseminated to
achieve maximum impact on both current healthcare prac-
tice and future medical research.

The panel chairperson (WM) did not identify with any advo-
cacy position. The chairperson was responsible for directing the
consensus session and guiding the panel’s deliberations.
Panellists were drawn from clinical practice, academics and
research in the field of sports-related concussion. They do not
represent organisations per se, but were selected for their
expertise, experience and understanding of this field.

The 4th International Conference on Concussion in Sport
was held in Zurich, Switzerland on 1-3 November 2012 and
followed the same outline as for the third meeting. All speak-
ers, consensus panel members and abstract authors were
required to sign an ICMJE Form for Disclosure of Potential
Conflicts of Interest. Detailed information related to each
author’s affiliations and conflicts of interests will be made pub-
licly available on the CISG website and published with the
BJSM supplement.

Medical legal considerations
This consensus document reflects the current state of knowledge
and will need to be modified according to the development of
new knowledge. It provides an overview of issues that may be of
importance to healthcare providers involved in the management
of sports-related concussion. It is not intended as a standard of
care, and should not be interpreted as such. This document is
only a guide, and is of 4 general nature, consistent with the rea-
sonable practice of a healthcare professional. Individual treat-
ment will depend on the facts and circinstances specific to cach
individual case.

It 15 iniended that this docuwent will he torually 1eviewed
atel updated prior io 1 December 2016,

Mty B et af B f Sparts Med 201344250 258 don it i sb/lyspatiz 2013 92513



Case 3:155aMebO7dh MbRisr2AEmenddda13 2o FilegiO& LG vhage 42 of 115

SECTION 3: ZURICH 2012 CONSENSUS QUESTIONS

Note that each question is the subject of a separate systematic
review that is published in the BJ[SM (2013:47:5). As such, all cita-
tions and details of each topic will be covered in those reviews.

When you assess an athlete acutely and they do not have a
concussion, what is it? Is a cognitive injury the key
component of concussion in making a diagnosis?

The consensus panel agreed that concussion is an evolving
injury in the acute phase with rapidly changing clinical signs
and symptoms, which may reflect the underlying physiological
injury in the brain. Concussion is considered to be among the
most complex injuries in sports medicine to diagnose, assess and
manage. A majority of concussions in sport occur without LOC
or frank neurological signs. At present, there is no perfect diag-
nostic test or marker that clinicians can rely on for an immediate
diagnosis of concussion in the sporting environment. Because of
this evolving process, it is not possible to rule out concussion
when an injury event occurs associated with a transient neuro-
logical symptom. All such cases should be removed from the
playing field and assessed for concussion by the treating phys-
ician or healthcare provider as discussed below. It was recog-
nised that a cognitive deficit is not necessary for acute diagnosis
as it either may not be present or detected on examination.

Are the existing tools/examination sensitive and reliable
enough on the day of injury to make or exclude a diagnosis

- of concussion?

Concussion is a clinical diagnosis based largely on the observed
injury mechanism, signs and symptoms. The vast majority of
sports-related concussions (hereafter, referred to as concussion)
occur without LOC or frank neurological signs.’**™"** In milder
forms of concussion, the athlete might be slightly confused,
without clearly identifiable amnesia. In addition, most concus-
sions cannot be identified or diagnosed by neuroimaging techni-
ques (eg, CT or MRI). Several well-validated neuropsychological
tests are appropriate for use in the assessment of acute concus-
sion in the competitive sporting environment. These tests
provide important data on symptoms and functional impair-
ments that clinicians can incorporate into their diagnostic for-
mulation, but should not solely be used to diagnose concussion.

What is the best practice for evaluating an adult athlete

with concussion on the ‘field of play’ in 2012?

Recognising and evaluating concussion in the adult athlete on
the field is a challenging responsibility for the healthcare pro-
vider. Performing this task is often a rapid assessment in the
midst of competition with a time constraint and the athlete
eager to play. A standardised objective assessment of injury,
which includes excluding more serious injury, is critical in
determining disposition decisions for the athlete. The on-field
evaluation of sports-related concussion is often a challenge
given the elusiveness and variability of presentation, difficulty in
making a timely diagnosis, specificity and sensitivity of sideline
assessment tools, and the reliance on symptoms. Despite these
challenges, the sideline evaluation is based on recognition of
injury, assessment of symptoms, cognitive and cranial nerve
function, and balunce. Serial assessments are often necessary.
Concussion is often an evolving injury, and sighs and symptoms
may be delayed. Therefore, erring on ihe side of caution
(keeping ai athlete out of participation when there is any suspi-
cion for injury) is important. An SAC is useful i the assesstnent
of the athlete wiili suspecied concussion bui shoukd noi take the
place of ihe dinician’s judgelneni.
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How can the SCAT2 be improved?

It was agreed that a variety of measures should be employed as
part of the assessment of concussion to provide a more com-
plete clinical profile for the concussed athlete. Important clinical
information can be ascertained in a streamlined manner through
the use of a multimodal instrument such as the Sport
Concussion Assessment Tool (SCAT). A baseline assessment is
advised wherever possible. However, it is acknowledged that
further validity studies need to be performed to answer this spe-
cific issue.

A future SCAT test battery (ie, SCAT3) should include an
initial assessment of injury severity using the Glasgow Coma
Scale (GCS), immediately followed by observing and document-
ing concussion signs. Once this is complete, symptom endorse-
ment and symptom severity, as well as neurocognitive and
balance functions, should be assessed in any athlete suspected of
sustaining a concussion. It is recommended that these latter steps
be conducted following a minimum 15 min rest period on the
sideline to avoid the influence of exertion or fatigue on the ath-
lete’s performance. Although it is noted that this time frame is an
arbitrary one, the expert panel agreed nevertheless that a period
of rest was important prior to assessment. Future research should
consider the efficacy for inclusion of vision tests such as the King
Devick Test and clinical reaction time tests.’*> °¢ Recent studies
suggest that these may be useful additions to the sideline assess-
ment of concussion. However, the need for additional equipment
may make them impractical for sideline use.

It was further agreed that the SCAT3 would be suitable for
adults and youths aged 13 and over and that a new tool (Child
SCAT3) be developed for younger children.

Advances in neuropsychology: are computerised tests
sufficient for concussion diagnosis?

Sports-related concussions are frequently associated with one or
more symptoms, impaired balance and/or cognitive deficits.
These problems can be measured using symptom scales, balance
testing and neurocognitive testing. All three modalities can iden-
tify significant changes in the first few days following injury,
generally with normalisation over 1-3 weeks. The presentation
of symptoms and the rate of recovery can be variable, which
reinforces the value of assessing all three areas as part of a com-
prehensive sport concussion programme.

Neuropsychological assessment has been described by the
CISG as a ‘cornerstone’ of concussion management.
Neuropsychologists are uniquely qualified to interpret neuro-
psychological tests and can play an important role within the
context of a multifaceted-multimodal and multidisciplinary
approach to managing sports-related concussion. Concussion
management programmes that use neuropsychological assess-
ment to assist in clinical decision-making have been instituted in
professional sports, colleges and high schools. Brief compu-
terised cognitive evaluation tools are the mainstay of these assess-
ments worldwide, given the logistical limitation in accessing
trained neuropsychologists; however, it should be noted that
these are not substitutes for formal neuropsychological assess-
ment. At present, there is insufficient evidence to recommend the
widespread routine use of baseline neuropsychological testing.

What evidence exists for new strategies/technologies in the
diagnosis of concussion and assessment of recovery?

A nutnber of novel techmological plattoring exist 0 assess con-
cusston icluding (bt not lnnited i) 1IPhone/stoani phoue apps,
quantitative  elecitoencephalograply, 1oboiws  sensory  motor
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assessment, telemedicine, eye-tracking technology, functional
imaging/advanced neuroimaging and head impact sensors. At
this stage, only limited evidence exists for their role in this
setting and none have been validated as diagnostic. It will be
important to reconsider the role of these technologies once evi-
dence is developed.

Advances in the management of sport concussion: what is
evidence for concussion therapies

The current evidence evaluating the effect of rest and treatment
following a sports-related concussion is sparse. An initial period
of rest may be of benefit. However, further research to evaluate
the long-term outcome of rest, and the optimal amount and
type of rest, is needed. Low-level exercise for those who are
slow to recover may be of benefit, although the optimal timing
following injury for initiation of this treatment is currently
unknown. Multimodal physiotherapy treatment for individuals
with clinical evidence of cervical spine and/or vestibular dys-
function may be of benefit. There is a strong need for high-level
studies evaluating the effects of a resting period, pharmaco-
logical interventions, rehabilitative techniques and exercise for
individuals who have sustained a sports-related concussion.

The difficult concussion patient—What is the best approach
to investigation and management of persistent (>10 days)
postconcussive symptoms?

Persistent symptoms (>10 days) are generally reported in
10-15% of concussions. This may be higher in certain sports
(eg, elite ice hockey) and populations (eg, children). In general,
symptoms are not specific to concussion and it is important to
consider and manage co-existent pathologies. Investigations may
include formal neuropsychological testing and conventional
neuroimaging to exclude structural pathology. Currently, there is
insufficient evidence to recommend routine clinical use of
advanced neuroimaging techniques or other investigative strat-
egies. Cases of concussion in sport where clinical recovery falls
outside the expected window (ie, 10 days) should be managed
in a multidisciplinary manner by healthcare providers with
experience in sports-related concussion. Important components
of management after the initial period of physical and cognitive
rest include associated therapies such as cognitive, vestibular,
physical and psychological therapy, consideration of assessment
of other causes of prolonged symptoms and consideration of
commencement of a graded exercise programme at a level that
does not exacerbate symptoms.

Revisiting concussion modifiers: how should the evaluation
and management of acute concussion differ in specific
groups?

The literature demonstrates that the number and severity of
symptoms and previous concussions are associated with pro-
longed recovery and/or increased risk of complications. Brief
LOC, duration of post-traumatic amnesia and/or impact seizures
do not reliably predict outcome following concussion, although a
cautious approach should be taken in an athlete with prolonged
LOC (ie, >1 min). Children generally take longer to recover
from concussions and assessment batteries have yet to be vali-
dated in the younger age group. Currently, there are insufficient
data on the influence of genetics and gender on outcome follow-
ing concussion. Several maodifiers are associated with prolonged
recovery or increased risk of complications following concussion
and lave important implications for management. Children with
concussion should be umuagcd conset vatively, with the clupllasis
ou 1eturn (o lean before reimu to spart. u cases of (oncssion

8 uf 12

managed with limited resources (eg, non-elite players), a conser-
vative approach should also be taken such that the athlete does
not return to sport until fully recovered.

What are the most effective risk reduction strategies in

sport concussion?—from protective equipment to policy?

No new valid evidence was provided to suggest that the use of
current standard headgear in rugby, or of mouthguards in
American football, can significantly reduce players’ risk of con-
cussion. No evidence was provided to suggest an association
between neck strength increases and concussion risk reduction.
There was evidence to suggest that eliminating body checking
from Pee Wee ice hockey (ages 11-12 years) and fair-play rules
in ice hockey were effective injury prevention strategies.
Helmets need to be able to protect from impacts resulting in a
head change in velocity of up to 10m/s in professional
American football, and up to 7 m/s in professional Australian
football. It also appears that helmets must be capable of redu-
cing head-resultant linear acceleration to below 50g and
angular acceleration components to below 1500 rad/s* to opti-
mise their effectiveness. Given that a multifactorial approach is
needed for concussion prevention, well-designed and
sport-specific prospective analytical studies of sufficient power
are warranted for mouthguards, headgear/helmets, facial protec-
tion and neck strength. Measuring the effect of rule changes
should also be addressed by future studies, not only assessing
new rule changes or legislation, but also alteration or reinforce-
ment to existing rules.

What is the evidence for chronic concussion-related
changes?—behavioural, pathological and clinical outcomes

It was agreed that CTE represents a distinct tauopathy with an
unknown incidence in athletic populations. It was further
agreed that CTE was not related to concussions alone or simply
exposure to contact sports. At present, there are no published
epidemiological, cohort or prospective studies relating to
modern CTE. Owing to the nature of the case reports and
pathological case series that have been published, it is not pos-
sible to determine the causality or risk factors with any certainty.
As such, the speculation that repeated concussion or subconcus-
sive impacts cause CTE remains unproven. The extent to which
age-related changes, psychiatric or mental health illness, alcohol/
drug use or co-existing medical or dementing illnesses contrib-
ute to this process is largely unaccounted for in the published
literature. At present, the interpretation of causation in the
modern CTE case studies should proceed cautiously. It was also
recognised that it is important to address the fears of parents/
athletes from media pressure related to the possibility of CTE.

From consensus to action—how do we optimise knowledge
transfer, education and ability to influence policy?

The value of knowledge transfer (KT) as part of concussion edu-
cation is increasingly becoming recognised. Target audiences
benefit from specific learning strategies. Concussion tools exist,
but their effectiveness and impact require further evaluation. The
media is valuable in drawing attention to concussion, but efforts
need to ensure that the public is aware of the right information.
Social media as a concussion education tool is becoming more
prominent. Implementation of KT maodels is one approach orga-
nisations can use to assess knowledge gaps; identify, develop and
evaluate education strategies; and use the outcomes to facilitate
decision making. Iuplemeiting KT strategies requires a defined
plate. Identifying the needs, leatning styles and preferred learning
sttategies of tatget audiences, coupled witli evaluation, should Le
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a piece of the overall concussion education puzzle to have an
impact on enhancing knowledge and awareness.

Author affiliations

The Florey Institute of Neuroscience and Mental Health, Heidelberg, Victoria,
Australia

ZFaculty of Kinesiology, Hotchkiss Brain Institute, University of Calgary, Calgary,
Alberta, Canada

*Faculty of Medicine, Sport Injury Prevention Research Centre, Calgary, Alberta,
Canada

“International Ice Hockey Federation, Switzerland

%10C Medical Commission Games Group, Ottawa, Ontario, Canada

50ttawa Sport Medicine Centre, Ottawa, Ontario, Canada

"Department of Neurasurgery, Boston University Medical Center, Baston,
Massachusetts, USA

8Center for the Study of Traumatic Encephalopathy, Boston University Medical
Center, Boston, Massachusetts, USA

®Department of Neurology, University of Zurich, Zurich, Switzerland

195 chulthess Clinic Zurich, Zurich, Switzerland

"E-MARC (FIFA Medical Assessment and Research Center), Zurich, Switzerland
"2psychological and Neurobehavioral Associates, Inc., State College, Pennsylvania, USA
3University of Missouri-Kansas City, Kansas City, Missouri, USA

"4Department of Orthopaedic Surgery, Oslo University Hospital and Faculty of Medicine,
University of Oslo, Norway

130slo Sports Trauma Research Center, Norway

"®Intemational Olympic Committee (10C), Lausanne, Switzerland

Division of Neurosurgery, University of Toronto, Toronto, Canada

"8Concussion Management Program Athletic Edge Sports Medicine, Toronto, Canada
"9Michigan NeuroSport, Department of Neurology, University of Michigan, Ann Arbor,
Michigan, USA

Dnternational Rugby Board, Dublin, Ireland

2'Department of Neurosurgery, Orthopaedic Surgery and Rehabilitation, Vanderbilt Sports
Concussion Center, Vanderbilt University Medical Center, Nashville, Tennessee, USA
Zpepartment of Clinical Neurosciences, Faculty of Medicine, University of Calgary,
Calgary, Alberta, Canada

Bpepartment of Family Medicine, University of Calgary, Calgary, Alberta, Canada
Z4sport Medicine Centre, Faculty of Kinesiology, University of Calgary, Calgary, Aberta,
Canada

BDepartment of Neurosurgery, Austin and Cabrini Hospitals & The Florey Institute of
Neuroscience and Mental Health, Melbourne, Victoria, Australia

*Theodore S. Roberts Endowed Chair Department of Neurological Surgery University of
Washington Seattle, WA, USA

YNFL Head, Neck and Spine Medical Committee

BMatthew Gfeller Sport-Related Traumatic Brain Injury Research Center, University of
North Carolina, Chapel Hill, Chapel Hill, North Carolina, USA

B(linical Professor Departments of Rehabilitation Medicine, Orthopaedics and Sparts
Medicine and Neurological Surgery, University of Washington, USA

3eattle Sports Concussion Program, Team Physician Seattle Seahawks and Seattle
Mariners, Seattle, Washington, USA

HDepartment of Psychiatry, University of British Columbia, Vancouver, British Columbia,
Canada

32eill Medical College of Cornell University, New York, New Yark, USA

33Burke Rehabilitation Hospital, White Plains, New York, USA

34New York State Athletic Commission. New York, New York, USA

3Department of Family Medicine, University of Ottawa, Ottawa, Canada

35Canadian National Men's Sledge Hockey Team, Canada

3National Football League Players Association (NFLPA) Mackey-White Traumatic Brain
Iry‘ury Committee

8Brain Injury Research, Departments of Neurosurgery and Neurology, Medical College of
Wisconsin, Wisconsin, USA

3pustralian Centre for Research into Injury in Sports and its Prevention, Monash Injury
Research [nstitute, Monash University, Australia

“Transport and Road Safety Research, Faculty of Science, the University of New South
Wales, Australia

#"McIntosh Consultancy and Research Pty Ltd. Sydney, Australia

“Zperry Maddocks Trollope Lawyers, Melbourne, Australia

“*The Florey Institute of Neuroscience and Mental Health, Melboume Brain Centre,
Austin Campus, Melbourne, Australia

“Centre For Health Exercise and Sports Medicine, Melbaurne Physiotherapy Department,
University of Melbourne, Melbourne, Australia

“Department of Pedialrics, McMaster University, Hamilton, Ontario, Canada

“*David Braley Spart Medicine and Rehabiilitation Centre, McMaster University, Hamilion,
Ontario, Canatla

inceton University, New leisey, USA

BRabert Woad lolnsun, Universly of Medicine and Denitisity of New letsey (UMOND),
USA

5pani Ity Prevenion Heseatch Centre, Faculty of Kinesiolagy, Univedsiiy of ¢ alyaty,

M aty P,oet ol B Spants Med 2073.44:250 258 da 10011 3bdijsporis 2004 092314

Calgary, Alberta, Canada

3°Toronto Western Hospital and University of Toronto, Canada
5'Krembil Neuroscience Centre, Toronto, Canada

>2ThinkFirst Canada

S3parachute, Canada

>4British Harseracing Authority, Landon, UK

Competing interests See the supplementary online data for competing interests
(http://dx.doi.org/10.1136/bjsports-2013-092313).

Provenance and peer review Commissioned; internally peer reviewed.

REFERENCES
1

20

21

22

23

24

24

Aubry M, Cantu R, Dvorak J, et al. Summary and agreement statement of the
1st International Symposium on Concussion in Sport, Vienna 2001. Clin J Sport
Med 2002;12:6-11.

McCrory P, Johnston K, Meeuwisse W, et af. Summary and agreement statement
of the 2nd International Conference on Concussion in Sport, Prague 2004. Br J
Sports Med 2005;39:196-204.

McCrory P, Meeuwisse W, Johnston K, ef af. Consensus statement on concussion
in sport—the third international conference on concussion in sport held in Zurich,
November 2008. Phys Sportsmed 2009;37:141-59,

Maddocks D, Dicker G. An objective measure of recovery from concussion in
Australian rules footballers. Sport Health 1989;7(Suppl).6-7.

Maddocks DL, Dicker GD, Saling MM. The assessment of orientation following
concussion in athletes, Clin J Sport Med 1995;5:32-~5.

McCrea M. Standardized mental status assessment of sports concussion. Clin J
Sport Med 2001;11:176-81.

McCrea M, Kelly J, Randolph C, et al. Standardised assessment of concussion
(SAC): on site mental status evaluation of the athlete. J Head Trauma Rehab
1998;13:27-36.

McCrea M, Randolph C, Kelly J. The Standardized Assessment of Concussion
(SAC): manual for administration, scoring and interpretation. 2nd edn. Waukesha,
Wi, 2000.

McCrea M, Kelly JP, Kluge J, et al. Standardized assessment of concussion in
football players. Neurology 1997;48:586-8.

Chen J, Johnston K, Collie A, et al. A validation of the Post Concussion Symptom
Scale in the assessment of complex concussion using cognitive testing and
functional MRI. J Neurol Neurosurg Psych 2007;78:1231--8.

Chen J, Johnston K, Frey S, et al. Functional abnormalities in symptomatic
concussed athletes: an fMR! study. Neuroimage 2004;22:68-82.

Chen JK, Johnston KM, Collie A, et al. (14) Association between symptom
severity, CogSport tests results, and functional MRI activation in symptomatic
concussed athletes. Clin J Sport Med 2004;14:379.

Chen JK, Johnston KM, Collie A, et a/. Behavioural and functional imaging
outcomes in symptomatic concussed athletes measured with cogsport and
functional MRI. B/ Sport Med 2004;38:659.

Ptito A, Chen JK, Johnston KM. Contributions of functional magnetic resonance
imaging {fMRI) to sport concussion evaluation. NeuroRehabilitation
2007;22:217-27.

Guskiewicz K. Postural stability assessment following concussion. Clin / Sport Med
2001;11:182-90.

Guskiewicz KM. Assessment of postural stability following sport-related
concussion. Curr Sports Med Rep 2003;2:24-30.

Guskiewicz KM, Ross SE, Marshall SW. Postural stability and neuropsychological
deficits after concussion in collegiate athletes. J Athf Train 2001;36:263-73.
Cavanaugh JT, Guskiewicz KM, Giuliani C, et af. Detecting altered postural
control after cerebral concussion in athletes with normal postural stability, 8r J
Sports Med 2005;39:805-11.

Cavanaugh JT, Guskiewicz KM, Giuliani C, et af. Recovery of postural control after
cerebral concussion: new insights using approximate entropy. J Ath/ Train
2006;41:305-13.

Cavanaugh JT, Guskiewicz KM, Stergiou N. A nonlinear dynamic approach for
evaluating postural control: new directions for the management of sport-related
cerebral concussion. Sports Med (Auckland, NZ) 2005;35:935-50.

Fox ZG, Mihalik JP, Blackburn JT, et af. Return of postural control to baseline
after anaerobic and aerobic exercise protocols. / Athl Train 2008;43:456-63.
Kristman VL, Tator CH, Kreiger N, et al. Does the apolipoprotein epsilon 4 allele
predispose varsity athletes to concussion? A prospective cohort study. Clin J Sport
Med 2008;18:322-8..

Terrell TR, Bostick RM, Abramson R, et al. APOE, APOE promoter, and Tau
genotypes and tisk for concussian in college athletes. Clin f Spart Med
2008;18:10-17.

Vagnued R, Tavaza B, Signatetii S, et al. Temparal window af metabolic brain
viilnerahility tor concussiuns: mitos hondiial-related impaitmeni—pari 1
Netrastirgerg 2004,61.349 88; distussiun 88-4.

Hang UL Chen G She Ik et ol Coniial expression of nudeat facion kappal stie
hman brain comivstan Brain Kes 2006;1109:14 21

Yuof 2



26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

4

42

43

44

45

46

47

48

49

50

51

52

53

54

54

Case 3:19MdddQ 7 M Boisassimenbd -k Lo Fledid8d014L6 nihage 45 of 115

Peng RY, Gao YB, Xiao XY, et al. [Study on the expressions of basic fibroblast
growth factor and nervous growth factor genes in rat cerebral concussion].
Zhongguo Wei Zhong Bing Ji Jiu Yi Xue 2003;15:213-16.

Yunoki M, Kawauchi M, Ukita N, et af. Effects of lecithinized SOD on sequential
change in SOD activity after cerebral contusion in rats. Acta Neurochir Supp!
1998;71:142-5.

Hinkle DA, Baldwin SA, Scheff SW, et al. GFAP and S100beta expression in the
cortex and hippocampus in response to mild cortical contusion. / Neurotrauma
1897;14:729-38.

Holmin S, Schalling M, Hojeberg B, et al. Delayed cytokine expression in rat brain
following experimental contusion. J Neurosurg 1997;86:493-504.

Sandberg Nordgvist AC, von Holst H, Holmin S, et al. Increase of insulin-like
growth factor (IGF)-1, IGF binding protein-2 and -4 mRNAs following cerebral
contusion. Brain Res Mol Brain Res 1996;38:285-93.

Fukuhara T, Nishio S, Ono Y, et al. Induction of Cu,Zn-superoxide dismutase after
cortical contusion injury during hypothermia. Brain Res 1994;657:333-6.

Begaz T, Kyriacou DN, Segal J, et al. Serum biochemical markers for
post-concussion syndrome in patients with mild traumatic brain injury.

J Neurotrauma 2006;23:1201-10.

de Boussard CN, Lundin A, Karlstedt D, et a/. $100 and cognitive impairment
after mild traumatic brain injury. J Rehabil Med 2005;37:53-7.

Lima DP, Simao Filho C, Abib Sde C, et a/. Quality of life and neuropsychological
changes in mild head trauma. Late analysis and correlation with S100B

protein and cranial CT scan performed at hospital admission. njury
2008;39:604~-11.

Ma M, Lindsell CJ, Rosenberry CM, et al. Serum cleaved tau does not predict
postconcussion syndrome after mild traumatic brain injury. Am J Emerg Med
2008;26:763-8.

Stalnacke BM, Tegner Y, Sojka P. Playing ice hockey and basketball increases
serum levels of S-1008 in elite players: a pilot study. Clin J Sport Med
2003;13:292-302.

Stalnacke BM, Tegner Y, Sojka P. Playing soccer increases serum concentrations of
the biochemical markers of brain damage S-100B and neuron-specific enolase in
elite players: a pilot study. Brain /nj 2004;18:899-909.

Townend W, Ingebrigtsen T. Head injury outcome prediction: a role for protein
S-100B? Injury 2006;37:1098~108.

Boutin D, Lassonde M, Robert M, et al. Neurophysiological assessment prior to
and following sports-related concussion during childhood: a case study. Neurocase
2008;14:239-48.

De Beaumont L, Brisson B, Lassonde M, et al. Long-term electrophysiological changes
in athletes with a history of multiple concussions. Brain /nj 2007;21:631-44.

De Beaumont L, Lassonde M, Leclerc S, et a/. Long-term and cumulative effects
of sports concussion on motor cortex inhibition. Neurosurgery 2007;61:329-36;
discussion 36-7.

Gaetz M, Weinberg H. Electrophysiological indices of persistent post-concussion
symptoms. Brain Inj 2000;14:815-32.

Gosselin N, Theriault M, Leclerc S, et al. Neurophysiological anomalies in
symptomatic and asymptomatic concussed athletes. Neurosurgery
2006;58:1151-61; discussion —61,

Lavoie ME, Dupuis F, Johnston KM, et al. Visual p300 effects beyond symptoms
in concussed college athletes. J Clin Exp Neuropsychol 2004;26:55~73.

Rousseff RT, Tzvetanov P, Atanassova PA, et al. Correlation between cognitive
P300 changes and the grade of closed head injury. Electromyogr Clin Neurophysiol
2006;46:275-7.

Collie A, Darby D, Maruff P. Computerised cognitive assessment of athletes with
sports related head injury. Br J Sports Med 2001;35:297-302.

Collie A, Maruff P. Computerised neuropsychological testing. Br J Sports Med
2003;37:2-3.

Collie A, Maruff P, McStephen M, et al. Psychometric issues associated with
computerised neuropsychological assessment of concussed athletes. Br J Sports
Med 2003;37:556-9.

Collins MW, Grindel SH, Lovell MR, et a. Relationship between concussion and
neuropsychological performance in college football players [see comments]. JAMA
1999;282:964-70.

Lovell MR. The relevance of neuropsychologic testing for sports-related head
injuries. Curr Sports Med Rep 2002;1:7-11.

Lovell MR, Collins MW. Neuropsychological assessment of the college football
player. J Head Trauma Rehabil 1998;13:9-26.

Bleiberg J, Cernich AN, Cameron K, , et af Duration of cognitive impairment after
sports concussion. Neurosurgery 2004;54:1073-8; discussion 8-80.

Bleiberg J, Warden D. Duration of cognitive impairment after sports concussion.
Neurosurgery 2005;56:E1166.

Braglia SP, Macciucchi SN, Ferrata MS. Neuracngnitive perfarmance of concussed
alhletes when symptom fiee. 1 Athl Tain 2007:42:504 8.

Braglic SF, Matciocchi SN, Ferraia M5, Sensitivity of the concussion assessmeni
laiiety. Netrostngery 2002601050 £ discuission # -8

ittof i2

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

"

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

M taty Poet al B f Sparts Med 2013,47.250 258

Gioia G, Janusz J, Gilstein K, et al. Neueopsychological management of
consussion in children and adolescents: effects of age and gender on ImPact
(abstract). Br J Sp Med 2004;38:657.

McCrory P, Collie A, Anderson V, et al. Can we manage sport related concussion
in children the same as in adults? 8r J Sports Med 2004;38:516-19.

Johnston K, Bloom G, Ramsay J, et af. Current concepts in concussion
rehabilitation. Curr Sports Med Rep 2004;3:316-23.

Guskiewicz KM, McCrea M, Marshall SW, et af. Cumulative effects associated with
recurrent concussion in collegiate football players. JAMA 2003;290:2549-55.
Lovell M, Collins M, Bradley J. Return to play following sports-related concussion.
Clin Sports Med 2004;23:421-41, ix.

Collins M, Field M, Lovell M, et al. Relationship between postconcussion headache
and neuropsychological test performance in high school athletes. Am J Sports Med
2003;31:168-73.

Collins M, Grindel S, Lovell M, et af. Relationship between concussion and
neuropsychological performance in college football players.  Am Med Assoc
1999;282:964-70.

Collins MW, Lovell MR, Iverson GL, et al. Cumulative effects of concussion in high
school athletes. Neurosurgery 2002;51:1175-9; discussion 80-1.

McCrea M, Guskiewicz KM, Marshall SW, et a/. Acute effects and recovery time
following concussion in collegiate football players. JAMA 2003;290:2556~63.
McCrea M, Hammeke T, Olsen G, et al. Unreported concussion in high school
football players: implications for prevention. Clin J Sport Med 2004;14:13-17.
Bloom G, Horton A, McCrory P, et al. Sport psychology and concussion: new
impacts to explore. Br J Sports Med 2004;38:519-21.

Weiss MR, Gill DL. What goes around comes around: re-emerging themes in sport
and exercise psychology. Res Q Exerc Sport 2005;76:571-87.

McCrory P. Should we treat concussion pharmacologically? The need for evidence
based pharmacological treatment for the concussed athlete. Br J Sports Med
2002;36:3-5.

McCrory P. Preparticipation assessment for head injury. Clin J Sport Med
2004;14:139-44.

Johnston KM, Lassonde M, Ptito A, A contemporary neurosurgical approach to
sport-related head injury: the McGill concussion protocol. J Am Colf Surg
2001;192:515-24.

Delaney J, Lacroix V, Leclerc S, et al. Concussions during the 1997 Canadian
Football League Season. Clin J Sport Med 2000;10:9-14.

Delaney J, Lacroix V, Leclerc S, et al. Concussions among university football and
soccer players. Clin J Sport Med 2002;12:331-8.

Gessel LM, Fields SK, Collins CL, et al. Concussions among United States high
school and collegiate athletes. J Athl Train 2007;42:495-503.

Dvorak J, Junge A, Fuller C, et al. Medical issues in women's football. Br J Sports
Med 2007;41(Suppl 1):i1.

Dvorak J, McCrory P, Kirkendall DT. Head injuries in the female football player:
incidence, mechanisms, risk factors and management. Br J Sports Med 2007;41
(Suppl 1)i44-6.

Jennett B, Bond M. Assessment of outcome after severe brain damage: a practical
scale. Lancet 1975;1:480-4.

Leninger B, Gramling S, Farrell A, et al. Neuropsychological deficits in
symptomatic minor head injury patients after concussion and mild concussion.

J Neurol Neurosurg Psych 1990;53:293-6.

Lovell M, Iverson G, Collins M, et al. Does loss of consciousness predict
neuropsychological decrements after concussion. Clin J Sp Med 1999;9:193-9.
McCrea M, Kelly J, Randolph C, et al. Immediate neurocognitive effects of
concussion. Neurosurgery 2002;50:1032-42.

Cantu RC. Posttraumatic retrograde and anterograde amnesia: pathophysiology
and implications in grading and safe return to play. J Ath/ Train 2001;36:244-8.
Lovell MR, Collins MW, Iverson GL, et al. Recovery from mild concussion in high
school atheltes. J Neurosurg 2003;98:296-301.

McCrory PR, Ariens T, Berkovic SF. The nature and duration of acute concussive
symptoms in Australian football. Clin J Sport Med 2000;10:235-8.

Yamnell P, Lynch S. The ‘ding’: amnestic state in football trauma. Neurology
1973;23:196-7.

Yarnell PR, Lynch S. Retrograde memory immediately after concussion. Lancet
1970;1:863—-4.

McCrory PR, Berkovic SF. Video analysis of acute motor and convulsive
manifestations in sport-related concussion. Neurology 2000;54:1488-91.
McCrory PR, Bladin PF, Berkovic SF. Retrospective study of concussive convulsions
in elite Australian rules and rugby league footballers: phenomenology, aetiology,
and outcome, BM/ 1997:314:171-4.

Fleminger S. Long-term psychiatric disorders after traumatic brain injury. Eur /
Anaesthesial Suppl 2008;42:123-30..

Chen JK, lohnstun KM, Petrides M, et al. Neural substrates of sympioms ot
depressiun following concussion in male athleies with persisiing posicontussion
symptoms Awch Gen Psychiairy 2008;65:81 9.

Biysni RA. Disentangling mild traumaiic brain mjury and stiess teacdions. N Engl |
Med 20008;358:525 /

dai 10 1 bdspatis 2003 092315



Case 3:1Ddimidaddd #éhn W Bojsageimendd e~k 2016 HeditB40:1 b6 i age 46 of 115

90

91

92

93

94

95

96

97

98

99 -

100

101

102

103

104

105

106

107

108

109

110

m

112

13

114

115

116

117

118

119

120

Moty Poet ol B 1 Sparis Med 2013,472.250 158 don 10 T150Aspaiz 2003 092303

Vanderploeg RD, Curtiss G, Luis CA, et al. Long-term morbidities following
self-reported mild traumatic brain injury. J Clin Exp Neuropsychol
2007,29:585-98.

Guskiewicz KM, Marshall SW, Bailes J, et al. Recurrent concussion and risk of
depression in retired professional football players. Med Sci Sports Exerc
2007;39:903-9.

Kashiuba S, Casey JE, Paniak C. Evaluating the utility of ICD-10 diagnostic criteria
for postconcussion syndrome following mild traumatic brain injury. J it
Neuropsychol Soc 2006;12:111-18.

Iverson GL. Misdiagnosis of the persistent postconcussion syndrome in patients
with depression. Arch Clin Neuropsychol 2006;21:303-10.

Chamelian L, Feinstein A. The effect of major depression on subjective and
objective cognitive deficits in mild to moderate traumatic brain injury.

J Neuropsychiatry Clin Neurosci 2006;18:33-8.

Mooney G, Speed J, Sheppard S. Factors related to recovery after mild traumatic
brain injury. Brain inj 2005;19:975-87.

Brashek DK, Freeman JR. Psychiatric and neuropsychological issues in sport
medicine. Clin Sports Med 2005;24:663-79, x.

Pellman EJ. Background on the National Football League's research on concussion
in professional football. Neurosurgery 2003;53:797-8.

Purcell L, Carson J. Sport-related concussion in pediatric athletes. Clin Pediatr
(Phila) 2008;47:106-13.

Lee LK. Controversies in the sequelae of pediatric mild traumatic brain injury.
Pediatr Emerg Care 2007;23:580-3; quiz 4-6.

Schnadower D, Vazquez H, Lee J, et al. Controversies in the evaluation and
management of minor blunt head trauma in children. Curr Opin Pediatr
2007;19:258-64..

Wozniak JR, Krach L, Ward E, et al. Neurocognitive and neuroimaging correlates of
pediatric traumatic brain injury: a diffusion tensor imaging (DTI) study. Arch Clin
Neuropsychol 2007;22:555-68.

Hayden MG, Jandial R, Duenas HA, et al. Pediatric concussions in sports; a
simple and rapid assessment tool for concussive injury in children and adults.
Childs Nerv Syst 2007;23:431-5.

Lee MA. Adolescent concussions—management recommendations: a practical
approach. Conn Med 2006;70:377-80.

Kirkwood MW, Yeates KO, Wilson PE. Pediatric sport-related concussion: a review
of the clinical management of an oft-neglected population. Pediatrics
2006;117:1359-71.

Guskiewicz KM, Marshall SW, Bailes J, et al. Association between recurrent
concussion and late-life cognitive impairment in retired professional football
players. Neurosurgery 2005;57:719-26; discussion —~26.

Nandoe RD, Scheltens P, Eikelenboom P. Head trauma and Alzheimer's disease.
J Alzheimers Dis 2002;4:303-8.

Stern MB. Head trauma as a risk factor for Parkinson’s disease. Mov Disord
1991;6:95-7.

Omalu Bl, DeKosky ST, Hamilton RL, et a/. Chronic traumatic encephalopathy in a
national football league player: part Il. Neurosurgery 2006,;59:1086~92; discussion
92-3.

Omalu BI, DeKosky ST, Minster RL, et al. Chronic traumatic encephalopathy in a
National Football League player. Neurosurgery 2005;57:128-34; discussion —34.
McKee AC, Cantu RC, Nowinski CJ, et al. Chronic traumatic encephalopathy in
athletes: progressive tauopathy after repetitive head injury. J Neuropatho! Exp
Neurol 2009;68:709-35.

McKee AC, Gavett BE, Stern RA, et al. TDP-43 Proteinopathy and Motor Neuron
Disease in Chronic Traumatic Encephalopathy. J Neuropatho! Exp Neurol
2010;69:918-29.

McKee AC, Stein TD, Nowinski CJ, et al. The spectrum of disease in chronic
traumatic encephalopathy. Brain 2013;136:43-64.

McCrory P. Sports concussion and the risk of chronic neurological impairment.
Clin J Sport Med 2011;21:6-12.

McCrory P. Future advances and areas of future focus in the treatment of
sport-related concussion. Clin Sports Med 2011;30:201-8, xi-ii.

Hagel BE, Pless IB, Goulet C, et al. Effectiveness of helmets in skiers and
snowboarders: case-control and case crossover study. BMJ (Clin Res ed)
2005;330:281.

McCrory P. The role of helmets in skiing and snowboarding. Br / Sports Med
2002;36:314.

Mueller BA, Cummings P, Rivara FP, et al. [njuries of the head, face, and neck in
relation to ski helmet use. £pidemiology 2008;19:270-6.

Sulheim S, Holme |, Ekeland A, et al. Helmet use and risk of head injuries in
alpine skiers and snowboarders. JAMA 2006;295:919-24.

Delaney IS, Al-Kashmiri A, Drutnimond R, et . The effect of protective headgear
an head injuries and concussions in adolescent foathall (succer) players. Br 1
Spnrts Med 2008;42:110-15; discussion 5.

Vigho DC, Pellinan £, Wiihnall ¢, ez o, Concussion in professional foaiball:
pettatmante of newer helinets in 1ecansindded gatme impaects--pari 13
Newrastrgery 1U06;59:591 blb; distitssiun 591 6lib.

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138
139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

Finch C, Braham R, Mclntosh A, et al. Should football players wear custom fitted
mouthguards? Results from a group randomised controlled trial. /nj Prev
2005;11:242-6.

Mdintosh A, McCrory P. The dynamics of concussive head impacts in rugby and
Australian rules football. Med Sci Sports Exerc 2000;32:1980~5.

McdIntosh A, McCrory P. Impact energy attenuation performance of football
headgear. 8r J Sports Med 2000;34:337-42.

McIntosh A, McCrory P. Effectiveness of headgear in a pilot study of under 15
rugby union football. Br J Sports Med 2001;35:167-70.

Mcdintosh A, McCrory P, Finch C, et al. Rugby Headgear Study. Sydney: School of
Safety Science, The University of New South Wales, May 2005.

Finch C, Newstead S, Cameron M, et al. Head injury reductions in Victoria two
years after the introduction of mandatory bicycle helmet use. Melbourne: Monash
University Accident Research Centre, 1993 July, Report No.: 51.

Curnow WJ. Bicycle helmets and public health in Australia. Health Promot J Austr
2008;19:10-15.

Hewson PJ. Cycle helmets and road casualties in the UK. Traffic Inj Prev
2005;6:127-34.

Davidson JA. Epidemiology and outcome of bicycle injuries presenting to an
emergency department in the United Kingdom. Eur J Emerg Med 2005;12:24-9.
Hansen KS, Engesaeter LB, Viste A. Protective effect of different types of bicycle
helmets. Traffic Inj Prev 2003;4:285~90.

Andersen T, Arnason A, Engebretsen L, et al. Mechanism of head injuries in elite
football. Br J Sports Med 2004;38:690-6.

Hagel B, Meewisse W. Editorial: risk compensation: a “side effect” of sport injury
prevention? Clin J Sp Med 2004;14:193-6.

Finch C, Mdintosh AS, McCrory P, et al. A pilot study of the attitudes of
Australian Rules footballers towards protective headgear. J Sci Med Sport
2003;6:505-11.

Finch CF, Mclntosh AS, McCrory P. What do under 15-year-old schoolboy

rugby union players think about protective headgear? Br/ Sports Med
2001;35:89-94.

Finch C, Mcintosh AS, McCrory P. What is the evidence base for the use of
protective headgear and mouthguards in Australian football. Sport Heafth
2000;18:35-8.

Reece RM, Sege R. Childhood head injuries: accidental or inflicted? Arch Pediatr
Adolesc Med 2000;154:11-15.

Shaw NH. Bodychecking in hockey. CMAJ 2004;170:15-16; author reply 6, 8.
Denke NJ. Brain injury in sports. J Emerg Nurs 2008;34:363-4.

Gianotti S, Hume PA. Concussion sideline management intervention for

rugby union leads to reduced concussion claims. NeuroRehabilitation
2007;22:181-9.

Guilmette T, Malia LA, McQuiggan MD. Concussion understanding and
management among New England high school football coaches. Brain /nj
2007;21:1039-47.

Hootman M, Dick R, Agel J. Epidemiology of collegiate injuries for 15 sports:
summary and recommendations for injury prevention initiatives. J Ath/ Train
2007;42:311-19

Valovich McLeod TC, Schwartz C, Bay RC. Sport-related concussion
misunderstandings among youth coaches. Clin J Sport Med 2007;17:140-2.

Sye G, Sullivan S, McCrory P. High school rugby players’ understanding of
concussion and return to play guidelines. Br J Sports Med 2006;40:1003-5.
Theye F, Mueller KA. “Heads up”: concussions in high school sports. Clin Med
Res 2004;2:165-71.

Kashluba S, Paniak C, Blake T, et al. A longitudinal, controlled study of patient
complaints following treated mild traumatic brain injury. Arch Clin Neuropsychol
2004;19:805-16.

Gabbe B, Finch CF, Wajswelner H, et al. Does community-level Australian football
support injury prevention research? J Sci Med Sport 2003;6:231-6.

Kaut KP, DePompei R, Kerr J, et af. Reports of head injury and symptom
knowledge among college athletes: implications for assessment and educational
intervention. Clin J Sport Med 2003;13:213-21.

Davidhizar R, Cramer C. The best thing about the hospitalization was that the
nurses kept me well informed” issues and strategies of client education. Accid
Emerg Nurs 2002;10:149-54.

McCrory P. What advice should we give to athletes postconcussion? Br J Sports
Med 2002;36:316~-18.

Bazarian J), Veenema T, Brayer AF, et al. Knowledge of concussion guidelines
among practitioners caring for children. Clin Pediatr (Phila) 2001;40:207-12.
Guskiewicz KM, Weaver NL, Padua DA Jr, et al. Epidemiology of concussion in
collegiate and high school football players. Am J Sports Med 2000;28:643-50.
McCrea M, Guskiewicz KM, Marshall SW, et /. Acute effects and recavery time
following concussion in collegiate foutball players: the NCAA Concussian Study.
JAMA 2003;290:2556-63.

Mattiocchi SN, Batth 1T, Alves W, et of. Nettapsycholugical funcioning and
tevsvety aften wild head ivjuty in collegiaie aihleies Newrosurgery

1996;39:510 14

itufi2



Case 3:15015%0 TP Bris TRt eAmen P19 - H20 1R R YIEBIOLIPe bRage 47 of 115

154 Meehan WP ill, d'Hemecourt P, Comstock RD. High school concussions in the 155 Eckner JT, Kutcher JS, Richardson JK. Between-seasons test-retest reliability of
2008-2009 academic year: mechanism, symptoms, and management. Am J Sports clinically measured reaction time in National Collegiate Athletic Association
Med 2010;38:2405-9. Division | athletes. J Athl Train 2011;46:409-14.

156  Eckner JT, Richardson JK, Kim H, et al. A novel dlinical test of recognition reaction
time in healthy adults. Psychol Assess 2012;24:249-54.

[EX P Mctary Poet al Br 1 Sparis Mesd 2014,82.250 258 duii0 T 3bgsparis 2004 092319



Case 3:1Ddmiddddd fém ik BoisEXaG MR baRe-1s/2016 1 ghieB4e 1 kb bR age 48 of 115

Consensus statement on concussion in
sport: the 4th International Conference on
Concussion in Sport held in Zurich,

November 2012

Paul McCrory, Willem H Meeuwisse, Mark Aubry, Bob Cantu, Jiri Dvorak,
Ruben J Echemendia, Lars Engebretsen, Karen Johnston, Jeffrey S
Kutcher, Martin Raftery, Allen Sills, Brian W Benson, Gavin A Davis,
Richard G Ellenbogen, Kevin Guskiewicz, Stanley A Herring, Grant L
Iverson, Barry D Jordan, James Kissick, Michael McCrea, Andrew S
Mclntosh, David Maddocks, Michael Makdissi, Laura Purcell, Margot
Putukian, Kathryn Schneider, Charles H Tator and Michael Turner

Br J Sports Med 2013 47: 250-258
doi: 10.1136/bjsports-2013-092313

Updated information and services can be found at:
http://bjsm.bmj.com/content/47/5/250

These include:

Supplementary Supplementary material can be found at:
Materiai http://bjsm.bmj.com/content/suppl/2013/03/11/47.5.250.DC1.htmi

References This article cites 153 articles, 34 of which you can access for free at:
http://bjsm.bmj.com/content/47/5/250#BIBL

Email alerting Receive free email alerts when new articles cite this article. Sign up in the
service box at the top right corner of the online article.

Topic Articles on similar topics can be found in the following collections

Collections Editor's choice (252)
Injury (882)
Trauma (788)
Trauma CNS / PNS (121)
Notes

To request permissions go to:
http://group.bmj.com/groupirights-licensing/permissions

To order reprints go to:
http://journals.bmj.com/cgilreprintform

To subscribe to BMJ go to:
hitp://group.bmj.com/subscribe/



Case 3:15-cv-01074-VLB Document 195-17 Filed 08/01/16 Page 49 of 115

- Exhibit 5



Case 3:15-cv-01074-VLB Document 195-17 Filed 08/01/16 Page 50 of 115

Curr Treat Options Neurol (2014) 16:306
DOI 10.1007/s11940-014-0306-5

Current Understanding
of Chronic Traumatic
ncephalopathy

Christine M. Baugh, MPH?

Clifford A. Robbins, BA

Robert A. Stern, PRDY%%%"
Ann C. McKee, MD*%%>¢

Address

“1Boston University School of Medicine, CTE Center, Boston University School
of Medicine, 72 E. Concord Street, Suite B7800, Boston, MA 02118, USA
Email: bobstern@bu.edu

2pepartment of Neurology, Boston University School of Medicine, Boston, MA,
USA

3Department of Neurosurgery, Boston University School of Medicine, Boston,
MA, USA

“Boston University Alzheimer’s Disease Center, Boston, MA, USA
SDepartment of Pathology, Boston University School of Medicine, Boston, MA,
USA

VA Boston Healthcare System, Boston, MA, USA

© Springer Science+Business Media New York 2014

Robert A. Stern and Ann C. McKee contributed equally to the manuscript.
This article is part of the Topical Collection on Traumatic Brain Injury

Keywords Chronic traumatic encephalopathy (CTE) - Concussion - Brain trauma - Traumatic brain injury (T8I) -
APOE . Biomarker » Tau - Football

Clnonic traumatic encephalopatby (COE) s g nemto- or wilitary combat, CGEE, a disiine nearodegeneration,
degenctaiive disease ihought w be assoctated with o was fist inttodaced in the liletattite as “pundh diank”
histoty of tepetitive hiead mpadds [T 8 990 10, 11, or deinettia pugilistica i the ealy 19005 becatse of
119] stelr as those sustaitied thnaugh contadt spoits s desociation with bosing [13] In fact wuch of the

Publybed online, 13 Tuly 2014



Case 3:15-cv-01074-VLB Document 195-17 Filed 08/01/16 Page 51 of 115

306, Page 2 of 13

Curr Treat Options Neurol (2014) 16:306

early literature about the disease focused on the box-
ing population [1, 13, 14]. However, the disease is
found in'a more diverse group of individuals with a
history of repetitive head impacts including a variety
of contact sport athletes, military veterans, domestic
abuse victims, and individuals with self-inflicted head
banging behavior [7]. Although significant media at-
tention has been brought to this disease, there is rela-
tively little known regarding the pathobiological
mechanisms underlying CTE, and a large number of
questions remain. The preponderance of the literature

has consisted of postmostem neuropathologic assess-
ments with retrospective clinical interviews. As such,
the neuropathology of CIE is currently better under-
stood than the clinical presentation or course, and
there is a need for prospective longitudinal clinical
studies with in vivo diagnostic techniques or neuro-
pathologic validation. This article reviews the cument
state of our knowledge concerning CTE, including
neuropathologic characteristics, clinical features, pro-
posed clinical and pathologic diagnostic criteria, possi-
ble risk factors, and future research needs.

Neuropathologic characteristics

Much of the scientific literature on CTE, to-date, is derived from
clincopathologic case series of the disease [1-4, 6-8, 9ee, 15]. The neuropa-
thology of CTE is increasingly well defined. In 2013, McKee and colleaguies
published the largest case report to date of individuals with neuropathologically
confirmed CTE, presenting proposed criteria for four stages of CIE pathology
based on the severity of the findings |9#]. Formal validation of the reliability of
these criteria and the staging system are currently being performed by a team of
nine neuropathologists, funded by a National Institutes of Health (NIH) U01
grant (1U01NS086659-01, National Institute of Neurological Disorders and
Stroke (NINDS), National Institute of Biomedical Imaging and Bioengineering
(NIBIB); PI, Ann McKee). Detailed criteria of McKee et al.’s pathologic staging
criteria can be found in Table 1.

CTE is characterized by the deposition of hyperphosphorylated tau (p-
tau) protein as neurofibrillary tangles (NFT) beginning perivascularly and
at the depths of the cortical sulci. Later stage p-tau pathology becomes more
widespread, particularly dense in the medial temporal lobes, also present in
the white matter, and leads to prominent neuronal loss and gliosis. The ir-
regular and perivascular nature of the p-tau neurofibrillary tangles, the pro-
divity for the sulcal depths, and the marked subpial and periventricular
involvement are unique features of the disease that distinguish it from other
tauopathies. TAR DNA-binding protein 43 (TDP-43) is present in about
80 % of cases. Early stages show sparse TDP-43 positive neurites in cortex,
medial temporal lobe, and brainstem. Late-stage pathology presents with
TDP-43 intraneuronal and intraglial inclusions in the frontal subcortical
white matter and fornix, brainstem, and medial temporal lobe. In most cases
of CTE, there are no beta amyloid 1-42 (AR;_4,) positive neuritic plaques.
Evidence of axonal injury is common and ranges from multifocal axonal
varicosities in earlier stage pathology to severe axonal loss in later stage pa-
thology. Stage I and Il CTE can present macroscopically with mild enlarge-
ment of the lateral ventricles or third ventricle and/or mild septal
abnormalities. Grossly, advanced CIE is characterized by enlargement of the
lateral and third ventridles, cavutn septuin pellucidum, septal perfarations,
and pallor of the substantia nigra and locus coeruleus. In addition, severe
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cases may also show profound atrophy of the medial temporal lobes or pro-
found global atrophy. In reports examining former football players [9¢#] and
former boxers [1], the severity of pathology appears to correlate to duration of
athletic career. McKee et al. also found an association between severity of pa-
thology to years since retirement from athletics and age at death [9es].

Clinical presentation

Clinical symptoms of CTE generally present years or decades after exposure
to trauma [1, 9ee, 16ee]. Although there are some symptom overlaps be-
tween the acute concussive injury and the later-life neurodegenerative process
of CIE (eg atiention and concentration loss, headache), it is thought that CTE is
distinct froin the acute concussion or postconcussion sequelae [ 17]. That is,
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although a history of repetitive brain trauma is thought to be necessary to cause
CTE (ie, all neuropathologically confirmed cases of CTE to date have had a
history of repetitive brain trauma), CTE symptoms are not just the cumulative
effects of this process. Furthermore, there is no dlear relationship between
prolonged acute concussion symptoms (eg, postconcussion syndrome) and the
pathology of CTE.

Evidence to-date suggests that CTE presents clinically with symptoms in
one or more of four possible domains: mood, behavior, cognition, and
motor [9ee, 16e¢]. Commonly noted mood features include depression,
irritability, and hopelessness. Behavioral features may include impulsivity,
explosivity, and aggression. Cognitive features can incdude memory impair-
ment, executive dysfunction, and in severe cases dementia. Motor features, in-
cluding parkinsonism, ataxia, and dysarthria, appear in a subset of cases,
predominantly boxers. In addition, chronic headache is also experienced in
some cases [7, 9¢¢, 15, 18, 16e9, 19, 20e, 219]. Two distinct clinical presenta-
tions of CTE have been described in a recent study by Stern et al., substantiating
evidence from earlier literature regarding this possibility [1, 16, 22-24] Ac-
cording to Stern and colleagues, the first type of dinical presentation initially
presents with mood and behavioral symptoms earlier in life (mean age ap-
proximately 35) and progresses to include cognitive symptoms later in the
disease course. The second clinical presentation begins with cognitive impair-
ment later in life (mean age approximately 60), which may progress to incdlude
mood and behavioral symptoms [16ee].

Earlier cases of CTE tended to report a higher prevalence of motor features
than more recent reports. Differences in symptom profile have led some re-
searchers to differentiate “classic” and “modem” CIE dinically [25¢]. It is
worth noting that “classic” cases were predominantly boxers, whereas more
recent descriptions have been dominated by football players. Differences in
the nature of exposure could account for differences in presentation— bio-
mechanical comparisons of head impact dynamics in boxing and football
have shown that boxers experience proportionally more rotational accelera-
tion than in football [26, 27]. Further, computational modeling of boxing
impacts suggests that stress in boxing impacts is greatest on midbrain struc-
tures, and midbrain damage may account for the parkinsonian features
found in CTE [27, 28]. Supporting this theory, in the case series of
neuropathologically confirmed CTE by McKee and colleagues [9%#], profes-
sional boxers and professional football players with neuropathologically
confirmed CTE, professional boxers exhibited significantly more motor
symptoms (eg, ataxia dysarthna) relative to football players. This dinical
difference between boxers and football players was mirrored in the pathol-
ogy: boxers displayed more cerebellar scarring than football players. Thus,
although there is a notable difference in the presence of motor symptoms
between the earlier and more recent CIE literature, this may be attributable,
at least in part, to the variance in head impact exposure types experienced by
boxers and football players.

The question of suicide in CTE remains contentious [29e]. Several CTE
case series have induded victims of suicide.[6, 7, 9¢¢, 169¢] However, our
lack of understanding of the population incidence of CTE limits our ability to
attribute a complex and multifactorial behavior such as suicide to undetlying
CIE proteinopathy. The issue is further complicated considering that well
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established risk factors for suicide and suicidal ideation such as substance use
and depression [30, 31] are often comorbid in cases of CTE [9es, 16e¢]. The
current literature does not provide means to separate the contribution {or
lack thereof) of these different potential factors to the act of completing
suicide. Purther, premature association between repetitive brain trauma and
suicidality could result in a ‘self-fulfilling prophecy’ prompting wider sui-
cides in exposed individuals irrespective of contribution (or
noncontribution) from CTE symptoms. Available scientific evidence cannot
wholly support the notion that CIE causes suicidal thoughts or behaviors,
and such assumptions or assertions should be avoided without further
evidence.

All efforts to define the clinical presentation of CTE are also limited due
to the lack of in vivo diagnosis and use of retrospective reviews of case re-
ports[15, 20s, 21¢] or family interviews [9ee, 16ee]. This information is
valuable to determine initial correlations between presence of neuropa-
thology and dinical manifestation; however, because of their retrospective
third-party nature, there are significant limitations to these data. Although
some of the earlier literature includes dinical evaluations [13, 32], the
findings and their generalizability is limited by the technology of the era
[25¢]. Inaeased prospective and longitudinal clinical research in this area is
critically needed. '

Clinical diagnosis and in vivo biomarkers

Several important studies are underway to develop reliable biomarkers for
CTE during life, although like most neurodegenerative diseases, the definitive
diagnosis of CTE is based on neuropathologic examination. To date, three
groups of authors have proposed preliminary clinical and/or research diag-
nostic criteria [20e, 219, 33¢]. The three independently proposed criteria are
largely comparable and follow a structure similar to the National Institutes
on Aging—Alzheimer's Association clinical diagnostic citeria [34] by dif-
ferentiating between probable and possible cases based on endorsement of
varjous signs and symptoms. All criteria require a patient to have a history of
brain trauma, and to exhibit symptoms consistent with the clinical presen-
tation of CTE described in the literature that could not likely be explained by
another condition. All three criteria identified behavioral and cognitive dis-
turbances as important for a diagnosis of CTE. Research groups differ
concerning the importance of motor features; Jordan has suggested that
motor features resulting from injury to the pyramidal tracts, extrapyramidal
system, and cerebellum are necessary for CTE, whereas both Montenigro et
al. and Victoroff have suggested a less central role of motor features in di-
agnosing dinical CTE [20e, 216, 33¢], Montinegro et al. suggested codifying
the clinical syndrome associated with repetitive brain trauma as Traumatic
Encephalopathy Syndrome (TES), and reserving CTE for postmortem neu-
ropathologic diagnoses [33¢]. In order to confirm the utility of these criteria
in either research or dinical settings, future studies will need to demonstrate
an ability to reliably differentiate between cases and noncases with a high
degree of specificity. A comparison of these proposed criteria can be found in
Table 2.



Case 3:15-cv-01074-VLB Document 195-17 Filed 08/01/16 Page 55 of 115

306, Page 6 of 13 Curr Treat Options Neurol (2014) 16:306

Table 2. Description of existing proposed research or clinical diagnostic criteria for CTE
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Risk factors

To date, there are no objective, validated in vivo biomarkers of CTE. How-
ever, important work in the area of CTE biomarkers is currently underway.
Several research groups[18, 219, 359, 36] have suggested that negative am-
yloid PET imaging in the presence of positive tau PET imaging could provide
a reliable way to differentiate between cases of CTE and Alzheimer's disease
(AD). Small and colleagues published preliminary findings in a study of five
former professional football players using the PET ligand '8E.EDDNP, which
binds to both tau and amyloid [35¢, 37]. Although they suggested that
positive findings (higher signals) using this technology could be indicative of
underlying CTE pathology, the nonspecific binding of 18R EDDNP means
that the signal cannot be solely attributed to the presence of tau. Thus,
neuropathologic confirmation is needed to determine the underlying pa-
thology. Alternatively, a tau-specific PET ligand, such as those in preliminary
studies by Chien et al. [38#¢], may be used to measure tau in vivo as a po-
tential biomarker for CTE. Preliminary work using diffusion tensor imaging
has shown evidence of persistent changes in white matter integrity after pe-
riods of head impact exposure [39e, 40¢|, which may prove useful in
distinguishing CTE. Magnetic resonance spectroscopy (MRS), a method of
measuring brain metabolites, has shown promise in preliminary studies by
Lin and colleagues [41¢]. Cerebrospinal fluid (CSF) markers have been useful
in the AD diagnostic process {34] and CSF p-tau levels have been shown to
correlate with levels of p-tau NFT deposition in the brain [42]. Thus, CSF
protein measures may useful biomarkers for CTE, and in the differentiation
of CTE from other neurodegenerative diseases.

Genetic risk factors may pl‘ay arole in development of CTE. The apolipoprotein

As stated above, to-date, all individuals with neuropathologically confirmed
CTE have a history of repetitive head impacts. Although this type of exposure
seems to be necessary for the occurrence of CTE, it does not appear to be
sufficient. That is, not all individuals with a history of repetitive head impact
exposure get CIE. As previously noted, detailed relation between head im-
pact exposure (eg, frequency, magnitude, age of first exposure) and later-life
neurologic outcomes is not well understood. To date, other risk factors for
CTE, beyond head impact exposure, are unknown.

(ApOE) &4 allele is the most powerful predictor of sporadic AD [43]. There have
been several reports linking the ApoE ¢4 allele and head injury with a variety of
negative outcomes, including prolonged recovery and poor cognitive perfor-
mance [44-47]; however, these studies lacked neuropathologic disease confir-
mation of disease. Findings in neuropathologically confirmed studies are
mixed. In the series studied by Stern et al. [16] and McKee et al. [7], there was
an overrepresentation of £4 cartiers in a cohort of neuropathologically con-
firmed CTE relative to population norms. However, in a study with a larger
sample size (N=103), the effect failed (0 reach significance [99#]. While early
clinical findings established a link between clinical outcnmes and APOE &4
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expression, the literature has not definitively established a link between APOE
genotype and CTE pathology. Future research should examine the association
between APOE genotype and CTE, as well as other possible genetic risk factors
for CIE such as the MAPT gene or the TARDBP gene.

One important challenge to accurately describing the clinical presentation and
course of CTE are the lifestyle comorbidities associated with contact sport ath-
letes and military veterans, in whom the disease has been most studied. Co-
morbidities such as alcohol abuse or dependence, recreational drug use, and
performance enhancing drug use can all lead to personality changes and neu-
ropsychiatric difficulties [48-51]. A non-negligible portion of individuals with
neuropathologically confirmed CTE have had reported substance abuse [169¢].
However, there are neuropathologically confirmed cases of CTE without a his-
tory of any of these afflictions, indicating that they are not causative factors.
Therefore, understanding whether and to what extent lifestyle issues, such as
those noted, influence the clinical manifestations of CTE is necessary.

Conclusions

Both in CTE and other neurodegenerative diseases, neuropathologic abnormalities
are not always directly correlated with specific dinical signs and symptoms. There
are likely other factors that influence disease occurrence, progression, and dinical
presentation. To date, our understanding of the clinical presentation of CTE is
heavily reliant on retrospective interviews with family members of individuals with
neuropathologically confirmed CTE. Currently, our neuropathologic understand-
ing of CTE is based on a biased sample of individuals who are who are predomi-
nantly among those most exposed to repetitive head impacts (eg, professional
football players, professional boxers). What we understand less well is how repet-
itive head impacts from other less severe and less predictable exposures, such as the
occasional concussion or fall, may or may not relate to the development of CTE.
However, despite these limitations, there is sufficient scientific evidence to rea-
sonably conclude that CTE is a distinct pathology that is caused, at least in pait, by
repetitive head impacts.

Our understanding of CTE has progressed considerably in the last several
years. However, important gaps still exist in our understanding such as the inci-
dence and prevalence of CTE, nonhead trauma risk factors for the disease, and in
vivo diagnostic techniques. There are a variety of factors beyond a history of re-
petitive head impacts (eg, personality, lifestyle) that differentiate collegiate or
professional contact sport athletes from the general public. Understanding to
what extent these other factors influence clinical signs and symptoms is critical.
Furthermore, there are other non-CTE results of repetitive head impacts. For ex-
ample, in a 2012 study by Lehman et al. retired NFL athletes were found to have a
neurodegenerative mortality rate three-times that of the U.S. population gener-
ally, and when AD and amyotrophic lateral sclerosis were examined specifically
NFL mortality rates were four times that of the general population [52ee]. Dif-
ferentiating the clinical manifestations of CTE and non-CIE results of head im-
pacis is needed. In order to facilitate dlinical understanding of CIE, the maost
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pressing issue we are faced with is developing an in vivo diagnostic tool. With an
in vivo diagnosis, we could begin to directly assess clinical symptomatology and
progression, research incidence and prevalence in a living population, and begin
therapeutic studies. Without an in vivo diagnosis, the questions we can accurately
address are limited by the methodologies we are able to employ.

As CTE research has a particular ability to be misunderstood by the lay
public and sensationalized in the media, caution needs to be exercised
when discussing results of scientific studies and generalizing the results to the
population as a whole. Many individuals have some history of head impacts
incurred through sports participation or other activities [53]. However, the
pathophysiological mechanism linking this initial trauma, whether concus-
sive or subconcussive, to later-life CTE pathology has yet to be elucidated.
Furthermore, without a more complete understanding of the incidence,
prevalence, and possible risk factors that lead 1o the development of CTE, it is
impossible for the general population to accurately assess their risk of CTE.
Unfortunately the popular media, which has reported on CTE because of its
association with professional athletics, often does not present findings with
the same accuracy, caution, or contextualization as the original peer-reviewed
scientific publications. In order to avoid causing undue panic in individuals
who have a history of concussions or other traumatic brain injuries, the
scientific community and the media need to dearly address the considerable
gaps that exist in our understanding of CTE [54].
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Executive Summary _

To inform the 2015 International State-of-the-Science Meeting, the United States
Department of Defense Blast Injury Research Program Coordinating Office requested a
review of recent research literature on chronic traumatic encephalopathy (CTE). This
literature review addresses specific research questions about (1) the pathophysiological
basis of CTE and (2) associations between the mechanism(s) of head injury (e.g., single
or multiple exposures, impact or nonimpact injury) and the development of CTE.

CTE is described as a neurodegenerative disorder affecting individuals exposed to head
injury that can result in a range of cognitive, behavioral, and/or motor deficits. Broad
scientific consensus about CTE has not been established; however, multiple academic
and government organizations are investigating links between exposure to brain
injuries, CTE-associated pathology, and reported clinical symptoms.

The current state of the science has generated an initial consensus on the
neuropathology of CTE (NINDS, 2015). However, the evidence does not allow for a
conclusive determination of whether exposure to head injury is sufficient and causative
in the development of CTE pathology. All existing clinical neuropathological evidence
associated with CTE has been gathered from postmortem autopsy of subjects with
histories of exposure to head injury. Unique pathological characteristics of CTE have
not been comprehensively determined, in part because observations of macroscopic
(i.e., gross anatomical) and microscopic (i.e., molecular) abnormalities vary to some
degree across different studies and research groups. Based on existing observations,
research groups have proposed classification frameworks describing CTE as a
progressive disease or as a collection of related neuropathologies.

Existing research does not substantively inform whether the development of CTE is
potentially associated with head injury frequency (e.g., single versus multiple
exposures) or head injury type (e.g., impact, nonimpact, blast). Head injury exposure
data is not consistent across case studies, which prevents systematic analysis. Many
CTE studies characterize head injury exposure as exposure to sport or occupation and
do not include data describing injury frequency, severity, or the time elapsed between
injuries.

The incidence of CTE-associated pathology and/or symptoms in at-risk populations
cannot be determined from existing literature and highlights a need for population-based
studies. While the primary risk factor for CTE is thought to be exposure to head injury,
additional research is heeded {o investigate other polential risk factors, such as genstic
predisposition. The broad range of Glinical sympioms associated with GTE overlap with
lhouse of iulliple nettudegenetalive disuldets. Aninal inodels may also offer insights to
etopatholugical and netnubehaviordl abhutmalilies thouglit o be associated with
CTE While animal madels do not acanately exhibit the neuropattiology of CTE, anitnal
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models of traumatic brain injury (TBI) may reflect some associated head injury exposure
conditions (e.g., blunt force or blast-induced) and tau pathology.

Successful development of biomarkers to identify CTE pathology in living persons would
benefit the research and development of potential diagnosis, prevention, and treatment
strategies. Investigators are pursuing neuroimaging modalities and biospecimen
analytes as potential predictive biomarkers of CTE by targeting pathophysiological
phenomena associated with CTE and the biological processes affected by head injury
exposure.

Because no established treatment for CTE exists, current mitigation strategies focus on
preventing head injury and/or concussion. Although consensus on the understanding of
CTE is still being established, researchers are investigating potential treatment
approaches that target the pathophysiological mechanisms associated with CTE.
Because of the neuropathological similarities with Alzheimer's disease and TBI,
potential pharmacological and behavioral interventions for these conditions are also
being investigated for CTE. :

The current state of the science does not allow for a conclusive determination of
whether exposure to head injury is associated with the development of CTE pathology
- or clinical symptoms. Existing clinical data are limited, observational in nature, and
subject to several methodological concerns, leading some researchers to question
whether CTE is a unique neurodegenerative disease. CTE has drawn significant public
and media attention given the large at-risk population (e.g., military service members,
contact sport athletes). Experts have noted concern over the potential clinical and legal
consequences of widespread misunderstanding of CTE. In light of these factors, the
need for additional research is clear, particularly population-based studies, the use of
standardized pathology protocols, and the development of clinical diagnostic criteria.

T'ho views, apitions, andfor findings contained in this tepott ate those of the authol (s)
alid should not be construed as ofticial Depat tiient of the Atniy position, policy, vl
decision
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Purpose

The mission of the United States Department of Defense (DoD) Blast Injury Research
Program Coordinating Office (Blast PCO) is to assist in fulfilling the DoD Executive
Agent responsibilities and functions related to medical research to prevent, mitigate,
and treat blast injuries in accordance with DoD Directive 6025.21E. The Blast PCO
coordinates and manages relevant DoD medical research efforts and programs,
including identifying blast injury knowledge gaps, shaping medical research programs to
fill identified gaps, facilitating collaboration among diverse communities within and
outside the DoD, and widely disseminating blast injury research information.

To achieve these objectives, the Blast PCO convenes an annual International State-of-
the-Science (SoS) Meeting to assist in identifying knowledge gaps pertaining to key
blast injury issues. These annual SoS meetings are highly focused to help determine
what is known and unknown about particular blast injury topics. The topic of the 2015
International SoS Meeting is chronic traumatic encephalopathy (CTE) and how this
condition may relate to head injuries arising from blast exposure. The Blast PCO
requested a review of recent research literature to inform meeting participants on the
current scientific knowledge of the underlying pathophysiological changes in the brain
that may be associated with CTE following head injury. It seeks to address the following
research questions:

e What is the current evidence describing the pathophysiological basis of CTE?
o What biological processes following head injury are associated with the
development of CTE?
o What advances in neuroimaging or biomarkers of CTE may lead to the
development of diagnostic tools or therapeutic strategies?

e What associations are known between the mechanism(s) of head injury (e.g.,
single or multiple exposures, impact or nonimpact injury) and the development of
CTE?

o Does the frequency of exposure to head injury correlate with the
development of CTE?

o. Are there any known distinctions between how impact injury, nonimpact
injury, and blast-induced injury are associated with the development of
CTE?

Methodology

This literature review searched PubMed, the Defense Technical Information Center
(1163, Gougle, and Guugle Schular using seard terns (see Appendix 1) lo identlify
Eunglishi language clinical and basic stietice atidles published in the last 10 yaars
(hetween 2008 and 2018, inclusive) Among DTIC documents, only those assighed ol
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public distribution (Distribution A) were included. Identified articles published prior to
2005 were included in the literature review only if they were determined to be potentially
critical to addressing the research questions or understanding the topic. Search terms
were generated in collaboration with the Blast PCO and the 2015 SoS Meeting Planning
Committee. In addition to the search terms listed in Appendix 1, ad hoc searches on key
principal investigators or on specific topics were performed. Publications identified in the
bibliographies of reviewed articles were also included in this literature review. Table 1
lists the search inclusion and exclusion criteria for the review.

Table 1. Literature Search IncIus:on and Echus:on Criteria

Inclusion Criteria =~~~ = = 2. Exclusion Criteria - i
1. English language artxcles only . Aricles not directly dressnng
2. Aricles published between 2005 and 2015 research questions
(inclusive)* . DTIC documents not approved for

3. Clinical and animal model studies public release
4. DTIC documents assigned Distribution A: Approved
for public release: distribution unlimited

*Older publications were included when potentially critical to addressing the research questions or
understanding the topic.

Articles meeting the inclusion criteria were further reviewed to determine whether they
directly informed the research questions and merited inclusion in the literature review.
Articles were reviewed for the following elements:

Study design

Study population (e.g., military, athletes)

Outcome measures (e.g., histology, cognitive/behavioral symptoms)
Results and statistics (when available)

Conclusions, study limitations, and recommendations relevant to research
questions.

Following this strategy, the literature search yielded 359 articles that met the
parameters of the search terms and inclusion/exclusion criteria (see Table 1). This
literature review report includes a total of 164 articles.

Neuropathology

CTE is described as a progressive neurodegenerative disorder affecting individuals
exposed to head injury and resulting in cognitive, behavioral and/or motor deficits.
Broad consensus on the existence of, and diagnostic criteria for, CTE has not been
finmly established in the clinical and scientific comtnunity (Hazrati et al., 2013;
Karanizoulis & Randalph, 2013; McGrory, Mesuwisse, Kulcher, Jordan, & Gardner,
2013; Randulph, 20°14; Wortes), Brenner, & Ardiniegas, 2013); however, tnultiple
dcadenic tesedicli groups and govetiiment otganizatiotis ate gatheting and analysny
evidelice thal 1ay provide significant insights about potential finks betweern exposure tu
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head injury and the development of CTE (Hinds, 2014; McKee et al., 2013; McKee,
Stein, Kiernan, & Alvarez, 2015; Omalu, Bailes, et al., 2011; Riley, Robbins, Cantu, &
Stern, 2015; Saigal & Berger, 2014). A recent National Institutes of Health (NIH)
consensus workshop began to establish the pathognomonic features of CTE required
for diagnosis (NINDS, 2015).

To date, all existing clinical neuropathological evidence describing CTE has been
gathered from postmortem autopsy of subjects with a history of exposure to head injury
(Gardner, Iverson, & McCrory, 2014). Pathological abnormalities associated with CTE
include macroscopic (i.e., gross anatomical) and microscopic (i.e., cellular and
molecular) changes. While CTE shares a number of characteristics with other
neurodegenerative diseases, including Alzheimer's disease (AD), Parkinson’s disease
(PD), and Frontotemporal Lobar Degeneration (FTLD), it is thought to have unique
pathological features (McKee et al., 2013, 2015; NINDS, 2015).

Macroscopic Neuropathology
Recent consensus work determined that Figure 1. Gross Pathology of CTE
“Macroscopic abnormalities in the septum
pellucidum (cavum, fenestration),
disproportionate dilatation of the Ilird ventricle or
signs of previous brain injury” were supportive
criteria for diagnosis of CTE (NINDS, 2015).
Prior to this consensus work, multiple
investigators described gross anatomical
abnormalities associated in the postmortem
autopsy of brains with neuropathologically
confirmed CTE (McKee et al., 2015; Stern et al.,
2011). These abnormalities (see Figure 1),
which may result from underlying
neurodegenerative processes, include an
overall reduction in brain weight (Corsellis,
Bruton, & Freeman-Browne, 1973), the
enlargement of ventricles (Williams &
Tannenberg, 1996), atrophy of functional brain
structures (Roberts, Whitwell, Acland, & Bruton,
1990), cavum septum pellucidum (Hof et al.,
1992), and depigmentation of the locus

Top: Coronal section of a normal brain, showing

coeruleus and substantia nigra (Corsellis et al., the expected size and relationship of the
1973). Other observations describe relativaly cerebral cortex and venlricles. Botlom: Goronal
: . ‘ - o seulion frum the brain of a relited professiotal
more modest gross anatornical findings in fouiball player shawing charasleristic gloss
netropathologically confinned GTE (Worlzsl, pathulogy of GTE, including sevete dilatation of
Bielitiel. ol 4l 2()13) ilu_:lllding o lack of vortttivles I (1) and Il (2] and Gavumn sejitiim
7 - i . D v 9 . X
, pellucidum (3); adapied fiorm Stern el al, 2011
cerebral attophy and milder depigmetitation ot permissiona pending
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the substantia nigra and locus coeruleus (Omalu, Bailes, et al., 2011; Omalu, Bailes,

Hammers, & Fitzsimmons, 2010).

Microscopic Neuropathology

Postmortem examination of brains revealing microscopic pathological abnormalities
associated with CTE has included histological observations thought to reflect
intracellular and intercellular processes of neurodegeneration.

Tau Protein Aggregation

Abnormal aggregation of hyperphosphorylated tau protein, including neurofibrillary
tangles (NFTs) and/or astrocytic tangles (ATs), is considered to be a neuropathological
hallmark of CTE (Kiernan, Montenigro, Solomon, & McKee, 2015). A recent NIH
consensus workshop determined that perivascular accumulation of tau proteins in
neurons, astrocytes, and cell processes in an irregular pattern at the depths of cortical
sulci was pathognomonic (i.e., uniquely indicative) of CTE (NINDS, 2015). Autopsy
examinations of neuropathologically confirmed CTE across multiple studies describe
abnormal tau aggregates in several brain areas, including superficial layers of the
cerebral cortex, subcortical nuclei, and brainstem (McKee et al., 2013, 2015; Omalu,
Bailes, et al., 2011; Stein, Alvarez, & McKee, 2014). However, there remain some
differences in the literature about the volume and location of these tau protein
aggregates (lverson, Gardner, McCrory, Zafonte, & Castellani, 2015; Wortzel, Brenner,
et al., 2013).

Tauopathies are a class of neurodegenerative diseases characterized by the
aggregation of hyperphosphorylated tau protein (Takashima, 2013) that are thought to
be associated with head injury (Abisambra & Scheff, 2014). The normal function of tau
protein is to stabilize microtubules; however, aberrant hyperphosphorylation of tau
causes the formation of protein aggregates and NFTs, which are thought to contribute
to the development of CTE (Lucke-Wold et al., 2014). Other tauopathies include AD,
progressive supranuclear palsy (Hauw et al., 1994; Litvan et al., 1996), Pick’s disease

—(Rizzini et al.; 2000),-and -Huntington's disease (Fernandez-Negales- et al.; 2014). - — -

Recent efforts to establish a neuropathological distinction between AD and CTE
suggests that the latter is distinguished by the widespread presence of NFTs in
perivascular areas, particularly at the depths of sulci, and in superficial cortical laminae
and astrocytes (McKee et al., 2013; NINDS, 2015). Table 2 describes in greater detalil
the observed pathological differences between AD and CTE.
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Table 2. Distinctions in Tau Pathology between AD and CTE
Pathologwal Feature:_ “AD it , st CTE :
e . L Lot T

Six isoforms All present All present
__Both present Both present

Neuronal Domain

Cell body Prominent Prominent
Dendrite Prominent Prominent
Axon Sparse Prominent

)Distribu n“

Mild pathology Braak stages | and lII: CTE stages | and }i:
NFTs in entorhinal cortex, amygdala, and NFTs in focal epicenters in cerebral
hippocampus cortex, usually frontal lobe
Advanced pathology Braak stages IV and VI CTE stages lll and IV:

e High densities of NFTs in widespread » High densities of NFTs in
cortical areas and medial temporal widespread cortical areas and
lobe; uniform distribution medial temporal lobe; patchy

o Low densities of NFTs in basal ganglla irregular distribution
and brainstem ¢ High densities of NFTs in basal

¢ NFTs in mammillary bodies not present ganglia, especially nucleus

¢ White matter tracts relatively accumbens
uninvolved » Prominent p-tau pathology in

white matter tracts

Adapted from McKes et al., 2013; reprint permissions pending

TAR DNA-Binding Protein 43 Aggregation

The presence of TAR DNA-binding protsin (TDP-43) aggregates is another pathological
abnormality observed in postmortem examination of neuropathologically confirmed CTE
cases (Kiernan et al., 2016). McKes et al. (2010) were the first to report the presence of
TDP-43 aggregates as a pathological feature of GTE. Distribution of these aggregates
was reported in the brainstemn; basal ganglia; disncephalon; medial temporal lobe;
hontal, termporal, and insular curlices; and subcortical while maller.
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TDP-43 functions as a transcriptional regulator in the central nervous system (Sephton,
Cenik, Cenik, Herz, & Yu, 2012). Aberrant TDP-43 aggregates have also been reported
in studies of other neurodegenerative diseases (Armstrong et al., 2009; Bosque, Boyer,
& Priya, 2013), including Motor Neuron Disease (MND) (McKee et al., 2010),
Amyotrophic Lateral Sclerosis, and FTLD (Baloh, 2011).

Beta-Amyloid Plaque Formation

The presence of beta-amyloid (AB) plagues has been reported at various levels and
distributions in neuropathologically confirmed CTE cases (McKee et al., 2009, 2015;
Omalu, Bailes, et al., 2011; Stein et al., 2015). Whether AR pathology has a unique
association with the development of CTE has been called into question given that these
peptide plaques are also associated with AD (Stein et al., 2014). However, a recent
study suggests that AR deposition is associated with a pathological and clinical
progression of CTE and in an accelerated trajectory compared to normal aging (Stein et
al., 2015).

Axonal Injury

Evidence of axonal injury has been described in neuropathologically confirmed CTE
cases. Multifocal axonal varicosities have been observed in the frontal and temporal
cortex and in subcortical white matter tracts in the brains of CTE cases (McKee et al.,
2009, 2013; Omalu, Bailes, et al., 2011). The extent of axonal injury is thought to be
associated with the progression of CTE (McKee et al., 2013). Intercellular events
following axonal injury, including microglial and astrocyte activation, are thought to be
potential mechanistic links between TBI and CTE (Ling, Hardy, & Zetterberg, 2015;
Lucke-Wold et al., 2014).

Neuroinflammation

Evidence of neuroinflammation has been reported in neuropathologically confirmed
CTE cases (McKee, Daneshvar, Alvarez, & Stein, 2014; McKee et al., 2015). Itis
unclear whether inflammation is driving protein deposition of tau or if it is a
compensatory repair mechanism of the neurodegenerative processes underlying CTE
(Coughlin et al., 2015). TBI is known to induce neuroinflammation, which may persist for
years in humans (Smith, Johnson, & Stewart, 2013). Neuroinflammation, which is
associated with microglial and astroglial activation, may play a role in long-term
neurodegeneration (Faden, Wu, Stoica, & Loane, 2015).

Classifications of CTE

Two research groups have proposed classification frameworks of CTE based on
neurapathological abservations. Omalu et al. (2011) describe four CTE phenotypes
{hought of as parallel pathologies. McKee et al. (20113) dassify CTE into four stayes that
destribe progiessive netiropathological changes . | hese fraimeworks retlect an
sinetging thderstandity of the neuropathivlogy of GTL, not ngid ot absolute
classifications (Warizel, Brenner, et al., 20113) Indeed, ariteria for both of these
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classification frameworks is informed by the presence of AP plaques and related neuritic
plaques despite the recent understanding that these features may not be associated
with CTE (Stein et al., 2014).

In the phenotypic classification framework (see Table 3), the first phenotype of CTE is
described as sparse to frequent NFTs and neuritic threads (NTs) in the cerebral cortex
and brainstem (Omalu, Bailes, et al., 2011). The second phenotype also includes NFTs
and NTs in the basal ganglia and cerebellum in addition to diffuse amyloid plaques. The
third phenotype is defined by a combination of moderate to frequent NFTs and NTs
predominately in the brainstem with none to sparse NFTs and NTs in the cerebral
cortex and basal ganglia and none in the cerebellum. The fourth phenotype is defined
by a combination of none to sparse NFTs and NTs in the cerebral cortex, brainstem,
and basal ganglia and a lack of NFTs and NTs in the cerebellum. There are no diffuse
amyloid plaques in the cerebral cortex. In all described phenotypes, there is a possibility
of observing varying degrees of NFTs and NTs in the hippocampus with or without
diffuse amyloid plaques.

Table 3. Phenotypic Classification of CTE
Phenotype Characteristics

Phenotype | o Sparse to frequent NFT and NT in the cerebral cortex and brainstem but without invoivement
of basal ganglia and cerebelium
e No drﬁuse amylord plaques in the cerebral cortex

Bralnstem predommant moderate to frequent NFTs and NTs in the bramstem nuclei, absent
or sparse NFTs and NTs in the cerebral cortex, basal ganglia, and cerebellum
No dlffuse am loid plaques in the cerebral cortex

Adapted from Omalu Balles :et al. 2011' reprint perm|ssrons.pendmg

According to the classification framework of progressive pathological stages that McKee
et al. (2013) propose (see Table 4), CTE begins focally, usually perivascularly at the
depth of the sulci in the frontal cersbral cortex, as well as in the superficial layers of the
cerebral cortex. The pathology develops over time to involve widespread regions of the
medial cortex, medial temporal lobe, diencephalon, basal ganglia, brainstem, and spinal
cord. Stages | and Il are considered to be mild pathologies and ars characterized by
NFTs in focal epicenters of the frontal cortices. Btages Il and 1V represent severe forms
of GTE, with more widespread tau involvement.
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Normal brain weight Focal epicenters of perivascular p-tau and
o Brain pathology is unremarkable neurofibrillary and astrocytic tangles involving the

sulcal depths and typically affecting the superior and
dorsolateral frontal cortices

« Approximately half of Stage | p-tau pathology also
shows rare TDP-43 neurites

e No presence of AB plaques, except in subjects over
50 years of age

. e

Stagelll  « Mild reduction in brain weight e Widespread p-tau pathology in the frontal, insular,
o Mild cerebral atrophy with dilatation of temporal, and parietal cortices
the lateral and third ventricles o Neurofibrillary pathology in the amygdala,
Septal abnormalities hippocampus, and entorhinal cortex

Moderate depigmentation of the locus ¢ AR plaques found in 13% of cases
coeruleus and mild depigmentation of
the substantia nigra

» Atrophy of the mammillary bodies and

“Adapted from Mc

Neuropathological Diagnosis

Currently, there are no premortem diagnostic criteria for CTE. Recent proposals for
postmortem CTE diagnostic criteria (McKee et al., 2013) have been followed by a
recent NIH consensus workshop (NINDS, 2016), which established diagnostic criteria
for CTE, supportive criteria for a diagnosis of CTE, and exclusions to a primary
diaghosis of CTE (see Table b).
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Table 5. Neuropathological Criteria for Diagnosis of CTE

Exposure to Head Injury

Existing clinical literature describing neuropathologically confirmed CTE does not
substantively inform whether the condition is potentially associated with head injury
frequency (e.g., single versus multiple exposures) or head injury type (e.g., impact,
nonimpact, blast). Data about the frequency or type of head injury exposure is not
collected systematically or consistently across, or sometimes even within, CTE case
series or case studies. Most CTE studies characterize head injury exposure simply as
exposure to sport or occupation (e.g., football, boxing) without including data describing
head injury frequency, severity, or the time elapsed between multiple injuries. Head
injury exposure in these cases is assumed, but not necessarily quantified. Among the
studies that do include data about the incidence of head injuries in CTE cases, including
frequency, type, and/or severity, this information is gathered retrospectively from family
interviews and/or medical records, which are subjective and carry other potential biases.
Additionally, a high rate of duplication (i.e., re-reporting cases across multiple
publications) exists in the clinical CTE literature (Maroon et al., 2015).

Head Injury Exposure Data in CTE Cases

A recent review analyzing 163 unique casss of neuropathologically confirmed CTE
characterizes exposure to head injury by categorizing cases according to sports
participation, Veleran status, or miscellansous exposure types (Maroon et al, 2018).
Additiutial intormation aboul head injury incidenice (e.g., motor vehidle accidents,
inpovised explosive devices [IENs]) was induded when available, but not cunisistendly
AUT0SS Gases The aulhurs also rote that while all netnupatholugically confinined CTE
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cases had a “history of head trauma,” documentation of severity, frequency, and
concussion was “highly variable” in the literature.

McKee & Robinson (2014) provide postmortem case reports for four military Veterans
with pathological signs of CTE, three of which were previously reported (Goldstein et al.,
2012). Exposure to head injury across the four cases is described in McKee & Robinson
(2014) as exposure to blast (from single to “several”), as well as concussion symptoms
and/or history, if experienced. The authors also review a single case study from Omalu,
Hammers, et al. (2011) of a Veteran exposed to “multiple mortar blasts and IEDs”
whose autopsy showed neuropathological changes consistent with CTE. Additionally,
McKee & Robinson (2014) review 23 postmortem cases of Veterans
neuropathologically diagnosed with CTE from the Boston VA Brain Bank. In this cohort,
exposure to head injury is characterized by sports participation in 16 subjects, exposure
to IED blast or military concussion in 5 subjects (3 of whom also played high school
football), and other exposures, such as assault, motor vehicle accident, and
posttraumatic epilepsy. Frequency and severity of head injury in these cases was not
reported.

A case series of six retired football players from the Canadian Football League includes
three with neuropathologically confirmed CTE at autopsy (Hazrati et al., 2013). These
three cases are reported to have been exposed to multiple concussions; however, the
authors note that additional frequency or severity information could not be determined.
While clinical details of these cases were gathered retrospectively from family
interviews, treating physicians, and medical records, the source of the concussion
history was not specified by the authors.

The case series review by McKee et al. (2013) includes 35 football players with
neuropathologically confirmed CTE for which head injury exposure information was
available from structured retrospective interviews of family members. Statistical
analyses among these cases finds that the family-reported number of concussions is
not correlated with the pathological stage of CTE (concussion frequency data was not
provided by authors). However, the number of years played, the number of years since
retirement, and the age at death is correlated with CTE stage in these cases. The
authors also did not report the collection of head injury exposure information for 17
football players included in the case series review who did not exhibit
neuropathologically confirmed CTE. This case series also includes 21 military Veterans,
16 of whom were athletes (8 professional football playsrs) and 8 of whom experienced
combat. The authors note that three veterans sustained TBI and four were exposed to
IEDs or explosive munitions.

Gharadlerization of head injury expusure fur 11 cases of neuropathulugically contirined
CTE by Omalu el al (201 1) is liniited (o that of contadt sputts parlicipation. While the
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authors collected retrospective clinical symptom information through next-of-kin
interviews, analysis to correlate symptoms with pathology was not performed.

McKee et al. (2009) present case reports of one football player and two boxers with
neuropathologically confirmed CTE. Retrospectively collected head injury exposure
information is documented for the football player (at least 11 concussions during college
and the professional career, only one medically confirmed) and one of the boxers (a
mild injury during the teenage years). The authors also review 47 cases previously
documented in the literature, including boxing, football, and other sport activities. A
review of these cases reveals that the characterization of exposure to head injury was
limited to that of exposure to sport, with the exception of a soccer player (a single
severe head injury) and a circus dwarf (knocked unconscious approximately a dozen
times).

Frequency of Head Injury Exposure

Existing studies of neuropathologically confirmed cases do not provide evidence
comparing single versus multiple head injury exposures in the development of CTE.
Some investigators have explored associations between injury frequency and other
neurological outcomes thought to be related to CTE; however, few firm conclusions can
be drawn given mixed evidence and methodological concerns. A meta-analysis
comparing the effect of exposure to multiple versus single mild TB! (mTBl) in athletes
finds minimal, nonsignificant differences in cognitive function and symptom complaints
between the two exposure frequencies, although secondary analysis finds poorer
performance in delayed memory and executive measures in the multiple mTBI exposure
group (Belanger, Spiegel, & Vanderploeg, 2010). Previously, investigators have
reported an association between the number of sustained concussions and cognitive
impairments, as well as self-reported clinical depression (Guskiewicz et al., 2005,
2007). However, methodological limitations attributed to errors inherent in self-reporting
have subsequently put these findings in question (Kerr, Marshall, & Guskiewicz, 2012;
Wortzel, Brenner, et al., 2013).

Type of Head Injury Exposure

Existing studies of neuropathologically confirmed cases do not provide evidence
comparing head injury type in the development of CTE. Understanding how injury type
may contribute to CTE is further complicated by observations that, in football players
with pathologically confirmed CTE, some have a history of concussion and some do not
(Stein et al., 2014), raising the possibility that subconcussive injury, or another exposure
in the population, Is potentially associated with the induction of CTE. Additionally, some
football players with a documented history of multiple concussions do not exhibit
neuropathologically cotfirmed GTE upon postiorism examination (Hazrati st al., 2013).

Investigation of blasl 1elaied Gl L is relatively indnatire (Gandy el al., 2014), given thal
the fist case of militaty CTE was tepurled fewet thaii five years ago (Oiialu, Hannets,

Page 11



Case 3:15-cv-01074-VLB Document 195-17 Filed 08/01/16 Page 80 of 115

epeated Blast
pment of Ch_ro'n;

et al., 2011). Goldstein et al. (2012) describe case studies of four military Veterans with
neuropathologically confirmed CTE that, according to case history, were exposed to one
or multiple [ED blast exposures and/or one or multiple concussions; however,
comparison between blast and nonblast injury in this limited cohort was not made.
Observations by these authors in animal model data indicate that rotational forces, in
addition to the blast wave, are necessary to induce injury and resulting sequelae,
including CTE. Goldstein et al. (2012) also suggest that a single blast exposure may
induce CTE, while other investigators have identified methodological problems with this
conclusion (Wortzel, Brenner, et al., 2013). Additionally, a study by Ryu et al. (2014)
includes neuropathology examinations from five Veterans exposed to blast injury that
were absent the tau pathology associated with CTE.

Epidemiology

The incidence of CTE-associated pathology and/or symptoms in at-risk populations
cannot be determined from existing literature, which has prompted investigators to call
for population-based studies (lverson et al., 2015; Lenihan & Jordan, 2015). Early
observations in boxers estimating a prevalence of CTE at 17% (Roberts, 1969) are
likely inapplicable to modern realities given changes to factors over the past several
decades, including the nature of boxing, diagnostic criteria, the inclusion of other at-risk
populations in the field (e.g., football), and an evolving understanding of CTE (Clausen,
McCrory, & Anderson, 2005; Gardner et al., 2014; Lenihan & Jordan, 2015). Studies
investigating the risk of neurodegenerative disorders secondary to repetitive head injury
exposure yield mixed results (Jordan, 2014), as some investigators have observed
greater rates of neurodegenerative symptoms in contact sport athletes (Guskiewicz et
al., 2005; Lehman, Hein, Baron, & Gersic, 2012), while others find no increased rates in
similar populations (Savica, Parisi, Wold, Josephs, & Ahlskog, 2012).

Despite inconclusive epidemiological evidence, the primary risk factor for CTE appears
to be exposure to head impacts from concussive or subconcussive events. This
determination is largely the result of observations that all neuropathologically confirmed
CTE cases have a history of brain trauma (Baugh, Robbins, Stern, & McKee, 2014).
Other factors related to or influencing injury exposure may play a role as well, including
the length of boxing or professional football career (L.enihan & Jordan, 2015).

Studies of genstic CTE risk factors have primarily focused on the apolipoprotein E
(ApoE) genotyping, particularly the €4 allele, which is a known risk factor for AD
(Michaelson, 2014), but when taken together, existing studies yield inconclusive
evidence. ApoEs4 variations have been observed in case studies of neuropathologically
confitned GTE (Qmalu, Bailes, st al., 2011 1), and some svidence sugjyesis
netrupathological impairinent in conlact sporl athletes with the ApoEad varialion
(Jurdan et dl , 1997; Kulner, Etlanget, Tsdi, Jutdaty, & Relking 2000) Howevel, mute
recerit studies have nated that abnonmal ApoE allslic variation in CTE cases duss nol
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appear to be greater than that of the general population (see Table 6) (Maroon et al.,
2015; McKee et al., 2013).

Table 6. ApoE AIIeIlc Dlstrlbutlon in Conflrmed CTE Cases

Adapted from Maroon et al. 2015; reprint permissions pending

Clinical Manifestations

Numerous clinical symptoms have been associated with CTE, which are often variable
and nonspecific, and that overlap with symptoms of multiple neurodegenerative
disorders, including AD, PD, FTLD, MND, as well as postconcussive syndrome (lverson
et al., 2015; Lenihan & Jordan, 2015; Maroon et al., 2015). Clinical symptoms
associated with CTE include chronic psychiatric illnesses (e.g., depression), headache,
cognitive problems, and motor impairment (lverson et al., 2015; Lenihan & Jordan,
2015; Maroon et al., 2015; McKee et al., 2013; Omalu, Bailes, et al., 2011). Experts
have noted an extensive overlap of clinical symptoms associated with CTE and post-
traumatic stress disorder in military populations (McKee & Robinson, 2014; Omalu,
Hammers, et al., 2011). While suicidality is commonly reported, links between CTE and
suicide have been questioned in the literature (lverson, 2014; Maroon et al., 2015;
Wortzel, Shura, & Brenner, 2013).

Investigators are working to establish clear links between clinical changes and CTE
neuropathology. McKee et al. (2013) correlates clinical findings with a proposed
framework of progressive neuropathological staging for CTE. Additionally, Stern et al.
(2013) proposes two types of clinical presentation variants, one termed “behavior/mood”
and one termed “cogpnitive.” Stein et al., (2015) subsequently reported that the cognitive
variant may be associated with Ap deposition. While the broad range of symptoms
associated with CTE has been questioned as clinically meaningless (Randolph, 2014),
investigators have recently suggested diagnostic criteria for CTE (Jordan, 2013;
Victoroff, 2013), including the proposal of Traumatic Encephalopathy Syndrome
(Montenigro et al., 2014; Montenigro, Bernick, & Cantu, 2015).

To address existing questions about links between CTE neuropathology and
clinical/behavioral changes, established diagnoslic criteria for longitudinal studies are
needed (Anionius ot al , 20114). Additionally, mninnerous methodological gaps in lhe
axisling budy of case teputis miust be addressed Dala 1epotiing is inconsistent actuss
case studies, and a high rate (439%) of duplication (i e , 1e-1eporting cases aciuss
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multiple publications) has been described (Maroon et al., 2015). Conclusions derived
from case studies, which are often referred to researchers by families with concerns
about neurobehavioral problems (Antonius et al., 2014), are limited by the significant
likelihood of selection (ascertainment) biases (Daneshvar et al., 2011; Maroon et al.,
2015). Additionally, premortem symptom data, which is often derived from interviews
with family members, is not objective and is subject to recall biases (McCrory, Zazryn, &
Cameron, 2007).

Animal Models

Animal models may offer insights into neuropathological and neurobehavioral
abnormalities thought to be associated with CTE. To date, few investigators have
developed animal models designed to reflect CTE specifically (Goldstein et al., 2012;
Petraglia, Plog, Dayawansa, Dashnaw, et al., 2014), which highlights opportunities for
further preclinical research (Goldstein, McKee, & Stanton, 2014). However, certain
animal models of TBI may be useful because they reflect some injury exposure
conditions associated with CTE, such as blunt force or blast-induced TBI.

Animal models of blunt force-induced TBI are commonly used to study single and
repetitive closed head injury (Ojo, Mouzon, & Crawford, 2015). Injury is induced in an
anesthetized animal from impact to the skull or scalp (with or without a protective plate).
The impact can be generated by dropping a weight through a tube positioned above the
head or by using an electromagnetically or pneumatically powered probe (Mouzon et
al., 2012; Petraglia, Plog, Dayawansa Dashnaw, et al., 2014). The specific pathology
and behavioral effects observed in each model vary w:th the impact severity, frequency,
anatomical site, age, and linear or rotational movement of the head.

Existing animal models of blast-induced TBI include the shock-tube and open-field
model. The shock-tube model induces injury by delivering highly reproducible blast
waves from a gas-driven pneumatic tube system to the head of an anesthetized animal.
Some investigators secure the neck, head, torso, and abdomen of the animal to
minimize movement and tertiary blast effects (Cernak et al., 2011). Others use a Keviar
vest to protect the thorax of the anesthetized animal from the blast shock wave (Long et
al., 2009). The open-field model typically involves placing anesthetized animals in
compartments on a platform in close proximity (e.g., 4 to 7 meters) to an ordinance
(8.g., TNT) and then exposing the animal to blast waves from a controlled explosion
(Rubovitch et al., 2011). Recently, application of a lithotripsy machine has been
developad to generate shock waves that induce brain injuries in mice (Divani et al.,
20186).
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Neuropathological Analysis

Animal models of blunt force-induced and blast-induced TBI described above have
revealed few histological abnormalities consistent with observations in
neuropathologically confirmed CTE cases.

Tau

Animal model research characterizing tau aggregation in the brain following TBI results
in inconsistent findings. Several studies in rodents demonstrate an increase in tau
following single impact TBI (Goldstein et al., 2012; Liliang et al., 2010; Luo et al., 2014,
Perez-Polo et al., 2015) or blast-related TBI (Goldstein et al., 2012). Other studies fail to
demonstrate a difference in tau aggregation when comparing single-impact TBI and
sham-injury groups (Gama Sosa et al., 2014; Mannix et al., 2013; Mouzon et al., 2014).

Similarly, animal model studies investigating the impact of repeated TBI on tau
aggregation in the brain report mixed findings. Animals exposed to repeated TBI did not
have elevated brain levels of phosphorylated tau (as measured by
immunohistochemistry, ELISA, and western blot) 24 hours, 34 days, 10 weeks, 4
months, 6 months, and 12 months postinjury (Bolton & Saatman, 2014; Mouzon et al.,
2014; Xu et al., 2014). However, other studies reported that repeated TBI increases tau
levels in the brain postinjury (Arun et al., 2013; Kane et al., 2012; Luo et al., 2014;
Namjoshi et al., 2014; Zhang, Teng, Song, Hu, & Chen, 2015). Of these studies that
found increased tau postinjury, one reported region-specific increases (cortex,
amygdala, and hippocampus) of tau immunoreactivity in up to six months following
repeated TBI (Petraglia, Plog, Dayawansa, Dashnaw, et al., 2014).

One reason rodent models do not accurately reflect the neuropathology of confirmed
CTE cases may be that the endogenous rodent tau aggregates differently from the
human protein. In an attempt to generate a more precise rodent model of head injury,
two mouse models expressing human tau isoforms have been created. The hTau
mouse expresses all six human tau isoforms (Andorfer et al., 2003), and the T44 mouse
expresses the shortest human tau isoform (Ishihara et al., 2001). In hTau mice, Ojo et
al. (2013) demonstrated increased expression of phosphorylated tau 21 days after
repetitive injury; however, tau expression in these animals did not increase after a single
head injury.

Axonal Injury

Axonal injury is a common neuropathological consequence of closed head injury
(Johnson, Stewart, & Smith, 2013; Povlishock & Katz, 2006). Because axonal injury and
subsequent intercellular events, including activation of microglia and astrocytes, are
thought to be potential mechanistic links between TBI and CTE (Ling st al,, 2016;
Lucke-Wold et al., 2014), animal models may provide a means to study these
assuidaliohs.
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Traditionally, axonal injury was thought to be limited to acute periods following head
injury; however, recent evidence has identified axonal degeneration in human brains
many years postinjury (Johnson, Stewart, Begbie, et al., 2013; Johnson, Stewart, &
Smith, 2013). Evidence of chronic axonal injury indicates a potential pathology
contributing to chronic symptoms of CTE. In closed head injury animal models, the
presence of persistent axon damage with corresponding activation of astrocytes and
microglial cells has been described in mice subjected to single and repetitive mTBI
exposure (Donovan et al., 2014; Fidan et al., 2015; Luo et al., 2014; Mierzwa, Marion,
Sullivan, McDaniel, & Armstrong, 2015; Mouzon et al., 2014). Activation of astrocytes
and microglial cells suggestive of CTE pathology also appears to be a common feature
of blast injuries in rodents (Goldstein et al., 2012; Sajja et al., 2014; Svetlov et al.,
2010).

Neurobehavioral Analysis

Animal model studies have also described neurobehavioral abnormalities reflecting
clinical manifestations thought to be associated with CTE. Two common
neurobehavioral tests used with rodent models are the Morris water maze test for
cognitive assessment (i.e., spatial learning and memory) (Vorhees & Williams, 2006)
and the accelerating rotarod test for motor assessment (i.e., balance and sensorimotor
coordination) (Hamm, Pike, O’dell, Lyeth, & Jenkins, 1994). Multiple investigators have
demonstrated cognitive (Laurer et al., 2001; Meehan, Zhang, Mannix, & Whalen, 2012;
Petraglia, Plog, Dayawansa, Chen, et al., 2014) and motor (Laurer et al., 2001; Mouzon
et al., 2012) deficits in animal models following exposures to impact-related TBI.
Neurobehavioral deficits have also been observed following blast-related TBI exposure
in rodents (Goldstein et al., 2012; Koliatsos et al., 2011; Long et al., 2009; S&lj6,
Bolouri, Mayorga, Svensson, & Hamberger, 2009).

Additionally, animal model studies have explored the impact of TBI exposure frequency
on neurobehavioral abnormalities. Numerous investigators have demonstrated that
multiple TB! impact-related exposures result in more pervasive and long-lasting
neurobehavioral deficits when compared to single-exposure injuries (Laurer et al., 2001;
Meehan et al., 2012; Mouzon et al., 2012, 2014; Petraglia, Plog, Dayawansa, Chen, et
al., 2014). Studies also suggest greater cognitive impairments when the interval
between multiple impacts to the head is shorter (Longhi et al., 2005; Mannix et al.,
2013).

Biomarkers

Buccessful development of objective in vivo biomarkers could enable the identification
of GTE patholagy in living persons, which would greatly enhance understanding of the
underlying bivlogical mechanisms and would infarm putential diagnostic, realinent, and
prevention slialeyies Investigaluts are pursting heurvitiaging niodalities and
bivspetinen andlyles as putential predictive biotnatkers of GTE '
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Neuroimaging

There are no longitudinal studies correlating in vivo neuroimaging data directly with
postmortem CTE-associated pathology. Current neuroimaging research relevant to CTE
biomarkers generally focuses on two approaches. One approach is the detection of
molecules associated with CTE pathology (e.g., tau, AB). The second approach is
detecting structural or molecular changes associated with head injury, which is thought
to contribute to the development of CTE.

Positron Emission Tomography

Positron emission tomography (PET) can detect the presence and distribution of
specific molecules using trace amounts of radioactive ligands that bind to molecules of
interest. Investigators are developing PET radioligands to image pathology associated
with CTE (Turner et al., 2013), including aggregations of tau (Villemagne & Okamura,
2014) and AB (Barrio, Hunag, & Cole, 1999). PET is also being used to assess changes
in metabolic activity in the brain associated with exposure to head trauma.

Several PET radioligands targeting tau have shown potential as CTE biomarkers, and
some are being investigated in clinical trials. For example, Maruyama et al. (2013)
demonstrated that the [''C]PBB3 radioligand exhibits specificity for tau in transgenic
mouse models and human subjects with probable AD (see Figure 2). Investigators are
conducting a Phase Il clinical trial to determine whether [''C]JPBB3 can detect tau
aggregates in patients with a history of TBI (National Institute of Mental Health, 2015).

Figure 2. PET Accumulation of ['’"C]PBB3
("'CIPBB3 ["CIPIB

Caranal ['CIPBB3 PET svan of patients with probable AD and
contrals (Maruyarna et al, 2014)

Additionally, | 8-{T807 and [T [T808 are wo related tadioligands with high affinity and
seluctivity for hyperphosphotylated tau it huans (Ghien et al , 2013, 2014) Multiple
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clinical trials are investigating the use of ['®F]T807 as a potential biomarker of CTE (Avid
Radiopharmaceuticals, 2015; Di Carli, 2015; Molecular Neurolmaging, 2015).

PET imaging of tau faces several challenges (Villemagne, Fodero-Tavoletti, Masters, &
Rowe, 2015). Tau protein aggregates are intracellularly expressed, which requires the
corresponding ligand to cross the blood-brain barrier and cell membrane to

bind. Tau aggregates are also subject to several post-translational modifications that
alter the ultrastructural conformation of the aggregates and affect radioligand binding.
Tau ligands have an affinity for AR aggregates as well, which poses a challenge for
characterization of CTE pathology as both protein aggregates may be present in
different anatomical locations and AR pathology is significant in AD. Nevertheless, at
least six new classes of tau radioligands have been developed, each with different
levels of affinity and specificity to tau relative to AR (Shah & Catafau, 2014).

PET imaging of AR aggregates has been demonstrated using a ['®F]JFDDNP radioligand
(Barrio et al., 1999); however, unlike [18F]T807, binding is relatively nonselective and
also labels NFTs (i.e., tau) (Smid et al., 2013). In football players with a history of head
injury exposure, ['®F]JFDDNP PET demonstrates increased signaling in the amygdala
and subcortical brain regions (see Figure 3), which is potentially indicative of CTE
(Small et al., 2013). Barrio et al. (2015) describe differences in ['®F]FDDNP signal
patterns between football players with mTB| and Veterans with blast-induced mTBI.
These observations suggest that the radioligand may be useful in identifying and
characterizing CTE. The ['®FJFDDNP radioligand also binds with extracellular AB
plagues and intracellular NTF's in patients with AD (Shoghi-Jadid et al., 2002; Smid et
al., 2013) and Down’s syndrome (Nelson, Siddarth, & Kepe, 2011), so discrimination
between tauopathies must rely on regional signal differences.

Figure 3. PET Imaging in Retired NFL Players
control NFL1
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PET imaging with ['®F]FDG PET can measure the glucose metabolic activity, which
reflects the functional states of brain structures (Turner et al., 2013). ['®F]FDG PET
imaging has found hypometabolism (relative to controls) in the brain regions of boxers,
which is thought to be affected by impacts to the side of the head, including the frontal
lobe anterior to Broca’s area, the posterior cingulate cortex, the posterior parietal lobe,
and the cerebellum (Provenzano et al., 2010). This pattern of hypometabolism differs
from other types of TBI exposures, such as motor vehicle accidents and falls, which
affect orbitofrontal and anterior temporal lobe areas. However, the hypometabolism of
the posterior cingulate cortex and the posterior parietal lobes is similar to that seen in
patients with AD, which may be responsible for the AD-like cognitive decline seen in
boxers (Bonte, Harris, Roney, & Hynan, 2004). Unlike boxers, patients with AD do not
typically show hypometabolism in the cerebellum, which may be unique to boxers
presenting with AD-like cognitive impairments. Together, these results suggest that
['8F]FDG PET could potentially be used as a biomarker for TBl-related
neurodegenerative processes resulting from exposure to head injury.

Researchers have also pursued the use of PET to characterize TBI-related
neuroinflammation through use of radioligands selective for activated microglia.
Elevated uptake of ['*C]R-PK11195, which binds to a transmembrane protein expressed
in activated microglia, was observed in the brains of patients with moderate to severe
TBI from several months to years postinjury (Folkersma et al., 2011; Ramlackhansingh
et al., 2011). Increased binding of ["'C]-DPA-713, a second-generation radioligand with
greater specificity for activated microglia, was observed in the brain regions associated
with TBI of nine former NFL players compared to controls (Coughlin et al., 2015).

Diffusion Tensor Imaging

Diffusion tensor imaging (DTI) can visualize white matter axon tracts, in turn enabling
investigators to detect abnormalities not visible on conventional magnetic resonance
imaging or computed tomography imaging methodologies (Turner et al., 2013). DTI
revealed significant white matter changes in a high-school contact sport athlete
following a single concussion (Bazarian, Zhu, Blyth, Borrino, & Zhong, 2012).
Furthermore, significant white matter changes can be detected in contact sport athletes
exposed to multiple subconsussive injuries in the absence of clinically evident
concussion (Bazarian et al., 2014, 2012). DTl findings have also supported a link
between axonal abnormalities and executive impairment following TBI (Lipton et al.,
20009).

Several DT studies that have investigated white matter integrity in Veterans with
expostire to blast- and/or impact-related injuries report different findings. Some studies
detect abnormalities in multiple, diffuse areas (see Figure 4) (Davenport, Lim,
Annstrong, & Spontheimn, 2012; Hayes, Miller, Lafleche, Balat, & Verfasllie, 2016; Morey
el al, 2013; Pelrie et al , 2014), whilse MacDuonald et al. (2013) repuit abnoninalilies
1asllicled W the cersbellum, Detodtion of spalially heletogensous dieas of detliedased
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fractional anisotropy may indicate a potential DTl-based biomarker for blast-related
mTBI (Jorge et al., 2012). In contrast, one recent DT! study found no significant
differences in white matter integrity between Veterans exposed to blast-related injury
and controls (Levin et al., 2010).

Figure 4. DTI Measurements in Veterans
A Fractional Anisotropy (FA)

Nonbiast
Veterans
minus
Blast-mTB
Velerans

+gnun +2mm <Zmn RT MED LT MED

. Macrooecular Proto Fraction (MPF

Nonbiast
Veterans
minus
Blast-mTB!
Veterans

+25mm +11mm RT WED LT MED

DT! measurements of Fractional Anisotropy (FA) and Macromolecular Proton Fraction (MPF) mapping in Veterans
with or without blast-induced mTBI. (A) FA (metric of white matter structural integrity) is reduced in the right genu of
the corpus callosum of blast-induced mTBl. (B) MPF values (metric of white matter myelin compasitional integrity) are
lower in blast-induced mTBI in multiple brain regions. Image from Petrie et al., 2014.

Magnetic Resonance Spectroscopy

Magnetic resonance spectroscopy (MRS) is a noninvasive method of measuring brain
chemistry in vivo that can be applied to detect changes in brain metabolites following
TBI (Gavett et al., 2011; Turner et al., 2013). Common brain metabolites altered by
brain injury that MRS can detect include decreased N-acetyl aspartate (NAA; indicating
neuronal damage), increased choline (Ch) and lipid (indicating membrane damage and
diffuse axonal injury), increased combined glutamate and glutamine (Glx; indicating
excitotoxic effects of the brain) and increased myo-inositol (indicating brain injury from
membrane damage and/or as a result of astrocytosis) (Gavett et al., 2011).

One-dimensional (1D) MRS has demonstrated a significant decreass in Glx and NAA In
the primary motor cortex and NAA in the prefrontal cortex in concussed athletes as
compared with nonconcussed athletes (Henry, Tremblay, Boulanger, Ellemberg, &
Lassonde, 2000). In retired professional athletes with GTE symptoms, 1D MRS has
found increased levels of Ch and Glx whent cotnpared to age-malshed, healthy cunirols
(Litn et <., 2010). Use of advanced spetliuscopy tnelliods, spedifically two ditriensiohal
localized contelaled spechoscopy, Mustrated changes in Glx and Ch typically captined
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with conventional 1D MRS, but also recorded increases in phenylalanine and fucose
from the brains of former athletes, which cannot be measured by 1D MRS (Gavett et al.,
2011; Lin et al., 2015). While imaging changes in these brain metabolites using MRS
may help describe pathological changes following single or repetitive brain injury, it can
be difficult to distinguish between natural changes with aging and those of injury
(Tremblay et al., 2013).

Researchers have been investigating MRS to study the effects of blast injury in
Veterans. Reductions of NAA relative to brain metabolites Ch and creatine (Cr),
NAA/Ch and NAA/Cr ratios, respectively, are thought to indicate brain injury (Signoretti
et al., 2008). Significant hippocampal reductions of NAA/Ch and NAA/Cr have been
observed in Veterans when compared to controls (de Lanerolle et al., 2014;
Hetherington et al., 2014).

Functional Magnetic Resonance Imaging

Functional magnetic resonance imaging (fMRI) can investigate structural and functional
changes of the brain following brain injury (Bruce et al., 2015; Gandy et al., 2014).
Researchers have used fMRI to evaluate functional disruptions in both concussive and
subconcussive injury groups, even in the absence of overt clinical symptoms (Talavage
et al., 2010). Given its ability to detect deficits in subconcussive injury, fMRI may hold
promise for future investigations of CTE-related changes (Gavett et al., 2011).

Biospecimens

Effective biospecimen-based biomarkers would provide a more accessible, cost-
effective, and deployable method for identifying CTE in vivo than neuroimaging
modalities that are resource intensive and located in fixed brick-and-mortar facilities.
There are few studies focused on biospecimen-based CTE biomarkers, in part due to
the pathological and symptological similarities to established neurodegenerative
diseases (Turner et al., 2013). However, investigators have been pursuing the
measurement of proteins and/or microRNAs found in cerebrospinal fiuid (CSF) or blood
plasma as potential biomarkers of TBI, which may lend insight into identification of CTE
pathology in vivo (Baugh et al., 2012; Mez, Stern, & McKee, 2013).

Cerebrospinal Fluid

While CSF is considered a potential source of TBI biomarker identification given its
direct contact with the brain and nervous system (Turner et al., 2013), the lumbar
puncture required to sample CSF poses obvious disadvantages. Research on CSF
biomarkers of TBI focus on axonal proteins, such as neurofilament light and tau
(DeKosky, Blennow, lkonomovic, & Gandy, 2013). A longitudinal study of amatsur
boxers demonstrates increased GBF levels of neurofilament light and tau after bouts
(Zetlerhery & Blennow, 20156). While the increasss of neurofilarment light suggested
duss dependenuy (inuteases wers more pronotinced in boxers who stislained several
liead punches), the utility of this matker is called into question given that protein levels
relumed 1o normal after thres months of o bouts Additional studies in amateur oasts
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have described increases in CSF proteins, in particular neurofilament light, tau, and glial
fibrillary acidic protein (GFAP), that correlated with exposure to head trauma (Neselius
et al., 2012, 2013; Zetterberg, Hietala, & Jonsson, 2006). The number of days in which
the proteins remained elevated varied, indicating that they may be best used as
markers of acute injury. Additional studies are needed to validate blast biomarkers and
determine the most effective time to take CSF samples following exposure.

Blood Plasma

While blood-based biomarker sampling poses lower risk than the lumbar punctures that
CSF approaches require, plasma biomarkers have their drawbacks, including

(1) dilution of the brain-specific protein by the large volume of plasma and in the
extracellular fluid of peripheral organs, (2) degradation of the biomarker candidate by
blood proteases, (3) clearance of the protein by hepatic metabolism or renal excretion,
and (4) analyses of brain proteins in blood that can be confounded by release of the
same protein from peripheral tissues (DeKosky et al., 2013). Recent research has
identified several potential blood plasma-based biomarkers of TBI. Serum levels of
S-100B were increased in patients with severe TBI and demonstrate a strong correlation
to clinical outcome (Anderson, Hansson, Nilsson, Dijlai-Merzoug, & Settergren, 2001;
Naeimi, Weinhofer, Sarahrudi, Heinz, & Vécsei, 2006). Additionally, the ratio of GFAP to
ubiquitin carboxy-terminal hydrolase-L1 in plasma may be characteristic of a focal or
diffuse TBI (Mondello et al., 2012) and may change after multiple concussive or
subconcussive head injuries. This ratio may potentially offer insight into the
development of CTE (Turner et al., 2013). Transient, severity-dependent, and time-
dependent elevations of tau levels in serum were detected following TBI in rats (Liliang
et al., 2010). Additionally, Olivera et al. (2015) reported elevated concentrations of
plasma tau protein in military personnel with TBI. '

Another plasma-based TBI biomarker of potential relevance to CTE is neuron-specific
enolase (Zetterberg et al., 2009). Elevated levels of this protein were detected in boxers
after they abstained from boxing for two months when compared to healthy controls.
However, S-100B, brain-derived neurotrophic factor, and heart-type fatty acid binding
protein did not change. These results suggest that neuron-specific enolase may remain
elevated for an extended period of time postinjury and could be a useful biomarker for
diagnosing athletes and patients who have suffered multiple concussive and
subconcussive head injuries.

Treatment and Prevention Strategies

There is no astablished treatment for CTE, and for this reason, current mitigation
strategies focus on prevention of head injury and/or concussion (DeKosky et al., 2013;
Jordan, 2014). While praisclive headgear can prevertt severe injutiss (e.g., penetrating
inpary, skull fraclure, inlractanial hetnotthage), helimels do tiol appear W mitigats the
intidencs ol sevetily of spuits 1alatéd concussion (Hatinon sl al ; 2013, McCraty,
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Meeuwisse, Aubry, et al., 2013). Some investigators have suggested that the use of
helmets in sports enables or promotes aggressive play and increases the risk for head
injury (Herring et al., 2011). Other prevention strategies in sports include rule changes
and return-to-play guidelines (McCrory, Meeuwisse, Aubry, et al., 2013). The DoD is
also developing return-to-activity guidelines for service members following mTBI
(McCulloch et al., 2015).

Although consensus on the understanding of CTE is still being established and
diagnostic criteria are still under development, researchers are investigating potential
treatment approaches. Several animal model studies target tau pathology as a potential
intervention strategy. Kondo et al. (2015) blocked tauopathy progression in mice with
the application of an antibody that interrupted an early stage of tau development,
termed “cistauosis,” following TBI. Recent work describing the impact of acetylation on
tau aggregation suggests a potential therapeutic target for CTE (Cook, Carlomagno, et
al., 2014; Cook, Stankowski, Carlomagno, Stetler, & Petrucelli, 2014). Additionally,
pharmacologic inhibition of a metabolic enzyme (monoacylglycerol lipase) in a mouse
model of repetitive closed-head injury reduced several neuropathological hallmarks of
CTE, including tau phosphorylation and TDP-43 protein aggregation (Zhang et al.,
2015). Because of the neuropathological similarities with AD and TBI, potential
pharmacological and behavioral interventions for these conditions could also be applied
to CTE (Antonius et al., 2014; Levin & Bhardwaj, 2014).

Discussion

CTE represents a major potential public health issue considering the number of
athletes, service members, and Veterans exposed to single and/or multiple concussive
and/or subconcussive head injuries. The current state of the science has generated an
initial consensus on the neuropathology of CTE (NINDS, 2015). However, the evidence
does not allow for a conclusive determination of whether exposure to head injury is
sufficient and causative in the development of CTE pathology. Existing clinical data are
limited, observational in nature, and subject to methodological concerns. These realities
have led some investigators to question whether existing data are adequate to confirm
CTE as a unique neurodegenerative disease (Iverson et al., 2015; Karantzoulis &
Randolph, 2013; Randolph, 2014).

Existing neuropathological evidence describes abnormalities in the brain following
exposure to head injury that may be associated with CTE development and that may
reflect underlying biological processes. Recent consensus establishing perivascular tau
aggregation in cortical sulci depths as unique indications of CTE represents the most
conclusive pathological evidenucs to date (NINDS, 2018). Pathophysiological
Inechanisings explaining how tau aggregation causes or coniributes o clinical symiptoms
ot tatiopathies, mduding A, have yel to be delerinined, and it is not definitively
established whellier or how tau pathology diives o causes dinicdl tanitestations of
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CTE (lverson et al., 2015). More broadly, it is still not clear what other macroscopic and
microscopic (e.g., AB, TDP-43) pathological findings are unique to CTE, given that
autopsy reports are inconsistent (Karantzoulis & Randolph, 2013) and that these
pathological findings are also associated with aging (McCrory, Meeuwisse, Kutcher, et
al., 2013) and multiple other neurodegenerative diseases (Karantzoulis & Randolph,
2013).

Identification of biomarkers enabling in vivo detection of CTE pathology would advance
ongoing research needs. Investigators are working to develop neuroimaging and
biospecimen-based biomarkers, targeting the pathophysiological mechanisms
associated with CTE (e.g., tau aggregates) and the biological processes following head
injury exposure. Premortem identification of CTE could potentially benefit prevention
and treatment. Current preclinical and clinical development of therapeutic or
rehabilitative strategies are also targeting pathophysiological mechanisms associated
with CTE and the biological processes following head injury exposure.

Existing clinical evidence does not inform whether variations in head injury frequency
(e.g., single versus multiple exposures) or head injury type (e.g., impact, nonimpact,
blast) are differentially associated with CTE. Data about frequency or type of head injury
exposure is not collected systematically or consistently across, or sometimes even
within, CTE case series or case studies. Most CTE studies characterize head injury
exposure simply as exposure to sport or occupation (e.g., football, boxing) without
including data describing head injury frequency, severity, or the time elapsed between
injuries.

Other fundamental questions exist about the links between exposure to head injury,
CTE-associated pathology, and clinical symptoms. For example, evidence does not
conclusively support that retired athletes exhibit a unique neurodegenerative pathology
or have higher rates of associated clinical symptoms (Randolph, 2014). Alternative
hypotheses have been described recently by Iverson et al. (2015), such as the
possibility that neurotrauma reduces a cerebral reserve normally protecting persons
from development of neurodegenerative disorders, or that tau pathology is clinically
silent such that symptoms are due to other, potentially multifactorial, causes.

Research Needs

Limitations to the conclusions that can be drawn about links between exposurse to head
injury, CTE-associated pathology, and clinical symptoms stem in part from the
characteristics of existing evidence and methodological issues. For example,
postmortem GTE autopsy cases, which are often referred to researchers by families
with concerns about neurobehavioral problems (Antonius st al., 2014), are limited by
significant selection (ascertaininent) biases (Daneshvar et al_, 201 1; Karanizotilis &
Handolph, 2013; Matouon el 4l., 20116). Data about the dinical symploins assodiaisd will
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CTE are retrospective and often derived from interviews with family members, which
make the data subjective and limited by recall biases (McCrory et al., 2007).

CTE has drawn significant public and media attention given the large at-risk population
(e.g., military service members, contact sport athletes). Experts have noted concern
over the potential clinical and legal consequences of a widespread misunderstanding of
CTE (Wortzel, Brenner, et al., 2013). Given these factors, the need for additional
research is clear and investigators have called for specific actions (lverson et al., 2015;
Montenigro et al., 2014; Randolph, 2014):

e Initiation of cross-sectional, prospective, longitudinal, and/or epidemiological
studies; initial work could compare retired athletes to demographically matched
controls without exposure to head injury and assess whether a higher risk for
clinical symptoms is supported; additional work could investigate links between
CTE-associated pathology and observed clinical symptoms

» Development of standardized protocols for studying pathology, including
establishing control data

* Development of clinical diagnostic research criteria

e Continued biomarker development, such as determining whether PET imaging
can detect differences in tau between groups with and without head injury
exposure, with different clinical manifestations, including comorbidities (as well
as control subjects)
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Appendix 2: Selected Acronyms and Abbreviations

AB Beta-amyloid

AD Alzheimer’s disease

ApoE Apolipoprotein E

ATs Astrocytic tangles

BBB Blood-brain barrier

Blast PCO DoD Blast Injury Research Program Coordinating Office
Ch Choline

Cr Creatine

CSF Cerebrospinal fluid

CTE Chronic traumatic encephalopathy
DoD Department of Defense

DTl Diffusion tensor imaging

DTIC Defense Technical Information Center
FA Fractional Anisotropy

fMRI Functional magnetic resonance imaging
FTLD Frontotemporal lobar degeneration
GFAP Glial fibrillary acidic protein

Glx Glutamine

MND Motor neuron disease

MPF Macromolecular proton fraction

MRS Magnetic resonance imaging

mTBl Mild traumatic brain injury

NFTs Neurofibrillary tangles

NIH National Institutes of Health

NINDS National Institute for Neurological Disorders and Stroke
NTs Neuritic threads

PD Parkinson’s disease

PET Positron emission tomography

pTau Phosphorylated tau

SoS State of the science

TBI Traumatic brain injury

TDP-43 TAR DNA-binding protein-43
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Report from the First NIH Consensus Conference to Define the Neuropathological
Criteria for the Diagnosis of Chronic Traumatic Encephalopathy

In 1928, the pathologist Harrison Stanford Martland described the clinical features of a
distinct neuropsychiatric disorder in boxers known as the “punch-drunk syndrome.” Several
decades later this became known as “dementia pugilistica,” reflecting a belief that it was a
disease almost exclusive to former boxers. More recent neuropathological studies have
identified this condition in persons with other forms of head injury, including athletes
exposed to repetitive brain injury in a wide range of sports. Thus, almost 90 years after Dr.
Martland’s first account in boxers, there is a realization that sustained brain injury raises
the risk of developing this condition, rather than the environment or sport in which brain
injury is occurs.

Despite the passage of time, this condition, now called chronic traumatic encephalopathy
(CTE), remains a diagnosis that can only be made during neuropathological examination of
the brain at autopsy. Early accounts of the pathology of dementia pugilistica/CTE described
nerve cell loss and accumulation of abnormal tau protein forming neurofibrillary tangles in
affected brain regions. How and where the degeneration began in the brain was never
clear. More recent reports include cases in persons with substantial exposures to trauma
who did not develop dementia, but in whom tau positive neurofibrillary tangles are seen in
the brain at autopsy. The pathologic characteristics of CTE remain poorly defined. Its
recognition at autopsy remains limited and as a result it is not clear how often evidence of
CTE goes undetected in autopsy cases.

In April 2013, the NIH launched a major effort to define the pathologic characteristics of
CTE. With support from the Foundation for NIH's Sports Health Research Program with
funding from the National Football League, the NIH awarded grants to two teams of
neuropathologists and TBI experts to better understand this condition. A major goal of this
research is to use advanced neuroimaging techniques to correlate pathologic changes with
imaging abnormalities so that imaging tools might someday be used to examine living
persons for the presence of CTE. Defining the brain abnormalities that are specific for CTE
is key to advancing medical research and care. To this end, the neuropathology teams
have started a process to generate consensus guidelines for the pathological diagnosis of
CTE that will allow a more complete picture to be formulated over the grant period. The
first consensus workshop occurred in Boston on February 26 and 27, 2015.

The process included a review of the literature, individual review of relevant pathologic
cases using digital imaging technology, and a face-to-face review of cases from the same
digital images, followed by discussion and recommendations. The team assembled slides
stained with Luxol fast blue/Hematoxylin & eosin (LH&E), a silver stain (Bielschowsky), and
immunostains for phospho-tau (AT8), amyloid-beta and phospho-TDP-43. The slides were
prepared using standardized protocols by a single laboratory. Digitized images of the
slides were then provided to the consensus neuropathology group whose members were
blinded to all information, including age, sex, and clinical history. Slides included 19 brain
regions from 26 cases of CTE and other disorders that might be in the differential diagnosis
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of CTE, all having significant tau aggregates. The non-CTE cases included Alzheimer's
disease (AD), Parkinson-dementia complex of Guam, progressive supranuclear palsy,
corticobasal degeneration, primary age-related tauopathy and argyrophilic grain disease.
The pathologists independently reviewed the slides and diagnosed each case using
provisional criteria for CTE and established criteria for other tauopathies. The teams of
pathologists then met in Boston to review the pathology slides and diagnoses as a group.
In general, there was excellent agreement among the pathologists with regard to
distinguishing CTE from the other tauopathies. Discussions led to refinements in the
provisional neuropathological criteria for CTE, as well as “best practice” recommendations
for neuropathologists examining brains for evidence of CTE.

Required criteria for pathological diagnosis of CTE:

The feature considered the most specific for CTE, and the one that distinguished the
disorder from the other tauopathies, was the regional distribution of tau aggregates. In
CTE, the tau lesion considered pathognomonic was an abnormal perivascular
accumulation of tau in neurons, astrocytes, and cell processes in an irregular
pattern at the depths of the cortical sulci. Many other abnormalities were seen,
especially in the more severely affected brains, but the group consensus was that
abnormal tau immunoreactivity in neurons and glia, in an irregular, focal, perivascular
distribution and at the depths of cortical sulci, was required for the diagnosis of CTE.
There was frequentsly evidence of TDP-43-immunoreactive neuronal cytoplasmic
inclusions, amyloid pathologies, and severe hippocampal neurofibrillary degeneration,
including extracellular tangles best seen with silver stains.

Recommendations were also made for conducting a neuropathologic examination for
CTE. Of note, the Bielschowsky silver stain did not detect the diagnostically significant
focal perivascular cortical tau lesions, so the group recommended phospho-tau
immunohistochemistry. They also discussed how extensive the sampling must be to rule
out CTE, but no data were available to make this determination. All things considered,
except for centers specializing in CTE research, the group felt that the sampling protocol
recommended by Alzheimer's Disease Centers (NIA-AA recommendations) was
reasonable at this stage. Tissue blocks, including the sulcal depth from superior and
middle frontal gyrus, superior and middle temporal gyrus and inferior parietal gyrus, were
considered to be most informative for detecting the earliest or most mild lesions of CTE..

Tau antibody staining of neurons and neurites in perivascular pattern (arrow pointing to
blood vessel).
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Lower field photo illustrating the focal nature of the tau staining at depth of sulci (asterisk at
bottom of sulcus).

Supportive criteria for a diagnosis of CTE:

To complement the required criteria, the group also defined supportive pathological
features that were frequent in CTE brains, especially in the more severely affected cases.
These include:

1. Macroscopic abnormalities in the septum pellucidum (cavum, fenestration),
disproportionate dilatation of the Ilird ventricle or signs of previous brain injury;

2. Abnormal tau immunoreactive neuronal lesions affecting the neocortex predominantly
in superficial layers 2 and 3 as opposed to layers 3 and 5 as in AD;

3. Abnormal tau (or silver-positive) neurofibrillary lesions in the hippocampus, especially
in CA2 and CA4 regions, which differ from preferential involvement of CA1 and
subiculum in AD;

4. Abnormal tau immunoreactive neuronal and astrocytic lesions in subcortical nuclei,
including the mammillary bodies and other hypothalamic nuclei, amygdala, nucleus
accumbens, thalamus, midbrain tegmentum and substantia nigra, and

5. Tau immunoreactive in thorny astrocytes in subpial periventricular and perivascular
locations.

Findings considered exclusions to the diagnosis of primary CTE:

1. CA1 predominant neurofibrillary degeneration in the hippocampus in association with
amyloid plaques, as seen in AD;

2. Cerebellar dentate cell loss, prominent coiled bodies in oligodendroglia, and tufted
astrocytes as seen in PSP, and

3. Severe involvement of striatum and pallidum with astrocytic plaques in cortical and
subcortical structures as seen in CBD.

Conclusion:

The criteria described above constitute the first step in the process of fully characterizing
the neuropathology of CTE, just as the Boston meeting was the first of a series of
consensus conferences of the investigators funded by the NIH research initiative.
However, it was noted that, thus far, this pathology has only been found in individuals
exposed to brain trauma, typically multiple episodes. How common this pathology
occurs at autopsy and the nature and degree of trauma necessary to cause this
neurodegeneration remain to be determined.

In concluding the mesting, the investigators identified numerous important as areas that
need to be addressed to more fully understand CTE. These include questions about the
involvement of spinal cord, neuronal cell loss, gliosis, inflammation, hemosiderin
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deposition, specific pathologic stages of the disorder, further characterization of amyloid
and TDP-43 pathologies, etc. It is also especially important for the community to
understand that it is not yet possibie to correlate clinical symptoms or future brain health
with the signature pathologic feature of CTE. NIH, again with funding from the Foundation
for NIH Sports Health Research Program, issued a solicitation for teams of clinical and
imaging investigators to address this important issue in persons with neuropsychiatric
symptoms and history of multiple concussion to attempt to determine the core clinical
symptoms of CTE and how they progress over time.

The following neuropathology experts took part in the First Consensus Conference to
Evaluate the Neuropathological Criteria for the Diagnosis of Chronic Traumatic
Encephalopathy:

Nigel J. Cairns - Washington University, St. Louis

Dennis W. Dickson - Mayo Clinic, Jacksonville

Rebecca Folkerth — Brigham and Women's Hospital, Boston

C. Dirk Keene - University of Washington, Seattle

Ann McKee - Boston University (Principal Investigator of one of the NIH CTE grants)
Daniel Perl - Uniformed Services University of the Health Sciences, Bethesda

Thor Stein - Boston University

Willie Stewart - University of Glasgow, Scotland

Jean Paul Vonsattel - Columbia University, New York

In addition to neuropathologists, the group included Irene Litvan — University of California
San Diego, who is a neurologist with significant expertise in devising research criteria for
neurodegenerative tauopathies, and Wayne Gordon-Mount Sinai Hospital, New York, an
expert in TBI as well as Principal Investigator of the other NIH CTE grant.

The following NINDS staff also participated in the conference:

Patrick Bellgowan
Deborah Babcock
Walter Koroshetz
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