Electrodiagnosis of Congenital Red-Green Color
Deficiency I . Electroretinographic Rapid
Off-Response to White Stimulus Light
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WRER (electroretinogram, ERG) 0 off IGERMIR £ 1888 & L C#GL ~ VI B 1 3 £ FMHK
REOFREOMENREE LML T 2201, L TEERIRMERES & UCRMEEREEIC B LT off [HE
AREOERRIGAC AT 2 EEABAMHFERD, W T OB FHEBERIE BN TEEEEER, 51
BERE (protan)EH B L UK 2 BEEY (deutan)BEED 3 B2 DT ERG D off [SE AL % 56k
Uiz, RIBOEE LTEGRER Y, RIBEE 29 - BEMEO 4Hz & L7, ERG O off I6E SRR
& BRIRMIIEEE L (late receptor potential, LRP) RIE & OBIE %Ko 372512, LRP 04 ERIHE
¥ % EEEIRBASE I 5 CRIR LR (BIR) & ORI T off SEABIIEE L I L 58, BaAT~
TORBOEEE (AR 1.0X102 lux 25 5.0X10% lux & T) TRRCER L OMOERIEX20%TH
D, L7zd8>T 4 Hz OREEEFIZE T 5 ERG O of f IFEBIBIRIMABM 2 TicEE T 2 EEZB. L
Hi75 RIBCLIE S8 T 0 ERG BFBEICH T 2 MR EHRIC BT, off NS ARIREE - MIBOLRE
BfRIZ DV TD dynamic range 13 ABERE 1.0X102 lux 2> & 2.5X10* lux & T?D 2.5 log DEHEW B L A
K, BREEE, B1OHRYESIVE2OERYE CHAB2BEORSOLEE (BERES5.0X10°
lux) (&.EFEO dynamic range DRI H D, L1855 T 5.0X10° lux MUT ORI THRRE S M7z off HE
AEIRIZ B TR & 2 IRIBRNOBEBEECTU AV EE LS, HELHETHE S W off It
ERRERIE D 9B E, BT NTORBLEE (AEE 1.0X10% lux 205 5.0X10° lux £ T) i<
BUTE I OHAEEF L AETERER L OMBLUE 2 RN EN L OB FEEMN L oo 2y
BREGRHI NG o, AEEREIZ L 3MRD, off FEABRTEIEEL L TAYESESE, &1 aER
FEBLUB2ARAREO 3B LRIHRL I L HL L ERD, Lttt TERERGEERE D
MEAREIEE off DERBMEITEL LTERLLI LT3RV Izs WG R E Ta gy
SRV EMNRBENT,

Key words red-green color deficiency, electroretinogram, rapid off-response,
cone late receptor potential, white stimulus light
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GEICEIETREE L 2 2 [BRE ¢ O, iz, BEOKRE
BLUHRICHED 5 BOMICEREDEERLEL L

BOMERREROMI 2RO DBOBEENH - 72,
Brown &5V, 819 (v V) RO EEE
(electroretinogram, ERG) DFZIZHBWT, #ED
MeHARAIRENL (late receptor potential, LRP) & #F
D LRP & QR EOHEE off IKEIZRML, 1
LRP @ off IGE I3 A TEAER (rapid), FiETER
(slow) TH 2 Z & 28 5 52 L7z, HK®, Yonemura
5993 L U HEOE, AR in vitro ERG O R HTE

Abbreviations : CIE, Commission Internationale de I'Eclairage ; ERG, electroretinogram ;
LRP, late receptor potential; V-I curve, amplitude-intensity curve.



1076 i

8212 81> T, sodium aspartate #LERIZ & > THHEEL 72
P IR 43990 off i5 & 12 rapid decay (REBE) &
slow decay ((Bf&¥B) DOTEERIEML, rapid decay
I SEREN %, slow decay BHFAREMENAERTE L
BEE S Iz LTz, & BICKA, Yonemura 5998 & OF
IR &9, & bEEROERGIZE WV Tin vitro
ERG O rapid decay iZXi5d % & 2 2D off IBER
80 (rapid off-response) Z&H L, TNHFELLT
BEEM RT3 2 L 2HE L, Mok
D, ERG O off GERBM AR T2l it T
YED L _NITB T B MENERRREADEN Z 212
HornizDThH5.

ABFF21d ERG O off IGERBES 2B & L TH#KE
LAV B ) B RRERRAERE OMENREED
BYEERT2LOTHS, TR (BIH TR, &
THRESRFAZES L CAMBESEEC S Tatk
KB & 2 ERG @ off [GERBEOBEL T3 2
L & o T off B BURER D BB FE 0D 2 H | 8 e
ERDT, ROTIOBERBEMFCENL T, B8R
EREEN F1AEREEHBLIUVE 2BHAREE
D 3T DOWTHEXHBI & 3 ERG O off lHER&
WeER 2 AL T,
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1. HBEEBHIREAZERER
PEESRIEEONES L UhBEREL T n
5, WEEHAREAZEE  BER Tt ERG O postsynaptic
BBEMRAVBBIE L LHERLTHwE LELZ N5,
Lieddo TAREER LRP O BEBE W E T %, ERG D
off INE 2R ENIRIE & LRP IRIE £ DR E MR T2
EWT, HIRMEERESIAREAZESE 2 Bz D\ T EH &R
Bz &2 BIRB X UHMIR (IR) O ERG 2ET#HL 7.
% UESIGAR (BER) CRERLBIRERSEDREIC
& B RERLBIREAZERE 2, FIR (BIR) sk
B (SheieH,,S,) #BH: BEOBEETH 3.,
HRB L CERORAE Z N FNIRFIFE8H BET
BB BLU 1.0 (BETHRE) THo7e. MIRCEBEDH
ANEERER 2T 5 L4, EIfEE 2 StoRBINE
HERRERED oG-, B2EMIER (BR)
CREES.OEIAR S (TEHIEIR) DORFZ & 2R
IR OREEE 2RO 3BOBRTH 5. FIRB &
UHRIBOBRHIEZLZN0.02 BIETEE) BLU0.2
(1.2Xsph—1.25DC cyl—0.5D Ax80°) TH - 7z, HfH
EAEOBREBL CHORMNRETRIBD ok
Movz, LE2EME b, BIR (B 1ERTIEER
B 2EFTIRAR) L3 aE—BRETIEEIR

Hahghots,

2 . R EREES

TR EEER T RRIBOE & 2 ZIRDSIER R
HRTEMTHL MO TED, LihH-TE
fE BRI TG RIBOE * & O L 2 RIBCCEERE I B
WwWT ERG W 2BET 2 DIFHETH 2. off IFE
Al B RS - R BOLIEE R 712 D v T @ dynamic
range # RIS T 5 BT, BEXRIBIC L 2 \HEsE
¥EAR ERG %0k L 72, EHIE, BEHIIRFAERRD
VEDTH3B LI 20D Buerger % (Thromboangii-
tis obliterans) #F L, FIR (KR CREREEEL
RLUZABOBHETH B, HRIR (IR W38
FIEOEEL (RHEREFER) & 4D OEHRSED
Siiens, PREENRED RS CRIEREEER 2 S0
fORBIRBEFRRIZ A ok o7, ERB L UH
RoENEzhZThXER BETE) BXLU0.1
(1.2Xsph—6D) THh o 7o, BRI & 2 aE—RET
R s, o,

3. BEIEEER

0o 29METO20FOBEEREDBE (F
HER 20.35) KoL THEXHIEW X % ERG 2%
BIHERCEE#R L /2. HiHRE 20 Hliz 9T, 2.5D &Ko
BITEE 2R TIMORBN S L UL BNEE YA
Lixdroie, ECHEL TR, B —BREOKRESY
Je L AEETH-oTELTHEBEEEDOREETHS
ZEBHB, Lieho THRFRIC BT A2 HBMI
Bz,

4. F1BERE (protan) FEit

1555 228 % TO 13§D protan D B (FH
8 16.8 5%) WD W T HENRIEIC & 2 ERG &4
FIRTEE L, 7/ °0R38—IhiE2muE
1B HEEE (protanope) 3 3 (15, 17, 18 &) T,
AR IANHE1AEEYE (protanomal) 3104
(FHER 16.85%) THole. BRE 1B3FIITAT,
BERY 2 5 U 25D REORETRTE £y Tl
DIRBE L VEBNREEE L7,

5. B2BHERY (deutan) FHHE

1255 22/ & TO 19 Fld deutan D HIE (FH
FER$16.2 5%) DV THEEXHEIC X 5 ERG 2&4
FIRTESH L, 7/ uxatd—icihid 2 il
2 EERYEE (deuteranope) 16 (178%) T, &%
SEEE 2 EEEREE (deuteranomal) »3 18§ (F
BER16.25) Thotz, WRE 9HRTNT, &
BRE LS U 25D REORITEE 2RV T
REE X UEFWREEE L ar ok,

ERFREN S1CEEEERSIUEL6HE
HEHTIR, BEAENREML.0UETH o,
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n. x5 &

1. BEREE

ISHIHARA’S Tests for Colour Blindness (38
Plates Edition, &RHAK, 1984), EEERKENE
#HER (TMC %R, N AP ENPIIERT, B58 5
B, EREEFEFEQERER (SPP, BE¥Ek,
1978), REEFEHEERER (KHE, 1980), AO H-
R-R pseudoisochromatic plates (AO H-R-R &, &
2 i, American Optical #) ® & K % F & 3,
Farnsworth Dichotomous Test Panel D-15 (The
Psychological Corporation), M/lIRX5 > % >~ (@
2), Nagel 7 /v X 2—7 1 & (Schmidt u.
Haensch#t) % % Wik Neitz 7/ v 1o R 2—7 QT
(Neitz) 2 EBERIEICH 2, REIZFET 10 B &40
B IFEE COMICES BXSAS VBN EENLS >
THEITUZZAZE (]9 200 lux) TiTb i y:, REEG
Fix, TMCFRIZH 45 cm OEMET, fhokERZY
TSem DEMTHRMREEAZZT L3 IBv sk,
FNAZ >y >« FRAMEHEE (505 2) 5 5m
DEMTTbN:., BREFEOBHICRY /~vora
E—-ic L 2MMREEL L, ZOMOEERINE S
FRW,

2. ERG FbHEEE

RIBOLIRE (1 kW xenon arc lamp, BB 6500°
K) BEMRETELER (xenon-arc 45, Xebex) I &
DEATE Ntz HBRITIZRSA filter (lamp house FIC
RE), T filter, F1Y wedge (optical wedge), T
¥ filter (400 nm #* 5 700 nm % T 10 nm [ F 1= 31
#, ¥{EIE 8 nm~12 nm, EBH 28%~38%) B L 1*
BV XM ARAE NS (SREIERR, 7270, B
IRCIEEEXEZRBOLE LTH 70 TF filter
EEAL T2, FIBLIZER 6 mm ORFELEE

LH WND

L1

ENLBRIRICBA s hr, B v v ¥ — 2T
RO ANRICHRE L TEREHBE 28 (K1),
FEBETHE S NI ERERBOED rise time (¥ v v
F—0390%B1 < ETICE T 2 BM) & decay time
(v vy —230%BAL 2 3 TIwET 28 12, Bz
HEE (5653, RCA) & BHEDHE, wTFhnvly
2msec Tho7:. HERIBED RN Sanso  Lux
Meter, Model H-100 (%3681 ARELEIRS X U
RRBERIET 1 L5 — i & BT, = TBUER
EEAL, BRARBGRE (BYHEE) RS
FEET 1.0X105 lux wHEL L.

3. ERG &A%

BARIRBETLIE 0.5% b B I F, 0.5%HEM7 ~ =
V7YY (SRY PO BRI DSRIZL DER
# 8mm ERE N, 0.4%ERL ¥ 7 F o b4
¥ (NS F VB, BREEE) I L B HIRRREMR, B
B0l fiis (EBar 57 hvyX) 2T
IR L, AEBREDLDIZ2BAF LA D—A WS
FRMRERANICHE 72 L7z, W CHIER (SEEAiEa
BRIy 7 bL Y RXEBE, RS2 bLryX)
EPHRRBCEREL, THES BHELISENEE
NT600U, HAE) 2 HRIR & FAOERZ, BE
B RECIRE MBS NT600U, AANE) % BITES
SRz BTz, ERG ORR&RS, HARIRAEE & T
HER DRUBOLST s & OBEBESSH T 1em iRz 3
&3, FREOEBOME 2RED—ANLTER
Ul RIBCLRBRBRARSE 2B L, BER 8
mm & W ERERIRIC VT, KEBIC L3
KFBOEE, Goldmann HEFENIZ & 2 BERETH
A 60 BIC B & R MREEAS R S R, RISOE
Be dHzHBEL, B - BERME (888 4& 125
msec) & U7z, BHIEIGOD 72 OREFHIS B2 H i

IF

N Lz SH GF

O

—

M

Fig.1. Diagram of the light source. The letters indicate the following. LH, lamp
house (1 kW xenon light source, 6500° K) ; WND, optical wedge and neutral density
filters ; IF, interference filters (400 nm~700nm at 10 nm intervals ; half band width,
8nm~12nm); L1 and L2, lenses; SH, moving coil type electromagnetic shutter
having a 2 msec rising and falling time ; GF, optical glass fiber (6 mm in diameter).
Two lenses and a heat-absorbing filter were installed in the lamp house.



1078 i

ot ERG RESEH 2 e (BEEMHERE
MES-3102, HANE) (1kHz T 3db BE) ahi,
#—%_1 a—#— (NFR-3515, Sony) (A 3 # ¥
M DC~2.5kHz) # AL THAT — 7 CiE&Ha,
7y —INEEE (ATAC350, BARE) x-T
40 72 L 100 O ME TR £ L THE S nEHfl
s e, BSESK 2 B THEIRELER L 7 ERG O off
AR - EFEIECR& L -z L Oz, F
WrRoBMcXEr s T EOERIBHENEG
»otr. BiEwRT ERG B TR, TRE DIFENIZER
HETER (RRER) BMSEE, £ & ORAIRER
BTEE (AEAD) BEFRmEHLDT.

4. HETEAIRIEER

R OTEOEOREIZIE Student’s t-test
W, p<0.05 DPAEEREED D LHEL .

B [

1. 4Hz R & 5 ERG B

2z, AW THRALRBIEE 4 Hz OFRHFR
B2 EENMHBIC L > TN BRERSME (20
#%) @ ERG (80 EMEFHER) 27T, onib&EL

100 msec

Fig.2. A typical ERG from a normal subject (20-
year-old male) in response fo repetitive
rectangular stimuli of 1.0X10° lux at the cornea.
The waveform is average of 80 responses. The
pupil was maximally dilated, and the stimulus
frequency was 4 Hz with equal light and dark
intervals throughout the present study. The
beginning and end of the rapid off-response are
indicated by the long and the short arrows
respectively. Upward deflection signifies that
the electrode on the cornea is positive. The
rectangular waveform at the bottom indicates
the onset (upward deflection) and termination
(downward deflection) of the stimulus light.
The amplifier time constant was 2 sec in Figs. 2,
3,5and 7.

LTFAS alk, tAEbHEBLIUDbHICERT 2%
BN R S, off R & L C LR E off IR &R
e 2N off NESR SN D, RVKRHI off
AR OMBEBERL, EBORAIZ off BERIE
WMOTESAETT. B2 THSHZ X 51T, 4 Hz KIER
Bz X 3 ERG Tk off I5E % a i, b, BEWR/IE
B EDonHEDS BAT B I EBHRL, AT
AEE1.0X10° lux DEBXRBI L >T46uV 0
off INEABRIRE,LER s (K2).

11. #BRSEHARRAZESRE O AU

3, M4, M58 LUR6I, RIREMREESIRE
220F 2 Bl R s, B 3 w2, RRREAZEE ORER (78
&, B s TAEEHEBC L - T/ S ERG
(50 EMMEEHET) 2, BR (M) 8 X R (@&

Log stimulus intensity

100 msec

Fig. 3. ERG waveforms in a patient (78-year-old
male) with unilateral central retinal artery
occlusion. Each waveform is an average of 50
responses. Left column, the affected eye. Right
column, the fellow eye. Zero log units of
stimulus intensity corresponds to 1.0 X10°lux at
the cornea in Figs. 3, 4,5,6,7,8,9, 10 and 11.
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Fig.4. Amplitude of the rapid off-response in a
case of unilateral central retinal artery occlusion
as a function of stimulus intensity on a log-log
plot. Solid and open circles refer to the affected
eye and the fellow eye respectively. Data are
from Fig. 3.
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B, G o0 TRT, BIRTIE, IRk~
postsynaptic 2 I & 3 b WA & 729 T D)
BotiE (—3.5log» o —1.5log £T) TELLLRW
FL, TOHRP UL LT 2 HENEEaN:. T
b b BIRTIEMBLEAIEO Lo b AHicBEELSED
iz, off IGE AL IRIRIE X BIR B & V@R Tl
e & bICHWR L, SR (—3.51og, MIEE
3.0X10 lux) Tid, of INEREENII BB L v IR T
THARECTH - 1z, BER T off INE AL OB —
3.0 log (FBSEHG 1.0 X107 lux) LAE o> HIBOREEE h3dh
BTH oIz, off IBEF RIS TH Sbhd off /h
Wik, BERTIE—2.5log (FMEE 3.0x102lux) BAL
ORI THRE S Wz, BIR T S58ME 1.5
log (PR 3.0X10° lux) I0 & » T LEAR TIE & p o
fz (E3).

412, B3 25 R T2 off 2 Bl SRHRIE « 80
AR A BR (B MR (BR, A3 wou
T3 (log-log plot), AREIDBIRE X UEIRIZ 5
% off INERBEIIRIE X, HAHBGEEDT T
THL»o% (=3.0log T1l7xV, —2.5log T3l
uV,—2.0log T44 xV, —1.5log T57 uV) (K 4).

B54c, DREAZAOES 435%, BH) wBLT
AEXRIBIC L > THES 172 ERG (100 BNE £
B #BIR () 8L UMIR @R, 58) o
WORT, BIRTIE, b IIEBL 215 b 2 0IRIEIR
RIRD b FIRIE T EL R/ 0% (—2.31og) » o &
K80% (—1.3log) DEIGTHEL, HEIE/IIEER

Log stimulus intensity

100
Hnv

100 msec

Fig.5. ERG waveforms in a patient (43-year-old
male) with unilateral branch retinal artery
occlusion. Each waveform is an average of 100
responses. Left column, the affected eye. Right
column, the fellow eye.

HIT RTOFHENERE (-3.0log 55— 1.0log &
T) TEZah, TheofRiE, REFRE, B
MR R E 2B U, BRI BT 2 R
oL bRRELZHBHEOEECNIGEL T2 L&z
TRV, off IGE A BIRE L ORI 8\ TH
BOLIRE —3.0 log THRE S W, 7 ORIBR A OE®R
CEHITBAR L, BIRICBIT D off NI, —2.6
log (FAREME 2.5X 10° lux) OHIBLIRE THRE 2 Wk
o, MEOREEE & b I—BYEEIC R >/, BIRS
7% off NERIZ, —1.6log (FIERE 2.5%10° lux) LAE
ORBOEHE CRE S o @#IRIC 81 213 ST
Ehmrolz (5),

612, X5 5 53R o off FEE 2 BRI - 3ot
AR EBR (BA) LR R, B won
TR, AEIOBIRS & CEIRIZE T 2 off IS Al
BRI, 2072 —-3.0log T124V & 12,4V, —
2.6log T19uV & 214V, —2.3log T27 x4V & 31
#V, —2.0log T36 4V & 41 4V, —1.6log T 48 xV
£54uV, —1.3log TH59uV & 65,V THY, BIR
WHLLBRThO M KE o7, off [BEABINE
EizowT, #RBIR-OZED, BIRICNYT 284
(IR OIRIE & BIROIRIE & 02/ BIROFEE) (%) %
Koiid, —3.0logT 0%, —2.6log T10%, —2.3
log T15%, —2.0log T 14%, —1.6 log T 13%, —
1.31og T10%ThH -7z (F#10.3%) (0 6).

. ARASEHRRE O R

742, RIRMEHRMAREEES R, 5% of
fRIC BT 2 BBz L > TE S 1Lz ERG (80 B0
BV 2R T, REIOBRRIC BT 25 off B &
%, —3.0log ORRMNIHRE CHIEgE s h, ZOIREIX
FRMEARAE —0.6 log (FMERET 2.5X 104 lux) EfEE T

70 ¢
soft O¢
st o

ot o

20F O.

o®

Amplitude( V)

Log stimulus intensity
Fig. 6. Amplitude of the rapid off-response in a
case of unilateral branch retinal artery occlusion
as a function of stimulus intensity on a log-log
plot. Solid and open circles refer to the affected
eye and the fellow eye respectively. Data are
from Fig. 5.
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RO E & b AL, REIBIROD off /MK
13, —2.6 log ORIBEHE THE S ko TRIB O
By kb —[EEEIC R 5TV o728, —0.3log (A
R 5.0 X 104 lux) ORI CRBUTHHAC 272,

' 1
L S
w o O

1 1
- N
o O

1
—
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Log stimulus intensity
L
o

-0.6

100
pv

100 msec
Fig.7. ERG waveforms in a patient (40-year-old
male) with optic nerve atrophy. Each waveform
is an average of 80 responses.
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KEIBIRIC B 1T % off IREREER A & NIZ off NNED
MifE, EER (K3AM, M56H) sdszhn
SIGEBILTWwE, —REERRTEEENXD-1.3
log (AREE 5.0X10° lux) % b % o 2 EHABIEEHD
oIRGB T L NHE R o, REIBIRTIE
FlEw L 2 ZRRPEFRICEREBTH o5
2, ~0.3log DRBIEEEICE S £ T ERG %R
sferz (7).

812, ® 7 » 53R ® 72 off BB RBIRIRIE - RIBE
MEBEETRT. off BERABRBIRIEIRIB OB
rHIEARL, RIBOLHE—0.6log THRA (88 4V)
WL 7z, off & AIEEHRIE - B AFNBE AR
21T D dynamic range 1d, FIEEHE—3.0log »
5—0.6log £TD 2.5log 18 & AT, FIBEIEE -
2.0log (FAHEE 1.0%x10°lux) T, FEHIBRCEL
THIERR (F2) O off HERIBIIRIE (464V) &
FRZOIFIE 47 4V) HERsh (8),

100

__so} . ° o o
3 sof °
E wof N ®
5 of .
3 o}
E .

o}

=30 -26 -23 -20 -6 -13 -10 -06 -03

Log stimulus intensity
Fig. 8. Amplitude of the rapid off-response in a
case of optic nerve atrophy as a function of
stimulus intensity on a log-log plot. The
amplitude of the rapid off-response reached a
maximum at a stimulus intensity of —0.6 log
units. Data are from Fig. 7.
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Fig.9. Amplitude of the rapid off-response in 20 normal subjects (10- to 29-year-old
males) as a function of stimulus intensity on a log-log plot. Left: Individual
amplitude-intensity (V-I) curves of the rapid off-response. Right : Means (solid
curve) and standard deviations (vertical lines) of the amplitude of the rapid off-

response (M+S.D.).
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IV, BREEREROME

IpER, AEEEER (204, FHEH20.3
B) WBOLTABKIBIC & > TE S off BB A
i 0 0 RET R BOE B B4R (amplitude-intensity
curve, V-I#i#f) (log-log plot) %7R¥. 20 @l 2 )
Tix, EBED7-HI2—1.3log DHIWKE T ERG I
B ERER L » o7z, off BERBLMRIEI, St
2 THALRD ORBOLREEE (—3.0log 2
5—1.3log £T) TRIBMOHEHKE L bIoALE (K
97%).

IDEI, AEERERIIB T 3 off A AL
RIB D B RIBIEE T OVIIE L ERFE (+£SD)
B, ZNETHANA & Zh T LSS THo b7,
BEERERCISL CHAXNBIC L > TEB s A
off IS E B ERIRIE D FH B 1, ~3.0log T 134V,

—2.6log T24 4V, —2.31log T34 uV, —2.0 log T

SOf
70 §
50 ¢
30F
20 F

Amplitude (V)

444V, —1.61og T56 4V, ~1.3log T68 4V TH -
7z (94,

V. E1BERY (protan) EROMH

Hl0oEw, B1EEREEN (134, TS
16.8 1) 128V TEEMAKIC X > TH SN off Ib
ERREO VISR ETRT, AL e L i
protanopes (3%1) ® V-1gh#i%, bl protanomals
(108) o VIdEEdHobd, 13HF 28T, 2=
HDlHiw—-1.3log DRIBNEE CERGEHZ 5=
MBS 2 o 72, off INEABIIRIE, Ral- 20T
RIBOWEEE & bR LT (10%),

005, 1 EEREERITB T2 off BER
BRERIRIE D SHIBCRE T O T HE L EHEE (+
SD) &, 2hENBRE ZHIH LIRATH 5 b
L, GEEEEHORE (BUA L 2 hicf L g
7, BH9A) LHELTRT. B1aBREEHcs

f 5

-30 =26 -23 -20 -16

-3 -30 -26 -23 -20 -16 -3

Log stimulus intensity

Fig. 10. Amplitude of the rapid off-response in 13 protans (12- to 22-year-old males)
as a function of stimulus intensity on a log-log plot. Left : Individual V-1 curves of
the rapid off-response in 3 protanopes (open circles) and in 10 protanomals. Right :
M=£S.D. of the amplitude of the rapid off-response in protans (solid circles) and in
normal subjects (open squares; data are from Fig. 9).

Amplitude (uV)

55 1

54
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-30 -26 -23  -20 -6 -3
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Fig.11. Amplitude of the rapid off-response in 19 deutans (12- to 22-year-old males)
as a function of stimulus intensity on a log-log plot. Left : Individual V-I curves of
the rapid off-response in one deuteranope (open circles) and in 18 deuteranomals.
Right : M*S.D. of the amplitude of the rapid off-response in deutans (solid squares)
and in normal subjects (open squares ; data are from Fig. 9).
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Abstract

The rapid off-response of the human electroretinogram (ERG) is photopic. The major part
of the rapid off-response evoked by repetitive stimulation at 2 or 4 Hz results from the off-response
of the cone late receptor potential (LRP), although its minor part may be comprised of
postsynaptic components. The purpose of the present study is to establish an objective method
of detecting congenital red-green color deficiency (protan, deutan) at the receptor level of the
retina using the electroretinographic rapid off-response. The optimum stimulus intensity to evoke
the rapid off-response was determined in unilateral central retinal artery occlusion, unilateral
branch retinal artery occlusion and unilateral optic nerve atrophy. White stimulus light from a
xenon discharge tube was used at a frequency of 4 Hz with equal light and dark intervals. In the
eye with retinal artery occlusion, the postsynaptic response from the retina was suppressed and the
LRP was isolated. The difference of the amplitude of the rapid off-response between the eye with
retinal artery occlusion and the control fellow eye was less than 209 in the stimulus range so far
tested (1.0 102 to 5.0 x 10° lux at the cornea). The eye with optic nerve atrophy was suitable for
recording the ERG over a wide range of stimulus intensity because of the loss of photophobia.
The amplitude of the rapid off-response was saturated at a stimulus intensity of 2.5X 10 lux at the
cornea in the eye with optic nerve atrophy. The most intense stimulation applicable to normal,
protan and deutan subjects was 5.0X10° lux at the cornea. The amplitude of the rapid off-
response evoked by this stimulation (5.0X10° lux at the cornea) was not saturated in normal,
protan and deutan subjects. The rapid off-response to white stimulus light was recorded in 20
normal subjects (10- to 29-year-old males), 13 protans (12- to 22-year-old males, 3 protanopes and
10 protanomals) and 19 deutans (12- to 22-year-old males, 1 deuteranope and 18 deuteranomals).
The mean amplitude of the rapid off-response showed no significant difference between protans
and normals, or deutans and normals within the stimulus range tested (1.0X 10 to 5.0 10% lux at
the corea). Protans and deutans could not be detected by the rapid off-response objectively, as
long as white stimulus light was used. These results suggest that the stimulus light must be
chromatic to detect congenital red-green color deficiency by the rapid off-response.




