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Opinion

Visual dysfunction in amblyopia is often associated with
the presence of strong suppression. Suppression appears when
both eyes are opened. Suppression transforms the structural-
binocular system into a functional-monocular one. Quantification
of suppression is a critical step in developing new treatments for
amblyopia, which is based on the perception of global movement
associated with the function of the exstrastriate dorsal visual
cortex. Therefore, the first and most necessary step to restore
binocular vision should be considered suppression elimination.
This conceptually new understanding of amblyopia is now
becoming the basis for a large amount of diverse research that
will ensure the development of more effective treatment methods
aimed primarily at eliminating suppression and restoring
binocular vision.

Amblyopia is considered a neurodevelopmental disorder
of the brain’s visual cortex, resulting from abnormal visual
experience in early childhood, leading to a chronic deficiency
of cortical processes, even after elimination of the amblyogenic
factor [1,2]. Amblyopia can affect not only visual acuity but
many other monocular and binocular visual functions, including

impairments in Vernier acuity, stereopsis, contrast sensitivity, and
global motion perception [3,4]. It is still unclear whether there
are different or single pathogenetic mechanisms for developing
of different types of amblyopia. According to existing concepts,
amblyopia occurs due to a mismatch between the images of each
eye; information from one eye becomes more privileged, while
the image from the other eye is actively suppressed by the visual
cortex [5]. Suppression results in decreased visual acuity in that

eye and compromises binocular vision. However, the question
arises whether low visual acuity is the cause or consequence of
binocular vision impairment?

Inrecentyears, numerous data have accumulated that give rise
to a change in understanding the pathogenesis of amblyopia. It is
assumed that the primary and leading factor in the development
of amblyopia is the impairment of binocular vision, which leads to
the onset of suppression with the further development of visual
impairment. In early studies, the involvement of the primary
and secondary visual cortex in patients with amblyopia has been
shown [6-12]. Evidence suggests a deficiency in the processing of
visual information at high levels of the visual system in amblyopia,
inthe areas of the parieto-occipital and temporal cortex [13]. These
higher-level visual processing areas that process the binocular
signal are part of the cortical neural network involved in the 3D
vision of the object. The study of the brains’ visual cortex revealed
areduction in the number of binocularly controlled neurons in the
primary visual cortex V1 and a decrease in the number of neurons
controlled by the amblyopic eye. It was found that the weakening
of binocular cortical connections can cause impaired fixation of
one eye in strabismus [6,14]. Other authors investigated binocular
interaction in the V1 region and found increased binocular
suppression [15,16]. The increase in suppression may be
associated with a decrease in the number of binocularly controlled
neurons in the V1 region since the weakening of suppression by
the GABA receptor blocker bicuculline promoted recovery of more
than half of cortical neurons [17]. Numerous electrophysiological
studies have shown a decrease in the amplitude of visual evoked
cortical potentials (VECP) and their normal or delayed peak
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latency upon stimulation of the amblyopic eye. Thus, a decrease
in the response of the visual cortex may be associated with
impaired binocular vision in patients with amblyopia. A group
of researchers has shown that in patients with anisometropic or
strabismic amblyopia, interocular suppression can be minimized
by presenting high contrast stimulus elements to the amblyopic
eye and lower contrast elements to the fellow eye. It suggests a
structurally intact binocular visual system that is functionally
suppressed [18].

Current decade the concept of suppression and visual
processing in amblyopia has changed dramatically. Suppression
plays a significant role in impaired monocular and binocular
visual functions in patients with amblyopia [19]. Suppression is
understood as the inhibitory effect of the nonamblyopic or sound
eye upon the amblyopic eye in vision when both eyes are opened.
In 1930-1980, suppression was a hot topic raised in many works
[20-22] that carefully investigated the functional scotoma, its size,
and location in various types of strabismus. It is believed that
the scotoma involves that part of the field of view of the deviated
eye, which corresponds to the foveolar region of the fixing eye;
sometimes the scotoma expands and includes the foveal area of
the deviated eye. According to E.S. Avetisov [cit from Ghani M.Kh.,
1964] there is a partial inverse correlation between amblyopia
and functional scotoma in concomitant strabismus. Functional
scotoma occurs more often in the absence of amblyopia (i.e., with
alternating strabismus) and less often in monolateral strabismus,
when there is amblyopia. With the monoliteral strabismus, the
function of the amblyopic eye is so sharply and persistently
suppressed that there is no interocular competition.

Therefore, there is no need for the leading eye to render an
inhibitory effect on the weak image perceived by the amblyopic
eye. In alternating strabismus, when the competition between
retinocortical projections from both eyes is more robust, the
functional scotoma is also stronger since it relieves the patient
of “chaos” in the visual field. With a relatively high visual acuity
of the amblyopic eye, an additional inhibition of its function
occurs, and a functional scotoma appears in the field of view
of this eye. Recently, there has been a resurgence of interest in
suppression research, which has radically changed the concept of
suppression. It includes new and weakly dichoptic (simultaneous
and separate stimulation of both eyes) ways to measure it [23].
Previously, suppression was determined only qualitatively, and it
was possible to identify its presence or absence using the 4-point
Worth color test or the Bogolini test, etc. To date, new methods are
offered for the quantitative measurement of suppression based
on the assessment of global information processing [24]. Visual
processing is a complex physiological mechanism that includes
local and global processes of visual processing. Abnormal visual
processing we can associate with the impaired perception of
individual elements of the visual scene and with a defect in the
integration of multiple elements and image parameters in space

and time (global information processing) [23]. Deficiency of local
information processing is often associated with a disturbance in
the primary visual cortex V1. Disorders in global visual processing
are related with the involvement of exstrastriate areas of the
cortex. Neurons in these zones have large receptive fields. They
can integrate signals coming from the lower levels of the visual
system and play essential role in the segregation of signal and
noise [25]. In local information processing, processes of spatial
and temporal processing are distinguished.

Psychophysical studies have shown that amblyopia affects
many aspects of spatial vision: contrast sensitivity, hyperacuity
(vernier acuity is the ability to distinguish deformation of a
straight line), crowding effect [26]. That is, the parvocellular
pathway is engaged. In contrast to the local spatial regions, the
dorsal extrastriate visual regions, the V5 / MT zone sensitive to the
movement, are specialized for the perception of the localization
and motion of objects and, therefore, provides the basis for
visual-motor coordination. This visual processing pathway, called
dorsal flow, extends from the occipital lobe to the parietal lobe
and represents an extension of the magnocellular pathway. The
ventral pathway includes the ventral regions of the occipital
and temporal lobes. The connections and the structures of this
stream are specialized in shape processing that supports object
recognition and represents the continuation of the parvocellular
pathway:.

There is strong evidence that there is a deficit in global motion
perception that does not depend on local processing in addition
to abnormal local spatial processing [27-29]. It is exciting from
the well-known hypothesis, which suggests that local temporal
processes are less affected in amblyopia than local spatial
processes. Surprisingly, the patterns of local processing deficit
do not correspond to the patterns of global processing deficit in
monolateral amblyopia. The deficit of global processing is present
only in tasks requiring signal extraction from noise. It turns out
that the dorsal extrastriate visual cortex is more susceptible than
the ventral region to the influence of abnormal development.
Studies have shown that suppression in amblyopia is more
pronounced in the dorsal than in the ventral flow [30]; therefore,
these authors proposed a method for determining suppression
in patients with anisometropic and strabismic amblyopia based
on the global motion of with kinematogram points [30]. The
method for determining suppression - the so-called coordinated
movement test [31] - includes the technique of haploscopic
(separate) representation of noise elements (having a random
direction of movement) in front of one eye and signal elements
(having the same sequential direction of motion) in front of the
other eye to determine the possibility of binocular interaction in
patients with amblyopia [32,33].

The threshold of motion consistency can only be measured in
dichoptic conditions if the signal and noise points are combined
in the binocular areas of the visual pathway. Noise presented to
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one eye prevents the other eye from determining the direction of
signal points. When points of the same contrast were presented
to both eyes, the threshold for coordination of movement was
strongly shifted towards the paired, nonambliopic eye. When
signal points were presented to the paired eye and noise points
were presented to the amblyopic eye, the threshold was very low,
and vice versa, it was very high or immeasurable when the noise
points were presented to the fellow eye and signal points - to the
amblyopic eye. These results indicate the presence of suppression
of the amblyopic eye. In people with normal binocular vision, who
do not have strong dominance of any eye, it does not matter which
eye sees the signal and which eye sees the noise; interactions in
haploscopic conditions are balanced. In patients with amblyopia,
things work out differently. Due to suppression, tasks are
performed better when noise is presented to the amblyopic eye
and worse when a signal is presented to the amblyopic eye. B.
Mansouri and coauthors [31] reducing the contrast of the points
presented to the fellow eye demonstrated normal binocular
interaction in patients with strabismic amblyopia. The threshold
values of motion coherence remained unchanged regardless of
which eye saw the signal or the noise. In other words, binocular
mechanisms were present in these patients but were suppressed.
The change in contrast required to achieve a “point of balance”
between the eyes varies depending on the degree of suppression.
J. Li et al. [19] measured suppression using the coordinated eye
movement test in 43 patients with strabismic, anisometropic, and
mixed amblyopia. They have found that the degree of suppression
correlates with amblyopia: the more significant the deficit in
visual acuity and stereovision, the stronger the suppression.
According to the authors, suppression does not depend on the
type of strabismus or the magnitude of the deviation angle. The
results showed that severe suppression was also associated with
poor outcomes of occlusive therapy. There is strong evidence
that even in adult patients there is a binocular interaction, which
is under suppression [19-34]. Suppression may occur to avoid
visual confusion caused by conflicting input from the two eyes,
and it renders a structurally binocular visual system functionally
monocular in individuals with amblyopia [31,35,36].

It has been assumed that suppression of the amblyopic eye
is absolute and visual information from the suppressed eye
does not contribute to visual processing. But recent studies
showed that visual information seen by the amblyopic eye,
which is under suppression, can be binocularly integrated and
influence the overall visual percept. According to the authors,
visual information subjected to interocular suppression can still
contribute to binocular vision and suggest an appropriate optical
correction for the amblyopic eye to improve image quality for
the binocular combination [37]. It means that suppressed visual
information continues to be represented within the brain even
when it is blocked by chronic pathological suppression. Moreover,
exercises based on reducing the suppression of the amblyopic
eye using RDK (random dot with kinematograms) in dichoptic

conditions showed the development of stereopsis and an increase
in monocular visual acuity of the amblyopic eye in both children
and adults with amblyopia. ]. Black ]. and co-authors [Black ]. M
2011,2012] developed a version of the test specifically for patients
with high-grade anisometropic amblyopia/ In this test the point’s
sizes were randomized to exclude the effect of aniseikonia in the
process of signal and noise segregation.

Moreover, exercises based on reducing the suppression of
the amblyopic eye using RDK (random dot with kinematograms)
in dichoptic conditions showed not only the development of
stereopsis, but also an increase in monocular visual acuity of the
amblyopic eye in both children and adults with amblyopia. ]. Black
J. and co-authors [24] developed a version of the test specifically
for patients with high-grade anisometropic amblyopia, in which
point sizes were randomized to exclude the effect of aniseikonia
in the process of signal and noise segregation.

Conclusion

To date, objective evidence has been accumulated that
suppression plays a vital role in the pathogenesis of amblyopia,
transforming the structurally binocular system functionally
into a monocular one. The first and most necessary step in the
treatment of amblyopia should be considered the elimination of
suppression. Quantification of suppression is an essential step for
the development of new treatments for amblyopia based on the
perception of global movement associated with the function of the
extrastriate dorsal visual cortex.
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