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Abstract

Purpose: To introduce the scanning laser ophthalmos-
cope-evoked mfERG (SLO-mfERG) as a hew method to
measure focal retinal function. Methods: Sixty-two
healthy individuals and 12 patients with Best’s disease
were examined. mfERGs were recorded using a scan-
ning laser ophthalmoscope as a stimulator and trigger
device (He-Neon 632.8 nm) as well as a fundus-monitor-
ing system (Infrared 730 nm). Results: Amplitudes in the
central concentric area were found to be significantly
lower in patients with Best’s disease than in healthy con-
trols, while no significant differences were found for the
more peripheral areas. Conclusion: SLO-mfERG is a reli-
able new technique for topographic mapping of retinal

function under simultaneous control of fixation.
Copyright© 2003 S. Karger AG, Basel

Introduction

Electroretinography proceeded from the Ganzfeld
ERG [1-3] and EOG [4, 5] which are precise diagnostic
tools in generalized retinal diseases, to the multifocal
ERG (mfERG) [6-11], which allows mapping of focal
retinal function. With the implementation of the visual
evoked response imaging system using the m-sequence
stimulation technique, a possibility for topographic map-
ping of retinal function was created. In this study we used
a scanning laser ophthalmoscope to compare the SLO-
evoked multifocal ERGs (SLO-mfERG) from patients
with Best’s disease with those of healthy individuals
(fig. 1). The purpose of this study was to assess the feasi-
bility of this method in registering focal retinal dysfunc-
tion under simultaneous control of fixation. The latter is
especially necessary in patients with eccentric fixation,
e.g. in patients with scars on the posterior pole in the vitel-
liruptive stage, in order to correlate amplitudes and mea-
sured retinal areas reliably.

Methods

The scanning laser ophthalmoscope (Rodenstock, Munich, Ger-
many) was used as a stimulator and trigger unit and as a fundus-
monitoring unit. To record an mfERG, a confocal scanning laser
ophthalmoscope was connected to a mfERG device (RETIscan,
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Fig. 1. Fundus photography of a patient with Best’s disease in the
vitelliruptive stage.

Roland Consult, Wiesbaden, Germany). The visual stimulus, con-
sisting of a matrix of hexagonal areas flickering simultaneously
according to a short m-sequence, is projected directly onto the retina,
covering a visual angle of 12° or a diameter of 24°, respectively
(fig. 2a, b) [12-14]. We used a matrix of 61 hexagonal elements, gen-
erated by a helium-neon laser (632.8 nm) modulated via an acousto-
optic modulator. The helium-neon laser fulfills the criteria for safety
according to DIN VDE 0837/IEC 825. The signals were bandpass
filtered (15-100 Hz) and amplified by a 2-channel amplifier with a
common mode reaction of >110 dB and a sensitivity of 1-20 uV/div.
The signal of each hexagonal field was calculated by cross-correlation
analysis between the m-sequence and the response. The matrix was
presented with all hexagonal areas having the same size, i.e. without
any scaling of the stimulus matrix. The 61 elements change from red
to black or vice versa according to a complete cycle of a binary m-
sequence. Multi-input stimulation technique is a prerequisite to
stimulate all areas with equal luminance at the same temporal
sequence. The stimulus pattern was generated by a helium-neon laser
and the study participants were asked to gaze at a centrally posi-
tioned cross. In case of eccentric fixation, the fixation cross can be
shifted to another position than the central hexagonal element in
order to center the stimulus matrix on the posterior pole of the eye.
Simultaneous funduscopy and fixation control was possible by using
an infrared diode laser (730 nm).

Patients and Controls

In this study, 12 patients with Best’s disease were compared with
62 healthy controls by SLO-mfERG. Seventy-four subjects were
examined altogether (age range 2650 years; median 34 years).

SLO-mfERG Results in Patients with Best’s
Disease

Fig. 2. a Fundus and the overlaying matrix with 61 hexagonal ele-
ments. All hexagonal elements are of equal size. b The stimulation
matrix shows a nonrandom pattern at a certain moment.

The criteria for the nonaffected participants included in the study
were an age of over 18, visual acuity of 1.0 with or without correction,
and contact lens tolerance. Exclusion criteria for both groups were
media opacities, a history of ocular trauma, diabetic retinopathy,
age-related macular degeneration or glaucoma. Ophthalmic exami-
nation included slit lamp examination, measurement of visual acui-
ty, funduscopy and fundus photography. The pupils were not dilated.
Refractive abnormalities were corrected. Jet contact lens electrodes
(Universa S.A., La Chaux-de-Fonds, Switzerland) were used and the
reference electrode was placed directly at the lateral canthus. This
research adhered to the tenets of the Declaration of Helsinki and
informed consent was obtained from all participants.

Results

In order to quantify the electrophysiological results,
the responses were grouped by retinal eccentricity in 5
ring areas. To summarize the results, boxplots showing
the 25 and 75% percentile of amplitudes were calculated
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Fig. 3. Boxplots of P; amplitudes in Best’s patients (n = 12) and
healthy controls (n = 62).

Table 1. Statistical values of the P, amplitudes (nV/deg?)

Ring 1 Ring 2 Ring 3 Ring 4 Ring 5

Controls

Mean 126.9 80.8 73.3 75.3 75.5
Median 123.6 71.6 70.4 72.9 70.7
SD 31.1 19.6 16.3 19.2 22.1
Ccv 24.5 24.2 222 25.4 29.2
Best’s disease

Mean 91.8 75.0 70.6 71.6 72.9
Median 95.8 73.9 69.7 67.6 69.6
SD 31.5 15.0 18.4 21.9 25.3
(0% 34.3 20.0 26.0 30.5 34.7

CV = Coefficient of variation.

for both groups (patients with Best’s disease and healthy
controls; fig. 3). The mean and median values as well as
the standard deviation, the interquartile range and the
coefficient of variation of the central hexagonal element
and the rings were calculated for each group. Our data
were tested for and were found inconsistent with the nor-
mality assumption (using the Kolmogorov-Smirnov test).
the significance level was set at p = 0.05 and the Mann-
Whitney test was applied.
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Statistical differences between patients with Best’s dis-
ease and controls were found for the amplitudes of the
central hexagonal element or ring 1, respectively (table 1).
They were significantly higher in controls (ring 1: Mann-
Whitney U: 159.000 (p<0.05), M(normals) = 126.9, SD =
31.1; M(Best) = 91.8, SD = 31.5). The amplitudes and
latencies of ring areas 2-5 showed no significant differ-
ences (fig. 4a, b).

The coefficient of variation (or percentage error) re-
flects the relative scatter of data in respect to the mean
and therefore the imprecision in our estimates. It is calcu-
lated as (SD/mean value of set) x 100. In our data set, the
coefficient of variation of the response density of the cen-
tral hexagonal element is higher in patients with Best’s
disease than in healthy controls (table 1).

Discussion

The SLO-mfERG is a new technical approach to evalu-
ate retinal function by projecting a helium-neon laser
stimulus directly onto the retina. Moreover, the presence
of an infrared diode laser allows simultaneous fundusco-
py, control of fixation and imaging of the hexagonal
matrix during the examination. This is important for all
patients in whom fixation control is difficult, e.g. in
patients with macular dystrophies. In case of unstable or
eccentric fixation, the matrix would not really cover pre-
defined retinal areas and thus produce results that would
not represent the underlying retinal pathology. The cen-
tral response maximum would be shifted to more periph-
eral areas while the amplitudes in the center are going to
appear decreased.

The importance of appropriate fixation for a reliable
stimulation-response correlation analysis has been lately
shown using mfERG recordings and SLO-microperime-
try [15-16]. Moreover, in a recent study where mfPERG
recordings were obtained with an eye tracker from normal
individuals, it emerged that 44% fixated inadequately
[17]. Loss of fixation would lead to a wrong correlation of
the recorded amplitudes to the expected measured retinal
areas. The SLO allows continuous and invariably success-
ful visualization of fixation. The patient can be encour-
aged and recordings during poor fixation can be dis-
carded. Furthermore, in case of eccentric fixation, the fix-
ation cross can be so moved that, under direct fundus con-
trol, the stimulus pattern can be centered on the posterior
pole of the eye.

mfERG is a technique capable of measuring retinal
function of the posterior pole with high spatial resolution.

Rudolph/Kalpadakis



Fig. 4. a Plots from the 61 hexagonal ele-
ments of P; amplitudes of a patient with
Best’s disease. b Concentric ring grouping of
P; amplitudes of a patient with Best’s dis-
ease. Amp. = Amplitude; Lat. = latency.

SLO-mfERG Results in Patients with Best’s
Disease
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By multifocal stimulation and the simultaneous measure-
ment of all the focal responses, a strict correlation of any
given signal to a corresponding field exists. Although the
main advantage of the mfERG is its spatial resolution,
concentric ring grouping around the innermost hexagon
of the stimulation array is a feasible way to obtain reliable
results. In concentric retinal diseases, an averaging of con-
centric rings allows for a better comparison between
responses obtained from the central retina and those
derived from more eccentric parts [17]. By using short m-
sequences, the quality of each measurement cycle can be
evaluated separately, and any cycle in which significant
artefacts occur can be discarded [14]. However, this may
not be enough to obtain reliable results in cases where loss
of foveal fixation exists. In three patients an eccentric pre-
sentation of the fixation cross was necessary to center the
stimulus matrix to the posterior pole of the eye. The possi-
bility to center the stimulus matrix and to control fixation
is a prerequisite to obtain reliable results, especially in
patients with macular dystrophies.

Best’s vitelliform macular dystrophy is an autosomal
dominant macular dystrophy with lipofuscin-like deposits
at the posterior pole of the eye. Genetically, the locus for
Best’s disease has been mapped to chromosome 11q13
[18]. However, the expression mode of this gene is not yet
uncovered. The phenotype varies considerably and is char-
acterized by the pre-vitelliform stage with RPE defects, the
egg-yolk stage with yellow material in a round smooth cyst,
the scrambled egg stage, the pseudohypopyon appearance,
and finally the atrophic stage complicated by scars and
sometimes subretinal neovascularization [19-22]. Multi-
focal vitelliform lesions are rare but not uncommon [23].
From the histopathological point of view Best’s disease
seems to be a generalized retinal pigment epithelial disor-
der with accumulation of lipofuscin-like material within
the RPE, within the macrophages in the subretinal space
and within the choroid [24, 25]. These features can also be
demonstrated in the peripheral retina. These observations
are useful to explain findings in electrophysiology: the
reduced Arden ratio of EOG examination in Best’s disease
1s one of the most important results in the diagnosis of the
disease [26]. The EOG is also helpful to distinguish Best’s
disease from pseudovitelliform macular dystrophy [27].
As a dystrophy of the retinal pigment epithelium results in
an inability to process the metabolic products of the neu-
roreceptors, retinal dysfunction should be more profound
where the size of these products is of bigger extent, espe-
cially in the macula region.

As known from the conventional mfERG, response
density decreases markedly from the foveal region to-
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wards the periphery. This distribution of response density
corresponds approximately to the anatomical occurrence
of cone distribution of the posterior pole [12, 13, 28, 29].
In patients with Best’s disease, a significant reduction of
response density could be demonstrated in the center of
the stimulus array. Retinal dysfunction leads to profound
amplitude reduction of the central hexagonal element in
the SLO-mfERG results of these patients. As expected,
the strength of the recorded amplitudes of the more
peripheral areas does not differ significantly between
Best’s disease patients and normal individuals [30].

The high coefficient of variation of central hexagonal
element amplitudes in patients with Best’s disease (ta-
ble 1) can be explained through the loss of fixation in
these patients. However, it raises questions about the
measurements’ reliability. Fixation loss (through foveal
displacement) shifts the central hexagonal element to a
more peripheral retinal area, and for a short but variable
time period destroys the correlation between recorded
amplitude and field location. Part of the response attrib-
uted to the inner ring will also be generated by the fovea,
which would otherwise be covered by the central hexagon-
al element. Our measurements were made under simulta-
neous fundus visualization and direct fixation control,
and still the coefficient of variation implies that such
results contain significant errors. Fixation variations can
cause problems in patients as well as in healthy individu-
als. When performing the examination with the monitor
version, these fixation control options are not available.
Eyetracking, among other efforts to solve this problem,
cannot be a reliable solution because absence of eye move-
ment does not absolutely mean proper fixation of the eye
to the presented target (fixation cross). Thus, when the
above-mentioned precautions are not available, it is im-
portant to remember that scaling may introduce signifi-
cant difficulties in obtaining reliable data [15, 31].

While fixation loss cannot be prevented, especially in
patients with loss of central retinal function, the value of
our fixation monitoring system depends on the possibility
of continuous visualization of fixation during the exami-
nation. Fixation depending on concentration and mo-
tivation can, on the one hand, be positively affected
and on the other hand objectively evaluated by using the
SLO direct fundus control method in order to record
mfERGs.

In conclusion, it seems that fundus monitoring can
help overcome the problem of fixation instability suffi-
ciently. SLO-mfERG is a new promising technique to
investigate retinal and, in particular, macular function
under fixation control.

Rudolph/Kalpadakis
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