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21 st Century Management of Glaucoma

Shigeo Tsukahara
Department of Ophthalmology, School of Medicine, Yamanashi University

Abstract

According to a recent epidemiological study done
in Japan, 2 or 3 million Japanese people are thought
to be suffering from glaucoma, and 70~80% of
them have not been examined or diagnosed by oph-
thalmologists. Therefore, the problem is how to find
these untreated and undiagnosed people.

At present, treatment of glaucoma continues to
be directed at lowering intraocular pressure to
prevent progression of glaucomatous optic neur-
opathy.

However, theoretically, there are three stages in
the prevention of progression of glaucoma.

In the first stage, diagnosis of glaucoma can be
done by genetic examination, before occurrence of
glaucoma. The MYOCILIN/trabecular meshwork-
inducible glucocorticoid response gene and the
optineurin gene were identified as the genes that
Although
Japanese patients have sequence changes in the

cause open angle glaucoma. some

myocilin gene, there are no apparent specific muta-
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tions in Japanese glaucoma patients, in the MYOCI-
LIN/TIGR and optineurin genes. Secondary glau-
coma such as steroid glaucoma, induced by allergic
diseases, and neovascular glaucoma, induced by
retinal circulatory insufficiency, are preventable by
improving the causal diseases, diabetes and hyper-
tension.

The education of doctors and laymen is important
to reduce the occurrence of diabetes, and hyperten-
sion to prevent diabetic retinopathy, and retinal
vessel occlusion.

The second stage in preventing progression of
glaucoma is to find the disease as early as possible.
In Japan, a physical examination system is in place
for everybody over 40 years old, in companies and
local districts. Therefore, ocular examination, spe-
cially non-mydriatic fundus photographs should be
taken in these examinations, and the film should be
evaluated by an ophthalmologist, to search for re-
tinal and optic disc abnormalities.

Primary open angle glaucoma can be detected
through this system in early stages.

In primary angle closure glaucoma, instruments
for estimating anterior chamber rapidly and accu-
rately are necessary for the diagnosis. There is a
special machine which can be handled easily, safely,
and economically for detecting angle closure glau-
coma, has been developed by Yamanashi University.
This machine might help to reduce the number of
angle closure glaucoma patients in the world.

In the near future, a glaucoma network system
should be put in place all over Japan. This organiza-
tion consists of central headquarter and local cen-
tral office. Most hospitals and private offices will
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belong to a local central office, and several glau-
coma specialists will work in central and local
offices. All glaucoma patients will be registered in
local glaucoma office. The information on glaucoma
patients will be communicated in the system the
through light fiber cables or a satellite system. The
patients can ask about their own disease through
this glaucoma center system.

In the third stage of glaucoma prevention, pro-
gression of glaucomatous optic neuropathy is
retarded by conventional IOP lowering treatment
or neuroprotective drugs. This stage compromises
rehabilitation of visual function, implant of artifi-
cial visual systems, and regeneration of retinal
ganglion cells(RGC). The disturbance of axonal
flow in guinea pig optic nerve fibers was demonsrat-
ed electromicroscopically by quick-freeze, deep-
etching method and, the decrease in numbers of
motor proteins like “Kinesin” “Dynein” and “MAP-
17 was shown in guinea pig eyes with elevated
intraocular pressure by immunohistochemistry.

Retinal ganglion cells have been isolated and new
findings have been reported using this RGC culture
system. Therefore, new neuroprotective drugs will
be developed through this culture system.

Nippon Ganka Gakkai Zasshi(J Jpn Ophthalmol
Soc 107 : 745—767, 2003)

Key words : Epidemiology, Prevention, Glaucoma
progression, Open angle glaucoma,
Normal tension glaucoma, Angle clo-
sure glaucoma, Genetic examination,
Neuroprotection, Glaucoma network
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1856 Graefe : Iridectomy
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1856 Mueller : Pathology of Cupping
1892 Maklakof : Applanation Tonometer
1905 Schivtz . Indentation Tonometer
1935 Barkan : Gonioscopy

1945 Goldmann : Kinetic Perimetry

1949 Friedenwald : Normative IOP

1957 Goldmann : Applanation Tonometer
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OAG NTG Cut-off IOP
Dalby (1980) 0.9% 0.53% <20.5mmHg
BES (1989) W 1.3 0.34 <21

B 4.7 1.09

Beaver Dam (1992) 2.1 0.7 <22
Rotterdam (1993) 1.1 0.44 <21
Blue Mountain (1995) 3.0 1.65 <22
Korea (1992) 2.0 1.7 <22
JNWS(1989) 2.6 2.04 <21
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JNWS : JAPAN Nation-Wide Study
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HREHIE —Cannon T-2 Z25HRER
18 mmHg P E1% Goldmann BRFEF CTH#
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2, 2) ABEFAMEREESEN DS, 3) mE
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2) EFMAN1 DT, BIFTRSEE ST TRARE],
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ZRiwe
R SR pAr
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hntin & & B ICERFRFREML TV,
% 12 Epidemiology of glaucoma in various nations
Race Age  Subjects Attended(%) OAG(%)
Japan NWS Japanese >40 8126 51 2.6
Tajimi Japanese >40 3870 78 3.92
BES White >40 1913 79 1.29
Black > 40 2395 4.74
St Lucia Black >30 1679 87 8.8
Beaver Dam White 43-84 4926 83 2.1
Blue Mountain White >49 3654 82.4 3.0
Barbados Black 40-84 4709 84 6.6
Rotterdam White >55 6756 84.6 0.8
Tanzania Black >40 3268 90 3.1
Singapore Chinese 40-79 1232 71.8 1.8
India India >30 2522 85.4 1.62
Mongolia Mongolia >40 4297 73.9 2.0
Singapore : Tanjong Pagar Tanzania : Kongwa
India : Andhara Pradesh Mongolia : Egna-Neumarkt
BuftbhizZtieh b, 2 OEFIE St Lucia', xR 13 EEENTHIREE
i 19) 20z B B PrSEsy " s
Baltimore'?, Birbados KB 2EBANOEREL VK % T (mmHg) | HEE
B\ s N > 7 N
< EADERECTHAS S 2T T, Ao o 0 s oAt
FRFBICOWGOAEDOERZBDEZET 2 DN 12 F% BES 5308  17.4+3.4 GAT
Thb. HANOBHIEARNEOEHREZERT 7Y Beaver Dam 638 15.4+3.0  GAT
HHRBAGRIVFET)D5.0%?, P41 > REED L Rotterdam 5673 14.6+3.1 GAT
e o 20) i 1 Blue Mountain 3654  16.1+3.2 GAT
NEAD6.8% & DRV, Lirl, HADHKRILR HAJES4EE 6876 13.3+43.1 PTG+GAT

VT ET OFETIEL1.4%", AWKV D 1.7%2,
gy TN ADLIIRP VTR HEAL DKW, H
RKANUATHEYT VD 0.5%?, ¥ ¥ FR=NOD
1.8%*, 4 Y FD2.6%® L VHARADABFET
Hoiz.
4, BERADEFEREFAEDFRENG LV DIEAIH
"7

1) HRADIEFEIREMEIX ?

1949 4£ Friedenwald!®%3 normative pressure, nor-
mal pressure & WO MR EFRKEL 2, HiHIZHARFET
HEIRE, BEIIEFIRE CFERE N, EFRE W
SDIE, HLrEMDL L DIEFEHZED T, REHAE%R

PTG : ZZ&QHIRFEE, GAT : Goldmann FESFIRFEET

L7, S SN BF Cic st 2B FTh
%, INECEFEIREME L CHRASINTET 21 mmHg
1%, 1953 4F Leydehcker®®ss K 4 v ADIEH#H 2 T AIC
DWW CHRERIE % Schivtz IREFTCTHEME L TH S L7z K
FT, FHEIX15.512.5mmHg ThH 5. KKk TDE
FPETO cut-off {H £ LT 21, 22mmHg, &% Wiz
24mmHg SRS N T w5, HAADIEHE & LT
KAD 21 mmHg 2B % & ENZYnE S, EFIRE
B ANEEND S Z EBHsNTwS, HRAMEDIE



FR 15412 H 10 H 21 HACDOREAFEZE - FIR 751
(mmHg) (mmHg)  P<0.001 p<0.001
16 mg
14 16 T T
12 14
10 12
10 @ . 1988
iR 8 iR o : 1998
= 6 £ 8
4 6
2 4
0 2
40~49 50~59 0~69 70~79 80~ 0
AR R
(n=215)

(él#ﬂr;ﬁﬁwwﬁ)

X 3 IERENEMIIBRES.
EEILFEEFEFEIC X 2 IEEE OFERAIRE 546 Tk
LEBRIBERETLTYS,

WIREELYRET 2HLELD 5.

HA 7 X L[R2l iy ZRIRES cHlE L, 18
mmHg B ED b D% Goldmann IRFEEFCHEEHIS 1L
TWw3H, EFIEEMEIX13.36+3.14 mmHg TW, 2
FHEREEEY &£ > TH 19mmHg » 5 20 mmHg &5 D
WK ADIEFEL VRO TH S, Lich->7T, 21mmHg
LS cut-off % 18 mmHg £ TT U7 & EEIRER
Wi, FIREEOHEREIZES RE 1 ? ZhiZDW»T
% Shiose?”3§ TIZHET L TWw 5, IEEIRE/FNED
BRI 2.04% » 5 1.80% IO F 225, JRFEFIHIEAR
W, FRFEEAEMARARETZ TN LEINT 5. &
LEHITARE Z L IEREECEKRE 1.37% »87.01%
WERT2ZETHS, BKOME CIXEREEDOHRK
RKFT~8% THhVH, O Lr2FF/ANDG L, AA
ADIEFEREME L TiX 18 mmHg 8% e wz %, L
L, EFIEEE% 18mmHg & U T b IEHIRFEREANRE
DFEFFEIL 2.04% 251.80% Wik 2BETHY, EFR
FERARE I HANCZ W Enw 51,

ZHERRAY T 4 Tld4 B Goldmann IR EF THIE &
n, IEHEIRFE{E 13 14.3+3.2 mmHg T Leydhecker @
15.0+2.5mmHg & W {E® TH 255, &EEEHED
HEVEOTH 2.

2) W7 Y7 REETIRE S »

MEE T OBEEREDRR TR IEFRTEFNEDEIRE
X 1.70%%, HETIX 1.2%22T, HARDOHME L DKW
PERCKEEE LR TE WL S TH S, FE, BEOHKET
TIZEFERC PAZERM ARRNED o 2 HIE 20,

3) i & ARE

HA2E 7 X HEESFAE T OIEEE O FimiIRE
fE1Z, e & HIETLTWS(K3), 1988, 1989 £
LR RRERT T OB A CIER L 2 S iz 215 40
SHRE S 10 FRCIREREMA %52 1F, 1988~1989 4
DOIRFE 13.88+3.04 mmHg #313.16+2.75 mmHg &
BT L TWwiz(p<0.001) (X 4). HA A TIiZ longitudi-

X 4 BE—@EAD 10 ERDIREZLL.
ZEAATREE 1988 Az R 1998 FIFIREMET L T 5

nal ZFHETH, %7z cross sectional ZFTWEHETHIEFEA
DIRFEMEIZETL TWT, FrcBtTZ oEmisEE T
b5, WRANTEOHCIREMISME > T REAT 3
5D, BORATIEEREREL R & &b Ens
%%, —%, HRATIRHETL TV T, IEFRERARE
DHBERMmE E b I LA T2 =KL Tw
2%, HIFEFHETOFRE L D CRERET T2
HEIRA SN TS,

4) AREE L IRE

Goldmann IRFEEF I AIRIE S 520 um DRI i b FIE
RETHM SN2, ABEEZMIC L 2HIEEE LT
50 gmZ &1 2.5 mmHg, 70 gm 5.0 mmHg, 10 um
T 0.8mmHg ORIET 2 & & TEOREMISGEM T 5.
N EOABEOR#E Y T RTEDT, a—2¥ 7L
HAADMTHE LIz OB 5 TH D, R FET
SRS T W2, HRAOABEIZFCKA &R L T
B, TAFE-DPRLARENEL, 7 AV IEED
BEAPROEY, HRAOABERIFRE & b icH# R
LEEEMN D 5 (F14)., Lizh->T, HRADRE K
® 12 Goldmann IRFEFF CTRigR S 11, IEHRESKANED
BRENEL %5, BIRFECEAKREIZEL, EFR
FERRARERRE TIZE WA i REEHETIIE2ED
AFEENTHISNT WS DT, ZORREPFND,

5) It LR

TR EFANEORARITE S »oF@ERSIN TS,
BRI HENR A& REe 2 4 13 7L EE A B R A& I =46 (PPA) &
WX, IEFIRERNRE I SHEE B S, RS
IMEBRIEEIC XL 2 L 8N TWw5, TR & FESH
HEIIHESEEI AL T W, ZOFRKE LT, T
W&o TREF MBS NIz a7 —7 ViR iast 2
BRI UMESIIc 2 D, TASRHE O B3R ik 232
SNBEZENFEREINTW S,

EHOHESEAE, hE, ®E, GBTa—Av 7T
L 0BV I L IIRRA RIEFFETIHI A TW 3, L
L, BEHNELE ORI O W THEF RN L2 b D



752

Thickness in Normal Eyes

optical pachymeters
ultrasound pachymters
A specular microscope

o
@
=
24
=
o
o
o
=
@
L
=
=
)
x
3
@
[}
»
~
=
3
S

Japaneses Caucasians

5 EFBHEOARERERE, BEAALI—-H>T7rentt
&,
VY 1% optical pachymeter, *LiZ ultrasound pachy-
meter, =£41% specular microscope TiHll‘E L 7z 3 Hk
LFoETHS., HAANDAKEIZ T —h > 7 VI K
LEWEAD Y .

ED 7m0 R RIRRRNEETT OGN T O —D &
EhTwns

m s N T B

TR R R 1 % 16 AR REEZFA I & 2 L 40 A
L OERFE5.8% T, 40U LD A 5,500 75 A0 5
WET 2 E, #1300 FADBRBEL WL Z ks, §
13,000 ADIRBIESEN 2 o ORFNERFZ OBZEIC
W% e LT, R 200~300 ADFEANEREZ—AD
ﬁﬂE@%ész&%.ik,ﬁﬁﬁ@ﬁ@%ﬁ$ﬁ
AEFSICEL TWRREEE T2 &, 1,000 ATH
n, 2%&%0%A@ﬁﬁ@$%%$ﬁWmuét

RER SRV, 51, MAREME% 100 AD EIZIK*@
WEZEESFHEE LT 5 &, 20,000~30,000 A 22
ak&D,TTbkmxa.ﬁWE@WE@%ﬁkﬁO
BhHY, £S5 L THEHMMHIZERTL TS, Lizd->
T, BAESFICHBRERsET ek b, £,
EEFREFOH» S fkNEEREZ2HIHL TAa 2 L,
2,000 fEAMRAREZ U CHERA S TWw S, EREEDN
RO IN TV AT, RNEEEZEOMENZ

HIES3E 107%& 125

x® 14 AEE:ANEE

IAFE— B 518+32um

4 529429
HA 558+36
2A 53540
HAN 515430

® 15 BAEDOTFH

I. —XTFPi
FRE T —8E T2l
RS D
EHiOHE, B

. BkFPE FHARR, FHRERE

M. B=RTFPi ETTH, MEEERE VeV T —vav

x 16 HBHEOREEERLT

« MYOCILIN/TIGR  #4EF6E R BRI IS fa ik P
-CYP1B1 JEXgEARE
« OPTN  FHE:IEH IRE R

B, YATLADOMIBEEFN TS,

AR Z s OFEktEOR T 3 3THEMT 2
PG b, FIHRA, RERGERSHEI NS
BEERTHY, BEOIRBIEMERY, EERFOHD S
b, VbW LAEEEERE L FERR, FBETHTOLST 50
Bb 5,

BEROTFICE, —BRINCE—RTH, HRTFH,
EERTBNEZoND, £z, $1300 75 ADREAN R
HEFBOREL LT, $EMICEE T 5 12 I3KHE
B, RSB LB L & BT, I L WRNEZEAH O
WEENNE L HEZ 55 (£ 15).

1. 58— XRFB

FRAIRE IS ER A, INkeEEER,  BREE B »9H AL B

BOoTRIET 2 EHZoN5(KM6), FE—XRFFHIFZZ
o OER % I U SBERTIC RN ESSE 2B b 2 AT %2
WYL Ceweh b, BEERCOWTE, FARDE
BT VOV TOWFFES R IEFRITb TE D,
LWHIEAHS Iz &, s DEREEIC L TRN
2, REANDICHBER I N T 549759,

FERERT DFRNEZHT & U CHEERERRNEIC O W T
¥ MYOCILIN/TIGR i# f& T £ %, e KFENE O
CYP1B1l#EMREFEYE, WRAFREHBREANEIZ DWW T
OPTINEURIN #ZEFEE OFENTTONL T 5 (K
16). BRK TORANEFERE G TR2E RS S h i
FCH 2 E AL T OmAREEFFEE TiE MYOCILIN/
TIGR iz F %%, OPTINEURIN #zF 2%, &b
WEBLRRE TER» 5725999 (F 17, 18).

RN T2 WXt O % B O BIE T2 W7 & FES,



TR 1512 H10 H

=® 17 BEAEAEE MYOC Bz FEE

ZNIAARE (ZNTEGIE S REBIED)

7Yy | HEER NTG POAG control
1 136 C>T 1/114 0/119 0/100
2 624 C>G 4/114 3/119 1/100
1 221G>A 4/114 10/119 6/100
3 1464C>T | 0/114 1/119 2/100

HARANZBWT MYOC BEERFEREBET TIEgw

x 18 BEAAEAEE OPTN EETFESR

ZENTBE R (ZETEBIEL/ S RE B0

IV HEIE OAG | POAG | NTG |control
4 458 G>A 0/313 | 0/165| 0/148 | 0/196
6 691_692insAG | 0/313 | 0/165 | 0/148 | 0/196
16 1944 G>A | 20/313 | 9/165 | 11/148 | 10/196
5 603 T>A | 51/313 | 22/165 | 29/148 | 27/196

HAANIZBWT OPTN EEZFRRERLRTF Cldkw

1) FIERTZW B ERE L 2 0, FHIINENITEE & & 5
2) BIEFHREIC L 2BRNESEOWRENE, 3) Fi2
Wi, PEEENTIEE, 4) BETFREC X 2EEAEHO
g, 5) BETIHEOWRENE, S03%TFons,

—HEETFEW ORI 2 S e LT, 1) M TRy
7R, HEBREZD A6, 2) EETEELHEEL
G EDH T ) VTV RAT ADRNME, 3) BEMRE
BlIOREEL, 4) BEERAOREICKRIT S, 5) &
HEANSMTH S, Lo EGrlnZETFons, B
RTREETEWHTCHETE 20 3ERNEERE D
% b TBY, HRKAOKR TIERLERT
FRng, A7 LADERashzZ L&D, FL
WikNEFRREEFOMH L ERED O LF 2z o b
L, #o FRNRRESLOBEGETFREEOHASDHE T
FAETLZEbHESNS, T, RAEERZTZHO
HEHIZ LV BNEOSEY, RYFURETHIOSNL TV S
IV CHEETFRETRENS LI ITR 3 LHEESH, &
WG B T2WIcAl-o T2z ZhoBHES ALK
Eol ik, EHPBEINSNS X212k 5, Kifkomm
HniC & 2 A FE S BAZER AN IR O F5E Tl FRIRYIC
L — Y — LR YIBRAMT % H61T 9 2 2, Kb =58
ANDLBEDRD B,

BREEHNE LT, AEEER L b T 2 HERA,
fRIME, BIREEE T D ETT 2 S fEIERA2IC LD,
MAMBLE 2 F60E L ¢, TR ME T AR NEE, fdn
EAERINS., ZOHIZIZAT a4 NigHEE, M
ko THEREISNIENED & EN 5, AEEER ISk
LEHIEMT 2, LT, 0k R4EEER
DFEREZHET 2 £ 512, IREHE, MRlOBEMOBE D

21 HAD D IR - IR 753

. .
S~ —

o %
><. .

6 BAFENEMR.
Wfr, BREL, N0 =B A U Tk R 1 FEE
5.

BThD, T CIBRNEESD BRSNS, FHE
BT A R 74 O, NEEBRRETICBE S 2
W, MISHEOME R &, RAEZELY VO[S
DR TR RV, 2HEHHEICEE D 2 BIEEA % 1Y
DR <X, IRBHEDBENICIRA S H Y, fEHEMOR
71, EENEETH L. EMIIEBRIRZICSNT 5
Zemnkponsl, —ROARICHZ THEDL T
RO 2 Lk TR s R0», H—RFHOR
WiE, ZOHSORBEICEEL T2, BEERGE
EHE L TEAENLTW S ARZB W TRNBE—X PR
RHHTH2EDHEY BZITRVTDICYH, BARRIE
B—[BOE 1% T 2HEND

2. BEZRFH

RNBEDOE X FHIE, BEENSFHELTLEST
FEAEEEE ORI R TH 5. ARFIC 300 77 A DREA R
BENVBEINTWSEY, Z20OHT, 2L InT,
RIBFEDED 10~90% 2HDTWDEEEINTNWT, Z
nooRZH, RKEBEBELP TR UTRBICHERL
T, WHADYIHHD 5 BICIHEIC O 5 2 EVBETH
3, Fhlx, BE, FEEOEW, EHE, Z&7T, &
iz fkNER 7 ) —=> 7Y AT A OWEEPR NS,
RNEEOZEN, IREEE, HEEE, RERE, BA
W, MBRIME R & CRANICHES LS,
REGHESREIC L 272, HNEH), FEHEH, AAO1
ZENS B 5 NARNEERZ I OFEIE & U CIHEEMELME W,
T/, ERRTEMEOREL EICHET 20T, BE,
FRENKE S BEINS, AFHEIERRETD
D, HIEEREIC L 2MHED B2, SEMETbOAIE
BHEMEREL B EH, A7) —= v TRETIE, HBOT
O, 1EOMETHESNS, £, I PIHHORENE
BRESHRTWV, Ld->T, ZXBRZTOHIERE
WD DD, —RiRZ & L CREEEME N,
HFRAE L L CRREIEOD 2v My #ifd % & & 2
% frequency doubling technology ik % A7) —=>



754

x® 19 HFAEKRSIalL—T3
ETIV

SRR POAG, NTG

40 A 100 A AERZ
B2, WMEREDZLHIZ100%
75 I NTG, MHEAES X 2

. RN R T B RE, RRRE
HRIE  JRE 409 FrEE 95%
IRBIEE & 90% RE 98%

Q1 o= W DN =
o e e e

x® 20 HFABE®RSIaiL— a3y
T

raryzha WRE wghE HEE

. BUIRAAEL 10% \E MRE
. BOIRHREL 10% mE REEE
. ERME &R \E MRER
. ZEIRF 25 wE IR
2 EEIREE 28 2&E  IRBIE
. SHEIREE 28 5 IRBHE
. 10 FEIREE &8 104E RBHE

N O U e W N
.

TIREED, FRELEV. TR, ZRATHRESERELL
(VEP) 2 E%2FHL T, EMNEESREICR S I L
NEENS,

IREREN TR CIHENEREE L TRETHD, »
2 E TCTOEFFAETYH, Ny 7 TORNEFRRFETHE
T 105959 S N REE D R AR AME I8 D 2L % B0gk 4 2
MIZ scanning laser polarimetry (SLP), optical coher-
ence tomography (OCT) 2% %43, OCT 054k %
NTHBEnsTEWN,

BRAEOFRIAFE R I OWT, BIEAREANLE, EAZEM
FAFAEIZ 531 TR T ATz,

1) Bk ki

&z BRER 2 < #IT 3 2 R ARAEIL, B
1, H, A TyiRNELESCRAREROMZIIITD
nNTELY, BARBRC X 2ERERZEHICEEIN
IREREIIIERBERZO—IE LT, Lrbt Ty ar
THIRZ D ORESREIZT T, F& L THEIIE, #ERE
DOFTROEHEZARHELIHEL T» 2 DHBIRTH 5.
BNIRRZ DZZERIIH 41% L vwbhTw 328, A
RRZICHIREBR & END L 50T % LRI, IREHE
DEREE S 2 7 b U I RE S 2 7 CTRldka L
TIREEEZHWCHET % 2 L RNEO RIAF R
‘o, i, HEBEEREIC L 2 EBERES, S TOE
IS AR O R TRNERELS Tb I 5 £ S TTBUCE &
T LD EE L,

KPR, HREREHER:, BERANIROE TED LS %
WMRE2 Y AT LS R 2 % 05 O HH 53 B A Ak N R o
BHAH, oMK, REEICX 22, ARIEICL 3

HIES3E 107%& 125

VI 4 a &)
VA Ba& o
IV A O
llb - A )
gﬁ}; llla - & OO
llb4 A oo
llaq1a @
b @@
la T T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50
HAR (&)
7 BB RRIC R TR,
FR R FEBHR AR IR, 1Y £ 13 S PAZERE f R P e,

EAFEFIRERNET, WRSETla» o VIE TR
BRHZDICETLRFEERL TS,

, RZEHORBY R EDRENPSY I a2 —ya Yy
LEWW

40 TR 100 AT D V> TR B % 15 IR FE Ak A [,
JRRBREARAREE LT T ODO&ED b LI L
7z, Tbb, 100 A4 ENRBUIRDZEEH THZ L
Eﬁ&ﬁ%éﬂt%@m%ﬁﬁﬂ%iﬁbt%m,%
L ZEE L HESNIHD 10% »BMbEZE La,
b L BEED 22, 5, 10 FE[HE CIRBIE S 2
L7 ED T >TH S (F19, 20).

ﬁw,m IR RENETET 5 £ TTV, MZ%2

, WEMEZZEIZ100% LIREL, MZIEZERIRE
%kié@ﬁﬂ%aﬁﬁEﬁX7u;émFE s w2 AT
, IREHE I X 2 ARSI ORRE, FEE2ZhTH
90, 98%, lEHEIZ X 2HHE % 40, 95% EFE L.
ﬁmﬁﬁ$®§m%$%%m?étb®%%7—9k
, WWRPRBEORSIMETHEAY 21—y arTh
5. élnm XD 1 2R CERPORANEREEDOH
R WG/ > THEL D TH S, FIHRR
BNZHTH D & KB (SEA) 102 2 F T2 RSB /A
T 41.4 47, IEHIREMARANRET50.2 4, MZx%20 7
WCHS THRERSH Tr o Z2 LI5S, Tl sk
I ZE 2 F T ORI R FEBE R A Ak R T 23.4 47,
IEHAREAANEE T 31.4 F & L URNBERZEOE R, M
BERAZHELLZ(XT).
*ﬁ SEICOWTIZ 1 AY72D 2,000 M, HEEMRER
RN 2> & 11,200 H & L ¢, I & 2
ﬁ%n@%@giﬁéﬁﬁﬂﬁﬁﬁﬁﬁ%uioiﬁ
MAMET T %) %, KEAFBUCEE 57 @8%H O EME
SHEILEER 2T, FIckIC L 2 ESELARE
FUCHE LKL (EE21).

BT T T ANCBThr 2B 2R2EN, BEE
H, MEEEAORETIHEL Thas L, HEMEL, 2
WIIREMRRZ 2T 2 00, MEHAL, WEREHLRD
b, BRO £ FOIRE, fiRlZZ2Thnid, K110%



TR 1512 H10 H

® 21 IRPBEM - BEFE

WEZEM 11 AH720 2,000 M

FEERAER 1 A4/ 11,200

FHAIC X 28 KFAE

RIIEBOGE T S50 O VRS & X} 7T R X R &
b EEHEKE

L»ZZLTuENDT, %L ORZZEVKET S Z
Ly, WA, MEEHEEE, V)T —
varBE)MNKEL k5,

BRPR/NTHED DX, 5FHE, 10 £EICREMZ %
Eid 5 DNR,

TE&MEORZ 0 7T A EEBLIE, ThEhT,
RN EARE, REE, RIEORZORE, FRER
FEFICAN, 2D LRI, ThFho7a s s CERIMA
ANEBHS 200 %, RFEFABPE AR, IR RE
WKOWTHEL b DONH 8 ThHD, HRTIEDH 57,
BERBEDRZ T 2 00K b RKFEZFEN D2 L, v
T, 2448, 5448, 10FBICRBED S L TR2T 2
DB, FENFEEHE OB ICRETH 5. BROZ
BAERGIOD % £T10% OFEPMMEIE 222 L2 G& 05k
BHENROHL kD, 22T, ThFhO7ar I L%
EhaL 7235 E OB R %, 2R ER % 40, 50,
60, 0 ELCHELLZONKITH S, LHEBEDLD
2, 2BMEZR, WEEZURWEE, B2E2TbT,
RERBIC X 22, BEDOA T REBEbRLE

B, BRELT, 0R»omZE XY —MLT, 54E
WHRRHEDSHREZ T 5 028, BHAOH S b, THEREHER
DHEH» S bEETH 557,

2) PHZER AR

1988, 1989 4 0 4= [E I R ¥ F# §H A T i van Herick
FBICX ) —RRETHE L, X2 CHASFRED
ES T 305, JEFEEAZEM AN E OB HE 1T
0.34% THEERERIIFI 20 HA &% %, 2000, 2001 4F
DL IR REFRBETE— KL » S MARKRELTTb

N, ZWEE IV Ly 1IRT Shaffer 4788 2 BT
DORREA T, RN OFE, 22 mmHg X
FORE, B HIEE OFE, BNESIEOBED
HhoHbO, £l BRFIZX1.12% T, #HEBEHIT
K10 GAC2ERFEEFRED 35S LHES NS,
ZHEOBRFIEBEON 2 5T, Mk & & b ICBERERI
RT3, FEAPAERARAEIIHEE T ¥ 7 % EEREK
HPFHEHREL TR WREEE EEICZ A 50, #%
W & 2 HREREE DT T, K RlER2HED T
2. Fr, MR—0 ADER 2z 2 R E TR A
KRB 13 3,000 5 AT, 900 J5 A 3B ER CHLF R
WEZELCTWT, F£RS0 FABEHL WL Esh
T 228730 RS EASE R A Ak N 1 v — Y — ML VTR
MTIEEAEDT —RF—ERNEL SRS S, L

21 HAD D IR - IR 755

(N/5)

%427

o mr = rr
W A feh N BA BR RS
K 8 &0 5 LTHEEDKIFES,
HWERS (O) WIEFE IR AR, S2u»ika (E) 2 REFERH
BB AN, FERBIENZE T 5 DBRHE IR D
L, BIRO % £ THRIE CRE 2% B EKBHE
Wb %\,

(5
4,000
3,000
H: 22 8H
2,000 OaEER
O:FEEA
1,000

B B BF 288 5581058
iRt BRF fhF BBR BR RR R#E
X9 {773 LICHHBER.
54, 10T L ZRBESZ2OPERB—FS %L T
i,

Te 3o T, BAXSIEOEH S HE KT, B—XFBi
DORFHEEE L TROHBMIE L WIEBRE W2 5, FA%ERA
RENBEEE D L IIRIEOBR D b 2 BE % Rt
T 21203, fEET, EME, »OLLCHERAZHEIEL
HEST DY AT AOREESLETH S, RFHMHNTH %%
& L7 5a, BEEILLOME T LHEE, HIETE 2 HEE
WHARTH 5,

3) S ARIERAFGETOFE

REEE OGN 10 TH 5, KREE TIIHERYE 2
S 60 FE 2 5 BEEF L 22 28 &, MR s o B 5812 [
Do TAF ¥ Va2, ZORORIEDIREE Z Hi iR
L, ZOB» SRIBEEE, BARREHES 2. HE
3 ZHEEE 0.5 B CHERR IC TR R 3 R m a n g, B
FILAA OB C b FEF I ez, FEmmTHE TS,
HIE I OHIBRAT & FIRE T, ZetbEL, Mgy L
ffic, #EHikEb iz 5.

ERcRE a7 - BM1I1 TH 3, 777D



756

1 2= F8 A RSt

10 B5FEAFFHEmEtALS.
T AR L EBRICHE S NIHTED T 4 A7V A,

55 kR A FHET
—7Ib—TAVRELEA. KEAR—

3

o
E
o
Bk

"l

1 ESAEAFHEETIC & 2 KAE.
A IRRE AR, YA v — iR E T (LD Hi 0 5%
AR, =Mmi37 7~ —IilRR,

B0 & BAAOFERE, MEIaTERE 2R L
TWwa, &8, ZOHBEEETEERH®RL, MGEwET
v, 77 7 O EEOAEIFR I Shaffer 54T 4 &
DILEAROBHRTH 2. ROFILHNE Shaffer 4348 2
EOPBAIRTH 5. MAHNE Y — 5 —MCEYIBT O i
THIED 7 2 7 Th b, ZAHE 77 b —lLEEZRL T
Wwa, AEEORE, BREEIFZNLZTNI3, 100% TH
2. BIAES  OERIEMENT L, EAZERMARANEE FE T
2 R E D B & FERN BRI OB I L - T
A7V == 7T 5 ENTHARETH D Z EDFEHE
nNTnws, 5%, ZOE5RA7) —= v JEEREHE
THWw2 Z & T% < OFZERARNEERE DR
ez 2 enifFs s, ARFEDREVFEZIZICD
W7 V7 DARICE > TRERES L% 5.

4) BAEZEAY VT —2
SEILFEEFEREIC L 2 ERNEREZE D 70% 2310,
E e BB REFABTIZING OFEBPEZZTHY, H#
EREAEEZ IZSET, 300 AN 400 FATHY,

HIES3E 107%& 125

REEM, ATV
BERN - BEN
BREOKR, BROEM

m

(B - il |

X 12 fFARERY FT—2,
BEE2RLCHROFARE L > ¥ —, HiBOHE L >~
Z R ENS, BERHRTE Yy — 18R T 3.

x 22 BFAERY FT—oD
S CERE

FEEFIEIC & 258 E

BE BB 2 B O bk
R DR, RIS 2 R
55 3 B & 5%

THEEIR & AN IEMEDRER

IS OBREVEEMITY, FA—THEWERKYE
DIFNEZHELZ T 2 2 L 3T TCIHER L7 X 52, 4+
KRR IO W A TN s E 2 5 B,
ZZT, ZOXIRRIICHIET 57201, EEFBED
BNEZELAY N7 —27 2305 EIF 5 2 L 2RRELT
W,

R2EFAy N2 OB ER LI DTH 5.
EEROMIBRIFAES Y VT —T7 2> =T, 20D
TERHEI e LT, 2EICE D »r otk vy — 2%
B35, ZOHBOBERN, WitidZnenotiEz
Y —ICHET %, s Bt vy —HC IR R
FIE» SR 2 BEEMENRE S NS,

BEDDHERT, Wi TRV, SIREEZiishs
EZ DT — 7 I3 BN RN v Y — I B
X, XSWHROBGAHE Y VY — I BFX LRE R
DEBEEICY-B LIRS, ZOT—FIZBESA
BEZWATo CHHENMLR, J7 7 A N —[Efg TR I
JlEtans, BEIAREMEND - IR, P
v —~NERT BN TELL, P EY Yy —T
EETERVEICIE, FRAESY MY —2 22y =258
65, BNELR Y b T —27 vy —3RNEEROE
#r, MY vy —OEEEE 21T\, MR E R
THEY B EDORIE, FNELBHE, HFEOBMHEMNT
T, EEEFHTOWREIC L ERTE 5,

Tk, BERT, JRbE THIfT T & v & 5 R EeERE
BRIy > ¥ — T B> THifT T3 28 b



YRR 15412 H10H 21 HACDOREAFEZE - FIR 757
PACG 0.5% OH1%

NTG
65.3%

Z Dt
2.4%

POAG
32.4%

HE : 2ERMEFIEFMERERRR12371 5

13 £EFANET 47— MERE.
SNk TORY L WERIXZ NTG, Xix POAG Th-7-.

AJREIC L B,

DX RBNESRY NV —2 B2EET 512, ©
FEEHHNFEPEFE O R 2 RELICEE T2, QBF
BHROMEZHET 2 2 &, @BEOME, K¥EICK
ZR-oTEEEZ LRV b, @FE =458 L 2 H%,
FHiMf 2 AT W IEERB R £ AP OHERFICE D 2, R EDSE
PEDSBARICSF & AL 72 5 720,

Pk, SWNEEOSE ZK PG EAMRAN IR oA L
TERH, BRMELZED THECZIANSNLHRE
PR AT L2 WIPICKERT 2 0P R ELHETH 5.

IV 5 =X ¥

RO E =R TFRHIIFIE L RNEOET 28 S
o, B REIE20DBERTI L TH S,
ZOHIZiE, REENMETLZEEADYINEY 7—
YarygEnTnwi, UNEYT—YyarikonT
i, b o LIREIEDED S Ridk o7k,

IRELAIFOREF AT OERA T £ LT, RAEORE
J&, dr, FLEEHIM, FLEEE MRS IKZE NG, 2510
FE, s afiGE, BofERE, K ENET
5 50063

TRRF S CIRFSE L 7 NES T T 2 B/ E 2 5, fE
BRFORIz 2 b DIBIRETH D, BEOTHBIEL(IET
S WEEIREME 2 T, R, H1EE, REZ
1, @B RELELSWEL, ZHUTRD Z &5
EOWREEEZoND, EFIRERAETIZ b LR
ENEFREMBUTCH Y, RE% 15 mmHg LT O
low teens RS> TWTH R BN DOETT L7 —ADH
D, RELINOBRHABEERZH 2 &2 21550,

FRNBEAE S IR E TR T2 & BRI EESR L B
REEEMHIFD 2 DKl s h, WHICET 2EHOM
AELRTHRENKS NS, Fiz, FHitdBARHEEE
B ke, BAEANENCE  HERDHZH, »i
N b AR HEEE @) < AL L 0 AR <

. SERARAIRE 5%
PACG 2%

HE : 2ERMEFIEMESERRT1237E5

X 14 <EHFRE?T— FBRE.
YR T AWEIH A ME RN ED 49%, NTG »
25% TH 5.

EFE L,

1. EBREFAEICOWT
EHRERNED 40 Ll EoERFR X, SEILERF
WEEEHRA TIX 2.04%, HHERFAETIX3.60% T,
FhEnBIbE AR L 77, 92% 250, TAE
PECEETHL I EDHEIL Y, 2D & 5 I EFE#
BEORENEROBEROBLZ TH—HL T i E S0
MR 2 BT, £ 1,273 O ARRREESHEGHE
TREREENRE LT, 77— VREERTo. AR
[ E#0E 752 iRk, BREIEFRIL61% Tholz. &N
BEAF KR TR B D T & D WIEERIZ & v 5 E Rt
L, IEWIRERENEIZEED 65.3% ORIz 5\ T
BBV EEIB SN, v CEFEEREARNET 32.4
% Th-ol:. HESHE TR bIGHRZ N L& 2 5EH
e ERICH L Tid, MEHERNESSED 48
% D, by FIAEL, R TIERRERENED
25% T2Hi%HOTWz (13, 14).
EFRERABEEFCHEZE BT EET 5 2
ENE L, BEICHRT 2EFVIEFRERNEICZ W
ZENHE M ER ST,
EHBERNECE CMEE sh2H1, O HARA
DERENECERE, @ FEFEFBIEARAREL O
Ak, @ H#FT, FEETOERIL, QEEIZEST50
», EWVnoleEBIIh 5.
HANZIEFRERNEOERROEVEBE LT,
HIR L7z & 512, @ HARANDIEH IREEA KA DE
IDENZ &, @ HAADOIEFIREMIZIE L &b
KTF¥22L, @ HRKADABENEMEAND 2 Z
r, @ HEMNEER S W &, KEBEITSNS,
JER B Ak N & D8RI TIKIREELAAMZ 13> &
DESETEIYELIIRW,. LrL, £5FHE, F



758

% 23 NTG D45

EHH
FRIRIE
TEERRIEH
(GBI
EREES
MmEZE L
H O s
BRTHRE

x® 24

R
KE LI
K E 2 EREM
RT3 D L
HHEE v b+
FLEH PR AR = i
FLEE M
FLIHEREHOGI H
JRI TR A AR

AR & U CIEH IR Tl DUT O S e SRR 1o g2
ENRBEwy, R ELTE, OFREBSLITL
EAaohsd e, QIMEBEEREENAONDL L, O
REFEDOFZ VD 2 2 &, @ FHREGHBEGESE 1S
W2k, @ HUREREERMES L, @BRTREN
bbbk, RETHH(E?2). £, FFAFRELT
X, OREMMEVWZ &, @QFAFHLKRENW &, O KEM
WRENWZ L, @QAFHEEMBLIFLIXBESINS Z L,
® AFAERREESES AN D 2 L, ® RITHA
FEE s Ao s 2 8, @ILFEE Y b DEFEL,
® JEFTHIEARARE R, O ALEE L2 S 0HtaR
Riiaehs e, @ ARENIEWZ L, @EHD
EWEH W, QHRFEEPIERSICGLL, ABTH
28, BEPBETONTWEBHEENTHDIZR W
(FR24), 7, UL XS A EHEL T, EFR
ERRNEEORIEFRN T & LT, FraikEs, FLED
WS OMEFIME, BIPHRENER % 72 13 PR A e o Masg i,
HOMEREOME 2 EVNFEIBSN TR EH, wihd
D& H T,
IEEREFNEOIERDSET T 2 0 85 01k b 212 %
OHAM, FRZEBET I Lk, ZOBETOFRD
HE 2 IERECAT S 1213, ZOHERL x5, IREALE, K
MR IR, AR PHRAYOL 2B THERL B
S ENHEETHS.

2, RETKEES

AR E, ek, 2l bR IREEF.LcED S
T&, &2, IRENPIEEHHIC D 2 ERRERAN
REDS PRI 2 & & 2B UIRFE DK NN, 6%
D ETOEADEDLNOOHS, LirL, BEREARN
Rzt 3 2 G AR CRIZEMICEER S 7z b D IR T

HIES3E 107%& 125

xR 25 EERER
PAfE (CNTGS) %

5 FEMHIBIE (N =145)
B ZALAEATE
fREREE 26.8%
R 12.1%

TR 40%
W 80%

TIIRETEL W, UL, IEFREGARFEOFIC
WAHETL RV ITr—2A250% 06 % & o, IRE % low
teens ICFFTHBWTH, #ETTE7r—ABAHLN, R
FEDSNDOEZERFLFHFEZ SN T WS,

Evidence based medicine (EBM) 12 I - 7z kN 1A
& L T, Collaborative Normal-Tension Glaucoma
Study (CNTGS) 0326 if 5 5, Zhid, EFBER
WEEE Z 2 5o, 1R Fi CIREM % 30% X
TIFEEX Y, 1FITERET, SFEMIcbl> THE
L7c 7 =3 Ths, RETEEE2ZIEFIFREC
TR OET 2 IIHEI L T 228, IRETREEEEZZ 2
BEO»P Y OEFITHNEDOETZ £ & D HEREE
THERLTWS Z L HEHETH S99 (K 25).

K[E D Advanced Glaucoma Interventional Study
(AGIS)IZ & % &, FHIRE 2=, 12.6 mmHg 12
MERF L 7o 85G, HEFHEERETL WD, FEYIRE 14
mmHg TR CHET L2, 202 &k, BHRFEARR
WEEDHEFTICIFIREPEE R TR & 70> T 59,

BRIk T RE S ADER, Wi, 250RE, o
YTIAT VR, fEHRET R FRE L CEMER > FME
EORESI NS, 2O, EVEETIEYORIER
%, FMEETRFMOGIHE 2 B ICE W TRE S
5,

3. WVEBROZZE

AR LI DU MEBR EFH oS N RS, 55
OISR AT O 7 R b —Y AR 2Lk, KB
HRRNBEEIIIR CEERH S LT w3, F72, IEEIRESN
R&i D PN U/ IMEBREF 0SB 5 L T 2 D Tid v b
¥z ohd, BMIHEMERAERERCOMESE, RE)
IREAET, RELR, RERECETC LTS
58070 HTE, HEmlEdH 505, AR TIIHEFEFO
TN CBEPEIMLTwS EREVINL TV S, Kl
bz B 1EMEOBMREIC LD, BRLIC7VE S V@D
HFEFICER L ¢, MREEfICY ~ 2 ) iz
E9 3, B X DA ATP 283584 UBtsr o3 2
D, MRS AHIRANICIRAS 5. £ LRI
Wz, MR VS AREHERNICE < & Ca K> 7%
Ca-Na ZHRDME» 72 < 20, MKEAN CaiBE»N LA L
T, MRRMEWE, BEET S VB ThHhL VY I U



TR 1512 H10 H

WW

o Tox
\‘%:;::mg‘l:’

= e e 7

RGC

#Eﬁﬂiﬂiﬂ\
(FIa 3 ) &)

STHhI
JIT
fbDFEMRMAE D L < ($imfas e
15 FRAREMREE ORAERF.
RE, MM, 77V 7 & OBEE,

BT g%

Mutivesicular bodies

16 BHERIE & AERRE1E.
IEATHEE S, WITHEER DY T hF e F4xY Y, ¥
A=, ShaYRUT7HERLTN S,

BNt s B, Ty 2 VBRI EERIC I
NMDA =2 754k (Rt 38 i 81 52 25 4&) & Kainate/AMPA
ZEEA A F ¥ 2VEZEER) DY, MlEs
INT TN S UBIETZEEEEEML TCa 7 v 4
LVEBOU CHA A~ Ca, Na, Cl A 4 > Z@EZH
ASEomER I, ZOREE LT, BLAKERE
CaFv¥ ANV bHOLTCaBEBICHMALT 7+ A
TZH U NR—XA2RTus A ¥ Fr—¥EFEEEL T,
H5WIENOAEKREREZREL TNO Z ¥ hnziEm
S TR, 7~ 2V CHIIROMBSENSFEE s
2779 (]2 15).

AR M — R mEY £ T 7)1V T NMDA 25k
FET & NO A BB HNIHINC & o T e S s 2
PEINT 5. HEMEEHIIEO 7 R — 9 R ICE DR
PUET L ERNIMRRE CE  TRES D D EFZ S
nTeyH, HATOWFEmER CHRETFTH 5.

AL O MUIMEEME T 2 AR THER T 2 1213 JER
B LHIEE TR TR 50,

MFEEORESMFHEERE L DEE L, Mg
T MR TH < 72 5 L, MR O REERHG 1 M=

21 HAD D IR - IR 759

I =, h—- “.'\- . & = "Il_-‘ M g
X 17 IEFEE/ILEY MESBREHROBERET 1 —7
IyFrii4.

A zaFa TN, T 4T A2 LEBEENE
HIND(EH), M: S bavry7

THE S, %7z, BHE ORI MTEOMHEL L
BHTh 5.

EREMNMBHEEELTE, OVv—Y—Fv 7,7
Z QU—Y—2ARv 7 VE, QBFEII—Fy T
Z%, @ OFRAHNE, © HIMBREEBH I E k-0 7%
EBHLBWThL—E—ET, XV EEE FIED
BOWAHENEHFEEI NS Z EBEEND,

4, FHRREEDRR

1) HhERFkEE

TRV I PR IR OB R TR I L 5 7 R b —
VANER SN, RNERMEEETE T 2R L
TERET DI ENTESS, Lih-> T, REmHRE
JAe7 R =Y RABEUCIERVEAF, HL5VIET K
b= 20 U T E 2 5 2 LT E SEEA, 1
EREEFEOFAFEDPHIFF S TV 25989,

AR F AR T O Wl R Bk 1 0, AT, W T
’, BULEE, BULEXEsb s, ThidiE=a—a7 4
TAVIRFAY Y, A=, BUNE, 478 Fa
— 7 WA, BEEEH (microtubules associated proteins,
MAP) E o 83 BEH, S bary PV 7HBE/RL T
58(X16). EEELVEY PO ID XD REBREAI
D2WT, LA FEYHBFHITETHL2 74 v 27
V-7 4 =TTy F U IETEHEL - ETHMEEER
BE17TTH 5.

B4 18 IZHRE R AR T, K/MVBRAL 2 Z2ramssgfnL, 28
BEABHEEL TV, £/, MRIEEREEFRCS
WTHEBOK RN T % &, ZElyE, Shav Ry 7
DL, S PICEBEHOBIEA L Tn»a®, &
512, FEEATH 2 MNEREEH MAP 1 2 58
bR cREL, SRR CRE FFERTHK T 2
EREEFBRTEEEMETL T 5598(K19), Z
D & 5 75 ZETEE DR T AR ER O FH O—H & 7% -
Twa EEbh 3,



760

CaiAWC LB 7 RN —YAEHPET 2HFDO—IC
—BiER(NO) T 5 5, NO X NO &REEHRE
REWCHH SN S &, #@F NO I XD flafEENE = &
DI Ltk D, —BILERGHREFEDO NOS 37/ vy
R ¥ OMBEEME ORIET, B LA Ca
BEICKEL TEMEE U NO 2 EET 5, MM
HOEBRHENEZNO =2 —a Oy F7AEBNWT,
WATHECHIRT = 2 — v IfEAL, —BofEdy 3/
oM 2IEET 5, o OMREIIESE <7 R b —
2> Wb b7V 2 8, Ca, NOZABEICE
BERWRIEA 2R ->TB Y, ZnsoWwdollEindgd
U b AR I < & IXR S 2, B ER iR AAE 2

18 BREELFENEY MEHZREHEORERE
F4—TITyvFrIE.
ZUEEAMHEEL, ZE, S Fa R T7HBEMLT
w5,

HIES3E 107%& 125

FALTZINSDERIZOWTIHIRINDDOH 5.
HARREIER IR O E B EAO—D ThH 21t 7 4
F X2 b MR BT VI EOIRFETEAE S
THIERAE I NS, ZOB, 74 72 MY >~
Bibxnzs, BIROKE, K OMFICBERL, 246
ORI EE LR BHE 2R LTS, ZsDEE 2
FT 270k ) YERILIREOHRIDEEEFH 2 oh
TWw3 (K20)., Vv OEEFARIRZH W THE 7 4
FZAY DY VBRREEMEI LI L 25, [BIRTIE
TAREIER DML 7 4 T A > MIIFEA D) VLS
NTWBH, AR TIE 22D OES Y v B S
NTHY, FRCHREEOBOEANC B WY ~ b
DOFREDGED - 72, RN EFARRREE S & OB
PGS & TREEL T2 hRIEFIHL SB8 D 205, Di
CEBHRRESE TR VBILOFENHETWS XS
TH52, Pk, chon) VBILOERNZHE T 2 2
L CHREE 2T 5 2 EDSHREIC R B b AL

N = -y -yt

T T T T h 7 /7 T T U ~NF-MH

\

N\

£ 5170

X 20 EHRTOBBILAET « T A |,
RN OME T 4+ 7 X > b (NF) & #U/NE OB R, #
749X MENF-HR%L ) Y BELTwT,
ey AN

X 19 MAP 1 %&b,
SHRIR I TIRE R IR TRAEMET L Tw 5,



TR 1512 H10 H

SAlEE

AR XS AR

21 HAD D IR - IR 761

B8R

21 YIVERAZEHRRIDE T « T A > b D) VB DG ERBI LR,
SIRHR D B, S,

SAEE

R (FRAE)

B{AlfgRR

22 Y RERGAFEIRDHEIR R ETHERR D |) B b DRRRI L.
EAMHE A O Rt SET L T 3,

L, IEFIRERANEO EEREIIIROFER S T & 2Rt
2P 5 (K 21~25).

2) HARERT R E A

98 B o0 F A e 56 0D B 92 0 W AR e 08 T A e % i
U, MR aigiie 2 B 0 % < BREEER, FEFIOEM %
BT 5 EBEETH S,

AR AT X A2 BB B T % < o B, fH
B, T2 rBEL TZ0EMREEEHERFL T15,
BHBEEEOFEVDDOD—2E LT, #ES) 7 OFE
BIEHENTHWE, 22T, MEOEELZRET 57
D, MO ETHIT & M ) Tl E 2 h 2 L

7ot%, BURERTCRHET ZERR R L. 20
MR, B26 O X 5 i HEERRE ETHERT 3 2 ) 7
DOZHHDORIC Z DEFMET 35 2 E5HEIL 7289,
ZOEHOEHONBIC OWTKRE Lz 25, Iy
S USRI ICER ML Twb 2, —BbER
DI DR ETMPIZE 2B < 2 L 2SS Iz 5
Teo TN S UERIZZ) THIREWC & o THD A F AL
ENDZDT, ZOEBEBEEOPTINVY & VBOIYD A
HEES BFEINY I VBN IV AR—F —TH 5
GLAST OFHEPFZUHMLTIFETL Tz, i,
7)) 7RI & B AR ATt R I — R E RS



762 EmtR AR

POgic

HIES3E 107%& 125

RRiENE

23 ERRERD 1) B DR LFE.
EERNREIR CROMEMET L T 5.,

R A EA FEREERISA

RREXEBICH T3 ) EILIKEE

Ay

fEE RIS A FEREERIEAR

24 RIGETREBEED ) B LDREHEBI EFE.
REEHEM], SMOREESETL T»2,

(%6)
120
100
80
60
40
20

O: LC
B: post-C
@ retina

1) bR

glaucoma control

L mm

25 ERGLAIY) ERILER,
B, Se & cRAREREERO ) Y BIEBET L Tw 5,

control glaucoma

L g —

BRIEEIEER] L-NAME 2 w2 EE T 20T, —8
(LERDBESIHEE S N7z,

BBV TIEHICELY DA bV ARIDb 25, %
DRIGIFHEIC Lo THREZ L 2 EBHMoNT VWS, £ 2
T, MBI & ) 7RIl R 10% OREESR

(%) ]

o /)\ERGCs

B :XERGCs

Bt

nonconf. M+ RGC only

conf. M+
RGC RGC

26 HREIEMEREHIAD I 1 SHHfENEE,
HEEAR AT (RGC) & § 2 T 2 B3R5 2 L /N,
RIUGHRETHING & b ICEFEENTH S, * 1 p<0.01

B CRIE L, Z ORFOSMIEIC B 2 RERY 2 I
BN, FHEME, MR —BRILEREGKEE
% mRNA OFHZAt % real time polymetase chain
reaction (PCR)IETHRET L7z, #OHEE, 77V 7Hil
B THMERRANE, HRFIATIRMENEERD



TR 1512 H10 H

600

500

400

300

200

100

0
RGCD & 3D- 3D- 12D- HiE 3D- 3D-
conf. nonconf. conf. % conf. M unconf. M

L pmstism

27 HEFJBTHIINY I UEEETAL.
FEEFE TNV L CBROBEIEINT 5.

B: ¥HR
B 10%0?

FEERFRE (hrs)

28 MRS 7HlEn—E{tE R (NO) EEENZELL.
FE AS I S T2 BT NO EEE B IRA E 0 B,

—FbERERBER ORI E RN L REIETL
Tw3(M28). ZOETICRbST, FHEME L MR
fapsk O —MILERERBEROAKBINEML Tnw5, —
75, BRI B VL TiE, WThOBEIESICB WL
b, HEREBEAONEr o1, %7, FERIC, C
DFEBRT, FHihAO—BILER O 2HE L 7.
MR ) 7THIfIC B LT, —BIEEFOEARIIEE
KEML, ZOoFEfiFIhs —BIEEZEEREZED
mRNA FHZ iz —8 L 72 (K28, 30). —75, M
R, © O—EER O IZ VTR O S ICB L
THEBEREEZ RS RPLoI(K29), oD
s, EREERARICN L THEEEZ Y 7 s —Eb
SEREKEERICEL CRKIGEZRT O, HEEHRRETT
fliZ BB RRKIGEZRE oz,

2D & 5 7 BB EE AR ARG & R U TR O e
REER 2 MG 2 2 83 T& 5,

vV £ & ®

21 i OAREZEOTIR ERRKLEWS 2T, Z
oo £9 % TRNEERE OB FHE S L hTRN
BEFRHIZOWT, —RFH L U CHRIERZH, BiEFe
Wi, EEIOHE, —BOAR NDEFE LW HIZONT

763

(%)
100 * |
80
% 60
=
% 40
20

x| 100xM 10uM gz 100pM 10 M
L-NAME L-NAME L-NAME L-NAME
/B RGC K% RGC

29 NOS [AEH|(L-NAME) DgZ£,

L-NAME o#5. ¢/ 8, KEMEEME (RGC) 0 £1F

PN FHET S, % 1 p<0.05, ** :p<0.01

3.5
* t
3
R 25 X\ y
2 SN —+- iNO
| 2 \ AU - INOs
O 15 T 3 4 ‘..\\ —a—: eNOs
N1 “./ e i,a‘ Sy ck-1nNOs
n S PN
& 05
0 n L n n )
o5l 3 12hr 24hr a8hr 7oy

X 30 #@EEZS ) 7HEEETH NOS-mRNA Z1t,

% 1 eNOs-mRNA : p<0.01(12h vs, £HIEX) ;

T :iNOs-mRNA : p<0.01(48h %t 3h & 12h), p=
0.05(48 h3f 72h) ; p=0.05(48 h & 72 h) ;

T :nNOs-mRNA : p=0.01(48 hxf 3h), p=0.02(48
hxf72h) ; bar=SD, n=4

BRIz, ZRFHIFHELEEZOPICELLRESOUH
L, WET 20 E0wS 2 L ChbE AR, EAZERMA
FNEDOR 7 ) —=> 78, RAEZERY b7 =20
FATIZOW TN, BRBICEXKFHE LTNTG 02
Wi, 16K, FEROMRREE ORI D W THREEZED
FIEA B = X L "ED TRz,

60 A DAL BEET B HEKIE, ST 57
o —UbEE N, TRNTOEPTWFERAAR L EFEOE
Erliz, sk LD ICRNEEREZ BT 2 LR
bz, BHETLLMRTH 1 EARNEICHERL T
W3 EHEESNSY, HARE L TR OBE & 7% 3 X
5 I EREAART, BRBHERRARS], Ak RREERARH] OREEEH
HE B, B, 20 MRROAY D530 TH
208, 21 R PSR L WRRHEED G I Y
Tzo Tk, 204 CIeREBR L - EHEL B2 2L
B ThIER v, L EENBFE R, Bl
FIFCodEKIcHE, FHisnnbThS, —H, HiE
fit, FEANOZALYNE, GOHEDFLE, HTORENE
2, FOEHHN e NEICBRIL DA REFHEL LD .
L7z T, JRWHEFICNL > C, FOEEM, HEEZ



764

BRI o wn, 72, HLOLES, BESHIAE S
Mg, BEEL I LIZEE S ADIIHHICAL - I FHl 21T
S52ETHD, 861L, ho s e -T,
BERMR b FHRE I X 550,

KiEeiEz 212%7:0, SHETHL K »DBE» & ZHE
BV WIS RERFHOKRE 82, BEE—H%, =8
H—#IZ, # ) 7 5= 7 K% SanDiego 1 @ Weinreb #
¥, Edinburgh X % @ Phillips # &, Jefferson K % @
Spaeth BIITL L D E# W LET, F72, REWEIR
XU % < OILFLRFEIRRIEEE OERIC b BEH L5,

X ®

1) Duke-Elder S : System of ophthalmology. Vol XI
Glaucoma and Hypotony P. 380, Kimpton, 1969.

2) von Helmholtz H : Beschreibung eines Augen-
spiegels zur Untersuchung der Netzhaut in leben-
den Auge. von Hubert Sattler, P. 36, Klassiker der
Medizin/von Karl Sudhoff. Leipzig, 1910.

3) Jaeger & von Graefe A : Ueber Staaru. Staar-
operation, Seidel. Viena, 1854.

4) Weber & von Graefe A : Mitteilungen vermich-
ten Inhalts. Arch fur Ophthal 2(I)187, 1855.

5) Mueller H : Glaukom und Excavation des Sehner-
ven. Ann Oculist (Paris) 153 : 25, 1916.

6) Maklakoff C L’: Ophthalmotonometrie. Arch
Ophthalmol (Paris)5 : 159 1885.

7) Schiotz H : Ein neuer Tonometer ; Tonometrie.
Arch Augenheilkd 52 : 401—407, 1905.

8) IBMEAE, LR, FEERE M RAEEY
FELFEVR—2 E LR, W, 44 :653—
659, 1990.

9) IBFEFEE | HEAC B 2 AEE L FE AT
(1988-1989)

(W) HAKBETFHE. B, 1989.

10) Friedenwald JS : Symposium : Primary glaucoma
I. Terminology, pathology, and physiological
mechanism. Trans Am Acad Ophthalmol Otolar-
yngol 53 > 169—174, 1949.

11) Shiose Y, Kitazawa Y, Tsukahara S et al:
Epidemiology of glaucoma in Japan, A nation-
wide glaucoma survey. Jpn J Ophthalmol. 35 :
133—155, 1991.

12) Hollows FC, Graham PA : Intraocular pres-
sure ; glaucoma and glaucoma suspects in a
defined population. Br J Ophthalmol 50 : 570-586,
1966.

13) Armaly MF : The Des Moines population study
of glaucoma. Invest Ophthalmol 1 :618—630,
1962.

14) Bankes JLK, Perkins ES Tsolakis S : Bedford
glaucoma survey. Br Med J 1 : 791— 725, 1968.

15) Leibowitz HM. Krueger DE, Maunder JR : The
Framingham eye study monograph. Surv Ophthal-
mol 24 : 335—349, 1980.

16) Bengtesson B : The prevalence of glaucoma. Br J

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

HIES3E 107%& 125

Ophthalmol 65 : 46—54, 1981.

Shiose Y : New perspectives on a nationwide
glaucoma survey in Japan. Chibret International J
Ophthalmol 10 : 13—19, 1994.

Mason RP, Kosoko O, Wilson MR : National
survey of the prevalence and risk factors of glau-
coma in St. Lucia, West Indies. Part 1. Prevalence
findings. Ophthalmology 96 : 1362— 1368, 1989.
Tielsch JM, Sommer A, Katz J : Racial varia-
tions in the prevalence of primary open-angle
glaucoma. The Baltimore Eye Survey. JMAM
1266 : 369—374, 1991.

Leske MC, Connel AMS, Schachat AP : The
Barbados Eye Study. Prevalence of open angle
glaucoma. Arch Ophthalmol 112 : 821—829, 1994.
Wensor MD, McCarty CA, Stanislavsky YL :
The prevalence of glaucoma in the Melbourne
visual impairment project. Ophthalmology 105 :
733—739, 1989.

Wolfs RC, Borger PH, Ramrattan RS : Chang-
ing views on open-angle glaucoma : Definitions
and prevalence. The Rotterdam Study. Invest
Ophthalmol Vis Sci 41 : 3309—3321, 2000.

Foster PJ, Baasanhu J, Alsbirk PH : Glaucoma
in Mongolia. A population-based survey in Hovs-
go province, Northern Mongolia. Arch Ophthal-
mol 114 : 1235—1241, 1996.

Foster PJ, Oen FTS, Machin D : The prevalence
of glaucoma in Chinese residents of Singapore. A
cross sectional population survey of the Tanjong
Pagar district. Arch Ophthalmol 118 : 1105—1111,
2000.

Dandona L, Dandona R, Strnvas M : Open angle
glaucoma in an urban population in southern
India. The Andhra Pradesh Eye Disease Study.
Ophthalmology 107 : 1702—1709, 2000.
Leydehcker W, Akiyama K, Neumann HG : Der
intraokulare Druck gesunder menschlicher. Klin
Monatsbl Augenheilkd. 133 : 662— 679, 1958.
Shiose Y : Intraocular pressure : New perspec-
tives. Surv Ophthalmol 34 : 413-435 1990.

Guo BK : A survey of ocular disease in residential
district of Shanghai. Chin J Ophthalmol 19 :
43—45, 1983.

Hu Z : An epidemiologic investigation of glau-
coma in Beijing city and Shun-yi county. Chin J
Ophthalmol 25 : 115—118, 1989.

Congdon N :Issues in the epidemiology and
population-based screening of primary angle clo-
sure glaucoma. Surv Ophthalmol 36 : 411—423,
1992.

Congdon N, Quigley HA, Hung PT : Screening
techniques for angle-closure glaucoma in rural
Taiwan. Acta Ophthalmol Scand 74 :113—119,
1996.

Klein BEK, Klein R, Linton KL : Intraocular
pressure in an American community. The Beaver



TR 1512 H10 H

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

46)

47)

Dam Eye Study. Ophthalmology 99 : 1499—1504,
1992.

Whitacre MM, Stein R : Sources of error with
the Goldmann-type tonometers. Surv Ophthalmol
38 1 1—30, 1993.

Copt R, Thomas R, Mermound A : Corneal thick-
ness in ocular hypertension, primary open-angle
glaucoma and normal tension glaucoma. Arch
Ophthalmol 117 : 14—15, 1999.

Herman DC, Hodge DO, Bourne WM : Increased
corneal thickness in patients with ocular hyper-
tension. Arch Ophthalmol 119 : 334—336, 2001.
La Rosa FA, Gross RL, Orengo-Nania S : Cen-
tral corneal thickness of caucasians and african
American in glaucomatous and non-glaucomatous
populations. Arch Ophthalmol 119 : 23—27, 2001.
Wolfs RCW, KlaverCCW, Vingerling JR : Dis-
tribution of central thickness and its association
with intraocular pressure : The Rotterdam Study.
Am J Ophthalmol 132 : 767—772, 1997.

Medeiros FA, Sample PA, Weinreb RN : Cor-
neal thickness measurements and visual function
abnormalities in ocular hypertensive patients. Am
J Ophthalmol 135 : 131—137, 2003.

Yoshida M, Okada E, Mizuki N :@ Age-specific
prevalence of open-angle glaucoma and its rela-
tionship to refraction among more than 60000
asymtomatic Japanese subjects. J Clin Epidemiol
54 0 1151—1158, 2001.

Leighton DA, Tomlinson A : Ocular tension and
axial length of eyeball in open-angle glaucoma
and low-tension glaucoma. Br J Ophthalmol 57 :
499—502, 1973.

Perkins ES, Phelps CD : Open angle glaucoma,
ocular hypertension, low-tension glaucoma and
refraction. Arch Ophthalmol 100 : 1464—1467,
1982.

Mastropasqua L, Lobefalo L : Prevalence of
myopia in open angle glaucoma. Eur ] Ophthal-
mol 2 : 33—35, 1992.

Mitchell P, Hourihan F, Sandbach J : The rela-
tionship between glaucoma and myopia : The
Blue Mountain Eye Study. Ophthalmology 106 :
2010—2015, 1999.

Araie M, Koseki N, Suzuki Y : Influence of
myopic refraction on visual field defects in nor-
mal tension and primary open angle glaucoma.
Jpn J Ophthalmol 39 : 60—64, 1995.

HEFSRER A L RAE R AT X 25—,
HAR£EE 101 © 142—151, 1980

Stone EM, Fingert JH, Alward W : Identifica-
tion of a gene that causes primary open angle
glaucoma. Science 275 : 668—670, 1997.

Kubota R, Noda S, Wang Y : A novel myosin-
like protein (myocilin) expressed in the connecting
cilium of the photorecepter : Molecular cloning,
tissue expression, and chromosomal mapping.

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

59)

60)

61)

62)

63)

21 HAD D IR - IR 765

Genomics 41 : 360—369, 1997.

Adam MF, Belmouden A, Binisti P : Recurrent
mutations in a single exon encoding the evolu-
tionarily conserved olfactomedin-homology
domain of TIGR in familial open-angle glaucoma.
Hum Mol Genet 6 : 2091—2097, 1997.

Stoilova D, Child A, Brice G : Identification of a
new “TIGR” mutation in a family with juvenile
onset primary open angle glaucoma. Ophthalmic
Genet 18 : 109—118, 1997.

Suzuki Y, Shirato S, Taniguchi F : Mutations in
the TIGR gene in familial primary open-angle
glaucoma in Japan. Am J Hum Genet 61 :
1202—1204, 1997.

Alward WL, Fingert JH, Coote MA : Clinical
features associated with mutations in the chromo-
some 1 open angle glaucoma gene(GLC!A). N
Eng J Med 338 : 1022—1027, 1998.

Mabuchi F, Yamagata Z, Kashiwagi K: A
sequence change(Arg 158 GIn) in the leucine
zipper-like motif region of the MYOC/TIGR pro-
tein. ] Hum Genet 46 : 85—89, 2001.

Mabuchi F, Yamagata Z, Kashiwagi K : Analy-
sis of myocilin gene mutations in Japanese
patients with normal tension glaucoma and pri-
mary open angle glaucoma. Clin Genet 59 : 263—
268, 2001.

Toda Y, Tang S, Kashiwagi K : Mutations in the
optineurin gene in Japanese patients with primary
open angle glaucoma and normal tension glau-
coma. Am J Med Genet. in press.

MEHL, BFMF, EHREAH: AB Ny 2 7
& EHRFEME DR E. LB KREE 14 © 59—66, 1999.
WEEL, BENF, HHRAE: AMYy2 77—
5 LiFPIREIEIRES & OB, ILZUERREE. 14 ¢
91—97, 1999.

HERS, TR, BEEE  RNEERZOH
FRE TR L R ETF OMRE, HHERSEE 101
: 593—597, 1997.

MEIRE, RREH, TELR  RNEORALE
TR, H7-5 LWRE 12 : 807810, 1995.
van Herick W, Shaffer RN, Schwartz A : Esti-
mation of with of angle of anterior chamber,
incidence and significance of the narrow angle.
Am ] Ophthalmol 68 : 626—638, 1969.

Kubota T, Jonas JB, Naumann GOT : Direct
clinico-histological correlation of parapapillary
chorioretinal atrophy. Br J Ophthalmol 77 : 103—
106, 1993.

Fantes FE, Anderson DR : Clinical histologic
correlation of human peripapillary anatomy. Oph-
thalmology 96 : 20—25, 1989.

Araie M, Sekine M, Suzuki Y : Factors cont-
ributing to the progression of visual field damage
in eyes with normal tension glaucoma. Ophthal-
mology 101 : 1440—1444, 1994.

Daugeliene L, Yamamoto T, Kitazawa Y : Risk



766

64)

65)

66)

67)

68)

69)

70)

71)

72)

73)

74)

75)

76)

77)

factors for visual field damage progression in
normal tension glaucoma eyes. Graefes Arch Clin
Exp Ophthalmol 237 : 105—108, 1999.
Collaborative Normal-Tension Glaucoma Study
Group : Comparison of glaucomatous progression
between untreated patients with normal tension
glaucoma and patients with therapeutically re-
duced intraocular pressures. Am J Ophthalmol
126 © 487—497, 1998.

Collaborative Normal-Tension Glaucoma Study
Group : The effectiveness of intraocular pressure
reduction in the treatment of normal tension
glaucoma. Am J Ophthalmol 126 : 498—505, 1998.
The Advanced Glaucoma Intervention Study
(AGIS) : The relationship between control of
intraocular pressure and visual field deteriora-
tion. Am J Ophthalmol 130 : 429—440, 2001.
Chung HS, Harris A, Evans DW : Vascular
aspects in the pathophysiology of glaucomatous
optic neuropathy. Surv Ophthalmol 43 : 43—50,
1999.

Flammer J, Haefliger 10, Orgul S : Vascular
dysregulation : A principle risk factor for glau-
comatous damage? J Glaucoma 8 : 212—219, 1999.
Anderson DR : Introductory comments on blood
flow autoregulation in the optic nerve head and
vascular risk factors in glaucoma, Surv Ophthal-
mol 43 : 5—9, 1999.

Evans DW, Harris A, Garrett M : Glaucoma
patients demonstrate faulty autoregulation of
ocular blood flow during posture change. Br J
Ophthalmol 83 : 809-813. 1999.

Dreyer EB, Zurakowski D, Mizukawa A : Ele-
vated glutamate levels in the vitreous body of
humans and monkeys with glaucoma. Arch Oph-
thalmol 114 : 299—305, 1997.

Osborne NN, Cazevieille Ccavalho AL : In vivo
and i vitro experiments show that betaxalol is a
retina neuroprotective agent. Brain Res 751 :
113—123, 1997.

Arend O, Harris A, Martin JB : Retinal blood
velocities during carbogen breathing using scan-
ning laser ophthalmoscopy. Acta Ophthalmol 72 :
332—336, 1994.

Harris A, Arend O, Kopecky K : Physiological
perturbation of ocular and cerebral blood flow as
measured by scanning laser ophthalmoscopy and
color doppler imaging. Surv Ophthalmol 38 : 81—
86, 1994.

Rankin SJ : Color Doppler imaging of the retro-
bulbar circulation in glaucoma. Surv Ophthalmol
43 1 176—182, 1999.

Piltz-Seymour JR : Doppler flowmetry of the
optic nerve head in glaucoma. Surv Ophthalmol
43 1 191—198, 1999.

Griesser SM, Lietz A, Orgul S : Heidelberg ret-
inal flowmeter parameters at the papilla in

78)

79)

80)

81)

82)

83)

84)

85)

86)

87)

88)

89)

90)

HIES3E 107%& 125

healthy subjects. Eur J Ophthalmol 9 : 32—36,
1999.

Haefliger 10, Liez A, Griesser SM : Modulation
of Heidelberg retinal flowmeter parameter flow
at the papilla of healthy subjects : Effect of car-
bogen, oxygen, high intraocular pressure, and
beta-blockers. Surv Ophthalmol 43 : 159—165,
1999.

Tamaki Y, Araie M, Tomita K : Non-contact two
dimensional measurement of tissue circulation in
choroids and optic nerve head using laser speckle
phenomenon. Exp Eye Res 60 : 374—384, 1995.
Tamaki Y, Araie M, Tomita K : Real time mea-
surement of tissue circulation in optic nerve head
or choroids in human eyes using laser speckle
phenomenon. Jpn J Ophthalmol 41 : 49— 54, 1997.
Quigley HA, Nickells RW, Kerrigan LA :
Retinal ganglion cell death in experimental glau-
coma and after axotomy occurs by apoptosis.
Invest Ophthalmol Vis Sci 36 : 774—786, 1995.
Garcia-Vaenzuela E, Shareef S, Walsh J : Pro-
grammed cell death of retinal ganglion cells dur-
ing experimental glaucoma. Exp Eye Res 61 :
33—34, 1995.

Kerrigan LA, Zack DJ, Quigley HA : TUNEL-
positive ganglion cells in human open angle glau-
coma. Arch Ophthalmol 115 : 1031— 1035, 1997.
Furuta M, Tsukahara S, Lindsey JD, Weinreb
RN : Ultrastructural study of guinea pig optic
nerve head using the deep-etch method. J Jpn
Ophthalmol 97 : 370—377, 1993.

Ou Bo, Tsukahara S : Ultrastructural study of
the cytoskeleton of optic nerve axons in guinea
pigs as revealed by a quick-feezing, deep-etching
method. Ophthalmic Res 28 : 29—35, 1996.

Ou Bo, Tsukahara S : Ultrastructural study of
axonal cytoskeletons in the optic nerve damaged
by acutely elevated intraocular pressure using the
quick-freezing and deep-etching technique. Oph-
thalmic Res 29 : 48—54, 1997.

Ou Bo, Tsukahara S : Ultrastructural changes
and immunocytochemical localization of micro-
tubule-associated protein 1 in guinea pig optic
nerves after acute increasing intraocular pres-
sure. Invest Ophthalmol Vis Sci 39 :963—971,
1998.

Kashiwagi K, lizuka Y, Tsukahara S : Effects of
brain-derived neutrophic factor and neurotrophin-
4 on isolated cultured retinal ganglion cells :
Evaluation by flow cytometry. Invest Ophthalmol
Vis Sci 41 : 2373—2377, 2000.

Kashiwagi K, lizuka Y, Araie M : Effects of
retinal glial cells on isolated rat retinal ganglion
cells. Invest Ophthalmol Vis Sci42 :271—276,
2001.

Kashiwagi K, Tizuka Y, Tanaka Y : , Dual action
of nitric oxide on purely isolated retinal ganglion



1512 10 H 21 HAD D IR - IR 767

91)

92)

cells. Curr Eye Res 23 : 233—239, 2001. subunit in the monkey chronic glaucoma model.
Kashiwagi K, lizuka Y, Tsukahara S : Neuro- Invest Ophthalmol Vis Sci 44 : 154—159, 2003.
protective effects of nipradilol on purified cul- 93) Kashiwagi K, Tizuka Y, Mochizuki S : Differ-
tured retinal ganglion cells. J Glaucoma 11 : ences in nitric oxide production : A comparison
231—238, 2002. of retina ganglion cells and retinal glial cells
Kashiwagi K, Ou B, Nakamura S : Increase in cultured under hypoxic conditions. Brain Res Mol
dephosphorylation of the heavy neurofilament Brain Res 112 : 126—134, 2003.

Comment : Jti# T2BH

BIFEMERK O “21 HILORAEZEOBUR & KK 1356 107 BIH AR ZSREDFETH 5.
BEZDIRT X5 IWRAEZSESREZID ET TB Y NEBBD THIFICE 355, KX ORao—
DREABED—RK, ZRFHICHEPBEINTWE I ETHS, I 2I2WI —RFHIIFRIERTDZ
Wi, FHHTHY, ZXFHIIFNEORIAFR, RIRGETH 5. EEOFIAR R 28I E
T 57011, ZOEEDHM, HMERTEZHODICT 2720 DEFEHINLETD 5.

2000~2002 12 22 1F CILRIR G Bili Cfrb /e HARNREY 2215 RBNEZRE X, 2%
EELLBAROBERE(THEERE) % 0.5% OEEZETHET 2DICLE Y > 7V B(n=
3,200) 2 FOHEEL LT, 80% O%ZZHRT 3,200 Fl=&EKT % 4,000 4R RE L TER
BIE L VRIS, KB 78.1% ORBERERENT 5 2 L&), KT TEBEDS
WIRNERERERE 2RO THS i LI:EHNSFAETH 2. ZHARAEEZRE HS M ic Lz
40 7L EDBERHE5.8% 1D LETH 300 T ADBRHNERESTEEL, ZDRF(T0~90%)
DEBEVPTIGHIREBICH 2 LHEE I NS, ITERNREORMATFRICOW TR, BARDZ < 31T
IR B MERNE TRIBE TRAL TH AT L b2 B0A 57, quality of vision(QOV) d
BTREZDLITREWEDEHED H DA, 1990 F£R12fThb L7z early manifest glaucoma trial
(EMGT), Advanced Glaucoma Intervention Study (AGIS) IZfRFE X BEEX & HE(E ARG R ER
2 & 0 IRE TR OB 217 evidence 3R IR E T w2, BBEIC BT 38N
DRI OHL TR L WRTHIC B ERBCA» > TENITNEHETDH S, 3wz, £
ELCERZIRONI L DHFEICARER TEIIE T EREI NS, FNEORKE 2 W & L THE
IR 21T 0 WX R EE, TEIPLETH 2 - DEFEHINCAT S IZRagE L vwo TR
Vv, ZIERSNEEEREEIIFEmICY 2 ) L EATOEEL2 AN, 2RO 40 %L F 54,165 A%
MR E LTz 2 e s, MIEARICHIE LU 4,000 L0 A 2505 & U CESHE 2 BT 72
BEDOIEHLREIEERARTH S, LorLins, ZHRTORZEDI:®, HARBGAEES
L CREM O FPEEZF EERIER S Rhoc 2 o b, RNERIREZHN & T 2 RMZ 0 4
PMIILTITY CE 3HENCHmO THREE - Z 2 o b, SSICHEFRREZMEEL, BAER R
DHYFZOWTHMmEED ZNEHREFHICH > THO L ER >tV E—DOMENRD S, T4b
5, HEATORNERERHOBEHSIEOEH IR R Th 2 YEEC L 2 EEREEES b /2
5T REFRHEA ZHYUET 2SO CTHPTEL T nwl &t Th 5,




	107-745
	107-745-2

