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With Diabetes and Associated Characteristics of Advanced Disease

Gina Yu, BA; Michael T. Aaberg, BA; Tapan P. Patel, MD, PhD; Rahul S. lyengar, MD; Corey Powell, PhD;
Annie Tran, BA; Caitlin Miranda; Emma Young; Katarina Demetriou; Laxmi Devisetty, MD; Yannis M. Paulus, MD

IMPORTANCE Quantification of nonperfusion (NP) and neovascularization (NV) in diabetic
retinopathy (DR) may identify better biomarkers of disease progression.

OBJECTIVE To identify demographic risk factors and markers of advanced DR that are
associated with increased areas of NP and NV in eyes with disease ranging from no DR but
diagnosed as having diabetes to proliferative DR (PDR) and to calculate a threshold total area
of NP that may be associated with an increased risk of PDR.

DESIGN, SETTING, AND PARTICIPANTS This retrospective case series was performed on
ultrawidefield fluorescein angiography (UWF FA) images from January 2009 to May 2018
at the University of Michigan Kellogg Eye Center. A total of 363 participants (651 eyes)
diagnosed as having type 1or 2 diabetes receiving UWF FA were included. Exclusion criteria
included previous panretinal photocoagulation (PRP) and poor-quality images

(eg, vitreous hemorrhage and significant cataract).

MAIN OUTCOMES AND MEASURES The surface areas in millimeters squared of the foveal
avascular zone; total NP; NP at posterior pole, midperiphery, and far periphery; total NV;
NV at posterior pole, midperiphery, and far periphery were measured.

RESULTS Of 363 patients, most were male (205 patients [56.5%]) and white (247 [68%]) or
black (77 [21.2%]). The mean (SD) age was 59.4 (13.7) years. Seventy-six eyes with no DR, 92
with mild NPDR, 144 with moderate NPDR, 101 with severe NPDR, 220 with PDR, and 18 with
DR of unknown severity were included. Male sex had a positive association with total NP
(difference, 15.72; 95% Cl, 4.83-26.61; P = .005); black race/ethnicity with total NV
(difference, 2.32; 95% Cl, 0.09-4.55; P = .04); and vitreous hemorrhage with total

NP (difference, 30.00; 95% Cl, 5.26-54.75; P = .02). A threshold total NP area of 77.48 mm?
(95% Cl, 54.24-92.66 mm?) was identified, at greater than which patients may have an
increased risk of developing PDR (sensitivity of 59.5% and specificity of 73.6%).

CONCLUSIONS AND RELEVANCE Our results indicate NP and NV can be quantified on UWF FA.
These biomarkers interpreted with demographic risk factors may help predict disease
progression. Conclusions are limited by ascertainment and information biases because the
results are from retrospective data.
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Retinal Nonperfusion and Neovascularization With Ultrawidefield Fluorescein Angiography in Patients With Diabetes

iabetic retinopathy (DR) is the leading cause of new

cases of vision loss in adults aged 20 to 74 years.'> The

criterion standard for grading DR severity is defined
by the Early Treatment Diabetic Retinopathy Study (ETDRS).*
Through the evaluation of 7 standard retinal fields, a pa-
tient’s risk of DR progression can be calculated.® Ultrawide-
field (UWF) scanning laser ophthalmoscopy allows for imaging
of a larger area of the retina not captured previously.®” Stud-
ies comparing UWF imaging and ETDRS demonstrate signifi-
cantly higher severity of DR in UWF images and more areas of
nonperfusion (NP) and neovascularization (NV).81°

With ETDRS, increasing DR severity only requires the
presence of certain pathology, such as intraretinal microvas-
cular abnormality (IRMA) and venous beading, which disre-
gards potentially valuable quantifiable information. Quanti-
fiable measurements, such as total surface area, are difficult
to measure in ETDRS for several reasons: the imaging does
not include more peripheral retina, there could be distor-
tions in the areas connecting fields, and the montage creates
an anatomically inaccurate border that may capture only
part of a biomarker.*

Better calculation of areas may improve analyses of asso-
ciations. For example, despite demographic risk factors show-
ing a strong association with DR prevalence within clinical prac-
tice, no quantifiable association linking pathologic retinal areas
to demographics has been established. However, the clinical
relevance of areas, such as the foveal avascular zone (FAZ), NP,
and NV, as biomarkers for DR has been shown.?° Identifying
a quantifiable association is particularly pertinent for periph-
eral NP and NV because they may be associated with in-
creased risk of progression.® Similarly, quantifying the asso-
ciation between advanced DR characteristics, such as vitreous
hemorrhage (VH) and diabetic macular edema (DME), with bio-
markers could provide insight for associations with visually
significant pathology.

The objective of this study was to analyze whether cer-
tain demographic features and characteristics of advanced DR
may be associated with certain biomarkers, namely FAZ, NP,
and NV, as segmented on UWF fluorescein angiography (FA).
In addition, we determined a threshold area of NP with the
highest sensitivity and specificity for association for risk of pro-
gression to PDR. By comparing a quantifiable metric to poten-
tial risk factors, more objective patterns and trends may be es-
tablished, which may aid in more effective follow-up and
treatment for high-risk populations.

Methods

A retrospective medical record review of patients with type 2
diabetes who received UWF FA from January 2009 to May 2018
at the University of Michigan W. K. Kellogg Eye Center was con-
ducted after approval of the University of Michigan institu-
tional review board and adhering to the tenets of the Decla-
ration of Helsinki. Because this study was completed
retrospectively, a Health Insurance Portability and Account-
ability Act waiver of consent was obtained from the Univer-
sity of Michigan institutional review board.
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Key Points

Question Which biomarkers calculated from ultrawidefield
fluorescein images of patients with diabetes are most associated
with demographic risk factors and retinopathy progression?

Findings In this case series, male sex, black race/ethnicity, and
presence of vitreous hemorrhage were most strongly associated
with greater areas of nonperfusion and neovascularization, and a
retinal nonperfusion threshold of 77.48 mm? may be associated
with increased risk for progression. Given the study’s design,
statistical significance could not be established.

Meaning These results suggest which factors may indicate higher
risk of severe disease progression, and eyes with at least 77.48
mm? nonperfusion are at risk of proliferative retinopathy.

Inclusion and Exclusion Criteria

Eligible participants met the following inclusion criteria:
18 years or older, diagnosed as having type 1 or type 2 diabe-
tes, and evaluated with a dilated fundus examination and UWF
FA at Ann Arbor, Michigan, or the Grand Blanc satellite. Im-
ages were excluded if there was evidence of panretinal pho-
tocoagulation treatment, indistinguishable areas of NV and NP
owing to poor image quality, or abundant media opacity
(eg, vitreous hemorrhage or cataracts).

Ultrawidefield FA

Images were obtained with an UWF scanning laser ophthal-
moscopy (Optos 200Tx or California; Optos PLC). To mini-
mize warping, images were projected onto a curved surface
with a nominal eye diameter of 24 mm using proprietary Op-
tos research software that may be available to clinicians in the
near future.®1>2!

Image Segmentation

All image segmentations were completed using Insight Tool-
kit SNAP (ITK-SNAP), an open-source application that allows
level set active contour segmentation of 3-dimensional im-
ages (University of North Carolina Chapel Hill, Insight
Toolkit).?? Areas were delineated manually and color-coded
to annotate FAZ, NP, and NV (Figure). All graders were masked
of all patient data. There were 4 graders (1 postundergradu-
ate researcher who performed most segmentation [more than
85% of images], 2 medical students, and 1 ophthalmology resi-
dent). Each grader underwent an extensive training with the
first 20 images reviewed in detail for accuracy, verification, and
standardization by a single retina specialist experienced in ana-
lyzing UWF images. Each image was segmented by 1 grader,
and segmentations were considered final unless there were un-
clear areas, which would then require adjudication by the reti-
nal specialist. Regions with image artifacts like eyelashes were
excluded.

Surface Area Quantification

The mechanics of the Optos research software used have pre-
viously been described.?! Foveal avascular zone, NP, and NV
surface areas were calculated for each image in millimeters
squared. Neovascularization and NP were grouped by region
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Figure. Representative Image Segmentation

E UWF without segmentation

Manual segmentation

Total areas

\
\15.00 mm

Patient with proliferative diabetic retinopathy. A, Ultrawidefield (UWF) without segmentation. B, Manual segmentation of nonperfusion (red), neovascularization
(purple), and foveal avascular zone (green). C, Areas were totaled using the following radii (r) from the center of the foveal avascular zone: posterior pole, r3.00 mm
or less; midperiphery, r between 3.00 and 10.00 mm:; far periphery, r between 10.00 mm and 5.00 mm.

depending on their distance from the FAZ: the region within
and including 3.00 mm of the identified FAZ was classified as
posterior pole; between 3.00 mm and including 10.00 mm was
classified as midperiphery; and between 10.00 mm and in-
cluding 15.00 mm was classified as far periphery (Figure, C).

Statistical Analysis

All statistical analyses were conducted in R (R Core Team,
2019).2% For qualitative variables (eg, sex), frequencies and rela-
tive frequencies (in percentage) were calculated; for continu-
ous variables (eg, age), mean, standard deviation, and ranges
were calculated (Table 1). Both parametric and nonparamet-
ric statistics were used in the statistical comparisons. Gener-
alized estimating equations models were implemented using
the geeglm function from the R package geepack available at
the Comprehensive R Archive Network (CRAN) to determine

JAMA Ophthalmology June2020 Volume 138, Number 6

P values, with P less than .05 warranting further testing in a
more robust study.? These models were used to compute lin-
ear multivariate regressions with the area segmentations as out-
comes, accounting for correlations between left and right eyes
ofasingle patient. Demographic factors (eye laterality, sex, race/
ethnicity, age, and type of diabetes) and features of advanced
DR (VH, DME, requirement of PPV) were x variables. Each race/
ethnicity was compared with white race/ethnicity for regres-
sion analysis. The P values are unadjusted given the scope of
this study as more hypothesis-generating instead of confir-
matory, especially because there are limited previous studies
evaluating the associations between demographics and areas
segmented from UWF imaging. Because no statistical analy-
sis plan was drafted prior to data collection, statistical signifi-
cance cannot be established from these results. Instead, an ex-
ploratory analysis with consideration of which characteristics
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should be studied further within a robust study (ie, factors with
P < .05) was completed.

The Youden index was calculated to determine the total
area of NP that would provide the best sensitivity and speci-
ficity in predicting PDR, using a similar technique previously
published.' The boot package used the adjusted bootstrap per-
centile method to calculate a 95% confidence interval for the
threshold based on 10 000 resamples.?>-2° The R package AUC
was used for calculating sensitivity and specificity, and the
package pROC was used for the area under the receiving op-
erating characteristic (AUC) value and 95% confidence inter-
vals using the DeLong method.?” P values were 2-tailed and
unadjusted.

. |
Results

Demographic Characteristics of Patients

A total of 651 eyes from 363 patients (205 men and 158 wom-
en) with no DR (76 eyes), mild NPDR (92 eyes), moderate NPDR
(144 eyes), severe NPDR (101 eyes), PDR (220 eyes), or un-
known severity (18 eyes) were analyzed (Table 1). The mean
(SD) age was 59.4 (13.7) years. Mean (SD) best-corrected vi-
sual acuity logMAR was 0.34 (0.31) (Snellen equivalent 20/
43.7). The “other” race/ethnicity group included the follow-
ing races/ethnicities: Native Hawaiian, Pacific Islander,
American Indian, and Alaska Native.

Comparison of Demographic Characteristics

The strongest association in demographics and biomarkers
(Table 2) was the difference in the total area of NP between men
and women (difference, 15.72; 95% CI, 4.83-26.61; P = .005).
Other associations with P less than .05 included the differ-
ence in NP found at the midperiphery between men and
women (difference, 7.12; 95% CI, 1.98-12.26; P = .01) and NP
far periphery between Hispanic and white (difference, -16.65;
95% CI, -30.87 to -2.44; P = .02).

For NV, the difference in NV far periphery between black
and white (difference, 0.64; 95% CI, 0.18-1.10; P = .01) and other
race/ethnicity and white (difference, -0.17; 95% CI, -0.30 to
-0.4; P = .01) had the strongest associations. Total areas are
provided as supplementary material (eTable in the Supple-
ment).

Comparison of Advanced DR Features

In multiple linear regression models accounting for demo-
graphic factors, VH had the strongest association with bio-
markers (Table 3), with a positive association between VH and
total NP (difference, 30.00; 95% CI, 5.26-54.75; P = .02) and
between VH and NP in the midperiphery (difference, 12.85;
95% CI, 2.98-22.72; P = .01).

Identifying Threshold Total Area of NP for PDR

To determine the threshold total area of NP with the highest
sensitivity and specificity for association with increased PDR
risk, the total areas of NP in mild NPDR (mean, 49.2 mm?;
95% CI, 40.6-57.8), moderate NPDR (mean, 53.9 mm?; 95% CI,
46.8-60.9), severe NPDR (mean, 67.7 mm?; 95% CI, 56.3-

jamaophthalmology.com
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Table 1. Patient Characteristics

Variable No. (%)
Patients, No.
Total 363
Eyes 651
Age, y
18-44 43(11.8)
45-54 70(19.4)
55-64 127 (34.9)
>65 123 (33.9)
Sex
Male 205 (56.5)
Female 158 (43.5)
Race/ethnicity
White 247 (68.0)
Black 77 (21.2)
Asian 10(2.8)
Hispanic 6(1.7)
Other® 12 (3.3)
Unknown 11 (3.0)
Diabetes
Type 1 61(16.8)
Type 2 299 (82.3)
Unknown 3(0.8)
Eyes
Severity of diabetic retinopathy
None 76 (11.7)
Mild NPDR 92 (14.1)
Moderate NPDR 144 (22.1)
Severe NPDR 101 (15.5)
PDR 220(33.8)
Unknown 18 (2.8)
VH
Yes 18 (2.8)
No 633 (97.2)
DME
Yes 374 (57.4)
No 277 (42.5)
PPV, No.
0 616 (94.6)
21 35(5.4)

Abbreviations: DME, diabetic macular edema; NPDR, nonproliferative diabetic
retinopthy; PDR proliferative diabetic retinopathy; PPV, pars plana vitrectomy;
VH, vitreous hemorrhage.

2@ Other races/ethnicities included Native Hawaiian, Pacific Islander, American
Indian, and Alaska Native.

79.1), and PDR (mean, 101.0 mm?; 95% CI, 91.0-110.7) were cal-
culated. The threshold total area of NP that maximizes the
Youden statistic is 77.48 mm? (95% CI, 54.24-92.66), with a
sensitivity of 59.5% and specificity of 73.6%. The AUC was 0.7
(95% CI, 0.66-0.75; P < .001) and graphed in the supplemen-
tary material (eFigure 1in the Supplement). Additional analy-
sis attempting to achieve a higher AUC was also performed
(eFigure 2 in the Supplement).
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Table 2. Influence of Demographics on Biomarkers as Explored by Multiple Linear Regression Analysis

Confounding factor

Biomarker

Coefficient (95% CI)

P value

Sex (male/female)

Patient age at time of image, y

Diabetes type (2/1)

Race

Black/white

Asian/white

Hispanic/white

FAZ
NP total
NP posterior
NP mid-periphery
NP far-periphery
NV total
NV posterior
NV mid-periphery
NV far-periphery
FAZ
NP total
NP posterior
NP mid-periphery
NP far-periphery
NV total
NV posterior
NV mid-periphery
NV far-periphery
FAZ
NP total
NP posterior
NP mid-periphery
NP far-periphery
NV total
NV posterior
NV mid-periphery
NV far-periphery

FAZ
NP total
NP posterior
NP mid-periphery
NP far-periphery
NV total
NV posterior
NV mid-periphery
NV far-periphery
FAZ
NP total
NP posterior
NP mid-periphery
NP far-periphery
NV total
NV posterior
NV mid-periphery
NV far-periphery
FAZ
NP total
NP posterior
NP mid-periphery
NP far-periphery
NV total
NV posterior
NV mid-periphery
NV far-periphery

0.00 (-0.13 t0 0.12)
15.72 (4.83 t0 26.61)
0.30(-0.16 t0 0.76)
7.12 (1.98 to 12.26)
8.72 (1.61 to 15.82)
-0.38 (-1.44 10 0.67)
-0.07 (-0.25 to -0.10)
-0.09 (-0.92 0 0.75)
-0.23 (-0.47 t0 0.02)
0.00 (-0.01 to0 0.00)
-0.30(-0.71t00.10)
-0.02 (-0.04 t0 0.00)
-0.11 (-0.31 0 0.09)
-0.22 (-0.48 t0 0.04)
~0.04 (~0.08 t0 0.00)
0.00 (-0.01 t0 0.00)
-0.03 (-0.07 t0 0.00)
0.00 (-0.01 t0 0.01)
0.11(-0.03 t0 0.25)

-0.48 (-15.57 to 14.62)

0.63 (-0.11t01.37)
4.45(-2.71t0 11.61)
-4.19 (-14.58 t0 6.19)
-1.59 (-3.73 0 0.56)
-0.30(-0.70t0 0.11)
-1.20 (-2.89 t0 0.50)
-0.08 (-0.43 t00.27)

0.05(-0.07 t0 0.17)
11.09 (-3.95 t0 26.13)
0.03 (-0.63 t0 0.70)
-0.03 (-6.22 t0 6.16)
10.48 (-0.02 to 20.99)
2.32(0.09 to 4.55)
0.18 (-0.13 t0 0.49)
1.50 (-0.31 t0 3.32)
0.64 (0.18 to 1.10)
0.24(-0.19 0 0.68)
2.64 (-20.14 t0 25.41)
0.60 (-0.74 t0 1.93)
4.77 (-10.06 to 19.59)
-2.80 (-14.81 t0 9.21)
-0.01 (-0.66 t0 0.64)
0.02 (-0.08 t00.12)
0.11 (-0.41 t0 0.64)
-0.14 (-0.28 t0 0.00)
-0.01 (-0.46 t0 0.44)

-25.93(-52.46 t0 0.61)

-0.63 (-1.56 t0 0.29)

-10.38(-24.33 t0 3.57)
-16.65 (-30.87 to -2.44)

0.12 (-1.36 to0 1.60)
-0.11 (-0.27 t0 0.04)
0.32(-1.07 to 1.71)
-0.07 (-0.32 t0 0.18)

.96
.005
.20
.01
.02
.48
41
.84
.07
91
.14
.07
.27
.09
.06
.16
.06
.41
12
.95
.10
.22
43
.15
.15
17
.66

.44
.15
.92
.99
.05
.04
.26
11
.01
.28
.82
.38
.53
.65
.98
.67
.67
.05
.97
.06
.18
.14
.02
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Table 2. Influence of Demographics on Biomarkers as Explored by Multiple Linear Regression Analysis

(continued)
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Confounding factor Biomarker Coefficient (95% CI) P value
FAZ 0.21 (-0.19 t0 0.60) .30
NP total -0.91 (-39.90 to 38.09) .96
NP posterior -0.35 (-1.10 to 0.40) .35
NP mid-periphery 3.11(-16.97 t0 23.19) .76
Other/white NP far-periphery -4.57 (-24.49 to 15.36) .65
NV total -0.58 (-1.20t0 0.03) .06
NV posterior -0.04 (-0.13 t0 0.06) 43
NV mid-periphery -0.37 (-0.83t0 0.09) .12
NV far-periphery -0.17 (-0.30 to -0.04) .01
FAZ 0.15(-0.26 to 0.55) 48
NP total 26.57 (-1.53 to 54.67) .06
NP posterior -0.24 (-0.85t0 0.37) 44
NP mid-periphery 11.73 (-5.70t029.17) .19
Unknown/white NP far-periphery 14.81 (-2.83t0 32.46) .10
NV total 0.03 (-0.68t0 0.74) 93
NV posterior -0.06 (-0.18 to 0.06) 31
NV mid-periphery 0.01 (-0.44 to0 0.46) 96 Abbreviations: FAZ, foveal avascular
NV far-periphery 0.08 (-0.24 t0 0.41) 61 zone; NP, nonperfusion;

NV, neovascularization.

|
Discussion

This study analyzed UWF FA biomarkers for patients with dia-
betes and compared surface areas of NP and NV to demo-
graphic factors and characteristics of advanced DR. It alsoiden-
tified a threshold total area of NP that may be associated with
increased PDR risk. The results of this study show male sex,
black race/ethnicity, and presence or development of VH are
most associated with greater areas of NP and NV in patients
with diabetes. Also, eyes with at least 77.48 mm? of total NP
may be associated with an increased risk of developing PDR.
There are numerous studies and surveys describing the demo-
graphic characteristics of patients diagnosed as having DR,%8-3°
but they are limited by analyses that only compare presence
or absence of disease and not incremental, quantifiable data
such as the areas of NP and NV at specific radii. With quanti-
fiable data, associations can be calculated, and the potential
practicality of the associations may be better understood.
The study’s results on sex and race/ethnicity match cur-
rent literature in that men and black individuals were most
strongly associated with having more advanced DR.?°*° Con-
founding factors could have contributed to these associa-
tions. For example, hypertension is associated with larger bio-
markers, especially NP and NV, and is also more prevalent in
men and black individuals.*"*2 These unidentified comorbidi-
ties will need to be considered in future analyses of this data
set. National demographic data also indicate Hispanic pa-
tients tend to have more advanced disease.?°3° Although the
results of this study did not corroborate this finding, this
may be owing to the limited number of Hispanic patients.
Despite a greater proportion of black patients than previous
studies,®!131719 there was a disproportionately low percent-
age of Hispanic patients. Thus, the negative association
between Hispanic race/ethnicity and NP area in the far

jamaophthalmology.com

periphery demonstrated by this study must be interpreted
accordingly.

Race/ethnicity were more strongly associated with NP area
in the midperiphery and far periphery radii compared with total
NP area. Similarly, there were stronger associations between
race/ethnicity and NV in the far periphery. This was a surpris-
ing observation and may argue for the need to examine the far
periphery, instead of using a holistic judgment based on the
total retina observed. Our results were similar to those of Silva
et al, 1”18 with far-peripheral pathology associated with in-
creased risk for worse DR severity.

Age had no consistent associations with any of the biomark-
ers. A similar finding was observed in a study by Chatziralli et al,
which showed a significant positive association between DR
severity and age on univariate analysis in a study with 120 eyes
that lost significance on multivariate analysis. The researchers
hypothesized this result was likely because of the strong asso-
ciation between increased age and longer duration of diabetes,
making age a confounding variable. Diabetes type also had no
consistent associations, except type 1diabetes was generally as-
sociated with larger biomarkers, especially NV. Studies indicate
different VEGF gene polymorphisms are associated with each dia-
betes type, and type 1 diabetes may be associated with a more
aggressive gene.>*

Characteristics of advanced DR were also analyzed be-
cause relating these visually significant markers of advanced
disease with quantifiable biomarkers could help explain the
pathogenesis of PDR. In our study, there was a positive asso-
ciation between VH and NP at the midperiphery. In some pa-
tients with diabetes, retinal ischemia can initiate NV and vit-
reous hemorrhages. Although the far periphery is often
associated with the greatest areas of NP and subsequent NV,
the association demonstrated in the midperiphery, which in-
cludes the optic disc, matches initial RECOVERY study results.*
The lack of association between VH and NV might be owing
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Table 3. Association of Advanced Diabetic Retinopathy Indicators With Biomarkers

as Explored by Multiple Linear Regression Analysis

Retinal Nonperfusion and Neovascularization With Ultrawidefield Fluorescein Angiography in Patients With Diabetes

Confounding factor Biomarker Coefficient (95% CI) P value
FAZ 0.41(-0.84 t0 1.65) .52
NP total 30.00 (5.26 to 54.74) .02
NP posterior 2.82(-0.36t06.01) .08
NP mid-periphery 12.85(2.98t022.72) .01
VH (yes/no) NP far-periphery 15.34 (-2.62 to 33.30) .09
NV total -0.46 (-2.41t0 1.49) .64
NV posterior -0.23(-0.48t00.01) .06
NV mid-periphery 0.02 (-1.63t0 1.68) .98
NV far-periphery -0.33 (-0.69 t0 0.03) .07
FAZ -0.13(-0.29 t0 0.03) 11
NP total -0.83 (-10.58 t0 8.91) .87
NP posterior 0.23(-0.25t00.71) .35
NP mid-periphery 0.20 (-3.84t0 4.24) .92
DME (yes/no) NP far-periphery -0.36 (-7.01t0 6.30) .92
NV total -0.86 (-2.06 t0 0.33) .16
NV posterior -0.08 (0.22 t0 0.07) .29
NV mid-periphery -0.53 (-1.53t0 0.47) .30
NV far-periphery -0.23 (-0.48 t0 0.02) .08
FAZ 0.16 (-0.40t0 0.73) .57
NP total 20.10 (-2.55t0 42.76) .08
NP posterior -0.02 (-1.06 to 1.02) .97
NP mid-periphery 5.29(-2.42t013.01) .18
At least 1 PPV NP far-periphery 13.33(-2.78t029.43) .10
NV total 5.30 (-0.36 to 10.96) 07 :::rf;’;iii‘;‘;\?e“gli\i:ﬁf macular
NV posterior 0.49 (-0.16to 1.14) .14 zone; NP, nonperfusion;
NV mid-periphery 4.28 (-0.70t09.27) .09 NV, neovascularization; PPV, pars
NV far-periphery 0.52 (-0.24 t0 1.28) 18 plana vitrectomy; VH, vitreous

hemorrhage.

to therelatively small number of patients with VH (18 eyes total)
that also presented with areas of NV (10 eyes). Our results
showed no association between macular edema and NP or NV,
which is in contrast to published studies that show far-
periphery ischemia to be significantly associated.®!!*> Analy-
ses with larger cohorts of patients with advanced DR charac-
teristics are necessary to elicit a better understanding of their
association with biomarkers.

Although the FAZ showed no strong association to any of
the variables considered, previous work has shown its clini-
cal significance. Balaratnasingam et al*® studied the FAZ in 95
eyes and found it to be significantly associated with visual acu-
ity. Sim et al*® found an enlargement of FAZ between 5% to 10%
compared with baseline per year in eyes with DR. With one of
the greatest areas of oxygen consumption per gram of tissue
in humans, the FAZ is one of the most susceptible areas to is-
chemic pathology. The contradiction between the presented
results and previous results might be because the previous
studies analyzed FAZ using optical coherence tomography and
7 standard retinal fields, while our study analyzed FAZ using
UWF FA. On UWF FA, the FAZ makes up a much smaller area,
so fine differences in FAZ may not be as effectively detected
via manual segmentation.

This study also identified a possible threshold area of total
NP of 77.48 mm? for PDR risk (sensitivity 59.5% and specific-

JAMA Ophthalmology June2020 Volume 138, Number 6

ity 73.6%). Unlike the analysis completed by Nicholson et al,'
which also identified a threshold area of NP for PDR progres-
sion, our work did not measure disc areas but instead mea-
sured manually segmented areas of NP in millimeters squared.
Measuring in universal units could allow for more tangible in-
terpretation. Similar to Nicholson et al,'? we limited analysis
to total NP, especially given the lack of power for NV. The find-
ing of a threshold value that may be associated with disease
progression could indicate eyes that present with larger total
areas of NP may require more aggressive treatment to pre-
vent disease progression. Although analyses of the effects of
PRP or anti-vascular endothelial growth factor intravitreal in-
jections were not completed, the threshold could be used in
clinical practice as an objective marker for requiring interven-
tion. Current practice relies on subjective clinical evaluation
of a patient’s eyes to determine need for treatment, which is
prone to bias. Although this threshold value cannot bear clini-
cal weight without further research, it is hoped that quantifi-
able biomarkers may eventually help clinicians identify tan-
gible cutoffs to consider treatment. Also, the relatively low AUC
may improve with inclusion of other features and should be a
goal for subsequent analyses.

Insight Toolkit SNAP and proprietary software from Op-
tos that adjusts for warping were used to calculate biomark-
ers. Other techniques to account for warping have been de-

jamaophthalmology.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ by a University of Michigan User on 09/06/2020


http://www.jamaophthalmology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2020.1257

Retinal Nonperfusion and Neovascularization With Ultrawidefield Fluorescein Angiography in Patients With Diabetes

scribed; for example, Nicholson et al'? used a concentric ring
template to estimate disc areas. Consideration of distortion is
important when calculating retinal areas since as much as 10%
of an area could depend on its axial length.?” The Optos soft-
ware minimizes distortion by using an on-axis UWF image of
the posterior pole to transform peripheral images with elastic
deformation.?!

The study analyzed UWF FA, but there are other imaging
modalities to consider that may yield similar results. Spectral-
domain optical coherence tomography angiography (OCTA) or
swept-source OCTA are widely available and may be a more fea-
sible option for most clinics. However, they do not provide a
widefield capture. Wide-angle OCTA does allow for a breadth
of capture similar to UWF FA, but studies are inconclusive re-
gardingits efficacy vs UWF FA.3#4° Initial analyses indicate UWF
FA has slight superiority in sensitivity and specificity for de-
tecting NP and NV.>® Studies published within the last year sug-
gest wide-angle OCTA is the only follow-up testing necessary
for evaluating DR progression.>®-*° Because UWF FA has been
established as a valid imaging technique for robust capture of
theretina, UWF FA images were used, but further analysis com-
paring wide-angle OCTA should be considered.

Regardless of imaging modality, the study suggests the im-
portance of UWF in clinical treatment design because UWF cap-
tures pathologic areas associated with demographic and dia-
beticrisk factors not captured by the standard ancillary testing.
Identification of suggested higher risk populations (eg, male
sex, black race, and presence of VH) from this study in clini-
cal practice may indicate more frequent follow-up or aggres-
sive treatment to reduce risk of progression. This study com-
bines the more well-established tools for evaluating disease
(UWF FA, demographicrisk factors, and visually significant pa-
thology) together with biomarkers, which may help deter-
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Limitations
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breakdown of races, although it did have a larger percentage
of African American individuals than previous studies. 5131719
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tation owing to potential variability and inaccuracy but should
have been minimized with confirmation and training by the
expert retinal specialist. Although images of poor quality were
excluded, artifacts, such as eyelashes, still could have caused
unintended variability. The quantification also assumed an eye
diameter of 24 mm, which could have affected surface
areas depending on actual axial lengths. Finally, a prospec-
tive study and not a cross-sectional retrospective study is war-
ranted. These results cannot be generalized owing to these
limitations.
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Conclusions

Given the lack of statistical plan prior to study engagement,
unadjusted P values, and ascertainment and information bi-
ases, no statistical significance could be established. How-
ever, the associations between visually significant pathol-
ogy, demographics, and biomarkers found in this study may
suggest which populations are at higher risk for disease pro-
gression. More studies evaluating peripheral surface areas are
necessary to validate these findings.

analyses. They did not receive compensation from
this study.

Funding/Support: This work was supported

by the National Eye Institute grant IKO8EY027458
(Dr Paulus), the University of Michigan Department
of Ophthalmology and Visual Sciences, and
unrestricted departmental support from Research

REFERENCES

1. Javitt JC, Aiello LP, Chiang Y, Ferris FL Il
Canner JK, Greenfield S. Preventive eye carein
people with diabetes is cost-saving to the federal
government: implications for health-care reform.
Diabetes Care. 1994;17(8):909-917. doi:10.2337/
diacare.17.8.909

Concept and design: Patel, lyengar, Devisetty,
Paulus.

Acquisition, analysis, or interpretation of data: Yu,
Aaberg, Patel, lyengar, Powell, Tran, Miranda,
Young, Demetriou, Paulus.

Drafting of the manuscript: Yu, Tran, Miranda,
Young.

Critical revision of the manuscript for important
intellectual content: Yu, Aaberg, Patel, lyengar,
Powell, Demetriou, Devisetty, Paulus.

Statistical analysis: Aaberg, Patel, lyengar, Powell.
Obtained funding: Paulus.

Administrative, technical, or material support: Yu,
Aaberg, Patel, lyengar, Miranda, Young, Devisetty,
Paulus.

Supervision: Patel, lyengar, Devisetty, Paulus.

Conflict of Interest Disclosures: Dr Aaberg
reported grants from National Eye Institute grant

jamaophthalmology.com

organizations were not specifically involved with
the design and conduct of the study: collection,
management, analysis, and interpretation of the
data; preparation, review, or approval of the
manuscript; and decision to submit the manuscript
for publication; they helped fund researchers
involved with this study who did complete these
responsibilities.

Meeting Presentation: Preliminary results of this
study that included fewer eyes and used univariate
analysis instead of multivariate analysis were
presented at the Association for Research in Vision
and Ophthalmology; September 2019; Vancouver,
British Columbia, Canada; and the 52nd Annual
Retina Society Meeting; May 2019; London,
England.

Additional Contributions: We thank Dave Musch,
PhD, and Marta Gilson, PhD, the University of
Michigan, for their preliminary univariate statistical

2. Klein R, Klein B. Vision disorders in diabetes.
In: National Diabetes Data Group, ed. Diabetes in
America. 2nd ed. National Institutes of Health,
National Institute of Diabetes and Digestive and
Kidney Diseases. 1995:293-337.

3. Fong DS, Aiello L, Gardner TW, et al; American
Diabetes Association. Retinopathy in diabetes.
Diabetes Care. 2004;27(suppl 1):584-587. doi:10.
2337/diacare.27.2007.584

4. Early Treatment Diabetic Retinopathy Study
Research Group. Grading diabetic retinopathy from
stereoscopic color fundus photographs: an
extension of the modified Airlie House
classification. ETDRS report number 10.
Ophthalmology. 1991;98(5)(suppl):786-806.
doi:10.1016/50161-6420(13)38012-9

5. Wilkinson CP, Ferris FL IlI, Klein RE, et al; Global
Diabetic Retinopathy Project Group. Proposed

JAMA Ophthalmology June2020 Volume 138, Number 6

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ by a University of Michigan User on 09/06/2020

687


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2020.1257?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2020.1257
https://dx.doi.org/10.2337/diacare.17.8.909
https://dx.doi.org/10.2337/diacare.17.8.909
https://dx.doi.org/10.2337/diacare.27.2007.S84
https://dx.doi.org/10.2337/diacare.27.2007.S84
https://dx.doi.org/10.1016/S0161-6420(13)38012-9
http://www.jamaophthalmology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2020.1257

688

Research Original Investigation

international clinical diabetic retinopathy and
diabetic macular edema disease severity scales.
Ophthalmology. 2003;110(9):1677-1682. doi:10.1016/
S0161-6420(03)00475-5

6. Neubauer AS, Kernt M, Haritoglou C,
Priglinger SG, Kampik A, Ulbig MW. Nonmydriatic
screening for diabetic retinopathy by
ultra-widefield scanning laser ophthalmoscopy
(Optomap). Graefes Arch Clin Exp Ophthalmol.
2008;246(2):229-235. doi:10.1007/s00417-
007-0631-4

7. Wilson PJ, Ellis JD, MacEwen CJ, Ellingford A,
Talbot J, Leese GP. Screening for diabetic
retinopathy: a comparative trial of photography and
scanning laser ophthalmoscopy. Ophthalmologica.
2010;224(4):251-257. doi:10.1159/000284351

8. Silva PS, Cavallerano JD, Haddad NM, et al.
Peripheral lesions identified on ultrawide field
imaging predict increased risk of diabetic
retinopathy progression over 4 years. Ophthalmology.
2015;122(5):949-956. doi:10.1016/j.ophtha.
2015.01.008

9. Price LD, Au'S, Chong NV. Optomap ultrawide
field imaging identifies additional retinal
abnormalities in patients with diabetic retinopathy.
Clin Ophthalmol. 2015;9:527-531. doi:10.2147/
OPTH.S579448

10. Wessel MM, Aaker GD, Parlitsis G, Cho M,
D’Amico DJ, Kiss S. Ultra-wide-field angiography
improves the detection and classification of
diabetic retinopathy. Retina. 2012;32(4):785-791.
doi:10.1097/IAE.Ob013e3182278b64

11. Silva PS, Cavallerano JD, Sun JK, Soliman AZ,
Aiello LM, Aiello LP. Peripheral lesions identified by
mydriatic ultrawide field imaging: distribution and
potential impact on diabetic retinopathy severity.
Ophthalmology. 2013;120(12):2587-2595. doi:10.1016/
j.ophtha.2013.05.004

12. Nicholson L, Ramu J, Chan EW, et al. Retinal
nonperfusion characteristics on ultra-widefield
angiography in eyes with severe nonproliferative
diabetic retinopathy and proliferative diabetic
retinopathy. jama Ophthalmol. 2019;137(6):626-63.
doi:10.1001/jamaophthalmol.2019.0440

13. Lange J, Hadziahmetovic M, Zhang J, Li W.
Region-specific ischemia, neovascularization and
macular oedema in treatment-naive proliferative
diabetic retinopathy. Clin Exp Ophthalmol. 2018;46
(7):757-766. doi:10.1111/ce0.13168

14. Fan W, Nittala MG, Velaga SB, et al. Distribution
of non-perfusion and neovascularization on
ultra-wide field fluorescein angiography in
proliferative diabetic retinopathy (RECOVERY
Study). Am J Ophthalmol. 2019;206(19). doi:10.
1016/j.2j0.2019.04.023

15. Oishi A, Hidaka J, Yoshimura N. Quantification
of the image obtained with a wide-field scanning
ophthalmoscope. Invest Ophthalmol Vis Sci. 2014;
55(4):2424-2431. doi:10.1167/iovs.13-13738

16. Aiello LP, Odia I, Glassman AR, et al; Diabetic
Retinopathy Clinical Research Network.
Comparison of early treatment diabetic retinopathy
study standard 7-field imaging with ultrawide-field

imaging for determining severity of diabetic
retinopathy. JAMA Ophthalmol. 2019;137(1):65-73.
doi:10.1001/jamaophthalmol.2018.4982

17. Silva PS, EI-Rami H, BarhamR, et al.
Hemorrhage and/or microaneurysm severity and
count in ultrawide field images and early treatment
diabetic retinopathy study photography.
Ophthalmology. 2017;124(7):970-976. doi:10.1016
j.ophtha.2017.02.012

18. Silva PS, Dela Cruz AJ, Ledesma MG, et al.
Diabetic retinopathy severity and peripheral lesions
are associated with nonperfusion on ultrawide field
angiography. Ophthalmology. 2015;122(12):
2465-2472. doi:10.1016/j.0ophtha.2015.07.034

19. Soliman AZ, Silva PS, Aiello LP, Sun JK.
Ultra-wide field retinal imaging in detection,
classification, and management of diabetic
retinopathy. Semin Ophthalmol. 2012;27(5-6):
221-227. doi:10.3109/08820538.2012.708812

20. Jenkins AJ, Joglekar MV, Hardikar AA,

Keech AC, O'Neal DN, Januszewski AS. Biomarkers
in diabetic retinopathy. Rev Diabet Stud. 2015;12
(1-2):159-195. doi:10.1900/RDS.2015.12.159

21. Croft DE, Hemert JV, Wykoff CC, et al. Precise
montaging and metric quantification of retinal
surface area from ultra-widefield fundus
photography and fluorescein angiography. OSIL. 45
(4):312-317.

22. Yushkevich PA, Piven J, Hazlett HC, et al.
User-guided 3D active contour segmentation of
anatomical structures: significantly improved
efficiency and reliability. Neuroimage. 2006;31(3):
1116-1128. doi:10.1016/j.neuroimage.2006.01.015

23. R Core Team. (2019). R: A language and
environment for statistical computing. R
Foundation for Statistical Computing, Vienna,
Austria. Accessed March 25, 2020.
http://www.R-project.org/.

24. Hgjsgaard S, Halekoh U, Yan J. The R package
geepack for generalized estimating equations.
J Stat Softw. 2005;15(2):1-11.

25. Canty A, Ripley BD (2019). boot: Bootstrap R
(S-Plus) Functions. R package version 1.3-24.

26. Davison AC, Hinkley DV. Bootstrap Methods
and Their Applications. Cambridge University Press;
1997, doi:10.1017/CBO9780511802843

27. Delong ER, DeLong DM, Clarke-Pearson DL.
Comparing the areas under two or more correlated
receiver operating characteristic curves:

a nonparametric approach. Biometrics. 1988;44(3):
837-845. doi:10.2307/2531595

28. Baker RS, Watkins NL, Wilson MR, Bazargan M,
Flowers CW Jr. Demographic and clinical
characteristics of patients with diabetes presenting
to an urban public hospital ophthalmology clinic.
Ophthalmology. 1998;105(8):1373-1379. doi:10.1016/
S0161-6420(98)98015-0

29. Centers for Disease Control and Prevention.
National diabetes fact sheet: general information
and national estimates on diabetes in the United
States, 2007. Accessed February 2, 2019.
https://www.cdc.gov/diabetes/pubs/factsheet07.
htm.

JAMA Ophthalmology June2020 Volume 138, Number 6

Retinal Nonperfusion and Neovascularization With Ultrawidefield Fluorescein Angiography in Patients With Diabetes

30. National Diabetes Data Group. Diabetes in
America. 2nd ed. National Institutes of Health,
National Institute of Diabetes and Digestive and
Kidney Diseases; 1995.

31. Bischoff PM, Flower RW. High blood pressure in
choroidal arteries as a possible pathogenetic
mechanism in senile macular degeneration. Am J
Ophthalmol. 1983;96(3):398-399. doi:10.1016/
50002-9394(14)77839-0

32. Foti K, Wang D, Appel LJ, Selvin E.
Hypertension awareness, treatment, and control in
US adults: trends in the hypertension control
cascade by population subgroup (National Health
and Nutrition Examination Survey, 1999-2016).
Am J Epidemiol. 2019;188(12):2165-2174. doi:10.
1093/aje/kwz177

33. Chatziralli IP, Sergentanis TN, Keryttopoulos P,
Vatkalis N, Agorastos A, Papazisis L. Risk factors
associated with diabetic retinopathy in patients
with diabetes mellitus type 2. BMC Res Notes. 2010;
3:153. doi:10.1186/1756-0500-3-153

34. ChengYJ, Gregg EW, Geiss LS, et al. Association
of A1C and fasting plasma glucose levels with
diabetic retinopathy prevalence in the U.S.
population: implications for diabetes diagnostic
thresholds. Diabetes Care. 2009;32(11):2027-2032.
doi:10.2337/dc09-0440

35. Balaratnasingam C, Inoue M, Ahn S, et al. Visual
acuity is correlated with the area of the foveal
avascular zone in diabetic retinopathy and retinal
vein occlusion. Ophthalmology. 2016;123(11):
2352-2367. doi:10.1016/j.0phtha.2016.07.008

36. Sim DA, Keane PA, Zarranz-Ventura J, et al.
Predictive factors for the progression of diabetic
macular ischemia. Am J Ophthalmol. 2013;156(4):
684-692. doi:10.1016/j.aj0.2013.05.033

37. 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(4):864-866.
doi:10.1016/j.ophtha.2014.11.016

38. Sawada O, Ichiyama Y, Obata$S, 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(7):1275-1280. doi:10.1007/s00417-018-
3992-y

39. Couturier A, Rey PA, Erginay A, 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(12):1685-1694. doi:10.1016/j.ophtha.2019.
06.022

40. Russell JF, Flynn HW Jr, Sridhar J, et al.
Distribution of diabetic neovascularization on
ultra-widefield fluorescein angiography and on
simulated widefield OCT angiography. Am J
Ophthalmol. 2019;207:110-120. doi:10.1016/
j.2j0.2019.05.031

jamaophthalmology.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ by a University of Michigan User on 09/06/2020


https://dx.doi.org/10.1016/S0161-6420(03)00475-5
https://dx.doi.org/10.1016/S0161-6420(03)00475-5
https://dx.doi.org/10.1007/s00417-007-0631-4
https://dx.doi.org/10.1007/s00417-007-0631-4
https://dx.doi.org/10.1159/000284351
https://dx.doi.org/10.1016/j.ophtha.2015.01.008
https://dx.doi.org/10.1016/j.ophtha.2015.01.008
https://dx.doi.org/10.2147/OPTH.S79448
https://dx.doi.org/10.2147/OPTH.S79448
https://dx.doi.org/10.1097/IAE.0b013e3182278b64
https://dx.doi.org/10.1016/j.ophtha.2013.05.004
https://dx.doi.org/10.1016/j.ophtha.2013.05.004
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2019.0440?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2020.1257
https://dx.doi.org/10.1111/ceo.13168
https://dx.doi.org/10.1016/j.ajo.2019.04.023
https://dx.doi.org/10.1016/j.ajo.2019.04.023
https://dx.doi.org/10.1167/iovs.13-13738
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2018.4982?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2020.1257
https://dx.doi.org/10.1016/j.ophtha.2017.02.012
https://dx.doi.org/10.1016/j.ophtha.2017.02.012
https://dx.doi.org/10.1016/j.ophtha.2015.07.034
https://dx.doi.org/10.3109/08820538.2012.708812
https://dx.doi.org/10.1900/RDS.2015.12.159
https://dx.doi.org/10.1016/j.neuroimage.2006.01.015
http://www.R-project.org/
https://dx.doi.org/10.1017/CBO9780511802843
https://dx.doi.org/10.2307/2531595
https://dx.doi.org/10.1016/S0161-6420(98)98015-0
https://dx.doi.org/10.1016/S0161-6420(98)98015-0
https://www.cdc.gov/diabetes/pubs/factsheet07.htm
https://www.cdc.gov/diabetes/pubs/factsheet07.htm
https://dx.doi.org/10.1016/S0002-9394(14)77839-0
https://dx.doi.org/10.1016/S0002-9394(14)77839-0
https://dx.doi.org/10.1093/aje/kwz177
https://dx.doi.org/10.1093/aje/kwz177
https://dx.doi.org/10.1186/1756-0500-3-153
https://dx.doi.org/10.2337/dc09-0440
https://dx.doi.org/10.1016/j.ophtha.2016.07.008
https://dx.doi.org/10.1016/j.ajo.2013.05.033
https://dx.doi.org/10.1016/j.ophtha.2014.11.016
https://dx.doi.org/10.1007/s00417-018-3992-y
https://dx.doi.org/10.1007/s00417-018-3992-y
https://dx.doi.org/10.1016/j.ophtha.2019.06.022
https://dx.doi.org/10.1016/j.ophtha.2019.06.022
https://dx.doi.org/10.1016/j.ajo.2019.05.031
https://dx.doi.org/10.1016/j.ajo.2019.05.031
http://www.jamaophthalmology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2020.1257

