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Dr. Ralph DePalma:  Yeah, it's a pleasure today to have Christine Mac Donald, who is associate professor in neurological surgery at the University of Washington School of Medicine in Harborview in Seattle.  She's the principle investigator of the Evolve study, a perspective observational longitudinal research study following service members from the point of injury out to now a five-year outcome.  Christine?

Dr. Christine Mac Donald:  Thank you!  And thank you all for logging in and joining us today and for the opportunity to speak on behalf of the study.  I'm going to actually [inaudible 00:38] briefly back over to Molly as we have a poll question we'd like to ask.

Molly:  Thank you.  So for our attendees, as you can see on your screen, you do have a poll question at this time.  We would like to get an understanding of what is your association to VA Health Care System.  Are you a student, trainee, or fellow; clinician; researcher; administrator; or other?  And please note we do recognize that you probably wear more than one hat in your VA position, but we're looking for your primary role.  And it looks like we've had about three-quarters of our audience respond, so I'm going to go ahead and close the poll out and share those results.  As you can see, we have 6% of our respondents saying student, trainee or fellow; 66% of our respondents reporting as clinicians; 17% researcher; 4% administrator; and 8% other.  So thank you to those respondents.  And Dr. Mac Donald, I will turn it back to you now.

Dr. Christine Mac Donald:  Thank you so much!  Just want to confirm if I move my mouse around, is that also, does that...

Molly:  Yeah, we do get to see it, so it'll be very helpful for your many charts and graphs and such.

Dr. Christine Mac Donald:  Okay.  Well, here's my disclosure slide just real quick.  The results that I'll be talking about today have been funded by a variety of studies, funded to both myself and a colleague of mine who started this, Dave Brody, working with him prior to my transition to Seattle.  

To jump right in, the kind of motivation for these studies really started with a challenge that we all face.  There's nothing wrong with this, but it's just difficult sometimes when we have to start studies where we're limited by a single time point evaluation and that when we're trying to ascertain and understand implications of exposures to outcome, it can be challenging when the information is based more on self-report event years prior.  And so to us there were still questions about things like imaging characteristics and clinical outcomes and how that might evolve or resolve over time if we had the opportunity to follow folks longitudinally.  And you know, does that impact somebody's long-term outcome when we're talking about combat concussion.  You know, supposed to be the mildest of the mild.  

And our potential solution through kind of a unique series of events was to form collaborations with Landstuhl Regional Medical Center in Germany, Kandahar Airfield, Camp Leatherneck, and then academic universities in the United States, and do exactly that, follow the very same patients essentially from the point of injury in combat out to one-year and now five-year outcomes.  And it's also been a unique opportunity to evaluate individuals as they progress and separate from active duty and progress into the VA Health Care System. 

So the objectives were fairly simple, which was to try to appreciate the long-term effects of these combat concussive injuries sustained during deployment and to do so using imaging, specifically advanced MRI imaging, and measure the clinical outcome.  And our hypotheses, generally speaking, surrounds the ability to appreciate these functional trajectories by leveraging multiple time points of evaluation and that the hope would be that that could guide new recommendations about clinical management and therapeutic intervention.  

So this slide summarizes for you much of the details of the study design.  In the interests of time, I won't belabor many of these points.  I will draw your attention to a few key aspects, excuse me, before moving on to the next slide, which is just that when we talk about patients in the studies, keep in mind that all of the participants in the concussion group met the Department of Defense definition for mild uncomplicated traumatic brain injury.  And then another important point that we'll come back to a few times is to note that part of our exclusion criteria was specifically to exclude people that had previous major brain injuries including severe brain injury, anything above a concussion essentially, and also that we excluded individuals that had prior psychiatric diagnoses, trying to really drill down to the impact of in-combat exposures or exposures from the point of injury and then things that might materialize onward.

So this slide shows you the consort diagram of who we've seen and where.  I had the honor of working at Landstuhl in Germany from this 2008 to 2013 timeframe with amazing group of individuals there doing these early studies looking at, in this study one, two, and three, medically evacuated combat concussion in comparison to a variety of control groups that we'll go into in a little more detail in future slides.  And then also working with a colleague for study four at Kandahar and Camp Leatherneck where we were able to evaluate non-medically evacuated combat concussion individuals who were treated in theater and returned to their unit.  We then followed them, as many as we could.  I, at the time, when we started this, was at Washington University in St. Louis, not to be confused with University of Washington where I am today.  That was a tough transition I admit.  I still make the mistake on the paperwork.  But we tried to get back as many as we could for what ended up becoming approximate one-year follow-up.  And then to repeat that now in Seattle, and we have a little over 250 that have already made it all the way out to approximately five-year follow-up with us.  And these studies are continuing through funding from the Department of Defense and the NIH.  

So for part one of this presentation we'll briefly go through, kind of hit the highlight wheel, if you will, the findings from in-theater evaluation of non-medically evacuated blast TBI service members.  So these are combat concussion individuals treated in theater, not evacuated, and returned to duty.  

The findings from this initial evaluation were summarized in a paper.  I'm trying to give the publications as I go here.  So if you would like further information about the details, you can look up those publications.  Happy to send those out as well.  And what we found was the following.  On the imaging front we used, I'm going to flip back just real quick.  This are the, this is an actual photo of the scanner at Kandahar that we used.  

And with the imaging that was collected at that time, we did a variety of sequences for standard structural conventional MR imaging.  And those were, in fact, unremarkable for evidence of pathoanatomic lesions that we would think that would be consistent with brain injury.  However, when we did collect advanced neuroimaging techniques specifically, this Diffusion Tensor Imaging approach, and I can give whole lectures on that, but in the interest of time I'm just going to make that note and happy to explain more about that to those who are interested.  But we did find abnormalities, interestingly, in that first zero to seven days that were in line and suggestive with axonal disruption that were not appreciated on conventional MRI that was acquired at the same time.  I do have a note here that not all scanners are created equal and that's a whole discussion itself as well, but just to keep in mind that, you know, we used, we used what was there and that was a 1.5T Philips scanner and that, you know, with more modern technology it is likely that some of these findings may in fact be more pronounced, and we absolutely acknowledge these limitations in the publication.  

But in short we did find imaging findings in this very acute timeframe that had not been previously appreciated.  When we look at the clinical assessment measures collected zero to seven days, again in theater, we see that there is a distinction, quite a bit of a distinction between post-concussive symptoms and measures of mental health surprisingly, with also a significant difference in balance collected by the BESS.  The controls, again, are combat deployed individuals screened negative for head injury, negative for history of head injury, negative for history of psychiatric diagnosis, and so on.  But we felt it was important to control for environment, so these are all individuals who, again, deployed to combat.  The square block down here are actual, what we refer to as Delta-ANAM Scores.  And we were fortunate enough to have pre-deployment baseline information on all of these patients and participants, and so what you're looking at is comparisons of the ANAM collected in the same individual in theater compared to that person's baseline ANAM.  And across the board we see substantial worsening performance in the combat concussion group across all of the measures on the ANAM.  No surprise.  Again, zero to seven days after a concussive injury.  

And then when we talk about clinical correlates of return to duty, interestingly there didn't actually seem to be much in the way of correlation to return to duty and severity or extent of loss of consciousness versus alteration of consciousness.  But there were significant relationships between the extent of post-concussive symptoms, again, changed in reaction time on the ANAM, as well as measures of post-traumatic stress and depression collected, again, in that zero to seven days as it pertained to return to duty.  

So in just kind of a brief summary, again, we're kind of hitting the highlights of a few of these studies.  This part one as far as in-theater findings, what did we identify when we're looking at combat concussions zero to seven days in theater.  We did see that the blast concussion patients had more severe symptoms of depression, post-traumatic stress, in addition to post-concussive symptoms, impaired balance, cognitive dysfunction, all in line kind of what we expect of early effects of concussion.  And just to note that, you know, when we actually looked at the baseline measures of ANAM, there were no differences.  So this informs that, you know, that change would at least be more associated with something that happened during deployment if not the concussion exposure itself in our concussion group.  

While blast concussion patients that sustained loss of consciousness versus alteration of consciousness did take slightly longer to return to duty, there were much more strong correlates with, of return to duty with post-traumatic or post-concussive symptoms, symptoms of depression and post-traumatic stress, and then that reaction time measure on the ANAM.  

And interestingly, the advanced neuroimaging actually also was informative and revealed areas of abnormality that we think of as being consistent with injuries that were not appreciated on conventional imaging that was acquired at the same time.  And kind of coming out of this was well, okay, you know, from the civilian literature we would expect that, you know, the majority of these folks would make a full recovery by one year.  You know, sure.  First seven days a lot of folks have cognitive deficits and symptoms.  What happens when we look at them a year down the line?  

And so for that, we'll turn to the second portion of this presentation where we'll talk about the findings that we identified at approximate one-year follow-up in non-medically evacuated blast concussion individuals who were, again, treated in theater and returned to duty, completed their deployments.

Little spoiler alert here, these findings were published in BRAIN and the title of the paper kind of gives it away where we see acute post-traumatic stress symptoms and age, interestingly, predict outcome in this group.  

So going through some of those results, what did we find when we look at measures of global disability?  And in particular this is a, the Glasgow Outcome Scale extended.  We do see that a significantly greater number of those combat concussion service members are in the moderate to severe, this category here of disability in comparison to the combat deployed controls.  Also note that it's not that the combat deployed controls are completely within the good recovery range as well.  We do have some in that lower disability category, but across the board just initial first pass.  This was a little surprising to us given how mild of these injuries these should have been and how much we would expect people to recover over this timeframe.  

When we look at cognitive performance, we actually don't see any significant differences in cognitive performance.  Again, we looked at 10 neuropsychological test measures.  But when we did a secondary analysis where essentially what we're doing is pulling out and counting the number of tests that by patient they would be abnormal on, we do see a subset of the blast concussion group who have long-lasting cognitive deficits.  And that is a significant value that was far greater than what we would expect by chance for that group size.  But cognitive performance across the board was largely normal.  

When we looked at symptoms of mental health, we used two structured interviews, clinician structured interviews for depression, the Montgomery-Asberg Rating Scale and the clinician administered PTSD scale.  At the time this was DSM-IV for those who are interested.  We do see a significantly greater number of combat concussion patients that have more significant depression and PTSD symptoms elevated at one year in comparison to those controls.  Interestingly, there was not a difference in sleep.  And when we look at subdomains within the PTSD measures that we collected, which in this case was the CAPS, we see that re-experiencing and reliving as well as the panel C here and hyperarousal, hypervigilance seem to be particularly affected in this group at this approximate one-year timeframe.

When we looked at predictors of poor outcome, again, this gets to our interest in trying to do these longitudinal studies, leverage data that we previously collected.  When we consider all the measures at each time point, you know, again assessments for cognitive performance, post-concussive symptoms, mental health symptoms, combat intensity exposure, and then measures like numbers of deployment, previous deployments, numbers of prior concussions in the TBI group only where it was allowed, you know, patient demographic information. Really the top models largely included measures of mental health that best predicted poor outcome as evidenced by a global measure like the Glasgow Outcome Scale Extended.  

And panel A shows you that if we just used information that we collected in combat we do a decent job actually for an area under the curve if we just had PCL-M, the PTSD checklist, the military version, diagnosis of head injury and then older age.  And then what’s interesting is that when we looked at the associative effects of things at the same time, we see a very nice area under the curve again with our measure of PTSD, our measure of depression, combat intensity, and again older age holds on.  

And then the best subset combination of the two limiting the number of variables so that we don’t have issue of model overfitting, we see that again most of it is actually surprisingly mental health.  Or at least this was a surprise to us at the time as we were thinking more about kind of traditional head injury and cognitive deficits as being more lasting symptoms when we have more significant head injuries.  

But with blast concussion, to summarize these one-year outcome findings, we did, we were kind of surprised to see that the concussive blast service members treated in theater faired quite poorly at one-year outcome in comparison to the combat deployed controls across a variety of measures and that the predictors, the best predictors of poor outcome seemed to be measures of post-traumatic stress, the diagnosis of concussion itself, and also older age.  And those, as mentioned, kind of surprised us to see a considerable number of non-medically evacuated, you know, supposed to be the mildest of the mild service members not completely recover one year following injury.  And so this kind of led us to, you know, ask questions about, you know, well, how did these folks compare to medically evacuated combat concussion where certainly things should be more significantly worse or potentially significantly affected.

I also take pause just to note that I acknowledge many of these slides are quite tech heavy.  It is expected and I, it’s lovely if you can hang around with us the entire time through, but for the purposes of documentation, if you want to go back to these slides, I’ve added quite a bit of text just to help try to guide us.  There’s a lot of information and to try to help guide anybody going through this in the future.

So transitioning to Part 3, talking about the medically evacuated service members, what did we find?  Well, our initial paper of the imaging findings was originally published in the New England Journal of Medicine, and in it we describe imaging findings both from scans collected in Landstuhl and also scans collected at that one-year outcome time point.  

And I confess I was the personal driver, I was the hands scanning also in Landstuhl.  The folks in trauma surgery were phenomenal.  They said you can come, you can do this, but it’s a busy place.  We probably can’t give you a lot of support.  And the folks in Radiology took us in as well, were extraordinarily supportive of this, allowed us to come in and do this.  So I really can take personal responsibility for quite a few of these findings.  So if there’s something wrong, let me know.  But in Landstuhl, again, in kind of a common theme is what we’ve identified.  In Afghanistan as well, we did see that the conventional imaging, again, the MRI collected at the same time was unremarkable for any indication of pathoanatomic lesions consistent with brain injury.  No microhemorrhage.  No contusion, etc., etc.

However, when we do scan with advanced neuroimaging techniques and use this technique again called Diffusion Tensor Imaging, we identify a variety of regions of abnormality that were consistent with white matter injury.  Shown on this slide are a few of these regions including the bilateral cingulum, middle cerebellar peduncle, and regions of the orbitofrontal white matter.  And although it is nice to see a nice significant group effect, I add this slide in to remind all of us that a clinician is not going to be seeing a group of individuals.  A clinician is going to be seeing a single patient and having to make a decision about that single patient sitting in front of them.  So one of the things that we’ve been trying to keep in mind all the way through is do we have sensitivity on the single subject level or on the per patient level.  And in fact, we do.  

This panel here of images shows you a comparison and contrast in the diffusion metrics and then structural images also acquired at the same time for both a control participant and a blast concussion patient.  And then the white dotted lines basically are these line profiles shown here for, as an example, cingulum bundle, the middle cerebellar peduncle, and the orbitofrontal white matter.  And we do have results that appear to distinguish at the single subject level.  And then also using a technique that’s more flexible to the heterogeneity of brain injury where we count the number of abnormal regions per patient, we do see a significant difference, lending support for, again, the clinical relevance of this type of quantitative method if it was ever going to be used to assist clinicians in making decisions about patients. And that this concept of flexibility to the heterogeneity of brain injury should be noted that, you know, many of us, you know, if you’ve worked with brain injury patients, you know no two brain injury patients are alike.  And you would never expect that the same region in the brain would be consistently injured across all participants, all patients with head injury.  So this allows us to look at that heterogeneity in a way that may be clinically useful.

So when we compare the scans collected in Germany, noted here as initial scans, and so now for Medevac, you know, we’re about two weeks out, so we kind of consider this the end of that subacute timeframe, if you will, to the scans that we collected approximately a year out, which was this on average eight and a half months, we actually see something quite interesting, which is we see an evolution not resolution of DTI abnormalities.  The data shown here is an example for the cingulum bundle where we see consistent reductions in anisotropy, this DTI metric of the overall asymmetry of diffusion within the axonal, for example, in the white matter.  And then what’s interesting is that when we compare the initial to the follow-up, we see that the patterns of some of these other DTI metrics changes.  And this can actually be informative to assist in determining the timing post injury.  And many folks are looking at this now to see if this and even higher order models of diffusion are, in fact, more sensitive to not just injury but timing.  And so this was kind of a surprise to us to see this kind of evolving signal changes not resolving.  

In parallel to the imaging findings in this medically evacuated group, we also had a variety of publications that have come out looking at the clinical outcome findings.  And I’ll highlight a few of those for you here today.  

To compare to what we’ve talked about previously with the non-Medevaced group, we here show the global outcome again, the global disability compared to Medevaced blast concussion to the controls.  And what’s quite interesting is that when we go back and we look at, for example, a measure of concussion symptoms to vary, which in this case in Germany we collected the MACE, that the majority of these individuals were actually above the, you know, usually the 25-point threshold for symptomatic concussion.  But that, again, when they get out to a year, surprisingly quite a few faired quite poorly not only in global disability but also with symptoms as it pertains to post-traumatic stress.  Again, here’s the CAPS Score for PTSD severity and also for depression as well.  

Interestingly, when we again looked at that comparison of the cognitive test using those same 10 neuropsychological test measures, they were normal again across groups.  And so we thought gosh, you know, I wonder if this is something that’s specifically related to blast concussion.  At the time, there was also a lot of question about whether or not blast brain injury should be kind of its own classification of head injury.  We’ve never had a brain injury classification that was mechanistically based.  It’s always been closed head, penetrating, etc.

So for that, we actually did directly compare concussive blast to concussive non-blast brain injury all, again, sustained in combat in a paper that came out in JAMA Neurology a few years ago and looked head to head at their outcomes.  

And this slide summarizes again starting with global disability, the Glasgow Outcome Scale Scores, Glasgow Outcome Scale Extended Scores, excuse me, for these groups.  You will note that there are actually four different groups now shown here for comparison.  What we, in fact, did was look not only at concussive blast TBI here but also concussive brain injury from non-blast mechanisms.  So these individuals, again, and for the most part in combat it was blunt head trauma that showed up in this group and they had to have not have a history of blast head exposures.  And now there’s two control groups that we’re looking at; the non-blast controls and then this group that we are calling blast-exposed control, to try to understand if there were any “sub-concussive” or sub at least diagnosis level effects of blast exposure.  

Those individuals were clinically evaluated by individuals at the TBI centers just like the blast concussion patients.  And they were, these folks were deemed to be free of signs and symptoms of any type of head injury.  Again, no history of head injury, no history of psychiatric diagnoses, etc., trying to get them as close as possible to the control group.  It’s just this group endorses a history of blast exposure.  And as you can see, there’s no difference in overall global disability between the blast and non-blast combat concussion group at one year, although there are significant differences in the disability as we previously observed comparing both concussion groups to the controls. 

So this slide is very busy, but again something to come back to at some point if there is more time, but to summarize the comparisons of blast versus non-blast concussion at follow-up.  Across the board, again, cognitive performance was largely normal.  We did see, like we did before, subsets of both the blast and non-blast combat concussion patients having sustained cognitive deficits and in fact that was significantly greater than expected, what would be expected by chance for those groups.  

Interestingly, both the blast and non-blast concussion service members exhibited some significant impairment, including impairment on measures, for example, of headache.  This is the Migraine Disability Scale.  We also did this with HIT-6 and it's the same result.  Again, with measures of post-traumatic stress, also measures of depression.  And so across the board, and these are just, you know, a few of the examples.  But looking at all of our outcome measures we did not deserve, or we did not observe a difference in clinical outcomes between blast and non-blast combat concussion.  

Interestingly, throwing in that blast control group actually seemed to be worth a look in the end because we do see some distinctions, both in measures of post-traumatic stress as well as in headache, between the blast exposed controls and the non-blast exposed controls, something that we are following up with now in the later time points.

We always get questions about combat intensity and how much does combat intensity impact severity of post-traumatic stress.  We did in fact collect the Combat Exposure Scale on all of our service members.  And here is actually the one particular variable that you do see a distinction between the non-blast TBI and the blast exposed.  And much of this we believe, and in taking the histories with these folks, just largely deals with the fact that this group was much more likely to go out on convoy, go outside the wire.  Unfortunately, lots of folks in here with blunt head traumas [inaudible 28:24], just accidents that happened.  And what's interesting about this is that this relationship between combat intensity exposure, and for us, measure post-traumatic stress through this clinician administered PTSD scale, did show significance in both of the control groups but not in either of the combat concussion groups.  

We take from this that the relationship in combat exposure and PTSD severity appears to be differentially related when you're thinking about combat concussion compared to controls.  And that in the presence of these combat concussion exposures something, and we don't probably have the time to completely go into this today, but we've looked much more at this in recent years, something changes and the brain injury seems to be impacting the PTSD symptoms in ways that are independent of the intensity of the combat exposure.  This was quite a surprise to us to see this, and we thought about this a lot and tried to see if there was just something that, you know, we were doing wrong with the data.  And over and over this was the resounding result.

So as far as medically evacuated, and in this case medically evacuated blast and non-blast concussion, when we look at the kind of subacute to one-year outcome, we do see again this newer imaging method, DTI, identifying regions of abnormality consistent with white matter injury at both time points.  And as mentioned, it was interesting that it appeared to kind of evolve not resolve over time.  And that both of the concussion groups, surprisingly to us, we thought that there would be more recovery, faired quite poorly at one-year outcome on measures of overall disability, in particular post-traumatic stress, depression symptoms, headache, even with neurobehavior.  I know I don't have time to show that here today, but it's in the papers.  While largely cognitive deficits were resolved with the exception of a subset of patients as evidenced by the graphs showing expected versus observed.  And that combat intensity exposure didn't actually correlate with severity of post-traumatic stress in either of our concussion groups.  But the correlations were observed in combat deployed controls.  

So this gets us back to our original question of well, so are there really differences in clinical outcomes when we compare medically evacuated to non-medically evacuated combat concussion patients?  

And for that we'll turn to Part 4 of this presentation where we'll talk briefly about the comparison of clinical outcomes looking head to head, comparing them head to head in combat concussion.  

And just as a brief reminder, so what that is, is that's looking at these four studies now at just this time point.  Now there's a lot of data we're going through very quickly today, and I apologize for that.  But I thank you for hanging on with me through this whirlwind.  So keep in mind as we go through, and I'll try to make sure to comment upon it, that studies one through three were all medically evacuated.  And study four is the non-medically evacuated group.  

So off the bat, how did they compare in concussion severity?  Well, we did have the MACE collected at both the in-theater time of enrollment and for the folks who were Medevac in Germany at the time of enrollment.  And you can see across the board there are no significant differences in the MACE scores across any of the TBI groups.  However, there was absolutely significant differences in the number of individuals with systemic injury as evidenced by the ISS score.  And no surprise, there was a greater percentage, although it wasn't the entire group, but about 14% of studies three and about 23% of study one and two did, in fact, have an ISS score greater than zero.  Here are the mean ISS scores, which again, in the world of polytrauma aren't life, completely life altering but definitely do speak to more significant extracranial injuries than, of course, in study four.  None of them actually had any ISS Scores of any kind.  

But when we look at global disability head to head across these four different cohorts, we see that across the board there is a much higher percentage of individuals in every single study in this moderate to severe category.  Here are the percentages by group.  Again, study one through three medically evacuated.  Study four non-medically evacuated.  And then here is our non-blast TBI group as well.  And so, you know, from the stats at least there's no distinction that we could find in global disability between blast and non-blast TBI.  So that's the one through four in comparison to this guy here.  There's no distinction that we could find between the medically evacuated, one through three, and study four.  Although interestingly, again, this blast control group that we ended up having in two of our four cohorts did start to pull away even on global disability in comparison to the non-blast controls.

I put this information on the slide just as a point of comparison.  This is from the TRACK-TBI study including patients with polytrauma, those with mild TBI, again, how many fell into the moderate to severe range.  They're reporting numbers only up to about a third whereas these across the board are considerably higher. 

When we talk about depression and PTSD, again comparing across the board, you know, the common theme arises that, you know, for these data, for these distinct groups we see that combat concussion is just repeatedly worse.  The dashed lines indicate the cut-off from moderate to severe by the clinical criteria for each of these measures.  And you can see a large portion of these groups do, in fact, fall above that line.  There is absolutely a step-down a little bit here that we do see.  Unfortunately there, it doesn't reach significance with the amount of distribution across these groups, but we do comment in this particular paper about a slight improvement that may happen.  But again, we would have expected to see a greater distinction just off the cuff between non- Medevaced and Medevaced combat concussion.  Also, there's no distinction between that blast and non-blast group.  And again, this blast control group seems to kind of be pulling out from the non-blast control in both measures of PTSD and depression.

As far as cognitive performance, across the board we did not see any group level differences in any of the groups.  However, using our approach of trying to go in by patient or participant and say, you know, how many tests did you fall outside of range on, we do see that there is a significant subset of both evacuated and non-evacuated combat concussion individuals.  But there's no difference in these comparisons here.  And interestingly, there's a slight pull-out of cognitive deficits in our blast controls, which was, again, quite surprising to us.  And that that is all greater than what would have been expected by chance for each of those group sizes.

So in this kind of summary of looking head to head at medically evacuated versus non-medically evacuated out to one-year outcome, we see that essentially the clinical presentation of these groups is largely indistinguishable.  And that was quite a surprise to us.  And that repeated across four distinct cohorts.  All of the concussion groups faired quite poorly or much more poorly than we would have expected at one-year outcome on many measures.  And that in two cohorts where we had this blast exposed control group, those were actually also found to be significantly, faired significantly more poorly than the non-blast exposed control suggesting, you know, maybe there's something about the sub-concussive impact of exposure.  Maybe there's something about just their experience in combat that makes them different than the non-blast exposed controls.  But they were certainly distinct.

And so our hope was to say, hey, gosh, if we looked about to see whether or not these findings resolved at longer term outcome, that hopefully that we would see further resolution.  So we decided to do exactly that.  But in fact that we looked at outcome about approximately five to seven years out using clinical outcome measures again and the neuroimaging and compared them to initial findings.

So the first part of this section, and I'm just trying to be cognizant of time here and this is great.  I'm trying to leave about 15 minutes for questions.  We'll go through this briefly.  It's just to tell you that we have had a couple papers come out already from our current efforts to evaluate those at long-term outcome.  

The first paper here summarizes the imaging findings and compares it to previous evaluation.  Again, at the group level we do see significant differences in a variety of regions.  However, when we look at volumetrics, we actually don't see any difference, which is good.  This is suggesting that there isn't, you know, gross atrophy that is occurring over this time period.  

But then in contrast when we look again, using our ability to appreciate the heterogeneity of brain injury and counting up the number of abnormal regions at the single subject level, we find that 74% of those concussive blast TBI individuals that we've been carrying all the way through are showing reductions in anisotropy indicative on chronic brain injury at this five-year outcome and that this is highly significant and different from the combat controls.

As far as predictors of imaging outcome, leveraging the early data that we have collected in the acute and subacute as well as the one-year timeframe in addition to, and it should be noted, this model also included in-between effects as we call those.  Because obviously a variety of things that could happen, could happen between seeing them at one year and seeing them at five years.  They could have had more head injuries.  They could have had further changes in medical diagnoses.  So even including what we call the in-between exposures, the best predictors for imaging outcome actually were determined to be concussion diagnosis from the acute phase.  Again, this theme that keeps popping up of older age at the time of injury, verbal memory performance at one year, verbal fluency performance at one year, and that's with best predicted, this long-term imaging outcome with pretty good prediction strengths.

Switching gears and talking about the clinical findings at this same long-term follow-up.  We just had a paper come out in JAMA Neurology linking the early clinical predictors of this five-year outcome and specifically looking at the concussive blast group as our point to start.  

This slide summarizes the global disability now at five-year follow-up in these individuals where we see that largely across the board overall disability and quality of life are still significantly impacted in this concussive group compared to combat deployed controls.  And that when we compare the exact score in the very same patient from one year to five year, we see that 11% of combat deployed controls and 72% of those blast patients experienced a substantial decline by five-year evaluation.  Again, a lot of this was quite a surprise to us.  And this was defined as falling into that moderate to severe range while previously being in the good recovery range or if they were at moderate severity going down to severe disability.

As far as mental health at five-year outcome, concussive blast TBI patients were showing significant elevations in a variety of different mental health assessments, both clinician administered with the CAPS and MADRS again, and in addition to, we gave them questionnaires.  We had some internal comparisons we were looking at as far as looking at self-administered questionnaires versus structured interviews.  But across the board there were substantial elevation in symptoms still sustained at five year, approximate five-year follow-up in measures of post-traumatic stress, depression, anxiety as noted here.  And now in contrast to before where we did not see differences in sleep impairment, we do now see a significant difference in sleep impairment comparing our concussive blast TBIs to our combat controls.

Interestingly, alcohol use and misuse was not significantly different.  And then again using the richness of this longitudinal dataset comparing the PTSD data, for example, the CAPS scores specifically in the very same participants, we had 21% of our controls and 38% of our concussive blast patients show significant worsening of symptoms.  And that was defined as a step point scale.  I believe it was 10 or 20 points difference because, you know, one point difference we don't call.  We wouldn't say well, that's significantly worse.  They had to fall in kind of to a new category.  And the same thing with depression; about 20% actually had substantial exacerbation of depression symptoms over this very same time period.  

One of the kind of take-homes for us that was just really sobering was that when we did the history of treatment, 41% of controls and 80% of concussive blast patients endorsed seeking help for the mental health symptoms while only 19% in each group, approximately, found sustained resolution.  And that was, that was a big surprise to us.  We've been looking at that very closely.  Unfortunately that's holding as we evaluate more and more folks at this time period.  But an important finding, we think, from these studies.  

As far as predictors of poor clinical outcome, leveraging the data again in existence previously on these same individuals from the acute, subacute, and one-year follow-up, also including those in-between exposures, if you will, the predictors of poor outcome as evidenced by the GOS-E, again a global outcome, global disability measure, were determined to be concussion diagnosis, neurobehavioral symptoms, motor strength, pre-injury intelligence, and verbal fluency.  And again, with an area under curve of point 92, indicating excellent prediction strength.  

So as far as the comparison from one-year to five-year outcome, we are absolutely still running these studies.  Of course there are still things for us to do.  But what have we found thus far?  About 74% of the concussive blast TBI patients had reductions in anisotropy indicative of chronic brain injury while conventional imaging was largely normal.  And that as far as the clinical outcome was concerned, a poor outcome was best predicted, or excuse me, the imaging outcome, poor imaging outcome was best predicted by concussion diagnosis, older age at time of injury, and one-year verbal memory and verbal fluency performance.  

Many of our concussive blast service members experienced evolution not resolution of symptoms from this one-year to five-year follow-up, with 72% having worsening global disability, 38% worsening PTSD, 20% worsening depression.  And the big one for us when we look at just the blast group, blast concussion group, again 80% sought assistance with mental health.  It's not for lack of trying.  They're seeing you guys.  They're completing that treatment.  But then when we ask about sustained resolution, a much smaller percentage, only 18% say that they have sustained resolution and that the treatments helped.

Predictors of poor clinical outcome included diagnosis of concussion, pre-injury intelligence, and one year neurobehavior, motor strength, and verbal fluency.  And for neurobehavior, again, we didn't have the time to go into it in detail, but we specifically used the Neurobehavior Rating Scale-Revised, which is a structured, clinician structured interview, has 29 domains that measure neurological, cognitive, and mental health function.

So where are we at with the EVOLVE study?  Well, boy, these new imaging methods seem to be worse and seem to be worse at multiple different time points where we do not see conventional imaging changes.  We do see DTI changes in theater following medical evacuation at one-year and at five-year follow-up.  We were surprised to see that combat concussion seems to worsen from one-year to five-year follow-up.  And we are absolutely following up the studies in additional individuals in our other cohorts that there's something about that concussion that exacerbates symptoms of mental health.  And we've seen this repeatedly across four independent cohorts now.  

Some points of comparison to keep in mind, we didn’t see any difference, so no difference between non-medically evacuated and medically evacuated  concussion at one-year follow-up on measures of clinical outcome.  No difference between blast and non-blast concussion, and surprisingly a difference between those with blast exposure who were controls and those without blast exposure, and again, this just large percentage of individuals seeking help but a much smaller percentage with sustained resolution.  

So at this point it appears for us, and what we’re seeing is that the majority of these folks actually exhibit evolution not resolution of symptoms from one-year to five-year follow-up and that at least from what we’ve, you know, could find in the literature that this seems to, you know, suggest a greater impact specifically on long-term outcomes than previously appreciated.

I would like to leave you with one last comment, and then I will put up my acknowledgment slides and thank the many, many people that have helped me along the way to do these studies.  

The public health impact and rising cost.  If we go back and actually look at previous conflicts and where did we actually see the peak disability payout for compensation, it often happens decades down the line.  And maybe all of you listening in on this know this already, but I think we kind of forget this, that you know, there’s actually probably a lot to come.  And so there’s a, I think an urgency on all of our parts to do as much as we can, learn as much as we can, think about it as much as we can now because I humbly believe, my opinion, not the opinion of Department of Defense or the NIH or my institution, that the true cost and the impact is still yet to be appreciated and that, you know, it’s amazing how much we can sustain life.  But now we have individuals who have decades of life to live out, with often these debilitating effects of brain injury mental illness, and although we’ve done an incredible job of decreasing mortality, morbidity rates have substantially risen.  And so I humbly believe that our folks should really be on long-term quality of life.  And so I truly feel honored to have been provided the opportunity to do these studies.  

I don’t do these studies alone.  It’s been incredible to lead these amazing teams of individuals, working with folks in Landstuhl, Kandahar, the original team with Dave and work that we did in St. Louis, my current team here.  And with that, I will leave you with a list of references if any of the papers that, those reported here today and also just a complete list from our group.  And if we have time, happy to take any questions.  And thank you so much for holding on!

Molly:  Thank you very much for the excellent presentation.  We do have lots of pending questions.  For those of you that joined us after the top of the hour, to submit your question or comment please use the question section of the GoToWebinar control panel on the right-hand side of your screen.  Just click the arrow next to the word questions.  That will expand the dialogue box and you can submit your question or comment there.  

The first question that came in, has any research demonstrated a dose response relationship between objective injury and severity variables, for example, duration of the loss of consciousness, duration of post-traumatic amnesia, etc., and the degree of fractional anisotropy.  I’m sorry.

Dr. Christine Mac Donald:  That’s okay.  That’s okay.  So you know, to answer that question, of the literature that I’m aware of, and I admit I probably don't know everything that’s out there, but of what I’ve read, you know, there’s definitely pre-clinical models to suggest and support those claims in human.  There’s certainly support for more significant head injuries causing more substantial changes on DTI.  The specific relationship between loss of consciousness and those is less supported.  

Certainly in our work and work by others, we do not see a specific relationship as shown in those papers between loss of consciousness and the DTI abnormalities.  And I guess [inaudible 49:47] that didn’t make it into this presentation.  My apologies.  But for example, the return to duty.  But there’s, it’s kind of a mixed bag is the short story.  I know we’re short on time, but pre-clinical work was certainly supported, less supportive in the clinical realm.  Yes, there are some papers out there.  Part of this is also the technology is still developing, so perhaps the better we get the more we’ll be able to identify that.  But loss of consciousness specifically to DTI measures doesn’t have as large of a literature to support it as just brain injury diagnosis or concussion diagnosis specifically I should say.

Molly:  Thank you.  There was a second part to that, but you may have already covered it.  So how is this related to objectively measured neuropsychological deficits in relation to objective injury variables like fractional anisotropy.  

Dr. Christine Mac Donald:  Yeah.  So that was all the neuropsych stuff.  Boy, you know, we looked.  We looked hard for neuropsych and we did not see relationships between the neuropsych measures as much as we did the mental health measures.  And some of them, as you saw, like for example, in the neuro image clinical paper verbal, and I can go back to that if I’m still live here, an exact result that speaks to that is this.  So verbal memory and verbal fluency certainly came up.  But across the board there wasn’t as much as some of the other measures.  So you know, we’ve certainly looked at that.  Others have looked at that.  There’s a large literature about, for example, verbal memory deficits, visual-spatial memory deficits, attention, and imaging of both DTI resting state function connectivity, many different advanced imaging methods.  

So there’s certainly thoughts and considerations to have that there are relationships between those.  It’s just that with some of these particular patient populations when you have more complex comorbid conditions that it becomes a little more messy, if you will, and harder to, say, pin just one thing on those DTI measures.  That’s why people are now using more advanced analytical techniques that take into consideration multivariate when it’s more of a many to many question not one to many.  SCM is becoming very popular.  Even the machine learning stuff has been quite informative to look at.

Molly:  Thank you.  Can you let me know how to pronounce that word that I keep mispronouncing please?

Dr. Christine Mac Donald:  Anisotropy.

Molly:  Anisotropy.  Thank you.  Because it’s in a lot of questions!  Okay, here we go.  The next one, what does a point one zero drop in DTI measured fractional anisotropy actually mean clinically?  Was there any association between FA drop in concussed soldiers and ANAM delta?

Dr. Christine Mac Donald:  Oh, so this is the, that’s stuff for the long-term outcome for the ANAM delta.  No, we actually didn’t see any relationship.  But yes, and perhaps that question came in when we were talking about the non-Medevaced groups because yeah, we do have some data to look, and this is for example.  One of the relationships we do see between some of those measures.  But yeah, ANAM specifically, no.  Yeah, we didn’t see any relation.

Molly:  Thank you.  Are there any insights into treatment effects in the groups at one and at five years?

Dr. Christine Mac Donald:  You know, it’s a good question.  We took medical history as much as possible.  We took in-between exposures and in-between treatment as much as possible.  And you know, when we’re talking about asking those questions and asking questions about, you know, did you do some, you know, did you work with a mental health provider, psychologist, psychiatrist, for example, social worker, counselor, etc.  What did you do?  Can you describe it to us?  And so we do have information about that.  Unfortunately it didn’t seem, again, to make it into the top models.  And it spans the gamut is to say, you know, some people have done CBT, some people have done psychotherapy, some people have done group.  Boy, it’s a large diverse types of treatments, and perhaps that’s part of it is that there’s not such a heavily weighting of one versus the other.  So maybe that’s the reason it’s not pulling out.  

But it was just that that’s why we kind of more globally looked at treatment, you know, completed treatments, sustained resolution.  And that’s why we reported that, and it was quite striking to us.  Yeah, but it’s a great question just to try to understand, you know, to try to tease apart what is working, what’s not working.  And that’s a real tough one.  And I humbly believe that’s where some of the, you know, kind of imaging and more precision medicine techniques can help and inform better in the future as to who should get what.  I just think that, and I’m sure there’ll be people on this discussion that will agree and people that will emphatically disagree with me, and that’s okay.  But I just think that when you’re talking about a group where it’s more complex comorbid conditions and head injury is involved, it’s tough.  It’s really tough.  Because even some of the therapeutic targets that you might try to hit or trying to hit may be reduced in appearance or the actual just density of those receptors, for example, because the regions are injured, you know.  It may or may not be there as we expect.  So I think it’s really, it’s a tough one.  Yeah, it’s a great question.

Molly:  Thank you.  The next question, let’s see, get on up there.  How do you think group FA changes seen in concussion soldiers would compare to FA values seen in soldiers with PTSD but no concussions?  FA changes have been described in PTSD, so could your results be due to the brain changes from PTSD and not concussion?

Dr. Christine Mac Donald:  Yeah, it’s a great question.  So you know, discriminating in somebody who has complex comorbid condition is just virtually impossible.  But we are able to tease it apart with our control group because, as you saw, some of our controls are completely normal, if you will, at the different time points.  And there’s been some great work done by others who have reported this.  I was trying to focus on published findings only per the advisement.  But we have, I can say we have looked at this, and it does seem to kind of have a step effect of kind of numbers of and certain regions being affected differentially in, for example, those who meet criteria for PTSD or have more.  We like to think of it more as a continuum, so you know, have higher levels of PTSD severity, for example, in the CAPS.  In our control group where we know and have worked very hard to confirm that there’s no history of significant head injury against those with head injury and with PTSD.  And then we have people who have head injury and who are largely resilient and don’t have PTSD.  And so those sub-analyses I can tell you are ongoing right now, and we are starting to see things pull out.  But a published work, there’s definitely a couple papers I can think of in the field looking at, you know, plus or minus PTSD, plus or minus TBI and showing distinctions within those groups.

Molly:  Thank you.  The next question, are there robust or well-established norms for fractional anisotropy abnormalities?

Dr. Christine Mac Donald:  [Unintelligible – talking at same time 57:27].

Molly:  I’m sorry.  There’s a little bit more to it.

Dr. Christine Mac Donald:  Okay.  Keep going.  It’s really important.

Molly:  So are there robust or well-established norms for FA that exist to which compare some of these findings?  Are there factors that influence degree of FA other than history of TBI such as substance use, age, etc?

Dr. Christine Mac Donald:  Absolutely.  So the short would be no and yes.  And that’s exactly why we designed our study the way we did, which is I actually have whole other abstracts of papers about machine dependence of these advanced imaging methods and efforts that we do nowadays even like with TRACK-TBI.  We work really hard to standardize pulse sequences and uniformly collect things across sites.  The total reason that the New England Journal paper is structured the way that is is because we looked with living phantoms, folks that were scanned, you know, with no history of head injury, and you know, folks that we worked with in Germany and then they flew to the United States and got scanned very soon after that.  And there were systematic differences in the hardware, even though they were identical machines.  I designed the imaging protocol.  It was the identical imaging protocol.  It was even the identical software platform.  And there were systematic differences in the hardware.  

So with quantitative methods, the way that we get around that or we try at least up until more recently where now there’s diffusion phantoms and people are working on calibration algorithms, is to in fact enroll controls at every site and use the controls as the internal norms for that site because no, there is not a normative dataset of FA period because it varies widely by machine to machine let alone vendor to vendor.  And newer work now has worked very hard, and we actually just had a paper out in AGNR with the TRACK-TBI group on specifically standardizing diffusion across 3T platforms.  No easy task to address that exact issue.  

So the individual asking the question is spot on.  Yep, it’s a real problem.  Thus far historically the way we get around that is using controls to define those norms and do as much as we can with regression modeling on the history that we take on those individuals to try to account for anything that would be specific, which is part of the person’s second question about are there things that can affect FA other than TBI.  Absolutely!  

So DTI has shown to change, for example, in psychiatric conditions, major depressive disorder, schizophrenia.  People even looked at this during development.  DTI has shown changes with, I think you said the drugs or alcohol abuse and use.  Absolutely!  People, you know, naturally DTI changes as you age.  It’s fairly stable in general adulthood, which is why most folks will cut off around 55 to 60 because naturally as we age the anisotropy values will change as they do during development.  And so during development they also just naturally actually go up as the brain is maturing and developing whereas unfortunately when we get older they start going down.  Poor, poor brain!  

So the, yeah, the person asking the question is spot on.  No.  No normative data.  Yes, the way you get around it is to try to do controls in each site and help quantitatively define those norms.  And yes, absolutely there’s a million other things than can affect the imaging, which is why we do all of these adjustments and controls in our regression model to try to really do essentially the rule out to see if, in fact, and in the end does head injury hold on?

Molly:  Thank you.  If any of our attendees need to drop off at the top of the hour, when you exit the session, please wait just a moment while the feedback survey populates on your screen.  It’s just a few questions, but we look closely at your responses and it helps us improve the presentations and the program as a whole.  And we thank you for joining us.  Dr. Mac Donald, are you able to stay on and answer the last few questions so we can capture them on the recording?

Dr. Christine Mac Donald:  Yes, absolutely.  Happy  to.

Molly:  Thank you so much.  The next one, it’s a little bit long, so bear with me.  Thank you for your excellent work on TBIs.  I was the commander of Task Force Medical Afghanistan and the MRIs were there during my tour.  I was concerned that mild TBI and TBI could subtly affect function.  For instance, would soldiers have delayed inhibition so that they would shoot before thinking?  Would their emotional component of decision making be reduced, etc., etc., and could decreases in other decision-making results could affect combat effectiveness?  Have you found any subtle decision-making differences or areas of injury that might affect decision making?

Dr. Christine Mac Donald:  It’s a great question.  Thank you for your service.  Thank you for the time of writing that in.  Yeah, so you know, looking particularly at the non-Medevaced group, the thing that was just so striking to us was the substantial number that had increased.  At the time it was just the checklist because, again, it was quick.  What can you do in theater?  But we did collect with my colleague, Octavian Adam, Lieutenant Commander Adam, was a Navy neurologist at the time, the PTSD checklist military version and the Beck Depression Inventory.  And those seemed to kind of pull out and also relate to post-concussive symptoms.  As far as the subtle effect on function, it’s an outstanding question.  Of course, that’s still something that we haven’t, you know, been able to directly look at from best inference because they were returned to duty and a clinician, you know, signed off on them.  We you know, think that at least they were, you know, in a functional and capable position to return.  But as far as subtle effects, you know, we wonder about that because of the presentation that we see at approximately one year out.  If things had resolved, then you know, they should be fine at one year and they’re not.  

And so they’re, and to the best of our knowledge from looking at the data we have, there does seem to be this linkage between how they present following those exposures the first seven days and the one-year outcome.  As far as decision making differences, we do have some measures of impulsivity, for example, and some of the neuropsych measures do specifically look at functional abilities to make decisions or be informed by, when something switches and you have to make a decision on that.  And there are definitely folks that do seem to have lasting differences.  

When we look at essentially baseline to exposure during deployment, we do see changes.  Those cognitive changes seem to largely at least, you know, resolve and that’s part of the reason that they were returned to duty.  But then when we look later on, again at that one-year and now five-year, we do again see a subset of individuals who have neuropsych deficits and changes and some of those folks absolutely, you know, do have deficits on the specific assessments that we look at that would pertain to decision making.  

But you know, I think it’s largely unknown.  I think, you know, there’s some great work that’s being done out there.  But it’s an excellent question because I, you know, I would say jury is still out.  But from a ‘we see’ that there likely could be some interplay there as far as subtle effects on function.  But that I would say motivates us to try to think about more sensitive assessment techniques to try to tease that apart real time in that more acute environment before they get returned to duty.  Apologies for the long answer.

Molly:  No problem.  Pardon me.  Were there any longitudinal outcomes controlled for service connected, service connection status for PTSD and/or TBI?

Dr. Christine Mac Donald:  Can you say that one more time?  Sorry.

Molly:  Were there, oh, oh, sorry.  Were any of the longitudinal outcomes controlled for service connection status for PTSD and/or TBI?

Dr. Christine Mac Donald:  Ah, okay.  So, and you’re talking about service connection meaning active duty versus separated from the service?

Molly:  This, presumably, it says service connection status.

Dr. Christine Mac Donald:  Okay, because there’s also like…

Molly:  Disability.

Dr. Christine Mac Donald:  …disability associated [inaudible—audio glitch 1:06:02] or had [inaudible 1:06:03].

Molly:  Well, we can…

Dr. Christine Mac Donald:  I’m not…

Molly:  …skip over this if you want to.  The person actually…

Dr. Christine Mac Donald:  Well, I, for recording purposes, and you know, if you know who that individual is, I’m happy, and can reach out to them, you know, happy to answer the question they want to ask.  I may misinterpret that question, and I apologize for that.  From what you’re describing, my best guess is active duty versus separation from service as service status.  We did look at that in our long-term outcome model.  And that did not make it into the top models as far as overall outcome.  As far as regression, doing kind of exploratory analysis on, using regression techniques on specific outcome domains, so where we look at, you know, for example, CAPS or depression, or CAPS or PTSD, or the MADRS for depression or, the neurobehavioral rating scale, that also did not make it into the top models for those particular outcome measures.  But again, we are looking at so many different things that might have been masked by some of the more sensitive information about clinical outcomes that was collected, for example, at the one-year time point versus the five-year so that, you know, without that maybe service separation would have mattered more.  But in, because of the information we have, that didn’t make it into the top models.

Molly:  Thank you.  If that person wants further clarification, you are more than welcome to contact Dr. Mac Donald offline.

Dr. Christine Mac Donald:  Yeah, I apologize.  I may have misinterpreted.  So please don’t hesitate to reach out to me.

Molly:  No problem at all.  Just let me know if you need to stop at any point in time because the questions do continue to come in.

Dr. Christine Mac Donald:  Oh, okay!  We have a little bit.  Let’s see what we can get through.  Yeah, absolutely.

Molly:  Perfect.

Dr. Christine Mac Donald:  I appreciate the interest.

Molly:  Yeah, a very, very engaged audience.  So any measurement of response bias (MMPI, PAI Scales) in any of these measures of self-report psychiatric symptomatology?

Dr. Christine Mac Donald:  Ah, response bias.  You know, we didn’t look directly at it, but what we did was we looked at our self-report measures against clinician administered measures, if you will.  And there was some relation, not perfect, and so you know, we’re not sure if that is being driven by, you know, lack of self-awareness.  We do also take collateral source information as well to try to understand if, you know, the individual is just not aware of X, Y, or Z.  Whether, you know, we also have information about whether they are actively [inaudible 1:08:47] out of the system.  Maybe they’re up for med board.  Maybe they are trying to, you know, respond a certain way because they think that might help them.  All of these individuals know that we have no decision making power or capacity of any kind on their duty status, their disability claims or otherwise.  And it’s explicitly written in all of our documentation that we provide to them and go over this every time that we see them.  So you know, there might be absolutely, you know, we can’t say that there’s not, you know, unmeasured or unappreciated response bias.  But of the things that we’ve looked at, there’s fairly good alignment between the self-report questionnaires and some of the clinician administered evaluations.  But overall, it seems like the, no surprise probably to the clinicians that are, maybe they’re still on.  There’s a greater capture with the clinician administered evaluations versus the self-report.  If there’s any leaning one way or the other, that’s what we see.

Molly:  Thank you.  The next question, have you found any relationship between number of blast concussions and long-term outcome?

Dr. Christine Mac Donald:  Yeah, you know, we looked at that.  And that was part of the, one of the early parameters that went into the model, and it just never made it to the top.  It didn’t make it to the top of the imaging, of the global outcome or any of what we call kind of the functional domain outcome where we put, you know, neurobehavior.  We picked a couple psych.  We picked a couple neuropsych.  Yeah, it just, it, whether it’s being overridden by something else, you know, I cannot obviously say for sure.  But yeah, it just, it didn’t make it.  I know there are some groups that show very strong relation between number of blast exposures and outcome.  And you know, it may just be a discrepancy of things that, you know, we collect versus what they…

[ Phone ringing ]

Dr. Christine Mac Donald:  …were.  But yeah, of the data that we have on these folks, longitudinally it just, it never makes it to the top model.

Molly:  Thank you.  The next question, how can we use the DTI data clinically in radiology?  That is, do you have methods for measurement that are reproducible for use by multiple military treatment facilities/VA Radiology Departments?

Dr. Christine Mac Donald:  Ah-ha!  It’s a great question.  Yeah!  You know, even a few years ago I would probably be less confident.  But as things have developed and progressed, like I said, working with the folks in TRACK-TBI, the PI is Geoff Manley, neuroradiologists I worked with the most.  Two of them are Pratik Mukherjee and Esther Yuh at UCSF.  Phenomenal folks, and it’s been an honor to get to be part of the TRACK-TBI network.  And we are a psych here at UW.  We’ve worked really hard actually to do exactly that.  Think about what it would take to get DTI truly into the clinical setting.  And part of that is this issue of standardization across scanners, right?  And that the concept of if the patient, you know, if you had a patient and they came to scanner A, I’m making this up, in Maryland and scanner B in Texas and scanner C in California that you should all come up with the exact same answer.  

And we’ve put a lot of work toward that and actually recently did show model success of how to do that across sites using a harmonized diffusion pulse sequence across the major vendor platforms, GE, Philips, and Siemens.  The challenge with DTI specifically is that it’s a quantitative method.  So collection of the images is, call it, you know, only half the problem.  There’s also how do we decide uniformly how to post process the data and extract the numbers.  And that actually is an active area of research.  We think we’ve got a solution to the problem as they say.  But part of that is, again, on the acquisition site standardization using now this diffusion phantoms to help us keep very close eye on how our machines are doing, but then also standardizing the post processing algorithms that ultimately extract that data.  

So we’re not there yet, but I would say we’re a lot closer than we were, gosh, even three to five years ago and with efforts that we do through the TBI end points initiative, also Geoff Manley with the DoD ventured effort.  We’re working with the FDA and our regulatory partners to actually advance many of these techniques and try to actually get it through the regulatory agency so that it can actually be part of standard of care.  It’s kind of a paradigm shift in clinical research to think so much about the regulatory side of the fence.  But ultimately if we want clinicians to be able to use this and radiologists to use this clinically, I know you can all do this, but it’s, you know, to use it in a standardized way we have to think about many of these more boring mundane aspects that become crucial to the administration of this across different platforms.  So yeah, it’s a great question.  Gosh, that’s a whole talk in itself.  I’d love to, you know, we can talk about that too at some point.  But yeah, though it’s a, that’s a whole field and an active area of research.

Molly.  Thank you.  Thank you.  We do have several questions pending, but we are about 15 minutes over, so I’m going to go ahead and call an end to the session.  So for the four gentlemen that have pending questions, please do contact Dr. Mac Donald offline.  I apologize we couldn’t fit them all in, but lots of interesting stuff to talk about.  So we have run out of time.  I do want to give you the opportunity to make any concluding comments you’d like to though, Christine.  Feel free to go ahead.

Dr. Christine Mac Donald:  Oh, just to say, you know, thank you all for your time, for your consideration.  On my end I had no idea, it’s been almost 10 years, that I would have the opportunity to do this as an academician, you know, outside of the traditional military and VA sectors.  And it’s been, and I would say a very complimentary and synergistic opportunity to show what we can do when we all come together to really try to do better and do right for this population.  I admit many of these results are a little surprising and probably not what many of us expected.  But I think it allows us an opportunity to think very critically now, to be better informed going forward, to ultimately truly help this patient population in the long term.  So thank you all for your service and for your contributions to this patient population.

Molly:  Thank you.  And Dr. DePalma did you want to wrap up with anything?

Dr. Ralph DePalma:  Thank you, Christine.  It was a marvelous presentation.  There are 137 people, mainly clinicians, listening in.  I’m sure it did a lot of good.  Thank you again.

Dr. Christine Mac Donald:  My pleasure.  Thank you for the opportunity.

Molly:  Yes.

[ END OF AUDIO ]


