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Abstract

Purpose of Review: Amblyopia is the reduction in the best-corrected visual
acuity of one or both eyes and the most common cause of the loss of vision
in children. Previously, amblyopia was thought to have no organic lesions.
However, the latest “Amblyopia Preferred Practice Pattern” of 2017 points
out that in amblyopia, the eye structure is abnormal with a defective eye func-
tion, with few differences from the structure of contralateral non-amblyopic
eyes. With the development of optical coherence tomography and optical co-
herence tomography angiography, it has been observed that even the ocular
structure of amblyopic eyes is different from that of normal eyes. Here, we
review studies investigating the changes in amblyopic eye structure upon
treatment. Review Findings: The pathogenesis of amblyopia is controversial
and not well-understood. The retina, choroid, and blood vessels of amblyopic
eyes are different from those of normal eyes. Further, the various types of
amblyopia are affected differently upon treatment. Because of the scarcity of
studies and long-term follow-up observations, the underlying reason for such
differences is unclear. Age, gender, and axial length are the influencing fac-
tors of the retina and choroid, and the relationship of these factors with am-
blyopia needs to be investigated further. Conclusion: This review will help us
understand the pathogenesis of amblyopia and the underlying mechanism for
the changes that occur upon treatment. Further, knowledge of the changes in
ocular structure summarized here will be helpful for the diagnosis and treat-
ment of amblyopia.
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1. Introduction

Amblyopia is an eye disease that seriously endangers the visual function and is
the most common cause of vision loss in children [1]. According to epidemio-
logical data, amblyopia is present in approximately 2% - 4% of children [2], with
its prevalence in preschool children gradually increasing in recent years [3]. If
not treated on time, amblyopia causes lifelong damage to a child’s vision. How-
ever, proper and timely treatment can completely cure amblyopia. Amblyopia
not only results in the decline of vision but also alters visual sensitivity, contrast,
and visual function [4]. The sensitive period of visual development is the best
period for the treatment of amblyopia [5]. Therefore, timely and appropriate
treatment of amblyopia is necessary to avoid permanent damage to an amblyo-
pic child’s vision. Although there are several studies on the histological changes
of ocular structure in patients with different types of amblyopia [6] [7], there has
not been much in-depth exploration of the dynamic changes of indicators after
amblyopia treatment. Hence, in this study, we focus on the changes in retinal,
choroidal, and vascular density of different types of amblyopia after treatment
and integrate these findings with those of previous studies to gain a comprehen-

sive understanding of the treatment of amblyopia.

2. Changes in Retinal Thickness and Retinal Nerve Fiber
Layer Thickness (RNFLT) with Treatment

The retina is a soft and transparent membrane and contains visual cells that can
be stimulated by light. The optical center of human eyes, the macular region, has
the thinnest retina, while the fovea has the highest visual acuity. Changes in the
retina are closely related to changes in visual acuity. The thickness of different
retinal zones varies with different types of amblyopia, which have been explored
in several studies.

Although there are differences in the pathogenesis of various types of amblyo-
pia, they ultimately lead to alterations in retinal thickness and RNFLT, as shown
in several studies. Kasem et al. [8] showed that the macular fovea in the myopic
anisometropic amblyopic group is thicker than in the non-amblyopic group, and
there is no significant difference in RNFLT. The foveal retinal thickness, mean
retinal thickness, and overall RNFLT of the hyperopic anisometropia amblyopic
group are higher than those of the contralateral eyes. In both the astigmatic
anisometropia amblyopic and strabismus amblyopic groups, the foveal retina is
thicker than that of the lateral eyes. However, there is no significant difference in
the overall RNFLT between the astigmatic anisometropia amblyopic and contra-
lateral eyes, while the overall RNFLT of strabismus amblyopia is thicker than
those of the contralateral eyes. The macular fovea in form-deprivation amblyo-
pia is thicker than that in the contralateral eye, but the average macular thick-
ness is not different from the overall RNFLT in the contralateral eye. Further,
Rajavi et al [9] showed that the macular foveal thickness of anisometropic am-

blyopia and strabismus amblyopia was thicker than that of lateral amblyopia.
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Moreover, in children with hyperopic anisometropic amblyopia, the average
RNFLT of the optic disc, the macular fovea, and the thickness of each zone of the
amblyopic eye are thicker than those of the contralateral eye [10]. Yong et al
[11] showed that the thickness of RNFL and fovea of the optic disc in children
with form-deprivation amblyopia was thicker than that in contralateral and
normal eyes. Many cones gather in the fovea of the macula. Further, the stimula-
tion of cones is transmitted to 17 areas of the visual center, and the visual sensi-
tivity of the fovea of the macula is the highest. Due to the lack of visual stimula-
tion in the fovea of amblyopic patients, the normal apoptosis of foveal ganglion
cells is delayed, and the macula cannot mature normally.

After treatment, the amblyopic eyes received more stimulation, and Henle’s
fibers accelerated to leave the fovea, which increased the diameter and decreased
the thickness of the foveal cone. The retinal thickness and RNFLT in the macular
region also changed accordingly. In a prospective controlled experiment by Ka-
vitha et al. [12], it was found in the follow-up of children with monocular ani-
sometropic amblyopia upon treatment for up to one year that the macular and
foveal thickness of amblyopic eyes decreased with the extension of treatment
time and the increase of the best-corrected visual acuity. There was no signifi-
cant difference in RNFLT between amblyopic eyes, contralateral non-amblyopic
eyes, and normal eyes of normal children before and after treatment. Pang et al
[13] longitudinally compared the retinal thickness of each macular region in
children with myopic anisometropic amblyopia. After 32 weeks of treatment, the
macular fovea became thinner, but the thickness of the inner and outer ring
macula did not change significantly. However, during the treatment of children
with monocular anisometropia, Yoon et al [14] showed that there were no sig-
nificant alterations in the retinal thickness of nine macular regions after treat-
ment, and the volume of the average fovea decreased. Although the thickness of
fovea was not statistically significant before and after treatment, the authors still
believed that the decrease in foveal volume was due to the decrease of foveal re-
tinal thickness after the rearrangement of foveal pyramidal cells during treat-
ment, and expanding the sample size might result in statistical significance. Peng
et al. [15] demonstrated that the fovea became thinner after 24 months of follow-
up observation on patients treated for high hyperopic amblyopia. Although the
RNFLT became thinner, the change was not as evident as that of the fovea, with
no changes until 24 months. The researchers speculated that the reason for the
insignificant change of RNFLT after treatment might be because RNFL is not
sensitive to light stimulation, and the results need to be verified for a longer
time.

Thus, several researchers have recognized the changes in retinal thickness and
RNFLT after treatment, but there is still no consensus on which zones are
changed and the underlying reason for such changes. Multicenter joint experi-
ments are needed to increase the sample size, integrate different types of am-
blyopia, and make the dynamic changes in children’s retina show more accurate

results through the extension of follow-up time.
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3. Changes in Choroidal Thickness before and after
Treatment

The choroid is a critical eye structure affecting vision. It is rich in blood vessels
and provides essential nutrients for the growth and development of the outer
layer of the retina. The tan membrane blocks the light penetrating the sclera for
clear imaging. As the most sensitive area of the visual eye region, the macular
area has the most abundant blood flow, and the thickness of the choroid is sig-
nificantly greater here than that of other areas. With the development of fre-
quency-domain enhanced depth imaging, researchers can quantitatively meas-
ure the choroidal thickness and examine the choroidal difference between am-
blyopic and normal eyes and the changes before and after treatment.

Only a few studies are present on the changes of choroidal thickness in dif-
ferent types of amblyopia with no conclusive data. Araki ef al [16] found that
the choroidal thickness of patients with anisometropic amblyopia was signifi-
cantly higher than that of the healthy side and normal control eyes. However,
there was no significant difference in the retinal or choroidal thickness between
strabismus amblyopic, healthy, and normal control eyes. They recognized that
the increase of subfoveal choroidal thickness (SFCT) was due to the inhibition of
ocular compensation and choroidal regulation of hyperopic defocus. Oner et al.
[17] did not find any significant difference in the foveal choroidal thickness be-
tween hyperopic non-amblyopia and hyperopic anisometropic amblyopia, but
the choroidal thickness in both the groups was higher than those in the normal
eyes. They speculated that the thickness of the choroid is related to the degree of
the ocular axis and hyperopia, and amblyopia may not be an independent factor.
Further, Yang et al [18] showed no significant difference in the thickness of
macular foveal choroid between the eyes of amblyopic children with hyperopic
anisometropia and contralateral normal eyes. Wan [19] also found no significant
difference in choroidal thickness in most areas of high myopic amblyopia com-
pared with high myopia with the same diopter. Thus, it is speculated that the
choroid is not involved in the pathogenesis and development of high myopia
and amblyopia. Zhang et al [20] used covariance analysis, and after excluding
the influence of eye axis on choroidal thickness, showed that the choroidal thick-
ness in the macular area of amblyopic patients was thicker than that of normal
eyes. They also speculated that the choroid was involved in the development of
severe congenital ptosis amblyopia.

Choroidal thickness changes with retinal defocus, as studied during myopia
development and validated through animal experiments. Rada and colleagues
[21] [22] reported that choroidal vascular permeability increased in chicks dur-
ing recovery from form-deprivation myopia. After myopic or hyperopic defocus
in chickens, the change of choroidal thickness brings the photoreceptor of the
retina to the focal plane, resulting in forward and backward displacement of the
retina, respectively. Choroidal thickness is involved in visual regulation through

emmetropia, retinal position adjustment, and scleral growth regulation [23]. Al-
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though the visual acuity of children with amblyopia improved after treatment, it
is still unclear whether the choroidal thickness changes. Oner and Bulut [24]
found that after six months of amblyopia treatment, the vision of patients with
anisometropic hyperopic amblyopia improved. However, they did not observe
any significant change in choroidal thickness. Since the choroidal thickness was
greater than that of the contralateral eye before and after treatment, they specu-
lated that the increase in choroidal thickness caused by amblyopia was irreversi-
ble. Likewise, Araki et al [25] also found that the choroidal thickness of amblyo-
pic eyes was thicker than that of contralateral eyes before and after treatment when
the experimental follow-up time was as long as 36 months. There was no signif-
icant change in choroidal thickness after treatment, but it continued to thicken.
A similar study of children with hyperopic anisometropia used multivariate analy-
sis of variance to adjust the axial length and diopter [26]. Although the choroidal
thickness in the fovea of amblyopic eyes and that in the nasal and temporal sides
1.5 mm and 3.0 mm away from the fovea became thinner after treatment, the
choroid in the fovea was still thicker than in the contralateral and control eyes.
Hence, the authors speculated that some areas of the choroid could return to a
normal level after amblyopia treatment. Compared with the results obtained by
Oner et al, this study showed that the reasons behind a non-significant change
were that most of the children missed the best correction period, and the treat-
ment effect was poor. Zhang et al [27] found that the postoperative choroidal
thickness of children with form-deprivation amblyopia caused by congenital im-
pairment increased, but there was no statistical significance. It was considered
that the choroidal thickness difference was caused by congenital developmental
abnormalities.

At present, it is unclear whether the choroidal thickening in hyperopic ani-
sometropic amblyopia is caused by amblyopia or hyperopia. Further, the scarcity
of studies makes it difficult to deduce the relationship between choroidal thick-
ness and ocular axis length and hyperopia degree. Hence, more data and long-
term follow-up observations are needed from each subtype to reach more relia-

ble conclusions.

4. Changes in Retinal and Choroidal Vessels before and after
Treatment

The retinal vascular network [28] is axially divided into four different capillary
plexus from inside to outside: nerve fiber layer vascular plexus (NFLVP), shallow
capillary plexus (SCP), intermediate capillary plexus, and deep capillary plexus
(DCP). The choroid [29] is rich in blood vessels and is divided into five layers
from inside to outside: Bruch membrane, choroidal capillary layer, Sattler layer,
Haller layer, and suprachoroidal cavity. Optical coherence tomography angio-
graphy [30] (OCTA) can provide colored 3D images of retinal and choroidal
perfusion vessels. It has the advantages of being non-invasive, fast, convenient,
and having high resolution. Currently, it is widely used to measure the ocular
blood vessels of amblyopic children.
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To date, only a few studies used OCTA to detect the retinal vascular system of
amblyopic patients. Further, no special attention has been given to the difference
of ocular axis length or diopter of amblyopic eyes in data analysis, even though
amblyopic eyes have a large hyperopic diopter and a short ocular axis. Noriko et
al. [31] used a customized image analysis program to correct the ratio of retinal
image to axial length in anisometropic unilateral amblyopic children and ani-
sometropic unilateral amblyopic children with strabismus. The SCP and DCP
macular vascular density of amblyopic eyes decreased, and the area of the foveal
avascular zone (FAZ) was small. Yilmaz et al [32] provided the research idea
earlier. Although the influence of axial diopter was not excluded, it was con-
cluded that the vascular density of SCP and DCP in strabismus amblyopia was
lower than that in contralateral eyes and normal eyes of healthy children. Araki
et al. [33] used OCTA to evaluate the area and vascular density of FAZ after
magnification correction of unilateral amblyopia and found that the FAZ area of
SCP of amblyopia was smaller than that of the lateral eye, while the FAZ area of
DCP of amblyopia was smaller than that of the contralateral eye, with no signif-
icant difference in macular vascular density between amblyopic and contralater-
al eyes. However, their results apply to mild amblyopia, not to medium and high
amblyopia. The decrease in vascular density in amblyopia may indicate a re-
duced demand for blood supply from the retinal artery system. The avascular
area of the fovea in amblyopic eyes is smaller, which may reflect the abnormality
or delay in foveal development. Gunzenhauser ef al [34] compared the blood
flow density in the macular area of amblyopia before and after treatment for the
first time. They found that the visual acuity of children with anisometropic am-
blyopia and strabismus amblyopia improved after treatment, and the DCP in the
whole image and retinal vascular density in the upper hemisphere increased sig-
nificantly after treatment. After adjusting the influencing factors such as age,
gender, and ametropia, Salerni et a [35] demonstrated that the vascular density
and vascular plexus of total macular SCP in amblyopic eyes with normal vision
after treatment were significantly higher than that in amblyopic and normal eyes
without response after treatment. Further, there was no difference in the vascu-
lar density and vascular plexus between amblyopic and normal eyes upon inef-
fective treatment. The blood vessels of amblyopic eyes with more sensitive treat-
ment are densely distributed, which may be due to the compensatory vascular
response in amblyopic patients who experience visual recovery after treatment.
Zhang et al. [36] adjusted the length of the ocular axis and found that the vascu-
lar density of macular SCP and DCP in children with anisometropic amblyopia
was lower than that in normal eyes. There was no significant difference in the
macular vascular density between amblyopic and normal eyes in SCP and DCP.
It shows that anisometropic amblyopia with low macular vascular density can
return to the level of healthy eyes after the complete correction of ametropia and
occlusion treatment.

There is a lack of prospective longitudinal research on the changes in retinal
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vessels before and after treatment. The existing research also lacks the under-
standing of whether the vascular response of children with effective treatment is
consistent with that of children with ineffective treatment. Further, the follow-
up time should also be extended to observe whether the changes in retinal vas-
cular density and perfusion and the avascular area of the fovea are permanent or
temporary.

The increase in choroidal capillary density provides more blood for the
thickened outer retina, which is a compensatory response to the decrease of re-
tinal vascular density in amblyopic patients [37]. The authors speculated that the
incomplete maturation of the choroidal vascular system might be a separate fac-
tor in amblyopia. Terada et al [38] showed that the vascular area of the Haller
layer in the amblyopic and contralateral eyes of children was larger than that in
healthy eyes. This means that even if the vision of the contralateral eye is nor-
mal, there may be anatomical abnormalities. After correcting the magnification
error, Araki et al [39] found that although there was no significant difference in
choroidal vascular density between unilateral hyperopic amblyopic, contralater-
al, and normal eyes, combined with the difference in total choroidal volume, the
choroidal blood flow of amblyopic eye may be greater than that of contralateral
and normal eyes. At present, the ratio of choroidal cavity area to total choroidal
area, namely choroidal vascularity, is used to quantitatively measure choroidal
vessels. Baek et al. [40] used this index in their study and showed that the aver-
age choroidal vascularity of amblyopic eyes was greater than that of normal eyes.
However, the negative correlation between choroidal vascularity and choroidal
thickness of foveal choroid thickness may indicate insufficient blood supply of
outer retina and choroid in amblyopic eyes of patients with unilateral anisome-
tropic hyperopic amblyopia. Laser speckle flowgraph is another method for
quantitative evaluation of choroidal blood flow. It can reproduce the image de-
picting the same small area in the eye at different time points. This method was
used in the case study of Hashimoto ef al [41], and it was found that the cho-
roidal blood flow of two children with anisometropic amblyopia was damaged,
and the choroidal blood flow increased after successful treatment.

At present, there are few experimental studies on the changes in choroidal
vessels after treatment. We hope that OCT and laser speckle rheogram with high
scanning speed and high penetration will be used more frequently in clinics to

help us explore the changes in choroidal vessels before and after treatment.

5. Relevant Influencing Factors
5.1. Age and Gender

To date, researchers have studied mostly preschool children [42] with amblyopia
and did not find any significant correlation between macular retina and age. The
macular thickness of boys is greater than that of girls, similar to that of adults
[43]. However, the change of choroidal thickness with age seems to involve two
different processes. Read et al [44] suggested that the choroidal thickness of
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emmetropic children positively correlated with age, while the choroidal thick-
ness of myopic children negatively correlated with age. The choroid thickens
with the natural growth of the eye, but the thickening is limited to axial elonga-
tion and the development of myopia. In adults, the choroid is thicker in men
than in women. The reason is that boys usually start puberty late, but it lasts a
long time. In studies involving children [45], the choroidal thickness or choroid-
al volume of girls was higher than that of boys, but it did not reach statistical
significance after adjusting for other relevant factors. As for the relationship be-
tween age and gender and choroidal thickness of amblyopic children, more ex-
periments are needed. Group discussion can be carried out according to the age

and whether they enter puberty to get more meaningful results.

5.2. Axial Length

Many studies have reported a correlation between retinal thickness, choroidal
thickness, and axial length in children. Yi et al [46] found that the longer the
ocular axis, the thicker the retina in the macular center, and the longer the ocu-
lar axis in other areas, the thinner the retina. In a study of 120 Asian myopic
children, Qi et al. [47] showed that for every 1 mm increase in axial length, SFCT
decreased by 18.95 pum, and the axial length negatively correlated with choroidal
thickness. Further, there is little correlation between retinal thickness, choroidal
thickness, and ocular axis in hyperopic amblyopic children. Whether the known
correlation applies to children with hyperopia and amblyopia needs more re-

search.

6. Summary

The abnormality of ocular structure and the loss of visual function in children
with amblyopia are the new directions of our research. We plan to understand
how to diagnose the severity of amblyopia through the changes in the retina,
choroid, and other indicators. Further, we also seek to observe the treatment
process with combined indicators and update and improve the treatment plan.
Careful grouping and a large sample size can solve the discrepancies in the re-
sults of the current studies. Because of the changes in the eye structure after treat-
ment, we may try to establish a recovery training center for amblyopic children
to break the problems of small sample size, single disease type, short follow-up

time, and high loss rate of most studies.

Fund Program

This study has been financially supported by the Hebei Natural Science Founda-
tion Project (No.H2020406019) and the Chengde science and technology research
and development plan project (N0.202006A038).

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this paper.

DOI: 10.4236/0joph.2022.122016

165 Open Journal of Ophthalmology


https://doi.org/10.4236/ojoph.2022.122016

L.Y.lJing etal.

References

(1]

(2]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

Park, S.H. (2019) Current Management of Childhood Amblyopia. Korean Journal
of Ophthalmology, 33, 557-568. https://doi.org/10.3341/kjo0.2019.0061

Zhang, Y., Wen, Y., Bi, A.L, et al (2020) Early Screening of Amblyopia in Pre-
school Children. International Journal of Ophthalmology, 20, 1183-1186.

Tao, R, Li, Y.C. and Jia, C.X. (2017) Epidemiological Investigation of Amblyopia in
Preschool Children. China maternal and Child Health Care, 32, 140-142.

Wallace, D.K., Repka, M.X,, Lee, K.A., et al. (2018) Amblyopia Preferred Practice
Pattern®. Ophthalmology, 125, 105-142.
https://doi.org/10.1016/j.0phtha.2017.10.008

Li, X.J. (2021) Clinical Analysis of Treatment Effect of Amblyopia Children under
Different Refractive States. Systems Medicine, 6, 22-24.

Feng, Y., Zhang, L.Y., Zheng, Z.T., et al. (2021) Changes of Macular Retinal Thick-
ness and Microvascular System in Patients with Anisometropic Amblyopia: An
OCT Based Study. New Advances in Ophthalmology, 41, 570-574.

Li, C.M. and Zhang, L. (2020) Research Progress on Pathogenesis and Ocular Struc-
ture of Amblyopia Patients. International Journal of Ophthalmology, 20, 1927-1930.

Kasem, M.A., Kasem, M.A. and Badawi, A.E. (2017) Changes in Macular Parame-
ters in Different Types of Amblyopia: Optical Coherence Tomography Study. Clin-
ical Ophthalmology, 11, 1407-1416. https://doi.org/10.2147/OPTH.S143223

Rajavi, Z., Sabbaghi, H., Behradfar, N., e a/ (2018) Macular Thickness in Moderate
to Severe Amblyopia. Korean Journal of Ophthalmology; 32, 312-318.
https://doi.org/10.3341/kjo.2017.0101

Chen, J.X. and He, H. (2019) Study on Retinal Structure of Children with Hyper-
opia Anisometropic Amblyopia. Chinese Journal of Strabismus and Pediatric Oph-
thalmology, 1, 15-19+26.

Lv, Y., Li, C, Gao, S.S. and Yang, L. (2015) Detection of Perioptic Disc RN-FL and
Macular Thickness in Children with Form Deprivation Amblyopia after Monocular
Congenital Cataract Surgery. Journal of Zhengzhou University (Medical Edition),
50, 420-423.

Kavitha, V., Heralgi, M.M., Harishkumar, P.D., et al (2019) Analysis of Macular,
Foveal, and Retinal Nerve Fiber Layer Thickness in Children with Unilateral Ani-
sometropic Amblyopia and Their Changes Following Occlusion Therapy. Indian
Journal of Ophthalmology, 67, 1016-1022. https://doi.org/10.4103/ijo.IJO_1438_18

Pang, Y., Frantz, K.A,, Block, S., et al (2015) Effect of Amblyopia Treatment on
Macular Thickness in Eyes with Myopic Anisometropic Amblyopia. Investigative
Ophthalmology & Visual Science, 56, 2677-2683.
https://doi.org/10.1167/iovs.14-15532

Yoon, D.H. and Chun, B.Y. (2018) Comparison of the Thickness and Volume of the
Macula and Fovea in Patients with Anisometropic Amblyopia Prior to and after
Occlusion Therapy. Korean Journal of Ophthalmology, 32, 52-58.
https://doi.org/10.3341/kjo.2016.0127

Peng, X.W.,, Yin, X.L,, Yang, Y., et al. (2019) Effect of Amblyopia Treatment on Re-
tinal Nerve Fiber Layer Thickness in Patients with High Hyperopia Amblyopia.
Practical Clinical Medicine, 5, 48-49+68.

Araki, S., Miki, A., Goto, K., et al (2017) Macular Retinal and Choroidal Thickness
in Unilateral Amblyopia Using Swept-Source Optical Coherence Tomography.

DOI: 10.4236/0joph.2022.122016

166 Open Journal of Ophthalmology


https://doi.org/10.4236/ojoph.2022.122016
https://doi.org/10.3341/kjo.2019.0061
https://doi.org/10.1016/j.ophtha.2017.10.008
https://doi.org/10.2147/OPTH.S143223
https://doi.org/10.3341/kjo.2017.0101
https://doi.org/10.4103/ijo.IJO_1438_18
https://doi.org/10.1167/iovs.14-15532
https://doi.org/10.3341/kjo.2016.0127

L. Y. Jing et al.

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

(29]

(30]

(31]

BMC Ophthalmology, 17, Article No. 167.
https://doi.org/10.1186/s12886-017-0559-3

Oner, V., Bulut, A., Biiyiiktarakei, S., et al (2016) Influence of Hyperopia and Am-
blyopia on Choroidal Thickness in Children. European Journal of Ophthalmology,
26, 623-626. https://doi.org/10.5301/ej0.5000703

Fu, Y., Luo, LY., Xiang, X.Q., et al (2018) Thickness Analysis of Choroidal and
Macular Ganglion Cell Complex in Hyperopia Anisometropic Amblyopia. Journal
of Shanghai Jiaotong University (Medical Edition), 38, 533-535.

Wan, J. (2019) Characteristics of Fundus Structure in High Myopia Amblyopia and
High Myopia with the Same Refractive Range. International Journal of Ophthal-
mology; 19, 1002-1006.

Zhang, W.W., Ren, X.X., Xie, J., et al. (2020) Analysis of Choroidal Thickness in Pa-
tients with Severe Congenital Ptosis with Amblyopia. Chinese Journal of Experi-
mental Ophthalmology, 38, 788-794.

Rada, J.A. and Palmer, L. (2007) Choroidal Regulation of Scleral Glycosaminogly-
can Synthesis during Recovery from Induced Myopia. Investigative Ophthalmology
& Visual Science, 48, 2957-2966. https://doi.org/10.1167/i0vs.06-1051

Rada, J.A., Wiechmann, A.F., Hollaway, L.R., ef al (2010) Increased Hyaluronan
Synthase-2 mRNA Expression and Hyaluronan Accumulation with Choroidal Thick-

ening: Response during Recovery from Induced Myopia. Investigative Ophthal-
mology & Visual Science, 51, 6172-6179. https://doi.org/10.1167/iovs.10-5522

Prousali, E., Dastiridou, A., Ziakas, N., et al. (2021) Choroidal Thickness and Ocular
Growth in Childhood. Survey of Ophthalmology; 66, 261-275.
https://doi.org/10.1016/j.survophthal.2020.06.008

Oner, V. and Bulut, A. (2017) Does the Treatment of Amblyopia Normalise Subfo-
veal Choroidal Thickness in Amblyopic Children? Clinical and Experimental Op-
tometry, 100, 184-188. https://doi.org/10.1111/cx0.12483

Araki, S., Miki, A., Goto, K., et al. (2018) Effect of Amblyopia Treatment on Cho-
roidal Thickness in Hypermetropic Anisometropic Amblyopia Using Swept-Source
Optical Coherence Tomography. BMC Ophthalmology; 18, Article No. 227.
https://doi.org/10.1186/s12886-018-0894-z

Aslan Bayhan, S. and Bayhan, H.A. (2017) Effect of Amblyopia Treatment on Cho-
roidal Thickness in Children with Hyperopic Anisometropic Amblyopia. Current
Eye Research, 42, 1254-1259. https://doi.org/10.1080/02713683.2017.1315141

Zhang, L.L., Zhao, ]., Zhang, ].M., et al. (2020) Changes of Macular Foveal Choroidal
Thickness in Form Deprivation Amblyopia after Congenital Cataract Surgery. Journal
of Clinical Ophthalmology;, 28, 528-532.

Rocholz, R., Corvi, F., Weichsel, J., et al (2019) OCT Angiography (OCTA) in Re-
tinal Diagnostics. In: Bille, J.F., Ed., High Resolution Imaging in Microscopy and
Ophthalmology, Springer, Berlin, 135-160.
https://doi.org/10.1007/978-3-030-16638-0_6

Borrelli, E., Sarraf, D., Freund, K.B., et al. (2018) OCT Angiography and Evaluation
of the Choroid and Choroidal Vascular Disorders. Progress in Retinal and Eye Re-
search, 67, 30-55. https://doi.org/10.1016/j.preteyeres.2018.07.002

Wang, X., Di, Y. and Wang, Y. (2020) Application Progress of Optical Coherence
Tomography Angiography (OCTA) in Pediatric Ophthalmopathy. Chinese Journal
of Strabismus and Pedjatric Ophthalmology, 28, 43-46.

Nishikawa, N., Chua, J., Kawaguchi, Y., et a/ (2021) Macular Microvasculature and

DOI: 10.4236/0joph.2022.122016

167 Open Journal of Ophthalmology


https://doi.org/10.4236/ojoph.2022.122016
https://doi.org/10.1186/s12886-017-0559-3
https://doi.org/10.5301/ejo.5000703
https://doi.org/10.1167/iovs.06-1051
https://doi.org/10.1167/iovs.10-5522
https://doi.org/10.1016/j.survophthal.2020.06.008
https://doi.org/10.1111/cxo.12483
https://doi.org/10.1186/s12886-018-0894-z
https://doi.org/10.1080/02713683.2017.1315141
https://doi.org/10.1007/978-3-030-16638-0_6
https://doi.org/10.1016/j.preteyeres.2018.07.002

L.Y.lJing etal.

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

[42]

[43]

(44]

Associated Retinal Layer Thickness in Pediatric Amblyopia: Magnification-Corrected
Analyses. Investigative Ophthalmology & Visual Science, 62, 39.
https://doi.org/10.1167/i0vs.62.3.39

Yilmaz, I, Ocak, O.B., Yilmaz, B.S., ef al (2017) Comparison of Quantitative Mea-
surement of Foveal Avascular Zone and Macular Vessel Density in Eyes of Children
with Amblyopia and Healthy Controls: An Optical Coherence Tomography Angio-
graphy Study. Journal of AAPOS, 21, 224-228.
https://doi.org/10.1016/j.jaapos.2017.05.002

Araki, S., Miki, A., Goto, K., et al (2019) Foveal Avascular Zone and Macular Vessel
Density after Correction for Magnification Error in Unilateral Amblyopia Using
Optical Coherence Tomography Angiography. BMC Ophthalmology; 19, Article
No. 171. https://doi.org/10.1186/s12886-019-1177-z

Gunzenhauser, R.C,, Tsui, I, Velez, F.G., et al (2020) Comparison of Pre-Treatment
vs. Post-Treatment Retinal Vessel Density in Children with Amblyopia. Journal of
Binocular Vision and Ocular Motility, 70, 79-85.
https://doi.org/10.1080/2576117X.2020.1760695

Salerni, A., Gambini, G., Fedeli, C., ef al (2021) OCT-Angiography Findings in Pa-
tients with Amblyopia: Comparison between Healthy Controls, Treatment-Responsive,

and Treatment-Unresponsive Amblyopic Patients. Diagnostics (Basel), 11, 1751.
https://doi.org/10.3390/diagnostics11101751

Zhang, T., Xie, S., Liu, Y., Xue, C., Zhang, W., et al (2021) Effect of Amblyopia
Treatment on Macular Microvasculature in Children with Anisometropic Amblyo-
pia Using Optical Coherence Tomographic Angiography. Scientific Reports, 11, Ar-
ticle No. 39. https://doi.org/10.1038/s41598-020-79585-4

Borrelli, E., Lonngi, M., Balasubramanian, S., et al (2018) Increased Choriocapillaris
Vessel Density in Amblyopic Children: A Case-Control Study. Journal of AAPOS, 22,
366-370. https://doi.org/10.1016/j.jaapos.2018.04.005

Terada, N., Miyata, M., Muraoka, Y., et al (2019) Abnormal Outer Choroidal Vas-
culature in Amblyopia. Journal of Ophthalmology, 2019, Article ID: 2097087.
https://doi.org/10.1155/2019/2097087

Araki, S., Miki, A., Goto, K., et al (2020) Choroidal Vessel Density in Unilateral
Hyperopic Amblyopia Using Enface Optical Coherence Tomography. BMC Oph-
thalmology, 20, Article No. 472. https://doi.org/10.1186/s12886-020-01735-z

Baek, J., Lee, A., Chu, M., et al (2019) Analysis of Choroidal Vascularity in Child-
ren with Unilateral Hyperopic Amblyopia. Scientific Reports, 9, Article No. 12143.
https://doi.org/10.1038/s41598-019-48613-3

Hashimoto, R., Kawamura, J., Hirota, A., et al (2017) Changes in Choroidal Blood
Flow and Choroidal Thickness after Treatment in Two Cases of Pediatric Anisohy-
permetropic Amblyopia. American Journal of Ophthalmology Case Reports, 8, 39-43.
https://doi.org/10.1016/j.a2joc.2017.10.010

Hao, J.C., Zhang, J., Li, X.Q., et al (2015) Correlation between Retinal Thickness
and Age and Gender in Normal Children Aged 3-6 Years in Beijing. Chinese Jour-
nal of Fundus Diseases, 31, 439-442.

Cubuk, M., Kasim, B., Kogluk, Y., et al (2018) Effects of Age and Gender on Macu-
lar Thickness in Healthy Subjects Using Spectral Optical Coherence Tomogra-
phy/Scanning Laser Ophthalmoscopy. International Ophthalmology; 38, 127-131.
https://doi.org/10.1007/s10792-016-0432-z

Read, S.A., Alonso-Caneiro, D., Vincent, S.J., et al (2015) Longitudinal Changes in
Choroidal Thickness and Eye Growth in Childhood. Investigative Ophthalmology &

DOI: 10.4236/0joph.2022.122016

168 Open Journal of Ophthalmology


https://doi.org/10.4236/ojoph.2022.122016
https://doi.org/10.1167/iovs.62.3.39
https://doi.org/10.1016/j.jaapos.2017.05.002
https://doi.org/10.1186/s12886-019-1177-z
https://doi.org/10.1080/2576117X.2020.1760695
https://doi.org/10.3390/diagnostics11101751
https://doi.org/10.1038/s41598-020-79585-4
https://doi.org/10.1016/j.jaapos.2018.04.005
https://doi.org/10.1155/2019/2097087
https://doi.org/10.1186/s12886-020-01735-z
https://doi.org/10.1038/s41598-019-48613-3
https://doi.org/10.1016/j.ajoc.2017.10.010
https://doi.org/10.1007/s10792-016-0432-z

L. Y. Jing et al.

(45]

[46]

(47]

Visual Science, 56, 3103-3112. https://doi.org/10.1167/iovs.15-16446

Xiong, S., He, X., Deng, J., Lv, M., et al (2017) Choroidal Thickness in 3001 Chinese
Children Aged 6 to 19 Years Using Swept-Source OCT. Scientific Reports, 7, Article
No. 45059. https://doi.org/10.1038/srep45059

Liu, Y., Zhou, L.X,, Yan, K., et al (2019) Analysis of Related Factors of Macular
Thickness Changes in Patients with Different Degrees of Myopia. International
Journal of Ophthalmology, 19, 506-509.

Qi, Y., Li, L. and Zhang, F. (2018) Choroidal Thickness in Chinese Children Aged 8
to 11 Years with Mild and Moderate Myopia. Journal of Ophthalmology, 2018, Ar-
ticle ID: 7270127. https://doi.org/10.1155/2018/7270127

DOI: 10.4236/0joph.2022.122016

169 Open Journal of Ophthalmology


https://doi.org/10.4236/ojoph.2022.122016
https://doi.org/10.1167/iovs.15-16446
https://doi.org/10.1038/srep45059
https://doi.org/10.1155/2018/7270127

	An Overview of the Retinal and Choroidal Changes and Their Influencing Factors after Treatment of Amblyopia
	Abstract
	Keywords
	1. Introduction
	2. Changes in Retinal Thickness and Retinal Nerve Fiber Layer Thickness (RNFLT) with Treatment
	3. Changes in Choroidal Thickness before and after Treatment
	4. Changes in Retinal and Choroidal Vessels before and after Treatment
	5. Relevant Influencing Factors
	5.1. Age and Gender
	5.2. Axial Length

	6. Summary
	Fund Program
	Conflicts of Interest
	References

