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Abstract. Near-infrared spectroscopy (NIRS) is a noninvasive tech-
nique for continuous monitoring of the amounts of total hemoglobin
(total-Hb), oxygenated hemoglobin, (oxy-Hb) and deoxygenated he-
moglobin (deoxy-Hb). The purpose of the present study was to dem-
onstrate the utility of NIRS in functional imaging of the human visual
cortex. A new NIRS imaging system enabled measurements from 24
scalp locations covering a 9 cm sq area. Topographic images were
obtained from interpolations of the concentration changes between
measurement points. Five healthy subjects between 25 and 49 years
of age were investigated. After a resting baseline period of 50 s, the
subjects were exposed to a visual stimulus for 20 s, followed by a 50
s resting period in a dimly lit, sound attenuating room. The visual
stimulus was a circular, black and white, alternating checkerboard. In
four of five subjects the visual cortex was the most activated area
during visual stimulation. This is the first reported use of a NIRS-
imaging system for assessing hemodynamic changes in the human
visual cortex. The typical hemodynamic changes expected were ob-
served; the total-Hb and oxy-Hb increased just after the start of stimu-
lation and plateaued after 10 s of the stimulation period. © 2000 Society
of Photo-Optical Instrumentation Engineers. [S1083-3668(00)00301-4]
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1 Introduction
Near-infrared Spectroscopy~NIRS! is a noninvasive tech-
nique for continuously monitoring total hemoglobin~total-
Hb!, and the amounts of oxygenated hemoglobin~oxy-Hb!
and deoxygenated hemoglobin~deoxy-Hb!.1 Although NIRS
provides only low spatial resolution and can generate only
two-dimensional surface mapping, it offers the advantages o
noninvasive measurement and high temporal resolution. Fu
ther, NIRS provides relatively strong immunity to artifacts
from body movements; its compact mechanism can conve
niently make long continuous recordings from the bedside
and it does not prevent the simultaneous use of other measur
ment systems such as electroencephalograms~EEGs!.

Vision is the most-studied and perhaps best understoo
modality in human information processing, and it is an impor-
tant component in human sensation, perception, and recogn
tion. Demonstrating the feasibility of NIRS imaging of the
visual cortex is an important step for developing its clinical
use. Functional imaging with NIRS could play an important
role in the development of cognitive testing. The presen
study demonstrates that NIRS can be used to derive function
imaging of the human visual cortex.

This paper is a revision of a paper presented at the First International Sympo-
sium on Medical Near-Infrared Spectroscopy, September 1998, Tokyo, Japan.
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hp.metro.tokyo.jp
f
-

-

i-

l

2 Method
The 24-channel NIRS system~developed by Central Researc
Laboratory, Hitachi Ltd.! used in the present study feature
new multiwavelength, multiposition methods.2–4 Figure 1
shows the grid arrangement of the 16 optical fibers~closed
gray circles! and 24 measuring points~numbered black
squares!. Optical fibers were evenly spaced at 30 mm int
vals. Two wavelengths of light, 780 and 830 nm, were co
bined and emitted through the optical fibers every 500 m
Light reflected from the underlying cerebral cortex was a
detected by the optical fibers. The set of 16 optical fibers w
fixed on the subject’s head that was encased in a thermop
tic shell molded to precisely fit each subject’s right or le
hemioccipital area. The fiber array covered a9 cm39 cmarea
of the scalp. The changes in oxy-Hb and deoxy-Hb conc
tration were measured at each fiber simultaneously.
total-Hb was calculated as the sum of oxy-Hb and deoxy-H

Topographic images were obtained from a third-ord
spline function for interpolating Hb concentration changes
24 measurement positions. Concentration changes in Hb w
calculated based on Beer–Lambert law. No pathlength cor
tion was used. The concentration changes were local
within the cerebral cortex for brain activity. Pathlength co
rection is usually effective for global Hb concentratio
changes so there was little merit in considering pathlen
correction.
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3 Subjects and Procedure
Five healthy subjects between 25 and 49 years of age we
investigated after informed consent was obtained. The visu
stimulus was a circular, black and white, alternating checke
board displayed on a screen positioned 60 cm from the su
ject’s eyes in a sound-attenuated, dimly lit room. A checker
board reversal was parametrically manipulated at fou
frequencies, 1, 3.75, 7.5, and 15 Hz. After a baseline period
50 s, the subjects were exposed to the visual stimulus for 20
followed by a 50 s resting period. Each experimental serie
consisted of 72 stimulation intervals.

After visually identifying and excluding trials contami-
nated by artifacts, data from all four of the checkerboard re
versal frequencies mentioned above were averaged for ea
subject. The number of data used for calculations ranged fro
59 to 68 across subjects. The average concentration chan
during the last 40 s in the pre-stimulation period was used a
the baseline value for each trial. The average increase or d
crease of oxy-Hb, deoxy-Hb, and total-Hb during each stimu
lation period was calculated and used to generate a conto
map.

4 Results
Figure 2 topographically represents the changes in region
oxy-Hb concentration recorded by 24-channel NIRS topogra
phy of five subjects~ss-A, B, C, D, E!. The values represent
changes during the 20 s visual stimulation period compared
the pre-stimulation period. Each topographic view is a rea

Fig. 1 Arrangement of 24-channel measuring points. Sixteen optical
fibers (closed gray circles) were arranged at 30 mm intervals, enabling
measurement at 24 points (numbered black squares) on the scalp. The
optical fiber array covers a 9 cm39 cm area.
94 Journal of Biomedical Optics d January 2000 d Vol. 5 No. 1
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view of the head, with a vertical dotted line indicating th
midline of the brain. The asterisked~* ! point on each topo-
graphic view shows the measuring point that is nearest to e
subject’s anatomically identified visual cortex according
magnetic resonance imaging~MRI!. Dark gray areas indicate
increases in oxy-Hb by visual stimulation. Light gray are
indicate decreased oxy-Hb concentration. With the excep
of subject ss-B, the asterisked V1 area identified from MRI
four of five subjects was mapped as the most activated a
We have presented only the map of oxy-Hb. The map
total-Hb is similar to the map of oxy-Hb, and the map
deoxy-Hb is almost a reverse pattern of the map of oxy-H

Figure 3 presents the time course of the concentra
changes in three hemoglobin measures as the total ave
from five subjects. Because there were considerably large
ferences among individuals in the range of values t
changed, averaging raw data of individuals was not spec
enough to determine a representative time course for the
subjects. To minimize interindividual variations of ranges, t
individual data wereZ transferred~a series of individual data
were transferred to obtain a mean of 0 and a variance o!
and averaged. The black line represents changes in oxy
while the dotted and gray lines show changes in deoxy-
and total-Hb, respectively. Data were selected from the m
suring point nearest to each subject’s MRI-identified visu
cortex~shown by asterisks in Figure 2!. The hemoglobin val-
ues at the selected measuring point were then standardize
Z transformation for each subject before these values w
averaged for all five subjects.

An expected series of hemodynamic changes is clearly
dent in Figure 3; the total-Hb and oxy-Hb increased imme
ately following the onset of stimulation, plateauing after 10
for the remainder of the stimulation period. These chan
then decreased to their pre-stimulation level in the 10 s
lowing the end of stimulation. Similarly, and opposite to th
change in total-Hb and oxy-Hb, deoxy-Hb decreased dur
the stimulation period.

5 Discussion
NIRS has previously been used to measure activation of
cerebral cortex. Obrig et al. reported motor area activation
a finger opposition task.5 The same task has also been sho
to activate the primary sensorimotor cortex.6,7 Hock et al.
showed that during the performance of a verbal fluency ta
Fig. 2 NIRS 24-channel topography for five subjects. Each topographic view (subjects ss-A, -B, -C, -D, -E) is rear view of the head. The vertical
dotted line indicates the midline of the brain. The points shown by asterisks (* ) were anatomically identified from MRIs of each subject to be nearest
the primary visual cortex. Dark gray areas indicate increases in oxy-Hb by visual stimulation. Light gray areas indicate decreases in oxy-Hb.



Activation of Visual Cortex
Fig. 3 Hemodynamic changes at the visual cortex. The time course of total-Hb, oxy-Hb, and deoxy-Hb changes at the visual cortex represented by
Z-transferred values as the total average of five subjects (standardized and averaged from five subjects). The black line represents oxy-Hb; the
dotted line deoxy-Hb; the gray line total-Hb. The typical hemodynamic changes expected were observed; total-Hb and oxy-Hb increased during
stimulation whereas deoxy-Hb decreased.
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normal subjects showed activation of the left superior parieta
cortex.8 Right frontal activation during the continuous perfor-
mance test was reported by Fallgatter and Strik.9 The time
course of total-Hb, oxy-Hb, and deoxy-Hb changes in the ac
tivated cerebral cortex found in these studies is consisten
with the present results, that is, during cortical activation the
total-Hb and oxy-Hb increase and deoxy-Hb decreases.

A few studies have reported NIRS evidence of hemody-
namic changes related to the human visual cortex.10–12 Vill-
ringer et al.10 reported hemodynamic changes in the visual
cortex that were induced by light flashing and picture stimu-
lation.

For the most part the NIRS studies described above use
single channel systems. Few have reported multichanne
analyses. Watanabe et al.13 reported activation of the precen-
tral gyrus during opposing finger movements that was mea
sured using a 10-channel NIRS system. To our knowledg
there has been no reported study of the visual cortex usin
multichannel NIRS or NIRS imaging. The present study ap-
pears to be the first to report the use of a NIRS-imaging sys
tem to assess changes in the human visual cortex. Zeki et a
reported that activation of the visual cortex could be visual-
ized using positron emission tomography~PET!14 and their
results agree with our findings; the area nearest to the V
cortex was activated during visual stimulation.

Although the spatial resolution of the NIRS topography is
poor at about 25 mm,2,3 the topography obtained in the
present study indicates the usefulness of multichannel NIR
for studying brain function, especially in situations where
portability and noninvasive continuous monitoring are neces
sary. For example, hemodynamic monitoring during cognitive
testing examinations may be one very fruitful application of
t

l

l.

NIRS imaging. Similarly, pairing of NIRS rCBV monitoring
with EEG or other conventional methods could provide n
opportunities to precisely measure brain functions.
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