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Transient and Steady-state Electroretinograms and
Visual Evoked Potentials to Pattern and
Uniform-field Stimulation in Humans

Miyuki NAKAYAMA

Department of Clinical Neurophysiology, Neurological Institute (Divector : Prof. Motohiro Kato)
and Department of Ophthalmology (Director : Prof Hajime Inomata)
Faculty of Medicine, Kyushu University 60, Fukuoka 812

I recorded simultaneously transient and steady-state electroretinograms (ERGs) and visual
evoked potentials (VEPs) in response to pattern and uniform-field stimulation in 21 normal
subjects, in order to study their physiological characteristics. ERGs and VEPs to pattern
stimulation (P-ERGs and P-VEPs, respectively) showed different physiological features from
those to uniform-field stimulation (U-ERGs and U-VEPs, respectively).

With transient stimulation at a rate of 1Hz for both pattern and uniform-field stimulation, the
b-wave latency of U-ERG tended to be shorter than that of P-ERG, while the P100 latency of P
-VEP was significantly shorter than that of U-VEP. With steady-state stimulation at a rate of
4Hz for pattern stimulation and of 8Hz for uniform-field stimulation, the phase analysis revealed
the first (1F) and the second (2F) harmonics as stable components for the U-ERG and U-VEP,
while only 2F harmonic was a stable component for the P-ERG and P-VEP. The phase values
of these components were different each other, and the maximal amplitude of the ERGs was
shown by the 1F of U-ERG while that of the VEPs was shown by the 2F of P-VEP. These results
suggest that the pattern and uniform-field stimulation allows us to separate pattern (contrast)
-specific responses from luminance-specific responses both in ERGs and VEPs.

Four patients with optic atrophy showed normal U-ERG while all of them showed abnormal
P-ERG, U-VEP and P-VEP except one, who showed normal U-VEP.

P-ERGs and P-VEPs may offer the information about the proximal inner retinal layer (or the
ganglion cells) and the contrast channel of the visual cortex. U-ERGs and U-VEPs may by useful
in evaluating the functions of the preganglionic cell activity in the retina and the luminance
channel of the visual cortex. Therefore, simultaneous recording of ERGs and VEPs to pattern
and uniform-field stimulation under both transient and steady-state conditions increase the
diagnostic value of electrophysiologic testing in the visual pathways.
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Fig.1 Transient ERGs and VEPs to pattern and uniform-field stimulation in a healthy subject
(26-year-old male). Two responses are superimposed to ensure reproducibility of the data. The
left half of the figure shows the responses to 30’ checks and the right half to uniform-field. In
this and subsequent figures, upward deflection is positive and downward negative.
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Table 1 Mean latencies and amplitudes of transient ERGs

and VEPs to pattern
tion

and uniform-field stimula-

Pattern stimulation

Uniform-field stimulation

ERG
Latency (msec)
a-wave 28.7+3.6(12) 26.2+2.3 (21)
b-wave 47.7+4,7(21) 45.6+2.7 (21)
Amplitude (¢ V)
b-wave 2.80+1.4(21) 5.36+1.88(21)*
VEP
Latency (msec)
N 70 73.5 £5.6 (16) 83.6 6.2 (14)
P 100 98.2 +3.7** (21) 114.4 £5.9 (21)
RCT 50.8 +4.2*** (21) 65.8 +5.4 (21)
Amplitude (2 V)
P 100 7.27£3.24 2n 7.60+4.26(21)

Values are expressed in mean = S.D.
() number of the subjects showing the component

RCT : Retinocortical time

*  p<0.01 vs. b(p), Student t-test
¥+ p<0.01 vs. P 100(u), Student t-test
*** p<0.01 vs. RCT(u), Student t-test
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R, 2F A3 P-VEP T U-VEP T % £#HHR
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75 7RRTRT. ERG LR, ¥ — VD 2F
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Bk ool
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Fig.2 Steady-state ERGs and VEPs to pattern and uniform-field stimulation in a healthy subject
(26-year-old male). The waveforms of ERGs (a) and VEPs (c) are quasi-sinusoidal. (b) and (d)
are the amplitude spectrum revealed by fast Fourier transformation. Note that 2F is a major
component of steady-state ERGs and VEPs to patterned stimule, whili F is prominent in those
to uniform-field stimulation. F: Fundamental or the first harmonic response; 2F: Second
harmonic response.
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Fig.3 Polar plots of the phase and amplitude data of steady-state ERGs to pattern and uniform-field
stimulation in 21 healthy subjects. The phases are expressed as an counterclockwise angle
from 0 degree, and the amplitudes as a distance from the center.
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Table 2 Mean angle, angular dispersion and measure of concentration of the
phase and mean amplitude of each component of steady-state ERGs and

VEPs
Mean angle Angular Measure of Mean
dispersion concentration amplitude
(deg) (deg) (r) (xV)

P-ERG: 1F 97.9(10) 311.0 0.244 1.15£0.58
2F 94.5(21)** 18.7* 0.948 1.34+0.48
U-ERG: 1F 229.8(20) ** 24.4* 0.913 3.14+0.472
2F 343.6(21)** 41.9* 0.765 1.01£0.40

P-VEP: 1F 319.4(9) 97.0 0.863 0.67+£0.35
2F 309.3(21)** 22.3* 0.927 2.73%£1.59°

U-VEP: 1F 223.4(20) 47.5* 0.709 1.57+£0.81
2F 287.0(21)** 55.1* 20.629 1.55£1.02

(' )number of the subjects showing the component

* p<0.001: Rayleign’s test

** p<0.001: Watson’s U? test

a p<0.001: U-1F vs. U-2F and P-2 F, Student t-test
b p<0.001: P-2F vs. U-1F and U-2F, Student t-test

1F 2F
90° 90°

P-VEP / \
180 . 0° 180
l’. ) )

270° 270°
9

0°

U-VEP \
. loo 180%—

J i

70°

Fig.4 DPolar plots of the phase and amplitude data of steady-state VEPs to pattern and uniform-field
stimulation in 21 healthy subjects.
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Table 3

ERG and VEP findings in patients with optic atrophy

P-ERG
TR SST TR SST TR SST TR SST

No. Age/Sex Dx. V.A.

U-ERG P-VEP U-VEP

26/F MS H. M. A
40/F MS 0.5 A
20/F Leber 0.03 A
29/F MS 1.0 D

ENQICI R

N N
N N
N N
N N

b
>0 or
b el e
Z oo e
Zop 2z

The involvement was unilateral and left side in all patients.
TR : transient response; SST : steady-state response

MS : Multiple sclerosis; Leber: Leber’s optic neuropathy
N: normal; A: absent; D: delayed peak latency or phase

a) TRANSIENT

b) STEADY-STATE

y S VAT MW
P-ERG O \ A e

b(u)

A

F

N V%A A
U-ERG ~ "‘sw\\\ ,‘/ \W’\\ /\f W RA NS SN

“‘A AF’NC‘\'/‘:

Fig.5

\ \"
v Isu IS;A

P-VEP oo, om0 R L N N W S

| oy
U-VEP "\:"WMW@-‘*

A S e s et

A AAI Ml Vi

o 300 0 500 1000 ¢ 50Hz
ms

Transient and steady-state ERGs and VEPs to pattern and uniform-field stimulation in a
patient with left optic atrophy (26-year-old female). Note the complete absence of P-ERGs, P
-VEPs and U-VEPs with normal U-ERGs both in transient (a) and steady-state (b) responses.
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Transient (TR) BKIGTIE, ERG ® b EOEEZ
UF BB O 72388 — R E 0 E» <, Rigiz UF
R D /085 — >V FlEE VEE A E» o7z, VEP
@ P 100 ##FIE, /$8 — VRIE DA UF FIE0
BREicEb o 7z, Steady-state (SST) BIK G TiE, UF
#I# D ERG & VEP OE—FMgs (1F) & B3
B4 (2F) BX U85 — Rl dD ERG & VEP D 2F
BB DEMBFEE /NS L, %72, ThODRHD
R Z N ENRLE > Tz, ERG Tk UF fIgo 1
F 535 b iRIBOSK & 2o 7248, VEP Tl $% — U RI#
D 2F BB HIRESKEDo T2, TS DRERDPS,
UF £ %% — > Hl# @D ERG &£ VEP iz zh Zh &k
MRS SFEL TR LEI SN,

RSO BER 4 61T, /¥ — VRO ERG
& VEP B32BITE¥E TH- 7245, UFHED ERG it
2BIER T, VEP B 1BITERTH- .

85—l e UF R R HAEDEE I EIC LS
THER CEREERET TOZh TRz - 1figE
DOEBERPRE T2 EBHEEEEZ 6N B, 351,
TR ¥ & SST #lE 2 Aoy iFHEROEREEY
HIREDZIEEDN S S LT 2L EZ 6N 5,

WEKb3IHizy, HIEHE 272 I HTIEREE, &
BREBRCLIVBEBERRLE T, £, BAMRyEEE), #HB)
E, AREG IRV RBRESEECERH - LET e
2, BETHUEEED, HBIE v v HEBS A T
LET. KRXOESO—ERIE, 5 21 BHARNEHENY
SEMAESBLUE M E E?&ﬂ&ﬂ%%ﬁ%bzﬁ WTHE
L7z

References

1) Arden GB, Vaegan and Hogg CR: Clinical
and experimental evidence that the pattern
electroretinogram (PERG) is generated in more
proximal retinal layers than the focal electroretino-
gram (FERG). Ann. NY Acad. Sci. 388: 580-601,
1982.

2) Arden GB and Vaegan: Electroretinograms
evoked in man by local uniform or patterned stimu-
lation. J. Physiol. (Lond.) 341: 85-104, 1983.

3) Baker CL and Hess RF: Linear and non-
linear components of human electroretinogram. J.
Neurophysiol. 51: 952-967, 1984.

4) Baker CL, Hess RR and Zrenner E : Current
density linear and nonlinear components of the
primate electroretinogram. J. Physiol. 407: 155-
176, 1988.

5) Bobak P, Bodis-Wollner I, Harnois C, Maf-
fei L, Mylin L, Podos S and Thornton J: Pattern
electroretinograms and visual evokedpotentials in
glaucoma and multiple sclerosis. Am. J. Ophthal-
mol. 96: 72-83, 1983.

6) Brindley GS and Westheimer G: Spatial
properties of the human electroretinogram. J.
Physiol. 179: 518-537, 1965.

7) Celesia GG: Visual evoked potentials in
neurological disorders. Am. J. EEG Technol. 18:
47-59, 1987.

8) Celesia GG and Kaufman D: Pattern ERGs
and visual evoked potentials in maculopathies and
optic nerve diseases. Invest. Ophthalmol. Vis. Sci.
26: 726-735, 1985.

9) Celesia GG, Kaufman D and Cone S : Simul-
taneous recording of pattern electroretinograms
and visual evoked potentials in multiple sclerosis.
A method to separate demyelination from axonal
damage to the optic nerve. Arch. Neurol. 43: 1247
-1252, 1986.

10) Chiappa KH : Evoked potentials in clinical
medicine. pp. 26-27, Raven Press, New York, 1983.

11) Dawson WW, Maida TM and Rubin ML :
Human pattern evoked retinal responses are alter-
ed by optic atrophy. Invest. Ophthalmol. Vis. Sci.
22 796-803, 1982.

12) De Valois RL and De Valois KK : Spatial
Vision, pp. 176-211, Oxford Psychology Series 14,



234 s
1988.
13) Drasdo N, Thompson DA, Thompson CA

and Edwards L: Complementary components and
local variations of the pattern electroretinogram.
Invest. Ophthalmol. Vis. Sci. 28: 158-162, 1987.

14) Falsini B, Bardocci A, Porciatti V, Bolzani
R and Piccardi M : Macular dysfunction in multi-
ple sclerosis revealed by steady-state flicker and
pattern ERGs. Electroenceph. Clin. Neurophysiol.
82: 53-59, 1992.

15) Fiorentini A, Maffei L, Pirchio M, Spinell D
and Porciatti V: The ERG response to alternating
gratings in patients with diseases of the peripheral
visual pathway. Invest. Ophthalmol. Vis. Sci. 21:
490-493, 1982.

16) Halliday AM, McDonald WI and Mushin J :
Visual evoked potentials in patients with
demyelinating disease, In Desmedt JE (ed): Visual
Evoked Potentials in man. New Developements.

]

pp. 438-449, Clarendon Press Oxford England, 1977.

17) Hess RF and Baker CL: Human pattern-
evoked electroretinogram. J. Neurophysiol. 51:
939-951, 1984.

18) Kaufman D and Celesia GG : Simultaneous
recording of pattern electroretiongram and visual
evoked responses in neuro-ophthalmologic dis-
orders. Neurology 35: 644-651, 1985.

19) Kaufman D, Lorance RW, Woods M and
Wray SH: The pattern electroretinogram. A
long-term study in acute optic neuropathy. Neurol-
ogy 38: 1767-1774, 1985.

20) Korth M: Pattern-evoked responses and
luminance-evoked responses in the human electror-
etiongram. J. Physiol. 337: 451-469, 1983.

21) Maffei L and Fiorentini A : Electroretino-
graphic responses to alternating gratings before
and after section of the optic nerve. Science 211:
953-955, 1981.

22) Maffei L, Fiorentini A, Bisti S and Hollan-
der H: Pattern ERG in the monkey after section of

the optic nerve. Exp. Brain. Res. 59 : 423-425, 1985.

23) Maffei L and Fiorentini A : Pattern visual
evoked potentials and electroretiongrams in man
and animals. In Desmedt JE (ed): Visual Evoked
Potentials. pp. 25-33, Elsevier Science Publishers,
BV, 1990.

24) =R AREEBOER LK, BEEE
AT ERG., HER 92 :1419-1449, 1988,

25) Odom JV, Maida TM and Dawson WW :
Pattern evoked retinal response (PERR) in human :
effects of spatial frequency, temporal frequency,
luminance and defocus. Curr. Eye Res. 2: 99-108,
1983.

26) Plant GT, Hess RF and Thomas SJ: The

£

patterned evoked electroretiongram in optic neuri-
tis. A combined psychophysiological and electro-
physiological study. Brain 109: 469-490, 1986.

27) Porciatti V and Berger GP: Pattern
electroretinogram and visual evoked potential in
optic nerve disease : early diagnosis and prognosis.
Doc. Ophthalmol. Proc. Series 40: 117-126, 1984.

28) Porciatti V, Falsini B, Fadda A and Bolzani
R : Steady-state analysis of the focal ERG to pat-
tern and flicker : Relationship between ERG com-
ponents and retinal pathology. Clin. Vis. Sci. 4:
323-332, 1989.

29) Regan D: Comparison of transient and
steady-state methods. Ann. NY Acad. Sci. 388: 45
-71, 1982.

30) Riemslag FCC, Ringo JL, Spekreijse H and
Verduyn-Lunel H: The luminance origin of the
pattern electroretinogram in man. J. Physiol. 363:
191-209, 1985.

31) Rimmer S, Iragui V, Klauber RM and Katz
B: Retinocortical time exhibits spatial selectivity.
Invest. Ophthalmol. Vis. Sci. 30: 2045-2049, 1985.

32) Sieving PA and Steinberg RH : Contribu-
tion from proximaretina to intraretinal pattern
ERG: the M-wave. Invest. Ophthalmol. Vis. Sci.
26: 1642-1647, 1985.

33) Sieving PA and Steinberg RH: Proximal
retinal contribution to the intraretinal 8 Hz pattern
ERG of cat. ]J. Neurophysiol. 57: 104-120, 1987.

34) Strasburger H: The analysis of steady-
state evoked potentials revisited. Clin. Vis. Sci. 1:
245-256, 1987.

35) Tobimatsu S, Celesia GG and Cone SB:
Effects of pupil diameter and luminance changes on
pattern electroretinograms and visual evoked
potentials. Clin. Vis. Sci. 2: 293-302, 1988.

36) Tobimatsu S, Celesia GG, Cone S and Gu-
jrati M : Electroretinograms to checkerboard pat-
tern reversal in cat.: Physiological characteristics
and effect of retrograde degeneration of ganglion
cells. Electroenceph. Clin. Neurophysiol. 73: 341-
352, 1989.

37) Tobimatsu S, Kurita-Tashima S,
Nakayama-Hiromatsu M and Kato M : Clinical
relevance of phase of steady-state VEPs to P 100
Latency of transient VEPs. Electroenceph. Clin.
Neurophysiol. 80: 89-93, 1991.

38) Tomoda H, Celesia GG and Toleikis SC:
Effect of spatial frequency on simultaneous record-
ed steady-state pattern ERGs and VEPs. Electroen-
ceph. Clin. Neurophysiol. 80: 81-88, 1991.

39) Zar JH: Biostatistical Analysis. pp. 310-
328, Prentice-Hall, Englewood Cliffs, NJ, 1974.

(ZfF 1994-6-3)





