Chapter 10

Concussion in Sports: What Is It and How
Is It Managed?
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Arjang Ahmadpour, Valentina Vasenina, Vimal Patel, and Julian E. Bailes

Introduction: Defining Sports-Related Concussion

Sports-related concussion (SRC) is broadly defined as the immediate and transient
symptoms of traumatic brain injury (TBI) [1]. The underlying issue with this defini-
tion is that it does not provide insight into the underlying processes causing brain
impairment. This definition also does not distinguish between different grades of
severity. The term mild traumatic brain injury (mTBI) is often used interchangeably
with concussion. This term is also vague and lacks validated criteria in this context.
Therefore, the term concussion with this usage is imprecise.

The most commonly recognized definition of concussion stems from the consen-
sus statement from the 5th International Conference on Concussion in Sport, which
states that sports-related concussion (SRC) is a traumatic brain injury (TBI) induced
by biomechanical forces [1].

Several common features that may be utilized in clinically defining the nature of
a concussive head injury include:

— SRC may be caused either by a direct blow to the head, face, neck, or elsewhere
on the body with an impulsive force transmitted to the head.

— SRC typically results in the rapid onset of short-lived impairment of neurological
function that resolves spontaneously. However, in some cases, signs and symp-
toms evolve over a number of minutes to hours.
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— SRC may result in neuropathological changes, but the acute clinical signs and
symptoms largely reflect a functional disturbance rather than a structural injury
and, as such, no abnormality is seen on standard structural neuroimaging
studies.

— SRC results in a range of clinical signs and symptoms that may or may not
involve loss of consciousness. Resolution of the clinical and cognitive features
typically follows a sequential course. However, in some cases, symptoms may be
prolonged.

— The clinical signs and symptoms cannot be explained by drug, alcohol, or medi-
cation use, other injuries (such as cervical injuries, peripheral vestibular dysfunc-
tion, etc.) or other comorbidities (e.g., psychological factors or coexisting
medical conditions).

Several definitions of mild traumatic brain injury (mTBI) have been used over
the past decades [2]. Traumatic brain injury (TBI) is typically graded from mild to
severe, with use of the clinical assessment of the Glasgow Coma Scale (GCS). The
GCS has a composite score ranging from 3 to 15. A numerical assignment is
awarded according to the patient’s eye opening, motor responses to verbal and phys-
ical stimuli, and verbal responses to questions and commands. Based on this scale,
mTBI refers to patients with a GCS score of 13 to 15. The World Health Organization
(WHO) Collaborating Centre for Neurotrauma Prevention, Management and
Rehabilitation Task Force on Mild Traumatic Brain Injury proposed the following
mTBI definition [3]:

MTBI is an acute brain injury resulting from mechanical energy to the head from exter-
nal physical forces. Operational criteria for clinical identification include: (i) 1 or more
of the following: confusion or disorientation, loss of consciousness for 30 minutes or
less, post-traumatic amnesia for less than 24 hours, and/or other transient neurological
abnormalities such as focal signs, seizure, and intracranial lesion not requiring surgery;
(ii) Glasgow Coma Scale score of 13—15 after 30 minutes post-injury or later upon pre-
sentation for health care. These manifestations of MTBI must not be due to drugs, alco-
hol, medications, caused by other injuries or treatment for other injuries (e.g. systemic
injuries, facial injuries or intubation), caused by other problems (e.g. psychological
trauma, language barrier or coexisting medical conditions) or caused by penetrating cra-
niocerebral injury.

This definition set forth by the WHO was created as an attempt to standardize an
operational definition of mTBI for research purposes.

MTBI may also apply to patients in whom structural lesions are found on
standard neuroimaging, or those with focal neurological deficits. This is not con-
sistent with the most commonly accepted definition of concussion. Such imaging
findings may include epidural or subdural hematoma, subarachnoid hemorrhage,
parenchymal contusion, skull fractures, etc. [4]. The focus of this chapter is trau-
matic brain injury as it relates to functional brain abnormalities, without the
structural changes seen on standard neuroimaging. Please refer to Table 10.1,
which provides descriptions of various levels of TBI severity according to
GCS score.
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Table 10.1 Classification of head injury severity

Classification Glasgow Coma Scale Score
Mild TBI 13-15

Moderate TBI 9-12

Severe TBI 3-8

TBI traumatic brain injury

Epidemiology

TBI is a global healthcare-related problem of paramount importance [5]. An esti-
mated 1.7 million TBIs occur annually in the United States. A majority of these
TBIs are mild [6]. TBI incidence in military personnel, commonly overshadowed
by the focus on sports-related injuries, has gained increased attention in recent
years. Mild TBI occurred in 20% of deployed personnel, and accounted for the
majority of military-associated head injuries during the conflicts in Iraq and
Afghanistan [7]. Blast injury caused by improvised explosive devices (IEDs) is an
especially common cause of mTBI and concussion, contributing to as much as 79%
of these injuries [8—13].

The number of American patients seeking care for traumatic brain injuries, most
of which are mild in nature, has been on the rise. Marin and colleagues [14] esti-
mated that there were 2,544,087 visits to emergency departments (EDs) for TBI in
2010. This represents a 29.1% increase when compared to the number of ED visits
in 2006. This rate of increase is nearly eight times greater than the rate of increase
of total ED visits over the same time frame; it is most likely attributed to a combina-
tion of factors such as increases in TBI awareness, exposure, and diagnoses.
Children <3 years old, and adults >60 years old had the highest rates of ED visits,
with falls serving as the leading mechanisms of injury [14].

The annual incidence of sports-related concussion in the United States is esti-
mated to be approximately 3.8 million. This number likely underestimates the true
incidence given that many concussions might go unreported or affected athletes
might have no gateway to formal medical follow-up [15]. Clay and associates [16]
performed a systematic review of the epidemiology of concussion in sport, and
reported that the highest reported incidences of concussion, in descending order, are
related to football, female and male soccer, wrestling, and female basketball.
Between 2% and 15% of athletes participating in organized sports will suffer a con-
cussion during one season (Table 10.2) [17-35].

Football accounts for the highest proportion of sports-related concussion overall
[16]. The incidence ranges from 0.48 to 1.03 per 1000 athletic exposures (AEs) at the
high school level, 0.52 to 0.81 per 1000 AEs at the college level, and 4.56 per 1000
game AEs in the National Football League (NFL). This NFL data does not include
concussions sustained during practice [16, 36-40] Linebackers are the most com-
monly concussed players in football in all levels of play overall. Quarterbacks are the
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Table 10.2 Seasonal risk of concussion in sports

A. Ahmadpour et al.

Years Concussed per
of Seasons | Athletes player/season
Author Type of athletes study (n) (n) Concussed | (%)
Football
Barr and High school and 1997- |2 1313 50 1.9
McCrea college football 1999
[19]
McCrea High school and 1998- |2 1325 63 2.4
[18] college football 1999
McCrea High school and 1999- |3 2385 91 3.8
etal. [17] college football 2001
McCrea College football 1999- |2 94 39
etal. [19] 2001
Barretal. | High school and 2008- |2 823 59 7.2
[16] college football 2009
Seidman High school football |2013 1 343 9 2.6
et al. [24]
Dompier Football 2012- |2 20,479 1178 5.8
et al. [25] 2013
Youth football 2012- |2 4092 136 33
2013
High school football |2012— |2 11,957 |767 6.4
2013
College football 2012- |2 4430 275 6.7
2013
College football 2011- |4 9718 518 53
2014
Houck et al. | College football 2006 |9 9454 118 12.5
[26] 2015
Bretzin High school football |2015- |1 39,520 1530 3.9
etal. [14] 2016
Total football 67,133 | 3192 4.8
All sports
Galetta Football, sprint 2010- |1 219 10 4.6
et al. [27] football, men’s and 2011
women’s soccer and
basketball
Marinides | College athletes 2011- |1 217 30 13.8
et al. [20] 2012
Galetta Ice hockey/lacrosse 1 332 12 3.6
etal. [21] youth and college
Leong et al. | Football, men’s and | 2012— |1 127 11 8.7
[28] women’s basketball | 2013
Putukian College athletes 2011- |1 263 32 12.2
et al. [22] 2012
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Years Concussed per
of Seasons | Athletes player/season
Author Type of athletes study (n) (n) Concussed | (%)
Chinetal. |High school and 2012- |3 2018 166 2.7
[23] college athletes 2014
Kerretal. | NCAA athletes 2011- |4 32,156 | 1410 44
[12] 2014
Men’s baseball 2011- |4 1757 13 0.7
2014
Men’s basketball 2011- |4 1889 74 39
2014
College football 2011- |4 9718 518 53
2014
Men’s ice hockey 2011- |4 3689 253 6.9
2014
Men’s lacrosse 2011- |4 1768 44 2.5
2014
Men’s soccer 2011- |4 1810 29 1.6
2014
Men’s wrestling 2011- |4 821 65 7.9
2014
Women’s basketball |2011- |4 1690 90 53
2014
Women’s ice hockey |2011- |4 1301 94 7.2
2014
Women'’s lacrosse 2011- |4 1522 49 32
2014
Women’s softball 2011- |4 1569 38 2.4
2014
Women'’s soccer 2011- |4 2831 93 33
2014
Women’s volleyball | 2011- |4 1791 50 2.8
2014
Dhawan Youth hockey 1 141 20 14.2
et al. [29]
Tsushima Athletes grades 8-12 | 2013— |1 10,334 | 1250 12.1
etal. [13] 2014
Bretzin High school athletes | 2015—- |1 193,757 | 3352 1.7
etal. [14] in 15 sports 2016
Total 239,564 | 6293 2.6

Table reproduced from Harmon et al. [17]
“Total number of athletes estimated using 105 athletes per year on football roster. NCAA, National
Collegiate Athletic Association
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most frequently concussed players in the NFL [16]. The majority of concussions are
sustained during competition rather than practices, with high-speed player-to-player
impact serving as the most common mechanism for concussive injury [41-43].

The majority of concussions are sustained during competition rather than prac-
tices, with high-speed player-to-player impact serving as the most common mecha-
nism for concussive injury. This correlates with helmet accelerometer data collected
in a study of a college football team. Data from this study demonstrated that impacts
during football games are nearly three times higher than those during practice [44].

It is unclear why high school athletes report a higher incidence of concussion
when compared to college and professional athletes. These findings are unexpected,
given that increased high impact exposure and increased cumulative concussions
are established risk factors for sustaining concussions in the future [16, 45].
Proposed explanations, which are not well established, have included the immature
anatomy of younger athletes, style of play differences (more running plays vs. pass-
ing plays in high school football), injury reporting differences, and greater force per
hit due to lack of experience [46]. In most sex-comparable sports (excluding
lacrosse), concussion incidence is consistently higher in females than in males [17—
23]. A study of the National College Athletic Association ice hockey found that in
women’s hockey, which prohibits body checking, player contact was the source of
41% of concussions, compared with 72% in men’s hockey [47]. Additionally,
women suffer fewer impacts and experience lower head acceleration than men. This
suggests that these factors are not the direct cause of an overall higher incidence of
concussion in female athletes [48]. Various studies have proposed that differences in
incidence may relate to differences in reporting, as well as the differences in the size
and strength of head and neck musculature between males and females [49].

Concussion Diagnosis

The diagnosis of concussion is based on assessment of a range of domains, which
includes physical signs, cognitive impairment, clinical symptoms, neurobehavioral
features, and sleep disturbance [1]. If even one of these signs is present, concussion
should be suspected, and the proper management strategy should be implemented
[1]. Diagnosis requires awareness of multiple symptoms that may be present with
concussive injury paired with a focused clinical examination. On-site assessment
tools may aid the provider in the diagnosis of concussion. Adjuncts to the clinical
assessment, such as advanced neuropsychological testing, neuroimaging tech-
niques, and blood-based biomarkers of injury, can also be used to aid in identifying
injury and secure the diagnosis of concussion. Although these new technologies are
not required or recommended for routine clinical care, they show promise as inves-
tigative tools to advance our understanding of the pathophysiology of concussion
and recovery. Through advanced imaging techniques and analysis of biomarkers
that are released following injury, research has conceded that considering concus-
sion as only a functional entity is an inappropriate underestimate.

There is a wide range of variability in the quality of training and experience of
health care professionals diagnosing and caring for concussed athletes. This



10 Concussion in Sports: What Is It and How Is It Managed? 161

contributes to uncertainty and inconsistency in the various aspects of concussion
diagnosis, prognostication, and treatment in affected athletes. In 2013, The Guideline
Development Subcommittee of the American Academy of Neurology (AAN) pub-
lished the “Evidence-based Guideline Update: Evaluation and Management of
Concussion in Sports.” [50] This comprehensive publication reviews evidence in
children, adolescents, and adults from 1955 through 2012 in an attempt to bring
consistency to this clinical entity.

Concussion: Signs and Symptoms

The clinical manifestations of concussion affect one or more of the domains of
somatic, cognitive, behavioral, emotional, vestibular, cervical, autonomic, and
sleep/wake symptoms. Common signs and symptoms of concussion are headache,
fatigue, dizziness, amnesia, irritability, anxiety, poor concentration, photophobia/
phonophobia, disorientation, and postural instability. See Table 10.3 for a summary
of commonly reported signs and symptoms of injury.

Table 10.3 Common signs and symptoms of mild traumatic brain injury

Signs of injury
Loss of consciousness

Retrograde amnesia (forgetting events that happened before the concussion)

Anterograde or post-traumatic amnesia (forgetting events that happen after the concussion)
“Dazed” look
Confusion about injury events or details

Disorientation to person, place, or time
Emotional lability

Inappropriate emotions

Behavior or personality changes

Symptoms of injury
Headache
Dizziness

Balance problems

Fatigue

Visual changes (double or blurry vision most common)
Insomnia

Hypersomnia

Drowsiness

Attentional dysfunction
Short-term memory and learning problems

Difficulty multitasking

Phonophobia
Photophobia
Bradyphrenia

Feeling mentally “foggy”

Emotional changes
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These signs and symptoms are sometimes associated with other conditions in
athletes, including dehydration, exertional migraines, heat-related illness, and sleep
disorders. Thus, it is important to establish a relationship between mechanism of
injury and the onset or worsening of symptoms [51-55]. Physicians and others car-
ing for athletes must remember that although symptoms typically begin immedi-
ately following the inciting trauma, some patients may not experience symptoms for
several hours after the injury [56].

Headache is the most common reported symptom of concussion, present in
83-86% of patients with concussion [57, 58]. The headache characteristics experi-
enced after concussion or mTBI may include tension-type, cluster-like, migraine-
type, and mixed. The mechanism for headache following head injury is not well
understood. Both migraine and mTBI have common pathophysiologic effects,
including increases in intracellular sodium, calcium, chloride, and extracellular
potassium. Both conditions have been linked to increased release of excitatory
amino acids, such as glutamate [59].

Post-concussion headache may be associated with slowed reaction time, memory
impairment, on-field anterograde amnesia, and increased overall symptoms [60].
Patients with migrainous headache after concussion scored lower on several neuro-
cognitive measures (processing speed, verbal and visual memory, and reaction time)
than those with nonmigrainous headaches or no headache after concussion [61].
Patients with migrainous headache also reported more or worse symptoms relative
to the other two groups [61].

Mental status changes and subtle neurocognitive deficits are also quite common
with concussion. Confusion has been a longstanding hallmark of concussion [62].
Confusion may also include a disturbance of vigilance with heightened distractibil-
ity, inability to maintain a coherent stream of thought, or the inability to carry out a
sequence of goal-directed movements. Although disorientation may be present dur-
ing a concussion, more subtle changes, as described previously, are more common
and should be sought during examination of the patient or athlete [63]. One study
highlighted that concussed athletes exhibiting “fogginess” have demonstrated poor
performance on memory, reaction time, and processing speed measures, and an
overall higher total symptom score [64].

Loss of consciousness (LOC) was previously viewed as a requisite for concus-
sion, whereas the literature shows that more than 90% of concussions occur without
LOC. Concussions of higher severity with corresponding signs and symptoms may
occur with no LOC [65]. LOC occurs in 8—19% of sports-related concussions, with
most LOC lasting less than one minute [66, 67]. The duration of LOC is not corre-
lated to injury severity in concussion studies [68, 69]. This is contrary to what is
reported in moderate and severe TBI studies [68, 69].

Posttraumatic amnesia can occur immediately, or several minutes after concussive
injury in athletes [70-72]. Both retrograde and anterograde amnesia may be associ-
ated with neurocognitive deficits, and more reported symptoms in the days immedi-
ately following concussion [73]. The presence or absence of post-concussive amnesia
as a predictor of long-term outcome is not currently established in the literature [1].

Decreased postural control after concussion is well established [74]. Assessing
for this may be carried out by having the patient stand upright with the eyes closed.
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Eliminating visual referencing with eye closure accentuates postural control deficit
that is associated with an inability to process altered sensory information [74].
Decreased postural stability symptoms typically persist up to 3 days following
injury [75].

It is important to recognize that a variety of immediate post-concussive motor
phenomena, such as convulsive movements and tonic posturing, may accompany a
concussion [1]. These clinical features are typically benign and do not require spe-
cific management [1].

Acute Concussion: On-Field Assessment and Sideline
Assessment Tools

The Consensus Statement on Concussion in Sport from the International Conference
on Concussion in Sport states [1]:
When a player shows any symptoms or signs of an SRC:

(a) The player should be evaluated by a physician or other licensed healthcare pro-
vider on site using standard emergency 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 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 SCATS or other sideline assessment tools.

(d) The player should not be left alone after the injury, and serial monitoring for
deterioration is essential over the initial few hours after injury.

(e) A player with diagnosed SRC should not be allowed to return to play on the day
of injury.

Signs and symptoms which are of particular concern include severe or progres-
sively worsening headaches, positive findings on neurological examination, emesis,
or rapid decline in mental status that may indicate a more life-threatening injury
(e.g., epidural or subdural hematoma, intraparenchymal hemorrhage) and necessi-
tates immediate transfer to the emergency department.

There are a variety of sideline assessment tools that gauge concussion-related
symptoms, neuropsychologic function, and balance [1, 76-79]. The most com-
monly used sideline assessment tool is the Sports Concussion Assessment Tool,
fifth edition (SCATS). This assessment includes a standardized evaluation of signs
and symptoms, neurologic function, cognition, and balance [1]. The original SCAT
was developed by the second International Conference on Concussion in Sport [1].
The SCATS is designed for use in athletes age 13 years or older, and combines
aspects of several previously published concussion tools into multiple components
(Fig. 10.1) [1]. In order to eliminate the possible confounding effects of fatigue
from competitive play when testing for concussive symptoms, the athlete should be
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BJSM Online First, published on April 26, 2017 as 10.1136/bjsports-2017-097506SCATS
To download a clean version of the SCAT tools please visit the journal online (http:ffdx.doiorg/10.1136/bjsports-2017-0975065CATS)

SCAT

SPORT CONCUSSION ASSESSMENT TOOL — 5TH EDITION
© DEVELOPED BY THE CONCUSSION IN SPORT GROUP

FOR USE BY MEDICAL PROFESSIONALS ONLY

supported by

2 A 0% 1 F£E

Patient details

Name:

DOE:

Address:

D b

Examiner:

Date of Injury: Time:
WHAT IS THE SCATS? Key points
The SCATSisa Jardized tool for evaluating i + Any athlete with suspected concussion should be REMOVED
designed for use by physicians and li | healthcare FROM PLAY, medically assessed and monitored for

professionals’. The SCATS cannot be performed correctly
in less than 10 minutes.

If you are not a physician or licensed healthcare professional,
please use the Concussion Recognition Tool 5 (CRTS). The
SCATS is to be used for evaluating athletes aged 13 years
and older. For children aged 12 years or younger, please
use the Child SCATS.

Preseason SCATS baseline testing can be useful for
interpreting post-injury test scores, but is not required for
that purpose.Detailed instructions for use of the SCATS are
provided on page 7. Please read through these instructions
carefully before testing the athlete. Brief verbal instructions
for each test are given in italics. The only equipment required
for the tester is a watch or timer.

This tool may be freely copied in its current form for dis-
tribution to individuals, teams, groups and organizations.
It should not be altered in any way, re-branded or sold for
commercial gain. Any revisi lation or reproducti

in a digital form requires specific approval by the Concus-
sion in Sport Group.

Recognise and Remove

A head impact by either a direct blow or indirect transmission
of force can be associated with a serious and p ially fatal

deterioration. No athlete diagnosed with concussion
should be returned to play on the day of injury.

If an athlete is suspected of having a concussion and
medical personnel are not immediately available, the
athlete should be referred to a medical facility for urgent
assessment.

Athletes with suspected concussion should not drink
alcohol, use recreational drugs and should not drive a motor
vehicle until cleared to do so by a medical professional.

= Concussion signs and symptoms evolve over time and it
is important to consider repeat evaluation in the assess-
ment of concussion.

+ The diagnosis of a concussion is a clinical judgment,
made by a medical professional. The SCATS should NOT
be used by itself to make, or exclude, the diagnosis of
concussion. An athlete may have a concussion even if
their SCATS is "normal”.

Remember:
+ The basic principles of first aid (danger, response, airway,
breathing, circulation) should be followed.

+ Do not attempt to move the athlete (other than that required
for airway management) unless trained to do so.

brain injury. If there are significant concerns, including any
of the red flags listed in Box 1, then activation of emergency
procedures and urgent transport to the nearest hospital
should be arranged.

/ t for a spinal cord injury is a critical part of the
initial on-field assessment.

+ Do not remove a helmet or any other equipment unless
trained to do so safely.

@ Concussion in $port Group 2017
Davis GA, et al. Br I Sports Med 2017,0:1-8. doi:10.1136/bjsports- 201 7-097 5065CATS

Copyright Article author (or their employer) 2017. Produced by BMJ Publishing Group Ltd under licence.

Fig. 10.1 Developed by the concussion in sport group, SCATS is a standardized tool used by
Medical professionals and qualified health care professionals to aid in evaluation of athletes sus-
pected of having sustained a concussion [1]. SCAT 5 can also be used to obtain baseline data

among health athletes for future reference
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Mame:
IMMEDIATE OR ON-FIELD ASSESSMENT DOE:
Address:
The folk a shauld be for all athletes who
are of having a priar to p ding to the 1D number:
neurocognitive assessment and ndeally shuulﬁ be dcne on fleld after .
the first first ald / gency care priorities ar P
Date:
If any of the "Red Flags" or observable signs are noted after a direct
of indirect blow to the head, the athlete should be i fiately and b
safely d from participation and eval d by a phy or

licensed healthcare professional,

STEP 4: EXAMINATION

Cnnsuderanan of Iransporlauan wa medu:al \‘aculny shnuid be a!

of the physician or licensed t GLASGOW COMA SCALE (GCS)®
The GCS is important as a standard measure for all patients and can — —

be done serially if yin the event of ioration in it

state. The Maddocks questions and cervical spine exam are critical Date of assessment

steps of the immediate assessment; however, these do not need to

be done serially. Best eye respense (E)

2 Ne eye spening 1 1 1
STEP 1: RED FLAGS :
Eve opening in resporse to pain 2 z 2
Eye cpening to speech 3 3 3
RED FLAGS: Eyes opening tpontaneously “ 4 4
Neck pain or *  Seizure or convulsion Best verbal response (V)
tenderness % e
Loss of consciousness e verbal response 1 1 1
Double vision « Deteriorating Incomgrehensible sounds 2 F 2
Weakness or tingling/ conscious state Insppropriste words 3 3 3
burning in arms or legs o
Vomiting Confused 4 4 4
i s :
Severe or increasing Increasingly restl A = 5 5
headache = .
agitated or comba Bast motor respoase (M)
Mo motor response 1 1 1
" Extension 1o pain 2z 2 2
STEP 2: OBSERVABLE SIGNS
Annarmal flexian 1o pain 3 a 3
Witnessed O Observed on Video O Feston £ Whdrwal to sl 3 2 %
Lying matianless on the playing surface ¥ ] P TIOIn r 7 =
Balance / gait difficulties / motor incoordination: stumbling, slow /-
Iumuudf pisatiod ¥ ] Obeys commands B (] 3
Glasgow Coma scera (E+ W 4+ M)
confusion. of an inabdity ¥ ™
o questions
Blank 1t ook, ¥ N
s CERVICAL SPINE ASSESSMENT
Facial injury after head trauma ¥ H
Does the atblete repart that thelr neck is pain free at rest? ¥ K
STEP 3: MEMORY ASSESSMENT Hthere MO neckpai at st s the et e v "
range of ACTIVE pain free movement
MADDOCKS QUESTIONS?
“) am going to ask you a few questions, please listen carefully and Is the limb strength and sensation normal? ¥ N
give your best effort. First 1ol me what happened?”
Mark ¥ for correct answer / N for incorrect
What venue are we at today? ¥ (]
Which haif |s ft now? ¥ ] In a patient who is not lucid or fully
W = " conscious, a cervil:‘al spine injury s‘hould
be assumed until proven otherwise.
What team did you play et woek / game? v [
Did your tearm win the last game? ¥ ]
e PR i

@ Concussion in Sport Group 2017
Davis GA, et al. 8r J Sperts Med 2017,0:1-8. doiz10.1136/Mbjsports-2017-0975065CATS

Fig. 10.1 (continued)
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OFFICE OR OFF-FIELD ASSESSMENT

Please note that the neurocognitive assessment should be done in a N
distraction-free environment with the athlete in a resting state. DOE:
Address:
STEP 1: ATHLETE BACKGROUND D rumber:
Sport / team / schoal:
Date:

Date / time of injury:

Years of leted
age [ 2 |

Gender: M /F / Other

STEP 2: SYMPTOM EVALUATION

The athlete should be given the symptem form and asked 1o read this instruction
paragraph aut lood then complete the sympiom scale, For the baseline assesament.
. baged \ feels and for

Dominant hand; left / neither / right

How many diagnosed concussions has the
athlete had in the past?: thepoatir if Symalema ol thi
Please Check: O Baseline O Post-Injury

When was the most recent
How long was the recovery (time to being cleared to play) Please hand the form to the athlete
from the most recent i (days)
nane mild ‘moderate aevere
Has the athlete ever been: Headache s S e s ) A
“Pressure in head” o A 2ol il el LTS e
Hospitalized for a head injury? Yes Ne ety i 4 i 2 4 i =
MNausea of vomiting o 1 2 3 4 g (3
d / treated for disorder or mig Yes No D o 1 o ey e e e
Blurred vision A [ | e Gl FeE|
Diagnesed with a learning disability / dyslexia? Yes Neo Batance problems o - 2 3 a s o
Senitivity 1o light o P B Bl Sl R [
Diagnased with ADD / ADHD? Yes No Sensithity tonolse o i 3 3 4 5 s
Feeling slowed down 00 G0 (e el e A
Diagnosed with depression, anxiety Yes No _
or other psychiatric disorder? Foaling iike In & fog o 1 z 3 4 5 L3
“Don't fasd right” IRt S ol
Current medications? If yes, please list: Difficulty concentrating o 1 2 3 a 5 6
Difficulty remembering s B Wl Tl Y
Fatigue or low energy QS e el g el B
Confusion o 1 2 2 4 L] [
Drowsiness o 1 2 3 4 5 L
o0 Nl s R e R
Ieritabiity |G | Rl s e
Sadness i (el (i) fegdl] Dot (e [
MNervous of Anxious 0 L e Eal Gl BERT e
il | [ [

Total rumber of symptoms:

Symptom severity score;

Do your symptoms get worse with physical activity? ¥ N
Do your symptoms g 3 sctivity? Y N
1f 100% is feebing perfectly normal, what

percent of normal do you feel?

1 net 100%, why?

Please hand form back to examiner

@ Concussion in Sport Group 2017
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STEP 3: COGNITIVE SCREENING

on (SAC)*
ORIENTATION

What meith is it? o 1
What ks the date today? a ¥
What i the day of the week? o 1
What year is it? L] )
What tirrse s it right nerw? [within 1 hour) ] 1
— B
IMMEDIATE MEMORY

The I diate Memory can be leted using the

traditional 5-word per trial list or optionally using 10-words per trial
to minimise any ceiling effect. All 3 trials must be administered irre-
spective of the number correct on the first trial. Administer at the rate
of one word per second,

for this test.
1 am going fo est ypour mamary. | will resd you & kst of words amd when [ am done, repeat
back as many wards a3 you can remember, in any order. For Trials 2 8 3 am gaoing fo regeat

the same fist again. Repeat back as many words 83 you can remember in any order, even if
you said the word before.

Seore of 5)
List Alternate § word lists
Trial1 Trial2 Trial3

A Finger Penny  Blanket  Lemaon Insect

B Candle  Paper  Sugar  Sandwich  Wagon

€ Baby  Monkey Pefume  Sunset  lron

E  Jacket Atrew Pepper Cottan Mevie

Immediate Memory Score

—

Score (of 10
List Altemate 10 word lists
Trial1 Trial2 Teisl3
Finger  Penny  Blanket  Lemon Insect

Candle Paper Sugar  Sandwich  Wagen

Baby  Manksy Pefume  Sunset  lron

Elbew Apple Carpat Saddie Bubble

Jacket Arrow Pepper Cotton Movie

Dolla: Honey Misror Saddle  Anchor

]
p—— |

167
| b1
Name:
DOB:
Address:
1D number:
Date:

CONCENTRATION
DIGITS BACKWARDS

Please circle the Digit list chosen (A, B, C, D, E, F). Administer at the
rate of one digit per second reading DOWN the selected column.

p f i ‘.'Tf“'r's'ay 719, 917,
Concantration Number Lists (circie ane)
Lista Lisg ustc
493 526 42 X L a
(2] 415 658 o N 1
3844 1785 6831 ¥ N o
3279 4066 ERE ] " N 1
G297 #B52T 45153 Y N 0
1ETEE 6B 68251 ¥ N ¥
TIBA62  BMI964  ITE51S o H 0
539048 TI4854  G26574 ¥ N 1
Lisi ListE ListF
8T 382 = w; N 0
L2 18 47 ¥ N 1
4183 2793 1683 ¥ N o
9723 2169 3924 ¥ N 1
1726 414880 24758 ¥ L 0
A17-52 P17 83964 ! N ¥
TEABIT  GATIET SEET4E ¥ N 0
841905 427938 IITRDE ¥ N 1

e

MONTHS IN REVERSE ORDER

&0 you'll say December, November. Go ahead.

Dac - Now - 0t - St - Alsg - Jul - Jun - May - Ape - Mar - Fabi - Jan

—
——

@ Concussion in Sport Group 2017
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n [ )

1 Name:
STEP 4: NEUROLOGICAL SCREEN DOB:
See the instruction sheet (page 7) for details of Address:
test administration and scoring of the tests. 1D number:
Can the patient read sloud (.9, symptom check- ¥ "
lint) and follow instructions without diffculty?
Does the patient have a full range of pain- ¥ i Date:
free PASSIVE cervical spine movement?
Witheut smeaving theis head o neek, can the patient leak " i 3
side-10-ade and up-and-down withodt double vision?
Can the patient perform the finger nase. - " =
coordination test normally? |
Can the patient perform tandem gait nomally? ¥ N
STEP 5: DELAYED RECALL:
BALANCE EXAMINATION The delay_ed recall should be perlcfmed after 5 min utes have
- elapsed since the end of the Immediate Recall section. Score 1
Maodified Balance Error Scoring System (mBESS) testing’ pt. for each comect response.
Wihich foot was tested Olete Do you remember that list of words [ read a few times eariier? Tell me as many words
(2. which is the non-dominant foot) O Right from the list as you can remember in any order.
Testing surface (hard floce, beld, stc ) Time Started |
Footwear (shoes, barefoot. braces, tape, #1c.) .
Candition Errors < atled, Totah numbae of words recalied.
Doubsle leg stancs of 10
Singhe leg stancs (nen-deminant foat) af 10
4 e back) ot 10
Total Erors of3g Total number of words recalled accurately: | ofs o of10 |
L \ .
STEP 6: DECISION
Date and time of injury: _
Date & time of assessment:
If1he athiete is known 1o you prior 10 Their injury, are they different from their usual seif?
Fromsin OY¥es DN Clunsure Mot Applicable
—  ciftforant, describa why In the clinical notes ssct
inabiriak s Concussion Diasgnosed?
Symptom severity OYes ONe OUnsure O Mot Applicable
scare {of 133)
If re-testing. has the athlete improved?
Cuientation (of 5] O'Yes ONo ClUnsure [ Mot Applicable
of 15 o185 o8 Py B 1 haalth 1. n 1 i
Irmediate memory e i o150 lamap e o pe _ I have personally
oOF SUp: d the f this SCATS.
Caneentration (of §)
Narmal Hormal Normal :
MNowrs gxam A ol ! Y Name:
le:
Balance serors (af 30) Thie:
number (if
Oelayed Recall ks i ofs
ol 10 10 @10 Date:

SCORING ON THE SCATS SHOULD NOT BE USED AS A STAND-ALONE
METHOD TO DIAGNOSE CONCUSSION, MEASURE RECOVERY OR

MAKE DECISIONS ABOUT AN ATHLETE'S READINESS TO RETURN TO
COMPETITION AFTER CONCUSSION.

& Concussion in Sport Group 2017
Davis GA, et al. Br J Sports Med 2017,0:1-8. doi:10.1136/bjsports-2017-0975065CATS
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CLINICAL NOTES: ( )
Mame:
DOB:
Address:
1D number:
Date:

CONCUSSION INJURY ADVICE
(To be given to the person itoring the

This patient has received an injury to the head. A careful medical
examination has been carried out and no sign of any serious
complications has been found. Recovery time is variable across
individuals and the patient will need monitering for a further pe-
riod by a responsible adult. Your treating physician will provide
guidance as to this timeframe.

If you notice any change in bek vomiting, ing head-
ache, double vision or | please teleph
your doctor or the hospital emergency dep
immediately.

Other important points:

Initial rest: Limit physical activity to routine daily activities (avoid
exercise, training, sports) and limit activities such as school,

work, and screen time to a level that does not worsen symptoms.

1) Avoid alcohol

2) Avoid p ption or non-p iption drugs
without | supervision. Specificall
a) Avoid sleeping tablets

b) Do not use aspirin, anti-inflammatory medication
or stronger pain ications such as ti

3) Do not drive until cleared by a healthcare professional.

4) Return to play/sport reguires clearance
by a healthcare professional.

Clinic phone number:

Patient’s name:

Date / time of injury:

Date / time of medical review:

Healthcare Provider:

£ Concussion in Sport Group 2017

Contact details or stamp
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INSTRUCTIONS

Words in Italics throughout the SCATS are the instructions given to the athlete by the clinician

Symptom Scale

The time frame for symptoms should be based on the type of test being admin-
istered. At baseline it is advantageous 1o assess haw an athlete “typically” feels
whereas during the acute/post-acute stage it Is best 1o agk how the athlete feels
at the time of testing,

The symplom scale should be completed by the athlete, not by the examiner, In
sltuations where the symptom scale iz being completed after exercise, it should
be done in a resting state, generally by approximating his/her resting heart rata,

For total number of ible is 22 except i post
Injury, if sleep item iz omitted, which then :rema maximum of 21.

For Symptom sevarity score, add all scores in table, maximum possible is 22 % 6
=132, except immediately post injury if sleep item is omitted, which then creates
amaximum of 21x6=126.

Immediate Memory
e emory
per trial list or, optionally, using 10-werds per trial, The literature suggests that
the Immediate Memory has a notable celling effect when a S-word list is used. In
sotllngg mlo this ceiling is pmmlnlnl IM examiner may wish (o make the task
p= for a total of 10 words per trial.
In this case, the maximum score per trial is lll with a total rial maximum of 30.

Choese ane of the word lists (sither 5 or 10). Then perform 3 trials of immediate
memaory using this lst.

Complete all 3 wrials regardless of score on previous trials,

“I am going to test your memery. | will read you a list of words and when | am done,
repeat back as many words a8 you can remembed, in any order.” The words must be
read at a rate of one word per second.

Trials 2 & 3 MUST be completed regardiess of score on trial 15 2.
Trials 2 & 3:

“I am going to repeat the same iist again. Repeat back as many words as you can
remember in any order, even if you said the word

Secore 1 pt. for esch correct response. Tolal score equals sum across all 3 trials.
Do KOT inform the athlete that delayed recall will be tested.

Concentration
Digits backward

A. Ahmadpour et al.
o drror s he athlete should quickly return ion, and
ing Id hlete is set. Athletes that are unable to maintain

for a minimum of fi
Nonm passible score, ten, far that testing condition,

OPTIOM: For further assessment, the same 3 stances can be perfeemed on a surface
of medium density foam (e.g., approximately S0cm x 4Dcm x Gom).

at the start are assigned the

Balance testing - types of errors

1. Hands lifted off 3. Step. stumble, or fall 5. Lifting forefoot of heel
Wlac crest
4 Moving hipinto>30 6. Remaining out of test
2. Opening eyes degrees abduction position > 5 sec

“lam now going ta test your balance. Please rahnwrsr:nw aff (if applicable), roll up
your pant legs above ankle (if v ankle taping (if
This test will consist of three twenty second tests with dlﬂerenl stances.”

{a) Double leg stance:

“The fiest stance is standing with your feet together with your hands on your hips
and with your eyes closed. You should try fo maintain stability in that pesition for 20

seconds. | will be counting the number of times you move out of this position, | will
=tart timing when you are set and have closed your eyes.”

{b) Single leg stance:

“If you were fo kick a ball, which foot would you use? [This will be the dominant
foot] Now stand on your non-dominant foat. The dominant leg should be held in
approximately 30 degrees of hip flexion and 45 degrees of knee flexion. Again, you
shuuM' fry 40 maintain s!-wfry fur 20 secands with your hands on your hips and your

o, 1 will by ing ber of times you move out of thig position. if
you stumble out of this position, open your eyes and return fo the starf position and
continue balancing. | will start timing when you are set and have closed your eyes.”

{c) Tandem stance:

'N’ow stand toe with your o

feet Again, you ¥ 1y
aemnds M[hm hands on your hips and your eyes closed. | will be counting the
number of times you move out of this position. If you stumble out of this position,
open your eyes and retum fo the start pasition and continve balancing. | will start
timing when you are sef and have closed your ayes.

Tandem Gait

Participants are instructed to stand with their feet together behind a starting line
{the Ml |8 best done with footwear removed). Then, they walk in a forward direction

foot in back. Your weight should be
“ e 20

Choose one column of digits from lists A, B, C. DL Eor F
as follows:

those digits

Say: Tam geing 10 read a siring of numbers and when [ am done, you repeat them
back to me in reverse order of haw [ read them to you. For example, if | say 7-1-9,
you would say 9-1-7.°

Begin with firat 3 digit string.

Wearmect, cirche 7Y for circle "N for
the first string length and read trial 2 in the zame sulng Iength One point possible
far each string length, Stop after incorrect on both trials (2 N's) in a string length,
The digits should be read at the rate of one per second.

Months in reverse order
“Now tell me the months of the year in reverse order. Start with the last month and

g0 . 5o you'll say .. Goahead”

1 pt. for entire sequence comect

Delayed Recall

The delayed recall should b after h lapsed si T

of the Immediate Recall section.

“Do you remember that st of words [ read a few times earlier? Tell me as many words
from the list as you can remember in any arder.”

Score 1 pt. for gach correct respanse

Modified Balance Error Scoring System (mBESS)* testing

This balance testing is based on a modified version of the Balance Error Scoring
System (BESS)®. A timing device is required for this testing.

Each of 20-second wrial/stance is scored by counting the number of errors, The
examiner will begin counting errars anly after the athlete has assumed the proper
start position. The modified BESS is calculated by adding ene error point for each
error during the three 20-second teste. The maximum number of erors for any
single condition is 10. If the athlete commits multiple errors simultaneously, only

d as a8 pmnlble alangaaamm Mde Lsporls tape), 3 metra
llnewiman alternate foot heal. it their heel
i 1 each step. Once they s the end ‘lhesrn ||u they turn 180 degrees

and return 1o the starting pnlnl using the same gait. Athletes fail the test if they
step off the line, have a separation between their heel and toe, of if they touch or
grab the examiner or an object.

Finger to Nose

“1 am gaing to test your coordination now, Please sit comicrtably on the chair with
your eyes open and your arm (either right or left) outstretched {shoulder flexed to
90 degrees and elbow and fingers menm), pointing mfrnm of you, When | give
astartsignal, | [ nger to

using your index finger 1o louch the tip of the nose, and then return to the starting
position, as quickly and as accurately as possible”
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CONCUSSION INFORMATION

Any athlete susp d of having a should be d from
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play and seek medical evaluation.
Signs to watch for

Problems could arise aver the first 24-28 hours. The athlete should notbe
left alone and must go to a hospital at once if they experience:

+ Worsening - Repeated vomiting + Weakness or
headache numbness in
* Unusual behaviour arms or legs

Drowsiness or or confusion

inability to be or irritable * Unsteadiness
awakened on their feet.
* Seizures (arms
+ Inability 10 and legs jerk + Slurred speech
recognize people uncontrallably)
or places

Consult your after a sus-

or
pected concussion. Remember, it is better to Iu safe.
Rest & Rehabilitation
After a concussion, the athlete should have physical rest and relative
cognitive rest for a few days to allow their symptoms to improve. In most
cases, after no more than a few days of rest, the athlete should gradually
increase their daily activity level as long as their symptoms do not worsen.
Once the athlete is able to complete their usual daily activities without
concussion-related symptems, the second step of the return to play/spert
progression can be numed The athlete should not return to play/sport
until their d have Ived and the athlete
has successfully returned to full school/learning activities.

\N'Iltrl rﬂurmng to play!sport the athlete should follow a stepwise,
9 n, with 9 of
exercise. For example:

Graduated Return to Sport Strategy

Functional exercise

Exercize step ateschstep Goal of each step
1. Symplom- Daily activities that do Gradual reintroduc-
limited sctivity nat proveke tion of
activities

2. Light sesobic Walking or stationary Increase heart rate.
exercise eycling at slow 1o medium
pace. No resiztance
training.
3. Sport-specific Running or skating drills. Add movement.
exerciae Mo head impact sctivities.
4. Hon-contact Harder training drills, e.g.. Exercise, coor-

Wraining drills passing drills. May start dination, and
i i thinking.
training.
5. Full cent cal clear- Restore confi-
practice ance, ici [ 1 d d
training activities. functional skills by
cosching stafl,
. Return to Nermal game play.
play/sport

In this example, it would be typical to have 24 hours (or longer) for each
step of the prog If any P worsen while g, the
athlete should go back 1o the previeus step. Resistance training should
be added only in the later stages (Stage 3 or 4 at the earliest)

Written el PESRRTY idad by a hisalth i Ibafors

return to play/sport as dlmud by lecal laws and ngululions

1 Return to School Strategy

Coneussion may affect the ability to learn at school. The athlete may
need to miss a few days of school after a concussion. When going back
to school, some athletes may need to go back gradually aru:l may need ta
have some changes made to their schedul that

do not get worse. If a particular activity makes symptoms worn thon the
athlete should stop that activity and rest until symptoms get better. Ta
make sure that the athlete can get back to school without problems, it is
important that the healthcare provider, parents, caregivers and teachers
talk to each other so that everyone knows what the plan is for the athlete
to go back to schoal.

Mote: If mental activity does not cause any symptoms, the athlete may
be able to skip step 2 and return te school part-time before doing school
activities at home first.

i : Goal ol
Mental Activity Activity st each step wach wiap

1. Dally activities Typical activities that the athlete Gradual
that do does during the day as long as return ta
not give they do not increase symploms typical
the athlete {e.q reading, texting, ecreen activities.
symploms time]. Start with 5-15 minutes at

atime and gradually build up.

2 School Homework, reading or other Increase

Bctivities cognitive activities outside of tolerance
the classroom. o cognitive
work.

3. Return 1o Gradual introduction of scheal- Increase
schoal work, May need to start with academic
part-time a partial school day or with activities.

increased breaks during the day.

4. Return to Gradually progress school Retumn 1o full
schoal activities until a full day can be academic
full-time toberated. activities and

cateh up on
missed work,

If the athlete continues to have symptoms with mental activity, some
other accomodations that can help with return to school may include:

* Taking lots of breaks during
class, homework, tests

+ Starting school later, only
going for half days, er going
only to certain classes

* Mo more than one exam./day

* More time to finish

assignments/tests * Shorter assignments
* Quiet room to finish * Repetiticn/memory cues
assignments/tests

* Use of a student helper/tutor
* Notgoing to noisy areas
like the bly % from
halls, sporting events, music that the child will be suppaorted
class, shop class, ete. while getting better

The athlete should not go back te sports until they are back to school?
learning, without symptoms getting significantly worse and no longer
needing any changes to their schedule.

© Concussion in Sport Group 2017
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removed from play and be “in a resting state” before testing is performed [1]. This
usually requires at least ten minutes or more, which gives time for the athlete’s heart
rate to return to the resting state. Therefore, it is important to recognize that the
SCATS5 cannot be performed correctly if less than 10 minutes have passed since
time of suspected concussion. A preseason baseline evaluation can provide tremen-
dous benefit. Possession of a baseline “scorecard” for reference facilitates serial
tracking of a concussion over time, should injury occur during competitive regular
season events. This may be helpful given reports regarding the variability in base-
line testing, as well as test reliability for earlier SCAT versions. One study reported
baseline values for 260 collegiate athletes utilizing the original SCAT [80]. This
study demonstrated gender differences in baseline values. A history of previous
concussion in athletes also accounted for differences in baseline scores. Another
study investigating representative baseline values on the SCAT?2 reported differ-
ences in scores associated with age, gender, and self-reported concussion. This fur-
ther highlights the benefit of baseline testing of athletes before initiation of
competitive events during the regular season [81]. It should be noted that scores for
the SCATS are not “pass/fail” scores, but rather, the tool is used by the healthcare
professional to assist in the diagnosis of concussion, to determine overall injury
severity, and management of concussion.

For children aged 5-12 years, the Child SCAT5 was developed, and contains
modifications from the SCATS that are more appropriate to children [82]. Some of
the differences between the Child SCATS and the SCATS include a child-specific
symptoms list, which includes both child and parent reported symptoms, simpler
concentration questions for children, removal of orientation questions for children,
and simplified balance testing for younger children. A large body of evidence sup-
ports balance testing (which includes balance assessed with tandem gait.), particu-
larly in the first few days, as a sensitive component of the diagnosis of concussion
[83-85]. This influenced the inclusion of the Balance Error Scoring System (BESS)
that was included in the SCATS.

The examiner should follow this with a more detailed evaluation of cervical
range of motion (ROM). Range of motion testing should assess flexion, extension,
and rotation in all directions, both passively and actively [86]. This should be fol-
lowed with formal assessment of motor strength testing in all muscle groups. The
athlete should be withheld from participation (even in the absence of deficits on
previous portions of the concussion assessment) for further evaluation, because
limitations in these areas may place the athlete at risk for further injury by restrict-
ing the athlete’s ability to protect the head and anticipate impacts from oncoming
opponents [87]. For athletes who have performed at or above baseline for all other
aspects of the assessment, functional testing marks the final step in the concussion
evaluation.

The goal of functional testing is to elicit symptoms that may be exhibited with
the physical and cognitive demands the athlete may experience upon return to play
[87]. Simple tasks such as push-ups, and sit-ups, and Valsalva maneuver should be
performed first [87].
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Next, physical activity may be advanced by having the athlete jog. This may be
followed by more strenuous aerobic activity such as interval sprinting exercises.
Successful completion of the progression culminates with sport-specific activities
(e.g., dribbling/shooting a basketball, passing drills with a soccer ball, throwing/
catching a football, shooting a hockey puck, etc.) performed at a similar intensity
level necessary for safe return to play [86]. With each step, the practitioner should
ask the athlete whether any concussion-related symptoms have been elicited before
moving on to an increase in activity level. If at any time, an athlete reports symp-
toms that result from the exertion, the player should not be permitted to return to
play (or progressed to the next step). If no symptoms are elicited through these
functional tests and all other assessments demonstrate normal findings, the athlete
has not likely sustained a concussion and may be considered for return to play.

Although standardized sideline assessment tools may be useful in the evaluation
of concussion, several points must be kept in mind. These tools are designed for
rapid screening of concussion by the wider spectrum of practitioner types and
should not be used to replace comprehensive neuropsychologic testing by a trained
neuropsychologist [1]. Furthermore, no sideline assessment tool should be used for
the ongoing management of sports-related concussions [1]. A standardized clinical
evaluation of concussion is useful, but should not substitute for clinician’s judg-
ment [87].

Adjuncts to the Clinical Assessment for Concussion

Neuropsychologic Testing

Neuropsychologists have contributed greatly to our knowledge of the effects of con-
cussion on cognition and emotional functioning. The application of neuropsycho-
logic testing has been long recognized in the evaluation and treatment of individuals
with concussive injuries [88] Well-known sequelae of concussion include deficits in
attention, processing speed, reaction time, and learning [89-91]. If a neuropsycho-
logical assessment is deemed necessary by the treating physician, it should be per-
formed by a trained neuropsychologist [1]. Neuropsychological assessment can be
especially helpful in the cognitive assessment of athletes when distinction between
true cognitive impairment secondary to a concussion versus other factors are diffi-
cult to determine.

Multiple studies have demonstrated the usefulness of neuropsychologic assess-
ment with concussed patients and in return-to-play (RTP) protocols [1, 92-98].
Neuropsychologists employ computerized measures to examine cognitive functions
such as attention, memory, language, visual abilities, and executive functioning as
well as affective functioning. Computerized tests offer the advantage of decreased
administration time, availability of multiple alternative forms for serial testing, and
more precise measurements [99, 100]. Perhaps the most widely-used computerized
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test is the Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT)
program [101]. This is a 20-minute assessment that contains a symptom checklist,
and measures visual and verbal memory, reaction time, and information processing
time [102, 103]. Validity measures with computerized tests such as the InPACT
program reduce the risk of intentionally poor performance reporting on baseline
testing without reaching threshold on the test validity indicators, which alert the
administrator to an invalid test [104]. These validity measures may be used with or
without baseline data, in which case normative data may be applied.

Various studies have demonstrated the utility of the InPACT program in concus-
sion [95, 103, 105-111]. Although the use of computerized instruments in concus-
sion has become widely accepted, there are still legitimate concerns regarding this
assessment method. Among some of the concerns raised are: privacy and data secu-
rity, test reliability and validity, cultural, experiential, and disability effects, and
checks on effort validity [112].

One study reported low reliability scores with InPACT and other tests [113].
This study demonstrated that, even with alternative forms, practice effects can be
seen on ImPACT, particularly with processing speed scores. Broglio and colleagues
reported lack of test-retest reliability of three computerized tests (ImPACT,
CogSport, and Headminders) in an often-cited study as argument against the valid-
ity of computerized testing [114].

Advanced Neuroimaging

Conventional neuroimaging findings seen in computed tomography (CT) and mag-
netic resonance imaging (MRI) are typically normal in concussion. CT and MRI of
the brain are utilized when there is concern for intracerebral hemorrhage or a struc-
tural lesion is suspected in the setting of focal neurological deficit, prolonged loss
of consciousness, or progressive worsening of symptoms. Several advanced neuro-
imaging techniques, such as diffusion tensor imaging (DTI), functional MRI
(fMRI), magnetic resonance spectroscopy (MRS), and high-definition fiber tracking
(HDFT), and positron emission tomography (PET), might possibly increase the sen-
sitivity of neuroimaging to detect both structural and functional abnormalities asso-
ciated with concussion—both in the acute setting and subsequently in the subacute
and chronic phases of recovery.

Several studies have used advanced MRI techniques to assess for acute concus-
sion. These studies demonstrate acute changes in brain function and structure fol-
lowing concussion. These acute changes were shown to gradually revert back to a
normal pre-concussive state, which is comparable to non-concussed control patients.
These acute MRI findings include changes in white matter integrity on diffusion
imaging, changes in cerebral blood flow on arterial spin labeling (ASL), altered
functional connectivity on resting state functional MRI (rs-fMRI), and appearance
of microhemmorhage on perfusion imaging.

Several studies have evaluated and discussed fMRI findings in sports-related
concussion [84, 115-123]. One study examined performance of memory and
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sensory tasks in a group of college football players, some of whom had suffered
concussion. Brain activation was found to be more widespread following concus-
sion than before injury (baseline fMRI used for comparison). This cohort was com-
pared to un-injured control subjects [124]. The mid-dorsolateral prefrontal cortex
(DLPC) is an area associated with working memory. Less task-related activation in
the DLPC was observed in subjects with persistent post-concussion symptoms
1-14 months following concussion. These findings were present in the absence of
abnormalities seen on structural MRI. Of particular interest was one subject who
demonstrated resolution of symptoms with associated normalization of the observed
widespread activation pattern. Some studies have also demonstrated a correlation
between fMRI abnormalities and cognitive test results. Athletes with post-injury
fMRI findings that demonstrated hyperactivation experienced a longer clinical
recovery when compared to those without hyperactivation [125].

PET measures certain components of cerebral metabolism, including blood flow
and the cerebral metabolic oxygen consumption. Some limitations of PET include
expense, exposure to radiolabeled tracers, and the time required to complete the
study. Despite these limitations, studies have demonstrated interesting findings
when PET is performed after mTBI. Umile et al. observed adults after mTBI who
exhibited persistent post-concussion symptoms. This study found the subjects to
have significantly reduced metabolism in the medial temporal lobe [126]. Chen
et al. demonstrated differences in cerebral metabolism during a visual-spatial work-
ing memory task in adult subjects with persistent symptoms following mTBI [127].

MRS measures concentrations of compounds in the brain within a sampled
region. It is a useful tool that is commonly used in the evaluation of brain lesions
[119]. TBI is associated with specific metabolites, which may include choline, a
marker of membrane damage and turnover; lactate, an indirect marker for ischemia
and hypoxia; N-acetyl aspartate (NAA), a marker of neuronal integrity; creatine
(Cr), a cellular energy marker for adenosine triphosphate (ATP) resynthesis; and
myoinositol, a glial marker [117, 128].

In a study of 14 patients with sports-related concussion, reduced NAA:Cr ratios
were observed 3 days after concussion, with normalization of the NAA:Cr ratio
30 days post injury [129]. This reduced ratio persisted despite resolution of symp-
toms which occurred, on average, after 3 days. This suggests that metabolic normal-
ization may be different than symptom recovery. Reduction in NAA and other
metabolic derangements in post-concussion patients is supported by various studies
comparing athletes with and without concussion [130, 131].

HDFT and DTI, both techniques that are capable of providing information
regarding fiber tract integrity and white matter microstructure, have been increas-
ingly utilized following mTBI and concussion. Many DTI studies have shown cor-
relation between mTBI and widespread structural changes in cortical white matter
tracts [132-146].

These studies report abnormalities in various regions of the brain. These areas
include the corona radiate, corpus callosum, uncinate fasciculus, inferior and supe-
rior longitudinal fasciculus, cingulum bundle, inferior fronto-occipital fasciculus,
internal capsule, as well as the acoustic and posterior thalamic radiations [135].
Studies have demonstrated a correlation between DTI and injury severity with
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symptoms [145] as well as functional deficits measured by neuropsychologic test-
ing and other behavioral measures [138, 141, 147, 148].

HDFT provides high-resolution details of axonal pathways and projection fields
that allow detection of the specific location and degree of damage [149, 150]. HDFT
was used in one study to identify a specific lesion of the corona radiata corticospinal
pathway that was associated with left-sided weakness in a patient 4 months after
injury [149].

HDFT may overcome some of the shortcomings of DTI, but routine use of either
modality for concussion is premature [149]. The results of initial studies using
HDFT are preliminary and must be validated in larger studies, but emerging data is
encouraging.

Cerebrospinal Fluid and Serum-Based Biomarkers of Injury

There has been a drastic increase in research in both cerebrospinal fluid (CSF) and
serum biomarkers of neuronal, axonal, and astroglial injury with a goal of improv-
ing diagnosis and helping predict the clinical course after concussion and
mTBI. Despite these efforts, there remains a lack of sufficient evidence to justify
their routine clinical use [1, 151].

Recent studies have demonstrated changes in common TBI biomarkers after
SRC, suggesting evidence of neuronal cell body damage, axonal injury, and neuro-
inflammatory response to injury. Serum may seem to be an attractive biofluid for
analysis given its lower cost and lower associated risk of acquisition, but extensive
studies with sampling of both biofluids suggest otherwise. Trauma to areas outside
of the brain, as well as non-trauma-related athletic exertion, is associated with
increased levels of certain biomarkers that may give a false representation of levels
in the brain. For example, S100 calcium-binding protein (S100B) and glial fibrillary
acidic protein (GFAP), both markers of astroglial injury, have been shown to be
elevated in the serum of mTBI patients [152—-154].

Other biomarkers, such as myelin basic protein (MBP), tau protein, and neuron-
specific enolase (NSE) are being actively studied. Immunoassay technique sensitiv-
ity, validity, clinical assays for quantification, and the amount of longitudinal data in
concussion need to improve before these biomarkers can be routinely used [151].

Concussion Management

The mainstays in concussion management have previously been both physical and
cognitive rest. The Berlin consensus statement states [1]:
There is currently insufficient evidence that prescribing complete rest achieves these objec-

tives. After a brief period of rest during the acute phase (24—48 hours) after injury, patients
can be encouraged to become gradually and progressively more active while staying below
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their cognitive and physical symptom-exacerbation thresholds (ie, activity level should not
bring on or worsen their symptoms). It is reasonable for athletes to avoid vigorous exertion
while they are recovering. The exact amount and duration of rest is not yet well defined in
the literature and requires further study.

Fortunately, most symptoms resolve relatively shortly over the course of several
days following injury, thus allowing the patient to gradually return to social and
academic activities.

A stepwise program is generally accepted with regard to return to athletic play
[1]. This program begins with a period of no activity. This is followed by light aero-
bic exercise, followed by sport-specific exercise, noncontact training drills, full-
contact practice, and finally return to play. Each of these levels is performed over a
24-hour period. The program may be initiated when the athlete is asymptomatic at
rest. If the athlete exhibits any post-concussion symptoms at any of these steps,
another 24-hour period of rest is completed, and the athlete reverts back to the previ-
ous step in the program. Same-day RTP should not be permitted on the day of
injury. This is due to evidence that RTP on the day of injury may be associated with
prolonged neuropsychological deficits with delayed onset.

It is uncommon for post-concussion symptoms to persist beyond 10 days, but it
is possible in a subset of patients. This may prompt clinicians to consider pharma-
cologic treatments for management of symptoms. If this option is to be employed,
the patient and clinician should come to a mutual agreement that that benefit of
treatment outweighs any possible adverse effect of a medication under consider-
ation [155, 156]. There are no clinically validated treatments that have demonstrated
benefit with regards to expedited recovery or amelioration of deficits attributed to
TBI [157]. However, athletes with post-concussion syndrome or prolonged post-
concussion syndrome may experience some benefit from symptomatic medical
treatment during the recovery phase [157-160].

Several factors must be considered by a physician considering use of medication
for the treatment of post-concussion symptoms. Medications that lower seizure
threshold, or those that contribute to fatigue, cognitive slowing, or daytime drowsi-
ness should be avoided. Medical therapies should be initiated at the lowest effective
dose, with a slow dose titration according to patient tolerability, clinical response,
and side effects. In order to prevent adverse interactions, special care should be
taken to review all medications and over-the counter supplements the patient is cur-
rently using [155, 156, 161].

The treatment of concussion should be specific to patient symptoms, which are
grouped into the following four categories: cognitive, emotional, somatic com-
plaints, and sleep disturbance [155, 160]. However, it should be noted that alleviat-
ing one symptom may improve upon others. A concise review of selected agents
studied in mTBI or concussion for the management of various symptoms is pro-
vided below.

The most common symptom reported after concussion is post-traumatic head-
ache, which occurs in more than 90% of patients [162—164]. Patients with persistent
post-concussion headaches most commonly develop migraine-like or tension-type
headaches [165-167]. Aspirin and other nonsteroidal anti-inflammatory drugs
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(NSAIDs) are typically avoided in the acute period following concussion. Therefore,
acetaminophen is a reasonable choice for post-concussion headache treatment in the
acute period. A majority of patients experience spontaneous resolution of the head-
ache; patients with persistent headaches may require further treatment. Amitriptyline
(an antidepressant) has shown efficacy in the treatment of post-concussion head-
aches [161, 168, 169]. Data is currently limited regarding other treatments, such as
triptans, dihydroergotamine (DHE), anticonvulsants (valproic acid, gabapentin, and
topiramate), calcium channel blockers, and beta clockers [155, 166, 167, 170].

Neurostimulants are often used for moderate or severe TBI with associated
fatigue, but data on their usage in mTBI is sparse. Methylphenidate (a norepineph-
rine—dopamine reuptake inhibitor), modafinil (an atypical, selective, and weak
dopamine reuptake inhibitor), and amantadine (a weak antagonist of the NMDA-
type glutamate receptor) are pharmacologic agents that have been studied in ran-
domized trials for use in mTBI, and shown variable success [155, 171, 172].

Acutely following a concussion, difficulty falling asleep is a common source of
significant morbidity. This is especially true for student athletes [155, 164].
Trazodone is an antidepressant which antagonizes serotonin 2A (5-HT,,) receptors
and inhibits serotonin reuptake, and is commonly used to treat sleep disturbance in
post-concussion patients [155, 173]. Prazosin, zolpidem, and melatonin are other
agents that have shown varied results for treatment of mTBI and concussion
[173-181].

Antidepressants have been generally used for most emotional symptoms follow-
ing concussion [155, 156]. Most evidence for use of selective serotonin reuptake
inhibitors (SSRIs) in concussion comes from small, uncontrolled studies and case
reports, thus efficacy is not well validated at this time. Despite this, SSRIs have
become the primary treatment for TBI-associated depression due to their perceived
clinical efficacy and relatively few side effects. A subset of patients may continue to
experience cognitive deficits, as evidenced by neuropsychologic testing for a pro-
longed period following mTBI or concussion. Amantadine acts through several
pharmacologic mechanisms and is a weak antagonist of the NMDA-type glutamate
receptor, increases dopamine and norepinephrine release from free nerve endings,
and blocks dopamine reuptake; it has been used to improve post-concussion neuro-
cognitive recovery with varied success [182-185].

Recommendations for Concussion Management

The AAN makes several recommendations for health care providers regarding man-
agement of suspected concussion [50]. All athletes with suspected concussion
should be removed from play immediately to avoid further injury. This should be
followed by an evaluation by a provider experienced in diagnosis of concussion, and
more severe TBI. Any athlete with concussion should be restricted from return to
contact sports play until he or she is asymptomatic without medication use, and the
concussion is resolved.
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Licensed providers may use neurocognitive testing or other tools to determine
concussion resolution.

The development of graded plans for return to cognitive and physical activity, in
a monitored clinical setting, may help providers minimize exacerbation of early
post-concussion impairments. Cognitive restructuring is a form of psychologic
counseling focused on reassurance, education, and reattribution of symptoms that
may help decrease the likelihood of the development of chronic post-concussion
syndrome.

Post-concussion Syndrome

Symptoms associated with concussion typically resolve several days following
injury. Symptoms that persist beyond 10 days occur in up to 10-15% of patients [1].

Post-concussion complications include acute symptoms, post-concussion syn-
drome (PCS), persistent or prolonged PCS (PPCS), mild cognitive impairment,
chronic traumatic encephalopathy (CTE), and dementia pugilistica. The WHO’s
International Statistical Classification of Diseases and Related Health Problems,
tenth revision (ICD-10) defines diagnosis of PCS requiring the presence of three or
more of the following symptoms: headache, dizziness, fatigue, irritability, insom-
nia, concentration difficulty, and memory difficulty. There is no universally agreed
upon time frame for symptom duration that constitutes the aforementioned syn-
dromes; however, the persistence of symptoms for between 6 weeks and 3 months
is generally consistent with PCS, and the presence of any symptom for longer than
3 months is consistent with PPCS [156-186].

There is also some controversy regarding the pathophysiology of these phenom-
ena, with some authorities suggesting that the symptoms associated with PCS are a
direct consequence of brain injury, while others propose that the symptoms are
functional and represent the emotional or psychologic sequelae of the brain injury
[187-189].

It is important to note that symptoms associated with concussion may also be
associated with various other conditions. Differentiating among etiologies can
prove to be difficult. For example, comparison of the diagnostic criteria for post-
traumatic stress disorder (PTSD), major depressive disorder, acute stress disorder,
anxiety disorders, and PCS shows considerable overlap [190]. The differential diag-
nosis also can include vestibular dysfunction, visual dysfunction, cervical injury,
somatization, chronic fatigue and pain, or a combination of these in some form
[191, 192]. When clinical recovery extends outside the expected window, manage-
ment by a multidisciplinary team with experience in concussion management
should be undertaken [1].

It is unclear which patients will continue to experience PCS spectrum symptoms
far beyond their injury, but certain variables may increase the risk. These clinical
variables may include prior concussions, female sex, a history of cognitive dysfunc-
tion, and the presence of affective disorders, such as depression and anxiety
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[192-198]. The average time to normalization to pre-concussion baseline on neuro-
cognitive testing has been reported as 10—14 days in high school students, 5—7 days
in collegiate athletes, and 2—-5 days in professional athletes [199-201].

Children may experience more severe, prolonged, and more widespread cerebral
edema after brain injury [202—-204]. The reasons for this are unclear, but may be due
to differences in glutamate receptor expression and/or sensitivity, or weakened neck
musculature that may result in greater rotational acceleration on impact when com-
pared to that seen in adults [205-208].

There is no widely accepted explanation for the higher risk of PCS and PPCS in
patients with underlying cognitive dysfunction. Patients with lower IQ scores have
been found to be more likely to experience persistent post-concussion symptoms
and to be diagnosed with PCS after brain injury [197, 209]. Several studies suggest
that specific premorbid emotional and personality characteristics potentially put
some people at increased risk for poor outcome following concussion [198, 210].
Post-concussion symptoms may be mediated by an interaction of psychologic and
neurological factors after TBI. Psychiatric disease preceding or following brain
injury, including PTSD, anxiety, depression, acute stress disorder, has been associ-
ated with increased risk of poor outcome following concussion [197, 209, 211].

Repetitive Mild Traumatic Brain Injury: Cumulative Effects

The short- and long-term sequela of repetitive concussion has gained increased
focus in the media and medical community over the last several years. The biggest
short-term fear regarding repetitive head injury is that of ““second impact syndrome.”
This is defined as the quick deterioration and death of an athlete who experiences a
second mild head injury following return to play subsequent to the first injury. Most
case reports pertaining to this syndrome are not associated with space occupying
lesions. Death was associated with severe and rapid cerebral edema [212]. This
condition has been reported primarily in adolescent and young adult athletes.
Proponents of this syndrome believe that following initial mild TBI in younger
patients, there exists an increased underlying risk for development of autoregulation
and catecholamine release that may result in diffuse cerebral edema and possibly
death after even a mild secondary impact [213-215]. The pathophysiology leading
to the severe edema and small hematomas that are often encountered is not fully
understood. Furthermore, it remains unclear whether the edema or hematomas are
the result of one of the individual blows to the head rather than the proposed patho-
physiologic mechanisms leading to severe disability or death [215-217].

Suffering multiple concussions has been associated with increased risk for future
concussion, cognitive deficit, delayed mild cognitive deficit, and sleep disruption.
The association with CTE and suffering multiple concussions has gained increased
attention in the media, and the mainstream public [218, 219]. First defined by Omalu
et al. in 2005, CTE is defined as a progressive neurodegenerative syndrome caused
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by repetitive and episodic blunt force impact to the head that cause acceleration-
deceleration forces to the brain [220]. A systematic review by Manley et al. exam-
ined potential long-term sequelae of concussion by examining cognitive, mental
health, neuroimaging, and neuropathological features of CTE. This review demon-
strated that despite reports with a small number of retired athletes who exhibited
some mental health and cognitive problems, the majority of studies demonstrated
these changes to be similar to the incidence in the general population [221]. These
authors concluded that while multiple concussions appear to be a risk factor for
mental health problems and cognitive impairment in some individuals, more
research is needed to better understand the prevalence of CTE and other neurologi-
cal conditions, and the degree to which they are related to concussions and sports-
related repetitive neurotrauma.

A systematic review examining potential long term sequelae of concussion stud-
ied the neuroimaging, cognitive, mental health, and neuropathological features of
CTE, and identified that whilst a very small number of retired athletes have some
mental health and cognitive problems, the majority of studies demonstrate these
changes to be similar to the incidence in the general population and the Berlin con-
sensus paper stated that: [1, 221]

However, there is much more to learn about the potential cause-and-effect relationships of
repetitive head-impact exposure and concussions. The potential for developing chronic
traumatic encephalopathy (CTE) must be a consideration, as this condition appears to rep-
resent a distinct tauopathy with an unknown incidence in athletic populations.

A cause-and-effect relationship has not yet been demonstrated between CTE and SRCs or
exposure to contact sports. As such, the notion that repeated concussion or sub-concussive
impacts cause CTE remains unknown.

There is significant debate regarding both the clinical and pathological diagnos-
tic criteria for CTE. There is also debate over the theory around a causal and exclu-
sive link between exposure to repetitive head impact and risk for CTE. While case
studies have received a great deal of attention, several studies have failed to find a
link [222]. Tauopathy changes in the brain that meet the pathological criteria of
CTE have been identified in multiple cases with a notable absence of history of head
trauma [223, 224]. Therefore, the causal association between the pathological find-
ings of CTE and the clinical condition requires continuing study.

The clinical features of CTE involve a prolonged latency period prior to a com-
posite syndrome of neuropsychiatric disturbance, mood disorder, and cognitive
impairment [225, 226]. Insidious onset of poor attention, loss of recent memory,
frequent headaches, and bouts of confusion and disorientation are common early in
the syndrome [226]. There is often a progression of effects referable to poor pre-
frontal cortex executive function and limbic system dysfunction, including worsen-
ing disorientation and confusion, poor insight and judgment, and the onset of
antisocial behaviors [226]. The pathophysiologic mechanisms responsible for the
clinical sequelae associated with repetitive brain injury are not entirely understood,
but microvascular changes, blood-brain barrier (BBB) breakdown, diffuse axonal
injury (DAI), and immunoexcitotoxicity have been implicated [227]. Currently, the
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diagnosis of CTE relies on autopsy and subsequent neuropathologic examination,
with the defining feature of CTE being that of tauopathy, which may be seen in the
form of neuropil threads (NT), glial tangles (GTs), or neurofibrillary tangles (NFTs),
in an irregular, superficial cortical distribution [226, 228]. The development of tau-
binding radiolabeled ligands will likely enhance the ability to diagnose CTE in liv-
ing patients [218, 229]. Limited cases have demonstrated the ability to identify an
increased tau burden within the brains of retired professional football players sub-
jected to repetitive neurotrauma [229]. This work represents the first effort to clearly
show the potential of premortem CTE diagnosis [219, 229].

Conclusion

The definition of concussion continues to evolve. Concussion epidemiology, signs
and symptoms, and on-field assessment are important for the sports neurosurgeon.
Concussion clinical assessment can be supported by neuropsychological testing,
advanced neuroimaging, and cerebrospinal fluid and serum-based biomarkers. The
American Academy of Neurology Guideline Recommendations for Concussion
Management should be heeded by the sports neurosurgeon.
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