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Overview – 6th Intl Concussion 
Consensus Conference

“Advanced neuroimaging, 
fluid-based biomarkers, 
genetic testing and 
emerging technologies are 
valuable research tools for 
concussion but not yet 
suited for routine use in 
clinical practice.”

Consensus Statement on Concussion in Sport – BJSM 2023



Overview
• The problems of diagnosis and prognosis in SRCs
• Potential objective tests
– What’s available/what’s in the works

• miRNA as a possible biomarkers
– What are they?
– How have they been studied?

• The problem of prolonged recovery
– ‘persisting post-concussive symptoms’ (PPCS)’
– Potential tools to predict this (research not clinical)



What this talk is NOT about



The ‘problem’ with concussion
• Difficulties with diagnosis
– Not entirely ‘objective’ measures 

• Difficulties with prognosis
– Contributes to patient/familial anxiety
– Who gets PPCS?

• Difficulties with the fundamentals of research
– ‘misclassification’



BJSM 2017 Systematic Review
• Neuroimaging
– DTI
– Task-based, resting fMRI
– EEG/quantitative EEG
– MR spectroscopy

• Biomarkers
– Glial fibrillary acidic 

protein (GFAP)
– Ubiquitin c-terminal 

hydrolase L1 (UCH L1)
– Multiple other serum 

markers
– Salivary cortisol

• No mention of miRNAs



Other potential tests

• Optical coherence tomography (OCT)
– Macula
– Retinal nerve fiber layer thickness
• thicknesses



CRT6
• Concussion Recognition 

Tool 6
• Sign/symptoms
• ‘Recognize and remove’
• How does one identify 

or ‘diagnose’ a 
concussion???



NEJM May 2023
• CARE Consortium

– SCAT
– SAC
– Brief Sx Inventory 18
– BESS
– ImPACT

• Most clinical assessments 
normalized 2 – 7 d

• Visual memory and 
reaction time (14d and 
18d) took longer

“Concussion diagnoses and 
clearance for return to play 
were determined on the 
basis of the overall clinical 
impression, which was 
informed in part by the 
results of the assessments.”



Biomarkers  -- the Holy Grail?
• Might this be a POC test on 

sideline or in clinic like urine 
HCG? Serum HgbA1c?

• Diagnosis and/or prognosis?



Potential biomarkers

sources
• Serum
• Saliva
• Urine

types
• Proteins
• miRNAs



Biomarkers in evaluation of mTBI
• GFAP UCH-L1 are proteins with FDA-approval
• Measure levels < 12 hours from injury can 

distinguish individuals with ‘concussion’ who 
may warrant CT scan (?intracranial lesion)

• Downside for true concussion (mTBI)
– Proteins large -- may require BBB disruption for 

detection peripherally
– May be good acutely (but are degraded by 

proteases)

JAMA Neurol 2016 73: 551 – 560



NCAA Dept. of Defense CARE 
Consortium

• Concussion (N = 284), contact 
sport controls (N = 138), non-
contact sport controls (N = 102)

• GFAP, UCHL-1, tau, neurofilament 
light chain

• Concussed – significant 
elevations in GFRP and tau

• AUC for distinguishing concussed 
vs. contact controls for GFAP and 
UCHL-1 0.71 [0.64 – 0.78]

JAMA Network Open 2020



“FDA Approved”
• iStat TBI – plasma test
– GFAP
– UCH L-1

• FDA approved January 2021
• Liken to troponin in chest pain of “Ottawa 

Ankle Rules” for ankle sprain
• Help distinguish higher level TBI from mTBI
– (guides in determining need for CT scan)



Biology of concussion 

Acute cellular biological processes occurring after concussion/mild TBI.
Giza CC, Hovda DA. The new neurometabolic cascade of concussion. Neurosurgery. 2014;75 

Suppl 4(0 4):S24-S33. doi:10.1227/NEU.0000000000000505



microRNAs – what are they?

• miRNAs – short (19- 28 
nucleotides) noncoding 
molecules found 
throughout the body 
(serum, CSF, saliva)

• Function in RNA silencing 
and post-transcriptional 
regulation of gene 
expression

• Transported through 
extracellular space by 
exosomes & microvesicles



More on miRNAs
• A type of SNCRNA
• Have been looked at in
– Alzheimer’s, Parkinson’s
– Autism
– Alcoholism
– Multiple cancers

• Critical for 
neurodevelopment and 
brain function

• Circulating miRNAs 
elevated after injury

• miRNA expression profiles 
differ between healthy and 
disease states.

• 100s of circulating miRNAs



miRNAs in concussion
• CNS contains highest concentration and diversity of 

miRNAs in body
• miRNAs are small enough (unlike proteins) that they 

can cross BBB and be found in peripheral fluids (e.g. 
saliva, urine) without injury to BBB (as would be 
expected in mTBIs)

• Implicated in both the 1°and 2° damage responses to 
TBI

• miRNA profiles may predict the trajectory of recovery 
from brain injury. 



Atif, Hicks 2019



5 P tool from PERC:
Predicting Persisting Post-Concussion Sx
• Follow up 28d post 

concussion
– Female sex
– Age > 13
– PMH migraine
– PMH concussion > 1 wk
– Headache
– Phonophobia
– Fatigue
– Answering questions slowly
– > 4 errors BESS

• N = 3063 patients 
– Median 12 (IQR 9.2 – 14.6)

• Clinical Risk Score (12 pt)
• AUC 0.71 [0.69 – 0.74]
• “Modest discrimination 

to stratify PPCS risk at 
28d.”

JAMA 2016 “Clinical Risk Score for Persistent Postconcussion Symptoms Among 
Children with Acute Concussion in the ED



JAMA Johnson et al. (2018)
Association of Saliveary miRNA Changes 
with Prolonged Concussion Symptoms

• N = 52
• 42% female
• Age ( 7 – 21 )
• Heterogenous MOI
• Within 14 d of injury
• Salivary miRNA sample at 

time of initial clinical 
presentation (one time point)

• F/U 4 weeks SS > 5 = PPCS

5 biomarkers accurately identifying 
patients with PPCS

• miR320c-1
• miR-133a-5p
• miR-769-5p
• let-7a-3p
• miR-1307-3p



NCH Study (2022)



miRNA Extraction & Analysis

Oragene 
RNA RE 
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Digital 
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each miRNA 
expression 
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analysis 



My favorite miRNA study

• 2017 – 2019 seasons
• Top 2 tiers English Rugby
• 1028 players pre-season
• 156 HIA players 
– In game, post game, 36 - 

48°
• 102 uninjured controls
• 66 MSK injured
• AUC > 0.9 for 

‘fingerprint’ panel 



Do you read me HAL?



Brave New World
• Large data bases shared
– HIPAA issues
– Proprietary issues

• Machine learning
• “Literature Based Discovery” (LBD)
• ‘Fingerprints’ of miRNA patterns
– Diagnosis
– Prognosis



Summary
• No current biomarkers are thought by 

CISG/Amsterdam to be clinically ‘prime time’ for 
SRCs

• The 1st clinically available biomarker in USA is 
designed to assess need for CT scan
– GFAP / UCH-L1

• Salivary miRNAs are a promising biomarker 
– Easy to sample and store
– Potential for diagnosis and prognosis

• Technology will be a game changer 
– It IS a new era 😉
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Thank you


