
Low-Cost, High-Performance MRI Opens New
Opportunities For Brain Imaging
Recent years have seen tremendous advances in the 
development and application of magnetic resonance 
imaging (MRI), allowing imaging of structures and 
even processes in the human body that would have 
been unimaginable 30 years ago, when the first gen-
eration of commercial MRI scanners was introduced.

But for all the gains in imaging quality and speed, the 
underlying technology—and its inherent limitations—
remain largely the same. MRI scanners still depend 
on huge superconducting magnets to produce the 
high magnetic fields that are needed for imaging. As a 
result, scanners are confined to MRI suites in hospi-
tals or to large, tractor trailer-based units, preventing 
their use in an array of new mobile applications.

Now a team of investigators at the Martinos Center 
for Biomedical Imaging at the Massachusetts Gen-
eral Hospital has reported an approach to low-cost, 
high-performance MRI that would allow researchers 
and physicians to overcome these limitations. They 
describe the approach in a Nature Scientific Reports 
paper published online in October.

“We envision a paradigm shift in MRI, where mobile 
low-cost devices enabled by ultra-low magnetic field 
technology become ubiquitous, and offer new ways to 
practice medicine, in previously unreachable places,” 
said Mathieu Sarracanie, a research fellow in the 
Low-Field Imaging Laboratory in the Martinos Center 
and lead author of the newly published results.

The technology described in the paper operates at a 
magnetic field strength of 6.5 millitesla—more than 
450 times lower than with clinical MRI scanners. The 
authors of the study, including Sarracanie, Cristen 
LaPierre, Najat Salameh, David Waddington, Thomas 
Witzel and Matthew Rosen, achieved high-perfor-

mance MRI at this ultra-low field strength through 
innovative engineering, acquisition strategies, and 
signal processing. In the paper, they report 3D MRI 
of the living human brain with heretofore unattainable 
speed and resolution in the ultra-low-field MRI regime.

This creates a number of new opportunities for MRI. 
Not least: Without the need for massive, cryogen-
cooled superconducting magnets, the scanners can 
be sited and operated in a range of unconventional 
environments. For example, ultra-low-field scanners 

The groundbreaking MRI technology is described in a 
new study from the Martinos Center. Shown here with the 
technology are Matthew Rosen (center), senior author of 
the study and Director of the Center’s Low-Field Imaging 
Laboratory, and (clockwise from left to right) lead author 
Mathieu Sarracanie, Cris LaPierre and Najat Salameh.



operating with this new technology could complement 
traditional MRI by relieving hospital congestion and 
reducing triage delays in the neuro-intensive care unit.

Also, mobile standalone scanners could be imple-
mented in resource-poor environments and in situa-
tions where MRI systems are not traditionally avail-
able—for example, during military conflicts, natural 
disasters or sports events.

“This novel non-cryogenic ultra-low field MRI tech-
nology will be smaller, lighter, less expensive, more 
robust and more transportable than conventional MRI 
systems,” said Matthew Rosen, Director of the Low-
Field Imaging Laboratory, an Assistant Professor of 

Tackling Mental Illness Through Advanced Imaging Of 
Neural Pathways
Anxiety disorders and depression are widespread 
among adolescents in the U.S., affecting as many as 
one in four 13 to 18 year olds. Determining the best 
course of treatment can be difficult, though, as we still 
don’t fully understand the biology of the disorders.

A newly funded study could offer new insights into the 
underlying biology, and thus help to improve the ways 
in which we approach anxiety and depression.

The Human Connectome Project (HCP)—a multi-
institutional collaboration including the MGH Martinos 
Center for Biomedical Imaging and others—has dem-

onstrated since its launch five years ago an extraordi-
nary ability to map the neural pathways in the human 
brain. Now, researchers at the Martinos Center and 
the McGovern Institute for Brain Research at MIT, are, 
for the first time, applying techniques developed by 
the HCP to a specific disease population.

“Our understanding of the biological mechanisms of 
mental illness is still limited. This makes it very chal-
lenging to predict which treatment will work for which 
patient,” said Anastasia Yendiki, an Assistant Pro-
fessor in Radiology at Harvard Medical School and 
principal investigator of the Martinos Center site of the 
project. “We hope that, by mapping the brain signa-
tures of depression and anxiety disorders at an age 
that is critical for brain development, we can discover 
reliable biomarkers that will allow doctors to perform 
accurate diagnoses and prescribe appropriate treat-
ments for patients.”

The study is among the first round of projects funded 
by the National Institutes of Health to study a disease 
population using HCP data collection protocols. The 
investigators will collect brain imaging and clinical 
data from adolescents with depression or anxiety 
disorders, and they will combine it with data obtained 
from healthy adolescents by collaborators at the Uni-
versity of Washington in St. Louis. The goal is to gain 
insights into how subtle differences in brain connec-
tions can predict outcomes of anxiety and depression 
in adolescence.

“Previous imaging studies have given researchers 
clues for the ways in which the brain is wired dif-

A team of researchers from MIT, MGH, McLean Hospital 
and Boston University have been awarded a grant to 
study depression and anxiety disorders using Human 
Connectome Project data collection protocols.

Radiology at Harvard Medical School and the senior 
author of the work, “allowing for operation in, for 
example, battlefield hospitals—near to where injuries 
are most likely to occur—and enabling assessment 
of brain injury within the first hours of the primary 
injury.”

Importantly, the ultra-low-field technology is also con-
siderably less expensive than traditional MRI. Con-
ventional scanners can cost upwards of $1.5 million 
for the high-field (1.5-Tesla) devices most commonly 
used today. The scanner described in the Nature 
Scientific Reports paper, in contrast, could cost less 
than $50,000.



‘Blood Clot Probe’ Could Improve Care Of Stroke
Patients
Peter Caravan and coauthors have reported a new technique that could find blood clots anywhere in the 
body with a single scan.

People who suffer strokes stemming from a blood clot often remain at risk because the initial clot can break 
apart and travel to other parts of the body, causing a second stroke if not quickly treated. Currently, doctors 
might run a number of scans after a stroke seeking further clots. Caravan, an Associate Professor of Radiol-
ogy at Harvard Medical School and Director of the Caravan Lab in the MGH Martinos Center for Biomedical 
Imaging, has developed with colleagues an imaging probe that could locate all of them at once with a whole-
body PET scan.

In a study reported in August on the Arteriosclerosis, Thrombosis, and Vascular Biology website, the probe 
successfully “lit up” clots throughout the body in a single scan in an animal model. 

“We found that, with a single intravenous injection of our clot-finding probe 64Cu-FBP8, we were able to 
detect blood clots anywhere in the body using a positron emission tomography (PET) scan,” said Francesco 
Blasi, the lead author of the study. Blasi was formerly a research fellow at the Martinos Center and is now 
at the University of Torino in Italy. “We also found that the probe may be able to distinguish recently formed 
clots from older ones—which can indicate the likelihood that a particular clot is the source the clot causing 
a stroke or pulmonary embolism—and reveal the composition of a clot, which can determine whether it will 
respond to clot-dissolving treatments.”

The researchers plan to begin experiments with human subjects early next year, with the goal of gaining 
deeper understandings of how the probe is distributed through the body and how long it stays there after 
injection. This will aid in designing subsequent studies exploring the diagnostic effectiveness of the probe.

ferently in psychiatric disorders,” Yendiki said. “By 
leveraging the unprecedented data quality of the HCP 
protocols, we hope to study the differences between 
the healthy and diseased brain in much greater detail 
than has been possible in the past.”

The project will be based at MIT, with the McGovern 
Institute’s Sue Whitfield-Gabrieli and John Gabrieli 
serving as its principal investigators. Adolescents with 
depression and/or anxiety disorders will be recruited 
at three different clinical sites—Boston University, 
McLean Hospital and MGH—and scanned at the 
Martinos Center, using HCP protocols. The brain 
scans will be analyzed to reveal functional and struc-
tural connections in the brain, leveraging algorithms 
that have been developed, respectively, by Whitfield-
Gabrieli and Yendiki. By measuring these connections 
both in healthy subjects and patients, the researchers 
hope to determine how they can predict psychiatric 
disease progression.

To this end, the study will take advantage of cutting-
edge MRI instrumentation found in the Martinos 
Center. This includes MRI at both ultra-high gradient 
strength (the unique Connectom 3T and the commer-

cially available Prisma 3T) and ultra-high field strength 
(7T). No other group has access to such an array of 
advanced technology, Yendiki said. Not only is the 
Martinos Center the only place where all of these 
resources exist under one roof, it is also where many 
of the innovations behind them were—and continue to 
be—developed.

The Martinos Center’s Choukri Mekkaoui produced this 
image by transposing the cherubs from Michelangelo’s 
Sistine Chapel onto a diffusion MRI tractography image 
of the corpus callosum in the brain.



New Technique Paves The Way For Clinical
Application of fMRI
Functional MRI has revolutionized our understandings 
of how the brain works, offering ever deeper insights 
into the neural underpinnings of a range of behaviors. 
But because it typically relies on averaged findings 
from groups of subjects, it isn’t yet established in the 
clinic, where the focus is necessarily on the individual.

Now, the Martinos Center’s Danhong Wang and 
Hesheng Liu and colleagues have reported a tech-
nique that could usher in a new era of clinical fMRI by 
providing a unique, personalized map of the different 
functional areas of an individual’s brain. They de-
scribe the technique in a Nature Neuroscience paper 
published online in November.

“There is an urgent need to develop individual-based 
neuroimaging technologies to guide and facilitate per-
sonalized medicine,” said Liu, an Assistant Professor 
of Radiology at Harvard Medical School and Director 
of the Laboratory for the Study of the Brain Basis of 
Individual Differences at the MGH Martinos Center 
for Biomedical Imaging. “By identifying the functional 
architecture of the brain at the individual level, our 
new fMRI-based technique could advance clinical ap-
plications including neurosurgical planning and treat-
ment and management of a range of neurological and 
psychiatric disorders.”

The cerebral cortex in humans is organized into dis-
tinct areas, each of which is responsible for a special-
ized function that plays a role in a larger, distributed 
network. We know, however, that there are differ-
ences between individuals in how these areas are 
organized. If we are to fully understand the relation-
ship between anatomy and function, and particularly 
if we are to apply this understanding to any of a range 
of clinical needs, we need to be able to discern—pre-
cisely and reliably—what those differences are.

To this end, the authors of the Nature Neuroscience 
paper developed and tested a “cortical parcellation” 
approach that can be used with either resting-state 
fMRI data or spontaneous activity extracted from 
task-based fMRI data. This novel method begins with 
a cortical atlas derived from data from 1,000 healthy 
subjects, Liu said, and iteratively finds the corre-
sponding atlas in the individual subject by correlat-
ing fMRI signals from each vertex with atlas-based 
reference signals. The procedure incorporates a priori 
knowledge such as the distribution of inter-subject 
variability in the brain, which was estimated by Liu’s 

lab in a recent Neuron paper. 

In a series of tests, the functional maps produced by 
the new approach proved highly reproducible while 
also capturing variability across subjects. The re-
searchers validated these results using invasive map-
ping methods in surgical patients.

All of this underscored the technique’s potential 
for clinical application. Among the procedures that 
would benefit from its use is neurosurgical planning: 
mapping areas of the brain—areas associated with 
language and memory, for example—that surgeons 
especially want to avoid. A noninvasive functional 
mapping technique such as this, able to delineate 
functional areas in the individual brain, could one day 
complement or even replace the invasive pre-surgical 
functional mapping routines, including cortical stimula-
tion, currently in use.

Even before then, the technique could help to improve 
the pre-surgical planning process. In the relatively 
near term, said Wang, a research fellow in the Labo-
ratory for the Study of the Brain Basis of Individual 
Differences and lead author of the Nature Neurosci-
ence paper, “we expect that the non-invasive individu-
alized parcellation might serve as a prescreen method 
for invasive cortical stimulation tests, thus making 
the invasive procedure more efficient and eventually 
improving the outcome of surgery.”

Using the technique, the researchers delineated the 
subjects’ brains into 18 different networks. The images 
here show the variability across subjects—especially in 
higher-order association areas like the language network 
in the frontal lobe—as well as the reproducibility within 
subjects over time.



Another possibility: applications related to neurologi-
cal and psychiatric disorders. The technique could 
help to determine the optimal treatment targets in indi-
vidual patients in, for example, transcranial magnetic 
stimulation treatment of depression. A common target 
for such treatment is a point 5 cm anterior to the 
motor cortex. But because of the variability between 

Why We Itch When Other People Scratch: An
fMRI Study
We know from research, and from everyday life, that 
an itch can be contagious. We tend to feel itchy when 
we see people scratch—or even, as studies have 
shown, when we hear them talk about an itch.

What we don’t fully understand, from a neuroscience 
perspective, is why.

In other words: Studies have confirmed that itch can 
be induced and modulated by cognitive and emotional 
factors, as well as by placebo and nocebo effects (a 
nocebo is essentially a negative placebo, an aversive 
response to an inert stimulus). But the brain activity 
underlying this has, thus far, remained elusive.

A team of researchers at the MGH Martinos Center for 
Biomedical Imaging and collaborators at other institu-
tions recently looked into this question of the imagined 
itch in patients suffering from chronic itch. In a paper 
published online in September in the journal Allergy, 
they reported what they found.

The study looked at a cohort of patients clinically di-
agnosed with atopic dermatitis (AD), a type of inflam-
mation that leads to swollen and cracked skin. The 
patients received two saline skin pricks: one in which 
they thought the saline was actually an allergen that 
would cause itchiness and the other where they knew 
the saline was a simple drop of water. During each, 
the researchers performed fMRI scans of what was 
going on in the patients’ brains.

The results demonstrated that the nocebo—the saline 
thought to be an allergen—produced a greater itch 
sensation than the open saline control, with greater 

fMRI signal increases in brain regions associated with 
motivational, attention and cognitive processing.

Notably, these responses correlated with responses 
in near identical brain regions to a real allergen 
observed in the same patients. This suggested that 
the brain circuitry activated by the real allergen also 
comes into play with the imagined, nocebo-induced 
itch.

The upshot? The study supports a growing body of lit-
erature that suggests “your perception is indeed your 
reality,” said Vitaly Napadow, an Associate Professor 
of Radiology at Harvard Medical School, a Martinos 
Center investigator and corresponding author of the 
Allergy paper. If you think you feel itchy after a skin 
prick with saline—as opposed to a real allergen—then 
your brain responds in the same way it would for the 
allergen.

“Our brains have an amazing capacity to recreate 
the world around them,” he said, “even without the 
afferent stimulus we think is necessary to produce a 
certain sensation.”

Beyond such questions of perception and reality, the 
findings also have important clinical implications. They 
suggest, Napadow said, that brain-based therapies 
can be used to effectively down-regulate itch percep-
tion in chronic itch patients, to a greater degree than 
previously thought.  The investigators are now look-
ing into further studies in which they would assess 
the potential of specially tailored cognitive / affective 
therapies for this end.

individuals’ brains, a target defined as such could fall 
in substantially different functional networks in differ-
ent subjects—possibly leading to different therapeutic 
effects, Wang said. Selecting a target using the new 
technique could improve the efficacy of the treatment.
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