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1. Introduction

Ocular electrodiagnostic tests are invaluable tools in most clinical circumstances in routine
ophthalmology practice. Sometimes, these tests are the only methods exploring the functional
deficits of the patient in otherwise normal structure. In contrast, ocular electrophysiological
tests may explore normal function in cases with functional vision loss. In this chapter, we will
focus on the clinical use of ocular electrophysiological tests after a short explanation about
recording parameters. A basic clinical use of ocular electrophysiological tests will be discussed
rather than detailed and theoretical explanations.

2. Full-field electroretinogram

Full-field electroretinogram (ERG) represents a mass-response of the retina to a full-field flash
of light. The resultant single waveform is the total response of the retina. The details of full-
field ERG recording techniques may be obtained from ISCEV (International Society for Clinical
Electrophysiology of Vision) standards [1]. The functions of rod, cones and inner retinal layers
may be recorded separately by changing stimulus parameters and the adaptive state of the eye
to the light.

In a typical full-field ERG (Figure 1), five recordings are performed. At first, the patient is dark
adapted for at least 20 minutes. A dim white or blue flash light [2.0 log unit below the standard
flash intensity (Standard flash: 3.0 cds/m2)] is used to stimulate the retina. This response is
shown as ‘DA 0.01 response’ in the latest ISCEV guideline for full-field ERG recording. At that
flash intensity, only rod photoreceptors are stimulated and the resultant waveform belongs to
rod functions. In that response, only a positive b wave originated from rod ON-bipolar cells
is recorded. This means that DA 0.01 response is an indirect indicator for rod photoreceptor
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function. Secondly, DA 3.0 response is recorded. A standard flash light is used to stimulate
both rod and cone photoreceptors and combined response of rod and cone photoreceptors is
recorded. The first negative peak, a-wave is caused by the hyperpolarization of photoreceptors.
However, in DA 3.0 response, a-wave has a bifid configuration which makes the evaluation
of photoreceptor function problematic. For this reason, ISCEV recommended the use of bright
flash ERG recordings (DA 10.0 ERG or DA 30.0 ERG) for photoreceptor function evaluation.
In these brighter light levels, a–wave has a clear single peak. Oscillatory potentials, which
reflects amacrine cell function is recorded using standard flash light intensity under dark-or
light-adapted (LA; at least 10-min of light adaptation using a background luminance of 30cd/
m2) conditions. LA 3.0 response is generated within cone system. LA 3.0 30 Hz flicker response
is the most sensitive indicator of cone system however, it arises in the inner retina and cannot
be used to localize the level of abnormality within the cone system [2].

Each retina consists of approximately 4-5 million of cone and 100-120 million of rod photore‐
ceptors. The rods contain light-sensitive pigment rhodopsin with a spectral absorption peak
at 496 nm. Each cone contains one of three types of color sensitive pigments. L, M and S-cones
(L: long wavelength cones, M: middle wavelength cones, S: small wavelength cones) have peak
absorption spectra at 558nm, 531nm and 419nm, respectively. L,M and S cones is also named
as red cones, green cones and blue cones with respect to colors of peak-sensitized light [3].

It is apparent from the stimulation technique that small areas of retinal dysfunction cannot be
explored by full-field ERG, such as cases with Stargardt macular dystrophy or age-related
macular degeneration, macular edema, etc. The cone photoreceptors are the most heavily
packed in the macula, however 85-90 percent of cone photoreceptors reside in extra-macular
retina. For this reason, full-field ERG is not a good way to investigate functional status or
follow-up of retinal diseases known to be restricted to the macular area. Full-field ERG should
be used for generalized retinal dysfunction.

Figure 1. A representative full-field ERG response from a healthy subject.
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Retinitis Pigmentosa: Retinitis pigmentosa refers to a large group of genetically heterogene‐
ous disorders characterized by rod dysfunction in the early stages of the disease and progres‐
sive rod-cone dysfunction. In typical retinitis pigmentosa, full-field ERG is almost non-
recordable in most clinical situations. Rod functions are generally deteriorated earlier and
more severely than cone functions. Figure 2 shows a full-field ERG recording belonging to a
21-year-old male patient with retinitis pigmentosa.

Figure 2. Full-field ERG responses belonging to a healthy subject and a 21-year old male with retinitis pigmentosa. DA
0.01 response is non-recordable. DA 3.0 response has a very low b wave amplitude. LA 3.0 and LA 3.0 30 Hz responses
are reduced.
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The original report of the ERG in primary retinitis pigmentosa revealed nondetectable or very
small responses but these patients usually had advanced disease with attenuation of retinal
vessels and extensive pigmentary changes in the retina. However, later studies showed that
in the early stages of the disease, the ERG amplitudes are generally subnormal when the patient
is asymptomatic. In that stage, however, delays in the implicit times helps in the establishing
of widespread progressive forms of retinitis pigmentosa [4].

Retinitis pigmentosa has mainly three types of genetic transmission, autosomal dominant,
autosomal recessive and X-linked recessive forms. Almost 50% of patients are sporadic retinitis
pigmentosa patients which means that the most common form is this form of the disease. The
worst prognosis is seen in X-linked recessive inheritance. These patients generally have non-
recordable rod and cone ERG until the end of first decade. However, autosomal dominant type
has the best prognosis, and patients with autosomal dominant inheritance may have good rod
and cone functions until the fourth and fifth decades [4].

In cases with non-recordable full-field ERG, the follow-up of the macular function may be
performed with multifocal ERG, focal ERG or pattern ERG. This will be discussed in the next
parts of this chapter.

Cone dystrophies: Cone dystrophy refers to a large group of genetically heterogeneous
disorders characterized by progressive diffuse cone dysfunction. Patients have progressive
visual acuity loss, decreased color vision and, aversion to bright light. In cone dystrophies, rod
function is normal in the early stages of the disease, however may deteriorate in the late stages.
Combined rod-cone bright flash ERG shows a mild to moderately reduced a wave and b wave
with variable prolongation and oscillatory potentials are also reduced. Single cone responses
and 30 Hz cone responses are reduced and prolonged (Figure 3) [5].

Congenital Stationary Night Blindness (CSNB): In contrast to retinitis pigmentosa which is
characterized by progressive night vision blindness and photoreceptor loss, CSNB refers to a
group of congenital hereditary retinal diseases with non-progressive night blindness and no
structural photoreceptor damage. The patient even may not recognize night blindness if the
symptoms are mild. Schubert-Bornschein type of CSNB is the most frequent type and is
characterized by negative full-field ERG. Negative ERG is told to occur when a b-wave
amplitude lower than a-wave amplitude in combined rod-cone response. That is, the peak of
the b-wave is under the isoelectric line of the full-field ERG and b/a ratio is under 1 (Figure
4). CSNB represents only one of the stationary night blinding disorders. Others are fundus
albipunctatus, Oguchi disease and fleck retina of Kandori. However, CSNB may be said to be
the only one with normal fundus, except myopic fundus changes in some subgroups.

Negative ERG is seen in stationary night blidness but is not limited to this condition. A normal
a wave and reduced b wave means that there is problem in the transmission of electrical
biopotential from the photoreceptors to the inner retinal layers. The retina has a dual circula‐
tion. Photoreceptors are nourished by choroidal circulation while inner retinal layers are
nourished by retinal circulation. The biopotential cannot be transferred to inner retinal layers
if a problem exist in the retinal circulation. For this reason, central retinal artery obstruction,
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central retinal vein obstruction may cause negative ERG. Similarly, juvenile retinoschisis is
one of the causes of negative ERG.

Figure 3. Full-field ERG responses belonging to a healthy subject and a 23-year old male with cone-dystrophy. DA
0.01 and DA 3.0 responses are normal. LA 3.0 response is almost non-recordable. LA 3.0 30 Hz responses are very
much reduced.
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Figure 4. Full-field ERG responses belonging to a healthy subject and a 20-year old male with congenital stationary
night blindness. DA 0.01 is non-recordable, DA 3.0 response has a negative configuration that is b-wave amplitude is
lower than a-wave amplitude. LA 3.0 response and LA 3.0 30 Hz responses are mildly reduced.

Cone dystrophy with supernormal rod ERG. Cone dystrophy with supernormal ERG was
first described by Gouras et al. in 1983 [6]. This autosomal recessively inherited syndrome is
characterized by reduced visual acuity, abnormal color vision, discrete macular changes, and
specific alterations of ERG responses. Full-field ERG changes are: (1) reduced and delayed
cone responses, (2) a reduction and marked delay of rod b-waves at low light intensities, (3)
elevated rod b-wave amplitudes at higher light intensities [7]. In the early stages of the disease,
the fundus appearance may be normal, however macular pigmentary changes and macular
atophy may occur in the later stages [8]. The dystrophy was shown to be caused by KCNV2
gene mutation [9-11]. This gene encodes a subunit of a voltage-gated potassium channel
expressed in both rod and cone photoreceptors [9]. It is probable that the rapid increase in b-
wave amplitude over a short range of stimulus may result from a ‘gated’ mechanism, occurring
only after an abnormmally high threshold has been exceeded, enabling channel activation and
ERG b-wave generation. Robson et al. reported that the ERG to the bright-flash showed a
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broadened and delayed a-wave through with a rhomboid-like shape [8]. Figure 5 shows a cone
dystrophy patient with supernormal rod ERG [12].

Figure 5. Full-field electroretinogram with very delayed rod response, a rhomboid a-wave and supernormal b-wave in
bright-flash rod-cone response and very reduced cone responses in a patient with KCNV2 mutation (Used with per‐
mission of Journal of Retina-Vitreus, 2011).

Diabetic retinopathy. Full-field ERG changes are somewhat equivocal in diabetes mellitus.
However, there are a number of studies reporting full-field ERG changes in diabetes mellitus.
In one study, several ERG changes were reported in diabetics with or without retinopathy
From the literature, it is apparent that full-field ERG changes were found in diabetic patients
with and without diabetic retinopathy [13]. Holopigian et al. found several ERG parameters
to be abnormal in early diabetic retinopathy [14]. Reductions in the oscillatory potentials were
reported in diabetic retinopathy, [13, 15, 16] however there was no changes in one study [17].
Bresnick et al. found that oscillatory potential amplitudes predicted the progression of mild
nonproliferative diabetic retinopathy to severe proliferative diabetic retinopathy [15, 18].

Toxic effects. Many drugs may have toxic effects on the retina, including choroquine/
hydroxychloroquine, chlorpromazine, thioridazine, indomethacine, quinine, methanol,
gentamicin, cisplatin, vigabatrin, desferroxamine, sildenafil,..etc.
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Chloroquine/hydroxychloroquine is used in the treatment of rheumatoid arthritis, systemic
lupus erithematosis, and malarial fever. Both drugs have an affinity to melanin and tends to
accumulate in the choroid, ciliary body, and retinal pigment epithelium. When the degenera‐
tive changes are limited to the macular area, normal or subnormal full-field ERG responses
are obtained. In the late stages of the toxic effect, peripheral pigmentary changes become
apparent. In this stage, minimal or non-recordable responses are obtained. Because full-field
ERG responses are minimally affected in the early stages, this test is not recommended to detect
early functional deficits. Instead, central 10/2 visual field testing and multifocal ERG is more
appropriate for this purpose [19].

Photopic negative response. The photopic negative response is a negative-ongoing wave that
occurs following the b-wave in response to a long flash. It is particularly easy to see in red
flashes on blue backgrounds. Several studies indicated that the photopic negative response
originates from the retinal ganglion cells. The photopic negative response is significantly
reduced in patients with primary open-angle glaucoma,[20-24] anterior ischemic optic
neuropathy, and other optic neuropathies,[25, 26] consistent with an origin in ganglion cells
or their axons [27].

3. Multifocal electroretinogram

Multifocal ERG, first developed by Sutter and Tran in 1991 [28], provides a topographic map
of the retinal function. As discussed above, full-field ERG is a mass response of the retina and
small areas of retinal dysfunction cannot be explored with full-field ERG. At that point,
multifocal ERG has its own advantages. By using a single electrode, multifocal ERG technique
allows the recording of the functions of 61, 103 or even more retinal areas in less than 7-8
minutes. The recordings belong to central 30 to 50 degrees of the retina. For this reason, it is
an excellent tool in detecting macular function. Multifocal ERG is a reproducible technique
although very small responses are produced in each hexagonal area [29].

Multifocal ERG responses may be presented as single waveforms for each hexagonal area, ring
analysis beginning from the most central to the periphery of the stimulated area and 3-D
presentation (Figure 6).

The multifocal ERG stimulus is displayed on a video monitor. The stimulus consists of a pattern
of hexagonal areas which are scaled to produce equal ERG responses from the retina (Figure
7). During stimulation, the display appears to flicker because each hexagon goes through a
pseudo-random sequence (the m-sequence) of black and white presentations. Each hexagon
has a probability of 0.5 of being white or black on each frame change [30]. Complex mathe‐
matical analyses between each retinal response and pseudo-random m sequence provide local
retinal responses belonging to each hexagonal area.
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Figure 7. Multifocal ERG stimulus

Macular disease. One of the best uses of multifocal ERG is in Stargardt disease. The central
responses are reduced and delayed and the better responses are obtained in the peripheral
rings.

Central areolar choroidal dystrophy, first described by Nettleship in 1884, is a macular
dystrophy characterized by the development of fine, mottled, depigmented retinal pigment
epithelium in the macula. After several decades the pathognomonic zone of circumscript
atrophy, affecting retina, retinal pigment epithelium and choriocapillaris, develops in the
macular region of the eye [31, 32]. Although, most cases are sporadic, autosomal dominant
and recessive inheritance patterns have been reported [33]. In a recent study, we have showed
that mfERG responses were reduced corresponding to the areas of ophthalmoscopically visible

Figure 6. A normal multifocal ERG response output. Upper left: Plots diagram showing single responses from each
retinal area. Upper right: Ring analyses. The upper rings show central retinal functions, the lower rings show peripher‐
al functions. Lower right: 2-D amplitudes with color-coded diagram. Lower left: 3-D amplitudes.
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lesion and there were significant correlations between foveal retinal sensitivity in the Humprey
visual field and mfERG P1/N1 amplitudes (Figure 8) [34].

Figure 8. Color fundus photographs, pattern deviation of Humphrey visual fields and multifocal ERG results of four
patients with central areolar choroidal dystrophy. Central responses are markedly reduced and delayed in multifocal
ERG. (Used with permission of Wichtig Editore. From. ‘Multifocal electroretinogram and central visual field testing in
central areolar choroidal dystrophy‘‘, Gundogan et al, European Journal of Ophthalmology, Volume 20, Number 5,
2010).

Multifocal ERG was used to evaluate macular function and the response of macular edema to
different types of treatment in different types of macular edema. In one of them we showed
that multifocal ERG is not a good way to monitor the macular function in chronic macular
edema [35].

Diabetic retinopathy. One of the important features of early diabetic retinopathy is its focal
nature. Full-field ERG is a mass response of all retinal areas. For this reason, full-field ERG
recordings cannot detect smaller areas of focal retinopathy in early diabetic retinopathy.
Because multifocal ERG records the function of very small retinal areas, it may be used to detect
very early local retinal dysfunctions in diabetic retinopathy. Holm et al. showed that hard
exudates prolongs the implicit times of the multifocal ERG independent from the macular
thickness [36]. In accordance with this finding, Dhamdhere et al. found that local neuroretinal
function is not associated with full retinal thickness measured locally in patients with diabetes
and no retinopathy, even in abnormal locations. The authors concluded that full retinal
thickness measured locally by OCT is not a surrogate for multifocal ERGs in early diabetic
retinopathy [37].

Follow-up of retinitis pigmentosa. Multifocal electroretinography is a powerful tool in the
follow-up of residual central cone functions in retinitis pigmentosa. In these cases, full-field
ERG is generally not reproducible and cone functions are non-recordable. In one study, [38]
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yearly progression according to the multifocal ERG values was found to be approximately 6%
to 10% in the outer three rings. Ring 5 amplitudes of the multifocal electroretinogram correlated
well with the scotopic full-field mixed rod-cone ERG response amplitude.

Glaucoma. Glaucoma primarily affects the inner retina, specifically the retinal ganglion cells,
most likely with unremarkable signs or symptoms in the early stages. The damage to retinal
ganglion cells results in visual field loss. However, approximately 30-35% of ganglion cells
should be lost for an evidence of visual field loss. In recent years, retinal nerve fiber layer
analysis by optical coherence tomography has become the most common technique for
glaucoma detection [39]. Several studies have used multifocal ERG in detecting signs of
glaucoma in terms of amplitude [40] and implicit times [41]. The amplitude of the multifocal
ERG is also reduced in patients with ocular hypertension [42].

One of the most important studies on the use of multifocal ERG for glaucoma detection was
performed by Sutter and Bearse [43]. The authors used a mathematical algorithm to extract a
component with a latency, which increased in proportion to the estimated length of the
ganglion cell axons from the site of stimulation to the optic nerve head. The authors found that
glaucomatous damage may reduce the magnitude of this component (optic nerve head
component) [39, 43].

4. Focal electroretinogram

Focal ERG is used to record local ERG response. In contrast to multifocal ERG stimulus, a direct
focal light is used over the retinal area being tested, mostly the macular or foveal region. The
response to such a stimulus is about a few microvolts, for this reason, signal-to-noise ratio is
low in focal ERG. To overcome this issue, hundreds of stimulus should be used to have a
reliable average response. Second problem in focal ERG is the scattered light. The original ring-
shaped light is scattered in the eye and may easily stimulate the area outside the intended
retinal area. For this reason, the stimulating light is encircled by an annulus ring of steady
background light that is typically brighter than the test stimulus. However, this is not an
unproblematic solution, because it use of a brighter background light prevents the recording
of rod functions [44]. Focal ERG is generally not used in routine clinical practice in most
electrophysiological units because of these difficulties and the emergence of multifocal ERG
in 1992.

5. Pattern electroretinogram

Pattern ERG is a retinal response to a checkerboard pattern stimulus with alternating black
and white squares. In low temporal frequencies (<6 reversals per second), a positive compo‐
nent, P50 (positive peak around 50th milliseconds), and a negative component, N95 (negative
component around 95th milliseconds), are observed. Sometimes, a negative component
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around 35 milliseconds may be recorded (N35).This response to low-frequency stimulus is
called ‘transient PERG. (Figure 9)

Figure 9. A typical pattern ERG recording.

In high temporal frequencies (>7 reversals per second), P50 and N95 peaks are merged into a
sinusoidal waveform, dominated by the N95 component. This response is called ‘steady-state
pattern ERG’. In steady-state pattern ERG, it is impossible to distinguish the original P50 and
N95 peaks [45].

Initially it was thought that PERG is almost totally originated from ganglion cell functions.
However, later studies showed that P50 peak has an earlier component originated from cells
distal to the ganglion cells and reflecting mostly the macular function [46-49]. In two reports
[50, 51], it has been detected that some pattern ERG response still may be recorded after post-
traumatic and surgical optic nerve section despite no light perception. In one of them, P50
amplitude reduction with P50 latency shortening was observed. These findings too imply that
pattern ERG is not completely originated from ganglion cells. In addition, shortening of the
P50 latency caused the theory that a later part of the P50 response is related with ganglion cell
function and P50 latency shortens if ganglion cell function extinguishes.

It is apparent from the Figure 9 that P50 amplitude reduction is accompanied by a secondary
N95 reduction, as N95 amplitude is measured from P50 peak to N95 trough. However, this is
not the same for N95 amplitude reduction. N95 amplitude reduction may be selective. For this
reason, the ratio of N95 amplitude to P50 amplitude has an importance in detecting whether
the visual loss is related to macular disease or ganglion cell disease. If N95/P50 ratio is normal,
then it may be thought that the visual loss may be attributed to macular disease. If the ratio is
lower than normal (which is called as ‘selective N95 reduction’), visual loss may be attributed
to ganglion cell disease. N95/P50 ratio is about 1.5 in the author’s electrophysiology laboratory.

5.1. Chronic effect of optic nerve disease to pattern ERG.

The first reports about N95 in optic nerve demyelination were presented by Holder. Holder
reported that pattern ERG abnormalities could be limited to N95 component. The author also
reported that there was a 40% pattern ERG abnormality among 200 patients with optic nerve
demyelination, however 85% of the abnormalities were detected in N95 [52, 53].
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Figure 10 and figure 11 show P50 and N95 results of 382 patients with optic nerve demyeli‐
nation. As shown in Figure 10, most of the patients have normal P50 amplitudes despite
prolonged P100 latency in pattern VEP. However Figure 11 shows that N95/P50 ratio decreases
as P100 latency increases [52].

Figure 10. Pattern ERG P50 amplitudes in patients with optic nerve demyelination. (Used with permission of Perga‐
mon. From. ‘Pattern Electroretinography (PERG) and an Integrated Approach to Visual Pathway Diagnosis ‘‘, Holder
GE, Progress in Retinal and Eye Research, Volume 20, Number 4, 2001).

Figure 11. Pattern ERG N95/P50 ratio in patients with optic nerve demyelination. (Used with permission of Pergamon.
From. ‘Pattern Electroretinography (PERG) and an Integrated Approach to Visual Pathway Diagnosis ‘‘, Holder GE,
Progress in Retinal and Eye Research, Volume 20, Number 4, 2001).

Acute effects of optic nerve disease on pattern ERG. Pattern ERG changes in the acute phase
of the optic nerve inflammation is not simply as mentioned above. In the acute phase of the

Clinical Ocular Electrophysiology
http://dx.doi.org/10.5772/57609

119



inflammation, P100 amplitude in pattern VEP is reduced with less latency changes while P50
in pattern ERG is also reduced. A few weeks later, as the inflammation subsides P50 amplitude
in pattern ERG and P100 amplitude in pattern VEP recover, however, ganglion cell dysfunction
or demyelination begin to appear. N95 is reduced (selectively as mentioned above) while P100
is delayed. N95/P50 ratio is lowered in the chronic phase of the inflammation. MRI findings
in the acute and chronic phase of the inflammation was shown to be consistent with this theory
[52, 54].

Glaucoma and pattern ERG. Hood et al. [55] studied pattern ERG in glaucoma patients with
confirmed visual field deficits. The authors included 21 eyes of 15 patients with glaucoma.
Pattern ERG was within normal limits for 4 of the worse eyes of 15 glaucoma patients. Overall,
6 of the 21 eyes that met the criteria for glaucomatous damage had normal pattern ERGs on
both N95 amplitude and N95/P50 ratio. Second, the N95 amplitude was nonlinearly related to
visual field sensitivity. Small field losses were associated with disproportionately large losses
in pattern ERG amplitude. Third, the PERG from both eyes of a patient were very similar, even
when the visual fields suggested very different levels of damage.

Ventura et al.[56] investigated the steady-state pattern ERG responses with PERGLA paradigm
in 200 glaucoma suspects with increased optic disc cupping and normal visual field and in 42
patients with early manifest glaucoma. The PERG was abnormal in amplitude, phase, or inter-
ocular asymmetry in amplitude and phase in 52% of glaucoma suspect patients and 69% of
EMG patients. The pattern ERG amplitude was correlated weakly with both mean deviation
and vertical C/D (p=0.05). The correlation between pattern ERG amplitude and MD and C/D
was stronger for inter-ocular differences rather than absolute measures. Inter-ocular pattern
ERG amplitude asymmetry was positively correlated with the severity of the disease. Com‐
pared to white glaucoma suspects, a lower pattern ERG amplitude was found in black
glaucoma suspects and early manifest glaucoma patients, but not in black glaucoma controls.

6. Electro-oculogram

Unlike full-field ERG, electro-oculogram (EOG) is not a stimulated response. EOG records the
continuous resting potential across the retinal pigment epithelium which is named as ‘trans‐
epithelial potential’. This potential is only about a few millivolts. Transepithelial potential is
mainly generated by retinal pigment epithelium. However, as well as the integrity of the retinal
pigment epithelium, photoreceptor and interphotoreceptor matrix integrity and function
should be intact. For this reason, EOG is decreased in photoreceptor diseases, retinal detach‐
ment and other generalized outer retinal damages in addition to primary retinal pigment
diseases such as Best disease.

The resting potential across the retinal pigment epithelium is not a steady potential. In the
dark-adaptation, transepithelial potential is decreased to a minimum value (dark trough) after
about 12 minutes. In the light-adaptation, the transepithelial potential increases to a peak value
(light-peak) after about 7-12 minutes [57]. The ratio of light-peak to dark-trough is called Arden
ratio or ‘EOG ratio’. This value should be 1.8 or greater in normal subjects and considered
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abnormal under 1.6. In the author’s institution, Arden ratio is 2.35±0.44 (mean±SD) [58]. Figure
12 shows EOG recordings of a patient with Best disease. There is almost no light peak with
light stimulation in EOG. Arden ratios are 1.18 in the right eye and 1.17 in the left eye.

Figure 12. Fundus photo of a patient with Best disease and EOG recordings. Arden ratio is 1.18 in OD and 1.17 in OS.
This implies very small change in transepithelial potential with light stimulation.

7. Visual evoked potential

Visual evoked potential (VEP) represents the cortical response to a checkerboard-pattern
stimulus (pattern VEP) or a flash stimulus (flash VEP). Pattern VEP components that are
commonly measured are N75, P100 and N135 peaks (Figure 13).

Figure 13. Representative pattern VEP waveforms to five consecutive check sizes.
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The amplitudes of the peaks are measured from the peak of the one component to the trough
of the preceding component. P and N refer to positive and negative voltages recorded at the
occipital electrode with respect to the voltage at the reference electrode.

Flash VEP components are defined as N1, P1, N2, P2, etc (Figure 14).

Figure 14. Flash VEP responses in a patient with intravitreal hemorrhage in the left eye. Left-eye flash VEP responses
are very much reduced.

VEP response primarily reflects the central retinal function although the stimulated retinal
area in pattern VEP and flash VEP is about 50 degrees and full retinal areas, respectively. There
are three main reasons for this contribution of the central retina [59]. (1).The central visual field
is represented at the outer surface of the visual cortex while peripheral retina is represented
at the deep surfaces of the calcarine sulcus. Active electrode in VEP recordings is placed
approximately 2 cm above the protuberentia occipitalis externa which is the nearest point to
the surface of the visual cortex. (2) Cortical magnification phenomenon. In the central retina
each photoreceptor transmits its signal almost to one ganglion cell, while many photoreceptors
converges on a single ganglion cell in the peripheral retina. Thus, more than 50% of the cells
in the visual cortex represent approximately central 10 degrees of the retina. (3) In PVEP testing,
small checkerboard stimuli may be used. These small sized stimuli may only be resolved by
the central retina which has the highest concentration of photoreceptors.

Because of the reflection of the central retinal function, pattern VEP is used to estimate visual
acuity in many clinical situations besides optic nerve function [60]. An impaired VEP is
anatomically non-specific. However, a through ocular examination including the retina, optic
nerve and brain frequently explores the localization of the problem [61]. Pattern VEP is more
valuable than flash VEP in the clinical evaluations of the visual pathway. However, flash VEP
is valuable in the situations of fixation problem, mature cataract, intravitreal hemorrhage,
ocular trauma or any other circumstance that prevents patient cooperation. In these situations,
flash VEP gives important knowledge about visual status.

Pattern VEP recording requires fixation to a point in the screen. Impaired VEP responses may
be produced by deliberate poor fixation, defocusing to the fixation point, or conscious
suppression.[61-64] This is an important issue in the evaluation of patients with functional
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visual loss. Voluntary flash VEP suppression is more difficult, because it does not require
fixation.

Optic nerve disease. VEP is commonly used to detect visual pathway deficits in patients with
no apparent objective signs of ocular dysfunction. In a study on MS patients with no clinical
history of optic nerve involvement, we showed that 21 of 39 patients had delayed P100 latency
[65]. Figure 15 shows PVEP recording of an MS patient included in that study. Snellen visual
acuity was 1.0 in both eyes although P100 latency was clearly prolonged in the left eye.

Figure 15. Pattern VEP traces belonging to a –normal and a multiple sclerosis patient. P100 latency to 2 degree check
size is about 150 ms in the left eye while it is about 100 ms in the right eye.

Functional Visual Loss. The term ‘functional visual loss’ is used when the visual loss cannot
be explained with organic lesions in the visual pathway. ‘Vision’ is a cortical function and the
bio-potential change in the visual cortex after a visual stimulus is evaluated with visual evoked
potentials. In a study, we showed that pattern VEP recordings to five check sizes (2 degree, 1
degree, 30 minute, 15 minute and 7 minute) may be used objectively to estimate visual acuities
of the patients with suspected functional visual loss [66].

Figure 16 shows PVEP recordings to 5-consecutive check sizes of an African woman with no
light perception in the left eye for 2 years. Biomicroscopic and fundoscopic examinations were
unremarkable. No relative afferent pupillary defect was detected. Pattern VEP responses in
both eyes were totally in the normal limits in terms of P100 amplitude and latency values. In
this patient, we were able to show that the patient was capable of reading at least 0.3 in Snellen
chart from 6 meters with the use of polaroid glasses.
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Figure 16. PVEP response to five consecutive check sizes in a malingerer who claimed no light perception in the left
eye.

8. Conclusion

Full-field ERG is invaluable in generalized retinal diseases. Pattern ERG is complimentary test
for full-field ERG, because it may localize the problem to macula or ganglion cells. Multifocal
ERG is used to evaluate central retinal function. EOG is the recording of transepithelial
potential. VEP is a cortical potential that is the end of visual pathway, for this reason it gives
important knowledge about the ‘vision’ itself. The ophthalmologist can localize the visual
problem with a thorough understanding of the origins of these tests.

Author details

Fatih C. Gundogan1* and Umit  Yolcu2

*Address all correspondence to: fgundogan@yahoo.com

1 GATA Medical School, Ophthalmology, Ankara, Turkey

2 Siirt Military Hospital, Ophthalmology, Siirt, Turkey

Ophthalmology - Current Clinical and Research Updates124



References

[1] Marmor MF, Fulton AB, Holder GE, Miyake Y, Brigell M, Bach M, et al. ISCEV
Standard for full-field clinical electroretinography (2008 update). Doc Ophthalmol
2009;118(1):69-77.

[2] Vincent A, Robson AG, Holder GE. Pathognomonic (diagnostic) ERGs. A review and
update. Retina 2013;33(1):5-12.

[3] Lam BL. Full-field electroretinogram. In: Lam BL, editor. Lam, Byron L. Boca Raton:
Taylor & Francis; 2005. p. 1-64.

[4] Berson EL. Retinitis pigmentosa and allied diseases: applications of electroretino‐
graphic testing. Int Ophthalmol 1981;4(1-2):7-22.

[5] Lam BL. Macular disorders. In: Lam BL, editor. Electrophysiology of vision : clinical
testing and applications. Boca Raton: Taylor & Francis; 2005. p. 277-330.

[6] Gouras P, Eggers HM, MacKay CJ. Cone dystrophy, nyctalopia, and supernormal
rod responses. A new retinal degeneration. Arch Ophthalmol 1983;101(5):718-24.

[7] Wissinger B, Dangel S, Jagle H, Hansen L, Baumann B, Rudolph G, et al. Cone dys‐
trophy with supernormal rod response is strictly associated with mutations in
KCNV2. Invest Ophthalmol Vis Sci 2008;49(2):751-7.

[8] Robson AG, Webster AR, Michaelides M, Downes SM, Cowing JA, Hunt DM, et al.
"Cone dystrophy with supernormal rod electroretinogram": a comprehensive geno‐
type/phenotype study including fundus autofluorescence and extensive electro‐
physiology. Retina 2010;30(1):51-62.

[9] Wu H, Cowing JA, Michaelides M, Wilkie SE, Jeffery G, Jenkins SA, et al. Mutations
in the gene KCNV2 encoding a voltage-gated potassium channel subunit cause "cone
dystrophy with supernormal rod electroretinogram" in humans. Am J Hum Genet
2006;79(3):574-9.

[10] Thiagalingam S, McGee TL, Weleber RG, Sandberg MA, Trzupek KM, Berson EL, et
al. Novel mutations in the KCNV2 gene in patients with cone dystrophy and a super‐
normal rod electroretinogram. Ophthalmic Genet 2007;28(3):135-42.

[11] Ben Salah S, Kamei S, Senechal A, Lopez S, Bazalgette C, Bazalgette C, et al. Novel
KCNV2 mutations in cone dystrophy with supernormal rod electroretinogram. Am J
Ophthalmol 2008;145(6):1099-106.

[12] Gundogan FC, Tas, A., Sobaci, G. Cone Dytrophy with Rod Supernormal Electroreti‐
nogram: KCNV2 Mutation. Journal of Retina-Vitreus 2011;19(4):282-84.

[13] Juen S, Kieselbach GF. Electrophysiological changes in juvenile diabetics without ret‐
inopathy. Arch Ophthalmol 1990;108(3):372-5.

Clinical Ocular Electrophysiology
http://dx.doi.org/10.5772/57609

125



[14] Holopigian K, Seiple W, Lorenzo M, Carr R. A comparison of photopic and scotopic
electroretinographic changes in early diabetic retinopathy. Invest Ophthalmol Vis Sci
1992;33(10):2773-80.

[15] Bresnick GH, Korth K, Groo A, Palta M. Electroretinographic oscillatory potentials
predict progression of diabetic retinopathy. Preliminary report. Arch Ophthalmol
1984;102(9):1307-11.

[16] Bresnick GH, Palta M. Oscillatory potential amplitudes. Relation to severity of dia‐
betic retinopathy. Arch Ophthalmol 1987;105(7):929-33.

[17] Wanger P, Persson HE. Early diagnosis of retinal changes in diabetes: a comparison
between electroretinography and retinal biomicroscopy. Acta Ophthalmol (Copenh)
1985;63(6):716-20.

[18] Bresnick GH, Palta M. Predicting progression to severe proliferative diabetic retinop‐
athy. Arch Ophthalmol 1987;105(6):810-4.

[19] Fischman GA. The electroretinogram. In: Fishman GA, Sokol S, Holder GE, Brigell
M, editors. Electrophysiologic testing in disorders of the retina, optic nerve, and visu‐
al pathway. San Francisco, CA: American Academy of Ophthalmology; 2001. p.
1-156.

[20] Machida S, Tamada K, Oikawa T, Gotoh Y, Nishimura T, Kaneko M, et al. Compari‐
son of photopic negative response of full-field and focal electroretinograms in detect‐
ing glaucomatous eyes. J Ophthalmol 2011;2011.

[21] Kiszkielis M, Lubinski W, Penkala K. The photopic negative response as a promising
diagnostic tool in glaucoma. A review. Klin Oczna 2012;114(2):138-42.

[22] Gotoh Y. [Photopic negative response of eyes with normal-tension glaucoma]. Nihon
Ganka Gakkai Zasshi 2002;106(8):481-7.

[23] Viswanathan S, Frishman LJ, Robson JG, Walters JW. The photopic negative re‐
sponse of the flash electroretinogram in primary open angle glaucoma. Invest Oph‐
thalmol Vis Sci 2001;42(2):514-22.

[24] Colotto A, Falsini B, Salgarello T, Iarossi G, Galan ME, Scullica L. Photopic negative
response of the human ERG: losses associated with glaucomatous damage. Invest
Ophthalmol Vis Sci 2000;41(8):2205-11.

[25] Gotoh Y, Machida S, Tazawa Y. Selective loss of the photopic negative response in
patients with optic nerve atrophy. Arch Ophthalmol 2004;122(3):341-6.

[26] Miyata K, Nakamura M, Kondo M, Lin J, Ueno S, Miyake Y, et al. Reduction of oscil‐
latory potentials and photopic negative response in patients with autosomal domi‐
nant optic atrophy with OPA1 mutations. Invest Ophthalmol Vis Sci 2007;48(2):820-4.

Ophthalmology - Current Clinical and Research Updates126



[27] Frishman LJ. Origins of the electroretinogram. In: Heckenlively JR, Arden GB, edi‐
tors. Principles and practice of clinical electrophysiology of vision. Cambridge,
Mass.: MIT Press; 2006. p. 139-84.

[28] Sutter EE, Tran D. The field topography of ERG components in man--I. The photopic
luminance response. Vision Res 1992;32(3):433-46.

[29] Gundogan FC, Sobaci G, Bayraktar MZ. Intra-sessional and inter-sessional variability
of multifocal electroretinogram. Doc Ophthalmol 2008;117(3):175-83.

[30] Hood DC. Assessing retinal function with the multifocal technique. Prog Retin Eye
Res 2000;19(5):607-46.

[31] Carr RE. Central Areolar Choroidal Dystrophy. Arch Ophthalmol 1965;73:32-5.

[32] Hoyng CB, Deutman AF. The development of central areolar choroidal dystrophy.
Graefes Arch Clin Exp Ophthalmol 1996;234(2):87-93.

[33] Nagasaka K, Horiguchi M, Shimada Y, Yuzawa M. Multifocal electroretinograms in
cases of central areolar choroidal dystrophy. Invest Ophthalmol Vis Sci 2003;44(4):
1673-9.

[34] Gundogan FC, Dinc UA, Erdem U, Ozge G, Sobaci G. Multifocal electroretinogram
and central visual field testing in central areolar choroidal dystrophy. Eur J Ophthal‐
mol 2010;20(5):919-24.

[35] Durukan AH, Memisoglu S, Gundogan FC. Is multifocal ERG a reliable index of
macular function after triamcinolone acetonide injection in diffuse diabetic macular
edema? Eur J Ophthalmol 2009;19(6):1017-27.

[36] Holm K, Ponjavic V, Lovestam-Adrian M. Using multifocal electroretinography hard
exudates affect macular function in eyes with diabetic retinopathy. Graefes Arch Clin
Exp Ophthalmol 2010;248(9):1241-7.

[37] Dhamdhere KP, Bearse MA, Jr., Harrison W, Barez S, Schneck ME, Adams AJ. Asso‐
ciations between local retinal thickness and function in early diabetes. Invest Oph‐
thalmol Vis Sci 2012;53(10):6122-8.

[38] Nagy D, Schonfisch B, Zrenner E, Jagle H. Long-term follow-up of retinitis pigmento‐
sa patients with multifocal electroretinography. Invest Ophthalmol Vis Sci
2008;49(10):4664-71.

[39] Chan HH, Ng YF, Chu PH. Applications of the multifocal electroretinogram in the
detection of glaucoma. Clin Exp Optom 2011;94(3):247-58.

[40] Frishman LJ, Saszik S, Harwerth RS, Viswanathan S, Li Y, Smith EL, 3rd, et al. Effects
of experimental glaucoma in macaques on the multifocal ERG. Multifocal ERG in la‐
ser-induced glaucoma. Doc Ophthalmol 2000;100(2-3):231-51.

Clinical Ocular Electrophysiology
http://dx.doi.org/10.5772/57609

127



[41] Hasegawa S, Takagi M, Usui T, Takada R, Abe H. Waveform changes of the first-or‐
der multifocal electroretinogram in patients with glaucoma. Invest Ophthalmol Vis
Sci 2000;41(6):1597-603.

[42] Chan HH, Brown B. Pilot study of the multifocal electroretinogram in ocular hyper‐
tension. Br J Ophthalmol 2000;84(10):1147-53.

[43] Sutter EE, Bearse MA, Jr. The optic nerve head component of the human ERG. Vision
Res 1999;39(3):419-36.

[44] Lam BL. Focal Electroretinogram. In: Lam BL, editor. Electrophysiology of vision :
clinical testing and applications. Boca Raton: Taylor & Francis; 2005. p. 67-8.

[45] Holder GE. The Pattern Electroretinogram. In: Fishman GA, Birch DG, Holder GE,
Brigell MG, editors. Electrophysiologic testing in disorders of the retina, optic nerve,
and visual pathways. San Francisco, CA: American Academy of Ophthalmology;
2001. p. 197-237

[46] Berninger T, Schuurmans RP. Spatial tuning of the pattern ERG across temporal fre‐
quency. Doc Ophthalmol 1985;61(1):17-25.

[47] Schuurmans RP, Berninger T. Luminance and contrast responses recorded in man
and cat. Doc Ophthalmol 1985;59(2):187-97.

[48] Trick GL, Wintermeyer DH. Spatial and temporal frequency tuning of pattern-rever‐
sal retinal potentials. Invest Ophthalmol Vis Sci 1982;23(6):774-9.

[49] Kirkham TH, Coupland SG. The pattern electroretinogram in optic nerve demyelina‐
tion. Can J Neurol Sci 1983;10(4):256-60.

[50] Sherman J. Simultaneous pattern-reversal electroretinograms and visual evoked po‐
tentials in diseases of the macula and optic nerve. Ann N Y Acad Sci 1982;388:214-26.

[51] Harrison JM, O'Connor PS, Young RS, Kincaid M, Bentley R. The pattern ERG in
man following surgical resection of the optic nerve. Invest Ophthalmol Vis Sci
1987;28(3):492-9.

[52] Holder GE. Pattern electroretinography (PERG) and an integrated approach to visual
pathway diagnosis. Prog Retin Eye Res 2001;20(4):531-61.

[53] Holder GE. The incidence of abnormal pattern electroretinography in optic nerve de‐
myelination. Electroencephalogr Clin Neurophysiol 1991;78(1):18-26.

[54] Youl BD, Turano G, Miller DH, Towell AD, MacManus DG, Moore SG, et al. The
pathophysiology of acute optic neuritis. An association of gadolinium leakage with
clinical and electrophysiological deficits. Brain 1991;114 (Pt 6):2437-50.

[55] Hood DC, Xu L, Thienprasiddhi P, Greenstein VC, Odel JG, Grippo TM, et al. The
pattern electroretinogram in glaucoma patients with confirmed visual field deficits.
Invest Ophthalmol Vis Sci 2005;46(7):2411-8.

Ophthalmology - Current Clinical and Research Updates128



[56] Ventura LM, Porciatti V, Ishida K, Feuer WJ, Parrish RK, 2nd. Pattern electroretino‐
gram abnormality and glaucoma. Ophthalmology 2005;112(1):10-9.

[57] Lam BL. Electro-oculogram. In: Lam BL, editor. Electrophysiology of vision : clinical
testing and applications. Boca Raton: Taylor & Francis; 2005. p. 105-22.

[58] Gundogan FC, Uysal Y, Erdem U, Sobaci G, Bayraktar MZ. Our normal values of
electrooculogram. Gulhane Medical Journal 2006;48(2):79-82.

[59] Brigell M. The visual evoked potential. In: Fishman GA, Birch DG, Holder GE, Brigell
M, editors. Electrophysiologic testing in disorders of the retina, optic nerve, and visu‐
al pathway. San Francisco, CA: American Academy of Ophthalmology; 1990. p.
237-81.

[60] Gundogan FC, Mutlu FM, Altinsoy HI, Tas A, Oz O, Sobaci G. Pattern visual evoked
potentials in the assessment of objective visual acuity in amblyopic children. Int
Ophthalmol 2010;30(4):377-83.

[61] Lam BL. Visual Evoked Potential. In: Lam BL, editor. Electrophysiology of vision :
clinical testing and applications. Boca Raton: Taylor & Francis; 2005. p. 123-50.

[62] Ladenson PW, Stakes JW, Ridgway EC. Reversible alteration of the visual evoked po‐
tential in hypothyroidism. Am J Med 1984;77(6):1010-4.

[63] Tan CT, Murray NM, Sawyers D, Leonard TJ. Deliberate alteration of the visual
evoked potential. J Neurol Neurosurg Psychiatry 1984;47(5):518-23.

[64] Sumskii LI, Guppa NS, Sklovskaia ML. [Alteration of the visual evoked potential fol‐
lowing concussion]. Vopr Neirokhir 1976 (5):25-30.

[65] Gundogan FC, Demirkaya S, Sobaci G. Is optical coherence tomography really a new
biomarker candidate in multiple sclerosis?--A structural and functional evaluation.
Invest Ophthalmol Vis Sci 2007;48(12):5773-81.

[66] Gundogan FC, Sobaci G, Bayer A. Pattern visual evoked potentials in the assessment
of visual acuity in malingering. Ophthalmology 2007;114(12):2332-7.

Clinical Ocular Electrophysiology
http://dx.doi.org/10.5772/57609

129




