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Abstract: Concussion, a type of mild traumatic brain injury, is a common
injury encountered by providers caring for pediatric patients in the emer-
gency department (ED) setting. Our understanding of the pathophysiologic
basis for symptom and recovery trajectories for pediatric concussion con-
tinues to rapidly evolve. As this understanding changes, so do recommen-
dations for optimal management of concussed youth. As more and more
children present to EDs across the country for concussion, it is imperative
that providers caring for children in these settings remain up-to-date with
diagnostic recommendations and management techniques. This article will
review the definition, epidemiology, pathophysiology, diagnosis, and man-
agement of pediatric concussion in the ED setting.
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TARGET AUDIENCE
This continuing medical education activity is intended for

physicians, advanced practice providers, and emergency medical
service providers who care for pediatric patients with concussion.

LEARNING OBJECTIVES
After completion of this article, the reader should be better

able to:

1. Describe the pathophysiologic basis for concussion, including the
metabolic mismatch, visiovestibular dysfunction, exercise intoler-
ance, and autonomic dysfunction that can occur after injury.

2. Explain how to perform a concussion-specific history and
physical examination, and articulate their utility in concussion
diagnosis, prognosis, and return to activity recommendations.

3. Identify populations at highest risk for prolonged recovery
from pediatric concussion and indications for referral to con-
cussion specialists.

4. Design a rest and graduated return-to-activity strategy that is individu-
alized to a concussed child or adolescent.
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C oncussion, a type of mild traumatic brain injury, is a common
injury encountered by providers caring for pediatric patients

across multiple settings, including the emergency department
(ED). Our understanding of the pathophysiologic basis for symp-
tom and recovery trajectories for pediatric concussion continues to
evolve rapidly. As this understanding changes, so do recommen-
dations for optimal management of concussed youth. More and
more children are presenting to EDs across the country for con-
cussion, making it imperative that providers caring for children in
these settings remain up-to-date on diagnostic recommendations
and management techniques. This article will review the definition,
epidemiology, pathophysiology, diagnosis, and management of pe-
diatric concussion in the ED setting.
DEFINITION AND EPIDEMIOLOGY
Although there are severalworking definitions of concussion

from various expert groups, the most widely accepted definition
comes from the International Concussion in Sport Group, which
had met every 4 years since 2000 to revise a consensus statement
(the most recent meeting, scheduled for the calendar year 2020,
was postponed until 2022 because of the coronavirus pandemic).
The latest revision occurred in 2016, and defines a concussion
as “a traumatic brain injury induced by biomechanical forces,”
which may include 1 or more the following features: “(1) An in-
jury resulting from either a direct blow to the head, face, or neck,
or other part of the bodywith an impulsive force transmitted to the
head; (2) the development of short-lived impairment in neurologic
function that resolves spontaneously, although symptoms and
signs may evolve over a number of minutes to hours; (3) neuro-
pathological changes, although the acute symptoms largely reflect
a functional disturbance rather than a structural injury, and, as
such, no abnormality is seen on standard neuroimaging studies;
and (4) a range of clinical signs and symptoms that may or may
not involve loss of consciousness and typically follows a sequen-
tial course, however, in some cases may be prolonged.”1 Although
this definition comes from the Concussion in Sport Group, it is
important to note that concussions can occur from multiple mech-
anisms. The majority (approximately two thirds) of pediatric con-
cussions evaluated in the ED are sustained through sport2,3;
however, other mechanisms of injury, such as falls, road traffic in-
juries, and assaults, are important contributors to overall injury
prevalence. As noted in Special Populations section, youth who
sustain non–sport-related concussion may receive different care
and have different recovery trajectories compared with those
who sustain their injuries from sport, and thus warrant special
consideration.2–4

Given concerns for under-reporting, the true incidence of pe-
diatric concussion is unknown, although estimates from studies
using national databases suggest between 1.1 million and 1.9 mil-
lion sport-related concussions occur each year in children.5 The
incidence of diagnosed concussion rose rapidly in the first decade
of the 21st century,6,7 likely due to a combination of expanded
awareness, state laws mandating children be cleared by a health
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FIGURE 1. Biochemical cascade following concussion (adapted from Corwin DJ, Grady MF, Joffe MD, Zonfrillo MR. Pediatric Mild Traumatic
Brain Injury in the Acute Setting. Pediatr Emerg Care. 2017; 33(9):643–649).
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professional before resumption of organized sports activity,8,9 and
a possible increase in true incidence. Of EDvisits for mild traumatic
brain injury in patients of all ages, the highest reported rates occur
in patients' aged 12 to 17 years.10 Large observational studies have
found more boys (approximately 60%) present to EDs for concus-
sion in the pediatric population when compared with girls.11,12
PATHOPHYSIOLOGY
Several key physiologic changes underlie the clinical mani-

festations of pediatric concussion. A well-defined metabolic cas-
cade that occurs after a concussion has been well-characterized
in both basic science and animal models (see Fig. 1). Rather than
due to directly applied forces from trauma, angular acceleration
forces result in rotational deformity, leading to mechanical
damage to neurons.13 This is followed by widespread excit-
atory neurotransmitter release and temporary neuronal dys-
function, requiring increased intracellular energy utilization
to restore intracellular balance.14,15 Despite this increased energy
demand, both pediatric and adult studies have shown cerebral
blood flow is altered after injury, leading to an energy supply
and demand mismatch.16,17 As a result of injury, both vision
and vestibular systems are also impacted after a concussion. The
physiologic basis of vision and vestibular dysfunction is likely
multifactorial, with contributions from both central (including
TABLE 1. Signs and Symptoms of Concussion

Physical Symptoms Cognitive Symptoms

Headache Difficulty concentrating
Nausea Difficulty remembering
Light sensitivity Feeling foggy
Noise sensitivity Feeling slowed down
Balance problems
Dizziness
Vision problems
Clumsiness
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the basal ganglia, cerebellum, thalamus, and cerebral context)
and peripheral disruptions.18,19 Finally, in addition to peripheral
nervous system abnormalities contributing to vestibular dysfunc-
tion, autonomic nervous system dysfunction, with dysregulation
of the cardiovascular system, appears to play a role in both acute
and subacute physiology postinjury.20–22 Autonomic dysfunction
has been hypothesized to underlie several clinical manifestations
of concussion, including exercise intolerance.23 Understanding
these various physiologic disturbances after concussion is impor-
tant for clinicians, as they form the basis for acute concussion
evaluation and management recommendations.

ACUTE HISTORY: SIGNS AND SYMPTOMS OF
CONCUSSION

Concussion symptoms can be grouped into 4 domains: phys-
ical, cognitive, sleep, and emotional (see Table 1).1,24,25 Physical
symptoms can be further classified into somatic (headache, nau-
sea, photophobia, phonophobia) and vestibular (visual problems,
dizziness, balance problems, and clumsiness) categories.26 Cogni-
tive symptoms include difficulty concentrating, difficulty remem-
bering, and feeling mentally slow and foggy. Sleep symptoms
include difficulty falling asleep, difficulty staying asleep, and
drowsiness. Emotional symptoms include emotional lability, irri-
tability, depression, and anxiety. As more is understood regarding
Emotional Symptoms Sleep Symptoms

Irritability Sleeping more than normal
Anxiety Sleeping less than normal

Depression Difficulty falling asleep
Emotional lability Drowsiness
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the pathophysiology of pediatric concussion, distinct phenotypes
based on these symptom categories have emerged,27–29 although
any combination of symptoms can be present in any concussed
child or adolescent. It is additionally important to note that these
symptoms can evolve as recovery progresses, with physical symp-
toms seeming to present earlier than cognitive, sleep, or emotional
symptoms.24,25 Consensus recommendations for the management
of pediatric concussion, including from the American Academy of
Pediatrics (AAP) Council on Sports Medicine and Fitness and the
Centers for Disease Control and Prevention (CDC), recommend
assessing concussion symptoms in a standardizedmanner.30,31 Al-
though multiple symptom-based tools are available,32 regardless of
the tool used, systematic evaluation of symptoms has the potential
to improve diagnostic accuracy and avoid diagnostic delays.33

In addition, during history-taking, it is important to assess
comorbidities that may impact concussion recovery. Several pop-
ulations have been shown to be at risk for prolonged recovery,
including those with multiple prior concussions or previous con-
cussions associated with a prolonged recovery, girls, teenagers,
thosewith underlying mood disorders, thosewith learning disabil-
ities, and those with a history of somatization (see Special Popula-
tions below).34,35 A social history should ascertain the patient's
current status in school, given the impact of concussion on school
reentry.36 Knowledge of the cognitive demand that will be re-
quired of the patient during recovery can be particularly helpful
in tailoring anticipatory guidance. This is even more salient given
the shift during the coronavirus pandemic to virtual school, lead-
ing a diversity of not only cognitive demands but also eye track-
ing, screen usage, and visual demands among children and
adolescents.
PHYSICAL EXAMINATION
In addition to a standard neurologic examination, there are

specialized physical examination maneuvers to evaluate for visual
and vestibular dysfunction, common abnormalities which, when
identified, can be useful both diagnostically and prognostically.
Consensus statements recommend assessment of visiovestibular
function as part of standard concussion assessment.1,30,31 Several
visiovestibular batteries have been developed, building on the
Vestibular/Oculomotor Screening (VOMS) assessment.18 One
version of vestibular testing, the VisioVestibular Examination
for Concussion (VVE), is described in Table 2 and Figure 2, and
includes 9 test elements: (1) smooth pursuit, (2) horizontal and
(3) vertical saccades; (4) horizontal and (5) vertical gaze stability
(the angular vestibuloocular reflex), (6) near-point of conver-
gence, (7) right and (8) left monocular accommodation; and (9)
complex tandem gait.37–39 The VVE has been standardized across
providers in primary care, emergency medicine, and sports medi-
cine at a large, tertiary-care pediatric institution, and has been
shown to be reliable in multiple practice settings.2,38,40 It takes ap-
proximately 3 to 5 minutes to complete, and can be performed in
children as young as 6 years.38 There are multiple benefits to per-
forming visiovestibular testing in the acute setting. The testing is
highly diagnostic, as previous work has found that each abnormal
element of the 9 subtests of the VVE increases likelihood of a
concussion diagnosis by 2.1 times,38e and that 10% of youth
concussions will report minimal symptoms, but exhibit VVE ab-
normalities on physical examination.2 The VOMS assessment
was found to have an area under the receiver operating character-
istic curve of 0.89 in distinguishing concussed youth from
healthy controls.18 Visiovestibular testing can help improve
timeliness of diagnosis, as studies have found those children
with more immediate diagnoses in the ED are more likely to
have had visiovestibular testing performed as part of their ED
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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care.33 In addition to its diagnostic value, this specialized exam-
ination also has significant prognostic value. Each individual ab-
normal element of the VVE correlates with prolonged recovery
times,41 as do individual elements of the VOMS42 and other ves-
tibular testing maneuvers.19 Finally, vestibular testing has func-
tional implications, as the maneuvers performed mimic the eye
tracking and vision demands of children in the school and sports
setting. Visiovestibular deficits can impact school reentry, and
recognizing these deficits allows the provider to anticipate poten-
tial areas of difficulty in the school-aged population. This is im-
portant for the acute care provider; as we note in Management,
given recommendations for early return to light activity, it is pos-
sible that some children seen in the ED return to some school ac-
tivity before a follow-up outpatient appointment occurs.

NEUROIMAGING AND LABORATORY TESTING
The mainstay of diagnosis for concussion remains history

and physical examination maneuvers (including visiovestibular
testing), and generally should not require neuroimaging. Consen-
sus statements from the AAP, CDC, and International Concussion
in Sport Group agree that standard imaging available in the ED
setting, via either computed tomography (CT) scan or magnetic
resonance imaging (MRI) of the head, does not currently contrib-
ute to the diagnosis of concussion.1,30,31 When the clinician has
suspicion for a gross structural intracranial process (such as hemor-
rhage), there exist multiple decision models to assist decision-making
with regard to neuroimaging, with the largest and most widely uti-
lized published by Kuppermann et al43 in 2009 from the Pediatric
Emergency Care Applied Research Network.

Beyond CT and MRI, several additional research imaging
modalities have shown to be potentially discriminatory for con-
cussion. Functional MRI (fMRI) and diffusion tensor imaging
have shown alterations following concussion, with some findings
persisting beyond the timepoint of symptom resolution.44–46 As
the equipment, personnel requirements, and space requirements
to perform fMRI testing make it less practical clinically, another
modality, functional near-infrared spectroscopy, has emerged as
a more portable tool that correlates with fMRI deficits, and has
been shown to demonstrate postinjury functional alterations.47,48

Although currently, the use of these advanced imaging modalities
is beyond the scope of the acute care provider's practice, over time
they may play a larger role in acute diagnosis and prognostication.

Although standard laboratory testing also plays little role in
the acute management of pediatric concussion currently, it is im-
portant to note that several blood-based biomarkers have shown
promise in both diagnosing concussion and predicting prolonged
recoveries. Although a full review of these biomarkers is outside
the scope of this article, in the near future, these may play a role
in clinical care. These blood-based biomarkers include enzymes
such as ubiquitin c-terminal hydrolase-L1,49 axonal proteins such
as neurofilament light,50 microtubule-associated proteins such as
tau,51 markers of neuronal injury including calpain-derived
spectrin n-terminal fragment,52 and astroglial markers such as
glial fibrillary acidic protein.49,53 Several comprehensive system-
atic reviews describing these biomarkers in more detail have re-
cently been published.54,55

NEUROCOGNITIVE TESTING
Many computerized neurocognitive testing batteries are

available for children, obtained with either baseline testing before
a sport season or with assessment following a head injury. These
are attractive, as they can be completed in a relatively short period
of time and provide some objective data beyond symptom self-
report. The utility of neurocognitive testing acutely, however, is
www.pec-online.com 373

Health, Inc. All rights reserved.

http://www.pec-online.com


TABLE 2. Individual Elements of the VVE for Concussion

Examination Element How to Perform Element Abnormal Findings

Smooth pursuit Examiner's finger moving horizontally, slowly from
side to side stopping centrally

5 repetitions
Examiner can increase speed to assess symptom
provocation with “catch up saccades”

Signs: Right and left eye are not able to move together
and stay on the target, jerky/jumpy eye movements
(catch up saccades) while tracking slow target,
>1 beat of nystagmus at center of visual field

Symptom provocation: headache, dizziness, nausea
eye fatigue, or eye pain

Fast saccades Examiner's fingers shoulder-width apart (horizontal)
and forehead-chin distance (vertical), patient looks back
and forth between targets. 20 repetitions

Signs: inability to coordinate right and left eye to go
from target to target, eyes slow because of fatigue
with increasing repetitions

Symptom provocation: headache, dizziness,
eye fatigue, or eye pain

Gaze stability (angular
vestibuloocular reflex)

Patient fixes gaze on examiner's thumb while
nodding shaking head no side-to-side (horizontal)
and then nodding head yes (vertical)

20 repetitions

Signs: Unable to keep eyes fixed on target with
head turning

Symptom provocation: headache, dizziness,
eye fatigue, or eye pain

Near-point convergence Patient holds standardized 20/30 card with vertical
letters at arm's length, brings toward face until
becomes double

Letters become double at >6 cm forehead

Monocular accommodation Patient holds same standardized card at arm's length with
1 eye covered, brings toward face until becomes blurry

Repeat with contralateral eye covered

Rule of thumb:
• For children aged 12 y and younger: ≥10 cm
• For children aged 13 y and older: ≥12 cm

Complex tandem gait Tandem heel-toe walk
• Forward eyes open
• Forward eyes closed
• Backward eyes open
• Backward eyes closed
For 5 steps each

Steps off straight line, raises arms for stability
or widens gait, extreme truncal swaying
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uncertain. Prior studies have shown that such testing is feasible in
an ED setting,56 and although some studies have shown pediatric
concussion patients perform worse on computerized neurocogni-
tive testing when compared with nonconcussed subjects,57 others
have found that scores on neurocognitive testing obtained in the
ED are not associated with recovery time.58 In addition, many
acutely concussed children are too symptomatic to complete
neurocognitive testing while in the ED. Finally, there can be sev-
eral factors impacting performance on neurocognitive testing
(such as distractions or prior nights' sleep) beyond acute injury.59

Taken together, these data suggest the most helpful use of neuro-
cognitive testing in the management of concussion is likely in
documenting score trends over the duration of recovery, rather
than assessment at a single point-in-time in the ED.

MANAGEMENT: REST AND GRADUATED RETURN
TO ACTIVITY

After confirming the diagnosis, the most important job of the
ED provider caring for a concussed child or adolescent is to pro-
vide thorough and individualized anticipatory guidance. As noted
in Follow-up and Referral, whereas primary care pediatricians and
concussion specialists should play an active role in rest and grad-
uated return to activity recommendations, multiple studies have
shown that, for many children who are seen in EDs for concus-
sion, the ED provider is their only contact with a medical pro-
vider.60,61 In discussing rest and return-to-activity guidance,
providers should keep in mind the pathophysiologic changes that
can lead to the exacerbation of the clinical symptoms in concus-
sion, including alterations in cerebral blood flow, metabolic mis-
match, and impairment of visiovestibular function.

Based on consensus statements and expert opinion, including
from the AAP, CDC, and the Concussion in Sport Group,1,30,31 the
374 www.pec-online.com
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standard of care for treatment of pediatric concussion begins with
cognitive and physical rest. Although the optimal duration of rest
after concussion remains unclear, current recommendations in-
clude a brief period of 24 to 48 hours of relative rest to allow
symptoms to decrease, followed by graduated return to activity
while avoiding activities that lead to significant symptom provo-
cation or with risk of repeat head injury.1 Historically, physical
and cognitive rest were the sole treatment modality, oftentimes
prescribed until symptoms completely resolved. More recently,
several studies have demonstrated the potential harm of prolonged
rest. Specifically, Thomas et al,62 in a randomized controlled trial
evaluating a group a adolescents and young adults, found that
those prescribed 5 days of strict rest had an increased number
and a slower resolution of symptoms compared with those pre-
scribed 1 to 2 days of rest followed by graduated return-to-
activity. Similarly, Buckley et al63 randomized 50 college-aged
athletes to either strict rest for 48 hours or usual care, finding lon-
ger recovery times in the strict rest group. Behind symptom exac-
erbation, there are psychological consequences of prolonged rest
prescriptions. DiFazio et al64 have described an “activity restric-
tion cascade,” where removing a child from validating life activi-
ties, paired with physical deconditioning, ultimately worsens
symptoms and prolongs recovery.

In addition to recommendations to avoid prolonged rest,
there is emerging evidence that early aerobic activity can improve
outcomes,46,65 including data from a randomized controlled trial
of adolescent athletes prescribed subthreshold exercise protocols
within the first week of injury.66 Physiologically, given the alter-
ations in cerebral blood flow and autonomic dysfunction that
can accompany pediatric concussion, there is a strong evidence
base to support prescribed aerobic activity as a treatment for pedi-
atric concussion. Although structured exercise protocols may be
out of the scope of practice for an ED provider, a recommendation
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. Demonstration of saccadic and gaze stability (angular vestibuloocular reflex) testing in the visiovestibular examination concussion
(A) To test horizontal saccades, 2 fixed objects (usually the examiner's fingers) are placed shoulder-width apart (horizontal) or
forehead-sternal notch distance (vertical), and the patient is asked to look rapidly between them for 20 repetitions. B, To test gaze stability
(vestibuloocular reflex), the patient fixes their gaze on a fixed object (often the examiner's thumb)while shaking their headno (horizontal) or
nodding their head yes (vertical) for 20 repetitions (adapted with permission, Plant G, Splaton D. Chapter 19: Neuro-ophthalmology. In:
Spalton D, Hitchings R, Hunter P. Atlas of Clinical Ophthalmology, 3rd Edition. Elsevier Limited. Oxford, Great Britain. 2005).
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of light activity that does not provoke severe symptom exacerba-
tion is certainly appropriate given current evidence.

Although prolonged rest can be harmful, and early, sub-
threshold aerobic activity can speed recovery, it is important to
note that too much activity too soon may also cause severe symp-
tom exacerbation and prolong the recovery process, and providers
should be cautious in recommending early return to full activity.
First, immediate removal from athletic competition, for those
who sustain sport- or recreation-related concussion, is critical, as
multiple studies have found continued play following injury
lengthens recovery.67,68 In the acute recovery phase, Brown et al69

demonstrated that following injury, those in the highest quartile of
cognitive activity had a more prolonged recovery (without differ-
ences in recovery for those in the lowest, second, and third quar-
tiles), and Silverberg et al70 showed sharp increases in mental
activity lead to an increased risk of symptom spikes (although
the symptom spikes themselves were not associated with pro-
longed recovery). Finally, providers should caution concussed
youth that early reentry into high-risk activities that carry the risk
of additional head trauma. A second injury, while recovering from
the primary injury, can lengthen recovery time, as has been dem-
onstrated in basic science models, animal models, and observa-
tional human studies.71–74

Given the multiple physical, cognitive, and psychosocial
benefits of being present in the school setting, the acute care
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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provider should also discuss “return-to-learn” recommendations,
as school reentry is a critical component of pediatric concussion
guidance. Considering the pathophysiology of visiovestibular def-
icits following concussion, and the eye tracking demands required
in the classroom (including reading, taking notes, and viewing vi-
sual targets close-up), children may require accommodations
(such as decreasing reading requirements, providing preprinted
class notes, and larger size font texts) to aid return to the school
setting. Several return-to-learn guidelines exist for providers to re-
fer to, but it is important to keep in mind that recommendations
should be tailored to the individual patient, based on their symp-
toms and physical signs.30,31
MEDICATIONS
In the acute setting, analgesics can potentially provide

short-term symptomatic relief, and there is some evidence that pa-
tients with features of posttraumatic migraine may benefit from
standard ED migraine management (including intravenous ther-
apy with nonsteroidal anti-inflammatory drugs and antiemetics).75

However, over-the-counter analgesics are not helpful during re-
covery after discharge from the ED. Specifically, prolonged use
of nonsteroidal anti-inflammatory drugs or acetaminophen has
the potential to place adolescents at risk for medication overuse
headaches following concussion with as little as twice per week
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use for 2 weeks.76 Other medications may be used by concussion
specialists to manage symptoms, which include amitriptyline to
manage persistent posttraumatic headaches,77 melatonin to man-
age postinjury sleep disturbances,78 and amantadine as a potential
treatment for prolonged postconcussion cognitive symptoms,79 al-
though these are unlikely to be prescribed from the ED setting.
SPECIAL POPULATIONS
Numerous studies have shown that certain populations are at

risk for a prolonged recovery from concussion, and therefore may
benefit from closer follow-up. In addition, results of standardized
concussion batteries may differ among these groups, impacting in-
terpretation of results by the acute care provider.

Age
Compared with college-aged athletes and adults, multiple

studies have shown children and adolescents have longer recovery
times.80,81 Comparedwith their younger counterparts, adolescents
in particular seem to be at-risk for longer recovery durations.12,24

Beyond recovery differences, there are other age-related differences
to consider in concussion management. Among both concussed
and nonconcussed subjects, adolescents and older children aremore
likely to demonstrate symptom provocation with visiovestibular
testing compared with younger children.26,82 In addition, adoles-
cents without concussion seem to be more prone to report
concussion-like symptoms compared with their younger counter-
parts.83 Finally, when discussing return-to-activity recommenda-
tions, the provider should keep in mind that older teenagers will
experience a greater cognitive burden upon return to school com-
pared with younger children.

Sex
Multiple observational studies have shown female children

and adolescents may have prolonged recovery times when
compared with boys.24,35 Studies of nonconcussed adolescents
have found girls report more concussion-like symptoms when
compared with their male peers,84 and also take longer to re-
turn to their baseline following injury.85 As with age, there
are also differences between sexes on visiovestibular testing,
with both concussed and nonconcussed girls demonstrating
more abnormalities on visiovestibular testing compared with
boys.82,86,87 Interestingly, although biological differences may
drive some of these observed clinical findings, the disparities
may also be the result of modifiable factors. In a population of
children and adolescents aged 7 to 18 years, Desai et al86 found
that, although female subjects generally took longer to recover
than male subjects, the differenced disappeared when controlling
for time from injury to first specialist visit. In the college-aged
population, 2 large-scale studies among athletes have shown no
difference in overall time to return to play despite the fact that girls
reported greater postinjury symptom burden and took longer than
boys to return to academics.88,89

Prior Concussions
Many studies have shown that a history of prior concussions

is a risk factor for a prolonged recovery.35,36,90 In addition, a pre-
vious concussion associated with prolonged recovery is an inde-
pendent risk factor for a longer duration of symptoms from the
current concussion.12 These differences extend to neurocogni-
tive testing as well, as those with a prior history of at least 1 con-
cussion perform worse when recovering from a second injury
compared with those who have never suffered a prior concus-
sion.91 As noted in the Management, a second injury while
376 www.pec-online.com
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recovering from an initial injury has the potential to lead to a
more extended recovery time.74

Comorbidities: Mood Disorders, Somatization
Disorders, and Learning Disabilities

Patients with underlying mood disorders (both anxiety and
depression), somatization disorders, and learning disabilities are
all at risk for prolonged recovery time.34,36,92 In addition, children
with concussion report significant mood-related symptoms and
can develop novel psychiatric diagnoses.93 Evidence regarding re-
covery time for children with attention-deficit hyperactivity disor-
der (ADHD) is less definitive, with some studies finding children
with ADHD experiencing prolonged recovery time, and others
not.34,94 Interestingly, ADHD may be a risk factor for sustaining
a concussion,95 as those with ADHD have been found to be over-
represented in cohort samples of concussed youth.96 In addition to
recovery time implications, children with these comorbidities may
be more likely to experience difficulty with school reentry, and
therefore warrant specialized guidance regarding return-to-learn
recommendations.

Non–Sport-Related Injury Mechanisms
As noted inDefinition and Epidemiology, approximately one

third of pediatric concussions are sustained by non–sport-related
mechanisms12,97; however, the vast majority of research in pediat-
ric concussions to date has focused on children who sustain their
injuries via sport and recreation. Emerging evidence has shown
that children who suffer concussions from motor vehicle colli-
sions are at higher risk for prolonged recovery times compared
with those who sustain their injuries from sport,3,4 and it is possi-
ble that children who sustain concussion from mechanisms such
as assault will experience additional psychosocial complications
that impact concussion recovery.98,99 Furthermore, children who
are injured from nonsport mechanisms are less likely to receive
concussion-specific care when being evaluated in EDs.2 Acute
care providers must pay special attention to these children to en-
sure that they are adequately screened for concussion, and receive
appropriate anticipatory guidance once diagnosed.

FOLLOW-UP AND REFERRAL
As described in Management, although initial return-to-

activity guidance can and should be provided by the acute care
provider, follow-up through recovery is a critical element of pedi-
atric concussion care. Consensus guidelines recommend that
follow-up primarily occur through the primary care provider30,31;
however, there is a role for referral to concussion specialists from
the acute setting, particularly for patients already experiencing
prolonged symptoms from their current injury. These specialists
can help coordinate educational resources and facilitate referral
to specialized physical therapists for rehabilitation. Emerging data
has shown that, of those children and adolescents who ultimately
seek care from concussion specialists, those who do so within the
first week after injury have significantly improved recovery
times,86,100,101 suggesting that in the future, there may be a role
for early, targeted referral of concussed youth to specialists from
the acute setting. The acute care provider should also be aware
of the specialized populations mentioned above, given their risk
of experiencing prolonged recovery. To assist with prognosis
and follow-up recommendations, a risk stratification tool has been
developed by the Pediatric Emergency Research Canada Concus-
sion Team. This clinical risk score, derived among a multicenter
Canadian ED population, includes points for adolescent age, fe-
male sex, prior concussion history, migraine history, answering
questions slowly, errors in balance testing, and reported symptoms
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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of headache, sensitivity to noise, and fatigue,12 and has subse-
quently been validated in a US population.102

CONCLUSIONS
Pediatric concussion is a common reason for presentation to

EDs and other acute care settings. It is imperative for acute care
providers to have an understanding of the epidemiology and path-
ophysiology of concussion, an awareness of specialized element
of the medical history and physical examination findings, a
knowledge of appropriate recommendations for initial relative rest
and graduated return-to-activity, and finally, an appreciation of
populations at risk for a prolonged recovery that require close
follow-up.
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