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Machine learning to predict the individual progression of AMD 
from imaging biomarkers
Ursula Schmidt-Erfurth1, Hrvoje Bogunovic1, Sophie Klimscha1, 
Xiaofeng Hu1, Thomas Schlegl1, Amir Sadeghipour1,  
Bianca S Gerendas1, Aaron Osborne2, Sebastian M. Waldstein1. 
1Department of Ophthalmology, Medical University of Vienna, 
Vienna, Austria; 2Genentech, Inc., South San Francisco, CA.
Purpose: In patients with intermediate age-related macular 
degeneration (AMD), the risk and speed of progression to choroidal 
neovascularization (CNV) or geographic atrophy (GA) is highly 
variable. Current risk assessment strategies rely on population-level 
associations rather than personalized approaches. We developed a 
fully automated machine learning method to individually predict 
AMD progression based on retinal imaging and genetics.
Methods: Fellow eyes with intermediate AMD (n=379) of patients 
enrolled in the HARBOR trial were included. For each eye, 
progression to CNV or GA was diagnosed based on standardized 
evaluation of monthly SD-OCT by two independent masked graders. 
As quantitative imaging biomarkers, we obtained a volumetric 
segmentation of retinal layers, drusen, reticular pseudodrusen 
and hyperreflective foci by fully automated image analysis at 
baseline and month 1 to 4. We developed and validated a machine 
learning algorithm predicting the conversion to advanced AMD 
on an individual basis, using the extracted imaging biomarkers as 
well as known genetic risk factors of AMD (34 single-nucleotide 
polymorphisms) as input features.
Results: By Month 24, 88 eyes (23%) had converted. Of those, 68 
eyes developed CNV and 20 eyes GA. The automated algorithm 
differentiated converting versus non-converting eyes with an area 
under the receiver operating characteristic curve of 0.73. It was 
also feasible to differentiate a priori between GA and CNV with an 
accuracy of 0.80 for GA and 0.66 for CNV. The most critical features 
for progression were intraretinal hyperreflective foci and reticular 
drusen. Including genetic markers did not further contribute to the 
prediction.
Conclusions: Automated analysis of OCT biomarkers allows a 
personalized prediction of AMD progression. In our cohort of 
patients with unilateral CNV, genetic characterization did not add 
additional accuracy to the prediction of AMD conversion of the 
fellow eye.
Commercial Relationships: Ursula Schmidt-Erfurth; 
Hrvoje Bogunovic, None; Sophie Klimscha, None; Xiaofeng Hu, 
None; Thomas Schlegl, None; Amir Sadeghipour, None; 
Bianca S Gerendas, Roche (C); Aaron Osborne, Genentech (E); 
Sebastian M. Waldstein, Novartis (C), Bayer (C), Genentech (F)
Support: Supported in part by Genentech.
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Time-resolved fundus autofluorescence in dry age-related 
macular degeneration
Lydia Sauer1, Lukas Kreilkamp1, Sven Peters1, Daniel Meller1, 
Paul S. Bernstein2, Martin Hammer1. 1Department of Ophthalmology, 
University hospital Jena, Jena, Germany; 2Department of 
Ophthalmology and Visual Sciences, University of Utah, John A. 
Moran Eye Center, Salt Lake City, UT.
Purpose: The exact pathogenesis of drusen in age-related macular 
degeneration (AMD) is not yet fully understood. By using 
fluorescence lifetime imaging ophthalmology (FLIO), we hope to 
detect molecular changes and gain more insight into the pathologies 
behind the disease.
Methods: 82 eyes with non-exudative AMD, including 35 eyes with 
geographic atrophy (GA), were investigated. Drusen were identified 
according to fundus photography, OCT and fundus autofluorescence 
(FAF). Visual acuity and foveal involvement was analyzed. For FLIO 
image detection, Fluorescence was excited at 473 nm and recorded in 
a short (498-560 nm) and a long (560-720 nm) spectral channel. The 
amplitude-weighted mean fluorescence lifetime (τm) was utilized as 
the main parameter for statistical analysis. A t-test was used to test for 
significant differences.
Results: Drusen did not only show prolonged FAF lifetimes as 
compared to healthy retina (approximately 40 ps longer, p<0,001), 
significant differences were also found when comparing different 
drusen types. The best differentiation was possible within the long 
spectral channel: soft drusen (τm: 364 ps ± 87 ps) showed longer 
FAF lifetimes than hard drusen (τm: 321 ps ± 82 ps).
Conclusions: With FLIO it is possible to characterize drusen types 
and distinguish those from healthy retina. As soft drusen, associated 
with AMD progression, show longer fluorescence decays than hard 
drusen, FLIO might give information about the individual risk for the 
development of late AMD.
Commercial Relationships: Lydia Sauer, None; Lukas Kreilkamp, 
None; Sven Peters, None; Daniel Meller, None; Paul S. Bernstein, 
None; Martin Hammer, None
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Foveal vs. Total Geographic Atrophy as a Predictor of Visual 
Acuity in AMD
Saghar Bagheri1, Ismini Koulouri1, Leonide Saad2, 3, 
Demetrios G. Vavvas1. 1Massachusetts Eye and Ear Infirmary, 
Harvard Medical School, Boston, MA; 2Harkness Eye Institute, 
Columbia University Medical Center, New York, NY; 3Alkeus 
Pharmaceuticals, Boston, MA.
Purpose: To understand the relationship between total geographic 
atrophy (GA), foveal GA and visual acuity (VA) in age-related 
macular degeneration (AMD), and to explore potentially more 
sensitive anatomical predictors of VA in GA.
Methods: Retrospective review of blue autofluorescence (AF) 
fundus images, optical coherence tomography (OCT, Heidelberg 
Engineering) and Snellen VA of patients with GA due to AMD. 
The foveal area, 1.77 mm2, was defined by a 1.5 mm diameter 
circle centered on the fovea centralis. Using the Heidelberg built-in 
software, two graders independently measured the total GA area and 
the GA area within the fovea (Fig. 1a) and correlated it with VA. The 
average between the two graders was computed, except when two 
graders disagreed by more than 20%, in which case a third grader 
was used for adjudication. In addition, we graded for the presence 
of foveolar sparing, GA covering the entire foveal area, subretinal 
drusenoid deposits (SDD) and multifocal GA.
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Results: 18 patients (mean age, 82.1±6.6 [70-96] years, 83% female) 
with GA due to AMD were assessed for data spanning n=39 eyes 
spread across up to 3 visits. Mean VA at time of imaging was 0.86 
(Snellen 20/145) ±0.6 [0.2-3.0] logMAR, mean total GA 9.56±4.78 
[3.96-20.04] mm2, mean percentage GA within the fovea was ~79±24 
[23-100] %. About 97% of assessed eyes had SDD and ~54% had 
multifocal GA.
 Percentage GA within the fovea was better associated with VA 
(R2=0.3) than total GA area (R2<0.01) (Figs. 1b, 1c) showing an 
exponential decline in logMAR VA with increasing percentage 
of foveal GA: on average, VA remained better than 20/60 for GA 
lesions covering less than ~50% of the fovea, while a sharp decrease 
in visual acuity was observed for larger percentages. Eyes with GA 
covering the entire foveal area (~10%) were associated with poor 
(<20/200) VA, while prediction of VA in patients with foveolar 
sparing (~8%) was inconclusive, possibly due to the low occurence of 
this feature in our cohort.
Conclusions: Our findings suggest that the percentage GA within 
the fovea may be more sensitive in predicting the degree of VA 
impairment than the total GA area or foveolar involvement. Further 
validation is needed in larger cohorts.

Figure 1. (a) Representative blue autofluorescence fundus image 
outlining geographic atrophy (GA) within the fovea. (b) Scatterplot 
of logMAR visual acuity (VA) vs. percent foveal GA. (c) Scatterplot 
of logMAR VA vs. total GA area in mm2.
Commercial Relationships: Saghar Bagheri, None; 
Ismini Koulouri, None; Leonide Saad, Alkeus Pharmaceuticals (S), 
Alkeus Pharmaceuticals (E); Demetrios G. Vavvas, None
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Topographic correlation of retinal layer thickness with 
mesopic and scotopic fundus controlled perimetry in early and 
intermediate age-related macular degeneration
Marlene Sassmannshausen1, Julia Steinberg1, Rolf Fimmers2, 
Monika Fleckenstein1, Frank G. Holz1, Steffen Schmitz-Valckenberg1. 
1Eye Hospital, University Bonn, Bonn, Germany; 2University Bonn, 
Instiute of Biostatistics, Bonn, Germany.
Purpose: To analyze the thickness of different retinal layers in eyes 
with early and intermediate age-related macular degeneration and 
to topographically correlate findings to both scotopic and mesopic 
retinal sensitivity using fundus-controlled perimetry (FCP).
Methods: Twenty-nine eyes of 26 AMD patients (mean age 71.2 
years, range 54.5-83) and 29 eyes of 29 healthy controls (“normals”) 
underwent optical coherence tomography raster scanning (Spectralis, 
Heidelberg Engineering, Heidelberg, Germany). Mesopic (Goldmann 
III) and scotopic (Goldmann V, 200 msec, 4-2 strategy) FCP (MP-1 
S Nidek, Technologies, Padova, Italy) was performed using a 56 
test stimuli grid in patients. Topographic analysis of the thickness of 
the total retina, the inner retina (iR), the outer nuclear layer (ONL), 
the photoreceptors (PR) and the retinal pigment epithelium (RPE, 
including drusen material in patients) at the site of retinal sensitivity 
test stimuli was conducted. In patients, localized thickness of these 
layers was correlated to both mesopic and scotopic retinal sensitivity.
Results: RPE/drusen complex thickening in patients was correlated 
with reduction of ONL (p<0.0001), iR (p<0.0001) and PR thickness 
(p<0.0001), while changes in retinal thickness were more pronounced 
in the central 4° compared to eccentric macula (p=0.021). Structural 
changes in thickness of all layers were correlated with reduction of 
both mesopic (p<0.001) and scotopic retinal sensitivity (p<0.001). 
The odds ratio for a localized reduction of 5 dB and 10 dB in the 
presence of a localized RPE/drusen complex thickening of more than 
2 standard deviations from normal values was 4.1 (95%CI: 3.1 – 5.4) 
and 7.2 (4.3 – 12.1) for mesopic and 2.6 (2.0 – 3.6) and 5.3 (4.0- 7.2) 
for scotopic testing, respectively (p< 0.001).
Conclusions: Accumulation of sub-RPE material in patients with 
intermediate AMD is spatially confined to quantifiable structural 
alterations in various retinal layers as well as corresponding 
functional impairment. The topographic analysis of retinal thickness 
and retinal sensitivity will be helpful for a better understanding of 
disease mechanisms and for the evaluation of new therapeutical 
strategies.
Commercial Relationships: Marlene Sassmannshausen, Carl-Zeiss 
Meditec (F), Heidelberg Engineering, Germany (F); Julia Steinberg, 
Heidelberg Engineering, Germany (F), Optos (F); Rolf Fimmers, 
None; Monika Fleckenstein, Genentech/Roche (R), Heidelberg 
Engineering (F), Alcon Novartis (C), Bayer (R), Carl Zeiss Meditec 
(F), Alcon Novartis (F), Optos (F), Heidelberg Engineering (R), 
Genentech/Roche (C), Genentech/Roche (F); Frank G. Holz, Bayer 
HealthCare (C), Allergan (F), Alcon (C), Carl Zeiss Meditec (F), 
Optos (F), Genentech (F), Acucela (F), Novartis (C), Boehringer 
Ingelheim (C), Heidelberg Engineering (F), Roche (C), Heidelberg 
Engineering (C), Novartis (F), Merz (C), Genentech (C), Bayer 
HealthCare (F), Alcon (F), Heidelberg Engineering (R), Acucela (C), 
Allergan (C); Steffen Schmitz-Valckenberg, Genentech/Roche (R), 
Heidelberg Engineering (F), Alcon Novartis (C), Allergan (F), Bayer 
HealthCare (R), Alcon Novartis (F), Bayer HealthCare (F), Formycon 
(F), Optos (F), Heidelberg Engineering (R), Allergan (R), Carl Zeiss 
MediTec (F), Genentech/Roche (C), Genentech/Roche (F)
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Correlation of Dark Adaptation with Macular Morphology in 
Age-related Macular Degeneration
Deeba Husain1, Ines Lains1, 2, John B. Miller1, Dongho Park1, 
Edem Tsikata3, Samaneh Davoudi1, Safa Rahmani1, Jonathan Pierce1, 
Rufino Silva2, Teresa C. Chen3, Ivana K. Kim1, Demetrios vavvas1, 
Joan W. Miller1. 1Retina Service/Opthal, Massachusetts Eye and Ear 
Infirmary, Boston, MA; 2Ophthalmology, Universidade de Coimbra, 
Coimbra, Portugal; 3Glaucoma Service/ Ophthalmology, mass eye 
and ear, Boston, MA.
Purpose: There is increasing evidence that Dark-adaptation (DA) 
is a useful functional parameter for both detection and severity 
of AMD. However, the relationship between DA and macular 
structural changes in AMD has not been well studied. This study 
aims to evaluate the correlation between DA and morphology using 
spectral-domain optical coherence tomography (SD-OCT) in the area 
bleached during the DA testing and in the entire macula
Methods: 
Cross-sectional, prospective study, including patients with AMD 
and a control group (> 50 years) without any vitreoretinal disease. 
All participants were imaged with color fundus photographs and 
SD-OCT. Both eyes were tested with the AdaptDx® DA extended 
protocol (20 minutes). A software program was developed to map 
the DA testing spot (5 degree superior to fovea) on the OCT B-scans. 
Two independent graders evaluated the B-scans’ regions included in 
this spot, as well as in the entire macula, and recorded the presence 
of several AMD-associated abnormalities. Multilevel mixed effect 
linear models (accounting for correlated outcomes between 2 eyes) 
were used for analyses, considering rod-intercept time (RIT) as the 
outcome
Results: We included 137 eyes (n=77 subjects), 72.3% with AMD 
and the remaining controls. OCT structural abnormalities were 
observed within the DA testing spot in 44.5% of the eyes, and in the 
entire macula in 71.5%. Multivariate analysis revealed that adjusting 
for age and AMD stage, the presence of any abnormalities within the 
DA testing spot (ß=4.8, p<0.001), as well as in the macula (ß=2.4, 
p=0.047), were significantly associated with delayed RITs. In eyes 
with no structural changes within the DA testing spot (n=76, 55.5%), 
pathology in the remaining macula was associated with impaired 
RITs (ß=2.00, p=0.046). The presence of subretinal drusenoid 
deposits was a consistent predictor of RIT, both if located within 
the DA spot (ß=3.51, p=0.001), or the macula in general (ß=3.19, 
p<0.001). Within the testing spot, the presence of ellipsoid disruption, 
classic drusen and serous PED were also significantly associated with 
impairments in DA (p≤0.018).
Conclusions: Our results suggest a strong association between retinal 
anatomy evaluated by OCT and time to dark-adapt. Dark-adaptation 
is a good indicator of abnormality in the entire macula and not just 
within the testing spot. Subretinal drusenoid deposits appear to 
significantly affect dark adaptation.
Commercial Relationships: Deeba Husain, None; Ines Lains, 
None; John B. Miller, None; Dongho Park, None; Edem Tsikata, 
None; Samaneh Davoudi, None; Safa Rahmani, None; 
Jonathan Pierce, None; Rufino Silva, None; Teresa C. Chen, None; 
Ivana K. Kim, None; Demetrios vavvas, None; Joan W. Miller, 
ONL Therapeutics (P), Kalvista Pharmaceutical (C), Valiant 
Pharmaceuticals (R), Maculogix Inc (C), Elsevier: Royalties related 
to textbook (R), ONL Therapeutics (C), Valiant Pharmaceuticals (P)

Support: This study was financially supported by the Miller Retina 
Research Fund (Mass. Eye and Ear), the Miller Champalimaud 
Award (Mass. Eye and Ear), the unrestricted departmental Grant from 
Research to Prevent Blindness, Inc. New York, and the Portuguese 
Foundation for Science and Technology/ Harvard Medical School 
Portugal Program (HMSP-ICJ/006/2013).
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Associations of retinal and choroidal thickness with visual 
acuity at year 5 in the Comparison of Age-Related Macular 
Degeneration Treatment Trials (CATT)
Wenlan Zhang2, Gui-Shuang Ying1, Daniel F. Martin3, 
Maureen G. Maguire1, Cynthia A. Toth2, Glenn J. Jaffe2. 
1Ophthalmology, University of Pennsylvania, Philadelphia, PA; 
2Ophthalmology, Duke University, Durham, NC; 3Ophthalmology, 
Cleveland Clinic, Cleveland, OH.
Purpose: Retinal thinning is associated with decreased visual acuity 
(VA) but the reasons are not clear. The relationship of choroidal 
morphology to retinal thickness is also poorly understood. We sought 
to determine the association between morphological parameters of 
retinal thinning, choroidal thickness (CT), and VA in CATT.
Methods: Data at year 5 were analyzed from patients enrolled in 
CATT. Outcome measures included VA, various parameters of retinal 
thickness at the fovea, and CT as measured by enhanced depth 
imaging. Parameters of retinal thinning and choroidal morphology 
with mean VA was assessed using analysis of variance (univariate). 
The correlation between retinal thickness and CT was assessed with 
Spearman’s correlation coefficient (r).
Results: VA data were available for 647 of 914 (71%) patients alive 
at 5 years. SD-OCT data were available for 523 of these patients 
(81%). The retina was abnormally thin (<120um) in 36% of eyes with 
mean VA 19 letters worse than eyes with normal retina thickness  
(50 vs 69; p<0.001). Mean VA was worse by at least 10 letters in 
eyes with thinning in the inner nuclear, outer plexiform, outer nuclear 
layers, and in eyes with retinal thinning affecting the external limiting 
membrane and ellipsoid zone (all with p<0.05), but not in eyes with 
retinal thinning in the nerve fiber layer/ganglion cell complex/inner 
plexiform layer (53 vs 61; p=0.15). Increasing subretinal tissue 
complex thickness (STCT) was associated with worse mean VA  
(57 vs 64; p=0.003). Thinner CT (stromal and vessel) was not 
associated with decreased VA (p>0.20) (Table 1). Greater STCT was 
associated with thinner choroid vessel thickness (r=-.10; p=0.03) and 
thinner choroid stromal layer thickness (r=-.10; p=0.04), but there 
were no significant correlations between CT (stromal and vessel) and 
foveal total thickness, retinal thickness or subretinal fluid thickness 
(|r|≤0.05 for all).
Conclusions: Treatments to prevent retinal thinning in the middle 
and outer retina may help prevent VA loss in long-term AMD 
treatment. Therapy to reduce STCT, perhaps through preventing 
choroid stromal layer thinning, may also be beneficial although more 
studies are necessary to clarify how CT contributes and or responds 
to changes in retina morphology in AMD progression.
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Commercial Relationships: Wenlan Zhang, None;  
Gui-Shuang Ying, Janssen Research & Development (C), 
Chengdu Kanghong Biotech Co (C); Daniel F. Martin, None; 
Maureen G. Maguire, Genentech (C); Cynthia A. Toth, Alcon 
Laboratories (P), Genentech (F); Glenn J. Jaffe, Heidelberg 
Engineering (C)

Support: Cooperative agreements U10 EY023530, U10 EY017823, 
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National Eye Institute, National Institutes of Health, Department of 
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Clinical Trial: NCT00593450


