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Science advances with sometimes subtle and sometimes large modifications in how we understand and view the world. This ever changing dynamic process constantly requires new ideas and evolving methods. Unfortunately, the current U.S. Federal method for allocating research money is the exact opposite of this - it is conservative, and new ideas and novel methods are initially at a disadvantage with respect to funding. NARSAD often provides critical money for new ideas and novel fields until they can become established enough to compete for federal funding. This has recently happened with a new technology called repetitive transcranial magnetic stimulation (rTMS). 

Twenty years ago, most psychiatrists would have conceded that depression was a disease of the brain. Also however, they would have said it likely involves the entire brain (mass action). And they would have added that electroconvulsive therapy (ECT) worked by causing a generalized seizure in the brain the location of the seizure did not matter, or even how the seizure was caused. 

Within the past two decades all of these ideas have been challenged, with promising results. Psychiatry has discovered that depression and mood dysregulation arise from brain (and not just mind) dysfunction. Work by myself and others using functional imaging (PET and SPECT scanning) began to demonstrate that not only was the brain integrally involved in regulating mood, but that abnormal mood arose from malfunctioning in specific brain regions. We thus began to generate "road maps" of the specific brain regions involved in normal and pathological mood. 

Development of TMS 

Following on the heels of this reconceptualization of brain and mood was the development of a new tool called transcranial magnetic stimulation (TMS). TMS was developed by neurologists about 10 years ago to study motor systems in the brain. It involves placing a small but very powerful hand-held electromagnet on the scalp and turning it on and off. This creates a strong magnetic field that passes transparently through the skull. When this rapidly changing magnetic field encounters nerve cells in the brain, it causes an electrical current in them and they depolarize or fire. Thus, if you hold this magnet over your right ear, you might cause your left thumb to reflexively move, much like how your foot moves when the doctor taps your knee (the right brain controls the left side of the body). TMS thus permits you to safely and painlessly tickle the nerve cells just under the skull thereby mapping what parts of the brain are involved in different functions. 

Use of TMS for Depression 

For over 100 years, psychiatrists had dreamed of using such a tool to treat depression, but the technology did not permit it (a psychiatrist in Vienna in 1905 even filed a patent to use transcranial magnetic stimulation to treat depression and neuroses). About 5 years ago, a few researchers in Europe had tried TMS in depressed patients with promising but inconclusive results. While at the NIMH in Bethesda MD, I was caught up in this rethinking of the brain and depression, daily using PET scans to generate roadmaps of mood regulation and dysregulation. With the intellectual support of my immediate boss, Dr. Robert Post, but not my colleagues or nurses who thought these ideas were loony, I was able to collaborate with NIH neurologists who had a state of the art TMS machine, treating subjects and patients off hours when the lab was not being used. We tentatively found that TMS over the front part of the brain could cause subtle changes in mood in healthy adults, depending on whether you stimulated the right or the left side (right caused happiness, left caused sadness). This remarkable result has now been confirmed in two more double-blind studies. 

With this knowledge that TMS could subtly change mood in health, we were able to convince the ethics committee and a few treatment refractory very ill depressed patients to allow us to apply TMS daily over their left eyebrow (an area that PET scans had shown was shut off in depression). We found that even in this very ill group, we were able to improve mood with TMS, which unlike ECT was not causing a seizure in the brain. These open results were then confirmed in two double-blind studies involving small numbers of subjects (17 and 12). Thus when I left the NIH three years ago to begin the next phase of my career in Charleston, I was convinced that TMS was a powerful method for investigating the regional brain basis of mood, and that TMS likely had therapeutic potential. However, I also knew that the conservative federal grant review system would never fund this research, because of the few studies in the area and because, if it worked, TMS challenged so many long-held dogmas about the brain and depression. 

NARSAD's Critical Support 

A NARSAD Young Investigator Award allowed me to purchase a TMS machine and organize the first U.S. TMS treatment study outside of the NIH (extramural). Two years later, we have now almost completed this study, again finding that TMS works in improving depression, and that low frequency stimulation (which is safer) is just as effective as the higher doses that I used in the early work at the NIMH. Additionally, over 13 U.S. groups and many more international ones have followed this lead and are carrying out TMS treatment studies. And now, finally, the federal grant system is beginning to understand the power of this method and fund a few TMS studies. 

Role of TMS 

NARSAD funding came at a crucial time in the development of this field, and in my career. It was extremely important in bridging the gap from heretical idea to cutting edge but established science. What about TMS for the treatment of depression? Six open and three double-blind studies have all found that prefrontal TMS can improve depression. One study from Israel has recently reported that TMS is as effective as ECT - still our most powerful treatment - but without the need for anesthesia and with none of the side effects of memory loss and confusion. Thus it is likely that, unless some unknown side effect is uncovered, TMS will eventually be added to the list of tools for treating depression (provided it can gain FDA approval). It will always be easier to take a pill than to daily visit a doctor and have your head tapped on, so TMS will likely be reserved for those people with severe depression who have not responded to medications or who for some reason cannot tolerate medications. It may also prove a useful tool for maintaining mood as well, although no formal studies have been carried out in this area. However, the problem now is that we do not really know how TMS tickles the brain to make people better, and there are many different settings to choose from (where on the head, how much electricity to use, how frequently to turn it on and off). To perform clinical trials investigating all of these settings alone and in combination would take years to complete along with lots of money and effort. 

Continuing in this vein of revolutionary but unfunded science, members of our lab at MUSC have recently succeeded in performing TMS within an MRI scanner, safely obtaining high-resolution pictures every second of brain activity caused by TMS. This technique was thought to be impossible. (The troubling issue was what would happen if you put one powerful magnet - TMS - within another powerful magnet (a clinical MRI scanner). We have now demonstrated that it is not impossible, and with some refinement, coupling TMS with functional MRI may radically speed up our understanding of how TMS works, allowing us to refine our choice of parameters used in treating depression. Again, this once impossible technique will not be funded through federal agencies, until more groundwork is done showing its consistency and repeatability. We are once again looking for NARSAD and other foundation support to bridge the gap. And so the cycle continues... 

New advances in biomedicine have brought remarkable improvements in our ability to diagnose and treat medical illnesses. As new ideas and new investigators arise, they require support and nurturing for several years before becoming established. NARSAD has helped TMS move to the next level, an is continuing to help, with the ultimate goal of better understanding and treatment of mood disorders and other brain diseases. 

The work of Dr. George has received a large amount of attention from the media - his work was shown in a recent ?Good Day New York? Fox segment along with a Fox segment in Dallas, TX. 

