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Abstract

The purpose of this retrospective study was to determine the relevance of both visual-evoked potentials
(VEP) and multifocal electroretinography (mfERG) to evaluate unexplained visual loss. Seventy-two
consecutive patients (1996–2002) with visual disturbances of unknown origin underwent both VEP and
mfERG (ISCEV standard). The mean age was 42.4 years (11.8–74.5) and median visual acuity 0.5 (no light
perception – 1.0). Symptoms reported included visual acuity loss (n=69), visual field defects (n=11),
disturbances of colour vision, light or dark adaptation (n=10). VEP and mfERG were normal in 43%
(n=31). Both VEP and mfERG were pathological in 24% (n=17). In a further 18% (n=13) only the
mfERG was pathological and in 15% (n=11) only the VEP was pathological. Macular dysfunction as
detected with mfERG was present in 73% of 41 patients with at least one pathological test. Neuroimaging
(MRI, CCT) and/or neurological examination was performed in 27/72 patients (38%), to account for
unexplained visual loss, prior to the electrophysiological tests; these were normal in all patients. Electro-
physiological tests revealed disturbances of the post-retinal visual pathway in only 3/27 patients. In 12/27
patients, mfERG revealed a macular disorder; in a further 12/27 patients VEP and mfERG were normal.
The combined evaluation of VEP and mfERG is useful both to establish the area of dysfunction and the
normality of the visual system. Electrophysiological testing prior to neuroimaging is recommended for
patients where clear clinical signs of cerebral disorders are not evident. This reduces the frequency of
unnecessary neuroimaging and associated radiation exposure.

Introduction

Unexplained visual loss is a diagnostic chal-
lenge for the ophthalmologist. On the one
hand, detailed diagnostic procedures need to be
applied to clarify the cause of visual distur-
bances and to provide an adequate cure. And
on the other hand, patients with non-organic
visual loss due, for example, to psychiatric dis-
orders or malingering have to be detected early
during the diagnostic process, to avoid unneces-

sary, time-consuming and costly diagnostic pro-
cedures. In some patients even after looking at
case history and detailed ophthalmologic exam-
inations, including the testing of visual acuity,
refraction, visual field, swinging-flashlight-test,
and biomicroscopy of the anterior and poster-
ior segment, the visual loss remains
unexplained. Possible explanations for this are
post-retinal disorders of the visual pathway, or
retinal dysfunction without apparent morpho-
logic changes.
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Visual-evoked potentials (VEP) provide an
objective measure of the entire visual pathway
and can be pathological in the presence of
uncorrected refractive errors, ocular media
opacities, maculopathy and dysfunction of the
optic nerve or the central visual pathways. Be-
cause the VEP tests the entire visual pathway,
a pathological VEP does not provide exact lo-
calisation of the defect. In contrast, the multi-
focal electroretinogram (mfERG) generated
from the cones and bipolar cells of the poster-
ior pole objectively evaluates the macula and
allows for the localisation or exclusion of dys-
function of macular cones and bipolar cells.

Although the value of electrophysiological
testing could be shown in adults and children
[1–3], in our experience the ophthalmologist’s
first choice for additional diagnosis for patients
with unexplained visual loss, is referral for neu-
roimaging or neurological diagnosis. Referring
the patient for electrophysiology is often the
ophthalmologist’s last resort.

To assess whether the possible contribution of
electrophysiological investigations is underesti-
mated, we retrospectively analysed the data of 72
consecutive patients with unexplained visual loss
who underwent both VEP and mfERG.

Materials and methods

The study was performed at the Department of
Ophthalmology at Charité Campus Benjamin
Franklin. Inclusion criteria for the study were,
(1) the presence of visual acuity loss of un-
known origin in at least one eye confirmed by
re-examination prior to electrophysiological
testing or; (2) patients with visual acuity of 1.0
in both eyes but complaining about visual acu-
ity loss or visual field defects; and (3) the
recording of both VEP and mfERG. Patients
who did not undergo both VEP and mfERG
and patients to whom electrophysiological test-
ing was applied to clarify a clinically suspected
specific diagnosis (e.g. optic neuritis, retinal or
macular dystrophy) were excluded. In this
study, 72 patients, consecutively seen between
1996 and 2002 could be included and their
records reviewed retrospectively.

Clinical examinations were conducted after
explanation of the procedures was made and for-

mal consent obtained. The research adhered to
the tenets of the Declaration of Helsinki. All pa-
tients underwent a complete eye examination
including best-corrected visual acuity, anterior
and posterior biomicroscopy. Ocular pressure
was measured in 47/72 patients. Colour vision
was tested with the desaturated Panel D 15 test
(n=57). Visual field testing was performed with
Goldmann (n=53) or automatic perimetry
(n=4). Fluorescein angiography was carried out
in 16 patients. RPE autofluorescence imaging of
the fundus was performed on 5 patients as
described previously [4].

Electrophysiological testing included VEP
(n=72), mfERG (n=72) and full-field ERG
(n=24). The same technician recorded all exam-
inations and the recording equipment remained
constant throughout the study. VEP and full-
field ERG recordings were performed according
to ISCEV standards [5, 6], and mfERG record-
ings in accordance with the ISCEV guidelines [7].
The recording protocols have been described in
detail elsewhere [8–10]. VEPs were recorded with
a Nicolet Spirit (Fa. Nicolet, Madison, USA). A
black and white checkerboard pattern was dis-
played on a monitor with a reversal rate of 2/s.
The pupils were undilated and optimal correction
of refractive errors was used. One hundred and
twenty-eight recordings were averaged for each
of the three checkerboard sizes. Patients were
encouraged to fixate; their cooperation and on-
line signals were observed by the same, fully
trained, technician. Recordings were repeated
when loss of concentration or multiple eye move-
ments influenced the recordings, the decision
being based on the experience of the technician.
The normal ranges for the P100 latency were de-
fined by calculating the median values and the
95% confidence intervals in one eye of 70 sub-
jects of similar age. The VEP was considered as
pathological when in at least one of three pattern
sizes, the latency of P100 was delayed beyond the
normal range (pattern size with normal value for
P100 latency: 1.5�<118 ms, 0.32�<117 ms,
0.16�<124 ms).

MfERGs were recorded and analysed using
the VERIS system (Tomey, Germany) [11].
Recording was performed with maximum pupil
dilation (2.5% phenylephrine and 0.5% tropica-
mide) using a Jet contact lens electrode (Micro-
components SA, Division Universo Plastique,
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Switzerland). Refractive errors were corrected.
A black and white pattern of 61 hexagons was
presented on a monitor (200 cd/m2 for white,
99.3% contrast) for stimulation. The duration
of data acquisition was 4 min, divided into
eight 30-s sessions. Patients were encouraged to
fixate; their cooperation and online signals were
observed by the same, fully trained, technician.
Recordings of one session or the complete
mfERG were repeated when loss of concentra-
tion or multiple eye movements influenced the
recordings, the decision being based on the
experience of the technician. Data analysis (first
order kernel) was performed with the VERIS
system. The response elicited by the central
hexagon (ring 1) and the averaged responses
elicited by the concentric rings of the hexagons
surrounding the centre (ring 2–5) were evalu-
ated. Amplitudes and implicit times were deter-
mined for the first positive component (P1) of
each trace, based on manual cursor placement.
Amplitudes were expressed relative to their
respective area (nV/deg2). MfERG stimuli loca-
tion and anatomical areas [12] correspond
roughly as follows: ring 1 to the fovea, ring 2
to the parafovea, ring 3 to the perifovea, ring
4 to the near periphery, and ring 5 to the cen-
tral part of the middle periphery. The normal
ranges for P1 amplitudes and implicit times
were defined by calculation of the median val-
ues and the 95% confidence intervals in one
eye of 50 age-similar subjects. The mfERG was
considered to be pathological when at least the
P1 amplitude of one of the 3 inner rings was
reduced below the normal range.

Full-field ERG recordings were carried out
with maximum pupil dilation using a Nicolet
Spirit and a Ganzfeld (Nicolet, Madison,
USA). Stimulus duration was 0.1 ms. Following
30 min of dark adaptation four stimuli with
increasing intensity (maximum light intensity:
10 cdÆs/m2) were used for the recordings in the
dark. Light-adapted recordings were performed
after 10 min of light adaptation in the presence
of white background light of 30 cd/m2 with
white stimuli of maximum light intensity. No
averaging was done. For comparison, age-re-
lated normal ranges for amplitudes and implicit
times were determined by calculation of the
median values and the 95% confidence intervals
from single eyes of 70 subjects.

Results

Our study included 42 females and 30 males
ranging in age from 11.8 to 74.5 years (mean
42.4±15.9 years, median 48.3 years) at the time
of their first visit. Reported symptoms appearing
in 70 patients spontaneously and in 2 patients
post-operatively (pars plana vitrectomy because
of peripheral retinal detachment) included visual
acuity loss (n=69), visual field defects (n=11)
and disturbances of colour vision, light or dark
adaptation (n=10). The duration of the symp-
toms prior to the visit to our clinic ranged
from a few weeks to several years (mean
1.6±1.9 years; median 1 year). However, 25 pa-
tients could not give a more detailed answer
than, ‘‘since a long time’’. Two patients had no
symptoms and their visual loss was detected acci-
dentally during routine eye examinations.

The median visual acuity was 0.5 (no light
perception – 1.0). Visual loss was bilateral in 65/
72 (90%) patients. One of the remaining patients
had one eye enucleated; unilateral visual loss was
noted in the other six patients. The anterior eye
segments were normal in 80% of the patients,
including 3 pseudophakic patients. In the remain-
ing 14 patients (20%) an incipient cataract or
mild corneal abnormalities were insufficient to
explain the severity of visual loss. The posterior
pole and optic disc were normal in 68% of pa-
tients. In the remaining patients, neither subtle
alterations of the retinal pigment epithelium or
epiretinal membrane formation (14 patients,
20%) or mild abnormalities of the optic disc
(9 patients, 13%) correlated with the severity of
the visual loss. Additional methods – such as
fundus autofluorescence, fluorescein angiography
or full-field ERG, performed on only a few of
the patients, displayed only mild abnormalities –
could not reveal any additional findings to clar-
ify the diagnosis. The ocular pressure was normal
in cases that where measured.

Both VEP and mfERG were recorded in all
72 patients. In 57% (41/72) the recording of both
VEP and mfERG allowed for the localisation of
the origin of the visual dysfunction. The VEP
was abnormal in 28/72 (39%) of patients and the
mfERG was abnormal in 30/72 (42%). Follow-
ing the electrophysiological examination results,
the patients were separated into 4 groups: VEP
and mfERG pathological, VEP pathological,
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mfERG pathological and VEP and mfERG nor-
mal. Patients with bilateral visual loss presented
with similar findings in both eyes in nearly all
cases. If an interocular difference was present,
the results of the eye with the more severe visual
loss were used for group selection.

A pathological VEP indicates a dysfunction
of the optic pathway. In 24% both VEP and
mfERG were pathological, locating the dysfunc-
tion in the macula. In 15% the VEP was patho-
logical and the mfERG revealed normal results,
indicating a dysfunction beyond the first and sec-
ond neuron of the retina. In contrast, in 18% the
VEP was normal and the mfERG pathological,
indicating a macular dysfunction that does not
affect the cells generating the VEP. In the largest
group (43%), however, both VEP and mfERG
were normal. Table 1 illustrates these four
groups and further clinical results.

The mean age of patients was different be-
tween the four groups, with the normal group
including the youngest patients. In contrast, the
median visual acuity was similar in all groups.
Most of the patients with normal VEP and
mfERG also had normal colour vision and visual
field, however, the patients in the other groups
often presented with a pathological Panel D 15
test, or perimetry.

Additional clinical tests could not clarify the
visual loss in the 31/72 patients with normal VEP
and mfERG either. In 25/31 patients, a specific
cause for the visual loss could not be established.
Four/31 patients were suspected of aggravation,
and in two further patients amblyopia due to
uncorrected high myopia and hyperopia was
suspected.

Neuroimaging (MRI or CCT) was performed,
prior to the electrophysiological tests, in 25/72
patients (35%) because of visual loss; 7 of these
25 patients and two additional patients under-
went neurological examination. Neuroimages and
the results of the neurological examination were
normal in all of these 27 patients. In only 3 of
these 27 patients was the VEP abnormal and the
mfERG normal, suggesting a dysfunction of the
optic nerve or intracranial visual pathways. In
contrast, in 9/27 patients both VEP and mfERG
were pathological and in 3/27 patients, only the
mfERG was reduced, both indicating a retinal
disorder. In the remaining 12/27 patients VEP
and mfERG were normal.

After electrophysiological testing, neuroimag-
ing could only be recommended for 11/72 pa-
tients with pathological VEP latencies to
exclude structural pathologies affecting the optic
nerve or other parts of the central visual path-
ways. From 5 of these 11 patients the results
from the MRI or CCT were available and were
normal.

Of the 72, 11 patients could be re-examined
by us. There were: 8 females and 3 males ranging
in age from 20.1 to 64.5 years (mean
50.4±15.1 years, median 58.5 years) at the time
of their second visit. The time between the first
and the second visit ranged from 1 month
to 5.3 years (mean 1.6±1.7 years, median
0.9 years). The median visual acuity was 0.5 at
both visits. In the majority of cases both the
VEP and the mfERG carried out during the sec-
ond visit revealed nothing that had not been re-
vealed during the first visit. In 2/11 patients the
perimetry produced signs of simulation.

Table 1. Clinical and functional findings in patients with unexplained visual loss separated according to the results of VEP
and mfERG

VEP and

mfERG pathological

Only VEP

pathological

Only mfERG

pathological

VEP and

mfERG normal

Number of patients (%) 17/72 (24) 11/72 (15) 13/72 (18) 31/72 (43)

Mean age (years) 52.5±12.4 42.6±14.6 50.2±8.8 33.6±15.8

Median visual acuity 0.5 0.5 0.5 0.5

Colour vision defects 13/14 7/8 10/13 8/22

Visual field defectsa 11/14 6/7 4/12 8/24

Full-field ERG pathological 2/5 2/3 2/5 6/11

aVisual field defects included scotoma (relative, absolute, central, paracentral) or concentric narrowing. VEP, visual-evoked potentials;
mfERG, multifocal electroretinography.
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The following case reports demonstrate the
different VEP and mfERG results in patients
with unexplained visual loss.

Case 1

An 11-year-old girl (Figure 1, patient JJ) pre-
sented with markedly reduced visual acuity in
the right eye, manifesting immediately after a
fall injury on the back of her head four days
earlier. Neurological examinations including
CCT were normal. Visual acuity was at OD 0.1
and OS 1.0. Biomicroscopy and funduscopy re-

vealed regular morphology. VEP and mfERG
were both normal in the right eye. The results
could reassure the parents that there were no
signs of ocular damage due to the accident.
Child and family did not attend a recommended
repeat examination in the event that visual loss
persisted.

Case 2

A 49-year-old woman (Figure 1, patient RW)
presented with visual acuity of 0.4 in both eyes.
She reported having suffered from night blind-

Figure 1. VEP and mfERG recordings from 3 patients with unexplained visual loss. For details see case reports 1–3 in the results
section. VEP was tested with three pattern sizes (pattern size with normal value for P100 latency: 1.5�<118 ms, 0.32�<117 ms,
0.16�<124 ms) in each eye. MfERG was recorded with 61 hexagons as described in the materials and methods section. VA – visual
acuity.
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ness, photophobia and visual field constriction
for several years. Neurological examinations
including CCT, prior to electrophysiology, were
normal. Biomicroscopy and funduscopy revealed
regular morphology. Visual field was constricted
to about 20� in each eye, however, this constric-
tion reduced to about 10� when tested binocu-
larly. In addition, the visual field became
narrower when the testing distance was doubled.
Full-field ERG was completely normal, just as
VEP and mfERG were. A non-organic origin for
the visual acuity loss and the constricted visual
fields could be determined.

Case 3

A 65-year-old male (Figure 1, patient KM) acci-
dentally discovered visual loss along with reading
problems in the left eye when he closed the right
eye. He had been experiencing the difficulty for
two weeks prior to reporting it. Visual field, per-
formed by the referring ophthalmologist a day
prior to our examinations, was normal in both
eyes. Visual acuity was at OD 0.8 and OS 0.16.
Biomicroscopy and funduscopy revealed regular
morphology. Fluorescein angiography was nor-

mal. Colour vision defects were found in both
eyes along the deutan/protan axis. MfERG was
normal in the left eye. However, VEP revealed de-
layed latencies of P100 in pattern sizes 0.32� and
0.16� equally in both eyes. The patient was re-
ferred for neurological examinations including
neuroimaging. All results were normal and visual
loss remained unexplained with a suspicion of a
residue of optic neuritis without multiple sclerosis.

Case 4

Four months ago, a 53-year-old male (Figure 2,
patient YB) complained of visual loss in his left
eye which manifested as a result of an accident
where he suffered several broken ribs. Visual
acuity was at OD 0.8 and OS 0.05. Biomicrosco-
py and funduscopy revealed regular morphology.
Colour vision defects were present in the left eye
along with a small relative scotoma in the centre.
VEP showed small but symmetrical amplitudes in
both eyes and latency of P100 was normal. How-
ever, the central area of the mfERG in the left
eye showed reduced amplitudes, indicating a
macular dysfunction. The reason for the macul-
opathy remained unclear.

Figure 2. VEP and mfERG recordings from 2 patients with unexplained visual loss. For details see case reports 4–5 in the results
section. VEP was tested with three pattern sizes (pattern size with normal value for P100 latency: 1.5�<118 ms, 0.32�<117 ms,
0.16�<124 ms) in each eye. MfERG was recorded with 61 hexagons as described in the materials and methods section. VA – visual
acuity.
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Case 5

A 54-year-old female (Figure 2, patient EK) pre-
sented with visual loss in her right eye, which she
had experienced for 6 months. Neuroimaging,
prior to electrophysiology, did not reveal any
pathology. Visual acuity was at OD 0.05 and OS
1.0. Biomicroscopy and funduscopy revealed reg-
ular morphology. Colour vision defects were
found in both eyes (OD>OS) without any typi-
cal axis of confusion. An absolute scotoma was
detected in the centre of the visual field including
the blind spot in the right eye. VEP and mfERG
were pathologic in the right eye but normal in
the left eye. A macular dysfunction was diag-
nosed, however, the origin remained undeter-
mined.

Discussion

In this retrospective study we report the results
of recording both VEP and mfERG in a consec-
utive series of 72 patients with unexplained visual
loss. Electrophysiological techniques provide
objective evaluation of retinal and intracranial
visual pathway function [1–3, 8, 13]. Visual acu-
ity, Panel D 15 test and perimetry provide
important information about retinal and intra-
cranial visual pathway function as well, but these
are subjective evaluation techniques and can be
feigned by the patient.

Both VEP and mfERG could localise the area
of dysfunction in 57% of patients and macular
dysfunction could be documented by the reduced
P1 amplitudes in the mfERG in most of these
patients (30/41, 73%). In the majority of these
patients (17/30, 57%), the VEP was pathological
as well; this was due to the reduced pattern rec-
ognition of the dysfunctional macula. However,
the VEP was unexpectedly normal in 13/30
(43%) patients with macular dysfunction.

In one quarter of the pathological patients
(27%) disorders affecting structures of the optic
pathway, beyond the retinal bipolar cells, were
indicated by normal mfERG and delayed VEP
latencies. Neuroimaging should be recommended
for further analysis of the origin of the dysfunc-
tion in these patients.

It has to be noted that confirming a dys-
function is not equivalent to providing an exact

diagnosis. The discrepancy between none or
mild structural changes and the marked func-
tional loss remained, but the location of dys-
function could still be determined. However,
additional or repeated ophthalmologic examina-
tion failed to reveal adequate diagnosis in sev-
eral patients.

Both VEP and mfERG were normal in 43%
of patients and did not reveal any signs of dys-
function of the retina, optic nerve or intracra-
nial visual pathways. One cannot exclude the
fact that a disorder, which affects central visual
function has been overlooked, however, it is
unlikely that severe disorders of the posterior
pole are not detected by either VEP or
mfERG. If VEP and mfERG are normal in
unexplained visual loss, severe dysfunction of
the posterior pole or optic pathway can be ex-
cluded; this is reassuring for the examiner and
the patient.

In our study neuroimaging was recom-
mended in only 11/72 patients after the electro-
physiological tests. It is of interest that 27/72
patients underwent neuroimaging or neurologi-
cal examination prior to the electrophysiological
diagnostic. In the majority of these patients the
dysfunction could be either localised with the
mfERG in the macular retina (12/27, 44%) or
VEP and mfERG were normal (12/27, 44%).
Neuroimaging was recommended in only 3/27
patients after the results of ophthalmologic
examination. Neuroimaging and neurological
examination did not result in any pathological
findings. Electrophysiological testing prior to
neuroimaging would have markedly reduced the
number of examinations. One has to keep in
mind that those patients, who were sent for
neuroimaging resulting in pathological findings,
were not referred for electrophysiological evalu-
ation. If unexplained visual loss presents and
clinical findings are suggestive for cerebral dis-
orders (e.g. bitemporal visual field defects, sud-
den onset of headache), we recommend
neuroimaging without delay. In all other cases,
combined electrophysiological evaluation should
be performed first to provide a basis to select
patients for further diagnostic procedures
including neuroimaging.

In this group of patients, in particular, one
has to be aware that the results of both VEP and
mfERG depend on focusing and fixation, which
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can be influenced by patients who do not fully
cooperate. Whereas malfixation at one spot will
show a shift in the mfERG amplitudes, random
fixation at different paracentral spots during a
mfERG recording can reduce the amplitude of
the central responses. Defocusing or fixation loss
during VEP recording can cause a delay in la-
tency. However, in our experience most patients
cooperated very well and, when tested for the
first time, did not know how to fake, to create
intentional malingering. Recordings of mfERG
and VEP were repeated when loss of concentra-
tion or multiple eye movements influenced the
recordings. The majority of patients had either
normal or abnormal results of both VEP and
mfERG and the findings were nearly always sim-
ilar in both eyes in bilateral visual loss. As such,
we are confident that only a limited number of
patients may have been successful in influencing
the test results. It has to be emphasised, that in
examining this group of patients special care had
to be taken to monitor cooperation during the
test. One possible way of testing cooperation is
the simultaneous recording of VEPs and pattern
ERGs (PERG) [14, 15].

There is an ongoing discussion of which test is
more appropriate for testing macular function;
more experience has been gathered from PERG
compared to mfERG [15, 16] and the advantage
of PERG is the additional information available
on the retinal ganglion cells, which cannot be ob-
tained by using a combination of mfERG and
VEP. The advantage of mfERG, on the other
hand, is the possibility of analysing the distribu-
tion of retinal dysfunction at the posterior pole;
this cannot be obtained by using PERG. The
mfERG may be used even with lower visual acu-
ities than the PERG. One would expect that the
combination of mfERG, PERG and VEP would
be suitable to detect even more retinal dysfunc-
tions in these patients compared to the use of
only one or two methods. We restricted ourselves
in this study to mfERG and VEP only because
our experience with PERG is limited and we wan-
ted to streamline the diagnosis of these patients.

In the present study, the combined evaluation
of VEP and mfERG was useful in either estab-
lishing the area of dysfunction or the normality
of the visual system in patients with unexplained
visual loss. The combination of both methods re-
vealed more pathologies than could be detected

using one method alone. The results indicate that
ophthalmologist should use all diagnostic possi-
bilities to clarify unclear visual disturbances prior
to considering neuroimaging. Electrophysiology
is a time-consuming and highly specialized meth-
od, but it is non-invasive, safe and free of side
effects. Patients would benefit from such a
change in diagnostic priority because one could
avoid subjecting at least some patients to unnec-
essary neuroimaging procedures and associated
exposure to radiation.
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