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Purpose: To compare the detection of non-perfusion areas (NPAs) in diabetic
retinopathy (DR) using 24x20 mm widefield swept-source optical coherence
tomography angiography (SS-OCTA) and ultra-widefield fluorescein
angiography (UWFA), and to explore NPA distribution patterns.

Methods: This retrospective study included 64 eyes from 48 DR patients who
underwent 24x20 mm SS-OCTA and UWFA examinations. NPAs were manually
annotated, and the detection rates and distribution patterns across retinal
quadrants were analyzed and compared between the two imaging modalities.

Results: Compared to UWFA, the 24x20 mm SS-OCTA scan range missed
53.40% of total NPAs. The detection rates within the SS-OCTA scan range
varied across quadrants: 50.58% (superior temporal), 55.33% (inferior temporal),
43.99% (superior nasal), and 43.45% (inferior nasal). NPAs were most prevalent in
the inferior nasal region (40.16% of total NPAs). The ischemic index (ISI) derived
independently from NPAs identified by the two imaging modalities showed a very
strong positive correlation.
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Conclusions: Within the scan range of 24x20 mm SS-OCTA, over 50% of total
NPAs were missed compared to UWFA. However, OCTA can accurately reveal
the degree of retinal ischemia within its field of view. NPA is unevenly distributed
in the retina, with the predominant area being the inferior nasal region. This study
suggests that this area should be prioritized for assessment in DR management.

diabetic retinopathy, non-perfusion areas, swept-source widefield optical coherence
tomography angiography, ultra-widefield fluorescein angiography, ischemic index

1 Introduction

Diabetic retinopathy (DR) is the most common microvascular
complication of diabetes and is a leading cause of vision impairment
and blindness among the working-age population worldwide (1). In
DR, prolonged metabolic abnormalities and damage to capillary
endothelial cells lead to capillary occlusion, resulting in the
formation of non-perfusion areas (NPAs) which enhance retinal
ischemia. Several studies have shown that when the area of NPAs
reaches a certain threshold, neovascularization (NV) occurs (2, 3).
This process marks the transition from non-proliferative diabetic
retinopathy (NPDR) to proliferative diabetic retinopathy (PDR).
Therefore, NPAs can serve as a potential quantitative biomarker to
describe the severity of DR and predict disease progression. These
pathological changes are typically not apparent in fundoscopic
examination or color fundus photography (CFP) but can be
readily observed with fluorescein angiography. Thus, NPAs
measurable by fluorescein angiography may provide critical
information for monitoring disease progression and assessing the
efficacy of treatments aimed at preventing the transition from
NPDR to PDR.

Ultra-widefield fluorescein angiography (UWFA) provides a
fundus image with an approximately 200°field of view (FOV),
covering significantly more of the retina compared to traditional
seven-field imaging (4). However, its invasive nature, time-
consuming procedure, and potential for dye-induced allergic
reactions limit its clinical application. Recently, widefield swept-
source optical coherence tomography angiography (SS-OCTA) has
emerged as a non-invasive alternative for diagnosing and
monitoring DR due to its speed and repeatability. One of the
latest developed Toward Pi SS-OCTA system can obtain a 24x20
mm (approximately 120°FOV) retinal blood flow image in a single
scan, offering one of the largest retinal detection ranges currently
available (5). Numerous studies have demonstrated the feasibility of
SS-OCTA in diagnosing DR-related lesions such as
microaneurysms (MAs), intraretinal microvascular abnormalities
(IRMAs), NPAs, and NV (6, 7). Previous research has found that
24x20 mm SS-OCTA combined with CFP shows excellent
concordance with fundus fluorescein angiography (FFA)
combined with UWF CFP in grading DR severity, suggesting that
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SS-OCTA holds promise not only as a diagnostic tool but also for
regular monitoring of DR, potentially improving patient outcomes
through earlier intervention and more frequent assessments (7-9).

In our clinical practice, we have observed a significant reduction
(over 50%) in the use of UWFA examinations for DR patients since
the introduction of widefield SS-OCTA. This trend is prevalent in
many hospitals. This shift may be attributed to the non-invasive
nature of SS-OCTA, its faster acquisition time, and improved
patient comfort. While the medical community celebrates the
advent of widefield SS-OCTA, we question whether it can truly
replace UWFA in managing DR. According to Silva PS et al., 70% of
retinal NPAs are located in the mid-peripheral region, a primary
target for pan-retinal photocoagulation (10). Previous study also
have demonstrated that patients with NPAs predominantly in the
peripheral retina are more likely to progress from NPDR to PDR
(11). Furthermore, patients with predominantly peripheral NPA
distribution are at higher risk of developing diabetic macular edema
(DME) (12).

Although the scanning range of commercially available SS-
OCTA has gradually expanded, there may still be issues with lesion
detection compared to UWFA. Therefore, this study aims to
investigate the differences in NPAs detection between 24x20 mm
SS-OCTA and UWFA in patients with DR, and the implications of
these differences. The findings of this study will be critical in
determining whether SS-OCTA can serve as a comprehensive,
non-invasive alternative to UWFA in detecting NPAs and guiding
treatment decisions in DR management.

2 Materials and methods
2.1 Participants

This cross-sectional retrospective study included diabetic
patients who underwent both UWFA and SS-OCTA in the
Ophthalmology Department of Sichuan Provincial People’s
Hospital between December 2022 and September 2024. The study
was approved by the Ethics Committee of Sichuan Provincial
People’s Hospital, and all procedures were conducted in
accordance with the principles of the Declaration of Helsinki.
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All enrolled patients underwent a comprehensive ophthalmic
evaluation before the UWFA examination. This evaluation included
best-corrected visual acuity (BCVA), intraocular pressure (IOP)
measurement, slit-lamp examination of the anterior segment, and
slit-lamp fundus examination. The interval between the UWFA and
SS-OCTA examinations did not exceed one month, and no other
ophthalmic treatments were administered during this period.

2.2 Inclusion and exclusion criteria

Inclusion Criteria: Diabetic patients who underwent both
UWFA and SS-OCTA within one month.

Exclusion Criteria: Patients with prior DR treatments (e.g., laser
photocoagulation, anti-VEGF injections, vitrectomy), other ocular
conditions (e.g., retinal or choroidal diseases, glaucoma),
suboptimal imaging quality, or incomplete imaging data were
excluded (e.g., media opacity affecting image interpretation, lack
of NPAs in UWFA and SS-OCTA images, or leakage in UWFA
images affecting NPA annotation.

2.3 Standard operating procedure

2.3.1 Definition and annotation of NPAs

NPAs were defined as regions of capillary dropout equal to or
greater than one-quarter of the optic disc area, following previously
established criteria in DR research (7).

2.3.2 Image quality assessment Standards

The image quality assessment for SS-OCTA is first conducted
using system-fixed parameters to score signal strength, excluding
images with scores lower than 7. Additionally, images with NPAs
annotations hindered by eyelash occlusion or artifacts are excluded.
The image quality assessment for UWFA is initially carried out by two
annotators and one retinal vitreous disease expert. Since UWFA
consists of multiple time-point images (i.e., dozens of photographs
for each eye), we enhanced NP detection by adjusting the angiographic
sequence timing.Images selected for this study are those with complete
contrast, proper eye positioning, and minimal occlusion from eyelashes
or eyelids, maximizing retinal visibility.

2.3.3 Annotation process

Annotators: Two masked ophthalmologists independently
annotated all UWFA and 24x20 mm SS-OCTA images after
receiving standardized annotation training.

Image Acquisition Method: The images were acquired using the
24x20 mm SS-OCTA with the Tianpai BM-400K (BM-400K
BMizar, TowardPi Medical Technology, Beijing, China), which
has a lateral resolution of 10 pm and an axial optical resolution of
3.8 um. The A-scan depth of this device is 6.0 mm. The 24x20 mm
OCTA consists of 1536 A-scans and 1280 B-scans. UWFA was
performed using the Optos P200DTx (Optos PLC, Dunfermline,
United Kingdom), with retinal images captured 6-7 seconds after
the intravenous injection of the contrast agent.
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Standardized Protocol: During the image acquisition process, all
participants underwent non-dilated imaging. The imaging
parameters were kept consistent to ensure that each image was
acquired under the same conditions, minimizing the impact of
external factors on the results. All UWFA images were acquired by
the same operator, and all SS-OCTA images were also obtained by
the same operator, using the same equipment and standardized
operating techniques, thereby reducing the potential influence of
operator bias on the results.

Annotation Tool: The annotation of NP was performed using
the built-in software of the respective devices. The accuracy of NP
annotation between the two devices has been validated (13, 14), and
the annotations between the two image types were not
cross-referenced.

Annotation Consistency: The annotation was performed
independently by two ophthalmologists without cross-referencing
their results. Any discrepancies in the annotations were resolved by a
senior retinal specialist. The final NP annotation map was obtained
after resolving the discrepancies. Consistency Evaluation: The
consistency between the annotators was assessed using intraclass
correlation coefficients (ICC). The ICC was 0.979 for SS-OCTA and
0.918 for UWFA, indicating excellent consistency.

2.3.4 Image partitioning and visible area
calculation

Image Partitioning: The images were divided into four
quadrants by drawing vertical and horizontal lines through the
foveal center, creating the following quadrants: superior temporal,
inferior temporal, superior nasal, and inferior nasal.

Visible Area Calculation: The visible area in each quadrant was
calculated by annotation, excluding areas obscured by the eyelid,
eyelashes, or peripheral regions with unclear visibility.

2.3.5 Image overlay alignment

For left-eye images, they were horizontally flipped to maintain
consistency. The unannotated 24x20 mm SS-OCTA images were
overlaid onto the final annotated UWFA images, aligned based on
the optic disc, macula, and major blood vessels (15). This alignment
process helped determine the positioning of the 20x24 mm SS-
OCTA scan range within the UWFA images.

2.3.6 Grid overlay alignment

A 45x85 mm semi-transparent grid was overlaid onto the
aligned images for coordinate calculation in the heatmap. The
macula and optic disc were uniformly aligned across all images to
ensure consistency in the coordinate calculation standard.

2.3.7 NPA frequency calculation and heatmap
generation

The NPA frequency for each patient’s semi-transparent grid
was calculated, with areas containing NP marked as 1 and areas
without NP marked as 0. The frequency of NP occurrence was
calculated across 64 eyes. Based on these data, a heatmap of NP
distribution was generated to illustrate the distribution of NP in
various regions (see Supplementary Figure 1).
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2.4 Evaluation of image annotation
difficulty

To assess annotation difficulty, UWFA and corresponding SS-
OCTA images from 5 randomly selected patients were rated by 5
masked ophthalmology residents on a scale from 0 (very difficult) to
10 (very easy) based on the perceived difficulty of annotating NPAs.

2.5 Data analysis

Statistical analysis was performed using Statistical Package for the
Social Sciences version 26.0 (SPSS, IBM, Armonk). Data are presented
as mean + standard deviation (SD). The consistency between ischemic
index (ISI) values obtained from SS-OCTA and UWFA was assessed
using regression curve estimation, with the degree of consistency
expressed by Spearman’s Rank Correlation Coefficient (p), p>0.9
means a perfect positive correlation, 0.7< p < 0.9 means a very strong
positive correlation, 0.5 < p < 0.7 means strong positive correlation, 0.3 <
p < 0.5 means a moderate positive correlation, and p< 0.3 means a
weak correlation. Scatter plots were generated using Origin version 9.1
(Origin, OriginLab, Northampton). Heatmaps were created using
Python (Python, Python Software Foundation, Beaverton). ICC
was used to evaluate consistency between two masked ophthalmology
researchers, with ICC values <0.5 indicating poor, 0.5-0.75 moderate,
0.75-0.9 good, and >0.9 excellent consistency.

3 Results
3.1 Demographics

A total of 113 diabetic patients (172 eyes) who underwent both
UWFA and SS-OCTA examinations at the Ophthalmology
Department of Sichuan Provincial People’s Hospital between
December 2022 and September 2024 were initially screened for
eligibility. Of these, 48 participants (64 eyes) met the inclusion
criteria and were included in the final analysis. The mean age of the
participants was 52.00 + 823 years. The duration of diabetes since
diagnosis ranged from 2 to 23 years, with a mean duration of 10.59 +
5.75 years. Among the included eyes, 31 were diagnosed with PDR, 21
with severe NPDR, and 12 with mild to moderate NPDR (Table 1).

3.2 Distribution of NPAs in DR patients

Using the UWFA images overlaid onto a customized 4585 grid,
we identified a total of 15,422 NPA occurrences. The distribution of
NPAs was as follows: the superior temporal quadrant accounted for
2,333 NPAs (15.13% of the total), the inferior temporal quadrant for
2,494 NPAs (16.17%), the superior nasal quadrant for 4,401 NPAs
(28.54%), and the inferior nasal quadrant for 6,194 NPAs (40.16%)
(Figure 1A). A heatmap was generated based on the frequency of NPA
occurrences, with SS-OCTA images overlaid onto the heatmap, aligned
with corresponding scan range coordinates (Figure 2).
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3.3 Different ages and disease duration on
the distribution of NP

Since the patients’ ages followed a normal distribution, the average
age of 52 years was used as the stratification point, dividing the patients
into two groups: 36-52 years (Group A) and 53-69 years (Group B).
Group A included 5 eyes with mild to moderate NPDR, 11 eyes with
severe NPDR, and 17 eyes with PDR, while Group B included 7 eyes
with mild to moderate NPDR, 10 eyes with severe NPDR, and 14 eyes
with PDR. The distribution of NP in both groups was illustrated using
bar charts (Figure 3A). Similarly, since the disease duration did not
follow a normal distribution, the median disease duration of 10 years
was used as the stratification point, dividing the patients into two
groups: 2-10 years (Group C) and 11-23 years (Group D). Group C
included 5 eyes with mild to moderate NPDR, 11 eyes with severe
NPDR, and 19 eyes with PDR, while Group D included 0 eyes with
mild to moderate NPDR, 10 eyes with severe NPDR, and 12 eyes with
PDR. The distribution of NP in both groups was also represented using
bar charts (Figure 3B). The results of the NP distribution pattern
showed that, except for Group A, where the inferior temporal quadrant
was less than the superior temporal quadrant, in Groups B, C, and D,
the distribution followed the pattern: superior temporal quadrant <
inferior temporal quadrant < superior nasal quadrant < inferior
nasal quadrant.

3.4 Comparison of NPA detection rates
between overall UWFA and UWFA within
the 24x20 mm OCTA scanning area

We aligned SS-OCTA images to a heatmap based on fixed
anatomical landmarks, including the optic disc, macular center, and
vascular patterns, to compare the detection rates of NPAs within the
24x20 mm SS-OCTA scan area. UWFA-labeled NPAs were used as the
gold standard. In the UWFA images, a total of 15422 NPAs were
identified, of which 7,187 (46.60%) were located within the SS-OCTA

TABLE 1 Demographic characteristics of patients included in the analysis.

Parameters Date

Mean age (year) 52.00 + 8.23
Gender ration (F/M) 19/29
Type of diabetes (n=patients)

Type 1 0

Type 2 48
Duration of Diabetes (years) 10.59 + 5.75
DR clinical severity grade (n=eyes) 64

Mild and Moderate NPDR 12

Severe NPDR 21

PDR 31

DR, diabetic retinopathy; NPDR, non-proliferative diabetic retinopathy; PDR, proliferative
diabetic retinopathy.
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scan range. This indicates that 53.40% of the NPAs were outside the SS-
OCTA scanning area. Quadrant-specific detection rates within the SS-
OCTA range were as follows: 50.58% in the superior temporal
quadrant, 55.33% in the inferior temporal quadrant, 43.99% in the
superior nasal quadrant, and 43.45% in the inferior nasal
quadrant (Figure 1B).

3.5 Comparison of ischemic index detected
by UWFA and 24x20 mm SS-OCTA

IST was calculated as the ratio of the NPA to the visible retinal area.
For UWFA, the overall ISI was 6.85 + 8.60%, 95% CI (4.70%, 9.00%),
with quadrant-specific values of 4.79 + 8.92%, 95% CI (2.56%, 7.02%)
in the superior temporal quadrant, 5.09 + 9.32%, 95% CI (2.76%,
7.42%) in the inferior temporal quadrant, 7.10 + 9.86%, 95% CI (4.64%,
9.56%) in the superior nasal quadrant, and 10.32 + 12.24%, 95% CI
(7.26%, 13.38%) in the inferior nasal quadrant. For SS-OCTA, the
overall ISI was higher at 9.52 + 10.19%, 95% CI (6.98%, 12.07%) with
quadrant-specific values of 7.51 + 12.95%, 95% CI (4.28%, 10.75%),
6.69 * 10.49%, 95% CI (4.07%, 9.31%), 10.11 + 12.14%, 95% CI (7.08%,
13.14%) and 13.64 + 12.30%, 95% CI (10.57%, 16.71%). The
Spearman’s Rank Correlation Coefficient (p) values between the ISI
obtained from UWFA and SS-OCTA in the total retina and the four
quadrants were 0.88, 0.81, 0.83, 0.79 and 0.79, respectively, indicating a
very strong positive correlation (Figure 4).

3.6 Comparison of NPA detection difficulty
between UWFA and 20x24 mm SS-OCTA
images

Five ophthalmology residents annotated NPAs on five
randomly selected UWFA images and corresponding SS-OCTA

10.3389/fendo.2025.1521837

images. The UWFA images had an average difficulty score of 5.4 +
0.94, while SS-OCTA images scored 7.36 + 1.16 (Figure 5A). SS-
OCTA consistently received higher or equal scores across all
evaluators. A paired Wilcoxon test showed a statistically
significant difference in difficulty scores between the two
modalities (p <0.001) (Figure 5B), indicating that SS-OCTA
images presented greater challenges in NPA identification for
the residents.

4 Discussion

In this retrospective comparative study, we examined the
differences in NPA detection between overall UWFA and local
UWFA in 24x20 mm SS-OCTA scan area in patients with DR. Our
findings indicate that the NPA detection rate of SS-OCTA’s scan
area was significantly lower, with an overall loss rate of 53.40%. This
suggests that 24x20 mm SS-OCTA can not fully replace UWFA for
the diagnosis of NPAs in DR patients. Despite this limitation, there
was a very strong positive correlation between the ISI obtained from
both imaging modalities, underscoring the utility of SS-OCTA in
providing relevant ischemic information. We also analyzed the
distribution of NPAs across the four retinal quadrants and found
that NPAs were most frequently located in the inferonasal
quadrant. Regarding the ease of NPA detection, our assessment
indicates that SS-OCTA outperforms UWFA in delineating and
interpreting NPA boundaries within its scanning range. This
suggests that SS-OCTA provides clearer images for evaluating the
extent of retinal ischemia.

To calculate the detection rate of NPAs, we identified the SS-
OCTA scan area within the UWFA images and compared NPAs
detected within the visible areas of both modalities. Previous studies,
including ours and that of Cui et al.,, have demonstrated the utility of
SS-OCTA in diagnosing DR (7, 8), with higher detection rates for
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FIGURE 2

Heatmap illustrating the distribution of NPAs in the ultra-widefield angiography (UWFA) image, overlaid with a 20x24 mm OCTA image. The overlay
reveals that 53.40% of NPAs are missed in the scanning range of 20x24 mm SS-OCTA examination.

NPAs and NV within its scan range (8, 15, 16). However, this study
suggests that even the widest commercially available SS-OCTA field
of view cannot match the comprehensive coverage of UWFA. Our
findings show that SS-OCTA has an NPA detection loss rate
exceeding 50%, particularly missing NPAs in the mid-peripheral
retina, a region closely associated with DR progression. These
findings are consistent with those of Ashraf M., who highlighted
the value of UWFA in assessing NPAs for more accurate evaluation
of DR severity and progression risk (17). The limitations of
traditional ETDRS 7-field imaging in detecting predominantly
peripheral lesions (PPL) further emphasize the necessity of
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widefield imaging (18). The restricted FOV in SS-OCTA, while
effective for central ischemia detection, may lead to the omission of
clinically significant NPAs, potentially resulting in underestimation
of disease severity and suboptimal treatment decisions.

The distribution of NPAs in DR patients in our study aligns
with previous research, showing peripheral NPAs are more
common than those in the posterior pole. We used a quadrant-
based analysis centered on the macula to standardize comparisons.
Our findings revealed the inferonasal quadrant consistently had the
largest NPA area, highest frequency, and most severe ischemia. This
pattern is consistent with Tomita et al. (19), who noted higher blood

[ ]inferior Nasal
B | ASuperior Nasal
|__]inferior Temporal
Superior Temporal

100
ES
§ 801 41.20% 38.56%
"]
=
5
o 60+
c
o
c
=
o
c 404
2
E
2
% 20 14.64%
B

0 __ -
Group C Group D

(A) Group A (aged 36-52 years, 33 participants) had NP distribution as follows: superior temporal 14.72%, inferior temporal 13.77%, superior nasal
29.75%, and inferior nasal 41.76%. Group B (aged 53-69 years, 31 participants) had NP distribution as follows: superior temporal 15.55%, inferior
temporal 18.65%, superior nasal 27.28%, and inferior nasal 38.52%. (B) Group C (disease duration 2-10 years, 35 participants) had NP distribution as

follows: superior temporal 14.25%, inferior temporal 14.64%, superior nasal

29.91%, and inferior nasal 41.20%. Group D (disease duration 11-23 years,

29 participants) had NP distribution as follows: superior temporal 16.49%, inferior temporal 18.54%, superior nasal 26.41%, and inferior nasal 38.56%.

Frontiers in Endocrinology

06

frontiersin.org


https://doi.org/10.3389/fendo.2025.1521837
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Guo et al. 10.3389/fendo.2025.1521837
A B
70 704
- — Linear fitting
60 4 1 =
95% Confidence belt
50 50
S =401
& 40 4 @ 40
<30 < 30
g £
=20 = 20
104 10
0 0
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
SS-OCTAISI % SS-OCTA ISI %
Superior temporal Inferior temporal
C D E
704 70 70+
.
60 60 604
50 50| 504
B3 B 3
_ < 40 J
N 40 @ ‘.Z 40
<30 < 30 &30
2 H H
= 20 = 204 =P
10+ 104 10
0 0 0
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 o 10 20 30 40 50 60 70
SS-OCTA ISl % SS-OCTAISI % SS-OCTA ISI %
Superior nasal Inferior nasal Total
FIGURE 4
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p<0.001. These results demonstrate a very strong positive correlation between the ISIs of SS-OCTA and UWFA. p, Spearman’s Rank

Correlation Coefficient.

flow in the upper retina, making the lower retina more susceptible
to ischemia. The nasal region’s vascular structure, with fewer
anastomoses between superior and inferior vessels, may also
explain its higher NPA incidence. Minor discrepancies in NPA
measurements across methods could result from image acquisition
issues, such as obstructions by eyelashes or eyelids, reducing visible
area, particularly in the inferior temporal quadrant.

The asymmetric distribution of NPAs, with a pattern of inferior
nasal > superior nasal > superior temporal > inferior temporal
NPAs, is a compelling topic. Previous studies by Khoobehi (20) and
Guduru (21) demonstrated that as DR severity increases, oxygen
saturation in retinal arterioles and venules also rises. This increase is
attributed to blood redistribution, where retinal circulation bypasses
NPAs, leading to reduced oxygen utilization in these areas and
consequently higher oxygen saturation in the surrounding
vasculature. Enrico used 12x12 OCTA to observe whether the
perfusion density in healthy eyes shows unevenness, and found
that the macular region has the highest perfusion density, while the
perfusion density in the temporal region is lower than that in the
superior and inferior areas (22). This suggests that in healthy eyes,
the temporal region has lower deep capillary plexuses perfusion,
making it more prone to capillary loss. Therefore, we speculate that
in the early stages of DR, the retinal temporal region in affected
individuals already exhibits lower perfusion density. Hafner J's
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study on type 2 diabetic patients without DR revealed a gradient
of retinal oxygen saturation, with the highest levels in the superior
nasal quadrant, followed by the inferior nasal, superior temporal,
and inferior temporal quadrants (23). This raises the question of
whether, at the onset of DR, the superior nasal and inferior nasal
regions are more prone to severe pathological changes compared to
the temporal quadrants. The distribution pattern observed in our
study closely mirrors this sequence, suggesting that retinal ischemia
is not uniformly distributed across the retina. These findings
underscore the importance of focusing on the inferonasal region
during early DR screening and progression monitoring, as this
region appears to be the most susceptible to early ischemic damage.

Our study also found that SS-OCTA has a 53.40% NPA
detection loss rate compared to UWFA, primarily in the mid-
peripheral retina beyond the 24x20 mm scan area. Additionally, in
some regions within the 24x20 mm range, UWFA detected blood
flow whereas SS-OCTA identified no capillary perfusion. This
discrepancy likely stems from SS-OCTA’s limitation in detecting
vessels with low blood flow velocity (16).

A total of 113 patients (172 eyes) were initially included in this
study, with 52.33% of exclusions solely due to poor OCTA image
quality or image artifacts. These findings highlight the critical
importance of image quality in the accurate assessment of NPAs
using SS-OCTA 24x20 mm. Several factors can affect OCTA image
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(A) Mean difficulty scores for NPA annotations assigned by five researchers across two different imaging results from five randomly selected patients.
The comparison assesses whether there is a statistically significant difference in the scores given by the same researcher for the two types of
imaging results. P-value of less than was considered statistically significant. (B) Paired line plot comparing two imaging results from the same patient.
In all cases, the SS-OCTA score is greater than or equal to the UWFA score. The Wilcoxon test indicates a statistically significant difference with a

p-value of less than 0.001. ns means no significance, * means p<0.05.

quality, including eyelid and eyelash interference, patient
cooperation, the examiner’s imaging skills, and the presence of
motion artifacts. Overcoming these challenges is essential for the
future use of OCTA in the precise assessment of NPAs.

Although OCTA’s current FOV limits its ability to detect NPAs
in the retinal periphery, its superior detection within the scanned
area is notable. In this study, UWFA was the gold standard for NPA
detection, but some NPAs detected by SS-OCTA were difficult or
impossible to identify on UWFA (Figure 6). This is likely due to SS-
OCTA’s ability to visualize finer capillary details, providing clearer
vascular boundaries, leading to higher inter-rater consistency (ICC
= 0.979) compared to UWFA (ICC = 0.918). Previous studies,
including those by LJ and Sawada et al. support these findings,
highlighting SS-OCTA’s higher detection rate for NPAs (8, 15, 16).

Despite manual annotation subjectivity, SS-OCTA’s resolution
minimizes this issue. Its expanding FOV shows promise for
future applications in NPA detection.

The ISI reflects the degree of retinal ischemia. Our study
demonstrated a strong positive correlation between ISI measured
by UWFA and SS-OCTA (p = 0.88,p<0.001), indicating that SS-
OCTA, despite its smaller field of view, provides a reliable
indication of retinal ischemia within the scanned area.
Interestingly, the ISI was consistently higher with SS-OCTA
compared to UWFA across all quadrants. A possible explanation

for this discrepancy, as suggested by our heat map analysis, is that
SS-OCTA’s 24x20 mm field of view may encompass regions with a
higher density of NPAs, thus skewing the ISI toward higher values
within the scanned area.

FIGURE 6

(A) UWFA image of a patient with proliferative diabetic retinopathy (PDR). The yellow box indicates the magnified region shown in (B), and (C) shows
the corresponding SS-OCTA image of the same area. The red box indicates the region shown in (D), with (E) being the corresponding SS-OCTA
image. (B) The yellow arrow indicates a region in the UWFA where it is difficult to determine the presence of blood perfusion. (C) The yellow arrow
in the SS-OCTA image clearly shows blood perfusion in the same region. (D) The red arrow indicates an unclear NP boundary in the UWFA image.

(E) The red arrow in the SS-OCTA image clearly defines the NP boundary.
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In clinical practice, based on the findings of our study, we
recommend SS-OCTA for the initial screening of DR patients,
especially for specific populations such as those with fluorescein
allergies, pregnant women, and patients with renal impairment. SS-
OCTA is also preferred for patients requiring frequent short-term
follow-up. In contrast, for patients with severe NPDR or higher at
the time of initial DR diagnosis, UWFA is more suitable for a
comprehensive assessment of the disease. Additionally, if a detailed
analysis of DR-related indicators is required, UWFA provides more
accurate data for research purposes.

Our study has several limitations. First, as a retrospective,
single-center study with a relatively small sample size, the
generalizability of the findings may be limited, particularly due to
the stringent image quality requirements for SS-OCTA. The
incidence of artifacts in OCTA images is relatively high, leading
to a higher exclusion rate when including images. The exclusion of
these images may impact the reliability and generalizability of the
results, which necessitates further research with a larger sample size
to address this issue. The focus on NPAs, less common in patients
with mild to moderate DR, led to an uneven distribution across DR
stages, potentially impacting the comparative analysis. Additionally,
important DR features such as NV and IRMAs were not included,
limiting the scope of the study.

Despite these limitations, this study provides key insights into
the comparative utility of SS-OCTA and UWFA for detecting NPAs
in DR. Due to SS-OCTA’s limited field of view, it cannot fully
replace UWFA, especially with significant loss of mid-peripheral
NPAs. However, SS-OCTA remains a valuable tool for assessing
retinal ischemia within its scanning range. Our findings also suggest
NPAs are more frequent in the inferonasal quadrant, underscoring
the importance of monitoring this region for early diagnosis and
management of DR progression.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Medical Ethics
Committee of Sichuan Provincial People’s Hospital. The studies
were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

CG: Conceptualization, Formal Analysis, Investigation, Writing —
original draft, Writing - review & editing, Data curation, Resources.

Frontiers in Endocrinology

10.3389/fendo.2025.1521837

NX: Conceptualization, Data curation, Supervision, Validation,
Writing - original draft, Writing - review & editing. FL:
Conceptualization, Writing — original draft, Writing - review &
editing, Funding acquisition, Investigation, Resources. YH:
Data curation, Investigation, Writing - original draft, Writing -
review & editing. LC: Formal Analysis, Project administration,
Writing - original draft, Writing - review & editing. HC:
Investigation, Software, Writing — original draft, Writing — review
& editing. YS: Data curation, Investigation, Writing — original draft,
Writing - review & editing. XN: Conceptualization, Investigation,
Writing - original draft, Writing - review & editing. RL:
Data curation, Formal Analysis, Writing — original draft, Writing -
review & editing. XW: Data curation, Resources, Writing -
original draft, Writing - review & editing. LZ: Methodology,
Supervision, Writing — original draft, Writing — review & editing.
YW: Data curation, Resources, Writing — review & editing. JZ:
Conceptualization, Data curation, Formal Analysis, Funding
acquisition, Methodology, Resources, Supervision, Writing -
original draft, Writing - review & editing. JL: Conceptualization,
Data curation, Formal Analysis, Funding acquisition, Investigation,
Methodology, Project administration, Resources, Supervision,
Writing - original draft, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was supported
in part by the Provincial Science and Technology Project Special
Fund, grant number 2021kflx002; Sichuan Natural Science
Foundation Project, grant number 2023NSFSC0592; National
Natural Science Foundation of China, grant number 62376173;
Key Research and Development Project of Health Commission of
Sichuan Province, grant number ZH2024-201; Project of Chengdu
Municipal Health Commission, grant number 2022039.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

frontiersin.org


https://doi.org/10.3389/fendo.2025.1521837
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Guo et al.

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

1. Tan TE, Wong TY. Diabetic retinopathy: looking forward to 2030. Front
Endocrinol (Lausanne). (2022) 13:1077669. doi: 10.3389/fend0.2022.1077669

2. Nicholson L, Ramu J, Chan EW, Bainbridge JW, Hykin PG, Talks S, et al. Retinal
nonperfusion characteristics on ultra-widefield angiography in eyes with severe
nonproliferative diabetic retinopathy and proliferative diabetic retinopathy. JAMA
Ophthalmol. (2019) 137:626-31. doi: 10.1001/jamaophthalmol.2019.0440

3. Baxter SL, Ashir A, Nguyen BJ, Nudleman E. Quantification of retinal
nonperfusion associated with posterior segment neovascularization in diabetic
retinopathy using ultra-widefield fluorescein angiography. Ophthalmic Surg Lasers
Imaging Retina. (2019) 50:86-92. doi: 10.3928/23258160-20190129-04

4. Garg I, Uwakwe C, Le R, Lu ES, Cui Y, Wai KM, et al. Nonperfusion area and
other vascular metrics by wider field swept-source oct angiography as biomarkers of
diabetic retinopathy severity. Ophthalmol Sci. (2022) 2. doi: 10.1016/j.x0ps.2022.100144

5. Zhang W, Li C, Gong Y, Liu N, Cao Y, Li Z, et al. Advanced ultrawide-field optical
coherence tomography angiography identifies previously undetectable changes in
biomechanics-related parameters in nonpathological myopic fundus. Front Bioeng
Biotechnol. (2022) 10:920197. doi: 10.3389/fbioe.2022.920197

6. Ra H, Park JH, Baek JU, Baek J. Relationships among retinal nonperfusion,
neovascularization, and vascular endothelial growth factor levels in quiescent
proliferative diabetic retinopathy. J Clin Med. (2020) 9. doi: 10.3390/jcm9051462

7. Cui Y, Zhu Y, Wang JC, Lu Y, Zeng R, Katz R, et al. Comparison of widefield
swept-source optical coherence tomography angiography with ultra-widefield colour
fundus photography and fluorescein angiography for detection of lesions in diabetic
retinopathy. Br J Ophthalmol. (2021) 105:577-81. doi: 10.1136/bjophthalmol-2020-
316245

8. Li J, Wei D, Mao M, Li M, Liu S, Li F, et al. Ultra-widefield color fundus
photography combined with high-speed ultra-widefield swept-source optical coherence
tomography angiography for non-invasive detection of lesions in diabetic retinopathy.
Front Public Health. (2022) 10:1047608. doi: 10.3389/fpubh.2022.1047608

9. Hirano T, Kakihara S, Toriyama Y, Nittala MG, Murata T, Sadda S. Wide-field en
face swept-source optical coherence tomography angiography using extended field
imaging in diabetic retinopathy. Br ] Ophthalmol. (2018) 102:1199-203. doi: 10.1136/
bjophthalmol-2017-311358

10. Silva PS, Liu D, Glassman AR, Aiello LP, Grover S, Kingsley RM, et al.
Assessment of fluorescein angiography nonperfusion in eyes with diabetic
retinopathy using ultrawide field retinal imaging. Retina. (2022) 42:1302-10.
doi: 10.1097/iae.0000000000003479

11. Young BK, Bommakanti N, Yu G, Patel TP, Azzouz L, Powell C, et al. Retinal
neovascularization as self-organized criticality on ultra-widefield fluorescein
angiography imaging of diabetic retinopathy. Eye (Lond). (2023) 37:2795-800.
doi: 10.1038/s41433-023-02422-1

12. Antaki F, Coussa RG, Mikhail M, Archambault C, Lederer DE. The prognostic
value of peripheral retinal nonperfusion in diabetic retinopathy using ultra-widefield

Frontiers in Endocrinology

10

10.3389/fendo.2025.1521837

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fendo.2025.1521837/
full#supplementary-material

fluorescein angiography. Graefes Arch Clin Exp Ophthalmol. (2020) 258:2681-90.
doi: 10.1007/s00417-020-04847-w

13. Sagong M, van Hemert J, Olmos de Koo LC, Barnett C, Sadda SR. Assessment of
accuracy and precision of quantification of ultra-widefield images. Ophthalmology.
(2015) 122:864-6. doi: 10.1016/j.ophtha.2014.11.016

14. Alibhai AY, De Pretto LR, Moult EM, Or C, Arya M, McGowan M, et al.
Quantification of retinal capillary nonperfusion in diabetics using wide-field optical
coherence tomography angiography. Retina. (2020) 40:412-20. doi: 10.1097/
12e.0000000000002403

15. Sawada O, Ichiyama Y, Obata S, Ito Y, Kakinoki M, Sawada T, et al. Comparison
between wide-angle oct angiography and ultra-wide field fluorescein angiography for
detecting non-perfusion areas and retinal neovascularization in eyes with diabetic
retinopathy. Graefes Arch Clin Exp Ophthalmol. (2018) 256:1275-80. doi: 10.1007/
s00417-018-3992-y

16. Couturier A, Rey PA, Erginay A, Lavia C, Bonnin S, Dupas B, et al. Widefield
oct-angiography and fluorescein angiography assessments of nonperfusion in diabetic
retinopathy and edema treated with anti-vascular endothelial growth factor.
Ophthalmology. (2019) 126:1685-94. doi: 10.1016/j.0phtha.2019.06.022

17. Ashraf M, Sampani K, Rageh A, Silva PS, Aiello LP, Sun JK. Interaction between
the distribution of diabetic retinopathy lesions and the association of optical coherence
tomography angiography scans with diabetic retinopathy severity. JAMA Ophthalmol.
(2020) 138:1291-7. doi: 10.1001/jamaophthalmol.2020.4516

18. Silva PS, Cavallerano JD, Haddad NM, Kwak H, Dyer KH, Omar AF, et al.
Peripheral lesions identified on ultrawide field imaging predict increased risk of
diabetic retinopathy progression over 4 years. Ophthalmology. (2015) 122:949-56.
doi: 10.1016/j.0phtha.2015.01.008

19. Tomita R, Iwase T, Ueno Y, Goto K, Yamamoto K, Ra E, et al. Differences in
blood flow between superior and inferior retinal hemispheres. Invest Ophthalmol Vis
Sci. (2020) 61:27. doi: 10.1167/i0vs.61.5.27

20. Khoobehi B, Firn K, Thompson H, Reinoso M, Beach J. Retinal arterial and
venous oxygen saturation is altered in diabetic patients. Invest Ophthalmol Vis Sci.
(2013) 54:7103-6. doi: 10.1167/iovs.13-12723

21. Guduru A, Martz TG, Waters A, Kshirsagar AV, Garg S. Oxygen saturation of
retinal vessels in all stages of diabetic retinopathy and correlation to ultra-wide field
fluorescein angiography. Invest Ophthalmol Vis Sci. (2016) 57:5278-84. doi: 10.1167/
iovs.16-20190

22. Borrelli E, Toto L, Viggiano P, Evangelista F, Palmieri M, Mastropasqua R. Widefield
topographical analysis of the retinal perfusion and neuroretinal thickness in healthy eyes: A
pilot study. Eye (Lond). (2020) 34:2264-70. doi: 10.1038/s41433-020-0804-5

23. Hafner J, Ginner L, Karst S, Leitgeb R, Unterluggauer M, Sacu S, et al. Regional
patterns of retinal oxygen saturation and microvascular hemodynamic parameters
preceding retinopathy in patients with type II diabetes. Invest Ophthalmol Vis Sci.
(2017) 58:5541-7. doi: 10.1167/iovs.17-22523

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2025.1521837/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2025.1521837/full#supplementary-material
https://doi.org/10.3389/fendo.2022.1077669
https://doi.org/10.1001/jamaophthalmol.2019.0440
https://doi.org/10.3928/23258160-20190129-04
https://doi.org/10.1016/j.xops.2022.100144
https://doi.org/10.3389/fbioe.2022.920197
https://doi.org/10.3390/jcm9051462
https://doi.org/10.1136/bjophthalmol-2020-316245
https://doi.org/10.1136/bjophthalmol-2020-316245
https://doi.org/10.3389/fpubh.2022.1047608
https://doi.org/10.1136/bjophthalmol-2017-311358
https://doi.org/10.1136/bjophthalmol-2017-311358
https://doi.org/10.1097/iae.0000000000003479
https://doi.org/10.1038/s41433-023-02422-1
https://doi.org/10.1007/s00417-020-04847-w
https://doi.org/10.1016/j.ophtha.2014.11.016
https://doi.org/10.1097/iae.0000000000002403
https://doi.org/10.1097/iae.0000000000002403
https://doi.org/10.1007/s00417-018-3992-y
https://doi.org/10.1007/s00417-018-3992-y
https://doi.org/10.1016/j.ophtha.2019.06.022
https://doi.org/10.1001/jamaophthalmol.2020.4516
https://doi.org/10.1016/j.ophtha.2015.01.008
https://doi.org/10.1167/iovs.61.5.27
https://doi.org/10.1167/iovs.13-12723
https://doi.org/10.1167/iovs.16-20190
https://doi.org/10.1167/iovs.16-20190
https://doi.org/10.1038/s41433-020-0804-5
https://doi.org/10.1167/iovs.17-22523
https://doi.org/10.3389/fendo.2025.1521837
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Comparison of widefield swept-source optical coherence tomography angiography and ultra-widefield fluorescein angiography in the detection of non-perfusion areas in diabetic retinopathy
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Inclusion and exclusion criteria
	2.3 Standard operating procedure
	2.3.1 Definition and annotation of NPAs
	2.3.2 Image quality assessment Standards
	2.3.3 Annotation process
	2.3.4 Image partitioning and visible area calculation
	2.3.5 Image overlay alignment
	2.3.6 Grid overlay alignment
	2.3.7 NPA frequency calculation and heatmap generation

	2.4 Evaluation of image annotation difficulty
	2.5 Data analysis

	3 Results
	3.1 Demographics
	3.2 Distribution of NPAs in DR patients
	3.3 Different ages and disease duration on the distribution of NP
	3.4 Comparison of NPA detection rates between overall UWFA and UWFA within the 24&times;20 mm OCTA scanning area
	3.5 Comparison of ischemic index detected by UWFA and 24&times;20 mm SS-OCTA
	3.6 Comparison of NPA detection difficulty between UWFA and 20&times;24 mm SS-OCTA images

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


