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Abstract
A new instrument using the laser speckle phenomenon for noninvasive 2-dimensional analysis of
the choroidal microcirculation was developed. The fundus was illuminated with a diode laser spot and
its image speckle was detected with an area sensor. The difference between the average of the output
data (I-mean) and the output data from successive scannings of the image speckles at the sensor plane
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was calculated and integrated to give as D-mean, and I-mean/D-mean was defined as normalized blur
(NB), which is a quantitative index of blood flow velocity. The results were displayed in color graphies
showing the 2-dimensional variation of the NB level in the area of interest. The NB had good
correlation with the speed measured on ground glass in the range between 2 and 130mm/sec. Using
this instrument, the effect of intraocular pressure on the chroidal circulation of the rabbit was
studied. The coeflicient of reproducibility was 6.9% when measured in the same area twice at 5-minute
intervals. A stepwise reduction in the ocular perfusion pressure was introduced by elevating the
intraocular pressure manometrically. A linear correlation was found between the NB and the ocular
perfusion pressure. (J Jpn Ophthalmol Soc 97 : 602—609, 1993)

Key words: Laser speckle phenomenon, Choroidal microcirculation, Normalized blur, Two dimen-
sional color mapping, Ocular perfusion pressure

I

WRAGIE (LR £ M D 65~85%VAMERT 2 Mk o
BEGHETS Y, #EABEOSRELRA OREH
R EOERIERFIMELHT Y, Lal, IRiGE
(TR ER B LR S O BT B, FOME
MERELBET 5 L FEFCRETH - 7o, TRIGHE:
TERBRE O REBHEEE - LT, #XBEREEELY,
indocyanine green (LLF ICG) # I\~ 7o R 55 W 1
IR I UICG EEREREEY R EAHEINL
o, AEEEE (BMER) oifctELtss
T, FRZoERMCIBRLS 599,

BARBEOD HHEADO L —F — A<y 7 43
F—vRE )T VY- ICEBRER, ThYBNT5
Chickh, AR ETARERMNTEREDIES
B TR 21T 5 835 (laser speckle circulation
analyser-I, LIF LSCA-D #BEF L, Rk hF®R
B REFL A I I 3 fE D HRE B R & B 2R b E A
BITATRETA D Z &%, BTHE LAY, Lil, Rk
(MR RESE RS I AY 0 ~8 mm/sec® & oo, ML
TR D B b TR TR A RS UL 3 o> MR AT (3R W] BE
THotz, SEIFE#L, LSCAIZHB L, L HHFE
A 1L 32 oD FE R R R TC AT O TTEE IRy (LLF
LSCA-IDZPAR L, FicRABo TR S L OFRMEY
in vitroB X Oin vivo TR LD TZ ZitifjE+ 5,

In s &

1. LSCA-II ®AIERIE

B 1z LSCA-II o X% Z oA R A R4, Aok
FHRiE, FEE L -+~ (FE808nm, HH50mW)
BLUP=) 7€ v+ — (F100x# 100 @EFE, BASIS
#, Canon) ##@& L HRE» 25 (TRCWT3®,

]

Topcon) M A, ~v ¥ v 3w 7 i bEORERY
Bz, #1704 927 35— (DM, 2BAL, BEE
808nm DYEE LV —F— b — AR EA I nfyr 3
F—, VY7 iR LTRECBHTS, 0.88X
0.8mm O v —¥—RBHEHFAD 5L, METTHS
0.42X0.42mm CREBEE THIAL L v —¥F—X ik
V77 —ORhLEERY, F1 /RS0 2 85—
(DM TRHL T, 100100 EBFEO =) 74— |
IZfEBR T2, vy -—HECRBECRSWOEELLE
V=B TEBELI, Ay 7.8 — v\
Sh, MEOEEZAHEFE A2 —vDERIEL Tt
D, #2—vDav IR IMETTEEEZBR
BN ) 7Tt —{L, EH540 7V — ADEEE
HEARETH D, 98 7 LV — A OEEHHEHEAIC 2
D —FEHEN, chEl6Ey b= 2ravEa—%
TomAHT.

LT, =) T7evy—FC, E#MLIb x&B, E
Wi O yEHOBERD, HEMKALIKFED 7 L —
LDV —F—FORHNBLr <%, 1 (X v k) &
T5 (H2), §2XH2EFEY 1pixel £ L, EWL
hi#&H, bkt b jEEBHD pixel D v —+F Y04
KEL D 98 7 v — A5 DEHES Imean (i, j)
ETBE;

98 j+1j+1

Imean (i, j_):kglygnzsux‘ y, k) (L

392
Lieh, X, Imean (i, ) & pixel HOFEED
EHEBLV A LDREDCHENED 98 7 v — 45D
E¥E% Dmean (i, j) &35 &,

98 j+1i+1

Dmean(i, J) = k§1y§1x§l ’ Imean(i’ j)ill e k) [
392

(2)



604

BRR L X ya

HlRzEE 97%& 55

hS—
1970 T 1 AT LA
ALEa—4— 00 =
BHETF

®E

- READAS

wESIVN |

DM,

1 Laser speckle circulation analyser-11 ®¥X% % O&5[X.

LD : ¥k —+—~y F, DM,, DM, :

) 1008 % |~/

2 TYFErH—IZHT 5 pixel DEHE.

=) 7evy— LT, EWED xFH LKLy HE
HomE#o, MNEMtL I » kFBO7v—20 L —
F—HORHEL<Ax1x vy, KETH, M2 X
W2 E¥A Lpixel L, EHMIDiBE, LWIDj
# B o pixel (BIEHD) O v —F —KoF4HEE LV~
A D98 7 v—a 5O EH{HImean (1)), B L T
Imean (i.j) & pixel Ao GEROHKEV <1 LD
REOHEXED 98 7 v — &4 O Dmean(i.j) &
BHT5,

g4 o2 i1 Ma: V¥ 2sF—

Lhd, o, EMEbiEE, bk jEBOH
FrRTs ALy F 8 —vDsSh (Thobbi
D) #F A (normalized blur ; LLF NB ) #
NB G, ) &L, KADX > EET 5,

NB(, j)=Imean(i, j)/Dmean(i, j) (3
NB f#ii% Fercher 599¢ i~ blurring % & &1k L
7={ET & b, Dmean/Imean /¥ contrast IZH243 5 &
Zxbha, ZONBEOGMEY, KHELTEE S
ELTIAvFhI—E=F—TFTVEYLREZKRITH
F—=y 7 CERTSH RICKEBEDH 7 —< v
FO—F &R+, NBEKIEU T, KEahbiikEo 25
B» 5 —FETREE-TE b, REBIZAWES NBA
ME, HIbRMMmMFEE R E-Z EemT, Hok
O nECHEYT 5, i, EROMELHRE
L, #OMEEO NBEOFEHEHE, RRTE25L5
iZitoTWwb, k4N, BEEL£#Eo NBHEOFE
EXYHEBEE LTHVEE. 98 7 v — 2 poiiic 0.18
B, FOBF—2@TBI0H 7 —~ v 7RRIZH 50
BAET 50, 1 3EORENTHETHS, vk,
LSCA-Il THEAEERFEITH ALy 7 L OEEERS
FEE L/-fH (average difference ; LL'F AD fi£)® 4 [A]
BicRlIERRETH D, BHOhF— 28X UH T -
29 T3S AVFIR o E—T4 7 ALKEEZHL
B

MESCRRESI RIS L, Thick 2B



FERE 5 4E 5 H10A V—H—RA~<y 7 VBRIC L D IRMEERHIEREITHE - EEM 605

H3 RBEREOHT—7vTD1H.
Normalized blur (NB ) It LT, Rfahbirfo 25 B »
F—FRICI T D, HREIFAVEE NBESELY, BEIHEY
MFEEE DT Z & xmd, HofEoEBnFicHEyT5,

4 BFcHE AR R IS 53 FE AR A B0
FREMEALHON 1 AL T e A B
BuTHRT L e,

e 2

7 BRE_EFCfE 5 BRRS AR A4 MR A 0 1L,
Hepo 1~ 4%, & hF RS 10, 30, 50, 70 mmHg OB RAEBERE RO H 5 —
< v 7O—flFrT,



606

NBHIZ & F h 5 12 1E L W HIEL T 2 750, dos, #
HICHh Nt L =) T vy —OKEEFRO F
76 25, 50, 75 7 4 &@LU E L, Mt X Mg
F— 2 R OAALEYE, FFoBEEDA<, 2
A OEHROFEEB LT L TSy L, TOXE
Bz X v lEhoRRES O EAEE L TV-5,

2. EBEHE

SEx 1 LSCA-II o5&tk (in vitro)

BEL DDAy Z2AD AT b AGHITEE A Y
HF7RALLBRBEGTOAR2 P AGHICEHBL T
VAW TR A Y AT AR EAREOIRIKS £ 50
SEAEICE S, THRE-CcEE S, BEERE S NB
flids X OF AD fE o HIB 2 #at L 7o,

EEx 2  LSCA-Il o B (in vivo)

HRE2.5~2.8kg OHBHHAAEE6 N I2EAZ M
fo. MEAREEE (KN-317, & BRYER) o5 R4 HE
B, v b g—aF )T A 25mg/keg(F v
78 —nA®0.5ml/kg) ZEMEIRL DERCEAL,
S EBBLT, KU v POSIRIC L 2 H#EHE 20 5%
2, EEBICEE LT oM T, LSCA-IIIZTSH
SrTelfR CHREE R — A, (R EFLIE O/ 1 FLEEE T,
K4) #2EHEL, MEOHRMELHRFALL., £R
R L, AR Ch AR LA 5 LRIz
A, RO by - THETL T 012, gL A o
TRMEMFERDHAT, REBELEFOLICL S A
Ry I NAE— v HBBEILNTES,

fods, & & TIREER® & Rk B oElE iE o 258
MRS L TR,

HEx 3 IRE LA S NBEOZETL

hE2.5~2.8kg DMAEHBRES LA H
fo, HEER 2 L FERRICESREEL 2t MIES X ORI
HlEo o KBEREVIBL, #=a2—-v&iEA, &
B, EHbt5v2Fa—+— (DTX, Spectramed
Inc.) LOTRENDHT v 7 (AP-601G, HANXE)
cEEsL, SRy — & —(ROX, BLEET
BN TmMEEBYREF L, Fh, (P PORE
Veraez=Fy,2FF 00 a (22r— FAERD
R L7tk 25G #t% 9 BT o ARGRT X D iiEA
AL, LEREAMOEN S VYATF 2 —%—, O
FTHRENHT v 75 L OCBRAERRK (<4 — F MA
®) Ao ) F—A—miERHEL, BEYHEER <Y
a2 — F—ZTHFELDD, V¥ —_—DEX*Erd
Lok DHREE AR L, HREEA 10, 30, 50, 70,
80 mmHg & FRX2(X5), FBRFEIC LR S 5HIC,

m
&
H>
Bt
(2=]
-
B
(4]
o

mmHg 104
90 I

60+ Wi
I
1

mmHg"—

1001 weem——————
50.
E g

BOMH

5 B3 hoRES S UKEHRNED 15,
FRIREA 10, 30, 50, 70, 80 mmHg & LR X4, %
ARIE L& 5 o AR CIREBER—86 % 14
R C=E1> (RED WL,

LSCA-IL iz THREE R (fRabReFLIAORY 1 FLEAEE
FH, K4) # 1 5ERT=03F281E L, Zhey
MUT, AEREIELC T

s O o KEREIREY Fh T h
FABPd, FABPs & +3 &, g AERENRE FABPm
i, A TEILD,

FABPm=FABPd+1/3 (FABPs—FABPd) (4)

Z 2T, E# IOP & L, HREEFE Pm & KA D X
e LT,

Pm=FABPm—IOP €5)

fods, MEBAMAEE X U T R KEREIIR # = = —
v HERMA BRI L, 4 HE) pH/ My 2 54 E
(Model 170, Corning) # H\T, pH, p0,, XUV
pCO, % Hll5E L7z, Bk 18~24Cicfi b, EBEY
thermistor thermometer (MGAIII-219 Y, 2T i
{EFT) THIE L 7.

IIT i e S

HEx 1 ; LSCA-Il 0@ & (in vitro)

RewA)H7 ANOBEEE L, NBfiik LU
AD DB A RS, NB ik, AV # 7 A OBE)E
FEA 2 ~130 mm/sec TIREBEFRICH -7, AD{HE
i, AV #FAROBEEE D 0 ~8 mm/sec TILIE
OMBIE AL, 0~3mm/sec TIZEHEFRMGIC
H -7z, 8mm/sec Ll BT, BENGEREOBINCHEL,
AD {E VRER L 2,

EEs 2 . LSCA-Il o H M (in vive)

12 R 2 AIEOBEMHFEIL6.9+1.9% CFH



FHES 45 A10A V== Ay 2 ARSI L BIRMIE A TGRS - FE 607
%

40t 1004
80 .

N 30} .

U.zo— 404

A

{|DE10 20 *

i o ’%z‘ogusba'omo

10 50 100 150 B AL (nnHg)

BERERE (n/sec)

E6 RYHTFRIEOBEEE & normalized blur
(NB f#) # & U average difference (AD {&).
® NBf, O ADfEONEEL FhFhrT.

i+ EEdERE ) ThHh T,

%8 3 | NBEORE LRt > &1k

EErrh o KEREREHIMIE, IR X OKBEEDIR M
pH, pCO,, p0,, EBD SO FHEXF 1 R,
ThbeEHRED AT A —2 -1, WThLIRERR
DIEFHADMETH h19, ERpIcE T e Bk
Bt o7,

HRFEAN % 1% 41 10, 30, 50, 70 mmHg @ B o> {REE
EMLON 7 —= o 7O—FIXR TioRT, BELS
CHEV, RO SFEALS A E L TRh bEFRIc L
LTHh, THEREMESMO NBE, +7cbbil
MEEMETFLAZ &R T,

REME - NBEOMFE#H B CRT, £7 7 » b
R EF RS 10, 30, 50, 70, 80 mmHg DD,
IRIEFE S X O NB o 8 [BoEHfE% x4, NBH
(LERFE 10 mmHg o fIEECHT 5 E 3R TR LI,
HEEEHE DK T iz ff » T NB kB L, HRE 30, 50,
70 #5 X 0° 80 mmHg T/t NBEx#fEct L <%

X8 BRETE & Aké& A% normalized blur (NB {#).
#F7wy biE, ThZhBEN10, 30, 50, 70, 80
mmHg O o, REFRE S X OCIREENE S0
NBfED § R0 E#HE# =3, NBEZREIL
mmHg ORIEBE T 5 EH TR TRLE,
I+ R (n=8), * [ p<0.01 (—%EE
S

hEh¥H 11.2%, 39.1%, 70.9%, 87.5% (p<0.01,
n=8, —TEES#HIH) Wl L.

IV %

IRAGIETERBIRE O IER BAYEEITIL & LT, SEXRIE
WY, ICG # B\ o R IR B, 1CG &
iR E % & &%k X Wlaser Doppler flowmetry
(LDF)""evip v bhT X, fi=F ok
AR M o B RS IATEETH b, F R
WHEBIOHERTTH 2 X TERWS, L —F—§
M2 My 72 LDF 3, MSEsmElchdied
BYERCOIHCBRTED, v—¥—X2E#o
27 =vRROEEYZIICT, TlBEHOE
BLZTeTD ¥7, BEAD 2 7% HWIC LDF I
L B IREERMREERAE LKA LR TV 2195, JlE
AL EE 160 pm D 1 SR Bh 5 &5 REHD

xRl EBRIPOLBREN AT A—2—-DF{t
IEE (mmHg) 10 30 50 70 80
KERBDUREMME (mmHg)  97.8+7.2 97.046.2 94.1+6.1 92.4+5.9 91.9+5.5
R®H G/ 299+12 299+11 296+ 10 294410 291410
pH* 7.37+0.02 7.384+0.01 7.39+0.01 7.39+0.02 7.41%0.01
PCO2* (mmHg) 37.6+1.8 38.0+1.5 37.7+1.7 39.2+2.1 37.7+2.3
PO2* (mmHg) 70.7+4.6 74.0+5.1 76.8+4.9 75.9+4.9 81.5+5.6
EBE (C) 38.4+0.2 38.3+0.2 38.0+0.3 37.940.03 38.2+0.2

* L KEREOIR M i € JUSE L.

FHE L RERE (n=8)



608

5, chbiextl, LSCA-II T, HIEmESART
(10.72x0.72mm i #% L, =ik LDF o) 20 fF
EIR<, BRIED B % EEFHO A MEREEY —RITANC
HIEREREYMTTE S LVWIFELDH D,

$E 1T, NBEIZA ) # 7 AROBEEE 2
~130 mm/sec TILEMBRICH » fop, AD EIXBE
HEEA 0 ~8 mm/sec TRRIEOHPM AL, 8 mm/sec
Ll BT BB oy, ADEEER L, =
vk, AD fliic X % 82T R, MR OB RO
FENTIC LB T B 43, MR o 38\ R o AT 1T (2
X¥, NBftiic X 252, X 0 MpTEED®E ]
WO AT THH Z L mET 5, BIZ5ED in
vivo MIEECIL, NBEAHA VT, MFEE EEE
z b B TRFEIE RS BR & AT L 72,

KB 3 T, FEBHRIC 351 5 NRAG IS AR ML ST B,
IREEW R Tt > TImREE,MET L, KRRCS
T HRIGIEF RS TE R BB BT B S E L e 2 &
AV & hute,  WRA R R oo AR EEFEHEAE T b 5
Ay, FREB (BARET) #R (microsphere 41
FAY =2 VT FvAED BAEEY, laser
Doppler #''), %R (microsphere ") I35\ T#
HERTD, ChboREASEORMEL L —K
LTkh, $EHRIE L NBEI IR ERMMLTEOE
BAEE LD 5B Z X ERTHLOTH S,

Lk, v—%F—ARy 2 ABE%FIA L IRAGER
T M3 S B o AR —AOC RRATHE A B RS L 7o, AR
BB RE0 7 % T, WK (55 BE 39 B Ry
DO RTHCHETRTH Y, FBcI Y AEESH
o AR b 505 o0 IR A B A A ML R D ZEAkE, 63k
HEIC L DR L L —FHL TV,

X ik

1) O’Day DM, Fish MB, Aronson SB: Ocular
blood flow measurement by nuclide labelled
microspheres. Arch Ophthalmol 86: 205—209,
1971.

2) Bill A, Sperber G, Ujiie K: Physiology of the
choroidal vascular bed. Int Ophthalmol 6: 101
—107, 1983.

3) Hyvarinen L, Maumenee AE, George T,
Weinstein GW : Fluoresecein angiography of
the choriocapillaris. Am ] Ophthalmol 67 : 653
—666, 1969.

4) Flower RW, Hockheimer BF : A clinical tech-
nique and apparatus for simultaneous angiogra-

phy of the separate retinal and choroidal circu-
lations. Invest Ophthalmol 12 : 248—261, 1973.

<

6

s

(b

8

~t

9

100

1D

12)

13)

14

et

15)

16)

17)

18)

BIREEE 978 5%

Craandijk A, Van Beck CA: Indocyanine
green fluorescein angiography of the choroid.
Br J Ophthalmol 60 : 377—385, 1976.

E@EEW, JIFE=, IOF—E, IR H EBE
2 v—HF—a, 7 A BHREFIH L BHHETL
AERoLEEH R THITEORME, HRE5E
97 : 501—508, 1993.

Friedenwald E, Oak SM : Choroidal microcir-
culation in vivo. Bibl Anat 7: 129—132, 1965.
REEE  REEFEROHSRE, BESE 84:
2147—2206, 1980.

Fercher AF, Briers JD: Flow visualization
by means of single-exposure speckle photogra-
phy. Opt Commun 37 : 326—330, 1981.

Briers JD, Fercher AF: Retinal blood-flow
visualization by means of laser speckle photog-
raphy. Invest Ophthalmol Vis Sci 22 : 255—259,
1982.

Aizu Y, Ogino K, Koyama T, Takai N, Asa-
kura T: Evaluation of retinal blood flow using
time-varying laser speckle. In : Adrian R] (Ed):
Laser anemometry in Fluid Mechanics, Ladoan,
Lisbon, 55—68, 1988.

Ruskell GL: Blood vessels of the orbit and
globe. In: Prince JH (Ed): The rabbit in eye
research, Charles C. Thomas, Springfield, II-
lionois, 514—553, 1964.

Kozuma C, Macklin W, Cummins LM, Mauer
R: Anatomy, physiology, and biochemistry of
the rabbit. In: Weisbroth SH, et al (Eds): The
Biology of the Laboratory Rabbit, Academic
Press, New York, 50—72, 1974.

Neutze JM, Wyler F, Rudolph AM: Use of
radioactive microspheres to assess distribution
of cardiac outbut in rabbits, Am J Physiol 215:
486—495, 1968.

Gherezhgiher T, Okubo H, Koss MC: Choro-
idal and ciliary body blood flow analysis:
Application of laser Doppler flowmetry in
experimental animals. Exp Eye Res 53: 151
—156, 1991.

Rive CE, Pournaras CJ, Poitry-Yamate CL,
Petrig BL: Rhythmic changes in velocity,
volume, and flow of blood in the optic nerve
head tissue. Microvascular Research 40 : 36—45,
1990.

Bill A: Intraocular pressure and blood flow
through the uvea. Arch Ophthalmol 67: 336
—348, 1962.

Alm A, Bill A: The oxygen supply to the
retina. II. Effects of high intraocular pressure
and of increased arterial carbon dioxide tension



FRE S5 H10H b= = Ay 2 ARG L B IR A IR TR - TEf 609

on uveal and retinal blood flow in cats. Acta
Physiol Scand 84 : 306—319, 1972.
19) Weiter JJ, Schachar RA, Ernest JT: Control

of intraocular blood flow. I. Intraocular pres-

sure. Invest Ophthalmol 12 : 327—331, 1973.
20) Friedman E: Choroidal blood flow. Pressure-
flow relationships. Arch Ophthalmol 83 : 95—99,

2D

1970.

Alm A, Bill A : Ocular and optic nerve flow at
normal and increased intraocular pressures in
monkeys (Macaca irus): a study with
radioactively labeled microspheres including
flow determinations in brain and some other
tissues. Exp Eye Res 15: 15—29, 1973.




