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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)
Katsuhiro Mizuno, Shinsuke Kito, Yuji Takahashi, Masaki Iwasaki, Ayano Matsui,
Tomiki Sumiyoshi, Kazuhiko Seki, Mitsunari Abe, Takashi Hanakawa

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. Study on Neuromodulation Therapy for Mood Disorders

Patients who received electroconvulsive therapy (ECT) at NCNP hospitals will be
included in the study, and its usefulness will be verified based on the patients' medical
records. The study design is a single-center, retrospective, observational study; the
therapeutic efficacy of ECT will be confirmed retrospectively from the electronic
medical records. Age, gender, diagnosis, length of hospitalization, severity of illness,
and degree of impairment in social functioning of eligible patients and the number of

ECT procedures performed during hospitalization, duration of treatment, stimulation



conditions, and presence of adverse events will be investigated. Based on each patient's
clinical characteristics, regression analyses will be performed on the factors contributing
to the therapeutic efficacy of ECT to determine the association between the therapeutic
efficacy and adverse effects of ECT and the patient's clinical characteristics. In addition,
an exploratory study of magnetic seizure therapy (MST), the next generation of

convulsive therapy, will be conducted to obtain preliminary findings.

3. Establishing evidence of the effectiveness of neuromodulation for neurological

disorders.

In this study, we focus on the depression and anxiety symptoms of Parkinson's
disease and aim to create therapeutic evidence by neuromodulation. This year, based on
the analysis of the current state of depression and anxiety symptoms of Parkinson's
disease, a protocol for a randomized, double-blind, sham stimulation-controlled
comparative study (TMS-PD) aimed at verifying the efficacy and safety of transcranial
magnetic stimulation (TMS) was designed. We made a research plan for multicenter
collaborative research and tried to obtain external funding. We are planning to conduct a

pilot study to estimate the effect size of TMS.

4. Generating evidence for neuromodulation therapy for intractable movement

disorders.

Deep brain stimulation (DBS) is known to be effective in the treatment of severe
tics occurring in refractory Tourette syndrome, but its long-term efficacy and safety
have not been fully elucidated. In this study, we aim to clarify the efficacy of DBS for
refractory Tourette syndrome and to standardize the criteria for its indication.

Patient registry for severe Tourette syndrome will be developed in this study. We
decided to include patients with severe tics presenting YGTSS score 35 or higher,
regardless of the indication of DBS. This enables us to compare the efficacies between
DBS and medical therapies. The type of clinical information to be registered and the
timing of information collection were discussed and determined. The research plan of
the registry is currently in preparation and will be submitted to the Ethics Committee
shortly. In our retrospective cohort of 36 patients, DBS reduced the tic severity scale

(YGTSS) by an average of 48.7% 1 year later and 57.6% 3 years after surgery, showing



the significant improvement by DBS surgery. Device infections occurred in 11.4% of
our cases.

An international registry by the Tourette Syndrome Deep Brain Stimulation
Working Group is operated by the University of Florida. In the United States, DBS
therapy for Tourette syndrome is only approved in a limited number of centers under the
HDE (humanitarian device exemption) pathway. It is expected to gain FDA approval
based on the result of the registry. The international group has published guidelines on
the indication of DBS for Tourette syndrome.

In Japan, the AMED research project “Evidence Generation of DBS Therapy for
Intractable Tourette Syndrome” has collected retrospective multicenter data and the
results are scheduled to be published. Our registry is very unique in that patients who do
not undergo DBS will also be enrolled. Although it is not a blinded design, we expect to
generate an evidence for the efficacy of DBS over medical therapy. DBS is targeted to
the thalamic CM-Pf nucleus in all centers in Japan, which provides more controlled data
compared to the international groups.

With the result of the registry, we will approach academic societies to develop the

guideline for the indication of DBS for the treatment of severe Tourette syndrome.

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

disorders.

We performed gait analysis of 22 patients with Parkinson's disease who underwent
spinal cord stimulation (SCS) for intractable pain. The results showed a significant
increase in step length after SCS. The results suggest that SCS therapy for pain may
affect not only pain but also the motor and gait functions in patients with Parkinson's

disease.

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

of psychiatric disorders.

Transcranial direct current stimulation (tDCS) is a safe, inexpensive, and feasible
neuromodulation that modifies nerve activity by providing a weak current of 1-2 mA
for about 5-30 min/session. Several domains of neurocognition, such as learning
memory, working memory, executive functioning, verbal fluency, and
attention/information processing, are known to be impaired in schizophrenia. Likewise,

it has been noted in recent years that social cognition, i.e., mental operations underlying



social behavior, is also impaired in schizophrenia. It has been reported that
improvement of social cognition is directly linked to improvement of social function.
In the 2021 annual year, we aimed to determine whether multi-session tDCS
targeting the superior temporal sulcus (STS), a brain region closely related to social
cognition, would improve social cognitive performance in patients with schizophrenia.

So far, data from 15 patients have been obtained.

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

diseases.

This year, we supported the measurement of EMG while walking on the human
treadmill, and methodologically supported the research of rehabilitation department and
orthopedics so that EMG synergies could be extracted from the EMG records. We also
developed a surgical method for expressing muscle synergies in the brain in

collaboration with neurosurgery.

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

The sensorimotor mu rhythm has been referred to the synchronized patterns of
electrical activity is localized to the central sulcus. The oscillatory patterns repeat at a
frequency of 7.5-12.5 Hz (alpha band) in electroencephalogram (EEG), and are most
prominent when the body is physically at rest. In this study, we examined the resting
networks in the brain underlying modulation of the mu rhythm. We acquired
simultaneous recording of functional magnetic resonance imaging (fMRI) and EEG
under a rest condition. We investigated the regions of the brain where activity was
correlated with the power of the alpha band frequencies. We have finished individual

analyses.



