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Progression of Ellipsoid Zone Loss correlates with Change of 
Scotoma Size in Macular Telangiectasia Type 2
Tjebo F. Heeren1, 2, Diána Kitka1, Daniela Florea1, Alan C. Bird1, 
Emily Chew6, Traci E. Clemons5, Daniel Pauleikhoff4, 
Frank G. Holz2, Tunde Peto1, 3. 1NIHR Biomedical Research 
Centre, Moorfields Eye Hospital, London, United Kingdom; 
2Ophthalmology, University of Bonn, Bonn, Germany; 3Centre for 
Public Health, Queen’s University Belfast, Belfast, United Kingdom; 
4Ophthalmology, St Franziskus Hospital, Münster, Germany; 
5Statistics, Emmes Corporation, Rockville, MD; 6Epidemiology & 
Clinical Applications, National Eye Institute, Bethesda, MD.
Purpose: Macular telangiectasia type 2 (MacTel) is a potential 
bilateral neurodegenerative disease with ellipsoid zone (EZ) loss 
detected on spectral domain optical coherence tomography (SD-
OCT) as a common feature. While best corrected visual acuity 
(BCVA) often remains stable until late disease stages, visual 
function loss is typically characterized by the development of a 
paracentral (nasal) scotoma that enlarges over time as measured 
by microperimetry. It has been shown that EZ loss correlates 
with aggregate sensitivity loss, a measure for scotoma depth. 
Seeking further evidence that EZ loss correlates with functional 
loss is important, as EZ loss is a potential outcome parameter for 
interventional clinical trials. Therefore we compared EZ loss with 
change in scotoma size over time.
Methods: Participants of the MacTel Natural History Observation 
Study (NHOS) underwent annual exams including BCVA, 
microperimetry (MP1, Nidek), and high density SD-OCT volume 
scans (Spectralis, Heidelberg Engineering). Scotoma size was derived 
from counting the number of stimuli above a threshold of 12dB as 
well as the number of stimuli with absolute scotoma (‘thresholding’). 
EZ loss was measured using en face SD-OCT scans (Heidelberg Eye 
Explorer, Heidelberg Engineering) and compared with change of 
scotoma size and loss of BCVA. Analysis was performed with mixed 
effects models, accounting for correlation between eyes.
Results: Thirtyone participants (56 eyes) from one center were 
followed for 4.5±1.2 years (range 2.3-7.6 years). EZ loss was 
18600±3917.3 pixel at baseline (≈0.59mm2) and increased 
2627.8±427.9 pixel (≈0.08mm2) per year. BCVA decreased 2.2 ± 0.9 
letters per year. EZ loss correlated significantly with progression of 
relative and absolute scotomas (r = 0.62; p-value < 0.0001 and :  
r = 0.72; p-value < 0.0001, respectively). Microperimetry showed 
a less discernible progression than EZ loss and a higher rate of 
‘regression’, indicating higher variability of the measurement. No 
correlation was found between EZ loss and loss of BCVA.
Conclusions: Progression of EZ loss correlates well with progression 
of scotoma size corroborating EZ loss as clinical surrogate 
outcome parameter for visual function. Moreover, EZ loss, as an 
objective parameter compared with functional parameters such as 
microperimetry or BCVA, may be more suitable as primary end point 
in future interventional clinical trials.
Commercial Relationships: Tjebo F. Heeren, None; Diána Kitka, 
None; Daniela Florea, None; Alan C. Bird, None; Emily Chew, 
None; Traci E. Clemons, None; Daniel Pauleikhoff, None; 
Frank G. Holz, None; Tunde Peto, None
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Quantifying the rate of ellipsoid zone loss in Stargardt disease
Cindy Cai1, Jacob G. Light1, James T. Handa2. 1Ophthalmology, 
Johns Hopkins Hospital--Wilmer Eye Institute, Baltimore, MD; 
2Robert Bond Welch Professor, Ophthalmology, Johns Hopkins 
Hospital--Wilmer Eye Institute, Baltimore, MD.
Purpose: The ellipsoid zone (EZ) on optical coherence tomography 
(OCT) has been shown to correlate with retinal function and can be 
affected in Stargardt disease. Here, we demonstrate a novel technique 
for tracking the rate of EZ loss as an indicator of disease progression.
Methods: 31 eyes of 16 Stargardt patients with genetically confirmed 
ABCA4 gene mutations and follow-up visits separated by at least 
12 months were identified for retrospective review. Spectral domain 
optical coherence tomography (SD-OCT) macula volume scans 
centered at the fovea covering an area of 20 degree x 20 degree with 
49 B-scans were obtained with Spectralis HRA+OCT (Heidelberg 
Engineering, Heidelberg, Germany). The region of EZ loss was 
marked on each B-scan and the total area of EZ loss was calculated 
for the entire volume scan. The yearly rate of EZ loss was then 
calculated for each eye. A random subset of 12 eyes was re-analyzed 
by the primary grader to assess intra-grader reliability, and the 
same subset was analyzed by a second grader to assess inter-grader 
reliability. Reliability was calculated as the intraclass correlation 
(ICC) based on a two-way mixed effect model.
Results: The patients were followed for a mean of 2 years (range 
1-4.7 years). The rate of area of EZ loss was 0.32mm2/year. The 
absolute difference of the area of EZ loss on test-retest for the first 
grader was 0.09mm2, and between graders was 0.16mm2. The ICC of 
both intra-grader as well as inter-grader reliability was excellent at 
0.99.
Conclusions: Tracking the area of EZ loss as seen on macular 
volume scans on SD-OCT in Stargardt is a sensitive and reliable 
method for monitoring disease progression. The rate of disease 
progression found in this study is comparable to reports in the 
literature.
Commercial Relationships: Cindy Cai, None; Jacob G. Light, 
None; James T. Handa, None
Support: Wilmer Research Grant Award, RPB Unrestricted grant to 
Wilmer
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Validation of 3D volumetry for a novel anti-angiogenic therapy of 
neovascular age-related macular degeneration
Guillaume Normand1, Eric H SOUIED2, Bruno Lay3, Ronan Danno3, 
Rocio Blanco-Garavito2, Perrinne Charrard3, Jordan Harrod4, 
Michael Maker1, Sudeep Chandra1, Georges Weissgerber5. 
1Biomarker Development, Novartis Institutes for Biomedical 
Research, East Hanover, NJ; 2Creteil University Eye Clinic, 
Creteil, France; 3ADCIS, Saint-Contest, France; 4Meinig School 
of Biomedical Engineering, Cornell University, Ithaca, NY; 
5Translational Medicine-Ophthalmology, Novartis Institutes for 
Biomedical Research, Basel, Switzerland.
Purpose: Morphologic alterations in the retina have been shown 
to influence the functional response to anti-angiogenic therapies in 
neovascular age-related macular degeneration (AMD) and impact the 
visual outcomes. We wanted to test and validate a new 3D volumetric 
tool to quantify some of the critical alterations in a subset of patients 
enrolled in a prospective Phase 1/2 trial.
Methods: The initial phase was an open-label, single-ascending dose 
of increasing single intravitreal (IVT) doses of an anti-VEGF agent, 
ranging from 0.03mg to 0.6mg, in patients with neovascular AMD 
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(treatment naïve or previously treated with an anti-VEGF therapy). 
Images of two dose groups at the highest doses (n=5 for each group) 
were evaluated at 5 visits. OCT scans were obtained from Spectralis 
(Heidelberg Engineering) and were imported into the novel software 
(RevAnalyzer, ADCIS). Three independent trained graders measured 
three types of alterations: Pigment Epithelium Detachment (PED), 
Subretinal Fluid (SRF) and Intraretinal Cysts (IRC).
Results: The agreement between graders for PED, SRF and IRC was 
97.3%, 94.6% and 96%, respectively. For the volume measurements 
of all PED, SRF, and IRC, the intraclass correlation between graders 
was 0.90 (95% CI, 085-0.94), 0.98 (95% CI, 0.98-0.99) and 0.95 
(95% CI, 0.92-0.97), respectively. We found that SRF volume was 
the most sensitive measurement to our novel anti-VEGF therapy as 
it rapidly decreased after IVT injection (maximal average reduction 
at 15 days post-IVT, slope of regression line = -6.40) and, for some 
cases, quickly re-appeared before any changes in central retinal 
thickness. When responsive, the IRC volume also rapidly decreased 
upon treatment (volume was completely absent at Day 15). By 
contrast, PED volume slowly decreased upon anti-VEGF treatment 
(slope of regression line= -2.95) but was responsible for the maximal 
reduction of the central retinal thickness (correlation r2=0.525).
Conclusions: The semi-automated quantification of PED, SRF and 
IRC volumes was found to be very reproducible between graders. 
This innovative software is a valuable tool that allows exquisite 
visualization of retinal fluid and the refined correlation of sub-
types of retinal alterations with retinal thickness and BCVA, as it 
enables a reproducible measurement of a global volume compared 
to qualitative assessment or point measurement of each morphologic 
parameter.
Commercial Relationships: Guillaume Normand, Novartis (E); 
Eric H SOUIED, ADCIS (P), ADCIS (I); Bruno Lay, ADCIS 
(E), Novartis (F); Ronan Danno, Novartis (F), ADCIS (E); 
Rocio Blanco-Garavito, None; Perrinne Charrard, ADCIS (F); 
Jordan Harrod, Novartis (F); Michael Maker, Novartis (E); 
Sudeep Chandra, Novartis (E); Georges Weissgerber, Novartis (E)
Clinical Trial: NCT02398500
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Corneal nerves and retina involvements in patients with 
amyotrophic lateral sclerosis
Ziyuan Liu, Pei Zhang, Kexin Guo, Wei Wang. Department of 
Ophthalmology, Peking University thrid hospital, Beijing, China.
Purpose: Recent evidence accumulates that amyotrophic lateral 
sclerosis (ALS) has a widespread pathology in peripheral nerve 
system besides the progressive degeneration of motor neurons in 
brain and spinal cord. This study evaluated the corneal nerves and 
retina involvements in ALS patients as well as their correlations with 
disease severity.
Methods: Both eyes from 40 patients with ALS, 28 patients with 
POAG and 44 healthy subjects were analyzed in the study. ALS 
functional rating scores (ALSFRS) and sympathetic skin response 
(SSR) were recorded for ALS patients to evaluate their disease 
severity and sympathetic fibers function. Images of corneal sub-basal 
nerve plexus were collected by corneal confocal microscopy (CCM) 
and following parameters were computed: nerve fiber length (NFL), 
nerve fiber density (NFD), nerve fiber tortuosity (NFT) and nerve 
branch density (NBD). Peripapillary retinal nerve fiber layer (RNFL), 
ganglion cell layer plus inner plexiform layer (GC-IPL) and macular 
thickness were measured with optical coherence tomography (OCT) 
in all cases. Correlations between the ocular findings and ALSFRS, 
SSR and disease duration were analyzed for ALS group.

Results: Significant reduction of NFL, NFD and NBD (p=0.006, 
0.001, 0.000, respectively), and an increase of NFT (p=0.000) in ALS 
patients were observed. ALS patients showed an increase of RNFL 
and GC-IPL compared to controls but without statistical difference 
(table 1). Macular thickness showed no significant difference between 
ALS and controls, and the outer macular thickness in POAG group 
was significantly thinner than ALS (table 2). Neither the corneal 
parameters nor the RNFL had statistical correlations with ALSFRS, 
SSR or disease duration in ALS group. However, GC-IPL and outer 
macular thickness in ALS had significant correlations with ALSFRS 
and disease duration.
Conclusions: Corneal nerve damage is revealed by CCM in ALS, 
but it is not associated with the overall neurodegeneration. RNFL 
increase is observed by OCT but it needs further investigation to 
confirm the role of retinal changes in early diagnosis or disease 
progression for ALS.

RNFL and GC-IPL thickness (μm; mean ± standard deviation) for all 
cases. * statistically significant at a level of < 0.05.

Macular thickness (μm; mean ± standard deviation) for all cases. 
* statistically significant at a level of < 0.05. Inner/outer/central 
macular thickness: 3mm/6mm/1mm diameter region.
Commercial Relationships: Ziyuan Liu, None; Pei Zhang, None; 
Kexin Guo, None; Wei Wang, None
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Tear film lipid layer visualization and tear film decrease rate 
quantification using ultrahigh resolution OCT
Valentin Aranha dos Santos2, Leopold Schmetterer3, 
Gerhard Garhofer1, Rene M. Werkmeister2. 1Department of Clinical 
Pharmacology, Medical University of Vienna, Vienna, Austria; 
2Center for medical physics and biomedical engineering, Medical 
University of Vienna, Vienna, Austria; 3Singapore Eye Research 
Institute, Singapore, Singapore.
Purpose: To image the tear film lipid layer and quantify the decrease 
rate of the tear film thickness non-invasively using ultrahigh-
resolution optical coherence tomography (UHR-OCT).
Methods: 10 healthy subjects were included in this study that used a 
custom-built UHR-OCT system based on a Ti:Sapphire laser yielding 
a theoretical axial resolution of 1.2 μm in tissue. For each OCT 
measurement, five volumes of the central cornea, each comprising 
256x256x4096 voxels and covering an imaging range of 5.5 x 5.5 x 
1.4 mm3, were acquired directly after blinking. Measurements of the 
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five volumes lasted 5.5 seconds and were repeated every ten minutes 
for one hour, leading to a total of 140 OCT datasets for all subjects. 
Simultaneous measurements of the tear film lipid layer quantity 
index (LQI) and total tear film thickness (TFT) were obtained after 
data processing, using a custom software written in Matlab. We 
recently demonstrated that TFT can be obtained from the OCT data 
using efficient delay estimation of each tear film interface and that 
LQI can be obtained from air-tear interface OCT reflectance data. 
Tear film lipid layer thickness (TFLL) values were obtained using 
a commercial system (Lipiview, TearScience Inc., Morrisville, NC, 
USA).
Results: Fig. 1 shows a representative TFT measurement in one 
healthy subject. Fig.1 (a) shows en face TFT maps over time and 
Fig. 1(b) depicts the corresponding mean TFT value in each map. A 
continuous TFT decrease can clearly be observed. As seen in Fig.1, 
over the measurement time the mean TFT decrease rate amounts to 
0.145 μm/s. In Fig. 2, representative 2D maps of the tear film lipid 
layer are shown. LQI of the 140 OCT dataset was 8.2 ± 2.4. TFLL 
values were 67 ± 13 nm.
Conclusions: A OCT-based approach for simultaneous measurement 
of TFT and LQI was reported. This method can be used to study 
the role of the lipid layer in the tear film evaporation/decrease rate 
and could be used to study dry eye and to test efficacy of dry eye 
treatments.

Fig. 1 (a) En face TFT 2D maps obtained in one healthy subject (b) 
Mean TFT value in each map of Fig. 1(b). A clear decrease in TFT 
can be observed.

Fig. 2 (a-b) En face OCT reflectance of the air-tear interface allowing 
visualization of the tear film lipid layer in two different healthy 
subjects. The reflectance is a monotonous function of the lipid 
thickness. A different pattern can be observed in each subject.

Commercial Relationships: Valentin Aranha dos Santos, 
None; Leopold Schmetterer, None; Gerhard Garhofer, None; 
Rene M. Werkmeister, None
Support: WWTF LS14- 067
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Visualization of depth-localized birefringence of pterygium using 
polarization sensitive optical coherence tomography
Sujin Hoshi1, Deepa Kasaragod2, Yuta Ueno1, Akari Fujita1, 
Shinichi Fukuda1, Yoshiaki Yasuno2, Tetsuro Oshika1. 1Department 
of Ophthalmology, Faculty of Medicine, University of Tsukuba, 
Tsukuba, Japan; 2Computational Optics Group, University of 
Tsukuba, Tsukuba, Japan.
Purpose: Pterygium is abnormal growth of fibroblasts and 
degenerated collagen beneath the conjunctiva that penetrates to the 
corneal surface. Recently, polarization sensitive optical coherence 
tomography (PS-OCT) has been utilized to visualize birefringence of 
biological fibrous tissues in the eye. This study aims to visualize and 
evaluate depth-localized birefringence property of pterygium using 
PS-OCT.
Methods: 15 eyes of 13 subjects with primary pterygium were 
imaged using a custom-built PS-OCT. Volumetric scanning was 
performed to cover 12 mm x 12 mm transversal area. Depth-localized 
birefringence was subsequently derived from cumulative phase 
retardation through local Jones matrix analysis. Histological analysis 
was performed for the cases that had undergone pterygium surgery.
Results: Elevation of depth-localized birefringence of the 
pterygium was observed in all cases. Figure shows an example 
of slit-lamp photography (a) and an en face birefringence image 
(b) of a pterygium case. With en face birefringence image, radial 
high birefringence band pattern (green) towards the center of the 
cornea was observed in 11 cases (b). Histological analysis revealed 
degeneration of collagen fibers matching with the band-shaped high 
birefringence area of PS-OCT image.
Conclusions: The depth-localized birefringence images clearly 
visualized birefringence domains of pterygium. Degeneration 
of collagen fibers and fibrosis in pterygium might be able to 
noninvasively visualized using PS-OCT.
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Commercial Relationships: Sujin Hoshi, None; Deepa Kasaragod, 
TOPCON (F), Tomey Corp. (F), Nidek (F); Yuta Ueno, None; 
Akari Fujita, None; Shinichi Fukuda, None; Yoshiaki Yasuno, 
TOPCON (F), Tomey Corp. (F), Nidek (F); Tetsuro Oshika, Tomey 
Corp. (F), TOPCON (F)
Support: JSPS KAKENHI 15K13371 ; MEXT Program for Building 
Innovation Ecosystem
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Evaluation of iris volume in Fuchs’ Heterochromic Iridocyclitis 
using three-dimensional anterior segment optic coherence 
tomography
Yuma Shibahara2, 1, Toshikatsu Kaburaki2, Rie Tanaka2, 
Mitsuko Takamoto2, Hisae Nakahara2, Ayako Karakawa2, 
Yujiro Fujino2, 1, Makoto Aihara2. 1Tokyo Shinjyuku Medical center, 
Tokyo, Japan; 2Ophthalmology, The University of Tokyo Graduate 
School of Medicine, Tokyo, Japan.

Purpose: Iris atrophy is one of the important diagnostic findings in 
Fuchs heterochromic iridocylitis (FHI).
However, there has been no reports that quantitative evaluation of 
iris atrophy by measuring the iris volume. In this study, we evaluated 
the iris volume of FHI patients using an anterior segment optical 
coherence tomography (AS-OCT) to determine the iris atrophy of the 
affected eyes quantitatively.
Methods: Twenty-one FHI patients (10 male, 11 female, 49.0±14.6 
years old) and seventeen healthy volunteers (7 male, 10 female, 
39.4±7.5 years old) were enllored. All FHI patients suffered 
unilateral chronic uveitis with diffuse iris stroma atrophy with or 
without heterochromia, and cataract (or history of cataract surgery). 
We obtained OCT images of the affected eyes and the fellow eyes 
of FHI patients and both eyes of healthy volunteers in a darkened 
room (20 lux) and flashing a light into fellow eye (900 lux) using 
AS-OCT (CASIA SS-1000, Tomey Corporation, Nagoya, Japan) 
and determined the iris volume. We compared the iris volume of the 
affected eyes to the fellow eyes and eyes of healthy volunteers.
Results: Iris volume of the affected eyes were 32.70 ± 4.45mm3, 
compared to those of the fellow eyes (36.60 ± 4.24 mm3), healthy 
right eyes (38.58 ± 3.66 mm3), healthy left eyes (38.58±3.76mm3). 
Iris volume of affected eyes was significantly smaller than those of 
the fellow eyes (P<0.001, paired t-test), healthy right eyes (P<0.001, 
unpaired t-test), and healthy left eyes (P<0.001, unpaired t-test). On 
the contrary, there were no significant differences between the fellow 
eyes and healthy right eyes (P=0.14, unpaired t-test).
Conclusions: Iris volume of the affected eyes of FHI patients was 
significantly smaller than those of the fellow eyes of FHI patients 
and healthy volunteers’ eyes. The comparisons of iris volume in the 
affected eyes and the fellow eyes have a potential to be a diagnostic 
marker for FHI.
Commercial Relationships: Yuma Shibahara, None; 
Toshikatsu Kaburaki, None; Rie Tanaka, None; 
Mitsuko Takamoto, None; Hisae Nakahara, None; 
Ayako Karakawa, None; Yujiro Fujino, None; Makoto Aihara, 
None
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Agreement and Reproducibility of Tear Meniscus Parameters 
determined from Spectral Domain Optical Coherence 
Tomography
Saumya Nagar1, Tudor Tepelus1, Elmira Baghdasaryan1, 
Ping Huang1, Ken Marion1, Susan S. Lee2, Olivia L. Lee1. 1DEI, 
DIRC, La Jolla, CA; 2Allergan, Irvine, CA.
Purpose: To measure and assess the agreement and reproducibility 
of tear meniscus parameters from two Spectral Domain Optical 
Coherence Tomography (SD-OCT) instruments.
Methods: The lower lid margin tear meniscus of 39 eyes from 20 
healthy participants was imaged with both Spectralis (Heidelberg 
Engineering, Inc.) and Cirrus (Carl Zeiss Meditec, Inc) SD-OCTs. 
Tear meniscus height (TMH) and tear meniscus area (TMA) were 
measured using Image J. Inter-instrument and intra-instrument 
reproducibility of tear meniscus measurements were evaluated by 
intraclass correlation coefficients (ICCs). Inter-instrument agreement 
was evaluated with Bland-Altman analysis and determination of 
limits of agreement (LoA)
Results: The mean TMH was 0.275±0.063 mm using Cirrus 
and 0.263±0.899 mm using Spectralis. The mean TMA was 
20.459±10.352 mm2 using Cirrus and 22.731±12.236 mm2 using 
Spectralis. Inter-instrument (ICCs>0.84) and intra-instrument 
(ICCs>0.91) reproducibility was good. Excellent agreement between 
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the two devices was also observed with a mean difference of 0.012 
(LoA: -0.073 to 0.0968) mm for TMH and -2.272 mm2 for TMA.
Conclusions: Both Spectralis and Cirrus tear meniscus images 
yielded comparable measurements for determination of tear meniscus 
parameters. Good inter- and intra-instrument reproducibility along 
with excellent agreement between both SD-OCT devices might allow 
interchangeability between the devices, potentially leading to the 
development of standardized tear meniscus grading methods across 
various SD-OCT devices.
Commercial Relationships: Saumya Nagar, Allergan (C); 
Tudor Tepelus, None; Elmira Baghdasaryan, None; Ping Huang, 
None; Ken Marion, None; Susan S. Lee, Allergan (E); 
Olivia L. Lee, Allergan (C)
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Quantification of Imaging Artifacts using Anterior Segment 
Optical Coherence Tomography (ASOCT) for Irido-Corneal 
Angle Evaluations
Amy Lock1, Yue Shi1, Dennis Jenkins1, Srinivas R. Sadda1, 2, 
Vikas Chopra1, 2. 1Doheny Eye Institute, Los Angeles, CA; 
2Ophthalmology, David Geffen School of Medicine at UCLA, Los 
Angeles, CA.
Purpose: The emerging ASOCT platforms provide non-invasive 
and quantifiable evaluations in anterior chamber iridocorneal angle 
(ACA) anatomy. Many ab-interno glaucoma surgeries, as well as, 
research into intracameral medication delivery are starting to rely 
on ASOCT. Although tremendous literature has described artifacts 
in posterior segment OCT, few if any have described in detail the 
artifacts seen in ASOCT. The purpose of our study was to quantify 
the types of imaging artifacts that are commonly seen in ACA 
evaluation of glaucoma patients.
Methods: The ASOCT images of both eyes of 2541 glaucoma 
patients were reviewed at Doheny Image Reading Center (DIRC). 
More than one ASOCT images were obtained using either spectral-
domain ASOCT instrument (Zeiss Cirrus, Heidelberg Spectralis and 
Optovue RTVue) or time-domain ASOCT (Visante). ‘Poor quality’ 
images reported by the DIRC were independently analyzed by two 
certified DIRC evaluators. The artifacts that both evaluator agreed 
on were summarized. Observed causes of poor image quality were 
classified into 2 major groups: imaging technique flaws and artifacts 
of the image.
Imaging technique flaws include: scan beyond targeted limbus (1); 
lack of iridocorneal angle elements such as Iris (2) or Schwalbe’s line 
(SL) (3); angle (4) or pupil (5) covered by eyelid; touch by imager’s 
finger (6); artifactual widening of angle (7) or Invisible pupil (8) by 
poor illumination. Artifacts seen on the images include ghost cornea 
(9), SL shadowing (10), iris shadowing under SL (11), irregular 
cornea curvature (12), vague endothelium/TM transitioning to 
determine SL but not due to shadowing (13), and duplicated iris (14).
Results: Out of 5082 eyes of 2541 glaucoma patients/visits there 
were 208 eyes of 107 patients/visits (4.09%) were reported ‘poor 
quality’ and images were considered non-gradable due to the various 
artifacts seen.
Conclusions: ASOCT provided good quality images in 96% of 
cases when evaluating the ACA anatomy. Our study is the largest 
to date to identify the most common sources of errors in techniques 
and artifacts of imaging from the sizeable cohort of patients with 
glaucoma. This new found knowledge will serve to improve the 
training even further of ophthalmic imagers who is instrumental in 
making ASOCT images reproducible and usable for longitudinal 
analyses.

Commercial Relationships: Amy Lock, None; Yue Shi, None; 
Dennis Jenkins, None; Srinivas R. Sadda, Genentech (F), Novartis 
(C), Iconic (C), Optos (C), Genentech (C), Thrombogenics (C), 
Carl Zeiss Meditec (F), Allergan (C), Optos (F), Allergan (F); 
Vikas Chopra, Allergan (C), Allergan (F)
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The impact of lens opacification on SD-OCT retinal nerve 
fiber layer and Bruch’s membrane measurements using the 
Anatomical Positioning System
Matthias Marten Mauschitz1, Felix Roth2, Frank G. Holz3, 
Monique M. Breteler1, Robert P. Finger3. 1Department for Population 
Sciences, German Center of Neurodegenerative Diseases, Bonn, 
Germany; 2Augenklinik Roth GmbH, Bonn, Germany; 3Department 
for Ophthalmology, University of Bonn, Bonn, Germany.
Purpose: Measurements of retinal layer thicknesses with Optical 
Coherence Tomography (OCT) are used increasingly often in clinical 
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routine. Thus, assessments need to be as precise as possible. Lens 
opacification reportedly influences OCT derived retinal nerve fiber 
layer thickness (RNFLT) measurements. However, with recent 
improvements in OCT scanning and scan overlay at follow up, this 
might not hold true. Against this background the purpose of this 
study was to determine the influence of objectively determined lens 
opacification on SD-OCT measurements.
Methods: We enrolled 60 patients undergoing routine cataract 
surgery and assessed RNFLT and BMO parameters with SD-OCT 
(Spectralis, Heidelberg Engineering) one day before and one day 
after surgery. Accurate placement of the OCT scan at follow-up 
was performed using the Anatomic Positioning System (APS). This 
inbuilt device software recognizes individual anatomic landmarks 
and provides exact alignment at follow-up. Lens opacification was 
determined objectively with the Pentacam densitometry module using 
25 Scheimpflug photographies (Pentacam AXL, Oculus GmbH).
Results: SD-OCT data was eligible in 59 (29 female) patients, mean 
age was 73±8.9 years. The mean differences in the RNFLT scans 
were 0μm (95% Confidence Interval -1.16; 1.16), -0.34μm (95% 
CI -1.30; 0.61) and -0.13μm (95% CI -1.22; 0.96) and none was 
statistically significant. The same was true for the differences in BMO 
and quality parameters. Average percentage of lens opacification was 
13.14% (95% CI 12.56; 13.75).
Conclusions: Our data show no significant changes for any of 
the SD-OCT parameters. The percentage of lens opacification 
was comparable to that in similar studies. Our results challenge 
the previously described artificial alterations due to cataract. We 
hypothesize that the use of the APS prevented misplacement 
of the scans at follow-up. We conclude that cataract does not 
have a clinically relevant impact on SD-OCT RNFLT and BMO 
measurements using the APS.
Commercial Relationships: Matthias Marten Mauschitz, None; 
Felix Roth, None; Frank G. Holz, Novartis (F), Optos (F), Zeiss 
(F), Bayer Healthcare (F), Heidelberg Engineering (F), Acucela (F), 
Genentech (F), Heidelberg Engineering (C); Monique M. Breteler, 
None; Robert P. Finger, Novartis (R), Bayer (C), Santen (R), 
Novartis (C), Bayer (R), Santen (C), Abbvie (C), Abbvie (R)
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Analysis of Ocular Anterior Chamber Inflammation in Anterior 
Chamber Involving Uveitis Imaged by Swept-Source Anterior 
Segment OCT
Elmira Baghdasaryan1, Tudor Tepelus1, Ping Huang1, 
Jianyan Huang1, Srinivas R. Sadda1, 2, Olivia L. Lee1, 2. 
1Ophthalmology, Doheny Image Reading Center, Doheny Eye 
Institute, Los Angeles, CA; 2Ophthalmology, David Geffen School of 
Medicine, University of California Los Angeles, Los Angeles, CA.
Purpose: To evaluate the utility of swept-source optical coherence 
tomography (SS-OCT) to objectively image and grade the degree of 
anterior chamber (AC) inflammation.
Methods: In this IRB-approved, prospective, observational study, 
we enrolled 29 eyes from 23 patients with AC-involving uveitis. The 
severity of AC inflammation was performed by an experience uveitis 
specialist (OLL) using the Standardization of Uveitis Nomenclature 
(SUN) criteria (0,0.5+, 1+,2+,3+,4+). Swept source OCT imaging 
was performed using a Triton OCT (Topcon Medical Systems, Inc., 
Oakland, NJ) fitted with an anterior segment lens attachment. For 
each eye, 3-5 anterior segment (AS) B-scans (3-mm horizontal 
single B-scan at the central cornea) were obtained. The number 
of cells in the AS B-scans were quantified using two methods: (1) 
manual grading using the Point Picker plugin (http://bigwww.epfl.
ch/thevenaz/pointpicker/); (2) automated grading using the Image J 

particle analysis algorithm (http://imagej.net/Particle_Analysis). The 
number of cells among the B-scans for each eye were averaged. The 
automated as well as manual AC cells counts were correlated with the 
clinical inflammation severity score using a Spearman’s correlation.
Results: In this cohort of 29 eyes (23 patients), the average number 
of AC cells on SS AS-OCT by automated analysis for each clinical 
grade category were 12.2 ± 5.5 SD, 57.6 ± 27.5 SD, 111.7 ± 60.0 
SD, 173.6 ± 72.2 SD and 377.6 ± 92.0 SD for grades 0, 1+, 2+, 3+, 
and 4+, respectively. For these same clinical categories, the average 
manual cell counts were 8.6 ± 5.6 SD, 47.6 ± 21.2 SD, 98.2 ± 56.7 
SD, 134.2 ± 55.0 SD and 231.6 ± 88.6 SD, respectively. One eye with 
0.5+ clinical grade had 27 cells on SS AS-OCT measured by both 
methods. The range of mean AC cell numbers detected by the manual 
and automated methods were 2-334 and 2-475, respectively. The 
manual and automated cell counts were highly correlated (r=0.98, 
p<0.001). Both manual (r=0.88; p<0.001) and automated (r=0.89; 
p<0.001) methods also showed good correlation with the clinical 
severity grading.
Conclusions: Quantitative AC cells counts from SS AS-OCT show 
good correlation with categorical clinical assessments of severity in 
eyes with AC-involving uveitis. This approach may provide a more 
precise and reliable method for monitoring uveitis and response to 
therapy.
Commercial Relationships: Elmira Baghdasaryan, None; 
Tudor Tepelus, None; Ping Huang, None; Jianyan Huang, None; 
Srinivas R. Sadda, Novartis (C), Optos (C), Iconic (C), Genentech 
(F), Carl Zeiss Meditec (F), Optos (F), Allergan (F), Allergan (C), 
Genentech (C), Thrombogenics (C); Olivia L. Lee, Allergan (C)
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Measurement of Geographic Atrophy Using OCT Split Tool
Amitha Domalpally, Ronald P. Danis, Spencer Cleland, Liang Zhou, 
Ralph Trane, Yijun Huang, Barbara A. Blodi. Ophthalmology, 
Fundus Photograph Reading Center, Madison, WI.
Purpose: Geographic atrophy (GA), the end stage of dry age 
related macular degeneration, is a blinding eye disease with no 
available treatment. Regression in enlargement of GA area, typically 
measured using color photographs (FP), autofluorescence(FAF) and 
infrared imaging(IR) is used as an endpoint in clinical trials. Optical 
coherence tomography (OCT) is a widely available imaging method 
that can be used to measure GA. Due to the complexity in identifying 
margins of GA with OCT and manually intensive segmentation 
algorithms, OCT scans have been less used for GA measurements. 
The purpose of our study is to measure GA from OCT images 
using a novel software tool and compare the area of GA with other 
modalities.
Methods: GA area was assessed at baseline, 6 and 12 months using 
planimetry with FP, FAF and IR images. GA was measured using two 
separate criteria with OCT: 1. Contiguous retinal pigment epithelial 
layer (RPE) loss 2. Hyper-transmission through Bruch’s membrane 
(waterfall). Areas were measured using a custom developed “OCT 
split tool”, that allows evaluation of OCT B scans and registered 
infrared images simultaneously. Using this tool, the Ascan/Bscan 
coordinates of a region of interest, such as the lateral extent of 
RPE loss (orange cursors in the right image) or waterfall (yellow 
arrows) are identified. These coordinates can be annotated on the 
corresponding registered infra red image (left image) and connected 
to obtain an area measurement. All measurements were performed by 
2 graders with adjudication by a senior grader.
Results: OCT scans from 28 eyes with GA were evaluated. Of these, 
3 eyes were excluded due to image quality. The mean baseline GA 
area and change in area with all modalities is listed in the table. There 



ARVO 2017 Annual Meeting Abstracts

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

was no significant difference between the SDOCT measurements 
and area from other modalities at baseline. Mean difference between 
the two graders was 0.21 mm2 using RPE loss criteria and 0.36 mm2 
using waterfall criteria.
Conclusions: The OCT split tool provides a reproducible method 
of assessing area of GA using SDOCT. The area of GA defined by 
RPE loss is smaller than that defined by waterfall, likely because 
hyper-transmission may occur in marginal areas of relatively intact 
RPE by OCT. Defining the hyper-transmission or “waterfall” zones 
as the borders of GA by OCT provides area measurements that are 
comparable to other modalities.

OCT Split tool for measurement of GA

Area of GA
Commercial Relationships: Amitha Domalpally, None; 
Ronald P. Danis, EyeKor Inc (E), EyeKor Inc (I); Spencer Cleland, 
None; Liang Zhou, None; Ralph Trane, None; Yijun Huang, 
EyeKor (I); Barbara A. Blodi, None
Support: Research to Prevent Blindness
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Comparison of spectral-domain and swept-source optical 
coherence tomography in the detection of neovascular age related 
macular degeneration disease activity
Daren Hanumunthadu1, Tomas Ilginis1, Adnan Tufail1, 
Kamaljit S. Balaggan1, 2, Pearse A. Keane1, Praveen J. Patel1. 1NIHR 
Biomedical Research Centre at Moorfields Eye Hospital NHS 
Foundation Trust and UCL Institute of Ophthalmology, London, 
United Kingdom; 2Wolverhampton and Midland Counties Eye 
Infirmary, Wolverhampton, United Kingdom.
Purpose: Detection of qualitative features of neovascular age related 
macular degeneration (nAMD) using optical coherence tomography 
(OCT) is used for the diagnosis and management of patients with 
nAMD using anti-angiogenic agents. Spectral-domain-OCT (SD-
OCT) is now a well-established imaging modality but swept-source 
OCT (SS-OCT) is a more recent development in OCT technology 
utilizing a tunable frequency light source. The aim of this work was 
to compare the ability to detect morphological features of nAMD 
using commercially available SD-OCT (Spectralis, Heidelberg 
Engineering) and SS-OCT (DRI-OCT-1, Topcon Inc) devices.
Methods: Thirty-nine eyes of 39 patients with nAMD were included 
in this prospective, observational clinical study. Each patient 
underwent a 12 x 9mm DRI-OCT raster scan and a Spectralis  

SD-OCT enhanced-depth imaging (EDI) mode macular volume 
scan (512 A scan per 128 B scan) covering 20° x 20°. Individual line 
scans were manually evaluated for the presence of retinal features 
of nAMD and putative choroidal features of disease activity. The 
presence of each individual feature as a percentage of the total 
number of line scans was compared between the two imaging 
modalities.
Results: Mean (±SD) age of each patient was 73.9 (± 7.2) years. 
There were 24 male and 15 female subjects. This consisted of 21 
right and 18 left eyes. 1,911 SD-OCT and 9,984 SS-OCT line scans 
were analysed. There was no significant difference between  
SD-OCT and SS-OCT in the percentage of line scans showing 
subretinal fluid, intraretinal fluid, pigment epithelial detachment 
and diffuse retinal thickness (all p ≥ 0.05). The detection of both 
subretinal hyperreflective material (SHRM) (7.59% vs 1.32%,  
p = 0.03) and high reflectance signals below a PED (2.2% vs 
0.1%, p=0.01) was higher using SD-OCT. There was no significant 
difference in the detection of those choroidal features analysed in this 
study (choroidal thickening, thinning and depigmentation, p ≥ 0.05).
Conclusions: This study shows good agreement between SD-OCT 
and SS-OCT in the detection of features of nAMD in this cohort. 
SD-OCT appeared to be superior in the detection of SHRM and 
high reflectance signal below a PED. This may have relevance in the 
development of novel therapies targeting components of SHRM in 
nAMD.
Commercial Relationships: Daren Hanumunthadu; 
Tomas Ilginis, None; Adnan Tufail, Allergan (C), Roche (C), 
SalutarisMD (F), Novartis (F), Genentech (C), Novartis (E), 
Heidelberg Engineering (C), Bayer (C); Kamaljit S. Balaggan, 
SalutarisMD (C); Pearse A. Keane, DeepMind (C), SalutarisMD (F), 
Novartis (S), Allergan (R), Bayer (R), Topcon (R), Heidelberg (R), 
Novartis (R); Praveen J. Patel, Thrombogenics NV (C), Novartis 
(C), SalutarisMD (R), Topcon Inc (F), Roche UK (C), Thromogenics 
NV (F), Heidelberg Inc (F), Bayer (C), Merk Inc (C), SalutarisMD 
(F), Genentech Inc (C)
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Intraocular pressure and choroidal changes during a simulated 
microgravity and attempted countermeasure: relevance to  
long-term space travel
Siva Balasubramanian1, Tudor Tepelus1, Jaya Sadda1, 2, 
Michael B. Stenger3, Stuart Lee3, Steven Laurie3,  
John H. Liu4, Alan Feiveson5, Srinivas R. Sadda1, 2, Alex S. Huang1, 2, 
Brandon Macias3. 1Doheny Eye Institute, Los Angeles, CA; 
2Department of Ophthalmology, David Geffen School of Medicine at 
UCLA, Los Angeles, CA; 3KBRwyle, Houston, TX; 4University of 
California San Diego, San Diego, CA; 5NASA-JSC, Houston, TX.
Purpose: Astronauts experience vision changes during and after 
long-duration space flight. The hypothesis is that spaceflight-induced 
headward/cephalad fluid shift alters the intraocular pressure (IOP) 
and the choroid, affecting visual acuity. Therefore, we evaluated 
the use of venoconstrictive thigh cuffs (VTC) as a potential 
countermeasure to cephalad fluid shift-induced effects on IOP and the 
choroid in a simulated microgravity environment.
Methods: In this IRB-approved prospective comparative study, 20 
healthy participants were subjected to a tilt protocol for 10 min in 
each posture: seated, supine, 15° head-down tilt (HDT), and 15° HDT 
with bilateral VTC with 60 mm Hg (HDTC) as a countermeasure. 
IOP was measured using a pneumotonometer and EDI-OCT scans 
of the choroid were acquired, in each position. Various choroidal 
parameters at the sub-fovea including choroidal thickness (CT), 
choroidal area (CA), luminal area (LA) and choroidal vascularity 
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index (CVI: the proportion of LA to CA) were computed. A mixed-
effects linear regression model with repeated measures was used to 
test for significant IOP and choroidal changes.
Results: Results are expressed as mean ± standard error. IOP 
significantly (p = 0.004 to < 0.0001) increased when subjects moved 
from seated (16.7 ± 3.2 mm Hg) to supine (18.8 ± 2.5 mm Hg) and to 
HDT (20.3 ± 2.5 mm Hg), and subsequently decreased  
(p = 0.02) in HDTC (18.3 ± 2.5 mm Hg). CT significantly (p = 0.04 
to < 0.0001) thickened from seated (286 ± 94.9 μm) to supine  
(307 ± 97.4 μm) and to HDT (314.9 ± 97.4 μm), and subsequently 
became thinner (p < 0.0001) with HDTC (283.4 ± 87.6 μm). Both 
CA and LA significantly (p < 0.001) increased in HDT (CA: 0.59 ± 
0.05 mm2; LA: 0.38 ± 0.03 mm2) from seated (CA: 0.54 ± 0.05 mm2; 
LA: 0.35 ± 0.13 mm2) and supine (CA: 0.54 ± 0.05 mm2; LA: 0.36 ± 
0.03 mm2) positions, followed by a significant (p < 0.001) decrease in 
HDTC (CA: 0.53 ± 0.20 mm2; LA: 0.35 ± 0.03 mm2). There were no 
significant differences in LA between seated, supine and HDTC.  
The CVI was not significantly altered between the postures.
Conclusions: HDTC with 60 mm Hg for 10 min mitigates the IOP 
and choroidal changes during HDT. We propose a model using VTC 
that could potentially be used to inhibit the cephalad fluid shift, and 
consequently ameliorate vision changes among astronauts during 
long-haul space missions.
Commercial Relationships: Siva Balasubramanian, None; 
Tudor Tepelus, None; Jaya Sadda, None; Michael B. Stenger, 
None; Stuart Lee, None; Steven Laurie, None; John H. Liu, 
None; Alan Feiveson, None; Srinivas R. Sadda, Carl Zeiss 
Meditec (F), Optos (F), Allergan (F), Allergan (C), Genentech (C), 
Thrombogenics (C), Novartis (C), Optos (C), Iconic (C), Genentech 
(F); Alex S. Huang, Heidelberg Engineering (F), Allergan (C); 
Brandon Macias, None
Support: NSBRI through NASA NCC 9-58
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A Novel and Faster Method of Manual Grading to Measure Mean 
Choroidal Thickness using Optical Coherence Tomography
Kelvin Z. Li1, Kai Xiong Cheong2, Louis W. Lim1, Colin S. Tan1, 3. 
1Ophthalmology, Tan Tock Seng Hospital, Singapore, Singapore; 
2Singapore National Eye Center, Singapore, Singapore; 3Fundus 
Imaging Reading Center, Singapore, Singapore.
Purpose: Choroidal thickness (CT) measurements are typically 
obtained from manual segmentation of individual optical coherence 
tomography (OCT) B-scans. This method is time-consuming and 
laborious. We aimed to describe a novel and faster technique to 
obtain CT measurements.
Methods: In a prospective cohort study of 200 healthy eyes, 
Spectral-Domain OCT with enhanced depth imaging were performed 
with the Spectralis OCT using standardised imaging protocols. The 
OCT scans were independently graded by reading centre-certified 
graders. The standard method of manual adjustment of segmentation 
boundaries was performed. The new method consisted of adjusting 
only the lower segmentation line to the choroid-scleral boundary to 
generate the combined chorioretinal thickness, and subtracting the 
original retinal thickness (RT) from it to measure CT. Mean CT in 
the respective Early Treatment Diabetic Retinopathy Study (ETDRS) 
subfields were measured via the two methods, and were compared 
with intraclass correlation coefficients (ICC) and Bland-Altman plots.
Results: The mean central subfield CT was 324.4 μm using the 
original method, compared with 328.8 μm using the new method, 
with a mean difference of 4.5 μm (range: -14.0 to +4.0 μm), and 
ICC for agreement of 0.9996 (p<0.001). Similar comparability was 
achieved for mean CT across all other ETDRS subfields, with mean 

differences ranging from 2.4 to 3.7 μm, and ICCs ranging from 
0.99993 to 0.9996 (p<0.001).
Conclusions: Mean CT can be measured by subtracting the original 
RT from the combined chorioretinal thickness measurements. Only 
one segmentation line needs to be adjusted, instead of two, reducing 
time required for segmentation. This method is faster and reliable.
Commercial Relationships: Kelvin Z. Li, None; Kai 
Xiong Cheong, None; Louis W. Lim, None; Colin S. Tan,  
Bayer (R), Heidelberg (R)
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Choroidal layer thickness in central serous retinopathy
Jay Chhablani, Daren Hanumunthadu, Elon HC van 
Dijk, Sunila Dumpala, Bindu Rajesh, Ayesha Jabeen, 
Asiya Jabeen, Momin Ansari, Pooja Mehta, Shilpi Shah, 
Chintan Sarvaiya, Catherine Meyerele, Lihteh Wu, Alay Banker, 
Giridhar Anantharaman, Camiel JF Boon. Vitreo-Retina, L V Prasad 
Eye Insititute, Hyderabad, India.
Purpose: To evaluate medium (MCVT) and large (LCVT) choroidal 
vessel thickness in eyes with acute and chronic central serous 
retinopathy (CSR) in comparison with fellow eyes and age-matched 
controls.
Methods: Retrospective analysis of enhanced-depth imaging 
optical coherence tomography (EDI-OCT) scans of patients with 
acute and chronic CSR and age-matched healthy subjects. Manual 
measurements of subfoveal choroidal thickness (SFCT), MCVT and 
LCVT at subfoveal and 750μm nasal and temporal to fovea locations 
were done by single observer using the ImageJ® software. One-way 
ANOVA with post hoc Tukey’s test was used for statistical analysis.
Results: 132 eyes of 96 subjects with CSR including 53 eyes with 
acute CSR, 43 with chronic CSR as well as and additional 36 fellow 
eyes. Mean age of CSR subjects was 45.5 (±8.5) years with 81 
males. Thirty eyes of 30 age-matched subjects were included with 
mean age of 44.8 ± 9.4 years with 5 males. SFCT of acute CSR was 
significantly larger than fellow (p = 0.01) and normal eyes  
(p = 0.0001), but not eyes with chronic CSR. Subfoveal LCVT in 
acute CSR was more than normal eyes (p = 0.02). Subfoveal MCVT 
of acute CSR eyes was significantly more than fellow (p = 0.04) and 
control (p = 0.03) eyes, whilst mean thickness in eyes with chronic 
CSR was significantly more than control eyes (p = 0.04)
Conclusions: SFCT, MCVT and LCVT measurements are 
increased in eyes with acute CSR. However, thickening of medium 
choroidal vessels persists in chronic CSR. This is important in our 
understanding of disease activity in CSR, evaluation of chronicity of 
disease and development of structural end-points for clinical trials of 
treatments of CSR.
Commercial Relationships: Jay Chhablani, None; 
Daren Hanumunthadu, None; Elon HC van Dijk, None; 
Sunila Dumpala, None; Bindu Rajesh, None; Ayesha Jabeen, 
None; Asiya Jabeen, None; Momin Ansari, None; Pooja Mehta, 
None; Shilpi Shah, None; Chintan Sarvaiya, None; 
Catherine Meyerele, None; Lihteh Wu, None; Alay Banker, None; 
Giridhar Anantharaman, None; Camiel JF Boon, None
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Change in Retinal and Choroidal Thickness after Hemodialysis 
in Chronic Renal Failure Patients using Swept Source Optical 
Coherence Tomography
Yong Un Shin, Sang Eon Lee, Hee Yoon Cho, Min Cheol Seong, Min 
Ho Kang. Ophthalmology, Hanyang Medical Center, Seoul, Korea 
(the Republic of).
Purpose: Controversy exists regarding the changes of retinal and 
choroidal thickness during hemodialysis (HD) and there a few reports 
about these thickness changes using Swept-source optical coherence 
tomography (SS-OCT). We performed a prospective study to evaluate 
the effect of HD on the retinal and choroidal thickness in end-stage 
renal disease (ESRD) using SS-OCT.
Methods: 34 eyes, 34 patients with ESRD undergoing HD were 
recruited and analyzed. Detailed ophthalmic examinations such as 
intraocular pressure (IOP), axial length (AXL), anterior chamber 
depth (ACD) and retinal, choroidal thickness were measured 
immediately before and after HD. Measurement was conducted 
adjacent the dialysis center in order to reduce errors of time. Using 
SS-OCT (DRI OCT Triton®, Topcon, Tokyo), retinal and choroidal 
subfield mappings were measured as defined by the Early Treatment 
Diabetic Retinopathy Study (ETDRS). We used a 12x9mm 3D 
volume scan protocol and analyzed by automated segmentation. 
Systemic parameters such as body weight, systolic/diastolic blood 
pressure were also measured. The relationships between the systemic 
hemodynamic changes and the ophthalmic changes during HD were 
evaluated. Subgroup analysis was done: 19 eyes, 19 patients with 
diabetic mellitus (DM) and 15 eyes, 15 patients with non-DM.
Results: In all patients, total choroidal thickness was significantly 
decreased after the HD (-7.0±10.4 %, p<0.001). Total choroidal 
thickness was significantly decreased both in DM (-6.1±5.7 %, 
p=0.002) and non-DM patients (-8.5±14.5 %, p=0.013). And 
choroidal thickness decreased more subfields in DM patients 
compared to non-DM patients. Retinal thickness was increased in 
partial subfields but total retinal thickness change was not statistically 
significant (p=0.086). Total retinal thickness was increased 
significantly only in DM patients (1.0±1.2 %, p=0.006). IOP was 
significantly decreased only in DM patients (-6.5±11.4 %, p=0.022) 
after HD. There were no significant correlation affecting factors with 
changes of total retinal and choroidal thickness.
Conclusions: Choroidal thickness was significantly decreased after 
HD in most subfields. Additionally, it was more subfields in DM 
patients than non-DM patients. IOP was significantly decreased after 
HD in DM patients. We should consider these ocular hemodynamic 
changes in ESRD patients with HD.
Commercial Relationships: Yong Un Shin, None; Sang Eon Lee, 
None; Hee Yoon Cho, None; Min Cheol Seong, None; Min 
Ho Kang, None
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Regional difference of choroidal structure on OCT image
Naoko Kakiuchi, Shozo Sonoda, Takehiro Yamashita, Hideki Shiihara, 
Naoya Yoshihara, Yuya Kii, Nobuhiro Kuroiwa, Narimasa Yoshinaga, 
Taiji Sakamoto. Kagoshima University Graduate School of Medical 
and Dental Sciences, Kagoshima city, Japan.
Purpose: To analyze the choroidal structure and its location using 
enhanced depth imaging (EDI-OCT) technique in normal eyes.
Methods: The right eyes of healthy volunteers were examined by 
EDI-OCT (Spectralis®) using a 55 degree lens. The cross-sectional 
area of choroid, luminal area, and stromal area was quantitatively 
evaluated by our previous method using binarization technique with 

our original software. Then the ratio of luminal area of the whole 
choroid was calculated. To see the regional difference in posterior 
eye, the choroid was segmented into 2 sectors. The circular area with 
3,000 μm diameter from fovea (macula area) and the surrounding 
circular area with 8,000 μm diameter (peri-macula area). Next, these 
areas were further divided into the upper and the lower sectors by 
the foveo-papillar line. Thus, posterior choroid was divided into four 
sectors. The upper sector was compared with its lower counterpart 
sector.
Results: Clear choroidal OCT images were obtained from 26 eyes 
(16 male eyes) with the average age of 34.27 years. Axial length 
was 25.03 mm in average. In comparison of the upper and the lower 
sectors, total cross sectional choroid of macula area, including 
luminal area and stromal area was significantly smaller in the lower 
sectors than the upper counterpart (P=0.002, 0.005, and 0.001, 
respectively). The ratio of luminal area was also smaller in the lower 
than upper sector (P=0.03). In peri-macula area, total cross sectional 
choroid of macula area, including luminal area and stromal area was 
also significantly smaller in the lower area than the upper counterpart 
(P<0.05, all). The ratio of luminal area was also smaller in the lower 
than the upper sector.
Conclusions: The choroidal area of posterior eye was larger in 
the upper part than the lower part. Although, both stromal and the 
luminal areas were smaller in the lower area than the upper area, 
the ratio of luminal area was significantly smaller in the lower part. 
Because luminal area supposedly represents the vascular lumen, the 
vascular system may be less developed in the lower choroid. This 
might be something to do with that the lower choroid is the region 
where optic cup fissula closes in embryonic stage.

Figure legend. Representative data processing of EDI-OCT image by 
our software.
Top: Stromal and luminal area of choroid is delineated automatically. 
Middle: These area is binarized. Bottom: The size of stromal or 
lumen area is calculated separately.
Commercial Relationships: Naoko Kakiuchi, None; 
Shozo Sonoda, None; Takehiro Yamashita, None; 
Hideki Shiihara, None; Naoya Yoshihara, None; Yuya Kii, 
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Evaluation of hyperreflective foci in diabetic macular edema by 
ultra-high resolution en face optical coherence tomography
Shintaro Nakao1, Yoshihiro Kaizu1, Iori Wada1, Muneo Yamaguchi1, 
Shigeo Yoshida1, Shin Tanaka2, Masaharu Mizuochi2, 
Tatsuro Ishibashi1, Koh-hei Sonoda1. 1Ophthalmology, Kyushu 
University, Fukuoka, Japan; 2Tokyo New Drug Research 
Laboratories, Kowa Company, Tokyo, Japan.
Purpose: Hyperreflective foci (HRF) is known to be observed in 
diabetic macular edema (DME) using optical coherence tomography. 
Various studies have shown the clinical relevance such as the 
association between HRF and visual acuity in DME patients. 
However, the analysis in previous studies could lack the quantitative 
properties because most researches used B scan to analyze HRF. 
In this study, we examined the utility of ultra-high resolution en 
face optical coherence tomography for detection of HRF in diabetic 
macular edema.
Methods: This prospective case series study evaluated 92 eyes of 
46 consecutive cases with diabetes. All patients underwent a full 
ophthalmologic examination including ultra-high resolution spectral 
domain optical coherence tomography (Bi-μ: Kowa Company, Ltd, 
Nagoya, Japan). SD-OCT was performed using a 3X3mm raster scan 
pattern. HRF was quantified using a newly developed software.
Results: En face OCT images from 77 eyes of 43 cases (nine NDR, 
29 NPDR without DME, 31 NPDR with DME) were analyzable to 
count the number of HRF. This method also could distinguish HRF 
from retinal vessels. The quantitative analysis showed 51.7±24.5, 
84.5±45.4, 202.7±125.8 in NDR, NPDR without DME and NPDR 
without DME, respectively. The HRF number in NPDR without 
DME was significantly higher than one in NDR, whereas the eyes 
with DME showed significant more HRF compared with the eyes 
without DME in NPDR (p＜0.01 and p<0.001, respectively).
Conclusions: Ultra-high resolution en face OCT could be useful to 
detect HRF in DME and the method might be clinical relevance in 
patients with DME.
Commercial Relationships: Shintaro Nakao, Japanese Patent 
Application Number 2016-213815 (P); Yoshihiro Kaizu, None; 
Iori Wada, None; Muneo Yamaguchi, None; Shigeo Yoshida, 
None; Shin Tanaka, Kowa Company, Ltd. (E), Japanese Patent 
Application Number 2016-213815 (P); Masaharu Mizuochi, Kowa 
Company, Ltd. (E); Tatsuro Ishibashi, Japanese Patent Application 
Number 2016-213815 (P); Koh-hei Sonoda, Japanese Patent 
Application Number 2016-213815 (P)
Support: JSPS KAKENHI (Tokyo, Japan), Grant-in-Aid for Young 
Scientists No. 25713057 and grants from Kowa Company, Ltd. 
(Tokyo, Japan).
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Association between Visual Acuity and Retinal Layer Metrics in 
Diabetic Retinopathy by Enface OCT Imaging
Lakshmi Priya Ranagarju, Michael R. Tan, Justin Wanek, 
Norman P. Blair, Jennifer I. Lim, Mahnaz Shahidi. Ophthalmology 
and Visual Sciences, University of Illinois at Chicago, Chicago, IL.
Purpose: Diabetic retinopathy (DR) causes alterations in retinal 
anatomy and progressive visual acuity (VA) loss. The relationship 
between increased central subfield thickness (CST) and reduced VA 
is well-established. The purpose of the current study is to identify 
alterations in individual retinal layer metrics of thickness, reflectance 

and interface disruption that are associated with reduced VA in DR by 
enface optical coherence tomography (OCT).
Methods: High density OCT volume scans were acquired in 115 
diabetic subjects and best corrected VA (BCVA) was measured. 
Based on clinical diagnosis, the subjects were grouped as: no 
diabetic retinopathy (NDR; N=41), non-proliferative DR (NPDR; 
N=45) and proliferative DR (PDR; N=29; 23 of 29 had pan-retinal 
photocoagulation). An image segmentation method identified retinal 
layer interfaces and generated enface thickness maps and reflectance 
images of nerve fiber layer (NFL), ganglion cell and inner plexiform 
layer (GCLIPL), inner nuclear layer (INL), outer plexiform layer 
(OPL), outer nuclear layer (ONL), photoreceptor outer segment layer 
(OSL) and retinal pigment epithelium (RPE). Regions with disrupted 
layer interfaces were marked manually. Retinal layer metrics in the 
central subfield, including, thickness (CST, NFLT, GCLIPLT, INLT, 
OPLT, ONLT, OSLT, RPET), reflectance ratios relative to RPE (NFLR, 
GCLIPLR, INLR, OPLR, ONLR, OSLR) and disrupted interface areas 
relative to the total area (NFLd, INLd, ONLd, RPEd) were calculated.
Results: BCVA was significantly lower in both NPDR and PDR 
groups compared to NDR group (P<0.001). CST was significantly 
higher in NPDR group compared to NDR group (P=0.009) and 
marginally higher in PDR group compared to NDR group (P=0.06). 
Increased CST was associated with reduced BCVA (rs=-0.23, 
P=0.01), but the associations of reduced BCVA with increased INLT 
(rs=-0.44, P<0.001) and OPLT (rs=-0.28, P=0.002) were higher. 
Furthermore, reduced BCVA had a higher correlation with decreased 
OSLR (rs=0.34, P<0.001) than increased NFLR (rs=-0.23, P=0.02) and 
decreased OSLT (rs=0.23, P=0.01). Subjects with disrupted INL and 
ONL had lower BCVA as compared to subjects without disruptions 
(P=0.02).
Conclusions: Using enface OCT imaging, alterations in inner and 
outer retinal layer metrics were identified that may be useful for 
monitoring visual outcome due to progression and treatment of DR.
Commercial Relationships: Lakshmi Priya Ranagarju, None; 
Michael R. Tan, None; Justin Wanek, None; Norman P. Blair, 
None; Jennifer I. Lim, None; Mahnaz Shahidi, None
Support: NIH grants DK104393, EY001792 and Research to Prevent 
Blindness
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Ellipsoid Zone Area as a Marker for Recovery in Patients with 
Acute Posterior Multifocal Placoid Pigmented Epitheliopathy 
Treated with Oral Steroids
Andrew Browne, Waseem Ansari, Kimberly Baynes, Careen Lowder, 
Sunil K. Srivastava. Ophthalmology, Cole Eye Institute, Cleveland 
Clinic, Cleveland, OH.
Purpose: Acute posterior multifocal placoid pigmented 
epitheliopathy (APMPPE) is a believed to be a self-limited 
inflammatory vasculopathy affecting the choriocapillaris and 
resulting in outer retinal ischemia. We sought to evaluate the recovery 
of normal outer retinal architecture in patients presenting acutely or 
subacutely with visual changes and diagnosis of APMPPE confirmed 
by exam and angiographic imaging. We measure the rate of visual 
acuity and ellipsoid zone recovery on optical coherence tomography 
(OCT) after initiating systemic steroids in patients with APMPPE.
Methods: A retrospective review of medical records was performed 
for cases of APMPPE treated with systemic steroids. Six patients  
(12 eyes) were included based on typical fundus appearance, 
fluorescein angiography, unambiguous presentation history and 
negative laboratory evaluation. Visual acuity was measured and 
the status of pigment changes was documented before and after 
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treatment. Manual grading of area of normal ellipsoid zone was 
performed by two graders and quantified using OCT viewer software.
Results: Eleven out of 12 eyes demonstrated ellipsoid zone recovery 
after initiation of steroids. Rate of recovery did not demonstrate a 
relationship to active use of steroid. All eyes except one demonstrated 
improvement in visual acuity, and this one eye was the only eye 
to demonstrate no improvement in ellipsoid zone area. All eyes 
demonstrated symptomatic improvement in vision.
Conclusions: Treatment of APMPPE with prednisone may expedite 
resolution of choriocapillaris inflammation, but the recovery of 
ellipsoid zone persists well after the treatment period with steroids. 
Anatomical endpoints such as ellipsoid zone area serve as surrogates 
for recovery from acute insult to the outer retina presumed to be 
secondary choriocapillaris inflammation and other disease processes.

Commercial Relationships: Andrew Browne, None; 
Waseem Ansari, None; Kimberly Baynes, None; Careen Lowder, 
None; Sunil K. Srivastava, None
Support: This study was supported in part by the NIH-NEI P30 
Core Grant (IP30EY025585-01A1) and Unrestricted Grant from 
The Research to Prevent Blindness, Inc., awarded to the Cole Eye 
Institute.
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Correlation of Baseline Ellipsoid Zone Parameters with the 
Degree of Macular Edema in Retinal Vein Occlusion
Touka Banaee1, 2, Karen M. Wai1, Lucas Beven1, Kathryn Champ1, 
Justis Ehlers1, Rishi P. Singh1. 1Ophthalmology, Cole Eye Institute, 
Cleveland Clinic, Cleveland, OH; 2Ophthalmology, Mashhad 
University of Medical Sciences, Mashhad, Iran (the Islamic Republic 
of).
Purpose: In the presence of macular edema (ME), visibility of 
ellipsoid zone (EZ) diminishes in OCT images. This study was 
performed to determine whether ME affects EZ parameters detected 
by a newly described algorithm.
Methods: In this IRB-approved retrospective study, patients with 
treatment naïve retinal vein occlusions and ME were identified. 
Baseline demographics and spectral domain OCT data (Zeiss, Cirrus) 
was collected. Macular cube scans were exported into a novel retinal 
layer analysis software and EZ parameters were evaluated with 
an automated platform. Manual confirmation of the segmentation 
lines was performed by an expert reader for accuracy. The en face 
characteristics that were extracted included global measures [percent 
of macular surface area with EZ-retinal pigment epithelium (RPE) 

attenuation (EZ-RPE thickness < 20 μm), percent of macular surface 
area with EZ-RPE total attenuation (EZ-RPE thickness  
= 0 μm), EZ-RPE volume], juxta-foveal (JXF) linear measures (JXF 
nasal, temporal and average EZ-RPE thicknesses), and foveal linear 
measures (central foveal EZ-RPE area and thickness, and CST  
EZ-RPE). These parameters were correlated with demographics, 
baseline visual acuity, OCT parameters [cube volume (CV), cube 
average thickness (CAT), central subfield thickness], and CME grade.
Results: 189 eyes were included. Age and sex did not affect the 
EZ-RPE parameters. Vision was inversely associated with global 
atrophy (p<0.001) and attenuation (p<0.001) and directly associated 
with all other measures (p<0.001). Lens status affected only the JXF 
parameters (p<0.05). RVO type did not have any effect on global 
but had significant effect on macular measures (p<0.003 for all). 
Subretinal fluid affected all measures (p<0.05). CME grade and CST 
were positively associated with global EZ-RPE attenuation (p<0.001) 
and atrophy (p<0.001), and inversely associated with EZ-RPE 
volume (p<0.01) and macular EZ-RPE measures (p<0.001). CAT 
and CV were positively associated with global EZ-RPE attenuation 
(p<0.05) and were inversely associated with macular EZ-RPE 
measures (p<0.05).
Conclusions: EZ-RPE parameters are affected by the presence and 
degree of macular edema, but have a predictable association with 
vision. Increased atrophy and attenuation are associated with poorer 
visual acuity; and better EZ-RPE parameters are associated with 
greater visual acuity.
Commercial Relationships: Touka Banaee, None; Karen M. Wai, 
None; Lucas Beven, None; Kathryn Champ, None; Justis Ehlers, 
Synergetics (P), Allergan (C), Regeneron (F), Alcon (C), 
Bioptigen (C), Genentech (F), Leica (P), Bioptigen (P), Zeiss 
(C), Thrombogenics (C), Genentech (C), Alimera (C), Alcon (F), 
Santen (C), Bausch and Lomb (P), Thrombogenics (F), Leica (C); 
Rishi P. Singh, Genentech (F), Regeneron (C), Optos (C), Genentech 
(C), Zeiss (C), Apellis (F), Shire (C), Alcon (F), Regeneron (F)
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Reformation of ellipsoid zone in en face OCT imaging in patients 
with solar maculopathy and laser injuries
Jeanne M. Gunzinger1, Katrin Fasler1, Peter Maloca2, 
Pascal W. Hasler2, Christian Böni1, Daniel Barthelmes1, 
Sandrine A. Zweifel1. 1Ophthalmology, University Hospital Zurich, 
Zurich, Switzerland; 2Ophthalmology, University Hospital Basel, 
Basel, Switzerland.
Purpose: To analyze multimodal imaging findings including 
spectral domain en face (transverse) optical coherence tomography 
scanning (SD OCT) in patients with solar maculopathy and laser 
injuries, focusing on the possible regeneration of photoreceptors. We 
performed a retrospective observational study to analyze the changes 
of the ellipsoid zone and visual acuity during follow-up.
Methods: Analysis of 4 patients (5 eyes) with solar maculopathy 
and 2 patients (3 eyes) with laser injuries who underwent a 
comprehensive ocular examination including en face (transverse) 
SD OCT imaging at the initial visit and during follow-up (3 males, 
3 females, age 19 – 67 years). SD OCT data were exported and the 
ellipsoid zone was segmented. The total area including greatest linear 
diameter of the size of ellipsoid zone loss were measured manually 
with the built-in caliper tool. Data were analyzed with SPSS. To 
guarantee linearity, the number of days, the ellipsoid zone defect and 
visual acuity outcomes were transformed logarithmically. Linear 
Mixed Models approach was taken for investigations.
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Results: En face OCT scans at the level of the ellipsoid zone 
revealed a well demarcated hyporeflective lesion surrounded by a 
hyperreflective border. No abnormalities were noted at the level 
of the choroid. All patients showed signs of regeneration. Mean 
ellipsoid zone defect reduced from 0.12mm2 (range: 0.05-0.32) at 
baseline to 0.07 mm2 (range: 0.01-0.22) at last follow-up (p=0.00, 
average follow-up time: 240 days). Change of BCVA (logMAR) from 
0.25 ± 0.27 at initial presentation to 0.14 ± 0.26 at last follow-up was 
not significant (p=0.84). One patient was lost to follow-up after initial 
visit and was not included in the analysis.
Conclusions: En face OCT imaging clearly delineated the area of 
loss of the ellipsoid zone in patients with solar maculopathy and 
laser injuries. There is a significant reformation of the ellipsoid zone, 
suggesting photoreceptor recovery. However, there was a lack of 
significant improvement of BVCA, which might be due to the good 
BCVA at baseline.

En face SD OCT imaging of a patient with foveal laser burn. Note the 
gradual ellipsoid zone recovery from baseline (left) to the follow-up 
at month 8 (right).

Defect area of ellipsoid zone versus days after incident of all patients 
using logarithmic transformation for linear regression.
Commercial Relationships: Jeanne M. Gunzinger, None; 
Katrin Fasler, None; Peter Maloca, None; Pascal W. Hasler, 
None; Christian Böni, None; Daniel Barthelmes, None; 
Sandrine A. Zweifel, None
Support: Albert Bruppacher Foundation
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Size measurement of full thickness macular holes with en-face 
optical coherence tomography
Ali Erginay1, Marine Legrand1, Elise PHILIPPAKIS1, Mohamed El 
Sanharawi1, 2, Alain Gaudric1, Ramin Tadayoni1. 1Hopital 
Lariboisière, Paris, France; 2Centre hospitalier intercommunal 
Villeneuve-Saint-Georges, Villeneuve Saint-Georges, France.
Purpose: Macular hole (MH) diameter is commonly measured 
manually on Spectral Domain Optical Coherence Tomography (OCT) 

horizontal B-scans. The purpose of this study was to evaluate the 
feasibility and the interest of MH size measurement on en-face OCT 
images.
Methods: Retrospective analysis of 100 consecutive patients 
operated on for primary MH. Inclusion criteria were eyes for which 
OCT scans were acquired with Cirrus™5000 HD-OCT (Carl Zeiss 
Meditec, Dublin, CA) with good quality signal strength. Three 
segmentations (Internal Limiting Membrane, Horizontal and 
Retinal Pigment Epithelium) were compared for obtaining the most 
appropriate en-face image and MH surface area measurements. 
Surface areas were measured using the Image J software. Calculated 
diameters issued from the measured surface areas [diameter =2 x √ 
(surface area / π)] were compared to MH diameters measured on the 
horizontal B-scans.
Results: Of the 100 patients, 19 had images on the Cirrus OCT and 
of sufficient quality for analysis. The mean patient age was 71.9 ± 
8 years (range 56-86) and gender ratio was 3M/16F. The “Retinal 
Pigment Epithelium” segmentation provided the best en face image 
and was feasible without adjustment in 79% of cases, and in 100% 
when manually adjusted (cases with a vitreomacular traction). 
There was no significant difference between horizontal and vertical 
diameters measured on B-scans (426 ± 139 μm (range 214-705) and 
410 ± 153 μm (range 148-647), respectively, p=0.874). Calculated 
diameters issued from the measured surface areas on en-face OCT 
images (435 ± 143 μm, range 195-693) was not significantly different 
from the diameters measured on the horizontal B-scans (p=0.482).
Conclusions: MH area measurement on en-face OCT images is 
feasible, allows a reliable estimation of the MH size and eliminates 
potential bias inherent in the manual measurement on horizontal 
B-scan raster line. Automation of MH size measurement would be a 
simple option in clinical practice if integrated software in the OCT 
device allowed realizing it routinely. Moreover, en-face OCT can be 
used as a descriptive tool, such as for the presence of retinal pigment 
epithelium mottling or a concurrent epiretinal membrane.
Commercial Relationships: Ali Erginay, None; Marine Legrand, 
None; Elise PHILIPPAKIS, None; Mohamed El Sanharawi, None; 
Alain Gaudric, None; Ramin Tadayoni, Zeiss (S)
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Association of axial length and cortical vitreous morphology as 
assessed by swept source optical coherence tomography
Quraish Ghadiali1, 2, Orly Gal-Or1, Rosa Dolz-Marco1, 
Michael Engelbert1, 2. 1Vitreous Retina Macula Consultants of New 
York, New York, NY; 2Ophthalmology, Manhattan Eye Ear & Throat 
Hospital, New York, NY.
Purpose: Axial length measurements have been correlated with 
different ocular diseases yet our understanding of axial length’s 
effects on the vitreoretinal interface is limited. Using swept-source 
optical coherence tomography (SS-OCT), we retrospectively 
analyzed structural features of the posterior vitreous and its 
correlation with axial length.
Methods: SS-OCT scans were acquired as described previously1 and 
analyzed according to five grading criteria as follows:
1) Vitreous degeneration describing the premacular bursa and its 
relationship to anterior lacunae and degenerative cleavage planes1.
2) Posterior hyaloid status with respect to its vitreofoveal and 
vitreopapillary adhesions2.
3) Directionality of vitreous fibers with respect to optically empty 
vitreous spaces.
4) Qualitative assessment of cortical vitreous reflectivity as 
follows: not observable, homogenous, optically empty, laminated, 
heterogenous.



ARVO 2017 Annual Meeting Abstracts

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

5) Presence of vitreous cisterns or lacunae.
Results: Sixty-four eyes of 32 subjects with mean age 40.7 ± 14.2 
years were examined. Average axial length was 25.6 ± 2.4 mm. 
There was no statistical correlation of axial length with grading of 
vitreous degeneration (p=0.109), posterior hyaloid status (p=0.097), 
directionality of vitreous fibers (p=0.936), or presence of vitreous 
cisterns/lacunae (p=0.839). There were, however, significantly higher 
levels of laminated reflectivity noted in eyes with longer axial lengths 
(figure 1) (p=0.041).
Conclusions: Increasing axial length correlated with laminated 
reflectivity of the cortical vitreous in this study, indicating possible 
stretch-induced cleavage causing multiple planes within the vitreous 
cortex. This may be a precursor of vitreoschisis and myopic traction 
maculopathy. It may have surgical implications in vitrectomy as 
removal of an anterior cleavage plane may falsely suggest vitreous 
detachment while adherent posterior lamellae may persist. Future 
imaging studies and correlation with intra-operative OCT may 
increase our understanding of this novel finding.
1. Schaal et al. 2014. PMID:24507856; 2. Johnson. 2010. 
PMID:20172065

Figure 1: Laminated reflectivity of cortical vitreous in an eye with 
axial length of 25.31mm.
Commercial Relationships: Quraish Ghadiali, None; Orly Gal-
Or, None; Rosa Dolz-Marco, None; Michael Engelbert, None
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Retinal Vessel Morphology in Patients with Relapsing-Remitting 
Multiple Sclerosis and Optic Neuritis
Lisa M. Danzmann1, Marita Awe1, Robert Kromer1, 
Dorothee Brockmann1, Amelie Pielen1, Anja Weber2, Sultan Bektas2, 
Carsten Framme1, Refik Pul2, 3. 1University Eye Hospital, Medical 
School Hannover, Hannover, Germany; 2Clinic for Neurology, 
Hannover Medical School, Hannover, Germany; 3Clinic for 
Neurology, Universitätsklinikum Essen, Essen, Germany.
Purpose: This is a restrospective analysis of a prospective cohort-
study to compare characteristics of patients with relapsing-remitting 
multiple sclerosis (RR-MS) to healthy controls.
It is known that patients with RR-MS and optic neuritis (ON) can 
develop thinning of nerve fiber layer and consecutive optic atrophy. 
Retinal vessel morphology measured using a novel optical coherence 
tomography (SD-OCT) based method is altered in patients with open 
angle glaucoma and Parkinson’s disease. We conducted this analysis 
to evaluate if retinal vessel morphology in patients with RR-MS with 
and without ON is altered compared to controls.
Methods: Prospective study with 81 patients (age from 18 to 75, 
median 38 years) with RR-MS of whom 32 (39 eyes) had a history of 
ON and 55 healthy controls. All patients underwent neurological and 
ophthalmic examination including SD-OCT. Retinal vessels scatter 
the SD-OCT signal and produce a distal shadow in die SD-OCT 
image. This shadow correlates with the vessel morphology. With 
an algorithm developed by Kromer et al (2016) the vessel shadow 
intensity (VSI) is calculated to analyze the retinal vessel morphology. 

91 eyes of 46 MS patients were compared to eyes of age-matched 
control patients using paired t-test. In subanalysis, VSI of arteries 
and veins in eyes of patients with RR-MS with ON were compared 
to the contralateral eye of the same patient without history of ON (n 
= 19 and 20 pairs) and in a second sub analysis to eyes of age- and 
sex-matched healthy controls (11 and 13 pairs) using paired t-test and 
Bonferroni correction.
Results: Analysis showed no significant differences in VSI of arteries 
and veins in RR-MS patients compared to healthy controls. There 
is a small difference in the number of vessels, but not statistically 
significant after Bonferroni correction. Furthermore, subanalysis 
showed no significant difference of eyes with history of ON 
compared to the contralateral eye or to the eyes of the healthy control 
group.
Conclusions: There was no difference in the retinal vessel 
morphology assessed with VSI in eyes of RR-MS patients compared 
to fellow eyes and healthy eyes regardless of a history of ON.
Maybe further studies with new techniques, e.g. OCT-Angiography, 
are helpful to assess alterations of the retinal perfusion in 
neurodegenerative diseases more precisely.
Commercial Relationships: Lisa M. Danzmann, None; 
Marita Awe, None; Robert Kromer, None; Dorothee Brockmann, 
None; Amelie Pielen, None; Anja Weber, None; Sultan Bektas, 
None; Carsten Framme, Heidelberg Engineering (R); Refik Pul, 
None
Support: Niedersachsen Vorab
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Bruch`s Membrane Opening-Minimum Rim Width is Reduced in 
Patients with Multiple Sclerosis with and without Optic Neuritis
Marita Awe1, Lisa M. Danzmann1, Amelie Pielen1, Carsten Framme1, 
Sultan Bektas2, Anja Weber2, Refik Pul2, 3. 1University Eye Hospital 
Hannover, Hannover, Germany; 2Neurology, Hannover Medical 
School, Hannover, Germany; 3Neurology, University Hospital Essen, 
Essen, Germany.
Purpose: In this retrospective analysis of a prospective cohort-study 
characteristics of patients with relapsing-remitting multiple sclerosis 
(RR-MS) were compared to healthy controls.
It has been stated before that retinal nerve fiber layer thickness 
(RNFLT) is reduced in patients with MS compared to healthy 
persons. The purpose of this analysis was, to test whether the same 
was true for Bruch Membranes Opening-Minimum Rim Width 
(MRW) in patients with RR-MS with and without optic neuritis (ON) 
compared to controls.
Methods: Prospective study with 81 patients (age from 18 to 71, 
median 39 years) with RR-MS of whom 34 (37 eyes) had a history 
of ON and 55 healthy controls (age 18-64, median 33 years). Full 
neurological and ophthalmological examination comprised among 
others MRI to verify diagnosis and stage of disease, visual acuity 
(low and high contrast), RNFLT and MRW measurements on 
spectral-domain optical coherence tomography (OCT, Spectralis™) 
and perimetry.
Our hypothesis stated that MRW would not be equal in patients 
with MS and in those without. This was tested using Mann-Whitney 
U-Test for non-parametric data. Data was adjusted for the presence of 
ON in the past. Eyes with ON, their fellow eyes and eyes without ON 
in patients were tested against healthy controls. The same was done 
for RNFLT measurements.
Statistical significance was adjusted for multivariate testing using 
Bonferroni method to 0,007.
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Results: MRW in the temporal (T) and temporal superior (TS) 
sectors was significantly reduced (p=0,0056 and p=0,0001) in  
RR-MS patients without ON compared to healthy controls..
In eyes previously affected by ON (n=37) global (G; p=0,0032), 
T (p=0,0062), TS (p=0,001), nasal superior (NS; p=0,0017)
and temporal inferior (TI;p=0,0039) sectors showed a significant 
reduction.
RNFLT did not show a significant difference in any sector regardless 
of history of ON.
Conclusions: This study showed a statistically significant reduction 
in MRW in patients with RR-MS with history of ON (G,T,TS,NS,TI) 
as well as without history of ON (T,TS) compared to healthy controls. 
This difference could not be shown for RNFLT. This may indicate 
better sensitivity in detecting neuroretinal changes related to RR-MS 
using MRW compared to RNFLT.
Commercial Relationships: Marita Awe, None; 
Lisa M. Danzmann, None; Amelie Pielen, None; Carsten Framme, 
Heidelberg Engineering (R); Sultan Bektas, None; Anja Weber, 
None; Refik Pul, None
Support: The authors would like to thank the German Ministry of 
Lower Saxony for its scientific and cultural organization to support 
our retinal imaging studies in the Ophthalmology Department of 
Hannover Medical School financed by the “Niedersachsen Vorab.”
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Validation of optical coherence tomography retinal segmentation 
algorithm in neuro-degenerative disease
Bryan M. Wong1, Richard Cheng1, Wendy Hatch2, 3, 
Efrem Mandelcorn2, 3, Edward Margolin2, 3, Peng Yan2, 3, 
Anna T. Santiago4, Wendy Lou4, Christopher Hudson1, 2. 1School of 
Optometry and Vision Science, University of Waterloo, Waterloo, 
ON, Canada; 2Department of Ophthalmology and Vision Sciences, 
University of Toronto, Toronto, ON, Canada; 3Kensington Eye 
Institute, Toronto, ON, Canada; 4Dalla Lana School of Public Health, 
University of Toronto, Toronto, ON, Canada.
Purpose: This study compared the automated retinal segmentation 
software of spectral domain optical coherence tomography (SD-OCT) 
with manually corrected segmentation in order to guide and validate 
its use in a prospective clinical study of neuro-degenerative diseases 
(NDD).
Methods: The sample comprised 30 NDD patients, including 
individuals with vascular cognitive impairment (n=13), 
frontotemporal dementia (n=6), Parkinson’s disease (n=6) and 
Alzheimer’s disease (n=5). Retinal SD-OCT scans were acquired 
for both eyes and then segmented using the Heidelberg Spectralis 
(Heidelberg, Germany) software (version 6.3.4.0). All SD-OCT scans 
had a quality score of 20 or better. For all the B-scans enclosed by 
a 3.6mm circle centered on the foveola of one randomly selected 
eye of each patient, one of two trained observers manually corrected 
erroneous internal limiting membrane, retinal nerve fiber layer 
(RNFL), outer plexiform layer and Bruch’s membrane lines. Mean 
volume and mean thickness measurements for four retinal layers 
(total retina, RNFL, all inner retinal layers and all outer retinal layers) 
were then obtained. Intra-class correlation coefficients (ICCs) and 
Bland-Altman analyses were conducted on the data.
Results: The ICCs between the automated software and a trained 
observer were excellent (>0.98) for retinal thickness and volume of 
all 4 retinal layers. Mean differences in volume between software and 
observers were 0.003mm3, 0.001mm3, 0.006mm3, and -0.003mm3, 
respectively, for total retina, RNFL, inner retinal layers, and outer 
retinal layers, while mean differences in thickness were -0.004μm, 
0.492μm, 1.855μm, and -1.859μm.

Conclusions: There was excellent agreement between the software 
and trained observers in identifying the retinal layer segmentation 
lines. These findings provide a foundation for future non-invasive 
analyses of retinal morphology in patient populations with 
neurodegenerative diseases.
Commercial Relationships: Bryan M. Wong; Richard Cheng, 
None; Wendy Hatch, None; Efrem Mandelcorn, None; 
Edward Margolin, None; Peng Yan, None; Anna T. Santiago, 
None; Wendy Lou, None; Christopher Hudson, None
Support: Ontario Brain Institute (OBI)
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Range of Retinal Thicknesses in Healthy Subjects Compared to 
ADOA-Patients
Christina Lysholm Eckmann, Xiao Qiang Li, Ceciia Rönnbäck, 
Birgit Sander, Michael Larsen. Eye Research Department Ø37, 
Rigshospitalet - Glostrup, Vanløse, Denmark.
Purpose: Horizontal transfoveal optical coherence tomography scans 
have a characteristic profile in healthy subjects, with a localized 
thickness minimum in the fovea, both for the total retina and its inner 
sublayers, and on either side of the fovea a nasal and a temporal peak 
that are part of the same perifoveal ridge. Differences in macular 
shape have been found to be of clinical relevance in some conditions, 
like in autosomal dominant optic neuropathy (ADOA), where the 
thickness ratio is inverted. This cross sectional study examined 
selected characteristics of the horizontal transfoveal profile of the 
retina in subjects from the CCC2000 Study and its association to 
various anthropometric variables.
Methods: The study included 1191 healthy children, 565 male 
and 626 females, aged 11-12 years with a mean age of 11.7 (SD 
0.40) born in the Copenhagen County in the year 2000. Exclusion 
criteria were insufficient OCT scan quality (Q < 25), missing 
anthropometric data, being a twin, BCVA < 0,8, pathology or 
previous trauma. The total thickness of the macula and the combined 
thickness of the ganglion cell layer and the inner plexiform layer 
(GC-IPL) were measured manually at the point of maximal retinal 
thickness nasal and temporal of the fovea. The ratio of the nasal 
and temporal side thicknesses was then compared to estimates from 
ADOA patients with a t-test. The relationship between thicknesses 
and anthropometric variables was analyzed using multiple linear 
regression.
Results: Total retinal thickness nasal of fovea had a mean value 
of 364.50 (SD 14.36 μm) and temporal of the fovea the mean was 
342.62 (SD 14.07 μm). The GC-IPL had a mean thickness nasal of 
the fovea of 109.43 (SD 7.70 μm) and temporal of the fovea it was 
95.74 (SD 8.77 μm). The mean GC-IPL thickness ratio between nasal 
and temporal side of the fovea was 1.15, which is significant different 
from the ratio of 0.95 reported in ADOA patients (P<0.001). Longer 
axial length was associated with a thinner total retinal thickness. Girls 
had a thinner total retinal thickness as well as GC-IPL than boys.
Conclusions: The thickness ratio of healthy subjects was different 
from the ratio to ADOA, which suggests the inverted shape profile 
being plausible. The total retinal thickness as well as GCL-IPL being 
thinner in girls could be due to earlier pubertal development in girls 
compared to boys.
Commercial Relationships: Christina Lysholm Eckmann; 
Xiao Qiang Li, None; Ceciia Rönnbäck, None; Birgit Sander, 
None; Michael Larsen, None
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Characteristic optical coherence tomography findings in a case 
series of patients with primary vitreoretinal lymphoma: A novel 
aid to early diagnosis
Anastasia Tasiopoulou1, Robert J. Barry3, Alastair K. Denniston2, 
Pearse A. Keane1. 1Moorfields Eye Hospital, London, United 
Kingdom; 2Queen Elizabeth Hospital Birmingham, Birmingham, 
United Kingdom; 3Birmingham & Midland Eye Centre, Birmingham, 
United Kingdom.
Purpose: The diagnosis of primary vitreoretinal lymphoma (PVRL) 
poses significant difficulties; presenting features are non-specific and 
confirmation of diagnosis usually necessitates vitreoretinal biopsy. 
Diagnosis is therefore often delayed, resulting in increased morbidity 
and mortality for the patient. Non-invasive imaging modalities such 
as spectral domain optical coherence tomography (SD-OCT) offer 
simple and rapid aids to diagnosis. We wish to present characteristic 
SD-OCT images of patients with biopsy-proven PVRL and propose 
typical features that may be useful in detecting these lesions at an 
early stage.
Methods: Patients were identified by retrospective review of 
electronic patient records attending Moorfields Eye Hospital between 
April 2010 and April 2016. Records were searched for the term 
‘lymphoma’; all returned results were manually reviewed. Pre-
treatment SD-OCT images were obtained for all eyes, and were 
reviewed independently by two researchers for features suggestive of 
PVRL.
Results: Pre-treatment SD-OCT findings of 32 eyes of 22 patients 
with biopsy-proven PVRL were reviewed. 17/32(53%) eyes 
displayed subretinal hyper-reflective infiltrates, either in the form of 
a band or nodules, accompanied by disruption of the photoreceptor 
inner segment/outer segment junction. In 10/32 (31%) eyes, these 
lesions were in the form of band and in 7/32(22%) eyes in the form 
of nodules. 3/32(9%) eyes showed sub-retinal pigment epithelial 
(sub-RPE) deposits with steep elevation of the RPE, consistent with 
sub-RPE mass. Also, 3/32(9%) eyes displayed hyper-reflective foci in 
the choroid, whilst 6/32(19%) eyes hyper-reflective infiltration in the 
inner retina layers(ganglion cell and inner plexiform layer).
Conclusions: We have identified a range of SD-OCT findings which 
we believe to be consistent with a diagnosis of PVRL. We propose 
that the finding of hyper-reflective subretinal infiltrates is particularly 
suggestive of PVRL. This case series further demonstrates the utility 
of SD-OCT as a non-invasive aid to diagnosis, which may improve 
both visual outcomes and survival of patients with PVRL.

SD-OCT image in a man with PVRL. Hyper-reflective infiltrates at 
the level of RPE in the form of bands.

SD-OCT image in a man with PVRL. Hyper-reflective infiltrates at 
the level of RPE in the form of band and nodules and hyper-reflective 
foci in the choroid.
Commercial Relationships: Anastasia Tasiopoulou, None; 
Robert J. Barry, None; Alastair K. Denniston, None; 
Pearse A. Keane, Deep Mind (C), Allergan (F), Haag-Streit (F), 
Novartis (F), Heidelberg (F), Bayer (F), Topcon (F)

Program Number: 1310 Poster Board Number: A0054
Presentation Time: 8:30 AM–10:15 AM
Measurement of SD-OCT Bruch’s Membrane Opening Minimum 
Rim Width: Method to correct for Optic Nerve Circumference
Robert Kromer, Martin S. Spitzer. Department of Ophthalmology, 
University Medical Center Hamburg-Eppendorf, Hamburg, Germany.
Purpose: The Spectralis SD-OCT measured Bruch’s membrane 
opening minimum rim width (BMO-MRW) has been shown to be 
feasible for the detection of glaucoma. While peripapillary retinal 
nerve fiber layer thickness (RNFLT) measurements are standardized 
in its size, the BMO-MRW bears different optic nerve circumferences 
(ONC) as a biasing factor. We evaluated the confounding role of the 
ONC and proposed a correction factor.
Methods: We included in this retrospective study 80 eyes of 80 
healthy patients (mean age 26.29, standard deviation 3.24). BMO-
MRW and circular peripapillary scans were obtained using Spectralis 
SD-OCT (Heidelberg Engineering) complying with OSCAR-IB 
criteria. Mean RNFLT of the 3.5mm scan, global BMO-MRW, 
and manual measured ONC (in μm) were recorded. Using Pearson 
correlation RNFLT and BMO-MRW, as well BMO-MRW and manual 
ONC were compared. BMO-MRW was corrected using the measured 
ONC and standardized based on the mean ONC. The results were 
correlated with the RNFLT to reveal the hypothesized advantage.
Results: RNFLT and BMO-MRW had a significant correlation with 
a Pearson correlation coefficient of r=0.41 (p=0.002). BMO-MRW 
had a significant correlation of r=-0,61 (p<0.0001). The ONC-based 
standardized BMO-MRW was on average -6.45±43.74 μm different 
from the original BMO-MRW. Correlation between RNFLT and 
ONC-based standardized BMO-MRW had a significant correlation of 
r=0,53 (p<0.0001), demonstrating a higher correlation as the original 
BMO-MRW.
Conclusions: We found that the BMO-MRW has a high correlation 
with the ONC and seems to be confounded by it. In our results, 
ONC-based standardized BMO-MRW had a superior correlation with 
the RNFLT. Therefore, we propose that BMO-MRW measurements 
should take the ONC into account for a higher accuracy.
Commercial Relationships: Robert Kromer, None; 
Martin S. Spitzer, None
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Averaging Multiple OCT Volumes Improves Visibility of Lamina 
Cribrosa
Youngseok Song1, Daniel Ruminski1, Katie A. Lucy1, Gadi Wollstein1, 
JOONGWON SHIN2, Kyung Rim Sung2, Joel S. Schuman1, 
Hiroshi Ishikawa1. 1New York University Langone Eye Center, New 
York University School of Medicine, New York, NY; 2Department 
of Ophthalmology, College of Medicine, University of Ulsan, Asan 
Medical Center, Seoul, Korea (the Republic of).
Purpose: Imaging the lamina cribrosa (LC) has gained importance in 
the understanding and assessment of glaucoma. However, its clinical 
utility is limited because typical optical coherence tomography 
(OCT) images of the LC are of poor quality which precludes 
performing reliable micro-structural analysis. The purpose of this 
study was to assess an image enhancement technique involving the 
averaging of multiple OCT volumes.
Methods: Repetitive OCT volumes (up to 6 volumes scanned on the 
same day) from 10 healthy eyes (10 subjects) were acquired using 
Cirrus HD-OCT (Zeiss, Dublin, CA; software version 7.0.3.19; Optic 
Disc 200x200 scan pattern). All volumes had signal strength of 7 or 
above. 3D OCT volumes were first registered to each other using 
the Elastix software, then super-sampled to 800x800x1024 using 3D 
bi-cubic interpolation. Signal to noise ratio (SNR) and contrast to 
noise ratio (CNR) were calculated to quantify the image quality of 
the visible LC. SNR and CNR were then compared between multiple-
volume-averaged images and corresponding single volume images 
using the Wilcoxon test.
Results: Image quality of the visible LC showed notable 
improvement with multiple volume averaging (Figure 1-6). SNR 
showed statistically significant improvement from the baseline image 
quality after 3 or more volumes were averaged (P=0.01), while 
CNR showed significant improvement from baseline after 2 or more 
volumes were averaged (P=0.0005) (Figure A, B).
Conclusions: The presented image enhancement technique 
successfully improved image quality of the visible LC. This 
technique can be applied to any existing OCT images as long as 
multiple volumes (minimum of 3 volumes) are available on the same 
eye from the same session in order to improve image quality.

Commercial Relationships: Youngseok Song, None; 
Daniel Ruminski, None; Katie A. Lucy, None; Gadi Wollstein, 
None; JOONGWON SHIN, None; Kyung Rim Sung, None; 
Joel S. Schuman, Zeiss (P); Hiroshi Ishikawa, None
Support: NIH Grant R01-EY013178 and R01-EY025011

Program Number: 1312 Poster Board Number: A0056
Presentation Time: 8:30 AM–10:15 AM
Fluid Shift Induced Alterations of the Optic Nerve Head and 
Peripapillary Choroid Assessed using Optical Coherence 
Tomography
Brandon Macias2, Siva Balasubramanian3, Alex S. Huang3, 
John H. Liu4, Stuart M. Lee2, Steven Laurie2, Alan Feiveson1, 
Michael B. Stenger1. 1NASA-Johnson Space Center, Houston, TX; 
2NASA Cardiovascular and Vision Laboratory, KBRwyle, Houston, 
TX; 3Doheny Eye Center-UCLA, Pasadena, CA; 4UCSD, La Jolla, 
CA.
Purpose: More than 50% of International Space Station astronauts 
demonstrate visual acuity decrements or ocular structural changes 
during or after spaceflight. The leading hypothesis explaining 
spaceflight-induced vision impairment is that a cephalad fluid shift 
leads to altered tissue volume and pressure relationships in the eye 
and orbit. We hypothesize that reducing venous outflow from the 
dependent limbs with a venoconstrictive thigh cuff will temporarily 
reverse or attenuate ocular and cerebral volume changes observed 
during 15° head-down tilt (HDT).
Methods: Twenty normal subjects (12M, 8F) were studied following 
a 10 min stabilization period, seated, supine, HDT, and HDT with 
commercially-available thigh cuffs (CUFF) inflated to 60 mm Hg. 
We quantified Bruch’s membrane to lamina cribrosa (LC) depth 
in 13 subjects and peripapillary choroidal thickness (PPC) in 19 
subjects from enhanced depth imaging optical coherence tomography 
images. Average PPC was quantified from 1.5 to 3 mm from the 
center of the ONH along radial B-scans at clock hours 12, 3, 6, and 
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9. The optic nerve sheath diameter (ONSD) and internal jugular vein 
cross-sectional area (IJVA) were measured using ultrasound. Mixed-
effects linear regression model with repeated measures was used to 
test for significant PPC, LC, IJVA, and ONSD changes. All data are 
presented as mean ± standard error.
Results: Compared to seated (377±28 μm) or with CUFF (363±28 
μm), LC depth significantly (P<0.01) increased in the supine 
(395±28 μm) and HDT (384±28 μm) positions. PPC at clock hour 9 
significantly (P<0.01) increased from seated (198±16 μm) to HDT 
(208±16 μm), however CUFF was not significantly different from 
HDT. In addition, PPC at clock hours 12 and 6 were significantly 
different between the seated and HDT conditions. IJVA and ONSD 
increased from the seated (IJVA: 0.15±0.07 cm2 and ONSD: 
0.533±0.012 cm) to HDT (IJVA: 1.03±0.07 cm2 and ONSD: 
0.581±0.012 cm) posture (P<0.001) but were not affected by CUFF.
Conclusions: Moving from the seated to HDT posture alters LC 
depth and PPC. These results suggest that HDT, a microgravity 
analog results in an acute cephalad fluid shift that significantly 
alters posterior optic nerve head structure. Application of bilateral 
thigh cuffs inflated to 60 mm Hg for 10 minutes was not sufficient 
to reverse all these changes to levels measured during the seated 
posture.
Commercial Relationships: Brandon Macias, None; 
Siva Balasubramanian, None; Alex S. Huang, Allergen (C), 
Heidelberg Engineering (F); John H. Liu, None; Stuart M. Lee, 
None; Steven Laurie, None; Alan Feiveson, None; 
Michael B. Stenger, None
Support: NSBRI through NCC 9-58 to BRM

Program Number: 1313 Poster Board Number: A0057
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Morphological and morphometric characteristics of optic disc 
and fovea in healthy eyes
Elena Zampedri, Rino Frisina, Mariella Scalfati, Federica Romanelli. 
Multizonal Unit of Ophthalmology Trento, Rovereto, Italy.
Purpose: To evaluate morphological and morphometric findings of 
optic disc and fovea related to axial length (AL) in healthy eyes.
Methods: One hundred-six eyes of 56 subjects between June 
and November 2016 were recruited. Exclusion criteria were: best 
corrected visual acuity less than 0.0 LogMar, presence of ocular 
pathology, previous ocular trauma or surgery. Demographic and 
clinical data were: age, gender, intraocular pressure (mmHg), 
spherical equivalent (SE diopters D), AL (millimeters mm). Spectral 
Domain Optical Coherence Tomography (SD-OCT) morphometric 
parameters were: optic disc–fovea distance (microns μ), retinal nerve 
fiber layer (RNFL) thickness, optic disc diameter (μ), optic disc-fovea 
angle, defined as angle between the horizontal line-scan passing 
through the fovea and the line-scan passing through the center of 
the optic disc and the fovea. Tomographic morphological parameter 
was the foveal position, defined on the basis of tomographic foveal 
position relative to the profile of retinal pigment epithelium and 
Bruch’s membrane (EPR-Bruch’s profile) viewed in horizontal 
(H-scan) and vertical (V-scan) scans. Four patterns respectively for 
H-scan and V-scan were described: ‘central pattern’, characterized by 
the fovea centered on the concavity of EPR-Bruch’s profile, viewed 
respectively in H-scan and V-scan; ‘sloped pattern’, characterized 
by the fovea on the slope of nasal or temporal wall of EPR-Bruch’s 
profile viewed in H-scan or on the slope of superior or inferior wall of 
EPR-Bruch’s profile viewed in V-scan; ‘straight pattern’ characterized 
by the fovea on a straight plane, parallel to EPR-Bruch’s profile, 
viewed in H-scan and V-scan. (see figure)
Results: Mean age was 47.72±17.93 years; mean SE was -1.89±3.21 
D, mean AL was 24.69±1.62 mm. A strong correlation between AL 

and optic disc-fovea distance was demonstrated (p 0.014). Linear 
regression showed that horizontal optic disc diameter (p 0.003) and 
RNFL thickness (p 0.00) decreased in longer eyes.
Central and straight foveal pattern were the most prevalent patterns 
viewed in horizontal scan. Central foveal pattern was associated with 
longer eyes compared to straight pattern (p 0.01).
Conclusions: AL affected RNFL thickness, optic disc size and 
tomographic foveal profile pattern in healthy eyes.

Commercial Relationships: Elena Zampedri, None; Rino Frisina, 
None; Mariella Scalfati, None; Federica Romanelli, None
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Noninvasive detection of buried and superficial Optic Nerve 
Head Drusen with Transverse Section Enhanced Depth Imaging 
Optical Coherence Tomography
Katharina Blobner, Mathias M. Maier, Chris Lohmann, 
Nikolaus Feucht. Department of Ophthalmology, Technische 
Universit＜t M＜nchen, Munich, Germany.
Purpose: The pathology behind Optic Nerve Head Drusen (ONHD) 
is a proceeding calcification of the optic nerve. In comparison to 
the previous imaging techniques like ophthalmoscopy, fundus 
autofluorescence (FAF) and B scan ultrasound we investigated the 
diagnostic and clinical significance and the sensitivity of noninvasive 
imaging with Transverse Section Enhanced Depth Imaging Optical 
Coherence Tomography (TSV-EDI-OCT). Primary endpoint of this 
clinical study was to describe the valuable detectability of ONHD 
with and without EDI mode in comparison to B scan ultrasound.
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Methods: 21 eyes of 11 patients (mean age 64 years, 5 women, 6 
men) with diagnosed ONHD were included in this clinical trial. 
Beside TSV-EDI-OCT volume scan (Heidelberg Spectralis OCT, 
Software V 6.1) through the optic nerve, a complete ophthalmological 
examination, perimetry (Octopus, Haag-Streit), standardized B 
scan ultrasound (Aviso) and FAF (Heidelberg Spectralis OCT) were 
performed.
Results: Of the 21 eyes 18 (86%) showed characteristic signs of 
ONHD in ophthalmoscopy. 20 eyes (95%) of the collective presented 
a clear signal in fundus autofluorescence and 21 eyes (100%) in 
ultrasound examination. In 20 eyes (95%) drusen were located and 
detected in EDI-OCT. Using only EDI-OCT 19 eyes (90%) showed 
superficial and 18 eyes (86%) buried drusen. Furthermore in 5 eyes 
buried drusen were detected which were not visible in FAF.
Conclusions: Using EDI-OCT in patients with diagnosed ONHD and 
comparing the images of the autofluorescence, a clear identification 
of drusen in the optic disc is possible. EDI-OCT offers the possibility, 
in comparison to SD-OCT, of reliable detections of ONHD 
concerning to a higher resolutions and depth of penetration. In 
addition, TVS-EDI-OCT may permit a more sensitive proof of buried 
drusen than FAF.
Commercial Relationships: Katharina Blobner, None; 
Mathias M. Maier, None; Chris Lohmann, None; 
Nikolaus Feucht, None

Program Number: 1315 Poster Board Number: A0059
Presentation Time: 8:30 AM–10:15 AM
Spectral Domain Optical Coherence Tomography in detecting 
sub-clinical retinal findings in children with Down Syndrome
Anand Vinekar1, Shwetha Mangalesh1, Chaitra Jayadev1, 
Meenakshi Bhat2, Vasudha Kemmanu1. 1Pediatric Retina, Narayana 
Nethralaya Eye Hospital, Bangalore, India; 2Center for Human 
Genetics, Bangalore, India.
Purpose: Trisomy 21 is the commonest trisomy reported worldwide. 
Although ocular associations have been reported, retinal anatomy 
and pathology remain uninvestigated. We evaluate the role of spectral 
domain optical coherence tomography (SD-OCT) in analyzing foveal 
morphology of children with Down’s Syndrome.
Methods: Twenty-one consecutive patients (13 males and 8 females) 
with a clinical and genetically confirmed diagnosis of Trisomy 21 
were enrolled as cases in the study. The 21 controls (15 males and 6 
females) were derived from the pediatric ophthalmology clinic. Both 
cases and controls were of Asian Indian ethnicity. Those recruited 
underwent SD-OCT imaging on a hand-held device (Envisu, 
Bioptigen, USA). Scan lengths of 8 mm x 8 mm, 150 frames/eye/
second were captured and the best frame analyzed. The morphology 
and thickness of the central fovea (CFT), inner retinal persistence 
(IRP) at the fovea, outer plexiform layer (OPL), external limiting 
membrane (ELM) and outer segment-retinal pigment epithelium  
(OS-RPE) were measured and compared between the groups.
Results: The mean age of the cases was 23 months (range 3 – 78 
months) and all had a normal fundus on ophthalmoscopy. The mean 
age of the cases was 28 months (range 3 - 80 months). SD-OCT 
imaging showed CFT was comparable between the two groups 
(206±38 in Down versus 221±65 in controls, p=0.213). Inner retinal 
fusion was complete in the foveal center in only 6 eyes (14.6%) 
of cases compared to 35 eyes (85.4%) of controls (p<0.001). The 
OPL was uniform and normal in contour in 22 eyes of cases (53.7) 
compared to all eyes (100%) of the controls. Only 23 eyes of DS 
cases (56.1 %) had a normal ELM compared to 37 eyes of controls 
(90.2%, p<0.001). The OS-RPE layer was normal in 2 (4.9%) cases 
compared to 18 (43.9%) controls (p<0.001).

Conclusions: SD-OCT imaging offers a unique opportunity of 
obtaining in-vivo histology like images of sub-clinical entities. Down 
syndrome babies appear to have persistence of the inner retina at 
the fovea as well as thinner retinal layers compared to their normal 
counterparts and may contribute to the visual development.
Commercial Relationships: Anand Vinekar, None; 
Shwetha Mangalesh, None; Chaitra Jayadev, None; 
Meenakshi Bhat, None; Vasudha Kemmanu, None
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SD-OCT imaging of retinal degeneration in juvenile CLN3 
disease - a potential adjunctive tool for global neurodegenerative 
assessment
Simon Dulz1, Yevgenija Atiskova1, Jan-Niklas Hochstein2, 
Lars Wagenfeld1, Miriam Nickel2, Jan Sedlacik2, 
Christoph Schwering2, Martin S. Spitzer1, Alfried Kohlschütter2, 
Angela Schulz2. 1Ophthalmology, Medical University Hamburg-
Eppendorf, Hamburg, Germany; 2Childrens Hospital, Medical 
University Hamburg-Eppendorf, Hamburg, Germany.
Purpose: Juvenile CLN3 disease (Batten disease) is associated with 
progressive cerebral neurodegeneration of the retina and central 
nervous system, leading to rapid visual deterioration and subsequent 
neurological deterioation. We obtained SD-OCT based quantitative 
data on the progression of retinal thickness reduction, as well as the 
potential clinical relevance of ophthalmic imaging as a parameter of 
global neurodegeneration over time.
Methods: Analysis of retinal thickness in 15 patients with juvenile 
CLN3 disease as well as an age-matched control group was obtained 
by measuring 3 mm temporal and nasal of the fovea with the aid of 
SD-OCT and compared to an age matched control group. Further 
age-dependent subanalysis of the inner retinal layer (retinal nerve 
fiber layer - inner plexiform layer) and the outer retinal layer 
(inner nuclear layer - retinal pigment epithelium) was performed. 
Subsequently age-matched cortical grey substance MRI-volumetry 
was correlated with the obtained retinal thickness measurements.
Results: In patients with juvenile CLN3 disease mean nasal retinal 
thickness (255.67 μm ± 30.99 μm) as well as temporal retinal 
thickness (219,65 μm ± 27.82 μm) were significantly reduced 
compared to the age-matched control group (p ≤ 0.01). The mean 
nasal inner retinal thickness was 141.42 μm (± 18.70 μm), wereas the 
temporal inner retinal thickness was 123.27 μm (± 19.60 μm). Nasal 
outer retinal thickness was 105.88 (± 19.89 μm); the mean temporal 
outer retinal thickness was 96.57 μm (± 9.23 μm). Furthermore 
correlation of total cumulative nasal and temporal retinal thickness 
with cortical grey substance MRI-volumetry showed a strong 
correlation. (r = 0.807; r2 = 0.651)
Conclusions: The presented study presents novel insight into the 
age-dependent retinal degeneration in patients with juvenile CLN3 
disease. As continuous retinal degeneration can be non-invasively 
obtained by SD-OCT imaging and correlates well with cortical grey 
substance reduction, ophthalmic retinal imaging might become a 
valuable tool to assess global neurodegenerative progress in juvenile 
CLN3 disease and might establish as an outcome parameter of future 
therapeutic trials.
Commercial Relationships: Simon Dulz; Yevgenija Atiskova, 
None; Jan-Niklas Hochstein, None; Lars Wagenfeld, None; 
Miriam Nickel, None; Jan Sedlacik, None; Christoph Schwering, 
None; Martin S. Spitzer, None; Alfried Kohlschütter, None; 
Angela Schulz, None
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Standardization of OCT Derived Central Retinal Thickness With 
Custom Segmentation Software
Gregory J. Sovinski, Amitha Domalpally, Dawn Myers, Yijun Huang, 
Barbara A. Blodi. Department of Ophthalmology and Visual 
Sciences, University of Wisconsin School of Medicine and Public 
Health, Madison, WI.
Purpose: Central Retinal Thickness (CRT) is a measure derived from 
Optical Coherence Tomography (OCT) scans and is an important 
outcome in clinical trials. Differences in segmentation algorithms 
among various commercial OCT machines leads to variability in CRT 
in the same eye and results in data analysis issues. To circumvent this 
issue, we have developed a custom segmentation algorithm called 
EdgeSelect (ES), to standardize CRT for large scale comparative 
analysis. In this project, we compare CRT measurements from 
commercial algorithms with the ES algorithm.
Methods: We analyzed CRT measurements from both commercial 
OCT algorithms and the ES algorithm among 100 OCT images of 
healthy eyes, 100 diabetic macular edema (DME) eyes and 100 
neovascular age-related macular degeneration (neoAMD) eyes. 
Commercial software analyzed includes Cirrus HD-OCT, Carl Zeiss 
Meditec, Inc. and Spectralis HRA-OCT, Heidelberg Engineering, 
Inc. Each OCT image was analyzed using proprietary, commercial 
software for CRT, after correcting for potential artifacts. All OCTs 
were converted to DICOM format, for viewing in a common platform 
and segmented using the semi-automated EdgeSelect algorithm at the 
following layers – internal limiting membrane (ILM), top and middle 
of retinal pigment epithelium (RPE) and Bruch’s membrane (BM). 
Paired CRT data from commercial OCT machines was compared with 
an equivalent algorithm using ES, defined as ILM – middle of RPE 
for Cirrus and ILM to BM for Heidelberg. In addition, commercial 
CRT was also compared with standardized, ES measured CRT, which 
was defined as ILM – top of RPE as standardized ES measurements 
are used for large scale reading center studies.
Results: The mean difference in CRT between the commercial OCT 
algorithm and equivalent EdgeSelect algorithm is almost negligible in 
normal, DME eyes and neoAMD eyes. The mean difference between 
standardized CRT and commercial CRT was the most in neovascular 
AMD eyes.
Conclusions: CRT measurement differences between equivalent 
algorithms in ES and Heidelberg show minimal variation across 
healthy and diseased retinas suggesting conversion of images to 
DICOM format and segmentation with ES yields similar results 
to previously validated, commercial software. Differences in 
standardized CRT measurements by ES compared to commercial 
software then reflects anatomical differences in where retinal 
segmentation occurs.

Commercial Relationships: Gregory J. Sovinski; 
Amitha Domalpally, None; Dawn Myers, None; Yijun Huang, 
EyeKor, Inc (I); Barbara A. Blodi, None
Support: Research to Prevent Blindness
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Signal-to-Noise Ratio Comparisons Between Spectral-Domain 
and Swept-Source OCTs
Wei Chieh Huang1, Ying Dong1, Ben Turley2, Robert Gibson2, 
Charles A. Reisman1. 1Topcon Adv Biomedical Imaging Laboratory, 
Oakland, NJ; 2Topcon Medical Systems, Inc, Oakland, NJ.
Purpose: Swept-source (SS) OCT utilizing a laser with wavelength 
centered at 1050 nm has smaller sensitivity falloffs and deeper 
penetration compared to spectral domain (SD) OCT with light 
centered at 850 nm. SS-OCT can produce images with clearer 
structural details from vitreous to choroid simultaneously. This study 
demonstrated the image quality differences by comparing between 
SD- and SS-OCTs the signal-to-noise ratio (SNR) of different retinal 
layers.
Methods: 60 eyes from 30 healthy volunteers (age ranged 23-67 
years) were imaged by an SD-OCT and an SS-OCT (3D OCT1 
Maestro and DRI OCT Triton, Topcon Corp, Japan). At least one high 
quality retinal image was captured per image mode, macula, disc, and 
wide, per machine. The machine-generated SNRs, expressed as TopQ 
scores, were estimations of the degree of overlap and distribution 
similarity between background (noise) and foreground (retina + 
choroid) signals. The OCT scans were also divided into different 
retinal regions and the SNRs were estimated similarly: SNRretina, 
where foreground consisted of the regions between inner limiting 
membrane to Bruch’s Membrane (BM), and SNRchoroid, whose 
foreground consisted of the regions from the BM to 350 mm scleral 
of BM. TopQ, SNRretina, and SNRchoroid were compared between the 
devices. Sensitivity falloffs were examined with SNRs from different 
retinal layers that were normalized to their overall TopQ score.
Results: The average SD-OCT TopQ scores were 49.8 ± 5.1, 52.9 
± 4.5, 40.4 ± 5.6 for disc, macula, and wide scans respectively. The 
average SS-OCT TopQ were higher for all scan modes, at 62.3 ± 
4.7, 66.8 ± 3.6, and 62.2 ± 4.1 (p < 0.001). Comparisons in different 
retinal regions showed higher SNRs in SS-OCT in all scan patterns 
(p<0.001). The average SD-OCT SNRretina were 49.3 ± 5.2, 54.6 ± 
5.4, and 42.5 ± 6.7, whereas the average SS-OCT SNRretina were 63.7 
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± 5.0, 67.8 ± 3.6, and 64.0 ± 4.4. The average SNRchoroid for SD-OCT 
were 16.8 ± 5.4, 18.7 ± 4.7, and 13.3 ± 3.7, whereas for SS-OCT 
the average SNRchoroid were 49.1 ± 4.6, 52.2 ± 6.2, 49.0 ± 5.5. Signal 
falloffs in choroid were 66 ± 9%, 64 ± 10%, and 67 ± 8% in SD-
OCT, which were greater than in SS-OCT, 23 ± 8%, 21 ± 10%, and 
21 ± 8% (p<0.001).
Conclusions: Overall there were higher SNRs in SS-OCT images. 
SS-OCT provided images with a deeper imaging depth and clearer 
lamination of the choroid without losing signal in the vitreous.
Commercial Relationships: Wei Chieh Huang, Topcon Medical 
Systems, Inc (E); Ying Dong, Topcon Medical Systems, Inc (E); 
Ben Turley, Topcon Medical Systems, Inc (E); Robert Gibson, 
Topcon Medical Systems, Inc (E); Charles A. Reisman, Topcon 
Medical Systems, Inc (E)
Clinical Trial: NCT02982174

Program Number: 1319 Poster Board Number: A0063
Presentation Time: 8:30 AM–10:15 AM
Cellular Characterization of the OCT Retinal Bands Using 
Specific Immunohistochemistry Markers
Nicolas Cuenca1, Isabel Ortuño Lizarán1, Isabel Pinilla2. 
1Physiology, Genetics and Microbiology, University of Alicante, 
Alicante, Spain; 2Lozano Blesa University Hospital, Aragon Institute 
for Health Research, Zaragoza, Spain.
Purpose: Optical coherence tomography (OCT) has been a 
technological breakthrough in the diagnosis, treatment and 
follow-up of many ocular diseases, especially retinal and neuro-
ophthalmological pathologies. Until now, several controversies have 
arisen about the specific cell types that represent the bands observed 
in the OCT especially over the four outer retinal bands. The aim of 
this study was to correlate the four-hypereflective bands observed in 
the OCT with the histological structures using human retinal sections 
and immunocytochemistry at the fovea level.
Methods: Vertical cryosections of human retinas were 
immunostained with antibodies specific for cones photoreceptors, 
bipolar cells, Müller and RPE cells and mitochondria markers, and 
visualized using confocal microscopy. Triple immmunolabeling 
allowed distinguishing between cells types and different cell 
compartments.
Results: Immunostaining with GNB3 and CRALBP showed all 
retinal layer at the foveola, especially the separation between 
the outer nuclear layer and the Henle fiber layer. CRALBP and 
cytochrome C immunolabeling revealed that the hypereflective 
bands 1 and 2, observed in the OCT, correspond to the outer limiting 
membrane and the ellipsoids respectively, separated by the cone 
myoids. CRALBP, cytochrome C and GNB3 showed that the RPE 
interdigitations extend along the entire external segment of the 
cones, allowing us to discard that the third band may correspond 
to the interdigitation zone. However, the colocalization of small 
fragments of cone outer segments within of RPE let us to characterize 
the third band as the cone phagosomes band located in the top 
of the RPE. Finally, we propose that the fourth band correspond 
to the accumulation of mitochondria at the basal portion of the 
RPE identified by cytochrome C immunoreactivity and that the 
hyporeflective band between band 3 and 4 correspond to the RPE 
melanosomes.
Conclusions: Our immunohistochemical results confirm the 
previously described bands using OCT technology except for the four 
outer bands at the foveola. We provide demonstration that the bands 
1 and 2 correspond to the outer limiting membrane and the ellipsoids 
respectively. The band 3 corresponds to the cone phagosomes 
zone located into the apical portion of the RPE. The fourth band 

may be the reflection of the basal mitochondria of the RPE and the 
hyporeflective band between 3 and 4 correspond to the melanosomes.
Commercial Relationships: Nicolas Cuenca, None; Isabel Ortuño 
Lizarán; Isabel Pinilla, None
Support: Prometeo2016/158, ISCIII RETICS-FEDER 
RD12/0034/0010, MINECO-FEDER-BFU2015-67139-R.

Program Number: 1320 Poster Board Number: A0064
Presentation Time: 8:30 AM–10:15 AM
Standardization of retinal thickness and volume on ETDRS grid 
subdivisions using SD-OCT
Renato Peroni, Rafael Memória, Bruno Nascimento, Lucélia Albieri, 
Murilo W. Rodrigues, José A. Cardillo, Rodrigo Jorge. Retina 
Department, University of São Paulo, Ribeirão Preto, Brazil.
Purpose: To standardize values for retinal thickness and volume for 
all EDTRS grid subdivisions in healthy individuals using spectral 
domain optical coherence tomography (SD-OCT).
Methods: Retrospective study of healthy patients submitted to 
spectral domain OCT evaluation (Spectralis Eyetracker Tomographer, 
HRA-OCT, Heidelberg, Germany). Retinal thickness measurements 
were acquired using a standard 30° x 20° raster scan protocol 
consisting of 25 horizontal sections (each computed out of 25 frames) 
with a distance of 240μm between each horizontal scan, covering a 
square of 30 x 20 degrees on the retina and centered on the foveal 
region. In order to optimize the accuracy of OCT data, automatic 
delineation of the inner and outer boundaries of the neurosensory 
retina generated by OCT built-in software was verified for each of the 
scans. The OCT machine, according to the geometrical center of the 
scans, automatically positioned the ETDRS grid.
Results: OCT scan from 56 eyes of 28 patients with median age of 
32,6 (range: 21 to 59) were included in the analysis. Mean CSFT 
(μm) ± SD was 268.94 ± 15.08. Mean Retina thickness (μm) ± SD 
was 347.08 ±15.07, 318.34 ±11.69, 330.54 ±15.51, 286.71 ±12.98, 
347.97 ±14.41, 304.91 ±11.91, 343.51 ±14.73, 292.74 ±10.44 at the 
nasal 3 mm subdivision, nasal 6 mm subdivision, temporal 3 mm 
subdivision, temporal 6 mm subdivision, superior 3 mm subdivision, 
superior 6 mm subdivision, inferior 3 mm subdivision, inferior 6 mm 
subdivision respectively. Mean CSFT (mm3) ± SD was 0.21±0.01. 
Mean Retinal volume (mm3) ± SD was 0.54 ±0.02, 1.68 ±0.06, 0.51 
±0.02, 1.51 ±0.07, 0.54 ±0.02, 1.61 ±0.05, 0.53 ±0.02, 1.55 ±0.05 at 
the nasal 3 mm subdivision, nasal 6 mm subdivision, temporal 3 mm 
subdivision, temporal 6 mm subdivision, superior 3 mm subdivision, 
superior 6 mm subdivision, inferior 3 mm subdivision, inferior 6 mm 
subdivision respectively.
Conclusions: Standardization of retinal thickness values was 
performed and may help in the analysis of macular diseases that leads 
to edema or atrophy. Further studies with larger number of patients 
stratified by age and ocular refraction are underway.
Commercial Relationships: Renato Peroni, None; 
Rafael Memória, None; Bruno Nascimento, None; Lucélia Albieri, 
None; Murilo W. Rodrigues, None; José A. Cardillo, None; 
Rodrigo Jorge, None

Program Number: 1321 Poster Board Number: A0065
Presentation Time: 8:30 AM–10:15 AM
Development of Normative Reference Values for En Face RNFL 
Thickness
William H. Swanson, Brett J. King, Douglas G. Horner. School of 
Optometry, Indiana University, Bloomington, IN.
Purpose: En face imaging of the retinal nerve fiber layer (RNFL) 
with optical coherence tomography (OCT) makes it possible to assess 
RNFL thickness across the retina. We performed an exploratory 
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analysis of between-subject variability in RNFL thickness from the 
optic disc to the fovea.
Methods: A Spectralis (Heidelberg Engineering) was used to image 
and auto-segment RNFL for both eyes of 30 healthy people ages  
20-31 (mean ± SD = 25±3) yr, one eye each of 25 healthy people ages 
49-82 (66±8) yr and one eye each of 30 patients with glaucoma ages 
49-87 (69±8) yr. Analysis methods were developed for sixty-eight 
2° square boxes around the line connecting the fovea and the optic 
disc using data from the left eyes (OS) of the 20-31 yr group. The 
Coefficient of Variation (CoV) for each box was computed and mean 
CoVs were used to develop reference ranges. Then the methods were 
applied to the right eyes (OD) and correlations performed between 
eyes. Next, the analysis was used to derive reference ranges for the 
40-85 yr group, and finally these were used to flag suspect retinal 
regions in the patients with glaucoma.
Results: The 20-31 yr group had mean CoV 0.18 OS and 0.19 OD, 
and thicknesses had strong between-eye correlation (R2 = 75%). With 
a reference range of ±2 CoVs, 1.8% of boxes fell below the reference 
range for OS and 2.7% for OD. Most of these locations were from 
three people who had the three lowest values for mean RNFL 
thickness for both eyes; two had arcades farther from the fovea than 
average, and one had arcades closer to the fovea than average. Then 
the reference range was increased to ±2.7 CoVs, so that no more than 
2 boxes were below the reference range for any eye in this group. 
For the 49-82 yr group the mean thickness was 8% smaller, the mean 
CoV was 0.23, and using ± 2.7 CoVs no more than 2 boxes fell below 
the reference range for any eye. Twenty-one of 30 patients with 
glaucoma had more than 2 boxes that fell below the reference range, 
and half had 7 to 45 boxes.
Conclusions: The strong correlation between eyes was evidence 
that CoV reflects between-subject variability rather than effects of 
segmentation artifacts. Most of the patients with glaucoma had RNFL 
regions below the 49-82 yr reference range. Normal between-subject 
variability in the location of the arcades limited the ability of RNFL 
thickness measures to identify defects. Reduction in effects of this 
variability on thickness indices is needed.
Commercial Relationships: William H. Swanson, Carl Zeiss 
Meditec (C), Heidelberg Engineering (C); Brett J. King, None; 
Douglas G. Horner, None
Support: NIH Grants R01EY024542, 5P30EY019008
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Reproducibility of Minimum Rim Width and Retinal Nerve Fiber 
Layer Thickness Measurements using the Anatomic Positioning 
System in Patients with Glaucoma and Normal Controls
Lalita Gupta1, 2, Priyanka Gogte1, Safa Siraj1, Scott S. Fudemberg1, 
Anand V. Mantravadi1, Lisa A. Hark1, L Jay Katz1, 
Michael Waisbourd1. 1Glaucoma Research Department, Wills Eye 
Hospital, Philadelphia, PA; 2George Washington University School of 
Medicine, Washington, DC.
Purpose: To perform a prospective, cross-sectional study to 
determine the test-retest repeatability of minimum rim width (MRW) 
and retinal nerve fiber layer (RNFL) thickness measurements 
obtained by spectral-domain optical coherence tomography  
(SD-OCT) using the anatomic positioning system (APS) protocol 
in glaucoma patients and controls. In addition, the diagnostic ability 
of the MRW and RNFL thickness was assessed in three circular 
peripapillary locations.
Methods: SD-OCT (Spectralis, Heidelberg Engineering GmbH, 
Heidelberg, Germany) scans of the optic nerve head were obtained 
twice at one visit using the APS protocol. MRW was measured and 
RNFL thickness measurements were obtained at three peripapillary 

locations (3.5 mm, 4.1 mm, and 4.7 mm). Intraclass correlation 
coefficients (ICCs) and areas under the receiver operating 
characteristic curve (AUCs) were calculated.
Results: A total of 36 glaucomatous eyes and 59 control eyes 
were included in the analysis. ICCs of MRW and RNFL thickness 
(3.5 mm and 4.1 mm circles) ranged between 0.98-1.00 for global 
measurements. The ICCs of global RNFL thickness measurements 
in the larger diameter circle (4.7 mm) were lower (0.76 - 0.90). The 
MRW had an AUC of 0.97 while the RNFL thickness measurements 
were 0.95, 0.95, and 0.96 for the 3.5 mm circle, 4.1 mm circle, and 
4.7 mm circle respectively.
Conclusions: MRW and RNFL thickness measurements using the 
APS protocol had overall excellent reproducibility and diagnostic 
performance. Therefore, using this protocol and the novel parameter 
MRW may be useful in diagnosing and evaluating patients with 
glaucoma.

Top left: Infrared image of optic nerve head (ONH) with Fovea-to-
Bruch’s Membrane Opening (FoBMOC) axis as defined by Anatomic 
Positioning System (APS). Top right: Infrared image of ONH with 
48 Bruch’s membrane opening (BMO) points (dots). Middle: B-scan 
showing the BMO (red dots), Internal limiting membrane (ILM) (red 
line), and minimum rim width (MRW) (arrow). Bottom: Sector map 
showing average BMO-MRW measurements by sector and globally. 
A diagram of the thickness profile of BMO-MRW (black line).
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Age-adjusted receiver operating characteristic (ROC) curves for the 
global Minimum Rim Width (MRW), inner circle (3.5mm) Retinal 
Nerve Fiber Layer (RNFL) thickness, middle circle (4.1mm) RNFL 
thickness, and outer circle (4.7mm) RNFL thickness.
Commercial Relationships: Lalita Gupta, None; Priyanka Gogte, 
None; Safa Siraj, None; Scott S. Fudemberg, None; 
Anand V. Mantravadi, None; Lisa A. Hark, None; L Jay Katz, 
None; Michael Waisbourd, None
Support: Wills Eye Innovation Grant WEF15064. Heidelberg 
Engineering provided the Spectralis Optical Coherence Tomography 
testing platform used in this study

Program Number: 1323 Poster Board Number: A0067
Presentation Time: 8:30 AM–10:15 AM
Variability of Retinal Thickness Measurements in Tilted or 
Stretched Optical Coherence Tomography Images
Akihito Uji1, 3, Nizar S. Abdelfattah1, 3, David S. Boyer2, 
Siva Balasubramanian1, 3, Jianqin Lei1, 3, Srinivas R. Sadda1, 3. 
1Doheny Eye Institute, Los Angeles, CA; 2Retina Vitreous Associates 
Medical Group, Beverly Hills, CA; 3Ophthalmology, David Geffen 
School of Medicine at the University of California-Los Angeles, Los 
Angeles, CA.
Purpose: Despite having a higher axial than tranverse resolution, 
optical coherence tomography (OCT) images are typically displayed 
in an axially-stretched manner. As a result, thickness measurements 
perpendicular to the plane of the retina will be over-estimated unless 
this stretching is taken into account. The purpose of this study 
is to investigate the magnitude of inaccuracy in retinal thickness 
measurements from tilted and axially-stretched OCT images.
Methods: A consecutive series of 50 eyes of 50 patients with  
age-related macular degeneration were included in this retrospective 
IRB-approved study. OCT B-scans (Cirrus HD-OCT) through the 
foveal center were used for this analysis, and the rotation angle of 
the B-scan was computed. The foveal thickness was measured in 
three ways: (a) parallel to the orientation of the A-scan (Tx), (b) 
perpendicular to the retinal pigment epithelium (RPE) surface in the 
instrument-displayed aspect ratio image (Ty), and thickness measured 
perpendicular to the RPE surface in a native (“true”) aspect ratio 
image (Tz). Mathematical modeling was also performed to estimate 
the measurement error at various angles of tilting and axial stretching.
Results: The average rotation angle was 12.8 ± 6.3 degrees. FTx (224 
± 52μm) and FTy (235 ± 54μm) were significantly larger than FTz 
(222 ± 51μm) (both P < 0.0001), and FTy was significantly larger 
than FTx (P < 0.0001). Moreover, the FTy/FTz ratio was 1.06 ± 0.05, 
and was larger than the FTx/FTz ratio of 1.01 ± 0.01  

(P < 0.0001). Both FTx/FTz and FTy/FTz ratios increased as the 
angle increased, however, the increase in FTx/FTz was more gradual 
than for FTy/FTz. FTy/FTz ranged from 1.00 to 1.21.  
In the simulation, with axial stretching by a factor of 2, Ty/Tz ratio 
was > 1.05 at a tilt angle between 13 to 77 degrees, > 1.10 at a tilt 
angle between 19 to 71 degrees, and >1.20 at an angle ranging from 
32 to 58 degrees. Of note, with more axial stretching, the Ty/Tz ratio 
rises further. Tx/Tz ratio was smaller than the Ty/Tz ratio at angles 
ranging from 0 to 54 degrees. The actual patient data showed good 
agreement with the simulation.
Conclusions: Retinal thickness measurements obtained perpendicular 
to the RPE surface were overestimated when using tilted and axially-
stretched OCT images. If accurate measurements are to be obtained, 
images with a native aspect ratio similar to microscopy should be 
used.
Commercial Relationships: Akihito Uji, None; 
Nizar S. Abdelfattah, None; David S. Boyer, Alcon (C), Novartis 
(R), KalVista (C), Neurotech (C), RRegeneron Pharmaceuticals, Inc. 
(C), Alcon (R), Aerpio (C), Ohr (C), RRegeneron Pharmaceuticals, 
Inc. (R), Santaris (C), GS (C), Bayer (C), Novartis (C), Nicox 
(C), Genentech (C), ThromboGenics (C), Genentech (R), 
Santen (C); Siva Balasubramanian, None; Jianqin Lei, None; 
Srinivas R. Sadda, Novartis (C), Optos (C), Iconic (C), Genentech 
(F), Carl Zeiss Meditec (F), Allergan (F), Optos (F), Allergan (C), 
Genentech (C), Thrombogenics (C), Centervue (C)

Program Number: 1324 Poster Board Number: A0068
Presentation Time: 8:30 AM–10:15 AM
Reproducibility of Macular Thickness Measurements in Normal 
and Pathologic Eyes from two different Spectral Domain Optical 
Coherence Tomography Instruments
Lorane Nava1, Tudor Tepelus1, 2, Amir H. Hariri1, 2, 
Siva Balasubramanian1, 2, Srinivas R. Sadda1, 2. 1Doheny Eye 
Institute, Norwalk, CA; 2Ophthalmology, David Geffen School of 
Medicine at UCLA, Los Angeles, CA.
Purpose: To compare macular thickness measurement algorithms of 
two different spectral-domain optical coherence tomography  
(SD-OCT) devices.
Methods: In this IRB-approved study, patients and normal controls 
from the retina clinics of the Doheny Eye Center-UCLA were 
imaged using two different SD-OCT devices: RS 3000 Advance 
(Nidek Co. Ltd.) and Cirrus HD-OCT (Carl Zeiss Meditec, Inc.). 
Ninety-one diseased eyes from 51 patients and 10 normal healthy 
eyes from 5 normal volunteers were included in this study. Patients 
had various pathologies including exudative and nonexudative 
age-related macular degeneration, cystoid macular edema, epiretinal 
membrane and macular hole. The commercial instrument software 
was used to generate the macular retinal thickness measurements, and 
measurements were compared between devices.
Results: The macular thickness measurements generated by the 
two instruments are different in mean retinal thickness in the foveal 
center subfield (259.59 ± 51.79 μm Nidek OCT vs. 239.40 ± 52.55 
μm Cirrus OCT, p<0.001). The macular thickness measurements, 
as evaluated by the two different instruments, however, showed 
excellent correlation (r=0.99, p<0.001) with an intraclass correlation 
coefficient of 0.99 (95% confidence interval, 0.98 – 0.99). The 
mean difference between two measurements, considering the 
control and diseases eyes, was 20.19 ± 8.74 μm, and appeared to be 
related to slightly different selection of the outer retinal boundary. 
The mean difference between two measurements for control eyes 
was 18.70±4.32 and 20.36±9.10 for diseases eyes, not statistically 
different (p>0.05). Post hoc evaluation of cases with larger 
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differences also showed differences in foveal center selection as well 
as variabilities in boundary selection with specific pathologies.
Conclusions: Macular thickness measurements provided by the 
Nidek and Cirrus OCT instruments are highly correlated, but show 
a consistent difference, which may allow a correction factor to be 
applied to inter-relate measurements between devices.
Commercial Relationships: Lorane Nava, None; Tudor Tepelus, 
None; Amir H. Hariri, None; Siva Balasubramanian, None; 
Srinivas R. Sadda, Genentech (C), Thrombogenics (C), Carl Zeiss 
Meditec (F), Allergan (C), Allergan (F), Optos (F), Genentech (F), 
Novartis (C), Iconic (C), Optos (C)
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Reproducibility of measurements of iridocorneal angle in 
children using hand-held spectral domain optical coherence 
tomography
Budor S A Edawaji, Sonal Shah, Frank A. Proudlock, Irene Gottlob. 
Department of Neuroscience, Psychology and Behaviour, University 
of Leicester, Leicester, United Kingdom.
Purpose: To evaluate test retest reliability of hand-held spectral 
domain optical coherence tomography (HH-SDOCT) for 
measurements of iridocorneal angle in normal children and children 
with glaucoma
Methods: A cross-sectional study involved scanning the eyes of 65 
normal children (mean age= 5.12 ± 3.5 years, range: 2 days to 12 
years) and 18 children with glaucoma (mean age =3.48 ± 3.9, range: 
1 month to 13 years) using HH-SDOCT (Leica Microsystems Ltd). 
Two repeated scans were obtained per eye on the same examination 
day. Each scan was captured within 0.96 seconds and contained 11 
B-scans with 3000 A-scans per B-scan. Images showing both clear 
nasal and temporal angles were imported into ImageJ and single 
B-scans were analysed. The iridocorneal angle landmarks: scleral 
spur (SS), Schwalbe`s line (SL) and angle recess (AR) were identified 
and used to calculate trabecular meshwork length (TML), scleral spur 
angle opening distance (SSAOD), Schwalbe`s line angle opening 
distance (SLAOD), trabecular iris surface area (TISA) and TISA500 
(see figure). Repeatability and reproducibility of measurements were 
assessed using interclass correlation coefficient (ICC) and Bland-
Altman plots.
Results: SLAOD, SLTISA and TISA500 were highly reproducible 
in both normal children and children with glaucoma with ICC of 
0.92, 0.83 and 0.91 in controls and 0.91, 0.83 and 0.90 in glaucoma 
patients, respectively. The relative mean difference of repeated 
measures for TML, SSAOD, SLAOD, TISA and TISA500 were 0.7, 
2.6, 3.2, 2.9 and 5.8% in normal, and 0.8, 0.2, 2.5, 2.6 and 5.5% in 
glaucoma, respectively. Average TML, SSAOD, SLAOD, TISA and 
TISA500 was 713.9 ± 98.7μm, 208.1 ± 71.3μm, 646.4 ± 155.3μm, 
0.33 ± 0.1mm2 and 0.25 ± 0.1mm2 in normal children, and 741.7 ± 
174.4μm, 197.7 ± 131.0μm, 846.8 ± 284.1μm, 0.44 ± 0.2mm2 and 
0.33 ± 0.1mm2 in glaucoma, respectively. SLAOD and TISA500 were 
significantly higher in glaucoma patients compared to controls (mean 
difference: 200.4 ± 63.3μm (P=0.005) and 0.08 ± 0.07mm2 (P=0.02), 
respectively).
Conclusions: HH-SDOCT is a reliable technique for measuring 
iridocorneal angle in children with excellent reproducibility for 
SLAOD. Children with glaucoma had wider SLAOD compared to 
normal children. Anterior segment OCT could be a useful addition to 
glaucoma management in children.

Figure: Parameters used to measure iridocorneal angle.
Commercial Relationships: Budor S A Edawaji, None; 
Sonal Shah, None; Frank A. Proudlock, None; Irene Gottlob, 
None
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Investigating differences in the Cirrus OCT results for Hispanic 
and Black children from nine years through 17
Sandra S. Block, Adrianna Hempelmann. School-Based Vision 
Clinic, Illinois College of Optometry, Chicago, IL.
Purpose: Our purpose was to look at Cirrus OCT collected to 
provide a reference database for a School-Based Vision Clinic 
serving Chicago Public School students. While we felt the large cups 
were physiologic, the patients were referred for baseline testing. The 
population served failed to follow through with our referrals. Our 
study collected OCTs from sequential patients (Hispanic or Black) 
until a minimum of 20 per age category, race, and sex were obtained 
to develop a database on this groups. There is evidence that there is a 
gender difference yet no one has compared the group by age category.
Methods: Patients who presented to IEI at Princeton vision 
clinic(11/14-11/16) an exam with dilation were invited to participate. 
Patients with retinal problems, optic nerve problems, diabetes, 
hypertention or other ocular disease were excluded. Patients were 
eligible if they were identified as Hispanic or Black. Eight subjects 
were excluded due to mixed race. Subjects were 9.0 years to 17.9 
years. Currus HD-OCT scans (version 3.0.0.64) and fundus photos 
were gathered on 984 subjects. 83 were excluded. Data on RNFL 
thickness, optic nerve head parameters and macular parameters were 
collects. The analysis looked at the comaprison of these data by 
age category (by year 0-11 months), sex and race. Scans that were 
below a signal strength of 8 were excluded. The right eye was the eye 
chosen unless the scan was below the criteria stated, the left was used 
instead.
Results: The results for the horizontal/vertical cup/disk did not show 
a significant difference by age or race, but was significant (0.004) for 
sex. A review of the RNFL symmetty, rim area, disc area, and cup 
volume demonstrated no significant difference between age, sex, or 
race. When looking at the individual quadrants results were variable 
with race being significant in Q1-Q2, sex in Q3-Q4, and age in Q1 
-Q3. Looking at the average RNFL age (.001) and race (0.013) were 
significant but sex was not.
Conclusions: The data that was demonostrated a minimal effect of 
age or race in the findings of Hispanic and Black children who were 
seen in our clinic. Several studies that have supported the difference 
in sex but it appears as if the RPE is only the primary contributing 
factor. Our results sugggest that is no signifcant difference in the C/D 
ratio by age category or race in this population. Further testing should 
expand the database to other races.
Commercial Relationships: Sandra S. Block, None; 
Adrianna Hempelmann, None
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Reproducibility and Reliability of a New Automated Scheimpflug 
Imaging Pterygium Severity Measure
Jenny Ha1, Joseph Mekhail2, Sandra L. Cremers1, 
Jesus A. Martinez1, 2. 1Research, Visionary Eye Doctors, Rockville, 
MD; 2Georgetown University School of Medicine, Washington, DC.
Purpose: To evaluate a recently reported automated pterygium 
severity measure of the distance of the leading edge of the pterygium 
head from the pupil center (DPC) by comparing values from 
measurements with Scheimpflug imaging (DPC-P; Pentacam, Oculus, 
Germany) and anterior segment optical coherence tomography  
(DPC-OCT; Heidelberg Engineering, Germany).
Methods: 122 eyes of 116 patients’ Scheimpflug and anterior 
segment OCT scans were used to measure DPC three times by 
one rater. DPC-P measurements were automated by one click that 
provides Cartesian coordinates relative to the pupil center on the 
Pentacam elevation map. DPC-OCT measurements were made by 
selecting the OCT image with the most centrally extending hyper 
reflectivity and marking a best fit circle or ellipse around the pupil 
border. The pupil center was marked on the Heidelberg external photo 
image. Calipers were used to measure DPC-OCT from the most 
central aspect of the hyper reflectivity to the marked pupil center. 

Intraclass correlation coefficient was used to compare (1) individual 
DPC-P and DPC-OCT measurements which were performed three 
times each and (2) mean DPC-P and DPC-OCT measurements to 
each other. Pearson correlation assessed the relationship between 
DPC-P and DPC-OCT as continuous data. A p<0.05 was considered 
statistically significant.
Results: The mean DPC-P and DPC-OCT were 3.20±0.70 mm and 
3.22±0.78 mm, respectively. The mean difference between DPC-P 
and DPC-OCT was -0.017 mm. The intraclass correlation  
coefficients for the individual 3 DPC-P and 3 DPC-OCT were 
95.2% (CI 93.6-96.5, p<0.001) and 96.3% (CI 95.1-97.3, p<0.001), 
respectively. The reliability between mean DPC-P and DPC-OCT  
was 92.8% (CI 89.7%-95.0%, p<0.001). DPC-P was significantly 
correlated with DPC-OCT (R=0.875, p<0.001).
Conclusions: DPC is a highly reproducible and reliable 
quantification of pterygium severity originally created using 
Scheimpflug imaging and is highly correlated to the in vivo DPC 
OCT measurements. Future studies will determine whether the 
microns of difference between DPC-P and DPC-OCT is clinically 
significant.
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