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Clinical electrophysiological testing of the 
visual system: Review of the methods and 
indications for referral

Klinično elektrofiziološko testiranje vida: Pregled 
metod in indikacije za napotitev

Maja Šuštar, Marko Hawlina, Jelka Brecelj

Abstract
Clinical electrophysiological testing of the visual system includes a series of non-invasive tests 
that provide an objective assessment of the functioning of the visual system. The recording of 
the electrooculography (EOG), electroretinography (ERG) and visual evoked potentials (VEP) can 
evaluate the function of vision from the level of the retinal pigment epithelium, retinal layers, 
optic nerves and visual pathways to the primary visual cortex. Testing is performed according to 
the standards of the International Society for Clinical Electrophysiology of Vision (ISCEV), whi-
ch recently issued guidelines for referrals to electrophysiological testing in ophthalmic practice. 
This paper presents the current methodology of electrophysiological testing and summarizes 
most frequent diagnoses for which a referral to electrophysiological visual testing is indicated.

Izvleček
Klinično elektrofiziološko testiranje vidnega sistema vključuje vrsto neinvazivnih testov, ki zag-
otavljajo objektivno oceno delovanja vidnega sistema. S snemanjem elektrookulografije (EOG), 
elektroretinografije (ERG) in vidnih evociranih potencialov (VEP) je mogoče ovrednotiti delovanje 
vidnega sistema od ravni retinalnega pigmentnega epitela, posameznih plasti mrežnice, vidnih 
živcev in vidne poti do primarne vidne skorje. Testiranje se izvaja po standardih Mednarodnega 
združenja za klinično elektrofiziologijo vida (ISCEV), ki je nedavno izdalo tudi smernice za na-
potitev na elektrofiziološko testiranje v oftalmološki praksi. Prispevek predstavlja metodologijo 
elektrofiziološkega testiranja ter povzetek najpogostejših diagnoz, pri katerih je bolnika smisel-
no napotititi na to testiranje.
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1 Introduction

Clinical electrophysiological testing 
of the visual system includes a series of 
non-invasive tests that provide an objec-
tive assessment of the functioning of the 
visual system. With appropriately installed 
electrodes and specific light stimulation, it 
is possible to assess the visual system func-
tion from the level of the retinal pigment 
epithelium, individual layers of the retina, 
optic nerves and the visual pathway to the 
primary visual cortex. Because clinical 
electrophysiological testing takes a long 
time and can be demanding for a patient, 
it only makes sense with specific clinical 
indications and with exactly specific tests. 
The test results are also only useful if we 
evaluate them in a broader clinical context. 
The aim of this article is to define all types 
of electrophysiological tests and to present 
the indications for referral of patients to 
eye tests of this kind. The article is based 
on the guidelines of the International So-
ciety for Clinical Electrophysiology of Vi-
sion (ISCEV) (1) and describes the bases 
of standard electrophysiological methods, 
the most common diagnoses and symp-
toms of the patients, and a presentation of 
electrophysiological cases from our clini-
cal practice.

2 Standard 
electrophysiological methods 
for clinical visual testing

ISCEV standards include recommen-
dations for accurate performance of each 
electrophysiological method, define the 
recording procedure, electrode place-
ment, calibration of stimulus parame-
ters, data acquisition and analysis of the 
obtained signal. ISCEV has issued the 
guidelines for the following electroretino-
graphic methods (Figure 1A): electrooc-
ulography (EOG) (2), full-field elect-
roretinography (ffERG) (3), multifocal 
electroretinography (mfERG) (4), pattern 

electroretinography, (PERG) (5), and visu-
al evoked potentials (VEP) (6). The meth-
odology is based on observation of light-
evoked changes of the electric potential of 
retinal cells and visual cortex, detected by 
appropriately placed recording electrodes. 
In order to record an electroretinogram 
(ffERG, mfERG and PERG), we place an 
active electrode on the lower eyelid, and a 
reference electrode to the skin of the tem-
ple on the same side (Figure 1B). There 
are several types of active ERG electrodes. 
In Slovenia, we have developed our own 
non-invasive HK-loop electrode, one of 
three non-corneal electrodes, defined by 
ISCEV standards and used internationally 
(7). EOG is recorded by applying the ac-
tive electrode and the reference skin elec-
trode on the outer and inner corners of the 
eye (8). To record VEP (Figure 1C), active 
silver-chloride electrodes are placed above 
the primary visual cortex of the occipital 
lobe, and the reference electrode frontally 
(9). Besides the electrical activities of the 
visual system structures, the electrodes al-
so record a series of other bioelectric ac-
tivities, from brain and muscular activity, 
to environmental noise. Reliable ERG and 
VEP measurements require repeated stim-
ulation and signal averaging over time, 
whereby the repeating electrical response 
of the visual system structures is isolated 
from the random environmental noise. 
Below are descriptions of the physiolog-
ical origin of responses and the clinical 
usefulness of the listed standard methods.

2.1 Electrooculography (EOG)

Electrooculography is a method for 
testing the functional integrity of the ret-
inal pigment epithelium (RPE) and its in-
teraction with photoreceptors (2). During 
the test, the patient moves their eyeballs 
at a 30-degree angle to the right and left, 
first for 15 minutes in the dark, then for 
15 minutes in the light. At every eyeball 
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movement, electrodes record the so-called 
saccade, i.e., the difference in the dipole 
between the front and the back part of 
the eye. This difference, also called the 
resting potential of the eye, is the result of 
the difference in the voltage between the 
apical and basal membranes of the RPE. 
It depends on the metabolic activities 
between the retinal pigment epithelium 
and the photoreceptors. Because of the 
mechanisms that are still not completely 
understood, the resting potential of the 
eye, and thereby also the amplitude of the 
saccade, are lower in the dark and higher 
in light. The ratio between the highest po-
tential in the light and the lowest poten-
tial in the dark is called the Arden index, 
and with normal RPE it is approximately 
175% or higher. The resting potential of 
the eye does not only depend on the nor-
mal activity of the RPE, but also demands 
a normally functional photoreceptor layer. 
Therefore, it is not possible to selectively 
evaluate RPE activity with an EOG test if 
the activity of the photoreceptor layer is 
also significantly impaired, which is fairly 
frequent. EOG is therefore not performed 

routinely for all retinal dystrophies. Ar-
den index is significantly decreased with 
the Best vitelliform macular dystrophy 
(BVMD), where ffERG responses are gen-
erally normal (8).

2.2 Full-field electroretinography 
(ffERG)

The most extensive and most important 
clinical electroretinographic method is full-
field ERG (ffERG) (3). It is based on gener-
alised electric responses of the retina, which 
are the result of stimulation with a series of 
light flashes. After a 20-minute adaptation 
to darkness, we record the response of the 
rod system under dark-adapted (DA) con-
ditions, and after a 10-minute adaptation to 
light, this is followed by testing the retinal 
cone system under light-adapted (LA) con-
ditions. The term full-field indicates that 
the light stimulus captures the whole retina 
equally. Recording takes place with dilated 
pupils, thereby ensuring maximum illumi-
nation of the retina and lowering the vari-
ability of the response between individuals 
or individual recordings.

Figure 1: A – Standard electrophysiological methods used for clinical diagnostics and layers 
of the retina or the visual system they belong to. B – Placement of the recording HK electrodes 
for recording an electroretinogram (ffERG, PERG, mfERG). C – Placement of the electrodes for 
recording VEP (photographs: Barbara Klemenc; Figure of the retina adapted from webvision.
com).
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The ISCEV standard for full-field elec-
troretinography (3) defines recording the 
five responses that test the activity of dif-
ferent layers of the retina (Figure 2). Un-
der dark-adapted (DA) conditions, we 
record dark-adapted 0.01 ERG (DA 0.01 
ERG, rod ERG), dark-adapted 3 ERG (DA 
3 ERG, combined rod-cone standard flash 
ERG) and dark-adapted 3 oscillatory po-
tentials (DA oscillatory potentials). The 
DA 0.01 ERG is stimulated with a very 
dim light stimulus (0.01 cd s/m2) on a dark 
background, which enables selective eval-
uation of the activity of the layers of the 
rod system’s bipolar cells. With brighter 
flashes (intensity of 3 cd s/m2, also called 
standard flashes) under dark-adapted 
conditions, we stimulate the rod system as 
well as the cone system, obtaining a com-
bined response of both, also called the DA 
3 ERG. This is used for testing the activi-
ty of all photoreceptors (negative a-wave) 
and all bipolar cells (positive b-wave), 
from both the rod and the cone systems. 
Because the human retina consists of 120 
million rods and only 6 million cones, the 
activity of the rod system in this response 
dominates; therefore, any abnormal activ-
ity of the cones, whose density is highest 
at the macula, is not reflected in the DA 
3 ERG. Consequently, the DA 3 ERG es-
pecially indicates the damage of the rods, 
which is manifested as a reduced ampli-
tude of a-wave, (and consequently also re-
duced amplitude of b-wave), or damage of 
the bipolar cells of the rod system, denot-
ed by a reduced amplitude of the b-wave. 
With normal photoreceptor activity and 
a normal a-wave, it forms the character-
istic negative ERG waveform. The oscil-
latory potentials that reflect the activity 
of the amacrine cells, are also stimulated 
with a standard flash (3 cd s/m2) under 
dark-adapted conditions. In order to re-
cord them, the signal is filtered with a 
bandwidth filter which retains the fast os-
cillations while removing lower frequency 
components (such as the a- and b waves).

Recording the light-adapted 3 ERG 

(LA 3 ERG, standard flash “cone” ERG) 
and light-adapted 30 Hz flicker ERG (LA 
30 Hz ERG) occurs under light-adapted 
conditions. Both responses are stimu-
lated with a standard flash (3 cd s/m2) on 
a bright background (luminosity of 30 cd/
m2), which inhibits the rod system, there-
by allowing selective evaluation of the 
cone system. With the LA 30 Hz ERG the 
light flashes are delivered with frequency 
of 30 Hz, which the rod system cannot 
follow due to physiological limitations. 
Along with the bright background, this 
provides additional selectivity for elicit-
ing the responses of the cone system only. 
The LA 30 Hz ERG mainly originates from 
the bipolar cell layer of the cone system, 
while the LA 3.0 ERG has clearly defined 
two waves, a in b. The a-wave originates 
from the cone photoreceptors themselves, 
however, with a minor contribution of 
the cone Off-bipolar cells. The b-wave is 
formed similarly to the 30-Hz flicker re-
sponse by the activity of the cone system’s 
bipolar cells. Besides these five standard 
responses, the ISCEV society also recom-
mends recording additional responses un-
der the extended protocol. Some of these 
responses are already standardised, e.g. 
dark-adapted strong flash ERG for a more 
detailed determination of the rod system 
function (3), the On-Off ERG for selec-
tive determination of the function of the 
cone On- and Off-bipolar cells (10), the 
photopic negative response for determin-
ing the ganglion cell function (11), and 
the dark-adapted red flash ERG for deter-
mining the cone system function under 
dark-adapted conditions (12). Some re-
sponses, for example the S-cone ERG for 
determining the short-wave cone system 
function, are still in standardisation phase; 
however, clinically they are already in use 
in our laboratory (13).

ffERG evaluates generalised disorders 
of the retina and it determines whether 
the rod system or the cone system is more 
affected, or whether they both are. It also 
supports determining the level of damage 
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to the retina (photoreceptors or bipolar 
cells). It should also be mentioned that 
ffERG evaluates merely the function of pe-
ripheral retina, while for the evaluation of 
the macular function, other electrophysio-
logical methods are used, such as multifo-
cal and pattern electroretinography, which 
are presented below. Both methods differ 
from ffERG by the stimulation method, by 
using pattern stimulus the central retina is 
stimulated only (Figure 2).

2.2.1 Multifocal ERG (mfERG)
Multifocal ERG (4) evaluates the cone 

system function in the central 30-degree 
area of the retina. The stimulus consists 
of several hexagonal fields, and their il-
lumination is repeated in pseudorandom 
sequence over a longer period of stimu-
lation. The stimulation fields are small-
er in the centre and bigger towards the 

Figure 2: Types of the stimulation and the electrophysiological responses of a healthy test subject. The ffERG is recorded 
in the dome or integrating sphere to ensure uniform light conditions. mfERG, PERG and VEP tests take place with pattern 
stimulation; the stimulus is displayed on the monitor.
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periphery, which fits the different size of 
retina’s receptive fields, and stimulates 
equally high responses across all areas. 
The recording electrode records the re-
sponse with every stimulation pattern 
change. However, because the sequence 
of the simulation over time is known, the 
algorithm is able to subsequently calculate 
the local response for every stimulation 
field. This is a mathematically created re-
sponse, and not a native response that we 
can obtain with other electrophysiological 
methods. Local responses consist of two 
components: from negative N1 and from 
positive P1. The first originates from pho-
toreceptors and bipolar cells of the cone 
system, while the second originates only 
from bipolar cells of the cone system. This 
is a similar response to the LA 3 ERG with 
ffERG; however, it is presented as localised 
responses in the central 30-degree area of 

https://doi.org/10.6016/ZdravVestn.2975
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the retina. This allows topographic evalu-
ation of the function of individual smaller 
areas of the central retina and identifica-
tion of dysfunction of photoreceptors in 
the macula in a very early phase, which 
is especially important when diagnosing 
maculopathy. In combination with ffERG, 
it is therefore possible to evaluate whether 
a patient has a generalised or merely mac-
ular impairment of the retina, or if he has 
preseved macular function and abnomal-
ity of peripheral retina only. Since mfERG 
does not reflect the activity of ganglion 
cells, the combination with PERG record-
ing evaluates whether this is an impair-
ment of the outer or inner layers of the 
central retina.

2.2.2 Pattern ERG (PERG)
PERG (5) enables evaluation of the 

macular function and the function of the 
ganglion cells of the central retina. It can 
be stimulated with a high-contrast black 
and white reversing checkerboard stim-
ulus. The response consists of two com-
ponents. The P50 positive wave reflects 
activity of both macular bipolar cells and 
ganglion cells, so it evaluates the function 
of the macula. The N95 negative wave 
originates exclusively from ganglion cells, 
therefore it evaluates the function of the 
ganglion layers of the retina. In combi-
nation with other tests, pattern ERG be-
comes a significant tool for discovering 
the level of the impairment. When there 
is a question of retinal dysfunction, we 
can subsequently record ffERG and PERG 
to determine whether there is a macular 
impairment, when only PERG is affected, 
or a generalised retinal impairment, when 
both PERG and ffERG are usually affect-
ed. If there is a question of unexplained 
vision loss, simultaneously recording of 
PERG and VEP helps us to define whether 
loss of sight is the result of maculopathy 
or neuropathy or a cortical impairment or 
(if the responses are normal) there could 
be possible inorganic causes. It should be 
emphasised that inappropriate refraction, 

the lack of translucency of optical media 
or poor fixation of the patient, can signifi-
cantly affect the pattern ERG. Consequent-
ly, response evaluation is only possible un-
der appropriate recoding conditions.

2.2.3 Visual evoked potentials (VEP)
In order to assess the function of optic 

nerves and the visual pathway to the pri-
mary visual cortex, we use the VEP test 
(6). According to ISCEV standards for re-
cording, either pattern reversal or pattern 
onset is used. The first, i.e., pattern rever-
sal stimulation, is the most sensitive for 
discovering an impairment in the conduc-
tion along the visual pathway. The com-
ponent we measure during this process 
is the P100, i.e., the positive wave, which 
has a latency of approximately 100 ms. The 
amplitude, latency and shape of the P100 
wave tells us whether conduction has been 
delayed (prolonged latency) or blocked 
(lower amplitude), or both at the same 
time. The formation of the P100 wave ad-
ditionally tells whether this includes only 
the fibres originating from the macular ar-
ea. If we place several recoding electrodes 
on the occipital lobe of the visual cortex 
(i.e., the multichannel VEP, an upgrade of 
the standard ISCEV protocol) and use dif-
ferent types of stimulation (full-field and 
half-field) we can also determine the loca-
tion of the impairment in the visual path-
way (optic nerve, chiasm, retrochiasmal 
visual pathway or visual cortex). However, 
in order to make a reliable evaluation of 
the conduction along the visual pathway, 
we also need the information about the 
preservation of the retinal function, so 
we record PERG alongside VEP, using the 
same stimulus.

Besides the above-described pat-
tern-reversal stimulation, we also use the 
pattern-onset stimulation and flash stim-
ulation. These two methods of recording 
VEP are used especially when stimula-
tion with the standard reversal stimulus 
is not possible, e.g., with unstable fixation 
due to nystagmus or with poorer patient 
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cooperation. Onset VEP is useful for as-
sessing the preservation of the visual func-
tion in small children. Flash VEP is useful 
for evaluating the integrity of the visual 
pathway with established blurred optic 
media. It is also useful for evaluating the 
level of incorrect visual system function 
with unexplained severe or total vision 
loss. Besides the above tests, we also re-
cord multifocal VEP for research purpos-
es (14). This is a new technique, not yet 
standardised globally, but it does support 
identification of localised dysfunctions of 
the optic nerve and the visual pathway. 
The limiting factor for more extensive 
clinical use is the high variability of the 
mfVEP response in normal population.

3 Clinical indications 
for referrals to visual 
electrophysiology

We describe the most frequent diseas-
es, symptoms and clinical questions with 
which it is sensible to utilise electrophys-
iological tests, with added cases from our 
electrophysiological practice. Table 1 lists 
the most frequent reasons for referrals, as 

well as the selection of the most sensible 
method for resolving the clinical question. 
It has to be emphasised that electrophys-
iological tests are long and demanding. 
Consequently, the patient’s tiredness (and 
thereby their poorer cooperation) can 
have a significant impact on the results. 
Therefore, it is sensible to perform target-
ed tests that provide the key information 
to the posed clinical question on the func-
tion of a certain part of the visual system. 
It is only sensible to perform additional 
electrophysiological test when findings 
are still unclear. However, all established 
electrophysiological abnormalities should 
always be compared to other clinical find-
ings and morphological and functional 
tests.

Every year, between 600 and 700 pa-
tients are referred to electrophysiological 
tests at the Unit for visual electrophysio-
logical diagnostics of the Department of 
Ophthalmology, University Medical Cen-
tre Ljubljana, most often by specialists 
in retinal disease, neuro-ophthalmology 
and paediatric ophthalmology, as well as 
regional ophthalmologists, neurologists 
and other specialists. More than a half of 
treated patients are preschool or school 

Table 1: The list of the most frequent indications for electrophysiological testing and used 
electrophysiological methods (summary from 1 and 15). This is a simplified chart of using 
electrophysiological methods; a more detailed chart and the most important referral diagnoses 
is available in international guidelines (1).

+ The most indicated test.
× Test added when Best dystrophy is suspected.
* Special version of the test (explained below).

Clinical question EOG ffERG mfERG PERG VEP

Dystrophies and other retinal impairments × + + +

Optic neuropathy, intracranial changes + +

Unexplained impairments or loss of sight + + + +

Toxic and nutritional eye diseases + + + +

Assessment of the electrophysiological visual 
system function in a child

+* +*

Nystagmus + +*

https://doi.org/10.6016/ZdravVestn.2975
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children. They are most often referred 
as part of diagnosing congenital nystag-
mus and early retinal diseases, and for 
assessing the visual system function with 
high-risk neurological symptoms. Chil-
dren with amblyopia that is not improving 
even with appropriate optical correction 
and orthoptic exercises are also frequent-
ly referred. Adult patients are most often 
referred because of diagnosed neuropathy 
and intracranial reasons for sight impair-
ment (approximately 20% of referrals). 
These are followed by referrals following 
a diagnosis of a retinal disease (approxi-
mately 15%) and due to unexplained vi-
sion impairment (also 15%). Referrals for 

excluding toxic and nutritive eye diseases 
are less frequent (up to 5%), and there are 
also some other reasons for referrals that 
are more difficult to classify in the above 
diagram.

3.1 Dystrophies and other retinal 
impairments

Retinal dystrophies are certainly the 
most frequent reason of referral for elec-
trophysiological testing. Tests that we 
conduct with such a referral diagnosis are 
ffERG for determining the rod system and 
cone system function, and the possibility 
of a generalised retinal impairment, and 

Figure 3: The ffERG and mfERG results (super-positioned on the image of fundus 
autofluorescence – FAF) in a patient with rod-cone dystrophy (the depicted case has advanced 
form of pigment retinopathy), a patient with cone-rod dystrophy and a patient with cone 
dystrophy. Electrophysiological findings were bilaterally symmetric, the right eyes are shown. 
With rod-cone dystrophy, a severe loss of peripheral rod and cone function with preserved 
cone function in the macula is noticed (absence of the response of the rod system and severely 
reduced responses of the cone system with ffERG, while mfERG is normally preserved in the 
macula). With cone-rod dystrophy the pattern is reversed: there is an abnormal macular 
function, while the peripheral retinal function is preserved, but reduced (abnormal mfERG, 
reduced ffERG). With cone dystrophy the rod system responses are normal, while the responses 
of the cones of the peripheral and central retina are abnormal (normal response of rods, absent 
response of cones with ffERG and abnormal mfERG).
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mfERG and/or PERG for determining 
macular impairment. This allows us to dis-
tinguish whether the case is a macular dys-
trophy or a generalised dystrophy of the 
photoreceptors (Figure 3). With the latter, 
we can distinguish characteristic subtypes 
of retinal dystrophy with either an impair-
ment of rods or cones, or a mixed impair-
ment of both types of photoreceptors in 
different proportions. Figure 3 depicts a 
few types of dystrophies with which either 
rods or cones are more impaired, which 
can often not be clearly delimited clinical-
ly. Conducting electrophysiological tests 
is sensible in such cases, as it determines 
whether this is a dominating disease of 
the cone system or the rod system, while 
electrophysiology objectively determines 
the level of dysfunction of the retina. One 
of the most frequently referred types of 

hereditary retinal dystrophies is pigment 
retinopathy (RP), with which impairment 
of the rod system is characteristic for its 
early phase, while the cone and macu-
lar function are preserved. With an ad-
vanced form of RP (as depicted in Figure 
3), we typically notice the absence of the 
response from both the rod and the cone 
systems. The macular response (mfERG 
and PERG) is, however, preserved in the 
proportion of the preservation of the cen-
tral visual field. With hereditary retinal 
dystrophies, it is sometimes sensible to 
conduct electrophysiological testing of the 
patient’s family members who have vision 
issues, even when the fundus does not yet 
show any clear clinical signs.

Electrophysiological determination of 
patients with the Stargardt disease is al-
so important, as the electrophysiological 

exclude Best vitelliform macular dystro-
phy (8,17). An important electrophysio-
logical characteristic of Best vitelliform 
macular dystrophy is abnormal retinal 
pigment epithelium function, which is 
reflected in an abnormal EOG. It is im-
portant to note that an abnormal EOG is 
present in all phases of the disease, even 
before the vitelliform change is expressed 
on the fundus. Considering the autosomal 
dominant inheritance of the gene, EOG 
testing makes possible to discover affected 
family members even before the disease is 
expressed. There are also other forms of 
vitelliform and pseudo-vitelliform degen-
erations that are not carried over through 
autosomal dominance. With those, EOG 
is not necessarily abnormal (18).

Figure 4: Image of the fundus (A), image of fundus autofluorescence (B), optic coherent tomography (OCT) of the 
macula (C), and the results of electrophysiological tests (D) for an 8-year-old girl with a genetically confirmed Stargardt 
disease, also present in her older sister. Electrophysiological result has shown the impairment of the rods and cones of 
the peripheral retinal function (abnormal DA and LA responses with ffERG), and the impairment of the macular function 
(abnormal mfERG), which was present already in the early phase, indicating a case of fast-progressing Stargardt disease.
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Figure 5: Typical ffERG changes with complete and incomplete congenital stationary night 
blindness. Both types manifest a characteristic electronegative waveform of the DA 3 ERG, 
which depicts normal photoreceptor function and an impairment of the bipolar cell function. 
For the complete CSNB, which shows a total impairment of On-bipolar cells, the DA 0.01 ERG 
is completely absent, as the On-type rod bipolar cells do not function. The LA 3 ERG and LA 30 
Hz ERG are preserved, but slightly altered, because the contribution of the On-bipolar cells 
is missing, while the contribution of the Off-bipolar cells is preserved. This change is more 
evident when recording On-Off ERG, where the On-bipolar cell component is completely 
absent (b-wave), while the Off-bipolar cell component is normal (d-wave). With the incomplete 
congenital stationary night blindness both types of bipolar cells are partially impaired. This is 
manifested as a present, yet reduced DA 0.01 ERG, with the LA 3 ERG and LA 30 Hz ERG reduced, 
while with On-Off ERG both b- and d-waves are reduced, pointing to an impairment of both On- 
and Off-bipolar cell function.
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findings determine the level of the im-
pairment and provides the information on 
the progression of the disease (Figure 4). 
In electrophysiological terms, we differ-
entiate between three phenotypes of Star-
gardt disease (16): type 1, where only the 
macular function is impaired (abnormal 
mfERG and PERG, normal ffERG), type 
2, where the macular function is impaired 
and there is a generalised abnormality 
of cone function (abnormal mfERG and 
PERG, abnormal LA ERG, normal DA 
ERG), and the fast progressing type 3, 
with a generalized impairment of both the 
macula and the cones and rods of the pe-
ripheral retina (abnormal ffERG, mfERG 
and PERG). With patients with vitelliform 
macular dystrophy it is also important to 

exclude Best vitelliform macular dystro-
phy (8,17). An important electrophysio-
logical characteristic of Best vitelliform 
macular dystrophy is abnormal retinal 
pigment epithelium function, which is 
reflected in an abnormal EOG. It is im-
portant to note that an abnormal EOG is 
present in all phases of the disease, even 
before the vitelliform change is expressed 
on the fundus. Considering the autosomal 
dominant inheritance of the gene, EOG 
testing makes possible to discover affected 
family members even before the disease is 
expressed. There are also other forms of 
vitelliform and pseudo-vitelliform degen-
erations that are not carried over through 
autosomal dominance. With those, EOG 
is not necessarily abnormal (18).

Figure 4: Image of the fundus (A), image of fundus autofluorescence (B), optic coherent tomography (OCT) of the 
macula (C), and the results of electrophysiological tests (D) for an 8-year-old girl with a genetically confirmed Stargardt 
disease, also present in her older sister. Electrophysiological result has shown the impairment of the rods and cones of 
the peripheral retinal function (abnormal DA and LA responses with ffERG), and the impairment of the macular function 
(abnormal mfERG), which was present already in the early phase, indicating a case of fast-progressing Stargardt disease.
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which depicts normal photoreceptor function and an impairment of the bipolar cell function. 
For the complete CSNB, which shows a total impairment of On-bipolar cells, the DA 0.01 ERG 
is completely absent, as the On-type rod bipolar cells do not function. The LA 3 ERG and LA 30 
Hz ERG are preserved, but slightly altered, because the contribution of the On-bipolar cells 
is missing, while the contribution of the Off-bipolar cells is preserved. This change is more 
evident when recording On-Off ERG, where the On-bipolar cell component is completely 
absent (b-wave), while the Off-bipolar cell component is normal (d-wave). With the incomplete 
congenital stationary night blindness both types of bipolar cells are partially impaired. This is 
manifested as a present, yet reduced DA 0.01 ERG, with the LA 3 ERG and LA 30 Hz ERG reduced, 
while with On-Off ERG both b- and d-waves are reduced, pointing to an impairment of both On- 
and Off-bipolar cell function.
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With certain types of retinal dystro-
phies, the electrophysiological changes are 
so specific that an electroretinography not 
only determines the type of retinal dys-
trophy, but even the gene responsible for 
the development of the disease. This are 
so-called pathognomonic electrophysio-
logical alterations, which have been so far 
only described for three congenial retinal 
disease: cone dystrophy with supernor-
mal DA ERG, caused by a mutation in the 
KCNV2 gene, enhanced S-cone syndrome, 
(ESCS) with a NR2E3 mutation, and 
bradyopsia with the mutated gene RGS9/
R9AP (19). With ESCS, it is essential to 
record additional ERG responses accord-
ing to the extended protocol, along with a 
ffERG test. If the retina is stimulated with a 
blue stimulus on a yellow background, we 
can selectively provoke the S-cone system. 
This is the so-called S-cone ERG, which is 
abnormally increased with ESCS because 
of the excessive activity of the S-cone sys-
tem with this disease (20).

Besides the progressive types of retinal 
dystrophies, a patient’s vision might also 
be impaired as a result of stationary retinal 
disease. In patients with normal fundus 
and difficulties with night vision, the elec-
trophysiological test should exclude con-
genital stationary night blindness (CSNB). 
In electrophysiological terms, we differ-
entiate between an autosomal recessive 
and X-linked types. This is the so-called 
Schubert-Bornschein type of CSNB, which 
is characteristic with an electro-negative 
type of ERG response, demonstrating an 
impairment of the retinal bipolar cells 
(Figure 5). This can be further differenti-
ated into complete and incomplete types 
of the Schubert-Borschein type of CSNB 
(21). For the complete CSNB type, it is 
characteristic that On-bipolar retinal cells 
do not function, while for the incomplete 
type, both On- and Off-bipolar cells func-
tion only partially. In order to distinguish 
between the complete and incomplete 
CSNB, an On-Off ERG recording must be 
made in order to determine whether the 

impairment of On-bipolar cells is complete 
or whether there is a partial impairment of 
both types of bipolar cells. We also distin-
guish the autosomal dominant CSNB, also 
called Riggs-type CSNB. Its characteristic 
is a complete absence of rod activity and 
related structures, while the cone system 
functions normally. A congenial station-
ary disease with characteristic photopho-
bia is achromatopsia. A ffERG recording 
shows characteristic changes with normal 
rod system function and a severe cone 
system dysfunction (absence of the LA 
responses). If we include recording the 
S-cone ERG we can also exclude the pos-
sibility of the S-cone monochromatism. It 
is characterised by normal DA responses 
and the attenuation of LA response; unlike 
with achromatopsia, this type of retinal 
disease has retained a normal response of 
the S-cone system (22).

3.2 Optic neuropathies, 
intracranial changes

If retinal impairment is not the cause 
of decreased vision, testing with electro-
physiological methods is important, espe-
cially if there is no apparent abnormality 
in the fundus and vision loss has not been 
clinically explained. Even with OCT and 
neuroradiological diagnostics, the visu-
al pathway function can only be assessed 
objectively using electrophysiological 
methods. The pattern of VEP changes in 
combination with PERG or mfERG can 
differentiate between abnormal conduc-
tion along the optic pathway, from macu-
lopathy even before the changes are visible 
in the imaging tests, and it also determines 
the level of conduction abnormality along 
the optic nerve, the chiasmal area and the 
retrochiasmal visual pathway.

A frequent reason for clinical referral 
to VEP is a suspected optic neuritis. It is 
clinically manifested as an acute loss of vi-
sual acuity with a pain when moving the 
eyeball. The typical VEP changes show de-
layed VEP P100 latencies, which persists 
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also after the visual acuity returns, and a 
significant reduction in the P100 ampli-
tude at the acute phase of the disease. The 
role of electrophysiology in diagnosing an 
optic neuritis is objectivization of func-
tional abnormality already in the acute 
phase for assessing the magnitude of the 
conductional block along the optic nerve. 
After the acute stage, the electrophysiolog-
ical assessment is especially important if 
the expected improvement of visual acuity 
does not occur, to evaluate the impairment 
of the optic nerve as the result of demyeli-
sation or axonal damage, and for monitor-
ing remyelination (23). When visual acuity 
does not begin to improve after the acute 

recovery phase, which is characteristic for 
atypical forms, related to axonal damage 
(e.g., with neuromyelitis optica (NMO) 
or with Leber's hereditary optic neuropa-
thy (LHON)), electrophysiology evaluates 
the loss of optic nerve fibres and the de-
generation of ganglion cell axons. This is 
shown as a reduced N95 wave of the PERG 
(1,23). Prolonged VEP P100 latencies can 
also be present in asymptomatic patients 
with multiple sclerosis, where the VEP in-
dicates a subclinical demyelisation of the 
optic nerve (1).

Sudden and irreversible loss of vision, 
not accompanied by pain, is characteris-
tic of non-arteritic anterior ischemic optic 

Figure 6: The case of a patient who was hospitalised with atrophy of the optic nerve on the left 
eye. He accidentally noticed the visual impairment, when he covered his right eye, which had 
no symptoms. Along with the atrophy of the left optic nerve, there was an anormal function 
of the ganglion cell axons seen as a reduced N95 wave on the PERG. On this eye, the VEP P100 
for the full-field stimulation was reduced and moderately delayed, when compared with the 
right eye, which pointed to a partial block of conduction along the optic nerve of this eye. At 
the same time, both eyes manifested a partial block along crossed fibres of the optic nerve, 
manifested as relative reduction on the right eye, when stimulated with a right half-field, 
while on the left eye there was a reduction with left half-field stimulation (red arrows indicate 
abnormal P100). The MRI of the head, which the patient undertook later, showed a pituitary 
adenoma of the left optic nerve and the optic chiasm.
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neuropathy (NAION). If visual acuity is 
retained, the VEP changes are shown as a 
reduction in the amplitude without major 
abnormality of the response latency. With 
arteritic anterior ischemic optic neurop-
athy (AAION), loss of vision is usually 
more severe. Accordingly, VEP is also 
more abnormal, and therefore with typical 
ischemic optic neuropathies, electrophysi-
ological testing does not provide any addi-
tional information (1).

Leber's hereditary optic neuropathy 
(LHON) is generally manifested as a con-
secutive bilateral loss of visual acuity with 
reduced colour vision, central scotoma 
and hyperaemic papillae, usually without 
leakage of dye on papillae with fluorescent 
angiography. A typical electrophysiologi-
cal abnormality can already be present in 
the acute phase of the disease, and can be 
manifested as a rreduced N95 wave of the 
PERG and P100 wave of the VEP, indicat-
ing a predominant dysfunction of retinal 
ganglion cells and subsequent degenera-
tion of the optic nerve fibres (24).

Neuroradiology examinations are cer-
tainly the most important diagnostic pro-
cedures for compressive optic neuropa-
thies. However, due to progressive loss of 
vision without any explicit morphological 
signs of worsening patients require elec-
trophysiological tests to objectivise the 
progression. This is also important with 
more severe forms of thyroid-associated 
orbitopathy, where the neuroradiology as-
sessment of the compressive optic neurop-
athy is hindered. A detailed electrophysi-
ological determination of the abnormality 
requires recording of a multi-channel VEP, 
which has become standard in most elec-
trophysiological laboratories in Slovenia, 
even though it is not required by the IS-
CEV standard (6). When a tumour affects 
the optic nerve of only one eye and does 
not touch chiasm, we notice an electro-
physiological reduction of the VEP am-
plitude and a partial delay in the latency 
of the VEP response in this eye. Howev-
er, these changes cannot be differentiated 

from other causes of neuropathy. When 
the chiasm is also affected, we notice 
characteristic abnormality, called crossed 
asymmetry. This means that the abnor-
mality of the right eye is manifested with 
abnormal VEP P100 to full-field stimu-
lation above the right hemisphere of the 
brain, and vice-versa - the VEP from the 
left eye is abnormal above the left hemi-
sphere. Such abnormalities are even more 
clearly captured with half-field stimula-
tion, for which a VEP abnormality to the 
temporal half-field stimulation is charac-
teristic (it is used to stimulate the crossed 
fibres of the optic nerve), while the signal 
is normal for the stimulation with the na-
sal half-field. Figure 6 shows an example 
of a patient with such a pattern of change. 
Incorrect conduction along the retrochi-
asmal visual pathway causes uncrossed 
asymmetry, with which the VEP response 
from both eyes is abnormal above the 
same hemisphere (1,23).

Characteristic electrophysiological 
changes are also present with glaucoma-
tous optic neuropathy, where the reduced 
PERG is the result of deteriorating gangli-
on cells (25). The reduction of the phot-
opic negative response in the early phases 
of the disease is also characteristic (26), 
while VEP changes are generally not spe-
cific until late stages of the disease because 
of the preservation of the central field of 
vision. Therefore, referring glaucoma pa-
tients to electrophysiological testing is 
only sensible when their loss of vision can 
not be explained by clinical findings.

3.3 Unexplained visual loss

When the cause of vision loss cannot 
be explained, referring a patient to electro-
physiological tests is certainly important, 
as subjective claims of eyesight deteriora-
tion do not match the clinical presenta-
tion. The reasons for such derogations can 
be different; there could be intracranial 
causes for vision impairment, it could be 
an early stage of an impairment not yet 
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morphologically manifested on the fun-
dus (a functional impairment frequently 
occurs before the morphological impair-
ment), and sometimes there are inorgan-
ic causes. It should be mentioned that a 
normal result with unexplained vision 
impairment still does not mean that the 
patient’s vision loss is malingered. Tests 
capture the visual system function only 
up to the primary visual cortex; however, 
interpreting visual information is the task 
of complex brain processes, and a normal 
electrophysiological result does preclude 
their impairment.

The significance of electrophysiology 
in diagnosing unexplained visual loss is to 
define at the level of impairment. The most 
frequent unexplained impairment is loss 
of visual acuity, with an electrophysiologi-
cal distinction between abnormal macular 
function and an optic nerve impairment. 
A frequent indication for referral is also 
loss of visual field. With a concentric loss 
of the visual field we can confirm retinal 
impairment such as pigment retinopathy. 
In some cases, the changes can reveal an 
impairment of a specific cellular type in 

the retina or the visual pathway, as shown 
in the two cases below.

3.3.1 The case of unexplained 
constriction of visual field and 
impairment of night vision

A 31-year-old woman was referred 
to an electrophysiological test for unex-
plained vision impairment. A few months 
before the test, she had a gynaecological 
procedure under general anaesthesia, after 
which she began to notice flickering along 
her whole field of vision, she had more 
problems at night or with poor light con-
ditions. She had no issues with her vision 
priorly. Upon the clinical examination, her 
visual acuity was 1.0, bilaterally, along with 
a concentric constriction of visual field on 
both eyes. There were no other clinical 
abnormality that could explain the vision 
impairment. She underwent a ffERG test 
(Figure 7), which revealed changes, char-
acteristic of the impairment of the On-bi-
polar cell function. This was evident from 
the electronegative waveform of the DA 3 
ERG, absent DA 0.01 ERG, and the char-
acteristically altered waveform of the LA 

Figure 7: The case of unexplained constriction of visual field and impairment of night vision 
with a 31-year-old patient. The ffERG results showed an electronegative DA 3 ERG, while the 
a-wave was normal, and b-wave significantly reduced below the baseline. The DA 0.01 ERG 
was not recordable and individual oscillatory potentials did not form. The LA 3 ERG had a 
significantly altered waveform – broadened a-wave and a sharpened b-wave pointed to a 
missing component of On-bipolar cone system cells, while the values of the LA 30 Hz ERG were 
within normal.
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3 ERG. Such a pattern of change is char-
acteristic for the complete type of congen-
ital stationary night blindness, or in case 
of acquired disease, such a condition can 
coincide with melanoma associated ret-
inopathy (MAR) (27). Based on electro-
physiological changes, we referred her to 
additional clinical diagnostics, but they 
have not discovered a malignant process 
so far.

3.3.2 The case of unexplained 
bilateral vision loss

A 57-year-old man was referred to 
electrophysiological test for unexplained 
bilateral vision loss. His condition fol-
lowed a cerebrovascular insult, indicating 
a possibility of a cortical vision loss. Only 
a few months after the vision impairment, 
the patient first saw an ophthalmologist, 
and during the diagnostics procedure un-
derwent a CT and MRI of the head: there 
were signs of atrophy after the stroke right 
occipitally and right in the thalamus (leu-
koencephalopathy). At the last ophthal-
mologic examination, he had very low vi-
sual acuity (right eye – counting fingers at 
1.5 m, left eye – counting fingers at 0.5 m), 
his macula was normal, while there was a 

partial pallor of the optic nerve head and 
partially thinner retinal ganglion cell layer 
on OCT.

Electrophysiological result (Figure 8) 
with an abnormal N95 wave of the pattern 
ERG showed signs of bilateral impairment 
of ganglion cell function, while a severely 
abnormal VEP indicated signs of impaired 
conduction along the optic nerve. This pat-
tern of change showed that this was not cor-
tical impairment, but a bilateral optic neu-
ropathy with ganglion cell damage. Further 
clinical monitoring showed a progressive 
atrophy of the optic nerve fibres on OCT. 
Because of the concurrent electrophysio-
logical signs of the impairment to the gan-
glion cell function, he was referred to ge-
netic testing for Leber’s optic neuropathy. 
A positive mutation in the mitochondrial 
genome (11778) was identified.

3.4 Toxic and nutritional eye 
diseases

Referral to electrophysiological tests 
with the possibility for toxic and nutri-
tive eye diseases is especially important 
for differentiating whether this is a case 
of a toxic retinopathy or a toxic optic 

Figure 8: The case of a patient with clinically atypical Leber hereditary optic neuropathy. The 
results of electrophysiological tests on both eyes showed a normal flash ERG and a normal P50 
of the pattern ERG, the N95 was raised above the baseline, VEP was not recordable.
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neuropathy, and to objectively determine 
the level of the function impairment. The 
latter is especially important in the ear-
ly phases of the disease, when the mor-
phological changes are not yet apparent 
enough, so the retinotoxic process can 

be misdiagnosed. The patients receiving 
chloroquine or hydroxychloroquine for 
treating autoimmune diseases are fre-
quently referred in this regard. Multifo-
cal ERG is one of the most accurate tests 
for early detection of toxic change on the 

Figure 9: The case of a 54-year-old patient who was treated with chloroquine for systemic lupus 
for 12 years. Subjectively she did not notice any decrease in vision, her visual acuity was normal 
on both eyes (1.0 with correction), however, on the M2 TOP visual field testing there was a 
parafoveolar reduction in sensitivity. Multifocal ERG showed a preserved response in the fovea 
region (the first ring in the average ring responses), and a characteristic parafoveolar reduction 
(the second ring of the average ring responses). The reduction coincided with a morphology 
impairment visible with OCT, where the parafoveolar region showed a thinner outer nuclear 
layer of the retina and the rarification of the IS/OS line.
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retina (28). Since an mfERG test takes a 
long time and has a similar level of accu-
racy as spectral optic coherent tomogra-
phy (SD-OCT), referring all patients who 
are being treated with chloroquine is not 
sensible according to international guide-
lines. However, it is imperative to refer all 
those suspicious cases, especially when 
a patient already has a loss in the field of 
vision, and the morphological change on 
the retina is not yet apparent. In such early 
phases of the disease, the typical finding 
from the multifocal ERG is as follows: re-
duced signal in the parafoveolar region, as 
revealed by the second ring of responses 
from the multifocal ERG (Figure 9). This 
change is most easily seen by calculat-
ing the ratio between the rings, allowing 
us to determine the relative deviations of 
the signal in this area. Electrophysiologi-
cal tests are used to exclude retinotoxicity 
when the patient is receiving antiepilep-
tic therapy with vigabatrin, breast cancer 
therapy with tamoxifen, and other less 
common forms of therapy. Characteristic 
changes in retinal and optic nerve func-
tion may also occur as a result of methyl 
alcohol poisoning. Retinopathy from vita-
min A deficiency can also require electro-
physiological testing. The electrophysio-
logical findings that we obtain from this, is 
the absence of rod activity, similarly to the 
autosomal dominant congenital stationary 
night blindness. Sometimes the deficiency 
of a certain substance can impair the op-
tic nerve function, which is characteristic 
for nutritional optic neuropathy resulting 
from vitamin B12 deficiency. Toxic aeti-
ology of optic neuropathy can also be the 
result of ethambutol, and in rare cases also 
of tobacco toxicity or as a result of treat-
ment of the arrhythmia with amiodarone 
(1).

3.5 Assessing 
electrophysiological visual 
system function in a child

One of the most important parts of 

electrophysiology is the assessment of 
a child’s visual system. Because the tests 
are non-invasive and objective, they 
can be used to assess the visual system 
function, while also providing indirect 
information on the quality of visual de-
velopment. This is especially important 
for newborns and small children with 
risk factors or with children who can-
not yet perform psychophysical tests for 
assessing the visual system function, be-
cause they do not speak yet (Figure 10). 
Because of potentially poor cooperation, 
electrophysiological recording of chil-
dren requires customized methods and 
trained staff (in Slovenia paediatric elec-
trophysiology is performed according to 
the so-called GOSH protocol, which was 
implemented in cooperation with the 
London Great Ormond Street Hospital). 
ISCEV standards for pediatric electro-
physiology are in development (29,30). 
The GOSH protocol for recording small 
children is described in detail elsewhere 
(31), while ISCEV-standard-based tests 
can be performed with children from 7 
years of age, i.e., when they are able to 
appropriately cooperate in tests. Testing 
early in a child’s development can help 
identify the cause of poor visual contact. 
With suspected retinal dystrophy or its 
impaired function, the specific pattern of 
flash ERG abnormality can help to distin-
guish different types of retinal diseases 
and helps to determine the extent of reti-
nal damage. With suspected impairment 
of conduction along the optic nerve or vi-
sual pathway, characteristic VEP changes 
can differentiate between certain types of 
congenital and acquired impairment of 
optic nerve or visual pathway function. 
In amblyopic children, electrophysio-
logical testing can determine the reason 
why the eye has not been responding to 
therapy even with orthoptic exercises and 
regularly covered unaffected eye. With 
older children, visual electrophysiology 
can be useful in diagnosing the causes of 
headache, and with suspected inorganic 
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causes of vision loss or with toxic effects 
of certain drugs, e.g., vigabatrin.

3.6 Nystagmus

The importance of electrophysiolog-
ical tests in diagnosing nystagmus is de-
scribed in more detail elsewhere (32). 
Considering the pattern of electrophysio-
logical changes, we can briefly determine 
whether this is an idiopathic, sensory or 
neurological nystagmus. With a normal 
clinical and electrophysiological findings, 
we can conclude it is a case of congeni-
tal idiopathic nystagmus. When there are 
changes to ERG and/or VEP, we speak of 
sensory causes for congenital nystagmus. 
When a retinal impairment is identified, 
the changes to ERG can be specific enough 
to differentiate different types of retinal 
dystrophy and other retinal impairments. 
The most frequent reasons are Leber con-
genital amaurosis, congenital stationary 
night blindness and achromatopsia (33). 
When we detect an altered VEP with a 
normal ERG, we speak of postretinal caus-
es of sensory nystagmus. These include 
optic nerve hypoplasia, ocular albinism 

Figure 10: The case of a 10-year-old boy who was referred to electrophysiological tests to 
determine the preservation of visual system function with the extreme microphthalmos and 
poorly recognised optic structures. There was no measurable ERG response from the retina, 
while the VEP response to flash stimulation above the visual cortex was still preserved, showing 
that he detects light.
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and achiasmia (34). Neurological nystag-
mus occurs in the scope of neurological 
diseases, in connection with chromosom-
al impairments and certain syndromes. 
In case of acquired nystagmus as a con-
sequence of a neurological disorder, it is 
also important to perform an objective 
assessment of the visual system, especial-
ly electrophysiological testing with VEP. 
This excludes potential pathology along 
the visual pathway due to compressive 
changes, demyelinating diseases and oth-
er causes (35). It must be mentioned that 
diagnosing causes for nystagmus, regard-
less of whether the patient is a child or an 
adult, requires customized testing proto-
col. Patients with nystagmus are not capa-
ble of an appropriate fixation of the stim-
ulus, therefore tests using mfERG, PERG 
and pattern-reversal VEP can no longer 
be performed. For these patients, the reti-
nal function can only be determined with 
a ffERG test (or with very small children 
with a customised protocol of flash ERG, 
measured with a skin electrode), and the 
function of the visual pathway with the 
flash and onset VEP protocols.
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4 Conclusion

Clinical electrophysiological testing of 
the visual system allows an objective as-
sessment of the visual system’s function 
from the retinal pigment epithelium and 
up to the visual cortex. Testing can pro-
vide important information in the pro-
cess of diagnosing certain eye diseases. 
Performing these methods is sensible on-
ly with specific clinical indications, and 
a broader clinical image should always 
be taken into account when evaluating 
results.
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