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In patients with bilateral central drusen, a one time, uniocular, 
peripheral retinal laser treatment over a 10 year period delayed 
the onset of AAMD and preserved binocular visual acuity
Danny H. Jokl1, Theodore Smith2, Rando Allikmets1, 
Sankha Amarakoon3, Suzanne Yzer3, Jan van Meurs3. 
1Ophthalmology, Columbia University Medical Center, Bronxville, 
NY; 2Ophthalmology, New York University Medical Center, New 
York, NY; 3Ophthalmology, Rotterdam Eye Hospital, Rotterdam, 
Netherlands.
Purpose: There exists today no treatment for bilateral drusen prior 
to the progression to advanced age-related macular degeneration 
(AAMD) other than dietary supplements. We undertook a unique 
treatment for patients with AAMD and present the 10 year 
prospective outcomes following a single, uniocular, focal, discrete, 
peripheral retinal laser treatment.
Methods: With patient consent and IRB approval, (Rotterdam Eye 
Hospital, Rotterdam, The Netherlands. IRB # ISRCTN 967546), 
14 patients with bilateral medium sized central drusen and visual 
acuity in each eye of 20/20-20/40, underwent a single, uniocular 
argon laser treatment to the anterior superior temporal retina. (200 
laser spots at 200 microns and 200 mW). Eleven patients (5 M, 6F; 
ages 58-83) completed the 10 year study (3 patients died) and were 
periodically examined and fundus photos and central drusen volume 
measurements obtained as were DNA SNPs for CFH and ARMS2. 
These genetic findings were tabulated for each patient in the order of 
their risk severity for progression to AAMD. At the conclusion of the 
10 year prospective trial, the clinical and genetic data were correlated 
by masked examiners.
Results: 
64% of the cohort had no visual loss; 27% had uniocular visual loss; 
9% had binocular visual loss from AAMD.
These findings were:
Independent of increases or decreases in drusen volume in either the 
treated or untreated eye.
Independant of the predicted risk allelle progression rates to AAMD.
Conclusions: The findings in this 10 year prospective pilot study do 
not permit statistical analysis due to the small cohort.
Nevertheless, at 10 years’ followup, the baseline vision in at least 
one eye was maintained in 91% of the cohort surpassing the expected 
natural history findings reported for a similar period. The delay in the 
progression of drusen to AAMD exceeded the predicted progression 
expected from the presence, in varying degrees, in our cohort, of 
the two major risk alleles for AAMD - CFH and ARMS2. We urge 
substantiation of our findings of a potential treatment for drusen, prior 
to their progression to AAMD, with a larger cohort analysis.
Commercial Relationships: Danny H. Jokl, None; 
Theodore Smith, None; Rando Allikmets, None; 
Sankha Amarakoon, None; Suzanne Yzer, None; Jan van Meurs, 
None
Clinical Trial: ISRCTN 967546
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Incidence and risk factors for neovascular AMD in the fellow eye 
in the Comparison of AMD Treatment Trials (CATT) Follow-up 
Study
Maureen G. Maguire1, Wei Pan1, Juan E. Grunwald1, 
Ebenezer Daniel1, Glenn J. Jaffe2, Cynthia A. Toth2, 
Stephanie A. Hagstrom3, Gui-Shuang Ying1, Daniel F. Martin3. 
1Ophthalmology, University of Pennsylvania, Philadelphia, PA; 
2Ophthalmology, Duke University, Durham, NC; 3Cole Eye Institute, 
Cleveland Clinic, Cleveland, OH.
Purpose: To describe incidence and risk factors for neovascular 
age-related macular degeneration (nAMD) in the second (fellow) 
eye among patients enrolled in the Comparison of AMD Treatments 
Trials (CATT) with unilateral nAMD.
Methods: CATT participants were randomly assigned to receive 
ranibizumab or bevacizumab and to 1 of 3 dosing regimens in the 
eye with nAMD at baseline. After two years, patients were released 
from the clinical trial protocol and were recalled for examination at 
5 years. At baseline, masked readers evaluated fundus morphology 
on color photographs & fluorescein angiography and fluid in & 
thickness of the retina on optical coherence tomography (OCT). 
Incident nAMD was identified during clinical examination by CATT 
ophthalmologists. A subset of patients provided blood samples and 
had genotyping for SNPs previously associated with AMD. Incidence 
was estimated with Kaplan-Meier curves and risk factors evaluated 
with the Cox proportional hazards model to provide adjusted hazard 
ratios (aHRs) and 95% confidence intervals.
Results: Among 1185 CATT patients, 727 were at risk of developing 
nAMD in the fellow eye. The 5-year cumulative incidence was 48%. 
Greater risk was associated with the AREDS risk score (aHR for 
score of 4 vs 2: 2.92 [1.19, 7.14]; p=0.01), presence of pseudodrusen 
(aHR for Yes vs No: 1.54 [1.15,2.0]; p=0.007); occult lesion type 
in the study eye (aHR for occult vs predominantly classic: 1.75 
[1.20, 2.53]; p= 0.006); hemorrhage associated with the lesion in 
the study eye (>1 disc area vs None: 1.75 [1.20, 2.53]; p<0.001) and 
elevation of the retinal pigment epithelium on OCT in the study eye 
(Yes vs No: 1.79 [1.08, 2.96]; p=0.02) – see Table 1. There was no 
significant association with the drug administered during the first 2 
years in CATT: (aHR for ranibizumab vs bevacizumab: 1.26 [0.96, 
1.66]; p=0.09). No increased risk was associated with CFH, ARMS2, 
HTRA1, or C3 - see Table 2.
Conclusions: Over 5 years of follow-up, approximately half of CATT 
patients with unilateral nAMD at baseline developed nAMD in the 
fellow eye. Factors in the fellow eye (drusen, pigmentary changes, 
and pseudodrusen) and factors in the first affected eye (occult lesion, 
hemorrhage, and elevation of the retinal pigment epithelium) are 
associated with higher risk.
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Risk Factors for Incidence of nAMD in the fellow eye

Association of nAMD in the Fellow Eye with AMD SNPs
Commercial Relationships: Maureen G. Maguire, Genentech (C); 
Wei Pan, None; Juan E. Grunwald, None; Ebenezer Daniel, None; 
Glenn J. Jaffe, Heidelberg Engineering (C); Cynthia A. Toth, Alcon 
Laboratories (P), Genentech (F); Stephanie A. Hagstrom, None; 
Gui-Shuang Ying, Janssen Reserach & Development (C), Chengdu 
Kanghong Biotech Co (C); Daniel F. Martin, None

Support: Cooperative agreements U10 EY023530, U10 EY017823, 
U10 EY017825, U10 EY017826, and U10 EY017828 from the 
National Eye Institute, National Institutes of Health, Department of 
Health and Human Services
Clinical Trial: NCT00593450
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Reliability of the MapcatSF in a Young Healthy Population
Robert J. Donati, Elizabeth Wyles. Basic Health and Vision Sciences, 
Illinois College of Optometry, Chicago, IL.
Purpose: Studies have suggested that reduced levels of macular 
pigment (MP) may increase risk for developing age-related macular 
degeneration (AMD). Previous studies revealed significant variability 
between instruments currently used to measure MP levels in the 
clinic. Our aim was to determine if the same variability would be 
found in the commercially available MapcatSF using a young, 
healthy, population.
Methods: Thirty five young healthy optometry students aged 19-30 
years old were recruited from the Illinois College of Optometry. 
Macular pigment optical density (MPOD) was measured from 
the right eye using the MapcatSF. Data was collected from each 
subject over 6 sessions spanning 6 months. A single operator 
collected the data from each patient. Four measurements were taken 
at flicker frequencies of both 24 and 31 Hz during each session. 
Column statistics and ANOVA were done to compare the statistical 
significance of the results at each time point and over the entire 
course of the study.
Results: Mean MPOD for the all of the subjects during the initial 
visit was 0.4135 ± 0.164 and 0.4372 ± 0.161 at the 6 month time 
point for a difference of 0.0237. There was no significant difference 
between the MPOD means at the 6 different time points. The mean 
standard deviation (SD) of the subject’s MPOD readings was 0.0264 
± 0.014 for the initial time point and 0.0156 ± 0.006 at the 6 month 
time point. The cohort mean SD decreased at each subsequent time 
point starting at the initial visit and culminating in the lowest SD at 
6 months. There is a significant difference between the initial and 6 
month time points (p<0.0001) determinerd by ANOVA, Bartlett’s test 
for equal variance, and Bonferroni’s multiple comparison test.
Conclusions: It is becoming increasingly evident that MP plays an 
important role in ocular physiology and pathology. If it is going to 
be monitored with the possibility of diagnosing disease or altering 
treatment, the need for reliable measurements is imperative. From 
this limited study, it appears that the MapcatSF demonstrates 
such reliability and it increases the more the patient is tested, thus 
implicating a learning component. Further clinical studies are needed 
in order to aid the clinician in making the most informed decision for 
his/her patients regarding clinical care.
Commercial Relationships: Robert J. Donati, Guardion Health 
Sciences (I), Guardion Health Sciences (S); Elizabeth Wyles, None
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Test–Retest Variability of Microperimetry in Geographic Atrophy
Fareed Rifai1, A. Yasin Alibhai2, Sheila B. Hickson-Curran3, 
Carlos A. Moreira Neto2, Carl B. Rebhun2, Johanna M. Seddon2, 
Elias Reichel2, Jay S. Duker2, Nadia Waheed2. 1University of 
South Alabama College of Medicine, Mobile, AL; 2New England 
Eye Center at Tufts Medical Center, Boston, MA; 3Janssen 
Pharmaceutical Companies of Johnson & Johnson, Spring House, PA.
Purpose: Microperimetry (MP) allows for measurement of retinal 
sensitivity at precise locations and is now commonly employed as 
a clinical trials endpoint. Test–retest reliability is important when 
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evaluating treatment effects in patients with geographic atrophy 
(GA). This study aims to determine the test–retest variability of MP 
in patients with GA using the MAIA MP device.
Methods: In this prospective study, we enrolled 3 patients with a 
confirmed diagnosis of GA involving the fovea, best corrected visual 
acuity (BCVA) at or less than 20/80 and no previous MP testing. 
Participants performed three MP assessments of a selected eye over 
two visits (test 1 and 2 on visit one and test 3 on visit two; or test 1 
on visit one and test 2 and 3 on visit two). MP testing was performed 
utilizing a wide 30° grid, consisting of 93 stimuli (Goldmann III) 
using a 4-2 representation strategy, encompassing the entire area of 
GA and beyond. Mean retinal sensitivity was expressed as an average 
threshold value (dB) for the entire field tested. Fixation stability 
was assessed by evaluating the area of an elliptical representation 
encompassing 95% of the fixation points (CFP) dataset generated by 
the MAIA MP, known as the bivariate contour ellipse area (BCEA).
Results: A total of 9 MP assessments were performed. BCVA 
in these patients ranged from 20/100 to 20/250. The mean time 
to complete one MP assessment was 14 minutes 13 seconds and 
mean BCEA@95% was 35.7° ± 15.3°. Fixation stability gradually 
worsened as the MP assessment progressed. The average retinal 
threshold was 15.6 ± 6.8 dB. An increase in average threshold values 
was noted between the first and second tests, and between the second 
and third tests. The preferred retinal locus was maintained in the 
same quadrant on successive tests.
Conclusions: Microperimetry using a wide grid can be reliably 
performed in a reasonable amount of time in patients with moderate 
and severe vision loss secondary to GA. There is a learning effect 
with increased average threshold values noted between sequential 
assessments. This effect was more pronounced between test 1 and 
2 compared to test 2 and 3. Test–retest variability can therefore be 
minimized by discarding the first examination to avoid the influence 
of a learning effect.
Commercial Relationships: Fareed Rifai, None; A. Yasin Alibhai, 
None; Sheila B. Hickson-Curran, Janssen Pharmaceutical 
Companies of Johnson & Johnson (E); Carlos A. Moreira Neto, 
None; Carl B. Rebhun, None; Johanna M. Seddon, Apellis (C), 
Novartis (F); Elias Reichel, None; Jay S. Duker, Optovue, Inc. 
(F), Topcon Medical Systems, Inc. (F), Carl Zeiss Meditec, Inc. 
(F), Topcon Medical Systems, Inc. (C), Optovue, Inc. (C), Carl 
Zeiss Meditec, Inc. (C); Nadia Waheed, Carl Zeiss Meditec, Inc. 
(R), Genentech (C), Janssen (C), Ocudyne (C), Optovue, Inc. (R), 
Regeneron (C), Macula Vision Research Foundation (F), Nidek (R)
Support: Study supported by Janssen Pharmaceutical Companies of 
Johnson & Johnson
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Correlation of Low Luminance Deficits (LLD) to Scotopic 
Microperimetry Sensitivity (sMPS) in Subjects with Age-Related 
Macular Degeneration (AMD)
Karl G. Csaky, Ann Marie Mungioli. Ophthalmology, Retina 
Foundation of the Southwest, Dallas, TX.
Purpose: Decreased low luminance visual acuity as a measure of 
cone dysfunction and reduced scotopic sensitivity as an indicator of 
rod dysfunction are both observed in patients with AMD. Diffuse 
retina pigment epithelial dysfunction leading to both rod and cone 
dysfunction has been hypothesized as a major pathologic mechanism 
in AMD. The goal of the present study was to test this hypothesis by 
examining the relationship between LLD and sMPS in patients with 
AMD.
Methods: Subjects with early AMD (n=6, age 63.7 ±4.7), 
intermediate (n=31, age 73.6 ±9.9), geographic atrophy (GA)  

(n=8, age 74.7 ±7.0), and age-matched controls (n=8, age 67.8 ±9.3) 
were examined. Following 30 minutes of dark adaptation, sMPS’s 
were measured at 56 locations with a spot size 3 within 10° of the 
fovea, aligned to OCT using a modified fundus microperimeter 
(MP-1S, Nidek Technologies) and neutral density filters to adjust 
the dynamic range. Points falling on patches of GA were eliminated. 
ETDRS visual acuity was measured. Low luminance visual acuity 
was measured by introducing an occluder with a 2.0 ND filter. LLD 
were calculated by subtracting the low luminance values from the 
normal luminance. Relationships were evaluated using Pearson’s 
correlation coefficient (r).
Results: In the control group the average LLD was 11.5 ±3.03 letters, 
and the average sMPS was 19.73 ±5.08 dB. For the early AMD group 
LLD was 16.4 ±10.4 letters, and sMPS was 19.40 ±7.31 dB. In the 
intermediate group LLD was 15.2 ±6.24 letters, and the sMPS was 
19.31 ±3.83 dB. In the GA group the LLD was 18.0 ±9.18 letters, and 
the sMPS was 16.4 ±4.93 dB. There was no significant correlation 
between LLD and sMPS overall (r=0.124, p=0.929), in the early 
group (r=0.191, p=0.716), nor in the intermediate group (r=-0.010, 
p=0.956). However, there was a negative correlation in the normal 
group (r=-0.740, p=0.0360) but a positive correlation in the GA group 
(r=0.696, p=0.0372).
Conclusions: Aging appears to affect global photoreceptor function 
as demonstrated by a correlation between a larger LLD and a 
decrease in sMPS. However increasing severity of AMD appears 
to selectively affect either the rods or cones but not both, while in 
patients with GA there appears to be a large effect on rods selectively 
rather than cones. These data do not support the hypothesis of 
generalized diffuse photoreceptor dysfunction in AMD.
Commercial Relationships: Karl G. Csaky, None; Ann 
Marie Mungioli, None
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Plasma Levels of VEGF-C and Soluble VEGF Receptor-3 are 
Elevated in Neovascular AMD
Gianna C. Teague1, Walter Johnson2, Marie Shatos1, 
Megan E. Baldwin3, Kameran Lashkari1. 1Schepens Eye Research 
Institute, Massachusetts Eye & Ear Infirmary, Boston, MA; 2Physics, 
Suffolk University, Boston, MA; 3Opthea Pty Ltd, South Yarra, VIC, 
Australia.
Purpose: VEGF-A is a key player in angiogenesis associated with 
wet AMD and has led to development of several anti-VEGF-a drugs 
for treatment. Our study highlights other VEGF members and their 
receptors, by measuring circulating levels of VEGF-A, VEGF-C, 
VEGF-D and their soluble cognate receptors in plasma of subjects 
with various stages of AMD and their expression in ocular tissue.
Methods: Human plasma levels from 174 subjects with AMD or 
control were subjected to ELISA for levels of VEGF-A, VEGF-C, 
VEGF-D, sVEGR-2 and sVEGFR-3. Study groups included 
intermediate stage dry AMD, geographic atrophy, new-onset wet 
AMD, inactive wet AMD (treated with anti-VEGF therapy) and 
control. Data were analyzed by both non-parametric (Wilcoxon 
rank test) and parametric (MANCOVA and Benjamin-Hochberg 
correction) tests. Tissue expression of these factors was examined by 
immunohistochemistry of postmortem eyes with neovascular AMD.
Results: VEGF-C plasma levels were significantly elevated in both 
new-onset untreated wet AMD (p<0.001) and treated inactive wet 
AMD (p<0.007) using the Wilcoxon test. sVEGFR-3 levels were 
also significantly elevated in new-onset wet AMD (p<0.001), but 
returned to baseline levels in treated, inactive wet AMD (p<0.551). 
MANOVA showed VEGF-C and sVEGFR-3 were significantly 
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elevated for wet and inactive wet AMD as compared to controls. 
VEGF-C was significantly shifted (p=0.0079), while sVEGFR-3 was 
shifted at a lower confidence (p=0.098). Both methods of analysis 
showed that VEGF-A, VEGF-D, and sVEGFR-2 levels were not 
elevated in the AMD groups. VEGF-A, VEGF-C, sVEGFR-2, and 
sVEGFR-3 showed no difference among sexes and age groups. 
VEGF-D had a narrow spread for males, and a wide spread towards 
high concentration values for females. In post-mortem eyes with 
neovascular AMD, VEGF-C and VEGFR-3 were observed in the 
RPE and endothelial cells associated with neovascular membranes.
Conclusions: Analysis of the VEGF/VEGFR family in human 
plasma indicates that the other growth factors besides VEGF-A may 
also participate in wet AMD development. Parametric and non-
parametric analyses indicate that plasma VEGF-C and sVEGFR-3 
levels are correlated with new onset of wet AMD. Additionally, 
sVEGFR-3 levels appear to normalize with anti-VEGF treatment. 
These findings indicate that these factors may be used as biomarkers 
of neovascular AMD.
Commercial Relationships: Gianna C. Teague, None; 
Walter Johnson, None; Marie Shatos, None; Megan E. Baldwin, 
Opthea Pty Ltd (S); Kameran Lashkari, Schepens Eye Research 
Institute (P)
Support: Opthea Pty Ltd
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Systemic and Local Sources of Interferon-gamma Inducible 
Chemokines in The Pathogenesis of AMD
Tytteli Turunen, Marie Shatos, Gianna C. Teague, Fatima Absar, 
Kameran Lashkari. Schepens Eye Research Institute, Massachusetts 
Eye & Ear Infirmary, Boston, MA.
Purpose: Inflammation plays an important role in pathogenesis 
of AMD. Identifying pro-inflammatory factors that participate in 
inflammatory signaling may elucidate the underlying pathogenesis 
of AMD and help identify novel therapeutic targets for treatment. 
We have previously identified interferon inducible factor-10 (IP-10/
CXC10) as one of the pro-inflammatory chemokines in AMD. In 
this study we have investigated the systemic sources of IP-10 and its 
sister molecules, MIG (CXCL9) and ITAC (CXCL11) in circulating 
leukocytes and postmortem spleen specimens matched to ocular 
tissue and staged for AMD.
Methods: Subjects with AMD were clinically classified according 
to AREDS; early and intermediate dry AMD (AREDS I and 
AREDS III), geographic atrophy, active and inactive neovascular 
AMD, and age-matched control. Buffy coats were derived from 
whole blood samples and subjected to flow cytometry analysis 
(FACS) for expression of MIG, IP-10, ITAC and CXCR3 in 
the various circulating leukocytes. Matched postmortem eye 
and spleen specimens were staged for AMD and subjected to 
immunohistochemistry for expression of these chemokines.
Results: FACS analysis showed that circulating CD14+ monocytes 
expressed increased levels of IP-10 and MIG in all AMD phenotypes 
as compared to age-matched controls (Wilcoxon test, p<0.05). ITAC 
expression was not affected by the stage of AMD (p=0.31). IHC 
of spleens matched to ocular specimens of AMD donors showed 
increased expression of IP-10 and MIG in spleen cells in the white 
pulp around marginal zones in early AMD. These factors were 
identified in RPE and drusen deposits and correlated with stage of 
AMD. Interestingly, CXCR3 expression was not affected.
Conclusions: Our data indicates that IP-10 and MIG are closely 
associated with stage of AMD through both local and systemic 
sources. CD14+ monocytes are a primary source of systemic 
chemokine support in AMD and may contribute to maintaining a 

pro-inflammatory state. These chemokines and their receptors may be 
novel therapeutic targets for anti-inflammatory treatment of AMD.
Commercial Relationships: Tytteli Turunen, None; Marie Shatos, 
None; Gianna C. Teague, None; Fatima Absar, None; 
Kameran Lashkari, Schepens Eye Research Institute (P)
Support: Schepens Scholar Fund
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Characterization and disease progression of intermediate  
age-related macular degeneration in the prospective, longitudinal 
natural history ModiAMD Study
Sarah Thiele1, Jennifer Nadal2, Maximilian Pfau1, Arno Goebel1, 
Monika Fleckenstein1, Matthias Schmid2, Frank G. Holz1, 
Steffen Schmitz-Valckenberg1. 1Departement of Ophthalmology, 
University of Bonn, Bonn, Germany; 2Institut for Medical Biometry, 
Informatics and Epidemiology, University of Bonn, Bonn, Germany.
Purpose: To analyze eyes at high-risk for progression to late-
stage AMD over a five year period in the context of a prospective, 
longitudinal natural history study (ModiAMD).
Methods: Ninety-eight eyes with intermediate AMD (AREDS stage 
3 or 4) of 98 patients (mean age 73.1 ± 7.1 years, range 51-89 years) 
were included in the ModiAMD study at baseline. At baseline and 
annual study visits, best-corrected visual acuity was determined 
and multimodal imaging was performed according to standardized 
operating procedures including spectral-domain optical coherence 
tomography, color fundus photography, fundus-autofluorescence- and 
infrared-reflection imaging. GA was defined through multimodal 
criteria (FAF: hypofluorescent area >0.1mm^2 and corresponding 
ONL thinning and choroidal hypertransmission in SD-OCT) and/or 
AREDS criteria.
Results: Applying the multimodal criteria, 42 (42.9%) eyes 
progressed to late-stage AMD after five years: 7 patients after one 
year, 20 patients after two, 26 after three and 34 after four years. 
In 25 (59.5%) eyes chorioidal neovascularization (CNV) and in 17 
(40.5%) eyes central geographic atrophy (GA) occurred. Risk factors 
for conversion to both late-forms included hyperpigmentations 
(p=0.027) and confluent drusen (p=0.04) at baseline. Of the 17 eyes 
with central GA development, preexisting paracentral GA progressed 
into the central subfield in 6 eyes, while 11 eyes developed de-novo 
GA. Yet based on AREDS criteria, only 7 of these 17 eyes would 
have been recognized as having developed central GA.
Conclusions: These findings are important for a better understanding 
of conversion rates and high-risk features for development of 
late-stage AMD. They confirm that morphological biomarkers are 
of particular prognostic value. Further, the results indicate that 
multimodal imaging may allow for earlier and more precise detection 
of vision-related disease manifestation.
Commercial Relationships: Sarah Thiele, Carl Zeiss Meditec 
(F), Heidelberg Engineering (F), Optos (F); Jennifer Nadal, None; 
Maximilian Pfau, Carl Zeiss Meditec (F), Heidelberg Engineering 
(F), Optos (F); Arno Goebel, Carl Zeiss Meditec (F), Heidelberg 
Engineering (F), Optos (F); Monika Fleckenstein, Heidelberg 
Engineering (F), Alcon/Novartis (C), Bayer (R), Alcon/Novartis 
(F), Carl Zeiss Meditec (F), Genentec/Roche (F), Heidelberg 
Engineering (R), Optos (F), Genentec/Roche (C), Genentec/Roche 
(R); Matthias Schmid, None; Frank G. Holz, NightstarX (F), 
Boehringer-Ingelheim (C), Allergan (F), Carl Zeiss Meditec (F), 
Thea (C), Allergan (R), Bioeq (C), Optos (F), Acucela (F), Carl 
Zeiss Meditec (R), Genentech/Roche (R), Novartis (C), Heidelberg 
Engineering (F), Novartis (R), Bayer (C), Bayer (R), Heidelberg 
Engineering (C), Novartis (F), Merz (C), Heidelberg Engineering (R), 
Acucela (C), Genentech/Roche (C), Genentech/Roche (F), Bioeq (F), 
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Bayer (F); Steffen Schmitz-Valckenberg, Genentech/Roche (R), 
Heidelberg Engineering (F), Alcon/Novartis (C), Bayer (R), Alcon/
Novartis (F), Allergan (F), Carl Zeiss Meditec (F), Formycon (F), 
Optos (F), Heidelberg Engineering (R), Allergan (R), Genentech/
Roche (C), Genentech/Roche (F), Bayer (F)
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OCT Angiography Is an Effective Non Invasive Surrogate 
Marker to Follow Treatment Outcome For Neovascular Age 
Related Macular Degeneration
Alan J. Franklin. Retinal Specialists Institute, Mobile, AL.
Purpose: To determine whether Optical Coherence Tomography 
Angiography, OCTa, can be used to help assess the response of 
neovascular age related macular degeneration, AMD, to anti-Vascular 
Endothelial Growth Factor, anti-VEGF, treatment.
Methods: This is a prospective, masked, exploratory study to 
determine OCTa findings in patients udergoing anti-VEGF therapy 
for neovascular AMD. Choroidal neovascular membrane, CNVM, 
size, vascular area, relative vascular area, and location of the 
CNVM will be characterized by masked readers. Correlations of the 
above measurements will be made with foveal thickness, height of 
subretinal fluid, pigment epithelial detachment, and cystoid macular 
edema on spectral domain OCT as well as visual acuity.
Results: OCTa accurately determines CNVM size and vascularity 
during treatment with anti-VEGF for neovascular AMD. Anti-
VEGF treatment generally diminishes CNVM size and vascularity 
in a significant fashion. A subset of patients who respond rapidly to 
treatment based on neovascular regression on OCTa can be identified, 
who enjoy a better visual prognosis, similar to the results observed 
in the original ANCHOR and MARINA studies using fluorescein 
angiography and time domain OCT. Overall, the degree of reduction 
of CNVM size and vascularity is associated with recovery of 
visual acuity throughout treatment for neovascular AMD. Patients 
with larger CNVM size at presentation overall had a poorer visual 
prognosis. No significant differences in CNVM characteristics were 
observed after treatment amongst different anti-VEGF molecules.
Conclusions: OCTa is a non-invasive diagnostic tool that performs 
well as a surrogate marker to follow patients undergoing treatment for 
neovascular AMD. CNVM size measured by OCTa can be correlated 
to visual acuity at onset of CNVM and throughout treatment for 
neovascular AMD. Thus, OCTa provides useful information to 
supplement standard spectral domain OCT analysis during treatment 
for neovascular AMD, while remaining less invasive and time 
consuming than typical fluorescein angiography.
Commercial Relationships: Alan J. Franklin, OptoVue (C),  
Alcon (C)
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A study of geographic atrophy as the footprint of choroidal 
neovascularization in age-related macular degeneration
Gisela Velez2, 1. 1Ophthalmology, Univ of Massachusetts Med School, 
Worcester, MA; 2Central Massachusetts Retina and Uveitis Center, 
Worcester, MA.
Purpose: Progressive geographic atrophy (GA) in patients treated 
for exudative macular degeneration with anti-vegf therapy represents 
a challenge. Visual acuity loss continues in many of these patients 
despite apparent regression of the choroidal neovascular membrane 
(CNVM) with resolution of leakage. We hypothesize that areas of 
the retina affected by CNVM are at highest risk of developing GA. 
We present a retrospective case series of patients with photographic 

and angiographic documentation of GA progression in the context of 
management of CNVM
Methods: Records of patients diagnosed with exudative macular 
degeneration from 2007 to 2016 were reviewed. Patients included 
in our series had the following characteristics: (1) consistent 
documentation of funduscopic findings with photography and 
angiograpy no less than every 6 months for at least 24 months, (2) 
uninterrupted management with anti-vegf therapy during the study 
period without missed follow-up or treatment appointments. Six eyes 
(six patients) were identified with documentation of their disease 
that showed progression of the atrophic component. Photos and 
angiograms from the initial diagnosis were compared with those from 
the most recent visit to assess extent, location and progression of GA.
Results: All six eyes were treated with anti-vegf intraocular 
injections. Eyes were managed for 28 to 132 months, with a mean 
of 71 months. Three eyes were treated with bevacizumab only, three 
with bevacizumab followed by aflibercept. Number of total injections 
ranged from 18 to 77, with a mean of 44 injections. Visuall acuity 
at the time of diagnosis ranged from 20/20 to 20/50, with final 
visual acuities in the range of 20/20 to 20/400. In all 6 eyes, fundus 
photography and angiography comparisions showed progression of 
atrophy which corresponded to areas of neovascularization.
Conclusions: We can demonstrate in carefully documented 
cases that GA develops preferentially in areas of active choroidal 
neovascularization, therefore representing a damage “footprint”.  
This suggests that aggressive management of CNVM leakage and 
size may play an important role in containing the damage that can 
later result in GA and subsequent loss of vision.
Commercial Relationships: Gisela Velez, Regeneron (C),  
Allergan (C)
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Angiopoietin-like 4 Correlates with Response to Intravitreal 
Ranibizumab Injections in Neovascular Age-related Macular 
Degeneration
Dong Ho Park1, 2, Jong Ho Kim2, Jae Pil Shin2, In Taek Kim2. 
1Department of Ophthalmololgy, Massachusetts Eye and Ear 
Infirmary, Boston, MA; 2Ophthalmology, Kyungpook National Univ 
Hospital, Daegu, Korea (the Republic of).
Purpose: To investigate whether the aqueous angiopoietin-like 4 
(ANGPTL4) level correlates with clinical features in neovascular 
age-related macular degeneration (AMD).
Methods: The control and study groups consisted of all consecutive 
patients who received senile cataract surgery or intravitreal 
ranibizumab injection for treatment-naïve neovascular AMD, 
respectively. The AMD group received three monthly ranibizumab 
injections followed by monthly pro re nata for at least 12 months. 
Aqueous ANGPTL4 and VEGF were measured at baseline and 4 
weeks after the first injection. In the AMD group, best-corrected 
visual acuity (BCVA), and central subfield thickness (CST) were 
measured at baseline and at 12 months. The lesion area by fluorescein 
angiography were also measured and it included CNV leakage and 
one or more of the following in or adjacent to the location of CNV: 
serous pigment epithelial detachment, hemorrhage, and blocked 
fluorescence.
Results: The AMD group (30 eyes) had higher baseline aqueous 
ANGPTL4 (4366 ± 3279 pg/ml) and VEGF levels (63.1 ± 31.6 pg/
ml) than that of the controls (32 eyes) (1693 ± 750 pg/ml and 34.1 ± 
13.7 pg/ml, respectively) (both P<0.001). Four weeks after the first 
intravitreal ranibizumab injection, just before the second injection, 
the aqueous levels of VEGF in the neovascular AMD group were 
below the limit of detection. This change relative to the baseline 
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aqueous VEGF levels was statistically significant  
(P < 0.001). However, a similar change in aqueous ANGPTL4 levels 
at 4 weeks (3947 ± 2931 pg/ml) was not observed (P = 0.167). Even 
after multiple comparisons, baseline ANGPTL4 correlated with the 
lesion area at baseline and at 12 months (β = 0.503, R2 = 0.490,  
P = 0.040 and β = 0.410, R2 = 0.508, P = 0.026, respectively), and 
also correlated with the frequency of anti-VEGF injections during 12 
months (r = 0.476, P=0.008).
Conclusions: Aqueous ANGPTL4 levels correlated with the 
lesion area at baseline and at 12 months, and anti-VEGF treatment 
frequency. ANGPTL4 may be a potential diagnostic and/or 
therapeutic biomarker in the neovascular AMD.
Commercial Relationships: Dong Ho Park, None; Jong Ho Kim, 
None; Jae Pil Shin, None; In Taek Kim, None
Support: National Research Foundation of Korea (NRF), which is 
funded by the Ministry of Education (NRF-2014R1A1A2055007) 
and Korea Health Technology R&D Project of the Korea Health 
Industry Development Institute (KHIDI), which is funded by the 
Ministry of Health & Welfare, Republic of Korea (HI16C1501)
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Doc Hologram and Nurse Needle Fight Wet AMD in Time of 
Austerity
Eric Newcott, Hayley Westwood, Sanjiv Banerjee. Ophthalmology, 
University Hospital of Wales, Cardiff, United Kingdom.
Purpose: Increased numbers of wet age-related macular degeneration 
patients (AMD), a lack of ophthalmologists, and limited healthcare 
funds has driven the need for alternative care models. We report on 
a retrospective audit of a novel wet AMD treatment protocol using a 
“virtual” one-stop treat and extend clinic (VTX) in which intravitreal 
injections are performed by a team of nurse practitioners with 
macular surveillance by an ophthalmologist in a virtual review clinic. 
We compare this model to a traditional ophthalmologist-only “as 
needed” (PRN) evaluation and treatment protocol with the hypothesis 
that VTX can maintain or improve visual acuity more efficiently.
Methods: We compared 2 cohorts of 40 treatment-naïve patients 
with one eye with wet-AMD who were treated with intravitreal 
ranibizumab for 12 months in either a VTX or PRN clinic. Both 
groups received: an initial exam and consent by an ophthalmologist, a 
baseline fluorescein angiogram, and an ocular coherence tomography 
scan (OCT) of the maculae. In VTX, the first intravitreal injection of 
ranibizumab was given by the ophthalmologist. During all follow up 
visits, eyes were injected by a nurse practitioner and visual acuity and 
macular OCT was performed prior to each treatment. Within a week 
of treatment, the OCT was reviewed by the ophthalmologist during a 
“virtual clinic” who then decided the interval for the next injection. 
VTX treatments were set at 4 weekly intervals until the macula was 
dry in appearance and extended every 2 weeks if it remained dry or 
brought forward by 2 weeks if wet. In the PRN group, all patients 
were reviewed and treated, as needed, on a monthly basis. Data was 
collected on: visual acuity, central retinal thickness, and total number 
of patient appointments and treatments.
Results: On average, the visual acuity and CRT at 12 months 
improved in both groups (Mean LogMar VA at 1 year in VTX: 0.58 
and PRN: 0.60) compared to baseline but was greater in VTX. PRN 
patients had more clinic visits (Mean visits in PRN: 9.5 and VTX: 
8.5) but VTX patients had more injections (VTX mean: 8.5 and PRN 
mean: 5.8). The interval between the final 2 treatments was also 
larger in VTX than PRN.
Conclusions: VTX is a promising clinical pathway that increases 
the amount of wet AMD treatments, reduces the amount of patient 
appointment burden, and improves visual acuity utilizing a team 

approach where nurse practitioner and ophthalmologist work together 
to maximize efficiency.
Commercial Relationships: Eric Newcott, None; 
Hayley Westwood, None; Sanjiv Banerjee, Bayer (R)
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Association of Low Luminance Questionnaire with Objective 
Functional Measures in Age-related Macular Degeneration
Atalie C. Thompson, Sandra Stinnett, Lejla Vajzovic, 
Anupama Horne, Cynthia A. Toth, Scott W. Cousins, 
Eleanora M. Lad. Ophthalmology, Duke University, Durham, NC.
Purpose: To determine whether scores on the Low Luminance 
Questionnaire (LLQ) are significantly associated with objective 
measures of visual function in early and intermediate dry age-related 
macular degeneration.
Methods: Cross-sectional study of subjects with early dry AMD 
(AREDS stage 2, N=33) and intermediate AMD (AREDS stage 
3, N=47) along with 21 age-matched normal controls. Subjects 
underwent a dilated fundus examination and were interviewed using 
the LLQ. Psychophysical tests were performed, including best-
corrected visual acuity (BCVA), mesopic microperimetry with eye 
tracking (MAIA, CenterVue), dark adaptometry (AdaptDx), low 
luminance visual acuity (LLVA) (standard using a log 2.0 neutral 
density filter and a computerized method) and cone contrast test 
(CCT) (Innova Systemc Inc). Low Luminance Deficit (LLD) was 
defined as the difference in the number of letters read under standard 
versus low luminance conditions (LLD=BCVA-LLVA). Linear 
regression was used to assess the relationship between scores on LLQ 
and visual function tests.
Results: Subjects with intermediate AMD had significantly lower 
LLQ scores than participants with early AMD or controls (76.5 vs. 
86.4 vs. 97.0, p=0.009, p=0.0004, respectively). LLQ Composite 
score was associated with standard LLVA (p=0.032), Computerized 
LLVA1 (measured at 1.3 cd/m2) and LLVA2 (at 0.5 cd/m2, p<0.001), 
LLD2 (p=0.036), and rod intercept (p=0.03), but only computerized 
LLVA1 and LLVA2 remained significant after adjusting for AMD 
versus control status. Among dry AMD subjects, LLQ composite 
scores were significantly associated with computerized LLVA1 and 
LLVA2 (p=0.009, p=0.014, respectively) as well as LLD1 and LLD2 
(p=0.045, p=0.044, respectively). The association between LLQ 
composite scores and computerized LLVA1 was independent of AMD 
severity (p=0.025). Several LLQ subscales were significantly related 
to computerized LLVA in dry AMD patients, including driving, 
external lighting, emotional distress, and dim lighting (p<0.05).
Conclusions: Low luminance questionnaire scores are significantly 
associated with objective functional measures such as LLVA, LLD, 
and rod intercept. Among subjects with early and intermediate dry 
AMD, both LLVA and LLD were significantly related to LLQ scores, 
suggesting that LLQ is a robust patient-centered functional measure 
of early visual impairment in early and intermediate AMD.
Commercial Relationships: Atalie C. Thompson, None; 
Sandra Stinnett, None; Lejla Vajzovic, None; Anupama Horne, 
None; Cynthia A. Toth, genentech (F), Alcon (P); Scott W. Cousins, 
None; Eleanora M. Lad, None
Support: Investigator-initiated industry-sponsored trial by 
Hoffmann-La Roche
Clinical Trial: NCT01822873
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Treat-and-extend follow-up regimens for neovascular age-related 
macular degeneration adversely affect visual acuity in the second 
eye which is usually the better seeing eye
Ben J. Burton1, 2, Tom H. Webber2, Adnan Tufail3, Aaron Y. Lee4. 
1Ophthalmology, James Paget University Hospital, Norwich, United 
Kingdom; 2University of East Anglia, Norwich, United Kingdom; 
3Moorfields Eye Hospital, London, United Kingdom; 4University of 
Washington, Seattle, WA.
Purpose: To study the effect of extended follow-up intervals for 
unilateral neovascular age-related macular degeneration (nAMD) on 
the visual acuity (VA) of the second initially unaffected eyes at the 
time of diagnosis of nAMD in the second eye.
Methods: 2133 patients with sequential nAMD (first then second 
eye nAMD development) undergoing review and anti-vascular 
endothelial growth factor (VEGF) treatment with optical coherence 
tomography (OCT) monitoring prior to second eye diagnosis. Up to 
5 years of routinely-collected, anonymised data was collected using 
the Medisoft electronic medical record (EMR) systeem. Patients 
were categorized into groups according to the interval between 
OCT monitoring visits prior to second eye treatment starting. These 
groups were less than or equal to 4weeks, 4-8, 8-12, and >12 weeks 
intervals. Some patients were seen earlier than their anticipated 
follow up interval when the second eye was diagnosed and this 
group was classified as “sudden” since they were presumed to have 
presented earlier due to worsening visual symptoms in their second 
eye.
Results: Second treated eyes were the better-seeing eye for 74.5% 
of patients prior to diagnosis and treatment start. Mean VA in the 
second treated eye was 52.5 letters (standard deviation, 20.7) for 
patients who presented suddenly, and 54.5 (20.4). 51.1 (23.1), 47.4 
(25.9)), and 44.8 (28.1) letters for patients being reviewed at <4, 4-8, 
8-12, and >12 week intervals at the time of second eye diagnosis, 
respectively (p values <0.05 for comparing differences between 
<4, 4-8, 8-12, and >12 week review and sudden groups). 11.7% of 
patients in the sudden group lost more than 3 lines of vision between 
pre-diagnosis and diagnosis, compared to 14.4%, 17.7%, 23.6%, and 
31.5% of patients reviewed at <4, 4-8, 8-12, and >12 week intervals 
(p<0.001). The odds ratio defining risk of losing 3 or more lines of 
vision at second eye diagnosis were 1.61, 2.25, 3.47 for patients 
reviewed in <4, 4-8, 8-12, and >12 week review groups compared to 
sudden group (p<0.001).
Conclusions: : This real-world clinical data demonstrates that 
extended follow-up intervals for unilateral nAMD patients adversely 
affects VA at presentation in the second eye. This is of importance 
because the second eye of such patients is usually the better-seeing 
eye in terms of visual function.
Commercial Relationships: Ben J. Burton, Allergan (R), Novartis 
(R), Bayer (R); Tom H. Webber, None; Adnan Tufail, Novartis (R), 
Bayer (R); Aaron Y. Lee, None
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The Association of Drusen in the Central Subfield (CSF) with 
Visual Acuity (VA) and Shape Discrimination Hyperacuity (SDH) 
Deficits
Yi-Zhong Wang1, 2, Paulina Mejia1, Luis Rodriguez1,  
Bryan De La Cruz1. 1Retina Foundation of the Southwest, Dallas, TX; 
2Ophthalmology, UT Southwestern Medical Center, Dallas, TX.
Purpose: Drusen in age-related macular degeneration (AMD) are 
known to be associated with disruptions to retinal pigment epithelium 
(RPE) cells, which in turn lead to structural and functional deficits 

of photoreceptors. Here we investigated quantitatively the impact of 
CSF drusen on VA and SDH.
Methods: Twenty patients (mean age±SD 73.4±8.2 yrs) with early 
to intermediate AMD were reviewed retrospectively. The study 
eye had drusen in the CSF of ETDRS macular grid with VA 0.30 
logMAR (20/40) or better (mean 0.12±0.11 logMAR), and had SD-
OCT volume scans including CSF. Twenty normal subjects served as 
controls (69.8±7.8 yrs; VA 0.02±0.08 logMAR). OCT volume scans 
were first segmented automatically using Spectralis software (ver. 
1.9.10), then were manually corrected, if needed, to obtain average 
CSF thickness (CSFT) and CSF RPE/drusen thickness. The SDH 
was obtained using myVisionTrack® app (Vital Art & Science) on 
a mobile device (Wang, et al. IOVS 2013 54:5497-505). A linear 
regression model was employed to assess the relationship between 
OCT thickness and visual function measurements.
Results: There was no significant difference in CSFT between the 
AMD group (288.4±21.3SD μm) and the control group (287.4±19.6 
μm, p>0.87). In comparison, the mean CSF RPE thickness of the 
AMD group (36.1±9.0 μm) was higher than that of the control 
group (22.8±1.5 μm, p<0.0001). Both VA and SDH of the AMD 
group were significantly worse than the control group (p<0.0022 for 
VA, p<0.0001 for SDH). Linear regression analyses revealed that, 
while both VA and SDH of AMD eyes were correlated with CSF 
RPE thickness, SDH showed higher correlation coefficient (r=0.79, 
p<0.05) compared to VA (r=0.41). In addition, the slope of the 
regression line between SDH and CSF RPE thickness was twice that 
between VA and CSF RPE thickness (p<0.05). Neither VA nor SDH 
was significantly correlated with CSFT.
Conclusions: These results support the hypothesis that drusen lead to 
photoreceptor dysfunction and deficits in visual function. The results 
also suggest that the displacement of photoreceptor outer segment 
due to drusen impacts the veridical perception of local position and 
orientation cues required for optimal performance of SDH (Wang & 
Hess, Vis Res 2005), hence rendering a greater loss of hyperacuity 
than VA. SDH may be a more effective functional marker than VA to 
predict disease progression of AMD.
Commercial Relationships: Yi-Zhong Wang, Vital Art and Science, 
LLC (F), Vital Art and Science, LLC (P), Vital Art and Science, 
LLC (I), Vital Art and Science, LLC (C); Paulina Mejia, None; 
Luis Rodriguez, None; Bryan De La Cruz, None
Support: 1R43EY020016-01; 2R44EY020016-02; Vital Art and 
Science, LLC
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Risk factors for retinal scar development in the Comparison of 
Age-related Macular Degeneration Treatments Trials (CATT)
Ebenezer Daniel1, Juan E. Grunwald1, Maureen G. Maguire1, 
Wei Pan1, Cynthia A. Toth2, Glenn J. Jaffe2, Daniel F. Martin3, 
Gui-Shuang Ying1. 1Department of Ophthalmology, University of 
Pennsylvania, Philadelphia, PA; 2Department of Ophthalmology, 
Duke University, Durham, NC; 3Department of Ophthalmology, Cole 
Eye Institute, Cleveland, OH.
Purpose: To determine the risk factors for retinal scar development 
during the five year follow-up in the Comparison of Age-related 
Macular Degeneration Treatments Trials (CATT)
Methods: Participants were assigned to ranibizumab or bevacizumab 
treatment and to 1 of 3 dosing regimens for 2 years, and were 
released from the clinical trial after 2 years. Study eye color fundus 
photographs and fluorescein angiograms at year 1, year 2 and year 
5 were assessed for scar by masked readers. Incidence of scar was 
estimated with Kaplan-Meier curves. We evaluated the association 
between baseline demographic, visual acuity, morphologic features 
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on photograph and optical coherence tomography (OCT), and drug 
treatment in the first 2 years and the development of retinal scar by 
univariate and multivariate proportional hazard models
Results: Among 1061 study eyes, the incidence of retinal scar 
was 32% at 1 year, 46% at 2 years, and 56% at 5 years. (Figure 1). 
Increased risk of scar was observed with predominantly classic type 
of CNV at baseline when compared with occult CNV (adjusted 
Hazards Ratio (aHR)=4.49, 95% Confidence Interval (CI) 3.34, 
6.04), larger hemorrhages of >1 disc diameter associated with the 
CNV lesion vs no hemorrhage (aHR=2.28, 95%CI: 1.49, 3.47), 
increased (>212 μm) foveal retinal thickness vs <120 μm thickness 
(aHR=2.58, 95% CI: 1.69, 3.94), increased thickness (>275 μm) of 
the subretinal tissue complex at foveal center vs ≤75 μm (aHR=2.64, 
95%CI: 1.81, 3.84), the presence of sub-retinal hyper reflective 
material (aHR=1.72, 95% CI: 1.25, 2.36), absence of RPE elevation 
(aHR=1.71, 95% CI: 1.21, 2.41), and better visual acuity in the fellow 
eye (aHR=1.34, 95% CI: 1.00-1.79 for 20/20 or better vs. 20/50 or 
worse) (Table 1). Ranibizumab or bevacizumab treatment assigned 
in the first 2 years was not associated with development of scar in 5 
years (p=0.23 in adjusted analysis).
Conclusions: About half of the CATT subjects developed scar 
in five years which was apparent in most eyes by 2 years. Larger 
hemorrhages, classic CNV at baseline and subretinal thickness 
increase the risk of developing scar after initiation of anti-VEGF 
therapy. Risk of scar was similar between eyes treated with 
ranibizumab and bevacizumab during the first two years

Kaplan Meier Estimates for Incidence of Scar

Risk Factors for Retinal Scar through 5 Years: Multivariate Analysis
Commercial Relationships: Ebenezer Daniel, None; 
Juan E. Grunwald, None; Maureen G. Maguire, Genentech (C); 
Wei Pan, None; Cynthia A. Toth, Alcon Laboratories (P), Genentech 
(F); Glenn J. Jaffe, None; Daniel F. Martin, None;  
Gui-Shuang Ying, Janssen Research and Development (C),  
Chendu Kanghong Biotec (C)
Support: Cooperative agreements U10 EY023530, U10 EY017823, 
U10 EY017825, U10 EY017826, and U10 EY017828 from the 
National Eye Institute, National Institutes of Health, Department of 
Health and Human Services
Clinical Trial: NCT00593450
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Longitudinal changes in retinotopic rod function in intermediate 
age-related macular degeneration
Chi D. Luu1, 2, Chinh Nguyen1, Rogan Fraser1, Rose Tan1, 2, 
Emily Caruso1, Robyn H. Guymer1, 2. 1Centre for Eye Research 
Australia, Royal Victorian Eye and Ear Hospital, Melbourne, VIC, 
Australia; 2Department of Surgery (Ophthalmology), The University 
of Melbourne, Melbourne, VIC, Australia.
Purpose: Rod photoreceptor function is known to be abnormal in 
early stages of age-related macular degeneration (AMD), however, 
retinotopic changes in rod function over time remain unclear. Our aim 
was to determine spatial-temporal changes in rod static and dynamic 
function in subjects with intermediate AMD.
Methods: Perimetric dark-adapted retinal sensitivities were 
performed at baseline and 12-month follow-up visit in 20 subjects 
with intermediate AMD and 6 healthy controls, using a Medmont 
Dark-Adapted Chromatic perimeter. At each visit, retinal sensitivities 
for the 505 nm stimulus across 7 retinal locations within the central 
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12° were repeatedly measured after exposing to a single photobleach. 
The sensitivities at 20 minutes after bleach were used to determine 
static rod function. Sensitivities at various times within the initial 
20 minutes after bleach were used to estimate the rod criterion time 
(RCT, defined as the time taken to reach a rod threshold value of -3.0 
log units stimulus intensity) to determine rod function dynamics. The 
changes in static and dynamic rod function over time were compared 
between AMD and control eyes.
Results: There was a significant reduction in average retinal 
sensitivity detected over the follow-up period in eyes with AMD 
(baseline = 45.3 ± 10.3 dB, 12m follow-up = 41.7 ± 11.7 dB,  
p = 0.01) but not in control eyes (57.9 ± 3.7 dB vs 57.0 ± 4.0 dB,  
p = 0.27). In eyes with AMD, there was a greater proportion of test 
points with declined RCT (25%) compared to the proportion of test 
points with improved RCT (6%, p <0.001). The majority of test 
points with declined RCT were located within the central 6° of the 
retina. There was no significant change in the RCT over time in the 
control eyes (6.3 ± 1.9 ms vs 6.3 ± 1.4 ms, p = 0.99). No changes 
were detected clinically during the follow-up period in both AMD 
and control eyes.
Conclusions: There are significant spatial-temporal changes in rod 
function within 12 months in eyes with intermediate AMD. Larger 
studies with a longer follow-up are required to determine whether 
these spatial-temporal changes in rod function are associated with 
AMD phenotypes and progression.
Commercial Relationships: Chi D. Luu, None; Chinh Nguyen, 
None; Rogan Fraser, None; Rose Tan, None; Emily Caruso, None; 
Robyn H. Guymer, None
Support: Supported by a Beckman Initiative for Macular Research 
grant and a Macular Disease Foundation Australia grant
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Local variations in rod function and subretinal drusenoid 
deposits in patients with reticular pseudodrusen (RPD)
Kelly Kiser1, 2, Tad Daniels1, Karl G. Csaky1, 2, David G. Birch1, 2, 
Yi-Zhong Wang1, 2. 1Retina Foundation of the Southwest, Dallas, TX; 
2UT Southwestern Medical Center, Dallas, TX.
Purpose: Reduced rod sensitivity and slowed dark-adaptation 
are common in age-related macular degeneration, especially in 
those patients with RPD. The unique fundus appearance in RPD is 
thought to be caused by subretinal drusenoid deposits (SDDs). In 
this prospective study, we evaluate the relationship between local 
variations in rod function and local variations in SDD thickness.
Methods: This study included one eye from each of six patients 
ages 59-89 with a best corrected visual acuity of 20/32 or better, 
and one eye from each of 4 age-similar volunteers with healthy 
retinas. Following 30 minutes of dark adaptation, a 56 point macular 
scotopic sensitivity map was generated using short-wavelength, spot 
size 3 stimuli on a Nidek MP-1S fundus perimeter. For each patient, 
8-12 roughly equidistant test points 4-8 degrees from the fovea 
were selected to represent areas of high and low scotopic senstivity. 
Patients were exposed to a bright light for 3 minutes (80% bleach), 
and then these points were tested every 5-10 minutes over the course 
of 1.5-2 hours. SLO infrared images and SD-OCT volume scans 
(96 lines, 20*20 degrees), were acquired on a Heidelberg Spectralis 
imaging platform. Segmentation with manual adjustment was used 
to delineate the combined thickness of RPE and SDD. Segmentation 
results were then processed by a MATLAB routine to obtain the 
average RPE/SDD thickness of the 1 degree local area centered at 
each test location.
Results: The lowest sensitivity in the rod field was located in regions 
showing RPD on SLO fundus images, and correlated with RPE/SDD 

thickness (r=0.45). During dark adaptation, the time needed to gain 5 
dB in sensitivity relative to the maximum luminance (recovery time) 
was longer in patients (mean=45.6 min) than in normals (mean=3.6 
min, p<0.0001) and there was a significant correlation between SDD 
thickness and recovery time (r=0.54).
Conclusions: Our results show that there are two separable 
consequences of SDD. One is to reduce dark-adapted sensitivity and 
the other is to substantially delay recovery from a bleaching light.
Commercial Relationships: Kelly Kiser; Tad Daniels, None; 
Karl G. Csaky, None; David G. Birch, None; Yi-Zhong Wang, 
None
Support: NIH Grant EY09076, AFAR Grant- Medical Student 
Training in Aging Research (MSTAR) Program
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SHRM as a biomarker of disease activity in classic and occult 
AMD subtypes
Beng Beng Ong, mohamed katta, camille yvon, Lu Lin, Nishal Patel. 
East Kent University Hospitals Foundation Trust, Canterbury, United 
Kingdom.
Purpose: The presence of subretinal hyper-reflective material 
(SHRM) in age-related macular degeneration (AMD is thought to 
be composed of a combination of vascular network, fibrosis and 
haemorrhage. However, there has not been much research looking 
into the dynamic nature of SHRM, as well as its variability within the 
various subtypes of AMD.
Methods: We analysed the behavior of SHRM by conducting a 
retrospective analysis of Topcon OCT scans of 70 patients with 
classical or occult choroidal neovascular membranes (CNV) as 
diagnosed on FFA. Volume measurements were done in two ways: 
an automated method (whereby the computer software automatically 
segments and estimates the lesion volume) and a calculated formula 
method: measurements were made of the maximal length and height 
of SHRM, and an ellipsoid formula (derived from tumour models) 
was applied to derive a formula for the SHRM volume. Patients were 
treated with a PRN regime of anti-VEGF injections.
Results: Occult CNVs tend to have larger SHRM volumes at 
presentation as compared to classical CNVs (calculated formula: 
2.36 mm3 vs 1.16mm3, p<0.01; automated formula: 0.80 mm3 vs 0.58 
mm3, p=0.20). After completion of loading of anti-VEGF therapy, 
both cohorts demonstrated regression of SHRM, with the occult 
cohort exhibiting a larger proportion of regression than the classic 
cohort (calculated formula: 58.9% vs 13.5% reduction, automated: 
33.9% vs 7.8% reduction). At 12 months, whilst the classical group 
continued to show modest regression of SHRM (automated: 18% 
lower at 12 months vs. 7.8% at 4 months), the occult group tended to 
show a rebound effect and of mean SHRM volume, (automated: 19% 
lower at 12 months vs. 33.9% at 4 months).
The volume calculated by the ellipsoid formula had correlated 
very strongly with the automated segmented volume (Pearson 
correlation 0.644, p<.0001), although the calculated formula tended 
to overestimate the volume of the automated software.
Conclusions: SHRM represents a biomarker of disease activity for 
AMD. Occult CNVs have larger sizes at presentation, and more 
refractory to treatment. PRN regime can contribute to regrowth of 
SHRM as per our results. Also, the use of manual calipers to derive a 
calculated volume is a viable option where automated segmentation 
is not available. Plans are underway to also measure SHRM in 
IPCV and RAP. In the future, we hope to further elucidate the 
characteristics of SHRM and CNVs with OCT angiography.
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A systematic approach to statistical evaluation of geographic 
atrophy clinical studies
Thomas Kim, Alan Mitchell, Jeen Liu, Kevin Kerr, 
Francisco J. Lopez, Susan Schneider. Allergan, Irvine, CA.
Purpose: Various methods have been proposed for the analysis of 
geographic atrophy (GA) lesion area in clinical studies. GA lesion 
area skewness and small sample size present challenges during 
analysis of these datasets. We explored various approaches to 
statistical analysis of GA lesion area and propose a measure called 
effective radius (ER) to evaluate progression of the lesions.
Methods: Analyses were based on a phase 2 study (NCT00658619) 
with 113 bilateral GA patients. Patients were randomized to sham 
procedure, 132μg or 264μg Brimonidine Drug Delivery System. 
ER was defined as the square root of GA lesion area divided by π 
and represents an integrated radius for all the lesions. Skewness of 
the data was assessed at each time point after scaling within each 
treatment group. Departures from normality were assessed using 
the Shapiro-Wilk’s test (SW). Changes from baseline (CFB) were 
estimated using various models. An ANCOVA model estimated 
CFB at Month 12. Mixed-effects models with time as a categorical 
or continuous variable were also fit to the data. For the categorical 
time models, fixed effects included baseline GA lesion area (BGLA), 
time, treatment, and time by treatment, as well as BGLA by time as 
interactions; a random subject effect was included. For the continuous 
time models, BGLA and the treatment by time interaction were fixed 
effects and BGLA and time included as random effects.
Results: GA lesion areas showed asymmetric and non-normal 
distributions at all time points. Skewness ranged from 0.523 to 
0.889 and SW p-values from < 0.001 to 0.003. Transformation to ER 
reduced skewness and SW p-values showed no evidence of non-
normality. Evaluation of model residual distribution via QQ-plots 
suggests no changes after transformation, despite the improvement in 
skewness. Boxplots of the residuals by time showed no differences or 
patterns in the spread suggesting appropriate fit of the models.
Conclusions: Models for raw GA lesion area and ER fit the data 
equally well. Although statistical properties improved after ER 
transformation, models seem to account well for the skewness seen 
in raw data. The potential advantage of ER transformation is partially 
offset by the difficulty in interpreting the novel measure. Larger 
datasets may provide better discrimination of the potential advantages 
of transformations.
Commercial Relationships: Thomas Kim; Alan Mitchell, 
Allergan (E); Jeen Liu, Allergan (E); Kevin Kerr, Allergan (E); 
Francisco J. Lopez, Allergan (E); Susan Schneider, Allergan (E)
Clinical Trial: NCT00658619
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Low luminance deficit as a predictor of visual acuity changes 
in subjects with geographic atrophy secondary to age-related 
macular degeneration
John M. Koester, Jeffrey Gregory, Lukas Scheibler, Ryo Kubota. 
Acucela Inc., Seattle, WA.
Purpose: Low luminance deficit (LLD) has previously been shown 
to be a predictor of visual acuity loss in subjects with geographic 
atrophy (GA) secondary to age-related macular degeneration (AMD). 
We conducted a prospective, interventional clinical study in which 

we explored the relationship between baseline LLD and subsequent 
normal luminance best-corrected visual acuity (NL-BCVA) changes 
over 24 months in subjects with GA treated with placebo.
Methods: A multicenter, randomized, double-masked, placebo-
controlled, 24-month treatment study was conducted to evaluate 
the efficacy and safety of emixustat hydrochloride in subjects with 
GA secondary to AMD. Visits included screening, baseline, and 
month 1, 2, 3, 6, 9, 12, 15, 18, 21, 24, and 25. BCVA was measured 
at each visit under both low and normal luminance, and the results 
were reported as a total letter score (0-100). Low luminance BCVA 
(LL-BCVA) was measured using a 2.0-log unit neutral density 
filter placed in front of the eye being tested, which transmits 1% of 
incident light. To investigate the disease-related changes in BCVA, 
only subjects in the placebo arm who completed 24 months were 
included in this analysis. The LLD was defined as the NL-BCVA 
score minus the LL-BCVA score at a given exam.
Results: Of the 508 subjects randomized to one of the 4 treatment 
arms, a total of 136 subjects were randomized to placebo and 108 
of these subjects completed the 24-month treatment period. In the 
study eye, a statistically significant linear relationship was observed 
between the changes from baseline in NL-BCVA score at month 
24 and the LLD at baseline (P=0.0002). Larger LLD values at 
baseline were associated with larger decreases in NL-BCVA score 
at month 24. When the baseline LLD was divided into the following 
4 categories: 1) <10 letters; 2) ≥10 and <20 letters; 3) ≥20 and <30 
letters; and 4) ≥30 letters, the mean (SE) changes in NL-BCVA score 
at month 24 were +0.3 (1.61), -4.2 (2.53), -11.2 (3.60), and -18.0 
(3.58) letters, respectively, and the median changes were 0.0, -2.0, 
-8.5, and -14.0 letters, respectively.
Conclusions: Results of our study support the results of a prior study 
that showed baseline LLD to be a strong predictor of subsequent NL-
BCVA changes in subjects with GA secondary to AMD. The expected 
amount of this change has been quantified based on the LLD at 
baseline.
Commercial Relationships: John M. Koester, Acucela Inc. (E), 
Acucela Inc. (I); Jeffrey Gregory, Acucela Inc. (E), Acucela Inc. (I); 
Lukas Scheibler, Acucela Inc. (E), Acucela Inc. (I); Ryo Kubota, 
Acucela Inc. (E), Acucela Inc. (I)
Clinical Trial: NCT01802866
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Comparison of Three Baseline Measures to Predict Geographic 
Atrophy Progression Rate in Clinical Studies
Quoc Ho1, Mia Mackowski2, Kevin Kerr1, Francisco J. Lopez1, 
Susan Schneider1. 1Allergan plc, Irvine, CA; 2University of Southern 
California, Los Angeles, CA.
Purpose: Baseline geographic atrophy (GA) area has been shown 
to correlate with GA progression rate. The GA Circularity Index 
(GACI), an indicator of lesion shape irregularity calculated as the 
ratio of lesion area and the area of the circle defined by the lesion 
perimeter, has also been reported to predict lesion progression rate. 
The predictive value of baseline perimeter as an alternative measure 
of progression rate has not been reported to date. In addition, the rank 
order of predictive value for these baseline measures has not been 
evaluated. The objective of this study was to assess and compare 
GA baseline area, GACI, and perimeter as predictors of lesion 
progression rate.
Methods: To evaluate the natural course of GA progression, data 
from GA subjects in the sham-procedure group (n=19) from a 
phase 2a Allergan study (NCT00658619) were used. Color fundus 
photographs with superimposed GA lesion tracings were obtained 
from the study archive and reanalyzed with ImageJ software (v1.50i). 
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GACI and perimeter were quantified for 19 eyes from 19 GA 
subjects, and matched with previously reported GA data. Using R 
software (v3.3.2) under R Studio, matrix correlations were conducted 
to assess GA progression rate at Year 1 and 2 as a function of GA 
baseline area, GACI and perimeter.
Results: Mean baseline area, GACI, and perimeter [means (range)] 
were 14.04 (1.65-48.34) mm2, 0.33 (0.07-0.85), and 21.88 (4.15-
60.72) mm, respectively. Baseline area and perimeter demonstrated 
statistically significant associations with GA progression rate at Year 
1 (r2=0.685; p<0.001 and 0.560; p<0.013, respectively), while GACI 
association with GA progression rate was poor (r2=-0.089; p<0.72). 
Associations at Year 2 followed the same trends.
Conclusions: Results from this analysis were consistent with 
established data that showed an association between baseline GA 
area and lesion progression rate. However, no statistically significant 
association between GACI and lesion progression rate was shown. 
On the other hand, our analysis demonstrated strong correlation 
between baseline GA perimeter and lesion progression rate. The 
relative ranking of predictive value for baseline measures on lesion 
progression rate were GA area > perimeter > GACI. Further studies 
using larger study populations are warranted to confirm the role 
of these baseline measures to predict the natural course of GA 
progression.
Commercial Relationships: Quoc Ho; Mia Mackowski, None; 
Kevin Kerr, Allergan (E); Francisco J. Lopez, Allergan (E); 
Susan Schneider, Allergan (E)
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Reduced Phagocytosis as a novel pathogenic mechanism in AMD 
pathogenesis
Emily Caruso1, 2, Ben Gu3, 2, Erica L. Fletcher4, Xin Huang3, 
Pavan Avula3, Dr. Kirstan A. Vessey4, James S. Wiley3, 
Robyn H. Guymer1, 2. 1Centre For Eye Research Australia, Royal 
Victoria Eye and Ear Hospital, Melbourne, VIC, Australia; 2Surgery, 
Ophthalmology, The University of Melbourne, Melbourne, VIC, 
Australia; 3The Florey Institute of Neuroscience and Mental Health, 
Melbourne, VIC, Australia; 4Anatomy and Neuroscience, University 
of Melbourne, Melbourne, VIC, Australia.
Purpose: Age related macular degeneration (AMD) is characterized 
by the accumulation of debris in the retinal/retinal pigment 
epithelium/Bruch’s membrane complex, yet the exact cause of this 
accumulation is not known. Our aim was to determine whether 
the phagocytic ability of peripheral blood monocytes (PBMC) in 
participants with a range of the AMD phenotypes is reduced when 
compared with age-matched controls.
Methods: Eligible participants from the Centre for Eye Research 
Australia were aged 50 or over and had either intermediate AMD, 
geographic atrophy, choroidal neovascularisation or were healthy 
controls (HC). Participants were fully phenotyped using multi-modal 
imaging and were graded per the Beckman classification. Peripheral 
blood was collected from participants and mononuclear cells were 
isolated and labelled with surface phenotype markers. Phagocytosis 
of yellow-orange fluorescent latex beads (YO beads) by monocytes 
was measured using a real-time tri-colour flow cytometry method. 
Phagocytosis ability was calculated as the area under the bead uptake 
curve. The phagocytic ability was correlated with the level of AMD 
disease. Glatiramer acetate [Copaxone ®] (CPX), a drug used to 
augment phagocytosis, was used to treat the cells prior to the addition 
of beads. A derived CPX stimulated phagocytic index was calculated 
as the phagocytosis ability of CPX treated cells minus that of the 
untreated cells.

Results: 70 cases of AMD and 36 aged matched healthy controls 
were recruited. The average basal phagocytic ability of classic 
monocytes in HC was significantly higher than that in AMD cases 
(106117±35734 vs. 88473±21945, p<0.002). Similar significance 
was found in other monocyte subsets. After the cells were incubated 
with CPX, the CPX stimulated index was significantly higher in the 
AMD cases compared with the controls (p<0.04), which subsequently 
restored the lower basal phagocytic ability in AMD cases to a similar 
level as HC.
Conclusions: This pilot study confirmed that PBMC of people 
with AMD have a reduced phagocytic ability when challenged with 
beads in a laboratory setting. Copaxone® appears to augment the 
phagocytic ability of monocytes from AMD participants. These 
results suggest a novel pathogenic mechanism for AMD, as well as a 
potential treatment target.
Commercial Relationships: Emily Caruso; Ben Gu, None; 
Erica L. Fletcher, None; Xin Huang, None; Pavan Avula, 
None; Dr. Kirstan A. Vessey, None; James S. Wiley, None; 
Robyn H. Guymer, None
Support: NHMRC Project Grant - APP1120095 (CI Professor Robyn 
Guymer), Macular Society (CI Professor Robyn Guymer), Bright 
Focus Foundation (CI Professor Robyn Guymer), Macular Disease 
Foundation (CI Professor Erica Fletcher)
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Diagnostic performance of the handheld Radial Shape 
Discrimination test for detecting recent onset neovascular age-
related macular degeneration
Paul C. Knox1, Noelia Pitrelli Vazquez1, 2, Simon P. Harding1, 
Heinrich Heimann2, Gabriela Czanner1. 1Eye and Vision Science, 
University of Liverpool, Liverpool, United Kingdom; 2St Paul’s 
Eye Unit, Royal Liverpool University Hospital, Liverpool, United 
Kingdom.
Purpose: The advent of effective treatments for neovascular 
age-related macular degeneration (nAMD) means that improved, 
cost-effective methods of detection and monitoring of patients are 
required. We have investigated the sensitivity and specificity of the 
handheld Radial Shape Discrimination test (hRSD; Wang et al, 2013, 
IOVS 54:5479) which has shown potential for the early detection of 
nAMD.
Methods: Patients diagnosed with, and receiving treatment for, 
nAMD in their first eye, and with no evidence of nAMD in their 
fellow eye (the study eye, SE) were recruited. We excluded patients 
with Diabetes, or geographic atrophy close to the macula. An 
hRSD test (3AFC version, presented on an Apple iPod Touch) 
was completed with both eyes on consecutive, routine, clinic 
visits from recruitment up to a maximum of 12 occasions, or until 
nAMD was diagnosed in the SE. Diagnosis was based on masked 
clinician assessment using biomicroscopy and spectral domain OCT, 
confirmed with fluorescein angiography. For each patient the result 
of the hRSD test in the SE at the final visit (the conversion visit for 
those who developed nAMD) was used for ROC analysis.
Results: Of 184 patients recruited (mean±SD age: 78±8 years; 
range: 52-93 years, 109 female), 21 (11%) developed nAMD in 
the SE (converters). hRSD threshold at the final study visit differed 
significantly between converters (-0.45±0.19logMAR) and non-
converters (-0.60±0.19logMAR; t=3.46, df=182 p<0.001). The 
area under the ROC curve (AUC; see Figure) for the hRSD test, for 
differentiating converters from non-converters, was 0.73 (95%CI 0.62 
to 0.83), significantly different from an AUC of 0.5 (p=0.001). At a 
cut-off value of -0.57logMAR, hRSD test sensitivity for detecting 
new nAMD was 81% with a specificity of 60%.
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Conclusions: The hRSD test demonstrated sensitivity for detecting 
the development of new nAMD superior to that of time domain 
OCT, Amsler grid and PHP hyperacuity as reported by Do et al, 
2012, Ophthalmology 119:771, who used a similar prospective study 
design, following the fellow eyes of patients being treated for nAMD 
in the first eye. Given these data, the ease of test use and its low 
cost, the hRSD test may have value in the early detection of nAMD 
leading to earlier diagnosis and treatment.

Commercial Relationships: Paul C. Knox, None; Noelia Pitrelli 
Vazquez, None; Simon P. Harding, None; Heinrich Heimann, 
None; Gabriela Czanner, None
Support: Dunhill Medical Trust Project Grant R283/0213
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THE CHARLES–BONNET SYNDROME IN PATIENTS 
WITH NEOVASCULAR-AGE RELATED MACULAR 
DEGENERATION – COULD PROTON INHIBITOR PUMPS 
PLAY A ROLE?
João E. Leandro1, João Beato1, 2, Ana Catarina Pedrosa1, 
João Pinheiro-Costa1, 3, Manuel Alberto Falcão1, 2,  
Fernando Falcão-Reis1, 2, Â M. Carneiro1, 2. 1Department of 
Ophthalmology, São João Hospital, Porto, Portugal; 2Department 
of Sense Organs, Faculty of Medicine, University of Porto, Porto, 
Portugal; 3Anatomy, Faculty of Medicine, University of Porto, Porto, 
Portugal.
Purpose: The occurrence of visual hallucinations in psychologically 
healthy people – the Charles Bonnet Syndrome – is often associated 
with visual loss. We investigated the role of oral proton pump 
inhibitors (PPIs) use and other potential risk factors in a population of 
neovascular age-related macular degeneration (AMD) patients.
Methods: Five hundred consecutive patients with neovascular-AMD 
followed at a single tertiary center in Portugal were screened for 
CBS. Psychiatrically healthy individuals where systematically asked 
if they had previously experienced hallucinations, patients that fit 
the selection criteria were included in the CBS group and those who 
did not report hallucinations were included in the non-CBS group. 
Demographic data, current medication and ocular risk factors were 

collected from patient charts and compared between CBS and non-
CBS groups.
Results: The prevalence of CBS was found to be 9.0% (45/500). 
Using a binary logistic regression model, correlations were found 
between older age (p=0.004), longer follow-up time (p=0.040), PPI 
use (p=0.021), poor visual acuity (p=0.012) and the development of 
CBS. The increased risk for visual hallucinations caused by PPIs was 
independent of age (p=0.312), visual acuity (p=0.887) and duration 
of follow-up (p=0.671). For this model, the area under the curve was 
0.772.
Conclusions: The prevalence of CBS in neovascular-AMD patients 
is high and mainly affects older individuals with poor visual acuity. 
PPIs seem to increase the risk of development of hallucinations 
independently of the degree of visual loss.
Commercial Relationships: João E. Leandro, None; João Beato, 
None; Ana Catarina Pedrosa, None; João Pinheiro-Costa, None; 
Manuel Alberto Falcão, None; Fernando Falcão-Reis; Ângela M. 
Carneiro, None
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Use of a Computer-based Critical Flicker Fusion Test 
Discriminates between Young, Old, and Dry AMD Patients
Connie Slocum, Keith J. Lane, John D. Rodriguez, Aron Shapiro, 
Mark Abelson, David Hollander. Ora, Inc, Andover, MA.
Purpose: We have developed a simplified computer-based critical 
flicker fusion (CFF) test to rapidly assess visual function in a patient 
population for implementation in clinical trials. The test utilizes the 
PsychoPy toolkit, a software library written in the Python language, 
which is specifically designed for use in visual psychophysics. The 
aim of this study was to validate the computer-based CFF test by 
comparing differences in CFF scores between younger and older 
normal subjects and subjects with dry AMD.
Methods: This study enrolled 23 normal subjects with a mean (SD) 
age of 44.7 (9) years, 17 older normal subjects with a mean (SD) age 
of 74.5 (4) years, and 9 subjects with dry AMD with a mean (SD) age 
of 77.8 (6.8) years. Dry AMD was defined by signs of pigmentary 
changes, mottling and/or the presence of some drusen, and a potential 
acuity measurement (PAM) between 20/30 and 20/80. After a 
45-minute dark adaptation period, CFF was measured twice in each 
eye, 5 minutes apart, with stimulus presented using a staircase design 
with test frequencies set at 20, 24, 30, 40 and 60 Hz. The stimulus 
used a single circular blob (Goldmann size 5) presented centrally.
Results: Older subjects had reduced CFF relative to younger subjects 
with 42.9% of eyes in younger subjects perceiving flicker frequencies 
greater than 30 Hz compared 21.2% of eyes in older subjects. CFF 
scores for dry AMD subjects showed a reduction in CFF relative to 
older normal subjects, with 31% of dry AMD subjects having a CFF 
threshold of 24 Hz relative to 6% for older normal subjects.
Conclusions: A computer-based CFF test may be a valuable tool to 
discriminate patient populations and may be readily employed for 
multi-centered trials.
Commercial Relationships: Connie Slocum, Ora, Inc. (E); 
Keith J. Lane, Ora, Inc. (E); John D. Rodriguez, Ora, Inc. 
(E); Aron Shapiro, Ora, Inc. (E); Mark Abelson, Ora, Inc. (E); 
David Hollander, Ora, Inc. (E)
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Relationship Between the Cilioretinal Artery and Subretinal 
Fluid in Neovascular Age-Related Macular Degeneration
Adel Ebraheem1, 2, Akihito Uji1, 2, Muneeswar G. Nittala1, 2, 
Srinivas R. Sadda1, 2. 1Ophthalmology, Doheny Eye Institute, Los 
Angeles, CA; 2Ophthalmology, University of California- Los 
Angeles, Los Angeles, CA.
Purpose: Patients with neovascular AMD (NVAMD) can 
demonstrate varying amounts of subretinal fluid (SRF) at the time 
of diagnosis, and factors effecting the extend of exudation have 
not been well established. A cilioretinal artery (CRA) is present in 
approximately 20% of the population (20.7% of eyes), and could 
potentially affect the hemodynamics of flow available to the choroidal 
circulation supplying most choroidal neovascular membranes (CNV). 
In this study, we evaluate the relationship between the CRA and 
extent of subretinal fluid.
Methods: We identified 212 consecutive patients with treatment-
naïve neovascular AMD in at least one eye from anonymized 
datasets available at the Doheny Image Reading Center (only one 
study eye selected for each subject). The color fundus photos and 
fluorescein angiograms of the study eye were reviewed to identify 
eyes with a CRA (cases group) and eyes without (controls group). 
Spectral domain OCT data (Cirrus OCT) were evaluated in a masked 
fashion by 2 graders to identify the presence and volume of SRF. In 
addition, we also evaluated for other candidate OCT features which 
could affect SRF such as the presence of subretinal hyper-reflective 
material (SHRM), cystoid macular edema (CME), pigment epithelial 
detachment (PED), and the subtype of choroidal neovascularization 
(CNV). Non-parametric Mann-Whitney test, univariate, and 
multivariate analyses were performed to evaluate for any significanct 
differences between cases and controls, and to evaluate the 
relationship between these factors and the dependent variable, SRF 
volume.
Results: Among the 212 study eyes, there were 44 cases and 168 
controls. The mean SRF was significantly lower in cases when 
compared to controls (0.72 ± 0.90 vs.1.60 ± 2.36 mm3, p = 0.026). 
Univariate regression analysis showed a significant but weak 
correlation between SRF and CRA (r -0.15, p = 0.03); and various 
OCT parameters including SHRM (r = 0.16, p = 0.023), Cystoid 
spaces (r = 0.20, p = 0.0004), and Type2 CNV (r = 0.16, p = 0.02). 
Multivariate analysis demonstrated that the presence of a cilioretinal 
artery (r = 0.17, p = 0.02) independently correlated with presence of 
SRF.
Conclusions: In this analysis, the presence of a cilioretinal artery 
appeared to correlate with the presence of subretinal fluid in eyes 
with NVAMD. This is may be due to a hemodynamic effect of the 
CRA which warrants further investigation.

Commercial Relationships: Adel Ebraheem; Akihito Uji, None; 
Muneeswar G. Nittala, None; Srinivas R. Sadda, Novartis (C), 
Optos (C), Allergan (F), Carl Zeiss Meditec (F), Genentech (C), 
Thrombogenics (C), Optos (F), Genentech (F), Iconic (C), Allergan 
(C)
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Reticular pseudodrusen drives the loss of scotopic function in 
intermediate age-related macular degeneration
Rose Tan1, 2, Robyn H. Guymer1, 2, Chi D. Luu1, 2. 1Macular Research, 
Centre for Eye Research Australia, East Melbourne, VIC, Australia; 
2Department of Surgery (Ophthalmology), The University of 
Melbourne, East Melbourne, VIC, Australia.
Purpose: Data on scotopic function throughout the macula in 
eyes with intermediate AMD (iAMD) remains limited. This study 
evaluated retinotopic macular scotopic function in healthy controls 
and iAMD eyes with and without reticular pseudodrusen (RPD).
Methods: Scotopic thresholds for the 505 nm (cyan) and 620 nm 
(red) stimuli were obtained from 13 normal control, 15 iAMD 
without RPD and 15 iAMD with RPD participants, using a Medmont 
dark-adapted chromatic perimeter. Measurements were performed 
in one eye after 20 and 30 minutes of dark adaptation (DA) and the 
test grid consisted of 24 test locations spaced within the central 24°. 
The average point-wise sensitivity (PWS) for each stimulus and the 
sensitivity difference (cyan threshold - red threshold, for assessing 
rod function) were compared between the study groups.
Results: The average PWS in iAMD eyes without RPD for 550 nm 
(51.3 ± 6.7 dB, p = 1.00) and 620 nm stimuli (29.9± 4.8 dB, p = 1.00) 
were similar to that of the control eyes (51.6 ± 6.3 dB for 550 nm 
and 30.0 ± 5.3 dB for 620 nm). However, the average PWS in iAMD 
eye with RPD for the 550 nm and 620 nm stimulus were significantly 
reduced in the central 8° compared to control eyes (48.6 ± 9.7 dB, 
p < 0.001 and 28.7± 6.4 dB, p = 0.04, respectively). The sensitivity 
difference at 20 and 30 minutes DA of iAMD eyes without RPD was 
similar to that of the controls at all test points (p ≥ 0.68). In iAMD 
eyes with RPD, the sensitivity difference at 20 and 30 minutes DA 
was significantly smaller than that of the controls, but only at test 
locations within the central 8° (p ≤ 0.005).
Conclusions: Scotopic function is normal in iAMD eyes without 
RPD but is reduced in iAMD eyes with RPD, in the central 8°. These 
findings suggest that the abnormal rod function is likely driven by 
RPD rather than iAMD.
Commercial Relationships: Rose Tan; Robyn H. Guymer, None; 
Chi D. Luu, None
Support: Australia Awards Scholarship, Beckman Initiative for 
Macular Research grant and Macular Disease Foundation Australia 
grant
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A functional biomarker for subclinical age-related macular 
degeneration (AMD)
Clinton N. Sims. Association of Ophthalmology, Fort Myers, Fl., FL.
Purpose: Previous studies have demonstrated pupillary streaks 
of low luminosity are associated with varying degrees of AMD. 
Could similar pupillary streaks in eyes with normal fundi indicate 
subclinical AMD? If so, the incidence would be similar to the 
incidences of AMD of older persons in the Beaver Dam (BD) and 
Blue Mountain (BM) long term eye studies..
Methods: This was a retrospective clinical study of 77 patients with 
normal fundi and clear optical media seen in a general ophthalmology 
practice. Ages ranged from 50-89 (mean age 72.3), 56 % were 
female, 76.9% had a BMI >25 and 9% a familial AMD history. 
After a non-cycloplegic subjective refraction, a modified Copeland 
retinoscope (Fig. 1), calibrated for parallel light (0.00D vergence), 
was used to produce the initial pupillary streak. A secondary pupillary 
streak was produced using converging retinoscopic light (+1.00D 
vergence) to reduce the brightness of the initial pupillary reflex 
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1.8x. The luminosity of the pupillary streaks were graded using 
a photometric scale (Fig. 2) and averaged. The percentage of the 
subjects with low 0-2 photometric scores was calculated.
Results: 
The incidence of low photometric scores was 42.7% and AMD 
incidences of older persons (age 75+) in the long term AMD studies 
were: 36.8% (1 year BD), 46.2% (10 year BD) and 56.6% (15 year 
BM).
Conclusions: The incidence of depressed pupillary reflexes seen 
with this technique are similar to the AMD incidences in the BD and 
BM studies. This technique appears to be a functional biomarker for 
subclinical AMD. The dense pigment particles of the retinal pigment 
epithelium (RPE), photoreceptors and choroid reflect the pupillary 
streak. Decreased density of the pigment particles in these tissues 
and destruction of rods and RPE decrease the luminosity of the 
pupillary streak. Other factors include the degradation of the pigment 
particles by the lysosomes and lipofuscin attached to melanosomes 
and the lower density of lipofuscin surrounding the pigment particles. 
Common risk factors are family history, obesity and smoking. 
Supplements of zeaxanthin, lutein, and mesozeaxanthin may be 
beneficial to those with subclinical AMD. In healthy eyes with 
bright pupillary reflexes, the melanin content of the RPE and choroid 
prevents the increasing lipofuscin formation associated with AMD.

Fig. 1 Calibrated retinoscope
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Fig. 2 Photometric scale
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