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TRAUMATIC BRAIN INJURY (TBI)



• Standardized scoring systems
- Clinical (labs, vitals, physical exam)

- Radiographic (CT findings)

PROGNOSISEVALUATION TRIAL INCLUSION 

• Applications:

TBI CLASSIFICATION



• Practitioner-dependent

• Subject to confounding

• Lack discrimination

CLINICAL SCORING SYSTEMS
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BIOMARKERS IN TBI

Wang et al., Expert Rev. Mol. Diagn. (2018)



2018 – FDA approves Brain Trauma Indicator for mild TBI only 

Bazarian et al., Lancet Neurol. (2018)  

BIOMARKERS IN MILD TBI

=
≤12 hr



Frankel et al., J. Neurotrauma (2019)

BIO-ProTECT (2019)

• S100B and GFAP improved prediction of 6-month outcome 
over prehospital variables

• Did not evaluate radiographic endpoints

BIOMARKERS IN MODERATE-SEVERE TBI



STUDY HYPOTHESIS

In patients with moderate or severe TBI, serum levels of 
GFAP, UCH-L1, and MAP-2 improve prediction of        

CT findings, mortality, and 6-month neurologic outcome
over prehospital characteristics alone.



METHODS - PROCEDURES

BLOOD SAMPLESHEAD CT250 mL SALINE BIOMARKERS
• GFAP, UCH-L1, MAP-2• ED arrival• Bolus + 8hr infusion • ED arrival + repeat <24hr

Placebo arm of “Prehospital Tranexamic Acid Use for TBI”
- 20 trauma centers, USA and Canada



PREDICTORS OUTCOMES
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METHODS - STATISTICS



x

POPULATION



RESULTS:

RADIOGRAPHIC ENDPOINTS



Addition of individual biomarkers to PH 
improved prediction over PH alone 
(AUC = 0.639)

• GFAP (0.816)**
• MAP-2 (0.752)**
• UCH-L1 (0.699)* 
• Combined biomarkers (0.824)**

(*p<0.01, **p<0.001)

INTRACRANIAL HEMORRHAGE



Addition of GFAP and MAP-2 to PH 
(not UCH-L1) improved prediction 
over PH alone (AUC = 0.715)

• GFAP (0.839)*
• MAP-2 (0.857)* 
• UCH-L1 (0.686) 
• Combined biomarkers (0.891)*

(*p<0.01, **p<0.001)

MARSHALL SCORE 5 OR 6



RESULTS:

CLINICAL ENDPOINTS



Addition of GFAP and MAP-2 to PH 
(not UCH-L1) improved prediction 
over PH alone (AUC = 0.713)

• GFAP (0.842)**
• MAP-2 (0.801)*
• UCH-L1 (0.779)
• Combined biomarkers (0.841)**

(*p<0.01, **p<0.001)

48-HOUR MORTALITY



Addition of individual biomarkers to 
PH improved prediction over PH alone 
(AUC = 0.660)

• GFAP (0.843)**
• MAP-2 (0.799)*
• UCH-L1 (0.809)* 
• Combined biomarkers (0.838)**

(*p<0.01, **p<0.001)

28-DAY MORTALITY



Addition of individual biomarkers to 
PH improved prediction over PH alone 
(AUC = 0.700)

• GFAP (0.780)**
• MAP-2 (0.777)*
• UCH-L1 (0.788)* 
• Combined biomarkers (0.771)**

(*p<0.01, **p<0.001)

6-MONTH GOSE



Addition of GFAP and MAP-2 to PH 
(not UCH-L1) improved prediction 
over PH alone (AUC = 0.811)

• GFAP (0.841)**
• MAP-2 (0.862)*
• UCH-L1 (0.865)
• Combined biomarkers (0.822)**

(*p<0.01, **p<0.001)

6-MONTH DRS



CONCLUSIONS

Serum biomarker levels improved prediction of radiographic findings, 
mortality, and long-term outcome in moderate-to-severe TBI.

• Earliest time to biomarker collection in a TBI trial (84 min).



LIMITATIONS

• Included patients with polytrauma

• 7% of patients lost to 6-month follow-up

• Compare predictive value to IMPACT score (current gold standard)
• Define standard biomarker cutoff ranges for clinical use

FUTURE DIRECTIONS



Special thanks to the patients, families, EMS personnel, and 
research coordinators who made this study possible.
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GOS-E AND DRS
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