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Adding up the math of hallucinations

Neurons create geometric patterns
By Joe Bauman 

Deseret News staff writer 

Time after time, patients who are dying and then recover report the same sort of near‑death experiences in which they see a bright light and travel through a tunnel.

Many of those going through the events are profoundly moved and are convinced they have glimpsed an afterlife. Some researchers, citing the universality of the imagery among people who have never had any contact, also have contended that the patients peered through the veil separating this world from the next.

"It's all coming from inside the head, basically," says University of Utah mathematics professor Paul C. Bressloff. The patterns are nothing more than geometric hallucinations stimulated by neurons firing in the brain, he believes.

Bressloff is one of the authors of a paper scheduled to appear in the March issue of the scientific journal Neural Computation, published by the MIT Press. Others are Jack D. Cowan of the University of Chicago, Martin Golubitsky of the University of Houston, Peter J. Thomas of the Salk Institute in San Diego, Calif., and Matthew C. Wiener of the National institutes of Health, Bethesda, Md.

Geometric hallucinations are not solely experienced by those with a weak grip on life. They also are reported by users of LSD, marijuana, mescaline or psilocybin. Anesthesia can prompt the patterns. They can be triggered by flickering lights or happen when a person is awaking or falling asleep.

At those times, the unusual circumstance causes a change in the state of the brain. It fires more electrical charges, which are perceived by the visual cortex.

"Our hypothesis is that this is a sort of global change in the state of the brain," Bressloff said. The images the brain picks up are not caused by something outside. They are "the natural patterns that the brain likes to follow when it's excited."

The patterns themselves relate to the brain's natural wiring.

People using LSD may not realize they are seeing their internal circuitry. "They're fooled into thinking there's a real image in the outside world," he said.

Because the structures of brain presumably are similar for most people, hallucinations may be too.

What sorts of geometric hallucinations do people see? "Things like spirals, cobwebs, honeycombs. They have a lot of structure and symmetry to them, which suggests that there is a lot of structure and symmetry to the wiring of the brain."

Sometimes people on drugs see a bright light at the center of the visual field, which expands to fill the whole field. Then a hallucination occurs, such as spirals or tunnels.

"These tunnel patterns can rotate or they can move in or out, can give you a feeling of an entrance," he said.

Anthropologists studying cave drawings have discovered similar patterns. The art may be "recounting ancient people's experiences of hallucinations, which is very intriguing."

Other researchers discovered that the anatomy of the cortex includes patterns of strong and weak electrical activity that are arranged in rows, something like a zebra's markings. Other tie‑ins come from the the John A. Moran Eye Center at the U., where Bressloff's wife works. The center has experiments to discover how neurons are connected.

"We write down equations that describe the dynamics of the brain," he said.

Bressloff and his math colleagues came up with a model that shows how the neural network is constructed. Using the latest information from anatomists and experts in neurology, they used their formula to calculate what geometric hallucinations should be like.

Checking the results against actual reports of hallucinations, they found that "they seem to agree."

What was the formula like? Fifteen pages of dense math? "More like 50," he said. By understanding how the brain operates in abnormal situations, Bressloff noted, scientists can better understand how the normal brain works.
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