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Purpose: Optical coherence tomography angiography (OCTA) noninvasively images retinal microvasculature. Foveal avascular zone 
(FAZ) biomarkers can act as indicators of various forms of amblyopia, making them valuable tools for clinicians. The purpose of this 
study was to assess the effect of amblyopia therapy on the FAZ using OCTA to determine FAZ size in children with untreated amblyopia.
Patients and Methods: This two-arm cohort study enrolled 23 children with untreated strabismic or anisometropic amblyopia who 
underwent OCTA between 2021–2022. Each arm had 23 eyes, with one arm having amblyopic eyes and the other having normal eyes. 
FAZ area, perimeter, and circularity index were measured before and quarterly during 1 year of occlusion therapy. Differences in 
avascular zone biomarkers between amblyopic and fellow eyes were compared and linked to demographic and ocular factors.
Results: Similar FAZ areas were found in the amblyopic (0.3 mm2) and nonamblyopic eyes (0.28 mm2) (P = 0.83), with no significant 
change in either group (P = 0.93). Amblyopic eyes showed a larger FAZ perimeter reduction (0.12 mm2) than fellow eyes (0.02 mm2), 
but the difference was not statistically significant (P = 0.09). The circularity index in amblyopic eyes matched with fellow eyes 
(0.67 mm2), P = 0.38. Initial visual acuity and strabismus correlated with changes in the follow-up FAZ area.
Conclusion: Amblyopia treatment did not significantly alter FAZ area in this cohort. Perimeter variations between amblyopic and 
fellow eyes require further study. The conclusions were limited by the sample size and lack of randomization.

Plain Language Summary: Amblyopia is a common vision problem in children in which one eye does not see the fellow eye. This 
can occur if the eyes are not lined up right or if their prescriptions are different. Amblyopia is treated by placing a patch over the 
stronger eye to help the weaker eye better see. 

Researchers have used a technique called optical coherence tomography angiography (OCTA) to compare the foveal avascular zone 
(FAZ) before and after treatment in children with amblyopia. The FAZ is a spot on the back of the eye where there are no blood vessels 
or light-sensitive cells. Changes in the FAZ may indicate the severity of amblyopia. 

The study included 23 children with untreated amblyopia. Over the course of more than a year, measurements of FAZ area, 
perimeter, and roundness were taken before and during occlusion therapy. The size of the FAZ was also compared between the eyes 
with and without amblyopia. 

At the start of the study and after treatment, there were no significant differences between the FAZs of amblyopic eyes and other eyes. There 
were some differences in the size of the FAZ between eyes. Changes in the FAZ area were linked to the initial state of vision and misalignment. 

Overall, this study found that occlusion therapy did not change FAZ area in children with amblyopia. More research is needed to 
determine why the FAZ perimeter can differ between the eyes. Larger randomized studies would provide more information about how 
the FAZ changes when treating amblyopia. 
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Introduction
Optical coherence tomography angiography (OCTA) is a noninvasive technique used to image the microvasculature of the 
retina and choroid. It has been widely used since its introduction in 2014,1 and has been used to assess and monitor the 
effectiveness of interventions for multiple ocular conditions, including diabetic retinopathy, glaucoma, age-related macular 
degeneration, macular dystrophies, retinitis pigmentosa, central serous chorioretinopathy, uveitis, optic neuropathies, and 
amblyopia.2 It is also helpful to guide healthcare professionals in the management of patients with systemic diseases, such as 
diabetes, hypertension, Alzheimer’s disease, and multiple sclerosis.3 Up to 20 different OCTA parameters have been used to 
study microvascular changes in the retina and choroid in ocular and systemic diseases. The foveal avascular zone (FAZ) is 
a prominent feature.4 The foveal avascular zone (FAZ) is an area of the fovea where OCTA does not reveal blood vessels in 
healthy normal eyes. It consists of a superficial FAZ at the superficial level and a deep FAZ at the deep level of the retina.5 For 
the quantitative analysis of the OCTA metrics and the study of the structural and vascular status of the macula, the area, 
perimeter and circularity index of FAZ are software-generated biomarkers built into OCTA machines.6 Kim et al reported 
a mean (± standard deviation) FAZ area of 0.329 ± 0.115 millimeters square (mm2), mean perimeter length of 2.279 ± 0.418  
millimeters (mm), and FAZ shape of 0.769 ± 0.064 mm in normal healthy individuals.7

Amblyopia is a leading ailment of visual disabilities that cause morbidity.
The impact of the macular FAZ on amblyopia is poorly understood. Various FAZ-related biomarkers have been used 

to conduct comparative analyses between amblyopic and nonamblyopic fellow eyes. While some studies have reported 
inconclusive results regarding the differences in the foveal anterior zone (FAZ) between amblyopic and fellow eyes, 
other studies have found no such differences.8,9 For example, Nourinia et al reported a larger FAZ in amblyopic eyes 
compared to unaffected eyes,10 while Yilmaz et al noted a smaller FAZ in amblyopia versus fellow eyes.11 Additionally, 
a study on Chinese children found that the perfusion parameters of the superficial retinal layer, such as the FAZ area, 
perimeter, and circularity, were significantly higher in amblyopic eyes compared to fellow eyes with anisometropic 
amblyopia.11 Given the divergent results of previous studies, our research aimed to fill the existing gap in the literature by 
examining the changes in the foveal area zone (FAZ) associated with unilateral amblyopia and its treatment, and 
providing a more definitive understanding of the issue.

Another important factor to consider is correcting magnification errors in both the amblyopic and nonamblyopic eyes 
before interpreting the results of FAZ.12 Therefore, further investigation is necessary to validate the discrepancies in 
FAZ-related biomarkers between the amblyopic and nonamblyopic eyes.

Few studies have used OCTA-generated biomarkers to track the efficacy of amblyopia treatment. Gunzenhauser et al 
studied 12 children with unilateral amblyopia were studied by Gunzenhauser et al,13 and it was found that after a four- 
month period of amblyopia therapy, the retinal vascular density in the deep capillary plexus of the macula increased. 
A study of 33 amblyopic children in China revealed that the area and circularity of the FAZ decreased after six months of 
amblyopia therapy, and the latter was well correlated with an improvement in visual acuity in treated eyes.14

To our knowledge, OCTA-generated FAZ biomarkers, such as FAZ area, perimeter, and circularity, have not been 
used to monitor the effects of different types and severity levels of amblyopia therapy. Given this gap, we formulated the 
following research question: How do FAZ biomarkers (area, perimeter, and circularity) generated by OCTA change after 
amblyopia therapy in children with unilateral strabismic or anisometropic amblyopia? We hypothesized that the OCTA- 
derived FAZ area, perimeter, and circularity would remain unchanged in amblyopic eyes following amblyopia treatment.

We present the OCTA-generated area, perimeter, and circularity parameters of the FAZ at baseline and after 
amblyopia treatment as well as the determinants of the changes observed in the amblyopic and fellow eyes of Saudi 
children with strabismic and/or anisometropic unilateral amblyopia. Leveraging OCTA biomarkers to examine FAZ 
alterations provides novel information on pediatric amblyopia and response to treatment. This study offers a new 
perspective on this common pediatric eye condition and its treatment effects.
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Materials and Methods
This study was reviewed and approved by the Institutional Research Board of the King Khaled Eye Specialist Hospital 
(20139-P). The tenants of the Declaration of Helsinki strictly adhered to the study protocol, and followed the principles 
and applicable guidelines for the protection of human subjects in biomedical research. Parents of the children with 
unilateral amblyopia provided written informed consent to participate in this study.

We recruited patients with unilateral strabismic or anisometropic amblyopia who had not received prior treatment. 
Amblyopic patients started unilateral occlusion therapy based on best corrected visual acuity obtained following the 
amblyopia treatment study group criteria.15

Patients were followed up every three months over a one-year period between January 2021 and January 2022 in the 
Pediatric Ophthalmology Division. A comprehensive ophthalmologic examination, including OCTA and occlusion 
assessment, was performed at each of the four quarterly visits. The exclusion criteria were lack of patching compliance, 
parental refusal of OCTA, bilateral amblyopia, deprivation amblyopia, prematurity, systemic diseases, eccentric fixation, 
and ophthalmic conditions other than strabismus.

In this prospective two-armed cohort study, the participants’ eyes were divided into two arms: amblyopic eyes (Gr-1) 
and fellow nonamblyopic eyes (Gr-2). To achieve a 95% confidence interval and 80% power with a 1:1 ratio of Gr-1 to 
Gr-2, a sample size of 23 amblyopic eyes was required at baseline and after treatment based on calculations using Open 
Epi software for a mean difference in a cohort study.16

Macular microvascular network images within the superficial capillary plexus (SCP) layer were obtained for 
amblyopic and fellow eyes using spectral-domain OCTA (REVO nx, Optopol Technology, Poland). A 6×6 mm macular 
scan was acquired for each eye. The automated process outlined the FAZ profile and calculated its area and circularity by 
using a built-in analytical algorithm. The device uses a software program that employs a series of automated image- 
processing steps to identify and quantify the foveal avascular zone (FAZ). The specific algorithm used is not publicly 
disclosed; however, it has been validated and operates as follows.

High-resolution OCTA images depicting depth-resolved retinal vasculature were acquired using an OCTA instrument. 
Advanced segmentation techniques then isolate the retinal layers and distinguish blood vessels from the surrounding 
tissue. The algorithm then detects and delineates the borders of the FAZ, identifying the central avascular area of the 
macula that lacks perfused capillaries. With the FAZ outlined, the software measures the number of pixels within the 
defined region and converts this into a physical area in units such as square millimeters. Additionally, the circularity of 
the FAZ was calculated by analyzing its shape contours. Through this automated sequence, the proprietary algorithm 
developed by the company enabled reliable and validated quantification of clinically relevant FAZ metrics (Figure 1). 

Figure 1 Foveal Avascular Zone (FAZ) Parameters in Amblyopic and Nonamblyopic Eyes at Study Onset and Final Follow-Up. The presented graph depicts the FAZ area 
(in mm2), perimeter (in mm), and circularity in the amblyopic eye in comparison with the nonamblyopic fellow eye at the beginning and conclusion of the study. It is 
noteworthy that no significant discrepancies were detected between the amblyopic and nonamblyopic eyes in terms of the FAZ parameters at either time point. However, 
minor reductions in the FAZ perimeter were observed in the amblyopic eye throughout the study.
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Although the specific details of their software are proprietary, the general workflow demonstrates an optimized approach 
for precise FAZ analysis.

The SCP layer is a thin layer of tissue that lies between the internal limiting membrane and outer border of the inner 
plexiform layer in the eye. The ratio of the perimeter of the FAZ to that of a circle with an equal area, which ranges from 0 
to 1, was used to determine the circularity of the FAZ. A value closer to 1 indicated a more regular circular shape. We 
assumed that the circularity of the FAZ at baseline was 0.7 ± 0.1 in the eye with amblyopia, and four months after 
amblyopia treatment, it was 0.8 ± 0.12, as reported by Huang et al.14 We ensured high-quality scan with an experienced 
technician trained by the OCTA company. The built-in software automatically rejected scans if the artifacts affected the 
interpretation of the scan results. The FAZ area was measured and corrected for the magnification factor due to variations in 
axial length using the formula: FAZActualsize Avascularzoneð Þ¼ 3:5� 0:013062� axiallength � 1:82ð Þ� sizeinOCTð Þ.17

We collected demographic variables such as age, sex, and eyes with amblyopia. We evaluated the refractive status 
using cycloplegic refraction and, based on spherical equivalent values, classified them as myopic, emmetropic, or 
hyperopic. If the spherical equivalent of one eye was ± 1 diopters different from that of the other eye, we termed it 
anisometropia. Visual acuity was measured using the LogMAR scale. We categorized the amblyopia grades as “mild”, 
“moderate”, “and” severe based on visual acuity between 0.20 to 0.30, 0.30 to 0.70, and less than 0.70, respectively. We 
also classified and grouped the causes of amblyopia, including strabismus and anisometropia.

The primary outcome was the discrepancy in the area, perimeter, and circularity of the FAZ at the final follow-up after 
amblyopia therapy in comparison with the baseline in amblyopic eyes and fellow eyes.

Data were collected using a pre-tested data collection form and then transferred to the Statistical Package for Social 
Studies (SPSS 25) spreadsheet, which was developed by IBM (NY, USA). Qualitative data are presented as numbers and 
percentages. Quantitative variables, if normally distributed, are presented as means and standard deviations. Variables 
that were not normally distributed or of small sample sizes are presented as medians and interquartile ranges. Matched- 
pair analysis was used to validate the comparison between amblyopic and fellow eyes for normally distributed outcome 
variables. Nonparametric analysis was used to validate comparisons based on the Wilcoxon signed-rank test p-value, and 
statistical significance was established at P < 0.05. Differences in FAZ area, perimeter, and circularity in the amblyopic 
eye at the last follow-up and baseline were correlated with different variables using univariate analysis and validated 
using the Spearman correlation test.

Results
We examined a total of 46 eyes. 23 amblyopic eyes from Gr-1 and 23 fellow eyes from Gr-2 were observed in 23 
children. Table 1 summarizes the results of this study.

In Gr-1 and Gr-2, vision improved in both eyes. Specifically, in Gr-1, vision improved from a median of 0.9 
(interquartile range, 0.6–1.0) to 0.4 (IQR, 0.2–0.6), and this improvement was statistically significant (P = 0.001). In 
Gr-2, the median logarithmic vision improved from 0.2 (IQR, 0.1–0.2) to 0.0 (IQR, 0.0–0.1). The improvement in 
logMAR vision was also statistically significant in Gr-2 (P = 0.001). The median duration of the last follow-up was 12 
months (IQR, 11–14 months) after amblyopia therapy.

Spearman test results indicated that there were no statistically significant differences in the area, perimeter, and 
circularity measurements between the amblyopic and fellow eyes, the anisometropic and fellow eyes, and between 
moderate and severe amblyopic eyes at both onset and the last follow-up.

We discovered a connection between multiple starting variables and three biological markers related to FAZ. A strong 
correlation was found between changes in the FAZ area (as shown in Table 2) and esotropia (P = 0.046). On the other 
hand, we found that starting visual acuity was inversely correlated with changes in the FAZ area (P = 0.02).

Table 3 shows the biomarkers related to FAZ in Gr-1 and Gr-2 at baseline and different follow-up periods. At the third 
visit after amblyopia therapy, the circularity index of the FAZ in Gr-1 was significantly higher than that in Gr-2 (P = 
0.01). The other indices did not differ significantly between the groups.

We analyzed the changes in biomarkers in patients from Gr-1 and Gr-2 at their fourth visit compared to their first 
visit. As shown in Figure 2, the median FAZ areas in Gr-1 (0.3 mm2) and Gr-2 (0.28 mm2) were similar (P = 0.83). No 
significant change in FAZ area was observed in either group (P = 0.93) after 1 year of amblyopia treatment. Gr-1 showed 
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a larger median FAZ perimeter reduction (0.12 mm2) than Gr-2 (0.02 mm2), but this difference was not statistically 
significant (P = 0.09). The median circularity index in Gr-1 matched with Gr-2 at onset and at the last follow-up 
(0.67 mm2), without changes during the duration of the study (P = 0.38).

Table 1 Demography of Children with Unilateral Amblyopia

Age Number 23
Mean 8
Standard deviation 1.3

Number Percentage

Gender Male 13 56
Female 10 44

Eye affected Right 13 56
Left 10 44

Type of strabismus None 1 4
Exotropia 2 9

Esotropia 20 87

Type of amblyopia Strabismic 12 52
Anisometropic 3 13

Mixed 8 35

Grade of amblyopia Mild 5 22
Moderate 6 26

Severe 12 52

Refractive status (Spherical equivalent diopter) Myopia 3 13

Emmetropia 2 9
Hyperopia 18 78

Table 2 Correlation Between Changes in FAZ-Related Biomarkers in Amblyopic Eyes of Saudi Children and 
Different Pretreatment Parameters

Variables FAZ Area %  
Difference

FAZ Perimeter Area 
% Difference

FAZ Circularity 
Index % Difference

Spearman  
Coefficient

P Spearman  
Coefficient

P Spearman  
Coefficient

P

Age 0.06 0.77 −0.18 0.42 0.08 0.72

Gender −0.17 0.43 0.07 0.74 0.00 1.0

Spherical equivalent −0.23 0.29 −0.03 0.88 0.06 0.79

Strabismus −0.42 0.046 0.15 0.49 −0.08 0.71

Type of amblyopia −0.11 0.62 −0.37 0.08 −0.15 0.49

Grade of amblyopia 0.04 0.84 −0.28 0.18 0.01 0.97

Log vision at the onset of the study −0.45 0.01 0.05 0.82 −0.19 0.38

Log vision at the last follow-up −0.39 0.06 −0.06 0.78 −0.06 0.78

Abbreviation: FAZ, foveal avascular zone.
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Discussion
Although there was an improvement in visual acuity, biomarkers related to FAZ did not show significant improvement in 
Saudi children following amblyopia therapy. The difference in FAZ area and circularity at the macula between the two 
groups (Gr-1 and Gr-2) was not significant, and the perimeter reduction of the FAZ was greater in Gr-1 than in Gr-2, but 
the difference was not statistically significant (P = 0.09). Strabismus and visual acuity before therapy were significantly 
correlated with changes in the FAZ area at the last follow-up in amblyopic eyes.

The disparity in functional and vascular changes in the macular area of the amblyopic eye observed in our study after 
one year of therapy suggests that vision improvement may not occur in the macula but rather in the higher visual centers. 
The improvement in vision in amblyopic eyes did not appear to have any effect on the vascularity of the fovea. This may be 
the longest observed impact of amblyopia therapy on the levels of FAZ-related biomarkers, lasting for a median of one year.

Our study discovered both similarities and discrepancies with prior research on foveal avascular zone (FAZ) 
variations following amblyopia treatment. Our results are consistent with those of Huang et al, who investigated 51 
eyes with anisometropic amblyopia and observed no significant change in FAZ area 6 months after therapy (P = 0.29). 
However, the circularity index of the FAZ did increase significantly following treatment (P < 0.001).15 Similarly, Zhang 
et al found a 3.36% lower vascular density in the macula of the recovering amblyopia group compared to controls (P = 
0.55), but this difference was not statistically significant.12

However, our research conflicts with those of Nourinia et al and Yilmaz et al, who reported enlarged and reduced FAZ 
areas in amblyopic and fellow eyes, respectively.10,11 These disparities underscore the need for additional controlled 
studies with adequate sample sizes to clarify the influence of amblyopia and its treatment on FAZ morphology and 
metrics derived from optical coherence tomographic angiography.

Our investigation revealed that the impact of amblyopia therapy on FAZ area, perimeter, and circularity indices was 
not significant during the final year of follow-up. Huang et al14 studied 51 eyes with anisometric amblyopia to evaluate 
the biomarkers of FAZ six months after therapy. The adjustment in the FAZ area following treatment was not significant 
(P = 0.29). The circularity of FAZ in amblyopic eyes grew significantly after treatment from 0.71 (IQR 0.60–0.80) to 
0.80 (IQR 0.76–0.83) after treatment (P < 0.001). The circularity of the foveal avascular zone (FAZ) on OCTA can be 

Table 3 Comparison of Biomarkers Related to the Foveal Avascular Zone by Optical Coherence Tomography 
Angiography in Gr-1 and Gr-2 of Saudi Children with Unilateral Amblyopia

Gr-1* Gr-2** Validity  
Wilcoxon P

Median Interquartile Range Median Interquartile Range

First visit (Baseline) Foveal area (mm2) 0.3 0.23;0.37 0.3 0.23;0.34 1.0

Perimeter (mm) 2.5 2.21;2.64 2.3 2.14;2.51 0.28

Circularity 0.7 0.57;0.71 0.7 0.64;0.72 0.22

Second visit Foveal area 0.3 0.23;0.36 0.3 0.23;0.33 0.50

Perimeter 2.3 2.14;2.57 2.2 2.14;2.64 0.91

Circularity 0.7 0.62;0.69 0.7 0.65;0.73 0.22

Third visit Foveal area 0.3 0.22;0.37 0.3 0.23;0.34 0.67

Perimeter 2.4 2.17;2.62 2.2 2.07;2.54 0.07

Circularity 0.6 0.58;0.69 0.7 0.63;0.73 0.01

Fourth visit Foveal area 0.3 0.22;0.35 0.3 0.23;0.35 0.64

Perimeter 2.3 2.19;2.57 2.3 2.16;2.52 0.56

Circularity 0.7 0.57;0.77 0.7 0.63;0.73 0.33

Notes: *Gr-1= Amblyopic eyes; **Gr-2= Non-amblyopic eyes.
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utilized as a measure of shape regularity, calculated as 4π × (area/perimeter^2), with a perfect circle having a circularity 
of 1 and irregular shapes approaching 0.18 OCTA enables noninvasive imaging of the retinal vasculature and FAZ, 
although the borders may not always be clear. The accuracy and reproducibility of FAZ circularity measurements are 
contingent upon image quality, resolution, segmentation, and quantification algorithms, and factors such as media 
opacities, motion artifacts, poor fixation, and segmentation errors can reduce the precision. Most studies have demon-
strated good repeatability with intraclass correlation coefficients between 0.8–0.9, but variability exists between different 
devices and algorithms.19 The minimum change considered clinically significant or detectable above measurement 
variability has yet to be established, requiring further research. Compared with the FAZ area, circularity may be 
a more sensitive metric for detecting subtle changes in regularity. FAZ circularity can be used as a metric for shape 
regularity on OCTA, but the factors affecting measurement accuracy should be considered. Further standardization and 
validation are necessary to determine the clinically meaningful change thresholds for circularity.

Additionally, vision in the amblyopic eyes in this study also improved significantly. Zhang et al20 also investigated the 
effects of amblyopia therapy in 39 eyes with anisometropic amblyopia. They found that the axial length-adjusted vascular 
densities in the macula were 3.36% lower in the recovering amblyopia group than in the control group (P = 0.55), but the 
difference was not statistically significant. Given that our cohort had strabismic amblyopia in eyes with esotropia and 
some anisometric amblyopic eyes, it is important to approach comparisons with caution. There appears to be no 
discernible or consistent alteration in FAZ biomarkers as a result of amblyopia therapy when compared to nonamblyopic 
eyes. We observed only a significant discrepancy in the circularity index between amblyopic eyes and their matched 
counterparts at the third visit, which occurred nine months after the initiation of amblyopia therapy. At the final follow-up 
appointment, there was no significant difference in FAZ biomarkers between amblyopic and nonamblyopic eyes. Wong 
et al reported no significant difference in the area of the foveal avascular zone (FAZ) between 30 amblyopic eyes and 

Figure 2 Changes in Foveal Avascular Zone (FAZ) Biomarkers in Amblyopic (Gr-1) and Nonamblyopic (Gr-2) Eyes. This line chart illustrates the variations in the median 
values of avascular, perimetric, and circular areas in the Gr-1 (amblyopic) and Gr-2 (nonamblyopic) eyes between the initial and fourth OCTA assessments. The X-axis 
represents different assessment visits, categorized as Gr-1 or Gr-2, while the Y-axis represents the area of the foveal avascular zone (in square millimeters), perimeter (in 
millimeters), and circularity (in millimeters). The red line denotes the median FAZ biomarkers in the amblyopic eyes, whereas the blue line represents the same parameters 
in nonamblyopic eyes.
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1045 control eyes. Furthermore, they observed that the circularity of The FAZ was significantly lower in the amblyopic 
eyes than in the control eyes.21 Nourinia et al in 2022 observed that the area of the FAZ was more extensive in eyes with 
amblyopia than in unaffected eyes.10 Several studies have reported inconclusive variations in the FAZ area between 
amblyopic eyes and fellow eyes of children with unilateral amblyopia.5,8,11,14 The FAZ biomarkers do not appear to have 
any correlation with the development of amblyopia or the health of the fellow eye. We observed no alterations in the 
perimeter length that were linked to FAZ biomarkers due to amblyopia therapy or when compared to the unaffected eye. 
Conversely, Choi et al discovered significant changes in the perimeter and circularity biomarkers of the FAZ on OCTA in 
glaucomatous eyes.22 Altogether amblyopia and its treatment may not alter the perimeter and circularity of the FAZ as in 
glaucomatous eyes.

In our study, strabismus played a significant role as a confounder/effect modifier in the correlation between FAZ 
biomarkers and changes after amblyopia therapy. Most of the patients had esotropia and hyperopia. Refractive error 
correction and fellow eye suppression during treatment could have improved the image focus on the fovea and macular 
perfusion, leading to changes in the FAZ biomarkers. Amblyopia has been primarily studied as a FAZ biomarker for 
anisometropic amblyopia.11,23,24 We did not analyze the specific type of strabismus and its impact on the results of our 
research, as the number of cases with exotropia and emmetropia was small. A study comparing exotropia and intermittent 
exotropia did not show significant differences in the FAZ biomarkers.25

We did not find that age or sex affected the changes in FAZ biomarkers after amblyopia treatment. Axial length has 
been demonstrated to grow or increase as young children mature.26 One year of follow-up in a significant number of 
amblyopic eyes with hyperopia in our study may have contributed to changes in axial length, leading to discrepancies in 
FAZ biomarkers after therapy. There was a negative but significant correlation between logarithmic vision before therapy 
and the change in the FAZ area one year after treatment for amblyopia in our study. Wong noted a correlation between 
baseline log visual acuity and FAZ circularity.21 In hyperopic anisometric eyes, best corrected visual acuity in amblyopic 
eyes was negatively correlated with vascular density.24 Dense amblyopia is less likely to be a pretherapy BCVA. In 
amblyopic eyes with anisometropia, vision recovery after therapy can change perfusion and vascular density; however, 
this has a limited effect on the FAZ. A study by Fujiwara et al in Japan found that age, sex, refractive error, and axial 
length were not significantly correlated with the FAZ area.27 The age range of our cohort was between 6 and 11 years, 
and it should be noted that there were limited changes in FAZ observed in this age group. Therefore, the evaluation of 
FAZ changes in size may be more relevant to the age of the children than the impact of amblyopia treatment. We may 
consider this as an area for further research to support the hypothesis that the growth of photoreceptors is the reason for 
the lack of change in FAZ following treatment.

Our study had limitations, including a small subsample of varying ocular parameters, that prevented us from 
determining their impact on study outcomes. This study may not have had sufficient power to perform a baseline 
correlation analysis that examined the relationships between certain participant characteristics. We did not measure the 
axial length of the amblyopic eyes independently, and relied on software-generated adjustments to the FAZ biomarkers. 
The accuracy of these adjustments could have affected the outcomes for the highly myopic and hyperopic eyes in our 
study. The current study aimed to explore long-term alterations in OCTA-derived FAZ biomarkers following amblyopia 
therapy. Our findings contrasted with those of previous research on the short-term outcomes of amblyopia treatment. We 
conjectured that FAZ biomarkers in eyes treated with refractive correction and occlusion therapy would remain 
unchanged in the long term despite significant improvements in vision in amblyopic eyes. These findings imply that 
the outcomes of amblyopia treatment and long-term vision improvement are not affected by structural or vascular 
changes in the retinal fovea. Visual recovery may occur at a higher level in the visual center than in the macular area due 
to occlusion.

Conclusion
In this cohort of Saudi children with unilateral amblyopia, one year of occlusion therapy had no significant effect on the 
area, perimeter, or circularity of the FAZ. While therapy increased visual acuity, FAZ measurements were equivalent 
between amblyopic and normal eyes. This study provides insights into the potential of FAZ biomarkers for monitoring 
amblyopia and assessing treatment responses. The findings should be interpreted cautiously given the small sample size.
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OCTA, optical coherence tomography angiography; FAZ, foveal avascular zone; P, p-value; mm2, millimeters 
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