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Evaluation of the Macular Thickness by Optical Coherence Tomography in
Amblyopia

Suat Altindag’, Muhammed Sahin’

ABSTRACT

Objective: To measure and compare macular thicknesses (MT) in patients that have amblyopia and control group eyes
with optical coherence tomography (OCT) and to define OCT as an early diagnosis tool.

Methods: 27 patients having amblyopia associated strabismus classified as group 1, 18 patients having amblyopia
associated anisometropia classified as group 2 and 45 healthy volunteers classified as group 3 were enrolled into the
study. All participants were underwent into the full ophthalmological examination and were measured MT by OCT.

Results: There was a statistical significance between control group and group 1 in central MT (p=0.01). But there was
no significant differences between areas as we divided the macular thicknesses other quadrants. When we compare
group 2 and group 3 there was thinner statistical significance in temporal quadrants (p=0.04). There was no significant
difference between the other quadrants and central MT (p<0.05). There was significant difference between group 1 and
group 2 in central MT (p=0.03). No significant difference was found between group 1 and group 2 in other quadrants
(p<0.05).

Conclusion: Changes in macular thicknesses in strabismic amblyopia measured by OCT shows that structural changes
can develop in amblyopia. OCT gives hope as early diagnosis tool with the non-invasive feature in vivo. J Clin Exp Invest
2016; 7 (2): 178-183
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Ambliyopi Olgularinda Makula Kalinliginin Optik Koherens Tomografi ile Degerlendirilmesi

OZET

Amag: Bir gdzli ambliyop olan hastalarin makula kalinhigini (MK), makuladaki yapisal degisiklikleri, saglikh kontrol grubu
gOzlerinin makula parametreleriyle optik koherens tomografi (OKT) yoluyla dederlendirmektir.

Yontemler: Sasiliga bagli ambliyopisi olan 27 gz grup 1, anizometropiye bagli ambliyopisi olan 18 géz grup 2 ve
ambliyopisi olmayan 45 g6z ise grup 3 olarak siniflandirildi ve kendi aralarinda karsilastirildi. Tim olgularda tam bir
oftalmolojik muayeneye ek olarak OKT ile MK analizi yapild.

Bulgular: Grup 1 ile grup 3 karsilastirildiginda santral MK, istatistiksel anlamli olarak grup 1'de daha kalin bulundu
(p=0,01). Diger makula kadranlari arasinda ise istatiksel olarak anlamli bir fark bulunmadi. (p<0,05). Grup 2 ile grup
3 karsilastinldiginda temporal kadran MK'da, istatistiksel anlamli olarak grup 2'de daha ince bulundu (p=0,04). Diger
makula kadranlari arasinda ise istatiksel olarak anlamli bir fark bulunmadi. (p<0,05). Grup 1 ile grup 2 karsilastirildiginda
grup 1 santral MK, istatistiksel anlamli olarak daha kalin bulundu (p=0,03). Diger makula kadranlari arasinda ise istatiksel
olarak anlaml bir fark bulunmadi. (p<0,05).

Sonug: Ambliyopide saptanan makula kalinhgindaki degisiklikler, makula da yapisal degisikliklerin olabilecegini gos-
termektedir. in vivo, non-invaziv bir gériintiileme yéntemi olan OKT ambliyopi olgularinda erken tani araci olarak umut
vaad edebilir.

Anahtar kelimeler: Ambliyopi, makuler kalinlk, optik koherens tomografi
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INTRODUCTION

Amblyopia is characterized by a reduction in visual
acuity in one or both eyes during visual development
due to visual deprivation or abnormal binocular inter-
action, with no identifiable organic cause [1,2]. Al-
though it is defined as a difference of two or more rows
between the two eyes in the Snellen chart, the severity
of amblyopia varies from not being able to read a few
characters on the 10/10 row to having visual acuity
at the level of hand motions. The condition is usually
unilateral but may also be bilateral. Various studies
have determined the prevalence of amblyopia as 2-5%
[3-5]. In Turkey, Caca et al. found a prevalence of
2.6% among pediatric patients [6]. Amblyopia is the
most common sensory abnormality seen with strabis-
mus and is the most common cause of low vision in
pediatric patients. Amblyopia is classified into three
subtypes: strabismic, anisometropic and deprivational
[7]. Children are most susceptible to amblyopia at 2-3
years of age, and susceptibility gradually decreases
until age 6-7, when visual development is complete
and the retinocortical pathways and visual centers are
resistant to abnormal visual input [8].

Diagnosis and treatment in the early stages is crit-
ical in order to enable binocular vision and prevent the
progression of amblyopia. Autopsy studies of patients
with strabismus have revealed that the cells of the lat-
eral geniculate nucleus (LGN) are smaller and fewer
in number in these patients [9]. In animal studies it has
been demonstrated that blurred vision and strabismus
in early visual development may case structural and
functional damage to the LGN and striate cortex [10].
Although the primary manifestations of strabismus
and amblyopia are changes in the visual cortex, it is
also possible to detect changes in the retina secondary
to strabismus and amblyopia by quantitatively evalu-
ating macular thickness (MT) with optical coherence
tomography (OCT).

OCT was first introduced by Fujimoto of the
Massachusetts Institute of Technology and the first ru-
dimentary OCT devices came into use in ophthalmol-
ogy [11]. OCT is a noninvasive and noncontact meth-
od that allows high-resolution cross-sectional imaging
of tissues. The aim of this study was to assess retinal
structural changes and evaluate the utility of OCT as
an early diagnostic tool in amblyopia by comparing
MT in amblyopic eyes with eyes of healthy control
subjects.

METHODS

The study included 45 patients with amblyopia who
were examined in the Strabismus Unit of the Dicle
University School of Medicine Department of Oph-
thalmology between August 2012 and May 2014. The
study was conducted in accordance with the statutes
of the Declaration of Helsinki and participants signed
informed consent forms.

A detailed medical history was obtained from all
study participants. Patients were asked about age, gen-
der and systemic diseases. Corrected visual acuity was
assessed using the Snellen chart, intraocular pressure
was measured with pneumotonometer, and slit-lamp
examination of the anterior segment was performed.
All patients were assessed for strabismus using alter-
nating cover tests. Near and distance angles of devia-
tion were measured in patients with strabismus using
the prism cover test. Refractive errors were assessed
with autorefractometer and skiascope 30 minutes af-
ter 3 instillations of 1% tropicamide drops (Tropamid,
Bilim, Turkey) at 10 minute intervals. Corrected visu-
al acuity was measured after correcting for refractive
errors. Fundoscopy was performed using a +90 D non-
contact lens to examine the fundus for pathology. Cri-
teria used for a diagnosis of amblyopia were complete
or near complete vision in one eye, a difference in best
corrected visual acuity between the two eyes of two or
more Snellen rows, and the absence of signs of organic
pathology in the eye with low vision. Exclusion criteria
included presence of nystagmus; intraocular pressure
over 21 mmHg as measured by pneumatic tonometry;
presence of corneal or lens opacity which would im-
pair vision and prevent imaging; abnormal appearance
of the optic nerve head, macular or vascular structures;
presence of peripapillary choroidal atrophy; spherical
or cylindrical refractive error greater than + 5.0 D in
both eyes; and presence of eccentric fixation. Patients
with spherical or cylindrical refractive error over + 1.0
D were not included in the study group. Differences of
2 D in spherical equivalent and over 1 D in refraction
were accepted as anisometropia.

According to these criteria, the study participants
were analyzed in three groups: group 1 included 27
eyes of patients with strabismic amblyopia, group
2 comprised 18 eyes of patients with anisometropic
amblyopia, and group 3 included 45 eyes of control
patients.
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OCT Measurements

MT was measured with a Spectralis® OCT instrument
(Heidelberg Engineering, Heidelberg, Germany) while
the pupils were still dilated from the instillation of 1%
tropicamide for refraction measurements. A 6 mm
ETDRS ring with 9 regions was used when assessing
macular thickness (Figure 1). The macular map was
divided into 9 regions: 3 concentric rings of 1, 3 and
6 mm diameter for the fovea, inner macula and outer
macula, with the outer concentric rings divided into 4
quadrants each. In the current study, the fovea, inner
inferior, inner nasal, inner superior and inner temporal
regions were taken as the macula. All measurements
were performed by the same experienced technician
(SA).

Statistical Analysis

SPSS version 18.0 (Statistical Package for the Social
Sciences, IBM, USA) was used for all statistical anal-
yses. Categorical variables were expressed as number
and percentage, numerical variables as mean and stan-
dard deviation. The chi-square test was used in com-
parisons of categorical values. In comparisons of nu-
merical values within groups, one-way ANOVA was
used for data with normal distribution and the Krus-
kal-Wallis test was used for data with non-normal dis-
tribution. The chi-square and Mann-Whitney U tests
were used in comparisons between groups. The level
of significance was accepted as 0.05 for all analyses.

RESULTS

Demographic Characteristics

The mean ages of the study groups were 11.9+6.3
(range, 4-28) years for the 27 patients with strabismic
amblyopia, 11.3£3.5 (range, 6-18) years for the 18
patients with anisometropic amblyopia, and 11.4+5.2
(range, 4-28) years for the 45 control subjects. There
were no significant differences in age or gender be-
tween the groups (p>0.05). The patients’ demographic
characteristics are shown in Table 1.

Table 1. Patients’ demographic characteristics according to
three groups

Group 1 Group 2 Group 3
Age (years) 119+6.3 113+35 11.4+5.2
Gender (male) 14 (52%) 10 (55%) 24 (53%)
Gender (female) 13 (48%) 8 (44%) 21 (46%)

Macular Thickness

Central MT and 3 mm inner MT values for each group
are shown in Table 2.

Central MT was significantly greater in group 1
than in group 3 (p=0.01). No other significant differ-
ences in MT were found between groups 1 and 3 in the
other regions (p>0.05).

MT in the inner temporal region was significantly
thinner in group 2 than in group 3 (p=0.04). There
were no other significant differences in MT between
groups 2 and 3 (p>0.05).

Group 2 showed significantly lower central MT
values than group 1 (p=0.03). No statistical differenc-
es in MT were observed between groups 1 and 2 in the
superior, inferior, nasal or temporal macular regions
(p>0.05).

Table 2. Central macular thickness and 3 mm inner macu-
lar thickness values for each group

Macular
Thickness value varl)ue
(Mean£SD) (v (1-1m)
(um)
Central Group1(l) 27 303%42 0.01
Group 2 (Il) 18 278+28
Control (Ill) 45 268+ 30
Group1(l) 27 34024
Inferior (3 mm)  Group2(Il) 18 33613
Control (Il) 45  335+22
Group1(l) 27 341z%21
Superior (3 mm) Group2(ll) 18 336122
Control (Ill) 45  345+18
Group 1(l) 27 325%27
Temporal (3 mm) Group 2 (ll) 18 317 +15 0.04
Control (Il) 45 328+17
Group1(l) 27 340%33
Nasal (3 mm) Group 2 () 18 336+19  0.20
Control (Ill) 45 345+18

MT: macula thickness, SD: Standard deviation

Visual Acuity

Visual acuity was significantly lower in groups 1 and 2
compared to the control group (p=0.001), but the dif-
ference between group 1 and group 2 was not signifi-
cant (p=0.8). Evaluation of the visual acuity of each
group is shown in Table 3.
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T.ablo 3. Eyaluatlon of the Number Visual acuity p value p value
visual acuity of each group of cases (MeaniSD) (Group 1-Controls) (Group 2-Controls)

Group 1 27 0.37+0.21 0.001
Visual acuity 0\ 5 18 0.41+0.23 0.001
(Snellen)
Control 45 0.93+0.19
SD: Standard deviation
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Figure 1. Macular thickness analysis with spectral OCT (A 6 mm ETDRS ring with 9 regions was used when assessing macular

thickness)

DISCUSSION

Amblyopia is characterized by a reduction in visual
acuity in one or both eyes despite no apparent organic
pathology [12]. Although no structural abnormalities
can be detected in amblyopia, it has been shown that
anatomic and functional changes in the visual cortex
and LGN may occur due to visual deprivation [7]. The
visual pathway begins in the photoreceptor layer and
ends in the visual cortex. Therefore, amblyopia may
affect the visual pathway at various levels and bring
about certain anatomic alterations in the retina [10].
However, the changes in the retina are controversial.
Many studies have attempted to explain the relation-
ship between strabismus and amblyopia and the LGN
[10,13]. Hubel et al. [ 14] investigated projections from
the LGN to the visual cortex in monkeys with covered

eyes and found that the cortical pathways narrowed,
while the cortical pathways from the healthy eyes
widened. It has been demonstrated that blurred vision
and strabismus in early visual development may cause
structural and functional damage to the LGN and stri-
ate cortex [9,10,15,16].

OCT is a noninvasive, noncontact method for in
vivo visualization of retinal structures. In the present
study, we utilized OCT to detect changes in the reti-
nas of patients with amblyopia. Central MT of patients
with strabismic amblyopia was significantly greater
than that of patients with anisometropia and control
subjects. Furthermore, patients with anisometropic
amblyopia had higher MT values in the 3 mm inner
temporal region (in ETDRS ring) compared to control
subjects. Many studies in the literature report results
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consistent with our own, while many others have con-
tradictory findings [17-23].

In a study by Huynh et al. [20] with a large case
series, amblyopic eyes showed greater MT than nor-
mal eyes, though the difference was not statistically
significant. Dickmann et al. [24] found thicker mac-
ulas in eyes with strabismic amblyopia but detected
no difference in anisometropic amblyopia. Altintag et
al. [17] and Repka et al. [25] reported no statistically
significant differences in MT in strabismic amblyopia.
Yoon et al. [18] found no difference in MT between
the amblyopic and normal eyes of patients with unilat-
eral anisometropic amblyopia, but reported the retinal
nerve fiber layer (RNFL) was thicker in the amblyo-
pic eyes. Ayyildiz and Calli [26], on the other hand,
detected a significant difference in MTs measured by
spectral domain OCT in pediatric patients with unilat-
eral anisometropic amblyopia. In a study of anisohy-
permetropic and strabismic amblyopia patients, Ergan
et al. [27] found that macular parameters were thicker
in amblyopic eyes compared to their fellow eyes. Sefi-
yurdakul et al. [28] did not detect a significant differ-
ence in RNFL thickness between eyes with strabismic
or anisohypermetropic amblyopia and normal eyes,
but found greater central MT in anisohypermetropic
amblyopic eyes. Although Ulas et al. [29] found dif-
ferences in some RNFL segments between the am-
blyopic and normal eyes of patients with unilateral an-
isometropic amblyopia, they reported that MT values
were comparable.

In a study using spectral domain OCT, no sig-
nificant difference in MT could be detected between
the amblyopic and healthy eyes of patients with stra-
bismic amblyopia [22]. In another study, All-Haddad
et al. [23] compared strabismic and anisometropic
amblyopia patients with a healthy control group; they
found a significantly greater MT in the amblyopic eyes
of the anisometropic amblyopia group, but the differ-
ence was nonsignificant in the strabismic amblyopia
and non-amblyopic anisometropia groups.

In the current study, no significant difference in
MT was detected in the superior, inferior and nasal
regions in eyes with strabismic amblyopia, but cen-
tral MT was thicker than that of the control group. It
has been theorized that the increased MT in amblyo-
pic eyes may be related to incomplete development,
particularly inhibition of the formation of the foveal
depression. However, we found that inner temporal
MT values were significantly lower in anisometropic
amblyopia patients than in control subjects. This may

be explained by the theory that the loss of different
neural cells may occur depending on the etiology of
the subtype of amblyopia.

In this study, we observed increased thickness
in certain parameters of the MT measurements of
amblyopic eyes on OCT. Despite the studies demon-
strating damage to the higher visual pathways like the
LGN and visual cortex in amblyopia, our findings of
increased macular thickness also suggests the pres-
ence of structural changes in the retina. Progressive
macular thickening in OCT measurements taken at
different times may be a indicator of amblyopia de-
velopment. Although there is a need for histological
studies demonstrating the presence of retinal damage
in amblyopia, we believe the in vivo, noninvasive im-
aging method OCT is a promising tool for the early
diagnosis of amblyopia.

In conclusion, our findings of markedly thicker
macular parameters in patients with strabismic am-
blyopia compared to the control group suggests that
although amblyopia primarily affects the visual cor-
tex, it is also a process that leads to secondary changes
at the retinal level. However, prospective studies with
larger case series and more advanced instruments
measuring a wider variety of parameters are needed.
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