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Anatomically, the retina can be divided into 
(1) a central area which includes the central 
fovea and parafovea, and (2) a peripheral region. 
Polyak (1941) states that in man the visual angle 
corresponding to the floor of the foveal region is 
slightly more than 1 °, that of the entire foveal 
depression is 5 °, and that of the combined foveal- 
parafoveal area is approximately 8 °. Topo- 
graphic relationships are maintained through- 
out the visual pathway such that the cortical 
representation of the fovea lies along the posteri- 
or portions of the lips of the calcarine fissure, the 
parafovea and retinal periphery being inter- 
connected with intermediate and anterior por- 
tions, respectively. 

The cortical topography suggests that visual- 
ly evoked activity detectable at the scalp may be 
restricted largely to the foveal component. This 
notion is supported by physiological studies that 
have shown the occipital response to a point 
source of light to be largest when the stimulus 
falls within the foveal region of the retina (Copen- 
haver and Perry 1964; Van Balen et al. 1966; 
Eason et al. 1967 ; Ohba 1967 ; DeVoe et al. 1968). 
An approach utilizing various luminous rings 
and discs similarly has pointed to the foveal 
contribution as the predominant one (Rietveld 
et al. 1965). 

Seemingly at variance with the foregoing 
considerations are data obtained with relatively 
wide-angle or diffuse stimulation which indicate 
the field characteristics of the visual-evoked 
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response may be inconsistent with those predi- 
cated upon excitation of the foveal zone of the 
visual cortex, regions well outside the occipital 
area being active. That this holds true for the 
early, as well as the late, components (Kooi and 
Bagchi 1964; Gastaut and Regis 1965; R~mond 
and Les~vre 1965; Morocutti et al. 1966 ; Creutz- 
feldt and Kuhnt 1967; Goff et al. 1969) under- 
scores the divergence of the two sets of data, 
since the early portion has often been designated 
"primary" or "specific" activity and connected 
with direct projections to the visual cortex. 
Creutzfeldt and Kuhnt (1967), on the contrary, 
believe the early negative potential, because of 
comparatively long latency and wide distribu- 
tion, to correspond to the "nonspecific potential 
of Buser et al. (1959)". 

This communication presents the results of 
two series of experiments, designed to investigate 
the problem outlined above, in which the spatial 
distribution of the early negative potential has 
been examined in relation to (1) a graduated 
series of flashing circular targets subtending 
visual angles from 1 ° to 32 °, and (2) a graduated 
series of central opacities subtending visual 
angles from 1 ° to 16 ° situated within a flashing 
circular target having a fixed outer visual angle 
of 32 ° . 

The term "visual-evoked response (VER)" 
has been used above and will be used subsequent- 
ly in the widest sense to refer to all cerebral 
activity, or any portion of the activity, elicited 
by repeated single visual stimuli and extracted 
from extraneous signals by the averaging tech- 
nique. The term "early negative potential" is 
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applied to distinguish the initial surface-nega- 
tive portion of the VER, culminating between 
40 and 80 msec, from its other components. 

METHODS 

Four male staff members, all experienced 
research subjects, participated in the experiments. 

Eight-channel response averaging was carried 
out on line with a Grass Model 6 electroence- 
phalograph and two CAT 400 Signal Averagers. 
All eight EEG channels were monitored conti- 
nuously, a ninth channel being used for the 
stimulus marker. Amplifier band widths (3 dB) 
were 1-90 c/sec. The system was calibrated by 
obtaining comparable averages ofa 5 pV square- 
wave signal. The averages were written out on 
paper and Mylar transparencies with a Hewlett- 
Packard X-Y point plotter. Line voltage supplies 
to the photic stimulator and function generator 
(ENSCO) were stabilized by a Sola voltage 
regulator. 

Ordinary silver-cup electrodes were placed 
in two basic arrangements of 10-20 System lead 
positions: (1) an anterior-posterior midline 
array including the Fpz, Fz, Cz, Pz and Oz place- 
ments plus a left infraorbital and midline sub- 
occipital (SOz) electrode, and (2) posterior trans- 
verse arrays including the T s, Oa, Oz, O2 and 
T 6 placements, along with P3, Pz and P4. The 
midline suboccipital electrode (SOz) was placed 
10°/,, of the nasion-occiput distance below the 
occiput. All scalp leads were paired with a non- 
cephalic reference. The arrangement of Stephen- 
son and Gibbs (1951) proved as suitable as any 
of more than a dozen that were tried with the 
proviso that the sternal lead not be placed im- 
mediately over the region of insertion of the 
sternocleidomastoid muscle. 

Except for a small, dark fixation point which 
subtended a visual angle of approximately 5' 
at the standard viewing distance of 45.8 cm, the 
subject, sitting upright in a comfortable easy 
chair, viewed an all white visual field consisting 
of three areas, the central target area (Fig. 1, a), 
an outer, circular zone (Fig. 1, b) and a peri- 
pheral area (Fig. 1, c). The central target area 
was illuminated from behind by two light sources, 
the flash unit of a Grass Model 2 photostimulator 
and four 6-watt tungsten lamps (Fig. 1, g). The 
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Fig. 1. Diagram of light sourcc drawn to scale, a:Ex- 
changeable white circular card with central aperture, b: 
White, hemicylindrical floor-to-ceiling drapery (56 cm 
radius) and chair cloth, c: Opal glass, d: Drum-shaped 
enclosure with white interior, e: Flash lamp with opal 
glass face.f: Metal cone reflector, g: Four interior, 6-watt, 
battery-powered, tungsten light bulbs. 

former provided the stimulus, the latter, an 
adjustable background level of light for the cen- 
tral area. Areal variations of luminance were less 
than _ 5 ~  for the two sources. The circular, 
white cardboard surface subtended a visual 
angle of 90 ° . Together with the white cloth 
surface which occupied the entirety of the re- 
maining peripheral visual field, the cardboard 
surface was directly illuminated by a rheostati- 
cally controlled ceiling fixture situated above 
and behind the subject. Selective shading of the 
fixture gave an even distribution of light over the 
field of view (± 10~o). A series of interchange- 
able cards having circular apertures subtending 
visual angles of 32 °, 16 °, 8 °, 4 °, 2 ° and 1 ° was 
available. Opaque circles subtending compara- 
ble visual angles were used in conjunction with 
large-aperture cards to give annular patterns. 

Peak stimulus luminance at the opal glass 
face of the light source was determined to be 63 x 
103 mtam with a Gamma Scientific Telephoto- 
meter, Model 2000. In order to minimize the 
effects ofentoptic light scatter without extinguish- 
ing the cortical response to the stimulus, the field 
luminance was set at a photopic level of 8 mlam. 
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When pupil size and spectral characteristics of 
the light sources are taken into consideration, a 
level of this intensity may be expected to produce 
essential saturation of the rod mechanisms 
(Aguilar and Stiles 1954). In preliminary ex- 
periments with 2 ° targets having the same peak 
luminance as that used in the final runs, a field 
luminance of 6 mlam was sufficient to suppress 
the VER when the target was focused on the 
blind spot. Field luminance measurements were 
taken before and after each experimental run. 

A chin rest assisted the subjects in achieving 
maximal relaxation of posterior cervical muscles 
and fixed the position of the head. The subjects 
were instructed to blink between stimuli, once 
every 8-10 stimuli. The subjects' pupils were 
dilated with 0.5 ~ cyclopentolate hydrochloride. 

The flashes were presented in an irregular 
manner at intervals of 0.8-1.2 sec. A delay of 10 
msec was introduced between initiation of the 
averaging cycle and presentation of the flash 
with a Grass $88 physiological stimulator. Six 
hundred trials constituted one run. A second 
identical run was obtained routinely to assess 
repeatability of the data. 

The amplitude measurements upon which 
the spatial graphs are based were obtained in the 
following way for the full-circle series. The peak' 
of the midoccipital early negative response to the 
largest target size (32 ° ) was located, and its 

latency from the moment of the stimulus 
determined. Comparable deflections were then 
identified within the responses to successively 
smaller targets. For the larger targets, these 
points corresponded to the peak of the early 
negative response. With smaller targets, in the 
few instances in which the form of the response 
was slightly altered, the deflection corresponding 
most closely to the previously established laten- 
cy trend was selected. These latency values will 
be found under Results. In the central opacity 
series, the peak of the early negative potential 
for the 32 ° target was used as the point in time at 
which all amplitude measurements were made. 
The amplitude was then measured from the 
average voltage level over the 5 msec period 
immediately preceding the stimulus to the volt- 
age level at the same latency for each area under 
each stimulus condition, the values so obtained 
being used to construct instantaneous, spatial 
voltage contours. Variations in amplitude mea- 
surements of comparable data points between 
successive technically satisfactory runs are also 
shown in the graphs presented under Results. 
Additional sources of variance involving differ- 
ences in sampling of field voltages, the subject's 
degree of attentiveness and physical characteris- 
tics of the set-up, which could not be entirely 
circumvented, resulted in slightly larger varia- 
tions in data collected during separate sessions. 
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Fig. 2. Alterations of average longitudinal field pattern of occipital early negative potential as target size is systematically 
varied are depicted for normal subject. Curves represent superpositions of two averages of 600 responses in this and subsequent 
figures. See text for further description. 
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RESULTS 

Step-wise variation of target size from 1 ° to 
32 ° brought about a systematic series of changes 

of the early negative potential with respect to 
amplitude and distribution (Fig. 2; 3, A; 4, A; 
5, A and 6, A). Latencies to the peak of the wave 
varied only slightly in relation to target size 
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Fig. 3. Average (nl200) instantaneous midline voltage gradients of early negative potential in subject with large response are 
graphed in relation to target size (A) and in relation to size of central opaque circle within larger target (B). Refer to Table I for 
latencies of early negative potential in A. Measurements for B were made at fixed latency of 64 msec (see Methods). In this and 
subsequent graphs, bars represent difference between measurements for successive n600 runs. Absence of bar indicates differ- 
ence of 0.2 ~V or less. 

5 

4 

3 

i' 
IE I 

0 

I 

-4- 

A B 

- ~ m ,  l q .  

A n I J n n u a ~ ~ J n n l 
SOz Oz Pz Cz Fz Fp z IO SOz Oz Pz Cz Fz ep z K) 

Fig. 4. The same types of data as those illustrated in Fig. 3 are plotted for second subject. Latencies of early negative potential 
will be found in Table I. Measurements for B were made at fixed latency of 55 msec. 
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(Table I). The salient features of the longitudinal 
voltage fields elicited by small and large targets 
are illustrated by the experimental results in the 
initial subject (Fig. 2 and 3, A). The exceptionally 
large responses of this subject permitted clear 
differentiation of the field pattern at each target 
size. It may be observed that targets of 1 ° to 8 ° 
gave rise to dipolar voltage fields, enlargement 

of stimulus area being associated with an in- 
creasing negative potential posteriorly and a 
similarly increasing potential but of opposite 
polarity anteriorly. With further increases in 
target size (16 ° and 32°), the posterior negativity 
continued t6 grow larger whereas, anteriorly, the 
direction of change reversed, the entire longi- 
tudinal field becoming surface-negative. 
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Fig. 5. Comparable  data to those in Fig. 3 are plotted for third subject. Latencies of early negative potential for A are given in 
Table I. Measurements  for B were made at fixed latency of 65 msec. 
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Fig. 6. This subject had extremely small responses, 1 ° and 2 ° targets giving no definable responses. Otherwise the data are 
comparable to those of other subjects shown in Fig. 3-5. Latencies of early negative potential for A are given in Table I. 
Measurements  for B were made at fixed latency of 49 msec. 

TABLE I 

Latencies (msec) to peak of early negative potential at Oz. 

Subject 1 Subject 2 Subject 3 Subject 4 

Stimulus size Run  1 Run  2 Av. Run  1 R u n 2  Av. Run  1 Run  2 Av. Run  1 R u n 2  Av. 

32 ° 63 63 63 56 55 56 65 66 66 48 49 49 
16 ° 63 63 63 56 56 56 65 65 65 51 51 51 
8 ° 63 61 62 58 59 59 68 68 68 51 51 51 
4 ° 63 63 63 60 60 60 69 68 69 52 52 52 
2 ° (70) 64 67 61 59 60 68 68 68 
1 ° (60) 65 63 65 64 65 66 69 68 - -  - -  

( ): Comparable  wave al though not  peak (s_ee Method). 
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Fig. 7. Comparison of occipital response to 4 ~ and 32 ° 
targets in subject with at tenuation of surface-negative 
response to larger target. Graphic data of subject shown 
in Fig. 4. 

Other subjects showed similar sequences with 
but minor variations (Fig. 4, A; 5, A and 6, A). 
The variations of greatest interest are those 
involving the relative amplitudes of the negative 
potential at occipital and preoccipital locations. 
It can be seen that enlargement of stimulus 
area beyond a certain point may not be accom- 
panied by an additional increment of response 
posteriorly, and that small decrements are 
actually possible (Fig. 4, A; 6, A and 7). This 
circumstance, occurring along with continuing 
development of the anterior negativity, may 
result in equalization or reversal of occipital- 
preoccipital amplitude relationships. 

Consideration of the wave forms and field 
patterns of the negative activity and of the elec- 
troretinogram throughout the data series (Fig. 
2) make it clear that volume conduction of 
electroretinal activity played no significant role 
in the evolution of the voltage fields under ob- 
servation. It may be noted, for example, that (1) 
the growth of the early negativity proceeded 
from posterior to more anterior regions, and (2) 
the 32 ° and 16 ° measurements at the F z location 
were consistently larger than those at the Fpz 
site where the electroretinal contribution would 
be expected to be the greatest (Fig. 2 ; 3, A ; 4, A ; 
5, A and 6, A). 

The series of annular targets generated quite 
different sets of longitudinal voltage fields (Fig. 
3, B; 4, B; 5, B; 6, B and 8). These fields were 
characterized by a decreasing negativity in 
the occipital region relative to an increasing 

central opacity, the anterior negativity remaining 
well developed even when elicited by the outer- 
most ring (32°-16°). Corresponding decreases 
of lesser degree in the parietal area evident in 
Fig. 4, B were not a constant finding in the other 
subjects. 

The transverse field characteristics were also 
studied. These were marked by a gradually 
decreasing voltage bilaterally from a midline 
maximum, voltage becoming exceedingly small 
far laterally, regardless of the areal pattern of 
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Fig. 8. Sets of average responses illustrate the differential 
effects upon amplitude in occipital region as compared 
with anterior sites with 4 ° and 16 ° central opacities. Sam- 
ples are from same set of data upon which graph 4, B is 
based. 
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Fig. 9. The transverse voltage gradients of the early nega- 
tivity relative to st imulus size are shown for normal  subject. 
Note lesser asymmetry of field pattern with large targets 
compared with small targets. 
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the stimulus. No consistent differences between 
the field gradients obtained under the two series 
of stimulus conditions could be recognized. 
The posterior transverse fields of one subject 
are shown in Fig. 9. 

Because light intensity has been held constant, 
total light flux has varied in parallel with stim- 

Jo 

the retina was greatly reduced with the low.. 
luminance 32 ° target, the magnitude of the 
occipital response was very similar to that ob- 
tained with the more intense 4 ° target. Secondly, 
the presence of the preoccipital early negativity 
again proved to be a function of large target size. 
It is to be further noted that no electroretino- 
gram was visible in either case, ruling out 
volume-conducted activity from the retina as a 
cause of the field differences. 
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Fig. 10. The effect upon the average longitudinal field 
pattern of the early negative potential caused by changing 
stimulus area while holding light flux constant  is illustrated. 
The dotted lines represent 2 runs obtained with a 32 ° 
target having a luminance of 984 mlam, the continuous 
lines, similar runs taken with a 4 ° target having a lumi- 
nance of 63,000 mlam. A neutral density filter of 1.8 log 
units was introduced at the lamp face to achieve the re- 
duction in intensity. See text for further description. 
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Fig. 11. The average longitudinal field patterns of the 
early negative potential when elicited by an annular  target, 
22.6 ° to 32 ° in width (dotted lines), and a circular target, 
22.6 ° in diameter (continuous lines), are shown. See text 
for further description. 

ulus area in the experiments described above. 
Consequently, it is pertinent to inquire about 
the effect of increased target size with light in- 
tensity reduced to give equivalent total light 
fluxes. In order to maximize possible field 
differences, stimuli of substantially different 
sizes were chosen, 4 ° and 32 °, the areal pro- 
portionality of 64 being adjusted for by re- 
ducing light intensity by a factor of 1/64th. 
The results of the experiment (Fig. 10) showed 
two points of major interest. Firstly, although 
the amount of light falling on the central 4 ° of 

Examination of the field distributions of the 
early negative potential obtained with a 22.6 ° 
circle and a 22.6 ° 32 ° ring, stimulus patterns 
also having the same total light fluxes since 
their areas are equal, confirmed the areal relation- 
ships previously demonstrated (Fig. 11). Com- 
pared to those elicited by the circular target, 
the peripheral ring gave similar responses at 
central and frontal recording sites, whereas 
posteriorly, the central portion of the complex 
so elicited was substantially smaller, more so 
in the occipital than parietal region. 
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DISCUSSION 

The principal results of the present investi- 
gation are as follows: (1) the existence of two 
types of longitudinal voltage gradients of the 
early negative potential has been confirmed; 
(2) the stimulus conditions under which each type 
can be elicited have been delineated ; and (3) the 
serial modifications by which one type is trans- 
formed into the other have been elucidated. 

It appears that the site of retinal stimulation-- 
whether predominantly foveal or peripheral or 
a combination of the two--is a significant factor 
underlying the field characteristics of the early 
negative potential. Afferent retinal impulses 
arising predominantly from the fovea give rise 
to a local occipital negativity associated with a 
surface-positive potential variation in more 
anterior regions. As target size is increased, the 
more striking changes occur in the activity 
recorded from preoccipital sites, being marked 
by a reversal of polarity and the development of 
a widespread major surface-negative wave with- 
in the same time domain as the occipital negati- 
vity. The less striking occipital changes variously 
include a further increase in the amplitude of the 
negative wave or an actual slight decrease. By 
reducing the amount of light falling on foveal 
and near-foveal regions while at the same time 
keeping peripheral retinal stimulation constant, 
it can be demonstrated that the anterior nega- 
tivity is largely the result of afferent impulses 
originating in extraparafoveal regions of the 
retina, since the decrease in voltage which is 
produced in this way is almost wholly restricted 
to the occipital region. The parafoveal area has 
an intermediate position with respect to these 
relationships. Viewed as a summation of com- 
plex and widespread cerebral voltage sources 
excited by an aggregate retinal volley, the early 
negative potential thus appears to reflect, at any 
given cortical locus, the resultant of the combined 
input from various retinal areas. The prediction 
of Vaughan (1969)--based upon consideration 
of the orientation and location of possible 
voltage sources about the calcarine fissure-- 
that peripheral retina should contribute little to 
the VER is not borne out by these data. 

Stimulation of the retina outside of the area 
of the image by stray light may be expected to 

have a general quantitative effect on the absolute 
voltages of cerebral responses whenever retinal 
excitation is achieved through light contrast. 
Because of this factor, even though the back- 
ground light level was sufficiently high to sup- 
press largely rod mechanisms, it is important 
to direct attention to the fact that the qualitative 
results would not be altered by this variable 
since its effect is spatially similar to that of the 
experimental variable. In the full-disc series, 
the decreasing stray light, as target size is de- 
creased, would result in decreasing peripheral  
retinal stimulation as does the areal effect of 
changing target size. In the annulus series, the 
decreasing stray light, as target size is decreased, 
would result in decreasing f ovea l  stimulation, 
also in parallel with the areal effect. In the latter 
case, the theoretical possibility exists that some 
change in stray-light stimulation of the retinal 
periphery beyond the outer border of the an- 
nulus could also be occurring. However, the 
cerebral field gradients showed no evidence of a 
significant effect. Moreover, it was established 
that experimental manipulation of either stim- 
ulus size or stimulus location, with total light 
flux held constant, was sufficient to effect the 
same type of alteration of the longitudinal 
distribution of the early negative potential as 
observed in the main series of experiments. 

There have been previous studies suggesting, 
on morphologic or temporal grounds, that the 
contribution to the VER from excitation of the 
fovea might be distinguishable from an extra- 
foveal component. Van Balen et al. (1966) 
identified a surface-positive deflection with a 
latency of 100 msec with foveal activity and one 
with a latency of 140 msec with extrafoveal ac- 
tivity. Ohba (1967) and Bourne et al. (1971) have 
observed that late components of VERs elicited 
by extrafoveal stimulation had longer latencies 
than those from foveal stimulation. Rietveld 
et al. (1965) noted differences in the alterations 
of component waves of the VER associated with 
differential stimulation of foveal and parafoveal 
regions. 

Our results in respect to the changing mag- 
nitude of the occipital response in relation to 
target size are entirely concordant with those of 
other investigations. Tepas and Armington (1962) 
found the overall amplitude of the occipital 
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response to 5/sec stimulation to increase over a 
target range of 24' to 8 ° with no further increase, 
or a decrease, to a 15 ° target, depending upon 
stimulus luminance. Rietveld et al. (1965) eval- 
uated the occipitocortical response in dark- 
adapted subjects to luminous discs subtending 
visual angles of 28' to 7 ° 38'. Illustrated changes 
include a gradual increase in the magnitude of the 
rapid components of the early negative potential 
over the range studied. The subjects we examined 
also had progressive increases up to the 8 ° 
target size with maximal amplitudes being 
reached variously at 8 °, 16 ° and 32 °. 

From the physiological standpoint, the finding 
that the distribution of the early negative po- 
tential is dependent upon the spatial nature of 
the retinal input emphasizes the fundamental 
importance of topographic aspects of retino- 
cerebral organization. At the same time, there 
is a problem posed as to the central pathways 
mediating the activity since it appears to have 
spatial properties consistent with either specific 
or non-specific systems under different stimulus 
conditions. The problem is compounded by the 
fact that anterior and posterior components 
occur in the same time domain. Anatomical and 
animal physiological data are also inconclusive. 
The well known connections between area 17, 
18 and 19, along with the major fiber bundles 
the association bundles, the superior longi- 
tudinal fasciculus and the inferior occipito- 
frontal fasciculus--make tenable the possibility 
that the response reflects activity within the 
specific and functionally related corticocortical 
systems. Lending strong physiological support 
to this notion are the findings in the monkey 
(Saimiri sciureus) of (1) a ~eparable, visually 
evoked prestriate response, dependent upon an 
intact pathway from striate cortex (Cowey 1964), 
and (2) frontal responses to electrical stimulation 
of cortex in the vicinity of the primary visual 
area that persist following thalamectomy (Big- 
nail and Imbert 1969). There are other data, 
however, indicating the presence of direct path- 
ways from thalamic nuclei to extrastriate cortex. 
These may pass through non-specific or associ- 
ation thalamic nuclei or both. It has recently 
been established further in one species (Felis 
domesticus) that neither non-specific or asso- 
ciation nuclei, as usually defined, may be re- 

quired for elaboration of association responses, 
the essential thalamic structure being rather 
lower, layer B of the dorsolateral geniculate 
body (Narikashvili et al. 1969). Thus the ques- 
tion of the nature of the central mechanism 
underlying the preferential relationship between 
the fovea and the cortical region of termination 
of the visual pathway on the one hand and 
retinal periphery and more anterior regions on 
the other remains an open one. 

Some clinical inferences may be drawn from 
the results of the study since the two experimen- 
tal conditions may be viewed as models of two 
common types of field defects--the decreasing 
circular target simulating general constriction 
of the peripheral visual field, the increasing 
central opacity simulating an enlarging central 
scotoma. In both instances, it is apparent that 
the amplitudes of the early negative potential 
at any given recording site may correlate poorly 
with spatial variations in retinal input. It is 
possible to recognize, however, the presence of 
decreased peripheral or decreased central retinal 
input from inspection of the longitudinal voltage 
fields in individual subjects with known types of 
VER configurations. The inter-individual varia- 
bility of the field patterns makes it improbable 
that the phenomena described will have direct 
diagnostic utility, but they may explain some 
differences in results in patients being studied 
for central lesions of the visual pathway where the 
situation is complicated by involvement of the 
optic nerve or of the eye itself. 

SUMMARY 

Variations in topographic characteristics of 
the early negative potential of the human, 
flash-evoked cerebral response were related to 
(1) a graduated series of stimulus sizes subtend- 
ing visual angles from 1 ° to 32 °, and (2) a 
graduated series of central opacities subtending 
visual angles from 1 ° to 16 ° placed within a 32 ° 
stimulus. 

The longitudinal field pattern of the early 
negative potential was shown to be a function 
of the spatial characteristics of the visual 
stimulus. Foveal stimulation produced a local, 
early negative potential in the occipital region, 
generally associated with surface-positive ac- 
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tivity anteriorly, whereas peripheral stimulation 
gave a widespread early negative potential, rela- 
tively less prominent in the occipital region than 
in preoccipital areas. Intermediate field-gradient 
configurations resulted from various combina- 
tions of foveal, parafoveal and peripheral stimu- 
lation. 

The effect of addition of extrafoveal to foveal 
stimulation upon the magnitude of the occipital 
early negative potential proved to be subject- 
dependent. 

RESUME 

INFLUENCES FOVEALES ET EXTRAFOVEALES SUR LA 

TOPOGRAPHIE DU POTENTIEL EVOQUE VISUEL NEGA- 

TIF PRECOCE CHEZ L'HOMME 

Les variations des caractOristiques topogra- 
phiques du potentiel n6gatif pr6coce de la 
rOponse c~r6brale ~voqu6e par la lumiOre ont 
6t6 reli6es A (1) Une s6rie de stimuli de dimension 
progressivement croissante, sous-tendant des 
angles visuels de 1 ° A 32 °, et (2) une sOrie pro- 
gressive d'opacit6s centrales sous-tendant des 
angles visuels de l ° ~ 16 °, placOs A l'intOrieur 
d'un stimulus de 32 °. 

Le pattern de champ longitudinal du poten- 
tiel nOgatif pr6coce se prOsente comme une 
fonction des caract6ristiques spatiales du stimu- 
lus visuel. La stimulation fovOale provoque un 
potentiel n6gatif pr6coce local au niveau de la 
r6gion occipitale, associ6 g6n6ralement "~ une 
activit6 surface-n6gative ant6rieure, tandis que 
la stimulation p6riph6rique donne un potentiel 
n6gatif pr6coce tr6s 6tendu, relativement moins 
dominant dans la r6gion occipitale que dans les 
r6gions pre-occipitales. Des configurations de 
champ de gradient intermediaires r6sultent de 
diverses combinaisons de stimulation fov6ale, 
para-fov6ale et p6ripherique. 

Les effets de l'addition de la stimulation 
extrafov6ale fi la stimulation fov6ale sur la 
grandeur du potentiel n6gatif pr6coce occipital 
d6pendent du sujet. 

REFERENCES 

AGUILAR, M. and STILES, W. S. Saturation of the rod 
mechanism of the retina at high levels of stimulation. 
Optiea Aeta {Lond..), 1954, 1:59 65. 

BIGNALL, K. E. and IMBERT, M. Polysensory and cortico- 
cortical projections to frontal lobe of squirrel and rhesus 
monkey. Electroenceph. clbz. Neurophysiol., 1969, 26: 
20(~215. 

BOURNE, J. R., CHILDERS, D. G. and PERRY JR., N. W. 
Topological characteristics of  the visual evoked response 
in man. Electroeneeph. olin. Neurophysiol., 1971, 30: 
423 436. 

BUSER, P., BORENSTEIN, P. et BRUNER, J. Etude des syst6mes 
"associatifs" visuels et auditifs chez le chat anesth6si6 
au chloralose. Electroenceph. olin. Neurophysiol., 1959, 
11 : 305-324. 

COPENHAVER, R. M. and PERRY JR., N. W. Factors affecting 
visually evoked cortical potentials such as impaired 
vision of varying etiology, hwest. Ophthal., 1964, 3: 
665 675. 

COWEr, A. Projection of the retina on to striate and prestriate 
cortex in the squirrel monkey, Saimiri seiureus. J. Neuro- 
physiol., 1964, 27: 36(~393. 

CREUI"ZFEL~T, O. D. and KUHNT, U. The visual evoked 
potential: Physiological, developmental and clinical 
aspects. Electroenceph. elin. Neurophysiol., 1967, Suppl. 
26: 29~11. 

DEVOE, R., RIPPS, H. and VAUGHAN JR., H. Cortical responses 
to stimulation of the human fovea. Vision Res., 1968, 
8:135 147. 

EASON, R. G., ODEN, D. and WHITE, C. T. Visual evoked 
cortical potentials and reaction time in relation to site 
of retinal stimulation. Electroenceph. elin. Neurophysiol., 
1967, 22:313 324. 

GASTAUT, H. and REGIS, H. The visually evoked potentials 
recorded transcranially in man. In L. D. PROCTOR and 
W. R. ADEY (Eds.), NASA s.vmposium on the anaO,sis ~71' 
central nervous system and cardiovascular data using 
computer methods. NASA, SP-72, Washington, D.C., 
1965: 7-34. 

GOFF, W. R., MATSUMqYA, Y., ALLISON, T. and GOFF, G. D. 
Cross modality comparisons of averaged evoked poten- 
tials. In E. DON('HIN and D. B. LINDSLEy (Eds.), Average 
crooked potentials. Methods, results, and evaluations. 
NASA, Washington, D.C., 1969:95 118. 

KOOL K. A. and BAGCm, B. K. Visual evoked responses in 
man. Normative data. In R. KATZMAN (Ed.), Sensoo' 
evoked re,~pon.~es in man. Ann. N.Y. Acad. Sci., 1964, 
112: 254-269. 

MOROCUTT1, C., SOMMER-SMITH, J. A. und CREUTZFELDT, O. 
Das visuelle Reaktiorrspotential bei normalen Versuchs- 
personen und charakteristische Ver~inderungen bei Epi- 
leptikern. Arch. Psychiat. Nervenkr., 1966, 208: 234-254. 

NARIKASHVILI, S. P.. KAJA1A, D. V. and TIMCHENKO, A. S. 
On the origin of cortical association responses to visual 
stimulation in the cat. Brain Res., 1969, 14:417 425. 

OHBA, N. Visual evoked responses in man by localized 
retinal stimulation. Jap. J. Ophthal., 1967, 2:221 226. 

POLYAK, S. L. The retina. University of Chicago Press, 
Chicago. Ill., 1941. 

REMOND, A. et LES~VRE, N. Distribution topographique des 
potentiel 6voqu6s visuels occipitaux chez l 'homme nor- 
mal. Rev. neurol., 1965, 112: 317-330. 

RIETVELD, W. J., TORDOIR, W. E. M. and DUYFF, J. W. 
Contribution of fovea and parafovea to the visual evoked 

Electroenceph. clin. Neurophysiol., 1972, 33." 129 139 



TOPOGRAPHY OF EARLY NEGATIVE POTENTIAL IN MAN 139 

response. Acta physhd, pharmacol, neerl., 1965, 13: 
330 339. 

STEPHENSON, W. A. and GlUBS, F. A. A balanced noncephalic 
reference electrode. Eh, ctroenceph, olin. Neurophysiol., 
1951, 3: 237-249. 

TEPAS, D. 1. and ARMINGTON, J. C. Properties of evoked 
visual potentials. Vision Res., 1962, 2 :449  461. 

VAN BALEN, A. TH. M., DENIER VAN DER GON, J. J. and 
HELLENDOORN, E. H. The differentiation between respon- 

ses of  foveal and extrafoveal stimuli in the ERG and 
EEG. In H. M. BURIAN and J. H. JACORSON (Eds.), 
Clinical electroretinography. Vision Res., Suppl., 1966: 
255 262. 

VAUGHAN JR., H. G. The relationship of brain activity to 
scalp recordings of event-related potentials. In E. 
DONCHIN and D. B. LINDSLEY (Eds.), Averaqe evoked 
potentials. Methods. results, and et'a/uation.s'. NASA, 
Washington, D.C., 1969:45 75. 

Reference: Kool, K. A., TUCKER, R. P., DANIAL, J. and MARSHALL, R. E. Foveal and extrafoveal influences on the topography 
of the visually evoked, early negative potential in man. Electroenceph. clin. Neurophysiol., 1972, 33:129-139. 


