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Objectives

Define 
persisting 

symptoms after 
concussion

Understand 
contributing 

factors to 
persisting 
symptoms

Highlight role of 
multi-disciplinary 
team in managing 

persisting 
symptoms



Meehan et al., 2011, Am J Sports Med



Persisting Symptoms

• Used for symptoms that persist >4 weeks



Persisting symptoms
• May be pre-existing, concussion-related, or both



Zemek R, et al. JAMA 2016.

Category Risk Points

Age group (yrs) 5-7
8-12
13-<18

0
1
2

Sex Male
Female

0
2

Prior concussion / symptom 
duration

None/Sx duration <1 wk
Sx duration ≥1 wk

0
1

Diagnosed migraine history No
Yes

0
1

Answering questions slowly No
Yes

0
1

BESS tandem stance errors 0-3
≥4 or unable to perform

0
1

Headache No
Yes

0
1

Sensitivity to noise No
Yes

0
1

Fatigue No
Yes

0
2

Miller SM, et al. AJSM 2023.



• Female patients with concussion presented later to specialty care evaluation than 
male patients (15 vs 9 days, p=0.018) and took longer to recover. 

• Sex-based recovery differences disappeared when controlling for time to presentation 
to specialty care





• Fatigue - #1 persisting symptom 
• Headache - #2 persisting symptom
• Physical symptoms occurred in two distinct clusters: vestibular-ocular and 

headache.
• Emotional and cognitive symptoms occurred together more frequently and 

with higher symptom severity than physical symptoms.
• Fatigue was more strongly associated with cognitive and emotional symptoms

than physical symptoms.

Slide courtesy of Wendy Pierce, MD



Headache



Post 
traumatic 
headache* 
causes

• Axonal injury
• Altered cerebral metabolism 

or hemodynamics
• Neuroinflammation
• Underlying genetic 

predisposition
• Medication overuse

• Patient’s expectations of 
developing headache after 
head injury

• Sleep disturbances
• Mood disturbances 
• Psychosocial and other 

stressors

Cephalagia 38(1) 2018

Slide courtesy of Wendy Pierce, MD

*Defined as HA 
onset ≤7 days of 
injury
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Common headache phenotypes after concussion

Migraine Tension Cervicogenic

Slide courtesy of Wendy Pierce, MD



Headache Treatment – What’s the Evidence?



Influence of Cervical Involvement

Provance AJ, et al. J Child Neuro, 2020.



Visual and Vestibular Function and Concussion Recovery

Master CL, et al. CJSM, 2018.



Treatment group 3.91x (95% CI 1.34, 11.34) 
more likely to be medically cleared by 8 wks



Fatigue

19



• Post-injury sleep 
disturbance is common
• 51% within 1 week
• 40% 1-4 weeks
• 9% 1-3 months
• 21% >3 months

• Sleeping more than usual 
most common within 1 
week of injury

• Sleeping less than usual 
common 1-4 weeks post-
injury



Patients with sleep problems 
took 7 days longer to recover

Sleep Problems after Concussion

Howell DR, et al. CJSM, online 2020.



• Melatonin 
• ↓ sleep-related problems (3 mg)
• ↓ depressive symptoms (3 mg)
• ↑ sleep duration (3, 10 mg)





Cognitive and Emotional 
Symptoms



Persisting symptoms
• May be pre-existing, concussion-related, or both



Persisting Symptoms

Social 
Treatment 
Support 

Reinforcement 
Modeling 
Societal 

influences

Psycho-
Beliefs 

Expectations 
Mood/Stress 

Coping 
Motivation

Bio-
Injury 

severity/hx 
Genetics 

Medical hx 
Age         
Sex 

Slide courtesy of Mike Kirkwood, PhD



Slide courtesy of Mike Kirkwood, PhD
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Key Points for Improving Outcomes

Consider 
referral to 
specialty 

concussion 
program

Identify and 
address factors 

that may 
impact 

recovery 
trajectory

(5P risk score)

Optimize 
sleep, 

introduce 
aerobic 

exercise and 
cervico-

vestibular 
rehab when 
appropriate
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Panel Discussion

Robin Peterson, 
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Rehab Psychology

Nicki Remington, 
DPT

Physical Therapy

Julie Wilson, 
MD

Sports Medicine



JN – 17 yo F soccer player
• Hit in the face by soccer ball kicked at close range –

immediate onset HA, dizziness, nausea, light 
sensitivity

• Initial visit to CHCO ~3 weeks from injury
– Feels 65% recovered
– Continued HA, significant dizziness (motion sensitivity, 

positional, associated nausea), sleep disturbance
– Symptoms impacting school tolerance but trying to attend 

full-time



Prior Concussion History
• 3 prior concussions 

– 2016 and 2017– soccer-related injuries, full recovery 
took 2-4 wks

– 2018 – basketball-related injury – recovery took 
several months, took 2 years off sports after this 
injury

– Played HS soccer in 2021 and 2022 without injury
– Reports intermittent HA (every 2-3 weeks) since 

2018 injury. Maternal relatives with migraines.



Physical Exam
• HR ↑ (58 to 91) with orthostatic VS
• Symptom provocation with all VOMS 

components (dizziness)
• Positive Romberg (exaggerated loss of balance)
• Slow single (32 sec) and dual-task (54 sec) 

tandem gait  



Initial plan
• Improve hydration and nutrition (Zofran, 

increase fluid/electrolyte intake)
• Headache management plan
• PT for vestibular rehab
• Sub-symptom threshold exercise
• School support plan


	Why is this taking so long: �Understanding persisting symptoms after pediatric concussion�
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36

