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Introduction

Purpose: To identify the features of cortical potential response to activation
procedures in patients with mild and moderate refractive amblyopia.

Material and Methods: We examined electroencephalography (EEG) response to
activation procedures (specifically, eye opening and photic stimulation) in 22 pediatric
amblyopes and 15 healthy children. All subjects underwent an eye examination,
including visual acuity measurement, ophthalmoscopy, and refractometry. In addition,
binocular function was assessed using the Worth 4-dot test and synoptophore.
An EEG response to alternating unilateral eye opening was used as an indicator
of the integrity of the prechiasmal pathway. A response to 10-Hz rhythmic photic
stimulation (rhythmic driving response, RDR) was used as a measure of maturity of
cortical neurons. The performance of the thalamocortical relay was assessed through
the RDR to unilateral and bilateral photic stimulation with the eyes closed to exclude
the effect of reticular formation. In addition, eyes closed EEG synchronization was
assessed at symmetric EEG derivations to detect the absence of connection through
the corpus callosum.

Results: In the total sample of children with mild and moderate refractive amblyopia,
there was an increased rate of a weak desynchronization response to bilateral eye
opening and to unilateral eye opening in the hemisphere ipsilateral to the amblyopic
eye. Particularly, a weak response was exhibited by all patients without binocular
vision. In addition, we found the absence of slow waves in both hemispheres during
rhythmic driving response to binocular photic stimulation and during response to
bilateral eye opening.

Conclusion: Findings of this study (1) evidence immaturity of cortical and midbrain
neurons and (2) confirm the integrity of the major retinal cortical pathway and retinal
thalamic cortical pathway and their interhemispheric connection in children with
mild and moderate refractive amblyopia.

Amblyopia is a common cause of visual loss in
children, accounting for 4-6% of cases of pediatric eye
disorders. Findings of recent animal and clinical studies
on the pathogenesis of amblyopia allowed concluding
that amblyogenic factors prevent a healthy visual pathway
from forming between the eye and the brain during the
critical period of neurodevelopment [1].

Amblyopia is characterized by histopathological
changes in the visual cortex and lateral geniculate nucleus,
and the severity of these changes depends on the type of
amblyopia. No retinal morphological changes have been
found in amblyopic eyes [2, 3]. However, functional
changes have been reported in the retinal receptive fields
in amblyopic eyes [4-8], and these fields are implicated

in contrast sensitivity and pattern vision. Crawford and
colleagues [3] reported that the major abnormality in this
disease lies in loss of binocular cortical neurons that respond
to stimulation of either eye. Studies on deprivation found
that deprivation affects not so much retinal morphology
but rather retinal neurotransmitters, contributing to
decreased dopamine and tyrosine hydroxylase synthesis
and increased vasoactive intestinal peptide levels, as well
as arborization of retinal neurons. Eccentric fixation may
occur in amblyopia.
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Analysis of electroencephalogram (EEG) visual-
evoked potentials (VEPs) is important for assessing
the visual pathway integrity in general. EEG with VEP
recording is used for clinical studies in neonates and
uncooperative children, as well as for animal studies [9-
11]. VEP represents the response of large populations of
visual cortex neurons to synchronous stream of pulses
induced by an afferent stimulus. Since the VEP reflects the
activity of the sensory visual pathways from the retina to
the visual cortex, pathology in any portion of the visual
pathway causes changes in VEP [12].

Therefore, by comparing the EEGs recorded before
and during activation procedures in amblyopes and
healthy individuals, one may not only assess the state of
the central visual system in general, but also determine
rather accurately whether the central nervous system
injury is functional or structural, and whether the injury
is located in cortical areas, subcortical areas of the brain
stem, or neuronal structures of the brain stem.

Because functional abnormalities of the cortical
and subcortical visual system are involved in the
etiopathogenesis of amblyopia, EEG studies in amblyopes
have been interesting for ophthalmologists for decades. In
the 1970s and 1980s, studies by Soviet ophthalmologists
[13, 14] investigated EEG alpha rhythm patterns in
strabismic patients and found an alpha interhemispheric
asymmetry in these patients. In a study by Shibinskaia
(1975) [13], the EEG showed signs of brainstem
abnormalities and abnormalities of the inferior portion
of the midbrain in 17 of the 23 strabismic children.
Dobromyslov [15] found interhemispheric asymmetry in
alpha amplitude in children with strabismic amblyopia
and strabismus (without amblyopia). No occipital alpha
rhythm was found in patients with visual acuity of less
than 0.1. In addition, that study found no difference in EEG
parameters between patients with alternating strabismus
and those with paralytic strabismus. In a study by Avetisov
and colleagues [16], 82.2% of cases with accommodative
strabismus showed pathological EEG patterns. They found
changes in the alpha rhythm characteristics and occurrence
of pathologic delta and theta waves in 91 of 110 patients,
which indicated damage to the brainstem, basal and pontine
structures. They, however, did not mention, whether there
were amblyopes among the study objects.

Subsequent studies (those by Shamshinova and
colleagues [14], Zislina [17, 18], Dubovskaia [19],
etc.) focused on differences in brain potential response
(particularly, primary visual cortex (Brodmann area
17) response) to flash or pattern reversal stimuli among
healthy individuals, amblyopes and patients with retinal
and/or optic nerve disorders. These studies determined
configuration parameters, latency estimates, and
differences in evoked potential amplitude, and identified
the prognostic value of these characteristics. Thus,
configuration of pattern-evoked potentials (PEP) became
simpler, amplitude of the major PEP peaks decreased, and
latency of the major PEP peaks increased with an increase

in severity of amblyopia. Dubovskaia (1997) [19] found
an abnormal PEP configuration, a decrease in amplitude
(particularly, a 5-fold decrease in P100 amplitude) and
a more than 10 ps increase in P100 latency in 50% of
children with failed treatment for unilateral amblyopia.
She believes that the above changes in PEP parameters
indicate an organic injury of the visual system.

Shamshinova and colleagues (2002) and Zislina (1991,
1993) [14, 20, 17, 18, 13] used pattern VEP topographic
mapping and analyzed the VEP that were extracted from
the occipital EEG of patients with refractive and strabismic
amblyopia. They demonstrated normal VEP composition
and distinct difference in configuration between flash- and
pattern reversal evoked-VEP for these patients. Those
authors believe that (1) the above indicates maintained
reactivity of the system of intracortical connections, the
system that provides for image pattern analysis, and (2) the
identified features of the VEP of patients with amblyopia
of obscure origin are likely to reflect immaturity of this
system. They also noted decreased excitability of cortical
neurons and slow data transmission to cortical visual
centers. A difference in amplitudes reflects a decreased
percentage of responded cortical neurons.

To the best of our knowledge, there have been limited
foreign EEG studies in amblyopia reporting evidence
of immature visual system like long VEP latency and
difference in amplitude for occipital VEP (particularly,
small occipital P100 amplitude) of the amblyopic eye [6,
7, 9, 21]. Orel-Bixler [10] demonstrated reduced VEP
amplitude after high spatial frequency black and white
gratings were presented to the amblyopic child’s eye.
Those authors, however, did not mention the type of
amblyopia.

Generally, we can clearly state that EEG features of
various types of amblyopia have been poorly defined.
The above authors considered responses in the occipital
derivations, but not other derivations in amblyopia. EEG
signs of impaired subcortical structures associated with
the visual motor apparatus have not been studied in this
disease. However, the motor components of vision are
as much important for visual perception as the sensory
components.

The purpose of this study was to identify the features
of cortical potential response to activation procedures in
patients with mild and moderate refractive amblyopia.

Material and methods

Twenty-two 5-year- to 8-year-old children with
refractive amblyopia underwent EEG recording. Each
amblyopic child had a BCVA of between 0.3 and 0.6; an
interocular difference in BCVA of 0.2 or less; hypermetropia
of 4 to 8 D; astigmatism of 2.0 D or less; central fixation
and normal convergence. Thirteen amblyopic children
(60%) had binocular vision as assessed by the Worth test,
and all exhibited normal fusional amplitude as assessed
by the synoptophore. The control group comprised of 15
healthy age-matched children with a BCVA of between 0.8
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and 1.0, no deviation, hypermetropia of 0.25 to 0.75 D,
and normal binocular functions.

EEG was performed using an 8-channel EEG machine
(Medicor EEYS8S) and a 16-channel computer QUATTOR
system employing 10-20 system of electrode placement
for 8 children and 29 children, respectively. Rhythms of
the background EEG, interhemispheric asymmetry and
alpha, theta and delta wave characteristics were assessed.
Brain potentials were recorded using standard procedures
to activate deep brain structures. EEG response to bilateral
eyes opening through the alpha-rhythm depression reaction.
In addition, activating function of the rostral reticular
formation was assessed by the hyperventilation EEG
through increased theta and delta-wave index in the frontal
and anterior parietal derivations [22]. An EEG response to
alternating unilateral eye opening was used as an indicator
of the integrity of the prechiasmal pathway. A response to
10-Hz rhythmic photic stimulation (the rhythmic driving
response, RDR) was used as a measure of maturity of
cortical neurons. The performance of the thalamocortical
relay was assessed through the rhythmic driving response
to unilateral and bilateral photic stimulation with the eyes
closed to exclude the effect of reticular formation. In
addition, eyes closed EEG synchronization was assessed
at symmetric EEG derivations (Fp2 - F4 — Fpl - F3; F4
-C4-F3-C3;C4-P4-C3-P3;P4-02-P3-01)
to detect the absence of connection through the corpus
callosum [22, 23].

Statistical analyses were conducted using Statistica 8
(StatSoft, Tulsa, OK, USA) software. The chi-squared test
was used to identify frequency differences in amblyopia
groups with and without binocular vision.

Results

Among the control children, 65.0% exhibited a well-
organized EEG (as per the classification by Zhirmunskaia
[24]). In addition, regional differences were preserved and
predominant in 80.0% of the controls. The interhemispheric
asymmetry of 10% or less was found in 60.0% of the
control children. The EEG alpha rhythm was poorly
modulated, predominant in the occipital derivations, and
was of 7-8 Hz and 20-40 pV amplitude in 68.8% of the
control children. Slow activity in the form of theta and
delta waves (25-30 uV) was more common in the occipital
derivations in 15.0% of healthy children.

Unilateral or bilateral eye opening-closing was found
to block alpha rhythm. The rhythmic driving response
was moderate for both hemispheres, and the amplitude
difference between hemispheres was not significant.
Photic stimulation resulted in symmetric waveforms in
transverse derivations of the EEG, with the number of
slow oscillations corresponding to the background activity.
Hyperventilation resulted in synchronization of alpha
rhythm in 60% of healthy children, and in occurrence
of slow theta and delta waves in frontal derivations not
exceeding 20% of recording time in 40% of healthy
children. As per the recommendations by Gnezditskii

[23] and Zenkov [22], these values were considered to be
normal for healthy children aged 5 to 8 years.

The parameters of the background EEG in children
with refractive myopia generally corresponded to the
above age-matched reference values. The interhemispheric
asymmetry of 10% or less was found in 68.0%, and
increased alpha fronto-occipital coherence was seen in
65.0 % of children with refractive myopia. In addition,
the amount of theta and delta activity was somewhat
increased, with theta index and delta index being of 27.5%
and 30.0%, respectively, but the difference from a healthy
age-matched reference population was not significant (p
>0.05).

Unilateral or bilateral eye opening-closing was found
to block alpha rhythm in all children with refractive
amblyopia. No pathological activity was found in the EEG
response to hyperventilation. However, after unilateral
eye opening-closing, children with refractive amblyopia
exhibited significantly weaker alpha rhythm attenuation
in the hemisphere ipsilateral to the eye with lower vision,
compared to healthy controls, which was demonstrated
by a subtle change in alpha rhythm amplitude in occipital
derivations in 52% of children with amblyopia. The
rhythmic driving response was moderate in all amblyopic
children. There was no change in interhemispheric
alpha coherence in symmetric derivations during photic
stimulation.

The normal alpha rhythm desynchronization response
to exposure to light (which is expressed through reduced
rhythm amplitude and increased rhythm frequency) was
noted in practically all amblyopic patients. However,
compared to healthy controls, this response was lower in
52% of total patients. In addition, the response was low in
all subjects without binocular vision (Table 1).

There were differences in the response to eye opening
in the hemispheres ipsilateral and contralateral to the
amblyopic eye between amblyopic children with and
without binocular vision. No response to bilateral eye
opening in occipital derivations of the hemispheres
contralateral and ipsilateral to the amblyopic eye was
much more common in the latter patients (77.7% and
88.8%, respectively) than in the former patients as well as
healthy controls (p < 0.05) (Table 1).

More generally, this EEG study revealed a weakened
normal alpha rhythm desynchronization response (alpha
rhythm blocking or attenuation) in amblyopic children
compared to healthy controls, indicating loss of input
to the visual cortical projection areas, especially in
amblyopic children without binocular vision (100%).
Because it is the brainstem reticular formation that enables
desynchronization (or activation) of the visual cortex, an
absence of this desynchronization is caused by dysfunction
of this formation, which might also indicate the presence
of oculomotor impairment in amblyopic patients.
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Discussion

Percentages of alpha, beta, delta and theta rhythms
in the EEG record, frequencies and amplitudes of these
waves, and the level of alpha-rhythm suppression are
essential for characterizing the function of the visual
system [17, 20].

Zenkov [22] reported that insufficient activation of
the alpha rhythm during eye opening indicates a reduced
activating capacity of the reticular formations in rostral
(superior) and pontine (middle) brainstem as well as
immaturity of the midbrain structures.

The response to rhythmic photic stimulation depends
on the state of the thalamocortical relay and mesencephalic
reticular formation [13, 22, 23]. Children with refractive
amblyopia exhibited a satisfactory response to rhythmic
photic stimulation.

Therefore, the results of our EEG study in children
with mild and moderate refractive amblyopia indicate
immaturity of cortical and midbrain neurons as well as
cortical-subcortical relationships in these children, as
evidenced by increased rate of a weak desynchronization
response to bilateral eye opening and to unilateral eye
opening in the hemisphere ipsilateral to the amblyopic eye.

We found the absence of slow waves in both hemispheres
during rhythmic driving response to binocular photic
stimulation and during response to bilateral eye opening,
which confirms the integrity of the major retinal cortical
pathway and retinal thalamic cortical pathway and their
interhemispheric connection in children with mild and
moderate refractive amblyopia. In addition, we found loss
of input to the visual cortical projection areas in pediatric
amblyopes without binocular vision, which was evidenced
by a weakened response to bilateral eye opening in both
hemispheres for all relevant cases.
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Table 1. Rates of abnormalities in background EEG response to activation procedures in healthy children and refractive
amblyopic children with and without binocular vision

Group
Pediatric amblyopes
. (n=22)
Patterns of changes in EEG Healthy children
(n=15) with binocular vision | without binocular vision
(1) (n=13) (n=9)
(2) (3)
40% 84.6% 100%
Weak response to bilateral eye opening (6) (11) (9)
in derivations of both hemispheres x2. =581, p=0.01*
1,2 . ) . 2 = =
12, =864, p=0.0033" X725 1:52,p=0.2
) ) 6% 18% 77.7%
No response to bilateral eye opening (1) 4) @)

in the hemisphere contralateral to the

amblyopic eye %%, 5 =4.7,p=0.03"

]
x? ,,=12.8,p=0.0003"
6% 4.5% 88.8%
No response to bilateral eye opening (1) (1) (8)
in the hemisphere ipsilateral to the . _
amblyopic eye 1*:,=0.01,p=09 %2, =14.5,p=0.0001*

1
%2, = 16.23, p=0.0001 *

Note: *, statistically significant difference (p < 0.05)
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