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Dr. Ralph DePalma: It’s a pleasure today to have professor Anthony Cacace at Communication Sciences and Disorders at Wayne State University, who will be presenting this important topic, along with Courtney Hall, who’s a research health scientist at the James H. Quillen Veterans’ Administration and associate professor of Physical Therapy at East Tennessee State University. Anthony? 
Dr. Anthony Cacace: Okay. Thank you Dr. DePalma. It’s really a pleasure to participate in this Cyberseminar. And I know that we’re both very excited to present this information. And I thought we were going to get some audience demographics here. 
Moderator: Thank you. So for our attendees, we just want to get an idea of who is in our audience today. So please take just a moment to click on the response that best describes your primary role in VA. We understand that you might have many different hats that you wear within the organization, but we’d like an idea of your primary role. We had to clump together a couple of these answer options for brevity’s sake. But the responses are students, audiologists or psychologists, physicians or physical therapists, other allied healthcare providers, or basic scientists.
And it looks like we’ve got a great response rate. Over 70% have replied so far. I’m just going to go ahead and close this out and share those results. So as you can see on your screen, it looks like 18% of our respondents replied audiologist or psychologist, 30% physicians or physical therapists, 43% other allied healthcare providers, and 8% basic scientists. And thank you for those responses. I will put up a more extensive feedback list, our main job title list in our feedback survey at the end of the presentation. And you might find your exact title there to select. And with that I will turn it back to you, Dr. Cacace.
Dr. Anthony Cacace: Great. Thank you. So I’d like to acknowledge the fact that this material is based on work that was supported in part by the Department of Veterans Affairs, the Veterans Health Administration and the Offices of Research and Development Rehabilitation Research and Development. And I’d also like to acknowledge my colleagues here at Wayne State, particularly Dr.’s Haake, Yee, Benson and Mr. Gattu and Juan. And also acknowledge my colleagues at the James H. Quillen VA Medical Center in East Tennessee State University, particularly Dr.’s Akin, Renee, and Pearson. And you’ll be hearing shortly from Dr. Courtney Hall. 
And finally, the views expressed in this presentation are those of the authors and do not necessarily reflect the position or policy of the Department of Veterans Affairs of the United States Government. 
So part of this work is based on a VA Merit research project performed at the Vestibular Imbalance Lab at the Mountain Home Tennessee VA Medical Center. And the Principal Investigator on this grant was Dr. Akin. And the co-investigators are Murnane, Hall, Cacace and Hecky. And it includes comprehensive vestibular studies, interviews and questionnaires and neuroimaging that was done in collaboration with investigators at Wayne State University. 
[bookmark: _GoBack]I think it’s pretty clear that it’s becoming increasingly problematic for healthcare-related agencies, like the VA. Because when we think about blast-induced injuries, sometimes these injuries are not well defined. Long-term effects are not entirely known. And there’s wide gaps in knowledge concerning underlying processes, site of lesion, and mechanisms involved in auditory and the vestibular apparatus, including the brain. 
And just to give you an overall conceptualization of the problem, blast can simultaneously affect the periphery and central nervous system. And so, for example, blast overpressures can be represented as a compression wave in the brain. And if you consider the brain as a gelatin-like structure that can shift violently inside this shell, that we call the skull. As a result of these violent movements, you can get contusions and microhemorrhages that can occur at gray and white mattered junctions. You can get disruption or sheering affects that can occur within white matter tracks that interconnect various brain areas that sub-serve sensory, motor, and cognitive functions. And you can also get alterations in the neurobiochemical environment in these various different regions of interest. 
And this is probably a familiar slide to many of you. Just giving a graphic representation of the physical acoustics of blast waves. So if you look at the top up hand, top representation, you see that you can have this dotted line, which represents normal pressure. And then following a blast there are these blast forces that are maximum at a certain point. Then we get these winds that flow away from the explosion. And this is followed by reverse blast wind resulting in a drop in atmospheric pressure. And then subsequently the atmospheric pressure returns to normal after the blast wave subsides. 
And this next representation just gives you an idea of some non-penetrating TBI-related blast injuries showing different subsections of the brain where you can get injuries like diffuse axonal injuries, contusions, and subdural hemorrhages. So when you think about these things, these are the types of affects that might be seen. And then what we’re interested in doing is matching these types of affects with the appropriate type of imaging paradigm that may allow us to gain more insight into these related issues.
So there are basically three different types of paradigms that I’m going to review today. The first one talks about high resolution standard anatomical MRI. So what falls under that category is a paradigm called Voxel-based morphometry. And what this is it’s a group comparison study that’s useful for developing hypotheses. 
So let’s say, for example, that we have two groups. And the two groups are matched by age, gender, hearing loss, for example. And one group has tinnitus and the other group does not have tinnitus. And what we’re interested in doing is trying to understand what the anatomical differences are between these two groups. So that’s one of the areas that we’ll talk about.
The next one is Diffusion-Tensor Imaging. And this MRI paradigm is useful for evaluating white matter tracks, microstructure, and connectivity that cannot be seen with standard MRI. And the last paradigm that I’ll talk about is called Susceptibility-Weighted imaging. And this paradigm is efficacious for detecting small vascular lesions, like microhemorrhages or microbleeds that also cannot be seen by standard MRI. 
So what I’ve done here is just to provide some representative references that if you’re interested, it will give you some background on Voxel-based morphometry, DTI, SWI. And the Gattu reference will give you an idea of combining these different things, that we can look at vestibular balance, microvascular, and white-matter imaging characteristics, following traumatic brain injury. 
So in this initial group that I’m going to talk about with this Voxel-bases morphometry, the diagnoses a mild traumatic brain injury and post-traumatic stress disorder. And these individuals either had an exposure to a single or multiple blast from roadside bombs, rocket propelled grenades, mortars, et cetera. Most had blast-related injuries. Some had blast plus concussion or concussion alone. 
And the vestibular-related symptoms or complaints that these people having included imbalance, lateral pulsion, light headedness, and vertigo. And what I mean by imbalance is that these people have experienced or they experience difficulty walking in a straight line. There’s clumsiness involved and there are coordination problems. They can have difficulty maintaining an upright posture. 
Lateral pulsion represents the tendency to fall towards one side or the other. Lightheadedness just represents feeling faint or about to pass out. And this often subsides when people sit down or lay down. And vertigo is just the sensation of movement either that you feel like you’re moving around the environment or the environment’s moving around you. 
So there are some specific hypotheses that we want to consider. One relates to the fact, and these are important questions. Do the vestibular and MTBI-related symptoms experienced by individuals have an anatomical basis? And the second thing that’s equally important, is what methodology should we use to test this hypothesis?
So the first method that I mentioned to you is called Voxel-based morphometry, or VBM. And this is basically an automated, unbiased technique to characterize individual anatomical differences or anatomical differences between brains of well-defined groups. So as I mentioned to you, this is very important, or can be very important for developing a hypotheses that you might want to test later at some other point in time. 
And this is accomplished by normalizing individual MRIs into a standardized anatomical space or template. Then we segment the images into gray matter, white matter and cerebral spinal fluid. And then what we do is perform a statistical analysis on a Voxel by Voxel basis. And we consider differences on T less than 0.01. And because we make all of these, or many statistical comparisons, we do the appropriate corrections for that. 
And then when we find the areas that are statistically significant, we co-register these areas on a standard anatomical template. And what I’ll be just giving you some information about today are 10 normal individuals and 10 individuals diagnosed with TBI. And the groups differed with respect to vestibular-related symptoms, complaints, and diagnoses. 
As you can see here, of the people that had vestibular-related symptoms or complaints, most of them were blast exposed. Two had blast plus concussion. And one had concussion alone. And if you look at the demographics of these affects, most had imbalance, 91% had lateral pulsion. And you can see then it goes down from there, from lightheadedness up to vertigo. 
And all of our control group individuals were normal in all respects. And just to give you a frame of reference when we talk about MRI, we’re looking at a three dimensional representations in the X, Y, and Z plains. And so you might see anatomical representations in the coronal plain, in the axial plain, and/or in the sagittal plain. And then they are represented on the right and left side which are slightly reversed when you look at the individuals. 
So this is what the results would look like. And basically what we see is that there is reduced gray matter volume in the anterior frontal and orbital frontal regions of the brain. And the top area of these representations gives you the anatomical representation either in the axial plain or in the sagittal plain. And then you get the T value on the right-hand side. 
Then we also see reduced gray matter volume in mesial frontal lobe and insula. We see reduced gray matter volume in frontal and frontal midline structures on the left side. And we see decreased gray matter volume in the temporal lobe, particularly on the right side. And finally, there’s an increased white matter volume in the area of the precentral gyrus on the left side. 
So in summary, when we look at these differences in groups, we see reductions in white matter volume found in orbitofrontal and middle frontal gyrus, mesial frontal lobe, and insular area in the left mesial temporal lobe. And also there’s an increase in white matter volume in the precentral gyrus on the left. And these preliminary analyses show distributed gray matter changes in key frontal and temporal lobe areas of the brain associated with mTBI, PTSD, and vestibular-related dysfunction. 
And of course, the single area of increased white matter volume was noted in the precentral gyrus. And that was localized to the left side of the brain. And it’s starting to show a pattern of results which included changes in frontal lobe structures, which represent integration hubs for distributed and highly processed sensory, polysensory, and emotion-related information. And these new data represent areas of interest that we can potentially explore in future studies. 
Now the next area that I’ll mention is a diffusion tensor imaging. And basically this is a contemporary imaging modality that’s used to study connectivity patterns and microstructure of white matter tracks in the brain. It’s been relatively unexplored in the area of vestibular and balance related dysfunction. So it’s highly relevant to our presentation today. 
And basically what it does is that it measures the magnitude and orientation of water in brain tissue. So for example, in each Voxel, diffusion tensor imaging estimates diffusion in terms of the axes of the eigenvectors of an ellipsoid. So you have to think a little bit back in terms of your geometry in high school. 
And then we have this other term that’s very important, which is called fractional anisotropy, or abbreviated, FA. And this is a normalized metric that represents the fraction of this so-called tensor that can be assigned to anisotropic diffusion. So these are the terms that you have to know, or try to remember anyway, isotropic and anisotropic.  And FA, or the fractional anisotropy metric, ranges between one and zero, where zero represents perfectly isotropic diffusion. And that’s what might be found in cerebral spinal fluid where diffusion is equivalent in all directions. And one is the extreme for anisotropic diffusion, indicating maximum differences between the directional components found in these eigenvectors. 
So here’s something that would give us a graphic representation where we have these tubes which represent white matter structures. And you could see that in a normal representation, there’s diffusion perpendicular to the long axis.  And when we have some form of diffuse axonal injury, and this is represented by this fractional anisotropy metric, what we have are changes in these different directional components. There’s a main component and two subcomponents. 
And then when there’s axonal injury, it creates barriers to diffusion along the axon. And TBI can also result in membrane permeability changes. So these are some of the representations that you can see in the form of these cartoons. And here we plot the anisotropy and isotropy of this FA metric, going from zero to one. So that should become very apparent when you see these sorts of things. 
Now the other thing I’d like to just give you an idea of is how the changes in these axons can occur secondary to injury. So initially you can get these stretch and sheer injuries. And these are just representations of the histology. So that would be pre-injury. And then seconds after the injury you can get reversible changes in various cytoskeletal elements within the cell. And then from minutes to hours post-injury you can get affects like poration and depolarization of NMDA, N-Methyl-D-aspartic, initiated calcium influx, and sodium influx.  And you get some types of cellular swelling. 
And then finally, in days to weeks, you get these other metabolic changes that can occur, which are very disruptive to the cell and potentially to the nervous system in general. And for those of you that are mathematically oriented, this would be the formula where you can actually calculate the FA metric based on the three eigenvectors, the principal, the intermediate, and the minor eigenvector. And of course, these values as I mentioned, are ranging from zero up to one. 
So we mentioned some information about the Voxel-based morphometry, the diffusion tensor imaging, which is important for looking at white matter tracks. And now we have this concept Susceptibility-Weighted Imaging. And susceptibility-weighted imaging was invented by Dr. Haacke at Wayne State University and two other of his collaborators. 
And it exploits the susceptibility difference between tissues and uses the phase image to detect these differences. So we have both magnitude and phase data. So if you remember some of your algebra, these are complex numbers that combine to produce an enhanced contrast magnitude image that is exquisitely sensitive to venous blood, to hemorrhage, and to iron storage. So a various blood products that might result, for example, after a microhemorrhage. 
The imaging of venous blood with FWI is a blood oxygenation level-dependent technique, which is why it’s sometimes called BOLD venography. And due to its sensitivity to venous blood, SWI is commonly used in TBI for high resolution brain venography, but has other clinical applications. 
So what I have here is a representation of a guinea pig temporal lobe. And this is a corrosion cast method. And what that is that the investigators here, Bob Harrison from the Sick Children’s’ Hospital in Toronto injected a plastic resin into the vasculature of the brain. And then what they do is that they remove the tissue. And then what’s left after you remove the tissue is this exquisite picture of the vasculatory. And this is what you typically don’t see when you look at brain because it’s obscured to some extent by the tissue. 
So you can see here that when you get these shearing and tearing measures, it wouldn’t be uncommon that you would see these little microhemorrhages.  Because this is the underlying structure. This is the vasculature that you would probably see. 
So now what I’d like to do is to give you just a couple of examples in terms of case reports in this study that we published recently in 2016. And these are case reports of individuals with chronic dizziness and postural instability following blast exposures. And there was a comprehensive vestibular balance gate examination and audiometry and neuroimaging procedures that were done at the Mountain Home VA. 
And one thing that I’d like to mention, just as a precursor, is that based on the neuroimaging and the vestibular imbalance test results, all of the individuals that we have studied here of the four case reports had diffuse axonal injury at regional areas in their brain. And all had one or more microhemorrhage or hemorrhages, or other type of vascular anomalies. 
And so here’s an example for those of you that are familiar with some of these vestibular tests.  And then this representation, caloric testing, bithermal caloric testing, rotary chair, cervical and ocular vestibular evoked myogenic potentials were performed. And they were within normal limits.  And so that shows that there is generally normal peripheral function. 
But there were some low sensory organization test scores based on posturography. And that suggests some abnormal balance function. And also the audiometric studies revealed borderline normal hearing sensitivity. So they were symmetric. So that we don’t really get too much here from the balance and gait other than the low sensory organization test results. 
But we did get information from the neuroimaging. And as I mentioned to you, all these people had diffuse axonal injury and one or more microhemorrhages. Now in Case 2, for example, is slightly different. The vestibular imbalance function test revealed a right unilateral weakness on caloric testing and low gain on rotary chair, suggesting a right horizontal semi-circular canal dysfunction. cVemps and oVemps revealed relatively normal. Otolith function and the sensory organization test revealed normal balance. And as you can see on the audiometric studies, on the lower right is a profound mixed loss on the right-hand side. 
And now what I’d like to show you, this is some of the diffusion tensor imaging results that are shown for Cases 1 and 2. There are actually four cases here. But I’m just going to mention the first two where there are lower FA values. So that’s sort of like, when you think of lower FA values, you could think of some type of depopulation of white matter structure and/or maybe some type of degeneration. 
And in slides A and B, this is axial and that’s a sagittal size. We see reductions in the fornix and the stria terminalis and also in the C slide, the splenium of the corpus callosum and posterial limb of the internal capsule. So in all of these areas that are represented in red, either by these squares or ovals. That’s where there are reductions in FA values. 
In Case 2, in A, there’s a reduction in FA in the cingulum of the hippocampus. And this occurred bilaterally. And in E through F there are reductions in the superior corona radiata, which are just white matter tracts that are represented towards top of the brain. 
Now what these next slides show are the susceptibility-weighted imaging results from these various cases. And if you look and pay attention to the yellow arrow, in Case 1 there are two little micohemorrhages that you can see. They’re just above the ventricle in the anterior corona radiata of the frontal white matter region. In case 2 there’s another microhemorrhage in the left posterior superior cerebella hemisphere.  In case 3, there’s an abnormally dark signal and veins draining into the left septal vein. And then you can see another microhemorrhage in the superior frontal region of the corona radiata right there. 
So it’s interesting that when I often went to meetings, I’d often hear the statement that someone would say that MRI is insensitive to TBI.  And I think it’s pretty clear by now that this broad generalized statement or statements need to be qualified. And it really depends on the type of imaging paradigm being employed. Now it’s very possible that statement is true if you just look at standard anatomical imaging alone. But as I mentioned to you, when you include DTI, when you include SWI and some other things, even like looking at the metabolites, the neurochemistry in the brain, which I didn’t talk about today, that’s not the case. 
So these newer procedures that I’ve described herein are advantageous. And they really have very few disadvantages. They’re ideal for bio market development, for drug discovery and development, and in those instances where you have longitudinal experimental designs that require repeated measures over time. And I would sum up by saying that the use of contemporary neuroimaging studies in conjunction with contemporary vestibular and balance assessment is starting to provide us with a better understanding of the pathophysiology and the pathoanatomy of dizziness following blast exposures than using standard vestibular imbalance testing alone. Okay. Thank you very much. 
Moderator: Thank you very much. So at this time are you ready to share your screen, Dr. Hall? 
Dr. Courtney Hall: I am, thank you. 
Moderator: Okay. So just as a reminder, you’re going to hit that drop down arrow and select second monitor clean. 
Dr. Courtney Hall: So am I on?
Moderator: You are.
Dr. Courtney Hall: Well again I wanted to also thank the committee for inviting me to join in this Cyberseminar.  And I’ll be speaking more to the balance side of things. 
So first off, concussion and mild traumatic brain injury, mTBI, are often used interchangeably in the literature. Although some people use the term concussion to mean something different.  Concussion is a subset of mTBI and so it does involve a brain injury. And concussion is defined as a complex pathophysiologic process affecting the brain, induced by biomechanical forces. To be clear for the audience, I have included literature from both concussion and mTBI for the presentation. 
So for most individuals post-concussion symptoms last briefly, with 80% to 90% being resolved within a week and a half. However, for 10% to 20% of individuals, symptoms may last six months or even longer. And in fact when I present our data, you’ll see that the average length of duration of symptoms is somewhere around seven years. So there’s a considerable impact on the quality of life.  
So this study by Lovell et al looked at sports related concussion. And what they did was just get people to respond to what symptoms they had. I’ve asterisked the symptoms that were experienced by at least half of the participants. So what you see, headache is the number one symptom, endorsed by about 80% of people. And then after that, we had fatigue. There were some cognitive symptoms of slowing, difficulty concentrating, feeling foggy headed, and then dizziness. So all of those were in the top symptoms. 
And then in another study looking at active duty and retired military, Hoffer found that about 41% of his sample met the criteria for migraine related dizziness. So given this wide range of symptoms, it’s clear that we need a multidisciplinary approach in order to adequately address the issues. And so I just probably listed some of the disciplines that should be involved perhaps, so psychology and counseling to address some of the emotional attributes, audiology and physical therapy for the dizziness and imbalance issues. We may need to involve neurology and/or neuropsychology for some of the cognitive impairments.  Neuroopthalmology or optometry may be involved with the visual symptoms, and then, of course, social work and case management.  
So I decided to just kind of talk briefly about the idea of convergence insufficiency. So oculomotor abnormalities have been identified in many, many people with concussion or mild traumatic brain injury. And somewhere around half of those with combat-related injuries have this convergence insufficiency. 
So if you look at the picture at the top right, what you can see is that the young woman’s right eye is focused on the pen. But her left eye is not focused. So it’s out of convergence. So what will happen is that at this distance she will see double. So it’s not uncommon for people post-concussion to have this difficulty converging on a near target at distances of 10 inches or even more. As you can imagine, people may report dizziness because of this seeing double. In fact, our vestibular ocular reflux allows us to see clearly during head movement. But if we have an impaired convergence insufficiency, it would impaired for a near target. That’s why we make it some dizziness reported. 
The good news is that vision therapy, including home exercises, can be affective at improving this near point of convergence. As you see from these pictures with the marbles and the Brock string, people focus on targets at different distances and they progressively work inward. 
Dizziness is one of the most common symptoms following a concussion or mild TBI. It’s been reported in up to 70% of cases immediately after a sports-related concussion. Hoffer, in his study of blast-related mTBI found that dizziness was reported by 98% of individuals immediately, so in the acute stage which is within three days. Even in the chronic stage, which is longer than 30 days, 84% of those individuals still reported dizziness. And then we can see even in non-sport and non-military, individuals with a mild TBI have a lot of dizziness. And it can persist for up to 28% for over a year.  
A common assumption is that dizziness following mild traumatic brain injury is caused by a brain injury. This assumption is supported by some of the imaging changes that Dr. Cacace reported to you. It’s also well established that head injury can result in peripheral vestibular hypofunction. And it’s reasonable to presume that the peripheral vestibular system abnormalities are likely due to the head injury rather than the associated brain injury.
Numerous studies have examined vestibular function in individuals post-concussive in dizziness and blast-exposure by looking at the horizontal semicircular canal response to caloric irrigation. Most studies found that fewer than a quarter of individuals with dizziness actually had these abnormalities. Until recently, the literature on vestibular consequences was restricted to self-reported symptoms, or the inner ear assessment that was focused on the horizontal semicircular canal. 
As you can imagine, studies that are symptom based are problematic because there are many potential causes of dizziness other than just the vestibular system. Studies have reported that post-traumatic benign paroxysmal positional vertigo, that’s BPPV, is common in 5% to 28% of the individuals. 
In the picture here, you can see the two types of sensory organs. Here we have the semicircular canals that respond to angular acceleration. For example, when you shake your head left and right. And then we have the otolith organs, the saccule and utricle.  Because of the otoconia, these calcium carbonate crystals, they respond to linear acceleration and to gravity. 
In this picture, hopefully down here you can see the stapes. And that goes out to the middle ear. When you have sound or pressure waves, they’re transmitted through the middle ear, through the stapes, and then they can impact on the otolith organs. So these organs are really anatomically vulnerable because they’re in the line of fire. Damage to the otolith organs can be mechanical, by dislodging those crystals. And that can result in that BPPV. Or it can also damage the neuropathways. And this is a very different mechanism to BPPV. Conventional vestibular assessment however would not be able to identify otolith organ dysfunction. 
There are also functional consequences to blast mTBI. So we can have abnormal visual acuity with head turns. And that typically is thought to be a direct function of the vestibular system through the vestibulo-ocular reflex. Although it does also involve some central processing. There’s an impaired integration of the sensory input for balance. And again, that may be due to some of the central integration. 
And then, finally, there are some gait impairments. So in this one study they looked at people who had been concussed and not concussed. And they found that the individuals post-concussion had slower walking speed as well as when they were doing a cognitive dual task, they had increased sway and were also slower. 
In this one study where they actually did vestibular function testing they found that 90% of those who had dizziness or imbalance for a lengthy period had at least one abnormal finding from a comprehensive balance and vestibular evaluation. If you see here, the most frequent in abnormality is dynamic visual acuity. And that’s the ability to see clearly when the head is moving. And then the next most frequent one is computerized dynamic posturography.  
In order to address some of the limitations in the literature, Dr. Akin and colleagues decided to carry out a prospective case-controlled study to look at the effect of mild TBI and blast on the vestibular system. So they had a control group who did not have any symptoms of dizziness through imbalance or a history of TBI or blast. And then they have three different groups, experimental groups. So they had one group that had blast-related mild TBI, a group that had blast exposure without mild TBI, and then a group with mild TBI without blast exposure. 
Of note here, the dizziness handicap inventory, which is a self-report questionnaire, what you notice is that on average, the experimental groups had a moderate handicap. The other thing to notice is that the time from onset is anywhere from seven to 10 years on average. Also about overall 81% of the experimental group had a diagnosis of post-traumatic stress disorder. But if you look just at that mild TBI and blast group, 95% of them have PTSD. 
In terms of the symptoms frequency reported by each group, the most frequent symptom was imbalance, followed by lightheadedness, lateral pulsion, and then finally, vertigo. So here are some of the findings from the vestibular testing. And this is the caloric test results for all the subjects. And basically what you see is that the control did not have much asymmetry. So the circles represent individual cases. And the group means are here indicated by the red symbol. The dashed line shows the 95th percentile for the control group. And this will be similar for the subsequent figures that I show. 
So here we see that there’s no significant effect of proof on caloric weakness. So in other words, individuals with mild TBI and/or blast did not have a greater presence of horizontal canal asymmetry. If we look here at the cervical VEMPS, and this a measure of otolith function, we see that there is a difference in terms of VEMP amplitude asymmetry. With the mild TBI and blast group having a greater asymmetry, so suggesting of vestibular dysfunction. 
So here are the balance testing results, so the sensory organization test. And again, what you see is the control group had normal composite scores at the total score.  And then the various mTBI and blast group had a lower total score. So they were more unstable posturaly. 
We also looked at the dynamic gait index. And this is a walking test that involves adding some external demands for walking, like turning the head, stepping over and around obstacles. And again, what you see is the control group did perfectly, 24 out of a total of 24. And then the other groups, we see some impairments, in particular in that mild TBI and blast group. 
If we look at just preferred gait velocity, we do not see a significant effective group. So I think it was probably that walking at their comfortable pace was just too simple. I think if we had performed a dual task during the walking, we might have seen some of the group differences coming out. 
So in summary, there were significant differences between the controls and the mild TBI and blast groups for CVEMPS, the sensory organization tests, and the dynamic gait index. These findings suggest that mild TBI and blast affect the otolith organs, in particular the saccule, gait, and postural stability, there were vestibular test abnormalities in about half of the individuals with mild TBI and blast. And specifically, abnormalities occurred more often in tests of otolith organ function than in semicircular canal function.  The frequency of test abnormality ranged from 22% to 71%, with the most frequent abnormalities occurring on tests of the balancing gait function.
So you’ve seen this first case that Dr. Cacace showed you. And basically to summarize, there’s normal vestibular function. So the caloric test was nice, nice symmetric cVEMPS. And then the rotary chair test was also normal. He did show that the balance testing was abnormal. But I want to look a little bit more carefully here. 
What you see is that, if you’re not familiar with the sensory organization test, there are six conditions. The first three are standing on a firm surface. Condition one is eyes open, two is eyes closed, and three the walls move. And then conditions four, five, and six, the floor is moving, eyes opened, eyes closed, and walls moving. 
This individual is in the gray area, which suggests that there is more sway than is normal. The top of the graph would be 100%, which would be rock-steady.  And a zero indicates a fall. So in the conditions one and two, where he’s on a firm surface, eyes open and closed, there’s quite a bit more sway than someone his own age. If you then look at condition six, he actually performs normally.  And that’s the most challenging condition. 
So this actually suggests a psychological aspect to his balance. And we did find this was not an uncommon finding for the experimental groups. Somewhere around 22% of the individuals had multiple indicators of an aphysiological or psychological component. We’re still trying to understand this relationship. But very likely PTSD that’s common in these groups is impacting their balance performance. 
Here’s Case 4 again. You saw this earlier. And in this situation the cVEMPS are abnormal, indicating otolith dysfunction. The SOT, the balance test, also was abnormal. But here it was a pretty classic, what we would call a vestibular pattern. So conditions five and six where they’re on a moving surface with eyes closed or with the walls moving, the individual fell or could not maintain balance in all six conditions. So a pretty common, old classic vestibular pattern.
So what are we going to do with all these people? So there’s a new consensus statement that suggests that the appropriate treatment is multidisciplinary, as I stated right off the bat. And the therapies that should be included, depending upon the individual, but perhaps cognitive, physical, psychological and vestibular therapies. There’s a brand new systematic review that suggests that vestibular rehabs therapy, VRT, is effective. However, the level of evidence was quite low. Seven out of the 10 studies had a high risk of bias.  So there’s a real need out there for high quality, randomized, controlled trials. 
In terms of the [xxxx 49:42] we should be measuring for these individuals, we want to think about dizziness, gait stability, balance and gait, and return to work and sport.  And I’ve listed here some of the recommended standardized outcome measures. In terms or what vestibular rehab therapy [xxxx 50:04]. 
Moderator: I’m sorry to interrupt Dr. Hall. Anthony, can you double check and make sure that your line is muted, please?
Dr. Anthony Cacace: Is that better?
Moderator: It is. Thank you. 
Dr. Courtney Hall: Should I continue?
Moderator: Yes. Go ahead. Sorry about that. 
Dr. Courtney Hall:  Okay. So one of the important things that you want to think about is habituation. A lot of individuals post-concussion or mild TBI have motion sensitivity.  And so you want to consider these habituation exercises to desensitize them to their provoking stimuli. Gait stability exercises, so trying to improve the vestibulo-ocular reflex through exercises. Obviously balance exercises are important to these individuals. And some of the research also used aerobic exercises to improve endurance. 
There’s no consensus in terms of the prescription frequency and intensity. What was published was once or twice a week we would supervise physical therapy sessions and the Daily Home Program. The intensity, one study by Gottshall, looked at working at maximum tolerance versus the Hopper study, as tolerated. And then the time also was very variable, from two weeks to 16 weeks. 
In terms of progression we also know very little. This one study by Schneider was interesting in that it was one study that included the cervical spine physical therapy. Which is, as you can imagine, might be very important. But the study by Alsalaheen et al really looked at progressing people through the therapy, much as we would with standard vestibular rehab. The important differentiation is this idea of adding a cognitive dual task because that divided attention may be impaired.  So I’ve provided references. And at this point, I think we can open it up to questions.  
Moderator: Thank you very much. So we do have some great pending questions. I’d just want to let the attendees know that if you would like to submit a question or comment, you can do so now on the Go To Webinar control panel on the right hand side of your screen.  You’ll see an arrow next to the word Questions. Just tap that arrow and it will give you the dialogue box. And you can then type your question or comment in there. You can go ahead and leave it up on that last slide, Courtney, if you don’t mind. 
Dr. Courtney Hall: Oh, sorry. 
Moderator: Oh, no problem. So the first question that came in, this was during your portion Dr. Cacace. Do these patients with vestibular disorder also have other mild TBI, cognitive, and behavioral symptoms? Or are they just all balance?
Dr. Anthony Cacace: The initial study that I reported had mainly balance-related dysfunctions. 
Moderator: Thank you. The next question, and I believe this came in during your portion Dr. Hall. How does diagnosis affect treatment strategies? What is the efficacy of treatment for vestibular versus brain injury?
Dr. Courtney Hall: So how does diagnosis, I think where it’s really important to understand when someone has a concussion or a mild TBI is that vestibular rehab therapy probably needs to progress a little bit more slowly than we would normally think about. As I said, these people can be very motion sensitive. So we may have to move along at a slower pace than we might normally. In terms of efficacy for vestibular versus brain injury, there has been research to demonstrate that people with a brain injury, and by that central vestibular involvement, they do quite well. But again, in those studies it also demonstrated a longer progression of exercises. 
Moderator: Thank you. Who should do VRT and how affective has it been?
Dr. Courtney Hall: So I’ll take this one as well. So vestibular rehab therapy, at least in the United States, is primarily done by physical therapy. Although, certainly occupational therapy can do it as well. At this point in time, it’s really an advanced clinical skill. And so people should be doing some continuing education to learn a little bit more about vestibular rehab. All the studies on vestibular rehab show that it is effective. Although, it’s not universally so. So not 100% of the people get better in terms of 100% of the outcome. Our studies looking at people with just a unilateral loss demonstrate that somewhere around three quarters of them improve in most measures.  And people with bilateral loss, the number is a little bit lower. 
Moderator: Thank you. The next question, how was TBI severity determined, mild versus more severe?
Dr. Courtney Hall: Tony, do you want me to take this?
Dr. Anthony Cacace: Yeah. You could go ahead. 
Dr. Courtney Hall: Okay. So the patients for the study by Akin and colleagues, they were recruited from polytrauma clinic and the audiology clinic. So they were given a diagnosis of mTBI by the physician who saw them. So it was in the medical chart. 
Moderator: Thank you. The next question, do the number of mild TBIs impact the findings?
Dr. Courtney Hall: Versus?
Moderator: I’m not sure. They can write in for further clarification. We can move on to the next one. Is vestibular rehab typically covered by insurance? What factors may determine whether or not it’s covered?
Dr. Courtney Hall: Yeah. To the best of my knowledge, vestibular rehab is just and NMR, neuromuscular rehab code that I would typically use, and/or gait training. But it is certainly covered by insurance. So yeah, I don’t know why it wouldn’t not be. And I think as long as a therapist can document the impairments, you know, balance, gait, symptoms, I don’t think there are any restrictions for treatment. 
Moderator: Thank you. Let’s see. Does a comorbid diagnosis of PTSD impact imaging findings?
Dr. Anthony Cacace: At this point in time we really don’t have enough information to address that. I think these are things that we have to look at over time. And currently our sample size is just too small. But that’s a very good question. And I think it’s something multiple groups are interested in. 
Moderator: Thank you. We did have somebody write in with further clarification from before. So they wanted to know, do the number of mild TBIs impact findings? Is there a cumulative effect, the more TBIs, the more dysfunction?
Dr. Courtney Hall: Oh. Yeah. I think there’s pretty clear evidence from the concussion literature that multiple concussions, especially if they’re close in terms of time, do have a cumulative effect. Yes. 
Moderator: Thank you. When would it be important to get testing, such as VEMPs, caloric testing, or the balance gait test you showed versus just referring patients to vestibular rehab, based on symptoms and exam?
Dr. Courtney Hall: That’s an excellent question. Certainly it’s helpful to the physical therapist to know whether someone does have a vestibular dysfunction. And so that’s where the caloric testing and the VEMP testing would be important. In terms of the balance and gait testing, the treating therapist would do that testing on their own and then treat the signs and symptoms that they see. 
Moderator: Thank you. That is the final pending question at this, nope, one more came in. Several more came in.  We are at the top of the hour. Are you two able to stay on or should I have these people contact you offline for a response?
Dr. Anthony Cacace: I can stay. 
Dr. Courtney Hall: I can stay for a few more minutes. 
Moderator: Okay. Just a few more questions. Why do you say that vestibular rehab is only done by PT or OT? How much of this is learned in school versus advanced knowledge by way of programs, like the American Institute of Balance? I’m a kineseotherapist. And I’ve been certified in VR and practicing since 2006 with great success.  So yes, they’re wondering why you feel it’s only limited to PT and OT. 
Dr. Courtney Hall: Well I guess my response is, so I do know in the VA system kineseotherapists can practice in physical therapy. Outside of the VA, in terms of reimbursement, to my knowledge, unless it’s private pay, cash/fee basis, only OT/PT could charge insurance. So, yeah. There’s probably some subtleties within the VA system itself that are maybe not applicable outside of that system. 
Moderator: Indeed. Okay. The last question, with regard to imaging results, why do you think that the left is more often involved than the right?
Dr. Anthony Cacace: That’s another interesting question. And we just don’t know. That’s how it’s transpired to date. But then again, you have to be careful with small sample sizes and not try to generalize too much from that. So I would say, you have to be cautious in this regard. 
Moderator: Thank you. Well we do want to get any concluding comments you may have. And not in any particular order, Dr. Cacace, would you like to make any concluding comments?
Dr. Anthony Cacace: I think that these types of educational events are very important. They give people this new information. And I think we need to advance this area. Because I think we see instances where the vestibular testing can be normal. And people have complaints. But then you do see these subtle abnormalities on the imaging testing. In other instances, you get good correlations. And we just have to understand this area more. And that’s what we’re trying to do. So we have these very nice collaborations between institutions. And I’m learning a lot from physical therapists. I’m learning a lot from the vestibular experts. 
And now we’re applying some of our knowledge in joint human and animal studies to try and get more information about mechanisms. So I think it’s a very exciting time.  All of the imaging studies are non-invasive. They provide a lot of interesting information. And we’re just very excited about this whole area. So we’re getting to the point now, even with the vestibular testing, where we get information about each of the semicircular canals, the gravity receptors. And now we have all of this other information that we can put together. So it’s information that we’ve never had before. And we’re just very excited to see it move along. 
Moderator: Thank you. And Dr. Hall, would you like to wrap up with anything?
Dr. Courtney Hall: Yes. I’ll just echo Dr. Cacace’s thoughts that this is an exciting time. This presentation today will be very different from a presentation in five or 10 years from now.  As we learn more about which vestibular organs are affected, then we’ll need to turn our attention to what specific treatments should we be providing to these individuals. And at this point we really don’t know. But as we keep going forward with the research, we will continue to learn. So stay tuned. In another 10 years you’ll get a very, very different presentation. 
Moderator: Thank you very much. Well I’d like to thank both of you for coming on and lending your expertise to the field. And of course, thank you to Dr. DePalma, who organizes our TBI series. Ralph, are you still on the call? Did you want to wrap up with anything?
Dr. Ralph DePalma: Yes. It’s been a very illuminating presentation. There were 107 attendees from a wide variety of Veterans Administration. And I hope we don’t have to wait 10 years. Being a surgeon, I’m a little impatient. And I hope we can generalize these effective treatment strategies throughout the system. I’d like to thank you both for the elegant presentations. 
Dr. Courtney Hall: Thank you for having us. 
Moderator: Wonderful. Well I am going to go ahead and close up the meeting now. For our attendees, please take just a moment to fill out the feedback survey that’s going to pop up on your screen. We do look very closely at your responses and it helps us to improve the presentations as well as the program as the whole. So thank you once again everyone. And have great rest of the day. 
[END OF AUDIO]

