Clinical Application of Electroretinographic Rapid
Off-Response in Congenital Red-Green Color
Deficiency lI. The Rapid Off-Response in Three
Kinds of Atypical Congenital Red-Green Color
Deficiency
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Table 1. Test results of psychophysical examinations for color vision in four subjects with spectral color anomaly

CASE| AGE ISHIHARA AO | ISHIHARA PANEL | ANOMALY
TMC SPP | LAN
NO. [(YEARS)| HANDAYA | 38 PLATES H-R-R| - OHKUMA P TERN D-15 QUOTIENT
1 15 1(7.2D) 0 0 0 0 2 PASS 4.17-3.15
2 13 1(7,21) 0 0 0 0 0 PASS 4.17-3.59
3 22 0 0 0 0 0 0 PASS 3.84
4 19 | e 0 0 0 0 0 0 PASS 3.48

Numerals {1{7, 21)} in the column of Ishihara’s pseudoisochromatic plates (Handaya) mean that the subject misread one
p}ate (plate No. 7) as 21. Numerals in other columns except anomaly quotient mean the number of errors. A dotted
line means that the examination was not performed.
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Fig.1. Typical ERG waveforms in one subject with deutan-type spectral color
anomaly (case No.l in Table 1) in response to repetitive rectangular
monochromatic stimuli having equal quanta at each wavelength. The pupil
was maximally dilated, and the 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 1.0X10"quantascm™*+sec™' at the cornea. Numerals above ERG
waveforms denote the stimulus intensity in log unit. Numerals left to ERG
waveforms denote the wavelength of stimulus light. Rectangular waveforms at
the bottom indicate the onset (upward deflection) and termination (downward
deflection) of the stimulus light. The amplifier time constant: 2 sec.
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Fig. 2. Spectral sensitivity curves of the rapid
off-response in four subjects with spectral
color anomaly (solid curve). A numeral right
to each curve corresponds to the case number
in Table 1. A dotted curve indicates the
mean spectral sensitivity in 27 deutan subjects.
Stimulus intensity at zero log sensitivity was
10X10"%quantascm~2+sec™ at the cornea.

Criterion voltage: 204 V.
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Fig.3. SQ (480 nm, 620 nm) in three subjects
with spectral color anomaly (shaded square),
21 protan subjects (filled triangle), 30 normal
subjects (filled circle) and 28 deutan subjects
(filled square). Numerals next to the shaded
squares correspond to the case number in
Table 1. Open circle and vertical bar indicate
the mean and the standard deviation, re-
spectively. Criterion voltage: 20 V.
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Fig. 4. SQ (500 nm, 600 nm) in one subject with
spectral color anomaly (shaded square), 32
protan subjects (filled triangle) and 36 deutan
subjects (filled square). Conditions are the
same as in Fig. 3.
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Table 2. Test results of psychophysical examinations for color vision in six subjects with pigment color anomaly

CASE| AGE ISHIHARA ISHIHARA A0 PANEL | ANOMALY

NO. | (VEARS)| HANDAYA | 38 PLATES ™C ComxuMA | HRR | SPP | LANTERN | Tp 7| quotmn | OSCAR
1 17| e D STRONG | P STRONG D MILD P MILD P 6 PASS 1.25-1.06 -5
2 17 D STRONG | «reeevemermeeneene D MODERATE | D MILD D MILD | eeveeeesees 0 PASS 1.00-0.89 | e
3 16 D MILD | eseereeessnens D MILD V. MILD D MILD | NORMAL 3 PASS 1.18-1.00 [ oo
4 17 D MILD D MODERATE | D MILD NORMAL D 7 PASS 1.00-0.94 +3
5 17 D STRONG | D MILD D MODERATE | D MILD D 4 PASS 0.94-0.75 +2
6 7 D MILD D MODERATE | D MILD NORMAL D 4 PASS 1.06-1.00 +2.5

P and D indicate protan and deutan, respectively. A numeral in the column of the lantern test means the number of errors.

dotted line means that the examination was not performed.

“V. MILD" means very mild. A
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Fig.5. Typical ERG waveforms in one subject with protan-type pigment color
anomaly (case No.l in Table 2) in response to repetitive rectangular
monochromatic stimuli having equal quanta at each wavelength, The amplifier
time constant : 0.3 sec. Other conditions are the same as in Fig. 1.
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Fig. 6.

Typical ERG waveforms in one subject with deutan-type pigment color

anomaly (case No.2 in Table 2) in response to repetitive rectangular
monochromatic stimuli having equal quanta at each wavelength.
are the same as in Fig. 1.
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Fig.7. A spectral sensitivity curve of the rapid Fig. 8. Spectral sensitivity curves of the rapid

off-response in one subject with protan-type
pigment color anomaly (solid curve). A
numeral right to solid curve corresponds to
the case number in Table 2. A dotted curve
indicates the mean spectral sensitivity in 30

normal subjects. Conditions are the same as
in Fig. 2.

off-response in five subjects with deutan-type
pigment color anomaly (solid curve). A
numeral right to each curve corresponds to
the case number in Table 2. A dotted curve
indicates the mean spectral sensitivity in 30
normal subjects. Conditions are the same as
in Fig. 2.
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Fig.9. SQ (480 nm, 620 nm) in one subject with

protan-type pigment color anomaly (open
triangle), five subjects with deutan-type
pigment color anomaly (open square), 21
protan subjects (filled triangle), 30 normal
subjects (filled circle) and 28 deutan subjects
(filled square). Numerals next to open trian-
gle and open square correspond to the case
number in Table 2. Conditions are the same
as in Fig. 3.
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Table3. Test results of psychophysical examinations for color vision in six subjects err ly classified with ic plates

CASE| AGE ISHIHARA ISHIHARA AO PANEL | ANOMALY
N GRADE

NO. |(YEARS)| ANDAYA | 38 PLATES ™C .OHKUMA | HRR SPP | LANTERN | " 115 | QUOTIENT

1 18 P STRONG D MODERATE | P MILD UNCL'D P 6 PASS -0 (P)| MODERATE

2 16 D MILD P MILD V. MILD D MILD P 1 PASS 0.19 MILD

3 15 D MILD D STRONG D MODERATE | D MEDIUM | oo 0 PASS 0.55 MILD

4 18 D MILD . D MILD D MILD UNCL'D P 3 PASS 0.24-0.17 | MILD

5 17 werseeecs | D MILD D MILD V. MILD P MILD | NORMAL 0 PASS 0.24-0.10 | MILD

] 15 D MILD P STRONG D MILD P MILD P 6 PASS 1.18-1.06 | MODERATE

P and D indicate protan and deutan, respectively. A numeral in the column of the lantern test means the number of errors.

“V. MILD" and “UNCL'D” mean very

mild and unclassified, respectively. A dotted line means that the examination was not performed,

Table 4. Test results of classifi plates of six ic plates in six subjects ified with ic plates

CASE. ISHIHARA

NO. | HANDAYA 38 PLATES TMC AO HR-R ISHIHARA - OHKUMA SPP

16|17 ] 2223 |2 |2 1 2 3 7 8 o [w ||| wjr|n|m|v|viwjis |16 |17 ]|18)19

1 26| 42° 22 |68 | 55 |oa'l x*|'a [ox‘|xoaooarlaxxovroa|o|o|0|O| x [O|83 |57 |48 |49 |3
2 ["*26° [d2° 220 *66°q *55° Oar| x*pa vroxx0la0roalaxx00oa| 010 | OO |0 |O]| 83 |57 |48 |49 |3
3 {26t 42 *22 166 |55 | OA x*| A | Ox*| xO"| A0Y| OAY| AxY['xO0AY | OO | Q| x |0} x|
4 | 26" |42t **22° |*"66° [*55° | OA x| A | OxY | xC[ra0 [ OA | AX ' xO*[0a" | O | O | O|O|O| x 49 | '35
5 o2t [ 66 |55 [0a | x<}a JJoxx0rl a0 onrlaxy| 0 0a| 0|00 O|O|O | s | 61| a8® | a9 | "%
8 26 |42 |35 |96 | 20| 66| 55 [Oa [ x fa [oxipx0Ora00arax 'x0v0a* | O 0| 0|0 O] x |83 | 5T |48 |49 35

A numeral with single dot means that this numeral was read correctly.

A numeral with double dots means that this numeral was read more clearly than a pumeral with single

dot. Symbols (O, A, X) with hook(v) in the column of AO H-R-R mean that these symbols were named and located correctly. An open area with hook (v) in the columa of
AO H-R-R means that the subject pointed out this area as open. A dotted line in the column of Ishihara and SPP means that the examination was not performed.
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Fig.10. Typical ERG waveforms in one subject erroneously classified with
pseudoisochromatic plates (case No.4 in Table 3) in response to repetitive
rectangular monochromatic stimuli having equal quanta at each wavelength.

Conditions are the same as in Fig. 1.
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Fig.1l. A spectral sensitivity curve of the rapid
off-response in one subject erroneously classi-
fied with pseudoisochromatic plates (solid
curve, case No.4 in Table 3. A dotted curve
indicates the mean spectral sensitivity in 24
protan subjects. Conditions are the same as
in Fig. 2.
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Fig.12. SQ (500 nm, 600 nm) in three subjects
erroneously classified with pseudoisochromatic
plates (open triangle), 32 protan subjects (filled
triangle) and 36 deutan subjects (filled square).
Numerals next to open triangle correspond to
the case number in Table 3. Conditions are
the same as in Fig. 3.
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Fig.13. SQ (480 nm, 620 nm) in three subjects
erroneously classified with pseudoisochromatic
plates (open triangle), 21 protan subjects (filled
triangle), 30 normal subjects (filled circle) and
28 deutan subjects (filled square). Numerals
next to open triangle correspond to the case
number in Table 3. 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 Three Kinds of
Atypical Congenital Red-Green Color Deficiency Hidetoshi Hanazaki, Department
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Abstract

The present paper describes the spectral characteristics of the electroretinographic rapid
off-response in three kinds of atypical congenital red-green color deficiency, i.e.
Spektralfarbenanomale (spectral color anomaly, SFA), Pigmentfarbenanomale (pigment
color anomaly, PFA) and cases erroneously classified by pseudoisochromatic plates. The
log sensitivity quotients of the rapid off-response {the log ratio of the sensitivity at short
wavelength (A,) to the sensitivity at long wavelength (A,), SQ (A,, A,) or SQ} of
individuals with atypical congenital red-green color deficiency were studied. As for four
cases of SFA, the SQ (480nm, 620nm) in three cases and the SQ (500nm, 600nm) in one
case were within the SQ range for deutans. Thus, the SQ was abnormal in all of these
cases of SFA. As for six cases of PFA, the SQ (480nm, 620nm) was within the SQ range
for protans in one case of protan-type PFA, within the SQ range for deutans in three cases
of deutan-type PFA and within the SQ range for normal subjects in two other cases of
deutan-type PFA. As for six cases erroneously classified with pseudoisochromatic plates,
the SQ (500nm, 600nm) in three cases and the SQ (480nm, 620nm) in two cases were
within the SQ range of protans. In these five cases the classification of type with SQ
corresponded with the classification of type with anomaloscopy. The SQ (480nm, 620nm)
in the other case (this case also was protan-type PFA) was within the SQ range for
protans. On the basis of these findings, the author discussed the pathogenesis of atypical
congenital red-green color deficiency which could explain the good color discrimination in
SFA, the poor color discrimination in PFA or the reason for erroneous classification of
type in the subjects erroneously classified with pseudoisochromatic plates. The SQ of rapid
off-response is valuable for objective diagenosis of atypical congenital red-green color
deficiency and understanding its pathogenesis.



