AMCOR

Asahikawa Medical College Repository http://amcor.asahikawa-med.ac.jp/

B EE (1998.04) 35%25:123~132.

AN =R S, Tt
R A BR D FT LV NHIE 74

= HREE



0% 50 AR ARRHRFERE /> ROV L1 /H LV ERSREMEERE

B4 EE BB - MM

IRTEBR DFT L W HIE L
R

F—T—F [ RER, v-V—Fy 77— RENEEHREE

ocular circulation, laser Doppler velocimetry, eye tracking sistem

I FC&IC

REDME R, £HEOPTEESSCBHETE, £
hoomizflETE 3 “BE” 2METHY, £k
Ui ROBALEREE 2 T35,

T 2o, EEOMRELXBEEL L5 LT 26 s
nENTE, 2hoid, #tak (Frtvef
F UYL REEL, BECERSHEEZAES 5
EBRERELSHE D, SHTIR Y VN2
BIEBEREL, Ny 77 —%R2FAHL CMEEE
OHHERRD 5 v —H— R v 77 —REMKHED
IR T3,

B2, LY —¥— 8y 75 —REMEE
ZRAFL, BRCHAICRII L, ZoEBICE, RE
MEBHEE (74 bT v /78E) sEfHah,
FEROBLEAZFINLTYH, LE L MIEHEITTX
5L koT.

KT, SHICES : COREMFRHOEERN
EBLBELZOBEFKLE-FLOLEEICOVWTRNE, *
LT, REME MR OMHEISTHZERNICHIE T
&5, SHOB¥RIFSTE 2aREEICDOV
THIRBRRI,

I1. iBERIEERAIE

£1iZ, SHBETHVLNTEE Miaxts 2/
BBOREEETTY., JvtLvEALvF MY T LR
EDVLbWBENAEREEET 2OEFRE L, M
Rrv—H—HE2HLVIV-—Y-Fy 7Pl —
P— ARy 7)VRICKBITE %, HiF MR 2L
pHNERPHET L MEOMENHAIEETHD, R

JEINERIRF IR B
T 078-8510 JEJITFatHEE 44855 3 —11

(128)

R1 t o d 2 EEEROHEE

1. Dye Dilution ¥ ((BEARE)
1) #HMREERT
2) fluorophotometry ¥
3) video-angiography
4) scanning laser ophthalmoscope (SLO)
2. V=H—Fv 77—
3. V—HF—RXy I Vik
4. NHBRRE

MBI E Tk & 0 5 RSB T 2 2 HIELT
EREZZD 2RO TWBD, BEHIZ, v—¥ -k
EHOWE Y 77 -2~y 7 VEEEFIA Lz
Ui GRITERGE) DEBEHREETH S, R —¥—
Ky 79 —ki3SHE T EMOER2EL, HifE
K - BRI RS ¢ TS S T B D FIEEMm T
BOHHEN KD SN BHE—DFETH 5.

I, BRFREEAVIRREREICETS
BRERAIR

Kohner 5%, 1R CHRE L HRESEE
H» o, HEFIEREE (mean circulation time:
MCT) %#R®XEM#EE (segmental blood flow :
SBF) ##H L7, I BEOEMBEERCRIEE
AR ~RBEEIW SBF 38T % 2 &, HEHEMAEER
T, SBF 2 bh37% v 2 &, FABGEEE 1213 SBF
PETFT 2 EE2HMELL, ZOWEIIHERFBE
ARIC 3 1) 2 MERRER B 3 2 RYIOMETH - /.

FE BP9 1%, SRELESERE L - HREEEERE *H
W, 5 DERT S RENTEERRR T BT O ET
ZHESTERET 3 Z L 2R,

Cunha-Vaz 5943, slit-lamp fluorophotometry %
BAFE L, SBF (3MABUE DT ICfE-> THEMT 2 2 & %
~L7z.



REROF LW HlEE

bhbhoiL, BRFREOPTIEHEER two-
point fluorophotometry # B L, FERREE D SBF
RS U 7., BERRERE O SBF i3, MEEAE D 2 R
WRETLTEY, ZO®KRLIEML, REOEM
MENAET ZRE»oFRBICHMT 52 2RL
7z EMOEH & LT, BHIME LV NV TOBERIKS v
v MERIC X A RBIBEENROET & O 5 SR
H&#E autoregulation DIEB L 2 ZEF 7z, Lo L b
5, BEERECEBREH S Z LBHEALYY, LT
KWBRBV—Y—Fy 77 —EBFE LR o7,

IV, L—¥—#%RAVW/-RRERAEE

INAVEAYF MY T AR EDENEREHE
L, #h2 bV —H%—ELTHWVS, Wb®3EBRE
Fkid, MORBOMBENEAEETHS. Zhicx
L, Vv—¥—XEAuBEERE, MERORMEKD
HEPEHEHE T 2ERENEREL LTHES L
5.

EAEBCATB R TH LV —F—KrBHET 2
L, ZOBEXFRLIFE T2, COR, MEFOR
M Bk%EFid Doppler $1R e &7 & 7 DEELE D B
s af Ry 7 v U, AIEL S OBEN E OTH
12 & 3 Doppler beat & FEiEh 2 BEEIRYEARE DR D 1K
LEREIES,

ZDXIREELERET S Lk D, MFEEE
V 2RKDBDOMBUTRRTHETH S, ROHKIZME
hCSBEEL, £ZOME bERIC L VEFEEDHT
FWRZL, 20D, UTOI 52V —¥—Fy 7
77—t (LDV) 3% 3,

LDV i, 1 AOMER % Fih 3 MFH» > DO EHEREL
SexEEIL BAREEN LT, ZOHROLRATEEEH
+25%TH 3. Doppler BRIz & 2 FEk#Es 7 b af
X 4f=1/2 z(Ks-Ki)*V £ RRTE 3", ZZT, Ks,
Ki 3 B0OBDOBEN EMELKEDRY MV T, 4f i3I
B2 RN 3 RMBROFEE V ICBIT 5. ZDHER
&b EBENCIMFTEE 25872 D TH 52, Ks,
Ki DEZ:2Z0RT L, D2 1 EDMED A S DEL
EAAXZEHALEL TRES BV ELWIHEELET
5.

Schepens Eye Research Institute (SERI, Boston)
THARLEEBIR, #EtE2 /AL SHETLIL
T Ks, Ki 0825 U, M His O JIE LS TTHE T H
3, X5 MEED 25T MIMRBOHEL YES
ZIT 2, MEIME BT 5408 E F ik, F=1/2-2D 2/

(129)

4-VTERbENDSY,

V. LDV %AW/ HER % BEORIRTERICR
T SERERAR

a. VIARERREE

1994 £E, Feke 5%, MYEEAELY /2 V> > HIHAREBE 2
B354 R MARERERREEOREERREE .
WA U7, BEERRRRERE 7 E» 5 20 FOBE 39 A
9 RENRE L, WEOEIKE, LDV % AV Tt
Erxs Mg sAEL, EXMBEHI134I13RE
HE LT, ERRRER CIRMREESEER I~
TEBEWET 33%) L, -#EBER L OBREHT,
B MHEESERET (33%) LTwi, %7,
BREMESERET 20> T, MEEEHMETT S
DALY, ERFERE B 2MREEDET
i3, SVNME VAV TOEFROEAEERL, MEA
KM OZELS & CHFvA oY -0 L 3 LH
z ol EEELFED L VWHERREREERIIBVL T,
MFEHEEDET 2R CRHELEBLZL»5, LDV IC
2RI S E NI DIRRE R IEIET 2 5 X T,
R HBLRELTDH 5,

Konno 543,24 ZD A4 > R ) VKGRERRKERES
DREEFEEZ b DT longitudinal study D#ER %
] LUT-. BIEFIENC B 5 BE ORERR BRI
TEHS RETHY, 1 FHHEBEEIRO F—ERAL O
BIRE, LDV % A CMiEE & 5 i Mg & JE
L7z, RIEFIEIRE, WBERZELAVWEEN 24, £
IR D % D BEMMEBESS 9 £, S SIHETLRHE
MIREIEGEDS 11 4, RURTHHEMEMEBEL 2 A TH o 7,
BRBBHEHMMZ2ELS6ETHD, FHIBET
Hot:, MEEEE L FREEHAM T O RRIM
BREEZHEMEE2RL (K1), BRERLBLZ 20 F
DEY, BB EDOREATH 72, Ih s DR
5, BRKRBE BT 3 EEERREOEE RN, E
sHahns(®2), vhbb, HERREREME
BETRMABE I RVH EREET, FRNTKEX
EEALDBREVHERZERFINTEY, ZORHL»
5 IMERIZRA L TITL. RS E SRS
CHEBESE/AL, MFERIZESKETT 545, MK
BOBARIIFEREBICL S, £ L CREHHESB &
Z2FEIIRD L, FEETS S CELL, MR
ANz, MFEEERZBD &M HENE
ET5LwiBERERLE,

ETL TwimiESEMNT 5885 LT, M



BEME 330%25 19984

10
m r=0.51
N
&
}
3
3
K
]
R
&
(o)

E -10 T T T

0 10 20 30 40

FHERFABRAE (F)

X1 MEmEEEL & EREREHM P O FHIRERRK

BRI & OBk, EE, ERER, ARREL
80 2577, BRSNS &L 7 20 gL
B oWMANLEST 5 2 e¥bh b,

40

30 +

20

10

RARMAER (nl/5)

0 T T
20

BERFRERAE ()

X2 BEBRFAKERD S RKFFOMBIMITE & FER
RRRMOBF, A ZNRELED L7 BERH
T, FIZMIFTRIEML 72 BERHDOT — 5 21T,
BRI LFEERETH D FXEH).

30

BLRVTHERL THREBHROBES, 34b5EMMD
BREAZICT| 26V TR Z 2B IRH O > + > M
BOBROBESSEZ 6N TS, HAREEREE
TEMIMEREAZE 2R 2 BEOFWEMIFTE X, ¥

(130)

LTWw3bDREhotz, ZORETED S IR
mFEEO BT, HEREEEOMBICELT
WRBHLREELERBL TWE bDEELILND

ZEhs, MEEMTEREE ERRREEEOERICHE
HBWERr OBEBELREBEERLEZONS,

b, IM¥EEDESE & MM IR

Grunwald 5'Vi%, LDV 2T, MFHESEWIZ
CHEEMFELI SN 22, A VAV UEHELT
MESEZERLES RS L 20MBREIMI TR
RUTe. 7 Feke 5213, BE L BMPABEE*ET 5
5 A® IDDM B#ic LDV 2 1 BZ &2 5 BIMETL,
MM E & MBEE & OBSE2RET LT, Z DR,
MEMIIEEREOHE (r=0.7, p<0.001) %2&
®, MFEES 2 f5i27% 2 & MM R I 20%85m 3
BV ERDBZHEERL, ZFhid Grunwald 5
DHREXRTEHDTHo .

c. EFloMEMEE 52 2HE

VIEARE IR RBERDET L T 2 JR M E 23,
TACYYORBRTED LS KELT 20 E2HN
7219, 23~45 % % T IDDM BE 8 & (FH4EH 28
) BNRE L, SBELR LS5 A, HIHABSRERR
EMB3IANTHo T,

MIEAMBO_ESRIET, 77 REHAWE2H
B axxr—nN—RBR2To7/. 1H60mg D7 R
EYVY1§E ¥R 752R14E% 4 HBERRS
7o, MIEEDOELER, SHBOBOTTAEY L
IS5 RRETE (FAEY y—75 %K) 2]HFY
PRET 2L 21+18% T, ZHRHAENCERT
bHotz, Thbb, TAE) VREFEDOHY, 7%
REEH L VAR CEROFESEINL ., & 51,
MFEROHEME 2 BBEDEECEH LRHT 5 &,
TAEY Y ONRT, FEED R\ 5L TIE 4122%
BML Tz 2 EASEBAL 72,

k&Y, 22 L bEHEO7 AEY YR,
RIRREEDO D & b LET L T 2B E 28
&4, WEMBROMMERZ, #/MLECBT3I1Mm
WEHOBA £z ohiz, 2L T, HEMTEEDH
eix, FRELY LOFERKBETCLID7AEY D
BIRBIKE VB EEZ S,

T7AEY YOERMOKSI1Z, FHEEOMmITE %2 ERt
EX¥ED, TAEY YOFRBERSERIZEDL 50d,
7 A E Y R R SRR ERERE DT 2B S
5 H, R ESHBEHI AR FER S RVLEALNS L,
WIRICE X, FERFRE L T, A1 OERT,



IRTERDFT L HIE

T
.
HERy14—-F

L—¥—

(675nm, )

B HHe-Ne L — % —
(544nm, #&e)

:8. 24V
I75-

NnNayr s

(560-650nm., #f5)
3 #ito LDV

WM EE2ET=F —7 5 2 &4, BRI 2 &0 /- 108,
HEVREIDIVEBEEERZITIOICRIELNE L E
z5,

VI, B4HBAFLIHL WRRERAEEE

SERI CHF & h iz LDV HISERE 13, BEDIRERSS
BTy, MEEHERE (74 oy F v 78E) »
1E8 LRI E 1 8 L — Y — AR e I S T &
3, LobTF—FIEa VY 2 —2 12 & )BT
DZEMNTES, 2L TAL D & MBI DM,
MEXTEDHAINTE S Z LBZDEITH 3,

& 51z, BARXZIE, SERI, fE]I|ERIAZRRIES
Br¥ v/ UHEAKESHFAT, HLWILDV EES
BERL729(3).675nm D54 A — Fv—H—%I
BZBEHELT, Fy 77 —RABEEE 2 FAOXE
FREEET2EL, BAEESMT 2T OREN MITEE %
HETE 2, FLRBEHEE (FSvFr /v rT
L)BEBEN TS, T2bb, 544 nm DO HeNe
V—¥—R2HENE EWCESEL, V=7¥r ¥ —tic
MEGREH L MEVE2ZRT 2 L, RERSEITH
NN S5 —REEES TV —F— KB ZDIME %
BT 2 AR ST WS, B Y =74 —
LomEws» o MER 2R LRERE THIES 3.
NS DIENTIE 2 v B 2 — ¥ U & WERFR I AR D &t
B ompEEEHTE 3,

>
[

(131)

VI, #&8

D 1 41 RO ME DM ELEHEEICHETE 3
RFRPEIRL, BRIcBIF24HEL, L) bEE
D7D DLMELBEST S Z L 2F-> TIEE kv, %
TRBENREOHES, MEZ2HET 21D,
HEDBRTLV—F Y iiTbh 2 BHERT B 2 &
T, RBIOAZ S THEMBROBMELED 25D
hemodynamics 2 #3232 ETO, FHi-ZRELE LR
I LRHY, KEOKSELT 3,

§ X m

1) FHRE - /NEREEE SRR BT 3RS
R8. ERF} MOOKA46 [ $EIR% L IRRI2 R, 75-91,
SRR, ®FE, 1991,

Blair, N.P., Riva, CE., Feke, G.T., et al.:
Prolongation of the retinal mean circulation
time in diabetes. Arch. Ophthalmol., 100 :
764-768, 1982,

Kohner, E.M., Hamilton, A.M., Saunders, S.J.,
et al.: The retinal blood flow in diabetes.
Diabetologia., 11 : 27-33, 1975.

FAEF IE : FERRIRMEREIEAE O TS BRENRE (1) MR
PEEREFMY Intraretinal Transit Time. HIRSEH,
81 . 1822-1842, 1977.

Cunha-Vaz, J.G., Fonseca, J.R., de Abreu, JRF,,
et al.: Studies on retinal blood flow II. Diabet-

2)

3)

4)

5)



B 35% 25 19984

ic retinopathy. Arch. Ophthalmol., 96 : 809-811, study. Invest Ophthalmol. Vis. Sci., in press,
1978. 1996.

6) Yoshida, A., Feke, G.T., Morales, J.S,, et al.: 11) Grunwald, J.E., Riva, C.E., Brucker, A.]., Sin-
Retinal blood flow alterations during progres- clair, SSH. & Petrig, B.L.: Altered retinal
sion of diabetic retinopathy. Arch. Ophthalmol., vascular response to 100% oxygen breathing in
101 :© 225-227, 1983, diabetes mellitus. Ophthalmology., 91:

7) Riva, CE, Feke, G.T, Eberli, B, et al.: Bidir- 1447-1452, 1984,
ectional LDV system for absolute measurement 12) Feke, G.T.: Effect of blood glucose variations
of blood speed in retinal vessels. Appl. Optics., on the reproducibility of retinal blood flow
13 : 2301-2306, 1979. measurements in type I diabetes. Invest. Ophth-

8) Riva, C.E, et al.: Laser Doppler measure- almol. Vis. Sci., 29 (Suppl.): 260, 1988,
ments of blood flow in capillary tubes and 13) Feke, G.T., Yoshida, A., Ogasawara, H., Konno,
retinal arteries. Invest. Ophthalmol. Vis. Sci., S., Goger, D.G., Buzney, S.M. & McMeel, JW.:
11 : 936-944, 1972, Retinal blood flow increases following short-

9) Feke, G.T., Buzney, S.M., Ogasawara, H., Fujio, term aspirin usage in type I diabetics with no or
N., Goger, D.G., Spack, N.P. & Gabbay, K.H.: minimal retinopathy. Ophthalmic Research, in
Retinal circulatory abnormalities in type I press, 1996,
diabetes. Invest. Ophthalmol. Vis. Sci., 35: 14) Feke, G.T. et al.: Beam steering optical sys-
2968-2975, 1994, tem and method and ophthalmic apparatus

10) Konno, S., Feke, GT., Yoshida, A., Fujio, N,, using same having spaced apart irradiation and
Goger, D.G. & Buzney, S.M.: Retinal blood observation paths. US Patent., 5, 633, 695, 1997.

flow in type I diabetes: a long-term follow-up

Abstract
New Method for Measuring Ocular Blood Flow

Akitoshi Yoshida
Department of Ophthalmology, Asahikawa Medical University, 4-5 Nishikagura, Asahikawa, 078, Japan

Accurately measuring ocular circulation has not been established yet. Therefore despite its impor-
tance many aspects of this field still remain to be clarified.

This paper concentrates on ocular blood flow, specifically on retinal blood flow, and the methodol-
ogies that have developed.

The dye dilution method is an indirect measurement of blood flow using fluorescent dyes as tracers.
Fluorescein fundus angiography has been used for an indirect method of measuring retinal circulation.
Two-point fluorophotometry is another technique using dye dilution and fluorophotometry. In contrast,
the method using laser light is classified as a direct and noninvasive way to measure the velocity of red
blood cells moving in the vessels.

Because of the Doppler effect, moving red blood cells cause a frequenty shift in the scattered light.
By analyzing this scattered light, the velocity of the red blood cells can be obtained.

Laser Doppler velocimetry is a method that detects the light directly scattered by red blood cells
moving with in a single blood vessel. After analyzing the spectrum of the scattered light, the maximum
flow velocity can be calculated.

We recently have developed a new laser Doppler velocimetry system which has an eye tracking
device for small eye movement. Clinical importance of this new instrument was discussed in this paper.

(The Autonomic Nervous System, 35: 128~132, 1998)
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