
Biomarkers for Traumatic 
Brain Injury in Pediatrics

Nebraska State Trauma Symposium
Grace Y. Lai, MD PhD
Assistant Professor
Department of Neurological Surgery



No disclosures



In 2022, 2.3 million (3.2%) children and 
adolescents aged ≤17 years had ever 
received a diagnosis of a concussion or 
brain injury.

In 2013, of children <15 years
- 1,500 deaths
- 18,000 hospitalizations
- 640,000 ED visits
- 75% minor, mild, concussion



CDC Guidelines



PECARN: Imaging

June 2004-March 2006, 25 EDs

<18 yo, GCS 14-15 
42,412 enrolled

35.3% with CT scans

• 5.2% positive scans

• 0.9% had clinically significant TBI (death, 

neurosurgery, intubation >=24h, admission >=2 

nights)

• 0.1% underwent neurosurgery



PECARN Compliance?

National Hospital Ambulatory Medical Care Survey (NHAMCS)

Data on ~30,000 annual visits from 300 randomly selected US EDs

• Inclusion: <18yo, chief complaint or discharge diagnosis of head injury

• Outcome: CT use prior to and after publication of PECARN rules (2009) 

Factors associated with ↑CT

• Age >= 2 years

• White race

• Higher acuity

• Non-teaching or non-pediatric hospital





Biomarker platform for prediction of 
positive CT findings in mild TBI

2024
2018



Biomarkers of TBI? Ubiquitin C-terminal hydrolase-L1 (UCH-L1)

Cytoplasmic deubiquitinating enzyme

• Removes excessive, misfolded, or oxidized 

proteins via control of proteasome pathway

• Specific to neurons

Glial fibrillary acid protein (GFAP)

Main component of astroglial cytoskeleton

• Structure and mechanical strength

• Support of BBB

Upregulated during astrocyte activation

Released during astrocytic death





22 sites (15 US, 7 EU), N=1959 (+HCT 125)

• Age >18

• GCS 9-15

• HCT within 12 hours of injury

• Blood within 12 hours of injury

Cut-off values determined from independent 

group of 334 subjects

Adults



Age and normal values

~3-4 yo



Children Children <= 16yo (11 EDs)

• Within 3 hours of TBI

• GCS 15

• Head CT (intermediate PECARN)

Reference values from 718 control 

children, >95% percentile for each age 

group 

”Clinically important” TBI

• Positive CT scan with +2 days admission

• Neurosurgery

• PICU admission

• Death

N=531 mTBI

10 ciTBI

14 +HCT



TBI at Children’s Nebraska

<18 years old

MOI consistent with TBI

HCT and blood test <24h

May 2025 to present

N = 33

+HCT = 14

Mean age = 7.21 +/- 6.66 SD (1 day – 17.9)

Mean GCS = 14.76 +/- 0.56 (13-15)

GFAP UCHL1 Either

Sensitivity 0.93 0.57 1.00

Specificity 0.63 0.68 0.53

NPV 0.92 0.68 1.00

PPV 0.65 0.57 0.61

Could have saved 10 patients from HCT (30%)

January 2020-December 2023

Trauma Quality Improvement Program (TQIP) database 
(trauma activations and admissions)

894 Admitted with labs

349 Positive cranial imaging for head/face injury



Future Directions

• Use of biomarkers for clinical decision making in children 
(at least in 4-17 year olds)

• Utility of test to predict out-comes and diagnose 
”concussion” 

• Utility of test to screen for NAT in babies 

• Non-TBI applications
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