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Objectives:

By the end of this presentation, attendees should:

• Appreciate the wide ranging impact of traumatic brain injury (TBI) on
children and adolescents

• Recognize that, mild TBI’s (concussions) can be extremely impactful

• Be aware that ADOLESCENTS are particularly at risk, and why

• Know the “protective” factors, and vulnerabilities

• Recognize that a multidisciplinary approach to management is
essential to optimal recovery

A Brief Look at Adolescent Development



A Brief Look at Adolescent Development

Bottom Line? Adolescent Brain Development

• Develops from BACK to FRONT
• Physical coordination

(cerebellum)

• Emotion (Amygdala-midbrain)
• Passionate, committed, but

over-reactive

• Motivation (Nucleus
Acumbens-midbrain)

• Not always directed at best
priorities

• Judgement/Reasoning
(Prefrontal Cortex)

• Decisions, impulse control,
forethought, planning



Rope: Tug
when in
trouble

Hose:
supplies
Oxygen

Teen

“Parent”

Struggles of Teenager-hood: Like a Deepsea Diver



Definition of TBI

• “An acquired injury to the brain caused by an external physical force,
resulting in temporary or permanent impairment of cognitive,
physical or psychosocial functional or psychosocial impairment, or all
three, often, but not always associated with a diminished or altered
state of consciousness

• May be caused by bump, blow or jolt directly or indirectly to the
head, OR a penetrating brain injury”

Adapted from CDC, IDEA definitions

Definition of Concussion

• A direct or INDIRECT blow to the brain resulting in changes in normal
brain function, or deterioration of pre-existing brain dysfunction.



The Extent of the Problem:

The Extent of the Problem:

• The majority (i.e., over 75%; Sosin, Sniezek, & Thurman,1996) of TBIs
occurring in children are mild, and caused by…

• falls,

• transportation/motor vehicle collisions, and

• sports-related injuries (Yeates, 2010)

Yeates, K. O. (2010). Traumatic brain injury. In K. O. Yeates, M. D. Ris, H. G. Taylor, &
B. F. Pennington (Eds.), Pediatric neuropsychology: Research, theory, and practice
(2nd ed.) New York, NY: Guilford Press.



From CDC website

From CDC website



Pathophysiology of Concussion

• A concussion may be caused by either a direct blow to the head
(contact forces) or by a blow to elsewhere on the body with the
forces being subsequently transmitted to the brain (inertial forces)
(McLean, 1996; Teasdale and Matthew, 1996).

• Rotational forces around a defined axis are thought to be responsible
for damage to deep white matter tracts, resulting in a diffuse axonal
injury as well as causing damage to deep gray matter nuclei (McLean,

1996; Thibault and Gennarelli, 1990)

Cognitive Problems

• Problem solving

• Comprehension of abstract language

• Word retrieval

• Expressive language organization

• Pragmatics
(Yeates et al., 2002)

• Executive functions

• Memory

• Attention

• Concentration

• Information processing

• Sequencing

Work more
effortful; more
cognitive
fatigue



Cognitive Problems

• Tend to improve slowly (6-18 months) with greatest rate of

improvement in first 12 months

• Kids/teens often deny their cognitive problems due to lack of insight

• May not be noticeable to others which may cause anxiety or

frustration
(Yeates et al., 2002)

Psycho-behavioral Changes
• May occur as direct or indirect result of injury

• Inability to express him/herself appropriately

• Decreased language production

• Concrete thinking and poor insight may interfere with compliance or ability to respond
to interventions

• Frustration about being in the hospital and missing family

• Loss of former self

• Poor pragmatic skills

• Hard to differentiate between symptoms of TBI

vs. somatic manifestations of depression

Li, L., & Liu, J. (2013)



Sex Differences Post mTBI/Concussion

Female Athletes
• Had a higher post-concussion

symptom score 3 months post-injury
(Bazarian et al, 2010) & 8 days PI *(Covassin T et al,
2013)

• More often complained of drowsiness
and noise sensitivity (Frommer et al, 2011)

• Had a significantly greater
neurocognitive decline and increased
symptoms (Sandel NK et al, 2017)

• Reported more neurobehavioral and
somatic symptoms (Frommer et al, 2011)

Male Athletes

• Complain of cognitive deficits
and amnesia (Frommer et al., 2011).

*Reaction time & visual memory esp.



Can We Predict Persistence of Post-
Concussion Symptoms?
• Possibly: (Zemek et al: JAMA. 2016;315(10): 1014-1025).

• Next slide…

From: Zemek et al: JAMA.
2016;315(10): 1014-1025.

Clinical Score for
Persistent
Postconcussion
Symptoms (PPS)
Among Children
with Acute
Concussion in the ED



From: Zemek et al:
JAMA. 2016;315(10):
1014-1025

Other Important Factors:

• (Too) Early Participation in Physical activity (Grool et al. JAMA 2016; 316,(23):2504-2514)

• Being symptomatic at 1 month PREDICTED being symptomatic at 1 year
(Waljas et al, J Neurotrauma: 2015 Apr 15;32(8):534-47)

• PPCS (defined as smx >3months post SRI) patients were more likely than control
patients to have…

• a concussion history (p = 0.010), (2x the risk – McCrea et al.2013. J Internat Neuropsychological Soc.
19 (1):22-33.)

• premorbid mood disorders (p = 0.002),
• other psychiatric illness (p = 0.039),
• or significant life stressors (p = 0.036).
• Delayed onset of immediate PCS
• Other factors that increased the likelihood of PCS development were a family history

of mood disorders, other psychiatric illness, and migraine (Morgan, et al, J Neurosurg
Pediatr. 2015 Jun;15(6):589-98)-Vanderbilt Sports Concussion Center.)



Return to Learn/Return to Play Protocols

• For concussions, clear protocols have been formulated for a GRADED re-
integration into school AND sports:
(http://www.parachutecanada.org/downloads/programs/activeandsafe/Conc
ussion_Guidelines_for_Physicians.pdf;
http://onf.org/system/attachments/266/original/GUIDELINES_for_Diagnosing
_and_Managing_Pediatric_Concussion_Recommendations_for_HCPs__v1.1.p
df )

• See handout for examples of these; the “cornerstone” of recovery from
concussion



Return to Learn/Return to Play Protocols

• Are there problems with following these?

• Challenges:
• How much rest is needed?

• How much time off from school is recommended?

• What to do when kids have difficulty with school routines?

• When should physical activity be recommenced, and what type?

DeMatteo et al: Clin Pediatr 2015. 54(8):783-792
Grool et al: JAMA. 2016; 316(23):2504-2514

Return to School/Learn Protocol

• Too early return to school can result in
• Exacerbation of symptoms, prolonged recovery, increased risk of REINJURY

• However, prolonged rest and school absence can be devastating
• Loss of academic standing, social isolation resulting in (increased)

anxiety/depression (DeMatteo et al, 2015)

• Particularly impactful on “high-achieving” individuals (personal unpublished data)

• Recommendation:
• Return to school with APPROPRIATE modifications and recognition of

symptom exacerbation – delicate balanced approach (DeMatteo et al, 2015)

• This return to school should be “conservative & individualized” (Purcell L; Pediatr
Child Health.2012;17:31 )



Return to School/Learn Stages (DeMatteo et al, 2015; *Tamara et

al,2017)

• Stage 1: Brain Rest – No School (at LEAST one week; NO TV, video games,

texting, reading!). When symptom-free, or at 2 weeks maximum, start
Stage 2!

• Stage 2: Getting Ready to Go Back! Start 2 days prior to returning to
school. Include walking, 15 mins screen time 2x/day, begin reading.
(Reduce activity if symptoms worsen. Move to Stage 3 when
symptoms abate, or stay max 2 wks if persist)

• Stage 3: Back to school/modified program: may last days to months!
See references.

*Tamara et al, J Athl Train. 2017 Mar;52(3):262-287

Return to “Play” Protocols (Almost entirely based on
expert consensus vs. research)

• Balanced, graded, conservative and INDIVIDUALIZED approach
generally recommended.

• Risk of too early Return to Activity:
• Exacerbation or return of symptoms

• Risk of RE-INJURY: Poor judgement, balance issues, reaction time,
multitasking ability, etc. (Not consistently found to be true)

• Risk of TOO prolonged restriction of activity (DiFazio et al. 2016)

• Prolongation of PCS

• Social isolation, increased anxiety, depression

DiFazio, et al: Clin Pediatr 2016, 55(5): 443-451



Return to “Play” Protocols

• Adult studies post-mTBI, showed NO benefit of 5-7 days of rest vs.
early graded mobilization (de Kruijk et al. J Neurol Neurosurg Psychiatry: 2002; 73:167-172)

• Adolescent studies show MIXED evidence for benefits of time-limited
prescribed rest (Gibson et al. Brain Inj. 2013; 27:839-842; Moser et al. J Pediatr. 2012; 161:922-6; Moser et al.

Brain Inj. 2015;29:58-63.)

• One randomized controlled study (Thomas et al. Pediatrics. 2015; 135: 213-223.) showed
• strict bed rest (5-6 days) did NOT provide BETTER symptom resolution than

early (1-2 day) rest then graded activity

• Instead, bed rest group reported MORE PCS!

DiFazio, et al: Clin Pediatr 2016, 55(5): 443-451

Problems with RTP Protocols

• Compliance to rest difficult to ascertain and definition variable in
studies

• DOES one REALLY rest the brain even when lying with eyes closed?
fMRI studies say “NO”.

• Determining when rest should end:
• PCS are non-specific and can be mimicked by anxiety, depression,

family/school/social stress

• Prolonged rest can itself be harmful (next slide)

DiFazio, et al: Clin Pediatr 2016, 55(5): 443-451



Prolonged rest can itself be harmful?

• Anxiety, Expectations AND NOCEBO effect: Exaggerated reaction due
to belief of harm (“Texting could harm your brain”)

• Depression from “removal” from normal life activities (social
isolation) (Activity Restriction Model of depression)

• In teens, inability to engage in social, recreational, & sporting
activities devastating and counter-intuitive (viz Infectious Mono,
cancer, TBI, etc)

• Physical deconditioning from short or extended periods of rest , can
mimic PCS

DiFazio, et al: Clin Pediatr 2016, 55(5): 443-451;
Silverberg & Iversen: J Head trauma Rehabil 2013; 28: 250-9

DiFazio, et al: Clin Pediatr 2016, 55(5): 443-451;



Mood & Anxiety in PCS
• Pre-injury mental health problems are a risk factor for PPCS (McNally et al.

Neuropsychology. 2013;27: 1-12; Peterson et al. J Neuropsychiatry Clin Neurosci. 2015; 27: 280-6)

• Anxiety & depression can mimic PPCS and be secondary

• Risk factors for post-injury psychiatric outcome include:
• Female sex
• Higher initial PCSS subscore
• Teens have higher incidence of BOTH internalizing and externalizing behaviors

(Dykeman, 2003)

• Presence of pre-injury
• Family history of psychiatric illness
• Multiple concussions

• ~12% in one study met criteria

Ellis et al. J Neurosurg Pediatr.2015;16:709-718)

What’s Different in More Severe TBI’s

• More severe and pervasive symptoms, including:
• Physical: (motor, endocrine, hearing, vision, speech, seizures, etc.)
• Emotional: (Anxiety, depression, suicidal ideation, poor impulse control, PTSD,

decreased HRQoL, etc)(Rhine et al, J Head Trauma Rehabil. 2017 May 17; Max et al, Int J Devl Neuroscience
30(2012) 239-245; Battista et al, PLoS ONE 9(7)2014)

• Cognitive: (“Gaps”in neurocognitive skills, severe language/speech issues, secondary
“ADHD”, slow problem-solving & motor output, impaired “new” learning, executive
function, etc.) (Levin & Hanten, 2005. Pediat Neurol 33, 79-93.)

• Social: A major area of concern!! Impaired empathy, nonverbal cognition (sarcasm,
facial expression, gestures, etc) results in social isolation, & impaired QoL. (Turkstra et al.
2008, NeuroRehabilitation 23: 501-9)

• Duration of coma, PTA, and alteration in consciousness may inform neurobehavioral
outcome (Yeates, 2010)

• Lesion burden correlates with morbidity (Babikian & Asarnow, 2009)



Teens: “They Look Fine but is Seeing
Believing?”
• Over 50% of teens do not immediately report symptoms (Asken et al, J Athl

Training. 2016;51(4):329-335)

• Most teens with mild-moderate don’t “show” their symptoms
• Likely due to pressures (intrinsic & extrinsic) to return to school or activities

prematurely

• Those that acknowledge and report symptoms often accused of
“faking” by peers, or teachers

• Possibly some “USE” symptoms to avoid school, etc.

• Increased “dependency” on, or restrictions by parents, caregivers or
teachers INTERFERES with need for independence

• Likely CREATES more stress for teens.

Summary

• Teenage years are potentially tumultuous at best

• Any issues that work against their achievement of independence and
social engagement with peers, only adds to this

• Further research is imperative in trying to better identify risk factors
& intervention that can mitigate these challenges

• THANKS FOR YOUR KIND ATTENTION!!
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