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Ralph DePalma:
A pleasure to have Sarah Martindale and Jared, and Jared Rowland present. Sarah is a research scientist and Jared is a a psychologist, a clinical psychologist but they're at the W.G. Hefner VA and Wake Forest School of Medicine. And and they they both are associated with the VISN 6 MIRECC.


Their work has been productive in the extreme in terms of clinical evaluation of what blast injury is, and how it can be detected quantitatively with a careful history, and physical. So with that, let me turn it over.

Sarah Martindale:
Thank you, Dr. DePalma. We appreciate being invited back and for that introduction. So today we're going to be talking about the functional neuroimaging work we published recently that expands upon our previous research looking at how Posttraumatic Stress Disorder, mild traumatic brain injury, and blast affect brain function.


Here we go; okay I've got the slides working again. So here's our mandatory disclaimer slide, we have no conflicts of of interest to declare. And as an introduction to anyone who is unfamiliar with us, so our team is interested in figuring out how different conditions affect the brain, and behavior of Veterans. 


And this slide just shows some of our recent findings and products. And we've done a few Cyberseminars over the past couple of years that dive into different aspects of these projects. And so broadly speaking, we've shown that PTSD, TBI, and blast have independent effects on brain structure as well as behavioral, and cognitive outcomes. 


And if you think about it, brain structure and behavioral outcomes are really, kind of, two ends of a spectrum. So the next logical step is to look at the middle of that spectrum, and determine how these conditions affect how the brain processes information, which may explain some of the behavioral outcomes that we're seeing. 


So, for this presentation I'm going to introduce you to magnetoencephalography. I'm going to talk about network analysis, and that's before Jared goes through what we found, and what it all means in the broader context for Veterans, as well as other individuals with with TBI.


So a lot of my overview is going to be very basic because I know that this is a mixed clinical as well as research audience. And I do want to get everyone on the same page before Jared gets a little more technical with our results. So to start, functional, neuroimaging is a method used to measure different types of brain activity. 


And this is different from structural neuroimaging, such as MRI, which creates a picture of the brain. But it doesn't really tell us how the brain is working or how it's communicating. And there's, there is a number of different ways to measure brain activity, and you can see these on on this slide. 


And the strengths and weaknesses of different types of functional neuroimaging can be really described by temporal sensitivity, which is how sensitive the technique is to the speed of information processing; as well as spatial sensitivity, which is how well the the measure of the technique can tell us where we are in the brain. 


And you can see the various techniques plotted by their their spatial and temporal sensitivity on on this figure. Now, magnetoencephalography, or MEG, we call it MEG, is an electrophysiological neuro, functional neuroimaging technique. And it's what we use for the research that we're presenting today, we largely use this tool here at the Salisbury, VA. 


And you may not have heard of MEG before; it was brand new to me when I, when I moved here. And there's only about 40 of these machines in hospitals across the United States, and that's not just VA hospitals, that is hospitals, period. 


MEG is noninvasive. It involves sitting in a magnetically shielded room under a helmet with, that has a bunch of magnetometers in it. The picture on the left gives you an idea of where magnetometers are laid out in the helmet. And though MEG is used for research, it's also FDA approved for clinical use in epilepsy as well as other, other pre-surgical applications. 


Alright, so we're going to go ahead and open up a poll question. So we would like to know how familiar everyone is with MEG? First Choice is none, completely aware of MEG. B is minimal, you've heard about it, read about it. C would be moderate, maybe you've worked with it clinically or worked with someone who worked with MEG; or strong, you work with MEG often, and maybe you, maybe you run it.

Unidentified Female:
Alright, thank you, Sarah. So that poll is now open, and I see that quite a few people have submitted their answers. But we'll, we're seeing a few more come, it's coming in slowly. So I'll let, just let that run for another five seconds or so. To the audience, please remember to hit submit once you select your answer choices.


Alright, it seems like things have slowed down quite a bit so I'm going to go ahead and close that poll for us, and share the results. We have 52% said A, none, unaware of MEG; 39% said B, minimal, familiar, familiar with MEG; 5% said C, moderate, have worked with MEG. And lastly, 1% said D, strong, work with MEG often. Thank you, everyone, and back to you, Sarah.

Sarah Martindale:
Awesome, alright, so then this is going to be targeted the right way, we're going to move everyone along the spectrum, hopefully, by the end of the, the introduction here. So to orient you a little bit more to Meg, so it's similar to EEG, but it is far more sensitive. So EEG measures electrical activity. However, MEG takes this a step further, and measures brain activity through magnetic fields produced by those electrical currents in the brain. 


MEG is also a little bit more spatially sensitive than than EEG. So to illustrate that, many EEG caps have around 20 electrodes, whereas the MEG helmet, I mean at least our MEG helmet contains 275 magnetometers. And then additionally, the signal is is clear with MEG. So any EEG, electrical signals, kind of, get smeared on their way out and that's because they interact with the skull, and they interact with other intervening tissue. 


However, the magnetic signal in MEG, it just, it gets pulled straight out. And when we compare MEG to fMRI, MEG has excellent temporal resolution. So it's better at at a timing activity changes in the brain. And this is super important because brain processing happens very, very quickly. 


So for example, we see auditory brain function within 50 milliseconds of a stimulus. We see visual within 90 milliseconds of a stimulus. And the only real way to measure that activity is with EEG or or MEG. There are also invasive ways to do that, I know our our IRB would never allow us to do that. 


And it's not something that we regularly get to do with with human research. And also, just like every other neuroimaging technique, MEG, MEG has limitations. It says lack spatial resolution when you compare it to fMRI, so functional magnetic resonance imaging. 


And the picture on this slide, I think it shortchanges MRI just a little bit, I think that bar should touch CT. However, we address the limitation with MEG by using something called source imaging. And so the MEG gives us squiggles for lack of a better term, which you see on the left-hand side of this picture. 


And then we overlay that onto an MRI. So all of our participants complete a structural MRI in addition to MEG, and then we use source imaging to localize their MEG activity to specific brain regions. So that's all to say that we overcome these spatial limitations, and we have a really powerful tool to measure brain activity with, actually, pretty impressive spatial as well as temporal resolution. 


So that's a primer on MEG, and now I am going to go into a brief overview of network analysis. So what Jared is going to be presenting today is network analysis looking at the functional connectome. A connectome is the overall grouping of connections within the brain. 


And within the connectome, there are all sorts of sub networks. And, yeah, I am going to start simple, again, so that everyone listening gets onto the same page about connectomes and network analysis. 


So the clearest way that I have had this explained to me is that it can be thought of like a social network analysis. So to illustrate this, I do have a simple sociogram on this slide. So a social network analysis of people would be the nodes, and those are centers of significant activity. And their relationships with others are the connections, and some connections are stronger than others. 


As you can see here, some are one way, some are two way. And then you can also group the nodes by characteristics. So in this case, you see girls and boys represented by the colors. Now, broader global networks get built upon smaller connections like the one that you saw on the previous slide. And if you consider yourself to be a node, you have a family unit; you have a work unit. 


There's friendship units, there's connections within the broader community. And your connections to others are going to have additional, and overlapping connections, and so on, and so forth. So all of this just snowballs. And again, this is the global social network, and the previous smaller network on the last slide is just a part of it. 


But there's a lot more going on between that smaller subnetwork as well as the larger network. And now, like that last slide, that global network, we are interested in brain function across the entire brain, the entire connectome, and not just a small network within that connectome. And the pictures here are two examples of what that looks like. 


So we create these connectomes based on MEG data, and from this, we can look at how different conditions affects communication within the brain, so such as traumatic brain injury. And the the images on this slide are not looking at TBI, those are actually in multiple sclerosis. But it does give an example of how connectomes are created and and mapped with the imaging data. 


And what I really like about these pictures is that they show how we can parse out different subnetworks. So in the top right picture, you can see identified networks which are collections of connections between nodes that tend to respond together. So for example, we have the default mode network, and that's an dark blue. That's the network that's active when the brain is at rest. 


The frontal parietal network is light blue, and the salient mode network is read, and others are identified in in that diagram. And these are the building blocks we will look at as part of the connectome. And I do also want to bring your attention to the bottom right picture that shows how connectomes differ between groups of individuals with and without multiple sclerosis. 


So you can clearly see here that there are differences in the organization between those connectomes. And that's what we're doing with post deployment conditions like blast, and TBI, and PTSD.


Now, we create, we can create these global networks within the brain, the connectome. But the the connectomes are massive, and they are really, they're really very noisy so we use different metrics to characterize aspects of them. And this includes the ones that you see on this slide. 


So these metrics include the strength of connectivity, as well as the organization, and the structure, the topology of the connectome. And to touch on, on a few of these so the Rich Club is, it's a subset of highly connected and interconnected nodes that form the foundation of the broader network. 


We can also calculate the clustering coefficient which is how likely neighbors of a node are to also be connected with one another? And that's kind of what the triangles are are illustrating here. Modules are branches within the connectome, so they're, they're smaller networks, like, subnetworks, rather. And hubs are highly connected nodes. 


And this is the cool slide, I'm very excited about this. Anyway, but that was, that was an overall conceptualization of of network analysis. But what we're going to do here on this slide is illustrate why it's important to look at the connectome as a whole instead of focusing on specific pieces. 


So the picture on this slide shows the global network of authors of articles on TBI and Veterans. Now, this network includes all research, so so psychiatric symptoms, diagnoses, biology, neuropsychology, structural, and functional neuroimaging, all of the research under the sun that's been done that involves TBI and Veterans. So you can see how strongly nodes are connected to the overall network by how large the nodes are. So larger circles would be considered hubs. 


And then you can also make out the different groups, and this is where the colors in this figure come in. So these are modules, and individuals who tend to work together, we'll show clustered, and they're represented by the color, and how close they are in the figure. 


And this is, kind of, cool. For anyone who is familiar with TBI and Veteran research, you can clearly see the TBI Model Systems group, so you can see LIMBIC-CENC over here, you can see the tracks TBI team, BU Planning Group, you can see the Boston CTE Center. And we also show up as a cluster down here as part of the broader group. 


So if this was a connectome, these broader group connections beyond module _____ [0:16:17] would be _____ [0:16:18]. Let me see if I can advance the slide still, perfect. However, we can also look at a subnetwork within the connectome. So if you remember our little spot on the bottom of the network, this blows that up, and shows you Jared's network of TBI research. 


And we are absolutely picking on Jared today. So maybe Jared is a node or a hub that we think might be interesting. So for example, he could be the hippocampus, and this would show connections between the hippocampus, and other structures. And this shows what he contributes to the network. And this is great, we can focus on different subnetworks to see how things are functioning. And perhaps the condition really, actually alters connectivity within one subnetwork. 


However, when we look at Jared's network alone, it doesn't convey the same information as the entire connectome. We we really lose sight of the overall broad connectome and its function. And if we look at just one region, we can't really reach the same conclusions as we do when we look at the overall connectome. 


So for example, if we found that Jared's network was, I don't know, hyper connected, we might assume that the overall global network is hyper connected. But that's, that's not the case, it's only one piece of that puzzle. So though we may look to see how subnetworks function, I I really want to drive home that this is why MEG is such an awesome tool for research in TBI. Because it allows us to look at the function of the overall connectome to get really big, but also as detailed as we want, picture of of what's going on.


So to wrap up the the background here, and get us back on topic of the functional connectome as it relates to PTSD and TBI; so right now, there is not a whole lot of research on on this topic. And this slide gives a brief overview of what studies have found.


But, really, aside from general agreement that PTSD results in in lower connectivity, and TBI results in greater connectivity, there's, there is not a whole lot of consensus about how PTSD or TBI affect the the connectome. And this is likely due to to variability in research studies, including small sample size, as well as populations varying between Veterans, civilians, so on, and so forth. 


So for the study that we're presenting today, we wanted to determine how connectivity strength, and organization, and topology of the connectome looked in our sample of combat Veterans. And we felt that this was important to do to see if we could answer the question of where all of this variability was coming from in a larger, well-defined sample. 


Based on evidence in the literature, we did expect connection, strength, and organization to be higher in TBI, and lower in PTSD. And I didn't really go into blast in the, in the overview, but we also included blast to determine if this influenced outcomes. 


We've been doing a decent amount of of work showing that blast is important for outcomes in Veterans; and more importantly, blast seems to be explaining a lot of our outcomes related to TBI. So it's also very possible that blast effects functional connectivity as well. 


Alright, onto methods, so the data were from CENC study 34, and that was an independent study that was funded by the Chronic Effects of Neurotrauma Consortium, now LIMBIC, in the new funding cycle. All of our participants had deployed to a combat zone after 9/11. And we did exclude anyone with moderate to severe TBI as well as anyone who had neuroimaging contraindications that may affect the MEG sensors, or or could have been dangerous in MRI. 


And overall, we had 181 participants with usable MEG and MRI that were included in these analyses. And this table shows demographic characteristics of of our sample. And we had a pretty wide age range from 26 to 69 but the average was right about, at 41, 42 years old. 


Most of the participants were male, but we expect that from a military sample. And most were soldiers in the Army. And for our analyses, both current and lifetime PTSD diagnoses were made using the CAPS-5. We also administered the Mid-Atlantic MIRECC Assessment of TBI for TBI status. And for this, this is, kind of, important, we did focus on deployment-related injuries. 


So there's a lot of growing evidence from our team as well as other groups that suggest that if somebody experiences a traumatic brain injury in a deployment environment, that they are more likely to experience poorer outcomes when we compare them to individuals who have only experienced TBI in a non-deployment environment. 


So from that deployment TBI variable, we split that into two TBI variables, specifically blast TBI, and non-blast TBI depending on whether blast was involved in the event. And then, of course, we use the Salisbury blast interview to characterize blast history. 


We specifically looked at the number of blast exposures where pressure or any pressure was felt, and the severity of blast exposures based on the maximum pressure experienced, and we have our our pressure scale up on the top right. And covariates for analyses are listed at the bottom of the slide. 


Alright, so the picture on this slide shows our data processing procedure. And I know I, sort of, touched on this in the background. But what we do is we acquire raw data from the MEG. So that's the butterfly plot that you see in in figure A, those are our, our squiggles. And then B shows source localization, which is where, when we determine where brain activity is happening.


We then need to know how regions are communicating, so what is happening? And this is the functional connectivity that you see in C. And then once we have calculated the functional connectivity, we we have a matrix. 


And this matrix is basically a correlation matrix. And the brain regions are on the X and Y axis. And the strength of connections between areas are the matrix values, and that's the top part of figure D. 


Then we do something called thresholding, and this is basically to make sure that the connections we see are are real, and they aren't just noise. And then finally from that, we calculate the network metrics, some of which I walked you through earlier, to create the connectome. And for analyses, we used hierarchical linear regression, and that was so that we can calculate a number of different types of effects across network metrics. 


In the initial model that we evaluated, we included our current PTSD diagnosis variable as well as the blast, and non-blast deployment TBI variables. We didn't look at blast itself, we only looked at it in relation to TBI. And then of course, we also included the interaction effects. 


And beyond that initial model, we ran two additional models. So as I mentioned earlier, a lot of our recent work has shown that blasts account for effects of TBI across both biological and behavioral outcomes. So we felt it was, kind of, important to to parse that out here, we needed to see what was going on. 


So for the second model, we combined the blast and non-blast TBI variables into a single deployment TBI variable. And then we looked at how a blast frequency was related to connectome metrics; so how many blast exposures someone had had. And then for our third model, or our second follow-up model if you want to think about it that way, we replaced blast frequency with blast severity. 


So with the work we've been doing using the Salisbury Blast Interview, we found that the number of blasts, the frequency, it doesn't seem to be as important as the severe, as the severity of, as blast pressure relates to outcomes. And this might be because service members are exposed to a lot of blasts, there's a, many service members that expect, are exposed to a minimum of five, but upwards of, gosh, I think we even had some with 10,000 in our sample. 


But a lot of them are relatively insignificant, and it's something that we're still looking into. But we felt that it was important to evaluate blast both ways in relation to the connectome. And with that, I'm going to go ahead and pass – let me actually pass the ball: I'm gonna go ahead and pass the presentation over to Jared.

Jared Rowland:
Alright, thank you, Sarah. So what did we find from all of this? Alright, so to present the results, I'm going to go over the tables from the manuscript. And these tables present the models that remain significant after correction for multiple comparisons. 


This is the table for the first model, the one that included blast TBI, and non-blast TBI, PTSD, and the interactions along with the covariates. And you'll see the connectometric being presented by the – being predicted by the model on the far left column, and then a separate column for the effects of each variable in the model. 


Now, the numbers in the tables are nonstandardized parameter estimates from the models. And for anyone unfamiliar with these, they behave a lot like correlations. So positive values indicate that both variables are increasing at the same time, and negative values indicate that as one variable increases, the other variable decreases.


Now, as you see here, blast TBI by itself was related to communication within the connectome, so the connection strength, and the minimum thresholding values. When we also consider the interaction with PTSD, we see, we begin to see these effects on the structure of the connectome, so the number of nodes in the connectome, and the average degree of those nodes. 


Now, in contrast when we looked at non blast TBI, it had no independent effects on the connectome, and a single interaction with PTSD that, again, affected the number of nodes in the connectome. 


Finally, I do want to highlight the broad effect that we see of time since the injury on the connectome. The time since injury affected the K-Core of the connectome, which is a central hub of highly connected and interconnected nodes. It also affected a number of nodes and then connectome. 


And finally, we also see effects on the frequency at which connections are occurring within the connectome. It's shifting things away from the alpha bandwidth and into the gamma bandwidth. And I'll come back to what these mean, a more, exactly when we get to the discussion. 


Now, as Sarah described, to follow-up on this model, we created a second model where we parsed blast TBI into the TBI, and blast characteristics separately. And that was to allow us to better understand the specific characteristics creating this effect. And here you see the results for the model with blast frequency. 


Now, interestingly, you'll note that that the effects of TBI, or PTSD, and their interaction are very different, and actually far fewer in comparison to the model that had TBI, and blast combined as blast TBI. I do want to highlight that there was a single effect of the frequency of blast exposures on the connectome, but no interaction between last frequency and TBI status. 


And finally, we still see that very broad effect of time since injury on the connectome in this model. 


Next, we have the results for the model with blast severity, and again, we see very similar outcomes to the frequency model. So there are fewer effects of TBI, of PTSD, and their interaction. There are no main effects of blast severity and no interaction with TBI. But we do still see that very robust effect of the time since injury on the connectome. 


So, really, what we see here is that splitting out blast TBI into TBI, and and blast components doesn't really improve our ability to identify specific characteristics related to the connectome. And actually, it reinforces that there is probably something important about blast TBI itself beyond the independent effects of TBI, or blast with that separately. 


Now, I do want to note, we also looked at how lifetime PTSD; so having met the diagnostic criteria previously, but not currently, how that affected the connectome? And the short story is when we included that in the model, it did not have any effects on the connectome. 


So to summarize, we really had two major findings from this study. First, we saw that blast's TBI history as well as the interaction between blast TBI and PTSD, altered the functional connectome. And this was really the major point of the study so I do want to highlight this result. 


But beyond that, I think we can say that there are really two distinct profiles. Now, we saw independent main effects of blast TBI history that were primarily related to the way nodes communicated, or the strength, or consistency of that, that communication. But when we looked at the interaction with PTSD, we now start to see those changes to the topology or the structure of the connectome in addition to those changes in communication. 


Really, the most notable difference we see is this lower number of nodes included in the, in the connectome for individuals with both current PTSD and blast TBI history. And this means that there were either fewer brain regions identified as being active in these individuals when they were at rest in the scanner, or there were fewer regions actually connected into the connectome. 


Now, I do want to note that this type of finding is really specific to the connectome approach to studying this problem. And it's really only by creating these unique connectomes for each individual rather than, say, a standard templated network that we can see something like this. 


So overall, we see changes to the strength of communication within the connectome as well as changes to the basic building blocks of the connectome. We also noted that when we parsed out blast TBI into blast characteristics and deployment TBI as a separate effects, we didn't see the same relationships with connectome topology, topology, and even when interacting the two together. 


And this really tells us that having the experience of either TBI, or blast separately, or even the experience with both but maybe not at the same time was really not adequate to alter the functional connectome. And it was really, in fact, that experience of having both a blast that involved a TBI, so both events occurring simultaneously, that was necessary to see these effects. 


Now, the second finding that we had was that the time since injury had these really broad effects on the connectome, and they were actually pretty robust across all of the models that we examined. And keep in mind that this sample is, on average, 11 years past their most recent injury. But there is high variability in that distribution, so the standard deviation was about four years. 


And it's really because of that variability that we were able to see these changes in the connectome as individuals moved further away in time from their injury. And as that happened, as individuals moved further in time from the injury, we see a few different things. 


First, we see increases in the number of nodes present in the connectome. And I would broadly interpret that as recovery because we also saw those effects of PTSD and blast TBI that were associated with decreases in the number of nodes. In addition, we see significant changes to other aspects of the connectome, particularly the K-Core. 


Now, the K-Core is a way of looking at the central aspect of a connectome. So networks are like onions; onions have layers, networks have layers, and the process of identifying the K-core is to essentially peel the connectome apart layer by layer like you could do with an onion. And so, if you continue to take off the outer, sparsely connected layers one at a time, and you keep doing that until only, the only nodes that remain are really those with a high number of connections that are also connected to other nodes with a high number of connections, you get the K-core. 


And as you can see, these nodes are ones that reside at the center of the connectome, and really serve as building blocks for this entire structure. So our results showed that as individuals move further away from the injury in time, there were fewer nodes in the K-core, and fewer nodes, really, at the center of the connectome. 


And this graph visually shows that. So, we have time progressing on the X axis and then we have quantity of the number of nodes or degree on the Y axis. And one interpretation of this reduction in the number of nodes is actually that the network may be taking on a more hierarchical nature, becoming deeper. 


And this is actually, also supported by the other finding you see here, which is the increasing degree of those nodes in the K-Core. And degree is an indication of how many connections a node has, and we think of it, kind of, as a measure of the importance of that node to the connectome.


So I do want to give you an idea of what I mean by hierarchical nature here. And I've arranged these connectomes in, we'll call it a waterfall manner. And essentially, the more layers there are when you look at it this way, the more hierarchical, or or deeper the connectome is. And as you can see, the connectome on the left has more layers, and so we consider it to be more hierarchical. 


And this really becomes important when we start thinking about specialization. So if we think about the nodes at the bottom layer as a unit that can perform a specialized function, you can see that there is really much more specialization potential in the connectome on the left with 16 processing units, even though there's actually fewer nodes at any given layer compared to the connectome on the right. 


So that's why this hierarchical nature is pretty important in connectomes, and it's actually a common aspect that we see in most biological connectomes. 


The other finding I want to discuss is the changes in frequent, in the frequency at which connections occur. And remember that MEG is a direct physiological measurement of brain function. And so we get these waveforms that are similar to what you see on EEG, and they have the same frequency bands, delta, theta, alpha, beta, gamma. 


And just briefly, these frequencies refer to how many times waveforms like you see here, repeat in a given second. So if this box were one second, then this signal would have a frequency of four hertz because it repeats four times in that second. And that actually falls in the delta bandwidth. 


And this signal would have a frequency of eight hertz, which falls in the alpha band. And these waveforms carry information, and they're actually a pretty powerful way of observing communication between brain regions. And here what we saw was a decrease in the connections occurring in the alpha frequency band, and an increase in the connections occurring in the gamma frequency band. And this was occurring as individuals moved further away in time from that injury. 


Now, in healthy controls, to give you some context, the highest concentration of these connections actually occurs in the alpha band at rest. And that's actually the frequency band where we see the most brain activity at rest. So the shift is actually a little difficult to interpret without baseline data because we don't know if the alpha is potentially abnormally high early on, and we're seeing recovery, or if this could be some indication of pathological changes that are occurring over time. 


But what does all this mean for Veterans, for servicemembers, for providers who see these individuals? So that interaction that we're talking about between blast TBI and current PTSD diagnosis really stood out to me, especially because that effect was not seen for individuals who have recovered from PTSD. 


And this has several implications for how we think about the relationships among these conditions. Now, it's well-established that TBI during deployment is a risk factor for subsequently developing PTSD. But we don't really understand the exact mechanism driving this relationship. 


So some studies have noted changes in in relevant cognitive functioning such as fear learning, and others have noted changes in brain structures of relevant areas like the hippocampus. Our results suggest that the mechanism of injury could be an important aspect that should also be considered. So do the, did the TBI involve blast, did it involve blunt force? 


Recent work has actually began to highlight the role of blast in these post deployment outcomes. And when taken into context with this other work, these current results really raise the possibility that it is deployment TBI that involves blast that's important for developing PTSD, and maybe not just deployment TBI generally. 


And this is an interesting possibility when you think about the experiences of OEF, OIF, OND, cohort, and service members. Depending on the study, estimates suggest that upwards of 80% of TBIs that occurred during these deployments involved the blast. This is also consistent with emerging literature around blast, and we've seen very consistent results across groups, across samples that blast, and blast TBI alter white matter integrity in the brain. And clear indications that it's the blast aspect that's important rather than the blunt force aspects. 


We've also seen similar results demonstrating effects of blast on brain volumes, again, suggesting that these effects are different between blast, and blunt force mechanisms. Sorry, I jumped to the complete end there. I apologize, let me just quickly get through here. I hope this doesn't make anyone have a seizure. There we go, okay.


Alright, my apologies. So we're talking about blast and its effect on different areas. And so this one, we were talking about, we've seen its effect on brain function, and functional connectivity. 


But again, this literature isn't quite as well developed as some of these other, other areas. And finally, we see a growing literature describing how blast increases the prevalence and severity of psychiatric disorders or psychiatric symptoms. And while this work is compelling, in humans its primary, primarily cross sectional. 


And this becomes really important when we start considering causality. So for example, we could have a blast TBI that occurred in a deployment context, and then maybe we could suggest that that injury is associated with changes in brain structure for some individuals. And that those structural changes lead to changes in brain function for some individuals. 


And finally, those changes in brain function produce behavioral phenotypes like PTSD or attention problems. But we could easily, just as easily, just as easily suggest that it was the behavioral phenotypes that occurred first resulting in chronic changes to brain function that then lead to structural adaptations. Or maybe the structural changes do result from the injury, and it's the associated PTSD and memory problems that lead to the changes in brain function. 


The real answer is actually, probably even more complicated than what I'm showing here. And I hope that what you take away from this is that deployment TBI that involve blast are associated with a number of outcomes, and that includes changes to brain structure, brain function, the connectome psychopathology, even cognitive problems. 


And at this point, we've identified these relationships but there's still work that needs to be done in order to understand the nature of these relationships, the temporal, the causative, causal nature of these relationships before we're able to leverage them to improve existing treatments, or even develop new ones. 


At this point, I do want to say that it's also important to remember that there is a lot of variability in outcomes here, especially following mild TBI. So we've identified that these relationships exist with blast, and with deployment TBI at the group level, but they're not present for everyone when we look at individuals within those groups. 


So some individuals may have changes to brain structure, or brain function, or develop PTSD. And there's overlap and interaction among these, these outcomes. But currently, we believe that the majority of individuals are likely to have no negative outcomes following a single mild TBI. 


So really, the biggest contribution we can make in this area is to understand those temporal and causal relationships. And that will inform for whom and under what circumstances blast exposure or deployment TBI can actually lead to these negative outcomes. Now finally, the difference we saw were most notable for individuals with a history of blast TBI and a current PTS, PTSD diagnosis. 


And remember, these effects were not present for those who had previously met criteria for PTSD, but no longer did. This really brings up two possibilities for me: One, the changes we're seeing in the connectome are markers of the presence of PTSD following a blast TBI; or two, these changes are associated with increased chronicity, or maybe treatment resistance to PTSD. 


Now, there's not really a lot, a lot of data regarding the PTSD treatment, and there's even less on the effects of blast. And so this does remain an area for future investigation. But to shed a little bit of light on it, we actually just approved proofs for a manuscript that is examining characteristics associated with recovering from PTSD. 


So, again, meeting that criteria previously in the past, but not meeting it currently. And when we compare those individuals to people who currently meet the diagnostic criteria for PTSD, one of the things we found was that the recovery wasn't related to TBI history. But we did see significant differences in the severity of blast exposure history. 


So while it's certainly not conclusive, and maybe it doesn't generalize beyond our combat exposed deployment cohort here, but it does suggest the need for further investigation. So I know we've covered a lot today. But before I go into the final part of the presentation, I would like to share a brief story about why this work is important. 


So I had a Veteran in my office a couple of weeks ago for a risk assessment as part of one of our research protocols. And as part of this assessment, he shared that he feels like everyone looks at him, and they see a perfectly healthy person, someone that doesn't have any visible injuries. And they really have the ability to do everything for themselves, and navigate the world without any problems. 


But this Veteran is diagnosed with PTSD, and he has a significant history of mild TBI, and blast. On that day, he happened to be late for his appointment. He had trouble finding where he was supposed to be, and he shared that that does happen frequently for him. He said he does have trouble concentrating and paying attention. And he described a lot of moderate to severe PTSD symptoms. 


He'd said he feels like he's having real problems, but they stem from these causes that no one can see. And as a result, people often feel like he's intentionally doing things like being late. He said, "I walked in late for an appointment, and I was missing a leg, or an arm, no one would give me a hard time. They would be super helpful, get me where I wanted to be. But because I look healthy, they treat me like it's my fault." 


And yeah, this is something that we know of and think of as the invisible wounds of war. And I was really able to share with him on that day that the work we've been doing to understand how PTSD, TBI, and blast effects individuals on these multiple levels, and really how we're learning to see these effects using functional neuroimaging. 


And I also shared with him some of our goals of utilizing these approaches in, like, a personalized medicine or precision medicine approach to address issues on an individual basis. So clearly, I wasn't able to solve his problems on that day but I was certainly able to instill some hope, and let him know that his problems would not always be invisible. And that was thanks, in part to the research he was participating in on that day. 


So to wrap up the presentation, I would like to share a few clinical implications and future directions for our work. Now, the first clinical implication of this work, and really our work, more broadly, is that blast history is important to the clinical picture. 


So our work suggests that individual differences and blast exposure history will be representative as differences in the clinical presentation. So increasing severity of blast history is likely to be associated with worsening outcomes. 


Now, future work in this area is, we really need to understand how blast history translates into this clinical presentation in a way that's useful at the individual level. Right now, our work is based on group comparisons. And as we showed earlier, they don't always perfectly replicate at that individual level.


Gaining a better understanding of the relationship between blast history and clinical outcomes would ultimately lead to better understanding of for whom and under what circumstances blast is an important contributor to the clinical presentation. And that could potentially even lead to the development of things like clinical practice guidelines for blast like the ones that exist for TBI now. 


The second area is, it relates to these quantifiable effects that we see of blast, of TBI, of PTSD on on brain structure, and brain function. And these conditions are clearly associated with biological differences, and these differences are still present over a decade after the event. 


And really, this strongly suggests that these events have effects beyond just the psychological. Also, the findings of the current study were strongest for individuals with both blast history and current PTSD, but again, not seen for lifetime PTSD. And this suggests that the findings, they don't represent premorbid risk factors: So they weren't there before the event or the condition, but rather, they're present while the condition is present. 


And this really means they potentially hold diagnostic value, and they may be expected to normalize following successful treatment. And again, as I mentioned earlier, we still need to understand how these changes are related to each other in this temporal or causal basis. 


And there's actually large multi-site studies like LIMBIC–CENC that are working on this, and they're actually beginning to provide some pretty incredible data. So in some ways, we may just need to be a little patient here. 


Finally, the amount of time that had passed since an injury was very strongly and consistently related to changes in the functional connectome. Since this was a cross-sectional study, we don't necessarily know if these changes represent normalization or worsening, but we can say that the presentation in the current study for individuals in the chronic stage of TBI is different than a presentation seen by other groups studying the acute stage of TBI. 


And this really suggests that these changes that we see at any point following TBI are are not permanent, but will continue to change over time. But most of this data is available, is from cross-sectional, and we really need to see it from the longitudinal studies. And that concludes our presentation. We do have references on slides following this one, and the slides are going to be available for download soon if you didn't already receive them.


We'll also link this on our research gates, and we're happy to send it directly to people that need it. And we can also send PDFs of our prior work if people are interested in that. 


We do want to acknowledge our funding organizations, and our collaborators who made this work possible, and you see them listed here. And with that said, thank you very much for your time and attention. And we'll take any questions at this point.

Unidentified Female:
Thank you both, very much, for this wonderful presentation. I see, we have a couple of questions here. Bear with me, this first one is quite long. Huang, et – et al, 2019, have reported on regulation of gamma-band activity in frontal posterior parietal superior temporal and superior occipital cortices. 


What are the functional consequences of enhanced gamma to be thought to be mainly local in connectomes? Can these gamma effects on the connectome be mapped to specific areas related to executive function? 

Jared Rowland:
Sure, that is a, that's a good question. So on some level, people generally do think of gamma, look at this as, as more of a short range communication. And so we could, we could certainly go back, and label all of these regions, and look at which ones were involved, had connections that were involved in a gamma bandwidth. 


And and look across everyone, and see where everything fell out whether it was in frontal or or parietal regions, and and what that would relate to? We didn't do that here. That that was a bit much for this paper. But it is something that we are actually working on going back, and doing, and seeing what we can, or we can parse out. So that that's actually something we're actively working on.

Unidentified Female:
Thank you. Our next question is, did you see any effects on resting power in the various _____ [0:51:32]?

Jared Rowland:
We actually haven't done that analysis yet. We jumped straight to this one. But that is again, it's, it's on the docket for us to get to that one.

Unidentified Female:
Great, thank you. How, how does MEG compare to fMRI in Veterans with a history of TBI?

Sarah Martindale:
I don't know that that work has been done? But that is something that we certainly could do.

Jared Rowland:
Sure but there, there, so I, I'm not exactly sure what the question was trying to get at. But if if we're talking about what's the difference in MEG, and fMRI, and how does it relate to that? I would, I would say that MEG and and fMRI really offer different perspectives on brain function. 


And so they're, they're useful for different things. And so I would say we we would want to use them both to understand, better understand what's going on.

Unidentified Female:
Thank you. This question asks, with your data, is it possible to rule out the possibility that blast TBI is a proxy for an injury that might typically be associated with more polytrauma or if it's psychological trauma, or collateral, collateral damage than non-blast TBI? 

Jared Rowland:
Yes, well, so for our – we do get some information about other injuries that occur as part of these experiences. I'm just trying to think if we actually could do that with our data or not? It might be possible, it might be possible to look at those that had physical injuries, and those that didn't have any other physical injuries. I'm actually, I think we'd have to go back, and see. 

Unidentified Female:
Great, thank you. Do the studies show any difference, differentiation between men and women?

Jared Rowland:
So for this one, we we did not see an effect of of sex on the outcomes. So it wasn't, it wasn't, it didn't relate to any differences.

Unidentified Female:
Thank you.

Jared Rowland:
But it's not really power to do that, though. We should say that, we didn't, we didn't balance across males, and females or anything like that. 

Sarah Martindale:
Yeah so we only had 22 women in in this imaging sample so we weren't powered, but there were no sex differences in analyses.

Unidentified Female:
Great. How does – how does history of blast effect severity of PTSD?

Jared Rowland:
So so the, what we've shown previously is that as the severity of that blast history increases, we see increasing severity of of PTSD.

Sarah Martindale:
Well, we see increasing severity of self-reported PTSD symptoms. However, we have shown that, well, I guess that blast and PTSD are both independent. So we do see that if there was a blast event, the more severe that blast event, the more severe someone is likely to report – the more likely someone's to report more severe PTSD symptoms.

Jared Rowland:
Right.

Unidentified Female:
In regards to direct brain activity as opposed to…. Sorry, where is that first? I think this is a follow-up question to the, "How does MEG compare to fMRI?" And it's says, "In regards to direct brain activity as opposed to cerebral vasoreactivity to brain activity." But I believe this is a follow-up to that last question.

Jared Rowland:
Yes yes, I apologize that I, I'm still not exactly sure how to answer that. But you're right, that is, they do, that is what they measure. They measure those very differently, so their very different ways of measuring brain function.


And maybe, maybe you're asking if they, if they find different results on outcomes? And but there si really not enough out there yet to say whether they find different results or not. When we look at the connectomes, and the network approaches, there's still just a handful of studies looking at this, and and PTSD, and TBI. 


It's growing, it's growing rapidly so I think that is, actually a question, which we should be able to answer in the next few years using some sort of, it's like meta analytic approach.

Unidentified Female:
Great, thank you. Given previous research, does suggest blast TBI is associated with poorer fear extinction, how do you think we can improve PTSD treatment among Veterans with history of blast-related TBIs?

Jared Rowland:
 It's a great question; I don't have an answer. Clearly, that, that cognitive change is something that that, kind of, stands out. But is it, is it a proxy for something else? I don't, I don't know. I would love to to be able to say we should do something with the networks, but I don't think I have enough evidence to say anything about that. Sarah, do you have anything about this?

Sarah Martindale:
I am not the clinician, just a scientist. Yeah. 

Unidentified Female:
Okay and we we have time for a few more questions. So how –? Let me see. I'm sorry. When recording MEG scans, do you have participant perform a cognitive test or is it resting?

Sarah Martindale:
For the data that we have presented today, it is all resting state. However, we do have the ability to have participants perform tasks in the MEG. Jared can talk a little bit more about specific ones, but the data today was resting. 

Jared Rowland:
Yes and that, really, and this was the rest, and it becomes exponentially more powerful when we start looking at tasks. And it's because we're able to measure brain activity, basically at the, at the speed at which it occurs. And so some of these very fast cognitive processes like inhibition, we're able to see with MEG in real-time. 


So one of the tasks we like to do is sensory gating. And that's a test where we, you present redundant sensory stimuli, and the the brain, the healthy brain actually gates out, or blocks out the second stimulus. Because it's redundant and it doesn't add anything. And it, and it, kind of, prevents your higher cognitive processes from becoming overwhelmed. 


And so that's a task we like to use to see if if there are differences in inhibition between groups? But we can also do more complex tasks. So we've, we've done tasks like the Iowa Gambling Task in the MEG. And this is an interesting task because it involves, kind of, learning and decision making over time. 


And so it's interesting to to be able to look to, to look at these networks early on, and at different points in that process as as they're learning more about the task, and making different decisions over time.

Unidentified Female:
Great, thank you. So it looks like that's all the time we have for today for questions. Dr. DePalma, do you have other questions?

Ralph DePalma:
Because I'd really like to thank you for this scholarly presentation. My comment is that we have four, perhaps four of these working in the VA, and I I had pointed out at the start that when I first came on board 12 years ago, it was pointed out to me that these connectome appearances improve with treatment of PTSD. 


And, of course, ultimately, the phenomenology and the technicalities are interesting. But I think that your group is remarkably well-positioned to look at treatment, and we really appreciate this scientific presentation. Thank you very much, Jared.

Jared Rowland:
Thank you, thank you.

Unidentified Female:
Alright, thank you so much. So we are at the top of the hour. Before I close out, Sarah, Jared, do you guys have any closing comments?

Sarah Martindale:
Just thank you for having us back, it's always nice to be here.

Jared Rowland:
Yes absolutely. 

Unidentified Female:
Alright, thank you so much, again, for putting together this wonderful presentation. To the audience, when I close the meeting out, 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 Cyberseminars. 


Also, join us next month for our session on recent advances in neuroimaging of Veterans with mild traumatic brain injury, self-concussive exposure, and posttraumatic stress disorder on April 26th, at 2:00 p.m. Thank you, everyone, and for joining us for today's HSR&D Cyberseminar, and we look forward to seeing you at a future session. Have a great day, everyone.

[END OF TAPE] 
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