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Fig. 1. Photon distribution pattern in biological tissue

In turbid media like biological tissues the injected light can not pene-
trate into the deep layer due to scattering. The distribution of the light
path of the photon reaching the adjacent probe shows ‘‘banana-like”
shape. In practical setting the anatomical structure having different opti-
cal properties (e.g. scalp, skull, CSF) complicates the analysis.
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Fig. 2. An early result of the multichannel near infrared optical imaging (BIG=2E - fH B
W, ISR, FEEREY X —, 1996 %, F4BEFE~OLA X4.6.9 (p. 187) X

D A & 5 TR

Changes in regional cerebral oxygenation in left hemisphere of the healthy subject solving a
mathematical problem. Increase in total Hb and Oxy-Hb in the occipital area proceeded changes

in frontal and temporal area.

BThs. Ihrk MCEWTUR LIcOAEF
BNTHH. PO ITRTEM - FIBRHS - HREREIC
TO—T % O HEBRE P RFORMET BT LE
ZPRES % & TORERER TEEIC I 5 MK
BELBRBCOREN LD LD ICHR T 5%
#HE Lo (Fig. 2). XFHBITH W CTIRFERS
REENR SV T IV EA ATEDOEAL A BT
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TRV TUBEBIRNOT, EFEOD & D 7xkE 4
2T B LS 7e—EE ) OFEICOWTDH
BRTH5ZEBTES. (B OEMLBER
BIIENCENFICIVBEVELT> THEL
RIGWE/oN 5 EBRHRELE.) Thids
B ORI ORI & & ITRD TK & 757
RTHY, X CT I THRKRMEREDfFNT % #D
BIEICRKRVICHER LR BWMETH - 7c.

HERTZ74—

C O K D e EBEL O RIRHAIRE 215 5> L TR
ROFNLE & DIMKIRE - BRFRALORFRIF 75 HE

B % R TCERICER T A R OBIR A I
&, BYMBUWEROZ V=TI XD K RIS
74— LTEAbEIh:. Btz
SR —DEFOT O —T HEREAICEE L
WY BB % B 5 TR\ EEF T RIS
BES S LT, AT U g &
DB ¥ OBFRICHF T > T BDOhZRIET
HIERTES. FEHOPEIC B W TITEEZEDR
W VEEWRANB, ORI ST7 4 —%E
TEHT 7 4 N =% T ERR O 265 K5
HFEEADONy FETITHDIAA THERE ICE
ETHDT, MERFOMALAEEICEY L THRE
OMRI®PPET X L DX APICKEEH
EafE TS (Fig.3). (BR+5XCTD
A= SV A NCREC - 105 A A ' R
TBROBZXLLy +hOE-TWS.) B
BNIANETBEVOMETOSME T a—7
L% ~<—F 7 L7 MRI B % AR
TEROF T 45—V g VYVAT AL > TE
REDED T & CHEEIFERIRALE & ORIEA R
EINS. fEEBROEEE OIS (Fig. 4)

163



164

XX '“":&'&%‘

OOOOOOKXXXAXA
R €
0606.00#000'0

BRERE 519% 35 (1999)

Fig. 3. Head-shell device holding the optical
fibers for optical topography

The optical fibers both to guide the light from
the source to the head and back to the detector
are two-dimensionaly imbedded in the head-
. shell device. The device is attached to the
-7 patient with elastic bandages (omitted in the
drawing), which enables measurements in
standing and sitting position.
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Fig. 4. An example of optical topogram (I TF#E—, /RIERE, & =, JIIAXH, EUERE,
MERIEMEAEE B X7 L& LTOH MRZ S5 7 1 BAFE, MEDIX, 1998 ; vol. 29 X 6 %
ELIR A NG )

The optical topography probes were set above the motor area of left hemisphere of the right
handed subject. The drawing showed results of random finger tappings of each hand repeated
ten times. During right finger motion significant increase in Oxy- and total Hb was demonstrat-
ed in the motor cortex. The vertical axis showed relative changes in hemoglobin concentration.
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BHICIIREOR WHIEEEPNETH 5.
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Fig. 5. Basics of Time resolved spectroscopy
Io : Pulsed laser impulse of single wavelength,
I : detected light traveling through biological
tissue. Scattering in the tissue causes variation
of traveling time of the photon and it broadens
the detected light signal. With absorption the
intensity of detected light is reduced. (li—I2)
Averaging the photon traveling time, mean
path length (L) is calculated. pa and us’ are
also calculated with curve-fitting analysis of the
detected light.
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¢ : photon fluence rate, S: Y5, D: 5k
EH D=3(patpus)!
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Fig. 6. Scalpal hyperemia during dynamic bike exercise

Dynamic bike exercise was performed by young healthy male with increasing work load. Near
infrared tissue oximeter [inter-optode distance : 4 cm] was attached to the left forehead. (Oxy-
Hb, Deoxy-Hb, total Hb) Facial skin temperature (F-temp) and facial skin blood flow with
laser-doppler flowmeter (LD-flow) were also monitored. After 10 minutes from the start in-
crease in both facial temperature and skin flow was observed. It accompanied significant in-
crease in tissue Hb concentration detected by near infrared optodes.

Hb conc(a.u.) o 68 y.o. male
0oe 1 . — Oxy-Hb
| ‘ — Deoxy—-Hb
il _—totalHb
0
-0.01
—0102 i
-0.03 —t B m I e A —
T 5 10 15 20
-0.0

induction intubation min

Fig. 7. Changes in extracranial hemoglobin concentration at anesthetic induction and en-
dotracheal intubation

Near infrared tissue oximeter [inter-optode distance : 1.8 cm] was attached to the left forehead
of the patient undergoing general anesthesia. With loss of consciousness at induction, reduction
of Oxy-Hb and total Hb was observed, and significant increase in Oxy-Hb and total Hb occurred
at endotracheal intubation. Facial skin flow measured with Laser-Doppler flowmeter did not
increase, which suggested observed increase in extracranial Hb originated from hyperemia of
frontal muscle.
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Fig. 8. Another example of hyperemic response of frontal muscle in-
duced by strong pain

The interdigit web between index finger and middle finger of the subject
was experimentally pinched strongly (not too hard to make injury).
Blood pressure and facial skin flow did not show significant change. The
blood flow of the finger tip of the unstimulated side was remarkably
reduced by sympathetic activation (SVR). Oxy-Hb and total Hb detect-
ed with near infrared tissue oximeter [source-detector distance: 1.8
cm] also showed a large increase with suffering from the pain. SVR
response of finger tip to web pinching was easily reproduced, however
increase in scalpal tissue Hb was only seen when the subject showed
strong emotional response.
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Fig. 9. Change in light intensity of the detector on the forehead induced by thoracic epidural bo-
lus injection

Near infrared spectroscopic optodes [source-detector distance : 4 cm] were attached to the fore-
head of the patient under general anesthesia. A bolus of 4 ml 1% lidocaine was injected into the
thoracic epidural space through the catheter. Temporary decrease in absorbance (vertical axis ; arbitrary
unit) of two wavelengths (760 nm and 840 nm) was observed concomitant with bolus injection.
The traces also showed pulsatile and ventilatory (~8/min) fluctuations.
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How the epidural bolus injection can
change CSF layer width:

Brain

epidural bolus injection squeeze
ﬁuté)SF from the spine to the
ead.

i

Artificial ventilation and
head-down tilt increased
intrathoracic pressure to
fascilitate volume transfer
into the skull.

Fig. 10. Schematic drawing of “‘epidural” ef-
fect shown in Fig. 9

In artificial ventilation thoracic epidural space
tends to collapse with increased intrathoracic
pressure, which may facilitate that temporary
expansion of the epidural space by bolus injec-
tion shifts cerebrospinal fluid (CSF) into the
skull. Thickness of CSF layer of the frontal
area might increase to augment transmitted
light through CSF (without absorption) to the
detector.
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The Spectrophotometry and Optical Tomography : Biological
Consideration on Percutaneous Optical Probing of the Brain

Eiichi CHIHARA

Department of Anesthesiology, Meiji University of Oviental Medicine
Honoda, Hiyoshi-cho, Funaigun, Kyoto 629-0392

The recent development of near infrared spectroscopy (wave length : 700 nm-1000 nm) is to pro-
vide a new technical tool for brain research. The increasing knowledge on photon propagation in bio-
logical tissue which is quite different from classical spectroscopy for non-scattering medium enables
to measure changes in cerebral hemoglobin through the skull with the optodes on the scalp. The mul-
tichannel continuous wave spectroscopic tissue oximetry reported in early 1990s was followed by op-
tical topographic imaging which is now clinically available for human adults. Such early technique
succeeded in identifying an activated area of the cortex responding to various stimuli, but could only
monitor relative change in cerebral tissue hemoglobin (Hb). Time resolved spectroscopy (TRS)
with ultra-short pulse laser and very sensitive streak camera enabled absolute quantification of Hb
concentration in the tissue. Optical tomographic imaging system consists of multichannel TRS
probes attached onto the scalp. The detected light was analyzed with a diffusion theory for
homogeneously turbid media to calculate optical modalities (ua, us’, L) of the cerebrum, and a two-
dimensional distribution pattern of light absorbants (Hb and oxy-Hb) of cortical surface was deter-
mined. However, in percutaneous measurement of these optical properties the effect of extracranial
Hb and cerebrospinal fluid on the signal has been little considered. Several examples of hyperemic
response in the extracranial layer (e.g. increase in Hb concentration in the forehead during bike exer-
cise and at endotracheal intubation) were observed, which could mask intracranial change in Hb con-
centration. Change in thickness of the cerebrospinal layer can also induce significant variation in
light intensity detected by surface optodes. The present algorithm for brain optical imaging cannot
properly exclude these undesirable contribution of non-cerebral tissues, and more consideration on
structural imhomogeneity of the head should be paid for completion of optical imaging technique for
the brain.
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