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Introduction

There are a large number of people studying traumatic brain injury (TBI) at Wayne State University. With the awarding of the “Multidisciplinary Research Group Incubator Program Grant”, we have the mandate from the Office of the Vice-President for Research to create a Center of Excellence in TBI. One of the main purposes of this workshop is to bring together all expertise in TBI to integrate all our efforts into a nationally recognized center for TBI. The OVPR would like to see training grants, program project grants and center grants develop from this symbiosis between research labs. And we on the other hand would like to see the OVPR and WSU plan for a major imaging center and major government support for the TBI center. 
Significance of imaging in TBI
It is estimated that as many as 50% of mTBI patients develop prolonged neurocognitive problems after a single event, although the actual proportion is controversial given the frequent psychological stresses and perceived secondary gain that may accompany trauma.  Without objective means of determining brain injury in mTBI, many patients go undiagnosed and may be at risk for repeated mTBI (sports-related) or may show a decline in function incorrectly attributed to other causes.  This poses a challenge to Emergency Physicians who rely exclusively on CT to triage the more severe patients to surgery.  Patients without significant orthopedic injuries and negative CT deemed to have concussion are often discharged with or without follow up.  Typically, most patients with mTBI (GCS 13-15) recover over days to months to near pre-injury status.  On the other hand, 10-50% continue with symptoms and impairment at one year after injury.  Currently, standard clinical tests do not distinguish these patients at onset of symptoms.  Success of Aim 1 would allow emergency physicians (EP) to better diagnose and identify the subgroup of patients who may have persistent cognitive sequelae at the subacute stage, and provide proper management and follow up plans for mTBI patients. 
The neuropathological changes evidenced by advanced MR imaging techniques could elucidate the neural substrates underlying mTBI patients’ recovery process. Such knowledge about the course of recovery after mTBI will allow clinicians to: a) stratify patients for more appropriate treatment, b) obtain neuropsychological intervention at an early stage for those who will develop long-term neurocognitive sequelae, and c) inform family and caregivers to prepare for their prolonged symptoms and rehabilitation. The recent review by Saatman et al. (1) focused on a pathoanatomic approach that is best addressed with imaging. In this review, they point out that the failure of multiple clinical trials for TBI may in fact be caused by a reliance on the GCS.  The TBI community now concurs that an improved and accurate detection of brain injury pathoanatomy will play a pivotal role in determining which therapy should be considered for a given patient (2). 

Advanced imaging methods 
Susceptibility-Weighted Imaging: More than half of all TBI and nearly all mild TBI is negative using standard clinical neuroimaging methods. With SWI, we now have the ability to detect and localize multiple small hemorrhages which occur with closed head injury.  Revealing these hemorrhages and following them over time should make it possible to differentiate tissue at risk and will have treatment implications. SWI should be compared to perfusion data, which will help determine whether or not the tissue has become ischemic. Furthermore, the next generation of SWI/SWIM can actually map out the iron content in the lesions and show whether or not blood is being resorbed or the region of interest shows continued bleeding. 
Diffusion Tensor Imaging: This technique is the basis for white matter “tractography” and is capable of revealing axonal injury in TBI even when SWI reveals no hemorrhages.  The ability to map altered diffusion regionally should allow for correlation with particular neurocognitive syndromes and possibly provide clues regarding the neurologic substrates of patients with mTBI. In our voxel-based DTI analysis, we used both  tract-based spatial statistics (TBSS) and statistical parametric mapping (SPM) approaches. Our preliminary data using TBSS demonstrate that 4 out of 5 mTBI patients, have lower FA values in the splenium of the corpus callosum in comparison with controls (p<0.05). Our preliminary data demonstrates that both SPM and TBSS methods should be used to improve the detection of mTBI lesions. 
Potential grant directions

Specific Aim 1: To assess whether advanced MR neuroimaging methods (SWI and DTI) acquired acutely (within 24 hours after injury) in mTBI patients are more sensitive than computed tomography (CT) and currently used conventional MRI (cMRI) neuroimaging methods. 

Hypothesis 1: DTI and SWI are more sensitive to axonal injury and microhemorrhage than either CT or cMRI. 

Specific Aim 2: To determine at what time point after the event (i.e., acute, subacute and chronic) DTI and SWI are most sensitive to axonal injury and microhemorrhage after trauma.

Hypothesis 2: Trauma has both primary and secondary injury mechanisms which may take days to weeks to evolve.  Evaluation of axial and radial diffusivity together with fractional anisotropy may reveal earlier detection of TBI. Neuropsychological testing will be performed at each time point tested.

Specific Aim 3: To relate different symptom clusters with spatial patterns of injury using a regional analysis of DTI and SWI.

Hypothesis:  While more severe closed head injury produces multifocal or diffuse axonal and vascular pathology, mTBI is expected to result in fewer axonal stretch and shear injuries and fewer microbleeds.   We expect that different patients with lesions (i.e., low FA and microbleeds) in the same white matter tracts will demonstrate similar symptoms and neurocognitive impairment.  The information obtained from this aim will allow for the creation of a library of clinical-pathological associations which will allow for more specific prediction of neurocognitive outcomes in mTBI patients.  
Specific Aim 4: To quantify iron concentration and oxygen saturation in the brain and cerebral vasculature, respectively, using susceptibility mapping (SWIM).
Hypothesis: SWIM can quantify both iron deposition, which is a marker of brain injury, and venous oxygen saturation, which is an indicator of regional metabolism and perfusion which are impaired in TBI.  Therefore, SWIM may provide additional biomarkers of brain injury severity and physiology that will allow for outcome projection and monitoring recovery mechanisms.  
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Materials and methods
Results
Discussion and Conclusions 

A two-region of interest analysis of iron is a much more sensitive mean to evaluate iron content changes over time. Contrary to current belief, iron content increases do not level off with age but rather continue growing.

Phase aliasing could happen when there is large amount of iron, which reduces the measurement accurate. A set of really short echo (such as 1ms) images can be used to unwrap the longer echo images before the analysis. This could be achieved by the new multiecho sequence in the future studies. 
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