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ABSTRACT

The visual images recognition is one of the most difficult processes among physiological mech-
anisms of the brain. Over the past years significant progress was achieved in neurophysiological
analysis and insight into the functional basis of these operations of the brain; nevertheless, there is
still a “terra incognita” — the great unknown. Most often clinical manifestations of diseases of the
retina might be similar, making diagnosis setting difficult. It is precisely for those cases that assess-
ment of functional changes might help in predicting the course of the pathological process.

At the Ophthalmology Clinic of the Yerevan State Medical University after M. Heratsi up to
three thousand children receive pleoptic treatment every year. In some cases, treatment may con-
tinue for years without the expected result.

Our investigation was primarily aimed to study the role of disturbances at the retinal level in
pathogenesis of amblyopia based on the changes in the amplitude and latency of b-wave on elec-
troretinogram, the presence of functional defects in cones of the central zone of the retina in pa-
tients with amblyopia at preservation of the cone system. Our first results signified to the appropri-
ateness of clinical electrophysiological control and monitoring on the course of pleoptic treatment
in children with amblyopia; hence, an attempt was made to identify pathognomonic signs in elec-
trophysiological indices: electroretinogram and visual evoked potentials of the brain. According to
research findings, on the background of the pleoptic treatment a decrease of efferent inhibition and/
or the predominance of excitation processes are observed merely in the retina and the visual sys-
tem. However, mentioned excitation processes are not stable and at termination of pleoptic treat-
ment before the age of the visual fixation final formation (at 12-15 years old) the recovery of visual
functions and, thereby, cure of amblyopia are not always possible.

Thus, electrophysiological monitoring of amblyopia pleoptic treatment can be considered as
a clinically significant tool to increase the efficiency of amblyopia treatment in children.
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INTRODUCTION

The emergence of amblyopia is associated with
inadequate visual experience exceptionally in rela-
tively early childhood as a result of uncorrected
anomalies of refraction, strabismus, impaired
transparency of refracting media and other states
that disrupt the normal formation of the external
world images [Avetisov E., 1968; 1977; Abramov V.
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1993]. Without adequate treatment, the conse-
quences of these conditions can be unavoidable.
Clinically it is manifested in the form of functional
scotoma of stable inhibition. Hence, the optimal
time of amblyopia diagnosis and treatment is early
childhood and, most importantly, before the com-
pletion of a critical period for visual fixation de-
velopment (before the age of 5 years).

Amblyopia is a very complex disorder of neu-
ronal interactions both at the level of sensory ret-
ina and at central parts of the visual system, in the
lateral genicular bodies and visual cortex.

For diagnosis of amblyopia a number of objec-

82



OFFICIAL PUBLICATION OF THE YEREVAN STATE MEDICAL UNIVERSITY

THE NEW ARMENIAN MEDIcAL Journat, VOI.7 (2013), No 4, p. 82-89

SARGSYAN LS.

tive and subjective methods of ophthalmic research
are required. To investigate the functional state of
retina the most optimal method is electoretinogra-
phy (ERG), as well as the study of visual evoked
cortical bioelectric potentials of the brain [Sham-
shinova A., 1986; Shevelev 1., 2006].

Great difficulties in diagnosis arise in a deep or
high degree of amblyopia with no expressed or
changes specific to any organic pathology of the
retina or the optic nerve (the optic tract). In this
regard, we must know and differentiate the symp-
toms of organic lesions in central and peripheral
regions of the retina, optic nerve, optic chiasmus,
and central parts of the visual system, which can
help in diagnosis setting and identification of am-
blyopia with its characteristic functional impair-
ments [Shamshinova A., Volkov V., 1998].

Therefore, it is important to compare the results
of such electrophysiological research methods as
ERG, visual evoked potentials (VEP) and psycho-
physical methods, by which the field of vision and
light sensitivity of the eyes, color vision, func-
tional retinal topography of cone system (on/off
activity of cone system), the topography of con-
trast and color sensitivity are studied [Shamshi-
nova A., 1988; Shpak A., 1993].

The basis of training effects that could be aimed
at restoration of visual functions should imply im-
pacts (in addition to correcting ametropia of opti-
cal lenses, occlusion and penalization) not only on
various channels involved in the visual system and
defining the dysfunction, but also, further on, em-
brace neurons that retained their function at the
level of both retina (cone and rod cells system) and
at the level of the visual centers. Therefore, for the
recovery of visual functions an amblyopic eye “re-
quires” a whole set of specific and non-specific
stimuli [Campbell F. et al., 1978; Dubovskaya L.,
Averkina L., 1983; Cherednichenko V., 1994;
Vakurina A., 1996; Kashchenko T. et al., 2001; Do-
nahue S. et al., 2007]: rotating, moving, reversible,
color and contrast, temporary and spatial.

In some works attempts were made to use data of
ERG and VEP for evaluation of the effectiveness in
amblyopia treatment [Slyshalova N., Shamshinova
A., 2008]. However, there is still an unsolved prob-
lem: to identify possible shifts of electrophysiologi-
cal parameters, which could be considered as
pathognomonic at characterizing functions of the

central vision and thus correct the course of pleoptic
treatment through objective estimation of the effec-
tiveness at various pleoptic interventions.

The ERG refers to one of the most important
methods of diagnostic ophthalmology that allows
to objectively assess the functional status of vari-
ous layers and neurons in the retina. The new tech-
nology enables to identify subtle violations of bio-
electrical activity of the retina; this latter is the
basis of the initial and differential diagnosis of
retinal diseases of different origin.

The electroretinogram is a graphic expression
of the bioelectrical activity of the retina that occurs
in response to light stimulation. It reflects the bio-
electrical activity of all cellular elements of the
retina, ion channels of cell membranes, the neuro-
nal interaction of photoreceptors and retinal neu-
rons. The ERG is used to diagnose diseases of the
retina in impairment of rod-and-cone system, for
differential diagnosis setting, identification of the
process localization, predicting the possibility to
recover visual functions and to control the treat-
ment course [Fishman G. et al., 2001].

The VEP are electrical signals generated by
neurons in the brain in response to light stimula-
tion of eyes. The VEP-based study takes one of the
leading places in the diagnosis of visual system-
related lesions. The VEP reflect electrical activity
of the macular area, which is associated with its
larger representation in the calcarine sulcus com-
pared to the peripheral parts of the retina, “the cor-
tical magnification factor”, which can be expressed
linearly in millimeters of the cortical area corre-
sponding to 1 degree of visual angle. Therefore,
the VEP value will decrease with the increase of
scotomas in the visual field. In this regard, the re-
search methods relevant to VEP provide an oppor-
tunity such as changing the value of chess squares
for stimulation of the central and paracentral re-
gions of the retina.

The purpose of the study was to identify possible
changes of electrophysiological parameters, which
could be considered as pathognomonic at character-
izing functions of the central vision and, among
these latter, correct the course of pleoptic treatment
through objective estimation of the effectiveness of
various pleoptic interventions in children.

Based on the foregoing it was planned:

- to assess the effectiveness of traditional and modern
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methods if applied for pleoptic treatment of chil-
dren with monolateral strabismic and refractive
amblyopia of moderate and high degree through
the analysis of ERG data and studies of VEP — for
further appropriate correction of therapy tactics;

- to develop techniques for physiologically adequate
correction of pleoptic treatment in children with
amblyopia based on electrophysiological and clini-
cal efficiency evaluation of applied interventions.

MATERIAL AND METHODS

The study embraced 30 children (18 girls, 12
boys) aged 7 to 15 years with a monocular amblyo-
pia of various degree and maximum corrected vi-
sual acuity below 0.3 on the amblyopic eye, with-
out any ophthalmoscopic changes in the fundus
and with visual acuity in the fellow eye within the
normal range.

It should be noted that by the start of the study
15 children were previously observed in the clinic
and received treatment at least twice; these pa-
tients made Group 1. Previously untreated children
presented the second half of patients (15 children),
who formed Group 2.

The patients were examined by conventional
methods (visiometry, biomicroscopy, ophthalmos-
copy, static and dynamic refractometry, deviametry,
etc.). Studies on retinal electrogenesis (mixed, phot-
opic and rhythmic ERG) in binocular manner (both
eyes) with a narrow pupil were done. Dysfunction
of the higher parts of the visual analyzer was diag-
nosed with a pattern- and/or flash-VEP. Electro-
physiological studies were performed in accordance
with the accepted standards of the International So-
ciety for Clinical Electrophysiology of Vision
(ISCEV) [Marmor M. et al., 2009] on ophthalmic
diagnostic system (“LKC”, USA) before the pleop-
tic course of treatment and upon its completion.

The following medical techniques of pleoptics
were used: direct occlusion, local “blinding” light
irritation of the central fovea of the retina, reverse
occlusion, general irritation of the retina with light,
exercise using Haidinger phenomenon, training of
the amblyopic eye on the principle of similarity,
exercises in the localization and exercises to over-
come the difficulties of separate vision, adapted
programmes of computer-based pleoptics.

We analyzed the electrophysiological parame-
ters and identified pathognomonic symptoms,

which might indicate a correlation of the studied
parameters with the increase in post-therapeutic
data on basic visual functions in children, both
previously treated and initially receiving pleoptic
treatment within our study.

REsuLTS

In healthy eyes normal electroretinogram and
VEP values were obtained according to the stan-
dard clinical ERG under all conditions of stimula-
tion in both groups. The visual acuity remained
within normal limits (1.0), both before and after
the pleoptic treatment.

At ERG registration in amblyopic eyes of Group
1 children the following was revealed: normal
mixed ERG (Table 1) was recorded in 13 children,
with a slight decrease in the amplitude of the a- and
b-waves — in two of them. The indicators obtained
after pleoptic treatment significantly increased in 12
(80%) patients, in other cases the indicators were
either unchanged, or close to pretreatment values.
Indicators of photopic (Table2) and rhythmic phot-
opic ERG (Table3) were recorded in the normal
range, but after treatment there was an increase in
the amplitude of a-and b-waves in 75% of cases.

After the next pleoptic treatment we did not ob-
serve any expected increases on the part of visio-
metric data in the specified group of children.

At ERG registration in amblyopic eyes of
Group 2 children the normal mixed (Tablel) and
photopic ERG (Table 2) was recorded in all of
them, but the amplitudes of a- and b- waves were
significantly lower than in children from Group 1.
After treatment, in 33.3% of cases there was an in-
crease in studied parameters, while in two children
indices decreased by 10-15% as compared to pre-
treatment levels; this latter will be obviously con-
sidered in our further expected research. Interest-
ingly, the analysis of rhythmic photopic ERG
(Table 3) outcomes revealed an increased ampli-
tude indicators in 87% of cases, thus exceeding the
values in Group 1 children; after treatment there
was an increase visual acuity in all patients.

As regards the VEP study (chess pattern 64x64
(Table 4), 32x32 (Table 5), 8x8 (Table 6)), the high
correlation of amplitudes increase was observed
with increasing data of visiometry in children of
both groups. However, more pronounced changes in
the amplitude of P, ,,component towards its increase
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were observed in children of Group 1.

It is interesting to mention that in healthy eyes
of Group 2 children the changes were also ob-
served: shifts in VEP indices were both upward
and downward directed in 12 patients.

DiscussioN

Normal values of electrophysiological parame-
ters in healthy eyes indicate to the absence of oph-
thalmopathology, as well as the monocular nature
of amblyopia.

The expressed interocular asymmetry in parame-
ters of two above-mentioned groups regarding prior

TABLE 3.
Photopic 0 dB 30 H ERG

Before treatment After treatment

oD 0S oD 0S
wV/ |l ms || ms | wr | ms | our | ms

I group (with positive changes)

98.8 29.9 79.4 29.6 |100.0 29.9 95.2 30.0
53.6 27.9 29,5 27.0|60.0 27.9 68.0 27.8
425 31.6 439 315|443 29.3 71.2 30.0
73.7 27.0 78.3 31.1|105.2 27.9 109.8 27.1

59.3 30.6 749 28.3[93.8 29.8 88.7 27.3
62.9 27.8 86.5 29.3( 725 27.8 99.0 29.3
68.3 27.9 54.6 30.7 |100.3 29.4 69.8 31.1
65.4 274799 28.0(78.8 27.1 86.3 27.4
38,5 31.1 789 295|515 28.1 81.7 27.1
65.2 27.8 88.0 29.0(69.8 27.1 90.0 30.4
| group (without positive changes)
68.7 29.4 535 29.3(68.9 29.5 53.9 30.0
56.4 27.0 715 27.0|57.1 27.0 721 27.7
65.5 27.1 871 27.1(654 31.1 87.7 274
29.8 27.0 90.1 27.7[30.0 29.1 90.3 274
575 28.8 68.1 28.2|57.9 27.1 67.8 30.1
11 group (with positive changes)
549 28.0 584 285(59.7 28.1 69.1 29.1
81.2 27.2544 27.4(84.0 275 59.9 27.0
48.2 27.2 79.4 27.4|58.4 27.2 89.9 275
58.0 275544 285(91.1 284 565 279
61.2 30.0 79.8 27.1(76.1 28.0 84.2 33.1
29.8 27.4 845 27.4(56.1 27.0 90.0 27.4
55,5 270 54.4 28.1(66.8 27.1 64.4 27.1
545 27.1 684 27.1(68.1 27.1 88.8 27.4
56.7 27.0 71.4 275|785 27.1 955 274
515 27.4 644 279(944 28.1 788 27.4
65.1 29.1 81.1 27.1(758 284 914 275
444 285 244 27.0|485 27.1 55.1 29.7
51.1 27.0 89.7 279|711 27.0 970 31.0
11 group (without positive changes)
1 (495 28.128.1 28.0(495 27.7 57.1 278
2 | 822 285285 29.1|824 28.1 58.9 31.4

O 0O NO Ul A WN -

[N
o

a b~ wN -

© 0O NOoO O WN -

[ERN
o

-
[N

[N
N

[EEN
w

to and post-treatment allowed us to consider the iden-
tified changes as pathognomonic for the specified
patients: distinct electrophysiological changes were
recorded on the background of the therapy.

Marked changes on the electrophysiological
curves obtained for data of Group 1 children sig-
nify that treatment of amblyopia should be gradu-
ally dosed and long-lasting, because each subse-
quent treatment course can establish and strengthen
the result of the previous one. Moreover, despite
anticipations, during this study in children of
Group 1 no specific increase of visiometric data
was observed; however, the improvement in visual

T4BLE 4.
Pattern VER 64*64
Before treatment After treatment
Amp. P1|Time Label P1|Amp. P1|Time Label P1
ob|os| ob | 0os |[oblos| oD | 0s
I group (with positive changes)
42 19 1055 104545 2.9 110.0 110.0
36 49 99.0 98.0 [[49 6.1 100.0 101.0
11.316.9 76,5 77.0 (20.425.8 785 775
6.2 70 995 97.0 |34.0 9.0 109.5 109.0
17.9 85 100.5 1035 (24.033.0 107.5 112.5
13.114.3 102.,5 101.5 [|[14.818.6 107.5 110.0
70 6.0 975 985 |16.5 8.5 100.0 100.0
7.2 15.2 109.0 100.0 |[14.016.5 110.0 105.0
26.818.0 985 119.0(29.423.1 100.0 104.5
[26.923.0 107.5 109.5|31.728.5 1125 116.0
I group (without positive changes)
19.614.0 107.0 119.5 |19.614.2 111.0 120.0
85 59 985 995 (86 59 100.0 100.0
16.230.0 103.0 105.5 (16.030.0 100.0 105.5
18.0 8.8 105.5 105.5 |17.5 9.0 105.5 105.5
18.7 8.7 102.0 102.5|18.7 9.0 102.0 102.0
Il group (with positive changes)
42 47 103.0 97.5 (12.315.6 102.2 105.0
3.6 46 119.0 100.0 (7.7 13.0 116.5 102.0
11.316.4 98.0 1025 31.120.2 975 99.5
6.2 19.0 112.5 111.0 ||15.220.8 117.2 112.0
17.945.1 1215 1105 (29.146.6 117.0 108.0
13.1 3.3 100.0 97.5 |11.6 8.7 102.2 100.0
11 group (without positive changes)
17.518.1 105.5 100.0 |17.618.2 105.5 100.5
34.337.5 112.0 113.0 |34.337.5 110.5 104.0
16.3 6.5 106.0 121.0 |16.5 6.8 106.5 120.0
20.829.7 109.0 108.0 |20.829.8 109.0 108.0
20.424.8 103.0 100.5(21.023.5 104.0 100.8
14.835.3 116.5 97.5 (15.235.2 116.5 100.0
10.211.2 100.0 102.0 |10.511.5 100.5 105.0
18.831.9 1235 117.5(19.232.1 125.5 125.1
10.723.0 101.5 100.5 |11.223.2 101.8 105.1
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TABLE 5.
Pattern VER 32*32

Before treatment After treatment
Amp. P1|Time Label P1|Amp. P1|Time Label P1
oD|0s| oD | 0s [oD|os| oD | 0s

I group (with positive changes)
10.2 3.9 100.5 100.5 |15.5 6.9 100.0
3.6 49 1000 98.0 (6.9 8.1 100.0
11.316.9 100.5 100.0 |20.4 25.8 100.5
26.2 7.0 100.5 97.0 [34.0 9.0 109.5
7.0 6.0 975 1085 (16.5 9.5 100.0
7.2 152 109.0 100.0 [14.0 18,5 110.0
26.818.0 985 119.0 |[26.4 25.1 100.0
26.9 23.0 107.5 109.5 |31.7 28,5 112.5
18.7 8.7 102.0 100.0 |20.7 19.0 102.0

I group (without positive changes)
11.6 145 101.0 100.5 [|11.9 145 100.0
179 85 1005 103.5 |18.0 9.0 101.5
89 69 1085 995 (9.1 7.1 100.0
13.114.3 1025 1015 |13.814.6 107.5
16.2 30.0 103.0 105.5 ||16.0 30.0 100.0
18.0 8.8 105.5 105.5 |17.5 9.0 105.5

Il group (with positive changes)
8.7 47 103.0 975 (12.315.6 102.2 105.0
58 46 119.0 100.0 (9.7 13.0 116.5 102.0
29.516.4 98.0 1025 |34.120.2 975 995
8.5 19.0 1125 111.0 (15.222.8 117.2 112.0
21.045.1 1215 1105 |29.149.6 117.0 108.0

11 group (without positive changes)
148 35.3 1165 97.5 ||15.235.2 116.5
17.518.1 1055 100.0 |17.6 18.2 105.5
34.337.5 112.0 113.0 |[34.337.5 110.5
16.3 6.5 106.0 121.0 |16.5 6.8 106.5
20.829.7 109.0 108.0 [20.8 29.8 109.0
20.4 24.8 103.0 100.5 |21.0 23,5 104.0
10.2 11.2 100.0 102.0 |10.511.5 100.5
18.831.9 1235 117.5]19.232.1 1255
10.7 23.0 1015 100.5 |11.223.2 101.8
15.1 9.2 100.1 100.5 |15.,5 9.9 100.1

100.0
100.0
100.5
109.0
100.0
105.0
104.5
116.0
102.0

© R ep SN

100.0
101.5
100.0
110.0
105.5
105.5

e @ S 0 =
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100.0
100.5
104.0
120.0
108.0
100.8
105.0
125.1
105.1
100.5
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acuity after the previous courses of therapy was re-
ported in all patients of the Group.

The results obtained in two specified groups
might indicate a decrease in the efferent inhibition
or prevalence of excitation processes in the retina
itself on the background of the pleoptic treatment.
However, according to some authors and our own
research results the indicated excitation processes
are not stable; at long-term interruption of pleoptic
treatment before the age of finally formed visual
fixation (12-15 years) the recovery of visual func-
tions and thereby cure of amblyopia is not feasible.
Hence, a conclusion might be drawn: if after pri-

T4BLE 6.
Pattern VER 8*8
Before treatment After treatment

Amp. P1|Time Label P1|Amp. P1|Time Label P1
ob|los| ob | os |ob|os| ob | 0s

| group (with positive changes)
18.2 89 1115 101.5|24.512.9 111.0
136 49 99.2 98.9 [14.9 9.1 100.0
11.311.9 79.9 79.9 (15.428.8 100.5
9.2 8.0 1095 979 |[14.011.0 109.5
12,9 6.5 110.5 1025 [23.013.0 107.5
14.114.3 100.5 100.5 [18.821.6 107.5
7.0 7.2 99,5 100.5(19.5 9.5 100.0
7.2 15.2 100.0 102.0 [[14.018.5 100.0
26.818.0 98.0 110.0|39.425.1 111.0
J16.913.0 101.9 101.531.724.5 102.5
1 group (without positive changes)
10.220.0 103.5 101.5(10.420.4 110.0
11.115.0 108.0 100.5 (11.615.2 111.0
75 49 1085 100.5(8.0 5.1 100.0
17.0 8.8 105.0 105.5 [17.5 9.0 100.5
18.5 8.7 1025 1025 [18.7 9.1 101.0

11 group (with positive changes)
8.7 47 103.0 975 |12.315.6 102.0
16.3 6.5 106.0 121.0 |20.5 9.8 101.5
50 5.6 119.0 100.0 8.9 15.0 100.5
8.5 19.0 112.5 111.0 [|15.220.8 117.2
21.045.1 1215 110.529.146.6 117.0
11 group (without positive changes)
11.511.1 105.5 100.0 |12.011.2 105.5
13.317.5 112.0 113.0 {13.318.0 100.0
10.819.5 109.0 108.0 |10.919.7 105.0
10.413.8 103.0 100.5 |11.013.5 104.0
29.516.4 98.0 102.5]30.116.2 107.5
14.835.3 116.5 97.5 [15.235.2 116.5
10.211.2 100.0 102.0 |10.511.5 100.5
18.831.9 1235 117.5(19.232.1 1255
10.723.0 101.5 100.5 |11.223.2 101.8
9.1 15.2 100.1 100.0 | 9.3 15.3 100.5

110.0
101.0
107.5
109.0
112.5
110.0
100.0
105.0
111.5
112.0
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101.0
110.0
100.0
112.0
108.0
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100.5
104.0
108.0
100.8
109.5
100.0
105.0
125.1
105.1
100.0
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mary pleoptic treatment there is no desired in-
crease in visiometry data and electrophysiological
parameters, as observed in children from Group 2,
it is not justified to discontinue treatment. At the
same time, improved electrophysiologic responses
after treatment, even if non-corrected with the in-
crease of visiometric data, can clearly testify to the
positive impact of therapy repeated course, which
can improve visual acuity in the amblyopic eye.

Thus, electrophysiological monitoring of ple-
optic treatment of amblyopia can be considered as
a clinically significant tool to increase treatment
efficiency of amblyopia in children.
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