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Figure 1 Block diagram of three-wavelength time-resolved spectroscopy system. (TRS-20: Hamamatsu

Photonics K.K.)
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Figure 2 Incident pulse profile (dotted line) and observed temporal profile (forehead, p=4 cm) AlB

measured using TRS-20 (A) and highly sensitive TRS system (B).
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Figure 3 (A) Geometry of the reflectance measurement for a semi-infinite
homogeneous medium with reduced scattering coefficient ;" and absorption
coefficient .. (B) Geometry of the transmittance measurement for an infinite
homogeneous slab with reduced scattering coefficient 1, and absorption coeffi-

cient Ha.
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Figure 4 Input and detection optical fiber position for mea-
suring human deep brain using highly sensitive TRS system.
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Figure S Comparison of the hemoglobin concentration
obtained using TRS-20 (p=4 cm) and highly sensitive TRS
system (p=4 cm) on human forehead.
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Table 1 Results of hemoglobin concentration and oxygen saturation using highly sensitive

TRS system in human deep brain for ten subjects (N=10)

No Sex Age HbO,; [uM] Hb [uM] tHb [uM] SO, [%]
No. 1 F 35 18.2 17.7 359 50.6
No. 2 M 25 20.6 15.8 36.4 56.7
No. 3 M 27 24.8 14.3 39.1 63.4
No. 4 M 25 22.8 14.9 37.7 60.5
No. 5 M 28 233 15.6 38.9 59.8
No. 6 M 30 18.7 13.6 323 58.0
No. 7 M 33 25.5 18.2 43.7 58.4
No. 8 F 31 15.2 15.5 30.7 49.5
No.9 M 31 22.8 18.4 41.2 553
No.10* M 22 — — — —
Average 28.7 21.3 16.0 37.3 56.9
S.D. 4.0 34 1.7 4.1 4.5

* It was impossible to measure a subject No. 10 because of the weak light intensity.
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Figure 6 (A) Instrument function and observed data using highly sensitive TRS system in
human deep brain and the fitting result using Eq. (1). (B) Comparison of hemoglobin concen-
tration results using TRS-20 (human forehead) and highly sensitive TRS system (human deep
brain). (C) Comparison of oxygen saturation results using TRS-20 (human forehead) and
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Measuring Hemoglobin Concentration of Human Deep Brain Tissue Using
Near-Infrared Time-Resolved Spectroscopy

Hiroaki Suzuki, Motoki Oda, Etsuko Yamaki, Toshihiko Suzuki, Daisuke Yamashita,
Kenji Yoshimoto, and Yutaka Yamashita

Central Research Laboratory, Hamamatsu Photonics K.K., Hamamatsu, Japan
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We have developed a three-wavelength time-resolved spectroscopy system (TRS-20) that can quantify tissue hemody-
namics. To lengthen the optode distance to measure biological information at greater depths, we created a highly sensitive
system featuring a higher-output pulsed light source and a detector fiber with improved photon collection efficiency. We
used the system to obtain temporal profiles of near-infrared pulsed light passing through the brain in 10 male and female
adult volunteers. After the right external ear canal was illuminated using the near-infrared pulsed light, deep-brain mea-
surements were performed to detect the time response function of the light that had passed through to the left ear canal.
Measurements of the time response function were successfully made for 9 of the 10 volunteers. By applying photon diffu-
sion theory, we were able to calculate the hemoglobin concentration and tissue oxygen saturation in the human deep brain.
The results of this experiment demonstrate the potential applicability of the new system to deep brain measurements.

(J Jpn Coll Angiol, 2011, 51: 247-253)
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