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Mapping the mind: 
A new tool reveals uncharted territories in the brain
By Madeleine Johnson

On a chilly evening in early November, 
neuroscientist György Buzsáki sat in his lab 
at New York University, dipped the tip of his 
finger into a mug of water and drew out a 
drop. With his other hand, he then quickly 
draped what looked like a golden ribbon, 
about an inch wide, over the droplet. Like 
a wetted Kleenex, the ribbon appeared to 
melt onto his skin. “It stays the same form as 
my finger, and you can touch it—it’s just like 
tissue paper,” he said. 

Buzsáki’s vision is to apply this ribbon-
like construction to the surface of the brain 
rather than fingertips. He and his team at 
the Neuroscience Institute at NYU Langone 
Medical Center have designed this so-called 
NeuroGrid tool to be as thin and pliant as 
plastic wrap while containing a high density of 
electrical components. That, he hopes, will help 
researchers and neurosurgeons to map and 
record the activity of the brain in new ways.

Conventionally, the electrical activity of 
an individual brain cell is often studied by 
piercing it with a sharp electrode. In animal 
research, arrays of sharp electrodes are used 

to map the activity of many cells in a brain 
region. But because this process damages the 
cells, in humans, it is typically done only in a 
surgical setting and in brain areas that will be 
removed during a procedure, for example, to 
treat epilepsy. As a workaround, doctors and 
researchers operating on patients use ‘surface 
grids,’ which monitor brain activity without 
piercing cells. However, surface grids provide 
recordings akin to the generalized electrical 
waves detected by an electroencephalogram; 
they do not record single-cell activity. The 
NeuroGrid, by contrast, is an array of 
extremely small, voltage-sensing electrodes 
placed on the brain surface, and it aims to 
capture the chatter of single neurons without 
causing any cellular damage.

Buzsáki and a multidisciplinary team of 
brain scientists and surgeons are developing 
this ultra-thin tool for basic research, and 
potentially, for clinical use. So far, the 
NeuroGrid has offered preliminary data 
on new neurological phenomena related to 
memory formation and brain maturation 
in the cortices of lab animals, and recent 

experiments are testing its use in people1. 
Buzsáki has gained a bit of momentum for 
the project: in September, he received a 
grant worth approximately $3 million over 
three years from the US National Institute 
of Neurological Disorders and Stroke to 
develop the NeuroGrid further. 

The flexible tool could be “a tremendous 
advance for human neuroscience,” says 
Edward Chang, a neurosurgeon and 
co-director of the Center for Neural 
Engineering & Prostheses, a collaboration 
of the University of California, Berkeley, and 
the University of California, San Francisco. 
Chang points out that at least a dozen labs 
are working on methods for increasing the 
resolution of flexible, noninvasive brain-
recording grids2. For example, Jonathan 
Viventi, a biomedical engineer at Duke 
University, and Vanessa Tolosa, a mechanical 
engineer at the Lawrence Livermore National 
Laboratory, are both developing arrays, 
Chang says. But the NeuroGrid is more 
flexible and conformable than many of the 
grids in development, notes Buzsáki. “The 
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are partially responsible for the formation 
of this spatial memory, by essentially 
replaying and reinforcing it while the rat 
is sleeping. The lab has shown previously 
that suppressing hippocampal ripples in 
rats leads to worse performance on memory 
tasks4. Notably, the cortical ripples—which 
the lab detected specifically in an area of the 
cortex responsible for planned movements 
and spatial reasoning—seem to be correlated 
with hippocampal ripples observed in an 
individual rat resting after a day’s learning. 
More work is needed to figure out what 
the cortical ripples might represent, but 
“it would be a cool discovery” if they were 
ultimately shown to be related to the same 
type of memory-encoding process to which 
hippocampal ripples have been linked, 
says Laura Colgin, a neuroscientist at the 
University of Texas at Austin5. Raphael 
Kaplan, who studies hippocampal ripples at 
University College London, notes that the 
Buzsáki lab discovery is likely to be “one of 
the first examples of ripple-like oscillations” 
in the cortex.

The NeuroGrid is also lightweight enough 
for the small, fragile brains of miniscule 
5–7-day-old mice to tolerate. This has enabled 
Jennifer Gelinas, a pediatric neurologist 
and research fellow in the Buzsáki lab, to 
monitor the mouse brain at a developmental 

over about one-tenth of a second. Buzsáki 
and others have previously shown that, in the 
hippocampus, this rare waveform signature 
is linked to memory consolidation when an 
animal is resting or sleeping3. 

In the ongoing experiments with rats, 
Dion Khodagholy, a postdoc in Buzsáki’s 
lab, places the NeuroGrid on the cortex 
and implants sharp electrodes in the 
hippocampus for dual recording of the two 
regions over time. The NeuroGrid covers 
a vast area of the small rat cortex and is 
connected to wires that protrude from the 
skull. These wires are insulated by what 
resembles a miniature top hat made of 
lightweight copper on the animals’ heads. 

While monitoring the brain activity, 
Khodagholy trains each rat to explore a table 
covered in 177 small indentations, called a 
cheeseboard maze, until the rat finds three 
wells with water in them. The animals are 
deprived of water for a short time before 
the start of the experiment to ensure that 
they are thirsty, and the wells with water 
are kept in the same location throughout a 
day of repetitions. During weeks of memory 
training, the rat becomes more efficient at 
finding the water, until finally he knows 
exactly where to dart when he is liberated 
from his cage.

It is thought that hippocampal ripples 

NeuroGrid can be placed on any curvature 
and it stays that shape,” he says. Furthermore, 
as long as an electrode in the NeuroGrid is 
aligned directly on top of a neuron’s cell body, 
the electrode is also small enough to record 
that neuron’s electrical activity accurately 
(and it can capture this activity, thanks to the 
electrical conductance of the moist surface of 
the brain). “Single-neuron recordings are very 
important in neurophysiology as fundamental 
units of neural computation, and it is a real 
breakthrough to potentially record them 
without penetrating the brain surface,” Chang 
says.

Making waves
For at least 20 years, neurosurgeons have 
been using bulky and rubbery surface 
grids—about the size of two credit cards side 
by side—to monitor brain activity during 
operations. Within their silicone structure 
is a series of evenly spaced electrode pads 
that can monitor the summed activity of 
large groups of neurons. The Buzsáki lab’s 
device, by contrast, is hundreds of times 
thinner than standard grids. To create 
the NeuroGrid, the lab makes miniature 
electrode circuits using gold and then 
embeds them in a ribbon constructed from 
a biocompatible, plastic-like substance called 
parylene. Thanks to this parylene and gold 
combination, the NeuroGrid is flexible yet 
can comprise an unusually high density 
of electrical contacts—several hundred 
times more closely spaced than those in a 
standard surface grid—and this enables it to 
yield higher-resolution data. The distance 
between electrodes is less than one-third 
the thickness of a human hair, comparable 
to the diameter of a brain cell. It’s this tightly 
packed spacing that enables the NeuroGrid 
to pick up electrical changes in individual 
neurons (as well as larger brain waves and 
synchronized activity from hundreds or 
thousands of cells).

In lab animals, long-term recording with 
NeuroGrid is already revealing never-before-
seen, spatially restricted patterns of brain 
activity in the cortex. At the annual Society 
for Neuroscience conference in November, 
Buzsáki’s group reported a new phenomenon 
called cortical ripples from its study of rats. 
In the brain, ripples had previously been 
seen only in a couple of other regions, but 
they are most commonly observed in the 
hippocampus deeper in the brain, not in 
the cortex. Ripples constitute a brief spate 
of big, up-and-down zigzags within the 
broader waves of recorded brain activity. 
They are caused by hyper-synchronous firing 
of hundreds or thousands of neurons at once, 

A propensity for density: A close-up of the NeuroGrid. (Facing page: A NeuroGrid sized for human 
use, stored on a silicon wafer.)
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Sharp electrodes are dangerous for language-
related regions, such as Wernicke’s and Broca’s 
areas of the cortex; even miniscule lesions 
can cause irrevocable damage to speech or 
comprehension. Commonly used surface 
grids don’t produce fine-grain resolution 
over these small areas. In recently published 
work, the group showed that it could record 
high-resolution electrical activity, even 
individual action potentials, from several 
brain areas, including in an awake patient 
performing speaking and listening tasks6. 
Ultimately, this could answer long-standing 
questions about the fine-grain workings of 
brain areas responsible for speech and word 
comprehension. This type of research could 
also someday aid in the development of brain–
computer interfaces to treat people who lose 
the ability to communicate verbally7. 

NeuroGrids will also soon be tested 
during surgeries to place deep-brain 
stimulation (DBS) electrodes for the 
treatment of Parkinsonian tremor. In the 
process of targeting deeper regions, this 
surgery requires exposure of the dorsolateral 
prefrontal cortex, an area on the surface of 
the brain known for its role in planning and 
working memory. The researchers will apply 
the device to the cortex during 3–6-hour-
long DBS surgeries, which will enable them 
to observe minute electrical details. Because 
patients have to be awake for the operation, 
the researchers hope ultimately to have them 
perform memory or decision-making tasks 
that will help scientists to correlate brain 
activity with these behaviors. This could 
potentially allow them to see what executive 
functioning of the human brain—tasks such 
as reasoning and problem-solving—looks 
like at the single and multi-neuron levels. 

Although it is still unknown what insights 
the NeuroGrid might ultimately yield, 
higher-resolution recording in animals 
and in people seems likely to uncover 
uncharted territories and inspire new ways 
of thinking about the brain. As Buzsáki says, 
“Big theories always come from accurate 
observations.” 

Madeleine Johnson is a former neuroscientist 
and currently a reporter at GenomeWeb.com 

and freelance science writer based in Brooklyn, 
New York. 
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made to cover a larger area and still keep its 
high resolution—a future direction for the 
Buzsáki lab—then it would have the potential 
to remain implanted for weeks and perhaps 
allow surgeons to minimize how much of the 
brain they remove.

Beyond surgical applications, the 
possibilities for basic-science research into 
human brain function using the NeuroGrid 
are intriguing to Engel and others. Some 
researchers, such as Colgin, speculate that 
higher-resolution data could “promote 
development of brain–computer interfaces 
that decipher cortical activity in patients 
with nervous system damage or brain 
disorders.” Ueli Rutishauser, a neuroscientist 
at Cedars-Sinai Medical Center and the 
California Institute of Technology (Caltech), 
thinks that the NeuroGrid “will likely have 
a large impact” because it will enable more 
groups to perform single-neuron recordings 
in humans, and thus provide “fundamental 
new knowledge about the human nervous 
system otherwise not available.” 

To this end, Buzsáki’s lab team also travels 
to bring the NeuroGrid to more surgical 
suites around the country. Working with 
collaborator Jeremy Greenlee, a neurosurgeon 
who teaches at the University of Iowa Carver 
College of Medicine, they have draped the 
grid over language centers of the brain during 
operations in which patients remain awake. 

transition point in the first few weeks of 
life, when it is starting to generate the large-
scale rhythms typical of adults. NeuroGrid’s 
coverage area and high density has allowed 
Gelinas to see that the young brain’s electrical 
activity appears as a mosaic, with islands 
of mature electrical signatures coalescing 
from more undifferentiated, noisy activity 
as babies grow up. Ultimately, this type of 
work in newborn rodents could help to shed 
light on the development of human brain 
disorders that tend to emerge in infancy and 
childhood.

From lab to clinic
NeuroGrid research has not been confined 
to the lab. Khodagholy and Gelinas have 
also been present in surgical suites at NYU, 
helping neurosurgeons to perform initial 
safety testing of the device in humans. 
Orrin Devinsky, director of NYU’s Langone 
Comprehensive Epilepsy Center and a 
collaborator in this effort, notes that the clinic 
performs about 50 surgeries every year to 
treat epilepsy, and that patients almost always 
volunteer for intraoperative experiments, 
including those that use the NeuroGrid. 
Patients have suffered from their disease, 
and are “uniformly very generous” in their 
wish to help relieve the suffering of others 
by participating in research, Devinsky says. 

Some people with epilepsy become 
resistant to drug therapy, and neurosurgeons 
can use electrical clues to remove the 
clump of neurons responsible for driving 
the seizures, which often cures the patient 
completely. Standard grids are typically 
used to observe brain activity over days 
or weeks, enabling physicians to home in 
on the defective area that needs to be cut 
away and to map the borders of areas that 
are important to avoid, such as regions 
correlated with speech or movement. But 
rubbery grids can apply pressure that 
sometimes causes headaches or neurological 
damage. And, because of the low resolution 
of the resulting map, surgeons arguably end 
up removing a larger area of the brain than is 
absolutely required to ensure that they have 
extracted all epileptic tissue. 

So far, the NeuroGrid has been placed 
experimentally on the cortices of human 
volunteers for only a few hours at a time. 
Jerome Engel, Jr., director of the seizure-
disorder center at the University of 
California, Los Angeles, David Geffen School 
of Medicine, says that the current iteration 
of the tool is still too small to be useful for 
epilepsy surgeries because complete mapping 
requires monitoring a bigger region. Engel 
adds, however, that the NeuroGrid could be 

Measure for measure: The NeuroGrid can take 
intraoperative measurements of brain activity 
during an epilepsy procedure.
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