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The effect of HgbA1c and diabetes duration as risk factors for 
proliferative diabetic retinopathy is determined by common 
mitochondrial haplogroups in patients with Type 2 diabetes
Milam A. Brantley1, Abigail C. Neininger1, Carleigh N. Bruce1, 
Ayesha Muhhamad1, Christopher B. Estopinal1, Isaac M. Chocron1, 
Jana A. Bregman1, Allison C. Umfress1, Kelli L. Jarrell1, 
Cassandra Warden1, Paula A. Harlow1, David C. Samuels2. 
1Vanderbilt Eye Institute, Vanderbilt University Medical Center, 
Nashville, TN; 2Vanderbilt Genetics Institute, Vanderbilt University, 
Nashville, TN.
Purpose: We previously reported that European mitochondrial 
haplogroups H and UK are associated with severity, but not presence 
of, diabetic retinopathy (DR) in Caucasian patients with Type 2 
diabetes. The purpose of this study was to determine if haplogroups 
H and UK affect hyperglycemia and duration of diabetes, the most 
important risk factors for proliferative DR (PDR).
Methods: Medical records for Caucasian patients with Type 2 
diabetes were obtained from BioVU, Vanderbilt’s electronic,  
de-identified DNA databank. International Statistical Classification 
of Diseases (ICD-9) codes for diabetes with or without DR and 
manual medical record reviews were used to identify patients with 
diabetes and classify each as having nonproliferative DR (NPDR), 
PDR, or no DR. Additional Caucasian patients with Type 2 diabetes 
were recruited from the Vanderbilt Eye Institute and classified by 
DR severity. A total of 857 patients (229 NPDR, 148 PDR, 480 
no DR) were analyzed. Genotype data were used to determine the 
mitochondrial haplogroup of all subjects. Logistic regression was 
used to measure the strength of age, sex, duration of diabetes, and 
hemoglobin A1c (HgbA1c) as risk factors for DR severity. These 
measurements were performed separately in patients with haplogroup 
H and UK.
Results: The strength of HgbA1c and diabetes duration as risk factors 
for DR among patients with Type 2 diabetes was equivalent among 
the haplogroups. In contrast, among DR patients, elevated HgbA1c 
(>8%) was a significant risk factor for PDR in haplogroup H (OR 
= 2.38 [1.22-4.69], p=0.0113) but not in haplogroup UK (OR=1.24 
[0.44-3.50], p=0.68). Diabetes duration was also a significant risk 
factor for PDR in haplogroup H (OR = 1.08 [1.04-1.13], p=0.0001), 
but not in haplogroup UK (OR=1.02 [0.96-1.08], p=0.56). The 
prevalence of PDR increased with increasing HgbA1c levels in 
patients with haplogroup H, but not in patients with other European 
mitochondrial haplogroups.
Conclusions: These data indicate that patients with Type 2 diabetes 
from haplogroup UK are less likely to have PDR even in the face of 
poor glycemic control and longer duration of diabetes. Additionally, 
patients with haplogroup H are much more likely to have PDR than 
patients with other European mitochondrial haplogroups and should 
be monitored more closely.
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Hemorrhages and/or Microaneurysm Distribution and Counts 
Identified on Ultrawide Field Imaging and the Risk of Diabetic 
Retinopathy Progression Over 4 Years
Paolo S. Silva1, 2, Hala El Rami1, Rasha Barham1, Aditi Gupta1, 
Alan Fleming3, Jano van Hemert3, Jennifer K. Sun1, 2, 
Lloyd P. Aiello1, 2. 1Beetham Eye Institute, Joslin Diabetes Center, 
Belmont, MA; 2Ophthalmology, Harvard Medical School, Boston, 
MA; 3Optos plc, Dunfermline, United Kingdom.
Purpose: To determine the association between hemorrhages and/
or microaneurysm (HMa) counts and distribution, as identified using 
ultrawide field imaging (UWFI), and risk of diabetic retinopathy 
(DR) progression over 4 years.
Methods: Single-site prospective 4-year longitudinal study. Eyes 
with mild to moderate nonproliferative DR (NPDR) on ETDRS 
photos were evaluated. ETDRS photos and UWFI were acquired 
using standardized protocols at the same visit. Baseline HMa counts 
in ETDRS fields and in UWFI areas not covered by ETDRS photos 
were obtained. A ratio of HMa counts outside to HMa counts 
within the ETDRS fields was calculated. A ratio >1.0 was termed a 
predominantly peripheral HMa distribution (PPL-HMa), ≤1.0 termed 
posterior distribution (Post-HMa). Based on ETDRS definitions of 
severe H/Ma (≥20 per field), severe HMa on UWFI was considered 
≥80 overall. Follow-up ETDRS photos were acquired at 4 years.
.
Results: 102 eyes were evaluated [48 (47%) mild, 54 (53%) 
moderate NPDR]. Follow-up 4-year ETDRS photos were acquired 
in 38 (79.2%) eyes with mild and 44 (81.5%) eyes with moderate 
NPDR. In mild NPDR, 12 (31.6%) had PPL-HMa and 26 (68.4%) 
Post-HMa. DR severity progressed ≥2-step (≥2-step-prog) in 16.7% 
with PPL-HMa (2 of these eyes developed PDR, H/Ma ratio 3.45 
& 2.73) and 0% with Post-HMa (p=0.033). In moderate NPDR, 5 
(11.4%) had PPL-H/Ma and 39 (88.6%) Post-HMa. ≥2-step-prog 
with PPL-HMa was 20% vs 23% with Post-HMa (p=NS). In mild 
NPDR, 8 (21.0%) had HMa count ≥80 and 30 (79.0%) had <80. 
≥2-step-prog was 100% in eyes with ≥80 compared to 0% when <80. 
(p=0.005). In moderate NPDR, 23 (52.3%) had HMa count ≥80 and 
21 (47.7%) had <80 with ≥2-step-prog of 43.5% in ≥80 and 0% in 
<80 (p=0.006). In mild to moderate NPDR, an increase of 10 HMa on 
UWFI increased the risk for 2-step-prog (OR: 1.23, 95% CI 1.09-
1.46, p=0.002), a finding that remained significant after correcting for 
baseline DR severity (p=0.006).
Conclusions: In mild to moderate NPDR at baseline, more peripheral 
HMa and more total HMa are associated with increased progression 
over 4 years. For every 10 HMa identified on UWFI, the risk for DR 
progression over 4 yrs may be increased 23%. The larger retina area 
imaged and the greater number of HMa seen on UWF may provide a 
better overall assessment of DR activity and risk of progression.
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Association of Predominantly Peripheral Diabetic Retinopathy 
Lesions (PPL) with Oximetry-Measured Retinal Ischemia and 
Nonperfusion on Ultrawide Field Angiography
Konstantina Sampani1, Paolo S. Silva1, 2, Nicholas Spanos1, 
Gary L. Yau1, Jae Rhee1, Aditi Gupta1, Ann Tolson1, Cloyd M. Pitoc2, 
Jennifer K. Sun1, 3, Lloyd P. Aiello1, 3. 1Beetham Eye Institute, Joslin 
Diabetes Center, Cambridge, MA; 2Philippine Eye Research Institute, 
University of the Philippines, Manila, Philippines; 3Ophthalmology, 
Harvard Medical School, Boston, MA.
Purpose: To evaluate the association of PPL in diabetic retinopathy 
(DR) with markers of retinal ischemia measured using retinal 
oximetry and retinal nonperfusion (NP) on ultrawide field fluorescein 
angiography (UWF-FA).
Methods: ETDRS retinopathy severity and presence of PPL were 
evaluated using stereoscopic UWF images. Retinal oximetry 
(Oxymap ehf., Reykjavik, Iceland) and UWF-FA images were 
obtained at the same visit. Retinal NP (mm2) was measured from 
phase-plate adjusted stereographically projected UWF-FA images 
by a masked grader at a centralized reading center. Venous oxygen 
saturation (VO2, mmHg) and arteriovenous difference (A-V, mmHg) 
for each subject were calculated within a 2-disc diameter ring 
centered on the optic disc.
Results: 46 eyes of 23 patients were studied. Demographics: mean 
age 41.0±10.3 yrs, diabetes duration 21.1±10.7 yrs, HbA1c 7.7%±1.0, 
65.2% (15) male and 73.9% (17) type 1 diabetes. DR severity based 
on UWF images was: no DR 9.1% (2), mild nonproliferative DR 
(NPDR) 43.2% (19), moderate 20.4% (9), severe 9.1% (4), active 
proliferative DR (PDR) 13.6% (6), and quiescent PDR (QPDR) 4.6% 
(2). Mean NP (mm2) on UWF-FA was associated with increasing 
DR severity: no DR (35.2); mild (99.7), moderate (130.9), severe 
(133.5) NPDR; and active PDR (327.6) (p=0.001). NP area decreased 
to levels similar to no DR in the 2 eyes with QPDR (p=NS). The 
association between NP and DR severity remained after correction 
for diabetes duration and HbA1c (p=0.002). PPL were more common 
with increasing DR severity (no DR: 0%; mild: 47.4%, moderate: 
77.8%, severe: 50% NPDR; active PDR: 100%, p=0.012). Presence 
of PPL was associated with increasing NP & VO2, and decreasing 
A-V (PPL: NP= 178, VO2=71.2, A- V=25.7; No PPL: NP= 87.7, 
VO2=68.3, A-V=29.4; NP p=0.048, VO2 p=0.001, A-V p=0.014), 
remaining significant after correcting for HbA1c, DM duration and 
DR severity (NP p=0.035, VO2 p=0.018, A-V p=0.012).
Conclusions: In this cohort, PPL were associated with increased NP, 
increased VO2 and decreased A-V, suggesting greater areas of retinal 
ischemia, presence of venous shunting and/or reduced retinal oxygen 
consumption. Past studies have shown that presence of PPL increases 
DR progression. These data suggest that the underlying reason PPL 
are associated with DR progression may be increased NP and retinal 
ischemia.
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Continuous submicrogram fluocinolone acetonide (FAc) therapy 
for the treatment of diabetic retinopathy
Charles C. Wykoff. Retina, Retina Consultants of Houston, Houston, 
TX.
Purpose: FAc intravitreal implant (ILUVIEN®) is the only approved 
therapy for diabetic macular edema that delivers continuous local 
therapy for 36 months and has been shown to slow the progression of 
proliferative diabetic retinopathy (PDR) in the FAME trial involving 
956 patients. The current post-hoc analysis of the FAME dataset 
compared change in mean DR severity scale (DRSS) score, and time 
to ≥2-step improvement and ≥2-step worsening between FAc- and 
sham control-treated patients, with an emphasis on the most at-risk, 
non-proliferative DR (NPDR) subgroups.
Methods: Patients from the FAME trial who received 0.2 µg/day FAc 
were followed over 36 months and assessed for change in progression 
of PDR, mean DRSS score and time to ≥2-step improvement or 
worsening in DR grade compared with sham control-treated patients. 
The influence of baseline DRSS level on progression was also 
considered.
Results: The proportion of patients with PDR progression was 
significantly reduced at Month 36 in FAc- compared with sham 
control-treated patients in the overall population (18% vs 31%, 
respectively; P<0.001) and the difference was even greater in patients 
with baseline NPDR levels 47–53 (18% vs 35%, respectively; 
P<0.002). Change in overall mean DRSS score between FAc- and 
sham control-treated patients demonstrated a statistically significant 
difference at almost every time point, including Month 36. A greater 
proportion of FAc-treated patients achieved ≥2-step improvement 
in DRSS over time compared with sham-control patients (P=0.03) 
and this effect was more apparent in the 47–53 subgroup (P=0.008). 
FAc treatment reduced the proportion of patients developing ≥2-step 
worsening in DRSS over time compared with sham-control patients 
(P=0.028) and again, this reduction was more apparent in the 47–53 
subgroup (P=0.001; Table).
Conclusions: These results show that 0.2 µg/day FAc is an 
efficacious treatment for delaying PDR progression, and is 
especially effective in the most at-risk NPDR population; those with 
moderately-severe and severe NPDR. Treatment with 0.2 µg/day FAc 
maintains therapeutic benefit for a minimum of 36 months, as shown 
by significantly reduced PDR progression, significant difference 
in overall mean DRSS score, increased ≥2-step improvement and 
reduced ≥2-step worsening in DRSS over time compared with  
sham-control patients over 36 months.
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Progression of diabetic retinopathy in patients treated with 
0.2 μg/day fluocinolone acetonide (FAc) implants for diabetic 
macular edema (DME): a fellow eye-controlled analysis
Raymond Iezzi1, Barry Kapik2, Ken E. Green2. 1Ophthalmology, Mayo 
Clinic, Rochester, MN; 2Alimera Sciences, Alpharetta, GA.
Purpose: Previous studies have shown that the risk of diabetic 
retinopathy (DR) progression increases significantly with severity of 
baseline non-proliferative DR (NPDR). In the FAME trial, 0.2 µg/
day FAc implants significantly improved vision in patients with DME 
compared with sham control-treated patients. The current analysis 
compares the DR progression rates in 0.2 µg/day FAc-treated versus 
fellow eyes.
Methods: FAc-treated patients from the FAME trials who had 
baseline and follow-up fundus photographs, graded for DR severity 
score (DRSS) by a masked reading center, were included in the 
Kaplan-Meier (KM) analysis (N=322). DR progression based on 
≥2-step ETDRS DRSS improvement or worsening in severity level 
was compared between FAc treated and fellow eyes. For each patient 
in this analysis, the FAc treated eye was compared to the fellow eye 
control. The percentage chances of DRSS improvement or worsening 
were then computed, based on the KM probabilities for each group 
through 36 months of follow-up.
Results: After 3 years, the overall population (N=322) of FAc-
treated eyes had a 32.7% chance of improving by ≥2 DRSS steps 
versus 23.7% in fellow eye controls (P=0.004). Further, the chance 
of worsening by 2 DRSS steps was 13.7% among FAc treated eyes 
versus 23.2% in fellow eye controls (P=0.140). When the subgroup of 
patients with matched baseline DRSS for FAc-treated and fellow eyes 
were compared, the same trends in treatment effects were observed 
as seen in the overall population, although these were not statistically 
significant (p≥0.114). In patients with asymmetric DR that did not 
have matched DRSS at baseline, a distinct trend for better outcome in 
the eye with lower DR score emerged, irrespective of treatment.
Conclusions: The continuous nature of localized treatment associated 
with the FAc implant allows for this unique comparison of DR 
progression between FAc-treated and fellow eyes. We observed that 
treatment with FAc was associated with a greater probability of ≥2 
DRSS step improvement as compared to fellow eye controls. We also 
observed a treatment-independent progression observed in patients 
with asymmetric retinopathy. This may indicate the importance of 
treating DR early in order to modify or reverse the effects of DR.
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Association between retinal neurodegeneration and foveal 
avascular zone in diabetic eyes: OCTA analysis
Seung-Young Yu, Kiyoung Kim, Eung-Suk Kim. Ophthalmology, 
Kyung Hee University, Seoul, Korea (the Republic of).
Purpose: To evaluate the correlation of ganglion cell-inner plexiform 
(GC-IPL) thickness with area of foveal avascular zone (FAZ) using 
OCTA in diabetic eyes
Methods: Medical records of diabetic patients without retinopathy 
(n=40), diabetic patients with mild to moderate NPDR (n=60), and 
healthy eyes (n=40) were reviewed. The mean parafoveal GC-IPL 
thickness were measured using Cirrus HD-OCT (Carl Zeiss). The 
FAZ area in the superficial and deep plexus layers were measured and 
evaluated using OCT angiography (Angioplex, Carl Zeiss)
Results: The FAZ area in the superficial and deep capillary plexus 
layer was 0.31±0.10mm2, 0.39±0.11mm2 in healthy eyes, whereas 
0.39±0.13mm2, 0.46±0.14mm2 in diabetic eyes without retinopathy 
and 0.37±0.15mm2, 0.44±0.12mm2 in eyes with diabetic retinopathy. 
Diabetic eyes showed statistically significant FAZ enlargement in 
both superficial and deep layer compared with healthy eyes. The 
FAZ area and GC-IPL thickness were significantly correlated in both 
diabetic groups (p=0.03, p<0.001), whereas it was not significant in 
control (p=0.894)
Conclusions: Both enlargement of FAZ and retinal neurodegneration 
occurs in early diabetic retinopathy regardless of presence of 
retinopathy. Also, FAZ area and GC-IPL thickness were numerically 
correlated in diabetic eyes
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