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ISCEV

Criteria for the Adachi award

The recipient shall be a member of ISCEV

The recipient shall have a record of outstanding service to 

ISCEV over a long period

The recipient shall have made a significant scientific 

contribution to clinical electrophysiology of vision

The recipient shall undertake to deliver an interesting and 

informative scientific lecture at the next ISCEV symposium
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Life before ISCEV 

–how I started in vision–

Spikes in a primate model
– acute & chronic (=trained) –,

multielectrode
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PhD Thesis: 30 microelectrodes in primate visual cortex
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192 J. Kr(iger and M, Bach: Multielectrode Recording in Visual Cortex 
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Fig. 1. a View of the multi-microelectrode. Three electron-microscope object-holder grids at mutual distances of 2 mm hold the electrodes 
in place. The grid next to the tips is cut to a rectangular shape. The electrodes are glued to the two remaining grids by pitch (black patch). 
The electrodes have mutual distances of 160 lz, and their free length is 2.5 mm. At the ends opposite to the tips the wires are spread apart, 
the glass insulation is removed by molten sodium carbonate and electrical contact made by silver paint, h Action potentials in the visual 
cortex recorded by 18 of the 30 electrodes. The photographs were taken in rapid succession without moving the electrodes. The sweeps 
were triggered by a sp~ke at left. The calibration mark indicates 100 ~tV vertically and 10 ms horizontally. Fast flanks of spikes have been 
retouched. Arrangement of traces in this figure is not related to the matrix positions of the electrodes 

s tandard pulses which were  s tored  on  magnet ic  disc 
by a compu te r  ( In te rda ta  M70) with a t ime-resolu-  
t ion of i ms. Tr iggered  activity was also displayed on 
a matr ix  of  l ight-emitt ing diodes.  For  audi tory  moni-  
toring each individual  channel  or  the sum of all 
channels could be  selected.  

Al though  the e lect rodes  could not  be  m o v e d  
independent ly ,  usually abou t  half  o f  t hem displayed 
single unit  activity, the m a x i m u m  so far being 19 
single spikes. For  m a n y  purposes ,  double  or  mult iple  
spike activity at the remain ing  e lec t rodes  could also 
be  used. Figure l b  shows act ion potent ia ls  r ecorded  
by different  e lec t rodes  in the  visual cortex.  Spike 
train cross-corre lograms clearly showed that  on no 

occasion did two elect rodes  record  f rom the same  
neurone .  

Spike activity was processed  off-line by var ious 
compu te r  p rog rams  which have  thus far  provided:  
dot displays of  evo ked  activity (also avai lable during 
the exper iment ) ;  per i -s t imulus  t ime (pst) h is tograms 
(Fig. 2a, left); c ross -cor re lograms be tween  spike 
trains of pairs of  e lec t rodes;  cortical  maps  of  pre-  
fer red  or ienta t ions  (Fig. 2b); spike counts  in succes- 
sive t ime intervals in o rder  to s tudy neurona l  variabil-  
ity and its ne ighbourhood  relat ions;  mot ion  pictures  
of  spatial pa t terns  of  activity; h i s tograms f rom l inear  
combinat ions  of  e lec t rode  signals to extract  s t imulus 
features  f rom ensembles  of  neurones .  

Jürgen Krüger

PhD Thesis: 30 microelectrodes, some results
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Histograms → Eye dominance Map Orientation Map

Krüger & Bach 1981, 1982; Bach & Krüger 1986

Ocular dominance  
columns



Methods Development

Unfortunately I suffer from “not invented here”,
I do like to develop methods myself.

Was somewhat useful, though:
3 examples.
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         Freiburg Visual Acuity and Contrast Test – FrACT
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1985, web 1996, all platforms 2002  
Development ongoing
Widely used

http://michaelbach.de/fract/

     EP2000
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Deployed 2000

Various labs world-wide

≿ 50 papers based on EP2000 

http://michaelbach.de/ep2000/
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On the statistical significance of electrophysiological
steady-state responses

THOMASMEIGEN1 and MICHAEL BACH2
1Univ.-Augenklinik Würzburg, D-97080 Würzburg, Germany; 2Univ.-Augenklinik Freiburg,
D-79106 Freiburg, Germany

Accepted 23 June 1999

Abstract. Steady-state stimulation is a useful paradigm in many physiologic and clinical
situations, for ERG, Pattern-ERG and VEP. One of the advantages is the easy evaluation of the
response via Fourier analysis. However, the question whether a given response is statistically
significant or not has received little attention so far, although it is especially relevant in high
noise, low amplitude recordings, as often occur in pathologic conditions. A given response is
statistically significant if it is unlikely that its value is due to noise fluctuations. Thus appropri-
ate estimates of noise and response are required. We have analytically derived formulas for the
statistical significance of a given signal-to-noise-ratio s, based on two different estimates of
noise: (1) Noise estimate by a ‘no stimulus’ recording, or by a ‘±average’. The former needs
an additional recording, the latter can simultaneously be calculated as the standard average.
(2) Noise is estimated as the average of the two neighboring spectral lines (one below, and one
above the response frequency). Analytical solutions were obtained for both noise estimates
that can easily be evaluated in all appropriate recordings. Noise estimate (1) performs much
poorer than noise estimate (2), as can be seen from the following landmark values: Typical
significance levels of 5%, 1%, and 0.1% require s values of 4.36, 9.95, and 31.6 (1), and
2.82, 4.55, and 8.40 (2). The noise estimate based on the neighboring frequencies can be
easily applied after recording, provided that the noise spectrum is reasonably smooth around
the response and frequency-overspill was avoided. It allows a quantitative assessment of low
responses in physiological threshold analyses and pathological conditions, e.g., ‘submicrovolt
flicker-ERG’.

Key words: ERG, signal-to-noise ratio, statistical significance, steady-state, VEP

Introduction

The temporal presentation rate of visual flash or pattern stimuli is an impor-
tant parameter in electrophysiological recordings. It evokes either transient
potentials at slow presentation frequencies or steady-state potentials at high
presentation frequencies. Transient and steady-state recordings differ in many

Documenta Ophthalmologica 99: 69–82, 1999.
© 2000 Kluwer Acadeic Publishers. Printed in the Netherlands.

Do’s and don’ts in Fourier analysis of steady-state
potentials

MICHAEL BACH and THOMASMEIGEN
Elektrophysiologisches Labor, Universitäts Augenklinik, Freiburg, Germany

Accepted 19 January 2000

Abstract. Fourier analysis is a powerful tool in signal analysis that can be very fruitfully
applied to steady-state evoked potentials (flicker ERG, pattern ERG, VEP, etc.). However,
there are some inherent assumptions in the underlying discrete Fourier transform (DFT) that
are not necessarily fulfilled in typical electrophysiological recording and analysis conditions.
Furthermore, engineering software-packages may be ill-suited and/or may not fully exploit
the information of steady-state recordings. Specifically:

• In the case of steady-state stimulation we know more about the stimulus than in standard
textbook situations (exact frequency, phase stability), so ‘windowing’ and calculation of
the ‘periodogram’ are not necessary.

• It is mandatory to choose an integer relationship between sampling rate and frame rate
when employing a raster-based CRT stimulator.

• The analysis interval must comprise an exact integer number (e.g., 10) of stimulus
periods.

• The choice of the number of stimulus periods per analysis interval needs a wise com-
promise: A high number increases the frequency resolution, but makes artifact removal
difficult; a low number ‘spills’ noise into the response frequency.

• There is no need to feel tied to a power-of-two number of data points as required by
standard FFT, ‘resampling’ is an easy and efficient alternative.

• Proper estimates of noise-corrected Fourier magnitude and statistical significance can
be calculated that take into account the non-linear superposition of signal and noise.

These aspects are developed in an intuitive approach with examples using both simulations
and recordings. Proper use of Fourier analysis of our electrophysiological records will reduce
recording time and/or increase the reliability of physiologic or pathologic interpretations.

Key words: evoked responses, ERG, Fourier analysis, pattern ERG, steady-state, VEP

Purpose

Fourier analysis is a powerful tool in signal analysis that can be fruitfully
applied to steady-state evoked potentials (flicker ERG, pattern ERG, VEP,
etc.). However, occasionally this is done ineffectively or even inadequately.
A number of inherent theoretical assumptions (e.g., the cyclic nature of the
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Figure 1. Significance related to the signal-to-noise ratio. Recording (a) shows a significant
response of the visual system to a 30 Hz flicker stimulus. The 30 Hz Fourier component
(right) clearly exceeds the noise level as defined by neighboring frequencies. Trace (b) is a
pure noise response that was recorded under identical conditions as (a), but without visual
stimulation. The Fourier spectrum indicates a non-significant response as the magnitude at
30 Hz is not larger than those of neighboring frequencies. Recording (c) shows a response
under near-threshold conditions. In this paper we derived two mathematical formulas for the
evaluation of statistical significance in such intermediate situations. In order to reach a 5%
significance level, the 30 Hz component in (c) must exceed the average magnitude at the two
neighboring frequencies in (c) by a factor of 2.82, or it must exceed the 30 Hz component of
a control response like the one in (b) by a factor of 4.36.

no longer need to change the filter characteristics of amplifiers to perform a
spectral analysis. Instead, software packages for Fourier analysis are widely
available that allow an ‘offline’ isolation of the different spectral components
in an averaged evoked potential. Unfortunately, these ‘FFT packages’ are
often engineering solutions that do not take the special possibilities and prob-
lems of electrophysiological data into account. In the present paper we show
that the statistical significance of steady-state potentials can be estimated
easily in the Fourier domain. We will present simple formulas to estimate
whether amplitude values in intermediate situations like the one in Figure 1c
are significantly different from noise.
Statistical significance is usually evaluated by testing individual or group

results against the data of a control group, e.g., the ISCEV standards recom-
mend the recording of normal values for each recording condition [5, 7, 8].
Our approach differs in three respects. First, we did not collect separate elec-
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Figure 4. Significance pS ′′ (s′′
0 ) derived from s′′

0 . The signal-to-noise ratio s′′ is here defined as
the magnitude ratio of the VEP/ERG response at spectral line j to the average noise magnitude
n′′
j at the two neighboring frequencies (Figure 2b). The signal (b) and noise (c) magnitudes
are thus taken from different distributions fM and fA. The distribution fS ′′ (s′′) for the sig-
nal-to-noise ratio (d) allows the calculation of significance values pS ′′ (s′′

0 ) (e) as a function of
s′′
0 .

a pure noise response (Figure 3b, c and Figure 4b)

fM(mj) = mj e− mj
2

2 (10)

80

Figure 7. ‘Response and noise’. The ordinate represents the ‘true’ amplitude, expressed in
multiples of noise. The ordinate plots the spectral magnitude, which is extracted from the
spectrum. It can never be less than noise, but rapidly approaches the veridical amplitude with
increasing signal-to-noise ratio. When the response is three times as large as the noise there is
only a 5% error in the spectral estimate [13, 14].

Noise and true response (magnitude in the frequency domain) do not add
linearly [13, 14]. This means that small amplitudes will likely be noise only.
However, if the amplitude is three times the noise estimate [as defined above
after [12]], there is little noise (5.3%, see Figure 7: measured amplitude 3.16
for a true amplitude of 3.0), and the response is significant on the 5% level
[12].

Number of stimuli per sweep

Some researchers select their sweep length in such a way that it contains
exactly one cycle of the stimulus. We suggest that it is beneficial to use
a higher number of stimulus periods per analysis interval which allows to
recognize ‘trend artifacts’ that may arise from blink rejection and electrode
drift. A linear trend will generate a sawtooth-spectrum. If the response fre-
quency is high as compared to the lowest possible frequency (representing
the fundamental of the sawtooth), the response will not be markedly affected
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Table 3. Noise estimated by a control response, Excel
notation. The Fourier components of the signal and noise
response are inserted into the first two cells Al and A2.
Cell A3 contains the formula for the signal-to-noise ra-
tio s′

0. Cell A4 gives the significance level pS ′ (s′
0) as

evaluated by Equation (12b/32)

Cell name Cell content

A1 signal magnitude
A2 noise magnitude
A3 = A1/A2
A4 =1/(1+A3ˆ2)

Table 4. Noise estimated by averaging two spectral neighbors, Excel notation. The
signal magnitude and the noise magnitudes of the two neighboring frequencies are
inserted into the cells Al, A2, and A3. Cell A4 contains the formula for the sig-
nal-to-noise ratio s′′

0 . Cell A5 is used to simplify the formula in A6, which gives the
significance level pS ′′(s′′

0 ) as evaluated by Equation (18b/41)

Cell name Cell content

Al noise magnitude at the first neighbor
A2 signal magnitude
A3 noise magnitude at the second neighbor
A4 =A2/ ((A1+A3) /2)
A5 =2+A4ˆ2
A6 =(2+4*(1/A5))/(4+A4ˆ2)

– (SQRT(2)*A4ˆ2*ARCTAN(SQRT(2/A5)))/A5ˆ(3/2)

specific magnitude value that is inserted in the corresponding cell. Text in
boldface shows a formula in the Excel notation that relates the output of the
corresponding cell to the content of other cells.
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What is most difficult with the PERG?  
 

Electrodes!

12
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PERG – Electrodes PERG – Electrodes

14

80 km
≈ 50 miles

As seen on German TV last year

PERG – Check size
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ELECTRORETINOGRAPHIC AND VISUAL CORTICAL 
POTENTIALS IN RESPONSE TO 

ALTERNATING GRATINGS 

L. Maffei 
Istituto di Neurofisiologia 

del Consiglio Nazionale delle Ricerche 
561 00 Pisa 

Italy 

It is a general law of sensory physiology, and therefore also of visual physiology, 
that some dimensions of the physical stimulus are transmitted and others are rejected. 
The central nervous system, with its economic plan oriented to survival, cannot afford, 
for instance, the distraction of analytically processing stimuli that are homogeneous 
either in time or in space. 

It is the surprise-that which is new-that is particularly attractive and stimulat- 
ing: Variatio delectat. 

Changes in space and in time are most effective in attracting our visual interest 
and in eliciting the discharge of visual neurons. Contrast seems to be the variable that 
matters whereas a slow background flux of light either in time or in space is 
progressively discarded up to its almost complete neglect at the level of the visual 
cortex. 

Starting from the stage of receptors (cones) a particular organization of visual 
receptive fields becomes apparent, i.e., a spatial distribution of excitatory and 
inhibitory influences apt to remove the DC component of light distribution. This is 
progressively achieved through various stages along the visual pathway. 

The study of physiology of visual neurons from retina to cortex has long been 
hindered by the stubborn determination of investigators to use flashes of diffuse light. 
Similarly the study of visual evoked potentials (VEP) in man has meandered rather 
inconclusively. 

It was following the lead of physiologists of single neurons of the visual system and 
in particular the work of Hubel and Wiesel that visual evoked potentials in man had a 
fresh start. 

Campbell and I’ more than ten years ago recorded evoked potentials in response to 
sinusoidal gratings, the phases of which were alternated in time. A property of the 
grating stimulus is that luminance, considered over a sufficiently large summation 
area, remains constant while contrast and spatial frequency can easily be changed. 
The most important finding was that from visual evoked potentials it was possible to 
predict related psychophysical data. We found, for instance, that for each spatial 
frequency the amplitude of VEP was linearly related to the logarithm of contrast of 
the grating. In addition, we found that extrapolation of the regression line between the 
evoked potential amplitude and the logarithm of contrast to zero amplitude predicts 
the psychophysical contrast threshold. The physiological astigmatism that exhibits 
itself as higher contrast sensitivity in vertical and horizontal meridians than in oblique 
ones was also present in evoked potentials.’ These showed an amplitude twice as much 
for the vertical and horizontal as for the oblique meridians. 

This difference was not present in the electroretinographic responses. Campbell, 
Piccolino, and I’ used in the cat the same technique of evoked potentials as for the 
human subjects and found again a linear relationship between the amplitude of evoked 
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DISCUSSION OF THE PAPER 

G. CELESIA: In order to stimulate preferentially ganglion cells from the fovea 
versus the peripheral retina, could one vary spatial frequency? 

L. MAFFEI: For cats and for the human, probably yes. We have not done selective 
stimulation of the peripheral retina, but I would say that most of the pattern ERG 
waves come from the central part. When we stimulate the peripheral part, the ERG 
becomes a very small wave of the order of one microvolt or less. 

H. SPEKREIJSE; I am particularly intrigued by your observation that, after cutting 
the optic nerve, the reduction of the ERG was particularly pronounced for, or most 
evident in the beginning for, the low spatial frequencies. If you extend the spatial 
frequency scale, you find that there are still lower spatial frequencies, and you would 
expect thus to find a reduced luminance (flicker) response. Yet, that one was not 
affected. So if you plotted the ERG amplitude curve as a function of decreasing spatial 
frequency, first it should decline, and then it has to go up as you observed. Have you 
done this? 

MAFFEI: I agree with you that if you go to very low spatial frequencies you run the 
risk of stimulating luminance detection. If you go below one cycle in the human or 0.1 
cycle per degree in the cat, you begin to see again that the response is going up. 
10 Annals  New York Academy of Sciences 

However, we never go below that frequency because we think that is a poor 
experiment. 

SPEKREIJSE: If you plot the amplitude of the VEP as a function of contrast in man, 
then it extrapolates to the psychophysical threshold. At the same time you also said in 
your presentation that the PERG curve crosses the abscissa a t  a much higher contrast 
than the VEP. Thus the ERG disappears before the VEP. Well, if the receptors do not 
give any response, of course, the ganglion cells should not give the response either. 
How do you explain this? 

MAFFEI: That is a very good observation, and it is correct. The PERG signal is a 
very small signal and so we think it must be present if the evoked potential is present, 
but the response is not clear if the contrast is very low. 

SPEKREIJSE: It is not the absolute amplitude which is of importance here- 
otherwise I would agree with you. It is the extrapolated value and the slope which 
matter. The absolute value has no meaning here and if the PERG disappears and 
extrapolates a t  a much higher contrast, and if you believe that the same mechanism 
accounts for both, then there is a paradox. 

I agree … if you go to very low spatial frequencies you run the 
risk of stimulating luminance detection. … However, we never 
go below [0.1 cpd] because we think that is a poor experiment.

We did this poor experiment.
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1. Loss of the retinal ganglion reduces the PERG  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Bach & Holder 1996
Fourier contents of checkerboards 
Yang, Reeves & Bearse 1991
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ERG & PERG in glaucoma
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early stage

glaucoma,
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Glaucoma – check-size effect in humans and monkeys

In early glaucoma, PERG loss depends on check size

Johnson et al. 1989
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Background: Everyday language relates depressed mood to visual phenomena. Previous studies point to a reduced sensitivity of subjec-
tive contrast perception in depressed patients. One way to assess visual contrast perception in an objective way at the level of the retina is
to measure the pattern electroretinogram (PERG). To find an objective correlate of reduced contrast perception, we measured the PERG in
healthy control subjects and unmedicated and medicated patients with depression.

Methods: Forty patients with a diagnosis of major depression (20 with and 20 without medication) and 40 matched healthy subjects were
studied. Visual PERGs were recorded from both eyes.

Results: Unmedicated and medicated depressed patients displayed dramatically lower retinal contrast gain. We found a strong and
significant correlation between contrast gain and severity of depression. This marker distinguishes most patients on a single-case basis from
control subjects. A receiver operating characteristic analysis revealed a specificity of 92.5% and a sensitivity of 77.5% for classifying the
participants correctly.

Conclusions: Because PERG recording does not depend on subjective ratings, this marker may be an objective correlate of depression in
human beings. If replicated, PERG may be helpful in further animal and human research in depression.
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Depressive disorder is one of the most severe and debil-
itating mental disorders in the world (1). The precise
cause and pathogenesis of depression is still unknown.

However, it has been linked to a disturbed neurotransmitter
physiology with a focus on the serotonergic, adrenergic, and
dopaminergic systems (2–4).

Everyday language relates depressed mood to visual phenom-
ena: in language and in the arts, depression is associated with
darkness and gray and black colors. Everything is said to look
gray-in-gray when people feel blue.

Several lines of evidence suggest that in fact there might be
a physiologic link between depression and vision. For exam-
ple, reserpine, a drug that can induce depression in humans,
leads to photophobia in rats (5,6). In addition, a number of
human studies point to visual alteration in patients with mood
disorders. There are reports of altered amplitudes in visually
evoked potentials and delayed N80 and P100 latencies in
patients with major depressive disorder (MDD) (7–11) and of
hypersensitivity to light in bipolar patients (12). Some authors
raise the point of a specific influence of antidepressants on
visual perception (11).

In a previous study, we found reduced psychophysical con-
trast sensitivity (CS) in patients with MDD (13). Other authors
have reported enhanced visual motion perception in patients
with depression (14). However, because such findings rely on
conscious processes, the results might be confounded by atten-

tion and other subjective factors. Also, it is not clear whether this
reduction in visual CS was due to alterations at the level of the
retina, the lateral geniculate body of the thalamus, basic cortical
visual processing in the occipital lobe, or higher top-down
control processes of frontobasal circuits.

Animal models and human studies suggest a strong modula-
tion of contrast processing at the level of the retina (15,16). To
assess a possible relationship between visual contrast processing
at the level of the retina and depressive phenomena, we mea-
sured the pattern electroretinogram (PERG)-based contrast gain
(hereafter “contrast gain”) to achromatic, gray checkerboard
stimuli in healthy control subjects, unmedicated patients with
MDD, and medicated patients with MDD.

The PERG is an objective electrophysiologic response, re-
corded at the cornea in response to visual pattern stimulation. It
mainly represents activity of the retinal ganglion cells and thus
can serve as a surrogate marker of retinal information processing
from the photoreceptors to the beginning of the optic nerve
(17,18).

Methods and Materials

Forty patients with a diagnosis of MDD and 40 matched
control subjects without any psychiatric disease took part in the
study. Twenty of the patients received medication, and 20
patients were medication-free. Patients were identified at the
Department of Psychiatry of the University Hospital of Freiburg
following approval by the local ethics committee. Patients were
included after giving informed consent. The patients in the
medication group were inpatients, who were admitted to the
hospital because they did not respond to their current medication
in an outpatient setting. All patients had received their new
antidepressant medication for only a few weeks, and for that
reason, it was too early to judge whether they would eventually
respond to this medication.

Inclusion criteria were a current diagnosis of a major depres-
sive episode according to DSM-IV criteria classified as either
MDD, single episode (DSM-IV 296.2; 28 patients) or recurrent
episode (DSM-IV 296.3; 12 patients). Exclusion criteria were any
other DSM-IV Axis I psychiatric disorder, chronic depression, any
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Beck Depression Inventory  
≤10: minimal depression,  63: max. severe
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For the past few decades there has been an intensive search for
biomarkers of psychiatric states such as schizophreniform or
depressive syndromes. Currently, different neurobiological signals
are being discussed as potential candidates, such as brain volume,
cerebral blood flow, plasma proteins, sleep patterns and blood
oxygen level-dependent (BOLD) functional magnetic resonance
imaging (fMRI).1–5 An objective biomarker of depression could
be very helpful in distinguishing classical depressive episodes from
depression in the context of other disorders such as schizophrenia
or life events. It also might be helpful in objectifying the
therapeutic response to medication or psychotherapy.

Electrophysiological, psychophysical and fMRI signals arising
from the visual system are further candidates as biomarkers of
depression. Visual contrast sensitivity and visual-evoked potential
amplitudes are known to be reduced in depression.6,7 Moreover,
there is evidence that antidepressant medication can modulate
visually evoked potentials in healthy individuals.7 In people with
seasonal affective disorder, an initially diminished flash electro-
retinogram normalised after light therapy,8 and mood states have
a surprisingly strong influence on the visual-evoked potential.9 A
recently published fMRI study described elevated visual cortical
activity in sustained remitted patients with depression and a
decrease in activity in those who relapsed.4

Another candidate as a biomarker for depressive states is the
retinal contrast gain. Retinal contrast processing is easy to assess
with an electrophysiological signal, which arises at the level of
the retina in response to phase reversing stimuli (gratings or
checkerboards) with varying contrasts (Fig. 1). This signal is the
pattern electroretinogram (PERG), which reflects retinal ganglion
cell activity and is recorded at the cornea in response to visual
pattern stimulation.10,11 The PERG can thus serve as a surrogate
marker of retinal information processing from photoreceptors to
the origin of the optic nerve. It is modulated by changes in the
catecholaminergic system, especially the dopamine system with a

reduction under dopamine depletion conditions.12,13 Psycho-
pharmacological treatment with antidepressants leads to alterations
in the catecholaminergic system that depicts an important
pathophysiological mechanism underlining depression.14 When
stimulating rapidly (faster than about five reversals per second),
a somewhat sinusoidal response is obtained in response to the
phase-reversing checkerboard. The relationship between the
amplitude of this curve and the contrast of the presented grating
is nearly linear, i.e. the stronger the contrast, the larger the
amplitude.15 Since patients do not have to consciously respond
in any way but only have to observe the phase-reversing checker-
board, this measurement is objective – a sort of ‘electrocardiogram
of the eye’.

In a recent study we reported reduced retinal contrast
processing as a strong marker of the depressive status in
unmedicated and medicated patients.16 Figure 1 illustrates typical
PERG recordings of participants with current depression and
healthy controls in this previous study. The difference in contrast
gain between patients and controls was remarkably strong and
patients could be distinguished from controls at an individual
raw-data level with high sensitivity and specificity.16 Thus, the
question arises as to whether this easy-to-assess signal might serve
as a clinically relevant marker of depression. In particular, the
present study examined whether deficient retinal contrast gain
(as measured with the PERG) normalises after successful anti-
depressive therapies or if it remains abnormal even after remission
of depression: is the PERG a state marker or a trait marker?

Method

The basic participant sample for this study is identical to that of
our previously published baseline sample: there was no difference
between these patients and the patients from the previous study,16

which consisted of 40 patients (20 in-patients and 20 out-patients)
and 40 controls. The 20 in-patients and the 20 out-patients in our
previous study both presented with a significant reduction in
baseline retinal contrast gain. The baseline contrast gain did not
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Effect of antidepressive therapy on retinal
contrast processing in depressive disorder
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Background
Recently, we reported a reduced retinal contrast gain in
unmedicated and medicated patients with major depression.

Aims
To analyse whether the contrast gain normalises after
successful antidepressive therapy by recording the pattern
electroretinogram (PERG) in healthy controls and patients
with depression before and after antidepressive therapy.

Method
Fourteen patients diagnosed with major depression were
repeatedly scanned and the results compared with that from
40 matched controls.

Results
The retinal contrast gain was lower at baseline in patients

with depression, was normalised with remission and
correlated with the severity of depression. Patients who did
not achieve remission retained significantly lower contrast
gain at follow-up.

Conclusions
The study provides evidence for a state-dependent
modulation of retinal contrast gain in patients with major
depression. Reduced contrast gain normalised after therapy.
A PERG-based contrast gain could serve as a state marker of
depression.

Declaration of interest
None.

The British Journal of Psychiatry (2012)
201, 151–158. doi: 10.1192/bjp.bp.111.100560

*These authors contributed equally to the work.

2012

PERG: state marker

29
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Abstract

In previous studies, we found a strong reduction in contrast perception and retinal contrast gain in patients with major
depression, which normalized after remission of depression. We also identified a possible role of the dopaminergic system
in this effect, because visual contrast perception depends on dopaminergic neurotransmission. Dopamine is also known to
play an important role in the pathogenesis of attention deficit hyperactivity disorder (ADHD). Therefore, in order to explore
the specificity of retinal contrast gain as a marker of depression in comparison with other psychiatric diseases, we recorded
the pattern electroretinogram (PERG) in patients with ADHD. Twenty patients diagnosed with ADHD and 20 matched
healthy subjects were studied. Visual pattern electroretinograms were recorded from both eyes. The contrast gain of the
patients with attention deficit disorder (ADD) did not differ from the control group, nor did the contrast gain of any ADHD
subgroup (predominantly inattentive or combined patients). In the healthy subjects, a significant correlation between
depression score and contrast gain was found. As the contrast gain in an earlier study clearly separated the patients with
depression from the controls, we assume that retinal contrast gain might be a specific marker in depression.
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Introduction

Increasing evidence points to abnormalities in vision in
depressive disorder [1–4]. In two recent studies, we found a
significant reduction in contrast processing in patients with
depressive disorder. In the first study, patients with major
depression presented reduced psychophysical contrast sensitivity
[5]. The following study documented electrophysiologically a very
strong reduction in pattern electroretinogram-based contrast gain
in patients with major depression [4]. The pattern electroretino-
gram (PERG) is an electrophysiological response recorded at the
cornea in response to visual pattern stimulation [6]. It predom-
inantly represents the activity of the retinal ganglion cells [7,8]
and, thus, can serve as an objective surrogate marker of retinal
information processing from the photoreceptors to the beginning
of the optic nerve. The PERG-based contrast gain discriminated
patients with major depression from controls with a specificity of
92.5% and a sensitivity of 77.5%. In a previous study [9], we
found that this abnormality in contrast gain normalized in the
context of remission of depression, whereas it remained abnormal
when patients did not remit from depression, despite antidepres-
sive therapy.

Very similar findings in contrast sensitivity and retinal contrast
processing have been reported in patients with Parkinson’s disease
(PD). In earlier studies, we found that contrast sensitivity is
reduced in PD, whereas contrast adaptation is not affected [10].

This result points to the retina as an important site of dysfunction
in PD. In a subsequent study, patients with PD displayed a
significantly reduced retinal contrast response [11]. Thus, the
empirical pattern of reduced retinal contrast processing (with the
objective electrophysiological signal PERG) is found in PD and
major depression, except that these abnormalities normalize in
depressed patients following remission. Since PD is the paradig-
matic disease of dopaminergic dysfunction and retinal contrast
perception is modulated via dopaminergic amacrine cells [12–15],
we hypothesized that our finding of reduced retinal contrast gain
in major depression is linked to reversible states of systemic
dopaminergic dysfunction in depressed patients [9].

Against this background, we assessed the specificity of reduced
retinal contrast gain in depression with respect to other
neuropsychiatric disorders with a link to dopaminergic dysfunc-
tion, namely, attention deficit hyperactivity disorder (ADHD).

ADHD is well known in child and adolescent psychiatry, and its
lifelong persistence is making an increasing impact on psychiatry
in general [16,17]. As a pathophysiological mechanism, an
alteration in the adrenergic and dopaminergic systems has been
proposed [18]. Until now, little has been known about the visual
system of adult patients with ADHD, but there are reports of
reduced visual perceptual sensitivity in psychophysical testing with
simultaneous recordings of event-related brain potentials in
children with ADHD [19]. Furthermore, a reduction in contrast
sensitivity has been found in children with ADHD [20], which has
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Abstract

Background
Inattention and distractibility are core symptoms of attention deficit hyperactivity disorder
(ADHD). Still the neuronal organization is largely unknown. Previously we studied the
electrophysiological activity of a distinct neuronal network—the retina—and found no
change in stimulus-driven neural activity in patients with ADHD. However there is growing
evidence for an elevated non stimulus-driven neural activity, or neuronal background noise,
as underlying pathophysiological correlate. To further examine the biological bases that
might underlie ADHD and problems with inattention, we performed a new analysis to test
the hypothesis of an elevated background noise as underlying neuronal correlate for ADHD
and problems with inattention in humans. A direct measure of background noise in patients
with ADHD has not been described yet.

Methods
The retinal background noise was assessed based on pattern electroretinogram (PERG)
data in 20 unmedicated ADHD patients and 20 healthy controls. The PERG is an
electrophysiological measure for retinal ganglion cell function. ADHD severity was as-
sessed by interview and questionnaire.

Results
Noise amplitude was significantly higher (138%) in patients with ADHD compared to the
control group (p = 0.0047). Noise amplitude correlated significantly with psychometric mea-
sures for ADHD (CAARS) especially inattention (r = 0.44, p = 0.004).
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time reference (the subjects viewed an ambiguous stimulus and
pressed a buttonwhenever they perceived a reversal). A P300-like
component was reported as a correlate of endogenous reversal of
ambiguous stimuli with a maximal excursion 250ms before
button press. The P300 is discussed in literature as a correlate of
cognitive processing (Picton, 1992; Verleger, 1988).

Reaction times are known to have a wide temporal jitter, both
interindividually and intraindividually. By backward averaging
relative to the reaction instance, all ERP structures are convolved
with the temporal profile of the reaction times, possibly leading
to a loss of sharpness of signals and to obliteration of small
components (e.g., Strüber & Herrmann, 2002). To assess the size
of this effect, we emulated a typical ambiguous-figures ERP
paradigm by externally reversing perceptually stable (unambig-
uous) versions of the two alternative orientations of the Necker
cube. These cubes (Figure 1b,c) were transparent like the Necker
cube but had marked depth cues, based on a drawing model
incorporating shading, central projection, and aerial perspective
(OpenGL lighting model; Woo, Neider, & Davis, 1998).
Whenever the orientation of the cube was reversed (at a mean
rate of 16/min; Orbach et al., 1963), subjects pressed a response
button. Median reaction time from 5 subjects was 616ms; the
25–75 percentile range spanned 530 ms to 733ms. The relatively
sharp ERP components at Oz, revealed by averagingwith respect
to the stimulus reversal (Figure 2a), were nearly obliterated when
backward averaged with respect to the subjects’ response (Figure
2b). This opens the possibility that endogenous reversal is
accompanied by ERP structures earlier than P300 that might be
identifiable with a more precise time reference.

The time reference problems were ingeniously overcome by
discontinuous stimulus presentation (O’Donnell, Hendler, &
Squires, 1988): The stimuli appeared for 700 ms followed by
intervening breaks of 3.3 s, during which the subjects indicated
their previously perceived orientation. Taking the stimulus onset
as trigger, and averaging trials in which the orientation differed
from the previous percept, O’Donnell et al. also found a P300-
like component that they interpreted as a correlate of perceptual
reversal. The long intervals of 3.3 s between presentations,
however, may have weakened possible ERP correlates of
endogenous reversal (see Discussion below).

To isolate ERPs associated with endogenous reversal,
attentional confounds must be thoroughly excluded: Sequences
of stable perception or alternatively sequences with voluntary
button presses as a control miss attentional and preparational
aspects combined with the perceptual reversal sequences.
Attentional effects, however, could influence components as
early as 120ms after stimulus onset (Kenemans, Kok, &
Smulders, 1993). Preparational potentials could be detected
500ms before movement initiation (Birbaumer, Elbert, Cana-

van, & Rockstroh, 1990). To restrict the ERP signals exclusively
to correlates of the neural activity concerning the reversal of
perception, an adequate control needs an attentional task and a
motor response and both with comparable timing.

Refined Paradigm
In a pilot study, we had presented an unambiguous cube in an
onset/offset mode with a 400-ms blank interval and found that

2 J. Kornmeier and M. Bach

(a) (b) (c)

Figure 1. Stimulus examples: (a) Necker cube (ambiguous); (b, c) Depth cues disambiguate cube orientation.
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Figure 2. Reaction instance as time reference for EEG averaging?
Participants observed unambiguous cubes (Figure 1b, c) that randomly
reversed (16 times per minute on the average) and responded with a
button press whenever they perceived a reversal. ERP traces (7SEM)
from the occipital location of one participant are seen. a: When the EEG
is averaged with respect to reversal (vertical line), sharply defined ERP
components result; the reaction time is widely scattered (dashed vertical
line indicates the median reaction time). b: When the same EEG is
‘‘backward averaged’’ with respect to the participant’s response, the
visual ERP components are largely obliterated. ‘‘Onset/offset
presentation’’ (Figure 3) avoided this problem.
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time reference (the subjects viewed an ambiguous stimulus and
pressed a buttonwhenever they perceived a reversal). A P300-like
component was reported as a correlate of endogenous reversal of
ambiguous stimuli with a maximal excursion 250ms before
button press. The P300 is discussed in literature as a correlate of
cognitive processing (Picton, 1992; Verleger, 1988).

Reaction times are known to have a wide temporal jitter, both
interindividually and intraindividually. By backward averaging
relative to the reaction instance, all ERP structures are convolved
with the temporal profile of the reaction times, possibly leading
to a loss of sharpness of signals and to obliteration of small
components (e.g., Strüber & Herrmann, 2002). To assess the size
of this effect, we emulated a typical ambiguous-figures ERP
paradigm by externally reversing perceptually stable (unambig-
uous) versions of the two alternative orientations of the Necker
cube. These cubes (Figure 1b,c) were transparent like the Necker
cube but had marked depth cues, based on a drawing model
incorporating shading, central projection, and aerial perspective
(OpenGL lighting model; Woo, Neider, & Davis, 1998).
Whenever the orientation of the cube was reversed (at a mean
rate of 16/min; Orbach et al., 1963), subjects pressed a response
button. Median reaction time from 5 subjects was 616ms; the
25–75 percentile range spanned 530 ms to 733ms. The relatively
sharp ERP components at Oz, revealed by averagingwith respect
to the stimulus reversal (Figure 2a), were nearly obliterated when
backward averaged with respect to the subjects’ response (Figure
2b). This opens the possibility that endogenous reversal is
accompanied by ERP structures earlier than P300 that might be
identifiable with a more precise time reference.

The time reference problems were ingeniously overcome by
discontinuous stimulus presentation (O’Donnell, Hendler, &
Squires, 1988): The stimuli appeared for 700 ms followed by
intervening breaks of 3.3 s, during which the subjects indicated
their previously perceived orientation. Taking the stimulus onset
as trigger, and averaging trials in which the orientation differed
from the previous percept, O’Donnell et al. also found a P300-
like component that they interpreted as a correlate of perceptual
reversal. The long intervals of 3.3 s between presentations,
however, may have weakened possible ERP correlates of
endogenous reversal (see Discussion below).

To isolate ERPs associated with endogenous reversal,
attentional confounds must be thoroughly excluded: Sequences
of stable perception or alternatively sequences with voluntary
button presses as a control miss attentional and preparational
aspects combined with the perceptual reversal sequences.
Attentional effects, however, could influence components as
early as 120ms after stimulus onset (Kenemans, Kok, &
Smulders, 1993). Preparational potentials could be detected
500ms before movement initiation (Birbaumer, Elbert, Cana-

van, & Rockstroh, 1990). To restrict the ERP signals exclusively
to correlates of the neural activity concerning the reversal of
perception, an adequate control needs an attentional task and a
motor response and both with comparable timing.
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Figure 2. Reaction instance as time reference for EEG averaging?
Participants observed unambiguous cubes (Figure 1b, c) that randomly
reversed (16 times per minute on the average) and responded with a
button press whenever they perceived a reversal. ERP traces (7SEM)
from the occipital location of one participant are seen. a: When the EEG
is averaged with respect to reversal (vertical line), sharply defined ERP
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time reference (the subjects viewed an ambiguous stimulus and
pressed a buttonwhenever they perceived a reversal). A P300-like
component was reported as a correlate of endogenous reversal of
ambiguous stimuli with a maximal excursion 250ms before
button press. The P300 is discussed in literature as a correlate of
cognitive processing (Picton, 1992; Verleger, 1988).

Reaction times are known to have a wide temporal jitter, both
interindividually and intraindividually. By backward averaging
relative to the reaction instance, all ERP structures are convolved
with the temporal profile of the reaction times, possibly leading
to a loss of sharpness of signals and to obliteration of small
components (e.g., Strüber & Herrmann, 2002). To assess the size
of this effect, we emulated a typical ambiguous-figures ERP
paradigm by externally reversing perceptually stable (unambig-
uous) versions of the two alternative orientations of the Necker
cube. These cubes (Figure 1b,c) were transparent like the Necker
cube but had marked depth cues, based on a drawing model
incorporating shading, central projection, and aerial perspective
(OpenGL lighting model; Woo, Neider, & Davis, 1998).
Whenever the orientation of the cube was reversed (at a mean
rate of 16/min; Orbach et al., 1963), subjects pressed a response
button. Median reaction time from 5 subjects was 616ms; the
25–75 percentile range spanned 530 ms to 733ms. The relatively
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to the stimulus reversal (Figure 2a), were nearly obliterated when
backward averaged with respect to the subjects’ response (Figure
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accompanied by ERP structures earlier than P300 that might be
identifiable with a more precise time reference.

The time reference problems were ingeniously overcome by
discontinuous stimulus presentation (O’Donnell, Hendler, &
Squires, 1988): The stimuli appeared for 700 ms followed by
intervening breaks of 3.3 s, during which the subjects indicated
their previously perceived orientation. Taking the stimulus onset
as trigger, and averaging trials in which the orientation differed
from the previous percept, O’Donnell et al. also found a P300-
like component that they interpreted as a correlate of perceptual
reversal. The long intervals of 3.3 s between presentations,
however, may have weakened possible ERP correlates of
endogenous reversal (see Discussion below).

To isolate ERPs associated with endogenous reversal,
attentional confounds must be thoroughly excluded: Sequences
of stable perception or alternatively sequences with voluntary
button presses as a control miss attentional and preparational
aspects combined with the perceptual reversal sequences.
Attentional effects, however, could influence components as
early as 120ms after stimulus onset (Kenemans, Kok, &
Smulders, 1993). Preparational potentials could be detected
500ms before movement initiation (Birbaumer, Elbert, Cana-

van, & Rockstroh, 1990). To restrict the ERP signals exclusively
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motor response and both with comparable timing.
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Figure 2. Reaction instance as time reference for EEG averaging?
Participants observed unambiguous cubes (Figure 1b, c) that randomly
reversed (16 times per minute on the average) and responded with a
button press whenever they perceived a reversal. ERP traces (7SEM)
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were triggered by a sp~ke at left. The calibration mark indicates 100 ~tV vertically and 10 ms horizontally. Fast flanks of spikes have been 
retouched. Arrangement of traces in this figure is not related to the matrix positions of the electrodes 

s tandard pulses which were  s tored  on  magnet ic  disc 
by a compu te r  ( In te rda ta  M70) with a t ime-resolu-  
t ion of i ms. Tr iggered  activity was also displayed on 
a matr ix  of  l ight-emitt ing diodes.  For  audi tory  moni-  
toring each individual  channel  or  the sum of all 
channels could be  selected.  

Al though  the e lect rodes  could not  be  m o v e d  
independent ly ,  usually abou t  half  o f  t hem displayed 
single unit  activity, the m a x i m u m  so far being 19 
single spikes. For  m a n y  purposes ,  double  or  mult iple  
spike activity at the remain ing  e lec t rodes  could also 
be  used. Figure l b  shows act ion potent ia ls  r ecorded  
by different  e lec t rodes  in the  visual cortex.  Spike 
train cross-corre lograms clearly showed that  on no 

occasion did two elect rodes  record  f rom the same  
neurone .  

Spike activity was processed  off-line by var ious 
compu te r  p rog rams  which have  thus far  provided:  
dot displays of  e v ok ed  activity (also avai lable during 
the exper iment ) ;  per i -s t imulus  t ime (pst) h is tograms 
(Fig. 2a, left); c ross -cor re lograms be tween  spike 
trains of pairs of  e lec t rodes;  cortical  maps  of  pre-  
fer red  or ienta t ions  (Fig. 2b); spike counts  in succes- 
sive t ime intervals in o rder  to s tudy neurona l  variabil-  
ity and its ne ighbourhood  relat ions;  mot ion  pictures  
of  spatial pa t terns  of  activity; h i s tograms f rom l inear  
combinat ions  of  e lec t rode  signals to extract  s t imulus 
features  f rom ensembles  of  neurones .  

Multi  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