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1.  LEADERSHIP, SITES AND CONTACTS 
 
1.1  LEADERSHIP 
TRACK-TBI is a large and complex project. Its institutional and public-private partnership is comprised of 18 
clinical sites, 7 Cores, for a total of nearly 50 collaborating institutions, corporations, and philanthropy. From 
inception, we recognized that a clear and comprehensive governance and leadership plan would be essential 
to the success of the scientific and administrative aspects of the project. The multi-PI plan presented here 
emphasizes excellence, inclusiveness, collaboration, and efficiency. 
 
Governance will implemented by the PIs, advised by a Steering Committee, to promulgate critical policy and 
strategic decisions, executed by an Executive Committee, through the work of a model of distributed Cores of 
scientific and administrative expertise (Administrative, Clinical, Biospecimens, Informatics, Neuroimaging, 
Outcomes, Biostatistics/Comparative Effectiveness Research). Each of the 7 PIs, and a specially appointed 
Informatics expert, serve as the Core Leaders, sometimes in conjunction with a Core Co-Leader who has 
complementary expertise. At each of the 18 Study Sites, we have appointed a Study Site Leader, who works 
with 1 or more Co-Investigators at that site, selected for their mix of strengths across the Cores. The 
Leadership will also benefit from the input of a Scientific Advisory Board and a Community Advisory Board, as 
to strategic research participation and planning, and dissemination of TRACK- TBI scientific findings. 
 
 
1.2 TRACK-TBI PRINCIPAL INVESTIGATORS (EXECUTIVE COMMITTEE) 
 

Name Role Institution 

Geoffrey Manley, MD, PhD 
Contact PI + Administrative Core Leader + 

Study Site Leader 
University of California, 

 San Francisco 

Claudia Robertson, MD PI + Clinical Core Leader + Study Site Leader Baylor College of Medicine 

David Okonkwo, MD, PhD PI + Clinical Core Leader + Study Site Leader University of Pittsburgh 

Ramon Diaz-Arrastia, MD PI + Biospecimens Core Leader 
Center for Neuroscience and 

Regenerative Medicine, USUHS 

Nancy Temkin, PhD PI + Biostatistical/CER Core Leader University of Washington 

Pratik Mukherjee, MD, PhD PI + Neuroimaging Core Leader 
University of California,  

San Francisco 

Joseph Giacino, PhD PI + Outcomes Core Leader 
Spaulding Rehab Hospital 
Harvard Medical School 

Rotating Steering 
Committee Member 
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1.3 TRACK-TBI STEERING COMMITTEE MEMBERS 

Name Role Institution 

Principal Investigators (7) See above See above 

Ann-Christine Duhaime, MD Clinical Core Co-Leader (Pediatrics) + Site Leader Harvard Medical School-MGH 

Dana Goldman, PhD Biostatistical/CER Core Co-Leader Univ. Southern California 

Arthur Toga, PhD Informatics Core Leader Univ. Calif. Los Angeles 

Kevin Smith, MSIS Informatics Core Co-Leader Univ. Michigan 

Opeolu Adeoye, MD Study Site Leader Univ. Cincinnati 

Neeraj Badjatia, MD Study Site Leader Univ. Maryland 

Randall Chesnut, MD Study Site Leader Univ. Washington 

Mitchell Cohen, MD Study Site Leader 
Denver Health Medical 

Center 

Gregory Hawryluk, MD, PhD Study Site Leader 
University of Utah Health 

Care 

Gillian Hotz, PhD Study Site Leader Univ. Miami 

Christopher Madden, MD Study Site Leader Univ. Texas South Western 

Michael McCrea, PhD, ABPP-
CN 

Study Site Leader Medical College of Wisconsin 

Randall Merchant, PhD Study Site Leader Virginia Commonwealth Univ. 

Uzma Samadani, MD PhD Study Site Leader 
Hennepin County Medical 

Center 

David Wright, MD Study Site Leader Emory University 

Mateo Ziu, MD Study Site Leader 
Seton Brain & Spine Institute 

Austin 

Andrew IR Maas, MD Member + PI of CENTER-TBI/InTBIR 
Antwerp University Hospital, 

Edegem, Belgium 

David Menon, PhD Member + Co-PI of CENTER-TBI/InTBIR 
University of Cambridge, 

Cambridge, UK 

Isabelle Gagnon, MSc PhD 
Member + PI Canadian Institutes of Health 

Research (CIHR) InTBIR Team Grant 
McGill Univ. Health Centre, 

Montreal, Canada 

Ryan Kitagawa, MD Study Site Leader 
UTHSC – Houston 

Baylor College of Medicine 
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2. STUDY OVERVIEW 
Effective treatment of traumatic brain injury (TBI) remains one of the greatest unmet needs in public health. 
Each year in the United States, at least 1.7 million people suffer TBI; it is a contributing factor in a third of all 
injury-related US deaths. An estimated 3.2 to 5.3 million people live with the long-term physical, cognitive, and 
psychological health disabilities of TBI, with annual direct and indirect costs estimated at over $60 billion.1 
Recent efforts have increased our understanding of the pathophysiology of TBI; however, these advances have 
failed to translate into a single successful clinical trial or treatment.2 These failures are largely attributable to 
the fact that TBI classification approaches are blunt and have not changed in more than 3 decades. TBI patients 
are divided into the crude categories of mild, moderate, and severe, using the Glasgow Coma Scale (GCS)3, 
outcomes are measured using the equally crude Glasgow Outcome Scale-Extended (GOSE).4 These symptoms-
based categories do not permit mechanistic targeting for clinical trials. Clinical research has also been 
underpowered, hampered by lack of data standardization, and with limited multidisciplinary collaboration. 
Workshops coordinated by the National Institute of Neurological Disorders and Stroke (NINDS), Department of 
Defense (DOD), and the National Institute on Disability and Rehabilitation Research (NIDRR) since 2007 
identified the urgent need for improved TBI classification using more accurate diagnostic and outcome tools 
(beyond the GCS and GOSE), along with a standardized approach to data collection. A multidisciplinary effort 
was launched to develop TBI Common Data Elements (TBI-CDEs). Domains included clinical data, imaging, 
biospecimens, and outcomes.5-8 
 
In 2009, the NINDS-funded, multicenter Transforming Research and Clinical Knowledge in Traumatic Brain 
Injury Pilot study (TRACK-TBI Pilot - PI, Manley) implemented and helped to refine the TBI-CDEs, and created a 
prototype of the TBI Information Commons proposed here. This effort validated the feasibility of the TBI-CDEs 
and collected detailed clinical data on 650 subjects across the injury spectrum, along with CT/MRI imaging, 
blood biospecimens, and detailed outcomes. It also established an infrastructure of integrated databases, 
imaging repositories, biosample repositories, and multicenter expertise. The TRACK-TBI Pilot dataset is the first 
to populate the Federal Interagency Traumatic Brain Injury Research (FITBIR) repository. Among the early 
findings of TRACK-TBI Pilot data: Co-Investigator (Co-I), Yuh et al9 identified early MRI abnormalities in ~30% of 
subjects with mild TBI and a normal CT scan. These structural MRI abnormalities, in the first-ever standardized 
reporting of imaging features employing TBI-CDEs, were predictive of unfavorable outcome at 3 months. This 
work represents a significant step toward improved stratification of heterogeneous patient subgroups within 
the traditional “mild TBI/Concussion” population. Additionally, we validated a blood-based glial proteomic 
biomarker that reliably detects the presence and severity of brain injury seen on CT scan.10 Using TBI-CDE 
outcome measures examining multiple domains revealed that subjects with unfavorable outcomes could be 
separated into groups that screened positive for PTSD versus those with cognitive disability. While this 
improves precision of outcome assessment beyond GOSE, gaps in the TBI-CDE outcome battery were identified 
with respect to more severely injured patients, leading us to propose the flexible battery in this application. 
TRACK-TBI Pilot data also permitted comparison of emergency department disposition decisions in mild TBI 
patients. Co-I Adeoye et al11 found that although hospital admission usually resulted after a finding of CT 
abnormalities, no difference in 6-month outcome was observed regardless of whether the patient was 
admitted to hospital. Site-specific factors also influenced disposition, highlighting the opportunity to examine 
the variability in TBI clinical practice that influences outcome and costs.  
 
These results demonstrate the significance of a fully integrated TBI Information Commons that will: 

 Improve TBI classification/taxonomy for targeted clinical treatment trials. 

 Improve TBI outcome assessments, such that the size and costs of clinical trials can be reduced. 

 Identify the health and economic impact of mild TBI patient disposition. 

 Create a legacy database with analytic tools and resources to support TBI research. 
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3. STRUCTURE AND GOVERNANCE 

The TRACK-TBI team, in collaboration with expert public-private partners, in a Team Science approach, is now 
prepared to enroll 3000 subjects across 18 sites. Shattering the silos that traditionally separate research and 
clinical practices, our team includes acute-care clinicians, neuroscientists, rehabilitation specialists, health 
economists, and informaticists. The effort and resources of these highly qualified investigators, combined with 
those of our government and industry collaborators, have created a uniquely synergistic public-private 
partnership. The TBI Information Commons will create a high quality, widely accessible, and fully integrated 
TBI-CDE dataset compatible with FITBIR and the International TBI Research Initiative (InTBIR).  Collaboration 
within InTBIR will provide opportunities to strengthen research approaches, and importantly, provide a global 
platform to connect TBI’s best scientists. The expected outcome is an international resource, statistically 
powered to identify new diagnostic and prognostic markers and refine outcome assessments, which will lead 
to successful clinical treatment trials. 
 
TRACK-TBI’s multiple-PI governance champions inclusiveness, collaboration, excellence, and efficiency. The PIs 
will share strategic planning, management, and oversight, advised by a Steering Committee, with day-to-day 
functions managed by the Contact PI and an Executive Committee. An innovative, distributed core model 
empowers our researchers to generate and execute initiatives. A nimble administration will assure 
coordination, oversee fiscal matters, and maximize synergies through public-private partnerships. 
 

 
 
3.1 STEERING COMMITTEE 
The Contact PI will serve as first Chair of the Steering Committee (chair will thereafter rotate) and will be the 
NIH’s primary point of contact for the project. The PIs bear ultimate responsibility for the project, working 
collaboratively with and advised by, a Steering Committee composed of the PIs (who also lead our Cores in 
most cases, described below), Core Leaders,18 Study Site Leaders, and 3 international members. The Steering 
Committee is charged with strategic planning for research, and overseeing site operations and personnel. The 
Steering Committee will make policy decisions related to key operations. The Steering Committee’s Data Use 
Committee will serve as arbiter for the use of TRACK-TBI’s data and biospecimens, according to the Data Use 
Policy and IP Agreements conforming to FITBIR policies. As well, it will synthesize contributions of the Scientific 
and Community Advisory Boards to strategic research participation and planning. The Steering Committee will 
meet via weekly teleconferences, as well as at periodic national/international meetings. 
 
3.2 EXECUTIVE COMMITTEE (EC) 
The EC, composed of the PIs, with a rotating member of the Steering Committee (initial member Dr. Pancioli), 
will have oversight of day-to-day TRACK-TBI operations. The EC will be led by the Contact PI and supported by 
the Administrative Core. The Contact PI will coordinate communication among PIs, including establishing 
meeting schedules and agendas. The EC will make and execute final decisions as to research priorities, 
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supervise execution of studies, identify external collaborative private and public partners, ensure sound fiscal 
management, and review financial resource allocation. It will monitor data quality and progress toward 
completion of the Specific Aims through its Data Acquisition and Quality Committee (DAQC). The EC will also 
participate in InTBIR’s International Scientific Advisory Committee (ISAC). Upon notification of award, the EC 
will meet in-person, followed by weekly teleconferences during which PIs will provide updates on progress 
toward launch. Post-launch, the EC will monitor Core functions with ongoing review of enrollment targets and 
compliance with all clinical, data management, and regulatory/ethical protocols. Should key personnel need to 
be replaced, the EC will make recommendations to the Contact PI, who will immediately alert the NIH. 
 
3.3 INNOVATIVE DISTRIBUTED CORES MODEL  
Administrative Core (AC). Dr. Manley and his administrative staff will have overall scientific and financial 
responsibility. The AC will oversee subcontracts, prepare/monitor budgets, report to NIH Program staff 
regarding timeline and milestone achievement, submit progress reports, and plan/facilitate meetings and 
teleconferences, including distributing and archiving agendas and minutes. 
 
Clinical Core (CC). Drs. Robertson and Okonkwo will lead the CC, responsible for direct oversight of the clinical 
research sites, reporting to the EC. The CC will develop the recruitment plan and organize training meetings as 
well as approve the design of electronic Case Report Forms (eCRFs) and the Manual of Operations and 
Procedures (MOP). It will approve regulatory documents, track enrollment, and organize the collection of 
clinical and biomarker data. Detailed CRFs can be found in Appendix 3. 
 
Biospecimens Core (BC). Dr. Diaz-Arrastia will lead the BC Core, responsible for direct oversight of protocols 
for biospecimen sample collection and transport to the central biorepository at UP for storage and analysis. 
The BC will have primary oversight of Specific Aim 2, Subaims 2.2 and 2.3. Detailed protocols and training 
procedures can be found in Appendix 4. 
 
Informatics Core (IC). Dr. Toga will lead the IC, which will oversee TRACK-TBI Information Commons data flow. 
Responsibilities of the IC include the integration and harmonization of the multimodal data collected across 
each Core, ensuring that data comply with NINDS/FITBIR standards, and managing the timely transfer of data 
between the TRACK-TBI Information Commons hub and the FITBIR and InTBIR Platforms (tranSMART, One 
Mind/INCF portal, LONI). Co-Leader Kevin Smith will manage the tranSMART and One Mind/INCF portal. The IC 
will also deploy critical imaging and data processing resources rapidly to our clinical and research collaborators 
and to the public. 
 
Neuroimaging Core (NC). The NC, led by Dr. Mukherjee, is responsible for standardization of imaging data 
acquisition, imaging quality, and analytics (Specific Aim 1; Specific Aim 2, Subaim 2.1). The NC will provide 
coding and adjudication for all TRACK-TBI neuroimages according to the NIH-CDE criteria. Detailed CT and MR 
imaging protocols can be found in Appendix 5. 
 
Outcomes Core (OC). Dr. Giacino will lead the OC, responsible for design, collection, and evaluation of a 
flexible outcome assessment battery comprised of TBI-CDEs that capture a broad range of outcomes at all 
levels of TBI severity and across all phases of recovery. The OC will oversee site training for collection of 
outcome data, and have primary protocol oversight for Specific Aim 3. Detailed outcomes administration 
protocols and the full measures can be found in Appendix 6. 
 
Biostatistical and Comparative Effectiveness Research Core (BCERC). Co-led by Dr. Temkin (Biostatistics) and 
Dr. Goldman (CER), the BCERC is responsible for design and analysis of data captured across all Aims. Dr. 
Temkin will coordinate biostatistical analyses for all Aims, and Dr. Goldman will analyze the direct impact of 
treatments, tests, and practice patterns using health economic and clinical metrics (Specific Aim 4). 
 
3.4 PUBLIC-PRIVATE PARTNERSHIP RESOURCES  



 

TRACK-TBI Clinical Protocol 
Page 9 

 

Both financial and in-kind resources will be provided through public-private partnerships supporting computer 
infrastructure, diagnostics, data management, and informatics, through such partners as One Mind for 
Research (OMFR), QuesGen Systems, Laboratory of NeuroImaging (LONI), GE, Siemens, Banyan Biomarkers, 
Myriad RBM, DePuy Synthes, a Johnson&Johnson company, Abbott Laboratories; tranSMART Foundation, and 
Thomson Reuters, in close collaboration with the University of Michigan, Neuroscience Information 
Framework (NIF), International Neuroinformatics Coordinating Facility (INCF), American College of Radiology 
Imaging Network (ACRIN), and FITBIR. By leveraging existing data management, biospecimen management 
(UCSF), image management and informatics initiatives (QuesGen, LONI, tranSMART, OMFR Portal, FITBIR), the 
TBI Information Commons ensures the reliable, harmonized, and secure collection and curation, followed by 
dissemination, of TBI-CDE-compliant heterogeneous data, enabling integration and analysis at cell, organ, and 
systems levels. 
 
3.5 SCIENTIFIC ADVISORY BOARD (SAB)  
The SAB is composed of distinguished individuals with expertise in the fields of: Neurosurgery and TBI, 
Alzheimer’s Disease, Genetics, Proteomics/Systems Biology, Imaging/Outcomes, Translational Science, 
Information Technology/Computer Science, Precision Medicine, Quality CER, and TBI Philanthropy. The SAB 
will advise on strategies for new research priorities, and identify complementary funding sources. It will meet 
yearly, or more frequently by request, with circulated agendas and minutes. 
 
3.6 COMMUNITY ADVISORY BOARD (CAB) 
Our multi-stakeholder CAB is the essential ambassador to community engagement for participation in 
research. Their efforts in community sensitization will result in TRACK-TBI achieving timely accrual targets, 
retaining study subjects, and designing and facilitating appropriate dissemination routes for research findings. 
With the CAB, we will evolve the design of our Web portal, using the ONE MIND/INCF Platform. Our CAB 
members are leaders of the CDC, One Mind for Research, the NCAA, and the Brain Injury Association of 
America. The CAB will teleconference, according to circulated agendas, documented with minutes. 
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4. OBJECTIVES AND SPECIFIC AIMS 
Effective treatment of traumatic brain injury (TBI) remains one of the greatest unmet needs in public health. 
After 3 decades of failed clinical trials, a new approach is needed. Our proposal establishes a public-private 
partnership of experienced TBI investigators, and philanthropic and industry collaborators, who share a 
mission to accelerate TBI research. TRACK-TBI will create a large, high quality database that integrates clinical, 
imaging, proteomic, genomic, and outcome biomarkers to establish more precise methods for TBI diagnosis 
and prognosis, refine outcome assessment, and compare the effectiveness and costs of TBI care. 
 
We hypothesize that this approach will permit investigators to better characterize and stratify patients, allow 
meaningful comparisons of treatments and outcomes, and improve the next generation of clinical trials. We 
have built on the TRACK-TBI Pilot study (NCT01565551) and our team’s precompetitive collaboration, forged 
by participation in the TBI Common Data Elements project (TBI-CDE) and InTBIRHaving provided the index 
dataset for FITBIR, we now propose the following Specific Aims: 
 
4.1 SPECIFIC AIM 1 
To create a widely accessible, comprehensive TBI Information Commons that integrates clinical, imaging, 
proteomic, genomic, and outcome biomarkers from subjects across the age and injury spectra, and provides 
analytic tools and resources to support TBI research.  
 
Multi-disciplinary teams across 11 sites will enroll 3000 subjects of all ages across the injury spectrum of 
concussion to coma. The existing TRACK-TBI Pilot informatics platform will be expanded to facilitate clinical 
trial management, analytics, CER, and data sharing. Features of the Information Commons include integrated 
data and biospecimen management, as well as neuroimaging and informatics platforms, to support the entire 
information lifecycle (collection, management, curation, analysis, and sharing) accessible via a web portal to 
facilitate internal project communication as well as external community engagement. Curation in conformance 
with FITBIR policies ensures that collected data can be integrated and aggregated with InTBIR-affiliated 
projects and other NIH and DOD studies. Data will be transported into FITBIR, yielding an open-source resource 
for current and future TBI research and international collaboration. 
 
Data Analysis. We propose various statistical methods to address our Specific Aims, and the data will be 
openly available to test hypotheses not yet formulated. With a fixed sample size of 3000 per the NINDS RFA, 
analyses should consider the magnitude of effect sizes that can be detected or the precision of parameter 
estimates possible for any proposed hypothesis. For context, comparing 2 groups in the full cohort using a t-
test, the detectable effect sizes are < 0.18 (small). For comparing binary outcomes such as mortality, this 
translates to a difference of < 9 percentage points. For the CA Cohort alone, detectable effect sizes are < 0.24 
(small), and for the CA + MRI/CA+MRI-HDFT Cohort, they are < 0.39 (medium). We will implement a best 
practice approach to statistical analyses where the analysis plan for each question is defined a priori, including 
specification of the target participants. Where data mining is proposed, adjustments for multiple comparisons 
will be made. 
 
4.2 SPECIFIC AIM 2 
To validate imaging, proteomic, and genetic biomarkers that will improve classification of TBI, permit 
appropriate selection and stratification of patients for clinical trials, and contribute to the development of a 
new taxonomy for TBI. We hypothesize that validated imaging, proteomic, and genetic biomarkers will 
permit improved patient classification, beyond traditional categories of mild, moderate and severe TBI.  
 
CT and MR imaging are universally used to assess brain disorders. However, the full clinical significance of 
imaging abnormalities has not been firmly established for TBI.13  We have recently demonstrated the utility of 
qualitative TBI-CDE imaging biomarkers for prognosis in mild TBI,9  but their prognostic significance in more 
severe TBI and long-term outcome remains unknown. Quantitative imaging biomarkers have the potential to 
further improve diagnosis and prognosis. These include computer-aided lesion analysis, regional brain 
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volumetrics, white matter microstructure and structural connectivity from diffusion tensor imaging (DTI), and 
functional connectivity (FC) from resting state functional MRI (R-fMRI). We have developed novel software 
that performs immediate quantitative, objective measurements of key parameters of the admission head CT.19 
We have demonstrated that these quantitative CT (qCT) parameters are superior to qualitative patho-
anatomic features for prediction of 6-month GOSE.20  Quantitative MRI measurements of regional brain 
volumes and cortical thickness are useful biomarkers in large multicenter studies of neurodegenerative disease 
such as Alzheimer’s disease.21  We have previously described progressive atrophy of the hippocampus and 
amygdala during the 1-12 month interval after TBI,22  but large-scale studies are needed to determine whether 
regional brain volume and cortical thickness changes are related to cognitive and behavioral impairments. 
Given the reported association of both hippocampal and amygdala volumes with PTSD,23-26  we aim to validate 
these regional volumetric measurements as biomarkers of PTSD. The large sample size and longitudinal design 
of the proposed study will help resolve the controversy over whether atrophy of the hippocampus and 
amygdala leads to PTSD or if pre-existing small hippocampal and amygdala volumes predispose to PTSD.26 

Numerous single-center studies using DTI demonstrate that injury to the microstructural integrity of white 
matter tracts can explain much of the cognitive and behavioral sequelae of TBI.27 We have shown that the 
global load of microstructural injury on DTI is associated with impaired cognitive processing speed,28 and that 
microstructural integrity of the uncinate fasciculus (UF) correlates with memory performance while 
microstructural integrity of the anterior corona radiata (ACR) is related to visuospatial attention.29  This is 
especially significant because processing speed impacts many areas of cognition, while memory and attention 
are the 2 cognitive domains most often impaired in mild TBI.30,31  Our preliminary data also reveal that early 
reduction in white matter microstructural integrity correlates with poor verbal memory at 12-month follow-
up. Disruption of the structural connectivity of the brain also leads to alterations in its functional connectivity, 
defined as the temporal synchrony of neural signals such as the blood oxygenation level-dependent effect in R-
fMRI. We recently analyzed R-fMRI in a cohort of 51 mild TBI patients at 1-month post-injury and compared 
them with 45 matched controls. Altered FC of mild TBI patients versus controls was found bilaterally in the 
default mode network (DMN), executive control network (ECN), and the salience network.32 Although R-fMRI 
results from single-center TBI studies are promising,33-40  large, multicenter validation studies are needed. 
 
Validated proteomic biomarkers have been critical to progress in a broad range of clinical conditions; their 
absence in the TBI field is a major limitation. The most widely studied blood-based biomarkers are neuron- 
specific enolase (NSE), glial protein S100a, myelin basic protein (MBP), glial fibrillary acidic protein (GFAP), and 
ubiquitin-C-terminal hydrolase 1 (UCHL1).41-46 Recent work from the TRACK-TBI Pilot confirms that GFAP 
provides information regarding CT abnormalities and persistent disability after TBI.10  Elevation of additional 
biomarkers has been identified, including mediators of the innate immune response,47,48  coagulation, and 
endothelial activation.49  Inflammatory biomarkers are associated with cerebral hypoperfusion47 and elevations  
in intracranial pressure, making them attractive surrogate markers for therapies such as hypertonic saline.49 
Another emerging area is autoimmune response biomarkers. Brain-directed autoimmunity is a well-
established pathogenic phenomenon in neurological disorders such as paraneoplastic syndrome, Alzheimer’s 
disease, stroke, epilepsy, and spinal cord injury.50-55 In TBI, autoimmunity has been examined in a limited way 
and focused on autoantibodies against preselected antigens such as MBP, S100a, glutamate receptors, and 
pituitary proteins.56-61 Our recent analysis of biospecimens from TRACK-TBI Pilot found significantly elevated 
anti-GFAP antibody in patients with a TBI history. This is an appealing marker due its subacute nature and 
ability to provide an objective marker for prior TBI, a negative predictor for outcome. 
 
Recent work from the Human Genome Project has made feasible a new approach to identify potential 
therapeutic targets in human TBI. “Mendelian randomization” takes advantage of natural variability in 
outcome after similar traumatic insults.62  Allelic association analysis is used to determine whether inheritance 
of certain genetic variants results in worse functional outcome. To date, published allelic association studies 
have implicated common variants in approximately 20 genes that play a role in outcome after TBI. While these 
studies are promising, all have small to modest sample sizes, and findings have been independently 
reproduced for only 3 genes (APOE, BDNF, and ANKK1—the latter from a single laboratory). Genome-wide 
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levels of significance have not been achieved, raising the likelihood of false positives. Sufficiently powered 
studies are required to confirm allelic association between gene variants and TBI outcome, which would be 
powerful evidence of the role of certain molecular pathways in TBI pathophysiology in humans.62 
 
Subaim 2.1. To establish prognostic imaging biomarkers for TBI based on pathoanatomic analysis of CT and 
MRI, quantitative MR volumetrics, diffusion tensor imaging (DTI), and resting state functional MRI (RfMRI). 

 Hypothesis 2.1.1. Patho-anatomic analysis of early CT and MRI scans performed by a neuroradiologist 
using CDE criteria are predictive of poor outcome at 6 months after TBI, as measured by GOSE and domain 
scores (or pediatric equivalents) (Aim 3.1). Moreover, quantitative analysis of these scans to measure mass 
effect, hematoma volume, and edema volume further improves outcome prediction at 6 months. 

 Hypothesis 2.1.2. Post-traumatic cerebral atrophy, detected using quantitative volumetrics of serial MRI, is 
associated with global outcome after TBI, as measured by GOSE and domain scores. Regional atrophy in 
the prefrontal cortex will be associated with executive function, while hippocampal and amygdala atrophy 
will both be associated with PTSD. However, baseline hippocampal and amygdala volumes at 2 weeks after 
TBI will not predict development of PTSD, supporting the view that post-traumatic atrophy leads to PTSD. 

 Hypothesis 2.1.3. DTI measures of fractional anisotropy (FA) in the corpus callosum at 2 weeks after TBI 
predict cognitive processing speed and global outcome at 6 months (measured by GOSE and domain 
scores). Additionally, FA of UF and ACR at 2 weeks predict memory and attention deficits at 6 months. 

 Hypothesis 2.1.4. Reduced R-fMRI FC of the DMN, and increased FC of the salience network, at 2 weeks 
after TBI predict worse global outcome at 6 months as measured by GOSE and domain scores (Aim 3.1). 
 

Subaim 2.2. To identify blood-based biomarkers that will provide additional diagnostic and prognostic 
information with which to identify TBI phenotypes that can be targeted by specific therapies.  

 Hypothesis 2.2.1. A combination of blood-based proteomic biomarkers measured within the first day of 
injury (GFAP-BDP, UCH-L1, and S100B) are predictive of intracranial pathology on CT and MRI scans with a 
high level of sensitivity and specificity (AUC > 0.8), and are predictive of unfavorable outcome at 6 months. 

 Hypothesis 2.2.2. Persistent elevation in the subacute and chronic period of a subset of inflammatory and 
systemic response biomarkers in blood is associated with unfavorable outcome 6 months after injury. 

 Hypothesis 2.2.3. Blood levels of anti-GFAP-BDP or anti-pituitary 16K antigen auto-antibody in the chronic 
stage after injury are associated with unfavorable outcome. 

 
Subaim 2.3. To identify common polymorphisms in candidate genes associated with outcome after TBI, and to 
elucidate causal molecular mechanisms of injury, response, and repair.  

 Hypothesis 2.3. APOE, BDNF, and ANKK1 variants will be associated with poor outcome after TBI with 
genome-wide level of significance (p ≤ 10-7). 

 
Subaim 2.4. To construct a multidimensional TBI classification system incorporating data from multiple 
domains that will define homogeneous classes of patients suitable for clinical trial inclusion. 
 Hypothesis 2.4. A new taxonomy of TBI that includes imaging, proteomic and genetic data will be more 

precise than the GCS-based categories of mild, moderate, and severe TBI. 
 

Methods - Neuroimaging. Pathoanatomical analyses of scans will be performed according to TBI-CDE for 
neuroimaging63  on scans from all sites by Co-I Dr. Yuh, a board-certified neuroradiologist, who will be blinded 
to all data. A second neuroradiologist, PI Dr. Mukherjee, will read a subset of the CT and MR scans to establish 
inter-rater reliability of the pathoanatomic interpretations. We will apply quantitative CT (qCT) methods and 
innovative new software developed by a corporate partner (GE Global Research) for computer-aided analysis 
of lesions on structural MRI.19,20  Volumes from cortical and subcortical structures and cortical thicknesses will 
be measured for all of the regions of the Desikan-Killiany atlas64  from FreeSurfer analysis of 3D T1-weighted 
images.65 Parametric maps of fractional anisotropy (FA), mean diffusivity (MD), axial diffusivity (AD), and radial 
diffusivity (RD) will be computed for each scan and then registered to the FMRIB58 template in the standard 
MNI152 atlas space using the automated tract-based spatial statistics (TBSS) processing pipeline.66  Regional 
measurements of  DTI parameters will be made in 30 major white matter tracts throughout the brain using 
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pre-defined regions of interest from the Johns Hopkins University White Matter Atlas.67  After motion 
correction, bandpass temporal filtering, smoothing, regression of nuisance signals, and registration to MNI152 
atlas  space, seed voxel correlation analysis of FC in the DMN, ECN, and salience network will be performed on 
the R-fMRI acquisition, and regional cortical and subcortical FC measurements will be obtained.32  All 
quantitative data from computer-aided lesion analysis, volumetrics, DTI, and R-fMRI measurements will be 
uploaded as metadata for each scan to the TRACK-TBI Information Commons. 
 
Methods – Biospecimens. Blood specimens will be collected at specified time points and processed for plasma, 
serum, and DNA isolation according to TBI-CDE biospecimen protocol; these will be deposited in the TRACK- 
TBI Biospecimen Repository. Our corporate partner will assay the GFAP, UCHL1, and S100a biomarkers. We will 
use multiplex bead-array immunoassays to measure over 80 biomarkers of inflammation, innate immunity, 
coagulation, and endothelial activation. These studies will be performed in collaboration with our corporate 
partners who have pioneered multiplex bead-arrays immunoassays using the Luminex platform, and have 
been widely used in large clinical trials of neurodegenerative disease, cancer, and atherosclerosis. The 
HumanMap v.2.0 antigens panel contains most of the biomarkers that have been investigated in small TBI 
studies, as well as additional proteins that have been implicated in neuroprotection and neurorecovery after 
TBI. Co-I Dr. Wang will examine the prevalence and temporal profile of anti-GFAP and anti-pituitary antibody 
(17-kDa autoantigen) in acute and chronic time points after TBI. We will correlate autoantibody levels to prior 
history of TBI, inflammatory marker response, and to patient outcome. 
 
Data Analysis. Subaims 2.1 to 2.3 will use a common statistical methodology. Regression methods appropriate 
to the outcome (e.g. logistic regression for binary outcomes) will be used to construct predictive models and to 
estimate which imaging parameters and biomarkers are most strongly associated with which outcomes, after 
accounting for the commonly available predictors such as GCS and those used in the CRASH98 and IMPACT99 

models. Sensitivity, specificity, likelihood ratios, and corrections will be made for multiple comparisons. Area 
under the Receiver Operating Characteristic curve will be used to assess prognostic strength. To develop a TBI 
taxonomy (Subaim 2.4), we will initially use factor analysis methodology. Newer, unsupervised learning 
methods such as neural networks, clustering methods, or network topology will be explored to see if they 
provide a more useful classification. 
 
Expected Outcomes. TRACK-TBI will validate these promising biomarkers in a large cohort of TBI patients. By 
combining conventional and state-of-the-art CT and MR neuroimaging techniques with information from 
proteomic biomarkers, genetic markers, and clinical parameters, we will construct a comprehensive, 
multidimensional classification of the traumatized brain across a wide spectrum of TBI severity and pathologic 
mechanisms. An important deliverable will be the creation of a carefully curated Biomarkers Repository which 
will be available to other investigators for discovery of novel proteomic, metabolomic, or genomic biomarkers. 
Our deliverable of a new TBI taxonomy squarely meets the NAS’s challenge100 to create large datasets that 
drive the development of disease taxonomy defined by intrinsic biology in addition to traditional physical 
“signs and symptoms.” 
 
Potential Limitations. Although we will adopt well-established and effective protocols from ADNI for 
harmonizing structural MRI across centers, such standards for DTI and R-fMRI are still in evolution. However, 
recent multicenter studies101,102 have shown that adequate inter-site reproducibility is possible for both 
modalities and these standardization procedures. It is likely that useful biomarkers remain to be discovered. 
The aim of TRACK-TBI will be to overcome the limitations of previous studies by creating a large, carefully 
provenanced and curated Biomarkers Repository. However, we believe such discovery work is best supported 
through investigator-initiated mechanisms rather than through a multicenter cooperative agreement. If, by 
2016, progress in the field indicates that novel biomarkers are more promising than those proposed here, the 
Steering Committee may consider a reallocation of resources to pursue assay of these new biomarkers. 
 

4.3 SPECIFIC AIM 3 
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To evaluate a flexible outcome assessment battery in adult patients comprising a broad range of TBI-CDEs 
that enables assessment of multiple outcome domains across all phases of recovery and at all levels of TBI 
severity.  
 
Measuring TBI outcome is important for clinical trials, prognostic studies, and longitudinal studies of recovery 
or deterioration. Outcome measures need to be sensitive to treatment effects, associated with prognostic 
variables, and be sufficiently specific to reflect small but important differences in TBI sequelae. TBI can affect 
physical, cognitive, emotional, and social domains of function. Cognitive impairment is the signature feature of 
TBI and is closely related to the biological severity of the brain injury. Because most measures of cognition 
require engagement in the testing process, the most impaired patients are typically excluded from formal 
assessment, significantly biasing study samples. The GOSE is the most commonly used outcome measure in 
adult TBI research, but its outcome categories are both broad and non-specific, with observed scores being 
affected by cognitive impairment, mental health disorders, and access to community resources. Data from the 
TRACK-TBI Pilot showed the association between GOSE outcome strata and impairment on measures assessing 
cognitive and psychological domains. Although cognitive dysfunction was clearly a more prevalent driver of 
impairment in patients with lower GOSE scores (3-4), psychological distress emerged as a key contributor to 
impairment in patients with higher GOSE scores (5-7). The CDEs cover a broad array of TBI consequences. We 
will test a flexible outcome assessment battery, comprised of CDEs, that is sensitive to injury-related changes 
in multiple domains of function and is suitable for assessment at all levels of TBI severity across all stages of 
recovery. We will also address the concern that most cognitive measures, including those recommended as 
CDEs, must be administered in-person, which increases both cost and loss to follow-up. The TRACK-TBI 
infrastructure affords the opportunity to explore the effectiveness of the Brief Test of Adult Cognition by 
Telephone (BTACT), a battery of tests for cognition that can be administered remotely but that has not yet 
been used extensively in TBI research. Using empirical data reduction techniques common in psychometrics, 
we will identify factors that emerge from the proposed outcome battery that are specific to the various 
outcome domains assessed. Increased sensitivity and specificity of these outcome measures, particularly at the 
upper and lower limits of injury severity, will provide more granular outcome data and support the design of 
more efficient studies with potentially smaller sample sizes. Moreover, relating the improved TBI classification 
system developed in Aim 2.4 to this multifactorial outcome battery will help identify patients most likely to 
benefit from specific interventions and enable better detection of treatment effects.  
 
For pediatric patients, an outcome battery consistent of measures recommended by the Common Data 
Elements Pediatric Outcomes Group and the NIH Toolbox will be used and results merged with other injury 
and host factors by similar computational methodology used for adult patients, as noted below. 
 
Subaim 3.1. To improve the granularity and breadth of TBI outcomes using a flexible outcome assessment 
battery that enables basic neurocognitive assessment in subjects too impaired to undergo standard 
neuropsychological testing, and comprehensive assessment of cognition, functional status, mental health, 
social participation, and quality of life in those cognitively intact enough to provide valid results.  

 Hypothesis 3.1.1. In those too impaired for standard neuropsychological testing at 2 weeks post-injury, 
performance on the Coma Recovery Scale-Revised (CRS-R) and the Confusion Assessment Protocol 
Cognitive Impairment subscale (CAP CI) will be associated with cognitive function measured using the 
Comprehensive Assessment Battery at 6 months. 

 Hypothesis 3.1.2. In persons who are oriented and able to undergo the Comprehensive Assessment 
Battery, outcomes will be multifactorial with at least one cognitive and one mental health factor. 

 
Subaim 3.2. To determine the efficiency of a flexible outcome assessment battery, as compared with the 
GOSE, in reducing sample sizes needed to detect differences between groups.  

 Hypothesis 3.2.1. The in-person flexible outcome battery will require less than half the sample size to have 
the same power as the GOSE in detecting expected differences between groups. 
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 Hypothesis 3.2.2. The telephone-administered battery will allow at least a 25% decrease in sample size, as 
compared with the GOSE, for detecting differences between groups. 

 
Subaim 3.3. To identify specific TBI phenotypes amenable to targeted interventions, by relating patient 
classification factors (Subaim 2.4) to different outcome factor scores (Subaim 3.1). 

 Hypothesis 3.3.1. MRI abnormalities in those with GCS 13-15 and the APOE allele will be most strongly 
associated with the cognitive outcome factor while the ANKK1 allele and loss of volume in the amygdala 
will be most strongly associated with the mental health factor. 

 
Methods. The details of the outcome assessments will depend on the assessment that the subject is enrolled 
into (see Section 5.2 for more details).  Subjects enrolled in the Comprehensive (CA) and Comprehensive with 
MRI (CA+MRI)/CA+MRI-HDFT Cohorts (n=1800) will be assessed with a battery that directly relates to the TBI-
CDE v.2.0 Core, Basic, and Supplemental outcome measures (as published on the NINDS CDE Web site), at 2 
weeks, 3 months, 6 months, and 12 months post-injury. The 2-week, 6-month, and 12-month assessments will 
be conducted in-person while the 3-month assessment will be administered by telephone. At 6 months, the CA 
Cohort will undergo telephone administration in addition to in-person administration of the outcome battery. 
The Comprehensive Assessment Battery includes measures of cognition (e.g. attention, memory, information 
processing speed, executive functions), mood, depression, anxiety, posttraumatic stress symptoms, functional 
status, social participation, and subjective well-being. Subjects enrolled in the “Brief Assessment” Cohort (BA 
Cohort) (n=1200) will undergo telephone-based evaluation on the GOSE at 2 weeks, 3, 6, and 12 months post-
injury in accord with measures in the TBI-CDE v.2.0 Core. The CA Cohort will include 300 matched controls with 
extracranial injuries who will be assessed in the same manner and on the same schedule as the subjects with 
TBI. To improve sensitivity to the full range of TBI sequelae we have incorporated additional measures 
designed to extend the evaluation to the lower and upper levels of function. For subjects unable to complete 
the Comprehensive Assessment Battery due to confusion or disturbance in consciousness, we will administer 
an abbreviated battery comprised of the CRS-R and CAP CI, which will enable quantitative assessment of basic 
elements of cognition and behavior. Subjects who are sufficiently cognitively intact will receive both 
performance-based cognitive assessment and self-report questionnaires addressing psychological health. 
 
Data Analysis. Subaim 3.1.1. We will define categories for those unable to complete the Comprehensive 
Assessment Battery by using the CAP Cognitive Impairment score. If the CAP CI score is <18, or cannot be 
obtained, outcome categories will be based on the CRS-R score. This will provide an ordered cognitive 
outcome for those too impaired to undergo the Comprehensive Assessment Battery. We will use Spearman   
rho to assess the strength of association with cognitive scores at 6 months, when most will be able to take the 
full battery. Subaim 3.1.2. Subjects who complete the Comprehensive Assessment Battery will be included in a 
principal components analysis (PCA). There must generally be about 10 cases for each variable included in a 
PCA; with well over 1,000 cases having taken the Comprehensive Assessment Battery we will be able to include 
results from each test in the battery. Varimax rotation will be used to minimize the number of variables 
loading on a factor and maximize interpretability of factors. Factors with an eigenvalue >1 will be interpretable 
as a domain of interest. Subaim 3.2. Effect sizes, defined as a difference in means divided by the common 
standard deviation, will be calculated for the comparison between various groups (i.e., GCS 3-8 [severe TBI] vs. 
GCS 13-15 [mild TBI] and GCS 3-8 vs. controls) that would be expected to differ on particular factor scores (e.g. 
cognition). Effect sizes18 will be calculated for the GOSE alone, the in-person cognitive factor score and the 
BTACT total score. If the effect size for the cognitive factor score is over 1.4 times that for the GOSE, using the 
factor score as an outcome in a trial would allow a 50% decrease in sample size compared to using GOSE. 
Similarly, an effect size 1.15 times greater allows a 25% decrease. Subaim 3.3. We will use regression methods 
to predict outcomes from the patient classifications identified in Subaim 2.4. We will also explore other novel 
methods, such as neural networks, machine learning, and structural equation modeling. 
 
Expected Outcomes. A validated flexible outcome battery comprised of a broad range of CDEs staged to 
estimate level of functioning in different domains will provide a platform to obtain both cross-sectional and 
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longitudinal data across the entire spectrum of TBI severity. The sensitive and reliable factor scores will allow 
clinical trials with greatly reduced sample sizes. A valid telephone-based assessment of cognition will improve 
efficiency for long-term follow-up. Coupling a TBI injury classification system to a multi-domain outcome 
assessment battery will provide a rich description of TBI sequelae, identify distinct TBI phenotypes, and 
facilitate development of more targeted and efficient clinical trials. 
 
Potential Limitations. Successful completion of this Aim depends on the capacity of the measures selected to 
capture domain-specific functional status and subjects’ willingness to comply with a comprehensive 
assessment battery that requires serial in-person assessments during the first year post-injury. Although in- 
person assessment is difficult and costly, consortium members have demonstrated the ability to attain high 
follow-up rates under these circumstances and both consortium commitment and the capitated payments will 
facilitate successful completion of this Aim. This effort also informs future parallel efforts for pediatric patients. 
 
4.4 SPECIFIC AIM 4 

To determine which tests, treatments, and services are effective and appropriate for which TBI patients, 
and use this evidence to recommend practices that offer the best value.  
 
Little is known about the relative effectiveness or cost implications of different approaches to managing TBI, 
and practice variability is extensive. Capturing data on tests, treatments, and services with associated health 
outcomes and costs provides a unique opportunity to answer questions about which practices improve which 
patient’s outcomes and at what cost. 
 
One controversial example is deciding whether ED patients with mild TBI should be discharged or admitted 
and, if admitted, to what level of care. Prior work from TRACK-TBI Pilot demonstrated inconsistency in ED 
disposition between and within sites, even after adjusting for severity.11 The lack of consistency in disposition, 
and uncertain association between disposition and outcome show that current risk-stratification tools are 
inadequate. This has implications for costs, as unnecessary treatments contribute to ED backlogs and   
improper resource allocation.103-105 A related example arises after discharge from the ED. It is unknown how 
follow up to identify TBI’s treatable sequelae may impact patient outcomes. Yet another example is the 
variability in treatment decisions for the increasing number of elderly patients who are taking antiplatelet 
agents at the time of TBI. Antiplatelet therapy may affect the progression of intracranial hemorrhage and 
increase the risk of morbidity and mortality in TBI patients. Many clinicians order platelet transfusion to 
reverse antiplatelet therapy, however it is unknown whether transfusion results in better (or even improved) 
TBI outcomes.106 
 
Specific Aim 4 will identify which patients benefit from costly, often invasive care, and those who may be safely 
and effectively managed with less intensive options. We will use health economics and CER methods to 
evaluate which clinical practices improve both short- and long-term clinical outcomes and quality of life, limit 
unnecessary costs, and improve economic outcomes such as productivity (e.g. return to work vs. absenteeism). 
We will apply these to the 3 clinical examples described above, all of which lack an evidence base, span the ED, 
ICU, and follow-up settings, and illustrate how this dataset can improve the effectiveness of treatment and 
management of TBI across the care continuum. 
 
Subaim 4.1. To identify patients currently admitted to an ICU who could be safely and effectively cared for in a 
floor bed or discharged home with outpatient management, and to estimate the health and economic impact 
of changing the management of these patients.  

 Hypothesis 4.1.1. Among patients with mild TBI, there are factors measurable at ED presentation that 
characterize those not at risk of deterioration, who may be admitted to a lower level of care, such as a 
floor bed or observation unit, and those who may be safely discharged. 

 Hypothesis 4.1.2. Changing the ED disposition from ICU to floor or from floor to discharge reduces overall 
health care costs without worsening patient health or economic outcomes. 
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Subaim 4.2. To determine whether routine follow-up improves TBI outcomes and minimizes economic burden. 

 Hypothesis 4.2.1. Patients discharged from the ED who are followed up to identify treatable sequelae of 
TBI have improved health outcomes compared with those who are not followed up. 

 Hypothesis 4.2.2. The costs of follow up are lower than the economic losses arising from failure to identify 
and mitigate adverse sequelae of TBI. 

 

Subaim 4.3. To assess variability in management of patients taking antiplatelet agents at the time of TBI, and 
the effect of management on progression of intracranial hemorrhage, need for craniotomy, and outcome. 

 Hypothesis 4.3.1. Patients taking antiplatelet agents at the time of injury are at increased risk of 
developing intracranial hematoma requiring neurosurgical intervention compared with those not on 
antiplatelet agents.   

 Hypothesis 4.3.2. Platelet transfusion for patients taking antiplatelet agents at the time of injury does not 
reduce the risk of developing an intracranial hematoma or improve TBI outcomes. 

 
Methods. Different questions are relevant to different patients: Subaim 4.1 will include patients presenting to 
an ED with mild TBI (GCS 13-15); Subaim 4.2 will include patients discharged from the ED; Subaim 4.3 will 
include patients on antiplatelet agents at time of injury, and suitably matched controls who were not on 
antiplatelet agents pre-injury. When appropriate we will pool data with the InTBIR project. We will measure 
the relative benefits of alternative approaches to health care delivery with multivariate analysis. Let 𝑌𝑖  
represent some health or economic outcome of a TBI patient 𝑖 treated at site 𝑠. We will relate outcomes to 
treatment using the following Equation: 
 

 𝑌𝑖𝑠 = 𝛿𝑠 + 𝜋𝑇𝑖𝑠 +𝜔𝑋𝑋𝑖𝑡 + 𝜖𝑖𝑗𝑠𝑡  
 
Here, 𝑇𝑖𝑠 is a measure of the treatment of interest and the parameter  π  indicates the impact of that 
treatment on outcomes. If we hypothesize that treatment 𝑇 improves outcomes, we would expect π ≥ 0. Other 
covariates are site fixed-effects 𝛿𝑠 that capture potentially confounding time-invariant heterogeneity across 
sites, and individual patient characteristics 𝑋𝑖𝑡. These will include demographics as well as detailed clinical, 
biomarker, and imaging information that could be correlated with health or socioeconomic status. 
 
This model generalizes to many different specifications. Outcomes in TBI can be binary, categorical, or 
continuous, and statistical models will be selected appropriately (including linear regression, logistic 
regression, or survival analysis). These can include acute (e.g., ICH expansion) or chronic (e.g., depression) 
outcomes, which we will model separately, as acute outcomes usually require more intensive care. Beyond 
clinical outcomes, we will collect information on health and economic outcomes including mortality, 
readmission, health care costs, Quality-Adjusted Life Years (QALYs), and productivity. 
 
A challenge to identifying the causal effect of health care is that when patients are assigned to treatment 
according to expected clinical benefit, estimates of treatment efficacy can be biased. For example, sicker 
patients are more likely to be admitted, so simply comparing outcomes between admitted and discharged 
patients could generate misleading results unless severity is considered. We will apply multiple techniques 
widely used in CER and health economics to identify the causal effect of different treatments on outcomes, 
namely propensity scoring, case/control matching, and instrumental variable analysis.  
 
For Subaim 4.1 in applying the Equation to the relationship between ED disposition and subsequent events we 
would treat 𝑇𝑖𝑠 as a binary variable equal to 1 if the patient were admitted and 0 otherwise. If mild TBI patients 
were no worse off from discharge we would expect π = 0 if we used health measures as the outcome variable 
(Hypothesis 4.1.1) but we would expect 𝜋 < 0 if total health care costs were the outcome (Hypothesis 4.1.2). 
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The causal pathway between patient characteristics and outcomes is confounded by the greater likelihood of 
admission for sicker patients. One approach to addressing this is a 2-stage matching estimator. First, we will 
develop propensity scores, which predict the probability that a patient is discharged. Then we will ascertain 
whether discharge impacts the probability of an adverse outcome adjusted for propensity. Thus, we compare 
outcomes between admitted and discharged patients who are otherwise similar at the time of disposition. 
To model the cost effectiveness of ED disposition decisions, we will compute the overall health care costs, 
productivity loss (or gain), and the QALYs associated with various decision-making thresholds. We will use 
estimates of the value of a QALY from the economics literature to determine how the relative value of 
different disposition options—ranging from discharge to ICU admission—changes as the probability of adverse 
outcome increases. We expect that the final predictive models, combined with evaluation of economic impact, 
will inform the construction of decision aids that can guide best practices for disposition decision making. 
 
For Subaims 4.2 and 4.3 we can apply the same approach to our other clinical applications, using 𝑇𝑖𝑠 as a 
measure of follow up (4.2) or prior antiplatelet use, with or without platelet transfusion (4.3). Importantly, we 
can use models with different specifications for treatment, and/or include different treatment combinations in 
the same model, and evaluate which are most strongly associated with outcomes. For example, the timing, 
frequency, and specialty involved in follow up may impact health and economic outcomes differently. 
International comparisons will provide added variation in practice to inform modeling; both the care and 
outcomes of TBI patients have been shown to differ significantly between the US and Europe.107-108 
 
Expected Outcomes. We will show the direct impact of treatments, tests, and practice patterns on patients’ 
health over short and longer time periods, and assess the implications for health care costs and other 
economic outcomes (e.g. productivity gains). This will inform medical decision-making and identify knowledge 
gaps where new approaches are needed to improve outcomes or contain costs. We will also assess the value 
of novel biological and imaging markers and treatment approaches developed during the course of this work. 
In addition, this approach will be used to begin to explore a number of widely recognized gaps in evidence 
related to optimizing current TBI management. By identifying which types of patients and injuries respond 
most to specific treatments with fewest risks, we can begin to fill these gaps. Examples include determining 
the relative risks and benefits of parenchymal monitors vs. external ventricular drains for patients with specific 
injury types, comparing different indications and agents for hyperosmolar therapy, and quantifying differences 
in recovery duration and follow up needs for pediatric patients compared with adults. 
 
Potential Limitations. Observational cohort data must be treated carefully to allow causal relationships to be 
uncovered. We propose rigorous statistical techniques to account for such issues as confounding by severity or 
indication in order to identify causal effects. Nonetheless, the possibility remains that conclusions may be 
weakened if variables go unmeasured or heterogeneity is unexplained. This project will produce the most 
comprehensive TBI dataset ever available, and so we expect to mitigate such concerns. 
 
We expect that achievement of these Specific Aims will advance our understanding of TBI, improve clinical 
trial design, lead to more effective patient-specific treatments, and improve outcome after TBI. 
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5. STUDY DESIGN AND SAMPLE SIZE 
 
5.1 SUBJECT GROUPS 
A total of 2,700 TBI patients will be enrolled evenly across 3 clinical groups, differentiated by clinical care path: 
1. Patients evaluated in the ED and discharged (ED) 

a. After May 5, 2016 patients in this clinical care path will only be enrolled as controls and as TBI 
subjects at the sites participating in the HDFT imaging protocol.  

2. Patients admitted to the hospital, but not to ICU (ADM) 
3. Patients admitted to the ICU (ICU) 
 
An additional 100 patients per clinical group (n=300) with extracranial trauma but no TBI will be enrolled as 
controls for a total enrollment of 3000 patients. This stratification plan into 3 clinical groups, developed and 
adopted by InTBIR working groups, facilitates CER analyses and is not constrained by traditional differentiation 
into “Mild/Moderate/Severe” TBI. Data collection is dependent on the clinical care path (ED, ADM, ICU) and 
requirements of each Aim. Patients in each group will be stratified into 3 cohorts that define the extent of data 
to be collected. Cohort distribution, data components, and time points appear in the Clinical Protocol Grid and 
Flexible Outcome Assessment Table. 
The Controls will be adult orthopedic trauma patients who meet the following criteria: 

1. An Abbreviated Injury Score of <4 (not life threatening) for their extremity and/or pelvis injury and/or 
rib fracture.  

2. Meet the same inclusion and exclusion criteria as the TBI subjects (Section 6.1) except that the 
criterion of having undergone a CT or MRI in the ED for suspected head injury does not apply. TBI will 
be ruled out for the current injury by interviewing potential controls about LOC, disturbance of 
consciousness, and PTA/RA.  

3. Each site will be provided a plan in Appendix 8 for the number of controls to target according to age 
and gender distributions derived from the TBI Cohort.  

4. Controls will be enrolled into the CA-MRI cohort for follow-up (Section 5.4) and drop to CA at 2-weeks 
if unable to complete the MRI visit. 

 
 
5.2 ASSESSMENT COHORTS 
1. Brief Assessment (BA) Cohort  

 n=1200, 400 each for ED, ADM, and ICU Groups 

 Demographic and full clinical course data 

 Blood draw for serum, plasma, DNA and RNA on Day 1 (< 24 hours of injury) 

 Repeat blood draw for serum within 3-6 hours of the Day 1 baseline collection (optional for sites to 
include this component)  

 Clinical brain CT scan from Day 1 acquired as part of hospital course 

 Outcome data collected via structured telephone interview at 2 weeks, 3, 6, and 12 months using 
NIH TBI-CDEs v.2.0 Core outcome measures as published on the NINDS CDE website 

*Patients in the BA cohort will not be enrolled until a directive has been issued by the Executive Committee to 
the study sites.  
 
2. Comprehensive Assessment (CA) Cohort  

 n=1200, 300 subjects + 100 controls each for ED, ADM, and ICU Groups 

 Demographic and full standard clinical course data 

 High density daily clinical data for ADM and ICU Groups 

 Blood draw for serum, plasma, RNA, and DNA on Day 1 (< 24 hours of injury) 

 Repeat blood draw for serum and plasma within 3-6 hours of the Day 1 baseline collection (optional 
for sites to include this component)  

 Blood draw for serum, plasma and RNA on Day 3 (48-72 hrs) and 5 (96-120 hrs) for ADM and ICU 
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 Collection of cerebrospinal fluid on days  1 through 5 (optional for sites to include this component) 

 All clinical brain CT scans and MRIs acquired as part of hospital course 

 Blood draw for serum, plasma and RNA at 2 weeks and 6 months 

 Outcome data collected via structured in-person interview at 2 weeks, 6, and 12 months and at 3 
months via structured telephone interview using NIH TBI-CDEs v.2.0 Core, Basic, and Supplemental 
outcome measures 

 
3. Comprehensive Assessment + MRI (CA+MRI)/CA+MRI-HDFT Cohort  

 n=600, 200 each for ED, ADM, and ICU Groups 

 Demographic and full standard clinical course data 

 High density daily clinical data for ADM and ICU Groups 

 Blood draw for serum, plasma, RNA, and DNA on Day 1 (< 24 hours of injury) 

 Repeat blood draw for serum and plasma within 3-6 hours of the Day 1 baseline collection (optional 
for sites to include this component)  

 Blood draw for serum, plasma, and RNA on Day 3 (48-72 hrs) and 5 (96-120 hrs) for ADM and ICU 

 Collection of cerebrospinal fluid on days  1 through 5 (optional for sites to include this component) 

 All clinical head CT scans and MRIs acquired as part of hospital course 

 Blood draw for serum, plasma and RNA at 2 weeks and 6 months 

 3T research MRI acquired at 2 weeks and 6 months 

 Outcome data collected via structured in-person interview at 2 weeks, 6, and 12 months and at 3 
month via structured telephone interview using NIH TBI-CDEs v.2.0 Core, Basic, and Supplemental 
outcome measures 
 

5.3 PATIENT COHORT SELECTION FOR MRI 
The goal is to enroll a minimum of 600 patients in the Phase 1 CA+MRI cohort that have completed both the 2-
week and 6-month visits. After that goal is met sites with a Siemens scanner participating in the high diffusion 
fiber tracking (HDFT) protocol will continue to enroll into this imaging Phase 2 protocol.  Based on the TRACK-
TBI Pilot study and others in the field, the 2-week MRI is a challenge for both the TBI patient schedule as well 
as hospital research resources including scheduling, personnel time, and resources. As we seek to enroll a total 
of 1800 patients in the Comprehensive Assessment, an achievement of 33% with MRI completed at 2 weeks 
and 6 months was set as a feasible initial threshold. Given the resource value of the MRI and the known 
challenges for its completion all patients approached for the study will be enrolled initially into the 
CA+MRI/CA+MRI-HDFT group. Patients who are unable to complete the MRI at 2 weeks due to 
contraindications, scheduling, or loss to follow-up will be placed in the CA cohort with all follow-up timepoints 
identical to the CA+MRI cohort. Completion rates of 2-week and 6-month MRI will be assessed quarterly by the 
Clinical Core. Should TRACK-TBI be on a trajectory to exceed the initial threshold of 33% MRI completion rate, 
the Clinical Core will evaluate pacing, enrollment strategies, and potential resource needs for an increased 
total number of MRIs achieved, and report such recommendations to the Steering and Executive Committees 
for appropriate modifications to the enrollment target. 
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5.4 CLINICAL PROTOCOL GRID 

BA* 
n=1200 

CA 
n=1200 

CA+MRI/ 
HDFT 
n=600 

Procedure Admission Hospital 2W 
3M*

* 
6M 12M 

ED: ED Discharge Group (900 TBI patients + 100 controls) 

   Admission Data X      

   Blood (DNA, Biomarkers) 
X (optional 
repeat @ 

3-6h) 
     

   Blood (Biomarkers)   X  X  

  
Clinical Brain CT (and  
MRI) 

X      

   3T Research Brain MRI   X  X  

   Outcomes: Telephone   X X X X 

   Outcomes: Full Battery   X X X X 

ADM: Hospital Admit Group (900 TBI patients + 100 controls) 

   Admission Data X X     

   Daily Clinical Data X X (daily)     

   Blood (DNA, Biomarkers) 
X (optional 

repeat @ 
3-6h) 

     

   Blood (Biomarkers)  X (day 3,5) X  X  

  
Clinical Brain CT (and 
MRI) 

X X (all)     

   3T Research Brain MRI   X  X  

   Outcomes: Telephone   X X X X 

   Outcomes: Full Battery   X X X X 

 

BA* 
n=1200 

CA 
n=1200 

CA+MRI 
n=600 

Procedure Admission Hospital 2W 3M** 6M 12M 

ICU: ICU Group (900 TBI patients + 100 controls) 

   Admission Data X X     

   Daily Clinical Data X X (daily)     

   High Resolution ICU Data X X (daily)     

   Blood (DNA, Biomarkers) 
X (optional 

repeat @ 
3-6h) 

     

   Blood (Biomarkers)  X (day 3,5) X  X  

   CSF (Biomarkers, optional)  X (days 1-7)     

   Clinical Brain CT (and MRI) X X (all)     

   3T Research Brain MRI   X  X  

   Outcomes: Telephone   X X X X 

   Outcomes: Full Battery   X X X X 

*Patients in the BA cohort will not be enrolled until a directive has been issued by the Executive Committee to 
the study sites.  
** For the CA and CA+MRI/CA+MRI-HDFT cohorts the 3M timepoint will only be by telephone. The 6M time 
point will include the BTACT.  
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5.5 MILESTONE PLAN 

  Year 1 Year 2 Year 3 Year 4 Total 

Group CA+MRI CA N CA+MRI CA N CA BA N BA N 

ED 150 87 237 50 58 108 155 100 255 300 900 

ADM 150 87 237 50 58 108 155 100 255 300 900 

ICU 150 87 237 50 58 108 155 100 255 300 900 

Controls 0 99 99 0 66 66 135 0 135 0 300 

Total 450 360 810 150 240 390 600 300 900 900 3000 

Our target follow-up rate for the 12-month duration of the study is 80%. The Clinical Core will monitor this rate 
at the overall study level as well as the individual site level. While this rate is ambitious, it was achieved in the 
COBRIT trial, in which several TRACK-TBI sites participated (UW, UPMC, UTSW, MST, VCU) and this experience 
can be effectively translated to the wider TRACK-TBI effort. No age limits will be applied to the study. Women 
and minorities will be included. Assent for children will be documented as required by local institutions.  
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6. SUBJECT ELIGIBILITY 
We will enroll adult patients of all ages presenting to the Emergency Department (ED) with a history of acute 
TBI as per American Congress of Rehabilitation Medicine (ACRM) Criteria, in which the patient has sustained a 
traumatically induced* physiological disruption of brain function, as manifested by ≥ one of the following: 

 Any period of loss of consciousness (LOC) 

 Any loss of memory for events (e.g. amnesia) immediately before or after the accident 

 Any alteration of mental state at the time of the accident (feeling dazed, disoriented, and/or confused) 

 Focal neurologic deficits that may or may not be permanent 
*  Traumatically induced includes the head being struck, the head striking an object, or the brain undergoing an 

acceleration/deceleration movement (e.g. whiplash) without direct external trauma to the head. 
 
Possible question for LOC 

Did you have a period of time after the event when you were completely unconscious. That means you had no 
ability to think, speak or move and were completely unaware of the world around you. 

Possible question for PTA 

Was there a period of time after the injury for which you have no memory? If so, how long did it take for your 
memory to return to normal or become consistent (e.g. who you saw, conversations, what you ate, etc.  (Walk 
them through the post-injury events if and as necessary).  

Possible questions for alteration in consciousness (AOC): 

Right after the event, did you feel dazed or confused or in a fog?  Did you have trouble knowing where you 
were or what happened to you?   Did you keep asking the same question over and over?  Did you insist you 
could do things that you could or should not? 

Suggested prioritization for LOC, and for more severe cases, AOC: 
1st- EMS run report 
2nd- Witness report 
3rd- ED records (if positive) 
4th- Participant  

Suggested prioritization for PTA, for milder cases AOC: 
1st- Participant 
2nd- EMS run report 
3rd- Witness report  
4th- ED or hospital records (if positive)  

In general: 

 LOC: Subject’s recall is unreliable unless the subject explicitly states that a witness informed the subject that 
the subject was knocked out cold. 

PTA: Use the participant report for mild cases. Use EMS or hospital medical records for more severe cases 

AOC:  should be recorded as “positive” if present in any of these sources. Only record AOC as negative if 
available sources (especially the participant) state it did not occur. 

 
 
6.1 INCLUSION/EXCLUSION CRITERIA 
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Criterion Data Source Comments 
Inclusion Criteria   
1.   Age 0-100 Chart  
2.   Documented/verified TBI (ACRM Criteria) Chart, Interview  
3.   Injury occurred < 24 hours ago Chart, Interview  
4.   Acute brain CT for clinical care Chart Subject must have brain CT scan 
5.   Visual acuity/hearing adequate for testing Chart, Interview  
6.   Fluency in English or Spanish Chart, Interview Based on Test battery or personnel 

availability  
7.   Ability to provide informed consent Interview □ Patient □ Surrogate □ Waiver  

Exclusion Criteria    
1.   Significant polytrauma that would interfere 

with follow-up and outcome assessment 
Chart Significant body trauma may 

confound TBI outcomes testing. 
2. Prisoners or patients in custody Chart, Interview  
3. Pregnancy in female subjects Chart, Interview  
4. Patients on psychiatric hold (e.g. 5150, 5250) Chart  
5. Major debilitating baseline mental health 

disorders (e.g. schizophrenia or bipolar 
disorder) that would interfere with follow-up 
and the validity of outcome assessment 

Chart, Interview Debilitating psychiatric disorders can 
significantly impact the reliability of 
follow up and/or pose difficulties in 
attributing to index TBI. 

6.  Major debilitating neurological disease (e.g. 
stroke, CVA, dementia, tumor) impairing 
baseline awareness, cognition, or validity of 
follow-up and outcome assessment 

Chart, Interview Documented debilitating baseline 
cognitive impairment will confound 
outcome assessment in addition to 
not being fully consentable. 

7.  Significant history of pre-existing conditions 
that would interfere with follow-up and 
outcome assessment (e.g. substance abuse, 
alcoholism, HIV/AIDS, major transmittable 
diseases that may interfere with consent, 
end-stage cancers, learning disabilities, 
developmental disorders) 

Chart, Interview 
 
 
 

 

8.  Contraindications to MRI (for 
CA+MR/CA+MRI-HDFT cohort) 

MRI Screening  

9.  Low likelihood of follow-up (e.g. participant 
or family indicating low interest, residence in 
another state or country, homelessness or 
lack of reliable contacts 

Interview  

10. Current participant in an interventional trial 
(e.g drug, device, behavioral) 

Chart, Interview Exception to co-enrollment exclusion 
is made for sites participating in 
Resuscitation Outcomes Consortium 
Prehospital Tranexamic Acid for TBI 
Study. 

11. Penetrating TBI Chart  
12. Spinal cord injury with ASIA score of C or 

worse 
Chart  
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7. SUBJECT PROCEDURES BY CORE 
 
7.1 CLINICAL 
The following broad categories of clinical data variable types will be collected from all enrolled patients 
through medical record and personal interview: 

 Baseline demographics e.g. age, gender, race, ethnicity, handedness 

 Baseline socioeconomics e.g. education, employment, living situation, types of support 

 Baseline medical history by system including substance abuse and prior TBI, and medications 

 Mechanism of injury, location, and surrounding circumstances 

 Pre-hospital clinical course variables e.g. vital signs, transport times, GCS score 

 Brain CT report including presence of skull fracture and intracranial abnormalities 

 Emergency department clinical course e.g. vital signs, GCS, fluids, labs, toxicology, complications 

 Hospital admission clinical course e.g. daily vital signs, GCS, fluids, labs, complications, medications 

 For ICU patients: continuous physiologic data from high resolution ICU monitors (e.g. Moberg monitors) 

 Hospital surgeries and neuromonitoring 

 Hospital daily therapeutic intensity level for ICU patients with neuromonitoring 

 Admit and discharge dates and times throughout full clinical course 

 Abbreviated Injury Scale (AIS) score and Injury Severity Score (ISS) 

 Discharge destination and acute care outcome evaluation 
 
7.2 BIOSPECIMENS 
Patients from all cohorts (CA+MRI/CA+MRI-HDFT, CA, BA) will have up to 21.0 ml of blood drawn <24 hours of 
injury and a repeat sample of 18.0 ml obtained 3 to 6 hours after the initial blood draw. 

 Tubes consist of 6.0 ml EDTA (plasma and DNA), 6.0 ml red top (serum), 2.5 ml Paxgene (RNA). 

 CA and CA+MRI patients admitted to the hospital floor and ICU will have additional blood draws of 15.0 
ml per day on days 3 and 5 to allow for analysis of serial biomarkers. For pediatric patients, weight-based 
blood volumes will be obtained. 

 CA and CA+MRI patients will have 15.0 ml of blood drawn at the time of the 2-week and 6-month 3T 
research MRI to correlate biomarkers with neuroimaging results. For pediatric patients, weight-based 
blood volumes will be obtained. 

 Whole blood will be processed for serum, plasma, RNA, and DNA. Serum and plasma will be stored in 
500µl aliquots for future analyses. 

 This is a site-specific protocol item. At some sites (subject to local IRB approval), cerebrospinal fluid (CSF) 
will be drawn for patients with ventricular catheters.  The CSF collection protocol is detailed in Appendix 
F of the Biospecimens Full Protocol 

 This is a site-specific protocol item. At some sites (subject to local IRB approval), in the case of death, the 
subject’s next of kin will be contacted to request donation of the brain for banking, validation studies of 
imaging and biomarker findings, and further research. See Appendix 11. 

 
7.3 NEUROIMAGING 
CT or initial MRI will be obtained as part of clinical care. 3T MRI will be obtained at 2 weeks and 6 months from 
CA+MRI subjects only. All initial and follow-up brain CT scans, and any brain MRI scans that are done for clinical 
care and their reports will be collected. Images will be read and coded by the Neuroimaging Core radiologist in 
accordance to the Neuroimaging TBI-CDEs. Sites with a Siemens scanner participating in the HDFT protocol will 
enroll new TBI patients into the CA+MRI/CA+MRI-HDFT cohort. Non-HDFT sites will finish out their 6 month 
imaging visits on the Phase 1 protocol.  All control subjects will complete their 2 week and 6 month imaging 
visits on the Phase 1 protocol. Sites with the capability to collect the Phase 1 3T MRI on inpatients may 
continue to enroll into the CA+MRI cohort. The Phase 1 protocol can be completed at 2 weeks on patients who 
are still in the hospital who presented with a moderate-severe TBI (ED Arrival GCS 3-12). The follow up scan at 
6 months will be on the Phase 1 protocol as well. 
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7.4 OUTCOMES 
All outcome measures will be obtained from the patient, or if cognitively unable, the caregiver. The BA cohort 
will undergo telephone assessment with the GOSE and the phone battery at 2 weeks, 3, 6, and 12 months. The 
CA+MRI/CA+MRI-HDFT and CA cohorts will undergo in-person outcomes testing with the flexible battery at 2 
weeks, 6 and 12 months, as well as the phone battery at 3 months. Pediatric patients will undergo comparable 
Pediatric Outcomes Battery (Appendix 6.2). 
 
Flexible outcomes battery framework. The proposed flexible outcome assessment battery is designed to 
assess multiple outcome domains across all phases of recovery in patients at all levels of TBI severity. The 
battery comprises the original Core CDE measures (TBI-CDE Version 1.0) administered in the TRACK-TBI Pilot, 
and additional Basic and Supplemental CDEs (TBI-CDE Version 2.0) measures that further assess psychological 
health and cognition. The combined TRACK-TBI Pilot and additional supplemental measures from TBI-CDE 
Version 2.0 constitute the Comprehensive Assessment Battery. Patients who are too impaired to take the 
Comprehensive Assessment Battery will undergo assessment on the Abbreviated Battery, which consists of 
standardized measures of basic neurobehavioral (e.g. Coma Recovery Scale-Revised [CRSR]) and cognitive (e.g. 
Confusion Assessment Protocol [CAP]) function. 
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FLEXIBLE OUTCOMES BATTERY FRAMEWORK: DECISION WORKFLOW 
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FLEXIBLE OUTCOMES BATTERY FRAMEWORK: MEASURES LIST 

 
Key: (T) = Testing conducted by telephone; (W) = Weeks; (M) = Months; 1 = measures translated into Spanish 
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8.  SUBJECT RECRUITMENT AND SCREENING 
 
8.1 SUBJECT IDENTIFICATION 
Study personnel will identify potential subjects in the ED, hospital and ICU during “peak hours” as appropriate 
for their study site through conferring with medical records, trauma logs and triage notes as well as on-duty 
doctors and nurses to identify potential subjects. Many of the inclusion/exclusion criteria can be evaluated by 
a review of the potential subject’s medical records, such as mechanism of injury, extent of non-head injuries, 
prior medical history, and prior clinical visits at the center of care. As all eligible patients must receive an acute 
clinical brain CT due to external force trauma to the head, the ideal place to begin screening is scanning for 
acute scheduled CT brain studies in the radiology department. When a potential subject is identified and has 
been screened against the primary set of inclusion/exclusion criteria, they will be approached about the study.   
 
8.2 SCREENING PROCESS 
Due to the vulnerability of the subjects and the complexity of the protocol, we envision a three stage screening 
process.  These stages are:  1) review of medical records and test results to determine eligibility, 2) subject 
completion of a screening evaluation to determine competency to provide informed consent, and 3) subject 
interview to present and discuss this research participation opportunity.  Only after all three of these phases 
have been completed would the subject be asked to participate and provide formal signed informed consent.  
 
Prior to enrolling a subject, the research personnel will screen the subject for competency to provide informed 
consent. This is necessary because TBI may result in a period of posttraumatic amnesia (PTA) characterized by 
confusion, disorientation, and impaired memory for ongoing events.  The Galveston Orientation and Amnesia 
Test (GOAT) will be used as the standard assessment instrument for this screening.  A score of 75 or greater on 
the GOAT would indicate that the subject is competent to provide informed consent. If the subject scores < 75 
on the GOAT, then consent must be provided by a Legally Authorized Representative (LAR). 
 
To accomplish the competency evaluation part of the screening process, the research personnel will approach 
the subject and introduce the study, explaining that the subject may be a candidate but that additional 
information is required to determine this. It takes approximately 5 minutes for the subject to answer the test 
questions contained in the GOAT. The research personnel will then score the test as described. If the subject 
qualifies and wishes to proceed, then the research personnel will move to the third stage of this process. If the 
subject is not interested in participation in the protocol, the subject will be thanked for their time and the data 
collected up to this point will be shredded per standard hospital protocol. 
   
8.3 PARTICIPATION REQUIREMENTS 
An important part of the screening and process is an interview with the subject, where the research personnel 
explains the project in detail, presents the consent forms, and responds to all patient questions and concerns. 
Key points that will be explained during this interview process are: 

 Participation in the project is immediate and for all components (clinical, biospecimens, MRI, outcomes), 
unless contraindicated for MRI. 

 Upon enrollment, data collection will begin in the hospital. Participation in follow-up activities must be 
completed within given time windows as specified but will be scheduled to accommodate the patient: 
1) For CA+MRI patients, the 2-week MRI must be completed at 14 days ± 4 days from the date of injury. 

Corresponding 2-week outcomes must be completed ± 3 days of the 2-week MRI. 
2) For CA and BA patients, 2-week outcomes must be completed 14 day ± 4 days from date of injury  
3) Outcomes at 3 months must be completed ± 7 days of 90 days from the date of injury. 
4) For CA+MRI patients, MRI at 6 months must be completed ± 14 days of 180 days from the date of 

injury, with corresponding 6-month outcomes ± 14 days of the 6-month MRI. 
5) For CA and BA patients, 6-month outcomes must be completed ± 14 days of 180 days from the date of 

injury. 
6) BTACT should be completed within ± 7 days of Outcomes (but not on the same day). 
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7) Outcomes at 12 months must be completed ± 30 days of 360 days from the date of injury. 

 Compensation is provided to cover expenses the subject may incur due to participation (e.g. tolls for travel 
and parking). In order to disburse these funds, the subject must provide a social security number or other 
identification for tax purposes. 

 All efforts should be made to schedule patient return within the specified window for each timepoint. 
Patients who are reached and scheduled but fall outside the window for any outcomes testing timepoint 
should still have their outcomes assessment completed in person, or over the phone at 3 months (refer to 
Section 15.2 for guidance). The number of days from date of injury, and the number of days outside of the 
exact 2-week, 3-month, 6-month, and 12-month window will be documented in the QuesGen database. 
Potential subjects will be given time to read the Consent Form(s) and to consult with family members who 
may be present or by phone.  If the subject agrees to participate, then they will sign the appropriate forms.  
A copy of the form(s) will be given to the subject. 

 
8.4 SUBJECT COMPENSATION 
In addition to incurred travel costs to arrive at the testing center, subjects in the CA and CA+MRI/CA+MRI-
HDFT cohorts will receive financial compensation in recognition of the extensive in-person and/or phone time 
required by the study. Individual sites have the ability to determine their own reimbursement rate per 
timepoint as approved by local IRB. The suggested compensation schedule to be given as follows: 

 

Amount 2W MRI 
(CA+MRI) 

2W Outcome 
(CA, CA+MRI) 

3M Telephone 
Outcome  

(CA, CA+MRI) 

6M MRI 
(CA+MRI) 

6M Outcome 
(CA, CA+MRI) 

12M Outcome 
(CA, CA+MRI) 

$125.00 X X  X X X 
$75.00   X    

 
For the optional protocol at sites that collect blood at 3 to 6 hours following the baseline blood draw it is 
suggested that subjects be compensated in the amount of $50. 
 
For BA patients, all outcomes will be phone based. Outcomes at 2 weeks, 3 months, 6 months, and 12 months 
will each have a suggested reimbursement rate of $75.00. Compensation will be disbursed at the end of each 
visit. Subjects must provide a social security number or other form of tax identification to receive these funds. 
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9. INFORMED CONSENT 
 
9.1 INFORMED CONSENT PERSONNEL 
The individuals responsible for identifying potential subjects, explaining the studies, answering questions, and 
obtaining informed consent will be study research personnel who are healthcare professionals, including MD, 
RN, Research Coordinators, and Research Associates (RAs). Qualifications for these positions include clinical 
experience with TBI patients, patient teaching skills related to home medication administration, excellent 
interpersonal and problem-solving skills, and knowledge of the clinical research process.   
 
Based on sites local IRB policies, sites may include language in their informed consent which will ask patients if 
they wish to be contacted for future research after the completion of this study.  
Suggested language: 
In the future, other studies involving traumatic brain injury may become available. If you agree, then someone 
from the [site name] Neurosurgery team may contact you in the future about additional research that you may 
be interested in participating in. You agree to allow someone to contact you about research in the future. 
_yes _no 
 
9.2 LOCATION AND PRIVACY 
Potential subjects will be approached in the ED, hospital wards, or ICU at each IRB-approved enrollment site. 
All sites have implemented electronic medical records in their hospitals and much of the screening process can 
be completed via utilizing these resources. Interested subjects are offered the opportunity to participate on-
site during their emergency hospital visits or contacted by phone after hospital discharge. 
 
If potential subjects are approached in the ED, patient care areas can be screened with curtains for privacy. If 
potential subjects are approached while still in this area, the curtains will be closed and the conversation will 
be conducted in soft tones to minimize the possibility of being overheard. If the potential subject approaches 
their time of discharge, then the research personnel will escort the subject and family to one of the privacy 
areas available in the hospital after discharge from the ED to discuss the study and conduct the informed 
consent process. The approach to potential subjects in the ED will not be made in such a way that it interferes 
with or delays the diagnosis and treatment process in the ED. Potential subjects will be given as much time as 
needed to read the informed consent document, discuss it with family members if they choose, and to ask 
questions of the research personnel. 
 
9.3 COMPETENCY SCREENING 
TBI often results in a period of posttraumatic amnesia (PTA) characterized by confusion, disorientation, and 
impaired memory for ongoing events. Thus TBI patients will be screened for competency using the Galveston 
Orientation and Amnesia Test (GOAT) to determine whether they are competent to provide informed consent 
or whether this must be done by a Legally Authorized Representative (LAR). This competency screening will be 
performed prior to inviting the subject to participate in the study and while the subject is in the ED or hospital.  
 
The procedure for this competency screening will be:   
1. The subject’s ED medical record will be reviewed to determine whether the subject has been diagnosed 

with post-traumatic amnesia or other cognitive deficits. 
2. The subject and family if present will be approached and informed about the study. 
3. If subject and family agree, the GOAT will be administered according to standard procedures.  
4. If the subject scores ≥ 75 on the GOAT, the subject will be deemed competent to provide informed 

consent. If the subject scores <75 then informed consent must be provided by a LAR or waiver of consent 
(site specific).  

 
9.4 LANGUAGE AND LITERACY 
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Subjects should be fluent in English to be eligible for the study. Sites with research personnel fluent in Spanish 
may elect to enroll patients who speak Spanish as their primary language. The informed consent documents 
are available in both English and Spanish. Patients not fluent in English, or Spanish at certain sites, will be 
ineligible for the study. 
 
9.5 NEED FOR RECONSENT 
As this is a longitudinal study with multiple timepoints over the course of a year, and that the status of TBI 
patient cognition may change over this time course, it is likely that subjects may not recall all of the activities 
or procedures associated with each follow-up visit. To ensure that subjects are still willing to participate, the 
research personnel will review the Informed Consent document with the subject at the beginning of each 
follow-up visit. 
 
In the event that a subject was determined incompetent to sign their informed consent document (i.e. GOAT 
score < 75 at time of screening/consent) but later demonstrates competency, then the subject will be asked if 
they wish to continue participation. If so, then the subject will be asked to sign the Informed Consent at that 
time. If they decline to do so, then they will be withdrawn from the protocol. 
 
9.6 STORAGE OF CONSENT DOCUMENTS 
Signed paper consent forms will be stored in a locked file cabinet located in the study office behind locked 
doors at each site. These documents will be stored for a minimum of 3 years after the conclusion of the study.  
These documents will be made available as needed for review for quality monitoring purposes. 
 
9.7 WAIVER OF CONSENT 
This is a site-specific protocol item. Sites may elect to enroll qualifying patients initially incapable of informed 
consent who have no legally authorized representative available for surrogate consent. This can be done under 
a “waiver of consent” rule in the emergency setting in order to procure and process the baseline blood sample 
for biomarker analysis within 24 hours of injury. Application to use the “waiver of consent” can be submitted 
by each individual site to their local IRB for approval.  
 
Sample language as follows: 
 
“If the subject is not capable of self-consent and there are no legally authorized representatives to sign in 
person or via fax, every effort will be made to follow-through with the subject as soon as s/he is capable of 
informed consent. However, in these situations, and for those 18 years and older, the 'Waiver of Consent' will 
be used to complete the CRF, to draw the blood within 24 hours of injury and to process the blood for 
separation of plasma (within 30 minutes of draw) or serum (within 1 hour of draw) because of the critical 
acute time element involved. 
 
These scenarios are very common in the context of TBI and in the past have prevented much needed data from 
being collected from patients who are incapacitated from their injury and hospitalization, and/or who are 
under the influence of drugs or alcohol. We would like to be able to include everyone falling under the 
inclusion criteria, hence the waiver.” 
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10. SUBJECT RISKS AND BENEFITS 
  

10.1 FORESEEABLE RISKS BY CORE 
The potential risks to the subject are minimal across all domains of data collection. No data collected as part of 
this study will become part of the subject’s medical record. 
 
Clinical. The TBI event will already be part of the subject’s medical record, so involvement in this study will not 
have any effect on obtaining care or coverage under insurance. The risks involve some degree of loss of 
privacy. This will be minimized as much as possible. All data will be confidential and stored in locked areas to 
which only authorized study personnel have access. Records will be coded with a Study ID as soon as the 
patient is enrolled so that names and other identifying information will not be linked to personal or sensitive 
data, in compliance with federal regulations of the Health Insurance Portability and Accountability Act (HIPAA). 
This Study ID is automatically generated by the QuesGen System as soon as the patient is entered into the 
database. In addition, subjects and their families will be informed that participation is completely voluntary, 
that they may decline response to any questions, and that they may withdraw from the study at any time, all 
without jeopardizing medical treatment to which they are otherwise entitled. Subjects and their families will 
not be required to answer any interview or assessment questions that they find distressing or sensitive in 
nature. 
 
Biospecimens. The blood sample will be drawn from an arterial or central venous catheter placed as a part of 
standard care   for those patients consented while in the ICU. Those patients consented on the ward or 
emergency room will need to undergo phlebotomy and may experience the discomfort associated with a 
needle stick and may suffer bruising at the site of the needle stick. The risks involve some degree of loss of 
privacy. This will be minimized as much as possible. No more than two venipuncture attempts will take place. 
 
Genetic Research. There is a possibility that if the results of a research study involving genetic material were to 
become generally known this information could affect one’s ability to be insured, employed, future decisions 
regarding children, or family relationships. As noted, all data will be de-identified and linked by Study ID. Data 
will be stored in locked areas to which only authorized study personnel have access. 
 
Neuroimaging. CA+MRI subjects will undergo noninvasive brain imaging using FDA-approved 3 Tesla MR 
scanners at 2 weeks and 6 months post-injury. No exogenous contrast agents and no sedation will be used. 
The MRI procedures are noninvasive and painless. The MRI does, however, require the subject to lie still with 
the head and part of the body confined in a tunnel-like device for a considerable length of time (total scan time 
of approximately 60 minutes). The subject may find it uncomfortable to lie still in the MRI scanner for 1 hour. 
Therefore the subject will have breaks in between the data collection periods to reset the scanner and set up 
the parameters for the next set of images being collected, and also will have frequent communication with the 
experimenter. Contraindications for the MRI examination include those who have cardiac pacemakers, neural 
pacemakers, surgical clips in the brain or blood vessels, surgically implanted steel plates, screws or pins, 
cochlear implants, intrauterine devices, or metal objects in their body, especially in the eye. Subjects will be 
required to remove all ferromagnetic items (e.g. keys, phones, credit cards, belts, loose change, and others) 
before entering the MRI examination room. Claustrophobia may also preclude successful MR imaging. Careful 
screening will prevent such individuals from participating in this study, as well as preventing the introduction 
of any ferromagnetic objects into the scanner room. Dental fillings do not present a problem. 
 
The FDA has set recommendations for exposure in MRI studies and the proposed 3T examinations satisfy those 
criteria. The guidelines from the Bureau of Radiological Health of the FDA will be followed in regard to specific 
absorption rate (SAR) of radiofrequency energy and time varying magnetic fields (dB/dt). Precautions will be 
maintained so that SAR will be less than 8 watts per kilogram in any 1 gram of tissue. This is the estimated 
power required to raise the temperature 1 degree centigrade. The maximum dB/dt will be set at 20T/sec for > 
120usec or 200T/sec for < 12usec. These levels are well below peripheral nerve stimulation threshold in 
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humans, both children and adults. In rare cases, subjects may still experience some peripheral nerve 
stimulation during portions of the MRI procedure. These experiences are transient and harmless. MRI 
participants will be instructed prior to examination to refrain from skin-on-skin contact of their extremities 
(e.g. clasping hands or legs) to further reduce this risk. The MRI will produce loud noises during image 
acquisition. The decibel intensity of these noises is not considered harmful per FDA regulations. Subject will be 
provided with earplugs and noise-cancelling headphones/earpads to minimize discomfort. 
 
Subjects will always be in communication with the MRI technologist and will be given a squeeze ball that 
triggers an alarm. If the subject indicates at any point that they have a desire to stop the procedure, the exam 
will be terminated immediately and without any penalties to the subject in any way. 
 
If any unexpected findings are identified that may be clinically significant, the participant will be counseled by 
the Site PI and recommended to seek medical care from their primary care physician. Subjects and their 
families will be informed that participation is completely voluntary and that they may withdraw from the study 
at any time, all without jeopardizing medical treatment to which they are otherwise entitled. 
 
Outcomes. Some of the questionnaires and interviews used in this research ask about personal and potentially 
sensitive information. This will be explained to subjects both orally and in the consent document. Further, only 
trained study personnel who are sensitive to these issues will administer such interviews and questionnaires. If 
a subject endorses any of the questions regarding suicide, it will be documented in the research record and the 
research personnel will notify the psychiatrist on call and follow their instructions. 
 
10.2 PROTECTIONS AGAINST SUBJECT RISKS  
Recruitment and Informed Consent. All study sites are experienced with recruiting TBI subjects. All sites have 
obtained IRB approval to enroll patients into TRACK-TBI. Research staff will locate eligible patients in the 
hospital (emergency department, hospital wards, intensive care unit), explain the research study, review the 
consent form, ask the subject or surrogate if s/he voluntarily agrees to participate, and obtain consent. 
Prospective subjects will be given as much time as needed to consider study participation. If the subject is not 
capable of self-consent, all efforts will be made to locate a legal surrogate to sign in person or via fax. 
 
Clinical. The potential risk to subjects is minimal. We will take all necessary steps to reduce risk for all study 
participants. We will inform subjects of the potentially sensitive nature of some of the research questions and 
create an atmosphere of security and trust prior to collecting data. We carefully explain the steps taken to 
assure the confidentiality of all participant data. Subjects are always given permission to not answer questions 
with which they feel uncomfortable. In our experience with TRACK-TBI Pilot, with the establishment of rapport 
by a sensitive, experienced research team the majority of subjects welcome the opportunity to participate in 
research. Following initial consent, subjects will be reminded before every procedure that participation is 
completely voluntary, that they may decline to respond to any questions, and that they may withdraw from 
the study at any time without jeopardizing medical treatment to which they are otherwise entitled. 
 
To protect confidentiality, no paper copies of study forms will include subjects' names, but instead will contain 
a Study ID as the identification key to match subjects over the repeated measures. The subject names will be 
entered into the QuesGen web-based eCRFs in order for study personnel to contact patients and conduct 
follow-up visits. However, only designated study site personnel will be able to view the subject name fields in 
QuesGen. All data communication between the QuesGen browser and secure servers is through an encrypted 
secure socket layer connection. Servers are located in a Statement on Auditing Standards-70 compliant data 
center behind a dedicated firewall. QuesGen has procedures in place for full compliance with Health Insurance 
Portability and Accountability Act security standards for protection of PHI. User password accounts are 
assigned according to user types and access roles which allow or restrict the viewing of any PHI fields. An 
algorithm is applied to each data element to determine if it should be considered PHI. The default 
determinations can be overridden if incorrectly classified as PHI. Administrative users can set up accounts for 
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users to only view the data or set filters that limit viewing of records according to their study site. Every data 
modification is tracked and all views and deletions are logged so that data tampering is not possible. Study 
sites that are not covered entities by their institution will be required to establish Business Associate 
Agreements with QuesGen Systems, Inc. 
  
Study data will be entered into eCRFs using designated laptop and desktop study computers with secure, 
encrypted connections to the eCRF data. No PHI will be stored on the hard drives of any study computers. 
Study computers will have encrypted drives conforming to IT standards at each respective site. Study 
computers will be password-protected and securely maintained with virus protection software installed to 
automatically update and scan the drives. Only research personnel responsible for data entry or review will 
have password access for study computers. Paper copies of surveys will be filed by their Study ID in locked file 
cabinets behind locked doors at each study site. A list linking the Study ID and names will be kept in a separate 
locked file cabinet behind locked doors at each study site. Once the final outcome assessments are completed 
and checking for data quality monitoring purposes is completed, PHI for the subject will no longer be 
accessible to previously authorized personnel except the study site PI. At project conclusion, PHI data will be 
stored in a password protected PDF file and given to the site PI for long-term protected storage. The QuesGen 
Data Manager will then remove the PHI data from all server hard drives and all backup devices. QuesGen will 
not retain any copies of the PHI data long-term. These identifiers will then be accessible only by the study site 
PI and would be used at a later time only if it becomes necessary to contact the subject for additional studies 
or for regulatory purposes. 
 
Biospecimens. For the blood draw, no more than two venipuncture attempts will be performed and specimens 
will be coded when the draw is complete. 
 
Neuroimaging. As noted, the total scan time is approximately 60 minutes, but the subject will have breaks in 
between the collection periods as the radiologist resets the scanner and sets up the parameters for the next 
set of image sets being collected, and also will have frequent communication with the experimenter. Some 
patients find the loudness of the oscillating gradients during image acquisition to be discomforting, but the 
acoustical noise level is below FDA guidelines of 140 dB peak referenced to 20 micropascals. In addition all 
patients are provided with earplugs to reduce the noise. There is no evidence for long-term negative effects of 
MRI procedures on the body. The 3T scanner is an FDA-approved system. 
 
Outcomes. An experienced outcomes team designated by the Outcomes Core will train all outcomes personnel 
for TRACK-TBI. Only trained study personnel sensitive to the inherent issues across cognitive, mental health, 
psychological, and quality of life domains will administer the outcome instruments for the study. Subjects will 
be re-introduced to the study at each outcomes time point for understanding and approval to continue 
participation. Subjects are informed that they are free to not answer any question that may be uncomfortable 
for them. If a subject endorses any of the questions regarding suicide, it will be documented in the research 
record and the research personnel will notify the Site PI and activate local suicidality protocols. 
 
10.3 CERTIFICATE OF CONFIDENTIALITY  
As an additional level of safeguard for study participants, we have received a Certificate of Confidentiality from 
the NIH for TRACK-TBI. Having this Certificate means that investigators and study personnel cannot be forced 
to disclose research information that might identify the subject in any federal, state, or local criminal, civil, 
administrative, legislative, or other proceedings. This is important because TBI patients are often involved in 
high-risk behaviors that result in their injuries. 
 
 
10.4 POTENTIAL BENEFITS OF PROPOSED RESEARCH  
There is no direct benefit to study participants. The results will be directly relevant to society in general and to 
future patients who suffer TBI. Tokens of thanks for study participants are especially important in longitudinal 
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studies, where the burden on the respondent, even if small, tends to multiply over time. Each site will establish 
a reimbursement schedule for each of the time-consuming components of the study, including MRI, telephone 
and in-person outcomes testing. Patient transportation costs incurred during commute to the research site will 
be reimbursed by standard mileage rates, or via taxi vouchers. 
 
TRACK-TBI subjects will undergo extensive neuropsychological testing and brain imaging.  These procedures 
are not part of the standard of care for mild TBI.  

 All subjects will have access to the results of their research MRI results within 2 weeks of their 
respective 2-week and 6-month timepoints. If requested, subjects will receive a CD of their 
conventional MR imaging data and a viewer application tool. The study ID will be stripped from the 
MRI scan.  

Release of outcomes testing results is a site-by-site issue to be addressed in accordance with local IRB and Risk 
Management policies with the following guidance: 

 Information will be released only to the subject or the guardian 

 Information will be released in the form of raw data with the name of the measure and the score 
without any interpretation  

 A disclaimer statement must be included in the released records (i.e. “These data are not meant to 
replace diagnostic testing/evaluation that would be ordered by a personal physician. We cannot 
interpret the data and provide recommendations as the data we collect is meant for research purposes 
only.”)  

 Test record sheets should not be released under any circumstances (risk of copyright violation and test 
invalidation) 

 Upon request, sites that agree to provide results to subjects can do so after completion of their 12-
month outcomes, as to minimize the feedback and undue influence of test results on the subjective 
perception from the research subjects during the study.  

 All participants may share their study information with their care providers or others as they choose. 
Investigators will also be available for consultation with subject’s care providers to interpret these 
findings with the subject. All outcomes data provided to subjects will be stripped of Study ID. 
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11. SUBJECT COMPLIANCE AND RETENTION 
We will monitor subject compliance with the observational portion of the protocol, and research personnel 
will maintain scheduled contact with the subjects and their family members to ensure on-going compliance 
through the 12-month study duration. Upon consent and enrollment, participants will be asked to provide 
multiple forms of contact information including phone, address, and email. Upon their permission, participants 
will be asked to provide one or more alternate contacts. The Clinical Core will maintain a schedule of contact 
to maximize the chance of successful contact and scheduling for follow-up timepoints as soon as their window 
of return opens for that timepoint. This will involve training Research Coordinators to monitor their own site 
progress, which will be supplemented by automated reminders of upcoming windows for follow-up generated 
by QuesGen Systems and emailed to each site coordinator weekly. Every effort will be made to schedule return 
visits at the subject’s convenience, and multiple procedures for that time point will be scheduled on the same 
day. When subjects return for their follow-up they will be met by research personnel who will escort them to 
the various testing locations. Subjects will have full opportunity to ask any questions before, during, and at the 
end of the follow-up appointment. Site Coordinators will be encouraged to have relevant resource packets and 
materials for TBI assembled to provide to study patients. 
 
In the event that a CA+MRI subject does not or cannot return for the 2-week MRI, every effort should be made 
to schedule participation in the in-person CA visits for outcomes and blood draws.  

 Subjects initially enrolled into the CA+MRI/CA+MRI-HDFT cohort  that do not complete the MRI but are 
able to complete the 2-week in-person outcomes assessment and blood draw will be reassigned  to 
the CA cohort as their final cohort at 2-weeks and this will be documented in the QuesGen patient 
management form. The cohort does not change after 2-weeks. 

 If the 2-week MRI is missed, subjects will not be asked to come back for a 6-month MRI.  

 If the CA subject who has completed the 2-week visit doesn’t or can’t return for the 6 and 12-months 
visits then always attempt telephone interview with those tests that are suitable.  

 If a CA subject can’t be scheduled for the 2-week in-person visit then an attempt should be made to 
obtain the telephone assessment battery and the subject will be assigned to the CA cohort as their 
final cohort at 2-weeks and this will be documented in the QuesGen patient management form. The 
cohort does not change after 2-weeks. 

 If a subject does not complete the 2-week in-person or telephone CA visit then the final cohort at 2-
weeks remains as CA and it’s reported as a missed milestone.  

 If a CA subject misses the 2-week appointment entirely, the subject should still be contacted for their 
3-month follow-up and a protocol deviation will be recorded for the 2-week timepoint. If 2-week/3-
month/6-month or any combination of these visits are “Missed Milestone” then study staff will 
continue to attempt contact through the end of the 12 months. In the event that the subject has never 
shown up for in-person or via telephone for 2-week, 3-month 6-month or 12-month follow-up but self 
presents and contacts the study coordinator during the 3, 6 or 12-month windows then attempt to 
obtain the GOSE and then as much as the interview as possible over the phone.  

 Assignment to the BA cohort is not being used for enrollment or as a drop-down at 2 weeks. 
Assignment to the BA cohort will be upon notification to sites by the Executive Committee at such time 
that a site has fulfilled their CA-MRI and CA enrollment quotas during the study year. It is possible that 
sites completing the CA-MRI and CA quotas will be asked to do additional CA-MRI or CA enrollments if 
other sites are not meeting the quotas. 
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12. DATA MANAGEMENT AND COMPLIANCE  
Clinical monitoring. Data collection for each timepoint and Core type must be completed accurately and to 
schedule. Clinical monitoring will utilize both field monitoring and in-house monitoring/Quality Control (QC) 
staff at the site level to optimize efficiencies and reduce data discrepancies. Furthermore the Data Acquisition 
and Quality Committee (DAQC) under the Executive Committee will conduct site visits to monitor protocol 
compliance, complete written monitoring reports, and deliver findings to the Executive Committee. Visits will 
be performed at a minimum of 1 visit at each site per year, per Core and protocol (clinical, biospecimen, 
neuroimaging, and outcomes). Protocol processes, including enrollment practices, data collection, imaging, 
and biospecimens collection procedures, will be assessed over the course of the study period. Site visits will be 
conducted to review and adjudicate subject records in accordance with TRACK-TBI monitoring procedures. 
Some records will receive a targeted review that may include items such as informed consents, eligibility, 
inclusion/exclusion criteria, adverse events, serious adverse events, key safety and efficacy parameters, 
protocol-specific biospecimens collection, neuroimaging procedures, and outcomes administration and scoring 
standards. The DAQC will review results from monitoring visits and regularly scheduled data checks to identify 
trends and problems, and will share these results with the Executive Committee on a regular basis. 
 

 
 

12.1 CLINICAL  
Clinical database. Upon study enrollment, the subject will be entered onto the QuesGen System which will 
automatically generate a Study ID. This Study ID is not generated from personally identifiable information (PII), 
and is generated locally so that no PII is ever sent to FITBIR in the process. Study IDs will be coded in the 
format of [Site Code (2 digits)] – [Patient Number (4 digits)], e.g. XX-XXXX, with Site Codes from 01 to 18 for the 
18 study sites, and beginning at Patient Number 1001 for the first patient enrolled, 1002 for the second patient 
enrolled, and increasing sequentially for each additional patient enrolled. MRI scans will have an additional 
label at the end to distinguish the timepoint and whether the scan is a patient, phantom, or control. The 
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additional labels are as follows: (XX-XXXX-1 for 2-week MRI, -2 for 6-month MRI). Clinical data will be entered 
into eCRFs via a web-based portal to the secure, fully HIPAA-compliant QuesGen clinical database.  
 
Site Codes are as follows: 

Site Name Site Code 
BCM-TIRR /UTHSC 01 
MGH-Spaulding 02 
UCSF 03 
Univ. of Cincinnati 04 
Univ. of Maryland 05 
Univ. of Miami 06 
Univ. of Pittsburgh 07 
Seton / UT Austin 08 
UT Southwestern 09 
Univ. of Washington 10 
VCU 11 
Univ. Pennsylvania   12 
Emory 13 
Medical College Wisconsin  14 
Univ. Utah 15 
Indiana Univ.  16 
Hennepin  17 
Univ. Colorado 18 

 
Automated data integrity monitoring. All clinical data will be entered into electronic Case Report Forms 
(eCRFs) and managed by the QuesGen data management platform. As data is entered into each form, the 
system will run data validation checks that include conditionally required data, validation across fields, and 
validation requirements based on subject type. If any validation check fails, the user is alerted immediately 
that the data does not meet QA criteria and the issue can be addressed and corrected at that point. If a data 
element fails a validation check, yet the value entered is correct, the user can enter an exception to the 
problem and provide a notation as to why the out-of-range data is actually correct. These data validation 
checks match the FITBIR validation protocol: 

 Date/time value checks: all dates and times entered into the database are checked to ensure that events 
recorded are accurate and in sequence. 

 Range value checks: all numeric, non-date fields have range values specified to minimize data entry errors. 

 Selection lists: all categorical data fields have predetermined drop-down lists, check boxes, or resettable 
radio buttons instead of free text to ensure accuracy. 

 Logic checks: data fields from different sections of the eCRF will be compared to pass logical integrity 

 Required fields: the eCRF will be programmed to require input into fields when appropriate to minimize 
missing information. 

 Score calculation will be performed and programmed into eCRFs for tests and measures with numerical 
score summations or norming to avoid mathematical errors by the examiner.  All automated scoring 
computations will be fully documented and validated by QuesGen and the Clinical Core, and must pass 
User Acceptance Testing. 

 Electronic data audits will be automated in the QuesGen database through a series of pre-determined 
queries against the study database at regular intervals. These queries will be designed for the Clinical Core 
to monitor data quality and completeness and identify protocol variations/deviations/violations. 

 Data audits against source documents, where available, will be conducted prior to the final “lock” of each 
subject’s data set.  Errors found will be corrected at this time. 
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All investigators and designated study personnel will have unique and confidential password access to the 
QuesGen database. All access to the database and to study data will be logged in an audit trail and monitored.  
Any indication of inappropriate access will be reported immediately to the Clinical Core. Investigators may 
submit data request for access of specific variables to the Clinical Core for approval. 
 
The QuesGen system will also provide checks for form completion based on the subject type. Validation rules 
will establish when forms for a particular subject should be entered, and any missing forms can be tracked by 
the Study Site and Clinical Core immediate follow-up. Once subject forms are marked complete, a dataset for 
sharing can be created. The QuesGen platform stores the exact dataset that is shared for future reference and 
also tracks information about when the data was shared and the dataset recipient. 
 
Due dates for eCRF completion windows are set by the Clinical Core. Due dates for eCRF completion windows 
are set by the Clinical Core. The Subject and Presentation eCRFs need to be initiated as soon as possible 
following enrollment in order to assign subject IDs for the biospecimen vials. In general, every effort should be 
made to complete eCRFs within 2 business days of enrollments, inpatient stays, follow-up milestones and 
discharges. It is understood that some forms and fields within forms may not yet have complete information 
available to report (e.g., Hospital Admission/Discharge, AIS/ISS, Surgeries, Concomitant Medications, etc.). The 
QuesGen System will automatically generate reminders to complete eCRFs for enrolled patients. Monthly 
reports of enrollment, timeliness of eCRF completion and error correction will be monitored and adjudicated 
by the Clinical Core. Data validated and curated within QuesGen will be transferred to LONI for aggregation 
and harmonization and uploaded to tranSMART weekly, to support quality assurance activities and data 
analysis, as well as to LONI IDA. Data will be transmitted to FITBIR quarterly, per FITBIR policy. 
 
Integration with analytics platforms. All de-identified electronic study data in the TRACK-TBI database will be 
maintained in secure storage by QuesGen Systems for the duration of subject enrollment and follow-up and 
for a period afterwards for data analysis and preparation of publications. We estimate that the analysis and 
publication period will last for several years after the conclusion of subject enrollment. 
 
Together with QuesGen Systems, the Clinical Core will ensure that data standards are established for the data 
model e.g. conformity of field formats, field codes and names to ensure consistency across all datasets. After 
the initial approval of the data model and eCRFs, any proposed changes to the database will be reviewed by 
QuesGen and the Clinical Core for impact upon the existing data in the repository. Approved changes will be 
fully documented with dataset updates to maintain data quality and accuracy. After data adjudication and 
curation with the Informatics Core, Thomson Reuters, and other external partners, QuesGen Systems will be 
responsible for importing cleaned datasets to FITBIR on a quarterly basis as well as tranSMART and other 
analytic platforms as determined by the Informatics and Biostatistical Cores. 
 
12.2 BIOSPECIMENS 
Biospecimens collection. Study sites will collect, process, and ship blood biospecimens according to the NINDS 
TBI-CDE Biospecimens Protocol, to a central biorepository at University of Pittsburgh. Each site will batch and 
ship biospecimens to the central repository on a quarterly basis. The UP biorepository will aliquot and ship 
serum and plasma specimens to Abbott Laboratories to conduct research assays on potential diagnostic 
biomarkers for TBI. Formalized QC/QA policies for collection, processing and storage were developed and 
validated for TRACK-TBI Pilot. Refer to the full Biospecimens Protocol (Appendix 4) for detailed information 
regarding control of collection supplies (disposables and reagents), identification (using Study ID) and labeling 
conventions, collection and processing methods, storage and retrieval, shipping and receiving, training, and 
security. Together these pre-analytic QC/QA policies minimize circumstances that could adversely affect 
scientific results, ensure the safety of research personnel, and aid in the efficient operation of the TRACK-TBI 
Biospecimen Repository. The Biospecimens Core will review the efficiency of existing processes and 
procedures on a quarterly basis. 
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Whole brain collection. When possible, sites will approach next of kin for donation of subject and control 
brains. We expect to collect <50 brains from individuals who die in both the acute and sub-acute time periods. 
The brains will be processed locally and shipped to the TBI Brain Bank at the Center for Neuroscience and 
Regenerative Medicine (CNRM) in Bethesda, MD (Dr. Dan Perl, Director). This will facilitate neuropathologic 
studies of subjects who have been characterized with MRI, proteomic, and genetic studies, providing further 
opportunity to validate imaging and biomarker results. See Appendix 11. 
 
Biospecimen Repository. The TRACK-TBI Biospecimen Repository at University of Pittsburgh will ship 
biospecimens to relevant analytic partners, where genomic and proteomic analyses will be used to discover 
new TBI biomarkers. Raw and derived molecular data will be curated and uploaded to LONI for aggregation 
and harmonization before being transferred to FITBIR and to tranSMART for analysis. 
 
12.3 NEUROIMAGING 
Standardization of MR across sites. Imaging protocols will be standardized in collaboration with InTBIR. All 
study MR systems will initially be characterized with the Magphan® Quantitative Imaging Phantom (Phantom 
Laboratory, Salem, NY) designed to measure signal-to-noise ratio, object size scaling, and spatial distortion. 
The Magphan® Phantom has been extensively used for high-resolution structural brain imaging in numerous 
trials, including ADNI, as follows: 
 
1.  Serial imaging of the phantom will track scanner performance over the study enrollment period using an 

online MR Distortion and Image Quality service (ImageOwl, Salem, NY) which identifies scanner errors or 
defects and corrects for scaling errors and gradient non-linearity. 

2. Standardization for diffusion MR imaging using an ice water phantom adopted by ACRIN for multi-site 
diffusion imaging trials. 

3. Performance of fMRI will be assessed using the Biomedical Informatics Research Network (BIRN) phantom, 
with serial data analyzed to assess signal mean and standard deviations, temporal fluctuations, and drift.  

 
Standardized MR protocols will maximize consistency among study sites and across vendor platforms. Within 
vendors the protocols will be identical and shared via manufacturer-generated tools (e.g. edx files, examcards). 
Across vendors, protocols will match spatial coverage, voxel dimensions, and primary contrast parameters (e.g. 
echo time, repetition time). A TRACK-TBI board-certified neuroradiologist will evaluate the test-retest scans 
from all sites to assure diagnostic image quality and for pathoanatomic analysis of structural MRI sequences. 
 
Neuroimaging Repository. Neuroimages will be de-identified at each study site before uploading to the LONI 
repository as DICOM files, utilizing LONI’s de-identification and transport protocol. Image data will then be 
passed into one of a series of modality-specific semi-automated quality assessment pipelines and evaluated by 
LONI for protocol conformance and quality. QA results will be provided to acquisition sites within 48 hours and 
the scan repeated if it does not meet QA criteria. Images passing QA will be sent into a modality-specific image 
analysis pipeline and the resulting processed images and measures will be returned to the neuroimaging 
repository. The existing image processing provenance collection method will ensure that derived images and 
data are properly annotated and preserved for future research. The curated raw images and quantifications 
will be uploaded to FITBIR and meta-data will be uploaded to tranSMART. Refer to the full Neuroimaging 
Protocol (Appendix 5) for detailed specifications. 
 
Integration and analysis. The Neuroimaging Core will direct the coding of all TRACK-TBI neuroimages to NIH-
CDE data standards. Final versions of the curated TBI-CDE compliant clinical and outcomes data, neuroimaging, 
and molecular measures will be integrated within the LONI repository, then validated and transformed using 
NINDS/FITBIR standards. Data will be exported to tranSMART to support a variety of statistical, bioinformatic 
and neuroinformatic analyses, along with a second level of QA possible through a deeper inspection of the 
integrated heterogeneous data modalities. Analytics systems in tranSMART and the LONI repository will 
support real-time inspection of data, hypothesis testing, data subsetting, and data exploration across studies. 
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13. ADVERSE EVENTS 
Events may be categorized as Adverse Events (AEs) if the distress felt by the subject requires termination of 
testing or procedure (e.g. outcomes testing, MRI). Anticipated AEs in TRACK-TBI include: 

 Excessive discomfort, pain, or bruising during venipuncture 

 Claustrophobia or severe anxiety in the MRI 

 Anxiety during outcomes administration due to sensitive material discussed  

 Anxiety due to fear of legal discovery associated with high-risk/illegal behaviors during interview 
 
Reporting Procedures. AEs will be documented in the AE section of the QuesGen database. Each Site PI will be 
informed on a weekly basis regarding the number and nature of the AEs at their site. The Clinical Core will 
review the number and nature of AEs at each site on a monthly basis. Given that each site must reach the 80% 
completion of follow-up milestone, if AEs exceed 10% of site enrollment the Clinical Core will contact the site 
to discuss potential methods for reduction of AE incidence. 
 
Other Serious Events. Any other serious events that do not meet the above criteria will be reported to the 
Clinical Core within five working days. These AEs will be recorded for individual subjects during the 12-month 
study period. In addition to submission as required per site IRB regulations, AE data will be analyzed quarterly 
and reported in the quarterly reports submitted to the Executive Committee. 
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14. DATA SHARING 
Data sharing and mutual collaboration among research teams to accelerate research in TBI is a fundamental 
tenet of the TRACK-TBI project and are core beliefs of its investigators. The TRACK-TBI database and 
repositories can only serve their intended purposes as a current and legacy resource for further research with 
a robust, transparent, and open-access data sharing plan. To ensure optimal use of the data and to prevent 
possible misuse, the TRACK-TBI Steering Committee has established policies for data sharing as well as policies 
for publication and publication credits for those who use TRACK-TBI data. Our policies harmonize with FITBIR 
requirements, as developed by the FITBIR Policy Committee (https://fitbir.nih.gov/jsp/about/policy.jsp). 
Specifically, 6 months after the end of the performance period of the grant, de-identified data will be made 
available to other researchers who have submitted data to FITBIR. Twelve months after the end of the grant or 
contract, data will be open to all qualified and approved researchers. We have also adopted policies to allow 
us to collaborate and share data throughout the study to advance knowledge in TBI.  
 
To foster collaboration and accelerate research, we propose staged access to TRACK-TBI data, which will 
optimize reliability, promote best use of the data, encourage academic productivity and promote team 
science. Prior to closure of the performance period of the grant, TRACK-TBI participating sites, investigators, 
and our Public-Private Partners will have access to the data. We will also provide access to external 
investigators and potential Public-Private Partners who request such access of the TRACK-TBI Steering 
Committee and agree to the conditions of the TRACK-TBI Data Use Agreement. 
 
14.1 INTERNAL DATA SHARING 
In order to facilitate best use of the data and to streamline analyses and reporting during the study phase, we 
will implement the following: 
1. The initial analysis for a research question that has been specified in the Specific Aims of the grant will be 

coordinated by the relevant Core Leader in collaboration with the Co-Investigators and the Biostatical 
and CER Core. All interested TRACK-TBI Investigators and Partners will be included.   

2. Research questions not specified in the Specific Aims of the grant may be addressed by TRACK-TBI 
Investigators and Partners following internal submission of the TRACK-TBI Data Use Agreement, and 
approval granted by the TRACK-TBI Steering Committee. Content of requests to pursue new research 
questions will be made available to all TRACK-TBI investigators to promote transparency, prevent 
duplication of efforts, and promote collaboration with other interested TRACK-TBI investigators. 

 
14.2 EXTERNAL DATA SHARING 
Prior to the FITBIR-mandated date for data sharing, we will grant early access to external investigators and 
new Public-Private Partners who request such access of the TRACK-TBI Steering Committee. The request and 
Data Use Agreement will be confidentially reviewed by the Steering Committee for feasibility. Once approved, 
the applicant will be provided access to the requested data via the One Mind for Research (OMFR)-tranSMART 
platform. As with internal requests, content of requests to pursue new research questions will be made 
available to all TRACK-TBI investigators to promote transparency, prevent duplication of efforts, and promote 
collaboration. We will encourage such collaboration with external investigators to provide domain expertise 
and foster the development of new multidisciplinary teams. Any publications that emerge from use of the data 
are subject to the limited review and authorship acknowledgments set forth in a Data Use Agreement issued 
by the Coordinating Center at the University of California, San Francisco. 
  



 

TRACK-TBI Clinical Protocol 
Page 44 

 

15. CLINICAL PROTOCOL MAINTENANCE  
 

15.1 PROTOCOL MODIFICATIONS 
Please refer to Appendix 7 for the procedure for revisions to the Protocol. 
 
15.2  PROTOCOL DEVIATIONS 
Protocol compliance and study performance will be monitoring by the Clinical Core using the study reports and 
dashboards provided by QuesGen Systems. Any protocol deviations should be reported and described in full 
under the research subject’s “Subject  Protocol Deviations” tab within the QuesGen Database.  
 
Protocol deviations may include: 
Clinical 

 Subject enrolled with unclear time of injury (for assessment of enrollment <24 hours) 

 Baseline interview information missed on enrollment 
Biospecimens 

 Blood collected for the baseline sample outside of 24 hour window 

 Blood processing times deviated from protocol 

 Blood collection was missed at any timepoint 

 Blood collected outside of the 2-week or 6-month window without prior approval for exception by the 
Executive Committee approval. 

Neuroimaging 

 MRI collected outside of the 2-week window 

 MRI collected outside of the 6-month window without prior approval for exception by the Executive 
Committee. 

 Certain MRI sequences were not completed or required separate visits to complete 

 MRI missed at 6 months 
Outcomes 

 CA+MRI/CA+MRI-HDFT Cohort: MRI and Outcomes not completed within 3 days of each other 

 Certain outcome measures were incomplete 
In most major instances and especially concerning enrollment, MRI or outcomes administration dates, protocol 
deviations must be reported to the Executive Committee for approval before data collection can resume for 
the subject at the respective timepoint of deviation. Due to the time sensitivity of blood draws and processing, 
deviations can proceed at the local level but must be reported to the Clinical Core within 2 business days. 
Under circumstances in which the permissible window for outcome assessment cannot be met, with 
agreement from the subject, data collectors can request permission from the Executive Committee to 
complete the scheduled follow-up out-of-window. A protocol deviation will not need to be reported if 
permission is obtained in advance. Requests made to the Executive Committee to perform 6-month outcomes 
along with the MRI and blood draws outside of the window will also be considered exceptions and a protocol 
deviation will not need to be reported if permission is obtained in advance.  
 
In the event that a consistent pattern of poor performance (e.g. not enrolling allotted amount of patients per 
quarter, not achieving at or above 80% follow-up rate across all timepoints) or inadequate compliance (e.g. 
insufficient blood draw amount, CT or MR imaging, CRF completion without errors, full outcomes battery 
completion, or any timepoint completed outside the approved window) is detected, the responsible site 
investigator will be notified and required to present a plan for improvement and a time line for accomplishing 
this to the Clinical Core. Failure to meet objectives specified in this plan may result in termination of the 
project or assignment of the project to another investigator. 
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