
Pediatric Concussion Care for 
Kids: It’s a Team Sport! 

Gerard A. Gioia, Ph.D. 
Pediatric Neuropsychologist 

Chief, Division of Pediatric Neuropsychology 
Director, Safe Concussion Outcome, 

Recovery & Education (SCORE) Program 
Children’s National Medical Center  

Washington, DC 



Disclosure 
 Test Author  

 Behavior Rating Inventory of Executive Function (BRIEF) 
Psychological Assessment Resources, Inc. 

 Tasks of Executive Control (TEC) 
 Pediatric Immediate Post-Concussion Assessment and 

Cognitive Testing (Pediatric ImPACT) 
 Concussion Recognition & Response App 
 Concussion Assessment & Response (CARE) Sport App 
 Acute Concussion Evaluation 



Objectives 

 Achieve a working understanding of concussion 

 Develop knowledge of evaluation & management of 

concussion 

 Develop the concept of the Concussion Team, and 

awareness of the available clinical tools. 



“Your Brain is Your Future” 

(and the source of your parents’ retirement…) 



A concussion is a brain injury 



Brain injuries threaten the 
Child’s future 



Need I say more? 



Concussion Care for Kids:  
It’s a TEAM Sport! 



Who’s on the Team? 



Child/ Teen 
(Student, Athlete, 

Son/Daughter, 
Friend) 

Four Corners Approach to 
Concussion Care  

 
Family 

Medical Systems  
Pre-Hospital (EMS) Emergency 

Urgent  
Primary Care 

Specialty Care 
 

School 
Administrators  

Teachers 
School Nurse  

Counselor 
 Psychologist 

Certified Athletic Trainer 

Athletic/ 
Recreational 

Administrators 
Coaches 
Officials 
Parents 

Teammates  
Certified Athletic Trainer 





Girls Are Often Neglected Victims of Concussions  

Alan Schwarz  (NY Times Oct. 2, 2007) 



British Journal of Sports Medicine 2009 43 (Suppl I) i76-i84. 
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Child/ Teen 
(Student, Athlete, 

Son/Daughter, 
Friend) 

Four Corners Approach to 
Concussion Care  

 
Family 

Athletic/ 
Recreational 

Administrators 
Coaches 
Officials 
Parents 

Teammates  
Certified Athletic Trainer 



Concussion/ mTBI 
CDC Educational Materials 

Heads Up: Concussion in High School Sports 

Heads Up: Concussion in Youth Sports 
Heads Up: Concussion in Your Practice 

Heads Up to Schools: Know Your Concussion ABCs 
 

www.cdc.gov/concussion 
 
 

http://www.cdc.gov/concussion


Public 
Awareness & 

Education 



Video Education 
Coaches, Parents, Athletes 

.                                

 
 

USA Football 

ACTive: Free Concussion 
Training for Sports 

Coaches  

Play Smart: 
Understanding 

Sports Concussion  

NAN-NATA w NFL/NHL 
Raising Concussion Awareness 

Educational DVD, "Concussions in 
Football (Hockey): Signs, 

Symptoms and Playing  Safe" 

http://www.cdc.gov/concussion/HeadsUp/online_training.html
http://www.cdc.gov/concussion/HeadsUp/online_training.html
http://www.biama.org/index.html


Concussion Clipboard 

 



State Legislative Action for the Youth Athlete: 
 3 Core Principles of the Maryland Law 

1) Concussion Education: Coach, Parent, Athlete 
2) Identification-Removal / Protection 
3) Medical Evaluation & Written Clearance 



Youth Sports Challenge 
Concussion = Invisible Injury 

Knowledge 
Awareness 
Recognition 

Once 
recognized, 

what do I do? 



Empower with Recognition & Response 

Blow / Force to 
Head / Body 

Teach Concussion 
Recognition 

Change in Function /   
Behavior / Performance 

Post-Concussion Signs & Symptoms 
Physical      Cognitive       Emotional    Sleep 
Headache  Concentrate  Irritability     More 
Fatigue       Memory          Emotional    Less 
Balance/    Speed of         control         Cannot 
Dizziness     Thinking          Sadness 

1 2 

“I SUSPECT!” 



Empower with R&R 
Teach Concussion Response 

Response 
Protect from further risk 

Removal 
Restrict Risk Activities 

Rest / Recovery 

“When in Doubt, Sit Them Out” 



Electronic Clipboard 







Child/ Teen 
(Student, Athlete, 

Son/Daughter, 
Friend) 

Four Corners Approach to 
Concussion Care  

 
Family 

Medical Systems  
Pre-Hospital (EMS) Emergency 

Urgent  
Primary Care 

Specialty Care 
 

Athletic/ 
Recreational 

Administrators 
Coaches 
Officials 
Parents 

Teammates  
Certified Athletic Trainer 



Concussion = 
Mild Traumatic Brain Injury  

Concussion 101 





 A concussion (or mild traumatic brain injury) 
is defined as a  
 complex pathophysiologic process affecting 

the brain, 
 induced by traumatic biomechanical forces 

secondary to direct or indirect forces to the 
head. 

Concussion/ mTBI 
Definition 

CDC Heads Up: Brain Injury in Your Practice (2007) 



 Disturbance of brain function is related to:  
 neurometabolic dysfunction, rather than 

structural injury 
 typically associated with normal structural 

neuroimaging findings (i.e., CT scan, MRI).  
 Concussion may or may not involve a loss of 

consciousness (LOC).  (10-20%) 

Concussion/ mTBI 
Definition 

CDC Heads Up: Brain Injury in Your Practice (2007) 



 Concussion results in a constellation of symptoms: 
 physical, cognitive, emotional and sleep-related.  

 Duration of symptoms are variable may last for as 
short as several minutes and last as long as 
several days, weeks, months or even longer in 
some cases. 

Concussion/ mTBI 
Definition 

CDC Heads Up: Brain Injury in Your Practice (2007) 



Anatomical Timeline of a Concussion 
Defining the Key Factors 

LOC 
<10% 

Antero- 
grade 

Amnesia 
25-40% 

CONCUSSION 

Pre-Injury 
Risks 

Retro- 
grade 

Amnesia 
20-35% 

Neurocog dysfx & 
Post-Concuss Sx’s 

Sec-Hrs Hours - Days - Weeks+ Sec-Min Sec-Hrs 

A. Injury Characteristics B. Symptom Assessment 
C. Risk 
Factors 



Effects of Concussive Forces on the 
Brain 

 Typically, the “software” of the brain is 
affected  
 Neurometabolic/ neurochemical processes 
 Physiological 

 Not the “hardware”  
 Structure  



Neurometabolic Cascade Following 
Traumatic Brain Injury 
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UCLA Brain Injury Research Center 

(Giza & Hovda, 2001) 



Recovery From Concussion: 
How Long Does it Take? 
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Collins et al., 2006, Neurosurgery 



 RISKS INCREASE!!! 
 

 Player is more likely to be re-injured.  
 Second/ third... injuries: 

 Are more likely to be more severe  
 Could cause permanent brain damage 
 Can take longer to recover from 
 Increase risk of retirement from sport 

If we do not properly recognize and 
manage concussions… 



Injured Child 
(Student, Athlete, 

Son/Daughter, 
Friend) 

Concussion 
TEAM 

Certified Athletic 
Trainer 

Medical Systems  

Pre-Hospital (EMS) Emergency 
Urgent  

Primary Care 
Specialty Care 

 



Since June 2007 



Emergency Care 
What’s My Clinical Protocol? 

Acute Concussion Evaluation  
Emergency Dept. (ACE-ED)  



ACE-ED Study (CDC funding)  
Gioia, Atabaki, Zuckerbraun & Collins 

 Aims: 
 Survey use of concussion evaluation & management 

tools in PECARN sites 
 Modify ACE for use in ED 
 Improve discharge process 

 Results 
 Variability in tools used to assist concussion diagnosis 

and management among PECARN 
 Use of ACE-ED and ACE Discharge 

Instructions significantly increased follow up 
with primary care physician 



Acute Concussion Evaluation 
Emergency Dept. (ACE-ED) 







ACE Concussion D/C Instructions 



Sideline Concussion Evaluation Tool 
Concussion Assessment & Response (CARE Sport) 

Sideline Assessment of Concussion (SAC) 

Balance Error Scoring System (BESS) 

Graded Symptom Checklist (GCS) 



 
Primary Care 

What’s My Clinical Protocol? 
Acute Concussion Evaluation (ACE) 

Sport Concussion Assessment Tool, 2nd Ed 
(SCAT-2) 





Acute Concussion Evaluation 
(ACE) 



PEDIATRIC ANNALS 41:5    MAY 2012 



 ACE is a clinical protocol to assist diagnosis of 
mTBI/ concussion in medical settings 

 Ages 4-adult 
 Elements of clinical assessment protocol are 

evidence-based 
 Link to follow-up care via ACE Care Plan 

Acute Concussion Evaluation 
(ACE) 



A. Define Injury Characteristics 
B. Assess for Symptoms (22) (Lovell & Collins, 1998) 
C. Identify Risk Factors for Prolonged Recovery 
D. Red Flags for Neurological Deterioration  
E. Establish the Diagnosis 
F. Plan Follow-Up Action / Referral 

Acute Concussion Evaluation 
(ACE) Key Elements 



Acute Concussion Evaluation (ACE) 
A. Injury Characteristics 

Injury Description 

Cause 

Amnesias (retrograde, anterograde) 

Loss of Consciousness (LOC), Seizures 

Early Signs 

 

 

  
 

 
 

 
 

 
 

basketball 

Sept. 7, 2008 
Fell to ground, hit head on ground, kneed in right temporal region; dazed initially but  

 

continued to play with bad headache. Felt sluggish and confused. 



Acute Concussion Evaluation (ACE) 
B. Symptom Checklist 

5 

4 

1 

2 

12 

 
 





Acute Concussion Evaluation (ACE) 
C. Risk Factors for Protracted Recovery 

Research findings have linked these risk 
factors to longer periods of recovery 



   
(ACE) 

D. Red Flags for Neurological 
Deterioration 

Physicians and parents/ patients need to be 
aware of signs that signal the need for 

emergency care. 



Early Post-Injury Management 

What do we tell families & kids? 





Danger Signs – Emergency Care 



Home Care 



School Care 



Sports/ Recreation Care 





New Assessment Methods  
Multi-modal Assessment Model 

CDC # U17/CCU323352 

• Computerized testing of specific cognitive skills 
• Standardized symptom rating 

• Child/teen self-report 
• Parent 
• Teacher 

 
** All of these methods allow for monitoring of & guiding recovery 

over time ** 
 





Normal Age Trends – Learning & Memory 

 

  

 

N=705 



Normal Age trends – Response Time 

N=705 



Symptom Assessment 

British Journal of Sports Medicine (2009) 





YES NO 

Over the past day…  
 

 Have you had headaches? 
Has your head hurt? 

Symptom Assessment with Children 

mailto:ggioia@cnmc.org
http://www.cdc.gov/ncipc/tbi/coaches_tool_kit.htm


A Little? A Lot? 

How much? 

Over the past day…  
 

 Have you had headaches? 
Has your head hurt? 



Keys to Recovery 
 Resting the brain & getting good sleep 
 No additional forces to head/ brain 
 Managing/ facilitating physiological recovery 

 Avoid activities that produce symptoms 
 Not over-exerting body or brain 

Ways to over-exert 
 Physical 
 Emotional 
 Cognitive! (concentration, learning, memory) 





Mental/ Cognitive “Rest?” 

 No prolonged concentration 
 No prolonged homework 
 No prolonged classes (block scheduling) 
 No prolonged days 



What is cognitive “rest?” 
 The concept of cognitive exertional activity (and 

rest) viewed along a continuum of activity 

  No activity/full rest                       Full activity/no rest 

 In reality, no cognitive activity/full cognitive rest not 
practical/likely (unless asleep or comatose) 

 Therapeutic goal is to limit cognitive activity to a 
level that is tolerable, and does not exacerbate or 
cause the re-emergence of symptoms 

 Cognitive Management 



Exertional Effects 

1 5 

1 

6 3 

5 

0 1 

Exertion Effects Index 
Difference Score = 17- 5 =12 



Cognitive Exertion Effects 
Age x Sex 

Cognitive Exertion
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Uninjured F 5-12
Uninjured F 13-18
Uninjured M 5-12
Uninjured M 13-18
mTBI F 5-12
mTBI F 13-18
mTBI M 5-12
mTBI M 13-18

Boys & girls no different at BASELINE 

Age x sex interaction: Adolescent girls 
most pronounced with exertional 
effects. 

Similar pattern with general symptom 
report 



Injured Child 
(Student, Athlete, 

Son/Daughter, 
Friend) 

Concussion 
TEAM 

School 
Administrators  

Teachers 
School Nurse  

Counselor 
 Psychologist 

Certified Athletic Trainer 



Concussion’s Effects on  
School Learning 



"You can't educate a child who isn't 
healthy, and you can't keep a child 

healthy who isn't educated."    
  Joycelyn Elders 



School 
Kid’s Major “Job” 

 New Learning/ Acquiring Knowledge 
 Academic 
 Social 

 Practicing incompletely learned knowledge 
 

 Mental/ Cognitive exertion is essential to 
new learning/ practice 



Concussion’s Effects on School 
Learning & Performance  

 80 students with concussions & parents 
 “Which specific types of problems are you 

experiencing in school?” 
 Students reported an average of 4 problems below.  

 Headaches interfering   71.3%  
 Can’t pay attn in class   62.5%  
 HW taking much longer   59.5%  
 Difficulty studying for test/quiz   51.9%  
 Too tired     50.6%  
 Diffic understanding material   44.0%  
 Difficulty taking notes    28.8%  



86.6%
83.3%

46.8%

3.0% 3.0% 3.2%

0.0%
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Percent
 Reporting

Yes No Opportunity
Presence of Symptom Worsening

Cognitive Exertion - 3 Visits

Visit 1 (13 days) Visit 2 (28 days) Visit 3 (45.5 days)
N= 72  Gioia et al., 2010 

Cognitive Demands of School 
Worsen Symptoms 







When Return to Play? 
Criteria for RTP 

 No longer have any symptoms 
 No longer need medicine to control symptoms. 

 Neurocognitive function & balance back to 
“normal.” 
 After rest and gradual activity (exertion) 

 Cleared by medical professional to begin gradual 
Return to Play (RTP) program  
 RTP conducted by ATC 



State Legislative Action for the Youth Athlete: 

 3 Core Principles of the Maryland Law 

1) Concussion Education: Coach, Parent, 
Athlete 

2) Identification-Removal / Protection 
3) Medical Evaluation & Written Clearance 



Summary 

 Concussion care for kids requires 
knowledge, skill and tools at multiple 
points 

 Family, school, athletic/ recreational 
and medical systems must be 
knowledgeable and work together 

 Develop a working team! 
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