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PURPOSE. Patients with strabismus perceptually suppress information from one eye to avoid
double vision. Mechanisms of visual suppression likely lead to Þxation-switch behavior
wherein the subject acquires targets with a speciÞc eye depending on target location in space.
The purpose of this study was to investigate spatial patterns of Þxation-switch behavior in
strabismic monkeys.

METHODS. Eye movements were acquired in three exotropic and one esotropic monkey in a
binocular viewing saccade task. Spatial patterns of Þxation were analyzed by calculating
incidence of using either eye to Þxate targets presented at various gaze locations.

RESULTS. Broadly, spatial Þxation patterns and Þxation-switch behavior followed expectations
if a portion of the temporal retina was suppressed in exotropia and a portion of the nasal
retina was suppressed in esotropia. Fixation-switch occurred for horizontal target locations
that were approximately greater than halfway between the lines of sight of the foveating and
strabismic eyes. Surprisingly, the border between right eye and left eye Þxation zones was not
sharply deÞned and there was a signiÞcant extent (> 108) over which the monkeys could
acquire a target with either eye.

CONCLUSIONS. We propose that spatial Þxation patterns in strabismus can be accounted for in a
decision framework wherein the oculomotor system has access to retinal error information
from each eye and the brain chooses between them to prepare a saccade. For target locations
approximately midway between the two foveae, strength of retinal error representations from
each eye is almost equal, leading to trial-to-trial variability in choice of Þxating eye.
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Strabismus (ocular misalignment) is most commonly a
developmental disorder, affecting 2% to 5% of all chil-

dren.1Ð3 Amblyopia is an associated disorder wherein visual
acuity of one or both eyes is reduced. If only one eye is
amblyopic, patients will Þxate and acquire targets with the
normal or nonamblyopic eye. However, if amblyopia is minimal,
patients with strabismus develop the ability to Þxate targets
with either eye and can spontaneously change the eye of
Þxation depending on the location of the target.4Ð7 A saccadic
eye movement that results in switch in the Þxating eye is an
alternating saccade.8 Alternating saccade (Þxation-switch)
behavior has been demonstrated in both esotropes and
exotropes.4,5,9

Fixation-switch is likely driven by visual suppression of
speciÞc retinal areas of each eye, although mechanisms are yet
undetermined.4Ð6 Mechanisms of visual suppression in exotro-
pia (divergent strabismus) and esotropia (convergent strabis-
mus) also are controversial.10,11 Behavioral studies in human
exotropes suggest that temporal hemi-retinae are sup-
pressed.5,12 Metabolic studies in adult monkeys with exotropia
and Þxation-switch behavior (alternating Þxation) also suggest
that portions of temporal retinae in the two eyes are
suppressed.13 Most recently, Economides and colleagues14

extended our understanding of suppression in exotropia when
they showed that the fovea of the deviated eye was not
suppressed and that parts of the temporal retina adjacent to the
fovea also were not suppressed. Studies of suppression in

esotropes show more varied results. Some studies have
suggested that esotropes who show alternating cross-Þxation
might demonstrate suppression of the nasal hemi-retinas of the
two eyes.5,15 Other studies have suggested that patients with an
esotropic strabismus develop speciÞc areas of suppression
(suppression scotomas) within the nasal hemi-retina rather
than complete nasal hemi-retinal suppression.16 Perhaps some
of the confusion regarding suppression in exotropia and
esotropia is rooted in the methodology used to detect visual
suppression. Visual suppression works best when subjects
view binocularly under normal viewing conditions. However,
measuring suppression in a laboratory setting usually requires
the presentation of different stimuli to the two eyes (dichoptic
viewing) that might itself interfere with the suppressive state.

Examining Þxation-switch behavior in strabismus is inter-
esting because it is the oculomotor outcome of attempting to
acquire and Þxate targets in the presence of visual suppression.
Therefore, examining spatial patterns of Þxation in strabismus
may provide insight into the underlying patterns of visual
suppression. Additionally, testing is performed without the
potential confound of dichoptic stimuli. Studying Þxation-
switch also provides insight into decision processes regarding
how sensation (visual information via the Þxating and the
deviated eyes) is converted into action (a saccade that either
does or does not lead to Þxation-switch) in strabismus.
Monkeys with strabismus, whose strabismus was induced by
either surgical17 or sensory methods,8 show Þxation-switch
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