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Abstract

Purpose To identify whether there are functional abnormalities in the retina of amblyopic eyes using multifocal electroretinog-
raphy (mfERG).

Methods This is a prospective study of patients > 7 years of age identified with unilateral amblyopia (strabismic or anisometro-
pic). Multifocal ERG and flash ERG were performed to compare parameters between the amblyopic and non-amblyopic fellow
eyes. A complete analysis of the five ring averages was done including the central ring.

Results Thirty-eight patients were included: mean age was 14.3 &+ 7.3 years; 18 patients were strabismic and 20 were anisome-
tropic. Amblyopic eye responses across the rings in multifocal ERG were diminished compared with fellow non-amblyopic eyes
with significant differences detected in the central rings (p = 0.001). On the other hand, flash ERG did not show any consistently
significant differences. When divided by severity, amplitudes of central rings were significantly lower in severely amblyopic eyes
compared with non-amblyopic eyes (p = 0.001), while in mild amblyopia, no significant differences were observed. No signif-
icant difference was observed between anisometropic and strabismic amblyopic eyes.

Conclusions Using multifocal ERG, significantly decreased amplitudes were observed in amblyopic eyes compared with normal
fellow eyes in the central ring. This correlated with the severity of amblyopia. No difference was observed when comparing the
two groups of amblyopia (strabismic and anisometropic). Those findings may help clarify the pathophysiology of amblyopia
better and open the door for new objective ways to monitor the response to amblyopia treatment but this needs to be further
studied.
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Introduction

Amblyopia is a disorder of the visual system characterized by
reduced visual function [1]. This disorder is unilateral for the
majority of the cases, and less commonly bilateral. It is caused
by abnormal visual experience early in life resulting from
visual deprivation, strabismus, anisometropia, or high bilateral
refractive errors [1]. Amblyopia affects 3% of the population
[1]. The disorder may also cause a diminished quality of life
and functional activities in affected subjects [2]. Retinal struc-
ture and function in amblyopia is a topic of widespread inter-
est. Previously, amblyopia was thought to be caused by a
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cortical deficit, where many studies on human and animal
models showed central defects in the lateral geniculate body
and the visual cortex [3—5]. Several studies have been per-
formed with electrophysiological methods in humans and an-
imal models to check retinal dysfunction in amblyopia. The
usefulness of electroretinograms (ERG) and pattern ERG
(PERG) in diagnosis of amblyopia is controversial and de-
pends on multiple factors such as age, type of amblyopia,
and waveforms used for the interpretation [2]. Some studies
reported no abnormalities in pattern ERG in amblyopic cases
[6-8], others reported a reduction in waveforms of the pattern
electroretinogram (PERG) [9-11]. Using VEP measurements,
some showed that amblyopic eyes had abnormal visual corti-
cal responses only when the macular area was activated and
linked it to a delay in post-retinal neural conduction [6].
Others reported significant differences in the retinal function
and morphology of both amblyopic and non-amblyopic eyes
in amblyopic patients, with a reduction in P50 and N95 wave
amplitudes as well as a prolongation in latency [12, 13]. These
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previous studies used mostly PERG to assess retinal changes
in amblyopic subjects. Multifocal ERG (mfERG) is a tech-
nique that assesses local retinal responses from up to 250
different retinal locations of the posterior retina [14].
Contrary to standard ERG which can only record the electrical
response of the whole retina, mfERG can detect local re-
sponses from different regions of the retina at the same time.
Fixation stability is an important parameter that might affect
all types of ERG results and that should be optimized in any
experiment [15—17]. In fact, a study showed that results that
seemed to point to a significant difference between the PERG
of amblyopic eyes and fellow eyes were no longer significant-
ly different after optimizing fixation [7]. Few studies have
used mfERG testing to evaluate amblyopic patients; Baek
et al. concluded that mfERG responses may be altered by
amblyopia especially concerning the central retinal response
[18]. Two other studies concluded that significant differences
existed between amblyopic eyes and the fellow eyes but not
necessarily with the control eyes of non-amblyopic patients;
and this could be caused by decreased visual stimulation in the
macula[19, 20]. A study conducted in China assessed all three
pattern, flash, and multifocal ERGs as well as VEP in 24
anisometropic amblyopic eyes and compared the results to
those of their fellow normal eyes [21]. The authors then re-
ported significant differences in both multifocal ERG and
VEP amplitudes between the amblyopic eyes and the fellow
eyes, suggesting a malfunction of the retina and visual path-
ways [21]. Another study also conducted in China tested 15
anisometropic amblyopic eyes with mfERGs and compared
the results to their fellow normal eyes [22]. They found that
there were significant differences in the wave amplitude den-
sity at the central region of the visual field of the amblyopic
eyes [22]. Another study from Russia showed that changes in
mfERG were the most significant amongst other ERG modal-
ities in high amblyopes [23]. Brown et al. examined the
mfERG of 5 amblyopic patients and found that central ampli-
tudes were significantly reduced while average peripheral re-
sponses were similar to the non-amblyopic eye [24]. The
sparse literature about this topic does suggest that there are
differences in retinal responses measured by mfERG in am-
blyopic eyes [21, 22]. The aim of this study was to examine
the mfERG of amblyopic eyes caused by both anisometropia
and strabismus and compare them to their fellow non-
amblyopic eyes.

Research design and methods
Study population
This was a prospective study of patients diagnosed with am-

blyopia from the pediatric ophthalmology service at the
American University of Beirut Medical Center. The study
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protocol was approved by the Institutional Review Board of
the American University of Beirut Medical Center and written
consents were obtained from patients or parents/legal guard-
ians. Assent forms were also provided for children and ado-
lescents. Unilateral amblyopia was defined as a difference of
at least two lines on the acuity chart between the amblyopic
and the non-amblyopic eyes. Five participants with very mild
amblyopia (< 2 lines difference) were also included in order to
compare them with more severe cases of amblyopia and cor-
relate the mfERG findings with severity.

Patients’ age ranged between 7 and 40 years. They were
divided into two groups according to the causes of amblyopia:
strabismus and anisometropia. Non-amblyopic fellow eyes
served as controls. Patients with history of preterm birth, se-
vere amblyopia with limited fixation, neurological diseases, or
ocular diseases such as glaucoma or nystagmus were excluded
from this study.

Eye examination

Data from the complete ophthalmological assessment of the
subject was retrieved from their medical record. If the patient’s
visit was dated more than 1 year prior to the study, a complete
evaluation was performed by one of the investigators.

Best-corrected VA was measured with a Snellen chart at
6 m.VA readings were transformed to a logarithmic scale
(logMAR) for statistical analysis. Fixation behavior was eval-
uated by having the patient fixate on an accommodative target
held at 40 cm with best correction in place. Binocular stimu-
lation during ERG testing optimized fixation in patients with
anisometropia. A camera with a fixation cross recording the
patients’ eyes staring at the target, which was monitored by
the examiner throughout the experiment, also helped in opti-
mizing fixation specially in patients with strabismus where
binocular stimulation is not applicable.

ERG testing

Multifocal ERG and flash ERG examinations were performed
by the same experienced examiner for all participants and
were recorded according to the ISCEV (International Society
for Clinical Electrophysiology of Vision) standards [17, 25].
The examiner was blinded as to which eye was amblyopic.
Pupillary dilatation was performed using mydriacyl (1%) and
phenylephrine (2.5%) eye drops. Minimum pupil diameter
required before recording was 7 mm. The fixation was the
center of a cross line of 4 x 4 mm (4 degree diameter).
Binocular stimulation in anisometric participants was used
for both mfERG and flash ERG. The stimulating and record-
ing equipment was calibrated according to guidelines [26].
Manual artifact rejection was applied to data for eye move-
ment artifacts. First-order kernel responses were recorded.
The RETIScan 21 System (Roland Consult, Germany) was
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utilized as well as DTL and Ag/Cl skin electrodes for record-
ings. Impedance was set between 2 and 4 KOhm and good
fixation was confirmed by using a camera with a fixation cross
recording the patients’ eyes staring at the target, which was
monitored by the examiner throughout the experiment.
Participants that showed poor fixation repeated the test until
good fixation was achieved. Participants who were unable to
fixate adequately were excluded from the study. The active
electrode (DTL fiber) was placed on the cornea between the
nasal and temporal canthus, and the reference electrode was
placed on both temples, 2 cm from the eyeballs, while the
ground electrode was placed in the middle of the forehead.
The inter electrode resistance was maintained below 3000
Ohm. The same type and location of electrodes was used
throughout the experiment to ensure comparability. Subjects
were seated 40 cm from the monitor and signals were noted
down while they looked at a fixation point under ambient
unchanged light.

Multifocal ERG

The stimuli were displayed on a cathode ray tube (CRT). A
CRT frame frequency of 75 Hz was used. Luminance of the
display was set at 200 cd/m? for the white state and at 2 cd/m?
for the dark state. Satisfactory amplitudes and clear wave-
forms were obtained. The stimulus field contained 61 hexa-
gons covering a field diameter of 54 degrees. The stimulus
pattern covered 27 degrees on each side of the viewed angle.
Refractive errors of the subjects were corrected during record-
ing, adding a + 3.00 diopters lens over the individuals’ far
correction. This was done in order to prevent accommodation
during fixation. P1 amplitudes and latencies were measured.

Flash ERG

Full-field (Ganzfeld) stimulation was used. The duration of
the white flashes was < 5 ms. Stimulus strength was in accor-
dance with ISCEV standards (0.01 cd per square meter
[cd.s.m. 2] for rod stimulation, 3.0 cd.s.m. > for standard re-
sponse, and 30 cd.s.m. 2 for adaptation and background lumi-
nance) [25]. Both dark and light patterns were used, and sub-
jects were adapted to both and stimulus reversal was 1.02 Hz.
The filter setting of the Retiscan system was 2*smooth50Hz.
Implicit time and amplitude of a wave and b wave were
measured.

Statistical analysis

Statistical analyses were performed using SPSS (Statistical
Packages for Social Sciences) v 21. The significance level
was set at a p of 0.05 for the demographics of strabismic and
anisometropic participants. The significance level was set at a
p of 0.01 for the mfERG and ERG results, after applying a

Bonferroni correction for multiple testing (5 times). Chi-
square was used to compare gender and laterality between
the strabismic and anisometropic group. Independent sample
t tests were used to compare the demographics of anisometro-
pic and strabismic subjects. Paired ¢ tests were used to com-
pare the ERG parameters of amblyopic and non-amblyopic
eyes. Subgroup analysis to compare non-amblyopic fellow
eyes to mild and severe amblyopia was done; the latter defined
as LogMAR vision of 0.40 or worse.

Results

Seventy-six eyes of 38 patients with unilateral amblyopia
underwent electroretinogram analysis. The mean age was
14.3 £ 7.3 years with a female to male ratio of 1:2. In all
patients, examination of the ocular surface, anterior seg-
ment, posterior segment, and nerve was normal.
Amblyopia was attributed to strabismus in 47.4% of the
cases and anisometropia in 52.6%. Mean LogMAR visual
acuity was 0.4 = 0.3 in amblyopic and 0.06 + 0.09 in non-
amblyopic fellow eyes with no significant difference be-
tween strabismus and anisometropia groups (Table 1).

Amplitudes in multifocal ERG were diminished in am-
blyopic eyes compared with the non-amblyopic fellow
eyes; statistically significant differences were noted in
central ring (68.2 £ 28.5 nV vs 87.5 £ 25.4 nV, p <
0.001) and differences in ring 2 approached significance
(42.4 +13.2 nV vs 48.7 £ 12.9 nV, p = 0.016). Multifocal
ERG parameters for fellow and amblyopic eyes are pre-
sented in Table 2. No difference was found when compar-
ing strabismic to anisometropic eyes. The amplitude of
the central ring was significantly lower in the amblyopic
eye as compared with the contralateral eye in the aniso-
metropic group (71.4 £ 29.6 nV vs 89.9 + 27.2 nV, p =
0.004) and approached significance in the strabismic
group (64.8 + 28.7 nV vs 84.8 + 3.7 nV, p = 0.011).
Implicit time did not differ significantly between ambly-
opic and non-amblyopic eyes. Figure 1 shows a sample
mfERG showing the difference in waveforms between the
amblyopic and non-amblyopic eye.

Table 3 represents flash ERG findings in amblyopic and
fellow non-amblyopic eyes. Implicit time did not differ signif-
icantly between amblyopic and non-amblyopic eyes. Wave
amplitude between amblyopic and non-amblyopic eyes was
not significantly different at any light intensity for both a and b
waves.

We stratified patients by amblyopia severity with se-
vere amblyopia (n = 18; 10 anisometropic and 8§ strabis-
mic) defined as LogMAR vision of 0.40 or worse.
Parameters differed when comparing severely amblyopic
eyes to non-amblyopic eyes, with the amplitudes of se-
verely amblyopic eyes consistently lower than the
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Table 1  Demographic characteristics

Total Strabismus Anisometropia P
N=38 N=18 N=20
Mean age (years) 143+73 16.5+9.0 124 +£4.7 <0.01
Gender 0.18
Male 17 (44.7%) 6 (33.3%) 11 (55%)
Female 21 (55.3%) 12 (66.7%) 9 (45%)
LogMAR VA
A 04+03 04+03 03+0.2 0.42
N 0.06 +0.09 0.06 +0.09 0.06 0.1 0.99
Laterality
OD 18 (46.4%) 9 (50%) 9 (45%) 0.76
oS 20 (53.6%) 9 (50%) 11 (55%)
Mean spherical equivalent (D)
A +25+3.7 +3.0+£25 +2.1+4.6 0.024
N +20+24 +27+22 +14+£26 0.62
Interocular refractive difference (D) +12+23 +15+1.7 +0.9+28 0.15

A, amblyopic eyes; N, non-amblyopic eyes; D, diopters; VA, visual acuity

The interocular refractive difference was calculated by subtracting the spherical equivalent of the normal eye from that of the amblyopic eye

The p value refers to the comparison between the strabismus and anisometropia groups

The statistically significant p values were italicized

contralateral fellow eyes (Table 4). A significant differ-
ence was noted in the central ring (A, 67.1 £ 27.4 nV
vs N, 89.6 £ 25.3 nV, p < 0.001), while the difference
approached significance for the amplitudes of ring 2 (p =
0.02). In the group of mild amblyopia (» = 20; 10 aniso-
metropic and 10 strabismic), no difference was found in
amplitudes or responses.

Discussion

Multifocal ERG has been scarcely used in the literature previ-
ously to investigate retinal dysfunction in patients with strabis-
mic or anisometropic amblyopia. Earlier studies have reported
discrepant results utilizing visual evoked potential, flash ERG,
and pattern ERG in different types of amblyopia. The present

Table 2 Multifocal electroretinography parameters in amblyopic and normal fellow eyes

Amblyopic Strabismic Anisometropic
N=38 N=18 N=20
Amplitude (nV)

Central A, 68.2+28.5 A, 64.8 +28.7 A, 71.4+28.6
N, 87.5+25.4 N, 84.8 +23.7 N, 89.9 +27.2
p<0.001 p= 001 p=0.004

2 A, 424+132 A, 40.6+11.9 A,4393+144
N, 48.7+12.9 N,46.5+134 N, 50.6 + 12.6
p=0.016 p=0.13 p=0.069

3 A,284+7.0 A,279+73 A,289+6.9
N, 31.3+8.7 N, 30.1 +£9.3 N, 324 +8.1
p=0.057 p=037 p=0.07

4 A,20.0+4.7 A,203+4.38 A, 19.7+4.6
N, 20.2+5.8 N,20.5+6.3 N,19.9+5.5
p=0387 p=091 p=0.90

5 A, 152£39 A, 15.6£35 A, 147+44
N, 15.7+£4.5 N, 16.2+5.1 N, 15.2+4.0
p=053 p=0.67 p=0.64

A, amblyopic eyes; N, non-amblyopic eyes

The statistically significant p values were italiced
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study used flash ERG and multifocal ERG in patients with
strabismic and anisometropic amblyopia and showed both clin-
ically and statistically significant differences between ambly-
opic and non-amblyopic fellow eyes in various parameters.
Multifocal ERG amplitudes were significantly diminished in
amblyopic eyes, especially the central response which was
not observed on flash ERG. Our findings also differed when

segregating groups by severity of amblyopia with only the se-
vere amblyopia group showing significant differences for the
central ring. Our findings did not differ when segregating by
type of amblyopia (strabismic vs anisometropic).

Historically, amblyopia was linked to a cortical deficit;
Hubel and Wiesel showed in their study on animal models
that visual cortex unresponsiveness was linked to a central
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Table 3 Flash ERG in amblyopic and normal fellow eyes Table 4 Comparison of parameters by severity of amblyopia
Amblyopic Strabismic Anisometropic Variable Mild amblyopia Severe amblyopia
N=38 N=18 N=20 N=20 N=18
Rod response Mean age (years) 13.5+£73 153+£74
b (ms) A, 100.8+9.9 A, 101.7+10.3 A, 100.1+9.7 Gender
N,1005£10.1 N, 101.6+7.8 N,99.4=11.8 Male 8 (40%) 9 (50%)
bwave (V) A, 1569643 A, 147.9+534 A, 165.0+733 Female 12 (60%) 9 (50%)
+ + +
. — N, 158.8+£60.4 N, 1552+52 N, 162.0+66.1 LogMAR VA
T:Etop)lc o A, 662+39 A, 658+45 A, 66.6+3.3 A 020.08 0.60.3
ms ,00.2+3. ,065.8+4. , 66.6 3.
N, 66.9+£2.7 N, 66.9+2.3 N, 66.9+3.1 N 0.040.08 0.08+0.1
bwave (LV) A,2802+914 A, 280.7+71.0 A, 296.9+107.8 . . p<0.001 p<0.001
N,301.2+88.0 N,298.7+76.6 N, 303.3+99.1 Spherical equivalent (D)
a (ms) A, 162+1.7 A, 164+19 A, 160+14 A 26+29 24+4.6
N, 16.3+2.1 N, 159+1.5 N, 16.7£2.5 N 2.1+1.6 1.8+34
awave (LV) A, 199.9+753 A,211.2+£873 A, 188.6+61.5 p=029 p=0.44
N,203.1+72.6 N,221.4+81.8 N, 185.0+58.7 Amplitude (V)
Scotopic white Central A, 69.3£300 A, 67.1£27.4
b (ms) A, 654+5.6 A, 65.5+6.6 A, 6544438 N, 85.6+26.0 N, 89.6+25.3
N, 66.1 £4.9 N, 66.5+4.9 N, 65.8+4.9 p=0.055 p<0.001
bwave (LV) A,295.6+89.2 A,2883+£70.3 A, 302.2+104.7 2 A, 43.9+13.7 A, 40.6£12.7
N, 300.9+89.1 N,310.7+87.2 N,292.6+91.9 N, 48.4+13.3 N, 48.9+13.0
a (ms) A, 1489+0.54 A, 1492+0.64 A, 149+04 p=032 p=0.02
N, 14.87+0.68 N, 14.87+£0.58 N, 14.9+04 3 A, 27.6+7.1 A,294+69
awave (WV) A, 2185+759 A, 2324+743 A, 213.1+60.9 N,31.9+94 N,30.6+7.9
N,226.9£69.7 N,232.7+68.9 N,221.3+71.8 p=0.088 p=0.48
Photopic 4 A,193+£5.0 A,20.7+4.3
b (ms) A499+22  AS05+28 A 492+12 N’_ZOO'396* 6.3 N’_lo9'238* >3
N:50.1£2.1 N:50.6£2.7 N,49.7+1.1 p=0 p=0
bwave (WV) A, 1453+499 A:1446+37.6 A, 146.0+59.9 3 1‘3’ i‘s"giig 1‘3’ 122 ii'i
N, 1423£509 N:1394+40.2 N, 145.0+£59.9 ’_0'54 ’ ’_0'94 ’
a (ms) A 144509  A:1428+091 A, 144+1.0 e e
N, 14.6£0.9 N:14.63£0.95 N, 14.7£1.0 A, amblyopic eyes; N, non-amblyopic eyes; VA, visual acuity; D, diopters
awave (V) A, 394+£272  A42.7+£359 A, 36.1+14.6 The statistically significant p values were italiced
N, 42.6+26.4 N:46.5+36.0 N, 38.7+£10.3

A, amblyopic eyes; N, non-amblyopic eyes

Rod response represents the first response, the lowest light intensity used
according to ISCEV protocol of the machine, equal to scotopic
0.01 cd.s.m.”%; while scotopic white represents the maximum intensity
according to the same protocol and scotopic mixed refers to scotopic 3
and 10

No p value was added in this table because p values were insignificant
throughout (>0.01)

defect in the lateral geniculate body [3]. Similar findings
were found in human amblyopes where anisometropic and
strabismic amblyopia were linked to shrinkage in the lateral
geniculate nucleus [4, 5]. According to an early electrophys-
iological study, retinal damage was also involved in the am-
blyopic process, where peripheral retinal layers’ responses
were affected as well [9].

With the advent of new imaging modalities especially optical
coherence tomography, a number of studies emerged looking
into structural retinal differences in amblyopic eyes. Many found
a thicker fovea in amblyopic children [26-28], while some
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reported thinning of the ganglion cell layer and inner plexiform
layers [12, 13]. In a previous work, our group used spectral
domain optical coherence tomography (SD-OCT) to demon-
strate significant qualitative and quantitative differences between
amblyopic and normal eyes in macular features [29]. Another
carlier study also showed significantly increased central macular
thickness using SD-OCT in anisometropic amblyopia, which
was not seen in strabismic amblyopia [30]. After detecting sig-
nificant structural changes between amblyopic and non-
amblyopic fellow eyes, we aimed to investigate possible corre-
sponding functional change via electrophysiological methods,
namely multifocal ERG.

Pattern electroretinography and/or full-field flash electroreti-
nography (ERG) were used in a number of studies aiming to
investigate retinal defects or changes in amblyopic eyes. ERG
is an electrophysiological test that allows evaluation of the retinal
function as a whole [31]. PERG records retinal responses evoked
in response to a viewed alternating reversal checkerboard or
grating. PERG is affected by neurological or ophthalmological
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dysfunction of the macula or the retina which does not alter full-
field ERG [32]. On the other hand, multifocal ERG (mfERG) is a
new technique that assesses local ERG from different regions of
the posterior retina [14]. While full-field ERG reports all retinal
activity and may not show large retinal defects [33], multifocal
ERG provides topographical measurements of retinal activity
and can assess non-foveal lesions [34, 35].

Many previous studies showed reduction in amplitude and
latencies in PERG in the amblyopic eye compared with the
non-amblyopic eye [2, 10, 11, 36]. Other investigators did not
observe any change in PERG latencies between amblyopes and
healthy controls [6, 8]. Masoud Shoushtarian et al. showed sig-
nificantly higher latency in PERG in myopes; however, there
was no significant difference in the PERG amplitude when fix-
ation was optimized [2]. Reduced pattern ERG in amblyopic
eyes was attributed to minimal optical focus and to fixation in-
stability [15]. A study conducted by Chu et al. has evaluated the
effects of unsteady fixation on mfERG by asking normal controls
to repeatedly and voluntarily move their fixations as to mimic
unsteady fixation [15]. They concluded that unsteady fixation
was in fact related to reduced amplitude mostly for central
mfERG, if the fixation was unsteady enough (more than 2° mag-
nitude of unsteady fixation) [15]. Zhang et al. used an eye tracker
to assess fixation stability in 6 amblyopic patients and compared
the results to their mfERG results; indeed they found a correla-
tion between fixation instability and reduced mfERG central am-
plitudes [37]. On the other hand, Brown et al. showed that the
mfERG central amplitudes of amblyopic eyes were significantly
reduced in 2 patients who had similar fixation stability between
normal and amblyopic eyes thereby strengthening the hypothesis
that these amplitude changes were not artifacts [24]. Therefore,
the integrity of the quality of the data obtained in any study
depends on the quality of fixation of the subjects especially for
the rings 1 and 2 responses [15, 16, 37].

In our study, subjects’ age ranged between 7 and 40 years
allowing us to optimize fixation, and patients with poor fixation
were excluded. The binocular stimulation of amblyopic patients
in this study likely reduced the effect of fixation instability on the
quality of mfERG because conjugate movements would equally
effect fixation in both amblyopic and fellow eyes. Even after
optimizing fixation, significant differences were still found in
the studied parameters. Amplitudes were significantly lower in
amblyopic eyes using multifocal ERG in contrast to other studies
that found no changes in amplitudes and no abnormalities in
PERG in amblyopic eyes [6, 7, 35]. While it might seem surpris-
ing for a same pathology to cause changes in mfERG but not in
PERG, this phenomenon is not uncommon. When a disease
causes changes in the retina at the level of fovea and para-
foveal areas, we can expect changes on the mfERG that are not
necessarily observed on the PERG since the periphery would be
relatively spared. Antimalarial toxicity provides an example of
such pathologies where mfERG has shown potential superiority
in screening and diagnosis likely due to macular predominance

of involvement [38-40]. Best vitelliform macular dystrophy is
another example of pathology that only causes mfERG abnor-
malities [41, 42]. Our work demonstrated multifocal ERG func-
tional deficits in amblyopic eyes where scans showed consistent-
ly decreased amplitudes in amblyopic eyes compared with fellow
eyes mainly in the central response. These findings were
completely confirmed in severely amblyopic eyes but did not
reach significance in mild amblyopes. However, flash ERG did
not show any of these differences when comparing amblyopic
and non-amblyopic eyes, which highlights the value of multifo-
cal ERG in this setting.

Only few other studies have looked at multifocal ERG in
amblyopia. The results of those studies were commensurate
with ours as the amplitudes were reduced in the amblyopic
eyes as compared with normal subjects [21, 22]. However,
those studies looked at anisometropic amblyopia only. This
further supports the notion that there are functional and ana-
tomical changes in the retina (central and peripheral) in pa-
tients with amblyopia. In fact, retinal changes are also seen in
patients with other neurological and neurodegenerative dis-
eases like Alzheimer’s disease, Parkinson’s disease, and mul-
tiple sclerosis [43, 44]. Those findings may help understand
the pathophysiology of amblyopia better and open the door for
new objective ways to monitor the response to amblyopia
treatment but this needs to be further studied.

Our study had some limitations that ought to be ad-
dressed. First, because of the sparsity of studies directly
relating to this topic, as well as the straight relevance of
the referenced foreign studies to ours, we included trans-
lated abstracts from China and Russia with no access to
their content. Additionally, we examined a relatively small
sample size (38patients) without having a control group of
non-amblyopic subjects to compare with. We also exclud-
ed patients with poor eye fixation. Ideally, quantitative
recordings of fixation performance should be provided,
which was not feasibly done in this study. We did however
try to overcome fixation instability confounding, by using
binocular stimulation which would help in anisometropic
eyes but not in patients with strabismus. For the latter
group, we assessed fixation directly with a camera. The
use of an observer-dependent camera could seem less ac-
curate; nonetheless, there was no significant difference
between eyes with anisometropia and those with strabis-
mus and that favors the lack of confounding by fixation
stability issues. Patients were selected to be 7 years of age
or older because younger patients would be uncooperative
and we obtained a wide age range; keeping in mind that
vision function deficits may be more pronounced in older
subjects. Finally, our analysis did not include the nature of
the refractive error.

In conclusion, using multifocal ERG, significantly de-
creased amplitudes were observed in amblyopic eyes com-
pared with normal fellow eyes in the central ring. This
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correlated with the severity of amblyopia. No difference was
observed when comparing the two groups of amblyopia (stra-
bismic and anisometropic).
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