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Moderator:
We are now at the top of the hour. I would like to introduce our esteemed presenter, presenting for us today. We have Dr. Martha Shenton. She is a Health Scientist at the VA Boston Healthcare System; a Professor in the Department of Psychiatry and Department of Radiology; Director of Psychiatry and Neuroimaging Laboratory, the Departments of Psychiatry and Radiology; the Director of Psychiatry and Behavioral Health Science and Imaging at the Department of Radiology; and a Senior Scientist at Brigham and Women's Hospital at Harvard Medical School. With that, I would like to turn it over to you now, Dr. Shenton.
Dr. Shenton:
Thank you very much. I have not done this before. I am looking forward to presenting a talk in this Cyberseminar series. I want to thank you Molly for the introduction. What I am going to be talking about today is diffusion tensor imaging but also some imaging as well as it pertains to Mild Traumatic Brain Injury.
I would like to start first with a poll question in terms of what is your primary role in the VA?  I think the information is listed now. Whether you are a student, a clinician, or a researcher. This will help in terms of the presentation as I want to make sure that those who have more experience and less experience can understand the talk. Of course, comments and questions at the end are very welcome.
It looks as if about 52 percent of you are clinicians, 16 percent researchers, and 12 percent are students and trainees. That is a nice mix. I think that I will be able to follow through with a presentation that everyone will hopefully understand. The other question I would like to ask.
This is the poll question number two is what best describes your research experience?  That also would apply to clinicians. Have you not done research at all?  Have you collaborated?  Have you conducted research yourself?  Have you applied for research fundings?  Have you led a funded research grant?  Again, we will wait and get percentages here.
It looks as if about 26 percent of you have collaborated in research; 22 percent have conducted research; and about 19 percent have not done research at all. I am hoping that for those of you who have not conducted research, you can take away information that will be helpful to you as a clinician or as a trainee. Now, just by way of overview, and I am going to go over this very briefly. We will follow up.
I am going to talk just briefly about Mild TBI. Then I want to go into the methodologies. Because the methodology is really important. It has only been recently with diffusion tensor imaging, in fact, that we have been able to contribute to what we know about Mild TBI. Then I am going to talk about beyond just convention DTI or this DTI that has been used. Then I will present diffusion tensor imaging and TBI, some studies that we have done with chronic and mild TBI, and, of course, concussion and chronic traumatic encephalopathy.
This would be followed by MR spectroscopy studies, and PET imaging using PK1195; which is a benzodiazepine receptor ligand that is indicative of neuroinflammation. This is in complicated and mild TBI. Then, I will talk about a Tau imaging study that has just been funded where we are going to look at presumed CTE and just briefly animal studies. For your reference, I have included acknowledgments and publications from our lab, and other references of interest.
Just to begin, in terms of Mild Traumatic Brain Injury and many of you know this. Each year, an estimated 1.7 million people sustain a TBI or a concussion. Mild TBI is a very common sports injury. What is interesting and good actually is that about 80 percent of people get better and do not need further treatment. But there is about 15 to 30 percent who experience persistent post concussive symptoms. Today, we do not have a really good way of predicting who has a concussion without any indication of abnormality on conventional CT, or MRI, who will end up being in this group that has been referred to as the miserable minority.
Then there is also the issue of repetitive brain trauma where decades later or even sooner, Mild TBI may lead to neurodegenerative disease. This would include things like chronic traumatic encephalopathy; but also, ALS, and other neurodegenerative diseases. Now, with respect to military relevance, since the Operation Iraqi Freedom and Operation Enduring Freedom, the United States Armed Forces has documented more than 300,000 cases of Traumatic Brain Injury; 80 percent and up to 95 percent have been classified as Mild TBI.
This is very similar to civilian populations where 80 percent of the injuries are mild. In fact, it is under reported because in some cases, people do not go to the Emergency Room when they have hit their head and are seen privately or not by a private physician or in clinics, or not seen at all. Now interestingly, in the military though, we have the problem of Mild TBI and PTSD share similar symptoms. Also, both can be present in the same individual. It makes it a little more difficult to differentiate among the two. Mild TBI itself is difficult to diagnose and characterize. Because CT, and conventional MRI are not optimal for detecting subtle injuries.
I recall sitting at my very first Mild TBI meeting and noting that there was not a picture of the brain. I leaned over to my colleague. I said I do not understand. I have been a schizophrenia researcher for years. We thought it was a brain disorder. But if traumatic brain injury is not a brain disorder, what is?  Why are they showing no brains?  He said well it is because it has not been helpful with Mild TBI to look at the brain. I think that is because we did not have the technology until more recently. The disorder is also very heterogeneous. Population studies are difficult to do because if you are hit in the front of the head, the side of the head, the back of the head; some, one person is the side. One person is the back.
You are dealing with a heterogeneous group of people with traumatic brain injury. Then you are comparing them to a control group. From our perspective, we have been thinking about advanced neuroimaging techniques such as diffusion imaging for both diagnosis and prognosis. We really think that diffusion imaging has really a superb sensitivity to detect brain alterations in living individuals with Mild TBI in a way that can conventional CT, and MRI cannot. But we also want to take it a little further and look at subject specific analysis that are best suited to study brain injuries. This gets to more personalized medicine where you can get an individual's profile of injury for each patient. Just to reduce some of the methodologies. I will go over this quickly.
You have morphology, which is measuring things like structure and area; and segmentation. Segmentation initially started with a differentiating between gray and white matter, and CSF. But we can now also segment into different areas of the brain. This is about 15 years of computer science work just to do the segmentation into gray, white, and CSF through the entire brain. We can also look at shape differences, which can also be important, particularly if you have a stretching or a thinning of the corpus like you might in traumatic brain injury. Another area we want to look at is genetics. Many people have looked at APOE e4.
We are looking now at an aggregate set of Tau genes in conjunction with brain injury. There is past positron emission tomography and diffusion imaging; which here, this picture on the left shows, combining diffusion imaging that gives you information about white matter with gray matter. Functional imaging, which I will not be talking about today. MR spectroscopy which is work that Alex Lin has been doing in our laboratory to look at brain chemistry. What the take home message here is that it is really important to think about using several different kinds of imaging techniques when we are looking at particularly Mild TBI. Because the injuries are difficult to detect.
It does not mean they are not there. The more information we have, the better. In terms of just the fundamentals of diffusion tensor imaging because I am assuming that most of you are not imaging researchers. I thought I would start with sort of how the brain works. I like this because it shows the cables in the brain, which you really think about as white matter. When you have these acceleration and deceleration forces in the brain, the skull. The brain hits the skull and comes back. There are these rotational forces. What you are stretching are the cables or the white matter fiber tracks in the brain. This is why the most common injury in Mild TBI is diffuse axonal injury.
This is what we are going to talk some about. Just by way of history, and I am not going to go over this long and for very long. I will go briefly through this. You will have this as a handout later. I show this slide because it gives an historical prospectus of starting as early as 1827. There were observations made about moving spores and floating water, and Brownian motion by Einstein. But importantly, it was not until 1996 that you had the first application to the human brain. You had people looking at strokes.
Then in 1998, Buchsbaum was the first to look at DTI and schizophrenia. It was only in 2002 with Arfanakis study; which was the first study looking at TBI. Water diffusion in the brain, here we are talking about water diffusion in the brain. It has directionality. Basically what we are talking about here is the properties of water and how it diffuses. If you are in something like CSF. There is not CSF here, but there is gray matter. What you have is water that is not restricted. You can think of it as if you were to drop ink onto a Kleenex as I show here. It goes in a sphere. Because the water goes in all directions. This is called isotropic diffusion.
On the other hand, if you are looking at something like the corpus callosum, which is the largest white matter fiber track in the brain. It is more like a newspaper. If you were to drop ink on a newspaper. It does not go in all directions. It is restrictive because of the membranes in the newspaper. This is called anisotropic diffusion. Anisotropic diffusion is the most popular measure called fractional anisotropy that gives you an idea of the shape of the sphere. If it is completely circular then there is no restriction of water. If it is more ellipsoid, then you are looking at probably white matter.
A possible sources of anisotropy are axonal membranes that are densely packed. That hinder water flow. If fractional anisotropy is down, and perhaps the fiber integrity is down. It also may be related to myelin. What is important here though is that it is a very sensitive measure of diffusion in the brain. But it is not specific. It does not tell you whether axons are damaged. Or whether myelin is involved or other information. Here is another example of at each location in an image. You can look at…  I am having trouble with this arrow, sorry folks.
Here are round, very round, and this would most likely be CSF. This is the corpus, which is very thin because the water is restricted. We are looking really at an ellipsoid called a diffusion tensor that we can measure. It tells us, these flat cigar-like shapes are where we expect to see the least move – the least restrictions that – excuse me. The most restriction of water along axons. Again, this is another example of diffusion imaging. Here is fractional anisotropy where the white is highlighted, the corpus callosum. This purple line here is actually the measure more of the direction of the anisotropy. It is an ellipsoid shape.
We can also look at mean diffusivity which is the size of the shape or axial diffusivity; which gives you a measure of axons and radial diffusivity that gives you presumably a measure of myelin. I am not going to discuss over here. But this is really the mode. You can have different FAs. It has different shapes. But now we can also go from tensors to tracks. The best way to think of this is if you think of a boat that follows along the stream or direction of least resistance. You are looking at tracks. Here is an example of looking at the corpus callosum.
You can pull out information not just about individual voxels that give you information about tensors and anisotropy. But you can pull out the actual tracks. Then do these same measures such as fractional anisotropy, mean diffusivity or trace; axial diffusion, axons, and radial diffusivity. This is a picture that I actually really think the work that we are doing is also really beautiful. I mean, this is an amazing picture of the brain where we took these streamlines from tractography to look at the macrostructure of white matter bundles.
What we have to remember here though importantly is that these are voxel sizes in millimeters whereas axons are in -– at the size of micrometers. We are not really looking at individual axons. We are looking at sort of axons in general and not specially. Nonetheless, we get more information about white matter fiber tracks in the brain than is possible using any other methodology. I could take any of you in the audience right now; and put you in the magnet, and get an image like this. It does not take a special magnet. It takes more and special post processing tools to get this kind of information.
Now, in terms of beyond diffusion tensor imaging, this is a little bit more technical. But one of the problems is when you have crossing fibers such as right here. It is anisotropic until you get to the center. Then it becomes isotropic. What happens when you are doing tractography is the tractography will stop. If you have a single tensor in each voxel, this is what you will get. If however, you have two tensors in each voxel so that you have more directionality. You get more information such as here.
Yogesh Rathi in our group has been working on tractography where other methods stop and do not give you full information. He has a way of dealing with crossing fibers so that we can get more information. Particularly, we want to look at the corpus in Mild TBI. We also are moving towards something called multi-shell diffusion imaging. The take home message here really is that this is a different way of looking. Right now, what we generally use in our lab is a single shell of DTI priority method; which is high angular resolution and diffusion imaging. But you can do these multiple shells.
The advantage of this is that you are able to look at kurtosis. Any of you who know statistics will know that kurtosis is something in the tails of the distribution. It is in the tails of the distribution that you are going to have the ability to sort out disturbances in myelin. This is one of the new methods, relatively new that we want to apply when we are looking at patients with Mild TBI.
Another area that is of interest is to be able to image high quality images in a very short period of time. In order to get the kind of information I have been showing you, it takes up to 45 to 60 minutes. That is really difficult, if you are dealing with patients who have headaches. They do not – it is difficult for them to stay in the magnet. Or, NFL players who are huge. It is very uncomfortable for them in the magnet. Or, patients with Alzheimer's who move a lot.
Diffusion imaging is particularly sensitive to movement artifact; or to kids with ADHD. Yogesh Rathi in our group has gotten an R01 to try to take the kind of information that we are getting in 45 to 60 minutes and developing an algorithm to recover the diffusion signal with 16 to 20 samples from each shell so that we end up being able to get this kind of information in 60 minutes in ten minutes.
Another area that we think is really important in terms of applying to Mild TBI is free-water imaging. What do we mean by this?  This is work done by Ofer Pasternak in our lab. He was looking at meningioma where you have a lot of edema. You have so much edema that if you are tracking through with DTI right here, you are missing the other side because of edema. He has a way of removing the free-water so that you can see the damaged part of the tissue over here.
The main goal really is to increase measurement specificity so that we can look at extracellular water. That is water that is outside of the cell. But also, signal some water within tissue. This is what we are talking about here. For inflammation and degeneration, if we just take fractional anisotropy, we cannot differentiate between the two. But if you take fractional anisotropy and separate it into free-water and into decreased anisotropy that is related to tissue, surrounding tissue or in tissue, we are going to be able to separate out what we think is neuroinflammation with free-water increase and decreased anisotropy that is related to degeneration.
I am going to show you something very quickly. It is a study in schizophrenia that we have done. We want to apply to TBI. The take home message here is you are just looking. Let me get the arrow down here, sorry. If you are just looking at FA, which is in red. The red that – in the brain; and increased mean diffusivity or the size; which is in blue. They overlap quite a bit and suggest widespread myelin deficiencies in first – as opposed to schizophrenia. But we do not really know this.
On the other hand, if you take the free-water measure that Ofer Pasternak has developed. The free-water measure images reveal excessive extracellular volume in blue; and explain most of the group differences between the first episodes schizophrenic patients and the normal controls suggesting widespread neuroinflammation. But also, these red areas are localized axonal degeneration. This is what we call FAT, not just fractional anisotropy; but the – when you have the extracellular CSF. Then you have the water that is left surrounding the tissue. It is FAT, and excessive, and extracellular.
Here you see early degeneration in schizophrenic patients. In TBLI we expect that we are going to see neuroinflammatory processes. At what point does neuroinflammation?  Is it neuroprotective?  When does it become neurodegenerative?  We do not have good answers to that at this point in doing research. Another area that we are looking at. This is part of INTRuST, which is a PTSD and TBI clinical consortium funded by the Department of Defense. Yogesh Rathi in our group is going to look at diffusion imaging data across all sites. The reason this is important is because diffusion imaging data is sensitive to movement as I said before. But you can have FA, that is lower based on the hardware in the magnet.
What we need to do is harmonize the data so that you can look at multisites. This is a problem that has not been solved yet. We are going to try to work on this so that when you look at patient who has tested in San Francisco on a 3T magnet, you are going to get the same information as if they were tested in Boston. We are going to be able to combine larger data sets using these harmonization algorithms. Now what I would like to do.
Now we are kind of shifting gears is to talk about diffusion imaging and Mild Brain Injury and chronic Mild TBI. These are individuals who have post concussive symptoms. They come from Ross Zafonte at the Spaulding Rehab. They have been ill from anywhere from two to 15 years following a single Mild TBI where none of them had a positive CT, or a positive MRI. Just a reminder going back to the earlier slide.
Here we are going to be talking about how we are using DTI to look at subject specific analysis. This is work done by Sylvain Bouix in our lab. It was just published in Plos One in 2013. The idea is to take an atlas that you base on controls. Here you are talking about what anybody would do doing any study. You want to take the subject population of patients and match them to controls. You want to have the similar age range, the similar gender, and the similar handedness, parental or regular social class. You want to build an atlas that gives you information about all of the parameters that you are interested in. It might be FA. It might be FAT. It might be free-water. Or, it might be RD or AD.
In this case, we are simply looking at fractional anisotropy, the most popular dependent measure. What you do is you take an individual TBI patient and you compare it to the statistical atlas. You measure the Z-scores. What Sylvain found was that and this is an example here of an individual patient in these highlighted areas are areas of injuries compared to the atlas. We get an individual profile of injury. Our goal was to assess DTI as a diagnostic tool by building a normative atlas and using DTI scans from healthy controls.
Then, comparing them to DTI scans from subjects with Mild TBI to the atlas in order to localize and assess the severity of brain injury. What we found was that if you take the small – this is a small sample. Here we are looking at left, right and gray matter; left, right, and white matter. Often, if you are looking at diffusion imaging, you only look at white matter. That is because of some of the tools like TBSS. But we wanted to look at both gray and white matter.
What is interesting is in the chronic TBI cases, they showed an increase of diffusion in the gray matter, an increase, suggesting that there may be damage to the neurons. Whereas, there was much less – and fewer cases who showed decreases in FA in white matter. These are Z-scores. All of the little dots are neuroanatomical brain regions. This is compared to raw scores from normal controls where we have basically one normal outlier here and one who is simply on the border here. That to us is pretty striking. It is a small sample. This is something that we want to confirm in a larger sample.
But also, right now what we want to do is take these individual profiles of injury to guide transcranial direct conduction stimulation. This is a study that was just funded by the Chronic Effects of Neurotrauma Consortium, DoD. It involves using individual DTI profiles of Mild TBI to guide targeted noninvasive brain stimulation and intervention for Veterans who have persistent post concussive symptoms. Basically we take the atlas. We do the individual profile of injury. Then we take the injury of that patient. We do the stimulation on those targeted areas. Then we do a follow-up MRI and again do an individual profile of injury. We compare the post individual profile of injury to the baseline to look for any change. We are going to have shams in here. We are going to be blind to them. This is to see if the TDCF influences the brain plasticity in any way in this group of patients.
This study begins in October. It involves folks and I noticed a couple of people from Texas. It involves our collaborators, Lisa Wilde and also Gerry York, and David Tate, and others in Texas. This is basically the cast of characters for this study. I think this is a really exciting intervention that is a pilot study at this point. But we have a lot of ideas once we have a proof of concept here. Now I am going to turn to some work that we have done on spots concussion.
Here is the first slide here. It shows professional football where we were looking at cortical thickness. We are moving away from white matter. We are looking at gray matter. What was interesting is that the most pronounced cortical thinning was seen in the formal professional football players. What is most important to look at here is this line. The blue line shows the decline over time with age in NFL players compared to a flatter line in controls. Cortical thinning, we think may indicate abnormal aging and possibly risk for dementia.
What is most interesting here is our thinking is that a vulnerable brain predisposes to a different slope in aging in general. The next slide is an ice hockey study that we did where we were looking at pre and postseason. Here is the preseason group of hockey players versus postseason. These little red dots are three individuals who had a concussion during the season. You will note here, two of them show the worst. This is trace. This is an increase in trace where in this case, increase is bad and decrease is good.
Here is the third player. The participants who can – the three reds are those who suffer from concussion. Postseason scans show higher mean diffusivity; which may be more space between the axons. This is worked on by Inga Koerte in our group. Inga Koerte also did a study that was published in JAVA looking at soccer players. These players were selected for having sub-concussive blows to the head. If they had a concussion, they were ruled out.
We were interested in knowing if you could see any micro structural damage to white matter in elite German soccer players compared to elite swimmers with subconcussive blows to the head?  What we found was that soccer players showed higher diffusivity compared to – higher diffusivity compared to controls. It was almost a complete separation here. Again suggesting that there is some sort of alteration; but whether this is permanent. Whether this subsides when one is not doing head hitting. Whether some of these individuals who go on to have cognitive problems which has been shown just looking at neurocognitive measures over time. What predicts who will go on and have problems, and who will not.
Now in terms of measuring tissue properties, we have looked at MRS. This is work done by Alex Lin in our group. Let me see. What is not happening is the different peaks going on here. I am not quite sure why. Here they are. We are looking at NAA. We are looking at choline and glutathionine; which we…
Moderator:
Martha?
Dr. Shenton:
Yes?
Moderator:
I am sorry to interrupt. For this particular slide, you will have to use the arrows on the computer.
Dr. Shenton:
Okay, but I am trying to get. These things are not clicking.
Moderator:
Right. Use the arrow on the computer not on your keyboard.
Dr. Shenton:
Okay. Thank you.
Moderator:
Yeah. It only has to be that way for animation.
Dr. Shenton:
Okay. Sorry about that folks. Basically we are looking at glutathione which we think is related to – it is related to neuroinflammation. NAA, which if it is disrupted, it is going to indicate neural damage. Choline which is a membrane marker. In the context of head injury, it was described diffuse axonal injury. Let me just go on to the next slide. What we found is basically increases in choline across several different areas in the brain in NFL players. These are individuals who have retired and have symptoms that are presumed to be related to CTE.
Now, in terms of future work and this is a study that has been supported by HSR&D. It starts right now. It is the development of MR biomarkers of brain injury and acute and chronic and Mild TBI. What we want to do is identify those who are most at risk for developing persistent postconcussive symptoms. We are going to chart the normal course of recovery versus the development of persistent postconcussive symptoms. A longitudinal study that will be one week, three months, and six months using multi-modal imaging which will include MR or DTI. The accessibility weighted imaging, which I have not talked about, that looks at bleeds and the Magnetic Resonance Spectroscopy that allows you to look at brain chemistry in a sample of acute patients. We will have 48 acute patients that we follow over time compared to 30 orthopedic controls that are recruited from the Brigham and Women's Hospital ED over four years.
This study just began. We are going to also look at data that has already been collected in the tract study at the VA by Gina McGlincey and Bill Milberg where they are identifying biomarkers in Veterans. We are going to look at those that have blast versus no blast injury with and without postconcussive symptoms to see what the similarities are between the predictions that we make for acute.
Then looking at whether they hold up in the more chronic TBI population at the VA. Another area that we are looking at tissue properties of PET. I am going to go through this a little faster. This a 22-year-old where initially on the CT, there is a hematoma. You can see it on the MRI. You can see it on this PK1195. At three months follow up, you see nothing. If you look at DTI, though, in this same person, what you see. This is sort of the hematoma in 3D. There is the initial CT. Here is the MRI.
Here is the diffusion weighted imaging. Here is the MRI at three months, if it is resolved. But with the diffusion imaging, you see a dark area of no signal; which shows likely still dried blood there. We have more information here. Now we are moving to what we think is a very important study that was funded by DoD back in September. We are still waiting for the final regulatory paperwork to be signed off. It is based on postmortem work by Ann McKee looking at tauopathy and professional football players. Just to give you an idea. We are talking about deep in the sulci.
You have these tau depositions and these dark areas are all depositions of tau in the brain; which we think is more characteristic of chronic traumatic encephalopathy than of Alzheimer's. This is a study that Lee Goldstein did. These are four different individuals, so A, B, C, and D are different individuals. These are brain slices at the top and then histopathology on the bottom. What is most remarkable is that the military blast injury, rather a single or multiple blast, or sports injuries where you have persistent concussions – persistent symptoms or a repetitive concussion. It looks very similar.

The new promise now is that tau imaging that was developed at Siemens but sold to Avid Radiopharmaceuticals. Here is a healthy control where you see no deposition of tau. Here is some of the Mild Cognitive Impairment with the Mini-Mental Status of 26 where you see some. We have an Alzheimer's patient with a Mini-Mental Status of 21 where you see more. Then still more in an Alzheimer's patient with a Mini-Mental Status of seven. Now our study is going to involve looking at basically trying to rule out Alzheimer's as suspected CTE. That is sort of the Holy Grail to find positive in vivo Tau imaging using the PET Ligand that was developed from Siemens. Now it belongs to Avid.
Here is our basic predictions. We were going to look at Florbetapir and tau in a group of Alzheimer's patients and a group of presumed CTE and in controls. What we predict is that you are going to see Amyloid-Beta retention in Alzheimer's Disease but not in CTE. You are going to see tau. But you are going to see both tau and Amyloid-Beta retention in Alzheimer's. But you are not going to see the level of Amyloid-Beta retention in CTE. But you will see the tau. Our hypothesis is that this is a true tauopathy based on Ann McKee's work. We will have a yes or a no to this.
No one else at this point has answered this question. In moving ahead just for animal studies, we have funding from CIMIT. What we try to do is adapt our analysis pipeline for human in order to look at the rat brains. Results, our initial results are shown here in the bar graph where we have three controls right now. Then we have the injured animals. What is clear is you get increased FA in the injured animals. This is not surprising in that a number of DTI studies of Mild TBI show increased FA acutely even if it is decreased later.
I am coming to the end now. I just want to point out some of my collaborators in the world of TBI. This is Spaulding Rehab with Ross and Grant. Ross Zafonte and Grant Iverson; and who is from the University of British Columbia. I have him down here. A sports related injury collaborators and INTRuST collaborators of PTSD, and TBI clinical consortium; the military Veterans collaborators that I have. The Wright State Research Institute, Michael Weiseand with the TD stimulation. This is just showing pictures of  collaborators that we have from around the world on our research projects and trainees. I want to thank you. I want to move to any questions or comments that you might have.
Moderator:
Thank you very much, Dr. Shenton. That was great. A lot of our attendees joined us at the top of the hour. I want to let you know to submit your questions or comments now, please use the Q&A box located in the lower right-hand corner of your screen. Simply type your question or comment into the lower box, and press the speech bubble. That will submit it. We are going to jump right in here to our first question. Sorry about that…  Can you please define transcranial direct conduction stimulation?
Dr. Shenton:
Okay. I am not an expert here. Michael Weisend is. But instead of using something like transcranial magnetic stimulation or TMS, which I think most people have at least heard of. We are not using a magnet. This is a direct current that comes like you would plug in a radio. It is very low voltage. But there is an idea or a concept that this does relate people learning things more quickly.
It may have to do with brain plasticity. Here we are intervening with people who have persistent postconcussive symptoms using this brain stimulation to see if we can target the areas that show up for each individual and stimulate it. See if we get any changes at all as a treatment. It is really a pilot study. I hope that answers the question.
Moderator:
Thank you for that reply. Our attendees always have the option of writing in for further clarification. The next submission is a comment for you. This was a fantastic, beautiful presentation and slides, and powerful advancements in research in this area. Thank you.
Dr. Shenton:
Thank you. It was not a relative.
Moderator:
No relatives have been put into this session. Thank you for the kind comment. Please stay on for the survey at the end. Because we would love to get your feedback.
Dr. Shenton:
Okay, so it is done. I stay on now and there is…
Moderator:
No, I am sorry. We are still in the middle of Q&A. I was just letting that person know that they should stick around for the feedback survey. Because we like to get their complements in writing.
Dr. Shenton:
Okay.
Moderator:
The next question we have. Are there many that present visual problems?
Dr. Shenton:
For Mild TBI?  I mean, I think there are some visual problems but I am not a neuro-ophthalmologist. We have not really been looking at the optic nerve or other areas of the brain. I think probably someone who works clinically with Mild TBI patients would have a better answer than I do. I am trying to think of…  I think there is some sort of convergence. I am trying to think of the name of it, problems that are sometimes seen in mild TBI. But I am not an expert here. But for the person who is asked the question, I can find someone who could answer that more comprehensively for you.
Moderator:
Thank you very much. That person is more welcome to contact you offline as your contact info is right there on the screen. The next question, could you please comment on the special heterogeneity in white matter injuries with mTBI and how to evaluate it in the analysis of DTI?
Dr. Shenton:
Okay, I am hearing that as almost a two-part question. Again, I would ask this person to clarify further if I am not answering it correctly. I mean, there is a lot of heterogeneity in white matter in the brain in Mild TBI. However, one area – there are areas that seem to be more likely than not such as the corpus callosum. Because it is the largest white matter tract in the brain. But again, what makes a difference is the kind of injury. Where you hit your head is going to determine where the damage is going to be in the brain even with acceleration and deceleration forces, the impact is always sort of on one part of the brain.
When you put people together who have frontal, temporal, back of the head; I mean, you name it, injuries. You lump them together as if they are somehow similar. You compare them to controls. I do not think that is the most meaningful way to go. That is why we are talking about these and looking at individual profiles of injury. Because you can still get comparisons to controls using this approach. You can get an idea of the location and the severity. That is the direction we are going in that gives you.
As a physician it gives you sort of a personal medicine approach where you can see the injury for each individual patient; and see if it matches. For example, if you have temporal lobe areas that are affected near the amygdala or hippocampus. You have memory problems. Well, then that makes sense. We could also look at areas that involve attention. If we can see the profile of injury, we might be better able to correlate it to what we actually see in the behavior.
The next step is then what do you do?  How many people are going to resolve?  That is why longitudinal studies are so important. Because you want to follow people over time to see if the individual profile of the injury changes. If there are some profiles of injury that are not as amendable to recovery as others.
Moderator:
Thank you for that reply. The next question – did you say that axial or radial diffusivity can tell us about myelin?
Dr. Shenton:
It is purported and there still needs to be more work that axial diffusivity will tell us more about axonal injury whereas radial diffusivity will tell us more about possible myelin injury. It is not totally confirmed. But that is the way that people are thinking that these two measures give us more information about.
Moderator:
Thank you for that reply. This next question is can you expand on your understanding of how the gray matter is being picked up postconcussive compared to white matter?
Dr. Shenton:
I am not sure I understand the question. But generally people use diffusion imaging to look at simply white matter. But you can look a diffusion imaging in anything. It was first looked at objects. I mean, you can look at anything that you can diffuse in, you can measure. It happens to be exceedingly good for looking at multiple sclerosis legions, white matter. But it does not mean you cannot look at gray matter. One of the problems is that some of the packages that you can take off the shelf like tract based statisticals and spacial statistics; which is a package that you can use. It pulls the skeleton of white matter out. You never look at gray matter. Because you do not have that as an option.
We decided that it should be important to look at gray matter, too. Because after all, the cables in the brain, and the white matter it connected to neurons. If you are looking at a disorder that has neurodegenerative aspects, maybe not early on, but maybe later. It would be important to also look at gray matter. That is why we decided to look at both gray matter and white matter using diffusion imaging in the Plos One study that Sylvain Bouix did in our group that showed an increase in FA in gray matter; which we think is really important and likely indicative of neurodegenerative processes that affect the neurons.
Moderator:
Thank you for that reply. I am about to…  Here we go, a lot more questions. Alright. When do you expect these neuroimaging techniques will become part of a routine clinical practice?
Dr. Shenton:
I would love to see that happen sooner rather than later. There was a meeting this summer that was supported by the Institute of Medicine to talk about diffusion imaging and standardization so that it could be used to diagnose better using these more fancy tools, Mild Traumatic Brain Injury in particular. Because it is not so difficult to diagnose moderate or severe TBI. Where you need these more specialized tools is with Mild TBI. Because if you have a patient who is complaining about symptoms and nothing shows up on conventional MRI or CT, there is a tendency to think well, maybe the person was a little neurotic to begin with.
This is more to do with their pre-head injury state. But if you look a little more closely which is what  I think we owe these patients. You use techniques like diffusion imaging; which is available now at most centers. Maybe you cannot do those more sophisticated measures. But they have some pretty sophisticated ways of looking at DTI sequences that look at diffuse axonal injury, which they can say yes or no now – which is a step beyond what was available using just conventional MRI and CT.
I, myself would love to work with clinicians, and have them start to use it in the clinic in conjunction with what is already accepted. Also, Alex Norbash who is part of the American Radiology Association has been sort of charged with setting up a group of people to really look at TBI and radiology. How they can sort of move things forward among radiologists in terms of diagnosing Mild TBI. I think there is a lot of interest in doing this. I think it is really important. I think it is a shame when research findings sit for too long. There is a gap between what we know and then how it is applied. On the other hand, you want to make sure that you have it right before you apply it clinically.
Moderator:
Thank you for that reply. The next question is follow up to the last one about the gray matter versus white matter. It says anecdotally, does there appear to be any predominate region of the brain that is more vulnerable now that DI is being rolled out?
Dr. Shenton:
Now that – I am… Excuse me, now that what is being rolled out?
Moderator:
DI, I think that is…

Dr. Shenton:
BI?
Moderator:
DI, diffusion imaging, I would assume. D as in dog; I as in iteration.
Dr. Shenton:
Okay. Could you just read that question one more time?
Moderator:
Yeah. Anecdotally does there appear to be any predominate region of the brain that is more vulnerable now that DI is being rolled out?
Dr. Shenton:
I mean, I think there are some areas that come up over and over again. What I can also tell you and I…  Are those slides still working?  Because I would like to go ahead to slide 60 to just point out a review article that has double arrows here. It is the most – I think the most comprehensive review article on diffusion imaging findings in Mild Traumatic Brain Injury. It has multiple tables for the person who is asking this question. There are many areas that come out. There are some that come out more than others. But is there one or two regions that stand out?  That is a tough one. I mean, I would say the corpus is up there. There are other areas. But again, it depends on where you were hit in the head. It goes back to the issue of heterogeneity.
Moderator:
Thank you. I just want to point out that Dr. Shenton did include an extensive reference list in your handouts. We are very grateful for that. There are some live links in there as well. At this time we are going to do a couple of things. I would like our attendees to please fill out the feedback survey that is up on your screen now. It is your question – or, I mean, sorry. It is your feedback and comments that really help gear our decisions towards what sessions we should coordinate and present.
During this, I just want to ask Dr. Shenton. Do you have any concluding comments that you would like to make to our audience?  I think that this is an exciting area of research. Because I think that we are at a point where we can actually really do something. That to me is what makes it really exciting. Because I think the field needed tools like what we have now in order to understand more of what is going on particularly with very subtle brain disorders. I can tell you that for me being a schizophrenia researcher where I was told once that I was wasting my time looking at the brain.
I really believed back then that the tools that we had that were new allowed us to look at very subtle brain abnormalities in a way that had never been possible. I think that is also the case and why I am so excited to be part of the TBI research world now. Because we have all of these diffusion imaging tools that are just right over the plate for what is needed to have a better understanding of traumatic brain injury.
I think we are at an interesting sort of crossroads where I think that discoveries are going to come more quickly to the bedside. I think that makes it exciting. I think that the field has drawn a number of new people from different disciplines; which I think is also a good omen for discovery. Because I think that it adds to the kind of information that people can acquire about traumatic brain injury in order to come up with more effective treatment.
Moderator:
Thank you for those comments. Well I would just like to thank you very much for presenting for us and for sharing your expertise with the field. There is a lot of great information in those slides. We do graciously invite you back any time for more updated research. I also want to thank Dr. Ralph DePalma who is on the call and was kind enough to set up this and all mTBI sessions that we have. A little plug for our program; we do have numerous TBI presentations that are in our online archive catalogue.
You can access that through the HSR&D web page. I also want to thank our attendees for joining us today. Please note that I will be leaving up this feedback survey for a short while. Take your time and please do fill it out. With that, I do believe this wraps up today's session. Ralph or Martha, did you have anything else you wanted to add real quick?
Ralph DePalma:  Molly, thank you very much for hosting this. I am sure that Martha's sentiment about getting this into clinical use will be stimulated by this talk.
Dr. Shenton:
I just wanted to say thank you for inviting me to present. It is an honor and a very new experience for me.
Moderator:
Wonderful, well, these online sessions may be the wave of the future. But, thank you to everybody, and please do enjoy the rest of your day. Have a good one.
[END OF AUDIO]
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