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Evaluation in the medical practice
Which tests are most relevant?
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What?

Exclude neurologic and cervical Red Flags
Refer for further investigations if necessary

Confirm or rule out the diagnosis of concussion?
Refer for appropriate rehabilitation
Educate the athlete
Identify factors that may influence injury risk & persisent symptoms

Why?

There is a risk of subsequent injuries
There is a risk of Persistent Postconcussive Symptoms (PPCS)
Rehabilitation is beneficial in treating concussed athletes
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How? — Exclude neurologic and cervical Red Flags

Neurological examination
» Alertness (GCS)
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Knshana R, et al Journal of NueroEnglneerlng and Rehabilitation 2019
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How? — Confirm or rule out the diagnosis?

Post-Concussion Symptom Scale (PCSS)

Standardized Assessment of Concussion (SAC) | gport Concussion Assessment Tool
Orientation — Memory — Concentration (SCAT)

Balance Error Scoring System (BESS) Head Injury Assessment (HIA)
Cervical and neurological examination
Vestibular Ocular Motor Screening (VOMS)

King-Devick, Immediate Post-Concussion Assessment and Cognitive Testing
(ImPACT), ...
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How? - Identify signs & symptoms that influence injury risk

Disruption in the Perception — Action Loop

Physical Load Tolerance Information Integration

Multitasking Decision Making

Strength Reaction Time

Coordination and Agility Balance
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How? - Identify signs & symptoms that influence evolution

Persistent postconcussive symptoms
Favouring/predicting factors?

Age
Sex
History of concussions (and duration)
5p History of migraines or mental/psychic condition
S Severity of post-concussion symptoms in the first few days wesonat etar srs sports med 2017
core Dizziness at the time of INJUIY  Lau 8G et al. AmJ Sports Med 2011
Post-concussion development of migraines, dizziness, oculomotor difficulties,
symptoms of depression
Balance (mBESS), tandem walking + cognitive task Iverson GL, et al. Br J Sports Med 2017
Van Deventer KA, et al. J Sport Health Sci 2021 McCrory P, et al. BrJ Sports Med 2018
Harmon KG, et al. Br JSports Med 2019
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Table 5. Selected Predictor Variables for Multivariable Model of Persistent Postconcussive Symptoms (PPCS)

jon Cohort*
5p Clinical Score | o ggro
for PPCS 0Odds Ratio (95%CI) P Value
gegroup, y

5-7 0 1 [Reference]

8-12 1 1.54 (1.09-2.19) <.001

13-<18 2 2.31(1.62-3.32
- ¢ ) Table 6. Risk Categories for Persistent Postconcussive Symptoms (PPCS) in the Derivation Cohort®

ex
Male 0 1 [Reference] PPCS Risk Total No. of Estimated Risk of PPCS, No. With PPCS/
<.001 Category Risk Points % (95% CI) Total No. of Patients (%)

Female 2 2.24(1.78-2.82) 0 4.1(2.4-6.7) 0/6 (0)

Prior concussion and symptom duration 1 5.8 (3.9-9.5) 6/37 (16.2)
) — ; Low risk

Nc? prior conc955|nn, symptom durratmn <1wk 0 1 [Reference] o 2 8.3(6.0-13.2) 11/98 (11.2)

Prior concussion; symptom duration =1 wk 1 1.53(1.10-2.13) 3 11.8 (8.5-17.8) 15/165 (9.1)
Physician-diagnosed migraine history 4 16.4 (11.9-22.4) 41239 (17.2)

= € i [Referercel 001 5 22.3(16.7-29.7) 71/289 (24.6)

Yes ! 173 (1.24-2.43) Medium risk 6 20.7 (22.7-37.9) 90/299 (30.1)
AT WenTo(UEst on S oWl 7 38.2 (30.1-46.9) 96/243 (39.5)

No 0 1 [Reference] e 8 47.6 (38.9-57.1) 80/172 (46.5)

ves ! 1.37(1.08-1.74) 9 57.1 (48.2-65.6) 58/103 (56.3)
Balance Error Scoring System tandem stance
No. of errors High risk 10 66.1(57.2-74.4) 30/43 (69.8)

0-3 0 1 [Reference] 11 74.1 (65.8-81.5) 9/13 (69.2)

>4 or Physically unable to undergo testing 1 1.31 (1.04-1.66) 2 12 80.8 (74.6-88.3) 3/3 (100)
Headache

No 0 1 [Reference] — 0 .

.01 - -

o X 66 (L11048) Score of 9-12 = 82% persistent

Sensitivity to noise H
’ postconcussive symptoms !

No 0 1 [Reference] 002

Yes 1 1.47 (1.15-1.87) ’
Fatigue

No 0 1 [Reference] <001 ZemezR, et al. JAMA 2016

Yes 2 1.84 (1.37-2.46) Howell DR, etal. Am J Sports Med 2018
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How? - Identify signs & symptoms that influence evolution

Persistent postconcussive symptoms
Favouring/predicting factors?
Delayed withdrawal from the game and delayed conSultation ek os ctel s Head Trouna Renabil 2020
Vestibular and cognitive disorders on first examination Martinez G et al. Archives of Physiotherapy 2020
VOMS impairment is associated with:
* more symptoms, reduced academic performance

. delayed recovery (except NPC) Kontos AP, et al. JAMA Neurol 2020
. Anzaone AJ, et al. Am JSports Med 2017
* delayed RTP if present at 14 days post-SRC Glendon K, et al. Brain Injury 2021
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How? - Identify signs & symptoms that influence evolution

Vestibular Ocular Motor Screening (VOMS)
Baseline symptoms 0-10: Headacke — Dizziness — Nausea — Fogginess

Saccades Convergence Vestibulo-Ocular Reflex Visual Motion

Smooth Pursuits Horizontal & Vertical Near Point Horizontal & Vertical Sensitivity Test

Any itemz 2 pts = +46% probability of concussion
Near point convergence (NPC) 25 cm = +34% probability of concussion
3 items (VOR, VMS, NPC) = 89% accuracy for identifying concussion from ctrl

Mucha A, et al. Am JSports Med 2014
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How? - Identify signs & symptoms that influence evolution

Persistent postconcussive symptoms
Favouring/predicting factors?
Delayed withdrawal from the game and delayed conSultation ek os ctel s Head Trouna Renabil 2020
Vestibular and cognitive disorders on first examination Martinez G et al. Archives of Physiotherapy 2020
VOMS impairment is associated with:
* more symptoms, reduced academic performance

. delayed recovery (except NPC) Kontos AP, et al. JAMA Neurol 2020
. Anzaone AJ, et al. Am JSports Med 2017
* delayed RTP if present at 14 days post-SRC Glendon K, et al. Brain Injury 2021

Low symptom threshold during physical activity (BCTT)
+ Symptom HRt < 135bpm at BCTT increases chances of prolonged symptoms by 45x
* A Rest HR - Symptom HRt < 50bpm predictive of prolonged symptoms

. o Leddy JJ, et al. Clin J Sport Med 2017
(SenS| 73%: Spelel 78%) Haider MN, en al. Front. Neurol. 2019
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How? - Identify signs & symptoms that influence evolution

Buffalo Concussion Treadmill Test (BCTT)
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- Stoppage requested by the athlete. T e
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How? — Refer for appropriate rehabilitation

Subsymptom threshold aerobic exercise treatment is recommended to start
within 2 days

Cervical & Vestibular rehabilitation programme is recommended for
adolescents and adults with headache, neck pain, dizziness and/or balance
problems at 10 days

Collaborative care and active rehabilitation is recommended for adolescents
and adults when symptoms persist > 30 days

Leddy JJ, et al. Br J Sports Med 2023
Schneider KJ, et al. Br J Sports Med 2023
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How? — Refer for appropriate rehabilit

ation
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FIGURE 2 | The prevalence of post-concussion symptoms over time.
Permission has been obtained to base our figure on data presented in
Theadom (27).
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Polinder S, et al. FRONT Neurol 2018 14
Pugh MJ, et al. J Neurotrauma 2021
Harmon KG, et al. Br JSports Med 2019

\ (00(\
0,
Physicsl Bam /70,.
Impaired balance/gait IR .
Abnormal vestibular ocular refiex f/o
Abnormal visual motion sensitvity %
R or other abaormal vestibuler testing >
Tarzeted treatmen: - -
(Graded exposure to stimull
Cu a r ‘ Vestibutar renabtaton Og ni |Ve
b
) ) ol
S Abrormai near point convergence; - e
Impaired accommodotion Batance problems ool o
& e e S
Poor performance on in-office cognitive testing
&1 Symptom provocation with above tests B £
@, Distiness Tareetid treatmgnt [0
Q) LA U Keaseme moaiicatens o
= Lens changes Oiffculty Formal neutocognitive
T, remembening evaluation/rehabilitation -
& ]
7] ] o
f Difficulty concantrating (N
a4 =
] Confusion Q.
Headaches o i H
- m
- - Wﬂ low ener o x
Migraine Fatigue :
(o]
Phiclt s ~~
— tonose — &
Hormal i 5 Physical Dxam ~
() Aveidanice recetion to bright ight (& Troubisfoking askeep Normal =
[ Gecipital tendemess Tired or subdued appearance (=)
0 Neck tenderncss ) oesessed ol S
-, Tight neck muscles Sadness o
o,
) Tkttt Hore emational Tarasted trestment >
NShaTheIRy Cognitive behavioral therapy 1)’
O, Treatm i Graded exertonal tolerance
\,  Tstmentof A dorder Aniety-Mood e O
(¢) >
>, Normal \3
(S Agiated \
Anvious
o/ Flat affect
09 Tearfu!
(% Tarpeted treatment
S./ Maintain social engagement
9‘? Mental health counseling )
Coites bebovior Sty 6"’9\



How? — Educate the athlete

Na'/K tPump

Brain Concussion

Maintain symptom increase below 2/10 with hourly recovery
Split working/course/revision time to stay below the symptom threshold

Promote aerobic activities below the symptom threshold (50-70% HRmax or 80-90% HRt)

Optimize diet & sleep

Limit mediacations & harmful substances
Avoid NSAIDs, opiates, sleeping pills, alcohol, tobacco, drugs, ...

Wear your glasses as much as possible
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My practical approach - First medical visit

History with confounding factors and prior head injuries

Symptoms (PCSS) - Identification of a phenotype if possible

Neurological examination and SCOAT 6 (Orientation, Memory, Concentration, Balance)
VOMS - if sufficient time (otherwise at 2 weeks)

5P score —if applicable

- BCTT for prognostic and therapeutic planning purposes in the 1st week
—> Additional investigations according to symptoms, duration, and phenotype
Phone follow-up at 1 week
In-person follow-up at 2 & 4 weeks
Physician - Physio contact in between
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SC O AT 6TM Sport Concussion Office Assessment Tool
For Adults & Adolescents (13 years +) H
Coordination & BalanceBESS)
(réetent, past, neuro, psych, developmental, tiln :
family history, medications) r & Oculomotor Screening
(Symptoms)(PCSS) Qovsy
—

Screening :

W SAC) - Anxiety

Immediate memory

Depression
Concentration

_ Sleep disorders

Cervical examination
o Dela
xamination Exercise tolerance test/BCTT)

Complete neurologica
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Take Home Message

Clinical Diagnosis, Keep a low suspicion threshold ! — visible clues, symptoms, tools
» Look for Red Flags ™

Be attentive :
To factors that increase risk of injury — disruption of the perception-action loop
The risk of a second concussion in the same season = 3x higher
The risk of subsequent injury = 17 40-60%
To predictors of persistent postconcussive symptoms
To the expressed symptom profile/phenotype

Educate and Rehabilitate the athlete

Sub symptom threshold aerobic exercise treatment is Guskiewicz KM, et al, Am ) Sports Med 2000
Hhi Rafferty J, et al. Br JSports Med 2019
recomme nded to Sta rt Wlthln 2 dayS McPherson AL, et al. Am JSports Med 2018

. . Ramirez V, et al. USPT 2022

Refer in case of Red flag or Symptom duration of > 4 weeks e ctalorsspors wea 205
chneider K, et al. Br J Sports Me

Reneker JC, et al. Musculoskeletal Science and Practice 2019
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Thank you for your attention

Hopital Dr méd Moreillon Maxime +4122 7197775
e § de wiss 8 | Medical Avenue J.-D. Maillard 3 cabinet.moreillon@latour.ch
LaTour olympic | Center 1217 Meyrin/Genéve - Suisse www.latour.ch
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