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Preface

Concussions are increasing in incidence each year. Some of this may be fueled by
increased media exposure and overall public and provider awareness. Regardless of
the cause, medical providers are called upon to accurately diagnose and manage
these concussions. Adding to this pressure is the fact that each state in the United
States has a law on management of concussions in children. These factors strengthen
the need for primary care providers to be well-versed in the evaluation and manage-
ment of them.

Although evidence in medicine changes and expands rapidly, this text aims to
provide the latest update. Early guidelines were based on expert opinion. As new
evidence has become available, guidelines have changed. This evidence has chal-
lenged several facets of concussion care and even refuted prior long-held beliefs.
Despite this evidence, there are still areas of concussion care that long for better
evidence and may be challenging to implement logistically.

This text provides primary care physicians and clinicians with an evidence-based
yet practical approach to diagnosing and treating concussions in children and adults.
Each of the authors was carefully selected based on their expertise and experience
in treating concussions. In addition to being experts, they also serve as educators on
concussions.

The book begins with a general overview of concussions. It then goes on to iden-
tify risks, signs, and symptoms of concussions. Next, physicians and providers learn
when and how to perform appropriate physical exams for suspected concussions.
The following chapters focus on finding the correct type of testing to perform in
suspected concussions. The testing options addressed include diagnostic, neurocog-
nitive, and imaging. Return-to-learn and return-to-play recommendations are then
discussed to ensure that providers are able to properly educate patients about con-
cussions. The book concludes by explaining post-concussion syndrome and identi-
fying methods to prevent concussions and complications in the future. Each chapter
presents a specific real-world patient case and addresses common questions asked
by patients and family. Within each chapter are additional follow-up questions in the
subsections that help the reader to answer questions. Tables and a summary of key
concepts have been included for readers looking for rapid specifics.
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Presented from the unique perspective of primary care physicians who also spe-
cialize in sports medicine and concussions, Concussion Management for Primary
Care is a first-of-its-kind book that serves as a valuable resource for primary care
providers, sports medicine physicians, and any other clinician treating patients suf-
fering from a possible concussion.

Chicago, IL, USA Deepak S. Patel, MD, FAAFP, FACSM, CIC
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Chapter 1
Introduction to Concussion

Deepak S. Patel

Clinical Case

An 18-year-old female falls backward and hits her head on the basketball court. Her
parents are suspicious when the athletic trainer tells them she has a concussion.
They ask, “How can she have a concussion when her head looks normal, she is
behaving normally, and no imaging tests were performed?”

The term concussion is frequently used by the media, patients, and medical per-
sonnel. Concussions are a subset of mild traumatic brain injury (MTBI). Although
these terms are often used interchangeably, many times the term MTBI is used in
the literature. The challenge for providers, patients, and those around concussed
individuals is that concussions often lack outward physical findings.

What is the definition of concussion and how does it happen?

Concussion is defined by multiple international organizations as a traumatic injury
to the brain that leads to a temporary impairment of brain function [1-5]. Although
headache is the most common symptom, additional neurologic impairments can be
demonstrated in varying severity through a number of signs and symptoms. Since
some of these signs and symptoms can also occur in major traumatic brain injuries,
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it’s important for providers to understand the differences. Most guidelines also dif-
ferentiate major traumatic brain injuries from concussion by noting that concussions
lack structural abnormalities on traditional imaging (CT or MRI). Commonly, the
injury is not specific to direct head trauma but can even occur with indirect head
trauma. This indirect trauma can occur with violent or rapid head movement for-
ward, backward, or even rotationally. Such movement leads to the brain striking the
inside of the cranium or being rapidly shaken.

Many of these indirect brain traumas are not specific to sports or falls. Concussions
occur in all age groups in various settings. Recently, more attention has been placed
on sports-related concussions. Early guidelines focused on contact sports and man-
agement of athletes with concussion. However, nonathlete concussions can result
from a variety of mechanisms and often have their own associated challenges.
Concussions can occur in different settings such as motor vehicle accidents, on the
playground, at home, at work, and in military combat. Currently, the population
most well-studied on traumatic brain injuries is the military.

Regardless of the exact injury mechanism of the concussion, this type of injury
leads to microscopic axonal damage. Furthermore, the stretching of axons leads to
cellular and metabolic changes, which lead to alterations in ion concentrations and
neurotransmitter release. The body attempts to stabilize this damage with intracel-
lular glucose uptake to balance sodium and potassium fluxes. This castcade likely
leads to many of the signs and symptoms we observe in concussed individuals.

As our knowledge of concussions evolves, we are faced with the challenge to
define how and why concussions occur. For example, why do multiple players on
the team exposed to the same brain impacts vary to such a degree in the develop-
ment of concussions? Various products have been proposed to measure or dissipate
head injury forces, but the specific concussion threshold for each individual varies.

Which providers are best to evaluate and manage
concussions?

Given the frequency with which concussions occur and the diverse populations are
affected, several types of providers are expected to evaluate and manage concus-
sions. Concussion care often falls within the expertise of neurology, neurosurgery,
physical medicine and rehabilitation, and primary care sports medicine. None of
these however, specialize in concussions, and they may vary in both their experi-
ence and interest. Specialties such as primary care sports medicine and neurology
usually have the greatest experience in concussion care and have traditionally led in
training physicians in concussion care. Since many concussions occur in a sporting
environment, the sports medicine providers claimed greater experience in concus-
sion care. Pediatrics, family medicine, and internal medicine providers care for con-
cussions among their primary care patient population and often are the first providers
to see patients after a concussion. In an acute setting, emergency and urgent care
providers regularly evaluate patients for head injuries and especially determine if a
concussion or a more severe, major traumatic brain injury has occurred.
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Providers in other fields have risen to meet the need of concussion care by adding
specialized training and certification. Examples include neuropsychologists, neuro-
optometrists, and physical therapists. Physical therapists are routinely involved in
the rehabilitation needs of concussed individuals and therefore are often a valuable
resource to the primary care provider.

What is the role of Athletic Trainers and Nurses in evaluation
and treatment of concussions?

Because they are present at athletic practices and games, athletic trainers are
often the first providers to evaluate sports-related concussions. They are respon-
sible for identifying when an injured athlete should seek immediate care or
should be observed on the sideline. They also have direct knowledge of athletes’
usual behaviors, emotional states, personalities, and tendencies, which can be
invaluable when identifying changes after an injury. They provide an additional
communication link between providers and coaching staff. Their close relation-
ship with the players and team enhances an athlete’s reincorporation into team
practice and games. They are also well-versed in return-to-play protocols (see
“Return to Play” Chap. 10) and can supervise the exercise progression to ensure
a safe return.

Nurses are also a valuable resource in concussion treatment. In a school set-
ting, concussed students are often sent to the nurse when new or increased
symptoms arise. In many school districts, nurses are responsible for administer-
ing the return-to-learn protocol and conveying any academic and physical
restrictions for students. When concussed students’ symptoms increase, teach-
ers will send students to the nurse to be evaluated. In some schools, nurses will
monitor student symptoms daily and convert their office into a rest location
when needed.

Are there laws related to concussions?

Every state in the United States now has a law related to concussion care directed at
the school-age concussion population. These laws vary from state to state, and the
authors of this text strongly encourage each reader to consult your specific state
concussion law. The laws are meant to ensure appropriate evaluation and manage-
ment of concussions. The priority is to ensure that anyone suspected of having suf-
fered a concussion is not allowed to return prematurely and be thereby placed in
danger of severe complications such as second-impact syndrome (see Chap. 11).
Many of these laws require school districts to establish policies that address school
personnel who may identify or interact with concussed students. Several states in
the United States now require education for several school personnel such as admin-
istrators, coaches, and teachers.
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Due to the impairments in daily functioning that occur, concussions can affect
others around the concussed individual. It is important for family members and
caregivers to be aware of the impairments and challenges that are involved with hav-
ing a concussion. As you will read later in this book, communication with all super-
visors or administrators is required. This can include parents, employers, teachers,
school nurses, athletic trainers, and coaches.

The authors of this textbook believe that best concussion care involves commu-
nication and comprehensive attention from everyone surrounding the concussed
individual.

Are there any good guidelines available for concussion care?

Over the years, several organizations have published and revised guidelines on con-
cussions. At the time of the writing of this textbook, guidelines have been available
from the American Academy of Neurology, American Medical Society for Sports
Medicine, Centers for Disease Control and Prevention, Parachute of Canada,
Ontario Neurotrauma Foundation, and International Conference on Concussion in
Sport. Of note, some are more specific to certain populations, and that should be
considered when reviewing those guidelines.

Where can patients find reliable information about
concussions?

Although our understanding and management of concussions continue to evolve,
providers and patients may need to search for additional resources. The resources
may provide patients and parents further information on concussion background,
warning signs, general restrictions, and recovery process. Although generic and not
specific to every concussed individual, this can be a helpful addition to information
and care conveyed by medical providers.

These resources may also be required by providers to consider updated informa-
tion or specific resources for patients and the community. Several websites contain
excellent information about concussions. Some suggestions at the time of publica-
tion of this text include:

 International Conference on Concussion in Sport: http://bjsm.bmj.com/content/
bjsports/early/2017/04/26/bjsports-2017-097508CRTS5.full.pdf

e American Academy of Family Physicians (AAFP): https://familydoctor.org/con-
dition/concussion/

e Centers for Disease Control and Prevention (CDC): https://www.cdc.gov/head-
sup/index.html


http://bjsm.bmj.com/content/bjsports/early/2017/04/26/bjsports-2017-097508CRT5.full.pdf
http://bjsm.bmj.com/content/bjsports/early/2017/04/26/bjsports-2017-097508CRT5.full.pdf
https://familydoctor.org/condition/concussion/
https://familydoctor.org/condition/concussion/
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https://www.cdc.gov/headsup/index.html
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* American Academy of Pediatrics (AAP): https://www.healthychildren.org/
English/health-issues/injuries-emergencies/sports-injuries/Pages/Concussions.
aspx

e Ontario Neurotrauma Foundation: https://onf.org/knowledge-mobilization/
acquired-brain-injury/patient-resources/

e Parachute Canada: http://www.parachutecanada.org/home/print/2346/

Key Points

* Concussion is a type of mild traumatic brain injury (MTBI) that leads to
temporary neurologic impairment.

» Several different medical specialties are involved in concussion care.

» Consult appropriate state laws related to concussions especially regarding
children and students.

» Several different guidelines and websites may add additional information
for both patients and providers.
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Chapter 2
Incidence and Risk Factors
for Concussions

Deepak S. Patel and Natasha Ahmed

Clinical Case

A mother and her 11-year-old son are present for his well-child visit. She is con-
cerned about her son’s interest in playing football due to the risks of concussions.
She wants to know what other sports are safer with a lower risk of concussions.

In general, contact sports tend to have more concussions. Concussions can still
occur in lower-impact sports and non-contact sports such as swimming, cross-
country, and running, but risk of sustaining concussions in these sports is much lower.

Question: Are concussions becoming more common?

Over three million sports-related concussions are estimated to occur annually within
US emergency departments. In 2001-2010 adolescents made up greater than 50%
of sports-related concussions (SRC) seen in the ED [1-4]. Mild TBI-related emer-
gency department visit rates have increased from 2006 to 2012 across all age groups
and gender with an increase of average annual percentage rate (AAPR) of 7.0%
[3-5]. The highest rates are seen in both male and female between the ages of 0 and
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4 years and 15 and 24 years and elderly females over the age of 65 years [5]. The
incidence of SRC in high school athletes has doubled over a 7-year study period,
while the exposure rate has been relatively stable [4]. Concussion is a widespread
form of trauma experienced among all populations regardless of age, race, gender,
or mechanism of injury. Strong epidemiological framework is important for under-
standing the nature of mTBIs. As we will see later in this section, age, sex, and
mechanism of injury-related patterns are relevant when comparing incidence rates.

At a global level, it is estimated that 100-300 per 100,000 people seek medical
attention for mTBI; however this is thought to be an underestimation considering
the number of unreported injuries [3, 4, 6]. For example, data collected from hospi-
tals and emergency rooms do not account for injuries seen in outpatient settings and
organized sports settings with athletic trainers. The World Health Organization
(WHO) estimates a true incidence exceeding 600 per 100,000 people each year [7].
A large-scale population-based study in New Zealand attempted to correct this
underreporting using a database which included all healthcare providers regardless
of setting (i.e., hospitals, outpatient clinics, schools, sports clubs, etc.) and calcu-
lated a rate of 790 per 100,000, which is expected to be closer to a true incidence
[7]. On the other hand, the increases in trends are thought to be multifactorial. It can
be hypothesized that parents, players, coaches, and the general public are more
aware of the seriousness and complications of these injuries leading to increased
sensitivity in reporting these injuries [8, 9].

Children and Adolescent Age Groups

Question: Are concussions more common in older
or younger children?

All age groups are at risk for experiencing mild traumatic brain injury (mTBI).
Concussion experiences were found to vary by demographic as there are significant
misconceptions regarding the causes, symptoms, recovery course, and risks.
Children under the ages of 18 years made up an average of 283,000 ED visits from
2001 to 2016 with highest rates between 10 and 17 years old [11].

Question: Are concussions in children more common
Jrom sports or accidents?

In 2013, it was estimated that 2.3 million SRC occur annually including visits out-
side hospital settings [10]. According to the most recent CDC analysis, using the
National Electronic Injury Surveillance System-All Injury Program (NEISS-AIP),
it was found that across a 7-year study period, approximately two million children
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sustained head injuries due to sports- or recreational-related activities [11]. Majority
of concussions in the child and adolescents under the age of 18 are caused by sports-
and recreational-related activities such as injuries occurring in football, soccer, bas-
ketball, wresting, bicycling, roller-skating, and playground activities [11, 12]. The
developing brain of a child has a different physiological makeup when compared to
the further developed adult and is thought to affect the threshold for head injury [2,
9, 11, 12]. Concussion rates have been found to increase with age, predominantly in
older children 10-14 years old and adolescents aged 15-17 years with contact
sports being twice as common when compared to non-contact sports and four times
when compared to recreational activities (Fig. 2.1) [11]. High school football is the
most well-studied cohort for adolescents, whereas data for the younger age group is
not as well studied.

Increasing trends in SRC nearly doubled in age groups 8—13 years and in high
school age groups 14—19 years from 2001 to 2012 [1, 12]. Surveillance databases
have been used to conduct large-scale studies in SRC among high school and col-
legiate athletes. The term used to identify the rate of concussions is athlete exposure
(AE) and represents one athlete participating in each practice or competition [4].
According to the National High School Sports-Related Injury Surveillance System,
high school athlete rates continued to uptrend with a rate of 0.23-51/1000 AE over
a 7-year academic period [13].

= NEISS-AIP

-
-
o

100 1000

Fig. 2.1 Sports- and recreational-related mTBI rates by age in the emergency department NEISS-
AIP (2012)
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High School

Question: High school football is regularly identified
to be associated with concussions, but are there other
sports that also have a high incidence?

Nearly eight million high school students participate in organized sports, making
this a large portion of the athletes at risk for SRC [9, 14]. National survey of high
school students identified that over 50% of students between the ages of 15 and
19 years have played on at least one sports team with greater than 64% seen in males
[12]. AE rates have almost doubled from 2.15 to 5.03 over a 10-year study period
using High School Reporting Information Online (RIO). This data is consistent with
the National Athletic Treatment, Injury and Outcomes (NATION) surveillance pro-
gram which collects data from 147 high schools within 26 states over a 3-year aca-
demic period [9, 14]. Football has historically been shown to have the highest
number of SRC (Fig. 2.2) [9, 13, 14]. It is important to also recognize the rate of
head injuries sustained in less popular sports often played as club sports, most nota-
bly rugby [15]. Although rugby is a popular sport with a long history in Europe, the
popularity of rugby has increased within the USA over the last 15 years.

Like football, this sport involves full contact. However, being a newer organized
sport within the USA, many players often lack experience resulting in increased risk
of injuries, particularly concussions [15]. The demands of daily practice, physical
contact, and repetitive stress increase the risk of injury [14].

60000

50000 .\

40000
30000

0\ —4— 2001-2009
20000 \\\-\ —=— 2010-2016

Annual No. of concussion

Fig. 2.2 Average annual estimates for mTBI seen in ED related to sports and recreational activi-
ties. National Electronic Injury Surveillance System, United States
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Question: What are risk factors associated with higher
concussion rates in athletes?

According to an evidence-based systematic review of risk factors, there is a high
level of certainty extracted from level I studies that SRC during competition have a
higher risk of injury as compared to practice sessions [1, 2, 7]. However, there are a
few studies which contradict those findings and found a higher rate of concussions
occurring during practices [16].

Additionally, there is a well-established understanding of increased risk with
individuals having a history of previous concussions [1, 2]. Marshall et al. [17]
found that athletes with a history of one concussion in the last 2 years had over two
times the rate of concussion, and those with two or more prior concussions had up
to five times higher rate when compared to individuals with no history of prior con-
cussion. Furthermore, high school students who played on multiple sports teams
were found to have positive correlation with the number of reported concussions.
Athletes that played on one to three sports teams increased their concussion inci-
dence from 16.7% to 22.9% to 30.5%, respectively [6].

Question: Although males and females may play similar sports,
do their concussion rates vary?

Multiple large-scale studies conclude males are 1.4 times more likely to sustain
head injuries in non-sport-related settings as compared to females. However, in
gender-comparable sports such as soccer, females have the highest rate of injury,
notably concussions (Fig. 2.3) [2,7, 9, 13]. O’Connor et al. describe a 56% increase

d Football & Soccer @ Soccer  Volleyball & Basketball QBasketball & Wresting & Baseball ~ @Softball

N W O N 0 © O

Concussion rate per 10,000 AE

—_

mHS RIO 1* NATION 2*

Fig. 2.3 Comparison of gender- and sport-specific differences in average concussion rates in high
school from RIO vs. NATION
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in injury rate in females when compared to male student athletes participating in the
same sport [14]. Furthermore, Abraham et al. [1] observed that adult females were
found to have a 1.5-2.5-fold greater risk in various levels of soccer and basketball.
Soccer has a lack of protective gear, emphasis on in-game contact, and encouraging
headers during game play compared to other contact-related sports. Females are
thought to have decreased neck strength and increased head-to-ball ratio which may
predispose them to have increased head acceleration during impact [14]. Similar to
adolescents, adult female soccer athletes were found to have increase concussion
rates per AE when compared to male counterparts: 50% vs. 27% [18].

Collegiate Sports

Question: Are rates of SRC less common in college sports?

According to the National Collegiate Athletic Association (NCAA), 460,000 athletes
participate in collegiate sports annually, making this a population at high risk for
developing SRC [19]. The NCAA Injury Surveillance Program (ISP) uses a conve-
nience sample of varsity teams from 25 championship sports and found 6.2% of
injuries were made up for SRC [18]. In 2010, the NCAA executive committee
adopted a concussion policy that mandated strict guidelines to isolate and manage
concussions. Highest rates were seen in men’s wrestling, men and women’s ice
hockey, and men’s football. Furthermore, there has been a steady increase in men’s
football, women’s ice hockey, and men’s lacrosse [18]. Men’s football was found to
have the highest concussion rates per team with 9.0% of injuries accounting for
recurrent concussions [16—18, 21]. During the 5-year academic period from 2009 to
2014, SRC rates were found to be double during competition [21]. This study focuses
on NCAA sports but does not account for popular full-contact club sports such as
rugby. A prospective study comparing collegiate rugby to football found a significant
rate difference in concussions with 2.5 in rugby versus 1.0 in football and a signifi-
cantly higher incidence occurring during games over practice sessions [20].

Professional Sports

Question: We hear about professional players with concussions
in the public media, but what is their incidence?

The National Football League (NFL) has been in the spotlight for almost two
decades for its criticism regarding player safety after sustaining traumatic brain
injuries, leading to changes in management policies and penalties for aggressive
play [22]. 2010-2014 NFL surveillance data studies, including off-season games,
concluded incidence rate of concussions to be higher than prior reports with a rate
of 0.658 per NFL game as compared to 0.38 in 2002-2007 [23, 24]. Recent data
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suggests no difference in injuries due to helmet-body collisions versus helmet-
helmet and helmet-surface injuries [22]. A concussion is reported almost every
other game in the NFL, but this number is likely to be higher due to underreporting
[23, 24]. This increase in incidence set precedence to deliver safety standards; how-
ever, one can argue that the observed incidence seen may be attributed to the fre-
quent changes in management policies [23].

Military

Question: Do military personnel have higher rates
of concussions compared to civilians?

Since the conflicts in Afghanistan and Iraq, traumatic brain injuries have gained atten-
tion among military service members between 18 and 24 years old. Over 80% of trau-
matic brain injuries are classified as mTBI in deployed and non-deployed settings [25].
There has been an estimated 283 % increase concussion rate in military service members
from 2000 to 2011 [7]. The Department of Defense (DoD) has implemented its own
surveillance data and policies to address these injuries [7]. Although many of the prin-
ciples overlap with the demographics already discussed above, there are several unique
factors that are specific to this group such as mechanism of injury, comorbidities, and
military culture. The US military identifies with a culture that has its own set of values
such as selfless service and mission focus over personal needs. This may affect the way
these injuries are identified and managed when compared to the civilian population.
These values also predispose them to recurrent injury. Non-deployed service members
are also engaged in physically demanding training activities, motor vehicle crashes,
sporting, and recreational events [7]. Psychiatric comorbidities, such as PTSD (post-
traumatic stress disorder) commonly seen in service members, include symptoms such
as sleep, mood, and cognitive disturbances can make it difficult to extrapolate true con-
cussion symptoms [7, 24]. Data for deployed men is difficult to attain and is not included
in DoD reports. According to survey data, most common cause of any traumatic brain
injury is contributed to blast injuries, motor vehicle accidents, and falls. Given the con-
text in which blast injuries occur, it is difficult to quickly identify and manage concus-
sions from blast injuries in an acute setting, and further research is warranted.

Comorbid Neuropsychological Conditions

Question: What medical conditions predispose or complicate
the management of concussions?

The prevalence of attention deficit hyperactivity disorder (ADHD) is associated
with increased cognitive deficits and reporting of concussion-type symptoms [7,
26]. The American Medical Society for Sports Medicine consensus statement
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classifies ADHD as a “concussion modifier,” such that it is associated with increased
cognitive dysfunction and prolongs recovery [2, 26]. Similarly, small-scale studies
have identified challenges of diagnosis and management of concussions with
comorbid conditions such as anxiety, depression, and PTSD [27, 28]. Symptoms of
these conditions such as fatigue, concentration difficulty, memory impairment, and
sleep disturbances often overlap with concussion symptoms. Optimizing these
underlying conditions is important in the recovery of mTBI as these untreated con-
ditions also are thought to contribute to persistence of concussion like symptoms.
Alcohol is not included in any large-scale studies and has predominantly been stud-
ied in the setting of severe traumatic brain injuries rather than in mTBI. However,
in the ED about one third to a quarter of patients with recreational head injuries had
an elevated blood alcohol concentration [12]. One study attributed an inverse rela-
tionship with young male adults of lower socioeconomic status with alcohol use
and physical assault leading to injuries including concussions [5]. The effects of
alcohol including impaired motor control, lack of inhibition, and heightened risk-
taking behaviors predispose predominantly younger males to violence and
falls [28].

Miscellaneous or Elderly (Non-sports, Nonmilitary)

Question: What are other common causes of concussions
excluding sports or military involvement?

Men older than 25 years old have a high incidence of recreational injuries. Bicycling
and all-terrain vehicle (ATV) accidents contributed to most male concussion inju-
ries in this age group [12]. Similarly, women have been affected by bicycling colli-
sions followed by horseback riding instead of ATV [12]. As the age demographic
increases greater than 45 years old, reports demonstrate decrease in sports and exer-
cise. The third highest annual rate of mTBI is comprised of females older than
65 years old with comorbidities such as diabetes, polypharmacy, and age-related
changes (i.e., hearing, vision, strength, balance, cognitive function). Increasing fall
risk predisposes this age group to sustain head injuries with longer recovery times
[7]. Therefore, it is reasonable to conclude elderly population to have a high inci-
dence of mTBI. However, given the multiple comorbidities mentioned above, those
conditions may take precedence during acute management.



2 Incidence and Risk Factors for Concussions

Risk Factors (Table 2.1)

Table 2.1 Concussion risk factors

High

Moderate Low

Prior concussion Student male athletes (except | Genetics

female soccer) APOE gene
Neuropsychological conditions, e.g.,
PTSD, anxiety, depression, ADHD

Competition vs. Body checking Behavior
practice Aggressive

Risk-taking
Substance use

Female soccer Participating in multiple Mechanism of injury
athletes sports Equipment contact
Player to player
Player to ball
Ground contact
Contact sport Older children (10-18) Playing position
athletes Offensive
Defensive
Goalie
Military members | Males in non-sports-related | Location of head injury in conjunction with
setting (except for females underlying neuropsychological conditions
>65 years old) Temporal
Farietal

Match period toward end of game

Key Points

The incidence of concussions has increased across all level of sports and
recreational activities, among all genders and age groups.

Underreporting of concussions is common.

Adolescent age groups have higher incidence of contact SRC as compared
to non-contact Sports.

Prior concussion and playing on multiple sports teams have a strong asso-
ciation with sustaining repeat concussions.

Higher risk of injury during competition versus practice.

Male football players have the highest rate of concussions.

In gender-comparable sports, female soccer players have the highest rate
of concussions.

Military have multiple risk factors due to increased physical demands,
motor vehicle crashes, and exposure to blast injuries.

Comorbid neuropsychological conditions such as depression, anxiety,
PTSD, ADHD, or being under the influence of alcohol may complicate the
diagnosis and recovery of concussions.
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Chapter 3
Signs and Symptoms of Concussion

George G. A. Pujalte, Timothy M. Dekker, Andre A. Abadin,
and Trisha E. Jethwa

Clinical Case

A 12-year-old female presents to the clinic with her parents for a well-child visit.
She plays soccer for the local team. Her parents are concerned that she might
develop a concussion through heading a soccer ball or by colliding with another
girl. They also want to know what signs and symptoms they should be aware of to
suspect that their child might have sustained a concussion.

The diagnosis of concussion can be elusive and continues to be a challenge for
primary care providers. Despite the public interest and plethora of research on the
pathophysiology, diagnosis, and management of concussions, there remains a lot of
mystery. Every year, the number of cases of concussion and the detrimental conse-
quences of misdiagnoses continue to rise. Primary care providers are often the first
to assess a concussed patient and are therefore well-positioned in the healthcare
system to diagnose, treat, and prevent concussions and its sequelae. It is imperative
for primary care providers to be aware of the constellation of signs and symptoms
that present with a concussion.
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Question: What are the six domains of signs and symptoms
of concussions?

The American Medical Society for Sports Medicine’s most recent position on con-
cussions divides the signs and symptoms of concussions into six domains [1]. Many
of the symptoms of concussion are general and can overlap domains. The six
domains with their symptoms are listed in Table 3.1.

Most signs and symptoms are gathered from retrospective recall studies, with a
few studies using video evidence. Examples of video signs of concussion includes
lying motionless for greater than 2 minutes, motor incoordination, impact seizures,
tonic posturing, and blank or vacant look [2]. It is important to note that the signs
and symptoms of concussions are often very general and easy to overlook. Also,
many signs and symptoms can overlap into multiple categories, or a symptom in one
category can compound symptoms of another category, as seen in Fig. 3.1. It is also
important to clearly define symptoms that patients report. Many words to describe
the symptoms are generalizable and can mean several different things, such as diz-

Table 3.1 Domains and symptoms

Domains Examples

Headache-migraine Headache, nausea, photosensitivity, neck pain, phonophobia,
photophobia

Cognitive Confusion, disorientation, inattention, mental fogginess, slurred speech,
vacant stare

Anxiety-mood Agitation, flat effect, depression, labile mood, anxiety

Ocular Blurry vision, double vision, eye fatigue

Fatigue Tiredness, decreased arousal, somnolence, difficulty sleeping

Vestibular Imbalance, abnormal visual motion sensitivity

Memory
Concentration

Insomnia/hypersomnia Mood

Fatigue Anxiety

Emotional lability
Irritability

Headache
Dizziness
Light and Noise
Intolerance

Fig. 3.1 Symptoms in one category of a concussion can interact to exacerbate symptoms in a dif-
ferent category. (Reprinted from Brent and Max [52] with permission from Springer Nature)
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ziness or confusion. Knowing exactly what patients are experiencing is necessary as
it could help guide which domain the problem fits into and the rehabilitation required.

Another important aspect when assessing concussion symptoms is to compare to
a patient’s baseline. A patient may have a history of headaches, attention/concentra-
tion issues, or emotional lability that could be inappropriately diagnosed as a con-
cussive symptom. This is often an obstacle for medical providers who may be
meeting the patient for the first time, so it is helpful to reach out to athletic trainers,
friends, or family members to get a better understanding of the athlete’s personality.
For example, a survey found that almost 25% of healthy, non-concussed children
reported difficulty with concentration [3]. It has also been found that athletes with a
concussion history reported greater physical, emotional, and sleep-related symp-
toms at baseline than those with no history of concussion, with a greater endorse-
ment in physical and sleep symptoms [4]. A wrongfully diagnosed concussion-related
symptom could delay a patient’s return to school and sports.

The physical symptoms associated with concussions are sometimes the most
obvious to the patient and family members, especially immediately after the
concussion occurs [5]. Patients and family members are more likely to recognize
and report many of the physical symptoms to providers, as compared to complaints
in other domains [5]. The physical signs and symptoms include headache, neck
pain, drowsiness, dizziness, sensitivity to light and noise, visual and hearing
changes, loss of consciousness, nausea, and vomiting [5, 6].

Signs and symptoms evolve over the subacute time period after a concussion.
Furthermore, new symptoms may emerge during recovery process when the athlete
starts exerting themselves. The signs and symptoms that patients experience after
sustaining a concussion often start in the headache-migraine and fatigue domain
and progress to the anxiety-mood domain [5, 7]. Signs and symptoms in the cogni-
tive domain can be present both early in the clinical course and months later after
the trauma [5, 8].

Question: Is loss of consciousness required for a concussion?

Loss of consciousness is another often misunderstood aspect of concussions. A
common public understanding is that a concussion occurred when there was a loss
of consciousness. In actuality, loss of consciousness is not a requirement for diag-
nosing a concussion and is a somewhat rare occurrence. Only about 10% of concus-
sions will be accompanied by a loss of consciousness [9, 10]. When loss of
consciousness occurs, even for a brief period, suspicion for a concussion is extremely
high, and that player should be removed from the event for evaluation at an outside
facility [11]. Loss of consciousness that is prolonged (greater than 1 minute) should
raise concerns of a more serious clinical presentation that requires more immediate
medical attention and deviation from standard concussion protocols [12]. However,
despite the severity of its presentation, there is no evidence to suggest that loss of
consciousness alone is associated with more severe brain injury or worse recovery
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outcomes [11]. It is also essential to remember that the primary evaluation after a big
hit or trauma is not to look for a concussion, but more serious, possibly life threaten-
ing conditions that need to be ruled out before worrying about concussions.

Question: What types of headache are common in patients that
sustained a concussion?

Headaches are the most common complaint after a patient sustains a concussion
[13, 14]. There is no specific type of headache classically associated with concus-
sions. Headaches from concussion are usually classified as the common subtypes,
with migraine and tension type predominating [15]. They are typically classified as
secondary headaches. Headache prevalence, duration, and severity are greater in
those with mild head injury compared with those with more severe trauma [16]. A
significant number of patients have preexisting headaches, but studies conflict as to
whether this is a risk factor for post-traumatic headaches [17]. Although new head-
aches can develop following a concussion, exacerbation of preexisting problems is
likely more common [18]. If the patient has a history of migraine, then the current
presentation should be compared closely with his or her typical migraine presenta-
tion. Post-traumatic headaches begin within 7 days after head trauma or after regain-
ing consciousness. Acute headaches begin within 7 days of head trauma and may
continue for up to 3 months after the injury [19].

For a small proportion of patients, the headache can persist beyond 2 months
after the inciting trauma. These would be classified as chronic post-traumatic head-
aches and can often be severely debilitating [20]. Recurrent headaches can also be
an important marker for physical or cognitive overexertion during recovery.

Neck pain is usually included in the headache domain as it can sometimes be the
primary cause for headaches or a separate problem. It is the second most reported
physical symptom of concussions [6]. Neck pain often warrants further questioning
and examination to rule out other neurologic changes such as weakness, hypore-
flexia, or sensory abnormalities. These findings may require a more aggressive
workup with imaging and diagnostic testing [6]. It is important to keep a broad dif-
ferential before concluding that a patient’s neck pain is solely due to a concussion.

Question: What are cognitive symptoms of concussion?

Symptoms from the cognitive domain include decreasing mental clarity, mental
fogginess, difficulty concentrating, memory issues, fatigue, and confusion. Evidence
demonstrates that even a single concussion can disrupt the neurological mecha-
nisms underlying cognition [21]. Cognitive symptoms can make it difficult to assess
patients for their entire constellation of symptoms. Patients are often unable to
describe how they feel — this can be problematic, particularly for children and young
adolescents. Concentration difficulties and memory impairment are the most com-
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mon complaints in the cognitive domain [14]. Although memory impairment may
be a common complaint among patients with post-concussive symptoms, the prob-
lem may involve impaired attention and concentration, forgetfulness, distractibility,
slowness of mental processing and reaction time, impaired mental flexibility, work-
ing and prospective memory, and memory retrieval [22].

In the acute setting, patients can also develop post-traumatic amnesia, which
affects their ability to learn new information during this period. The post-traumatic
amnesia is defined as the length of time from the injury until continuous memory
resumes [23]. Retrograde and anterograde post-traumatic amnesia may diminish
over time with events closest to the time of trauma being most difficult to recall.
Deficits of attention, working memory and recall, and executive function will likely
persist long after the post-traumatic amnesia has resolved [24].

These cognitive dysfunctions can place a heavy burden on the patient and disrupt
their transition back to school or work [5]. Even after the patient becomes asymp-
tomatic, returning to their previous activities should be handled gradually. There are
more cognitive challenges during this time period, which require significantly more
effort and can unmask deficits that the patient previously appeared to have over-
come. Memory impairment following concussion appears to involve working mem-
ory [25]. Working memory refers to the ability to temporarily store and manipulate
information that is relevant for complex cognitive processes during a task [25]. The
disruption of working memory impairs executive functioning and slows processing
speed [25], which may present as slow responses to question or delayed recall.
Fortunately, the recovery of these deficits following concussion occurs within the
first weeks to months, and recovery progresses without specific intervention [26].

Question: What are the emotional or mood symptoms
of concussion?

Emotional symptoms include depression, disinhibition, irritability, mood lability,
depression, frustration, and restlessness. These symptoms are not typically present
immediately after the injury but arise within the first week following a concussion.
Self-reported changes in mood, emotions, and behavior are typically short-lived.
Symptoms peak approximately 7 days after the acquisition of a concussion and
resolve over a period of weeks to a month [5, 27]. It is important to talk with family
members, coaches, and teammates who know the individual well, as they may
notice emotional lability that is out of character. In a retrospective review of 174
concussed athletes, 50% of the sample reported at least one new emotional symp-
tom on the Post-Concussion Symptom Scale, with the mean sub-score of emotional
symptoms being 4 [27]. Additionally, a prospective cohort study found that
approximately 25% of pediatric patients that were evaluated at a children’s emer-
gency department for a concussion experienced depression, irritability, or
restlessness [8]. Figure 3.2 shows the neuropsychiatric symptoms that are com-
monly tested for in the post-concussive clinical assessment tool.
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Post-concussive symptoms
assessed with the
SCAT-5

N

Non-affective symptoms
- Pressure in head

- Neck pain

- Balance problems
- Sensitivity to light
Sensitivity to noise

Anxiety symptoms Depression symptoms
- Headache - Sadness

- Dizziness - Feeling slowed-
- Blurred vision down

- Difficulty - Drowsiness

remembering
Nervous or anxious

Overalapping depression &
anxiety symptoms
- Nausea or vomiting
- Feeling “in a fog”
- Difficulty concentrating
- Fatigue or low energy
- lrritability
- Trouble falling asleep
- More emotional
“Don’t feel right”

Fig. 3.2 Overlap of frequent post-concussive symptoms assessed by the Sport Concussion
Assessment Tool-5. Core symptoms of mood (depression) and anxiety disorders are assessed by
various psychiatric outcome measures, including the Hamilton Anxiety Scale, Beck Depression
Inventory II, Generalized Anxiety Disorder-7, Brief Symptom Inventory-18, Patient Health
Questionnaire-9, and the Diagnostic and Statistical Manual of Mental Disorders’ (5th revision)
criteria for generalized anxiety disorder and major depression. (Reprinted from Mcallister and
Wall [53] with permission from Elsevier)
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It is well-established in literature that women report higher rates of concussions
compared to men [12, 28, 29]. Furthermore, females report more emotional symp-
toms compared to their male counterparts [3]. It has been speculated that this differ-
ence in reported symptoms of concussion was secondary to hormonal differences
between males and females [30]. However, it is important to understand what base-
line symptoms the patient experiences as concussion-like symptoms could have
been present prior to the concussion. A systematic review and meta-analysis by
Brown et al. in 2015 demonstrated that females report more concussion-like symp-
toms and emotional symptoms prior to sustaining a concussion, but the differences
of these symptoms do not persist post-concussion when compared to men [31].

Female sex, along with a prior personal or family history of a psychiatry disor-
der, seems to be a risk factor to develop post-concussive psychiatric disorders [24].
Some important factors that affect the risk of developing a post-concussive psychi-
atric disorder are the severity of concussion injury, socioeconomic status, preinjury
adaptive and intellectual functioning, and psychosocial stress [27, 32]. Personality
changes secondary to the concussions is the most common post-concussive psychi-
atric disorders, accounting for as high as 40% of pediatric patients suffering from
concussions [32, 33]. Other psychiatric disorders clinically diagnosed include
depressive disorders, generalized anxiety disorder, panic disorder, post-traumatic
stress disorder, obsessive-compulsive disorder, somatoform disorder, attention defi-
cit disorder, oppositional-defiant disorder and conduct disorder.

History of concussions is another possible risk factor for developing emotional
symptoms secondary to a concussion. However, it is unclear if a history of concussion
predisposes people to experience more emotional symptoms or if it instead results in
an increased awareness of symptoms, which, in turn, leads to increase reporting. What
is known is that there exists a link between sustaining multiple concussions and long-
term psychiatric and neurological disorders [34, 35]. However, their association with
the development of a post-concussive psychiatric disorder is undetermined [3, 27].

Concussions can cause emotional symptoms, but the diagnosis of concussion in
itself can possibly affect the emotional well-being of the patient and bring out emo-
tional symptoms. The stresses that accompany a concussion diagnosis, such as the
symptoms themselves or missed school, athletics, or work, may bring out underly-
ing mood disorders that the patient was never diagnosed with or knew they had. This
may not be directly related to the concussion and therefore should not be considered
a symptom that could delay rehabilitation. Nonetheless, it is imperative to under-
stand what symptoms patients experience at baseline and be aware of the social and
emotional stress that can occur with a diagnosis of a concussion.

Question: What are the ocular symptoms of concussion?

Visual deficits are more frequently being recognized and diagnosed in patients with
concussions. Visual symptoms that are associated with concussions include blurry
vision, double vision, and difficulty reading. Symptoms stem from a change in
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coordinated eye tracking, which manifests as having trouble with reading, writing,
and computer-related work in school. Master et al. (2015) found that 69% of adoles-
cent participants had at least one visual diagnosis after a concussion and 22% had
two visual diagnoses [36]. An observational study on adolescent motorcyclists
found that 31% of participants reported blurry or double vision after sustaining a
concussion [37].

Photophobia or light sensitivity is another common complaint in patients that
sustained a concussion that can be classified in the ocular or headache-migraine
domain. A third of adolescent motorcyclists previously mentioned were found to
have photophobia, and one study found as high as 80% of their participants were
suffering from photophobia after a concussion [14, 37]. Photophobia is usually
most intense in the beginning of the clinical course and becomes less burdensome
the weeks after the initial injury [5]. It is important to note that light sensitivity can
be present at baseline, especially in patients that suffer from chronic migraines;
therefore it is important to clarify how their current symptoms compared to their
symptoms at baseline.

Identification of concussion-related symptoms is crucial as defects in vision can
impair everyday tasks, such as driving a car, attending school, or performing work
tasks, in both adults and children. Visual symptoms have high morbidity in the ado-
lescent population because of the importance of vision to perform schoolwork activ-
ities and the increasing integration of technology within the education system.
Increased screen time already causes significant visual symptoms such as eye strain
and dry eyes [38], which can further be exacerbated by concussion-related visual
symptoms. For this reason, improvements in clinical tools for the diagnosis and
rehabilitation of visual deficits are needed.

Question: What other domain of concussion is closely
related to fatigue?

Fatigue is often seen after a concussion and, like many other symptoms, can be
multifactorial. Fatigue may be a primary entity, as opposed to being secondary to
poor sleep. Patients often describe the fatigue as tiredness unrelated to physical or
mental exertion, and sometimes it does not improve with rest. Concussion-related
fatigue is usually less profound during the day than at morning or night [39]. Many
athletes feel excessively sleepy and may report taking unusual daytime naps during
the first week following the injury. However, napping can be disruptive to recovery
and does not improve daytime sleepiness. It adversely affects the ability to fall
asleep and causes less slow-wave sleep, which is viewed as most restorative [40].
Keeping a more regular day-to-day pattern of rest and activity relates to lower
fatigue and depression scores [41].

After the acute phase of the injury, insomnia occurs in about 30% of people, and
circadian rhythm shifts in approximately 36% [42]. Early morning awakenings are
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also common and may, in turn, fuel daytime fatigue. Females more commonly
report significant sleep disturbance after sustaining a single concussion, while males
may not report sleep disturbance until cumulative concussions have been sustained
[43]. Reassuringly, it has been shown that 20 years post-injury, children who sus-
tained a TBI had similar rates of being “poor sleepers” and objective outcomes
across all sleep parameters when compared to a control group [44]. Fatigue can last
for months after other symptoms have improved [5].

There is also a strong correlation between sleep and symptoms in other domains,
especially mood. A common neurobiological mechanism may explain why con-
cussed individuals with abnormal sleep patterns are more susceptible to depression
[45]. In addition, worsening of sleep as a result of a concussion in those with prior
history of psychiatric issues could account for increased relapses of mood symp-
toms and treatment resistance [46]. Several hypotheses have been proposed about
the etiology of post-concussive sleep regulation and psychiatric illness including
neurotransmitter imbalance, dysregulation of the hypothalamic- pituitary-adrenal
axis, and genetic polymorphism, but none have been verified [47].

Question: What are the vestibular symptoms of concussion?

Vestibular symptoms are usually associated with balance alterations and dizziness,
which are commonly used interchangeably. The two functional aspects of the ves-
tibular system are the vestibulo-spinal component (which helps to regulate postural
stability) and the vestibulo-ocular component (which integrates vision and move-
ment of the head) [48]. Dizziness is a blanket term used by patients, which encom-
passes lightheadedness, blurry vision, weakness, and vertigo or unsteadiness, so it is
important to get a clear description as it could relate to different pathologies.
Dizziness following concussion occurs in 50-80% of injuries [48]. Commonly tested
vestibular motor symptoms include the ability to hold a tandem stance or balance on
one leg. Many vestibular symptoms are evident only when provoked by stimuli or
movements. Therefore, vestibular symptoms may be exacerbated by busy environ-
ments and quick head movements, such as those involved in dynamic sports or at
school. Visual motion sensitivity is a phenomenon that can occur after a vestibular
and/or ocular injury that refers to a heightened awareness of normal visual stimuli
due to an inability to centrally integrate visual and vestibular information [48].

Balance issues can stem from the central nervous system (brain injury) or the
peripheral nervous system (head injury) dysfunction [49]. Concussions can lead to
balance issues from either system, but usually occur from peripheral nervous sys-
tem dysfunction. Some argue that vestibular symptoms may be due to a separate
injury to the neck or vestibular system that occurs along with the trauma that caused
the concussion. Leddy et al. found that symptom reports from patients with delayed
recovery after head injury, including cognitive symptoms, do not discriminate
between those with a physiologic post-concussive disorder and those with a cervi-
cal/vestibular injury [50].
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Dizziness usually occurs within 72 hours after the injury, and it usually resolves

within 4 to 30 days [46]. However, dizziness can last for 6 months or longer and has
been implicated as a risk factor for a prolonged recovery [49]. Reported dizziness at
the time of injury can have up to a six-fold increased rate in protracted recovery
(more than 21 days) and abnormalities on vestibular-ocular reflex (VOR) testing or
tandem-gait performance resulted in an average recovery time of 59 days versus just
6 days for those without vestibular abnormalities [51].

Key Points

e Concussion signs and symptoms can be broken down into 6 major catego-
ries: (1) vestibular; (2) ocular; (3) cognitive; (4) headache/migraine; (5)
fatigue; and (6) anxiety/mood.

e Migraine and tension-type headaches are the most common types of con-
cussion headaches.

* Cognitive symptoms of concussion are decreasing mental clarity, mental
fogginess, difficulty concentrating, memory issues, fatigue, and
confusion.

* Emotional symptoms of concussion are depression, disinhibition, irritabil-
ity, mood lability, depression, frustration, and restlessness.

e Ocular symptoms of concussion are blurry vision, double vision, and dif-
ficulty reading.

 Patients that suffer from fatigue after sustaining a concussion are likely to
have emotional symptoms.

e Vestibular symptoms of concussion are balance alterations, lightheaded-
ness, and dizziness.
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Chapter 4 )
Physical Examination b

Carrie A. Jaworski and Priya Nagarajan

Clinical Case

You are about to see an adolescent patient of yours who sustained a sports-related
concussion at her recent soccer game. The medical student rotating with you asks
what should be included in the physical examination and if there is evidence to
support this approach.

Patients with a sports-related concussion often present to the primary care office
for their initial evaluation. It is imperative for the practitioner to emphasize the
aspects of the physical examination that may necessitate additional evaluation and/
or testing. It is also essential that a practitioner pays special attention to the areas of
the physical examination that, in the concussed patient, lend themselves to an inter-
vention that can facilitate recovery.

While much is published on the common elements utilized in the history compo-
nent of concussions, little evidence exists on the validity of the approach to the
physical examination of a concussed patient. In addition, many tools and applica-
tions are constantly being developed and advertised to clinicians for use in concus-
sion evaluations that do not necessarily have strong evidence to support their use.
Recent publications stress the importance of developing a more standardized
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approach to examining a concussion patient in order to allow for better research and
ultimately better care of such patients.

At present, the main areas of exam that are supported in the literature include men-
tal status testing, cervical spine evaluation, balance testing, and vestibulo-ocular
examination, with orthostatic testing being appropriate in select patients (Table 4.1)
[1]. The inclusion of manual muscle, cranial nerve, and reflex testing is not specific for
concussion, but these tests are important to evaluate for the other etiologies in the dif-
ferential of a concussion [1]. In this chapter, each of these components will be
explained and evaluated in terms of the available evidence to support their use. In
addition, recommendations on an approach to the overall examination will be provided.

Table 4.1 Rationale for physical exam tests in concussion

Physical exam test

Utility

Orthostatic vital signs

Recommended particularly for patients presenting with dizziness
Signifies autonomic dysregulation and can help distinguish other
causes from a concussion

Change in heart rate is not consistent with concussion

Mental status

Refers to changes in cognition, memory, concentration, and mood
SAC and SCAT 5 are reasonable tools for cognitive assessment
Patients with a prior history of mental illness are at higher risk for
post-concussive syndrome

Cranial nerve exam

Important to rule out CN injuries when evaluating for concussions as
they can often be missed
CN I is most commonly injured followed by CN VII, II, and IV

Vestibular-ocular
evaluation

Often presents with signs of dizziness, vertigo, and balance difficulty
which can persist if untreated

Dynamic visual acuity should be considered for testing of vestibular-
ocular dysfunction

Ocular dysfunction presents with impaired near point convergence,
accommodation, and oculomotor tracking

Saccades and smooth
pursuits

Highly sensitive and specific to help determine prognosis with
concussions

Abnormal tests associated with higher risk of post-concussive
syndrome

Objective findings of impaired tracking useful to rule out malingering

Nystagmus

Horizontal nystagmus is a common finding in patients with head
trauma
Vertical nystagmus is pathologic and may indicate a brainstem lesion

Accommodation and
convergence

Normal near point convergence is 6—10 cm

Ocular muscle dysfunction contributes to difficulties with
convergence which can affect reading speed and comprehension
Helpful in determining classroom readiness

Balance assessment

Balance Error Score System (BESS) is frequently utilized despite
limited reliability

Romberg test is low yield

Tandem gait and coordination tests may be more meaningful findings
in balance assessment of concussed patient

Musculoskeletal exam

Focus on head and neck for trauma and range of motion
Consider TMJ, thoracic evaluation based on situation

Neurologic assessment

MMT and DTRs do not have strong evidence for aiding diagnosis of
concussion but are useful in ruling out other pathology
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Question: Why are vital signs relevant in concussed patients?

Changes in vital signs may be a helpful indicator in establishing the diagnosis of a
concussion as well as when evaluating persistent concussion-like symptoms. Head
injuries are known to be associated with a disruption of the autonomic system which
can affect one’s vital signs and symptoms both with position and with activity [2].
Autonomic dysregulation following a concussion has commonly been associated
with exercise intolerance that provokes an increase in symptoms [3] in addition to
contributing to impaired vestibular function that leads to problems with dizziness
and coordination [4]. In the case of exercise intolerance, submaximal exercise test-
ing can be performed on a bike or treadmill to evaluate a patient for their heart rate
(HR) and blood pressure (BP) response to exercise [5]. One of the most recognized,
and studied, protocols is known as the Buffalo Concussion Treadmill Test [5-7].
Many providers trained in concussion care will utilize this testing in their evaluation
and management of concussions, so it is worthwhile to enlist the assistance of such
providers in one’s community (if available). It has been demonstrated that when a
patient is still suffering from autonomic dysfunction related to a concussion, they
will be unable to tolerate submaximal exercise without experiencing a significant
elevation in their concussion symptoms [6, 7]. Once the autonomic system has
recovered from the concussion, the patient will again be able to tolerate exercise [0,
71]. At this point, if the patient still complains of symptoms outside of exercise, one
must search for other contributing factors that may be causing their symptoms.

In those patients presenting with more vestibular-related symptoms, or perhaps those
with less obvious reasons to have a concussion, it is essential to evaluate for other poten-
tial causes of these presenting symptoms. For instance, athletes who are dehydrated can
also present with complaints of headaches and dizziness. Evaluation for orthostatic
hypotension through the use of orthostatic vital signs (OVS) can help to distinguish
between these entities quite easily as concussions do not result in orthostatic hypotension.

Orthostatic hypotension refers to a 20-mmHg or greater drop in systolic BP
(SBP), a 10-mmHg or greater drop in diastolic BP (DBP), or a 30 beats per minute
increase in pulse from supine to standing positions with associated signs and symp-
toms of hypoperfusion [8]. The recommended way to test for OVS is with the ortho-
static stress test (OST). A patient will have their BP and HR assessed after lying
supine for 2 minutes and then will have BP and HR reassessed while standing at 1
and 2 minutes after that. Symptomatic changes are not necessary to make this diag-
nosis [8]. Of note, it is important that the test be done without substitution of seated
for supine position, as orthostatic hypotension can be missed in two-thirds of these
cases [9]. In the setting of concussions, an associated change in HR is not com-
monly detected. An increase in the heart rate may indicate signs of hypovolemia
rather than autonomic dysfunction alone, which could point to an alternate etiology
rather than being neurologic in nature [10]. Postural orthostatic tachycardia syn-
drome (POTS) is another manifestation of autonomic dysregulation in which the
HR increases without an associated drop in BP. POTS patients can often have many
similar symptoms to a patient with post-concussion syndrome (PCS), so again this
is where understanding these subtleties in examination findings can be helpful.
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The Defense Centers of Excellence of Psychological Health and Traumatic Brain
Injury recommends that patients with head injuries should be evaluated with OVS,
especially when presenting with symptoms of dizziness [11]. OVS has good speci-
ficity of 75-90%, but sensitivity can be as low as 21%. Heads up tilt table testing
(HUT) can be considered as an alternative test in the setting of a negative OVS
where one still strongly suspects an autonomic component to the patient’s symp-
toms [12]. HUT is not typically a first-line approach in the evaluation of concussion,
but it is often used in more recalcitrant cases or when overlap between conditions
makes best management approaches more difficult to determine.

Question: How does a patient’s mood and cognitive function
impact those with concussion?

Mental status changes in concussion can refer to cognitive abilities, memory
changes, and concentration in addition to emotional affect and liability. Currently
available tools, such as the Standardized Assessment of Concussion (SAC) [13] and
Sport Concussion Assessment Tool (SCAT) [14] offer a fairly comprehensive
assessment of the symptomology related to one’s cognitive abilities. The SAC tool
allows for immediate sideline mental status assessment of an athlete suspected of
having a concussion. It assesses orientation, immediate memory, concentration, and
delayed memory as well as includes an exertion test and a brief neurologic exam. It
can be administered in approximately 5 minutes. Review of the literature suggests
that, when used alone, the SAC does not reach statistical significance, but most
experts still recommend its use as part of a more comprehensive evaluation of con-
cussion [15]. According to the 5th International Conference on Concussion in Sport,
the latest version of the SCAT test, the SCAT 5, is “the most well-established and
rigorously developed instrument available for sideline assessment” [16]. This state-
ment is actually in reference to the original versions of the SCAT test, the SCAT and
SCAT 2, which both have strong evidence validating their use both on the sidelines
and in the office. The SCAT 5 has yet to have a significant number of studies to
officially validate this version of the test; however, the format is essentially the same
as previous versions, so its use has been deemed appropriate [17].

Changes in emotional state, particularly depressive symptoms, can severely
impact quality of life for months after the injury [18]. Those who have a history of
behavioral or mental illness, including post-traumatic stress disorder, affective dis-
orders, substance use, or attention deficit hyperactivity disorders, tend to have a
higher risk of developing PCS and prolonged mood instability [19, 20]. The Patient
Health Questionnaire-9 (PHQ-9) is a validated depression screening tool that can
serve as a useful adjunct to concussion screening when there is a high suspicion of
a depression or affective disorder that has been exacerbated by a concussion. It is
self-administered and can be used in multiple settings and populations [21, 22],
examples including both concussed military personnel [23] and adolescents with
traumatic brain injury (TBI) [24].
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Question: What cranial nerve changes can be seen
in concussed patients?

It is possible for one or more cranial nerves to sustain injuries even with minor head
trauma, and these may often be missed when evaluating for a concussion [25, 26].
One study showed that 12.6% of patients with head trauma, including a significant
number with mild TBI, had cranial nerve (CN) injuries [26]. In this study, CNs II,
CN III, and CN VII were the nerves most commonly injured [26]. In patients with
mild TBI, CN I was most often found to be impaired with CNs II, IV, and VII being
frequently injured as well [25]. In those with CN injuries, more than 80% showed
abnormalities on head computed tomography scans [25]. This research suggests
that physical examination of these nerves is particularly important to test, whereas
CN V and CNs IX-XII may be less revealing [25, 26]. Interestingly, up to 30% of
patients diagnosed with a concussion experience anosmia or dysosmia, and CN I
has a higher likelihood of injury in mild cases [25, 27]. That being said, CN I testing
is frequently excluded from cranial nerve testing on most exams based on difficulty
with administration. It is unclear how injury to this nerve may affect appetite or
nausea, but testing should certainly be considered in concussion patients presenting
with persistent anorexia or nausea. Table 4.2 outlines the approach to cranial nerve
testing.

Table 4.2 Cranial nerve exam findings

Cranial nerve Exam testing
CN I: Olfactory nerve Sense of smell with standardized order
CN II: Optic nerve Visual acuity

Pupillary light reflex

Visual fields

CN III: Oculomotor nerve Medial, superior, and inferior abduction movement of eye
Accommodation of eyes

CN IV: Trochlear nerve Inferior adduction movement of eye
CN V: Trigeminal nerve Sensation of face
Clamping of jaw
CN VI: Abducens nerve Lateral movement of eyes
CN VII: Facial nerve Facial movements (raise eyebrows, puff out cheeks, smile

showing teeth)
Taste of anterior 2/3 of tongue

CN VIII: Vestibulocochlear Whispered hearing

nerve Assess for nystagmus

CN IX: Glossopharyngeal Swallowing and pharyngeal gag reflex
nerve Taste of posterior 1/3 of tongue

CN X: Vagus nerve Gag reflex

Visualization of uvula and posterior pharynx with phonation

CN XI: Spinal accessory nerve | Manual muscle testing of sternocleidomastoid and trapezius

CN XII: Hypoglossal nerve Assess for tongue deviation with protrusion

Bolded nerves: most commonly associated with concussions [25]



36 C. A. Jaworski and P. Nagarajan

Question: Why is it important to assess the cervical spine
in a concussion exam?

When assessing head injuries, it is essential to evaluate for any signs of neck injury
as the two can closely imitate each other and coexist. In particular, cervical muscle
strain caused by whiplash injuries may present with headaches, dizziness, disequi-
librium, visual changes, and poor balance similar to that of concussions [28-30]. It
is important to palpate the C-spine and, if negative, also apply resisted cervical
isometric forces at the higher cervical levels. If pain is reproduced with this maneu-
ver, this should prompt cervical spine x-rays with flexion and extension views as
well as possibly advanced imaging [28]. The Spurling test is useful in determining
signs of cervical nerve root irritation, either by a herniated disc or possible disloca-
tion. It is performed by extending and rotating the patient’s head toward the arm
being tested and applying an axial force to the head. A positive test is elicited if the
patient develops shooting pain down the arm with this maneuver [1].

Cervical proprioception is another important physical exam test that provides
spatial orientation of how the head is positioned and moves relative to the trunk. It
can be tested by having a patient close his or her eyes and try to bring his or her head
and neck to a neutral position within 5° [31]. It is useful to assess as it can be associ-
ated with symptoms of disequilibrium [31]. Abnormalities with cervical proprio-
ception can be treated with specific proprioceptive rehabilitation and, if undetected,
may lead to prolonged symptoms [29]. Additionally, it is important to assess both
the temporomandibular joint and thoracic abnormalities as these can also coexist
with concussions and contribute to headache, tinnitus, dizziness, neck pain [32],
thoracic winging [33], and thoracic trigger points [34].

Question: What is the utility of evaluating vestibulo-ocular
dysfunction, and what tests are most relevant?

Vestibular dysfunction is a common presenting sign seen with concussions and
includes symptoms such as dizziness, vertigo, and difficulty with balance [35].
Additionally, it can adversely affect one’s quality of life with prolonged symptoms,
higher risk of PCS, and increased risk of disability [36, 37]. The differential remains
large for concussed individuals who have dizziness and disequilibrium. One rare
manifestation of disequilibrium following concussion is known as post-traumatic
benign paroxysmal vertigo (t-BPPV) which carries a much worse prognosis than
idiopathic BPPV [38, 39]. Once vestibulo-ocular dysfunction is diagnosed, it can be
successfully treated with a rehabilitation program. Therefore, providers need to be
assessing for this in their concussion evaluations and referring to rehabilitation spe-
cialists trained in concussion and vestibular disorders [38, 40, 41].

The primary role of the vestibulo-ocular reflex is to coordinate and stabilize
images on the retina during head movement. One physical exam maneuver that is
useful and easy to utilize is the Halmagyi head thrust test. In this test, the patient
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fixes their eyes on a specific point, while the physician holds the patient’s face on
either side and provides quick, unexpected jerks to the left and right. A normal test
is observing whether the patient’s eyes move the opposite direction of the thrust to
keep the eyes centered on the retina [25].

Dynamic visual acuity should also be considered for testing of vestibulo-ocular
dysfunction. This is performed with the head turning at a frequency of 2 Hz while
measuring visual acuity with a Snellen chart. Abnormalities are associated with a
reduction of three lines from the patient’s baseline [42].

An ocular assessment with a focus on extraocular movements has become
viewed as an increasingly important tool in determining the likelihood of develop-
ing post-concussive syndrome. Up to 40% of TBI patients exhibit ocular dysfunc-
tion such as impaired near point convergence, poor accommodation, and difficulties
with oculomotor tracking [43, 44]. These vision problems often complicate return
to school due to increased straining with computer use and reading [45]. The impair-
ment of their function rises from shearing forces that injure the fiber tracts that
connect the frontal cortex with the cerebellum. This can cause difficulty with coor-
dination of eye traction on a fixed point, which can worsen with increased mental
tasks [46].

Vestibular/Ocular Motor Screening

Vestibular/ocular motor screening (VOMS) has become a well-accepted method of
evaluating a concussion patient’s vestibulo-ocular system. The assessment includes
five areas: (1) smooth pursuits, (2) horizontal and vertical saccades, (3) near point
of convergence, (4) horizontal vestibulo-ocular reflex (VOR), and (5) visual motion
sensitivity (VMS). A cross-sectional study of the VOMS assessment tool reflected
good internal consistency and proved to be a reliable method of identifying patients
with a concussion [47]. See Fig. 4.1 for a demonstration of VOMS testing.

Fig. 4.1 Vestibular/ocular motor screening (VOMS) testing
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Fig. 4.1 (continued)
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Test

Headache

Dizziness

Nausea

Fogginess

How to perform test

Baseline symptoms
(0-10)

Record baseline score for
each symptom

Smooth pursuits

Tests ability to follow a
slow-moving target.
Examiner holds fingertip at
3 ft. from patient. Patient
focuses on target as it
moves slowly 1.5 ft. to the
right of midline and then
1.5 ft. to the left of midline.
2 repetitions. Then same
test done vertically

Saccades —
horizontal

Tests ability to move
quickly between targets.
Examiner holds two fingers
horizontally at 3 ft. from
patient. One finger is 1.5 ft.
to the left and the other is
1.5 ft. to the right. Patient
gazes quickly left and right
10 times

Saccades — vertical

Repeated vertically

Near point
convergence (NPC)
in cm:

Measure 1
Measure 2
Measure 3

Ability to view a near target
without having double
vision.

The patient focuses on a
small object (14 pt. font) at
arm’s length and slowly
brings it toward the tip of
their nose. Patient should
stop when object doubles or
examiner observes outward
deviation of one eye.
Measure that point to tip of
nose. Repeat 3 times.
Abnormal is >6 cm from tip
of nose

Vestibulo-ocular
reflex
(VOR) - horizontal

Ability to stabilize vision as
the head moves

Patient is asked to rotate
their head horizontally 20°
each direction while
maintaining focus on an
object. Speed should be
~180 beats/min. (one beat
each direction); metronome
can be used. 10 repetitions

(continued)
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Test Headache | Dizziness | Nausea | Fogginess | How to perform test
Visual motion Test ability to inhibit
sensitivity vestibular-induced eye

movements using vision.
Patient stands with arm
outstretched and focuses on
their thumb. Patient rotates
as a unit (head, eyes, and
trunk) 80° to the right and
then left. Speed should be
~50 beats/min. (one beat
each direction). 5 repetitions
are performed

A smooth pursuits, horizontal; B smooth pursuits, vertical; C saccades, horizontal;
D saccades, vertical; E near point convergence; F vestibulo-ocular reflex (VOR),
horizontal; G visual motion sensitivity. Photographs by Carrie Jaworski
Provocation of symptoms is rated on a scale from 0 (no symptoms) to 10 (severe)
and compared to baseline for each of the tests

Either abnormal findings/eye movements and/or increased symptoms should
warrant further investigation

Saccades and Smooth Pursuits

Both saccades and smooth pursuit testing has demonstrated high sensitivity and
specificity in helping to determine prognosis in recovering from concussions [48].
Abnormal extraocular tests has been associated with worse outcomes and have been
more predictive for the development of PCS than neuropsychological testing, arm
motor function, or patient self-report of symptoms [48]. Furthermore, patients diag-
nosed with PCS had worse visual tracking when compared with controls [48, 49].
The objective findings with saccades and smooth pursuit may also help to determine
if there is true pathology from possible malingering [49].

Nystagmus

Nystagmus is a common finding in children who have sustained head trauma. Up to
46% of children may have spontaneous and/or positional nystagmus after head
trauma, and 20% will continue to demonstrate abnormal findings for 6-12 months
after injury [50]. Vertical or asymmetric nystagmus after a head injury may signify
a more pathologic issue such as a brainstem lesion and should, therefore, prompt
emergent imaging and/or referral [51].
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Accommodation and Convergence

Normal near point of convergence ranges from 6 to 10 cm. Individuals who have
sustained a concussion often develop spasm or dysfunction of the ocular muscles
responsible for near point convergence [52]. This can lead a concussed patient to
have double vision when focusing on an object that is greater than 610 cm away.
Convergence insufficiency has been known to affect reading speed and comprehen-
sion [53]. This is especially problematic for adolescents and can delay their readi-
ness for return to the classroom. Isolated convergence insufficiency has been shown
to be responsible for visual symptoms in 9% of individuals who have sustained a
TBI [54]. One study showed that 69% of adolescents with a concussion had one or
more vision abnormalities: 51% had accommodative disorders, 49% had conver-
gence insufficiency, and 29% had saccadic dysfunction [55].

King-Devick

The King-Devick test is a test that has been utilized more recently to track eye
movements and is advertised heavily since it can be administered by a lay person
such as a teacher or parent at a very low to no cost [56]. It is currently in the early
stages of research regarding its effectiveness, and further research is needed before
it can be considered a standard exam component [57, 58].

Fundoscopy

Fundoscopy has long been used as a tool to assess for papilledema due to increased
intracranial pressure after head trauma. However, it is fairly low yield in the setting
of concussions since papilledema occurs in only 3.5% of severe head trauma cases
[59]. It is also very operator-dependent and relies on the experience of the physician
to accurately identify signs of papilledema [60, 61]. Nonetheless, clinicians should
use their best judgment in terms of utilization of this test.

Question: How useful is balance testing in a concussion
evaluation?

Concussions are associated with abnormalities in balance and equilibrium both in
static and dynamic testing [38, 62]. The Balance Error Scoring System (BESS) is
frequently used in assessing athletes who have sustained concussions [63], but,
despite this, there are several noted drawbacks including length of time of testing
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which can take 5—7 minutes, low sensitivity [64], limited reliability between multi-
ple tests [65], and high false-positive rates [66]. Additionally, sensitivity for diag-
nosing concussion drops days following concussions as balance is said to normalize
over the first 3-5 days [67].

The Romberg test, though frequently administered in clinical office settings, also
has low yield for assessing vestibular dysfunction [68]. On the other hand, tandem
gait and coordination tests, such as finger to nose tests, have been found to have
good reliability when used in the assessment of concussions [69]. Additional tests
typically used in the assessment of balance in the elderly such as the Timed Up and
Go, Gait Speed, Functional Gait Analysis, and Five Time Sit to Stand show promise
in evaluating balance in the adolescent with a sports-related concussion, but are not
yet considered standard of care [70].

Question: What additional neurologic evaluation
should be considered in concussion testing?

There is not enough evidence to state whether manual muscle testing (MMT) or
deep tendon reflexes (DTR) are affected by concussion. However, the rationale for
testing muscle strength, DTRs, and the remainder of the neurologic examination is
to exclude more serious pathology. Focal muscle weakness with absent or hypoac-
tive reflexes may indicate a brainstem or cerebellar lesion [71]. On the other hand,
findings such as hyperreflexia, finger rolling, pronator drift, Hoffman’s sign, and a
Babinski sign can signify an upper neuron injury of the cerebral cortex [71].

Key Points

* Orthostatic vital signs can be useful in evaluating patients who present
with dizziness as a way to distinguish between autonomic dysregulation
related to entities outside of, or in addition to, the concussion diagnosis.

 Utilizing fairly well-studied standardized tests such as the SAC or SCAT 5
can provide objective data how a concussion is impacting a patient’s cogni-
tion, memory, and concentration.

e Cranial nerve injury can occur in conjunction with head injuries, and,
therefore, a thorough cranial nerve examination should be included in the
evaluation of a concussion.

It is important to evaluate the cervical spine as a part of a concussion exam
as these symptoms commonly mimic those seen in concussions and can
lead to prolonged symptoms if not identified and treated.

e The vestibular/ocular motor screening (VOMS) evaluation utilizes tests
such as smooth pursuits, saccades, and near point convergence to assess for
irregular eye movements as well as complaints of headache, dizziness,
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nausea, and fogginess. Abnormal exam findings can help identify those
who may benefit from early vestibular-ocular rehabilitation.

* The Balance Error Score System (BESS) is most commonly used when

assessing balance, but tandem gait and coordination tests may provide
more insight into abnormalities with balance based on the literature.

* Neurologic assessment with manual muscle testing and deep tendon

reflexes does not have sufficient evidence to help support the diagnosis of
concussion but can be helpful in ruling out other neurologic injuries.
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Chapter 5
Diagnostic Tests for Concussion

Alan Shahtaji, Samuel Galloway, and Laura Murphy

Clinical Case

A 17-year-old female is brought into your outpatient primary care clinic after being
elbowed in the head last night while challenging for a header in her soccer match.
Her parents want to know what the best diagnostic test to confirm a concussion
would be.

There is no single best diagnostic test to confirm a concussion. Rather, the diag-
nosis of acute concussion requires a multifaceted approach that takes into account
the history surrounding the injury, signs, and symptoms at that time as well as cur-
rent signs and symptoms upon evaluation in clinic. The exams described below are
part of this initial evaluation and can be implemented in the clinic to help aid the
primary care physician in making a diagnosis of concussion.

Table 5.1 summarizes the diagnostic utility of the tests discussed in this chapter.
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Table 5.1 Diagnostic concussion testing summary

A. Shahtaji et al.

Diagnostic | Sensitivity | Specificity

tests % (Sn) % (Sp) Pros Cons «Notes

PCSS 47.4-72.2 | 78.6-91.7 | Can track recovery; | Subjective Use within

[3] [3] may predict report 3-5 days
prolonged recovery post-injury [3]
[14, 15]

SAC 80-94 [4] |76-91 [4] | Low cost; no Limited in Can be done on
additional materials | RTP sideline
needed decision-

making [4, 5]

BESS/ 16-60/71 | 91-93/65 | Sp consistent up to Sn decreases

mBESS [8-10] [8-10] 7 days post-injury past 1-2 days
[8-10] post-injury;

both lack
objectivity
[8-10]
SCAT3x 75.8-76.2 | 100 [11] Good for initial Limited in x«Data not
[11] diagnosis of tracking available for
concussion in first recovery and | SCATS at time of
3-5 days post-injury | RTP publication
MACE#* 10.7-40.4 | 80-96 [2] Limited use | *Scores 24 or
2] >12-24 hours | less
post-injury
[2]
VOMS ~60-95 - High internal Not validated | *Score > 2
[18] consistency; for sideline | Combining
relatively low use multiple
false-positive rate measures
increases
accuracy

K-D test 86 [22] 90 [22] High Sn/Sp for Requires Does not
sideline use baseline test; | measure NPC,

fee to use accommodation

Eye tracking | 57 [18] 96 [18] Does not require Expensive
baseline test; good technology
test-retest reliability

Force plate/ | 64 [32] 90 [32] Objective; eliminates | Expensive,

BTrackS inter-observer requires
variability high