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Participant:	With us, Dr. Ping-Hong Yeh, who’s a medical doctor, a radiologist, a trained radiologist, from Taiwan, who’s been with NICoE about three years. And he’s a clinical researcher who’s taken a very careful look at NICoE, the National Intrepid Center of Excellence. He’s taken a very careful look at a large number of images of wounded warriors. 

And it’s a pleasure to have him. It’s great to have a clinician and a radiologist to discuss it. And I’ll turn it right over to Dr. Yeh. Thank you. 

Dr. Ping-Hong Yeh:	Thank you, thank you to the former, for your introduction. Can you hear me OK? 

Participant:	Yes. We can hear you, Dr. Lai. 

Dr. Ping-Hong Yeh:	So in this talk, I will present the findings of a 15-year longitudinal TBI study that we used the Diffusion Tensor Imaging, DTI, to evaluate the trajectories of the microstructural changes in military service members and veterans after remote injury. 

	I don’t have any conflicts of interest. 

	So I’m going to review some basics of the diffusion tensor images. And then next, I will discuss two other longitudinal TBI studies. And then next, we are going to discuss our study. And then I will briefly discuss a multimodal approach that combines DTI and neuropsych functions and also broad-based biomarkers. And I will briefly discuss TBI single-subject-specific analysis. And finally, the future study of the Russians will be briefly discussed as well. Sorry. 

	So MRI diffusion-weighted images allow us to detect water molecules that are non-stationary over time by applying a strong magnetic field—it’s called diffusion sensitizing gradient—along certain directions. So, for example, if the diffusion sensitizing gradients are applied along the X direction, and if water molecules diffuse along the X direction, we will observe a signal loss or signal attenuation. For the left- and right-oriented white matter bundles, such as the corpus callosum—and then if the diffusion sensitizing gradients are applied along the Z direction, for instance, and if the water molecules diffuse along the Z direction—we observe signal attenuation for the up- and down-orienting white matter bundles, such as the corticospinal tract. So why is that?  

	So in order to use, apply the diffusion-weighted imaging to pull up local microstructures of the brain, we need to ask ourselves two questions. First, how easily do the water molecules diffuse? Second, is there any directional preference? 

	So in the brain, the white matter bundles—for instance, in this cartoon—we have bundles of axons, many of which are myelinated. And both myelinations and axonal membranes, as well as the microtubules, neurofilaments within the neurite, they are all longitudinal-oriented structures. That could greatly reduce the water molecule’s movement perpendicularly across the axons. 

	Whereas, along the axonal directions, axonal bundle directions, water diffuses quite freely. So in that case, if that diffusion of water molecules in white matter is hindered or restricted, and has a preferred direction, we call that anisotropic diffusion. In contrast, diffusion in the Cerebral Spinal Fluid, CSF, is unhindered and unrestricted. And we call that isotropic diffusion. 

	So keep in mind, diffusion-weighted images, the signal nodes—what we call attenuation—will only be in the direction of the diffusion gradient that is applied. So after applying many diffusion sensitizing gradients with many different orientations, we are able to figure out what directions the water molecule is going to diffuse in the white matter. And from there, we can infer the direction of axonal bundles. Because the majority of the water molecules are going to move along the axonal bundles. 

	So in isotropic, the principle diffusion direction are not very aligned with the fiber bundle direction. So now, we can do experiments. First, we can acquire baseline, which is we start with a diffusion-weighted application. Secondly, we're going to do the diffusion-weighted images, and this is quantified by the so-called “b-value.” And this b-value is proportional to the gradient strength in diffusion time. 

	For instance, if you have a stronger degree of gradient strength, even a very small disbursement—such as the water disbursement within a neurite—can lead to a significant signal loss. And therefore, it’s more sensitive to even a very small amount of water disbursement. So now, we gather _____ [00:06:09]. We can get a ratio of these two, and we will know how much MR signal is lost in that particular direction. 

	So now, look at this equation, assuming diffusion in our biological system is a Gaussian diffusion. That means we can fit it in a simple explanation curve. But keep in mind, this is not an ideal assumption. But for now, let’s assume this is a Gaussian diffusion. So look at this equation. The only unknown variable is D, and D is 3x3 diffusion tensor. So that means, how many diffusion-weighted directions do we need in order to solve this equation? That means, in this 3x3, there are 9 elements. But because they are symmetric, only 6 are unique. That means we need to acquire at least 6 unique diffusion sensitized gradients in order to solve the equation.

	So now, once we do an experiment and finish the acquisitions, we can solve the equation. And then we get the D. So look at the diagonal elements, for instance, the D-axis, DYY, DZZ. So D-axis is proportional. It’s called diffusivity or also called apparent diffusion coefficient. So those numbers are proportional to the diffusion disbursement variant along that particular direction—X, Y, Z. But that’s in the scanner coordinate. But the off-diagonal elements, for instance, DXY, DYZ. So those are the diffusivities along that particular direction. And it’s proportional to the covariance of diffusion disbursement in that particular XY/YZ direction. 

	So now, we solve the equation. But actually, that’s not so helpful. Because they’re in the scanner coordinates. We are more interested in the diffusivities that are along the axons or across the axons. We don’t want to know how they’re corresponding to the scanner coordinates. We want to know how they’re corresponding to anatomical coordinates. So how can we do that? 

	We need to do the icon decompositions. We need to diagonize the D to get an ADC. So that will tell us the diffusivities along the local coordinate system in each of the boxes. So once we’ve done that, we get a set of eigenvalues called lambda 1, lambda 2, lambda 3, and its associated eigenvectors, B1, B2, and B3.

	So lambda 1 is diffusivity alone, the major principle diffusion direction where the mater molecules diffuse most easily. So therefore, that’s along the principle fiber orientation. And then lambda 2, lambda 3 are two small eigenvalues. There are referring to diffusivity across, or perpendicularly, to the principle diffusion directions. So now, we can plot these eigenvectors and eigenvalues. Once we plot, we get the ellipsoid shape. So it’s called diffusion DTI ellipsoid.   

	So in those highly anisotropic white matter, such as the white matter bundles, this ellipsoid will become thinner and become like a stick shape. And that means the anisotropic will be close to 1. However, for those in TSF, the water diffusion, there are now unhindered and unrestricted. And we call that cross-through free-water diffusion. They will become a sphere shape. So now, we have the basics. Sorry, let’s see. 

	So now, we can calculate the other measures that will tell us more about the microstructures. First, we can calculate fractional anisotropy. That means that’s the variance across all the variables. FA is the normalized values that scale to the range 0 to 1. And FA is the summary measures of microstructure integrity. And Mean Diffusivity, MD, is the mean of all three eigenvalues that will tell us more, in general, ideas how water diffuses in the tissue. And it’s the inverse measures of membrane density, which means, if you have higher membrane density, the MD will decrease. And Actual Diffusivity, AD, we’ll call parallel ADC. So this is the main eigenvalue, lambda 1. So, for instance, in TBI external injuries, we usually will see a decrease of AD. 

Radio Diffusivity, RD, is the perpendicular ADC. So this is the mean of two small eigenvalues. It’s the diffusivity perpendicular to the principle diffusion direction. And then so these numbers, that means this RD, is referring to the diffusivity perpendicular to the principle axons. And then for the myelination, such as in the multiple sclerosis patients, we will see the RD increase. 

	So now, we can put together all the DTI measures, and how we can interpret the findings of alterations of DTI measures. We need to take all the measures into account, as well as other clinical information, such as the stage of chronicity or injury. So now, I’ll give you some examples. 

	On the right—I’m sorry, on the left. So those are the two scenarios of an increase of FA and decrease of MD. On the right, there are two scenarios in a decrease in FA but an increase in MD. So let’s look at the first one. 

	In the acute stage of TBI, cytotoxic edema and cell swelling can lead to a decrease in transcellular space. And this will decrease the diffusivity in all directions, and particularly, RD. And when we look at the FA, intuitively, we can think FA is very close to the ratio. So AD over RD. And because the AD is decreased much more than RD, this will pump up the FA. So we see the FA increase. 

	For the last case at higher axonal density, and the second case, we will see an increase of AD. And then it will lead to an FA increase. And because the membrane density increases, that will lead to the decrease of MD. And for the myelin loss we just mentioned, that will lead to an increase of RD and decrease of AD, such as in multiple sclerosis patients. 

	For the cell loss, in the early stages, we might see—and due to the axonal loss—we will see a decrease of AD. However, in the late stage, the water will diffuse more easily and become like free-water diffusion. And we’ll see the diffusivity increase in all directions. 

	So Hutchinson, she makes a good summary of all the DTI measures, all the regions, and how their responding after the TBI and their corresponding underlying possible biological mechanisms. So let’s look at the burden. I’m sorry, this is a font size that’s too small for you to see that. For the burden, we just mentioned that for the acute stage, cytotoxic edema, cell swelling, will decrease the diffusivity. 

On the top, we can see the neurons, the cell loss, the cell loss in the early stage will decrease the diffusivity. In the late stage, it will decrease the diffusivity and increase the FA.

	For the axonal injuries in TBI, they will lead to the decrease of AD and decrease of FA. For the neuroplasticity after injury, such as sprouting authorizations, we will see a normalized FA and then probably increased FA, however, with the change of orientation. 

	For the oligodendrocytes and myelin shifts in demyelination, we just mentioned that will increase the RD and increase the FA. For the astrocytes in chronic TBI patients, we might see the gliohypotrophy, gliosis. That will increase the AD and increase FA as well. But in the more chronic stage, gliosis becomes scarring. This glio-scarring will decrease diffusivity in all directions and will increase the FA. 

	So now, by looking at examples of glio-scarring and cytotoxic edema, for instance, also then we will see a decrease diffusivity and increase the FA. So that means this clinical information will become very important in order to tell the difference. Glio-scarring is probably only found in the chronic TBI stage. And the cytotoxic edema, only in the acute stage. 

	So now, we’re going to briefly review the findings of two longitudinal studies. The first one is by Dr. Mac Donald’s group. They studied the injuries of service members and veterans following concussed blast exposures. And then in acute stage, a one-year follow-up and five-year follow-up. 

	In the summary part, they found a reduced number of brain FA. The average one-year follow-up decreased the numbers since injury. But there’s an increase in the numbers of reduced FA regions in the five-year follow-up. So this kind of V shape. 

	So they have a larger sample size. They have more than 300 TBI patients. However, they are acquired from a different study and were using different scanners. Some are acquired by 1.5 tesla. Some are acquired by 3 tesla. And for this kind of data, data harmonization will become very challenging. 

	In another study by the TRACK-TBI group, they studied mild TBI using the post-DTI anomaly in assessing the evolution of white matter microstructure changes in severance. So what is NODDI? NODDI stands for Neurite Orientation Dispersion and Density Imaging. So they are using the three-compartment modeling to model the diffusion within the neurite, the F1 neurite. So these are the white matter components and the free-water compartments. And which is the three-compartment model, and it’s the non-Gaussian diffusion model. And we can quantitate on the NODDI, quantitate the Neurite Density Images, NDI. So this represents the external density with the white matter. And the other one, we can quantitate the volume fractions of the isotropic diffusion compartment. This represents the free-water contents within the tissue. So the free-water we just mentioned refers to the unhindered and unrestricted diffusion. So water molecules such as the one we found in CSF and intracellular tissue edema. 

	So they have a total of 40 mild TBI. And they have 2 cohorts of their controls. One is the trauma control. One is the normal, healthy control. On the left is showing the result of a cross-sectional study. Otherwise, it’s the longitudinal study. So let’s look at the results. The blue color stands for positive difference. The yellow color is the negative difference. 

	So we find in mild TBI patients there’s a decreased FA, increased MD, decrease in neurite density index, and increased free-water contents within the essential white matter. For the longitudinal analysis, DTI, they didn’t find anything longitudinally in the two weeks and then six-month follow-up. But using the NODDI, they found, in mild TBI patients—there are two cohorts of mild TBI patients—both cohorts have a decreased neurite density index and increased water content, particularly over the posterior part of the brain. So this probably decreased the MD, suggesting axonal density. And in the posterior part probably due to the group/countergroup effect. 

	So now, next, I’m going to present our study. So in our study, we analyzed the TDI measures across the spectrum of the TBI severity. That means including both moderate, severe, and mild TBI patients. And we looked at the DTI measures that changed both longitudinally and cross-sectionally. 

	And then we used the linear mixed model to model the TDI measures over time. We used two methods. One is using the voxel-based to compare voxel by voxel for the whole plan. And the other one, we segmented white matter tracks and looked at the region of white matter tracts through the tract of interest analysis. The next one is a better detail design. 

	So the subjects were selected from a larger cohort. So after the unqualified participants and unsatisfactory MRI data, in total, there are 93 TBI, including 68 uncomplicated, 16 complicated, and 12 moderate-severe TBI. The complicated-mild TBI means they had a positive CT or MRI finding. And then we also had 93—I mean 39 non-TBI controls. And the majority of the controls are the injury controls. That means they have injuries, trauma injury, but they are not diagnosed as TBI. 

	So all the participants had been scanned at this point. We started receiving more than up to 5 scans at the average time intervals of 1.5 years, 2 years, 3 years, and 4 years after the baseline. And then due to the small sample size, we only focused on the first three timepoints. And then for this study, in order to evaluate the evolution of white matter microstructure changes over time, we used the linear mixed model by accounting for the random instead of individual subjects. 

	And then by looking at this chart, we divided tract of interest and voxel-based analysis. For the tract of interest, we applied a conventional linear mixed model. That means we modeled the groups and timepoints as a fixed effect, and age and gender as a covariate. And then we allowed the intercept of _____ [00:22:57] to vary by subject, with a variate of recovery of deterioration of white matter integrity. 

And besides the conventional linear mixed model, we also did a piecewise linear mixed model. This piecewise means we separate looking at the trajectories of TDI measures before and after 700 days after injury separately. That’s why we want to see we can replicate the findings, or the V-shape, of the trajectories as shown by Dr. Mac Donald’s group. And we chose the 700 days simply because it was about the average time since injury for the follow-up scans for all TBI participants. 

	From the voxel-based analysis, we used a very similar approach of the conventional linear mixed model. But it’s done voxel by voxel. And then all the comparisons are corrected for multiple comparisons.

So this slide shows the basic demographics. So you can see our participants for the time since injury. They are, on average, when they’re enrolled in timepoint 1, they are more than 2 years. And some groups may be around 3 years when they’re rerolled in the study. So our patients are chronic TBI. It’s very different from the previous, other two longitudinal studies. I’m going to show you the results of the voxel-based analysis, first, the cross-sectional analysis.

On the left, it’s moderate to mild compared to three other groups—control, uncomplicated mild TBI, and complicated mild TBI—at three timepoints, FA, MD, AD, and RD. So you can see the yellow color is the positive difference. The blue color is the negative difference. And we can find in moderate and severe TBI as a group, there’s a decreased FA, increased MD, increased RD when they compare to all other three groups. And we saw an increase in the AD. So this, based on our previous discussion, decreased FA and increased diffusivity might suggest a neuronal loss. Or maybe a combination. Like it could be due to demyelination, and then that would cause the increased RD. And then vasogenic edema will increase the MD, and maybe a gliosis will increase AD as well. 

For comparing the uncomplicated mild TBI to control, we found in uncomplicated mild TBI had the decreased diffusivity with slightly increased FA compared to the controls, particularly in the posterior parts of the brain. This might suggest a decreased hindered and restricted diffusion, probably due to the glio-scarring. But uncomplicated mild TBI, we find instead an increased diffusivity with slightly higher FA than control. So this increased diffusivity probably suggests the gliosis. 

	For the longitudinal analysis, we compared the four groups over time, individual four groups. On the left top, you can find the control. And for the control over time, the control has a slightly increased FA. And then AD, particularly over the centrum semiovale. And then a slightly decreased RD. And this finding has been suggested probably due to the trends and reversible vasogenic edema. And keep in mind, because most of our controls are injured controls, even if they’re not diagnosed as a TBI. However, there’s probably some microstructure changes in their brain. But in the follow-up, since then, they’re back to normal. And for most uncomplicated and mild TBI group, we find they’re slightly increased in MD and AD, particularly over the centrum semiovale. This might suggest an increase in cellular fluid. And for the FA, the follow-up looks like they are normalized. There’s no difference. 

	For the moderate/severe TBI, similar to the finding of the cross-sectional analysis, we can find in moderate/severe TBI in the follow-up scans significant increase in MD and RD, as well as increased AD in the anterior frontal lobes. This might suggest a cellular loss. 

	So the results of the tract of interest. So when comparing mild TBI group to control, we didn’t find any difference of the DTI measures, any DTI measures. So this finding, that means this conventional regional interest of analysis, the tract of interest, is probably less sensitive. However, it’s probably more specific when compared to the voxel-based analysis. And due to those _____ [00:28:39] and heterogeneous images we find in mild TBI, this conventional interest of analysis using DTI may not be sensitive enough to find the abnormalities in mild TBI. 

	Comparing moderate/severe TBI to the other three groups, we find a similar with the voxel-based analysis. In moderate and severe TBI, they found a decreased FA, increased MD, increased AD, and increased RD. So the bottom is the plot of the examples showing the numbers of the tracts. There are five with abnormal DTI measures when comparing the moderate/severe TBI groups to control. As you can see, over time, the numbers are a normal MD increased. The number of normal RD increased over time. So it’s kind of a linear shape. So this finding, that means we didn’t replicate the findings of the V shape just as shown by Dr. Mac Donald’s group.  

	To show you some examples of the conventional linear mixed model on the top and the piecewise linear mixed model at the bottom. The red color is the control. For the moderate/severe TBI, it’s the green color. The majority of difference for this tract, for _____ [00:30:10] fiber tracts, the majority of difference, again, is moderate/severe TBI has a low FA, higher MD, higher RD compared to the other three groups. For the piecewise analysis, we found some very, very—some tracts, they have a change of the slope over time, after 700 days. And particularly, in this example, in _____ [00:30:37] radiation. But again, we didn’t replicate the finding of the V shape. Let me go back to the previous one. Sorry. 

	So the discrepancy, again, probably for our findings, and probably due to these essential differences in the time since injury. Because our patients are chronic, the majority are chronic mild TBI. But Dr. Mac Donald’s group, they used the acute stage and follow-up in 1 year and 5 years’ follow-up. So it’s very different, the cohorts, from ours. 

	So this is, again, a summary of the possible DTI measures following head injury. So first, OS, starting with the FA first. On the right, we can see a decreased FA. When it decreased the AD, that probably suggests the axonal injury, increases the radio diffusivity. It probably caused that demyelination. If it increased the MD, probably due to vasogenic edema, for the diffused increased diffusivity, along with the decreased FA, it’s probably due to the neural loss—just like we found in the moderate/severe TBI. 

	For the increased FA, it decreased the diffusivity in cytotoxic edema. We didn’t find this in our population, because our patients are chronic TBI. We found an increased AD in our patients in our control. It’s probably due to the reversible vasogenic edema. For increased AD, probably due to the gliohypotrophy. It decreased the diffusivity, and probably caused by glio-scarring. For the normalized FA, it’s just like we found in the mild TBI probably due to the neuroplasticity in the normalized FA. 

	Next, I want to show some of the results we correlated with the DTI measures with the biomarkers. And particularly, we are looking at the plasma tau and amyloid beta is 42. And plasma amyloid beta 42 is a product of amyloid precursor protein. The form is extracellular tract. That might interfere with the neurofunction. 

	So in the patient group, we found there’s a significant increase, higher level, of plasma amyloid beta 42 than control. However, the correlation, we didn’t find a significant correlation. Although, we found some tracts with correlation. But this became insignificant after correcting for multiple comparisons. 

	And then we also looked at the DTI measures and the correlative performers. In this example plot between the correlation and DTI measures in service members following TBI, we found here the higher processes _____ [00:34:15]. And the greater TBI members were associated with a higher FA, low MD in some of the white matter tracts, such as _____ [00:34:26] un the groups of moderate/severe TBI and complicated mild TBI. However, we didn’t find any significant correlations in uncomplicated mild TBI. 

	So the findings suggest this might be a _____ [00:34:44] response relationship between TBI severity and the strength of the relationship between white matter _____ [00:34:52] and quality performance. Or maybe it’s just to more heterogeneity of the microstructure changes in uncomplication mild TBI. 

	So in the next two slides, I’m going to discuss some of the single-subject analysis we have done so far. So as shown, diagnosis in the mild TBI still remain very challenging due to the heterogenous neuroimaging findings. And doing this single-subject analysis has been gaining interest. And then a traditional way to do that is the _____ [00:35:34] based on the control and through the one-to-many analysis. 

	However, due to the clinical study, due to the small sample size of the control, we might find a higher standard deviation, a higher variability, with in the control. And without a good way to control this higher variability, this goal probably is not so reliable. And then now I’ll show you our newer way we tried to look at that. 

	Instead of looking at the eigenvalues, now with this method we look at the eigenvectors. On the top, we quantitate the orientation deviation of principle eigenvectors, which is lambda 1. At the bottom, we look at the answer of the three eigenvectors, and we do a single-subject one-to-many analysis using a _____ [00:36:27] analysis. For example, for the mild TBI patient 1, mild TBI 2, and the control. 

	At the bottom, for instance, we find with mild TBI local abnormalities. But we didn’t find any local anomalies in the control. And the other ways so far we look at, another point, is doing the machine learning to perform one-to-many statistical analysis by applying the manifold learning to perform non-linear dimensionality reduction. And this method has been demonstrated. It’s capability of controlling the control variabilities. That means once we have a good control of the variabilities, we are more confident to do the one-to-many analysis. And this demonstrates that one of the mild TBI, the lesions in the single bundle, are doing this machine learning manifold approach. 

	In conclusion, moderate/severe TBI more extensively expands white matter changes, such as the lower FA, higher MD, particularly over the frontal white matter. And there’s no evidence of recovery. The mild TBI has very subtle neuroimaging findings, many over the posterior portion of the brain. And we didn’t find any significant difference between two mild TBI groups. 

	And our results suggest that TBI patients have variant trajectories of white matter microstructure changes over time. We know this DTI assumptions, assuming there’s a simple Gaussian curve, is not satisfactory in the real biological system. As we all know, TBI will not be able to resolve the crossing fibers. And there are many things we find in DTI measures, such as FA change, that could be due to axonal injuries and injury of the cell, but we don’t know if it’s caused by the organizational changes. 

	Now, we are currently working on a multimodal approach by integrating some more events, MRI techniques, such as using the non-Gaussian diffusion-weighted images, such as the NODDI. And we want to see if we can characterize this multisystem relationship, particularly in those mild TBI patients. And also, we are currently evaluating the accuracy of this single-subject analysis. 

	Finally, thank you to the funding agent. I’d like to thank the leadership in the longitudinal study by Dr. French, Dr. Lan, Dr. Depak, Dr. Breco. I’d like to thank all my colleagues in the neuroimaging group at NICoE and all the NICoE staff. I’d like to thank Dr. Gheo for her assistance and for the biomarkers analysis. Last but not least, I want to thank you, all the participants, for all your participation, without which this study would not be possible. Thank you for your attention. Now, it’s open for discussion. 

Participant:	Thank you, Dr. Yeh, for this wonderful presentation that you’ve put together. We have a couple questions, so I’m just going to jump right into it. Does one of the articles you reference define complicated versus uncomplicated TBI? 

Dr. Ping-Hong Yeh:	It’s kind of scratchy. Can you repeat the question? Are there any papers to be found on complicated versus uncomplicated TBI? 

Participant:	Yeah. Yeah. 

Dr. Ping-Hong Yeh:	My understanding, so far, no. There’s no specific finding that would demonstrate it. This is a very subtle finding. I’m not aware of any other papers publishing this. 

Participant:	Thank you. Our next question is, terrific talk. Sorry if this is an off-base question. But is it known if these subjects suffer from post-traumatic headache? 

Dr. Ping-Hong Yeh:	Yes. 

Participant:	If so, one might be able to delve into the data and discern possible centers of pain. 

Dr. Ping-Hong Yeh:	Yeah, my understanding on most of our patients have the headache complaints. I’m not sure. Dr. Kenny, she would probably know this better than me. But we have some self-reporting headache scores, like HIT-6. And currently, we are working on that, yes. 

Participant:	Thank you. Our next one, let me see. Thanks very much, particularly for the thorough explanation of background information. Do you know of any studies that correlate behavioral changes with these injuries and injury trajectories? 

Dr. Ping-Hong Yeh:	I think there are a couple papers out correlate with the neuropsych function and then with the DTI measures. But for the longitudinal study, I’m not aware there are any so far. Probably maybe one or two papers out. 

Participant:	Thank you. That is all the questions we have for now. Attendees, please remember, if you have any questions, please send them into our Q&A function. Dr. DePalma, do you have any questions? 

Participant:	Yes. Dr. Yeh, what is the total volume of all of the studies done, the total number for moderate TBI and mild TBI—total numbers? 

Dr. Ping-Hong Yeh:	You mean in our study? 

Participant:	Yes. 

Dr. Ping-Hong Yeh:	Total numbers of the participants? 

Participant:	Yes. 

Dr. Ping-Hong Yeh:	In this study—we have the slides. If I can show that slide? So yeah, the total numbers, they were, in total, 96 TBI, and 12 moderate/severe TBI sustained uncomplicated, and 68 complicated mild TBI. 

Participant:	Let’s say that again slowly, OK? 

Dr. Ping-Hong Yeh:	Yeah. 

Participant:	So there were 96 TBI moderate? 

Dr. Ping-Hong Yeh:	Moderate/severe. 

Participant:	Yeah. 

Dr. Ping-Hong Yeh:	16 complicated mild TBI. 68 uncomplicated mild TBI. 

Participant:	Almost all of them had longitudinal studies. 

Dr. Ping-Hong Yeh:	And this the one, the numbers, if you look at the numbers, timepoint 1, timepoint 2, timepoint 3 in the follow-up. So after 3 years, the number is too small. So that’s why we didn’t include them. 

Participant:	Right. Yeah, this is tremendously important work. And I really—thank you for going to the great effort of interpretating the paper and putting this together. And I would suggest that this will be catalogued, and it will be available, on the internet for reviewing in the HSR&D series. These studies are worth their weight in gold. Go ahead, Whitney. 

Participant:	Yes, so the discussion is being recorded. And every attendee will have the link to the archives later on. We have a couple more questions that just came in. Dr. Yeh, what do you see as the most important next step in determining if there is clinical utility of DTI in MTBI? 

Dr. Ping-Hong Yeh:	I think now people are looking at the multimodal approach. And then we have done some of them. But we didn’t find in multimodal—again, depending on your subject population—we find the result is not as consistent. I think, again, this is probably due to the sample size of our control. But this is very promising, I would say, by combining the DTI measures and then the other modalities, such as _____ [00:45:53], NODDI. And then by combining those, and some people are using the co-joint ICA, they can combine all these measures and find major predictors to predict specific symptoms. 

Participant:	Thank you. How does _____ [00:46:16] calibrate the magnet or repeated imaging after hardware or software updates? 

Dr. Ping-Hong Yeh:	Can you repeat? It’s kind of scratchy? Can you repeat the questions? 

Participant:	I think what they’re asking is, how do you calibrate for repeated studies the hardware and the software? 

Dr. Ping-Hong Yeh:	Oh, right. Those are good questions. Because this is the longitudinal study, so far, we have updated several versions of the software and hardware. We didn’t specifically look at the difference after upgrade. But we did some preliminary analysis. We found the variability is less than, if my memory is right, less than 3%. So that means this is acceptable as long as the variability is small enough to detect the group difference. So that would be acceptable. However, this is a good question. How are we going to this, in the future, the data harmonization? It’s just like other groups. They require the diffusion imaging by different systems—1.5, 3 tesla. We also need to do various similar data harmonization as well in the future. 

Participant:	Thank you, Dr. Yeh. Our next question is—sorry. Great talk. Would TBI—one second. Sorry. Sorry. Fantastic, eloquent presentation. Some clinical trials, for example Kilgore’s study with light therapy, show changes in DTI values compared to post-intervention. What are your thoughts on reliability measuring DTI multiple times in the same patient? 

Dr. Ping-Hong Yeh:	Yeah, so again, we need to know the variabilities. So that means we need to have the control. And we know the variabilities after many, many scans. And once we know the control variability, we can use that when we are comparing to the TBI groups. And that’s why the linear mixed model will be very useful, because they are taking into account your different subject variability over time. And that’s also taken into account when you’re looking at group difference. 

Participant:	Thank you. Our next question is, with TBI impacting primarily the frontal temporal lobes, why do you think your findings are most prominent in the posterior brain? 

Dr. Ping-Hong Yeh:	Yeah, actually, we found moderate/severe, they are in the frontal lobe. But for the mild TBI, it’s probably due to the group/countergroup. Maybe that mechanism. And as shown by the tract TBI, they also find in the posterior portions. That metric changes over time in the posterior portions. But we don’t know the specific reasons why it’s in the posterior portion. 

Participant:	Thank you. How well is the link you mentioned between different diffusivity patterns—FA, RD, AD—and underlying pathology established? 

Dr. Ping-Hong Yeh:	How well? So I think this, particularly in the chronic TBI, could be a combination of all the mechanisms. So in the chronic TBI, we probably can see demyelination, axonal injury, gliosis, glio-scarring, or all the patterns maybe in the same brain. So we cannot tell specifically. So that’s the limitation for using the TDI. However, we can still get some information about the changes. Again, we need to take into account all the measures, and combine it with the clinical information when we interpret them in these results. 

Participant:	Thank you, Dr. Yeh. Our next question is, did studies examine the impact of chronic vascular risk factors, such as sleep apnea, DTM, HTN on CNS integrity, for example, small vessel ischemic changes versus vascular changes directly related to mild TBI? 

Dr. Ping-Hong Yeh:	Yeah, in this particular study, we haven’t done that. But we have another study by Dr. Lipa. In that study, we’re going to go into acquire dynamic contrast enhancement. That will allow us to look at those cerebral vascular changes. But not in this study. 

Participant:	Great. Do TBIs occur mostly during deployment? And was cause of TBI examined, for example, blast-related or sports-related? 

Dr. Ping-Hong Yeh:	Yeah, most of them occur in deployment. And a majority have deep blast exposures and the blast injury. Yes. For our cohorts, yes. 

Participant:	Thank you. Next one. Thank you for your comprehensive talk. I was wondering if you had any data looking at white matter perivascular spaces and how this might relate to your DTI findings? 

Dr. Ping-Hong Yeh:	Yeah, that would be a very interesting hot topic. So we can start. We are working on the perivascular space by looking at the T2 and then radio images. And then we want to see if there is any correlation with these DTI measures. That would be hopefully coming out soon. 

Participant:	Thank you. Can you define complicated and uncomplicated MTBI? 

Dr. Ping-Hong Yeh:	Yeah. The complicated TBI means the positive CT or routine structural MRI finding, such as the hematoma, intracellular hemorrhage. So those are called complicated TBI.  

Participant:	Thank you. Great talk. Would the cohort compare the effects of compact TBI force versus blast or mixed impact? 

Dr. Ping-Hong Yeh:	No, we don’t have that kind of information. However, this is a very good question. Because most of our patients have blast exposure. But it’s not pure blast exposure. So they are a combination of compact and blast injury. But this is a very good question, but I cannot answer for now. 

Participant:	Thank you, Dr. Yeh. Those are all the questions that I can see in both the chat and the Q&A. So thank you to our attendees for participating in the discussion. Dr. Yeh, at this point, do you have any closing comments? 

Dr. Ping-Hong Yeh:	No. I just want to thank all the participants. Thank you for coming to this seminar. 

Participant:	And Dr. DePalma, do you have any closing comments for us today? 

Participant:	Yes. I really thank you for this comprehensive and elegant talk. I really appreciate your taking the trouble to do this. And we’ll look forward to hearing your group perhaps a year from now, huh? 

Dr. Ping-Hong Yeh:	Yes, we will see. Thank you. 

Participant:	God willing and the creek don’t rise. Thank you very much. 

Dr. Ping-Hong Yeh:	Thank you, Dr. DePalma. 

Participant:	Thank you. Thank you to both. 

Dr. Ping-Hong Yeh:	Thank you. Thank you. 

Participant:	Thank you. To the attendees, when I close out this meeting, you’ll be prompted with a feedback form. Please take a few moments to complete the form. We really do appreciate and count on your feedback to continue to deliver high-quality cyber seminars. Thank you, everyone, for joining us for today’s HSR&D cyber seminar. And we look forward to seeing you at a future session. Have a great day, everyone. 
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