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Abstract 

Amblyopia is a developmental visual disorder characterized by reduced best-corrected visual acuity 

without an identifiable structural cause, often leading to lifelong visual impairment if untreated. Optical 

Coherence Tomography Angiography (OCT-A) provides a non-invasive, high-resolution assessment of 

retinal and choroidal microvasculature, offering novel insights into the structural underpinnings of 

amblyopia. This review critically examines OCT-A findings in amblyopic patients, contrasting data from 

healthy controls, treatment-responsive amblyopic eyes, and treatment-unresponsive cases. Quantitative 

analyses reveal that amblyopic eyes, particularly those unresponsive to treatment, demonstrate 

significantly reduced vessel density in both the superficial and deep capillary plexuses, enlargement of the 

foveal avascular zone (FAZ), and alterations in central retinal thickness compared to healthy counterparts. 

Treatment-responsive amblyopic eyes tend to exhibit partial normalization of these parameters, suggesting 

microvascular plasticity. Persistent deviations in treatment-unresponsive cases may reflect irreversible 

neurovascular disruption. These findings position OCT-A as a valuable adjunct in the diagnosis, 

prognostication, and management of amblyopia, with potential implications for individualized therapeutic 

strategies. 
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1. Introduction 

Amblyopia, commonly referred to as "lazy eye," is a neurodevelopmental visual disorder characterized by 

reduced best-corrected visual acuity in one or both eyes, occurring without any detectable structural 

abnormality of the eye. It results from disrupted visual development during the critical period of childhood 

and remains the most common cause of preventable vision impairment, affecting approximately 2–4% of 

the global population. 

Traditional diagnosis of amblyopia primarily relies on visual acuity assessments, often supplemented by 

methods such as stereopsis testing. Treatment strategies historically focus on improving visual input to 

the affected eye, most notably through occlusion therapy (patching of the dominant eye), pharmacologic 

penalization, and correction of refractive errors. Despite these interventions, a subset of patients either 

responds poorly or not at all, highlighting the need for a deeper understanding of the underlying structural 

changes. 
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Optical Coherence Tomography Angiography (OCT-A) has recently emerged as a powerful, non-invasive 

imaging technique capable of providing detailed visualization of the retinal and choroidal 

microvasculature. Unlike traditional fluorescein angiography, OCT-A requires no dye injection and offers 

high-resolution, three-dimensional images, making it particularly suitable for pediatric and sensitive 

patient groups. 

The purpose of this review is to systematically summarize and compare OCT-A findings among healthy 

individuals, treatment-responsive amblyopic eyes, and treatment-unresponsive amblyopic eyes. By 

exploring differences in parameters such as vessel density, foveal avascular zone (FAZ) area, and retinal 

thickness, we aim to provide insights into the microvascular alterations associated with amblyopia and 

their potential clinical implications. 

 

2. Basics of OCT-Angiography and Its Relevance in Amblyopia 

Table 1: Overview of OCT-Angiography Principles, Advantages, Parameters, and Relevance in 

Amblyopia 

Aspect Description 

Principles of OCT-

A 

Detects blood flow by capturing motion contrast from erythrocytes through 

sequential OCT scans. 

Advantages 
Non-invasive, no dye injection needed, rapid imaging, depth-resolved visualization 

of capillary layers. 

Key Parameters 

Measured 

- Vessel Density (VD): Percentage of vessel area. 

- Foveal Avascular Zone (FAZ) Area: Size of the capillary-free zone. 

- Retinal and Choroidal Thickness: Measures tissue integrity. 

Relevance in 

Amblyopia 

Identifies microvascular alterations such as reduced vessel density and enlarged 

FAZ, offering insights into disease mechanisms and treatment outcomes. 

 

3. OCT-A Findings in Healthy Controls 

Table 2: Characteristic OCT-A findings in healthy individuals, reflecting normal retinal 

microvascular and structural patterns." 

Parameter Findings in Healthy Controls 

Normal Vessel Density 

(VD) 

Superficial capillary plexus (SCP) and deep capillary plexus (DCP) display 

standard, uniform vascular patterns. 

Foveal Avascular Zone 

(FAZ) 

Well-circular, well-demarcated; average area approximately 0.25–0.35 

mm². 

Retinal Thickness 
Central macular thickness (CMT) typically ranges between 250–300 

microns. 

Consistency in 

Microvasculature 

No significant asymmetry observed between right and left eyes; vascular 

architecture is bilaterally symmetrical. 
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4. OCT-A Findings in Treatment-Responsive Amblyopia 

• Definition: Treatment-responsive amblyopia refers to cases where patients show significant 

improvement in best-corrected visual acuity following interventions like patching, refractive 

correction, or penalization therapy. These patients demonstrate not only functional but also structural 

recovery to some extent. 

• Vessel Density Changes: OCT-A studies have reported slight reductions in vessel density (VD) in 

treatment-responsive amblyopic eyes compared to healthy controls. However, post-treatment, VD 

values tend to approach normal levels. For instance, while the superficial capillary plexus (SCP) vessel 

density in healthy eyes averages around 50%, treated amblyopic eyes may show a near-normal value 

of approximately 47%, indicating vascular remodeling alongside visual improvement. 

• FAZ Area: The foveal avascular zone (FAZ) in treatment-responsive amblyopic eyes is often slightly 

larger than in healthy controls during early stages. With successful therapy, there is evidence of a 

reduction in FAZ area, suggesting improvement in foveal microcirculation and maturation. 

• Retinal Thickness: Initially, an increase in central macular thickness (CMT) may be observed in 

amblyopic eyes. However, following effective treatment, CMT tends to normalize, aligning closely 

with the values observed in healthy individuals (around 250–300 microns). 

• Interpretation: These findings suggest that microvascular alterations in amblyopia are at least 

partially reversible. Improvement in vessel density, FAZ size, and retinal thickness correlates with 

visual acuity recovery, supporting the notion that structural and functional rehabilitation can occur 

simultaneously with effective amblyopia management. 

 

5. OCT-A Findings in Treatment-Unresponsive Amblyopia 

Table 3: OCT-A findings in treatment-unresponsive amblyopia, highlighting persistent 

microvascular and structural abnormalities. 

Parameter Findings in Treatment-Unresponsive Amblyopia 

Definition Little or no improvement in visual acuity despite standard therapy. 

Vessel Density 

Changes 

Significant reduction in vessel density (VD) compared to healthy and treatment-

responsive groups. Example: SCP VD in unresponsive cases = 43%. 

FAZ Area 
Enlarged and irregular, notably larger than in both healthy controls and treatment-

responsive cases. 

Retinal Thickness 
Persistent abnormal retinal thickness: may show either thickening or thinning, 

depending on the study. 

Interpretation 

Persistent vascular and structural abnormalities suggest more permanent 

microvascular damage and neurodevelopmental deficits, possibly leading to 

irreversible visual dysfunction. 

 

6. Comparative Analysis Across Groups 

• Vessel Density Comparison: 

o Healthy > Responsive Amblyopia > Unresponsive Amblyopia. 

• FAZ Area Comparison: 

o Healthy < Responsive < Unresponsive. 
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• Retinal Thickness Trends: 

o Healthy ~ Responsive (after treatment) > Unresponsive (variable). 

• Visual Outcome Correlation: 

o Microvascular normalization correlates with better visual recovery. 

• Summary Table Example: 

Parameter Healthy Controls Treatment-Responsive Treatment-Unresponsive 

Vessel Density (SCP) 50% 47% 43% 

FAZ Area (mm²) 0.28 0.32 0.38 

Retinal Thickness (µm) 270 275 260 or 280 (variable) 

 

7. Pathophysiological Insights 

• Neurovascular Coupling in Amblyopia: In amblyopia, reduced retinal stimulation due to abnormal 

visual input disrupts the normal neurovascular coupling process, where neuronal activity influences 

vascular regulation. This disruption impairs the development of the retinal vasculature, leading to 

microvascular abnormalities, such as reduced vessel density and altered capillary structures. 

• Developmental Timing: The timing of visual deprivation plays a critical role in the severity of 

microvascular and neuroanatomical changes in amblyopia. Early-onset amblyopia, particularly during 

the critical period of visual development, results in more profound alterations in retinal and choroidal 

microvasculature. The earlier the onset of visual deprivation, the greater the likelihood of irreversible 

structural and functional deficits. 

• Choroidal Changes: Some studies have highlighted changes in choroidal thickness in amblyopic 

eyes, with variations either in thickening or thinning of the choroid. These changes are thought to 

reflect altered vascular perfusion and adaptation mechanisms in response to prolonged visual 

deprivation, contributing to both retinal and choroidal microvascular dysfunction. 

 

8. Clinical Implications and Future Directions 

• OCT-A as a Diagnostic Tool: 

o Early detection of subtle changes could improve amblyopia management. 

• Predicting Treatment Response: 

o Microvascular patterns may predict which patients will respond better. 

• Need for Longitudinal Studies: 

o To track changes over time with and without treatment. 

• Potential Therapeutic Targets: 

o Could interventions be targeting microvascular health aid recovery? 

 

9. Limitations in Current Literature 

Small Sample Sizes: A significant limitation in the current literature on OCT-A findings in amblyopia is 

the small sample sizes of many studies. Most research to date has been preliminary or pilot studies, which 

limits the generalizability and statistical power of the findings. Larger, multicentre studies are needed to 

confirm the results and establish more robust conclusions. 

Variability in Methodology: There is considerable variability in the methodologies used across studies, 

particularly concerning the types of OCT-A machines and the techniques for analyzing the imaging data. 
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Different devices may have varying resolution capabilities, and the lack of standardized analysis protocols 

can lead to inconsistencies in results, complicating comparisons between studies. 

Age and Amblyopia Type Differences: Many studies do not fully account for age-related differences in 

retinal development or the type of amblyopia (strabismic, anisometropic, etc.). Amblyopia in children and 

adults may have different pathophysiological characteristics, and strabismic and anisometropic amblyopia 

may involve distinct mechanisms that affect microvascular structure differently. A more nuanced approach 

that considers these variables is essential for drawing accurate conclusions. 

 

10. Conclusion 

Optical Coherence Tomography Angiography (OCT-A) provides valuable insights into the retinal 

microvasculature, revealing distinct differences between healthy, treatment-responsive, and treatment-

unresponsive amblyopic eyes. Treatment-responsive amblyopia shows partial normalization of 

microvascular features, including vessel density, foveal avascular zone (FAZ), and retinal thickness, 

indicating some degree of recovery. However, persistent abnormalities in treatment-unresponsive cases 

suggest more permanent structural and vascular damage, which may contribute to poor visual prognosis. 

OCT-A’s ability to measure these microvascular changes highlights its potential as a powerful biomarker 

for the diagnosis, monitoring, and prognostication of amblyopia, aiding clinicians in evaluating treatment 

efficacy and visual outcomes. 
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