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Simultaneous Measurement of Functional MRI and Optical Topography
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We have developed a simultaneous measurement system using functional magnetic
resonance imaging (fMRI) and near-infrared spectroscopy (NIRS) technique. Twenty-two
normal volunteers aged 21 to 43 were studied with a 3T MRI system (GEYMS Signa Horizon LX)
and an optical imaging system (Hitachi ETG-100). Optical cable-bundle was extended to the
MR head-coil to set up the simultaneous acquisition system. Various pholic patterns and
durations were used for the visual activations. Retinotopic and event-related studies showed that
the localization and linearity of the responses with these two systems were nearly identical. The
fMRI contrast (blood oxygenation level-dependent, BOLD) uses deoxyhemoglobin information,
and NIRS uses both oxyhemoglobin and deoxyhemoglobin dynamics (the sum of these are
named total hemoglobin, related to cerebral blood volume). Simultaneous measurement system
provides and integrates the spatial and temporal dynamics with respect to the brain physiological
parameters (e.g., CBF, CBV, and CMRO3).
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Beer-Lambert Law

A=In[lo/ll=axc xd

d: distance

A: attenuation
lo: light intensity incident
I: light intensity transmitted
« : specific coefficient of

the absorbing compound
c: concentration of

the absorbing compound

Fig.1

Schematic representation of Beer-
Lambert Law. Equation shows that
the NIR light absorption is linearly
‘correlated with concentration of
J the absorbing compound.
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Experimental Procedure

B Experimental setup

Fig.2
Representative experimental procedures. After the
experimental set up, the following studies were
performed : 1) decision of photic pattens (n=2), 2)
reproducibility test (n=3), 3) retinotopic map testing

— visual or motor stimuli
marker
pain reduction

B Exp. | : Photic pattern (n=2)

B Exp. 2: Reproducibility (n=3) for the localization of the activations (n=12), and 4)
B Exp. 3: Retinotopic mapping (n=12) event-related test using various short photic durations
. il il checking for the linearity of time-invariant system (n=
B Exp. 4:temporal dynamics (n=5) 5) E J ¥
a).

Paradigm (Exp.3)
rest  stim.

Visual stimuli

20 s 208 20s 20s 205 20s 20 s 20 s 20 s

fMRI | | [ | | | | [ |

Data analysis
80 time point

| [ | | [ [ [ | |

NIRS

prescan
30s Data analysis

Fig.3 Schematic representation for visual stimulation and data acquisition timing for IMRI and NIRS.

- e
LE .ia
¥ -, R LY
Fig.4 Representative anatomical T2-weighted images showing the markers attached on the probes (lower
columns).
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Fig.5 Relinotopic functional maps showing the BOLD activations and the corresponding hemoglobin
dynamics. Color shows the localizations of the activations induced by full screen (left, upper), left-
side (left, lower), right-side (right, upper), and small circle (right, lower) checkerboard
stimulations.

fMRI and NIRS dynamics
2s 4s 6s 8s 10s

—— 25

% change

15

time (sec)

Fig.6 Temporal dynamics induced by event-related visual stimulation for fMRI and NIRS. Both responses
showed strong non-linearity according to the time-invariant systems, but the magnitude of the non-
linearity between these two responses was approximately equal.
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