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Ralph:	This afternoon, Harvey Levin, Senior Research Scientist at the _____ [00:00:05] Veteran’s Affairs Center will present and professor of Rehab Medicine at Baylor, and Ponnada Narayana will present their work on mild traumatic injury and findings of cortical thickening.

Dr. Levin:	Thank you for the introduction. So, I will begin. This is Harvey Levin. I’ll begin with some background. Then Doctor Narayana will present on the methodology that was used in the imaging. I’ll return a little bit later to discuss the results and we’ll be pleased to answer questions.

Very briefly, this presentation is based on findings from a recently completed project that was supported by the Department of Defense, and the project was on mild traumatic brain injury. The study was on civilians. The focus of this presentation is on cortical thickness changes in patients that we study longitudinally. Next slide please.

We have nothing to report in the way of conflicts. Yes, please, next. In terms of background, I think many people in the audience are quite familiar with the high incidence of mild traumatic brain injury. On the left, we see numbers from the Center of Disease Control. The estimated numbers of civilians in emergency departments for traumatic brain injury who are not admitted to hospitals. So, the majority of those are mild tbi. You can see it’s about 1.3 million. That’s probably an underestimate. It’s also a few years old.

On the right, we see fairly up to date numbers from the DVBIC, which is for the Department of Defense and Veterans TBI Center. This is up until the last quarter of 2016. You can see that milk TBI accounted for 82 percent of all of the traumatic brain injuries that were reported since the year 2000 worldwide for service members. Next, please.

Doctor Narayana is going to now present on the imaging aspects of this study, and I’ll return a little bit later.

Dr. Narayana:	Can you hear me?

Unidentified Female:	Yes, we can. Thank you.

Dr. Narayana:	Magnetic Resonance Imaging, or MRI is one of the most commonly used noninvasive neuroimaging modality to look at any neurological disorders including traumatic brain injury. 

Convention MRI, which includes, for example, _____ [00:04:20], they’re not really helpful, not very sensitive in detecting an injury in mild traumatic brain injury.

So, there is a technique called diffusion tensor imaging, DTI, which is based on MRI. It shows quite a bit of promise to be able to detect changes even in _____ [00:04:48]. It also shows changes even when clinical symptoms have returned back to normal in the chronic phase. This is suggesting that DTI can detect changes, which are not obvious on the clinical exam or neuro testing.

The only problem with the DTI requires special _____ [00:05:21] and high-end instrumentation, which may not be available at all hospitals and all of the medical centers. So, recently, it has shown that based on animal studies and human studies, that cortical atrophy perhaps has changes in mTBI. So, _____ [00:05:54].

So, what we decided to do in this longitudinal study to look at the cortical thickness. Here is a measure of cortical atrophy. You have two time points. One in the acute phase that is 24 hours after injury and at three months in the follow-up. Next, please.

So, we see _____ [00:06:39], which is freely available, FreeSurfer, which is freely available to determine activity in measuring cortical thickness in humans. The Freesurfer, which has a very wide user group is automatic. Therefore there is minimal human intervention. So, that’s really part of this thickening. The cortical thickness measurements actually are based on simple 3-d volumetric _____ [00:07:18] MRI. Next slide, please.

In this slide, we show typical _____ [00:07:29] at three months and at 24 hours _____ [00:07:37]. You can see the beautiful gray matter _____ [00:07:43] contrast in this measure. This contrast is _____ [00:07:48] by FreeSurfer software. Next slide, please.

In this  _____ [00:07:58], what I show is a magnified version of the _____ [00:08:03]. Where the yellow line shows the _____ [00:08:14] of gray matter and white matter. We see a bunch of green lines, which _____ [00:08:20] normal surface and what the cortical thickness is _____ [00:08:28] that green arrow you see here. Next, please.

So, in the FreeSurfer, most of the times we tend to use what we call the _____ [00:08:46]. What you look at on the left-hand side, you will see the _____ [00:08:54], the gyrus, for example, is shown in green. The sulcus is shown in red. _____ [00:09:04] the brain, as you can see on the right-hand side. Next, please.

So, once you do that, then the next step is to label various lobes or structures automatically in FreeSurfer. So, I show you on the left-side the FreeSurfer on the labels and on the right-hand side, we see in the inflated image and again shows the label. The automatic labeling is based on Desikan-Killiany atlas, that is what FreeSurfer uses and is most commonly used or we will use the FreeSurfer. Next, please.

_____ [00:10:08] on the patients, we have two cohorts. One is the mTBI cohort and the orthopedic injury subjects. The patients are recruited in respect to age, gender, and _____ [00:10:26] by healthcare professionals, MD’s, or RN’s, or emergency personnel. The screening process is comprised of a review of electronic healthcare system data, consultation with emergency staff, and patient interviews and so forth. The Galveston orientation and Amnesia Test or GOAT was administered prior to informed consent. Subjects need to score at least 75 or higher in GOAT in order to be eligible to be recruited in the study. All subjects in this study had a GOAT score of more than 75. Next, please.

The number of inclusion and exclusion criteria, the mtbi group, presence of head injury, Glasgow Coma Scale score in the range of 13,-15, a negative CT scan, post-traumatic amnesia under 24 hours and loss of consciousness for less than 30 minutes. Please understand it. Everybody uses it very much.

The orthopedic injury concern, they should confirm that they did not hit their head during the injury to best of their recollection. They should not have any visible sign of injury nor had undergone any loss of consciousness or amnestic event.

The exclusion criteria includes subjects with pre-existing, psychiatric disorders, PTSD, substance abuse and alcohol dependence. We also excluded subjects who are _____ [00:12:31] MRI such as metal implants and so forth. We also excluded all left-handed subjects. All of the subjects we included are only right-handed subjects. Next, please.

Now I show you the sample distribution. We started with 135 subjects. In the mTBI group, of what we call the C group, 71 subjects. Orthopedic Control, or O, is 58. The treatment group is again divided into two groups. One is treatment group, which is 33 in number. Non-treatment group, which is 38. The treatment group is 33. The non-treatment is 38. The treatment group is getting two treatments. One is getting Atarvostatin, which is 18. The other one is the placebo group. Next, please.

Now, in terms of injury mechanisms, there are 39.5 percent are due to motor vehicle crash. The corresponding number for orthopedic control is 11.4. Eighteen point three for assault, 11.3 blow to head, lacerations, nobody has lacerations, 18.4 fall, auto-pedestrian collision is 8.3, others is 4.2.

The Corresponding numbers for orthopedic control are on the right-hand side of this table. Next, please. The demographic data, the number of participants, again, you can see group and mTBI. The age, there’s not a real difference between orthopedic control and mTBI nor is there any gender differences. The educational levels are pretty comparable and the socioeconomic index there are no differences. These two cohorts are pretty well matched on a number of demographic tables.

Clinical and other data, two subjects in the mTBI group had a Glasgow Coma Scale of 14 and the rest of the group had a score of 15. The matter of this is really, a mild sort of injury. The average duration of loss of consciousness in the mTBI is about 3.95 to 5 minutes, or a range of 1 to 20 minutes.

The mean time from injury for first MRI scan was 25.5 to 12.26 hours with a range of 5.8 to 46 hours. Again, for the follow-up, the mean time again is 97.9 to 17.57 days for the mTBI and comparable time for the orthopedic subjects.

In terms of age distribution of study here, even though they look somewhat different, but when you look at the mean and other things, they are not really that different. 

The data acquisitions at two time points. As I said, one is in 24 hours, the other is 3 months post injury. We acquired, _____ [00:16:42] we focused only on the 3D T1-weighted measures. The images were 1x1x1 isotropic voxel size, meaning they were _____ [00:16:58]. The cortical thickness is estimated in FreeSurfer version 5.3.0. using a _____ [00:17:13]. The longitudinal was formed using the longitudinal pipeline on FreeSurfer. Next, please.

So, _____ [00:17:28], we compared between the groups cross-sectional analysis and within the group in terms of longitudinal analysis. FreeSurfer users Desikan-Killiany atlas for labeling. Multiple comparison analysis was performed using Monte-Carlo simulations with 5,000 iterations. All statistical analysis was carried out at p = 0.01 and _____ [00:18:01] 0.05. I will hand it over to Doctor Levin who is going to give you the results.

Dr. Levin:	Thank you. So, first, we’ll consider the cross-sectional analysis, and we can see that on the MRI performed on about 24 hours after injury, there was significant cortical thinning in the mild TBI group as compared to the orthopedic controls. This was in the left middle temporal cortex and in the right supramarginal cortex. 

At follow-up, there was still significant cortical thinning in the mild TBI group, but this was limited to the left middle temporal cortex. We’ll have a couple of slides to show that. There was no thickening of the cortex in the mild TBI group at either time point. In the longitudinal comparison, there was no significance in the control group. In other words, no change from the initial stance of three months, but in the mild TBI group, there were significant, although subtle, clusters that did change in the frontal temporal and parietal lobes. With a larger sample size and more serial data points, a comprehensive longitudinal analysis could have been performed. Next, please.

So, we see cortical thinning in the whole mild TBI cohort is driven by the group that was not treated by Atarvostatin. Since there were no significant differences between the treated mild TBI patients and the orthopedic control groups, this trend of the non-treated group of mild TBI patients contributing also extended in to the longitudinal analysis. As the orthopedic control and the treated mild TBI groups did not show any significant changes from 24 hours to the three month scan. The non-treated mild TBI group showed a trend of cortical thinning and in some regions, thickening over the frontal, temporal, and parietal lobes. Next, please.

So, here we see the regions of significant cortical thinning in the left and right hemispheres on the left and side of the screen as compared to the orthopedic injury controls. On the top half of the slide, this was at 24 hours. Then on the bottom of the slide we see the thinning in middle temporal cortex of the left hemisphere and at three months. We can also see that there was involvement of the inferior parietal and also right hemisphere. Next, please. That was at three months.

Here we see a representation of the longitudinal analysis, and on the top half of the slide, we see the longitudinal, the significant changes between 24 hours and three months in studies involving the lateral and medial surfaces of the left hemisphere. There was no significant differences between 24 hours and three months observed in the right hemisphere. On the bottom half of the slide, we can see changes in thickening from 24 hours to three months, and we do see some subtle changes in thickening in the mild TBI group. On the top half of the slide, you can see indicated by the red areas, this was significant thinning between 24 hours and three months. We can see that in the lateral surface on the left. You can see involvement of the frontal temporal regions or posterior regions. On the right, we can also see initial areas of thinning from baseline or 24 hours to three months. That was on the medial surface of the brain. Next slide, please.

Now we are looking at longitudinal changes in the mild TBI group versus the orthopedic controls. Here on the left side of the screen, you can see the contrast of the mild TBI group who were treated, that’s represented by A, with Atarvostatin, treated versus the orthopedic control group. So, you can see on the follow-up, there’s no significant difference between the patients in the mild TBI group who were treated with Atarvostatin versus the orthopedic control group. However, on the right, we can see the follow-up impairing the untreated mild TBI patients versus the orthopedic control group. There were significant differences in the middle temporal cortex and the most significant difference in the right hemisphere. Next, please.

To take it into perspective, at the time that this study was completed and also when we submitted it for publication, it was the first longitudinal mild TBI study with a relatively large sample size that analyzed cortical thickness changes. It is interesting that we found cortical thinning even at about 24 hours post injury.

I think relevant to the VA Healthcare System, these results for cortical thickness were obtained using a conventional MRI scanner. This software could be used on MRI scanners at many VA sites. Another aspect of this study, it was the longitudinal design although there were only two time points. So, if there was a follow-up study which had additional time points in the recovery stage and a larger sample, we may see the potential role of cortical thinning in neuro degeneration in the mild TBI. Next, please.

A more recent study published in 2016 found somewhat similar results in collegiate football players who had a history of sports concussion. These investigators found evidence of thinning in the ventromedial prefrontal cortex and also in the motor cortex. Again, it was only in the collegiate players who had a history of concussion. Both groups were exposed to playing college football. Next.

Thank you for your attention, and we’d be pleased to answer questions.

Unidentified Female:	Thank you both very much. I’m sorry. Let me go back one. We do have some questions that have come in. So, for those of you that joined us after the top of the hour, you can go ahead and submit your question or comment by using the question section of the go to webinar control panel on the right-hand side of your screen. Just click the plus sign next to the word questions. That will expand the dialogue box. You can then submit your question or comment there. I will read it aloud in the order that it is receive. So, the first question, I believe Dr. Levin, it came in when you were speaking in the beginning. You made mention of a treatment effect. Can you elaborate on that, please?

Dr. Levin:	Yes. Shortly after the first MRI was done at about 24 hours after injury, there was a subgroup of the mild TBI patients who participated in a concurrent chronical trial. This was directed by Doctor _____ [00:29:23] Robinson. So, right after that scan, the patients who were treated started a seven-day course of Atarvostatin, which was one milligram per kilogram for seven days. This was a subgroup of the patients in this imaging study were put on Atarvostatin. There was another subgroup in this study who participated in the treatment study, but were given placebo. What would appear to be protection against cortical thinning on the three-month MRI was specific to the patients who were actually given the Atarvostatin. This protection was not seen in the patients who were given placebo.

Dr. Narayana:	I would like to make a comment. The sample size of patients who were treated is very small. I think there were 18. What we really need to do is this needs to be replicated with a much larger sample size and perhaps across different centers.

Dr. Levin:	Yes, this is a very preliminary finding, but we were certainly impressed by it. As Doctor Narayana had explained, the analysis of the cortical thickness is done automatically. So, there was no, the people who did the analysis had no knowledge of which of the mild TBI patients had been treated with the statin. Also, they didn’t even know whether it was orthopedic control or a mild TBI patient.

Unidentified Female:	Thank you both for those replies. The next question we have, can you discuss the, I’m sorry, how do you pronounce it, Atarvostatin?

Dr. Narayana:	Atarvostatin.

Unidentified Female:	Atarvostatin, okay, can you discuss Atarvostatin results and potential for general use? Are you doing more work and follow-up on this cohort?

Dr. Levin:	We are not at this point. It’s a very widely used statin. This family of statins that differ in some ways are widely used to control cholesterol, but there is literature now showing in animal models especially that this class of drug is neuro protective for both traumatic brain injury and also for stroke. There are some clinical papers on stroke that provide some support to this. There’s a recent review. It was published pretty recently. It would be pretty easy to find, but we have not followed up with a new study yet, but we do think that it would be timely. There’s certainly a strong premise for looking at this further.

Unidentified Female:	Thank you. This next person writes in two questions, but we will tackle them one at a time. What neuropathological processes explains the rapid thinning within 24 hours?

Dr. Levin:	That’s a good question. We don’t know. I would have to say that we’re gratified that at least one or two other groups of investigators have confirmed this cortical thinning early after mild traumatic brain injury. So, this isn’t, we’re not alone in this finding, but we don’t really know what the mechanism is. Maybe an animal model could sort it out, but any thoughts Dr. Narayana:

Dr. Narayana:	We simply don’t know what’s going on. As Dr. Levin mentioned, there’s a group in Ohio who looked at patients, mTBI patients exclusively in motor vehicle accidents. In the study 48 hours, they found exactly cortical thinning in the same patients that what we found. Their study was based on a much smaller sample size than ours. We are trying to come up with an explanation of what’s going on. As Dr. Levin mentioned, probably animal studies may provide some clue for what’s going on.

Unidentified Female:	Thank you. That may be the answer to the 2nd question as well. They would also like to know what processes explain the partial reversal in some areas but not others after 24 hours.

Dr. Levin:	Yeah, yeah, of course. I can speculate on reversible effects, but we really don’t know. But I have a hunch that some investigators who use animal models might be working on this.

Unidentified Female:	Thank you. What were the functional correlates of this cortical thinning?

Dr. Levin:	We, as part of this project, we did have a longitudinal outcome data in this cohort. We are analyzing those data. We don’t have, we haven’t reported the relation to the cortical thinning yet, but it’s on our, it’s in process.

Unidentified Female:	Thank you. Pardon me. Do you see the possibility of using DTI in trauma hospitals in combat theater? When I was the commander of an all US medical force in Afghanistan, we placed MRI’s in all trauma centers, and we could find no structural abnormalities in our TBI patients.

Dr. Narayana:	You see the facilities in the Army hospital in the field, there’s no reason why you can’t do DTI. Again, I don’t know how the DTI was performed, because quite a bit of _____ [00:37:40] variability in the DTI outcome. _____ [00:37:53] does support DTI changes in the mild traumatic brain injury more in the acute phase than the less chronic phase. Do you know what Dr. Kennedy used?

Unidentified Female:	I can ask him to write in for further clarification. In the meantime, I can tell you the second part of their question.

Dr. Levin:	If I could just add to what Dr. Narayana said, he alluded to this earlier, but from the clinical reading of these MRI’s, and they all were reviewed by a senior neuro radiologist, there was very little in the way of any pathology seen in the MRI’s. So, this is, I think, highlights the significance of this finding of cortical thinning, which, again, can be obtained using a conventional MRI scanner using this software, but otherwise, there wasn’t much to be seen on these MRI’s from a clinical point of view.

Dr. Narayana:	_____ [00:39:25] crunch the quantitative numbers. You don’t see any visible changes, but you do see quantitative changes.

Unidentified Female:	Thank you. The writer did write in to specify the MRI’s were basic MRI’s in each of the three trauma hospitals. They were placed for several months as a trial. The second part of their question or their statement was our soldiers often sustained multiple TBI’s often with minimal symptoms at the time of each TBI. Did your study population include patients with multiple TBI’s, and was there a difference in findings in this subgroup?

Dr. Levin:	We did not include patients who had a history of previous TBI. It was in some ways the study was designed to eliminate compounds. So, there were no previous TBI. There was no history of major substance abuse or severe psychiatric disorder or neurological disorder. So, these patients were basically quite healthy, and it should be noted, and this was alluded to earlier, within the spectrum of mild TBI, the sample represents the milder end of the spectrum, because not all of the patients lost consciousness. As you heard the mean of loss of consciousness and duration was very brief. There was no history of repetitive TBI in this sample. It would be interesting to look at a different sample, but I mention the collegiate football study. They found cortical thinning only in the group that had a history of concussion not in the college football players who played but had reported no history of concussion.

Unidentified Female:	Thank you. The next question, did the TBI patients all have some period of complete loss of consciousness or were there any who just had quote bell ringer alterations of consciousness? Any thoughts about the bell ringers?

Dr. Levin:	About two-thirds of the patients in this total study, and I think the total number was about 79 mild TBI patients all told, about two-thirds had loss of consciousness. One advantage of this study is that the patients were recruited from the emergency department of the two level-one trauma centers on the campus of the Texas Medical Center. They were recruited by research nurses. The notes by the ED physicians and the emergency medicine technicians were all reviewed in addition to also talking with the patient. So, I think the level of confidence that we have about reporting loss of consciousness in this study is somewhat higher than most other studies in the literature. But the patients who did not lose consciousness, in order to have been recruited, they must have had an acute onset of post-traumatic amnesia or post-concussion symptoms that were continuous with the injury so that if they did not have a loss of consciousness and they did not report post-traumatic amnesia, they had to have an acute onset of headaches, dizziness, fatigue. They might’ve had visual changes, changes in their postural stability, poor balance. There had to be a temporally contiguous onset of either loss of consciousness, impaired consciousness, amnesia, or post-concussion symptoms to be in this study.

Unidentified Female:	Thank you. What were the effect sizes for the significant differences that you cite?

Dr. Narayana:	_____ [00:44:51] you need about 20 patients _____ [00:44:55] cortical thickness to get significant differences of 0.1 millimeter. 

Unidentified Female:	Thank you. That is the final pending question we have at this time. I’d like to give both of you the opportunity to make any concluding comments you’d like to. In no particular order. Dr. Narayana, would you like to start?

Dr. Narayana:	I would like to point out again that this is in some sense a pilot study. The observations need to be confirmed by other groups using larger samples and perhaps more time points _____ [00:45:49] completed. Right now, all of the research is tantalizing, but the other side we have to be careful in taking this as _____ [00:46:07]. This really needs to be replicated. I think this is one thing _____ [00:46:13] TBI as a whole is really suffering. We don’t know how to define a TBI. So, _____ [00:46:24], somehow we need to incorporate this many markers so that we can objectively _____ [00:46:37] on defining this group.

Unidentified Female:	Thank you.

Dr. Levin:	I would exercise as well that we need to be cautious in interpreting the results. As we noted, we don’t know what the mechanism is. We haven’t fully analyzed the data. So, we can’t comment about what the functional implications are either at the time we studied these patients at three months or what the implications might be one year or 10 years later.

Unidentified Female:	Thank you very much. We do very much appreciate you both coming on and lending your expertise to the field. Sorry. I forgot to unmute Ralph [PH] Dapoma who organized this session. Ralph, do you have comments you’d like to make before we wrap up?

Ralph:	Yes, I’d really like to thank Dr. Levin and Dr. Narayana for this very qualified carefully presented scientific study. Having personally spent my life looking at vascular imaging, I fully agree with Pannada’s comment that we really need clinical imaging to understand what’s going on. Again, it’s a pleasure to have you both, and it’s great to see the center of excellence at Baylor collaborating with the University of Texas. Thank you very much, gentlemen.

Dr. Levin:	Well, thank you.

Dr. Narayana:	Thank you very much for giving us the opportunity. _____ [00:48:31].

Unidentified Female:	Wonderful. Thank you, and thank you Dr. Depoma for organizing all of our TBI sessions, and thank you to our audience members for joining us. I am going to close out this session now, and you will be redirected to a feedback survey. Please take just a moment to fill out those few questions. We do look very closely at your responses, and it helps us improve presentations as well as the program as a whole. So, thank you once again everyone, and have a great rest of the day.

[End of Transcript] 
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