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Month 18 changes in microperimetric mean sensitivity, fixation 
location, and fixation stability in Stargardt disease: The ProgStar 
Study
Etienne Schonbach1, Xiangrong Kong1, Mohamed A. Ibrahim1, 
Rupert W. Strauss2, 3, David G. Birch4, Artur V. Cideciyan5, 
Muneeswar G. Nittala9, Janet S. Sunness7, Eberhart Zrenner6, 
Srinivas R. Sadda8, 9, Sheila West1, Hendrik P. Scholl1, 10. 1Wilmer 
Eye Institute, Johns Hopkins University School of Medicine, 
Baltimore, MD; 2Moorfields Eye Hospital, London, United Kingdom; 
3Johannes Kepler University, Linz, Austria; 4Retina Foundation 
of the Southwest, Dallas, TX; 5Scheie Eye Institute, University 
of Pennsylvania, Philadelphia, PA; 6Center for Ophthalmology, 
Eberhard Karls Universität, Tübingen, Germany; 7Hoover Low 
Vision Rehabilitation Services, Greater Baltimore Medical Center, 
Baltimore, MD; 8UCLA David Geffen School of Medicine, Los 
Angeles, CA; 9Doheny Eye Institute, Los Angeles, CA; 10Department 
of Ophthalmology, University of Basel, Basel, Switzerland.
Purpose: Degeneration of photoreceptors and the retinal pigment 
epithelium in autosomal recessive Stargardt disease (type 1; STGD1) 
eventually leads to bilateral reduction of visual acuity and macular 
sensitivity. Affected patients begin to use an eccentric, less affected, 
location of the retina to fixate once the center of the macula is 
involved, often with considerably reduced stability of fixation. Here, 
we present the month 18 longitudinal changes of the microperimetric 
mean sensitivity (MS), fixation location, and fixation stability in the 
prospective, multicenter, longitudinal, observational ProgStar study 
(NCT01977846).
Methods: The MP-1 Microperimeter (Nidek Technologies) was used 
to measure MS of the central 20° of the macula, fixation stability 
through the 95.4%-Bivariate Contour Ellipse Area (BCEA), and 
fixation location as the distance of the preferred retinal locus (PRL) 
from the anatomical fovea in patients with ABCA4-related STGD1. 
Data were graded for month 0, 6, 12, and 18. Linear mixed effects 
models were used to estimate the rate of change of MP parameters 
per year.
Results: At baseline, 238 patients (105 males, 44 %) with 444 eyes 
and a median age of 32 years (mean, 33.8 years; range, 7-69 years) 
were included in this analysis. Median MS at baseline was 12.1 dB 
(mean, 10.8 dB; range, 0- 19.9 dB). MS at month 18 was 10.9 dB 
(mean, 9.76 dB; range, 0-20.0 dB) and a yearly change of -0.69 dB 
(95 % CI, -0.83 to -0.55 dB) was calculated. The median BCEA at 
baseline was 21.4 deg2 (mean, 30.8 deg2; range, 0.37-220.6 deg2) 
and 21.4 deg2 at month 18 (mean, 31.1 deg2; range, 0.37- 266.9 deg2) 
with a non signficant yearly increase of 0.06 deg2 (95 % CI, -1.7 to 
1.8 deg2). The median PRL distance was 6 deg from the anatomical 
fovea (mean, 6.24 deg; range, 0 to 25 deg) at baseline and remained 
stable at month 18 (mean, 6.16 deg; range, 0 to 26 deg) with a yearly 
change of -0.10 deg (95 % CI, -0.27 to 0.07 deg). Both improvements 
and worsening of eccentricity and fixation stability were observed.
Conclusions: In our cohort of 238 cases of STGD1 with 18 months 
of follow-up, the annual rate of change in microperimetric measures 
was not statistically significant for fixation location or stability. Mean 
sensitivity showed a statistically significant annual decline of  
0.69 dB.

Longitudinal follow-up of mean sensitivity in eyes with  
ABCA4- related Stargardt disease.
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OCT-ANGIOGRAPHY OF QUIESCENT CNV IN ANGIOID 
STREAKS
Giorgio Panozzo1, Eleonora Corbelli1, alessandro marchese1, 
Adriano Carnevali1, 3, Maria Vittoria Cicinelli1, Michele Cavalleri1, 
Lea Querques1, Riccardo Sacconi1, 2, Francesco Bandello1, 
Giuseppe Querques1. 1Ophthalmology, University Vita-Salute, IRCCS 
Ospedale San Raffaele, Milan, Italy, Milan, Italy; 2Ophthalmology, 
University of Verona, University hospital of Verona, Verona, Italy; 
3Ophthalmology, University of “Magna Graecia”, Catanzaro, Italy, 
Catanzaro, Italy.
Purpose: Choroidal neovascularization (CNV) is by far the most 
common cause of visual loss in patients affected by angioid streaks 
(AS). Optical coherence tomography angiography (OCT-A) is a new 
imaging technique able to detect treatment-naïve quiescent CNV 
along the AS. The aim of this study is to estimate the prevalence of 
treatment-naïve quiescent CNV in angioid streaks and to investigate 
their OCT-A features.
Methods: We retrospectively analyzed treatment-naïve subjects 
affected by AS without exudative choroidal neovascularization 
(CNV). All patients underwent standard multimodal imaging, 
including multicolor imaging, infrared retinography (IR), blue 
autofluorescence (BAF), fluorescence angiography (FA), structural 
OCT and OCT-A (Angioplex™, CIRRUS HD-OCT models 5000, 
Carl Zeiss Meditec, Inc., Dublin, USA). Then, we identified 
treatment-naïve CNV along AS and studied their OCT-A features.
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Results: We included 12 eyes of 6 subjects (5 males and 1 female, 
age 50±18 years) affected by AS. We analysed 27 angioid streaks 
by means of OCT-A. In seven out of 27 AS, choriocapillary 
segmentation of OCT-A revealed an irregular vascular network 
representing treatment-naïve quiescent CNV. Interestingly, they 
appeared on structural OCT as flat irregular elevation of the retinal 
pigment epithelium (RPE) with hyper-reflective accumulations above 
the Bruch’s Membrane (BM), without intra/subretinal hyporeflective 
fluid.
Conclusions: OCT-A is able to detect the presence of treatment-naïve 
quiescent CNV along AS, in areas of flat irregular elevation of the 
RPE as visualized by structural OCT.
Commercial Relationships: Giorgio Panozzo, None; 
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Changes in choroidal vasculature predict visual outcomes in 
Stargardt disease
Alexander Ho1, Siva Balasubramanian1, 2, Anamika Jha1, 
Beatriz Munoz3, Rupert W. Strauss4, 5, Michael S. Ip1, 2, 
Srinivas R. Sadda1, 2, Hendrik P. Scholl6, 7. 1Doheny Image Reading 
Center, Doheny Eye Institute, Los Angeles, CA; 2Department 
of Ophthalmology, David Geffen School of Medicine at UCLA, 
Los Angeles, CA; 3Dana Center for Preventive Ophthalmology, 
Wilmer Eye Institute, Johns Hopkins University, Baltimore, MD; 
4Moorfields Eye Hospital, London, United Kingdom; 5Department 
of Ophthalmology, Johannes Kepler University, Linz, Austria; 
6Department of Ophthalmology, University of Basel, Basel, 
Switzerland; 7Wilmer Eye Institute, Johns Hopkins University, 
Baltimore, MD.
Purpose: Vascular status of the choroid in ABCA4-related Stargardt 
disease (STGD1) remains unclear. We hypothesized that alterations 
in choroidal vasculature contribute to changes in visual acuity. In this 
analysis, we evaluated the morphofunctional relationship between 
choroid and visual acuity in a Stargardt disease cohort.
Methods: Enhanced depth imaging (EDI) optical coherence 
tomography (OCT) scans and best-corrected visual acuity (BCVA) 
were collected at baseline, six, and 12 month follow-up visits from 37 
eyes of 37 subjects from the prospective multicenter “Natural History 
of Progression of Stargardt Disease” (ProgStar) study. Various 
choroidal parameters at the sub-fovea including choroidal area (CA), 
luminal area (LA) and choroidal vascularity index (CVI: proportion 
of LA to CA) were computed using a previously reported image 
binarization technique (Figure 1). Repeated measures ANOVA was 
used to study the changes in vision and choroid during subsequent 
visits. The correlation between choroidal parameters and BCVA was 
assessed using Pearson and multiple linear regression analysis.
Results: Results are expressed as mean ± standard deviation. The 
mean age of study subjects was 33 ± 14 years (range: 11-67), and 
17 were female. BCVA was 0.82 ± 0.32 logMAR with spherical 
equivalent (SE) of refractive error of -3.02 ± 2.69 diopters. The 
mean CA, LA and CVI were 0.76 ± 0.21 mm2 (range: 0.34-1.26), 
0.49 ± 0.14 mm2 (range: 0.22-0.80) and 0.64 ± 0.03 (0.56-0.70), 

respectively. CVI was negatively correlated (r = -0.44, p = 0.01)  
with logMAR equivalent BCVA, and positively correlated with LA  
(r = 0.34, p = 0.04), indicating worse visual acuity was associated 
with reduced choroidal vasculature. Age (r = -0.15, p = 0.38), SE  
(r = -0.07, p = 0.69) and CA (r = 0.21, p = 0.22) did not show a 
significant correlation with CVI. Multiple linear regression analysis 
also demonstrated CVI as a significant (p = 0.01) predictor of BCVA. 
The choroidal parameters and BCVA did not significantly change 
between follow-up visits.
Conclusions: The vascular component of the choroid appears to be 
related to visual function in Stargardt disease. Further replicative 
studies are required to confirm this relationship and better define the 
pathophysiologic mechanisms.

Figure 1. EDI-OCT B-scan from a Stargardt patient’s eye. (A) Raw 
OCT B-scan. (B) OCT B-scan image following binarization; CA 
(within red) and LA (dark pixels within CA).
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Genetic characteristics of an international large cohort with 
Stargardt disease: The ProgStar study
Kaoru Fujinami1, 2, Rupert W. Strauss3, 4, John Chiang5, 
Isabelle S. Audo6, Paul S. Bernstein7, David G. Birch8, 
Samuel G. Jacobson9, Brian C. Mansfield10, Meghan J. Marino11, 
Jose A. Sahel6, Saddek Mohand-Said6, Janet S. Sunness12, 
Elias I. Traboulsi11, Eberhart Zrenner13, Michel Michaelides3, 2, 
Hendrik P. Scholl14, 4. 1Division for Vision Research, National Institute 
of Sensory Organs, National Hospital Organization, Tokyo Medical 
Center, Tokyo, Japan; 2Genetics, UCL Institute of Ophthalmology, 
London, United Kingdom; 3Medical Retina, Moorfields Eye 
Hospital, London, United Kingdom; 4Wilmer Eye Institute, Johns 
Hopkins University, Baltimore, MD; 5Casey Molecular Diagnostic 
Laboratory, Portland, OR; 6CHNO des QuinzeVingts, DHU Sight 
Restore, INSERMDHOS CIC 1423, Sorbonne Universités, UPMC 
Univ Paris 06, INSERM, CNRS, Institut de la Vision, Paris, France; 
7Moran Eye Center, University of Utah, Salt Lake City, UT; 8Retina 
Foundation of the Southwest, Dallas, TX; 9Ophthalmology, Perelman 
School of Medicine, University of Pennsylvania, Philadelphia, 
PA; 10Foundation Fighting Blindness, Columbia, MD; 11Cole Eye 
Institute, Cleveland Clinic, Cleveland, OH; 12Richard E Hoover 
Low Vision Rehabilitation Services, Greater Baltimore Medical 
Center, Baltimore, MD; 13Center for Ophthalmology, Eberhard-
Karls University Hospital, Tuebingen, Germany; 14Department of 
Ophthalmology, University of Basel, Basel, Switzerland.
Purpose: We describe the genetic characteristics of the cohort 
enrolled in the international multi-center progression of Stargardt 
disease type 1 (STGD1) study (ProgStar) and determine ethnic 
features based on the allele frequency
Methods: 275 subjects with a clinical diagnosis of STGD1 and 
harboring multiple pathogenic ABCA4 variants were enrolled 
from 9 centers in the USA and Europe (ProgStar retrospective and 
prospective studies; Strauss et el. Ophthalmology 2016). Subjects 
were classified into four ethnic subgroups (European/Middle Eastern, 
African, Asian, and Other/Unknown) based on questionnaire 
responses, then comparison analysis of the allele frequency was 
performed with categorical testing of the independence of each 
prevalent allele.
Results: 195 pathogenic sequence variants were identified in the 
total cohort, including missense (123), splice site alteration (32), 
frame shift (19), stop (19), in-frame deletion (1), and large exonic 
deletion (1). 46 variants were novel. Exclusively missense variants 
were detected in 136 patients (49.5%). There were 196 European/
Middle Eastern patients, 18 African (by descent), 14 Asian and 47 
with other/unknown ethnicity. The three most prevalent variants 
in the total cohort were p.G1961E (15.3%), p.G863A (7.3%), and 
c.5461-10 T>C (4.9%). The three most prevalent variants in each 
subgroup were: p.G1961E (15.3%), p.G863A (7.9%), c.5461-10 T>C 
(5.9%) in European/Middle Eastern; p.R2107H (13.9%), p.V989A 
(8.3%), p.G991R (8.3%), p.V643M (8.3%) in African; and p.G1961E 
(39.3%), c.4253+4C>T (7.1%), p.S95P (7.1%) in Asian, respectively. 
The subgroup analysis revealed a statistically significant ethnic 
difference in the allele frequency of p.G1961E, p.R2107H, p.V989A, 
p.G991R, p.V643M, c.4253+4C>T, and p.S95P.
Conclusions: The spectrum of ABCA4 variants has now been 
documented in a well-characterized large cohort with STGD1. 
Approximately half of the cohort harbors only missense variants, 
which is in keeping with the relatively mild phenotype of the 
ProgStar cohort; since the inclusion criteria of well-demarcated 
macular atrophy does not include patients with very severe 
phenotypes such as extended atrophy. Subgroup analysis reveals the 

distinct prevalent alleles in each ethnicity, although the number of 
subjects for some subgroups is limited.
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Clinical, optical coherence tomography and fundus 
autofluorescence findings in atrophic maculopathy associated 
with pseudoxanthoma elasticum
Panagiotis Vasilopoulos1, 2, Andrew R. Webster2, 4, 
Catherine A. Egan1, 2, Hemal Mehta2, 3, Philip G. Hykin1, 2. 1Clinical 
Research Facility, Moorfields Eye Hospital, London, United 
Kingdom; 2Medical Retina, Moorfields Eye Hospital, London, United 
Kingdom; 3Ophthalmology, Royal Free Hospital, London, United 
Kingdom; 4Ocular Biology Institute of Ophthalmology, U.C.L., 
London, United Kingdom.
Purpose: To report characteristic clinical, optical coherence 
tomography (OCT) and fundus autofluorescence findings in 
pseudoxanthoma elasticum (PXE) atrophic maculopathy.
Methods: Methods: Retrospective analysis of patients with 
maculopathy associated with PXE over the period of one year. All 
patients underwent routine ophthalmic examination, color fundus 
photography, autofluorescence imaging and spectral-domain OCT. 
Fundus fluorescein angiography (FFA) and electrodiagnostic testing 
were assessed where available. Follow up images were obtained in 
some cases. Mutations in ABCC6 were studied with genome-wide 
Single Nucleotide Polymorphism (SNP) microarray, conventional 
PCR and MLPA.
Results: Six patients were included in the study. (M:F, 1:5, age range 
48-61). 5 of 6 patients had no choroidal neovascularisation (CNV) 
and one patient had prior anti-VEGF treatment. Visual acuity ranged 
from 6/6 to 1/60. Clinically, varying degrees of retinal pigment 
epithelium (RPE) mottling and macula atrophy were noted. Five of 
six patients had angioid streaks. Autofluorescence scans demonstrated 
punctate hyperautofluorescent lesions surrounding areas of macula 
atrophy in all cases. Spectral-domain OCT imaging showed breaks 
in the high reflectance line corresponding to Bruch’s membrane in 5 
patients. Significant progression of pathological findings were seen in 
some cases.
Conclusions: Atrophic maculopathy in PXE has a characteristic 
clinical and imaging phenotype, can occur without or with CNV and 
may be a cause of progressive significant visual impairment. SD-OCT 
and autofluorescence imaging demonstrate characteristic findings.
Commercial Relationships: Panagiotis Vasilopoulos, None; 
Andrew R. Webster, None; Catherine A. Egan, Heidelberg (R), 
Novartis (F); Hemal Mehta, Allergan (R), Novartis (R), Bayer (R); 
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Progression of Stargardt disease as measured by spectral-domain 
optical coherence tomography (SD-OCT) in the ProgStar Study
Mohamed A. Ibrahim1, Yulia Wolfson1, Beatriz Munoz1, 
Rupert W. Strauss2, 3, Sheila West1, Swetha Velaga4, 
Nizar S. Abdelfattah4, 5, Jianyan Huang4, Srinivas R. Sadda4, 5, 
David G. Birch6, Eberhart Zrenner7, Hendrik P. Scholl1, 8. 
1Ophthalmology, Johns Hopkins University, Forest Hill, MD; 
2Moorfields Eye Hospital and UCL Institute of Ophthalmology, 
London, United Kingdom; 3Johannes Kepler University, Linz, 
Austria; 4Doheny Eye Institute, Los Angeles, CA; 5David Geffen 
School of Medicine, UCLA, Los Angeles, CA; 6Retina Foundation 
of the Southwest, Dallas, TX; 7Center for Ophthalmology, 
Eberhard Karls Universität, Tübingen, Germany; 8Department of 
Ophthalmology, University of Basel, Basel, Switzerland.
Purpose: To evaluate progression of loss in various retinal layers in 
patients with Stargardt disease type 1 (STGD1) based on 6 months 
follow-up of SD-OCT findings in the prospective Natural History of 
the Progression of Atrophy Secondary to Stargardt Disease (ProgStar) 
Study.
Methods: Patients with molecularly (ABCA4 gene mutations) 
confirmed STGD1 were enrolled. SD-OCT scans were obtained at 
baseline from a 20oX20o scan area centered on the fovea and was 
repeated at month 6 using the built-in follow-up mode. Retinal layers 
were semi-automatically segmented to identify: retinal pigment 
epithelium (RPE), inner segments (IS), outer segments (OS), and 
outer nuclear layer (ONL). The thicknesses of individual layers and 
the proportions of damage/tissue loss relative to the scanned area 
were calculated by a custom software within the total scanned  
area (TSA), central subfield (CS; 0.5mm radius), inner ring  
(IR; 0.5-1.5mm) and outer ring (OR; 1.5-3mm).
Results: Study demographics and statistics are shown in Tables 
1&2. At baseline, OS and IS had the greatest loss in area within 
the TSA (31%; SD 30; and 29%; SD 29.6, respectively), followed 
by RPE (8.2%; SD 10.4) and ONL (1.9%; SD 4.1). CS showed the 
biggest losses with 96.3% (SD 13.7) loss in OS, 95.6% (SD 15.3) in 
IS, 66% (SD 4.1) in RPE, and 32% (SD 3.7) in ONL. At month 6, 
the greatest progression was observed in IS with 2.6% of additional 
loss within the TSA, followed by RPE (2.2%), ONL (1.5%), and 
lastly OS (1.4%). Changes in ONL and RPE lost areas were largest 
within the CS with 17.4% and 9.7% of additional loss, respectively, 
then within IR (5.4% and 7.3%), and lastly within OR (0.4%, and 
1.2%). Changes in IS and OS layers were largest within IR (5% and 
2.8%, respectively), then within OR (2.3% and 1.2%), and were 
minimal within CS (1.3% and 0.9%, respectively). All these changes 
were significant (p<0.001). ONL showed the biggest loss in mean 
thickness at month 6 (2µm; p<0.001), which was most pronounced 
within CS subfield (7.3µm; p<0.001).
Conclusions: Statistically significant loss in outer retinal layers can 
be detected by SD-OCT over 6 months in patients with STGD1. 
While several outcome variables including the loss in IS, OS, and 
ONL areas within the central 6mm look promising as surrogate 
biomarkers, additional data is needed to validate their use as 
endpoints to demonstrate halting or slowing of disease progression.
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The Mysteries of Stargardt Disease: Ambiguous areas by 
microperimetry and fundus autofluorescence
Robert Wolf1, 4, Yonah C. Ziemba1, 3, Carol A. Applegate1, 
Janet S. Sunness1, 2. 1Hoover Low Vision Rehab Services, Greater 
Baltimore Medical Center, Baltimore, MD; 2Ophthalmology and 
Visual Sciences, University of Maryland School of Medicine, 
Baltimore, MD; 3Sidney Kimmel Medical College at Thomas 
Jefferson University, Philadelphia, PA; 4Therapeutics and Infectious 
Disease Epidemiology, Department of Population Medicine of 
Harvard Medical School and Harvard Pilgrim Health Care Institute, 
Boston, MA.
Purpose: To report on the prevalence and characteristics of (1) 
nonseeing retina that is not associated with a homogeneous dark 
appearance on fundus autofluorescence (FAF), and (2) seeing retina 
between the edge of the dense scotoma and the remote site used for 
eccentric fixation.
Methods: 25 participants (50 eyes) in the ProgStar Study at the 
Greater Baltimore Medical Center, who underwent reliable Nidek 
MP1 10-2 microperimetry and FAF imaging. Ten also had dense 
scotoma mapping perimetry (0dB only). We used MP1 software to 
measure distances in degrees. We compared findings of the baseline 
visit with the last visit available (24 months in 21, 18 months in 4).
Results: (1) The dense scotoma corresponded to the homogeneously 
dark FAF lesion in 64%, and was larger than the lesion in 36%. 
When the dense scotoma exceeded the lesion, the nonseeing retina 
outside the lesion was mottled in 82%, uniform in 6%, and with only 
mild change in 12%. The nonseeing retina outside the lesion was 
indistinguishable from the more peripheral seeing retina. The linear 
extent of the dense scotoma outside the lesion was >10 deg in 6%, 
5-10 deg in 71% and <5 deg in 24%.
(2) At baseline, fixation was central in 16% of eyes, at the border of 
(<=2 deg from) the dense scotoma in 18%, and was remote from the 
scotoma edge in 33 eyes (66%). For these eyes with remote fixation, 
the intervening retina not used for fixation had a linear extent of <5 
deg in 13%, 5-7.5 deg in 71%, and >8 deg in 16% (2 could not be 
evaluated). The mean sensitivity in the intervening retina was >15 dB 
in 20%, 10-15 dB in 48%, 5-9 dB in 28% and <5 dB in 4%. The FAF 
character of the intervening retina was mottled in 52%, uniform in 
30%, and mild change in 18%.
Conclusions: The dense scotoma exceeded the central dark FAF 
lesion in 36% of eyes, and the FAF did not define the border of 
the dense scotoma. Fixation in patients with Stargardt disease was 
remote from the edge of the dense scotoma in 66% of eyes, despite 
intervening retina having good sensitivity, and this could not be 
explained on the basis of the FAF findings. FAF cannot be used 
alone to define nonseeing retina in many cases in Stargardt disease, 
and fixation location may be deceptive in terms of the true extent of 
the scotoma because in most cases it is remote from the edge of the 
scotoma.
Commercial Relationships: Robert Wolf, None; Yonah C. Ziemba, 
None; Carol A. Applegate, None; Janet S. Sunness, None
Support: Foundation Fighting Blindness Clinical Research Institute 
(FFB CRI) and a grant to FFB CRI by the U.S. Department of 
Defense USAMRMC TATRC, Fort Meade, Maryland (grant numbers 
W81-XWH-07-1-0720 and W81XWH-09-2-0189)
Clinical Trial: MTC01977846
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The Rapid-Onset Chorioretinopathy (ROC) Phenotype of 
Stargardt Disease
Winston Lee1, kohji tanaka1, Jana Zernant1, Kaspar Schuerch1, 
Lyam Ciccone1, Stephen Tsang1, 2, Janet R. Sparrow1, 2, 
Rando Allikmets1, 2. 1Ophthalmology, Columbia University, New 
York, NY; 2Pathology & Cell Biology, Columbia University, New 
York, NY.
Purpose: To characterize patients affected by a uniquely severe 
rapid-onset chorioretinopathy (ROC) phenotype of ABCA4 disease.
Methods: Sixteen patients were selected from a large clinically 
diagnosed and genetically confirmed cohort (n=350) of patients 
with ABCA4 disease with matching phenotypic characteristics on 
funduscopy, short-wavelength (SW-AF, 488-nm), and near-infrared 
(NIR-AF, 787-nm) autofluorescence images. Further clinical 
assessments were obtained from enhanced depth imaging-optical 
coherence tomography (EDI-OCT), full-field electroretinogram 
(ffERG) testing and analysis of quantitative autofluorescence (qAF).
Results: All patients exhibited late-stage disease features including 
pigment migration in the macula and retinal vessel attenuation at an 
early age and reported a symptomatic onset of 7.4 years (average for 
ABCA4 disease is 21.9 years, p<0.0001). Widespread degeneration 
of the macula is observed by an intensely homogeneous signal on 
SW-AF, as opposed to darkened NIR-AF signal, which progresses 
to a pattern of “burning” chorioretinal atrophy within the subsequent 
decade. Measurement of choroidal thickness reveals a more rapid 
thinning of Sattler’s layer with age as compared to the rate in most 
other ABCA4 disease (p<0.001). Levels of qAF in the macula prior 
to atrophy are above both the 95% confidence intervals for healthy 
individuals and patients with Stargardt disease (>1000 qAF-units). 
Severe attenuation of cone responses and notable decreases in rod 
responses are detected by ffERG. Sequencing of the ABCA4 gene 
revealed exclusively deleterious, null mutations, including stop 
codons, frameshift deletions, variants in canonical splice sites which 
completely abolish splicing and known deleterious missense alleles.
Conclusions: The ROC phenotype of ABCA4 disease is caused by 
deleterious biallelic ABCA4 mutations and is characterized by the 
adolescent-onset and rapid accumulation of lipofuscin in the macula 
which deteriorates to atrophy of the outer retina and inner choroid 
within the first two decades of life.
Commercial Relationships: Winston Lee; kohji tanaka, None; 
Jana Zernant, None; Kaspar Schuerch, None; Lyam Ciccone, 
None; Stephen Tsang, None; Janet R. Sparrow, None; 
Rando Allikmets, None

Program Number: 4643 Poster Board Number: B0516
Presentation Time: 11:00 AM–12:45 PM
The effects of oral carbonic anhydrase inhibitors in patients 
affected by X-linked Retinoschisis
Francesco Testa, Beatrice Gallo, Mario Marchese, Valentina Di 
lorio, Anna Nesti, Michele Della Corte, Paolo Melillo, 
Francesca Simonelli. Multidisciplinary Department of Medical, 
Surgical and Dental Sciences, University of Campania Luigi 
Vanvitelli, Naples, Italy.
Purpose: X-Linked Retinoschisis (XLRS) is the most frequent 
inherited macular dystrophy among young males, characterized by 
the presence of cystic lesions in the macular region. Until now no 
treatment is available for XLRS. We performed a clinical evaluation 
of the effects of oral carbonic anhydrase inhibitors (CAI) in patients 
with XLRS.
Methods: Twelve patients (aged 31.0 ± 13.6 years; range: 7 – 
49 years) with a clinical and genetic diagnosis of XLRS and 
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macular schisis in both eyes were enrolled in the study; they were 
treated with oral CAI (dose ranging 250-500 mg/day according 
to age) for a period of 6 months, and underwent a comprehensive 
ophthalmological examination at baseline, and 6 months after the 
beginning of the therapy, including best corrected visual acuity 
(BCVA) with ETRDS charts, spectral domain optical coherence 
tomography (OCT) and microperimetry (MP1).
Paired t-tests were used to compare baseline and 6-month values and 
were done independently for right (RE) and left (LE) eyes. The study 
was carried out in compliance with the Declaration of Helsinki.
Results: After six months of treatment, no significant change 
(p>0.05) in BCVA was observed (baseline RE: 0.34 ± 0.31; LE: 0.30 
± 0.21; 6-month RE: 0.35 ± 0.32; LE: 0.35 ± 0.21). However, we 
observed an improvement of macular schisis and a decrease (>30 
µm) in central macular thickness (CMT) in 15 eyes (62.5%). On 
average, CMT significantly (p<0.05) decreased from 372 ± 185 µm to 
269 ± 162 µm in RE and from 384 ± 176 µm to 265 ± 138 µm in LE. 
Moreover, MP1 showed an improvement of mean macular sensitivity 
(MS) in 16 eyes (66.7%). In particular, MS significantly (p<0.05) 
increased from 10.2 ± 6.4 dB to 14.4 ± 6.3 dB in RE, from 10.8 ± 6.4 
dB to 14.2 ± 5.6 dB in LE. No significant (p>0.05) change in fixation 
stability parameters was assessed. Finally, we observed that in 11 
eyes (45.8%) the CMT improvement was associated with increased 
MS.
Conclusions: Our study suggests that oral CAI is efficacious not only 
in recovering normal retinal anatomy (i.e., reabsorbing macular cystic 
lesions) but also in improving MS in XLRS patients. The recovery of 
normal retinal anatomy by oral CAI could also be useful to maximize 
the effect of surgical therapeutic treatments for XLRS, such as gene 
therapy, now under evaluation in clinical trials.
Commercial Relationships: Francesco Testa, None; 
Beatrice Gallo, None; Mario Marchese, None; Valentina Di 
lorio, None; Anna Nesti, None; Michele Della Corte, None; 
Paolo Melillo, None; Francesca Simonelli, None
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OCT ANGIOGRAPHY IN ADULT ONSET MACULAR 
VITELIFORM DISTROPHY
Julia L. Farah1, César Keiji Ishii1, Thais Mendes1, Eduardo Sato2, 
Renato M. Palacios1, Roberta Manzano1. 1Ophthalmology, Santa 
Casa de São Paulo, Sao Paulo, Brazil; 2Federal University of São 
Paulo, Sao Paulo, Brazil.
Purpose: To describe findings in OCT Angiography and Fluorescein 
Angiography in patients with Adult Onset Viteliform Macular 
Distrophy (AVMD)
Methods: An observational, prospective study, which included 12 
eyes of 6 patients with AVMD. The exam was performed on OCTA 
RTVue® XR Version 2015.1.0.90 with Cross Line (size: 10mm), 
Radial Lines (size: 8mm), Retina Map (6mm x 6 mm), 3D Widefield 
MCT (12mm x 9mm), AngioVue Retina (3mm x 3mm), Enhanced 
HD Line (12mm). The FA (Fluorescein Angiography) was done after 
excluding any contraindication of contrast injection, considering 
hypersensibility reaction or kidney failure.
Results: The commom findings in the vitelliform lesions was a 
low flow signal resulted from the block of the yellowish material, 
observed from the inner retina to choroid; in the Pseudo-hypopyon, 
a low flow signal of the lesions border; in the geographic atrophy a 
persistent high flow signal of choroid vessels observed from the inner 
retina layers to choroid; in the choroid neovascularization, a round 
shape vessels (lacy wheels).
Conclusions: In this study, we evaluate the importance, difficulties 
and practicality of OCT-A, mainly in the detection of CNV in the 

early stages, when the pattern of the AFG becomes difficult to 
analyze because of the small size of the lesion. Then it works like 
a complementary method to the tests considered the gold standard 
today for the retinal vascular disorders, and improvements in the 
software and algorithms may allow in the future, the end of contrast 
use to study the retinal vessels.

Commercial Relationships: Julia L. Farah, None; César Keiji 
Ishii, None; Thais Mendes, None; Eduardo Sato, None; 
Renato M. Palacios, None; Roberta Manzano, None
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Correlation between visual cortex activation and macular 
parameters in patients with Stargardt disease
Francesco Maria D’Alterio1, Paolo Melillo1, Michele Della Corte1, 
Gaia Olivo2, Sirio Cocozza2, Anna Prinster3, Arturo Brunetti2, 
Mario Quarantelli3, Francesco Testa1, Francesca Simonelli1. 1Eye 
Clinic, Multidisciplinary Department of Medical, Surgical and 
Dental Sciences, University of Campania “Luigi Vanvitelli”, Naples, 
Italy; 2Department of Advanced Biomedical Sciences, University 
of Naples “Federico II”, Naples, Italy; 3Institute of Biostructure and 
Bioimaging, National Research Council, Naples, Italy.
Purpose: Primary visual cortex (VC) contains a retinotopic map in 
which the central visual field (CVF) is highly magnified with respect 
to the peripheral field. Several studies have used functional magnetic 
resonance imaging (fMRI) to assess the reorganization of visual 
processing and correlation with the extrafoveal preferred retinal 
locus (PRL) in macular degenerations. We evaluated the functional 
response in VC and its correlation with macular parameters in 
patients with Stargardt disease due to ABCA4 mutations (STGD1).
Methods: 24 patients (aged 29.2±11.8 years; 8F) with STGD1 were 
enrolled and underwent ocular examination: best corrected visual 
acuity (BCVA) measured with ETDRS chart; microperimetry to 
assess mean macular sensitivity (MS), dense scotoma size (DSS) 
and PRL eccentricity (PRL-E); full field standard electroretinogram 
(ERG); optical coherence tomography to measure retinal pigmented 
epithelium atrophy area (RPE-A). Furthermore, patients underwent 
fMRI to assess cerebral activation during visual stimulation by a 
flickering checkerboard in four VC subdivisions, corresponding to 
0°-5° (V1), 5°-10° (V2), 10°-15° (V3), and 15°-40° (V4) of CVF. 
Linear regression analysis was performed to estimate the relationship 
between VC activation and ophthalmological parameters (significant 
p-value if < 0.05). The study adhered to Declaration of Helsinki and 
received approval by the Local Ethics Committee; each patient gave 
informed consent.
Results: The regression analysis showed that higher values of ERG 
responses (i.e., b-wave 0.01 dark adapted, b-wave light adapted 
3.0 and 30 Hz Flicker amplitudes) were significantly (p<0.001) 
associated with larger functional cerebral response in V1, V2 and 
V3 subdivisions. Moreover, activation in V1 subdivision was 
significantly associated with higher value of MS (p=0.004) and 
smaller DSS (p=0.003). No significant relationship was observed 
between VC activation and PRL-E. Finally, larger RPE-A was 
significantly (p<0.05) associated with smaller VC activation in V1, 
V2 and V3 subdivisions.
Conclusions: Our results show stronger VC activation in patients 
with a more preserved retinal function and macular structure. 
Furthermore, our study data support the hypothesis proposed by 
the recent literature of lack of neuronal reorganization in macular 
degeneration.
Commercial Relationships: Francesco Maria D'Alterio, 
None; Paolo Melillo, Sanofi (C); Michele Della Corte, None; 
Gaia Olivo, None; Sirio Cocozza, None; Anna Prinster, 
None; Arturo Brunetti, None; Mario Quarantelli, None; 
Francesco Testa, Sanofi (C); Francesca Simonelli, Sanofi (C), 
Spark Therapeutics (C)
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A natural history study to explore genotype / phenotype 
correlations in Stargardt disease
Valentina Di lorio, Ada Orrico, Paolo Melillo, Francesco Testa, 
Michele Della Corte, Francesca Simonelli. Multidisciplinary 
Department of Medical, Surgical and Dental Sciences, University of 
Campania Luigi Vanvitelli, Naples, Italy.
Purpose: Genotype/phenotype correlation data in Stargardt disease 
due to ABCA4 mutations (STGD1) are still needed, particularly for 
gene therapy clinical trials, since previous studies reported data from 
small size cohorts, often with uncomplete genotype definition and 
focusing on few clinical parameters. We performed a retrospective 
longitudinal study on a large cohort of patients with two mutations in 
ABCA4 gene to explore genotype - phenotype correlations.
Methods: We reviewed medical charts of STGD1 patients 
who underwent best-corrected visual acuity (BCVA), fundus 
photography, optical coherence tomography (OCT) and full-field 
electroretinography (ERG). Mutations were classified as “likely-null” 
(i.e., stop codon mutations, frameshift, deletions and insertions), 
and missense mutations, therefore, the genotype was classified in 
three groups. Survival analysis was performed to compare the age 
distribution for legal blindness and advanced disease stages according 
to fundus photography, ERG and OCT.
Results: The study cohort consisted of 156 STGD1 patients with a 
mean age of 30.4 ± 1.1 years. Based on genotype, 68 patients (43.6%) 
had missense mutations in both alleles (Group 1), 74 patients (47.4%) 
a missense mutation and a “likely-null” mutation (Group 2), 14 
patients (9.0%) had “likely-null” mutations in both alleles (Group 3). 
The survival analysis (mean follow-up: 3 years) showed that Group 
3 reached legal blindness, based on loss of BCVA, at a significantly 
younger age (27.4 ± 2.3 years) than Group 1 (36.2 ± 1.5 years) and 
Group 2 (38.1 ± 1.4 years), and a clinically significant lesion area 
assessed by OCT (i.e, ≥ 2.5 mm2) at a mean age of 33.1 ± 2.5 years, 
about 11 years earlier than Group 1 (43.4 ± 1.6 years) and Group 2 
(45.5 ± 1.4 years). Similarly, they reached the most advanced disease 
stages according to fundus photography (i.e., extensive macular 
atrophy) and electroretinography (i.e., alterations in both scotopic and 
photopic responses) about 10 years earlier than the other two groups.
Conclusions: The current study, for the first time in literature, reports 
in a large Italian cohort that STGD1 patients with “likely-null” 
mutations in both alleles showed a fast disease progression in terms 
of the main morphological and functional parameters. These findings 
could be useful to improve prognostic evaluations and the choice of 
the most amenable candidates for gene therapy clinical studies.
Commercial Relationships: Valentina Di lorio; Ada Orrico, 
None; Paolo Melillo, Sanofi (C); Francesco Testa, Sanofi (C); 
Michele Della Corte, None; Francesca Simonelli, Sanofi (C), Spark 
Therapeutics (C)
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Visual acuity loss during two years in Stargardt Disease: The 
ProgStar Study
Xiangrong Kong1, Rupert W. Strauss2, 3, Beatriz Munoz1,  
Ann-Margret Ervin1, Artur V. Cideciyan4, Michel Michaelides2, 3, 
Mohamed Ahmed1, Janet Cheetham5, Sheila West1, Hendrik P. Scholl6. 
1Wilmer Eye Institute, Johns Hopkins University, Baltimore, 
MD; 2Institute of Ophthalmology, University College London, 
London, United Kingdom; 3Moorfields Eye Hospital, London, 
United Kingdom; 4Center for Hereditary Retinal Degenerations, 
Scheie Eye Institute, University of Pennsylvania, Philadelphia, PA; 
5Foundation Fighting Blindness, Laguna Niguel, CA; 6Department of 
Ophthalmology, University of Basel, Basel, Switzerland.
Purpose: Prior studies of Stargardt disease were often based on 
retrospective chart reviews where data quality may be limited due to 
inconsistency in testing procedures. Using prospective data from the 
ProgStar study, we estimated VA loss over two years and determined 
associations with demographic and clinical factors.
Methods: 259 molecularly (ABCA4 gene mutations) confirmed 
Stargardt disease type 1 (STGD1) patients (489 study eyes) were 
enrolled from nine sites, and were followed every 6 months for up 
to 24 months. Monocular best corrected VA was measured using 
the ETDRS protocol. Linear models with generalized estimating 
equations were used to compare baseline VA (in LogMAR) by 
participant characteristics. With available longitudinal data up to 24 
months, linear mixed effects models were used to estimate the VA 
loss rate.
Results: At baseline, the median age was 31 (range 7-69) years, 
and 54% were female. Median age of symptom onset was 19 
(range 4-64) years, and median duration of symptoms was 9 (range 
0-55) years. There were 29 (11%) current smokers, and 37 (14%) 
reported vitamin-A supplementation use. The mean baseline VA was 
0.78 LogMAR (SD=0.32). RPE pigmentation, flecks outside the 
arcades, juvenile symptom onset (onset age≤18 years), and longer 
symptom duration since symptom onset was associated with worse 
VA (p<.05). VA was not significantly associated with smoking or 
vitamin-A use. Over the 24 months, the overall rate of VA loss was 
0.01 LogMAR (i.e. 0.1 line)/year (p=.004). The rate was 0.03 (p=.03) 
and 0.1 (p=.002) LogMAR/year in eyes with initial VA better than 
20/70 and in eyes with VA between 20/70 and 20/200, respectively. 
In eyes with initial VA worse than 20/200, VA improved at a rate 
of 0.01 LogMAR/year (p=.02). Symptom duration was associated 
with VA change rate (p=.001). Age of symptom onset, presence of 
flecks outside the arcades, RPE pigmentation, smoking, or vitamin 
A use was not associated with VA change rate. From baseline to the 
24-month visit, 12 eyes (3%) lost ≥3 lines, and 57 eyes (16%) lost 
≥1 line. For eyes with initial VA better than 20/200 (N=282), 27 eyes 
(9.6%) had VA worse than 20/200 at 24 months.
Conclusions: Overall, VA declined during the 24 months at a 
statistically significant but clinically small rate. The VA change 
rate depended on initial VA. A small but statistically significant 
improvement of VA was found in eyes with severe impairment at 
baseline.
Commercial Relationships: Xiangrong Kong, None; 
Rupert W. Strauss, None; Beatriz Munoz, None;  
Ann-Margret Ervin, None; Artur V. Cideciyan, None; 
Michel Michaelides, None; Mohamed Ahmed, None; 
Janet Cheetham, Foundation Fighting Blindness (C); Sheila West, 
None; Hendrik P. Scholl, Acucela Inc. (F), Gensight Biologics 
(C), QLT, Inc. (F), Genzyme Corp./Sanofi (R), Genentech Inc./F. 
Hoffmann-La Roche Ltd (R), NightstaRx Ltd. (F), Guidepoint (C), 
Boehringer Ingelheim Pharma GmbH & Co. KG (C), Daiichi Sankyo, 

Inc.: (C), Gerson Lehrman Group: (C), Intellia Therapeutics, Inc (C), 
ReNeuron Group Plc/Ora Inc.: (R), Vision Medicines, Inc.: (C), Shire 
(C)
Support: Supported by the Foundation Fighting Blindness Clinical 
Research Institute (FFB CRI) and a grant to FFB CRI by the U.S. 
Department of Defense USAMRMC TATRC, Fort Meade, Maryland 
(grant numbers W81XWH0710720 and W81XWH0920189)
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Ultra-widefield imaging in patients with angioid streaks 
secondary to pseudoxanthoma elasticum
Francesco Gelormini1, alessandro marchese1, Alessandro Rabiolo1, 
Eleonora Corbelli1, Adriano Carnevali2, Maria Vittoria Cicinelli1, 
Chiara Giuffre1, Riccardo Sacconi1, Giuseppe Querques1, 
Francesco Bandello1. 1Ophthalmology, University Vita-Salute San 
Raffaele, Milan, Italy; 2ophthalmology, University of Magna Graecia, 
Catanzaro, Italy.
Purpose: To investigate the retinal features on non-invasive ultra-
widefield (UWF) imaging in patients with angioid streaks secondary 
to pseudoxanthoma elasticum (PXE).
Methods: Cross-sectional, observational study. Consecutive patients 
with angioid streaks secondary to PXE, presenting at the Medical 
Retina & Imaging Unit of the Department of Ophthalmology, 
University Vita-Salute San Raffaele, underwent UWF imaging 
(California, Optos PLC, Dunfermline, Scotland, UK). UWF color 
images and fundus autofluorescence (AF) were evaluated. Main 
outcome measures were types and location of retinal lesions 
secondary to PXE.
Results: Identified lesion included peau d’orange (72.3% of the 
eyes), coquille d’oeuf (72.3%), cracked eggshell (4.0%), comet 
lesions (29.8%), peripheral retinal degenerations (19.2%), parastreaks 
atrophies (15.0%), peripheral hemorrhage (5.0%), drusen of the optic 
disc (8.5%) and pattern-like dystrophies (9.2%)
Conclusions: Peripheral retinal lesions are often present in patients 
with PXE and their fundus periphery should be examined carefully. 
UWF color and fundus autofluorescence showed valuable utility in 
patients with PXE, by providing in a single image the entire spectrum 
of retinal alterations associated with this disease.
Commercial Relationships: Francesco Gelormini, None; 
alessandro marchese, None; Alessandro Rabiolo, None; 
Eleonora Corbelli, None; Adriano Carnevali, None; Maria 
Vittoria Cicinelli, None; Chiara Giuffre, None; Riccardo Sacconi, 
None; Giuseppe Querques, None; Francesco Bandello, None
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OCT-A Imaging of Macular Vessel Density in Stargardt Disease
Syed Mahmood A. Shah3, Mustafa Iftikhar3, Etienne Schonbach3, 
Nadia Junaid3, Mohamed Ahmed3, Hendrik P. Scholl1, 2. 1Wilmer Eye 
Institute, Johns Hopkins University School of Medicine, Baltimore, 
MD; 2Department of Ophthalmology, University of Basel, Basel, 
Switzerland; 3Quantum Vision Reading Center, Johns Hopkins 
University Wilmer Eye Institute, Baltimore, MD.
Purpose: Previous studies have shown changes in retinal 
microvasculature associated with macular dystrophies such 
as Stargardt disease (STGD). Optical coherence tomography 
angiography (OCT-A) can serve as a noninvasive modality to 
visualize and quantify such changes. We performed a prospective 
cross-sectional study to compare the macular vessel density (VD) in 
the choroid (CC), deep retina (DR), outer retina (OR) and superficial 
retina (SR) using OCT-A in normal individuals and in patients with 
clinical diagnosis of STGD.
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Methods: OCT-A images of the macula were acquired in 15 eyes of 8 
normal individuals and in 25 eyes of 13 patients with STGD. En face 
images of the retinal vasculature were generated from the various 
layers. ImageJ software (NIH, Bethesda, MD) was used to assess the 
VD by calculating the ratio of pixels occupied by the vessels to the 
total number of pixels in each scan.
Results: Controls (mean age, 25 years; males, 40%) had a mean VD 
of 45% in the CC, 36% in the DR, 20% in the OR and 28% in the SR. 
STGD patients (mean age, 44 years; males, 52%) had a mean VD of 
42% in the CC, 27% in the DR, 20% in the OR and 26% in the SR. 
They had a statistically significantly lower mean VD in the DR than 
controls (p < 0.001).
Conclusions: Patients with MD had a lower VD in the DR, 
suggesting that a measurable and statistically significant decrease in 
these vascular layers can occur after damage to the photoreceptors 
and retinal pigment epithelium. The variation in vascular density in 
different layers may be associated with progression and/or prognosis, 
which will require a prospective follow-up. OCT-A can be a useful 
non-invasive biomarker which may turn out useful to measure MD 
disease progression.
Commercial Relationships: Syed Mahmood A. Shah, None; 
Mustafa Iftikhar, None; Etienne Schonbach, Leopoldina 
Fellowship Program Grant No LPDS 2015-14 (F); Nadia Junaid, 
None; Mohamed Ahmed, None; Hendrik P. Scholl, Gerson 
Lehrman Group (C), Gensight Biologics (C), NightstaRx Ltd (F), 
Genzyme Corp./Sanofi (R), Genentech Inc./F. Hoffmann-La Roche 
Ltd (R), Guidepoint (C), QLT, Inc (F), Boehringer Ingelheim Pharma 
GmbH & Co. KG (C), Acucela Inc (F), ReNeuron Group Plc/Ora 
Inc. (R), Vision Medicines, Inc (C), Daiichi Sankyo, Inc (C), Intellia 
Therapeutics, Inc (C), Shire (C)
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Screening of BEST1 gene in a Chinese cohort with Best 
vitelliform macular dystrophy or autosomal recessive 
bestrophinopathy
Yang Li, LU TIAN. Beijing Inst of Ophthalmology, Beijing Tongren 
Hospital, Beijing, China.
Purpose: Mutations in the BEST1 gene can cause bestrophinopathies 
including Best vitelliform macular dystrophy (BVMD), autosomal 
recessive bestrophinopathy (ARB), autosomal dominant 
vitreoretinochoroidopathy, and adult-onset vitelliform macular 
degeneration. The purpose of this study was to determine the BEST1 
mutation spectrum in a cohort of Chinese patients with BVMD or 
autosomal ARB and describe the clinical features of the patients with 
BEST1 mutations.
Methods: A total of 31 probands were recruited for genetic analysis, 
including 15 patients diagnosed with BVMD and 16 individuals with 
ARB; of them, only 6 probands had family history. All probands 
underwent detailed ophthalmic examinations. All coding exons 
and exon-intron boundaries of the BEST1 gene were screened for 
mutations by PCR-based DNA sequencing, followed by analyses for 
pathogenicity by in silico programs. Real-time quantitative PCR (RQ-
PCR) was performed to detect any genomic DNA rearrangements of 
the BEST1 gene.
Results: For BVMD patients, one heterozygous BEST1 mutations 
were identified in 12 probands and compound heterozygous 
mutations in two patients. For ARB patients, two mutant alleles 
were identified in 11 patients and one mutant allele in 5 patients. In 
total, 32 disease-causing variants of the BEST1 gene, including 17 
novels, were identified. The identified mutations included 25 (83.3%) 
missense, 1 (3.3%) nonsense, 3 (10.0%) splicing effect, and 1 (3.3%) 
frameshift small duplication mutations.

Conclusions: Mutations that cause ARB differ from those that cause 
BVMD. Genetic analyses are essential to diagnose ARB correctly in 
consequence of considerable phenotypic variations.
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Longitudinal Analysis of Quantitative Autofluorescence in 
Recessive Stargardt Disease (STGD1)
Kaspar Schuerch1, Winston Lee1, Tobias Duncker1, 
Francois C. Delori2, Rando Allikmets1, Stephen H. Tsang1, 
Janet R. Sparrow1. 1Ophthalmology, Columbia University, Bern, 
Switzerland; 2Ophthalmology, Schepens Eye Research Institute, 
Boston, MA.
Purpose: STGD1 is caused by mutations in the ABCA4 gene. 
Quantitative autofluorescence (qAF) is increased in patients with 
STGD1 due to an excessive accumulation of RPE bisretinoid 
lipofuscin. Whether qAF levels in individual patients continue to 
increase over time or rather decrease with disease progression due to 
RPE atrophy and/or photodegradation is unclear. Here, we present 
longitudinal qAF data over a 4-year period.
Methods: 107 eyes of 59 STGD1 patients with at least 1 known 
ABCA4 mutation were included in this analysis. 2 to 6 visits for 
each patient were included in the analysis. SW-AF images (30°; 
486 nm excitation) were acquired using a confocal scanning laser 
ophthalmoscope modified by the insertion of an internal fluorescent 
reference. Mean grey levels (GLs) were determined in fundus areas 
defined by 8 pre-set concentric segments at 7-9° eccentricity. GLs 
were then normalized to the GL of the internal reference to generate 
qAF values after accounting for the zero GL, the magnification 
(refraction), and ocular media absorption. Patients were assigned to 5 
fleck groups.
Results: Most patients had qAF levels that were higher than the 
upper 95% confidence interval of healthy eyes. Over the period of 
4 years qAF levels in patients assigned to fleck group 1 (bull’s eye 
with no flecks), 2 (lesion centric flecks) and 3 (extramacular flecks) 
remained relatively stable, while qAF levels decreased for patients 
assigned to fleck group 4 a (confluent flecks) and 4b (resorbed flecks, 
salt and pepper fundus). In patients carrying the p.G1961E mutation, 
qAF increased by an average of 3.6% (16.3 qAF units) over the 
mean follow up period of 2.2(±1.3) years (p=0.08). In other patients 
exhibiting ABCA4-associated disease, qAF increased or decreased 
depending on the mutation (non-p.G1961E).
Conclusions: The clinical phenotypes of ABCA4-associated disease 
range from excessive accumulation of flecks in the posterior pole to 
central optical gap or central bull’s eye atrophy. Longitudinal studies 
of STGD1 have tracked the progression of central atrophy, changes 
in fleck distribution, decreased central vision and deteriorations in 
the ERG. The qAF approach aids efforts to distinguish between some 
genotypes (e.g. p.G1961E vs non-p.G1961E), and contributes to an 
understanding of the natural history of the disease. qAF could serve 
to assess the efficacy of small molecule and gene therapies in future 
clinical trials.
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The National Eye Institute Prospective ABCA4 Retinopathy 
Natural History Study: Two Year Analysis of OCT and MP1
Brett G. Jeffrey, Hermann Siebel, Aarti Hinduja, Wadih M. Zein, 
Laryssa Huryn, Robert B. Hufnagel, Denise Cunningham, 
Amy Turriff, Catherine A. Cukras, Brian P. Brooks. Ophthalmic 
Genetics and Visual Function, National Eye Institute/NIH, Bethesda, 
MD.
Purpose: To investigate the growth of central atrophy in ABCA4 
retinopathy over 2 years using en face OCT and MP1.
Methods: Fifty-five patients with at least one ABCA4 mutation 
and a clinical diagnosis of Stargardt disease or cone-rod dystrophy 
were enrolled in the prospective Natural History of ABCA4-related 
Retinopathies study at NIH (NCT01736293). Central retinal structure 
was analyzed with spectral domain OCT and retinal sensitivity 
measured with MP1 at baseline, 6, 12, and 24 months. The area of en 
face OCT central atrophy was calculated as the Riemann sum of the 
distance between intact EZ band edges x distance between B-scans. 
The area of non-responsive retina on MP1 was estimated from the 
number of dense scotoma points. The growth of en face OCT central 
atrophy (mm/yr) was derived from linear regression fit to the plot of 
square root of area of atrophy as a function of time.
Results: Of the 36 patients with 2 years of follow-up, the rate of 
growth of central atrophy could be determined in 26 patients, and the 
rate of growth of non-responsive retina on MP1 could be measured 
in 20 patients. Mean (±SD) area of OCT atrophy at baseline was 
2.77± 0.97 mm (range 0.96 – 4.73 mm) which correlated with age 
(P=0.002; R2=0.32). The rate of growth of en face OCT atrophy 
(median = 0.089 mm/yr) spanned a wide range, from minimal change 
(0.036 mm/yr) to high rates of growth (0.141 mm/yr). The rate of 
growth of en face OCT atrophy was not correlated with age or size of 
atrophy at baseline.
Bland Altman plots indicated a higher rate of growth of non-
responsive area on MP1 compared with central atrophy growth. 
As the size of central atrophy increased, the rate of growth of 
non-responsive area was higher than for growth of central atrophy. 
The rate of growth of en face OCT atrophy correlated with rate of 
change in mean sensitivity of responding points on MP1 (P=<0.036; 
R2=0.22) and number of MP1 points that decreased by 8dB 
(P=<0.005; R2 = 0.37). Growth of en face OCT atrophy was not 
correlated with the rate of change of mean perilesional sensitivity.
Conclusions: These results indicate that en face OCT may be used to 
quantify the rate of growth of central atrophy in ABCA4 retinopathy. 
These results also indicate that structural changes in the EZ band 
correlate with functional changes in retinal sensitivity and that with 
more advanced disease, function may be altered faster than changes 
in structure.
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The National Eye Institute Prospective ABCA4 Retinopathy 
Natural History Study: Two Year Imaging Analysis
Laryssa Huryn1, Brett G. Jeffrey1, Aarti Hinduja1, Wadih M. Zein1, 
Robert B. Hufnagel1, Ramiro Maldonado1, Benedetto Falsini1, 2, 
Denise Cunningham1, Amy Turriff1, Catherine A. Cukras1, 
Brian P. Brooks1. 1Ophthalmic Genetics and Visual Function, 
National Eye Institute, Bethesda, MD; 2Universita Cattolica, Rome, 
Italy.
Purpose: The purpose of this study is to investigate the progression 
of maculopathy in ABCA4 disease using autofluorescence imaging 
techniques.
Methods: Fifty-five patients were enrolled in the prospective Natural 
History of ABCA4-related Retinopathies study at the National 
Institutes of Health (NCT01736293), requiring at least one ABCA4 
mutation and a clinical diagnosis of Stargardt disease or cone-rod 
dystrophy. Participants underwent comprehensive ophthalmic 
evaluations including short-wavelength autofluorescence (SW-
AF) (Heidelberg 488/500nm), and near infrared autofluorescence 
(NIR-AF) (795/810nm) at two baseline visits and subsequent yearly 
visits. Areas of hypo-autofluorescence were demarcated using the 
Heidelberg Spectralis RegionFinder software in all but 14 visit points. 
For those images that could not be processed using RegionFinder, the 
images were exported and analyzed in ImageJ.
Results: Of the 55 patients that were enrolled in this study to 
date, 37 have completed their follow up through year two. Age at 
baseline examination ranged from 12 to 67 years with visual acuity 
from 20/16 to 20/500. Forty six patients had measurable hypo-
autoflourecense (SW-AF) at baseline either by RegionFinder or 
ImageJ analysis ranging from an area of 0.055mm2 to 68.440mm2 
(8.121 ± 13.098 mm2); -1.260 to 1.835 log mm2 (0.494 ± 0.674 log 
mm2). The median rate of change in atrophy was found to be 0.111 
log mm2 (0.983 mm2) over two years’ time in one eye with a median 
slope change of SW-AF log mm2 of 0.049 (95% CI: 0.060-0.136), 
equivalent to 11.9%. This suggests the area of hypo-autofluorescence 
will double every eight years. The zone of hypo-autofluorescense 
on NIR-AF was on average 2.294 ±2.522 times larger than that 
measured on SW-AF in all but two patients, with a range of 0.054 to 
12.565.
Conclusions: Given the emergence of therapeutic options for 
patients with ABCA4-related retinopathies, it is essential to describe 
the natural history of the disease and identify biomarkers which 
may accurately be used as outcome measures in future trials. The 
slope of the progression of atrophy as measured by fundus hypo-
autofluorescence in patients with ABCA4-related retinopathies can 
be one such measure where treatment efficacy may be monitored 
by its effect on this slope. Further analysis and comparison with 
functional measures and genotype are necessary for a more complete 
understanding of the disease process.
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Stargardt Disease Phase 2 Clinical Trial: Design and Baseline 
Characteristics
Hendrik P. Scholl1, 2, Christine N. Kay3, Stephen H. Tsang4, 
Kimberly E. Stepien5, Thomas B. Connor5, Paul S. Bernstein6, 
Byron L. Lam7, Michael B. Gorin8, Ilyas Washington4, 
Leonide Saad4, 9. 1Dept. of Ophthalmology, University of Basel, 
Basel, Switzerland; 2Wilmer Eye Institute, Johns Hopkins University, 
Baltimore, MD; 3Vitreoretinal Associates, Gainesville, FL; 4Harkness 
Eye Institute, Columbia University Medical Center, New York, 
NY; 5Ophthalmology, Medical College of Wisconsin, Milwaukee, 
WI; 6John Moran Eye Center, University of Utah, Salt Lake City, 
UT; 7Bascom Palmer Eye Institute, University of Miami, Miami, 
FL; 8Stein Eye Institute, University of California Los Angeles, Los 
Angeles, CA; 9Alkeus Pharmaceuticals, Boston, MA.
Purpose: Stargardt disease (STGD) is the most frequent inherited 
macular dystrophy. The disease results from defects in the ABCA4 
gene, which accelerate the formation of retinaldehyde dimerization 
products (RDP) such as A2E, thought to be responsible for the 
pathology. No treatment exists. We present the design, baseline 
data, pharmacokinetics and initial safety for subjects enrolled in an 
ongoing clinical study to evaluate an oral treatment for STGD: the 
“TEASE” trial.
Methods: ALK-001, self-administered as a once-a-day pill, is a 
deuterated vitamin A, which slows the formation of RDP in the eye 
4 to 5-fold without inhibiting the visual cycle. TEASE is a two-
year Phase 2 double-masked placebo-controlled study enrolling up 
to 50 subjects confirmed to have STGD and a well-delineated area 
of atrophy (Fig 1). Patients with any visual acuity are eligible and 
subjects are randomized to receive ALK-001 (n=30) or placebo 
(n=20) during the first year. After one year of treatment, 50% of 
placebo subjects cross over to ALK-001 in a masked and randomized 
fashion. Outcome measures include atrophy lesion size, best-
corrected visual acuity (BCVA), and reading speed among others.
Results: 44 of the 50 subjects (33 White; 23 Female) have been 
enrolled at 7 clinical sites. Median age was 46 years (range, 18-60) 
and disease duration 10 years (2-32). For subjects with 1 (n=10) or 
2+ ABCA4 mutations, the median age of onset of symptoms was 43 
or 30 years respectively. Median BCVA at baseline was 49 letters 
(8-91) or 20/100. Median reading speed was 97 wpm (2-199), a 59% 
reduction from normative speed; cross sectional analysis indicated 
that a decrease in BCVA of 3 lines of vision was associated with a 
decrease of about 22 wpm in reading speed. Atrophic lesions were 
bilateral in 75% of cases with a 5.1 mm2 (0.25-31.6) median area.
 As of November 2016, the longest treatment duration was 15 
months. Over 90% of vitamin A was replaced by ALK-001 in 
plasma without increases in total vitamin A (deuterated + natural). 
The treatment is so far well-tolerated with no toxicity, nor report of 
systemic or ocular side effects.
Conclusions: ALK-001 has shown promise in the treatment of STGD 
by slowing RDP formation in Abca4 knockout mice. The TEASE 
Phase 2 study is close to full enrollment and the largest ongoing effort 
to slow or prevent the progression of STGD.

Fig. 1 Fundus autofluorescence and fovea (red outline) of 2 age-
matched subjects in TEASE
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Quantitative Autofluorescence and Visual Function in ABCA4-
associated Retinopathy
Philipp Mueller1, 4, Martin Gliem1, 4, Myra McGuinness2, 
Johannes Birtel1, 4, Frank G. Holz1, 4, Peter Charbel Issa1, 3. 
1Department of Ophthalmology, University of Bonn, Bonn, Germany; 
2Centre for Eye Research Australia, University of Melbourne, 
Melbourne, VIC, Australia; 3Oxford Eye Hospital, University of 
Oxford, Oxford, United Kingdom; 4Center for Rare Diseases Bonn, 
University Hospital of Bonn, Bonn, Germany.
Purpose: To investigate the association between lipofuscin 
accumulation in the retinal pigment epithelium and retinal function in 
ABCA4-associated retinopathy.
Methods: In this monocenter prospective case-control study, 
seventy-seven patients with at least one pathogenic ABCA4 mutation 
underwent standardized retinal phenotyping and measurement of 
visual function. Quantitative autofluorescence (qAF) as a surrogate 
measure for retinal pigment epithelial lipofuscin accumulation was 
recorded using a confocal scanning laser ophthalmoscope equipped 
with an internal fluorescent reference. Measures of qAF were 
correlated with genotype, structural changes on optical coherence 
tomography as well as autofluorecence imaging, and retinal 
sensitivity assessed using fundus-controlled perimetry. One-hundred-
ten healthy subjects served as controls.
Results: Patients showed elevated values of qAF compared to 
controls after adjusting for age. QAF values relative to age-matched 
controls were highest in the second or third decade of life and 
decreased thereafter. The qAF increased slower in patients carrying 
the Gly1961Glu variant compared to patients with other ABCA4 
mutations. QAF values within or below the 95% prediction interval 
of controls were measured in patients with advanced widespread 
disease manifestation. Retinal sensitivity was reduced in areas with 
retinal thinning, autofluorescence pattern or outer retinal atrophy, but 
preserved in regions with normal retinal structure despite elevated 
qAF intensities.
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Conclusions: A consistently increased qAF was identified in patients 
with mutations in ABCA4, although there was some variability 
depending on the genotype. The accumulation of lipofuscin had no 
direct effect on retinal sensitivity.
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Maintenance of good visual acuity in Best disease associated with 
chronic bilateral serous macular detachment
Sarra Gattoussi2, 1, K Bailey Freund2, 1. 1LuEsther T. Mertz Retinal 
Research Center, Manhattan Eye, Ear and Throat hospital, New York, 
NY, New York, NY; 2Vitreous Retina Macula Consultants of New 
York, New York, United States, New York, NY.
Purpose: To describe the spectrum of ocular phenotypes related 
to a newly identified mutation in BEST1 gene showing autosomal-
dominant inheritance and the potential for preserved central vision 
despite chronic serous macular detachment.
Methods: Three family members with Best disease underwent 
ophthalmologic examination and retinal imaging. The proband 
underwent serial multimodal imaging over an extended follow-
up with fundus photography, ultra-widefield color and fundus 
autofluorescence, time domain-optical coherence tomography (OCT), 
spectral domain-OCT, and swept source-OCT. Electrooculography 
(EOG) and molecular genetics analysis of the BEST1 gene were 
performed in this patient.
Results: The 59-year-old white female proband was initially seen and 
diagnosed with Best disease in 1992. Best-corrected visual acuity was 
20/20 (plano) in in her right eye and 20/25 (plano) in her left eye. An 
electrooculogram (EOG) showed Arden ratios that were abnormal in 
the right eye (1.32) and normal in the left eye (1.97). Ultra-widefield 
color and fundus autofluorescence imaging showed a circumferential 
peripheral outer retinal degeneration associated with vitelliform 
deposits in the posterior pole and nasal fundus. Annual OCT from 
2005 to 2016 showed the presence of bilateral serous macular 
detachment. Despite this finding, she retained good visual acuity 
of 20/25 in her right eye and 20/40 in her left eye in 2016. Swept 
source-OCT showed bilateral thick choroids. The proband carried a 
single heterozygous p.Phe80I1e mutation in the BEST1 gene.
The mother of the proband showed yellowish vitelliform material 
in the macula. The brother of the proband showed chronic blilateral 
serous macular detachment with an unusual ring of yellowish 
vitelliform material around the macula.
Conclusions: Some patients with Best disease associated with 
chronic serous macular detachment can maintain good visual acuity 
over an extended follow-up. This is the first report of Best disease 
associated with this mutation in the BEST1 gene.

Ultra-widefield color fundus photograph (A-B) and corresponding 
fundus autofluorescence (C-D) of right eye and left eye show 
vitelliform deposit in the posterior pole and in the nasal mid 
peripheral retina.

Optical coherence tomography from 2005 to 2016 of the right eye 
(A-J) and the left eye (L-T) show the stability of the subretinal fluid.
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Applications of Optical Coherence Tomography Angiography in 
Best Vitelliform Macular Dystrophy
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Purpose: To describe the vascular abnormalities in Best vitelliform 
macular dystrophy (BVMD) in patients using optical coherence 
tomography angiography (OCTA).
Methods: Twenty-two eyes of 11 consecutive patients with a clinical 
and genetic diagnosis of BVMD were enrolled. Thirteen healthy 
and age-matched patients was used as a control group. Clinical and 
conventional multimodal imaging data including fundus photography, 
fundus autofluorescence imaging, optical coherence tomography 
(OCT) and fluorescein angiography (FA) were collected for diagnosis 
and evaluate the presence of choroidal neovascularization (CNV). 
The BVMD patients were categorized into stages 1 to 5 and received 
OCTA examinations. The vascular morphology was assessed in 
different layers, and quantitative analysis was performed mainly 
focusing on superficial vascular (SV) network (fovea avascular zone, 
FAZ and flow density) and choriocapillary flow area (CFA) on both 
BVMD patients and controls. Moreover, we divided the BVMD 
patients into vitelliform group (VG, Stage 1-4) and post-vitelliform 
group (P-VG, Stage 5)and flow density in SV was compared between 
VG, P-VG and the controls. Finally, correlation analysis was done 
with SV density, FAZ, CFA and vision.
Results: The mean age of the BVMD patients was 39.7 years  
(9-57 years old), and mean BCVA was 0.7±0.3logMar. Macular 
lesions in OCTA led to a loop-like capillary reconstruction and 
appearance of nonperfusion areas around the FAZ. Hyperintense 
signals of the subfoveal area were also shown in several patterns. The 

flow density of both SV and CFA showed a statistically significant 
reduction when comparing the patients with the controls. The SV 
density in P-VG patients was consistently lower than that of VG. 
Indexes in CFA and SV (FAZ and SV density) are found to be 
correlated.
Conclusions: The vascular changes in BVMD were not only 
displayed in the choroid but also in the superficial retina. Quantifiable 
OCTA may represent a useful biomarker in monitoring the 
progression of BVMD.
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