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Short‑term effects of occlusion 
therapy and optical correction 
on microvasculature in monocular 
amblyopia: a retrospective 
case–control study
Jae‑Gon Kim 1,2, Se Youp Lee 1 & Dong Cheol Lee 1*

This retrospective longitudinal case–control study investigated the short-term effects of patch 
occlusion treatment compared with optical correction on the microvasculature in monocular 
amblyopia. We included patients with monocular amblyopia treated for 2–12 months; they were 
classified into two groups according to the treatment regimen: patch occlusion or optical correction. 
Children aged < 12 years who presented to our clinic for examination without amblyopia diagnosis 
were enrolled as the control group. Changes in retinal and choroid microvasculature according 
to treatment were examined, and the correlation between changes in microvasculature and 
improvement in best-corrected visual acuity (BCVA) was evaluated. There were 57, 35, and 41 patients 
in the patch occlusion, optical correction, and control groups, respectively (mean age, 6.4 ± 2.0 years). 
Both amblyopic groups showed changes in the foveal and parafoveal deep capillary plexus vessel 
density (DCPD), choroidal thickness, and choroidal vascularity index (CVI) following short-term 
treatment (mean, 4.5 months). In the patch occlusion group, BCVA improved as the foveal DCPD 
increased (P = 0.013) and the CVI decreased (P = 0.037). In the optical correction group, BCVA improved 
as the foveal and parafoveal DCPD increased (P = 0.009). Increased foveal DCPD following amblyopia 
treatment and decreased CVI by patch occlusion were associated with improved BCVA.

Amblyopia is characterized by reduced best-corrected visual acuity (BCVA) in one or both eyes, compared to 
the normal BCVA in the eyes of the same age group, despite no structural abnormalities1.

The aim of occlusion treatment, as one of the treatment methods for amblyopia, is to stimulate the amblyopic 
eye and recover normal or close-to-normal visual function1,2. Change in BCVA is typically used to evaluate 
the effectiveness of occlusion treatment2; however, this is difficult in the case of young infants or children with 
cognitive impairments, such as intellectual disabilities or cerebral palsy.

Optical coherence tomography angiography (OCTA) can be used for patients who have difficulty in cooper-
ating or concentrating, as it only requires the patient to stare at a single point of light for a short period of time 
to capture images. Until now, amblyopia has been known to interrupt the normal development of the cortical 
visual pathway1; however, structural abnormalities of the microvasculature in amblyopia have been reported 
recently after the development of OCTA​3–6. The general consensus is that amblyopic eyes show reduced macular 
vessel density3,6 and increased choroidal thickness (CT4,5 compared with that noted in the fellow eye or in the 
control group. In addition, microvasculature of the retina and choroid is associated with low BCVA and changes 
in BCVA in patients with amblyopia7–9.

To date, it is presumed that patch occlusion restores vision via development of more extensive synaptic 
input to the visual cortex by stimulating the amblyopic eye10,11. Currently, there is limited knowledge about the 
structural changes that occur due to occlusion treatment. Recently, several studies have compared the micro-
vasculatures of amblyopic and treated amblyopic eyes8,12,13. However, to the best of our knowledge, no study 
has compared pre- and post-patch occlusion treatment changes in the same eye and the patch occlusion-treated 
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patients with optical correction-treated patients and normal controls. Additionally, previous studies have reported 
clinical improvement within 18 weeks after refractive error correction2 and within 10–17 weeks after initiating 
patch occlusion treatment1. However, little is known concerning the corresponding short-term changes in the 
retinal and choroidal microvasculature.

Several studies have established that visual stimulation can cause alterations in the microvasculature of the 
retina and choroid14,15. In addition, although the exact mechanism is not yet known, if the treatment of amblyopia 
affects the neural processing of visual information10,11, this could have downstream effects on the microvascu-
lature of the retina and choroid. Changes in retinal function can ultimately affect the microvascular structure16. 
Therefore, we hypothesized that treatment-induced retinal or choroidal microvasculature changes could have 
upstream benefits on visual improvement.

This study aimed to determine the short-term changes in retinal and choroid microvasculature in amblyopic 
eyes following patch occlusion treatment by comparing them with changes in the eyes of patients who received 
only optical correction and of normal controls. Furthermore, it is necessary to confirm whether such changes 
correlate with the improvement of clinical symptoms.

Methods
This retrospective longitudinal case–control study was approved on March 29, 2022, by the Keimyung University 
Dongsan Hospital Institutional Review Board (approval number: 2022-03-081). As this was a retrospective study, 
the Keimyung University Dongsan Hospital Institutional Review Board waived the requirement for informed 
consent. The study adhered to the tenets of the Declaration of Helsinki and followed all guidelines for experi-
mental investigations in human participants.

This study was performed on patients aged < 12 years who were diagnosed with monocular amblyopia 
and underwent treatment for at least 2–12 months at most. Children with monocular amblyopia who visited 
Keimyung University Dongsan Hospital (Daegu, South Korea) from November 1, 2018, to September 31, 2021, 
were enrolled. Patients were divided into an optical correction group, in which only optical correction was 
performed, or a patch occlusion group, in which optical correction and patch occlusion were simultaneously 
performed. Those with binocular amblyopia were excluded from this study1. Patients who cooperated well with 
the ophthalmic examination and had good compliance with the treatment were included. Patients with depri-
vation amblyopia or ophthalmic diseases other than amblyopia or systemic diseases and those who underwent 
intraocular surgery were excluded from this study. Patients with spherical refractive errors > 5.00 diopter (D) 
and cylindrical refractive errors > 3.00 D were also excluded to avoid any effects on the OCTA measurements. 
Patients who presented to our clinic with BCVA that did not meet the diagnostic criteria for amblyopia and no 
ocular abnormality were enrolled in the control group. The amblyopic eyes of patients in the optical and patch 
occlusion groups were analyzed. In the control group, only the right eye was selected for analysis to remove the 
similarity of measures for the same person as a confounding factor.

Diagnosis, treatment, and follow‑up.  Monocular amblyopia was diagnosed as a difference of ≥ 0.2 in 
BCVA by the logarithm of the minimum angle of resolution (logMAR) between the two eyes at baseline1. We 
assessed binocular alignment using the simultaneous prism cover/uncover test and examined ocular motility to 
confirm the presence of strabismus. The cycloplegic refraction was measured using 1% cyclopentolate hydro-
chloride eye drops and retinoscopy2. If anisohyperopia ≥ 1.5 D or anisomyopia ≥ 2.5 D was detected through 
cycloplegic refraction, we diagnosed the patient with anisometropic amblyopia17. Patients with anisometropic 
amblyopia and ocular deviation on the simultaneous prism cover/uncover test were diagnosed with mixed 
amblyopia; thus, only those with anisometropic and mixed (strabismic and anisometropic) amblyopia were 
included2.

Optical correction was prescribed for all patients based on the results of cycloplegic refraction at baseline, 
which followed the Preferred Practice Pattern guidelines published by the American Academy of Ophthalmol-
ogy in 201817. At our hospital, some parents wanted to proceed with refractive correction and patch occlusion 
simultaneously in anticipation of faster improvement. Patch occlusion treatment was started at 2 h/day for mild 
to moderate amblyopia (> 20/80) and 6 h/day for severe amblyopia (< 20/80).

Follow-up was scheduled 2 months after starting treatment in all patients. However, if a patient missed their 
scheduled visit or if OCTA images were taken on time but were of inadequate quality to measure all parameters, 
we used the date of the subsequent clear image as the “Follow-up” date. The patch occlusion time was adjusted 
based on the patient’s response, with an increase to 4–6 h/day if there was no improvement in BCVA at the next 
visit and a decrease to 2–4 h/day if there was an improvement.

Clinical data collection.  Cycloplegic refraction was recorded as spherical equivalent at baseline and the 
first follow-up. Stereo Fly stereoscopic tests were conducted to measure stereoscopic acuity. The average patching 
time from baseline to follow-up was recorded for each patient. Owing to the retrospective design of this study, 
the axial lengths of the patients were not recorded. However, considering previous studies showing that axial 
length affected the macular microvasculature and CT18,19, we calculated an approximation of the axial length 
using age, sex, and spherical equivalent to adjust for statistical analysis20–24.

OCTA data collection.  OCTA was performed for all included patients using a spectral-domain device 
(DRI OCT Triton Plus; Topcon, Tokyo, Japan) at baseline and follow-up. The parameters of the flow areas in 
the fovea-centered 6 × 6  mm scan size were measured using built-in optical software (IMAGEnet 6, version 
1.25.16650; Topcon). The collected data included the area of the superficial retinal capillary plexus foveal avascu-
lar zone (SFAZ) and deep retinal capillary plexus foveal avascular zone (DFAZ); vessel density of the superficial 
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retinal capillary plexus (SCPD), vessel density of the deep retinal capillary plexus (DCPD), CT, and choroidal 
vascularity index (CVI) at baseline and follow-up. The SFAZ area, DFAZ area, and CT were measured manually 
by the investigator using IMAGEnet, and the CVI, which is the percentage of luminal area occupied by blood 
vessels within a certain choroidal area, was measured manually using ImageJ (version 1.52a; National Institutes 
of Health, Bethesda, MD) (Figs. 1a–f and 2). Vessel density, the percentage of area occupied by blood vessels 
within a certain macular area, was calculated automatically using IMAGEnet. Vessel density was divided into 
SCPD and DCPD and also into “foveal vessel density,” measured inside a circle with a diameter of 1 mm centered 
at the fovea, and “parafoveal vessel density,” which is an average density within an outer circle ranging from 1 
to 3 mm in diameter (Fig. 1g–l). The calculated axial length and follow-up period were considered potential 
confounding factors.

Statistical analyses.  The total sample size was calculated using G*Power 3.1.9.2. (University of Dusseldorf, 
Dusseldorf, Germany), and 108 participants were needed to account for 95% power, a statistical level of signifi-
cance of 0.05, and an effect size of 0.25. The baseline characteristics of each group were analyzed using traditional 
descriptive methods, one-way analysis of variance (ANOVA), and Pearson’s chi-squared test. Functional param-
eters were compared between the groups using one-way ANOVA, and post-hoc testing was performed for vari-
ables showing significant differences using the Games–Howell test. OCTA parameters were compared between 
the groups using a one-way analysis of covariance (ANCOVA), which was adjusted for axial length at each time 
point. To test whether the statistical significance was maintained after adjusting for the effects of axial length 
and follow-up duration, we conducted statistical analysis by inserting both variables as covariates25. A post-
hoc test was performed using Bonferroni correction. Changes in functional parameters were compared using 
a paired t-test. Changes in OCTA parameters were analyzed by repeated-measures ANCOVA, adjusted for the 
baseline axial length and the follow-up period. Multivariate linear regression analysis with baseline axial length 
adjustment was performed on the OCTA parameters that significantly changed in the patch occlusion and opti-
cal correction groups to analyze whether the amount of change in each parameter was related to the change in 
BCVA and stereopsis. Since the number of people in each group exceeded 30, normality was considered satis-
fied. Analyses were performed using SPSS Statistics 25.0.0 (IBM, Armonk, NY). A two-tailed P-value ≤ 0.05 was 
considered statistically significant.

Results
Overall, 133 participants were included in this study. Among them, 57 patients were in the patch occlusion group, 
35 were in the optical correction group, and 41 children were in the control group. The mean age and follow-up 
period were not significantly different between the three groups (P = 0.126 and 0.611). The mean daily patch 
occlusion treatment time was 2.8 ± 1.0 (range 2–6) h/day. Patch occlusion treatment was administered for an 
average of 2 h/day in 30 patients, ranging from 2 to 6 h/day in 26 patients, with one patient receiving 6 h/day of 
treatment. At baseline, 77 patients were diagnosed with anisometropic amblyopia, and 15 were diagnosed with 
mixed amblyopia of the total patients. There were no significant differences in amblyopia composition between 
groups (P = 0.681). The baseline characteristics of the patients are shown in Table 1.

Comparison at baseline.  No significant differences were noted in functional parameters between the 
patch occlusion and optical correction groups. Similarly, no significant difference was noted in baseline BCVA 
between the patch occlusion and the optical correction groups (P = 0.529). The DFAZ area was wider in the opti-
cal correction group than in the control group (P = 0.011). Similarly, parafoveal DCPD was also lower in only the 
optical correction group (P = 0.036) than in the control group. Foveal DCPD was lower in both the amblyopic 
groups than in controls (P = 0.033 and 0.042), CT was increased (P = 0.010 and 0.018), and CVI was higher 
(P = 0.014 and 0.012). No significant differences were noted in OCTA parameters between the patch occlusion 
and optical correction groups. Comparisons of functional and OCTA parameters at baseline are summarized in 
Supplementary Table S1.

Effects of treatment.  After treatment, foveal DCPD increased (P = 0.017), parafoveal DCPD increased 
(P = 0.036), CT decreased (P = 0.019), and CVI decreased (P = 0.018) in the patch occlusion group. In the opti-
cal correction group, foveal DCPD increased (P = 0.032), parafoveal DCPD increased (P = 0.019), CT decreased 
(P = 0.024), and CVI decreased (P = 0.026). In the control group, no significant microvasculature changes were 
noted. Changes in the functional and OCTA parameters from baseline to follow-up in each group are summa-
rized in Supplementary Table S2.

Comparison at follow‑up.  When the axial length at follow-up was adjusted, the DFAZ area, foveal DCPD, 
parafoveal DCPD, CT, and CVI, which showed differences between the groups at baseline, did not show a sig-
nificant difference. A comparison of the functional and OCTA parameters at follow-up is summarized in Sup-
plementary Table S1.

Multivariate analysis.  In the patch occlusion group, when foveal DCPD was increased by 1%, BCVA 
decreased by 0.320 logMAR (P = 0.013) and when CVI was decreased by 1%, BCVA decreased by 0.273 logMAR 
(P = 0.037). In the optical correction group, when foveal DCPD was increased by 1%, BCVA decreased by 0.442 
logMAR (P = 0.009), showing the same trend as that in the patch occlusion group. None of the variables showed 
a significant correlation with the change in stereopsis in each group. The results of the multivariate linear regres-
sion analysis are shown in Table 2.
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Figure 1.   Representative images of retinal microvasculature measured using OCTA. (a–c) SFAZ area and (d–f) 
DFAZ area; the dark avascular area in both the SCP and DCP was manually measured using the IMAGEnet 
program by outlining its boundary. (g–i) SCPD and (j–l) DCPD; vessel density in the SCP and DCP layers 
were automatically calculated using IMAGEnet. The central number was recorded as either foveal SCPD or 
DCPD. The parafovea was segmented into four regions, namely top, bottom, temporal, and nasal, and the 
mean vessel density of each region was computed and noted as parafoveal SCPD and DCPD (a, d, g, j: patch 
occlusion group; b, e, h, k: optical correction group; c, f, i, l: control group). The images were created using the 
built-in software program IMAGEnet6 (version 1.25.16650; Topcon, URL: https://​topco​nheal​thcare.​jp/​produ​
cts/​image​net-6/) in the DRI OCT Triton Plus instrument (Topcon Co., Tokyo, Japan). OCTA, optical coherence 
tomography angiography; SFAZ, superficial retinal capillary plexus foveal avascular zone; DFAZ, deep retinal 
capillary plexus foveal avascular zone; SCPD, vessel density of the superficial retinal capillary plexus; DCPD, 
vessel density of the deep retinal capillary plexus.

https://topconhealthcare.jp/products/imagenet-6/
https://topconhealthcare.jp/products/imagenet-6/
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Discussion
Our study illustrated changes in microvasculature according to the treatment of amblyopia. In particular, 
increased foveal DCPD was associated with improvement in BCVA in patients who underwent optical correc-
tion, and a decrease in CVI was also associated with improvement in BCVA when the patch occlusion was used 
together.

Various previous studies have reported differences between the retinal and choroidal microvasculature in 
amblyopic and normal eyes5,6,26–29. In this study, the DFAZ area of the amblyopic eye was wider than that of the 
normal control eye. In fact, the results of studies related to FAZ in amblyopic eyes are controversial6. Among 
them, in the study by Sobral et al.29, the DFAZ area was wider in amblyopic eyes than in the control eyes, similar 
to the results of the present study. In contrast, both SCPD and DCPD were generally lower in amblyopic eyes 
than in the control eyes6. However, no significant difference was noted in SCPD in this study, and only DCPD 
was lower in the parafovea in amblyopic eyes than in control eyes. The study by Demirayak et al.28 on adult 
patients with amblyopia showed similar results to those of this study. CT has been reported to be higher in the 

Figure 2.   Representative images of choroidal microvasculature measured using OCTA. (a–c) Using the 
IMAGEnet program, CT was manually measured from the start of the choriocapillary layer just beneath the 
retinal pigment epithelial-Bruch’s membrane complex to the choroid-sclera boundary, relative to the macular 
surface. The measurement was repeated at a location 300 µm to the nasal and temporal side of the macula, and 
the average of all three measurements was used. (d–i) CVI was manually measured using ImageJ. A 1500 µm 
horizontal length of the choroid was used as the reference, covering 750 µm on both the nasal and temporal 
sides of the macula (which was demarcated by a yellow border). The image was converted to a binary format 
using Niblack’s method in ImageJ (g–i). The ratio of black pixels (vascular area) to the sum of black and white 
pixels (total area) inside the yellow area was calculated (a, d, g: patch occlusion group; b, e, h: optical correction 
group; c, f, i: control group). The images were created using the built-in software program IMAGEnet6 (a–f) 
(version 1.25.16650; Topcon, URL: https://​topco​nheal​thcare.​jp/​produ​cts/​image​net-6/) in the DRI OCT Triton 
Plus instrument (Topcon Co., Tokyo, Japan), and processed using the ImageJ program (g–i) (version 1.52a; 
National Institutes of Health, Bethesda, MD, URL: https://​imagej.​nih.​gov/​ij/​downl​oad.​html). OCTA, optical 
coherence tomography angiography; CT, choroidal thickness; CVI, choroidal vascularity index.

https://topconhealthcare.jp/products/imagenet-6/
https://imagej.nih.gov/ij/download.html
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amblyopic eye than in the normal control eye5, and the CVI was higher in the amblyopic eye than in the normal 
control eye26,27, which is consistent with the results of this study.

Several studies have also investigated changes in the microvasculature of the retina and choroid associated 
with the treatment of amblyopia8,9,12,30. Among them, a significant decrease in CT after amblyopia treatment 
was reported by Aslan Bayhan and Bayhan12. Furthermore, Nishi et al.9 found that the CVI of the amblyopic 
eye was decreased with treatment, approaching that of the normal control eye. The results of these studies are 
in line with our findings.

In this study, foveal and parafoveal DCPD were increased, and CT and CVI were decreased in amblyopic 
eyes according to treatment in both groups. Amblyopic eyes showed changes in DCPD and choroid in the outer 
retina rather than the inner retina. Based on these results, we hypothesized that the occurrence and recovery of 
amblyopia are related to the outer retina, where the DCP is located, and the choroid rather than the inner retina. 
Synapses between photoreceptor terminals and bipolar cells occur in areas where the DCP is located31. Lower 
DCPD may be related to decreased synaptic interactions28. As the treatment progresses, synapses may form, 
and DCPD may increase in amblyopic eyes, and accordingly, CT and CVI, which increase in compensation5,27, 
are also considered to be normalized.

Through multivariate analysis, we found that changes in foveal DCPD were positively associated with 
improvement in BCVA in both groups. Several studies have found that improvement in or worsening of DCPD 
is associated with better or worse visual acuity, respectively32,33. These studies have explained that this associa-
tion is attributed to the change in the number of synapses in the outer plexiform layer. That is, the number 
of synapses between photoreceptors with horizontal and bipolar cells changes, these synapses receive blood 
supply from the DCP, and a series of processes are related to vision29,33. Another explanation is that because 
the DCP provides photoreceptors with approximately 15% of their oxygen supply, its changes can affect the 
function of photoreceptors32,33. Whether the photoreceptors are involved in amblyopic development remains 
controversial. Al-Haddad et al.30 suggested several signs of foveal immaturity in the amblyopic eye, implying 
that photoreceptors may be abnormal due to amblyopic progression. Therefore, we presume that as amblyopia 
treatment progresses, the synaptic connections in the outer plexiform layer increase, and the photoreceptor 
function improves, improving BCVA. However, unlike foveal DCPD, parafoveal DCPD was not associated with 
improvement in BCVA, although there was a significant change compared to the baseline. It can be assumed that 
parafoveal DCPD did not change enough to affect visual acuity after a short-term treatment of 4.5 months or 
that amblyopia recovery was more related to cone cells rather than rod cells. Indeed, when the average changes 
in foveal and parafoveal DCPD in the two amblyopic groups were compared, foveal DCPD increased by 1.03% 
more than did parafoveal DCPD.

Table 1.   Demographics and clinical characteristics. Data are presented either as the mean ± standard deviation 
or as numerical values. P-values compared between the three groups were calculated by analysis of variance, 
and categorical variables (sex, diagnosis) were assessed using Pearson’s chi-squared test. *P < 0.05.

Characteristics of patients Patch occlusion Optical correction Control (right eye) P-value

Total number of eyes enrolled (patients) 57 35 41 –

Age (years) 6.5 ± 1.9 5.8 ± 1.7 6.7 ± 2.3 0.126

Sex (male : female) 34 : 23 17 : 18 20 : 21 0.455

Mean follow-up period (months) 4.2 ± 2.9 4.8 ± 2.7 4.5 ± 2.3 0.611

Mean daily patching time (h/day) 2.8 ± 1.0 – – –

Diagnosis
 Anisometropic 47 30 – 0.681

 Mixed 10 5 –

Table 2.   Multivariate linear regression analysis of the association between changes in BCVA and stereopsis 
and changes in other variables. Changes in variables were calculated as follow-up minus baseline. P-values 
were calculated using multivariate linear regression analysis adjusted for baseline axial length. *P < 0.05. BCVA, 
best-corrected visual acuity; DCPD, deep capillary plexus density; CT, choroidal thickness; CVI, choroidal 
vascularity index.

Patch occlusion Optical correction

BCVA Stereopsis BCVA Stereopsis

Standardized ß 
coefficient P-value

Standardized ß 
coefficient P-value

Standardized ß 
coefficient P-value

Standardized ß 
coefficient P-value

Foveal DCPD (%) − 0.320 0.013* − 0.170 0.210 − 0.442 0.009* 0.162 0.340

Parafoveal DCPD (%) 0.015 0.908 0.084 0.542 0.268 0.126 − 0.150 0.374

CT (μm) − 0.140 0.289 − 0.246 0.068 − 0.226 0.220 0.103 0.564

CVI (%) 0.273 0.037* − 0.153 0.265 − 0.048 0.785 0.144 0.393
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Unlike in the optical correction group, the decrease in CVI was correlated with improvement in BCVA only 
in the patch occlusion group. According to previous studies26,27, CVI is thought to compensate for the increased 
blood supply to the outer retina in amblyopic eyes and decreases with treatment9. Under dark conditions, cho-
roidal blood flow decreases, and unilateral light blocking affects choroidal blood flow in both eyes34,35. During 
patch occlusion treatment, the light in the fellow eye is blocked; thus, the choroid blood flow in the amblyopic 
eye might decrease. As this is repeated, the extended choroidal vessel in the amblyopic eye may contract, and 
the CVI decreases. The amblyopic eye may also be sensitive to visual stimulation, and the retinal vessels and 
visual cortex may develop better, improving visual acuity. Second, the stromal area increases when the luminal 
area decreases during patch occlusion treatment. Furthermore, there are non-vascular smooth muscle cells in 
the stromal area36 that have been reported to be related to accommodation37, and accommodation is reduced in 
amblyopic eyes compared to fellow eyes38. During patch occlusion treatment, the number of non-vascular smooth 
cells in the stromal area may increase, and accommodation may improve in the amblyopic eye. Improvements 
in accommodation could induce the development of visual acuity38.

The strength of this study lies in its investigation of the longitudinal impact of amblyopia treatment on 
both retinal and choroidal microvasculature, unlike previous studies that have focused solely on the effects of 
amblyopia treatment on retinal microvasculature39,40. Moreover, instead of simply comparing the amblyopia 
and control groups, this study compared patients undergoing optical correction with those undergoing patch 
occlusion treatment, thus examining the exclusive effects of patch occlusion treatment. In addition, this study 
not only assessed the changes in microvasculature before and after treatment but also explored the correlations 
between these changes and improvements in BCVA. Our findings substantiate that reduction in CVI through 
patch occlusion treatment was associated with enhancements in BCVA.

Nevertheless, further prospective studies with larger sample sizes are required to validate our findings. Our 
retrospective design may have caused selective bias. As this study relied on medical records, the patients’ follow-
up periods differed. Although it was adjusted in consideration of the effect of the change in OCTA parameters, 
the potential impact of changes in treatment compliance throughout follow-up was not considered in this study. 
Thus, it is necessary to control the follow-up period in further studies. Moreover, we were unable to perform 
axial length measurements. Although all comparisons were made with calculated axial length using spherical 
equivalent, age, and sex as covariates, it is necessary to examine the actual axial length in a later study.

In conclusion, in this short-term retrospective longitudinal study, we found that changes in foveal DCPD 
following treatment were linearly correlated with improvement in BCVA. Particularly, reduction in CVI fol-
lowing patch occlusion treatment was linearly correlated with improvement in BCVA. We hypothesized that 
this might be related to changes in choroidal microvasculature in the amblyopic eye due to light blocking in the 
fellow eye during patch occlusion treatment. These characteristics that appear only in patch occlusion treatment 
are expected to be helpful in indirectly determining the improvement in visual acuity following this treatment.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author upon 
reasonable request.

Received: 28 February 2023; Accepted: 12 July 2023

References
	 1.	 Park, S. H. Current management of childhood amblyopia. Korean J. Ophthalmol. 33, 557–568 (2019).
	 2.	 Wallace, D. K. et al. Amblyopia preferred practice pattern®. Ophthalmology 125, P105–P142 (2018).
	 3.	 Yilmaz Cinar, F. G. & Ozkan, G. Macular capillary system and ganglion cell-layer complex of the amblyopic eye with optical 

cohorence tomography angiography and optical cohorence tomography. Int. Ophthalmol. 41, 675–686 (2021).
	 4.	 Xu, J. et al. Macular choroidal thickness in unilateral amblyopic children. Invest. Ophthalmol. Vis. Sci. 55, 7361–7368 (2014).
	 5.	 Liu, Y., Dong, Y. & Zhao, K. A meta-analysis of choroidal thickness changes in unilateral amblyopia. J. Ophthalmol. 2017, 2915261 

(2017).
	 6.	 Gao, L., Gao, Y., Hong, F., Zhang, P. & Shu, X. Assessment of foveal avascular zone and macular vascular plexus density in children 

with unilateral amblyopia: A systemic review and meta-analysis. Front. Pediatr. 9, 620565 (2021).
	 7.	 Wong, E. S. et al. Association of optical coherence tomography angiography metrics with detection of impaired macular microvas-

culature and decreased vision in amblyopic eyes: The Hong Kong Children Eye Study: The Hong Kong children eye study. JAMA 
Ophthalmol. 138, 858–865 (2020).

	 8.	 Salerni, A. et al. OCT-angiography findings in patients with amblyopia: Comparison between healthy controls, treatment-respon-
sive, and treatment-unresponsive amblyopic patients. Diagnostics (Basel) 11, 1751 (2021).

	 9.	 Nishi, T. et al. Effect of optical correction on choroidal structure in children with anisohypermetropic amblyopia. PLoS ONE 15, 
e0231903 (2020).

	10.	 Mitchell, D. E. & Sengpiel, F. Neural mechanisms of recovery following early visual deprivation. Philos. Trans. R. Soc. Lond. B Biol. 
Sci. 364, 383–398 (2009).

	11.	 Blakemore, C., Vital-Durand, F. & Garey, L. J. Recovery from monocular deprivation in the monkey. I. Reversal of physiological 
effects in the visual cortex. Proc. R. Soc. Lond. B Biol. Sci. 213, 399–423 (1981).

	12.	 Aslan Bayhan, S. & Bayhan, H. A. Effect of amblyopia treatment on choroidal thickness in children with hyperopic anisometropic 
amblyopia. Curr. Eye Res. 42, 1254–1259 (2017).

	13.	 Araki, S. et al. Effect of amblyopia treatment on choroidal thickness in hypermetropic anisometropic amblyopia using swept-source 
optical coherence tomography. BMC Ophthalmol. 18, 227 (2018).

	14.	 Longo, A., Geiser, M. & Riva, C. E. Subfoveal choroidal blood flow in response to light-dark exposure. Invest. Ophthalmol. Vis. Sci. 
41, 2678–2683 (2000).

	15.	 Feke, G. T., Zuckerman, R., Green, G. J. & Weiter, J. J. Response of human retinal blood flow to light and dark. Invest. Ophthalmol. 
Vis. Sci. 24, 136–141 (1983).

	16.	 Yu, D.-Y. et al. Retinal capillary perfusion: Spatial and temporal heterogeneity. Prog. Retin. Eye Res. 70, 23–54 (2019).



8

Vol:.(1234567890)

Scientific Reports |        (2023) 13:12191  | https://doi.org/10.1038/s41598-023-38632-6

www.nature.com/scientificreports/

	17.	 Wallace, D. K. et al. Pediatric eye evaluations preferred practice pattern®: I. Vision screening in the primary care and community 
setting; II. Comprehensive ophthalmic examination. Ophthalmology 125, 184–227 (2018).

	18.	 Youssef, M. M., Sadek, S. H. & Hatata, R. M. Macular and optic nerve microvascular alteration in relation to axial length, by optical 
coherence tomography angiography (OCTA). Clin. Ophthalmol. 16, 885–892 (2022).

	19.	 Herrera, L. et al. Choroidal thickness and volume in a healthy pediatric population and its relationship with age, axial length, 
ametropia, and sex. Retina 35, 2574–2583 (2015).

	20.	 Groot, A. L. W., Lissenberg-Witte, B. I., van Rijn, L. J. & Hartong, D. T. Meta-analysis of ocular axial length in newborns and infants 
up to 3 years of age. Surv. Ophthalmol. 67, 342–352 (2022).

	21.	 He, X. et al. Normative data and percentile curves for axial length and axial length/corneal curvature in Chinese children and 
adolescents aged 4–18 years. Br. J. Ophthalmol. 107, 167–175 (2023).

	22.	 Guo, X. et al. Significant axial elongation with minimal change in refraction in 3- to 6-year-old Chinese preschoolers: The Shenzhen 
kindergarten eye study. Ophthalmology 124, 1826–1838 (2017).

	23.	 Bulut, A., Öner, V., Büyüktarakçı, Ş & Kaim, M. Associations between choroidal thickness, axial length and spherical equivalent 
in a paediatric population: Choroidal thickness in myopic children. Clin. Exp. Optom. 99, 356–359 (2016).

	24.	 Bueno-Gimeno, I., España-Gregori, E., Gene-Sampedro, A., Lanzagorta-Aresti, A. & Piñero-Llorens, D. P. Relationship among 
corneal biomechanics, refractive error, and axial length. Optom. Vis. Sci. 91, 507–513 (2014).

	25.	 Mishra, P., Singh, U., Pandey, C. M., Mishra, P. & Pandey, G. Application of student’s t-test, analysis of variance, and covariance. 
Ann. Card. Anaesth. 22, 407–411 (2019).

	26.	 Baek, J., Lee, A., Chu, M. & Kang, N. Y. Analysis of choroidal vascularity in children with unilateral hyperopic amblyopia. Sci. Rep. 
9, 12143 (2019).

	27.	 Borrelli, E. et al. Increased choriocapillaris vessel density in amblyopic children: A case–control study. J. AAPOS 22, 366–370 
(2018).

	28.	 Demirayak, B. et al. Analysis of macular vessel density and foveal avascular zone in adults with amblyopia. Curr. Eye Res. 44, 
1381–1385 (2019).

	29.	 Sobral, I. et al. OCT angiography findings in children with amblyopia. J. AAPOS 22, 286-289.e2 (2018).
	30.	 Al-Haddad, C. E., El Mollayess, G. M., Mahfoud, Z. R., Jaafar, D. F. & Bashshur, Z. F. Macular ultrastructural features in amblyopia 

using high-definition optical coherence tomography. Br. J. Ophthalmol. 97, 318–322 (2013).
	31.	 Lavia, C. et al. Vessel density of superficial, intermediate, and deep capillary plexuses using optical coherence tomography angi-

ography. Retina 39, 247–258 (2019).
	32.	 Moon, B. G., Um, T., Lee, J. & Yoon, Y. H. Correlation between deep capillary plexus perfusion and long-term photoreceptor 

recovery after diabetic macular edema treatment. Ophthalmol. Retina 2, 235–243 (2018).
	33.	 Ye, J. et al. Deep retinal capillary plexus decreasing correlated with the outer retinal layer alteration and visual acuity impairment 

in pathological myopia. Invest. Ophthalmol. Vis. Sci. 61, 45 (2020).
	34.	 Fuchsjäger-Mayrl, G., Malec, M., Amoako-Mensah, T., Kolodjaschna, J. & Schmetterer, L. Changes in choroidal blood flow during 

light/dark transitions are not altered by atropine or propranolol in healthy subjects. Vis. Res. 43, 2185–2190 (2003).
	35.	 Fuchsjäger-Mayrl, G., Polska, E., Malec, M. & Schmetterer, L. Unilateral light-dark transitions affect choroidal blood flow in both 

eyes. Vis. Res. 41, 2919–2924 (2001).
	36.	 Kur, J., Newman, E. A. & Chan-Ling, T. Cellular and physiological mechanisms underlying blood flow regulation in the retina and 

choroid in health and disease. Prog. Retin. Eye Res. 31, 377–406 (2012).
	37.	 Schrödl, F. et al. Intrinsic choroidal neurons in the human eye: Projections, targets, and basic electrophysiological data. Invest. 

Ophthalmol. Vis. Sci. 44, 3705–3712 (2003).
	38.	 Toor, S., Horwood, A. M. & Riddell, P. Asymmetrical accommodation in hyperopic anisometropic amblyopia. Br. J. Ophthalmol. 

102, 772–778 (2018).
	39.	 Huang, X., Liao, M., Li, S. & Liu, L. The effect of treatment on retinal microvasculature in children with unilateral amblyopia. J. 

AAPOS 25, 287-e1 (2021).
	40.	 Zhang, T., Xie, S., Liu, Y., Xue, C. & Zhang, W. Effect of amblyopia treatment on macular microvasculature in children with ani-

sometropic amblyopia using optical coherence tomographic angiography. Sci. Rep. 11, 39 (2021).

Acknowledgements
We would like to thank Editage (www.​edita​ge.​co.​kr) for English language editing. Additional information: The 
Institutional Review Board of Keimyung University Dongsan Hospital has waived the requirement for informed 
consent for this study, in accordance with Article 16(3) of the Bioethics and Safety Act in the Republic of Korea, 
as obtaining consent from the research subjects during the course of the study is practically impossible, there 
are no reasons to suspect refusal of consent by the research subjects, and the risks to the research subjects are 
extremely low even without obtaining consent.

Author contributions
S.Y.L. and D.C.L. designed the study. J-G.K. and D.C.L. conducted this study. J-G.K., S.Y.L., and D.C.L. contrib-
uted to new methods. J-G.K. and D.C.L. analyzed the data and wrote the manuscript. J-G.K., S.Y.L., and D.C.L. 
revised the manuscript. All authors have reviewed the manuscript.

Funding
This research was supported by the Bisa Research Grant of Keimyung University in 2022 (Project No: 20220764).

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​023-​38632-6.

Correspondence and requests for materials should be addressed to D.C.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

http://www.editage.co.kr
https://doi.org/10.1038/s41598-023-38632-6
https://doi.org/10.1038/s41598-023-38632-6
www.nature.com/reprints


9

Vol.:(0123456789)

Scientific Reports |        (2023) 13:12191  | https://doi.org/10.1038/s41598-023-38632-6

www.nature.com/scientificreports/

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

http://creativecommons.org/licenses/by/4.0/

	Short-term effects of occlusion therapy and optical correction on microvasculature in monocular amblyopia: a retrospective case–control study
	Methods
	Diagnosis, treatment, and follow-up. 
	Clinical data collection. 
	OCTA data collection. 
	Statistical analyses. 

	Results
	Comparison at baseline. 
	Effects of treatment. 
	Comparison at follow-up. 
	Multivariate analysis. 

	Discussion
	References
	Acknowledgements


