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They stand like microsoldiers in tight ranks, shoulder-to-
shoulder across the top of your brain, each sentry humming 
its own tune, these millions of tiny processors running your 
life. 

Little in Dr. Manuel Casanova's office stands in such orderly 
fashion. Behind him, a bookcase overflows, extra volumes 
shoehorned in at every odd angle. There are books to the 
right of him, books to the left of him. Every flat surface 
supports towers of books. He peers between the stacks that 
tile his desk, looking past the photographs of his four 
daughters and past his brains. They are plastic brains, more 
talismans than teaching tools, too crude to illustrate the 
microscopic processors that take up so much real estate in 
Casanova's thoughts, those minicolumns of neurons 
snapping away in the folds and ridges of his cerebral cortex. 

His office is in a part of the University of Louisville Health 
Sciences Center campus that makes a fetish of concrete. 
There is an expanse of hot pavement forming a courtyard 
fringed by three examples of 1960s brutalist architecture. If 
you're standing on Preston, facing west, Casanova's office is 
dead ahead, in the tallest building. To your left is 
Kornhauser Library. And in the building to your right, 
researcher Estate "Tato" Sokhadze moves amid the warren 
of small rooms that make up his laboratory. 

Maureen "Moe" Womack walks into the lab on a Friday 
afternoon in May trailing three children. Her hair is blond 
and wind-styled, and she clutches a stuffed Mickey Mouse 
dressed in lurid emerald green. It belongs to Augusta, the 
smallest of the three children flowing around her, a pixie of 



a girl with sky-blue eyes, luminous skin and a cap of thick 
brown hair. Sokhadze stands to greet them, his voice rising 
an octave and growing louder, taking on the musical tone 
adults use with children. "So how are you?" he says to 
Augusta, who is wearing two ribbons on her shirt. "Is this a 
prize you got at school?" Augusta affirms this in the tiniest 
voice. "Congratulations!" he says. "So it was after school? It 
was a competition?" She nods. "Very good!" he says. "It 
looks very nice!" 

She is here to take part in an experiment, one of more than 
120 youngsters to visit Dr. Tato - that's what everyone calls 
him - for treatment that is showing promise to an intractable 
problem. In this treatment, Sokhadze and Casanova are a 
team. Casanova has the theory; Sokhadze waves the magic 
wand. Together, they hope to change the lives, at least to 
some degree, of children with autism. Augusta, diagnosed 
with autism at age four, is one of those children. 

There has been a sharp and rapid increase in the number of 
autism diagnoses in the last decade. In 2002, one in 150 
children in the United States was labeled with some form of 
the developmental disorder. By 2011-'12, the most recent 
years for which data is available, the rate increased nearly 
threefold to one in 50 school-age children, according to the 
U.S. Centers for Disease Control and Prevention. Just what 
those numbers say is less clear; it's difficult to untangle how 
much of the increase reflects better diagnosis and how much 
of it reveals actual rising incidence, but it's a good bet that 
the numbers will continue to increase at least a little longer 
as people become more aware of autism's symptoms, which 
include flawed social interactions and severe communication 
problems. 

Sokhadze leads Augusta back to a narrow room dominated' 
by an overstuffed easy chair. He fits her with a swim cap 
and begins attaching electrodes to her fingers, hands and 
ankle, preparing to record heart rate, muscle tension and 



skin conductance - measure of arousal. This is Augusta's 
eighth treatment, and she seems at ease, pouring herself 
into the chair like a girl without a spine, resting her head on 
the chair's overstuffed arm and yawning several times. 
Sokhadze talks to her as he works. Augusta yawns some 
more. 

It took awhile for Moe and Rob Womack to realize their 
daughter was different from other kids. Moe puzzles at all 
the signs they missed: Augusta's reluctance to speak, her 
absence of interest in other children. "It totally was weird," 
Moe says. "When I look back on it now, she did all kinds of 
strange things, and I just got used to it." 

Autism can make for a Dali-esque world where life's simple 
verities take unaccustomed shapes and slide out of focus. 
Toddlers, won't cuddle. Youngsters won't gaze into their 
mothers' eyes. Children lapse into a personal world, 
unaware of everyone else. 

There are three hallmarks of autism, says Scott Tomcheck, 
co-clinical director of the U of L Autism Center, and they are 
interlinked, starting with communication difficulties. This is 
more than a speech deficit. Children robbed of speech by 
reasons other than autism will point and use gestures to get 
what they want. "Children with autism don't develop those 
alternative means of communication," Tomcheck says; they 
simply do not communicate. The second sign involves a lack 
of social skills at the most fundamental level - something 
called "joint attention." "This is the triangle of interaction 
between a child and another person and some kind of object 
or event," Tomcheck says. In joint attention, the six-month-
old infant looks at his bottle, and then looks up at Mom, 
then at his bottle, then up at Mom. Or the infant looks up at 
an airplane, then looks at Dad, then looks at the plane 
again. It's as if the baby recognizes that we're all in this 
together. A child with autism doesn't create these 
momentary triads. The final major sign of autism is a 



pattern of repetitive, rote play or restricted interest. Instead 
of playing with a toy truck by running it along the floor, says 
Tomcheck, "these kids may be more excited about turning 
the car over and watching the wheels spin." 

Augusta didn't talk until she was four. "There were times she 
would say something, or it sounded like she would say 
something, but she wouldn't repeat it," her dad, Rob, says. 
"Moe would say, 'That counts as your first word.' I would 
say, 'That doesn't count as her first word. She won't say it 
again."' 

Sometimes she grunted. Sometimes she growled when some 
child crowded too close. She'd even slip in lines from her 
favorite movie, Madagascar. She sang her ABCs. She knew 
every magnetic letter on the refrigerator door. But she 
wouldn't have a conversation, wouldn't speak in sentences, 
wouldn't communicate. And she would echo. 

"Do you want something to drink?" Moe would ask. 

"Do you want something to drink?" Augusta would respond. 
"No, I'm asking you." "No, I'm asking you." 

"People tell you, 'You should just love her for who she is. 
Don't worry about it,"' Rob says. "Don't worry about it? 
What are you talking about? What do you mean, don't worry 
about your kid?" 

There are simply too many things to worry about. Augusta 
would wander off. She hated the feeling of clothing on her 
skin - she still does and would take her clothes off whenever 
she could, winter or summer. She had uncontrollable 
tantrums. 

Moe fights to maintain her composure. 

"I'll try not to cry," she says, "but I'm telling you, it's like a 



train wreck when it happens to you. Your kid goes outside; 
she's putting dirt in her hair; she's sitting in a sandbox 
naked - the weirdest stuff happens." 

There's a video on YouTube of a little girl in a princess dress 
spinning and spinning and spinning, long past the point 
when even her viewers are dizzy. The mother's comment 
says the girl is "stimming," as in "stimulating" herself. Some 
children flap their arms to stim. Some walk on their toes. 
Some bang their heads. It may be a way to control all the 
incoming stimuli. "It's inherent to the diagnosis," Tomcheck 
says. 

Many children with autism like to squeeze into tiny spaces 
for the same reason. Moe has a video of Augusta in a 
clothing hamper, watching a movie. "If she has a 
meltdown," Moe says, "I'll find her in her room behind her 
bed, or under all of my pillows, because it's tight, and it 
squeezes." There's something about the swaddling embrace 
of inanimate objects that keeps chaos in check, controls all 
the things coming at her, corrals all the stimulation. 

Autism, it often appears, is all about stimulation: limiting it, 
inducing it, tamping it down, taming it. And stimulation is 
also Tato Sokhadze's aim as he holds an electromagnet to 
Augusta's head, slightly left of the center of her skull. Over 
the course of the next few minutes, he'll direct about 100 
low-frequency electromagnetic pulses to a part of the brain 
called the dorsolateral prefrontal cortex. In previous 
experimental sessions, he treated the same cortical 
structure on the other side of her head. Augusta sits quietly. 
The magnet looks like the key to a human-size windup toy. 
With each eye-blink-long electromagnetic pulse, the magnet 
clicks audibly. 

The dorsolateral prefrontal cortex is part of the brain's 
executive suite. Its domain is vast, making critical 
contributions to things like applying mathematical rules and 



crunching if-then stements. Here is where you adopt the 
perspective of another person, or analyze memories, or 
perform cost-benefit analyses. From this brain address 
comes the ability to rein in your emotions. This is also where 
you note and correct your mistakes. 

In several previous studies Sokhadze found that regular 
application of magnetic pulses to the dorsolateral prefrontal 
cortex not only changed how the brain behaved, but 
improved experimental subjects' performance on some tasks 
as well. In a study published last year, 40 people with 
autism, ages nine through 21, were asked to play a simple 
video game. All were "high functioning," with an average IQ 
score of 90.8, plus-or-minus 15. In the game, one of four 
shapes would flash on the screen once every second. Two of 
the shapes were designated as targets. The players were 
told, when you see a target, strike a computer key. When 
you see anything else, do nothing. 

People with autism have trouble with this game. 
Significantly, they do not slow down after making a mistake, 
Sokhadze says. "In autism, they try to press faster." 
Consequently, their error rates are higher than those of 
people without autism. The experiment asked: Would this 
magnetic treatment - called repetitive transcranial magnetic 
stimulation (rTMS) - improve game performance? And the 
more technical question it posed: Would treatment make 
brain signals look different during game play? 

All 40 test subjects were asked to play the game while a 
computer tallied their errors and response times. In 
addition, an electroencephalogram (EEG) recorded each 
brain's electrical impulses, tracing activity thought to 
indicate automatic error detection as well as patterns 
associated with the head-slap moment when a mistake hits 
consciousness. After the initial play session, 20 of the 
players were randomly assigned to 12 weeks of weekly 
rTMS. Then all 40 played the game again. 



Before rTMS treatment, there was no signal in either of the 
two error-recognition waves in the brains of the 40 test 
subjects. But in the second test, not only did the 20 subjects 
who received rTMS treatments make fewer mistakes and 
slow down after making errors; they also showed a response 
to their errors in the electronic signal associated with 
automatic error detection. The head-slap signal - the one 
that may be linked to conscious processing - remained 
unchanged. 

This is just one in a series of autism studies Sokhadze has 
performed with rTMS. 

Earlier work showed that rTMS treatment helped high-
functioning people with autism ignore irrelevant information 
- big problem in autism - and focus on what matters. 

For some people with autism, particularly higher-functioning 
individuals, the advances after rTMS have been profound, 
Sokhadze says. "There is one kid from Frankfort who saw 
such dramatic improvement, his family insisted on coming 
again for booster sessions. And we still see good results 
three months after the end of treatment." 

His research also indicates that the more rTMS administered, 
the better. 

About that, Matt Partin would certainly agree. He and his 
wife Benedicte are autism experts. They may lack Ph.D.'s, 
but their training is ongoing and a lot more hands-on than 
any doctoral candidate's. Three of their four children have 
autism. There's Eli, a tall 12-year-old with a mop of lush 
brown curly hair, and his eight-year-old brothers, Charlie 
and Nick - identical twins in a set of triplets. Josie, the third 
party in the triplet trio, does not have autism, which hints at 
one feature of the condition: It's far more common in boys. 
For every girl with autism, four boys have the diagnosis. 



It's not uncommon for families to have more than one child 
with autism. A 2011 study showed that parents who have a 
child with autism have a one-in-five chance of having a 
second child with the diagnosis. Again, the risk is greatest 
for boys, with 26 percent of male siblings diagnosed as 
autistic compared to only 9 percent of the females. The risk 
of having another child with autism was higher yet - 32 
percent - for families with two or more autistic children. 

This trend in families points directly to some genetic cause 
for autism. In fact, at least 50 gene variants have been 
linked to autism, and some experts speculate that as many 
as 400 genes could be involved. But environment also plays 
a role, working in concert with a child's genetic inheritance. 
Nailing down just which environmental factors are important 
is quite another subject. Among the things identified as 
possible contributors to an autism diagnosis are: greater 
maternal age, greater paternal age, greater age of 
grandfather at the time his children were born, the mother's 
stress level, the mother's diet, the mother's antidepressant 
use in the first three months of pregnancy, a host of 
environmental contaminants, toxic metals, maternal 
autoimmune disorders, a diagnosis of allergies during the 
second trimester, the mother's gestational diabetes, 
maternal obesity, closely spaced pregnancies, use of anti-
epileptic drugs during pregnancy, infant low birth weight, 
maternal smoking and mothers who were abused as 
children. About the only thing conclusively and repeatedly 
ruled out as a cause of autism is the thing most often 
blamed - childhood vaccines. 

Eli chats away happily from the moment he arrives in 
Sokhadze's lab with his dad. His brown eyes slip away from 
eye contact as he talks - fairly common behavior among 
many with autism - but in so many ways he's a different kid 
than the one who walked in here in January, 18 rTMS 
sessions ago, his father says. 



"We've seen his sense of humor develop, his social 
interactions. He teases," Partin says. "If someone had seen 
him a year ago, and spent a lot of time with him, and then 
saw him now, it would almost be like two different people." 
Eli's school performance also reflects an improvement, his 
father says, with a trend line that made a sharp upturn in 
January and kept rising. 

Manuel Casanova thinks he knows why children like Eli 
improve. The answer is the magnet's interaction with the 
particular arrangement of all those soldierly microprocessors 
- called minicolumns - across the top of your brain. There 
are hundreds of millions of these stacks of cells in the cortex 
the brain layer that folds and corrugates as your intellect 
develops. Even in the brain's deepest valleys, minicolumns 
always point upwards, like pine trees on a hillside pointing to 
the noon sun. Another unique property of minicolumns is 
that all the cells in the core of the column fire together. If 
the top cell in the column is assigned to monitor touch on a 
tiny patch of skin on your left ring finger, so is every other 
cell in the column, and they respond to any stimulus there 
as a unit. 

These stacks of maybe 200 excitatory neurons are 
responsible for sending go-go signals, often to distant 
regions of the brain. But where things appear to go wrong in 
autism is in the periphery of the column, among smaller 
inhibitory neurons that surround the core. Unlike excitatory 
ones, inhibitory neurons work only in the neighborhood. 
Their task is to keep the excitement from boiling over, like a 
kind of insulation. 

Believe it or not, the guy who discovered these inhibitory 
neurons in the minicolumn in the 1970s referred to this 
whole peripheral region in each column as the "shower 
curtain of inhibition." 

In autism, Casanova's research suggests, the bathroom floor 



is flooding. 

By comparing brain-tissue samples from people with autism 
to those without, Casanova found more minicolumns in the 
autistic brain, all more densely packed. Sacrificed in this 
minicolumn population boom was the shower curtain. This 
inhibitory region of the minicolumn is consistently smaller in 
autistic brains - about 12 percent smaller, he found. As a 
consequence of this lost insulation, excitatory signals 
dominate and overlap in autism, Casanova says. The firing 
of one minicolumn core sends static electricity to its 
neighbors. Individual, discrete signals are overwhelmed by 
the noise of other microprocessors. There is simply too much 
stimulus. 

"Stimulus overload is devastating to the brain," Casanova 
says. Someone overloaded with stimuli "is actually being 
traumatized by their own brain." 

That, he proposes, is the story of autism. 

When you think of the many feats your brain can execute, 
few are as mighty as its ability to not notice. In fact, you 
need to work hard to notice more than one thing at a time. 
If you direct your attention, you can feel the drape of your 
shirt on your shoulders, the rub of your pant leg at your 
knee, the squeeze of your running shoes where they meet 
your ankle, the way your hair lies on your scalp, the seat of 
your chair pushing at your hip bones, the whoosh of the 
ceiling fan, the monotonous whirr of your computer, several 
kinds of birds chirping outdoors, distant traffic and an 
airplane. Now, imagine your brain was not so skilled at 
ignoring. What if all these sensations came at you 
simultaneously, no single stimulus more important than the 
next - every sensation, all the time, competing with every 
other sensation, none with particular salience, all with 
similar urgency? 



That may be what it means to have shower-curtain issues. 

After finding the same minicolumn oddities in more than 20 
autistic brains, Casanova expanded his scope to see if 
minicolumns played a role in other brain problems such as 
Down syndrome, congenital rubella, tuberous sclerosis, Rett 
syndrome and schizophrenia, and found minicolumn 
anomalies of other descriptions. Other researchers extended 
findings in schizophrenia and also found minicolumn changes 
in Alzheimer's and aging brains. It all seemed to suggest the 
central role of this architecture in brain health. 

But where the problem lies, Casanova theorized, also 
suggests a potential solution: All he had to do was juice the 
inhibitory cells in the shower curtain to work harder. His first 
thought was a pharmaceutical approach, but most drugs 
capable of increasing inhibition, such as anticonvulsant 
medications, wouldn't help. They're simply too sloppy, 
stimulating inhibitory cells of every type, all over the brain. 
"So the end effect would be a person who didn't exhibit 
autism, but who would also be stupid or comatose," 
Casanova says. 

As he thought about the problem, he realized the solution 
was right there in his findings. "I saw something that 
attracted my attention, and I think it's precious. It's the 
geometrical arrangement of these cells," he says. "They are 
all organized very perpendicular to the cortex. It's a very 
nice arrangement." 

It reminded him of Faraday's Law and the way electricity is 
generated. Any electrical conductor at 90 degrees to a 
magnetic field that is flipping upon itself could induce a 
voltage, he recalled, just as you can move a magnet in and 
out of a metal coil and create electricity. Neurons are 
conductors. They don't conduct electrons, but use ions - 
electrically charged particles of sodium and potassium - to 
conduct current along the long, skinny neuronal arms that 



carry signals to neighboring neurons. The minicolumn pine-
tree-to-the-sunlight arrangement put them in an ideal 
position for magnetic induction. If the magnetic waves were 
at a very low frequency, Casanova thought, he could 
selectively induce just the inhibitor cells, thus restoring 
function to the shower curtain. 

Although such a magnetic field would penetrate only about 
an inch into someone's head, the minicolumns' all-for-one 
firing meant that whatever happened in the brain's top layer 
would immediately affect the whole column, with cascading 
results in every other location in the brain where the 
minicolumns had connections. 

Now that he had the idea, Casanova had only one more 
barrier: He didn't have a dime to see if the idea would work. 
He tried to raise money through the traditional avenues, 
looking for grants and talking to potential collaborators, all 
without success. Then he thought of Tato Sokhadze across 
the concrete plaza. 

"Tato has been a blessing in my life. He is the man who can 
make dreams come true," Casanova says. Electrical signals 
in the brain and rTMS are Sokhadze's area of expertise. He 
had been working with rTMS in addiction, among other 
projects. And he was ready to collaborate with Casanova. 
Now that he had a willing collaborator, Casanova - not for 
the first time in his scientific career - turned to the one 
source of funds over which he had some control: his own 
wallet. 

"Most people actually put some of their money into research. 
I put maybe a little bit more than I was supposed to. And it 
came at a personal expense," he says. "I divorced in part 
due to this." But based on this self-funded work, in 2009 he 
and Sokhadze received a National Institutes of Health 
Eureka Award for innovation, a grant for $900,000 over four 
years. 



It makes a nice story, how it's all working. But there's a 
hitch. Hardly anyone in autism research agrees about what's 
going on in the brain and how it might be fixed. Casanova's 
hypothesis about minicolumns and autism is just one in a 
logjam of ideas about what goes wrong in the autistic brain. 
Not only do few of the researchers who study brain tissue 
agree that the minicolumns of the cortex are the missing 
link to autism, but few of them even agree that the cortex is 
the crux of the problem. 

Some research groups say autism stems from a part of the 
brain below the cortex called the limbic system, in structures 
that play a role in learning, memory formation and emotion, 
among other things. Other researchers found changes in the 
cerebellum, a densely folded matzo ball at the back of your 
brain responsible for motor control, balance, equilibrium and 
muscle tone. Still others found differences in the brain stem, 
where brain meets spinal column. The brain stem governs 
our automatic functions such as heart rate, blood pressure 
and breathing, as well as alertness and arousal. And even 
though some groups found differences in the cortex, they 
identify different differences than those found by Casanova. 

"We don't have a dearth of findings in autism," Casanova 
says. "We have too many findings. The important thing is 
pruning them for the important facts." 

David Amaral of the University of California MIND Institute 
says the reason for this gray area about gray matter is not 
the researchers nor their technology. It's the brains. There 
simply aren't enough of them. "If you compare autism to 
something like Alzheimer's disease, the reason we know so 
much more about Alzheimer's is that we can look at literally 
tens of thousands of Alzheimer's brains," Amaral says. 
"That's why we've made progress in Alzheimer's and 
progress in Parkinson's. Even schizophrenia is way in 
advance of autism." The effort to collect more brains from 
people with schizophrenia began 15 years ago. Today, there 



are just 800 ready for researchers to explore. Why so few? 
They simply haven't been donated. 

This spring, in response to the brain drain, Autism Speaks - 
a leading science and advocacy organization - and the 
Houston-based Simmons Foundation established the Autism 
BrainNet, an effort to increase the number of brains 
available for research. Amaral is the director of the effort. 
He expects that as more brains become available, and more 
data rolls in, what we will see is not one model of autism in 
the brain, but several. 

"Think of autism almost like you think of cancer," Amaral 
says. "The word cancer has almost no meaning, beyond, 
generally speaking, the abnormal proliferation of cells. 
Cancer doesn't have one cause; lots of things cause it. 
That's exactly the way we think of autism now." 

His own research using MRI to look at the brains of living 
people with autism is uncovering this diversity. For instance, 
one theory holds that the brains of children with autism are 
larger than those of other children, starting sometime during 
the child's first year or two of life. Yet Amaral found, after 
conducting 300 MRIs in children with autism, that large 
brains aren't universal. "Our best estimate is it happens in 
about 16 percent of children," Amaral says. 

The amygdala, part of the limbic system that is important in 
emotions and the storage of memory, is another autism 
suspect. Amaral's studies show that 40 percent of kids with 
autism have an amygdala that grows too rapidly - twice as 
fast as in typically developing kids. Another 20 percent of 
children with autism have an amygdala that grows too 
slowly. Forty percent have an amygdala just like every other 
child's. 

"What MM studies would predict is that you're not going to 
see a consistent pathology of the brain," Amaral says. 



All this may tempt you to put your faith in MRIs to solve the 
autism puzzle, but it shouldn't. Notice these studies don't go 
beyond questions of size and growth rates. "MRI can only 
tell you, for example, is the brain larger," Amaral says. "It 
won't tell you why." Imaging technology isn't capable of the 
fine-grained view that only brain tissue makes possible. 

Ione Opris at Wake Forest University looks at the fine grain. 
Using special probes developed at the University of Kentucky 
Center for Microelectrode Technology, he was able to record 
in 2006 the simultaneous firing of cells in a single 
minicolumn in response to stimuli. He was building on the 
work of Shelbyville native Vernon Mountcastle, who, as a 
neuroscientist at Johns Hopkins University, painstakingly 
identified the close relationship of neurons within the 
minicolumn, uncovering how all neurons in the column were 
dedicated to the same purpose. 

Opris is convinced that what Casanova has concluded about 
minicolumns in autism is an important step for the field. 
"Nobody has shown more eloquently than Manuel Casanova 
(one) very important fact," he wrote in an email. "The 
disruption of cortical minicolumns is the common 
denominator of most psychiatric disorders." 

It is too soon to tell if Augusta Womack's minicolumns are 
having much benefit from her weekly magnet sessions. After 
each session, she performs a second test, in which she 
watches clips of a nature film, controlling the video image 
with her concentration. When her concentration lags, the 
image shrinks and fades. When her attention is sharp, the 
swimming dolphins fill the whole screen. The exercise is 
called neurofeedback, and her performance will tell if rTMS 
enhances concentration in children with autism. 

But Augusta already has a genius for focusing on something, 
and that's her artwork. Her parents' basement is filling up 
with her creations, each one dancing with surprising and 



inventive ideas. One Sunday afternoon she produces a 
nonstop series of pictures, labeling each one. There is 
Wabba Woo, the Japanese mermaid, and her 260 sons; 
Zorb, the dragon king; and Melkaw, the merman. There's 
also Dumb Dragon. Along the side of the goofy-looking 
dragon she writes, "0% smart, 100% stupid." A thought 
balloon from the dragon's head says "beer." A few days 
later, after receiving a book about Japanese anime, she 
draws in that style all afternoon. 

She's a smart kid. When she was five, her family realized 
that she knew how to read. Her brother, Ford, 14, who 
made huge strides using Sokhadze's neurofeedback for his 
own attention-deficit disorder, is devoted to her. He makes 
no big deal about Augusta's autism, considering it just her 
burden to bear. "She's got her problems," he says, "I got 
mine." 

"That's the struggle - not to let her diagnosis define the 
person," her dad says. Yes, there are times she shows 
classic autistic behavior, he says, including no-holds-barred 
meltdowns, but there are hours and hours where she seems 
just like any kid. 

"A lot of people who meet her, especially now," Rob Womack 
says, "they don't realize she's autistic." 
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