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The present study investigated the inhibitory effect of visual distractors on the latency of saccades made
by hemianopic and normal human subjects. The latency of saccades made by hemianopic subjects to
stimuli in their intact visual field was not affected by visual distractors presented within their hemianopic
field. In contrast, the latency of saccades made by normal subjects was increased significantly under
distractor conditions. The latency increase was larger for temporal than nasal distractors. The results are
inconsistent with previous proposals that the crossed retinotectal pathway from the nasal hemiretina to
the superior colliculus may mediate a blindsight inhibitory effect when distractors appear within a hemi-
anopic temporal visual field. Instead, the distractor effect appears to reflect the normal processes involved
in saccade target selection which may be mediated by a circuit involving both cortical and subcortical

structures.
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1. INTRODUCTION

‘Blindsight’ is the term used to describe the ability shown
by some patients with cortical blindness to process visual
stimuli presented within their blind field in the absence of
conscious awareness (Sanders e/ al. 1974). One simple
technique used to demonstrate residual visual functioning
in blindsight involves recording eye movements (saccades)
made to stimuli presented within the patients’ apparently
blind visual field. A number of eye-movement studies
have reported a relationship between the amplitude of eye
movements and the eccentricity of visual
presented within a hemianopic visual field (Péppel et al.
1973; Weiskrantz et al. 1974; Zihl 1980; Zihl & Von
Cramon 1980; Barbur et al. 1988; Braddick et al. 1992). A
slightly different approach used by Rafal e al. (1990)
examined the latency of saccades made by hemianopic
patients to stimuli presented in their intact visual field
under conditions in which visual distractors appeared in
the blind field. Rafal et al. (1990) tested three hemianopic
patients under monocular viewing conditions and found
that distractors in the temporal visual field increased
their saccade latency, while distractors in the nasal visual
field had no effect. This blindsight interference effect was
observed when the distractor appeared simultaneously
with the target or at short intervals prior to target onset,
but not when the distractor appeared at longer intervals
before the target. In contrast, the oculomotor distractor
effect was not observed in a group of normal subjects and
was not observed in hemianopic subjects when manual
response times were recorded instead of eye movements.
These findings were taken as showing that the distractor
effect was specific to the oculomotor system and may be
observed only when the cortical (geniculostriate) visual
pathway is inoperative.
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The explanation proposed by Rafal et al. (1990) to
account for the naso-temporal asymmetry ‘blindsight’
oculomotor distractor effect was based on differences in
the strength of the direct retinal projection to the superior
colliculus (SC), a midbrain structure which is involved in
the control of saccades (Sparks & Hartwich-Young 1989).
The SC receives visual inputs from a number of sources
including the retina, dorsal lateral geniculate nucleus
(dLGN) and cortical regions such as the occipital lobe,
posterior parietal lobe and frontal and supplementary eye
fields (FEFs and SEFs) (see Schall (1995), for a review).
Neuroanatomical studies have shown that the small
crossed retinotectal projection from the nasal hemiretina
(temporal visual field) has a greater number of ganglion
cells projecting to the SC than does the temporal hemi-
retina (nasal visual field). Rafal et al. (1990) argued that,
under monocular viewing conditions, visual stimuli
presented in the patients’ temporal visual field would
produce a greater interference effect due to the numerical
superiority of the nasal hemiretina projection to the SC.
The absence of a distractor effect for the normal subjects
was interpreted as showing that the effect may depend on
‘an isolated extrageniculate visual system’ which may be
‘critically dependent on the absence of perceptual aware-
ness of the distractor’ (Rafal et al. 1990, p.120).

However, the retinotectal explanation for the naso-
temporal asymmetry in the blindsight distractor effect
has been questioned on anatomical grounds (Williams et
al. 1995). Williams et al. (1995) noted that much of the
evidence for a larger nasal hemiretina projection to the
midbrain than to the dLGN was based on indirect
evidence from the cat (Sterling 1973). An earlier study by
Perry & Cowey (1984) found little evidence of naso-
temporal asymmetry, although it was thought possible
that the labelling technique used may not have detected
all of the retinal ganglion cells. Williams e/ al. (1995)
performed a cellular labelling study to examine possible
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Table 1. Details of patients

(HH, homonymous hemianopia; upper, upper quadrantanopia; lower, lower quadrantanopia; R, right; L, left. Time post-onset
indicates the interval between the lesion and date of testing. MMS represents the score on the mini mental state questionnaire.
Neglect indicates the presence of visual neglect assessed using the behavioural inattention test (Wilson ez al. 1988).)

age visual
case (years) sex field defect time post-onset MMS neglect?
hemianope 1 30 female RHH 25 years 30/30 no
hemianope 2 83 male R upper 6 months 30/30 no
hemianope 3 37 male R lower 7 years 30/30 no
hemianope 4 49 female R lower 7 years 30/30 no
hemianope 5 34 female LHH 6 years 30/30 no
hemianope 6 60 male LHH 1 year 30/30 no

naso-temporal asymmetries in the primate (Macaca
mulatta) visual system. Although they found more retinal
ganglion cells in the projection from the nasal than
temporal hemiretina, this asymmetry was observed for
both the small direct projection to the midbrain and for
the much larger projection to the dLGN which projects to
the visual cortex. Williams et al. (1995) argued that their
findings invalidated Rafal et al’s (1990) retinotectal
hypothesis of the temporal field distractor effect as ‘there
is nothing numerically anomalous about the projection to
the midbrain’ (p. 585).

The demonstration of an oculomotor blindsight
distractor effect in some hemianopic subjects is in contrast
to an carlier eye-movement investigation of the well-
known blindsight subject G.Y. (Barbur ef al. 1988). Barbur
et al. (1988) found that distractors in G.Ys blind field did
not influence saccades made towards stimuli in his intact
visual field under binocular viewing conditions. However,
an unpublished attempt to replicate Rafal et al’s (1990)
study did observe a saccadic distractor effect for G.Y. but
not for a group of hemianopes similar to those tested by
Rafal et al. (1990) (Cochrane 1995; see Weiskrantz 1997,
p-67). Importantly, it was thought that G.Y. might have
had some ‘awareness’ of the distractors in his hemianopic
field (L. Weiskrantz, personal communication). This
would suggest that the distractor effect might not be
dependent on the absence of perceptual awareness for
stimuli in the blind field.

It should be noted that the absence of a distractor effect
in the normal subjects tested by Rafal et al. (1990)
contrasts with numerous reports of a saccadic distractor
effect observed under binocular viewing conditions.
Lévy-Schoen (1969) first noted an increase in saccade
latency (of some 20-40ms) in normal human subjects
when stimuli appeared bilaterally in both visual fields.
Further studies have replicated this effect and shown it to
be a highly consistent finding (Findlay 1983) which is
influenced by the spatial and temporal relationship of the
distractor and target (Walker et al. 1995, 1997). A consis-
tent finding is that distractors in the opposite visual field
to the target increase latency but have no influence on
saccade metrics. These behavioural effects are thought to
be consistent with inhibitory processes operating within
the deep layers of the SC (Munoz & Wurtz 1993a,b,
1995a,b; Olivier et al. 1999). Such inhibitory processes
may also operate within other structures known to be
involved in saccade generation such as the lateral
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intraparietal lobe (LIP) and the FEFs and SEFs (see
Wurtz & Goldberg (1989) for a review). However, as all
of the studies of normal subjects have used binocular
viewing conditions it is not possible to examine the
presence of a naso-temporal asymmetry in the distractor
effect and it remains a possibility that a naso-temporal
asymmetry is only observed with hemianopic subjects.
The present investigation was designed to examine
further the saccadic distractor effect in hemianopic and
normal subjects under monocular viewing conditions.
One prediction of the ‘retinotectal’ hypothesis of the
distractor effect is that hemianopic subjects may show a
greater distractor interference effect than normal subjects
because damage to the cortical visual pathways results in
a greater reliance on the retinotectal pathway for saccadic
orientating. However, if the distractor effect depends on
the cortical pathways then the opposite prediction is
made and normal subjects should show a stronger
distractor effect than hemianopic subjects. The anato-
mical evidence of the numerical superiority of projections
arising from the nasal hemiretina (to the midbrain,
dLGN and cortex) also predicts a greater interference
effect when distractors appear in the temporal visual
field. Finally, flickering distractors may produce a greater
interference effect than do static distractors
enhanced sensitivity of visually responsive neurons (e.g.
in the SC) (Schiller & Koerner 1971) to flickering stimuli.

due to

2. METHODS

(a) Subjects

All neurological patients and normal controls gave informed
consent to participating in the study. Six hemianopic patients
(three males and three females) with cortical brain damage
following infarct or haemorrhage/haematoma, age range 30-83
years and eight normal people (five females and three males),
age range 20—35 years, acted as subjects. Tables 1 and 2 show the
clinical details for each patient. The visual field defect of each
patient was plotted using a Humphrey automated perimeter and
the resulting field plots are displayed in figure 1.

(b) Apparatus and stimuli
Stimuli were generated by a Macintosh IICi using Super-

lab™

software and were presented on a 16in (1in=0.0254m).
colour monitor operating at 60Hz. Eye movements were
recorded at a rate of 250 Hz using an infrared video-based eye

tracker (SensoMotoric Instruments ™, GmbH). A chin rest was
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Table 2. Details of patients

(CI, cerebral infarct and CH, cerebral haemorrhage/
haematoma. LH, left hemisphere and RH, right hemisphere.)

lesion
case aetiology volume (cm?) lesion location
hemianope 1 CI 262.90 whole LH including
striate cortex
hemianope 2 CI 42.30 LH temporoparietal
region
hemianope 3 CH 10.90 LH white matter and
cortex of primary
visual cortex
hemianope 4 CH 10.40 LH white matter and
cortex of primary
visual cortex
hemianope 5 CH 9.45 RH white matter and
cortex of primary
visual cortex
hemianope 6 CI 11.56 RH white matter and

cortex of primary
visual cortex

also used to restrict head movements and the viewing distance
was 57 cm. The eye position signal was digitized and written to
disk for later off-line analysis. An automated calibration routine
was performed at the start of each block of trials. Subjects
tracked a small calibration stimulus which moved from the
centre of the screen to positions along the horizontal axis to the
left and right of centre. A second calibration was then performed
as a ‘validation’ routine which provides an average measure of
the spatial accuracy of the calibration (<0.5°).

The eye-movement records for each subject were analysed
and viewed off-line on a trial by trial basis. Any records
contaminated by blinks, incorrect fixation or head movements
were excluded from further analysis. Saccades were detected
using an automatic velocity threshold criteria which defined the
start of a saccade as a change in eye position over two
consecutive samples which exceeded a velocity of 25°s7!. A
cursor indicating the start of each saccade enabled a visual
confirmation that the detection algorithm had detected the first
primary saccade in each record correctly.

(c) Stimuli

A black fixation cross (1°) was presented in the centre of the
VDU screen. The saccade targets were small black open circles
(0.5°) and the distractors were filled black circles (0.5°). Stimuli
were presented against a white background (120 cd m~?) and the
target and distractor luminances were 0.8 cd m~2. Stimuli were
presented at eccentricities of 5 and 10° along a horizontal axis
level with fixation. The distractors were static (they appeared

and stayed on) or were flickered (square wave) on and off at
12.5Hz.

(d) Procedure

Before each block of trials, the subjects were informed
whether the targets would appear to the right or left of fixation.
At the start of each trial the fixation cross appeared in the
centre of the screen. After a random foreperiod (600-1000ms
in steps of 100ms), the fixation cross was removed (zero gap)
and the target simultaneously appeared randomly at one of two
eccentricities for 480 ms. The random duration of the foreperiod
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Figure 1. Visual fields for each patient measured with a
Humphrey automated perimeter. The central 30° of the
visual field was examined using the standard fastpack 30—2
program. The greyscale image denotes the threshold

levels (where 0 db=300cdm™?, 22db=3 cdm~? and
30db=0.3cdm™?).

and location of the target were designed to prevent the partici-
pants from preparing a saccade in advance of the presentation
of the target. At the end of each trial the screen was cleared and
an intertrial delay of 1s occurred.

In some trials a single target appeared, whereas in others a
distractor appeared simultaneously at an equal eccentricity in
the opposite visual field. Saccades were made to targets which
appeared in either the nasal or temporal visual field under three
different distractor conditions (no distractor, static distractor or
flickering distractor) producing a total of six different conditions.
Static distractors appeared with the target and stayed on for the
duration of the trial and flickering distractors also appeared
with the target but were flashed at a rate of 12.5 Hz. This flicker
rate was chosen as it enables some two to three distractor onsets
to occur during the expected saccade latency period of some
200ms (Carpenter 1988).

Testing took place under monocular viewing conditions, with
one eye being covered with an eye patch. Subjects completed ten
to 20 practice trials prior to the main testing session. For hemi-
anopic subjects, the targets were always presented in their
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Table 3. Mean saccade latency (ms) and s.e.m. (in parentheses) for six hemianopic subjects

(Nasal and temporal refer to the visual field in which the saccade target appeared (the latency is collapsed for two target
eccentricities). The latency difference is the mean latency from the distractor trials minus the mean latency from the

no-distractor trials (ms).)

no distractor static distractor flickering distractor
nasal target temporaltarget  nasaltarget temporaltarget nasaltarget temporal target
hemianope 1 242.0 (6) 224.1 (6) 247.5 (6) 223.8 (5) 233.0(7) 225.3(7)
latency difference — — +5.5 -0.3 -9.0 +1.2
hemianope 2 240.0 (6) 252.0 (7) 243.2 (6) 246.8 (6) 250.6 (5) 243.0 (8)
latency difference — — +3.2 —5.2 +10.6 -9.0
hemianope 3 264.7 (3) 258.6 (4) 257.2 (4) 260.1 (4) 265.1 (4) 263.2 (7)
latency difference — — -7.5 +1.5 +0.4 +4.6
hemianope 4 246.0 (10) 223.6 (6) 254.0 (9) 226.9 (6) 239.0 (8) 216.6 (6)
latency difference — — +8.0 +3.3 -7.0 -7.0
hemianope 5 220.4 (3) 213.0 (3) 217.7 (5) 208.7 (4) 210.4 (5) 213.7 (3)
latency difference — — —2.7 —4.3 —10.0 +0.7
hemianope 6 297.5(10) 276.4 (11) 275.4(9) 265.1 (8) 298.7 (11) 246.8 (9)
latency difference — — —22.1 —11.3 +1.2 —29.6
overall mean 251.8 (11) 241.3 (10) 249.2 (8) 238.6 (9) 249.5 (12) 234.8 (8)

sighted hemifield and the distractors always appeared in their
blind field. Each block contained 20 single, 20 static distractor
and 20 flickering distractor trials and each subject completed
four blocks of 60 trials producing a total of 240 trials per
subject. Hemianopic subjects completed two blocks of nasal
target trials and two blocks of temporal target trials and the
order of testing was randomized across subjects (nasal—temporal
or temporal—nasal). Normal subjects completed four blocks of
trials (left eye nasal targets, left eye temporal targets, right eye
nasal targets and right eye temporal targets) and the order of
testing was counterbalanced across subjects.

All subjects were given the same instructions, which emphas-
i1zed the required saccade direction for that block. The instruc-
tions were as follows: ‘Please look at the small cross when it
appears in the centre of the computer screen. Small circles will
then appear to the left (right) side of the cross and you should
move your eyes as quickly as possible to that circle. On some
trials a second circle may also appear to the right (left) of the
cross which you should ignore. So, you should move your eyes to
the left (right) and never move your eyes to the right (left). Try
to move your eyes as quickly as possible but do not anticipate
the onset of the circle’

For the hemianopic subjects, a measure of their awareness of
the distractors presented in their blind field was obtained imme-
diately following the eye-movement recording session. Each
hemianope again viewed the stimulus display under monocular
viewing conditions and was asked to report the number of
stimuli seen (one or two) in each of the trials. None of the hemi-
anopes reported the presence of static or flickering distractors in
any trials.

3. RESULTS

Saccades with a latency of less than 100ms were
excluded as being anticipations and those with a latency
greater than 2.5s above the mean were excluded as they
were probably not stimulus driven. Records contaminated
by blinks and head movements were also excluded. A
total of 17% of the trials from the hemianopic subjects
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and 13% from the normal subjects were excluded from
the final analysis. The data from the normal subjects were
collapsed across eyes. As the target eccentricity was not
found to influence latency for either the hemianopic or
normal subjects the data were also collapsed across the
target eccentricity to increase the amount of data points
in each condition.

The mean saccade latencies (and s.e.m.s) for the hemi-
anopes are displayed in table 3 and those for the normal
subjects in table 4. The overall latency difference
(distractor mean—no distractor mean) observed in the
distractor trials is shown to indicate the magnitude of the
distractor effect. The latency differences for the hemi-
anopes varied across the subjects and distractor condi-
tions. For example, in the static temporal distractor
condition (nasal targets) three hemianopes (1, 2 and 4)
showed a small latency increase, while three others (3, 5
and 6) showed an overall facilitation effect. Similarly, the
latency differences observed in the static and flickering
temporal distractor conditions also varied across subjects.
For example, hemianope 1 showed a small inhibitory
effect with static temporal distractors and a small facilita-
tion effect with flickering temporal distractors. However,
none of these individual inhibitory or facilitatory effects
were found to be significant when examined (using
I-tests) on a single-case basis. In contrast, an examination
of the latency differences observed for the normal subjects
(table 4) shows that a latency increase was observed
consistently with distractors in the temporal visual field.
A latency increase was also observed for six out of the
eight normal subjects with distractors in the nasal field.

The mean latency of saccades, collapsed across subjects,
with targets in the nasal visual field (temporal distractors)
is displayed in figure 2a. The important result shown in
figure 2a is the increase in latency for normal subjects
when distractors appeared in their temporal visual field. In
contrast, the latency of saccades made by the hemianopic
subjects was not increased when distractors appeared in
their blind temporal visual field and a small facilitation
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Table 4. Mean saccade latency (ms) and s.e.m. (in parentheses) for eight normal subjects

(Nasal and temporal refer to the visual field in which the saccade target appeared (the latency for the two target eccentricities is
collapsed). The latency difference is the mean latency from the distractor trials minus the mean latency from the no-distractor

trials (ms).)

no distractor static distractor flickering distractor
nasal target temporaltarget  nasal target temporaltarget  nasal target temporal target
subject 1 210.7 (7) 211.1 (6) 232.0 (5) 231.9(7) 239.8 (8) 235.1(8)
latency difference — — +21.3 +20.8 +29.1 +24.0
subject 2 248.9 (9) 226.1(10) 254.7 (10) 232.8(10) 258.4 (11) 235.9(9)
latency difference — — +5.8 +6.7 +9.5 +9.8
subject 3 225.1(9) 234.0 (7) 235.8 (7) 222.3(10) 242.6 (9) 233.8 (7)
latency difference — — +10.7 —11.7 +17.5 -0.2
subject 4 212.0 (8) 222.1(8) 224.8 (13) 230.7 (10) 225.8 (12) 232.6 (15)
latency difference — — +12.8 +8.6 +13.8 +10.5
subject 5 197.7 (5) 204.6 (6) 208.8 (5) 206.3 (6) 207.3 (5) 209.9 (7)
latency difference — — +11.1 +1.7 +9.6 +5.3
subject 6 205.1(9) 201.5 (8) 213.6 (6) 197.1(7) 216.7 (9) 198.0 (8)
latency difference — — +8.5 —4.4 +11.6 -3.5
subject 7 197.8 (4) 188.0 (4) 213.1(5) 208.5(5) 213.6 (4) 206.8 (5)
latency difference — — +15.3 +20.5 +15.8 +18.8
subject 8 237.1(10) 252.6 (12) 275.4(13) 267.1(13) 278.2(13) 262.4 (12)
latency difference — — +38.3 +14.5 +41.0 +9.8
overallmean 216.8 217.5 232.3 224.6 235.3 226.8

effect was observed. Although latency can be seen to be
greater overall for the hemianopes than normal subjects
this is still well within the normal human range
(Garpenter 1988). The mean latency observed with
targets in the temporal visual field (nasal distractors) is
shown in figure 26. Normal subjects again showed an
increase in latency under distractor conditions while
distractors in a blind field had little influence on latency
for the hemianopes.

To examine the influence of distractors on latency in
more detail the overall latency difference between the
distractor and no-distractor conditions was calculated.
Figure 3a shows the resulting latency difference produced
by the temporal distractors and figure 34 that for the nasal
distractors. With distractors in the temporal visual field the
normal subjects showed a latency increase of 15-18 ms
with the static and flickering distractors, respectively. In
contrast, the hemianopic subjects showed a small latency
facilitation effect of some 3 ms with distractors in the blind
temporal field. A similar result was produced with distrac-
tors presented in the nasal visual field (figure 34). Latency
was again increased for normal subjects with distractors in
the nasal field, although this inhibitory effect was smaller
in magnitude (7-9ms) than was observed with the
temporal distractors. The latency difference for the hemi-
anopic subjects again showed a small facilitation effect
with distractors in the blind nasal field.

The data for the normal and hemianopic subjects in
the different distractor conditions were analysed using
two-factor, repeated-measures analysis of variance
(ANOVA). The factors included were visual field (nasal
and/or temporal) and distractor condition (no distractor,
static distractor and flickering distractor). For the normal
subjects there was no main effect for their visual field
(p>0.05) but there was a significant main effect for the
distractor condition (Fy;,= 15 and p<0.001). A signifi-
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cant two-way interaction effect (field X distractor) was
also observed (I'y;,=4.7 and p < 0.05). The two-way inter-
action effect arises because, for normal subjects, latency
in the no-distractor condition was similar for saccades
directed towards the nasal and temporal fields, but an
additional latency increase was produced for saccades
made to nasal targets when distractors appeared in the
temporal visual field. For normal subjects there was a
significant naso-temporal asymmetry in the distractor
effect with the greatest inhibitory effect produced with
temporal distractors. In contrast, the analysis for the
hemianopic subjects showed no significant main effects
for their visual field (p>0.05) or distractor condition
(p>0.05) (p>0.05). The
analysis confirmed that distractors presented in either the
temporal or nasal blind field had no effect on latency for
the hemianopic subjects but a latency increase is
observed, which 1is greater with distractors in the
temporal field, for normal subjects.

The effects of the distractors on saccade amplitude
were examined in separate three-factor ANOVAs for the
normal and hemianopic subjects. There was no effect of
either static or flickering distractors on saccade amplitude
for the normal subjects (p>0.05) or hemianopes
(p>0.05). There was also no effect of the target visual
field on saccade amplitude for the normal (p>0.05) or
hemianopic (p>0.05) subjects, showing that the ampli-
tude of saccades to stimuli in the nasal and temporal
visual field were comparable.

and no interaction eflects

4. DISCUSSION

The present study found no evidence of an inhibitory
distractor effect on the latency of saccades made by a
group of hemianopic subjects when distractors were
presented in either the blind temporal or blind nasal
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M no-distractor
[ static distractor

O flickering distractor

mean latency (ms)

mean latency (ms)

normal

hemianope

subject group

Figure 2. Mean saccade latency obtained for the normal and
hemianopic subjects with targets presented in (@) the nasal
visual field and (4) the temporal visual field: static and
flickering distractors (12.5 Hz) appeared simultaneously in
the temporal and nasal visual fields, respectively. Error bars
=1s.e.m. (a) Nasal target, temporal distractor. (b)) Temporal
target, nasal distractor.

visual field. The hemianopic subjects were not aware of
the distractors in their blind field. In contrast, the distrac-
tors increased the latency of saccades made by normal
subjects, regardless of whether they were static or
flickering and whether the distractors appeared in the
nasal or temporal field. The results from the present study
are not in accord with those of Rafal et al. (1990) who
observed an increase in latency when stimuli appeared in
a blind temporal visual field. The blindsight distractor
effect was attributed to the crossed retinotectal visual
pathway which favours the temporal visual field. They
suggested that the distractor effect may be dependent on
activity within an ‘isolated extrageniculate visual system’,
as would result from unilateral damage to the primary
visual cortex. This retinotectal hypothesis of the
distractor effect was not supported by the findings of the
present study: the distractors had no effect on saccade
latency for the hemianopic subjects but a robust latency
increase was observed for the normal subjects. Further-
more, the magnitude of the distractor effect shown by the
normal subjects in the present study (818 ms) is compar-
able to that found in normal subjects tested under
binocular viewing conditions (Lévy-Schoen 1969; Findlay
1983; Walker et al. 1995, 1997). Saccade amplitude was not
influenced by the distractors, as would be expected from
previous studies which revealed an amplitude modulation
only when distractors appear in the same hemifield as the
target (Findlay 1983; Walker e al. 1997).
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Figure 3. Mean latency difference (distractor

mean— no-distractor mean) observed in (@) the temporal
field distractor trials and () the nasal field distractor trials
for normal and hemianopic subjects.

There are a number of possible explanations which
may account for the discrepancy between these findings
and those reported by Rafal et al. (1990). The first consid-
eration is that blindsight effects may not be observed in
all hemianopic subjects, perhaps because of variations in
the extrastriate damage which produced the field defect
(Milner & Goodale 1995). The prevalance of blindsight
in hemianopes is largely unknown although one published
group study by Blythe et al. (1987) found evidence of resi-
dual vision in five out of 25 patients tested. Thus, it is
possible that similar variations may occur in the preva-
lence of the blindsight distractor effect on saccade latency.
Similar variations have also been noted in investigations
of so-called ‘spatial summation’ effect in blindsight.
Spatial summation refers to the facilitation of manual
reaction times when stimuli are presented simultaneously
in both visual fields. The spatial summation effect has
been observed in a minority of hemianopic subjects when
stimuli are presented in both the intact and blind visual
fields (Marzi et al. 1986; Corbetta et al. 1990). However,
the proposed explanation of the oculomotor blindsight
distractor effect was that it was mediated by the small
direct projection from the retina to the colliculus. There is
no reason to suspect that the direct retinotectal projection
should not have been operational in the hemianopic
patients tested in the present study given the nature of
their cortical lesions. The absence of a distractor effect in
the hemianopes and the presence of a distractor effect in
the normal subjects would suggest that the origin of the
inhibitory effect is not retinotectal in origin.

Although the retinotectal explanation for the oculo-
motor distractor effect is appealing it is not entirely
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consistent with the known functional and connectional
segregation of the SC. As noted by Schiller (1986), the
retinotectal assumption of orientating effects are ‘difficult
to reconcile with the observation that the deep colliculus
depends for its visual activation on the cortico-tectal
pathway’ (p.1376). The colliculus consists of a number of
distinct ‘layers’ which are typically considered as two
separate structures on the basis of anatomical and beha-
vioural characteristics, termed the ‘superficial’ and ‘deep’
layers (see Sparks & Hartwich-Young (1989), for a
review). Cells in the superficial layer have exclusively
visual functions and the dominant inputs are from the
retina and striate cortex. In contrast, the deep layers
receive inputs from cortical regions with visual and motor
functions, such as the LIP, FEFs and SEFs, as well as
from subcortical structures including the substantia nigra.
The deep layers are thought to be critically involved in
the translation of sensory signals into motor commands
and are known to have direct projections to the brainstem
neurons which generate saccades. The smaller crossed
projection from the nasal hemiretina to the superficial
layers of the SC could influence saccade generation via
indirect routes only, such as the projection to the inferior
pulvinar (Robinson & McGlurkin 1989) (which in turn
projects to the striate and posterior pre-striate cortex) or
the small projections from the superficial to deep layers
which would involve a mechanism as yet poorly under-
stood (Moschovakis et al. 1988a,b).

The presence of a distractor effect in normal subjects
but not in hemianopic subjects with damage to the visual
cortex provides evidence that the distractor effect may be
a normal characteristic of the oculomotor system. The
presence of a small naso-temporal asymmetry in the
magnitude of the distractor effect shown by normal
subjects may be consistent with anatomical evidence of a
naso-temporal asymmetry in the retinal ganglion cell
density (Curcio & Allen 1990). This asymmetry is known
to be preserved in the projection to the dLGN and the
geniculostriate projection (Williams ef al. 1995). However,
it should be noted that such naso-temporal asymmetries
in retinal ganglion cells are found in the far periphery
beyond the eccentricity of the distractors used in studies
of the oculomotor distractor effect. The increase in gang-
lion cell density in the nasal hemiretina may not provide
the whole explanation for the small additional latency
increase which 1is observed with distractors in the
temporal field. However, it does appear that the
distractor effect may depend on the geniculostriate
pathway and not on an isolated retinotectal pathway as
was previously thought to be the case.

One of us recently proposed a model of the saccadic
distractor effect based on the processes of competitive
inhibition operating between separate populations of
fixation neurons and neurons involved in representing
the distractor, which inhibit saccade triggering (Walker
et al. 1997). Although this model was heavily influenced
by recent neurophysiological discoveries of the properties
of neurons in the deep layers of the SC (Munoz &
Wurtz 19954,6) it was noted that similar effects may be
observed in other brain regions. One likely candidate is
the LIP of the posterior parietal cortex which is special-
ized for saccadic eye movements and projects extensively
to the deep layers of the SC (see Andersen & Gnadt
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(1989) and Andersen (1995) for reviews). The LIP area
receives inputs from a number of extrastriate visual
areas and this input may be diminished in hemianopic
subjects following damage to their retinogeniculate
pathway or primary visual cortex. Thus, the absence of
a distractor effect in some hemianopic subjects may be
attributed to a deficient input to the posterior parietal
cortex following damage to the primary visual cortex.
Some support for the involvement of the posterior
parietal cortex in the distractor effect is also provided by
studies of patients with unilateral parietal lobe damage
(and a concomitant disorder called ‘unilateral neglect’).
Patients with neglect do not show a distractor effect
when distractors appear in their contralesional visual
field (Walker & Findlay 1996).

In conclusion, the present study revealed no evidence
of blindsight inhibitory effects in hemianopic subjects
with cortical lesions. In contrast, distractors presented in
the non-target hemifield significantly increased the
latency of saccades made by normal subjects. The
distractor effect is not observed in humans with unilateral
parietal damage and may depend on the cortical visual
pathways to areas such as the LIP which are known to
project to the deep layers of the SC. The demonstration of
an oculomotor distractor effect in some hemianopic
subjects may best be characterized as an example of resi-
dual visual (visuomotor) functioning. We argue that the
distractor effect is a normal characteristic of the saccadic
system and may be related to the processes of response
competition involved in saccade target selection (Findlay
& Walker 1999) which may be mediated by the deep
colliculus which depends on the corticotectal pathway for

visual input (cf. Schiller 1986).

We would like to thank all of the subjects for taking part in this
study. We would like to thank Professsor Larry Weiskrantz for
his useful comments and suggestions on an earlier draft of this
manuscript and Dr Stephen J. Anderson for numerous helpful
discussions. We also thank Mr Malcolm Hawken for technical
assistance. This work was supported by grants from the Well-
come Trust UK (C.K. and R.W.) and the National Science and
Engineering Council of Canada (D.M.).

REFERENCES

Andersen, R. A. 1995 Encoding of intention and spatial
location in the posterior parietal cortex. Cerebr. Cortex 5,
1047-3211.

Andersen, R. A. & Gnadt, J. W. 1989 Posterior parietal cortex.
In The neurobiology of saccadic eye movements (ed. R.H. Wurtz &
M. E. Goldberg), pp. 283-313. Amsterdam: Elsevier.

Barbur, J. L., Forsyth, P. M. & Findlay, J. M. 1988 Human
saccadic eye movements in the absence of the geniculocal-
carine projection. Brain 111, 63—82.

Blythe, I. M., Kennard, C. & Ruddock, K. H. 1987 Residual
vision in patients with retrogeniculate lesions of the visual
pathways. Brain 110, 887-905.

Braddick, O., Atkinson, J., Hood, B., Harkness, W., Jackson, G.
& Vargha-Khadem, F. 1992 Possible blindsight in infants
lacking one cerebral hemisphere. Nature 360, 461—-463.

Carpenter, R. H. S. 1988 Movements of the eyes, 2nd edn. London:
Pion.

Cochrane, K. A. 1995 Some tests of residual visual functioning
in humans with damage to the striate cortex. DPhil,
University of Oxford, UK.


http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0006-8950^28^29111L.63[aid=524513,nlm=2835119]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0006-8950^28^29110L.887[aid=524514,nlm=3651800]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0028-0836^28^29360L.461[aid=524515,nlm=1448169]

438 R.Walker and others

Oculomotor distractor effect in normal and hemianopic vision

Corbetta, M., Marzi, C. A., Tassinari, G. & Aglioti, S. 1990
Effectiveness of different task paradigms in revealing blind-
sight. Brain 113, 603—616.

Curcio, C. A. & Allen, K. A. 1990 Topography of ganglion cells
in human retina. j. Comp. Neurol. 300, 5-25.

Findlay, J. M. 1983 Visual information for saccadic eye
movements. In Spatially oriented behavior (ed. A. Hein & M.
Jeannerod), pp. 281-303. New York: Springer.

Findlay, J. M. & Walker, R. 1999 A model of saccade generation
based on parallel processing and competitive inhibition.
Behav. Brain Sci. 22, 661-721.

Lévy-Schoen, A. 1969 Détermination et latence de la réponse
oculomotrice a deux stimulus simultanés ou successifs selon
leur excentricité relative. A. Psychol. 69, 373—392.

Marzi, C. A., Tassinari, G., Aglioti, S. & Lutzemberger, L. 1986
Spatial summation across the vertical meridian in hemi-
anopics: a test of blindsight. Neuropsychologia 24, 749—-758.

Milner, A. D. & Goodale, M. A. 1995 The visual brain in action.
Oxford University Press.

Moschovakis, A. K., Karabelas, A. B. & Highstein, S. M. 19884
Structure-function relationships in the primate superior colli-
culus. I. Morphological classification of efferent neurons. 7.
Neurophysiol. 60, 232—262.

Moschovakis, A. K., Karabelas, A. B. & Highstein, S. M. 19885
Structure—function relationships in the primate superior colli-
culus. II. Morphological identity of presaccadic neurons. 7.
Neurophysiol. 60, 263-302.

Munoz, D. P. & Wurtz, R. H. 1993« Fixation cells in monkey
superior colliculus. I. Characteristics of cell discharge. 7.
Neurophysiol. 70, 559—575.

Munoz, D. P. & Wurtz, R. H. 19935 Fixation cells in monkey
superior colliculus. II. Reversible activation and deactivation.
J- Neurophysiol. 70, 576-589.

Munoz, D. P. & Wurtz, R. H. 19954 Saccade-related activity in
monkey superior colliculus. I. Characteristics of burst and
buildup cells. 7. Neurophysiol. 73, 2313—2333.

Munoz, D. P. & Wurtz, R. H. 19956 Saccade-related activity in
monkey superior colliculus. II. Spread of activity during
saccades. J. Neurophysiol. 73, 2334—2348.

Olivier, E., Dorris, M. C. & Munoz, D. P. 1999 Lateral interac-
tions in the superior colliculus, not an extended fixation zone,
can account for the remote distractor effect. Behav. Brain Sci.
22, 694-695.

Perry, V. H. & Cowey, A. 1984 Retinal ganglion cells that
project to the dorsal lateral geniculate nucleus in the macaque
monkey. Neuroscience 12, 1101-1123.

Péppel, E., Held, R. & Frost, D. 1973 Residual visual function
after brain wounds involving the central visual pathways in
man. Nature 243, 295—296.

Rafal, R., Smith, J., Krantz, J., Cohen, A. & Brennan, C. 1990
Extrageniculate vision in hemianopic humans: saccade inhibi-
tion by signals in the blind field. Science 250, 118—121.

Proc. R. Soc. Lond. B (2000)

Robinson, D. L. & McGlurkin, J. W. 1989 The visual superior
colliculus and pulvinar. In The neurobiology of saccadic eye move-
ments (ed. R. H. Wurtz & M. E. Goldberg), pp.337-360.
Amsterdam: Elsevier.

Sanders, M. D., Warrington, E. K., Marshall, J. & Weskrantz, L.
1974 ‘Blindsight* visionin a field defect. Lancet 20,707—708.

Schall, J. D. 1995 Neural basis of saccade target selection. Rev.
Neurosci. 6, 63—85.

Schiller, P. H. 1986 The central visual system. Vision Res. 26,
1351-1386.

Schiller, P. H. & Koerner, F. 1971 Discharge characteristics of
single units in superior colliculus of the alert rhesus monkey.
J- Neurophysiol. 34, 920-936.

Sparks, D. L. & Hartwich-Young, R. 1989 The deep layers of
the superior colliculus. In The neurobiology of saccadic eye
movements (ed. R. H. Wurtz & M. E. Goldberg), pp. 213—255.
Amsterdam: Elsevier.

Sterling, P. 1973 Quantitative mapping with the electron micro-
scope: retinal terminals in the superior colliculus. Brain Res.
54, 347-354.

Walker, R. & Findlay, J. M. 1996 Saccadic eye movement

programming in unilateral neglect. Neuropsychologia 34,
493-508.
Walker, R., Kentridge, R. W. & Findlay, J. M. 1995

Independent contributions of the orienting of attention, fixa-
tion offset and bilateral stimulation on human saccadic
latency. Exp. Brain Res. 103, 294-310.

Walker, R., Deubel, H., Schneider, W. X. & Findlay, J. M. 1997
Effect of remote distractors on saccade programming:
evidence for an extended fixation zone. J Neurophysiol. 78,
1108-1119.

Weiskrantz, L. 1997 Consciousness lost and found: a neuropsychological
exploration. Oxford University Press.

Weiskrantz, L., Warrington, E. K., Sanders, M. D. & Marshall,
J. 1974 Visual capacity in the hemianopic field following a
restricted occipital ablation. Brain 97, 709-728.

Williams, C., Azzopardi, P & Cowey, A. 1995 Nasal and
temporal retinal ganglion cells projecting to the midbrain:
implications for blindsight. Neuroscience 65, 577-586.

Wilson, B., Cockburn, J. & Halligan, P. 1988 Behavioural inatten-
tion test. Fareham, UK: Thames Valley lest Company.

Wurtz, R. H. & Goldberg, M. E. 1989 The neurobiology of saccadic
eye movements. Amsterdam: Elsevier.

Zihl, J. 1980 ‘Blindsight™ improvement of visually guided eye
movements by systematic practice in patients with cerebral
blindness. Neuropsychologia 18, 71-77.

Zihl, S. & Von Cramon, D. 1980 Registration of light stimuli in
the cortically blind hemifield and its effect on localization.
Behav. Brain Res. 1, 287-298.

As this paper exceeds the maximum length normally permitted,
the authors have agreed to contribute to production costs.


http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0006-8950^28^29113L.603[aid=524516,nlm=2364262]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0021-9967^28^29300L.5[aid=524517,nlm=2229487]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0140-525X^28^2922L.661[aid=524518]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0028-3932^28^2924L.749[aid=524519,nlm=3808284]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3077^28^2960L.232[aid=524520,csa=0022-3077^26vol=60^26iss=1^26firstpage=232,nlm=3404219]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3077^28^2960L.263[aid=311774,csa=0022-3077^26vol=60^26iss=1^26firstpage=263,nlm=3404220]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3077^28^2970L.559[aid=215126,nlm=8410157]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3077^28^2970L.576[aid=524521,nlm=8410158]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3077^28^2973L.2313[aid=524522,nlm=7666141]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3077^28^2973L.2334[aid=524523,nlm=7666142]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0140-525X^28^2922L.694[aid=524524]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0306-4522^28^2912L.1101[aid=524525,nlm=6483193]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0028-0836^28^29243L.295[aid=316713,nlm=4774871]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0036-8075^28^29250L.118[aid=311714,csa=0036-8075^26vol=250^26iss=4977^26firstpage=118,nlm=2218503]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0334-1763^28^296L.63[aid=524527,csa=0334-1763^26vol=6^26iss=1^26firstpage=63,nlm=7633641]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0042-6989^28^2926L.1351[aid=524528,nlm=3303663]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3077^28^2934L.920[aid=524529,nlm=4999593]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0006-8993^28^2954L.347[aid=524530,nlm=4122683]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0028-3932^28^2934L.493[aid=297038,csa=0028-3932^26vol=34^26iss=6^26firstpage=493,doi=10.1007/s002650050457,nlm=8736563]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0014-4819^28^29103L.294[aid=213299,nlm=7789437]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3077^28^2978L.1108[aid=308185,csa=0022-3077^26vol=78^26iss=2^26firstpage=1108,nlm=9307138]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0006-8950^28^2997L.709[aid=316720,nlm=4434190]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0306-4522^28^2965L.577[aid=212722,doi=10.1016/S0169-5347^2898^2901401-3,nlm=7777170]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0028-3932^28^2918L.71[aid=524531,nlm=7366825]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0166-4328^28^291L.287[aid=524532,nlm=7295378]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3077^28^2960L.232[aid=524520,csa=0022-3077^26vol=60^26iss=1^26firstpage=232,nlm=3404219]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3077^28^2960L.263[aid=311774,csa=0022-3077^26vol=60^26iss=1^26firstpage=263,nlm=3404220]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3077^28^2970L.559[aid=215126,nlm=8410157]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0140-525X^28^2922L.694[aid=524524]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0334-1763^28^296L.63[aid=524527,csa=0334-1763^26vol=6^26iss=1^26firstpage=63,nlm=7633641]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0042-6989^28^2926L.1351[aid=524528,nlm=3303663]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0006-8993^28^2954L.347[aid=524530,nlm=4122683]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0028-3932^28^2934L.493[aid=297038,csa=0028-3932^26vol=34^26iss=6^26firstpage=493,doi=10.1007/s002650050457,nlm=8736563]
http://gessler.ingentaselect.com/nw=1/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3077^28^2978L.1108[aid=308185,csa=0022-3077^26vol=78^26iss=2^26firstpage=1108,nlm=9307138]

