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2—3 Basic and clinical study for elucidating the mechanism and establishing

infrastructure for clinical application of interactive neuromodulation treatments.

National Center of Neurology and Psychiatry (NCNP)
Takatoshi Hara, Shinsuke Kito, Yuji Takahashi, Masaki Iwasaki, Ayano Matsui, Tomiki
Sumiyoshi, Kazuhiko Seki, Mitsunari Abe, Fumie Arie

The aim of this study is to investigate the mechanism and the best clinical operation of
neuromodulation therapy in patients with neurologic and psychiatric disorders. The

achievements of this year are as follows.

1. Research on the application of neuromodulation techniques to rehabilitation treatment

of neurological diseases

We performed tDCS on bilateral parietal lobes in healthy subjects to temporarily
reproduce a neglect-like effect, and analyzed the correlation between changes in resting-
state functional connectivity (rsFC)on functional MRI and changes in a spatial
exploratory task during this condition. We found a significant correlation between rsFC
in the right dorsal attentional network and performance in the exploratory task. The
results were consistent with the hypothesis that unilateral spatial neglect is caused by an
interhemispheric imbalance in the attentional network.

In order to investigate the effects of neurorehabilitation on neuromuscular diseases
such as Parkinson's disease, spinocerebellar degeneration, and muscular dystrophy, we
developed systems for a motion analysis and muscle synergy analysis with wireless

electromyography.

2. Research on Neuromodulation Therapy for Mood Disorders

Brain stimulation therapy for mental illness has played a complementary role to
pharmacotherapy. In particular, electroconvulsive therapy (ECT) is a treatment with
high efficacy and rapid onset. It is recommended for cases where suicidal ideation is
imminent or for cases where improvement cannot be achieved with medication.
However, while reports on the stimulation conditions of ECT and exploratory studies on
a small number of cases have been conducted, no comprehensive observational studies
have been reported. In this study, a retrospective observational study was conducted to

clarify the relationship between the therapeutic effects and side effects of ECT and the



clinical characteristics of patients. Patients who received ECT at our hospital were
investigated by reviewing their medical records to verify its usefulness. The trial design
was a single-center retrospective observational study. The therapeutic effects of ECT
were scored on a 0-4 scale by the researcher based on the patient's functional disability
before and after ECT, which was investigated by reviewing the patient's medical
records. The study investigated the age, sex, diagnosis, length of hospital stay, severity,
social functioning disability level, number of ECT treatments during hospitalization,
treatment duration, stimulation conditions, and presence or absence of adverse events
for the target patients. Based on the various clinical characteristics of the patients,
various regression analyses were conducted to identify factors contributing to the
therapeutic effects of ECT and to clarify the relationship between therapeutic effects,
side effects, and patient clinical characteristics. The planned number of study subjects is
350-400.

3. Generating evidence for neuromodulation therapy for intractable movement

disorders.

Severe Tourette syndrome with accompanying severe involuntary movement disorder
can greatly impair a patient's ADL, but there are still cases where treatment is difficult.
While DBS has been performed worldwide for refractory Tourette syndrome and its
effectiveness is widely recognized, many aspects of how DBS works and its effects are
still unknown. In addition, the indications and techniques for DBS have not been
standardized. Therefore, the accumulation of clinical information on DBS-treated
patients, the construction of evidence for the formulation of guidelines, and the
verification of prognostic factors for treatment effectiveness should be pursued. At the
same time, the effectiveness of DBS for psychiatric elements such as impulse control,
which is easily associated with Tourette syndrome, should be investigated by
collaborating with psychiatrists. During the research period, DBS implantation surgery
was performed in six patients with refractory Tourette syndrome. One patient required
removal due to infection, but the others had good treatment response. A retrospective
study was conducted on 25 patients who underwent DBS at four domestic facilities (21
patients at NCNP), and the results of the treatment course and patient questionnaire
were analyzed using a repeated-measures mixed-effects model. The results revealed that
the improvement rate of symptoms was significantly higher in the group of patients with

tics that severely affect their daily lives, such as self-harm and property damage. In



other words, even patients with the most severe tics showed good treatment response to
DBS.
4. Establishing evidence of the effectiveness of neuromodulation for neurological

disorders.

The satisfaction of patients with Parkinson's disease (PD) regarding non-motor
symptoms such as depression, anxiety, and pain is lower than that for motor symptoms.
This study aims to address these unmet needs and generate new evidence on treatment
through the use of neuro-modulation techniques. A protocol was developed for a
randomized, double-blind, sham-controlled trial (TMS-PD trial) to investigate the
effectiveness and safety of transcranial magnetic stimulation (TMS) for depression and
anxiety symptoms in PD patients, based on the collection of fundamental information
for TMS treatment planning. In order to conduct the TMS-PD trial, a pilot study is
necessary to obtain baseline data on the effect size of TMS. A clinical trial protocol for
PD-TMS was created, and a pilot study will be conducted to obtain basic data on effect

size, with the aim of conducting a randomized controlled trial (RCT) in the future.

5. Study on spinal cord stimulation therapy for pain associated with neuropsychiatric

disorders.

This study examined Parkinson's disease patients who underwent spinal cord
stimulation therapy for intractable pain, and analyzed their walking parameters using a
Walkway system that measures floor reaction force before and after the start of
stimulation. Eight patients received low-frequency tonic stimulation (low-frequency
group), while the other eight received high-frequency BurstDR stimulation (high-
frequency group), and changes in each parameter were observed. The low-frequency
group showed improvements in walking speed, stance phase time, swing phase time,
cadence, and stride length. The high-frequency group showed improvements in walking
speed and stride length, but there were no significant differences in cadence or temporal
factors (stance phase time, swing phase time, and double support time). Spinal cord
stimulation therapy for intractable pain in Parkinson's disease patients was found to
improve not only pain but also walking, and the mechanism of improvement may differ

between low-frequency and high-frequency stimulation.

6. Study on the effectiveness of transcranial direct current stimulation in the treatment

of psychiatric disorders.



Transcranial direct current stimulation (tDCS) is a non-invasive electrical
stimulation method that modulates brain neural activity by delivering weak electrical
currents of approximately 1-2mA from electrodes placed on the scalp. We have
previously confirmed that tDCS applied to the left prefrontal cortex improves positive
symptoms, motor function, language memory, and language fluency in patients with
schizophrenia who have cognitive impairments. However, there is limited knowledge
regarding the effects of tDCS on social cognitive function (such as theory of mind and
facial recognition), which is known to affect patients' social functioning. In this study,
we investigated whether tDCS targeting the left superior temporal gyrus/sulcus
improves social cognition in patients with schizophrenia. We found, for the first time,
that anodal tDCS to the left superior temporal gyrus/sulcus improves social cognitive

function in patients with schizophrenia.

7. Technical assistance for muscle synergy analysis in patients with neuromuscular

diseases.

The purpose of this research group is to provide technical support for analyzing muscle
synergy in patients with various diseases exhibiting movement disorders at NCNP
Hospital. The aim is to establish a disease-crossing quantitative evaluation of movement
disorders and support the development of new treatment methods using muscle synergy
feedback. The method used to extrapolate experimental results in macaques, which are
closely related to humans, to humans. Muscle synergy analysis, which is considered
effective in elucidating the neural basis of physical rehabilitation, was used to verify the
rehabilitation effect on a model monkey with physical damage (tendon transfer).
Significant changes in the temporal activity patterns of muscle synergy were observed
between early adaptation and late adaptation. As a result, muscle synergy analysis was

shown to be effective in evaluating the effect of physical rehabilitation.

8. Development of high-precision EEG brain-machine interface (BMI) technology.

BMI is a technology that decodes the intention of movement in patients with motor
paralysis from their brainwave signals and operates a machine on their behalf. When a
research subject imagines movement in their mind, the alpha and beta frequency band
brainwave rhythms (mu waves) observed from the vicinity of the central sulcus in the

brain change. The machine detects these brainwave changes and operates accordingly.



The neural circuits that are mobilized to adjust one's own brainwave rhythm during motor
imagery are not yet fully understood. The researchers hypothesized that the adjustment
of mu wave brainwave rhythms involves not only the cerebral cortex but also the spinal
neural circuits. The primary motor cortex and premotor cortex, which are involved in
motor imagery, have synaptic connections with spinal neural circuits. In patients with
complete cervical spinal cord injury, the spatial distribution of mu waves during motor
imagery is observed over a wide range from the central sulcus to the parietal lobe, rather
than being localized to the central sulcus. The researchers applied this technology to
identify the neural circuits involving spinal neural activity that are related to the
adjustment of mu wave brainwave rhythms. They developed a unique MRI functional
imaging method (cs-fMRI) to evaluate spinal neural activity. In parallel with another
research project, they conducted analyses to identify brain circuits related to the
coordination of mu wave brainwave rhythms. They calculated the power fluctuation of
the alpha and beta frequency bands from the time-series brainwave data and searched for
MRI neural activity that correlated with these fluctuations throughout the brain. They plan
to increase the number of cases and observe the functional connection between the brain

and spinal neural circuits in the future.

9. Examination of ethical issues and ethical support in the treatment and research of

neuromodulation

To promote the clinical use and research of neuromodulation, it is essential to establish
a support system for clinical and research purposes. However, the ethical issues in this
field have not been sufficiently clarified, and there has been little discussion on the
support system for research ethics. Therefore, in this study, we conducted a survey on the
ethical issues of neuromodulation therapy and research and established a consultation
system for clinical and research ethics support for specific treatments and research. While
there is not yet enough previous research on the ethical issues specific to neuromodulation,
we will continue to conduct literature surveys and strive to gather information and share
it with the community at related conferences and international meetings. Although we
have been providing support from the ethical aspect of research through the bioethics
office and clinical research consultation, there are few consultations that are specifically
tailored to neuro modulation research. Therefore, it is urgently necessary to promote

cooperation with other institutions and share information as soon as possible.



