—ONAESY Y B

JEAE TS BB AT TE A B
HEIRPER BOTHRAFIE S 36

Fuchs F RPN B MEIESS K OBEE AR U B9 2 s & A 78

%

TRR22EEE ~ ER23GEE MAEMIEEREE

R EE EE — 5B
gl 24 (2012) 2253 -H



. ISR

R

Fuchs AIENEEMERS X OBEEERICE T A5/0E&MZE oo
FEH—%

. WFEECROTATICET 2 —R&R

. W R OTFTY - BRI



B GEREN RS (EEEMER BRI 7EE2E)

waptsimEE

Fuchs A ENBZZEMEEE R X ORISR BICBE T 5 A%

WEERE FE—5  BERRKRTEEFHRBEHE R

WFRER : Fuchs ABENKEZEMERE (LLTF FE) XFRAKE W) EOFTRZ 2 L, BT
WSS DA & & 7= L, IR & & b ISR R (S T B R RERTH B,
BAED & ZAFEOFERIIFESNTE O T, RAOZEET 5 ITITABRBEFMEISIN S
B2\, FREDEERE & M EEOIEELY BRI E LT, AFRSMERICE DL Fa X
YT TRERAENO/RERE, BEENTT V& AV THRETICET T2 2 & T,

FRA N 9 2 REG O & AN I OT — 2 b FIERED T# %2 TR T& 5
BT o B B A E D VERL B AL C & T2, FIEZ & 72 N HIIRE A EF OB R I &
0. FIEHHZED S B pre-FCD O HANEFTA b LRIk 5 NIRRT, MoK
FERRBRIAER] & BT 5 & To LAKBEEABE~OBITENMENZ &, BRE, RBéE,
PE PRI SE O K753 N B AR As A E 51 00 B NIRRT A4 PN R MRk D 28 L FEBE 2 Z L 2 R L
2o Fo, NEHBERAEOMERB L LTHA MAT B T VANERCBIEEERRE &
W o FIRBOERRZENC R B L — P — S E SBEMEOF A O THH LN L,

WHEE 138 K4 - BB ZERE B4 X OB R e BRI J5 1 D ikt

MRS HEE | BNEA | BERBRFEEZHIRNFHE MR
P | R RSEE A = Hi%
A=y TR SEER R 2R P 2= FNREAT
IR FOR BT e & B AR Hi%
R — | BEREEFMIRF FHE Hiz

LA | ERKZFERREFEREZRRARER Y | %
REPHEL | R RFERFEREFSRER IR FHE | #%

MR E | PEERE BREZBRFEFDIRMFZEHE PN 2




A WFEEH

Fuchs BENEZZEMERE (BLF FIE) R
AEE VD BT RE R L, REMEICA
PPN AR S, EITHEIC N R ER
BWhEETRETHD, EHEATHLAMK
WRIZELE &I L TVE, B D
BB BT 28D EIEDO—D EFE 2
HALB A, FIE TIXNE MRSk o BE R
EEbICHROERERRE LV, #EITT5
LIKFIHEA EAE & 72 0 R FE R L
HRAICETIRT T2, BEED L ZAFIE
OERIIBEIN TR LT, TORAKM:
TREIIAE SN TE LT, ETE2VED
DIRFERLTE SR STy, Kl
PEA BUEICHEIT 9 2 S RA BRI A B
RELAAMZ F B 7 <, 7K £ FEORE 3 45 s

BREOR b EREQBEISIRE L 72> TOD A,

AFRO A ERAE DR A3 6, 000 4 C
HDDITK L, REIRERBUIER 1,500 iR
BETHY, FiHiE TCORVFEHMIL
DZOPRBRTH 5. FIEICIZIREERH Y |
HAZZ BARTIERmE SNb0, BET
LARFOERERITIEL LS o TELF,
A THEKTHHAMRLRDIEENEE
TV, A IR AR RS ] O R 50 % A4
R RBER 2T X B KM A IERE 23 &5 5D 5
B, ZTOIBIEFELZH SN TRAD
STV DREFINE E T B ATHEMESC,
2R ONTHRERHATRFHToh T3

FIREMEDN b Do SRR 21 AREED> b ARAFFTHEIL,

AFRT D FJEDEREIMIE L DR EEDIER
ZRZEL LT, AsESMfERic L5 vk
BANRT T 4 TIRRRAEZIT> T 2,
VR 21 S E TITARFZEEEL FIED
hospital base TOHIRR, HAIEBHEE
SEFID 5B FREDHD DEE, ARNES

##E (DSAEK : Descemet’ s Stripping
Automated Endothelial Keratoplasty) iZ
£ % FREDIRFRAGE. FIEDOBEEEICD
WT DR Z#|E LT, Tk 22 EENLF
F% 23 FEEEIC DT C & BICHRRIF A & 9
O, BHER - FEERRT O OTRRAREE
T OIEFDOBEEESEAER L. £ OF S
T % pre-FCD SEFI D HNEFHTA b
L ATHEIZ DWW T DERRIFZEZAT > 72D T
WET D, Eo. ARAEZERASICRT
LERIZENICIRNT, AR R
BRI OF M2 MREE L 72 D T3
%, IBFEERFCIL, DSAEK X ¥ & &kt
D, Descemet % FIBE L 72 WAIENER
FEFfT (nDSAEK: non—Descemet’ s Stripping
Automated Endothelial Keratoplasty) @
BB RET LT TS5, &BIC,
I TR, ARENEMRO A LRI
K3 REEIEIC OV T O IR O LR
[ZOWTHRET 5,

B. Wtseriis
OFEAE IR

21N D, SIMERICB W THEDER
BLEDOHERE L EREEDZ O OFEKH
EEBE L, Sk ORBI S CHIEN
FHifamRE (AXFaf—~vf7aRralt’
—) EZUEEERMOT—ZE2EH L, A
FEPN B2 AR T SR, & B PR T R % B 1) 7= LA
TOEEESRERT, M UZER 2455
LT,



BHAEEE ST

stage O:RANER L (EEH),

Stage 1:AMENEKRE CHRIRAENH
D5, AIERIER 2V D,

Stage 2 : FIRAIEN BV | ABEEIEN
BE~FEERDOLND DD,

Stage 3 : MRAMREA BV | AIEEIED
BEICRDOND H O,

Z DR THIRAN B & il & OB
BIEfER L. 2k /N T AN v 75
EfT+ o2 e Thomaffiblic, Zh
IZELF T & b D N Ia s thi#R %
BHTITDT,

< FGPFREOPN B D AR T L >

b O FAIERN BRI BT A ~2 T A
FTIE, NEMBOBRBE Y T L AR
ROBMRIEE OB TR LT
<A, BRI ALBIIREBEOREBITIZEAL
1272 %, B LARED B B RIS K
DWW R FE-MEAE L, 5mirod N B
g A Nucei H DERE D53, 600 cells/mm?
ERGET D & IRDOWEG TR ALY D,

(t : BE~BIEE TOEH, N, FELTD
PRz AR %0

dN(y/dt=—M+ N,

N()=3600

ZOME HRRAOMEY |

N»y=3600e ¥V

PEALT D, ZOFETAEAVIIE, Filn
& BUED N BCHIRE FE 7> & BLAg b oD P R
R =P R TE 5,

@ PN B R E BN A2 H P T 0
IOV T OIRRITZE

WFFE Sy RS OO B BB R TR 697 Bt
CTHEWNEFN & 1T U7, e e A
Fa 231000 cells/mm?5RiM T & - 725046
20R (b9 2 B EE 5 JEIC 31T Dpre-FC
DIEBI200R & & ¢e) 12OV T, HNREFRHFIC
K B FAN AT 0O £ BP0 e 28 B i) 5 &
IR A8 FERE D FEIE 2 2 T L7,

@ L —H — 3 R BRI L 5 AN
BLRERES 2E B D HEERIFE W

RN RS BE AR 21X, BB RFRED L 9
Vx&%aiwv4ﬁmx:5~k%@ﬂ

BIERE TR AR L & DA%, 2
DREECTHREARHE LTS b T
Z)i/%/a\%iéé BEBIERFEIZE LR O A

EHSRERE S, A M AT B U A L XK
W&&i_obt@MﬁﬁﬁﬁﬁﬁW&%
REAREREBTH D, B2 @) 72
RALTER DB I RERRBE T HDH DT, Z
NOOEMBZKIPERETH D, ITHFEERKE
JEEN T L — Y SBEMEREIT N
HORBOZMICHEHTH HAREMERDH 5,
e HERR DEIE RPN T, ARIE
FEERE RS O L —Y — L S BTR A T
RIZOWTHRE L, £z, o EinR
DERRKFZIZBNTHOY A ATy
A v ARG B D L—F — I R B EE
BRI RAICOWCEHRE LT,

@OnDSAEK DIE N SR DF#

AFFEEEI LR 2 14F B & CLT, DSAEKIZ L 5
FIE DIBERMAEIZ W THE L7 (B 5.
AIR&R6.113(7).2009.) , T4, FAEZ 85
BR4N U 7o BT oI BRERE I k4 2 A H
FOWMRDOBENEBAHE & LT, Desceme
tHE A FIBE L 22 WA BN R AETT  (nDSAEK)
MR LN TN D, FFFRSHEMRR D4R K



2BV TnDSAEKHEA T OBt 21T - 72,

O EN AR THRED A 2 U Lk
NENTED D FEHEI ST

FIE D X 5 IR 239800 LT < R i
TiX, ZORME E L THARRPFNa, K-ATPase
TEPEDTUHE U A I IE A~ DA T & ] L T
WhEEZOND, TOREEEOD LD
LT, A AY UARVEAATLDIERIC
HHL, v U XAENEMIRE Hv-A v
AV N2 K DNa, K-ATPasef&E~DEE %
Rt L7z,

E/
41

&1
A: BIHE

Stage O

C. WroefER

DFH 19T UEFIB28IARIZ > S T 21T > 72, s
tage 0-3DERFI DL n & £ PN B e 22
(Endothelial cell density; ECD) & @
FRaRURT, KIATHAA, RIBIXEAE
BNZ /3T XNy 7 RN &2 I Z 7
BESTMTH D, ZORITF~ DN
JaR DR ET VAR B TIID D & FKstage
DOW AR R I1L, stage 01 0. 44%. sta
ge 1: 0.81%, stage 2: 2.65%, stage 3: 3.
08%) T o7z, ZHETHREINTIEFEA

FStagelZH T HE L AFEA KR MREELDERF

Stage 1

(i B~ DB RE)

rs
2
=]
o

3000

AKHFFII~NLY X ES
(20004F245T) DERE %
BEL, EOMEIZ+5

2000

1000

rs
2
a
a

3000-

2000-

1000~

o

0" T
25

Endothelial call density (calls/mm?)

T
45

Endothelial cell density {cells/mm?}

7 7
7 7 i
55 85 105 s 6

B L TIT o7, ¥/, act ivears AcEyears

JEAE 6 & B AT — e

JEIC BT i BEiEEE (200 5 o0’ 5 o

M) BLOBERECH  fe o

+ % fERHESH (20074F) 3 DA S s
I2 b & SO TR B P s g e o §°”;5igéglg

EERXFRFHHEEES
ORKRBES-, -, E

B: —/UIN\SAN)YIBE R HERN R MRE R iR —

. L ~ Stage 0 . Stage 1
N BT X 7 P £ wor -
A 22 fF IS DT, e e
8 RO F it
FRER, wmLEED— T % o u
: ECO, R ECO,,
N 12 F T T 3 i
@J —L\ % L/ fCﬁ l/ \O @ A rﬁ ﬁﬁ g ’ 25 45 65 S 108 E ° 0 25 s & 35 105
AGE {years) . AGE{years)
B R IS o A LS P AR 5 0.44%year P EABRA 3+ 0.81%year
g Stage 2 Stage 3
@kig{a’:ﬁé %{E/F% L/ T 40002 %-mno—f
E SRS
f:o i 3000- \ El 3000—;
g mn_f \\\ :% 2000—2 \\\ _
5 Z -~ ] - TN
S SO
2 - GMEE  E 0 e M AR
;2 ° ol # ,;5 :;5 3‘5 l;; Qﬁggﬁx & ’ o 3 a5 a5 g5 los APHR

AGE (years)

P R MBI B8 2.65% year

P AR - 3.08%/year

WL E2.0%MDH—T (ECO, ,: ECD cutt off 2.0%) I&stage 0, 1&stage 2, 3EDED . BESHD

BEBLIBRARILD,



DN R AR I 3130, 3—1. 0%

TH Y Stage 0D AR

RITEWANLRI% L Bl s L
DI EFFHAD

E Y (N

1 %stagel‘&Héﬂ&ﬂﬂ@ﬁ')‘ﬁﬂﬁ@@ﬁﬂ%

BELET NV OR G2 RERT 5

HOEWZ DB,

E HITHEH

WU RET Lo R AR
IZ59, Stage 0-4DKBEIZBW
TCHEH U 7= N ORI Ra IR R
B+ 208t atrolcs 24,
K stage T CTHE 2 BEIFZHE

(regression effect) 7/~ L7,
Tl HEH L 7o PN Bl s
TR & PN B s B &
TN D DIZH R EHENE & £

AR

DI ENRREINT,

PN RZ A ek 2. 0% o i/ it
# (ECD cut off; ECO,,) Z O
1Z Z oo
(2. stage 2. 31X FANZAL

{ &, stage 0.
i

DRI
stage F rate Prob > F
stage 0 4180.83 <0.0001
stage 1 486.19 <0.0001
stage 2 561.17 <0.0001
stage 3 423.97 <0.0001

A. total eyes

F2 AIEFELL (stage 0+1)EFY (stage2+3) [2&5
BREE 3L . BAELECO, LD N DY ERR

classification based on ECO,,,

clinical stage total
below ECO, above ECO, 4
stage 2+3 60 4 64
stage 0+1 122 3095 3217
total 182 3099 3281
sensitivity (%) 93.75
specificity (%) 96.21

B L., Z O li#ECO, Jdsta
ge 0. 1% stage 2. 3% XBI4 5,

TRbbABRIZED H 5 IE
Bl & 72 EB A XK 52
WrihR & 70D 2 LB,
Z DOF T 72 W AR 2
T AT IE 2 3R 72 W E B
& FNRERIE A TR D AER] &
THE LR EoSEE
B 7o FMERRIZ X 2D E RS
R L oBRERATT,

D EYERRIT K 2 I 1R EE9
3. 5%, FFFE96. 21% TH V) |
DUTEREL L TRYTHD
R aEnT,

£
Stage UCHTHEMEARAN R MAZTED
SRS AN) DB E DT

...... ECO,,

— RHEONRMRRR R
------------- Stage 0 O P4 IR R L Bh R
............. ECO,,

Stage 1

Endothelial call density {cells/mm?}

FEATOE—I R DELINDOH—T
(ECO, ,:ECD cutt off 1.4% kY EEBET &

T T T T
25 a5 65 85
AGE {years)

I251tehsd,

Stagel; high ECD group

4000~
3000_

2000-

1000-

o

Endothelial call density {cells/mm?}

1) 25 45 65 85
. AGE {years)
M BRI % 0.56%/year

Stagel; low ECD group

4000~
3000-

2000-

1000~

Endothelial cell density (calls/mm?}

' 1 I
0 25 a5 65 85
AGE {years}

M E AR D 3R 2.00% year



Stage 1O45fIZW D [H3 ECO, ,LECO, FHAELLI-. - EE
PO BN DR £ 400

shTwszenpnn £ AN

CEANGTS T S N

WO ([ECO,,)  E N

FOCE broEzo 5 | —
v—sBonMemE § €co,,
T5ZEnbns (M2, 3
I 7pbBstage 1DIEH] - 8 ; - o ECOT'D
BEIZECO, , @ BITALE 0 20 40 60 80 100
DT N—T L FICALE heelyears)
TEIN—TIEH et s T e e T e o
seipmbiteneg = o el il e el W ISR
DECO, , £ v FlizhriEd 25 &3 P%)re-FEcI%&B\;g@gggﬁggfﬁ%f%:a#

U PTG DA IR £ 0O 73 Sl S L

120.56% T, ZHidstage0D AR e

WA 044 %IT AR D T i W . O
Lo TEBY, ZOREDORE i;zlems 73 -;ib 1 66 ;;6‘1 72 :?.1)1:—32
DELFTER L AT L Hgeoent i2
RCED, —F. FEL DT  Paeneih balloeKoionathy - g ATRE EwO

ORI FENRE 195 F2.
0% T, IXIFEFDOLHETHW
72ECO, & H X 9 ¥—E L7,

Pre-FCDIFAth D N & #BRER A EHI & ELBS L . B RBERTIE D N R #ERE
{%ﬁi;}tg‘lfiﬁt MO KEEABEEANDBITRILLAEND
LE ][ e

Z?D2.0% &Y FOE S ITsta

ge2°3 & [F]F2 E oD PN B2 il el ik
DRTHDHI-D, T ORIEORETEERAIZ
APNFENRE THRNLL 2N &Nz 5,

PL LY ECO, ,&ECO, (DI i & By

T. guttata®DIER] 2 3REIC DT D FEIEE
F-ICRB s enTcED (M3) , En

5

stage la: asymptomatic guttata cornea
(AGO),

stage 1b: borderline guttata cornea (BG
0,

TEREHK WREEARRSKAT 40 LERLIDO,

stage lc: pre-Fuchs corneal dystrophy
(pre-FCD)

L Lz, AGCTIX1L.4%B/ iRk v |
L. stageO& [RIFREEE ARV PN RZ 40
JaPB> BT, kA EEE A & 7o Al REtE
1KV, —FHpre-FCDI2.0% 8/ Hifr L v
THIALE L, stage2, 3& [FFREEIZ &V
DFT, fERABEELY & T ATRetEIE A
W, BGCIXZ DB E WD Z LN TE B,

b KstagellIBI1T B RO D
BRICEE T 2 ML EIZER S THRn

IR



M, FIEOFRRERZ S<HH 2
Tl /EED L HICEFIRE

Ha L—Y—#EQERBERELAV . EEE (W) AEBERBENO
FRER (B) SARER (C) D BIRMN R HARRT R O L,
(B)FHTEUOTENEREORE . AEMIAEEORDE, BER

MUELBHLNOBEOS VLFMARLONS,

FREAR & & L4 2 7207
T, ZOHFETAGCED
re-FCD % thihats 5 2 &
DRREIEB DO FHE 0 1T
HEEZBND,

@b b IZ/ER LTz ERED
BIEEESFED 5 B, pre-FCD
I3 B AR IE IR sk £ R R
JEIZEDAREMERH D Z &
s Llc, ERTIE, FEE
IXBIOJRE TR MR ®Es

BERERBEMNSERELOARLRELCARMIEEOLR,

BEBERREACERS LRBLVCAROHMBESTREITETLTILS,

L7-JEF &, pre-FCD & TlX,

Epithelial and Endothelial Cell Density

Fif EOSRY R A B L AN Cells/mm

Mot b X1 8h 6 BEL o mpex

LR < ARSI ) o o e

WTHAH I, £I T, BN 5000 .

RS FATIC & % PRI OF I 4000 m

P L S TR 5 & AR 3000

ABEDORIEREZHE LT, 2000 -

FNTFE DFER AR, BRI 1000 -

I &z, pre-FCDIZ. o ol oo
PRI B 8B Y 1) & LS superficalepithela  basalepithel ’ % % :P<0.01

B &L AN O PN AR R ITFRE
BTG, 51 DKM EE ~ DB TR IT T
LAKRVERICSH 72, & OfERIX, FIET
AN T L, RABDOR
BYER M) TW D AJREME 2RI 45 & &
Zbhbd,

OM27H D IEE B IEBR BE O L —F—Ik
EEEMEBERET I OWTHRE L,
L—W—E SIEMERE SV, B

. BEBIEGIES O BIR & FIRO 7 IR
P BRI T R 0D el & 41, IR TBIE

{BERE CILABIR 721 Tl < RER C b NI
OEE . NEMBEEORD & BEEY
BLEDNAEEOELEMRR LD
ERRALNE o T, L— PR
WERE R . BEEEFERDES & E
HEEOMABEERB L ONEMREED L
B IR, AV BIEBRE G T LR A
JEER S KON OHIAEEN A BIZIET L
TWBHZ EDBRENT,

(2) BIEAKPCRTH A F AT 74 )V AN
HENZ6FHI OV A F AT a7 A ) A
RKREBEO, L—W—E SPEMERERT R



WCOWTHE L, 2 b OEFIIT2H]T
ANERE & RIE ER/ 25807225, ML
WERE TIZIGNCAED = A L RIFE %
RO DDHRT, ABEIZIIT 5T R %
RWNTUW e, L—P—ESBEMERE %
Mg & Keload &9 flamst Az
9 EMIORT R (Wb Howl’
rphology) % &HNIFRD ., 7=, &FITH
EREAREEDKTA2ROE, ¥4 hA
T AN AT DRI O %I

DX %owl’ s eve morphology®FT RAL
R LT,

(. @ADL I, AENEIEEE
RENNIFEDIFENIC S8R 2 B4 585K
DFEER DD, A AT AN AAHIE
RO LD ITHFRBIZ L » TIXEEI AR 1R 7]
BRbOLH DT, #h
PWEEBAEDITHZ &
NREEBECTHD, L—F
— R SRR A IR
BHTHY, roZhbD
BEDENZWICIERTICH
RATHDZ ENTFBENT-,

@195 D nDSAEK M 1T 1 1 5t
T OB ORFE21To
7o MFRTDHEIE10gMARKR
X80, 8072 o 7278, 141
0. 08F THWEN A
Biviz, itk 1 TONEM
e 21329, 0% Tdh - 7=

s eye mo

=7
DB,

ﬁﬁ%mwm@:ié%®mﬁimrm&

» DescemetfFiZ B DI 5 HFIEIZnDSE
AKZ RIS TR EDITFEROTIPND ETAH
Thd, FILEZIE, MEEZEHA LERT
% Z & DSnDSEAKDE S A IR ET A L CEE
ThHhdLWnz b,

@A BEN B T3 5 B D — o &
LT, AR AT X B ABERN ENa, K-ATPa
sel&EME~DEEE | ~ U A AN
KT HEMERICI VBRI LI, 4RV
BT XD AIEN ENa, K-ATPasef R iE
PER LR 7 HEBEIC L D & U Ashort ci
reuit currentiIFLET S (K8) . Z D%
EVERIZA AU AR X 2l Aa N PKC

6 L—Y—HESBEMBERELRAV . VAR AHODA L ABERESD
BENEFR., REIZRT LS ow!s eve morphology £ £ MIZH&H 1=,

nDSAEKFETTHID . logMARTR 3 (A R) & MR E (AR O i k14

(K7) ., ZFEHERDDSEA
K& B L2 WIEER)
BTChHoT,

ISEMAR
222

Endothetial celf density(cells/ o’}

EEEEEEE

71:_ f\_ FHE ja A T N '°: o
wwm%%ﬁbkm@%ﬁ

SManths

Faliowup Peried



TEME EFA2 LT D &b, PKCRAEH
(2 &Y Z Da, K-ATPasel& M L 1T HNH] <4
7o FANEPN HZNa, K-ATPase D MfE T DR
ERERE TR T L, AR U EE
b4 2% Z & THIfaE T DNa, K-ATPase ¥ 8
3 % . PKCRHEAIZ N Z 25 & Zhn il =
nanZenran (M9 . MR kiR
DR R IR FIRFEE S, IRE. R
& &b, BEPRIF AN R AR i 1] o
E BRI Y B R S E AR 5 2 &
(Yamazoe K et al. J Cataract Refract
Surg. 2011. 37(12)) ##i
LCTHY ., bivbi s A
TGN LA v R

EOoTHLAERBERATHDLIEEZ LN,
AR Z O BE EEHE O TR B A
B, EEEEMCOERIZO LD DTN
VBEERD,

AFTEHNT I ST 7= FIE O EIEE /3 FE O
HIe O, ZHETZWOE Lol A
R AT\ DA AN RS TG B IEGRE &
Vo 7o A RN B RE R 2R B O BRI T I
BT 5 L — W — RSSO A HMEIC D
WTHI BT Uiz, AFFEBEDIER LTz,
BEFRLEARFX 2T —~v /7R3’ —

K8 4oz DBEELAERENaK-ATPaseEEDRIE

20

WZ X DH L OBEMENE 2 p— 1 M P
N mkSRE o f .
o ANEST'] |

° 0 10 10® 107 108 10°°
D. B%

Rk 22~ 23 FEE DA & LT,
FE RN 72 TR A R 0D A
b IER 2, AGC, BGC,
pre-FCD @ 3 #:12531F 2 8#
HIEE A ER L, Invest

»
2 * *

T g l I .
= 0 10 10 10 10 10°

Insulin (M) *:P<0.05
XXK:P<001

{9 1 ARY2ITLS NaKATPase a,-subunit O£ RN B RS R T D R IR &M

Ophthalmol Vis Sci #&(Z%&
FT DR E BT, SRR E
D—FDOBHETH-T= [HIE
EES DR | A iEpk$ 2 =
ENT&E, FAED HEIEE
EHEEEZHMEICER TE
Tl - s
WWEREOOLDOIMETHDTZ

TR, ZOBEEEHE LY

VAU AR A B > T i
% THEICERRE®RIED B0K
BT EREIRES L, BAEIC

control

Low magnification

High magnification Withoutnuclear staining




DF—REHIZLIFIED  B10
HAEE pHIEL L —F —
SRS R
7o 48 B P BB e A iR
DRI Wr & M A G b

FHE (4)

Fuchs BIER R EMHES SUEDOBEEREICET 22 MDA A—CH

FIE - HR AR DRERAL B I
fARAS—IA/HORaE—
- MIBRAT AR IR E

FAE(—)

LT, FEBIOED
BRI B2
JE % BREIC T 5 2 & AT

DEFEESHIE
-BEFM

AW RO LI-FE - Wik A RE

ARFAS5—T (/AR —

L—H—#ERBANEREEF AL
I

(AERERE. YA AHOTAIILR
BEKEE)

X5, 20 z—<%K 10

| %5 DSEAKASHERE |

[F%#: nDSEAKDSHIGH |

W27,

JE AR 55 8 4 rh s R 5 R R
F OV 18 B (K EE
IR - FEEFEBRICELD &, KO MAE
PRIBIZ & D KRR EEIT19, 000ATH S
(EAESBE R — 22— L) . —F,
AR OTRAAR BB L RIFI 1500 ARFR B T4
SARBLTWDLZEEEZD L, Dot
fa DA AZ VNS U BE IR L, &
B OABRBREIERO = — X5 L& 2T
SHPMHEOBETH Y . FDTDIZFEIZ
[R5 92T oM EREEIZB OV TEH3RX10
RS & D R EAEE SHE L TR &
RHENEREEZ LTS, TOEKRTA

WFFEBED BRI R & et B R A ERL L

FlERL>OHB LW D,

FIE DB DO W TR IR L 0 AEAN
Fe# A (DSEAK) DHEMEN RSN TEY
SRITABIE D - EIEE W 7% Tl7E
F TR IRFEEICDOREIZETHHATHD
MEIMERF LTS MERSH D, £/2, F
JiE % BRAMZWT I AUE, nDSEAKIZ A M £ ik
JEICKT T 28 LVWAKBEE LTHERTH
B EMARFRIUZ L > THLNERD
TRIR O 2R D 5 ETHFEDZ KL%
TEETHDL Z LR EINT,

10

FE B BEE £ 73 FH D 9 BHpre-FCD D [ PN i
FTA b LRk 2 N AR 21T

fth D B E R E S & bei 5 & T L
A KA BEIE~DOBATHRME |, 1RIE,

IREhR . B PR3 %5 0D [R]1- 0 PN R e k) i
Bl o> B PIBERT £ PN AR AR =8 & FHRE T 5
ZEBHBME R T, RIFSEHID, 4%
fEBRIKF & FIE & OAHBE, BT 7= (O E O 7= EiE
FEYEE & OB W TR FEE H
W2 ) BEE BRI &2 T & 72,

SEITH B DAGC, BGC, pre-FCDIZ»
WTTRART T 4 T IR FHEEED,

OE O ELHREMA LT > T <
D, £, pre-FCDO [ WFEFF A
N L 2T D IR D B O RS FIE F
SiE CUE A RN BB 1ok L, 22 A0 B2

DRBEAEH 2B TV D FATREME A R 5,

F¥E O N B fatére O RE/ERA & L C Al
PED & 2 DITARER B R > 7 B RETE M
fE¥FCTH Y | wECH I < IO A
BEIEG] T, AN R - 7 EE% 5] 5 Na,
K-ATPase D fiE T D F{E & H 2 TV
HZERHEINTWD (Georski D, et



al. Ophthalmology. 1985) , Z OREIER D
BB IC OV IR ST e s
ST, AFFEEEO EEEFY Cikinsulin s
ignalixNa,K-ATPase Dl fukE CO FEE
NS, AENER L 7R 2
WIEE LSRR D Z L 2R L
(Hatou, S. Invest Ophthalmol Vis Sci.
2010), FE PR TR & EREOORF R R %
FEAERICBE S FEZ AT L VWO B
BEEIEFCER L TR Y, S8BT Z DR
ZFREDONR AR 7 e B EB ORI
£, REEREZFIA LZIBRE - 7B
EORBISASELFETH D,

E. &t

24
N B

22— 234 FEITEH19T LAE BI328 LAR O £4 i
MR RS R0 AR L T2 4E s & FIE
DR OABEAN MK ORI G,
WRABRDOA BN DHIEFZ, AGC, BGC, pr
e-FCD D3RI 53T D HTHREEE /B & {F
B LTz, S1%IEH5EDAGC, BGC, pre-
FCDIZoWT T a AT T 4 T E¥HE
FED TS LENRD D, Flo, NEHEEE
FEORE#EERE L TYHA MATr T AV
AW RRRABTE B IERRE & Vo T RO
BlRgWNC BT 5 L— Y — B SAEBEOR
FAEIZ O THHLMNI L, ENEiAn J

Ophthalmol #n. Invest Ophthalmol Vis Sc
THE LT, FEDHMELRERIZEH,
PESRTL DDSEAKZAT 9 A>, #7 LV \nDSEAK % 1T
IMDOFMFEOBRCEETHDH LB X
b, AENRBAODOY R 77 75—
LT, RE, IRER, WRAENES L
TWAHEREENRE S 72, Insulinic &5
AEANE Na,K-ATPasel&H{LIZEE 4 5 &
BEWFFEOREIL, VAZ 777 —E LT

l [:JL

11

DFEFRIR D EFE BT ISR Y 5 5 A6
BHD,

i

F. WFoEssk

1. IR

1. Hatou S, Shimmura S, Shimazaki J, Usui T,
Amano S, Yokogawa H, Kobayashi A, Zheng X,
Shiraishi A, Ohashi Y, Inatomi T, Tsubota K.
Mathematical projection model of visual loss

Invest

Oct

due to Fuchs corneal dystrophy.
Ophthalmol Vis Sci. 2011
7;52(11):7888-93.

2. Kobayashi A. Yokogawa H. Higashide T.
Nitta K. Sugiyama K. Clinical Significance of
Owl's Eye Morphology by In Vivo Laser
Confocal Microscopy in Patients with
Cytomegalovirus Corneal endotheliitis Am. J.
Ophthalmol.2011. in printing

3. Yokogawa H. Kobayashi A. Sugiyama K.
Usefulness of the Tan EndoGlide: A New
Donor Inserter

for Descemet’s

Endothelial

Stripping

Automated Keratoplasty.

Ophthalmic Surg Lasers Imaging. 2011 in
printing
4. Mawatari Y. Kobayashi A. Yokogawa H.

Sugiyama K. Intraocular Pressure after

Descemet  Stripping and non-Descemet

Stripping Automated Endothelial Keratoplasty.
Jpn J Ophthalmol. 2011.in printing

5. Masaki T. Kobayashi A. Yokogawa H. Saito
Y. Sugiyama K. Clinical Evaluation of

non-Descemet’s Stripping Automated

Endothelial Keratoplasty (nDSAEK). Jpn J
Ophthalmol. 2011.in printing

6. Hatou S. Hormonal regulation of



Na'-/K'-Dependent ATPase Activity and Pump
Function in Corneal Endothelial Cells. Cornea.
2011 Oct;30 Suppl 1:560-6.

7. Zheng X, Shiraishi A, Okuma S, Mizoue S,
Goto T, Kawasaki S, Uno T, Miyoshi T,
A, Ohashi

microscopic evidence of keratopathy in patients

Ruggeri Y. In vivo confocal

Invest

Mar

with  pseudoexfoliation syndrome.
Ophthalmol Vis Sci. 2011

28;52(3):1755-61.

8. Yamazoe K, Yamaguchi T, Hotta K, Satake
Y, Konomi K, Den S, Shimazaki J. Outcomes of
cataract surgery in eyes with a low corneal
endothelial cell density. J Cataract Refract Surg.
2011 Dec;37(12):2130-6.

9. Hatou S, Yamada M, Akune Y, Mochizuki H,
Shiraishi A, Joko T, Nishida T, Tsubota K. Role
of insulin in regulation of Na+-/K+-dependent
ATPase activity and pump function in corneal
endothelial cells. Invest Ophthalmol Vis Sci.
2010 Aug;51(8):3935-42.

10. PEEE JIHALEH. 2% 2T —< A
JrAabt—. BRE, RREFRE. FH—
% fiim. IRF BRI — Sl DS —. R
Bt 52 B (100 & R MR R R .
2010.1292-1296.

2. FERR

World Cornea Congress VI. Boston,
MA, USA, 2010/4/7-4/9

1. Yamaguchi T, Satake Y, Den S, Konomi K,
Shimazaki J. Alteration in disc diameter

after

descemet-stripping  automated

endothelial keratoplasty.

12

Association for Research in Vision
and Ophthalmology (ARVO) Annual
Meeting. Fort Lauderdale, FL, USA,
2010/5/2-5/6

The 2»d Asia Cornea Society Biennial
Scientific Meeting. Kyoto,
2010/12/1-12/3

Shin Hatou, Shigeto Shimmura, Jun
Shimazaki, Tomohiko Usui, Shiro
Amano, Hideaki Yokogawa, Akira
Kobayashi, Atsushi Shiraishi, Yuichi

Japan

Ohashi, Tsutomu Inatomi, Shigeru
Kinoshita, Kazuo Tsubota.
Asymptomatic guttata cornea (AGC)
may not develop to Fuchs’ corneal
dystrophy.

Yamaguchi T, Ichihashi Y, Omoto M,
Shimmura M, Den S, Konomi K,
Satake Y, Tsubota K, Shimazaki J.
Early surgical results of Descemet’s
endothelial

keratoplasty in cases of atypical

stripping automated

causes of bullous keratopathy.

The 15th Annual Meeting of Kyoto
Club. Kyoto
2010/12/3-12/4

Shin Hatou. Hormonal Regulation of
Na+-/K+-Dependent ATPase Activity

Cornea Japan,

and Pump Function in Corneal

Endothelial Cells.

% 64 [ HARBRRIRFZER. 7.
2010. 11. 12.
e &, BNEA, BFEE. X%



SRR, R, BUIZERA, /VAREE, AR
B, KT, Ba% KigHk—. 5
H—%. Fuchs #RPNRZEME & HEAE
B IR A I & D RS ELHE D AERL.

G. ZnE9M EHED HFE - BERTL
(FEZET, )

Belz7a L,

13



PR OTITICE T 5 —ER



WIFERR R DTUTICEE T 5 —Fa%#k

RFRE KL WL Z A RV FFR4 BE R=Y Hi R AR
Ha‘tou S, Mathematlf:al projection vest 52(11) 7288.03 0011
Shimmura S, model of visual loss due Ophthalmol
Shimazaki I, Usui [to Fuchs corneal o

Vis Sci.
T, Amano S, dystrophy.
'Yokogawa H,
Kobayashi A,
Zheng X, Shiraishi
A, Ohashi Y,
Hatou S. Hoimoilal regulation of Cornea. 30 Suppl 1 |S60-6. 0011
Na'-/K"-Dependent
ATPase Activity and
Pump Function in
Corneal Endothelial
Cells.
Zheng X, Shiraishi [In vivo confocal Invest 52(3) 1755-61. 0011
A, Okuma S, microscopic evidence of
) ) ; Ophthalmol
Mizoue S, Goto T, [keratopathy in patients Vis Sci.
Kawasaki S, Uno [with pseudoexfoliation
T, Miyoshi T, syndrome.
Ruggeri A, Ohashi
Y.
Yamazoe I?, Outcomf:s of catafact T Cataract 37(12) )130-6 0011
Yamaguchi T, surgery in eyes with a Refract Surg,
Hotta K, Satake Y, [low corneal endothelial
Konomi K, Den S, [cell density.
Shimazaki J.
Hirayama M, Surgical outhne .of Gracfes Arch  |Jan 28. h012
Yamaguchi T, Descemet's stnppmg Clin Exp [Epub
Satake Y, automated endothelial Ophthalmol.  |ahead of
Shimazaki J. keratoplasty for bullous .
print]
keratopathy secondary to
argon laser iridotomy.

15




'Yoshiro Intraocular Pressure Japanese 55 98-102 2011
Mawatari, AkiralAfter Descemet’s
' R Journal of
Kobayashi, Stripping and Ophthalmolo
Hideaki Non-Descemet’s
'Yokogawa, and |Stripping Automated
Kazuhisa Endothelial
Sugiyama Keratoplasty
Akira . In vivo laser confocal Cornea 30 675-680  |2011
Kobayashi, microscopy findings of]
Hideaki Thygeson superficial
Yokogawa, and |punctate keratitis.
Kazuhisa
Sugiyama
Akira Clinical Significance IAmerican In printing In printing 2011
Kobayashi, of Owl Eye
- ; i Journal of
ideaki Morpho.loglc Features Ophthalmolo
'Yokogawa, by In Vivo Laser -
Tomomi Confocal Microscopy
Higashide, Koji [in Patients with
Nitta, and Cytomegalovirus
Kazuhisa Corneal Endotheliitis
Hatou S, Yamada |Role of“ insulin in nvest 51(8) 3935-42. 2010
M, Akune Y, regulation of Ophthalmol
Mochizuki H, Na+-/K-+-dependent s
'Vis Sci.
Shiraishi A, Joko |ATPase activity and
T, Nishida T, pump function in corneal
Tsubota K. endothelial cells.
PIEEE . )b 2 2 Z -
PR JIHEE A ST 2 7= A 7 B o s 5288100 [1292-1296. 2010
A= — Bl Ot
RFE.

16




WEFERR D HATH) - BRI



Cornea

Mathematical Projection Model of Visual Loss Due to

Fuchs Corneal Dystrophy

Shin Hatou," Shigeto Shimmura," Jun Shimazaki,> Tomohbiko Usui,®> Shiro Amano,’
Hideaki Yokogawa,* Akira Kobayashi,* Xiaodong Zbeng,> Atsushi Shiraishi,?
Yuichi Obashi,® Tsutomu Inatomi,® and Kazuo Tsubota'

Purrose. To devise a mathematical disease classification
model for eyes with primary guttata cornea, on the bases of
endothelial loss trajectory and probability of advanced dis-
ease.

MEerHODS. A series of 1971 patients (3281 eyes), some with
and some without guttata corneas, undergoing specular mi-
croscopy were retrospectively reviewed. The eyes were
classified into four stages; stage 0, without guttae; 1, guttata
cornea without edema; 2, mild Fuchs’ corneal dystrophy
(FCD); and 3, severe FCD, according to clinical records, and
patient age and corneal endothelial cell density (ECD) were
plotted. Nonparametric density smoothing was used to cre-
ate a contour map, and a best-fit curve for ECD loss was
calculated. The relation between ECD decrease rate and the
stages were evaluated.

Resucts. Endothelial decrease rate in stage 0 was 0.44%/year,
which was compatible with that of normal eyes reported in
previous studies. Decrease rates of stages 1, 2, and 3 were
0.81%, 2.65%, and 3.08%/ year, respectively. The age-ECD loss
curves of 1.40%/year (ECO, ) and 2.00%/year (ECO, ) further
divided stage 1 into three subgroups; stage la, asymptomatic
guttata cornea; 1b, borderline guttata cornea; and 1c¢, pre-FCD.
The ECO, , cutoff line differentiated eyes with FCD from those
without edema with a sensitivity and specificity of >90%. Stage
1c¢ eyes were below ECO, , and had a decrease rate as high as
FCD.

Concrusions. This mathematical model can be used to predict
the prognosis of patients with primary guttata cornea. (Invest
Opbthalmol Vis Sci. 2011;52:7888-7893) DOI:10.1167/
iovs.11-8040
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Fuchs’ corneal dystrophy (FCD) is a progressive, bilateral
corneal dystrophy.' There is a progressive loss of corneal
endothelial cells with secretion of an abnormally thickened
basement membrane, leading to corneal guttae formation."
On specular microscopy, these corneal guttae are observed
as dark areas."? As endothelial function deteriorates, cor-
neal edema increases and visual acuity declines,” and FCD is
a major indication for keratoplasty (corneal transplants) in
the United States.®~> Although FCD is recognized as a dom-
inantly inherited disorder, females are predisposed to it and
develop corneal guttae 2.5 times more frequently than do
males, progressing to corneal edema 5.7 times more often
than do males.® The prevalence of primary guttata cornea
and FCD are lower in Japan than in the United States.”"® This
difference in prevalence is thought to be mainly attributable
to the racial difference.”

Primary guttata cornea is believed to be a preliminary stage of
FCD. Krachmer et al.® graded guttata cornea and FCD according
to a spread of guttae and reported that there was a positive
correlation between age and grade of guttae. However, the exact
natural course of guttata cornea, or whether all cases of guttata
cornea progress to FCD remains to be determined. A prospective
study that follows the decline in endothelial cells density (ECD)
with age would be ideal for predicting the natural course of
guttata cornea; however, a very long follow-up would be re-
quired, and recruiting asymptomatic potential patients is practi-
cally impossible, especially in Japan. A retrospective study with a
large database and an adequate mathematical model can be used
in a similar way to predict the prognosis of patients with guttata
cornea. In this report, we retrospectively reviewed age and ECD
in a large group of hospital-based patients and evaluated the
prevalence of guttae, male:female ratio, and distribution of age
and ECD. In addition, we propose a new classification of guttata
cornea based on a mathematical model that adequately predicts
the prognosis of disease.

METHODS

Subjects

Clinical records of outpatients who underwent specular microscopy
for corneal endothelial cell counts from January through December
2009 in six hospitals affiliated with the Fuchs’ Corneal Dystrophy Study
Group of Japan were retrospectively reviewed. The purpose of spec-
ular microscopy for those patients were routine examination before
ocular surgery, follow-up for corneal diseases that were thought to
have little effect on endothelium (such as keratoconus or lattice cor-
neal dystrophy), or follow-up for diagnosed Fuchs’ corneal dystrophy.
Patients who had a history of trauma, corneal infection, intraocular
inflammation, intraocular surgery, or laser iridotomy were excluded
from the study. Endothelial photographs were taken at the center of
the pupillary area with a noncontact specular microscope (Nonkon
Robo F & A; Konan Medical, Nishinomiya, Japan, or EM-3000; Tomey,
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