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Figure 1. (A) LED-driver (size 20Wx16Dx6H cm, weight 800
gm; Mayo Co., Nagoya, Japan), (B) contact lens electrode
with build-in white LEDs.
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Figure 2. The ON- & OFF- responses of a normal human
subject elicited with different stimulus durations. (2.1 log
cd/m’ intensity, 40 cd/m’ background luminance)
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Figure 3. Consistency of ON- & OFF- responses of normal
human subjects elicited with different stimulus durations.
(2.1 log cd/m’ intensity, 40 cd/m’ background luminance)
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Figure 4. The averages of b- and d-wave amplitudes shown
at different stimulus durations. (2.1 log cd/m’ intensity, 40
cd/m’ background luminance) (n=20)

Table 1. The averages of ON-and OFF- responses of 20 normal subjects with different stimulus durations (2.1 log cd/m’ intensity,

40 cd/m’ background luminance)

stimulus duration (ms)

5 10 20 30

a amp® (uV) 33.32+10.31 32.13+18.79 35.15+11.13
b amp® (uV) 99.03+21.53 124.8+21.53 87.51£21.53
d amp™ (uV) - -

b/d ratio -

54.08+21.53  58.09+27.90
21.5947.09
2.54+0.62

50 100 150 200
38.4£11.91 40.83+13.13  38.19+9.86  36.43£12.46  35.15+14.95
60.93+19.7  56.73+23.44  51.08+25.2
40.60+£21.37  49.43+16.12 40.08+21.46 50.09+21.02
1.71£0.52 1.26+0.30 1.4245.44 1.00+0.19

* amplitude.
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Figure 5. The ON- & OFF- responses of a normal human
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Figure 6. Consistency of ON- & OFF- responses of normal
human subjects elicited with different stimulus intensities.
(150 ms duration, 40 cd/m” background luminance)
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Figure 7. The averages of b- and d- wave amplitudes shown
at different stimulus intensities. (150 ms duration, 40 cd/m’
background luminance) (n=20)

Table 2. The averages of ON-and OFF-ERG responses of 20 normal subjects with different stimulus intensities (150 ms duration,

40 cd/m’ background luminance)

stimulus intensity (log cd/m’)

0.4 0.8 1.1 1.4 1.7 1.9 2 2.1
a amp® (WV) 152 17.48+4.58  21.70£1035  21.83+7.44  30.44+£7.96 34.03£7.05 37.38+£5.32 39.11£5.22
b amp® (WV) 19.7 21.83£8.23  23.41£11.98  26.50+7.24  38.19£15.8 40.75435.11  57.76+18.65  59.26+21.57
d amp™ (V) 14.7£5.80  17.43+6.12 25.26+8.37  32.45£10.29  47.80£14.46  52.85+12.64  52.78+11.05
b/d ratio 1.12+0.18 1.40+0.39 1.08+0.21 1.06+0.59 1.13+0.33 1.10+0.28 1.13+0.34

* amplitude.
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Figure 9. The average amplitudes of (a) b-wave and (b) d-wave amplitudes shown at different background luminances and

intensities. (150 ms duration) (n=20)

Table 3. The averages of ON-and OFF- responses of 20 normal subjects with different background luminances, intensities, and

150 ms duration

background luminance (cd/m’)

20" 40 50

stimulus intensity (log cd/m’)
1.4

b amp® (uV) 34.04422.19 25.61+11.54 24.35+8.90 27.2249.74

d amp® (V) 26.07+8.29 23.94+11.30 22.20+£7.93 21.68+7.94
1.7

b amp® (uV) 48.63+22.44 39.29+24.39 38.43+20.33 32.94+26.29

d amp® (V) 37.99+15.43 37.30+17.95 34.94+15.48 33.07£15.17
1.9

b amp* (uV) 57.41£25.96 59.21+26.38 49.19+20.60 46.41+16.70

d amp® (uV) 51.16+18.48 44.81+14.91 43.61£17.72 44.74£17.09
2.1

b amp® (uV) 57.54+22.15 61.09+£19.48 55.20+24.79 58.16+25.15

d amp® (uV) 62.40£21.01 61.04+18.33 46.30+13.23 51.07£17.97

* amplitude.

475



Ol

i

J
1
rlo
o
rot
H

NOTE

© : Sign-inverting synapse

ON-Pathway ON-Pathway OFF-Pathway

Figure 10. Retinal rod and cone pathways. (From Trans Am
Ophthalmol Soc 1993; 91:701-73)

& OFF A2 o]%od Yrk(Fig. 10).>*" 7
T ¥ FAFE Z4A = o, FAFY A 3
N ¥k3-¢l a, bu7} YehaL, gA=o] ye A
oA OFF #H&-Ql a9 dup7t yelhe= A
AT} o= wiExzE o3l ZjAE ¥Eg-o]
Lo FapFo] Bl AlFo Hojxe gu
o] OFF AZoAM VY& H718 vkeds & 4
BolgA) BelE & 9 ON ¥ OFF v
A dgdol A AMEE= B FA=S o83 il
ArAoll= 7 o] ME FHE o dBAME ¥
el = o] baotg BoxA "} o83 ON
<237 OFF #-¢S 97] 9J3iAE Sieving®e 30 ms
ool BAZo] Bestrka 91, Kondo et al'®
2 25-50 ms oo FAFoAA d9E #HEFE & 3
thal 8lgem Seiple and Holopigian'™2 100
msEt #& BT E duE 23T = gtk
stRo U, B do| e A=) A71e} mjHx2H

2
O

@)

O >

¢

T o oo O ¥ 2 2

X

o] 84 Fo] B o]5o] Aol JFE F 4 U7 o
Foz AZ4HEG,
ISCEVAME BA4ZL 95t A2AX2A =389

AR AOF AFZAE AHESe AS A8t e,
oy gt A=A = W oA A=F3go] FAtEER
FHAAE 12A A5 F e FHo] e W,
W ol A WkAbE Wl ) oA TS 714
I 9} ool Hhaf, o] Al M wag tho] @ =(light-
emitting diodes, LEDs)7} W&¥ eSS A8
std=H, BASo] A MFo2RY Aoz He
5= LED d=3 LED# E2lo]HE AFE3ITE o]
v 5399 AAAoF A=54A](Ganzfeld stimulator)
wo w9 7Hdsta FES AAEHA] gow Fujvt
7Feet AAE 7RI T3 W foleEE 7]Ee]
A=A o 2hol= Al R Fo] oF 0.5-1.5 log cd

476

ON &t

0l

o OFF &t

0l

s/m?e] A7)E weled ve) e ARE o] gdtd]
NEY AT} 2 g A7) FAFNME 1.6
log cd s/m*9] A7]¢] BAFE BAAZ S glon,
A2 A7 24T 4 o= g ON ¥-3-3 OFF wh
¢S Bed 5 Qe & AHe AT o Y

ON ¥H&-3} OFF ¥H3-2 94dol| o] 8-317] oA A4
olo] WSS A3 299 B g Sieving’S 7H53
Ao A7l 593 27494 10 ms2 150 mse] Zo]
PAZE ol gkl Akl 469+ ON w83 OFF
3 A%E vHlwEdtt. 10 ms A=) 93 b}
150 ms A=l 9]¢t batr Tt it oF 1.85u12] 3
718 BAA, T 78%°AM= 10 ms ©AF
ol 93 b} FZ9] F717} 150 ms A=l <3 b
o} duke] Froh Ak sk &, 150 ms A=l
o3t AARIES] b} AEe du} NZH T} Ht oF 1.35u)
£ 2 293, bFe}t du Ateole] ZHE(plateau)
© A E B SHE BYW v AR x
135S AW 229 oA FHA= Yeptia
tach 2 dAFoMe 2o =719 A= A71¢} v A
WA A= AZHES HEAIA Bk 209 T
169tell Al 50 ms o)dellA bate} duprt #2l= o] 1
Ehgon byt dut Alole] ZHE= 209 EFolA
SAE Yehh%la, b/d WiE 34 1480 2 S
Ho] B3t ARE RAFYh. 183, Sievingd
A% 2719 w53 FAFA 7|9 v A2 SHlA 10
ms$t 150 ms9] FA5 dold o, bt} dupe] FF
S vlwa] B 209 ZFA 10 ms @Al 93k
b3t AZ] 3717} 150 ms &A=l 98t bato} dute]
Frg 7ok A=) Zojd wE bule}l dube] W}
o] tislA, Sustar et al®e d57} 35 msHE e
U] AlFste] 1Zo] Frkstthrt, 75-200 ms Akol 9
AZdolo| A& butet dute] Fo] & ¥t glith
3 sHoy, £ Agea e A=9] Zol7t 100 msY
o Hwd 2 [Ze bute}l dur) FAle dojxom,
100 ms®Et} 71 FAF A bike tha 7Astal gl
U 100-150 ms®| FA=o2 FHZH9 bute} du&
AL US Aoz HAHEG, FA=Z A7 F7h
ghol| w} bake} duke] MEFE AA YehY, 2.1 log
cd/m*M HUge BAFA. a8y, Aol
1.9 log cd/m” o3l A& bate] H1x 9o |
AE 7] yeht Huge Agsted odes 4
7= ATk WAATS AT FAFN A F7HAA
B o) wjgAFe] g2 2 gt byl duE 4S
T URNAG, W BAFo] BN EE JAst JloE

& A=

N e

¢

o

o

Of

BN

Z, WB3AES #AeAE Rle dAE v
37391¢] ON ¥H3-3 OFF ®h&olA Kol ad, b



— istetbst o X A

JJr dute] Z3 2k }FA71¢] v], 18] A3 gt
S obste Aol o Fe Y dBAE T YA
o]’35 A=A ON A28 OFF Z29 w5
3 FEAFRARY 7% o)ds AR
d5 = Jde A9 ulgo] o). Sievinge %3
% 3= gAoz ON €k

OFF #h&-9] u|A32 93-S 5714 7 g2 e
sled ON ¥H3-3} OFF wH3-9] 273 dd =8-S T
o2 A WA, a, b, d¥e IZe HAH FaFLe
71 Bol Yehe o) atgoln | mretal A Ao A
dZAHG, F HAZ A6 FPdopTEE bty
AaEe v, 4ot Folle FEE Shubertt-
Bronsheind A%n|xs)dopdE xlol|A] I
A AR, EFYHL bt JAEEA b/d, b/a F
ZH|7F 2% 1.0 oJ3k) 5L zte=tk. Shubertt-
Bronshein® v Ao Z o9} o] bhulo
QW =39 9E Holu, FHHHAE A% 4 9
HE-3-0] °i74”r Al glowA FgAQl g

A ‘%}%% Holx Zlo] t2n, AEAX o5 3
7} ON ¥-3-3} OFF W3] 3253 oS XY
ATH Ul MAZ GRS bt} 4} Ato]e] ZHYE
7F FHZ Yehue 545 Roled, OFF A147
29| AY2 AYs Mo Apdele ke o] 83

offt bl

A%o] BuoA 2L BHe AL nI} A GA
WAZ, A4 OFF We8e do} Uehts Ao
HEd 279 290] Wehet 542 nal,

o]8gt ON ¥Hg-#} OFF WHg-o] v 93& 5
7HA ZHEl A 2 EFshe AL v A E o]
S SRl A E B dEA Y] A #e
HE71AE oldletedl & =5 71, 2FEHHY
oA HsE fEes BYY Aol BHEr)dd wE
AL 7Fed i itk o8 T3 WHARE o%
<9 ALY A2 ZEe] FAE A Ssk=d Ao =

o
&8 & 5 5l £ AT
Al71¢k 100-150 ms
/m291 W AAT 3

&8 4wl e, ol o2 AL

el A Ol%% T

2l

1) Marmor MF, Zrenner E. Standard for clinical -electroret-
inography. Doc Ophthalmol 1995;89:199-210.

| 49 3 W 3 =

20084 —

2) Sieving PA. Photopic ON-and OFF-pathway abnormalities in
retinal dystrophies. Trans Am Ophthalmol Soc 1993;91:701-73.

3) Alexander KR, Fishman GA, Peachey NS, et al. ‘ON’
response defect in paraneoplastic night blindness with
cutaneous malignant melanoma. Invest Ophthalmol Vis Sci
1992;33:477-83.

4) Quigley M, Roy MS, Barsoum-Homsy M, et al. On- and
off-response in the photopic electroretinogram in complete type
congenital stationary night blindness. Doc Ophthalmol 1996-7;
92:159-65.

5) Kabanarou SA, Holder GE, Fitzke FW, et al. Congenital
stationary blindness and a “Schubert-Bornschein” type electro-
physiology in a family with dominant inheritance. Br ]
Ophthalmol 2004;88:1018-22.

6) Downes SM, Holder GE, Fitzke FW, et al. Autosomal
dominant cone and cone-rod dystrophy with mutations in
the guanylate cyclase activator 1A gene encoding guanylate
cyclase activating protein 1. Arch Ophthalmol 2001;119:96-
105.

7) Allen LE, Zito I, Bradshaw K, et al. Genotype-phenotype
correlation in British families with X-linked congenital
stationary night blindness. Br J Ophthalmol 2003;87:1413-20.

8) Miyake Y, Yagasaki K, Horiguchi M, et al. On-and off response
in photopic electroretinogram in complete and incomplete types
of congenital stationary night blindness. Jpn J Ophthalmol 1987;
31:81-7.

9) Fitzgerald KM, Cibis GW, Giambrone SA, et al. Retinal signal
transmission in Duchenne muscular dystrophy: evidence for
dysfunction in the photoreceptor/ depolarizing bipolar cell
pathway. J Clin Invest 1994;93:2425-30.

10) Chen C, Zuo C, Piao C, Miyake Y. Recording rod ON and
OFF responses in ERG and multifocal ERG. Doc Opthalmol
2005; 111:73-81.

11) Usui T, Tanimoto N, Ukei S, et al. Night blindness with
depolarizing pattern of ON/OFF response in electroretinogram:
a case report. Doc Ophthalmol 2005;111:15-21.

12) Schiller PH. The On and Off channels of the visual system.
Trends Neurosci 1992;15:86-92.

13) Falk G. Retinal physiology. In: Hekenlively JR, Arden GB,
eds. Principles and Practice of Clinical Electrophysiology of
Vision. St Louis: Mosby, 1991: chap. 7.

14) Stell WK, Ishida AT, Lightfoot DO. Structural basis for
on-and off-center responses in retinal bipolar cells. Science
1977;198:1269-71.

15) Sustar M, Hawlina M, Brecelj J. ON- and OFF- response of
the photopic electroretinogram in relation to stimulus charac-
teristics. Doc Ophthalmol 2006;113;43-52.

16) Kondo M, Piao CH, Tanikawa A, et al. Amplitude decrease of
photopic ERG b- wave at higher stimulus intensities in
humans. Jpn J Ophthalmol 2000;44:20-8.

17) Seiple W, Holopiqian K. The ‘OFF’ response of the human
electroretinogram does not contribute to the brief flash
‘b-wave’. Vis Neurosci 1994;11:667-73.

477



18) Hogg C. The use of light emitting diodes in electrophysiology

and psychophysics. In: Heckenlively JR, Arden GB, eds.

|
iy

3

ro
fo
o
Hl
re
10
O
=
r
0o
=
(@)
B
M
=
0l
|

A
e

]

Principles and Practice of Clinical Electrophysiology of Vision, diodes. Doc Ophthalmol 2001;102:1-9.
St Louis: Mosby, 1991: chap. 28.

=ABSTRACT=
Photopic ON- and OFF- Responses in Korean Normal Subjects

Su-Eun Park, M.D.!, Jee Ho Chang, M.D.!, Kyung-Seek Choi, M.D.',
Jung-Hee Lee, M.D.z, Young-Hoon Ohn, M.D.'

Department of Ophthalmology, College of Medicine, Soonchunhyang University', Bucheon, Korea
Department of Ophthalmology, College of Medicine, Ewha Womans University’, Seoul, Korea

Purpose: To explore the effects of stimulus duration, stimulus intensity, and background luminance on
the amplitude and waveform of the ON- and OFF- responses of photopic ERG and to provide standard
parameters of ON- and OFF- responses for normal Korean populations.

Methods: Twenty normal subjects (20 eyes) were enrolled to record photopic ON-and OFF-responses
using a contact lens electrode with built-in LEDs and an LED-driver. The influence of stimulus duration
on wave amplitudes was studied at flash durations that varied from 5 to 200 ms. The influence of
stimulus intensity was studied with 0.4, 0.7, 1.1, 1.4, 1.7, 1.9, 2.0, and 2.1 log cd/m’. In addition, the
influence of background luminance was studied with 20, 30, 40, and 50 cd/m”.

Result: Among 20 normal subjects, the d-waves in 16 subjects were isolated from b-waves with more
than 50 ms of stimulus duration. The d-wave was observed for a 30-ms stimulus duration in 3 subjects
and for a 100-ms duration in 1 subject. The amplitudes of the b-and d-waves increased as stimulus
intensity was increased. The amplitudes of b-and d-waves decreased as background luminance was
increased.

Conclusions: Our results suggest that the clinical use of ON-and OFF-response recording can be obtained
with stimulus parameters from 100 to 150 ms in duration and a 1.7-2.1 log cd/m’ intensity under 30-40
cd/m’ background luminance.
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