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Important studies and techniques for human brain functional measurement based on NIRS.

=This is not an NIRS study, but the study topographically observed human brain functions by using visible light during open-skull

awake surgery.
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Figure2 Time-resolved optical CT technique.
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Figure3 Three-dimensional reconstruc-
tion based on simulated data by Monte-
Carlo method.”
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Figure4 The principle of optical topography.
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Probe prototype

Optical opography (OT) prototype and
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imaging maps during finger tapping™  (Hitachi Medical Corp.) (Hitachi MedicalCorp.) (Hitachi, Ltd., Advanced Research Lab.)
(Hitachi, Ltd., Central Research Lab.)
1995 2001 2005 2007 >

Figure5 History of the optical topography system.
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Tablel Technological development and applications of OT

Evaluation & improvement Safety of lights™
Safety of lights'®
Technological Optimization of wavelengths
development Optimization of head probes'®
Development of Wearable Optical Topography prototype'™®
Software Platform for Optical Topography Analysis Tools (POTATOs)*
Neurosurgery Measurement of epileptic foci >
Neurology I dentification of language domination hemispherex>)
Rehabilitation support Diagnosistic support and assessment of cerebral ischemia®
Medical care Assessment of rehabilitation
Medical/wdlfare Medical carefor the elderly
applications  Psychiatry Medical support of mental diseases™
Cardiovascular surgery Monitoring the cerebral infarction during cardiovascular surgery
Obstetric & pediatrics Early diagnosis support of higher order brain function disorders
Monitoring of development in neonates and preschoolers
Communication support Communication tools for amyotrophic lateral sclerosis patients
Optical brain machine interface®
Cognitive science Understanding of human brain functionsin daily situation
Developmental science Understanding of development in neonates and preschoolers®?
Brainscience  Sensibility science Understanding of sensibility
applications  Psychophysiology Understanding of human brain functions by multimodal measurements™
Neurophysiology Understanding of cerebral cortex functions by animal experiments

Information science

Correlation and information transfer analysis between OT signas and mul-

timodal signals”

*QOT has been approved as atool by the Japanese Ministry of Health, Labor and Welfare and the medical treatment is eligible for re-

imbursement by health carriers.
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A) *Measurement of epileptic foci™

B)*Identification of language domination hemisphere "

(single photon emission
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¥

‘g

Rest

=

o

Language .é
test

Language domination: left hemisphere

C)  Research findings of mental disease™

D) Research findings cerebral ischemia™
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Task: inhalation of oxygen before and after CAS.
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+*OT has been approved as a tool by the Japanese Ministry of Health, Labor and Welfare and the medical
treatment is eligible for reimbursement by health carriers.

Figure6 Medi

cal applications.
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B)  Psychophysiological functions?

Task: hearing mother tongue
Participants: neonates within 5 days of birth

Mother tongue
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Discrimination of language sounds in neonates

Measurement: OT and EEG during sleep
Pam'cipantS' heallhy adult

128
1 ale M
I i Eg® |
R B |

o # o #

Synchronizations of Synchronizations of Hb

Hb signal & wave U signal and a wave

Synchronizations of Hb signals and EEG

C) Communication with a locked-in patient

D)  Optical Brain Machine Interface™
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Figure7 Brain science applications.
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Development and Outlook from Near-I nfrared Spectroscopy to Optical Topography
Atsushi Maki and Akiko Obata

Hitachi Ltd., Advanced Research Laboratory, Saitama, Japan
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The measurement of human brain function based on near-infrared spectroscopy (NIRS) has developed rapidly in
the past 30 years. We developed the optical topography (OT) method in order to observe brain activity asimages based on
NIRS. OT has several advantages over the neuro-images 1) it can measure brain activity under natural conditions, 2) it can
mesasure brain activity only by wearing the optical fiber cap, 3) it can measure neonatal brain function because of its non-
invasiveness, and 4) it can dlicit the functions of the central nerves system.

We have developed the application to neurosurgery: diagnosis of the epileptic focus and the dominant hemisphere for
language. Moreover, we have found neonatal brain function concerning language.

Currently everyone can measure brain function anytime, anywhere. It is expected to become an effective tool for the
approach of adifferent research field and a new kind of brain imaging. We need a better understanding of the meaning of
the measurement signal and to tie it to new knowledge by the brain and human functional measurement in the future.

(J Jpn Call Angial, 2009, 49: 121-130)
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