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Figure 10 NIRS and fMRI measurements.
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A: fMRI slice positions and NIRS probe positions. Image 1 shows a slice containing Broca’s area. Image 2 shows a slice containing

the auditory area. The arrow indicates the viewpoint of B.

B: Activation map and NIRS probe positions. Dots and circles represent light source and detector positions, respectively.
C: Anatomical image of the auditory area. An arrow head indicates a large draining vein. Time course of oxy-Hb and deoxy-Hb by
NIRS in D the capillary area (C in B) and E the large vein area (L in B).

A thick horizontal bar indicates the 10-s task period.

From Yamamoto T, Kato T: Paradoxical correlation between signal in functional magnetic resonance imaging and deoxygenated
haemoglobin content in capillaries: a new theoretical explanation. Phys Med Biol, 2002, 47: 1121-1141. Reprinted by permission

of Institution of Physics Publishing Limited.
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Figure 20 Influence of water diffusion
on R*.

A: R2* versus blood deoxygenation
(1-Y) for the large vein area (solid line)
and capillary area (dotted line).1®
Water diffusion (red) in the large vein
area (B) and the capillary area (C) dur-
ing the imaging echo time.
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Figure 3

Red blood cell flow in a capillary for A
slow and B fast flow cases.

Courtesy of Prof. Motomu Minamiyama,
Hiroshima International University.
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Figure 4 0 Time course of total haemoglobin (oxy-Hb + deoxy-Hb) in the capillary
area (C in Figure 1B) and the large vein area (L in Figure 1B). A thick horizontal bar

indicates the 10-s task period.

From Yamamoto T, Kato T: Paradoxical correlation between signal in functional mag-
netic resonance imaging and deoxygenated haemoglobin content in capillaries: a new
theoretical explanation. Phys Med Biol, 2002, 47: 1121-1141. Reprinted by permis-
sion of Institution of Physics Publishing Limited.

Figure 50 Cortex vascular model.

Activation
focus

Draining vein area (circle) and activation focus in capillary area (gray area).
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Various Relationships between Deoxygenated Hemoglobin Content
and Functional M agnetic Resonance | maging Signal
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Based on the blood oxygenation level dependent (BOLD) theory in functional magnetic resonance imaging
(fMRI), a decrease in deoxygenated hemoglobin (deoxy-Hb) indicates neuronal activation. This hypothesis applies
to the case of the draining vein area, which is downstream of the activation focus. However, in the capillary area of
the activation focus, the relationship between deoxy-Hb and the fMRI signal may contradict the BOLD theory
because the water diffusion greatly influences small vessels. Therefore, caution should be exercised when inter-
preting the fMRI signal and deoxy-Hb changes in the studying brain functions. Additionally, near-infrared spec-
troscopy requires well-defined measurements, thus prompting discussion about the need for different areas in the

draining veins and capillaries.
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