
 

MRI method purported to detect neurons'
rapid impulses produces its own misleading
signals instead
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A new way of imaging the brain with magnetic resonance imaging
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(MRI) does not directly detect neural activity as originally reported,
according to scientists at MIT's McGovern Institute. The method, first
described in 2022, generated excitement within the neuroscience
community as a potentially transformative approach. But a study from
the lab of McGovern associate investigator Alan Jasanoff, reported in
the journal Science Advances, demonstrates that MRI signals produced
by the new method are generated in large part by the imaging process
itself, not neuronal activity.

Jasanoff explains that having a noninvasive means of seeing neuronal
activity in the brain is a long-sought goal for neuroscientists. The
functional MRI methods that researchers currently use to monitor brain
activity don't actually detect neural signaling. Instead, they use blood
flow changes triggered by brain activity as a proxy. This reveals which
parts of the brain are engaged during imaging, but it cannot pinpoint 
neural activity to precise locations, and it is too slow to truly track
neurons' rapid-fire communications.

So when a team of scientists reported in Science a new MRI method
called DIANA, for "direct imaging of neuronal activity," neuroscientists
paid attention. The authors claimed that DIANA detected MRI signals in
the brain that corresponded to the electrical signals of neurons, and that
it acquired signals far faster than the methods now used for functional
MRI.

"Everyone wants this," Jasanoff says. "If we could look at the whole
brain and follow its activity with millisecond precision and know that all
the signals that we're seeing have to do with cellular activity, this would
be just wonderful. It could tell us all kinds of things about how the brain
works and what goes wrong in disease."
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Jasanoff adds that from the initial report, it was not clear what brain
changes DIANA was detecting to produce such a rapid readout of neural
activity. Curious, he and his team began to experiment with the method.
"We wanted to reproduce it, and we wanted to understand how it
worked," he says.

Recreating the MRI procedure reported by DIANA's developers,
postdoctoral researcher Valerie Doan Phi Van imaged the brain of a rat
as an electric stimulus was delivered to one paw. Phi Van says she was
excited to see an MRI signal appear in the brain's sensory cortex, exactly
when and where neurons were expected to respond to the sensation on
the paw. "I was able to reproduce it," she says. "I could see the signal."

With further tests of the system, however, her enthusiasm waned. To
investigate the source of the signal, she disconnected the device used to
stimulate the animal's paw, then repeated the imaging. Again, signals
showed up in the sensory processing part of the brain. But this time,
there was no reason for neurons in that area to be activated. In fact, Phi
Van found, the MRI produced the same kinds of signals when the animal
inside the scanner was replaced with a tube of water. It was clear
DIANA's functional signals were not arising from neural activity.

Phi Van traced the source of the specious signals to the pulse program
that directs DIANA's imaging process, detailing the sequence of steps
the MRI scanner uses to collect data. Embedded within DIANA's pulse
program was a trigger for the device that delivers sensory input to the
animal inside the scanner. That synchronizes the two processes, so the
stimulation occurs at a precise moment during data acquisition. That
trigger appeared to be causing signals that DIANA's developers had
concluded indicated neural activity.

Phi Van altered the pulse program, changing the way the stimulator was
triggered. Using the updated program, the MRI scanner detected no
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functional signal in the brain in response to the same paw stimulation
that had produced a signal before.

"If you take this part of the code out, then the signal will also be gone.
So that means the signal we see is an artifact of the trigger," she says.

Jasanoff and Phi Van went on to find reasons why other researchers have
struggled to reproduce the results of the original DIANA report, noting
that the trigger-generated signals can disappear with slight variations in
the imaging process.

With their postdoctoral colleague Sajal Sen, they also found evidence
that cellular changes that DIANA's developers had proposed might give
rise to a functional MRI signal were not related to neuronal activity.

Jasanoff and Phi Van say it was important to share their findings with
the research community, particularly as efforts continue to develop new
neuroimaging methods.

"If people want to try to repeat any part of the study or implement any
kind of approach like this, they have to avoid falling into these pits,"
Jasanoff says. He adds that they admire the authors of the original study
for their ambition. "The community needs scientists who are willing to
take risks to move the field ahead."

  More information: Valerie Phi van et al, A different interpretation of
the DIANA fMRI signal, Science Advances (2024). DOI:
10.1126/sciadv.adl2034. www.science.org/doi/10.1126/sciadv.adl2034
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