
ARVO 2017 Annual Meeting Abstracts

These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to 
access the versions of record.

224 Retinal vascular diseases I (excluding diabetes)
Monday, May 08, 2017 8:30 AM–10:15 AM
Exhibit/Poster Hall  Poster Session
Program #/Board # Range: 1530–1561/B0362–B0393
Organizing Section: Retina
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Presentation Time: 8:30 AM–10:15 AM
Optical Coherence Tomography Angiography in Perifoveal 
Exudative Vascular Anomalous Complex
Giuseppe Querques1, Riccardo Sacconi1, 2, Lawrence A. Yannuzzi3, 4, 
K Bailey Freund3, 4, Rosa Dolz-Marco3, 4, Eric H SOUIED5, 
Vittorio Capuano5, Oudy Semoun5, Nopasak Phasukkijwatana6, 
David Sarraf6, Francesco Bandello1. 1Ophthalmology, University 
Vita-Salute, IRCCS Ospedale San Raffaele, Milan, Italy; 
2Ophthalmology, University of Verona, University hospital of 
Verona, Verona, Italy; 3Ophthalmology, Vitreous Retina Macula 
Consultants of New York, New York, NY; 4Ophthalmology, LuEsther 
T. Mertz Retinal Research Center, Manhattan Eye, Ear and Throat 
Hospital, New York, New York, NY; 5Ophthalmology, Hospital 
Intercommunal de Creteil, University Paris Est Creteil, Creteil, 
France; 6Ophthalmology, Retinal Disorders and Ophthalmic Genetics 
Division, Stein Eye Institute, University of California, Los Angeles; 
Greater Los Angeles VA Healthcare Center, Los Angeles, CA.
Purpose: Perifoveal Exudative Vascular Anomalous Complex 
(PEVAC) is an uncommon disease recently described by our group as 
a unilateral, isolated, single, perifoveal, large aneurismal change. It 
generally affects otherwise healthy patients that do not show evidence 
of arterial hypertension, diabetes or any other vasculopathy. We 
reviewed the charts of patients with diagnosis of PEVAC to report 
their imaging features on optical coherence tomography angiography 
(OCT-A).
Methods: All patients affected by PEVAC were identified from 
a pool of patients at 4 retina referral centers. The main exclusion 
criteria were the presence of retinal vascular diseases (e.g. diabetic 
retinopathy, hypertension retinopathy, retinal vein occlusion and 
retinal inflammatory diseases). All patients underwent a complete 
ophthalmologic examination including structural optical coherence 
tomography (OCT) and OCT-A (3x3 area). All OCT-A imagines were 
analyzed by two trained examiners (GQ and RS) to investigate the 
qualitative features of PEVAC.
Results: A total of 12 eyes of 12 patients were included in the 
analysis. In 11 out of 12 cases, PEVAC was located inside 500 μm 
from the center of the fovea. In all cases, OCT-A showed an isolated 
large dilation in the retinal capillary plexuses, with a detectable 
flow inside the complex. Typically, PEVAC was characterized by a 
rarefaction of retinal capillaries surrounding the lesion. Three out 
of 12 cases were detected only in superficial retinal plexus, 2 out 
of 12 only in deep retinal plexus and 7 out of 12 in both superficial 
and deep retinal plexuses. In all cases there was no sign of flow in 
the avascular plexus and no sign of anastomosis between the retinal 
capillary plexuses and the choriocapillaris; a shadow effect was 
constantly present in the choriocapillaris segmentation. No other 
macular abnormalities were present on OCTA outside the area of the 
lesion.
Conclusions: Optical coherence tomography angiography of PEVAC 
showed almost constantly a high-flow, isolated large dilation in the 
retinal vascularization associated with a surrounding rarefaction of 
normal retinal capillaries.
Commercial Relationships: Giuseppe Querques, Novartis 
(C), Alimera Sciences (C), Allergan Inc (C), Bayer Shering-
Pharma (C), Zeiss (C), Heidelberg (C); Riccardo Sacconi, None; 
Lawrence A. Yannuzzi, None; K Bailey Freund, Genentech (C), 

Heidelberg Engineering (C), Optovue (C), Bayer Healthcare (C), 
Optos (C); Rosa Dolz-Marco, None; Eric H SOUIED, Bayer (C), 
Bausch&Lomb (C), Novartis (C), Allergan (C); Vittorio Capuano, 
None; Oudy Semoun, None; Nopasak Phasukkijwatana, None; 
David Sarraf, Optovue (C), Regeneron (C), Genentech (C); 
Francesco Bandello, Farmila-Thea (C), Alcon (C), Novartis (C), 
Bausch And Lomb (C), NovagaliPharma (C), Genentech (C), 
Allergan Inc (C), Zeiss (C), Thrombogenics (C),  
Bayer Shering-Pharma (C), Hoffmann-La-Roche (C),  
Alimera Sciences (C), Sanofi-Aventis (C)
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Prediction of long-term visual outcome in patients with macular 
edema due to branch retinal vein occlusion based on short-term 
response to anti-VEGF therapy
Yuki Kubo, Shigeo Yoshida, Yoshito Koyanagi, Muneo Yamaguchi, 
Yoshiyuki Kobayashi, Takahito Nakama, Shintaro Nakao, 
Yasuhiro Ikeda, Tatsuro Ishibashi, Koh-hei Sonoda. Ophthalmology, 
Kyushu University, Fukuoka, Fukuoka, Japan.
Purpose: The purpose of this study was to examine short-term 
parameters after anti-vascular endothelial growth factor (VEGF) 
therapy that could predict prognosis of visual acuity in patients with 
macular edema due to branch retinal vein occlusion (BRVO-ME).
Methods: In this retrospective study, twenty-two eyes of twenty-
two patients (n=22) were included. We assessed logarithm of the 
minimum angle of resolution (logMAR) best-corrected visual 
acuity (BCVA) and central macular thickness (CMT) from baseline 
to 12 months after anti-VEGF therrapy. Based on changes of 
logMAR BCVA from baseline to 1 month after the therapy, we 
divided these patients into VA improved group (VIG: changes of 
logMAR BCVA%-0.2, n=13) and VA stable group (VSG: changes 
of logMAR BCVA>-0.2, n=9). Similarly, based on CMT of 1 month 
after the therapy, we separated into CMT improved group (CIG : 
CMT<300μm, n=16) and CMT stable group (CSG:CMT≥300μm, 
n=16).
Results: There were no significant differences in baseeline logMAR 
BCVA and CMT between the two groups in both classifications. The 
mean change of logMAR BCVA from baseline to 12 months after the 
therapy was significantly lager in VIG than in VSG (-0.33  
and -0.09, respectively: p<0.001). In contrast, there was no 
significant difference between CIG and CSG. There was significant 
correlation between change of BCVA from baseline to 1 month after 
the therapy and that from baseline to 12 months after the therapy 
(R^2=0.34, p<0.005) and between change of CMT from baseline to 
1 month after the therapy and that from baseline to 12 months after 
the therapy (R^2=0.74, p<0.0001). Wilcoxon rank sum test was 
performed to examine the significances of logMAR BCVA and CMT 
in the two classifications, and Spearman rank correlation coefficient 
was used to examine correlations of change of BCVA and CMT 
between baseline to 1 month and to 12 months after the therapy.
Conclusions: These results indicate that the changes in logMAR 
BCVA from baseline to 1 month can predict the visual outcome at 12 
months in the patients with BRVO-ME.
Commercial Relationships: Yuki Kubo, None; Shigeo Yoshida, 
None; Yoshito Koyanagi, None; Muneo Yamaguchi, None; 
Yoshiyuki Kobayashi, None; Takahito Nakama, None; 
Shintaro Nakao, None; Yasuhiro Ikeda, None; Tatsuro Ishibashi, 
None; Koh-hei Sonoda, None
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Pro-angiogenic Role of Amino Acid Transporter Slc38a5 in 
Retinal Vascular Endothelial Cells
Zhongxiao Wang, Chi-Hsiu Liu, Ye Sun, Samuel Burnim, 
Steven Meng, Zhongjie Fu, Yan Gong, Jing Chen. Ophthalology, 
Boston Children’s Hospital, Boston, MA.
Purpose: An amino acid transporter, Slc38a5 (solute carrier family 
38 member 5), was found down-regulated in the retinas of Lrp5-

/- and Norriny/ -mice, two animal models of familial exudative 
vitreoretinopathy (FEVR) and Norrie disease. Patients with FEVR 
or Norrie disease suffer from incomplete retinal vasculature and 
visual loss, yet the underlying mechanisms to control retinal vascular 
development are not completely defined. This project aims to study 
the role of Slc38a5 in retinal vascular endothelial cell (EC) function.
Methods: Whole retinas (n=6) and retinal vessels (n=4) collected by 
laser capture microdissected (LCM) were isolated from Lrp5-/- and 
Norriny/- mice, and their controls (wild type (WT) and Norriny/+) at 
postnatal day 17. Slc38a5 mRNA and protein levels were analyzed 
by RT-qPCR and Western blot. SLC38A5-siRNA was transfected into 
human retinal microvascular endothelial cells (HRMECs), followed 
by cell proliferation and tubular formation assays to determine EC 
function, and the expression of angiogenic genes were measured by 
RT-qPCR(n=3). Two-tailed Student’s t-test was used for statistical 
analysis.
Results: Slc38a5 mRNA levels were decreased in both whole 
retinas of Lrp5-/- (17.56 %±3.14 % compared to control, p=0.0085) 
and Norriny/- (5.26%±1.23 %, p=0.0005), and retinal vessels of 
Lrp5-/- (6.20 %±1.89 %, p=0.0006) and Norriny/- (1.26%±0.40%, 
p=0.0002). Protein levels of Slc38a5 were significantly reduced in 
Lrp5-/- retinas by ~4 fold, and in Norriny/- retinas by ~2 fold compared 
their control retinas. In HRMECs, SLC38A5-siRNA suppressed 
SLC38A5 expression by 86.86%±2.56%, and inhibited the angiogenic 
factor receptors including VEGFR2 (62.10%±1.01%, p=0.0003), 
FGFR2 (24.4%±1.50%, p<0.0001) and IGFR (28.5%±0.30%, 
p<0.0001). Knockdown of SLC38A5 significantly inhibited HRMEC 
proliferation by 29.91%±2.80% (p<0.0001) and tubular formation 
with reduction in the number of junctions (57.42±3.96/field compared 
to 130.9±4.19/field, p<0.0001) and vascular length (29.21±0.93 mm/
field compared to 43.53±0.63 mm/field, p<0.0001).
Conclusions: The amino acid transporter Slc38a5 is down-regulated 
in retinal blood vessels in Wnt signaling deficient mice, and a novel 
pro-angiogenic regulator of EC function. Slc38a5 may contribute 
to the defective vascular development in Lrp5-/- and Norriny/- eyes 
through modulating the availability and homeostasis of amino acids 
essential for EC proliferation and growth.

Commercial Relationships: Zhongxiao Wang; Chi-Hsiu Liu, 
None; Ye Sun, None; Samuel Burnim, None; Steven Meng, None; 
Zhongjie Fu, None; Yan Gong, None; Jing Chen, None
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Projection-Resolved Optical Coherence Tomography 
Angiography Features of Branch Retinal Vein and Branch 
Retinal Artery Occlusion
Brigid Marshall1, Xiaogang Wang2, Miao Zhang1, JIE WANG1, 
Xiang Wei1, Phoebe Lin1, David Huang1, Yali Jia1, 
Thomas S. Hwang1. 1Ophthalmology, Casey Eye Institute, Portland, 
OR; 2Shanxi Eye Hospital, Taiyuan, China.
Purpose: Projection-resolved optical coherence tomography 
angiography (PR-OCTA) can display macular capillaries in 3 distinct 
layers. We describe patterns of nonperfusion in branch retinal artery 
occlusion (BRAO) and branch retinal vein occlusion (BRVO) using 
this technique.
Methods: Three eyes with BRAO and two eyes with BRVO were 
imaged with a commercial 70 kHz spectral domain OCT system. 
Split-spectrum amplitude decorrelation angiography generated 3x3 
mm and 6x6 mm scans centered on the macula. A custom PR-OCTA 
algorithm reduced flow projection artifacts and a semi-automated 
algorithm segmented the volume into 3 slabs (Fig. 1). The areas of 
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capillary nonperfusion in the en face OCTA were manually delineated 
in each layer.
Results: In patients with BRVO, perifoveal capillary perfusion of 
the affected area in the DCP was profoundly diminished compared to 
the ICP and SVC. Compared to the unaffected area, capillary density 
in the DCP, ICP, and SVP were reduced by 43%, 6%, and 19%, 
respectively. In contrast, in patients with BRAO, nonperfusion areas 
were more uniformly profound, with reductions of 79%, 62%, and 
54% in the DCP, ICP, and SVC, respectively.
Conclusions: In this series, PR-OCTA reveals more profound 
nonperfusion in the DCP compared to the more superficial 
plexuses in BRVO. In BRAO, all plexuses have congruent areas of 
nonperfusion. These findings suggest that the intermediate and deep 
plexuses do not constitute a uniform anastomotic network of vessels, 
but have at least partially separable arteriolar supplies that could be 
affected to different extents depending on disease.

Figure 1: OCTA of an eye with BRAO shows congruent areas of 
nonperfusion demarcated by a yellow line in the 3 vascular layers – 
the superficial vascular complex (SVC), intermediate capillary plexus 
(ICP), and deep capillary plexus (DCP).

Figure 2: OCTA of an eye with BRVO shows the nonperfusion area 
in the DCP (C) does not correspond to nonperfusion in the SVC and 
ICP when projected onto those slabs.
Commercial Relationships: Brigid Marshall, None; 
Xiaogang Wang, None; Miao Zhang, None; JIE WANG, None; 
Xiang Wei, None; Phoebe Lin, None; David Huang, Optovue (P), 
Carl Zeiss Meditec (P), Optovue (I), Optovue (F); Yali Jia, Optovue 
(F), Optovue (P); Thomas S. Hwang, None
Support: NIH Grant DP3 DK104397, R01 EY024544, R01 
EY023285, P30 EY010572; NIH Grant Unrestricted grant from 
Research to Prevent Blindness

Program Number: 1534 Poster Board Number: B0366
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Longitudinal Quantification of Retinal Nonperfusion in Eyes with 
Retinal Vein Occlusion Receiving Ranibizumab With or Without 
Targeted Peripheral Laser Photocoagulation
William C. Ou1, David M. Brown1, 2, Charles C. Wykoff1, 2. 1Retina 
Consultants of Houston, Houston, TX; 2Blanton Eye Institute, 
Houston Methodist Hospital & Weill Cornell Medical College, 
Houston, TX.
Purpose: Longitudinally quantify posterior retinal nonperfusion 
(RNP) area over 12 months in eyes with retinal vein occlusion 

(RVO) receiving ranibizumab treatment with or without targeted 
peripheral laser photocoagulation in the prospective WAVE 
trial (NCT01710839). Ranibizumab has been shown to slow the 
progression of RNP in RVO and may even lead to reperfusion of 
previously nonperfused retina.
Methods: The WAVE Trial, a 12-month, phase IV, randomized 
trial, compared ranibizumab plus targeted laser photocoagulation to 
peripheral areas of RNP (combination therapy, n=24) to ranibizumab 
alone (monotherapy, n=6) in eyes with pre-proliferative RVO.  
Wide-field fluorescein angiography (WF-FA) was performed 
at baseline, months 4, 9 and 12. Eyes were included if they had 
macroscopic areas with no fluorescein filling in the area of the 
RVO. Areas of posterior RNP on WF-FA were delineated using 
Adobe Photoshop CS6. The graded area was defined as the inner 
and outer subfields of a 16 disc area Early Treatment Diabetic 
Retinopathy Study grid overlaid on each image. The images were 
converted to binary masks and RNP was quantified using the Optos 
AreaMeasurement Tool. The main outcome measure was mean 
change in posterior RNP area at month 12 (M12).
Results: Twenty eyes had reliable testing at all 4 time points and 
were included in the main analysis. At baseline, mean posterior RNP 
areas were 5.04 ± 4.50 mm2 and 8.30 ± 7.25 mm2 in the monotherapy 
and combination therapy cohorts respectively. At M12, the mean 
change in RNP area was 0.36 ± 0.80 mm2 in the monotherapy (n=5) 
cohort and 0.53 ± 1.63 mm2 in the combination therapy (n=15) cohort 
(P=0.76) yielding final mean RNP areas of 5.40 ± 4.99 mm2 and 8.84 
± 8.50 mm2 respectively. Outcomes were similar when eyes with 
reliable WF-FA at least at baseline and M12 were included (n=25). 
Worsening RNP was clearly evident (Figure 1) in some eyes (n=3). 
No definite areas of reperfusion were observed in any eyes.
Conclusions: Regardless of treatment assignment, the majority 
of RVO eyes analyzed had stable or slight worsening of RNP area 
through M12. Some eyes may experience progressive worsening of 
RNP despite ongoing ranibizumab treatment.

Figure 1. Patient in combination therapy cohort who had clear 
worsening of nonperfusion through 12 months of follow-up.
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Commercial Relationships: William C. Ou, None; 
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Engineering (C), Alcon/Novartis (C), Genentech/Roche (C), 
Ophthotech (F), OPTOS/Nikon (C), Ohr (C), Santen (F), OPTOS/
Nikon (P), Allegro (F), Clearside Biomedical (C), Allergan (F), 
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Clearside Biomedical (C), Valeant (C), Regeneron Pharmaceuticals 
(R), D.O.R.C. (C), Clearside Biomedical (F), Regeneron/Bayer (F), 
DRCR Network (F), Ampio Pharmaceuticals (F), Regeneron/Bayer 
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Support: Research grant from Genentech, Inc., South San Francisco, 
CA
Clinical Trial: NCT01710839
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Fovea density assessed by OCTA in vein occlusion associated with 
macular edema treated by anti-VEGF
Franck Fajnkuchen2, Sandrine Tabary-Ayrault2,  
sylvia nghiem-buffet2, Audrey Giocanti1. 1Hopital Avicenne, Paris, 
France; 2Centre d’Imagerie et de Laser, Paris, France.
Purpose: To assess the fovea density variation in patients with retinal 
vein occlusions using optical coherence tomography angiography 
(OCTA) over the course of the treatment of macular edema
Methods: This was a prospective, observational study of subjects 
with retinal vein occlusion. Optical coherence tomography 
angiography was performed (Optovue, Avanti) in 3 mm × 3 mm 
regions centered on the fovea and parafoveal areas. Two plexuses of 
the retina were assessed, automatically: superficial capillary plexus 
(SCP) and deep capillary plexus (DCP). The vascular density was 
assessed automatically by Optovue software in the SCP in different 
location of the macula at baseline and after resorption of macular 
edema under intravitreal treatment
Results: We prospectively included 20 consecutive patients with 
central or branch vein occlusions associated with macular edema 
treated by anti VEGF or dexamethasone implant. Fovea density 
was not significantly different in presence of fluid (31.7%) versus 
after edema resorption (27.9%) p=0.07. In different location of 
the macula (para-foveal, superior, inferior, nasal or temporal), the 
vascular density was not significantly different after edema resorption 
compared to baseline. In all cases, the DCP had a higher decrease 
of flow than the SCP. The size of the foveal avascular zone did not 
significantly change either
Conclusions: OCTA allows quantitative assessment of the fovea and 
both superficial and DCP, which was not possible with fluorescein 
angiography. Vascular density measures will probably help us to 
better understand the pathophysiology of many vascular diseases. In 
vein occlusions, the fovea density decreases, but did not change in a 
short-term treatment. More studies are needed to confirm the latter 
finding with a longer follow-up.
Commercial Relationships: Franck Fajnkuchen, Bayer (C), 
Allergan (C), Novartis (C); Sandrine Tabary-Ayrault, bayer 
(C); sylvia nghiem-buffet, novartis (C), allergan (C), bayer (C); 
Audrey Giocanti, Novartis (C), Allergan (C), Bayer (C)
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Longitudinal Automated Ellipsoid Zone Mapping Assessment in 
Retinal Vein Occlusions
Kathryn Champ1, Lucas Beven1, Rishi P. Singh1, Touka Banaee1, 
Karen M. Wai1, 2, Sunil K. Srivastava1, Jamie Reese1, Justis Ehlers1. 
1Cole Eye Institute, Cleveland Clinic, Cleveland, OH; 2School of 
Medicine, Case Western Reserve University, Cleveland, OH.
Purpose: To evaluate the longitudinal quantitative dynamics of the 
ellipsoid zone (EZ) during management of macular edema in retinal 
vein occlusion (RVO) and the impact of EZ dynamics on functional 
outcomes.
Methods: In this IRB-approved retrospective study, a novel retinal 
layer analysis tool is utilized to evaluate the EZ characteristics 
longitudinally during the treatment of macular edema secondary to 
RVO. Inclusion criteria included RVO diagnosis, the presence of 
macular edema, and a minimum follow-up of 3-months (n=236). 
Exclusion criteria included lack of macular cube scans at baseline 
and 3-month follow-up periods (n=54). All eyes underwent macular 
OCT (Cirrus, Zeiss) at each follow-up interval. Macular cube scans 
were exported into a novel retinal layer analysis software and EZ 
parameters were evaluated with an automated platform. Expert 
reader review was performed on each scan to confirm accurate 
segmentation. The en face characteristics that were evaluated 
included percent of area with EZ-retinal pigment epithelium (RPE) 
attenuation (EZ-RPE thickness < 20 μm), percent of area with 
EZ-RPE total attenuation (EZ-RPE thickness = 0 μm), EZ-RPE 
volume, juxtafoveal EZ-RPE thickness, and central foveal EZ-RPE 
area and thickness. These EZ mapping parameters were analyzed for 
correlation with clinical data.
Results: One hundred eighty-two eyes were included in this study. 
All eyes were treated with anti-VEGF therapy at presentation. Initial 
visual acuity improved from 20/87 at baseline to 20/52 at 3-months 
(p<0.0001). The mean line change was +2.3 at 3-months. Following 
initiation of anti-VEGF therapy, EZ attenuation and total attenuation 
significantly improved by 8.2% (16.4 to 8.2%, p<0.0001) and 7.5% 
(12.9 to 5.4%, p<0.0001) respectively. The improvement in en face 
parameters significantly correlated with visual acuity improvement 
at 3 months. Visual recovery at each time point (e.g., 3, 6, and 12 
months) was also strongly associated with improved central foveal 
EZ-RPE area (0.151mm2 to 0.180 mm2, p<0.0001) and increased  
EZ-RPE volume (1.044 mm3 to 1.134 mm3, p<0.0001).
Conclusions: EZ parameters and longitudinal dynamics are directly 
correlated to functional outcomes in the RVO. Further research is 
needed to better elucidate the predictive value of these parameters on 
overall outcomes and the role for assessment in disease management.
Commercial Relationships: Kathryn Champ, None; Lucas Beven, 
None; Rishi P. Singh, Regeneron (C), Genentech (F), Optos 
(C), Apellis (F), Zeiss (C), Shire (C), Genentech (C), Alcon (F), 
Regeneron (F); Touka Banaee, None; Karen M. Wai, None; 
Sunil K. Srivastava, Zeiss (C), Synergetics (P), Saten (C), 
Allergan (F), Bausch and Lomb (P), Alcon (C), Bausch and Lomb 
(C), Leica (P), Bioptigen (P); Jamie Reese, None; Justis Ehlers, 
Thrombogenics (F), Leica (C), Alimera (C), Bausch and Lomb (P), 
Alcon (F), Zeiss (C), Thrombogenics (C), Genentech (C), Bioptigen 
(P), Leica (P), Bioptigen (C), Alcon (C), Genentech (F), Allergan (C), 
Regeneron (F), Synergetics (P), Saten (C)
Support: NIH/NEI K23-EY022947; Ohio Department of 
Development TECH-13-059
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Caspase-9 Inhibitor Eyedrops Reduce Edema and Protect Retinal 
Function Following Central Retinal Vein Occlusion
Maria Avrutsky1, Ying Y. Jean1, Alexandra J. White1, Scott Snipas2, 
Guy Salvesen2, Carol Troy1, 3. 1Pathology and Cell Biology, Columbia 
University, New York, NY; 2Sanford Burnham Prebys Medical 
Discovery Institute, La Jolla, CA; 3Neurology, Columbia University, 
New York, NY.
Purpose: Retinal edema is a complication of diabetes and retinal 
vein occlusion, resulting when damaged vessels leak fluid into the 
retina. Without timely intervention, edema can lead to death of retinal 
neurons, causing permanent vision loss. Despite available therapies, 
many patients do not respond to treatment. We characterized the 
retinal changes caused by a laser photocoagulation model of central 
retinal vein occlusion (CRVO), and identified that caspase-9 activity 
plays an essential role in edema formation. We developed a highly 
specific caspase-9 inhibitor which can be administered using topical 
eyedrops to test a potential new treatment for retinal edema and 
CRVO.
Methods: CRVO was achieved in 2-4 month-old C57Bl/6J mice by 
tail-vein injection of rose bengal, followed by laser photocoagulation 
of retinal veins. In vivo analyses – optical coherence tomography 
(OCT), focal electroretinogram (ERG) and fluorescein angiography - 
were conducted with the Micron IV system (Phoenix Research Labs). 
Mice received eyedrops containing 10μg caspase-9 inhibitor peptide 
or vehicle alone, immediately following CRVO.
Results: CRVO induced acute edema followed by retinal thinning. 
Affected eyes developed clinical features of retinal vein occlusion, 
including retinal hemorrhages, edema, dilation of retinal veins, retinal 
detachment and cotton wool spots. Fluorescein angiography revealed 
leakage in areas affected by edema. We used OCT to measure the 
morphological changes to specific retinal layers at different time 
points following CRVO. Caspase-9 and VEGF levels increased after 
injury, as measured by western blot and immunohistochemistry. We 
demonstrate effective retinal uptake of our caspase-9 inhibitor peptide 
following administration of topical eyedrops. Mice which received 
treatment with inhibitor eyedrops immediately following CRVO, 
developed less overall edema (P<0.05), protected the inner retinal 
layers from thinning (P<0.05) and had improved retinal function via 
ERG (P<0.05)
Conclusions: Caspase-9 activity in the retina contributes to the 
disruption of retinal morphology and subsequent retinal dysfunction 
following CRVO. We developed an inhibitor peptide which is 
exquisitely specific for caspase-9 activity, and which can be delivered 
to the retina via topical eyedrops. Treatment with the inhibitor 
immediately following CRVO confers both morphological and 
functional retinal protection.

Commercial Relationships: Maria Avrutsky, None; Ying Y. Jean, 
None; Alexandra J. White, None; Scott Snipas, None; 
Guy Salvesen, None; Carol Troy, None
Support: T32 EY013933
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Characterization of Retinal and Choroidal Microvasculature 
Changes in Obstructive Sleep Apnea Patients by Optical 
Coherence Tomography Angiography Analysis
Lauren Lombardi1, Omar Helmy1, Stacia Sailer2, Karin Johnson3, 
Shlomit Schaal1. 1Ophthalmology and Visual Sciences, University 
of Massachusetts Medical School, Worcester, MA; 2Mass Lung & 
Allergy Sleep Center, Worcester, MA; 3Department of Neurology, 
University of Massachusetts Medical School-Baystate, Springfield, 
MA.
Purpose: This prospective, observational case series of patients 
with obstructive sleep apnea (OSA) characterized qualitative and 
quantitative anatomic microvascular changes in the retina and 
choroid of OSA patients using Optical Coherence Tomography 
Angiography (OCTA).
Methods: 20 eyes of 10 patients with OSA and 20 eyes from 10 aged 
matched controls underwent 3x3mm and 6x6mm macular scans using 
Cirrus HD-OCT 5000 Angioplex (Carl Zeiss, Meditech CA. USA). 
The scans were captured at ~840nm wavelength and 68,000  
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A-scans/second and the split-spectrum amplitude-decorrelation 
angiography algorithm was utilized. Presence and severity of OSA 
was determined by limited channel ambulatory monitoring including 
Apnea-Hypopnea Index (AHI), lowest oxygen saturation, and total 
time with oxygen saturation level lower than 90%. Data collected 
included areas of impaired capillary perfusion on OCTA, and 
qualitative and quantitative grading for peripapillary and macular 
retinal capillary and choriocapillaris perfusion by an unbiased novel 
automatic original software which determined which area had OCTA 
changes consistent with low flow.
Results: OCTA peripapillary and macular retinal and choroidal 
microvasculature defects were identified and were characterized for 
OSA patients yielding to the development of a novel OCTA based 
scale which correlated the severity of these microvascular changes 
with the severity of OSA.
Conclusions: OCTA macular and peripapillary perfusion defects 
indicated apparent anatomic correlations with the severity of OSA. 
Larger scale studies will be needed to determine the role of OCTA in 
the ocular and systemic management of OSA patients.
Commercial Relationships: Lauren Lombardi, None; 
Omar Helmy, None; Stacia Sailer, None; Karin Johnson, None; 
Shlomit Schaal, None
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VEGF Causes Retinal Nonperfusion by Leukostasis Stimulated 
by VEGFR1-mediated Leukocyte Recruitment and  
VCAM-1-mediated Leukocyte Adhesion
yuanyuan liu1, 2, Ji-kui Shen1, Seth D. Fortmann1, 
Peter A. Campochiaro1. 1ophthalmology, Johns Hopkins University, 
Baltimore, MD; 2Ophthalmology, Tianjin Medical University, Tianjin, 
China.
Purpose: High levels of VEGF promote retinal nonperfusion in 
diabetic retinopathy and retinal vein occlusion. We sought to test that 
VEGF-induced retinal nonperfusion is caused by leukostasis and 
investigate molecular mechanisms.
Methods: At various time points after intravitreous injection of 
VEGF165 in C57BL/6 mice or administration of doxycycline to 
Tet/opsin/VEGFdouble transgenic mice or rho/VEGF transgenic 
mice, leukostasis was quantified by counting intravascular 
adherent concanavalin A (conA)-stained leukocytes in retinal flat 
mounts, nonperfusion was measured by fluorescein angiography 
(FA), FITC-labeled dextran perfusion and hypoxyprobe staining, 
adhesion molecule expression was measured by qRT-PCR and 
immunofluorescence, and leukocytes subtypes were distinguished by 
F4/80, Ly6G staining. The role of VEGFR1 and VCAM1 was tested 
by intravenous injection of anti-VEGFR1 or anti-VCAM1 in VEGF-
injected mice or in doxycycline-treated Tet/opsin mice.
Results: Intravitreous injection of VEGF or sustained expression of 
VEGF in photoreceptors caused dose-dependent leukostasis, in which 
both monocytes and neutrophils participate, that peaked 1 day after 
VEGF injection and 3 days after onset of sustained VEGF expression 
when mRNA levels for VCAM-1 and α4, β1 integrin subunitswere 
significantly increased. The leukostasiscaused retinal vessel occlusion 
and nonperfusedareas visualized by FA, dextranand hypoxyprobe 
staining in Tet/opsin mice and Rho/VEGF mice. Leukostasis and 
nonperfusion were eliminated by cessation of doxycycline in Tet/
opsin mice. Immunofluorescent staining for VCAM-1 was not seen 
in retinal vessels of untreated mice and was present 1 day after VEGF 
injection. Intravenous injection of anti-VEGFR1 or anti-VCAM1 
significantly reduced VEGF-induced leukostasis in the retinal vessels.
Conclusions: High levels of VEGF in the retina results in recruitment 
of leukocytes into retinal vessels in part due to stimulation of 

VEGFR1 on leukocytesandpromotes leukocyte adhesion due to 
upregulation of VCAM-1 in retinal endothelial cells, which in some 
areas plugs vessels resulting in retinal nonperfusion. The leukostasis 
and nonperfusionare reversed by cessation of VEGF expression. 
These data explain the mechanism of progressive nonperfusion in 
patients with ischemic retinopathies that is reversed by intraocular 
injections of anti-VEGF agents.
Commercial Relationships: yuanyuan liu; Ji-kui Shen, None; 
Seth D. Fortmann, None; Peter A. Campochiaro, None
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Case Series Report of Safety of Serial Vitreous Needle Taps in 
Patients with Proliferative Diabetic Retinopathy (PDR) and 
Central Retinal Vein Occlusion (CRVO)
Hamzah Khalaf, Victor H. Gonzalez. Valley Retina Institute, 
McAllen, TX.
Purpose: Vitreous fluid analysis can potentially add crucial 
information to our understanding and treatment strategies for many 
retinal diseases. However, several concerns prevent researchers 
and clinicians from performing vitreous needle aspirations. These 
concerns include patient discomfort, low yield, and risk of retinal 
detachment. This report describes the safety profile of a standardized 
technique for serial vitreous needle aspirations performed by multiple 
physicians.
Methods: Serial vitreous taps were performed in patients with 
proliferative diabetic retinopathy and central retinal vein occlusion 
as part of existing clinical trials. Procedures were performed at 
bedside with oral or intravenous conscious sedation in an office or 
outpatient surgery setting. Maximum volume aspirated was 200uL 
using a needle customized for this purpose. When applicable, patients 
received an intravitreal injection after the vitreous tap.
Results: As of August 2016, 40 patients were included with a total 
number of 118 vitreous aspirations. A range of 1-5 serial vitreous taps 
per eye were performed with 30% (n=12 patients) having more than 3 
vitreous taps and 97.5% (n=39 patients) having more than 1 vitreous 
tap. 87% of the procedures were performed under intravenous 
conscious sedation at an outpatient surgery center (n=97 taps) and 
22% under oral sedation at the office (n=21 taps). All attempted 
aspirations yielded sufficient vitreous volume with no acute or 
immediate serious adverse events. No cases of rhegmatogenous 
retinal detachments, retinal breaks, or endophthalmitis were reported 
in this study.
Conclusions: Our standardized vitreous tap technique is reliable 
with high yield for vitreous fluid and no safety concerns. In addition, 
it allows serial vitreous sampling at different stages of disease. 
This technique may allow researchers and clinicians to analyze the 
vitreous fluid on a large scale. Such analysis can yield invaluable 
molecular understanding, treatment targets, and prognostic markers.
Commercial Relationships: Hamzah Khalaf; Victor H. Gonzalez, 
None
Clinical Trial: NCT01827722, NCT02630277
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Long-Term Outcomes of Anti-VEGF Treatment in Patients with 
Macular Edema Secondary to Retinal Vein Occlusions
Karen M. Wai1, 2, Jason Young1, Fabiana Q. Silva1, 
Sunil K. Srivastava1, Justis Ehlers1, Aleksandra V. Rachitskaya1, 
Peter K. Kaiser1, Andrew Schachat1, Amy S. Babiuch1, Alex Yuan1, 
Rishi P. Singh1. 1Cole Eye Institute, Cleveland Clinic, Saratoga, CA; 
2Case Western Reserve University School of Medicine, Cleveland, 
OH.
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Purpose: Few studies have examined the long-term outcomes of 
anti-VEGF use in the treatment of macular edema secondary to 
retinal vein occlusion (RVO). This retrospective study examines the 
long-term visual and anatomical outcomes of anti-VEGF therapy for 
RVOs in a routine clinical setting.
Methods: This study identified treatment naïve patients with macular 
edema secondary to hemi-retinal vein occlusions (HRVO), central 
retinal vein occlusions (CRVO), or branch retinal vein occlusions 
(BRVO) treated with anti-VEGF agents and had follow-up visits 
for at least 36 months after therapy initiation at a single institution. 
Exclusion criteria included prior intravitreal injection or confounding 
ocular disease. Main outcomes measured were change in best-
corrected visual acuity (BCVA) and mean absolute change in central 
subfield thickness (CST) at 12, 24, 36, and 48 months, if applicable.
Results: Twenty-seven BRVO patients were followed for 36 months; 
11 patients had 48 months of follow-up. BRVO patients showed 
significant increases in BCVA from baseline that were maintained 
after 12 months (+11.03 letters, p<0.001), 24 months (+12.06 letters, 
p<0.001), 36 months (+10.71 letters, p<0.001), and 48 months 
(+9.26 letters, p=0.022) of therapy. CST significantly decreased from 
baseline after 12 months (-83.51μm, p<0.001), 24 months (-67.93μm, 
p=0.006), 36 months (-97.52μm, p<0.001), and 48 months 
(-127.85μm, p<0.001).
Twenty-five CRVO/HRVO patients were followed for 36 months; 
9 patients had 48 months of follow up. Significant improvements 
in BCVA were seen at 12 months (+9.39 letters, p=0.013) and 
24 months (+8.54 letters, p=0.023). At 36 months (+2.64 letters, 
p=0.480) and 48 months (+3.42 letters, p=0.300), the visual gain 
was no longer significant. For CST changes, there were significant 
decreases at 12 months (-146.23μm, p=0.002), 24 months 
(-149.54μm, p=0.002), and 36 months (-166.44μm, p<0.001) from 
baseline. At 48 months (-97.66μm, p=0.130), changes in CST were 
no longer significant.
Conclusions: In routine clinical practice, visual and anatomical 
benefits of anti-VEGF agents in patients with BRVO were sustained 
at 36 and 48 months. For patients with CRVO/HRVO, anatomical 
improvements were maintained for 36 but not 48 months, while 
visual changes were no longer maintained by 36 months.
Commercial Relationships: Karen M. Wai, None; Jason Young, 
None; Fabiana Q. Silva, None; Sunil K. Srivastava, Synergetics 
(P), Allergan (R), Bausch and Lomb (C), Bioptigen (P); 
Justis Ehlers; Aleksandra V. Rachitskaya, Allergan (C); 
Peter K. Kaiser, Regeneron (C), Bayer (C), Allergan (C), Novartis 
(C); Andrew Schachat, None; Amy S. Babiuch, Allergan (R); 
Alex Yuan, None; Rishi P. Singh, Regeneron (C), Genentech 
(F), Optos (C), Apellis (F), Zeiss (C), Shire (C), Genentech (C), 
Regeneron (F), Alcon (F)
Support: Prevent Blindness Young Investigator Student Fellowship 
Awards for Female Scholars in Vision Research
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The presence of the LAPPEL sign in multiple inherited and 
acquired retinal vascular diseases and temporal correlation with 
capillary dropout
Prethy Rao, Aristomenis Thanos, Jeremy D. Wolfe, Michael T. Trese. 
Associated Retinal Consultants, Royal Oak, MI.
Purpose: To demonstrate that the LAPPEL sign (Late phase 
fluorescein Angiographic Peripheral or PostErior Leakage) is 
present in many retinal vascular diseases. To demonstrate a temporal 
association between LAPPEL and development of subsequent 
capillary loss in retinal vein occlusions (RVO).

Methods: This is a retrospective review of consecutive widefield and 
ultra-wide field fluoroscein angiograms (FA) in multiple inherited and 
acquired retinal vascular diseases that were performed at a tertiary 
referral center. FAs were independently assessed for the presence 
of a LAPPEL lesion. Serial ultra-wide field angiograms were then 
examined in eyes with RVOs to specifically determine the onset of 
the LAPPEL lesion and the presence of subsequent capillary dropout 
between 2013-2016.
Results: We present examples of LAPPEL in eyes with familial 
exudative vitreoretinopathy (n=10), Coats’ Disease (n=2), sickle 
cell retinopathy (n=2), retinal vein occlusions (n=72), and diabetic 
retinopathy (n=2).
In the 1139 RVO patient cohort, 131 had ultra-widefield FA. 
Seventy-two eyes (55%) had LAPPEL. Of these, twenty-three RVO 
eyes (46%) had serial ultra-widefield angiograms (n=15 CRVO, 
n=3 BRVO, n=5 HRVO) with an average of 2.8 FAs (2-4). Mean 
follow up duration was 20.7 months (0.5-41.4). Twenty eyes (87%) 
developed capillary dropout in the areas corresponding to prior 
LAPPEL. Average time to dropout was 10.9 months (0.17-25.1).
Conclusions: The LAPPEL sign is seen in multiple diseases and 
may represent damaged retinal endothelial cells, which can progress 
to endothelial cell death and capillary loss as demonstrated in RVO 
eyes. In previous tissue cultures, we have shown that human retinal 
endotheial cells exposed to VEGF induce selective destruction of 
inter-endothelial cell adhesive proteins (Claudin 5 and VE cadherin), 
which promotes breakdown of blood-retina barrier and endothelial 
tight junctions. The activation of the Wnt signaling pathway by 
Norrin can repair these VEGF-mediated changes in subsequent 
cultures. Currently, there is no treatment until loss capillary loss 
occurs, and then destructive laser is done. We suggest that treatment 
of damaged retinal endothelial cells prior to capillary loss or 
extensive VEGF-driven exudation medically may lead to preservation 
of vision and visual field.
Commercial Relationships: Prethy Rao, None; 
Aristomenis Thanos, None; Jeremy D. Wolfe, None; 
Michael T. Trese, None
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Ranibizumab 0.5 mg in Asian patients with visual impairment 
due to macular edema secondary to central retinal vein occlusion: 
results from the 12-month CAMELLIA study
Zhizhong Ma1, Liansheng Zhu2, Annemarie Weisberger3, Yu Cheng2, 
Chang Liu2. 1Peking University Third Hospital, Beijing, China, 
Beijing, China; 2China Novartis Institutes for Biomedical Research 
Co., Ltd., Shanghai, China; 3Novartis Pharmaceutical Corporation, 
East Hanover, NJ.
Purpose: To assess the efficacy and safety of an individualized 
dosing regimen of ranibizumab 0.5 mg in Asian (primarily Chinese) 
patients with visual impairment due to macular edema secondary to 
central retinal vein occlusion (CRVO).
Methods: A 12-month, phase III, multicenter, double-masked, 
randomized, sham-controlled study. Patients with CRVO were 
randomized 3:1 to receive ranibizumab pro re nata (PRN) or sham. 
Ranibizumab-group patients received 3 initial consecutive monthly 
injections, followed by individualized stabilization criteria-driven 
PRN treatment. Sham-group patients received sham injections up 
to Month 2 and could receive ranibizumab PRN from Month 3 
onwards. The primary objective was to demonstrate superiority of 
ranibizumab versus sham based on the average best-corrected visual 
acuity (BCVA) change from baseline to Month 1 through Month 3. 
Secondary endpoints included change in BCVA and central subfield 
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thickness (CSFT) over time, treatment exposure, and safety over 12 
months.
Results: Of the 252 patients (ranibizumab, n=190 and sham, n=62), 
89.7% patients completed the study; majority (82.5%) were of 
Chinese ethnicity. The mean age was 54.1 years; 53.6% patients 
were male. Mean baseline BCVA was 53.2 and 53.6 letters in the 
ranibizumab and sham groups, respectively. Ranibizumab was 
superior to sham at Month 3 (least squares mean average change 
in BCVA from baseline: +11.3 vs -2.7 letters, one-sided p<0.001 
[derived from Cochran-Mantel-Haenszel test]). At month 12, the 
mean change in BCVA (Figure 1) and CSFT (Figure 2) from baseline 
was +14.5 letters and -441.7 μm in ranibizumab group and +6.5 
letters and -416.4 μm in the sham group, respectively. Over 12 
months, the mean number of ranibizumab injections were 8.2 and 
6.2 in the ranibizumab and sham groups, respectively. No new safety 
signals were reported over 12 months.
Conclusions: In Asian patients, individualized stabilization criteria-
driven PRN ranibizumab was superior to sham with regards to early 
VA gains that were maintained throughout study. Despite switching 
to ranibizumab from Month 3, the BCVA gains in the sham group 
never reached the same level as in the ranibizumab group at month 
12, showing the benefit of early treatment in achieving optimal visual 
outcomes. The safety profile of ranibizumab was consistent with that 
reported previously.

Commercial Relationships: Zhizhong Ma, None; Liansheng Zhu, 
Novartis (E); Annemarie Weisberger, Novartis (I), Novartis (E); 
Yu Cheng, Novartis (E); Chang Liu, Novartis (E)
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A PHASE IV STUDY TO ASSESS A TREAT-AND-EXTEND 
REGIMEN OF AFLIBERCEPT FOR TREATMENT OF 
MACULAR EDEMA SECONDARY TO CENTRAL RETINAL 
VEIN OCCLUSION IN NAÏVE PATIENTS. NEUTON STUDY
Jose Garcia-Arumi1, Francisco Gómez-Ulla2. 1Ophthalmology, 
Hospital Vall dʼHebron, Barcelona, Spain; 2Instituto Oftalmológico 
Gómez-Ulla, Santiago de Compostela, Spain.
Purpose: To assess the efficacy of aflibercept in naïve patients with 
macular edema (ME) secondary to central retinal vein occlusion 
(CRVO) with a treat-and-extend dosing regimen after loading dose.
Methods: 52 weeks, one treatment arm, multicenter, phase IV study 
in patients aged 18 years or over, diagnosed with ME secondary to 
CRVO and retinal thickness ≥250 mm, baseline BCVA of 20/40-
20/320 (Snellen optotype) in the study eye, and >20/400 in the 
contralateral eye. Patients previously treated with anti-VEGF, 
photodynamic or laser therapy in the study eye, with intraocular 
surgery (3 months before baseline visit), other ocular illness  
(that could affect the visual acuity), active intraocular inflammation,  
non-controlled blood pressure (>160 mmHg SBP/>100 mmHg DBP) 
or treated with corticosteroids (intra/periocular or implant, for the last 
3 months previous to the study), were excluded.
This is an interim analysis performed at week 12, after the initial 
loading period.
Results: A total of 30 patients were included (10 sites participated). 
Baseline characteristics showed a mean (SD) age of 62.6 (14.8) years, 
50.0% were male, 100% Caucasian, with a median time  
(Q1-Q3) since diagnosis of 0.3 (0.1-0.5) months, mean (SD) SBP/
DBP of 137.3 (16.4)/83.1 (11.7) mmHg, intraocular pressure of 
15.4 (3.2) mmHg, and 73.3% presented relevant medical history 
(mostly arterial hypertension 53.3%, followed by dyslipidaemia 
26.7%). At baseline, the mean (SD) BCVA was 55.3 (16.2) letters 
in the study eye and 81.8 (7.8) letters in the contralateral eye. At 
week 12, the mean BCVA in the study eye increased to 70.2 (19.8) 
letters, with a mean change from baseline of +14.1 (13.9) letters 
(p=0.0002). Nine out of 20 (45.0%) patients gain ≥15 letters in the 
BCVA. At least three patients presented ocular adverse events (AEs) 
(1 hyposphagma, 2 keratitis and 1 visual acuity decrease). Ocular 
serious AEs (SAE) were not reported. At least 11 patents presented 
non-ocular AEs, three of them were SAEs (1 femur fracture, 1 
transient cerebral ischemia and 1 lung neoplasm surgery).
Conclusions: At week 12, treatment with aflibercept in naïve patients 
with ME secondary to CRVO showed a good efficacy, with a mean 
BCVA gain of 14 letters, and almost half of patients gain ≥15 letters. 
Treatment with aflibercept was well-tolerated.
Commercial Relationships: Jose Garcia-Arumi, None; 
Francisco Gómez-Ulla, Baush+Lomb (S), Novartis (S), Bayer (R), 
Allergan (R), Baush+Lomb (R), Alcon (R), Allergan (S), Alcon (S), 
Novartis (R), Bayer (S)
Support: Bayer
Clinical Trial: EudraCT Number: 2014-000975-21
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Factors Contributing to Persistent Macular Edema in Retinal 
Vein Occlusion
Tahreem A. Mir, Gulnar Hafiz, Sidra Zafar, Adrienne W. Scott, 
Ingrid E. Zimmer-Galler, Adam Wenick, Sharon Solomon, Syed 
Mahmood A. Shah, Christopher Brady, Catherine Meyerele, 
Akrit Sodhi, Saleema Kherani, Peter A. Campochiaro. 
Ophthalmology, Wilmer Eye Institute, Johns Hopkins University, 
Baltimore, MD.
Purpose: We performed a post-hoc analysis of a randomized 
controlled trial (RELATE Study) to identify factors that contribute to 
persistent macular edema (ME) in retinal vein occlusion (RVO)
Methods: Forty-two BRVO and 39 CRVO subjects were included. 
Subjects not able to achieve a 3-month edema free period as 
determined by spectral domain optical coherence tomography  
(SD-OCT) throughout the 36 month trial were categorized as 
Persistent ME (group 1) whereas those with at least one 3-month 
edema-free period were Intermittent ME (group 2). Factors that 
could contribute to persistent ME, such as microvascular changes 
(microaneurysms; MAs), age and disease duration, as well as visual 
and anatomic outcomes and treatment burden were compared 
between the 2 groups.
Results: Forty-six percent of BRVO and 38% of CRVO subjects had 
persistent ME. For BRVO, age, disease duration, central subfield 
thickness (CST, μm) and best-corrected visual acuity (BCVA, 
ETDRS letters) were balanced at baseline (BL), but there were 
more patients with MAs in group 1 (60% vs 27.3%, p=0.03). At 
month (M) 6, BCVA was significantly lower in group 1 vs group 2 
(58.9+2.5 vs 69.4+3.2, p=0.01), but was comparable at all other time 
points. CST (all time points) and number of anti-VEGF injections 
were comparable. The greater number of group 1 patients with MAs 
persisted at M6 (73.3% vs 23.8%, p=0.003) and M12 (81.3% vs 
26.3%, p=0.001), but not at later time points.
For CRVO, age, disease duration, CST, and patients with MAs were 
balanced between the 2 groups, but group 1 patients had significantly 
lower BCVA (38.6+3.0 vs 53.9+2.7, p=0.001) at BL, which was 
maintained at M6 (51.8+3.7 vs 70.3+2.95, p<0.001), M12 (50.3+4.9 
vs 69.8+3.4, p=0.003) and M24 (53.5+4.9 vs 69.2+3.52, p=0.02). 
Group 1 patients had a significantly greater CST at M6 (363.4+37.1 
vs 281.6+17.4, p=0.04), M12 (458.1+50.3 vs 317.6+22.0, p=0.02) 
and M24 (369.3+36.6 vs 285.8+20.8, p=0.04), but not M36. The 
number of patients with MAs was comparable in the 2 groups at BL 
and early time points, but was significantly greater in group 1 at M36 
(83.3% vs 41.7%, p=0.05). Patients in group 1 received significantly 
more anti-VEGF injections (22.2+2.3 vs 16.0+1.3, p=0.02).
Conclusions: MAs are associated with persistent ME in patients with 
BRVO and CRVO, which may increase treatment burden. Poor vision 
at BL in patients with CRVO may predict persistent ME which is 
associated with poor visual and anatomic outcomes
Commercial Relationships: Tahreem A. Mir, None; Gulnar Hafiz, 
None; Sidra Zafar, None; Adrienne W. Scott, Thromogenics 
Inc (F), Allergan (C); Ingrid E. Zimmer-Galler, None; 
Adam Wenick, Alcon Research Ltd (F); Sharon Solomon, None; 
Syed Mahmood A. Shah, None; Christopher Brady, None; 
Catherine Meyerele, None; Akrit Sodhi, None; Saleema Kherani, 
None; Peter A. Campochiaro, Genentech/Roche (C), Genentech/
Roche (F)
Support: Study drug and Financial Support was provided by 
Genentech
Clinical Trial: NCT01003106
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Targeting hypoxia-inducible factor (HIF) for functional rescue of 
retinal vasculature in neurodegenerative disease
Elena Ivanova1, 2, Botir T. Sagdullaev1, 2. 1Burke Medical Research 
Institute, White Plains, NY; 2Weill Medical College of Cornell 
University, New York, NY.
Purpose: Controversy exists regarding the fate of retinal blood 
vessels in rod-originating forms of retinal degeneration. We tested the 
hypothesis that the survival of blood vessels, blood supply and blood 
retinal barrier are compromised in rd10 mice, a model of human 
retinitis pigmentosa and that the function of the blood vessels can be 
promoted by targeting hypoxia-inducible factor (HIF) in vivo.
Methods: First, we determined the density of functional blood 
vessels, their diameter and integrity of blood retinal barrier at P10, 
P14, P20, P30, P70, P210 in rd10 mice and wt controls. Freshly 
enucleated eyes were fixed and immunolabeled for markers of 
vascular cells and components of the blood brain barrier. To 
determine contribution of HIF to survival of retinal vasculature in 
rd10 mice in vivo, we treated mice with Adaptaquin starting from 
P16. After a weak of daily injections with 40 mg/kg i.p. or topical eye 
treatments, retinal blood vessels were evaluated.
Results: During progression of photoreceptor degeneration, retinal 
blood vessels became constricted and progressively degenerated. 
Degradation of the functional blood vessels was most evident in the 
deep vascular layer where 70 ± 30% (N = 5 mice) of blood vessels 
remained at P20 and only 10 ± 5% (N = 5) was present at P210. The 
superficial layer was least affected. At later stages, outer and inner 
retinal blood barrier became compromised. To prevent degradation of 
blood vessels we used Adaptaquin, a potent and selective inhibitor of 
prolyl hydroxylases enzymes which direct HIF for the proteosomal 
degradation. The treatment resulted in 44 ± 24% (N = 5) increase of 
density and a better perfusion of the retinal blood vessels.
Conclusions: Retinal blood vessels become compromised early 
in retinal degeneration preceding the death of rod and cone 
photoreceptors. Targeting HIF program promoted survival and 
function of the retinal blood vessels. Preservation of the blood vessels 
in retinal degeneration may have therapeutic benefits of extending 
photoreceptor survival and/or preventing cone secondary death.
Commercial Relationships: Elena Ivanova, None; 
Botir T. Sagdullaev, None
Support: NEI Grant EY026576

Program Number: 1547 Poster Board Number: B0379
Presentation Time: 8:30 AM–10:15 AM
Case Series of Pediatric Sickle Retinopathy by Ultra-Widefield 
Fluorescein Angiography and OCT-Angiography Suggests 
Frequent Early Pathology
Daniel A. Pahl1, Nancy S. Green2, Monica Bhatia2, Maureen Licursi2, 
Courtney Briamonte2, Elana Smilow2, Jonathan S. Chang3, 
Margaret T. Lee2, Royce W. Chen3. 1Columbia College of Physicians 
and Surgeons, New York, NY; 2Department of Pediatrics, Columbia 
University Medical Center, New York, NY; 3Department of 
Ophthalmology, Columbia University Medical Center, New York, 
NY.
Purpose: Sickle cell retinopathy (SCR) has been reported to occur in 
10% of children using standard screening techniques. We performed a 
prospective, observational clinical study to determine if novel retinal 
imaging devices, including ultra-widefield fluorescein angiography 
(UWFA), spectral-domain optical coherence tomography (SD-OCT), 
and optical coherence tomography angiography (OCT-A), would 
detect a higher frequency of disease in children with sickle cell 
disease (SCD).
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Methods: A consecutive series of children with SCD of any 
phenotype, ages 10-19 years, and age-equivalent controls are 
described. Examinations including acuity, standard slit-lamp 
biomicroscopy, UWFA, SD-OCT and OCT-A were performed. 2 
children were not able/refused to undergo UWFA testing and two 
UWFA tests (4 eyes) were considered inadequate. Only one control to 
date has undergone UWFA testing.
Results: Sixteen children with SCD (mean age 14.9 years) and 3 
controls (mean age 16.3 years) were evaluated. No patients had visual 
complaints at time of examination. While 22/32 SCD eyes (68.8%) 
had retinopathy on biomicroscopy, UWFA was more sensitive: all 
24/24 SCD eyes (100%) had peripheral arterial occlusion (Goldberg 
I), and 21/24 eyes (87.5%) had peripheral arteriovenous anastomoses 
(Goldberg II) that were undetectable by biomicroscopy. No patients 
had neovascular seafans (Goldberg III), vitreous hemorrhage 
(Goldberg IV), or retinal detachment (Goldberg V). SD-OCT 
showed thinning of the temporal macula in 6/32 eyes (18.8%), 
and OCT-A of the same 6/32 eyes (18.8%) revealed flow voids in 
both the superficial and deep retinal capillary plexus in the area of 
thinned retina. Both the SD-OCT and OCT-A abnormalities were 
undetectable with biomicroscopy. Control patients demonstrated no 
abnormalities by biomicroscopy, SD-OCT, OCT-A, or UWFA.
Conclusions: All 16 children with SCD in this case series 
demonstrated evidence of SCR using the combination of 
biomicroscopy, UWFA, SD-OCT, and OCT-A imaging. Findings 
from these sensitive imaging modalities suggest that pediatric SCR 
is more prevalent than previously suspected. Larger cross-sectional 
and prospective analyses are needed to confirm these findings and 
identify their significance for detecting pathology. If confirmed, these 
approaches may enhance early screening for patients at risk of the 
vision-threatening consequences of SCR.
Commercial Relationships: Daniel A. Pahl; Nancy S. Green, 
None; Monica Bhatia, None; Maureen Licursi, None; 
Courtney Briamonte, None; Elana Smilow, None; 
Jonathan S. Chang, None; Margaret T. Lee, None; 
Royce W. Chen, None
Support: This work was supported by a research award from 
the Irving Institute for Clinical and Translational Research 
(1UL1TR001873, PI H. Ginsberg) to RWC, a training award 
(2T35HL007616, PI R. Leibel) to DAP, and an unrestricted grant 
from Research to Prevent Blindness.
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Bilateral Retinal Vein Occlusion
Diana Leitner, Akshay Thomas, Sharon Fekrat. Ophthalmology, Duke 
University, Durham, NC.
Purpose: Retinal vein occlusion (RVO) is bilateral in about 10% of 
cases. We compare risk factors and clinical outcomes in persons with 
central retinal vein occlusion (CRVO) in one eye and any RVO in the 
fellow eye versus those with unilateral CRVO.
Methods: A retrospective observational study identified persons 
with CRVO in one eye seen at our institution. The following data 
were collected: demographic factors, traditional RVO risk factors, 
work-up for secondary causes, time to involvement of the fellow eye, 
treatment, and outcomes. Individuals with unilateral CRVO (Group 
1) were compared to those with CRVO in one eye and any RVO in 
the fellow eye (Group 2).
Results: We identified 245 persons with CRVO in one eye. Of these, 
19 (7.8%) had an RVO in the second eye, including 10 (53%) with 
bilateral CRVO, 2 (11%) with a hemiretinal vein occlusion (HRVO), 
and 7 (37%) with a branch retinal vein occlusion (BRVO). Compared 
to those with a unilateral CRVO, persons with bilateral RVO had no 

significant difference in rates of risk factors, such as hypertension, 
diabetes, or smoking, or in use of aspirin or other blood thinners. 
Persons with bilateral RVO were significantly more likely to be 
prescribed oral pentoxifylline (p=0.027). There was no significant 
difference in presenting visual acuity in the CRVO eye between 
the two groups. Persons with bilateral RVOs received significantly 
fewer injections in the 1 year after diagnosis of CRVO (p=0.002) 
and at final follow-up (p=0.002). There was no significant difference 
in outcomes at last follow-up visit including visual acuity, presence 
of macular edema, or central macular thickness. No one had the 
simultaneous onset of bilateral RVO. There was a wide variation in 
time to involvement of the fellow eye; ranging from 2 weeks to 39 
years. In 32%, work-up revealed other ocular or systemic causes that 
may have contributed to the bilaterality of the RVO.
Conclusions: Our study found 7.8% of persons with CRVO in 
the one eye also had any RVO in the fellow eye, consistent with 
previously published prevalence rates of bilateral RVO. Persons with 
a CRVO in one eye and any RVO in the fellow eye have an increased 
likelihood of an underlying etiology. There was a wide variation in 
time to second eye involvement.
Commercial Relationships: Diana Leitner, None; 
Akshay Thomas, None; Sharon Fekrat, None
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Niacin (nicotinic acid) may reduce the risk of iris 
neovascularization in CRVO, and may show reversibility of effect 
when discontinued
Michael W. Gaynon1, Ehsan Rahimy1, Yannis M. Paulus2, 
Sam Mansour3, Janet L. Alexander4. 1Ophthalmology, Palo Alto 
Medical Foundation, Palo Alto, CA; 2Ophthalmology, University 
of Michigan, Ann Arbor, MI; 3Ophthalmology, Virginia Retina, 
Warrenton, VA; 4Ophthalmology, University of Maryland, Baltimore, 
MD.
Purpose: Purpose: In a prospective study of 50 CRVO patients, we 
previously found that niacin, possibly acting as a vasodilator, was 
associated with improved visual acuity (VA) and central macular 
thickness (CMT) at one year compared to controls. We hypothesized 
that niacin may possibly enhance collateral vessel formation, and by 
dilating choroidal vessels, may possibly reduce outer retinal hypoxia, 
accounting for those findings. There also appeared to be a reduced 
risk of iris neovascularization (NVI) and neovascular glaucoma 
(NVG), with six patients with ischemic CRVO developing mild 
mid-stromal NVI that spontaneously regressed while taking niacin. 
We now report the potential risk of worsening iris neovascularization 
after cessation of niacin treatment.
Methods: Methods: A prospective, non-randomized, unmasked 
interventional case series study was conducted to study the effects 
of niacin on 50 patients with CRVO at a single institution. Niacin 
(nicotinic acid) was given in a dose of 500mg PO TID. Outcome 
measures included visual acuity, the presence or absence of iris 
or retinal neovascularization or neovascular glaucoma on dilated 
fundus exam, and central macular thickness on OCT. The primary 
study endpoint was at one year, but many of the patients have now 
been followed for over 10 years. Some patients inadvertently or 
deliberately discontinued niacin, sometimes with reversibility of 
effect regarding vision and central macular thickness. We studied the 
effect of discontinuing niacin on iris neovascularization.
Results: Results: Six patients of the 50 (12%) developed iris 
neovascularization. Of these, only one patient discontinued niacin, 
11 years after onset of the CRVO. This patient had preexisting severe 
NPDR in the eye that developed a profoundly ischemic CRVO. The 
fellow eye eventually had PDR, stable after PRP. Transient, minimal, 
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indolent-appearing mid-stromal iris neovascularization appeared one 
year after onset of the CRVO, but soon disappeared, similar to that 
seen in the other five patients. Ten years later, the patient stopped 
niacin, and quickly developed florid NVI and neovascular glaucoma, 
requiring a tube shunt.
Conclusions: Conclusion: Niacin may possibly reduce the risk of 
neovascular glaucoma in eyes with ischemic CRVO, with or without 
additional vasculopathic risk factors. Discontinuing niacin may lead 
to late onset of neovascular glaucoma.
Commercial Relationships: Michael W. Gaynon, None; 
Ehsan Rahimy, None; Yannis M. Paulus, None; Sam Mansour, 
None; Janet L. Alexander, None
Clinical Trial: NCT00493064
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Systemic Lupus Erythematosus Associated Retinopathy in India. 
A study of clinical presentation and treatment outcomes
Prabhat Nangia1, Viswanathan L2, Jyotirmay Biswas2. 1Post 
Graduates, Sankara Nethralaya, Chennai, India; 2Ocular Pathology 
and Uveitis, Sankara Nethralaya, Chennai, India.
Purpose: Systemic Lupus Erythematosus Associated Retinopathy 
(SLER) is known to occur. Its prevalence may reach 29% in patients 
with active disease. It may be associated with significant visual 
impairment and may present with, cotton wool spots, vasculitis, 
vascular occlusions, capillary non perfusion significantly poor visual 
progrnosis. it was the purpose to study the presentation features of 
SLER, the type of intervention and outcomes in a tertiary eye care 
center in south India.
Methods: All subjects presenting with retinopathy related to SLE 
from 2002 to 2016 were included. There were 18 eyes of 9 subjects.
(8 females) The mean age was 25.55±7.92 yrs. (16-36). All subjects 
underwent an examination by a retina consultant and relevant 
investigations. 7/9 subjects presented with a diagnosis of SLE and 2/9 
were diagnosed later. The average time from diagnosis to presentation 
was 36.33±46.94 months.
Results: 4 patients presented with bilateral gradual decrease in 
vision. 3 patients with sudden diminution of vision. Flashes and 
floaters were a symptom in one eye. Pain and blurring were seen 
in the remaining eyes. Patients presented with significant visual 
impairment with a mean BCVA of logMAR 0.96±0.90. 9/18 (50%) 
eyes presented with logMAR VA of 1 or less. Any retinopathy was 
seen in 13/18 eyes (72.22%), which included hard exudates, cotton 
wool spots, vascular sheathing, retinal, vitreous and subhyaloid 
haemorrhage, macular oedema, neovascularisation of the retina, 
combined retinal artery and vein occlusion and tractional retinal 
detachment. 4 eyes underwent vitrectomy procedures, 9 eyes laser 
treatment. All patients received oral steroids and 8/9 recieved 
immunosuppresives. The mean follow up was 28.08±31.12 months. 
Mean BCVA logMAR at last follow up was 0.91±0.82. 9/18 eyes 
continued to have a mean BCVA logMAR of 1 or worse.
Conclusions: SLE associated retinopathy is a relatively rare 
presentation in India. Patients present with significant visual 
impairment associated with with sudden or gradual decrease 
in vision. A variety of retinal pathology is seen. Inspite of 
appropriate retinal and systemic treatment, the visual outcomes 
remained guarded. Early diagnosis of SLE, and early detection and 
management of SLE retinopathy may be important for improving the 
visual outcomes.
Commercial Relationships: Prabhat Nangia, None; 
Viswanathan L, None; Jyotirmay Biswas, None
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Segmented Swept Source Optical Coherence Tomography 
Angiography in Coats’ Disease: New Perifoveal Microvascular 
Changes in the Healthy Eye and Correlation with Disease Stage 
in the Affected One
Katarzyna M. Chwiejczak1, Susmito Biswas1, 2, Francesco Stringa1, 
Alessandro Papayannis1, Emmanouil Tsamis1, 3, Paulo E. Stanga1, 2. 
1Manchester Vision Regeneration (MVR) Lab at Manchester Royal 
Eye Hospital & NIHR/Wellcome Trust Manchester CRF and 
Manchester Royal Eye Hospital, Central Manchester University 
Hospitals NHS Foundation Trust, Manchester, United Kingdom; 
2Division of Evolution & Genomic Sciences, School of Biological 
Sciences, Faculty of Biology, Medicine and Health, University 
of Manchester, Manchester, UK, Manchester, United Kingdom; 
3Division of Pharmacy & Optometry, School of Health Sciences, 
Faculty of Biology, Medicine and Health, University of Manchester, 
Manchester, UK, Manchester, United Kingdom.
Purpose: Verify whether Segmented Swept Source Optical 
Coherence Tomography Angiography (sSS OCT-A) can reveal any 
new clinically significant microvascular findings in the macula of 
the healthy eyes in patients with unilateral Coat’s disease and their 
correlation to stage of disease in the affected eye.
Methods: Patients (Mean Age: 11.5± 4.18, range 7-18 years, 1 
female and 10 males) with unilateral Coats’ disease (stages 2A, 
stage 2B, and previously treated stage 3). Eyes underwent sSOCT-A 
(DRI Triton®, Topcon Corporation, Tokyo, Japan, software version: 
IMAGEnet® 1.19) 3x3mm macular fovea-centered scans. Scans were 
semi-automatically (manual changes to the segmentation boundaries 
were carried out if necessary) segmented: superficial (SP) and 
deep (DP) neurovascular plexuses, outer retina and choriocapillaris 
and findings analysed on a per plexus basis. Surface area (A), 
horizontal(H) and vertical (V) diameters of foveal avascular zone 
(FAZ) were assessed by 2 independent observers and Mean Values 
calculated. Vascular density (VD) was measured for the SP and DP in 
the foveal (1) and parafoveal (4) areas and the Mean Value for the 5 
areas calculated.
Results: For SP: A = 83.82 to 428.78 μm2 (Mean Value: 211,416 ± 
126.77μm2), V = 285 to 896μm (Mean Value: 563.77 ± 218.98μm); 
H = 234 to 716.5μm (Mean Value: 504.14 ± 144.14μm) and VD = 
50.2 to 72,8 (Mean Value: 58.69 ± 6.7). For DP: A = 83.85 to 289.73 
μm2 (Mean Value: 178,11± 79.05μm2), V = 231.5 to 606μm (Mean 
Value 427.86 ± 105.3μm); H = 414 to 596μm (Mean Value :474.9± 
86.85 4μm) and VD = 29.8 to 44.2 (Mean Value: 38.02± 4.8μm). 
There was no correlation between imaged parameters and the stage of 
disease in the affected eye. We observed peri-FAZ changes in the SP: 
temporal pruning (2 patients, stage 3), vascular loops (1 patient,  
stage 3), pruning and loops (2 patients, stage 3) and crossing of 
vessels  
(1 patient, stage 2b).
Conclusions: Surface area and diameters of FAZ, as well as VD, 
varied largely between individuals. Clinically healthy fellow eyes 
show on sSS OCT-A distinct perifoveal microvascular changes 
in the SP. There seems to be no correlation between the reported 
microvascular changes in the healthy eye and stage of disease in the 
affected eye.
Commercial Relationships: Katarzyna M. Chwiejczak, 
None; Susmito Biswas, None; Francesco Stringa, None; 
Alessandro Papayannis, None; Emmanouil Tsamis, None; 
Paulo E. Stanga, Topcon Corporation, Tokyo, Japan (R), Topcon 
Corporation, Tokyo, Japan (F), Topcon Corporation, Tokyo,  
Japan (C)
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Risk factors of Recurrence of Macular Edema Associated with 
Branch Retinal Vein Occlusion after Intravitreal Bevacizumab 
Injection
Seong-Woo Kim, Jun Ho Yoo, Jaemoon Ahn, jiyun Han, Jaeryung Oh. 
Ophthalmology, Korea University, College of Medicine, Ansan, 
Korea (the Republic of).
Purpose: To identify risk factors of recurrence of macular edema in 
branch retinal vein occlusion (BRVO) after intravitreal bevacizumab 
(IVB) injection.
Methods: The records of 63 patients who underwent IVB injection 
for macular edema secondary to BRVO with at least 6 months of 
follow-up were reviewed. Patients were evaluated at baseline with 
fluorescein angiography (FA), optical coherence tomography (OCT), 
and ultra-wide-field fundus photography (WFP). During follow-
up, OCT and WFP were repeated. The area of retinal hemorrhage, 
central retinal thickness (CRT), area (mm2) of abnormal capillary 
non-perfusion within the 1-mm (NPA1) and 3-mm (NPA3) zones of 
the ETDRS circle, foveal capillary filling time, degree (°) of foveal 
capillary network destruction, and FA pattern were analyzed.
Results: The records of 63 patients who underwent IVB injection 
for macular edema secondary to BRVO with at least 6 months of 
follow-up were reviewed. Patients were evaluated at baseline with 
fluorescein angiography (FA), optical coherence tomography (OCT), 
and ultra-wide-field fundus photography (WFP). During follow-
up, OCT and WFP were repeated. The area of retinal hemorrhage, 
central retinal thickness (CRT), area (mm2) of abnormal capillary 
non-perfusion within the 1-mm (NPA1) and 3-mm (NPA3) zones of 
the ETDRS circle, foveal capillary filling time, degree (°) of foveal 
capillary network destruction, and FA pattern were analyzed.
Conclusions: In BRVO patients with non-perfusion of more than half 
of the 1-mm zone of the ETDRS circle or whose initial CRT is more 
than 570 μm, a high degree of suspicion of macular edema recurrence 
within 6 months of IVB injection is warranted.

Measurement of the extent of foveal capillary network destruction 
and the capillary non-perfusion area

Receiver operating characteristic curve for the area of capillary non-
perfusion within the ETDRS circle 1-mm zone and the initial central 
retinal thickness, used as a predictor of macular edema recurrence 
after IVB injection for branch retinal vein occlusion associated with 
macular edema.
Commercial Relationships: Seong-Woo Kim, None; Jun Ho Yoo, 
None; Jaemoon Ahn, None; jiyun Han, None; Jaeryung Oh, None
Support: This research was supported by Basic Science 
Research Program through the National Research Foundation 
of Korea(NRF) funded by the Ministry of Education (NRF-
2016R1D1A1A02937018)
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Norrin induces expression of genes characteristic of the BRB in 
primary human Retinal Endothelial Cells
Wendy Dailey1, Kenneth P. Mitton1, Kimberly Drenser2, 1, 
Kevin Roumayah1, Michael T. Trese2, 1. 1Eye Research Institute, 
Oakland University, Rochester, MI; 2Associated Retinal Consultants, 
Royal Oak, MI.
Purpose: VEGF initiates break down of the BRB by increasing the 
expression of enzymes that degrade the cell-to-cell junction proteins 
and by inducing leukocyte adhesion proteins that allow monocytes 
to stick to the lining of the vessels. Norrin is a Wnt signaling ligand 
that can stabilize vessels, restoring the BRB in the OIR mouse model 
retina. Here we examined the expression of genes involved in the 
BRB to identify norrin induced changes at a cellular level.
Methods: mRNA was isolated from Human Retinal Microvascular 
Endothelial (HRMECs) that had been cultured for 24 hours with 
or without norrin (250 ng/ml). Two SuperArray, 84 gene, RT-PCR 
Arrays (Angiogenesis & Endothelial Cell Growth Factor) were then 
used to compare expression differences in control and norrin treated 
HRMECs. Additionally, HRMECs were treated with VEGFA165b 
(100ng/ml) with or without Norrin (250ng/ml) for 24hrs and 
Claudin-5 and VE-Cadherin Taqman assays were used to compare 
changes in the expression of these cell-to-cell junction proteins.
Results: In the “Angiogenesis” panel seven genes were down-
regulated by greater than 2X after norrin treatment; BMP2 (-31), 
TGFA (-9), HGF (-5), CXCL6 (-4), TYMP (-3), FOX04 (-2) and 
SPINK5 (-2). In the “Endothelial Cell” panel fifteen genes were 
down-regulated greater than 4X however most of these had low 
expression in both treated & control samples. The exception was 
EDN1 which had a moderate level of expression in the control and 
was 5 fold lower in the norrin treated HRMECs. Other genes down 
regulated were PDGFRA (-67), TNFSF10 (-54), SELPLG (-31), 
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PLAU (-31), ANGPT1 (-34) and COL18A (-3). No genes in the 
Angiogenesis panel were up-regulated. The expression of two genes 
in the Endothelial panel were increased by two fold; SERPINE1 (2) 
& THBD (2). VEGFA, itself was not dysregulated. Both Claudin-5 
and VE-Cadherin expression was greater in cells treated with a 
[Norrin and VEGFA165b] versus those treated with VEGF165b 
alone.
Conclusions: Norrin appears to alter the expression of several genes 
involved in plasmin induced ECM degradation (SPINK5, PLAU, 
SERPINE1). A decrease in the expression of two genes (SELPLG & 
BMP2) involved in leukocyte adhesion was also seen. Importantly, 
the expression of Claudin-5 and VE-Cadherin genes was greater 
when norrin was added to VEGF induced HRMECs. Norrin may act 
in multiple ways to shore up the BRB.
Commercial Relationships: Wendy Dailey, None; 
Kenneth P. Mitton, None; Kimberly Drenser, Retinal Solutions (I); 
Kevin Roumayah, None; Michael T. Trese, Retinal Solutions (I)
Support: Vision Research Ropard Foundation
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1 year-Real world clinical audit of aflibercept use in the 
management of macular edema secondary to central retinal vein 
occlusion at Moorfields Eye Hospital
Eleni Vrizidou, Maria Eleftheriadou, Fani Zacharaki, Peter Addison. 
Medical Retina, Moorfields Eye Hospital, LONDON, United 
Kingdom.
Purpose: Landmark multi-center studies (COPERNICUS,GALILEO) 
have demonstrated the efficacy of aflibercept use for macular edema 
(ME) secondary to central retinal vein occlusion (CRVO)
This retrospective, observational clinical study examines aflibercept 
treatment outcomes in a tertiary center CRVO injection service for 
comparison to idealized outcomes
Methods: Aflibercept was used as the first-line intravitreal agent for 
ME secondary to CRVO at monthly intervals until maximum visual 
acuity and OCT parameters were noted. All patients who started 
treatment within 6 months of 1/06/15 and who had not received 
alternate treatment for ME within the prior 3 months were included
Results: 29 eyes of 28 patients are included.9 eyes (31%) were 
ischemic (>10 disc areas of angiographic non-perfusion).9 eyes 
(31%) had macula ischemia, 5 of these 9 eyes(55.5%) had peripheral 
ischemia too. Overall, 44.8% gained 15 or more letters, including 6 
of 9 eyes(66.7%) with macula ischemia. Mean vision gain was 12 
letters(range:-5 to +31; standard deviation [SD]:10). Initial vision 
in the non-ischemic group was 52 letters (range: 10-85; SD: 19) 
and 23 letters in the ischemic group (range: 0-64; SD:24; p<0.005), 
however both groups gained an average of 13 letters with treatment. 
Average decrease in CRT was 275um (range:-176-860; SD:231). 
37.9% achieved dry OCT with treatment. No patients developed 
neovascularization at the anterior or posterior segment
Sub-group analysis of treatment naïve patients(14 letter gain 
[SD:10];CRT reduction 290 [SD: 246]) did not show a significant 
difference in mean visual improvement or CRT reduction when 
compared to previously treated patients (9.2 letter gain [SD:11] CRT 
reduction 251 [SD:215], p=0.66)
Conclusions: In this study visual and anatomic parameters were 
improved significantly, but not to the same degree as in idealised 
clinical trials. Interestingly, ischemic group demonstrated a 
significant and meaningful improvement in vision, and should not 
preclude a trial of treatment in clinical practice.
Commercial Relationships: Eleni Vrizidou, None; 
Maria Eleftheriadou, None; Fani Zacharaki, None; 

Peter Addison, Bayer (F), Bayer (S), Novartis (S), Allergan (F), 
Allimen (S), Novartis (F)
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Spectral-domain optical coherence tomography findings in retinal 
vessel occlusion – A pilot study of detecting ischemia in OCT
Egbert Matthe1, Olga Furashova2. 1Department of Ophthalmology, 
University Hospital Carl Gustav Carus, TU Dresden, Dresden, 
Germany; 2Department of Ophthalmology, Klinikum Chemnitz, 
Chemnitz, Germany.
Purpose: Retinal vessel occlusions might lead to ischemia of the 
inner retina, more severe so in artery occlusions. Intracellular edema 
may develop and decrease transparency of those layers, showing 
retinal edema. In spectral domain optical coherence tomography 
(SD-OCT) retinal reflectivity changes as a result of retinal edema. We 
examined the reflectivity changes of different retinal layers between 
healthy eyes and eyes with retinal artery occlusion and ischemic 
or non-ischemic vein occlusions. Aim of the study was to evaluate 
whether those changes can be used to measure the level of ischemia 
in the inner retina.
Methods: Retrospective evaluation of 60 eyes with retinal artery 
and 34 eyes with retinal vein occlusion. Fluorescein-Angiography 
was performed to distinguish between ischemic and non-ischemic 
vein occlusion. SD-OCT-scans of affected retina where exported as 
black-on-white-JPEG-pictures to Adobe Photoshop. Areas of vitreous 
body (VB), ganglion cell layer (GC), inner plexiform layer (IPL) 
und outer nuclear layer (ONL) 1000μm away from the fovea were 
marked and mean gray scale calculated to quantify reflectivity (0: 
black, high reflectivity; 255: white, low reflectivity). Comparison of 
those values with healthy partner eyes (Student‘s t-test, double-sided, 
heteroskedastic; p<0.05 chosen as statistically significant).
Results: Given are grayscale values of different layers in healthy 
eyes, non-ischemic and ischemic vein occlusion and artery occlusion. 
Reflectivity of VB does not differ significantly (247; 250; 246; 
245; p>0.05). GC and IPL reflectivity increased. Differences where 
significant between healthy and all forms of occlusion (GC: 160; 
128; 102; 97; p<0.05; IPL: 189; 160; 147; 145; p<0.05) and between 
artery, non-ischemic and ischemic vein occlusion, but not between 
non-ischemic and ischemic vein occlusions (p=0.63 und p=0.24). 
ONL reflectivity did not differ (225; 235; 238; 233; p>0.05).
Conclusions: In retinal vessel occlusions, SD-OCT-measured 
reflectivity changes in inner retinal layers according to the type of 
occlusion (artery or vein) and therefore presumably to the level of 
ischemia. There are significant differences between artery and vein 
occlusions. Vitreous body or outer nuclear layer reflectivity do not 
change and might be used for scaling purposes. According to this 
study, OCT can detect different levels of ischemic changes in the 
retina.
Commercial Relationships: Egbert Matthe, None; 
Olga Furashova, None
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Choroidal and retinal angiopathy in V30M hereditary 
transthyretin amyloidosis
Antoine Rousseau1, 2, Céline Terrada3, 4, Sara Touhami1, 
Emmanuel Barreau1, 2, Pierre-Raphael Rothschild7, Sophie Valleix5, 
Marie-Hélène Errera6, Cécile Cauquil8, 2, Anne Guiochon-Mantel9, 2, 
David Adams8, 2, Marc Labetoulle1, 2. 1Ophthalmology, Hopital 
Bicêtre, Assistance Publique-Hôpitaux de Paris, Université Paris-Sud, 
DHU Vision et Handicap, Le Kremlin Bicetre, France; 2Centre de 
Référence Neuropathies amyloïdes familiales et autres neuropathies 
rares, Le Kremlin Bicetre, France; 3Ophthalmology, Hopital 
Lariboisière, Paris, France; 4Centre de Référence pour les Maladies 
Vasculaires Rares du Système Nerveux Central et de la Rétine 
(CERVCO), Paris, France; 5Laboratoire de Biochimie et Génétique 
Moléculaire, Cochin Hospital, Assistance Publique - Hôpitaux 
de Paris, Paris-Ouest University., Paris, France; 6Ophthalmology, 
Quinze-Vingts National Eye Center, DHU Vision & Handicaps., 
Paris, France; 7Ophthalmology, Cochin Hospital, Assistance 
Publique - Hôpitaux de Paris, Paris-Ouest University., Paris, France; 
8Neurology, Hopital Bicêtre, Assistance Publique-Hôpitaux de 
Paris, Université Paris-Sud, Le Kremlin Bicêtre, France; 9Biochimie 
et Génétique Moléculaire, Hopital Bicêtre, Assistance Publique-
Hôpitaux de Paris, Université Paris-Sud, Le Kremlin Bicêtre, France.
Purpose: To identify retinal and choroidal vasculature abnormalities 
associated with hereditary amyloidosis secondary to V30M 
transthyretin mutation (V30M H-TTR-A) using fluorescein and 
indocyanin (ICG) green angiography.
Methods: This prospective monocentric observational study was 
conducted at the French National Reference Center for H-TTR-A 
between April 2014 and October 2015. Consecutive genetically 
confirmed and biopsy proven V30M H-TTR-A patients were 
included. All patients underwent complete neurological examination, 
including autonomic and sensorimotor polyneuropathy staging with 
validated clinical scores, and complete ophthalmological evaluation, 
including staging of intraocular amyloid deposits, color retinography, 
fluorescein (FA) and ICG angiograms (ICG-A).
Results: Eighteen H-TTR-A patients (11 males, 7 females, mean 
age 61.6 ± 12.1 years) with symptomatic polyneuropathy of variable 
severity were included. Mean disease duration at inclusion was 11 ± 
5.6 years (range: 3.3 - 20.7). Retinal amyloid angiopathy (RAA) was 
detected in 24 eyes (92%) of 13 patients, including microaneurysms, 
retinal hemorrhages, vascular sheathing, and retinal ischemia 
of variable extent, the latter being mostly underestimated with 
ophthalmoscopy and color retinography. Three patients  
(5 eyes) presented neovascular glaucoma and two (2 eyes) showed 
pre-retinal neovascularization. ICG-A revealed choroidal amyloid 
angiopathy (CAA) in all patients, with 3 distinct patterns: diffuse 
(9/18 patients), focal (5/18 patients) or punctiform (4/18 patients)  
late hyperfluorescence along the choroidal arteries.
Conclusions: Retinal amyloid angiopathy is a frequent and severe 
complication of H-TTR-A that may lead to anterior and posterior 
segment neovascularization. It may be underestimated with color 
retinography. Fluorescein angiograms should thus be performed in 
presence of fundoscopic signs for early detection and evaluation of 
this complication. Choroidal amyloid angiopathy was detected in 
all patients, with late hyperfluorescent delineation of the choroidal 
arterial vasculature that was very typical and reproducibly found in 
this series. This sign could be considered as of great help in patient 
who present with potential vitreous amyloid deposits, as the triad 
of suspected vitritis, RAA and CAA could help to differentiate 
H-TTR-A patients with other causes of uveitis masquerading 
syndrome, reducing the need for further investigations.
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Secretion of Down Syndrome Critical Region 1 Isoform4 in 
ischemic retinal ganglion cells displays anti-angiogenic properties 
via NFATc1-dependent pathway
yue xu, Yaguang Hu, Xiaoling Liang. Zhongshan Ophthalmic Center, 
Sun Yat-sen University, Guang Zhou, China.
Purpose: Down syndrome candidate region 1 (DSCR1) plays a 
role in number of physiological processes, such as inhibition of 
cardiachypertrophy, attenuation of angiogenesis and cancer, and 
protection against neuronal death, but the function of DSCR1 in the 
retina is still not clear. We hypothesize that DSCR1 may play an 
important role in ischemic retina via nuclear factor of activated T-cell 
(NFATc) 1-dependent pathway. In this study, we used an oxygen-
induced retinopathy (OIR) model to analyze DSCR1 expression 
location in retina and its effects on angiogenesis.
Methods: The neonatal C57BL/6J mice were exposed to 75% O2 
for 5 days from postnatal day 7 (P7) to P12. At P12, the mice were 
returned to 21 % O2 at room air. The primary retinal ganglion cells 
(RGCs) were exposed to hypoxia (93% N2, 5% CO2 and 2% O2) at 
37°C for 36 hours (h). And then the mouse retinal microvascular 
endothelial cells (mRMECs) treated with 25 ng/mL vascular 
endothelial growth factor (VEGF) or culture medium conditioned by 
hypoxic RGCs alone, hypoxic RGCs treated with siRNA to DSCR1-4 
(siDSCR1-4) or hypoxic RGCs treated with siDSCR1-4 and 200 ng/
ml Cyclosporin A (CsA), and then primed with VEGF (25 ng/mL).
Results: The expression of DSCR1-4 increased strongly at P16 
in OIR compared to the control. There was no change in mRNA 
expression of DSCR1-1 at P16 in OIR. The increased DSCR1 
was mainly located in the RGCs of avascular retina. In addition, 
DSCR1-4 expression was increased in primary RGCs after hypoxia 
exposure. There was no change in mRNA expression of DSCR1-
1 in primaryRGCs after hypoxia exposure. Moreover, DSCR1-4 
produced by hypoxic RGCs showed anti-angiogenic properties, with 
decreased cell proliferation, migration, tube formation, inflammatory 
cytokines production. These properties were incurred from inhibiting 
NFATc1 dephosphorylation and translocation into nuclear in VEGF-
induced mRMECs. Using siRNA-mediated knockdown of DSCR1-4 
and NFATc1 inhibitor (CsA), we found that DSCR1-4 inhibited 
angiogenesis in VEGF-induced mRMECs, and this effect was 
NFATc1-dependent.
Conclusions: This report describes novel DSCR1-4 anti-angiogenic 
effects, suggesting potential therapeutic strategies for proliferative 
retinopathies.
Commercial Relationships: yue xu, None; Yaguang Hu, None; 
Xiaoling Liang, None
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Re-injections of Ranibizumab by first presence of intraretinal 
fluid do not improve the final BCVA when compared with  
re-injections given by recurrence of macular edema in patients 
with BRVO
Matus Rehak1, Maria Tuisl1, Annegret Franke2, Peter M. Wiedemann1. 
1Department of Ophthalmology, University of Leipzig, Leipzig, 
Germany; 2Zentrum für klinische Studien, University of Leipzig, 
Leipzig, Germany.
Purpose: To evaluate whether re-treatment with intravitreal 
application of ranibizumab given by the first observation of 
intraretinal fluid detected by optical coherence tomography (OCT) 
improves the final best corrected visual acuity (BCVA) at month 12 
when compared with re-treatment given by presence of significant 
macular edema with decrease of BCVA
Methods: In total 18 treatment naive BRVO patients were included 
into the prospective interventional Trial (“Ranibizumab given by 
OCT”) and randomized into two group. Both groups received 3 initial 
monthly ranibizumab injections. Furthre re-treatment was guided by 
OCT findings. The experimental group received re-applications by 
first presence of intraretinal fluid even the BCVA remained stable. In 
the control group the re-injections were given when the recurrence of 
macular edema with decrease of BCVA ≥5 ETDRS letters. Changes 
in BCVA in ETDRS letters, central retinal thickness (CRT), number 
of applied ranibizumab injections and rates of adverse events  
(AEs and SAEs) were documented over 12 months and compared 
between the study arms.
Results: TThe BCVA improved in experimental group at last 
visit (EoS=End of Study) compared to baseline in mean 4.3 (SD± 
6.1) ETDRS letters and in the control group in mean 6.8 (SD± 
10.6) ETDRS letters. The difference between both groups was not 
significant (-2,44 letters; (95%CI:-11.06;6.17) letters; p=0.556). 
Here, a rather smaller heterogeneity was observed with higher BCVA 
score within the experimental group. Only minor group difference 
was observed regarding the CRT between groups during the course 
of trial (the change at EoS visit compared to baseline was in the 
experimental arm CRT -42.2μm (SD± 76.9μm) compared to control 
group with -80.8μm (SD± 164.4μm). The patients in experimental 
group received in mean 9.2 (SD± 2.9) and the controls 6.8 (SD± 3.2) 
ranibizumab applications. No relevant AEs and SAEs were observed 
in both study arms during the entire trial.
Conclusions: The immediate re-injection by the first presence of 
intraretinal fluid did not significantly improve the finale functional 
results of ranibizumab treatment in patients with BRVO. A larger 
trial with longer follow-up is necessary to investigate the impact of 
intensified anti-VEGF treatment on macular morphology and long-
time functional results.
Commercial Relationships: Matus Rehak, Novartis (F), Alimera 
(C), Bayer (C), Heidelberg (R), Alergan (R); Maria Tuisl, None; 
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Impact of baseline retinal nonperfusion on best corrected visual 
acuity in eyes with central retinal vein occlusion: post hoc 
analyses of COPERNICUS and GALILEO
David M. Brown1, Yuichiro Ogura2, Francesco Boscia3, 
Frank G. Holz4, Jean-Francois Korobelnik5, Jeffrey Heier6, 
Kay D. Rittenhouse7, Friedrich Asmus8, Christiane Ahlers8, 
Florian Hiemeyer8, Chengxing Lu7, Robert Vitti9, Namrata Saroj9, 
Nicolas Feltgen10. 1Retina Consultants of Houston, Houston, TX; 
2Nagoya City University Graduate School of Medical Sciences, 
Nagoya, Japan; 3University of Sassari, Sassari, Italy; 4University 
of Bonn, Bonn, Germany; 5CHU de Bordeaux, Bordeaux, 
France; 6Ophthalmic Consultants of Boston, Boston, MA; 7Bayer 
Pharmaceuticals, Whippany, NJ; 8Bayer Pharmaceuticals, Berlin, 
Germany; 9Regeneron Pharmaceuticals, Tarrytown, NY; 10University 
of Göttingen, Göttingen, Germany.
Purpose: Retinal nonperfusion may be an important factor impacting 
the efficacy of anti-VEGF agents in macular edema (ME) due 
to central retinal vein occlusion (CRVO). This post hoc analysis 
evaluates its role in COPERNICUS and GALILEO.
Methods: Patients with ME due to CRVO were randomized (3:2) 
to receive IAI 2 mg or sham monthly for 24 weeks. From Week 24 
(W24) until W52, all IAI–treated patients in both studies and the 
sham-treated patients in COPERNICUS were eligible to receive IAI 
based on visual and anatomical criteria. In these post hoc analyses, 
eyes were classified as having any macular retinal nonperfusion 
(MNP) determined by fluorescein angiography (FA) within the 
ETDRS field centered on the macula and as meeting the historic 
Central Vein Occlusion Study (CVOS) criteria of “ischemia” (CVOS 
“ischemic” Group [≥10 DA of nonperfusion on FA anywhere in the 
standard fundus seven subfields]). The association between eyes with 
any MNP and eyes with ≥10 DA of nonperfusion at BL were assessed 
by the kappa coefficient. Data from COPERNICUS and GALILEO 
were integrated.
Results: At BL, 51 eyes had ≥10 DA of nonperfusion in 7 standard 
fields; of these, 48 (94.1%) had MNP and 3 (5.9%) had no MNP. Of 
the 230 eyes with <10 DA nonperfusion in 7 standard fields at BL, 
156 (67.8%) had MNP and 74 (32.2%) had no MNP. Distribution 
of retinal perfusion status was balanced between the IAI and sham 
groups. There was low agreement between BL macular perfusion 
status and BL CVOS “ischemic” criteria (Kappa=0.12). The 
treatment effects at W52 with respect to mean changes in BCVA 
from BL were consistent regardless of BL retinal perfusion status in 
7 standard fields or MNP status for IAI (+14.2 to 16.7 letters) versus 
sham (+0.6 to 5.6 letters). By W52, the most frequent ocular serious 
adverse events were vitreous hemorrhage in COPERNICUS (3.2% 
of patients) and ME in GALILEO (3.5%). There were 3 Anti-Platelet 
Trialists’ Collaboration–defined arterial thromboembolic events in 
COPERNICUS (IAI, n=1; sham, n=2) and none in GALILEO.
Conclusions: In COPERNICUS and GALILEO, which included eyes 
meeting historic CVOS “ischemic” criteria and eyes with MNP, the 
treatment benefit of IAI on mean change in BCVA was robust and 
similar regardless of these BL characteristics.
Commercial Relationships: David M. Brown, Alimera, Allergan, 
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Pharmaceuticals, Lpath, NanoRetina, Ohr Pharmaceuticals, 
Regeneron Pharmaceuticals, Inc., RestorGenex, RetroSense, 
Scifluor, Shire, Stealth BioTherapeutics, Thrombogenics, and 
Valeant (C), Acucela, Apellis, Astellas, Corcept, Daiichi, EyeGate 
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A Modified Treat and Extend Approach for the Treatment of 
Retinal Vein Occlusion with Ranibizumab
Mariana Rossi Thorell, Tariq Aslam, Tarik Saddik, Sajjad Mahmood, 
Romi Chhabra, Konstantinos Balaskas. Manchester Royal Eye 
Hospital, Manchester, United Kingdom.
Purpose: Existing evidence supports the rationale of an 
individualized approach for the treatment of macular edema (ME) 
secondary to RVOs with anti-VEGF. However, real-world experience 
on this treatment approach is limited. We report the results of anti-
VEGF treatment with intravitreal injection of ranibizumab using a 
treat and extend regimen for patients with ME resulting from retinal 
vein occlusion (RVO).
Methods: Retrospective review of patients from a large academic 
ophthalmology practice with ME due to RVO under intravitreal 
ranibizumab using a treat and extend approach for at least one 
year was undertaken. Demographic data, dates of injections, best-
corrected visual acuity (BCVA) and central retinal thickness (CRT) 
on spectral domain OCT of all visits were collected. Change in BCVA 
and CRT, and retreatment intervals were analyzed.
Results: A total of 28 eyes 27 patients with RVO were identified, of 
whom 71.43% with branch retinal vein occlusion (BRVO), 7.14% 
with hemiretinal vein occlusion (HRVO) and 21.43% with central 
retinal vein occlusion (CRVO). The mean age ± standard deviation 
(SD) was 72 ± 9.35 years old, and 53.57% of subjects were male. 
The average BCVA ± SD improvement observed was 13.96 ± 11.24 
ETDRS letters. The mean baseline CRT decreased from 486.43 to 
213.18 μm. The average retreatment interval ± SD was 6.53 ± 2.51 
weeks for the BRVO group, 6.71 ± 2.61 weeks for the CRVO group 
and 6.39 ± 1.41 for the HRVO group.
Conclusions: The treat and extend approach in RVO patients with 
ME treated for at least one year with intravitreal ranibizumab 
improved BCVA and decreased CRT. This protocol showed 
effectiveness in increasing the interval of retreatment and 

consequently reducing the burden of care for patients and the service. 
The data may help clinicians’ decision and patients’ expectation.
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Aflibercept 2mg (0.05mL) for the treatment of visual impairment 
due to macular oedema secondary to Central Retinal Vein 
Occlusion; does it really help?
MARCO M. ISAC, Sridhar Manvikar, Philip Severn, 
Sreekumari Pushpoth. Ophthalmology, James Cook University 
Hospital NHS FT, Middlesbrough, United Kingdom.
Purpose: Eylea (Aflibercept) is an anti-angiogenic with a licence 
to treat macular oedema in CRVO patients. This was given NICE 
approval on 2014.1 We performed a retrospective, observational 
clinical study at our hospital in a 2 years cohort from 2014 to 2016 
designed to look at the response of intravitreal aflibercept 2mg/ 
0.05mL in treatment of macular oedema secondary to Central Retinal 
Vein Occlusion.
1 https://www.nice.org.uk/guidance/ta305, Published date: 26 
February 2014
Methods: All the patients received Aflibercept 2mg/0.05mL monthly 
for 5 months initially, with a follow up at 3, 6 and 12 months. 
Patients with residual macular oedema continued to receive monthly 
aflibercept injections.Visual acuity (VA) measured were converted 
to ETDRS equivalent for calculations. All patients had OCT done on 
Topcon 2000 OCT for measuring central macular thickness (CMT).
Results: 16 patients (19 eyes; N=19) different Ethnic origins from 
May 2014 to November 2016. The age ranged from 61-92 years. 
(mean 76.47, SD 8.32). There was equal number of male and female 
patients. The patients received an average of 5 injections at 6 months 
and 12 ±1 injections at 12 months. Mean VA before treatment was 
37.105 ±24.456 ETDRS letters which improved to 52.857 ±17.288 
at 3 months (P=0.0482). VA at 6 months was 40.625 ±23.655 
(P=0.6696) & 12 months 26.785±29.457 (P=0.2804). Mean CMT 
before treatment was 526.5μ ± 183.736 which improved at 3 months 
to 321.866 μ ±230.037 (P= 0.0069), 6 months 318.267±176.066 
(P=0.0021) & 12 months 442.5 μ ±216.859 (P=0.2569) respectively. 
No complications were noted post treatment. None of the patients 
required treatment for raised intra ocular pressure or rubeotic 
glaucoma.
43.75% of patients had 15 letter improvements at 3 months, 37.5% 
and 25% continued this improvement at 6 months and 12 months 
respectively.
Conclusions: Aflibercept shows promising results in the treatment of 
macular oedema secondary to CRVO in the initial months; however 
the improvement was not maintained in our cohort at 12 months. 
Evaluation of a larger cohort is required to understand the role of 
Aflibercept in the management of macular oedema secondary to 
CRVO.
Commercial Relationships: MARCO M. ISAC, 
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