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Bibliographic survey on the clinical application of
magnetoencephalography (I): epilepsy

Masavuxr Hirata" » SHIGEKI Kameyama®, TeTsu Goto” , TaKUFUMI YANAGISawWAY,
Haruriko Kisanva”, Satoru Osamvo”, Tostikt Yosuming”, Yosuosu Iucat”,
Ryonet Isan®, Isamu Ozakr”, Kyousuge Kamapa®, Hipeakt Sairaisar’”,

NaosRo Tsuvuucar”, Yuraka Waranase”, Isao Hasamoro'?

1) Department of Neurosurgery, Osaka University Graduate School of Medicine

2) Nishi-Niigata Chuo National Hospital

3) Integrated Neuroscience Research Project, Tokyo Metropolitan Institute of Medical Science
4) Department of Psychiatry, Osaka University Graduate School of Medicine

5) Faculty of Health Sciences, Aomori University of Health and Welfare

6) Department of Neurosurgery, Asahikawa Medical University

7) Department of Pediatrics, Hokkaido University Graduate School of Medicine

8) Depariment of Neurosurgery, Osaka City University Graduate School of Medicine

9) National Center Hospital, National Center of Neurology and Psychiatry

10) Kanazawa Institutes of Technology

Magnetoencephalography (MEG) was approved as an examination covered by health
insurance in 2004, but the scientific evidence is not necessarily clear. In this study, we
reviewed clinical MEG studies regarding epilepsy based on a website bibliographic survey.
‘We searched epilepsy papers before July 2010 using MEDLINE by keywords: epilepsy
AND (MEG OR magnetoencephalography OR (magnetic source imaging)). Nine
hundred sixty-one papers were retrieved. We further narrowed the search to 65 papers
based on levels of evidence and abstract contents. The levels of evidences were classified as
grade 1: no paper, 2: 3 papers, 3: 20 papers, 4: 22 papers, 5: 14 papers, 6: 6 papers,
respectively. Most of the papers reported clinical usefulness of MEG. Several papers
certified the high levels of evidences that MEG is superior to scalp electroencephalography
to estimate epileptic foci and to decide the placement site and area of intracranial
electrodes. Although the present indication of health insurance for MEG is restricted to
presurgical evaluation for the surgical cases, it should cover usefulness of the MEG
evaluation for surgical indication.

Key Words @ magnetoencephalography, epilepsy, bibliographic survey
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Brain-machine interface M&EX

THAZ, IIERE, MTORER, 2% B, EHES,
BEURVIAY, Bl & BEBE, FFEF— HEEH
HIRATA Masayuki, YANAGISAWA Takufumi, MATSUSHITA Kojiro, GOTO Tetsu, SUGATA Hisato.

Morris Shayne, KAGEYAMA Yu, KISHIMA Haruhiko, SAITOH Youichi, YOSHIMINE Toshiki
AR R REE R R RS R i

Brain-machine interface (BMI) &i&, BHESZRFELCEFORNBZHEEL, 5
%ﬁ%&%@?%ga TR DEREERT ﬁéﬁmﬁﬁ% {SEERI L IHBERRC T

, BEASARIEBACLDBERTEBES LT, FBEREZ 1 —0OUNEY
F— 3 VOEESE LT, FOBRKGHPESIND.

Key Words
brain-machine interface (BMI), #&5UT, HREA, Za-OUNEUF -3y

WOBMI &, 0D Fii 12 i 72 HEAE ( 'g_’;'i ) 75

FU&IC
, T & TS A (LB IR BMI (2401 6 hab . KET
SRS | AR MR ILIE (amyotrophic lateral sclero- 6O BMIIZOWTEHE L, >0 Thivh A B
sis 0 ALS) | FFREFEE M h B OMERE A Z L & F WEEBERE U T 2 B 4 FH o 72 IR 587 BMIT 12D

% Gk e 2% LT, brain—machine interface WTHA L BBRIIBMIOZ s — YNy F—3r g
(BMID) +547 & P TRRERII A [E 5 5 & ¢ B IF9EA ADIEZOWTERT 5.
A ODH B, BMI &id) M{m %é’“&i:r‘}ﬁﬁbfz?h%ﬂ

LA, Thbb mfﬁzﬁ‘e@m%‘;%«i{mb f%‘ia#ﬁﬁ%}%{%‘ i
HF 5280k, SehR A mE e & U X 2 5 BMI 0o haEBICEERIIH» TS L5
TH5 (HP). Fie sy, 2O EOREBMEC LD RERN S JEEE

BTG 5B IR BMI 1 & 5 IR BN DRI A
iR 2 30 &, T TER & BRI 2 s

BMI IS NICE S & 200 U ORE S+
B 5 I BMI &, BRI A & A TR

A e W%k Z &R BMIL 235 5, B AR BML 24Tty 5 h s, BMI ORIz BT
HOBMI X 5 ICEANOIARERE 0 5 R IhEOMEBORNE XS MBLC, HRQBC T
16 (252)
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Brain—-Machine Interface using Brain Surface Electrodes : Real-time
Robotic Control and a Fully Implantable Wireless System

Masayuki Hirata, M.D.”, Takufumi Yanagisawa, M.D.", Kojiro Matsushita, Ph.D.",

Morris Shayne, M.D.", Yukiyasu Kamitani, Ph.D.?, Takafumi Suzuki, Ph.D.”, Tsuyoshi Yoshida, Ph.D.¥,
Fumihiro Sato, Ph.D.?, Yoichi Saitoh, M.D.", Haruhiko Kishima, M.D.", Tetsu Goto, M.D.",

Yu Kageyama, M.D.V, Mitsuo Kawato, Ph.D.?, and Toshiki Yoshimine, M.D."

1) Department of Neurosurgery, Osaka University Medical School, 2) ATR Brain Information Communication Research Laboratory
Group, 3) Graduate School of Information Science and Technology, The University of Tokyo, 4) Graduate School of Advanced Sci-
ences of Matter, Hiroshima University, 5) Group of Electrical Engineering, Communication Engineering, Electronic Engineering,
and Information Engineering, Tohoku University

The brain-machine interface (BMI) enables us to control machines and to communicate with others, not with
the use of input devices, but through the direct use of brain signals. This paper describes the integrative
approach we used to develop a BMI system with brain surface electrodes for real-time robotic arm control in
severely disabled people, such as amyotrophic lateral sclerosis patients. This integrative BMI approach includes
effective brain signal recording, accurate neural decoding, robust robotic control, a wireless and fully implantable
device, and a noninvasive evaluation of surgical indications.

We have previously shown that power in the high gamma band (80-150 Hz) gave the highest decoding
accuracy. We succeeded in generating voluntary control over the grasping and releasing of objects, using a succes-
sive decoding and control algorithm that achieves smooth robotic hand movements. Even in patients with severe
motor disturbances, merely imagining hand movements was enough to induce clear, high gamma band responses
that were similar to those induced by real movements.

A fully-implantable wireless system is indispensable for the clinical application of invasive BMI in order to
reduce the risk of infection. We have developed a prototype which is a 128-channel fully-implantable wireless
system that includes many new technologies such as a 64-channel integrated analog amplifier chip, a Bluetooth
wireless data transfer circuit, a wirelessly rechargeable battery, 3 dimensional tissue~fitting high density elec-
trodes, a titanium head casing, and a fluorine polymer body casing.

We are planning clinical trials and the introduction of our BMI system after the completion of a two-staged

clinical research program using wired and then wireless systems.
(Received February 1, 2012 ; accepted February 23, 2012)
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Table 1 Key issues for invasive brain machine interface

High-speed data transfer and processing

GO Iy =

4 . Accurate neural decoding

Neural recording with high spatioternporal resolution

Optimal extraction of appropriate neurophysiological features

5 . Robust control of external devices such as robotic arms and electric wheelchairs
6. Downsizing, integration, and implantation of electronic devices, and the use of wireless technology
7 . Noninvasive pre—surgical evaluations for appropriate surgical indications

8. On-—target survey and analysis of patient needs

9. Addressing of neuroethical issues
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Fig.3 A real-time BMI system for robotic arm control

Fig. 4 Real-time control of a robotic arm
The subject voluntarily controlled grasping (upper right) and hand-
opening (upper left) of the robotic arm in real time. The hand and elbow of
the robotic arm were controlled simultaneously and independently (lower
right and left).
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