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Origin of Visual Evoked Cortical Potentials

Components

G. F. A. Harding

FLASH VISUAL EVOKED RESPONSE

Waveform

The visual evoked response (VER) to flash stimu-
lation consists of a series of components beginning
with a negative around 30 ms and with succeeding
waves consisting of a positivity around 55 ms, a neg-
ativity around 75 ms, a large major positivity at
around 110 ms, a negative at 140 ms, a positive at
175 ms, and a negative around 220 ms (Fig 18-1).

Although there have been many descriptions of
the evoked potentials with differing forms of no-
menclature, the one that will be adhered to in this
chapter is that of Harding.*' Under this system the
positivity or negativity is initialled followed by a se-
quential subscript. The use of this technique helps to
differentiate between, for instance, the P2 compo-
nent of flash and the P100 component of pattern re-
versal. Other commonly used systems are indicated
in Figure 4-1. The early components of the evoked
potential such as P°N1 and P1 tend to be more vari-
able and certainly appear to be susceptible to record-
ing parameters, including the placement of elec-
trodes and the stimulation conditions as well as
subjective factors such as age. Early attempts to
characterize the morphology of the flash VEP began
with Ciganek,"’ who used a bipolar midline occipital
parietal derivation to identify a series of waves that
he labelled 1, II, 1II, IV, V, V1, and VII, with average
latencies of approximately 40, 55, 75, 95, 116, 135,
and 195 ms, respectively. The first three waves he
referred to as the primary response and suggested
that they represented the response specific to area

132

17 of the visual cortex. The secondary response,
waves IV to VII, was thought to be related to a more
nonspecific diffusely organized system. Although
waves V to VII do fit this categorization, later work
suggested that wave 1V was part of the primary re-
sponse. Vaughan et al.*® obtained similar early com-
ponents to those of Ciganek, although with slightly
different latency. Rietveld et al.”' suggested that the
discrepancies between various results, including
those of Cobb and Dawson,'” who identified a posi-
tive component around 22 ms, a negative at 45 ms, a
positive at 60 ms, and a negative at 95 ms, were ex-
plicable in terms of variations in recording montage
and stimulus and analysis parameters. Although
matters have improved since these early days, simi-
lar problems of component analysis still exist.* Kooi
and Bagchi™ identified wave Il of the Ciganek nota-
tion (N2 component) as being the most consistent
and having a latency of between 80 and 126 ms. The
test-retest reliability during the same session varied
between 0.87 and 0.97 and was only slightly lower
(0.88) over longer periods of time.

Gastaut and Regis®' described a similar VEP to
that of Ciganek,'® who found that the most consis-
tent component was a positive deflection occurring
between 100 and 150 ms. Over the years it is this
component that has been identified with most con-
sistency in the results of many workers. Rietveld et
al.”! suggested that the major positive component
(P2) and the preceding N2 component were related
to the functioning of the central region of the fovea,
the major positive component still being present
when small targets that only covered the fovea were
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Visual evoked potential (VEP) obtained from a normal adult. Negative in the illustration is indicated upward and positive down-
ward. The nomenclature used for each component of the flash VEP is shown in this illustration. For comparison with earlier
forms of nomenclature reference should be made to Figure 4-1. The most consistent component of the VEP is the P2 com-

ponent seen just after 100 ms.

used, although many of the earlier components dis-
appeared,®® and this suggests that their absence may
be clinically significant. For this reason Jonkman®
considered that the P2 component was better re-
garded as part of the primary response than the sec-
ondary response. It is certainly true that the major
positive P2 component appears to be the most con-
sistent response obtained by most authors, even
though they use different stimulation and recording
techniques.?* 4! 74 86

The binocular response as a whole is said to be of
higher amplitude as well as having shorter latency
than the monocular responses.® If recordings are
made over each cerebral hemisphere in normal
control subjects, the responses are similar, although
in normal subjects hemispheric amplitude asymme-
tries of 50% and asynchronies of 6 ms can be ob-
served.* 3! 66 828 However, such asymmetries or
asynchronies are stable in any individual and any
asymmetries are greater for the earlier compo-
nents.”® Dustman et al.” showed that the response

was of greater amplitude over the right hemisphere
in females than in males, and similar differences be-
tween the sexes were reported by Buchsbaum et
al."

Scalp Localization

Early attempts to identify the scalp localization of
components of the flash VEP really began in early
studies in 1969. By using a bipolar chain of elec-
trodes over the temporal lobes and the visual cortex
Harding et al.*’ identified asymmetries in various
components of the evoked potential in patients with
hemianopias. Although early components were still
seen over both visual hemispheres, the major posi-
tive P2 component was absent over the hemisphere
contralateral to the missing half-field of vision. In
the same year Lehmann et al.”® investigated a pa-
tient with a split chiasm and bitemporal hemianopia.
Using electrodes 5 cm lateral to the inion and 10 and
3 cm anterior, they showed a major positive P2 com-
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ponent at around 140 ms that was only present at
the ipsilateral occipital electrode when referred to
the ipsilateral parietal electrode, that is, ipsilateral to
the eye stimulated; this component represented the
contralateral, i.e., nasal, field.

Bourne et al.” studied the topography of the flash
VEP recorded from 17 electrodes concentrated over
the occipital region. In one of the early attempts at
brain mapping they showed how the potential
spread over the occipital area. They found that the
early part of the response, before 120 ms, appeared
to have a source anterior to the occipital region,
whereas the later components around 190 to 310 ms
had a source at the occipital area. In the same year
Nakamura and Biersdorf® investigated the topogra-
phy of components before 100 ms in the flash VEP.
They attempted to perform half-field stimulation by
using red light with the subject sitting in a brightly
illuminated hemisphere in which half the hemi-
sphere could be occluded to provide the half-field
stimulation. They found that the early P1 compo-
nent around 60 ms was recorded maximally over the
central parietal electrode and, on half-field stimula-
tion, was located contralateral to the field stimu-
lated. The later P2 component did not, however,
show this lateralization and was located much
nearer the midline, thus suggesting that the tangen-
tial dipoles for this component were located in the
primary visual cortex.

Allison et al.” identified 22 components of the
flash VER and suggested that the very early compo-
nents consisting of a negative at 20 ms, a positive at
50 ms, and a positive at 65 ms were likely to be re-
lated to the electroretinogram (ERG). They did,
however, clearly locate occipital potentials consisting
of a positive at 40 ms, a negative at 70 ms, a positive
at 80 ms, and a positive at 95 ms. No attempts were
made at half-field stimulation. In a further study of
the flash VEP with lesions in varying parts of post-
chiasmal pathways, Feinsod et al.*® concluded that if
the optic radiation was involved there was a delay in
the early components. If the striate cortex was in-
volved, both early and late components were ab-
sent. If, however, the involvement was suprastriate,
there was only a selective loss of late components
over the affected hemisphere. Corletto et al.'® re-
corded the VEP from the scalp and visual cortex be-
fore and after surgical removal of the occipital pole
in a patient with epilepsy. Prior to surgery the scalp
components consisted of a positive around 28 ms, a
negative at 40 ms, and several later components of
alternating polarity. Similar findings were obtained
when one electrode was placed approximately over

Brodmann's area 17. Following surgical removal of
the occipital pole, the VEP showed preservation of
the initial positive component around 28 ms and the
negative component at 40 ms. The later components
were, however, significantly different and showed
either an absence or gross delay. In a later study
Lines et al.*” demonstrated that when flash stimula-
tion was confined to one visual half-field the P2
component was of earlier latency over the contralat-
eral hemisphere. They suggested that the ipsilateral
VEP might arise as a result of interhemispheric
transmission to the temporal visual areas. Similar
suggestions had been made by Kooi et al.”* Al-
though it is difficult to be sure that stray light into
the other visual field is not producing a response, in
a later paper” they demonstrated that the latency
delays were unaffected by the distance of the stimu-
lus from the fovea in each hemifield and that this
therefore made contamination by stray light un-
likely.

Spekreijse et al.”” also studied the flash VEP on
the basis of temporal stimulus frequency. They sug-
gested that the primary response (around 30 ms)
was thought to be generated in the striate area, as
was the response to high-frequency flicker. With
stimulation in each visual octant they could produce
reversal of the polarity of the signal that would be
consistent with the cruciform striate cortex within
the calcarine fissure. More recent work by Maier et
al.®! has confirmed this suggestion. The secondary
response (100 to 120 ms) showed maximal signal am-
plitude in the occipital area and was thought to orig-
inate in areas 18 and 19. These findings would of
course be consistent with the areas of increased re-
gional blood flow in both the mesial occipital lobe
(area 17) and areas 18 and 19 reported by Celesia et
al.”® The late response (120 to 200 ms) was found to
be widespread and not specific to visual cortex ar-
eas.

The development of techniques of the topograph-
ical representation of brain activity began with the
efforts of Walter and Shipton® to develop a topo-
graphic representation by using an array of cathode
ray oscilloscopes. Unfortunately, although the array
was visually meaningful at a moment in time, there
was no way of representing the development of dif-
ferent potentials other than filming the array of os-
cilloscopes. In 1965 Remond”™ developed a tech-
nique that he entitled the chronotopogram. His
technique allowed a spatial demonstration along a
single meridan of the development of a potential
over time. The y-ordinate therefore represented the
scalp location along the single meridian, and the
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x-axis represented time. In 1978 Ragot and Re-
mond® developed a more elaborate method for plot-
ting the potential gradients of evoked potentials
from 48 electrode points. The most widely accept-
able system, however, is that devised by Duffy et
al.** in which recordings from 24 scalp electrodes al-
low the averaged evoked potential to be displayed,
with each sample in time representing about 4 ms
and presented on the monitor as a continuously de-
veloping display or alternatively as an instantaneous
sample at any of the points (Fig 18-2; also see Plate
2). The system developed by Duffy has received
wide acceptance and is now the standard system for
multichannel recording and display. Other systems
such as that of Buchsbaum et al.'? utilized a gray
scale from 16 electrode sites rather than the more ac-
ceptable color scaling used by Duffy.

By using these techniques Duffy® found that
flash stimulation activates the cortex more widely
than pattern reversal stimulation does. Similar find-
ings have been reported by other authors.*

A recent study has been carried out in our labora-
tory of the topographical distribution of the P1 com-
ponent and P2 component of the VEP.* In our
study three different age groups (young, middle,
and old) were investigated using 20-channel brain
mapping. To make sure that the maps werc unaf-
fected by the reference site a noncephalic reference
was used for this study. It was apparent from this
study that although the P2 component can be re-
corded throughout life the incidence of the P1 com-
ponent increases as the age of the subject increases.

In addition, although age results in an increase in
the latency of the P2 component, no such finding is
apparent for the P1 component. The distribution of
the two components is also different on the scalp.
The occipital P1 component was also recordable over
the parietal region, whereas the P2 component was
confined to the occiputs (sec Fig 18-2; also see Plate
2). Such findings do not fit well with the expected
distribution proposed by Spekreijse et al.”” It should
also be noted that in our study the results that were
obtained by using a balanced noncephalic reference
were also compared with those obtained by using a
midfrontal (FZ) reference. In Figure 18-2 (see also
Plate 2) it is apparent from the traces that the P1 and
P2 components of the flash VEP frequently coexist
with a frontal negative potential. In examining the
results of the different age groups it became appar-
ent that although the negative potential was always
associated with the P2 component, in the case of the
P1 component the negative and positive potentials
behaved independently. The frontal negative com-
ponent, that is, N75, was seen in the middle age
group before the development of the P1 component.

Many authors have of course reported the en-
hancement of the P1 component seen in older
age™* 38 39 4186 it ig therefore probable that the
negative and positive components are the results of
independent generators. On the basis of these re-
sults it is difficult to refute the suggestion of Spe-
kreijse et al.”” that the P1 component is generated in
area 17 and the P2 component in areas 18 and 19.
Mitzdorf and Singer® demonstrated using current

FIG 18-2.

Distribution of both the P1 and P2 components of the flash VEP. The P1 component seen in the upper block of traces and the
upper anteroposterior brain map spreads more anteriorly than does the P2 component seen in the fower traces and lower
brain map. It should be noted that the positivity of the P1 and P2 components (as indicated in the scale in the right) are
accompanied by frontal negative potentials occurring at the same time. These recordings were made by using a balanced

noncephalic reference. (See also Color Plate 2.)
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source density techniques that the early components
were the results of monosynaptic activity, probably
in area 17, whereas later potentials were mediated
by polysynaptic activity, probably from area 18.
Kraut et al.>® confirmed these findings by finding a
large source in area 17 between 60 and 110 ms after
the onset of flash stimulation and suggested that
this response resulted from stimulation of the parvo-
cellular cells of the lateral geniculate body. These
findings would therefore suggest that the P2 compo-
nent is a result of polysynaptic activity and may well
be coming from area 18. Ducati et al.,*' using intra-
cerebral recordings in humans, showed that the gen-
erator of the P1 component was more superficial in
the cortex than was the generator of the P2 compo-
nent. This could of course explain the wider scalp
topography of the P1 component. However, it
should be realized that all these components are
only a scalp representation and do not have a one-
to-one relationship with activity recorded in under-
lying structures.

RELATION TO ACUITY

There is no simple relationship between the flash
VEP and visual acuity. Many authors have shown
that the flash VEP is relatively insensitive to refrac-
tive errors and that blurring by as much as 5 D will
cause no significant change in the latency of the
VEP.* However, some authors have shown that the
amplitude of the flash VEP does bear some crude re-
lationship to visual acuity, although only in indicat-
ing lesions at the neuroretinal level. Copenhaver
and Perry'® compared normal controls with patients
with refractive errors, patients with opacities of the
media, and patients with neural lesions. In patients
with neuronal retinal lesions there was no doubt
that the amplitude of the flash VEP was significantly
smaller and that this relationship was more marked
than for the group with refractive errors or opacities
of the media. These techniques have been used by
Thompson and Harding” to predict the outcome of
surgery in patients with dense unilateral cataracts.
Patients who showed an amplitude reduction of 33%
or a delay in latency of 12 ms invariably had a poor
outcome to surgery, that is, their vision was 6/24 or
worse postoperatively. The presence or absence of
the lens had no effect on the VEP, which suggests
that these techniques were appropriate for measur-
ing retinal or neural lesions and were unaffected by
the blurring of the image by the opacity of the me-
dium.

There is little doubt that the VEP to flash stimula-

tion reflects the integrity of the central retina. Pa-
tients with macular degeneration frequently show a
reduction in amplitude of the P2 component of the
flash evoked potentials.* On the other hand, pa-
tients with retinitis pigmentosa very frequently have
well-preserved VEPs reflecting this varying of macu-
lar function. As has been stated earlier, the majority
of the P2 component to the flash VEP is probably
generated from the central 5 degrees of vision re-
flecting the cortical representation of visual space.*"

PATTERN REVERSAL

Waveforms

The VEP elicited by a pattern-reversing checker-
board occupying a radius of say 0 to 15 degrees is of
fairly simple morphology. It consists of a negative
wave around 75 ms, a positive high-amplitude com-
ponent around 100 ms, and a negative of around 145
ms (Fig 18-3). The positive component is by far the
most consistent and usually of highest amplitude
and shows remarkably little variation in latency be-
tween or within individuals. The variation in ampli-
tude is similar between flash and pattern reversal.
When using a midfrontal reference the response is
of maximal amplitude at the midoccipital electrode
and spreads laterally but to a less marked extent
than does the flash response. The relative rapid fall-
off in amplitude of the response at lateral occipital
electrodes around positions O3 and O4 on the Inter-
national 10/20 System* is probably artifactual and
due to cancellation of components on either side of
the head due to both half fields having been stimu-
lated.”

Distribution of the VEP across the scalp in relation
to the part of the visual field that is being stimulated
by pattern reversal has been studied by Halliday’s
group, who used large 50-minute checks. In study-
ing right and left half-field stimulation it became ap-
parent that the N75-P100-N145 complex described as
maximal at the midline becomes markedly asymmet-
rical when only half the visual field is stimulated.
Under these conditions and when using large tar-
gets, usually around 15-degrees radius, there is no
doubt that the response is recorded at the midline,
and ipsilateral to the half-fields stimulated.? This re-
sponse also showed a more lateral spread than un-
der full-field stimulation and was still clearly present
at the lateral occipital electrodes. On the contralat-
eral side of the head the response was smaller and
of opposite polarity, consisting of a positive at 75, a
negative at 105, and a later positive at 135 ms. This
component had an entirely different distribution
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VEP and source derivations of right and left half-field stimulation. The derivations are those of the 10:20 system and indicated
on the left of the figure. All derivations are referenced to a midfrontal electrode, and it can be seen that the derivations used
represent a chain of electrodes around the rear of the head. These responses were recorded by using a 14-degree-radius
checkerboard stimulation. These responses represent the group average of ten subjects. It can be seen that on half-field stim-
ulation it is extremely difficult to deduce the lateralization of the evoked potential. The response is often of higher amplitude on
the lateral occipital electrode ipsilateral to the half-field stimulated (right half-field, O4; left half-field, O3). However, source
derivation makes the results remarkably clear, as seen in the Jower traces. It can be seen that the midoccipital derivation
consistently shows the source whichever half-field is stimulated. Sources are indicated downward, and the major positive com-
ponent (P100) occurs just before 100 ms. When the right half-field is stimulated, however, the sink (indicated upward on the
trace) can be seen to occur contralateral to the field stimulated at O3. When the left half-field is stimulated, however, the larger
sink clearly occurs at O4.

from the P100 component, being clearly maximal at
the most lateral occipital position and being of low
amplitude around the midline.® Blumhardt and Hal-
liday” demonstrated that the full-field response is in
actual fact an algebraic summation of the responses
to each half-field. The P100 complex is of highest
amplitude at the midoccipital point simply because
the contralateral negativity is of lowest amplitude at
the midoccipital point, whichever half-field is stimu-
lated. Thus, when both half-fields are being stimu-
lated (as in full-field stimulation) the positivity is

clearly maximal at the occiput since it is not can-
celled by the contralateral negativities, whereas at
the most lateral occipital electrode the falloff of the
P100 response is most marked because it is there
that the two contralateral negative components are
at their maxima.

These authors point out, however, that although
the scalp distribution appears to suggest two inde-
pendent sources of signals there is clear evidence
that all the components of the half-field pattern re-
versal response, including both the ipsilateral P100
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and the contralateral negative complex, can be ob-
tained when the preserved half-field is stimulated in
a patient who has had one cerebral hemisphere re-
moved. Barrett et al.? suggested that although the
maijor positivity is obviously generated by the visual
cortex contralateral to the field stimulated, the major
positivity appears at the midline and ipsilateral elec-
trodes because their orientation, in relation to a mid-
frontal reference, positions them maximally for a ra-
dial source. The electrodes on the correct side of the
head see the source as tangential and therefore do
not receive a clear signal. Obviously, with large
fields of stimulation the response is represented for
a great distance down the calcarine fissure. If the
size of the visual field stimulated is reduced below 8
degrees, then the response would be represented in
the striate cortex posterior to the calcarine fissure.”
Barrett et al.> showed that reducing the size of the
stimulated half-field down to 0- to 4-degrees radius
had little effect on the distribution of the response; a
0- to 2-degree-radius stimulus, however, resulted in
less clear lateralization and on some occasions a con-
tralateral maximum. Harding et al.*? showed that
when the size of visual half-field stimulated was re-
duced to 0 to 2.5 degrees, the response clearly be-
came cross-lateral in normal subjects. This change in
lateralization with decreased field size has been
demonstrated by other authors.'” ®2 Although Hard-
ing et al.*? showed that reducing the check size had
no effect on the lateralization of the half-field re-
sponse, Brecely and Cunningham'® showed that a
reduction in the check size increased the contralat-
eral spread of the major positive component. Obvi-
ously this would be predicted since a foveal re-
sponse should be maximal at the occipital pole and
therefore the electrodes on the same side of the head
and close to the midline would be expected to pick
up the response most clearly.

Blumhardt et al.® showed that occlusion of the
central part of a 0- to 16-degree-radius half-field
markedly attenuated the ipsilateral P100 component
while at the same time enhanced the contralateral
negative component. In addition, a clear progression
could be demonstrated in which for a 0- to 2.5
degree-radius occlusion the P100 component was
markedly attenuated whereas the contralateral nega-
tivity was enhanced. Similar findings applied to a
5-degree occlusion, and a negative component only
began to decrease in size when the central area of
occlusion reached 0 to 10 degrees. Conversely, re-
striction of the outer field markedly attenuated the
contralateral negativity so that by the time the target
had been restricted to a 0- to 5-degree radius the
contralateral negativity was entirely absent. On the

basis of these findings Blumhardt et al.® considered
that the P100 component was largely associated with
stimulation of the central 0 to 8 degrees of the visual
field, thus explaining its maxima at the midline oc-
cipital electrode. The contralateral positive-negative-
positive (PNP) component would be diminished by
such stimulation. However, Beauchamp et al.* and
Wildberger et al.*® had suggested that transcallosal
transmission could explain the ipsilateral response.

However, the studies of Blumhardt and Halliday’
on patients with hemispherectomies clearly demon-
strated that although the response was ipsilateral to
the field stimulated the response did originate in the
contralateral cortex. Lehmann et al.”® studied right
and left half-field stimulation and used dipole mod-
eling to locate the position of the VEP generators.
They found that with large targets the dipole was
clearly situated in the contralateral hemisphere, with
the positive end pointing toward the electrodes on
the ipsilateral scalp. However, for the small targets
the dipole had a less ipsilateral orientation, that is,
the positive end of the dipole moved toward the
midline. They were also able to demonstrate con-
tralateral negativity, and with intercerebral record-
ings in patients for large half-field stimulation, they
found a clear ipsilateral positivity and contralateral
negativity that they suggested arose from a midline
surface positive generator with ipsilateral orienta-
tion. They felt that the estimated position and orien-
tation would be compatible with an origin in the ex-
trastriate visual cortex.

Flanagan and Harding® investigated the distribu-
tion of the pattern reversal response to large fields
(0- to 14-degree radius) by using source derivation.
Using a similar check size to Halliday and his co-
workers (56 minutes), they showed that whichever
half-field was stimulated the source was maximal at
the midline occipital electrode but that a sink was al-
ways contralateral to the half-field stimulated (Fig
18-3). Edwards and Drasdo® showed that when us-
ing a central target of 4 degrees and making use of a
brain-mapping system with the entire 20-electrode
configuration constricted to the posterior portion of
the head, there is clear evidence that on full-field
stimulation the P100 component was maximal at the
midline with relatively little lateral spread and that it
appeared contralaterally over each occiput on half-
field stimulation.

Similar studies have been carried out of the
changes that result from the stimulation of upper
and lower half-fields. In an early study Halliday and
Michael® stimulated octants of the central 8 degrees
of the visual field. The P100 component underwent
an inversion in polarity from positive for lower half-




Origin of Visual Evoked Cortical Potentials Components 139

field stimulation to negative for upper half-field
stimulation. With both upper and lower half-field
stimulation the maximal signal occurred between 5
and 7.5 cm above the inion. They felt that since this
polarity reversal occurred the results were not con-
sistent with a P100 origin in the calcarine cortex.
This they deduced because if the signal did originate
in that area more prominent responses and greater
polarity inversion would be seen for horizontal oc-
tants (right and left field) since these are represented
inside the sulcus and are inverted with respect to
each other in terms of the upper and lower field. For
the vertical octants, represented as they are on me-
dial cortical surface upper and lower field, neurons
lie parallel, and therefore less clear polarity reversal
would be expected. They therefore suggested that
there is probably an extrastriate origin for the P100
component, with the generators for the lower half-
field response on the upper surface of the occipital
lobe, whereas the upper field generators would be
on the undersurface. However, if this was true, one
would expect that the upper-field response would
be of lower amplitude, which was not what was
found. In a later study® they discovered that the ref-
erence points that they used (linked ears) were in
fact active and that the midfrontal electrode was a
far less active reference point. By using this new ref-
erence point they found that lower-field targets elicit
a positivity that is above the inion whereas the up-
per field targets produce a positivity below the inion
with a negative potential more anterior. These find-
ings were later confirmed by Halliday et al.,>® who
used a more extensive electrode array. Blumhardt
and Halliday” showed that the stimulation of upper-
field quadrants enhances the contralateral N105
component whereas lower-quadrant stimulation
produces a greater spread of the P100 component
across the midline. Confusingly, enhancement of
the contralateral complex with upper-field stimula-
tion can result in blurring of the midline P100 signal
and cause an apparent increase in latency. These
findings again, they suggest, would be consistent
with the P100 signal arising from lower-field projec-
tions on the upper surface of the occipital lobe. An
enhanced contralateral N105 component when the
upper field was stimulated would be consistent with
extension of the upper-field projection area onto the
undersurface of the occipital lobe. Under these cir-
cumstances, of course, a dipole that has an outward
positivity would be facing toward the electrodes
when the lower half-field is stimulated and would
be facing away from the electrodes when the upper
half-field is stimulated. The electrodes would then
see the negative end of the dipole. Lehmann et al.,”

using a 0- to 16-degree-radius target and 50-minute
checks, compared the distribution of responses to
upper and lower half-field stimulation. They con-
firmed that stimulation of the lower half-field pro-
duces a P100 component that can be found around
103 ms. By careful mapping they showed that the
most prominent component of the upper half-field
response was in actual fact a positivity that was
maximal at the inion and had a latency of 146 ms.
Although upper-field stimulation also revealed a
negativity around 103 ms, this was of much lower
amplitude. They suggested that the P103 response
on lower-field stimulation and the P146 response on
upper-field stimulation were related and that the re-
sults demonstrated a delay in latency with the upper
half-field stimulation and not polarity inversion
since the maps of the two components at their times
of peak amplitude were much the same. They sug-
gested that the latency difference might be related to
various anatomical features and pointed out that re-
ceptor density and therefore visual acuity were
higher in the upper hemiretina than in the lower
hemiretina and that this might reflect the greater im-
portance in humans of the lower half-field of vision.
Later studies by Lehmann and Skrandies®® *’ have
confirmed these results, as have the studies of
Flanagan and Harding (Fig 18—4).%

Adachi-Usami and Lehmann' investigated the up-
per and lower half-field responses to both monocu-
lar and binocular stimulation. For lower half-field
stimulation they found that the maximum on mon-
ocular stimulation was more posterior than on bin-
ocular stimulation, but when the upper half-field
was stimulated, the maxima for binocular stimula-
tion was more posterior than for the monocular
stimulation. This finding they felt could be related to
the expected proportions of monocular-driven corti-
cal neurons, which are greater in striate areas,
whereas binocular-driven cortical neurons would be
greater in extrastriate visual areas. Since areas 18
and 19 are more anterior than area 17 above the cal-
carine fissure whereas below the fissure area 17 is
more anterior and areas 18 and 19 more posterior,
this would explain their results. However, although
the position of maximum amplitude of the P100 re-
sponse was confirmed in the study of Flanagan and
Harding® they point out that source derivation
shows no change in location. They did, however,
find a delay in latency of 7.5 ms for the upper-field
stimulus, thus supporting the earlier work of Leh-
mann et al.”’

An entirely separate line of investigation has been
taken by Haimovic and Pedley.** They predicted
that the problems of locating the P100 and N100



140  Origin of Electroretinographic Components

FULL FIELD

1.Common ,

Tt~ tN——————
Reference PC: TN P~

POz~~~
Oz — -
n--——-
Nz ——
Right Eye \/
et 1 1 1 1

UPPER HALF FIEELD

LOWER HALF FIELD

—— 50.00 msec

FIG 18-4.

Normal pattern reversal VEP elicited by full-field stimulation, upper half-field stimulation, and lower half-field stimulation. The
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both upper and lower half-field stimulation. However, it should be noted that the response to upper half-field stimulation is
slightly delayed as compared with that of lower half-field stimulation, a common finding in the literature. All derivations are
referenced to a midfrontal electrode. (From Flanagan JG, Harding GFA: Doc Ophtha/mol 1986; 62:97—105. Used by permis-

sion.)

components could be solved by investigating pa-
tients who had cortical lesions associated with simi-
lar homonymous hemianopic field losses but who
had different lesions. If the geniculostriate pathway
or area 17 were affected, they would predict that the
entire VEP would be eliminated or attenuated. How-
ever, if the patient had lesions affecting only the
parastriate areas, they predicted that the N100 re-
sponse would disappear and that P100 would re-
main intact. When they investigated patients with
these types of lesions, the results confirmed the sug-
gestion that the P100 was generated in striate areas
and the N100 in parastriate ones.

Other authors have investigated the effect of dif-
ferent stimulus parameters on the pattern reversal
VEP. The interest in spatial frequency and orienta-
tion that was generated by the studies of Campbell
and his coworkers® > '* developed the concept of
two separate channels of information in the visual
system. The sustained channel is thought to be sen-
sitive to stationary patterns at high spatial frequen-
cies, whereas transient channels are responsive to
lower spatial frequencies or, alternatively, high rep-
etition rates or moving stimuli. Obviously, this is of
great interest to VEP studies, particularly in pattern
reversal where quite commonly the apparent rever-
sal is produced by movement. Obviously, the two-
channel theory could indicate that gratings with
lower spatial frequencies will be dealt with by the

transient system, although of course, with checker-
board patterns, since there are edges to the checks,
high frequencies are always present.> It is to be ex-
pected that as retinal eccentricity increases the size
of the check that will elicit a maximum response
must also increase. Meredith and Celesia,® using a
pattern-reversing checkerboard, found that indeed
the optimum spatial frequency decreases as targets
become more peripheral. Their findings confirmed
the results of Harter,’® who showed that small
checks around 7.5 to 30 minutes of visual angle elic-
ited maximal responses within a 0- to 1.5-degree ra-
dius whereas large checks (30 to 60 minutes) pro-
duced the highest amplitude at around 4.5- to 7.5-
degree eccentricity. His original results were
obtained by using the patterned flash VEP. At
greater eccentricities check size appears to have less
influence on amplitude. In the 1982 study of
Meredith and Celesia,®? they also compared the tim-
ing of the waveforms and the effect of different stim-
ulus target sizes with the appropriate size of checks
as obtained from the first part of their study. A 2-
degree stimulus elicited aimost no response beyond
the central 4 degrees of the visual field. To obtain
comparable results to the effect of the 2-degree field
within the fovea they found that field sizes of 16 or
30 degrees were required outside the 8- and 14-
degree meridans of the visual field, respectively.
These targets were designed using the M-scaling of
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Rovamo and Virsu.” Flanagan and Harding® used
the magnification equations of Drasdo® and used
fields of 3-, 10-, and 30-degree diameter designed to
stimulate cortical areas in the ratio of 1:3:6. The am-
plitude of the pattern reversal response obtained,
however, did not correlate with the theoretical ratio
being of the order of 1:1.5:2. It would therefore ap-
pear that a linear summation of the cortical re-
sponses is too simple a concept. We have already
discussed the problems of the differing signal that
may be elicited from different points in the visual
field by the same stimulus, and this may be an ex-
planation for these findings.

Pattern reversal transient responses to gratings
are rarely studied, although in a careful study of the
effect of spatial frequency and the P100 response
Plant et al.*” showed that with increasing spatial fre-
quency above 2 cycles per degree there is an in-
crease in latency of the early component. There have
of course been many studies of steady-state poten-
tials elicited by contrast gratings. By using these
techniques Kulikowski®* has shown that a stimulus
of 6 cycles per degree alternating at 1.67 Hz elicits
pattern reversal VEPs that are dominated by both
pattern-related, that is, sustained, channels as well
as transient channels. As the spatial frequencies are
reduced, the pattern reversal VEP becomes domi-
nated by transient mechanisms related to the move-
ment of the pattern. When a high spatial frequency
is introduced, the response becomes dominated by
the sustained or pattern-related channels. Tyler and
Apkarian® found that selected local regions in the
visual field did not give one but rather two peaks in
the spatial frequency tuning curves. They suggested
that these different peaks might be related to the dif-
ferent population of cortical neurons that were being
stimulated; this in turn suggested that the most
likely areas were V1 and V2. In a later paper® they
suggested that since the peaks changed with
changed temporal frequency this may be related to
resonance characteristics of the neural circuitry in
the visual cortex.

The problem of reversal and motion was studied
originally by Fenwick and Turner,” who demon-
strated a linear relationship between the proportion
of pattern movement (25%, 50%, or 100% of the
check size) and the amplitude of the VEP. In a later
study Spekreijse et al.”® showed that the abrupt dis-
placement of a stationary checkerboard up to one-
check width produced a response that was essen-
tially similar to the pattern reversal VEP. They
demonstrated that both onset and offset of the
movement elicited separate signals but that if the
time interval between onset and offset was small,

the response appeared to be very similar to the pat-
tern reversal VEP. These findings of course support
the work of Kulikowski.™

The contrast between the pattern elements has
also been shown to have a clear effect on both
amplitude and latency of the VEP. Campbell and
Maffei'* showed that the VEP amplitude produced
by steady-state alternating patterns consisted of two
linear functions, one elicited by high contrast and
the other by low contrast. Spekreijse et al.”® reported
that under conditions of lower contrast the checker-
board response was low in amplitude and long in la-
tency, and it has become general practice for most
pattern reversal studies to use a high-contrast stimu-
lus. Estévez and Spekreijse” demonstrated that the
pattern reversal VEP contained a contribution from
the pattern offset or contrast response, and other au-
thors have confirmed the similarity between the pat-
tern reversal response and the pattern offset re-
sponse.

An alteration to the luminance level of the check-
erboard stimulus has a clear effect on the P100
component of pattern reversal. A reduction of 3 log
units in brightness decreases the amplitude of the
evoked potential by almost 50% and, in addition, ex-
tends the latency of the P100 component by almost
50 ms.>3¢ Conversely, a reduction in the level of illu-
minance reaching the retina has been implicated in
the change of P100 latency with old age.* Equally,
the effect of blurring of the pattern edges has a
marked effect on the VEP, particularly with small
check sizes.** When using check sizes of around 14
minutes of visual angle it was found that just 2 D of
blurring would produce changes in the latency of
the pattern reversal P100 component of between 5
and 8 ms, whereas for larger check sizes of 50 min-
utes to 1 degree little change is found in the la-
tency.®® The sensitivity of P100 component to
changes in focus have allowed its use in VEP refrac-
tometry, although the C2 component of the pattern-
onset response is far more sensitive.**
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