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MARK S. GEORGE

Interviewed by Robert M. Post

Scottsdale, Arizona, December 9, 2008

BP:  I am Dr. Bob Post and I am interviewing Dr. Mark George.( Tell us something about who you are, your credentials, and then we will go into some of the key issues about your career development.

MG: I am a psychiatrist and a neurologist, born in Columbia, South Carolina and I went to medical school there after a philosophy undergraduate degree. In medical school, Dr. Jim Ballenger, one of your other students, grabbed me out of the masses and said, “I think that you have talent, so why don’t you think about becoming a psychiatrist or neurologist or both”?  I have been working in the field ever since.

BP: That is great; you are one of few with credentials in both neurology and psychiatry.  Where did you get your training?

MG: Jim Ballenger had created a program at the Medical University of South Carolina (MUSC) in Charleston, which involved one year of each discipline over 5-6 years. I wish I could say it was a brilliant choice, but it was actually a compromise. I have always been fascinated with the brain and with behavior, so I looked at what kind of clinical training you could have. Neurology knows about diseases of the brain; they view it is an organ and look at brain tissue and circuits.  But they ignore everything important: depression, emotions, hopes, and the impact of life events on diseases. Everything that was cool and interesting was just taboo in neurology, so it was insufficient.  Psychiatry embraced all the interesting ideas but it was essentially ‘brainless.’  There were a few people like you who were talking about pharmacology and the brain but, by-and-large psychiatry was ‘brainless’ when I started.  So I chose both, because neither was sufficient.

BP: You got some early training from Mike Trimble.  Would you tell us about that?

MG: I got hooked on research during my residencies and became fascinated with brain imaging.  I will never forget when I was a neurologist and MUSC received the first CT scan. There I was one night for the first time ever we had a patient that had a stroke and we could get a picture of the brain.  I remember thinking we are going to be able to look at the brain and solve all our questions.  The reason that psychiatry and neurology have been lagging behind other areas of medicine is because we haven’t had access to our organ and this is going to do it!   Interestingly enough, the patient had a stroke but we saw nothing on the scan.

BP: You didn’t see the stroke.  

MG: When there is an acute ischemic stroke, conventional CT scans are not helpful. The patient was partially paralyzed and we had a revolutionary new tool that could image the brain but it was normal. It was a hint that things were not going to be as simple as we thought.  I also remember seeing a paper in The Lancet on Magnetic Resonance Imaging (MRI) of the leg and realized we could non-invasively look at blood flow with this technology.  So I decided after I finished clinical training that I wanted to do research with brain imaging.  Jim Ballenger suggested I devote my career to schizophrenia but I didn’t think that was the right choice for me. I was interested in mood disorders because there are no permanent sequelas. So he suggested I work at the NIH and helped set up my interviews with you.  I also mentioned I would like to go to London and work with Mike Trimble who is a neurologist and psychiatrist.  At that time brain imaging was only done, at maybe four or five places on the planet including NIH and Queen’s Square. Queen’s Square was a fertile location for a young researcher interested in brain imaging and I wanted to spend a year there before I came to work with you.  You graciously said take a year and go over there; so that is what I did.

BP: You came just at the right time because when I started out, there was no way to get into the brain and no way to see anything.  What were some of the key things that you picked up, working with Mike Trimble?

MG: Mike is basically a neurologist, unlike you, who is more of a psychiatrist.  As you know, my whole career could be summed up with one basic neurological question, where is the lesion? While I was at Queens Square I did some SPECT and PET scanning and, serendipitously, I stumbled onto transcranial magnetic stimulation (TMS).  They were doing it on a floor above where I was working and ran into a patient in the elevator who had been a subject in one of the TMS studies.  He told me how they put this magnet on his head and they could stimulate his thumb to move. We rode down and then I punched the button back to the floor from which he came. I walked in and there was John Rothwell studying the motor cortex.  I turned to John and said, “Professor Rothwell, what would happen if you move that thing forward over the frontal cortex”? And he looked at me and he said, “I don’t know and why would you ever want to”? I replied “because all our brain imaging work implicates the prefrontal cortex and corticolimbic loops in emotion regulation. It would help augment the imaging work and establish the lesion in depression”. 

BP: Yes.

MG: The initial emotion imaging studies at that time were very crude, and we did some of the first studies of depressed versus non depressed patients. We also did some of the first emotion inductions; we took healthy people and tried to manipulate mood inside the scanner.  Compared to the elegance of the motor and visual systems, we couldn’t show the precision of circuits in the same way that other parts of neuroscience could. But we had had identified certain regions as being important in normal sadness and pathological depression; the prefrontal cortex, cingulate, amygdala, insula, and hippocampus. These early studies I did with you and Terry Ketter contributed to an emerging literature with many others around the world. These studies, taken as a whole, identified specific regions that changed as a function of mood and were involved in depression. Those road maps were what led to brain stimulation techniques to test the theories, and hopefully evolve into therapies.

BP: I remember your doing the mood induction studies at the NIMH, which were quite pioneering. We were fortunate to pull in the neurology connection with Mark Hallett and other neurology collaborators, so you must have felt right at home having neurology and psychiatry joined together in our little group.

MG: Yes, Mark Hallett was very helpful.  He had a Transcranial Magnetic Stimulation device at Bethesda and was using it to study the motor system and movement disorders.  You helped arrange for me to meet him and we had the idea of using stimulation as maybe a treatment, but certainly as a research probe in depression. Mark Hallett had an open-minded but skeptical approach.  He said come in, but don’t hurt anybody, and you have to do your work before eight in the morning or after five.

BP: That’s right!

MG: Because we have the real science going on in the middle of the day.

BP: And he loaned us Eric Wasserman to help out.

MG: Eric helped, but I think initially Eric was a security guard to make sure that we didn’t hurt anybody.

BP: Absolutely!  So, tell us about some of the first clinical experiences with Repetitive TMS (RTMS). There were some notable patients that even I can remember.

MG:  Before we get into the anecdotes, I want to return to John Rothwell’s question, why would we want to do that and my answer, where is the lesion?   From the brain imaging studies we knew that there were these regions and right at that time, 1993, there was a seminal paper by Alexander, DeLong and Strick that described cortical and sub-cortical regulatory circuits and I thought that might be a way to use TMS to get in and change them. There was also data from Harold Sackeim, who has been very important in my career, with ECT, showing how they were damping down the whole prefrontal circuit, which was linked with eventual clinical response.   Our idea was that we could stimulate non-convulsively with TMS over prefrontal cortex which was a window into the regulatory circuit and that we could reset that circuit over time and cure depression. That is why we began and that is still the major theory about how TMS works, and I think we were right. It was a paradigm shift at the time, but not well-received by the administrators at the NIMH.   You were open minded and so was Mark, but in the community at large, for a device to work, everybody had the model of ECT.   They all assumed that you had to have a seizure and for us to come along and say you can use a device to change mood and it doesn’t involve a seizure was anathema; it was almost taboo.

BP: And, there are still a few people left who think that you have to have a seizure to change mood, right?  So, you started doing 20 Hertz stimulation just over the left pre-frontal cortex at just below the motor threshold.

MG: We had this new technology, but there were a gazillion questions that we had to answer. Where do you stimulate; how frequently; what is the duty cycle; what is the dose; what do you have them do while you are stimulating them; all these things we had to make good first guesses at. You were extremely helpful from keeping me from having a panic. Faced with infinite possibilities, you said, do your best, so we took some reasonable first steps. The FDA was very concerned about the technology causing seizures, so they made us start quite conservatively and the IRB at the NIH would not let us do patients until we had shown safety and feasibility in healthy controls.  So, we launched our first study in healthy controls. We did left, right and midline prefrontal, occipital and cerebellum TMS.  We measured changes in subjective mood and peripheral measures, prolactin to make sure we were not causing seizures, and serum thyroid where we found changes prefrontally, which for me was an epiphany.  This said that we can access circuits that interact with the hypothalamic pituitary axis (HPA). If we can do that there is a high likelihood that this intervention might be useful as a treatment. We did the controls first, and then we started with a few of the very treatment resistant patients on the ward. I think that some of the confusion down through the years has been that a lot of the patients were treatment resistant. We would often try something and it might work in some and not in others. What we were doing was trying a somewhat weak treatment in a very refractory group. We did the first open study and I remember the first patient. She was a pilot from New Hampshire, or Vermont, and she consistently responded to TMS.  We did PET scanning before and wrote up her case with a few others as an example to the world that intermittent daily stimulation can be useful.

BP: I remember how excited you were one day when you pulled me aside and said, Bob, you have got to come up and see this!  We climbed the stairs with the patient who could barely walk and was tired and then after the RTMS, all of a sudden she started smiling, talking with you, telling jokes, saying, I am not tired anymore, going up and down the stairs. It was a precursor of things to come!   How did things evolve in the RTMS studies, and how did that lead to your getting involved in other brain stimulation techniques like Vagal Nerve Stimulation (VNS), deep brain stimulation and a whole program trying to become more and more refined, in terms of therapeutics and approaches to the brain?

MG: Before we go into that I have a couple of stories to tell about early TMS.

BP: Okay, go for it.

MG: There are two things that happened that have reverberated through my career. One was when you advised me to take out a use patent.  Do you remember?

BP: Oh, yes!

MG: I was reluctant to take your advice because the work was “outside the box” and people were skeptical. If we took out a patent it might stifle interest further and I would have to step aside to let someone else develop the procedure. So, I chose not to take out a patent; and, at the time I thought that was the smartest and best thing to do. But I have had to rethink whether that was a wise decision. Because there is no patent, there was no way for industry to protect itself while doing the studies needed to get approval. So the lack of a patent slowed things down, which is why it took fifteen years from that first paper until recently to obtain FDA approval. I ignored your advice and it slowed things but allowed me to continue to talk and work on the project.  I had to leave the intramural program and went to Charleston where Jim Ballenger accepted me back. He didn’t know about brain stimulation but was interested in my use of imaging, so I had to create an imaging group. I explained the brain stimulation work as a hobby and kind of side project and asked him to loan money to buy the equipment. He did; it cost thirty thousand dollars at that time and after I bought one I immediately applied for a National Alliance for Research on Schizophrenia and Depression (NARSAD) grant and paid Jim back. So I did a couple of TMS trials and there were some studies out of Europe where a non-psychiatrist, who didn’t know about depression, started using it to treat the disorder. That paper came out in the Lancet and a lot of people around the world tried the treatment for just one week and it failed. So, there was a negative opinion in the mid-1990s when people decided it didn’t work. Because I had seen what I thought were small but legitimate effects I continued to plug away with systematic single site double blind studies.  Most of the studies were funded by NARSAD and the Stanley Foundation. We continued to see a signal I thought was worth building on, but it would go nowhere without industry support for clinical trials. I remember an ACNP meeting in Hawaii where I spent an entire day talking to venture capital people who were thinking about buying or investing in a TMS device company. Some of them did and that was the basis of the company that eventually organized the multi-site trial. I couldn’t invest or be a part of those companies but I was their scientific advisor.  

BP: So, that was at the ACNP?

MG: Yes.

BP: Was that your first ACNP meeting or had you been coming before?

MG: My first ACNP meeting was in 1989 or 1990 and I have been coming ever since.    

BP: Did the ACNP play any role in your career?

MG: Oh absolutely, especially with trying to obtain legitimacy for brain stimulation and TMS. I remember the first workshop at ACNP. It was a study group at night where we had Bob Belmaker and a few other people who had been doing TMS around the world come together and share ideas. I remember coming to ACNP meetings and arranging to meet other scientists who were doing TMS.  There were some groups in Israel who were publishing and I was looking for external verification of the signal I was getting.  As a scientist, you are worried that you are putting your thumb on the scale and deceiving yourself, so it is nice when you see other groups replicate your findings.  I used the ACNP meetings to hook up with people that I had read about in other places. I remember one meeting in Hawaii where I went dead set on meeting with Ahud Kline who had just published a very rigorous study which seemed to confirm what I was seeing.  So, the ACNP has been really important as a community to fall back on. 

BP: Yes, a lot of interchange.  I don’t know if you know this, but about eight years after you left our program my boss at the NIH said he knew that TMS was not going to work.

MG: There was resistance!

BP: Yes, big time resistance!  There were a lot of people that were very skeptical!

MG: As you may remember, I was told not to talk with the media about TMS by the bosses and the intramural program at that time. It helped me with my decision to move to Charleston, to be scientifically gagged, as well as getting kicked out of the Association for Convulsive Therapy (ACT) meeting by Max Fink.  There was a lot of resistance to TMS and general brain stimulation for depression.  The other thing that started at the NIMH was the idea to combine stimulation and scanning.  We had done it with the PET scanning, but I was ambitious and wanted to do TMS inside the MRI scanner.  I remember trying to talk to some of the people in charge of the MRI scanner at the NIH. They said that they would have absolutely nothing to do with that. So that was another reason why it was good to move to Charleston where I was in charge of the scanner and could carry out some of my ideas.

BP: Let me switch topic. How did you get involved with vagus nerve stimulation?

MG: You have a graphic you shared with me that you used to have in your office at the NIH. It showed a sagittal view of a person receiving light therapy, medications through veins, oral drugs, TMS and VNS. I followed that graphic, copying the people who had pioneered VNS for epilepsy.

BP: That is another thing that we stole from neurology, their ECT seizures, the RTMS and VNS. The VNS epilepsy people said they didn’t know how it worked for epilepsy, but their patients were feeling better; so that was a very early hint.  So then you did work in South Carolina and brought that technique to a whole new level of clinical interest.

MG: Well, I couldn’t have done that all by myself.  When they came to me, I said that it was a good idea.  Imaging and clinical anecdotes supported it and I had met Paul MacLean when I was with you. I had lunch with him once a month and read all his work.  Paul MacLean, in the fifties, had predicted that vagus stimulation would have neuropsychiatric effects.

BP: He was a real genius!

MG: No kidding, it’s a shame that you couldn’t recorded Paul.  

We had the anecdotal positive reports of epilepsy patients becoming less depressed. VNS was a good idea, but I couldn’t do it myself, so I called up Harold Sackeim and John Rush who were experts in the field with open minds and the three of us organized the initial clinical studies.  

BP: You ran into them at the ACNP too? 

MF: Absolutely, they were friendships brought about through this meeting. 

BP: That made a big difference. 

MF: Then we added Lauren Marangell, another of your children, as the fourth site and that was the group that did the initial pilot studies and organized the double blind studies.

BP:  Here’s a tough question for you. VNS is now FDA approved for seizure disorders and mood disorders. Where do you think VNS is going?  Almost no one is using it, because of reimbursement problems.  Where will it be in ten to fifteen years?   

MF: The answer is yours; we need to understand the neurobiology of what VNS is doing in the brain. The company has ignored that core issue. If the neuroscience of the stimulation could be expanded it would likely have better clinical effects. Right now the VNS dosing parameters are just dumb. It’s highly unlikely to be the best use parameter for depression.  It might need to be individualized or depth adjusted and that should be driven by pre-clinical knowledge and the company has ignored that.  VNS is FDA approved, but there’s no first class evidence for its effect in depression. There is not a positive randomized controlled trial and we don’t understand enough about the neurobiology. However, I’m an optimist; information is going to be developed and, ultimately, the randomized control trials will be done. We are now with VNS where we once were with TMS. There was initial excitement, ignoring it for awhile, and then it came back.  So, I think VNS will come also back. It clearly has modulating activities that have a long term effect.   

BP: That is very interesting.  So, what are your current most exciting concepts and where do you see things going for yourself in the next five years? 

MG: With Harold Sackheim’s help, we’ve launched a new journal called Brain Stimulation.  We’ve taken your idea, where we want people contributing, who are neuroscientists. We want bioengineers who understand what electrical currents do when they interact with neurons. We want neurologists, psychiatrists and cognitive neuroscientists to come together and see brain stimulation, not as ECT or TMS, these different devices, but to view the commonality of it all and try to understand the common rules.  Because the techniques, I think will change, one hundred years from now, no one will be doing any of these things, ECT, TMS, and Deep Brain Stimulation (DBS).  It will be considered quite crude, but they are all stepping stones toward this larger and more refined body of knowledge. So, this new journal is a lot of fun because so many people now get it. It’s not one technology or another. Its understanding the underlining principles and then finding technology that will influence them. So, that’s a lot of fun and I want to continue to grow that journal. But the main thing I want to do in the next ten years is to go back to your dream where we create a scanner that can be diagnostic.  You could take, say a depressed patient, and put them in the scanner.  You could do a series of scans to find the area of their brain or the circuits that are pathologically involved. Then you could apply stimulation and scan again to look at the immediate effects and either do all the treatment and produce a cure or set the stage for follow up out of scanner treatments. I want to build that combination scanner/stimulator and use it like cardiac catheterization id used in heart work.  How would cardiology work if they couldn’t image a coronary artery, stimulate to unblock the clot, image again and then stimulate again if needed. I think in neuroscience we can create that technology, building on the two legs of my career with imaging and stimulation, and put them together in a real time feedback technique.  I’ve been extremely blessed and, if I continue to be lucky, that’s what I would like to do in the next ten years. 

BP: So, there’s a thread all through your career of applying that initial question, where’s the lesion; where are the pathways?  But then asking, what can you do about it for therapeutic benefit to patients? What other brain stimulation approaches are you and your group thinking about?

MG: Well, I’m an open-minded skeptic. Even things that look like hokey science will tell you if they are hokey or not if you are willing be open-minded about it.   Right now there is a non invasive technique called transcranial direct current stimulation (tDCS).   We are starting to look at that for pain and, then, there are the more invasive techniques, deep brain stimulation and surface based cortical electrical stimulation, as well as new ways of doing ECT.  We are doing ultra brief pulse right unilateral current which is a paradigm shift really in ECT.  We are studying all of them with respect to mood disorders.

BP: How promising does the frontal lobe stimulation look?

MG: You were in Charleston a couple of weeks ago and you saw two of the star patients. We’ve treated five, and these are people who are as treatment resistant as you can get and still be alive.  Two of them have their lives back now, at least temporarily. It’s been only six months but it appears to be very powerful and promising. I don’t know to what degree we will end up doing that in everybody, but if it works we might come up with other less invasive ways to do the same thing. Maybe this initial work with the most invasive techniques will inform us how to do it less invasively. For some people a small surgery isn’t a big deal to get their lives back. 

BP:  That’s for sure. 

MG: As the editor of this journal and serving on study section I see so many fascinating ways of interacting with brain in terms of stimulation. Ultrasound, light, there are just so many different ways. It’s so exciting to be alive, seeing this explosion of the potentially different techniques.  We can do focal pharmacology in ways that will produce long term change in circuits. That’s what you taught me and that’s the dream you gave me at the very beginning. So, it’s very cool to be here today with you my mentor and friend, to talk about the progress we’ve made, but also dreaming about what’s still left to do..  

BP: So, focal pharmacology…

MG: That’s the bread and butter of modern psychiatry, that’s what I do with most of my patients in terms of managing medications.  In drug therapies, some work and some don’t. That’s the background. What’s new is that we are saying it’s not soup; it’s focal; it’s in the circuit.  You’ve said that all along in the work that you were doing with Susan, in terms of kindling interaction with drugs. You were doing focal pharmacology and modulation of circuits when I first got to NIMH and we are just now translating the basic idea there into clinical use.

BP:  It’s an exciting time; that’s for sure. You’ve told us about the collaborations you’ve built here at ACNP meetings, and the people you’ve got to know and some of the intramural aspects of trying to get RTMS going.

MG: I love this meeting. The ACNP is a place where you can get away from everything else. 

I’ve said to my wife, who has sometimes been able to come, that I get more work done the week 

I’m here than the whole entire rest of the year. She doesn’t understand that, but it is true. 

Conversations I had here, led to grants, and discussions in a poster session sparked ideas.The 

idea of a community of scientists, has been critical to me. 

BP: Same here, it’s always been the most exciting meeting of the year for me too.. 

MG: The other thing is that my family has grown up around these meetings and often we take a vacation. My son learned to swim at the sink hole in Hawaii before one of the meetings. I’ve a lot of fond memories of these meetings associated with family 

BP: Your work has recently been recognized with the most prestigious award that NARSAD gives out.  Can you tell us something about that? 

MG: I’ve been very blessed and there have been a couple of awards that have recognized some of my work. One of them was the NARSAD Falcone award. I was fortunate to enter the field at a time when technologies were becoming available to look at brain circuits and to have the training and expertise to use them. I’ve been financially able to do all this. My wife has worked and supported our family so that I’ve been able to pursue science and not have to make a lot more money in other areas.  But my greatest blessing has been in the people I’ve worked with and the mentors I’ve had who told me go for it, do the best science ad if it doesn’t work, the worst that can happen is you fail, but other treatments will emerge.  I want to close with thanking the ACNP and you Bob for allowing me to do science.  

BP: What would you say to the young investigators now who were tempted not to go into the field because of concerns about tight funding, conflicts of interest in treatment and all the other adversities?   Given your experience, what advice would you give to the youngsters now who might be interested in this amazing field of neuroscience?

MG: Translational neuroscience is not for everybody and it’s not easy.  But if you are willing to make some sacrifices, if money is not a huge motivator, if you are able to work really hard, don’t need a lot of sleep, and if you are motivated by helping patients, there’s just no other choice of a career. I haven’t put this up in my office, but I would love to have a huge saying “we produce smiles”.   That is really what you work for. You have a single patient whose life is ruined by treatment resistant depression but with a new and novel treatment that’s come out of your head they get their lives back. And they thank you. Very few people have a job where that’s what you can get.  So, if that’s what you want, then, you can make those other sacrifices.  I’d absolutely say go for it.  I don’t know what funding will be like, but I think there will always be people who need treatment and the people who can do the science. I have no regrets about my life and for the right people it’s certainly is a great career.  Don’t you? 

BP: Absolutely! Mark George it’s wonderful to have you here at the ACNP.   We look forward to your next iterations of these creative therapies.  So many people have treatment refractory depression or bipolar disorder we really have to push the envelope. Most people aren’t able to do it in the creative way that you have and a lot of people are going to need you to come up with the next generation of treatments. It’s wonderful having you in our group, wonderful following your career down in South Carolina and I look forward to many splendid accomplishments.   What you said about patients getting excited about that and having somebody, produce a smile, is just spectacular; so good luck with the rest of your career.  A pleasure seeing you at this meeting all the time and thank the ACNP for creating a wonderful stimulating environment to push through scientific frontiers.

MG: You’re welcome Bob, thank you! 

( Mark George was born in Columbia, South Carolina in 1958.





