Electrodiagnosis of primary macular dystrophies
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ERM MR (ERE S EESBE, Stargardt 7 — HEMIRER, Best OJIHAMRE
MM, RARENEEEM YA a7 1, BEAREEOSF— YA M7 4, KEEFLV-¥,
EATHREARS R F o7 4, BOMRSRIREES R o7 4 BIURRPORRERS A a7 1) B
USRS & 7 I3RS L BICEER (RO MR IR R, A BN S &
U4 FHRBEEIREIER) BB E ISR AR ISR L, TRERMCERRL . X
IS E AR EE & LT, SAEAETREERE L L T O RENRMIREN (ERP), s#{FitERE
L TOMEER (ERG) O off IVERIBES, MBIEFIEREERE L L T photopic b(bs) ¥, scotopic b
(b B & UEEEIINE (OP) X UWEEER% LK (RPE) #EERE L LTO L/D, SREEGES LU
Diamox M2 % F\ -, RGNS EE T2, AL RPE K RFLLERRBREENT, %
B REEARCED s he, Stargardt Fi— BANIRER TR, BEEEGE S Diamox [T R
ERG BT LTRHEENZ E» 5, HEIR RPECHIRT 5 LR & 7z, Best DINEFEPEIRE
MWEB L VZ2ORERETEL/DOAL S THBEENSLEE ThH o 2t s, RPEDEESTRS
N, EEEENESAEROREZEORIBICER TH S I LRSI RAFEINERAR S A b0 7 4
ORI, LEELwI LY b LABEREORETHL EARBENT, Y-y YA PO T 4 BIUR
B R L—¥ TR, SEEERESCEEYRE L2225 RPE OB RES Lz, BAE NV —ETR
EEEFEEICREP R AT, ~HREE PV — Y TREREECECREEEEL LS, RRE
RIS AR BV — ¥ L BAM R L — P OEIENFERE 2D 5 5 I e nmBa i, ETEEE
A rm7 4 (PCD) T ERP B XL U off GEARITICAE 2B L1722 L2 5, #EL OV TORENE
WTYIH TEIER NI, PCD i, #AL~LOREEL ML T2 L BONBER (typel) L#EOESE
OHTHHAEREENEDOREY 2725 T3 L Bbh 2 EF (type 2) D DI BRAEBFRICST
et Bl BRSORIREE S A b o7 4 TS L U RPE CEEHEOE LVWBEIFEL VL
WEs, BERLOBIRES S R o7 4 (BCAMD) T3 ERG O#ERICE L FFERIGEN L b ICE
EXNBHITEWT, BEERICIETUHMATRY R o7 4 (PCRD) LHBILE LLAHS
BCAMD Tl PCRD r £%4 D ERG ORWADESBHICE L WEREZD AW I th 5, BCAMD &
PCRD #EWITIHEA RIS T 2B TH 2 g s iz, JEFREFM 23 ARER LEORMERE TR
BEAMSENICE L VWA 2D, IS OEMCE T ARBIZEEELE I LD L AREEORE
EEEMET 5 ERMaNny. MEOHRWC L - T, FRMEHEEEE CIRIRERRL 5 BHAL 22
WEBHEOEENEET S 2 LA h 22 0, BEABEEIREERE BRI R R B AR E
O ERELOWEECEDZH B TERATH D LiEwmI N,

Abbreviations: APMPPE, acute posterior multifocal pigment epitheliopathy ; BCAMD,
benign concentric annular macular dystrophy; BMD, Best's macular dystrophy ; bp,
photopic b bs, scotopic b; CACD, central areolar choroidal dystrophy; EQOG, electro-
oculogram ; ERG, electroretinogram ; ERP, early receptor potential; FVD, foveomacular
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Key words electro-oculogram (EOG), electroretinogram (ERG), juvenile
retinoschisis, Stargardt’s disease, fundus flavimaculatus, Best’s
macular dystrophy, foveomacular vitelliform dystrophy, pattern
dystrophy, familial drusen, progressive cone dystrophy, central
areolar choroidal dystrophy, benign concentric annular macular

dystrophy

FRREMEERERENEE R, BoNE4@E LTRE
DOEMBCHBREETHEORELZE T 2 8ERERD
BIRTHD, M IR L CETRESG N
3, FRERBEMEMEETE, HERORBSEHRED
B2 BRI N (FEERE S R
fiE, Stargardt HOFH, WEERE LR O/ 85— IR
b7k, FERNEEERMTRESET A
DI 2RO EPMEME L RE\ES 2D (Best DI
BRRHNAEEORER, R OMESREURIREE Y X
b7 4, Stargardt ¥, #ETHEHEEIA o T4
), H30ESELBREFTEEET 2 DB
BHOFE R ACEHEREEEL L TLES LY

(Stargardt % — REMRER, REEFLV—¥iY)
TB3HA % { e,

EFRME RPN OB CRIEBED ST Ic BT
PESEBYWHEOEEENLESEHENE IO
ol @i, 1966 4E 12 Frangois 5292 X - T Best
DIEBFBABHEME? (Best’s macular dystrophy,
BMD) 81} 3 electro-oculogram (EOG) iz X
2K LR/ NOEE (light to dark ratio, L/D) @
RELMEHaNZ L iEE %, BMDs3 3 L/D
REORROEERBLUTO 3HKENTES, T4
bbb BMD Ti§F—wz, RIREAT R ClilRic AR~
IEBRENIRELEL TWAERADATEL, KR
AN IEREETREZE L 2N b g
fiRIZ 3£ BREEBE L T WERS L U BMD ©
RIGRREE & 22 L5 2EH (RACBIRECREE
RO SNBVRZDTFHIC BMD 25FEL T2 3)
WL/DEEMNANB I EMS, L/Did BMD D2
KR RIRERE CREE 22 L T LREDBREHIR
REDRHICHERATH 3, HFi2, BMD TIHIRERSE
RETIREE 010 2 LERLUAOSEBEOREIC T

ELvicbvdbs TREEMTHS L/DIcER,
BET3Zr»5, BMD B 3REDHEHIZ RIS
FRPOHEEINIULDEHEHIIO > Tns ¥
265, B, L/IDEE»S BMD ks 2E
HEERM L U CHEGARLEE (retinal  pigment
epithelium, RPE) #— DD MK L L TEZ bh
298 B=0 5HiE Francois & DIRE?D S 16 F5O
1982 £ 12 Weingeist 5% & Uf Frangieh 571 X »
THEREEERICEEE & iz, Francois 529 M8 [ER M
EHEMEDOMTICH VL ERAEEN R HEEER

(electroretinogram, ERG) @ ai & bEB LU
L/DThHY, IhdDHkiE il o7 1<
BMD BWTIIBO THRTH -7, LHLEHS,
aFEP bEBLUL/DE2MET20AHTid, BMDU
SO EFRERBEEMEEDZE B & RO
AR AT THEWNZ e, E5ZHESLE
BREBENFROMRBSHFEISA THE,

A8 & O Yonemura'?id AR ERG 2B W TE
WZHERIZHRT 3 off RERIREE SEEEIEL, 6K

Table 1. Primary macular dystrophies

X-linked juvenile retinoschisis

Stargardt’s disease-fundus flavimaculatus

Best’s vitelliform macular dystrophy

Adult onset foveomacular dystrophy

Pattern dystrophy of the retinal pigment epithelium
Familial drusen

Sorby’s pseudoinflammatory dystrophy

Progressive cone (-rod) dystrophy

Central areolar choroidal dystrophy

Benign concentric annular macular dystrophy

vitelliform dystrophy (adult type); L/D, light peak to dark trough ratio; OP, oscillatory
potentials ; PCD, progressive cone dystrophy; PCRD, progressive cone-rod dystrophy;
PERG, pattern electroretinogram ; PVER, pattern visual evoked response; RPE, retinal
pigment epithelium ; SDMD, senile disciform macular degeneration.
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DF I IZ TH 121 M L~V T OBAFTRBEER
#iE 4B L7, Yonemura 52 & 512, BRTE
FREREEBASBIREER £ 7213 Diamox (aceta-
zolamide) DEIRNEAC L > TRAP T2 Z 2 R0
L, ZRENERBETIEES & U Diamox I5& &
&% L, £ RPEICHKTE ¥ 2 Wik & D non-photic
stimulation iZ & 27 L\ RPEBEERER L L TO
PRI (E 2 e L 72,

EREMEHREMED TRESMICEL Tid, B<
Bo N EhC b Do RERSAT RO®E b T
piRESNZITEY, RREEEETERED ZRE
MBS M ERTVD LIZVLLdSicy, K
BHA AR R EROEROBEREEZ D ST CEAT 5
TrRELEARTETHEY, FROFLVWERER
R HRIE, ERAREERSERER L L CRAEN
B MED ERETMOBECERTH DAL
51, F—EANCER D E L THEIT LFIROET % 88f
T2 d o TEFOMICI SIEATE S, Ll
B2 e, FEFREHEBIEEEIC LROFL VERE
BYWFERELICALLRERI N ECRRAERSR
», FHRIOACEBLT, KNOFRRIC L5 LD
ok L AERD HIEEHEAWTS, TiabbRME
HLETHEERREE ¥ L T REIRMATENL (early receptor
potential, ERP) %, ${A#REMRZE L L T ERG D off
SERARE Y, WIENERIEME L LT photopic b

(be) ¥, scotopic b (bs) HH & CEBEIRR/IK

(oscillatory potentials, OP) #, BAFFRRIGE DTS
Br LT x#EB LU0 Hz flicker ERG %, 8L
RPE#fEMRER L LTL/D, BEEELEB LIV
Diamox 5% % BMD % & & RF M EBEHRAHERNIC
BT 22L& > T, FEREEMEEERED FHE
i L RFIFRE M ORE 2 ER L 7. R
EPEMRE AR & R 2 BT 2 EEAMORBMERD
S3HLEEZ WL DA DV TYH &S, pattern
reversal H#ic & 5 ERG (pattern ERG, PERG) i3,
ZTOFRERICEL T EZERM L WY, PERG % —
BOEFNCEA L7 D THE TR 3,

HRE L UHE

1. =®

ELERTEAEEFRMIAEED S ETITB L
T E PR&EF D%y SorsbyD BB HEHBI Y A b o
7 4 (Sorshy’s pseudoinflammatory dystrophy) %
B < SRR BT ME 27 B 54 IR (FRMEEH{R IR
MBI BERE 2 4 4 BR, Stargardt 7% — HEHARER 4
B8 BR, BMD 3 %1 6 iR, RAFREIHHBER YA+ o
74 16120R, RPED/$¥—> YA ba 74 142

R, M P L —¥ 3516 IR, EITHHEEY A b7 4
76014 8], OSBRI At a7 1 4618
iR, BEROSEREES A o7 4 2614 R) 2EXN
HrL, Zhiinz TRFEMHEEMEMEE & thBR
T2 HN TR 2 i AREE L EORBEMER
12 1 24 BR (RO PSSR EIRASREIEE 8 ) 16 BR, BA
IR E B AR EE 3 Bl 6 AR 3B & SR MEEBEERIR
BRI 1) 2 IR) 2L, ERED 3RENEE
L7z, EBESOERIEREOKRE & L off [HE BIRE
FiE-OoBREWRFET 2 EHT, ¥V (macaca
nemestrina) T 1 IBOEHHEHICH 4 LHEBOWHE I
xenon YEEEE £ #i L, JCEEMTIR & YEREI T O
HHERD off FE AUERIR % ELBARET L 72,

. 5 *

PERG L%+ @ ERG DEEEFICHEL, 0.5% boEd
FE0.5%7 =170 YDERICE > THRIREFL
BEOALU T (EEH 8 mm). x #iX 20 Lux JERRT T,
X P LASHEBEEIC TSR L 72, bel, bell, x K, OP,
30 Hz flicker ERG B & Uf off RS ABHRE T,
0. 4% BB * v 77 ah 4 i & b ZERFREERIC, B
MR TR ERE, 2% AFLENT— RS
BRICHEL, AR 2HEL L LER (Rfars
7 by X, BE) REHLL. TEERE L THME
FAHBRES NEI2SMA (HEXE, ®R) % b,
bel, x 3, 30 Hz flicker ERG 8 & U off IGE &
EMRE TR - ARIOE Rz, OP RE TN
Mgz B iz, ERPRETCRER L L TERERE:
vy, TEEEE (A&*BERTHR-oZL0) PR
BV, BREESES 2 —a2ty 7 MES3102(H A
JEE) (1kHz T3dbRET ) AV, FER%E bs
¥, 30Hz flicker ERG, bl 8 & U off BB AR T
Ix 2 sec, x T 0.3sec, OP Tix 3 msec, ERP T
10 msec ¥ L, HEIZE U CINER ATAC3S0 (B4
B I TEEL 72, FIBOEHE & LT bs¥¥, 30Hz flicker
ERG, beili 8 & UF of{ IGERKETIE 1 kw D xenon
WEE (SWBERT, BN 2, x W8 L WERP TR
1.2%10% joules ?® xenon HEE (I A v bAMOR,
HE) £V, xenon MEE» 6 DR TFRHEROL
FHHB ORI ZF N FR b, 30Hz flicker ERG, bei
B LU off DERABRE T 7Tmm, x HBLPERPT
X 1cm) %4 LC ERG SRsFAREICE W7z, OPRE
TIRFEFRMER B, HRIROFTT 25 cm OEERE
25 20 joules D xenon WEE WA LA, 20
HiEz k3 OP(20) 0IEE#HRAEIL, KNz th
V¥ 149.5~404.3 4V (IEE# 65 IROTHEM, 276
9.V ; HBH(RZ SD, 63.7uV) TH5. b IHRE Tk
bs HHREFASHRIFEHNR N — 2 (ERE 40 cm) NE2S
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FIZHE BN SIS LD CHFEERH REE
K —ABCEE L T, 60 U EORIEISR I £RE S
EHE (BBEE 1.0X1073~1.0 Lux) 0 & > T bl %
B L. ERP, x #,30Hz flicker ERG ¥ &£ U off
FEE BRI T I R TR ROEET IR & BRIR AR
E&d 5 lem DAIEIB VT2, ERP RE TIZERE
1.0 log O filter %, x ERETIX 1.5log Dk
filter & 7~ filter Wratten No 92 (2% v 7, BE)
A L7, 30Hz flicker ERG T3 RIBE D Frehis
F% 33 msec, YOHBEEERE % 30Hz (ARERTR). &
ERIBOLEE £ AR 2.0X10°Lux £ L, 100 BORF
Buzxtd IR R ETEI L 2. bl & U off
EERRITRE T EARIEOEE Rz, xenon HE
5 5T filter (400~700nm, 10nm RERHIZ 314, ¥
E1E 8 ~12nm) %L THEEEN % P filter %
BOTESLBFICRIZ S 2 bic & » THERBL 2B
Jo. BEXOBAKHBAEE R AKEL.0X10%
quanta/cm?/sec TH %, FRIBEHOFHRKEHE % 125
msec, FIBRKEFEE S dHz CABEHR) &L, 50
EORIBUCI T 2 MNEFHHF 2 AL 7z, bk, be
#, 30Hz flicker ERG 3 & U off IGE BBEIREK
BAwiEBREY vy ¥ —Drising time B & U falling
time iZ & H 12 2msec TH 5.
PERG ¥ & U pattern reversal I 8O B EFERE
fif (pattern visual evoked response, PVER) D#li#
pattern & L TH#ARERD AT 60 cm D LB 3 1> 7o #fE

pattern pitch () 13 £~211 5@ checkerboard
¥ % reversal HE 1.5~8Hz T £ R L 7z. check-
erboard EARDMEE £ ER BRICZ L & ¥z, I
BEI3 172 nit, contrast (X 97% TH o7z, THEREROH
H5 X URIAIOERD FE EW 80— Ol
R ERE NEI2SMA (BAXE) /LT PERG & ¥
HU Tz, HBERED ST 2 cm OEPH EOBEK
R PR B B &, M E RIS BEE (W
AIEZRE2EKR) 28 E, FhFIEEEN (MRS
BREE, &5 8B) CEEL PVER 2#H L7, pattern
reversal Fl¥Z & 5 PERG # & Uf PVER % R Fi iR
- —uwsvy 2 8§ MEE4108 (HAYE) (RREHIT
PERG Tit 0.3sec, PVER T3 0.15sec) % W7
B4 200 EIMNE R L, XY 7oy y—iZ THEL
7-. ERG 8L UF VER & b2, L& ORI BEERE
BBk T 5.

EOG i & 3 L/D, BEbEIEE S & U Diamox i
BEOILFITIF, BHHF—-LANETE —20F005
ERCEFNZN 15 ERNFNCUET 2 2 Bofuh
WEFHRE AR (B 2sec BIZRAEIW AR 2EES

B

, #4730 EOEHERKEGES » & €72, NIRAR
BLUAMNRAERCs O ERBRRAES NT613U
(BARE) 2N LT, TRy S ERICEE L2 EOG
B X EREES RDUS (BAXE) (200Hz T3db
BT 5) IO THIERIC 2 E & oscillograph THED
Lz, Bl 7 5 BORGESIC & 3 EOG IRIE %+ F
HLT1IRSEICBIT 2 EOGIRIBE L.

L/D QEHFTIE, EAXTR TERELY bLEE
W FEIERS % Bath L, BEIES R A4 15 MR I e R/ \hi18
SRR S 1.2X10° nit DLREFWEE I L - TH
BAEERL, L/DTIR 1A UTERELHEL
7z,

EEEFIGE B & U Diamox IG&E D& T, FBEIE
JEBIRA1E 30 S % BB L EOG IRIEA 12T —EE (T
EEE) Lo kAL S, BECEMELEET,
Z 1 # 1 Fructmanit (KFBZES, B (10%fructose,
15%mannitol ; & EFHI{E 1.4 X10°mOsmol/l)
7zt Diamox # 8T L 2. BREEEEB LUV
Diamox BB DK & & % EYE&#H# EOG #R1E Vo i
3 3 EWERE OB/ EOG #RIE Vmin D (Vo-
Vmin)/Vo TE#% L7:. Fructmanit D&5HEEL
TTEY OFEERG, 740 b 54 Fb 5 HEM
SEEFTCBREEIGER2MELLED (I-1
~—-3,V=-1~VI-3BLUVIX—-1~2)TRESE
DFBENHEL, BEORE LY FEA YT Ty
FrRALTHEMRM IV ORKERM TR
X o> THREH 72 H T Fructmanit DiFEAE & HIE L 72
(2.37~9.7 ml/kg, 0.08~0.35 ml/kg/min). EHD
I BV TR, BREFISEOERTEEIZ 33.4%
~51.8% (IFF&E 54RO M, 42.6% ; SD,4.6%) Th
%, BBF0S8 ELEICHRE L ES (V- 1, V-1
~Vll— 4 BL VX~ 1~XI—3) TiF Fructmanit
BB L UAREES, AEOATER(HELS
Ericb ETWTHET 2 L) kB LY, KR
3RS OERINEE /N & P oREER S, (0.168
H®+0.05 W-+0.444) 1; 2, (0.25 H*+0.63 W~
0.662) 1; HBE (m), WHE (kg)] » 5K,
Fructmanit O & 555 % 1 B b 12 0 HilE O ER
MgED 1% LHEL. BEOLABLy EALD
ek HETIR, RSRIFIRMERORELZY,
¥ 7> SIS & BT E L ORI £ TOE & A5 HHERE
RO £ LIEBT 0T, HEEEL E
FEVCRO DI RERES, # 2 THRES & UEAE
B % — B AR TR 2 BT E SRR > 7 SR1000
(v, ) EAREES2%) AL TIOTE
REMET 2 LD TR, JOFECL > THILE
EEISE O F 8 HE I 22.9%~45.9% (IEH# 50




JEEE S 1o BT 2 R 00 BB A AR B RS D LW T OIS

SD.5.5%) T& %, Diamox IGET
i3, ELER O ST HCHE G, BB ARImIIZEML
Diamox 500mg % 1 57 LIPNZ#RE L 72, Diamox 5%
OIFEEP I A LT 32.1%~52.9% (IEH & 36
B M, 42.5% 1 SD, 5.2%) TH b,
FEOBREEFHEREOMIC, —BIRELLT
RIS R E, HEIRERE, Goldmann FRUFHRHE,
Hartinger BEIEICHRE, BEME (LRK, KERX, O
B - KHER, HHEEARNXS L 0 HRR X0 EER EX,
Farnsworth panel D-15, Farnsworth 100 hue test,

R M, 33.9% -

-

Nagel % anomaloscopy, Lanthony’s new color
test) DFEREETT > 7.

—JHD N (macaca nemestrina, 3 kg) D F IR
WHLER & o0 # 4 FLEER O FEFHIC xenon  photo-
coagulator (=7 7, ##F) (beam size 6 mm, spot
size 6, duration 0.5 sec, 40 &) % FHv» THREEE % hfT
L7z REEREST 3 MG I BT EHEEs S s L,
+LER in vivo TD ERG DEE#RTIE, Mioblock (=
3, EH) OfE (0.5 mg/kg) TREMRL, AR
221 — 2 661 (Harvard Apparatus, KA b>) %
ALWTRENBEE I L 5 A TR ZHEL 72,

B #
£ 2B LU IRTIEICHE > T T REFEERBITE
MAER (1, FEMER GRS EMR O HEE [T, Star-
gardt 7% — M EIARERE ; 111, Best DU SEREH A
ME, N, BRAFEINEMAM Y A b7 45 V, #
B LEEDO Y- YR b7 4 VI, FEER
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L= VI, HEFTHEER Y R b a7 o VI, LR
SURIRGEIE S A b o7 45 IX, BYEPOERIREEY A
FO 7 4) Won TN, D DL TIERREMEE fE5E
K (b1 & b2 BEEEEE (X, POk
FEREIERE 5 XT, EAMMBREEEEHE 5 X1, &
RUEHBEHRGEXIE) BLUXIMTFVRCBITAE
BERIZOWLTAND,
I, fEMEEUESERESEE (UTEERERS B
i & BE)
1. MRS L URLIREEEFR
fEG (I —1) BLU (1-2) T, RIBHATR
TH, AEICEHE 2 IREROB O ERRE (L L B
BROMEBE O P EEATED Sz (K11 —-A), &R
EEY T REMNERO RN ERERE L 1248, &
BB S BLARZE D dye leakage™iZ e H iz
mod: (K1 —a), FEF (I-1) BLU (1 -2)
T & YDA R R s ko Tz,
2. BRAEMEHR
FEG (1 — 1) @ b DRI V - FIEGEE 1 DB
(B 2) it V/Vmax=1"/ (I"+¢6") (Vmax, b HHEK
R V, b JARIE ; [, RIS E | o, 1/2Vmax 24
THRIBGEE) TRIBEME N, nid V- IEROE
FORAEEREL, EFRE & UHEHE S BEE S
(I-1) THO.9TH o7, oz VIR OKES
MOMUEBERET 5O TEHIBTO.041ux, EH
(I1=1)T0.08lux THh-o7, Vmax BEFIREL &
UREFTE BT 300V TH D, MEEIIZZEL W
EREERDEM oM, bl V- IBFRIEFHHE T

Fig. 1.
retinoschisis (case 1-1).

Photograph of the fundus (A) and fluorescein angiograph (a) in a case of juvenile
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V= (Vmax/o") 12 & o TEELE L, Vmax/o"% &
ErEELD S, FEFD b ORBE (Vmax/o") I3 1E
RO 1 /2 WETL T, REFNCE T S bl
DEEH, V- IHE2RELBEL2EEL 51
EoTHDTHRHEL AL 06, REIZBITS bl
EEDHED R IZIE b D Vmax 2FHELT 2 & 9
72 HRBEV XREO A TRTHATHDL LR S,
CREETAIHEBROPKBLTHY TR E> L. 7
frbb, (I —1) T 20 joules ® xenon JRERIL
OEHHEIZ £ 3 OP (20) FEBEIEZRL RS
b (5240 4V, £ 220 4 V) EEEEAICE L o708
(54 3), 4Hz BEXERG GRIBOLHEE X AKEHE
1.0X 10" quanta/cm?/sec) W B 5 OPIZE L <&
LW (4), FEF (I —2) Tk 20joules @
xenon M E R B £ 2 OP (K 3 ;20:A110
4V, 7120 £V) 3 & UF 4 Hz B@EERIEIC & 5 OP it
EHIIRFL Tz, 4 Hz B ERG O off (BER
BREIEIE (M4) BLUZOMERE (K5) GEH
(I-1)BIU(I—2) TrHEEHHENCZH -
7z. 30Hz flicker ERGRIBIZ PRI L, BIRIE
BLTwi (K6), EH (1 —-2) DERPRIEET
Ho7(R7). L/D B &L UOBRBEECEIXES (I —
1) BIU (1-2) TEHREREENCHD (&
2),Diamox [GZE b EFI(I — 1) TIEEHHENIICH -
7=
II. Stargardt %5 — % & M iR & (Stargardt’s
disease-fundus flavimaculatus) &
Stargardt F —HEREERORRFARC LT
< 5348 [Noble 512 ; (1) fleck 2 b FEHBMEHED A
DHD, QHMEEL ZOFEIC fleck 2 b D

£ 300
5200
§ 1001
£ 50
o
£
<

10

001 0. 1
Stimulus intensity (lux)

Fig.2. Amplitude of the scotopic b-wave in a
normal control (O) and a case of juvenile
retinoschisis (A, case I-1) as a function of
stimulus intensity on a log-log plot. The b-wave
was elicited by a full field stimulation. The
abscissa indicates stimulus intensity (lux) at the
cornea. The amplifier time constant was 2 sec
in Fig. 2,4,6,18,20 and 22.
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Normal control

s
i

\

Juvenile retinoschisis
Case 1-1

1-2

i

Stargardt’s disease -
fundus -1
flavimaculatus

n-2
1-3
Best's macular
dystrophy mn-1
-2
Familial drusen
vi-1
-3

Progressive cone

dystrophy )
wPe l loys,

I-5

ikl
NREANNERN

)
|

Central areolar

choroidal dystrophy
vim-t
-2
-3
V-4

il

Benign concentric
annular macular

dystrophy X-1

W2l T

|

200V
20 msec

Fig.3. Oscillatory potentials. The uppermost
recording is a normal control. The traces in
descending order are responses from patients
with I juvenile retinoschisis, II Stargardt’s
disease-fundus flavimaculatus, Il Best’s macular
dystrophy, VI familial drusen, VIl progressive cone
dystrophy, VIl central areolar choroidal dystrophy
and IX benign concentric annular macular
dystrophy. Left column, right eye; right
column, left eye. The light source was a xenon
discharge tube (input energy of 20 joules) placed
25cm from the cornea. The tube served as a
light source for the stimulus and the conditioning
light. The stimulus was delivered after the
conditioning light which was preceded by 5 min
of darkness. Upward deflection indicates
cornea positive in Figs. 3,4,6,7,18,19,20,22,23 and
34, The amplifier time constant was 3 msec.
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(Stargardt %), (3B EIZILEFO fleck 25
L0, AEBENEFD TEEEO fleck DAD L D]
DENZNOEHIET EFIZ D TR B,

1. WIRSES & UBLIREER R

1 ECEYT AES (I1-1) TRMRRERR
M ERREBEZEY (bull's eye maculopathy) %38
iz (F8-A) #3, fleck EA SN LMol EHIRE
EETIHERRRE MG L THRROBEBELEE
L7 (X 8-a), AREFBLUVLUTD 3 DOBEOERT
AT, RECBHICEELERRERTRO—D2TH
LREIEE B EOER LR (dark choroid®®) A%
BABRICERS S 47z (H8 a-d).

BRSNS T BEN (I1-2) T, MRIREY
I ICABRR B 2R, 2O A fleck HEK
HELTWi2(E8-B), #NIREEE CIEMTOFN
WHRE L #OREOD fleck IEIFXIE L T window
defect’™ iz & 5B NEE L7z (K 8b).

BIBICENT AES (I1-3) CRMRIRERT
HIZK SABFBROBEERE RS, BEEREDD
&2 & vascular archade @ #Hil 2 F T IAHEEIC
fleck H387E L7 (M 8-C), BMBEEHF T, HH

Retinoschisis

Normal control

Wavelength (nm)

f—“_ﬂ—:jww
50msec

Fig.4. The ERG evoked by monochromatic
rectangular stimuli having equal quantal content
(10X 10" quanta/cm?®/sec at the cornea). The
left column shows a normal control; right
column a case of juvenile retinoschisis (case I -1).
A stimulus of 125 msec duration was repeated 50
times at 4 Hz, and averaged waveforms are
shown in Figs. 4,22 and 34. Rectangular wave-
forms at the bottom in Figs. 4,6,18,20,22 and 34
indicate when the stimulus was turned “on”
(upward deflection) and “off” (downward deflec-
tion).
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Fig.5. Spectral sensitivity of the rapid off-res-
ponse in juvenile retinoschisis (¥, case 1-1;[1,
case 1-2). Circles and vertical bars in Figs. 5,9,
11,15,21,25,28,30 and 32 indicate the means and
standard deviations of 13 normal subjects respec-
tively. Zero log units corresponds to 1.0X10'°
quanta/cm?/sec at the cornea in Figs. 5,9,11,15,21,
25,28,30,32 and 35.

Normal control

Juvenile retinoschisis
Case
-1

Stargardt’s disease -
fundus -1 f
flavimaculatus

-2

-3

-4
Best's macular .2
dystrophy

m-3 §

Familial drusen yi-1

vi-2

20 msec

Fig. 6. 30 Hz flicker ERG. The uppermost
recording is a normal control, The traces in
descending order are responses from patients
with I juvenile retinoschisis, II Stargardt’s
disease-fundus flavimaculatus, IIl Best’s macular
dystrophy and VI familial drusen. The stimulus
of 33 msec duration (2.0 X10? lux at the cornea)
was repeated at 30 Hz. Averaged waveforms to
100 stimuli are shown in Figs. 6 and 20.
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Tabte 2. Electrophysiological findings in primary macular dystrophies [X-linked juvenile retinoschisis,
Stargardt’s disease-fundus flavimaculatus, Best's vitelliform macular dystrophy, foveomacular
vitelliform dystrophy (adult type), pattern dystrophy of the retinal pigment epithelium and familial drusen)

] EOG
Primary macular Age | o Corrected D —
dystrophies (yrs) SeX | Vigual ERG LD mg(‘)lpfrft Diamox
Acuity Rkspuﬁse(%?ﬁ) Response(%)
[ X-linked juvenile retinoschisis
I—-1 8 M | R 0.6 |b, OP* 30Hz ERG* 2.50 39.1 47 .4
L 0.4 | off-wavelets* rapid off* 2.78 43.1 51.6
-2 10 M | R 0.2 | ERP® rapid off® 2.90 36.7
L 0.3 |b* (0) 2.24 34.2
II Stargardt’s disease-fundus flavimaculatus
-1 (group 1) 8 F R 0.1 b,° b,® SOHZ ERG® 1.88 36.8 50.0
L| 0.1 |OP° rapid off® 1.79 33.8 47.4
-2 (group 2) 36 F | R 0.1 |by° be  30Hz ERG® 1.98 28.6" 41.7
L| 0.5 [OP° rapid off® 1.90 42.4 43.2
II-3 (group 3) 27 M | R 0.1 | OpP* 30Hz ERG* 1.10" 13.0* 29 4%
L 0.1 b,* rapid off* 1.30* 11.0% 32.5
1I-4 (group 4) 17 M | R 0.1 |OP° 30Hz ERG* 1.62 27.2% 15.8*
L 0.1 rapid off* 1.41* 26.4* 21.8*
I Best's vitelliform macular dystrophy
-1 53 M | R 0.5 |OP° 1.16* 22.8*
L 0.7 1.15* 27.1*
-2 20 F | R 1.5 | b’ 30Hz ERG® 1.31% 20.0* 38.5
L 1.5 | OP° rapid off° 1.23* 20.0* 42.1
-3 49 F | R 1.0 | by b 30Hz ERG® 1.27* 36.2 28.9*
L 0.5 |OP° rapid off® 1.16* 33.0* 32.7
IV Foveomacular vitelliform dystrophy
IV—-1 61 M | R 0.4 |OP° 1.87 25.7 39.0
L 0.8 1.93 30.8 42.5
V Pattern dystrophy
V-1 66 M | R 0.6 2.19 26.6* 41.1
L 0.9 2.02 29.5* 35.7
VI Familial drusen
Vi-1 62 M | R 0.4 30Hz ERG* 5.0"
L 0.1 op* rapid off* 17.1*
VI-2 51 F | R 0.1 op* 30Hz ERG* 1.36" 15.8* 36.3
L| 0.5 rapid off* 1.51 19.9* 33.5
VI-3 69 M | R 0.5 1.63 22.2"
L 0.3 op* 1.44 22.8*

Groups 1 to 4 in Stargardt’s disease-fundus flavimaculatus correspond to the four subgroups proposed by
Noble et al (1979). ° and * indicate “normal” and “subnormal” respectively. The normal range for the hy-
perosmolarity response is from 33.4 to 51.8 percent in cases ( [=1~II—3 and V—1~VI—3) and from
22.9~45.9 percent in case (IV—1). The normal range of the Diamox response in Tables 2 and 3 is from
32.1 to 52.9 percent. M, male; F, female; R, right; L, left in Tables 2 and 3.
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WO EBIERE NG L TG EERBERO BB 2R

FEBXERL, KEEO fleck IS L T window

defect 12 & B:EEHERLA (K8 -c).
WAL T AEN (1-4) Tk, MIRRER

Normal control

Juvenile retinoschisis Casle_’z
Central areolar .
choroidal dystrophy VT g b

Progressive cone .
dystrophy type | VI-2 &

Fig.7. Early receptor potential. The uppermost
recording is a normal control. The traces in
descending order are responses from patients
with I juvenile retinoschisis, VIl progressive cone
dystrophy and Vil central areolar choroidal
dystrophy. The light source was a xenon dis-
charge tube (input energy of 1.2X10° joules) in
Figs. 7 and 19. A glass fiber bundle (1cm in
diameter) was used to guide the stimulus to the
eye, and its output end was placed 1 cm from the
cornea (Figs.7 and 19). A one log neutral
density filter was placed in the stimulus pathway.
The amplifier time constant was 10 msec.

FRER I D fleck HSBITE L 7248, BMEMEHBEERRE
$H BN o7 (K8 -D), BHIREER TIZ—HD
fleck XI5 L T window defect 1= & 2@ EEL
7z (8 -d).

2. BREEFWFR

OP (20) 1358 3 BEDERI (11— 3) ORRTEET
R, ERTEFETRRBCET L s (F 150
uV, 140 V), FEB (11— 1 62244V, 7244
uV), EF (-2 ;5170 £V, £ 240 xV) B & TIE
B (11— 4 ; 452371V, £ 220 V) TIRFERE bIZIE
HWHERNIICH -7 (F3). 30Hz flicker ERG 132 1
B(I-1) BLUgE28 (I-2) OENTIRIER
HWHENICHD (M6), HIF (U-3) BIUFELH

bEWRIBOBERASE L (K6), 4Hz BEEX
ERG D off I ERBIIREO S HRE X, F1H

(II—1) BLUE2E (I1-2) OEFTIRIERE
BAICH D (H9), EIB(II-3)BLUB4HUI-
4) OEFTIRBECET2RLE (®9),

B 1HOER (II-1) Tk, L/D, BBEEGES
X U Diamox ISE DT RTH MR & b I EEEEN
Wwhote (£2), L2EOMER (I~2) T, L/D
B & U Diamox [EEHERWIR & b EEHBEANICH -
7o, BREFCERERTCEETRARBCETLT
Wiz (F2)., EIBOER (II-3) T}, L/DB &
VEEBEENERMRE bKEFETRARICETL,
Diamox [GERERTEF TRARBIET LT Wiz

(2). BAHOER (11— 4) Tk, FROL/DIZ
EREERICE PE-onNEREEREB LU
Diamox I&& XA L b CEFETRABICETL Ty
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Fig.8. Fundus appearance (A,B,C and D) and fluorescein angiographs (a,b,c and d) in
patients with Stargardt’s disease-fundus flavimaculatus (A and a, case II-1; B and b, case
I1-2; C and ¢, case I1-3; D and d, case I[I-4). The different letters represent the four
subgroups proposed by Noble et al (1979) based on fundus appearances.
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7 (F2).

0. SR EBIEN A (Best’s macular dystro-
phy*, BMD)

1. BIREE L UVEXREEETR

FF (- 1) TRMREERICK 2 X IFAEED
#EIZ3H Yo N BIRRFE 2R, BERE 2
2L (" 10— A), EXREEE T, WEEYHER
fluorescein BERTH & AR EE L2 (K 10-2), &
ZEHIZ 1E blocked hypofluorescence i & 2 {5
%2229 (] 10-b), YEEEHNICIZ staining & & 2 1BEE
2L (F10-c).

FEF (- 2) REFR (- 1) OIRT, HRIRHER
BETRELBEEEE S oo, TERO L/DARK
$ = DT BMD 0 REHX L Rifgan iz,

EF (MI—3) TIRMEIROFEMIMIz1/3~1/25
ERCEEZARONERORELRD L, BNIRERE
E”(“ZiEEE'NiEJ%W*H?QH:%%UJF”"OZ?‘J“FLT%&
WEEEFEL, ERTCIEZERCINERORE
%t L T blocked hypofluorescence %, fi%ﬁf%:ﬁﬁb_
staining 2L 7.

2. EREBTHA

fEF (I1— 1) Tk OP (20) RIEFEFEMA (% 280
uV, 52240 4 V) THodzd (3), L/DIFWIRE b
KELLETL, BEEENELHRE bICEETR
REIETL T (£2), fEF (M- 2, EHIN-
108 TiXOP (X3 ;30 : 45360 1V, £ 280 £ V),
30Hz flicker ERG (K6) ¥ & U 4 Hz B ERG
O off [EEAMETIRIEDSEEE (B111) 13 bITIE
BEENICH > 724, L/D B X UBREELE TER

(- 1) FAEMRE SICEETREBETLT
Wiz (#F2). EF (- 3) T3 ERG @ bl bsif,
OP (20 A 381 x4V, £330 £V) ¥ & U 30Hz flicker
ERG (B 6) 13+ XTEET, 4Hz BE} ERG O off
G B ERRNE 0 43 6 BUE b IEFHIBINC H -7 (K
11). L/DEFR: bt L LETL (R2), BRE
& B £ U Diamox IGER Z N FN 1IRTIERT
RAMICIET L Twie (F2).

V. BAREREEEHMS X AT 4 (foveoma-
cular vitelliform dystrophy: adult type,
FVD)

FVDiEBMD £ R T RNEERD—DE LT
Gass®z k> TE &/, BMD L FVDid &
2, 1) EnEEERE Ly, 2) EESCINEED
REEEL, 3) HENRFLZHENEROZLEOAT
Pk oTwnaas, 1)FREERDH BMD Tk (£
%1IBEOILRECT T BMD 83D 6N 2 Z LD
D, BEIXS~10FTHRRENDIEEND) PDICkh
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Fig.9. Spectral sensitivity of the rapid off-res-
ponse in Stargardt’s disease-fundus flavimacu-
latus (O} A, A and B indicate case II-1, I1-2, II-
3 and I1-4 respectively).

N FVD T8 30~40 FRTH Y, 2) MEEOHE
FEDRKEEHBMD ZEEXTFVD T3 1/2~1/3
FLEE ENEL, 3) JREROFEHEF R BMD 2id
BERShZWAEKBES FVD TR R, 4)8X
REEETFVD TREBHBOH2HROBENEE
L, 5)L/DEEDEE N FVD Tlk BMD 2 &g
EThru WD ETHWIRR>Tn5, EH

(IV= 1) T TEIREBHCH 1/ 3 ALER O/ S 25
ERORE L BRBROREFROBRILBELTOL
(B 12-A), BHRBESE CRIIEROREFTROA
FibE IS 3 blocked hypofluorescence 12 & 3
EEXEEL, EEXEOBAHIT window defect &
staining 12 & 2 @B#NXEE L7 (K 12-2), LEOKRR
FiPSIIN Uﬁ:‘r‘{:ﬂﬁf‘_mif_‘ﬁﬁmﬁﬁﬁkbﬂx T L/D #SIiE
HEHEANICH o7 Z s, EFIV— 1) i Gass??®
DEEL 2 FVD OERIE# 2 s hiz, OP, BiREE
JGE B & U Diamox IS E X TN THHER & b ICIER M
BRI H -7z (F2),

V. BEERLEOA S~ TR AT 4 pattern
dystrophy of the retinal pigment epithelium
(UTFRE—2 2R AT 4 )

IRER AR O MR T MR & 02 DL
BROBRLELET 2HEEBR, BRLBEOBOBHI
LETVTENTNFRYA ba 742, B R+
a7 4®, ERHERY Ao 74298 & CEHARE
BOr L THRESh, TRETABYLEREMTH
3L Rffa T &%, Hsiehs i, RI—KRZHRDORY
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Fig.10. Photograph of the fundus (A) and fluorescein angiographs (a,b and ¢) in a case of
Best’s macular dystrophy (case IlI-1). The fundus showed the pseudo-hypopyon stage.
The vitelline substance showed the autofluorescence (a), blocked the background
fluorescence (b) and revealed the staining in later stage (c).

AMBETEINTLREL 2 SHOBOBRILE (17,
RSB L UBEKRBR) 2B s, 2hs DX
ORKEOBREEZET HHRBHE Y —> PR b
7 430 IAIRT B T & EARIB LT,

FEF (V- 1) TiARERITICERTIIEZO,
EIRTHBROFHERE RS, HROBBOH 2
FEEEMHS X UOLEROEHOMN 2AFER T HIcEN
b5 1 AFAN /NS R O BB RS TEE L
7o, BEESE T, AIRTIEEIEES L CHIE
o & EEEE G L TSRO (1 13-a), FIRTR

IR B & CE S TAOBEMGFEISEL THRIRO
blocked hypofluorescence # 2 L (¥ 13-b), blocked
hypofluorescence @ EFZ window defect i & %ifh
BAEELS (M 13-a,b). Licai- TER (V-1)
DEREEE YA b7 40, EREMRY A Mo
7 4 ORI 8L 7o, AREG]I BRI MEREREAE 12 &
BEALTEY, WRIRHES L UBLREEEFR2 S
Scott I H2Wix A TH# (f8H) ®eBbis, L/D
B & U Diamox [CFIZIEHTHNIZH 70, @REE
EEEHRE b CERTRABCETLTL R (&
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2).

VI. Fi&M F—+ (familial drusen)

REW PV —CRREAS EPREMREL YLD
HEREREAEIRERE (flecked retina syndrome) 3% & 2
fahs, FEEFLV—YEREASES L UHGHE
BE:EOEMNIFCHARBREFNRCLI-TREN
2% FTrbbFREMN VY TRERHICI—KT 2
WEXEBET 20N, REASECTEERGAM L
H 1z —B U % v mottled hyperfluorescence % 2 7
%, % EEHIRE TR L dark choroid® % 2
T 2D AR B L — ¥ Tl dark choroid % 7R

20

Sensitivity (log units)
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05t

450 500 550 600 650
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Fig.11. Spectral sensitivity of the rapid off-
response in Best’s macular dystrophy (4, case III-
3) and its genetic carrier ((J, case [I-2).

B, RIEMF L — CIIRIREFR RO EITEREC
E DWW Tstage 1~ 3D 3 DOERICHER N 339,
THbbLFV—~ERELHBROAKLRD N5
stage 1, EHED NV — LK ERLEBREET
5 stage 2B LU N AL —EYMHEWIEE L T plaque
2T % stage 3 Th 3,

1. IR S L CELIRES AR

fEF (VI 1) Tl, MIRRESESCLSHOEN
HOBHIEL, BEREE L (H14-A), HAMIIALHE
DEEIO& T K A bEEL, BEHMOBEEHI
plaque R L Tv 1z (K 14-A). HUREEE T,
EERAD 5 HEHIC—3 L T window defect'™ i &
BIRBNEE L, BFRILHF ICHIG LT blocked-
hypofluorescence ‘% 2L 7: (K 14-a). LI EDORIR
FHATR B & CEARBEERFR» SERA (VI- 1) i,
KM RN V— ¥ stage 3 &z shiz,

FER (VI- 2) THRERIREOALFSM % S EE
BB OK A ERRARENSBEEL:, IKEEEHIE
IZEE L, plaque 2L Ttz 2 Lo o, EF(VI—
2) bELEF (VI-1) LRABCREE R L—Y
stage 3 LM a Nz,

FEF] (VI- 3) CRTEIROFLFESM % & 0 BES I,
NEEABOBRGBESSHREL, REEFNL—F
stage 2 IZEL L7,

2. BEREBFHNAE

FEF] (VI- 1) TW ERG @ OP (30 : A& 150 uV, %=
180 4 V) BIEETRTH o708, 30Hz flicker ERG
DI BETL, 4 Hz BE¥ ERG O off iNE AL

Fig.12. Fundus appearance (A) and fluorescein angiograph (a) in a case of foveomacular

vitelliform dystrophy (case IV-1).
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RIBOIHBELETL T (K 15). EEEEINE
BWEIRE DICEFTREAMUETL T/ (F2).
fEFI (VI— 2) Tid ERG O bpi, bsi, OP (30
A 1L pV, /£ 142 4 V) B X 18 30 Hz flicker ERG F
TEIZIRE5 L, 4 Hz B ERG O off LB RS IRIE
LIRS L2 DSBELET LWz (K 15).L/D i3hA
IRTIE®E TRREICET L (¥ 2), Diamox IGE I
R CEHBENIICS > -0, WIROFREERE
RIEETRERMIETL W (F2),

Ff

RER (VI—3) T3 OP (20 © £ 190 ¢V, % 150 4 V)
iTr‘%ﬁE@P\]LE’)’)K. L/D B ARTIER, ABRTE

A TRTH-72H(FR2), BREBEESE IR E &
EETRRECET LT LA (82)

VI #TH & X b 07 4 (progressive cone

dystrophy, PCD)

PCD i3, BERICIZETHEORIET, ET HOEE
LEREES L CEEZ L UEEGEORIEGE Y
L, EXEEFNITE ERC OBFERS (x &,

Fig. 13. Fluorescein angiograph (a, right eye ; b, left eye) in a case of pattern dystrophy of

the retinal pigment epithelium (case V-1).

macula of the right eye.

There are two butterfly-shaped lesions in the

Fig. 14. Photograph of the fundus (A) and fluorescein angiograph (a) in a case of familial
drusen (case VI-1).
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Fig.15. Spectral sensitivity of the rapid off-
response in familial drusen (B, case VI-1; ¥,
case VI-2).

AR S IE O MR AR I D L T O 413

30 Hz flicker ERG 72 &) OBIRMEE £ R L
% k&3 PCD (MRS 3R B AEDY,
WA RIS BEER 5 & CHEEERRINO VT,
DEHERE R BT 553939 3 - 3 RIBHEAI b
HARESENCLEEEE2ES VLSRN
Zs0sn PCD DE2HRE, PCD ORI AT T 2 1F
flizLtnansoThH D, PCD OMIRBERIFE
12, PCDEFIORROBO—BIL 3% 50 PCD D#
OO DRENERE b,

PCD & PCD IZFFAROBEE % b 5 HATHEHEIRAT
AR o7 4 (progressive cone- rod dystrophy,
PCRD) & OBAfFIZ BV Tid, FNFN % FID BB R
ELTRBIT 2% 2 &, PCD ¥ PCRD i\ & Bz
HEITREOEWEARZLTPCD £ PCRD 25 b+ T
F—EBEFLT2EZYD220b 5, KR TR
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Fig.16. Photographs of the fundus (A,B and C) and fluorescein angiographs (a,b and ¢) in
progressive cone dystrophy (A and a, case VII-2; B and b, case V-4 ; C and c, case VII-5).

HREE2EDR W E 2 50 PCDIESB & UH#ER
EE W AR THERREE OB CEM L PCRD fEH
KRERNRER - 7.

1. —fERIRATR

G (VIi— 1~7) @ TEFLFIC B VW TRRIC
TR <, 2RISR LEZ shi. WRIRERFR
BTlER (VI—1, 2, 58XU6) ENENE

V-2, 16-Aa V-5, 16-C,c), fEFI(VII—

3B LV4) FIRISIEIE FHERAE (V- 4 : [ 16-B,
b) 2L, EFl (V- 7) TREBBH2EIFRARO
RPE EfERERE L, AFR, H-R-R OREFER
WA EERETIE, 2fICTEBEERMREEL L.
anomaloscope ME TRERF (V- 2, 3B8BLU6)T
Verriest DN & 2 RKMFRFET type 112, fE
Bl (V-4 8&U5) THRREFTRREICHG L.
Lanthony’s new color test TIZEF (VIl— 4, E17-
AVI-5, ®17-B) Tk b ICHRMEFHRE TG
LT H 6, EFIRETIIES (VI-48
L U'5) T L &IZ scotopic axis 7R L 72 (K 17-A,B).
BENRIEIC R EILES (VI-1~6) TRIER
WEHAICH D, EH (V- 7) TRIEEEORRHE
W9 1.0log EH LTz, Goldmann HEFEHIC
X% BIHEERETIES (Vl-1~6) TRIEET
By, FEF (V= 7) TIEH 50 B R HEICHREL T
Wiz,

2. BREETFHARA

1 Lux O 2HEFESIC & - TH S 17z bk 13 5E B

(Vi—1~7) O£BITEETH-7 (K18). EH
(ViI—1~7) 0o£fITx FIREFENBIZHEREL <
WL Tz (R19). 30 Hz flicker ERGIRIBD &
FeREB (V= 1~7) o2flTiiiL, EABRIER
LT/ (K 20), beEMATERBHANCELED, x B
% 30 Hz flicker ERG WEE 2L Z Ln b, EH
(V- 1~7) TESEEFMCHE D OLREHCD
7o B AR OBIRWEEOFESRE X iz, BlEE
TOMIEREFRROBHMIC X -, EFHVI-1~7)
12 PCD L2 a Nz, 2o 0 PCD OER TR
BaSLEi L L TOMEETH 5 ERP O RARIEASE L
CHWILTB(”T), &5 HAMIEREETHS
4 Hz B3 ERG O off IEE B HRIRIENEHL, %
DI EBESAEL 2T RTOBEERTETL TV
ZEems(E21), Thsd PCD DEFICHIT S x K
% 30 Hz flicker ERG 7% ¥ ® ERG DBARFREL ST D
3O TG T 4 b b MR RIEE O RER SR ET L~
KEET 2 EEZ sz, OP (20) WEER (Vil—- 2)
DOERTEETRICE X% -5, R (V- 2)
DERB L OEFVI-1, 3, 4, 5, 6BLUT)
OWRTER FRAMBICETL v (&3 V-
1:470uV, £80 4V ;iVI—2 41704V, 7 130
uViVIi=3 1 BT uV, £1184V V-4 : 4136
uV, £ 144 4V i VIi—= 5 1 5804V, &£ 76uV V-
7 D WEAR & b ICBIETEE) . Zh s @ PCD DOERE 4
Hz 85 ERG % single flash i2 & 3 ERG
ORIz L DWW TUTO LS 222130 6hdh
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Fig.17. Lanthony’s new color test of progressive
cone dystrophy (A, case VII-4; B, case Vil-5).

kA, FHERE PCD type 1 8 XU PCD type 2
FRIF TR T2, ¥7b 5 PCD type 1 (GEFIVI—
1~4) T, 4 Hz BE¢ ERG BB LT off Ib
EAETIREO RIS OBE IIZEMIE L T a i, bl
MR L, L72io T off 5% AR IE T 5
b WARIE DI IESE b 1T DL o o (B 22),
—Ji type 2 GEHIVI—5~7) T3, off HE R
RIE O IEIFRE I3 T 4 bl O IRE L type 1 BAEIC
< (22), Lizasi- T off IHE AUREHRIE I ¥
% bpliRIR O HLIZ IEHE# < PCD type 1IZHE~/h&
mo 7. single flash (2 & % ERG I (3) cHBw
Ty FEOERAmER ez, T4b 5 type 1 DIE
#l (VI-2, 4) @ single flash ERG iz, 4 Hz ERG
(& 22) 12813 L ABIERE O ERG &I {EkR
iz Lz esRLTE D, —Htype 2 DREF] (V-
5) Tl alREREEFEEbL TV LrrDAST
OP »itype 1 GEFIVII— 2, 4) PALLICIEEIL T
(M3). type 2 (EFIVI—5) Tl a EaNEITIER
KTHBITbhmb s T OP A type 1 UEFNVI- 2,
PLEZHIBLT WA Z s, type 1 & type 278
BT T 2 i3 # 210 <, BRAEMENIC2D
AT e s ko BEbit:. PERG T PCD type
1 OFEW (VIl—4) & XU PCD type 2 OFEH (V-
5) Tk &1z, JEAEER 50 msec BIEOBMR, B &
4100 msec BT ORHERIZE B CHEL HEBL T
72 (1 23-A). PVER (4 23-B) 12T % PCD type
1 OFEF (VII—4) B &£ UPCD type 2 OFER] (V-
5)T, #NnFEN0.6, 0.7 DREFLEPFLENERT S
bbb s, LML T, L/D, BREE
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Fig.18. Scotopic b-wave elicited by a full-field
illumination (1 lux at the cornea). The upper-
most recording is a normal control. The traces
in descending order are responses from patients
with VI progressive cone dystrophy, Vi central
areolar choroidal dystrophy and X benign con-
centric annular macular dystrophy.

25) b TEEHENIC S -7z, FEH (Wl—1) O
PERG B L U'PVERIZ & b K EHEHHEHN I Ho7:

(X 23-A,B). L/D, mEEERE B & U Diamox i
E (F£3) BRATEFHEERNCD -7,

X, BMEROHRIREBE X A7« (benign con-
centric annular macular dystrophy,®"
BCAMD)

BCAMD ¥, ®HEAEERERENZ LD 225
b, BEICERE SN EROEEERIEORFEMER
BRZS AR (BMDY, SEE#HE Y A b o 7 42, KIRMER
L—¥3, PCD*B & UF CACD*®) D ENZF DR
DVFRITHFE LRV En b, Fike§iafkE
HBREORESEEMMEME L L TIE L
Deutman &2 £ o THID THE S NIVRETH 3.
1974 £ Deutman OREVTF, BCAMD OFH# &
LT, 1) BiakEEimitsen, 2) RRH
FFRACIHEMEEEESEL, 3) HENRFLPF0L
BHEHFEL, 4)PCDEALNDE LI EELBER
HERazuENEREN., LaLassR—1E
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Progressive cone
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ViI-1

VII-3 [2X
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dystrophy TX=1 i
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Fig.19. The x-wave. The uppermost recording is

a normal control. The traces in descending
order are responses from patients with VIl
progressive cone dystrophy, VIl central areolar
choroidal dystrophy and IX benign concentric
annular macular dystrophy. A neutral 1.5 log
density filter and a Wratten No.92 (Kodak) were
placed in the stimulus pathway. The amplifier
time constant was 0.3 sec.

Bl % D%D 10 FROREBEREH & S WIVER,
BCAMD Tix, 1) BAETHECETL, 2) 8%
fEECAUGBTEENETL, 3) RERLMEN
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U RROmELS L b ICEESI N3 R EnHs L
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1. —fRERRATR

BCAMD & B dfEf (IX—1) & (IX—2) i
BYThHOBROEEEEENEONT. R THBIE
Bl (IX—2) ICHRETFTHBES (IX— 1) Tk
HEETH-(ER3)., MIBSFIR CIERMIK-1,
2)TE L ICEMBRENEFEL (X -1, K 26-A
IX—2 1 27-A). fER (IX—2) TRIBER IR
HeRdonnroions, Ef (X-1) T&, REd»
5 BRIz 2017 T RPE OB REEHEE LB/ MEME
FibE 2@, BARESER TR, EF IX-1,
2) TE b IENRERBE WG L T window defect
2k BEEEEREL (H26-2,27-a), OEECAR
DBHEERD T2, FEH (X~ 1) TIE major vessel
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Fig.20. 30Hz flicker ERG. The uppermost
recording is a normal control. The traces in
descending order are responses from patients
with VI progressive cone dystrophy, Vil central
areolar choroidal dystrophy and IX benign
concentric annular macular dystrophy.
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Fig.21. Spectral sensitivity of the rapid off-
response in progressive cone dystrophy (@, case
VIi-2; €, case VII-3; B, case VIl-4; A, case VII-5;
V¥ ,case VII-7).

Progressive cone
dysfrophy type 2

Progressive cone
dyslrophy type 1

Normal control

Wavelength (nm)

50 msec

Fig.22. The ERG evoked by monochromatic
rectangular stimuli in various subjects: normal
(left column), progressive cone dystrophy type 1
(middle column, caseVil-4) and type2 (right
column, case VII-5). In both cases of progressive
cone dystrophy, the rapid off-response was
reduced in amplitude at all wavelengths tested.
Although the rapid off-response was diminished
to nearly the same degree in both type 1 and type
2, the photopic b-wave was more greately
suppressed in type 2 than type 1.

Normal Central areolar Progressive cone
control choroidal dystrophy
dystrophy type 1 type 2
[ —

Case V-1 Case V-4  Case VI-5
6.5"/\/‘- D NI Rl T S
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size
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04 —T e T N —
25 uV
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Normal Central areolar Progressive cone
controt choroidal dystrophy dystrophy

type 1 type 2
| ——

@51 Case VI -1 Case VII-4 Case VO-5
Check //\/ TN T s e
{(degree)).7 *,
. N0 e U N
04
9 TN T T T e s
v
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B

Fig. 23. Pattern ERG (A) and pattern VER (B)
in various subjects: from left to right, normal,
VIl central areolar choroidal dystrophy (case
Vi-1), VI progressive cone dystrophy type 1
(case VI-4) and type 2 (case VI-5).
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Fig. 24. Photographs of the fundus (A,B and C)and fluorescein angiographs (a,b and c¢) in
central areolar choroidal dystrophy (A and a, case Vlll-1; B and b, case Vlll-3 ; C and ¢, case
Vill-4).
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Table 3. Electrophysiological findings in primary macular dystrophies (progressive cone dystrophy,
central areolar choroidal dystrophy, benign concentric annular macular dystrophy) and some
macular diseases (central serous chorioretinopathy and senile disciform macular degeneration)

Primary macular C ted| Fundus EOG
dystrophies & | Age | o |~ Vigual Ag?)‘tj::? ERG Hyper | Diamox
some macular (yrs) Acuity |rance L/D osmolarity Response
diseases Response(%) (%)
VII Progressive cone dystrophy
ViI-1 48 R{0.15| BE |OP*b,S° 30Hz ERG" 2.17 37.1 35.4
r L|0.1 b,* rapid off* 2.04 35.4 32.4
VI-2 43 R |0.4 | BE | ERP* OP*30Hz ERG* 2.60 38.0 54.0
type 1 L 0.3 b,* b  rapid off* 1.82 31.0 49.0
V-3 61 M |R|0.5 | CA|OP*bS® 30Hz ERG* 2.55 33.5 32.5
L {0.06 by* rapid off* 2.31 37.7 35.5
VI -4 44 M | R|0.6 | CA|ERP* OP* 30Hz ERG" 2.18 35.0 49.0
Ljo0.1 by* bs° rapid off* 2.00 30.0 46.0
vI-5 35 M | R|0.7 | BE | ERP*OP* 30Hz ERG* 1.85 32.0 48.0
B L|07 by* be  rapid off* | 1.7 35.0 47.0
type 2 | VI-6 8| M |R|[0.2 | BE OP*  30Hz ERG* 1.77 44.3 37.8
L |0.06 by* bs® rapid off* 1.67 35.5 33.7
VI-7 38 | M | R|0.02| PC|ERP*OP* 30Hz ERG" 1.21" 6 .8" 52.0
L {0.02 by* bs° rapid off* 1.42% 3.5* 53.0
VIII Central areolar choroidal dystrophy
V-1 56 F |R|0.06| CA b’ b 30Hz ERG® 2.14 36.0 47.0
L |0.06 op° rapid off° 1.88 25.0 35.0
VII-2 33 | M |R|0.2 | BE|B® b 30Hz ERG® 1.87 36.6 37.5
L{0.3 oP° rapid off® 1.87 39.0 41.9
VII-3 50 | M |R[0.3 | BE|b® b 30Hz ERG® 2.25 32.0 39.0
L{0.5 opP° rapid off® 2.35 32.0 38.0
VII—4 51 M |R|[0.06] CA|b’ b 30Hz ERG® 1.85 36.4 42.2
L |0.06 OP° rapid off® 1.90 37.6 40.5

IX Benign concentric annular macutar dystrophy

IX-1 33 | M |R|0.3 | BE |b* OP* 30Hz ERG* 1.19* 11.7* 40.9
L 0.5 ERP* b,* rapid off* 1.22* 16.0* 42.3
IX-2 60 M |R|1.0 | BE|b™ OP* 30Hz ERG* 2.19 33.6 44.7
L1]0.9 by* rapid off* 1.67 31.6" 4.4
X Central serous chorioretinopathy
X-1 38 M | R|1.5 2.00 36.5
L|1.5 1.92 33.3
X-2 48 M |[R|0.4 2.05 32.8
L|1.0 2.23 37.0
X-3 50 M | R|0.4 1.76 36.9
L 1.2 1.71 38.4
X—4 42 M | R|1.2 2.09 27.4
L|1l.5 2.20 44.3
X-5 45 M | R{0.9 34.0
Lj1.2 45.4
X-6 44 M [ R|1.2 2.74 40.0
L|0.5 2.24 33.9
X-7 37 M | R|l.2 2.02 24.8
L|]0.6 1.70 23.2
X-8 43 M R |1.0 25.8
L |0.6 33.3
XI Senile disciform macular degeneration
XI-1 65 R {0.3 op° bs°
L|CF by’ rapid off®
XI—-2 69 R |0.04 op* b5°. 2.25 36.9 44.1
L|1.2 by° rapid off® 2.73 40.4 39.4
XI-3 58 F R (0.1 Op° 1.59 30.9 47.8
Li1.0 2.06 35.5 45.0

BE, bull's eye maculopathy ; CA, choroidal vascular atrophy; PC, pigment cluming. The normal range
for the hyperosmolarity response is from 33.4 to 51.8 percent in cases (IX—1~2) and from 22.9 to 45.9
percent in the other cases.
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20y archade O #MilA & I8 » 3 T RPE 0 ##E 12
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IMERRE L E I IS L T blocked  hypofluores.
15¢ cence &R L7z (B4 26-a,b,c). EIEAEIEGSKEE

FEEF (IX~1, 2) Try e FEREENTH -7,
Panel D-15 {&4Ef (IX— 1, 2) Tk &I passing T
10 é H 72038, 100hue test O BIRAEMEIZEF (X~ 1) T
EAEHR 145, fEF (IX— 2) TIEAR 195, 7ZHR 283 &
0s EEXEL, EHIX— 1, 2)TE S ICHEMES tritan
pattern %7 L7z, Goldmann fREFEHIC & 2 BB

<

Sensitivity (log units)

450 500 550 800 650  MRETI, EBI (K-2) TRERBFNIC S -7,
Wavelength (nm) FEB (IX— 1) T34 50 Bz RO s LT g
Fig. 25. Spectral sensitivity of the rapid off- R ey iJ - I PR o
response in central areolar choroidal dystrophy - BRERFHIIR
(7, case VlI-1 : 7, case V-2 ; A, V-3 ; O, case VIiI-4).

Fig.26. Photograph of the fundus (A) and fluorescein angiographs (a,b and c) in benign
concentric annular macular dystrophy (caselX-1). Note the transmitted hyper-
fluorescence in the fovea and outside the major vessel archade.
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Fig. 27. Photograph of the fundus (A) and fluorescein angiograph (a) in benign concentric

annular macular dystrophy (case IX-2).

The fundus appearance resembled that in

Stargardt’s disease. The fluorescein angiograph, however, never revealed the obscured
background fluorescence which occurs in Stargardt’s disease (Fig. 8a,b,c and d).
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Fig. 28. Spectral sensitivity of the rapid off-
response in benign concentric annular macular
dystrophy (B, case IX-1; A, case IX-2).
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L et T ol PEMRES SR AE T B R A F RIS
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Fig.29. Photograph of the fundus (A) and fluorescein angiograph (a) in senile disciform

macular degeneration (case XI-3).
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Fig. 30. Spectral sensitivity of the rapid off-
response in senile disciform macular degenera-

tion (], case XI-1; A, case X1-2).
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Fig. 31. Photograph of the fundus in a case of macular colobomata (case XII-1).
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Fig. 32. Spectral sensitivity of the rapid off-

response in macular colobomata ([}, case XII-1).
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Fig. 33. Photographs of the fundus (A, just after xenon photocoagulation ; B, 3 weeks after
photocoagulation) in a monkey (macaca nemestrina).
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Fig.34. Effects of photocoagulation on the ERG of
a monkey (macaca nemestrina). The ERG was
evoked by monochromatic rectangular stimuli
having equal quantal content (1.0X10'® quanta/
cm?/sec at the cornea). The left column shows
the control eye (not photocoagulated) ; the right
column shows the photocoagulated eye in which
the posterior region, measuring about 4 disc
diameters, was coagulated with a xenon photo-
coagulator. DC amplification was used in Figs.
34 and 36.

1.5k o O O
~ O o O ©ORO
f o ©o
= a
o]
o)
o 1.0} O
i )
3 = Cu o
= ) o
@ o5t E @
m e e = o
®
0 ) 0 A A A
450 500 550 600
Wavelength (nm)

Fig.35. Spectral sensitivity of the rapid off-
response from the photocoagulated eye (@ )
and the non-coagulated eye (© 0) in a monkey
(macaca nemestrina). The criterion voltages
were 10 xV (O @) and 9V (0 ),
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Fig. 36. The hyperosmolarity response (A) and the Diamox response (B) in a monkey
(macaca nemesrina). The hyperosmolarity response (the control © and photocoagulated
® eye) was induced by an intravenous injection of Fructmanit (fructose 109, mannitol
15% ; 1.4 x 10 mosmol/1) at a rate of 1.7 ml per kg per min. The Diamox response (upper
graph, control eye ; lower, photocoagulated eye) was evoked by a one minute intravenous

administration of 440 mg of Diamox.
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Fig.37. Schematic diagram showing the main affected sites determined by the electro-

physiological tests.
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ERENEVICERCEFE L2, WE L b2 RPE
® basal membrane CHERBEEF TS LOHMR
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FVD Ti L/D, BBERENE B & U Diamox I6&
OFTRTHEFEBERICL VoI bd s, FET
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REBKEEHBANCD->Z 25, FERRBME
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EEFHICE FVD BREME RV -Y v db L oE
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EFEESEE) o< L/D iz RPE EEDERATHIE
LRV T L s L/DEEOAIZS LT
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A BCAMD DIEFI(IX— 1) % Biesen 532 D#H4&
DEEFI 3 D & S iz, EFTFITIERRIRFIT R T major
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Table 4. Affected sites in the primary macular dystrophies

Primary macular dystrophy

Affected site

X-linked juvenile retinoschisis

Progressive cone dystrophy type 2

Inner retinal layer

Progressive cone dystrophy type 1

Progressive cone dystrophy type 2

Benign concentric annular macular dystrophy

Receptor layer

Stargardt’s disease-fundus flavimaculatus

Best’s vitelliform macular dystrophy

Pattern dystrophy of the retinal pigment epithelium

Familial drusen

Benign concentric annular macular dystrophy

Retinal pigment epithelium
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Patient showing an atrophic macular lesion or a bull's eye maculopathy

Dark choroid {diminution of choroidal
background fluorescence)in fluorescein angiography

]

f 1
Positive Negalive

Photopic ERG (bp,off, 30Hz flicker ERG, ERP)
L

Stargardt's disease - [ |
fundus flavimaculalus Normal Subnormal

EOG .
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Fig. 38. Schematic outline showing the electrophysiological tests used in the differential
diagnosis of a patient with an atrophic macular lesion or a bull’'s eye maculopathy.
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Abstract

Primary macular dystrophies were studied with electrophysiological methods developed in our
department. The . electroretinographic rapid off-response and early receptor potential were
studied in order to evaluate the cone activity; the oscillatory potentials (OP), photopic b(bp) -
and scotopic b(bg) — waves were used to estimate the inner retinal activities; the electro-oculo-
graphic light rise (light peak to dark trough ratio, L/D), hyperosmolarity response and Diamox
response were used to assess the retinal pigment epithelium (RPE) activities.

In juvenile retinoschisis the bg-wave and OP were low in amplitude; the rapid off-response,
L/D, hyperosmolarity response and Diamox response were within normal ranges. These findings
indicate that the primary affected site in juvenile retinoschisis is in the inner retina.

In Stargardt’s disease-fundus flavimaculatus (four subgroups based on fundus appearance;
Noble & Carr, 1979), the hyperosmolarity response was diminished in group 2. The hyper-
osmolarity response and Diamox response were suppressed in groups 3 and 4. The RPE ab-
normality, which was disclosed by these responses preceded the retinal abnormality assessed
by the ERG. These findings are consistent with the histological findings that the primary defect
of this disease is in the RPE.

In Best’s macular dystrophy (BMD) and its genetic carrier, the hyperosmolarity response as
well as the L/D were subnormal. This indicates an RPE abnormality. The hyperosmolarity
response is useful in detecting genetic carriers of BMD.

In foveomacular vitelliform dystrophy (adult type), the functional abnormalities seemed to be
restricted to the macular area,

The subnormal hyperosmolarity response in pattern dystrophy and familial drusen indicates
an RPE abnormality. This response may be useful for differentiating familial drusen from senile
drusen since it remains normal in senile drusen.

In progressive cone dystrophy (PCD), the diminution of the ERP and the rapid off-response in
addition to the suppression of both the bp-wave and the 30Hz flicker ERG indicate an abnor-
mality in the cone receptor cells per se. Two types of PCD were discernible with a 4 Hz ERG.
PCD of type 1 showed the general diminution in the components of the 4 Hz ERG, whereas the
4 Hz ERG of type 2 PCD showed the P Il-like configuration. This indicates that the inner retina
may be more deteriorated in type 2 than type 1.

In central areolar choroidal dystrophy, no significant electrophysiological abnormalities were
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detected.

In benign concentric annular macular dystrophy (BCAMD), scotopic as well as photopic
responses in the ERG were deteriorated. The functional characteristics of the disease resembled
progressive cone-rod dystrophy (PCRD). BCAMD, however, can be differentiated from PCRD by
the 4 or 30 Hz ERG: the peak latency of each component (such as the a-wave, b-wave and
off-response) is delayed in PCRD but not BCAMD.

The findings of this study are useful for the differential diagnosis of the primary macular
dystrophies and the evaluation of the main affected sites.



