Clinical Ophthalmology Dovepress

Taylor & Francis Group

ORIGINAL RESEARCH

Quantitative ultra-widefield fluorescein angiography
biomarkers in diabetic retinopathy and association
with treatment and progression

Rahul S Iyengar"z, Salma FIeiﬁI', Michael T Aaberg"3, Gina Yu"4, Tapan P Patel"s, Corey Powell®,
Annie K Tran', Yannis M Paulus®'>7

'Department of Ophthalmology and Visual Sciences, W. K. Kellogg Eye Center, University of Michigan Medical School, Ann Arbor, MI, USA; 2Department of
Ophthalmology, Roski Eye Institute, Keck School of Medicine at USC, Los Angeles, CA, USA; 3Department of Medicine, Emory University School of Medicine,
Atlanta, GA, USA; “Department of Ophthalmology, Byers Eye Institute, Stanford Health Care, Palo Alto, CA, USA; *Department of Ophthalmology, Wilmer Eye
Institute, Johns Hopkins University School of Medicine, Baltimore, MD, USA; ®Department of Consulting for Statistics, Computing and Analytics Research,
University of Michigan, Ann Arbor, Ml, USA; "Department of Biomedical Engineering, Johns Hopkins University, Baltimore, MD, USA

Correspondence: Yannis M Paulus, Wilmer Eye Institute Department of Ophthalmology Johns Hopkins University, 600 N. Wolfe St, Baltimore, MD,
21287, USA, Tel +1 410 955-3518, Email ypaulus| @jh.edu

Purpose: To determine if demographic factors and calculated areas of nonperfusion (NP) and neovascularization (NV) on ultra-
widefield (UWF) fluorescein angiography (FA) in the eyes of patients with diabetes are associated with treatment with intravitreal
injections (IVIs), panretinal photocoagulation (PRP), and diabetic retinopathy (DR) progression.

Patients and Methods: This retrospective, cross-sectional study included 363 patients (651 eyes) treated at the University of
Michigan Kellogg Eye Center between January 2009 and May 2018. Eligible participants were 18 years or older diagnosed with
diabetes who received UWF FA. Patients with previous PRP or poor-quality images were excluded. Main outcome measures included
comparison analyses of measured surface areas in millimeters squared (mm?) of total and regional retinal nonperfusion and
neovascularization, number of IVIs and PRP treatments, and DR progression.

Results: Our cohort received 3,041 IVIs and 878 PRP treatments with a mean follow-up of 915 days (SD £714). IVIs were positively
associated with posterior NP (difference, 1.15 mm?; 0.43-1.86; P=0.0017). PRP treatments were positively associated with total NP
(difference, 27.24 mm?; 14.68-39.79; P<0.001) and total NV (difference, 1.75 mm?; 0.84-2.65; P<0.001), as well as regional areas.
While progression was not associated with NP/NV area, it was positively associated with a pre-existing diagnosis of type 2 as
compared to type 1 diabetes (147% increase; 7-373% increase; p=0.03).

Conclusion: Areas of NP and NV on UWF FA demonstrated associations with PRP and IVIs in DR patients.

Keywords: diabetic retinopathy, intravitreal injections, panretinal photocoagulation, ultra-widefield fluorescein angiography

Introduction

Diabetic retinopathy (DR) is a leading cause of vision loss among working age adults. Studies estimate that nearly
93 million people worldwide have DR, which could rise to 191 million by 2030.'* The established standard for
evaluating DR severity and predicting the risk of progression has been through standard 7 field photography and the
extended modified Airlie House classification, as outlined in the Early Treatment Diabetic Retinopathy Study (ETDRS).?
More recently, a growing body of evidence suggests ultra-widefield (UWF) scanning laser ophthalmoscopy may offer
unique advantages in comparison to 7-field ETDRS photography when evaluating DR.* '

UWF imaging can provide a view of over 80% of the retinal surface area, as compared to 30% with 7-standard field
ETDRS imaging.* As proposed by the International Widefield Imaging Study Group, UWF specifically refers to images
depicting anatomic features anterior to the vortex vein ampulla in all 4 quadrants.'® This provides an enhanced view of
the retinal periphery and may better identify lesions that affect DR classification, such as intraretinal microvascular
abnormalities, which are associated with a 4.7-fold increased risk of progression from non-proliferative DR (NPDR) to
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proliferative DR (PDR), or NV itself.®” UWF imaging also offers numerous efficiency benefits over ETDRS, including
up to an 81% lower ungradable image rate'® and 25% less image evaluation time.'? In particular, UWF fluorescein
angiography (FA) offers simultaneous capture of a 200° retinal field with vessels in the same angiographic phase,
forgoing the need to obtain a series of images.*!" By contrast, ETDRS obtains a limited view of the periphery and
requires montaging separate images together, which introduces distortions and artifacts at connecting fields that limits
quantification of measurements such as total surface area.™'’ With UWF FA, areas of capillary nonperfusion (NP) and
neovascularization (NV) can be more accurately quantified once accounting for projection distortions on UWF FA.’
Separate studies have utilized these precise measurements available with UWF FA to identify threshold surface areas of
NP associated with an increased risk of PDR.'”'® Likewise, more recent studies have demonstrated strong associations
between both NP and predominantly peripheral lesions (PPLs), which are more adequately visualized with UWF FA, and
the risk of DR progression.'*2° With precise quantification, more robust models can be constructed to explore potential
associations between biomarker areas, disease progression, and hallmark features of DR.

While previous research suggests a relationship between NP area and number of DR lesions, further study is
necessary to explore how NP, and other quantifiable biomarkers such as PPLs, may be related to clinical interventions
for DR longitudinally over time, including panretinal photocoagulation (PRP) treatments and intravitreal injections
(IVIs).>'" A small prospective study demonstrated no change in NP area measured on UWF FA or optical coherence
tomography angiography (OCTA) following PRP treatments.”' Similarly, while multiple studies suggest anti-VEGF
treatments may improve the diabetic retinopathy severity scale (DRSS) score on color fundus photography, data
regarding reperfusion of NP areas have been conflicting, highlighting the need for further study with large cohorts.** 2

The objective of this study was to assess whether measured biomarker areas of NP, NV, and the foveal avascular zone
(FAZ) on UWF FA images were associated with IVIs and/or subsequent PRP treatments in patients with type 1 or 2
diabetes. While our previous study outlined a rigorous system for quantifying images and identified associations between
calculated biomarker areas and patient demographics,'” this study further investigates if relationships may exist between
biomarker areas, demographic and clinical factors, DR treatments, and DR progression. The identification of objective
trends between quantifiable biomarkers and clinical treatments may aid the design of further prospective trials exploring
the utility of UWF FA in guiding the management of DR.

Materials and Methods

A retrospective, cross-sectional study was conducted on patients diagnosed with type 1 or type 2 diabetes who received
UWEF FA at the University of Michigan W. K. Kellogg Eye Center between January 2009 and May 2018. January 2009
was selected as the start of the study since this is when UWF FA was acquired by the institution. Ethics approval was
obtained from the University of Michigan Institutional Review Board (UM-IRB) to obtain clinical information and
images from patients’ medical records (HUMO00120509, PI Y.M. Paulus). Due to the retrospective nature of this study,
a Health Insurance Portability and Accountability Act (HIPAA) waiver of consent was provided by the UM-IRB. The
authors certify that this study was HIPAA compliant and conducted in accordance with the tenets of the Declaration of
Helsinki, and all data collected were stored in a HIPAA compliant database. Any shared or computer analyzed data were
anonymized and de-identified to maintain confidentiality.?®

Inclusion and Exclusion Criteria

Participants were eligible for this study if they met the following inclusion criteria: 18 years or older, diagnosed with type
1 or type 2 diabetes, and evaluated with a dilated fundus examination and UWF FA at either the Ann Arbor or Grand
Blanc sites of the University of Michigan Kellogg Eye Center. Images were excluded if there was evidence of previous
laser photocoagulation treatment, indistinguishable areas of NP or NV secondary to poor-quality image, media opacities
obscuring clear image of retina (from cataracts, vitreous hemorrhage, etc), or technical issues in image processing
secondary to improper image formats or failed image projections. For situations in which an FA was again obtained at
follow-up appointments during the study period, these images were included unless they met the above exclusion criteria.
A review of medical records was performed to collect the following data for each patient at the baseline and follow-up
visits, when applicable: age, sex, race, diabetes type 1 or 2, hemoglobin Alc, body mass index, intraocular pressure,
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Snellen best-corrected visual acuity, severity of diabetic retinopathy by ETDRS grading, presence of diabetic macular
edema on clinical exam, and eye treatments including laser photocoagulation, IVIs, and intraocular surgery. Duration of
follow-up was calculated from the date of first UWF FA imaging until the last clinical encounter in the study period.
Patients without any subsequent encounters after the initial UWF FA were designated as lost to follow-up.

UWEF FA and Image Segmentation

Our methodology for obtaining and evaluating UWF FA retinal images and training graders was described in detail in our
previous manuscripts, which include representative ungraded and graded images to illustrate the grading process and
details about the method of quantification.'’*” Briefly, FA images were obtained with UWF scanning laser ophthalmo-
scopy with Optos 200Tx or California (Optos PLC, Dunfermline, Scotland, UK) and projected onto a curved surface
using proprietary Optos software, described in detail previously,”® which assumes the eye is a sphere with a diameter of
24 mm.'*? Multiple FA images within arteriovenous, venous, and late phases were obtained for each patient, and
a single retina specialist selected the best macula-centered image from the FA series of each eligible eye. Selected images
were manually segmented by 4 masked graders using open-source ITK-SNAP software to identify surface areas of FAZ,
NP, and NV in millimeters squared (mm?) for each image.’® All 4 graders underwent extensive training by the
aforementioned retina specialist to ensure grading accuracy and standardization, and each image was segmented by
a single grader with adjudication by the retina specialist for uncertain areas. Surface areas for NP and NV were then
grouped by region based on distance from FAZ as follows: regions within and including 3.00 mm from identified FAZ
into “posterior pole”, between 3.00 mm and including 10.00 mm into “mid-periphery”, and between 10.00 mm and
including 15.00 mm into “far-periphery”.

Statistical Analysis

All statistical analyses for this study were conducted using R (R Core Team, 2019).*' Both parametric and nonparametric
analyses were utilized to conduct comparisons between experimental groups. Frequencies and relative frequencies were
calculated for categorical variables and mean, standard deviation, and ranges were calculated for continuous variables
(including biomarker areas). We created generalized estimating equation models to assess for possible associations
between biomarker areas (FAZ, NP, NV), demographic variables (Table 1), IVIs, and PRP treatments. These models,
implemented using the geeg/m function from the R package geepack in the Comprehensive R Archive Network, were
essentially linear regressions that accounted for correlations between left-eye and right-eye measurements for a given
patient. As the purpose of this study is exploratory and not confirmatory, P values are unadjusted, with P less than 0.05
representing relationships warranting further exploration.

Additionally, a separate multivariate regression model was constructed to explore the relationship between segmented
biomarker areas, demographic factors (Table 1), and DR progression. For our purposes, progression and severity are
count variables, with progression defined as a one-step increase in DR severity during the period of study. DR severity
was assigned to 0, 1, 2, 3, or 4 representing no DR, mild NPDR, moderate NPDR, severe NPDR, or PDR respectively, as
defined by ETDRS classification. Patients were excluded from the progression analysis if they already had PDR at the
baseline visit. A generalized estimating equations model was used with progression as the outcome following a Poisson
distribution with a log link-function. Collinearity between the biomarker areas calculated precluded inclusion of all areas
calculated in the model. Given the limited number of Hispanic patients with complete data needed to calculate
progression, we consolidated Black and Hispanic patients into a single category to increase the size of this group.

Results

In total, 1,048 images were obtained from patients with diagnosis of type 1 or type 2 diabetes that had UWF FA imaging
from January 2009 and May 2018 (Figure 1). Of these, 111 images (10.6%) were excluded for missing demographic
information, 138 images (13.2%) for previous laser photocoagulation treatment, 69 images (6.6%) for failed 2-dimen-
sional projection with the Optos software, and 14 images (1.3%) for originating from a camera other than Optos 200Tx or
Optos California. Of the remaining 716 images, 65 images (9.1%) were excluded by graders for poor-quality or media
opacity (ie, vitreous hemorrhage or cataracts) limiting evaluation of biomarker areas. A total of 651 eyes from 363
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Table | Baseline Patient Characteristics

Characteristic Number (%)
Total (N) 363
Sex
Male 205 (56%)
Female 158 (44%)
Race
White 247 (68%)
Black 77 (21%)
Asian 10 (3%)
Hispanic 6 (2%)
Other 12 (3%)
Unknown I (3%)

Age (years) Mean * Standard Deviation | 59.4 + 13.7

DM Type
Type | 6l (17%)
Type 2 299 (82%)
Unknown 3 (1%)

Eye Laterality
os 295 (45%)
oD 356 (55%)

Abbreviations: DM, diabetes mellitus; OS, left eye; OD, right eye.

patients (205 males and 158 females) were included in the final analysis. The mean duration of follow-up for patients was
915 days (SD +714 days, range 0-2,895 days), with incomplete clinical data for 19.4% of patients and the last visit being
the UWF FA visit (no follow-up) in 7.1% of patients. The demographics for this cohort are outlined in Table 1 and our

1,048 UWF FA images from
patients with DM obtained

111 (10.6%) excluded for
missing demographics

69 (6.6%) excluded for failed
2-dimensional projection

138 (13.2%) excluded for
previous photocoagulation

14 (1.3%) excluded for
non-Optos camera

716 remaining images from
patients with DM

Mean (SD) follow-up:
65 (9.1%) excluded for 915 (714) days

poor-quality or media opacity

7.1% lost to follow-up

651 UWF FA images from
363 patients included

Figure | Criteria for Inclusion of UWF FA Images. Flowchart depicting exclusion of patients in our study. Patients were excluded for failed 2-D image projection, missing
demographics, previous laser photocoagulation treatment, imaging with non-Optos camera, or poor-quality image or media opacity limiting image evaluation. In total, 651
patients with UWF FA were included with a mean follow-up of 915 days (SD +714).
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previous study.'” Briefly, the mean (SD) age was 59.4 (13.7) years, the mean (SD) best-corrected visual acuity logMar
was 0.34 (0.31) (Snellen equivalent 20/43), and the distribution of DR severities included no DR (76 eyes), mild NPDR
(92 eyes), moderate NPDR (144 eyes), severe NPDR (101 eyes), PDR (220 eyes), and unknown severity (18 eyes). Our
cohort self-identified into the following racial groups: 247 (68.0%) White, 77 (21.2%) Black, 10 (2.8%) Asian, 6 (1.7%)
Hispanic, 12 (3.3%) Other (including Native Hawaiian, Pacific Islander, American Indian, Alaska Native), and 11 (3.0%)
Unknown/No response.

Associations Between Biomarker Areas and [Vls

In total, IVIs for this cohort included 2,556 anti-VEGF injections and 376 steroid injections. The anti-VEGF injections
performed were bevacizumab (62.1%), aflibercept (21.5%), and ranibizumab (16.4%). In multivariate linear regression
models accounting for various demographic factors, area of posterior NP was positively associated at least one IVI versus
zero injections (difference, 1.15 mrnz; 95% CI, 0.43-1.86; P=0.0017). No other significant associations were observed
between any other biomarker areas and one versus zero [VIs or additional IVIs (Table 2). IVIs were performed at the
discretion of the treating physician for the presence of visually significant DME and/or vitreous hemorrhage. At the time
of this study, our physicians as a practice pattern did not routinely perform IVIs for either DR alone or PDR, where PRP
is the favored treatment if there is adequate visualization.

Associations Between Biomarker Areas and PRP Treatments

There were 878 total PRP treatments in this patient cohort, and the relationship between PRP treatments and biomarker
areas is outlined in Table 3. A strong positive association was observed between area of total NP and one PRP treatment
versus zero treatments (difference, 27.24 mm?; 95% CI, 14.68-39.79; P<0.001), with regional associations between PRP
treatments and mid-periphery NP (difference, 10.34 mm?; 95% CI, 4.43-16.26; P<0.001) and far-periphery NP

Table 2 Association Between [VIs and Areas of FAZ, Regional NP, and Regional NV

Clinical Outcome Biomarker Difference in Biomarker | P value
Area (mm?) (95% CI)
One IVl vs Zero IVIs FAZ 0.020 (—0.22 to 0.27) 0.87
NP Total 10.72 (—1.46 to 22.90) 0.085
*NP posterior *1.15 (0.43 to 1.86) *0.0017
NP mid-periphery 5.45 (—0.20 to 11.10) 0.059
NP far-periphery 4.71 (—2.67 to 12.10) 0.21
NV Total 0.1'1 (—0.58 to 0.80) 0.75
NV posterior —0.028 (—0.12 to 0.07) 0.56
NV mid-periphery —0.026 (—0.55 to 0.50) 0.92
NV far-periphery 0.16 (—0.15 to 0.47) 0.30
Each Additional IVI (>1) | FAZ 4.8x107* (-0.02 to 0.02) 0.97
NP Total 0.38 (—0.59 to 1.35) 0.44
NP posterior —0.025 (—0.05 to 0.00) 0.052
NP mid-periphery 0.20 (—0.23 to 0.62) 0.36
NP far-periphery 0.22 (—0.36 to 0.80) 0.46
NV Total —0.016 (—0.04 to 0.01) 0.25
NV posterior 0.0018 (—0.00 to 0.00) 0.17
NV mid-periphery 0.0042 (—0.02 to 0.02) 0.68
NV far-periphery —0.010 (—0.03 to 0.01) 0.20

Notes: Multivariate regression model for the findings in this table accounts for baseline characteristics of sex,
age, race, DM type, and laterality, but only IVI analyses reported. Bolded text and * correspond to P < 0.05.
Abbreviations: FAZ, foveal avascular zone; NP, nonperfusion; NV, neovascularization; Cl, confidence
interval; IV, intravitreal injection.
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Table 3 Association Between PRP Treatments Received and Areas of FAZ, Regional NP, and Regional NV

Clinical Outcome Biomarker Difference in Biomarker | P value
Area (mm?) (95% CI)
One PRP Treatment vs Zero Treatments | FAZ 0.024 (—0.16 to 0.21) 0.80
*NP Total *27.24 (14.68 to 39.79) | *< 0.001
NP posterior 0.38 (—0.52 to 1.28) 0.41
*NP mid-periphery *10.34 (4.43 to 16.26) *< 0.001
*NP far-periphery *18.67 (10.24 to 27.09) | *< 0.001
*NV Total *1.75 (0.84 to 2.65) *< 0.001
NV posterior 0.15 (0.0l to 0.31) 0.063
*NV mid-periphery *1.23 (0.51 to 1.96) *< 0.001
*NV far-periphery *0.37 (0.14 to 0.61) *0.0019
Each Additional PRP Treatment (>1) FAZ —0.035 (—0.14 to 0.07) 0.52
NP Total 3.54 (-4.13 to 11.20) 0.37
NP posterior —0.11 (—0.41 to 0.19) 0.46
NP mid-periphery 0.19 (—3.15 to 3.54) 091
NP far-periphery 2.40 (—2.67 to 7.47) 0.35
NV Total 0.012 (—0.37 to 0.40) 0.95
NV posterior —0.023 (—0.08 to 0.03) 0.43
NV mid-periphery —0.050 (—0.33 to 0.23) 0.73
NV far-periphery 0.10 (—0.10 to 0.30) 0.34

Notes: Multivariate regression model for the findings in this table accounts for baseline characteristics of sex, age, race, DM type,
and laterality, but only PRP analyses reported. Bolded text and * correspond to P < 0.05.

Abbreviations: FAZ, foveal avascular zone; NP, nonperfusion; NV, neovascularization; PRP, panretinal photocoagulation; ClI,
confidence interval.

(difference, 18.67 mmz; 95% CI, 10.24-27.09; P<0.001). A positive association was also identified between one PRP
treatment and total NV (difference, 1.75 mm?; 95% CI, 0.84-2.65; P<0.001), mid-periphery NV (difference, 1.23 mm?;
95% CI, 0.51-1.96; P<0.001), and far-periphery NV (difference, 0.37 mm?; 95% CI, 0.14-0.61; P=0.0019). No strong
associations were observed between additional PRP treatments and any biomarker areas.

Associations Between Demographics, Biomarker Areas, and DR Progression

The relationship between patient demographics, biomarker areas, and DR progression is reported in Table 4. A positive
association was observed between progression of ETDRS severity and a pre-existing diagnosis of type 2 diabetes (147%
increase; 95% CI, 7-373% increase; P=0.03), as compared to type 1 diabetes. The mean DR severity for a pre-existing
diagnosis of type 1 diabetes was 2.98 (SD +1.18) with a mean hemoglobin Alc of 8.58% (SD +2.15%), as compared to
a mean severity of 2.38 (SD *1.41) with a mean Alc of 7.80% (SD *1.87%) for type 2 diabetes. After accounting for
demographic factors, no strong associations were observed between biomarker areas of NP or NV and DR progression.

Discussion

In this retrospective study, UWF FA images from a cohort of patients with diabetes were quantified to determine if an
association existed between biomarker surface areas, clinical interventions, and progression of DR. It builds upon our
previous study that outlined a robust model for quantitatively grading images and demonstrated a strong positive
association between areas of NP and NV and demographic factors, namely male sex, black race, and presence or
development of vitreous hemorrhage.'” In contrast, this study examined UWF images and clinical characteristics from
our large cohort of patients longitudinally, with a mean patient follow-up time of approximately 915 days, to assess
whether PRP treatments, IVIs, and DR progression were associated with identified UWF FA areas.
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Table 4 Association Between Demographics and NP and NV Areas
with Progression of DR

Predictor Percent Change (95% CI) | P value
Male vs Female —35% (—60% to +5%) 0.077
Black/Hispanic vs White —7.0% (—52% to +79%) 0.82
Asian vs White —43% (—83% to +95%) 0.37
Other vs White —9.0% (—72% to +198%) 0.88
Additional Year of Age —1.0% (—3.0% to +1.0%) 0.32

*Diabetes Type 2 vs Type | | *+147% (+7% to +373%) | *0.035

Additional 100 mm? of NP —29% (—52% to +5.0%) 0.086

Additional | mm? of NV —11% (-21% to +1.0%) 0.064

Note: Bolded text and *correspond to P < 0.05.
Abbreviations: NP, nonperfusion; NV, neovascularization; Cl, confidence interval.

Our study shows that total areas of both NP and NV were positively associated with receiving one PRP treatment vs zero,
particularly for areas >3 mm from the FAZ (mid- and far-periphery). Considering the close associations that have been
previously demonstrated between NP (especially peripheral NP), DR severity, and risk of DR progression,'"''® it is not
surprising that patients with increased peripheral NP were more likely to receive PRP in an attempt to reduce the risk of
significant vision loss and vitrectomy or to stimulate NV regression.>** However, a recent prospective study demonstrated no
change in NP observed on UWF FA or OCTA following PRP treatments in a cohort of eyes with exclusively treatment-naive

3637 the DAVE randomized trial in eyes
21,38

PDR.?"**?° While targeted use of PRP to regions of NP has been proposed previously,
with diabetic macular edema did not show benefit from targeted photocoagulation to NP areas.

IVIs are being increasingly used for the management of DR and associated complications, most commonly DME,*** but the
relationship between area of NP on UWF FA images and anti-VEGF injections remains unclear. While some studies suggest
slowed NP progression or possible reperfusion following anti-VEGF injections,”** the majority of evidence favors minimal
reperfusion of NP areas on UWF FA or OCTA with anti-VEGF therapy despite improvement in DRSS score.”' >***** This study
finds that IVIs were positively associated with posterior NP (difference, 1.15 mm2; 95% CI, 0.43-1.86; P=0.0017), but the
significance of this finding remains unclear and would benefit from further study.

Our study did not identify associations between biomarker areas and DR progression. This was unexpected in light of
previous work by Silva et al demonstrating a strong association with DR progression and peripheral lesions,” which in
turn were correlated with nonperfusion area.'' In the latter study, the authors indicated NP increased with severity until
plateauing for severe NPDR and PDR. This may account for our lack of association between quantified areas and DR
progression, considering 71.4% of our images corresponded to DRSS grades of moderate NPDR or greater. However,
progression was positively associated with type 2 diabetes as compared to type 1 diabetes in our study. While multiple
studies confirm a transient worsening of DR following initiation of intensive therapy with type 1 diabetes that may be
contributing,***’ it is also possible that a plateau effect may have contributed, particularly given that 67.8% of patients
with type 1 diabetes had severe NPDR or PDR as compared to 47.4% of patients with type 2 diabetes.

Our focus for this study was to evaluate the utility of precise image quantification available with UWF FA in
predicting clinical treatments and progression for DR. The results of our study, combined with findings from our
previously published work, suggest the potential utility of regular screening of DR patients with UWF FA imaging
and biomarker area quantification for the purposes of prognostication and risk stratification.'”?” Multiple studies have
also supported OCTA in evaluating retinal ischemia in patients with DR, as it is non-invasive and can reliably detect and
quantify NP and NV.2'?*4¢ While no relationship was seen in our study between calculated FAZ areas and DR
treatments, OCTA may be more effective for detecting subtle changes in FAZ and their potential associations with
treatments.*” However, OCTA cannot directly visualize leakage, is subject to projection artifacts, and may have slightly
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lower sensitivity and specificity for detecting NP than UWF FA."** While conventional OCTA provides a limited view
of the retinal periphery, studies investigating wide-angle OCTA show promise and would benefit from further exploration
with large, prospective cohorts, possibly in conjunction with biomarker assessment of UWF FA '3

Limitations

We acknowledge that findings in this retrospective study are from two sites at a single-center, and large, multicenter
prospective studies could better characterize our observed relationships. Also, consideration of when the images were
taken in relation to treatment could better elucidate effects of treatment on biomarkers and is something to consider in
future studies. Similarly, the indication for treatment with IVIs and PRP treatments was not standardized, given the
retrospective nature of this study. Factors such as the systemic health of the patient, reliability of follow-up, and patient
willingness to receive treatment all may have affected the decision to treat. While the focus of this study was primarily to
retrospectively investigate relationships between biomarker areas and the likelihood of DR treatments, future prospective
studies incorporating these factors could better explore this relationship. Another limitation is the use of manual graders
performing image segmentation, which may have introduced variability or inaccuracies, but this was mitigated through
rigorous training and verification by a retina specialist. Artificial intelligence automated grading could be considered in
future studies. Previous research has demonstrated that trained, nonphysician graders can reliably identify DR features in
UWF images.'® We have assumed uniform eye diameters of 24 mm, which may cause inaccuracies in biomarker areas
for eyes with varying axial lengths. The racial distribution of our cohort was not representative of the greater population,
although a higher percentage of African American patients was included as compared to previous studies.**"-'* Our rate
of ungradable images (9.1%) was higher than reported in previous investigations, but in those studies, protocols were
implemented to identify and re-take ungradable images at the time of UWF imaging.'>'? Future studies investigating
features of UWF FA may benefit from the adoption of similar protocols.

Conclusion

This retrospective analysis demonstrated strong associations between areas of NP and NV on UWF FA images and PRP
treatments that were not demonstrated between biomarker areas and IVIs. Additionally, type 2 diabetes was more closely
associated with DR progression as compared to type 1 diabetes. Our findings suggest the potential utility of regular
screening of DR patients with UWF FA imaging for the purposes of prognostication and risk stratification Prospective
studies with large cohorts and multimodal imaging are necessary to better characterize relationships between peripheral
biomarker areas, clinical treatments, and DR progression.
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