Clinical Application of Electroretinographic Rapid
Off-Response in Congenital Red-Green Color
Deficiency . The Rapid Off-response in
Different Grades of Abnormality in Congenital
Red-Green Color Deficiency
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ML RERGAEREEODIFCHE T 2 MEOREMER L LT, & 768R0ERMNERYE
FRIGEE R T 51T 2 §EEER (electroretinogram, ERG) 4 7 IGE BRI OEER () KB 55
RBEOEHRE (1.) 0575 M LRBECHT 2 lhOMK{E {log sensitivity quotient, SQ (1., 4.)
%720k SQ) FTE2ME L 7. SQ (480nm, 620nm) @ F#JfE (mean, M) + {E ¥ {F = (standard
deviation, SD) 135 1 B REER Q14) T 0.95+£0.12 TH D, H2 EHARWER 06%) TE -
0.09+0.11 Thbh, MBREBCHKLEBICKE» 572 (p<0.001). SQ (500nm, 600nm) O M+
SD 148 1 R REEN (324) T3 0.66+0.11 THD, 2 aERHEER (36%) Tik —0.03£0.09
ThHD MERBRBCHELERICAS ok (p<0.001). ERHERUAREEAREOCRRRO
RS EE R (B R THE - B3 - PEE - MEO 4B MEL 2. SQ (480nm,
620nm) O M+SD 135 1 BEERE BV TEHERT 0.9520.14, FEERHT 0.99+0.13, HEH
T0.93+0.12 Th Y, B2 EEREE TSV TRMERT —0.13+0.14, FEHT —0.09£0.15, &
SREET —0.08+£0.11, WEMT —0.05£0.07 TH-7. SQ (500nm, 600nm) O M+SD BHE1E
FREEIIE O TEEERT 0.6220.10, PEERT 0.67+0.10, BEHT 0.68£0.13,THV, B2
EEREZICE LT IMERT —0.03+£0.09, FEMNT —0.03£0.11, REEFT —0.03+0.11, &
ERT —0.0240.07 TH-7:. SQ (480nm, 620nm) %3 \>ix SQ (500nm, 600nm) OMIZEIL T
BIAEREEDS bMERXBRVL IBOMS I VE 2 AEREEQ IR TN TOMTERERR
Rirtiot. SHNE 1 BIUVEAEREEHROIAZLEBVTAEEROBEC»2D 5T SQ
OMBIEIEZ—ETHD = Lk, BEHREONR N T 2B, #HEOEBCBT 20MOBAZD L
BEREEROREIZLZOTRRV I EEZ SN,

Key words electroretinogram, rapid off-response, congenital red-green
color deficiency, classification of grade, spectral sensitivity
quotient
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Abbreviations: AO H-R-R, American Optical Hardy-Rand-Rittler ; b, photopic b; ERG,
electroretinogram ; M, mean ; Panel D-15, Farnsworth Dichotomous Test Panel D-15; SD,
standard deviation; SPP, Standard Pseudoisochromatic Plates; SQ, log sensitivity
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2 OMBEAEEHNARERBROEREEDRE
EThs. EREFEEEREOZMIIBMREICL 5
TERBBEWREROOT, HEICH > CITERESH
ERah, BrRLZHIBIHRENIRETHS
B, —BMCHEEROLREFR LR TARERREE
ERENEEL, BHCERT2HEE805 5. EFF
ELTRZ Y == 7RV RERGBREVERT
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1. BERER

fRMEFEZE &£ LT The Series of Plates Designed
as a Test for Colour-Blindness (38 Plates Edition,
BRI, HRE, 1984, ARKXBER, REEERE
# (¥HE, ¥R, RITEEELR, EX ($@
B)), RRERAYARESR (N Lo EMieR, =
W, IBF0584EERK, Tokyo Medical College Pseud-
oisochromatic Plates, TMC), E#EERER (B 1
MRS 1M, BEF¥ERE, B, 1978, Standard Pseud-
oisochromatic Plates, SPP), FE « KEE@QE R
HE - BER FEER, BHE, 1977, GF - KEER),
American Optical Hardy-Rand-Rittler Pseudoiso-
chromatic Plates (8 2 X, American Optical, New
York, U.S.A,AOH-RR)D 66X A, 7./ =
ORI—-FREIZEFAYVT /voRa—7 0T (+
A, FHED) AV XEL®, ME®E, XBOWK
ERENF LT/ vuA2—71% (Schmidt u.
Haensch, Berlin, D.D.R) OREHE L & < —K 7
bl ra®lELTWE. ZDEH»Iz Farnsworth
Dichotomous Test Panel D-15 (Psychological
Associates, Saint Louis, U. S. A., Panel D-15),
Ichikawa’s Color Perception Lantern (& B %846, &
W, 7v%>) #Fw7z. Panel D-15 5> % v D%
BEFERIIBI S “pass” BLU “fail” i+ 218H
MR od, Rtk 2h®h [FE] s8L U
[BRE] LB 7. MEIZFHIIOE»S>FHB I

quotient ; TMC, Tokyo Medical College; AR + KHEFE, A - KEEBHEEEMRHE - BE
% | AR#%38%K, The Series of Plates Designed as a Test for Colour Blindness; 7 %
(FHE), REeBE®RESR . 74 >, Ichikawa’s Color Perception Lantern
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TOMICESHERSA ST WRREENR T > TR
L1832 (#7200 lux) TiThhiz. (RIEREBREHER
F I ERT 258, TMC i8R E» 549 45cm OB
BT, fioEERERIZF 75em DM THRG L EA
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2. ERG AXHEEE

RIEEFEICIE LKW 2/ v 7 — 274 (BERE
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A
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L. Z OBKRIBLHRE (EKER) & SREARR
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3. ERG E&FHE
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Fig.1. Typical ERG waveforms of a protan subject (A) and of a deutan subject
(B) in response to repetitive rectangular monochromatic stimuli of 500 nm and

600 nm having equal quanta at each stimulus intensity.

The pupil was

maximally dilated, and stimulus frequency was 3.8 Hz with equal light and
dark intervals throughout the present study. Each trace shows the averaged
waveform of 40 responses. Upward deflection signifies that the electrode on
the cornea is positive in reference to the skin electrode on the forehead. The
maximum stimulus intensity as designated as zero log unit corresponds to

1.0%x 10" quantascm™%sec™' at the cornea.

A rectangular waveform at the

bottom indicates the onset (upward deflection) and termination (downward
deflection) of the stimulus light. The amplifier time constant: 2 sec.
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D— AL TERL 2. MBCLRBRIRARLE %R
SU7:. RIBUEE % 3.8Hz WREL , HARERRE (4
LEES0.13%) L L7:. BHIEIG D 7z & ORI H 5t
pEVa o7 ERG ZRER 2 ¥ THIE (EEEN
flEsE, MES-3102, BAXE) (lkHz T 3db #
%) shi:tk, ¥—% 1 3—%— (NER-3515, Sony,
w) (AR ERD 5 2.5kHz) 28 v TS
F-FEFE N, T NBEE (ATAC3S0, H
ANRE) Lo THOEIDOMEFHEB L LTHEEZ2
stlicfrx ns. BT RT ERG #BETIR, LRE
BXUTHEDENZIRKIER O L ZEES &
vl FRERT .

4. SQ (log sensitivity quotient) DHIE
ERG # 7 IDERABIMOEHR (1) BT 2 5K
EOEEERE (1.) CBF20XRECHT 3 Lo
B {SQ(A:, 1)} ORHDAELUTICRT. B 1A &
H1EEAEERFTO LH KRI1OEFANESL) »
5, M 1B B3HE2aBRFEEG PO 14 E2 O
FIEE1) »poBoh - BENHE (500nm (1,) B &
U 600nm (1)} W2 X3 ERGEFTHS. M2icK1
5 Kb 1 RIBIRIEEIRE AR (V-1 i) 257 .
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Fig.2.  Amplitude of the rapid off-response in a
protan subject (A) (case No.l in Table 1) and
in a deutan subject (B) (case No.l in Table 2)
as a function of stimulus intensity on a
log-log plot. Data are from Fig.1. Numerals
with arrow indicate wavelength of the stimu-
lus light. Stimulus intensity at zero log unit
corresponds to 1.0X10" quanta-cm~*sec™' at
the cornea.

—FEDEHEEMN B2 20pV) ORBEOCOLT 7 IEER
B EHET 50T LERHBOEE GE) *EE
Az VIR ok, MEOHEE ZOERIINT
ZRELLL. B2 TRRBOLEEIHBEMTRE
NTWBOT, BEONEIIMEDSHKEMOEARF
EEPICLAEIZHEL L. L >T SQ (4., A2)
BAWBI2BREORK» S A28 5REDONE
EREBIEICLbRD NG, M2 EFlicED L,
SQ (500nm, 600nm) I35 1 BERFEETIE0.61TH
D, B2AEEREE TIE 600nm 12X T 5 REH
500nm KT AREL O RELDT—0.19 EADE
(A< -I

5. HEHFHBRERE

HEOFIEOEDREIZ, EAEMEORELRTT
7% o 72#% Student’s t-test # i\, p<0.050KBE:H
EENHBLEHELR.

B #

ERUAFOERFEIEELVLHRECHBREYL
BT abid TR, Bo0aEREOREIISHRIE
ERT. o EERNARERRAEREL A 7T
BRABEOES 2 HEICE 1T 5 DHERE OO NEKE
(log sensitivity quotient, SQ) 2B\ TH~B @I,
FTEHNAEARERABRAEREORENSQILY
DEIIIRBMENZDON AN LEN D 5.
Kawasaki®, Tt 28 L MR IZERERFEEE
BEOMBMAENEARICTIEREL LT, £ 7158
RUEERD 480nm 12 BT 5 FHEED 620nm Iz E 1T B
DHBE KT 2 O EE {SQ (480nm, 620nm)}
ERIBLZDS, AFRICBLTNRELEELAER
BEORIZ, 620nm RIEICB O THEEEE L7 20
pV OFRBOF 7ICEKRBREFLLE2LHNS
W -1:DT, KFETIE SQ (480nm, 620nm) (/0
%, 500nm (2B B HBED 600nm 123173 5K
BREICNT 2 O EE {SQ (500nm, 600nm)} %* &
EELL.
RICE1BEREENGD, R2UIE 28Ry
EHIBLOFEE, MHA, HE, EBE®, SQ (480nm,
620nm) B & U SQ (500nm, 600nm) % ;7T . & 1 HAY
REENRDIIME LG, FEL, dEEIFB LT
WELFICSEs N, B2 aRAEEGRIIME 7
B, SFELF, FEELMS L UCREIFIZHEs N
. BIARRAEBLIUVE2BHAFVTRIBLT
b, BAHOMIIBY 2 ERHOTHEIZIEESE IR
Hoilgholz.
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SQ (480nm, 620nm) %, H4 (2 1 AEEEENRS
FEIEERY EILD SQ (500nm, 600nm) %R
7. SQ(480nm, 620nm) DIEILE 2 BHEEFE AL
BLE I OEREEHOLFTAE L, SQ (480nm,

620nm) = X - THEEHIBHFEICER & 17, SQ (480
nm, 620nm) O F¥JE (mean, M) =+ if (R E
(standard deviation, SD) 3 1 AEREHE EMHT
0.95+0.12, B2 EEEWENHET —0.09£0.11 TH
D, B1IAEREENTIE 2 OEREEFILRL
BEIZIKE -7 (p<0.001). HENE L L2EBHIE
BEINLY 2175 SQ (480nm, 620nm) » M=*SD
3 0.35+0.10 THO, E1AEEREEFIIKRLE
FIDAR (p<0.001), H2 BHREZIMLELE
BFHIzKk %, (p<0.001). SQ (500nm, 600nm) D&
BE EEREFEHCIABLE I AaEREERO 26

IR

TR %<, SQ (B00nm, 600nm) iZ & - T b WEEITHRE
CEERIE N7, SQ (500nm, 600nm) > M+SD i3
1EEREEHT 0.66+0.11, F2AOBRABET -
0.03+0.09 ThH, FIOHEEEEHCIE 20y
HEEMIHBELABRICKEL o (p<0.001). kg
WEEE L EEEREICRY 28135 SQ (500nm,
600nm) ® M+SD (2 0.23£0.08 TH D, 1 AEE
WERCHEBLEE /S (p<0.001), H2aHE
EEBIILBELERIZKE Mo 7z (p<0.001).

S5 1 BEEREEE2KIIB TS SQ (480nm,
620nm) #BEOBRERNZST TRT . SQ (480nm,
620nm) ® M+SD DO{EIZFERT 0.9520.14, hE
ERET 0.99+0.13, EERT 0.93£0.12 Tho1:.
wMETHZ 1RGO SQ 480nm, 620nm) 130.92ThH
D, BE.-hEES L CEEHO SQ (480nm,

Tablel. Age, sex, type, grade, SQ(480 nm, 620 nm) and SQ(500 nm, 600 nm) in 32 protan subjects

Cﬁ‘g?‘: (Y%GA%S) SEX | TYPE GRADE SQ(480 nm, 620 nm) | SQ(500 nm, 600 nm)
1 18 M P MODERATE rereeteterrere e 0.61
2 16 M PA MILD | ceeeveeemresnnnesensaenns 0.58
3 17 M PA MILD 0.94 0.47
4 17 M PA MODERATE ........................... 0.62
5 16 M PA MODERATE 0.85 0.46
6 ]_5 M P STRONG ........................... 0. 95
7 17 M PA MODERATE | cvevevremoreminineniinns 0.65
8 15 M PA MILD | eeeererereeeereeneneennns 0.74
9 16 M PA MILD 1.17 0.76

10 16 M PA MODERATE 1.04 0.71
11 16 M P STRONG ........................... 0 . 83
12 13 M P STRONG 0.98 0.67
13 14 F PA MODERATE 1.14 0.67
14 17 M PA MODERATE 0.86 0.76
15 13 M PA MILD 1.01 0.65
16 9 M P STRONG 0.76 0.57
17 15 M P STRONG 1.02 0.74
18 18 M P STRONG 0.82 0.61
19 18 M PA V. MILD 0.92 0.76
20 12 M P STRONG 1.12 0.81
21 16 M PA MODERATE 1.04 0.67
22 17 M PA MILD 0.87 0.56
23 16 M P STRONG ........................... O . 54
24 14 M P STRONG 0.87 0.62
25 12 M PA MILD ........................... 0 . 59
2 15 M PA MILD 0.82 0.59
27 15 M P STRONG ........................... 0. 62
28 15 M PA MILD 1.11 0.80
29 17 M P STRONG 0.94 0.57
30 17 M P_A_ MODERATE ........................... O . 85
31 22 M PA MILD 0.84 0.56
32 18 M PA MILD 0.80 0.56

P and PA mean protanopia and protanomalia, respectively. “V. MILD" means very mild grade. M and F
mean male and female, respectively. A dotted line means that SQ(480 nm, 620 nm) was not obtained.
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620nm) OME M—SD LRz o7z, B61Z5 2
AEREEIHICB TS SQ (480nm, 620nm) TR
OBERICAT TRYT . SQ (480nm, 620nm) O M+
SD DERMERT —0.13+0.14, SFEMHT —0.09%
0.15, HEERT —0.08£0.11, MEMT —0.05%
0.07 Thot. BLEERED S bMER 2RV
IHOMBIUVE 2BEEROAROET SQ
(480nm, 620nm) OMIZREEENH D LT V2 X
Mol

TeE1BEREEZEIIBY 5 SQ (500nm,
600nm) » B OBERIZSHTTET . SQ (500nm,

600nm) o M=SD I$55EBET 0.62+0.10, PHEHER
T 0.67+0.10, FREHT 0.68+0.13 Tho71r. HME
TH% 1EFD SQ (500nm, 600nm) (20.76TH Y,

SIEEED M+SD kD K&, hEERLHLVITBE
BoOME M+SD oMizh-7:. KB 2BERE
12812 SQ (500nm, 600nm) * BEOREFNIZS
JFTRT. SQ (500nm, 600nm) ® M+SD DEEH
BRET —0.03£0.09, BEBT ~0.03+£0.11, FF
BT —0.03+0.11, WEHT —0.02£0.07 TH-
o, B1IEEREOMRERERO IBEOME X UE
2EERED 4BEOMTIE, SQ (500nm, 600nm) M

Table2. Age, sex, type, grade, SQ(480 nm, 620 nm) and SQ(500 nm, 600 nm) in 36 deutan subjects

CI‘\IA(S)E (Y%GAERS) SEX | TYPE GRADE SQ(480 nm, 620 nm) SQ(500 nm, 600 nm)
1 18 M DA MILD —0.28 —0.19
2 18 M DA MODERATE ~0.07 —0.09
3 18 M DA MILD —-0.23 —0.06
4 13 M DA MODERATE —0.21 —0.08
5 17 M D STRONG —-0.17 —0.18
6 17 M DA MILD —0.08 —0.06
7 16 F DA MODERATE —0.23 —0.25
8 17 M DA V. MILD —0.28 —0.18
9 16 M DA V. MILD —0.15 0.00

10 13 M DA MILD —0.06 —0.04
11 10 M DA MILD -0.31 —0.21
12 18 M D STRONG —0.12 —0.07
13 14 M DA MILD —0.03 0.02
14 22 M D STRONG 0.00 0.05
15 9 M DA MILD 0.16 0.08
16 10 M D MODERATE 0.10 0.12
17 14 M D STRONG —-0.05 0.01
18 9 M D STRONG 0.01 0.04
19 16 M DA MODERATE —0.03 0.06
20 20 M D STRONG —-0.08 —0.03
21 25 M DA V. MILD 0.12 0.11
22 22 M DA V. MILD -0.28 —0.07
23 23 M DA V. MILD —-0.11 0.00
24 24 M DA STRONG 0.04 0.08
25 16 M D STRONG -~0.06 —0.01
26 15 M DA MODERATE 0.05 0.07
27 16 M DA MODERATE —-0.04 0.02
28 13 M DA V. MILD —-0.10 —0.07
29 15 M DA V. MILD -0.08 —0.02
30 12 M DA STRONG —-0.04 —0.03
31 16 M DA MILD 0.03 0.12
32 15 M DA MODERATE —-0.21 —0.11
33 19 M DA MODERATE —0.10 —0.06
34 15 F DA MILD —-0.03 0.01
35 16 M DA MILD —-0.11 0.00
36 13 M DA MODERATE -0.07 0.04

D and DA mean deuteranopia and deuteranomalia, respectively. “V.
and F mean male and female, respectively.

MILD"” means very mild grade. M
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Fig.3. SQ (480 nm, 620 nm) in 21 protan sub-
jects (triangle) and 36 deutan subjects (square).
Open circle and bar indicate the meanz

standard deviation, respectively.  Criterion
voltage : 20 p V.
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Fig. 4. SQ (500 nm, 600 nm) in 32 protan sub-
jects (triangle) and 36 deutan subjects (square).
Conditions are the same as in Fig. 3.
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Fig.5. SQ (480 nm, 620 nm) in 21 protan sub-
jects. They were subdivided into four grades
(very mild, mild, moderate, strong). Other
conditions are the same as in Fig. 3.
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Fig.6. SQ (480 nm, 620 nm) in 36 deutan
subjects. They were subdivided into four
grades (very mild, mild, moderate, strong).
Other conditions are the same as in Fig. 3.
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Fig. 7. SQ (500 nm, 600 nm) in 32 protan sub-
jects. They were subdivided into four grades
(very mild, mild, moderate, strong). Other
conditions are the same as in Fig. 3.
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subjects. They were subdivided into four
grades (very mild, mild, moderate, strong)
Other conditions are the same as in Fig.3.
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Clinical Application of Electroretinographic Rapid Off-Response in Congenital
Red-Green Color Deficiency. (I) The Rapid Off-response in Different Grades of
Abnormality in Congenital Red-Green Color Deficiency Hidetoshi Hanazaki,
Department of Ophthalmology, School of Medicine, Kanazawa University, Kanazawa
920—7J. Juzen Med. Soc., 98, 768—779 (1989)

Key words electroretinogram, rapid off-response, congenital red-green color
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Abstract

This is the initial report of a study on the electroretinographic (ERG) diagnosis of
atypical congenital red-green color deficiency. The log sensitivity quotient of the ERG
rapid off-response { the log ratio of the sensitivity at short wavelength (A, ) to the
sensitivity at long wavelength (A,), SQ (A,, A4,) or SQ} was studied in 68 cases of
typical congenital red-green color deficiency (32 protan subjects, 36 deutan subjects). The
mean (M) of SQ (480nm, 620nm) in 21 protan subjects (0.95) was significantly larger than
that in 36 deutan subjects (—0.09) (p<<0.001). The M of SQ (500nm, 600nm) in 32 protan
subjects (0.66) was significantly larger than that in 36 deutan subjects (—0.03) (p<<0.001).
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The protan and deutan subjects were subdivided into four grades (very mild, mild,
moderate, strong) on the basis of Majima’s classification for social adaptability. The
M=*standard deviation (SD) of SQ (480nm, 620nm) of protan subjects were 0.95+0.14 in
mild grade, 0.99+0.13 in moderate grade and 0.93+0.12 in strong grade. The M=+SD of
SQ (480nm, 620nm) of deutan subjects were —0.1340.14 in very mild grade, —0.0940.15
in mild grade, —0.08=+0.11 in moderate grade and —0.051+0.07 in strong grade. The
M=+SD of SQ (500nm, 600nm) of protan subjects were 0.62+0.10 in mild grade,
0.67£0.10 in moderate grade and 0.68+0.13 in strong grade. The M=ESD of the SQ
(500nm, 600nm) of deutan subjects were —0.031+0.09 in very mild grade, —0.03+0.11 in
mild grade, —0.0310.11 in moderate grade and —0.0210.07 in strong grade. In protan
subjects, neither the M of SQ (480am, 620nm) nor the M of SQ (500nm, 600nm) differed
significantly among the three grades of abnormality except the very mild grade. In deutan
subjects, neither the M of SQ (480nm, 620nm) nor the M of SQ (500nm, 600nm) differed
significantly among the four grades. These findings could be explained by photofragile
abnormal cone mechanism, diversity in distribution of cones or abnormal neural process.



