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A New Approach for Studying the Retinal and Choroidal Circulation
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Abstract
analyze images obtained by an ICG video camera

One advantage of advanced computer technology
the high throughput with which the retinal and

the choroidal circulation can be evaluated from new

aspects. To study the choroidal circulation, we first
reevaluated indocyanine green video angiography to
improve the visualization of indocyanine green

(ICG) images, then applied computer technology to

system. We also developed a new instrument to
measure oxygen saturation levels in the fundus
using spectral retinal imaging technology.

. Choroidal circulation

. Reevaluation of ICG video camera system : For

this purpose, the bio-chemical nature of ICG
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was studied.

1) Spectral absorption of ICG : The peak absorp-
tion of ICG in distilled water was 780 nm as
measured with a spectrophotometer. Its maxi-
mum absorption shifted from 780 nm to 805
nm after gradually mixing ICG with human
serum protein. Conjugation time of ICG as
well as fluorescein sodium with human serum
protein was then measured by a stopped flow-
meter. It was found that fluorescein sodium
conjugated with human serum protein within
a few milliseconds, while ICG required more
than 600 seconds before equilibrium of the
binding was reached. From these observa-
tions, we developed a new ICG video system
with dual light sources ; one, a 780 nm diode
laser for the early dye filling phase, and the
other, a 805 nm diode laser for the later phase
of ICG angiography.

2) Binding properties of ICG in human blood :
Blood samples were obtained from three
healthy volunteers after intravenous adminis-
tration of ICG. The resulting plasma samples
were fractionated by agarose gel immuno-
electrophoresis and polyacrylamide gel DISC
electrophoresis. The electrophoretic pattern
obtained by each method was observed with
an ICG fundus video system. We also studied
the affinity of ICG for lipids that are common
molecular components of lipoproteins such as
high-density lipoprotein (HDL) and low-
density lipoprotein (LDL). Four kinds of ICG
solutions mixed with phospholipid, free cho-
lesterol, esterified cholesterol, and triacryl-
glycerol were observed with the ICG fundus
video system. Both electrophoretic studies
showed that ICG bound intensely to HDL and
moderately to LDL, and only the solution
with phospholipid fluoresced brightly when
observed with the ICG fundus video system.

. Residual fundus ICG fluorescence : Residual fun-

dus fluorescence observed in the late phase of
ICG angiography may be delineated differently
in normal subjects and in patients with age-
related macular degeneration (ARMD). We per-
formed ICG angiography on 8 normal subjects
aged below 36 years(8 eyes), 9 normal subjects
aged above 62 years(9 eyes), and 21 patients
with ARMD aged 50 to 88 years(37 eyes). The
intensity and pattern of fluorescence from an-
giograms obtained in the ultra-late phase, 24
hours after dye injection, was recorded and
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analyzed.

In the ultra-late phase, 95% of ARMD eyes
with choroidal neovascularization (CNV) sho-
wed geographic hypofluorescent lesions. These
hypofluorescent lesions occurred in 73% of
ARMD eyes without CN, while age-matched
normal subjects had no hypofluorescent lesions.
The mean intensity of fluorescence in the nor-
mal elder subject group was significantly higher
than that seen in the normal younger subject
group.

These findings may reflect aging change and
bio-distribution of lipid on the Bruch-RPE com-
plex.

. The early dye filling pattern of the choroid : We

performed ICG angiography on 10 healthy
young volunteers aged 22 to 26 years(23.4*
1.3 ; mean*standard deviation) using an impro-
ved ICG video camera system. ICG (50 mg) dis-
solved in 2ml in distilled water was injected
through the antecubital vein.

Although the choroidal dye filling varied
among subjects, it always began in the macular
area. In the 10 subjects, initial dye filling had
two patterns : reticular (n=8) and flush (n=2).
The choroidal circulation filled completely be-
fore the retinal circulation did. Bright fluoresc-
ence in the macula and fast blood flow may be
correlated with ample blood volume and abun-
dant blood vessels in the macular area.

. The spreading pattern of ICG fluorescence in

the choroid : The ICG images obtained for
observing the early dye filling pattern of the
choroid were further processed with a computer-
assisted image analyzer. Subtracted images
were made using the early ICG frames with a
time interval of 0.12 second. Ninety frames of
time-sequential images for 3 seconds starting
from the initial dye appearance in the choroid
were prepared to construct an animated image.

In the initial phase of eye filling, patchy
fluorescence appeared in the fovea. The fluor-
escence then spread centrifugally in all direc-
tions in a wave-like pulsatile manner towards
the peripheral fundus with increasing bright-
ness. Thus an animated video of subtracted
images allowed us to evaluate flow dynamics at
the level of the choriocapillaris. Using this new
approach, pathogenic involvement of choroidal
circulation in varied chorioretinal diseases such
as central serous chorioretinopathy can be stud-
ied with precision.
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II. Retinal circulation

2

We developed a new device to study the oxy-
gen saturation(0OS) levels in a wider fundus
area. We call this device a spectral retinal image
(SRI) system. We are pursuing the possibility of
this instrument being in clinics to evaluate
chorioretinal diseases.

. Introduction of the device : The instrument
consists of a Sagnac interferometer that has
been mounted on top of a fundus camera, and a
software module which consists of an acquisi-
tion module and an analysis module. The image
acquisition process takes 6 seconds during which
the fundus is illuminated by the white incandes-
cent light of the fundus camera at the regular
power settings. OS values in each pixel of the
fundus image with a 35-degree view can then be
estimated from the respective spectrum that is
obtained by Fourier-transforming the interfe-
rometer signals. Each OS value is represented
by a specific color, and each pixel of the fundus
image is painted accordingly.

. Clinical applications

1) Control study : OS levels of both retinal

arteries and veins within a 1 disc diameter

(DD) area around the disc were measured

from 20 SRIs obtained from 10 healthy volun-

teers, and were 96.65+3.30% and 56.05*

4.69%, respectively. Then 30 healthy volun-

teers were recruited for further study in

which the OS values were calculated in five
retinal regions : 1) juxta-papillary area with-
in 1.75 DD, 2) fovea within 1.0 DD, 3) papil-
lomacular region within 1.0 DD, 4) superior

area of the posterior fundus within 1.0 DD,

and 5) inferior posterior area of the posterior

fundus within 1.0 DD.

The OS level of the juxta-papillary area was
the highest, while that of the fovea was the
lowest and the other three posterior retinal
regions were in the middle. Thus OS levels
differed at various areas in the retina with
statistical significance.

In spite of abundant choroidal circulation in
the fovea, the overlying retina may have a
relative by low oxygen level. As the retinal
pigment epithelium may be efficient enough
to block the effect of the choroid optically,
our results may indicate that the OS levels
represent the OS of the retina.

- IRKSIEIEER DR - K5 839

2) Measurement of OS levels in eyes with retinal
circulatory disturbances : Eleven eyes of 10
patients with central retinal vein occlusion
(CRVO), which showed various degrees of
severity, and 4 fellow unaffected eyes of selec-
ted patients were examined by both fluores-
cein angiography (FAG) and the new SRI
system, The fluroescein angiograms were
correlated with OS maps that were calculated
from the SRI.

OS grading demonstrated by OS maps cor-
related well with severity of CRVO, as esti-
mated by FAG. Thus our SRI system is nonin-
vasive with reproducible results, and may
prove to be a useful clinical tool to evaluate
the degree of retinal ischemia.

3) Measurement of OS levels in eyes with glau-
coma : Forty-seven eyes with open angle
glaucoma (OAG) of 47 patients and 21 eyes of
21 age-matched normal subjects were recuited
for the study. Twelve eyes with low-tension
glaucoma (LTG) were included in the OAG
eyes and the rest of the OAG eyes had pri-
mary OAG. All patients and normal subjects
were examined by SRI. Visual field tests for
OAG eyes were done with a Humphrey Field
Analyzer using the 30-2 program, Swedish in-
teractive threshold argorithm (SITA). OS le-
vels in the retina at 5 different points : supe-
rior, inferior, superio-and inferio-temporal,
and nasal region within a juxta-papillary area
of 200 xym in diameter were calculated from
the SRI. OS levels of retinal arteries were also
measured and there were no significant dif-
ferences between OAG and the control group.

OAG eyes showed reduced OS levels in the
inferio-temporal retina with statistical sig-
nificance. This observation was more promi-
nent in LTG eyes. The reduced OS levels
observed in OAG eyes correlated well with
mean deviation(MD) and the sum of total
deviation of the 17 points in corresponding
areas in the visual field analysis.

Nippon Ganka Gakkai Zasshi(J Jpn Ophthalmol
Soc 108 : 836—862, 2004)

Key words : Indocyanine green angiography, Cho-

riocapillaris, Subtraction image, Oxy-
gen saturation level, Retinal ischemia
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NEDMBEEA EHBET 20 REELMETH S, ICG
DHTREIBLZTH THD, BETE 7 VvEvEA >
F MV YA EEGSEOMBEREERT Z LB THIS L
5., =%, TV7IOFFREIIKITHTHSEDIIL
T, {EEE Y REH(LDL) TY # D4rF &% 200~300
FTTHY, ICGHROTNICHEETE»ICL>T, 0D
B L CMEESEESRE SBT3 2 ERNESIcH
fREnb,

WRISEE TR S iz ICG EIMEEE & OfS &I,
n vitro TORREERTHY, in vivo TRIFEDFERIC
REDIZOWTIERLRMORMME D S5, T2, EEB
TEb, HEROEASHESE & RS ERIC X 5 ICG
HOLOHERZHAEDLELL D TH Y, BEMICICG
PEELTWEEHZFRET 2L WD ThH-o 7.
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- IRKSIEIEER DR - K5 843

7 MEBEARBEXAEBORR (L) &, th%ilE
it s L iER4RT (TER).

R R s, EETORRERAS Y REHD
OS5 2 L 2R,

8 R70iR%E ICG ETFA A ASERBTHES,
L~V REHDOSIEIERERE S HOE EFE L T 5,

Bz ix in vivo TOICG DFEE L Z, X VK&
EHENCEEI Y 2HNTH R FE2EZREL, ICG
EREE T AMBEADEE ZRA, T OFEE % HE00
U7z, DUTIZ 2 OFER & SR OME 285,

ICG KB (50 mg/2 ml) ZEEADEEHE =3)D
MEIRE DS L, 20 1458 EIML, #=04% CILE %
SEEL 72D D ERERE LT,

7, MYEEAERIIKE 217> 2%, Fat-Red 7
B et (IREL0) 12 & D BFEASHE & Mg Y REH DL
BEAHELLZED., A—EL%E2, 2512ICGET A
B ATEBTEHE LILE IS, -V REHDRIELE
BB THAEPEE S NIZ(XY)., &5, FLU R
Al, ¥i7 K BYitkeMH-> T, FERICMEEAGEER
WEN 2TV, ZhZhElEY XEH HDL) & low L-
DL 05tk # 5 (K 9), ICG £ 7 A IREHE Tl
L, TNEFTNBHNEFHEL THEDOEHER L.

ZDHEHER, & 5|2 polyacrylamide 7 Vv HIKE HE
SEKEIECHEL L 72, Zhuzix LDL ¥ 2 7 A (Lipopri-
nt, Quantimetrix, XKE) 2>, [MFHZE & IEHEE

9 2MFNEARBERABNOER L, M7 R
Al, 7R BHAEEE - RELERERT.
zhveh, SHEY KEHMHDL), EHEY KEH
(LDL) i3It 3 % St i s 3,

Zh#, BIZICG ETF 4 A X T 3B THE.

10 polyacrylamide 5 )L FItRE B ERUAENIED#E
x.
TR tic & D, B REAPFRRICBZE I NS
(£). RIUCEAR% ICG BT 4 4 X 7 58 T,
U REH, R HDL 2558 < BOE 2 F# L Tw» 2 (5).

DIeORY 7T v 7 %FKT 2 — 7 ANERKE %
Tolz. 77 LARNEZORBEREBOEL» SHKE R
L, Exrontasroy, @ELEY REHVLD-
L), LDL & HDL ZHABRICABEL T W2 (10 &), &
nz2ICGETARKEREE CHEZET 2L, LIDLBLV
HDL IcHIY § 2 I HEBBE s - (K10 4). L
b, FOHEHE X, HDL TLDLICHAR XD E»
ZEVHHRTh o7, ZOFBEER, MEFEAMEEIK
O E» 5, T2 LDL 2 ICG »SaT 5 & # 2
SNTe 0, TR IE Z D—EBDHEE R BZE L T
5HDTHY, polyacrylamide 7 )V I EE H E KUk ED
BETOWEHEE O/, LDL B & o HDL o & #yE%
EREETIDHREZ IO KL TWEHDEFZ 5N,
L EDORERIZ, I XTORABTHETH- .
—ICG L eE oFRIME—
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11 ICG Ki&i& (cont) & ICG & RIEEEN T < I
CarmiRMUERE ICG ETFH ATEBETEH
2L 1ER,

CH-F:¥@tavAgu—), CHE: av x5 uo—
WI AT )N, PL: Y VIRE, TG : . Y~k
Hrvney a v CHBED R C ICHEH.

ICG»LDL, HDL & T2 2 &6, ZOKE
AL ZhZzho) REAOLERS THLEETH S
ZEMEESIN, 22T, IEY KEHICEER T
2RETHZ ) VIRE(PL), 2L X7 o— (Ch-
F), avA7ua—nx X7V (ChE), (TG %
WEs o~ N7 77 4 T ML S ST, B
BEsELIcRA Lk, SEAEKCREEGL, BEEL
HCABEORBIRRE(V RY —2) kL, 2060
BEWR 2, BRERNCL D 22 BED 0.2 12785 &
SWRFERLI:, 2D L3 TR 258 BB
ICG ¥ # (0.5 ug/ml) ZRFIL, [F CEE O ICGER
X e LT ICG B 7 A HRESEE THIZE L ik L 72 (1
11). ZOFEFE, PLIEEK CII¥—HR 0 BE S,
Z OHIHE IR LEARF L @ o Tz, —7, fho
FEE IR O HOGIEREE 1%, IREERRREDES & U CEl
HaN5bOD, HECHE X ICGCAKBHKD % h L[5
Tholz., ZOBERE»S, ICG 1Z PL OFAEEICH
FEELTWBE Z EmlFEzoNnTz.

P ED—H DS THER S iz ICG D4 b2 B X
OB O BRI, ICGEFOTREDERE L% 2 b
DTH5.

2. ICG MAEE & DR DEERIIERE

ICG DAL E LB ED, v v v
FRIVVLDZENERLR Y 2=— 7 ThHD I EDHS R
Elxoleds, HZICG DEETA2EEANT VT S T
ZLVRKREHTHS Z LI, ICG RER 2P L —
P =T, FEEH IV -V —L LTOEREVWLEH
2r#E2 5, HlziE, EEFENETILDL V7Y —
NEEICHEET 2, ICGEEREIZLD, 1CG M
EIME I A h, MEENRRCRKMESERT 50
fetE b TS 2%, ICGERRETIE, < ORI

HiIES3E 108% 125

B BEREOGIE, BRI R 0EE T 2 A
L a L, HBOREOWHELBE L THEET S, &
{EFHIRER 2 E T 2 AR L EOFREESE 2 515 D
Th s,

TrixcomgEt2ER T 2 HWT, ICGEEHRE
FEhetk 24 K O BB IAE SR T OIREE T O 7R 4G H|
iE %, RS X OB (ARMD) iR TTT v,
FEMCHIBMRET U722, kB, Z OWFZIZHIE S g
Thb.

1) fER & Tk

SR IE, ARMD & 2Wr & huizsE 21 ER 37 IR &,
METH 2 1T HOBEEEETH S, BEERFIL,
SICHEFHTE R % 8 HR) &M EHE (9 £ 9 ) w4 1,
3 MM THE 2T o7, F#iE, ARMD 7 v—7T
50~88 1% (66.7+10.2 1%, VFIMELIEHERZE), @HEH
FEFIT 22~36 7% (29.8 4.4 %) B X UIIEREH & 13 62
~TTH%(69.7£5.25%) TH Y, ARMD & hnfsnfe s i
DN BEEEZ IR WS E 2R L, —
i, HEEFEOHE T, MEENWCERERZERH >
72 (p<0.01). &, ARMDERITIE, fhowmHEIC X
2 R#&IEET £ I (CNV) OFER], #EETHIMOH % b
D, 2HHEERIDVKREVIEREDODH 2 HDIL, &5
DOMEHER D & 1ZERA L 72,

FAG & ICG &#EFr 5, ARMD fER) 37 HR1x CN-
VOobsrBHE2BE, CNVOEWRNI A 54715
IRz iz,

ICG &Iz 13 ueER » 72> TRC 50 1A 2R L,
ICG ## 50 mg/2 ml 2k & v 5 L7, AFEFHE
%, WA S BHEIGR E T, 304512 bkz Vil ORE
2TV, S5 2UBEBICETARE LT, 20
B IAE SR OBIZED - D12, BERO % 59 mW
WERE L, FRICHEHLZET A v a4 —ix S-VHS
#(SV0-9500 MD, SONY)Th 5.

2) RN & 2 D4

ICG £ 54% 24 Rl OB EE G O R HE O HOLHE
E % IMAGEnet ( + 72 >) @ density probe T, Ito 5
DOFBECH>THEL 72, WEIWCH2>T, 0.01~10
ug/dL O T, REOEL 5 7THED ICG B % 1F
8L, ICGETAH A F7HE(TRC 50IA, ~ 72 )
TRUERL, T OHOLMEE ZHIE L7, HHLY —3—
HJ7132.96mW/cm2 ThHh-o7z. £ DOFEE, ICGER
LHIE LD & ORI I3 EERMHBEREER D 5 2
& DHERR & 7z (FHBEAR%K 0,996, p<0.005, [412).

3) BRI RAT R, & HOEME R I E S R

EEREE OBRBRIRE R, 33— REEE R
L, fEMEDY vy s BEHEI N (EI13A)., —
F, TEEEEOBBRIEGR T, BERERIRE IS AR
WEOZNLVAL L, RY—RTEREEE L THES
7z (13 B).
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HHRE
200 -
100
b
5 10
ICOAMREE (ug/d)
12
WEDRL 2 ICGHERE, ICGET 4 A4 X 7 HEETH
22 LT HOBHIRE ORI 27 .

FEBER%0.996 ; p<0.005 ; y=25.9+19.9 x

13 HFEREE(A) LninEE (B) nBERHER.

ARMD IROBHZIAEETIX, 7 7¥ v 7B UL
WEZA7CNV ThErErrbbT, ZOBEEHIR
IR DR GBI IT SR CERE I L, £ L

- IRKSIEIEER DR - K5 845

X 14
7 7 vy 7 JRE&IEST AR ME (CNV) © ICG 0% AE R T
X, CNV 28R %2 R L, R UHIRE TR
N—ErbEDEEE LTRE SN S (A), EgimEgT
Vg, AR 1 IR O EHDEE AR 5, CNV i
ZFOHIZAIBELTWS Z enbh 3 (B).

T, CNV X, ZOHIRMEHEIEROFICHEEL Tz
(K14, 15). ¥4 54 7TdH, BHEA ARMD i It
~HEE KL, £, ZOHEP b ROEAEDS D - 78,
Z OHBRMEH LR EBREIRE Bl S i R D).
IR OHOLKERE 24 2 &, HEZ TN, Ik
EHTZOMENEZEICE W 2 LR S 1Lz (p<0.01,
M16). —7, BHEB LUV R 4 %4 7D ARMD T
V&, BREERHRIE O HOGHEES I3 R e KL
D, HFEEEE CNREEEOMEOFMER LIz, BHE
B L O EEE, BHEEB LN F 45 4 7 ARMD
DECHEEHIEMEI, FhENn43.7£2.1, 91.9+25.6
(- EHER7), 65.8+15.1 2 L T 63.8+15.3 T
Hoiz.

4) axrh

ICG #: 5.4 24 K T OEARITARE 12 36 ) % B %
X, TR E EDCHDUEE R L, f—r kbR
o e 57z, —F, ARMD R CIIHEREE 288 L 7235
FHOEOHIZ, HIEREEEENBIEZ S, CNV 23%
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HIR=EE 108% 125

K1 AYFIT7Z2T) =2 (1C6) BEHAEE TOMRRER L E
& IRASBRET A INE (CNV) DIREE L AHE DREfR.

FH DA ME e A
CNV (+) CNV(—) R R
iR AR R AT (95%) 11/15(73%) 0/9
HBRARHOGERAL 2 & CNV 21/21(100%) EAEPAS BEAEPAS
¥ CNV  JJRA& g 4= Az
*
HAEE
100 =
—

15
HNE B B2t (ARMD) O % # v + CNV OERIT, #
W OB IAE & ik Az EEAEE(PED) N B & UV
BT A ICRIRE L IR s NS (A), BERE
%%, PED 2@ TR S N, & 72 B BEIRES
W IHEHOCEPEE S NS, 7T Yy 2 CNV Lk,
CNV IZEHOEHENICAIE L T 5 (B).

FEL Tz,

ICG i, BliE»ofiishsnTidx<l, Flign»s
FHHFAOFEH S 2599, fFlg & © ICG i O BEHh
W <, EEFEA TS 15 9 TR ICG 1E 10% KL
T, 304%12 1 30 fRIEEANT0.56%, 60 {1z
FRATO0.64% ThH2BYeHEINT WD, ZOHMED»
5, ICG #5. 24 K OfEBR MK+ O ICG 1%, H 5 &
LCHIBMETH 5 Z L ITEHRICEH v, Lard, 30
RBIVORTODICGZ VT T RICENR SN
Mot TOBEED»S, HNlmMEEE CBEZ I NERE

EEREE MEEEEER MEEBTM MEERLTM
CNV(+) CNV(—)

16 FBEHIEE CORMIZOHAIEEEERE.
Tntes e & & C % O H MRS DS A F I LB R
B (kD p<0.01).

HMEE OFEZF L UAE 2L, Mo cEEL 7
ICG Tix7e <, MmEsiwt LB ETE L7 ICG %
KBRLUIFRRCH D EHZ NS,

—7, BEADICGEHRA Lz sECLiza v
Y o — & ERETORER, L & b ICBREBEIRE DIk
EBHBEIAR O B O, TR NMEE DR T 1B S
N8, IRASEAGER DN FE S ZAEAH S > X 72> T
3.

ARMD 1%, BRASIEAGER DM L & BHCBERL ¢
WBH, EERICERRL TWw 3o REEASE ERS LV
Bruch JEEOJRETH 29, fifs & & iz, MR L
K28 X U Bruch iz, HERERERY Y IRER EDRE
WEDHEITT % 2 & H Pauleikhoff &7 DAL F B
RICE > TORENT WS, PHEEHRBKETHD, Y
VBB IFBUKE B L OEAEOMELZH L Tn5%, |
PERRRE OFERE, MEEFE B & Bruch BRI O K O fi
NOEEL LD, WHROELEHABORRNE %2 2 &h
RS T3, —F, Hx D ICG D EFI T
DIREDORER, ICGIXHAMEBRETHY, YV VIEEE
OSSN DD, FEEIC X D EEENEL 2D 2
LA S D & 75 5 T 55950,

ICG #1513, Bruch D g1k OIREE %
FEH L T 2 alREMEDYE <, BUKME ORI X BOGHEE 23
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.’!’t’t’tﬂtll’!’l": ®

X 17 ICG »*Bruch BEDRERHLE # BEFLEET S
Z e ERTEAR,

Bkt B & CBKMEIER 3 ICG L#EEL, #hZEh
HOLHEMEL, $EEIRkDoNnS,

=<, HHEIRIFORE W EETH 2 BUKME O FEWEEEIX
G E XKW 0T, ICG 5 JAE {5 T Il KPR AR
R E L TBIEINSE LDk s Nz (X 17).
HIBPRIEHOEHEN T CNV BFIE L T A2 EE LS
kY, ZOHRL CNV OFIERESE 2 5 L CTHE
Th5.

PEomBE» o, ICG &N FAG L8k, Hixs

MEEERAE TR L, HBFENERD D 2 ERG 0

HIEOME D 5 Z S M E RS Tz,

3. WREICG ETFREIRFEEIC & 2 IRIZARIL

BOEEZ— VIR ABEGOESHE—
HiR U7z & 512, ICG R DY OMET & 21

- IRKSIEIEER DR - K5 847

WZHES ICGE#DER & & 2 57D DFIENRIES X T
T4V DODRBELICEIDICGETAREEEZ2HRE L
7z (Yoneya S, et al : ARVO 1994), A3EE I, FIEYL
JHRELTT780nm B L U805 nm FE Ry —F—D 2/
OV —F - I N TWw 5, RAYBESOBLZC
13 780 nm EAK L — Y — %, 1CG #5144 5 43 LU 810
nm FEE LV — Y —ICBENFR L2 DB 2 TRE 21T
ZERHMELTWS, ZOWER N7 3> TRC 50-
IA 2N EEIRICB T 5 ICG DRGNS ~DFEEH]
PAER OB 21T > 2. FEERICIE, OO EERENT &
BT B0 TYINVETAH LV a—%—(PR-D S0,
IVO) ML 7z,

BENRE, BEAEEHE 0L 10T, £ 21~
26 7% (23.4+1.8 1%, “FHECIEERZE) TH o 7z,

ZOBIEFBEROFEMIBICRIRFATHD®, 22T
BESOAZTT.

FHATRA XY — 13, LT 2 Fuiic IREE B E R
PREERCRESI NS O 10 IR 8 IR) (K 18) & Btk
HOE & D IME DR ER AR K 12 B 42 S 11 % choroidal
flush(10ERF 2HR) 2R T DO H -7z (K 19). »wIn
b BRI > & HOCHERE & 38 U B 3~ LI L ¢
Wwo iz, SENREROFEGHMITEM L D bELIEE S
23, Bl & SO FEEERAE I L 2 (KHEOEH 2 10 iR
FORTEZE N, ZOFMl: BflloMicligsns
EEIEHNE B0 & IO 28— Cid e, 20
RIZZBEETH -7 (K 20), o, IREEEINE OFREIX
MEEIR SN BRNCE T L TnTe,

X 18 EFEEHE ICG EEZNEM.

WIAFERE G TRHEER Y —> 2R L Tw 5 (A),
b HBEER O HOUHE L 23 R IRE I EENE L < e,

FEFEHEL» 5% D (A~C), A (D) T
ZOFHAT Y F PHEEIIROFEIITE T LTk

ZrwEH. #IRETE, §CIRIREESIRIEE Sz w(E). KK 305 TR, FRIOLOH

CHREEmE Dy vty BRSNS (F).
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HHR&EE

108% 125

X 19

Choroidal flash %z~ 3 #THIRGR (A). BEIEEROMES, FH LY b5 YR ESETS 2 (B).

20 FRAILFART, MARICED KEEE L5
IK4R.

1) axX>h

ERE CRMRENEETH B I B 70727
DHETRFEERH 7R S 9, Mercox i IME A A 1
XM TY, WIS TR INE N EE L Tn» b
ZEPBRINT B0 s, YIVIRTORE
HEERTH 2H, bt MRTH RBICEBRBESIRE T o MmE
BFINEETH 5 LS, HUMEFMERACHERSL
T3 ICG TOERAT R, 216 DIRIEIRAEER
DEH, fEHFRHE 2 EENC KL TR TH 5 &
¥z on3b, —F, Hayreh?ic XK D EI N TV 3,
R CIMEDZ L < Mt b 72 WirkE DA,
MESHEBIEERADBEE TREEN & 5o Tl h
¥ ICGHEETOVHEEIN Ko7z, Tto 5913 ICG &
FARCEGRENTR 2, B CIRINE ORSINEE
TIMFHDZ N Z L BRRT NS,

Fffz, Hayreh®? 23y VHREZ BREIERER T
D FAG AR5, Bl X 05 A 2 2 B4
B L UBAEREREIRS N TB Y, ZOMICHKED
HBENRELTWBEY, ICCGORRTIE, D4k
HEORFAHATHY, T LbefichHEs Nk

X 21

SEEE LT IHESIREREROBESE.
ik 38 25 DFIH

otz MREPIIHME LIRS TOEMIL L ORI
BEMKBIROY G E2HEL B, ICGHTRE, 2D
MEFRERTOBEBERLE—HLTEHDEEZS
na.

kD FAG TIE, WRASEFEIITHR THAR D K
WEERESHRE 12 choroidal flush & L CTHIZ S % DA
THo7z0, ICGEHETIE, HHEE D o B HERIRE
WCHARS 2 R FRBOMRT =2, L VFHcEZE T 52 ¢
BTEI, 2T, ZOFRE, IRKEEOSHIBIEEA
WX BIMEMEDBERREFELRVLDTH oz,
WER ICG £ 7 4 IRERFEEE T, ZOMRBREOK
FW LV ICGIT & 2 IRIGEIEER B RE 2 4R 5 & & 28
TRETH 2 fEmI L5,

4, ICG MIEREIC L 2 RISEEMER CHOER

ROBENEHS

ARAEBEEARE I T O IMEAEERENRE O BRI 1X, K72
IS &, FAG OEREHRE & Oy =
N WERD L L5 1B bis 2 L 2Bz,

PRI MM OI5EREIRE X, Heyreh®®Z & v 12
B ERBNLELL ZT AN TW S (K 21),
DOHIEIX, BIZE MRTO MY 7y I EAR THERR X
N, DRASEEMERD 1 2= MZ lobulus & &1 &

-
[
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N7z, ZOHERICIIESEN % L, IREEBIR T #EEE
FNCHERFINR T H 5 2 &, THETNDOBHEEH-R»OR
INTWw3, —F, MEHFIEARDERERERIC X 28
2T, EHHMOIKEEEMER I 3oEMERRon
R E DEREPRDIDISLHTH S, EDH T Yone-
va 53t MR TORE T, HEEHIRISEEME KD
A BIIR & da IR O B & B O BfR 2 &, loblular
pattern IZBERERI R b DTH S D LfEam Lz, Lo L,
BRI O BMER O MERINIETHY, ZTOH 2N
% [ A3 lobulus FHEICZEAS 23D L5 2 & & EF
A4 2121, +oaREEEIL E 137k & ko Tz,

ICG DEFFRE AL &> TH, IRIEEBHINERDOIE

HRERERBIRT 21213, ZOBBREF+STRL, v
IR CEERPFRICIEE > TWwiz™, L, 23> Ea—
FIZ L DT VY IVELR RS T2 B ERETE O S B
1V, ICG #3521 subtraction LS BFE IS & #L7279°79),

FHIZ XY, IRAEIRIEBRENRE O AT % 3 %4, lobulus i
HEMEICEEDTRA, MET202BE LTS, &L
13 38E U 72 subtraction Eifg2> & BiE 2 /FH L, IRAEE
EMEIR T dye bolus DEN & 2 BIZE T2 Z L 2R A D
Z LI LY, IREBEEMER TOIRERE % B I 812
T2 EWEIILIcDTHET 2.,

1) EEIRTOBZ

(1) T e 5k

R, WEMICG 7 A REREEE TR LT,
ICG DIRA&EATHATRA B SR %, BRI L7z,

BFoNTHMFTA L 7 A BiRIZ0.03 12 1 Z $HRP

ENTVwE, RRABOL2MOEDDLSD (4 a<DE)7

L " € 3 B
. ™ Ty
2

- IRKSIEIEER DR - K5 849

L —2A &V, subtraction Hifk 2572, Z OFEZE % H
BEHE R TIT W (X 22), #EH & L T 90D subtraction
R 2 ERIL, 3 OB & LT,

(2) HEFR

Subtraction EifR O BEIZ B 1) 5 REGHEEBHIER O T
BNy — %, SHEEBE L BEEEET X TTHEL
Twe.

HULE T IZ Y 3 2 EA7 0 & HOLEE R E L & 0,

22
5 L 7z subtraction [ & % i > C Bl & & {E &L (E

B). Thicky, ZEEDZ WIS OH X 2HEHK

5 (TR

X 23 Subtraction E{&IZ & % EHEGEDEE,
ROHDED TEBEER 2> & JIJJE*K WD THELS 2T MR S NS, RESBICERET S &, HlRE»H

WE»roMhE 5, £,

WHERE OV RERZ R,
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7 = — WREDEASE O I BT IR E A & 3 — kB L
T RFOEHEI N (K23), —DDOEBIBT %
BT, FPilz7e bolus BSHLE TICEBZE I M, 3W
FENCHT 3 B OfFFER S Lz, ZOXR—IVIREED
gz, ARG O IERS PRI 2 2 L3 TE o,
Fio, RFCBWTY, HEHCHKEIBEES LY
oz, HEEFULEIRTO bolus 1%, HRI&HE T DRYID
wave front DB T L ThSBE s, FIE
WZHEHCS 2 MR O i W SRR & 0.03 BRIFR T 0.6 1
Mok v —232E, ZOMBE—ETIEAWI &
HER s iz (4 24).,

3) a A~}

Subtraction Hi{& % {# > T OBIEEREIC L D, JRIEHE

EHER TOEBE > & B LHHRE D wave front O
R BEARAICHIZR 92 Z L8 T& Tz, 2D wave fro-
nt BEBEEL D & FHLEFIRE A L Tw S BERIE, ¥
WRTOBERR LR U TH 207, SEOBEITER

0.6sec
X 24
Subtraction [ T D HIEBE D%, 0.6 F[HE D H 5
BRI NV —A LR ZRT., A0 ORI —E T
v, MR, PooEsReE

x@ B

"\/ LC_)))

‘, C Q

0\“. ;%
ij/ﬂ//,w”
/m(_\\/__‘ /(

/f “

7

\,’—

HiIES3E 108% 125

HgroFonBETHY, X EMEKNICZORFD
IRENTWDS L% Z %, IO subtraction TH S iz
%ﬁiw%%ﬁ%ﬂ%ﬁw%n%ﬁﬁbfwéawﬁﬁ

AR Flower™IZ X W /mahnT\wb, D%, H
ﬁﬁ’:fﬁiﬁfﬁxfbﬁ?, PSR M Tk s <, IRESEEME
WTRKEWZ BN ZORHRICH S, SEFL BT
wave front OF) &%, IRIEEEME RN T O MITH RE
ERELI:FTIRTh 2 EF 2o b,

PRASIEEME IR ORI, BB TIEE RS2 5 E
WEBZHE> T, 2 OEFNFBIC 2 v (K 25), MERED
KL% 2 EWIPWHIVINTWS, £ L CRHFIC,
WAB L OFMHIMNE & EHEROBEFR LT 2 2 o8
HONTWB™, 2 OERICFE S I EEMER O
BeZMbiE, S EEEZE L7z wave front HS5%.0oRIC HEES
LICHLIIETHD EZ D, £z, ZOHHHRRR
X, IREEEEMER ORI T%E, BRIEEID b
LAMREREFE DI Y2y —DEENETH L7201
&, BEEORVWHDTHIFELREVWLDTHSEbh
5.

Flower™® # 4 CTlZ, subtraction H{& 1z X 1V lobu-
lus bEEINTWBEY, Ik, S5 ViR EH
W, #FELZICGEED 12.5meg/ml £ A DKEIZ
BET 258 THL ZEDBRL TV EFZ S, %
7o, MCT 7 =v 27 %f>Td, lobulus DEIEDES

BRERICE-TENDL L DWHESNTVWS, &
|, Fz OBHRERERE TR 2 lobulus D1ELE % HERE
52X TERPoIN, ZHIZFEALE EV%'?%%O)%
BEORAD o, FI1ZIRKEEEME K D macrocir-
culation Z#HZE L 7- b DTH Y, microcircutaion D#
LNV hpoteD bFEZ 5, TR DOBEIFARTO
lobullar pattern DTFEEZBET 5 D TIEL W,

AFErow, REERCSHT 2ZLI2LY, B
EREEFT LW ST T 5 2 EXRRETH D, 58
DEREBHAF I NS,

IT R SR R OME DA &
Z DEERIG

1. 13 C & IC
AL I H3FH T8 2L IS OFE RN F T H 2 Patz i

IRISBEEMER OREIL, B (A), i E L B(B), FIE (C) &b L, MR eh > T, Bshtd!

2y (SR, CT#k 70 2 5 D51 )
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kiR, WEELOER, ZOHFOME I
BIRED %S, I XGEREERET 5 LTHE
FEChHD I EBHMONT WS, FERIMOEEZRET
Z2FRE LT, #HAREEZEIREIEGK TR Hb
n, BWEOKREREEZ->TWS, LirL, FAGIZL 3
MR M O FEAM I, M REAZEOFIIC X 2 EHAT RO
ZRickVd3hzb0THY, BUELINIZ S DTIX
., e, REEZOLOMRENTHY, FHTS
AN T 27 VL F =SS, TOEMIBW
TODHEHMHIRE®D 2 Z L DERTH 5.

—7%, IRED S O RKEHEDEREMT O EEEHS LLE] 2>
SISO, RIETOR{L—, EBXANESOE Y,
FHUNT 4N, AT =nEOEREIEDIRERZE
OHfRIZERTH 2 Z EWRENTW, ZOREKE»S
DI HIENTIC & > THES LB EHRIZ, HBAHZET
3 EWVIEERND D, ek o H 5 IRIE D HE{RZH
EREOWENRLR 22 =2— I RbDTHDLEVS>THE
V>, Van Norren 58, Delori 58Vi%, 9 CIlZHgIEmeE
TOBFFENEREDRAEZ L TEBY, ZOHEEZES
WCHRBEESELZEICLY, FAG LIZEST-AEL S
BB %2 ERAIZ, Lo dIEREERICEIE S 2 Al eSS
b ENRBINT W,

Wz E Z O EATEDOFREM 2B K L, #1722 IRE
TOBRAREMEAESEE 2L, 2LT, ZOHEE
TOBRIGHA 2L, ZOZYMELERICOWTRETL
7D THET 5.

B DRERL & RS =

Ber DR L 72 MRS O BRI HIE 28 13, Appli-
ed Spectral Imaing Co.(f X 7 T)V) L FETRHFE S
e, TOEBEEZS>TWB0DH, spectral karyotyp-
ing (SKY #5) 802 S T S T 2 XN T

Hemoglobin Absorption
A 1/ (cmXM)

60000

50000

40000
30000
20000 ¥~

10000

1 a1 " a1 1

0
500 520 540 560 580 600 620 64

Wavelength (nm)

X 27

- IRKSIEIEER DR - K5 851

b5,

EEX, RED 22, =7 v 7 (Sagnac) B T¥ET,
coupled charged device(CCD) & 7 — V) =257y & %247
S SO T T LB ST Ea—F VAT AN SR
Eis (X26).

BEMNRE 2 2WE, I TRRELS DX, ¥
=% v ZRITFHBHNT 2 DOMMHED H 5 KT &
n, Bohlz2KOE—L2HFUF—2Z L TTHEE3
ZEREVA vy —Tzu T T ARELNS, TLE
7 =) TN RITV, 187 2 VEICIRED & KEF L T
E I HDOWRES EHRERHIET 5. IRAIKASL, R

i

26 FAREAFESAIELRERE,

B Retinal Tissue Absorption
25
2 S
2
D
§ 15}
©
©
kY]
a2 1r
o
0.5
550 600 650
Wavelength (nm)

A RBEB L EIEANE V0 By OEHEIR KR E2RT, —FH, BRIEEEH&RLE 7 v oEFo iRz
A EFREEIRT, CONRFREMGEE A OBEEEROMBICD TIEH 5 2 LIk VBRERENE %
HET 2., BEAT70EY EBITAEZ 0 ErORBHHRTES R, ZOBE~E 7 oy D

FEAMETH 5.
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BRIE oxymeter D IRIE

EHEKM:

108% 125

ZRTHERS R
(7 —V) TR

E%{E

v

TRTTHIBRIREIME 2

— | &gt

X 28

— V) IZBR L ZRTTBERAG L, £ oo RERZ R L, BREME 2RO, ZRITHERFEL
MEOHMERT. 1 €7 R NVEDRERS D O BFANESUES LTV S,

B o REL TEIEDOWMEORERFHT 272012
Beer-Lambert ORI EH S NS, T XD HFEE
Erftshs, BohlFEr, BB X UETANE
7nu ey EHENFICHTIED, Blb~E7BE>D
HERPOERIEIC 7 4 v T 4 Y 788 B Z LIC & ) KA
FEZFHHT 22D, ZO7 49T 4 Y7 IIZEE
BEWSEND Y, MOETIE, BELEIC X 2 BERAEN

FERIE W RIS BB S NS, ZO—HOFiIIZ
Riz7u—F v —bELTRY,
RE

L (=7 v 7 BITED
A vy —7zal I A

L (7 =V Zf#H7)
Spectral distribution
OEDO B RS & )

U -In(I vessel/I background) *

SEE RS (optical density. OD)

4 Fitting with standard curve of
hemoglobin
(B - k)
~NEZ U CFRRANE

% -In(I vessel/I background) : WEHEL & D AR
7+ V5346 (I background) & AR IME D A= 7 b
VA (T vessel) D ELD BRI

28 13 spectral distribution &, Z OE{H» S M

BEZRD, BEMMEHELERERT. 20XD
WWHIERERIZ, 127 2 VEIZ 0~100% ORI
Wi SN L2, Zhicidy 7 —n"—%2fn, ZhEh
OBEREMBICSC TR > TRTREINS,

3. EBOEAFMAE

ZDREETIE, IREBZIIHEA 20 8 X035 ETORE
REPELTRETH %, 480~640 nm D EIPH T, 2nm
TEDANRIZ MVT—F OWRNTE 5, HIERRIL 6
PHETHZD, 74 MT79vFYITYRTLABEREINT
W5, EARMERIIRICRTED ThH .
HERFE © 6 P
BIELHR  284 X224 ¥ 27 &)V
AR ST 40 wm (Eif 35 &
M EIRE 5 % HiR
HIEFRS © £ 10~125 pm DIfAE

HIEEEE T +£10%

HIELEE | R E SR R~ IR

KRBT ECEBBEB OB TH Y, RFROFIES
NIEELTWwW3, Z20O—2k L CHIEREBNE W & &2
Tons, HIERERRIFICT 2 0 llE@0tR%
EFTw228, Z0ROICERPEHL 25 2 L DRER
ENTWE, 7A NI F YT YRATLABER I T
20, EHEARE, HEEEORERHERELD LN
HHSNhE, REETE, FHOREBIZE=y %@L T
LT 22 TE LY, ERMEIOREIRETE

E DEREERT)
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29 f@EEEIRE THOBREIFE DBIE SR,
AR AIECIX 1.75 ALEEE(DD), Z OMdIBALIX 1.0
DD o & CHIE 217> 7z,

VW, S S ICHIERBE R B 50, HIERRE OEHEH L
HEThbEEZRD,

Fl, BEREZERAL WS90, NEOREND
D, BZEGELT TOMEREIED 2 2 LN THIS
nz», ZHEAHEECBOCIIARTROMETH 2
EEZD,

Rigs TOMERRIE, EHREFTH-RT, AU
7V —AT2 B EEE UEREDD 2 ZOSHERR S L7z
bOEMHL.

Fs RATRIE I E D24« B RN 2R T 2 HIN T,
AT ORERER #1757z,

1) IS O E AR

RPN, BEEH 104 10 Ry 5507z 20 ik, S,
] — M T AR O RO NI - FRik OB R AR % H
EL.

AT, & 1 AFEELDN TOBIR T35 3.9
A, FRTIXFE 4.8 K&, BRATAE 2 HE L7
E, ThZh O I3ERIZ 96.65+3.30%, #AkT
13 56.05+4.69% T -7z,

RIZ, EHEEEE 30 4 41 1R oM SRR {1 E %
o7z, FEWIF21~TT % (38.9£17.85%) TH -7, Hl
EEALIE, 2912/ & O IR TLEE, M, B
X OFLBEEBR], A B L T OB HEE D 5
PETTCH -7, HIEEH I, EARAEL T 1.75 4
HEIR, ZOMOEBALIX1.00 ATEEOKE ST, ThZ
NOALIC B 1) 2 BRENEOFEEZEH LU, R
¥, FAEALIEEE T 86.0+7.9%, LS T 60.8+14.1

- IRKSIEIEER DR - K5 853

100

o | , .
RREILIEED HDIES ILEEEDIES HBI LI ERTE
*: p<0.001
1: p<<0.01
(Repeated Measures ANOVA)

30 BREREBAL CTOBRIERER.
BRI CHREICRANE IR <, HHERTEY,

%, FLEHBEDER], I L - THTZN 24 71.919.8
%, 73.5%£11.0%, #L T 72.3+£9.4% THY, HEA
SEESCld ik bR S <, — AR CIdR b IE

{, ThZNBBHRECHAEEREDD S 2 LR
Sz (4 29).

MR IM RS 36 & O MG 1 e R AUFIE O WIEME & 13
EEERLZW I ERESNTW S, FHEE O ERE
BROKMEICH S Z i3, BEIFHREETHIH, 20O
RS, EHESIIHRENMEOHE» S bARMICH 2 Z
EDRENT WS, i, EHERTIE, AFRCMmE
WHRHY, ZOBEMHOMHFHIRH L Z ORI
LTwdbDEF2z5, Lrl, —/TIiE, HEILTO
PRESEMRE X EETH 2L 2 L 2BICARBO IEHTH L
7o. REBOWENIIFHATHZ 2 en o, REEIC
X 2 WERR KR RENE L L ORI LD DTH
LeFEzohb,

SEOPEREBRY, SHROBRLFEREEC L R
JEB & ORI B 1) 2R REAE B D fRRA D FLRE & 72
55bDTH 5.

(1) MEIEERREE B T 2 BRAAFEHE

MR LR IREAZEE (CRVO) 1k, FAG OFTRIZ LD
ischemic # 7z 1% nonischemic ¥ 4 71243 onTHBH,
FOTFRBREL ZERZZEDRHONT WS, FL
T, The Central Retinal Vein Occlusion Study Group
IZ & Y, nonischemic @ 38% %35, 3 LA IC ischemic
A THETT D EBHREDSIN TS, BMOESR
11z CRVO OFHICBWIHHETH S, £/—HT,
CRVO MR MORE 2 HWET 270D R WEHKE
ThEWNS ZENTE S,

Tz 13 CRVO @ FAG Fir /L & e 32 e A0 B I E S 2R %
Mg L, BRI B E B ORI A O EEE I D W» T
BRI LTS, 22T, ORI, S5
HERE IR 53 B2 BAZEE (BRVO) 0§ SR D —H > & P15
SNTHIRIZ DOV TIRNS,
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31
AL EIREAZEE (CRVO) (61 g B M) 0 4 7 —RIEEE CREMBEETH D (A), 7vi v A viE
HAREER (FAG) TRRIME REAZELS B T, AMREAED S OFtREMEE S 2 (B), S G R
% (SRD) TRIFESEOBELMENE L {ETLTWE I EWREN TV (C).

32
62 D CRVO FEFI T, ZERRICILE L5k & BB AEHEZ 2 N5 (A). FAG TREIkR» 5 O H
KRB R S5, MEKREAZIIHER SN2 (B). SRI TIX, IREDOERREFEIX 50% Fi»EAL T
H5(C).
Z OXHAIR I, FIRCRE2E L T 3 nHMM, FEIZxw (D), FAG TiX, BEBEESICEEEEN D 255, M

BIRFAZEIZA SN2 W(E), SRITIE, IREZHE 23R THE SN, BEGUENSVI E2Xbr 5
(F).

XRIE, CRVO OFEEFEAER] 10 fER 11 AR, 4R 30 R&EpI 2 HE T 2.

B O 82 7% (65.0+17.5 %) T, &fliz FAG LB FE Al FEF 11X, 63mBMET, BEEETIE, SE B
MEREZTo7., £z, MERZED R VMR 7RT BEHIMNS D, HEESIROILE - #T, X U0UEA

BHEIEZRTTo T3, ORI E B S iz (31 A). FAG T3, JL#
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- IRKSIEIEER DR - K5 855

64 1% B FEE U 7z MR ED CRVO T, Ah THEFIROILE. ITORENZ %0 (A, D), FAGT
LEHETOLThRELRENHE SN B), ZOEREBICELEENTENTWS B, E). SRITHEH
RT, fEaENPLH CHtsh, BRENE CEGESD S (C, F).

BIMEREAZED B 0, W17, LR U 7o Imas e o a3k
pENFE STz, F7, FARILES X 2 0EFICIX
HOLIH Y B - 72 (K 31 B), MM 538 3 = i 5 (spec-
tral retinal image, SRI) Ti%, FEEEINRICAHY T 258
Bz, SRR £ 72 3RO SHHES L T % O8]
X2, EHEDIEEAEPEWETHD 5, BB
ARJE D[R W I pH CRR R AT LY 40% MU T e fith s e
(K 310).

FEF 2 1%, 625%zcET, BAORKEERETIE, MK
FIRO B E DI L FREIROMEABRZ s e, %
7z, EHECOMBEHMIZEE ThH-72 (K 32A). F-
AG TiE, MBEEIRD S OHERENEETH 25, *
PIMERBAZICIZE > Twiswn 2 EHEE S L7z (K 32
B). SRI Ti%, MAEEIARICAHY 3 2601, B DS
DIHRIRICERTI L T 228, Do, 50% Rl
DEEFZAIFIE 2R T 5 £ 72 3B O 55 T AIERR i
HEhTwiz(E320)., 2 OXNEIRTIE, JIECIRIRE
2RI (K 32D), FAG TIRHEMEBICHIEENH 2
28, ZFHLSHCIFHEEME I 3R & 22 b BE s s
o7z (M32E). ZORE®D SRL X, RO HBESHT
By, RESEOBREEFNEL 70% LA LI h 72 (K

32F).

FER 3 1%, 64 &FBEMT, WIRFIED CRVO T, Hf
FEHRELT~YZ7u 7 a7 ) VIESARYICZI S T
W3, HIRTHEBEIROILE - ST LRI RBEE T
HY(F33A, B), FAG T b HIREAL TR O 145 B2
et L BMIME 2 S OO ABIZ S iz (K 33 B,
E). #EdLEIROBZEORE L, AIRTHEITL TV
3 r#Fzonl., SRITIE, ERICHENGRTEE
M S - (33C, F).

CRVO fEFI O SRI ORER KGR T, SRI X FAG it
HeRBHBEL, MEERREE S L OREEIMORRE %
HFHLTWw2 2 e B s iz, Rikid, FEREME
DREEZETHY, BHIHEVELUREEITI 2 £ 0HE
THHDT, CRVODEHICIZEHAZMRELETH S &
#%2%. £7z, BRVO TOBZEHETIE, FAG TR
N5 ARG & D b & S IR EIFE THESRE 0% &
52 EMSRICEVBEINTZ(K3)., ZOFEEH
5, SRI CTIMEBEIMOFRE & 2 OFipH % BRI FE
flic& s 2 epmah, RRKCEY, BEOFOEKE
MOFHEHEAREF S L 5.

BOR LIk 2, SRINC X 2 {8 5 A R0 E
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IRESHE T fAEFIRS BPIZEE (BRVO) I X 2 IREHINA A 5415 (A). FAG TIRFEEFBRIZ D L vil
HOENBZE I NS (B). SRI TIE, FAG TRINSBHEIAI L D b, £V ILOHIH CREANEMET

LTw3(C).

A FEFRBREARNE (POAG) RO 2 Xt~ v 7Ofl. B: WRINE 28 <L, ThH, LB, TH
fl, SEIOERL 200 um OFEPH, B L CEINR-EIROBRATAE (0S) %=, AEEOH 1.75 O THIE
L7z,

HERIHEEATH 2 L9 FAG ERFIS N2 HE28H
2. ARERFEBRC LD, HEEOREBAEOMIAI T Tk
<, CRVO %z &, HRTEERMEED b 2 HRJE 5 B~ A
IBHESh, BRAZREEOWREEN RSN EF 2
%,

(B) AR TOHIE DA

[P BEHR T ORI 24 I e BRI E 2B 5. L C % 20
%, BESHROBE RS> TWw B39, —7 fHEkE R
FORIEEHIE X, MO, B2 R O 2 & 3l © 2
BHEEMENH 55D, ZDHT, Ry 7IHERL—F—2
ARy 7 VIR & B MRS L OVBHEMREE T o m

THIE & 3R > TLIBRPE SN L WREEN D 5.
AT AR O MR R AIRIEHIE 21TV, Z ORREMED
WTHERRF L 7z,

WGIE, B Ak PR (OAG) 3% 47 A 4THR L IE
HXHEE 21 A21IRTHh 5. OAGEEZED S B, 35 RN
IR 21 mmHg L EDFEFEMED OAG g T % EIRER
(POAG Ef), 12 IR»EmemRESY 15 mmHg ## 2 2 \WiE
HIRERENED 5 5 OEREFNE(LTGH) Th - 7-.
ERIE 0L 2R E L, IEEHTIE3IL 25 19K
(51.7£15.97%), OAG# T IX31~73 % (57.2%+11.6
%) T, WETEMICEEZE I RH» 572 (p>0.1, unpaired
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x 2 FRBEAKBAESEE(0AG) L EEWRED,
FHRARRESSICE T 2EREME(0S)H &
URBES) - 20k 0S & FERARD 0S DED LS,

EH OAG p
A 87.8+10.9 83.1+11.0 0.1772
TAH 83.94+10.0 81.2+10.1 0.3687
L] 91.0+7.8 84.6+13.8 0.1840
EEAI 87.9+11.1 82.4+11.2 0.0663
TEAM 85.5+10.6 78.3+12.1 0.0235
S 87.1+8.3 81.7+9.9 0.0320
Bl 84.94+13.9 85.3+8.2 0.8812
HR 68.0+8.0 64.5+7.8 0.1240
BhfIR-#R 17.1+11.2 21.3+8.8 0.1270

Unpaired t-test, p : fGRX

& 3 _E Bjerrum 78 (a) M 17 £ total deviation
(TD) DF0 & BHERALIC &5 1+ 2 B REAFNE (0S), T
Bjerrum %1 (b) ? 17 50> TD F1 & 0S, FHyE
(MD) & £BIEETH 0SS FfE, L UMD &
L+ - TEA/IEE 0S e %KY .

p r
a i TD Of1 & TEAH 0S 0.0320 0.320
b §Ei D TD Ol & EEM OS 0.5059 0.099
MD &34 OS 0.0576 0.285
MD & FEl - EEH 0OS Oy 0.0768 0.261

t-test), WRMED OAG DG, Hik7v 77 2128 %
SEEE (MD) EOE WA DOIRSEIE NIz, £ < OBER
TR E SRR DR 5 7208, H o 725E 1K
SEHAR 2 3 THAE % L7z, #1513 Humphrey H B
Wit 7o 7o A 30-2, SITA Z{FEHL 72, BHRETH
FEHIEE R OIRIE W, EHE T 14.0+£2.8 mmHg (P
i+ HE#EF ), OAG # 18.2+4.9 mmHg THiEH#
HICBZEIC OAG FHETE» - 72 (p=0.0021, unpaired t-
test).

BRANEEEICLD SRIZ2E5 b2, K30
X O wHRInAE 2akr < B, T, LB, TNEMHE,
SAIOEREK 200 um OHIF, B X UEINR - FIROBR
fUFIE %2, ABEREOK 1.75 EOFALTHIE L 7.

MR AER2I1RY, THET, EFEICHN, OAGHE
TRERECBRFHANENMETLTEY, LEAITIHET
{EEDS A & 7z (unpaired t-test). MR O Hig iz
BWTYH, OAGHTHEERETIEZE I N, —7,
BFkB L U0 Z0ECHAERRENZ o, S,
LTG BEIZIRE R Vs D0, IEHEEE paired t-
test T L7z & 2%, EJTT78.246.1(p=0.0157),
THMHITT74.5+9.8(p=0.0076), &Ml T76.8+11.8
(p=0.0056), MAEFIYT78.5£7.5(p=0.0054) T, &
FZHFEOS)BNMET LTV ARBRERLDENL D LR
bz,

M8« IRIGIRAGER DO FFAM » KB 857
O 0j]O0 O
Oa ajJa a O
Oaaaja ao0o
Oaaaajaaoobo
OaaoOo0o00o0 OO0
Ob b OO0]O0O 00
Obbbb|bbO0OO0OO
Ob bblbboO
Obblbbo
0O 0]O0 O

a: LBjerrum $EIH17&
b : FBjerrum$Bi17 =

36 _E Bjerrum 8% (A) D 17 £ total deviation
(TD) D& & U'F Bjerrum $838 (B) M 17 £ TD
DFN%KDH 1=,

0

100 - TEMIOS (%)
" a
g ° KRS '
K —1004 50 ¢ ¢ 27100 150
4E LI
N~ —200-
S . .
:{,;AK: —300 1 .
S .
S —4004
2 °
2 —soo- v

—600 -

37 OAG # To L Bjerrum 5818 (a) D 17 2D TD
N0 & TEfInEERFIE N,
BE(=0.032, r=0.32) OtHERA >3,

HEF X OAG B TMDfHEIZ—8.5+7.1 Th - 7=, 51,
36 D& 512 EB X OTF Bjerrum $HE D 17 S0 total
deviation(TD) Ol =R ® 7z, Eixad 174, Tidb
DITHTH5, aDTDDRI1F—155.9+£163.2°T, b
D TD OFIE—150.2+147.5 TH - 7>, HiFZ & THAE
D O0S, #%FHL EHAOOS OEZHFHNI L Z 2, a
DTDOMETHHMOOS THEE Th-o7/z (X3 &
37, p=0.032, r=0.32). L2»L%&»NS, bd TD OFI
& EEMID OS O 3 EELHEBEIZ A 5 ko Tz,
MD & & 8D OS B L ¢ MD & & TEAH - B
D OS OO ITHHBER 2/ & 117z (3£ 3).

ez E»s, OAG TlE, MED OS 2 £k
HY, TNFFCTHHOBERETTHL LS
Bz b elbnsg, £z LTG T% OEMA 2S5V ] HE
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M3 5 i3, LTG OEHNARIE, &EMEIE,
A ERHE, MEEFREPLIES, BER 3 25840
ﬁP%%@W%W&E®ﬁF%U&@£ LU &,
ML NIz BT 2 IEERO BEFASEORE 2R3 %
é@f%é.L#L,%@@E%@Lnuﬁvo<ME
THLIPIEIRHTH D SBROME 2 ET %

SEORE T, EFAHDESNLTEY, OAGKEE
WTBRRIEMEMET T 2EMCH 5, LI HEERR
NRZWZEEDTBEW, LML, SRIK & 2HHEM
FIERIE X, HEEHREEE & R O HTE 2 S MR AT % Mo
ETHET2dDTHY, ZDOETHLWLELD S DR
HEEfEATSe, X S ICEYRGE ORIFAE oG Btk
b DRI N S,

& & K

Z ZTRRA LT IRIE T OB R AR HIE % O W5
%kﬁwtuﬁbf@%.$I¢ﬁﬂ@$@ﬁ§tbt
, HEREO=ZRITHHMERIIAATDH Y, IRERIE
%@%%@é%?%&m.b@b,ﬂ%%ﬁ%m&m
nm OAHFENETH B 2 s, HEADRTIE, [HEHRD
Z ML S Db O EHERIL, {HE R R AHE
Ll 205, BAOEALEEBICRELES
KRIFROMEN DD EFZ 5, Lrl, I TRz &
512, SRIW Xk 2BREAFEHEEBEKRICERATSH
LHREMEIC DWW, —HEOREBRTHER L. £ L
T, REFROMERHBICLThRB, Kb 2ZF0OH
IRIGFANOH Y, RBIREEERREDO 7D OFH L \»
MELETHZ Z & RSN b D LRSS,
PR FREOMIEEHIE 1%, Y « IRAGIE 2 AR O T 2> & 3
TEHLOAETHY, ZOMBFERICLY, REER
B L UFHHRIRZ O REAEHL ORI, SEShOFH 2 212
A ISHENS Z EDARFE LD, ZDRDIch, Hi
HTOREHFRPHETH 2 I ERERLTBE 20,
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