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Figurel Geometry of the reflectance measurement.

P/ B2

REFE] 3 i 3 BB X IE L 72 AT TR E B O R
ENTVDEY, ZITRIARMLOFTEIMEHL TS
SILEF 2 PO WIS 2o PR AT 7
TIORAT S, BFUSOLTHEEI Y O(e= 0L 55
zero boundary condition I (Fig. 1 Z18), — IR
o, SEHVEBELAR S L % D D G BLELAE R o) I s 25
PER(p, 1)1
R(p.t) = (4nDc) Zot 2exp( u,ct exp( Dot )

D=(3u,) ", Z,= (k)" @
ERENDBHD, 22T, AdIEEGELEENEOSEE, p
WIS AR TR, DB TH 5,

3 RREFEDEER S AT L

DA ARG 53 43 6 % BRR BLs TRHI 9 %
72O HREL O 3 3 B E 56T A7 4 (TRS-10
HAMAMATSU PHOTONICS K.K.)#BiZs L7272, B
TE, 2 F v ¥ AOVEIEEHIT REZ: 3 DE IR 35t
27 5 (TRS-20  HAMAMATSU PHOTONICS K.K.) %
BIZEL TV 5, Fig 2 ICTRS-20Y A7 A DG E L HEX
ERT o WY AT AL 3 HDEARL — % /L ABRE)
T5Z L1251 3 P F(760nm, 800nm, 830nm) {1
45 (Full width at half maximum : FWHM)100pskl o>/ <
WV ASEE SMHZOMER LIZ T4 ST b ASTHIYE
T 7 AN TEEHNI G OV 2 F BN TR L, SURPIE
BT L CE OV AL, ZEHANY RV T 7 A
NCE#IE 3mm) TN BN S, BT M

132

AT ) B IXGaASLE T 2 FF Ol I E %
L, 1£800nmiz THI15% D& T-5hF O m B AE Rl
ZUFEICLC\Wh, 2L C, TTS(transit time spread)?)®
250psLiTkm1_7Z<H¢F’EJTC\ SREDSTERE S T\ D, B

TR E R  RERE 43 i AR & S B & A2 C & B 1
*?’l’:?*ﬁsﬂﬁﬁaﬁﬁﬁg{f(TCSPC(f : time-correlated single
photon counting method) |2 3% & CFD(constant fraction
discriminator), TAC(time-to-amplitude converter), A/D
(analog-to-digital converter), histogram memory7» S,
ENTWARY, RY AT A THMSHERET 28
(2 & o TR 72 A AR AR IR B R 123X (1) % e/ 3R
BT T 40T 4 2 7§58k o THEFRHBRNEE O
WRAREL, S BRI S IE TE B,

SUABEE=-4—DICH

AEARA RIS 05 B A RRLE P IR OSBRI
WNEBICHAEST 2NEZDE Y TIOERT 50 22
T, W 2B WIUREL pa(A) %
Ha(A) = €, (1) Coo, + €rp(4) Crip + Hapeagrauna ()~ (D
EFF, 22T, Erpo, (A) Erp(A NEEREAL, R
B UE VT OWE NIBT 550 FRIIURER?, Cuso,

CoplZMRFAL, WRRFILANE7 OV REZIRL,
Hacgroma (A) ENE 7 TE Y LSLOYIEIZ X 2RI %
R 3 WRRRMIMHSIEY AT MITERIIL 72 3 K
2OWTR (D IR R 2 I I IR, B
BT T E VRIE Cuvo,, CaoWRIETE B0 2O
EE, Uy peogroma(A) 1FAERHLEEHL D 7K (iR £60%) 122
W35 fiiE Le2®, LT, BERHFO/ ST2—25

WREF Vol. 49, 2009



ANE I}

Eh 44

Forehead

Forearm

Optical Attenuator

=+

[ [ P D> et
[ [ e D -

3-Wavelength Optical [q-:+ _ .........
Source (760,800,830nm) Trlgger Source

}nany asepeju)

) 8 A B ¢ 40
= A L A Hematocrit
3 80 o b A — -} 30
5 iHb i o [ e e =
< / =1
3 i e 5]
g 20 4o e o TS i T N = -
3 Hb = e T

0 0
(B) __ 100

a0

60 \r/ﬂ."
50 -

40

Oxygen Saturation [%]

80 4
70 4 '\W\ﬂwﬁm\‘_ ///_\ Figure3
vw’“’/_’\’\\“

A: Plots of oxy- (HbO,), deoxy- (Hb) and
total (tHb) hemoglobin concentration and

Time [hour: minute]

T 5 EEMEETONT 7O v ERFE I (oxygen
saturation) O,M il i,

Cy
SO,[%] = C‘_f %100, Cyy, = Gy, +Crip &)
LDIETES,

3 HREEEDED Y AT LICK BEEEHE
(DifipE=2—

3 W R G AT A (TRS10) 5@k N A 7%
A5, AGIE T E AR T OUEEEE R E= Y — IS L7z,
F0HH, NLUHTZ R L 72 @8R N A 7S A FA O
ER A T =y — L LR 2R 31RT, 22T

WRE 5 Vol. 49, 2009

T T T T T T T
10:00 11:00 12:00 13:00 14:00 16:00 16:00

hematocrit, B: oxygen saturation (SO;) dur-
ing coronary-artery bypass surgery, mea-
sured by the TRS-10 system.
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A: Relationship between total hemoglobin
concentrations obtained by the TRS-10 sys-
tem and hematocrit values of arterial blood.
B: Relationship between oxygen satura-
tion by the TRS-10 system and oxygen
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60 8'0 100 Sauration of the jugular vein (S,_VOZ) during
coronary-artery bypass surgery in measure-
ments of nine patients.
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Tissue Oxygenation M easurements Using Near -infrared Time-resolved Spectr oscopy
Motoki Oda, Etsuko Ohmae Yamaki, Hiroaki Suzuki, Toshihiko Suzuki, and Yutaka Yamashita

Central Research Laboratory, Hamamatsu Photonics K.K., Hamamatsu, Japan

Key words: near-infrared spectroscopy, time-resolved spectroscopy, photon diffusion theory, hemodynamics, positron
emission tomography

We have developed a near-infrared time-resolved spectroscopy system (TRS-10, TRS-20) that is able to quantify tis-
sue hemodynamics. We applied this system to non-invasive brain oxygenation monitoring such as the clinical evaluations.
These results are introduced in this paper. 1) During cardiopulmonary bypass surgery with an artificial heart-lung machine,
oxyhemoglobin, deoxyhemoglobin, total hemoglobin and oxygen saturation were measured by TRS-10 on the left forehead
with an optode spacing of 4 cm. Jugular venous oxygen saturation (S,0O) and arterial blood hematocrit (Hct) were also s-
multaneoudy monitored using the conventional method. There was a good correlation between total hemoglobin (tHb) and
Hct. values (r? = 0.63). 2) We observed changes in the cerebral blood volume (CBV) of six adult subjects following acetazo-
lamide administration. These were studied with positron emisson tomography (PET) and TRS measurements. Smultane-
oudy with the PET measurements, TRS measurements determined by the TRS-10 system were performed at the forehead
with four different optode spacings, from 2 cm to 5 cm, using an optical fiber switch. In comparison with PET and TRS
studies, CBV values derived by TRS measurements with 4 cm of optode spacing could measure cerebral hemodynamic
responses in the gray matter region optimally and quantitatively. (3 Jpn Coll Angiol, 2009, 49: 131-137)
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