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Brain imaging maps emotions, behavior
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New technologies are enabling scientists to peer inside the living brain, revealing where human emotions reside and how neurochemicals can keep them in bounds or make them race out of control.

Called neuroimaging, the technology is leading to more accurate ways of diagnosing mental problems and new therapies to correct them.

Using this growing power to map precise brain locations and chemicals, researchers reported Tuesday at the meeting of the Radiological Society of North America in McCormick Place that they have found abnormal patterns of activity in the brains of children who have difficulty learning to speak.

Another team reported Monday that they have found a different pattern of brain activity in aggressive children who played violent video games, a finding that indicates these children are emotionally primed to explode.

"Neuroimaging has become a very important tool for psychology and psychiatry," said Dr. Vincent Mathews, chief of neuroradiology at the Indiana University School of Medicine.

"For a long time they've just been looking at behavior," said Mathews, who is using neuroimaging to study aggression in adolescents. "Now this gives them a means to look at the organic or physiologic cause of behavior. It allows them to say it's that part of the brain that's different and what's happening in that part of the brain in terms of neurochemical and neurotransmitter activity."

Neuroimaging involves the use of strong magnetic fields or radioactive tracers to open windows into the brain's complex chemical reactions that govern emotions, memory and behavior.

The newest and most versatile technique is functional magnetic resonance imaging, or fMRI, in which electromagnetic fields activate individual atoms. Since each chemical component of the brain has its own atoms, the magnetic fields cause them to reveal their individual pattern of activity, which can then be detected by scanners.

The other commonly used neuroimaging device is SPECT/PET, which stands for single photon/positron emission computed tomography. Chemicals, such as glucose, the brain's energy source, and key neurotransmitters are made slightly radioactive and injected into subjects. As they work in the brain, the chemicals emit photons, particles of light, which can be picked up like X-rays.

"We're on the cusp of an important change," said Dr. Richard Davidson, co-director of the University of Wisconsin's Health and Emotions Institute and director of the Keck Laboratory for Functional Brain Imaging and Behavior.

"We now have procedures that we can do with these scanners where we can image parts of the brain that were previously quite inaccessible," he said. "Rather than treating emotion as a kind of a monolithic entity, we're beginning to dissect its subcomponents."

Scientists, for example, can distinguish between processes that are involved in the initial generation of an emotion and those processes that are involved in the regulation of that emotion once it's elicited.

Depression, for instance, seems to occur when a negative emotion arises in one part of the brain and fails to be neutralized in the front part, which governs such executive functions as reasoning and impulse control.

Response to video games

Mathews found a similar pattern when he looked at neuroimages of 19 aggressive adolescents and compared them to 19 normal ones. The aggressive children had disruptive behavior disorders.

The frontal lobes of the aggressive children showed little activity when they played violent video games, indicating that the capacity of this part of the brain to inhibit the aggressive or violent emotions that were being provoked by the violent games was not working right, Mathews said.

Neuroimaging was initially used to study such organic disorders as Parkinson's disease, Alzheimer's and multiple sclerosis. But it is now increasingly used to search for new clues about aggression, depression, bipolar disease, schizophrenia and other disorders.

"It gives us a more direct way of looking at the brain," Mathews said. "It hasn't quite made it to the point where you can put someone in a scanner and make a specific diagnosis, but it may someday become a tool like that."

Dr. Nolan Altman, chief of radiology at Miami Children's Hospital, found that children with seriously delayed speech have an abnormal brain pattern. Whereas most children process language on the left side of their brain, these youngsters attempt to process it on their right side.

"Speech is something that makes us uniquely human," Altman said. "It is very difficult to know for sure when a child is having real problems in learning to talk. If we can develop an accurate tool to diagnose speech delay early, then we can intervene to overcome the problem."

The next step is to do follow-up neuroimaging studies with these children as speech therapy improves their language skills to see if their brains are being rewired to process speech on their left side.

"In neuroimaging we've turned the corner," Altman said. "We've gone from just looking at anatomy to now looking at function. FMRI is helping us unlock problems of the brain that we really didn't have a handle on before."

Studying effects of therapies

Knowing where an abnormality resides in the brain is important for designing new therapies that affect those specific areas, Wisconsin's Davidson said. Scientists can then use neuroimaging to see which areas of the brain are affected by medications and how that correlates with improved behavior.

Therapies include drugs that affect the neurotransmitters that are most active in a particular region of the brain, or they can be other intervention strategies, such as transcranial magnetic stimulation. TMS focuses a strong magnetic field on certain targets in the brain, turning the underlying brain cells on or off.

Preliminary tests show that depression can be lifted in some patients when a magnetic field is used to increase the activity of their sluggish left frontal lobe, Davidson said.

Neuroimaging may also eventually help doctors see into a person's future. Detecting early brain patterns that are linked to later onset of such mental problems as depression, aggression and even Alzheimer's disease could help researchers develop treatments to prevent them.

"There's reason to believe that we can begin to use neuroimaging predictively: to identify individuals who may be at risk for the development of particular kinds of mental disorders," Davidson said.
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