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Background: Diabetic retinopathy (DR) is a major cause of vision loss, with early microvascular changes often preceding visual
deterioration. Optical coherence tomography angiography (OCTA) allows non-invasive imaging of the foveal avascular zone (FAZ),
a potential biomarker for visual function. However, the association between FAZ metrics and best-corrected visual acuity (BCVA)
remains unclear. Prior studies have reported variable findings regarding the diagnostic relevance of FAZ parameters, partly attributable
to differences in OCTA imaging techniques, segmentation strategies, and analytic methodologies.

Purpose: To systematically review the association between OCTA-derived FAZ parameters (area, perimeter, and circularity) and
BCVA in patients with DR

Methods: This review followed PRISMA 2020 guidelines. Four databases (PubMed, Scopus, EbscoHost, and ScienceDirect) were
systematically searched through April 2025. Studies were eligible if they examined the relationship between FAZ metrics and BCVA
in diabetic patients using quantitative analysis. Risk of bias was assessed using the Joanna Briggs Institute (JBI) tools. A narrative
synthesis was performed.

Results: Six studies (1 prospective cohort and 5 cross-sectional) involving 651 diabetic and 100 control eyes were included. FAZ area,
particularly in the deep vascular plexus (DVP), showed the strongest and most consistent negative correlation with BCVA. In contrast,
FAZ circularity and perimeter demonstrated weak and inconsistent associations with visual acuity. Heterogeneity in OCTA devices,
scan protocols, study design, and outcome measurements limited meta-analysis.

Conclusion: FAZ area, particularly in the DVP, shows the most consistent association with visual acuity in DR, while circularity and
perimeter demonstrate variable and limited standalone value. However, current evidence is limited by methodological variability and
high heterogeneity across studies. Standardization of study methods, OCTA acquisition, and segmentation are essential to enable
reliable translational and clinical application of FAZ-based biomarkers. Hybrid, multimodal, and artificial intelligence-based
approaches may enhance future longitudinal prediction models.
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Introduction
Diabetic retinopathy (DR) is a leading cause of vision impairment globally, and its global burden continues to increase.

Current estimates indicate that 537 million adults aged 20-79 years live with diabetes, a figure projected to reach
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1.3 billion within 50 years.! A critical aspect of DR is that its early stages often manifest without noticeable visual
symptoms, making timely detection challenging.® This silent progression underscores the importance of regular retinal
examinations for individuals with diabetes, as early identification and treatment can prevent >90% of vision loss.” The
current situation, where many cases of DR remain undiagnosed or untreated until advanced stages, highlights a critical
demand for non-invasive, efficient, and potentially scalable methods for early detection and monitoring to mitigate
irreversible vision loss on a global scale.

Until now, fundus photography (FP) has remained the gold standard for DR diagnosis and grading due to its ability to
capture visible retinal abnormalities such as microaneurysms and hemorrhages.* Unfortunately, FP is limited in detecting
early microvascular changes and cannot provide depth-resolved vascular information.* Fluorescein angiography (FA)
addresses these limitations by visualizing retinal perfusion and capillary leakage, making it highly effective for
identifying areas of ischemia or neovascularization.” Despite this advantage, FA is invasive, requiring intravenous dye
injection, which carries risks of allergic reactions and limits repeatability.®

Optical coherence tomography angiography (OCTA) has emerged as a cutting-edge, non-invasive imaging technique
that allows for the visualization of the retinal and choroidal microvasculature in vivo without the need for intravascular
dyes. This technology provides high-resolution, depth-encoded images of various retinal and choroidal vascular layers,
including the superficial vascular plexus (SVP), deep vascular plexus (DVP), and choriocapillaris (CC).” These
vasculature layers exhibit distinct topography and function. The SVP is composed of transverse capillaries forming an
interconnected meshwork between arterioles and venules, while DVP arranged in polygonal units characterized by
capillary vortices, where capillaries converge radially toward an epicenter. The DVP structures align vertically with the
superficial venules in SVP, acting as a drainage system for the deep retina.® Consequently, these layers may reflect the
progressive microangiopathic changes that is hyperglycemia-induced by oxidative stress inherent in DR. As it advances,
oxidative stress leads to pericyte loss and endothelial damage, resulting in capillary occlusion and local ischemia, which
may be manifested in microvascular alteration on OCTA.”'® Beyond Its ability to detect depth specific vascular
alterations, OCTA is non-invasive requiring no intravascular contrast and avoiding adverse reactions related to dye-
based angiography.”""!

One OCTA metric, the foveal avascular zone (FAZ), is a crucial anatomical feature of the central macula, defined as a
capillary-free region that boasts the highest concentration of cone photoreceptors, which is essential for high-acuity
central vision, and exhibits high metabolic activity and oxygen demands.'> FAZ neurons rely predominantly on the
choriocapillaris, while surrounding parafoveal regions are supplied by SVP/DVP. Owing to its anatomical and physio-
logical characteristics, the FAZ is particularly susceptible to microvascular changes associated with DR, including
capillary dropout, endothelial dysfunction, and vascular remodeling.'> These pathological microvascular changes not
only alter FAZ size but also its shape (circularity and perimeter).”'°

Accordingly, FAZ area reflects the extent of parafoveal non-perfusion.'® Circularity index, often defined as 47 x Area/
Perimeter?, describes how closely the FAZ resembles a perfect circle, with a value of 1.0 indicating a round shape, while
lower values mean a more irregular shape.'” It captures irregularity of the capillary border due to various dropouts in
different locations.'® The FAZ perimeter represents the length of the FAZ boundary, with an estimated normal size to be
33 + 1.0 mm."” Normally, FAZ is considered small, round, or mildly oval. However, in DR, it tends to enlarge and lose
its circular shape, becoming more irregular and enlarged as capillaries are progressively compromised.'>!”

Multiple studies have highlighted the potential utility of FAZ metrics for predicting DR severity and outcomes.'*'%2°
For instance, Rabiolo found a correlation between FAZ area and peripheral ischemic index, indicating that microvascular
changes at the macula reflect widespread ischemic burden in the retina.?! Similarly, Freiberg identified that FAZ dimensions
were significantly altered in DR patients when compared to healthy controls, suggesting diagnostic and prognostic
relevance.” In several studies, the FAZ in the DVP demonstrates a stronger correlation with BCVA than the SVP, likely
due to their anatomical and functional differences.>*** Other studies have evaluated FAZ shape descriptors and reported
that greater FAZ shape irregularity (lower circularity) is associated with worse visual acuity in diabetic eyes.?>*° In fact,
some authors have reported that combining FAZ size and shape irregularity shows the strongest associations with BCVA,
more so than FAZ area alone. This suggests that, beyond sheer size, the contour abnormalities of the FAZ (encapsulated by

perimeter length and circularity index) provide additional insight into macular ischemia affecting vision.?”
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These findings indicate a clear need to systematically synthesize current evidence to clarify the association between
visual acuity and FAZ area, circularity, and perimeter. To our knowledge, there are no current systematic reviews that
address these studies. Hence, this paper aims to review and synthesize the evidence of the association between OCTA-
derived FAZ metrics and visual acuity in DR.

Methods

Search Strategy

A search of literature was performed in May 2025, using Pubmed/MEDLINE, Scopus, EBSCOHost, and ScienceDirect.
Articles are included if published until April 30, 2025. Search strategies were adapted for each database using a combination of
Medical Subject Headings (MeSH) terms and free-text keywords related to diabetic retinopathy, foveal avascular zone, and
visual acuity. In PubMed/MEDLINE, the following Boolean search strategy was applied: (“Diabetic Retinopathy”/MeSH]
OR “diabetic retinopathy”/Title/Abstract] OR “diabetic retinopathies”/Title/Abstract]) AND (“Foveal Avascular Zone”[Title/
Abstract] OR FAZ [Title/Abstract]) AND (“Visual Acuity”/MeSH] OR “visual acuity”/Title/Abstract] OR “best corrected
visual acuity”/Title/Abstract] OR BCVA[Title/Abstract] OR “visual outcome”[Title/Abstract] OR “refraction, ocular’/Title/
Abstract] OR “refractive errors”[Title/Abstract]) AND (predict[Title/Abstract] OR clinical [Title/Abstract] OR outcome*
[Title/Abstract] OR risk*[Title/Abstract]). Equivalent Boolean logic and keyword combinations were applied in Scopus,
ScienceDirect, and EBSCOHost using database-specific fields. Reference lists of included studies were also screened to
identify additional relevant articles. We only included original research articles such as observational studies, randomized
control trials, or non-randomized control trials. Citations were uploaded to Rayyan where duplicates were removed. This study
was registered in PROSPERO (ID: CRD420251054969).

Eligibility Criteria
Studies were eligible for inclusion if (1) they involved human participants diagnosed with type 1 or type 2 diabetes
mellitus and classified into any stage of DR; (2) the primary exposure of interest was OCTA-derived foveal avascular
zone (FAZ) parameters, specifically area, perimeter, and circularity; (3) type of study was original quantitative research,
including longitudinal observational studies, case-control studies, and cross-sectional studies, with regression or correla-
tion analysis; (4) articles published in English or Bahasa Indonesia. We excluded studies that: (1) focused on patients
with diabetic macular edema, epiretinal membrane, vitreous hemorrhage, or tractional retinal detachment, (2) those
involving eyes post-intravitreal injection or any intraocular surgery other than uncomplicated cataract surgery <6 months
before enrollment, and (3) publications that did not present original data, such as reviews, case reports, editorials, letters,
and conference abstracts. Eyes with prior intravitreal therapy were excluded because it may induce measurable changes
in OCTA-derived microvascular parameters, including FAZ metrics, which could confound the association between
baseline FAZ morphology and visual acuity.”® Similarly, prior intraocular surgery may alter FAZ morphology on OCTA,
further increasing heterogeneity in FAZ measurements.?

This review is situated within the context of evaluating OCTA-based FAZ measurements and their association with
visual acuity deterioration as potential non-invasive biomarkers in DR, aiming to address the current evidence gaps in

their relationships.

Data Extraction

The two reviewers (NW, FR) screened and selected the studies with supervision from the remaining team members. Data
were included based on the eligibility criteria. Then, the two reviewers extracted data from the included studies that
included year of publication, study design, study location, type of DM, duration of follow-up, OCTA device, OCTA
layers, scan sizes, FAZ variables, visual acuity variables, and results. BCVA values were extracted as reported in the
original studies; no additional conversion was performed where conversion methods were not explicitly provided. Minor
differences between the two reviewers were discussed with the remaining reviewers.
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Critical Appraisal

Two reviewers (NW, FR) critically appraised the relevant studies with tools from the Joanna Briggs Institute (JBI)
Checklist for analytical cross-sectional studies and cohort studies. The JBI tools were selected because they are
specifically designed for observational study designs, which comprised all studies included in this review. The choice
of appraisal tool was agreed upon by all authors prior to quality assessment through discussion. Any discrepancies in
item-level judgments or overall risk-of-bias classification were resolved through consensus, with consultation of a third
reviewer when necessary. The appraisal evaluated key methodological domains, including clarity of inclusion criteria,
reliability of exposure and outcome measurement, appropriateness of statistical analysis, identification and handling of
confounding factors, and adequacy of follow-up for longitudinal studies. The overall risk-of-bias judgments were
summarized using a traffic light plot.

For cross-sectional studies, a low risk of bias was assigned to studies with eight “Yes” responses or a single “Unclear”
response in a non-critical domain. Moderate risk of bias was assigned to studies with one to two “No” or “Unclear”
responses in non-critical domains or one critical weakness. High risk of bias was assigned to studies with more than two
“No” or “Unclear” responses in critical domains or more than four total methodological concerns. For cohort studies,
studies fulfilling all or most key domains were judged as low risk of bias; those with limitations in critical areas, such as
confounding control or follow-up adequacy, were rated as moderate risk; and studies with multiple critical methodolo-
gical flaws were rated as high risk of bias.

Data Synthesis

A quantitative meta-analysis was not conducted due to substantial heterogeneity across the included studies. In addition
to differences in study design and outcome reporting, marked variability existed in OCTA acquisition parameters,
including scan size (eg 3x3 mm vs 6x6 mm), device platform, and image segmentation strategies. Foveal avascular
zone measurements are sensitive to scan size and field of view, as different acquisition areas influence spatial resolution,
capillary density representation, and delineation of the FAZ boundary, resulting in non-comparable FAZ metrics across
studies.’® Furthermore, variations in segmentation definitions (eg superficial versus deep vascular plexus) may capture
distinct microvascular networks with differing functional relevance, thereby influencing the observed association
between FAZ parameters and visual acuity.'***?” These sources of technical and methodological heterogeneity precluded
meaningful quantitative pooling; therefore, a narrative synthesis approach was adopted.

Results

The systematic literature search initially yielded a total of 657 records from PubMed/Medline (n = 149), Scopus (n = 129),
ScienceDirect (n = 377), and EbscoHost (n = 2). Following the removal of duplicate entries, 550 unique records remained
for further searching. The screening phase excluded 524 titles and abstracts based on the predefined inclusion and exclusion
criteria. Consequently, 26 full-text articles were retrieved for a comprehensive assessment of their eligibility. Then, full-text
articles were evaluated against the eligibility criteria, resulting in the exclusion of 20 articles. Ultimately, only 6 studies
were deemed eligible and included in the final synthesis of this Systematic Review, as shown in Figure 1.

Characteristics and Methodological Aspects of Included Studies

Six original prospective studies were included in the final report (Table 1), published between 2017 and 2022, with a total of
651 diabetic eyes and 100 controlled eyes. Among the included studies, one employed a longitudinal cohort design with
a one-year follow-up,'® while the remaining five used cross-sectional designs.>' > Study locations spanned Asia and Europe,
with one multicenter study involving both Portugal and the USA. All studies focused on patients with diabetes mellitus,
predominantly type 2 (T2DM), two studies included both TIDM and T2DM patients,’' and one included both diabetic and
healthy control eyes.*®> Optical Coherence Tomography Angiography (OCTA) devices varied across studies, including
Triton, Zeiss Angioplex, and Cirrus HD-OCT platforms, with scan sizes ranging from 3%3 mm to 6x6 mm.
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Figure | PRISMA flow diagram of study selection.

The foveal avascular zone (FAZ) was quantified using parameters such as area, perimeter, and circularity. Most
studies assessed FAZ area, while three studies included perimeter and circularity.>*>* BCVA was assessed using either
Snellen charts converted to LogMAR, LogMAR directly, or the ETDRS protocol.

Risk of bias for cross-sectional studies was assessed as moderate for 3 out of 5 studies (Figure 2), due to limited
control for confounding, despite valid exposure and outcome measurements. The included cohort study was judged to
have a low risk of bias (Figure 3), with clear methods, adequate follow-up, and appropriate adjustment for confounders.

Relationship Between FAZ Parameters and BCVA

BCVA was reported in logMAR units was worse in more severe DR stages. For instance, PDR patients exhibited poor visual
acuity (0.9-1.0 logMAR), while NPDR patients ranged between 0.14 and 0.3 logMAR. Control subjects had significantly
better acuity, with values ranged from 0.04 to 0.08 logMAR. Only Tsai provided longitudinal data, reporting a slight
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Table | Characteristics of Included Studies

Author, Number of Eyes Location Type of Study OCTA Device Layer FAZ BCVA Variable
Year Variable
Tsai et al, 56 T2DM eyes/28 subjects Singapore | Longitudinal cohort Triton (3x3 mm) SVP & | Area Snellen
2021"° (I year follow-up) DVP (converted to
LogMAR)
Tang et al, 340 non-DME TIDM & China Cross-Sectional Triton DRI-OCT DCP Area Snellen
2020°" T2DM eyes/250 subjects (3x3 mm) (converted to
LogMAR)
Srinivasan 121 T2DM eyes/121 South Cross-sectional Zeiss Angioplex SCP Area, Snellen
etal, 2022* | subjects India OCTA (6x6 mm) perimeter, (converted to
circularity LogMAR)
Durbin et al, | 50 DM eyes/26 subjects Portugal Cross-sectional Cirrus high-definition- | SRL & | Area, ETDRS protocol
2017% 50 HC eyes/25 subjects and USA OCT (3x3x2 mm) DRL perimeter, (charts at 4 m)
circularity
Ahmed et al, | 44 DM eyes/44 subjects Egypt Cross-sectional Zeiss Cirrus 5000 HD- | SVP Area, Snellen
20223 30 HC eyes/30 subjects OCT (6x6 mm?) perimeter, (converted to
circularity LogMAR)
Abdelshafy 40 T2DM eyes/40 subjects Egypt Cross-sectional RTVue XR OCT Avanti | SCP & | Area LogMAR
etal, 2020%° 20 HC eyes/20 subjects (6x6 mm?) DCP

Abbreviations: DM, diabetes mellitus; HC, healthy controls; DME, diabetic macular edema; TIDM, type | diabetes mellitus; T2DM, type 2 diabetes mellitus; N/A, not applicable;
SVP, superficial vascular plexus; DVP, deep vascular plexus; SCP, superficial capillary plexus; DCP, deep capillary plexus; SRL, superficial retinal layer; DRL, deep retinal layer; ETDRS,
Early Treatment Diabetic Retinopathy Study; FAZ, foveal avascular zone; OCTA, optical coherence tomography angiography; BCVA, best corrected visual acuity.

improvement in BCVA from 0.16 £ 0.16 to 0.13 + 0.14 logMAR over follow-up (VA change: —0.03 logMAR)."? Associations
between FAZ parameters and BCVA are provided in Figure 4. It should be noted that regression coefficients () and correlation
coefficients (p or r) represent different analytic approaches and are not directly comparable in magnitude.

Foveal Avascular Zone Area

Six studies evaluated the association between various FAZ areas and visual acuity (VA) in diabetic eyes (Table 2). The
FAZ area was generally larger in diabetic eyes compared to controls. In the deep vascular plexus (DVP), Tsai reported
mean FAZ areas of 0.46 + 0.19 mm?>."? For the superficial vascular plexus (SVP), FAZ values ranged from 0.30 +
0.08 mm” in mild NPDR.** Control eyes typically exhibited smaller FAZ areas between 0.20 and 0.26 mm?. In full-
thickness and combined layers (eg, SCP & DCP), values ranged from 0.331 =+ 0.137 mm? to 0.54 mm? in PDR cases.***

Risk of bias
| Dt | p2 | D3 | D4 | D5 | D6 | D7 | D8 [Overall

Tang”

Srinivasan”

Durbin®

Study

Ahmed™

N
0006
N
L
0006
©00 06 &
0006
L
__HONONON

Abdelshafy”

Figure 2 Risk of bias assessment for cross-sectional studies. Key: Green indicates low risk of bias; yellow indicates unclear risk of bias or moderate overall risk of bias; red
indicates high risk of bias.

6 https: Clinical Ophthalmology 2026:20



Andayani et al

Rlsk of bias

| b2 | b3 | D

+ | os | o

| o7z | p8 | pe | pto | D11 | Overal |

Tsai'

Study

Figure 3 Risk of bias assessment for cohort study. Key: Green indicates low risk of bias.

Study Area Circularity Perimeter B+
Tsai (SVP)™ = 0,10
Tsai (DVP)* B= 0,16"
Tang® B= 0,109
Srinivasan (Overall)®| p= 0,043 p= -0,207" p= -0,154
Srinivasan (No DR)*?| p= -0,011 p= -0,172 p= 0,094 ,
Srinivasan (NPDR)*? | p= 0,191 p= -0,298 p= 0,341
Durbin® p= 0,14 p=- 0,06 p= 0,08
Ahmed* r= 0,04 r= 0,28 r= - 0,10
Abdelshafy (NPDR)*|[p="0,975"
Abdelshafy (PDR)® |p= 0,963" 1.

Figure 4 Heatmap of associations between FAZ parameters and visual acuity (logMAR).Key: Values represent either correlation coefficients (p, Spearman; r, Pearson), which
quantify the strength and direction of bivariate associations, or standardized regression coefficients (B), derived from multivariable regression models and reflecting adjusted
associations after accounting for covariates. Color intensity reflects the magnitude and direction of association, ranging from —1 (strong negative association) to +1 (strong positive
association). Bold numbers represent statistically significant associations.*p < 0.05 indicates statistically significant associations; **p < 0.001 indicates highly significant associations.

Regarding associations (Figure 4), Tsai'®

reported a statistically significant relationship between DVP FAZ area and

visual acuity (B = 0.16, p = 0.032), while SVP was not significant. Tang>' found a borderline non-significant association
(B = 0.109, p = 0.083). Abdelshafy>> demonstrated the strongest correlations, with Spearman coefficients of p = 0.975
and p = 0.963 for NPDR and PDR, respectively (p < 0.001), indicating that greater FAZ enlargement is associated with
worse visual function (higher logMAR values). Conversely, Srinivasan, Ahmed, and Durbin reported weak or non-
significant correlations (p or » < 0.31, p > 0.05), suggesting variability in the predictive value of FAZ for BCVA across

study populations and segmentation layers.

Table 2 FAZ Metrics and BCVA

32-34

Author FAZ Area (mm2), Mean FAZ Circularity, Mean | FAZ Perimeter (mm), Mean BCVA, Mean (SD)
(SD) [Range] (SD) [Range] (SD) [Range] [Range]®
Tsai et al, SVP layer: 0.32 (0.15) N/A N/A Baseline: 0.16 (+0.16)
2021" DVP layer: 0.46 (0.19) logMAR
Followed up: 0.13 (+0.14)
logMAR
BCVA change: —0.03 logMAR
Tang et al, Not directly reported post- N/A N/A Not directly reported post-
2020°' DME exclusion; DME exclusion;
Srinivasan et al, | SCP layer SCP layer SCP layer NPDR: 0.14 LogMAR
2022% NPDR: 0.31 (0.15) NPDR: 0.62 (0.13) NPDR: 2.56 (0.84) No DR: 0.04 LogMAR
No DR: 0.3 (0.14) No DR: 0.62 (0.11) No DR: 2.42 (0.68)

(Continued)
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Table 2 (Continued).

Author FAZ Area (mm2), Mean FAZ Circularity, Mean | FAZ Perimeter (mm), Mean BCVA, Mean (SD)
(SD) [Range] (SD) [Range] (SD) [Range] [Range]®
Durbin et al SRL & DRL SRL & DRL SRL & DRL BCVA not fully tabulated
2017% Diabetic: 0.26 (0.10) Diabetic:0.78 (0.09) Diabetic: 2.32 (0.59) [1.13—4.05]
[0.06-0.63] [0.55-1.08] Control: 2.05 (0.53) [0.15-2.89]
Control: 0.25 (0.10) Control: 0.82 (0.06)
[0.04-0.49] [0.67-0.94]
Ahmed et al SVP layer SVP layer SVP layer Patients: 0.76 (+0.3) logMAR
20223 Patients: 0.30 (0.08) Patients: 0.6 (+0.06) Patients: 2.5 (£0.3) Controls: 0.97 (+0.08)
Controls: 0.20 (0.06) Controls: 0.7 (£0.09) Controls: 2.1 (£0.2) logMAR
Abdelshafy SCP & DCP layer® N/A N/A PDR: 0.9 (0.7 —1.0) logMAR®
et al, 2020%° PDR: 0.54 (0.45-0.65) NPDR: 0.3 (0.2-0.4)
NPDR: 0.42 (0.39-0.46) logMAR®
Control: 0.24 (0.21-0.26) Control: 0.05 (0.0-1.0)
logMAR®

Notes: *Best-corrected visual acuity (BCVA) is reported as presented in the original studies. Where applicable, Snellen acuity values were converted to logMAR as explicitly
stated by the study authors. Heterogeneity in BCVA reporting formats across studies precluded full standardization. ®Values reported in median (interquartile range).
Abbreviations: DR, diabetic retinopathy; NPDR, non-proliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy; DME, diabetic macular edema; N/A, not
applicable; SVP, superficial vascular plexus; DVP, deep vascular plexus; SCP, superficial capillary plexus; DCP, deep capillary plexus; SRL, superficial retinal layer; DRL, deep
retinal layer; FAZ, foveal avascular zone; BCVA, best corrected visual acuity; SD, standard deviation.

Foveal Avascular Zone Circularity

Three studies examined the relationship between FAZ circularity and BCVA, using either Spearman or Pearson
correlation analysis (Table 2). Reported baseline FAZ circularity was similar or lower in diabetic eyes compared to
controls. In the SCP, Srinivasan®” found nearly identical mean circularity values for NPDR (0.62 = 0.13) and non-DR
(0.62 £ 0.11) eyes. Ahmed** reported slightly lower circularity in diabetic patients (0.60 + 0.06) compared to controls
(0.70 £ 0.09), while Durbin®® observed the highest circularity in controls (0.82 £ 0.06), with a moderate decrease in
diabetic eyes (0.78 + 0.09).

Correlation analyses showed weak and inconsistent associations between FAZ circularity and visual acuity (Figure 4).
Srinivasan®” reported a small but statistically significant negative correlation overall (p =—0.207, p < 0.05), although subgroup
analyses for NPDR (p =—0.298) and no DR (p =—0.172) did not reach significance (p > 0.05). Ahmed* found a non-significant
positive correlation (r = 0.28, p = 0.06), whereas Durbin™ also reported a non-significant correlation (p = —0.06, p = 0.68).

Foveal Avascular Zone Perimeter

Three studies assessed FAZ perimeter and its correlation with BCVA.>?** Diabetic eyes consistently showed larger FAZ
perimeters than controls, ranging from 2.32 to 2.56 mm compared to 2.05 to 2.42 mm (Table 2). However, correlation
analyses revealed weak and statistically nonsignificant associations between FAZ perimeter and BCVA (Figure 4).
Srinivasan®” reported a weak overall correlation (p = 0.154, p > 0.05), with slightly higher but still non-significant
subgroup results for no DR (p = 0.094) and NPDR (p = 0.341). Ahmed** found a similarly weak negative Pearson
correlation (r = —0.10, p = 0.51). Durbin®* reported a non-significant Spearman correlation (p = 0.08, p = 0.57).

Discussion

This review identified six eligible studies published between 2017 and 2022, encompassing data from 651 non-DME
diabetic eyes and 100 control eyes. Among the three, the FAZ area most frequently observed association with visual
acuity, particularly in the deep vascular plexus (DVP). Two studies, by Tsai & Abdelshafy, demonstrated statistically

significant correlations or regression coefficients, suggesting that a larger FAZ area correlates with poorer BCVA.'** In
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contrast, FAZ circularity and perimeter exhibited weaker and non-significant correlations across most studies, limiting
their utility as standalone predictors.

A negative association between FAZ enlargement and BCVA may reflect parafoveal capillary non-perfusion, whereby
ischemia at the margins of the foveal avascular zone compromises foveal function and visual acuity.?® The comparatively
stronger associations observed in the DVP may reflect the higher vulnerability of deeper capillary networks in DR and
their relationship with inner retinal integrity in regions that are critical for visual function.”*-** This susceptibility is likely
attributable to the architecture of the DVP, which consists of capillary vortices draining vertically into superficial venules,
that create a distal outflow tract resulting in a higher flow resistance compared to the SVP.* Hence, in the presence of
diabetic microangiopathic changes, the DVP becomes more prone and making vascular dropouts more pronounced and
readily detectable in this layer.

Although two studies reported significant findings between FAZ enlargement and BCVA, the four others reported
nonsignificant results.'®*> This could be because of the large physiological difference in FAZ size, where a study
demonstrated that FAZ size can vary up to 3-fold in different individuals, even in normal eyes.**>® The imaging itself is
complicated because of the structure of the FAZ, which is a convergence of many vessel complexes, hence making it hard
to be visualized in a 2D imaging.*® In addition to that, there’s a required specific threshold of capillary dropout before the
visual acuity deterioration could happen.'® The presence of epiretinal membrane or DME could also increase the inter-
person variability of FAZ and complicate the comparisons,*® though we attempted to minimize this by excluding studies/
eyes with these conditions when reported. In a specific study, very high correlation coefficients is observed that may also
be attributed to small sample size and the effect of inter-device differences on FAZ measures.

FAZ circularity reflects the regularity of the FAZ contour (values closer to 1 indicate a more circular shape), and DR has
been reported to be associated with greater FAZ irregularity (reduced circularity) and increased perimeter as the capillaries at
the perimeters become more ischemic particularly in advanced PDR.'® However, Krawitz et al reported that FAZ circularity
and perimeter descriptors may be affected by individual variations (eg vascular patterns) even in healthy eyes.'® Moreover, the
inconsistent findings in this study may be because the FAZ circularity is more sensitive to variability in OCTA image
acquisition factors, such as motion artifacts and noise.'*'® This interplay between pathological irregularity and technical
variability explained the inconsistent association between irregular FAZ circularity and worsened BCVA.

The studies in this review reported larger perimeter in DR, but weak correlation and nonsignificant association with
visual acuity. This is in line with a previous study that showed that size-related FAZ parameters had greater variations
than shape-related FAZ, similarly with the FAZ area.”® Studies about FAZ perimeter and BCVA correlation also lack, and
previous studies usually only showed FAZ perimeter as clinical data rather than correlation.

These findings hold important implications for key stakeholders. For clinicians, particularly ophthalmologists and retina
specialists, FAZ area, especially when measured in the DVP, may serve as a useful non-invasive biomarker to monitor
disease severity and predict functional outcomes. For patients, earlier detection of FAZ enlargement could support proactive
visual treatment plan. Policy makers and screening program designers may also consider integrating OCTA-based FAZ area
measurement into national diabetic eye screening protocols, as it offers a dye-free alternative to fluorescein angiography.

Standardized OCTA-derived FAZ metrics may serve as valuable inputs for artificial intelligence (Al)-based screening
and diagnostic models in DR. Such models could support automated assessment of macular microvascular ischemia and
improve risk stratification in clinical settings. In addition, Al-based image processing techniques may enhance OCTA
image quality by reducing motion and projection related artifacts. Improved segmentation accuracy may increase the
reliability and clinical applicability of OCTA-derived FAZ measurements.>’

There are several limitations in this review. First, the included studies varied substantially in methodology. Majority
of the studies relied on cross-sectional designs that limit temporal inference. Risk of bias assessments revealed some
moderate concerns in sample selection, blinding, and control of confounders. Outcome reporting was also heterogeneous:
not all BCVA was fully reported or tabulated, and not all studies adjusted for confounders. Systemic comorbid conditions
known to affect the FAZ, such as neurodegenerative diseases (eg Alzheimer’s disease), ischemic stroke, and cardiovas-
cular diseases (eg hypertension, acute coronary syndrome), were not systematically reported or excluded across the
included studies.**™** As

influence FAZ morphology cannot be fully excluded. Ocular factors such as axial length and refractive error, both of

a result, residual cofounding related to systemic or neurological comorbidities that may
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which are known to affect OCTA-FAZ measurements,**

were inconsistently reported and rarely adjusted for, further
contributing to methodological heterogeneity.

Additionally, variability in OCTA segmentation strategies, layer definitions, and artifact susceptibility represents an
important methodological limitation. As highlighted by Onishi, automated segmentation in OCTA is highly susceptible to
error in the presence of retinal pathology and often requiring manual correction. Moreover, varied segmentation
boundaries, differences in layer definition, and vulnerability to motion and projection artifacts and its different removal
algorithm between platforms may substantially influence quantitative outputs, including FAZ measurements.'’ In
addition, Bonnin demonstrated that the superficial and deep vascular plexuses have fundamentally distinct structural
organizations. Imperfect separation of these plexuses and frequent projection of superficial vessels onto the deep plexus
were observed, even with software-based corrections. These anatomical and technical factors indicate that SVP- and
DVP-derived metrics are not directly interchangeable and may reflect different metabolic and hemodynamic vulnerabil-
ities, contributing to variability in reported FAZ values and their associations with visual acuity across studies.®''

In summary, while FAZ area, particularly in the DVP, shows promise as a predictor of visual acuity loss in DR,
evidence for circularity and perimeter remains limited. Nevertheless, FAZ shape descriptors such as circularity and
perimeter may provide complementary prognostic information when interpreted alongside FAZ area, reflecting additional
aspects of microvascular remodeling beyond size alone. These findings align with recent reviews emphasizing the
potential of OCT-A vascular biomarkers in early DR management.'* Future research should prioritize longitudinal,
standardized, and multicenter studies with harmonized imaging protocols and inclusion of functional endpoints such as

microperimetry.'® Integration with Al may also enhance predictive accuracy and clinical applicability.*

Conclusion

Across available studies, FAZ area, particularly within the DVP, shows the most consistent association with visual acuity
in DR, whereas circularity and perimeter showed greater variability and limited standalone relationship. Integrating FAZ
size with shape-based descriptors may better capture the complexity of macular microvascular alteration and hold
promise for future longitudinal prediction models. However, this review is limited by methodological variability and
high heterogeneity across studies. Standardization of study methods, OCTA acquisition, and image segmentation will be
required before implementing FAZ measures in clinical frameworks. Lastly, the incorporation of hybrid metrics, multi-

modal, and Al-driven models will improve their accuracy and utility as a functional risk stratification.
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