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Abstract - Wik o sear-infrarved (MIR) Bght, we can get
transilamination image of & living body, Fariber, we
can quantify the physiological change in the bady as
ihe change in light sticoustion. A fendamonial study
has been conducted to visnalize the functlonal chamgs
inside 3 living biological body using the NIE light. A
lechndgue was developed bo visuallze the attenuation
chamge occcurred In a diffese seatiering mediom
Transillumisation images wre obislnsd before and of-
ter the physiological change. By taking the ratio of
transmitied Intenslty of these (wa Images;, we can ob-
taln the spatial distribution of attenuation chamge
while suppressing the offect of scattering, This princk
ple wis derlved In theoretieal analysls and its effec-
tiveness wis verified o experiments. To examine the
applcabiliiy of (his principle lo & hlological body, le-
calized physbological chasges were made in the mouse
abdomen and the rat brais. The hypoxis in one of the
miuse kidneys was visualized selectively from another
normal kddoay. Tha lecal Incroass In the hlosd volume
was detecied in ihe somalosemory area of & rat brain
when Its Torelimb was electrically stmulated. The
blood Incresse occurred In o symnsetrical peadtion
with respect to the sagittal plane, when the forelimb of
ihe opposite dde was stioalated. Through thess ia-
periments, it was found that ibe changes in the tieaue
ouygenatlon and the blood volume could be detected
noniovasively and that ihey are visualiced in ithe
iransilhumnination ko ges using the NIR light.

Ky lwords - imaging, transillomination, Hght, fonc-
thonal Imaging, near-<nfrarsd, scatiering

I INTROBUCTION

Amang the wide spectrum of visihle and invizible light,
reenrsinirined (MIR) light {a known b have (he high (réns-
pamance through & biological body [1]. Tn addibon o the
high transmdasion, the imporiani chromephores such as
b mingglovbin show characteristic absompiion spectra in this
MIR range [2]. Since the spectrum is sensifive i the oky-
genaied stake of the chromophones, there is the poasibility
ter oebtain the fumctional change inside & living body in a
trunablluminatlon i mags,

There have been experimental studies io apply the trans-
lumination method o animal bodies [3-T), b they were
i widely used in practice. One of the reasons was the
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problem of srong scatlering of mammalian tsoes, which
degraded (he qualily of images conalderably [8). The lack
of an appropriste light source and & sensitive detector was
anather reason, With the recent progress of an optical
techrology, the feasibility of an optical CT has been
painted [, 10]. However, the probbem of the diffuse scat-
ferimg has remiakned.

We have conducted the fandamental study on the scat-
tering in denss random medin, and verified the effective-
ness of the scattering suppression technbques [11-15]. This
paper présenta the expermental siudy (o verfy the feaal-
‘Mliry of imaging of the physiobogleal functlons uaing the
NIR ligh.

[, PRINCIFLE

The abuorbance of hemoglobin (Hb) is generally depend-
ent on s redex atate except &t the isesbestic wavebargth
arcairwl OO mm, Thus, we ean evalusle (he chinge in the
tissue oxypenation by measuring the absorption of Hb in
ihe lmwe, Further, we can messure the change In the
amount of Hb, ar the blood volume in hssue by méasurng
ihe absommition at this isosbestic wavelengih,

This technigue is based on the mensuement of the
transmitbed light through o biological body, The light -
iensiiy transmipied through a non-scottering medium is
given by.
171y = eapl=eCD) (1}
where Iy, I, € C and Dt are the intensities of incident and
iransmiibed light, the absorpibon coeffckend, the conden-
tration and the geometrical thickeess of the scaltering
sample, respectively. Here we define the asenuation of
light as the optical density QL ar

O = logl o/ 1) (2.
Then it becomes,
OD = eCD (2.

This & the case when there (8 a0 scillering in the me-
oliumm, If the medium has strong scatiefing property such as
in ihe case of mammalion lisees, there &m0 analytical
solution o obtain the mansmitted light intensity. However,
if the scattering charscreristios of the medium do ot
changs, it has been shown that the change of the trans-
mitbed imtensity is propoctional to the change in the at-
lenuation paramaecera bn the medlam [14], Le.,

40D = BA (&CI0 L8
where B is the differemiial pathlength faclor [16] which
represents the incresse of the optical pathlength dse to the
scatbering proéoss,

In the proposed echniguwe, we measiare the change in the
transmitbed intensily doe to the changes in the tisawe oxy-
peaatlon &nd in e blosd volame. When the oxygenation
of the nsaoe {oxygenstion of bbood In ibe lissue, sirictly
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apeaking) chamges without the changs in blood walumss
{C}, the difference between before amd afier the change is
ghven by,

0Dy, — OD; = bog( 1,/ 13} = (£ & JBCD  (3),
where the sabscripis | and 3 indicate beflors and afier the
change, respectively, This means ihat the differemce of the
optical density is linearly proportional to the change in the
ahsorpiton coefficient in the scabering medium, Thers-
fore, wo can visualize the epatial distribution of this ab-
sorplion change by caleulating the AOD at each pinel of
the tramsmitbed image,

Wihen the degree of Hb oxygenation does nol change, or
if we use the light of the isosbestic wavelength, the change
in the opical distance dus io the blood vobume {8
given by,

Oy = Oy = bog Ty M Ty ) o= (G =0y )BED  (B)
This means that we can visualize the disiribution
of blood volume change in the transillumination
image,

i, MeEmon

Fig.1 shows the catline of an enperimental setup
schemnatically, A lighi souwnce of infrared light was
Placed below & rat (Wisier, 100-150 g The
transmitied light acroas the i was focased on s
CCD camera placed above the rat. The image
gignal from the CCDr camern was recorded in &
video recorder, and processed by an image proc-

essor controlled by & microcomputer, As the light
souree, laser diodes amd & Ti:Sapphine laser were
uszd, The optical power st the mcident point of
this rat surfsce was about 100 mW. The hair of the
ral gurface was ahaved off to ellminate unnecss-
siry scaitering and 10 simulite the conditon of
the: haman skin. T check the vital sign of a rat,
an BOG was kept monhored throughout ihe ax-
periment.

IV, IMACING OF INTERNAL STRUCTURE

Fig.2 shows the transilluminatéon image of &
mouse abdomen, The light source was a lager
dissde (RO nm wavelength), Withoul any comtrase
medin, the major sruciure could be observed
such as the indestines, the spleen and the hladder,
in the moving image, the perisalile movement of
intestines wan clearly observed in a real time.

Fig.3 shows the randillumination image of o rai
head and the position of the image. A main
strcture of the brain coubd be scen through ithe
skin amd the skull. We could see the sapinal vein
funmiag between tha lef and the right cerehral
hemispheres and ihe wransverie veln runnlng be-
tween the cerebrum and the cerebellum. Funher,
the large olfsctory bulb which is charscteriatic of
o rat could be chserved as well.

Theno reaults abivw thal the Emaging of Inbermal
girscture is possible to some extent, @nd that the
image provides the information different from

that of X-rays.

W, PUNCTIGNAL IMACHNE

The sigmificance of the optical rans-body imaging ie the
capability of imaging the inemal physiologlcal fusctions.
First, the feazibility i depect the imternal functionsl
change was sxamingd. As (he Funcibonal change, ome of
the mouse kidneys was made hypoxic. The blood circula-
tian of the rght kidney wis blocked by tying the remal
anteries and veins o make the kidney hypoxic. As a light
source, TiiSapphire laser (775 nim wavelengih) was wied.

In the transilleminaton image iself, it was difeulr w

Fig.1 Exparimental systam lor iransiliumination maging.

Fig.2 Tranelumination image of mouse abdoman,

Fig.d Tranalluminalicn imaga of mal haad.
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Fig.& Imaging of functional chanps in rit bradn:
(i) right Forelimby stimulated, () keft forelmb stimulated.

observe any distect changes caused by the hypoxia. Figd
ghows the Image of the ranamitmnce mtio between the
images before and afier the hypoxia. By taking the ratio,
the part of kocal hypoxia appearcd distinctively, The befi
bright sres seemed o be the artifact due 1o the movement
of the iniestine, Thiz resuli shows that we can detect the
change in the oxygenation of the iniemal fasue,

Mext, we atiemnpted to desect the physiological chamge
caused by natural Blokogical functions, To induce such a
change, a simulation was applied to cause the
changs |n biood chreulatlon (B e mt hoad. Figs ahows
the results of functionsl imaging of rat brain. K is the spa-
tinl distribution of e tranemittancs ratlo between before
and after the fanctional change. The change was caused
by the electric stimmulation on the fight Ferelimb (Fig.5a))
and on the el forelimb (Fig. 3(B)) of the ral. Since the
laser diode of the isosbestic wavelength (801 nm) was

used &5 a light source, the image corresponds to the distri-
bution of the blood volume change, The localized increass
of blood wolume was well detecied In the somato-sensory
ares of the rmi braim.

VI CONCLIRSIONS

With the view toward the noninvasive imaging of bio-
Iogicnl functions with light, a fundameninl study has been
conducied. Using a pear-infrared light, te transillumina-
thon lmages of & mouse abdomen and & rat brain were ob-
tained. The physlological chamges such as locad hypoxin
coubd e vissalized in the transillumination images. 1t was
foimd ihat the changea in ihe blood volume and in the
Hgpe oxygenation could be detecied using  muliiple
waveleagihe of light. Tn this way, the gpailal distribution
of these changes could be visualized in the transilluming-
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won Images nonlavasively, Theough thia swdy, te leasi-
hility of optécal trans-hody imaging of physiobegical func-
tbons was verifled.
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