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The Many Faces of Traumatic Brain Injury 

1.6-3.8 million 
Per Year  

400,000+ 
TBI Diagnosed 



The Many Faces of Traumatic Brain Injury 

At least  
4.8 million seek 

medical care in the 
US each year 



The Many Faces of Traumatic Brain Injury 
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Incidence	of	TBI	is	Increasing

 

California: 40% Increase Over Past 10 Years 
BMJ, 2018   



Traumatic Brain Injury: 2019 

Classification 
GCS 

(Glasgow Coma Scale) 

Outcome 
GOS 

(Glasgow Outcome Scale) 

Severe 

Concussion 

Vegetative 

Good Recovery 

A Complex and Heterogeneous Disease 

Depression 

PTSD 

Cognitive 



GCS 

Genome 

Proteome 
GFAP 

UCH-L1 S100B 

Clinical Data EtOH > 300 

SBP < 90mmHg 

Agitated 
Na = 128 

Imaging 

Symptoms 

Headache 
Dizziness 

Fatigue 
Memory 

A “Precision Medicine” Approach to TBI 



Goals 
-  Improve TBI diagnosis and classification/taxonomy 
-  Improve TBI outcome assessment 
-  Identify the health and economic impact of Mild TBI  
-  Create an “Information Commons” to promote 

 collaboration and acceleration of TBI research 

Prospective Longitudinal Observational Study 

-  3000 subjects, including Controls 

- Across the spectrum from concussion to coma 



 
1.  Baylor College of Medicine/ 
       TIRR Memorial Hermann 
2.  Denver Health Medical/ 
       Craig Rehabilitation 
3.  Emory University 
4.  Hennepin County Medical Center 
5.  Indiana University 
6.  Medical College of Wisconsin 
7.  Spaulding Rehabilitation Hospital/ 
       Massachusetts General Hospital  
8.  University of California, San 

Francisco 
9.  University of Cincinnati 
10. University of Maryland 
11. University of Miami 
12. University of Pennsylvania 
13. University of Pittsburgh 
14. University of Utah Health Care 
15. University of Washington 
16. UT Austin-Seton 
17. UT Health Houston 
18. UT Southwestern 
19. Virginia Commonwealth University 

Clinical Sites 

The Top Trauma Centers in the Country 



TRACK-TBI Team 

Evolving from Competitors to Collaborators 



Public-Private Partnership 
Industry Partners 

Government 
Partners 

Academic 
Partners 

Not for Profit 
and 

Philanthropic 
Partners 



TRACK-TBI: a Precision Medicine Approach 

Demographics/Clinical 

Blood-Based (GFAP) 
Outcomes Imaging 

Genetics 
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Data	Projections	with	Current	Studies

CARE
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Shared	Data

All	Data

COBRIT
CHAI

TRACK-TBICOMPLEX 
and 

Granular 



Nelson, et al, June 2019 

63% of GCS 13-15 with a + CT Findings are Impaired at 12 months 
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mTBI: 52% Impairment 
 

mTBI/CT+: 63% Impairment 
 

Is “Mild” TBI Mild? 

N=1156 



Specific Symptoms Endorsed at 12 months 
mTBI Ortho 



•  Major gaps in follow up and treatment 
•  Substantial number of patients with undiagnosed depression, anxiety, 

and other symptoms  

Translating Research Innovation into Public Health Solutions  
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Study Sites 

Analytic Sites 

13 Study Sites 
Washington 
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Follow-up GCS 13-15 



Follow-Up Care After Discharge 

47%

27%
41% 44%

6%
0%
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50%
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100%

Received TBI 
educational 
material at 
discharge

Hospital called to 
follow up by 2 

weeks

Saw a provider by 
2 weeks

Saw a provider by 
3 months

Visited a TBI clinic 
by 3 months

No System of Care 



Translating Research Innovation into Public Health Solutions  



FROM BENCH TO 
BEDSIDE 

RAPID CLINICAL TRANSLATION 



GFAP vs S100b for Prediction of TBI on CT 

GCS 3 - 15 



The Potential to Transform our TBI Care 

Imaging and Blood-Based Biomarkers  



Biomarker-Driven TBI Care  

Preliminary 

Median GFAP 

CT+  949 

CT-   108 

CT-/MRI+  417 

CT-/MRI-  75 

Ortho  13  

10 pg/ml 



Biomarker-Driven TBI Care  

Preliminary 

Median GFAP 

CT+  949 

CT-   108 

CT-/MRI+  417 

CT-/MRI-  75 

Ortho  13  

1200 pg/ml 



Biomarker-Driven TBI Care  

Preliminary 

Median GFAP 

CT+  949 

CT-   108 

CT-/MRI+  417 

CT-/MRI-  75 

Ortho  13  

200 pg/ml 



GFAP for Prediction of TBI on MRI 
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Biomarker-Driven TBI Care  

Preliminary 

Median GFAP 

CT+  949 

CT-   108 

CT-/MRI+  417 

CT-/MRI-  75 

Ortho  13  

50 pg/ml 

TBI 



•  GFAP (plasma) cutoffs for TBI vs Healthy Controls 

For aid in diagnosis of TBI, POC GFAP 
significantly outperformed core lab S100B  
 
GFAP AUC  0.94  95% CI 
0.93-0.95 
S100B AUC  0.87   95% CI 0.85-0.89 
p<0.001  

GFAP for Aid in Diagnosis of TBI 



This is not just for ”Mild” TBI 



>30,000 pg/ml 



Biomarker-Driven TBI Care  

Preliminary 

Median GFAP 

CT+  949 

CT-   108 

CT-/MRI+  417 

CT-/MRI-  75 

Ortho  13  

>30,000 pg/ml 



GOSE 
1 = Dead 

2 = Vegetative 

3 = Lower SD 

4 = Upper SD 

5 = Lower MD 

6 = Upper MD 

7 = Lower GR 

8 = Upper GR 
 

Outcome Prognosis: 12 Months 



AUC 
GOSE 1-4 vs 5-8 

GFAP = 0.84 

UCH-L1 = 0.84 
 

Outcome Prognosis: 12 Months 



•  Patients with TBI were twice as likely to develop Major Depression 
and PTSD as compared to orthopedic injury controls 

•  Identification of risk factors 

Translating Research Innovation into Public Health Solutions  



Traumatic Brain Injury 

GAP 



Overview of TRACK-TBI LONG Pilot 

1 Follow Up Call 

Limited In Person Follow Up 
(200 Subjects) 

Offering Prospective 
Consent 

Informant Interview 



TRACK-TBI LONG Enrollment and Targets by Site* 

* 11 Sites Activated 500 Enrolled 



TRACK-TBI: GOSE Latent Trajectories 



TRACK-TBI LONG Assessments 

TBI Control 

N=113 TBI and 15 Ortho Controls 



New Partnerships and Collaborations 

Artificial Intelligence 
Machine Learning  

High-Performance Computing 



Precision Imaging for TBI 

 

Invisible 
Wounds 

Uncertain Outcome 

 

Real-Time 
Connectome 

 

MRI 
Tractography 



TRACK-TBI 

DOE 10 Gbps Commercial 

100 Gbps DOE Esnet 

Bringing DOE’s Data Network to ZSFG 

1 Gbps VA WAN 

VA 10 Gbps VA WAN 

VA TIC 

ESnet POP 

UNIVERSITY!
OF!
CALIFORNIA!



Accelerating and Standardizing the Connectome 
Analysis Pipeline 

Patient Scan 

Original Runtimes 
Current Timings 

19h 

10h 

6h 

20m 

20m 8h 

Connectome 

MRI Segmentation 
Freesurfer 



Deep Learning MRI Segmentation 
!  Segmentation is the bottleneck of the connectome pipeline  
!  Model trained on 1,000s of MRIs and anatomical atlases 
!  Faster processing to enable downstream diagnosis/prognosis 

Trained Deep learning model processes TRACK-TBI patient in ~1min 



Clinical Care

Research

ZSFG TBI Program  

Education

Community



Thank You ! 


