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The Pattern Electroretinogram 
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Summary 
Physiological experiments and the exploitation of clinical conditions have provided compelling 
evidence that retinal ganglion cells and other inner retinal structures generate the pattern ERG 
(PERG). C¸an increasing number of clinical reports have been published some contradictory 

findings have been reported. These may be ascribed to variation in recording and measuring 
techniques. The PERG consists of two major portions, the early positive and the following 
negative component which can be investigated separately if the stimulus conditions allow 

isolated (or "transient") responses to be recorded. Care has to be taken in positioning the 
reference electrode, maintaining accurate refraction, and the influence of pupil size must be 
considered. Furthermore the PERG is contaminated by a luminance component which may be 

generated in the outer retina. The size of this increases with low spatial frequency (large check
sizes) and high mean luminance. The PERG permits the examination of an additional level of 
the retina and helps the understanding of pathophysiology of various eye diseases, and is of 
clinical importance in routine diagnosis and assessment. In glaucoma the PERG amplitude is 
often reduced before it is possible to detect a scotoma and it is therefore an important 
prognostic indicator in patients with ocular hypertension. In diabetic retinopathy, retinal 

ischaemia sufficient to lead to the pre-proliferative state can be demonstrated. The PERG also 
has a major clinical role in examining localised retinal pathology. If combined with VECP 
recording, it greatly extends the interpretations possible, since not only can damage to the optic 
nerve be detected by both tests, but the normal PERG in the presence of an abnormal PVECP 

implies that the losses are confined to the central pathway. 

The ERG evoked by flashes of light 
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THE PATTERN ELECfRORETINOGRAM CBSl¸
only a few uV in size, and thus too small to be 
characterised by early recording systems. To 
improve sensitivity, Armington et aP3 
introduced analogue averaging systems to 
electroretinography. Nowadays, with the advent 
of microcomputers, such methods are wide
spread. They all depend on averaging the 
responses to many stimuli. The signal-to-noise 
ratio increases in proportion to the square root of 
the number of responses averaged. Thus, 
although very small ERGs cali in theory be 
characterised, the time required to obtain a 
record increases very greatly. This is especially 
true for ERG recording, since for long periods 
blinks and eye movements prevent data collec
tion, and in practice, it is clinically impossible to 
record more than 1 ,000 responses with a repeti
tion rate of (for example) eight per second. The 
variability in the recorded voltage in the absence 
of a stimulus (the "noise level") is then about 0.2 
microvolts. The small ERGs obtained are 2-5 
microvolts in size, so it is now (just) possible to 
make objective quantitative assessments of the 
electrical activity of small retinal regions. 
Because prolonged recordings are needed, new 
composite electrodes were required.29.30 It is 
also possible to record ERGs with electrodes 
placed on the skin,34,35 and reliable responses 
have been reported. However, the responses are 
only one third of the already small responses 
when a gold foil electrode is used. Thus the 
recording period is increased about 10-fold and 
clinically this is unacceptable, except in special 
cases such as recording from infants. 

The pattern ERG 
There are two main ways to reduce stray light. It 
can be suppressed by having the stimulus within 
a surround, the luminance of which is so high 
that the retina is light adapted and the stray light 
associated with the stimulus is below the ERG 
threshold. The focal ERG thus generated is 
much smaller and earlier than the conventional 
flash ERG seen in the dark-adapted eye. It is 
presumed to reflect exclusively the activity of the 
area directly illuminated.36,37 

In 1964 Riggs et aP 8 showed that when a 
pattern reversed in contrast, it generates a small 
electroretinogram, now called the pattern ERG 
or PERG. The significance of this finding is that 
if the pattern has equal areas of black and white, 
when it reverses in contrast the total flux 
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entering the eye remains constant. The effective 
stimulus must lie under the image of the pattern 
on the retina and be the local increase (and the 
simultaneous decrease) of luminance which 
occur on each reversal. Outside the retinal image 
of the pattern, the stray light must remain 
constant and thus cannot contribute to the 
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response. 39·43 As described below, brighter 
areas of the retinal image scatter light onto the 
darker areas, and this poses a problem which has 
only been recently analysed (see below) . Never
theless, a stimulus which consists of numerous 
small spots of light evokes an ERG which is 
qualitatively different to one produced by a 
uniform stimulus which covers the same retinal 
region.44 

The first attempts to characterise the PERG 
showed that it consisted of an initial cornea
positive wave PI or P-50 (from the time in msec 
from the pattern reversal to the peak of the 
response) ], followed by a cornea negative wave 
(N I or N-95) (figure 1) . At first, experiments 
concentrated upon the positive wave: later it was 
shown that the negative portion has a different 
retinal origin to the positive component.45 The 
amplitude of the reponse elicited from the fovea 
and parafovea is larger than that of the more 
peripheral parts of the macula and paramacula. 
The amplitude of the reponse is largest when the 
pattern is accurately in focus on the retina and is 
larger for patterns of squares subtending about 
30 minutes of arc than for larger checks. The 
responses in adult amblyopes were reduced 
below that in the fellow eye. Such claims 
suggested that the properties of the pattern
evoked responses differed from those of the 
flash-evoked responses and considerable interest 
was aroused in determining the site of origin of 
the responses which were suspected to arise in 
the inner retina, thus filling a most important 
gap In clinical electrophysiological 
investigations. 

Origin of the PERG 
Groneberg and Teping46 were the first to 
provide clinical evidence for the suggestion that 
the PERG originated from the inner retina. They 
examined a 5 5  year old patient who had suffered 
an injury which included section of the optic 
nerve. PERGs were recorded some days after the 
accident and three months later. At the first 
examination the PERG and the flash ERG were 
normal. After three months no PERG was 
recordable while the flash ERG was unchanged. 
Dawson et al47 reported similar results. Maffei 
and Fiorentini48.49 recorded the PERG in cat, 
before and after unilateral transection of the 
optic nerve. The PERG remained unaltered in 
the affected eye for a few days after the section, 

then progressively decreased in amplitude and 
disappeared completely about four months later. 
The flash ERG remained unchanged and both 
flash and pattern ERGs remained constant in the 
unoperated fellow eye. Maffei et al5 0 repeated 
the work in the primate, (fig 2) and took 
particular care to ensure that the flash responses 
originated in the same retinal region as the 
pattern responses. Because of these observations 
the authors concluded that the PERG originates 
from structures different from those responsible 
for the flash ERG. They assumed that the PERG 
is closely related to the activity of the third order 
retinal neurone, ie the retinal ganglion cells. 
Their proposal is supported by the investigation 
of Hollander et al, 5 1  who examined retinal 
morphology after intracranial optic nerve 
section. Light- and electron microscopic 
examination of cross sections through the retina 
showed pathological changes restricted to the 
innermost layers. However, there are other 
reports indicating that retrograde degeneration 
can also affect the physiology of the inner retinal 
layers. 52 

Although the evidence regarding the proximal 
origin of the PERG reviewed above (particularly 
the animal experimentation) is very persuasive, 
it may not be conclusive. In addition, not all the 
evidence seems to point in the same direction. 
Recently, Harrison et al53 reported a seemingly 
contrary clinical observation. They examined a 
patient who had a surgical transection of the 
optic nerve in the course of an operation for 
removal of an optic nerve glioma. After 30 
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months a PERG could still be recorded. How
ever, it was significantly reduced when small 
checks were used and only slightly reduced 
when large checks were presented. Berninger 
(unpublished data, figs 3 & 4) also did not 
observe a complete extinction of the PERG three 
and a half months after transection of the optic 
nerve;. He examined a ii¸ year old girl after 
accidental transection of the optic nerve. While 
the negative component was extinguished, the 
positive component was still recordable but 
significantly reduced to approximately one third 
of the normal value. The authors conclude that 
not only the ganglion cells produce the PERG; 
part of it, maybe mainly the positive component, 
is elicited by other retinal structures. These 
experiments and direct clinical observations are 
supported by numbers of observations on 
patients with partial or presumed damage to the 
optic nerve - for example in glaucoma, or 
retrobulbar neuritis. For example, some weeks 
after an acute attack of retrobulbar neuritis, the 
pattern ERG amplitude may decline. 

Are there alternative explanations for the 
observations which relate the PERG to ganglion 
cell activity? When the optic nerve is sectioned, 
more widespread damage may occur due pos
sibly to temporary interference with the blood 
supply to the orbit. In the other clinical obser
vations, for example on patients with multiple 
sclerosis, it is very difficult to be sure that 
damage to the outer layers of the retina has not 
occurred, as well as loss of optic nerve fibres 
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and their associated ganglion cells. Therefore 
much work has been done to characterise the 
pattern ERG and demonstrate that it differs in its 
properties from the flash response: this would 
prove that in some aspects at least the two 
responses are different. 

Stimulus parameters and the PERG 
The earliest work on the PERG suggested that it 
was simply formed by the superimposition of the 
"on" and "off' components of the flash 
response. However, the former is the b-wave 
which is widely believed to be produced by 
Muller cells, and the latter, under most 
circumstances is caused by at least two 
processes. One is a cornea-negative wave caused 
by the termination of the positive on-response, 
and in addition there is a cornea-positive 
component due to the rapid termination of the 
cone receptor potential. The clinical evidence 
that the PERG corresponded in some way to 
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inner retinal actIvIty therefore came as a 
surprise, and led to a flurry of investigations. 
One way of drawing an analogy between PERG 
and inner retinal activity was to examine the 
relationship between the size of the elements in 
the pattern and the response amplitude. 
Ganglion cells are known to respond optimally 
to a particular size of pattern, because the 
majority have concentric receptive fields in 
which centre and surround produce opposite and 
antagonistic effects. 5 4  Suppose that the receptive 
field centre is just covered by a dark portion of 
the pattern: the largest possible portion of the 
surround will lie in the bright area. If the cell has 
a on-centre field it will go from maximal 
inhibition to maximal excitation as the pattern 
reverses. If the pattern size increases or 
decreases, the change in excitation will not be so 
great because the centre and the surround will 
both be stimulated partly by bright regions, and 
partly by dark ones. Thus when the pattern 
reverses, the effective change in the stimulus will 
be less than optimal. Of course, there are ranges 
of size of receptive fields and the mean size 
varies with retinal eccentricity. Furthermore, 
bipolar cells have a centre-surround organisa
tion, though in most animals tested, this 
property is most marked in the ganglion cells. 

Another feature of the ganglion cell response 
is that it signals the contrast between centre and 
surround, and not merely luminance, as is the 
case for photoreceptors. Contrast is defined as: 

Lmax-Lmin 
C= 

and although in most retinal ganglion cells, a 
black-white border suitably placed evokes a pro
longed discharge, it is the change (reversal) of 
the pattern which causes a temporal change in 
contrast which is the more powerful stimulus. If 
the PERG responded to contrast and not to 
luminance, it would be demonstrably different to 
the flash ERG which is luminance dependentY 

Experimental findings on the relationship 
between PERG amplitude and pattern size have 
been reported. Some of these studies have been 
done using chequerboards, and some with 
gratings. In the latter case, it is said that the 
responding structures shown "spatial tuning" 
and the size of the gratings or chequerboards is 
specified as a "spatial frequency", measured in 

cycles/degree of visual angle subtended by a 
single cycle of a pattern (e.g. a dark and a light 
bar) . Various different accounts of the spatial 
tuning properties of the PERG have been given. 
Spekreijse et al40 who made the first quantita
tive PERG measurements, were unable to detect 
any spatial tuning and used a very elegant 
technique to demonstrate that the amplitude of 
the PERG was not dependent upon contrast in 
the same way as the visual cortical evoked 
responses. Riemslag et a15 5 , 5 6  and Arden and 
Vaegan37.5 7 confirmed some of the findings of 
Spekreijse et aI, but nevertheless showed that if 
the retina was stimulated by uniform patches of 
light, which increased and decreased in 
luminance, to mimic those which occur during 
the appearance and disappearance of the pattern, 
the resulting responses could not be summed to 
produce a PERG: the response to patterns is 
always larger than predicted. Under these 
conditions, an optimum check size could be 
found which produced the largest response. 
However, only for small fields surrounding the 
fovea did they find a clear maximum. They con
cluded that pattern reversal caused changes in 
luminance and produced small signals which 
contained all the usual ERG components, but to 
which the pattern response was added. Similar 
results were obtained by Baker and Hess58 and 
Hess and Baker,59  who showed that for smaller 
responses and rapid, sinusoidal changes in 
contrast, sharp PERG "tuning curves" could be 
obtained. Many other workers have made similar 
observations: Berninger and Schuurmans60 eva
luated the early positive and following negative 
component. No spatial tuning seemed to be 
present for the positive component, not only for 
one stimulus frequency but also for the whole 
range of temporal frequencies, while significant 
spatial tuning was observed for the negative 
component. Korth61 also reported that the 
negative component demonstrated spatial tuning 
which is more pronounced when the stimulus is 
of low contrast. Korth,62,63 Odom et a164,65 and 
Schuurmans and Berninger66 believed that the 
spatial tuning for the positive component might 
be obscured by a luminance component. The 
observation that only the negative component 
demonstrates a sharp spatial tuning helped to 
explain the different results in the literature. 
Armington et al,67 Trick and Wintermeyer68 and 
Kirkham and Coupland69 and subsequently 
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numerous other investigators failed to find clear 
cut spatial tuning in the PERG. Almost all these 
authors measured the early positive component 
of the PERG. Sokol et apo measured the 
positive component and found no spatial tuning 
at lower temporal frequencies in contrast to 
higher temporal frequencies. On the other hand 
Odom et ai, 64 Trick and Wintermeyer,68 Odom 
and Norica65 and Baker and Hess57 found 
spatial tuning at most or all the temporal 
frequencies but they measured the size of the 
second harmonic component of the Fourier
analysed signals. Thus most experimenters who 
evaluated the positive component failed to record 
spatial tuning, while those authors who 
evaluated the negative component or evaluated a 
steady state response (either using Fourier 
analysis or measuring the whole amplitude) 
recorded a spatial tuning. (At high temporal 
frequency however the PERG is dominated by 

the negative component).60 
In summary, most authors agree that the 

generators of the PERG are spatially tuned. The 
relationship between amplitude, pattern size and 
contrast has been determined and is difficult to 
explain on the basis that local regions of the 
retina respond independently of each other. 
There must be local lateral interactions, which 
modify the outer retinal responses to change in 
luminance. 71 Hess and Baker5 9 and Korth and 
Rix 72.73 demonstrated that response amplitude 
increased linearly with contrast, up to the 
maximum available: this is quite unlike the 
ganglion cell or visual cortical response which is 
only contrast dependent for low contrasts. 

The most extensive investigations have been 
done by Drasdo et aP4-77 and Thompson and 
Drasd078 (figures HÞ & 6) who have calculated 
the retinal distribution of illumination caused by 
each pattern employed and have investigated the 
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L,Þ ,,-,,,,.Þ ,.-.Þ ,Þ ,-,.,,Þ ,,.-t,,,.Þ , . Þ ,,,Þ
-,,,,,1,Þ -,.-,.,.ÉÞ d;JHHTÞ .,,.Þ ,,,Þ ,, .,,,.-,Þ
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-,.,.,Þ ,0Þ iDTepmÞlb1Y()Qi�lK e-KiÞ K,-,Þ ,-,,,-.,Þ
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Reference 
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ear 

2.5cm 
distance from 

the ear 

2.5cm 
distance from 

the temple 

temple 
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,..Þ ;JHKÞ .,-,.Þ ,.Þ ,-,,-Þ .,,1,Þ .,,,,,,EÞ.-,Þ .,.Þ
d..Þ ,,..,d-,.,Þ ;JHKÞ .,-,.Þ ,.Þ -,,,,.,,Þ .,,,Þ
,,,,.,4Þ .,,,-,.,., EÞ ,.e,..,,,,.Þ ,,,,.,-,,,.EÞ
.,,.-,Þ 1,,.Þ ,----,,,. EÞ ,,0,,-,,1,Þ ,,,,,Þ ,..Þ ,Þ
-,,,,.,Þ .,,,Þ ..J,,.,.,eb1Y()Qi� es\b1Y()Qi�fÞ d,..Þ -,,,,.,4Þ
-,..-.,-,,,,.T 9Þ fl.Þ -,.,,,,,Þ h,,JÞ ,,Þ ,fb1Y()Qi�i Þ
,,-,,,,.Þ ,Þ ,,..,d-,.,Þ .,-,.Þ ,0Þ ,,,Þ ;sHKÞ
-,.-,.,.,Þ ,.Þ-,,,,.,,Þ .,,,Þ,---,,Þ,.-,y,,.,,,.Þ
,..Þ . 4,--,.,EÞ .,,-,Þ L,.,Þ ,..Þ h,,-,,--Þeb1Y()Qi�OÞ
,,-,,,,.Þ ,Þ ,,..ld-,.,Þ .,-,.Þ ,0Þ,,,Þ aJdH9Þ

PERG and age 
S,,,,Þ ,,1,Þ .,,.Þ.,..Þ ,,-.,,,Þ ,0Þ,,,Þ -,,..,Þ ,.Þ
-,,,,-,-Þ ,1,J,.Þ -,,,.,,,-,Þ .,,,Þ ,.,9eb1Y()Qi�fÞ S,Þ ,-,Þ
J.,.4,..,Þ ,,,,,Þ ,,,Þ ,.-.Þ 0,-,Þ ,--,Þ ,,-,,,,Þ 0,,Þ
,,,Þ ;DT?uFpupspb1Y()Qi� l -pb1Y()Qi�KÞ _ 4-Þ 0,-,Þ ,.,,,Þ ,,,,Þ ,,,Þ
,.y4,,-.,Þ ,,Þ ,,..ld-,.,-.Þ ,.,4-,,Þ ,.Þ , 4.,,Þ
,-. l,-,,9Þ k,Þ ,-,,,,, lul 5eb1Y()Qi�aÞ ,-,,Þ ,,-,y,,.Þ ,.Þ
,.-,,,,,Þ,0Þ,,,Þ-,,,.:.Þ.,l-,ÞS,,-Jeb1Y()Qi�KÞ .,.Þ .,,Þ ,,,Þ
,..Þ -,,..,Þ ,0Þr,,Þ -,,,.-,,,9Þ_.Þ,.e-,.-,Þ,0Þ,h,Þ
,.,Þ ,,-, r,.Þ .,,,l,Þ -,.Þ .,Þ y--,.Þ ,-,Þ ,,.-,Þ
,̀rt,lelÞ -,k.Þ h,J.,44,,.Þ 1,,.Þ ,..Þ S,,-�lKKÞ

r.,,,v,.Þ ,rÞkv,.Þ¯r,,Þyyr.r-r-k.Þ ,,.u-,lr.Þ,0Þ
,2,ÞiDTRuÞ .,,Þ 4r.Þ ,y,rl,-Þ0,,»-,r- l,,9ÞS2-,E Þr,,Þ
,,.u- r,,rÞ, r Þ,,,Þ .-..k,Þ ,0Þ ,,,Þ ,, rl.,-Þ .,..4l,.Þ
-,44,Þ 11b1Y()Qi�Þ .,.,,Þ .,Þ ,,,Þ ,,,,,.Þ 0,,Þ ,h,Þ ,.,Þ ,,-,,,.Þ
,,.--,,,rÞ,0Þ,,,Þ iDTRu9Þ
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Colour 
[. Þ ,,-,.,Þ .,,,,Þ ,,,Þ -,.-,-,Þ ,0Þ -,,,--,-Þ 1,,-,-Þ
-,,,.,.,Þ ,,,Þ .,,.Þ .,1,-,-,. EÞ .,.,.Þ ,l,,Þ ,,,Þ
-,.,.,,,,.Þ ,.Þ ,,,Þ -,,,,,-Þ .,.,---,,,Þ .---,-,Þ
dlHaT9en e -e eOÞ ;,,1,Þ ,..Þ .,..,-,----,,Þ-,,,.,.,Þ
,,,Þ ,,-,,,.-,Þ 0,,.Þ ,,Þ  ,,,,Þ ,,,Þ .,..-,,.Þ -,--Þ
-,.,,,9ÞK,,Þ-,,,,,Þ ,,,,,,Þ 0,,.Þ ,,,Þ ,--,,Þ.,..-,,.Þ
-,--,E Þ.,,-,Þ ,,,-,..Þ -,,,-.Þ ,,Þ -,-,-,Þ .-,Þ ,,,Þ
1,,.Þ ,,.,,,,1,Þ ,,Þ.,,,,.EÞe,-J,,Þ,..Þ ,-,,,.,,,-Þ
,-,,,,-Þ -,.,,,,,9Þ K�,Þ .,,,Þ .,..-,,.Þ -,--,Þ
,,,.,.,,,Þ ,,,Þ -,,1,s-,----,,Þ ,.,,,.EÞ ,,,Þ -,-,-,Þ
-,.,. EÞ,,1,Þ ,,.,Þ ,-,,,,-Þ ,,,,--,,,.Þ,..Þ ,,,Þ -,,,Þ
,,.,,,,1,Þ ,,Þ .,,,,. Þ ,..Þ ,-,,,.,,,-Þ ,-,,,,-Þ
-,.,,,,,9Þ

K�-,Þ ,,,Þ ,.,,-Þ ,,,.--,Þ 0,,Þ ,,,Þ .,..,-,----,,Þ
,.,,,.Þ ,,,Þ l.-,-JÞ ,..Þ .,,,,Þ -,,,,,.,Þ ,,Þ
.,,,,..,Þ .,,-,Þ ,,,Þ ,,,,,,Þ -,,,,.,,.Þ ,. Þ
,--,,,,.-,Þ , , Þ ,,1,,,,-Þ .,.,EÞ .,,-,Þ ,,,Þ ,.,,-Þ
,,,.---,Þ -,..,,,,.Þ 0,,Þ ,,,Þ -,,1,-,----,,Þ ,.,,,.Þ
,,Þ,.Þ,,,--.,.,.,Þ -,-,-,Þ-,.,,,,,Þ.,,,,.. E Þ, 9,9Þ,,,Þ
.,,,,..Þ ,..Þ ,..Þ .,-J.,,-..Þ ,,1,Þ ,.,.,,-,-Þ
--.,.,.-,EÞ,..Þ ,,,Þ ,1,,,.,Þ -,-,-,Þ,0Þ,,,Þ .,-JS
.,,-..Þ ,..Þ ,,,Þ .,,,,..Þ ,,Þ ,-,,Þ ,.,.,,-,- 9Þ K,,Þ
,,,.---,Þ ,,Þ ,,,Þ -,,..,..Þ -,,,.,,,-,,.Þ ,0Þ ,,,Þ
-,,,,,.Þ ,..Þ ,,-,Þ ,,-,..,,,.-,Þ -,-,-,Þ ,.Þ ,,,Þ
.,,,, ..Þ ,,,Þ ,,,Þ ,,.,Þ --.,.,.-,9Þf0Þ -,-,,,EÞ 0,,Þ
, ,..-,Þ -,--Þ ,,-,,.,..E Þ 0,,Þ ,J,.--,Þ 0,,.Þ ,,,Þ
,-,,,-..Þ ,0Þ,Þ.,..-,,.Þ-,--Þ .,,-,Þ ,,Þ,J---,,1,-.Þ
-,..,-,,.Þ ,,Þ ,.,Þ ,.-,Þ ,�Þ-,.,E Þ,,,Þ ,-,,,,,,,.Þ,. Þ
-,,,,,.Þ.-,,Þ-,-,,Þ,Þ -,-,-Þ -,,..,Þ ,.Þ--.,.,.-,9Þ

g,,,Þ,,,,,Þ0,,,-,,,Þ,0Þ,,,Þ-,,-,,,,..Þ ,0Þ1,,-,lÞ
, .0,,.,,,,.Þ ,.Þ .,.. E Þ,,Þ ,,,.,Þ ,,,,Þ ,Þ -,-,-,,.Þ
;DT?HÞ ,,,.---,Þ -,--.Þ .,Þ .,1,,,.Þ .,,-,Þ .,--.Þ
,e-,-,,1,-.Þ ,-,,1,,,Þ ,,,Þ ,.,--Þ d,¡-,,TÞ .,..-,,.Þ
-,--,9Þ K,,Þ ,~,-,.,,Þ ,,Þ ,,,--.,.,.,Þ ,,.J.,,,.Þ
.,,,,..,Þ ,0ÞnKÞ -./.eÞ ,,Þ .,,,-.Þ ,,,,--.Þ .,.,,,1,Þ
,..Þ ,.,--Þ d,.,-,Þ hJhÞ -iÞ ,l,,Þ .,,,Þ ,,,.Þ h EKKKÞ
,.,,-,T 9Þ l,,Þ .--,J.,--,.Þ -,,,,,.,Þ .,Þ -,-,-,Þ
;W?HÞ .,,Þ ,,-,,.,.-,EÞ ,Þ d..,..Þ --,-,,.-.Þ
,J--,,.,.Þ ..Þ ,�,Þ 0,-,Þ ,,,,Þ ,.-.Þ HÞlÞ ,0Þ ,,,,.,-Þ
�,..-,,.Þ-,--,Þ ,,,-,..Þ,,Þ.--,J.,--,.Þ,,,.,,,Þ,..Þ
,,,,,Þ ,,,Þ -,,,,,-,..,..-.Þ ,.,--,,Þ .-..,,,Þ ,0Þ
.--,Þ-,.,,Þ ,.Þ,,,Þ,,,, .,9 Þe--,Þ;DT?H,Þ,,,Þ.-,ÞÌ,Þ
-,-,-,Þ-,.,,,,,9Þh,00,,,.,Þ ,,,--,,Þ , 9,9Þ,,,.-.Þ ,..Þ
.,00,,,.-,Þ.,,.,,.Þ-,-,-,Þ,..Þ,-,,,.,,,-Þ;DT?HÞ
,,1,Þ .,,.Þ ,,-,,,,.Þ 0,,.Þ l,,,,Þ ,,Þ ,- e efÞ .,,Þ
-,, l,-,,.Þ.,,.,,Þ (hh EHKKÞ,.TÞ -,,e-,,.,,,.,Þ,.,,Þ
,,,Þ ,,,, µ,Þ ,. Þ h,J.,--,,.Þ 1,,. kÞ -..,,Þ ,--,Þ
-,,--.,,,.-,, EÞ¢,-,-Þ --.,.,.-,Þ ,,,-,.,,,Þ.,.,,Þ
.,Þ ,1,J,.Þ .,,-,Þ -,Ñ-.Þ .,Þ -,.,,.,,,.-.Þ £,,.,,Þ
,,,.Þ,,,Þ -,-,-,Þ -,.,,,,,Þ ,,,-,.,,,9Þf1,,,¤- EÞ.,Þ
.,-, �F,Þ ,,,,Þ ,,,Þ ,,,,.,-Þ ,,,-,.,,, E Þ,.Þ -,.t,,,,Þ ,,Þ

,,,Þ -,,,,-,-Þ ,,,-,.,,,EÞ ,,Þ ,,,--.,.,.,Þ -,-,-,S
.,,,,..,Þ ,,,Þ ,,,Þ ,.,--Þ ,,Þ .,Þ -,,.Þ 0,,Þ ,,-,,.,Þ
--, .,-,-Þ ,J,.,.,,,,.,9Þ

PERGS in Specific Clinical Conditions 

?,-,.,-.Þ L,-.,,iOÞ ,,,Þ ,,-,,,,.Þ ,,,,Þ ;hHKÞ ,..Þ
aJdHÞ ,,,Þ ,,-,,,,,-.Þ ,00,-,,.Þ , . Þ.,,,,,,9Þg,,-,Þ
,,,Þ ;JHKÞ ,,Þ ,,.--,.Þ ,.Þ .,---,,Þ .,,,,.,,,Þ ,,,Þ
aJdHÞ .,.Þ .,Þ ,,-,-,,1,-.Þ ,00,-,,.Þ ,.Þ -,..,,,,.,Þ
.,,,,Þ ,,,Þ ,-,,-Þ .,,1,Þ ,,Þ .,.,.,.9ÞK,,,Þ ,.,,,S
1,,,,.Þ-,,,,,.-.Þ, .-,,,,,,Þ,,,Þ--,.,-,-Þ1,--,Þ,0Þ,,,Þ
;DT?HÞ,..Þ ,,,--.Þ ,.-,-,,.,Þ.,,,Þ --,.,-,,.,Þ ,,Þ
-,,Þ,,,,Þ,,-,.,e-,9Þfl,-,-,,Þ,,,Þ,---,.,,,,.Þ,0Þ,,,Þ
-,.,,,-,.,-,-Þ .,,,,Þ ,0Þ ,,,Þ ;DT?HÞ ,,Þ ,,Þ ,,-,.,Þ
,,,,,Þ ,,Þ ,,,--Þ .--,Þ ,,Þ .,Þ .,.,Þ .,0,,,Þ --,.,-,-Þ
;DT?HÞ ,,,--,,Þ -,.Þ.,Þ -,,.Þ ,..Þ , .,,,-,,,,.Þ .,,,Þ
,,,Þ .,.,,,Þ ,0Þ -,.d.,.-,Þ -,,,,.-,Þ .,,,Þ ,,,Þ
H,.m0,-.Þ DT?H9Þ

Maculopathy 
f.,Þ ,.1,.,,.,Þ ,0Þ ,,,Þ ;DT?HÞ ,,Þ ,,,,Þ ,Þ ,,,-,.,,Þ
-,.Þ .,Þ ,1,J,.Þ 0,,.Þ ,Þ -,-,-,,,.Þ ,,,,.,-Þ ,,,, EÞ
.,,-,Þ .,J,,Þ ,,Þ ,.,,-Þ 0,,Þ ,,,Þ ,J,.,.,,,,.Þ,0Þ,,,Þ
.,---,9 Þl,..,-- ie� ifÞ .,,Þ ,,,Þ d,, rnÞ ,,Þ -,,Þ ,,,Þ
;DT?HÞ .,,,Þ ,,,,Þ ,,.9Þa,,.,-Þ 0,-,-Þ ,..Þ e,,,S
DT?H,Þ.,,,Þ ,.,,,.,.Þ ,.Þ-,,,,.,,Þ .,,,,Þ ;DT?H,Þ

S.E. aet 20 
unD¶ dT12,¶ °�§¶ dT5¶ PERG 

H.F. ��¬¸ 39 
uoD¶ b/a,¶ ¯�¦¶ b/a¶ PERG 

EGEL¸ R0R¸ ywnieflwu� tEroGe� ei� ieiediie� veid� lefiluef�
ein�eiiefi� idftd�needeed.� ni� idd� liidf�rove� e� fdfiefn�
frel� e�ieiedii� veid� fepdi� lefilueieido� fiei� wnd� eddi.�
Neid� idd� fdnlfiieei� ei� idd�ieeeietd� fielieidiie� ef�idd�
fdeieied.� Thd� ive�uevdf�rove� edev� idd� fdeieiede� ei�
fieede�ef�fepdi�eiiefi�idlfeiee,� ein�eiuo�N95�ee�fdnlfidn.�
Heundf.�45¶



THE PATTERN ELECTRORETINOGRAM CBBTl¸
.,,,Þ-6,,,-.Þ-,,,,-,.,-,--.Þ,,.--,.9Þ_Þ,,,,-Þ -,,,Þ
,0Þ rn,,Þ ;DT?TwÞ .,,Þ ,.,,,1,.Þ ,,Þ ,,,,,,,Þ -,,,,,,Þ
.,,,Þ l-1,,,-,Þ .,---,,Þ .,.,,,,,,,,, EÞ .,,-,Þ ,,,Þ
e,,,JDT?TwÞ .,,Þ ,,,.,-9ÞieÞ K,,,Þ ,.,,,1,,,,,Þ
-,--.Þ ,,,Þ .,Þ ,J-6,,,,.Þ ,0Þ ,,,Þ ;DT?TwÞ .,,Þ ,Þ
,,,-,,,,Þ,,Þ-,,,.,Þ�,Þ,,,,,,-Þ ,---.,,,,,,,Þ,,,.,,S
,,,,.Þ ,,Þ ,,,Þ ,,-,-,,,Þ ,,.Þ hm--,,Þ -,--,9ilÞ h,,.Þ
,,,,,,Þ ,,1,Þ -,,,,Þ -,,d,.,yÞ ,,,,Þ ,,,--, Ib1Y()Qi�].fy els\ea 9Þ
K,,,,Þ ,,Þ ,Þ .,,,,,-Þ -,.,,.,-,Þ ,,,,Þ ,,Þ l-1,,,-,Þ
.,--6,,Þ .,.,.,,,,,,, EÞ rn,,Þ ;DT?TwÞ ,,Þ ,.,,,.,-Þ
.,0,,,Þ ,-,,,,6.,-,.,-,-Þ -,,,.,,Þ ,,,Þ ,,,,-.Þ
1,,,.6,EÞ ,,.Þ .,,6,Þ ,--,,.Þ ,,Þ .,,,,,--.Þ ,,6.Þ
.,.,,,,,6.Þ ,,.--,.9Þ

a,,J§,,.Þ ,,.Þ g,--6,,.Þfy eKÞ 0,-,.Þ ,,Þ ,.,,,.,6Þ
;DT?TwÞ,,Þ,Þ-,,,,,,Þ.,,,ÞK,.Þ e,-,,Þ .,,,,,,EÞ,,Þ,,,Þ
,,,.,Þ .,,,,Þ ,Þ -,,,,.Þ ,,.Þ ,-,,Þ ,,Þ ,,,.Þ ,,Þ ,,,Þ
.,--6,Þ d,,.Þ ,6,,Þ ..,-6,,-,Þ ,,.Þ .,,,,-Þ .,dS
-,,.-.Þ ,---,9Þfylb1Y()Qi�TÞh,,-,,,Þ,,,Þ,---,,Þ -,,,.,, E Þ,,,Þ
e,,,Þ DT?TwÞ .,,Þ ,,,.,- 9ÞK,,Þ ,,,,,-,,,,6,..Þ ,0Þ
,,,,Þ -,,.,,,,,Þ ,,Þ ,,,Þ .,-,,,,,,,Þ ,0Þ ,.,,,.,-Þ
.,,,,Þ ,,-,,-,-,.Þ .,,,.,-,-Þ -,,.--,,Þ ,,Þ ,,,,,,-Þ
.,,.-,,.Þ-,-6, H ÞK,-,EÞ,,,Þ,.,,,-,Þ,0Þ,,,Þ;DT?TwÞ,,Þ
.,,.Þ,1,.,,-,Þ0,,Þ ,,,Þ,,,,-,,,,,,Þ.,,,Þ,,,,Þ-,.,,9Þ

_,.,,Þ ,,Þ ,- ¥u^Þ ,,,.,.Þ,,,,Þ,,,Þ;DT?TwÞ ,,Þ ,Þ ,,,S
,,,,1,Þ ,,.,JÞ ,0Þ ,,,,,,-Þ ,.,,,.,-,,.9Þ K,,.Þ
,,-,,,,.Þ,.,,,.,-Þ ;DT?Tw,Þ ,,Þ,6-Þ.-,Þ ,,,,,Þ,0ÞnKÞ
-,,,,Þ.,,,Þ.,,-,0,,.Þ.,---,-,,,.Þ,,.Þ.,,,Þ,.-,Þ
,,Þ ,,-,,,Þ ,,,Þ .,.,,,Þ ,0Þ ;t?TwÞ ,,.--,,,.Þ,,Þ ,,,Þ
-,,,Þ ,0Þ 1,,-,6Þ ,--,,.9Þg,-,,,,Þ ,..Þ l,-0.,.,Þel lÞ
.,,-,,.,. EÞ ,,Þ ,Þ -,,,,,,Þ .,,,Þ ,-,,,,-.,,-,-,-Þ
-,,6,,,,,-Þ .,,-,0,,.Þ .,---,Þ .,.,.,,,,,,, EÞ ,Þ
,,.,,d-,,,Þ ;DT?TwÞ ,,.--,,,,Þ ,,Þ ,,,Þ ,,Þ -,--,.Þ
l-,,00,-,,. Þ 0,--,.Þ,.,9ÞS,,.Þ ,-..,, .�.Þ ,,,,Þ,,,Þ
;DT?TwÞ -,--.Þ .,Þ -,,.Þ 0,,Þ ,,,-.Þ ., .,-,,,.Þ ,0Þ
.,---,,Þ 6,,,,¶,9Þl,,,,ÞL,-.,,iOÞ ,-,,Þ ,,-,,,,.Þ ,Þ
-,,,,,,Þ.,,,Þ,Þ,,.--,.Þ;DT?TwÞ.-,Þ,,Þ,-,,,,-.,S
,-,-,-Þ ,.,,,.,-,,,,,Þ ,,.Þ -,.,Þ ,,Þ ,,,Þ ,,.,Þ
-,,---,,,,9ÞL,-.,, o, iOÞ ,.,,,1,,,,,Þ ,,,,Þ,,,Þ;JHKÞ
-,.-,,,,,Þ ,,Þ ,,-,-,,Ô,-.Þ ,,.--,.Þ ,.Þ .,---,S
-,,,,,,Þ,,,.0,,-,,Þ,,,Þ-,.---,,,,,Þ,0ÞCk-,,,,Þ,..Þ
b,-�,, EÞfyleÞ .-,Þ ,,,.Þ .,.Þ .,,Þ ,,-..Þ ,,kÞ ,.--,S
,-.,Þ ,0Þ,,,Þ asdH9Þ

S,,,,Þ d,.,,.,Þ ,-,,Þ ,---,,,,,kÞ ,,,,,,,Þ
,.-,,,,,,Þ ,,,,,.Þ 0,,Þ ,,-,,.,..Þ ,,,Þ it?TwÞ ,. Þ
.,---,,Þ .,,,,,,9Þ[, Þ,,,,,Þ -,..,,,,,,EÞ,,,,,Þ ,,Þ ,Þ
-,,,Þ,0Þ-,.,,,,,Þ,,.,,,,1,,.EÞ.,,-,Þ.,.Þ bkÞ.,k,.k,Þ
0,,Þ -,.Þ ,-,,,,-Þ 0,,e-,,-,,,9Þ C,.,,e-,.,-.EÞ ,,,Þ
,00,-,,1,Þ -,.,,,,,Þ ,0Þ,,kÞ ,,,.---,Þ .,-,,,,,,Þ ,..Þ
,,,,Þ d,,.Þ ,,,,,Þ ,,-,-,,Þ ,0Þ ,,,,.,-Þ .,.,.,TÞ -,.Þ
,,,--,Þ ,.Þ ,.Þ ,b.,,.,-Þ -,,,,,.Þ -,,,,-,-Þ ,v,Jk.Þ
-,,,.,,,-Þ d;itCiT9Þ[. Þ,--,Þ -,,,,Þ,,,Þ -,,JÞ .,.kÞ
,0 ,,,Þ,,,-,.,,Þ, .-,,,,,,9ÞS,,,Þ ,,Þ0,,e-,..-.Þd,..Þ

,,,,,,,-,-.TÞ rn,,-.,,Þ ,,Þ .,Þ -,,,,.,,.,,,-Þ ,0Þ
.,..,6,,,,,,,,,9Þ e,.-6,,,,,-,Þ ;DT?TwÞ ,,.Þ
;iDTg;Þ ,,-,,.,,.,Þ .,¦-Þ ,,--Þ ,,Þ ,6,°,,,,,Þ ,--,Þ
.,,.,,,,,-Þ ,,,,,,9Þ

Optic Nerve Dysfunction 
[0Þ ,,,Þ ;DT?TwÞ ,,--.Þ ,,-,,,,,,,Þ ,Þ .,,.-,,,Þ -,-6Þ
,,,-,,,,Þ ,,Þ.-,,Þ .,Þ ,00,-,,.Þ ,,Þ ,- rn,-Þ .,,1,Þ .,,S
,,.,,,9ÞK,,,,0,,,Þ.--,Þ,�0,,,Þ,,,Þ.,,,Þ,J-,,.,.Þ
,,Þ ,J,.,,,,.Þ ,--,Þ -,,,,,,,9Þ

Primary optic atrophies 

i,,.,,Þ ,,.Þ fl,66,,,Þfyl eÞ ,,-,,,,.Þ ,,,,Þ ,,,Þ ;DT?TwÞ
-,,Þ .,Þ ,,.--,.Þ ,,Þ -,,,,,,,Þ .,,,Þ ,-,,-Þ ,,,,-,.Þ
.,,6,Þ ,,,Þ 0,-,-Þ DT?TwÞ ,,Þ -,,,,,1,.9Þfl,,.,,.,,Þ ,,Þ
,- nllÞ ,J,.,,,.Þ ,,JÞ ,.--,Þ -,,,,,,,Þ .�,,Þ .,.,,,.,Þ
,,0,,,,-,Þ ,-,,-Þ ,,,,-,.Þ dh[f_T 9Þ _Þ 1,,.Þ 6,,.,Þ
-,,,,,.-,-Þ 1,,,,,,,,Þ .,,,,,Þ 0,.,-,,,Þ ,,Þ ,.-,-,-Þ
0,,Þ h[f_9 Þ_--Þ -,,,,,,,Þ ,,,,,.Þ ,,.Þ ,Þ ,.-,-,-Þ
0,.,-.Þ ,,,,,,.9Þ l,-,Þ -,,,,,,,Þ .,,,Þ ,,1,,,-.Þ
,,.--,.Þ 1,,-,-Þ ,--,,.Þ fltthnÞ ,..Þ -,.,,TÞ .,.,.S
,,,,,,.Þ ,,,Þ ,J-,-,,.Þ ,,,,,,Þ ,J,,Þ ,,Þ rn,,Þ lKKÞ L-,EÞ
.,,-,Þ ,.,Þ -,,,,,,,Þ .,,,Þ -,,,,,1,.Þ 1,,-,-Þ ,--,,.Þ
fltttTÞ ,,6.Þ ,,.Þ ,,-,,,1,Þ -,,,,,-Þ ,-,,,.,,Þ ,,Þ ,,,Þ
1,,-,-Þ d,6.Þ 0,,Þ .--,Þ ,,,,Þ ,-,,,9Þ a,,.,6Þ ;JHKÞ
-,.-,,,,,,Þ .,,,Þ ,,-,,.,.Þ ,,Þ ,--Þ -,,,,,,,9ÞK,,Þ
aJdHÞ -,.-,,,,, EÞ ,,.,1,,EÞ .,,Þ ,,.--,.Þ ,.Þ ,--Þ
0,-,Þ -,,,,,,,Þ .,,,Þ ,,.,,d-,.,Þ ,,.--,.Þ 1,,-,-Þ
,--,,.Þ,..Þ.,,Þ ,,,.,-Þ ,,Þ,,,Þ,.,Þ,,,,,Þ-,,,,,,,9Þ

pspGrhWWdSYnTWWsWWQY¸

FtOiO¶ � 
OOoG¶ AJ TLL¶msec 

OtOiO¶

oO¶ JVv/ 
`E¶

TLL¶msec 

EG�d¸ 11.¸edfiifeidoeeeeepede�fdeleie� em�s�isiedmi�veid�
Lewndf'e� niiefi�Atfeido.�
veid� idsi� iddfd� ee� s� xdesodx� fdeiemed� em� idd� teelse�
fiefiex� z¶flsedde� (liidf� fdfiefx,� liidf� fiseewnraieem).�
Thd�troG�t50�ie�ifdedmi,�wnli�idd�v95�ee�swnedmi.� Thd�
fdeiemed�ie�isiidrne� em� idg�teelse�fiefidx� ee�swnedmi�wef�

fepdi� eyd� eiellesieem� smx� swnmeflse� (s� "W") 
fiemmplraieem�wef� edft�eyh� eiellesieem.�
Bdrnempdf� di�se.�/34¶



CBTe¸ T. A. BERNINGER AND G. B. ARDEN 

S,-,Þ ,,,Þ-,,-,-,,--,,--Þ .,, Ä--,,Þ , . Þ-,,-,,,.Þ -,,,Þ
,.Þ,-,--Þ,,-F,ÞP.-,,Þ -,Þ ,Þ , ,- ,-,-F,Þ-,.--,-,,Þ ,. Þ
,,,Þ aJdHÞ -,0-,,,,, cÞ e-0--,-Þ -,,--,,Þ ,-,Þ
-,-,-,,.Þ ..Þ i,-,-,3,-Þ ,,Þ ,- ef dÞ .,-Þ ,.,Þ -,,- ,,.,Þ
.-,,Þ l,.,- o,Þ ,,-,.-,,-.Þ ,-,--Þ ,,-,-,.Þ flP3Þ ll). 
_3,-,Þ ,,-0,-Þ ;JHKÞ -,0-,,,,,,Þ .,-,Þ-,-,-.,.Þ
.,-- ,Þ,,,ÞaJdH,Þ .,-,Þ-,0--,,,-.Þ ,J,-,3--,,,. c Þ
S,,,, Þ,.,,-F,,-,,,Þ,-,Þ-,Þ,--,-.,,-,Þ.-,,Þ,,,,,Þ
, . ÞL,-.,-dOÞ ,,.Þ ?.,,Þ ,,.Þ _-.,,Þ\fOÞ .,,Þ .,-,.Þ
,,,,Þ ,,,Þ ahdHÞ -,0-,,,,,Þ -,E Þ -,Þ 0,,,Þ -,, ,, E Þ
, ,- ,-,-F,-.Þ , ..,-,,.Þ -, Þ-,,, ,,,,Þ .-,,Þ ,-,--Þ ,,-F,Þ
.-,,-.,-,cÞ
Optic Neuritis and Multiple Sclerosis 
[,Þ -,, ,,Þ ,0Þ -,,-,.--.,-Þ ,,---,-,Þ fl?iaTÞ -,, n
,-.,-,.- ,Þ-,-,F,-.Þ , . Þkh,-,-,,Þ .,--,.,Þ ,,,Þ,--,,Þ
,,,,, c Þ L,.,F,-EÞ ,,Þ ,- ,-,-,-,.,-,-,.--,-Þ ,,,,Þ ,. Þ
F-,-,6Þ kh,-,-,,EÞ ,,,Þ F-,-,-Þ -,-,--,-Þ -,,-,,,,Þ
,F,J,.Þ ..Þ -,,,,-,,Þ fliDTg;TÞ -,,,-,-,,Þ ,,Þ .,Þ
.,-,.,. E Þ,,,.-,3Þ ,,,,Þ,, Þ- ,,,,Þ,,,Þ.,.,-,Þ ,,,,-,S
,,,.Þ .-,,Þ .,0.,-,,,,,,,Þ - ,-,-,,,c \ffs\fgÞ ?,,-,,-Þ
,.,,-0,--,- ,,Þ 0,.Þ ,-,,Þ ,----Þ -,Þ ,-,--Þ ,,---,-,cÞ
l-3,,0,,Þ ,,Þ ,- \faÞ,.,,-F,.Þ -,,-,,-Þ ,.,,-0,--,- ,,Þ
,,.t,-Þ- ,--,Þ-,Þ,,,Þ0,.-,Þ-,ÞhHÞlÞ , . Þ,,,--Þ-,,- ,,,,Þ
.-,,Þ -,--,,,-,-Þ ,-,--Þ ,,---Î, c Þ ?--J,-\fKÞ ,-,,Þ
-,-,-,,.Þ,, ,,,,-,3Þ,0Þ,,,Þ1,,,,-,Þ-,Þ--Þ,,ÞhKÞlÞ ,. Þ
-,,- ,,,,Þ.-,,Þ0--,--- ,Þ,-- ,-,,-,Þ flheT cÞ S,-,Þ - , Þ, , Þ
,0Þ-,,,-,,,Þ,,Þ.,,,-0-,,Þ,,,Þ;DT?HÞ-,,,3,,Þ-,Þ,,-,Þ
-,,.-,-,, cÞ

l-,-,,,-,-Þ ,,Þ ,oo \dos\d\Þ -,-,-,,.Þ ,Þ-,.--,.Þ ,,,,..Þ
,,,,,Þ;DT?HÞ-,Þ,Þ-,,- ,,,Þ.-,,Þ,--,,Þ,-,--Þ ,,---,-,cÞ
e ,--- ,Þ ,,Þ ,- \dcÞ -,--.Þ ,,,Þ -,-,-.Þ ,Þ ,-,,,- ,,,Þ
;DT?HÞ -,Þ ,,-,,Þ,-,Þ ,0Þ ,,F,,Þ -,,- ,,,,Þ .-,,Þ ,--,,Þ
,-,--Þ ,,---,-, c Þ _--Þ ,,-,,Þ ,,.Þ ,,F,-,-.Þ -,.--,.Þ
F-,-,-Þ ,---,.Þ -,Þ ,,,Þ, ..,-,,.Þ ,.,cÞ L,.,F,-Þ ,,,Þ
;DT?H,Þ .,-,Þ-,-,-.,.Þ 0,,,---,--.Þ ,,.Þ ,,,-,n
0,-,Þ,,,Þ-,,- ,,,,Þ -,--.Þ ,,,Þ PJ,,,Þ-,,-,--.Þ .-,,Þ
,,,Þ ,00,-,,.Þ ,.,Þ ,,.Þ ,,,,Þ 0,.Þ ,,F,Þ .,,,Þ ,,,Þ
-,,,,,Þ .,.Þ ,,Þ -,,-,,, ,Þ -,--.Þ ., Þ -,-,-.,. c Þ
i,-. l-,Þ , Å Þ, iEÞ\dfÞ i,.,JÞ ,,Þ ,iEÞ\ddÞ;-,,,Þ,,.ÞL,,, n dOÞ
,,.Þ?.,,Þ ,,.Þ _-.,,KgÞ .,-,.Þ ,Þ -,.--,-,,Þ , . Þ,,,Þ
;DT?HÞ -,Þ ,Þ 3 ¼,--Þ,0Þ-,,- ,,,,Þ .-,,Þ ,�,Þ,-,,,-.Þ ,0Þ
,-,--Þ ,,---,-,cÞ

_-.,,Þ ,,Þ ,-KgÞ -,-,,,,.Þ ,,,,Þ ,,,Þ ;JHKÞ
-,0-,,,,,Þ.,,Þ -,.--,.Þ ,l,-Þ ,Þ .,-,.Þ ,.Þ , ,F,-,-Þ
.,,J,Þ , . Þ ,,,Þ ,,,,,Þ , . Þ ,--,,Þ ,-,--Þ ,,---,-, c Þ
;,---,,,-Þ ,,.Þ F,,Þ i,-3,-Þ\dfs\dgÞ ,,-.- ,.Þ ,,.Þ
0,,-,,-,.Þ ,,,Þ--,3-,,,Þ ,0Þ,,,Þ;DT?HÞ 0,-Þ ,Þ .,,-Þ
.,--,.-,3Þ ,,,Þ ,--,,Þ ,,,,-Jc Þ S,,Þ -,,-,,,,,Þ
.,--,,,,.Þ .---,3Þ ,,-,Þ -,--,.Þ ,,.Þ ,,,,,Þ ,----,,.Þ
..Þ -,.Þ ,,.Þ 0,.--0Þ ,-,,-,-Þ .-,l-,,-- ,,Þ .,-,Þ
, ..,-,,.Þ P-,, cÞ [,Þ ,..-,-,,Þ ,,,ÞaJdHÞ -,0-,,,,,Þ
.,,Þ 0,-,Þ -,.--,.Þ ,,,,Þ ;JHKÞ -,0-,,,,,cÞ

i,-,-,.,-Þ ,,.Þ L,-.,-edaÞ ,x,0-,,.Þ hKÞ -,,-,, .,Þ
.-,,Þ -,--,,,-,-Þ ,--,,Þ,-,--Þ ,,--- .-, Þ,,.Þ -,-,-,,.Þ
,Þ ,-3,-P-,,,Þ -,.--,-,,Þ , . Þ ,,,Þ ;hHKÞ ,,.Þ aJdHÞ
.---,3Þ,,,Þ,--,,Þ,,,3,Þ, . Þ.-,,,,,Þ.2-- ,Þ-,Þ-,-,.--Þ
,,,3,Þ,,,Þ;JHKÞ.,,Þ -,Þ,,,Þ,,-0,-Þ-,,3,Þfl,,.,F,-Þ
,--3,,-.Þ-,.--,.Þ -,Þ -,0-,--,,,Þ,,Þ ,,,Þ-,, ..,-,,.Þ
.,--,.Þ ,.,TÞ .,-- ,Þ ,,,ÞahdHÞ .,-,0,Þ ,F,,Þ 0,-,Þ
,-3,-P-,,,-.Þ -,.--,. c Þ

[, Þ0--,--- ,Þ,-- ,-,,-,Þ,,,Þ-,-,-.,Þ,-,Þ-,,,-,.--S
,,-.cÞ l--�,0Þ ,,.Þ g,---,,.ldaÞ flh8Þ -,,- ,, .,T EÞ
g ,- ,,-,Þ ,,.Þ l,- .0,,lfl Þ fl,.,Þ -,,-,,,,TÞ .-.Þ ,,,Þ
P,.Þ ,,.Þ .- ..,-,,-,Þ.,, J,,,Þ heÞ -,,- ,,,,Þ ,,.Þ ,Þ
-,,,-,-Þ 3-,--cÞ f,,Þ ,,.Þ h-J,.,lOb1Y()Qi�Þ -,-,-,,.Þ ,,,,Þ
,,,Þ ;DT?HÞ -,Þ ,J,-,0,-.Þ --0-,,.Þ -,Þ -,,Þ ,.---,.Þ ,,Þ
.,,,-,Þ -,--,,,-,-Þ ,-,--Þ , ,-F,Þ.-,,,,,,cÞ L,J,F,-EÞ
,--Þ ,--,Þ -,,,-,.--,,-.Þ -,-,-,,Þ ,-,Þ .-,0Þ ,-,,,-,Þ
.,,Þ 0,,,--,.Þ ,, zÞ ;JHKÞ -,0-,,,,, EÞ .,--,Þ
L,-.,-Þ -,-,,,.Þ ,-,Þ -,Þ ,,-.-.Þ , ..,-,,.Þ -,Þ ,-,--Þ
,,-F,Þ .-,,-.,-,cÞ L,.,F,-EÞ L,-.,-dOÞ ,,Þ .,�-Þ ,,Þ
_-.,,KOÞ -,-,-,,.Þ ,,,,Þ ,.,Þ -,,-,,,,Þ .-,,Þ ,- .--Þ
,,---,-,Þ .-,Þ ,,Þ .,0.,--,,,-,,Þ .,F,-,-,.Þ -,,,Þ
-,.--,-,,Þ, . ,,, Þ;JHKÞ-,0-,,,,,Þ.,--,Þ,-----,.Þ
.---,.Þ ,,,Þ -,--,.Þ , . Þ---,--,-Þ -,-,F,-.cÞ ;,-,,,,Þ
,,.Þg,,3,-lO\Þ ,,-.- ,.Þ,,,Þ;-HKÞ-,0-,,,,,Þ -,Þ lHÞ
-,,- ,,,,Þ .-,,Þ hecÞ a,,,Þ ,0Þ ,,,--Þ -,,- ,,,,Þ ,,.Þ
,-q,-,.Þ .-,0Þ ,--,,Þ,,,,-J,Þ , . Þ,-,--Þ ,,---,-,Þ -,Þ
,,,Þ ,-JÞ 0,,,,,Þ ---,-Þ ,,Þ ,,,Þ ,x,0-,,,-,,Þ .-,Þ ,--Þ
,,.Þ ,Þ .,-,.Þ -,Þ ,,,Þ iDTg;Þ .,--,Þ -,.--,,,.Þ
.,0,.,Þ ,,Þ ,,,Þ ,-,--Þ ,,-F,cÞ _Þ -,.--,-,,Þ , . Þ,,,Þ
;JHKÞ -,0-,,,,,Þ .,,Þ , ,,,Þ -,Þ HKlÞ , . Þ ,,,--Þ
-,,- ,,,, cÞ S,-,Þ -,Þ,-,--Þ,,---,-,Þ.,,,Þ-,0-,,,,,,Þ
0,.Þ .,Þ ,0.,-,,. c Þ g,-- ,Þ ,,,Þ aJdHÞ -,0-,,,,,Þ
-,0,-,,Þ , ..,-,,.Þ -,Þ ,,,Þ-,-,,--Þ ,,,3,EÞ ,,,Þ;JHKÞ
0,. ,-Þ 0,.Þ ,,,Þ -,0--,,,-.Þ -,-,F,-cÞ S,-,Þ
;DT?H,Þ,-,Þ3,,,-,--.Þ ,.,,-0,-Þ -,Þ,,,,Þ-,,.-,-,,Þ
.-,Þ ,F-.,,,-.Þ,,,ÞiDTg;Þ-,Þ,Þ.,,,,-Þ---,--,-Þ,,,,Þ-,Þ
,,-,Þ -,,.-,-,,cÞ

Glaucoma 

[,Þ -,-,,--Þ 3-,--,0,Þ -,--,,,,.Þ -,,-,,---,-Þ
--,,,--,ÞP,,--.Þ- ,,.,Þ,,Þ-,-,,,0--Þ.,0,3,Þ,0Þ,,,Þ
,-,--Þ ,,-F,Þ ,,,.Þ .,--,.,.Þ ..Þ ,,-,-,.Þ , . Þ ,,,Þ
,,-F,ÞP.-,,Þ ,,.Þ -,,-,,-Þ 3,,3--,,Þ - ,--,cÞ Q--3- ,.Þ
,,Þ ,oo Oc .\OfÞ ,,,-0,,,.Þ ,,,,Þ ,,Þ - ,,,,Þ nKl JHKlÞ , . Þ
,-,--Þ ,,-F,ÞP.-,,Þ ,-,Þ-,,,Þ . ,.,-,Þ,Þ F-,-,-Þ P,-.Þ
.,0,-,Þ -,,Þ .,Þ .,-,.cÞ [ . Þ,,.Þ ,. l,-,-F,Þ,,,,Þ-,--.Þ
.-,,-,.--,,Þ,Þ - ,,,,-Þ.,3-,,Þ,.Þ,,-F,ÞP.-,Þ-,,,E Þ-,Þ
.,--.Þ .,Þ ,.Þ .-,,,Þ -0-,-,,,-,Þ -,Þ 3-,--,0,cÞ
Q--.- ,.Þ ,,Þ ,- \O dÞ .,0,,,,-,,,.Þ ,,, .Þ -,.Þ .-,,Þ
kh,.-,Þ -,,,,3-,-,.Þ , . Þ,,,Þ.-,-Þ -,,Þ .,0,,,,-,,,Þ
,,-F,ÞP.-,Þ.-,.- ,Þ-,,, ,,Þ -,Þ0,,.Þ-,,- ,,,,Þ .-.,Þ
,---,-Þ ,.-,-,,,,-,,Þ .,,Þ ,,F,Þ ,,Þ P,-.Þ .,.,-,, cÞ



THE PATTERN ELECTRORETINOGRAM CB71¸
L,.,F,-gÞ ,,-,Þ0,,,,.Þ,,,Þ -,,Þ --0-,,,-,,Þ,,.Þ .,--,Þ
-,Þ --Þ ,,ÞnKlÞ ,.Þ-,,- ,,,,Þ .-,,Þ0--.Þ F-,-,-Þ P,-.Þ
-,,, ,,9ÞS,,ÞiDTepÞ.,,Þ .,-,.Þ,,Þ.,Þ, ..,-,,.Þ ,,-.Þ
-,Þ ,.F,,-,.Þ -,,,,Þ ,.Þ 3-,--,0,Þ .-,2Þ -,-3,Þ
,-,,,0,,,eb1Y()Qi�dl eb1Y()Qi�OB nOOteOaÞ ,,Þ ,J- ,-,,.Þ .-,0Þ ,,,Þ--,,,Þ
,,,,--,,-,,Þ .,,.,,,Þ -,,,3,Þ -,Þ ,---,.Þ .-,2Þ
F,-,,3,9ÞS,,Þ e,,,nDT?HgÞ .,--,Þ -,Þ --,.--,.Þ ..Þ
,-,,-Þ -,,-,,-Þ ,-,-F-,.Þ -,Þ , . Þ,,Þ -,,Þ -,Þ .,,,-,-,3Þ
3-,--,0,9Þf--Þ l,,.- ,.3,Þ ,.Þ ,,,Þ ,--3-,Þ ,.Þ ,,,Þ
;DT?HÞ ,-33,,,,Þ ,,,,Þ -,Þ ,,,--.Þ ., Þ , ..,-,,.Þ -,Þ
3-,--,0, EÞ,,.Þ -,.,,.Þ0,,.Þ ,-,,,-,Þ -,-,-,Þ ,--,Þ
fi,.-,3,9Þeb1Y()Qi�d- eb1Y()Qi�al edcl \ddfl edfl eOat \ffÞ

h,.Þ ,,Þ ,} nfgÞ ,,.Þ _-.,,Þ ,,Þ ,-KgÞ .,-,Þ,0,,3,,Þ
,,,ÞP-,,Þ.,,Þ-,-,-.,.Þ,,,Þ;DT?HÞ-,Þ-,,-,,,,Þ.-,,Þ
-,--,,,-,-Þ 3-,--,0,9Þ S,,.Þ ,., ,-F,.Þ ,Þ ,-3,-Pn
-,,,-.Þ -,.--,.Þ -,,-,,,,Þ,,Þ-,,,,-,Þ ,,-0---Þ.,-- ,Þ
,,,Þ e,,,Þ DT?HÞ .,,Þ ,,-0,cÞ L,.,Þ ,,.Þ
h,,-,,--Þ\b1Y()Qi�OÞ ,J,0-,,.Þ 17 -,,-,,,,Þ .-,,Þ -,--,,,-,-Þ
-,-,,,-Þ 3-,--,0,Þ,,.Þ,,Þ ,,,s0,,,--Þ ,-,,,0,,,9Þ
S,,.Þ ,F,--,,,.Þ .,,,Þ ,,,Þ ;JHKÞ ,,.Þ andHÞ -,0S
-,,,,,,Þ ,.Þ ,,,Þ ;DT?H9Þi,,,Þ .,-,Þ ,-3,-P-,,,-.Þ
-,.--,.Þ -,Þ -,0-,--,,,Þ ,,Þ ,,,Þ .,--,.Þ ,.,tÞ S,,.Þ
kh-,,,-Þ ,,,,.Þ ,,,,Þ ,,,Þ,0-----,Þ,-0,,Þ , . Þ,,,Þ;JHKÞ
,,,.,.Þ,Þ,,,.,,s.Þ ,,Þ -,--,,,,Þ,-,,,-3,Þ,,-,Þ.,,Þ
,,-.Þ ,,,,-,,,-,--.Þ ,,.,-P-,,,Þ 0,-Þ ,,,Þ aJdH/Þ
g,,3,-Þ ,,.Þ ;,-,,,Þ\faÞ ,,-.- ,.Þ 11 -,,-,,,,Þ .-,,Þ
-,,-,,,-,-Þ 3-,--,0,Þ,,.Þ,., ,-F,.Þ ,Þ -,.--,-,,Þ -,Þ
,0---,-.,Þ.,-,.Þ ,,-0,-Þ F,--,,Þ -,Þ lKÞ ,-,Þ ,.Þ llÞ
-,,,,9Þ S,,-,Þ .,,Þ ,Þ ,,3,-P-,,,Þ -,--,-,,-,,Þ
.,,.,,,Þ ,,,Þ .,--,,,,Þ ,.Þ ,,,Þ ;DT?HÞ ,0--,,-.,Þ
,,.Þ ,,,Þ-,,,Þ, . ÞF-,-,-Þ P,-. cÞ l,,,-Þ ,,,.Þ -,-,-,,.Þ
,Þ ;<HKÞ -,.Ð-,,,,Þ ,,Þ .,--Þ ,-,Þ , . Þ, ,F,,Þ -,,, ,,,,Þ
.,,,Þ ,---,-Þ ,.-,-,,,,-,,9fyfKÞ ;,--,,,,-Þ ,,Þ ,J ngb1Y()Qi�Þ
-,-,-,,.Þ ,,,,Þ -,Þ 17 -,,- ,,,,Þ .-,,Þ ,---,-Þ ,.-,-Û
,,,,,,,Þ ,,.Þ ,,--.Þ .-,--,0,Þ ,,,Þ ;DT?HÞ .,,Þ
0,,,-×Þ -,.--,.Þ ,,Þ ,,,Þ0,.--0Þ -,,3,Þ, . Þ,-,,-,-Þ
.-,l-,,--,,t Þj---JÞ ,,Þ ,- \fOÞ 0,.,Þ,,,Þ,,0,Þ,.,,-Ü
F,,-,,Þ ,,.Þ -,-,-,,.Þ ,,,Þ ,,3,,,,Þ ,,,,-,,--,-Þ
.- ..,-,,- ,Þ.,,.,,,Þ ,,-0,-Þ ,-.j ,-,,Þ ,,.Þ-,,, ,,,,Þ
,-----,.Þ .,,,Þ ,,,Þ ,,,0---,Þ .,,Þ ,,,Þ .,3-,,Þ
-,,-J, c Þ i.Þ -,,,-,,,Þ h,-JÞ ,,Þ ,ÆÞ\g\� \gcÞ ,,.--,.Þ
,J-,--0,,,,-Þ .-,--,0,Þ ,,Þ0,,J,.,Þ ,,.Þ .,-,.Þ ,Þ
0,-,Þ --,,,-,-,.Þ -,.--,,,,Þ ,,Þ -,.,-Þ ,-,,-,-Þ
.-,l-,,-- ,,tÞ ?,-,,,-.Þ h,-JÞfyb1Y()Qi�dÞ -,-,-,,.Þ ,,Þ hHÞ
-,,- ,,,,Þ (26 ,.,,TÞ .-,,Þ ,---,-Þ ,.-,-,,,,,,,Þ ,,.Þ
,,--.Þ3-,--,0,9ÞS,,.Þ.,F-.,.Þ,,,,-Þ-,,, ,,,,Þ-,Þ,,Þ
,,-,,Þ3-,--,Þ
(1) ,---,-Þ ,.-,-,,,,-,,Þ .-,,Þ ,,Þ ,-,,,0,,, EÞ
(2) ,---,-Þ ,.-,-,,,,,,,Þ .-,,Þ ,-,,,0,,, EÞ
dmTÞ ,,--.Þ 3-,--,0,9Þ

S,,Þ0,,,Þ;DT?HÞ,0---,-.,Þ.,,Þ-,.--,.Þ -,Þ,--Þ
,,-,,Þ3-,--,9ÞL,.,F,-gÞ ,,-,Þ.,,Þ,,-.Þ ,,,,-,,--,--.Þ

,-3,-P-,,,Þ .,-Þ,2,Þ-,,- ,,,,Þ.-,2Þ,,--.Þ3-,--,0,9Þ
l,Þ -,,,-,,,Þ ,2,Þ ;nHKÞ -,,,,cyÞ .,,Þ ,-3,-P-,,,-.Þ
.,--,,,,.Þ .,-Þ ,--Þ ,2-,,Þ-,,-,,,Þ 3-,--,9Þ

_Þ , ,- ,-,-F,Þ -,.--,-,,Þ , . Þ,2,Þ andHÞ .,,Þ P-,,Þ
-,-,-,,.Þ ..Þ f,,,9egfÞ g,-,,,,-,Þ ,,Þ ,J l¹Þ ,,-.- ,.Þ
-,,- ,,,,Þ .-,,Þ ,---,-Þ 2.-,-,,,,-,,Þ ,,.Þ lhÞ .-,2Þ
3-,--,0,Þ ,,.Þ -,-,-,,.Þ ,Þ 0,-,Þ --,,,-,-,.Þ
-,.--,-,,Þ , . Þ ,,,Þ andHÞ -,0-,,,,,Þ ,,,,Þ ,.Þ ,,,Þ
;nHKÞ -,0-,,,,,Þ flP3Þ 12) . S,-,Þ -,Þ -,Þ ,--,-.,,-,Þ
.-,2Þ L,-.,- o, dOÞ F-,.Þ ,,,,Þ - . Þ ,,,Þ aJdHÞ
-,0-,,,,,Þ ,,Þ, ..,-,,.Þ -,Þ -,.--,,,,Þ,,Þ,-,--Þ,,-F,Þ
.,,,-.,-cÞ L,.,F,-gÞ L,-.,-dOÞ ,-0,,- . Þ ,,,Þ
-,-,-,,.Þ ,,,,Þ 3-,--,0,Þ -,Þ ,,,Þ ,J-,-,-,,Þ ,,Þ ,,,Þ
--- ,Þ ,,.Þ ,.,,-F,.Þ ,Þ 0,-l,.Þ -,.--,-,,Þ , . Þ ,,,Þ
;nHKÞ -,0-,,,,,Þ ,,Þ ,,F,Þ0,,.Þ ,,,,-Þ ,-,2,-,9Þl,Þ
-,Þ -,0,-J,.-, Þ,,,,Þ 0,,.Þ ,-,2,-,Þ -,-,-,Þ ,Þ 0,-,Þ
--,,,-,-,.Þ -,.--,-,,Þ ,.Þ ,,,Þ ;DT?HÞ .,,,Þ ,,,.Þ
-,,Þ ,,,,..J,,,,,Þ ,,-0--- E Þ\fOs\gdÞ ,,.Þ -,.Þ ,-Þ
0,.--0Þ ,-,,-,-Þ .-,l-,,-- ,,9\b1Y()Qi�dl \fOl egb1Y()Qi�Þ l,Þ , ,,0,Þ
,,,,Þ .,,,Þ -,0-,,,,,,Þ ,-,Þ, ..,-,,.Þ -,Þ 3-,--,0,9Þ
S,-,Þ ,-33,,,-,,Þ -,Þ ,-,,Þ -,Þ ,--,-.,,-,Þ .-,,Þ ,,,Þ
,.,,-F,,-,,Þ..Þf.,0Þfl-,-,,,,-Þ-,00-,--,,-,,TÞ
,,,,Þ -,Þ -,..-,,Þ ,l,-Þ ,--,,Þ -,--,,,,Þ ,.Þ ,,,Þ �f;Þ
.,,,Þ -,0-,,,,,,Þ ,-,Þ-,.--,.Þ -,Þ ,0---,-.,9Þ

_-,,,-3,Þ 0,,.Þ -,-,,,Þ -,F,,,-3,,-,,,Þ ,-33,,,Þ
,,,,Þ 3-,--,0,Þ , ..,-,,Þ ,--Þ ,,,Þ -,,-,,Þ -,Þ ,,,Þ
-,,,,--,-Þ-,- ,gÞ ,,,ÞP-,,Þ ,-,,,0,,,Þ.,F,-,-Þ -,Þ ,,Þ
,,,--,-Þ --,3.Þ S,,Þ .,F,,Þ -,Þ - ,,,Þ , ..,-,,. EÞ -,Þ ,,,,Þ
-,,,Þ ,.Þ F-,-,-Þ ,---,.Þ 0,.Þ ,----Þ -,,,-9Þa,.Þ ,,,Þ

P E RG 

R E  

50 ms 
EGEL¸ U. ¸ ywniefleu� tEroGe� ei� eeolldifefi� efiuuef�
doidfidieeei.� Thd� tEroG�frel� idd� ro� eyd� ee� iefleu,�
fieiiraeieip�veid�idd� fdeieied�ewnieeidn�frol� idd�lefd�
ed�dfduo�effdfiidn�Y¸eyd,� ei� vdefid� idd�v95� ee� fdnufidn.�



8S7S¸ �.¶ A.¶ NLIIlIjLI¶ fIN¶j.¶ N.¶ fINLI¶

0,1,,Þ,,Þ,,,Þ,,6.Þ,,,,,,6Þ,,.,,,Þ.,,-,Þ-,,Þ,,,,61,Þ
,,.,,,Þ ,-,,,,6Þ 0,,l-,,-,,,cÞ K,-,fmÞ L,,,Þ ,,.Þ
;6,,, n7OÞ .,.,,,e,,,,.Þ ,,,,Þ ,Þ .,P-,,Þ .,J,.,6Þ ,,Þ
,,,Þ -,,e,,Þ ,0Þ,,,Þ 1,,Ï,6Þ P,6.Þ .,66Þ .,1,Þ ,,,,Þ ,,Þ ,Þ
-,,,,,,,Þ ,,,,,,,1,e.Þ .,P-�,Þ .,J,.,-Þ ,,Þ ,,.,Þ
,-,,,,6Þ 0,,l-,,-,,, ;Þ ,,,,Þ,Þ-,,,0,1,,6Þ .,P-,,Þ-,,m.o
.,.,,,,,6.Þ ,00,-,,Þ .,.,-.Þ ,-,,,,6Þ 0,,l-,,-,,,TÞ
,,.Þ e,,,Þ ,Þ -,,,-,,,,6Þ .,P-,,Þ ,-,,,,.Þ ,,,Þ 0,1,,Þ
.,66Þ -,-,,Þ ,Þ 6,.Þ 0,,l-,,-.Þ 6,,,cÞ K,,Þ ,,h.Þ
,-,,,.,Þ ,0Þ .6,--,.,Þ ,-..,,,Þ ,,,,Þ ,,,Þ ;DT?HÞ
d.,,-,Þ ,,Þ,1,J,.Þ..Þ l-,,,Þ -,,-,,Þ-,e,,,,,fmÞ.,,-,Þ
-,1,,,Þ,Þ6,,.,Þ,,,,Þ,0 ,,,Þ-,,e,,,,,Þ-,6,Þ-,--.Þ.,Þ
,,Þ ,,,,,,,,-,66.Þ .,,,Þ ,,,,,,,1,Þ ,,,,Þ �,,Þ .6,--,m.o
.,,,-,Þ .,.,.,>Þ _,,,,,,Þ ,,,,,,Þ ,-..,,,,.Þ ..Þ
,,1,,,6Þ ,-,,,,,Þ ,,Þ e,,,Þ ,,,Þ ;DT?TwÞ ,,Þ --,.,.6.Þ
,1,J,.Þ..Þe,,Þ 6,,.,,Þ,,,,,,6Þ P.,,,fmÞ ,,.Þ,,,,,Þ,,,Þ
J,,.,Þ ,,Þ .,Þ ,,-,-,,1,6.Þ .,.,.,.Þ ,,Þ
.6,--,.,ÞfyOc kÞ ,,,,,Þfi.,,,Þ,,,Þ-,,,,-,,.Þ,,Þ ,J,,,m.o
0,1,,6Þ .,,.6,,,Þ -,66, c Þ

Alzheimer's disease 
L,,,,6,.,-,6Þ ,J,.,,,,,,,Þ ,,Þ -,,,,,,,Þ .,,,Þ _6mm.o
,,,.,,',Þ.,,,,,,Þ,,1,Þ ,,1,,6,.Þ,Þ ,,.,,P-,,,Þ 6,,,Þ
,0Þ ,,,,,,6Þ .,,.6,,,Þ -,6-,fm Þ -,-,,--6,,6.Þ ,,,Þ -,-.,-Þ
,,,,cÞ fl,,,,,Þ ,,Þ ,6 fygfÞ -,,,,,,,.Þ ;DT?HÞ ,,,-6,,Þ ,,Þ
htÞ-,e,,,e,cÞ l,,Þ ,,,,,,,,,Þ ,,,-,,,,,Þ,,,.Þ .,.Þ,,,Þ
P,.Þ ,,.Þ -,.--,,,,Þ ,0Þ,,,Þ ;JHKÞ -,.-,,,h,Þ d,,,.Þ
.,.Þ ,,,Þ.,,,-,,ÞaJdH  c ÞL,.,1,,fmÞ ,Þ ,,.,,P-,,,6.Þ
,,.--,.Þ ;DT?TwÞ .,,Þ 0,-,.Þ 0,,Þ ,,,,..8,e,,,Þ -,,S
.,,,,h,fmÞ .,,-,Þ ,-..,,,,Þ ,,,,Þ ,,,,,Þ ,,Þ ,Þ ,,-,-,,1,Þ
,,.--,,,,Þ,0Þ,,,Þ,,.,,,1,Þ-,.-,h,,, ;Þ ,,.Þ,h.,,.Þ
,,Þ,,,,,Þ,,,Þ,6--,,,,,,,,Þ,0Þ,Þ,,,,,,,,,Þ,,,-,,,,Þ,,Þ
,--,Þ ,Þ -,,,,,,Þ e,,,,Þ ,,Þ ,Þ ,,.,,P-,,,6.Þ ,,.--,.Þ
aJdHcÞ

Amblyopia 
K,,Þ6,,,Þ,0Þ1,,-,6Þ ,--,,«Þ ,,Þ,..6.,-,,Þ ,,Þ,,,-.,,Þ
,,Þ .,Þ -,,,,-,-Þ ,,Þ ,,,.,,c Þfyg79 fyab1Y()Qi�Þ L,.,1,,fmÞ [J,.,Þ ,,Þ
,oo fyafy:fyalÞ -,-,,.,.Þ 0,,.Þ ,,,,,,-Þ .,,.-,,,Þ -,66,Þ ,0Þ
,..-.,-,-ÞJ,,,,,,Þ ,,.Þ ,,,.,.Þ-,,,,,,Þ0,,,-,,,Þ,0Þ
,,,Þ -,,-,h,,,Þ .,-,Þ ,.h,,.,6 cÞ K,,.Þ ,-.3,t,,.Þ
,,,,Þ,Þ,,,-,,-Þ.,0,-,Þ,,Þ,,,-,h,,.6,Þ0,,Þ,,,Þ-,,,,-,6Þ
,h,.,6.cÞ [,-,.,,,Þ ,,Þ ,6Þ ,,-,,.,.Þ ,,-0,-Þ 0,-,-Þ
DT?H,Þ ,,Þ ,..-.,p,-Þ -,,,,,,,Þ ,,.Þ -,,---.,.Þ ,,,,Þ
,,,Þ -,,J.,,.-,,,,-Þ -,--Þ kh,-,,,,Þ ,,Þ h,-.,-Þ ,,Þ
,,-,.,,.,-Þ ,..6.,-,,c Þ

S-,,-,eaOÞ ,J,.,,,.Þ 0,-,Þ ,.--,Þ -,,,,,,,Þ .,,,Þ ,Þ
.,-.Þ 6,,,Þ ,0Þ 1,,-,-Þ ,--,,.Þ ,,.Þ .,.Þ ,,,Þ ,.,,-1,Þ
,,.Þ -,.--,,,,Þ ,0Þe,,Þ ;JHKÞ ,.J-,,-.,cÞ e,J,6Þ ,..Þ
a,.-,-Þ ,,.,1,, vaf. eagÞ ,,-,,,,.Þ ,,,Þ -,,--,tÞ ,0Þ
e,-,,Þ ,.--,Þ ,..-«,-,-Þ -,,,,,,, cÞ K,,Þ ;DT?TwÞ .,,Þ
-,.--,.Þ ,,Þ ,6-Þ ,0Þ ,,,.?Þ L,.,F,,Þ ,,,Þ ,,.--,,,,Þ

.,,Þ .,,,Þ -,,,,-,-,.Þ 0,,Þ ,,,Þ aJdHÞ r,.-,,,,, cÞ
[,Þ ,Þ -,,6,.,,,,.Þ ,,-,,,Þ _,.,,Þ ,,Þ ,6 eaaÞ 0,-,.Þ ,,Þ
hmÞ p,,,,,,,Þ ,Þ ,,.--,,,,Þ,0Þ,,,Þ ;;HKÞ,.-6,,-.,Þ,0Þ
,,Þ 6,,,eÞ HKlÞ .,,,Þ -,.-,,,.Þ ,,Þ ,,,Þ 0,6 6,.Þ ,Ö,cÞ
[,Þ,,.,,Þ,,Þ,,.,1,Þ,,,,,J,,.,1,.-,6Þ1,,,,e,,,Þ,,,.Þ
.,,,-,,.Þ ,,,Þ ,,,,,Þ

;DT?HÞ 1,6,,�,Þ ,,Þ ,,,Þ ,.pq,ÝÞ
;DT?HÞ 1,6,,.,Þ ,,Þ ,,,Þ 0,66,.Þ ,.,Þ

_,.,,Þ,h.Þg,,.,,.KKÞ,J,.,,,.Þ62 ,..-.,-,-Þ
-,,6.,,, cÞ [,Þ hhÞ-,,-.,,,Þ.,,,,Þ,,,.,-Þ,.,,Þ.,,,Þ
,--6-.,.Þ -,,,6Þ ,,,Þ .,,,,,.Þ ,0Þ e,,Þ ,,,,fmÞ ,.,,,Ú
.,66.Þ ,.,66Þ ;DT?H,Þ .,,,Þ ,.,,,,,.Þ 0,,.Þ ,,,Þ
occluded ,.,Þ ,,.Þ ,,,Þ -,,,,Þ,.,1,Þ.,,Þ.,,,Þ ,,,hÞ
h cKcÞ [,Þ,,,Þ,,,,,,fmÞ ,,,Þ,,,,,Þ.,,fm Þ,,Þ,J-,-,,. fmÞ -,,,Þ
,,,,Þ h AKÞ.,-,-,,Þ,0Þ,,,Þ-,.--,�,,Þ,0Þ,,,Þ;DT?HÞ,,Þ
,,,Þ ,..6.,-,-Þ ,.,, c Þ K,,Þ ,n,,,Þ ,,Þ ,,,Þ P,,eÞ 1,,,,Þ
.,,Þ ,,,Þ ,,6,,,.Þ t,Þ 1,,-,-Þ ,--,,.Þ ,,Þ ,,Þ ,l-,,, cÞ _Þ
,,,,,,-,-,,1,Þ ,,-..Þ .,,Þ -,.,,,,J,,cÞ [,Þ -,,-.,,,Þ
.,,,,Þ ,--,e.Þ ,,.Þ .,,,Þ ,.--,1,.Þ ,,Þ ,,,.,6Þ
d,,,,,,--6,,Þ .,00,,,h-,Þ ,,,Þ 6,,,Þ ,,Þ 6,,,Þ .«Þ
,,,,,-,,-Þ ,,,,,.,,,Þ ,,,Þ ,,,,,Þ .,,Þ ,,eÞ ,,.,,Pm.o
-,,,6.Þ .,00,,,,,Þ ,,Þ ,,-.,6 cÞ [,Þ ,,,,,Þ ,,Þ .,,.Þ
1,,-,-Þ ,--,,.Þ.,,Þ ,.-,·1,.fmÞ .-,Þ ,,.,,,,,.Þ ,l,,Þ
,,,Þ ,,.Þ ,0Þ e,,,,.,,, fmÞ ,,,Þ ,,,,,Þ .,,Þ <s ,¸ ,,.Þ ,,Þ
,,,,,Þ ,,Þ .,,.Þ ,,,,,.,,,Þ .,,Þ ,,,00,-,,1,fmÞ ,,,Þ
,,,,,Þ .,,Þ ´ s .¸ K,,.Þ ,,-,,,,.Þ ,,,,Þ ,,,Þ ,,6,,,,,m.o
,,,-Þ .,,.,,,Þ 6,,,Þ ,0Þ ,--,,.fmÞ -,,,Þ ,0Þ .-,,,,.Þ
-,,,,,,,Þ ,,,,,,,1,,.fmÞ ,,.Þ ,,,Þ ,,.--,,,,Þ ,,Þ ,,,Þ
;DT?HÞ ,,Þ -,.-6,JÞ ,,.Þ .,.Þ .,00,,Þ ,--,,.,,�Þ ,,Þ
,,,Þ ,.-,Þ ,0Þ ,..6.,-,,cÞ g,,.,,Þ ,,.Þ ;,,,,,, vaKÞ
,,-,,,,.Þ,Þ,,.,,P-,,,6.Þ ,,.--,.Þ;JHKÞ-,.-,,,,,Þ
,,Þ-,,,,,,,Þ.,,,Þ ,,,,.,,.,-Þ,..-.,-,,Þ,1,,Þ,l,-Þ
-,-,kh-Þ-,0,,-,,,,cÞ [,Þ hd8nÞ,,,.Þ-,-,-,,.Þ,,Þ,,.,,Þ
,.--,Þ ,0.6.,-,-Þ -,,,,,,,cÞ g,,F,,e,,,,6Þ e,,,m.o
DT?HÞ ,,.Þ ,,-,-6,,,,.Þ -,t,,,,,6,Þ .,,,Þ ,,,.,6Þ
.,,6,Þ ,,,Þ ;DT?HÞ .,,Þ ,,.--,.Þ ,,Þ ,66Þ ,,.,,Þ
-,,,,,,, cÞfyKb1Y()Qi�ÞK,,.Þ -,,-6-.,uÞ ,,,,Þ ,,,-,Þ ,,Þh,Þ-,,
.,,.-,,,,-Þ ,,,,.,-Þ ..,fu,-e,,,Þ ,,Þ ,,,,Þ -,,.,,,,, fmÞ
.-,Þ ,,,Þ .,,.-,,,Þ -,l-Þ fu.-,,,,Þ .,tÞ ,00,-,,. cÞ

h,00,,,,,Þ -,,--,,Þ ,,,Þ ,,-,,,,.Þ ..Þ L,,,Þ ,eÞ
,6 eKe@ fyKcÞ -,,,.Þ ,,,,..Þ ,,,,,Þ -,,.,,,,,,fmÞ ,,.Þ 0-,.Þ
H,,,6,.Þ ,,.Þ g,-.,hl-,,,, vKfÞ .,,Þ .,,,--,.Þ
,,,,t,,,,Þ;DT?Tw,cÞfl,,,Þ.-,--,Þ ,,1,,,,.,,,.Þ,.-6,Þ
,¿.-.,-,, c Þ L,,,Þ ,,Þ ,oo eKfy . fyKcÞ ,0-,,,,À,.Þ e,,Þ
,.y,,,,.-,Þ ,0Þ PJ,,,,,Þ -,,,-,-Þ ,,.Þ ,----,e,Þ
,,0-,-,�,. cÞ g,,,Þ e,,,,Þ 0,-,,,,Þ ,,.Þ .,,hÞ ,,.,m.o
1,.-,--«Þ ,-,,.,,,.Þ ,,,.Þ .,.Þ ,,,Þ P².Þ ;DT?HÞ
,,,-,,,,,Þ ,,Þ ,..6.,-,,Þ .,,-,Þ .,,,Þ ,,.--,.Þ
.,-,.Þ ,,,Þ -,.,,Þ -,.,,tÞ ,0Þ,,,.,6 cÞ dS,,.Þ -,,.Þ ,Þ
ddlÞ -,,P.,,-,Þ 6,.,,,Þ ,h.Þ e,,Þ ,,,0,6Þ 1,,,,,,,,Þ
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was larger than reported in many other series) . 
However, further analysis of their results 
suggests a different interpretation. They 
analysed the results of eight anisometropic 
patientsl91 (Fig 13) .  In seven of them the v.yr¸
while within the normal range was reduced in 
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comparison to the fellow eye ��¸ in one patient 
the amplitude was the same. The probability that 
seven out of eight patients gave smaller cJgP«¸
in the amblyopic eye is p= .03125. In a second 
paper seven anisometropic patients were 
investigated. l92 In each patient, the v.yr¸ was 
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U[gd¸ R.¸troGe�smx�fipmiraei�edmeeietety�em�smeepldifpiefi�slwneopies.� Cpeedfiidx�fdeleie�frpl�s�edfede�pw�isiedmie.�
Fpf�dsfid,� idd�teelse�sfilety�smx�epee�pw� fipmiraei�edmeeietety�ee�petdm� (edft)�ismde�pidm�fieffiede.� Thd�dpfe�pmise�eemd�
fdifdedmie� ldd�ldsm� emirapfilesf�xiffdfdmfid� em�mpflsee,� smx�idd�edsxdx�sfds,� idd� eeleie�pw� idd�ldsm.� vpid�idsi�
idd�ieofidpidoeefise�idfdedpex�sfd�fipmeexdrawneo�raeedx,� deidfieseeo�si�depddf�eisiese�wdqldmfiede.� Thd�troGe� sfd�
fdxlfidx�em�29�pli�pw� 31¸ ideie,� idplpd� idd�xiffdfdmfide�sfd�llfid� elseedf�smx�xp� mpi�exfiddx�idd�ipise�tsfeswneeety.�
Hdee� di�se. s92�
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,F,J,.Þ .- .,Þ .,,Þ , ,--,,Þ , . Þ.- ..,-,..Þ 3-, .-.3,gÞ , . Þ
PF, Þ.- ..,-,. .Þ,-,.-,-Þ .-,l-,,cyÞ F,-.-.3Þ .-,0ÞK9hÞ
.,Þ h9KÞ -.-- ,,/.,3-,,9ÞS,-,gÞ m h Þ , ,-,-,.,Þ , ,.,Þ , . Þ
.,.,Þ .,-,Þ,. .,-.,.Þ ,. Þ .,,,,Þ-,.- ,. .,9Þl. Þhd Þ, . Þ
.,,,,Þ.,,Þ-,,-,.,,Þ.,,Þ,0,-- ,-Þ .,-Þ .,,Þ,0.-.,---Þ
.,,.Þ .,-Þ .,,Þ .,--,.Þ ,.,9ÞS,,Þ--wa.,.--- ..Þ .,,. Þ.,-,Þ
-,,-- .Þ-,--.Þ.,Þ,-,- ,F,.Þ..Þ-,,.-,Þ-,ÞF,-.Þ ,0,--Þ
fl-Ù 9KhT 9Þ S,-,gÞ .,-,Þ -,,-- .Þ .,--.Þ ,--,,-Þ .,Þ
-,.P-0Þ .,,Þ,,--- ,-Þ -,-,-.,E Þ,- .,,-3,gÞ ,,ÞL ,,,Þ ,.Þ
,oo eKe, eKcÞ -,-. .,.Þ ,- .gÞ -.- ,,,Þ ,-,--,-Þ -,-,Þ -,Þ .,J,.Þ
.,Þ -,.-,- .Þ .,,Þ,0.-.,---Þ ,.,,gÞ .,,Þ;DT?HÞ.---Þ., Þ
3-,,,-.Þ -..,-,, .-0,.,.Þ ,,.Þ - . Þ -,Þ --,.,.- ,Þ .,,.Þ
,--,Þ ,.Þ ,- .,.,- .Þ .,,Þ ., .Þ ,,J,.Þ -. .,Þ ,--,-. .Þ -.Þ
, .,,-Þ -.F,, .-3, .-,.,9ÞL ,,,Þ ,.Þ,- eKm , lKcÞ -.F,, .-3,.,.Þ
,Þ .-0.,-Þ , . Þ, .,,-Þ ,-.hF,-- ,.- ,,Þ , . Þ,0.-.,--,gÞ
.- .Þ .,,Þ ,-0.,-,Þ -.Þ ,,-,Þ 3-,--Þ .,-,Þ., .Þ -,-3,Þ
,.,-3,Þ.,Þ.,.,-0-., Þ- . Þ,..Þ,0,--Þ-,.--.-,,Þ, . Þ.,,Þ
;DT?HÞ ,-----,.Þ -.Þ .,,,,Þ 3-,--,9Þ Pa-, . Þ ,..Þ
id--eKdÞ -,-,-.,.Þ ,.Þ ,-JÞ -,.- ,. .,Þ .- .,Þ -,.-,- .-F,Þ
,0.-.,--,9Þ_Þ-,.--,.Þ;DT?HÞ.,,Þ .,-..Þ-.Þ,--Þ ,-JÞ
-,.- ,,.,Þ ,- .,,-3,Þ .,,Þ-,.-,- .-F, Þ.,P-- . Þ,,.Þ.,,,Þ
-,-,kh--.Þ -,--,- .,.9 Þ

_- .,,-3,Þ .,,Þ ;DT?HÞ 0,.Þ ., Þ -,.--,.Þ -.Þ
,0.-.,--,gÞ -.Þ -,Þ.- .P--- .Þ .,Þ ,. .,-.Þ3,,.Þ -,,-,.S
,,,Þ -.Þ.,-.3Þ -,--.-,. E Þ,..Þ -,- .----,--.Þ .,,Þ,3,S
3-,--Þ flhhmÞ .,,-,Þ , . Þ ,3,TÞ .,,-,Þ ,--,Þ -,-,-.,Þ
.,--.Þ .,Þ ,.Þ ,,,-, .,,-,Þ .,Þ .,,Þ---.---,.,9Þ

PERG in Systemic Diseases 

Diabetic retinopathy 

h-,.,.--Þ -,.-.,-,.,.Þ -,Þ -,00,,Þ fl,..Þ .,-,0-.3Þ
0,-,Þ,,TÞ ,,.Þ -,Þ ,Þ F,-.Þ ,,--,-,Þ .--..-.3Þ -,..-S
.-,.9ÞPa.-,.-.,-Þ -,, ,-Þ -,,3--,.-,,Þ -,Þ ,,--kh-Þ -.Þ
.,-,.-,3Þ .,,Þ --,3-,,,Þ ,,.Þ --,F,. .-,3Þ .,,Þ -,.S
----, .-,,,Þ,.Þ .,,Þ--,-- .,-, .-F,Þ-,,,,9Þl--,-,,- ,-,Þ
,.3-,3-,-,.Þ -,Þ , .---Þ .,,Þ.,, . Þ0,.,,.Þ,. Þ,,, ,,,-.3Þ
.,,,Þ .,-J3-,-..Þ .-,.,.--Þ -,.-.,-,.,.Þ , .,-.,Þ .,Þ
. ,.,--,-,.,9ÞL,.,F,-EÞ.,-,Þ0,.,,.Þ-,Þ-,F,,-F,Þ,..Þ
-.ÞF,ryÞ u,.Þ -,,,,Þ ,,,Þ , ,F,-,Þ,-.,Þ,.u,- .,9ÞS,,-,S
u,-, Þ.,,-,Þ,,F, Þb ,,.Þ 0,.yÞ ,yy,0-.,Þ Ç,Þ . ,F-,,Þ,.Þ
,�y,-v,.iF,Þ v,vivF,,iF,Þ 0,.,,v9Þ Xl,,,h,l,c .r,S
-,.-,,3-,,Þ -,0,-,Þ ,,-0,-Þ -,Þ -,,,,Þ ,.Þ .-,.,.--Þ
-,.-.,-,.,.Þ -,- ,,,Þ 3-,,,Þ -,.-.,-Þ .,0,3,Þ ,-Þ
F- .-,,-,Þ ,,,0,--,3,,Þ ,,,Þ ,--,-F,,,.9eKO0 eKfÞ f.Þ
-,- .----,-Þ -. .,-,, .Þ,,,Þ. ,,,Þ .,,Þ,0--- .-.,Þ,.Þ .,,Þ
,,----, .,-.Þ -,,,,.-,-,Þ flf;,T tÞ S,,, , Þ ,-,Þ .,, . Þ
.,F,- ,.,Þ , , Þ .,,Þ ,,-,..-.3Þ --0.Þ , . Þ .,,Þ .-.,F,EÞ
,..Þ -,,,Þ , . Þ .,,Þf;,Þ -,Þ .,- -,F,.Þ .,Þ ., Þ-,-, .,.Þ .,Þ
-,.--.-,,Þ -,Þ .,,Þ .-,,.Þ ,----.Þ F-,Þ .,,Þ -,.-,,-Þ
,-.,--,-,,1Þ L,.,F,-EÞ -.Þ ,,,Þ .,,.Þ --,-0,.Þ .,, . Þ
.,,,,Þ.,F,-, .,Þ ,-,Þ-,, .Þ, , Þ-,.3Þ,, ÞhK Þ.,,-,Þ.,.,-,Þ

.,-J3-,-..Þ -,.-.,-,.,.Þ -,Þ ,F-.,. .9ÞeKgÞ i-,,.--JÞ
,.Þ,- eKaÞ 3-F,Þ,Þ 0,-,Þ-,- .-,-,Þ ,--,-. .SÞ .,,Þ,,---S
-,.,-.Þ -R.,..-,-,Þ ,-,Þ --,3-,,,-F,-.Þ -,.--,.Þ -.Þ
,0--- .-.,Þ .,ro-3,Þ , .,3,,Þ ,.Þ lhliÞ ,.Þ .-,.,.--Þ
-,.-.,-,.,.9Þ

_-.,.Þ ,.Þ ,-KaÞ ,J,0-.,.Þ HmÞ .-,.,.--Þ -,.- ,. .,Þ
-,.3-.3Þ .-,0Þ .,,, , Þ.,,Þ ,,.Þ .,Þ -,.-.,-,.,.Þ ,-Þ
kh..-,-,---Þ-,,.3,,Þ .,Þ .,,,,Þ-.Þ .,,Þ--,h--,-- .,-S
, .-F,Þ , ., .,2Þ a,.,Þ ,,.Þ F-,-,-Þ ,.0-.,0,,Þ
i-,,.--J',Þ -,,-- ., eKaÞ ,.Þ f;,Þ .,-,Þ -,.P-0,.9Þ
l,-Þ -,.- ,. .,Þ -,Þ , .,3,,Þ lÞ ,..Þ ll Þ fl.,-J3-,-..Þ
-,.-.,-,.,.Þ .- .,Þ 0---,,.,--.,0,Þ ,.-Þ ,.-.TÞ .,,Þ
;DT?HÞ .,,Þ .- .,-.Þ .,-0,-Þ --0- .,9 ÞL,.,F,-EÞ ,,Þ
,,,.Þ ,,Þ -,..,.J.,,-Þ ,-, .,Þ ,..Þ ,.3-,3-,-,--Þ
,F-.,.- ,Þ ,.Þ ,-,,,Þ ,.Þ -,----,-.Þ .,.h-,-kh,-,,Þ
.,-,Þ--,, ,..gÞ .,,Þ;DT?HÞ.,,Þ -,.--,.Þ -,.,-.,-S
,.-.Þ .,-,.Þ .,,Þ ,,-0,-Þ F,--,9Þ S,,Þ ,- .,,-,Þ
-,.---.,.Þ .,, . Þ;DT?HÞ,..,-0,--.- ,,Þ ,--,,-Þ ,.-.Þ
.,,.Þ .,,Þ-,----,-.Þ------,.-,.Þ-,Þ, ..,- .,.Þ,..Þ.,,Þ
,,--- ,-9ÞS,-,Þ .,,Þ;DT?HÞ,,,Þ- ,- .,-.Þ,.F,..,3,,Þ,,Þ
,Þ ,--,,.-.3Þ .,, .9Þ i,--Þ ,.Þ ,- eKKÞ ,-,,Þ -,-,-,Þ
-,.--,.Þ ;JHKÞ-,0-,.,..,Þ -.Þ hHÞ.-,.,.--Þ-,.- ,. .,Þ
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