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Abstract: Objective: To compare peripapillary retinal nerve fiber layer thickness (RNFLT), macular foveal thickness,
and perimacular RNFLT in children with hyperopic amblyopia using optical coherence tomography (OCT). Methods:
This retrospective case-control study included 140 children (214 eyes) with hyperopic amblyopia and 60 normal
children (120 eyes) examined from June 2023 to June 2024. Amblyopia severity was classified according to best-
corrected visual acuity (BCVA) in the amblyopic eye as mild (20/32-20/40), moderate (>20/40-20/100), or severe
(>20/100). OCT was used to measure peripapillary RNFLT, foveal thickness, and perimacular RNFLT. Correlations
with axial length and spherical equivalent refraction were analyzed, and multivariable logistic regression was per-
formed. Results: Compared with controls, children with moderate and severe amblyopia had significantly great-
er peripapillary RNFLT, macular foveal thickness, and inner-ring perimacular RNFLT (P<0.05). Severe amblyopia
showed thicker superior, nasal, and temporal peripapillary RNFLT and greater foveal thickness than mild amblyopia
(P<0.05). Peripapillary RNFLT was positively correlated with spherical equivalent refraction. Superior peripapillary
RNFLT, superior inner-ring perimacular RNFLT, and foveal thickness were independently associated with moderate-
to-severe amblyopia (P<0.05). Conclusion: OCT demonstrates progressive thickening of selected peripapillary and
macular structural parameters with increasing amblyopia severity. These parameters may serve as objective adjunc-
tive markers for severity assessment and follow-up in children with hyperopic amblyopia.
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Introduction

Amblyopia is a condition in which the best cor-
rected visual acuity of one or both eyes is lower
than the age-appropriate level, without corre-
sponding organic changes in the eye that
explain the vision loss. Amblyopia seriously
impairs children’s visual function, primarily due
to insufficient visual stimulation during the criti-
cal period of visual development, leading to
monocular or binocular visual developmental
disorders [1]. Amblyopia can be classified
into five types: monocular strabismus, aniso-
metropia, high ametropia, form deprivation,
and others. Among these, ametropic amblyopia
is more common; according to data, ametropia

accounts for 99.43% of diagnosed poor vision
in children [2]. The pathogenesis of ametropic
amblyopia remains unclear, but it is thought to
involve injury and dysfunction of the retina, reti-
nal ganglion cells, optic nerve, and lateral
geniculate body of the thalamus [3]. Compared
with children with normal vision, children with
amblyopia exhibit various degrees of retinal
changes, among which retinal nerve fiber layer
thickness (RNFLT) is one of the most influential
parameters. RNFLT abnormalities can cause
optic nerve atrophy, reduced visual fields, and
decreased visual function [4]. Therefore,
assessment of RNFLT is important for evaluat-
ing fundus lesions in patients with amblyopia.
Optical coherence tomography (OCT) is an infra-
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red scanning tomography technique that al-
lows clear in vivo observation of retinal histo-
morphological changes [5]. In this study, OCT
was used to observe changes in peripapillary
RNFLT, macular fovea thickness, and perimacu-
lar RNFLT in children with hyperopic am-
blyopia.

Subjects and methods
Study design and participants

This retrospective case-control study included
140 children (214 eyes) with hyperopic ametro-
pic amblyopia examined at the General Hospital
of Ningxia Medical University from June 2023
to June 2024. Inclusion criteria were as follows:
(1) Meeting the diagnostic criteria for hyperopic
amblyopia [6]; (2) Age 6-12 years; (3) Normal
intraocular pressure, anterior segment, and
fundus examination; (4) No history of ocular or
craniocerebral surgery; (5) Complete examina-
tion data. Exclusion criteria were: (1) Presence
of strabismus or nystagmus; (2) Presence of
macular hole, epiretinal membrane, uveitis, or
other diseases; (3) Absolute astigmatism value
>1.50 D; (4) Hereditary fundus or ocular sur-
face diseases; (5) Systemic organic diseases;
(6) Children unable to cooperate with the
examination.

Another 60 children were selected as the nor-
mal control group, including 36 males and 24
females, aged 6-12 years, with mean age
8.49+1.32 years, mean axial length 22.51+
0.75 mm, and mean spherical equivalent
0.61+1.04 D. There were no significant differ-
ences in general data between the two groups.
Amblyopia severity was graded by BCVA of the
amblyopic eye as follows: mild, 20/32-20/40;
moderate, >20/40-20/100; and severe, >20/
100. This study was approved by the Ethics
Committee of the General Hospital of Ningxia
Medical University.

Ophthalmic examination

In the amblyopia group, distance vision, anteri-
or segment, fundus, intraocular pressure, eye
position, and eye movements were examined.
Spherical equivalent was measured by auto-
mated computer optometry, and axial length
was measured using an IOL-Master (Zeiss,
Germany).
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OCT examination

OCT examination was performed after pupillary
dilation with the participant seated, using
a SPECTRALIS spectral-domain OCT device
(SD-OCT; Heidelberg Engineering, Heidelberg,
Germany). The device used an 880-nm OCT
superluminescent diode and acquired retinal
images at an A-scan rate of 40 kHz, with an
axial digital resolution of 3.9 um/pixel, a lateral
digital resolution of 5.7 uym/pixel, and a scan
depth of 1.9 mm in retinal tissue. The automat-
ic real-time eye-tracking and averaging function
was applied during image acquisition.

Peripapillary RNFLT was measured using the
standard RNFL circular scan protocol, with a
circular scan centered on the optic disc and a
scan diameter of 3.46 mm. The automatic real-
time averaging value was set to 100 frames for
the peripapillary circular scan. Sectoral RNFLT
values were recorded for the superior, tempo-
ral, inferior, and nasal quadrants.

Macular scanning was performed using a
fovea-centered three-dimensional macular vol-
ume scan. The scan area was set to 20° x 20°,
consisting of 49 horizontal B-scans, with each
B-scan averaged using 9 automatic real-time
frames. Macular thickness was analyzed
according to the Early Treatment Diabetic
Retinopathy Study grid, including the 1-mm
central foveal area, the 1-3 mm inner ring, and
the 3-6 mm outer ring, with sectoral values cal-
culated for the superior, temporal, inferior, and
nasal regions.

All scans were obtained by the same experi-
enced operator. During acquisition, the OCT
image was aligned within the optimal focus
range, and real-time eye tracking was activated
to minimize motion artifacts. Images with obvi-
ous motion artifacts, decentration, segmenta-
tion errors, or poor signal quality were reac-
quired before analysis.

Statistical analysis

Data were analyzed using SPSS 21.0. Mea-
surement data conforming to a normal distribu-
tion were expressed as mean + standard devia-
tion. Data from different amblyopia severity
groups and the control group were compared
using one-way analysis of variance. Pairwise
comparisons between groups were performed
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Table 1. Comparison of general data between the two groups

Group n Sex (male/female) Mean age (years) Axial length (mm)  Spherical equivalent (D)
Amblyopia group 140 74/66 8.75+1.63 22.01+0.95 1.51+3.13
Control group 60 36/24 8.49+1.32 22.51+0.75 0.61+1.04

t/x? 0.866 3.620 2.174

P value 0.352 <0.001 0.031

Table 2. Comparison of peripapillary RNFLT between the two groups (in um (X * s))

Region

Control group  Mild amblyopia Moderate amblyopia Severe amblyopia

F P

(n=120) (n=72) (n=74) (n=68)
Above 144.69+12.13 144.60+10.84  158.20+17.26™* 173.58+22.14"#4  60.262 <0.001
Nasal side 88.21+17.05 90.23+11.75 92.68+12.01" 100.15+13.25"#4  10.719 <0.001
Below 146.03+8.11 154.25+22.36 161.42+26.02" 167.58+25.37"#* 18,934 <0.001

Temporal side  90.57+8.16 90.7519.58

95.74+7.69"*

96.03+7.17"# 11.133 <0.001

Note: RNFLT, retinal nerve fiber layer thickness. Compared with the control group, “P<0.05; compared with the mild amblyopia
group, #P<0.05; compared with the moderate amblyopia group, “P<0.05.
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Figure 1. Comparison of RNFLT in various regions
around the optic disc between two groups of chil-
dren. Note: RNFLT, retinal nerve fiber layer thickness.
Compared with the control group, *P<0.05; com-
pared with the mild amblyopia group, #P<0.05; com-
pared with the moderate amblyopia group, AP<0.05.

using the LSD method. Multivariate logistic
regression was used to analyze factors influ-
encing moderate-to-severe amblyopia. A P-
value <0.05 was considered statistically signi-
ficant.

Results

Comparison of general data between the two
groups

There were no statistically significant differenc-
es in general characteristics such as gender
and average age between the two groups
(P>0.05). The amblyopia group had a shorter
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axial length and a higher equivalent spherical
refractive power compared to the control group,
with statistically significant differences (P<
0.05) (Table 1).

Comparison of peripapillary RNFLT between
the two groups

Peripapillary RNFLT in the moderate and severe
amblyopia groups was greater than that in the
control group (P<0.05). Superior and temporal
RNFLT in the moderate amblyopia group was
greater than that in the mild amblyopia group
(P<0.05). Superior, nasal, and temporal RNFLT
in the severe amblyopia group was greater than
that in the moderate amblyopia group (P<0.05)
(Table 2; Figure 1).

Comparison of macular fovea thickness be-
tween the two groups

Macular foveal thickness in the moderate and
severe amblyopia groups was greater than that
in the control group, and foveal thickness in the
severe amblyopia group was greater than that
in the mild amblyopia group (P<0.05) (Table 3;
Figure 2).

Comparison of perimacular RNFLT between
the two groups

Perimacular RNFLT (superior, inferior, nasal,
and temporal of the inner ring) in the moderate
and severe amblyopia groups was greater than
that in the control group (P<0.05). Superior,
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Table 3. Comparison of macular fovea thickness between the two groups (in ym (X £ s))

Control group

Region (n=120)

amblyopia
(n=72)

Moderate Severe
amblyopia amblyopia F P
(n=74) (n=68)

Macular center Concave thickness 222.85+20.64 223.20+16.89 230.47+19.48" 237.74+17.60"* 10.780 <0.001

Note: Compared with the control group, “P<0.05; compared with the mild amblyopia group, #P<0.05.
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Figure 2. Comparison of macular foveal thickness
between two groups of children. Note: RNFLT, retinal
nerve fiber layer thickness. Compared with the con-
trol group, *P<0.05; compared with the mild amblyo-
pia group, #P<0.05.

inferior, and nasal inner-ring RNFLT in the mod-
erate amblyopia group was greater than that in
the mild amblyopia group (P<0.05). Perimacular
RNFLT (superior, inferior, nasal, and temporal of
the inner ring) in the severe amblyopia group
was greater than that in the mild amblyopia
group (P<0.05) (Table 4; Figure 3).

Relationship between peripapillary RNFLT,
axial length, and spherical equivalent in chil-
dren with amblyopia

There was a significant positive correlation
between peripapillary RNFLT and spherical
equivalent in children with amblyopia (P<0.05)
(Table 5).

Relationship between macular foveal thick-
ness and axial length and spherical equivalent
in children with amblyopia

There was no significant correlation between
macular foveal thickness and axial length or
spherical equivalent in children with amblyopia
(P>0.05) (Table 6).
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Relationship between perimacular RNFLT and
axial length and spherical equivalent in chil-
dren with amblyopia

There was no significant correlation between
perimacular RNFLT and axial length or spheri-
cal equivalent in children with amblyopia (P>
0.05) (Table 7).

Multivariate logistic regression analysis of
moderate-to-severe amblyopia

Using “moderate-to-severe amblyopia (moder-
ate + severe)” as the dependent variable (1 =
moderate/severe, O = control/mild), the above
indicators were included in the logistic model.
The results showed that superior peripapillary
RNFLT, superior inner-ring perimacular RNFLT,
and macular foveal thickness were influencing
factors for the occurrence of moderate-to-
severe amblyopia (P<0.05) (Table 8).

Discussion

After birth, the visual system can adjust its
inherent neural connections and synaptic struc-
ture according to the visual environment. This
stage is medically termed the critical period of
visual developmental plasticity, during which
the system is highly sensitive to external envi-
ronmental stimulation [7]. Amblyopia is a group
of low vision syndromes characterized by spa-
tial visual disorders caused by abnormal visual
experience during the sensitive period of visual
development. Infants and young children are
prone to ametropia during this critical period. If
not corrected with appropriate glasses, the tar-
get image cannot be accurately focused on the
retina, resulting in blurred vision. Therefore, the
retinal mechanism of amblyopia remains a
focus of visual research and yet it is still contro-
versial [8].

During fetal development, the cell density of
the retinal ganglion cell layer generally reaches
its highest value at 18-30 weeks of gestation,
then decreases rapidly, reaching its lowest
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Table 4. Comparison of perimacular RNFLT between two groups (in um (X % s))

Control group Mild amblyopia Moderate amblyopia Severe amblyopia

Region (n=120) (n=72) (n=74) (n=68) P
Above the inner ring 25.04+6.02 25.37+3.18 28.75+2.59"# 27.88+3.78"# 14.465 <0.001
Temporal side of innerring  14.53+5.42 14.31+5.37 16.87+4.20" 17.65+3.81"# 9.33 <0.001
Below the inner ring 16.24+7.54 16.49+8.74 19.34+4.28"# 21.60+6.07"# 10.648 <0.001
Nasal side of inner ring 22.20+5.17 22.57+8.72 25.56+9.69"* 27.80+7.70"* 9.574 <0.001
Above the outer ring 40.67+5.84 41.16+6.83 40.74+5.21 42.21+10.84 0.74  0.529
Temporal side of outer ring  46.36+7.08 45.60+4.52 44.83+5.12 45.01+6.11 1.272 0.284
Below the outer ring 36.22+5.47 36.46+9.39 35.82+7.74 34.01+9.05 1.503 0.214
Nasal side of outer ring 45.73+4.19 44.51+5.28 44.34+45.74 45.35+5.09 1.602 0.189

Note: RNFLT, retinal nerve fiber layer thickness. Compared with the control group, “P<0.05; compared with the mild amblyopia group, “P<0.05.
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Figure 3. Comparison of RNFLT around the macular area between two
groups of children. A. Comparison of RNFLT values in each region of the
inner ring; B. Comparison of RNFLT values in different regions of the outer
ring. Note: RNFLT, retinal nerve fiber layer thickness. Compared with the
control group, *P<0.05; compared with the mild amblyopia group, #P<0.05.

value at 4 weeks after birth [9]. The mecha-
nism underlying RNFLT thickening should be
interpreted cautiously. Rather than attributing
the finding only to an “abnormal reduction of
ganglion cells”, a more plausible explanation is
that amblyopia-related visual deprivation dur-
ing the sensitive developmental period may
alter normal postnatal pruning and maturation
of retinal ganglion cell pathways. In addition,
device-based thickness changes may also be
influenced by differences in glial support, reti-
nal structural remodeling, or microvascular/
hemodynamic alterations that have been
reported in OCT angiography studies of amblyo-
pia. Therefore, the present findings support a
structural association but do not by themselv-
es establish a single histopathological mecha-
nism [10, 11]. Observing changes in RNFLT
is of great significance for the early prevention
and treatment of related ophthalmopathies.
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Currently, OCT is commonly
used in clinical practice to
measure RNFLT, and values
vary by region. Some scholars
have examined the eyes of
children with hyperopic ambly-
opia and normal children and

«© © found that peripapillary RNFLT
S in amblyopic children is signifi-
é@e" cantly greater than that in nor-
&4} mal eyes, but the difference

in macular foveal thickness
was not statistically significant
[12]. Other studies have found
that the average peripapillary
RNFLT in amblyopic children
was significantly greater than
that in the control group, but
there was no statistical differ-
ence in perimacular measure-
ments compared with the control group [13,
14]. Our results showed that peripapillary
RNFLT in the severe amblyopia group was
greater than that in the control and mild ambly-
opia groups, and macular foveal thickness in
the severe amblyopia group was greater than
that in the control and mild amblyopia groups.
Thus, changes in RNFLT can indirectly reflect
the state of retinal ganglion cells and provide a
clinical basis for further study of the pathogen-
esis of amblyopia. Some scholars have found
that nasal perimacular RNFLT in amblyopic chil-
dren was significantly greater than that in the
control group [15]. Our results showed that
perimacular RNFLT in the moderate and severe
amblyopia groups was greater than that in the
control group, which may be related to the fact
that the outer ring region is not involved in or
has little influence on the occurrence of ambly-
opia. In this study, there was a significant posi-
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Table 5. Relationship between peripapillary RNFLT, axial length, and spherical equivalent in children
with amblyopia

. Eye axis Equivalent spherical lens
Region
R R? P R R? P
Above -0.004 - 0.441 0.328 0.108 0.001
Nasal side -0.055 - 0.078 0.295 0.087 0.002
Below -0.062 - 0.060 0.440 0.194 <0.001
Temporal side -0.155 0.025 0.074 0.454 0.206 <0.001

Note: RNFLT, retinal nerve fiber layer thickness; R, correlation coefficient; R?, coefficient of determination.

Table 6. Relationship between macular foveal thickness and axial length and spherical equivalent in
children with amblyopia

. Eye axis Equivalent spherical lens
Region
R R? P R R? P
Macular fovea thickness -0.102 0.010 0.308 0.098 0.010 0.312

Note: R, correlation coefficient; R?, coefficient of determination.

Table 7. Relationship between perimacular RNFLT and axial length and spherical equivalent in chil-
dren with amblyopia

. Eye axis Equivalent spherical lens
Region
R R?2 P R R?2 P

Above the inner ring -0.154 0.024 0.105 0.182 0.033 0.057
Temporal side of inner ring -0.159 0.025 0.079 0.173 0.030 0.059
Below the inner ring -0.120 0.014 0.241 0.012 - 0.245
Nasal side of inner ring -0.055 0.003 0.572 0.023 0.001 0.753
Above the outer ring 0.134 0.018 0.145 -0.125 0.016 0.204
Temporal side of outer ring 0.052 0.003 0.060 -0.149 0.022 0.139
Below the outer ring 0.026 - 0.237 -0.174 0.030 0.084
Nasal side of outer ring 0.149 0.022 0.074 -0.032 0.001 0.088

Note: RNFLT, retinal nerve fiber layer thickness; R, correlation coefficient; R?, coefficient of determination.

Table 8. Multivariate logistic regression analysis of moderate-to-severe amblyopia

Variable B SE Wald x? P value OR (95% CI)
RNFLT around the optic disc - above 2.315 0.31 55.752 <0.001 10.123(5.513, 18.587)
Macular fovea thickness 1.039 0.288 12.988 <0.001 2.827 (1.606, 4.975)

RNFLT around the macular area - above the inner ring 1.295 0.291 19.748 <0.001 3.652 (2.063, 6.466)

Note: RNFLT, retinal nerve fiber layer thickness; SE, standard error; OR, odds ratio; Cl, confidence interval.

tive correlation between peripapillary RNFLT
and spherical equivalent in amblyopic children.
The reason may be that the degree of amblyo-
pia worsens as the hyperopic spherical equiva-
lent increases, and the normal decline in gan-
glion cells caused by amblyopia is reduced,
resulting in increased RNFLT [16, 17]. There
was no significant correlation between macular
foveal thickness or perimacular RNFLT and
axial length or spherical equivalent in amblyo-
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pic children, which may indicate that RNFLT in
these regions is not involved in the occurrence
of amblyopia.

This study shows that in moderate-to-severe
hyperopic amblyopia, peripapillary RNFLT, mac-
ular foveal thickness, and inner-ring perimacu-
lar RNFLT are all increased. Superior peripapil-
lary RNFLT, superior inner-ring perimacular
RNFLT, and macular foveal thickness are influ-
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encing factors for the occurrence of moderate-
to-severe amblyopia. In addition to cortical
pathway changes, the structure of the retina
and optic nerve may also be involved in amblyo-
pia. Previous reports have shown that the direc-
tionality of RNFL and macular thickness chang-
es is not completely consistent, and these
differences may be related to differences in
refractive status, OCT equipment, and normal
reference databases for children [18]. There-
fore, OCT structural parameters can serve as
an objective supplement for severity stratifica-
tion and follow-up, but treatment should still fol-
low standardized refractive correction and
occlusion/visual training strategies [19].

In summary, in children with hyperopic amblyo-
pia, peripapillary RNFLT, macular foveal thick-
ness, and perimacular RNFLT gradually thicken
with increasing amblyopia severity. Measure-
ment of these indices is of great significance
for clinical treatment and prognosis evaluation
in children with amblyopia.
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