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Purpose: To review the evidence for imaging modalities in assessing the vascular component of diabetic
retinal disease (DRD), to inform updates to the DRD staging system.

Design: Standardized narrative review of the literature by an international expert workgroup, as part of the
DRD Staging System Update Effort, a project of the Mary Tyler Moore Vision Initiative. Overall, there were 6
workgroups: Vascular Retina, Neural Retina, Systemic Health, Basic and Cellular Mechanisms, Visual Function,
and Quality of Life.

Participants: The Vascular Retina workgroup, including 16 participants from 4 countries.
Methods: Literature review was conducted using standardized evidence grids for 5 modalities: standard

color fundus photography (CFP), widefield color photography (WFCP), standard fluorescein angiography (FA),
widefield FA (WFFA), and OCT angiography (OCTA). Summary levels of evidence were determined on a validated
scale from I (highest) to V (lowest). Five virtual workshops were held for discussion and consensus.

Main Outcome Measures: Level of evidence for each modality.
Results: Levels of evidence for standard CFP, WFCP, standard FA, WFFA, and OCTA were I, II, I, I, and II

respectively. Traditional vascular lesions on standard CFP should continue to be included in an updated staging
system, but more studies are required before they can be used in posttreatment eyes. Widefield color photo-
graphs can be used for severity grading within the area covered by standard CFPs, although these gradings may
not be directly interchangeable with each other. Evaluation of the peripheral retina on WFCP can be considered,
but the method of grading needs to be clarified and validated. Standard FA and WFFA provide independent
prognostic value, but the need for dye administration should be considered. OCT angiography has significant
potential for inclusion in the DRD staging system, but various barriers need to be addressed first.

Conclusions: This study provides evidence-based recommendations on the utility of various imaging mo-
dalities for assessment of the vascular component of DRD, which can inform future updates to the DRD staging
system. Although new imaging modalities offer a wealth of information, there are still major gaps and unmet
research needs that need to be addressed before this potential can be realized.
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Proper classification and staging have been essential in
developing our understanding and management of diabetic
retinopathy (DR) over the years. Currently, the classification
systems that are in widespread research and clinical use are the
ETDRS severity scale, whichwas based on themodifiedAirlie
House classification, and the simpler International Clinical
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Diabetic Retinopathy (ICDR) severity scale.1,2 In essence,
these classification systems rely on grading the presence and
severity of a series of retinal lesions seen on color fundus
photographs (CFPs), to classify patients in terms of risk of
progression to proliferative DR (PDR) as the key clinical
outcome.3 The retinal lesions considered in these
1https://doi.org/10.1016/j.xops.2023.100449
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classification systems are all directly or indirectly vascular
lesions, such as retinal hemorrhages and microaneurysms
(H/MAs), venous beading (VB), intraretinal microvascular
abnormalities (IRMAs), and new vessels (NVs). Severities
of these lesions are graded categorically in specific fields of
view, against standard reference photographs. For decades,
these classification systems for the vascular component of
diabetic retinal disease (DRD) have been the cornerstone of
clinical management for patients with DR, serving as
diagnostic, monitoring, and prognostic biomarkers for
determining appropriate surveillance intervals and decisions
for treatment.4,5 They have also been instrumental in
landmark clinical trials, population-based epidemiological
studies, and clinical research, which have greatly advanced our
understanding and treatment of patients with DR.

Despite the success of these current classification sys-
tems, there is a clear need to update the overall staging
system for DRD, to incorporate end points beyond PDR,
such as diabetic macular edema (DME), diabetic retinal
neurodegeneration, and patient-related outcome measures.
An updated staging system of DRD should incorporate
additional information derived from new imaging technol-
ogies and methods of retinal functional testing, as well as
insights from our greater understanding of the pathophysi-
ology of DRD, such as diabetic retinal neurodegeneration,
that may occur separately or even prior to vascular
changes.6e10 This review is part of the Diabetic Retinal
Disease Staging System Update Effort, a project of the Mary
Tyler Moore Vision Initiative, which aims to provide a
comprehensive assessment of DRD, to look beyond just the
vascular component of the disease, and to incorporate other
important aspects such as the neural retina, systemic health,
basic and cellular mechanisms, visual function, and quality
of life. While these other aspects are covered in separate
dedicated reviews, here we focus on the vascular aspect of
DRD.

Although the vascular component of DRD is considered
well-established, the current classification/staging systems
still have significant limitations in this aspect.6,7 First, they
only cover about 30% of the retinal surface area and do
not consider information from the retinal periphery, which
can now be consistently imaged with widefield color
photography (WFCP) and may have important prognostic
implications.11 Second, they do not include angiographic
information, either from dye-based fluorescein angiog-
raphy (FA) or noninvasive OCT angiography (OCTA).
Third, as DR progression risk also depends on systemic
parameters and given that systemic treatment of diabetes has
improved significantly over the years, the risk level evalu-
ations of the prior century may no longer be valid. Finally,
intravitreal anti-VEGF injections are now widely used to
treat DME and PDR and have also been shown to reduce the
severity of DR.12,13 However, our current classification
systems have been proven to effectively risk-stratify only
treatment-naive eyes. Hence, there is also a need to re-
examine these “traditional” retinal vascular lesions in the
context of therapeutic intervention and consider the incor-
poration of newer imaging modalities in the classification.

The aim of this paper, therefore, is to critically review the
available evidence in relation to the vascular component of
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DRD, to inform updates to the staging system for DRD, and
to determine the current gaps and unmet needs, so as to
effectively guide further research in the field. With these
aims in mind, we conducted standardized reviews of the
literature pertaining to various diagnostic assessment mo-
dalities for the vascular component of DRD, which included
CFP, WFCP, FA, widefield FA (WFFA), and OCTA, and
assessed the level of evidence available for each modality,
their readiness for adoption in an updated DRD staging
system, and any significant gaps that need to be addressed
prior to adoption.
Methods

This study was part of the Diabetic Retinal Disease Staging System
Update Effort, a project of the Mary Tyler Moore Vision Initiative,
with support from The Mary Tyler Moore and S. Robert Levine,
MD Charitable Foundation, and JDRF. In total, this international
initiative included 55 participants from 12 countries. A list of the
overall initiative leadership and participants is provided in
Appendix A. The initiative consisted of workgroups in 6 areas of
DRD: Vascular Retina, Neural Retina, Systemic Health, Basic
and Cellular Mechanisms, Visual Function, and Quality of Life.
This review paper was developed by the Vascular Retina
workgroup, consisting of 16 participants from 4 countries (the
United States, the United Kingdom, France, and Singapore), who
were selected based on expertise and publishing track record in
the field. This study coincided with the global coronavirus
disease 2019 pandemic, and so workgroup meetings and
workshops were conducted virtually, via videoconference.

Review Methodology and Search Terms

The scope of this review was to perform a standardized narrative
review of the available evidence in relation to the vascular
component of DRD, which in our current nomenclature is referred
to as “diabetic retinopathy.” After initial workshop discussions, the
diagnostic assessment modalities included in the scope were the
following:

� Standard color fundus photography (CFP)
� Widefield color fundus photography (WFCP)
� Standard fluorescein angiography (FA)
� Widefield fluorescein angiography (WFFA)
� OCT angiography (OCTA)

Based on consensus from initial workshop discussions, OCT as
a diagnostic assessment modality in DRD was reviewed by the
Neural Retina workgroup. Diabetic macular edema is an important
aspect of DRD, which is primarily assessed by OCT. Therefore, to
avoid overlap, OCT and DME were not included in the scope of
the current review. The evidence pertaining to OCT in DRD and
DME are reviewed in an accompanying paper, together with the
Neural Retina component of DRD.

The review was conducted for the selected modalities as fol-
lows. Standard CFP and standard FA were already available mo-
dalities at the time that the current ETDRS and ICDR severity
scales were developed. Therefore, only targeted reviews of evi-
dence from the seminal ETDRS studies were conducted, to justify
continued inclusion of these modalities in the updated DRD stag-
ing system. The primary focus of this review, therefore, was on
newer modalities not available at those earlier times, namely
WFCP, WFFA, and OCTA. An initial literature search was con-
ducted on the PubMed database on November 26, 2020. For
WFCP and WFFA, search terms used were (“widefield” OR “wide-
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field” OR “ultrawidefield” OR “ultra-widefield” OR “ultra-wide-
field” OR “ultrawide-field” OR “wide field” OR “ultrawide field”)
AND “diabetic retinopathy.” For OCTA, search terms used were
“optical coherence tomography angiography” AND “diabetic reti-
nopathy.” Original research articles in the English language,
including participants with diabetes mellitus (type 1 or 2), with a
variety of study designs, including cross-sectional and longitudinal,
as well as retrospective and prospective, were included. Outcomes
of interest included progression to PDR, 1- or 2-step retinopathy
progression, development of DME, and visual acuity (VA). This
literature search was subsequently updated again on January 24,
2021, and January 31, 2023. Relevant studies were identified, and
the papers along with their reference lists were reviewed. Review
articles and editorials were not used for determination of levels of
evidence, but they were reviewed, along with their reference lists,
for identification of original research articles for inclusion.
Evidence Grid

Available evidence for each assessment modality was summarized
in a standardized evidence grid. Grids were developed by the
leadership of the Diabetic Retinal Disease Staging System Update
Effort, based on United States Food and Drug Administration
Biomarker Qualification guidelines, and provided to each work-
group.4,14 The standardized evidence grid was specifically
designed to lead to a summary level of evidence for each
modality, graded on a validated scale from I (highest level of
evidence) to V (lowest level of evidence; Table 1), as well as the
identification of key gaps and unmet needs in the available
literature.14 The Vascular Retina workgroup held 5 virtual
workshops from October 2020 to April 2021. The standardized
evidence grids were prepared and reviewed for consensus among
the workgroup in a tiered fashion. Initial draft evidence grids for
the 5 modalities were prepared by authors T.E.T. and T.Y.W.
These were circulated amongst all members of the workgroup
and reviewed in detail by assigned domain experts as follows:
standard CFP (A.D. and B.L.B.), WFCP (S.R.S.), standard FA
(L.M.J. and F.L.F.), WFFA (R.T. and V.C.), and OCTA (R.T.
and V.C.). Consensus was reached via participant discussion
over 3 virtual workshops. Evidence grids were submitted for
approval by the workgroup leads and overall initiative steering
committee.
Table 1. Level of Evidence for Various Assessment Modalities of
Retinal Vascular Component

Assessment Modality

Level of Evidence*

I II III IVeV

Standard CFP X
WFCP X
Standard FA X
WFFA X
OCTA X

CFP ¼ color fundus photographs; FA ¼ fluorescein angiography;
OCTA ¼ OCT angiography; WFCP ¼ widefield color photographs;
WFFA ¼ widefield fluorescein angiography.
*Based on Simon RM, Paik S, Hayes DF. Use of Archived Specimens in
Evaluation of Prognostic and Predictive Biomarkers J Natl Cancer Inst
2009;101(21):1446-1452.
Summary of Evidence

Once the available literature for each assessment modality had
been reviewed by the workgroup, modalities were sorted on 2
axes, which was also standardized across workgroups (Table 2).
First was the “readiness for adoption” in an updated staging
system, based on the following categories: (1) Ready e for
current use or within the next 1 to 2 years, (2) Promising e
unmet, but defined research needs that can be accomplished
within the next 5 years, and (3) Potential e unmet research
needs that will need > 5 years to accomplish. Second was the
relevant “stage” of DRD for each modality. Specifically, for this
review, we defined the “stages” as follows: (1) Subclinical DRD
e no clinically visible DR, (2) Early-stage clinical DRD e mild
nonproliferative DR (NPDR), (3) Mid-stage clinical DRD e
moderate to severe NPDR, and (4) Late-stage clinical DRD e
PDR. In addition, we determined the relevance of each modality as
a potential biomarker for DRD according to criteria and categories
established by the Biomarkers, EndpointS, and other Tools
(BEST) Resource, according to guidelines from the Food and Drug
Administration-National Institutes of Health Biomarker Working
Group (Table 3).4

Results

Standard CFP

Standard CFPs were originally obtained by film-based fundus
cameras, after pharmacologic mydriasis, with 7 standardized
30� fields in stereoscopic pairs in the ETDRS.1,3 However,
subsequent studies have found that nonmydriatic
nonstereoscopic digital photographs and fewer photographic
fields can yield comparable results, and such protocols are
currently in routine clinical use.7,15e17 The current ETDRS
and ICDR severity scales in routine research and clinical use
are based on grading from standard CFPs. Reproducibility of
both these severity scales has been demonstrated, with
acceptable intra- and intergrader agreement.3,15 The evidence
grid for standard CFPs can be found as Appendix B in the
Supplemental Material.

Key evidence for use of standard CFPs for DR severity
grading comes from the ETDRS, with key findings reported
in Report #12, which examined natural history data from
3711 untreated eyes of diabetic patients.3 This report
examined the relationships between baseline retinal lesions
on standard CFPs, and risk of progression to PDR at 1-,
3- and 5-year time points. Evaluated lesions on CFP at
baseline included H/MAs, cotton wool spots (CWSs), hard
exudates, IRMAs, venous changes (VB, loops, narrowing,
sheathing, and perivenous exudates), arteriolar changes, and
arteriovenous nicking. This study found that H/MAs, VB,
and IRMAs were important independent factors in predict-
ing progression to PDR at all 3 time points. On this basis,
the ETDRS research group validated their modification of
the Airlie House classification. With clear evidence from a
well-designed, prospective clinical trial, the level of evi-
dence for standard CFPs was assessed as level I (Table 1).
Standard CFPs have already been in use for subclinical
(for screening of individuals with no clinically visible
DR), early-, mid-, and late-stage clinical DRD for de-
cades, and we recommend their continued inclusion in an
updated DRD staging system (Table 2). Standard CFPs for
3



Table 2. Readiness for Adoption and Relevant Stages of DRD for Various Assessment Modalities of Retinal Vascular Component

Ready (for Current Use or
Within the Next 1e2 Years)

Promising (Unmet, but
Defined Research Needs

That Can Be Accomplished
Within the Next 5 Years)

Potential (Unmet Research
Needs That Will Need > 5

Years to Accomplish)

Subclinical DRD (no clinical DR) Standard CFP*
WFCP*

OCTA

Early-stage clinical DRD (mild NPDR) Standard CFP
Standard FA

WFFA

WFCP
OCTA

Mid-stage clinical DRD (moderate to
severe NPDR)

Standard CFP
Standard FA

WFFA

WFCP
OCTA

Late-stage clinical DRD (PDR) Standard CFP
WFCP

OCTAy

CFP ¼ color fundus photographs; DR ¼ diabetic retinopathy; DRD ¼ diabetic retinal disease; FA ¼ fluorescein angiography; NPDR ¼ nonproliferative
diabetic retinopathy; OCTA ¼ OCT angiography; PDR ¼ proliferative diabetic retinopathy; WFCP ¼ widefield color photographs; WFFA ¼ widefield
fluorescein angiography.
*For screening of individuals with no clinical DR.
yFor evaluation and differentiation of new vessels versus intraretinal microvascular abnormalities.
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DRD staging meet the definitions of diagnostic, monitoring,
and prognostic biomarkers (Table 3).

However, although some of these traditional vascular
CFP lesions (H/MAs, VB, and IRMAs) are likely to remain
useful in an updated staging system, the manner in which
they are quantified and graded may change. Rather than
using a categorical severity grading of each CFP lesion
based on comparison against standard photographs, an
updated staging system should ideally utilize more quanti-
tative approaches in grading these lesions. Such quantifi-
cation may be facilitated by automated artificial intelligence
(AI) techniques.18 Validation of quantitative grading for
these CFP lesions on new data sets is going to be
challenging, especially considering that we are unlikely to
be able to obtain new large-scale untreated natural history
data. One possible approach might be to re-evaluate the
original ETDRS images and data with new quantitative
techniques, and then to validate these new quantitative
metrics prospectively in smaller studies. However, these
Table 3. BEST Biomarker Categories for Various Asse

Assessment
Modality

BEST Category* (Based on Currently Avai

Diagnostic Monitoring Predictive P

Standard CFP X X Possible
WFCP X X Possible
Standard FA X X Possible
WFFA X X Possible
OCTA X X Possible

CFP ¼ color fundus photographs; FA ¼ fluorescein angiography; OCTA ¼ OC
fluorescein angiography.
*For definitions see FDA-NIH Biomarker Working Group. BEST (Biomarker
Accessible at https://www.ncbi.nlm.nih.gov/books/NBK326791/.

4

were 30� photographic fields with acquisition protocols that
are quite different from those in current clinical use. It is
unclear whether such quantitative metrics would be com-
parable across these different types of images. Alternatively,
there are now some longitudinal data sets with WFCP im-
ages, and another possible approach would be to quantify
these same CFP lesions on WFCP images, and then to
validate their relationship to clinical outcomes of interest,
such as progression to PDR.19 It is also important to
consider, however, that a shift toward quantitative grading
is likely to increase the complexity of the staging system,
and this may limit its utility in lower-resource settings
compared to a simpler, categorical scaledunless AI-based
automated techniques are available to simplify the process.

Furthermore, other new developments and treatments for
DR have created a significant gap in the literature that needs
to be addressed for standard CFPs. The prospective longi-
tudinal ETDRS data on which standard CFP classification
systems have been based are all in untreated or treatment-
ssment Modalities of Retinal Vascular Component

lable Evidence and Reasonable Anticipated Future Relevance)

rognostic
Pharmacodynamic/

Response Safety Susceptibility/Risk

X Possible
X Possible
X Possible
X Possible
X Possible Possible

T angiography; WFCP ¼ widefield color photographs; WFFA ¼ widefield

s, EndpointS, and other Tools) Resource. Updated September 23, 2020.

https://www.ncbi.nlm.nih.gov/books/NBK326791/
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naive eyes. With the advent and widespread use of anti-
VEGF treatment for DME and PDR, it has been shown that
anti-VEGF treatment can result in significant improvements
in DR severity (as judged by current standard CFP classifi-
cation systems), and even regression of PDR.12,13 However,
it has also been shown that different vascular lesions respond
differently to anti-VEGF treatment and that lesions can
rapidly recur after stopping treatment.20 Furthermore, other
studies have demonstrated that while the appearance of DR
on standard CFPs improves, the underlying ischemia as
demonstrated on angiography is unchanged.21,22 Therefore,
the significance of these vascular lesions and indeed the
validity of the overall DR severity scale as applied to anti-
VEGFetreated eyes (or eyes treated with scatter laser
photocoagulation, for that matter) are unknown. There is a
need for re-evaluation of these traditional CFP lesions of
interest, including H/MAs, VB, and IRMAs in longitudinal
studies with anti-VEGF treatment (and other treatments such
as scatter laser photocoagulation). Studies should examine
which of these lesions change or regress with treatment,
which do not, and which remain as important predictors of
outcomes of interest. Further secondary analyses of data from
the recently published DRCR Retina Network Protocol W
may help to answer some of these questions.23 Such studies
could allow these CFP lesions to be used as predictive and
pharmacodynamic/response biomarkers as well (Table 3).4

Similarly, as newer treatments targeting different pathways
in DRD (e.g., angiopoietin-2 and integrins) emerge,
continued re-evaluation of the significance of these tradi-
tional CFP lesions in the staging system will be important.

WFCP

For the purpose of this review, “widefield” images are
defined as images that include the retinal midperiphery, up
to at least the posterior edge of the vortex vein ampullae,
which corresponds to at least 110� field of view. This
definition is in line with expert consensus recommenda-
tions.24 Widefield color photographs are noninvasive color
or pseudocolor photographs, which can be acquired with
or without pharmacologic mydriasis. Widefield color
photographs include the area already covered by 7-field
ETDRS standard CFPs, as well as more of the retinal pe-
riphery. Since their development, WFCP imaging systems
have become more accessible and are now in routine clinical
use for a variety of retinal pathologies.

The evidence grid forWFCPs can be found as Appendix C
in the Supplemental Material. Review of the literature in
relation to WFCPs and DR revealed largely cross-sectional
data, with only 3 longitudinal studies identified; of which,
2 were based on the same cohort.11,25,26 Our review aimed to
address a few key questions:

Can WFCPs Be Used for Grading of DR Severity
Using Current Classification Systems, Within the Area
Covered by 7-field ETDRS Standard CFPs?. Multiple
cross-sectional studies have addressed this question, using
the full ETDRS severity scale, a collapsed ETDRS scale,
and the ICDR severity scale. These studies are summarized
in Table S1. Agreement for DR severity grading in these
studies varied from moderate to almost perfect agreement,
with k or weighted k scores ranging from 0.47 to
0.96.27e31 One study with a k score of 0.96 was based on
a small sample of 37 eyes, and the simpler ICDR scale.30

The largest study to date (n ¼ 764 eyes) reported baseline
data from the DRCR Retina Network Protocol AA clinical
trial and demonstrated moderate agreement with a
weighted k value of 0.51. However, after open
adjudication, this improved to 0.77, indicating substantial
agreement.29 Recently published 4-year data from the trial
suggests that DR severity grading between the 2 modalities
is not exactly interchangeable. Rates of disease worsening at
4 years based on masked WFCP images (with only the 7-
field ETDRS area visible) at baseline were 45%, 40%,
26%, and 43% for mild NPDR, moderate NPDR, moder-
ately severe NPDR, and severe or very severe NPDR,
respectively. In contrast, rates of disease worsening based
on standard CFP images at baseline were 31%, 37%, 43%,
and 56% for the same categories, respectively.26

The most recent study addressing this question showed
similar findings. In a study of 166 eyes, with images graded at
a reading center, the authors reported a moderate level of
agreement (weighted k ¼ 0.59) in DR severity grading be-
tween the 2 modalities.31 They found that agreement rates
were lower in early DR (30.8%) and moderate NPDR
(26.5%). They also assessed reproducibility of DR severity
grading within each modality and reported intergrader
agreement of weighted k ¼ 0.57 for standard CFP, and
weighted k ¼ 0.65 for WFCP within the 7-field area,
concluding that intergrader agreements for both modalities
were comparable and acceptable. The authors suggested that
ETDRS DR severity level can be reliably and reproducibly
graded on WFCPs within the area covered by 7-field ETDRS
standard CFPs but advised caution in interchanging data
between the 2 modalities given only moderate agreement.31

Based on these results, we recommend that use of
WFCPs for grading of DR severity within the area covered
by 7-field ETDRS standard CFPs is acceptable, though not
directly interchangeable with standard CFP grading.

Does Inclusion of Peripheral Fields on WFCP, Outside
the Area Covered by 7-field ETDRS Standard CFPs,
Change Grading of DR Severity Using Current Classifi-
cation Systems?. This question has also been addressed by
multiple cross-sectional studies, which are summarized in
Table S2. In 5 studies where the comparison arm was either
ETDRS 7-field CFPs or the same area within WFCPs, the
inclusion of peripheral fields on WFCP resulted in a more
severe DR grading in 8.3% to 19.0% of eyes.28,29,31e33 In
one study, the authors proposed a “global ETDRS scale” by
merging peripheral areas into the existing standard ETDRS
fields for grading.31 They reported that the global ETDRS
scale showed almost perfect agreement with the grading in
the area covered by 7-field ETDRS standard CFPs
(weighted k ¼ 0.90), but 8.3% of eyes were assigned a
“more severe” DR level on the global scale. However, as
this and the other studies were cross-sectional, the prog-
nostic implications of “more severe” DR levels based on
grading of the peripheral retina are still unclear.

Are Peripheral DR Lesions Independent Predictors of
Outcomes?. Three longitudinal studies have attempted to
address this question. Two of these studies were based on
5
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the same cohort of 200 eyes in 100 patients. Silva et al11 first
defined eyes with predominantly peripheral lesions (PPLs)
as those in which � 1 peripheral field had a greater
number of DR lesions (primarily H/MAs, graded
subjectively) compared with the corresponding ETDRS
field. In this cohort, the authors showed that eyes with
PPLs at baseline had 3.2-fold increased risk of 2-step or
more DR progression and 4.7-fold increased risk of pro-
gression to PDR at 4 years, after adjusting for gender, dia-
betes type, diabetes duration, glycated hemoglobin A1c
levels, and baseline DR severity.11 Sadda et al25 used the
same cohort but took a quantitative approach, showing
that greater number and surface area of H/MAs and
CWSs, as well as increasing distance of H/MAs and
CWSs from the optic nerve head, at baseline were
associated with progression to PDR at 4 years. Such
analyses from this longitudinal cohort seem to suggest that
peripheral DR lesions can be independent predictors of
outcomes such as progression to PDR.

However, a subsequent larger longitudinal cohort study
failed to show a convincing association between PPLs on
WFCP (color PPLs) and disease progression. The DRCR
Retina Network Protocol AA was a prospective, multi-
center, longitudinal observational study of 544 eyes with
NPDR. In this study, baseline color PPLs on WFCP were
not found to be predictive of disease worsening (2-step
retinopathy progression or receipt of DR treatment) over 4
years.26 The reasons for this negative finding with color
PPLs are currently unclear. It is possible that peripheral
DR lesions are truly not associated with disease
worsening. In a cross-sectional analysis of 652 eyes with
NPDR, nonperfusion on WFFA was not associated with the
presence of color PPLs.34 However, it is also possible that
peripheral DR lesions on WFCP do provide important
prognostic information, but that PPLs are not the ideal
method of quantifying or grading peripheral lesions. Sears
et al35 and Ashraf et al36 both showed in different cohorts
that PPL grading differs significantly if lesions are
assessed quantitatively rather than qualitatively. Jacoba
et al37 showed that pupillary dilation and manual lid
lifting when acquiring WFCP images significantly
increased visible peripheral retinal area, and consequently
affected H/MA counts as well as PPL determination.37

Furthermore, He et al38 showed that PPL frequency varies
significantly in different ethnic groups.

Overall, the level of evidence for WFCPs in DRD was
assessed as level II (Table 1). We recommend that WFCPs
can be used for DR severity grading (and DR screening)
within the retinal area covered by the standard ETDRS 7
fields, although these gradings may not be directly
interchangeable with those on standard CFPs. Also, the
evidence suggests that additional evaluation of the
peripheral retina outside this standard area may provide
important, supplemental information. However, exactly
how to incorporate this information into a new DRD
staging system still needs to be determined. For example,
although inclusion of the retinal periphery results in a
“more severe” DR grading in a significant proportion of
eyes, it is unclear whether this “more severe” DR grading
6

resulting from lesions in the periphery is linked in a
similar manner as posterior lesions to progression to
PDRdthis has yet to be validated in a prospective study.
A suitable method for quantifying and grading peripheral
DR lesions needs to be established and prospectively
validated before inclusion in an updated staging system.
The latest data on color PPLs specifically does not support
their prognostic value, although this may be related to the
method of determination and grading. We anticipate more
forthcoming longitudinal data and analyses on the
prognostic significance of peripheral DR lesions that may
improve the level of evidence for WFCP. Considering
these factors, we assess the readiness for adoption of
WFCP as “Ready” for subclinical DRD (for DR screening
in a similar manner to standard CFP) and late-stage DRD,
and “Promising” for early- to mid-stage DRD, as we believe
that the data and analyses needed to incorporate WFCP and
evaluation of the retinal periphery in an updated DRD
staging system will be available in the next 5 years (Table
2). It is worth noting, however, that WFCP still shares
some of the limitations of standard CFP highlighted
above, in that retinal lesions visible on WFCP similarly
need to be re-evaluated in the context of anti-VEGFe-
treated eyes. Further research on WFCPs should also focus
on harnessing more quantitative approaches to classifying
and quantifying DRD lesions and better ways of grading
peripheral DR lesions and confirming their prognostic sig-
nificance. Quantitative analysis could be facilitated by
automated AI approaches.18

Standard FA

Acquisition of standard FA images involves intravenous
fluorescein dye administration, followed by noninvasive
photography. Standard FA has been in routine clinical use
for decades for both diabetic and nondiabetic retinal disease.
However, standard FA is not included in current DR
severity scales. The evidence grid for standard FA can be
found as Appendix D in the Supplemental Material.

Key evidence for standard FA in DR comes from the
ETDRS, with FA findings reported in Report #13, which
examined baseline FAs and natural history data from 3711
untreated eyes of diabetic patients.39 This report examined
the relationships between baseline standard FA
characteristics and risk of progression to PDR at 1-, 3- and
5-year time points. Baseline FA abnormalities that were
evaluated included arteriolar, capillary and venular abnor-
malities. This analysis found that stratifying each DR severity
level by presence or absence of FA risk factors results in a
1.7- to threefold change in risk of progression to PDR at 1
year. The investigators demonstrated that FA risk factors
provided additional prognostic information. However, FA
was not included in the routine DR staging system at the time
for a number of reasons, including the need for intravenous
dye administration, variable quality of FAs, and the fact that
standard CFPs already provided effective prognostication.

With evidence available from a well-designed prospective
clinical trial, the level of evidence for standard FAs was
assessed as level I (Table 1). As standard FAs have been in
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routine clinical use for years, they were assessed as “Ready”,
and from clinical experience, their potential usefulness is
primarily in mid-stage clinical DRD (moderate to severe
NPDR), although they are also able to detect or quantify
nonperfusion in early-stage clinical DRD (mild NPDR; Table
2). Standard FA can be used as diagnostic (to differentiate
IRMAs vs. NVs), monitoring, and prognostic biomarkers
(Table 3). However, while sufficient evidence is available
for inclusion of standard FA in an updated DRD staging
system, the main drawback to widespread adoption of FA in
a routine staging system is its requirement for intravenous
dye administration. Nevertheless, the additional independent
prognostic ability of FA (over CFPs) is encouraging, as it
strongly suggests that new noninvasive angiographic
techniques such as OCTA (which can now cover the same
field of view as standard FAs at that time), may also provide
additional useful prognostic information. Such additional
prognostic information is likely to be important as newer,
earlier interventions for DRD (e.g., anti-VEGF treatment)
are more widely adopted.

WFFA

Acquisition of WFFA images is largely similar to standard
FA, except that the image acquisition is performed with
widefield imaging systems, with similar technology to those
used for WFCP acquisition. Widefield fluorescein angio-
graphs are already in routine clinical use. The evidence grid
for WFFA can be found as Appendix E in the Supplemental
Material. Review of the available literature showed mostly
cross-sectional studies for WFFA in DR, with 1 relevant
prospective longitudinal study. Multiple cross-sectional
studies demonstrate that nonperfusion on WFFA is associ-
ated with greater DR severitydthese studies are summarized
in Table S3.34,40e46 One longitudinal study showed that
baseline WFFA features such as macular leakage index and
pan-retinal leakage index could be predictive of eyes
requiring anti-VEGF therapydhowever, this study was
retrospective, and the indications for receiving anti-VEGF
therapy could not be determined.47 Prospective longitudinal
data supporting the prognostic benefit of WFFA parameters
in DRD comes from the DRCR Retina Network Protocol
AA study.26,48 In this study, the presence of PPLs
determined from WFFA images (FA PPLs) at baseline was
associated with a 1.7-fold greater risk of disease worsening
at 4 years. Fluorescein angiography PPLs and greater non-
perfusion index were independently associated with disease
worsening, after multivariate analysis adjusting for baseline
DR severity and systemic risk factors.48

Based on the evidence reviewed, the level of evidence for
WFFA was assessed as level I (Table 1). Prospective
longitudinal data on FA PPLs suggests that WFFA is
“Ready” for potential inclusion in an updated DRD staging
system (Table 2). However, it is worth noting that the 1.7-
fold improvement is no better than the 1.7- to threefold
better risk prediction already provided by standard FA, as
demonstrated in the original ETDRS.39 Furthermore, WFFA
carries the same risks and drawbacks of intravenous dye
administration as standard FA. In addition, some studies
have shown discrepancies in nonperfusion areas between
WFFA and OCTA, attributed to confounding changes in
choroidal background fluorescence on WFFA.21 Further
studies are needed to clarify this phenomenon and validate
the nonperfusion areas detected on WFFA. Of note, studies
on WFFA have used more quantitative methods of analysis
than previous studies on standard FA, which likely reflects
advances in image analysis technology. Further research in
this area should continue such quantitative approaches,
possibly facilitated by AI, and work toward standardization
of these quantitative metrics used.49

OCTA

OCT angiography scans provide depth-resolved images of
the retinal microvasculature in various segmented layers of
the retina, without the need for intravenous dye adminis-
tration. OCT angiography can provide noninvasive angio-
graphic information on the retinal vasculature, down to the
capillary level, but, at present, cannot provide information
on vascular leakage. OCT angiography software algorithms
produce a variety of quantitative metrics related to retinal
vessel or capillary density, foveal avascular zone (FAZ)
parameters (e.g., area, circularity, perimeter), fractal di-
mensions or vessel tortuosity, and choroidal parameters
such as choriocapillaris flow deficit percentage. OCT angi-
ography machines are in routine clinical use. The evidence
grid for OCTA can be found as Appendix F in the
Supplemental Material.

Review of the literature on OCTA and DR revealed
largely cross-sectional studies, with some longitudinal
studies available. In cross-sectional studies, numerous
quantitative OCTA metrics have been associated with
greater severity of DR, including larger FAZ area, lower
FAZ circularity, lower vessel density, lower fractal dimen-
sion, greater vessel tortuosity, and greater choriocapillaris
flow deficit percentage.50e58 Generally, quantitative metrics
in the deep capillary plexus show strongest correlation with
DR severity.50,51 Various cross-sectional studies have also
demonstrated that larger FAZ area and lower vessel density
are associated with poorer VA.59e62 Some studies have also
demonstrated the utility of OCTA in diagnosing NVs and
differentiating IRMAs from NVs in late-stage clinical DRD
(Table 2).63e65 Relevant longitudinal studies on OCTA and
DR are summarized in Table S4.66e77 Three of the studies
identified changes in OCTA metrics over time but did not
examine their relation to clinical outcomes. The remaining 9
longitudinal studies demonstrated that baseline OCTA
metrics (such as larger FAZ area, lower vessel density in the
macular superficial capillary plexus/deep capillary plexus
and peripapillary region, and higher choriocapillaris flow
deficit percentage) were predictive of clinical outcomes
(such as DR progression, development of incident DR,
referable DR or DME, need for treatment, and loss of VA) at
12 to 36 months later.66e68,71 It is important to note that
these 9 longitudinal studies were very heterogenous. The
studies used a variety of different baseline OCTA metrics,
scan locations and instruments, and study design also
varieddthe majority of studies were observational and
one was a secondary analysis of a clinical trial. Therefore,
it is difficult to draw conclusions on consistency of
7
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results. In addition, except for 1 study, these longitudinal
studies focused on OCTA metrics from 3 � 3 mm scans
only. Larger scan areas (such as 12 � 12 mm, or 15 � 9
mm) are likely to provide more information relevant to
clinical outcomes. Finally, there are now a number of
studies examining the longitudinal changes in OCTA
parameters after treatment with anti-VEGF agents. Howev-
er, these are mostly small studies, with inconsistent and
often conflicting results.21,78e83 Larger cohorts will be
needed to draw definitive conclusions on this aspect.

Overall, the level of evidence for OCTA in DRD was
assessed as level II (Table 1). By providing angiographic
information down to the capillary level by noninvasive
scans, OCTA has significant potential to provide additional
prognostic information in an updated staging system for
DRD. OCT angiography metrics can be used as monitoring
and prognostic biomarkers in DRD (Table 3).4 With further
study and validation, they have the potential also to be
important predictive, pharmacodynamic/response or
susceptibility/risk biomarkers. There are, however,
significant barriers still to widespread adoption of OCTA in
an updated DRD staging system. First, there are multiple
different commercially available OCTA instruments, and
metrics and measurements are not comparable across
platforms. Variations in scan protocols such as high-speed
scanning and averaging have also been shown to induce sig-
nificant changes in quantitative parameters for DR.84 Second,
at present a significant proportion of OCTA images are
ungradable, due to poor signal strength, or motion and other
acquisition artifacts.85 Third, there is a lack of standardized,
consistent, prospective, longitudinal OCTA data in patients
with DR. To realize the potential of OCTA for DRD, there
is a need for (1) cross-validation studies for different OCTA
instruments and metrics, (2) standardization of OCTA
nomenclature, (3) improvements in OCTA image quality and
gradeability, and (4) more consistent, high-quality prospective
longitudinal data, especially using OCTA scans with larger
scan areas that can provide information from a larger area of
the retina. Improvements in these areas should improve the
level of evidence for OCTA to level I. Some of these efforts are
already underway, such as international efforts to standardize
OCTA nomenclature by expert consensus, and automated
approaches to improve scan quality.86,87 It is likely that these
remaining barriers to adoption will be solved within the next 5
years, and we consider OCTA as “Promising” for inclusion in
an updated staging system for DRD (Table 2). Finally, as with
other diagnostic modalities, better understanding of changes in
OCTA parameters after treatment with anti-VEGF and other
agents is crucial.
Conclusions

Our current DR severity scales for the vascular component
of DRD have served us well over the past few decades but
have clear shortcomings that need to be addressed, partic-
ularly in the context of new treatments such as anti-VEGF
therapy. Newer technologies and modalities such as wide-
field imaging and OCTA offer the exciting prospect of
8

updating our DRD staging system to provide better prog-
nostication and outcomes for our patients.

Based on the available evidence, we have a few key
recommendations for the vascular component of an updated
DRD staging system (which were unanimously endorsed by
workgroup members):
1. Continued inclusion of “traditional” CFP lesions (H/
MAs, VB, IRMAs, and NVs) to predict risk of
progression to PDR, as standard CFP remains a
cheap and nearly universally available tool, espe-
cially in screening settings. However, current DR
severity scales cannot be used for risk stratification
in eyes treated with anti-VEGF, scatter laser
photocoagulation, or other interventions.

2. Widefield color photographs can be used for DR
severity grading (and DR screening), within the
retinal area covered by the standard ETDRS 7 fields,
although these gradings may not be directly inter-
changeable with those on standard CFPs.

3. Evaluation of retinal area peripheral to the standard
ETDRS 7-fields onWFCPmay be considered, but the
exact method of grading and the prognostic signifi-
cance of peripheral lesions needs to be further clarified.

4. Standard FA and WFFA do provide additional
prognostic information over standard CFP and
WFCP modalities, but the need for dye administra-
tion limits their routine adoption.

5. OCT angiography as a noninvasive angiographic
modality has significant potential to provide quan-
titative metrics and biomarkers for DRD. However,
there are a few remaining barriers which need to be
addressed prior to widespread adoption.
Based on the gaps and unmet needs identified in this
review, we have a few recommendations on key research
questions to be addressed (which were unanimously
endorsed by workgroup members):
1. Better understanding of “traditional”DRD lesions (H/
MAs, VB, IRMAs, and CWSs) on standard CFP and
WFCP, and standardized OCTA parameters, in the
context of anti-VEGF, laser and other future
treatmentsdwhich of these lesions/parameters
change or regress with treatment, which do not, and
which remain as important predictors of outcomes of
interest.

2. Development and prospective evaluation of a suit-
able method (other than qualitative assessment of
color PPLs) for grading and quantifying peripheral
DR lesions on WFCP.

3. Shift towards more quantitative approaches in
grading “traditional” CFP lesions (H/MAs, VB,
IRMAs, and NVs) and analysis of WFCP and
WFFA images, for example, quantification of lesion
counts, surface area, distances, and non-perfusion
areas in a standardized manner. This could be per-
formed by automated analysis and AI approaches.
These quantitative grading metrics will also require
prospective validation.
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4. Cross-validation of different OCTA instruments and
metrics and standardization of OCTA nomenclature.

5. Improvements in OCTA image quality and
gradeability.

6. Prospective, longitudinal data evaluating the prog-
nostic significance of standardized quantitative
OCTA metrics, especially from larger scan areas, in
relation to clinical outcomes of interest, such as
retinopathy progression, progression to PDR,
development of DME, and VA.
We would like to acknowledge the limitations of this
review. This was not a systematic review, and hence there
may be some bias in the evidence and literature assessed.
Nevertheless, we relied on a standardized review process
across all workgroups and reviewed these standardized
evidence grids according to established criteria for level of
evidence, which provides an objective basis for our as-
sessments. We also conducted a tiered evaluation, with
evidence and assessments reviewed by the entire work-
group of experts before reaching a consensus. This tiered
review process should help to reduce inconsistencies and
controversial assessments. However, we do acknowledge
that the process of reaching consensus in this study was not
standardized, and that a more formal approach to
consensus (e.g., a modified Delphi Method) would have
potentially strengthened the conclusions of this work.
Furthermore, there were no formal criteria established for
inclusion of experts in the workgroup. Therefore, the
composition of this workgroup is a potential source of bias,
and the recommendations of this workgroup may not be
representative of other experts in the field. Finally, while
we look forward to the potential inclusion of newer im-
aging modalities such as WFCP, WFFA, and OCTA in an
updated classification in the near future, it is important to
acknowledge that these modalities will not always be
available in most lower-resource settings. Therefore, in-
clusion of these modalities should be additive, to provide
more accurate prognostication where available, but they
should not completely replace existing modalities such as
standard CFP, which remains widely accessible and
affordable.

In summary, this review of the literature in relation to the
vascular component of DRD provides evidence-based rec-
ommendations on updates to the DRD staging system.
Perhaps more importantly, this review highlights significant
gaps in the existing literature that need to be addressed
before we can harness the benefit of new imaging technol-
ogies and assessments to ultimately improve care and out-
comes for our patients with DRD.
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