
Vol 60: june • juin 2014 | Canadian Family Physician • Le Médecin de famille canadien 523

Clinical Review

Abstract
Objective To provide family physicians with updated, practical, evidence-based information about mild head injury 
(MHI) and concussion in the pediatric population.

Sources of information MEDLINE (1950 to February 2013), the Cochrane Database of Systematic Reviews (2005 
to 2013), the Cochrane Central Register of Controlled Trials (2005 to 2013), and DARE (2005 to 2013) were searched 
using terms relevant to concussion and head trauma. Guidelines, position statements, articles, and original research 
relevant to MHI were selected.

Main message Trauma is the main cause of death in children older than 1 year of age, and within this group head trauma 
is the leading cause of disability and death. Nine percent of reported athletic injuries in high school students involve 
MHI. Family physicians need to take a focused history, perform physical and neurologic examinations, use standardized 
evaluation instruments (Glasgow Coma Scale; the Sport Concussion Assessment Tool, version 3; the child version of the 
Sport Concussion Assessment Tool; and the Balance Error Scoring System), instruct parents how to monitor their children, 
decide when caregivers are not an appropriately responsible resource, follow up with patients promptly, guide a safe 
return to play and to learning, and decide when neuropsychological testing for longer-term follow-up is required.

Conclusion A thorough history, physical and neurologic assessment, the use of validated tools to provide an 
objective framework, and periodic follow-up are the basis of family physician management of pediatric MHI.

 
Case
Jerry is a 13-year-old boy who hit his head against the cement while skate-
boarding with some friends. He was not wearing a helmet and he did not 
lose consciousness. He felt “dazed” but after resting for a few minutes he 
felt better and continued skateboarding with his friends. Soon after that, 
he developed a headache, which persisted after he returned home 20 
minutes later. During the next 3 hours he developed nausea, vomited once, 
and felt fatigued. His parents then brought him to your office for evaluation.

The spectrum of head trauma that family physicians see in their 
offices usually differs from that seen in the emergency depart-
ment. Although family doctors provide care in both settings, the 

objective of this review is to provide practical, current approaches 
and specific tools for family physicians to use in their office prac-
tices to facilitate evidence-based assessment and up-to-date man-
agement of mild head injury (MHI) in the pediatric population.

Head injury is common and ranges from concussion to severe head 
trauma. The management and evaluation vary according to the age 
of the patient. This article focuses on the school-aged and adolescent 
population. The understanding of and consensus about concussion is 
evolving but controversy about definitions persists,1-3 and the terms 
concussion, mild traumatic brain injury, mild head injury, minor head 
injury, and minor closed head injury are often used interchangeably. 
For the purpose of this article, the term mild head injury is used as the 
more general term. Although there are different definitions for MHI, 
they share similar characteristics (Table 1).3-5
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About one-third of all MHIs annually in the United 
States occur in the pediatric population (5 to 19 years 
of age).6,7 Trauma is the main cause of death in children 
older than 1 year of age, and head trauma is the leading 
cause of disability and death.8 In the high school popula-
tion, 9% of athletic injuries involve MHI.9

The mechanism of injury includes direct trauma 
to the face, head, or neck, or transmitted force from 
trauma to other parts of the body.1-3,6-11 The reaction to 
head trauma in the pediatric population differs from that 
in the adult population. Pathophysiologic changes after 
MHI are more pronounced in immature brains,12 and 
in children adverse effects are often detected through 
worsened academic performance due to impaired cog-
nitive function and behavioural problems.13,14 Compared 
with adults, pediatric brains have a higher brain water 
content, the relative size of the head is larger than the 
rest of the body, the vasculature is more easily disrupted, 
and the degree of myelination differs.15 Hence, epidural 
hematoma, subdural hematoma, and second-impact 
syndrome occur more frequently in children.

Most pediatric patients appear to recover promptly, 
and 80% to 90% of MHI cases resolve within 7 to 10 
days.1,6,16,17 In some children and adolescents recov-
ery can be more prolonged,18-20 with 24.5% of 13- to 
21-year-olds still having disabling symptoms 1 month 
after head trauma. In some cases recovery might take 
up to 3 months,2,21 and 5.9% of those affected remain 
symptomatic after 6 months.22 For some, symptoms of 
concussion can persist for up to 1 year.23-26

A key risk factor is a history of previous MHI,27,28 likely 
owing to lifestyle and risk-taking, and possibly because 
previous MHI might cause less responsiveness to physio-
logic neural activation.12,29 Other risk factors are younger 
age (children and adolescents),18-20 the mechanism and 

force of the injury, the sport that caused the injury (if the 
injury is due to a sport) and the position played on the 
field,1,30 and female sex.31

Sources of information
MEDLINE (1950 to February 2013) and the Cochrane 
Library, including the Cochrane Database of Systematic 
Reviews, the Cochrane Central Register of Controlled 
Trials, and DARE (2005 to 2013), were searched using 
terms relevant to concussion and head trauma. Guide-
lines, position statements, articles, and original research 
relevant to MHI were selected.

The current standards for the initial assessment of 
a patient with a concussion are based on international 
conference consensus statements and recommenda-
tions from medical academies (level III evidence). For 
the purpose of this manuscript we will use the clini-
cian level of obligation of recommendation used by the 
American Academy of Neurology (Table 2).3

Main message
Assessment and diagnosis. A comprehensive initial 
assessment should include symptoms (Table 3),1,32,33 
details of the mechanism of injury, the timeline of symp-
toms, and any factor that could affect its presentation or 
management (Box 1).1,32,34 Child abuse should be ruled 
out. Standardized tools (Table 4) should be used to 
assess physical symptoms and cognitive status1,2,10,33,35,36 
(level C), and physicians should be instructed in their 
proper use (level B). A recently developed tool is the 
Sport Concussion Assessment Tool, version 3 (SCAT3), 
which is based on consensus reached at the last Interna-
tional Conference on Concussion in Sport.32 A SCAT3 for 
specific use in 5- to 12-year-old children has also been 
developed (Table 4).

Table 1. Definitions of concussion or MHI
SOuRCE DEFInITIOn

Canadian Academy of 
Sport and Exercise 
Medicine, 2010

“A form of head injury characterized by any alteration in cerebral function and caused by a direct or indirect (rotation) 
force transmitted to the head. It results in one or more of the following acute signs or symptoms: a brief loss of 
consciousness, light-headedness, vertigo, cognitive and memory dysfunction, tinnitus, blurred vision, difficulty 
concentrating, amnesia, headache, nausea, vomiting, photophobia or a balance disturbance. Delayed signs and symptoms 
may also include sleep irregularities, fatigue, personality changes, and inability to perform usual daily activities, depression 
or lethargy”4

SCAT3, from the 4th 
International Conference 
on Concussion, 2012

A concussion is a disturbance in brain function caused by a direct or indirect force to the head. It results in various 
nonspecific signs and symptoms and most often does not involve loss of consciousness. Concussion should be suspected in 
the presence of any 1 or more of the following:

• symptoms (eg, headache), 
• physical signs (eg, unsteadiness),
• impaired brain function (eg, confusion), or
• abnormal behaviour (eg, change in personality)4,5

American Academy of 
Neurology, 2013

Concussion is a trauma-induced alteration in mental status that might or might not involve loss of consciousness. 
Confusion and amnesia are the hallmarks of concussion. The confusional episode and amnesia might occur immediately 
after the blow to the head or several minutes later. Close observation and assessment of the athlete over some period of 
time is necessary to determine whether evolving neuropathologic change associated with concussion will lead to a 
confusional state or to the development of memory dysfunction3

MHI—mild head injury, SCAT3—Sport Concussion Assessment Tool, version 3.
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A complete examination includes assessment of the 
head for signs of trauma, lacerations, abrasions, and skull 
irregularities that could suggest fractures (eg, depression, 
determination of skull discontinuity through lacerations). 
Signs of basilar skull fracture should be sought, including 
hemotympanum, drainage of fluid or blood from the nose 
or ears, Battle sign, or “raccoon eyes.”8

A complete neurologic examination should be per-
formed, although focal neurologic signs are frequently not 
found. Mental status evaluation in the office should start 
with a Glasgow Coma Scale (GCS) assessment. A bal-
ance test should be performed at the initial assessment.1 
The combination of these assessment tests increases the 
accuracy of the diagnosis.37 When cognitive symptoms 

persist, neuropsychological tests can be used and should 
be interpreted relative to the preaccident status.1,15

Investigations. Radiographs have low predictive value 
in patients with no loss of consciousness and no clinical 
signs of skull fracture. An important concern in the ini-
tial evaluation is the possibility of missing an intracra-
nial lesion in any child who has suffered an MHI.8,38,39 For 
that reason a computed tomography (CT) scan could be 
requested (level C), but controversy persists about the 
criteria for choosing one.

The Canadian CATCH (Canadian Assessment of 
Tomography for Childhood Head Injury) multicentre 
study enrolled 3866 patients (90.2% had GCS scores 

Table 2. Clinician level of obligation for recommendations from the American Academy of neurology: A modified 
Delphi approach was used to achieve consensus.
CATEGORy DEFInITIOn OR ExAMPLE

Modal modifiers used to 
indicate the final clinician 
level of obligation

• Level A “Must”
• Level B “Should”
• Level C “Might”
• Level U No recommendation supported

Initial rating of confidence in 
the evidence for each 
intervention outcome pair

• High Requires 2 or more class I studies
• Moderate Requires 1 class I study or 2 or more class II studies
• Low Requires 1 class II study or 2 or more class III studies
• Very low Requires only 1 class III study or 1 or more class IV studies

Classification of evidence for 
therapeutic intervention for 
risk of bias

• Class I • The study is a randomized clinical trial 
• All relevant baseline characteristics are presented and substantially equivalent between treatment groups or there is 
   appropriate statistical adjustment for differences 
• Outcomes measurement is objective or determined without knowledge of treatment status 
• The following also are required:

a. the primary outcomes are defined,
b. the inclusion criteria are defined,
c. there is accounting for dropouts and crossovers (with at least 80% of enrolled subjects completing the study), 

and
d. there is concealed allocation

• Class II • The study is a cohort study meeting criteria a-c above or is a randomized controlled trial that lacks 1 or 2 of 
   criteria a-d 
• All relevant baseline characteristics are presented and substantially equivalent among treatment groups, or there is 
   appropriate statistical adjustment for differences 
• There is masked or objective outcome assessment

• Class III • The study is a controlled study (including well-defined natural history controls or patients serving as their own 
   controls) 
• The study includes a description of main confounding differences between treatment groups that could affect 
   outcome 
• Outcome assessment is masked, objective, or performed by someone who is not a member of the treatment team

• Class IV • The study does not include patients with the disease 
• The study does not include patients receiving different interventions 
• The study uses undefined or unaccepted interventions or outcome measures 
• No measures of effectiveness or statistical precision are presented or calculable

Adapted from Giza et al.3
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of 15, 7.3% had GCS scores of 14, and 2.5% had GCS 
scores of 13). Their combination of 4 high-risk signs 
provided a sensitivity of 100% (95% CI 86.2% to 100.0%) 
and specificity of 70.2% (95% CI 68.6% to 71.6%) for the 
need for neurologic intervention. Adding the 3 medium-
risk signs resulted in a small decrease in sensitivity to 
98.1% (95% CI 94.6% to 99.4%) and a 20.1% decrease 
in specificity to 50.1% (95% CI 48.5% to 51.7%).38 Box 2 
and Table 5 present recommendations based on the 
CATCH study results to help family doctors working in 
the emergency department or community offices make 
the decision either to order or forego CT scans in differ-
ent groups of children.38

The much larger US PECARN (Pediatric Emergency 
Care Applied Research Network) multicentre study40 
used a similar approach and corroborated the CATCH 
findings. The PECARN prediction rules are provided in 
Figure 1.40 The PECARN rules have not yet been applied 
to the smaller CATCH data set to compare the rules.

Although there is no consensus about the use of neu-
ropsychological testing, one indication could be persis-
tent symptoms preventing return to academic or sport 

activities,41 or it could be used to determine if the con-
cussion has been resolved (level C).3

Progress with the case 
During assessment Jerry describes feeling “in a fog.” 
He continues to have a headache and is fatigued. 
Findings of his physical examination and coordina-
tion tests are normal, but he scores 13 out of 15 on 
the memory portion of the standardized assessment 
of concussion, and results of his balance testing are 
abnormal. You explain your assessment to Jerry’s par-
ents, provide clear advice about how to observe him 
during the next 24 hours, emphasize alarm symptoms 
that should prompt immediate reassessment, and 
schedule a follow-up visit for the next morning.

Management. Because of the heterogeneity of the 
causes and presentations of head trauma, it has been dif-
ficult to define a standard of acute care for children and 
adolescents.10,34 The management of concussion is based 
on the status and progress of the individual patient rather 
than on grading as was suggested in the past. Once a 
complete focused history and a physical assessment have 
been performed, and severe injury or complications have 
been ruled out, the main strategy of the management of 
MHI is rest and observation,3,32,42 with a prudent obser-
vation period of 24 to 48 hours.34 Any deterioration in 
clinical status during that time or in the following days 
should prompt further evaluation.43 Adequate observation 

Table 3. Signs and symptoms of concussion
SOuRCE SIGnS AnD SyMPTOMS

Included in the last consensus 
statement on concussion32

• Physical domain Headache 
Neck pain 
“Pressure in head” 
Nausea and vomiting
Dizziness 
Blurred vision 
Balance disturbances 
Sensitivity to light 
Sensitivity to noise

• Cognitive domain Feeling slowed down 
Feeling “in a fog” 
“Don’t feel right” 
Difficulty concentrating 
Difficulty remembering 
Fatigue or low energy 
Confusion

• Emotional domain Feeling more emotional 
Irritability 
Sadness 
Nervousness or anxiety

• Sleep domain Drowsiness 
Trouble falling asleep

Other signs and symptoms included 
by other organizations, statements,  
or tools1,32,33

Loss of consciousness 
Seizure or convulsion 
Amnesia 
Feeling “dazed or stunned” 
Visual problems 
Answering questions slowly 
Repeating questions 
Sleeping more than usual 
Sleeping less than usual

Box 1. Aggravating factors to be considered at the 
initial assessment of children with MHI

The following should be considered at the initial  
assessment:

• Pre-existing neurologic disorder
• Learning disorders
• ADD or ADHD
• Pre-existing mood disorders
• Sleep disorders
• Migraine headaches
• Alcohol or drug use
• Bleeding abnormalities 
• Language barrier 
• Multiple traumas
• Use of psychoactive drugs
• Use of anticoagulants
• History of previous concussion
• Dangerous style of playing
• Suspected or diagnosed cervical spine injury

ADD—attention deficit disorder, ADHD—attention deficit hyperactivity 
disorder, MHI—mild head injury.
Adapted from Harmon et al,1 McCrory et al,32 and the Committee on 
Quality Improvement of the American Academy of Pediatrics Com-
mission on Clinical Policies and Research.34
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includes regular assessment of the patient in the office, 
clinic, or at home by a person competent to recognize 
abnormal changes and to make the decision to contact 
medical personnel when needed. Parents and caregivers 
should be educated about how to identify improvement, 
chronicity, or worsening of the condition,35 and vari-
ous resources are available for that purpose (Table 4).44 
Adequate conditions for compliance, such as geographic 
accessibility, adequate transport, and reliable caregivers 
or parents, should be assessed. Difficulties complicating 
parental participation include incompetence, previous 

neglect of children, intoxication, unavailability, or lan-
guage barrier. If the conditions for observation are inade-
quate, the child should be observed in a health care facil-
ity or hospital.34

Family physicians should provide education about 
symptoms, expected timelines and the course of recovery, 
and advice on how to cope with symptoms, how to access 
medical services or further support promptly, and how to 
achieve a gradual return to regular activities.2,33,44-49

There is general agreement that management of MHI 
includes mental and physical rest.1,11,18,32-34,42,43,50 This 

Table 4. Standardized instruments, online courses, and resources available for assessing or monitoring patients 
experiencing concussion symptoms

DOMAIn TO bE ASSESSED OR 
MOnITORED

REquIRED 
ASSESSSMEnT OR 
RESOuRCE COMMEnTS AvAILAbILITy

For physicians

• Comprehensive general 
assessment

SCAT3* Complete tool developed in 2013; it has 
detailed instructions for evaluation

www.parachutecanada.org/downloads/ 
resources/SCAT3.pdf

• General assessment of 
children

ChildSCAT3 Specific version for children 5 to 12 y old www.parachutecanada.org/downloads/ 
resources/SCAT3-child.pdf

• Alternative quick medical 
assessment and 
information resource

ACE Alternative tool for assessment, presented 
as a physician office version

www.cdc.gov/concussion/headsup/pdf/ACE-a.pdf

• Posttraumatic amnesia A-WPTAS Picture recognition included http://onf.org/system/attachments/60/ 
original/Guidelines_for_Mild_Traumatic_brain_ 
Injury_and_Persistent_Symptoms.pdf (page 44)

• Static postural stability BESS Fully explained BESS test with photos 
included

www.glata.org/documents/filelibrary/glata_2014_ 
presentations/bESSProtocol_E5D9286115A3C.pdf

• Clinical information ANN Summary of evidence-based 
management for clinicians

www.aan.com/uploadedFiles/Website_Library_Assets/
Documents/3Practice_Management/5Patient_Resources/ 
1For_your_Patient/6_Sports_Concussion_Toolkit/
evaluation.pdf

• Tool to identify 
concussion in children, 
youth, and adults

Pocket concussion 
recognition card, 
2013

Summary of evaluative steps based on 
the consensus statement for concussion 
in sports

http://links.lww.com/JSM/A32

• Online course Heads Up for 
physicians

5-step course with evaluation included www.preventingconcussions.org

For family members, teachers, 
and coaches

• Comprehensive 
information resource 
(English and French)

MCH Trauma 
Concussion Kit

Information brochure and pocket cards; 
game-specific suggested steps for return 
to play

www.thechildren.com/health-info/ 
trauma/mch-trauma-concussion-kit

• Education Safety 
information, 
teaching 
activities, and 
resources

For home, school, or community 
educational activities

www.parachutecanada.org

• Guidelines and definitions ANN Summary of evidence-based evaluation 
and management for patients and 
families

www.aan.com/Guidelines/Home/ 
GetGuidelineContent/586

• Educational videos for 
different audiences

Sport Concussion 
Library

Registration and account creation is 
required

www.sportconcussionlibrary.com

• Online course Heads Up 5-step course for the general public www.cdc.gov/concussion/Headsup/ 
Training/index.html

ACE—Acute Concussion Evaluation, ANN—American Academy of Neurology, A-WPTAS—Abbreviated Westmead Post Traumatic Amnesia Scale, BESS—Balance Error Scoring System, 
MCH—Montreal Children’s Hospital, MHI—mild head injury, SCAT3—Sport Concussion Assessment Tool, version 3. 
*The SCAT3 can be used for specific assessment of MHI symptoms, sideline diagnosis of concussion (Maddocks score), balance assessment (modified BESS test), and evaluation of cog-
nition, memory, concentration, and coordination.
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is of particular importance when returning to learning 
activities. The patient should abstain from any activi-
ties that include intense mental focus such as reading, 
use of computers, video games, solving puzzles, texting, 
watching television, or schoolwork.50 Based on the spe-
cific needs of the child, the physician should coordinate 
the modification of school activities,34,51 such as allowing 
extra time for completion of tasks or assignments, mod-
ification of the learning environment (eg, allow record-
ing of classes, allow somebody else to take notes for 
the patient), breaking the workload into smaller pieces, 
rescheduling assignments, modified testing (eg, spoken 
responses instead of long essays), and changes in the 
school routine to avoid fatigue (eg, shorter school days, 
more breaks, days off).

Based on the severity of the case, the physician 
should lead a team comprising the parents or guard-
ians, school administrators, day-care providers, the 
school nurse, a psychologist, and anyone else involved 
with the patient’s case to facilitate the assessment and 
monitoring of the recovery process.51 This teamwork will 
help address important factors such as tolerance of aca-
demic activities, avoidance of “toughing out” symptoms 
during study sessions, individualization of management 
based on specific patient characteristics, modification 
of tasks, requests for medical reassessment, variation 
and timing of symptoms during different activities (eg, 
15 minutes after concentrating or reading), identification 
of activities that might pose more difficulty, triggering 
factors (eg, worsening of symptoms with noise or light-
ing), monitoring aggravating factors such as attention 
deficit hyperactivity disorder, and addressing frustra-
tion and embarrassment. Tests providing standardized 
symptom scores are helpful to assess the patient’s prog-
ress.1 The child should avoid participation in sports or 
physical activities, and this should be made clear to par-
ents, coaches, trainers, and teachers.

Once the child who experienced MHI has been assessed 
in the office, the traditionally advised strategy of keeping 
the patient awake is not required, as sleep is restorative.1 
The child should be allowed to sleep but should be checked 
periodically for clinical deterioration.8 If there is a concern 
about the level of consciousness, further assessment includ-
ing evaluation with neuroimaging should be arranged.

During the initial hours after the incident, medica-
tions should be avoided that could affect evaluation of 
cognition (eg, meclizine, benzodiazepines), mask symp-
toms (eg, antiemetics), or facilitate bleeding (eg, acetyl-
salicylic acid, nonsteroidal anti-inflammatory drugs).

After the acute phase or as part of postconcussion syn-
drome management, other management strategies could 
be included. Headache can be managed with acetamino-
phen, but if it becomes chronic (more than 6 weeks), tra-
ditional multidisciplinary management could be imple-
mented.52 A meta-analysis found no strong evidence to 
guide treatment of posttraumatic headache, and manage-
ment is based on treatment by headache category.53 Sleep 
disturbance is treated with observation and sleep hygiene, 
but if it is persistent, medication or cognitive therapy can 
be useful. No medication is advised for daytime som-
nolence in the acute phase. Mood disorders should be 
managed without medication, but if they become chronic 
(more than 6 to 12 weeks) medication or counseling 
could be used.1 Vestibular therapy is a good treatment for 
persistent vertigo or dizziness.1 Attention deficits should 
not be treated with medication, but instead academic 
demands should be decreased.54,55 A patient who has 

Box 2. The CATCH rule

High risk (neurologic intervention needed)
• GCS score < 15, 2 h after injury
• Suspected open or depressed skull fracture
• History of worsening headache
• Irritability

Medium risk (brain injury identified on CT scan)
• Any sign of basal skull fracture (eg, hemotympanum, 

“raccoon eyes,” otorrhea or rhinorrhea, Battle sign)
• Large boggy hematoma of the skull
• Dangerous mechanism of injury (eg, motor vehicle crash, 

fall from elevation ≥ 0.9 m or 5 stairs, fall from a bicycle 
without a helmet)

CATCH—Canadian Assessment of Tomography for Childhood Head 
Injury, CT—computed tomography, GCS—Glasgow Coma Scale.
Data from Osmond et al.38

Table 5. Performance of the CATCH rule: A) Using the 
4 high-risk signs, sensitivity was 100.0% (95% CI 86.2% 
to 100.0%) and specificity was 70.2% (95% CI 68.6% to 
71.6%); 30.2% of patients would undergo CT scanning. 
B) Using the 4 high-risk and 3 medium-risk signs, 
sensitivity was 98.1% (95% CI 94.6% to 99.4%) and 
specificity was 50.1% (95% CI 48.5% to 51.7%); 51.9% 
of patients would undergo CT scanning.

A)  
RESuLT

nEEDED 
nEuROLOGIC 

InTERvEnTIOn

DID nOT nEED 
nEuROLOGIC 

InTERvEnTIOn

Positive  
(≥ 1 high-risk factor)

24 1144

Negative  
(no high-risk factors)

0 2698

b)  
RESuLT

nEEDED 
nEuROLOGIC 

InTERvEnTIOn

DID nOT nEED 
nEuROLOGIC 

InTERvEnTIOn

Positive  
(≥ 1 high-risk factor)

156 1851

Negative  
(no high-risk factors)

3 1856

CATCH—Canadian Assessment of Tomography for Childhood Head 
Injury, CT—computed tomography. 
Data from Osmond et al.38
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received medications for concussion-related symptoms 
should no longer be taking the medication before return-
ing to any contact-sport activity (level B).3

While a young patient is still symptomatic and in the 
recovery period it is important to ensure that he or she 
will not experience any further head trauma that could 
lead to a second-impact syndrome or fatal diffuse cere-
bral swelling,50 which might involve altered cerebrovas-
cular autoregulation.

The adolescent that is involved in sports should be 
evaluated and cleared to play by a physician famil-
iar with MHI management (level B).3,4 Return to play 
should be allowed only when the treating physician 
issues a medical statement of fitness,1 and an individ-
ualized program for gradual return to play should be 
followed (level C). The different stages of this protocol 
include rest, light aerobic activity, sport-specific activity, 
drills without body contact, drills with body contact, and 

Figure 1. The PECARN rule: A) Children younger than 2 y. B) Children aged 2 y and older.

A)

B)

CT—computed tomography, GCS—Glasgow Coma Scale, LOC—loss of consciousness, PECARN—Pediatric Emergency Care Applied Research Network.
Reproduced from Kuppermann et al,40 with permission from Elsevier.

GCS score = 14 or other signs 
of altered mental status or 

palpable skull fracture

13.9% of patients;
4.4% risk of clinically 
important brain injury

32.6% of patients;
0.9% risk of clinically 
important brain injury

CT recommended

Observation or CT, based on physician 
experience, multiple vs isolated �ndings, 

worsening symptoms or signs after 
emergency department observation, age 

< 3 mo, parental preference

No CT indicated

Occipital, parietal, or temporal 
scalp hematomas, history of 

LOC ≥ 5 s, severe mechanism of 
injury, or not acting normally 

according to parent

53.5% of patients; 
< 0.02% risk of clinically 
important brain injury

YES

YES

NO

NO

GCS score = 14 or other signs 
of altered mental status or 

basilar skull fracture

14.0% of patients;
4.3% risk of clinically 
important brain injury

27.7% of patients;
0.9% risk of clinically 
important brain injury

CT recommended

Observation or CT, based on physician 
experience, multiple vs isolated �ndings, 

worsening symptoms or signs after 
emergency department observation, age  

< 3 mo, parental preference

History of LOC, vomiting, severe 
mechanism of injury, or 

headache

58.3% of patients; 
< 0.05% risk of clinically 
important brain injury

YES

YES

NO

NO

No CT indicated
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finally return to game play.1,5,11,32,34,50 Recovery should 
be assessed and if the symptoms reappear at any stage, 
the patient should return to the previous stage for at 
least 24 hours. Specific steps should be taken to avoid 
attempts from coaches, teachers, parents, or anyone 
else involved to force an earlier return to sport activities. 
Counseling about past MHI, the risk of future MHI, and 
the cumulative effect of MHI should be provided, and the 
patient and relatives should be assessed to determine 
whether they have an indifferent or competitive attitude 
that might lead to future concussions.

Progress with the case
The following morning Jerry returns to see you. He has 
only a mild headache and results of his examination and 
assessment tests are completely normal. You provide 
instructions about mental rest (no video games, texting, 
computer work, or solving puzzles) and a gradual return 
to school (rescheduling of tests and academic assign-
ments as needed), and explain the protocol to return to 
sport activities. You provide counseling about the use of 
helmets in future sport activities and remind Jerry’s par-
ents how to recognize abnormal changes and worsening 
of his condition. You advise physical rest until his head-
ache resolves, and after that light aerobic activity could 
be tried. If his symptoms reappear he should return to 
rest for at least 24 hours, but if he remains asymptomatic 
the stages of the return-to-activity protocol should be fol-
lowed. You schedule a follow-up appointment to assess 
his progress and to guide his return to play.

Conclusion
Assessment and management of MHI continues to evolve, 
and different medical entities continue to issue statements 
and guidelines addressing this subject. The SCAT3 and 
other tools presented in this review are the most up-to-
date and relevant examples of this evolution and change 
in thinking. More large-scale research is needed to clarify 
the optimal combination of assessment tests (although it 
is likely that the SCAT3 for sports injury will be the most 
widely used) and management of MHI. Although the use 
of imaging studies is still controversial, the decision to 
request them should be based on adequate clinical suspi-
cion of intracranial lesions, with evidence-based steps fol-
lowed to guide that decision. The CATCH study offers use-
ful data for an evidence-based decision.

Mental and physical rest and adequate observation 
are the mainstay of management, and family physicians 
should guide parents and ensure that this is accomplished, 
and any deterioration should dictate prompt intervention. 
Guidance and education to patients, parents, and coaches 
are important parts of the management that family physi-
cians provide and the educational resources noted in this 
article are intended to facilitate these tasks. Once return to 
regular academic or sport activities is deemed appropriate, 

progressive supervised steps can provide safe re-engage-
ment. The treating doctors should bear in mind that the 
vulnerability of the pediatric brain results in longer recov-
ery periods and the possibility of more complications in 
children or adolescents suffering from MHI. 
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