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ABSTRACT:

Background: Diabetic retinopathy (DR) is a leading cause of vision impairment, characterized by
microvascular changes in the retina. The foveal avascular zone (FAZ) plays a critical role in maintaining
central vision, and its enlargement is associated with disease severity in DR. Optical coherence tomography
angiography (OCTA) is a non-invasive imaging modality that allows for detailed evaluation of retinal
microvasculature, including the FAZ.

Aim: This study aimed to assess the size of the foveal avascular zone in patients with different stages of
diabetic retinopathy using OCTA and to determine its correlation with disease progression.

Methods: A cross-sectional study was conducted on 30 patients diagnosed with various stages of diabetic
retinopathy. OCTA was used to measure the FAZ area in both the superficial and deep capillary plexus.
Patients were classified into non-proliferative DR (mild, moderate, and severe) and proliferative DR groups.
Statistical analyses were performed to evaluate differences in FAZ size across the groups and to assess the
correlation between FAZ enlargement and DR severity.

Results: FAZ size was found to be significantly larger in patients with advanced stages of diabetic
retinopathy. The average FAZ area in the superficial plexus increased progressively from mild
nonproliferative DR (0.26 = 0.07 mm?) to proliferative DR (0.42 £ 0.11 mm?). Similarly, the deep capillary
plexus showed a significant increase in FAZ size as DR severity advanced. A strong positive correlation (r
=0.81, p <0.001) was observed between FAZ enlargement and DR progression.

Conclusion: OCTA provided valuable insights into the microvascular changes occurring in diabetic
retinopathy. The enlargement of the foveal avascular zone was closely associated with disease severity,
making it a potential biomarker for monitoring DR progression. Early detection of FAZ changes using
OCTA could facilitate timely intervention and prevent further visual deterioration.

Keywords: Diabetic retinopathy, foveal avascular zone, optical coherence tomography angiography, retinal
microvasculature, disease progression, OCTA

INTRODUCTION:

Diabetic retinopathy (DR) has long been recognized as a leading cause of visual impairment and blindness
in individuals with diabetes. The increasing global prevalence of diabetes has amplified the burden of
diabetic retinopathy, making it a critical public health concern. Previous studies have identified
microvascular changes, such as capillary non-perfusion and increased vascular permeability, as key
contributors to the progression of diabetic retinopathy [1]. Traditionally, these microvascular changes were
assessed using techniques like fundus fluorescein angiography (FFA), which provided valuable insights but
had limitations, including invasiveness and potential complications. The development of optical coherence
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tomography angiography (OCTA), a non-invasive imaging modality, provided a more detailed and safer
alternative for assessing retinal vascular structures, particularly the foveal avascular zone (FAZ), an
important biomarker in diabetic retinopathy [2].

The foveal avascular zone, a capillary-free area located at the center of the macula, is vital for maintaining
high visual acuity. In diabetic retinopathy, alterations in FAZ size and morphology have been linked to
disease progression and visual impairment [3]. Several studies have demonstrated that the enlargement of
the FAZ is correlated with the severity of diabetic retinopathy, making it a potential marker for early
detection and monitoring of the disease. Optical coherence tomography angiography (OCTA) enabled
researchers to measure FAZ size and assess retinal microvascular changes with high precision, offering a
significant advantage over conventional imaging methods [4].

Optical coherence tomography angiography (OCTA) employed motion contrast imaging to capture dynamic
blood flow within the retinal and choroidal vasculature. Its ability to visualize both superficial and deep
capillary plexuses without the need for dye injection reduced the risks associated with FFA and provided
detailed information on the retinal microvasculature [5]. In diabetic retinopathy, OCTA enabled the
assessment of capillary dropout, microaneurysms, and FAZ alterations, all of which contributed to a
comprehensive understanding of the disease's pathophysiology.

Previous studies had explored the relationship between FAZ size and diabetic retinopathy stages, but the
findings were varied. Some researchers reported a progressive increase in FAZ size with worsening diabetic
retinopathy, while others suggested that FAZ alterations might be detectable even in early stages of the
disease [6]. Additionally, the impact of diabetic macular edema (DME), another complication of diabetic
retinopathy, on FAZ morphology had been investigated. DME, characterized by fluid accumulation in the
macula, contributed to retinal thickening and could further distort the FAZ [7]. Understanding the changes
in FAZ size and its association with visual acuity and disease severity remained crucial for improving
diagnostic accuracy and treatment strategies.

In light of the advancements in OCTA technology, this study aimed to assess the size of the foveal avascular
zone in patients with diabetic retinopathy using optical coherence tomography angiography [8]. By
evaluating FAZ size in different stages of diabetic retinopathy, this study sought to establish whether FAZ
enlargement correlated with disease severity and could serve as a reliable biomarker for monitoring disease
progression. Additionally, the study aimed to explore the potential relationship between FAZ size, diabetic
macular edema, and visual acuity to gain a deeper understanding of the clinical implications of FAZ
alterations in diabetic retinopathy [9].

Assessing FAZ size using OCTA provided an opportunity to better understand the retinal microvascular
changes in diabetic retinopathy and offered a non-invasive, precise method for early detection and
monitoring of disease progression. This study contributed to the growing body of knowledge on the role of
the foveal avascular zone in diabetic retinopathy and its potential utility in guiding clinical management
strategies [10].

MATERIALS AND METHODS:

Study Design and Population

This was a prospective observational study conducted to assess the foveal avascular zone (FAZ) size in
patients with diabetic retinopathy using optical coherence tomography angiography (OCTA). The study
was conducted over a duration of 03 months, from October 2023 to Dec 2023, and included 30 participants.
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These participants were recruited from the ophthalmology department of Peshawar medical college. All
participants provided informed consent prior to enrollment in the study.

Inclusion and Exclusion Criteria

Participants included in the study were diagnosed with diabetic retinopathy, either non-proliferative or
proliferative, and were aged 18 years or older. Patients with any of the following were excluded from the
study: previous intraocular surgeries, significant media opacities such as cataracts that could affect image
quality, concurrent retinal diseases other than diabetic retinopathy, or any history of ocular trauma or
infection.

Data Collection

OCTA imaging was performed using spectral-domain OCTA (RTVue XR Avanti XR HD, version
2018.0.0.18, Optovue) device. Each participant underwent a comprehensive eye examination, including
visual acuity testing, intraocular pressure measurement, and dilated fundus examination. OCTA images
were acquired under standardized lighting and positioning conditions to ensure image consistency and
quality. The imaging focused on obtaining high-resolution images of the retinal vasculature.

Optical Coherence Tomography Angiography (OCTA) Procedure

The OCTA scans were obtained using the 6 mm x 6 mm macular scan protocol. FAZ borders were
delineated in the inner retinal slap of 6x6 enface OCTA images, delineation of FAZ area was automated by
the OCTA machine. Manual adjustments were made when necessary to refine the FAZ boundary based on
image clarity.

Data Analysis

The FAZ size, measured in square millimeters, was the primary outcome variable. The correlation between
FAZ size and the severity of diabetic retinopathy was also evaluated. Participants were classified into groups
based on the stage of diabetic retinopathy, and comparisons of FAZ size between these groups were
performed. Statistical analysis was conducted using SPSS software, version 26.0. Continuous variables
were summarized as mean + standard deviation, and categorical variables were presented as frequencies
and percentages. The comparison between groups was analyzed using one-way ANOVA, with a
significance level set at p < 0.05.

Ethical Considerations

The study protocol was approved by the institutional ethical review board. Informed consent was obtained
from each participant. Confidentiality of participant information was maintained throughout the study.
RESULTS:

Table 1: Foveal Avascular Zone (FAZ) Size in Different Stages of Diabetic Retinopathy:

Stage of Diabetic Retinopathy Mean FAZ Size (mm?) £ SD Range (mm?)

Non-Diabetic Control 0.256 + 0.045 0.190 - 0.310

Mild Non-Proliferative Diabetic Retinopathy 0.320 £ 0.058 0.250 - 0.410
(NPDR)

Moderate NPDR 0.394 £ 0.066 0.330-0.520

Severe NPDR 0.450 + 0.072 0.360 - 0.580

Proliferative Diabetic Retinopathy (PDR) 0.523 £ 0.085 0.410 - 0.640
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Table 1 compared the mean FAZ sizes across different stages of diabetic retinopathy (DR) and in
nondiabetic controls. It was observed that the FAZ size progressively increased with the severity of diabetic
retinopathy. Patients with proliferative diabetic retinopathy (PDR) had the largest FAZ size, with a mean
of 0.523 mm?, while non-diabetic controls had the smallest FAZ size (0.256 mm?). This increase in FAZ
size with advancing stages of DR reflected the progressive capillary dropout and retinal ischemia commonly
seen in diabetic retinopathy.

Table 2: Correlation Between FAZ Size and Visual Acuity (VA) in Diabetic Retinopathy:

Stage of Diabetic Mean FAZ Size (mm?) | Mean Visual Acuity Correlation
Retinopathy +SD (LogMAR) = SD Coefficient (r)
Mild NPDR 0.320 £ 0.058 0.14 £ 0.08 -0.48

Moderate NPDR 0.394 £ 0.066 0.28+£0.12 -0.56

Severe NPDR 0.450 £ 0.072 0.40 £ 0.15 -0.62
PDR 0.523 + 0.085 0.52+0.18 -0.67

Table 2 presented the correlation between FAZ size and visual acuity (VA) across various stages of diabetic
retinopathy. A negative correlation was identified, indicating that as FAZ size increased, visual acuity
decreased. The correlation coefficient for PDR was the highest at -0.67, suggesting a stronger association
between larger FAZ size and poorer visual acuity. Patients with mild NPDR showed a weaker correlation
of -0.48, reflecting that at earlier stages of DR, visual acuity was less affected by FAZ enlargement.

Table 3: FAZ Size and Retinal Vessel Density (VD) in Diabetic Retinopathy:

Stage of Diabetic Mean FAZ Size (mm?2) | Mean Retinal Vessel Density (VD) | P-value
Retinopathy +SD (%) £ SD
Mild NPDR 0.320 £ 0.058 43.1+3.4 0.031
Moderate NPDR 0.394 £ 0.066 39.7+3.1 0.022
Severe NPDR 0.450 + 0.072 36.3+£29 0.016
PDR 0.523 £+ 0.085 328+25 0.010

Table 3 demonstrated the relationship between FAZ size and retinal vessel density (VD) in diabetic
retinopathy. As FAZ size increased with the severity of the disease, the VD progressively decreased,
reflecting reduced retinal perfusion. In patients with PDR, the VD was significantly lower (32.8%),
compared to patients with mild NPDR, who had a higher VD (43.1%). The P-values were all statistically
significant, indicating a strong association between increasing FAZ size and decreasing retinal VD across
all stages of diabetic retinopathy.

DISCUSSION:

This study assessed the foveal avascular zone (FAZ) size in patients with diabetic retinopathy (DR) using
optical coherence tomography angiography (OCTA), and several important findings were revealed. The
FAZ, an area devoid of retinal capillaries, has been recognized as a critical marker in the evaluation of
diabetic retinopathy severity and progression. Previous studies have suggested that enlargement of the FAZ
correlates with the worsening of DR, and this investigation provided further evidence to support that
association [11].
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Our results showed that FAZ size increased progressively with the severity of DR, consistent with findings
in earlier literature. Patients with mild non-proliferative diabetic retinopathy (NPDR) demonstrated a
smaller FAZ size compared to those with severe NPDR or proliferative diabetic retinopathy (PDR) [12].
This enlargement is likely due to capillary dropout and ischemia, key pathological processes in DR. The
FAZ enlargement may reflect underlying microvascular damage and ischemic stress, which are hallmarks
of DR progression.

One of the strengths of this study was the use of OCTA, a non-invasive imaging technique that provides
high-resolution visualization of the retinal microvasculature. OCTA allowed for detailed assessment of FAZ
size and shape without the need for dye injection, which is typically required for fluorescein angiography
[13]. This made the procedure more comfortable for patients and eliminated risks associated with dye-based
techniques. The high accuracy of OCTA in detecting microvascular changes in diabetic patients further
validated its utility as a tool for assessing FAZ morphology.

In addition to FAZ enlargement, we also observed changes in FAZ circularity and irregularity with the
progression of DR [14]. The circularity index was lower in patients with advanced stages of DR, indicating
that the FAZ became more irregular as DR severity increased. This finding aligns with the hypothesis that
capillary loss and microvascular remodeling contribute to FAZ distortion, which can impair retinal
perfusion and vision.

While the study highlighted the significance of FAZ enlargement as a biomarker for DR severity, it also
had limitations [15]. First, the cross-sectional design of the study prevented us from evaluating longitudinal
changes in FAZ size over time. Future research should aim to assess how FAZ size evolves in individual
patients as DR progresses or responds to treatment. Second, our sample size was relatively small,
particularly for patients with advanced PDR. A larger cohort would allow for more robust statistical
analyses and stronger generalization of the findings.

Another limitation was the potential influence of confounding factors such as age, duration of diabetes, and
glycemic control, which were not fully explored in this study [16]. Although we attempted to control for
these variables, future studies should incorporate a more comprehensive analysis of how systemic factors
may influence FAZ size and DR progression. Moreover, we did not examine other retinal layers or vascular
parameters that could provide a more complete understanding of microvascular changes in DR [17]. For
instance, assessing the superficial and deep capillary plexus could offer additional insights into the complex
pathophysiology of diabetic retinopathy [18].

This study reinforced the utility of OCTA in assessing FAZ size as a marker of DR severity. The findings
suggested that FAZ enlargement and increased irregularity were associated with more advanced stages of
diabetic retinopathy [19]. These results have important clinical implications, as monitoring FAZ size could
help clinicians assess disease progression and tailor treatment strategies accordingly. Further longitudinal
studies with larger cohorts are needed to confirm these findings and explore the potential of FAZ metrics
in predicting visual outcomes in diabetic retinopathy [20].

CONCLUSION:

This study demonstrated that the size of the foveal avascular zone (FAZ) significantly increased in patients
with diabetic retinopathy when assessed using optical coherence tomography angiography (OCTA). The
findings highlighted a clear correlation between FAZ enlargement and the severity of diabetic retinopathy,
suggesting that FAZ size could serve as a valuable biomarker for disease progression. OCTA proved to be
a reliable, non-invasive tool for detecting these vascular changes. These results underscore the potential of
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FAZ measurements in improving early detection and management strategies for diabetic retinopathy in
clinical practice.
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