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A Review

Development of a New Evaluation System for Visual Function

Takashi Fujikado
Department of Visual Science, Osaka University Graduate School of Medicine

Abstract

Visual deterioration is caused principally by media
opacity, by retinal damage, or by disorders of the
higher visual system posterior to the optic nerve. In
this article, we focused on media and retinal dis-
orders and clinically evaluated a newly developed
system for visual function.

The decrease in visual function in cataract is
subjectively well evaluated by contrast sensitivity,
but is difficult to evaluate objectively. Recently, a
wavefront sensor has been developed and ocular
higher-order aberration (HOA) can now be meas-
ured objectively. We studied the relationship between
age and HOA by wavefront sensor and found that
HOA, especially spherical aberration in the lens,
increased abruptly at the presbyopic age. We also
found that the against-the-rule astigmatism in the
lens increased at this age. Next, we investigated
monocular diplopia which was presumably caused by
HOA. Nine eyes with monocular triplopia and with
mild nuclear cataract showed significant increase of
trefoil aberration and negative spherical aberration
(p<0.001). The simulated retinal Landolt’s image
from these two aberrations showed a triple configu-
ration. Thus we confirmed that triplopia is caused
by the combination of trefoil aberration and nega-
tive spherical aberration in early nuclear cataract.

Next, we investigated whether Area under Log
Contrast Sensitivity Function (AULCSF) can be

predicted by HOA and light scattering. Backward
light scattering (BLS) was evaluated by Schei
mpflug image and the forward light scattering (F-
LS) by a spot size of the Hartmann image compen-
sated for the effect of HOA. HOA was evaluated by
root mean square (RMS) value from Hartmann im-
age in a 4 mm pupil. Multiple linear regression re-
vealed that AULCSF could be predicted from BLS,
FLS, and HOA, in which each parameter contribut-
ed to the prediction significantly (p<0.01). By using
this predicted value of AULCSF, the improvement
of vision after cataract surgery can be predicted in
cataract complicated by retinal disease.

It has been reported that by fundus camera equi-
pped with adaptive optics (AO), which is an applica-
tion of wavefront analysis, photoreceptors could be
visualized 2-dimensionally. We developed a compact
AO fundus camera and demonstrated that cones
were separately analyzed at retinal loci 1 degree
temporal to the fovea centralis when the ocular
aberration was reduced to less than 0.1 xm RMS in
a 6 mm pupil. We are going to use this apparatus for
eyes with retinal disease.

The functional evaluation of residual retinal gan-
glion cells (RGCs) in the retina with damage to the
photoreceptors is critically important for selecting
candidates for artificial retina or regenerative ther-
apy. Transcorneal electrical stimulation (TES) of
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the retina via contact lens electrodes evokes phos-
phene and indirect pupillary reflex. The threshold
current for evoking phosphene in severely degener-
ated retinas with visual acuity worse than counting
fingers showed a wide distribution, which suggested
that TES was useful to evaluate residual RGCs
functionally. TES also showed a neuroprotective
effect. We suggest that the activation of glial cells
by TES up-regulates the production of IGF-1, which
eventually protects RGCs.

The peripheral retina is important for walking
even though the spatial resolution is not high. We
developed an apparatus to measure stereopsis in the
peripheral retina using a wide screen, and evaluated
the peripheral stereopsis of 12 patients after
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macular translocation surgery and squint surgery.
All three patients who showed peripheral stereopsis
had only a small amount of squint angle. This
method may be useful to evaluate stereopsis in
patients with a central scotoma.

Nippon Ganka Gakkai Zasshi(J Jpn Ophthalmol
Soc 108 : 809—835, 2004)

Key words : Higher-order aberration, Forward
light scattering, Backward light scat-
tering, Contrast sensitivity, Cataract,
Triplopia, Adaptive optics, Retinitis
pigmentosa, Phosphene, Retinal gan-
glion cells, Neuroprotection, Peripheral
stereopsis.
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HmAEN, B2 a—N—IROFEHBPHOERI DI & 3729, point spread function (PSF) 13 =g

Wi, WERII=ZEICKS ZENTBING,

N, SROIEAD 2 b7 o THIAFEGEL, IRIMCEEL S
N, HEREOET 2 b0 3B AHIICIVAEL 29
20, ZNE T, double pass FRICE D Zh oI XTOD
8% PSF TRHii s % /0%, BXRIREOFE %2
U9 LR MTF 25Hiis 2 Ak e LT, TbiE
BRI L2307 A MEEIEOWME LD 25, HIR
FNCEEEIC 2 2 b DI id B hotz, 22 TR, BEKRT
FHENLTWIFEHRE Y=y v A VY TIN—TH AT
PRHWSL LY, BEANKRS X CIEFRIC L
T3 DOOHEREML W ERINCHAGL, REOLFERDE
b 2 AR T 9 5 AR R RET L7z,

1) MR EFHE
BEOKHANE 22 R, KEHANE4R, FEF 1R
# 74 HR & L7-. Hartmann-Shack 6 (H-S &) »S#IE A
REZofiEl, BIE TN, e, FeRckEEN D 2 E
BHEBRAL U 72, BIIANER: & REANERTER
Elx otz

H-S GO SBoThr S@EmRINGERFTHEL, m&oik
0 S HIAEEL R L 2. SEROIEB Y X, B
BEELOM, BRINEOFELEENDLDT, ZOFHIE
FIEZRTT o 72 (B110). & RINZE DK & W #E A REHR %=
W TERINEE & SBROIES Y ORGRZRD, BRIGE
2 & 2 SBROILKR O % RO D OEJME L S 7=
LElwizd 0%, BIABELREE L7, % EELIX
Scheimpflug R OF-¥EFEE TR L 722 (B 11 B).

a2y b7 A MEEIZCSV 1000 THIE L, 3 cycles/de-
gree(c/d) 75 18 ¢/d £ T® log contrast sensitivity M
A2 TEFE TR 7z area under log contrast sensitivity
function(AULCSF) Z#5#Z & L 7z. Scheimpflug & T,
B DEAL & D DERLLDOBLELOSK & v b D 2
&L, HEOEA» S OBELSKE VD D% FEHANE
L7z,

2) # R

AT AMEER, BEAWNE T2 A B
TREETHPER N, FEAHAETEEEL L THL»6E
EERAEEEBOBERTNES N, T3> T A M&
E O AULCSF 1%, #ANREO I EEHNE L D

BIETLTW (4 12).

EXINZE (OHA) & 2> b 7 A MNEE(CS), HiAEGEL
fRE(FLD & CS, #THELRE(BLI) & CS oficia,
ZNETNEESMHENRED o iz (X 13). L EFENT
W & 9, AULCSF # OHA, FLI, 8 X UBLI &£ Y F
WU 7-fE1E, FEHEZmiEB 2R L7z (R*=0.499).
¥ 72 &R B, FHICEREICES L Tw 3 (p<0.001)
ZEDREINIZ(X 14),

3) /AN

BEAAROIRREFERDHLE, BRNAHERET
HHAVINTAVNVEEL, MENZTIA—YThs,
BIABGELIRE, BT RELRE, mRIGED & FHii L 7z,
a3 b7 R MBEL, BTATBELRE, BITBELRE, &
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Hartmann-Shackt > 4 —
- SLD Beam splitter

wavefront

CCD
. Video Camera

!

BOFTH

(RABED1/20EMLD
BEEDFH)

b HIF R AL TS RIS

SRINEC & B REDHD )

10 Hartmann-Shack (H-S) (2 & 2 BIHEELOFRE.
H-S GO mBEOThy» 5 ERINERFHEL, SBROMLAY » SHETHBELEZ T L 72, SE&ROIEA D g,
HIAEEL O, BRNZEOFEDLEINDEDT, TOWSBIRELIT-> 2. FHER, ERINGEDK S L
AR % AW, BWRINGE &SRO Y OBMRERD, BERNZEIC X 2 S ROUKOFHEE % BB O
D ORPME»SFZ LW b D%, HIABELREE Lk,

R REL DR 3> b7 2 MBEOFT

AULCSF=0.5 X log 3 c¢/d))+ log 6 c/d+
0.75 X log 12 ¢/d + 0.25 X 18 c¢/d.

25 ¢
2 F

2

=

.“z;

S 15 |

»

7}

ol

g 11 ‘

(=)} i

o

- 1 |

i 18 c/d
0.5 i
e 0
Scheimpflug &N FHHFEERE 3 6 12 18
=BAHELRE Spatial Fregiency (cycle/degree)

1N #ASELE LU O b5 X MEREOFEEE.
BHEELE, AKEEED Scheimpflug RO FHHFEEE N SRKD, 3> N7 A MEEIZX CSV 1,000 % A
T, 3¢/d~18c/d DEDZEME I BT 2BREDOMIZ, T3> T A MNEEHG O, area under log
contrast sensitivity function(AULCSF) % FiwvCFHf L 72,
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A= EEARE -
257 257 2571
2
£ 20¢ ///\Tw%\ “l
= Normal nange
[72]
c
3 1.5r 1571
@
S
€ 1.0r 1.0f
Q
(8]
& o05f 0.5
0 : " 0
3 6 12 18 6 12 18 3 6 12 18
Spatial frequency (cycles per degree)
AULCSF
Mean=SD 3.27%0.74 5.2611.02 6.7210.67

L *

1 * ]

| *

* 1 P<0.05 One Way ANOVA Tukey test

12 ZEANE, REERE EE0&HOI PSR MERERL
I T A MNEER, BANETIEIREMAEBFE CRER TSRS, FEANBETIEZE L TH2S
EZEHARBEROBEER TSRS iz, MANEE FEANERR, RO PIEIIED S kpoizh, 2
Vb7 A MNEEOKRM AULCSF 1f, BRECKANE TR TR S .,

A 6
d 51 4 a
7 4 °°u$ '
I Lals y = -3.3453x + 3.9739
7 3 r=-049
ZI* p < 0.001
2 a
2
0
0 02 0.4 0.6 038
BEXUNE 1 m RMS
C 6 -
y = -0.0004x + 4.4381
= 5 | r = -0.492
i %op %a p < 0.001
. o &
5 4 A AL DEIE,‘ a
X 3 F a [= -]
~ a a A ,0@ a
BT o w®
-
.
0 , ‘ .
0 2000 4000 6000 8000

BARELRE

y = -0.0676x + 4.2975
r=-0.424
p < 0.001

izl SNNIE AN
w s L4}
D
| 4
o oy BB
.U; }u
3
[ 3
o 14 >
> o

0 10 20 30 40

I 77 BEL R 8

18 ¥ PSR MRERE(CS) LB/RINE (OHA), RIARRELLREL (FLI), #I78ELRE (BLI) DRIFE.
A:OHA k£ CS, B:FLI £CS, C:BLI & CSORIci¥, ZAZNERZEADHBENIED sz,

RINZDEZ L AOHBEERL, SRR T &,
a2 b7 A NEREOTFHIE & SEHEMEO I E R AER
oIz, Lieh-> T, HIABESRE, BTHEELRE,
TR 2 BEIRANCERl 2 2 Lic k0, IRBEREER D
FibE R CFHiRTRE Ch 2 L F 2 iz,

2. WEEES L UREREESICEH L., BEARN

BEDIRHEEICS X 228 NFHE

MIETKDIza >+ 7 A MNEEO TN Z2HNT, @

PR E B L ORMREE AP L 7, BEANEORER]

T, BHEOEED, 2> b7 A MUEOERTICEDRE
EHFGLTw 30 EHEST S 2 & a2l

FERFI 1

T4 etk EIRSRAEICEBE O REANELZ G T
BY(15A, B, E), BIEH 0.9 Th-o7%. 2
M A MEEIIBEIVETLTEY (®15C), Hum-
phrey fEF THULER & THE RS KA TWwiz, Total devi-
ation & pattern deviation \Zfi#Ein3H 5 Z & (M 15F),
H-ST, spot DK, Thbs s (K15D),



820

6 -
5r %a, 8
o :D DA A
4l o B - MR
£ o 5" o e o FEENE
i = CER
o8 a6
2 L <
2 AULCSF=5.652(0.042+FSI)
1 - (0.000265*BSI) - (2.133 *OHA)
0 L
0 1 2 3 4 5 6
FiBlfE
R2 AIARELRE  #ARELRE SRIGE
0.499 <0.001 <0.001 <0.001

X 14 ZEEREFTICLS, O3> X FRREOTFAEL

BHAER S L CIEEFEE2EbE 2 T4 IRZ20RIC, AU-

LCSF %% Z 8 #7112 X » OHA, FLI, 8 X U'BLI X
DFHEIL 72l L, EHEEE ESwEE 2R L R2=
0.499). F7-&FEE, FHICZNLZTNWERECHES LT
W3 (p<0.001) Z L3RS N,

HIR=EE 108% 125

FEEHARES T Y TR MREDETIREL T 2
LR INT, Z OEFIORTTEELRE, BITEELR
B, BRNE»S, BXEEEDAICEIEZaY N T A
BE (AULCSE) 2 P32 &, a7 A NREDHE
HE & IZIFEREFTH-72 (16 A), 2 hid, AR
X AHMREED, 3> TR MEEICSZ BEERD
BnZeRRLTWS, EE, AAREFEROBITRIC
i, IV MR NEENEEHBENIC EA L (K16
B).

FER 2.

48 B, AIRICHEITIC L 2 HEEE AN
ErapL Ty (M17B, C), BIEHNI0.2)TH-
Jz. PHRant a7 A MNEE (AULCSF) & 0 52H1E

OFMETL T (17 A). iR (0.4) % TlHE
BL, 27 A MRESREICHE LU, IEHHH
IVIETULIRETH-72, 2DESWE, I~ MF X b
R O FRIME & SEEIE & O ERED D 2 5EFIT, TR
ENEEFGFA L D 22 VET L Tw3551E, ARED
FMOMIIEH B H, MO b T A MNEREDOWEI
WERANH 2 2 & lTET 2 6 TS
sent 2B 2 GE BRI DEFZ o,

., informed con-

CSV-1000 Contrast Sensitivity

1 4 “L(n vm |

: ‘..I.L\n;f‘ )

Total Dev. Pattern Dev.

15 BFAEICEBEANEZSHLZBROEMN Doa> 57X MRRE.
4R, EIRFARICEEOFEANEZEHEL TBY (A, B), BERIZ0.99Tho7, a v T
A MRREIFBREICE T LT Y (C), Humphrey B CHULER & TRE R KA Tz (F), Total deviation
& pattern deviation IZf##ENH % Z & (F), H-SERT, spot DILK, I3 H s 2 e»s D), KEHAW
Eosa > b7 A MREOETICEHEL T Z MRS,
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6
A B
54 %> b5 % FEBIE e,
.' ‘
: ‘.. [ ]
kh b o0
4 || EREEHE L0 ” .:’
b 2.
w 31 AIRI> b5 X hEAE | - 4
; E . ook
< 1
2 1
1
[ M|
1
1
1 | ; : el
Mimia > b 9| A hFHRE Spatigl Frequen(?y— (Cycles1 ier D;r%ree)
|
0 ; ; —t ; .
0 1 2 3 4 5 6
AULCSF F#81&

X 16 EAI1NI> bTR MEEDFIEE & EAIE,
ZOREFIO, BiHEELRE, BABERE, BXRNE» S, BXREEEDOA L Z TV T A MEE
(AULCSF) # ¥ 3 2 &, 23 ¥ b7 A MEEOERE L IZIZFAETH-12(A)., 2O LiF, AR X
2HMREED, 3V NI AMREILEZ 2END RN EERL TV, EE, ANEFROMTRI
X, 3 ¥ 7R MNEENEFRBENKC EF L7 (B).

A

w \[
TR 3 {9
N
(&]
|
=)
<
2_
/”
RFRIC L BBET(L

0 T T :

AULCSF F#2{&

X 17 =BEEMEEZENEL ST LR EER 2) > b 3R FREOTRE & ERME.
A8 IR AME, ARRICTEEIAIC & 2 MBS L MANEZ &L TB D (B, O). MIEKRN0.2)Tho7:.
a ¥ b7 A MEE(AULCSF) i3 PAEE & 0 HAEOIE S 2MET L Twiz(A), Miggiifnid(0.4) £ TEIE
L, a2 A MEELBREICH LY, EFHEXVETLRETH 5.

FER 3. SRS BT IS TER #PC gEE L,

72 %A, AR LT I HNEE R 4 U E S FEB 4

T(X18 A, B), fiipiOBEHRTIF0.7)TH-o72. 2 64 W BN, AIREBEZME W ANRESEHE L 7 ER T
YR T AN EEOFHIE & EEESIZIE L TWw (418 D~F), fiiaiOMBIEHRI11Z(0.5) ThHo7z. a3 >~

(E18C). fitkicHiizQ.0)0cdEHEL, 27 A b k7 A NEEEOTHME & REEO I REENS R S iz
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C
#3 BB 7L 6 #4 BBLM
+AnkE +AnkE
5+ L AP
*
% of
AN
#3 1i72(1.0) .
41 . o o:..
o REY 4.
= ® o
W #3 1f781 (0.7)  ®
w 3 o
n
8 4 4i5#%(0.7) o
2D
<
2
k4 4E1(05)
14
0 ‘ ‘ : ‘
0 1 2 3 4 5

AULCSF F#81&

18 B EBRMALOEHEGER 3), BME L BHMEHEEHE (EF 4D, 2> PS5 MNREDOTF

HfE & ERE.

FEB 3, 72BN, EREBEAAMRICOWNEEZ 4 CERTA, B), MEiOBEHRIIZ0.7)TH->
fe. 3T AMNEEOTHE & FREMZIZT—EHL Tz (O), Mgz d.0 L, 2>t
7 A MERE D IZIZIEFEHMA I U, iR 4, 64K, GIREEN CHNESEHE L 72ER T,
(D, E, F), MiafOBERIX0.5) Th-o7z. 2> b7 A MEEO TR & ERED b\ 72 1 fFEEN R
57z (C). MHEHEIIZ0.7) FTHRELRZD, 3 I A MEHEEIEL 2o 72 (0).

(M 18C). fiEEINZ(0.7) FTHELD, 2> T
A MEFiZEE L 2o 72 (18 C).

2Dk, MED 5 WIZHHMREE I ARES S
U7HEFNC LT, MmN, BT & U ITHEL % #
ET5E, AN X 2 HBERIETORENTFETE,
% 7o TR & EREO B ORRE 2 &, i OHERE
BOWREEICOWTHIITE 2 £ F 2 o,

IV MEXAFREAOCRES A 712X 3%
B o G2 W

MR B OZEE, LT WEET (OCT) DFiFic
&0, EGOEEES Do Shie, EAIIEALE ok
fbd, FLWIHARO OCT TRAFEL Wb T 3723,
WA CTOFMTH Y, HMEOEE 22 2 L3,
Wt e %z s b, FHfifEE ZXITHNCEREIT & i,
cone dystrophy 7¢ &, WA #E L WilEERE £ D EERY
WK TE 2HEELD D, HTLOLHEZSHEE L LT
s h s, HMEO KRS X, 2.5~8.0um? & %D
FWROBE L Wiy, ZRITEERE LTHS 2572
WITKE, B BT, TX3720INEOD R BHER
THET 2 LENH S, BONERITDE VRBEN XL
e, WET S EIGENAKE RS (K 19), TE,
KEEERFCTHEAIN T BEHELFOREM 2w 3

&, HMlEE SR T RITNCEBETE 3 Lo HRE
73 Roorda &z K h#E I Tw 3, Willlams 590
EFRIFIREKRE L, BROCHERT 2 2 L 3WEE g7
W, FxINEMET 2 2 LItk D, BRTERTTREICZ
L REHIBLIEE ZERFL /-,

1.5 &

R 2B LTt MBS & R S ARG H
ST, REEFROINEI L DEALEmIEZ LT
W3, InEFEEX Y —Ic XD ERETHEL, N
EMET 2 EES 2 EHGH) K%L 212k, IR
&4 A Z RS NS HOWH ZMIET 5 2 L 8ATRE & 7%
5(K20A), #O#E, 6mm OERETNESL 0.1 um
root mean square (RMS)EELITFIC E THIIET % &,
BonIRERIZ, HERIICHEE IR EE RO fEE R
bOZkicns, ®RF, WAL 7 —2Hnizar
287 b IR AIRIE S X 7 %, (BF) Topcon & 3t
FICBF L, IEFRICE L THRE 21T 72 (K20 B).

2. # =R

EFEAD TR LT, fEEFREHY, 6mm O
BEAZRICB W TNESL 1.39 um RMS Tholz b D3,
0.15um RMS TCTRAIEE ZEBHRETH D Z &0
m~aNTz.

EROIEHE ADIRE T, HLE»S 3 ALBHA OO
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mE  PSF wWE
(BRULE) 0.5 1.0

imm

’ﬁ 4mm

(0.19um)

6mm
(0.57um)

7mm
w (0.76um)

19 EIR e ERIGE, PSF, HBIEGORR.
45 IR BEM DR EROBRINE 2 EAEE2EZ CTHEL, PSFBIUOHEGHEZY S av—yarLicd
O, BEFLE 1 mm TREFTFOFET, #EEERIIZT 225, 2mm TREH, NEOEERIZEAEZT RV
7o, MEBRIIETE %5, AR I mm L ETIR, BRNZEOREN, WMIKZE &b IR T 5720, #

=i
Bt 165 5.
X 2 REx,
| Z z z Z (IUEHIE)

EALRE
—
EEtE Y-
(RERIE)
E-...

(0.22um)

2mm

(0.04um)

3mm

(0.09um)

WES hZER

REAH X Z

e

20 wHENFRERV-REREZRRED X 5 NDFRE,
IREIE 28 LTz, ML & K S NIBSMCET HH S iz id, IRBRERERDIGEIC XV EALZKEE % L
T3, IRERFEmE P —Ic LD ERBETHEL, INEEMIET2EE2UEAHICELZ ZLICLY, BE
HAATESNINOWHEEMHIET 2 2 LWL 55 (A). ZOFER, BonREGRIE, BHRICHE
ERAATRE L MBRER B D 2 L2 5. WA I T — % FWwi-a 287 N IR E ARE S 2 5 &3t
FITHFL, IEFIRICNL TR %21T-72(B).
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A LBk )3 LEEMA

HESL L

Curcio CA, J Comp Beurol 1990

HiIES3E 108% 125

18 0.3° (87.5um)

B < >

HWEH )

21 FEEXAFREAVSEOHEGROUE.
EFADIRET, FOEL Y 3 ABA O OME 2, #EEFRICL 2MHIELRL(A), BIUMHIED Y
(B) T L - BE RS % &, MIERICIIHMIIAFFHIMEE R EEICSE L Tn»b ek, ik
KU7Gh o, BHIOREZS5umPFTH S 2 ermIniz(D). Zhid Curcio & 23 FEHIRMERIZ T L
TR DOMREERAL TR L 72, HMREOER L BORER & & -72 (0).

MLz, FEEERICL2MIEAL, BLXUMIEDD T
Lol EE NS 5 &, fIERIC IS FH " HE
BEECHEL TwD I ERanz(K21A, B).
WRLUI G s, FMEOREINSmPFTHS I L&
RRENTZ (K 21D)., Zhix Curcio 529034 H IR HEIK
WX U T RIRR O MABEER AL CRAEN L 7- R O EZE & 1FIF
—H LR -7z (" 210).

FUMRED, GIRPLE»SHH0.5~8 £ TOD
B IREGR 2 REGE EE S E b 0 %K 22 105
L7z

3./ &

IEFRICH LT, MELFEREzHVLIREY A7 2
WHIERFOIREROINZE 2 FHIET 2 2 Lic & 0, HHfl
ROBEL THBRE L TE S Z 5N AREENR SN,
SHREGREPEREDLY L ZEICLY, SfFfER2 T
X, 2O R % occult macular dystrophy @ X 5 72
BRI LT, SRR 2 ZRTTH R R L LT
FHii T2 Z EMNFREICR 2 EFZ SN B,

Ve A R SR B O A R AT
5.2 s 5%

1. BRARSIRIKIC & 3 BREREEERE O HEERT
Bl S s nic GG, KT 2 PN E oM T

H 2 BEAifE s L O AT OBERE 2 L o I FHE 9 2
»ICBL T, HauiEinsshTtuiroiz, fE
ZWRE LT, ALHEEO9H 2 WIdFEERIC X
2 R EHE IR OMIG 2 RET 9 5 102720, Bt
HRTRTE L T 2 »E L 2 MREAICTHET 2 & & 250
Bris,

Burian-Allen Bl a > % 7 + v > XBIEMR % v T,
BAEMCREE 2 BRI T % &, phosphene & FEIE
NAELOEHE, BLXUBERNLERBMNLEONDL Z L
X, Pots 59B X UZESN T TRRHEL T3S,
oz &0 EE L MRAFRE S LT, ZHE VA%
AulRARNESHE I L VFERSN D, HERLK
IR EIE ST 5 AEREFEL (K23), EHEIRE L 0K
BREMIRIC U TRET L 72,

1) i

45 et AT U MR RN (K 24 A), AIRE
JEFEFE, BRERBERETLETh-o7, BRAKNI
HEREE SR 21T 5 &, Bl & phosphene % /& U I
U, BHMEZ L2 & 28 T phosphene 23 &H] &
niz (X 24 B)., BEFLKIGIE, 550 uA THEFES L, Z
OIEFI TIEMAZIE LS ELPEEFEL Tukhol
S, MR AR OIZIZ SR TEREL Tnwb 2
EWRBE Tz,



SR 16 4212 H 10 H

A

B L WSR2 7 A DRSS « A2

22 FEimBaB /N / 5 <EREE.
Bl Ut D, AIRGGED S HE 0.5~8 F TOHRMEREG 28 OIREEE LGS ¥z 0,

Isolator (WPLA395)

BEFEAFCERTA =D R)

Fal 08 L I

EEB (Burian Allen®! )

—

B & #phospheneRi &

RfE
Hh REHE

RS

10ms/48  —HEMIERIRER
EFEE  150-1000 pA
SEE 20 Hz

INILAREE 20 %

12 20
nn

:
i U ..... || 150-1000pA

10ms 20Hz

23 RAKRETRZIZ L % Phosphene 8ZEND S = —7.

FAIEC AR 2 51T U 7212, FIRGRRER] (Viscoat®, Alcon) 2¥45 L, Burian-Allen B[R]0 I EAR % A5
LREE L7, PROEMR E L OBEBOMIC, ZHEERREIC X 2FIEER (10 msec/H, FIBHEE 1 20
Hz, /v 2#20, FIEERE 50-2,000 xA) %, FESEE (HANE) B & U Isolator (WP 2/ LT L

TR 21T 72,

825
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24 SEITL-BEEREMICX T % Phosphene 17,
45, ET L MEAREEA) 2D Y, ERES, FER, BEHRFBEIPLE T, RARK
BB SRS %175 &, Bl 5 Phosphene 2 U1 U®, EIfEE LIS % & £8{%F T Phosphene 23

BAis iz (B). BEFLIGIE, 550 uA THEFEI N,

2) WERB XU

IEH# 8 4 8 HR CFH94FHR 33.8+6.5 %), B X UHEfT
U 7= #BIEZE M B 17 91 17 AR R4S 50.6+13.5 %)
WXL T, KIRKRFEFHMHEZESORRELET, &
HET-o%., HEOELHRIZEFFHEIERT0.01 LT
T, Ihxdsi, POHEBERFE n=13) & HIHE
B (=4 12550 THRET L7 (K 25). FAABRERE
M E T2 X D, Stargart 5O EFER & 2 W &
NIZERTH - 7239,

A SRR 2 AT U 728, AREREER] (Viscoat®,
Alcon) #¥:47 L, Burian-Allen [0, H &M % /A5 -
WEHRE L7z, PROEREFIOEMORIC, ZMHMEE
Iz & 2 FRSE BT (10 msec/AH, HIFAEE & 20 Hz,
2OV A H20, WIBEFAE 50-2000 uA) 2, HIEEEE (H
A7) B X Wisolator (WPI) 2/ L CTHi L CHIEL 21T
572 (4 23). BIEBRMEIZ, HEOWT» DI
phophene % & U 7z i (B4 &), (2% i< phophene %
REUC 7o (PO BIE) , EREFLR ST & hu e il (R
FLRIGEIE) 1200 CHIE U7z, R FLR G 13 5 T
FAEBRA b =27 2) 2B THIEL, #EEZK3 % D
LTh o 7eGE Mg LS (+) EHE LTz,

3) R

Phosphene % /& U 2% B{EE M X, BIE, H0BE
B IEFEFICHAN, FOEEREFL, FuORHERFEEI
BLTEDIEL Bo Tz, TRTCOEFT, HulE
“C phophene 2SEHET & M7z, RIBEFRE 2,000 uA 128
WT B EFLKIEOSFHER S e WERNE, FOREERT 2
D THRTH -7z (26).

I & FLBREORGRE R 5 &, %< DEFNIZB W
T, BMEZFORIE X VIREICE WY, IZIZFREOET
Bo TS, —EBOEFITIEFLLEIELRIE & D FEEE R

LCWw/z (X 27), %72, #J7& phosphene BE D B %
PRETT 5 E, MEDPDHTLOFATLRWI EDREN
7z (B 27).

4) /N

77 0.01 LT OHEST L 7 R ZE IR I 8V Tid, 1E
HHR L D b phosphene DEESEEICE P72, 1L
1%, FREIFERCHEEOREAERICB W T, BET 2/
FE S HE L BOHS EEBEER T 30% FRE IS L T 3 v
D RE OV ERERNC R TRER EF 2 o nde, B
BEFLE T, FOEEERER TR o iz, Fubi
RGO LR CTREORIBERE T b 0FE S Lk
holeZ s, FULHEREIO STHEESE e LT
A7 3 2 MR AT O B A e WRTBEME DS RIR S
7z.

#1771 & phosphene BIEDORR % R % &, BiE, SR
fEEd, 70 DIROABEIFEHAOR L VIEVEE
W5 ENREN(K27), FRIFHRIT & R RE i HT
JEOBEBFOBRENLT L LFATLAR W EREB S
7o, 2o OFEFEF, ARG O HE)IGEE & SR
3k, avy 7 v XBIEMIC X 3 phosphene D
BIERENER TH L Z L 2ERT 5,

2. BRARESREIC & 2 FIESREEROHBIRRE

3:]

W2 IFLIET, 7 v b OFMRUINR, BRI ICE
KA 1T S &, 7 BRI I SEALE R C I Has
FEHATHIE (RGC) O AEFER M 50% THH DXL T, 4
TR 0% CE T LEAT 2 2 L 2HMEP L. K%
CBWTIX, RAKREBSREC X 2 0t 2 BEH
WS, RPN U CHREE D b 2
M ERRE LTz,
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25 ETL-MERAREMLNHEE.
FEIERS7 0.01 DUTF 0T L7 AR R 2, FLEEREE (n=13) & AIHERFEE (=414
ThET L7z, BB RER BT L D, &f Stargart iIRDEFER L 2W S NIEFITH - 72,

1600
1400
1200

1000

e

=
=

800

(vn) =

600
O:E% (n=8)

O: ADREHZFE (n=4)
FDREFTERTE 1 B (n=4)
W DREFEF 2 B (n=7)

400

200

**1p<0.01
*:p<0.05 vs normal

Bl bl ERiE LR GRE

26 Phosphene DOEHEEE & X FREF DR,
Phosphene O BIEEFME X, T OREBAICE U 2 BIE (FEE), B L OCFuLEEICRC 2 dulBE
&b, EFRHECHN, AUEEREL, POEFRFEHICBLWTREE L Zo Tz, FIEERME 2,000
#A BT HBEARIGHFHER S N WEFIZHOEFRFE 2O TIRTH- 72,

1) /A & MfT- 7. WIEERIE, 100 A, 20 Hz, 0.5~3.0ms/

v bOERICESYE TH 5 fluorogold #1FEA L phase OWFHEETZH SV A 2 w7z, VIl 15ER# iR
LHEf#®E, A7y b ORROFEMRE 2L, B BRafEH L, STHICAERE S N o M S o 5
WAy v REMBERD T, ESANEE 1K ZEHAIL 72,
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27 #H7$ & Phosphene B{EDRIZ.
Phosphene B i%, 23 L dEREHRTEFATLR W I LRI Tz,

Revese transcription-palymerase chain reaction
(RT-PCR) @ 5% 1%, B &M #4100 A, 20 Hz, 1.0
ms/phase O SV A HE) D% 1 K%, 1,
2, 4, THEROZNZFThODORET, 7 v MORZHET
THiH L, Mz L TfTo 7z, fi L zfgiac > w
T, RGC Iz U THRREZNR D B 2 4 DD F B HHE
KENT £ Z DZAEMEO mRNA [brain-derived neuro-
traphic factor (BDNF), trkB, basic fibrobrast gro-
wth factor (bFGF), fibrobrast growth factor recept-
or-1(FGFR-1), ciliary neurotrophic factor (CNTF),
ciliary neurotrophic factor receptor (CNTF-R), insu-
lin like growth factor IGF-1), insulin like growth
factor 1-receptor IGF-1R)] @5 %, £® mRNA OF
HWOEILT 2D»% RT-PCREZHWTKRET Lz,
7z, WETOIGF- 1D RBEE DWW THNS 2D, i
IGF-1 fitihis L UMD 7)) 7HIFETH % 2 = Zflifg %
134 %P1 glutamine synthetase (GS) ¥k %= v T 2
B L, BESHEE O IGF-1 0N RERIC D
WTHRET L 7z,

2) & ®=

RAPRESHRIEE 2 FWT b, RNz EEES
R 7255 FRR, TRA7 3 % M S iE o #5030t R
BECHR L C, BRECHINL T»iz (M28B, C). #ifx
KERTB L U228 MBI d % RT-PCR ORI,
ELH LI IGF-1 mRNA O A ICFHEBRA LR L, 20
DB TP ZEEDO mRNA C&biZ Aok
o7z (K 29).

IGF-1 ORJE RRG 21T - 7R, @ O T,

IGF-1 &\, WEFRBEMIICH S FEEHL TWEH, &
SRz 1c RGC T, WHERIE~ & IGF-1 OFEBLD 316
DYIERL, FREELBZ, 14 HEE THRESEH L2
(B30A), X512, IGF-1 &£ GS 0 2 B furiTo7z &
Z %, dE OB TIX IGF-1 13, Miller fifgio x>
7 v MZTFEAEL (K30 B), EBXFIE L IZ, Miller #ifig
FABH & Miller Mg Mifafd 3 < FKIT % 2 & DR
XN (E30C). ZDkE» S, Miiller fifid 23 IGF-1
DEFEWNCEE L TWw3 Z e aBg R I Lz,

3) AN fE

RABRELRME L, BIFT 2 MR Ei i o 68
T B2 720 T <, REEHR RIS 3 5 ik
RESR Y H 2 ENREINT, DTFHEEL LT, BX
R RN MR E R F O — D> TdH % IGF-1 D
FWNEFRT 28 brotz, 512, St
DGR, IGF-1 D&, 43w Miiller Mg B 5 L T
W5 I ERREE T,

MO BLHRENE, 7Y 7HIFIOBRIEIC & 2 iR
NFoOELZMEL T, MEREICLAERTH 2 Z L3
SMITE 5Tz,

3. BARESREIC & 2 FESREEROHIRRE

DERRIGF

TR A7 JEEE STURIIBLC & 2 MRSt STAR G O IR FERIR D 5
Bt x5 % 20, RKIRKFMBEEBS O (PR 15
F£1H16 H) 28T, HLAHREEDREFNCIT U TR MIEE
SHRIBGE R 2 ERERE L UCBIA L. & ABRE SR
BRI, RABESRIENC X 2 M EH L O EEEST
iR IcHE U T TV, HIESIRERTIE 30 43 & L 7z,
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Normal Cut

Cut+ES

« o b

narmal cut sham 05ms 1ms 3ms

RIBDSELE (/3L Z1E)

28 RIGRRUIMTE T IV ICH T B IRAREI R DR,
FEARESHIB (A LD, BET 2 R ETHINE O B e & i L ¢, ARICEIML <wiz (B, O).

C 1th 1b 2d 4d 7d

C 1th 1b 2d 4d 7d

ontF-r [lael -l
S -actin

29 RARETIEERIHED, HHEAEERERFICXT 5 reverse transcription-peelymarasechain

reaction (RT-PCR).

RN T B L U2 0RZFHR I LT RT-PCR %175 7245 58, BSH# C insulin like growth
factor-1(IGF-1)mRNA O AFEE N LA L, £ OMOMRERENTLZERO mRNA cZLIZ A 5k

oz,

FEBI

64 B2, 72 AR FES R I AR RE O &2 E # (FRE 6
MHB) L TRABRESREIERE 2T (K 31A
~D). av¥ 7 bR X BREOMAKEEDSN,
BE RS otz 30 HBICIEEIH0.2) 05
0.5)EL, FuLh7 Y v A {ED 15Hz 25 35 Hz 12
WLz, SREFZERT, BRI 2%A
PEE SRS L2, FOMECEAL TR T2 FETH
5.

VI SRS AR
I H PR ENT S, HITEHRICHRITH % C & D3

B 5NT W B AN G DR RIEIC 5 23550
b 2, SIROFUEBREESEE STV T
BEL S Z s, FIEREIC ST 2 MREHEES H
WHERCEETH S Z LR T 5, EEONEGERE
&, HEBEEMEIC B 2ERICBEOREEHWT
(K32 A), SARBEDOFHI 217> T 212X 2 wnas,
Trix, REIRZY) =22 HOTIUEREGREFRRT 5 Y
AT LEFFEL, FERERC B 2 AR & AR
WWL72:(®32B), RELFEERAWTRE RHHETKR
ELULRER, EEATIIAZL2 T, £HE2EZT
YIRS H 2 2 LR ENTZ (K 32D, E).
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Mer‘ed IGF-1

30 RARSSEERHZOMEIEICNT 2 IGF-1 NHRERERE,
IGF-1 OEHBR O 2To SR, B oMK cix, IGF-1EHIZ, WEREMAITIZH AR L T3
», BRMEEZIC (RGO E, WHREA L IGF-1 OFBROSMABIRL, FHHEDHEZ, 14 HEE THE
PHRFELIZ(A), &5, IGF-1 £ (GS) D 2 Btz To7c & 25, WHOMETIZIGF-11%, 27/
Box>y F7y NMEEL(B), BXHEEE, 2 7MBERAREE I 2 SHBEOMBEERICGES R T2 L

R S Nz (O).

1) &

56 & 2o, EENTH. AIRIELIETD & WAL
DEFT(0.07) TH > 128, ZEHRICFT A IMAE S BEE A HHER
L, $877(0.4) &1ET U7z 7 O EBEREIMTASHTT S L7z,
ZRREITIZA.0)ICEE L2, ERTHITHRE T
bolz. RHRFMEL, FIEMSIAEERE % T L 72k
R, TH10C OFARE CEZES.T, HEDT OFE
XU TR U7z (R33). HEAEE TR, REEE
TEERFT VIO E o FTICAJEEIC K 5 Tz,

2) RRB X OHE

R, EEEEIRRHAFM 21T > 72 12§ (s
BEZS M 3 , AT IMAE R AR BEAE 9 ) & L7z, SEER
13 60.0E10.7 FEAMERE 712 0.2~1.5CF#5 0.46), xR
71X 0.06~0.2(F 0.14) TH - 7z,

3) M R

SEITTAIC BT ERERD 72, 96T
HEBPTED >NT, T0DD b 5 THEBE, 4HTEHRE
BHORETH > 7o, EHRBE BB THK T 2 &,
FHOWCIFERE TRV, SRR, mEROL L (A5
RS2 i WERD B - 72 (K 34).

4) /N

KEIRA 7 ) — 22 Ol IRAREEE 2L, B

TNIEEHZPHIET 2 2812k, kB TE kol
JAAHEIE 38 BATARTIRRE R M L, R 20° & T
VHEENTIRETH 2 Z LR ENT:, HB IR ORE
BlzBWTd, FIRESTREREGRH Y, HELE
I BT 2 MIRARAERE O T 2 5L DRI REE SR S h
7.

I 8 b

HEEREMREL X, BE O Z 2MEMICHHE+ 2 ET,
/B EEENTCE L THERTRTH S, INET
&, PO BANEESITIX, BEcL2a> I A bD
ETFBRICXDOFEREHHIN T & /. BIREH DR
Z%, BEL TS TE vy, MR % Hik
Do Tz, IAEBF S N WE L v —I3, REOLY
FRONGEZMEANCHIE S 2 2 EARET, AEEIC L
D #8 C HEIRER 2 M A3 5 2 & SRR 72 o
7z, WIAEAET, SIETRIE LA LR WHEIRERD
TEFNC L Th, MREEROSBENEE L >~V —CTRah
Wi, Filiz T T0 26N RHAE L2 enREN
7.

MR AT O BERERHIN X, A TR OWgED & 4
FNIHDTH S, bR ERZIY R AREM 2=
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31 BTSRRI ORI 5 A RS ABRRAR.

64 7% 201, 7 HR AT A2 A PR AR MR oD 22 5 U (SR 6 2 8 13k U TRt A B SRR I 2 1T - 72 (A
~D). ¥E# 3 »HBICEIIH0.2) 25 (0.5) dEEL, Ful7 Y v A {Eb 156 Hz 205 35 Hz Ics# L 1z,

T liE, ETUHEE, HMiERREORFEICE S TK
ERfEHE LR 2D, NLHEERIEZ ORIREMEN H 2 iHE Ik
Thb, FARBESHEIC X % phosphene DWISEIE, 30
FLAEOEEDD 555, NTHENIREE > T& 7z
A, EMOEILEZHRD 5 LT, ZOERERVFHRHS
n, BILRILEMER T X =% 32, RPFFEHLEHIR
OB THRIIO Z L 2RI LW,

BRI O MR AT B 3 2 0f9Ei, A TREmE
1 & B A SRS, R AT 5 2 5B
R27:0fTo /e oBonizbDThs, KT
BRI & 2 N LHEBEOWISE %2175 T % Chow 5390
TN—T%, BEEEOALD, HRRESRE D67
ZEERELTWE, AR TR LU, BRI O
HiAII AR EEE OEEIRIC X, EEEZEL SRR &
WOBEREEOFE—H vz 3, SEFERLELEZEHEL
T, SN EMZASTFTETH .

Faaikz 51ch/:0, ZFIcbl: 2NEDFKRICH L CTHE
ROHEBEDWI W, iR BHIRICBHHL LT F
T, AWFFRICB WL, BKROBEGTES B ->Tw
o2 &, ETEEET, LV EZERT 2 2 Lick ViR
wa iz, zO#EBTHEDORHE, HROMBNE Sl
T, BERY A R EEMEY A ¥, BEWDT7 4 —V %X

CHRELRMNONRTEILNEETHS I ENTH I
7z, FBEORWEEY v — 2RI, BB
21X C® &3 2% Topcon WFSER D2 & W72 L £ 7.

%A SURIEOC X % phosphene OTFSEIE, & BRY
DZFEEZEHZD, 20 ELL LB CHEL S W FETH S
B, KT TIHEILKIE E WIFLWST 2= Z2HD Al
T, ANTHRYBESERE DML & WO Bl CHat 2Nz 7z, Y AT
LETENLT 5T, HEOEREBHZ TV, Mk
BNZEERIZD > TR P W ERHT 2 I Lo L+ 5, &4
ERFORET AL L% T,

MRS D, MEERITREDOTITRIE, RIKFIEER
EHZORE EZREOTHEECLb0OTHS, EEEE
D SEERIGH & WO BEREROEEHV TV 2w, &EH
BZEIUD LT 5, RKRKFIGRERT OIE T I EH
LEFET.

BRBRICERIIZC I L T Wi vz, KRR #
FOHFHREERZ I U LT 2HEEDIRE T, EREER
B L UBERPZEOE@ 2 HY W 720z, KRR G
R EREOBRCHLEL L &9,

B, KSR, CESRIFEA RIS E Y &R
(C) BHEES 14571670) B L O, EAESFF@RIFHIFE /£
(H 13-&HA8-014) ORIBI 2 3T 72,
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w~anz (D, E).
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TH10" TR (+)

X 33 HEBIFEENT+ FIRFMER, BELIAEH R L - EG.
56 meZc M, BT, AR DT & 0 HEEE S H D HI7(0.07) TH o 723, ZEIRICHT A ME B ETE S H
BL, H1700.4) LAET L2 7- o W EMT AT S Wiz, ZREIE (1.0 |8 L3, SETHTRHE
HTho Tl FHRTIE, FEUEIARRE 2T LR, TH 100 0 IRB CEES. 7 HzE 1 0F
izt U AR ASRAL L 72 (33).
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AEFE O HIREEERE 4104 & N7 AR P8 I BN KBRRE R I L 2R OBEETEH 2 &
S HBINTHBEMTROEMIRTH Y, BFERAKRERIR ICFEIND &, 2O E%
ARy, IRRITE, fEsRiao4ME, SF4EYY, KMEORBOESE I TR s oh
5.

ZDEITRD» 5K V) £ TEEOEEIC evidence based medicine fRHLIZ ® & K EHE, X
BEFHHD B 2 EZORMICH SN T WS Z M b s, sk, SHEAEREIIE S HEIKRE
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