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At A Glance

* Playing a certain kind of video game strengthens neural connections in the brains of people with multiple
sclerosis (MS), improving cognitive abilities.

e For the research, MS patients took part in an eight-week, home-based rehabilitation program consisting of
30-minute gaming sessions, five days per week.

¢ At follow-up, the patients in the video-game group had significant increases in functional connectivity in brain
areas involved in cognition.

OAK BROOK, Ill. — Playing "brain-training" video games may help improve some cognitive abilities of people
with multiple sclerosis (MS) by strengthening neural connections in an important part of their brains, according to a
new study published online in the journal Radiology.

MS is a disease of the central nervous system that results in damage to the protective covering of nerve fibers.
Symptoms include weakness, muscle stiffhess and difficulty thinking—a phenomenon often referred to as "brain
fog." MS affects an estimated 2.5 million people worldwide, according to the Multiple Sclerosis Foundation.

Damage to the thalamus, a structure in the middle of the brain that acts as a kind of information hub, and its
connections with other parts of the brain play an important role in the cognitive dysfunction many MS patients
experience.

Researchers led by Laura De Giglio, M.D., Ph.D., from the Department of Neurology and Psychiatry at Sapienza
University in Rome, recently studied the effects of a video game-based cognitive rehabilitation program on the
thalamus in patients with MS. They used a collection of video games from the Nintendo Corporation, called Dr.
Kawashima's Brain Training, which train the brain using puzzles, word memory and other mental challenges. The
games are based on the work of Japanese neuroscientist Ryuta Kawashima, M.D.

Twenty-four MS patients with cognitive impairment were randomly assigned to either take part in an eight-week,
home-based rehabilitation program—consisting of 30-minute gaming sessions, five days per week—or be put on a
wait list, serving as the control group. Patients were evaluated by cognitive tests and by 3-Tesla resting state
functional MRI (RS-fMRI) at baseline and after the eight-week period. Functional imaging when the brain is in its
resting state, or not focused on a particular task, provides important information on neural connectivity.

"Functional MRI allows you to study which brain areas are simultaneously active and gives information on the
participation of certain areas with specific brain circuits," Dr. De Giglio said. "When we talk about increased
connectivity, we mean that these circuits have been modified, increasing the extension of areas that work
simultaneously."

At follow-up, the 12 patients in the video-game group had significant increases in thalamic functional connectivity in
brain areas corresponding to the posterior component of the default mode network, which is one of the most
important brain networks involved in cognition. The results provide an example of the brain's plasticity, or ability to
form new connections throughout life.

"This increased connectivity reflects the fact that video gaming experience changed the mode of operation of certain
brain structures," Dr. De Giglio said. "This means that even a widespread and common use tool like video games
can promote brain plasticity and can aid in cognitive rehabilitation for people with neurological diseases, such as
multiple sclerosis."

The modifications in functional connectivity shown in the video game group after training corresponded to
significant improvements in test scores assessing sustained attention and executive function, the higher-level
cognitive skills that help organize our lives and regulate our behavior.
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The results suggest that video-game-based brain training is an effective option to improve cognitive abilities of
patients with MS.

In the future, the researchers hope to study whether the plasticity induced by video games in MS patients is also
related to improvements in other aspects of their daily lives. They also plan to look at how the video game can be
integrated into a rehabilitation program together with other rehabilitative techniques.

"Multiple Sclerosis: Changes in Thalamic Resting-State Functional Connectivity Induced by a Home-based
Cognitive Rehabilitation Program." Collaborating with Dr. De Giglio were Francesca Tona, M.D., Francesca De
Luca, Psy.D., Nikolaos Petsas, M.D., Ph.D., Luca Prosperini, M.D., Ph.D., Valentina Bianchi, Psy.D., Carlo
Pozzilli, M.D., Ph.D., and Patrizia Pantano, M.D.

Radiology is edited by Herbert Y. Kressel, M.D., Harvard Medical School, Boston, Mass., and owned and
published by the Radiological Society of North Amerlca Inc. (http://radiology.rsna.org/)

RSNA is an association of more than 54,000 radiologists, radiation oncologists, medical physicists and related
scientists, promoting excellence in patient care and health care delivery through education, research and technologic
innovation. The Society is based in Oak Brook, Ill. (RSNA.org)

For patient-friendly information on brain fMRI, visit RadiologyInfo.org.

Images (JPG, TIF):

Figure 1. Axial statistical maps show areas of reduced thalamic functional connectivity (FC) in patients with MS
compared with that in healthy subjects. Patients exhibited significantly lower FC in clusters located in the
cerebellum, frontal and occipital cortices, caudate nucleus, and thalamus, bilaterally.
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Figure 2. Graph shows mean cognitive test scores at baseline and follow-up in the intervention group (IG) and
wait-list group (WLG). Bars indicate raw scores for cognitive test results. Paired t test P values are reported only
for significant differences between baseline and follow-up.
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Figure 3. Axial functional connectivity (FC) maps show changes in thalamic FC after 8 weeks in both groups of
patients with MS. Areas of increased FC are represented in red, areas of reduced FC in blue. A, Intervention group
shows increased FC in occipital, medial, and lateral parietal and posterior cingulate cortices, bilaterally; decreased
FC in vermis and left dorsal-lateral prefrontal cortex. B, Wait-list group shows increased FC in frontal, occipital,
and medial parietal cortices, bilaterally; cerebellum; and right temporal lobe.

High-res (TIF) version

Figure 4. Axial statistical maps show differences in thalamic FC at follow-up in intervention group compared with
that in wait-list group. Purple areas represent higher FC increase in intervention group (posterior cingulate gyrus,
precuneus, and lateral parietal cortex, bilaterally). Green areas represent lower FC increase in intervention group
(vermis, cerebellar hemispheres and left dorsal-lateral prefrontal cortex).

High-res (TIF) version

Figure 5. Axial statistical maps show areas of significant correlations between posttraining thalamic FC and
neuropsychological score changes in intervention group. Purple areas represent positive correlations (bilateral
parietal cortex for SDMT, right parietal cortex for ST) green areas show negative correlations (vermis and right
cerebellar hemisphere for PASAT).
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